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FROM 

THE ACTING SEGRETAR.Y OF THE TREASURY, 
Tll.\XH~lITTJXU 

The report of the i'311;wri1lle1ulent of the ()oa.~t ant/ Oeodetic S1cri-cy, showing the progress made ·in that 
work d1wi1ir1 flu· .fisMi i1e111· cmlc<l .!mu: 30, 1890. 

DECY.ltmm 10, 1090.-Referreu to the CommiU<''' on Priuting. 

'l'ImAHURY DEPAR1'11IEN'.l', Decembe•· 9, 1890. 

Sm: In compliance with the re<1uirements of section 46~0, Revised Statutes, I baye the 
honor to tmn!lmit herewith, for the information of Cougress, a report addressed to this Depart­
ment by 'J'. C. Menuenlm11, Superintendent of the Coast and Geodetic Sur\·ey, showing the 
progress ma11e. in that work during the fiscal year ended June 30, 1890, and accompanied by 
maps illustrating the general advance iu the operations of the Survey up to that date. 

Respootfnlly, yours, 

Tbe SPEA.h.~R OF THE HOUSE OF REPRESENTA.TIVES. 

A. B. NET1'LETON, 

Acting Secretat·y. 
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LETTER OF rrRANSMISSION. 

U. S. COAST AXD GEODETIC SURVEY, 

lVasl1ington, JJ. 0., IJecnnber 9, 1890. 

Srn: In conformity with law, and with the regulations of the Treasury Depart­
ment, I have the hono1· of submitting herewith, for transmission to Congress, the 
Annual Report of the Coast and Geodetic Survey, showing the progress of the work 
for the fiscal year ended June 80, 1890, and accompanied by maps illustrating the 
general adva.nce in the operations of the Sill'vey up to that date. 

Very respectfully, yours, 

• 
Hon. 'VILLIA.M WINDOM, 

Secretary of fhe Treasury. 

JV 

T. c. MENDENHALL, 

Superintendent . 
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Sertivu Xll, p. 75. l'rogre"" of l!Urv•ys In, pp. 75-78. Special reports 
and examinatious rdatil1g tn. p. 66. 

ALEL"1'IAN ISLANDS. ExpenU.iture1 fo1· till.al observatioDB, p. 193; in­
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BROWN, JOHX II. Laborer, I'· 141. 
BROWNSON, W. 11., J.IEr:TJ;NANT-CO]IU.ANDER, r. S. N., HYDRO· 

GRAPHIC INSPEC.TOR, pp. 101, H~, lS~. 
BRt:"CF., SA~J)Y. MrssPngcr, p. 141. 
BRl'NNER, DR. W. F., J>. 4il. 
BRt:NSWICK HARBOll, GEORGL\. '""'''ligation <Jf eb&nges in, pp. 

4:.f,,47. 
BRYA~T, NEIJ,. Chart Dhhion, }l. H:!. 
BRYANT, r. H., ENSlG!\, r. s. N., pp. lZ.fl, Hi~). 
BUCHANAN, PRO~". A. 11., ACTING ASSISTANT. Geodetic opero· 

tion; reoccupation of stations 10 romplete the connection of the 
triangulation of Tennesse°' with the primary triangulatio« extending 
fo th(' westward in 11ort11crn Gf~orgia.: P:xtention of the trianinlation 
ill t.>M-teru TeuueSbee, l'l'· 'iR, 79. 

BGCK. IIILL. Triangulation station in Minnesota, p. S,\ 
DULLARD, ,V. ll. G., EXSIG::S, r. S. ~. Srrvke on steamer lJfrJ.rlhur, 

p. G7 j on eteamer f;·eduey, p. G9; refereure to, pp. 159, IGO. 
Bt.:LLETIN NO. 13. I«ifot·ence to, p. 130. 
BULLETIN NO. 14. Reforeuce to, p. 130. 
BULLETIN NO. 15. Reforence to, }). Jg.6. 
BFLLETIN NO. 18. Reference to, p. rnv. 
BULLETIN NO. lH. Reference t-0, p. 46. 
BULLETINS, COAST AND GEODETIG SURVEY. Reference to, pp. 

104, HO; list of, published during the year, p, 141; Nos. 13, U, and 17, 
reference to, p. 130; list or, JlUblished during the year, p. 8. 

BULLOCK, W. P., p. 41; service in North Carolina, p, H. 
BUTLER Bt:ILDING, p. 1,5. 
BUTLER, WM. H. MeEenger, p. 100. 
BUZZARD'S BAY. Resurveys of P<>rtion of, pp. 28, 211. 

c. 

CADEL, MISS F. Typewriter, p. 128. 
CAIRO, ILL. Line of 1!%d•tic levels e:r:.hnded to, p. 80. 
CALAIS, ME., p. 19. 
CALIFORNIA. C.ENTll.AL (OR SOUTHERN) R. B., p. 61. 
CALIFORNIA. Sate of, inclutled in section XII., p. ro. 
CA.JdP'ECHE llANKS AND MISSlSSil'PI DELTA. Inve11tigation1 of 
Gldta-ktween, 1i. ts. 

ClaAtlA. :Wortheutem boundary between the United Sto.t"" and, p. 17. 
~ -.urco LIGHTHOUSE, p. 69. 

· ·~·-Ol'IB. '6roas section& of •bore of, p. 24. 
'e.tft~<ll)B :JllY, p. 23. 
8*ll!8. (IDl8 .14GHTHOUSE AND PEAKED HILL LIFE·SA YING STA· 
• ..... -"'-inatlon of COMt Jine bet~veen, p. 2S. 

CAPE COD PENINllULA. Phyoical sun-ey of, Pl" 23-23. 
CAPE FLORIDA. Hydr<>gro.phic t•xaniinati on, p. 56. 
CAPE FLORIDA BUOY, p. 47. • 
CAPE LOOKOUT, OREGON. Survey in vicinity of, p. 'TO; refe~ore to, 

. p. 64. 
CAPE llAJtOO PASS, FLORJDA, 11. r,o. 
CAPE MAY AND SANDY HOOK. Examination of coast betw&en, p. 35. 
Q.U'E OF GOOD HOPE. Gravity and magnetic obsenati<l111 at, p. 97. 
t!A.PJJ: ROMANO .AND SHARK RIVER. Hydrograpbk 111ne11 between, 

pp. 43-/iO. 
0APJJ: JIOltl'..ANO SHOAL, FLOl!IDA, p. IO. 

CAPE UOMANO TO THE !\ORTJl'WARI>. Continuation of BUrvey of 
the coast, p. DO. 

CAPE SABLE AND CAPE ROM.Ui'O. llyurographie work between, 
Jl· 49. 

CAPE YERDl~ ISLANDS. '.Magnetic oLsl'rvatioue at, p. 97. 
CARDS 80C1'\D. HydrograplJy in "kinity of~ pp. 48, 4-9. 
CARLISLE, MISS A. F. Coast Pilot Division, l'P· 102, 158. 
CARPENTERS, U. S. N. Attached to Coast and Geodetic Survey, p. 159. 
CARSON CITY AND VERDI, NEV.~DA. Difference of longitude de· 

termined, p. 88. 
CARSON CITY AND VIRGINIA <'!TY. NEYAD.\. l>ifferenre of Ion· 

gitude determined, p. 88. 
CARTEE, T. F., ASSIST~\NT ENGINE.ER, l". ~. ~~, ~enir-e on steamer 

Pattertwu, pp. 77, H'ifl, 16fJ. 

CARYER, MASS., p. 23. 
CASTLE HILL, ·vICKSBLRG~ MIS~. l\lagn~tir-: statinn at, p. fi.i-1. 

CASTRO. Triangulation station in ('aHforuia, p. 04. 
CATALOGcE OF CHARTS. New editi,jn of, Pl'· 14'.l, H4. 
CATCHING SLOUGH, p. 70. 
CAXIMllAS BAY, FLORIDA. Survey of, Ji. GO. 
CEDAR POINT. Station 01:cupie<l in special snrve~· of fisldng grounds 

on Lake Erie, p. ~+1. 
CENTRAL PACIFIC R. R. Da~e line measured along, p. 8£1. 
CHANGES IN 8HORE LINE O'F NEW YORli: I!ARDOR. E:umina· 

tion of, pp. St, :12. 
CBANGr:s IN SHORE LINE ON l'.DAST~ \l}' !,ONG ISL.\ND AND 

NE'Y .JERSEY. Examination 01: p. 34, 35. 
CHANGES ON 8'1'. SDIONS BAU, GEORGIA, pp. 4t>, !7. 
Cil.APJ\I.\.N, ll. C. Elertrotypii!t and photographer. 11p. !tfl, 134. 
CHAPMAN, 1\.ANS.\~, p. 8t.. 
CHARLESTON, S. C Tr1augntatiot1 in ,·i~·nii:y or. pp, 44, 4;;; cl.1ange11 

due to earthqua.ke of A.ugm.t, 188fl, p. 4[~. 

CHART DIYlSION. Abstrart of work of, p. 100; anuual report of: pp. 
142-14-4; reference to annual report of, pp. 1~7, 128 

CHART PRINTING. Stafotics of, p. l:H. 
CHARTS ADDED TO TUE LIST Dt'Rll\G THE YEAR,p.143. 
CHARTS COMPLETED IN DRAWING DIYI~JON, Pl'· 98, 99. 133 
CHARTS DISTRil.H:T.IW Jlt!IING THE YEAR. p. 100. 
CHARTS ELECTR01'YPED, p. 99. 
CHARTS ENG RAYED Dl"llING THE YEAH, p. D~. 

CHARTS. Number of, issne<l dm·jng tl..ie year coo1parl?"d with pr~C(<ding 
yt>ar) 11. 14:-l; receipt, issue, aud gcur~rnl distdbution of, p. H-4; prepara .. 
tion and rr\·ision of drawings for ymblica.tion br phototithograpby, 
p. 99; progrc&i of lrork of engraving, p. 'iH: statistics of ougraving and 
uriuting, Ui'· 117, 133, l~!. 

CIIARTS ON" HAND AND RECEIVED FRO~! ,Jl'J,y 1, 1889, TO JFNE 
au, 1890, p. 144. 

CHARTS PFJII.ISHED BY PHOTOLTTHOGRAI'HY. NUMBER OF, 
p. 117. 

CHARTS PUBLISHED BY l'lfflTOT,JTHOf:JtAPHY WITHDRAWN 
FROM CIRCl'LATlOJ\', y. llo. 

CHARTS SUPPLIED TO Am;NCIES, NF.MBER OF, J>. 139. 
CIIATUAM, 'l\L\BS., l'· 24. 
CHATHAM ltOADS, J>. 2S. 
CH.'>.TTAllOOCHEE ll.!YER, ALABAMA, p. 54. 
CHATTANOOGA, TEKN. Magnetic obserrations at, p. 79. 
CHESAPEAKE BAY. Co1 .. t Pilot ex:uninnti»ns in, pp. 42, 43. 

CHESTNUT STREET llRIDGE, PBU,ADELPHIA, l'· 37. 
CHIEF ENGUIT.EU All"D S'CRVEYOR, PHILADELPIIH, p. 103. 
CHILDS, C. W. Chart Divisiou, p. 142. 
CHILKAT AND TAH-HEENA RIVER~. ALASKA. Indian map •lww. 

in.g connect ion of, p. 61}. 
CHILTON, W. B. Clerk to Su.(l<'rintendent, l'P· 101, 129. 
CHOATE, PllESIDEN'T OLD COLONY R. R., p. 21. 
CHRISTIE, A. 8. In eharge of Tidal Division, pp. 100, Ll' •nnual 

report of, pp. 137, 138. 
CHRONOGUAPH SHEETS. Numb<r of, ,..gi•tered in arelli,·es during 

the year, p. 148. 
CINCINNATI OBSERVATORY, p. SO. 
CINCINNATI, omo, p. 61. 
CIVIL SERVICE COMMISSION, 10. !18. 
CIVIL SERVICE J,AWS, Pl'· 98, 129. 
CLARK, J. J. Adjuster ofweightsa.nd meastirN-. rt·~iguation of, pp.103, 196. 
CLARK ISLAND, p. 73. 
CL.A.BK, R . .A. District oft~h1mbia. survey, l'- t~1. 

CLARKE, W. S., ENSIGN, U.S. N., 11· lr>~. 
CLARVOE, G. W. Carpen let· shop, 1'· 136. 
CLASS11'IC4TION OF lll'SNDITVUS FOR REP.UBS OF Y~ 

p, 182. 
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CLEVELAND PASSAGE, ALASKA, p. 75. 
CLOKE,\\ ... S., ENSIGN, F.S. N. Se!'vkC' ou sti'nrn.t>r Bacl"', p. 27. 
COAlH AND GEODETIC liFRYEY. Aid rendered 1'y, in determining 

tow1\ honndariN.: in Massachusetts, p. 2~. 
COAST Ah"D GEODETIC SURYEY. .\nuual nport of, trau•mitted to 

Congress, p. Hi; tnmsruittetl to 'frea8ury De11artment, ll. iv; e.stitna.t.f!!S of 
expen<lihues for, l.1·ith explanatory letter1 pp.10-15; annual report of1 

general form aud arrangement of parts, p. 3; maJIS of general progress 
and inde:x ma~ ac:cou1panying report, reference tot 11. a; general state­
ment vf progress in field worlt, 11p, 1-G j iu offi"-'t' work, pv. G, '; ; discov­
eriea and do1·clopmetlW, pp. 7, 8; bulletin~, p. S; sp{'dal scientific work, 
pp. 8, 0; explanation of cstimatt•s1 p. IO; c-.;;tima.tes in detail, PfJ. 11-15; 
talmlar statements of nan~.l officen ~ttache<l to, during the n~rat year, 
and. on June 30: 1890, pp. Jfi.fJ--1{;1: n~ssels in tl1escrvice of, tl.teir na.mea, 
tonnag<', etr., p. 1G2; nun1bn (•fmen attach('(l toveS11els of~ 11.161. 

OOAST AND GEODETIC SURVEY C>FFIGE. Lbt of nav•I Ql!kor> «t· 
tarllcd to, p. 160. 

COAST OF C.\LIFOitXB. Hydt-,,graphy, p. 151.'. 
COAST OF J,Ol'.H<J!\.X.\. l!ydrogrnphy, p. 150. 
COA~T OF LOrforA:S.'I. w;:BT OF Jf'f,E !f!ER:Sit:Iu:. Hy<lr.igropbie 

S}H:{'t1 Jl. '17. 
C-OAS'f OF OREWJ.S. H!-·drograplly, l'· 1.:i(>. 
COAST l)ILOT (ALASKA). Jleference to new edition of, pp.102, 104. 
OOAST PII.OT (ATl~AN'l'IC.i. Examim1ti0-n!ii: for tlsr, 11p.42,43; work in 

conuertion with, pp. 101, 10~. 
COAST PILOT DIYIRIOX. Al.>Stract ,,f wor:< of, Pl" v;:i. 1<>4: annual 

report of, pp. 1,'j7, 1J8. 
COAST PILOT (PAGIFICj. Refen•nce to, pp. 66, 1'!'2. 
COAS1.' PILOT VOI~t:MES. Nnmber of. issued during th-Q ye~n, pp. 139, 

153, 154, 157. # • 

OOB l>OCK, NEW YORK HARHOlL Tide vb)l(•rva.tions at, p. 3:?. 
COBSCOOK BAY, MAINE. l'lurv<•ys in vicinity of, pp. 19, 20. 
COCKS.PUR. Triangulation Fta.tio-n in Tc>nneasf·P, pp. 7fi, 7ft. 
COHASSET, llIA8S., p. 22. 
COLD SPRJNG rIIURCII. TrianJulation statiuu, Jl. 80. 
CQJ,ES, M .. A. l~-eordor. Senk(· i11 J{alllf!;as, p. f.l";; reforcnce to, 1'· 52. 
COLONNA, B. A., A8SI8TAN'I' IN CHARGE OT OFFICE A~"D TOPO-

GRA l 1HY. RefcrerH·o to, pp. 1r., 133, 138, 141, HA, 148; Emnual r0port 
of, pp. 127-l::!!J; nllstracf tifn'I~~rt, pp. f~-l(l]. 

COLSONS. Triangulation 1;.ta.tio11 iH New Jerst·y, p. :Vi. 

OOLUJIIBIA RIYY.J!. Kefemi:c• tu, l" IH. 
OOLt:!-IB!A ltl\"'ER. TrinnguJation of1 <'ontirmed, flP· 70, 71. 
CO.MMANDERB r. 8. N. Attuch(;'d to Coast an<l Geodetic Survey, l'· 160 .. 
COMMISSION OJ<' 1''18U AND FISllERIEi", F. l'. lnnstigati.;ns in 

col>peration with, JllJ. 2}1, 3(1. 
COMPARISON OF THE PREDH''IED WITH Tllli OBSERVED TIMES 

AND llEIGIITS !W IIIGII AXD LOW '\L\Tf;Jt AT SANIJY HOOK, 
NEW JERSEY, DURING THE YEAR 188~. A r•po1t submitted uy 
A. S. Christie1 Chief of th(I Divisic.n, of o.n in-veetigatfou mad(l under 
hi!: direction by J. J'. Ha~forll. Appendix No. 1&1 pp. 705-714. 

COMPLETED HYDROGRAPJIIC ANI> TOPOORAPHIC SHEETS ••.g­
istcrcd in archives during the year, p. 148. 

COMPI,ETlON OF A HYDUOGRAPIIH' ~l'.RYEY IN THE VICINITY 
OF CRESCENT CITY, CAh, J>. G7, 

COMPI,ETION OF A HYDROGI\APIIIC SURYEY IN TUE VICINITY 
OF FIED!lAS BLANCAS, CO.\ST OF C.\LIJl'OR?ilA, INCLUDING 
THE DEYELQPMENT OF ROCK~ IN TWIN PEAK BAY, pp. fi3, 64.. 

COMPLETION OF THE RECORD OF CHANG:t.8 Oli' lllUONETIC 
FORCE AT THE SELF-REGISTERING STATION, LOS ANGELES, 
CAL., p. ~3. 

OOMPLETION m• THE SPECIAL SURVEY HADE J'OR THE OOH· 
MISSJON ORGANIZED TO SELECT A SITE FOR A NAVY YA'.RD 
ON TIIE PACJJ!'IC COAST. TOPOOBA:PHIOAJ, SURVEY OF TBE 
SKAGIT RIVER .Ab"]) DELTA, STATE OF WASlUNGTO.N, pp. 
'tl 12. 

COl!IPLJ<."flON o;i.- nn; TOPOGllAl'HIC SU.IWJl:Y OF THE l!OUTH 
COAST OF CA.LIFORNIA, BETWEEN SAN DIEGO AND SA.'N 
ONOFRE, pp. ro-G2. _ 

COllPt:TA.TIONS. Numbel' of cahien, p. 116. 
OOMPl:TATIONS. Number of volumu, p. 116. 
COMPUTING DIVISION. Annual report or, pp. 13(1..182; reforeueo to 

a.nnual report of, p. 127; reference tot p. thl. 
00'.Nll!CUII RIVER, ALABAMA, p. M. 
CONEY ISLAND BEACH. Examinatiou of ch&ngee, p. 30. 
CONh"ECTICUT, Sta.te or. ID.eluded In l!Mtfllll U, p. !9. 
CONNECTION FOR PURPOSES OF VED.IJ'IOA'fION 01' 'fllJ: 'llU· 

ANGULATION OF 1804 IN BOGUE SOU.Ill> WITH 'l'Hll T&Ulil'· 
-OULATIO:N-OF l~ Uf THE VIOINITT 01' BEAUl'Oft, !!'. O., p. «. 

CONNEi;.', MT., p. 6~. 
<'AlNTINGENT EXPENSES-STANDAR!t WEWHTS AND lt1£Af!. 

lHtES, 1890. Statement of cxpendit\tres for, p. 1!)0. 
CONTINTATION (I~' RECOXNA.ISSANCl: AND TltIANGULATION 

OYER THE ST. CROIX RlYER .\ND TH~; BOl'NDAllY LAKES TO 
A CONNECTION WITH THE KORTHEA~TERN' IlOFNDARY SHR­
''EY AT ITS INITIAL MONUMENT, r" l•J. 

COXTINFATION OF THE DETAILED TOl'OGUAl'llIGAL SIJRYl!Y 
01' 'J'IIE DISTRICT OF COLUMUIA, l"Sl\I.;R ASSISTAN'!ti J. W. 
DONN, D. B. WAINWIUGIIT, AJ\Il W. C. HOllGIUNS, ANI> RB·AS· 
SISTA.NT J. A. FLEMER, pp. 3G t>:. 

CO},""'.f!NFATION OF TlIE OFFSUORh IIYDIWGllAl'llY SOl'Tll Ot' 
NANTUCKET AND MARTHA'S YI1'EYA1U>, l'P· 26-2S. 

rONJ\RCTlON OY Tirn L08 ASGFLES PRIMARY B.l~h I.I!'iE 
WITH THE JIIATN TRIANGl:I,ATION JS- H(ll'.THRRN f'ALTl'OR· 
NIA. PilEPAIIATJONS FO.R 'l'HE OG('Fl'ATION flF MT. CON· 
NES~. pp. G2, 6J. 

COSSTRCCTIO~ or ST.\'KI>.\lH> \VEIUIIT,"i .\};Jl :1\Il~.\RI:Ilf<:~. &ti· 
niato for, p. 15. 

OONTIKl'ATION UF THE SURi·r;1· f>}' Tiil-: !'OA:>l' (!}' SUUTll­
EASTEl\K ALASIL\ If; f'I>t:DERICK ><unrn A.l\ll YICINITY. 
TRIAl'o'GGLATIOX, TOPOGIIAI'HY, AND IIYI>ROGRAPHY; DE­
TEiaII!i'ATIONS OF LATITl'Im, LONGI1'c-IlE, AND AT.IMUTH, 
ANTI (W THE m.l..GNF;rrc ET,F.~H:N7'8, pp. 7t.-78. 

OONVRNT. Triangulation 8tati01! 1 p. 81. 
COON KEY, FLOitIDA, l" GO. 
COOPfm RIYER, ~orTII ('.\ROLI!\A, l" !:,. 
COOPEl:'S POI.KT, JH:LAWAllE lll''EH, p. :;7. 
COOPEU. Triangulation bt&tiou ja ('ulifornii•, l•· 64. 
COOS BAY. UJ.\E(iCIN. :<urYf•y of, pp. li~I. 'iO. 
C()OS HTYEH, p. fl!l. 

COQl'!U.t: YALLt:I, !" 6\1. 

CORINTH, ~1188. !lencb mark• eslablbhe!l at. !>. 80. 
OORON'ADU m:L'J JI, IL, I" GI. 
OORB};QT. Triaut:;:uluti;)n statiuu: l1J1. Sl, 8:!. 
OOSMOl-4 (iitea.m la.uuch). rsc of, and H~f{'t'C"lH'(' tu, pp. ':'-~\ '77) 151. 
COTTO".\' BAYOI', l" 5~. 
COTrLLA, 'l'J<!X. l\Ju.gnelie obuervations at~ l'· !H•. 
OOUJSTY (JO~UUSSIOSKR8 OF LUCAS COl':'iTY, 01110, p. 84. 
COUil'I'ENA. Y, EDWAltD H. Computing Division, p. 130. 
COFBT HOrSE, JirRON, S. DA.K. E$tall\it!lnueut ~if PlMidian line 

in grounds of, :p. 80. 
CRAIG-, N. D. Scr·rlce in ])elawRre IfrreJ snn-cy. p. 3.t;, 

CRAl"''FURD, C. B. rrinting room. p. 13.t. 
CRESCENT CITY, CAL. HydrogropJJie Wirn•.r• iii ..-i.("iuity of, pp. 61~'38. 
CROSBY," .. · S. Suvk'' ou 1teho01.1er l:Ug1·e. p.a:t 
CURA (WEll'l' J.:ND OF) AND TORTUGAS. Oulf •l•·eam exploratioo. 

between, p. 48. 
OULBEUTSON. Tl'iaugul&tiou i.tation Ju Indian.Q 1 pp .. 80, 82. 
CURRENTS. Between Ship Shoal o.ntl Isle l>erniere, p. M; in N~fni.g&"-ett 

Bay, i1. 91; fn ,.icinity of Fiedras Rla.neas, Ca1., p. G.'l; otf coast of Cali· 
fornia, p. 67 ; B<>Uth of Na.ntueket aml l\Jartha's Yiueyard, p. 27 ; (tidal) 
in Gulf f1f Georgia, Bellingham llay,[nnrl thC' Straits of .Fnca, pp. 721 73. 

CURIU:NT OBSERYATIONS. In Long bland Sound, p.30; iti Yukon 
River, Ala.ska, p. 95. 

CURRENT STATIONS, NUl\IBEROF, OC\JUPlEfl RY IU"DROGRAPHIC 
PARTIES, p.116. 

CUTTYHUNK ISLAND. Topography of, l'· 28. 
CYPRESS ISLAND (Ste4mer), pp. 72, 73. 

D. 
))AlSY (irtoamer), pp, H9, 161, 1H2. 
D.UllELll AND MILK HOUSE FORD Jl.OADS, D, <.:., p. 40. 
DARNALL, c. N. Carpenter shop,p.1341. 
DAVIDSON, GEORGE, ASSISTANT. Connection of the LOI Allll&I• 

pzimary base line with the main triangulation in souUiel'll C&llfomt&; 
prepamtlow for tho occupation of Mt. Conn-, pp. 62, 63; general 
direetion of land op&ratione upon the P11eifie e~; oblervatlo"' of 
mooll culmlnatlona at So.n Fra.nei8Co in connection wlth 1bailar obooTft· 
tiOllS by the Alafb Blmbdary parties; ma.in trlangulaUo11, otc., p, ~; 
delegate to International Geodetic Alisociatlon, p. 65; nti,pMl<>n u 
member of 1t'l.911adppl River Coimni•ion, p. !JT; directiOP Of Ude ollter­
vatiom at St. Paul, Kadi&k Island, Al .. lm, p. 77 ; tra.nsportation of the 
National prototyl"'• of the metre and ktlograaD!l.e ft'Olll !'aria to 
Wahington, pp. 9T, D8; nference to, pp. 87, 109, 103, lo&, lU, JM, 196. 

DA. VIlllS, 1. E,, AOTING Al!SISTil!T. ProgN11 of gwcldt-0 operi.tiolaa 
la the Slate of Wl9conlln, Jl. M. 

DA VIS, MB. 41.uk&:Boundary survey, p. 96. 
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DAVIS, W. ll. Engraving Division, p.134. 
DA WES GLACIEitS, ALASKA, p. 76. 
DEAN, 0. \\;-.~ ASSISTA:5T. Reference to1 p. 88. 
DEC.\Tl'.R ANIJ OTHER TST.Ali'DS IN WASI!DiGTON sorsn, p. 74. 
DE('EPTION, W ASII., p. ~4. 
D};r•:I' CitEEK JIHJl:NTAINS, F£AH, p. 89. 
DEEP CitEEK SETTLEMENT, rT.UI, p, 8~. 
DEEl'·SEA CUitRENT STATIONS. K UI".brr of, p. 116. 
ll~;EP-SF.A SOUXDINGS. Numherof, p.llG. 
DEEP-SEA SUBCUitRENT OBSEitYATIONS. Number of, p. llG. 
DEEP-SEA SUR}'AC~; CURREXT OBSERVATIONS. Number of, p. HG. 
DEEI'-SEA TEMPERATl'RE OBSERVATIONS. Number of, p.116. 
DEF.R ISLE-POINT Ar FEit. I,ine in triangulation of coast of 

Louisiana, p. 57. 
DEEltIXG,GEO.A., Payma:-ter r. :-;, N., p. H~:l. 
DEETZ, CHAS.II. Service in l'loridu, p.50 i drawiug division, p.132. 
DEH1iITION AND DETEIDIINATION (IF A PORTIOS ()}' llOLli'D· 

ARY UNE IN DlSl'UTE BETWEEN THE STATES 0}' MARYLAND 
AND YIRGUiIA, by II. J,. WIIITINCT, A~SISTA'.ST. Appendix Nu.11, 
pp. C21-623; refor<'UC't:! to: pp. D2-94. 

DELAWARE BREAKWATER. Ico observations at, p.3B. 
DELA 'V AilE RIVER. Revision of spef'ial F1:irvt>y of, pp, 36, 37. 
DELA,VARE IlIVER A~D DAY. Ob8errntions of movement of kt> in, 

pp. 37, 38. 
DELAWARE. State of, induded iu Section II, p. 29. 
DJ<;LEHANTY, ll., LIEUTE.XA:ST, U.S. N., ASSISTANT. Completion of 

a hydrographic .surycy in the Yidnity of Piedra.a Dlanras ,coast of Cali­
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GASTINEAU CHANNEL, ALASKA, p. 77. 
GAUGDIGS OF DIRIOH,\RGE. In Long Isl•nd Sound, p. 3-0. 
GAY HEAD, MASS., i'· 27. 
GJi:DNEY (steamer). rse of, &lld reference to, pp, 68, 160, I55, 156, 160, 

161, J 62. 
GENEltAL DIHECTION OF LA.ND OPERATIO:NS UPON THE PA· 

CIFIC CO.~ST. OBSERVATIONS OF MOON CULMINATIONS AT 
SAN FRANCISCO IN CONNECTION WITH SIMILAR OllSERV A· 
TIONS BY TH•; ALASKA BOUNDARY PARTIER. MAIN TRIAN· 
GULATION, ETC., p. 6.'i. 

GENERAL DIRECTION OF TOWN BOUNDARY SVRYEYS IN THE 
STATE OF MASSACI!l'SETTS. SERVICE AS A MEMBER OF THJl 
:MISSISSIPI RIVER COM:UISSION, pp. 21, 22. 

GENERAL EXPENSES. Sto.tcment of expenditured undN· h~ad of• pp. 
lSZ-188; recapitulation of, Jl. 189. 

GENERAL STATEMENT OF PROGRESS. In work <>f Coast andQ.,,. 
detic Surv-cy; in :fteld work, pp. 4-<i; in o1Dce work, pp. 6, 7; bydro· 
graphic discoveries a.nd developments, pp. 1, 8; 9,J)eCial eeiet1tific work, 
pp.8,9. 

GENERAL RECONNAISSANCE OF l'ARTS OF THE COASTS OF 
:LONG ISLAND AND NEW JERSEY WITH REFERENCE TO THE 
CHANGES CAUSED l\Y RECENT STORMS, pp, 34, 35. 

GENOA, NEV. Longitude determinations at, p. 8$. 

GE01>E'IIC LE>ELS NOS. 5 AND 6. '.Reference to, p. 79. 
GEODETIC OPERATIONS. REOCCUPATION OJI' STATIONS 'fO 

COMPLETE THE CONNECTION OF THE TRIANGULATION OJ' 
TENNESSEE WITH THE PRIMARY TRIANGULA.TI-ON EXTEND· 
ING TG THE Wl!STWA:RD IN NORTHERN GEO:RGIA. EX'l'EN· 
81-0N OF THE TlUANGU4lTlON IN EASTllll TENNEISSU:, pp, 
'18, 19. 

H. Ex. 80--ii 

GEORGE, HARRYi KSSIC.!', U.S. 'N. SPrvh-e onsd1ooner Ean1est, p. 
74; reference to, pp. 159, 160. 

GIDRGIA. Stnte l1f, bidmlf'<l in ~P<"lion V, p. -14. 
GEOGRAPHICAL l'OSITIOSS DETER)ll~ED. ~umber of, p. 115. 
GERHARDS, T. Office vf'V eights and MeH..Bures an cl l nstrumcnt !Ji vision, 

pp. 13G, 196. 
GIBSO~, J. 'l'. District or Columbia survey, p. 4-(J. 
GIESBORO POTNT, IHSTRICT OF C~JLC)IBIA, p. 40. 
GIESBORO ROAD, DISTRICT OF COLl'MDIA, p. 41. 

GIFFORD, MR., J'· 27. 
GlLDERT, J. J., ASSISTANT. Extension of the triangulation of Ro­

eario Strait into Lopez aml Ea.rt :'.'uun<ls a.nll throu~h l"pright Passage 
to ib <'Onncctiou '"-ith San Juau Channel. Topogr;.ti.Jhical Sllr'f<')"n on 
Orcas1 J .. opcz.Blakely, Deratur,and other isla.nde iu 'Va.&thiugtou Sound, 
p. U; field l!i<>rvkc in Cali fond a, p. G2. 

GLACIERS. In Holkham llaJ", Alaska, p. 7G. 
GLASCOCK, R. C. Iustrumeut Dhision, pp.HXl, 136. 
GLASGO,Y. f:tatio11 iu tra11sr.ontinenta.l triangulation, l1· 81. 
GOLD RILL, XEVADA, p.88. 
GOODFELLO\V, ED,V.ARD, ASS15TA:ST. Preparation ftir µoLlkation of 

annual reports au1l a:p1wndk(•s thereto e.nd editing bullctine, p. 104. 
GOODIIGE COl'NTY, ~UNN., p. 85. 
GORDON, HON. JOH:-< JI., G•)YER..'i'OR OF GEORGIA, p. 15:1. 
GOSl'OllT NA VY YARD, :'SORFOLK, VA., l'· 43. 
GOYJ<;, C. A., LIEL1'ESA!iT, l1. ~. ::S. Sen ice on steamt>r Hassler, pp. 63• 

68 ; r(>.foren('e to, Pll, 159, IGO. 

GOVERNOR DICK. Triangulation Btation in PenUS)'lvania, p. 33, 
GDYERNOR OF .U.AKUL\, p.54. 
GOVERNOR OF Gt;onGE, i'l'· 46,153. 
GOYERNOR OF MASSACIHJSETTS, p. 22. 
GOVERSOR OF OHIO, p. 94. 
GOVERSOR'S ISLANll, NEW YORK HAROOR, J>.33. 
GOVER:S-01\S OF MARYLAND AND YIRGINIA, pA2. 
GBAH.\~I, ,L\MJ':S D., ,., I'. TOPOGR.\PHICAL :ENGINEERS. R<fer­

enee to, p.17. 
GI\AXGER, F.D., ASSISTA:NT, Occupation ofstalions for extending to 

tl1e w£>,;,..-hva.Td ia Kansas th1' tra11scor1tinental triangulation near th& 
thirty-uintb paral1e.l, 11. 80 ; triangulation autl topography iu the vicin• 
ity of Charleston, S. C., pp. 44-46 i office work, p. 45. 

GRANITE CARON, "CTAH, pp. 89, 90. 

GRA:ST COl'NTY, KY .. p. 80, 
GRA YITY. D€termin{-d nt etations on tllo 'vcet c-011St of Africa, anJ at 

St. Helena, Ascension lsiaud, llarbados, ant.I llermuda, p. 97; obferved 
at SmithsQnian Institution, ""n.'lhington, p. 38. 

GllA YITY llEASt'RES. Statisti"' of, p.115. 
GRAY, ElDlET. Ti1le observer, p. 66. 
GRAY, J. II., pp.191 20 i serYice in Arl;:ausas, p.55. 
GREENFIELD, TEKN., pp. 66, 79. 
GREEN, FREEHAN R. Mi~c.Pllaneou.s Di\-i3ion, pp. 100,141. 
GREEN. Station in trfo.ugnlation of Jn,liana, pp.8~, 83. 
GREE~-8TOUT. Line in triangnlatio::i of Iud.i.ana., p, 83. 
GHEEXYILLE, MISS. Magnf!tic obscn«ltious at, pp. 55, 60. 
G"CLF CO,\ST NAVY YARD SITE COll"ll.ISS!(lN, pp. 51, 101. 
G"CLF COAST. Summary of hydrographic work on, pp, 149, l&O. 
GULF COAST l'ILOT. Referenc• t.o, p.1~. 
G"CLF OF GEORGIA, p. 73. 

GULF STREAM EXPLORATIONS. l:SVESTIGATION OF CVRRENTS 
CONTIN"CEI>, pp.17, 48. 

GULF ST!tl:All'l l~XPLOR.'i.TlONS. METHODS OF THF. JN'\"F$ITGA· 
TION AND RESL"LTS OF THE RESEARCH, p. 9. 

Gt:LF ST.REAM. ~nvestigation of, referred t-0, p, IOI ; reference to, p. zt. 

H. 
HALE'S PASSAGE, WA.SIHNG'rON, pp. '!2, 73. 
HALIFAX TOWNSHIP, MASS., p.22. 
HALL, A. L., LIEt:'rEN.\NT U.S. N. Senicc on ocliooner :&Qt-•, p. 26; 

examino.tion of a shoal rc1>orted off the north em cud of KeJ lliec.ayne, 
p. 47; hytlrogra1llde snrveys on tho C"oast of Louisiana, west of the pallJeS 
of the Missi&1ippi, pp. Ji.{j, 150, 102, 1591 160. 

HALTER, I\. E., ASS!l'T.\NT, Completion uf the 1·c<ord of changes of 
magnetic fore~ a.t the self-registering stati.on, Los. Angeles, Cal., p. 63 ;. 
eatablishment of a s(~Jf-n•gistering magnetic appara,tus at a slation ill 
San }\.ntonio, TeL,w.5~. 59; rP.ferencc to, p.8. 

HAMILTON COUNTY, TENN., p. 70. 
HAMILTON ROAD, DISTRICT OF COLUMBIA, p. 41. 
IIAMMO~"TON. Triangulaticrn station in New Jeney, P. Sf. 
HAJIU'TON ROADS, YA., pp. 42, 48. 
HA.NDXBBCHIEJ' SHOAL, p,25. 
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HANDLAN, llllti~ M. J,. Cha.rt DiTisfon, p.1 l2. 
HANOVER TOWNSHIP, MAS:<., p. 22. 
HANSUX Tt..H\TSSllIP, MA~~-. p. 22. 
HARBOH C'O~UH:<"IOS OF l'HILADELPlfIA, p. 103. 
HARW)R l\1A1'T"ER'S Br'Il.IttNG. Triangulation station in Florida, p. 51. 
IIAitH1~0X, BK.SJAMl~. Prt•sith•nt of the rnitei:l Stat~~, p.129. 
HAmllSON, Mm<. YIRGINI.\. Tidal Division, p. 137. 
BARSJ,:Y. Triaugula.tiuu !>tativn iu Oregon, p. 71. 
HAHYEY. It. 111. Office of A88i;tantin Cbarge,J>p. 101, 12.8. 
ll.A.SKI<:LJ,, }~. E. P•t>rvice on c1>ast of Massachusetts, pp. 2i, 25; obser- 1 

vations in pbyaical bydrograph~~ on Long Iala.nd Sound in connection 
vith the sun-t>-.Y of the U. S. Fieh Commission in those ,.-aters, pp. 29, 30; 
reJNencl" to 1 p. 4:.!. 

RASSIJER, (!deainer). l'w of and reference to, p-p. 631 1371 74, lOli 150, lG':!. 
153, 1[1.J., 151\ 151\ IGO, Hn, 162. 

HASSON. A. J\. Sonice on ochooner Ea!J'"<, pp. 26, 33. 
HAWAIIAN GOYERNJIIENT, p. ~. 
HAYh>RD. JOHN F. Ti<lal Divi>ion, p. 138; reference to (lapel"!! by, 

p. 13.k ~ rt-fnt>nr.e to, pp. !11 100. 

HAYSTACK ROCK, OREGON. J;xaminatiun for rock off, p. 70. 
JIAZARD, D. I.. Cnmpnting Diyjsion, I•, 130. 
HEATH. Tria.ugula..tion station in .Kausa..-,, p. ~'i'. 

H1:TGHT~ OF n;RMAl'tENT llENCH-JIIARKS BY SPIRIT LEVELING. 
Nuwlinof, p. llf1, 

HEIN, lllIS.S SOPHIE. Chart Division, p. l~, 
IIEI~ENA., ARK. !'lfag-netk ohst·rvationsat, p. 5;,. 
HELENA, lllo.!iT., AND llISMARCK, N. DAK. (11.Joervationstodeter­

minr differen<'e of longitude, p. 91. 
HELM, .r. M.,LIEUTENAXT, r. S. !\"., A8SISTAJ'iT. Hydrographicsur­

''ti~' of the <>oa15t of Oregon from Mack.' a.Arch to Cape Blanro, pp. 68,69; 
reference to, pp. 1[.0, l5U~ HiO. 

HE~DIUCKS, ""\". K. Se-rvicl• in South Carolina, pp. 44, 45. 

HENNEPIN COUNTl", :MINN., I'- 85. 
HICKORY. Triang-nltLtion station in l~lorida. p. iH. 
HIGII HEAD A~D PROYIXCETOW~1 MASS. nbanges nf ohorf' line 

hefWf"Pll, J>. 23. 
HIGHLAND LIGIIT HOt;SE, p. ~4. 
HIGH POINT. Triangu1atiott atatiou in Oeorgia.~ p. 78. 
HJIJDHETEI, D. M. Dra:wW.g Divisfo.u, p. 132. 
HlLl;AHll, F. E., p. 44. 
HILGARD, J.E., l\I. N. A. S., p. 44. 
BILCU.l!JJ, Dr. T. C., pp. 54, 55. 
BILL. F. K.

1 
ENSIGN r. 8. K. i-:ervke on schooner Ean1t1!, p. 73; 

rrfen•nee to1 p. 159. 
HILL, FRANCIS, p. 136. 
HILL, \\·. F. Fen ice on Bthooner Ilead~, p. 4:6. 
HINDMARSH, W. Jl. District of Columbia survey, p. 40. 
H.EUGESIIEIMEIC., GEORGE. l•clo.wa.re River reaurvey, p. 3i. 
lIEl\GESHElllER, JOSEPH, ASSISTANT. Tertiary triangulation of 

the Schoodk Lake~ n.t th~ h*JadVl~aters of tho St. Croix Rhez', Maine, 

pp.17, Ht 
HERGESI!EHIER, .J()SEPlI, ASSISTANT. Hydrogrnphic re•nrvey of 

th(' Pldla.d.elphi& city front and of the Delaware River from Smith'~ 
Jsla.ncl tc~ GlouceMr!r; &ldO of tlle approaches to the Schuylkill River, 
I'· ~1-7; triangulation, topography, and hydrogmphy on the west coast 
<,f FloriiJa, in thl' Ticiuity of Cape I\omauo and to tl1e northward, p. 
-50; reference to, Pll· 149, 150. 

llISTORIV.U. AGtJOllNT O:F nnTED STATES STANDARDS OF 
WEIGHTS AND MEASURES, CUSTOMARY AND METRIC; O)' 

TIIE ISCEl'TION ANI> CONSTRUCTION OF THE NATIONAi, 
PROTOTYPES OF THE METRE AND KILOGRAMME; OJ!' THEIR 
TRANSPORTATION FROM l'A.RIS TO WASH!JSGTON; OF THEIR 
OFFJr;IA.L OPENING AND CERTIFICATION, AND OF THEIR 
DEPOSIT IN TUE OFFICE OF WEIGHTS AND MEASURES. Ap­
pendix No. IS, J•p. 735-758. 

HISTORICAL SOCIETY OF PENNSYLVANIA, J>. 102. 
HITCl{COCK (steamer), pp. 155, 161, 1G2. 
HOAG, PROF. W. R., ACTING ASSISTANT. E<tension of the trian­

gu1ation of the Sta.teofMinnesotafrom tl1e8ne1Hug A,·ennebasc, p. 85. 
HOBART BAY, ALASKA, p. 75. 
HODGKINS, W. C., ASSISTANT. Continuation of the detailed t-0po­

gn.phical survoy or the District of Columbia, PlJ. 39, 40, 41 ; connec­
tion for purposes of TerUicatfon of th-0 tri.angulation of 1854 in Boguo 
Sound with the triangulaUonof 1886 in the vicinity of Beaufort, N. C., 
p.H. 

ROG I.SL.um, POTOMAC RITER, p. 92. 
IIOLCOMBE, J. ll. L., ENSIGN, U.S. N. Sernca Oil .teamer McArlh~r, 

p. 67 ; reference to, pp. 159, 160. 
KOLI>EN, WILLIAM, p. 24. 

HOLKBAM BAY, Al.A.SKA, I• 7o. 
HOLMA.S. Triangulation station j1i. India.na., p. 82. 
IIOJIE ST .\TIO~S l>CCCPIED FOR GRAVITY. MEASURES. Nu11>t .. r 

ot; Ji. 11.'.I. 
HOOYER, D. N. Printing room, p. l:i.f. 
IIOltNO CASON, CALIFORNI.\, l'" 61. 
IIOR~ESI!OE lt\:\°(;E LIGHT, 10. :18. 
IIOr.-.:ToX", TEX. )fagnoth.· obserratiuus u.t. p. Qn. 
HOWELL, }rn .• I'·~-!. 

llCGHES1 E. 1\1. 1 pp.15fl,160. 
HUMBOLDT. Triangulation stntiuu in .Ka.nM~, p. !iii. 

HUMBUG lllOUNTAfN, om:GON, p. 69. 

Hl.CNTOON, F. A., p.159. 
lll;NTRYILLE, Al,A. MagnPiic obser"f"ations at, p. ;),,. 
IIrHLDrT, 8. IL, ENtllG?-;"", r. S. N. Sf'nice on st-eamer IiaMl~r, l'P· 63, 

68; referencb t(), Pl'· 139, lGO. 
HCRON, S. DAK. Estalilishmont of a meridian linf' at, l'I'· 85, fW, 
HYllRUGI\APHIC CllAltTS. (Originals.\ .!\umber of, p. 117. 
IIYDROGRAPIIIC DISCOVERIES AND I>EYEI.OPMENT!;l,pp. 7, 8. 
Hl"DROGRAPHIC DIVISION. Abstracts of work perfortn€d in, pp. 102, 

154. 
Hl"DRUGIL\PHIC };XAMIXATIONS F(IR THE ()_>AST PILOT IN 

CHESAPEAKE BAY AND IT~ TRIBl'TAl~INS, J•P· 42, 4.1. 
IIYDROGRAl'HIC EXA)II:\'ATION OFF TIIE COAST OF OREGOX 

IX THE VICINITY OF CAPE LOOKOFT, p. ~O. 
HYDROGRAPHIC INSPECTOR, Co.\$T AND GEODETW Sl'RYEY. 

Annual reiriort of, J)p, 149-lfi2; abstrad of~ JtJ~. 101. 102; referent·e to, 
pp. rn, 42, 43, 

HYDRCIGRAPHI<' INSPECTOR'S OFflCE. lteferenoo to work of, p. 11l6. 
HYDRO(:;RAPIIIC INTESTIGATHJN. CHANG.ES ON ST. SIMON 

BAR, EXTJUl\CE TO BRUNSWICK HARBOR, GEOllGIA, Pl'- 46, 47. 
HYDUOGR.\PHIC PAit.TI~. Nutnhl•r of, in charge of naval officers, 

p. 1,16; number of, in che.rg:e of ei,·iliau offict>-rs., p. llG. 
IIYDROORAPHIC' RESrRVEY OF THE PHIT.ADELPHL\ <'ITY 

FRO.\IT ANIJ (l].' THE rn:r.A ,1.AilE Ril'Elll'ROlI SMITH'S ISLAND 
TO IJLOCCESTER; ALSO m' THE 11.PPRO.\CUES TO TIIE 
S(!Hl'YLKILL RIVER, p. ~7. 

IIYDROGRAPHIC RE~URYEY~ IC\ NANTt:CIU:T ~OT:NIJ Alm 
VTCI~IT\-, pp. 2;), ~G. 

HYRI>OGRAPJIIC SHEET~. Of .Pf'-usa.;.:uJa Buy, .Florida, l-'· ti:.! i ~owing 

loratinn of rock in l'otomac River, Ji. 42; of mast 11f _\la>jka, 11. ';,); of 
coa~t of California, p. ft~ ; of l'Oast (\f LouUiana, p. Vi; of survt.\)"5 in 
Rosario Strait n.ud 'Vicinity, p. ':'3. 

HYDROGR~PHIG SOUNDING!' AND AXGLES. (Odginale.\ Number 
of volumes, p. 116. 

HYDROGRAPIIIC' SOUNDING~ A~H A~CiLE.S. \l>uplkate~. 1 Kun1hn 
of volumes:, p. l l6. 

HYDROGRAPHIC Sl'RVEY m" THE APPROACHES TO ELLIS ISLA.ND, 
NEW YORK ITARllOil, p. 33. 

IIYDROGRAPHIC SliRVEY OF THE COAST Of' OREliOJ> t'ROM 
Jl1A('K'S ARCH TO CAPE BLANCO, pp. 68, 69. 

IIYDHOGRAPHIC SFRVEY OF THE WALLABOT"T CHANNEi., NEW 
YORK HARBOR, pp. 311, 33. 

!IYDilOGRAPHIC SURVEYS A!>D RESOlVEY~. Of tho ,;1. Croix 
River, Maine, pp. lS, 19; of coast of Cape C-0<1 l,eninsuln. pp. :t:l, 25 ; in 

Nantnrk.ct Sound and \•icinity, pp. 2fi, 26; south -0f Nantucket nnd Mar­
tha's ''iuyard, tip. 25-28; (spec.ial) in };ast?rn Pn.ssag~, Nn.rrngan1-wtt Ila~·, 
p. 29; (special) off coasts of Block Islaml and Lnug l.!!!hln•J. f'· 29; ln l.AJng 

hlnrnl Sollll<l, pp. 29, 30; of Shinnecock and Qnantu('k hay~. south com.t 
of Long Island, pp. 30,31; of' ""'"alln.bout Channel,~"""' lurk Ila.rbor. 
pp. 32,&1; of approache• to Ellis Island, N"w York llarl>or, p. 33; ur 
Philaddphia. city front and Dela:ware River from ~mith 1s Island to 
Glouc-ester, p. 37; observa.tions of it~ movement"-1 in I>elawn.ro River 
a.nd Bay, pp. 37,38; in Chesa1~ako Day nnd trihntn.tics, pp. 42,43; of 
St. Simon'a Bar, entrance to 'Bruns-wick Harbor, Oa.1 pp. 46, 4.7; ~,ff coast 
of Florida, p. 47; in Gulf St.rl'am, pp. 47, 4S i in Ila.MH'R Sound, in tb1:> 
Bay of Florida., and on the '\~'68t CtlaBt of l''lorida, pp. 4.8--5() ; i 11 vkinity 
l)f Carie RDmsno, weBt roast of Florida, p. ,'"JO ; in PensaroJa llay, Florida, 
pp. 51, 52; of Pcrdido Day, Florida an<l Aln.lmma, Pl'· .;2, ;,3; ou cO&Ht of 
L'Olliaia.na, pp.56, 5'l;in the-riduity nf Pit·~lnt..~ lilan~·as,,'Om1:t of(~alifornta, 
pp. G3,G4; in Suisun Day, Kn.rquincs 8tmi~ht nwl ·vidn.it~·, p.67-; in 
vicinity of Crescent City, Cal., pp, 67,US; of comet of Oreg-rm froui !l.a.ck's 
Arch to Cape Blanco, pp. 6?i\ 09; off the coa.~t of Oregou in the- Yic:intty 
Of C&pe Lookout, p. 70; of Young's Bay and River, Ore~on. pp. 70, 71; 
of Port Orchard, Wash., pp. 71, 72; in Rosario f;tra.lt• and vicinity, pp. 
72-74; of cout of Alaska, pp. 7o-78. 

BYDROORAPJIIC SUltVEYS IN BA.RN.ES SOUND, IN THE BAY OF 
FLORIDA, Al\'l> ON THE WEST COAST OF FL<>.ltIDA. FR())[ CA.Plil 

_ ll.Oltl!.NO TO SHARK :RIVE:&, pp .• 50. 
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BYDROGRAPHIC SURVEYS IN llOSARIO srR.-1.ffS. ll\CL!JDING 
THATCHER AND OBS'TRFCTIO.li' l'A~8ES, HALE'S I'AS~AGE, AND 
LU~UlI BAY; I!\ Slcl\ll-AH·MO(I RI. Y AND DR.A YTO:'i lL\JllliJii, 
Al:<!) ALONG THE EAli>T 8H1E 01<' THF. Gel,¥ (ff t1EORGIA: Al.SO 
IN SKAGIT DAY, pp. 7~, 7:1. 

HYDROGRAPHIC Sl'BVEYS O:'i THE C(JAST OF LOC!8IA!\A, WEST 
OF THE PASSES Ol' TIIE MISSISSJPl'T, p. '6. 

HYDROGRAPHIC WORK. 1'ummar, of, dllriog U10 ~ear, pp. 149-15:1. 
HYDHOGRAPIIY. Statistics of. !" l!•;. 

I. 

IA.RDN'LLA, C. T., ASSISTANT. Shorf'-line and hydrographie returveya 
of Shinnecock and Quantuck ba;-s1 south coast of Long Ula.ndi pp. 30, 31; 
ofl'tce- wurk, p. 31; service in Florida and A1abama, p. 52. 

IBAPAll. Triangulation station in Utah, p. 89. 
IDAHO. State of, included in Section XYif, p. 00. 
ILIULIUK, L'NALASKA ISiul.l\"D, ALAS.KA. Tide obserntion• at, 

p. 78 ; reference to, p. 't8. 
ILLINOIS CEN'Tl!.AL R. R., p. W. 
ILLINOIS. State of, included in Section XIY, p. SO. 
IMPERIAL MINE, VIRGINIA CITY, NEY., p. 88. 
INATI RA.Y, WASHINGTON, l" T2. 
INCREASED IJE}IAND FOR COA~T AND (;ECIDETIC SURYEY 
CII.~HTS, p. 112. 

INCREASE OF CHAI!T TSffES, Ji. H2. 
INDIA.NA. Stat<' of, includc·d in Section XIV, p. Sr). 
INDIAN RESERYATIOS, LO!\G ISLAND, N. Y., p. 31. 
INDIAN TERRITORY. Iucluded in Sectiou IX, p. 58. 
INFOR:IIA.TION n:nNISHED TO DEPAIITMEJS'TS OF THE GOV­

ERNMENT IN REPLY TO SPI:mA T, REQl'ESTS, AND TO INDI­
VIDUALS UPO:;o APPLI('.\TION, Dl'HING TIIE FISCAI, YEAR 
ENIHNG JUNE 30 1800. Apjlendix No. 3. Pl" 118-IZ.\. 

INGRA.IIAMS BA YOt:, p. 62. 
INSTRUMENT IJIYISION. An11ual nport of, pp. 135, mu; sumruary 

of work of, p. 130; reforl'nct~ to1 pp. t):J, 127, 128. 

INSTRl'lllENTi:i l'CRC'HASED. List or, p. 13G. 
INTERNATIONAI, Bt'IlEAt: OF WEI<1IIT~ AND ~fEASURES, pp. !•7. 

103, lflfi. " 
JNTl<:RNATIONAJ, COJIUIITTE}; Of' WEJGH1'S AND MEASFBES, 

p. l!J.'.J; c-sthnate for l'XpC'n~e of Mtcndatiee of Amt"rkau me-rulx>r~. l'· 15. 
INTERKATIOl\Af, COKFEHENCE Ol' WEIGHTS AND MEASURES, 

p. fl'i. 
INTERNATIONAL GEODETJC ASSOCUTfON. l>stimntc forcontribu· 

tiou to, p. 12; reference to, p. 65. 
INVESTIGATION 0}' THE Gl:LF .STREAM. K\ltice of, p. 151. 
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PENSACOLA (U.S. steamer), PJ>. 38, 07. 
PEXSA COLA JlA Y, FLORIDA. Suney ot; p. 51. 
PERCY, II. T., PASSED A~SI8TANT Sl'RGEOJS", l".8.N. Sen·i:-e on 

sterune-r Patterson, p. 77; refore-n{'e to, pp. 159, 100. 
PEBDIDO BAY, FLORIDA AND ALABAMA. Survey of, pp.51, 52, 53. 
PERDIDO BAY AND MOBILE BAY. Connection of triangulation of, 

p.52. 
PERKINS, F. W., .AS8181'.ANT. Reconnaissance anti occupation of sta­

tions for the extension of lhe primary tra.Lngulation in Alabama to-ward 
the Gulfof)iexico, pp. 53, 54; reference to, 11. 57. 

PERiff HARBOR (1R LlTTLF. RIVER, MAINE, p. 20. 
PERl'VIAN ARC Kced of remeasurement of, p. 38. 
PETEHR, G. TL, 11. 1!i~. 

PETF.H.SEN~ A. EugrM·ing llh·il:Cliun, l'· 134-. 
N'TERSEN, CAPTAIN, p. 00. 
PETR01'F, IYAN. U.S. CENSUS AGENT FOR AL.ASK.A, pp. 7T, TB. 
PETT1"8 ISLAND, DELA WARE RIVER, Pl'· 36, 37. 
PTEIFFER'S PO'IN'I'. Trlo:ogulation station in C..lifomia., p. 64. 
PHIL.'\.DELPHIA CITY WATER l'RONT. New edition of chart of, 

p.36. 
PHILADELPHIA MAlUTIM:E EXCHANGE, p. 103. 
PHIL!i.DELPH1A, U.S. 8., pp. 91, 92. ' 
PHOTOGRA.PHING. StAtieti<B of, p. lM. 
PHYSALlA ATLAN'rlCA {PORTUGUESE MEN OF WAR). Oecnrrenca 

of, en coast of llaaa.chusotts, p. 27. 
F.llYSIOAL HYDll.OGll.Al'HY-OONTLNUATION OF THE PHJ'SICAL 

8Ul!VEY OJ' Tln: OOAST OF CAPE COD PJ:lUNSULA, pp. 23-25. 

PUYSIGAL IIYDR(tGR.U'IIY-OllciER\'ATIOX>! (IY THE UOYEMENT 
ANIJ LODGl\IlC~T <W ICE 1XlJELA WARK RIYEtt AND BAY, AND 
OF U:E.:;SITY A.:SD TE)!PElL\Tt:RE o}· W .\ TEll. AT THE DELA· 
WARR BREAKWATEl~, pp. 37, :lB. 

1•1co Jn.AN('O. Tria.ngulation station in California, p. 64. 
PIEDHAS BLAXCAS, C.\L. Hydrography in vkioity of, p. 63. 
FlJ,LSBt:RY, J. E., LIEt:TENANT, CS. N., A~SISTANT. Eotablial!-

meut (Jf a na,·al trial course l1y laying ont a me:i.snred sea.-mileintbe 
Es..~tern Pa.wig1\ Narragan11ett Ray, p11. 2.9, 91 ~ ref.erence to, pp. 9,(7, 
l[•l, 153, 159, 100; report uf Gulf St1·cam Ex11loratious~ a.ppendix. No. 101 
vp. 4Cl-f,20. 

PIT.OT-JEFF DAY IS. Linc of tri.angul.atfon i11 Ctah, p. 89. 
PIJ_,O'f-.XEIW. J,ine of trianf;'ulation in rtah, Jl, S9. 
l'ILOT l'EAK. Trja.ngulatio11 station in t:tah, p. S.0. 
F!LOTS' A&<OCIATIO:>, FHIL.>llELPlllA, p. 103. 
I'IXl'. Hll .. L. Triangulation ~ta.tion in New Jerseoy, pp. 351 36. 
PIXTA, r.s.s., p. 1:;4, 
I'LATT, RIJBEUT, J,lEl'TENAXT, t:. S. X., p. 29. 
l)LYlIPTOX TO\, .. !{SlIIl\ MASS., p. 2~. 

POCOlllllrn lUYEil, p. ~:i. 
r01IL"ERS1 G. r. !>:-awing Division, p. 13~. 

1'01!\T lll'l'IIO.IS, CALffORNIA, p. 68. 
POINT rorn, ALASKA, I'· 75. 
roI-XT G,\~l)tON, ][ASSA('lfl"SETTS, ll· '..::5. 
POJ:ST HrGII, ALl\SKA, p. 75. 
POI:'>T .Tl'DITH, )L\SSACIH'SETT:>, p. ~ti. 

POICl:T u;x A, LYNN' CACl:A L, ALASKA, p. 77. 
P(JIXT LU11A, CALIFORNIA, pp. Gl, 62. 
POIN'T LOOKOFT AND HAYSTACK ROCK, OREGON'. Examlna.ttoa 

fot r.hoo.ls rn'al', ii. f.'7. 
J'Oil\T .:SAPK\N, AL.\SK.\, p. 7'•. 
POINT st:R, CALlFOR:liIA, pp. 63, 6l. 
POICl:T WIXDH.UI, ALASKA, p. 7t•. 
POl~l: llH.L. gtation in Northe-astr>rn n .. nmdary Survey, p. 1'1. 
POOLE, J. 111., p. 44. 
POPI.AR POIN'T, DISTRICT COLFllIBIA, p. 41. 
POilCUPIXE RIVER~ ALASKA, pp. 781 95, 9G. 
PORT H01.'GHTO:N, AJ,ASIU, p. 75. 
PORT J .. A YAC~\ 1 TEXAS. Magnetic oWervation3 o.t, p. f;i}, 

POI:T 01\CHAIW, WASHIN'GTON', pp. 71, 7Z, 101. 
PORT ORFORD, OREGON, pp. GS, tr>. 
PORT SBIPSOS, BRITISH COLt:MBIA, pp. 75, 77. 
POUTSllOFIIl, YA .• p. 4~. 
PORT 'l'O,rNsf;ND, \YASH,J pr. 'i3, 77. 
POST OFFICE. Triangnlation station in FloriJa, p. {11. 

POTOMAC nrYElL llydrograpLic CX:lmination in, referrOO to, p. 24; 
reference to, pp. 40, 42, 02. 

POTTER, JUDGE E.D., p. B4. 
POUNDSTOKE, H. C., ENSIGN, l". S. ~. &·rvite on steam.er Pa,U-erto-n1 p. 

77; refPrencf' to pp. 159, 160. 
POWDER IlOI.E, JlIONOJlIOY, ~L\:5.~., p. 25. 

PRATT. J. F., .ASSlSTA~T. Com1•lttion of the f'!Jedal surrey made for 
the commission organized to select a !!!ite for a. Na"Vj Yard on the Pa.ciftc 
Coast; tupographka.1 surveJ of tho Sbgit Rfrer and Delta, State of 
\\"n.shington, pp. 71, 72; office. work, p. 72; reference to, pp.101, 151. 

PRESIJYTERIAN FEMAL:E SEMIXAllY, FLOREXCE, .\LA. Magn•tk 
stati.~'n in grounds of, p. f•;-\. 

PRESC'OTT, WIS., p. f5. 
PR}cSIJlES1' m' XAYY YAllll SITE l'<J}lMISSIO~. PAC'IFW COAST, 

p. 7~. 
l'RESU>E!IT ()}" 1'HE l:Xln:n l'T.\TK-;, pp. 9-<, 10:;, lc9, l;o, 
PRENTOX, E. D. 1 ASSISTANT. Iietcrmiwttiuns of gravity Ht the Sruith­

sonian lnstitutio11, \Yashington, iu connection with Eimilar det~rmina· 
tions tu lie made at eta.Huns OD the west roa_~t of Afrira aud l'Il islands in 
the AUantic ; mugnetic observations at the Coast nnrl Ge<-'lfletk SurTl'Y 
offi.C'"', 11p. 38, a9 ; determination!! of gmvit.'"· aud thL· magnetic elements 
at stations on the WC'st coast of Africa, and at St. Helena, Asr.ension 
bland, Barb~f)£O, and Bt?-rmu<la; magnr)tic observations nt statfona on 
the Ca.pc Verde lshrnds ancl the Azor('-5, p. 97; officf' work, p. 104. 

PRICE'R IlILL. Station in trn.nseontinc11tal triangnfation, p. 81. 
PRINTED SITEETI< OF Mt.PS .%ND CHARTS DEPOSITED WITH SALE 

AGENTS, ]J. 117. 
PRINTED SUEETS OF MAPS .AND CHARTS DISTllIBl:TED, p. nr. 
PRINTING AND BINDING. Estimate for, p. 15. 
PROGRESS OF GEODETIC OPERATIONS IN TUE STATION OF 

WISCONSIN, p. B4. 
PROTOTYPE METRIC STANDARDS, p. l!lii. 
PBOTOTYl'B NO. 20 OF THE STA:NDARD KILOGRAM:lUE, p. 87. 
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P!W'l'OTYPES NOS.12 AND 27 OF TIIE STAND.'\RD METRE, p. 97, 
PROVINCETOWN, .!USS., p. 2£•. 
J'[;"BLICATIONS OF THE COAST ANJI GEOI!};TIC Sl'RVEY. Distri· 

bution of, p. 100. 
PUBLICATIONS OF TIIE COAST AND GEODETIC SVRVEY ISSUED 

DURING THE FISCAL YEAR 1890, p. 139. 
PUBI,TCATIONS. Received from Public Priutcr duringthl> year; list of: 

with numbf'r of copies of each, p. 141. 
PUBI.ICA TIONS SENT TO PRESS. Titles of, pp. 139, 140. 
PUBLIC PlUSTER, p. loo. 
PFBLISIIING OBSERVATIONS. Estimate for, p. H; statement of &X· 

pcudi.tures for, p. 181. 
PUGET sonrn, p. 71. 
l'U)Jl'KIN KEY, FLORIDA, p. 48. 
Pl'NTA F.\ LSA (False Point), CALIFORNIA, p. GO. 
PYJLUIID HARBOR, ALASKA, p. 77. 
PYR.\llID ROCK, OREGON, V· 68. 

(!. 

QlJANTl'CK DAY, LONG ISLAND, :ll. Y. Jtesurvey of, p. 30. 
Ql~lCK (s>~'hooner). l~se of, and reforCJnce tQ, pp. 50, lGl, 162. 

R. 

RAILROAD IIOCSE. La Fayett~, J,a., p. 54. 
R.Ull'.H(T nm;sE, ALASKA, p. ~16. 

U.A~ISEY. Triangulation station in Minnesota., p. F .. ). 

TL\RIT.\:N nrn;R, XEW JERSEY, p. 31. 

RATHTWN, PROFESSOR RICHARD, r. 8. FISH Cl))BIJSSION, pp. 1, 

RA YNIIA:ll, MASS., p. 23. 
READ, JOHN .J., co~nB.NDER, l!. s. N., LIGUT-lIOl'SE INSPECTOR, 

FOl-l!TH 1JISTRIC1'. Assistance received from, p. 38. 
READY (iidwoncr}. Use of and reference t0, pp. 44, 4G, 1-53, I6t, 162. 

RECAPITl7LATION OF EXPENDITURES Fon STANDARD WEIGHTS 
ANll MEASGRES, p. 100. _ 

Jl};CAPIT\:LATION Ol' };XPENDITl'RES O:N ACCOENT OF THE 
r. s. rOAST A:\D GEODETIC SCRVEY, AND WEIGHTS AND l\IEAS· 
FJll;S Fon THB FISCAL YEAR E'l'DlNG .JFSE 30. lSOO, p. 101. 

RECONN.\IS~ANCE ANIJ OCCUP.\TIO!'! OF STATIO:'s FOR THE 
EXTEN$TOX OF THE l'RDIARY TIUANGULATION IN ALABAMA 
TOW.~RD THE Gl'I;F OF MEXICO, Jlp. f>.1, M. 

RE('O"N . .\JSSA'SCE .\NJ! TRlANGl'LATION ON THE COAST OF 
LOrI~iANA. llETWEEN .\TClIAFAL.'l.YA AND COTE BLANCHE 
l\A. YS, P- fi7. 

RECO~NAISSA:SCE. Statistics of, p. 115. 
RECORDS. Statistics of, p. llG. 
RECO\"ERY Al\"1> UARKING OF A ST.~1'ION OP THE PRBfAJlY 

TflI,\N!.Jl'LATION J)I PEKll'SYLVANIA, pp. 33, :34, 
REDrCTION OF SALINOMl."TER OBSERVATIONS, B11lletin N<>. 18, J>. 

mi. 
mmnsu ROCKS, OUEGO"N, p. C8. 
Jn;FERENCE TO TflE COAST ANll GEODETIC SUJ!VEY, AS ARBI· 

TR,\1'0R, OF A Ql;ESTION BF:TWEEN THE STATES OF MARY· 
LAND A:Nl> VIRGINIA, RESPECTING TUE LOC.\TION OF PART 
OF THEIH JlOl'.:NDARY LINE, p. 42. 

REGENN.·\S, C. E. lnstruruent Division, l'· 13tl. 
REHOBOTH, MASS., p. 23. 
REIZIN. S.ta.tio11 oftr:inscontine11ta.l triangulation in Indiana, tip. 80, 81_ 
RENT OF OFFICE ll!JJLDINGS. Estimate fur, p. 14. 
REOCCFPATTO'.'f m· A STATTON J.T J,YNCIIBFR(Hf, VA., FOii. 

llli\GNETIC JlETER~IINATlONS, pp. 43, 44. 
lt!CP.\lll~ AND ]!A!NTENANCE OF VESREI,s. fatimatP for, ll. 12. 
IlEPA IRS OF YES~J.~LS. f:.nmmary of1 p. 15.:>; on ..Atlantic c-oast, p.105; 

on Padfii~ ('(1a::-t, pp. 155. lfifi; r:tn.tement of -expen.ditnrf'<:i for, pp. 181, 
182. 

J!EPORT (A.'iNFAI.1, l!Y COA'-T AND GEODBTIC ~l'ltVEY. Trans· 
mitt(>~l to ~1..·crctary of the Treasury, p. h : tr.an~mitted to C<lngress

1 
11. 

iii. 
ltEPOHT llY GEOJHa; nA vmsos, DEL1-~GATE FRO)! THE UNITED 

STATli8 TO THE NINTH CONFEl:JiS!'E 01' TllE INTERNA· 
TION.\J, GEol,ETW ASSOCIATION ON THE WORK OF THE 
U.S. C<J.\ST :\~]) f:EUJ>l<:TJC HLRYEY, .Append.ix Xn.17. pp. 721-733. 

J!F,PORT OF AS:<I~T.\:>T IS CI!AllGE OF OFFJCE A.!ill TOPOGRA· 
l'IIY FOil THE YEAit E'>:DING JCNE 30, 1890. .~ppendix No. 4, 
pp. Jt•-H~. 

J!EPORT tW THE All<:HlVES AND LIBRARY DIVISION, U.S. COAST 
J.ND GEODETIC SUI\VE]{ OFFICE, FOR THE FISCAL YEAR 
ENDING Jl'NE 30, 1890, pp. 144-lt41. 

REPORT OF THE ASSISTANT rs CHARGE o~· THE OFFICE OF 
WEIGHTS AN]) llfRAl'URE~ FOR THE FISCAI, YEATt KNDED 
JUNE 30, 1800. Appemlix Nl). 71 pp. l!•J-197. 

l\EPORT OF THE COAST PILOT DIVi6ION FOR THE FISCAL YEAR 
E~DING JliNE 30, 1800, pp. 157~ F'~· 

l\EPORT OF THE CHART DIVISTON Ol' TffE U. S. COAST A.ND 
GEODETIC SFRVEY O~'FICE, FOR TUE JrJSCAL YEAR E!'DING 
JF);E 30, 1 SGO, p. 4t. 

REPORT OF THE COMPCTTNG DIVIeJON, E s. C<Hf:T ANJ) GEO­
DETIC SCRVEY m'FICE, FOH Tim ~'ISCAL YEAJ! ENDING JCNE 
30, 1890, Jlp. 1:;0-1:~2. 

J!EPORT Ol' THE DISBCRSING AGENT FOR Tl!E FISC.\L YEAR 
ENDED JUNE 30, 11''10. Appendix !\o. G, pp, JG~-19'.l, 

REPORT OF THE DRAWING DIV!f'ION, U. 8. COAST AND GE'.lDETIC 
SUR'\'"EY OFFI.;E, YOR THE FISCAL YEAR ENDING JCN'E :w, 1800, 
pp.132, l:l'.L 

REPORT OF THE ENGRAYDiG DIVISION', U.S. COAST AND GEO­
DETIC Rl'RYEY OFFICE, FOR THE FISC.\L YEAR ENDING JUNE 
30, 18901 pp.1:-i:J-13,j. 

l\EPOR1' OF THE IIYDROGR.\PillC DIYrnION FOR TUE JCISCAL 
YEAR E:XDIXG JUNE :~o, 18!iO, p. 158. 

REPORT o~· THE IIYDROGRAPIJIC I.'iSPEC'l'OH FOR Tlrn HSC.\L 
YE~.\H. ENDI~G JUNE :,w, lS'JO, App,..ndix Ko. r,, 1890, pp. l49-1G2. 

REPORT()}' THE INSTRU)lE.'iT DIVISION, l'. S. C-OAST A ND GEO· 
DF.TIC SCHYEY. FOR THE FISCAL YEAR ENDING Jt:Nl: 30, 1800, 
pp. 135, 1:3G. 

REI'ORT OF THE MISCELLA"SEOCS DIVISION m• THE l'. S. COAST 
A.'iD GEODETJC St:HV!ff OH'!('}], }'Olt THE FISCAJ, YK\li 
EKDJNG JUNE 30, 1890, p11. J39-111. 

l\EPORT OF 'HIE TIDAL DIVISIOY, l'.S.t:OAST AND GEODETIC 
SUIWEY OFFICE, FOI> TIIE F'lSCAL YEAR ENDING JC:Nl, ;1<J, 1800, 

pp. 1a7, 188 

HESCf,TS OF :MAGNETIC OllSl'lllV.\TJON8 AT I.Os ANGELEo, C.\L. 
Refott~nee to1 pp, 8, !J. 

RJ;srI,TS (l}' OBSERVATIONS l\IAllE TO DETERMINE GHA VITY 
A:!\D THE ll[AGNETJC .EI,ElrnNTS AT STATIO:l!S ON Tim WES1' 
COAST OF AFRICA, A~J} ON ~onn; 18LANDS IN THE NORTH AND 
SOL'TH A1'L\l\'TIC, 1880, 18[)(1, l!Y E. 11. l'RESTUX, ASSISTANT. 
Appl!ndix No. 12, JllJ. 623-68-4. 

RESURVEYS AND EXAJ\IINAT10.'i8 OF SOL'NDINGS IN Sl"!St;:N 
Il.\ \', KARQFINES STRAIT, AND VJC!NJ'l'Y, p. G7. 

RESCRVEY~. ConotautJy 11c•t~essary for correction of charts, p.47. 
REY! LLE, MISS A.G. Tidal Division, p. 137. 
REY!~TON OF THE SPECIAL SUUYEY OF THE DELAWARE nIYER, 

pp.BG, ::r;. 
RHODE ISLA~D. Rtato of, included in Section I, p, 16. 
ItICHARDSO:\'' ATTREI,L. Packer and folder, p.141. 
IUCJLU:DSO.'i, W.W., pp. 159, lGO. 
RICHMOND, NEW BRFNSWICK, p. lG. 
RICO. Triangulation station in California, p. M-. 
HIDGE ROAD, DISTRICT OF COLUMBJA, p. n. 
RIO GRANDE :RIVER, pp. f.0, 79. 
RIPAl\IAN CO~UCISSION OF NEW JEI\SEY, p.3l. 
RITTEll, HOMEH P. Shore-line examination for the determination of 

chang~~s in and additions to N{'w York City front between \Yest Sixty­
~eventh 8trct•t1 Ilutlson Ri"·cr, and l3lackwell'e Island, East Rivel·, in· 
duding, al~o, Urn Ahom lines on thP NtHV Jenroy and Druoklyn side11 of 
the harhor, o.ud a sh.ore~lii1e examination of the Raritan Rh·cr from 
TottenYille, N. Y., to New Bruuswick, N.J., p11.31,32; office work, p.32; 
service on coast of Massa.di ueetts, Pl•· 24, 25 ; eervice in Florida, p. 62; 
reference ti\ JJ. 42. 

RIVER ST1'X, p.03. 
ROBBJ~S. Triangulation ~tation iu Kansas, p. ;Se, 

IWBllIX8TON, ~rn., J>. 20. 
IWBERTS BAYOU, p.!JZ. 
ROCHE IIARBOit, p. 7:l. 
ltO<'K.\ WAY BEACH, LONG ISLAND, N. Y., p.3o, 
lWCKLA.SD TOWNSTIIP, MASS., p.22. 
ROCKWELL, CLEVELAND, ASSISTANT. 1'c•pographical survey of tho 

1..·oast of California iu the ,·kinity of Point Sur, pp. 64, 65; exa.mina­
tion of Y<mng1e Bay n.nd Rh·er, Oregon, with reference to the effect upon 
navigation of a. proposed railroad bridge ; triangulation of the Columbia 
lfrrnr continued, pp. 70, 71. 

ROCKY POINT. Triangulation station in .!'forth Ce.rolina, p. 44. 
UOETH, J. IL Office of Hyrlrograbie Inspector, pp.102, 129, 156. 
RQDGERS, A. F., ASSISTANT. Completion of the topographic eune;r 

of the sonth coast of California bet ... een Ban Diego and San Onofre, pp. 
00, 61 ; connection of tho COll8t triUJgulati<>n llQUth of Monterey 11&7 
with the main •eries, p. llt; reference to, p. 65. 
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JWGERS, A.G., LlEUTENANT, U. S.N. Service on st..amer McArthur, 

p. 67 ; reference to, pp.159, 160. 
ROGUE RIVER, OREGON, p.68. 
ROGUE RIVER REEb', OIIEGON, p. 68. 
ROGUE RIVER REEF TO CAPE BLANCO. Ilydrograpbic sheet, p. 68. 
ROSARIO STR.A.IT. Exrension -0f triangulation of, p. 74; reference to, 

p. 73. 
ROSE CARON, CALIFORNIA, p. 61. 
ROSE, EDWIN. Drawing Division, p.132. 
ROSS, JOHN. Coast Pilot Division, p. 102; Coast Pilot work, :p. 157; 
servi~ on ates.mer E11-1:kat•or, pp. 4.2, 43. 

ROY. Triansulation eta.ti()D in Tennessec1 p. 78. 

8. 

SACRAMENTO, CAL. Longitude determinations at, p. 87. 
BACRAHENTO, CAL., AND VERDI, NEY. Difference of longitude 

determined, p. 87. 
SACRAMENTO :RIVER, CALIFORNIA. Rerurvey of mouth of, p. 67. 
BAGiliAW CHANNEL, ALA~KA, !'- 77. 
SALARIES, PAY OF FIELD Ob'FICERS. Statement of expenditures 

for, pp. 165, 166. 
8Af,ARIE1<, PAY OF OFFICE FORCE. Statement ofexpenditureofor, 

pp. 166-169. 
SALARIES, STANDARD WEIGHTS AND MEASURES, 1890. Sta.te-

meut of expenditures for, p. 189. 
SALINE COUNTY, KANS., p. 87. 
SALT LAKE CITY, UT.AU. Lougitude determina.iions at, p. 88. 
SALT LAKE CITY, UTAH, AND HELENA, !10XT. Observations 

to determine difference of longitude, p. 91. 
SALT LAKE 'MERIDIOXAL CHAIN OF TRIANGLES, p. 89. 
8AN AXTOSIO, TEX. Magnetic observations at, pp. 68, 59; reference 

to, ii. 63. 
SAXDERSON~ TEX. Magnetic observatious at) p. 59. 
SAN DIEGO, CAL. Ma.gnctic obsena.tions at, p. 59. 
SAN DIEGO BAY, CALIFOR'N'IA, pp. 60-62. 
BAN DIEGO COU:KTY, CAL., pp. 60, Gl. 
SA:SDY HOOK1 N. J. Tide obimrvations at1 p. ~l3; reference top. 35. 
SANDY I'OlNT, LARE };nrn, p. 94. 
SANDFORD, L. Service on ::.teamer I'aUenon1 p. 76. 
SAN Jl:AN CllA:'\NEL, WASllIKGTON, p. 74.. 
8ANKATY IlEAD, MASS.\.CAt'SETTS, p. 2G. 

SAN ONOFRE, CAL., pp. Gl, 62. 
SAN ONOFRE CREEK, CALIFORNIA, p. til. 
SAN ONOFRE MOU.STAI:"<, CAL!liORNJA, p. 61. 
SAN OXOFRE VALLEY, CALIFORNIA, p. 61. 
SAN PEDRO HARBOR, CALIF'1RNIA, p. G2. 
SAN SBIEO'S' HARBOR, CALIFORNH, p. 63. 
S.\NTA BARBARA, CAL., p. 101. 
SANTA Ff; R. R., p, Gl. 
SARGENT, l'"RED. Tide observer, St. Paul, Radiak Isl&nd, Alaska, 

p. 77. 
SAUSALITO, CAL. Tide ohsl''r"\·a.tions at, pp. 66, 104. 
l!AVOY, WILLIAM. MefM'nger, p. HI. 
SAY ANNAH, GA., p. 46. 
SAVANNAH RIVER, p. 40. 
SAWYER GLACIE.RS, ALASKA, p, 76. 
SAWYER KEY, FLORIDA, p. {9, 
SAYDROOK POINT, COXN., p. 30. 
SCANNELL, JOEI'N 0., p. 57. 
SCllOODIC LAKES. Triangulation of, p. 17; reference to, p. 20. 
BCROO'S'ER LEDGE LIGEIT, p. :\S. 
SCORESBY (schooner), pp. 161, ltl'~. 

SCHOTT, CH.ARt.J<~S A., ASSISTANT. Ju charge of Computing Di-ieioD, 
Annual report of, pp. 130-132; reference f,(l, pp. 9, ()3, 9S, 127. 

SCHULTZ, I.J. G. ).lagnetic observer, p. 59; Computing Division, p. 130. 
SCIIUYLKII,J..; Ill VER. Hydrography of approacbe1 to, p. 37; refer­

ence to, p. 36. 
SCHUYLKILL RIVER, p. 36. 
SCBIBNER, E. II., PASSED ASSISTANT ENGINEER, U. S. N. Ser· 

vice on et1•ame-r lJaclttt, p. 27 ; f'efercnce to, pp. 49, 159, 160. 
SEAY, GOYF.1lN01\ OF A1'ABAll.lA, p. 54. 
SXCRETAJ:Y OF STATE, pp. 78, 195. 
Sl.'CRt:TAHY OJ<' THE :NAVY, pp. 29, 32, 91, lb2. 
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TOl'OGILl.l'HIC'Al. ~L-RYEY CO:'!DlISSIONERS !ff MASSAt,JH:SETTS, 
p.2::.. 

TOPOGRAPHICAI, Sl'I\Y.EY UF TH;; C\•AST (•F C.\LIH>llNIA l.K 
THE \'fCINITY OF l'OINT f'l'R, pr. H4,6.;. 

TOPOGl!.Al'IIICA L SGRYEYS A!'\D RE3FH YEYS of th(' ~t. ~ 'rc>ixRiYer1 

Ma.inc~ pp. 18, 19; on C"'Jast of Maine in vicinity of ('ohsr·ook Ras. Vi'· 19, 20; 
of shore line of Kennebec River, Maim· 1 pp. 21), '..;1 ; of,,. ood'i:> Holl and 
\"icinity, JI. 28; of n~~ Elizabeth lslantls, l.h·twer•n BuzLar<l'b Ba~· a.nd 
Vineyard Sound, and of th(• ,,-o~pe-ckct l,::la.nds, Fuzz.a rd's Bay~ pp, 28, 

29 i of SJJinneC"(•C~ alHl (.luantuck !Jaye, so~1th i·oast of !JOUg lsland 1 l'P 
30, 3j : in Ne\\. York Harbor, pp. 31, :).~; of De!aw:ur~ llh·er, PI'· 36~ 37; 
of thr Dtstrir.t of C.Jl llr:.)Lia, pr•. 3~J-'1::!: ~· :?\"orfolk, Ya., p. 4:~; on ('Oa.st 

of South Carolina, Vi'· 44--46; in ·vicinity t•f CapP H.oma.Dt\ wPst coast of 
Flori<la, p. 50: iu P1.·nhacu:a -DaJ, }~lori<l.<> 1 pJi !il. /J'.:. : 1..1f 1'e1dido Bay, 

Florida anJ Alahuri."\, pp. [,2.,f>:).; of south cui~t uf California, pj), f;0-62; 
of ('Daf't (~f Ca.lifornia. in Yidnity of Point Sar, 1'1~· f.4-, G5; tifC·)()fl Bay, 
On·;ou, pp Gl}, ';CJ; iJf Port Orcbn.rd, ""a.sl;ington, 'PI'- 71. 72 ~ of itWlndl!' in 
\\Tal'llli11p .. tuti Sound, 1'· 7J; of t'oa.•·t uf Alaska, pr. 7.~,-7~. 

TOPUGR.\l'Hff .\C'll JIYDI\Ol;UAPTIIC EIIEETS I:EGISTEmm IN 
THE AllCI!IVES OF THE COAST AJSD GEODETic: SFRYEY 1'CR­
IXG TIU; ~'lSCA.JJ YEAR ENDING .n:!\E DO. 18~~{1. T0p .. ugrn.1~hk 
work, pp. 14.5, 141~; hydrogra.plJk work, pp. 141i, 147. 

TOI'OGJUPHIC ANil IIYDUOGIUPHIC srBVEY (J}' TiH' ET. CROIX 
RIYER FROM VANCEBORO TO THE SOUTHWARD, pp. 18, 19, 

TOPOGRAPHIC ANll IIYDROGR.\.PRIC SCRYEY OF 'l'Hl; ST. CROIX 
Rl\'ER FROM CAJ,AIS TO BARING A!\D ABOYF:. p. l~. 

TOPOGIL\.rHI0 MAPS. Origina.1o. Nnwher of, p. 117. 
TOI)OG:t.\PHIC SUEET.S. Of PeniaC.ola Bay, Florida, ti· !H; of surveytl 

in F;1nt1' of \Vasliington, 11. 'i4 ; of eoutb e<>as-t of Califm·nia, pp. 61, 62. 
TOl'OGU.\PlIY. f'tati~tics ofi p. llti. 
TORONTO, CAN AD.\, i" 38. 
TOilO. 1'riangnla1 ion station in California1 p. G4. 
TORREY, ]~. E. Ser,·i·:-e in }'lodda :and Alabama.. p. 52 ; sr-rvii:-e in Ohio, 

I\:('ntuck,'· 1 arnl linlinua. pr. 81, 8!!. 

TORTCGA8, p. 41<. 
TOTTENVILLE, :!'\. Y., p. 3". 
TOWN OOUNDARIE8 IN l\IASSACilliSETTS, pp. ~2, 2.;. 

·TRACY ARl\f, HOLT(IIAM RAY, ALASKA, p. '"· 
TRAIL. CHARLES, p. 17. 
TRESC01', :E. A. nrawi11g Did~ion~ p. l;-t~. 

TREASl'lff DEl'AJ\T:UENT, ACTING 8ECilET.\IIY, p. id. 
TREAsl-RY DEPARDrE'S'T, SECRETARY, p. iv. 
TRAXSI.T ~sch.(•Ontr). l'P· lCl, 1G2. 

TRAl\'~PORTATION OF THE NATIONAL PRDTOTIPES lff TH.E 
MJ.:TitE Anti> }:J J,OG!tA ~nm FROM p_~ ncs TO w ASIIINGTON, pp. 

97. '''·· 
TRL\X1;{'LATin"\. Of tlH.' ~t. t_1roix. River, Maim\ py. J1;, 17; of th~ 

Sc.hoodi; I.,a.kN•, .iHnitle, pp. 17, 18 ; n:f tO'Wll li<fu.nd.aries in lla.tread1u~·tt8, 

pp. 21. :23; in Kt>w .Jcr;;;e:-\ p11. 3~\ 3G; Jn North Carolina, I" 44; on coa.st or 
South ('.arolina, pp. 1-f-4f~ i ifl vkinity of eurx1 Ut)ffiaDl·, Wl'st ,f'(~'\.~t of 
J<'lorida, p. &U ; in PH1sacola :Bay, }'lorida, Pl!. 01, D:! ; uf Perdi.do Bay, 
Floridu. f.\nt..l A.l1~bn.1ua, }}}•· 52, 53.; in .A.hliarna.i 11p, f:i..1, ~ ... 1 ; on cua::it of 
L{)uisiau:::., p .• Y; ; iu Ei·~1utllern California. to ct.mta·•·t Los Ange It•,; baS<1 litM 
with m~lin trfr1.11gulation 1 pp. 62, G:'~; of C"oast of California s0uth of :Hon­
terey Dny, p. 64; of Coos BaJ, Orcgun1 pp. 69, ';0; <:·f tltt• Columbia 
BiTerl }lp. 70, ':l; of Port. Orl·h.ardt 'Va.qhington, Jlp. '71, '7:!; DH {"\)aSt or 
\Vashington, e1tcuded from Boeario Str:>Lit, JL i4; of cvast of Ala.ska, 
pp. 7.'."l-'i8; in Tl·1mcsse{', fill. 7S, ';'0; in Old1•, Kt>ntnrky, atidlndinna. pp. 
80-84; in '\V"ii<-~~onsiu, }}. S4; in l\Iinnes:sota., ii. 8.J; iu Kausn ... ">, pp. 8i\ 87; 
in rtali, pp. SD, NJ; st::ttUtics of, p. ll;J ; -original TN'unli', uumher of 
cahier~1 p. 1 lG ; Qrig-i.na.l neorJs~ number of ·rolumc~s, l'· l 1H. 

TRIANGFLAT.IO:i AND Lln'ELING PARTIES. 2'<nrn1Jcr uf, J•. IL:•. 
TRIA'S'GULATION AND TOPOGRAPIIY IX na: Yfl'!l"ITY OF 

CHARLESTON, S. C., pp. 44-46. 
TRIANmil,ATION AND TO!'OGRAPiff OF <'00.< llAY, OREl;ON. pp. 

GO, 70. 

TRIANGFLATION, TOPOGRAPHY, AND llYDROGRAPIIY OF PER· 
DIDO BAY, FLORil>A A!\D ALABAMA, pp. 52-r,~. 

TlUA.KGlJLATWN, TOPOGRAl'HY, AND nnmoGlUPrn· OF THE 
PACIFIC COAST. Jleport on, p. 6C. 

TRIA!iGULATION, TOPOGRAPHY, AND lH.DROGR.1.PUY ON THE 
W.llST (',()AST 011' FLORIDA, Ui THE YICINITY OF CAPE ROMANO 
AND TO THE NO~'?llWARD, p. 60 
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TRIA'SGULATION, TOPOGRAPHY, AND HYDROGRAPUY 011' TIIE 
Ul'P':R BRASCHl':SOF E~CAMBIA AX!J EAST JHY8, PENSACOLA 
DAY, FLOltlUA, Fon THE USE OF THE GULF COAST NAVY YARD 
SITE COll.lIISSIOX, pp, £il, 52. 

'!!UPP. Triangulation Bta.tiou in Indiana., pp. 83, 8-1. 
TRUKO, :\IA~ti., pJ1. ~J, 24. 
'l'CCK£I~~l'.CK IST.-_\!\D1 MAS;-;., 11. 25. 
TUOLL\IXr: :\l:E.\D'JW:',C.\LlHJlt:SL\, p. G2. 
TCH.~EI~, J. IL, SCtt~.\.~SISTXS'T. Sunt·y~ for a preliminary dPtermi­

natiun of tht• li:rnmhry Hue between AtLSka and Urhi:.;;h Columl,iu awl 
thl• ~ortl1\n~;:.t T"rri~ .. iry, pp. 1!5-!17; rderenco to, p. 66; occupation of 
statim1s ueo~r tbc juw.:tio~l vf the o.mc hundred urnl forty-first meridian 
vdtb tb~ 'L1kon .w11 l\•r\ u11l1w riv..rs. Ala~ka, in conniectinn with a. 
pr~lirninary t.urvey uf the bl·unJary 1i nc llchvec.·n .\Juska. anJ. the North­
wc:-t Tcrritury, p. 7~. 

TUUX Bl' LL, C. 11., p. 12B. 
TUI:TLI; I~LAND Lic;l!TllOCSE, p. U4. 

TUSC.\LOIJS.\ RIVEI!, p. ~ .. L 
TURXDCLL, )II;..:~ C. B. ofiicc qf A:sshstant in C'L.a.rge, p. 101. 
T'.\'I 'O KEYS, l-'LORID.\, l'· 4S. 
T"'TS PEAK B \ Y, <'.\LTFOR);IA, }J. {i:-t 

'IYBEE ISLANIJ, GEOR\JIA. Tide observations at, p. 46. 

u. 

UNCATENA ISLAND, MAS8ACHl'SETTS, p. 28. 
tJNffEP~'ITY m· MISSISS!l'l'I, p. u.5. 
UNI\'l:J{SlTY OF TENNESSEE, KNOXVILL};, TENN. Magnetic sta· 

th.a f':o:tahlislted in ;:::ro11nds of, p. 79. 

Ul'\\'Inr,JIT Cll .\~XF.L, '\'ASIIINGTO~, p. 74-. 
l~un;, ,J. f,, AS~I~TA:\T SFRGEO"N", u. !:'. -x., P· 15V. 
l'NJTT:D ~TATES Jllf'TRICT COl'RTS, Jl, 103. 
u. t'. ·~ll'JI, J.;xmXEEit ()}' J,EAGFE ISLAND NA \'Y YARD, p. HJ:). 
11 . .<. l'IJ!:l'S rw E.\'GINEEIL~. ]>. 103. 
li. 8-. E('J,lP~E };XP:EDITIO~, p. 'J7. 
V. S. FJSH t'OlDiffSION, pp. 29, 196. 
u. ~. L\KE :-::rnvt-:Y. I'· fl4. 
U. t-:. LA;i..·n ~c1n~EY~. .Referenro to, p. rJU. 
U. ~. ~l!LlT.\l:Y !tF:-<ERVATIOX, SAN ANTONIO, TEX., p. bS. 
ll. !'. ;<TAN Pc\ltllS OF WETGHTS .\)if> :lrnA8t:RE8, p. 103. 
l .. PPEH.:\IA!'li, A. ('hart Bivi1'l'.on, 1). 14:2; liiJrary and archives1 p. 148. 
UPPEH l\L.\ T1X~UMBJ1;, FLORIDA, I'· 4.9. 
UTAII. T~rritory, inclutle<l in aection XVI, p. 87. 
UTSALADJ', W ASIT., pp. 72, 74. 

VAN lWREN, ARK., pp. 5H, 79. 
V A:S«EllURO, ME., p. 18. 
,. ANCOlJVER, Il. C., p. 73. 

v. 

VA7' DUltE~, \V. A. ·Engraving Division, p. 134. 
VA~ nt:zF.n, T,. ft., E~RIGN, U. R. N. Service on schoQner Ea(Jre, p. 

?.H; r1·f,.n·nce to, p. 1GD. 

YA~ (1llI1E"S, C'. H., AS..."STSTA.Jo;T. Determinations of town t\.(.Hrndarie~ 
in 1lu• :'tr.1.<: 11f '!\-fM1!acl•usetts <"ontinueU, pp. 221 23.. 

YEITll, El_'.ffE.:SE. 'Ilde ubf*'rYH at TyOOC'~ Ga..t p. 4G; Tidal lHvision, 
p. 1:t..:. 

V.EHDl, '!S"l:Y. l1m1gituUe dctcrmin1::ld at, pp. bi, 88. 

VJ<:n!Flt!A1'10N OF WEIGHTS AND MEASURES. Bulletin No. 15,p. 103. 
vmrn.ll.ION DAY, J,Oll1SIANA, p. 57. 
vmn1n:>T. StAte of, jncJuu<Xl in Section I, p. 16. 
,.l~HJlO~T, U. S.S., p. 32. 
VE.<SELS. Coast and Geodetic Survey. List of, p. 162. 
Vl<~K~BrRG, MISS. :Magnetic Q\>servations at, p. 55. 
YICTOWA, D. C., p. 73. 
VlEitBliCIIJ.:N, P. Jnstrmnf·nt DiYision 1 p. 13fL 
VIS A.I,, 1V. J., .ASSIST.ANT. Completion of the top-ograpllfr.a.l ref!uney 

of ,\~0(1ds Holl and ,·icinity, p. 28; oftice work, p. 28; eervke in Florida 
and ~-'i.h1.humn, p. 52. 

Vn<:r: l'l\EEK. Triangulation •ta.tiou in Kn.nras, pp. 86, 87. 
VIIll:l~ l.\ ('lT\~, '!-;J·;\·. J,ongitude d~tennined at, p. SS. 
YIRG!XL\. r;o,·El!Nlllt Ot', p. 93. 
VIH.GISIA. f:tate of. incluJl."<l in Secti-0n III, p. 38. 
YREELA~D, c.1:., LIEC-TE~ANT, cs. N.l ASSISTANT, p. 29; Gulf 

Str<'n.m c:xpl1)rstionR; iriv1MHiga.tion o:- currents continued, pp. 47,48; 
est&blishm.cut of u. tria1 1·ourh(J for the r5pecd t~sta of the new naTa.1 war 
-....,..1 Philadelphia, off tho co..ta of Bl0<:k Island aDd L<ing Ialand, pp. 
91, 9'l; reference to, pp. 151, 163, 159, 160. 

VOLUMES OF llECOIUlS HEGISTERED IN TllE ARCHIVES DUll­
ING THE FISCAJ, YEAR. List with number of each, p. H8. 

w. 

WABASHA COUNTY, MINN., p. 85. 
'WADDILL, MM. J. Office of Assistant in Charge, pp. 101, 129. 
WAllLER'S DAIRY 1''.UD!, Ill8THICT or· COLUllBH, J>. 41. 
'V'Al:S\VRIGHT, D.13., ASSIF-TANT. Continuation of the tletailed to~ 

pographical su1'"\·ey t1f th-n District of Columllia, ])p, 39, 40. 
WAI.KER, GEN. l<'lt"\NCIS A., PREiiIDF.N1' UASSACHrsETTS IN­

STITCTJ; OF TEC'IISOLOGY, ~lEMlllm OF TIJE TOPOGlLl.PllI­
CAL Sl'RVEY COMMISSION OF llASSACllr8ETTS, I'- 22. 

W.\LLADOUT CHANNEL, NEW YORK lIARllOR. Re5'1rvr_v of, JlJ1. 

32,33. 
\VALL.ACE. Tria.n.:nl!atiou station ill Jrlimwsota, JI. 85. 
"""ASIIBUR.N HOM.E. Triangulation !-lntion in ~linnel-lota, }l. HG. 

WASHINGTON AXD I,!X()JLN l'.1.RKS, l'OUEST AYENL'E, TOLJWO, 
OIIIO. Sc1ectcd a.r.; :i;.itc~ f,Jr a meridiau line, p. M. 

·wASHIKGTOY sor);D~ \L\Sl1INGTOX.1ip. 72) 74. 
,\ • .A.Slll:SGTOS. Stat-e of, i11clmletl iu !'\cctiuu XI, p. Ch. 
'\VASHTSG1'0X, 'I'., EXSIGN, F. S. N, 8errke on sdwoner Eagre, p. !.W; 

serYkc on fitcamer End(:m•o1·, })p, f)l)-159. 

'WASSERBA en. T. Eng:raYing Dh·ision I p. l:H. 
WEED Jl.A!rCJI. 1'rinngulntiou E:tatim1 iu Indiana, pp. 81.1 S'.3. 

'rEIGIITS ..A.l\ll MEAS CHE:". Office of, table containing Ji..,t (If work 
d01HJ and iuformatioc furni~hetl hy, dttrinP; thf' fo~cal ypar lS!)(l, p. 197; 

report ot· n.c;sistaut in charge or, pp. 195-l!J7; !'.itatcrm·nt of expeudin1res 
for, pp. 189, 190. 

Vl"ELKJ.::;R, P •• '\., 8VD·Ati~IS'IAJ\""T. Trianpliation 1 topo~rapLy, and 
hydrng;raphs of t1w upp1~1· 1'ranrhc-s of .faitaml1ia aud Eabt Bay fl, Pen~a­
cola. Bay, :Fh,rida, for tho us<~ of<'thl) Gulf C(>~t Xavy Yard Rifo Com­

missiuu, pp. 51, 52; cst:ihlishment ur a. meridian line in To1t>do, Obio, 
jl. 8-1; fic1d bC1"'klJ in rtah, JI. IJO; R}1e1~ial fivhl senicfl in Ohio, p. 9-1 j 

rcforcncc to, pp. ~12, J(ll, 1&0. 
Wl.:I.15, E. IL Alaeku ('Xp1nre-r, pp. G1~ 1 1:71 151. 

\VEST .. A!\D RO,\D. Tri:rngulntiou i:-tations in Florida, p. 49. 
Wl:ST Ilflll1(;g\\'A TEil TIJW::S~!lll', )!ASS., p. 22. 
'YEBTD"\lIL, FERlll)iA"ND. Denice ~m coast of Oregon, pp. 70, 129. 
WI:Sl' SISTERS ISLA::SD L H;J!TllOt:SE, p. G4. 
WEST SOl'XD, W.\SIIIXGTO.:;!, p. 7,l. 
\VF.ST VIRGI~L<\. Stato of, iarJudcd in Scwtion III, p. 38. 
'VES'I.'\ 'C'tf. Jt.fr+."1mg,.r, pp. 1:3!\ Ul. 
'VHAl!TOX, TEX. )la~m·tic 0bsen·atiC1n" at, p, r,i~. 

W!IATCOJ!, WA:'lf., l'· 73. 
w HEELER, r,rn1:1'l,N.HiT, c. s. E::SGINEEUS, Pl'- SS, ~D, 90. 
'\VIIITA.KER, .T. -w. Tidal J>i-,.·isiou, p.137; Chart Di,·ision, p. 142. 
\\'IIITF. G!TY, )!OllRJS COl'::STY, IL\::Stl., p. 87. 
'\VHITE. Triu.ngulatfou. station ill Kansas, p. 87. 
VlHITB, "~. ,V.! ASSI:.-;TA.NT ENGINEER, U.S.N. 8ervic-t' vn stecuner 

l:Urke, llP· 4.8, n; refrren('e to, pp. 159, lfiQ. 
v.·nlTI:!\C) H.L., AB~lSTANT. Examination of ehangcs for additions 

uf topngta.pllit•a.l detu,il~to tl.1-e sh 1)rn Hnc of Hie J{1:>unct-H.·c: J{iHr frmn 
Bath to Gardiner, pp. ~o, 21; g1meral dirreti.011 tJf town hontHlary l'lur­
Vfl~·g in tlH~ ::State of .!tlas1>achuffi~tt.8; i:;Prvi~e as u rncml>~'r .,f tho :'\IiK~ii:.• 

sipili Ilher Commission, pp. :!I, 22; ro:ifrrcnct: with Orn c;o\'('t'llilr5l ot 
liar~ land a.nd Yiri;dnia. r~spcctiug the foe.fl.ti on • .)f part of" tlwir hvund­
ary line, p. 4.~; definition and rletennination of <l portion of boumlary 
1iul' in <lieputc Wtween the SU.tee of Maryland nu<l Virginia~ pp, VZ-r14; 
reforP.tic<: tL, p. 24. 

WHITING, llE., p. 20. 
WillTMA.:i TOWNSHIP, MASS., p. 22. 
\VHlT!\lAX, ·w.R. Instrunrnnt Division, }l. laG. 
\\ .. ILDER. i::tation ill tri<lngulation. of Alabama, p. b4. 
WILLA31ETTE lUYEP., p. 71. 
"~11,J.}:!H~CCHER, J-:. Hy(lrograplli<" drnughtmnan, pp. 102, 129, 154, 158. 
WILLJ;Nnt'('!ll:I!, W. C'., pp. 129, 154, 108 .. 
WlLl.l,T:l l'UINT, N. Y., I" 30. 
WILL!.\)l~T(IW:i, KY., p. 80. 
WlLLU)l>'TOW~, ~ . .1., pp. :\5, 3t1. 
Wl1JT.,0W l-\PRl~1_i~1 CT.\.11

1 
p. SD. 

'\\r1J. .. I1S, E. U. Uftkt> of "o\A>jh~tant in Charge-, j)p. Hll, 129. 
wu,u;, WAI.TE!!, p. 1~. 
'l"II.MEU. TrianguJ.ution Etation in Kall88.B, p. 86. 
WINES, M. ,V. General Offict~ Assi&tant in charge of 1discel]a11eou1 

Divioion, Jl. 100; annual report of, pp. 139-141; r&tenmce to, p. 
12'7, 



 

ALPHABETICAL I.NDEX. xxix 
WINDFALL HARBOR, ALASKA, p. 75. 
WINDOM, WILLIAM, s~;cRETARY OF THE IIIEA~URY, p. iv. 
WINONA COUNTY, MINN., p. Sb. 
WINSLOW, FRANCIS, LIEUTENANT, 'G. S. N., p. 46. 
WINSOR, HENRY & Co. A id receiycd from, p. 38. 
'W'INSTON 18.A.AC, .ASSISTANT. Exten~ion of fo1es of geodetic leveling 

from 1Jom1oni P.ope ('ounty, Ark., to Fort Smith, &l>astian county, l>P· 
55, 56 ; field Sen·ice in California, p. C2 ; extension of lincq of geodetic 
leveling from Greenfield, T•!nn., to Okoloua., ]:litis,, pp. 79, SQ. 

WISCONSIN. State of, incl udNl in Sectivn XIV, p. SO. 
WISCONSIN ST.lTE Sl:RYEY, I'· 84, 
WOEPECKET ISLANDS, MASSACHUSETTS. Resurny of, pp. 28, 29. 
WOLF TRAP SPIT, CHK\.Sl'EAKE llAY, p. 43. 
'\\'OOD, A. N., EX~IGN, lT. 8. N. 8ervice on steamer Patterson, p. -;5 ; 

rcforern::e to, p. 1&9. 

"~OODilURY. Triangulation station in Minnesotn, J). 85. 1 

WOOD, M. L., LIEUTENANT, U.S. N., ASSISTANT. In charge of 1ly· · I 
drog:raphic Division, p. 102 ; referenee to, pp. 154-1 158, 159. 

WOOD'S HOLL, MASS. Survey in vicinity of, P· 28. I' 

WRENTHAM TOWN~HIP, Jl!A~S., p. 22. 
WYOMING. State of, included in Section XVII, p. 90. 

'\\~YVll,L, E. H. Chart corrector1 pp. 102, 129; bydrogr:aphic 
<lraughtsma11, pp. 1541 158. 

x. 
XYLO:NJT.K l~sc of, for topograpbkal fiheete, J)p. 39~ 40. 

Y. 
YAKUTAT B.~Y, ALASKA, p. CG. 

YATE~1 A.U.,CAI}T:\Jl't, F.S.X ,p.<J7. 
YOl'~t,_:i}1". A. Servicf' iu Arkaosa..~1 Jffl. 5G,fjj; servke on coa.st of'M:&BSA­

chu~('tts, p. 25; aervice in Tennessee and ~Iisf.itIBipJ1i, p(l. 79~ 80; Com­
tmtitig Divisluu, pp. 1.10, 131, 1::\2. 

YOL'~G, \V:3L P., laborer, JI· 141. 
YOl'NG'S BAY, p. ~4. 
YOt:Nc;•s BA y AND RIVER, OREGON, pp. 70, 71. 
·ycKo~. AlaR!~a Commercial Company 1s slcamcr, p. 95. 
Yl'IWN AND PORCl'PINE RIVERS, ALASKA, p. C6. 
Yt:KON IUVETI, ALARKA, pp. 7S, 9;>. 
YUKOX (s..::boouer). lTse of. and reference to, pp. ';':21 lGl, 162.. 

z. 
ZEAN DALE. Triangulation station in Kansas, p. 86. 
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Prtg"f' IX, for J'fl.f/t>H llG-l~i> pur pp. llfr-117. 
P:ig'I~ :{!J, lint• 8 fn1n1 top, for R, put /J. R.-,YalH\,Tig:ht. 
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REPC)RT. 

The fiseal year 1890 has been marked b~- a steady aml systematic den~lopmen t of the 
operations of the Survey in both field and office, and by advances so notable in the closely allied 
work of tlie Office of Weigh ts and Measures as to con,;titu te an l:'pod1 iu metrology. 

Field operations involving one or more of the classes of work here named: hase measurement 
and triangulation, the lletermiuatiou of latitudes, lougitndl's, a1Hl azimutlis ll,Y astronomical 
observations, the determinations of heights hy geodct.ic Je.n•liug anti by vertical angles, topo­
graphical surveys, magnetic obseiTatious and iletermiuationi:; of the force of graYit,r, were in 
progress on tile coasts or witliin the limits of twenty-eight States, two Territories, and iu the 
District of Columbia. Geo1letic work, iutemled to furnish geogrnpl1ical positions or dt,tenninations 
of heights in couuectio11 with Btate geological or topographical ,;un·e_ni, wa:s carried un in the 
States of Massachusl'.tts, NPw .len;ey, Te1111essee, Arkansas, \Yii-;con,;i11, arnl J\linuesota. 

B,ydrographic surveys, iuclnding inshnre and offshore 8mm1ling·;;, arnl oh~ern!tions of tides 
and currents, were prosecuted i11 the water~ or off the coasts of ~PH'lltPt'll States aml one Territor,y. , 
Invest,igations in physical hylhogTaphy werP coutinurnl; tlH•sp ineltuled obiwrvatious of shore 
line clrnuge,; due to tidal aml waYc iLdio11 on the coast of Uapc I \ill; obsen·atious of tidal and 
current mo.Yement11 and gaugiug,; of discharge in J,ong· Island :-=.ouwl; ohserYationR of sea-water 
densitim; near tlie Delaware Breakwater, and ohsernttio1i.-; of \'llITt:>nts in the (~nlf fitrearu. 

IucltHled in the. work afield and atloat were some speci;tl operntions of which hrid' mention is 
here made. 

\Vhile the direct benefit to the connt.l',v of an acenrat•· ,;urvey of its coast,; is quit!' oln·ious, 
there are uot unfrequcutly certain re~mlts of great ,-alne to the Gtffel'!lllll'llt which am only 
incidentally brought out. The exii;tcnm\ or a. series of triaugulatiou points carefully \l\>termined 
in position 011 tile coasts of I .. ong falaIHl a11<l Block falarn1 made it pos,;ihlll for the o!'lker commaml­
ing the OoaRt and Geodetic SurYey 11tcamcr Blal.:e to lay out a course of exactl,Y the required 
length for the trial trip of the new armorc1l crui:wr Pltiladelphia. '!'he 1'.011ditions nuder which in 
June, 1890, this trial trip wa.s malle, were, it is well known, s11ch as demat1tletl a 40-mile course 
at sea with limits defined by ra!lge marks ou shore, and an errnr or any rnag·11itnde i11 the 
determination of it8 leugth might have im·ol \"ed a lo8s of hm11lreds of t honsaml,; of dollars to the 
Government. 

The measured sea-mile iu the eastern passage, .Narragansett Hay, laid out as a trial course 
for uaval vessels by the oflicer commalllliug the Blnke i11 the snmmer of 188!J, depends also for its 
exact length between the limitiug range marks upoll the already existing triang-ulrl.tiou. 

One of the aims of the Sun·ey, kept steadily iu view, ii:; co-operation with other branches of the 
Government service whenever such co-Dperation can be made a\·ailable to secun; results of value 
to both services and at a less cost than if tlie operations were carried on l'eparntdy. An instance 
of this, where a Elingle steamer dill the work of two, was the detail of an officer of t1ie Survey early 
iu the summer of 1890 to prosecute investigations in physical hy1lrography in tlH' waters of Long 
Island Sound in co-operation with Professor Rathbuu of the Fish Commission, the commander of 
the steamer Fish Hawk furnishing transportation and other facilities for the work. Later in the 
season, the commander of the Coast and (}eodetic Survey steamer Blake was instructed to co-operate 
with Professor Libbey of the Fish Commission in making obsen'ations of temperatures, densities, 
and currents to the south of Martha's Vineyard. 

Such co-operation has been found to he not imfmitful of valuable i:1uggt-stions relating to 
improvements in the methods and ap{Jliances of work. 

H.Ex.80-l 
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A question h:t\·ing arisen between tlle States of 11aryland and Yirginia ai.- to the interpretation 
of the award of tlw ~trbitrawrs of 1~77, respeeting the location of a part of the boundary line 
between those State,::, the subject was reforred h~' their rei,;pecfrrn Governors to the Superintendent, 
aud upon their req1rnst he detailed au officer of the Survey, who made the necessary examinations 
on the ground and sn limi tt('tl a final a ward. 

By llirection of the Secretary of the Treasury, and at the request of the president of the Fish 
awl Game Commi,.;siou of the State of Ohio, the Superintendent d('.t<tilcd all officer of the Survey 
to (•stablish the limits of certain fishing tracts within tile jurisdiction of tlu1t State on the shores 
of Lake Erie. 

Allvkes have been rt>cei v·e<l from the officers in charge of th£; parties oft.lie Survey encampe<1 
at or near the cros,:;ing,; of the one hundred and forty-first meridian with the Yukon and Porcupine 
Wvcrs, .AJaska, and engaged in making a preliminary determination of the boundary line between 
Alaska and British Uolumbia. antl the ~orthwest Territory. 

These adYices, which ine to ,lune 1•\ 1890, for the party on the Yukon Hiver, and to .January 
2-J. 1890, for the party on tlw Porcupine River, express the intention of those ofli.ccrs to remain at 
their 110sts thronghou t the winter of 1890-1891. in the hope of bei11g <tble to report satisfactory 
progress in their arduous dutiN;. Almost incessant rain and fog in the autumn aftn their arrival, 
an<l intense coltl during tll(\ f.oJlowing winter, the temperature frequently ranging from -30° to-.59° 
Fain., greatly delayed field work. 

Advantage was taken of the voyage of the U. S. Eclipse Bxpedition to the west coast of 
Africa to detail au oiTlcer of tlrn Survey to accompany it for tht~ purpose of making observations 
of graYity alll.l the magnetic elements at a numller of stations where comparative observations of 
this character were great 1y desired. 

Mention more in detail of these special operations will be made later in this volume. 

OFFICE OF \VEIGIITS AND '1EAST;UE8. 

In achlition to the duties deYolving upou tbe officer of the Survey appointcc1 by the President 
to repre:-;eut the United States at the Ninth Conference of the International Geodetic .Association 
held in Paris in October last, instructions were given him to bring to Washiugton one of the two 
i;ets of the National Prototypes of the Metre and Kilogramme that had been allotted to the United 
States. Thi8 set consisted of tl1e National Metre Protot,ypes Nos. 12 a11d 27, and the National 
Kilog-rarnme Prototype .No, 20. These standards were constructed under the direction of a com­
mittee appointe(l by the International Conference c;f \Yeights and Me:tsures, and had been carefully 
compared with the standards selected to remain iu Paris i11 charge of the International Bureau of 
\Veights aml Measures, and to sene as the international or fundamental prototypes. 

The otlicer uesignatt•d to convey these valuahle standards from Paril'\ to vVasl1ington having 
delinirc(l them to the SuperintP1Hlm1t in Nm·ember, 1889, arra11gement was made under his direc­
tion for their being recei\'e<l and opened by the President of the Vnitell States. 'l'his was done at 
the Executive illansion 011 .January 2, 18HO, in the presence of the Secretary of State, the Secretary 
of the TreaRury, and the 8upm-intcndent of the Coast and Heodetic SurYe_y and of \V eights and 
Mea~mres. togetl1er with a uuriilwr of other gentlemen interested officially or personally in the 
evcut. These protot.nws are now iu the custod.r of the Office of"Weights and Measures. 

It was hut a few days later in the mouth that the lutematioual .American Conference in ses­
sion at vrasllingtou amn·o\·ell tbe I't>JlOrt of its Comu1ittee on Weights and Measures recommend­
ing the "adoption of tho metrical decimal system" of '~eights and measures to the nations there 
represented who had not al1·eady signified their acceptauee of it. 

This Yery important action, considered in connection with the fact that the nse of the metric 
tJ.ystcm iu this <·ountry was legalized h:> act of the Congress in 1snn, and that since that date it ba1> 
been afloptcd hy the greater 11umber of civilized and progressini nations, leads me to recommend 
that steps slwnltl he takeu l>y the Oongress to insure its introduction in the customi; service. 

l 11 April, 1890, at the iusta.uce of the Secretary of State aud with the approval of the Secretary 
of the Treasury, I deputed au officer of the Survey to proceed to Paris and to convey to Washing. 



 

ton the second of the two set."l of Xatioual Protot:vpeR wliidi hatl hecH a.lJottcd to the 1'nitc1l StatP>', 
and <leposi ted for safe keeping in the I nterrmtioual Bn rea n of \\'eights and :\leasures. Th is oflicn. 
whose official position was that of an Assi.st:wt in d1ar1-.t1• of tlH~ 01lkl• of \Y1'i~hts alJ(l :\leasnn·;-;, 
was directetl to visit al.'\o Lo11do11 aml Berlin, aud tq l'xamiuP i11 tlw:<P dtie;; as wdl as ia Pari,.; the 
provisions made by tho Britisl1, French, a1111 G1•rru.w G1H"er11me11ts for the 8afe kePping of thPir 
standards. Otltersuqje<\tS for incidental inquiry WPre suggested for lii;; attPntion. This tlut~· wa;; 
i.u great part completed beforp tl1e elost• of tlH• fiq·al ~-··:n. 

Summing up bric>fly the progresf\ of rnNrologi1·a l rPforrn in th i,,; (•01.rntr~· during- the past foieal 
year, the leading e-•ents are-

(1) The puhlicatio11 rarly in tht• ~·ear of the n·,.nlt,; of a11 i1J\'('"tig-atio11 of thC' relation of t lw 
yard to the metn•., in which the sotuce;; (If discrepancy in the Ya1ues heretofor(• a;;si~rn·•l werl' 
examined, and the ratio established within YPl'.Y 11arn1"· limits; 

(2) The acquisition hy the Unitecl States of metric standarils of tlre hii;rltf'Rt accuracy. the reb­
tion of wh]ch to the International Stall(l:l.nh; i1' k11ow11 .: 

(a) The action of the International A 11wrimrn Confen•11cP i 11 reeommeuding thf' adoption of tht> 
metric system in the Thn•(; Amerieak; a.nd ' 

(4) Increased demand>< from all parts of tlw 1•01111try for the nornpariso11 of weight;:: and meas­
ures with the Xational Starnlar1lH. 

The reportR of the ot1\c('l'S of the SmH'.Y ii,\· whom the Xatio11al Prototyp('s for the United 
States were brought to \\ra:<hin~ton ap1war iu .\ppendix Xo. !~to this Yoln111e. Thi8 Appendix 
includes also an historical ;wconnt of ll'nit«>d !:-\tate:< Stamlanl,.; of \YPighh; a1111 Measures. customary 
and metric, with documents rl:'latiug to thP oftlcial openill/.£ iiwl <'Prtifi('ation of tltf' National Pro­
totypes, and tht'ir deposit in tl1P Offict• of \V1•ighi:-: arnl .\fpa;;11rPs. 

In Part T of this Report will be fomul gmwra l st:tte111Pn t" of progre,,;s in tl11> Stun.•.' nnder the 
beads of Field V\' ork, Office \\" ork, ll~·drographic Di;;coYPriP" arnl JlPYPiop11wntH, and I:ulletins, 
followed br notices of the nwrn import.ant Ap]wmli<~PR to the HPport undPr tbe heading of 
Special Scientific \Vork. Au 1•xplauation of tlw P1'timatf>H for the fiscal year 18H!.l and the state­
ments of tlieHe estimates in (fotail couclnde l'art I. 

Part II refers brietlr at the ont,.et to tlw ammal re11orts of thP Axsixtam in charge of Office 
and Topography, of the Hy,lrograplli<~ Inspector, of the Dislmrsing .\gt>11t, allll of the Assistant 
in charge of the Office of Weights a11tl .MeaRur<'s. Abstrae1s from tlH' rc>port,; of fielll oflicers and 
from reports of special 01rnmtio118 are then gin~11, followe1l hy ;;unrnrnrizl'il l'<tatt•ments: of progress 
from the annual. reports jnsr. reff'rm'l 1o, a111l frorn the !'(•ports of tla• ::fo h·offfoes at .Philadelphia 
and at San Francisco. 

The .Appendices to the Report are contained in Part I JI. Appendix No. 1 o;howo; in tabular 
form and in a geographical ordm the localities of fiel1l wnrk, the nature of tlH· operations, and the 
names of persons conducting them. Appendix No. 2 prf'~t>nts the statistic~ of fiel<l and office 
work of the Sun"ey during the year and a summary of t!Jese statistkll to itH close. The informa­
tion furnished by the Survey in respo11He to re<1nests. oflicial a.ll(l u 11otilr.ial, is shown in .Appendix 
No. 3. In Appendices Nos. 4 an<l ii, art> gh·en the annual n•ports of the Assist.aut i11 eharge of 
Office and Topography and of tht1 Hydrograpbic Imipector. and in Nos. 6 and 7, those of the Dis. 
hursing Agent and of the Assistant ill charge of the. Oflicp of \Veights and Measures. The Appen­
dices which follow contain scientific papers of much valne. relating to Terrestrial Magnetism, 
Physical Hydrography, Weights and Measures, and to some Special Operations of the SnrYey. 

In order that the progress of the field work of the Survey, both ashore and atlrn~t, throughout 
the entire domain of the United States may be reprPsented gTfl,Jlhically, tl1is report is accompa­
uied by two maps of general progress (Noi:1. 1 au<l 2) and by a map (No. 31 showing progress in 
Alaska. These maps are brought up to the close of the fiscal year. 



 

PART I. 

fl g N E R ~\ L S 'I' A T E M E N 1' O lf P H 0 G H 11) 8 S . 

!.--FIELD WORK. 

ATLANTIC OoAsT.-Fi<'ld work during the fiscal year ended Jmie 30, 1sno, upon and off the 
coasts and witbiu the borders of tl1t> States of Maine, llfassachusetts, Rhode lslanu, and Connec­
ticut, included the following opera ti ems: 

Rt>connoissance and tria11gulation continued over the St. Croix RiYer and the Boundary 
Lakes to a couuection with the :::fortheastern Boirnd~try Survey at its Initial Monument; tertiary 
triangulation of the Schoodie Lakes at the head waters of St. Croix River; topographical surveys 
on the St. Croix Hi,·er with incid1•ntal hydrography from Vauceborough to the southward; topo­
graphic aml hydrographic r;urn:y of the St. Croix Hiver from Calais to Baring and above; 
complPtion of unfinished topograpltical work on the coast of ~faiue iu the ''icinitJ of Oobscook 
Bay, and iusp•~ction of topograpbical 8urvey8 in that vicinity and to the eastward and northward; 
examination of e11ang<>s for :tdtlitions of topograpl1ieal details to the shore lines of the Kennebec 
Hi Yer from Bath to Gardiner, M<~.; determinations of town boundaries in t!Je State of l\'fassachn­
i:>etts coutiuued; continuation of ph ;vsical surve_y;o; on the coast of Cape Cod; hydro graphic resur­
Vl:\p> in ~antuckct Sotrnd aud vicinity; continuation of the off shore hydrography south of Nan­
tucket aud :Martha's Vineyard; completion of the topographical resurvey of \Yood's Holl and 
Yiciuity; topogTaphical resurve.\- of the Elizabeth Islands between Bnzzard'1:1 Bay and Yineyard 
SoUIJ(I, aud of tlJe \Y;wpecket Islands, Buzzard's Bay; establishmeut of a naval trial course 
(measnred sea mile) iu the easkrn passage, Narragausett Bay; laying off a trial course for the 
new naYal war ''esst>l Philruielpltin, off the coasts of Block Island and Long Island, and observa­
tions of ti<h~s. cnn'Pnts, and gaugiugs of discharge iu Long Islaml Sound. 

Upon arnl off till\ coasts a11tl within the limits of the States of New York, New Jerse:v, 
Pennsylvania, ~ind Delaware, field op()J'ations included tovographic ancl hydrographic surveys on 
the oouth coast of Long IR!aud; shore line exami11<1tion for the determiuation of changes in and 
additions to New York Cit~· Fro11t; liydrographic survey of ·wallabout Ubannel, New York 
Harbor; bydrographic t'xamiHatiou of the apprmtches to Ellis Island, New York Harbor; tidal 
obst>rvaiious coutiuned with automatic tide-gauge at Sandy Hook, New Jersey; recovery and 
marki11g ot a sHttwu ot' tilt~ primary triangulation iu Pennsylvania; determination of the longitude 
of .Altoo1rn, Pa., hy exdmnge>; of tel•~graphic signals with Washington, D. C., and observations 
for' latitude at Altoona; examinations for note of topographic changes on the coasts of New 
York aud New ,forse~; continuation of geodetic operations in tlie southwestern part of the State 
of New Jer>my; n~\-isiou of tbP Rlll'V(\Y of the Philadelphia City Front; bydrographic resurveys 
in the Delaware Hin~r in front of arnl below the city of Philadelpl1ia, and observations of ice 
movenwnt. a11d water, densit.ie;;; in Delaware RiYer and Bay. 

The followi11g· nanH·tl operations were begu11, completetl, or iu progress within the District of 
Oolumhia. arnl the l1ouudaries of tlie States of JVIaryland, Virginia, North awl South Uaroliua1 and 
Georgia, or off t.Jw coasts of those States: Determinations of gravity at the Smitbsonian 
Institution, \Vashington, D. C., and of the magnetic declination, dip, and intensity at the Coast 
aud Gendel ic S1trrny Office :statio11; cantinuation of the detailed topographical survey of the 
District of Columbia; •letiuitiou aud deterruiuatiou of a portion of the boundary line between 
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Maryland and Yirginia; examination and location of a dangerous nwk in the Potomac Hi>er; 
hydrographie PX:amiua tions for the Coast Pilot in Chesapeake Hay aJi(l trihntaries; examiuatiou 
for additions of topogmphical details to a chart of .Norfolk Harbor aml vieinity; examiuatiou and 
development of a shoal in Chesapeake Hay uear \Yolf Trap Lig·ht Ilouse; determi11ation of the 
magnetic elements at a station in l1y11chu11rgll, Va., connection of oltl arnl new triangulations on 
the coast of North Carnlina from Beaufort to the westward; tl'iangnlatio11 anil topograpl1J· in the 
Yicinity of Cltarh·stou, S. C.; estahlishmm1t and maintenance of an automatic tidal station on 
Tybee Island, Sanrnnah Hivn Entrance; surve~·s and examinations ()f oyster bed limits for the 
State of Georgia, and hydrographic n•connoissance of the P11tranc<'s to St. Simon's So111Hl. 

Upon or off the Past and west coasts of Florida, in the approaches to those coasts, and upon 
tlie coasts or within tbe limits of the States of .Alabama, l\1 isF1issippi, Arkani'ias, Louisiana, ancl 
Texas, the following operations were in progress or completed: De,elopmeut of a s!Joal off Ke.r 
Biscayne, Florida; c011tinnation of the iin estigat iou of the currents of the Gulf Stream; 
hydrographic sun·eys in t Im Hay of .Florirht arnl on 1 he west <·oast of .Florida from Cape Romano 
to Shark River; triangulation, topography, aud li;nlrography of tlrn WPst. coast of Florida in the 
viciuit.'I· of Cape Florida arnl to the uortlmanl; triangulation an1l topography of the upper branches 
of Escambia anrl B<l1't. Bays, Pemmcola B;1y; triaugulatio11, topograph,\·, an<1 hydrography of 
Perdido Ba~-, Florida and Alabama; reconuoissauce and occupation of station,.,, for the extension 
of the primary tria11gulatio11 from Atlanta to the Gulf of .:\Iexieo; occnpatio11 of 1<tations for the 
determination of the magu<'tic eleuHmts in Alabama, l\lissis::;ippi, Lonisiaua, ;mil Arkansas; lines 
of geodetic leYeling rnn between London, Arkansas, arnl Fort bmith; hydrognl}ihic sm»cys on 
tlJe coast of Louisiana in the vicinity of Ship Shoal, <Jaillou na,\·, aml to the eal'ltwanl; 
reconnoissauce atHl triangnlation ou the coast of Louisiana uetween A tdrnt'alaya and Cote 
Blanclle Bays; estahli8hment of a self-registering magnetic apparatus at a statiou in San Antonio, 
Tex., and determination of the magnetic eleuwuts at a B11mbPr of othPr ;<;tatiolls i11 that State. 

PACIFIC CoA8T.-l<'iPld operations witl1in the limits and on or o1f the coa,;;ts of the States of 
California, Oregon, and \Vashington, and of the 1'erritor.r of .Alaska, 1rnn~ iududed tl1e com1)letion 
of tbe topographic survt>y of the south coast of California, hetweP11 Sau Diego arn1 Sau Ouofre; the 
connection of the Los Augeles primary base liue with the friangnlatiou; the completion of the mag­
netic record at the selfregi;;teriug magnetic station at Lo8 A11geh'l'I, Cal.; 11.Hlrugraphic imneys 
in the vicinity of Piedras Blancas, Cal.; triangulation of tlH' coal't of California in the >icinity 
of Monterey; topographic)al :mrvey of the coast of California in the Yieinity of Point Snr; g·pneral 
direction of land operations 011 the Pacific coast, awl preparations for tllP oecn pat ion of )fount 
Conness; tidal record continued at the automatic tidal st atio11 at Sa n;;a lito .. Bay of San Francisco; 
resurveys an1I examiuationil of soundings in Suisun Bay, in Karqniues Strait, and t!te mouths of 
the Sacramento and San Joaquin Hivers; comple.tiou of a hydrograpbic sun-Py in the Yiciuity of 
Crescent Cit.Y, Cal.; hydrographic survey of the coast of Orcgo11, from Mack'H Arnh to Cape Blanco; 
triangulation, topograpl1y, and hydrograpliy of Coos Bay, Orego11; h;ydrographie examination in 
the vicinity of Cape Lookout, Oregon; examination of Yon11g's l3ay arnl lliwr, Oregon, with 
reference to the effect upon navigation of a proposed railroad urilige; triaJJ_g-nlat ion of 1 he Columbia 
River continued; completion of the special smTey made for the Commir,;sion organized to st>leet a 
site for a :Navy-yard on the Pacific coafit; topographical surn•y of tlw Skagit Hin•r and Delta, 
State of Washington; hydrogTaphic i-;nneys in Hosario Straits, iuC'lrHliug 'l'l1atclwr and Obstruc­
tion Passes, Hale's Passage, and J,ummi Bay, in 8emi-ah-moo ll::iy and Drnytou Harbor, ahmg the 
east side of the Gulf of Georgia, and in Skagit Bay; extcnsio11 of tlw triangnlati\)ll of Hosario 
Strait into Lopez and East /:founds and through Upright I'as:,;age to its 1·onn<'ctio11 with Sau Juan 
Channel; topographical :,;urveys on Orcas, I1opez, Blakely, DC'catur :rnd other isl:rnd" in \Vashiug­
ton Sound; continuation of the sun·ey of the tioa..-;t of soutl1eastcrn .,\.Jaska in Frcilerick Sournl and 
vicinity, and also in Lynn Canal and the neighboring waters; tidal n'.t'.ord co11ti11ut•d al t,lle auto· 
matio tidal station at St. Paul, Kadiak Island, Alaska, autl occupation of stations 11ear t!Jejnnction 
of the one hundred ancl forty.first. rueritlian wit.h the Yukon aud Porm1pine Itin•rs, i11 nrm1H'Ctio11 
with a preliminary survey of the bouu<lary line uetween Ala:-;ka and Bl'itiRh Colurnhia. 

INTERIOR S•r.ATES.-Fic~lr1 work in th{I States hetw{len the At1aulic a11d P:rnilic eoal'lts inelmled 
the following opera.tious: Coutiu11ation ef the prim1u·,y triaug·ulatiou uear the thirt,v-11iutll pamlld 
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to the westward from stations in Ohio, Kentucky, and Indiana; establishment .,fa meridian line at 
Toledo, Ohio; cxtensio11 t,o the eastward in Inuiana of tlle primary triangulation to connect with 
that advanciug westward; re-occnpation of stations to complete the connection of the triangulation 
of 'l'e1messee with the primary triangnlation in northern <-h~orgia, and reconnoiRsance and signal 
bnilding for the extension of the triangulation in ea8tern Tennessee; occupation of stations in 
'l'emwssee for the determination,;; of the nrngnetic elements; extensio11 of lines of geodetic leveling 
from Greenfield, Teun., to Okoloua, J\Iis8.; nccupation of statiorn; in coutinuation of the triang­
nlat ion of the State of \ViReonsin; extension of the triangulation of the State of Minnesota from -the 
8rwll ing Avenue Base; estahlishmeut of a meridian line a,t Hu!'ou, in the State of South Dakota; 
occupation of station:; for cxt\111tliug the trnmscontiueutal triangulati011 near the thirty-ninth 
p~trallel to the westwartl in K;msas; 8t~ttioirn occnpie<l in contilllmtiou of the primary triangulation 
near the thirty-ninth paralle.l i11 wPstern a.rnl central Utall; obsern1tio11s for latitude and the mag­
netic elements, aud dctt:rminatiom; of 1011gitmle hy exchanges of tP.lt•graphic signals at stations in 
Nen1da and Utal1, and occupation of stations at Salt Lake Uit,v, Utah Territ-Or,v, and at Helena, 
State of Montaua, for long-itude determiuatious. 

l:iPEOIAL OPERATIONS dnriug the year have been rcferre(l to in the preliminary statement, 
and will l>e mentionetl moft' iu detail toward,~ the close of Part II of this volume. 

II.-OFFICE WORK. 

Demands upon the Sun'ey for 1b; charts and other publications have increased so largely 
<luring tbe past year as to tax to tlie utmost tl1e catHtcit_y of the Office to supply them. So great 
·was the demand for charts tbat the Otllce presses were found unequal to meet it fully, and this 
fact emphasizes the rNiomrnen!lation made by the ,\.ssi.stct11 r, iu charge of Office and Topography in 
his aunnal report ( Appewlix S11. 4) that both the plant and the personnel of the Engraving and 
Printing Di .-isiou should he iriereasell, and arl!litional room ht\ provided for their accommodation. 
Au item for the cost of thi.s increa;;e wa8 included by the Bnperintemlent in l1is estimates for the 
ti seal year 1891 (Iteport for 1889), aud is again made.in his estimates for the fiscal year 1892, pages 
10 and 15 of this volume. 

Sixty-three tbommml one hundred and fifty-one copies of charts were issued duriug the year, 
au incrt•ase of nearly U,000 copies over tlrn number issued in the fiscal year i889, and of upwards 
of 20,000 onr the issue of 1888. In the liscal year 1885, ~8,905 copies of charts were issued; the 
increase in 1listrihutio11 since tliat year has heen, therefore, 118 per cent. Them were sent to chart 
agents for sale 3:!,3:J5 copies of cha!'ts. 011 .J nn P 30, 11'190, the total nurn ber of these agencies was 
79; ou the Atlantic aml (}nlf t~oasts 1;3, and on the Pacific coast 16. 

lfor the use of Congremi 3,2HH copies of <Jharts were supplied, and to the Executive Depart­
mentll 21,~141 copies, including 3,048 copies fo~ the use of the Survey. For foreign governmentR 
1,120 copies were required. 

Thl:'rn were received iu the Chart room for issue durin~ the year 28 new charts. Seven of these 
were from engnt\'cd plates, anil '..!1 from photolithogrnDhs of drawings or tracings. The manuscript 
of a new Uat.alogue of Charts was prepilred and seut to the printer. 

Special mcutiou is made of the publication and issue of Notices to Mariners and Bulletins under 
Leadings immediately following. 

'ride TableR predi«ting for the calendar year 1891 the times and heights of every high and lo.w 
water duriug that year at the principal ports on the Atlautic and Pncifie coasts of the Unitetl 
States were published in .Ma,y and ,June, 1890. These tables furnish also consta11ts for obtaining 
the times and heights of the tide at 661 additional ports or anchorages on the Atlautic coast, and 
at 218 adtHtional ports or anehorage:,; on the Pa.cific. Within the la.st two )"ears tidal data have 
been iuclnlled for a number of stations on the coasts of British America and Lower California. 

Among· the pubhcati<ins received from the printer during the year were the Annual Report of 
the Superintendent for the fiscal year 1887; tables for converti11g customary and metric weights 
aud measures, and extra editions of froni 100 to 700 copie11 of ten of the Appendiees to the Report 
for 1887. These are pul>lished to meet special requests for i·esulb~ of the work or descriptions of 
its instruments, methodi>, aml processes, and are supplied without cost to those who app1y tor them. 
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It was hut a little after the close of the fiscal yea.r that there were received from the printer 
atlvance copies of the fourth edition of the Coast Pilot of California, Oregon, arnl ·w ashington, a 
quarto volume of about 700 pageR, illu,,.trated by Hl5 plates of -views of the Pacific coast. 

The annual report of tlw lTytlrographic Inspector (Appendix Xo. 5) g-iYes full details respecting 
the 1>rogrnss of office work, as well as of field work, under his iwrnedi<tte charge. 

III.-HYDROGRAPHIC DISCOVERIES AND DEVELOPMENTS. 

The great valne of the Notices tu :\l,wiuer;;, issal•d monthly by the Surn'y, and oftener if occasion 
should require it, is shown lly tlrn fact that to Rupply the demaud for tl1em, l:J7,!l00 copies were 
printed of the fourteeu uotices issne(l duriug the year. Dnri11g thi:' preYious year 50,000 copies 
were priute\l. Distribution was 11HHlc of about 95 per cent. of the whole Pditiou, arnnuntiug 
during the year to upwards of .10,01)0 copies for each month, excepting; in August, 188H, and 
,January, 1890, when tile publication of a11 extra uuruuer increased ilie tfoitri!Jution i11 tuose months 
to 15,000 copies. All of the chart agencies of the SmTey, all Unite<l States Onstom-Homms, th<~ 

Brauch Hydrographic Offices of the Navy Department iu the principal seaboard cities, foreign 
Hydrographic Offices amt.United States Oo11sulat1:s iu foreign ports are supplietl with copies of 
the Notices. 

In the regular monthly issue i;; gh'en a list of importam eonectiou,; made on the charts, lists 
of new charts and new erlitious pu!Jlished, and of charts the is:,;ne of which has been suspended. 
Also lists of new publications of the Surve~·· 

The following is an abstract of conteuts aud dates of issue of the Notices for the nscal year: 
No.117 (July 31, 1889). Ullart correction8 tluriug the month of ,July, 1880. New charts. New 

publications. General note. 
No.118 (August 15, 1889). Information concerning Coast and Geodetic Sun·e~· Charts. Lists 

of catalogue numbers of charts forming complete sets for limits 11unH'd ou the Atlantic aud 
Pacific coasts. Directions for using the charts. Not-0 in regard t-0 chart corrections. General 
note. List of sale agencills for Charts, Coast Pilots, and Time 'l'ables, etc. 

No.119 (August 31, 1889). Chart, corrections during tlrn mouth of August, 18S9. New charts. 
New publicatious. General note. 

No. 120 (Septcmher 30, 1889). Chart corrections during the month of September, 1889. 
Charts conclemned, old editions. New charts. New publications. General note. 

No. l~l (October 31, 1889). CIJart corrections during the month of October, l 88H. Charts 
superseded, and old editions condemned. New cliarts. New pnhlieations. General note. 

No. 122 (~ornmber 311, 188!J). Chart corrections dttring the mouth of November, 1889. 
Charts suspended, condemned, and new charts. New pnblicationi'. Note aR to .Alaska, Current 
Floats. General note. Circular showing how to send information respcctiug data on charts, etc., 
to the Superintendent. 

No. 123 (December 31, 1889). Chart corrections during the month of December, 1889. vVinter 
buoyage. Charts condemned and charts susperHletl. New charts. New publications. General 
note. Index to notices published during 188!). Lil'it of sale agencies, aud circular regarding 
communications. 

Supplementary Notice. Index to chart corrections, January 1 to December :31, 188~1. 
No. 124 (January 31, 1890). Chart corrections during the month of Jauuar;y, 1890. New 

charts. Chart condemned. List of suhagencies. Circular regarding- communicntious. 
No. 125 (Fehruary 28, 1890). Chart corrections during the month. New chart. Condemned 

charts. New publication:;. Circular as to communication:;. 
No. 126 (March 31, 1890). Chart correctious tluri11g tlie mouth. New <'hart. Nt:>w t•(litious 

Canceled chart. New 1mlllications. General note. Circular ai;; to communicatiom;. 
No. 127 (April 30, l890). Chart corrections during the mouth. General note. Circular as to 

communication8. 
No. 128 (:\fay 31, 1890). Uhart corrections during the month. New chart8. Uanceled chart. 

New publication. General note. Circular regarding communications. 
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No. 129 (·foll'.' 30, 1890). Chart corrections during the month. New editions of charts. 
Canceled cha1t&. New publications. General not<'. r_,i.st of ;;;ale agencies. Circular as to 
commnnications. 

IV.-BULLETINS. 

In tht• number of 1~ull£ltins puhlisherl <inri11g the .rt•ar, and in the number of copies printed 
for distribution, then\ wa::; an incrPa&e (ffer 1-111, prt,\'ioirn _vear <1nite noticca\Jl(·, though less marked 
than for the chal't:; an<l Notices to l\faI'itierK. 'rl1e number is;,ued was !O, and the whole numbei 
printed wa& ~m,:>l:J. 

These paptirs, the puhlicatio11 of whiclJ gives earl.y a1111omwement of results reached iu the 
progreHs of t,he Sm-vey, <leeme1l o! iuterm;t to astronomer:-; ol' ;;nn·eyors, uavigators or scientists, 
are suppliefl without charge to applinants. Their tit.let";, authors, dates of approval for publica­
tion, and uates of is;;;ne, are al'\ follows: 

'fltln. 

Hr 0. II. I'ltl m:rnn. A!"sbtnnt 

So.11. ]l(!lermin:HioJL...; of L:uit,iJ1l1· :tJHI (fnt,·if,\ for flit' Jl;1wa1i:t11 (iOVf•]'BJJWllt. By .Era8fi11J,.-.. n. Preston, AA· i 

\Vhen ap­
proved for 
pnhlication. 

.June I!\ 1889 

Dau•of pub­
lication. 

.J 11)\· 8, 1889 

.fan. :io. L889 Aug. 26, 1889 

•i•tant ....... . .................................................... Apr. 23,1889 · Bept.21,1889 

No.12. AS.rphonTid».g-:Hl)!~.·forUwOp1·n~P:tt'oa:-1t. J;_, ll1•11r.1 L \lHrinilin. As~i.~r,ant ....... ------------------ Mar. 30,1889 Aug.19,1889 

No.13. Telt-g_Tallhii.' llt'h:rrnin::Viiuu of l.\JP LnH;z11rn\1· of Mom111la1ui1ton, Ca1iforni;-1 --··-··----·--------------) .... do ..... do ..•.••. 
Firld w<,rk 11y C. If. :-:.ilwh1lr-, A .... ~l,..:ta11t. 1u1tl )!.. A. :\Iarr. ~uJia-.;."li-.t;wt. 1\(-·port l•y CUar1e5 A. Schot,t, 

ARRiRtaut ---------------- ··--- -·.. ...... ()ct. 7,1889 nee. 9,1889 
No. 14. App1w,im:H1• Tinif'-. of C11l1ni11:ttion~ Mid Elo11g':U.iot1~. niul \If flit• /\ zimuths at Elmiga.tlm1 ot Polfi>riH, for 

tlH• \'f!,:H'R h\-'\1\VP.f'H l~H!l an•l 1010. Pr('p;i.nd for1mhli('1itinr1 hy Ch<tJ'1c:4 A.Sdiott,Assistrrnt .......... XoY. 21,1889: J<'eh. 18, 1890 

Nu.15. Vrrltlfatiun of \\..-~·igh1~ am\ ~i1'a~nn·.\. Pn'-pan•il for Jnihlii·ation hy 0. H. Tittmann, AAslstant ' lh:'l'. 4, l8fi9: l{~u. I, 1890 

No. 16. Iki:wriptiou of two 1ww tramdi in~1 rm1umt~ ri:ir Lon,!.!:itu1k wo1k By Edwin 8rnith, AfrniRtant. _ ....•.•. ' Oct. 7, 1881> ~Har. 17, 1890 

No.17. Tlrn l!t·lation l1eh1·Pt'n the. 1\fotr·ic Staudartl:q of Len.~th nfti11· l~. 8. Coa~t nrnl G~~udet,ic Survo.'· and the 

V. S. J_,a.Jw Surn·r. A rt~J•ort h.r C. A. ~d1ott :rnrl 0. H. Titt.mann. AB~lst:mts .... --~---. __ . _ ----· _ (l<~t- 11, 1889 ;, J.-·fo:r. 18, 1800 

No. 18. Table for the Ut>.d11dion ot' Hydrom1·ter Oh:;~·ntatinn~ of Salt. Water Densit.ieR. Prepared for publication 
hy O. H. Tit1mmrn, Ae!!h~.tant. .............. . --·-··········-·····················--·-····--····-·--· }~e1,, 18,1890 ',Jun~ 25,1890 

------------ - --------

V.-SPECIAL SCIENTIFIC WORK. 

RESFLTR OF 'IIAGXJ<:'!'lc o'BsERYATIONS AT LOS ANGELES, CALIFORNIA. 

In Appe1111icN; Nos. 8 aml !) to tbis volume~ Ai;mistant Charles A. Schott presents a 
discus;;;iou ullll report of the rPsnlt& of the magnetic obflervatinns, botl1 absolute and dHforential, 
ma!le at the Magnetic Observatory at Los Angdcs, California, between the years 1,882 and 1889. 
Part l of the report relates to the result;;; of the absolute measures for the magnetic declination, dip, 
and iutensity, and a1>pears as Appernlix No. 8. In Part II (Appendix No. !I) tbe differential 
mPasures. of tlw llt>clinat.ion am dis.cussed; tlJOS.t\ of the inclination (or <lip) and inten1:1ity will br· 
the suhjPct of s.uhs1•q11••11t papel's. 

ThP ofli1·prs iu ehai·ge of tl1l\ Ohservatory during the period referred to were Marcus Baker 
Acting ARsistaut; Carlisle TPrr.v, jr., Snh-assistant, a1Hl RE. Halter, ARsiRtant. 

It wa;;; in conformity with tlte general plan of magnetic observation and research prosecuted 
by the Sun'e.Y arnl i 11 co operation with the work of the Iuternational Polar Commi.ss.ion that :w 
observatory for ohtaiuing during a er\rtain term of years i1 continuous regist,ration of the changes 
of magnetic forr-e was establiished at r,os Angeles. This continuous registration was maintained 
withont serious i11terruption from October 1, 1882, to October 1, 1889, by means of the Adie 
magnetogra.J>hs, the changes of ma.gnetie force being recorded photographically. A period of 
nearly t.wo-thirdi:; of a s1t1H1pot cycle was thus coYered, i nclrnling the time of minimum sun-spot 
activit..v, whicl1 is supposed t.o have occurred 1>a.rly iu the year 1889. 
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Supplementar~· to the diffomntial memmres were the absolute magnetic measure;; which were 
made monthly on three (lay;; about the middle of each mo11th, and were intended to furnish the 
means of expressing the results of the differential measures in terms of absolute units. Examples 
of the forms of n~conl aud computation and full abstracts of the results of the determination 
of the absolute Yalues of each element of tlH\ magnetic force are giYen in Mr. Sehott's report, 
Part I. 

In order b afford a ml'a11s of •·erit)·ing the rrnmJts deduced in Part 11 of' his rt>port, and to 
give data f«r testing any hypothe;;is, method, (lr im'P;;;tigation other than that whid1 lw bas adopte1l, 
Mr. Schott lias accompanied this paper with the hourly record of the nnifilar magnetometer during 
the seven years, 188:..l to 188\1, ai-; read from the phot,ographic traceK. For the fir;:;t year, October, 
1882, to October, 11~83, the period of this record coincides with the period of International Polar 
Researcli, aud 8l10111d therefore he n•ganled a;,; an extra-polar coutrilmtion thereto. 

ON A SHORT u1n:nn }IE'l'TIOJ) OF IH~D(](J(N(-l PROHAHLB BRROI?. 

In a paper which a1ipearr,; ai,; Appernlix No. 1::: to this HJlnml', Mr. Charlc's Il. Kummell, of the 
Computing Division, de-rnlops a short method of 1lcducing the probable error of an obserYatiou 
from a series of residuals. Tl1e rigorous 1m1tl1(1(l, e8pceially wlwre there are a great nmnber of 
observations, th•mands, he thiukH, far too much work in proporti011 to the value of the quantity, 
and by limiting the pro1·es«;; to a few Yalnes from the largPst residna18, wliieh should be correctly 
combined for a final value, he slwws that results are reached differing· hut Yery little from those 
of the longer rnetbrnl. 

J\fr. Kummetl shows also that a fair value of the probable error can b('. obtained by one form 
of using his m1ithod which does not re11uire a. knowlrnlgp, of the residuals. 

ON THE FSE OF OBSl<~RVAl'IONS OF CERRENTS FOR PREDICTION Pt.RPOSES. 

Ju Appem1ix No. 14- illr. ,John T. Ilayfonl, of the Tidal Division, Coast and Gl'Odetic SurYey 
Office, presents the results of a, preliminary investigation of a metlwd of predicting currents based 
upon a reference of their times of occurrence to the predicted times of high and Joi\· water instead 
of to the times of moon's transit as hitherto in general use. ~faterial for the discus;;;ion was deri,·ed 
from the obsen·ations of currents which have accumulated in the archives of the Survey during 
the past ·1i3 years. It is thought that the systematic pm<lictiou of currents will be greatly aided 
by the general adoption of this method, especially if it should be found practicable to obtain loug 
series of observations at or in the vicinity of the leading seaports of the United States. 

GULF STU.EAM EXPI,ORATIONS. METHODS OF THE INVESTIGATION AND RESULTS OF TU:E 

RESEARCH. 

In an elabomte report, which is publisbed as Appendix No. 10 to this volume, I,ieut. ,J. E. 
Pillsbury, U. S. N., Assistant Coast and Geodetic Survey, presents a detailed account of the 
methods adopted and the apparatus which he devised for the explorations of the Gulf Stream 
carried on by him wliile in command of the steamer Blake for se,-eral years pa.sf;. He prefaces this 
account with an historical resume of previous explorations, atHl follows it with a Rtateuwut. of tl1t1 
conclusions which he has drawn from his observations. The report is fully illustrated. 
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EXPLANATION OF ESTIMATES. 

The estimateR ;mbmitted to the Secretary of tlle Treasur,Y for the fiscal year ending .Tnne 30, 
!Sf•~, were accompauie(I by the following statement: 

u. s. CO.AST A::-i'D GEODETIC SURVEY 0FFH1E, 

1\'a.~ltinglon, I>. 0., September :m, 1890. 

Srn: I have the hon.or to submit herewith estimates of the appropriations required for the 
Coast and Geodetic SurTL'.\ for the fiscal year erl(ling .Jnne :)O, 1892. 

The items antler the head of "Party expcmms" differ in some particulars from those 
euumerated in the act makiug appropriations for the year ernling .T nne :m, 18!'1, completed work 
bei11g omitted, of cours<', arul new localitie" rlesignate<l. In some cases paragraphs hitherto 
se1mrated have been con;;olillated, for the purpm;e of greater economy in the expenditure of the 
sums appropriate•l. 'fhe total ;;uu1 1~stimate1l for "Party exvenses" differs but liHle, however, 
from that appropriate<l for the presPnt tiscal ,Year. The amounts estimated for under the 
heads "Pay of ]!'iPld OJJ:icers" and "Pa;r of Otnce Forcr'' are identical with those provided in the 
aet appropriatiug for the fiscal year en1li11g .Jnue :rn, l8fJl. Under the bead of "Office Expenses" 
the amount estimated in the second p;iragraph is greater than the current appropriation by $4,500. 
It iwthis item which furnishes all supplies of copper-plate, cliart paper, photolithograpbing, and 
all extra engraving, printing from stone, etc., and tlie appropriations for several years have been 
entirely inadequate, rec1uiring large deficiency appropriations each .year. \Thile tbe output of 
clrnrts has greatly increa.sed dming· the p;1st few years, the amount rcgularl.r appropriated under 
this item has not grow u with the demand, but it is believed that the amount now asked for will, 
by careful expenditure, enable us to escape a deticienc.v. 

The grand total of the regular estimates is i;ensibly the same as that of the current 
appropriation. A special e>;timate is submitted, Jwwever, for pro'i'iding the additional facilities 
for chart printing whicll a.re now so imperatively denm1Hled. During the year 1886 the number 
of charts issued was about 28,000; during the present year it will reach nearly 70,0~. In this 
time there has been no increase in our facilities fo1· chart printing, so that eYen with the most 
i-;treuuous efforts we are now entirely unable to meet the demands made upon us. On June 30 
there were on file orders for over a thousand charts of seyenty different kinds, which could not be 
filled owing to our inadequate printing facilities. The demaurl for charts is constantly growing. 
The number supplied to sale agents has increased more than 100 per cent. during the past 5 years. 
'rhe gr1~\\t. incrnase in the demand. for onr publications is also shown in the increase of the number 
of noticPs to mariners from !es,:; than 7,000 to ahnnt 138,000 within the last 5 years, and this goes 
to show that the demand for charts iR likely to increase considerably within the next few years. 
The appropriation of the comparatively srrwll sum of $15,000 asked for to enlarge our capacity in 
that direction can hanlly be dela.)·ed louger. With tlie relief which this will afford we shall 
doubtless be able to meet the demand for se,·cral years to come. 

In addition to tlte estimates of experulitures on account of the Uoast and Geodetic Survey, I 
transmit also au estimate for the expenses of tlw Otlice of Uonstruction of Standard Weights and 
Measures for the fiscal year emling .Tune 30, I Em2. The itorni;; of this estimate are the same as 
those appropriatecl for the curreut fiscal year, with the exception of that providing for the expenses 
of the attendauce of the .American mem her of the Interriational Committee on Weights and 
l\leasures at the general conference provided for in the convention signed l\lay 20, 1875, which 
was estimated for but not included in the act for the preRent fiscal year, and of the item for 
sahuy of one messenger at $7!!0 per a11unm, whose senice8 are urgently 11eedet1. 

Rf'i;;pectfully, yours, 

Tbe SECRE'J.'ARY OP THI~ TREASURY. 

1'. C. MENDRNHAI,J,, 

81tperi1itenrlent Co11.~t 1rnd (frodetfo Bur1·ey 
anti of Weight11 and Jleasitres. 
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ESTIMATES. 

For every expenditure requisite for and incident to the survey of the Atlantic, Gulf, an<l 
Pacific coasts of the United States and the coast of the Tcrritorj' of Alaska, incl nding the survey 
of rivers to the head of tide water or ship navigation; deep sea soundings, temperature and cur­
rent observations along the coasts and throughout the Gulf Stream awl ,Japan Stream flowing 
oil the said coasts; tidal oliservations; the uecessar.v resurvl"JS; the preparatiou of the Coas1 
Pilot; continuing researches and other work relating to terrestrial magnetism am! tl1e maguetic 
maps of the United States and adjacent watern, and the tables of mag11etic declination, dip, anti 
intensity, usually aceornpanying them; and inclnuing compensation not otherwise appropriated 
for of persons employed on the field work, in couformity witb the regulations for the gowrnmeut 
of the Coast and Geodetic Survey adopted by the Secretary of the Treasury ; for special exami­
nations that may he required by tlrn Light-Honse Board or otlier proper authority, and iucluding 
traveling expenses of officer.,; and men of the Na,-y 011 duty; fbr commutation to officers of the 
field force while on field duty at a rate to be tixe<l by the Secretary of tl11'. Treasury, uot exceed­
ing $2.50 per day each; outfit, equipment, a1Hl care of vessel.; used in the Surn~y, arnl also the 
repairs and maintenance of the complement of vessels, to lw expenderl iu accordance witll the 
regulations relating to the Coast aud Geodetic Survey from time to time prescribed by the Seere­
tary of the Treasury and under the following heads: Provided, That uo. advauce of money to 
chiefs of field parties nuder this appropriation shall be made unless t-0 a commissioned officer~ or 
to a civilian officer who shall gi>e hond in such sum as the Secretary of the Treasury may direct: 

PARTY EXPENSES, COAS'l' AND GEODETIC ~l'RVEY: 

For triangulation, topography, and hydrography of the coast of l\Iaine and to the 
International boundary monuuHmt, autl in cl ntliug- the Ke1111ebee Ri,er to 
Augusta ... - . . . . . . . . . . ...................... _ . _ ..... _ ... ___ . _ .. _ ...... . 

I1'or triangulation, topography, and hydrography in the Yieiuit.y of the east entl of 
Long Island, Nantucket shoals and approaches, aud indudiug Vineyard Sound, 
the coast of Massachusetts, aud the Connecticut River to Hartford, Conn., and 
the Hudson River to Troy, N. Y., and to continne to date corrections of former 
surveys of the Delaware Hiver from the vicinity of Philadelphia to Trenton .. 

To continue the primary triangulation from the vicinity of Montgomery toward 
Mobile .... _ .. - . - . . . . _ .. - - - .......... - . . . . . . . . . . . . .. - .... - - ... - - . - . - .. . 

For triangulation, topography, and h;ydrography of unfinished portions of the Gulf 
coast, including Lake Pontchartrain and the resurvey of Mobile Day en-
trance_ ........ _ .......... _ ................ _ ....... _ .... _ ......... _ .. _ .. . 

To make offsl10re soundings along the Atlantic coast and current and tempera-
ture obsenatiom; in the Gulf Stream ....... _ .............. _ .. _ .. _ ...... _ .. 

For continuing the topographic suney of the coast of California, including neces­
sary triangulation and astronomical work in connection therewith_ ... _. __ ... _ 

For continuing the triangulation west of the 110th meridian and connecting the 
same with the transcontinental arc ...... _ _ _ . . . . . . . . . . . ........... _ . _ ... -

:For continuing the survey of the coasts of Oregon and '\Vashiugton, including off­
shore hydrography, and to continue the survey of the Columbia Rinr from the 
mouth of .the Willamette towards the Oascac}es, triangulation, topography, aml 
hydrography ................ _ ..................... - - - ... - - . - . - ... - ..... . 

For continuing explorations in the waters of Alaska and making hydrographie 
surveys in the same, and for the establishment of astronomi<~al, Iougitude, autl 
magnetic stations between Sitka and the southern end of the T('tTitory .. - .... 

For continuing the researches in physical hydrography relating to harbors and 
bars, including computations and plottiu gs ........... - - - - ...... - .. - - ...... . 

For examination into reported dangers on the Eastern, Gulf, and Pacific eoasts ... . 
For continuing magnetic observations on tlw Atlantic, Gulf, and Pacific coasts, arnl 

at the San Antonio Magnetic Ohse1·rntory . _ .............................. . 

15,000 

;1, 500 

1.i, 000 

8, 000 

5,000 

10,000 

25,000 

10.000 

s,ooo 
GOO 

2,000 
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PARTY EXPENSES, COAST A~D GROJmTW SURVEY-Continued. 
For continuing the line of ex<~ct. le\·els westward from the vicinity of ,Jefferson 

City, Mo.; eastward from the Yicinity of Memphis, Tenn.; westward from Old 
Point Comfort, Va.; and eastward from San Francisco, Cal. ___ .. . _ ..... __ .. 

For continuing tidal obserratious on the Atlantic, Gulf, and Pacific com-rs _ .... . 
To continue gravity experimentR, at a coRt not exceediug $500 per station, except 

for silecial investigations and experiments authorized hy the Superintendent 
at one or more stations .... _ .... _ ... ______ . _ . . . . . . . __ . _ . __ .. _. _ .... _ .... 

For furnii,;hing points for State surveys, to he applied as far as practicable in 
States where points hiH·e not been famished .............................. . 

For determinatious of geographical positions (longitude partieis) ........ _ ...... . 
I<'or con ti uuiug- the tmnsco11 tiuen ta! geodetic work on the line hetweeu the A tlautic 

aud Pacitic Oceans, including ct primary base in the vicinHy of Salt Lake and 
check ba.-;es in Ohio and Indiana .. _._. ___ . ___ . ____ ._ ..................... _ 

To continue the compilation of t11e Coast Pilot, an(l to make special hydrographic 
examinations for the same __ ................ _ ............ _ ......... _. _ .. _ 

For tr:weliug expenses of officer8 and men of the Navy on duty, and for auy special 
surn\rs that may he required by the Light-Honse Board or other proper 
authority, and contingent expeuseH incident thereto ..... __ .......... _ ..... . 

For o~jects not hereinhefore ua111ed that may be deemed urgent, includiug the 
actual necessary expenses of ofticers of the fiuld force tempornril_y ordered to 
t!Je Office at Wa8hingtou for consultat.iou with the Superintendent, to be paid 
as directed by the Superintendent in accordance with the Treasury regulations 

For contribution to tbe International Geodetic Association for the .Measurement of 
the Earth, or so much thereof as may be necessary, $450, to be expended 
t!Jrough the office of the American legation at Berlin, and for expenses of 
the attendance of the American delegate at the general conference of said 
association, or so mnch thereof as may be necessary, $550: Proi.'ided, That 
such contribution and expenses of attendance shall be payaule out of the item 
"for ol~jects not herein before named." 

And 20 per centnm of the foregoing amounts shall be available 
interchangeably for expenditure on the objects named. 

Total party ex1mnses ................•..........•••••..•...•••..•.. - . - .... 

$5,000 
5,000 

2,500 

10,000 
;J, 000 

22,000 

4,500 

7,000 

168,000 
== 

Alai>ka Boundary Survey.-For expenses of carrying on a preliminary survey of 
tlie frontier line between Alaska aud British Columbia and the Northwest 
'l'erritory, in accordance with plaus or pn~jects approved by tile Secretary 
of State, including expenses of drawing and publication of map or maps 
$10,000, said sum to continue available for expenditure until the same is 
exhan8ted ____ . _ .. _ .... _ . ____ ... _ . ____ .... __ ....... - . . - ...... -....... -

Hepair8 and maintenauee of ves~mls.-I<'or repairs and maintenance of the complement 
of vesf'ds use<l i11 the Coast and Geodetic Survey ..••••.....•••••.•.•••..... 

PAY OF FIELD 0FFICER8: 

For Supr-ri11ternle11t .. __ . __________ .. _. _. ___ . _____ ..... _ ... _ .. _ ... _. _·_ ...... _. 
For two a8sistants, at $4,000 Pach ......••..... _ . _ . _ .........•. _ ............... . 
For one a8sistant. . ___ ..... _ .... ___ ........... _ ... _ ......•.................... 
For one assistant ... _ .. __ . ______ ........ _ ....•..........•.....••.............. 
For fonr assi~tants, at $:J,OOO e;ich. __ ......... _ .............................. . 
l<'or two asRiRt.ant:-s, at $'..!,1\0\) Pach _ ......••.••••....•.•••••••••••••.•.......... 
I<'or two :l8SiRtantR, at $2,HOO f'ach . __ ............. _ .. _ .......• _ .. _ _ _. ______ .. . 
For six assistants, at .il2,400 each .. _ ...... __ .. _. __ .................... _ .. ___ ... _ 
Por fonr assista.ut.s, at $2,200 eaeh ... _____ .... _ .. _ . ____ ..... ______ . _ ... _ ... _ .. 
For seven a11sistants, at $2,000 e::wh ...•...... _ . _ .. _ . __ ...•.•••••....•.••...... 

10,000 

25,000 

6,000 
s,ooo 
3,600 
3,!IDO 

12,000 
5,600 
5,200 

14,400 
8,800 

14,000 



 

UNl'l'ED STA'l'ES COAST AND GEODE'rIC SURVEY. 

PAY O:F FIELD 0F.F1CERs-Uontinued. 
For nine assistauts, aL $1,800 each .......•.....•......••........•............. 
For six assistauts, at $1,600 each.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
For five subassistants, at $1,400 each ........ _ ..... _. _ ............... _ ........ . 
For two subassistants, at $1,200 each ..... __ ...... _ ......... __ ................ . 
For aids temporarily employed, at a salary not greater than $900 per annum each 

Total 1>ay of field officers ................•...•.....•..........•.•.•••..... 

PAY OF OFFICE FORCE : 

For one disbursing agent ...•.•.........••.....••......•...........•..••.•..... 
For one general office assistant .... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ___ ... _ 
For one chief of division of library arnl archives __ . _ .... _. _ .......... ___ . 
For one clerk to tile Superintendent ... _______ . _ . ___ .. __ ........ _ ............ _ .. 
li'or one clerk to the assistant iu charge of the office an(l topogTaphy ........•..... 
For clerical force, namely : 

For two, at $1,650 each ........................................... _ ...••.... 
For three, at $1,400 each ................................ _ ..............•..... 
For five, at $1,200 each ...............................................•.... 
For two, at $1,000 each.... . . . . . . . . . . . . . . . . . . . . . ................ _- ........ . 

For chart correctors, buoy colorists, stenographers, writers, t;niel\Titers, and copy-
ists, namely : 

For two, at $1,200 each._ .................................................. . 
For three, at $900 each .........................•.•......................... 
For one ..............................•.................................... 
For ten, at $720 each...... . ............................................ . 
For one . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..................•.....•••..... 

For topographic and hydrograpbic draughtsmen, namely: 
Forone ................................................................... . 
For one .................................................................. . 
For two, at $2,000 each .................................................... . 
For three, at $1,SOOeach .................................................. . 
For two, at $11400 each ..•.................................. - .............. . 
For two, at $1,200 each ..•.................................................. 
For two, at $1 ,000 each .••................................................. 
For three, at $900 each .••.................................................. 

For astronomical, geodetic, tidal, and miscella.11ro11s compnters, name!;\·: 
For three, at $2,000 each ... _ ................ _ ............ -............... . 
For two, at $1,600 each ..•............................................... _ 
For two, at. $1,400 each .................................................... . 
For three, at $1,200 each.. . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . .......... . 
For two, at $1,000 each .................................................. . 

For copper plate engravers, namely : 
For three, at $2,000 each .................................................. . 
For three, at $1,800 each ___ ._._. __ .... __ ........ . . . . . . .............. - - ... . 
For two, at $1,600 each ...................•..•............................ - . 
For one............................ . ................... _ ................. . 
For one ......•............................................................. 
For additional engravers, at not to exced $900 per annum each ............... . 

Por electrotypers, photographers, plate-printers and their ltelpern, im;trumeut-
makers, carpenters, engineer, janitor, and other skilled laborers, namely : 

For two, at $1,800 each . . . . . . . . . . ............. _ .. ___ . . . . . . . . . . . . . . . . . . . . .. 
li'or two, at $!,HOO each .....•....... _ ...................................... . 
For two, including a janitor, at $1,200 each ................................. . 

13 

$16, 200 
9, 600 
7,000 
2,400 
3,600 

119, 600 

2,200 
2, 200 
1,800 
1,200 
1,000 

3,300 
4,200 
61 OOP 
2,000 

:t,400 
2,700 

800 
7,200 

600 

2,400 
2,200 
4,000 
5,400 
!.!,800 
2,400 
2,000 
3,700 

G,000 
~~, 200 
2,800 
;:1, 600 
2,000 

6,000 
5,4-00 
3,200 
l,!WO 
1, 000 
4,000 

3,600 
3,200 
~,400 
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PAY 01<' OFFICE FoRCE-Contin1rn~l. 

For eight, at $1,000 each ..................•.......... _ ..................... . 
For two, at $900 eaclt ..................................................... . 
For four, at $7 00 each. . . . . . . . . . . . . . . . . . . . . . . . . . ....... _ ... _ ............. _ . 

For watchmen, fireme11, 11wssengers aml laborers, packers and folders, and ruiscel-
laueous work, rnunely: 

For three, at $880 each . _. . . . .. . . . . . . . . . . . . .............. _ ................ . 
For six, at $8'.!0 P:tch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. . 
For three. at $640 each .... __ .. _ .........•...... _ ......................... . 
For four, :it 8630 eacl1 . . . . . . . . . . . • ......•..•.......... _ ...........•....... 
For t<nir, at $550 (•,ach ............•.••• , .•.................•.............•.• 
l•'or two, at $3u:i each .............•••••..•..•.............•........•....... 

Total pay of otlice force .............................................. _ .. 

PUBLISHING OBSERVATIONS : 

For the discussiou aml 1mblication of observations ............................. . 
OFFICE EXPENSES: 

.For the purc!Jase of new instruments, for materials and supplies required in the 
instrument shop, carpenter shop, and drawing division, and for books, maps, 
charts, and sub;;;criptions ................................................ . 

For copper platP1', chart paper, printer's ink, copper, zinc, and chemicals for electro­
t,rping and photographing; eugra1ring, printing, photographing, and electro­
typing i,mpplies; for extra eugra1'ing anJ drawing; aml for photolithographing 
charts and pri11ting from stone and copper for immediate use ....•.......... 

For stationary for the office and field parties; transportation of instruments and 
supplies when not charged to party expenses; office wagon and horses; fuel, 
gas, telegrams, ice a11d washing. . . ....................................... . 

For miscellaneous expenses, contingencies of all kinds, office furniture, repairs, 
and extra labor, arnl for traveling expenses of assistants and others employed 
in the oJiice, sent on special duty in the service of the office ................ . 

.And 10 per cen tum of the foregoing amounts for otlice expenses shall be 
available interchangeabl,y for expenditures on the objects named. 

Total general expenses of office .................•....................... 

$8,000 
1,800 
2,800 

~,640 

4, !120 
1, 920 
2,520 
2,200 

730 

136,tl30 

1,000 

9,00-0 

20,000 

6,000 

4,500 

39,500 
------· -----

RENT OF OFFICE RnLDIN(H4 : 

For rent of huil<lings for olllces, work rooms, and workshops in Washington..... 10, 500 
For rent of fireproof building No. 203 New ,Jersey avenue, including room for 

standard weights and measures; for the safe-keeping and preservation of the , 
original astronomical, magnetic, hydrographic, and other records, of the original 
topographical anrl hydrographic maps all(l charts, or inst.ruments, engraved 
l'latei:;, and othe.c. valuable property of the Coast aml Geodetic Survey. . . . . . . . G, 000 

==== 
That no part of the money l1crein appropriated for the Coast and Geodetic 

Survey :,;ball be available for allowance to civilian or. other officers for 
suln;istence while on cintr at ·washington (except as hereinbefore provided 
for officers of the field force ordered to Washington for short periods for 
consultation with the Superintendent), or to officers of the Navy attached 
to the Surves; nor shall there hereafter be made any allowance for subsistence 
to otlicers of the Xavy attached to the Coast and Geodetic Survey, except 
that when ofilcer1-1 are detacbe<l to do work away from their vesseh~ under 
cinmmst ances involving them in extra expenditures, the Superintendent 
may allow to any 1>uch officer subsistence at a rate not exceeding one dollar 
per 1lay for the period actually covered by such duty away from such vessel. 
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PRINTINH AND BINDIN«. t )OAK'!' AND CiEODE'rrc 8rRVEY: 

For printing aml litbog;raphiug, photolitbographing, photo-engraving, anll all 
forms of illn!'tration (lone hy the Puulic Printer, on r(\(jHisition by the Treasury 
Department, for the Uoast and Geodetic Survey, ll>1t11ely: 

Tide tables, Coai:;t Pilots, Appemlict•s to the Superintendent';.; annual reports, 
published separately; JJotices to mariners, circulars, blank book8, blank forms, 
and miscell:meouH printing, includi11g the cost of all birn1ini,:- aIHl eon•ring; 
the uecessa!')' stock ai:d material;., an1~ bi11di11g for the library and archives... $:.'.O, V~5 

No'l'E.-No engraving is ~,one b~- the Public Printer for tht· Coast and 
Geodetic Sun'e)~. 
Total Coast au<l Geodetic Survey, exclusive of printing aud binding, for the 

fiscal year 18\l~.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 516, 230 

SPECIAL ES'l'IMA TE : 

Additional facilities for chm·t prinUng.-To provide additional facilities for chart 
printing rendered neees;;ary u.r tlrn greatl,v increased dcmaud for charts: 

For increasing· plant, including two new presses, gas engines, with necessary shaft. 
ing, belting, etc..... . . . . . . . . . . . . . • . . . . . . . . . . . . . . ......•..••.•.•••.•••.. 

For increased force : 
Two copper-plate printers, at $1,000 per annum ea.ch ........•••••••....•.... 
Three copper-plate printers' helpers, at $700 per aunum each ............... .' 
One bookkeeper and clerk . . . . . . . . . . . ........................•........... 
Two messengers, at $700 per annum each ................................. . 

For rental of the whole of tile brick building in rear of tho " Butler Buildings" .. 

Total.. . . . . . . . ........................•.• - ••.•...•..•..•. - · · · • · · • · •... 

7,400 

2,000 
2, 100 
1, 000 
1, JOO 
1.200 

Vi, 100 
-------· 

OFFICE OF CoNSTRl'.CTTON OF STANDARD vYEIGHTS AND 1\IEARURRS: 

Salaries, O.ffece of Standard Weigh.ts and }l·feasures.-For construction and verification 
of standard weights and measures, including metric standards, for the custom­
houses, other offices of the United States, and for the Re-rnral States; and 
mural standard;;; of length in Wa:shington, Distr.ict. of Columhia,: 

One adjuster, at $1,500; one mecbanician, at $1,250; one watcltmau and one 
messenger, at $720 per mm nm; in all.. . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 

Contingent expenses, (~tfice of Standard Weight.~ and ilfeasures.-For purchase of 
materi:ils and apparatus, and incidental expeuses . . . . .................... . 

Prm,ided, That such 11ccess ary repairs and adjustments shall be made to 
the ~tandards furnished to the several States as may be requestt'd by the 
Governors thereof, and also to standard weights and rnearnres that ltaYe 
been, or may hereafter he, supplied to United States Cui:;tom-houses arnl 
other offices of the United States, under act of Congress, when requested hy 
the Secretary of the Treasury. 

For expenses of the attendance of the American member of the International 
Committee on WeightB and Mea,sures at the general confereuce proYided for 
in the cournntion signed l\fay 20, 1875, the sum of $600, or i:;o much thereof as 
may be necessary ••....•••.•....•..•.....•..•..•..•..•..•• - ••••.••.•••••. 

4, mo 

1,000 

600 



 

PART II. 

lnchirlP<l in this part of tlw Report :',re abstracts of reports from chiefs of fif~ld p:trties, ancl 
from reports of special operations; summarized statements from the annual reports of the Assistant 
in charge of Office and Topography, the Hydrographic Inspector, the Dishursiug Agent, and the 
Assistant in charge of the Office of 'Veights and Measures, aml abstracts of auuual reports from 
the Subofficcs at Philadelphia and San Francisco. 

The annual report of the Assistant iu charge of Office and Topography, Mr. B. A. Colonna, 
appears in Appendix .No. 4 (Part HI); the annual report of the Hydrographic Inspector, Com­
mander C. ,;\f. Thomas, U. S. N., in Appendix No. 5; tlie annual report of the Disbursing Agent, 
Mr. ,John \V. Parsons, in Appendix No. 6, and the annual report of tlle Assistant in charge of the 
Office of 'Weigltts a1Hl l\-foasums, 1\fr. 0. IL Tittmann, in Appendix No. 7. 

The statement in tabular form of the fieltl operations of the Survey which is given in Appendix 
No. 1 shows the distribution of the field parties in a geographical order proceeding from l\Iaine to 
Texas on the Atlanti<i coast, from Sau Diego to the Strait of Fuca ou the Pacific, and from cast to 
west in the interior. This order is followed in the arrangement of the abstracts of ~eports from 
chiefa of field parties. 

Statistics of field arnl office work to the close of the fiscal year are given in Appendix No. 3, 
and lists of information furnished in reply t-0 requests, official or personal, in Appendix No. 3. 

SECTION I. 

MAINE, NEW HHIPSHIRE, VER~10NT, MASSACIIUSETTS, AND RHODE ISLAND, INCLUDING COAST AND 
SEAPORTS, HAYS AND RIVERS. (SKETCHES Nm;. 1,4, Hl, AND 20.) 

Continuation of rtconnai8.rnnec and triangulation over the St. Croix River and the Boundary 
Lakes to a connection 1dth the Xorthca.~tern Rmtndriry Survey at its Initial Monument.-The con­
nection of the primary triaugulation near the Bay of Fundy with the Initial Monument of tlte 
Northeastern Bouu<lary Sun·ey at the source of tl1e St. Croix l{iver was accomplished by Assistant 
C. H. Boyd d11ri11g" the summer a111l autumn of 1889. 

Having orµ;anized his party nuder instructions daterl towards the enrl of .June, Mr. Boyd took 
up the triangulation about the 11th of' ,July from tlte limits of his work of the preceding season 
near the south end of Grand Schoodic Lake. The signal:,; erected on the upper St. Croix during 
the last season were inspected an<l adj11sted to gna,rd against displacements caused by the winter 
gales; a reconnaissance for additional stations was carrietl to the Brmnda,ry Monument, ren new 
signals were put up, and lines of sight opened preparatory to measurements of angles. 

In the search for the Boundary )fo1rnment arnl for the stations and marks used on the 
Boundary l.ine, ;\Jr. Boyd was compelled to rely chiefly on information derived from common 
report, the only map available being on a. scale too sma.ll to identify the main features of the 
conutry. 

The Monument was found secured to a bowlder which lies in swampy ground on the town 
lines of Amity, Maine, amt Richmond, New Brunswick, aboat half a mile south from the road 
between tl1e post-offices of Amity and Monument Settlement. It i.~ of cast iron, in three sections, 
aud owing to the sinking of the bowlder into tile swamp, tile Monument was seen to be out of 

16 



 

UNITED STATES OOAST AND GEODETIC SURVEY. 17 

pla.mb, its apex with reference to the center of its base being six-tenths of a foot too far to the 
l!Ollth, and 1 foot too far west .. Mr. Chades Trail, a resident of the neighborhood, was present 
when the Monument was set, and assured Mr. Boyd that it was then perfectly plumb. On its 
north side was the inscription "Treaty of Washington," and on its south side "Boundary, August 
9, 1842;" on the east and west sides were the names of the Commissioners. Height of Monument, 
9.8 feet; ba.al, 1.2 feet square. The trees about it are from 50 to 7 5 feet in height. 

Over the middle point of its base a signal 72 feet high was plumbed, and the Monument was 
thus connected with the triangulation. The line was then opened northward until it paased over 
the eastern side of Pole Hill, where, it was thought, the party recovered the transit station 
<JCCllpied by Maj. Jitmes D. Graham, U.S. Topographical Engineers, in 1842. Thence the line 
. was cut open to Monument No. 21 and the distance measured with steel tape. Four stations were 
occupied on the United States side, four on the Canadian side, and two nearly upon the line, ten 
in all, thus completing the connection with the Initial Monument. 

The points selected for stations were in most cases tbe summits of the highest hills and moun­
tains. Up these elevations, which were all covered with hard-wood timber, the party cut path­
ways, and opened lines from the summit to the several points in the scheme of work. The signals 
were built of spruce and cedar trees cut in the lowlands. To mark the station points a hole was 
drilled in a ledge or bowlder, and a triangle cnt into the stone around it. Mr. Boyd suggests that 
in addition to-this marking it would be well to have the stone dressed down immediately about 
the station mark, and the name of the station and the year of its occupation cut thereon. 

Heights were determined at the water line in each of the Lakes, at the head of Boundary 
Brook, and on the St. Croix River below the Lower Lake. 

A reconnaissance along the Boundary Line for some 25 miles north of the Monument was 
made in October to ascertain the condition of th" marks originally put down. These were iron 
posts, 2g inches square at top and 4: feet long. But few of them could be found; the thick under­
brush effectually hid them, and the location of many of them was unknown to the peo11Je of the 
vicinage. Mr. Boyd suggest.a that, in view of the commercial interests clemanding a careful mark. 
ing of this border line, the triangulation be continued northward to the St. John River, to the 
point where that river becomes the International Boundary, ancl that a strip of land ten metres 
(nearly 33 foot) wide for the entire length of the Line and. adjacent to it in Maine should be set 
apart to join a similar strip in ;few Brunswick, and the Line marked perm~nently by suitable 
monuments. · 

Field work was closed November 6. Mr. Everett C. Lyle, a young civil engineer of St. Ste­
phen, served acceptably as recorder throughout the season. Mr. Boyd reports the following 
statistics : 

Reconnaissa11ce: . 
Area. of, in square statute miles . . . . . • . . . . . . . . . . • • . . . . . • . . . . • • . . . . . . . . . . . 300 
Lines of in tervisibility determined. . . . . . . • • . . . . . . . . . . • . . . . . . • . • . . • . . . . . • . 40 
Number of points selected for scheme.................... . . . . • • • . • . . . . . . . 16 

Triangulation: 
Area of, in square statute miles .....••.•..........•..•........•.••.•• - . . 200 
Number of signal poles erected ......•...........•.•••••. - . . . . . . . . . . • . • • 12 
Number of stations occupied for horizontal measures......... . . . . . . . . . . . . . 10 
Number of stations occupied for vertical measures ..•.. - • . . . . . • • . . . . . . . . • . 10 
Geographical positions determined .....•.... - . . . . . . . . . . . . . . • • • • . • . • • . . . . 20 
Elevations determined trigonometrically. . . . . . . . . . . . . . • . . • . • . • . . • • • . • • . . . 20 

During the early part of the winter, Mr. Boyd was occupied with the records and results of 
his field operations, and in January, 1890, he procemled, under instructions, to the Gulf coast to 
ta.lte charge of the triangulation of Atchafalaya Bay. 

:Reference to this duty will be made under a heading in Section VIII. 
!l'erliary triangulation of tl.e Schoodic Lakes at the liead waters of tke St. Orow Rivet", 

JCa.-Iu pursuance of instructions issued early in June, 1890, Assistant Joseph Hergesheimer 
H.Ex.80--2 
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proooeded to V aneeboro, Me., abont the middle of that month to <>rganize a party for the t.er4 

tiary triangulation of the Scho<>dic Lakes. 
Between June 14 and the end of the fiscal year the time was occupied in getting t<>gether 

boats, working materials and signal lumber, hiring men, reconnaissance and signal building, 
a.nll cutting lines of sight. Rain on 9 days during this Jleriod somewhat retarded progress. The 
signal at Mount Henry was rebuilt and a signal erected at Vaneeboro. • 

Further progress will be stated in the next Annual Report.. 
Work executed by Mr. Hergesheimer on the Delaware River in 1889 and in Florida. in 1889-'90 

is referred to under headings in Sections II and VI. 
Topographic and hydrographic survey of the St. Croix River from tlte vicinity of Va1t-0eboro, Me., 

to the southzcard.-For the further prosecution of the survey of St. Croix River and in continuance 
of work begun in 1889 by the late Assistant C. M. Bache, Subassistant J. A. Flemer was instructed,· 
under date of May 17, 1890, to proceed to Vanceboro, Me., and take np the topography of the head 
waters of the St. Croix and to locate as accurately as possible the threa<l of the stream, bearing 
in mind its importance as an Inttirnational boundary line. 

Upon arriving at Vanceboro, June 2, Mr. Flemer reconnoitered a part of the river below that 
town, an<l fountl it more serpentine in its course than he had expected. He decided, therefore, in 
accorda.nce with suggestions contained in his instructions, to run a traverse line from station Elbow 
Ripps to Earing's on a scale of 1-40000, using for this purpose the unfinished sheet of Mr. C. M. 
Bache's survey from Vanceboro to lfoPhail's Rolling Tier. 

As the river was found to have many characteristic featnres due to numerous rapids (ripps) 
alternating with stretches of deep and gently flowing water, to many islands with abutments and 
wingdams, and to ledges, numerous rocks, and bowlders, it wa.s deemed advisable to plot the topo­
graphical survey on a scale of 1-10000, and to obtain thereby a series of detailed charts showing 
the thread of the St. Croix or continuous line of deepest water as obtained by soundings. The 
chain of plane-table stations on these detail charts forms in its continuity an independent traverse 
line, which, as it has some points in common with the 1-40000 traverse, gives a certain check on 
the later, and will also facilitate the reduction of the topography to the scale of 1-40000. 

From June 3 to 15 the party was occupied in reconnaissance, procuring camp outfit, boat, and 
two ca.noes, in hiring boat and ax-men, and in moving downstream to McPhail's Rolling Tier, 
where the first camp was pitched. On June 23 the party moved camp to Duck Point. 

Mr. Flemer will report further on the progress of his survey at the close of the season. 
Messrs. Seymour P. Bradley and William B. Paca served in the party as rodmen and general 

assistants. 
Topographic anil hydrographia survey of the St. Oroix River from Vanceboro to the sou.thwa.rd.­

The survey of the St. Croix River on both sides of the International boundary line from Vance­
boro, Me., to the southward was taken up t<>wards the end of July, 1889, by Assistant Charles 
M. Bache, under instructions dated July 15. For this work Mr. Bache was furnished with a pro· 
jection ou a scale of 1-40000. · 

Mr. Bache reports that many difficulties were encountered in exeenting the survey owing to 
the nature of the ground, the heavily wooded character of the co11ntry, and the lack of triangnla· 
tion points. At Vanceboro the Maine Central Railroad crosses the St, Croix into Canada. About 
this town and the Canadian village of St. Croix, immediately opposite, there was an inconsiderable 
portion of open country, extending nearly two-fifths of a. mile down the river on the Canadian side 
and about three-fourths of a mile on the American side. The roads were of a kind that did not 
favor rapid progress. On the Canadian side a trail through the woods passed on in the direction 
of the river; on the America.a side a road existed which extended a little over 3 miles to two small 
farms but partly cleared. 

Stations were occupied on eaeh bank of the river, using a. eaooe for transportation:; these 
crossings iu vol ved in ea.ch case the ta.king of the sheet f.rom the board of the plane table an4 t8e 
board from the legs. The river contained many rapids a.ndjams of logs. Lines of soondingswe.re 
run and soundings taken with as mnch care as practicable. The stage of w~ ill the river was 
observed twice a day for thirty-five days. 

Field operations were closed September 21. 
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Following are the statistics of the see.son: 
Topography: 

Number of miles of river shore line surveyed............................. 20 
Number of miles of shore line of marshes and ponds .....••.•.•• _.......... 14 
Number of miles of roads, trails, streets, and railroad surveyed............. 14 
Area surveyed in square statute miles . . . . . . • • • • • • • • • • . . . . • . • • • • • • • • • • • • . 7 

Hydrography : 
Number of lines of soundings run........................................ 82 
Number of soundings taken .. - • . . . . . . . • • • • . • • • • • • • • . .. . . . . . . • .. • . . . . • . • . 413 

19 

Duty assigned to Mr. Baebe later in tbe season on the New Jersey coast is referred to under 
a beading in Section n. 

Top<>gra.pkic tm<l hydro{fi'apkitJ sut"vey of the St. Oroire .River from Calais to Bahng and above.­
Instructions issued to Assistant Eugene Ellicott towards the end of June, 1889,and supplemented 
by more detailed instructions issu.ed a month later, directed him to make a topographical survey 
of a very precise character of the St. Croix River between Calais and the great bend of the river 
above Baring, and to carry the survey up the River to a point above Sprague's Falls. He was also 
to define the axis of the stream, or the line of greatest deptb, which forms the boundary between 
the State of Maino and the Province of New Brunswick, making soundings systematically both 
over the tidal area and that above the reach of the tide. All heights for topographical contours 
were to be referred to mean high water at Calais, and a gauge for the purpose of recording the 
tlnctnations iu river depth was to be established at or near Baring. 

For the execution of this work Mr. Ellicott was provided with a projection, scale 1-10,000. He 
ha.s submitted au elaborate descriptive report to accompany his topographical antl hydrographieal 
sheet, and both sheet and report have been deposited in the archives. The report discusses at some 
length the historic origin and significance of local names in the area under Hurvey ; gives the dates of 
town settlements; compares hi!I own determinations of heights of points on the river with those 
given by Walter Wills, formerly in charge of the State Hydrographic Survey; describes the location 
of towns ; states the means of communication and the facilities of tra Vfll, the general character of the 
geological formations and of the forest and fruit trees; gives the statistics of the work, and con· 
eludes with a .statement of the need of a survey made with great elaboration to serve as a basis 
for establishing and marking de.finitely the bollUdary line between Maine and New Brunswick. 

For the seal!IOn which closed October 26 the statistics are : 
Topography : 

Area surveyed in square statute miles............ . . . . . . . . . .. . . . . . . . . . . 14 
Length in miles of river and creek shore line surveyed .••••..••..•.• - . . • 39 
Length in miles of roads so.rveyed, including railroads. • . • • • • • • . • . • . • . . . 36 

Hydrography : 
Length of river survey measured along axis in miles.................... 13 
Miles run in sounding. . . . . . . . . . . . . . . . • • . • • . . . . . . . . . . . . . . . . . . . . • . . • . . . 20 
Number of soundings •. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . 8, 110 

During the winter Mr. Ellicott was engaged in office work, and towards the end of February, 
1890, he received instructions for .duty ou the coast of California. 

Oompletion of t1111,.finisheil topographical t.eork on the coast of Jlailie in the vicinity of Oobsaook Bay, 
a?lii impection of topographical BU'NlC1fB in that vicinity and to the eastward and n-0rtliward.-In order 
to complete certain unfinished area.a of topography lying between the surveys executed by 
Assistants O. M. Bache and .E. Ellicott and Aid J. H. Grny on the coast of Maine in the vicinity 
of Oobscook Bay and to the eastward and northward, .Assistaut John W. Donn was instructed, 
towards the end of Jnne,1889, to proceed to that locality and organize a party to fill the gaps then 
existing. In oonnootton with this work he was directed also to make careful inspection of the topo­
gra.phical surveys executed by the above-named ofl:lcers in the years 1885 to 1889, and to include 
in this inspection the ~pographical recounaissance ma.de for military purposes by Assistant W. II. 
Dennis in the yellrs 1861 and 1862. 

On his way to the tield Hr. Donn k!topped a'! Portland, .Me., for the purpose of consultation 
with Assistant O. H. Boyd regarding the proposed extension of topographical work on the Bound· 
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ary line between Maine and New Brunswick from the Schoodic Lakes to the Boundary Monument. 
This consultation was supplemented by an examination made by Mr. Donn of the topography 
of the country about the Boundary Line, and a special report on the subject was made by him 
towards the end of June. 

He then took up field work on tlie shore of Passamaquoddy Bay, near Perry Harbor or Little 
River, and closed the gap l;yiug between the work of Assistant Dennis (1865) and Assistant 0. M. 
Bache in 1888, at the same time inspecting the work of each as to shore line and geueral details 
of inland topography. The work to the northwest was then advanced between the lines of Assist­
ants C. M. Bache aud Ellicott, the work of the former extending up the highland. adjacent to the 
Passamaquoddy to Lewis's Cove at North Perry, and that of the latter to the Iron Mills Mountain 
near the foot of Pemmanaqua11 Lake. This area, covering about 15 square miles, contained com­
paratively few artificial details, and was, in part, heavily covered with timber of recent growth. 
Mach of it was difficult of access on account of burnt and fallen trunks of trees intermingled with 
the new growth on the sides of ledges, and the dense mass of bushes filling the marshy ravines. 

This work was finished by the 5th of August, on which date Mr. Donn transferred his party 
to the town of Lubec, near which were two uncompleted areas; one lying upon the eastern side of 
Seward's Neck (North Lubec), and the other bounded by two areas of work executed by Assistant 
Ellicott in 1886 ancl 1887. While engaged upon the survey in these localities, and during the 
occupancy of several stations overlooking the Lubec Narrows, Mr. Donn determined the position 
of the Light-house then in course of construction. 

On the .5th of September, Mr. Donn found it desirable to transfer his base of operations to the 
towns of DennyRville and Whiting, the former being the most available point for the continuation 
of the work of filling gaps in topography, and the latter for the inspection of the surveys made by 
Assistant Ellicott and Aid Gray in 1887 and 1888. 

In general the face of the countl'y presented features of a character similar to that surveyed 
during the earlier part of the season. Bold, high, rocky ledges jutted out amidst dense thickets 
of alder, birch, spruce, and fir, which covered extensive valleys of a swampy character. The ledges 
were ge'.lerally occupie<l as stations, and their heights above the adjacent valleys and the seashore 
determined. The western part of the work laid between :;\fr. Ellicott's survey of 1887 and Mr. 
Gray's of 1888. It was completed by the 10th of October, after which the inspection of the general 
field covered by the sun'eys of those officers occupied Mr. Donn till October 14, at which date he 
transferred bis party to Calais. From this point the surveys of .Assistant Longfellow, between 
Devin's Head to Robbinstou, and of .Assistant 0. M. Bache from Robbinston to North Perry were 
inspected, and field operationH were then closed. 

Mr. Donn bas communicated in rnuch detail to the Superintendent the results of his 
topographical inspections, and the suggestions he makes will be given careful consideration. 

For his own surveys he reports the following statistics: 
Topography: 

Number of miles of shore line surveyed ..• _ ............................... 20 
Number of miles of roads surveyed .......................... ·~ ........... 31 
Number of miles of shore line of creeks ................................... 31 
Area surveyed, in square miles. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 32 

During the early part of the winter Mr. Donn was engaged in office work, and in January, 1800, 
received orders for duty in the vicinity of Norfolk, Virginia, reference to which will be made under 
a heading in Section III. 

Examination of cha'lf,f}es for additionB of topographical details to the shore lines of tlte Ken1iebec 
River from Bath to Gardiner.-In order to obtain data needed to publish a chart of the Kennebec 
River brought up to date, from Bath, Maine, to the bridge at Gardiner, it became necessary to 
detail an officer to make additions of topographical detailB to the topographic sheets of that river 
executed in the years 1858 to 1860 and 1869-'70. Instructions were accordingly issued to 
Assistant H. L. Whiting, February 15, 1890, to proceed to Eath, ta.king with bim the original 
sheets, and to note on them such wharves, ice houses, etc., as had been built along the liver, and 
also to supply any names of towns, villages, islands, ete., that might be wanting. 
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Upon reaching Bath, early in March, and finding the conditions there not very favorable for 
field work, Mr. Whiting changed his location to Gardiner, and from that town as headquarters he 
carried the work .over the two upper sheets of the survey of 1869-'70. 

In executing this work entire reliance had to be placed upon the original topography, execnte<l 
by the party in charge of Assistant 0. Il. Boyd. The lapse of time, 20 antl 21 years, since the 
surveys were made had obliterated all surface indications of the original triangulation stations, 
and the snow covering the frozen ground made it impracticable to search for underground marks. 
It became necessary, therefore, to use such points as the topography furnished, lwnses and otller 
conspicuous objects, for fixing the stations upon which the determination of the new featnres could 
be based. There were, however, some localiti~s near the city of Gardiner and the village of 
Richmond where the church spires of these i1taces were available. 

Mr. Whiting observes that it is not customary nor even practicable iu ordiuars topographical 
surveys to fix each house with enough accuracy t(l make it a trustworthy base point, allll that it 
becomes necessary, therefore, in selecting such objects as will prod nee good results to make 
differential tests that tax both the time and judgment of the surveyor. Ile expresses his 
gratification at having found the original work essentially good, most of the conspicuous houses, 
and even barns, having been determined with care and accuracy. He was surprised at the closeness 
with which the positions of almost every ice house agreed with the details of the shore topography, 
particularly when it was considered that their details were fixed from entirely independent bases. 

Below the Gardiner bridge Mr. Whiting determined in position for delineation on the 
topographical sheets forty-one ice houses, witll au aggregate capacity of 1,076,00() tons. All of the 
principal wharves on the river W(}re also added to the sheets. No personal examination of the 
river above Gardiner was made, bnt, with the present interest in the ice question, Mr. Whiting 
deeme<l it worth while to obtain an approximate statement of the resources of that part of it, as 
follows: On the west bank of the river between the Gardiner bridge aud the dam, at Augusta, 
nine ice houses with a storage capacity of 2 02,000 tons, and on the east bank between the same 
limits four ice houses with a capacity of 101,000 tons. 

Immediately after the completion of the work on the upper part of the river, Mr. Whiting 
proceeded to Bath, where be began field operations March 17, aud closed them March 21. During this 
time he made a careful revision of the wharf Jine, examining each pier and dock along the city front, 
a distance of about 4 miles. He observes that the changes which have occurred along this line 
since the original survey of 1859-'60 are not co11siderable or important, and do not affect the 
navigable freedom of the river or the approaches to the cit,y wharves. The most characteristic 
change is in tlie :tilling up of some of the old docks and l:msins; the most marked change is that of 
the terminal grounds of the railroad. 

It was not practicable to make stations for plane table use on the water front, each pier end 
being occupied by large vessels loading with ice, but by careful reference and measurements to 
the details of the former survey, the new features were put as nearly in I)1ace as the scale woulcl 
allow. 

The most considerable advance of the w barf line of the city into the river channel was found 
to occur at the new landing pier of the Kennebec and Boston Steamboat Company. A satisfactory 
station was made at this point, which controlled not only that pa1·ticular wharf, but the outer 
alignment of many of the wharves to the north and south of it. 

Mr. Whiting in closing his report refers to tlie very close and accurate character of the origin al 
survey which was made by Assistant R. Meade Bache in the years 1858-1860, and but for which 
he could not have accomplished th~ revision he made within the time and by the methods which 
he fo11nd sufileient for the purpose. 

The original sheets with the additions have been returned to tbe office. 
Other service assigned to :Mr. ·whiting is referred to under headings in this section and in 

Section III. 
6C1UJ1'a} direction of town boundary surveys in the State of Massa,clutsetts.-Service as a member 

of the MiasiilBippi River Oommi•sion.-Assistant Henry L. Whiting bas submitted a general report 
of the serviees performed by him during the fiscal year. In the earlier part of the year he made 
inBpectiollS of the work 'of topographical parties on the Massachusetts coast, and continued to 
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supervise the town boundary work in Massachusetts as one of the Commissioners of the 
Topographical Survey of the State. 

Iu October he was called to Washingt;op. and instructed to examine and make a final award 
respecting the portion of boundary line in dispute between the States of Maryland and Virginia. 
Reference to this duty will be found under the head of "Special Operations," and Mr. Whiting's 
report in regard to it is published as Appendix No. 11 to this volume. 

Returning to Ma..<isachnsetts towards the encl of November, Mr. Whiting's service was almost 
wholly given to the State Commission in conducting the closing operations of the sea.son's field 
surveys, in preparing the anmial report of the Oomrnission, and in rnak ing projects for future work 
on which State appropriations for the succeeding year were to bee based. 

In Febrnary, 1\Ir. Whiting took up under instr~ctions an examination of the shores of the 
Kennebec River between Bath and Gardiner. Details of this work are given under·the preceding 
heading. 

Towards the end of March he proceederl to Washington, having been directed to examine and 
report upon the condition of the topography of the Atlantic coast. Tb.e time available for this 
work permitted only a review of that part of the coast from the eastern boundary to Delaware 
Bay. Mr. \Vhiting submitted-eight separate reports on this subject, accompanied by pwjects for 
futuro field surveys with estimates of their cost. 

Under date of June 10, Mr. Whiting reooived from the President of the United States his 
appointment as a member of the Mississippi River Commission, and was duly qualified. At the 
close of the fiscal year he was oooupied with the work of the Massachusetts State Survey, and 
with studies relating to the Mississippi River. 

Determinations of town bot~ndaries in the State of Massachusetts continued.-The work of 
determining in geographical position the comers of t;own boundaries in the State of Massachusetts 
was in progress at the beginning of the fiscal year in the immediate charge of Assistant C. H. Van 
Orden. As stated in the last annual report, he took the field in the town of Bridgewater, May 13, 
1889. The general plan of the work was that followed in previous seasons: observations upon a 
town corner from stations of the old triangulation, making it when practicable a point in a triangle, 
but when not, to determine a point as near as possible to the corner and run a carefully measured 
traverse to it and determine its azimuth. These traverses were often measured with a rod, partic· 
ularly when the surface of the gromul was much broken, the angles of elevation and depression 
being observed, and care taken to have sufficiently short sights. 

This method, Mr. Van Orden thinks, is, on rough ground, one more rapid, more accurate, and 
more easily checked than chaining. 

From the town of Bridgewater the work was carried to tho eastward to join work already 
completed along the coast, and westwardly to the Rhode Island line. As the season advanced 
one section of the party moved to the town of \Vbitman, a.ud the other section to Attleborough. 
The towns of wbich the boundaries were determined were sixteen in number; namely, Hanmrnr, 
Pembroke, Ilanson, Halifax, Plympton, East Bridgewater, Whitman, Abington, Uocklaud, West 
Bridgewater, Bridgewater, Easton, Mansfield, Norton, North Attleborough, and Attleborough. 
These include all of the towns along and on the southerly side of the Ohl Colony Line, as it i8 
called, which extends in substantially a atr~ight course between Scituate and Cohasset to the 
Uhode Island line, between Attleb()rongh and Wrentham. 

Mr. Van Orden's work was conducted, as in previoM seasons, under the general direction of 
the Commissioners of the Topographical Survey of the State of Massachusetts, these Commissioners 
being General Francis A. Walker, President of the Massachusetts Institute of Technology, Henry 
L. ·whiting, Assistant U. S. Coast and Geodetic Survey, and Prof. N. S. Shaler, of Harvard 
University. 

In the report of these Oommissioners for 1889, made to the Governor of Massachussetts, they 
state that it is mainly through the aid of the Coast and Geodetic Survey that the town boundary 
work bas been carried on; that they have receive(l from that department the expert personal service 
of members of its corps, the use of costly instruments, and tile advantage of ca.reflrtly prepa.red 
forms for observations, computations, a.nd records. 

They ookllowledge, also, the V4!JrY liberal spirit which has been manifested by the various 
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railrond officials of the State, particularly by President Choate of the Old Colony road, in giving 
the fullest facilities of transportation to the Commission and to the field parties of the survey, 
whenever their work has called them over their lines. 

Mr. Van Orden expresses his obligations to the foremen in his party, Mr. Joseph B. Tolle;y 
and Mr. E. E. Peirce, for zealous and skillful service throughout the season. 

Field operations were closed November 22. The statistics of the work are as follows: 

Number of town corners determined............ . . . . . . . . . . . • . . . . . . • . . . . . . . . . . 89 
Number of town boundaries completed....................................... 16 
Number of town boundaries part1y completed...... . . . . . . . . . . . . . . • . . . . . . . . . . • 10 
Number of stations occupied ................................................ 103 
Number of traverse and base stations occupied.... . . . . . • . . . . . . . . • • • . • . • . . • • • • 99 
Number of points determined...... . . . .. . . • . • • . • • . . •• . . . .. . . . . . . . . . . . . . . . . . . 95 
Area of triangulation in square miles .......................................... 575 

After the completion of his field work Mr. Van Orden was directed to proceed to the office of 
the Commission in Boston, and make such arrangements there under Mr. 'Vhiting's general 
direction as would enable him to bring up to date during the winter the records and results of the 
season. 

This work consisted in making a preliminary computation of the geographical positions of all 
the points determined, and in duplicating tlie records of observation aud the descri1ftions of 
stations. As about one-thiru of the stations were occupied eccentril:ally, this added largely to 
the time and labor of computation. 

About the middle of May, Mr. Van Ordeu was instructed to resume field work under tlte 
general direction of Assistant \Vhiting. A careful reconnaissance was taken up without delay in 
the towns of Lakeville, Freetown, Dighton, H.eboboth, Taunton, Raynham, Middleborough and 
Carver, and at the close of the fiscal year the town boundary survey was in active progress. 

Messrs. Tolley and Peirce, who had aided during the winter and spring in making the 
computations, etc., were again attached to the party in the fielll. · 

Up to June 30, 1890, the statistics reported are: 

Reconnaissance of town corners {number of) .•..••••.••..••.......••.......... 85 
Signals built. . . . . . . . . . . . . . . . . . . . . . . • . • . . • . • • • • • • • . . . . . . . . . . . . . . . . • • . . . . • . . . . 46 
Stations occupied .....•...............•••••••...•..•..•...•........•........ 22 

Physical kydrograpliy.-Oontinuation of tfi,e physical survey of tke coast of Oape Ood Peninsula.­
At the begiunin!{ of the fiscttl ;year the party which had been organized by Assistant H. L. 
l\iarindin for tho continuation of the physical survey of the coast of Cape Cod Peninsula was in 
camp at High Head in the town of Truro, that having been their headquarters since the date of 
beginning field operations, May 20. The part of the coast line which bad been examined since 
that date was comprised between Oape Ood Light·House and Peaked Hill Life.Saving Station. 

This work was carried on under instructions prepared in extension of the plan outlined in 
the memorandum of 1887 drawn up by the Chief of Physical Hydrograph;r, and the observations 
included measurements of the coast line in cross-section from points far enough inland to determine 
the nature of the barrier to the sea, and extending seaward to a depth of 36 feet. These cross­
sectfons will, it is believed, offer the best means of determining the waste uf the shores by 
comparison with previous and future surveys. 

The cross-sections were joined by lines of precise leveling-, and tidal stations and numerous 
bench marks established as the work advanced. Topographical surveys were made of those parts 
of the coast soowing ma.rked changes since the surveys of former years; notably of that portion 
of the Cape situated between High Head and Provincetown, where a large area of salHrnter and 
salt-marshes has been changed to a fresh-water pond mid meadow lands b~' the closing of the 
inlet from Oape Ood Bay into this "East Harbor/' as it was once calle<l. A plane table sheet 
(sea.le 1-10000) delineating these changes will h•~ sent to the Archives with the field-records. 

The ltydrograpbie sutve,ts wiU be comprised in two sheets, ea.eh on a. sea.le of 1-10000, which 
will ooo.tain the ~& of the shore and t.he water contours to 36 feet in depth. 
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These sheets join those completed the year before at Highland Light-house, and inclnlle the 
distance arouml the west eml of Cape Cod to Long Point Light-house. Within these limits one 
hundred aud seventy-two cross-sections were measured, averaging about 150 metres (!92 feet) 
apart. From a preliminary comparison of the results derived from the cross-sections with the 
published charts, it is quite evident that some shoals exist which are not on the charts, and that 
others have changed position or entirely disappeared. 

Information having been receh-ed from Mr. William Holden, of High Head, Truro, that owing 
to a break in the blnfI-line made by wind aml waves somewhere in the vicinity of the Peaked Hill 
lifo-sa\·ing station, the Light-house at Loug Point had become visible over the land to vessels 
}}assing along the outside or uorth shore of the cape, a comparison was made with Assistant 
Whitillg's survey of 1848, and the position of tlle brcllk illentified. A Notice to Mariners relative 
to this was sltortl.r after publisLed. 

A plane-table determination was made of Highland, High Hea<l, Peaked Hill, and Crow Hill 
life-saving stations. Two of these statious were found to have shifted position since the previous 
detcrmiuation, and the charts have been corrected accordingly. 

Mr . .:\larindin llad the aid of Messrs. E. E. Haskell and Homer P. Ritter as expert observers, 
and he acknowledges the eminent value of the service they rendered. Messrs. George T. Bai·tlett 
and Blmer E. Snow served as recorders . 

• 

. Fot the season which ended September 23 :\Ir. Marindin presents the following statistics: 

Ph_ysical hydrography-
Nnmbcr of miles of cross sections laid out and measured ...••........... 
Number of cross sections sounded ..........•..................•...••.. 

228 
231 

Number of soundings on cross sections ......................•...•.•... 14, 288 
Number of plane· table determinations of section marks ..•••• _......... 108 
Number of miles of low-water line determined._ .... _... . . . . .• . . . . . . . . . 10 
Number of miles of shore line run ............... _. _. _ ...• _........... 27 
Number of miles run of geodetic leveling ...•... _...................... 30 
Num!Jer of mile!'! run of common levels ...... _._ ... _ ............. _ ... _. 31 
IS umber of miles of roads and railroads run by plane table ... _ ....... _. 19 
Number of points determined for plane-table work . _ ......•. _ ..... _.... 37 
Area of topographical changes surveyed in square miles. . . . . • . . . . . . . . . • 4 
Number of horizontal angles measured .......... _......... .. . . . .. . . • • . 329 
Number of tidal stations occupied .............•..•....... _ .. _ .. _...... 4 
Number of permanent bench-marks established ................... ~. _. . 7 

After closing field operations Mr. Mariudin proceeded under instructions to Washington, and 
reported for duty at tlie Office, where he took up the relluctfou and discussion of his observations. 

In this work he had the assistance of Messrs. Haskell and Ritter, who reported at the Ufllce 
October 1. From this date until !fay, 1890, with some interruptions for special duty, the pa1·ty 
was engaged on unfinished computations of physical bydrographic.work. In December, 1859, 
Mr. Ritter was detailed for topographical service on the New York City Front, a report of which 
will be found under a heading in Section II. He was again detailed for field service in Febrmuy, 
1890, and ordered to join the party of Assistant Welker in Flori<la. Towards the end of March 
he resumed otlice duty. In April, Mr. Marindin was instructed to make a hydrographic examina­
tion in the Potomac Uiver. An abstract of his report of this service is given under a heading in 
&>ction III. In May he submitte(l a special report on cross-sections of the shore of Cape Cod 
between Chatham and the Highland Light-house; this was published as Appendix: No. 13 to the 
Report for 1889. 

n a vi II g- received instructions bearing date of May 13, 1890, to organize his party for continuing 
physical hydrographic work on Cape Cod and on the island of Nantucket, Mr. Ma.rind.in took up 
preparations for field work. His departure from Washington was temporarily delayed in order to 
prepare for the Snpetintendent a report on the progress of the phy~ical hydrographic work of the 
Survey, to do which it was necessary to consrllt the aa.nnal reports a11d other documents as far 
back as the year 1864. · · 
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Mr. Haskell was detached about this time and ordered to special service on Long Island 
Sound, reference to which will be found under a heading in Section II. Barly in June, Mr. 
Marindin, accompanied by Mr. Ritter, proceeded to Provincetown, :Mass., and on the 16th of the 
month were joined by Mr. F. A. Young as recorder. 

The field work was begun June 10. It consisted in the delineation of the topographical 
changes within the harbor of Provincetown; in sounding out the cross-sections, the limits of 
which bad been fixed during the previous season, and generally in such observations as were 
needed to complete the physical survey of this important harbor, and to furnish data for the 
publication of a new edition of its chart. 

This survey was finished before the end of June, and arrangements were begun to transfer 
the party t-0 Nantucket to continue the physical hydrograpby of the coast of Massachusetts. 

Following are the statistics of the Provincetown "Work: 

Examination of change8 in wharf line and in marsh and beach lines: 
Number of miles of shore line surveyed. . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 8 
Number of miles of creeks surveyed ........... ,........................ 3 
Area of country (approximate) in square miles.......................... 2 

Hydrogra1lhy: 
Number of miles of cross section sounded............................... 15 
Number of soundings on cross sections ...............••..••............ 1,074 

One hydrographic sheet, scale 1-10000, on which the changes in topographical features were 
delineated, was sent to the Office . 

• Hydrographio resu;rveys iii Nantubket Sound and vi.cinit_y.-Reference was made in the last 
Annual Report to the beginning of the hydrographic resurveys in Nantucket Sound and vicinity, 
executed during the summer and autumn of 1889 by the party in charge of Lieut. W. P. Elliott, 
U. S. N., Assist ant Coast and Geodetic Survey, commanding the schooner Ea.gre. 

Lieutenant Elliott's work was laid out upon three projections, one on a scale of 1-10000, 
including Chatham lwads and Stage Harbor; one on 1-20000, including that part of Nantucket 
Sound westward of Chatham Hoads to Point Gammon, and thence south ward and eastward, taking 
in Bishop and Clerks, Handkerchief and Shovelful Shoals, to Monomoy; and one on a scale of 
1_-_20000 extending from Cape I'oge to the west end of Nantucket Island, anti including llOrtious 
of Muskeget Channel and the shoals and banks in the vicinity of Muskeget and Tuckcrnuck 
Islamls. 

Four descriptive reports have been submitted by Lieutenant Elliott to accompany bis 
hydrog1·aphic sheets. One of these is a general report, in which he reviews the hydrographic 
characteristics of the localities under resurvey, refers to the importance of a thorough development 
of the channels and a. tl1orough knowledge of the dangers that beset the throngs of coasting 
vessels which dot the whole ex:panse, alludes to the changes taking place in foe configuration of 
the shoals and to the irregular and conflicting tidal currents, and recommends as additions to or 
substitutes for present aids to navigation a whistling or bell buoy at the northwest corner of 
Handkerchief Shoal in place of black buoy No. 3, and a bell buoy in place of the small spar buoy 
which now mar ks the slue off Nantucket Entrance. The tidal curves at Powder Hole, l\fonomoy, 
at Stage Harbor, at Deunisport, at Bass River, and at Tuckernuck Island are represented 
graphically on a diagram accompanying this report. 

For each projection a separate report has been filed in the archives. Between Oape Poge 
and the west end of Nantucket Island there remainecl three irregularly shaped gaps in hydrography 
to be filled in; these were on the various shoals to the westward of Tuckernuck Shoal and north 
of Muskeget Island, and the work was particularly difficult from the fact that the natural objects 
and signals visible were few in number and at great distances. Spoofal care was taken to develop 
changes in the shoals, and it was found upon examination that Long and Shovelful Shoals had 
grown together at their southern ends, and had formed a continous bank. Details with regard 
to other changes observed are given in the report. The tidal station established on Tuckernuck 
Island in 1854: by Professor Mit.chell was re-occupied and mean sea level determined from observa. 
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tions of day tides during two lunar months. A second tide gauge was set up at Cape Poge, and 
its indications were referred to a bench-mark fixed in 1888 by Lieut. S. C. Paine, U.S. N., Assistant 
Coast and Geodetic Survey. Sketches showing lonation of the tide guages and bench-marks are 
appended to the report. 

The two reports relating to the work at Cliatllam and Sta.go Harbor and on the north shore 
of Nantucket Sound are equally foll and comprehensive, aud indicate the great interest taken in 
the work by the chief of the µa.rts a11d the officers under his command. ln the compilation of a 
new edition of the Coast Pilot for the waters in this vicinity the results of these resurveys will 
be of special value. 

On October 22, Lieutenant Elliott closed work, and proceeded under instructions with the 
Eagre to the New York Navy-Yard. 

At the outset of the season, Ensign ..L. S. Van Duzer and E. A. Anderson, U. S. N., were 
attached to the 1mrty. On July 127 Enstgn Anderson was detached and ordered to duty in ti.le 
Office; Ensign Van Duzer was detached August 10, and ordered to duty in the Bureau ofNaviga. 
tion, Navy Department. Ensigns L. U. Bertelotte, E. H. Durell, F. H. Brown, C. M. Stone, and 
T. Washington, CT. S. N., reported for" duty in .July and remained until the close of the work. 
Lieut. .A. L. Hall, U. S. N., reported for duty Auguat 21, and on October 12 was detached and 
ordered to command the Coast Survey steamer Endeavor. Pay yeomen A. R. Hasson and Irving 
King sernd as draftsmen and recorders. The general zeal and interest in the work displayed 
liy both officers and men gave great satisfaction to their commander. 

For the season the statistics are: 

Number of miles run in sounding . _ .......•..... _.. . . . . . . . . . . . . • • • . . . . . • . . 1,616 
Number of angles measured ...... _ .......... _ .... _ ........•.. _ ..........• 13,762 
Number of soundings .......... - . _ ... - ................... - ... - ....... - - - _ 40,1)63 

Duty assigned to Lieutenant Elliott in January and March, 1890, is rnferred to under headings 
in Section II. 

Continuation of the offshore hydrography soutli of Nantucket Mid Martha's Vineyard.-Upon 
returning from a successful season's work on the coast of Florida towards the end of May, 1889, 
Lieut. J. F. Moser, U. S. N., Assistant Coast and Geodetic Survey, commanding the steamer Bache, 
was instructed t0 put the vessel in condition and make all needed preparations for th.e res11mption, 
at the earliest date practicable, of the coast and offshore hydrography to the southward of Nan­
tucket and Martha's Vineyard. This was an extension of the work begun by Lieutenant Moser in 
the summer of 1887 at Point Judith, aml carried to the eastward during the summer of 1888. 

The projectiou upon which work was begun early iu July, 1889, extended from No Mau's Laud 
to Sankaty Head. Scale 1-40000. \York was also prosecuted as opportunity served, on a i)rojec­
tion, scale, 1-20000, covering an area on the south coast of Nantucket from Surfside lite-saving 
station to the westward. The system of lines adopted for tne ,devAlopment of the hydrography 
was similar to that of preceding seasons, viz, lines normal to the coast ew1ry half mile for a dis­
tance of 6 or 7 miles, and thence normals every mile to the limit of work to sea.ward. This system 
is then crossed by lines half a mile apa.rt for a distance of 6 or 7 miles from the shore, and thence 
seaward the cross lines are gradually c;pread, until at the sea.ward limit, where they are l~ miles 
apart. The boat system connecting the shore line with the ship varies as the formation demands. 
Where the shore line was bold, a simple system of connecting traverses was deemed sufficient~ but 
in the vicinity of shoals and inlets a more thorough development was aimed at. 

Lieutenant Moser reports that the season was .au exceptionally unfavorable one, and that the 
most unremitting effort to complete the work was <>f no avail under the adverse conditions that pre. 
va.iled. The weather was decidedly rainy, and when it did not rain it either blew a. gale of wind 
or tlib atmosphere was thick with fog or haze. Day after day the Baclie steamed outside without 
getting a cast of the lead. It wa.'I found impossible to do offshore ship work successfully where 
the signals could not be seen at least 8 miles. 

The work was at a long distance from port, ,about 35 mUes from any shelter, and sueh a. harbor 
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a.a could be made was either tllrough Muskeget Channel, or between Old Man and Bass Rip Shoals, 
neither of which could be used at night, and both are treacherous and dangerous even to those 
acquainted with the locality. Another drawback to progress this season was that a system of sig­
nals had to be maintained over a coast line of 40 miles, and the frequent wrecking of these signals 
by gales of wind caused the party great inconvenience. 

Lieutenant Moser observes that this part of the coast is clear of all commerce. No vessels 
engaged in the carrying trade are ever found between No Man's Land and Nantucket Shoals, unless 
off their course. All of the coast tra.de passes inside and through the sounds, and the ocean track 
lies well outside. During the summer months many fishermen will be found between No Ma.n's 
Land and Muskeget, and some fow a short distance to the eastward, the sailing craft being generally 
engaged in swordfishing, and the steamers in seining menhaden. At one time, twenty-one men­
haden steamers were counted in sight south of 1\fartha'ti Vineyard. 

With regard to the currents, Lieutenant Moser states that they vary greatly in force and direc­
tion, and that a thorough investigation of them is much to be desired. Ile calls attention to the 
immense number of Physalia atl,a,ntica (Portuguese men-of-war) which during the summer, in fine 
weather, fairly covered the loca.lities of his surveys, aml which, since they come to life a.ml mature 
in tropical seas, must IJe carried northward by the Gulf Stream, but then the questiou constantly 
presented itself, how they reacheil the waters off the south coa.stsof Nautncketaml .Martha's Vine­
yar(l. The Gulf Stream at Hatteras t.rends to the eastward, and more to the eastwanl as a higher 
latitude is reached, and then the prevailing winds in summer are from .the south west. 

Lieutenant Moser renews the recommendations made IJy him last year for the establishment of 
a sea buoy at Muskeget Ohannel and the construction of a first-or<ler light-house on No Man's 
Land. His experience and observation during the season confirme(l to bis mind the correctness of 
these suggestions. While the comparatively safe inside part of Muskeget Channel is buoyed, the 
dangerous bar has been left unmarked. Ile maintained with difficulty a barrel buoy there all sum­
mer, and captains of fishing steamers would come to him for directions to enter. As many as thirty 
fishing vessels, steamers and sail craft, were seen within 6 miles of the shoals at one time. 

With regard to No Man's Laud he observes that a seacoast light there would be 5~ miles farther 
seaward than Gay Head, and that at this latter point a third or fourth order light, as a guide to 
the entrance to the Sound, would serve all necessary requirements. 

In addition to the regular work of the party an examination was made off Cape Poge, which 
resulted in the location and development of a rock with but 4 feet of water upon it, 1,000 yards 
southeast three quarters south from Cape Poge Light: Ueference is made to this rock in Notice to 
Mariners for August, 1889 (No. 119). 

Au 8-foot uncharted bovdder having been reported to the southwtist of Nobska Point, Lieu­
tenant Moser made search in the locality and found one 8-foot bowlder and two of less depth, but 
according to his informant, Mr. Gifford, the one reported was farther offsl10re. i\ thorough search 
was then made by sounding and dragging during two days Oll all of the ranges given, and half a 
·day was spent, with Mr. Gifford in the boat, without finding anything. A 1.5-fathom ledge known 
as Cox Ledge, supposed to lie a bont 15 miles south west. of No Man's Land, and which the lines of 
soundings run the preceding season did not indicate, was again lookerl for without success. 

To obtain a plane of reference for the soundings, a tide gauge was established at No l\fan'$ 
Land, and referred to a well-known bench-mark on a rock near by. The height of this bench-mark 
above the plane of mean low water, as furnished by the Office, was uscfl to determine the constant 
for the correction of the tide-gauge readings. Special care having been taken to secure this gauge 
in position it remained 1mdisturbed duting the entire season, notwithstanding the many violent 
gales. Tide gauges were located also at Wood's Iloll and Uncatena Island. 

The following-named officers were attached to the Bache: Ensigns H. A. Bispham, R. D. Tis­
dale, S. M. Strite, L. C. Bertolette, and W. S. Cloke, U. S. N.; Passed Assistant Surgeon J. 1\1. 
Steele, U. S. N., and Passed Assistant Engineer E. H. Scribner, U. S. N. 

Messrs. George R. Jones and J. L. Di.mu served as recorders. Ensign Bispham, under Lieutenant 
Moser's direction, had charge of the tide gauges and gave careful attention to the observations. 
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For the season, which ended October 31, the statistics are: 
Hydrography: 

Area sounded in square geographical miles . . . . . . . . . . . . . . • • • . . • . . . . . . . . 500 
Number of miles (geographical) run while sounding .................... 1,015 
Number of angles measured ........................•..••.•........... 3,929 
Number of soundings ................................................. 14,662 
Number of tidal stations established . . .• • . . . . . . . . . . . . . • . . . . . . . • . . . . . . 3 
Number of specimens of bottom preserved . . . . . . . . • . . . • • • . . . . • . . . . . . . . 15 

Descriptive reports giving full details relating to the work have been filed in the .Archives. 
Towards the end of December, Lieutenant Moser was instructed to resume his hydrographio 

-work on the west coast of Florida from the limits of his surveys of the preceding season. Report 
cf this service will be found under a heading in Section VI. 

Completion of the topographical resurvey of Wood's Holl and vicinity.-Under instructions dated 
towards the end of .June, 1889, Assistant W. I. Vinal was directed to resume his topographical 
resurve:}'S in Wood's Holl and vicinity from the limits of his work of the previous season. Arriv­
ing at the locality July 5, Mr. Vinal immediately organized his party, put up the necessary signals, 
and began field operations. 

The characteristic features of the area under resurvey in Wood's Holl and vicinity, and on 
the islands of Nonamesset., Naushon, and Uncatena, were village and county detail; cultivated, 
cpen, and densely wooded land; underbrush, salt and fresh marsh; wooded swamps and cran· 
berry bogs; rocky shore line; contours, bluffs, and escarpments. Scale of resurvey 1-5000, con· 
toured to every 10 feet of elevation, and showing terminal 5-foet curves. 

Tracings of shore line and positions of objects on sllore were furnished to Lieut. J. F. Moser, 
U.S. N., .A.ssistant Ooast and Geodetic Survey, in charge of the bydrographic party on the 
steamer Bache. 

Field operations were closed November 5. For the season the statistics are: 
Topography : 

Area surveyed in square statute miles •.•...... - ......•.... - ....... _ ... _ 5 
Length of general coast in statute miles ... _.............. . . . . . . . . . . . . . 6 
Length of shore line of creeks and ditches, of ponds and marsh line, in 

statute miles...................................................... 7 
Length of roads in statute miles ........... ; .....••••• - . . . . . . . . . . . . • . . . 17 

For a. short time after leaving the field, Mr. Vinal was engaged iu office work, and towards 
the end of Nornmber was instructed to report for duty on the Gulf coast. 

Toyograph ical re.mrvey of the Elizabeth Islands, between Buzzard's Bay and Vineyard Sound, and 
of the Woepccket Isla1ids, Buzzard's Bay.-The topographical resurveys assigned to the charge of 
Snbassistaut E. L. Taney by instructions dated May 30, 1889, included a resurvey of the Elizabeth 
Islands off the coast of 1\fassachusetts to a junction with the work of .Assistant Vinal, near 
Wood's Holl, and a resurvey of the three small islands oftbe Woepecket group in the southeastern 
part of Buzzard's Bay. 

Reference was made in the last Annual Ueport to the beginning of this work on Cuttyhunk 
Island, .June 8. The resurvey of this island was made on a scale of 1-5000 (12.67 inches to the 
statute mile), and contour lines were run for every 10 feet of elevation. The islands of Penikese, 
Nashaweua, and I•asque, were resurveyed on a scale of 1-10000, and the shore line of Naushon 
Island delineated from the west end to the limits of Mr. Vinal'1:1 survey. Naushon Island is 
thickly wooded, and time was not available for a detailed survey of the interior. This, Mr. Taney 
recommends, should be done in the early spring before the trees and undergrowth are in leaf. 

Much difficulty was experienced owing to the prernlo.·nce of fog during June antl July, and 
from many sernre storms of long duration during the rest of the season, Since not more than 
one station point could be recoverell or any one of the islands, a plane-table triangulation was 
found necessary to ftlrnish enough points to complete the work. 
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Field operations were closed November 9. For the season the statistics are reported as 
follows: 

Topography : 

N uml.Jer of miles of shore line run.................. . . . . . . • . . .. • • . . . . .. . 49 
Area (approximate) surveyed in square miles ................. ,.......... 5 

Establishment <>f a 1iaval trial course by laying out a 1neasured sea-mile in the Eastern 
Passage, Narragan.~ett Bay.-An abstract of the report of Lieut. J. E. Pillsbury, U. S. N., 
Assistant Coast and Geodetic Survey, commanding the steamer Blake, who was detailed for the 
duty of laying out n naval trial course in Narragansett Bay, in July, 1889, will be found under the 
heading of " Special Operations," towards the close of Part I, of this volume. 

The statistics of this service, which was finished August 12, are as follows: 

Beach measurement, length of, in miles_ . . . . • . . • • . • . . . . . . . . . . . . . • . . . . . • . . . . . . 1 
Number of signal poles erected for triangulation .... , . . . . . . . . . . . . . . . . . . . . • . . • . 9 
Number of stations oceupied for measuring horizontal angles •.....•.•••••.••.•. l:i 
Number of miles (geographical) run while sounding........................... 9 
Num bef of angles measured (sextant) ........................................ 70 
Number of soundings ................•...•...........•...................... 100 
Number of current stations occupied ........•.........•• , . . • • • . . . . . . . . . . . . . . . 4 
Number of hours employetl iu observing currents .............................. 332 

In October, Lieutenant Pillsbury was instructed to prepare the Blake for the next season's 
work in the Gulf Stream, and in December took command of the steamer, and, accompanied by 
Lieut. Charles E. Vreeland, U.S. N., as second in command, proceeded to Hampton Roads, on 
the way to Key West. 

On December 12 he was relieved in command of the Blake by Lieutenant Vreeland, and 
instructed to continue the preparation of bis general report on Gulf Stream exploration. 

SECTION II. 

CONNECTICl:T, NEW YORK, :NEW JERSEY, PENNSYLVANIA, AND DELAWARE, INCLUDING COAST 
BAYS, AND RIVERS. (SKETCHES ~os. 1,4,5,19,and20.) 

Establishment of a trial course o.ff' the coasts of Block Island and Loitg Island for the speed tests of 
the new naval war vessel Philadelphia.-Under the heading of Special Operations, towards the close 
of Part; II of this volume, is given an abstract of the report of Lieut. Charles E. Vreeland, 
U. S. N., Assistant Coast and Geodetic Survey, commanding the steamer Blake, to whom, in 
compliance with a request of the Secretary of the Navy, and with the approval of the Secretary 
of the Treasury, was 'assigned the duty of laying off a trial course for the speed tests of the new 
armored cruiser, Philadelphia. 

Projections covering the locality finally selected, off the south coasts of Block Island and 
Long Island, were furnished to Lieutenant Vreeland, and by the aid of these, upon which were 
plotted the points of triangulation already determined on those coasts, he was Einabled to locate 
accurately the needed range marks. For details, see the abstract of bis report. The Blake was 
occupied in this service between May 17 and June 10, 1890. 

Duty in the exploration of the Gulf Stream executed by Lieutenant Vreeland duriug the 
winter of 1889-'90, is referred to under a heading in Section VI. 

Observations in pft,ysiaal hydrograpky on Long Island Sound in connection icit!i the surre.11 of the 
U.S. Fish Commission in those 1oaters.-An opportunity having been afforded hy tllc crnise of the 
U. S. Fish Commission steamer Fisk Hawk, in Long Island Sound and adjacent wi1ters, in the 
season of 1890, for prosecuting certain important investigations in physical hydrograplly, Mr. E. 
E. Haskell, expert observer, Coast and Geodetic Survey, was directed to report in person to Mr. 
Richard Rathbun, in charge of the scientific imestigations of the Commission, who would assign 
him quarters on the l!i&h Hawk, Lieut. Robert Platt, U.S. N., oommanding. Boats and crews with 
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a number of observers were to be furnished from the steamer when required for the observations. 
Tllese were to consist of: 

(1) Tide observations at tbree points on the shores of tile Sound, preferably at Willets Point, 
at ~ew llaveu, and at or near New London, the tidal record to be obtained by means of automatic 
gauges. 

('.!) Obserrntions of currents, to be made on each of the dumping grounds off the coast of 
Connecticut, and at such grounds located on the Long Island shore. Densities and temperatures 
were to be uote<l at the s;1me time and specimens of the bottom to he preserved. 

(3) Gaugings of discharge: For this puqlOse transverse sections were to be occupied with as 
many stations for simultaueous observations as the number of current meters wonld allow at both 
ends of the SoumJ, one east of the mouth of the Connecticut River, and the other in the 
vicinity of ]\Iatinicock Point. 

(4) CnrrPnt observations along; the axis of the Sound for the m;e of mariners; tlle stations to 
be hwate<l aloug- the axial line at distances apart of >tbout ten miles, and to lie occupied for one ebb 
and oue 1.lootl. Densities and temperatures to be noted in connection therewith . 

. l\Ir. Haskell joined the Fii;!i Jlwrk: at St. George, Staten Island, New York, on June 6, and 
irnmerliat(~Jy began preparations for the tidal and current work. The current meters to be employed 
were ratel1 in Factory Pond, Staten Island, and by permission of Col. \V. R. King, U.S. Engineers, 
a title·gauge uf the Uoast and Geodetic Survey pattern was set up at "'\Villets Point, East River, 
to replace the old gauge, wl.Jich worke1l poorly. 

Ou .Jum~ 1:3, the Fish Hmrk arrived at ::N"ew Ha-ven, Conn.1 and a tide-gauge was established on 
a wharf at Fin:1 l\11le Poiut. At New London, where the steamer arrived on the 18th, no very 
satisfactory site for an automatic title-gauge could be found; one was finally selected, however, on 
the wllarf of the Pequot House. 

li'rom tlie 18th of June till the end of the fiscal year the time was occ11pied in obtaining supplies 
needed for fitting ont current meters. These arrived on the 27th instant, aml on June .30, 1890, 
the steamer was at Saybrook Point, Connecticut, waiting for weather that woulrl permit observa­
tions. 

A foll abstract of work accomplished during the season will appear in the next Annual Re­
port. 

Shore·line and hydr ograpMc re.mri~eys of Shinnecock and Quantuck Bays, south coast of Long 
Island.-In continuation of the resurveys of shore-line and h;ydrogmpliy on the south coast of Long 
Island, Assistant C. T. Iardella organized his party nnder instructions tla.te<l towards the end of 
Jnue, 1889, and early in July began topographical work from the limits of his resurveys of the 
premi ding season at the east end of Moriches Bay. 

The triangulation signals which had been erected during the summer of 1888 bad all been 
destroyed hy heavy gales of wind, and in one instance a signal (Point Inlet) which stood on a high 
sand hill bad been entirely washed away. Some delay was caused, therefore, at the outset until the 
signals needful could he put up again. This having been done, a connection was made with the 
plane table survey of 1888, at the east end of Moriches Bay, and work carried on to Quantuck Bay 
through tlte canal which was cllt some years ago between these two bays. 

Quantnck Ba;y is about 2,200 metres (7,218 feet) long, and 1,300 metres (4,265 feet) wide, with 
an average cfopth of water of 8 feet. After finishing the shore line resurvey of Qua.ntnck Bay, that 
of Shinnecoek Bay wa.s taken up, and also the resurvey oftbe outer beach line to the end of the 
bay, a distance of 12 miles. 

Shinnecock Bay is 10 miles in length, and from 1to3 miles in width. At the time of Mr. fardella's 
resurvey, its oul.Y outlet to the ocean was Fire Island Inlet, 45 miles distant. Old Inlet, abreast 
of Atlantim·ille, and thrt>e other iuh•tfi were closed by a heavy southeast storm during the month 
of l\fay, 188(). The canal lwt""een l\·couic and Shinnecock Bays, for opening which an appropriation 
was made hy the State or New York, has not proved to be a snccess, being almost closed in some -
places hy tlw falling hack of .;;and into it from the undermining of the banks by the tlow of the tide. 
One effect of the closing of tile ocean inlets has been to les?ten t!rn depth of the main channel in the 
bay. But 10 feet can. now be carried from the canal for the whole length of tbe bay. 
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Field operations were closed October 14. For the season, the statistics of the resurvey, which 
was executed on a scale of 1-10000, are as follows: 

Topography: 

Area surve.yed in square statnte miles ....................... _.. • . . . . . . . . . . 12 
Length of general coast line in statut~ miles ........••......•..•.......... 12 
Length of shore line of bay in statute miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 
Length of shore line ·or creeks and ponds in statute miles......... . . . . . . . . . 9 
Length of roads in statute miles................ . . . . . . . . . . • • . • • . . . . . . . . . . 9 

After leaving the fiel<l Mr. Iardellri reported for duty to the Office, and was there occupied in 
inking his topographical sheets until early in December, "·hen he was ordered to join the party of 
Assistant Stehman Forney, on the western coast of Florida. Reference to this dut:y will be found 
under a heading in Section VII. 

Upon his return from Florida, Mr. Iardella reported for duty at the Office, and l>etween 
March 21 and May 14 was engaged in in king hi8 topographical sheets. 

On May 15, he left Washington under inHtructions to resume his resurYe,\· s on the south 
coast of Long Island, from the limits of his work of the preceding season, carr yiog them to the 
eastward, and taking up as soon as practicable the hydrography of the interior waters on the 
south shore. 

After replacing four signals which had been blown down by the winter gales, he began topo­
graphical work May 21 at Indian H,cservation, and continued it to South Hampton, reaching that 
point June 23. He then took up the hydrography, and was prosecuting that at the close of the 
fiscal year. Up to June 30, 1890, the statistics are: 

Topograpby-

N nmber of miles of shore line surveyed ......••.•••..•....•••............ 12 
Number of miles of roads surveyed....................................... 3 
Number of miles of creeks aIHl ponds suneyed . . . . . . . . . . . • . . . . . . . . . . . . . . . 4 
Area surveyed in square statute miles (approximate) . . . . . . . . • . . . . . . . . . • • • . 6 

Hydrography-
Number of miles of sounding lines run .......•.•.....• - ............ ,. • . 25 
Number of angles measured........ . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 97 
Number of soundings ................................................. 2~555 

Shore-line e.va1nination for the detenninatio1i of ahange.~ in and additions to New rork City 
front, between West Sixty-setienth sti-eet, Burlson River aiul Rlackmell'.~ Island., Bast Rit• er, inclurling 
also the .~hore lines on the New Jeney and Brooklyit sides of the Ji.arbor, and a shore line examination 
of the Raritan River from Tottetwille, N. Y. 1 to Neio Brunswick, N. ,J.-For the purpose of noting 
all the changes in and additions to the wharf fronts of New York Bay and Harbor that had 
occurred since the survey of 1885, Mr. Homer P. Ritter, expert in physical hydrography, was 
temporarily detached from office duty under the direction of Assistant l\farindin, and under 
instructions dated NoV"ember 11, 1889, was ordered to proceed to New York City and make a 
thorough examination of the shore line from \Vest Sixty-seventh street on the North River round 
by the Battery to Blackwell's Island, East River, including also the shore lines on the New 
.Jersey and Brooklyn sides of the harbor. That done, he was further instructed to make a similar 
examination of the Raritan River. 

With the aid of a steam launch, bo:tt's crew and instruments, fu:mished by Lieut. ""· I'. 
Elliott, U.S. N., Assistant Coast and Geodetic Survey, commanding the schooner Eagrc, iu com­
pliance with a request from Lieut. Commander C. M. Tho1rnu1, HJ-drographic Inspector, :\lr. I~itter 
made a tour of the harbor front, comparing successively each portion of it with its representation 
on the chart No. 369-4, which was based upon the survey of 188.5. Any change pcrcehed was at 
once noted on the chart; measurements were taken and information in reganl to it obtained, the 
data being entered also in a record book kop~ for the purpose. The correcte<l shore line was sub­
sequently compared with tb.e shore-line surveys of the New York Dock Commissio11, and with 
those of the Riparian Commission of New Jersey, permission to inspect the maps of these sur· 
veys having been kindly given. 
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:Mr. Ritter states that his minute and rigid inspection of the shore lineR showed that all the 
changes observed were due to alterations occurring since the survey of 1885 was made. These 
alterations, on tile New York City front, were brought about mostly by the rebuilding of old 
piers, arnl by the gradual extension of all to au uniform pier line; and with regard to their effect 
on the physical status of the harbor he remarks that if a considerable·portion of the resen·oir 
capacity of the river has been encroached upon, this hi balanced by the frequent dredgings which 
deepen the slips. • 

On the New Jersey shore the changes made are of a similar character and the same statement 
applies. The changes ill the East River at the .Brooklyn side were found not to have greatly 
altered the shore from a physical point of -view, excepting; perhaps, where there has been a 
reduction iu width in the vicinity of Blackwell's Island. But the important part which the East 
River plays in the regimen of New York Harbor, as pointed out so frequently by Henry Miwhell, 
for many years Chief of Physical Hydrography in the Survey, is now well known to both' State 
anu National authorities, and it is therefore quite improb~ble that any serious encroachment in 
the volume-carrying capacity of the stream would be permitted. 

After the completion of the New York work a shore line ex:amination was made of' the Raritan 
Ri\'er from Tottenville, N. Y., to New Brnnswick, N. J. Charts embodying the changes noted 
on this river and on New York Bay and Harbor were forwarded to the Office. 

Mr. Ritter returned to 'Vasbington December 7. He acknowledges his obligation for courtesies 
extended and aid afforded by the Hydrographic Inspector and by Lieutenant Elliott; alsQ for 
facilities afforded by Mr. \Valter G-. Berg, principal assistant engineer of the Lehigh Valley 
Railroad Company. Permission to inspect the maps of their respective surveys was freely accorded 
by Lient.-Ool. W. McFarland, U. S. Engineer in charge of improvements in New York Harbor, 
and by Capt. Geo. McO. Derby, U.S. Engineers, in charge of the Raritltn I~ivcr improvements. 

During the remaincler of the winter .\Ir. Ritter was engaged in duty at the Office, and at the 
end of February was detached aIHl ordered to join the party of Subassistant Welker on Pensacola. 
Bay. 

Hydrographie s1tr1Jey of the Wallabout Channel, New York Harbor.-In compliance with a 
request 1rn1dc by the Secretar~· of the Navy aml by direction of tlle Secretary of the Treasury, 
instructions were given in January, 1890, to foeut. Wm. P. Elliott, U. S. N., Assistant Coast and 
Geodetic Survey, commanding the schooner Etigre, to make a resur\'ey of the Walla.bout Channel 
at the Navy Yard, East River, New York, in order to show what changes had taken place since 
the last survey, which was made in 1885; also what changes, if any, in the shoal near the southern 
entrance to the cllannel which was developed in 1889. 

For this purpose Lieutenant Elliott was furnished with a projection, scale 1-2500, including 
the area of the desired resur\'ey, and he was directed to fill in the hydrography of the entire 
chanuel, and also that of the approaches to both entrances. 

The work was taken up immediately after the receipt of instructions; a. tide gange was set up 
ou the Uob Dock and continuom1 tidal observations maintained during one lunation, the zero of 
gauge beillg referred to a bench mark on the upper siirface of the stone coping of the dry dock. 
The ends of' each line of soundings run were located on the sea walls and dock walls of the Navy 
Yard, and having two observers on shore, the leadsman ia. the bow of the boat was ftx:ed in position 
twice on each short line b,y simultaneous cross cuts at the dropping of a signal flag in the boat. 
Outside of the Cob Dock and Ordnance Dock the lines were generally run with one observer in 
the bow of the boati who had a signal flag dropped at the instant of takiug the a.ugle, and was 
fixed iu positi-0n by an observer ou shore from a point as nearly as possible norma.l to the coume 
of the boat. 

A de>elopment of the shoal outside of the receiving ship Vermont at the western entrance to 
the Wallabont Channel was carefully made, and in addition to the lines plotted, many soundings 
were taken about the shoalest spot found. The least depth found by Lieuteuant Paine in Feb. 
rnary, 1889, was 17 feet, but there is now a shoal spot havrng from 14-:{o to 14-/0 feet upon it. This 
spot is evidently shoaling, and the shape of the sb.oal was observed to have ohanged somewha.t, 
being a. little longer to the northward. 
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A systematic scheme of dredging is much to be desired, and it is understood that the present 
policy of the commandant is to formulate such a scheme from this resurvey. 

Lieutenant Elliott reported the completion of the work February 12, and transmitted his 
hydrographic sheet and records to the Office. His descriptlve report is filed in the .Archives. He 
acknowledges the very acceptable service rendered by Ensign E. A. Anderson, U.S. N., who was 
temporarily detached from office duty to aid in the sur\ey. Draftsman A. H .. Hasson and 
Recorder W. S. Crosby, serving as pay yeomen on the Eagre, rendered efficient service as obserrnrs 
and recorders. 

Hydrograpkic survey of the approaches to Ellis Island, New York Harbor.-Lieutenant William 
P. Elliott, U. S. N., Assistant Ooast and Geodetic Survey, commanding the schooner Bagre, 
who was instructed in April, 1890, to make a hydrographic examination of the approaches to Ellis 
Island, New York Harbor, for the use of the Commissioners of Immigration, has reported that 
there is no practicable approach to the island except by the channel leading in on a range from 
South Brooklyn to the wharf facing southwest, and which has always been used for the handling 
of ammunition. Other wharves and bulkheads are inaccessible to any but small boat.s, and no 
channel can be made to them. 

Lieutenant Elliott has transmitted to the Office with his report a tracing showing the 
corrected soundings in the channel leading to this principal wharf. Re observes that ii. has been 
dredged from time to time, latterly about 4 years ago, to a depth of 10! fo.et, and for a widt!i of 
from 50 to 100 feet off the wharf, but it has now filled in considerably. It is contemplated to 
build a wharf 1,200 feet long, with a necessary turn of 30 to 45 degrees, so that boats for the 
transfer of immigrants can land at all tides and weathers, protection being gained against either 
northerly or southerly gales by using one or the other sides. 

Lieutenant Elliott obtained much information respecting titles, currents, and depths from 
Quarterman Cook, who bas liveu at the magazine for 25 years. The northeru and western 
approaches to the island are not capable of improvement, as ledges and bowlders are numerous. 

In severe northerly gales, when the water is blown out of the bay, the bottom has been ,-isible 
for almost the entire distance to the wharves on the north, and from southwest of the dre<lged 
channel to Bedloe's Island. 

Tidal reductions were ma{le from a gauge located at Governor's Island, where a plane of 
reference is marked. The tidal currents are not of great strengtll in the immediate vicinity of the 
wharf, but the projected wharf will reach out to a considerable el>b current in tlJe ship channel. 
A part of the fiooll current comes up inside Bellloe's Island, ointl sweeps to the eastward on the 
line of the proposed wharf, antl th is current, Lieutenant Elliott thinks, bas some sconriug effect, 
obliterating and lessening the dretlged channel. 

The zeal and ability of Ensign E. A. Anderson, U. S. N., who was detailed to assist 
Lieutenant Elliott in this survey, are acknowledged in the report. 

Tidal observations conUnued with automatic tide gange at Sandy Hook, Xew .Jersey.-At the 
a.ntomatic tidal station, Sandy Hook, New Jersey, the record was kept continuously throngliout 
the year, Mr. David E. Snead having maintained it until Jannary 31, 1890, when he was relitffed 
by Mr. J. G. Spaulding. 

The observer determined from time to time the relation of zero of tide-staff to the several 
bench-marks in the vicinity by running lines of level, so as to detect any cbauge of the series in 
altitude. 

Recovery and marking of a station of the primary triangulation in Pennsylvania.-It having 
been reported to the office that the tripod and observing scaffold which bad been erected to mark 
the primary triangulation station "Governor Dick" in Lebanon County, Pennsylvania, lia!l been 
removed and that there was danger of the station being lost, Assistant Stehman Forney was 
directed in July, 1889, to proceed to the station and take such measures as might be necessary for 
its preservation. 

Upon his arrival he found that the underground station mark w?ts undisturbed, but was 
unable to find any traces of the surface reference-stones placed in position by Prof. Mansfield 
Merriman, Acting .Assistant, in 1883. The tripod and scaffold had also disappeared, at11l an 
observing tower was in course of construction over the site of the station by Mr. Robert Coicma.n. 

B. Ex.80-3 
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Upon examination, Mr. Forney fonnd that the center of t,he base of this observing tower was 
placed precisely over the center of the station, and, as the roof would soon be in place, he decided 
to make it available for the support of a pole to be plumbed over the station point, and to mark 
this point above the surface by a new stone pier. The pier was set carefully iu position, its center 
being brought vertically o-rnr the station point. The pole, secured to the apex of the roof, was 2! 
inches in diameter and over 3 feet long. 

Mr. Forney states that the observing tower vibrates to{} much to be used as a station from 
which to measure angles with a theodolite, since every movement on the platform at the top would 
disturb the adjustments of the instrument. 

On July 2() ho returned to Washington and resumed <luty at the office. Towards the end of 
N o;·ember he was instructed to organize a party for the survey of Perdido Bay, Florida. .Reference 
to this sen·ice will be made under a heading in Section VII. 

Detcrminatio11 of the longit1tde of Altoona, Pennsylvama, by exchanges of telegraphic signal,s with 
Wa.~hington, D. C. Observatirnn for latitude at Altoona, and est<:iblishment of a nieridian line.-Iu 
compliance with a request of the Pennsylvania Railroad Company, received through Mr. Theo. N. 
El;v, General Superintendent of Motive Power, referring to the desirability of obtaining a deter­
mination of the latitnde and longitude of Altoona, and of the establishment there of a. meridian 
line, instructions were issued towards the end of May, lS!JO, fo Assistants C. H. Sinclair and R. 
.A. Marr, to make the necessary arrangements for executing this work. 

~lr. Sinclair having conducted the correspondence with Mr. Ely in regard to location of station, 
construction of instrument piers, etc., at Altoona, he was directed to occupy that station first, 
while Mr. Marr prepared for occupation the Coast and Geodetic Survey station in the grounds of 
the Naval Observatory. 

The stones for the transit pier and meridian mark at Altoona having been made ready and a 
location for the longitude station selected by Mr. Ely, Mr. Sinclair arrive(l in Altoona, May 22, 
aml put in place on a concrete foundation the sandstone pier for the transit instrument. 

'.rtte station is on grouncl belonging to the railroa(l comp<rny a.hove the small reservoir near 
the uew shops, and is about 1 mile nearly due north from the railroad depot. The transit pier is 
a siugle block 5 feet long, 34 inches wide, and 20 inches thick. The concrete bed was 16 inches 
thick and about 30 by 40 inches.in area.. For one-half of its length the surface of the pier was 
below ground, and rough cut; the other half was dressed smooth and had the top cut away to 
allow ample space for the transit-reversing apparatus. In the center of the top and marking the 
station point, as well as the south point of the meridian line, is set a copper bolt, with cross-lines 
cut upon it, the intersection of which defines the point of reference for latitude and longitude. 
Four hundred foot to the north of this point was set the stone marking the north end of the 
meridian line, having sunk in its top a copper bolt similarly marked. Full descriptions, with 
drawings of the transit pier and north meridian mark, are given in the records . 

.At Washington, D. C., the station occupied in the grounds of the Naval Observatory was to 
the west and south of the meridian circle. 

After some delay from cloudy and rainy weather, longitude signals were successfully exchanged 
between Mr. Sinclair at .Altoona and Mr. Marr at Washington, on the nights of the 28th, Wth, 
and 31st of May; the observers then changed stations, and in their second position the longitude 
work was finished by exchanges of telegraphic signals on the nights of J nne 3, 4, and 8 . 

.A determination of the latitude of the Altoona station was begun by Mr. Sinclair and completed 
by .Mr. Marr, twenty-two pairs of stars being observed on six nights. 

'rhe chief cost of this work was defrayed by the Pennsylvania Railroa.d Company. 
Other duty assigned to Messrs. Sinclair and Marr is reported under headings in SectioDB Ill, 

XV, XVI, and XVII. 
General recomiaimmce of parts of the coasts <>f Long Island and New Jersey with reference to 

the ckanges caused by recent storms.-Various and in some cases conflicting reports having been 
received at the Office of the _Survey respecting changes upon the coasts of New Jersey and Long 
Island produced by the severe storms o( the autumn of 1889, Assistant Charles M. Bache was 
instructed early in November of that year to make a rapid reconnaissance of the .New Jersey coatt 
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'to ascel'tain the effects of these storms, and in December he received similar instructions with 
reference to Coney Island and Rockaway Beaches on the coast of Long Island. 

r,eaving Phila(lelphia. November 5, 1\Ir. Bache carrie(l his reconnaissance from Cape May to 
Sandy Hook, a distance of 130 miles, the coast for this entire distance conosisting of i:;aml 
beaches, covered more or less by sand dunes backed by either interior waters or salt marshes, 
with the exception of about 20 miles where the mainland reaches directl,y to the i-ea. 

l\fuch information bearing upon the subject was obtained from the superintendent of the Life­
Sa\·ing Stations and from the keeper::; of Light-houses along the coast. "Where changetl ·were 
apparent, comparisons were made with the charts and measurements were taken to ascertain their 
extent. ]\fr. Bache gives full details in his repor.t respecting the relath·e gain or loss on the 
several beaches, and sa.\6 in conclusion that excepting damage to private property tbe l.Jeaches 
have been bnt little affected b.Y the storms. The one of SeptemlJer 10 w;is almost unprecedcntetl. 
No inlets, wortlly of the name, have broken through, and an of the old inlets that were close<l at 
the time of the storm remained closed. At the same time, l\Ir. Bache i\ays that the results of 
these exarhinations and of his ohsen'ation for some years while engaged in surr0rs upon tlle >ew 
Jersey coast lead him to coincide with the general belief that between the constant encroachments 
of the sea an<l the occasional gains of the shore the average effect u.pon the shore is a loss. 

Upon the completion of his examination of the New Jersey coast, Mr. Bache returned to 
Philadelphia, and early in December left for Coney Islan<l Beach, O\'er wlticlt he drove from end 
to euil, accompanied by a gentleman who had for some years been a resident there. Examinations 
confirmed the indications of constant wear upon the beach. Between the Life-Saving Station at 
the east end of the beach and the Oriental Hotel quite a cove had beeu formed close to the 
eastward of the hotel. West of the hotel, the beach had been wearing away for years, but the 
late storms had moved the high-water line back for 100 feet, forming quite a cm·e. Opposite the 
Brighton Hotel (which has been moved back 560 feet) the high-water mark has moved inland 120 
feet. At Ocean Parkway where it strikes the beac!J, the loss is about 70 feet; beyond this the 
beach begins to gain, the greatest gain being at foe two piers. At tl1e western pier the beach 
was found to ha Ye gained 90 feet from the effects of the storm, all<l during the past 4 years the 
gain has been. 200 yards. The 1'.emaimler of the beach to the westward, it was noted, had been 
either very little or not at all affected by the storm. 

Upon Rock<tway Beach the east eull was foun<l to he wearing awa.r ra.1tidl.r. From the east 
point to the head of Far Hockaway Bay the beach had lost about 150 feet. The Life-SaYing 
Station near the east end or the beach had been alJamloued. Opposite Life-Saving Station 
Rocka.way, the beach had lmst 30 feet. There had lJeen i10 change at the pier, and little or nonf\ 

. from the west point which was found to be making slowl.r. • 
A channel had been dug, conncctiug .Jamaica Bay with the head of Far Rockaway Bay. 
Mr. Bache has transmitted with the reports of his examiuations charts of the coast upon which 

he has marked the localities and extent of changes observed. 
The duty here reported was the last field service performed by this faithful officer. Ila.ving 

been instructed to proceed to Washingtou for temporary duty at the Office ear]~· in February, Le 
was soon after ordered to service on the coast of Ualifornia, and while on bis way thither he ~vas 
prostrated by a paralytic attack which in the course of ten days ended his life. 

He died in Sau Francisco, April 10, 1890. During his oervice of u1)wards of 40 years ou both 
the Atlantic and Pacific coasts, he had become known as an actirn and coui-cientious otncer, held 
in high. esteem by his associates on the Surn\v, aml as a man truthful aud honora.bk in all tlte 
relations of private life. 

Oontfauation of geodetic operation.~ in the southu:estem part of the State of Xe1c ,lerscy. -f~i·odetic 
operations for the extension of the triangulation of t11e State of Xew Jersey were rPsttmed .July 1, 
1839, by Prof. E. A. Bowser, Acting Assistant, in accordance with instructions issued dariug Juue. 

The occupation of a station at Williamstown, Gloucester Uounty, and a 1·econnaissance for the 
extension of the triangulation to the westward of that point constituted the season's work. At 
Williamstown it became nooe.ssary to build an observing tripod and scaffold 64 feet high in order 
to see QVer the tall timber on the lines to stations Pine Hill and Colsons. In order that this 
structure should be strongly built aooording to the most approved plans, Assistant C. O. Boutelle 
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was directed to go to Williamstown and give Professor Bowser the benefit of his skill and 
experience in putting it up. This done Mr. Boutelle returned to Washington. 

Observations of horizontal angles were begun from the tripod July 29, observing signals 
ba-viug been erected at Pine Hill, Berlin, Hammonton, Newfield, and Oolsons. While the 
observations were in progress, a reconnaissance was made for determining a station to the 
westward, which would command a good view of the country to the north, the west, and the south. 
Signals of 90, 100, anrl 110 feet in height were put up at different points, and a station was finally 
select~(l at Taylors, a point about 17 miles west northwest from Williamstown. 

On August 12, a granite monument was set to mark the triangulation point. This monument 
is 4 feet long, dressed 6 inches square at the upper end for a length of 6 inches, and has the 
letters U.S. cut on each of its four sides, and a triangle on top. The monument is set in hydraulic 
cement to within 6 inches of the top. 

On September 16, the observations at \Villiamstown having been completed, fiekl operations 
were closed for the season. Professor Bowser has sent the records and results of his work to the 
Office. 

Revision ojtlte spec·ial survey of the Delaware River.-In accordance with instructions issued in 
June, 188H, and at the time (.July 1) at which the appropriation became available, Assistant R. 
Meade Bache resumed the work: of revising the special survey of the Delaware mver in order to 
obtain the data needed to correct to date the charts of the river. ¢ 

Between July 1 and August 31 Mr. Bache had found all of the extant stations desirable for 
the work immediately in hand, had supplemented them with others, and had revised the special 
survey from opposite the northern end of Smith's Island to below the mouth of the Schuylkill, 
making at the latter place a small desimllle addition to the topography. 

Late in the preceding autumn, as mentioned in the last annual report, the revision of 
topography had been completed from Bridesburg to the northern end of Smith's Island; hence on 
August 31, 1889, the whole of the topography of the Delaware from Bridesburg to below tlle 
mouth of t11e Schuylkill had been revised, the area described showing mauifold and important 
changes. 

As soon as possible after tlle cessation of the above work Mr. Bache placed in the field a 
small party for the continuation of the transit survey of the water front of the city, relating to 
the prospective radical changes in the harbor, and to the establishment of new port warden liuesi. 
This party consisted, including the operator, Mr. Nevillo B. Craig, of four persons, the city 
contributing the larger portion of Mr. Craig's pay. 

During 1 rnont!J. the transit party was occupied in supplementing the old local triangulation 
for the origiual survey of the Delaware, many poiuts of which had been lost, and the rest of the 
time was devoted to final field work. During the 2 months remaining. from about October 1 to 
November 30, the delineation of the water front of the city from Market street to Washington 
a\·en ue, 1,\ miles in an air line, was completed, antl, incidentally on the route, the street 
corners back of the water front were fixed by angles, so as to afford data sufficiently remote from 
local wharf-line changes to facilitate the establishment of the port warden's line. 

After the cessation of this field work at the time appointed, November 30, Mr. Craig was 
directed to continue the plptting of the survey on a scale of 1-1200. During the autumn, and 
until December 31, Mr. Bache, in addition to inking the sheets of his survey, indicated to his 
foreman such minor points on the river front as required examination. One important change, 
however, was discovered, that made by the U. S. Engineers in extending and raising in height 
their lately submerged jetty between Fisher's Point and Petty's lslaml. The amount of this 
change will be ascertained and incorporate<l in the map. 

As soon as the inking of his topographical sheets is completed they will be forwarded to the 
office so that a new edition of the chart of Philadelphia Uity Water Front may be issued at the 
earliest date practicable. 

The entire time during which the survey lasted was 83 days, of which 32,Z days were not 
available for work through the occurrence of bad weather and Sundays, making the whole time 
consumed in the field 50~ days. During this time thirty-six subsidiary triangulation points were 
determined between Market street and Greenwich Point, and along the water front opposite t.o 
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and on Petty's Island. By the transit work the line of the water front of the city, 3 miles in 
length, with an average depth of 1,100 feet, was connected with the debouehure of the streeti:; upon 
the water front. In this work were included the wlrnrves, all beginnings of streets, and the 
railroad tracks, with tbe addition of about eight hundred leYels. 

A survey of the district between Erie and Snsquchanna aYenue was hegun but soon 
discontinued, the lateness of the season making it uneconomical to prosecute it farther. 

By the end of the .fiscal year the maps representiug the transit work were finished, aud a 
duplicate of one of them for the use of the city was ready for delivery, the duplicate of the other 
requiring a few days additional time to complete it. Both of tlie originals will then be sent to the 
office. Tltese originals are on a scale of 1-1200, each oYer 8 feet in lengtli. 

l\Ir. Baclle had completed. at the end of tile fisc;il ;rear, the drawing and lettering of the three 
topographical sheets of tlic general survey. He obser\·es that tl::te ground needs inspection in a 
few phices to settle doubtful points of j1rnctiou between ue w and old conditions, b:tck of the shore 
line, after which the maps will be sent to the office. 

Hydrographic resurvey of tlw Philadelphia City Front and of the Delawai·c River from Smith's 
Island to Gloucester. Also of the approaches to the Schuylkill Ril:e1·.-The revision of L~·drography 
on tLe Philadelphia, City front from Bridesburg to League Islaud, of the hydrography of the 
Dela.ware River from the head of Smith's Island to Gloucester, and of the approaches to the 
Schuylkill River and the docks at the Navy-yard, was executed by Assistant Joseph 
Ilergesheimer, in tlle summer and autumn of 1889. 

Beginning work August 1, from the limits of the hydrograpby executed by Assistant R. M. 
Bache, in 1888, :Mr. Hergesheinrnr was occupied until the 18th in recovering and rema.rking points 
of the triangulation, establishing tide gauges and bencll-marks, aud in transferring the l'l'Yisell 
shore line to his projections preparatory to som1ding. Three days were then occupied in 
simultaneous tidal observations at Cooper's Point, Gloucester, and League Islanu, after which the 
h,rckograpltic resurvey of the docks from Bridesburg to Lel1gue Isla.ml wm;; taken up. This was 
finished September 16. Some delay then occrtrred, due partly to bad weather and partly to the 
nee1l of repairs to the working boat. On October 2 sounding was resumed, aud between that date 
and thti 22d the revision of hydrography on the Delaware mver, fror1 tile head of Smith's lsl:wd 
to Gloucester, with that of the approaches to the Schuylkill H.iver aml of the I.loch at tile Na,·y­
yard, was finishe~. 

Tim soundings were made with great care. Between Smith's Island and Gloucester tlw lines 
wern run on ranges at or near slack water. Permanent bench.marks were estahlisl1e:l at. ea~h of 
the three tidal stations, aml the gauges were connected by si mnltaneous obsen·a tions at low water. 
Details of the marking of the benches are.gfren by Mr. HergeslJeiwer in his report. 

During the last week in October some rocks in the Schuylkill River above Chestnut Street 
Bridge were examined and located. 

For the sea13011 the sta.tisties arc as follows: 
Ilydrography : 

Survey of the docks, Philadelphia City Front, Bridesbnrg to Navy-yard-
Length in miles of wharf line surveyed ... - .......... - . - . - ....... _ .. _ 38 
Number of soundings .......••..•....... _ - _ ... - .................... _ 2,188 

Delaware River and approaches to the Schuylkill Hiver-
Number of miles run in sounding .•... - _. . . . . .. - - . . . • • • • . . . . . . . . . . . . 35 
Number of angles measured._ ... - • . . . • • . . . . . . • • . • . • . . . • • . • . . . . . . . . . . 199 
Number of soundings ... - - .•....•• - ....... - ... - ..•. _ .. - _ - _. _ .. __ . _ _ 2,315 

Mr. George Hergesheimer served accept.ably as Aid in the party <luriug the season. Towards 
the middle of November A<1sistant Ilergesheimer was instructed to organize his party for the 
survey of the interior waters back of Cape Romano, west coast of Florida. A report of this 
service will be found under a heading in Section VI. 

Physical hydrography.-Observations of the movement and lodgment of ice in IJelaware River 
a1ul Bay, and of density and temperature of water at the DelalCare Breakwater.-In pursuance 
of instructions issued in October, 18891 .Assistant S. 0. Mccorkle made arrangements similar 
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to those of the previous years for observations during the winter of 1839-'90, of the move. 
ment and lodgment of ice in the Delaware Ri'ver and Bay, and of water densities and 
temperatures at the Delaware Breakwater. Through Commander John J. Read, U.S. N., Light­
House Inspector of the Fourth District, he obtained the services of the light-keepers on the river 
and bay as observers, and as in previous years Henry Winsor & Co., Agents of the Boston and 
PhilaLlelphia Steamship Line, Oapt. W. D. Gallagher, Superintendent of the .Philadelphia and 
Remling Steam Colliers, arnl the Superintendent of the Oity Ice Boats volunteered their aid antl 
co-operation. The observations at the Delaware Breakwater were made by the keeper of the East 
End Breakwater Light. 

Mr. 1lfo0'1T'kle reports that there was no ice in the river or bay during the winter that offered 
any obstruction to navigation. The ice boats were not needed, though ready for service. The 
keeper of Horseshoe Range Light S<tys, under da.te of ~larch 3, 18!.IO, "skim ice in cove ftrst time 
this winfor." At Schooner Ledge Light the first ice formed :March 7, very thin, but soon melted 
away. At New Cat:itlc Light tho keeper reported some ice on shore but none afioat. At Billings­
port Light the keeper reported "no ice found in the Delaware River near this station during tlie 
winter j11st passed." 

The lowest temperatures recordell during the winter were on March 7 and 8; on the morning 
of the 7th, at 7 o'clock, 10 degrees above zero (Fahrenheit) was recorded. In December, 1889, the 
lowest temperature noted was 32 degrees, and in January and February, 1890, the minima were 
21 and 22 degrees, respeeth-ely. 

l\lr. l\IcOorkle has transmitted to the Office a general report on the ice movement and lodg­
ment in Delaware Hiver antl Bay, covering the winter of 1878-'79, and the snccessive winters 
from 1883-'81 to 1888-'!}l), inclusi\·e. Also tabular statements and diagrams relating to tempera­
tures and <lensities of water observed at the Delaware Breakwater, with comparisons of mean 
temperatures and densities at this point and at Sandy Hook. 

The cliarge of tlie Suboffice at Philadelphia was continued with Mr. McCorkle during the 
year. A report of its operations will be found under a heading toward tlie close of Part II of this 
volume. 

SECTION III. 

MARYLAND, DISTRICT OF COLUMBIA, VIRGINIA, AND WESl' VIRGINIA, INCLUDING BAYS, SEAPORTS, 
AND RIVERS (SKETCHES Nos. 1, 5, 19, AND 20). 

Determinatian.s of gmrity at tke Smithsonian lnl'!titution, Washington, in connection with similar 
determination.~ to be made at stati01is on t!ie west coast of .Africa and on islands in the Atlantic­
Magnetic obscrMtion.~ at the Coast and Geodetic Run1ey Office.-While under orders to join the U.S. 
steamer Pensacola, aml accompany the Eclipse Expedition which she was to convey to the west 
coast of Africa, Assistant E. D. Preston was instructed in September, 1889, to prepare the pend ulurn 
and magnetic apparatus which he was to take with him, and to make a series of determinations 
of gravity at the Smithsonian Institution, and of the magnetic elements at the Coast and Geodetic 
Survey Office. 

Since t11e beginning of the fiscal year, Mr. Preston had been occupied in computations 
supplementing the work he had done for the Hawaiian Government in 1887, the computations 
relating to the length and center of mass of the pendulums used ; to star residuals; to a revision 
of tempcmture and pressure corrections, and to a re-reduction of the observations on the principle 
of the reyersible pendulum. 

Be made also au investigation and study of the measurement of the Peruvian A.re by Bonguer, 
the results of which were embodied in a report submitted to the Superintendent, which wa.s 
published as an appendix to the last aunual report with the title" Need of a Remeasurement of 
the Penwfan Arc." .A.u abstract of this paper was read by Mr. Preston before the American 
Association for the Advancement of Science at its meeting in Toronto, August, 1889. 

Upon taking up the work preparatory to that with the Eclipse Expedition, the Peirce 
Pendulums, Metre No. 2 and Yard No. 3 were swung at the station in the Smithsonian Institution, 
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an;d determinations of the magnetic elements made at the station iu the ground south of the 
Coast and Geo1letic Survey Office. These were made a>ailable for tlie anuual 3-da.y series at this 
station, the days of observation bei::g September 24, 25, and :26, 1ssg. 

Reference to Mr. Preston's observations while wifo tlie Eclipse Expeditiou and later until bis 
return to the United States will be fouml umler the beatling of Special 01wratious, and his report 
thereon appears as Appendix 1~ to this volume. 

Continuation of the detailed. ropographiwl surrey -0f the District of Columbia, under A.m'.sf,ants 
J. W. Donn, R. Wainwright, anrl JV. C. Hodftkins and Su/J-ri~"'istant J. A. Flemer.-Iu order to 
obtain data for a comparison of field work executed by two of the parties engaged in the detailed 
topographical survey of the District of Columbia, Assis taut John\\'. Donn was instructed t-0wards 
tbe end of J<~ebruary, 1890, to make a resurye3· of a small area of topography within a limit common 
ro the surw~ss of Assistant 'Nainwright and Sub-assistant Flerner iu the vicinity of Fort Stanton, 

Mr. Donn observes in his report that for tlw object8 of a critical rcsun·ey, one of the desirable 
poiu ts in which 'Was a comparison of grapLic determiuatiou8 of identical topographical details by 
several topographers working- umler different conditions, a more fayorablc selection of area as 
reginded ntriety and iutricac.r of features coultl iwt well have beeu cbo,-,1m. lt v.-as unquestiona ule, 
he thil\,ks, that tile ,.,,. mall differences ;;;\1(lWll i11 tlw po!:iitions uf ideutical objects were caused by 
differences in tlw proj 1•etionR due to Yiei,;~itndes of temperature aud to the inilncuce of moisture. 
His own projection wa:,; fresh from tlw oftice, and therefore more susceptible to atmospheric 
changes. Tl1ose used uy .Messrs. Waimnigl:Jt aud Flemer had beeu long in the field, exposed h> 
all yariations in tLe weather. Under such conditions, therefore, absolute ideutit:' of determinations 
oonld not be looke{l for, but the close correspondence of the resurvey with the original work 
afforded proof that faithful work had been done. 

This comparison of tleld work was completed duriug the third week in )Jareb, and a report with 
diagrams showing both topographical features and profiles was submitted to the l::'luperintendent. 
l\Ir. Donn then trunsforreu his party to the unfinished part of the District I.ring along the 
northwestern bouudar:y, beginniug the work at tile junction of the Broad Brauch and Chappell 
roads. The survey had been carried to this point in March, 1877, and closed there iu order that, 
at the request of the Engiueer Commissioner of the District, tlie work adjacent to tbe eastern 
branch of the Potomac might be ad>anced. 

The original plane-table sheets had uudergone so much handling during the interval that their 
surfaces had bellome softened and in parts broken and distorted; it was deemed ath"isable, 
therefore, to call for new projections, and these were furnished by the -0filce. 

Many of the bench marks established during the progress of the sur.,ey in the western sedion, 
or the country lying between Tenuallyrown and the north corner of the District, baving dj,sappeared, 
it became necessary for tbe accuracy as well as the convenience of the work to connect with such 
permanent benches as were within moderate distances. As soon as the rapidly adYaucing foliage 
rendered a continuation of operations in wooded areal! uneconomica1, open areas only were sun·eyed. 
Where farm roads passed through a body of ·woods, traverse lines were run and contours carried 
a.cross and ro the right and left as far as it was practicable to use the instruments efleeti\·eJ.,·. In 
this manner the sur\'ey was advanced witlt cousi derable rapidity, and the area of untinis!Jed 
country largely reduced. 

All work that it was possible to do in the field profitably had 'been com11Ieted when further 
operations were discontinued for the season on June 10. Opportunity was taken duri11g tht• next 
10 days to have prepared and carefully established in position granite blocks of the usual size aud 
form as permanent bench marks. These were located at points which Mr. Donn designaU'd with 
reference to their future utility and convenience as data of reference for the authorities of tlie 
District. Each of these bench marks was determined in elevation by two circuits from the two 
nearest and most trustworthy temporary or permanent benches, the limit of error not exceeding 
seventy-two hundredths of an inch. 

In the course of his survey, Mr. Donn bad under trial a. sheet of xylonite as a substitute for 
pa.per for topographical sheets. A longer time for testing it would have been desirable, bnt there 
wa.s ample evidence of its comparative stability under varying atmospheric conditions. When 
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prepared antiquarian paper buckled upon the table in tlie prevalence of excess of moisture in the air, 
the xslonite rernainell. perfectly flat and unchangeU.. Clear and sharp definitir'n of topographical 
features can be made upon its unpolishe•l surface with a pencil which at the same time has the 
necessary quality and durability, the iiencil mark remaining distinctly visible after repeated 
washing, and only llisappearing under a vigorous use of India rubber. 

The remaining unfinished areas in the western division of the District are, Mr. Donn states, 
generally of moderate character, topographically considered, and as there are no difficulties of a 
more serious nature than have alreally been met with aml repeatedly overcome during the progress 
of the work, he thinks that no doubt ueed exist as to the entire completion of the survey of the 
District under the appropriation for the next fiscal year. 

Duty previously performed by .:\Ir. Donn is reported nuder a heading in Section I. 
As stated in the last anumLl report, the party in charge of Assistant D. B. Wainwright, 

engaged in prosecuting the detailed topographical survey of the District of Columbia, was in the 
field at the clrnm of the fiscal year, and operations were continued during the month of July, 1889. 
Plane-table work was carried through the open portions of the valley of Oxon Run, and a sufficient 
number of points were determined b;y triangulation for the topographical sur\'ey of the area back 
of Giesboro Point, several of the old points having been destroyed, and others hidden by the 
dense foliage. 

During the month of August tile party was temporarily disbanded. September 1 work was 
resumed, the triangulation just referred to completed, and topographical work taken up again. 
Subassistant Flemer was furnished with such points as he needed. 

Pending the decision of a question as to the establishment of a sewer farm by the Government 
on the flats back of Giesboro Point, it was deemed desirable to complete that portion of the survey, 
as far as the 40-foot contour line, somewhat in advance. This was done during September aml 
October, and a tracing on vell11m was kept up with the work in the field, so that the commissioners 
of the District could be furnished with the results as early as possible. 

These" flats," so called, Mr. \Vain wright observes, rise abruptly from the Potomac to a height 
of from 20 to 25 feet, forming a bluff along the water front, and stretch back with slight undula­
tions to the steep sides of the ridge dividing the valley of Oxon Hun from the river. The general 
slope in any direction is so small that the numerous ditches do not drain the land effectively, and 
there is quite an area of woo<le(l swamp. 

After the completion of this portion of the work the pine areas on the north side of Oxon Run 
were taken up, theu the wooded portions along the boundary on the sollth side of the creek, and 
also those adjoining Giesboro Point, until the foliage iu the spring became too thick to make 
satisfactory progress. Work was then continued in the open fields until June 1. Between that 
date awl June :30 the fielcl of operations was shifted to the north corner of the District, between 
the Daniels aud Milk House Ford roads, anll the remaining open patches in that locality were 
completell. 

Mr. J. T. Gibson and Mr. R. A. Clark rendered very acceptable service in the party until 
spring, when they resigned their positions. Mr. W. B. Hintlmarsh took Mr. Gibson's place as 
levelman, and soon provml to be an exceedingly careful awl painstaking assistant. Mr. William 
Oliver served acceptably as rod man from the time of his joiniug the party in May. 

Following are the statistics reported by Mr. Wainwright for the fiscal year: 
Topograpliy (scale 1-1200) : 

Number of acres surveyed during the season. ___ . _ •.............. ___ .. 
Number of triangulation stations established._. __ .. _ .. __ . __ .. ___ .. _ .. _ 
Number of stones planted with underground marks for permanent bench-
mark~ on standard lines of le;'eL .................... _ ........ _ .... . 

Number of bench-marks established on other perman!mt objects and duly 
described in record books ............................... _ .... __ . ___ _ 

Number of miles of levels run on standard lines •..•................ _ .. 

1,800 
7 

11 

16 
35 

On July 1, 1889, the party of Assistant W. 0. Hodgkins was carrying forward the detailed 
topographical survey of the District of Columbia in the comparatively open country between the 
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Bennings and Sheriff Roads and east of the Anacostia Road. Dnring July the weather was very 
unfavorable, owing to frequent rains. Work was suspended during the month of Augu15t and 
was resumed Septemller 1, and prosecuted continuously till May 17, 1890. 

During tue season the area surveyed was in the eastern corner of tile District, betwee11 tile 
boundary lines of tlrn District, the Anacostia. Road, and the Ridge Road. In the spring a small 
area south of tile Ridge H.oad which could not be finished in the preceding winter wa.s takl'U up 
and completed. On March 4, 1890, Mr. Hodgkins began, under instructions, tlie determination of 
certain positions and distances near Poplar Point, on the Eastern Branch of the Potomac, for the 
District Commissioners. Tho base used was a side of one of the triangles of the District Survey, 
and a cheek-base W<\S measured by steel tape on the Navy-Yard Bridge. 

l\Ir. T. N. Rulger sen'ed as levelman during the fir.st part of the seasou, and upon his lea>iug 
the party, Mr. \V. P. BllUack, formerly rodmau, was made levelman. Mr. E. E. Storch serred 
throughout the season as rod man. 

Upon closing field work in the District :M:r. Hodgkins was instructed to proceed to Beaufort, 
N. C., to take up the verification of the triangulation in that vicinity. He left W ashingtan, accord­
ingly, on May 24. A report of this service will be found under a heading in Section IV. 

Subassistant J. A. Flemer, in charge of one of the topographical parties in the District of 
Columbia, continued work upon the unfinished plane-table sheet of the previous season in the 
region east of the Hamiltan and Bowen Roads. This plane-table sheet, scale 1-4800, -wllich was 
in hand at the beginning of the fiscal year, was completed September 26, 1889. It included an 
area extending to the boundary line of the District, between the third and fourth mile-stones. 

Field work was suspended during the month of August in order ta Clury the survey on during 
the autumn and winter months, when the absence of foliage would admit of more rapid progress 
being made in the wooded sections. In September work was taken up an a new sheet ern!Jraciug 
the area lying ea.'it of the Potomac River, from a point half a mile above Cox's dowu to Fox's Ferry, 
and taking in as much of the adjacent country as was iuclosed by the 40-fovt contour curve. The 
survey of this section was continued until November 16, after whieh date work was resnml~d on 
the still unfinished northern sheet, which had been laid aside temporarily iu order to furnish data 
far the proposed plan of transforming the lowlands along the Potoma~ H.ivcr, below Gicsboro 
Point, into irrigation farms. By February 17, 1890, the northern sheet had been completed. 

A new sheet was then taken up on the east side of the Potomac, mu bracing the country 
limited in the west by the 40-foat contour curve; on the south aud southmst h.r the boundary 
line of the District, and in tbe north by an irregular line rnuning i;ooutheast from a point half a 
mile above Cox's, on the Potomac, until it intersects the Alexandria bmneh of the Baltimore and 
Ohio Railroad, and thence east until intersected by tbe Giesboro Road. The limiting line follows 
this road_ and the Livingston Hoad until the crossing of Oxou l~un, whence it takes tlw southern 
boundary of Wahler's Dairy Farm, and proceeds in a straight line to the boundary of the District. 

On May 17, this sheet having been finished, the party was mornd to the western part of the 
District, and same gaps in the topography between Fort De Iiussy and Swan's were filled up. 

On May 24, in accordance with instructions, field operations were closed. 
Mr. Flemer has transmitted with his report tl'i'"o sketches showing the area surve:;·eu during 

the sea.son. One of these shows also the disposition of the standard lines of levels, and the location 
of seven of the granite stones placed as permanent bench-marks. Duriug the survey of the lower 
sheet, the party met with a line of pegs put down to mark the vroposed ex:teusion of South CapitQl 
street. These were determined in position and located upon tlie sheet, thus gh'ing means of 
constructing the profile of that iine. 

The line of mean low water was located upon the plane-table sheet, developing tlie flats in the 
immediate neighborhood of Shepherd's Wharf, and also about a small island at the mouth of 
Oxon Run. 

Mr. Flemer has transmitted to the Office all data. and records relating ta his survey. In the 
re•isiou and preparation of the records of levelings, bench-mark determinations, and in making 
tracings of the original pla.ne-ta.ble sheets, he was efficiently aided by Mr. Lewis J!'lemer. 
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The statistics of the season are: 
Topograpby; 

Number of miles of standard Jines oflevels run forward or backward, or 
checked Ly junctions with indepemleut lines............ . . . . . . . . . . . . 23 

Number of I>ermaneut bench-mark stones with underground marks estab-
lished during the field season.......... . . . . . . . . . . . . . . . . . . .. . . . . . .. 14 

Number of bench-marks established on permanent objects other than 
bench-mark stones . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 33 

Total contoured area of the work in acres............................ 2, 051 

In Jnne, 1890, .Jlr. Hiemer was instructed to take up a topographical survey on the upper St. 
Oroix Ril-cr and the Houmlary Lakes. Reference to th is <luty will be found under a heading i.n 
Section I. 

Refei-ence to the Coast and Geodetic Survey, as arbitrator, of a question between the /'Jtatcs of 
Maryland and lrfrginia, respecting the locatfo1i of part of their bounda'f'y line.-Tlle Saperiuten<lent · 
having been reque11tetl b_y the Governors of the States of Maryland and Virginia to detail an officer 
of the Surn·y 11ho should act as arbitrator between those States with rcforence to the location of 
a portiou of their lJomularyliue in tlte lower Potomac, in regard to which the proper interpretation 
of the a ward madl' in 1877 was in dispute, Assistant Henry L. Whiting was directed to confer with 
GoYernor Jackson, of :\Iaryland, and Go\'ernor Lee, of Virginia, au(l after having placed himself 
in possession of al! the information attainable by inspection of original charts and documents, and 
by examinations of the locality, to exercise his best judgment to bring the matter to a conclusion. 

Mr. Whiting made a thorough study of the subject, ancl his methods and the conclusions 
finally arrived at were communicated to the Superintendent in a report which 1s publis11ed as 
.A1)pendix No. 11 to this volume. Copies of this report were furnished to the Governors of .Mary· 
land and Virginia. See notice more in detail under the heading "Special Operations." 

E.rmniiiation and location of a dangerous rock in the Potomac Rii•er.-A dangerous rock not laid 
down on the chart baying been reported to exist in the Potomac River off Easby's Point, Assistant 
Henry L. l\fariudin was directed to organize a party to examine and locate it. This work be took 
up under instructions dated April 19, and on the 29th he had completed the survey. 

His examination showed that the rock was a dangerous obstruction to navigation for vessels 
drawing 9 feet and more of water. The rock was a single one, liaving a depth o\·er it of 9 feet at 
mean low water, and 191 feet around it. It lies very nearly in the middle of the river (taking the 
high-water line of each.shore), but the channel proper lies to the eastward, between the rock and 
Easby's Point, with the deepest water, 32 feet, about 200 feet east of the rock. 

To the westward, towards Aualostan Island, the depths shoal from 19~ feet at the rock to 16 
feet depth at a distance of 120 feet, and thence decrease to the low-water line. 

The following mea . ..,urements in feet give the location of the rock: 

Distance to high-water line of Analostan Island . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 620 
Disl iuwP to I.ittlefielil's Wharf, bearing N. 17° 30' .E......................... !)20 
Distance to Government Wllarf, \Yashingtou City, bearing N. 51° 50' E....... 640 

Mr. Marindin was aidctl in his work by Expert Observers E. E. Haskell and Homer P. Hitter, 
and hy ltlr. Corcoran Thom, as recorder. 

A ltyrlrographir Rheet, Reale 1-5000, showing location of rock and of black buoy to the f'astward 
of it, has hecn file1l in the Archives. 

Other uut.r assi,gued to .Mr . .:\fariudin is referred to nnder a heading in Section I. 
llytlro.!Jraphic e.raminations for the Coast Pilot in Ohesapeake Bay and Us tribntaries . .:....Under 

instructionA <lated Jul~' 31, 1889, eupplemcnted by detailed instructions from the Hydrograpbic 
Inspector, Ensign E. H. Tillman, U.S. N., Assistant Coast and Geodetic Survey, proceeded early 
in August to New York and took command of the steamer Endea·vur, leaving port August 8 for 
Clle;o;apeake Entrance. Ensign Tillman was accompanied by Mr. John Ross. 

On the e>ening of August 9, the Endewvor anchored in Hampton Roads, a.nd the next day 
Ensign Tillrrmu took up the work of verifying sailing lines, descriptions of points, and collecting 
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data from local authorities for the use of the Coast Pilot of Chesa1)eake Bay and tribu t:aries. The 
mauuscript of a volume covering these waters had been prepared from all sources available at the 
Office by Ensign Tillman, with the aid of Mr. Ross, and it remained only to make final •erifica­
tious afloat. Between August 10 and September 13, the Endeavor steamed up all of tlie principal 
tributaries of Chesapeake Bay, and the work was completed with the exception of that in Chester 
River and at the immediate head of the Bay. When the Endeavor left the Cltesapeakl~ for New 
York September 15, it was expected that the manuscript of the Uoast Pilot for the waters under 
examination would be ready in a few days for transmission to the printer. 

On September 18, Ensign Tillman was relieved in commantl of tlie Endcaror by Ensign L. 
M. Garrett, U.S. N., and was instructed to proceed to Washington aud n~port to the H,ydrograpbic 
Inspector for duty at the Office in charge of the Coast Pilot DiYision. 

Exaini1iation for additions of topographical details to a chart of J\'01folk Harbor ((IU] rit:inity.­
In order tr:> collect upon the gronud all data and information practicahh• witl1 n·ganl to works of 
construction i11 Norfolk Harbor and vicinity, ~o as to pr<n-ide for additions of topograpbical 
details to tue chart of that harbor without making a detailed re;,;urn•y, .Assi,;tant ,lolm \"V. Donn 
was instructed in January, 18DO, to make an examination of the water frcmt of the eity, aad after 
consultation wiih J,ient. G. ,T. Fiebeger, L'. S. Engineers, in charge of the impro,·ewt·11ts of Xor­
folk Harbor aml the Elizabetll River, to locate the lines of ne" structures at the Gosport :Xavy. 
Yard, and along the water front of the town of Portsmouth. 

The approximate positions of all lines not indicated upon the chart, exee1it l1r compilation, 
bad been laid dowu, and Mr. Douu was able thcrdore to proceed ·with tbe wmk "ithout delay. 
After the completion of the work at J>ortsrnouth, the present wharf line::; of Bnkk~· and Norfolk 
were located. Both at Berkie.)· aml at Atlantic City (a nortliern subu1b of Xorfolk), especially 
at the latter, structures of a, temporary character were fomid to lie nudergoing frequent change; 
old wharves being alteretl in form and new ones in courne of erf:'ction. 

The work thus completed by l\Ir. Donn bronglit Ute I'cconl of changes up to date, arnl corre­
spondecl witlI that of the engineer in charge of harbor improYements. J,ientenant Fiebeger will 
keep the Office informed of such additioual changes as may occur from time to time, both iu struc­
tures along the water fronts and in depths of water. 

Before returning to the Office l\Ir. Dorm examined the original topographical surveys of the 
area to the north and east of Norfolk in order to ascertain what triangulation it would be desira­
ble to make, should a new and more precise topographical surn,Y of tlie whole area be called for. 
His special report upon this subject emphasizes the importauec of large scale sun·eys of the most 
exact character in the vicinity of cities and harbors, and of the exercise of the utmost care in the 
determinations of topographical details, especially those that <tre likely to be permanent, with 
reference to their utility in such future resurveys as the dewlopment of the country may demand. 

Examination of a shoal ojl rVolf'frap B1Jit, OJiegapcal:e Bay.-Upon being ddac.he<l from duty 
in the Office, Lieut. Commander Seth l\L Ackle~·, U. S. N., Assistant Coast. mid Geodetic SurvPy, 
was directed June 14, 1800, to take command of the steanwr Endeal'or, for the imrpose of making 
such hydrographic examinations as would enable him to Yerify HHlll uscri1)t compiled for tl.ie .A tlan­
tic Coast Pilot for the coasts of Maine, New Hampshire, m1<l Mast-:achusetts. 

On his way to this duty he was instructed to examine and deYelop a shoal reported off Wolf. 
Trap Spit, Chesapeake Bay. On Jmie 20 he ran the lines of souuding::; required, finding rather 
less water on the shoal than had been reported. Records of tbis work have been t-:eut to ti.HJ 
Office. The statistics are : 

Number of miles of sounding Jines run •.....•..••.•.....••...•. - ••... · · · - · · · . Hl 
Number of angles measured... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . 4!l 

Number of soundings .... _ .. _ ........................ · ................................................................. ~ 5:!S 

Work executed by Lieut. Commander Ackley later in the year will be referred to in tlit~ next 
Annual Report. 

Re.occupation of a station at L1fnckburgh, Va., for magnetic determinations.-In the course of the 
magnetic tour of Assistant James B. Baylor, beginning in January, 1890i under instructions issuetl 
in December of the year preceding, a. number of new stations were occupied for the determination 
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of the magnetic elements, and a number of stations re-occupied to obtain data for additional 
knowledge respecting the secular variations of tho magnetic declination, dip, autl intensity. 

Towards the close of the season, a station was re-occupied in Lynchburgh, Va. It had been 
originally occupied, under the direction of J. E. Hilgard, M. N. A. S., as one of the stations of the 
Bache Fund. The station was located on tlie bluff on the north side of the James River opposite 
the city; the chief of party was F. E. Hilgard, and the observations for magnetic declination, dip, 
arnl horizontal intensity were made by him and by J.M. Poole in July, 1873. 

Mr. Baylor's observations were made in June, 1890; the latitude, longitude, and azimuth 
were determined bs observing on the sun on one day, and the magnetic elements on another day. 
Stations occupiecl by Mr. Baylor earlier in the year are referred to under headings in Sections 
VI1I, IX, and XIII. 

SECTION IV. 

NORTH CAROLINA, INCLUDING COAST, SOUNDS, SEAPORTS, AND RIVEJlS (SKETCIIES No. 1, 11, 19,AND 20). 

Connection for purposes of i•erifleation of the triangulation of 1854 in Bogue Sound with the 
triangulation of 1886 in the vicinity of Beaufort, N. 0.-A redetermination and verification of 
points iu the triangulation of Bogue Sound, North Carolina, executed in 1854, having become 
desirable, .Assistant lV. C. Hodgkins was instructed to proceed to Beaufort, N. C., towards the 
end of May, 1890, and carry to the westward his triangulation made in that vicinity in 1886 to a 
connection with that of Bogue Sound. 

Mr. Hodgkins left Washington in pursuance of these instructions May 24, and immediately 
upon his arrival at Beaufort began fielcl work. 

Ten tripod signals were erected, besides several nrdinary signal poles; thirteen stations were 
occupied and twenty-three objects were observed. .At three of the stations observing platforms 
were built, it having been found necesssary to elevate the theodolite about ten feet above tho 
surface of the ground. 

The CO:i!~'lction of the new and old triangulations was made upon the line .Jumping Run to 
Rocky Point, about twelve miles west of Beaufort. The old station" Shepards Point" was also 
recovered and occupied. 

Mr. Hodgkins was furnished with one of the theodolites recently construi·ted in the office 
whicll are adapted to the determination of magnetic bearings, and he was enabled therefore to 
olJserrn the magnetic declination at each station occupied except at two where the conditions 
were not favorable. 

With regard to Bogue Sound, he states that the shores have been to a considerable extent 
washed away during heavy storms in recent years. In 1867, the topographical party found 
nearly all the station marks in place, while in 1890, only three were found out of ten searched for, 
and two of these were below high-water line. 

The old stations recovered and the new ones established were marked with care, earthen 
cylinders being used for undergrouncl marks, and white marble blocks for center marks at the 
surface. Arouud these, for witness marks, heavy cedar posts were placed. 

Mr. W. P. Bullock served ill the party as recorder, and Mr. E. E. Storch as foreman. Field 
work was ftnisbed the last day of the fiscal year, and two days later the party was disbanded. 

SECTION V. 

SOUTH CAROLINA AND GEORGIA, INCLUDING COAST, SEA-WATER CHANNELS, SOUNDS, HARBORS, 
AND RIVERS (SKETCHES Nos. 1, 11, 19, ANP 20). 

Triangiilation and topography in tke vicinity of Charleston, South Oarolina.-In order to advance 
towards completion the triangulation begun by Assistant Eugene Ellicott in the vicinity of 
Charleston, S. O., in 1889, aml to check it by the meast1rement of a base suitably located, 
Assistant F. n. Granger left Wa,shington in pursuance of instructions Oil March 5, 1890, and 
upon reaching C11arkston, organized Lis part.yon boa.rd of the schooner Ready which was turned 
over to him by Ensign J. C. Dmke, U. S. N., Assistant Coast Survey. 

Mr. J.B. Boutelle was detailed as acting assistant in the party and Mr. V. K. Hendricks 
ordered to report for duty as recorder. 
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Work was begun by a careful examination of Fort Sumter in order to recover if possible 
the exact position of the triangulation station of 1857. The walls of the fort remain as before the 
war, except that they have heen cut uown one tier of casements. The station occupietl in 1889 
was fouml to be but slightly in error, being about 5 inches too far t-0 the northeast. Tlle 
measurement made in 1889 must have been taken, Mr. Granger thinks, from the outside edge of 
the coping instead of from the edge of the wall. The station of 1889 was connected by careful 
angular and linear measurements with the new position. Mr. Ellicott's signal was then removed, 
and an observing tripod and scaffol<l signal, 12 feet high, was erected over the point, this having 
been found necessary in order to command the entire horizon. 

The reconnaissance which followed to obtain a site for a base-line resulted in the selection of 
a site on Morris Island. Preparations were then made to measure an astronomical azimuth at 
station Fort Johnson, the most convenient point for that pllrpose. Time was obtained by dou\Jle 
altitudes of the sun, and for azimuth, Polaris was observeu before and after western elongation. 
As 8oon as possible after the completion of the observations for azimuth, Mr. Granger \'isited 
Morris Island to prepare the base-line for measurement. Marking stakes were set upon the line 
for each tape-length (30 metres), the stakes being driven until their top surfaces were flush with 
the ground. Due precautions were taken over rough ground and over marsh to presen'e an 
exact alignment for the tapes, both horizontally and vertically. The measurement was completed 
by April 3, the length measured being 1,491 metres. As soon as the connection of the base with 
the triangulation of 1889 had been made, l\fr. Granger took up the triangulation of Ashley Hh·er 
from the limits of Mr. Ellicott's work of the preceding season, anu carried it up that river for a 
distance of !J miles. The reconnaissance, signal building, opening of lines and other operations 
involved in this triangulation occnpied the entire party during favorable weather in the field. 

At the same time, the computation of geographical positions determined by the triangulation 
in the lower bay was pushed ahead as rapidly as possible. Every church spire and e1ery 
prominent object in the city of Charleston was determined; also all of the light-houses and 
other prominent objects in the harbor and bay. 

A comparison of geographical positions of several of the triangulation points with a redeter. 
ruination of the same points based upon St. Michael's church spire led Mr. Granger to infer that 
this point had been more disturbed in position by the earthquake of August 31, 188G, than either 
J!'lynn's Church or the Orphan House, two other points of the triangulation of 1857. Accordingly 
he sent Mr. Hendricks to Charleston fo obtain information with regard to the probable changes 
in the positions of the various church .spires due to that catastrophe. Mr. Devereux, superinten­
dent of Government buildings, gave details respecting these changes, and stated that the l:'pire 
of St. Michael's had sunk 10 inches on the Meeting street face, and was probably then leaniug 2rr 
feet to the soutllwest 

On the eighth of' May the triangulation of the Ashley River having boon carried as far as 
practicable for the season, Mr. Granger, in pursuance of instructions, turned the charge of his 
party over to Mr. J.B. Boutelle, who took up the topographical survey of .the Ashley River, 
carrying it up as far as station Atlantic . 

.Mr. Granger proceeded to Washington to prepare for other duty which will he reported under 
a Leading in Section XV. 

Ou May 17, Mr. Boutelle suspended field operations, and on the 21st, laid up the schooner 
Ready in the Cooper River. His services are very highly commended in the report of his chief. 
Mr. Ilendricks rendered efficient service as recorder. 

The statistics of the season are: 
Base line: 

Length of, in metres .....•••••...•••••••••••••••••••••• : • • • • • • • • . . • 1, 491. 03 
Triangulation : 

Area of, in square statute miles...................................... 17 
Number of observing tripods erected...... . . . . . . . . . . • . . . . . . . . . . . . . . . . 18 
Number of stations occupied for horizontal measures.................. 29 
Number of geographical positions determined......................... 82 
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Azimuth work: 
Number uf nights of observ-ations for azimuth .. _...................... 2 

Topography (scale 1-10000): 
Area surveyed in square statute miles... . . . • • • . • • . • . . . . . . . . . . . • . . . . . 2 
Length of shore line of river in statute miles... . . • . • . . . . • • • . • • • . . . • • • 8 
Length of roads in statute miles. . . . . . . . . . . . . • • . . • . • • • • . . . . . . . . . . . . . . 10 
Length of shore line of creeks in statute miles........................ 3 

.E.~tabl ishment and maintenance of an auto1na.tie tidal station 011 Tybee Island, Savannah River 
Entrm1ce.-Reference was made in the last annual report to the selection of a site for an automatic 
title gauge on Tybee Islaml at the entrance to Savannah River. A pier for the gauge was built a 
short distance north \\est of Tybee Light. Creosoted piles were used for the foundation of the pier, 
and those wliieh it was specially important to protect were also sheathed with copper below the 
water line. The gauge was put in operation September 28, 1889, and has been kept rtrnning since 
tllat date. Thi:; series will be of great value, not only for the prediction of the Savannah River 
tides hut also for the study of the laws of tidal action on the South Carolina and Georgia coasts. 

;1Ir. ,T. G. Spaulding established the gauge in position and kept up the record until January, 
1800, wlteu he \iWl relieved by Mr. Eugene Veith, >rlw had qualified himself as tidal observer under 
Mr. Spaulding's direction. 

Special liydrogra11hy.-Examination of tltc sounds and estuaries of Georgia 1vith reference to 
oyster culture.-In compliance with a request received from the Governor of the State of Georgia 
early in September, 1889, Ensign J.C. Drake, U.S. N., Assistant Coast arnl Geodetic Survey, 
commanding the schooner Beady, was directed by the Superintendent to proceecl to Savannah and 
make such hydrographic surveys and examinations as might be required in connection with the 
investigation of oyster beds in the waters of that State. 

The Ready having !Jeen duly :fitted for the service arrived at the mouth of the Savannah Hiver 
Octo her 2. Having fully informecl himself in regard to the requirements of the WOI'k by consultation 
with the State authorities, Ensign Drake decided to carry tile investigations from. the Savannah 
River southward to the Florida line. The experience he hatl already acquired in similar work 
during three years' service on the Xorth Carolina coast with Lieut. Francis Winslow, U.S. N., was 
of great value to him. As assistants he was enahled to secure tbe services of Messrs. John D. 
Battle and W. :F'. Hill, who hall been his associates in the North Carolina survey, and also those of 
Mr. \V. N. King, jr., a graduate of the U. S. Ka val Academy. 

Great interest was manifested in the work by Dr. A. Oemler, of Savannah, an authority on the 
biology of the oyster, and throngh his efforts the survey was in many ways expedited. With tlie 
approval of the Ma~·or of Savannah, a naphtha launch was placed at the disposal of the party by 
Dr. \Y. F. Brunner, llcalth Officer of the city, and the field working force was thereby doubled. 

The time for tl1C prosecution of the surveys being limited to 1ive months and the appropriation 
small, tlie examinations could not be made as minute and comprehensive as was desirable, but 
notwitltstaudiug the limitations under which he was placed, the report submitted by Ensign Drake 
discusses Yery fully all bra.uches of the subject, and, with the statistics gathered, points out to the 
State authorities what farther legislation is desired in order to encourage the oyster industry. 

This report, accompanied by seven charts, has been published. as Bulletin No. 19, Coast and 
Geodetic Survey. The charts show graphically the location, limits, and areas of the natural oyster 
beds ancl t1rn specific gra>ity of the water reduced to a temperature of 600 F.1 while the report 
describes the methods of work and the areas examined, states the general conclusions arrived at, 
and prei>ents a tabular statement of acres for each area; acres outside of the limit of J,000 feet from 
the 8hore at ordinary mean low tide, and acres occupied by natural oyster beds. 

Bnsign Drake Ntates that of upwards of 70,00() acres examined not more than 30,000 were 
df'Pmed suita!Jle for oyster culture, hut that under the preseut law these 30,000 acres, if leased 
wonld tnrn into the State school fu1Hl $30,000, and when reduced to cultivation would inerease the 
tflXtthle pro1H:rty of the State by $:;,000,000. 

Ilydrographic irwcsti_qation.-Changes 011 St. Sim.on's Bar, entrance to Brunswick Harbor, 
Georgia.-Certaiu changes on St. Simon's Bar and in the channels lea.ding to Brunswick Harbor, 
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Georgia, having been reported. to the Office by a citizen of Brunswick, Lieut. J. F. Moser, U. S. N., 
Assistant Coast and Geodetic Survey, was instructed to make an inYcstigation of these changes 
ou his way north after the completion of his surveys on the Florida coast. 

Having arrived off St. Simon'.s Bar in the steamer Bache on May 16, 18DO, at 11 a. m., ancl 
finding the conditions favorable for sounding, it being low water, spring tides, and but little wind 
and sea, Lieutenant Moser anchored outside and sent a lJoat at once to souml tlw North arnl South 
Channels. Upon the return of the })arty the officer in charge reported tllat the best <·lrnmiel 
across the b:w was britween the wreck of the Sunlleam and No. 1 llnoy. Tlw HteamPr was then 
taken to the sea buoy and a line of soundings, using two leads, was carried from that lnio~· across 
the bar to the P. ::3. Cllanuel buoy. Next morning, after passing quarantine, Li{mtcnant .Moser 
sent a boat to finish the examination '~hilst Ile proceeded to Brunswick and speut some lwurs 
with two captains of tugs who daily tow vessels across tbe bar and with three bar 11ilots, all of 
whom gave freely the information desired. 

Ile reports as tlle result of his own examinations antl from iuformatiou gathered as just men­
tioned that the North Channel bas changed to su~h au extent that at present only IO feet cau lie 
carried through it at mean low water, and that it is no longer used; that in tl.ie South Channel 
there is little more than 12 feet on the bar, probably 12 i"o feet at mean low water; that the son th 
point of tlrn Middle Ground has made to the southward, so that buoy 1'\o. 1 is now on tlrn south 
llOint of the shoal, and is ur;ed iu entering as a starboard-hand instead of a port-baud buo3°, as 
represented by its number and color. 

Lieutenant Moser gives sailing directions for crossing the bar and entering the sound with 
the lrno_ys and channels as found by his ex,nninat10us, but he goes on to show that the channels 
are constantly shifting, and observes tltat the changes on this bar are similar to those tlmt arc 
occuring yearly on other harbor bars between New York aml Kc3- West, and wliich demand not 
e:xtensiv(~ resurveys but a few days' soundings to furnish data for correcting cbart8 to date. To 
ha•e such work done effectively and promptly ho suggests the consideratiou of n. l'ystem previou;;ly 
urged, that of dividing the Atlantic cuast into sections, one from Eastport to Cape Hatteras and 
another from that point to Key "\Vest, and the maintenance of a well-found st~amer anil a wrlJ. 
organized llydrographic party on each section to make resur>eys, speeial examinations, locate 
wrecks, etc. 

The ad\antage derived from the operation of such a system would, it is belieYed, arnpl,y justify 
the e,xpen<liture involved. 

Hydrographic work executed by Lieutenant :\loser in the 8nmmer and autumn of 1889 is 
referred to under a heading in Section I, and his surveys on the Florida coast under a heading iu 
Section VI. 

SECTION VI. 

PENINSULA OF FLOIUDA, FROM ST. MARY'S RIVER ON THE EAST COAST TO AND INCIXDIXG A::';CLOTE 
AXCHORAGE ON Tfm WEST COAST, WITH THE COAST APPROACHES, REEr'S, KErn, SEAPOlffS, AND 
HIVERS. (SKETCHES Nos. 1, 13, 14, rn, AXD 20.) 

E.rmnination of a shoal reported off the northern end of Key Biscayne.-.<\ shoal off the northern 
end of Key Biscayne having been reported to the Office, Lieut. A. I,. Hall, U.S. N., Ax;;ist~mt 
Coast and Geodetic Survey, commanding tho steamer Endeavor, was instructed to ;;top ou his way 
north from duty on the Gulf coast and make an examination of the locality. 

Under date of June 9, 1890, Heutenant Hall reports that the shoal was found about 250 feet 
southwest of the present position of Cape Florida buoy; that its area was about 600 square feet, 
and that the least water found was 12~ feet. The Rhoal ha<l been formed by cenwnt barrels 
thrown o>er hy a steamer which grounded in that locality in June, 1889. Bundles of harbe<l wire 
had been thrown over at the same time, and in searching for and recovering these the barrels had 
been somewhat distributed and were no longer in piles. The least water referred to was taken 
on top of one of the barrels standing on its head. About the barrels the least water was 15 feet. 

Due notice of this shoal was given in Notice to l\fariners, No. 1291 published June 30, 1890. 
Gulf Stream cxplorations-Investiga,tion of currents continue<i.-Lieut. C. E. Vreeland, 

U~ S. N. 1 Assistant Coast and Geodetic Survey, who succeeded Lieut. J. E. Pillsbury, U. S. N., Jn 
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command of the steamer Blake, was instructed to continue the investigation of the currents of the 
Gulf Stream during the winter of 1889-'90. 

Ile reports that the Blake left Hampton Roads November 18, 1889, and re-entered the roads 
on her return north April 10, 18()(), During this interval of four months and twenty-four llays, 
attention was directeu chiefly to the two sections of the Stream, located respectively between the 
west end of CubtL tLnd a point about sixty miles west of Tortugas, aml between the Campeche Banks 
and the Mississippi Delta. There are six: stations on each section, and each station was occupied 
at least twice during th'.'l season. Se\·eral additioua.l anchorages were made by Lieutenant Pills· 
bury (who had accompanied the party soutllward) on the way from Hampton Roads to Key \Vest, 
mainly with a view of giving Lieuteuant Vreeland practice in the use of the anchoring gear and 
other apparatus peealiar to the Blake's outfit, but the points occupied were so selected us to con· 
nect all the data obtained at them with the general scheme of investigation, and to make them 
available either for present use or future reference. 

The distances between sections, and also between the several stations on the sections, were 
unusually great in comparison with those made during the former seasons, and much of the time 
(nearly one-third) wits consumed in steaming. 

Lieutenant Vreelaud reports the following statistics of the work: 
Physical bydrography-

Nnrnber of deep-sea anchorages ........... ·'... . . . . . . . . . . . . . . • . . . . . . . . . 33 
Total number of observations of currents with the meter ................. 1, 344 
Total number of observations of currents with the pole .....•••.......... 1, 350 
Number of current floats put overboard .....•....••.•.......... _...... 20 
Number of miles steamed . _ .......................................... 7, 577 

.A sounding was taken at each station before anchoring, and the bottom specimens brought up 
by the Rounrling rod wem carefully preserved. The deepest water anchored in was 1,949 fathoms; 
the least depth sounded was 240 fa.thorns. 

The accm:nulated data of the season were turned over to Lieutenant Pillsbury, who will embody 
them in a report which he has in preparation. 

Lieut. IL Kimmell, U.S. N.; Ensigns C. S. Stan worth, J.E. Shindel, and P. A_ndrews, U.S. N.; 
Assistant Surgeon T. Owen, U. S. N.; and Assistant Engineer W. W. White, U. S. N., were 
attaclte1l to the party on the Blake. 

Other dnty assigned to Lieutenant Vreeland is referred to under a heading in Section II. 
ll!Jrlrographic surreys in Ba.rnes Sound, in the Bay of Florida, and on the u'est coast of Florida 

from Cape Romano fo Sliark Rfrer.-In continuation of the hyllrography of the west coast of 
_Florida, and for its completion as far as practicable, Lieut. J. F. llfoser, TJ. S. N., Assistant Coast 
anll (~eocletic SuneJ·, commanding the steamer Bache, left Baltimore for Key 'Vest January 11, 
18UO, aml after a rnry rougl1 passage arrh·ed at the latter port January 19. 

After coaling aud taking on board !timber, etc., the Ba,che proceeded to the working ground, 
wlwre operations were begun on the 24th instant. 

During the winters of 1887-'88, and 1888-'89, Lieutenant Moser had finished the more 
important parts of the hydrography from Cape Romano southward to the Bay of Florida, and 
thence wet->tward and southwestward along the Florida. Keys, and in the unfinished portions, the 
waters being very shallow and no channels for commercial purposes existing, it became somewhat 
of a question whether any further surveys should be made. But it was finally decided that it 
would ue desirable to have some representation hydrographically of those unfinished areas upon 
the charts, and in accordance with Lieutenant Moser's suggestions, the plan of work was made to 
include the development of the bydrography of a simple system of lines, using the topographical 
features, as far as possible, to locate them by. The work was divided into three sections, which, 
as they are differently conditioned, Lieutenant :Moser considers separately in his report. 

'rhe first section embraced that portion of the work south of the main land of Florida, and 
included the waters of Barnes Sound and Cards Sound to Pumpkin Key, where the hydrography 
connected with that previously executed in Key Biscayne Bay. These waters are entered from 
the reefs by sloughs between all the reef-keys; from the westward by sloughs between Twin Keys, 
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Shell Key, and Upper Matecmnbe, and from the eastward by sloughs thi."ough Cards Sound. They 
are interspersed with many keys and are cut up into numerous lakes and ponds; the dividing 
lines, however, arc not land, but shoals, which, in extreme low water, ma;y be bare in places, but 
11ave usually a foot of water over them, and are covered with grass. 

The ponds thus formed have from 5 to 7 feet of water, and on the reef side are connected by 
narrow sloughs, which, though as deep as the ponds, have bars, permitting boats having a draft 
of 2~ feet at ordinary water level to pass through. A westerly winll makes high water over this 
section, and an easterly wind low water. 

There is no traffic through these inside waters. Occasionally a turtler or a sponger appears, 
aml it is apparently quite an event when one of the dwellers on thti ker-reefs goes as far as the 
main land. There are no distinctive features to the land. 'fhe shores of the keys and the main 
are covered with mangrove bushes and trees, and are for the most part s"·ampy, though generally 
containing sand or shell ridges, and in many IJlaces tbe mud is so soft as to make it almost im­
possible to laud for signal building . 

.Most of the points marked in the old triangulation have been lost; two, however, were 
recovered, Stations \Vest antl Roa1l; and two partially recovered, Stations Mark and Middle Plan­
tation, and as the work progressed and expanded to the eastward four more stations were found, 
by means of which and b.Y additional points determined tl.te work was carried forward. 

Lieutenant :Moser notes that great changes in topographical features seemed to have occurred 
since the date of the earlier surveys. He observes that there is no regular tidal action in t11ese 
waters, the water levels depending entirely upon the winds, except in the immediate Yicinity of 
the inlets, where the titles slightly modify the conuitions. 

With regard to local names, he states tliat the bod.Y of water to the eastward and northeast­
ward of the Bay of Florida, marked as Barnes Sound on the chart, 1s locally known as Cards 
Sound. At the eastern end is '" point on which there is a triangulation station known as Barnes 
Point, aad from this point extends a shoa,J to the northwest joining the mainland. East of Barnes 
i~oint to the A.rsenicka Ke:rs is Cards Sou11ll, 1liYide<l into Little Cards Sound, the western por­
tion, and Big Cards Souml the eastern IJortion. 'Ille large landlocked poml between what is 
called Barnes Sound on tlie chart ::mcl Cards Sonnd is known locally as Blackwater Sonnd. 

Having finished tue eastern work, or the tirst section, tlJe h.rdrograplly of tlle second section 
was taken up. Lines of soundings were rnn traversing t11e waters between tlte keys from Big 
Pine Key to Key 'Ved. These w1tters are generally veI'.Y shallow; there are mauy buuches of 
mangroves, l.lhoals, aud bars, au<l the work wa,-;; cxecntecl rather for the purpose of showing that 
there were no commercial cuannels tltan for tlte de\elopment of tlw 1 and 2 foot channels that 
existed. 

The keys on this section are but sparingly iuhabited, the soil 01' rocks not beiug so favorable 
for cultivation as the eastern keys. Saw;\·et Key, so namecl on the chart, is known locally us the 
Bay Cudjoe. 

After the com11letfon of tllis })Ortion of the surYey, Lieutenant l\Ioser proceeded to Shark 
River, north of Cape SalJlei to begin work on the inlets and rinr mouths between Cape Sable 
and Cape Romano. 

The b;plrography from Cape Sable to Cape Romano an<l thence seaward to the 10-fathom 
curve had been executed by his party dnring a preceding season, but there was then no sliore-line 
delineated on the sheets, the hydrography having preceded the topography. Bence the inside 
work required a more thorough t.leve.Iopmeut, and the bydrograpb~· was therefore carried into the 
mouths of the rivers, tile passes and the openings, aud as far as the topography llacl been executed 
between the keys. A full account of this section, with sailing directions, etc., was ginm by 
Lieutenant Moser in bis report for 1887-'88. 

Fielcl operations were closed May 17, 1890. Tue following uauu:d naval ofilcrrs were attached 
to the party: Ensigns H. A. :Bispham, R. D. Tisdale, S. M. Strite, 0. Bertolette, aJHl J.;, H. Dnrell, 
U. S. N.; Passed Assistant Surgeon John l\f. Steele, U. S. N., antl .Assistant Engineer E. H. 
Scribner, U.S. N. Messrs. J. L. Dunn, J.M. McTiffany, and Thos. S. Martin serYed as recorders. 

Lieutenant Moser commends the cheerful and efficient ai<l rendered by his officers, and 
referring to the fa.ct that during three separate tours of duty his connection with the Survey 

H.Ex. 80--4 
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ha(l occupied in all fifteen years, he observes that he will always look back upon this duty as the· 
roost agreeable of his naval career, and that he will hold in grateful remembrance the military 
all<l civil members of the service with whom he was associated. 

Lieutenant Moser, upon his detachment from the Survey July 15, 1890, was ordered to the 
new armored cruiser Sa.n Francisco. 

The statistics of llis Florida. work, 1890, are as follows : 
Ilydrography : 

Area sounded in square geographical miles ..•...••••••••....•........ 
Number of miles (geographical) run while sounding ..••............... 
Number of angles measured ....................................... . 
Ntunber of soundings ..•...............•.......•..••.•••........•.. 
Number of tidal stations established ...............•••••............ 
Number of hydrographic sheets finished ............................. . 
Scales of liydrographic sbeets, 1-20000 and 1-40000. 

830 
2,361 

11,218 
123,677 

7 
8 

Triangulation, topography, 1ind hy1lrography on the west coast of Fla rida, in tlw vicinity of Cape 
Romano and to the northward.-The survey of the west coast of Florida from Cape Romano to the 
nortll\nml, incltitling CaximlH18 Bay an1l Cape M:arco Pass, triangull\tion, topography, and 
hJ~1trogmpby was taken up by AsfSistant Joseph Hergeshimer, January 28, 1890. Having arrived 
at that date at Coon Key, with his party on board the sclrnoner Quick, he found it necessary to 
re-establish signals at Oape Romano, Oaximhas, and Big Marco, and to determine a number of new 
points for tlie topograpl1ical survey. 

The topography was exccu tcd on a scale of 1-10000, and inclndcd the shore line of all the 
navigable waters back of Cape Romano, the shore lines Coou Key to Big Marco, and Coon Key to 
Caximlms Pas:s, and those of the adjacent isla.ud.s and navigable passes. 

111 the hy<lrography, ou the same scale, were embraced the waters just named, and the bars at 
Urtximha.s lfay Entrance and at Big l\farco Pass. These inside passes are muclt used by vessels of 
a11out 5 feet llmft, as they affonl a direct and safe passage inside of Cape Uomano, avoiding 
the long t1istance outside of Cape Homano Shoal. Mr. Bergesheimer staked the passes so that 
straugers could go through without a pilot. 

'l'ida1 stations were established at Caximbas, Coon Key, and Big Marco, 11ench-marks were 
set at each of these stations with the level, and simultaneous observations of high and low waters 
made. The tide gauge at Caximbas was connected also with the granite station mark on the hill 
at ,ToJinson, Cax:imhas Bity. The top of the station mark on this hill is 58.97 feet above zero of 
the tide gauge at Shell Landing. The hill is the highest on the coast for a long distance. Mr. 
Hergesheiwer visited the tidal station at Fire Island, and erected a new gauge there, connecting 
it by a line of levels witb the oltl benuh-mark. 

Field operations were completed April 15, and on .April 2Ci the schooner was laid up at Fort 
:M~·ers and the party disbamleu, Mr. Hergesheimer proceeding under instructions to ·wasbiugtou. 
Early in June he was directe(l to take charge of a party for the survey of the Schoodic I,akes, at 
the head waters of the St. Croix River, Maine. Reference to this duty is made under a heading 
in Section I; and, uuller Section II, a report of service rendered on the Schuylkill River in 1889. 

Mr. Charles a. Deetz reudere<l efficient service in the Florida work. The statistics are: 
Triangulation: 

Points detetmine,d with the theodolite ................................ . 
Points determined with the transit ................................... . 
Beach measurement in miles ......••...•••••••••.•••••••••..••....... 

Topography: 
J>oints determined with the plane table •.••••••...•••..••.•........... 
Miles of shore line surveyed ...........••.••....•.....•.............• 

Ilydrography: 
Miles rttn in sounding ..... ~ ..•••••••••.....••••••••.••••..•••••..••• 
Number of angles measured ............•...•......•••....•..•....•.•• 
Number of soundings ........•...••..•....••••.•••.....••...•.•••••• 
Number of tidal stations established •.•••••••••..••.••••••••••.•••••• 

4 
34: 
1 

92 
17 

157 
310 

20,661 
4 
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SECTION VII. 

PENINSULA OF FLORIDA, WEST COAST, FROM ANCLOTE ANCHORAGE TO PERDIDO BA.Y, INCLUDING 
COAST APPROACHES, BAYS, AND RIVERS. (SKETCHES Nos. 1, 14, Ul, AND 20). 

Triangulati01i, topography and hydrograplty of the upper branches of Escambia ancl East Bays, 
Pensacola Bay, Florida, for the use of the G'Mlf Coast Nai•y-rard Site Commission.-In pursuance 
of instructions issued towards the end of November, 1889, Subassistant P. A. Welker proceeded 
to Pensacola, Fla, early in December of that year, and organized his party for a survey of the 
tributaries of Pensacola Bay, which was needed for the use of the Gulf Coast Navy-Yard Site 
Commision. 

It was desirable to make the triangulation of Pensacola and Penlido Bass one connected 
scheme, and as many of the points of the old triangulation bad been lost, :Mr. Welker was directed 
to begin his work on the line Navy-Yard Wharf to Fort Pickens, and extend it to the locality of 
the topographical work needed. He found it necessary to lay out a new scheme from this line as 
a base, which was the same as had been used for carrying the triangulation into Perdido and 
Mobile Bays, in February and March, 1889. 

~Vith regard to the country surrounding Pensacola Bay, Mr. Welker remarks that it is very 
heavily timbered; that the soil consists of a drifting sand, and that in many places there are 
dem;e and almost impenetrable swamps. In order t-0 avoid these swamps anu the cuttiug of lines 
through heavy timber, it became necessary to establish the triangulation statious on the sand 
dunes close to the slmre. The outlines of these dunes being constantls changed by the drifting 
sand, it was somewhat difficult to mark the stations so as to insure their preservation. 

Hy February 6, 1890, stations bad been established and signals erected as far as Lora Point 
on Escambia Bay, and the observations were fini8hed as far as tlle line Emanuel to Hickory, about 
three miles aooYe tlte city of Pensacola. Here it rested for the season, and the topography and 
hydrograpby in the vicinity of Pensacola was then taken up. 

A number of points for this work had been determined by the triangulation 1 and from the 
stations Post-office and the cupola of the Harbor Master's Building, the geogmphica1 positions of 
which were known, numerous flags placed in high trees were located. 

On March 18, the topography and the hydrogra.phy were :finished, and on the 20th the party 
was disbanded. 

Following are the statistics reported : 
Reconnaissance: 

Area of, in square statute miles - .••...•• , .. , ..•••••..•..•••.•..••..... 
Lines ofintervisibility determined as per sket<lh ... _ ........•.•.••...... 
Number of p0ints selected for scheme .. , .•••.. , 0 ...................... . 

Triangulation : 
Area of, in square statute miles . • . . • .. • • • • . • • '" ..................... . 
Stations occupied for horizontal measures, number of ... __ ..... _ ....... . 
Number of geographical positions determined ... - ...•..••.••.••.••.•••• 

Topography : 
A.re a sm·veyed in square statute miles ..................... _ ..•.•.. _ .. . 
[1ength of shore line of hay and of bayous in statute miles._ ........... _ . 
J~ength of roads in statute miles ... _ ...... __ .................. _._ ..... . 

50 
39 
16 

21 
10 
36 

16 

jfj 

Topographic sheet oompleted, one on a scale of 1-10000, from a mile and a hnlf we:st oftbe 
mouth of Bayou Chico to Magnolia. Bluff, including both bayous and the city of Pensacola. 

Hydrography : 
.Area sounded in aqua.re geographical miles ..... - . - - ...••.... - . - . - - . . . . 1 
Number of miles (geographical) run while sounding .............. - - .. - - . 22 
Number of a.ngles measured .••••••••..•. - . - .. - ... - - . . . . . • • • • • • • • • . . . . • 78 
Number of soundings ................................. " • • • • • • • • . • • . . . 3, 719 
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One hJdrographic sheet on a scale of 1-10000, inclmling hydrographic survey of Bayou Chico 
au<l Bayou Texas. 

}fr. 0. B. French served faithfully and ably in the party, as recorder and computer, until an 
attack of malarial fever compelle(l his detachment, February 12. Early-in March, Mr. H. P. 
Ritter, expert iI! lJhysical hydrography, was assigned, and aided most satisfactorily in briuging 
the work to a successful conclusion. 

Service executed by Mr. Welk er, in Ohio, later in the fiscal year, is referred to under a 
heading in Section XIV. 

Trianr1ulation, topography, and hydrography of Perdido Bay, Florida and Alabama .. -Reference 
was ma(le in the last Annual Report to the work executed by the party of Assistant A. T. Mosman 
on Perdido Bay, Florida and .Alabama. This work involved the la~·ing out of a scheme of 
triangulation requiring cutting through heavy timber, the erection of observing tripods and 
scaffolds from twenty to forty feet in height, the occupation of fifteen stations for observations of 
horizontal angles, and the measurement of au azimuth. 

For the continuation of the triaugulation, and for the execution of the topography and 
bydrography of the Bay and its approaches, Assistant Stehman Forney was instructed, towards 
the end of November, 1889, to organize a party to which were assigned Assistants O. T. Iardella 
and W'. I. Vinal, with l\fr. E. E. Torrey as foreman, and Mr. M. A. Coles as recorder. 

Mr. Torrey having been sent on in advance of the rest of the party made all preliminary 
arrangements for field work, forming a camp on shore, and having the schooner Transit ready at 
her station for use in local transportation, so that upon Mr. l<'orue,y's arrival at camp, December 
20, he was enabled to begin the survey next day. 

l\fr. farllella was assigned to the topographical work; Mr. Vinal to the bydrography, while 
Mr. Forney wm'.l chiefly occupieu with the triangulation, at the same time exercising a general 
supervision over all of the operations. 

During tlie early part of the season the weather was favorable, and satisfactory progress 
was achi1wed, but <luring February aud March, 1890, many delays occurred, owing to rain, to fog, 
and to smoke arising from the frequent forest fires in the vicinity. Ne\·ertheless, during the 
season of three months, satisfactory results were obtainetl. The triangulation was carried to the 
mouth of the Perdido H,i....-er, awl a reconnoissance made for the connection of the triangulations 
of Perdido and l\Iobile Bays; the topography of both shores of Pcrdido Bay was carried to within 
nine miles of its head; the hydrogra.phy of the approaches was finished, and the interior waters 
sounded ont as far np as the eud of the topography. The shores thus delineated and the waters 
sounded embrace not ouly the Bay proper, but also Bay La Launch, Old River, Johnson's Bayou, 
Cotton Bayou, H.oberts Ba.rou, Ingra.ham's Bayou, and Soldier and Palmetto Creeks. 

During the last week in the field, Mr. Forney took up a reconnoissance for the connection of 
the tl'ia,ngnhttion of Perdido Bay with that of Mobile Bay, and found that a practicable scheme of 
triangles couhl he formell which would connect the work of Assistant Mosman with the old 
tria11gt1latiou at tlie southeastern extremity of Mobile Bay. This scheme would admit of two or 
more quadrilaterals, the distance between the two systems of triangulation being but 9 miles, and 
as tlw timber is small and scattering not much cutting would be needed. 

Ile examined also the country between the head of Bay La Launch and Mobile Bay, and 
ascertained that a simple and comparatively inexpensive scheme of triangulation could he carried 
over that area, should it be deemed preferable to the coast-line system. 

l<'ield operations were closed under instructions on March 26, the schooner Transit being laid 
up under charge of a ship-keeper at the Pensacola Navy-Yard, as :~lso the tents, iustrnnH·nts, and 
camp equipage. Mr. Forney then proceeded with the members of his party to \:Vashingto11. 

He observes that but little commercial importance attaches to Perdido Bay. It may be 
described, in general terms, as a wide and irregular-shaped souucl, about l5 miles long, with 
innumerable ramifications of creeks aml bayous. At its northc>asteru extremity is the mouth of 
Perdi<lo Rh·er, which peuetrates the interior for about. 40 miles, and with the bay forms the 
bound:iry on the west of Florida b, t'•ern that State and Alabama. Four miles above its mouth 
the river bra.nches, sending off an ;i r- o1 to the northwestward, called the Blackwater. One mile 
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and a half above the confluence with the Blackwater it again divides, the branch running north­
westerly being known as the " Styx." 

The entrance to Perdido Bay is through a very narrow inlet into a lagoon called Old River. 
The bar is shifting, and has upon it an average depth of 9 feet at mean low water. During the 
prevalence of southerly winds the cove deepens, uut becomes shallow under the pressure of 
continued northers. The usual tidal current is about four knots, but during the prevalence of a 
norther there is no tidal current, the volume of water running constantly seaward. . 

The channel into the bay, now in general use, is not through Old River (exc~pt during north 
winds) but through a so-called cut-off, made some 15 years ago by persons living in the locality, 
through the narrow strip of lowland separating Old R-iver from Orinoco (or Johnson's) Bay. 
This cut bas now greatly increased in width, and has deepened to 3 fathoms of water, although 
it was at first but a ditch, 4 feet wide and 4 feet deep. This fact, Mr. Forney observes, is only 
worthy of mention because if such a scour bas developed in this particular channel, and in such 
a time, it may have a bearing upon the future of the Bay as a commercial port. At present there 
is no maritime commerce, the timber (mostly yellow pine, spruce, and live oak) being com·eyed to 
Millview, at the eastern end of the Bay, where there are two large sawmills with a manufacturing 
capacity of 200,000 feet a day. These mills belong to the Southern Land and Lumber Uompany, 
and their sawed lumber is transported to Pensacola by rail. · 

In closing his report, Mr. Forney expresses his great indebtedness to the experienced and 
efficient support given him by the officers of his party. 

For the season the statistics are as follows: 

Reconnoissance: 
Area of in square statute mlles . . . • . . • . . • • • . . . . . . . . . . . . . . . . . . . . . . • •• • 36 
Number of points selected for scheme................................. 6 

Triangulation : 
Area of in square statute miles . . . . . . . . . . . . • • . . . . . . . . . . . • • . • • . . . . . . . . 13 
Number of stations occupied for horizontal measures................... 9 
Number of geographical positions determined. . . . . . . •• • •• • • . . . . . . . . . . . 21 

Topography: 
Area surveyed in square statute miles . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 40 
Length c;f general shore line in statute miles... . . . . . . . . . . . • • . . . . . . . . . . 133 
Length of roads in statute miles .......................... _........... 17 

Hydrogra11hy : 
Area sounded in square geographical miles...... . • . . • . . .. • • • • • • . . . . • . . . 60 
Number of miles (geographical) run while sounding ..•.•••...•• : . . . . . . 300 
Number of angles measured ......................•...••............. ' 1, 250 
,Number of soundings ....•......................•........•.......•... 24,073 

Service performed by Mr. Forney in Pennsylvania earlier in the fiscal year is referred to under 
a heading in Section II. 

SECTION VIII. 

ALABAMA, MISSISSIPPI, LOUISIANA, AND ARKANSAS. INCLUDING GULF COASTS, PORTS, AND RIVERS. 
(SKETCHES Nos. 1, 12, 14, 19, AXD 20.) 

Reconnaissance and occupati-On of stations for the exten1>-ion of tlte primary triangulation fa Ala· 
bama towards the Gulf of 1Jfe.xico.-Field operations in Alabama for the extension to tbf\ son th ward 
of the main triangulation were resumed by Assistant F. W. Perkins early in February, 18!JO, in 
pnrsmmce of instructions issued in the mouth previous. Reconnaissance and the erection of high 
observing tripods and scaffolds occupied the party until the end of April. 

·As a result of a general examination of"the topographical aspect of the country over which 
the reconnaissance was carried~ Mr. Perkins states that it may be broadly dh·idetl into three zones. 

The northern zone, drained by the Tennessee River and traversed by the southwestern 
extremity of the Appalachian clia.in, is almost mountainous. 
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The middle zone, lying north of the latitude of Montgomery and draining into the Coosa, 
Tuscaloosa, and Little Tombigbee lli•ers, is traversed by ranges of high bills. 

The southern zone, which drains into the Alabama, Tombigbee, Coneeuh, and Chattahoochee 
Rivers, is best described as undulating, but may be further described as consisting of a series of 
broad, sandy, heavily-wooded plateaux, dividing the drainage; sloping gradually to the south and 
east and more abruptly to the north and west, with broad alluvial river bottoms which are in the 
main very flat, but with occasional knolJs or clusters of hills of coarser and heavier material. 

After these facts had been aseertained, it wai~ decided to rest the eastern line of points on the 
Alahama-Conecuh tli\·ide, and to take advantage of the accidental elevations in the Alabama bot­
tom for the western points, until by tile narrowing of the bottoms to the southward the divides on 
either side of the Alabama Hirnr could be matle available. 

The heavy forests and the almost uniform heights of all the ridges and summit leveis made it 
often necessary for the reconnoitering officer to be elevated from 100 to 200 feet above the ground, 
and to effect this most economically and expeditiously, single poles from 3 to 5 inches in diameter 
were set up and braced by a few sets of guys made of light wire. Upon these poles the observer 
with his reconnoitering telescope was hoisted to the required height. 

Mr. W. B. Fairfield, extra observer, was placed in charge of the construction party engaged 
in erecting observing tripods and scaffolds, and accomplished excellent results with very moderate 
expenditure of time and money. 

The reconnaissance ha Ying been extended to a point about 7 miles east of the Alabama River 
and about 85 miles in a son th westerl,y direction from "Montgomery, it was there rested, and by May 
3, all of the signal lights lrndug been posted, the party was at Jamison station reads for observa­
tions. TlteHe were completed, though not without much difficulty owing to almost continuous rain 
arnl fog, by l\Iay 14, and the party was transferred on the next da,y to station \Vilder. Owing to 
the withdrawal of Mr. Fairfield for other duty at this juncture, and to a series of accidents to the 
signal lamps, the observations at this 1ioint had not been finished at the close of the fiscal year. 
In the latter part of June Mr. \V. B. English joined the party, and by his industry and aptness 
remlered very satisfactory service. 

The statistics of the work will be given with an account of its progress in the next Annual 
lteport. 

At the request of Governor Seay of Alabama, and by direction of the Superintendent, Mr. 
Perkins established a true Illeritlian line by suitable mo1mments set in the grounds of the State 
Capitol. This work was done between tlle time of closing the reconnaissance and that of begin. 
ning the regular observations, the party being then in Montgomery. The necessary astronomical 
obsen·ations were made May L All the expense of procuring, preparing, and setting the monu· 
ments was borne by the State. 

Occupation of statfons for the deteriwination of the magnetic elements in Alabama, JJiississippi, 
Louisiana, and .Arkansas.-In the course of the magnetic tour of Assistant James B. Baylor, which 
has heen alrcad~· referred to under a heading in Section III, be occupied in the months of April 
atHl May, 1890, a number of stations for the determination of the magnetic declination, dip, and 
intensity in Alabama, MissisRippi, Louisiana, and Arkansas . 

. At Lake Charles, CalcaRieu County, La., a station was established in the grounds of the Court. 
honse, in the rear of tile jail, and was securely marked. Tile latitude, longitude, and azimuth 
were determinetl by obser>atious of the sun ou one day, and tbe magnetic declination, dip, and 
intensity on another day. 

At l\Iermenteau, Acadia County, La., a station was established in front of the l\formenteau 
Hotel, awl securely marked0 the observations made on two days being similar to those at Lake 
Charles. 

Observations of a like character were made at La Fayette, La Fayette Connty, La., on two 
clays. The station here was estahlished in an open lot in the rear of the Railroad House, and was 
securely marked. 

At Natchez, Adams County, Miss., a station was established on the blaft' opposite the Jewish 
cemetery, within a few feet of tile ''Bache Fund" station occupied by Dr. T. 0. Ililgard in 1872, 
and as near to it as the changed surroundings would permit. The determinations of the magnetic 
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elements made by Mr. Baylor will be of valne~ therefore, when compared with Dr. Hilgard's 
results in ascertaining the rate of change of the declination, dip, and intensity. 

The stations above named were all occupied in April, 1890; those following in the month of 
May. 

At Vicksburg, Warren County, l\Iiss., the Bache Fund statiou, occupied by Dr. Hilgard in 
1872, on Castle Hill, was found to he no longer available, a tall iron tower lia>ing lieen built on 
the hill since that year. A new station was established, therefore, on the eastern edge of Castle 
Hill, and measurements made to connect it with tlrn old one. Two days were occupied in making 
the usual observations, and the station was carefully marked. 

At Greenville, Washington County, Miss., a station was established in tile large open square 
in the center of the town, and securely marked. The magnetic elements were dr~termiued on one 
day, and the latitude, longitude, and azimuth by observations on the sun on one day. 

Similar observations were made on two days at IIelena, Phillip;; County, Ark., where a station 
was established in the Court-house grounds over the center of a small lead bolt in tlie north 
meridian stone of the County l\feridian Line. 

At Oxford, La Fa.yette County, l\Iiss., the Bache Fund station, established by Dr. Hilgard in 
1872 in the baseball grounds south of the campus of the University of .Mississippi, was re occupied, 
and the usual observations made on two days. The point was securely marked. 

At Florence, Lauderdale Couut;r, Ala., lllr. Baylor re-occupied the station at which he had 
determined the magnetic elements iu 1881. The point is in the grounds of the l'resbyterian Female 
Seminary, and bad been well preserved. The usual two days obser>atlons were made. 

From Florence Mr. Baylor proceeded in June, 1890, to Ilnntsville, Madison County, Ala., 
where be established a magnetic station in Spring Park, and marked it Becurely. The usual 
obsen·ations were made on two days. 

Other magnetic stations occupied by l\lr. Baylor are reforred to under lwadiugs in Sections 
HI, IX, and XIII. 

Extension of lines of geodetic leveling from Lonilon, Pope Coirnty, A t·k., to Fort Smith, Sebastian 
Ooiinty.-The lines of leveling of precision in the State of Arkansas begun in September, 1887, in 
compliance with a request from Prof. J. C. Branner, Director of the Geological Sur\·ey of tliat 
State, and carried westward from the :Mississippi River, bad reached London, Pope County, in the 
autumn of 1888. Towards the cud of June, 1889, Assistant Isaac "'inston was directt~d to organ· 
ize a party for the extension of these lines to Fort Smith, near the western boumlary of the State. 

Mr. Winston reached Little Hock Jul~, 19, and was joined there by SnbassistallL J. 11. Gray, 
and by Mr. F. A. Young, recorder. Tlte party was immediately orgm1izt•ll, and the leveling obser· 
vatious were begun July 24. Two new geodetic leveli;;, l\os. 5 arnl 6, anll four new le>eling rods, 
L, M, N, and 0, had been furnished for use in the °"or1:, and the constantR of these wen~ at once 
detf>rmined. Tbe plan of operations invol>ed the running of two separate liues of le\·els in oppo­
site directions by two observers. l\Ir. Winston made the forward measurement, and Mr. Gra;v the 
backward one until September 11, when he was relieved from duty in the party, and :'.\Ir. Young 
placed in charge of the backward measure, l\Ir. H. D. Mitchell of Hot Springs, Ark., being made 
recorder in place of l\lr. Young. 

The route was along the Little Ifock and Fort Smith Railroad, and the party was exposed at 
all times to the full effect of the sun's beat. During the observations the instrument was shaded 
with an umbrella, and while being carried from one i;;tation to anotller it was covered with a white 
cloth. The striding level of geodetic level l\ o. tl lJeing tlie least sensitive, that iustrument and 
rodi-; J, and 1VI were used almost exclusively in the progress of the work. It was found that the 
striding level required frequent adjm1tme11t, until the wooden wedges which kept tl1e le>el >ial in 
position were removed and the vial fixed iu place by plaster of Paris. The wedges after being 
wet during showers of rain would shrink in drying, and hence change the Jewel adjustment. 

After October 10 Mr. Winst-0n made the measurements in both directions himself, fearing that 
otherwise the allotment of funds for the work would be exhausted before Fort Smith was reached. 
Fortunately the lines were completed October 22, without exhausting the allotment. 

The reoord was made in ink, and the computath>n of the results kept up from day to day, so 
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that the necessary comparison between the measures could be made, and assurance obtained that 
the limits for error were not exceeded. 

Temporary bench.marks were established at intervals of 1 kilometre (about), and permanent 
bench-marks in all the towns and villages along the railroad. At Van Buren, Crawford County, 
three bench·marks were established, this being the proper point for starting tbe lines of precise 
le\·eling which will form a junction with the transcontinental line at Kansas Uity, 1.fo. The 
Arkansas River was crossed at Van Buren, the instruments and rods being placed on the stone 
piers of the railroad bridge outside of the superstructure. At Fort Smith, the end of the line, two 
bench-marks were established. 

During the season the elevations of all county-road crossings, and those of the railroad 
stations along the line were determined by holding the rod on the ground in the center of the track 
at the crossings and in front of the buildings at the railroad stations, making tbe,se points e.r:tra 
foresights in the forwar!l measure. 

A bench-mark notice, printed on linen, was postC!l near each permanent bench-mark. Much 
interest was shown in the work by the people along the route, and a general desire was expressed 
to obtain the published results as soon as possible. 

After the close of the work a complete list of all the elevation;; deduced b.Y the field computa­
tion was furnished to Professor Brauner, State geologist, umler authority from the Superintendent. 

Mr. F. A. Young, as recorder and observer, served with ability; Mr. H. D. Mitchell's services 
as recorder were also entirclr satisfactorv. 

Mr. Winston transferr~d bis party to Greenfiehl, Ten~., immediately after finishing the 
Arkausas work, anll took up under instructions field duty, which will be referred to m1der a head­
ing in Section XIII. 

flyilrographic suneys on the coast of Louisiana, trest of the Passes of the Mississippi.-The party 
in charge of Lieutenant A. L. Ilall, U.S. N., .Assistant Coa~t and Geodetic SurYey, commanding 
the steamer Endcm:or, arri rnd at their working ground, west of the Passes of the Mississippi, 
December 16, 1889. Shore signals for the hydrograpby were built, and a tide-gauge established, 
at Ship Shoal Light House, but owing to continued fog and haze, no lines of soundiugs were run 
until .January 11, 18~)0. 

The work laid out for the season was the off-shore and in-shore hydrograpby of the coast of 
Lomsiana between Barataria Bay and Ship Shoal, the off-shore work being deemed the most 
important, an<l to be auvanced as rapidly as vossible, while the in-shore work was to be carried on 
at snch times as would interfere lea3t with soundings from the ship. 

In running the Jines to Sliip Shoal, much !lifficnlty was experienced, as the currents between 
it and Isle Derniere, aud outside of the shoal, were so variable in strength an<l direction that no 
allowance could be made for them, besides which the swell upon the shoal was so great that 
Lieutenant. Ila,ll deemed it unwise to put the ship on it unless under the most fav-0rable conditions. 

Bnt little change in the general outline of the shoal appeared to be developed by the 
soundings. The passage between Ship Shoal and Isle Derniere was well marked by the soruulings 
and character of the bottom, and can be used to mhantage while standing to the eastward or 
northward when a nortllcr is blowing, as it gives srnootll water. 

From the observations of day tides at Sllip Shoal J,ight House between January 6 and May 
15, Lieutenant Hall fountl tlJat tlrn range of the tide and the times of lligb and low water were 
much influenced by the wind. The set of the current w:1s as a rule westerly, though frequent 
interruptions took place, usually followed by a cbange of wintl. Much fog and haze were 
experienced in the early part of the season, witll but little rain; during the latter part the winds 
became fresh and steady, generally from the southeast. The heaviest squalls tllougli were from 
north to northwest. As late as May 3 every tripod signal on the coast was blown down by one of 
these squalls. 

Field operations were closed under instruc.tions on May 15, and Hie Endeavor was taken 
north, stopping at New Orleans for sligbt repairs to boiler am.l engine, and at Cape Florida for a 
11ydrographic examination, the result of which is reported under a heading in Section VI. 

Ensigns John F. Lnhy, F. H. Brown, and Thomas Washington, U.S. N., were attached to the 
party on the Endeavor, the officer last named during part of the season. 
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The work accomplished was plotted on three hydrographic sheets, which have been sent to the 
Office. Their limits and scales are as follows: Terrebonne Ba,y to Ship Shoa,l, 1-20,0()0; Coast of 
Louisiana west of Isle Derniere, 1-20,000, and Barataria Bay to Atchafalaya Bay, 1-801000. 

The statistics are : 

Hydrograplly: 
Area sounded in square geographical miles. . . . . . . . . . . ............... . 
Number of miles (geographical) run while sounding ................... . 
Number of angles measured ...•....................................•. 
Number of soundings .............................•.................. 
Number of specimens of b6ttom preserved ............................ . 

410 
7U2 

2,501 
28,·i\H 

9 

Reconna-issanoe and triangulation on the coast of Loui.~iana, between Atchajalaya and Cote 
Blanohc Bavs.-By instructions dated December IO, 188!1, the reconnaissance and triangulation 
needed to connect the survey of the eastern part of .Atcl.mfalaya Bay with that of Cot~ Blanche 
Day, on the south coast of Louisiana, wa,s assigned to Assistant U. H. Iloy1l. 

As soon as the repairs required to put the steamer Hilchcock in cont.lition for service could be 
completed, Mr. Boyd orgauizetl his party on board tliat vessel, and took up the reconnaissance and 
triangulation in Atchafalaya Bay, from the line Deer Island-Point au Fer. The marks for these 
stations were found to correspoud with the dnscriptions, and had apparently been nmlisturhed. 

The triangulation was then carried westward over the Atchafalaya and Cote Blanche Bays by 
a series of quadrilaterals as well conditioned as the marshy character of the coast would allow, 
until a connection had been made with the work of Assistant Perkins, in 1889, in the eastern part 
of Vermilion Bay, upon the line Shell-Gracious. E\·itleuces of washing shore-lines were found 
everywhere within the area of this work. Details of Uie difficulties which attended the recovery 
and the marking of the several points are given by Mr. Boyd in his r~port. 

Tlte very unstable nature of the ground along this coast matle it desirable to increase the 
usual number of oosen·atious, and to make them at as many epochs as possible. Each angle in. 
the main series of triangles was therefore measured by eight sets of six repe.titions each; each 
line from a station was measured with every other line afffmling the greatest number of summa­
tion angles, and. the circle was filled at ever,y angle, so that at stations having six others connecting 
with them there were 1,440 pointings. 

Mr. Boyd was indebted to M.r. Jobn 0. Scannell, proprietor of the lar~c sugar plantation on. 
Cote Blanche, for a list of loeal names which are in more common use than a number of those 
given on the publishe<l charts. . 

The work was seriously delayed and many of the observations were made under quite 
unfavorable conditions of haze and fog due to the over1low waters from the Mississippi crevasses. 

Assistant R. A. Marr joined the party March 1, and was detached May 6. Mr. Boyd 
expresses himself as greatly indebted to Mr. Marr for most cordial and effieient aid. 

Field operations were closed l\lay 9. Following are the statistics reported: 

Reconnaissance : 
Area of, in square statute miles . . . . . . . . . . . . . • • • • • . . . • . . . . . . . . . . . • . 400 
Lines of intervisibility determined as per sketch... . . . . . . . . . . . . . . . . . . . . . . 40 
Number of points selected for scheme................................... 13 

Triangulation : 
Area of, in square statute miles . • . . . . . . . . . . . • • . . • . . . . . . . . . . . . • . . . . . . . • . 100 
Signal poles erected, number of......................................... 6 
Observing tripods and scaffolds built . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 10 
Stations occupied for horizontal measures............................... 12 
Number of geographical positions determined . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

Ueference to duty performed i>y Mr. Boyd on the headwaters of tho St. Uroix River, Maine, 
will be found under a. heading in Section L 
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SECTION IX. 

TEXAS, I~CLUDING GULF COAST, PORTS, AND RIVERS; ALSO THE l:s-DIAN TERRITORY. 
(SKETCHER Nos. 1, 19, ancl 20.) 

Establishment of a se?f-rcgistering inngnetic aiiparatvs at a station in San Antonio, Tex.-The 
completion of a record of changes in the magnetic force during a 1ieriod of 7 years at the mag­
netic obsern1tory at r,os Angeles in October, 1889, is referred to under a heading in Section X, 
and as there stated, Assistant n. E. Halter, who had been in charge of the obsen·atory since 
February, 1877, having been directed to pack the instruments and forward them to Sau Antonio, 
Tex., bad completed this duty October 23. 

On the 27th he reached San Antonio, and transferred the instruments to the new magnetic 
observatory which had been built earlier in the year within the grounds of the United States Military 
Reservation. He re1lorted his arrival to General D. S. Stanley, U. S. A., commanding the 
Department of Texas, and began tlte frnal arrangements needed for beginning the record with the 
Adie magnetographs. But owing- to severe illness Mr. Halter was compelled to suspend his work, 
and wbeu it becawe evident tl.Iat some time would elapse before he could take it up again, 
Assistant Andrew 13raid was relieved of the charge of the Instrument Division of the Office by 
instructions issued iu December, and directed to proceed to San Antonio, and set up aml adjust 
the magnetographs, and begin the magnetic record. 

Mr. Braid arrived at San Antonio early in January, 1890, and after having made some slight 
a.Iterations in and repairs to tl.Ie observatory buildings, he marked the direction of the magnetic 
meridian on the north and south walls of the magnet room, and of tbe magnetic prime vertical on 
the east and west walls. The direction of the magnetic meridian being then marked for the unifilar 
and bifilar piers, and that of the prime vertical verified, threads were stretched between these 
various points and the suspensions of the unifilar aad bifilar magnetometers were accurately 
placed by means of the iatersections. 

The slate slabs connectiug the three instrument piers with the cylinder pier were leveled in 
the same horizontal plane, and secured in position. The marble slabs supporting the instruments 
proper were also carefully leveled, and the fixed mirror of each was adjusted. Tl1e lamps, lenses, 
slits, and condensers were adjusted without difficulty, as were also the reading telescopes and 
scales. For the unifilar and bifrlar instruments the suspensions used at Los Angele.<> were again 
utilized. The brass torsion weight was SL1spended continuously for a number of days, and by 
means of the graduated torsion head, and after the elimination of torsion, the axis of the brass 
weight was accurately placed in the magnetic meridian. The magnet was then substituted for 
the weight and tile mirror adjustment completed. 

Mr. Braid made careful determinations of the weights, in grains, of the several parts of the 
apparatus used in obtaining >alues for the instrumental constants. Ile expresses his obligations 
t-0 the steward of the Military Hospital for the loan of a very good balance and set of weights. 
The results of his weighings are st:Lted iu fall in his report; also the values which he found for 
the instrumental constants, and tlie methotl.s of procedure adopted. 

:For the Yertical-force magnet no satisfactory adjustment coultl be effected; it was therefore 
taken to \Vashington, and at the office a thorough examination, made by JUr. Braid, discovered 
defocts in its original construction, as well as injluies resulting from deteriorntion of the agate 
plane antl knife-edge. These ha,-ing been remedied and the instrument practically reconstructed, 
it was returned to Saa Antonio and ha8 since been working satisfactorily. 

On March 17 the photographic record of changes in magnetic force was begun, and has been 
continued without interruption to tile close of the fiscal year. 

Absolute determinations of the magnetic declination, dip, and intensity were made during 
tlirce days of each month, anu observations for time whenever needed. 

The geographical position of the Observatory was determined by connecting it trigouomet­
rically with the tower of the Military Depot, tile latitude and longitude of which were known. 
The metal rod on the summit of this tower was made available for an azimuth mark in the 
determinations of the magnetic declination. 
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In April Mr. L. G. Schultz was assigned to duty a.t the Observatory, &nd was trained in the 
manipulation of thl~ instruments, both differential and absolute, and in making the observations, 
with the nuderstanding that lie should act as assistant to Mr. Halter, and in c~1.se of emergency 
take charge of the Observatory. , 

Ou the 23d of l\fay l\1r. Braid in pursuance of instrnctions, turned over the direction of the 
work to Mr. Halter (whose health had then much improved) and proceeded to \\T ashington, 
where he wn.s occupied for a time, as already stated, iu au examination and reconstruction of the 
vertical-force magnetometer. 

On June JG he was assigned to duty as Executive Officer in the office of the Superintendent. 
In liiR report of the San Antonio work, Mr. Braid expresses his appreciation of the valuable 

assistance rendered by Mr. llaJtt,r. A report from the latter officer has been received, acknowl· 
edgiug the able services of Mr. Schultz, and presenting statistics of the ouserrntions made at Los 
Angeles aud at San Ant-0nio for the portions o(the fiscal year duriug which the records at those 
stati011s were kept up. They are as follows: 

Number of observations for time .... _ .......••••..••..•....•.••.••.•••.... 
Number of obserrntions for temperature._ ...•........ _ ................... . 
Nnrnber of readings of scale ( >'.P~).. . ...............................•.•... 
Number of unifilar hourly scale readings from traees ..•....... _ ........... . 
Number of bifilar hourly scale readings from traces .................. _ ..... . 
Number of vertical force hourly scale readings from traces ................. . 
Number of observations for abRolute declination .................. _ ....... . 
Number of obscn·ations for absolute intensity .•...•.•....................• 
Number of observations for absolute dip .................................. . 
Number of observations for scale •alues .................................. . 

86 
1,536 

600 
2,880 
:!,880 
2, 160 

4G,t 
360 

1,152 
lSG 

Occupation of stations in Texas for tke dcterininatfot~ of the magnetic declination, dip, a1td 
intensity.-The magneLic tour, plannerl for Assistant James B. Baylor, by instructionB dated 
December 13, 1889, included the occupation of a number of stations in Texas for the determina· 
tion of the magnetic elements. 

Early in January, 1890, Mr. Baylor proceeded to Washington for couferencc with the Super· 
intendent, and thence to Corpus Christi, Nueces County, Tex., where he established a station in 
the open space at the foot of a maiu street of the town. The latitude, longitude, and azimuth 
were determined by observations of tlw sun on one day, and the declination, tlip, and intensity 
by observations on another day. The station was securely marked. 

Similar observations wcirti made on two tlays at Beeville, Bee County, Tex., where a station 
was established in the grounds of th<~ Court-house and carefully marked. 

Also at San Diego, Dnval County, Tex., the station being located in the Court-llouse 
grounds. 

At Peiia Station, Dtffal County, observations were made at a station established in the open 
space to the north of the railroacl depot, the work occupying, as usn:tl, two days, one for the 
determination of latitude, longitude, and azimuth, and one for the arnguetic declination, dip, and 
intensity. 

The stations above named were all occupied in January, 18!JO. 
At Laredo, Webb County, Tex., in February, a station was established at Fort "Mclntosb, 

in the open space near the house of the commanding officer, and securely marked. Two days 
were occupied here in determinations of the magnetic elements, and one in obserTatious on the 
sun for latitude, longitude, and azimuth. 

At Cotulla, La Salle County, Tex., two days' observations were made at a station established 
in the grounds of the Court-house, and .;;ecurely marked. 

At Eagle Pass, Maverick County, Tex., a station was established in the open space south of 
the office of the commanding officer of Fort Dnncan. aud was carefo!Iy marked. The usual two 
days' observations were made. 

' Also at Sanderson, Pecos Connty, where a station was established iu the opeu space north of 
the railroad hotel, and carefully marked. 
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Also at Langtry, Val Verde County, where a station was established and securely marked 
just south of Camp Langtry on the bluff near the Rio Grande River. 

Also at Spofford Junction, Kinney County, the station selected being in an open lot adjoining 
the United States Post-office building. This was the last station, the occupation of which was 
completed in February, 1890. 

At the end of February and at the beginning of March a station was occupied at Port Lavaca, 
Calhoun County, Tex., the declination, dip, and intensity being determinecl by observations on two 
dayR, and the latitude, longitude, and azimuth by observations on one day on the sun. A site was 
selected and securely marked in the Court-house grounds. 

Ill l\larch a station was established at 'Wharton, Wharton County, Tex., in the Court-house 
groundR. It was occupied for two days and carefully marked. 

At Austin, Travi,:; County, Tex., Mr. Baylor re-occupied the station which he had established 
in 1878 near the Texas Land Office. It was found to be in a good state of preservation. The lati­
tude and longitude and the meridian line which had been established by Assistant Eimbeck were 
used, and the magnetic elements were determined by observations on two clays. 

At La Grange, Fayette Couuty, Tex., a station wa,s established in the Court-house grounds 
and secnrely marked. The magnetic elements were determined by obsen~ations on one day. A 
meridian line for the county wa8 laid out here and securely marked by bolts set in solid stone 
posts which were supplied and set by the county authorities. Latitude, longitude, ancl azimuth 
were determined on one day by observations of the sun. 

The last station occupied by .Mr. Baylor, in March, 1890, was at Galveston, 'l'ex. Observa­
tions were ma!le at a point selected at the bead of Fremont st1'eet, in the rear of the Beach House, 
-on one day for latitude, longituLle, and azimuth, and on two da;ys for declination, dip, and inten­
sity. 

At Houston, Harris County, Tex., in April, 1890, a new station was established in the Fair 
Grounds west of the city, and after two days occupation was carefully marked. 

The usual obRervations for two days were made also at a station established at Columbia, 
Brazoria County, 'l'ex., in an open lot in the rear of the Presbyterian church. 

Also at a station established in the Court-house grounds at Beaumont, Jefferson County, Tex. 
Also at a station established in the Court-house grounds at Liberty, Liberty County, Tex. 
Mr. Baylor's last station in Texas was occupied in April, at Orange, Orange County. A sta-

tion was established here in au open space at the intersecting streets in front of the Curry House, 
and, as wer<' all other stations, was securely marked. The observations were completed in 
two days. 

Other magnetic stations which be occupied are mentioned under headings in Sections III, 
VIII, and XIII. 

SECTION X. 

CALIFORNIA, INCLUDING THE COAST, BAYS, AND RIVERS. (SKETCHES Nos.2,10,16,16a,17,19,and20.) 

Completion of tlte topographic survey of the south coast of California, between Sari Diego and San 
Onofre.-Reference was made in the last Annual Report to the resumption of topographic work Oil 

the south coast of California by the party in charge of Assistant A. F. Rodgers in May, 1889. At 
the beginning of the fiscal year plane-table work was in progress upon a sheet projected to include 
the coast aud vicinity to the north and south of Del Mar. Mr. Rodgers observes that the topog­
raphy in this vicinity is ext_remely broken and complex in character, and that this is a character­
istic feature of the larger part of the coast margin of San Diego County. 

l\Vork was continued upon the Del Mar sheet until July 22, and the party was then trane· 
.ferrcd to La Jolla, 10 miles to the s:mth. Here the sheet projected to include the. villago al1d 
vicinity of La Jolla and Pacific Beach was taken up. T11is locality is marked by the hill known 
as Soledall J\Iountain. It is 812 fed in elevation above sea.level and forms a prominent landmark 
for the mariner in approaching San Diego Bay from the northward. This summit, with its western 
extremity, was known to the old Spanish navigators as "Punta Falsa," or False Point, from its 
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dangerous resemblance to Point Loma, the headland of San Diego J3ay, and for which it was 
sometimes mistaken. 

During the months of August and September the topographical survey was continued over 
the !:!lopes of Soledad Mountain and to the eastward of Rose Uailon, through which the branch of 
the Santa Fe Railroad known as the California Central or Southern H.ailroall reaches tlie bay of 
San Diego from the northward. Upon the completion of the La .Jolla plane-table sheet: October 2, 
the party was transferred on the afternoon of that day to San Diego, and was employed for a week 
in making additious to the original topographical sheets of San Diego Bay, chiefly new wharves, 
and also the line of the Uoronallo Belt Railroad around the shore of the bay. 

The results of this work of rcvisiou were forwartled to \Vashington in November to be maue 
available for publication in a new edition of the \lhart of San Diego Bay. 

While in San Diego l\Ir. Rodgers visited the entrance to the bay and determined the position 
of the new faght-l1ouse on Point Loma, and also the road leading from that Light-house to tbe 
Government landing at Ballast Point Co>e. 

On October 9 the })arty was transferrer! by the coast wagon road to Oceanside, and on the 
14th work was beg11n upon the topography in the vicinit,Y of Las Flores, and coutinued until 
November 18. On November 20 the quarters of tlle pa.rt.r were established in a deserted cabin in 
the Sau Onofre Valley, the location of which exactly suited the requirements of the work. Soon 
after beginning the San Onofre sheet, the rniny season set in with vigor, aml the ordinarily dry 
bed of the Sau Onofre Creek, which the party had to cross on their way to meals, became a torrent. 
l\fr. Rodgers observes that he was not unduly impressed at such times witl.J the improYident waste 
of water, millions 01 gallons rn:;;hing to the ocean as the result of every rainstorm, while during 
the dry season of summer the thirsty crops wither from lack of moisture and the only recourse of 
the settler, in many parts of the south:coast counties, for his daily family supply is a horse and 
sletl and a water barrel. In former reports Mr. Rodgers has called attention to the San Onofre 
as one of the streams which could be readily utilizell in developing the water supply of San Diego 
County. 

The topograph,Y of the ridges of the San Onofre l\Iountain, the summit of which is l,720 feet 
above sea level, occupied the party dllriug the montl.J of Nm-ember. This "mountain," so called, 
is really a ridge about 5 miles in length, forming a promiuent landmark looking north or sonth 
.along Urn coast. Its axis is nearly parallel to the coast line; its sea-front is bordered by fiat table­
lands, from which long ridges flanked by deep gorgas reach back to the main ridge; this breaks 
down abruptly on its eastern face, giving marked evidence of some displacement of mass, eithel' 
from earthquake or deluge, in the remote past. 

San Onofre is cut nearly down to sea level on the north by the valley of the same name, aad 
on the south by Horno Canon. 

During November, although there hatl been a heavy rainfall, the precipitation had been 
generally at night, and field work was not seriously interfered with, but by the middle of December 
the rains had become almost continuous and the soil so saturated with water that the pack· 
animals would bog down on the grassy slopes of the mountain, and under such conditions progress. 
was necessarily slow. Finally, howevel', the San Onofre sheet was completeu, and on December 
22 Mr. Rmlgers began his arrangements for leaving the field. 

These were not canietl out without many (}ifficnlties and annoying delays, owing to tho 
swelling of the streams, wrr,sh-nut.s, and carrying a was of bridges on the railroads, and other effects 
of heavy rainfall, resulting in a temporary suspension of freight and passenger transportation. 
From the 25th to the 31st of December the party was hopelessly weather.bound at Capistrano, and 
it was not till January 6 that passenger-train service was resumed to the northward from Los 
Angeles. On that day Mr. Rodgers left for San Francisco, arriving there the next day wi~h bis 
aid, Mr. John Nelson. The efficient service rendered by l\Ir. Nelson throughout the seasou is 
acknowledged by his chief. 

For the four topographical sheets which cover the coast line and vicinity from La Jolla to 
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San Onofre, and which were projected in 1886 and 1887 and finally completed in 1889, Mr. Rodgers 
presents the statistics in a tabular form as follows: 

I
I . I[ Number of miles anr..-eyed. 

Area 1n 

'. '::m:~~ ,--8~.;,.~ -~~:~:;-·r;~~oads I Wag~ 
Locality of survey. 

DeUfar ...••.•.••.•••••••• 1~-;;-l--1-i--9-1--:;;-=-
J l line. , I! road~. 

LaJolla ···················! 20 I 7.5 I 8.( I 7.2 28 
Las flares .•••.••....••.... 

1 
14. G 7. 2 I 12. 2 ! 6. 9 ! 12. 4 

San Ono fro .•••••.•.••••••. : 11. 8 J 7 1 7 ! 7. 4 I 10 , ___ , ___ , ___ , ___ , __ _ 
Totals ••••••.•.•••.••. ! 66 I 28. 7 i 36.6 : 29.2 I IH.8 

! I ! i I 

In addition to the above there were surveyed at San Diego Bay 3 miles of shore line and 14 
miles of railroad, and in the course of the determination of the new light-house site at Point 
Loma, 1 milP- of railroad and 3 of wagon roads. 

Duty assigned to Mr. Rodgers later in the fiscal year is referred to under a subsequent 
headiug in this section. 

Connection of the Los Angeles primary base line 1oith the main triangulation in s01ithern 
California. Preparations for the ocoupation of Alount Oonness.-The measurement of the Los 
Angeles primary !Jase-line in the winter of 1888-'89 by the party in charge of Assistant. George 
DaYidson was referred to in the last Annual Report, and a full account of it by Mr. Davidson was 
imblishetl as Appendix No. 10 to that volume. 

In the spring of 1890 be was prepared to take the field in pursuance of instructions issued in 
March of that year, to make the observations required at the ends of the base in order to connect 
it with the main triangulation. The beginning of the work was delayed by the almost 
impassable condition of the roads resulting from the heavy and incessant rai\}s of the previous 
winter. Iu April Assistant J. ,J. Gilbert was directed to report for duty to Mr. Davidson and was 
assigned to the charge of the fielrl observations at the ends of the base. Sub-assistant Isaac 
Winston rcporte<l for duty soon after. 

Mr. Gilbert occupied first the Southeast Base st.ation and obser\ed all the horizontal 
directions. The triangulation developed from the base line by a quadrilateral on either side; tl10 
heights of the stations extend from the base line at about 100 feet to Mount Wilson at about 
6,200 feet. The fogs J)roved to be a great hindrance to rapid work, but all of the directions 
ne,ecled were obtainerl. For this work :Mr. Davidson increased the number of positions of the 
theodolite to 47, one observation direct and one reversed being made in each position. 

Some observations for latitude and azimuth were also undertaken by Mr. Gilbert to a1low of 
preliminary computations, but the series was badly broken by reason of fogs that came over the 
low country early in the night and cut off work. 

Meanwhile Mr. Winston was detached to make a series of levelings between Northwest Base 
station and the tidal bench-mark at San Pedro Harbor. This he did both ways and then 
established two permanent bench·marks at San Pedro for future reference. 

Towards the eml of May, the observations at Southeast Base, which included also vertical 
angles and the determination of the magnetic elements, were completed, and the party was 
transferred to Northwest Base. Here the weather proved more favorable; the horizontal 
directions were soon finished; vertical angles and the magnetic elements were observed, and upon 
two or three nights observations for latitude were made. The time and azimuth observations were 
not completed, the advance of the season making it necessary to push forward the preparations 
for the occupation of the primary triangulation station, Mount Conness. On the 17th of June 
Assistant Gilbert moved the party from Northwest Base station to Oakdale, beyond Stockton, the 
end of rail towt1rds Conness, and after conference with Mr. Davidson he moved to the front. 

AH:,;i:-;taui J. S. Lawi>on aml Subassistant Fremont Morse forwarded from the Suboffice all the 
necessary camp equipage and extra instruments for the Mount Conness work. Mr . .Morse then 
mon~d to the front. 

In approaching Conness, Messrs. Gilbert, Winston, and Morse encountered snow a.nd bad roads 
at a poi11t 43 miles west of Soda Springs in the Tuolumne Meadows. 
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An account of the occupation of this important primary station is necessarily deferred to the 
next fiscal year. 

Completion of tke record of clwnges of nu1111wtio force at the self-registering station, Los Angeles, 
Oal.-A continuous record, without any serious interruption, of the changes of ruagnetic 
force having been obtained by means of the Adie magnetographs at Los Angeles, Cal., from 
October 1, 1882, to October 1, 1889, Assistant R. E. Halter, who had lH',en in charge of the Magnetic 
Observatory since February, 1887, was directed to pack the instruments and forward them to 
San Antonio, Tex., proceeding there himself to set them up again and adjust them at the station 
which had been previously selected there. 

The period of 7 years during which the magnetic changes had been recorded at Los Angeles, 
covering nearly two-thirds of a sun-spot cycle, include1l the time of minimum sun-spot actiYity 
supposed to ham occurred early in the year 1889. In Appen1lices Nos. 8 aml 9 to this volume, the 
results of an elaborat-0 discussion of hoth absolute and differential measures of the magnetic force 
as derived from the observations at Los Angeles are presented by Assistant Schott. 

Before <listurbing the instruments, Assistant Halter redetermined the scale values, and 
remeasured the astronomical azimuth of the mark. 

By the 23d of October he had completed and forwarded to the Office all of the records of the 
Los Angeles work, original and duplicate, and had sent to l::lan Antonio all of the instruments and 
apparatus pertaining to the Ohsen'atory. 

Hefernnce to the estalJlishment of the instruments at the San Antonio Observatory is made 
under :t be:.uling- iu Section IX. 

Completion of a hydrographic &1trvey iii the vicinity of Pie11ra.~ Blancas, coast of California, 
incliwling the development of rocks in T1cin Peak Bay.-Under tlw date of .May 2~, 1890, Lieut. D. 
Delehanty, U.S. N., Assistant Coast and Geodetic Survey, commarnliug tbe steamer Hassler, reports 
the completion of the bydrography in the ''icinity of Piedras Blancas, coast of California, assigned 
to him by instructions dated October 17, 1889. 

From the northern end, near San Simeon Harbor, the character of tbis part of the coast is 
irregular for a distance of 6Jl: miles to the signal vVllite, the shore being low and thiekly wooded. 
Thenoo for 13 miles to thn signal Kan, at the limit of the hydrographic sheet, it is a rauge of barren 
hills terminating in low land, the shore line throughout consisting of low day bluffs. 

The general set of the current, Lieutenant Delehanty observes, is southerly, ranging from 
one-fourth of a. knot im:.ide of the 10-fathom curve to a half knot out::;ide of this cur•e. No dangers 
exist inside of the kelp line, which extends from half mile to three-quarters of a mile from the Rhure, 
and the least water on thi'S line is 8 fathoms. Inside of the kelp line the bottom is mostly rocky. 
From this line, or the 10.fathom cun'e, to the 100-fathom curve the depth of water is marked 
by a regular increase. Between the IO-fathom and the 30-fathom curves, the character of tlle 
bottom is variable, consisting of mud, sa.nd, broken shells, a]}(l bard bottom. Where specimens 
were not obtMned with the cup, an armed lead generally indicat.ed a layer of fiue sand. Between 
the .30-fathom and the 100-fathom curves, the bottom is principally green mud and saud. 

There are no possible harbors within the limits of this survey; landings might be constructed, 
bnt it is highly improbable that they will be, owing to the proximity of San Simeon to the north 
and Oayucos to the south, both of which are very fair summer harbors, but are dangerous anchorages 
dnring the winter in the southerly gales. 

Soundings were taken for the development of a rock and a rock awash in Twin Peak Bay (or 
Oovc) about half way between Piedras Blancas and the Sur. 

'rhe officers attached to the party were Lieut. C. A. Gove, U. S. N., executive officer ; Ensign 
Guy W. Brown, U.S. N. (part of the season), Ensigns J.P. McGuinness and W. L. Dodd, U.S. N., 
Ensign E. Moale, jr., U.S. N. (part of the season), and Ensign S. R. Hurlbut, U.S. N. 

:For the work in the vicinity of Pi~as Blancas the statistics are as follows: 
Hydrography: 

N nm ber of miles run in sounding .....•• _ •... _ ..••.•...•..•.......... _ . 176 
Nnmber of anglea measured .••••••••••••• _ .. _ ..•••••. __ ..•............ 11 299 
Number of so1U1dings ••••••••••••• _ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2, 590 
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Hydrographic sun~eys executed by Lieutenant Delehanty in the vicit.ity of Crescent City, 
Cal., are referred to under a subseqm~nt heading in this section, and a hydrographic examination 
oft' the coast of Oregon near Cape Lookout under a heading in Section XI. 

Connection of the coa~t triangulation south of Monterey Bay irith tlle main series.-Acting under 
geueral instructions to take up at as early a date as was expedient the connection of the coast 
triangulation south of l\Ionterey Bay with the main series, Assistant A. F. Rodgers made all 
preparations needed for the organization and eguipment of his party in the field, and left. San 
Francisco April 17 for Toro Station, one of the points in the main series. 

l\Jr. Rodgers, with his aid, Mr. Jolin Nelson, had been continuously employed from January 
till early in March in the inking of his topographic sheets of the south coast of California, and in 
making the on time tracings of these objects needed for file in tbe su bofficc. Be found it necessary 
tbe11 to occups part of his time with the details of preparation for the field, and on the 20th of 
March to go to Jolon and thence to Pacific Valley to inform himself persoually respecting the 
requirements of the work. Soon after returning to San Francisco he was summone<l by telegram 
to meet Assistant Charles 1\1. Bache at Beuicia, under the painful conditions atteu<laut upon the 
serious illness of that officer, resulting, on the Hlth of April, in bis death. 

Heue<:l it was not till April 17 that he could reach Toro Station. After erecting a signal there 
he proceeded to station Pico Blanco, 30 miles south of Monterey. The building of signals was 
continued <luring the month of May, and two stations, Pico .Blanco, 3,700 feet in height, and 
Manuel, 3,300 ieet, both near the coast, were occupied. Directions to stations of the coast 
triangulation of 1875 and to those of the revised scheme were observed. 

While Mr. Rodgers was occupying stations, Mr. Nelson was frequently detached to build new 
signals. Cooper, Sur River, and Pfoiffer's Point were occupied in succession. This, Mr. Rodgers 
ou:servcs, may he called a climatic voint or local barrier to the northwest winds and fogs which 
are so characteristic of the coast from San Francisco southward. 

North of Pfeiffer's Poi11t, along the coast line, a clear day iu summer is tlie exception, and in 
tlle vicinity of Point Sur the fog born of the Light-House Establishment is a reminder night and 
da;y to the coasting mariner that be must depeml on sound, rather than sight, in keeping a close 
offing from the shore. South of Pfeiffer's Point, and on the bight between that and Cape San Martin, 
the r.oast line and hills aro as a rule bathed in sunshine, and the temperatures are frequently as 
high as !Joo to 1000 F., while between Pfeiffer's Point and the Sur tlic coast is covered with a dense 
mantle of fog. 

This foature Mr. Hodgers noted specially, not alone as causing delay in his work, but in 
watching the coasting steamers bound north, hugging the shore south of Pfeifi'er's Point in order 
to amid the heavy northwest wind and sea 2 or 3 miles off shore, and coasti11g so close as to suggest 
the need of a very careful hydrographic examination of this locality when tbe bydrograpby is in 
bantl in order to de,·e!op any dangers not now known to exist. 

Work was not closed at l'feiffer's Point until June 16, as it was often necessary to dismount 
the theodolite, drop the observing tent upon tl10 ground and weight it down to prevent its being 
blown away. The wind frequently reached a velocity of from 30 to 35 miles per hour. 

The stations next occupied were Rico (which took the })lace of .Blank Ridge on the old sc!Jeme), 
Timber Ridge, Castro, Anderson Station, Anderson P0int, and Little River Bill. Witli the 
occupation of this last named station, a satisfactory connection was completed between the 
triangulation of 1875 and that now in progress. 

Cp to June 21, 1890, eleven stations bad been occupied, at which 1,617 pointings had been 
made. After that date and to the close of the fiscal year, the party was engaged in traveling and 
building signals. Supplies for the men and forage for the pack animals bad to be carried and long 
detours often macle to reach points near each other, but separated by impassable caiions. 

The progress of the work will be again adverted to in the next annual report. 
Topographical surt•ey of the coast of California in the vicinity of Point Sttr.-Report is made 

under a heading in Section XI of the surveys executed by Assistant Cleveland Rockwell in Young's 
Bay and on the Columbia River, Oregon and Washington. After finishing this work and 
completing and forwarding to the office the records and results relating to it, he took up in the 
spring a reduction of topography for a new edition of the chart of the approaches to New York 
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Harbor. This having been completed and sent to the Office, he left Portland, April 3, under 
instructions to report to Assistant George Davidsou for duty in bis party organized for the 
connection of the primary bast'l line at Los Angeles, Cal., with the main triangulation. 

Mr. Rockwell had forwarded tlie camp outfit, got the party into camp at Southeast Base, and 
aided in the erection of an observing pier and tower at that station, when he receirnd instructions 
to return to San Francisco and take charge of the topographical party left without a chief by the 
sudden demise of Assistant Charles M:. Bache. Mr. Rockwell thereupon took up the prep:i.rations 
needed for the work of this party, which was to co-01rnrate with that of Assistant Rodgers on the 
coast of Monterey County, Cal. 

Leaving San Francisco May 11 he arrived the same day at Jo1on, and proceelled thence to 
Pacific Valley, his field of work, reacliiug there on the GtlJ. Oamp was immediately }Jitcbed and 
the topographical surrny begun. It was carried on u11<ler the general direction of Ai,;sistant 
Rodgers, with whom Mr. Rockwell frequently conferred by letter. Owing to the almost constant 
prevalence of foggy weather during the month of May, bnt small progress could be made. To 
supplement the waut of geographical positions for the co11trol of the topography, a plane-table 
triangulation was laill out, but the exceedingly rough and mountaivous character of the country 
and the necessity of moving the instruments on mule back between every two plane-table stations 
made it impracticable to acco:nplish more than the survey of about 3;! miles of ocean shore line, 
and an area of 6 square statute miles. The last camp of the season was at an elevation of 3,300 
feet above sea level an<l barely two miles from shore. At oue 1>lace ~i height of 2,000 feet in the 
slope of the mountain gave an angle of elevation of 321 degrees or 2~ degrees more than the 
graduated arc on the alidade. 

Field operations. were closed June 16, and after disposing of the property and the animals, 
Mr. Rockwell proceeded to San Francisco. 

Genemt direction of land operations upon the Pacific coast~Obscrnations of ,moon culminations 
at San Franci.~co in connection with similar obsel'vations by the Alaska Bound,ary parties-Main trian­
gulation, etc.-Assistant George Davidson coatinued in general charge of the land operations of 
the Survey upon the Pacific coast. Ile submitted to the Superintendent general plans for the 
prosecution of the work; examined all estimates and referred them to the Superintendent; con­
ferred with the officers on duty ou that coast, aml received and transmitted all official correspond­
ence between them and the Superintendent. 

Following is an abstract of his annual report, which gives a resume of the several classes of 
work carried on by him or under his direction <luring the fiscal year. 

Having been appointed by the Presitleut as a Delegate ou the part of the Unitecl States to 
the Ninth Conference of the International Geodetic Association held at Paris, Oetoher 3 to 12, 
1889, Mr. Davidson was instructed early in August of that year to make all preparations needful 
for the temporary assignment of an officer to the charge of the Suboffice at San Francisco, and 
to proceed to Washington for conference with the Superinte11dent, and thence to Paris. After re­
ceiving from the Superi11tendeut special instructions under date of September 7, governing bis 
action as Delegate, he left New York September 10, and returnecl to Washington November 15. 

The full report made by l\Ir. Davidson relating to the su~jects considered by the Associatiou 
and with regard to his own action as the Delegate from the United States was published as .Ap­
pendix No. 18 to the Report of the Superinttmdent for 1889. In .Appendix No. 17 to this Yolume 
will be found the paper which be presented to the Association respecting the objects, methods, 
processes, results, and scope of the work of the Coast and Geodetic Sun·ey . 

.Reference has already been made in Part I of this volume to the duty specially assigaed to 
Mr. Davidson of bringing from Paris to Washington one of the two sets of the National Prnrot.1·pes 
of the Metre and Kilogramme that had been allotted to the United States. His report of the per­
formance of this service appears in Appendix No. 18, and an abstract of it under the heading 
" Special Operations." 

Observations of moon culminations at the Lafayette Park telegraphic lo11.gitud.e 8fation in ,connec­
tion toith the longitude umrk of the Alaska. boun4ary parties.-Upon returning to San Francisc() and 
resuming bis duties upon the Pacific coast, Mr. Davidson assigned to Sub-assistant Fremont, Morse 
the observation of all possible meridian transits of the moon at the Lafayette Park telegraphic 

H. Ex.80---5 
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1or1gitade station in connection with the longitude work of Assistant :McGrath and Subassistant 
Turner in clrn.rge of the Ala.ska. Boundary Survey parties on the Yukon and Porcupine Rivers. 
This series of moon culminations extended from December 23, 1889, to April 10, 1890. In addi· 
tion to making these observations, l\fr.l\forse attended to his regular office duties. He reduced all 
of the work, and transmitted the results with the original and duplicate records to the Office . 

.iJiain triang1.Zation, southern California, and preparations for the ocCU]Jation of 1llount Oonness.­
Referencc to this work, which involved tlie occu1mtion of the ends of tlie Los Angeles Base, and 
the advance towards .Mount Conness, has been made under the second hNoding in this section. 

Tidlfl recora continual at the automatic tidal station, Sausalito, Ba11 of San Francisco-Tem­
porary antomatic ti1lal st<itiun established at llris.sfon ,')trect Wha1:f, city of San J?ranci.sco.-The tidal 
record at the automatic tidal station Sausalito, San Francisco Bay, was continued under the direc­
tion of :Mr. Davidson, except during his absence, from August 25 till December 12, 1889, when 
Assistant Lawson was in charge. Mr. Emmet Gray rerrn1ined as ohserver. Eacll month's tidal 
roll and the tabulations of the observer are examined before being forwarded to the Offiee. 

On September 17, 18?;9, awl January ~-m, 11'\!IO, 8ulJassistaut Morse made the le\elings between 
the two bench-marks ~tnd the zero of the gauge to guard against any possible change i u the sink­
ing of the piling. He visited the tide-gauge also to examine tlie condition of the pier and observ­
ing hnt. The transit observations for determining the error and rate of the tidal chronometer 
were made by l\Ir. F. ,Y. Edmonds, at the astronomical station, Lafayette Park, San Francisco. 

In order to obtain tile times and heights of the tides at the city front, aml also to establish a 
zero for the reduction of sonndiugs in that part of the uay, Mr. Davidson made all the prepara­
tions for putting np an automatic tide-gauge at :Mission Street Wharf. On his departure for 
Europe, Mr. Lawson took chargl\ of the execution of the work. A temporary observinp; lrnt was 
erected on the wharf by permission of the State Harbor CommiRsioners, and a hench-ma.rk estab­
lished for reference. Subassistant l\lorse connected this bench-mark by levelings each way with 
tho three old tidal beneh-marks of Fort Point. The record was kept up from :September 28 to 
December 15, during which time the climatic conditions happened to be somewhat abnormal, so 
that it is not improbable that a more extended series will hanl to be obsern~d. Andrew 'Vikman 
had charge of the gauge under tlie immediate ey'3 of l\fr. Morse, by whom all the work was tabu­
lated. Mr. Davidson acknowledges the facilities kindly afforded for the--oecnpatiou of tlie wharf 
by Mr. Marsden :Manson, chief engineer of the State Harbor Commissioners. 

Reference to the automatic tidal station on Kadiak Island, Alaska, under l\Ir. Davidson's 
din~ction, is ma<le in one of the abstracts of field operations in Section XII. 

Nub-office, 8an Fraiieiseo.-For a notice of the operations of the Suboffice, San Francisco, see 
that lieading towards the close of Part II, of this volume. 

l'aGijio Ooa.~t Pilot.-Since the pt1blication of the fourth edition of the Pacific Coast Pilot, 
Oaliforuia, Oregon, antl Washiugtou, Mr. D<widson has -continued the collection of material 
relatiug to new discoveries, additional aids to navigatiou, etc., and bas now about ninety pages 
on h<tnd. 

Special reports anrl examinations, etc.-Among the various subjects whicl1 have engaged Mr. 
Davidson's attentfou during the year, and reports of which he has commtmicated to the Superin· 
tendeut, may be mentioned tile following: A report upon ~fount Sau Beruardiuo, 11,i25 feet in 
elevation, to indicate its importance in the scheme of main triangulation governing southern Cali­
fornia i a letter of April 15, 1890, proposing a. new form of tide-tables with illustrations; a letter 
transmitting a copy of a map drawn by the Chilkat Chief, Koh-klux, illustrating the connection 
of the waters of the Chilkat and Tah-heena Rivers, Alaska; a conforence with l\fr. Wells, of the 
Frank J,eslie Exploration Expedition to Alaska, and advice given him, which he followed, to enter 
by tlie Chilkat; a conference also with Mr. Mark B. Kerr, of the U. S. Geological Survey, and 
advice given him in his preparations to make a survey for the National Geographic Society of the 
Elias Range near Yakutat Bay, and to make the ascent of Mount St. Blias, if practicable; a. 
special report in January, 1800, on the triangulation, topography, and hydrography of the Pacific 
coast, and a communication with regard to an apparent error in the determination. of the eastern 
boundary line of California, where it reaches Lake Tahoe at the north sbore and leaves it at the 
so11theast shore. 
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Missiswippi Rii•er Ommnission.-As the representative of the Coast and Geodetic Survey on the 
Mississippi River Oommission, l\fr. Davidson had served gince October, 1888. Recognizing tlle 
demand m[tcle by the exceptional 1ioods ot' the spring of 189() for his active co-operation and con­
ference with the Board, and finding that his field duties on the Pacific coast at that time nece:-::­
sarily precluded his leaving them, he deemt~cl that the only course for him to take was to transmit 
to the President of the United States through the Superintendent hiil resignation as a member of 
the Commission. This was accepted, and took effect April Hl, 1890. 

J\;esurveys ancl exwwinations of sourulings in ~9ui.mn Ba.If, Karqnines Strait and i'ici;iif.IJ.-Certaiu 
additional lines of soundingti and verifications of hydrography ex.ecuted iu 1Hd6-'87 iu Suisun Bay, 
Karquines Strait and vicinity hrwiug become desirable in order to obtain data for chart corre.c­
tions, I~ieut. D. II. JYfahan, U. S. N., Assistant Coast and Geodetic Surrny, comrnruHling the 
steamer McA.rthul', w:1s instructed to take up that work at as early a date as prncticahk. 

The Jlfc1lrth1ff was detaiue<f at tlle l\lare Island Navy-yard liy needed repairs until the el)(l of 
March, 1890, so thitt it wa,s not till early in April that Lientcnant J\iahau could IJegiu field opem­
tions. He reports under date of July 7, 1890, that the required resun·eys as outlinecl in his 
original instructions were completetl .l\lay 28, and tllat in obedience to supplementary instructions 
of that date a resurvey of the mouth of tue Sacramento Ui ver was taken up and ou .June ::n com· 
pleted. 

The statistics of the season are: 
Number of miles of sounding run . _ ........... _ .....•.••.• _ . . . . . . . . . . . . . . . 210 
N um her of soundings __ . _ ....... _ ... ____ . . ... __ ...... __ ... ___ .. _ .... __ . 11, s:)fl 

The officers attached to the lHcArthur were Lieut. J. H. L. Holcombe, U. S. N., Lieut. A. G. 
Rogers, U. S. N., Ensigns \V. H. G. Buli~rd aucl M. L. Bristol, U. S. N., and Assistant Engineer 
J. 0. Leonard, U. S. N. 

C1mipletinn of a hydrographic .rnr1Je!J in the vicinity of Ore~cent City, Cal.-lJnder the date of 
October :31, 1889, I,ieut. D. Delehanty, U. S. N., Assistant Coast and Geotletic Sun·ey. e1.1111maud­
ing the steamer H1tssler, reports the eompletion of a hydrogra.phic irnrvey on tlw 110rr11em coast 
of California in the vicinity of Uresceat Uity, and extending 27!- miles to tht• c;outhwanl from 
False Klamath Ifock. 

Reference to the beginning of this work by the llarty of Lieutenant Helelrnnty early in .June 
was made in the last Annual Heport. He observes, with regard to the tidal currents in the locality 
of bis surrny, that they are irregular, and noticeal>ly affticted by moderate wind;;. tlie iuslwrn aud 
offshore currents differing at times in force and set to a marked degree. TLis lie attrillated 
largely to the influence of the Klamatll River. For several miles off tile mouth of this r:n·r the 
water is much discolored, giving it the appearance of shoal water, !Jut from the sountling.'> taken 
in the course of the work and from i11formatio11 given by the fishermen and coasting captains in 
the vicinity he came to_ the eonclnsio11 that Ill) da,agers to navigation existed withiu tue limits of 
the survey beyond 1 mile from tile shore line, where the depth of water \'aries from 7 fatl10ms 
gradually increasing to the northward 15 fathoms. Within 1 mile of t,he shore line tllerc are 
numerous low and sunken rocks, as indicated on the projections. 

Lieutenant Delehanty reports that there are no possible harbors within the limit-. of the 
bydrography. The Klamath River is shoal aucl its mouth narrow. with a shifting bar. The small 
Yessels trading there are not infrequently bll;r-bound for a month ~r two dllring the winter m011tlls. 
The current in this river runs outeontinnally, except during the highest tides in the antnmn, when 
the water in the river is }()west. Throughout the length of coast surveyed, the sounding::'\ wpre 
marked by great regularity from the 10-fathom to the 100-fathom can·e, this curve nu1ging in 
distallce from 18 to 20 miles off the ooast on the northern sheet, aml gradlrnlly drawing iu ou the 
southern sheet to 8t miles off Patrick's Point, the southern end. 

The general character of the bottom is green mud and fine sand between the 30-fatllom and 100 
fathom cnr,·e..~. Inside tbe 30-fathom curve it was fine gray sand ov.er hard bottom, tile cups 
frequently failing to bring up specimens whicll were afterwards obtained by using au armed lead. 

After finishing the bydrogra.pJ1y to the sonthward of Crescent City, Lieutenant Delehanty 
made a careful searchfor shoals in the vicinity of Point Lookout and Haystack Rock, coast of 
Oregon, but found no evidence of their exist.ence. 
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The officers attached to the party were: Lieut. O. A. Gove, U. S. N., executive officer; 
Ensigns Guy W. Brown, J.P. McGuiuness, W. L. Dodd, and S. R. Hurlbut, U.S. N. 

For the season the statistics are: 

Miles run in sounding . . . . . . . . . . . . . . . . • . . . • . . • • • . . . . . . . . . . . . . . • . . . . . . . . . . . 640 
Angles measurefl . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . • . . . . . . . . . . . . 1, 897 
Number of soundings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • . . . . . . . . . 4, 656 

About the middle of October Lieutenant Delehanty was instructell to make preparations for, 
taking up the inshore hydrography of the coa,st of California between Monterey Bay and Point 
Buchon. 

SECTION XI. 

OREGON AND WASHINGTON, INCLlJDl!'<G COAST, INTERIOR .ftAYS, PORTS, AND RIVERS. 
(SKETCHES Nos. 2, 10, 17, 18, l!l, AND 20.) 

Hydmgraphie .rnrvey of the coast of Oregon from Mack's Arch to Cape Blanco.-Lieut. J. :M. Helm, 
U. S. N., Assistant Coast and Geodetic Sur.,cy, commanding the steamer Gedne.11, has transmitted 
to the Office full descriptive reports, accompanying the hydrographic sheets of his suney on the 
coast of Oregon from .l\Iack's Arch to Oape Blanco. This work, executed between May 28 and 
September 11, 18:39, was laid out on two projections, scale of eaclt 1-20000, the first sheet comprised 
within the limits, Mack's .Arch to Rogue River Reef, and the second, Rogue River Reef to Cape 
Blanco.* 

Only an abstract of these reports can be given here; tile hy<lrographic details contained in 
them, and the sailing (lireetions by which they are accompanied, will be of Yalue as embodying 
results of the most recent surveys for the fourth edition 'of the Pacific Coast Pilot. 

Three cllannels are embraced in the limits of the two hydrographic sheets just referred to; 
one inside of Rogne River Reef; one, the channel to Rogue Rh"er; and one, a channel between 
Orford Rocks and the mainland. In Rogue River Reef Channel the depth of water was from 7 
to 15 fathoms, and the shoalest water, 7 fathoms, was found three-fifths of a mile northeast 
(magnetic) from Pyrarnill Rock in the reef. .A pilot would not be necessary with the use of a 
chart and the lead. Lieutenant Helm has recommended that this channel should be buoyed. 

The channel iuto Rogue Itiver is of tile kind so frequeutly met with on this coast, subject to 
the changing conditions of a bar. At high tide from 1 to ld- fathoms water was found. Hauges 
have been established as guides to the channel approach, but they are shifted from time to time, 
antl strangers should not attempt to enter without a pilot. 

A survey h:t<l been formerly made of the channel between Orford l~ocks and the mninland. 
Search, however, was made for a reportell shoal spot, but no material change was found f1om the 
former survey. This channel is used by Yessels of all sizes, nor is a pilot necessary. 

The best anchorage in this locality is at Port Orford, in from 6 to 8 fathoms, hard sandy bottom, 
the eml of the wharf bearing NNW. one-half west (true), distant one-quarter of a mile. A few 
small steamers and sailing vessels, probably twenty-five per year, enter tllis harbor, wl1ich is 
mostly used during the summer, when the northwesterly winds }JrevaiJ, it being open, unprotected 
and unsafe in winter, or with southerly gales. 

Notes are made iu Lieutenant Helm's report of other anchorages which were sometimes 
resorted to by the Gedney, and which coasters may use occasionally in a heavy northwest blow, 
while waitiog for the wind to go down; it is to be said, however, with regard to them, that 
frequently at night local southerly winds spring up, which cause vessels to ride broadside to a 
northerly swell and roll heavily. 

The aspect of the coast in approaching from seaward is that of high foothills backed by 
successive broken ranges of mountains, well timbered, except between Port Orford and Cape 
Blanco, where there is a long range of sand hills, backed by timbered ranges. Orford lfocks, 
off Cape Blanco; the Re<lfish Rocks, 3 miles to the southward of Port Orford; Island Rock, 
the Sisters Rocks, Rogue River Reef, and Mack's Arch are prominent and well-recognized 
groups of rocks along the coast. In approaching Port Orford or this part of the coast from 

. -----·------·-- - --~----------- -
"Tho local name Blanco has !Jeeu adopted, instead of Orford, by the U. S. Board on Geographic Names. 
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seaward, Humbug Mountain, 4~ miles to tlie southward of that port, is a prominent landmark. 
From seaward this mountain presents a symmetrical sltape; broad at its base, it rises gradually 
from northward and southward to a peak upwards of 1,900 feet in height, and in color of a reddish 
brown. This same landmark will be seen in approaching the coast from the southward. Coasting 
along the shore from the northward, Cape Blanco Light-house is the most prominent ol~ject; it 
stands on a high !Jase bluft, about 7 miles north of Port Orford, and can not I.Jc rnistak<::n for 
anything else. 

The following-named officers were attachell to the Gedney during the sea8on: Ensigns R. O. 
Bitler, Josepll Strauss, W. H. Bullard, F. W. Jenkins, aml l\L L. Bristol, U, S. N. Mr. William 
Joynes served as pay yeoman, and l\Ir. P. M. Christiausen as ship's writer. 

Lieutenant Helm reports the following statistics of his survey : 

Hydrograpby: 
Area sonnded, in sqnare geographical miles .......................... . 
Number of miles, geograpb.i cal, run while sounding ..•................. 
Number of angles measured ..............................•.•........ 
Number of soundings .....................•••....................... 
Number of tidal stations established .......•......................... 
Number of specimens of bottom preserved ....................•........ 

402 
1,126 
7,328 

12,270 
2 

19 

Triangulation and topography of Ooos Bay, Oregon.-At tb.e beginning of the fiscal year, the 
party of Assistant E. F. Dickins had been in tl!e field since l\lay 20, 188[), engaged in the resurvey 
of Coos Bay, Oregon. As stated in tl.i.e last .Annual Report. a scheme of triangulation had been 
laid out and signals erected, but, on acconnt of the strong north west• winds then prevailing, the 
measurement of angles was temporarily postponed and the topographical survey of the lower bay 
was taken up. The first plane-table sl1eet, which included tl..te area of this bay, was finished July 
13, and two days later Mr. Dickins moved his quarters to Marshfield, on the up11er bay, and began 
the erection of signals. 

Finding that the northwest winds did not blow llome with the same force in the npper as in 
the lower bay, the triangulation was taken up. Two theodolites heiug available for tl..tis work, 
Mr. Dickins took one and put the other in the hands of his assistant, ~Ir. Ferdinand ·westdahl. 
With two observers, the observations made rapid progress, and by August 22 the triangulation of 
the upper bay was finished, the computations were made, and the work plotted. 'fhe second plane­
tablo sheet was then taken up; this included the whole upper part of the bay and a good portion 
of its tributaries. The topography of this area presented a large amount of detail; owing to tllis 
and to unfavorable weather, the sheet was not completed until November 2. Returning then to 
Empire Oity, the party took up the triangulation of the lower !Jay, including the connection with 
Cape Amgo Light-House. This done, field work was closed for the season, N ,vember 23. 

l\1r. Dickins had hoped to cDmplete the hydrography of Coos Bay also, but, owing to the 
strong northwest winds which prevailed during the summer, the dense smoke from forest fires 
which obscures signals in the greater part of the autumn, and the early beginning of the rainy 
season, he found it impracticahle. 

Both the reports submitted by Mr. Dickins-annual and descriptive-contain details of 
interest relative to the develo11ment of the Coos Bay country. He observes that it is being 
rapidly settled aud improved. There were at the time of his survey seven sawmills on the bay, 
with a total cutting capacity of abont 430,000 feet of lumber per day. The Newport coal mine 
employs three steam collierf1 to transport its coal to San Francisco. The two principal t-0wns are 
Empire City, on the lower h 1y, !h)pulation about 500, and Marshfield, about 1,500 inhabitants, on 
the upper bay. Shipbuilding is carried on at North Bend, the Yes;;;els built ranging in size from 
small set10oners to foll. rigged ships. Thero are two salmon canneries on the bay. 

At the head of navigation for sea-goh:tg vessels on Isthmus 81oug-h; seven or eight miles above 
Marshfield, there is a valuable eoa.l miue, and there was expresse1l a g-e11eral desire to have the 
survey. extended to this point. Isthmus Slough is also the main ci1annd of communication with 
the Ooqaille Va.lley. The other principal tribntazics of Coos .Ba.y are Coos River, which is 
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navigated by small steamers up both the north and south forks for about 10 miles, and Catching 
Slough, navigable for small steamboats to the town of Sumner, about 8 miles from its mouth. 

Mr. Dickins acknowledges the capable and trained assistance rendered throughout the season 
by Mr. Ferdinand W estdahl. 

The statistics of the survey are as follows : 

Triangulation: 
Area of, in square statute miles.. . . . . . . . . . . . . . . . . . . . . • • . • . . . • . . . . . . . . • • 36 
Nuinber of signals erected....... . . . . . . . . • . • • . . . . . . . • . . . . . . . . . . . . . . . . • 64 
Number of stations occupied.......... . . . . . . . . . . . . . • • • •• . . . . . . . . . . . • • • 37 
N um her of geographical positions determined... . . . . . . . . . • . . . . • . • . . . . . • 62 

Topography: 
Area surveyed, in square statute miles................................. 36 
Number of miles of slloro line surveyed (coast and ba:'i')................. 51 
Number of miles of shore line, rivers and sloughs... . . . . . . . . . • . . . . • . . . . • 67 
Number of miles of shore line of creeks awl ponds..................... 15 
Number of miles of wagon road surve,yed. . . . . . . . . . . . . • . • . . . • • . • • . . . . . • 29 
Nurnber of 1niles of dikes.................. .• • . . • • • • . . . . . • • . • • • • . . . .• 7 
N urn ber of miles of railroad..... . . . . . . . . . • . • . . • • • . • • . . . • . . . . . . • • • . . . . . 5 

In l\farch. 1890, l\Iessrs. Dickins and Westdahl were instructed to take up the bydrographie 
resurvey of Com; Bay as soon as the weather would permit. 

'I.'he partJ' was re-organized for this purpose on l\lay 1, and on its arrival in Coos Bay, on the 3d, 
the bydrography of the lower bay 'vas taken up, and at the end of tlrn fiscal year this had been 
finished and work was in progress on the upper bay. 

For the bydrograpby, up to June 30, 1890, l\fr. Dickins reports the following statistics: 

Ar('a sotrnded in square geographical miles ..............•..•............. 
N umlJer of miles (geographical) run while sounding........... . .......... . 
Number of augles measured ............................................. . 
Kun1ber of soundiugs ......•....••...............•.••.................... 

10 
226 

3,203 
15,176 

Further account of the progress of this survey will be given in tile next annual report. 
Hydrogmp"hic examination o.ff the coast of Oregon, in the vicinity of Cape Lookotit.-A shoal 

having been reported to tliis office as a danger to navigation off Cape Lookout, coast of Oreg·on, 
anfl also a rock off Haystack Rock to the southwestward of that cape, Lieutenaut D. Delehanty, 
U.S. N., Assistant Coast and Geodetic Survey, commanding the steamer Hassler, was instructetl to 
make careful search in the locality. This service was executed in August, 1889, but the dangers 
reported were not found, aml Lieutenant Delehanty states that he is satisfied that they do not 
exist. 

The statistics of the work are: 

Number of miles run in smmding ........... ·-------·... ... . .• . . ...... .. . .. . . . 67 
Number of angles measured .........•............ ., .•...•................... 215 
Number of soundings ............••.•....................................... 838 

Ilydrographic .surveys on the coast of California, made by Lieutenant Delehanty during the 
fiscal year, are referred to under headings in section X. 

Bxamination of Yo1ing's Bay and River, Oregon, with reference to the effect upon navigation of 
a proposed railroad bridge-Triangulation of tke Columbia River continued.-'l.'he Astoria and South 
Coast Railroad Company haviug proposed to construct a bridge for the crossing of their road over 
Young's Bay, Assistant Cleveland Rockwell was directed, under instructions dated April 27, 1889, 
to m~tke a hydrographic examination of that bay and qf Young's Uiver, with special reference to 
its probable effect upon navigation. 

Mr. Rockwell obtained from the chief engineer of the road tlle followiug details of construe. 
tion of the bridge. Bents of four piles each to be 1fi feet ti inches l>etween centers. Pil(:s 1G to 
20 inches diameter at large end. Total length of trestle and bridge 81400 feet. The draw span 
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across the channel will be 254 feet over all. The opening or clear span will be 110 feet. 'rhe 
pivot pier will be 26 feet wide, and the ahutment piers will he eaelt G feet wide. 

In considering the effect this bridge will have upon the uavigation of the Colnmoia, Young's, 
a.nd Lewis and Clarke Rivers, Mr. Rockwell observes that tlle fotnre interests an•l importance of 
the port of Astoria demand recognition and iwotection far more than the present. While for the 
present the great transcontinental railroads have made such coml.linations that Puget Sound, as 
an ocean outlet and terminus, is their oL~jcctivo point, he thinks it improbable that the Oolnmhia 
River will long remain unnoticed. The completion of the stone jetty now in course of construction 
will probably greatly improve the entrance to the Columbia River, so that in the near future vessels 
of the largest class may enter aml find a secure harbor within but 11} or 12 miles from the sea. A 
large city may therefore be reasonably expectecl to be located at or near Astoria, and Y oung'tl Bay, 
in that event, wonlcl afford the best facilities for wharf room and mooring ground. 

Young's River is mainly a tidal est11ary, extending G or 7 miles to the head of tide water. A 
sbort djstance above that point the river falls from a height of 60 or 70 feet, affording a gnod 
water power. 

The river is rnwigable to nearly the head of ti.le water. The tide lauds along the shore are 
partly reelaimecl by diking, and being very prouuctive are Yal11able. 

Lewis and Clarke River is navigable to about tile same distance as Young's Rh·er. Valuable 
deposits of fire and pottery clay are found on the shores of this stream, and the material is loadell 
on barges alHl towed to the works at Portland. 

The bottom in Yo11ng's Bay is generally very soft, and, though the soumling lea(l indicates 
hard bottom in places, Mr. Rockwell deems it probable that boring or dri>ing piles would dernlop 
a soft silt bottom, and he thinks that without doubt the obstruction presented by this long trestle 
bridge would have the effect of shoaling the water in the bay to a verv considerable extent, aml 
that the pivot and abutment piers would have a similar effect in the channel. The section opposed 
to the flow of the c11rrents would be represented by 542 bents, or say 3,000 pi Jes from 16 to 20 inches 
in diameter, besides the sections of the piers and the ahutmen ts. Ile obserYes that, in tl.!e ad,·auced 
practice of buihling bridges with long splms, 110 feet is au inadequate width of span aud that 
the draw should be at least 150 feet in the clear. 

Tlle Astoria and South Coast Railroad conld easily be built aroun(l the head of Young\; Hay, 
and would then be able to cross both rivers by a very moderate draw span in each briftge. 

After the completion of the survey near Astoria., Mr. Rockwell took up, under instructions, 
the triangulation of the Columbia River, above the moath of the Willamette. This work was 
begun August 27 by the occupation of the secondary stations Balch aud Harney, already estab­
lished. From this time forward the erection of signals and the marking aml occupation of' stations 
were carried on steadily, interrupted only by smoke from burning clearings or from forest fires. 
This smoke was sometimes so dense as to make doubtf11l tho intervisibility of points on even the 
shortest lines. 

Field operations were closed October 22. It was not deemed judicious to begin topographical 
work after this date, owing to the near approach of the rainy season. Enough points had been 
determine(l to carry the topography over 10 miles of the river. 

For the season the statistics are as follows : 

Triangulation : 
Number of 'signals erected... . • • • • • • • • • • • • • • • . . • • • • • • • . • • . . . . • . • • • • • • .. . • 15 
Number of stations occupied ............................................ 15 
Number of geographical positions determined ...... _ .......•. _ ........... 35 

During the winter Mr. Rockwell was engaged in the reduction of his obser>ations and in 
preparing his records for transmission to the Archives. In April, vrno. lw Wil::! ordered to duty in 
southern California, mforence to which is ma.de u.nder a heading in Se<~tion X. 

Completion of the special survey made for tke Commission organi.zeil to !lelcct a, xitc for a S ftV!J• 

Yard on the Pa!Ji:fic Ooast. Topographical survey of the Ska,git River a1id Del ta. ;')tq,fe of lV ashing· 
ton.-Under the heading of "Special Operations" in the fast Annual I"eport, aa abstract was 
given of the labors of Assistant J. F. Pratt in ma.king a special snrvey of the site for a Navy­
Yard, selected at Port Orchard, Puget Sound, by the ;pacific Coast Na.val Commission. 
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At the close of the fiscal year, the triangulation, topography, and hydrography had Leen 
nearly completed, tllere remafoing only the interior topography in the rear of the site. On .July 
15 tliis was ilnislied, autl a muntli later a tracing for tlie Commission covering Loth of the original 
sheets of the surrny was forwarded to Washington. Incluued iu the very full report mitde by 
.l\lr. Pratt are letters addressed to the President of the Commission, giving details in regard to 
the borings made, the areas insi<le of high-water mark, the anchorage room directly in front of the 
yard, etc. 

Instructions lla\'ing reached Mr. Pratt to resume field work from the limits of his survey of 
1888 on Skagit l~i,·er arnl Delta at as early a date as practicable after leaving Port Orchard, lie 
proceeded to Utsalatly, and from thence on the schooner Yukon to Skagit l~iver. 

Owing to the smoky weather it was impossible to begin the topogrnphic survey at the month 
of the river where the lines were long, so work was commenced at the head of ordinary navigation 
just above 1\fonnt Yernon, and carried downstream in the main rh·er to the junction of Steam­
boat Slough and Old River, and about 2 miles down the North Fork. The atmosphere liaviug 
then sullicieutly clearetl, work was carried np<the various mouths of the rin:r to a junction with 
tlrnt broug11t down the stream. On November (i the topography of tbe Delta was fiuislled, and 
unfa\•orahle winter weather heing indicated, preparations for closing field operations were begun. 
On No,·ember Hi the Yukon was laid up in Eagle Harbor. 

Iu view of the development of this exceedingly fertile valley, which is rapidly becoming a 
very important factor in the agricultural interests of the Puget Sound Basin, l\'lr. Pratt calls 
attention to the necessity of framing and enforcing systematic and cornprehensi,-e regulations 
respecting the driving of piles in channel ways, the placing or' sheer booms and })Qeket booms and 
the driYing of logs down the navigable out-lets of the river. Steamboat Slough is now the only 
outlet that has not been injured by the operations of the Joggers, and should this be closed the 
whole of this important valley wouhl be deprived of the facilities of navigation. 

Por the season beginning ,July 26 and ending November 6, the statistics are: 

Topography (scale 1-20000): 
Area surYeyed in square statute miles . - ..... _ - ... - - - . - .....• - . - .. - . - .. - . 29 
Length of general coast line in statute miles - . - - .. - - - ...... - - .. - ... - . - - . . 14 
Length of Rhore line of rivers in statute miles. - .. - . - ... - . - __ • - - - .. - - - _... 95 
Length of shore line of creeks in statute miles ... _____ .... __ .. __ . ___ . _.. . 25 
Leugth of roads in statute miles ... - . . . . . . . _ .... _ .. _. - ... __ . - - ... _. _ . _. . 33 

During the rcmaind1~r of the fiseal year :Mr. Pratt, at bis own request, was rnlieved from fielll 
duty, and allowed to complete at home the records and computations which had to some extent 
accumulated on his hands. 

Hydrogmpliio sun:eys in Rosario Straits, including Thatcher and Obstruction PasuJ.Y, .Hale's 
Passage and Lurnmi Bay; in Semi-ah-moo Bay and Drayton Harbor, and alonf/ the east side of tlie 
Gulf of Georgia; also in Skagit Bay.-At the begim1iug of the fiscal yea.r the imrty in charge of 
Lieut. J. N. Joruan, U. S. N., Assistaut Coast and Geodetic Survey, commanding the schooner 
Earnest, was makiug a hydrographic survey of the Obstruction Passes hetween Orcas, Blakeley, 
and Cnm~ss Islands, Washington Sound. .A tide gange had been erected and tiUal levels taken 
from Eagle Harbor, Cypress Island. The positions of triangulation points having been obtained 
from Assistant J. J. Gilbert, signals were erected and work carried through the Passes on each 
side <1f Obstruction Island antl through Thatcher Pass. 

On ,July 23 the vessel was moved to lnati Bay, l.Jummi Island, where a tide gauge was put 
up, mHl tidal lernls taken from Eagle Harbor. Thick smoke from forest fires prcYented work for 
mauy day8, but the projection having been extended so as to take in Hale's Passage and Lummi 
Bay, work was carried on when possible, and the sheet completed Septem bcr 10. 

Tlw 1\·ork on this sheet made but slow progress, not only because of smoke, but also by reason 
of th0 strollg' titlal c11rrents that sweep back and forth from tile Galf of Georgia, Bellingham Bay, 
arnl the :::ltrnits of Fuea.. The steam lalltwh belonging to the party wa,s unallle at times to make 
headway ewmgll to work, and when there wasany wind it was dangerous to attempt work in the 
more exposed portions of the waters under survey. 
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In Rosario Strait and in Hale's Passage, tl1e currents run nearly north and south, aml through 
'l'hatcher and Obstruction Passes east a!l(l west. Tide-rips and whirls dangerous to small boats 
make between Blakeley and Cypress Islands, especially around Black Hock, around the Pea Pod 
Rocks, off Lawrence Point, Orcas Island, and between Clark and Lummi falands. 

Lieutenant Jordan names as the principal dangers to be avoided, Lawson's l~ock in Tllatcher 
Pass, bare at low spring tides; a rock near the beach off the east end of Obstruction Island; two 
rocks under water oft the southeast shore of Orcas Island, and tile ledge extcudingfrom the north 
ernl of Clark Island. All of these are well marked with kelp when it is not swept under IJy the 
current, There is a rock, half a mile northwest of Lum mi Islam!, and a ledge or bar extending 
from the northeast 1>ide of Lumwi Island to the nmd fiats in Lummi Bay, both of which are 
entirely free from kelp. 

There is a good anchorage in the bight on the south side of Orcas Island, also in Obstruction 
Pass, and for small vessels in a cove protected by a small island on the south side of Blakeley 
Island. Shelter can be found on the south side of Clark Island, in thl' pass b1~tween that island 
and the Sisters, but there is very little swinging room and a strong current. The other auchorages 
are open to southeast and southwest or northwest winds, and should be a\·oided except in 
emergencies. 

The carrying trade, he observes, is done almost entirely by steamers, the Straits being the 
general passage way of steamers bound from the upper ~omni ports to Vanco1rrnr. A stern-wheel 
steamer made regular trips twice a week through Thatcher Pass, and a propeller three times a 
week through Ob1>truction Pass. Five steamers made rPgular passagcR tllrough Ilale's Pasisage, 
bouml from Whatcom to the nortl1 wanl (Semi-ah-moo aud Blaine), and to the westward (l~oche 
Harbor and Victoria). These steamers varied in size from forty to a thousand tons. 

On September 4 the Earnest was moved to Drayton Harbor, near tile town of Semi-ah-moo. 
A tide ga.uge was put up and tides observed day and night for a lnuar month. Signals were 
erected and soundings begun for the bydrography of Semi-ah-moo Bay. Ad\·autage was taken 
also of favorable weather, while the vessel was at this anchorage, to do the boat work along the 
east shores of the Gulf of Georgia and Boundary Bay. 

There is very little tidal current in Semi-ab-moo Bay and Drayton Ila1·bor. There are no 
dangers except the mucl flats and a shoal extending out from the nurth side of Semi-ah-moo spit, 
marked by a spar buoy. The fiats on the east side, south of the IJoundary line, and in front of 
the town of Blaine, ha>e been piled around by tide-fiat jum pc rs, and iu some cases these piles are 
under water at high tide. 

There is a goocl anchorage for large vessels iu Semi-ah-moo Bay, and an excellent one, though 
rather limited, for vessels of •ll kinds in Drayton Harbor. Three steamers make weekly trips to 
Semi-ah-moo and Blaine. 

On Oetol>er 26 the vessel was moved to a temporary anchorage on the northeast side of' 
Lummi Island, a tide gauge put up and tide levels taken from Drayton Harbor and Bagle Harbor, 
Cypress Island. Tile boat work along the east side of the Gulf of Georgia ,.-as finished November 
2, and field operations were then closed. 

Bnsigns Edward Moale, jr., and F. K. Hill, U. S. N., were attached to the party on board the 
Earnest. 

The statistics of the season are as follows: 

Hydrography: 
Area sounded in square geographical miles...................... . . • . . . 123 
Number of miles (geographical) run whik~ sounding..... . . . . . . . . . . . . . . 850 
Number of angles measured .... _ .. _ .. _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . fi,.564 
Number of soundings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20,:mo 
Number of tidal stations established . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . 5 

Two hydrographic sheets were fiuished, one of 1-20000 scale, the other of 1-10000. 
Soon after the return of the party to their winter quarters at Port Townsend, office work was 

begun, and early in January, 1890, the completed sheets and records were forwarded to the Office. 
Lieutenant Jordan has sent with his report general sailing directions for Rosario Straits and 
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vicinity, Semi-ah-moo Bay and Drayton Harbor, and for Washington Sound and vicinity. These 
will be of much value as a supplement to the forthcoming new edition of the Pacific Coast Pilot. 

Ensign Moale was detached November 4 and ordered to the steamer Hassler. 
Towards the end of March and the beginning of April preparations were made under 

instructions issued in March for rer:mming field operations. Ensign )foale was again ordered to 
join the party, and on April 14 a bydrographic survey of Skagit Bay was taken up and carried 
on till the end of the fiscal year. Ensign Harry George, U.S. N., reported tor duty .May 2. On 
June 11 the Earnest was moved from Utsalady to near Deception, Fidalgo Island. The further 
progress of hydrographic surveys in this locality will be stated in the next Annual Report. 

For the fiscal year Lien tenant ,Jordan reports the following statistics: 

Hydrograph:;: 
Number of miles run in sounding..................................... 1,124 
Number of angles measured........ . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . • G,599 
Number of soundings... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 29,SOG 
Area in square miles covered by soundings (approximate) . . . . . . . . . . . . . . 170 

.Extensir>n of the triangulation of Rornrio Stl"ait into Lopez and East So1tnds and through Upright 
Passage to its coanection with San Juan Channel. Topographical trnrve!/S on Orcas, Lopez, Blakely, 
Decatur, and other islands in Washt'.ngton Sound.-During the snrnmer and auturnu of 1889 the 
work exec11ted by Assistant J. ,J. Gilbert included a reconnaissance for the extension of the 
triangulation of Rosario Strait i.uto Lopez and East Soumfa, "\Ya.shington Sound, m the State of 
Washington, and the completion of four topographical sheets. 

The triangulation was finished to the northward to the head of East Sound, and southward to 
the head of Lopez Sound and through Upright Channel to its conuectiou with San J uau Uhauael. 
The topography was extendl\rl from the point on Orcas Island reachecl iu 1888 to the south of 
Lawrence Point aronnu the southeast point of Orcas Islancl, iLncl thence including East Sound to 
a point halfway between East and \Vest Sounds. On Lopez Island the topography was completed 
from near station Boulder at the southeast point of the island, by way of Lopez Sound, Shoal Bay, 
etc., to ineludo all of .Fisherman's Bay. .AU of the smaller islands included within these limits 
were also surveyed, among them Blakel_y, Decatur, awl James Islands. The shore line surveyed 
was mostly rocky, and over a large portion of it the telemeter rods hatl to he carried in boats. 

The weather was exceptioua1ly favorable; the smoke, though dense at times, never was so thick 
as to interrupt foe work. 

Lopez Jsland, Mr. Gilbert observes, is quite generally settled; the surface has easy slopes and 
is well cut up with roads. Orcas Island is characterized by hills, tJJ,e valleys between which are 
in course of settlement. Blakely Islall(l is all hilly, with l:mt little land fit for cultivation. 

·· The hyurographic party in charge of Lieu.tenant Jordan, U. S. Navy_, at work in the vicinity, was 
furnished with tracings of the shore line of Obstruction, Pea vine, and Thatcber Passes and portions 
of the shore lrnes of Orcas and Blakely Islands. 

Field operations were closetl October 21. 
The statistics of the season for the five months beginning May 20 are as follows: 

Triangulation: 
N un1 her of signals erected • . . . . . . . . . . . . . • . . . . . • • . . . . . . • . • • • . . . . • . • .. . . . . . 93 
Number of stations occupied . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .. . . . . . . . 69 
Number of angles measured. . . . . . . . . . . .. . . . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . 443 
Number of geographical positions determined •••••...••••••..••........•. 100 

Topography: 
Area of topography in square miles ..•••••..•.•.........• - • • . . . . . . . . . . • • . 49 
Number of miles of shore line.surveyed •••.••...•.••..••••..•.•.......•. 119 
Number of miles of roads surveyed...................................... 60 
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SECTION XII. 

AL.A.SKA, INCLUDING THE CO.A.ST, INLETS, SOUNDS, BAYS, RIVERS, L'\'D THE ALEUTIAN ISLANDS. 
(SKETcn No. 3.) 

Continuation of the survey of the c-0ast of southeastern Alaska, in Frederick Sound and vicinity, 
Triangulation, topography, and hydrography; determinations of latitude, longitude, and azimuth and 
of the magnetic elements.-At the beginning of the fiscal year, the party in charge of J,ieut. (now 
Lieut. Commander) II. B. Mansfield, U. S. N., Assistant Coast and Geodetic Survey, com mantling 
the steamer Patterson, had been actively engaged since April 27, 1889, in prosecuting a general 
survey of Frederick Sound, and connecting it with the survey made during the preceding season 
by Lieut. Commander (now Commander) C. M. Thomas, U. S. N., since then assigned to duty 
as Hydrographic Inspector, Coast and Geodetic Survey. 

The part of Frederick Sound included in the survey of' 1889 lies between Point :Xapean and 
Point Hugh, Point \Vindham aud Point Fort. Previous to July 1 four tidal statiom; had been 
established, astronomical ol>sen-atious ma1le at fot1r stations, a base liue measured, anti signals 
for the triangulation erected. Nearly 900 miles had been run in sounding; in this part of tile 
work and for transportation, the steam launch Cosnws, which had been lJrought from Port 
Simpson, was of great service. 

The first tidal station established during the season was in Cleveland Passage, near the 
anchorage of the Patter1mn. Tidal olJ.servations were taken da:y and night for a lunar month. 
Tide staffs were subsequently erected as follows: At Eliza Ilarlrnr to connect with Cleveland 
Passage; at Snug Cove, Gambier Bay, to connect. witll Bliza Harbor; at Mole llarbor, Seymour 
Canal, to connect with Snug Cov·e; at Windfall Harbor to connect with l\Iole Harbor, and at 
Holkham Bay to connect with Taku Harb()r. These gauges were connected hy the methods 
indicated in the "General Instructions for Bydrographic vYork.'' This last named gauge was 
destroyed by floating ice before the full series of observations hatl been taken. 

Planes of reference were thus obtained for the soundings upon the following harbor and inlet 
hydrographic sheets, upon which the work of the season was represented, viz: Clernlaud Passage 
and Steamboat Bay, scale 1-10000; Eliza Harbor, scale 10000; Gambier Bay, scale 1-:WOOO; 
Mole Harbor, scale 1--20000; ·windfall Harbor, scale 1-20000; Holkham Bay, scale 1-SOOOO. 
Those just named are harbor sheets; the inlet sheets are: N. E. Inlet from Port Houghton, scale 
1-80000; N. E. Inlet from Hobart Bay, sea.le 1-80000; Tracy Arm, Holkham Bay, scale 1-80000; 
Ford's Terror, Endicott Arm, scale 1-80000. 

The fiood tide enters through Frederick Sound, and sets to the northward and southward 
from Cape l<'aushaw. In tbe open 8ound the tidal stream is weak. 

Determinations of latitude and lvngitude by astronomical observations were made at stations 
in Uleveland Passage, Eliza Harbor, Gambier Bay, Sesmour Uaual, and Holkham Bay. All of the 
longitudes were referred to Port Simpson, British Columbia, as a standard station. One hundred 
and five pairs of stars were observed for latitude, and six stations were oocnpied for determiuatious 
of azimuth. Observations for the magnetic declination, dip, and intensity were made at four of 
the astronomi~al stations. 

Lieutenant Mansfield devotes much space in his report to full descriptions of the se•ernl 
harbors, bays, sounds, and anchorages included within the limits of his survey. During the 
season the Patterson occupied the following-named anchorages: Cleveland Passage, Eliza Harbor, 
Gambier Bay, Mole Harbor, \Vindfall Harbor, Holkham Bay, Taku Harb-Or, Holkham Blty, and 
Juneau Harbor. 

Ile observes with regard to tbe character of tbe country surveyed in 1889 that it is similar to 
that surveyed in 1887 and 1888. The timber is chiefly hemlock, with a few scattered trees of 
spruce and cedar; the latter very poor. The trees are rooted in decomposed vegetable matter, 
with a covering of thick spongy moss. The country is mountainous, densely wooded, and deeply 
indented. 

'.fhe wild :flowers in summer are numerous, and the salmon berry grows in profusion in 
sheltered spots. 
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Deer are plentiful and a nnmber were shot; many black beari;i were seen during the 
salmon season, and one was killed. The inlets and bays were full of sea ducks, and a few 
edible ducks were killed. Grouse are numerous, and in the berry season arc in fine condition for 
tlw table. The spring run of the salmon was very poor, but later the stre~ms and inlets were 
full of the dog-nosed awl bump-backed varieties. 

Within the litnits of the sutTey there was but one Indiau Yillage, a small settlement of the 
Sumdnm Indians, and this was deserted in the summer. 

Lieutenant :Mausfiehl states that he conld firul no evidence of general glacial action; all the 
glaciers seen were e\·itlently local and were rece1ling_ 

Heferring to Ilolkham Thy aud to its glaciers, he observes: 
"Holk ham Ba,v consists of two arms. The Tracy, or North Arm, is 221- miles long with an 

average width of three-quarters of a mile. The Endicott, or South Arm is 25 miles long with an 
average width of 1 mile. 

"There are five glaciers in this bay, which terminate at the water. Two at the head of 
Endicott Arm, called the Dawes Glaciers, have a width at the water's edge of seven-eighths aud 
one-quarter of a mile respectively. Two at the head of Tracy Arm, called the Sawyer Glacier.;;, 
have a width at the water's edge of seven-eig-hths and three-eighths of a mile respectively. The 
fifth glacier is in Ford's Terror, arnl has a width of one-quarter of a mile. 

"There are, in addition, a great number of glaciers with terminal moraines between the 
mountain peaks. The la1·gest of these is nearly opposite the entrance to the bay, aud is called 
the Smndurn Glacier. 

"The highest peak measured this season lies back of the Snmdum Glacier, and I have named 
it Mount Harrison. 

"The scenery in the upper arm is grand, the rocks running up almost perpendicularly, and 
showing the marks of glaciers which have receded." 

On September ::m, 1889, field operation,: were closed for the season, and the Patterson left for 
San Francisco, arriYiug at that port October 15. 

Tile following named officers we~e attached to the party: Hent. E. J. Dorn, U. S. N ., executive 
officer; Ensign .A. N. Wood, TJ_ S. N., n:wigator; Ensigns A. U. Almy, A. l'tf. Beecher, J. D. 
McDonald, G. R. Slocum, aud W. H. Foust, U. S. N. l\Iessrs. H. L. Forcl, J. G. Smitlt, and L. 
Sandford serYcd as draftsmen and recorders. 

Lieutenant l\Iausficld ouser\·cs that owing to the thorough organization of the party which 
had been effected b,y bis predecessor in command, Lieut. Commander Chas. l\f. Thomas, U. S. N., 
all of the work was carried on as easily the first day of the season as on the last. To the officers 
associated with him, as above named, he expresses his acknowledgments for their faithful and 
hearty service. 

J<'ollowiug is an abstract of the statistics reported: 

Signal construction: 
N um her of triangulation signals built ... _ ............................. . 
Number of plane table signals huilt- ____ .. _ .......... - ___ ............ . 

Triangulation: 
Xnmh('l' of stations occupied with the theodolite ....•••...............• 

Topography: 
Nm11her of miles of shore line rnn .............•...... - ....... - .. _ ... . 
1\ pproximatc area of the country surveyed in square miles ............. . 

Hydrography: 
N 11m ber of miles run in sounding . _ ............ _. - ........ - ......... _. 
Number of angles measured._. - . - ..... - . - ..... - - .. - .... - .. - - - - ... - .. . 
Number of soundings .. _._ ..... - ................................ - .. . 
Numl1er of specimens ofhottom obtained ... - .•............•.••••.....• 
N um her of occasions when velocity of current was noted .•••••••••••••• 

1()2 
586 

250 

740 
1,500 

2, 32<1 
15,810 
14,776 

63 
28 
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Latitude, longitude, and azimuth observations: 
Number of latitude stations occupied ......•.....•••••..•••••..•••..•• 
Number of pairs of stars observed for latitude ......•....••......•.•.•• 
Number of longitude stations occupied ............................... . 
Number of azimuth stations occupied ................................ . 

Magnetic observations: 
Number of magnetic stations occupied .............................. .. 
NumlJer of sets of magnetic observations ............................. . 

5 
105 

7 
6 

4 
24 

77 

In the spring of 1890, under instructions dated March 4, Lieutenant Commander Mansfield 
began preparations needful for an early resumption of field work in A.ta~ka. During the winter 
his party had been engaged in Sau Francisco in the completion for the archives of the records and 
results of the surveying season of 1889. These haYe all been forwarded to the office. 

Tlie Patterson Ien San Francisco April 10, 1890, Lieutenant Commander Mansfield commanding, 
aud the following named officers attached to his party at tbat date: Lieut. E. J. Dorn, U. S. N., 
execntirn officer; Ensign II. C. Poundstone, U. S. N., naviQ"ator and astronomer; Ensigns G. R. 
Slocum, .Joseph Strauss, W.R. Fattst, and I!'. \V. Jenkins, U. S. N.; T. L. Carter, assistant engineer, 
U. S. N. H. L. Ford, master-at-arms, Sl:'r\'ed as draughtsman, aud J. G. Smith and J. C. Dornin 
as pay yeomen. Passed .Assistant Surgeon H. T. Percy, U.S.~., was attached as medical officer. 

By direction of the Superintendent, a party organized for explorations in Alaska under t,he 
direction of Mr. E. H. Wells, of Cincinnati, was taken on board the Patterson for transportation to 
Pyramid Harbor. 

The steamer arrived April 18 at Port Townsend after a long and rough passage. Time signals 
were exchanged with Marc Island, and 20,000 feet of signal lumber taken aboard. At this port 
Mr. Wens left the P<itter801~ aud proceeded by mail steamer to make arrangements for the 
transportation of himself aml party beyond Pyramirl Harbor. After lea,'ing Port Townsend, the 
Patterson coaled at Departure Bay,and on April 28 anchored off Port Simpson, where observatjons 
were made at the astronomical station. The steam Iannch Cosmos was overhauled and madP ready 
for service, and on the night of May 2 the Patterson with the Oo8mos in tow anchored off Cape 
Fanshaw at the head of Frederick Sound. 

Next morning, observations having been obtained during the night, the steamer got nuder 
way and landed the astronomical officer, his assistant, and camp olltfit at Point Lena, Lynn Canal. 
The Cosmos was then sent on detached service aml the Patterson proceeded to Pyramid Ilarbor 
where the Wells exploring expedition was landed May 4. 

The next afternoon Lieutenant Commander Mansfield anchored in Barlow Cove, Admiralty 
Island, and on the morning of May G began work laid out for the season. This included the 
triangulation, topography, and hydrograpby of Saginaw Channel, Gastineau Channel, and Taku 
Inlet . 

.A.t the dare at which this report closes all of the operations of the Survey were in aetivo 
progress. Full details with regard to it and statistics will appear in the next annual report. 

Tidal record continued at the automatic tidal station at St. Pa1il, Kadiak Island, Alaslrn.­
Assistant George Davidson has continued to direct the tidal observations at the automatic gauge 
station, St. P~l, Kadiak Island, .Alaska. He has examined the monthly tidal rolls and forward eil 
these and the tabulations to the office. During his absence from San Francisco, from .August; !!5 
to December 12, 1889, Assistant James S. Lawson was in charge. Mr. Fred Sargent continued to 
sen'e :rn obsen'er. Connection by leveling is made between tbe two bench-marks and the zero of 
the staff, and this duty is ordered to be regularly performed. 

The S11n·ey is indebted tu the Alaska Commarcial Company for the use of its wharf for the 
tide-house and gauge, and also for the facilities kindly afforded for the transmission each way of 
letter.s awl records. During the wiuter there is no communication with the Island. 

\V!JenC\'er practicable, Mr. Davidson has asked the services of officers of the Navy and 
Reveuue Marine to examine the condition of the clock and apparatus, aud he reports that these 
examinations haYe been cheerfully made. ' 

In August, 1889, and again in October, .Mr. Ivan Petroff, U. S. Censna Agent for Alaska, 
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examined tlie condition of the tide-gauge aml the reference to bench-mark and personally :eported 
that ernrything was in good condition, 

Tidal ol!sen•ations at lliuliuk, Unalaska .Island, .Alaska.-Reference was made in the la.st Annual 
Report to the establishment of a tidal station on "Cnalaslrn Island urnler the direction of Lieut. 
Commander H. E. Nichols, U. S. X., Assistant Coast and Geodetic Survey. By pe.rmisRion of the 
Alaska Commercial Company the fixed wooden staff by meaul' of which..t:he observations were taken 
was secured to the Company's wharf at lliuliuk, Unalaska. \Vi th the exception of a few hours lost, 
mostly at night, the obser.-ations were made every hour from June 1 to September 2, 1880, and the 
record:,; have been received at the Office. 

On the 30th of .Tune, 1889, .Assistant McGrath and Suhassistant Turner, just before leaving 
Unalaska for their duties on the Yukon aud Porcupine Rivers, established two bench-marks as 
references for this gauge. They have forwarded to the Office descriptious and sketches of tuese 
bellches. 

Or~cupatfon of 8taUon8 near the junetion of the l>ne ftundred andforty:first meridictn if'ith tlte Yukon 
ancl Porcupine Ri11er.~, ~1laska, in connection 1cith a preliminary surrey of the boundary line betu·een 
Alaska ancl the Northwest Terrifory.-Reference was made in the last annual report to the organization 
of parties to make a preliminary determination of the boirndary line between Alaska and British 
Columbia and theN orthwestTerritory in accordance with plans or im~ectsapproved b;r the Secretary 
of State, and to the arrival of those parties on the 27th of June, 1880, atlliuliuk, Unalaska Island, and 
their transfer to the steamer l3t. Paul, bound for St. Michael's, Norton Sound . 

.Reports and journals of progress of great interest have bee11 receiYell from the chiefs of these 
parties, Assistant ,J. };, .McGrath and Subassistant J. IT. 'l'urner; from the former, encamped on 
the Yukon Hi\·er near the eastern houn<lary of Alaska, as late as June 15, 1890, aud from the latter, 
in camp near the eastern boundary of Alaska, on tlie Porcupine River up to January 24, 1890. 

AhRtracts of results reached by these officers, as derived from their reports, will be found 
under the heading of" Special Operations" towards the close of J>art rr of this volume. They will 
rema,in at their stations to continue work <luring the winter of 1890-'91.• 

SECTION XIII. 

KENTUCKY Al'."TI TENNESSEE. (SKETCHES Nos. 1, 6, 19, AXD 20.) 

Geodetic operations.-Re-oeaupation of stations to complete the connection of tlte triangulation of 
Tenne,~sce u:ith the 1n-imary friall[fUlation e:c.tenrling to tlte westward in northern Georgia.-Extension of 
the triangnlation in eastern Tennes.~te.-Tbe re-occupation of two stations of the triangulation of the 
State of Tennessee, and one station in northern Georgia, having been found necessary to perfect 
the couuectiou between the two systems of triaugulation, Prof. A. H. Buchanan, Acting 
Assistant, was iustructed to take up this work at tl10 beginning of the fiscal year. 

Station .T ohn's i\Ioun t, Georgia, was re-occupied to observe High Point arnl Cohutta; station Roy t 
Tennessee, to observe Luper an<l Melton, and station Oocks1)ur, Tennessee, to observe Bean and Roy. 
Thfl re-occupation of ,John's Mount completed the connection of the triangulation of the State of 
Tennessee with the primary triangulation extending from the Atlanta base-line over the northern 
part of the State of Georgia. It had been intended also to obtain a more perfect connection of the 
station Roy with tlle. poiuts north of it by the re-occupation of st~itions Luper and 1'felton, but the 
atmosphere was so continuously hazy that even heliotropes were at times invisible. Progress was 
slow therefore, and the re-occupation of these stations had to be postponed. 

Ji'ielcl operations, begun ,July 1, 188!J, were closed September 20. Assistant C. U. Boutelle, in 
immediate charge of State surveys, was kept advised by Professor Buchanan of the progress of 
t11is \\:ork, and consulted in regard to the plans for its advancement. 

• At tlw <late at which this report is transmitted to Congress letter<; have been received from Mr. McGrath tlate(l 
August 23, l~HO, and from Mr. Turner dated September 6. Mr. McGrath was at his camp on tho Upper Yukon and 
woulu continue liis observations tL.ere during the winter of 1890-'91; Mr. Turner had .finished his work July 14, and 
had nrriH)d ~t St. Michiwl'e August 30. He would winter there if unable to obta.in tra.nsporta.tion southwa.rd for 
himself and party. 
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A small unexpended balance of appropriation being available before the expiration of tho 
fiscal year, it was deemed advisable to employ it in a reconnaissance and erection of signals for the 
extension of the main scheme of triangulation in east Tennessee to connect with the triangulation 
of the State of Kentucky. Instructions were accordingly issuecl to Professor Buchanan urnler 
which he took the field June 10, 1890, and began this work from the lines Oockspur.:\lelton and 
Melton-Luper. The re-occupation of these last-named stations was iuclmlecl in hi.-; instructions. 

Heference to the progress of this reconnaissance will he made iu the next Annual Reporr. 
Occupation of st(dions in Tennc8sce fol' the dttennination o( the m/tgnetic rfrclination 1 dip, (Ind 

intensity.-Having determine1l the magnetic elements at, a 1rnmher of stations iu ;:\lab:1ma, )fi8Si»­
sippi, Louisiana, Arkansas, anrl Texas, as stated iu previous p<trts of this report, .Assistant ,J mnes 
B. Baylor, iu May, 18!)0, had arrived 11t ~femphis, Tenn. llere he cstablit;hed a new station in 
the Marine Hospital Grounds, marked it securely, and on one day observed for values of the mag­
netic declination, dip, and intensity, ancl on one day for latitude, longitucle, aud azimuth on the 
sun. 

In .Tune, 1890, Mr. B<1ylor re-occupied the station which he had establislled in 1881 in the 
grounds of the Staunton House at Chattanooga, Hamilton County, Tenn. The point was 
well preservetl. The usual two days' observations were made. 

Heobserrnd also at Knoxville, Knox County, Tenn., where a new station was established in the 
grounds of the University of Tcunessee. 

Also at Bristol, Sullfran County, Tenn., in ,Tune, 18!JO, the last station occnpietl in the State 
during the present magnetic tour. Mr. Baylor had oc<:npied a station here in 1881 on the 
hill on which observations had been made in August, 186U, of the total solar eclipse. This station 
had to be s11iftetl in position a few yards on account of the proximity of some electric wires. The 
new point was well marked, anJ was connected witli the ohl one. Longitude aud azimuU1 were 
determined by observations for one day on the sun, aud the magnetic tleclinatiou, dip, and intensity 
on one day. 

In Te1rnessee, and in the other States in which magnetic stations were occupied, topographical 
sketcl1es of each statiou were preserved, ant! linear measures made to adjacent objects. 

Upon the expenditure of his entire allotment for part.v expenses, ,Tune IS. )fr. Baylor closed 
field work, and proceeded to his home to complete the computation of his re!mlts. 

He acknowledges the facilities afforded by the officers of the U. S. Army at the stations along 
the Rio Grande River, and the encouragement received from county omcials a.t the several county 
towns in which magnetic stations were established. 

Extension of l·ines of geoiletio leneli1ig from Grei~nfield, Tenn., to Okolona, Jliss.-n.eport was 
made, under a headiug in Section VHf, of the ge<Jtletic leveling operations in Arkansas, executed 
in the summer and autumn of 1889 by the party iu charge of Assistant faa.ac Winston. Upon 

' the completion of that work, October 23, Mr. 'Winston transferred his party from Van Buren, Ark., 
to Green1ielt1, Tenn., under iustmctions to fill the gap iu the lines of geodetic leveling thence to 
Okolona, Miss, 

The bench-mark at Greenfield, establisheLl the preceding sea.sou, was found to be undisturbed, 
and the leveling observations were begun on the 23thr the forward measure througlrnut the whole 
distance being made by l\1r. Winston with geotletic level No. 5, and the backward measure by l\1r. 
F. A. Young with level No. 6. The line follows the Illinois Central Railroad from Greenfield, 
Tenn., to Jackson, Madison County, Tenn., a,ud thence tbe 1\Iobile and Ohio Bailroad to Okolona, 
Miss. Ou arriving at Jackson, Mr. Winston cleemed it advisable to trnusfor hi1' party to Okl>lona, 
and work from that point towards Jackson, as he was informed that the roads in the vicinity of 
Okolona became almost impaasable when the spring rains began. 

The two bench-marks which had been established by Assistant J.B. Weir at Okolona in 1884 
were found in good condition, and a remeasurement of their differs.nee of elevation agreed w1t.h 
his result, thus giving a satisfactory starting point for the work. Progress was delayed to some 
extent by wet weather and bad wagon roads, the line of the l\fobile and Ohio Railroad in this 
region running through numerous swamps, and along the banks of creeks and rivers. 

Precautions were taken a.s osual to protect the levels from the eft'ect of the direct ra,ys of the 
s11u. Temporary beneh-mark.s were established at intervals of 1 kilow.etre, and permanent one& 
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in all the towns and villages along the route. Two bench-marks were established at Corinth, 
Miss., which may be the point of starting for a check line of geodetic leveling to 1\femphis, Tenn. 

Great care was observed not to allow the discrepancies between the two indeprndent lines of 
level to exceed tbe limit of error; wben this occurred remeasurements w,ere always made. 

The elevations of the county road crossings, of the railroad crossings, and of the railroad 
stations along the line were determined by holding the leveling rod on the ground in the. center 
of track at the crossings, and in front of the buildings at the railroad stations. 

Mr. Winston completed his work at Jackson, Tenn., on March 14, and immediately afterwards 
the party was disbanded. The circuit of geodetic levels-Cairo, New Orleans, :Mobile, Cairo-is 
now closed, the lines run by the Coast and Geodetic Survey extending from Greenville, l\Iiss., to 
New Orleans, and thence to Mobile and to Cairo, while the work between Cairo ancl Greenville, 
Miss., was executed under the direction of the Mississippi River Commission. 

Mr. F. A. Young, as observer, and Mr. H. D. Mitchell, as recorder, served very satisfactorily 
throug-hout the season. 

Aft.er redeter ruining the constants of bis instruments, Mr. Winston proceeded, under instruc­
tions, to Washington, D. C., where he took up preparations for duty on the Pacific coast. The 
records and computations of his leveling work were placed in Mr. Young's hands for completion 
aud transmission to tho archives. 

SECTION XIV. 

OHIO, INDIANA' ILLINOIS, MIUllIGAN, AND WISCONSIN. (SKETCHES Nos. 1, 6, Hi, 19. AND 20.) 

Continuation of the priinary triangulation near tke 39th parallel to the 1restward from stations in 
Ohio, Kentuaky, and Indiana.-At the beginning of the fiscal year there remained to close the gap 
between the scheme of primary triangulation along or near the 39tb parallel, adrnncing to the 
westward in Ohio, Kentucky, and Indiana, and the like scheme advancing to the eastward in 
Indiana, the erection of three tripod and scaffold signals, and the occnpation of eleven primary 
stations. 

The prosecution of tlte work in the main triangulation in Kentucky, Oltio, antl Indiana was 
assigned to .Assistant A. T. Mosman.' In addition to this it was necessary to connect the main 
series with the Cincinnati Observatory, which had been occupied as a telegraphic longitude station 
in Jtlly, 1881, and also with the okl observatory on Mount Adams which had been occupied in 1848 
as a telegraphic longitude station. Incidentally it was desirable to determine as many prominent 
objects in Cincinnati and its vicinity as could be located during the occupation of one of the main 
stations. · 

On July 11 preparations had been completed for observations at station Tanner, 1 mile west 
of the town of Florence, Kentucky, and about 11 miles south of Ciucinnati. .A tripocl and 
scaffold signal 135 feet in height had been built here in 1887. To avoid as far as possible the 
movement of the signal that would have been caused by its exposure to the sun, the sides of the 
scaffold were covered with canvas. It was necesssary to open the line Tanner-Dry Ridge, which 
was partially obstructed by the tops of trees, and for this purpose, and for posting beliotropers at 
stations Dry Ridge, Stow, Reiziu, and Tate, Mr. Mosman detailed Extra Observer W. D. Fairfield 
ancl Recorder O. T. Mosman, who had been assignefl to duty in bis party. While away from tlie 
Btation on this service Mr. Fairfield made a reconnaissance for the connection of the station with 
the Cincinnati Observatory. He selected also a site for the signal station Mud Lick, and opened 
lines of sight from station Stevens to Cold Spring Church and to Lookout House, Covington. 

The weather was very rainy during the whole of July, and the progress of the observations at 
Tanner was thereby delayed, but Mr. Mosman completed them August 16, and while the instruments 
wern being moved to the next station, Dry Ridge, be went to station Rcizin, Indiana, to examine 
the locality with reference to oc copying it as an astronomfoal station. 

Upon reaching Dr.v Ridge, August 21, be found that Messrs. Fairfield and 0. T. Mosman had 
completecl all the preparations for its n<;1'.·n1ation. This station is in Graut County, Kentucky, 4 
miles north of Williamstown, the con11t_,· ,n 1~. The observing tripod and scaffold are 90 feet high. 
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From Dry Ridge, the lines of sight, with one exception, that of the line to Culbertson, presented 
no difficulty in observing in favorable weather. This li11e, 31) miles long, passes just clear al.Joye 
the tops of several intervening ridges, and consiuerable difficulty was fouwJ iu r;eeing the lwliotropc 
at Culbertson, but it was successfully overcome l.Jy ~ml,stituting a mirror 4 inches in diameter, 
instead of the mmal one of 2:1- inches. 

Very hazy weather prerniled during the first 10 days after arriving at Dr~· Hidge, hut all of 
the necessary obsern1tio11s were finishetl on September 9. At this date, l\Ir. E. E. Torrey, Foreman, 
having finished signal building, joined the party, and .:\Ir. C. 'l'. l\Iosman, Recorder, was detacl1ed 
from it. 

Station Heiziu, about 1 mile east of Elrod, Hipley County, Irnliana, was then occupied. 
While the observations for horizontal directions were in progress, an a:strouomical olJservatory was 
built, and a meridian telescope monnted for observations of time and latitmle, and a 20.inch 
theodolite for dctermiuations of azimuth. Observations for horizontal directions were l.Jeguu at 
Reizin on September 2L l\Ir. Fairfield had been sent to re-occu1lY station Stevens, co11uecting 
with the secondary stations Lookont, House, Price's Hill, Convent, all(] Ci11cirniati Ohsenatory. 
These stations he subsequently occupied, and ti.ms completed the connection of tl1e telegrapl!ic 
longitude station of 1881 with the main triangulation. l\Liny prominent olijc<'t.,, in the city of 
Cincinnati, such as spires of churches, public buildings, flagstaffs 011 the Custom honse, Post-oftice, 
Cimrt-lwuse, etc., were also determine<l in position. 

Observations for time were begun at station Tanner September 28, and for azimuth October 4. 
These were maue uy Mr. Mosman. Ou Mr. Fairfield's return to Reiziu, Octohl;r 9, b\• began 
observations fol' latitude, an<l fiuished them on the 17th. During this time, tlie ;,;tations at Correct, 
Glasgow, Cnlbertsou, and Stow were marked temporarily to preserve them in the event of their 
tlestrnction during the wiuter. 

Extremely smoky weatlicr and the peculiarly difficult nature of the work in foe city delayed 
;ery much the completion of the work in and about Cincinnati. Nearly all of the ob.iect;;; to be 
determined were situated in the lieart of the city antl were obscured by swoke, except in n•ry 
clear wcatlier aud when the wind was favorable. The fiual observations were made, howe,er, on 
November 11, and th~ instruments forwarded to Washington that nigl!t. 

Between October 2H a1ul Xovember O, .Mr. Mosman was temporarily detached from his party 
for special duty, reference to whicll is made under the heading "Special Operations'' toward8 the 
end of Part II of this Yolnme. 

Soon after his anival in \Vashiugton, he was assigned to duty un(l~r the immediate direction 
of the Superintendent. 

In his report of the season's work he refers particularl_y to the l'Cf,\" satisfactor,v sen·ice 
rendered by Mr. W. B. Fitirfield, all of whose d11ties were performed with energy, intelligence, 
and accuracy. 1\Ir. Torrey rendered efficient service iu posting heliotropers, reatling one of the 
microscopes of the theodolite, and marking stations. 

The statistics of the season are as follows: 

Reconnaissance: 
Unes of intervisibiJit,y detenniued as per sketch ......................... . 
Number of }lOints selected for scheme .......... _, ..•..................... 

Triangulation: 
Primary. .Area of, iu square statute miles ............................ . 
Secondary. Area of, in square statute miles ............................ . 
Days occupied in opening and verifying lines of sight ........... - ........ . 
Number of stations occupied for horizontal measures...... . . . . . . . ....... . 
Number of geographical positions determined ........................... . 

Latitude and Azimuth work: 
Number of latitude and azimuth stations ................................ . 
Number of pairs of stars observed for latitude .....•...................... 
.Average number of observations upon a pair ..•..••...•••....•........... 
Nt1mber of nights of observations for azimuth .••.••.•.••.....••••••.....• 

H. Ex. 80--<i 
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Early in May, 1890, in anticipation of his relief from office duty; Mr. Mosman was instructed 
to make preparations for resuming the field work of the transcontinental triangulation advancing 
to the westward in Indiana. Until he could take the field in person, Subassistant \Y. B. Fairfield 
was assigned to his party to make the necessary observations under his direction, while his 
foreman, E. E. Torrey, went to Indiana and visited the several stations to >erity tlleir adjustmeuts. 
The observing tripod arHJ. scaffold at statiou Glasgow was found to have been struck by lightning 
in March aud badly injured. Having put it in repair :Mr. TorreJ· weut to station Stow ou May 
27 and joined l\Ir .. Fairfield, who had arrived from 'Vashington with the instruments. Observations 
of horizontal directions were IJr;gtJn at Stow May 28, and, with l\lr. Torrey's assistance, were 
finished June 5, after which the party was t1·ansferred to station Culbertson, Indiana. At this 
point an obsel'ving tripod and scaffold 116 feet high 'ms occupied. The weather continuing very 
favorable for oliservations, work at Culbertson was completed .June 19, and tile party moved to 
Glasgow, Indiana, on .June 21. 

.M:r. Mosman, having lieen formally relieved from duty in tbc oftlce of tbe Superintendent on 
June rn, and directed to 11roceeli as soon as prn(,ticable to Indiana,joinell his party at this station. 
The theodolite was mounted on the trip-0d, 116 feet high, over Glasgow station on June 23, and a 
pole adjusted on the 150 feet signal at station Green, reatly for observing the next day. l<'requent 
showers with very hot weather delayed progress somev;hat at Glasgow, but the statiou was 
finished .T uly 1, and the party moved on the 2d to station Correct. 

Statements of further progress will appear in the next Annual Report. 
Up to the close of the fiscal year the statistics are: 

Triangulation: 
Area or, iu square statute miles .......•.....••••••••....•.•... ,. •. .- .••. 26f\ 
Number of sigual lJOles erected.......................................... 5 
Number of statious occupied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . 3 
Number of geographical positions determined . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 3 

.Extension to the eastward in Indiana of the transcontinental triangulation 11.ear the tliirty-nintk 
1)aralld.-Under instructions issued towards the end of .June, 1889, Assistant George A. Fairfield 
resumed work on the transcontinental triangulation in Imlia11a, carrying it to t!Je eastward by 
tlte occupation of stations and by tile building of signals with a Yiew to connecting it whh tlle 
similar work advancing westward: in the State of Ohio, under tbe direction of Assistant A. T. 
Mosman. 

Mr. Fairfield. organized his party on tbe 12th of July at :~forth Vernon, Indiaua, and began 
field operations for tbe season. He dispatched l\lr. E. E. Torrey, chief of the signal building 
party, to Holman station, one of the points of the State Survey, to put up a tripod and scaffold 
sigual 75 feet higll. Included in the Rchcme of work were obscnations on all of the State Survey 
points visible, so tbat a thorough connection might eventually be established between the trans· 
continental and the State triangulations. 

Mr. Torrey and his carpenters were eniployed until the middle of September in signal building, 
ha>ing erected at that date, in addition to the signal at Holman, three tripod and scaffold signals, 
each 116 feet high, at the primary stations Glasgow, Correct, au{l Mud Lick. As this completed 
the building of all the signals neede1l to connect the work of Mr. Fairfield with that of Mr. Mosman, 
t.he carpenters were discharged, and Mr. Torrey was directed to report for dnty to Mr. Mosman. 

Mr. Fairfield makes special mention in bis report of the admirable manner in which :Mr. 
Torrey bas conductecl tlie signal building during several years for bot.h of the primary triaugulation 
parties, his own and Mr. l\Iosmau's. Among the signals he has built are the highest ones ever 
erected for the Surve;y, and in no instance has one of them ever been blown down or rendered 
unsuitable for the work through any defect in construction. 

The first station occupied was Weed Patch, about 4 miles south of Nashville, the county seat 
of Brown County, Indiana. This station is said to be located on the highest land in the State, 
about 1,150 feet above mean sea level. Observations were begun August 3 and completed 
September 19; they included determinations of time, latitude, and azimuth, and observations of 
horizontal directions on ten stations, five of which were points of the State Survey. Some delay 
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occurred owing to the necessity of opening the line to Green station, a distance of nearly 40 miles, 
and one of the long~st Iine'1 in the triangulation between the Ohio a11d the :Uississippi. The trees 
obstructing the view were 25 miles from Weed Patch. 

Miller station, situated on the blnffs, ab()ut 3 miles south of Brownstown, the county seat of 
Jackson County was next occupied. Observations of horizontal directions were made upon nine 
stations, and had been nearly completed by the 14th of October, wlien a dense smoke began to 
fill the atmosphere, making it difficult to see objects at a distance of but 2 miles. This smoke 
lasted till November 2 with but few intervals of clearing, so that while it prerniled obsernttions 
coulfl be obtained on only three nights. 

Both at Weed Patch and Miller stations the obsen·ations of horizontal directious were made, 
as for some seasons previous, at night, upon signal lights ohtainetl by means of student lamps 
and metallic reflectors. 

Upon the completion of work at l\liller station, the allotment of funds for the party having 
been exhausted, field operations were closed for tlic season, and Mr. Fairfield returned to 
Washington, reporting for duty at the Office November 8. 

Assistant James B. Baylor was assigneu to duty in the party at the outset of the season, and 
sened until October 5. 

Mr. Fairfield reports the following statistics : 

Triangulation : 
Area of in square statute miles .....•••••••.•••...•......••••............ 573 
Days occupied iu 01Jening and verifying Hnes of sight, number of . . . . . . . . . • 16 
Geographical positions determined, number of. . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Latitude and azimuth work: 
Number of latitude ~rnd azimuth stations occupied .•.•......••.. ,......... 1 
Number of pairs of stars ollserverl for latitude............................ 20 
Average number of observations upon a pair............................. 5 
Number of nights of observations for azimuth . . • • •• . . . . . . . . . . . . .. . . . . . . . . • 6 

Dnring the winter Mr. l<'airfieltl was eugagetl on office work, and on April 22, 1890, was 
directed to take charge of the Office of Weights and Measures, relieving Assistant 0. H. Titt· 
mann, who had been temporarily detached for special service. 

He was re1iev~d from this duty :\lay 14, having received instruction;; to resume the fielll work 
of the transcontinental triangulation and carry it eastward in Indiana to a junction with the tri­
angulation coming westward in charge of Assistant l\Iosma,n. 

The first station to be occupied was Tripp, about one mile north of North Vernon, Jennings 
County, Indiana. Mr. Pairfield arri\·ell here May 21, and by the end of the month bad his men 
in camp and all preliminary arr:wgements made for beginning work. On ,June 2 Ur. J. B. Bou· 
telle, acting aid, reported for rlnts and was at once sent to post signal lights at the seYeral stll· 
tions to which horizontal directions were to be observetl. M.r. R. L. l\fcCormick reported for duty 
as recorder June 21. 

On that day also the Superintendent made a short visit of inspection to the party. 
Observations at station Tripp were completed June 2G; the light was then post.e<l for the next 

station, and teams hired to move the party with the camp equipage and instruments to station 
Stout. Before a start could be made, however, a violent thnnderstorm came up, torrents of rain 
flooded the camp ground, and the wind blew almost a hurricane. Next day a telegram was 
received from the light-kee1Jer at Stout station informing Mr. Fairfield that the signal there had 
boon blown over and badly wrecked, the storm at that point ba,,·ing developed into a tornado. 
He decided, therefore, to go at once to Green station, about 12 miles northeast of North Vernon, 
and occupy that while the si.gna.l at Stout was being rebuilt. Ou .June 30 camp was eRtahlished 
at station Green, and Mr. E. E. Torrey, foreman in Mr. Mosman's party, W<tS detailed hy him, as 
desired by M:r. Fairfield, to rebuild the signal at Stout. This signal, 136 feet in height, was with 
one exception the highest ever I.milt in the Survey, and its destruction caused much dt,lay in the 
sea.son's work, the line Green-Stout being the one on which the triangulation advancing to the 
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eastward in charge of Assistant Fairfield was eventually to join with that iu charge of Assistant 
l\lor;;man, advancing to the westward. 

This junction was effected later in the season. 
\Vhile at Tripp station Mr. Boutelle was directed to connect that i10iut with a hench-mark of 

the transcontinental line of levels. The original mark was established by Assistant Braid in 1870 
on the stone abutment of a railroad bridge near North Vernon. Some years ago the top stone of 
tbi~ abutment had uee1i broken by a wreck 011 the bridge, and it was replaced by another stone, 
hut as the grade of the roall ltas not been changed, ::\Ir. Fairfield states that he is confident that 
tl1e mark occupies relatively the same place as the one first made, the change, if any, not exceed· 
ing a fow inches. 

Up to ,Jnne 2!0, 1890, the triangulation had co\·ered an area of 206 square miles. Its progress 
after tliat date will be stated in the uext Annual Report. 

Pror11·es~ of r1eodetic ope1'<tfions in the State of 1Visao1isin.-D1uiug the summer anu autumn of 
188U geodetie operations were resumed in the State of Wisconsin by Prof. ,J.E. Davies, Acting 
Assistant. He occupied two stations of the Lake Sur•·ey, Lebanon and Minnesota Junction, thus 
effecting a eonuection of the Lake Survey work with that of the \'Visconsin State Survey. Tllis 
couuection ''ill be strengtlteneLl wheu foe astronomical station Fit11sirnmons is fully connected 
witlt tlle triangulation of Professor Davies by its occupation aud that of Arlington as geodetic 
stations. 

The work of Professor Da.vies was carried on in accordance with a scheme of triangulation 
decided u1ion after i~ reconnaissance ma(le the year hefore by Assistant Charles 0. Boutelle, in 
immediate charge of State surveys. J\Ir. Boutelle had occupied Fitzsimmons station in 1887 for 
the determination of latitude and azimuth, and in this, as iu otl!er State surveys, he continued 
tlw correspondence with Acting Assistants and the immediate supervision of their work up to 
the sining of 1890, wheu his health, which had ueeu gradually failing, compelle1l him to ask relief 
from duty. 

He was at this time in his sen•nty·sevcnth year, and the oldest officer but oue in his term of 
4<i ~"ears' service upon the work. Haviug gone to Hampton, \Tfrgiuia, for medical care and rest, 
lie died tliere at the home of his sou on J uue 22. 

:\Ir. Bontelle's unremitting efforts to advance the interests of the SLu,·es iluriug his long crm· 
nection with it, all(l the ability he mauifested in the discharge of the i·arious and responsible 
duties assigned to him were the sulijects of a commemorative notice issued by the Superintendent. 

Rstablishl/lcnt r!f' a meridian line in Toleclo, Ohio.-ln compliance with a request made by the 
commissioners of Lucas Conuty, Ohio, Subassistant P.A. Welker was instractell to lay out and 
mark a meridian line at Toledo, in that State, the Commissioners offering to bear all inei1lental 
expenses of furnishing and setting the stone monuments. 

A site haTing been selected upon public ground known as vVashingtou and Lincoln Parks, on 
Forest aveuue, determinations ef the direction of the tnrn meridian were made by l\fr. Welker 
on two nights li>· observations on a Ursm Minoris, the work being llegLrn May 14. These observa­
tions were ma!lt' at the south end of the line near the corner of Prospect and Forest avenues. 
'l'he latitude aud longitude of tllis point were obtained by referring its position to the stone 
longitude post established in 1881 by the U. S. Engineers uear the corner of }fonroe and Michigan 
stn•ets. The meridian line is 923.375 feet in length. Each end of it was marked by a heavy· 
granite post 12 hy 12 inches square on the top surface and 3! feet long. Tb.ese posts were set in 
concrete made of Portland cement, broken stone, and sand. Into the top of each. stone was firmly 
set a 1-inch copper bolt, 31-inches long, and having cut upon its upper surface a cross with a small 
hole in the center to mark the ends of the line. 

Full records of the observations and measurements made, with descriptions and sketches, have 
heen forwarded to the Office by Mr. Walker. 

nuty assigned to him earlier and later in the fiscal year is referred to under headings in 
Sections VII and XVI. 
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SECTION XV. 

MISSOURI, KANSAS, IOWA, NEBRASKA, MrnXEf30TA, A~D ~ORTH AXD soeTH DAKOTA. 

(SKETClll~S Xos. 1, 7, 8, l:J, 19. AXD 20.) 

Extension of the triangulatio1i of the 8tctte of Jlinnesota from the Snelling A1:enur Base.-Under 
instructions issne.d ea.rly in June, 1889, Prof. w·. H. Hoag, Acting Assistant, hall in tliat month 
organized his party for the exteusiou of the triangulation of the State of ~ii nnesota from tlie \Jase 
which hall been measured on Snelling avenue, in the city of St. Patll, in tlie autumn of 1888, uy 
Assistant C. O. Boutelle. 

During .Tune he was occupied mostly in building signals and observing angles at stations in the 
immediate vicinity of the cities of St. Paul and l\1inneapolis, and in maki ug a short rcconnaiss:mce 
for the extension of the triangulation to the northward and uorthwestward from tlie latter city. 
During the first part of July, he continued mea:mn~ments of huri,,ontal aug-Ie1; at 'Vashlmru 
Ilome aud at other stations west of l\[inncapolis; to the ectst awl northeast of St. P<tul, and to 
the r;outlt and southeast towards Prescott, 'Yiseonsin, and when the weather was uufavorable for 
observations of angles, he pushed forward bis n~counaissance. 

The latter part of .Tul,r was spent in conductiug a general reconuaissauee to the southeast 
along tlrn l\iississippi River, and in building signals as selections for stations were made. In the 
earl,v part of August, tile same kind of work was earrie<l back from the rh·er in 'Yabasha and 
Goodhue Conuties. The weather heeoming then almo.o;t continuously .smok.r, au exteudeu recon­
noiteriug trip was undertaken during· the latter part of the moutli, the reconnaissance beiug 
carried south through Goorilrne aml Olmstell Co nu ties as far as Rochester, and thence through the 
tieT of counties bor1lering on the Mississippi Hirnr from 'Winona to Hennepin. 

In September, station \Voodbury, about 10 miles sontheastwardly from St. Paul, was occupied; 
also stations Soutll Base autl ·washburn HoIDe, aud the line North Base Woodbury was uiieued. 
Field operations were then closetl. for the ::;eason. 

Professor Hoag reports tile following statistics: 

Triangulation; 
Number of signals built . . . . . . . . . .. . . . . . . . . . . . . . • . • • . . . . . . . . .. . . . . . . . . 12 
Nmuuer of st;;,tions occupied ........ -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 14 
Number of umlergrouu1l marks made ...................... __ .. _. _. . . . . 10 
Number of snrface monuments tixed in place. ____ .. - _ ... - ... __ . _ .... _. ti 

In December, Profossor Hoag, in aeconbnce with instructious, reported at the OJiiec for 
conference and cousultatiou with the St1perintende11t rmd wlth Assistant C. 0. Boutelle, in 
immediate charge of the State surveys. 

Towards the end of May, 1890, lte was instructed to orgamze his part_~- for continuing the 
work of the inecediug seasou7 with special reference to a reconuaissauce for the ex.tension of his 
scheme of triangnl~tion to the next tier or range of stations beyond those connecting with the 
Snelling A-verme Base. 

Takiug the field June 17, he occupied stations South Base and \\7~1llaee to g<Jt a fow needed 
measures of horizontal directions. At 'Yallace st:tt.ion, lines were opened to Buck Hill, Marcotta, 
and Vvoodbury statious. Horizontal and vertical angles were measured a( sta.tious l{<tlllSL'y, 

Mound View, .Marcotta, antl. Buck Hill. At the two stations last uamell, tlw ,·alue of tl.te 
obserYations was somewhat impaired by tile intensely beate(l state of the atmo!'lphere. 

I'rofessor Iloag's progress after the close of the fiscal year will he adyerted to in tlrn next 
Anuual RepoTt. 

Establishment of a meridian line at Huron, South JJakota.-ln compliance with n reqlle~t 
recei-.;-ed from the Surveyor-General of the State of South Dakota, arrangements were made 
towards the end of February, 1890, for the detail of an officer Qf tlte Surve..r to lay out and mark 
permanently a meridian line at IIuron, in tliut State. 

A description and drawing of the stones needed for tile marking l.mving been sent to the 
Surveyor-General, it was arranged that he should fix the south stone iu position, informing the 
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Superintendent when this had been done, so that Assistant 0. H. Sinclair, who had been instructed 
to lay out the line, eould start at once for Huron. 

A telegram having been received stating that all of the preliminary arrangements would be 
completed April 14, 1\Ir. Sinclair left Washington April 10 and arrived at Huron on the 14th. 

Tue location that had been selected was in the grounds of the Court-house, on the west· side 
of the building. Ob:scrvations for azimuth were made on the first favorable night, using Polaris 
at any hour angle, twenty-four poiutings being taken on the star and mark with S-inch theodolite 
No. 148. 

The direction of the line having been established, and the south stone in place, the north stone 
was fixed in posi tiou at a poiut 375 feet distant. Each of these stones is 5 feet long, dressed llown 
at top to the form of a truncated pyramid, with a base 2 feet square anll sloping to 1 foot sqnare 
on the upper surface. The north stone has in its top a copper bolt, three-fourths of an inch in 
diameter a!l(l :3~ inches long, with a slot and expansion bra3s wedge in the bottom to bold the 
bolt fast when driven down. A drill bole half au inch deep and one-sixteenth of an iuch in 
diameter, at the intersection of two cross lines cut ou the bolt, marks its center and the north 
point. On tbe south stone, its center ancl the south point are marked by the intersection of two 
cross-lines, cacl1 ~i inches long, tbret>·quarters of an irwh deep, and three-quarters of an inch wide. 
These stones markiug the ends of tbe meridian line arc of pink-tiuted limestone, weighing about 
3,100 pomuls each. They pr~ject something O'rnr a foot abo>e ground, and are set in a concrete 
foundation 2~ feet deep and 3 feet square, so that the bottom of each stone is practically 6~ feet 
below the surface of tl1e gruaud. 

On April 17 Mr. Sinclair observed the magnetic decliuatiou with the needle belongiag to tlte 
theodolite, and on the same day left for Washington. 

The record of his obser-vations has been deposited in the Archives. Other duty performed 
by him is referred to under bead iugs in Sections II and XY I. 

Occupation of sta,tions for e.rtending to the westward in Kansas the transcontinental triangulation 
near the thirty-ninth parallel.-On ,Jnly 5, 1889, Assistant F. D. Granger arrived at Junction City, 
Kaus., nuder instructions to 01·gan!ze his party for extending to the westward in Kansas the trans: 
continental triangulation near the tliirty-nintll parallel. 

Tlrn first. work nrHlertaken was the erection of signals in advance of the occupation of stations, 
so that tlw measures of horizontal directions could be carried forwanl uninterruptedly during the 
sea sou. By .July 1!l signals had been put up at stations Wilmer, Frey, \ine Creek, and Iron 
Mound west. of the uinety-seYentll meridian, arnl 011 the 26th observations were 1Jegnn at stat.ion 
Ro!Jbius, 4 miles sont!Jeast of ,Junction City. 

At this point the theodolite was elernted nearly 20 feet above the ground. Six primary and 
ten tertinry olij(•cts were obsen:"ed, arnl the station was finished August 9. The party and instru­
ments were then transferred to station Humboldt, 15 miles east of ,Junction City. Observations 
were begun here August 17 a.Ed finished August 30, four primary and five tertiary points having 
been ob;;,erved. At this point the theodolite was mounted upon an observing tripod, at an eleva­
tion of 40.7 feet abo•·e the ground. This elevation wa8 required to render visible one station only, 
Zean Dak, all of the other stations being in sight from a height of 5 feet. 

Between September 5 and 13 l\fr. Granger occnpierl station Erricssen, situated about 10 miles 
to tlw northwest of Manhattan. Riley County. For one of the points observed from Erricssen 
the theodolite had to be monntetl npon an observing tripotl 50 feet high. Directions to five primary 
and stwen tertiary o~jects were obserrnrl. \Vilmer station, about 23 miles to the westward, was 
then occupied, the tueodolite being elevated 40 feet and five primary and four tertiary objects 
being observed. 

Upon the completion of tbe work at Wilmer, October 3, the party was transferred to station 
Ta.dor, 7 miles sonth of Chapman, Di<:kinson County. The weather became very unfavorable for 
obser>ations just as the work was begun at Taylor, and it was not till October 27 that the atmos­
phere cleared sufficiently to enable the meiLSurnments to proceed. The theodolite was elevated 
41 feet aboYe the ground, and six primary and fourteen tertiary objects were observed, the work 
being finished November 5. 
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During the season of 1838 some observations haU. ueen ma<le at station \Yhite, near '\Vhite 
City, 1\iorris County, for \'ertical anp;les, lmt umlerunfavoraule conditiou::i, snow having fallen to 
a depth of 20 inches before the work ha<l beeu begun, aml the moisture from this melting snow 
having produced abnormal refraction. ::\Ir. Granger decided, therefore, to re-occupy stat~on ·white 
before disl>anding his party for tile season, and obtained there. a satisfactory set of vertical 
measures by the eu<l of November, 18Sfl. 

Field operations were then closed, and ::\fr. Granger proceeded to "\Vashington, and was occu­
pied iu office work during the winter until instrncted to proceed to Cllarlestou, 8. C., for duty, 
a report of which is given under a headiug in Sect.io11 \', 

Having returned to Washington l\lay D, 18!10, he fonml in,structions awaiting him to resume 
the work of the transcontinental triangulation in Kansas as soon as lJractieable, and in pursnance 
thereof he proceeded to Junction City, anll on :\lay 20 took up field operations, beginning hj· a 
recmmaissa11ee for the selection of points one J.igure to tlw westward of the limits of triangulation 
reached during tl.Je preceding season. 

Two points, Heath aud Thompson, forming a quadrilateral with Vine Creek and Iron l\lound, 
were selected, antl a tripod sigual was erecte1l at each. Heath is situated about 14 miles west 110rtlt­
west of Brookville, Saline County, and Thompson, 11 miles west-southwest of l\Iiuneapolis, 
Ottawa County. 

The progress of the work was somewhat retarded aud its cost slightly increased by the diffi­
culty of getting the ce>nsent of the owner of the la11tl at Thompsou station to have the signal put 
up 011 his property. Mr. Granger takes occasion, in view of this and similar delays encountered, 
to suggest tbe advisal>ility of obtaining from tile legislature of the State of Kansas the enactment 
of laws of like purport to those now in force iu a 1mml>er of eastern State8 and in some of those in 
the Mississippi Valley, providing for the occuvatiou of points in such localities as ti.le progress of 
the Survey demands. 

Arrangements having been finally ma(le which were entirely sath;faetory to the owner of the 
land at station Thompson, Mr. Granger began the occupation of statiou Frey on June 14. Four 
primary a.nd nine tertiar,v objeds were observed, and 011 the completion of the work llere the part~· 
wa8 transferred, June 24, to statiou Vine Creek, four miles west of the town of Uauchester, Dick­
inson County. Observations were in progress at tlii8 station at the close of the fiscal year. 

Mr. Granger refers in •er.r commendatory terms to the services of lYlr. M. A. Coles, recorder 
in his part,r. 

The statistics for the fiscal year of the work ill Kansas are : 

Recou naissancc: 
Area of, in square statute miles _. ___ .•.. _ .. _ .. _ ......................... 475 
J,ines of intervisibili ty determined as per sketch .•...•.•............... __ . 6 

Triang-nlation: 
Area of, in square statute miles .. ___________ . _ .. _ .. _ ....•... ___ . _ ... _ .. __ 72G 
Stations occupied for horizontal 1.1H•as11res, number of_ ...... ___ . _. _ .. _. __ . H 
Stations occupied for vertical measures, number of .. __ ..... _. __ ..... __ ... 7 
Geographical positions determint>d, mun her of. __ . __ ........•. _ .. __ . . . . . . . 17 
Elevations determined trigonornetrically. number of . . . . . . . . . • • • . . . . . . . . . . 11 

SECTION XVI. 

NEVADA, UTAH, COLORADO, ARIZONA, AND NEW MEXICO. (SKE1'cHES Nos. Z,8,\1, to,D,.AND 20.) 

Determi1iation of longitude "l>y exchanges of telegraphic signals between stations in California, 
Utalt, an.d Nevada.-The parties organized for the determination of longitudes by exchanges of tele­
graphic signals were ill the field in California and Nevada at the beginning of the fiscal year. As 
stated in the la.st Annual Report, Assistant O. H. Sinclair was then occupying a station at Verdi, 
Nevada, and Subassistant R. A. Marr, in charge of the co-operating party, was at Sacramento, 
California, and the observers having already exchanged places, a 8econd serie.."O of ex.changes, com· 
pleting the line Sacramento-Verdi1 was obtained July 11 2, 3, and 4. 
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A triangulation hasing been made by Assistant George Davidson in 1872 in the vicinity of 
Verdi to determine the oue hundred nud twentieth meridian, Mr. Sinclair connected his station 
with that triangulation, and foun<l that the ttlo results for tl.Je position of that meridian were 
almost identical, differing but 0.00:.! of a second of time. 

Ou July G, Mr. Marr rcache(l Carson City, Nevada, with his instruments. Ile had previously 
writtcu to )fr. Clrnrles \V. Friend, who lrnd a private olisern1tory there aml who Yery kindly placed 
it at the disposal of the longitude parties, disruonntiug his own transit for their accurmnodation 
aml rnakiug tile 1wcessary telegraphic connection. 

Mr . .:\IalT (~xcltang(•d signals with l\!r. Sinclair nt Verdi on the nights of July G, 7, 9, and 10; 
the obsPrYers tben cb:rnged stations, awl a seco!lll set of exchanges was obtainrnl on five 11igl1ts 
between Jul,\· 11 afid rn. Tlt•J m:iguetic elements at Verdi were determined by Mr. l\farr on July 
13i a, autl liJ. The latitutlc or tlw station at C;u;;ou City was dett•1·mined by 11r. Sinclair Oil July 
17, 18, Hl, autl ::?O, with meritli:m tele-<cope No. :.l, :-;eventy-onc observations haYil1g been made on 
eighteen pairs of starn. 

Mr. Friend had olltainetl au approximatti difference of longitude, Oar:5on City, and Lafayette 
Park statio11, San Francisco, b~· rnaking one trip with a chronometer, and so carefully had the 
work been done that bi1; result agreed with tlrnt given liy the field computation of the longitud.e 
party within 0.076 of a second of time. 

Th!' next line taken 1111 was Carson City-Virgi11ii1 Cit_y. l\fr. l\iarr on arriving at Virginia City 
examinPll the vier ,yliich had been left there by Lieutenant \Yheeler, lT. S. Engineers, in 1873, but 
fonud that it wonld not be addsable to occup;y it. His station ;vas above the Imperial Mine and 
just ah(n·e the town of Gold nm and from the crack in the ground nearly mid\vay between the 
town and tltc top of )fount Davidson, it is generally thought that all of the ground east of Mount 
Davitlsou below this point has moved autl is now moving-a moYcmcnt, due without doubt, as 1\Ir. 
l\farr obseryes, to the nndergrouwl workiugs, compelling re-alljuistmeuts of the timbering of the 
miHe-sliafts evcrv fe,, weeks. 

Tlnottglt the· l~i illlness of l\Ir. D. B. T,yman, su pcrintcuden t of the California and Yirginia 1\Iines, 
l\ir. Marr was enabled to establish tlrn lougitmle Htatiou within the office grounds of the Cornpauy. 
Ex~hanges of signals for longitnde betweeu Uarsou City and Virginia City were made on eight con· 
secutive nights from .Jul.r l!l to 26, i11clmdn~, the observers J1aYing changed stations between the 
night of the 2:M and the night of the 23d. 

Mr. Sinclair then moved the Virginia City outfit to Genoa, :Ke•ada, and the line Carson City­
Ge11oa was taken up. Longitude signals were exchanged ,Tt1J~- 30, 31, and. August 1, 2, and again, 
after change of stations hy tlw observers, on iive nights between August 3 and 11. At Genoa, the 
magnetic elements were detcrmiued by ~Ir . .:\Iarr from observations made August 4, 5, and G. 

The lim· Carson City-Austin \Yas next taken np, and exchauges obtained ou four consecuU,·e 
nigl1ts, Augm;t 18, to 21, inclnsivl', after which l\fr. Sinclair wPut to Austin and ::\fr. Marr to Carson 
City, arnl three more nights, Augm;t 24, 25, 26, completed the determination of that line. "While 
at Austin, l\Ir. :\Iarr aYailed himself of a delay caused by unfavorable weather to connect his sta­
tion with tl1at occuJlied hy Lieuteuant \Vheeler, C. S. Eugineers. 

Ansti11-Eureka was then determiucrl, the uights of excliauge of longitude signals being August 
30, September 1, !!, and 3, in the Jirst position of the olJserTern, and September f>, G, 7, aud 8 iu the 
second po:;ition. }lr. )larr then we11t•to Salt Lake City. and occnpied the Rtation iu Temple Block. 
He found the observatory which lrn\l been built there b;.- Assit0taut Dean in 1860 in good condition, 
aud secured his transit instrnmeut upon the sandstone pier. Signals "ere exchanged with l\fr. 
Sinclair at Eureka September 10, 11, 12, aml 14. Owing to tile burning of snow sheds au<l a hridge 
on the Southern Pacific Hailroad, the trains from the west were tleh1_yetl, and l\Jr. Marr returned to 
Eureka before :\Ir. Sinclair had left. Advantage was ta,ken of this to make direct observations for 
peri;;mial equation, September 17. Tlle results differed only 0.011 of a second from those derived 
from th!' exchangPs of ob;;ervcrs on the lines. 

After l\Ir. Sinclair reached Salt J,ake, signals were exchanged on the nigllts of Sep tern ber 217 

23, 24, and 2.\ completing the determination of the line Eureka-Salt J,ake. 
B_y the iiPld computation, the sum of the difterences of longitude for the the six liues, San­

I<'rancisco-Sacrameut-0, Sacramento-Verdi, Verdi-Carson City, Carson City-Austin, Austin, 
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Eureka, and Eureka-Salt La.ke, differed but 0.068 of a second of time from the direct measurement 
Salt Lake City-San Francisco. 

Before leaving Etireka, Mr. Marr made a geodetic connection with Prospect Park station, 
Nevada. 

During the three months that the longitude parties had been in the field since July 1, 188!:1, fifty­
two exchanges of longitude signals were malle, six aud a half lines of longitude determined, four 
stations were prepared, and two others already prelJared were occupied. These results, wltieh are 
much greater than the average, were due, .l\Ir. Sinclair remarks, primarily to fa>orable weather, 
and also to the location of some of the stations uear Carson City and to the hearty co-operation of 
the two parties. • 

)fr. Frank Jaynes, superintemlent of' the \Vestern Union Telegraph Compan_y at San Fran­
cisco, and his officers afforded erer,y facility for the use of tltc telegraph circuit;c: anll are entitled 
to the thanks of the Survey for their kindness. ' 

Other duty assigneu to ~Iessrs. Sinclair [1,nd Marr is reforrnl to under lleadiugs in Sections 
VIII, X, XV, and XVII. 

Occupation of station.~ fn eontinuatilJn '!t' tlte primary triw1rrulation near the thirty-ninth parallel 
in western central, Utah.-Reference \Yas made in the last arnmal revort to tlte operation:; carrie(l 
on by the party in charge of AsRistant \Villiam Eimlieck 11reparatory to tlie occupation of the 
stations Pilot Peak and Jbapah in western central Utah, these ,;tatious forming pointt> in the great 
quadrilaforal, Ogden-Mount Nebo-lbapah-l'ilot Peak. 

Having organized his party before the beginning of the fiseal year am! made all arrnugenll'nts 
neecled for the occupation of Pilot Peak, the 1st of .lnly, 1889, fonn!l l\Ir. Eimbeck on the summit 
of the peak, establishing camp and mounting the instruments. 

ObserYations of horizontal directions and double zenith distances were begun ~Tulr ~~. The 
number of primary points obst·rvetl upon was six, counting the reference mark as one. Two of 
of tlic longest lines of the Utah work were iucluded, Pilot-Nebo, and Pilot-Jeff. Davis, both. 
approximately 14$ miles long. \\ork upon the secondary points was also made as complete as 
possible, including several of' the points connecting "With the Terrnce and Lucin base-line, 37 
kilometres in lengtll, which hat! been measured along the Oentrnl Pacific Railroad by Lieuteuant 
W'beeler when he was in charge of smTeying parties in this region. All of' these points are 
marked by st1bstantial ro•~k mounmeuts or cairns. In couuection with the determination of the 
principal mountain peaki,; throughout the ronnd of tlte horizon, ~rnd of the tertiary points, an 
exhaustive stU(ly of the country lying to the north and northeast from Pilot Peak was made in 
order to decide upon a i)lau for the extension of tlle Salt Lake meridiouaJ chain of triangles to the 
north ward. Of t,Iiis chain, the great quadrilateral already referred to forms the first link. The 
best figure for this exten:;ion is shown upon the sketch accompa11ying Mr. Eimbcck~B report. 

Three well-preserved boun1lary stal,es upon the boundary between the State of NeYada autl 
the Territory of Utalt were identified a11d connected by a local triaugu1ation with the main chain 
of the geodetic work. The lrnundary, it meritliau line, passes about two miles cast of the station 
ou Pilot Peak. A comprelteusi,·c scheme of observations of secondary and tertiary points was 
planned and carried out. 

For latitude of' the 8tation, twenty.three pairs of stars we re observed on firn nigllts \Vitll the 
zen1th telescope; and for azimuth of the reference mar.k, obsen·ations were matle on Po1aris at 
eastern and westeru elongation on five nights. 

~\.s an aid to describing the station of observation, a somewhat extensive and fairl~· accurate 
topographical surTey of tlrn mountain was made. 

Upon the completion of the work at Pilot Peak, July 25, preparations were madt' for the 
occupation of Ibapah, a station of an altitude of about 12,300 feet, located upon tlw King I'm k of the 
Dee11 Creek Mountains, Utah. From Willow Springs, n~ar the eastern 1iase of Pilot 1 'eak, the 
i1arty was transferred by freight teams to Deep Creek Settlement aml lbapah statiuu. :Fooll anu 
water for both men and animals had to be carriPd as usual. The transfer from \villow SpriHg-::; to 
Camp Aspen, in Hranits Canon of the Deep Creek l\Ionntains, a <listance of about 120 miles, \\"<1S 

effected in 5 days. Tbe journey was a laborious and exhausting one, the days being scorchingly 
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hot. To escape the burning heat of the sun and the desert sands, travel was limited to the early 
morniug atHl late afternoon . 

. AJthough the most practicable route for a pack trail had beeu explored and located aud the 
trai I partly ope11ed iu ad vanee to the top of the mountain, much remained to be done to fiui::;h it. 
Tllis work, aml the preparation of the summit of the peak and the statiou for occu1Httiou, consumed 
the whole time of the party from its arri\·al in Granite Canon, August 5 until August ~4. on which 
day all was in readiness, an1l observations for horizontal directions were begun. These were 
prosecuted vigorotlSly until Sep tern her 1, when there came a sudden change in the weatller; a 
period of thurn1er i;torms set in, and when the storm clouds were dissipatecl, the atmosphere was 
left in a condition unfavorable for obsern1tions. It wai; 11ot, therefore, till the 28th of September 
that work at the station could be compieted. 

Ei~ht primary directions were determined at lbapah, awl also the numerous secondary 11oints 
visible from the :,;nmmit by r11easurcs of both horizontal arid vertical augles. Quite an extc11s1ve 
loea.l triangu Jatiou was executed for the purpose of connecting two boundary stakes, seemiugly 
well aut!Jentieate(l, upon the western houudary of Utah, with the main series of triangles. 
Inci<lentally, this work has lirougltt the United States Land Surnys of that locality into a 
connection witli the Coast and Geodetic Snrvey main triangulation. 

It lutd been intended to include the astronomical longitude station of Lieutenant Wheeler, 
near the relay station of the old Ornrland Pony :Express, at Deep Creek, in tlJe local triangulation, 
hut a search for the station monument or other mark of the point was unsuccessful. 

The latitude of Il>apalt was determined by observation with the zenith telescope on 
tweuty-tlirPe pairs of stars on th·e nights, and the azimuth of the reference <lirection by-observing­
l'olaris five nights at eastern and western elongations. 

To obtain data neellful for descriptions of the station and for other pi{rposes, such as the stu<ly 
of the detlectiou of the plumlJ-liue on the smnmit of mountain peaks, a topographical survey was 
made at lbariah, similar to that at Pilot Peak. 

Immediately upon the conclusion of the observations at Ibapah the instruments were 
di~111mmte1l and camp strllck and packed down to Camp Aspen, preparator;y to the return of the 
party to Salt Iiake. Tlie. ad\·ance of tile party left Deep Creek on the morning of October~, and 
arriwd at Salt 1~ake City on the eveniug' of the 7th, after a joumey of 19fi miles through a 
countQ· as de>iolate as C<lll well lw concei\·etl. ~Ir. Eimbeck states that three of the old pony 
express station:; are maintained on the route to this day, and greatly facilitate travel through this 
exteni:;iye desert. 

Subassistant P.A. Welker joiued the party Jnlr 31, and left it at Salt Lake, October 21, 
prrn~eetliug· east under instrnctious to complete the records and computations of his field work. 
Dllring hi;; ;;tay with the party 1Ir. 'Velker rendered valuable and efficient service, the especial 
t!ut,\· a;;signed to him hin;iug lieen the obser,·ations of double zenith distances and astronomical 
azimuth at 1hapali. 

The ohsPrrnti.ons fol' local time m1<l fm latitude at both stationi; were made by 1'.Ir. E. P . 
.Anstiu, of Salt fotke Cits, who Hen·ecl as extra. observer from Jul,Y 1 to October 25. He assisted 
also in the local tria11gn!ations, connecting points on the State boundary . 

.:\i1•ssrs. C. I~. Brackett and ,J. 0. ;\leem were employer! as recorders. 
At the clo;;e of the seaso11 :\le. Eimbeck reported for duty, under instructions, at the Office in 

Wa!:lhing-ton, D. C., antl nutil allont th1:; middle of .Tnue was engaged in tbe computations and 
discni:;sion~ relating to his field work. He will resume charge of the transcontinental triangulation 
advanciug to tlrn eastward in Utah near the thirty-ninth parallel at an early date. 

SECTION XVII. 

IDAHO, WYOMI1'G-, AND MONT.ANA. (SKETCHE!'4 Kos. 2, 19 AND 20.) 

Detcrminatirm of the lmigitude of Helena, Montana, fJy fJ:i:cltangeB of telegraphic signals with Salt 
Lake City.-h having become desirable to obtain certain additio--al longitude determinations 
from Salt L<ike City and Chicago that shot1ld fornish a 1rnrtbern couuectiou with the longitudes of 
the Pacific coast, instructions were issued in June, 1800, to Assistants C. H. Sinclair and R. A. 
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Marr to take up at as early a date as practicable exchanges of signals for longitude between Salt 
Lake City, Utah, and Helena, Mont.; between Helena and Bismarck, N. Dak.; between Bi<;marck 
and Minneapolis, Minn., and between l'iiinneapolis and Chicago. 

Messrs. Sinclair and Marr were not ahle to lea>e V\~ashington before tile 23d of .June, but at 
the end of that month they had completed a.rrangeruents for exchanges of longitude signals, 
Mr. Sinclair at Salt Lake City and Mr. l\farr at Helena. 

'£heir progress will he further stated in tl.Je 11ext A.nnual Heport. 

SPECIAL OPERATIONS. 

Establishment of a Naval Trial Course by la.ying o.ff· a measured sea-mile i-n the Eastern Passcige, 
Narragansett Bay.-At the request of the ~:ecretary of the Navy, antl with the avproyal of the 
Secretary of the Treasury, arrangements were made iu July, 188!l, for tlte es ta b1i8hmeut of a Na val 
Trial Oourse_in Narragansett :Bay. Lieut. J.E. Pillsbury, U.S. N., Assistant Coast and Geodetic 
Survey, was detailecl for this dut,y, and having availed himself of the stations which h:ul beeu 
already determined in position by the triangulation of the Survey on the shores of the bay, he 
made the measurements antl established the shore ranges needed to lay off a nautical mile iu the 
Eastern Passage .. 

Currents were observed at two stations near the trial course, aml at two stations at right 
angles to it and in the vicinity of the turning autl maneavering grounds at the end of the course. 
Successive anchorages were made at the same points, and the currents were obsen-e<l at both 
spring and neap tides. Tabular statements of Yelocities of currents at the several stations occu. 
pied accompany Lieutenant Pillsbury's report. N cap tide flood, he observes, is decidedly the most 
favorable time for auy trial of speed oa the course where a current is to be taken into account • 
.At the southern end of the measured mile, a.t the strength of the ti1le, the current runs uearly fair 
with the course. In chaugi11g direction, it turns to tile westward as it diminishes in Yelocity; the 
temlency, therefore, will l>e to make to tile westward of the proper line. The ehh is stronger tha.11 
the flood, and at about neap titles there may be no flood current on the surface while below the 
flood is running. For the ebh current, the ma.xitnnm at greatest strength of tide was found to be 
1}0 kuots, and the aver:-ige of maxima wa.,;; eight,Y-five hundredths of a knot. For the fiood current 
tile maximum was nine-tenths of a knot, anu the a•·erage velocity half a knot. 

The work was finish<itl Augnst 12. Lieutenant Pillslmry has transmitted to the Office, with 
his report, diagrams showiug n~locities 111Hl directions of currents, and a projection1 scale J-10000, 
on which he has marked the locatiou of the measured mile, of tho ranges at each end of it, antl of 
the steering range. Of the latter he lta8 sent a photogr~ph so tliat it ma}~ be engraved, on the 
charts . 

.Establishment of a Trial Course for the SJ!ced tests <~f the new nat111l l!'m' vessel, Pliita.delplda., off 
the coasts of Block Island anii Long lslmul.-In compliance with a request from the Secretary of 
the Navy for the laying off an accurately measmrml trial course to test the speed of the new na,·al 
cruiser, Philarlelphia, the locality fillally xelected beiug to th13 soutlnrnrd of Block Island arnl the 
eastern end of Long Island, instructions were issued by the Superintendent to Lil'nt. C. E. 
Yreelaud, U. S. N., assistant Coast and Geodetic Rurvey, commamling tho steamer Blake, to 
execute this work so as to obtain a course of 40 miles in leugth as nearly as prncticalilc. awl 
having its extmmities capable of ready identification b~· range marks. 

Having been furnished with the prqjections necessary from tlie Office, and having taken on 
board signal lumber a.t the Navy-Yard, New York, Lieutenant Vreeland left tllat port l\Iay 17, 
1S901 and having established the locality of the course outside of tlie 20-fathom curn- off the 
coasts of ,Block Island and Long Island he proceeded to make a reconnais:mnce for thf'. proper 
location of range marks. 

Block Isla.nd back range signal was located on Beacon Hill, tlw highest point ou tlie island. 
It was a vertical extension of a small building which is used as an olise1Tation point. by summer 
visitors. Above the building rises a. 20-foot flagstaff, ou which slides a wooden diamond, 
measuring 6 feet vertically by 5 feet laterally. Tllis diamond was hoisted a fow feet above the 
roof and was kept in that positi()n till after the trial. 
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Block Island front range signal is a tripod structure, reaching to a height above ground of 
40 feet, this height being increased to 49 feet by a small pyramid mounted on top. At the 
intersection of the range and course when viewed from a point 20 feet above sea-level, tbe top of 
the front range is clearly outliued against the back one. 

For the I1ong Islam] fr011t range, it had been intended to erect, a signal on tlJe beach at the 
western terminus of the course, but as permission to do this was refusell by property owners, it 
became 1ie<~essary to seleet some permanent and prominent object on shorn to serve as a front 
range signal. Upon view in~ the locality from seaward, the tower of tbe Presbyterian church at 
once 1wesented itself as suitable by reason of its size mHl Jll'Oportions. The body of the church is 
a high-roofo<l structure standing ou an elevation of about :io feet above sea level, and the tower 
attains a height of 70 feet above tlte ground. 'l'o enable the obserTer on board sliip to }lick up 
this object more readily, a 40-foot flagstaff was planted on the beach, and a large American 
ensign hoisted on it. vYith a po1verful glass, the flag is visible 7 miles off shore. 

In the hills that extend in an almost unbroken line for some distance, rising to the right a11d 
left of the tower, there was fortunatrly a slight depression nearly on a range, making an almost 
right-angled cut, and this was seized upon as a site for the back range, being in fact tbe only 
})Oint aYailable. The signal erected here stands on an elevation of 55 Jcet amidst a clump of pines, 
and resembles in general appearance the front range on Block lsland, but its dimensions are 
considerably larger. Its total lieight abo•·e thf'\ ground is 78 foct. 

Passin~ in either direction, the church tower is lost against tlle back hillR within a quarter of 
a mile after crossing the range, but when it comes out against the sky tlicre is 110 mistaking it. 
The back signal has been carried 1~ 111iles to the east, and 2.3 miles to the west of the rauge, and 
from the lofty decks of the Philadelphia can prob~ibly be carried much farther. When on the 
course both signals are prqjected against the sky background. 

The working party on shore numbered from 8 to 17 men according to the necessities of tho 
case. During their absence the Blake frequently put to sea, in order that the ranges might be 
examined, as they approached completion, from diffe-rent points on the course. 

From the time of leaving Hampton Roads, April 21, to tlie couclusiou of the trial the ship 
was under way in all 14 days and steamed a distance of 2,505 miles. 

The work of establishing the course was finishe<l .Tune 10, and the Blake was at once headed 
for New York. Upou his arriv<il, Lieutenant Vreeland receh·ed telegraphic instructions to phtce 
the steamer at the disposal of tlw Board of officers appointe<l to test the performance of the 
Phila,delphia, of which Captain Henry Erben, U. S. l'< ., was president. This was done; the Board 
was taken over the course June lG, and Lieutenant Vrcelau<l was then verlJally instructed to erect 
such signals and locate such prominent OQjects on the south shore of Long Island as would enablo 
the second and third vcsselR from the wet-;t end of tlie course to establish tlieruselves upon it at 
about 10-mile intervals. 

fla\'iug completed this work and returned to New York, the Blake left on Juuc 2:) to fake up 
a positiou on tlrn trial course, lmt, owing to fog, was unable to get into vosition until the afternoon 
of ,J nne ~;>, when the trial was uearly finished. 

The steamer then returned to Xew Yol'k, arnl 1,i0utewmt Vrce1and began pre1iarations f01' a 
cruise in the waters south of l\fortha·:.:; Vineyard to obtaiu serial tem11eratures and <knsity 
ol.Jsen·ations. 

The officers attached to the Blake were I.ieut. Harry Kimmell, U. S . .N.; Ensigns C. S. Stan­
worth, J.E. Shindel, and }l!Jilip Andrews, U.S. N.; Assistant Surgeon Thomas Owens, U.S. N., 
and Assistant Engineer Wm. \V. \Vhite, U.S. N. 

Lieutenant Vreeland makes cordial acknowledgment to Mr. Frank Littlefield, Block Island, 
for the gracious manner in wl1icb be accorded permission for the erection of a signal on his- pro11erty 
011 Beacon IIill; also to 1\frssi·s. William L. Peckham aud Edmund B. Peckham, jr., joint owners 
of the land on which was erected the south range signal on the island. 

Definition and determination of a portion of boundary line in dispute between the State.~ of 
Maryland an<l Yirginia.-A question having arisen between the States of .Maryland and Virginia 
as to the interpretation of tlie award of the arbitrators of 1877 respecting the location of that 
part of the boundary line between those States which lies near Hog Island in the Potomac River, 
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tbe Superintendent of the Coast and Geodetic Survey was requested by Governor Jaeksou of 
Maryland and by Governor I1ee of Virginia, in letters bearing date of October 8 aud October 10, 
1889, to detail an officer of the Survey to examine and locate that portion of the boundary line in 
the lower Potomac. 

In pursuance of thi8 request, Assistant Henry L. Whiting was <lirected to proceed to 
Baltimore, an<l hold a preliminary conforence with the Commissioners appointed h;'I' the GoYemors 
of Maryland and Virginia to represent the views held hy those States respectively in regard t9 
the location oftbe disputed bomulm'y. Ilaving done this, and placed himself in 11of<session of all 
the information attainable by the inspection of original charts and documents, and baying met 
the Commissioners again early in NoYeml>er, and had also a personal conference with Govemor 
Jackson at his home in 1\Iaryland, and with Governor Lee at mcbmond, nrgiuia, :Mr. \'ihiting 
was further instructed to exercise his best judgment to bring the matter to a conclusion. 

The report, which he snlnnitted to the Superintendent uncler date of Nornmber 18, states the 
conclusions whicb he arrived at after basing his study on the declaration of the award of the 
arbitrators of 1877. The question turned upon the technical iuterpmtation of the data given in 
the award aa applied to the 1nojection of a line representing the thread of a stream, and to that 
of a line along the shore which should conform as nearly as might be to the physical s;.·stem o_f a 
river as characterized by its area and figure. 

Mr. Whiting observes that, in the first case, the same rule would be applied as that laid down 
for the course of tlte boundary line in the Pocomoke River, viz ; 

" The inicldle thread is equidistant as nearly as may be between the two shores without 
considering arms, inlets, creeks or affluents, as parts of a river, but mea810-i119 the shore lines fl'o'fn 
headland to headland. 

"No other measurements would mathematically determine the middle thread, which must lie a 
mean direction between the course of the two shores. 

"Measuring straight lines from headland to headland would uot determine the middle thread 
of a. stream, because, in tbe bends of a river, straight lines giving equivalent results can not be 
measured on corresponding or opposite concave and convex sbores." 

"Again, in the second case" (to quote from Mr. Whiting's report), •' the same rule would be 
applie(l as that laid down for the boundary lfae on the Potomac River, viz: 

" The low-1cater mark i.~ to be measured from headland to headland, without following 
indentations, bays, creeks, inlets or affluent rivers; for the reason tbat such lateral features are 
inCidental to the general syst<im of the river, and can not properly he made factors in determining 
it.s true pbysical limits." 

"Referring again to the boundary line between Maryland and Virginia, refixNl hy the 
arbitrators of 1877 on the right bank of that river to coincide with low-water mark; the 
descriptive text used and the conventional sign adopted can only be regardecl as an intentional 
avoidance of more specific mention and definition of points and features which time and natural 
causes might so change as to render their future identification doubtful. Whereas the right 
bal.1k of the Potomac, in its general features, will always he the rigbt bank Ro loug· as the river 
itself remains. 

"The only deviation made by tho arbitrators of 1877 from tlie ruling of the original charter is 
in adopting the low-icater mark, instead of the high-water mark, as the true line of boundary. 
Pltysically. the lines are substantially tbe same as features of the river bank, while low-water 
mark is more in accord with modern regulations pP.rtaining to riparian rights." 

Finally, Mr. Whiting says that, for the reasons assigne<l in his report, be is prepare<! to ;;tate, 
ou the part of the Coast and Geodetic Survey, that according to the text of the awanl of the 
arbitrators of 1877, as descriptive of the boundary line between Maryland and ·nrginia, no 
mathematical or physical construction can be put upon the meaning of said description which wrn 
locate and define the cognate boundary line and low-water mark iu any other place, or make it 
conform to any other course of the ri~er than that which tllcy 11ave ascertained and dPtermiue(l 
to be tlte low.water mark on the south shore (right bank) of the l 3 otomac River as marked aml 
sha<led in red upon the coast chart No. 33 of the United States Coast Sun'ey which is filed as part 
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of the said award and explanatory thereof. This cltlarly illustrates the intendi!il location <Jf the 
boundary line, and conforms to the terms and meaning of the a ward. 

Copies of Mr. Whiting's report, duly verified, were sent by direction of the Superintendent to 
the Governors of l\lar.dand and Virginia. It is published in full as Appendix No.11 to this volume. 

BpeciaZ survey 1nade at the request of the Fish and Game Commission of the State of Ohio.­
In compliance with a request made to the Secretar,y of the Treasury by the Gornrnor of the State 
of Ohio a.nd referred hy the Secretary to the Superintendent of the Coast and Geodetic Survey, 
Assistant A. T. Mosman was directed to proceed to Toledo, Ohio, and confer with the Hon. C. V. 
Osborn, President of the Ohio State Fish and Game Commission, with regard to the establishment 
of the limits of certain fishing tracts on the shore of Lake Erie. 

On bis arrival iu Toledo, October 29, 1889, Mr. Mosman was met by Mr. Osbora aud after 
conferring with him that afternoon a conference was held in the evening, at which were present 
also the other members of the Commission and the representatives of the large :fishing interests 
near Toledo. It was then decided to select as the location for smTcy a fishing tract on the south 
shore of Lake Erie, southeast of Cedar !"'oint, and known locally as Sanely Point. This tract was 
selected &'I being without dispute owned by one of the large fishing firms present at the conference. 

Mr. Osborn having then left for his home in Dayton, Juclgc E. D. Potter, of Toledo, remained 
to represent the Commission, and he made arrangements to furnish Mr. J\fosrnan with transporta­
tion from Toledo to Sandy Point, and also with the men and tools needed for the survey. 

Subassistan t P. A. \V elker, being at his home in Toledo, was instructed to assist Mr. Mosman, 
and rendered valuable aid in the work that followed, taking part in the tests of the measuring 
wire and in the measurement of the base line. 

Sandy Point was so located on the open shore of the Lake as to be inaccessible by land, being 
but a narrow strip of sa.nd beach from 16 to 20 yards wide, backed by an impassable marRh of 
from three to four miles in width. It had therefore to be reached by water from Toledo, a dis­
tance of 17 miles, and no landing could be made on the beach except when the wind was from the 
south, or off-shore. These conditions made the work coruparatfrely slow and added to its cost. 

From October 30 to NoYember 3 the weather was very stormy and all that could be doue 
was to complete the preparations for the survey. On November 4, a steamer hiwing been char­
tered and the party landed at Sandy Point, the measuring wire was tested, an<l had been 
stretched at a tension of 50 pounds on the beach, when the party was signaled to eome at once on 
bourd the steamer, as the wiud had hauled to the northwest and the vessel was dragging her 
.ancltor. 

On November 6 and 7, landings were again effected. 1t had been iu tended to measure a line 
a mile long, bnt, this being found impracticable on account of the ends falling in marshy ground, 
a base of 1,~00 metres (3,937 feet) was measured and angles observed on Cedar Point station of 
the Lake Sun·ey, on Turtle lslaud Light-House, aml on West Sisters Island Light-House. These 
angles, with others measurecl from Cedar Point Station by Mr. Mosmau and data publishrnl by the 
Lake Survey, enabled him to determine the geographical positions of station No. 1 and Back 
Range No. 1 on Sanely Point, and these stations were permanently marked. 

On No>ember 9 Mr. Welker finished the marking of station No. 2 and of Back Range No. 2, 
and made a sketch of the line measured. 

Mr. Mosman was enabled to occupy Cedar Point through the courtesy of Mr. W. 'l'. Bhmt, U. 
S. Assistant Engineer, in charge of the improvements of Toledo Harbor, who took bim upon his 
steamer to the station. 

Mr. Blunt also ran out to the end of Mr. Howell's string of nets extending six miles in one line 
from Cedar Point, and located the extreme end by sextant angles. The location of this string of 
nets had been the subject of dispute between Mr. Howell and other fishermen, so that its accurate 
determination by a disinterested person was very desirable. 

Before leaving Toledo, Mr. Mosman arranged the field notes of his survey, and upon arriving 
in W ashiugton took up the computation of the results. He had made it copy of the sketch of the 
line, and also, on an enlarged sea.le, a sketch of the general location of the tract surveyed: taken 
from a chart of the I..1ake Survey. These sketches, together with his descriptions of the survey 
made and of the marks at the stations and back ranges, were transmitted by the Superintendent 
t.o tlie President of the Ohio Fish and Game Oommission. 
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Other duty assigned to Mr . .Mosman is referred to under a heading in Section XI\' and at the 
conclusion of Part II of this volume. 

S1tri•eys for a prelirninary determination of the Boundary Line between .Alaska anrl British 
Columbia and the Northicest Teri·itory.-That portion of the plan for a preliminary determiuatiou 
of the eastern boundary line of Alaska which involved the location in latitude and longitude of 
points on the Yukon and Porcupine Hivers at or near the one hundred and forty-first meridian of 
west longitude having been assigned to the parties in charge of Assistant ,J. B . .McGrath and 
Snlla1>sistant J. H. 'furner, these officers with their assistants reached their respective camps in 
August, 1889, Mr. McGrath establishing himself on the Yukou River aml l\Ir. Turner on tlie 
Porcupine River at localities as near as practicable to the crossings of those ri,·ers by the one 
hundred and forty.first meridian. 

The voyage up the Yukon River was made without special difficulty, botll parties h:tving been 
transported up the river from St. Michael's, Norton Scund, by the Ala8lm Commercial Company'R 
steamer Yukon and having reached Fort Yukon August 2. 

Here the parties separateil, Mr. Turner proceeding up the Porcupine Hiver in the steamer 
with his party, while Mr. McGrath remained at Fort Yukou, awaitiug the steamer's return to 
convey him up the Yukon to the boundary line or a point near it. \Vhile thns waiting he ma<le 
observations for the magnetic elements, determined time, azimuth, latitude, aml longitude, and 
measured a base line and connected it by triangulation with points around Fort, Yukon. On 
August 12 he started up the river in the steamer for the boundary line aml on the 19th he Wal> 

landed at the site of an abandoned camp near the bourniary, and began at once the lmildiug of 
qua1ters for ofticers and men, the erection of au observatory, and all the preparations needed 
for the winter's work. 

The reports which have been receivetl from Mr. McGrath bear dates of September 30 and 
October 31, 181;9, an<l Juue 15, 18fl0. These reports with his daily journals and monthly reports 
give detailed accounts of the employrneu t of the party and cover tbe time betweun its establishment 
in camp and the eud of May, 1890. 

During this entire period, the weather was most unfavorable for astronomical work. The 
summer had been au unusually wet one, high water and constant floods had stopped mining 
operations on the branch of the Yukon known as Forty Mile Creek, and this humid condition 
persisted through the autumn. The winter was milder than any known except the previous one, 
and the sky constantly co1erell with clouds except on tbe few days when tlte thermometer fell to 
temperatures which made out-of.door obsen'ations impracticable. Not a single occultation was 
visible, aud the only lunation that coulcl be observed was that beginning at the end of .March and 
lasting through the early part of April. The da,ys were beginning to get long then, and it became 
difficult to take any almanac stars with the moon, except those of the second magnitude. This 
set being the only one that Mr. McGrath could get for his lougitude determination antl the range 
of the several values being too large, he decided to remain at his station another winter in tho 
hope of having more favorable weather. Observations for latitude had been made in November 
on four nights by Talcott's method. 

The magnetic declination, dip, and intensity were det1mnined every mouth beginning in 
September, and the meteorological instrumeuts were read three times a day. The lowest temper­
atures noted were -54° and _590_3 Fabr. on January 28 and 29, and-550.31 -[i30.9, and -tiF'.3 
Falir. on Febmary 5, 6, anti 7, 1890. During these three days in February, the highest tempera· 
turcs were -32°, -41°.5, and -390.9 Fahr. 

During the autumn the Yukon Hiver was gauged; lines of sonudiugs were run and 1foat:-< wero 
sent down to <letermine the velocity of the current. 

The natural resources of this section of tbe eountr~· being few; much apprehension of a Rcarcity 
of provisions was felt for a time when news ca.me on the 11th of October of the loss of the steaRJer 
A.retie between St. J\fiehae1s and tlie mouth of the Yukou. '.l'hh; stt·amer mts carrying supplies 
for Mr. McGrath's party, and she was expected to arrive about the 20th of :::leptember. Ultimately 
she was raised and repaired, and the supplies saved from the wreck were forwarded up the Yukon 
by the steamer St. Michaels and landed September 23 about 150 miles below Fort Yukon. 'l'llere 
being a scarcity of flour for the party, but five pounds a. month to each man, and many of the 
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staple articles of food being either wholl_y wanting or to be had only in exceedingly small 
quantities, Mr. l\IcGrath deemed it advisable to send two of his men to the point of storage of the 
supplies with orders to take what care they could of them, and if possible get some up t-0 the party 
during the winter. These men started on their return journey in February with a hand sled and a 
toboggan drawn by three dogs, and after trayeling 70 days reached camp May 2, briugiug 200 
pounds of flour. They had to cut off the tops of their b(lots to feed the dogs and gave them also 
deer-skin sinew and liue from the toboggan; their own clothes they cached ou the road, being able 
to carry besides the flour lmt one pair of blankets, and having on their arrival only the clothes 
on their backs. T!Je chief pri \"ation that had been felt by Mr. McGrath's party during the winter, 
next to the lack of tloar, was tfie war:t of illuminating material, the supply of oil having been 
only enough to allow lights for a few hours each day. 

:Yir. McGrath expresses his thanks to ltis assistants Mr. Davis and l\fr. Kingsbury for the aid 
they afforde.d him. The men of the party worked cheerfully and diligently throughout the season. 

From Mr. Turner, in charge of the Porcupine River pltrty, reports have been received bearing 
dates of January 1 and 24, 1800. These reached Washington on the 30th of June. After leaving 
Mr. McGrath at Fort Yukon, the steamer Yukon with Mr. Turner and his party on board proceeded 
up the Porcupine Biver until the morning of August 6, when Captain Petersen stated that Le had 
sounded the chaunel ahead and found it impossible to proceed further. He represented also that 
the rapidly falling water made his safe retum to Fort Yukon problematical were he to delay 
longer. He therefore landed Mr. 'furner and party with its stores and equipments at a point on 
the river 37 miles west of the boundary. 

)fr. Turner expresses his conviction that this action was due to ignorance of the river, as 
within two days after the steamer's departure the ri,·er rose at least ~ feet, rendering navigation 
to the boundary perfectl.v practicable, and with short periods of rise and fall, the low water of 
August 6 was not reached for two weeks or more. 

It was necessary, therefore, to track the supplies up the river, and for this purpose the whale­
boat Lottie brought from San Francisco, and one of the Alaska Commercial Company's lighters, 
placed at Mr. Turner's disposal by Captain Petersen, were used. On August 8, the lighter with the 
whaleboat in tow started ou its way up the river. The surgeon, Dr. Kierulff, and one man were 
left at the lower camp, and Mr. Turner llired four Ind1ans to assist in pulling the boats upstream. 
Difficulties were encountered at the outset, owing to the rapid current ancl the frequent grountling 
of the lighter, which finally grounded so heavily that the combined exertions of the whole force 
failed to start her. Tl.le whaleboat was therefore loaded, aml the lighter left with one man and 
an Indian boy to remain until the lighter could be sufficiently relieved of her load to be got ofl~ 
On August 11 the Rampart House was reached during a thunder storm. 

Olrnernitions matle at the Rampart House placed it in latitude 670 081 north, longitude 9u 
27.lm west of Greenwich, or in arc 141° 46'.5, nearly 20 miles west of the boundary line. 

On August 12, having obtained the loan of a boat, Mr. Turner started up the river, accom­
panied by Assistant Astronomer Edmonds and three men, for the purpose of locating the bound­
ary and selecting a site for a camp. On August 18, a point having been reached at which obser­
vations with the sextant gave the longitude as 9h 23m 58•, or in arc Hoo 59' 3011 (the latitude 
having been assumed as 67° 25' from observations made a few miles higher up), a site for a house 
was finally select.ed at the mouth of Sunaghun Hun (Old Wife's River). The Assistant Astrono. 
mer and two men were left here, while Mr. Turner with one man returned to Rampart House, 
where bl~ found the lighter and the whaleboat. 

By the 17th of September the whole party outfit (except some flour and meat stored at l::Oam· 
part Honse) had been transported fully 50 miles upstream in the face of a rapid cnrrent and 
despite uumerous mishaps; a space had been cleared in the forest and a houise put up liO feet 
long aml 15 wide, with a projecting wing 15 by 20. By the 4th of October the house was ready 
for occupation; the astronomical observatory, a log structure 10 feet square, was finished and 
the meridian telescope in position. The magnetic observatory was completed October 15. Mr. 
Tarner noted great daily fluctuations in the ma.gnetio declination, and these induced him to obeerve 
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once a week the declination through twenty-four hours. This was begun November 4, and was 
continued without intermission up to the date of his last report. 

The most formidable obstacle be has had to conteml with has been clomly weather and fog. 
Solely from this cause he had been unable up to January 24 to secure more than one occultation, 
tllat of 17 Geminorum, on November 11, 1889, and eleven moon culminations. Ile states that, 
although the temperature had fallen as low as-45° F., he did not. find cold weather au insurmount­
able obstacle to observing. 

Mr. Turner had made arrangements at the dat.e of his last report to undertake in 11arch a 
sledge jo1uney frolll his camp to the shores of the Arctic Ocean, a distance overland of abont 150 
miles. On his returu from this expedition, if successful, Ile proposed to 1:1en<l Assistant Astrono­
mer Edmonds to try and push across the country to the Yukon. ;\Jiuor exploring trips into the 
surrounding country were also projected. lfo_ will continue his snn·e:ys throughout tl1e winter of 
1890-1891. 

Tlie impression made by tlw reports of :\Ir. McGrath and )fr. Turner i" that both of these 
officers have brought to the conduct of their work a spirit that will overcome all obstacles, and 
an euthusiasm for its success which has been infused into all connected with their parties . 

.Determinations of gravity and the magl!etic elements nt stations on the 1cest coast af Afrfoa, and 
at St. Heletia, Ascension lslawl, Barba-tos, an-l Bei·m•ula. - .1fo:1nctic ouserl'ati'llZI' at stations 011 tlie 
Cape Verde Islan<Zs and the Azores.-The Yo.rage of tlrn U. S. Eclipse Bxpcditio~1 to the west 
coast of Africa in the autumn and winter of lSSB, under the direction of Profe:<sor Todd, of 
Amberst College, and uude~ the auspices of the Navy Department, atfonleLl an opportunity for 
the detail of an officer of ttrn S11rvcy to joiu the expe<litiou uu<ler instruct.ions to occupy certain 
stations, not readily accessible, for determirn1tio11s of gra·\ity and the magnetic elementR. The~e 

stations included localities which had been occupied by Foster, S}tbine, and other earlier ol>serYers, 
and which, therefore, it was desirable to connect with home stations, aml with tlrn work of later 
observers . 

..Authority having been duly granted u,y- the Navy Department, and the sanction of the Secre· 
tary of the Treasury obtained, Assistant E. D. Preston was instmcted to join tlie U. S. S. Pen· 
saoola and proceetl to the west coast of Africa, occupying stations in the vicinit.y of St. Paul ue 
Loanlla, and also at the Cape of Gootl Hope, for determinations of gravir.r and tlie magnetic 
elements, arnl on the return. voyage to mitkc similar determiuatious 011 the islands of St. Helena 
and Ascension, should time enough be affordetl by the Lmuiug of the stea.mer at these points . 

.Mr. Preston's report (Appemlix: No. 12) shows that .he secured a valmible series of observa. 
tiolls at the localities above named, ancl at others where he was enabled to stop througll the 
courtesy of Capt . .A.. R. Yates, U. S. N., commanding the Pensacola .. 

Transportation of tke National Prototypes of the Jfctre a.nd Kilogramme from Paris to Wash­
ington.-In September, 18:S9, the Snperinteudeu t of Weights and Measures was bfficially infonned 
that the standards intended to serve as International Prototypes of tile Metre and Kilogramme lrnd 
been formally adopted by the Iuternatiomil Conference of Weights and Measures; that the 
construction of the standards intended for distribution as National Prototypes among the se\·eral 
countries represented in the Conference had also been completed, and that three metre standards 
and two kilogramme standards hacl beeu assigned to the United States. 

Instructions were aceordingl.Y gi\·en to Assistant George Da>illsou, who was tlrnu in T'aris as 
a delegate from the United States to the Iutcrnationa1 Geodetic Association to obtain from the 
Hou. Whitelaw Reid, Minister of the U nitcd States, one of the sets of National Prototype8 anti hri ng 
them to Washington for delivery to tlle office of Weights ancl l\feasures. This set consisted of 
Prototypes Nos. 12 and 27 of the Standard Metre and Prototype No. 20 of the Standanl Kilogramme. 
It had been deemed advisable, in view of the risks of transportation aml for other reasons, that the 
United States should possess two copies of the National Prototype Metres and two of the National 
Prototype Kilogrammes, and also an additional metre bar made of the "alloy of 187 4." This was 
No. 12 iu the set just referred to. Both sets of standards allotted to this coantry had been 
carefully compared by a committee of the International CL>nfereuce with the Iuternational or 
Fundamental Prototypes deposited in the care of the International Bureau of \Veights and 
Measures at Breteuil, near Paris. 

H.Ex.80-7 
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It is needless to say that the instructions given to Mr. Davidson wet·e most carefully carried 
out, and that he ga_.-e the closest personal supervision to the boxes containing the standards 
during the successive stages of their transfer to the United States. His rnport of their reception, 
transportation, aml delivery to thP S11perintcndent of \Veights aml :Measures on tbc 27thcof 
Non~mber, lSSfl, forms a part of Appendix :Xo. 18 to this volume. 

This appendix contains also tlw report of Assistant 0. II. Tittmarrn, Assistant in charge of the 
Office of \\'eights allll nieasnres, of the 1lnty assigned to him hy instructions issued in April, 1890. 
In pursuance of these instructious Im vbitml London, Paris, and Bt>rlin, tu examine in those cities 
the plans adoptetl for the ;:;ate-ket•ping of governmental standar1hi, auu obtainetl from the Inter­
national Bureau of \Veights and Measures the second set of National Prototypes wllich liad been 
allottPd to the Fnited States. This set, consisting of tho :N"ational Prototype Metre No. 21 aml 
the Na,tional Prototype Kilogramme No. 4, he conveyed safely to ·washingtou, and on July 18 
delivered them to the Superinteudent of \Veight;.; and Measnres. 

ABSTRACTS OF ANNUAL REPORTS FROM THE ASSISTA?H IN CHARGE OF OFFICE AND 
TOPOGRAPHY, THE HYDROGRAPHIC INSPECTOR, THE DISBURSING AGENT, AND THE 
ASSISTANT IN CHARGE OF THE OFFICE OF WEIGHTS AND MEASURES. 

ABSTRACT OJ•' THE ANNG.AL HEl'ORT O.F THE ASSIST.ANT IN CHARGE OF O.FFICE AND TOPOGRAPHY. 

The annual report of Mr. B. A. Colonna, Assistant in charge· of Office aud Topography, 
aecompanie<l by the annual reports of the chiefs of the several Office Di..-isious, is publislled as 
Appendix No. 4 to this volume. 

1\Ir. Colonna calls attention to the fact that, in accordance with instructions rece1ttly giYeu, the 
Disbursing Officer of the Survey and the Assistant in charge of the Office of Weights aml ~Iea:mres 
have submitted their annual reports dil'ectly to the Snperinteudent. 

Ile expresses bis gratification at tbe continued able support that he has received from the 
chiefs of the several Dh-isions of the Office and states that no efforts have beeu ornr1ookcll during 
the past year that would promote the efficiency of the service by irnproviug the proficieney of its 
personnel aud by complying strictl.v witll the letter and spirit of the Uivil Sen·ice faws. 

Ile calls attention to the urgent neml of more room for certain of the operations incidental to 
the printing of charts from copper plates which require the use of much inflammable matter and a 
comitant fire. TU.est\ operations, for want of space in the press room, have now to be carried on in 
the basement of the hllilding intended solely for the preservation of the Archives of' the Surve:r. 

Uetween ,July 2, 188H, and July 8, when the President made the appointment of the Superiu­
temlent of the Surve.\·, Mr. Colomm performed the duties of Superintendent, so far as necesf'ary 
for the proper conduct of the 'York, under the direction of the Secretary of the Treasur.v. 

The Computing Di\·ision of the Office has remained as heretofore in charge of Assistant Ullarles 
A. Schott. Details of the work of Urn several computers, with the names of officers of the Sun·ey 
and other persons temporarily assigned to duty in the Division, are given in his annual report. 

Mr. Schott has directed and sllpervised the work of the computers, furnished from time to 
time tlw results of the computations, supplied information in connection with the scieutitic 
correspondence of the Survey, and completed the discussion of much accumulated material relating 
to terrestrial magnetism. Among the scientific papers which he has submittetl for pn blicntion was 
one iu which are presented the results of ti.le absolute measures of the maguetie declination, dip, 
and intensity at Los Angeles, California, during a period of seven :rears, and one in which arn gh·en 
tile results of the differential observations of the declination at tlw same place :rnd for the same 
time. fn the latrer paper more than Gl,000 hourly readings ha\•e been subjecte<l to au aual,rsis and 
discussion which includes au exposition of the lunar and solar rotation efl'('et on the liorizoutal 
magnet. Tl11.·Re papers are published as Appendices Xos. 8 and 9 to thiR Yolume . 

.'.\Ir. Scliott continued to act b.v appointment of the Civil Service Comntis:>ion a11 a member of 
the Boartl of I~xitminer::> for computing and astronomy. 

Assistant W. B. Dennis continued in charge of the Drawing Division during the fiscal year. 
His annual report is accompanied by hats of drawings completed of charts which were published 
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by photolithography during the year and of drawings redse(l anu corrected for reprints of 
photolithographed charts; also lists of drawings completed for new charts to be engmvcd on 
copper arnl of drawiug·s revised and correoted for new editions of charts printed from engraved 
plates. Drawings were furnished to the Eugr~wing Division for 2Hl corrections or changes required 
to be made. on engra-rnd plates of charts. 

The loss of the services of three exprrie1wed draughtsmen by re::;ignatiou was seriously felt 
during the year. Notwithstanding this reduction in force, Mr. Dennis reports that tlH· amount of 
work accomplished will compare fa\·orably witll that of pre,·ions .vears, especially when the size 
and character of the drawings for new charts are considered. 

Assistant Herbert G. Ogden submits the annual report of the Engraving Di\·ision, of which lte 
continued in charge during the year. lncln<led in this <lut_y there is also the direction of the work 
of electrotyping and photographing and of tl1e chart-printing. 

Thirteen new engraved plates of charts were completecl and 14 engraved plates of new editions 
of charts; 11 new engraved cliart plates were beguu, aml fonrt.een plates for new etlitions of charts. 
Impressions for the chart room were taken from 862 plates, awl 627 chart plates were corrected 
for printing. There were in hand at the close of the year eugra>ed plates of '..!::i new charts and of 
11 new editions of charts. 

Thirty-three alto and 45 basso plates were made in tlJfl electrotyping room. For tlle use of the 
draughtsmen and eugran3rs in reductions and for other purposes 277 iwgati ves were made in tlle 
photographic laboratory, and 702 prints taken from negatives. 

In tbe printing rooms the total 11 umber of impressions taken from eugraveu plates was 53,0fll; 
of this number 47,008 were for the chart room. 

Mr. Ogden obsenes that the number of plates finished during the year is larger than for any 
year during his charge of the Division, and that the year's work has shown material progress 
towards completing the series of coast cllarts (st;i1k 1-80000) and general coast charts {scale 
1-4(l0000 on the Atlantic and Gulf coasts. Of the coast charts, but two are required to finish the 
serit>s of 195 from the nortllcasteru boundary to tlle Mississippi nin~r, aud of the general coast 
charts two will complete the whole series of 21 from the NE. boundary to the Rio Grarnle. On the 
Pacific coast the recent publication of the general coast chart (scale 1-200000) from San Diego to 
Santa Monica has completed the series of those charts from the southern boundary to Cape 
Mendocino, with the exception of a gap between Point Buchon and Poi11t Piuos, where the surveys 
arc as yet unfinished. 

Mr. D. 0. Chapman, aided by Mr. L. P. Keyser, continued in charge of the electrotype a1Hl 
photograph rooms. Mr. F. l\loore served t!Jronghout tile year as foreman of printiug, witL the 
usual force of assist.ant printers and helpers. Seven thoasand two hundred aud 1Hty-fonr more 
impressions >Yere furuished to the chart room thau during the preccdiug year. A still larger 
number was needed to meet the demand for charts, but the apvropriation for printing wa:,; not 
enough to permit the employment of printers for the small press during tlle last four months of 
the year. 

l\Ir. Ogden commends tbe zeal and fidelity to duty of Mr. John H. Rmoot, clerk in the Division. 
A list by title of engraved plates of charts begun, completed, and i.n progress tluring the year 

accompanies bis report. 
From the beginning of the fiscal year till December 18, Assistant Andrew Braid had charge 

of tlie Instrument Division, and upon bis assignment to field service Assistant Edwin Smith was 
directed to take charge of it and has submitted the annual report of its work. Mr. E. G. Fischer 
continued to serve as chief mechanician. Some changes in the personnel of the force of 
mechanicians were made witll a. view to obtain greater efficiency. 

l\fr. Smith observes that the construction of new instrument.R liaR been cou finetl to such as can 
not be purcllased or made to order except at very muc11 greater cost., bnt. quite a number of 
instruments were so tlwrongllly remodeled or repairetl that they became practically new ; among 
these were 12 plane tables, 1 meridian telescope, two 45·incll astronomical transits, and :::1 theodo· 
lites, 1 of which was regraduated . 

.Among the new instruments completed were six 8-inch repeating theodolites (begun the _year 
preceding) &nd 1 tracing apparatus and 1 set of 16 metric weights for the Office of Weights and 
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:Measures. The facilities of the instrument shop were increased by the purchase of a new Jathe 
and of one of Brown & Sharpe's tool-grinding machines. 

l\Ir. H. 0. French continued to serve as head carpenter and ~Ir. R. C. Glascock as clerk to 
the division. 

The report of Mr. A. S. Christie, computer, in charge of the Tidal Division, indicates t.hat a 
large amount of \'aluable work has l>een done during the year. The manuscripts of the tide tables 
for the Atlantic and Pacific coasts for the calendar year 1891 were prepared and the proofs read; 
tidal notes were furnished for 131 stations on 38 charts and for 62 stations for publication in the 
Coast Pilots. The usual information was supplied to field parties and tidal data were prepared in 
response to requests from persons not connected with the Survey. 

Serie:-; of tid:\l observations at tlie following- named ports were under discussion by tbe method 
of harmonic analysis: 1~ast1iort, Me., 18G2; Boston, Mass., 1869; Sandy Hook, N. J., 1887-1888; 
and Sammlito, Cal., 1889. All data and records relating to observations of currents were examined 
in detail antl memoranda preserved in the form of a card catalogne, w that all material for the 
reduetion of current ousen·ations conl<l be readily referred to aml plaui> of reduction laid out to 
the hest ach-antage. A paper on tlie use of Obsernttions of Currents for Prediction Purposes was 
prepared by l\lr. ,John T. llnyforcl, compntcr, and is published as Appendix No. 14 to this volllme. 
He Las also suumitte<l a paper on the He la tiou between the Harmonic Compoueuts of a Tidal Curve 
awl its l\fcan .Amplitrnle, and a paper on A. Mo<lificatiou of the Ferrcl 'Tidc-Pre<licting Machine to 
adapt it to the Prediction of Hourly Or<liuates. 

A special report Im:-; been made on tla~ results of au elaborate comparison lwtween prediction 
with the machine a,ud observation uy rneaus of automatic gauges. (See .Appendix :N"o. 15 to tliis 
volume.) l\fr. Christin has Ruhmitted a paper on a uew method for the analssis of periodical 
phenomena. 'I'he acquisition of <lll 8-keyed comptometer facilitated in a remarkable degree the 
1rnmerieal work of the Divisiou. 

:\fr . .M. \V. Wines, general office assistant, reports a considerable increase in the business of 
the :\liscellaueous Division, of which he has continued in charge. Fonr thousand six hundred aud 
fifty-niue more chal'ts were sent to sale agents than during tlie fiscal year preceding. The annual 
report of the Superintendent for the fiscal year 1887 was received from the printer and that for 
the fiscal year li:J813 wa" sent to the pres8. Uf these reports, from the year 1851 to the year 1887, 
a home distribution was made of 2,928 copies and a foreign distribution of 46:.> copies, making a 
tl'>lal distribution I.luring tile year of 3,391 copies. Lists of the publications of the Survey received 
during the year from the Public Printer, with the nnrn ber of copies of each publication printed, are 
incluJecl in .Mr. Wines's report. Among these were for free distribution to applicants the extra 
copirs of Appendices to the Annual reports and the Bulletins. Of the Notices to :Mariners issued 
moutlil.r, or oftener shoulc1 occasion denmnd, upwards of 10,000 copies were distributed each mouth. 

Mr .. Freeman R. Green kept tlie accounts of sale agents for charts and atte11ded faithfully to 
the other clerical duties of the division. Mr. Wines commends the chief messenger, William H. 
Butler, who had ser-rnd many years in that capacity, for his faithful performance of duty; also the 
assi.sta11 t messengers. 

Assistaut Gersbom Bradford, in charge of the Chart Division, reports that a number of 
impro\·pments liaYe been made in the routine of chart receipts, corrections, and issues, thereby 
facilitatin~ the work. A large increase in the labors of those employed grew out of the constantly 
growing- demand for charts. The issue of charts to vessels of the Navy was about twice as large 
as dnriug- the preceding year. 

l\lr. llradforu presents a comparative statemeut of the net issues of charts during the fiscal 
years 18i'!"l a1H118!:10, showing for 1890 an increase of net issue of 30 per cent. A similar statement 
of the issues to sale agents 'shows a uet increase of 19 per cent. For the fiscal year 1890 the 
numbers of these issuer; are 61,882 and 31,146 respectively. 

Tlw ti tit's of 7 c!Jarts printed from engraved plates, and of 21 charts published by photolithog­
rap11y \Wl'P adde(l to tlrn cata.logue. The· text of a new catalogue of charts was prepared aml it is 
now i11 tl1P lia111ls of the Public Printer. 

Tile a111111al report of the Archives and Library Division, suLmitted by Mr. Artemas Martin, 
who rc111a' ucd in cltarge during the year, shows in detail the number and kind of records, original 
and <luplicatc, aud of the computations received and registered in the archives; also the numbers 
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and titles of topographic aud bydrographic sheets received for registry, and the number of 
specimens of sea-bottom. The nmul>er of uooks and pamplilets receive1l in the library i,,; stated, 
and attention is called to the mass of valuable records aad computations which need bin ling. 

In the Office Division under the immedi~1te direction of the Assistant in charge of Oiliee and 
Topography the following persons were employed : 

Dr. William B. J.<'rencLI serve(} as executive ollicel.' frnd accollntant; Mr.KM. Harvey, until 
December 7, as file clerk; Miss F. B. Bailey, as stenogl.'apher and type-writer; l\liss F. Cade! and 
Mii;s K. Lawn, as type-writers; Miss U. B. Turnbull, as mh:1cellaneous copyist until .'.\fay 27, when 
her resignation took effeet; Mrs. J. Waddill, as copyist until her transfer to the 'rrcasury Depart­
ment, August 10; Mr. E. B. Wills, as clerk, and Miss I. l\f. Peck, as clerk anll copyist. 

In the office of tlie Superintemleut Mr. W. B. Chilton continued to serw a'l clerk. 

ABSTRACT OF THE ANNUAL REPORT OF THE IIYDROGRAPIIIC INSPECTOR. 

CommanderC. llf. Thomas, U.S. Navy, Hydrograpllic Inspector Coast. and Geofletic Snr>f\Yi 
submits in Appendix No. 5 to this volume his annual report of the hydro graphic 1vork e...:ecnt('tl iu 
the field and in the office, with tables appended showing the number of na>al oflieers aucl of en­
listed men attached to the sernral vessels of the Survey during tlie fiscal ye;tr 18!JO. 

Commander Thomas entere(l upon his 1luties as Ilydrographic Inspe.ctor at the beginning of the 
:fiscal yetir, relieving Lieut. Comnrnmler \V. H. Brownson, U.S. Na,·y. Referring to the work of 
this officer he OOSeITe:> tiJat be fo11u1l tlH' partie:> in the fielti SO thoroughly o·gauized and the 
routiue of the office so admirably arrangetl and systematized that no changes of moment in 
administration were fouud necessary. 

In his general summary of hydrographic operations on the Atlantic, Gulf, au cl Pacific coasts 
CommaTHler Thomas take:> occasion to say with regard to the completion of tLie hydrogrnphy of tile 
Florida Keys that the snrve.y i>: to be congratn lMell tllM this important and int.ric:1te pieC(\ of work 
was wholly executed nlHler the immediate supervision of Lieut .• J. F . .!\loser, lJ. S. Navy, an officer 
whose sarveys have ne~'er been snrp:t~Red arnl sehlom equaled. Lieutenant .'.\loser was <letachecl 
soon after the close of the fi~cal yea,r. 1t may be a1ldecl that the r~wrts which he has sub mi tte(l 
during three separate terms of duty on tlrn Snrve~·, oecupyiug ill all a periOll of fifteen years, lrnv·e 
been models in their cle:trhe5s aud completenes~ of statement, ha,\·e contained many Yaluable 
suggestions, and could ha,·e em<inatetl only from an officer deeply interested in his work au<l of 
exceptioual ability as a hyilrographer. 

For the use of the Gulf Coast Ntn·y Yard Site Commission, Comma
0

nder \Villiam P. l\foCaun, 
U S. Navy, presi:lent, a llydrographic survey was made of the tributaries of Pensacola Bay by 
Sub-assistant I>. A. Welker, and for tht~ l:>acific Coast "Navy Yard Site Commission Capt. A. 'r. 
Mahan, U. S. Navy, presi<lent, tlle special survey {begun dnriug the preceding fiscal year) of Port 
Orchard by Assistant J. F. Pratt was completed. 

In his notices of special work, after referring to the trial courses for naval vessels lai(I out on 
the Atlantic Coast,• Oommttnder Thomas states th:it for the 40-mile cmuse on the Pacific coast the 
vicinity of Santa Barbara, Cal., was determiue1l upon, and that the work would lie begun by Lieut. 
D. Delehanty, U.S. Navy, Assistant Coast Survey, commanding the steamer Hassler, as soon as 
his preparations at San Francisco could be finished. He expresses the pleastire it gh-e>S hiin to 
report that the Navy Department bas given its official appro>'al to t!Je Atlantic Coast trial courses. 

Coast Pilot Division.-The report of Commander Thomas is aceompanietl hy a report from the 
Coast Pilot division of his office. Ensign E. H. 'rillman, U.S. Navy, Assist.ant Coast Hurn~y, had 
charge of this Division from July 1 till October 31, 188~•, with the exception of a period of about 
seven weeks field duty, during which he was in command of the steamer Endeavor 011 Coast Pilot 
service in Chesapeake Bay. On October 31 he was relie\Jed by Lieut. Commander Seth :\1. Ackley, 
U.S. Navy, who was specially selec.te1l for this responsible }lOSition on acconut of his high t->tatHl· 
ing as a seaman, and his former service of more than three years on the Suf\'ey. 

A new volume of the .Atlantic Coast Pilot is iu preparation to include the coast from Eastport 
to Cape Ann. Proof has been read of Part VI, Atlantic Coast Pilot, Chesapeake 13a;r aml tribu-

•Boo "Speeial Operations." 
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taries, and Subdivision No. 22, Atlantic Local Coast Pilot, .Jupiter Inlet to Dry Tortugas, was 
published in December, 1889. 

The fourtb edition of the Pacific Coast Pilot, California, Oregon, and Washington, prepared 
by Assistant George Davidson, was uearly ready for issue at tlle close of tlle year, and the manu­
script of a third edition of the Alaska Coast Pilot was completed by Lieut. Commander EI. E. 
Nichols, on duty on the Pacific Coast. 

Lieutenant-Commander .Ackley had the efficient assistance of Ensign E. A. An<lersou, U. S. 
Navy, and of Mr. Johu Ross. Miss Alice F. Carlisle rendered very efficient service a.s copyist. 

H.'lfdrographic Division.-On January 14, 1890, Lieut. M. L. Wood, U.S. :S-avy, Assistant Coast 
Survey, wllo had been iu charge of the Hydrograpbic Division since the beginning of the fiscal year, 
wa;; relieveil by Liet1t. R. T. Jasper, U. S. Navy. Cmmrmuder Thomas refers in terms of com­
menclatiou to the untiring industry exhibited by Lieutenant \\~ood, an11 to the improvements 
introducecl by him in the details of chart corrections. Under Veutenant ,Jasper the efficieney of the 
Division has been kept up and important ad\·ances made. His anunal report of work accomplished 
accompanies the report of the liyllrogr~phic Inspector, and presents in a tabular form lists of 
hydrographic sheets plotted, Yerilletl, and inked during the yeltr, of reduced drawings of hydrog­
raphy verified, revised, and corrected, aud of miscellaneous dranghting done, 

Messrs. B. \Villenbncher, \V. C. \Villenbucber, and F. C. Donn continued to Sc'rve as hydro­
grapltic ilraughtsmeu, their many years' cxperient:e and triell ahilit.y making their services of great 
val11e. .Mr. E. H. Wyvill as eh art corrector, aml Mr . • J. H. Boeth as clerk, rendered efficient service. 

In tlte course of the fisci1l year there were irL all seventy-senm officers of the Navy assignetl to 
duty on the Snl'vey, and of these fifty.four were on cluty at its closC'. 

AilSTRA.CT OF THE ANNCA..L REPORT OF THE DISBURSI~G AGENT, U. S. COAS1' AND GEODETIC 

SURVEY. 

On December :3, 1889, Mr. George A. Bartlett, Disbursing Clerk of the Treasury Department, 
who had made tlrn disbursements for thA Coast ancl Geodetic Survey since the close of July, 1885, 
~as relieved of the duties clev~lving upon him in connectiou therewith by Mr. John W. Parsons, 
who had qualified as Disbursing .A.gent of tlw Stuve;; by appointment of the Secretary of the 
Treasury under date of November 7, 1880. 

The annual report of the Disbursiag Office for the fiscal year ended Juue 30, 1890, which is 
submitted by Mr. Parsons, is published as Appendix No. G to this volume. Accompa.uyiug it will 
be fonlHl the statement of the expenditures of the Survey for tlrn fiscal year, which, by Section 
2fi4 of the Revised Statutes, is required to be submitted annually to Cougress . 

.l\lr. I>arsous observPs that some little time will yet be required before such changes in methods 
of keeping accounts for both the field and the office as have been demanderl by the appointment 
of a Disbursing Ageut for the Sun·ey can be thoroughly systematized, antl made to result, aR 
ultimately they will, in economy of time and money. BLit the great advantage of the Survey's 
ha•.ing its own disbursing officer bas already become apparent. 

The accounts rendered to the Depa.rtment during the pa:st fiscal year have almost uniformly 
been passe(l by the accounting officers of tlie Treasury, but few items having been objected to, aml 
tlic explanations with regard to these having been satisfactory. 

From the Atatistics submitted by Mr. Parsons showing the details of work in bis office, it is 
e•i<lent that nuremittiug and intelligent labor bas been needed on the part of himself and coacl­
jntors to keep his l>ooks up to datti. He acknowledges faithful and capable service rendered by 
Mr. Willia.tu H. Lanman, clerk, and by Miss Paula E. 8mith, writer. 

ABSTRACT OF THE A.NNUA.L JtEPORT ~oF TIIE .ASSISTANT IN CHA.RGE OF '.l'llE OFFICE OP 

WEIGHTS .A.ND MEASURES. 

The annual report of tlrn Office of Weights and 1\feasures, submitted by Assistant O. H. 
Tittmann, in charge of its operations under the direction of tlie Superintendent, is \lUblished as 
Appendix No. 7 to tbis >olnme. 

Mr. Tittmann states that the demands npon this Office have much increased, largely owing to 
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the necessit . .r of preparing standards of weight and measure for the newly admitteLl State;;, but 
also to the increased demand from all parts of the country for the cnm parison of Wl'ights and 
measures with the National 8tantlards. Jn this connection he call.-> atte11ti1m to the need of CoH­
gressional legiAlation for fixing <lefinitely the ultimate standar,ls of wcig-ht atHl rneasnrc, and 
making obligatory a verifica,tion by this Office of aU measures intemle<l i(ir nse in iuter:>Lite as 
we! l as international commerce. 

A fittiug occasion for imcll legislation ii,; aJfo1de<l hy the reL:eipt at \Vashingtou oft.he National 
Prototypes of the :;\letre and Kilogramme, which, lui.ving been formally opened by the Pre.~i<leut 
of' tbe United States, are now tleposit~d for 8afe-keeping in a tire-proof huil<ling iu this Otlke. 
Full .1ccounts of the transfer of these stan<lanls from the International llurean of \\"eights aud 
l\Icasnres near Paris, to Washington, nn<ler tlrn personal charge of Assbtaut>; Davidson and Titt­
mann, appear in Appendix No. 18 to this volume. In this appendix will be found a copy of the 
certificate, recording the circumstances under which the standards were recci.-ed aud opened, 
signed hy t!Je President and by tlle Secretaries of State and of the Treasur,v; also a copy of a 
senarate attestation signed h,f the Superintendent of \Veights aml ::\leasnres arnl by other gentle­
nie1i 1uesent. lt contains also an historical account of U.S. Standards of \Veights arnl Measures. 
customary and metric. 

The work of the office (luring the year inelu(led a eollcction of the latest State laws relating 
to weights and measures, and of information from UnitA~ll States consuls abroad respecting 
weights and measures in the countries to whicll they are accredited, tile preparation and distribu­
tion of a table for converting U.S. weights and measures-customary to metric, and the preparation 
and publication of Bulletin No. 15 on the Verificatioa of 'Veights mid ::\Icasnres, uud of Bulletin 
No. 18 on the Reduction of Salinomcter obserYations. 

During Mr. Tittmann's absence in Europe on business relating to weights and measnres, 
the Office was in charge of Assistant George A. Fairfield from Aprll ~:.! to 1fay 14, and then 
un<lel' the charge of Assistant F. II. Parsons to the close of tlie fiscal year. Tlrn vacancy causeu 
DPcemher 31, 1889, by the resigm1tiou of Dr. J . • T. Clark, who had served with ability for many 
years as Adjuster, was fille~l February 19, 1890, by the appointment of Mr. h A .. :Fischer, who has 
shown much capacity for t:rn duties devolved upou him. 

]\fr. Tittmann has appended to his report a tabular statement of iuformatiou furnished, aJHl 
of comparisons and weighings ma.de in compliance with reqnests Lloth official and personal. 

SUJOFFIOES, U. S. COAST AND GEODETIC SURVEY. 

Suboffice at. Philadelpltia.-AssiRtant S. 0. J\foCorkle, in clrnrge of the Snboffice of tlle Survey 
at Philadelphia, reports that information has been requested by aml fornishcd to the following 
named branches of the Government Service in that city: 'l'hc C. S. Corps of Engiuecr><. the Light­
House Inspector an1l Engineer of the Fourth Light-Rouse District.; the Brauch Ily1lrographic 
Office of the Navy; the U.S. Ch·il Engineer of League Island Na\·y-Yanl, and the Unite-I States 
District Courts of eastern Pennsylvania. and New .Terney. 

The following-mimed local organizations or municipal ollicers asked ancl received information: 
The Philadelphia Maritime Exchange; the Board of Port \Vardeos; the Harbor Commission; 
the Pilots Association; the Chief Engineer and Surveyor of the Cit~~; tlrn E:ng-iueers' Club, and 
tbe Historical Society of Pennsyl\ania. Inquiries from a number of citizens of Pennsylv<tuia antl 
New Jersey were answered. ~i\ll questions of a specially important nature were referred to the 
Office at Washington. 

Upwards of 650 persons visited the Suboffice during the year. 
Occasional use was made of the facilities of the Suboffice by Assistants C. 0. Boutelle, R. 

Meade Bache, C. M. Bache, and Joseph Hergesheimer. 
Two visits of inspection were made b.v the Superintendent. 
By special invitation from tlle Maritime Exchange, Mr. M:cCorkle accompanied a committee 

to Delaware Breakwater, in the interests of the commerce of the city; and later, by invitation, 
accompanied a committee of all the maritime associations in Philadelphia to League Island Navy­
Yard as a representative of the Coast and Geodetio Survey. 
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Other duty assigned to l\fr. l\foCorkle in connection witl1 the physical hydrography of Delaware 
Hh'er itml Bay is referred to under lL heading in Section II. 

8uboffice at 8an Francfaco.-In addition to the general direction of the land operations on the 
Pacific Coast, aml other duties referred to under beadings in Sections X and Xll, Assistant 
<Teorg:e D;1Yi1lso11 continnP<l in eharg:e of the Suhot1ice at San Francisco. Dnring :\Ir. DaYidson's 
alJsence iu Europe arnl in tlie llel1l tbis dnty was assi~·ned to Assistant James S. Lawson. 

All calls for iuformatiou, whether from field ofiiel'TS or from persons not connected with the 
Surrny, have been either answered directJ,\~ or rf'fnred to tbe Superintendent. Mr. Frank ,V. 
I~ilmunds HerveJ as clerk, arnl as observer at tlie Lafayette Park station in determining time for the 
tidal station at Sausalito. Vicente Denis continued to serve as messenger and porter, and had 
charge of the instruments and camp equipage in the storage room. 

:::lpccial examimttions were made of all the instruments and camp equipage during Mr. 
lhffidson's ab;;enee iu Europe hy Assistant Lawson and Snbassistant Morse. All instruments 
11or in use were forwarded to \Va.shiogtou, and all condemned camp material was sold at public 
auetion. 

CONCLUSION. 

The de\-elopment. of tlrn resources of A I ask a, and its increasing importance. as a valuable 
pm1sessiou of tht> U11ited States, has induced the Superintendent to advance as rapid!,\' as possible 
tlw sn1Teys of its coasts and waters, and to issue preliminary charts based 011 these Sllt\'eys as 
soon as their results can be made a ntilabll.'. 

B.v his direction Mr. Charles ,Tnnke11 has been employed as a civilian expert in the reduction 
an1l a<ljirntment of the triangulation mmle in the course of t!:e li_ydrographic reconnaisisance of 
southeastern Al<isk<t. On<' reimlt of this reduction was the tleterminatio11 of upwards of 2;"i0 
stations in geograpbica.I position. During the Jear )fr. Jnnken I.ms submitte<l a new scheme for 
the 1mlJlieation of the coast charts of Alaska; has made the drawings of t\vo of these cliarts, and 
bas arranged for the 11rintl'r the mamiscript of a, new f~llit:im1 of the Alaska Coast Pilot, prepared 
hy J,iP11t. Comrnamlc'r II. E. Nichols, U.S. K., Assistant, Coast and Geodetic Surn•_y. 

!.~ruler the direction of the Superintendent the following-named ofl:1cers were specially 
employed: Ai<sistant Charles S. Peirce in gr:iYity research; Assistant Charle8 0. Boutelle, in the 
immediate superdsion of State Snrn'~-s until the failure of hiH liealth; Assistant E. D. Preston, in 
reduerions and di«ctissious supplemeutary to work done hy him for the Ilawaiiau Government, 
aiul i11 c;t.wlies and in>estig<ttions relating ware meas11r0ments and determinat.ious of grnYity; and 
As,;i:-tm1t Ellwanl Gondfollow, in tfie prepamtion for publication and t!Je editing of tlrn Annual 
Heport:'i antl llulletius of the Sur my. 
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APPENDIX No. 1-1890. 

DISTRIBUTION OF THE FIELD PARTIES OF THE COAST AND GEODETIC SURVEY CPON 
THE ATLANTIC, GGLF OF MEXICO, AND PACIFIC COAST8, AND IX THE IXTERIOR OF 
THE UNITED STATES, DURING THE .FISCAI, YEAH ENDIKG JUNE 30, 18!l0. 

Seel ions. \Parties.: 

8ErTJO:S I. 

Maine. Kl·W liampshJrt'. , ~o. 
Ver-mont,Masaachusetb, ) 

n;:ul H.hmle lsland, in- \ 

eluding co;1st and sea. '1, 

p(}rts, bays auil rii;ers. 

( 

I 
6 

Operation~. Pr·rsons conducting operationH. Localrties of work. 

Rec on n aiRsanct' C.H. Boyd, as8ist.ant; Everett C, Reconnaissance acd triaugu!ation continued 
aud triaugula· 
tion 

o-.cr the St. Croix Uin:-r aml tLe Ho1rn<la.ry 

Lala'.~ t("I a L'.onnection with tlw ~or-t1H·a;>.\+_>!'D 

'Bouuda.ry Surv-f.yat it& i11itl~:Ll mmrnrnent. \S{}e 
a.lso :;eetion YI IT. l 

Tri::mgulation . . . .1osepl.t Rergcsheimer, assistant Tertiar.r triangulation of the Sdwt)Uic I.ate.<l at 
tbc headwater~ uf the St. Croix lUn'L rSee 

alao S~ction VI. I 
Topograpb.\'" and 

h'~Ur-ogTaplly. 

Topogrn1•hy and 
hyJrography. 

J. A. FlBmer, sub-assistant; S. P. Topo~1·a.phical surn~y~ on the St. Croix River, 
BraUk.y, r~con\er ~ W. "B. "Paca, ~ith inc\denta\ hplroµ;rnpl1y fn,m Yann ... Jmro· 
recon:ler. to tho ROuthwar11. (Sr-L~ ahw .S-P-rtion tll.) 

Charles M. Bache, assistant....... Topog-raphi-c 3D(l byilro.!!"ratillk sun·pys on the 

St. Croix River frvtn i-aucdJoro' to tlH' !iOU t/J­

war<l. {Seo al1m Srct:o11 II. J 

Topography and ; Eugene. Ellirott, assistant, .. _ ... - _. \ Topographic antl 11ydro~raphic sur·n'y of"tlrn St. 
hy<lrog-rapby. Croix: RlYor from Cal.t\s to Brnin_; arnl nllo\·c. 

Topography aml John 'V. Donu. as~ista.nt ........ ·~. Completion of uufiub.ht::<l tO\W:!nl}ll.ical wo1·k 
inspection of 

topographic a 1 

surveys. 

Topogl:aphica.1 ex- Henr~' L. 'Vhitin~, assistant 

amiuations. 

on tho CU;tl'lt of :\Iaine iu th~ >ici1;Uyof Coh!'!­

cook nay, a.nd i11spection of topographi(·al 

aurn;yR in that vicinity and to the· ea~tw~nd 
an(l uorthwanl. (~ef: a1~o 81,wtiPu IIL) 

Rxamina.tion of d1ung(·~ for addi1i11n~ of to; o­

grnphical det.1Ils to tlit.' .-ihoro Jiues uf the­

Rcnneb~c River frorn Hath tn OaP"lincr, lie. 
(SeA also "SpeeiRl OpPrnti1n1s. "I 

Town boundary Henry L. Whiting, assist.ant, and General 41itoctiou of town hontular~y snn·er~ in 
anrveys. Cotumissionrr Mns~ad.insettR 

St.'ite Sun·c'': C.H. ·van On1en, 
a.s~istant; ,Jose.ph 11. Tollt•y i:!Ud 

I~. K Peirce\ fotemC'n. 

Physical h:;drog. Heury L. Marindin, n•sistant; E. 
raphy. E. Haskell aml Homer P. Rit-

ter, e-xpert obRervers : G, T. 
Uartlett and E. S. Saow, re-
cnrdc>rs. 

the State of .Ma!"loR3.chusott~ :ontiniH'i"l. ~f'r~ 

iceaa a member· of tho ~!issisRjppi JUq>r C~lID· 
mi1:1sim1. (Set> also Scc1io11 II L 1 

1'bysic1l hydrograpby. Continuation of phys­
ical ~mrVt:'"Y8 Oil th0 coast ef c~pf'i C'<.H.L (Se& 

also Sect.ion III. l 

10 Hydrograpby .•... Lieut. W. P. Elliott, t:. S.N.,as. Ilyurogra11bic re•urv~y• in .Kantucke.t Sound 
•istant; Lieut. A. I,. Hall, U.S. 
N. (part <>f season) ; .Knsign• L. 
S. Van Duzer an<l E. A. And6r· 
son 1 U. S. N. (part of season); 
Ensigns L. C Bertoletto. E. 
ll. Dm·all, F. R. Brown, G . 
.M. Ston•, and T. Waahington, 
U.S.N, 

and Yicrnity. (Se-e also Section l!.J 
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Sections. Localit1ca of work. 

Sr:cn;ix I-Continued. ' Xo. Jl lI_rLlro;rapby 'Lieut. J. F. :Mu.ser, u. 8. N., as- I Coutinuation of ofl->llOTP ll~~dro;rraphy HOUth or 

sis taut; Ensigus H.A. Bispllam, I Xa:1tuck<'t and Martl1a's VinPyard. (See also-

SFC'TICS' II. 

C\Yi.lTif'l'1H·nt, :S'L'W York, 
X, -.·r .Ti•rSf\Y, Pf'nD~} l­

v.:u1ia1 and Deht\•;·n.r••, ln­

d~Hbng coa.~t<'l, tay1-1 and 

riv em. 

M.arylaud, lh::ttrict ·Of Col­

u ru h ia, \ ..... irgnia, 11nd 

"'\V~·p,t. Virgi.uia.. iucln·d- i 

in~ bay~. 

1·JverR. 
Pcaport3, awl j 

12 Topo~rapby ....... 

13 Topo_zraph.Y 

H Sp~ci.it hytlro:.rra. 

p!1y. 

SJH·cial hy{lrogra· 

]·hy. 

R. D. Ti•dale, S. M. Strite, L. C. Section YI.) 

Ilertolette, an<l W. S. Cloke, U. 
S.~.; Passed AssistantS.urgeon 
,J. l-f. Stede, U. 8. N.; Pas.<w<l_ 

..Assistant EuginPer E. II. ScriU- i 
ner, U.S. N. I 

W. I. Viual, a..'isistant ............. -··i Compfotion of the topographical resnr"\'"Cy of 
j Wornls Holl anrl viciuity. 

E. L. Taney, sulm.asistant .....•••. [ Topographica1 resury0y of tho Elizabeth Is~ 
lnnds between Buzzatds H.•y anU Vineyard 

Souurl, an<l of the Wa<·p eket Islauds, Buz~ 
zard.s Bay. 

Lirnt. .T.E. Pillshut·~-, lT.S.N.,as. Est:t\)lishment of a na"\"'al tria]-course in the 

si,...,tant. ea1'tl'rll pas:-;age, Narra~an:Sett Day. 
Lfr11t. C. E, Yrecland, U.S. S., aa-

Ai,.,tant. 

Pbysi~a.l hydro~- E. E. H.a~kell, ex:vcrt in physical 

La..) i111.4" oJTa trfa.I·counm for the 1rnw naval war 
y-esi:.el Pbila<lelphia. off tho coasts of Ek ck Ts­

Iantl anU Long Island. (~Pe also Sectiou YI.) 
OlH~crva,linne. of tidt'S, cutTfnt.f'. aml ga.u~in_g.\ of 

disehar,..;;c. in Lon~ l8bDll SoulHl. (Sf•e al~o 

Section 1.) 
rapl1y. hydro,grnphy. 

3 ~ Top.ograp1iy u.nd C. T, Iardella, nssistanL .............. Topographic aud hydrogr:i.pbic surveys on the 
11.nlrog~aphy. RC1nth '~oa.'lt, of Long IRland .. 

E 'l:a't:1imition of IL r. Ritter. expert in pby:oical Shore Hue examination for the detcrm1nation of 
cbang1'S in watt'r 

fr11nt. 
11ydrogTapl1:r. cli:m.~C'S in and additions to New York City 

Pront. 
5 : lfydro:::r<tpl1ic ex­

:rn1ination. 
Lieut.\\'". P. Elliott 1 r. S. N., a.8-

si;;:ib.ut; Ensign E . .A. Ander­

•on, l'.. S. X. 

Hplrogrupliic survey of \"{all:tl10ut Chaunelt 

New· York .Ra.rlior. (Se{I aiso ScJtfon l.) 

IIydro,~r;;1pbic ex· 

umin:ttimrn. 
ITytlrn;!rapl.tlc ex·1miuati<m of the approacln:s to 

Elli::-J l~la.ud, K1·w l:orl~ H:trhor~ 

Lieut.. \V. P. Elliott, r. S. X.J ar:i­

~i8bnt; En'?>ign E. A . .Andt'r­

son, U.S.:\. 
DaYid E. 8neatl and ,J. (}, Rpauh1- \ Tidal oln:!'.:rvatious cnntimw1l v.,:jt!1 rtuloma.tio 

tions. in,::, olu;ffr~'~rn. . tiilP. µ::a.a~« nt :;.:andy 1101,k, S' . . J. 

I~t.·co~ery and 1 Str!1man Forn1:~y. as.'!i.<Jtunt .. H••·· 
1 Rrc1,Vl'I'Y a.nil mar!\ing of a. ~tatinn of the prim· 

markin!! of sta- i. ary lrian!.!ulatiou Jn Penrrnylvan'ia. (~ce a.18<> 

tion. Secti(1u VII.) 
9 1~ at 1t 11 t1 f' a 11 <l C. TI. Sinclair 1 a:Bistrrn~; r:.. A. JJetor:nination -0f t111· lnll!:!;t11c11~ of A1to.on:1 1 

P.L, h:t c--s:clian;;r· ... or 1 e1eg-raphi0 i"li~1rnb 

with \Vasl1in~tot1. (fo-;.1't"V,1iiLlll8 for l:1ti1.111lP-­

at A ltoima .. (Sff0~\ho ~~'rt\on"M III, XV, XYI, 

X\'IL) 
J(J 

11 

12 

13 

lon;i;itude. Marr, uo;si.ntant. 

Top0~r::i.pl1i<.' ex.· C. ~f. Hachr, assisbnt. ····-~ ... ·-·-\ Eiaminatiou8' for uote of topograpliit-., c11anges 
amlna.thms. 1 on tile coa~ts of i,-ow .J('n;cy anti New York. 

G(1odet1r. opera-
tion~. 

'l' .opograJlh i cal 
u.tlclitimJ::i aud 

changes. 

JI y<lro~mplly ..... 

L'harlc8 O. Boutelle, Msiotant; 
Prof . .E. A. Bow8er, actiug a.H­
R;,.ta.nt. 

n.. !foa<lo Dache, a~sistant 

{Seo nlso Section I.) 

Coutinnatlon of g\'odetic (l\Wtati0n& in th~ 

southwesturu part of Hrn State of New tTersey. 

Rnvision ofthe~urvry of Philadelphi;i City Fr1mt.. 

,T. Iler~e8hcimer1 assistant ..... __ .. Uydro;.rr .. 1phic rosun:ey in the Delaware IU-vcr, 

I 
iu front of Philade)phia and to the soutllward~ 
(Se~ n.ls() Sec ti< ns I antl VI.) 

li i Ph.rskal hydro~- j S. C. McCorkle,assistant .•••••.•.. ; Oh8er~at.ons of ice.movement ln Uelaware 
I ruphy. i j Rivet· ant] ll:ly. 

' I ' I 

Dctermina.tious I! E~D .. Preston, assistant ............. ! Het~J-min:1tio11li of ~ra.dty at tl:e Smithsonian 
of gra<t·ity and 

1

: Institution, "'"a~Uin:::o;t, D .. C. Also deter-

magnetic obser- j miuatwn~ of tho rna~ueti(; cfoclinaUon, dip, 
Tations. I and intensity at tlrn Coa.~t and Geodetic Su-r-

Yey Office station, "\V'ashingtou, D. C.. (Seo 
also 11 Special Operations.,,) 
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Sr:cTIO" III-Continued. 

SECTIO~ IV. 

No1·th Ca!·ol'.n!l, lHch1cHng 

CO!l8t, !'.'OUildS. Heaport;,, 

and i·i ,~crB. 

SEC"IHJ~ Y. 

South Carolina unil Geor­
i:; 1 a, includin~ eo-asts, 

Bcn.wa!cr channels, 
sou n U. s 1 harbors, aml 

dverf\. 

SF.CTIO" YI. 

Penimmla of Florida, from 
St. Mury':J B.iver on the 
east coast to and includ­
ing .Anclote Anchorage 
on tho west coast, with 

the cont approaches 
reefR, keys, seaports1 a»d 
rivers. I 

No.!! 

10 

11 

I
I 'Topography-····· John\'\"'. Donn, assistant ............ 

1 
Cvntinuation of th,_; t1etailed tnpogrJpldra.l snr-

T('Y or tlw D1Mtrict of Columl.1ia. (See also 

Secti.on I.) 

I
: Topography .••.•. 1

1

: D. B. Wainwright, a.ssistanL ...... -- ; Continuatiou of the tl,,tailed tupa_~raph ic:d sur­
vey of tile District uf Columbia. 

l Topography ...... ) W. C. Hodgkins, assistant. ______ . Coutinu::ttll'l1of the· cletaile'1 Wpogra11bica1 8lll'-

/ vuy of the D.iMtrkt of Columbia. {See al.::o 
I I Hectlon IV.) 

~ropogTaphy ... 
1 

J.A. Flemer,snbasRi.stant. ...•••.• Cont;nnation of tliA dl"tailBrl topographical Rlir· 

\"ey of the Diotriet vf Colum\Jia. (~ee also 
s~:ction J .) 

Definition nnd cle- Ilf'nry 1~. 'Vbiting. a~sista.nt. ...... Definition aud d<"trrmiuation of a portion of 
ff:rrnination of boundary line iu tliRpntf• hetWC('ll Rtat~~s. of 

boundary line. 

i llydrographic ex-
' amination. 

i 
! 

IIydrographic ex­

a.rni nations. 
T<J])OI!Taphical ad· 

tlition;:;. 

lly1lrozyaphic ex" 

arninntim1. 

Ma.!!netic obser­
vations. 

Trlan~uiation .. 

Henrs L. MariuUin, ai:;sistant; E. 

E. IltH:JkL·ll untl Honu:r r. l~it-
tcr, expert ol)srrveni; Cor00ran 
Thorn, recorder. 

Ensign E. IL Tillman, U. 8. N., a.~­
slstant; John Ross, recorder. 

John W. Donn, assist.ant ....... . 

Lieut. S. ll. Ackle;v, U.S. N., as­
~ist:rnt. 

Maryland a.n<l Yirg-ini~. {See also Sedion I 

\ ::mtl '·Special Operations.") 
1 E:xamina.tiun and lrn.'.itiou uf a daubcruus rock 

in the Poto:nac' Rin.'r. i Set;; abo Section I.) 

IlyJrographie t:xamin:u ion>< for tl.ie Coast Pilot 

in Chesapeake Dciy and triltutaries. 
Examination for ndllitiuuei 0f v1pogn1phical de;. 

tail; to a chart of ~nrfolk IIar1o!' and vidnity. 
(Se0 also Section I. l 

Examin·.tion and dPvc.lupment of a shoal in 
Chr:-:ap(•ahe B•i.\', near \Volf Trap Li,;ht-hom;e. 

Jas. Il. Bnyloe, assistant. ......... . Determina7ion nf the rna_µ-n-etic elernenlM at a 

stat ton iu Lynchburg, Va, ~See al~o Sections 

VIII, IX, and XHL\ 

W. C .. Uodgkins. assistant. C.onnection of old and Df:w trian~ulatJnn::. 0~1 the 

r-t.1a.,"l.t of Xort.h C.1rolina. from Ikaufort to the 

we~tw ard. (Se<' :.1l:<o Section 111. l 

l Triangulation and F. D. Granger. as~: . ..,taut; ,J. J~. Triauguhtion and tor.ograpb_\~ in the ,·iciuity of 

topographs. Bont1"'1le, extra ol>"t'rYor; V, K. 
Ilendricks. re(·order. 

Cl1arloston, S. C. \Seu nls-o Section :XY .. ) 

2 [ Ti•fal o hse T'\'" a. ,T. G. Spauh.liu;!. olJ3r-r~er I~n- Esta.ltlishment aml m11inteuanct:> of .:1n aut-0ma.t.:ic 

1 tions. gene Vcitl1l olJsrrn:r. tidul station on Tylwe 1:31::mc1, Sa\'atmah Uiver 

3 , Special hydro:::·, Ensi::n .J.C. Dmk<', 11. S. N .. as. 

1 

raphy. I si•tant, 
Hydrogrnph:r .•••. Lieut. J. l<'. 11.!ose.r, U.S. N., assi•I· 

I ant. 

Hydrogrnph;c ex- Lieut. A. J,. Hall, U.S. N .. a.'sist-
aminatJon. ant. 

:No, ::i Physical liydrog- Lieut. C. E. Vrnoland, U. S. N .. 
raphy. I assistant; Lieut. H. Kimmell, 

U. S. N.; Ensigns C. S. Stan· 
worth, Jame• .E. Shindel, 1'. 
Andrews, anil C. :M. Sioue, U. 
S. N.; Assistaut Surgeon 

'l'h-omas Ow-t'!-n8 1 U . .s. N. 1 an<l 
Assistant Engineer W. W. 
White, U.S. N. 

entrance. (See also S<.>ction 11.) 

Surveys and examination• of oyster beds for the 
StfHe of Georgia. 

Ilydrographia examination Qi the r:ntraucMi to 

St. Simont~ Sonrnl. {Sei"'l also 8ectwn:;. I and 
YI.) 

Development of shoal off Key Bieeayne. Flori cl a. 
($ee .>!so Section VIII.) 

Continuation uf lht."" inve.stig'a.tion of the cur, 
rents of tlie Gulf Str.,am. (See alsc. Sec· 

tion II,) 
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Seditlns. 

Sllnros VI-Continued. 

SECTJOl< VU. 

Pe.nin~ul:i. of Florida, west 
coa.st. from .Ant·lou· .d. n­
(',horagEO tfl Perdido Bay, 

in e ~ n d i n g coast ap­
p r o a c l..it~s, bays, and 
rin~r~. 

SECTION Vl11. 

Alabama, M.i!!MiB8 i p ll i, 

Louisiana, and .. Arkan. 

83&i i 11 cl uding Gulf 

coasts, ports, and ri vors. 

SitCTIOl< IX. 

To:tas) in el u din~ Gu-1f 
coast, ports, ana r;vor~; 

al!11o the lndia11 Terri­

tor)". 

~ECTW~ X. 

Caiiforn:a. including the 

UNITED ST.A.TES COAST AND GEODETIO SURVEY. 
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:Parties.. f'ersoni; f•{)mlncting 01leratio11s. Localitir>s of work. 

Ilydrography ........ Li1-~ut. .T. F. lifoser, U.S. N., a..5Sist- ' Hydrographic sun·eya in Barues Snnntl, in the 

au t, Eusigns II. A. Bi~ph:un, l!. 

IJ. Tisdale, ti . .hl. Stril<', L. C. 
UertulettP, un1l TI. II. I>urcll. 
{7, 8. ~.; Jlassed Asslstant~n-;-. 

geon J.M. Steele, U.S. 'N .. an.I 
Asai~ta~1t Engine-er E. H. Scrib-

1 mr,U,:".:!\". 
4 i Triangulat10n, to- Joseph Hergesheimer, assistant; 

pograpby. itnd Char ks H. Deetz. 
hydrogra1)l1,r. 

Tria11.c,ulation, to~ 

pog.raplly, antl 

11.,·drograpby. 

P. A. \\~e1ker. subassiFitant, Ho­
mer l'. Jtitter, expert ohs('rYtt· ~ 

0. ll. French. aid. 

i 
2 ! Triangulation, to- Stebman Fo-rne-y, assistant; C. T. 

poA:raphy. ana 

l1ydrogra:pby. 

Iart.lclln and "\V. I. Vinal, as­
?.i&lants~ E. E. Toney, for& 

m:i11; M. A_ Cole~. reclJnler. 

U.l't'-onnai~sancf~ F. \V. Perkir,~, asl'>i&tant,, W. B. 

and tri.angn lo- Fn,irffold, extra observer. 

tion. 

B.ay of FJoriJa, and ou the Wl'!"!t coast of Flor. 

ida from u~tve. Itomano to Slrark l\.i'\"'"et". (Se0 
aloo St>cUon L ! 

Triaugulatiou. t-0pogn111hy, aud hy<ll'ograpby on 
tlu_• wegt coast of Florida. in the. Tich1ity of 

Capr- Romano .and to the northward. (See-alsCJ 
St'.f'tions I and II.) 

Triangulatioo, topography, am! bydrograpby of 
the uppt.r lirauches of E~n-1,mhiil- a.nil East 

Ba.ya, Pr-niotacola Ilay. i Sc€ :1.l~o SPdion XIV.) 

Triangulation, topvg1apby 1 .<1ud bydrngraphy of 
P.Pnlido Bay, FJorilla and Alahnnrn. (Soe also 
H~<'lion IL) 

fl.t'co1aml;.;~au(·() fnh1 oecupation of f'.l.tati{JnB f-or 

the t~xtn1,~ion of the primar.Y triangulation in 
A..labarna to the Gulf of :\Ie:dco. 

2 Ma_:.!:nctic obser. James B.Baslor, assistant. ........ ()(',cnpation of station;;; for t!u~ 'lctermiuation of 
vation!l. the n11_lµ,uclk t:km('uts iu A\al1arna, 11issis. 

sippi, Loni;;i.nua, ~md ../\ rk::tt11'ai... (Seo also Sec­

tions l 11, IX, and Xlll.: 
~~ Oeodetic leveling. 1saac Winston, assistant; J. H. Line~ of gToddic!eveling ruu bctwef'n London, 

Gray, snbas~"!istant ~part of t.hfl Arkanl'ln~. and Fort. Smjth. t~ec abo Sections 

season)~ .F. A. Young, obaen·er 
.and recorder; Il. D. MHcbell, 
TPcorder. 

X anu Xlll.i 

4 Ilydrography, .•... Lieut. A. I~. Ilall, U. S. N., lll!sist- Hytlro~raplilc survey• on t.11e coast of Louisiana 
ant, Ensign-" 1Jobn F. Luhy, P. 

II. Brown, and (pa.rt of the .ACfl· ! 
soni Thomas \Vashington, U. 
S.N. 

1n the vidnity of Ship Shoal, Caillou Day, and 
tot he <!aRtward. (Sec ahm Section VI. )

1 

Re.connnil5~ an cc C. ll. lioyU, a8.8lst:rnt; IL A. Marr. R(·connaissanee an<l rriaugulatiou on th('\ coast 
a11 d trjanp:ula· a.;;;sistnnt. of Lonhiian.'l l1e11H'CJJ Atc11afalaya antl Cot() 
tion. 

Magnetk 'it.J.ti11n Androw Urai<l, asRi~taut; TI. E. 

H:11tc-r, iuisistant: L. t;. ~ch:.::ltz. ! 

2 :Magnfltic nbser· ,Tamas B. Ba.slur, .nssistm1t _ ••. 

'\"'at ion~. 

illanche BaJS. ~See al~u Section I.) 

E&ta1}Hnl\ment of a se1f-regiatering magnetic a.11-
parn t us at a. station in San Antouio, Tex. (See 
also Sc•ction X.) 

Determination of t.he mrtguetic t1lerneuta at sta. 

tions ln Texas.. (8ee also 8eeti,ms. III. Vlll, 
and XllL 

.A.. F. l\.otlgers, .a~sistant ; ,J oh11 Cm[iplf .. Uon of tho t-opo,graphic survb,Y of the 

n1aet, bays, ha1 hors, and N1:lson, Anbaemistan1. south coast of California hetwcen San Diego 
rivera. and Sa.u Onofr-(1 • 

2 Triangulation .... Gl:.'orge Da,·idsan, assistant; J.J. Conne-etion of tJi1• Lo~ A1i{:cies primary b~rne-lino 

Magnetic obser· 
Yations. 

Gilht:-rt, as&ishmt; Isanc Wi1w- with 1bo trianguh:t.lou; JH"f'JJarationa for tho 

ton. snL:u~.si~tant: }'rem on t O«Cl1 pat ion of !Il)tmt C(nnwsn. (8!·i' also Ht>-c. 
l.forse, suhasisiMtant. tion :X!l an•l SpeciHl Op Pl at iorn.i. 1 

R. E. Halter, assistant .•... ~ ......... Completion of magnf'ti<.', r1~c«rd at Urn r<df-regis~ 

tcricg m.a.gnotic station, Los .Angeles, Cal. 
(See also S<lction JX.) 
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Sections. IParties. 1 Operations. I Persons conducting operations. ,1,· 

_______ 1 ____ i 

I I 

Localities of work. 

S&CTIOX X-Continued. ! No. 4: Ilydro~a:pby ·····! Licut.D. Dd•hanty, U.S. N .. as· llydrograpbir sur;cys in the \'icinity ofPiedra.'3 

I I' sistant; Lieut. Charles A. Gove, Blancas, Cai.. inr.ludmir tlrn developnwnt of 

StcTJO!! XI. 

Oref!OD :w1l \\~ ashin~tonr 

in"!n<inJ: COast, interior 
80nt1f!1" and bays, porta 

and rit'ers. j 

• 

I u. s. N.; Eusi~ns ,r. P. M-c· rocks in Twin reak Day (Suo also ;.:;t:CtiDn 

i . I Gninnoss. W. L. Dodd, and S. R. XI.) 
i Hurlbut, U.S. N. 

5 i Tnangnlation. .J A. ]''. RollgerR, assistant; John Triangulation of tlie cca~t of California in the 
I ] Kt'h:i.on, subassistant. -.;icir:it.Y of Mo11te·re-;.· 

6 !: Topograpi(\" ·-- ... ;:I•, Cle-Ydand lto~kvrnl1, as&istant Topog:ra1lbical ~un·t·y ,·1f tht· coa8t of ( 'aliforni...t 
in the vicinity of Point Sur. {~1::0 a!snSect.ion 

Xf1. 

7 1 Primary triangn- 1 Geor~e Davidson, assistant; Jas. General (1irectian of land ()perntions 011 tho 
/ lativn and gen- 1' S. Lawson, Msist.ant: J . . T. Gil- Paci.fie co.a~i; ob$:i;T~:ntion~ of J.m.1a1· tr:msitf\ 

f f'ral charge of b-Art, .1.i:1s-lstant; Isa.an Wini-.ton at La:·a.\ ett" Park obser...-n.tory: main trinngu-
1 landoperations. 

1 
snbass,istant: Fremont Mor~e. 1""" latiou,t:tc. (Seeal.soSeL·tiouXllaull ··Spt>cial 

1 snhasaiRt arit. I Operatio11s. ·· ,1 

8 j Ti<lal obsen·atiom11! George DaTi1l1H1n, assistant; Tidal record rontinneU at tilt> a11t<1matk tidal 
"Emmt~t Gray, ohser-,rer; And- statiou at Sau::ialitu, Ba~· of Sau T'ranrisco; 

:te\\- \\'ickman, oltS(':i'V('l\ nho at a t<'rnporary antornatir.' @tation at the 

foot of A!it<~iou Street. Sa11 Frm1cisco. {8e.f+ 

9 : Il_rdrograpbic l.'X· I Jjput. D. H. Ma.ban, r. s X., as. 

nminations. ' si!'tant; Lieut. J. IL L. Hol-
<.:ombC', U.S."!\., an<l Lieut. A.G. 

Ro;.;ers, r. s. ~. : :£ng~Jrns \V. 

IT. G. Ilnllartl. am\ M. L. JJri•tol, 
i U.3.N. 

10 ~ llsdro[!rapby ..... ' Lieut. D. Delehanty, F S. X .. &•· 

I i:;;istant: Li<'m.C, A.Gove, U.S. 
1\. · E.n . .;i;:rns G. '\Y.1Jr<,.wn, J. l). 

~kt;uimws~. \Y. L. Dodd, E. 

I 

\ 

l 
.Hydrog~aph_y ••• ~ .1 

! 

tll1 1ule,jr. 1 aud ::3. IL llurllmt. 'P. 
~.N 

J.it"uL fr. M. Htlrn, U.S. N., aBsJ&t· 

a-:-1t: Eu~ign~ R, 0. fhtler, .To~. 

Str:rn::1~, 1Y. ILG. RullJrd. F. \Y. 

,Ten lnns, and 1.L L. Hri~tol, l'". 
s.x. 

aJso Sedio1i XII.; 

ReA;uTvto.y~ and examinations nf soundings in 

Suisun Ba_y, in Ka1quiIH:s Strait, and at th'~ 

nwnths of tl1(.~ Sat>tamtuto and San Joaquin 
Jtj\cf,r~. 

Corupletion of <1 hplroi.rn:iphic s111 r<\\' Ju t1rn 
dcinity of C'n:stent (~i1,y. Ca1. p3f'e a1soSec­
tion Xl.) 

Il.\-drog:raphic s11rvev of OH• coa.s-t (Jf Oregon 

frotn. }.lad''"' Ardl to Ca1i(" Ulanco 

Tria1.1gnlatiou, to· 

pog-r::rpli>+· and 

h)·rlro.)!rapfl~» 

Ilydrug-rnpbie ex· 
amiuation 

E. F. Dickins, :-issi.strmt; F. "\VeRt- Triau~uiation, ropoJ..:'r,1ph:-- . .an(? !1ydn1gT.apl!.r of 

Lie-nr. D. DPlellanty, U. S. X~, as~ IIydro~r:.iphk !':x:1miu~tion in Ow vidnitr of 
slstant; Lient. C. A. Go'>rc, l Cape Lookout, Orc·~o11. (':o:;cti. nlnn ~(~('tton X.) 

U.S.~-; Ensipu~ G. "'- lh own, \ 
,J.P. ll .. Gnh!UC8S, ,, ... I~. Dodd, 
E. Moale,jr., ond S.R. liut·ibut. 

u.::-;.N. 
Ilyrlrographic ex- Clcr-elautl Uockwell. as~dstant . J.;x:amin."tiion of Yuun1-!"s Day .~w11u~e1, Orngov, 

with r-Pfl'n''1H'f' to the PifL'd upon Hi.n:)~ration of 

a }ll'P)l\\t·wtl 1·:1i.l1 nad llrid.ge. Tri~1:1~uiatio11 of 

tlH· Colnmhi<\ lti\'\'l'<·outintwtl. {::'ei_• al8o SN'· 

nrninat.ion au d 

tritrngu1alion. 

Completion of J.l'. l'tatt,assistant <••" 

special survey 
for No..-y yarn 
site; topo. 
~rrq1ltical s n. r-
v-eys. 

6 Hydrograpby .. Lieut. J. N. Jordan, U.S. N .. as· 
s-iatant; Ensigns Harry George, 
F.K.Hill,andEdward lloale,jr.r 

I 

tiori X.l 

ComJ)leticm of thfl :Zpt'l'ia1 s:.n«-t·y ni:i1k for thtt 

Cnnnnisgiou orgrini11·1l f·i ri.1'l~·ct n i-:11> for n. 

KaYy-y51nl m1 the f'.tritk Cnast. 'J'opo_~r:1plifra1 

~lll'Yf'~· of tll~ ~.ka;..:lr Rirer and 1>{'):_~;1, Stat« o-f 

"\Yt!sl1i:t1~lnri. 

llydro~!T<l!1l1ic hlH•r;,:-1 ~n H.1i:-'uniu Str;lit~. i:1 

cludill~ Thatdlf>I' !tIH1 Oli . .,,!t:·nction ra>i~t·.-.. 

Hale'5 Pa!'.leagt-.. and l .. urnni Ba;v: in R<"nti·ah­

moo Bay a.nil llta)~tou Ha"ti,ol'. nnd alou_::! thB 

east Bide of the Gutf of G eo1 ghi _ \ !~o 13 

Skagit I.lay. 
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/if·dione. 
1

Parties., OperaLions. Peraons conducting op~rations. i Localities of work. 

- -------1- ' 1~----·--·----~-----~--
~E("T}Q_'tl' XI-Continued. J'\o. 7 i Triangulation antl J, J. Gilbert, assistant. ................ j Extension of the triang:ulation of Rosario Strait 

! topography. i into Lopez and East Sounds an<l through Up· 
I 

S&CT1l\'S XIT. I 
! 

riglit T'at·u-rnge to its conncr.tion with San,Juan 
Cl);:nmd. 'l'o1)o~rnphical surYey~ on On-as

1 

Lopez, Blalicl;y, Decatur1 «nd otber islands 

in Washington Sound. (See also 8ection X.) 

Al:if<k:l, inclm1ingttwcoafl.t, No-. 1 Ilydrographic i Lieut.-UommnndP,r H. B. :Mans·'. Continuation ofthesurwyoftho coastofsontb-
luld:-i, ~ounrls, huy~. riv­

('f~, arnl the AIPnfrrn Is­
L:wb. 

work involvin~ i tleld, U.S. N., assistant. Officers j Pastern ~1\Jaska in J<'rederick Sound lill{l vicin· 
a general S-Uf'\'ey. I attadied to party in season of \ ity. Triangulation, topography, ancl hydiog-

1 rnao: Lieut. E . . ]. Dora, u. s. N.; I raphy; tlet\:lrmiuationt-1 ()f 1atitmle, longitude, 

l
l F:nai~n~A. X. \Voo11. A. C ... AJmy, I azimuth, antl the magnetic clements. Similar 

I 
A. M. Bet'Chf!l', J.D.McDonahl, I BurYc.'s i~ L;-.-nn Canal and other waters in 

c' R. Sloco:ro, and w. n. I·,aust, I the -vidnity of Douglas Island. 

/ ~· S. N. Seus~n ~f lb90 '. Lieut. 
! E .. J.Dorn,U.S.N.;E11s1~nHIT.

1 C. Poumlstom\ G. U, Slocum, 

,Tos. Strnuss. W. II. Faust, and / 
F. W.Jeukiuo, U.ti.N. I 

Tidal ob e c r v a. i Geor~e- Da"\:"itlson, assistant; F. i THlal rooord continued at the automatic tidal 
tious. Sargent, olJeervcr. Btatiou at RL Pau1, Katliak I:::ilauil, ALtska. 

'Ii<lal oliserYatioliH at lliu1iuk, Alas1rn. ISeo 
al::.:,n S\;Ctiou X.) 

:3 Prf·Umlnary d <1 - : J.E. McGrath, assigtant; .r. Henry' Ou·npation of ~t,tions near the junction of the 
tcrinination of 

bouu<lar_y Hne. 

Turncri subassfataut. ouo lrnndrC'd :rnd fort,\ -fir-;t rneridi:tu with the 

1'. ukon ancl Pore up.rm Hl\·t~rs, Alaska, lU con-
1wdioJJ with a J.rdimiuary survey of the 

lm11rnl.nry lino betwt'Ml A1af-lka and the North­

west .f<rritory. (Seo also "Special opera­
tious, '~) 

1:1.mtuckJ awl Tt:1rne1'8f·P- ~o. 1 C'rcoc1Ptic opera- Prof. A.H. Ducbanan,n.cting as- 11e-occupationofstationstocomplcteU10con11ecM 

SECT!Olf XI\. 

Ohio, Indiana, Illinuis, 
Aficbigao, anil Wiscon­
sin 

tions. sistaut.; C. O. Boutelle, assi:staut 

in imml'diate charge of State 

Sllf'n.'JS. 

2 Magnetic ohser- , .James B. Baylor, assistant ...... 
vationf'I. 

3 Geodetic leveling.! l~Mf 'Vinston, subnssistant; Ji', 

A. YQuu~. oliserver-; ll. D. 

Mitchell, recorder. 

No. 1 Triangulation .. .A. T. Mosman, '\Ssfotant; w. B. 
Fairfield, extra obRen-er; U. T. 

Mosman, recorder; E. E. Torrey, 
foreman. 

tiou of tlH· trinuiZulation of' 'l'en11esseo with 

tlit• 11rin1ary tnau~ulatinn in northt:>rn Geo1·gia. 

ltt•comuiissatH'n and Fignal bnildiug for the 

extcuRion of thn triangulation in caatern Ten­
nessee. 

Ocrup·ation of stationM in Tennessee for deter­
ruination.s of tb1.\ nwp;nctic·elomcnts. (See also 

Sections III, VIII. and IX.) 
Extension of line~ of geodetic le•""eling from 

Gre~u:fiel<l, T~na., to Okolona., MisH. (See also 

ooctions VIII and X. • 

Contlnuntion of the pr1mary triangulation near 
the 3!lth parallol to the we.Mt warcl from sta.. 
tionR in Ohio, Kentucky, an~ndiana. 

2 Special survey~·.. A. T. Mosman, &!'lsif.;tanL.... ••• • •• tipecial survey on J~ake Erie near Toledo, Ohio. 
(St·e also •· Speci.al OJJfTations.") 

3 Triangulation Georgo .A. Fairfielt1, assistant; Rxtcnsiou to tho castw.lrd iu Indiana. or tho 

James B. Baylor. assistant; R p1·imary triangulation near the thirty-ninth 
E. Torrey, foreman~ J. B. Ilou­ parallul. 
tolle, acting 9.id. 

4 Geodetic opera· C. O. Boutelle, assistant in imme. Occupation of stations in oontinuati<>n of the 
tions. diate charge of State aurveys ; 

Prof. J.E. Davies, acting assist­

ant. 
5 Meridian line .•.•. P.A. Welkcr,aubaaaistaut ...... 

tri<lngulation of the State of Wisconsin. 

Establisbmont of a meridian line at Tolel!c, 
Ohio. (See also Soot.ion VII.) 
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l . i 

____ s_e_ct_.i_on_•_· ____ \Partrns.i __ o_P_•_ra_t_lo_n_•_·_ :Persons conducting operatiot!B. Localitiefl of wotk. 

SECTION XV. I 

Misi;Ouri, Kansas1 Io w a 1 ! .No. 1 l Geodetic -opera.. C. O. l~oute:lle1 ass]stant iu imme.. 
diate charj!;"e uf Stati~ suITeys: 

Ext~nsion of the triangulation of the State of 

ltlinneRota from the Snelling aY~nue base. Nebraska, lfinnetmta, tions. 
an<l North and South 

Dakot& 

'.Nevacla, Uta.Ii, Colorado, 

Arizona, and New .Mex­
ico. 

SECTION xvu. I 
Idaho, Wyoming, andMon· 1 

tana. 

I 
6'<0~ Oe>liTIOAA ••••··1 

Prof, \-V, Jt IIoaA"1 acti11g a.ssi.st· i: 

ant. 
21 Meridian line .••. C.II.Smcla1r,a.ss1stant ..•....•••. ! Estahl1shnwnt of a m"r1dian hue at Huron 

I 
S. Dak (8eP ais<• Seet1ons VIII. X, XVI, and, 

i XVII.J 
3 f Trhrng;nlation .... 

I 
F D. Grangcr1 ass1stant i .M . .A. Orrupatrnn of !-'1a11onP. f01 P:xh:nt1ing the ttans-

1 C0Jes1 recorder. 

N• < 1 '-"'"" ,,,,,.. C. ll. ';""""· """"".. I', A. ! minations. Alarr1 as..,.i&tant. 

J Tria.ngula.tion William EimbPck, assist.ant; P. 
~I ... A. w~lker, SllUaRSistant: E.r. 

'II

. Austin, observer~ C. I ... Brack-

ett nn<l J.C. M<'em, record era. 

No. 1 j Determinat.ioneof/i C. H. Sinclair, assistant; R. A. 
longitude. , Marr, assi5tant. 

I 

, I 

No. l ! .................... \ Lieut. J.E. Pill•lmry, r. S. N.,as· 
; ( sistant. 

:? ••••••••••••••••••• ·I Lieut. C. E. Vreeland, lJ. S. N .. 
asaist--ant. 

I 
contiun1tal trianguhltion nl'artbP thirty-ninth 

}Jan·llcl to tile westward in Kausa~. (See also 
Section V.) 

Detertninations of longitude l•y exchangPs of 
telegraphic fli~nals at &tation8 in No'la<la and 
Utal1. Ohs(•J'\'f!tions for la tit rn1P and the mag. 

llelic cll'meuts. (See also Sectiunl:' VIII, X, 
:XV, an<! XVII.} 

Occupation of stati<ms in contiuun(i(ln of the 
prirnar,v triangulation near !lie thirty·uiuth 
parallel in westerD and central rtab. 

Determination of th<l longitude of H&lena, 
Mont.. by exchanges of telet:;rnphic si,gnals 
.,nth ::3alt La1 e City. (Seo alRo Sections VIII, 
X, XV, and XYI.) 

l<~stal,liRl1n:<'nt of a n<1Ya:l tri;tl course ir. Narra 
g:"lnsMt I~ay. 

1 .Estahl ishment of a trial course for Uw ~peed 
tests of -the H1'W na'\""al wa1' Tcssel Philadelphia 
off the. fOast' of lllock Islan<l nnd J,ong Is. 
lnrnl. 

3 .o ..................... -·j Ilt.~nry J,. 'i\,.bitin~. ru~sistnnt ........ j Definition ant.l <1eterminiition of a portion Of 

1 

1 

lmunda.ry line in dispute between t!ie States 
of Maryland a.ml Virginfa. 

4 ............................. i A.. T . .Mosman, a.ssistaut; P . ..A. Special r;11rrr.Y made. for 1ho Fish and Game 
I ' I Welker, subasaistant. i Comn1i"i"n of the :it ate of Ohio. 

:; J .......................... \ J.E. llcGratb, assfotant: J. 11. i SurV"eyt-t for a 11reliwtna1ydetenuiI!.atfon of tho 
: Turner, subassistant. I liomuhry liue hetw~en Alaska and British 

, l \ Col.nmbia and tlw· ~ortllwest Tcn·itory. 
6 ............................ 1 E.D.PrestolJ,assistant ........ ····\Determinations of ~ravlty an<l the nH1gnetic 

l 
dl'ments in counection with the Eclipse Ex. 

· I pedition to the west coast of Africa . 
..... .............. ......... ( George- DavidEion, assistant; O~ ~ Tra11sportation of the National Prototypes of 

· H. Tittmazrn. assi~tant. the lllt'lre !Juel Ki!og:rumroe from l'aris to 

H. Ex. 80-8 
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STATISTICS OF FIELD AND OFFICE WORK OF THE COAST AND GEODETIC SURVEY FOR 
THE YEAR ENDING JUNE 30, 1890. 

! ~- -·---- ------"- ---------·-------
Total tu 

June 30, 1889. 
IJuring ti:--cal 

yco.r I S90. 

---------- - ----, 
I 

Total to I 

I 1- -----------------~ --

I
I kEt"ON'\Al~SA~CE. 

Arca in square statute miles------ ______ ------·- ·------------1 
I l\uties, number of----------- -----------·----------------_! 

H.\SE u;-;i;:c,, 

' 
Primarr. number of __________ . __ ------ -----. ------. __ ------' 
Primary, length of, ;n statutemiles ______________________ ..•. i 
Subonlinote, number of__________________ --------1 
Subordinate and beach measures, len~lb of 

TR J .\ ~~·L.\TIOS'. 

Area in square statute miles _______ •• _. __________________ .: 

Stations occupied fnr hori?ont:J.] n1e::i~n:rcs, ttuml 1er of _________ -! 
Geographical positions dctcrminetl, number of .. ____ 0 _________ ._j 

I 
Stations occupied for vertical n1easun;;,, nu1nbcr of,-----------! 

Elen1tions detern1inerl trjgonon1e1rically, nu111llcr of __________ -! 
Heights of permanent bench-i.iarks by spirit-leveling. numher of_.! 

Lines of spirit-leveling, length of, in statute inilcs _____ _ 

15 I 

IOI \ 

136 j 

52; 

232,2~2 

756 

3, 9C>5 

Triangulation and h:•'e1ing: partie~. ulunber of----------------!--- .. -~--------! 
I 

Azimuth !-itatiuns, nun1Lt.:r of _________________________ _ 

Latitutle stations, numhcr of_ 

Longitude stations, telegraphic, nu1nher of _______________ , ___ ·] 

ZZ[ 

349 
q8 

LongittHie stations) chronon1etrie: nr lunar, nurriber of _________ -) I 10 

Astron01nical parlies, number of_ ___ ·----- ,. ___ .. ____ .... _ .. .,._ ... __ ; --··- --- .. ,. ____ .. : 

I
! 

l\f ,\t~".\ETI!.' \\"URl-(. 

Stations occupied, number of _________________ ------ _________ : 
''l . l . . . I D a.gnetic 0)5err:::itlons in oper1t1nn -------- ---~----- ... -··----! 

I 

Magnetic partie~, number of-------------------·-----------!----------- ____ \ 

June 30, 18.:_\ 

4,960 388, 521 

3 --------------

0 

0 

2 I 

24, 159 

3°5 
6y3 

23 

76 

47 

15 
IOI 

25G,441 

12,883 

24.739 
921 

2,3'.)5 

803 

I 

I 
l 
I 
I 
I 
I 

150 4, I 15 i 

2() i-------- ------1 

*u 

t 

228 

355 i 
154 : 

:: . ------ __ :::_I 

5 

CRAVJTY ~!EASl'RES. I ~ 
Home stations occupied, number of_ _____ -------------------' 19 o IQ 

:::~:: :::~:: :;~~~i~~l~~~~~~:~~~~::~~~~~~~~~~~~~~~~~~~~~: ___ =~-~~--------=~---1 __ ---- -8 '=-=~~-~=;~-
*In adclition to these six new station< one old station wa~ re-occupied. 
tin addition to these two new stations one olt! htation was re-occupied. 
t In addition to these fifty-two new stations eight old stations were re-occupied. 

115 
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1 Total to : Dunng fiscal 
i June 30, 1889. , vcar 1890. 

Total to 
June 30, 1890. 

I, '. 
-----·--------- ----·>-··--·--- -------' 

I 

Area surveyed, in S(j\late statute miles ----------------------- 33, 071 

TOPOGR.AP!IY. I 
Length of general coast, in statute miles _____________________ ! 8, 770 I 
Length of shore-line, in statute miles, including rivers, creeks, ! 

and pond>------------·-····-----·-------------------- 95, 1831 
Length of roads, in statute miles ___________________ ·------- 47,024 

Topographical parties, number of·--·--·----·-- ··----------
1

1 
__ •• ----------\ 

llYDROGRAPIIY. 

' Parties, number of, in charg<: of naval officers 
-- - --~ - - -- - - -- - - 1- ----· 

rartics~ nurnhcr of, in charge of civilian officer~--------------,--------------

.Number of mile:-; (geographical) nm while sounding ___________ ! 
Area ::-ouwled, in sr1uare gt::o;raphic[!.1 miks ______ ··-- ________ -1· 
:'.Illes run additinnal of out.1.,ide or dPf'P St"\1 :--oundi11g.-; ________ _ 

J.Ju~nl>er0f::.~11u:•1i11~s ---------·---·--------·- __ ---------\ 

449,413 
q6, 870 

il5.41S 

19,445,S90 
13, 214 

J>ecp·:..f:~t teinpcr.1turc vb:-,crvation...;. ------- -------------------1 15, 455 

! 

Currcn1 :--t~ttiuE:"'~ nurn!1cr of~ occupied by hydro.;_.;,-raphjc p~rties ______ ..., ___ -----. 1 

Det'p<.,f'.:l c:irn:nt .... L1tions, Hnrn.ber of_ ______________ . ___ -----· ----------- ----i 

l)t·q 1--,ca ,.:..uhc:u ;·re1lt ohserv::uions, number oL __ -- ___ - --- __ - - - , _-_-_- -- -__ - _- ~-.>·=.--~-:·~- ._ 1

1

i 
l)cep-se,1 ::.urfacc Cllrrent oh-..crvatlon'.', 11nmber of_------------- , 

Spl'C tm Clb of 1irJtt<)il1, It1J!ll !Jcr of __________________________ _ 

Aut0~:~ati-c tidt..· gauges cst.11:.lishcfl _____ ... ______________________ 89 

i\utom::itic tid·,~ ~au;.;_cs di:J<...unti1i~iecL______________________ 84 

l':i.rlics d'>ing tirlal work exclusi •·tly 

l'.utie:-:: doing tidal work i11 cmmectlon with hydrogTaphic work __ 

Staff an'! bcn: gaut;es estaLli::.lied _ ---- ------ ---------- -------1 
~Lifr an<l lK>X gauges disc0ntinncd -- -- ---- •• ---- ------------1 

l{F{"l;RJ)S. i 

Triangubt1(>11, 01·igin2L..,, number of cali icr; __ ------ __ ------ __ 

2,019 

2,009 

5,609 

A:-;tronornic~! oh~,ervations, origin:l.h, number of \'Olumt;~_ ____ I, q22 

A~trunomical ob:-en·ali0tb, or.igin:ds, number of cahiers ------· .------·---f 
~Llgnctic olJ::..,en-ations, ffiiglnab, number of volume:-. ____ ------! 674 [ 

.tf 3.gnetic obscn·aLions. originals~ nun1ber c~r cahiers ___________ ! _ -·- .. _______ . _ t 

Pcrnlulum obscn·at1ons, original.', number of volumes---- .. --- -:- ..• ----------I 
JJuplic:itc:-.ofabove, nnmlwrof,olumes ___ ·----·----- __ ----1 6 1 038 

1 )up1icatc~ of ~hnYc, nun11)er of cal1iers __ ..,. ________ .. --- __ ----1- ____________ _ 
Con1putation::) number <if volumes----------------~---------! 4, 194 
. . 1 f 1. i 

~,;:~~:,:::;~!:~: ::~~:~~!::: ac:1
1

~~~:;;s~~~;g~~1:;;, n-u-~~:;~~-;~l~~~ ~1- --- -- -: ~: ~~:-
H ;·dro;r:i.phic soundings and angles, duplicates, number of vols_ I 3, 264 

·ri dal and current observations. originals, numlier of volumes·-- __ 

Ti.Jal anrl current obsen·ations, duplicates, number pf volumes _ 

4,354 
2,849 

I, 224 

437 

33, 910 
8,832 

i 
24 1--------------

i 
i 13 , _____________ _ 

14 i--------------
12, 120 

4,013 

7,577 
461,275 

.),) 

461,533 
150, 883 

92,995 
19,907, 165 

13,247 

15,455 

33 -------------· 
I, 344 

1,350 , ______________ 

I 1.1 13,533 

96 

3 87 
~ 
I --------------

20 ----------· 
62 2,081 

70 2,078 

265 5,874 

4 . ··--· ---------
29 l, 951 

2 ---------- ----
2 676 

20 . --- --- ---- ----
2 ---·-----------

297 6,335 

15 ----- --·- -
II 4,205 

245 -·------------
322 II, 564 
200 3,464 
II6 4,470 

105 2,954 

I 
' 

l 
J 
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I 
-1 

I

I Aggregate years of record from automatic tide gauges ________ _ 

Tidal stations for which reductions have been made ___ --------

Aggregate years of record reduced ______ -------------------- -1 

·---------------------------·-·-----
RECORDS-Continued. 

Total to During fi::ical Total to 
1 

I 

June 30, 1889. year 1890. June 30, 1890. I 
I 
I 
I 
I 

I 
266,1,. 4;'1, 270,', I 

I 
1,405 71 r,476 I 

262 18 280 I 
I 

MAT'S A'."\D CHARTS. 

Topographic maps, originals __ --------------·-- ____ --------- 1,898 ;2 I, 970 

Bydrographic charts, onginals ____ ···-. _ ----- ----· ---- __ ---- 2, 116 79 2,195 

ENGRA\"'lNt; AND PRINTING. 

Finished charts published from engraved plates, total number of_ 462 13 475 
En!;faved charts withdra,vn frmn circub.tiun _________ ··- __ ~--- 16o 4 164 

Engrn ved plates of preliminary charts and diagrams for the 

Coast and Geodetic Survey report>, num~~r of.------------- 668 54 7'? --
Electrotype plates m3de ______ .... __________ --------- ·----- ___ _ 2, 10.J- 78 2,182 

i 

___ :~:~-~:::~:1 
so I 

EngravedplatesofCoastl'ilotviews _______________________ I 98 I o , 98 j 

Pnntedsheetsofmapsandchartsd1stnlmte<l ------------- __ I 719,46(, I 63,152 782,618 I 

Pnnted sheets of maps and charts deposited witb s~~:~ents~J---~~~' 398 __ !___ 32~:'~ __ 3<59~,;3J 

Charts pui,lished by photolithography, number of ____ . ____ ·-- 1--------------
Charts published by photolithography withdrawn from circuh- ! 

tion ___ --------------------------- ------------------1--------------
Engmvcd plates of Coast Pilot charts _____ -------- __ ·- _____ . i So 0 

28 
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A pp E N D I x N 0 • 3-1 8 9 0 . 

INFORMATION FURNISHED TO DEPARTMENTS OF THE GOVER~ME~T IN REPLY TO 
SPECIAL REQUESTS. AND TO INDIVIDUALS UPON APPLICATION, DURING THE FISCAt 
YEAR ENDING .JUNE 30, 1890. 

I...;ame. Data, furnillhetl 

181'9. 

Jul>· Alh~rt M. l:'ord, Salem. X .. J .......................... . 
X. ll. Crai~, Phibulclp1da, Pa..-. ___ .•.. __ ..•.•............. 

1'irettor r. S. Grol-og:ical S1irvey _ .. _ .................... - . 

A.D. Bbckinstou. Ulrnmorf>, Pa .. _. 

10 .Jno. r.Ita..sl)ach, Eat-on,·ille1 N. Y ........................... l 
10 : Corumauder C. J.f. Chester, lT. S. N., Peekskill, N. Y ........ ! 
11 I Capt. A.lfrc<l T. Mahan, T"". S. N., Bar RarlJor, hl•i .. 

Ut'~L·r·iprinn of frn~ b•_'nc11-rna1 ts at t111d rn·a~· Phi1allelphia. 

'levf!r.ipLical po.sitiont-> arnl g-eodrtic data. uf 27~ trigonometrival JH>iut;-11 
vieiuit.~ ~Jf PhHadt>lphia. 

D('scription~ of eiglit tri~onomf·tr·1cu1 stnii1;r;s iH 1h6 •itinit,\· of Xt~w 
Hu\ en, C(J! lJ. 

Tiruf~~ -0f f'l"t:mgat.ion~ m1•l of iowc:r cnlrninations of Polat i~ <.lur::.11_~ Au· 

~ust, 161':9, 

Annual cl.Hl-ug-e of the- ma~netic dechu.atic.n in H(·rkirn<'.r C'ouuty, X. Y. 

Tl!lnl <lata fN' ai:x ~tat ion.:: .r: Pu;::(:t 8(_inrnl Orrpn1. 

Do. 

11 ' .Jno.r. J~as1rnck~ Eaioni;-rne. ~. Y ..... _ ..................... ' Mn~ul'ti(' cliart tor t!1e cpocit 1s . .::.J 
12 H.eu(•.l :Keit11, \V ashiu:gton, I>. C .•..• _........... ... •• .. • . • . .. . . Copy of tidal -predictions for Ph1:adr:lp l:La, l'a., 18~H>. 

12 'Kjgg;ins &, Tooker X(·w-l"ork City .................................. Capy or tidal -pn_•,:idion:- f~ir S,l;J }"ratH"tSCO, Cal., ltfkl. 

16 'Vm. F. Smith, ""Hmington, 1'e1 .•...... _... .. ....... .•.... l)e8.cript:on.>; of five hench-rnark~. Pa.stl·rn shore of Vir~iriia. 

16 Henry C. Let' ....... - .•..... , ............................ •w···· 1 Tr;H:ing: of topog-raphic::.1 Rli1 1(•ts. :No:<. 148--H~J. Cu111 Spring Inlet rournl 
to Uapo Ma_\· hght-llont:Je wharf. :-:..m.i.' lN'.:11.it,V from <"'heet ~(I. 147\J. 

li DlrectorU.S.GeologiculSur\·ey ............................. ~ Geogr:1phfr!l1 ilefwriptiom~ antl po~iti1ms of th·e stationg. vicini~y of 
IIartfoni, Conn. 

2D A. D. IUackinston, resident engineer, Dunmore, Pa ......... \ Tim<', intnval hetwN•n PoLni~ •rn thl· 11H~ridi.ln ;ind PnhH"° ih Ow .~mmt1 

2:l F.E. Stewart., CAp<> .Mny Point, N.J ...................... . 
2.1 i J.C.Stabler,Cap~lllayl'oint,N.J ....................... . 
23: 'NcwYo-rkand New ,Je-r.wy.Joir1t Doundar,vCommission, 

; Cape :May l)oiut, N. ~l. 

24 : Simon Stevens. No.61 Broodway, N.iw York Cit:i-

Yl'rt ical with c l.Tr . .::n· :\faimi.i.:; for 1"':,o au!l 189U arn1 for latit;ule~ :;o:i 
and 40: X. 

Ti{b.1 ~nn~tants for tbe coa-.:7 of ~C\V- ,Ten:ey 

Uo 

Projec1ion.:5cale 1-':?0{KlJ_ Jlutl&on HiYct' with shoreline.-\ r1t J:U7, 184ft. 

nu<l 185:-.-56 ::uu1 tri:rn;!!1Li1imL 

l~d~1tiY-P. WPig:ht of fl1Hfa\'t_' of sta i11 Bad~ Rh·Er lLuhor and rn L'3U:-\·H't 

lbv("r. ~1.a~sar.lrn.rwtti>, fm a luuar t111'. 

:?5 Assistm1t. T1 roft.~~sor Siirnal Office_ .. _._. --- ............... _ l!en1ar'k s 8ho11t !';fati1111 m~rh:i-3 011 ~01.m+ \\.,.a ..;.!1 :11'..'.:r t~a. and Iwi~ L ~ of 1 fli._\ 

B:nm:. 

26 l:"'. M. Smith, San rraudR<:<>, CaL •. ·-- ...... ·~ ............... _. Tt·aciu~ of hyllrography moutl1 of Chr-tkn l:.iYt'r a!.l.d dLluit_y fr nm qri.~-

inal sht't't Xo. 1:::i:m. 
27 .Ja.rntR }f', Gregory, U.S. En.rcine-ers .... __ .••.. _ .• _ •w• •••••• i Tracing: of topographical ~ht.'€'t:-i :Nos. 17fi7 a.nu 1 i.19. l"mpqliali l~in~r 

' sout.hcrly and N<l. 18U, sam1• uortJw1:~._ 

Ang. 5 Ca1>L \V. M. lf!lrk, TL~- :F:ngirn,er'R Officf':, S!. A UJ,.7tl!ltinf'I, I ]_)p.~criptiotHl Qf four henrl1-rn:1rk~. Co1st of FlurijlJ. . 

. fia. 
{losififll! Of' {hf' \in~ Of no dec.lin:lf]on at "\·;Hi•lll'-1 t it~H':" 1'.li t' (If I )dlJ~l~ 

of the ~rnP: magnetic df>chnntion anrl dtp at Wn.Ahing-ton at 111 t•qtrnt 

time, and snggf'~tion~ as to maµ-netic maps iu gene a! 

5 A. White, Ca-zenovia. Seminary, New York.................. l\djnstment of th~ comptt~S-
6 Capt,. W. M. Black, U.S. Engineer, St. Augnstine, Fla ..... ' Geop-aphiC",al po~i.hon and di:scription of statio11a Little ~arJ;,uta tu 

12 Lieut. Col. Jl\rod A. 8mith, U. 8. Engine«'• Offic•, Port 
l&ntl,Me. 

13 R. A.13rowIJ, rorters.ville, 1'ulare County, Cal ............... . 

13 Chief Sigllll4 Ofti«'ll" ..................................... . 

Casl\(S J"'as."i, Flori·da .. 
D(~S('ript ion of h('nch.m3rk~ ne'.u EllRwort11, Yt>. 

l'ositiun aml law of chauge of the band of noan11u<llcbnn~11t1f thP ma.~­

neti(' declination in 8onthern California. 
Height aboTe the Gulr &f Yufoo of two bench-marks at :Mcridi,rn, 

Mis•. 
llll 
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Name. Data furnished. 

I 
I 

Captain Ritcb, ProYincetown, Mass.·~ ..... H .............. j TraciJ1g of original topographical sheet No. 616, "'°icinity of Provi.nce-
j tow·u, Ma.sB. 

Captain Willard. F. 8. Enginf'ers, Vicki:ibar{!, :Miss ..•... i Ilejgbt of bench-murks at MeriUi.an. Mi3s., and at Delt.:'l, La., and 
! <lcscripliun of marks. 

20 ·c. 8. Commissioner Fish an<l Fi~heries ..•....•..•.••••.. i Ma_gn('tic U('C1inatiou at the Fishing Battery, ¥~1., for the yf'n.rs 1836, 

i 1e52t I 87~1, 1!:~~9. 
24 .T. E. Savage, U. S.Assir,tant Engineer. Bar Harbor, Me ... ! De!'lcription o' two bench-marks, coast of .Maino. 
2G Thus. Monroe, C. E., Coteau Landing, Province of Qnebec-1 Ileight of Lake Champlain :mt! of hench-rnark• at Chapman"s Block, 

, I Ito11se's l'oint. 
!?7 : S. Garwood, Cam<len, N. J' ........... ., ........................... j Description of bench-marlis at Camden and Gloucester. 

2~ .r. J. Lee, Buck~port, Me ..................................... Geodetic dato_for 30 trigonometrical positions in the vicinity of Ilucks-
port. 

28 8. Garwood, Supt . .Atlantic City R.R., N. J ... . .... ............ Description of hen eh-marks, GloucesteT, N. J. 
30 I~. S. Bla.kt!man, I>anvilJe, noyfo County, Ky .............. __ Annual rate <>f change of magnetic dedination in Boyle County. 

Sept. 2 j F. A. J,iet2e, Carl_1·Je, IJL. .... -· ·- ......................... I Ileiglit ot_ bench-mark a~ Carlyle. . 
3 ; A, S. \YaU~wortb~ llt:Drictta, N. Y • ............................. j Table oCtlmos of elonga.t10n of Polaris for H!H~ anO snhseqnent years. 

I anti the azimuth of the star wh.n at elongation for 1890. 
9 ! J.C. Pilling, U.S. GeoloJ!;ical Survey ....................... r Geographical poaition of station, Salem, Pa. 

12 : Prof. A.. IL ).[df!on, Danville, Ky. ____ ......................... ! Annual d~ang~ o~' t:lw magnetic de.clination at ~anville a~d Sta~for~. 
13- T. Roberts, Count"'\ Surveyor, \Vartburgb, Tenn .............. ! Geographical pos1t10ns and ge()detic data. of 7 tr1gonometr1ool points in 

I 
or near Morgan County, Tenn. 

J~ A. :E. nurto~. Booton, Ma•• -··· ·- ..... _ .•• --· _ ·-··-·- .. -.. Approxim~te height of Mount f;tinson and Cube Mountain, in New 
I Harupsl11rn. 

14: J.J. Lee, Iiuckt:1port, Me ....................................... ! Att•(,qucRt of lion. E. E. Uurleigb, Go'°""crnorof Ma.inc, tracing of orii;-
1 inal top{)graphical 1mr"t"f'.y of Bucksport, Me. 

16 J. c. Pilling, Actin~ Diroctor, U. s. Geological Survey ...... i Gt>ograpbkal pm1itjou!j aud tle~criptium:4 ur stationsJiaystack, IIa1ifax, 
i an<! White Hill, Vt. 

19 Col.G.I ... Gi11Pspie,r.S.EnginPer.~ .......... --------·--·\ Traeiu:::of New York l":pper Bay including Kill van Kull; Hydro-
1 graphio sheet, No. 16Gi'. 

19 c. s. Life SaYin~ Servitf), TTeasury Department ............ ! Two eh a.rt~ of tl1e m:i.glwtif'. df'clinatio11 (variation or the ('.ompas~) of 
the t:nitcd Statos for 1H8), and two pamphlets allowing the annual 
chanp;-o for 1890. 

23 Gt>or~e W. Simonds, Secretary Kansas City and La.. Hydr<1grapbictracing Sonthwe.8tPasA, Vermillion flay (&heetNo. 17li). 
Gull' R.R. 

25 C . .F'. Haytlt.'Il, Eatb, Ma - - ·- .. ·----· .......... --- . -· ........... ...... Geogrnphica.1 positions of 0 trigoDOmBtrical points in nath. 
27 I~. L. Mi:>y{)r, City S11rvt'-yor, Elizabeth, N. J ............. ·· ... - · Chango of magnetic decliuation at Elizabeth since 1802 and present 

annual <:Lang:t;>, 

29 Captaiu Bixby, L. S. Engiueers ... -· ... - - - ........ -·-·· ....... Tracing oftop-ogrnphy, Shallotte Inlet ancl Rh·er~topograpical sheet 
No.7~,j. 

Oct,· C. C. Verrneule:and .J. R. Ilien, Cidl and'?tiining:Engincertt, Thirty-seven geographical positions on Staten.Island. 
NP\\' York Cit~-. 

4 ' Captain Black, C. ;;. Engineers ...•••• ·-·· ••..• ·•••···•··· 'Ira<iug of topograph~ from Casey's P&RB to Tampa Bay. 
4 C.S.Lig:ht.llom;elloard ...................................... I~engthinstatuto mile.., of Atlantic, Gulf, Pacific, and Alaskacoast.t 

6 
10 

10 

11 

Nav.y-Yanl Site Com1nil'!~ion (Southern) .................. .. 

Navy-Yard Sit~ Commisaion {Pacific eoa:Jt.) .................... . 
l[enl'y Cope, I..inculn "F11iv~'nit-y 1 Cho~ter County, Pa .... . 
Cba.8 .. F. "\Ymrrn. Attorrn .. •y and Counselor at I~aw, Wa~h-

in.~tor1. N. C. 
l'o:r I!. c. Ilazz.ard, at the request of the. S<lcretary of the 

Trt1.a~ury .. 

including islandtt, ha:n;i, and riverA. 

Tracing of AsRh,.taut Walker's work; hyllrography and topography of 
Escn.mbi.a Hay, Florida. 

Tracing of Assistant Pratt's llurveys for Navy.Yard Aitr.. Washingtnn .. 
Malo{ndic del~lination at T .. iacoln Uni~er~ity in Octolier, l88!J, and in 1794. 
lta.gnctic (focliuation at tlH• mouth of I•nu~o ]~ivcr1 N. C., in 1779, 1787, 

1819) ancl tlrn present Lirue. 

Tracin_g~ from topographical survey, .Bostou Neck, Narragansett Bay. 

15 ILK. llihlwtH, Electrician. Los Angeles, Cal. ............. Appendix 6_ Repo1t Je85. Magnetic dip and intensity. 
15 Capt. S .. S. Leacb, U.S. Engiue0rs ........................ - .... .Angle~ and sides of base quadril;teral at MemplJis, Tenn~ 
2:1 .r_ Baker Kenrfolt, 1\fartinslmrg!J, \V. Va.................. Magnetic declination at Washington, D. C., for 1885-'86-'lr.-'SS--'89. 
24 ~. ~L .M;din, lh•rrville, Pa .. - 4 - ...... - ................ - •• - ... - • • Thrre papers on terrestrial magnetism and magnetic chart for 1885. 
2t> Jcmi;.:" Geo. P. Blow, r. S. N., in charge of branch hydro· Highest tide observed l>y the Coaot Surrey at Governor's Isla.nd, N. y_, 

graphic ofliM, New York City. ancl Sandy Hook, N.J. 

28 Tbornp•on &. Slater, 'Yasbington, D. C, ................... Distauce from Tampa Ilayand New Orleans tovarions Sonth.American 
po rte. 

29 K. Kini: Norfolk, \a ......••••.••••••...•••••.•••.•••.•• Distance from Edenton, N. C., to se.-eral points in the sontb. 
ao Capt. Edwin Maguire, U.S. Engineers •••••••••••••••••••• Tracllig of topography of part of Delaware Bay, old and new surveys. 
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Date. :!'fame. Data furn~"hf'd. 

~I --·-----
Nov. 1 [ \Vm. D. Gillette, San Francisco, Cal ..................... · r Tracing of paTt nf Siw "Franrisco Bay, "<"icinity of Oaklnnd. 

:i.
1 

Hon. B.Butterworth ............................................................. Trian~ulation skrtch c ~region of junction of :Xorth Carolina, Tenn· 
, esSt'e, and Georgia, w1th remarks on Uotrnda-r.\' Httrvf'y. 

4 : Capt. J. II. Willard, U.S. Engineers ................. '" ..... l Heig-ht and tlPRCr'iption of bench-marks at .Arkansati Cit.)» J)ine IHuifs, 

! ancl Little Rock. 

4 

8 

Edward P. Doyle, Boundary Commiasion 1 New York nnd / Geograpllie.al positiun3 and geodetic data oftriangu'ation points on a,nd 

New Jeraey. !I near the Hudson River from New York City to ~ewJcri;ey boundary 
line. 

1 

Albert W. Bee, :Boston, Maas .•....••••••..••.••••••••.... ! 

S.S. Gannett, U.S. Geoloirical Sarvey ...••••••..••••.••••. ! 
M.G. Farmer, Topsfield, Mass ....•••••••..••..•••••.••••. / 

Tr.acing of Great Wa<;~ Island and ~idnity. Maine. 

Abstract of angle at •lation, PenobRcot, Pa. 
Horizontal mag:nt>tic fore~ at lVasbin;.rtou, Baltimore, Philaddpbin, 

New York, New IlaYen, Sanrl.Y Rook. Boston, nn<l Cambridge for 
1890, with annual rban~f'. 

11 W. F.Shunk, Civil Engineer, Harrisburg, Pa .... u ........ ,. ... Tab)~3 of the tinws of ('lllminations nnd. elo-nµations and of the azi 
muthe at eloug;ition of Polaris for aTl;.· tlme betwe-..11 1890 oml 1~1H1an<l 
any latitude lwtwet'Jl :!:"/:::· aml 50.J nt~rth. 

12 Geo. W. Wheeler, Wa.ahin~ton, D. C ............................ , Area of watf•r-shed which feeds En~df! Lnkl'. Mnunt Desf;rt. J\fe. 

12 'l'he Mat,her Electric Co., Manchester, Conn ............... ,:' Horiz(rntal r_~ornponents of earth's mat!IH:lir force at Washington, Bal· 
tirnon\ Philadelphia, New York, a.ml llo~to11. 

13 II.Ca-rpenter, Engin~er and Sur\"ey<>r 'VhitoPla.ins, N.Y. Mag:rwtic <1ecliua.ti(}n for Westche~tt-r Cunnty, N. Y,, in ~S90:. and 

i anrm.:d cbaoJ!t". 

14: ' Vermoule& Dien, Civil and MiningEng:incers1 New York ' Description?. of ~h.: bn1ch-ma.rks on Stahn Island, N. Y. 
City. 

14 ' Na.vy-Yard Site Commission (Southern) ....••.•••.....•.. i Tracing of Bohemia, l'ensaeola Bay, Fla. 
15 : Joint Boundary Commission, .Maryland and Virginia ..••. \ Copy of Chart Nt}. 37G. with hnnrnlary Ji11e ~1r.1wn bf't-W{'en Mary laud 

1 • Virginia, 

\ l aud Vir~inia; also Halt-water area. Jn both S a.tt'8 ius:tle the capes of 

21 1 G. \V.Fernald, Fa.rmio~ton, N.H .............................. Geogr~phicul p•.lsition of J'armington nncl information aVont magnetic I dcc1i1rntion. 
21 Edward Gonant, State No'Olla.l School, Ra.ndolph1 Vt ......... 1 Approximate elevation of a number of t1igouomdrical station:; in Ver­

j mont. 

21 ,J, G. Kelley, Ci"Vil Engineer, Bar Ilarbol", Me .............. : l1ap1ctic declination hetwcaen u;oo and 1900 at Mount UPd~rt 1 lft.l,! 

amJ p··ogra.phic.11 po:-ihiow• of two trig:)DQmotf'ical .stntirrnB, 

22 International Marine C1•nfo.r(•nco ... ____ ·----· ····-··-·--· En1argeJ:l eopi~!'I of Rt>,ct.icnl'l; from chartl'I Nos,. 111.11:?, l::!t~. an1l 337. 

23 Thomas V. Smith, Town Clerk, Hetnpstead, L. I . . .. . .. .... • .. . Copies of plane-ta.ble fllH•ets No~. 1471 a aml h and 1482 b, south slwre 
of Lou~ Island. 

27 E. Taus.sig. Lientena.nt. U.S. N ... . .. ........ ... ........ ..... •••.... Geoa:raphica.l position~ of twenty-ei.a,:ht trigonom.-trical st.at ion iii, (~oa.st 

of Long- Island and Connc::ticut, '"'·ith dcsct·ivtio11s of station~. 

20 !.I. C. Paret1 Assistant "Eng-ineer, U.S. A., Sa.van11ah 1 Ga... 'Tidal data at Old .Fernandina, Fla. 

De£, Robert Ransom, Canaveral. Fla . . . .... •• ... . . . . .• .•. . . . Interpolation of stations in Tide T«ble•, 

g 

13 

.Major W. S. Stanton1 U.S. Engineertt ......................... Magnetic declination at Xarragaugu;o"! B~r:-·, ~{e. 1 in J J.nuaTy1 lS.90, and 

Ira E. Hine, Presi<lent Shalersville Board of Education, 
:Mantua Station, Ohio. 

No"t""emUe-r, 1851, v;ith pt'eRel\t an1rnal ctrn.11g:c. 

Specimcu of COIUJ)Utation of triangh- sideB and of geographiql.J positions. 

II. H.Cline,Chief .Enp:ineer\ U.S.N .................. _ .... ----! Tahlf• ofr(l;11uctlon ofsslinomf.terrPadin,'.!s. 

Director U.S. Geological S11.rvey .............................. i Heights nn<l dt:-~l·riptlon ... of lJf'.Dch-ma.1·ks bet ween Neiw Or1eanH ancl 
i Don:thbonvilh', La. 

N. King, .Assistant State Engineer, Sacramento, Cal •.•... j Geographical position of the initial bc>n11dhy monnment on the Paci lie 
~ coast sonth of San Diego, as de.terminpd by rnitP~l States and °l:f(•xit'o 
i lfoundtU".f -:;omm1aaion and by thl" l'". S. Coast Surn'y. 

14 W .. T.Shunk,Civi1Engineer,Rarrisburg1 Fa ................. :Method ada1•t~d to the nae of surYe-yors of t'f.itahlishi11g a. meridian 
linei for the me™'lu.rn of the magnf'tic dedination or for oth<"r- pur­

})OSea', with data for UF!e between 1800 nml 1000. 

U ll. A. D. Crocker, Surveyor, Falla Chur~b. Va. ..••.•••.•••. Magnetic tleciination at \Ya•itiugt(Jn, D. C., m !8ll0 an<l 1<':!6. 

14 Director U. S.GeoloJ?;ica.l Survey ........... _ .. y_ ..................... ! IJcHcripifon u111] ~cv~rap}Jical po.:;ition of Gaulc»y Brid,i::t-, ".,.· Vn, 
16 Jolin L~ Kcnyoll, Wyoming post~offi.cf\, R. I, .... ~ ............. 1 De~cript ion of station in Jlhod(' I1:d:u1d. 

16 Yr. Ua.ughman, Norfoh::. Va, ....................................... ·--1 Copy of J1lane-tahfo sheet No.1499 a., lit1nity of Xorfolk. Ya. 
17 Prof. J, J. Wolfe, West Millville, Clarion County, Pa...... M.agnutic dl:'clination cl1art fot 1885 aoJ annual cll:iug-t' of chclin.ation ati .... I urest ~hllvilfo. 
20 H.J. Lewis, Brunswick, Ga ..••...•..•.••••••••••••••.••• 

1 

'.l'racinl!" of topography between Buttermilk Sound aml Bnm•wick, Ga. 
21 U.S. Geolog-ioal Su~eoy. _ .... ·- _.... ..... . •• . .. . ... • . ..... . • .... . . .. •• •Tra.cing of topo,s:-t·aphical _sheets, north sh.ore, Long Islan.(l ~ou~d. 
21 W llSbington Gas Light Company......................... .Eatimate of cost of rnakmg copy of therr large map of \\ ai>lmJgt~Do 

D. c., illcludlng snburbe. 
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1889. : 

. .......... - ............. / E.stimate of oost of tracing hydrography and topo~rapby-, vicinity of 

i Draston Hil.rbur, Was!J. 

Dec. 22 J.J. Rutledge, Blaine, Wruib ..... 

23 .r. J. Ilendenun. Attorney at Law, San Diego, Cal ........... · I The meaning of the expression 1 '·Ordinary high·wat~r mark.·· 
~3 , .John C. ClaTk, Pine Ridge. S. Dak ....................................... 1 One COR'i' of magnetic chart :for 1887) and copy of Appendix 12, Report 

of 1586. 
26 , .r oint Il(mndar,v Commission, New· York and New Jersey.'. Geo.Z'rapbical posit.ion"! of tweut.y~fotu trigonometrical points, vicinity 

of Xew York Bay and Harlwr, and deseriptiou of st.a.tio.n~. 
2~ JI. S. Le-r.iR. Brnn#wick, Ga_............................... Tracing of topogr;iphy of Ogeeche Hiver and Altarnaha and IJoboy 

Sountls, Georgia. 

:JO H .. nry P.Curti•, Roston. Ma••···---------·-····--·-····· 
1890. 

Tidal data, Sandy Hook, N.J., September, 1889. 

Jan. Director U. R. Geological Snr-~ey........ .• . .•. . . . •..• .. . .... The p;eMletic position of staHon Wilder1 Ala . 

Fob. 

. . . . <lo ................................................ ,..... The geodetic position of station Roslyn, Va, 
Dr .• Tobn N. Tild-en, Principal Peekskill Military Academy.' Descdptiou of be.nch-1na..rk.s a.t. Verplanck"s 'Point, N, Y. 
William Minto. Snr~eyor, San Francisco, Cal ......•...••. Azimuth of n tine from :t point in Lake Tahoe to a point on Co1orn.Jo 

RiYC'r. 

G. O. Eaton, Surveyor-General uf !t-[oataua.. .. .. . ... .. •. .. Telegraphic long:itulle of Helena.Mont. 
Capt. Thonnu:1 T11rUe, U.S. Engineers ......•....•......... : Tracing of topography ddoit_v o~ I1'orts Poc>te and '\'Vashin.:rton. Poto. 

ma.c Ri'l"er. 
10 ,J. J. Lee. HnC'ksport, l\Je .... _ ................................ : llagnetic declination at llucksport in 1762, 1790, J8{l5, 1890. 
10 Crm:1i;;.~ & eon'klln, ltoc'llf'8te1-. N. Y .. -· ··-· ............... ,i :Magnetic declination at ]lo~hester in 1~21 nnd 1890. 

11 E. P. no_>le ... --- ....... ·-· _ .•.. -·· .. ·-· - . ·-· •. --- ··- ·- -·-· Description of a number of trigonometrical stations vicinity of New 
, Yorka~d along the Hudson River to tho Sew J·er.sey St.ate line. 

15 W.W. Snow, Hilburn, Rockland Count;·. N. Y ..... ·- ·--· __ i Magnetic bearing of a lino in 1B91l, the boo:ring of v,-hich was given for 
181:1. 

15 Director U.S. Geologfon1 Sur.,.cy. _........ ..... . . . • ... • .... .• •. . . Ge0l1Ptic data of primary triangulation stations Ft1Hon, Hutton 'Mound, 
Baker, and Thornton, Mo. O 

15 A. F.Sberwick. Woml's Holl, Mass----·-·--·-·-·-·-- ...... Tracing of topographical sur»cy ot' Wow·~ lloll, Mass. 
J.5 E .• r. HarHnes@, Chicago, Ill ...... -~ ..... ···--............... Tracing of a diagram on map of fioal attack on Fort !t~isher, N. C. 
16 Rev. Father Searle, Brookland, D. C. . . ...... _....... . . . . Geodetic data cf ten trian)(u!ation points, Djstrjct cf Columbia. 
16 Prof. J. X:. Reei<. Columhia Colle tr~, Kew Yo-1·k City ....... lt«"lation of e.iz.e of heliotrope mirror to distances. in Californi.a., Nevada., 

Utah, the Allegbrtny llfouutains, and Ohio Rh·er Valley. 

17 C. F. Powell, Ca11tain T. S. Eugineers, MiRSissippi J.:i,·er Geo~pbical positions of five primary triangulat.ion stations, vicinity 

1 Commission. of St. Louis, Mo. 
17 : T~. V. Schcm1erhon1 .... _ .. ·---·- ......... __ ...•.•.. _ ....•. Explanation of tida.1 data on 0ha:rt·:R, 

17 E- A. Geisrler, .Assistant U.S. Engineer, Savannah, Ga.: ___ . Tidal data Tybee Island, Ga. 
17 W. Eran Preston, Ci"i'il ED);'inccr, X cwark, N . .J .. _ ...... _. E.xplanntion Of dinrJlal ineqn-ality, tides at Govemor:s ls.land, N. Y. 

20 ,V. W. Olney, Illnnt. Hugbea Connty, 8. D"k ·--··- ......... Magnetic cleclination at Pierre, S. Dak., in 18()0 and 1800. 

21 .l. !\. Da;idson, City Engineer, Augusta, Ga·---···-_ ·- . . j Ma~etic declination obsen-ed at and referred to Augusta. between 1837 
' and 1890. 

21 ,T, C. Ilranner, State Geologist of A rkansa• ....... -·. _..... Elevati<>n above the GulC of Mexioo of tht1 bench-mark at St. Lunis 
Known as the city directrix. 

23 Director U. S.Goological Survey._ .... _.·-··-· ........•.•. Heights of twelve primary otations in A.labama. 
2:1 Y ermnle &. Bien, Engineers to Joint Boundary Commission,; Geodetic positions Gf thirty-seven stati011s in the vicinity of the Hudson 

New York and New Jersey. River. 
24 Dr. G. B. Lartegill, Blar.kvllle, Barnwdl County, S. C ··-· .. ; Magnetic dedination at Blackville, S. C., in September, 1819, aml in 

I January, 1800. 
~8 F;t. Thomas\1 C-0ilege. Erookla.ud, D. C .............................. \ Informa.tinn"'abon.t magneti.c declination a.t Washington, D. C. A.ppen-

. dix 12, Report of 18il6, and fonr m•gnetie charts (18% and 18!Hl). 

.Tolrn Carmichael, Waynesoorougb, Va---····-·-····------· Magnetic declinati<>n at Waynesborougb. 
r. Din·otor tr. S. Geolodca1 Sur'<'ey, _____ ...•... ·---·-- -· ·- -· 

10 Praf. H. F. Reid, Schou! of .Applied Science, Cle~land, 
Ohio. 

11 ' William C. Langtllt, First Lieutenant U_S.Enitineers. ··-. 
Galvest<,,D, Tex. 

12 W. Fears, Iowa Point, Cecil Conaty, Md ·---·· ·--··-···---

1-& i Gardner CT.Hubbard, Wasbington,D.C ..• ___ ····--·····-· 
5 i J,ieut. 0. 'M. Cuter, U.S. Jtngln~n. Savanah, Ga_ .•••••• 

I 

Height of twelve triJl[onometrk&l statiolle in Weat Virginia. 
Table of papers published by the Survey on pendulum rosearcl>es, four 

magnetic charts of tb11 United States for the year 1o90, and explana­
tory pamphlet&. 

E:rplanation of the mf'thod af Pourtal<'fl for sepa.rating dinrnAI from 
seml·dim:nal wave. 

llagnetie declination at Town Point In 1715, ud at preMnt ; nloo 
nnnual <!bat111;11. 

Enlarged maps or Centra.l .Africa, bafore 11nd lifter Stanley. 

'ridaJ. obeerntiOM Tybee Isl>Uld, Ga., Sept.ember !9, 1681, to January 
l,JM. 
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Feb. li ! U...orge N. Stet•on, New York City ..•..•••..•..••••.•••.• J Tidal data from Hempstead Harbor, N. Y. 
' F. Tt"<lvor Spencer, Engineer. Florida Coast Line Canal I Description of eleven tidal hench-mal'ks on Indian Ri.-er, Fla. 
; Company, SL Au~u.<1tine1 FJa. / 

19: U.S. Engineers ···········································1 Tracing bfhydr-0graphy, KarquinesStrait,Cai. 
!!1 ! Ji-.:. E. l)eirce, Bo~ton ................................................... Geographical position of Powow (Borde11J. 

2! ,J, J. IIendersoni Attorney at Law, San Diego, Cal .•.•.•.. ) Discussion aml definition of ''liue of un.1iuar:y high-water 11tark ''for 
i tl.te Pacific coast. 

~5 Director F. S. Geological Surrny ..•.......•....•.•••...•.. i .Position of Gainesville, J<'la. 
2G ~f. L. Keny{Jn, Surveyor and Civil Engin#)er,Wyon:ii.Dg, R. 1.1 Description of two trigouometrical stationB. 

27 ]faj. Thomas I •. Handhury, "[;. S. EnginePr.; . -......... -- ! Tracing uf byilro~raphl.c !iurve-y of part of Columbia Rit-e:r, Orogon. 
, ; Eydrographic sheeta l936-l93!. 

2i : J. It. Soler, Superintendent 'Ka val War Records .......... \ Tracing of diagram on map of final attack on Fott Fislter, N. C. 
28 ' J'. F. Flagg, Engineer Department, Wasb ington, D. C ...... · j Geodetic po~iti!ln of Buzzanl Point anJ G-iesbor-o Point. 

March 4 G.E. Hyde, Washington, D. C ............................ 'The elevations <tf stations Halifax, Haystack, and White Hill, Vt. 

AprJI 

April 

1 E. E. Peirce, Boston .•.................. -~ ......... ~ ..... ~-.'. Geographical positions of the corners of Wnrf'ham TcrwnsbiJ), Mass. 

Engineer's Office, Washington, n. C ...................... ' Position• of the corner• of the District boundar.1-, length and azimuth 
of sides. 

10 1 IT. J. Lewis, Brunswick, Ga ................................... \ Tracing of t•)pOgl'apby of part of ~oaRt of Georgia, orig:iual sbe€1ts Nos. 

H 

20 

22 

27 

27 

28; 

28 

721, 750, a.nd 778. 
SfmatB Cornmittee ou Pri.ntjn.; ........... ._ ................... ! Drawin~ of map of each State reduced to Fiize of Gougre~3ioual Di ref.:· 

tor;v, and showing Congressirmnl dist:rieh. 
Hou. Samuel G. Snyder~ M. C .• ••• . . . . • . • .. . . .... •• ........ .... . Tracing- of hydrograpl1y and topography. mouth of Klamath River to 

False Klamath Heail. 
G.:M:. Donham, PoTtland, Me ........ -· ..................... Copy of predic.tecl tide~ E:udport and Portland, Me., for .ran nary, Feb-

ruary, March, 1S91. 
P. N. Coombs, City Engin-eer, Ifa,ngor ..................•.. Doacription o.f two tidal beneh·mnrks, Ban.~or, Me. 
:\faj. N. H. Hntton, Eng:ineet· Baltimore Harbor lloarrl .•.. ' Tracing: of Isle llf Wight Bay, Mu. 
J. H. Manzy, Rot:kingbmu Co1rnt,\-, V:i .......... ·'"·· ....... ; Present ma~""Iletic bearing of an old Hne run by compass in 1799. 

Hon.(;. I•~. Hoar, U.S. Senate ....... -· ......................... / Geographical position ofHasn.eb1.nnskit, MaR~. 
I~iP1tt. 0. M. Ca~tcr, U.S. En.gi.neers ...................... · 1' Tracing. of several byd~ograpbic sn~veys of Fernun,Ji~& Bar, 1''1• 
1J .S. Senate Pn.ntmg Conan1tt-ee ............................ •¥•. Redraw mg and correcting Congressional (11stncts nu Stat.e maµs. 

John Cowfo, Jr., NRV.f Yard 1 Urookl.rn 1 N. Y .................... 
1 

Length of the seconds pendnlnm a.t \arions })laces. 
Clarenco M. Clatke, Sllrveyor, 'Vashington, D.C ......... ! Two copies of magnetic charts for 1883, and Appendix No. J~, Iteport 

· for 1886. 

l~. S. ~Pn11.te t>rinting: Committee ..... _ ................... __ .\ Mensurement and sketel1 of bo11ndary llet.ween ttnited States. and 

; : Mexico. 
Uenr,.y W. ~utnam. l!o.ston. Mass ..... ~ ........................... j High and :o~ wa~C~J=I for t;o months, Boston, :Masa. . 
.T. W. Fox, New Y-0rk .................................... i Geop;raphwa, pos1tton of Btp; Stone Gap. V:i .. aml standard time of the 

· (>lace. 

6 'Villiam Smith, Depnty Minister of Afn.rine, Ottawa, Suggestions as to the best mC'o.us of promoting tidal observations in 

1 

14 

H 

11. 

Hi 

16 

11! 
18 

19 

19 

19 
21 
21 
2ll 
24 

Canada. Canadian wat.-rs. 
Thomas Bnrke, SeatLlt·~ \VaH.h ............................. Tracing ofDuwamhll Bay, Wash. 

William G. Wheelock, jr., East Gre..nwich. R. I .•.....•• ., Description <>fbench-mark, East Greenwich, it. I. 
N. G. IIerresholf. Bristol.RI. ............................. 1 Explanation of tidal predictions, llristol, R. I. 
Hon. William Elliott, M. C .•.•••••.•••••••••.•• , ••••••.••. Map on small oca.le of eastern part of United States, •howing :li"tances 

from principal cities to Port Royal. 
Commandant of the U.S. Naval Aciulemy. •• • •• ••••••.••. Tracing of bydrographic ohoot No.16i, Annapolis Harbor. 
Hydrog:rapbic hspector.... .. . . .. . . . . . . . .. .. . . • • .. . . .. • . . Geop:l."aphica.l positions and a.ngles vieinit.y of Anna.polio, M.d. 
Director Geological f:urvey ...................... ~ ................... .. 

Lient. Comm•ndr·r Samuel W. Vel'y, U.S. N,, Annapolhl, 
Md. 

Geogl"aphical position of otation Roolyn, Petersburg. Va. 
Description of 14 bench-marks. Annapolis, Md. 

J. F. Dodds, Deputy Sarvey-0r, Hickman, :Fulton County, Ma,i:netie declin3ti-0n at Rickman in 1858, 1881, and 1890. 
Ky. 

J, K. Wilsou, Surveyor, ll:aryville, 'l'enn . . • . . . •• •• ••• • . • . . ltfagnetic declination at this time nnil annual change. 
J. F.Johwoon,Olean ....................................... Bulletin No. 14, A.pp.12, ltepoTt for 1888, and magnetic chart for 1885. 

F. Trewr Spencer, St. Augustine, Fla. . . .. . •• •• •••.... •• . Explanation of tidal data, Indian River, Fla. 
F. J. Raveno, Central School District, Wallingford, Conn.. Position of a church in Wallin)l;ford. 
J. W. Bachman, Sant& Alia, Texas ......................... General information on terrestrial magnetism. 
J. N. McCUntoolr, Civil Engineer •••••••••••••••••••••••••. Geogl'apltical positions of B<1an Hill and Rattleanalr.e Rill, vicisity ot 

Concord, N. tr. 
25 Dr. J. G. Mfohael, Clm>nelle, Ala .......................... B'eil(bt ofbench-marko at Citronelle. 
llG c. A. Howet, Hoquiam, Wash............................. Explad'ation of diurnal ineqnality in Gulf of M:exico. 
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Date. Name. Data furoishetl. 

1800. 

Jllay l Hayton, Kleberg & Dabney, Victoria, Texas............. .Magnetic doolination at Victoria in 1834, 1885, and 1890, two charts and 

.May 

pamphlet. 

2 N. Roberts, Civil En«ineer, Ana.costia, D.C --·-··-····---· Distance and azimuth of Capitol arnl Washingt()n 'Monument. 
2 U. S. G oological Sur-.ey • • • . . • . • . • . . • . . • • . . . • • • • • • • . . • . • • •. Tracing of topographical •beets of the north shore Long Island Sonnd. 
2 Earle & Hanson, Philadelphia, Pa......................... Three tracings of topography of Gloucester Point, Delaware Bay, Sur· 

Teys of 1840-'41, 1870-'71, and 1878-'79. 
3 E. E. Howell, Rochester, N. Y .•.•.•. ••. •••••.. ..••.. .••. .• Tracing of deep sen arm•, Atlantic coast. 
11 Dr. H. Schenck, County Surveyor, York County, Va •••••• ;Magnetic declination at Williamsburg, Old Pomt Comfort, and Cape 

HenrJ, with annual change in 1690, and 1895, and three magnetic 
charts. 

7-8 ; U. S. Geological Survey ..•••••••..•••••..•...•••••.••.•.•. Tracings of topographical sl1e-ets, coast of Maine. 

Tracings from topographical sheets Lon" Island. 8 , .•.•.• Do ................................................. . 
9' 

10 

10 

10 

10 

15 

17 

}; 

17 

w 

19 
19 I 

IJ 
21 

23 

23 

28 

28 

28 

28 

31 

J. r. D~ga:rt, Dridzeport, Conn ............................... 
1 

Geogra.pbica.l positions of Stratford Ilill and Black Rock light-hotl8e. 

E.W. Harrison, Jersey City, N. J .... __ : ...... --···- ...... J Magnetic declination at Phi]adelphia in 1890 and geographiea.l position 

I of Fis!J Club 11ag•taffat Gloucester, N.J. 
Mr . .Atkinson, Topographical and Ge-0logical Sn!''9'ey .•••. 1 Descriptions of station~ on Connecticut .River. 
E. B. Clark, Topographical and Geological Snrvey ........ 1 Geogmpbical positions and descriptions of stations east end of Long 

J Island and in Connectknt. 
M. D. Mciriweather, Sec'y Board of Trade, Jackson, Tcnn.

1

! Hei,:-ht of bench-mark at. Post-offieei Jackson, above the Gulf of 
Mexico. 

G. A. Karweise, Civil Engineer, 200 Gray street, Louis- , Tidal data for Colou, Iathmu.s of Pana.ma. 

~~~ I 
Lieut. Vol. G. L. Gillespie, U. s. En!!:ineers, New York City_/ Description of bench-marks, Randall's Island and Spuyten Duyvil, 

N.Y. 

J.P. Wharton. Cherokeo County, Ala..................... Magnetic declination in Cherokee County, .Ala., at the present time. 
U.S. Geological Survey...... ••••••..... .• •• •• . . • • . •• .• • •. Copies from thi;::; irvey Records of geographicdl positions of stations 

on tho Kenne boo River, Me., on the Had.son Rh·ert N. Y., and on the 
C.onnecticut River. Conn. 

0. M. Carter, First Lieut. U.S. Engineer•, Savannah, Ga ... / T,.bulated high and low waters Tybee l8Jand, Ga., November 20, 1889, 
i t<> February 28, 1811{). 

Dr. F. E. Stewart, 120j Del. a-.e., Wilmington, Del ..•....• ·i Tidal constant• for Cape May Point, N. J'. 
C. F. Powell, Capt. U. S. Engineera.1 Mississippi River I De.acription!9 of beuch-wark8 along the river betwecu CarroHton a.nd 

Commis!:'ion. 1 stations beyond Fort Adame. . 

H. Scougail, Steamboat ~prings, Colo ...•••.••..••••.••• ···i Ma~etic declination in Routt Cou~ty, Colo., and annual change. 
F. S. Beardslt'y, Brunswick, Ga ...................................... 

1 
Tracmgs of shore hoe of creeks, r1T"ers 1 and souuds, Sazannab Biver 

I U> Lia.le Ogeechee River. 

R. t;, Crowell, Boston, Mass ......•.••.•.•.••••.•.••••..•• ·1 Tracing of Hope and Bogue Islands and -.icinity of Gasco Bay. 
Director U.S. Geological Survey .••••• ! ................... Geographical positions of Louisa Conrt-II011se, Ky., and of South Point, 

Ohio; also positio11s and descriptions of stations a.nd heights of a 

nmnbeT of trigonometrical points in West Virginia. 
S. ll. Frank & Co.) San Francis~o, Cal ........................ [ Tracing of topog-rapby and hydrograpby one mile north to one milo 

south of the Sister<l, Oregon. 
:Mr. Hall, Brooklyn, N. Y ...•.•.....•.•..•.....••••••.•.•.. Information on the oubject of magnetic storms. 
S. L. Smedley, EIJgineer and Surveyor, Pbiladelpbia .. ~. - . . Descri11tion a.ml position of primary station Willow Grove-. 

T. N. Taylor, Uni verity of Texas, Austin • .••••. .. .•• •• ••. Latitude and longitude astronomical station at Austin. Texas. 
.A. J. Bartlett., Kendaia, Senec<> County, N. Y. .•••• •. •••••• Height of source of M:ississippi River abov<> oceai; and difference of 

distance ot source nnc1 mouth from the earth's center. 
31 J. B.lta.wls, Deer !'ark, A.la ............................... Height of lien ch-mark at Deer Park, .Ala:, above the Gulf. 
31 F. V • .Abbot, Captain U.S. Engineers ..................... Nine geographical posltious, aziIBuths, and distances of the reoent tri-

' nngulation ..;f Charleston Ha.Thor. 
June .B.C. Ilodgkins, Assistant Postmaster, Upper Stillwater, [ Bulletin No. 14. 

Me. i 
L. H. Jacob,-, Columbia. Collt>ge, N. Y ..•..•••••.•.•• ······1· Valuesoflioe intervals of diaphragm, ofpivotioeqnality,andofonetnm 

of eye-piece micrometer Transit No. 6. 
V I W. B. Wilson, C<Jnway, Ark ...•.•..•.••.•••••••••.•••••••. Height of bench-mark at Court.house above the level of the Gu11'. 
7 ! G. B. Nicho)S-On, Chief Engine!'r, Cineinnati, Ohio .•••..•.. Jsognnlc charts for 1885 and 1890 and pamphlet on secular varlation of 

\ tile magnetic declination. 
13 I Director U.S. Geological Survey • •••• •• ••• ••• •• •• •• •••• •• DC8criptJons and position• of astronomical stations Richmond ·and 

) Lexington, :Ky. 
14 \ Bureau of Statistics...................................... Length of shore ltne of Pacific coast and of Alaska. 

16 j · ... do ................................ • ..... ••••.... •. • ••• • • Length of shore liue of Paciftc coast and of Alaaka, indnding indent.. 
tione. 



 

Date. 

1800. 

.June 16 
18 

18 
20 
21 

24 
28 

28 

29 
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NII.Ille. Data furnished. 

I 
W. R.Dun•ton, Ocean Park, N.J .••••••• " ................. , Magnetic declination at Ocean Park and annual change . 
M.P.Jaekson,Greensborough, N. C .••••••.•.•......•..•. 

1 
Approximate geographical po•itiooof Greensborough, N. C. 

Bureau of Statistics ..•...•••••••••••••••••••••••••..•.•. ·I Leniith o[ Atlantic and Gnlf coasts. 

125 

Missiasippi River Commission .................................... 1 Traciog ofhydrograpbic sheets 1442: a, b 1 and c. 
C. A. Benjamin, New York: ................................ ,

1 
Geodetic posit ions of two primary stations in Connecticut and Appendix 

8, Report of 1885. 
Director U.S. Geological Survey .......................... 

1 

Geographical ~osi:ions of five points in Tennessee, vicinity of Nashville. 
W. A.Burr, Los Angeles, Cal. ............................ Magnetic deehnat1on at Los Angeles and at Sao Pedro, Cal.. at va.noua 

' datessinee1853; also magnetic P"ruphlct• aud charts for 1885 an<l 1890. 
Misaiesippi River Commission ... _ ... _ ....................... ............. _ .. -t Tre.ciog of hydrographie sheet HOS. 
B. M. Harrod, Civil Engineer, New Orleane .••••••••••.•• ·1 Tracing of topography and hydrography of island in Lake Pontch"'· 

i train ; of the Rigolets, etc. 

----'------------------------~·----------
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APPENDIX N 0. 4-1890. 

REPORT OF ASSISTANT IN CHARGE OF OFFICE AND TOPOGRAPHY FOR THE n~AR 
ENDING JUNE 30, 1890. 

U. S. COAST AND GEODETIC SUR.VEY OFFICE, 

Washington, D. C., Ovtober 18, 1890. 

Sm: I have the honor to eubmit my annual report for the Office for the fiscal year ending 
June 30, 1890, and along with it the reports of tlie various Divisions thereof submitted by their 
res pee ti vc chiefa, as follows: 

The Oompnting Division by Assistant Oharlcs A. Schott. 
'rhe Drawing Divisiou by Assistant W. H. Dennis. 
The Engraving Division by Assistant H. G. Ogden. 
The Instrument Division by Assistant E. Smith. 
The Tidal Division by Mr. A. S. Christie, Computer. 
The Miscellaneous Di\'ision by l\L \V. \Vines, G-eneral Oflice Assistant. 
The {]hart Division by Assistant Gersliom Bradford. 
The Library and Archives by ~fr. A. 1\lartin, Libraria,n. 
It will be notetl that tlie Accounting Di,·ision no longer appears a,s a Di..-isiou of the Office. 

This change was ma.de when on the recommendation of the Superintendent tbe Honorable Secre­
tary of the Treasury appointetl a Dishnrsing Agent for the Survey. This officer befog entirely 
under control of the Superintendent and dectling with. all the accounts of the Survey, it was deemed 
best t.o place the Disbursing Office iu the imme(liate office of the Superintendent. No written 
direction concerning this change has bceu given; it. was made on the verbal (1irection of the 
Superintendent, after a full nn(lerstau(liug- as to it.s tlesirability on the part of all eoncenH't1. 

The Office of Weight~ and l\Ieasnres being di:-;tinct from the Ooast ancl G-eotletic Snney Office, 
and by dirPction of the honorable Secretary of the Treasury placed under t.bc Snperintenilent of 
the Coast and Geodetic SmTey, he has deeitled not to continue it under the form of a .Di\'i~ion of 
the Ooast and Geodetic SLuvey Office, either in form or in fact, but to have it under his especial 
care, the Assistant fo charge of the details of 'V cig-h ts and Measures work bein~ attach ell to the 
Superiutendentls immediate office and reportiug directly to him. No written inRtructions have 
been issue<l concerning· the matter, hnt the chang-e was made in accordance with tlrn Snperintend­
ent's verbal instructions given after a, tlrnrougli understanding of the matter on the part of all 
concerned. 

'fhe Computing Division has producetl the usual amount of valuable scientific matter and lrns 
kept up with the demands for routine work dnring the year. 

The Drawing Division presents the usual statistics. Great difficulty is experienced in secur­
ing the serdces of suitable draughtsmen; all have to be trained, and salaries are so small in the 
lower grades that after the young men become proficient they often find more lncrath-e employ. 
ment and leave us. There has been 292 days' work upon tracing, etc., from onr original sheets 
to supply demands of persons not connecterl with the Stuvey. Taking into cnnsidcration the time 
lost by interruptions occasioned in filling these demamls there is cons1m1ffi abont all the time of 
one draughtsman dnring the year. If the Drawing Division could be relieYed of this it would 
help mncll. 
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The Engra\ing Division has put out a larger number of charts than duriug any previous 
year. It bas reached tbe limit of its capacity to produce with the present facilities and I respect­
fully urge that both the plant and personnel be increased and that additional room be prm·ided. 

The Instrument J)ivision coul<l not be "brought to any satisfactory state of efficiency with the 
old force. Assistant Andrew Braid had displayed both energy and skill in the administration of 
the affairs of the Di\·ision, but some of the older employfa could not reconcile themselves to new 
methods and various changes had to be made in the force. Tl1e new men give new life to the 
work and perform their dnties cheerfully and satisfactorily. Some alterations in the rooms occu-
11ied are necessary, hut only such as are absolutely required will be undertaken pending the 
action of Congress in provitling more space. 

The Tidal Division has progressecl satisfactorily with its work and is improving gradualJy in 
efficiency. Some transfers aud appointments made in its force have tended much to strengthen it. 
This Di>1sion pres1mts to-tlay the broadest and most advantageous field for research and investi· 
gation of any in the Snrwy. 

The Miscellaneous Division is well conducted and it is largely due to its good management 
that we have such gratifying increases in the sale of our publications. Tbe umuher of agencies 
needs to be increased, but in order to do this an additional clerk is absolutely necessary. 

The Uhart Division while proficient within itself is much crippled and the efficiency of the 
sen·ice seriously impaired by our inability to supply charts as fast as called for. At the end of 
the fiscal year its books showed 1,000 charts called for that we could not suppl,y. No one can be 
belcl responsiule for this. The public begins to know of and to appreciate the cllarts; as they are 
more widely known they are more in demand and this demand has finally outgrown our ability to 
supply. l\Iore facilities for priutiug must be furuishecl if we are to meet tl.1e demauds of the public. 

Tue Library arnl Archives submits the usual statistical information. This Didsion ranks 
;,;e1·0111l in importance to 110 other Division in the Office. It 11eeds thorough re-organization, more 
help, awl a better utilization of the space at its disposal. The fact that our necessities compel us 
to carry on certain of tl1e operations incidental to the printing of the cu arts from the copper plates 
in the ha;,;ement of the Archives lmilding, that this requires the use of much infl.ammal.Jle rnaterhil 
and a constant fire, tlms endangeriug much \aluahle property, has been calleu to the attention of 
the proper authorities and they have made repeated recommendations to Uongress looking to an 
abatenwnt if J1otentire eradication of this evil, hut as yet no relief has been obtained. It is a seri­
ous matter aml should be promptly attended to. 

During the fiscal year ending June 30, 1890, the fo1lowing-nametl pcrsous liave been emplo_yed 
llllllPr my immediate direction : 

Dr. \\rm. B. French has con tinned to asBist me in matters of executive detail, to receirn and 
acconut to me for all moueys from sales of charts, publications, ohl property, etr~.; has ai<Jed in the 
ofiice corresponuence, received all office bills, adjusted and arranged them on vouchers in proper. 
form for rny approval, anu tiled a copy of each bill.. Ile has prepared quarterly statements of 
rnoney1:-1 r('cei vcd, and they Lave been rendered to the Treasury Department arnl the money depos­
ited with the 'l'reasurcr of the United States. 

Mr. H. l\I. HarTry receipted for and received express packages; registered a large percentage 
of the mail, forwarded and incoming, and filed correspondence until December 7, when his cou· 
nectiou with the Snrrny ceased. . 

Mi.;;s F. B. Bailey acted as stenographer and typewriter during the year aml kept the learn-of 
absence accouut. Her services have been satisfactory. 

~liss F. Gadel has used her typewriter iu a variety of miscellaneous cop;ying during tbe year, 
in preparing stencils for the" neost;yle," and in tabular statements from the various Divisions of the 
Oflice. Iler work shows incr€ased care and bas been highly satisfactory. 

::\Iiss K. Lawn also has used her typewriter during tbc year in copying for the annual report 
under the direction of its editor and in miscellaneous copying, and has been efficient and diligent 
as usmtl. 

l\Iiss C. B. Tt1rnbull has been occupied in misce11aneous copying, addressing envelopes for 
monthly Notices to Mariners and for occasional Bulletins, also in copying instructions. On May 
27 her resignation was accepted. 
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Mrs. J. Waddill copied field records until August 10, when she wa.s transferred to the Treasury 
Department. 

Mr. E. B. Wills has remained Oil duty dnring the year registering the mail and attending to 
express matter received and forwarded, arnl has assister! in the miscellaneous work of the Division. 

Miss I. M. Peck reported for duty lllay 10 and has addressed wrappers for Notices to Ma,ri­
ners, copied instructions, and assisted in the Office correspondence. 

The following-named persons whose salaries are provided for under the bead of" Pay of Office 
force" have been detailed for special duty, as follows: 

John vV. Parsons, Accountant in the Disbursing Office, under the immediate control of the 
Superintendent. He qualified as Disbursing Agent of the Surny under authority givell by the 
Secretary of the Treasury Sovernber 7, 1889. 

William B. Chilton, Clerk in the Office of the Superintendent, under his special direction. 
Ferdinand 'Vestdahl, Draughtsman, Frank vY.Edmonds, Clerk, and Vicente Denis, Messenger, 

with Assistant George Davidson, ill charge of the Sub-Office at San J?raneisco, Cal. 
E. Willenbucher, Wiiliam C. vVillenbucher, F. C. Donn, and E. H. \Vyvill, Draughtsmen, and 

J. H. Roeth, Clerk, in the Office of the Ilydrographic Inspector. 
In my report for the fiscal year 1889 I said: 
'' Along witli increased proficiency and business comes increased lallor of all kinds, and the 

Office has now about reached the limit of its capacity with the present force." 
Concemiug tliis statement, I think that there has beeu no differeuce of opinion among tlmse 

aware of all of the circlllnstauces, and effort to meet absolute reqnirementis for work, to promote 
the efficiency of the service by improving the proficiency of its person11el, and to compJJ· Rtrictl~y 
with the letter and spirit of the Civil Service laws, has not been overlooked dtniug the past year. 
Not a remonil has lleen made in any case that has not been solely and absolntpJy for the vurpose 
of promoting the efficiency of the public service, and not an appointment has been recowrnendt"tl or 
made ex:cept with this object iu view. It has been hopetl that by proceeding very slrm]y and 
deliberately any persons not performing their work satisfactorilj, wouhl take waruing and improve. 
In some instances this has been the case and the disagreeable dllt.r of making an adn·rse report 
has been avoided. In other instances the parties concerned have not profited by ad\ice or warning. 

There have been no deaths in the office force during the year. 
The duties of Mr. F. M. Thorn as Superi11tendent of the U. S. Coast aml Geodetic Surrey 

ceased with ,lune 30, 1889. His resignation, at the re<ruest of friends, irns withl!el1l for a time 
at the beginning of President Harrison's administration, and when tendered later was uot acted 
upon. lVlr. Thorn called the attention of tl!e President aml of the Secretary to tile fact that in 
his opinion the Office of Superintendent would be vacant ou July 1, on account of a dam;e in 
the appropriation bill providing for tlle position and salary, in which it was required that tlie 
Superintemlent of the U. S. Coast and GeOlletie Survey be ''appointed by tl1e President by and 
with tbe advice alld consent of the Senate." On July l, 1889, Mr. Thorn, without an;r forni<tl 
action Oil the part of the President or the Secretary,eeased to perform duty as Supcrintendeu t, being 
uncertain in his own mirnl whether under the circumstances his official acts would be considered 
legal. On July 2 the Secretary instructed me to perform the duties of Superi11tendeut so far as 
necessary for the proper conduct of the work. I performed these duties under the Secretars's 
direction until July 8, when you were :tppointed Superintendent by the President. l subsequcntl_y 
looked after the work for a!Jout 30 days under your direction aucl pendiug tbc time whcu ;you 
coulcl arrange your affairs so as to admit of your taking charge of the work in detail. 

In conclusion, I beg to express my gratificn,tion n,t the con tinned able support that I haxe 
received from the Chiefs of the several Divisions of the Office, and to thank yon for tlw courtesy 
which yon have shown me personally and the consideration whicll you have extended to me in 
the performance of my various duties. 

Respectfully, yours, 

Dr. T. O. l\[ENDENHALL, 

ll. A. COLON.:.u, 
Assistant in charge of Office and Topography. 

Sttper1'.ntendent U. S. Ooast and Geodetic Survey. 
H. E:x. 80--9 
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REPORT O.F THE COMPUTISG DlrISIU11~ D". S. COAST AND GEODETIC ST!RVEY OFFICE, FOR THE 

FISCAL YEAR E1·WING JUNE 30, 1690. 

COMPUTING DIVISION, June 30, 1890. 

Sm: In conformity with regulations, I have the honor to submit herewith the usual annual 
report of work done in tile Computing Di1ision during the fiscal yeareuding with June 30, 1890. 

'l'lle charge of tlle Uompnting Dh'isiou was continued with tile muJersigned; the personnel 
remained the same as last year. Temporary assistance W'l.S given by assigning to duty as computers 
Assistant E. Smith from July 1 to December 9, 1889; Sub-Assistant H. A. :Marr from October !W, 
188fl, to the close of January, 1800; Assistant C. II. Sinclair from November 27, 1889, to February 
25, 1890. Mr. J.B. Boutelle was relieved from duty in the Computing Dilision February 28, 1890; 
JI.Ir. L. J. Schultz, magnetic observer, received instructions in observing and computing between 
March G and '.:8, 1890; Mr. F. A. Young was engaged in the Computing Division from April 2 to 
.Tuue 15, 1890; l\Ir. D. L. Ilazard was connected "ffith this Di,-ision on the part of the State of 
Massaclmsetts on December 13, 1889, aml was engaged ou computations connecting· the triangu­
lation during the years 1885-'89 of the Coast and Geodetic Survey with the State town-boundary 
Sll!Te~·. It is only with tllis temporary assistance gi>eu that the regular computing force is able 
to keep pace witll the demands of t.Ue Surrey for results. 

The duty of directing awl supen·ising tbe work of the computers and of reporting the results, as 
well as the furnishing of iuformation in connection witli the scientific correspondence of the Survey 
reforred to me, has been promptl.v discharged. During the time I could spare from these duties 
I completed the discussion ( seveutll edition) of the accumulated material for the secular variation of 
t!Je magnetic declimitiou; this paper forms Appendix No. 7, Report for 1887-'88; I also brought out 
a seeoml edition, for publication in tbe Report for 1888-'89 of the distribution of the magnetic decli­
nation in the U niterl States and adjacent parts for the epoch 1890; this paper is based upon the 
re:.mlts at 3,2:37 observing istations and is accompanied by three charts. ·with the assistance of Mr. 
Bauer, l was able to bring out th!'. results of the absolute measures of the declination, iuclinati011, 
and intensity taken at the rnaguetic obsernttory at I1os Angele,:; during tlie .senm ;years, 1882-'89, 
also to submit the differential otsen'ations of the declination, made at the same place, to analysis and 
discussion, the lattei· papRr comprisin~ more than 611000 hourly readings. It includes the exposi­
tion of the ltmar an<l solar rotation effect on the liorizo11tal magnet. These 11apers form Parts I and 
II of the results from the Los Angeles observatory, and arc designed to appear in the Heport for 
18b!J-'90. I also brougllt out Bulletin No.13 (Telegraphic determination of the longitude of ]fonnt 
Dam ii tou, Oal. ), aml Bulletin No. 14 {Approximate times of culminations and elongations and of the 
azimutl1s at elongation of l'o1aris for the :years between 1889 and 1910); also, in connection with 
Assistant 'rittmanu, Bulletin No. 17 (Relations between certain metric standards of length). The 
dnties demanded as Civil Ser\·ice examiner were attended to, as well as iuoof-reading of certain 
appi.rn!liees in the 1887-'88 Report. 

A.u account of the work performed by ea.ch computer during the fiscal year is herewith pre­
seutell in detail; it is made up from the dail:f and monthl;v reports. 

gtI ward H. Uonrteuay continued the adjustment by least i:-:quares. of the secondary and tertiar;r 
triangulations, \'icimty of New York City; made satisfactory progress with the least square adjust­
ment. of the 1;npplcmentary (since the publication of results in Ueport for 1885) triangulation in 
!llassaclrnsettN iu connection with the State survey, omitting, however, all computations of posi­
tions iu which the Coast and Geodetic Survey is not directly iuterested; these latter are in the 
halllls of 1\ir. Hazard. l\Ir. Courtenay bas charge of the geographical registers and supplies the 
field parties with geodetic data required by them; he has also charge of the duplieate records of 
the Snrn:y pertaining to geodesy, astronomy, and magnetism, and supervises the work of Mr. J. 
B. Boutelle and Mr. D. L. Hazard. 

l\fyrick II. Doolittle completed the local adjustment of angular measures at primary stations 
iu Oiiio and Kentucky, 1883-'87; computed the base lines I'oint au Ohevreuil and Atchafalaya 
giver, Louisiana, 1889, and the triangulation of 1888-'89 of Atchafalaya Ilay and River and 
adjusted the coast triangulation between Bara.t&ria. Bay a.nd Atchafa.laya Bay, J;ouisiaua. Mr. 
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Doolittle made the figure adjustment of the triangulation along the thirty-ninth parallel between 
longitudes s20 and 84° in West Virginia, Ohio, and Kentucky, involving 35 equations; attended 
to the station au<l figure a,(ljustments of the triangulation between St Louis and ,Jefferson Uity, 
Mo., involving 49 equations for the conditions of.figure; attemled to the same adjustments for the 
triang:11lation between Jefferson City and Kansas City, J\Io., involving 50 conditions of figure, and 
co11ti11ned the abstracts of 11irections and station adjustments of this triangulation in eastern Kan­
sas, 18,'l:-J-'87. 

Henry Farquhar completcJ t!te computation for latitude of Station Piney, \V. Va., 18C:\J, com­
pu tl'!l the la~itudes of Stations Needles an<l ~iotmt Hamilton, Cal., 1888-'8!), of Portlanu, On•gou, 
181'7, of Camon Oity, Nev., 188f), of Yaquina, Oregon, 1888, of Seattle, \Yash., 1888, of Walla Walla, 
·was 11 ., 1887, aml of Station Balch (Portland), Oregon, 188G, com nH~11crt1th e computation for la ti tudc 
of Howlett, N. Y., 18K~, and made progress with the latitude comptitation for .Altoona, Pa., 1S!JO. 
Mr. Farquhar also supplied the mean places of stars required b;y field parties, a labor of some 
magnitude, irn-olving the use of all availaule st<ir ca ta 1ogues (the latest being the (}reenwich 10· 
year catalog11e, 1877 to 1S8G); the proper motioll and the probable error in deelinatiou are 'rnrked 
out for each star, excepting fundamental stars. 

Louis A. Bauer completetl the computation of tlrn magnetic declinations, tlips, and intensities 
observed b;r Assii;t~nt Baylor, ill 1888, and b:y Suh Assist:rnt l\larr, in 18C:\!); reYised office 
computations for telegraphic difference of longitude obserrntions of 188.'i-'87, assisted me in the 
preparation of the }lll}H~rs on the distribution of magnetic declination in the United States by 
reducing the obsen'ed values to the epoch 1890 and platting the same (about 3,000 statious); 
computed the obsern1tious for declination, dip, and intensity malle monthly (on three days), at 
:Los .Angeles, Cal., between 1882 and 1889, and assisted me in the preparation of Parts I and II of 
the magnetic results at. that observatory, and in particular marked and tabulated the magnetic 
disturbances in the hourly rec<>rd, and made the necessary tabulation of the differential readings 
according to lunar liours and phase of the moon. Mr, Bauer also superdsed the work llone by Mr. 
Young, and attended to proof-reading aml otller miscellaneous work. 

Charles H, KnmmeU was engaged on geodetic computations, abstracts of angles, triangle side, 
and position cornpntations and miscellaneous revisions; checked and solved normal equations 
prepared by Afr. Uourtenay in connection with the adjustment of the secondary triangulations iu 
Massachusetts and in New York. l\fr. Kummell also computed the triangulation of Duwamish 
Bay, \'V ashington, 1886, and revised the conditional and normal eq nations of the triangula­
tioo in Missouri (St. Louis and Kansas City), before they were solved by :\fr. Doolittle. 

,John R Boutelle was principally engaged in revising abstracts of angles, com1)Uting tri­
angle sides, and making position i111d miscellaneous computations uu<kr the direction of lilr. 
Courtenay. Ile also collected g-eodetic data for field parties, and atten.ded to the copying of scien­
tific reports, and assist1~tl iu tluplica.tiug the hourly differential readings of the magnetic declina­
tion at Los Angeles, 

.lames Page. made miscellaneous revisions of magnetic comptltatiomi, and plotted positions; 
tabulated angles and computed triangle sides of tlie supJllementary triangulation about Uharle.s· 
ton, S. C., 188!); established the coefficients of a set of ten normal equations relatillg to distrilm­
tion of magnetic declin:ttion in Alaskan waters ; computed the position of the J effernon pier, 
District of Columbii1; aided Mr. Courtenay in verifyiug or re>ising abstracts of angles and other 
computations of the triaugnlatious of New York and of l\fassachmetts, and l\fr. Doolittle in 
revising his abstracts of directions, triangulations of' :Missouri and Kansas. 

William C. l\:laupiu was engaged in supplying the descriptions of ::>tations and sketches of trig­
onometrical Rtations req nired by field aml hydro graphic parties, inserted resulting positions in the 
geographical registers, and attended to miscellaneous clerical duty. 

Temporary assista.nce to the Computing Division was rendered as follows: 
.Assistant E. Smith computed the following tel~grapbic differences of longitude: Salt Lake 

City, Utah, and Sau Francisco, La Fayette Park, Ca.I., 1887; San Francisco, La Fa;yette Park, 
and Wa&hington Square, 1887; San Francisco, La Fayette Park, and Portland, Oregou, 1887; 
Portia.ml, Oregon, and Walla. Walla, Wash., 1887; Walla Walla, Wash., and Salt Lake, Utah, 
1887; Portland, Oregon, ~nd Yaquina, Oregon, 1888; Portland, Oregon, and Seattle, Wash., 1888. 
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Sub-Assistant R. A. Marr prepared abstracts of horizontal angles of the triangulation in the 
Yfoiuity of New York. 

Assistant C. H. Sinclair was engaged on computations of the triangulations in Massachusetts, 
1885 to 1888, aml computed his supplementary triangulation in the District of OolumlJia, 1890, 
locating Meridian monument and Jefferson pier. 

F. A. Young reduced obser>ations of spirit le.els, Villa Ridge, Ill., to Greenfield, Tenn., 
1888-'89, under the direction of Mr. Bauer. 

Respectfully ;yours, 
CHAS. A. SCHOTT, 

Assistant U. S. Coast an<l Geodetic Sun·ey, 
In charge of tfle Computing Division. 

Mr. B. A. COLONNA, 

Assistant in charge of O.tJ'ice and Topography. 

lll1'J'UUT OF 1IID DRA.TrING DIVISION. F. S. COAST AND GEODETIC SC:RVEY OFFICE, FOR THE 

FISCAL YEAR ENDING JUXB :30, 1890. 

DRAWIJ\G Drnsrnx, .Srptemher •\ 18UO. 

Sm: L respectfnll~· ombmit the report ,,,. the Drawing Division, which has remainml under 
m_y direction, for the fiscal ;rear ending J tUH~ JO, 1890. 

Tltc general assigurneut of work lrns beeu similar to that of previous years. 
l\Ir . .A. Lindenkoll1 uas lJeen employed on hydrograpbic reductions and corrections for tlie pub­

lish<'tl charts, in obbtining information and tracings of surveys aml improvements from tbe U. S. 
Engiw•ers, and in the preparation of the progress sketclies for the Annual Report. 1\fr. H. 
J,indeukobl ou drawings for clJarts to be engraved and charts published u,y pl10tolitl10graplly

1 

vrojections on copper autl for iie1d nse, a!ld has also done the usual amount of litbograplling for 
the A11nual Rep01'L 

Mr. E. IL Fowler and :\Ir. E. ,J. Sommer have made drawings for charts published by 
photolitlrngraphy, and lJ,v coppel'·}Jlate })rinting, pr~jections for field work, and miscellaneous high· 
class drawi11g-s. 

~[r. Paul Erichsen made tracings of the District of Columbia survey, drawings of iustrumen.ts, 
foe-simile copies of ,~aJnal.Jle maps, and the measurements of engraved work. 

:\fr. Emil ::\I(;llrnw wat'> emplo_yed iu inking topographical field sheets, triangulation sketches, 
ai11l rnca~un•ment or engnwed worl{. l\'l:r. C. J\lahon on topograpbic and hydrographic reductions 
for 1n1hlication. :\1 r. E. A. Trescott was em1)losed in uumbering and 1·egistering original field 
sheets, eopying triangulation sketches, etc., until the 28tli of .July, 1889, when he resigned. 

l\lr. \\~. H. Honto11 aud 1\Ir. D. l\I. Hildreth made drawings of charts for publication, tracings 
in answer to calls from prfrate parties, and projections for field work. Mr. Benton resigned March 
'..!;), 18UO • 

. :\larshall P .• Jackson and Ed \\in Hose were principally employed in making traciu gs of original 
sh('<'tS in answer to demands from other departments aml private parties. 

Mr. Hose resigned 011 the 15th of January and Mr. Jackson on the 7th of .Tune, 1800. 
l\fr. Charles II. Dietz was also employed 011 tracings in answer to outside calls, and in clerical 

work from .July l to January 14, when he was sent to the field, returning on the 7th of May, when 
he resumed llis work. 

Mr. G. F. Poblers was appointed as draughtsman on the 27th of March. He liafi been 
e11g:aged in making diagrams illustrating the Gulf Stream currents, and for the Annual Report of 
tin· Superi11t('!Hlent. 

The DiYision has been considerably crippled by the resignations mentioned above; it ia 
diilicult to find draughtsmen skilled in the work called for by the Survey. Of the four who have 
left the sen·ice, three were valuable assistants, and the fourth, Mr. Rose, gave promise, with 
practice, of being so, and thus far we have only been able to fin(l one, Mr. Pohlers, to replaco 
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them. Notwitllstanding the reduced force, the amount of work accomplished will compare 
favorably with that of previoas yea,rs, especially when the size and character of the new charts <He 
consiuered, and that 2!B days work of a good draughtsman, as well as much of the time of the 
Chief of the Division, was co11sumell in making tracings aml furnishing information in aus1ver to 
requ,ests from the other Departments and private parties. 

The" work of the Division during the year may be summarized as follows: Sen'nteen 
drawings of charts for publication by pilotolithography were completed, and the eh,irts publi;,;lled; 
the drawiugs of thirteen charts aml five maps we!'e revised and corrected fur pllotolitllogl'.q1liic 
reprints; sixty sketches and illustrations were dra,wu or revised for the H0port of the 
Superintendent for the fiscal year 1888; three drawings were finis lied of clrnrts for public,1tion IJy 
photolithography which could not be published for want of funds; the drawing,; of twenty-four 
charts for publication from engraved plates were cnmpletcll, and the drawings of twenty charts 
were revised aud corrected for new editions from engraved plates. 

Drawings were furnished to the Engraving Division for two hundred and sixteen corrections 
or changes on engra>ed plates. Forty.nine topographical sheets were inked, and uincty-1ive field 
projections made. The list of tracings, drawings, or information furnished in answer to requests, 
official or personal, from persons not connected with the Survey, has been included in Appendix 
No. 2. 

I am indebteil to all the employes of the Division for their cordial co-operation and 
assistance. 

Respectfully, yours, 
W. H. DENNIS, 

Assistant U. S. Ooast and Geodetic S1iniey, 
In charge of the Drawiiig Division. 

Mr. B. A. COLONNA, 
As.~istant in charge of Office and Topography. 

NoTE.-Accorrpanying t.he report of Assistant Dennis are lists by title of drawings completed for publication as 
charts, and of drawings revised and corrected for new eclitions of charts. These lists have been filed as oillce records 
in the Archives. 

REPORT OF THE ENGRA. TT.ING DIVISION, V, 8. COAST AND GEODETIC SURVEY OFFICE, FOR THE 

FISCAL YEAR ENDING JUNE 30, 18HO. 

ENGR.A.VING DIVISION, August 22, 1890. 

Sm: I respectfully submit the following report on the operations of the Engraving Division 
<luifog the fiscal year ending with June 30, 1890. 

The statistics are as follows : 
ENGRAVING. 

Number of new chart plates completed . . . . • • . .. . .. • • • • • • .. • • • • . . . . . .. . . . 13 
Number of new editions of charts completed ....••..•..........•...... ".... 14 
Number of sketches and illustrations completed . . . . . • . . . . . . . • . . • . . . . . . . . . 54 
Number of new chart plates commenced ....... - - . . . . . . . . . . . . . . . . . . . . . . . . 11 
Number of new editions of charts commenced .......•••........ __ . . . . . . . . 14 
Number of sketches an•l illustrations commenced ....... _ ........ _........ 49 
Nnmher of plates of charts corrected for printing .............. _.......... (i2i 
Number of plates printed for chart room .......... _ ........... _._._._.... 862 

Numlwr of pla~ of sketches and illustrations correctecl for printing........ 2!1 
Number of plates in progress d11ring the year but not complet,ed.... . . • . . . . 13 
Number of unfinished platies on ha.ncl at the close of the year: 

New charts . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . 28 
New editions of charts............................ . . .. • • • . . . • . 11 
Sketches and illustrations ....••....................... '>• • . . . • . 19 

58 
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ELECTROTYPING. 

Number of pounds of copper deposited .............•....................• 
Number of square inches on which deposit was made ....•..•.•.•......... 

Number of basso plates made.................................. 33 
Number of alt-0 plates made . . . . . • • • • . . . . • . . . . . . . • . • . . . . . • . . . . 45 

PHOTOGR.A.PIIING. 

1, 983 
79,724 

78 

Number of negatives made .......................................... ,... 277 
Number of prints made.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . •• 702 

PRINTING. 

Number of impressions for chart room ......................•............ 
Numuer of impressions for .Assistant in charge ........••..•.......... _ ... 
Number of impressions for Engraving Division ........... _ ...•.......... _ 
Number of impressions for Hydographic Inspector ............ _ .......... . 
Number of transfer impressions for lithographers ..•..•...........•....... 

47,008 
2, 38<t 
1,838 
1, 710 

151 

Total number of impressions ................... ; ....•. ._ . . • . • . . . . . . . . 53, 091 

The engravers were cmpioyed during· the year priucipa.lly as follows: H. M. Knight, A. Peter­
sen, J. G. Thompson, H. 1~. Bartle, jr., and H. L. Thompson on lettering; W. A. 'rhompson on 
topography and sanding; ,T. Er1thoffer, R. F. Bartle, and E .• J. En th offer on topography; H. C. 
Bvans on sanding; E. If. Sipe 011 miscellaneous correctiorrs and lettering; 'l'. '\¥ asserbach and 
'\V. H. Davis on miscellaneous corrections and additions; \V. A. Van Doren, A. H. Sefton, and 
E. A. Kuhel on outlines and lettering. All of the engravers except those employed on contract 
work htive been engaged at cliffereut times on the miscellaneous corrections and additions to the 
printi!lg plates arising from resurveys and changes in aids to navigation. This class of work 
consume(l time equivalent to tliat of three and a half men, a slight reduction over tlie preceding 
year, when the time of fonr men was required. The average time required to correct a plate and 
the perccntagt~ of printing 11Iatcl'l requiriug correction were ahm less than for t.he vreceding year. 

The numl>er of platl~s cumpleteu cluring tlie year is greater than for any year in my experience; 
a result, it is true, that was anticipated from the larger force employed in the office, but is never­
theless gratif~\·ing as demonstrating the prncticability of increasing the product of tile Division 
\fitl1out incurring too great expense. 

Thii yea1Js work has shown material progress towards completing the ••Coast Charts" aud 
"Genera.l Coast Charts;" on the Atlantic a1Hl Gulf coasts; of the former we now require only Nos. 
101 on the coast of ::\Jaine and No. lJG on tue coast of North Carolina, to fiI}ish the series from the 
northeastern boundary to the Mississippi River; and of the latter No. Ga on the coast of .Maine 
aud No. 19 on the coast of Louisiana to complete the whole series from the northeastorn boundary 
to the Uio Grande. We ham also published Chart No. G71, San Diego to Santa, l\fonica, cum­
pleti11g the series of -ff,f<ioo charts 011 foe Pacific coast from the so11tberu bouudary to Cape 
".\lt>1Hloei110, with the exception of' a gap betweeu Pt. Bucbon aud Pt. Pinos, where the snn-Pys 
are as yet incomplete. The revision of a number of important charts has been completed during 
th(• year and new e<litious publislietl showing the latest hydrographic surveys; among the nllm· 
her Boston Harbor, :Yew York Harbor, Approaches to Delaware Bay, St. Simon's Sound, aud 
Brnirnwick Harbor, Florida Bay, Atcbafalaya Bay and U.iver, and the Approaches to San I?raucisco. 

l\lr. D. C. Chapman has coutirmed in charge of the Electrotype and Puotograph rooms, assisted 
by .1\Ir. f,, P. Keyser. The requiremeuts in both branches run al>cmt the same as during the pre· 
cetli11g- year. 1'bree alto plates were ma.de for the Hydrographic Office, Niwy Department. 

Mr. F. J\Ioore ha.s remained in charge of the Priuting Office during the year, assisted by 
1\Iessrs. Hoover, Beck, and Oraufurd, printers, and the usual number of helpers. Seven thousand 
two hundred and fifty-four more prints were furnished to the Chart Division than during the pre­
ceding year; but this number was not sufficient to meet the demand for charts, and would have 
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been increased by several thousand b.ad the appropriation for printing permittetl the employment 
of printers for the small press during the last four mouths of the year. Under these circumstances 
I cannot urge too strongly the necessity for the increased facilities I have brought. to your atten­
tion in successive years past as greatly needed, and that were included in the Superintendent's 
estimates for the current year. 

Mi. John H. Smoot has continued to perform the clerical dnties of the Dh·ision with great 
satisfaction as heretofore, and I cannot too earnestly commend to your attention' his zeal and 
fidelity. The clerical work has so largely increa:Setl that it greatly interferes with the im1iortant 
function of proof-reading, now, also, largely iucrea-ieu througll the more fr~quent necessity of 
making new printing plates; and I must therefore urge upon yon again the assignment or an 
additional bookkeeper. 

The customary list of chart-plates completed, commenced, and in progress during tlle year is 
submitted herewith for file in the Archives. 

Respectfully, yours, 
HERBERT G. 0G-DEN, 

Assistant U. S. Coast and Geodt:tfr 8url'cy, 
In charge of the Engraring Dfoision. 

Mr. B. A. COLONNA, 
Assistant in charge of Office antl !J.'opography. 

REPORT OF THE INSTRUMENT DIVISIOK, UNITED STATES COAST AKD GEODETIC ST:RVEY, FOR 
THE FISCAL YEAR ENDING JUNE 30, J.890. 

INSTRUMENT DIVISION, September 18, 18!.lO. 

SIR: I have the honor to submit the following report of the work of the Instrument Di\"ision 
for the nscal year ending June 30, 1890: 

Assistant Andrew Braid was in charge of the Division till December 18, 1889, at wllich date 
he was rnlieved to take up certaiu other duties and the undersigned was placed in charge of the 
Division. 

This Division bas to send out, receive, and account for all instruments ~ind general property 
used in the field and the various divisions of the office, make the needed repairs to instruments, 
plan and construct new instruments, determine their constants so far as practicable to do so at the 
office, and purchase new instruments and all material used in the instrument and cariwnter shops. 

The instrument shop is essentially a repair and experimental shop, am] the construction of new 
instruments is incidental to this work, being mostly confined to such instruments as can not be 
purchased or made to order except at very much greater cost. The new work of this year has 
been as follows: 

Letter gauges for Engraving Division ........................................ . 66 
Eight-inch repeating theodolites completed (begun fast year) . . ............... . G 
Three-armed llrotractors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..•.••.•....... 12 
Box heliotropes .............................•............................... 12 
Six by eight iuch Steinheil heliotropes ....................................... . 4 
One-quarter metre scales .................................................... . G 
Tr,iciug apparatus for Weights and Measures Division ................. _ ..... . 1 

Set of sixteen metric weights for Weights and Measures Di vision ............. . 1 

Tho following instruments have been so thoroughly remodeled or repaired tlrnt they are 
practically new instruments : 

Heliotropes Nos. 300~ 303, 304, 306, and 17 .................................... . fj 

Plane tables Nos. 12, 22, 25, 26, 29, 42, 47, 51, 55, 59, 62, and 84 ..............•.• 12 
:Meridian telescope No. !L ..................... __ ....................•....... 1 
Forty-five inch astronomical transits Nos. 4 and 5 ............ - ............. - . - . 2 

Theodolites Nos. 15, 321 and 741 the latter regr;ulnate(l ............•.•••••.....• 3 
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A large nnml>er of other instruments have been repaired and a great amount of wo1k done 
incidental to fit1.ing out tlie field parties, the details of which are given in the monthly reports of 
this Division and are too voluminous to give in this report. 

The supply of instruments has been further irn:reased by purchase as follows: 

Burkhordt reckoning machine._ ... _ ........... ___ ...... __ ... - . - - . - .. - .. - - . . . . 1 
Eight-column comptometcr ........................................... - . - .... - 1 
Stierle self registering tide gauges .......................................... ~............................ 2 
Buff au<l Berger plane table a li<lm1e ......•... - .. - .... - ....• - ......... - ....•. - . 1 
Aueroi<l barometers . _ ......... - ....... - ... - .. -. . . . . . . . - ...... - .... - ....... - 12 
Tow11shend <loullle reflecting and repeating circle...... . . . . . . . . . . . . . . . . . ..... - 1 
Austrian double retlectiug circle and protractor .............................................. ~.. 1 
Taglialme l.Jydrometers ...... _ .... _. _ .......... _ ...............•.....•...•... 3G 
Green centigrade thermometers ............•............•.................... - 48 
Portable testing aml resistance set._. __ ....•.................... - . . . . . . . . . . . . . 1 
Tini\-ersal rheometer ........................ _ .......... _ .... _ .. - .... __ . - . . . . . 1 
D' Arsom·al galvanometer _ . . . . . _ ....... -..... _ - . - ...... - . . - . - . . . . . . . . . . 1 
Portable reflecting galvanometer ........... _ ..................... - . . . . . . . . . . . 1 
A large supply of fine level vials. 
A number of small dntwing instrmneuts, etc. 

The facilities of the instrument shop have been increased by the purchase of a No. 2 tool­
grinding machine by Brown and Sharpe, a large supply of small tools, and a new lathe by Francia 
Ilill, which latter will not become availaule till September next. 

Several changes in tl.ie force of the instrument shop have lleen made during the _rear, and it is 
safe to state that at this date the shop has reached a very satisfactory degree of efficiency, and by 
keeping up the present standard a greater amount of first-class work will be turned out in the 
future. 

Tbe carpenter shop is part of this Division and is really au essential part of the instrument· 
shop. It bas done a large amount of construction and repairs for instruments having wooden parts, 
made all wooden patterns for castings, au cl all imcking boxes for instruments to be sent to the 
field, etc. This shop bas also during th.is last year done a large amount of general carpentry work 
for the office, the details of which are given in the monthly reports. 

The force of this Division during this past year has been as follows: 
Assistant Andrew Uraid, Chief of Division, July 1 to December 18, 1889; Assistant Edwin 

Smith, Chief of Divisiou, December 19, 1889, to June 30, 1890; R. C. Glascock, clerk; William 
West, messenger; E.G. Fischer, chief mechanician; E. M. Eshelman, mechanician, July 1, 1889, to 
April 1:.!, 1890; L. A. Fisher, mechaniciau, July 1 to October 10, 1889, at which latter date he was 
assigned to duty in the Ofllce of Weights and Measures, and on February 18, 1890, he was per­
manently transferreu to that office; r. Vierbuchen, mechanician, July 1, 1889, to April 30, 1890; 
S. A. Kearney, mechanician; 0. Storm, mechanician; 1\1. Lauxman, mechanician; W.R. Whitman, 
mechaniciau, February 20 to June 30, 1890; 0. E. Regennas, mechaufoian, June 23 to June 307 

18DO; \Y. Gaertner, rnechanician, June 23 to June 30, 1890; T. Gerhards, mechanician for the 
Oftice of Weights and Measures, but assigned to work in the Instrument Division; H. 0. Frcncl1, 
head carpeuter; G. \V. Clarvoe, carpenter; C. N. Darnall, carpenter. 

Messrs. \Vbitman, Hegeunas, and Gaertner were appointed in the places of Messrs. Eshelman, 
FisLer, aml Vierbucben. l\fr. Gerhards resigned June 30, 1890, and his place bas yet to be filled. 

Respectfully yours, 

( Mr. B. A. COLONNA, 

EDWIN SMITH, 

Assistant U. S. Coast and Oeodetic Survey, 
In charge<>/ the Instrument Division. 

Assistant in charge of Office and Topography. 



 

UNITED STATES COAST AND GEOUETIU SUHVEY. 137 

JlEPOETOF THE TIDAL DIVISION, r. 8. COAST AND GEODETIC Sr'"RVEY OFFICE, FOR THE FISCAL 
YEAR ENDLYG Jc]\'E 30, 1890. 

TIDAL DIVISION, July 10, 18\)0, 
SIR: I_ have the honor to Sllbmit in duplicate tliis my report of the Tidal J)i\·isiou for the 

:tlscal year ending June 30, 1890. 
The work done during the year may be summarized as followR: 
l. An aggregate of 3 years 9 months of record from automatic ti(le gauges with accompanying 

tabulated half-hollrly heights of the sea, high and low waters, temperature and density of tlrn sea 
and meteorological data, 103 original and 102 duplicate volumes of observations from staff and 
box gauges, have been received, examined, and registered, and :.?82 letters prepared. 

2. The Tide Tables for the Pacific coast for the :rear 1890, an octarn of 105 pages, ha.-e lieen 
read and differenced in proof. The Tide Tables for the Atlantic and Pacific coasts for the :year 
1891, two octavos of 250 and 111 pages, respectively, h<n-e been prepared and read and difiereuced 
in proof. In the volume for the ~<\..tlantic coast, the current tables have l>een extendell to include 
12 stations in New York Harbor aml approaclies and 3 stations in Delaware Bay and Ri\·er. In 
the volume for the Pacific coast, type curves with accompanying explanatory text ham been 
introduced to aid the mariner in an intelligent use of the tables. 

3. ':J.'ide notes have been prepared and furnished for 131 stations for 1JUblicatiou on 33 charts, 
and for 62 stations for publication in the Coast Pilot. 

4. Thirty-nine requisitions from field parties have been filled. This includell the preparation 
of descriptions of 151 tldal bench marks and the computation of half.monthly mean sea level at 
stations in the Gulf-Key West, Fort Morgan, and Biloxi-for an aggregate of 3~ years. 

5. Tidal information, including 12 tide notes ancl descriptions of 56 tidal bench marks, has been 
prepared and furnishetl in reply to 42 calls from persons not connected with the Survey. 

6. Harmonic analyses of tides have been made as follows: Eastport, Me., 1862, has been two­
thirds finished; Boston, Mass., 1869, one-sixth; Sandy Hook, N. J., 1S87, and 1888, each one-half, 
and Sausalito, Cal., 1889, one-half finished-that is, the equivalent of two and one-third years 
completed. 

7. :Non.harmonic "1st reductions'' have been made of 63 series, the equivalent of about 9 
years of continuous observations, and "2d reductions" of 4 series, the equiv~lent of abollt 5 years 
of continuous observations. 

8. The Superintendent's Annual Reports, the Coast Pilots, the charts, and the records in the 
archives have been examined in detail and memoranda presen·ed in the form of a card catalogue, 
by means of which everything hitherto done ~Y the Survey in observation, reduction, and 
publication of currents may be readily found. This places us in position to collect rapidly and 
present eYefything of value already attained, and to pusl1 forward the work of observation and 
reduction intelligently along the best lines. Reductions for fifteen stations have been made and 
the results introduced into the tide tables for 1891. 

9. Au elaborate comparison of })rediction by means of Prof . .Ferrel's tide pretlicting machine 
with observation by means of automatic gauges, has been made for the year 1889 for Sandy Hook, 
N. J. The results, which are very satisfactory, will be made the subject of a special report. 

The following is a statement of the general character of the work of each computer or clerk: 
Mr. L. P. Shi<ly has been engaged in the responsible work of revising and differencing the 

tide tables in manuscript and in proof, contributing to their completeness and accuracy; in pre· 
paring and revising data to fill requisitions, and in inspection, interpretation, and reduction of 
defective records. 

Mr. J. W. Whitaker made the major part of the predictions with the machine for the ~;ear 
1891, summed the harmonic components for Sandy Hook, 1887, made some non-harmonic reduc­
tions and assisted in preparing data, reading proof, etc. Mr. Whitaker was transferred from this 
Division May 20. 

Miss A. G. Reville examined and registered the records received, copied reports, sketches, and 
descriptions of bench-marks and other data, and tabulated tides. Miss Reville does a large amount 
Qf work of good quality. 
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Mrs. Virginia Harrison made non-harmonic reductions, summed harmon!c components, taliu· 
lated tides, copied sketches and descriptions of bench-marks, copied and differenced predictions, 
and assisted in readillg proof. 

J\Irs. M. R Nesbitt predicted for Philadelphi~1 aud Baltimore from curves for 1891, computed 
mean predicted range of tide for botll coasts for 1891, summe<1 the harmonic components for East­
port, 181l2, and s<>n•ral for Sausalito, 188U, computed mean sea level at Key \Yest, Fort Morgan, 
and Biloxi, anu ma<le rt large number of non-harmonic reductions. ::\lrs. Nesbitt produces a large 
quantit:v of computation reasonably free from error. 

Mr. F. M. I;itt.le predicted Tiith the machine for New York and San Francisco, l 891, made uon­
hanuouic reductions, summed the harmonic components for Sandy Hook, 1888, and se>eral for 
Eastport, 180'.!, computed cDrrections to staff, and assisted in the preparntion of data. Mr. Little 
submitted a paper on JU arch '.!(), on the "Determination of the True Scale of a J\laregram, etc." 

l\Ir. ,John F. Hayford computed the amplitudes and epochs for machine prediction, 1891, pre· 
dieted for Newport and Port Townsend, 1891, with the machine, compared machine prediction with 
observation at Sandy Hook, 1889, selected 11rnl (lrew type cnr>e1'1 for the Pacific coast tide tables, 
compared the Mission Street, San Francisco, series with the simultaneous observatiousat Sausalito, 
prepared data to fill requisitions, investigated the subject of obsen·ation, reduction, and pull!ica­
tion of currents by the Sur\·ey, and reduced fifteen series of current obserYations. l\lr. Hayford 
has submitted a paper on" 'fhe Relation between the Harmonic Components of a Tidal Curve and 
its l\frau Amplitude;'' .a paper "On a Modification of the Ferrel Tide Predicting Machine t-0 adapt 
it to tile Prediction of Hourly Or<linates ;" a '' Heport on the Records of Current Observations, 
etc., and thP Use of the ObserYations for Prediction Purpose;;;" aud a re11ort which I am about to 
submit on the comparison of prediction with observation at Sandy Hook, 1889, is essentially his 
also. Mr. Hayford bas exhibited throughout the year a remarkable power for doing work, and 
improving our methods. 

Mr. Eugene Yeitb was attached to this Division Novemher J!) to 30, preparatory to taking 
charge of the tidal station on Tybee Island, Georgia. 

The cltarge of this Division, im·olving the distribution, supervision, and revision of work, prep­
aration of tlie tide tables aml other data, has continued with the undersigned throughout the 
year. I lia>e given much attention to the improvement of the tide taules, to the correction and 
extpnsion of tidal data on charts and in the Pacific Coast Pilot, to the preparation of tidal results 
for publication, and the improvement of methods of reduction. I submitted in March n paper on a 
iww rnt'thod for the analysis of periodical phenomena. The intrnduction ofa Fell & Tarrant eight· 
keyed comptometer has facilitated our numerical work in a marked degree. 

nespectfully' yours, 

Mr. B. A. COI,ONNA, 

ALEX. S. CHRIS'l'IE, 

Computer in charge of the Tidal Division. 

.1t.ssistant in charge of O.tfice and Topography. 
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REPORT OF THE MISCELLANEOUS DIVIMOK OF THE U. S. COAST A.YD GEODE.TIC SURVEY 
OFFICE FOR THE FISCAL YEAR E.VIJI1VG .TU.YE :10. 10\111. 

MISCELLANEOUS DrvrsroN, October 1. 189(1. 

SIR: I ha>e the honor to submit herewith the report of the .l\liscellaneou;; Di,-ision for tlrn 
fiscal year ending June 30, 18()0. 

With the exception of the transfer of ].Ir. R. T. Bassett, map mounter, to the Chart Di>ision, 
the organization of this Division has remained the same as in the preceding- ~·ear. There has, 
however, 8een a considerable increase in the volume of business transacted, as is shown by records 
accompanying this report which are for file in the Archives. 

The following table gives the general issue of some of the important publications of the 
Survey during the year: 

P1ll;lieation8 '!f the Coast and Geodetic !:of1uvey issued dwrin.11 the .fis1·a l ;11ear 1SfHI, 

Xu. of copit>~. 
Annual Reports of the Superintendent, distribution of ______ .. _________ ._.. ;3, 3!11 
Tide Tables .... - ___ .........•...•...•. _ .. _ ....... __ .•.....•..... _ . . . . . . . 4, Si 4 
Atlantic Coast Pilots .................... _ ........... .'.. . . . • . . . . . . . . . . . . . 2-1 
Subdivisions of the Atlantic Lom1l Coast Pilot ........................... . 
U. S. Coast Pilot, Atlantic Coast, Part J\T ..•.••••••••••••..•••••..••. _ .. 
Pacific Coast Pilot, Alaska, Part I .•.... _ . _ .... _ ..............•....•..... 
Ohrirts sent to sale agents .... _ ......•................................. _ 

457 

.. 

Four thousand six hundred and fifty-nine more charts were sent to sale a~ents duriug tho ;vear 
than' in the preceding year, being an increase of nearly 17 per cent. 

:')I.wets. 

Charts supplied to agerrcies, 18S!J-'!IO .......................•... _ ....•.•.. 32, 335 
Charts supplied to agencies, 1888-'Sil....... . . . . . . . . . . . . . . ..•............. 27, ti7G 

Increase ....... - ....... - . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . J. 1>5!l 

Could we have filled all orders rccei>ed, this increase would have been elenm 1rnndred aud 
eighty-five larger, there having been orders on hand at the close of the ~-ear for that nnmher of 
sheets that we were unable to supply. 

Twelve agencies for the sale of publications-eight on the Atlantic awl Gulf coa,..ts and four 
011 the Pacific coast-were est<1blished <luring the year, and se\·en were tlisco11ti1llwd-all un the 
Atlantic arnl Gulf coasts. The total Humber of agencies 011 .Jnne 30, 1~DO, was seYenty-11i11e, yjz: 
sixty-three 011 the Atlantic anti Gulf coasts aml sixteen on the l'acitic co~1st. 

The aggregate of business doue through the agencies from ,T nly 1. 1 ~8!l, to .l uue :30, 1s:10. is 
shown by a table whkh has been prepared for file in the Archfres. I<'rom this table it ap1wars that 
tho total •alnc of the puhlicatious of the Survey in the hamls of salt• agt>uts 011 .1n11e :m, liillll, 
was $81846.lG, and that the net amounts received from sale. agents ou the Atlantic nrnl Pacitic 
coasts during the fiscal year from the sales of tlie publications of the i:3ur\·ey were $."iJit.\7.;i7 aud 
$1,212.45, respectively. ,. 

The following pnlJlications were sent to press: Annual Report of tlie Snperi11tem1e111 for the 
year ended June 80, 1888; U. S. Coast Pilot, Atlantic Coa.st, Part YI; Clwsapeake Bay arnl 
Tributaries; Catalogue of Cllarts and otlier Publicaliom;, 18HO; Tide TalJle8 for the Atlantic 
Coast of tile United States for the year 1891; Tide Tables for the Pacific Coal"t of the Cnited 
States for the year 1890; Tide Tables for the Pacific Coast of the United States for t11P year IStll. 
and Appendie('S to tlie Annual Heport of the Superintendent for the fiflcal ~·par t>lldr>tl .Jnne 30, 
1888, which are to lie printed separately in pamphlet form, as follows: 

No. 7.-The secular variation of the magnetic declination iu the Unitet1 StatPs aml at some 
foreign stations. 

No. 8.-Geograpbical positions of trigonometrical points in the StatP of Oonneeticnt, dct<'r­
mined by the U. S. Coast and Geocletic Survey, bctweerr the years 183;1 and 1886. 

No. 9.-Tidal levels and fiow of currents in New York Bay aml Harbor. 
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No. 10.-Ileights from spirit-leveling of precision hetweeu )lobile, Ala., and Okolona, ::\Iiss. 
No. 11.-Heights from spirit,-leveling of precision hetwee11 Nc'v Orleans, La., and \Yilkcrson's 

]~anding, )liss., opposite Arkansas City, Ark. 
No. 12.-Ileights from spirit-leveling of precision between .Arkansas Uity, on the :Mississippi 

nirnr, and Little !tock, Ark. 
No. rn.-Differential method of computing the apparent place;:; of stars for determinations of 

latitude. 
No. 14.-Determinations of latitude and gravity for the Hawaiian (;oyernment. 
The usual distribution was made of the Amrnal Iteports of the Superintendent, the Appendices 

to the same printeu l"eparately in pamphlet form, the Bulletins, and the Notices to l\lariuers, and 
they were also furnished in large num hers in rec;ponse to numerou~ special applications. 1'he 
distribution in detail of Anuual Reportg was aR follows: 

IJome~t fr <11Rtribntion. J Yorei_gu distribution. 

·i~~ -i~~~;~tu-- 1;:i~:d·i-;i,l~ 1-T:-~~;;1·t~~TT~- iu1li\·id-
l>.ttt• of rt>port. 

t mn.~. ual~. tion::;. ! uals. 
--------·----- .... _,, ----

18.·.1. - ••.••••••••. i 

1 .. 15~ .• - ...•.••• ·-·) 
I 

1853 ... - . - ........ : 

~:~::::::::::::::! 
18!'i6. - \ 

1857 .....• - . - .. ---l 
1858 ...•.. - .......... ! 
1859 .............. 1 

1860 ...•.•..••••.. : 

1861. ••..••••••••. 1 
1862 .....••.•••••• , 

3 

3 

2 

2 . , 
::; 

2 

2 

4 

2 

............ 

I 3 

l 

! ...•••...... 
I 2 
i 
1 .............. 

! ····-······· I 
I······ ... ~ .. c, 

3 

1~6:L. ...•..••.•.. ; . ······: 

1864 .•.•..•.•••••. J 1'·······-·5· .. ·,· 
18fl5 ..••..•. ··- ••. ,I !) • 

1866...... .. . .. ... 8 1· [> ~ 
1867 I g R i 
1868::::.::.::::::1 10 I !I I 
1seo... ... ........ n I 5 , 

!if >-: :i I :; -
1~7-1. _ ....•. ·-·- .. 16 I 25 

1875 .....••..•.•.• [ 17 ,1, 20 
H<G ...........••. 

1

1 20 23 

1~77.... .. ........ 18 22 

1878 .••...•..•.• ··1 21< 82 
JW;:i .•.•..•..•.•.• • RZ 137 

1sso ..........•.. I 23 io4 

1881 ............. · 1· 25 89 
18H2. ... ... . . . .•.. 26 98 

::~:::::::::::::::li ~~ l: I 
1885.. •. ••• . . ••••• :!8 I 119 
1~86.............. 30 150 

i 1887 I 61' ' 64" ' 

I 
····-· ·--····-1----~_, ____ 0_1 

__ To~~-~=J_--~~-1, __ s10 i 

1 

2 

5 

4 

v 
10 

m 
338 

8 

32 

125 

Total. 

r. 
3 

.. 
~ 

8 

18 
21 

22 

24-

19 

rn 
21 

:ia 
~] 

48 

44 

50 

48 
116 

230 

140 

12C 

i:rn 
135 

H,G 

17:l 

198 

1, 517 

3. 391 
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Following is a list of the publications of the Sun-ey, with the 1mmber of copies of each 
recein•tl dllri11g the year from tlle Public Printer, and issued, as has lieen cu~tomary, for the use 
of the people and the Go\-ernrueut: 

Xame nf pulJlfration. 

-~nnual Report of th£> Supcrintende-nt for t11t" y<'n1· t'nded 
,TUD(' :JO, 18Bi ..•...•.•..••..•.••.... ·-·- .•...••...••..•.. 

AUa.ntic I ... ocal Coast Pilot, Subdkision 2'2-'. Strnlts of 

Florida, .Tupitl·I' Inlet tr' Dry Tortu;:as ·· --- .......... . 
Tide Ta.l)les for the .A tlautic Co,ast of thr TillitNl Statei'I i 

for tho ;\'ear 1SOO ..•.......... ··---- ____ ..... ___ .. ' 

Tide Ta.hl1·s for 11,i-A Allantic Co.tst of t.tw Cnitod StateR 
for tho year 18J1 ....•.........••...... _____ ....... ··--·-

Tide- Tables for the Pacific Co:ist of the rnlt~cl St:i..tf'~ for 

tbe year 1890 .. 
Tid0 TableR for tl:.e Pacific Conf't of the T'nitul ~tutC's for i 

tlrn yonr 18" l .. _ . _. __ .. _ ••• ___ .•••.....•.... __ .. _. 

Corrrction slip for insertion i11 Tille Tables for the .A tlant k 
Coast oftlle l!nit<'tl States for tlir. ycnr 1890. 

Additinnal infonuati:m for insertion in ~r;_bclh-i.sion G-7, 

Atlantic L()eal Cn:tst Pilot, shu.:-t 1 .............. . 

Additional info~·rnation for iosertion in Subtlii-i<dnn 1:1, 

Atlantic Local l'.oa~t- J>ilot. sbect 3 .............. . 
Additional information for in~ertion in f'"nih::1l Stares 

C<l:i.stJlilot, .A.t!antie C0:1st. Part IV. 

Tablfls for converting (;nstom:::ir_y :m(l ~.fet 111' \Y t·i.['."h ts and 

~Ie~•Hure~ ··--·· ... _ ................•....... ·--· ..•..•.. 
.Appendix No. 6, TI:(•µort for 1fi87- ··On the lfovPrnents of 

the Sands .nt tho Easn.3;·n Entranct.: to \:-iu<.;yanl Sound·- .. 
A.])pen<lix No. 7, Report for 1887-" FJn<tuatiol'..s in tUe 

T,evelof L.:.i.kr- Champlain ant1 ·1\:kn.n TI1 i.!:.!ht of its Snr~rrce 

abo-vf', the Sea·· .. - ..... -~- ......•.••.• -- .. - ...•.••..•.. _ .. 

Ap11endix No. 8, I~eport for 18:'i7 -- "Hull StrPa.m E:s:pfora­

tions. OhEen·ations(1fCnrrontll, jStr;···-··· ···--···--­
Appendix No. 9, Heport for 1887-" Heights from Geodesic 

Leveling bet.wel'n .Mobile and 1' ev.· Orleans. 1S85-1SB6 ''. 

Appendix.No. 10, Report forl837-"T(·rresfrial "Mugnct.ism. 
The Ma~m·tic ,\. ..... ork of Hrn Grcc1y .A.1·ctfr E~pcU.itioni 

1881 1881" .. ··-- - .. - ·-- -··- -· -- ·- --- ·-- ·-· -- .. 
AppcndixXo . .12, H('r,ort for 1887-'' <;enl t-.11 Index ofl1lt1s­

tration~ contained iu tho .. A nr.na.1 I:t-portH <if tlit~ ruited 

Stat~R. Coast and Goocfotic Snn-<'y from 18U to 1835, in-

clusive" ....... ·-···- ............ --- ................... . 
App~n11ix No.13, Report for 1837- .... Ad1kntlum to .App1~11· 

dis: Xo. 81 J{CJlntt for 1883, Tlw J.:stnar.' of the D(·lflw31·c. n 

Appendix Xo.14, Heportfor 1881--" Heights from Georlrsie 
Levelin~. Nt1w York Bay a.r.d Vicinity, 1S8Gnncl l8R7"._ 

No. ()f 
copir-s. 

~' 000 J 

2. 000 

G, 000 

300 

;;otJ 

300 

100 

100 

lOU 

500 

Xame of pnh1ieation. 

Appendix Xo. 15, RC'port for 1b87--" On the l{ps:llts of tlte 
I)h:·f'ical Snr'°1·)-~ of Sn,. York JLubor". -- -- . - . -- . 

App€ntlix No. 16, RejHrrt f,n· lJ•B-;' ..... "A l~lblio~r.aplty nf 

Xo. 9--·UH the rt>latiou oftl1e y;i.nl to the m(•tre. 

Xo. ltl~l!eporr 011 tho ~oun<h and E:3tuarif"s nf North 

Can,lina 'With rr-ferf'TICt\ to Oystl'r Cultur.~ ..... 

Xo. '!.l-Deu,rmination~ of L:11itm1f"- and Gr~n·ity for the! 

Ila"' :dian Co\·(1rnmcnt ··--· ...•......•.........•.. 

Xo. l~-A Siphon Tit1f'-~JUJ!U for 1he 011en ~earoast 

Xo. 1:1--Td\:').!rapl:il' lh•lt'UlllHatiou of tl:e IJongitude o!' 

lfo:rnt Ha·uJt•J•:. Ca.iiforuia ..•••....... 

Xo.14-..ApprnximJ.f(· TimP-"' (ifCnlminations and Elougn 

tious arn.l uf tlit• Azi11mtl1~ at J~lon;;::ati1m of .1")o1ari.-.: for 
the yC"nrn betwef•11 18S9 :mci HHO ............ __ . _. __ .. 

)..' o.1,c•---Ycri1h'atwns of \Y ·dgl1ts arnl ::itfc:.:.:mn·~ ....... -~ 

X o. lt~- Dcs,Tiption of Two l:C\Y Tr.msit 111.strurncntR for ' 

l.<;11gitu1lE• \Ym-k ···-·-·········· ·········-····-·-···· 
Xo.11-The rdati.rn het\Yt>!'n t,lrn hletric Stan11ards <'f 

Le-1:gtl1 of the Fnite•(l Rtato;:;, Con:-;t nn<l G' nddie Sun·cy 

and the T'"nitf'd Sbit's L;-1.kt< Surn•\ ..... __ ....... . 

'HYlfCEf:. h' ~L\HIXrr.~. 

No. liG--Clrnrt Correc:tiouii tinnn;: montL of .Tm..:r.183!;L .. i 
Xo. 117-Chart Corrections durin~ nrnnth of .Taly, lSS~. ~ -~ 
Xu. 11R-Ir:forruation <'imceruing Cnitc"-~l St:iti.•s Coast anll : 

Geolletic ~urw•y Chart~ ..... _. 
Xl).119--Chart Correction!-', during month of .\ ngn>:d, IF.SO 

No. 120-ChartCorrection~ <lurir.g- mout11 or:;;,·p!:Pr.n:H··r. '8D 
No.121--Chart Correction':'- tlnriq.':; mouth of Octoi.wr, 12;...g 

Xo.122 --Chart Corrt0ctions: during month (1.f.:\'u"\ t''B"IH.'r, ·~9 

~ .... o.126-CI.iari Corrrc1ions during- month of Decrmhr-r. 
1R8rt. iudwiing Irnlcx to Chart Cori\'ction>-, 188~ .. 

So.12.t-Chart Correction~<lnring:rnonth of .J;.u1uary, 1800 

~o. 123-J:""t>liruary, 18901 Cha.rt CorrN'tlon~ during: tl:e 
n1onth .............•...... -~· ..... . 

!\o. 126-~lan·lt. 1890, Ch:;rtCorr~ctions dnriI:;2: thf' 1~1ontli 

So. 1:!7-April, 1890, Chart Corrf1ctions dnrl11;.: th<> mm1t11 
~o. ]~8-Mayi 18!}(), ClJart (:orr('ctionR dariug tlH' mouth .. 

Xo, of 
('Opi.~s. 

;,, 000 

:1, coo 
3, 139 

:<. 00() 

3, 000 

10. 000 

::. JIO 

9, 60l) 

~I, ~1('r() 

!~, 6C1() 

1f1_ 0Ul) 

10, UCO 

lr),(l{\{) 

11, C1t10 

11. 50';) 

i 1, :.~•o 

lL ;)tiQ 

11, ;"illO 

ll fil!O 

.:\[r. Freeman R. Green has perfoi-med clerical duties, in addition to keeping the acconnt" of 
Salo Agent~, thronglwut the year; aud iL affords me much pleasure to testify to the z,,;,ll, 
utelligence au<l fidelit.v witl1 which lie lias discharged the 1lnties assigned to ltim. 

The duties of janitor were performed b.r Mr. \Y. l\L Long, and those of watchmen lly }le1-1sr.~. 
Da>icl P1trker, \V. H. Keith, and A.]~. Simons iu a ,,;atisfactor.v manner. 

Credit is due to 2\Iessrs. \V. H . .Butler, chief messenger; C.H. T. Over, Sandy BrnCl', "'ii.Ii am 
Sa.\·o.\-, PPter l'age, and \Villiam YVt>st, messengers; Oharles H. Jones aud Attn•ll HielianlsoJJ, 
packers au(l folders; \Villiam U. Mc Laue, driver; Horace Dyer and Harrison 1\lnrra_y, tire men; 
Mr». S. E. Fl.yi111~ \Villiam P. Youug, ,John H. Brown, and Hans Bowdwiu, laborers, for the faithful 
performance of their rcspectin: duties. 

Hc"pcctfnlly, yours, 
1\1. \V. WINES, 

General Office Assistant, 
Mr. 13. A. COLONNA,· l1i charge of tke Miscellaneous ])fri,~ion • 

. Assistant in cliarge of ()_ffece mid Topography. 
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REPORT or THI.' CHJ.l!T DIVIS[()X OF THE 17. s. COA8T 1f!U) GEODETIC SURVEY OFFlCE, FOR THE 

FISCAJ, YEAR EXDIXU .Jl'SX :10, 18!:10. 

CrrAJl'.l' DIVISTO:N, August 13, 1890. 
SIR: l lrnYe the l.JoIJor to snlnnit tl.Je following report of tlie Chart Di vision for the fiscal year 

ending JuIJe ;m, 1890. 
The Divh·;iou bas been nuder my charge during tile year, au!l I J1an~ lJceu assisted by the 

following named per;.:011s, whose rlnties aml time of sen·ice have been as follows: 

,---------------------·----···--·-·-·------·-·----- . -------------------------··- ------
Name. D1itiu.~. ) Timt1 ot' service. I 

:\fr .. LIL Hark»r i':iiort <orrectin~ __ . _ ............ ------~-~---~l-Tlie wl::·ye~~~I 
!\fiRsJ .... A. Mape!'I. ·····-···· Bonkkpep1ng-,etc .•..•.....•...•••......•..••••• t Do. I 
Mis._, Sophin Hein .....••••. ; Coloring autl c0rre-ctiug chart"l, etc ·- .•....••. -· ! Do. I 
Mrs, .T0ncif1 Fitch ..... _ ..•. , Coloring charts, conectin;:.: ratalognc?, <'tc ... --· f. Do . 

.:\tr. N'f'il Bryant ............. Receiving- c-1ia.rt~, e-orTer:tlng cutaloguei:lit etc ..... 1 Do. l 
j .:Ur. R. T. B11sst'tt. .•..•.••. ' Ma1) mounting ................................ ·--·! Do. 

Mr . .A. lTppermau ......... , Chart correc:tin;:;: .................................... · l July 1 to Ma.s 13. 
Mr. J, L. Smith Rt.11c-ei,riog cha.rt~1 etc ............................... i Jul_y 1 to Mar, 20. 
J\!iss !\1a.ry Tllom::i.:i. ... ... Coloring clinrts. ... ... .. .. .. .•.•.. ... ..... . "'. July 1 to A-pr. :lO . 

. i\fr. ll. R. Garland......... l~~uiug and. eorrt;ctinr. ~hart~, etc .............. ; Aug-. 20 to Juno 30. 
!fr~. ~1. Tl. Bailp~- . . . . ... . • .. . Coloring: cha.rte ...•.•...•.•............•...•.•. i ,,\:pr. lO to .._\.yir.1 i. 

Ml<i.::0-LibbieL1Hignte Coloring:eh='lrts ··········~····-·····--····· A1)r. 18to.Tnne30. 
Mr. ,J. \V'. ·\c:r11itaker .....•. ·: Correcting chart.a ........................... -~..... :ll.a.y 20 to (Tune 30. 
Mis..~ :u. L. llamllau ........ ' Coloring cl1arts ................... -~......... ~la_,- 21 to Juno 3-J. 

3:1r. C. \\'.Childs .... ; Correcting charts. etc .. _ .................... ~ ....... ! ~fay 22' to June 30. 

-------------

It gives me pleasure to testi(r to the general 1•fficiency of the Division, and to tbe markea 
indiYidual interest of those emplo~-ed in the work, evidenced by their earnestness in promoting the 
rnp11lit~- and accuracy of the Yarious operations in which they take part. As a result of more ex­
perience, v:trious improYements lrnni been made in the routine of chart receipts, corrections, and 
iss1ws, which have facilitateu tlrn work. A uotable one is the use. of a system of cards for a record 
of back orders (back order is a term used to designate those charts of any requi1:1ition which for 
some canse can not be supplie<l at tile time of the receipt of the requisition). 'l'he card system 
supplants tlw ordina.ry book method, whiclt had failerl to meet our wants. This accumulation of 
back orders ariSL'S almost excltu;ively from tlrn want of facilities for printing our charts, and 
all<1,.; largely to the work nf the Ullart DiYision, but the work is absolutely necessary for the 
S(•rvit'.(' ()f the public. Ifowe\'er mucll to be regretted, the hack-order list will continue to increase 
as th<• <lemand for clrnrts increases, unless the tlemand he met by increased facilities for chart 
supply. As the demand for charts is much greater during the summer months, it would be well 
if exrrn facilities for priJJting clrnrts could he proYided as early as Uarch. There were on our 
ba('k·on1n li,,it at the ewl of the fiscal year more than a thousand co~iies of <'.harts. 

Tl1P followillg tal1lc :-;hows t11 at the charts are gaining in fayor uotwithstauding the vexatious 
and prolonged llPJa:ys ·on acconut of our lack of printing facilities. This year's issue shows an 
iucre:urn on~r la:>t year's, of 30 per cent., and an increase of circulation through sale agents of 19 per 
eent. Tiw former sl1owi'I the gross increase of the work of the Division a,<; well as the demand for 
charts from all srmrce.-;, hut the latter is the direct measure of the increase(l popularity of the 
charts. Tlw issue of charts to Yesse!s of the Navy was about double this year as compared with 
the last. T11is wa,s largely due to the fitting out of a number of new vessels. 
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Percentage of inerease of ehart issues.-Oomparison of the present year trith the preceding. 

'.I;'otal: 
Gross issue, July 1, 1888, to J nne 30, 1889. . . . . . . . . . . . • • . . . . . • 49, 312 
Returned, Julyl, 1888, to June 30, 1889.... .. • . . . . . ••••••.... 1,573 

Net issue, precediug year . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 7, 73\l 
Gross issue, ,J ul.r 1, 1889, to ,June ~-m, 18!JO. . . . . . . . . . . . . . . . . . . . 6:~, Eil 
Returned, July 1, 188!), to ,Tune 30. 1890. . . . • . . • • . . . . . . . . . l, 2G!) 

Net issue, present year . . . . . . . . . . . . . ........................ . Ul,882 

Increase (30 iwr cent.)........................................ 14, 143 

Sale agents: 
Gross issue, .Julyl, 1888, to .Tune 30, 188\l ..•...•............. 
Returned, ,July J, 1888, to J uuc 30, 1889 .................... . 

::!7,G7; 
1, f)'.20 

Net issue, prececling year. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :!G, 157 
Gross issue, July 1, 188!.!, to June 30, 18!)0 .................. _ ;::.!, 33! 
Heturnetl, July 1, 1889, to .Tune 30, 1890 . . . . . . . . . . . . . . . . . . . . . 1. 188 

Net issue, present year .................................. _.... 31, lJG 

Increase cm per cent.) ..... . 4, \18() 

143 

Seven new charts from copper plates and twcnty-oue lithograpluc chart,;, twe1tty-eight in all, 
have heen adde(l to the list for i:-;suc 1luring the ~-ear, as follow,;· 

1--- . - -------­
'fitk 

Cor•• Soun11 to Hogner Tnl~t. inf'.ltHlin~ Ca11n Lookout, Nortlj C:arulin.a ........... . 
~ion tank rojnt to J\c1,v York arnl Loni! lslantl Sounrl. ............ , ............... . 
l"lo_gue Inlet to Old Topsail Inl~t. North Carolina .................................. . 

Oki Top~ail Inld to Cape 1'~car·. Xort.h Carolina .. _ ............................ . 

is.~n 

,1 nl;· 

189[1 

,Tan. :'H 

:,.1 

\\~all Cn>.ek to Ct•cbr Keys. }'l·flri1f:::t ......................... ____ •. __ .... F1·h 

I ~an Di1:_go lo Santa Mnnir,,1. Ci1lifPrni.i, inclndin~ tlrn Gnlf of S.In C::i.ta1ina ......• :!\:I~:r ,,1 

I
I Hefawarn River. Cn'"' L«lg~1 :::,l,"•:::~·1!~>:::~:~1=1''.." ,Tor•<':;· an<l Ddawan•. 

Ca1ea;;inu -Paf.l~, LoniRi.ana -···-······--···-····-······························---
)lobile I~i1'"l'r, ..:\Ja1Ja111a ........................ ~ ••••••.••••..••••••...••••••••.•.. 

J,,Iollilo Rh·1-'r, Alab;i.ma. -- ....... -- ..................... _____ ...•.•............... I ~lohiJ .. mwr. tdalrn.ma ........................................................ . 

'.I

I ~~:~:~~~~~;;:~'.:~.~~~~~:,;:.~;:,~:~·~'.~~~'.l:·~'.~~: ~:~~~:;::~~'.·~~,~:::::: ·::: :: ·::: :: 
Now \-t)Tk EntTance, NP'\V York .............. ---· ................ ._ .................... . 

F.asu-.rn Pns~ag-e, Xarra~an~ett Ray. 1Utt.Hle IAland. ---- .............................. . 
Vinc'.yanl Il::vvrn, 2iLt.s~nclrn~etts .................................... ~- .•.•••••• -- ..... . 

l
j Dig Marco Pa~8 to Oan Carl:0~ Day, Florida ............................................. . 

CntH:' M{•ndodnoa11cl vicinit.y, (:nlifor11ia .............................................. . 

I 
Cape1'1Mtery, w·a•hinl(ton ..................................................... . 
s~~rnino:e Point to Bif; Ma1·c-0 Jlaas 1 Florida .......................................................... ·: DN» 

1(f'y '\Ve8t to Tampa. B:iy, Florida ........................................... ,, ............. -I DN~ ., .. 

I Harb<1Ts of Southport, Black Rock, ancl Bri1lgeport, Connecticut ................. I 1><~:. :io 

1

1 l)oint~.\rena. Cnlifornin ............................................................................... l>e-e. 80 

lt:anursiug IM land to Stamfonl Light, Now York and Connecticut - ................. . 
Cape ~able to Semin-o1e roint, Plorida. _ .... ··~ ...................................... .. 

i 
Ge11eralchartof Alaskn ........................................................ . 

_ ltar~~=-~~~:~:~m na:i ta~ Bay to New Brunswickt New J er.sey .................. . 

18>'~ 

.r nI.\ 

;rn]y J9 

Jul.' rn 
.July i;! 

...\u;::. IO 

An_;!. 211 

Oct. 11 

Oct. 1l 

Oct. 31 

Xov. n 
Dl'<' 

Dec. 
Dec. 

l81J(l 

,Jan. 21 

.Tan. 21 

Mar. 
May 2i 

\ 

Cat.rtlnguP 
:'io. 

5:.! 

733 

120a: 

::47 
li4 

"95 
rii.; 

17:1 

16 

~G3 

661 

3611 

172 
uoo 
375 
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During the winter and early spring the text of a new catalogue was prepared. It is now in 
the hands of the Public Printer. It is to he hope<l that it will soon be published, as the last 
edition is overburdened with corrections and the supply iR low. 

The following table will show the receipts, i;;snes, and general distribution of charts <luring 
the year: 

IiumeJ.l-. 
,Tul,v 1. 18f.?9~.o June 30, 

; Xurnbr~r. Valne. 

Sales agent~. 
Sales by Office antl Chart Ui"'i"1ou 

Congres~iona.lacconnt .. -····-················--······· 
IlyJrograpbic Offict1, Navy . . ............ ··-··-·--·-··-----

Light llon<e Board ...................... · - ...... -- .. · ...... ·I 
Coast and Gt~odotic Survey Offieo, __________ .. ·---- ·-········-·· ··· ·· ···-······I 
Execnfi'7H l>ep:.trtmf'nh -·---~ .. - .. - .•.•......••...•.. --- .. - . -- ... - ... -· .•.... j 
Foreign (rt.1-vernments .. -- ---- .... ··-·-·....... .. .• .. . ...... .•••. .. •.. .. .. . ; 
Miscellaneous ....•••. 

:>2, :135 $D, 777. 70 

T05 2i9. 30 

:l, 26G 1, 476. 80 

l~. 584 5, 010.15 

2, 563 rli7. 65 

:i. 018 l, 260, 4[. 

3, 74fi l, 439. 00 

l, l~O 439. 70 

~t. 735 J, ;iJ7. 35 

Totals . _.......... . ...••......•...... _............... . . . . . . • . . .. . . . . . . . . . trn, 152 :!fl, J. 78. 10 

Condemned.... ·········--·- ··················•·· ····1--J,~~--~~~-
Totaljf'i.sue,inf'laJin~th0numhercomlomnetl ..• ..•...............•..... 64,8fJ9 ~6,84.3.90 

Chari,; on hand awl received from .July 1. 188!\ to .June 30, lS!HI. 

1-;n-;.~~~l-~Y~D~~~~~)T~ ,; 11 lo l l :~ . . . 

j Reeeivt•d 1Tulv 1, )~~1), to ,J uw· 3n, 1 ... ~N, platl'J ...... . 

Re<~el\""'cd July 1, 1:-J8}, to ,Juno :;o. lo)\l ~:-i;tnllf•;. 

Retnrnetl 
Total on hand and receivnd to.Jnue :;;J, b~)U ..... 

Total ias~10d anti condem1wd ,J1~1w ;; J. 1.89<J 

OnhJ.11dbyb1wkJul,\ 1,11'£•1.l .•••.•. 

Differtm{·e between. book and couut ........ . 

On hand by count ~July 1, ltillO •.•.•.....•••.......•.... 

--~--·-···--- ----- --- ---------~ ------- -

Bespectfnlly yours, 

4-i, t:•G7" 

4\ 410 

18, '..:Si 
1. '..:(}!} 

nu, Vu3 
G-1, 86H 

:J8 

4G, J;i(i 

Yalue. 

$t!I, om. 3s 
HI, ~rn. f:i,-, 

8, en~. 9."'i 

f10l il[) 

4:.!, 832. ~o 

i6, 8-13. 90 

15, !18.~. 30 

'.:!2. 30 

15, 006. 00 

G-ERSH031 BRADFORD, 

.Assistant, U. H. Coast and Oeodetic Burvey, 
In charge of the Chart Dfrision. 

:Mr. B. A. OOLON::-IA, 

Assigfant in dwrgt: <!1' 0.(}icc and Topogrnphy 

REPORT UF THE .J.RClllFES .ASD LIBRARY DIFISIOX, r. :;, COAST .AXD UEODETIC sr;nrEY OFFICE, 
FOR THE FISCAL YEAR ESDING ,JUXF '.lO, 18!.l(l. 

LIBRA.RY AND AUCHIYES DIVISION, 

September 30, 18!)0. 
Srn: I submit herewith a report of the receipt and registry ju the Archives of the original 

and duplicate records, computations, and specimens of sea bottom <luring the fiscal year ending 
.:rune 30, 1890, as enumerated in detail in talJles prepared for file with the Otlice records, and also 
of the 'books arnl pamphlets received in the Library during the same time. A tabular statement 
by register number and title of the topographic and bydrographic saeets registered during the 
year accompanies this report. 
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Topographic and hydrographic sheets registered in the Archives of the Coast and Geodetic Survey 
during the fiscal year endin!J June 30, 18DO. 

TOPOGRAPHIC WORK. 

Reg- i 
if'ter I 
No. 

1 

Titles of topog:rapl:ic Bheets. 
'llt::-;c1:intj~e' No. of 

reports. shcet;-l;. 

Sew J-crscy shore of Dela.ware ni~er from Old Man'R Creek to th(' out~kirts of I't·nn;;roYC, x. J ... <. -· •••• -·. - -

15GG Country between Milford and \Vest Ha-V(;'D, Conn. . ....... - . . . . . ...... - .... - ..... . 

lJ!O I Shore lme of the western part of Gardiner·B Bay between Aco1wm3-ck Har;rnr and Ce-cla1 J::..:Jand Point, 1.ong-
Islaurl,~e°"· York ............................................................................................ . 

1571 S.hore li1rn of tho sontlwrn part of Sht;lter Is.land, N(';w York . . •...•. ___ ... __ ..... __ ............ . ·--·-··--·-! 
15i1 Shore line of She-lter Island, New York ........................... -~ ............................................ . 
J5j(.l 

1595> 

1607 

16i0 

lG!~ 

1613 

1614 

Kill van Kttll awl cast shore of Bergen Neck1 New Jersey .................... . 

From Shuman's Calion to Santa Maria River and vicinit:l. inclutlin;::Point:;al, north of Ptlhlt C,Jnf'.i.'ption. L'.di:"<ll'!ii;i 

Y'icinity of Ilarataria Bay, LonL~iaua. ............................................................................. . 

E:1st !l.iJo of .Mississippi River, vicinity of Baton Rouge, La ....•. ·--· ................ __ .... --· .. ___ .. __ ..... . 

Y'~cinit_v of \\Test Raton ltong-e, La ................ ~ ................................................................. . 
)Iis~issippi l!iYeT below Ila ton Ilougc, La ..•..... - ...... __ , ................ . 

8.u1 Fra.1wi~(·o Hay and Approaebe.L Sheet No. 4-: B.lllen.l'< soutln-.i;.·ar.l Ll Huchy Pt1ini, rwt•h, in;proY1 ·:1"11t-. 

lifesav1n~ station 1 etc. 1 California ...•.... ···- ................................... " ... . 
San Fr::mcisco Bay anti Approachc::J. Slloot No.2: Int-crior of Tama1pai-. p,~nin'·tda, hhtd of HH·11.ud::i\>n·fl 

Bay, towanl San Rafael, etr .. California .•.•••..•.. --- -- . . . . ....•.•..... --- ............. -- . 
1617 San Francjsco Day and. Approaches. Sheet No. :1: Iut-1:rior of Tamalpai8 Pi.:nimrnl.l. B:.illeua;.;. :-bn~a1i\P, aw1 

Point Donita Itoatl:::1, etc. 1 California.. ....................... - ................ ~- ............ -- .. -· .. 
1C18 San l~rancisco B:ty and Ar,proaches. Sboet No. I: I1oint Honit:i. to Sauo.;;l.lito, inchHlin~ part of Ricli.ll"rh,J:1 L.1:,.· 

and .Aug-e1 Island, Callfuruia .... ·- ........................................................................ . 
1620 S:tn Francisco Bay .rm<l A.pproa.cllos. SI.le-et No. 5: Sau H.afael and San Q1rn11tin, irwluding b.ndm,::z;-., I\;_:d..;, .nil 

railroads, Ca1ifornia. ........................ ___ ............................... __ ...•.......•............... 
1G21 Si.Lu Francisco Il:1y au<l Approaches. 

Califurui~L ...•........ ····-···--· 
Hiz.:, : San Francisco 13ay nnd .i.\.pprQache~. She(•t Xo. 8: 0~1kfaml aud Ala'.l1C'.1;t Cai ................................. . 
Hi29 San Francisco nay and ..A.pproarLee:. Sheet N"o. !) ~ Point San .Jos6 to Pnint AYi~1atlero. San Fra~lCi':'CH I\ nin'inla 

California. .................................................................................................. . 
HJJO ! lndia.n lUV"er from the Inlet southward, e:tst, coa?.t of Ji"'lorida, Floril.1a. ..................... -~ .......... . 
Hl6J , Coast of Ma,inc from Schooner Ilrook t.o Moo.l'le IU Yer, )iia.iue . . . • . • . . . .....•••.. ~. . ............. .. 

1684 ' South wost. l"a.Bs and Entr:tnrlJ to Vermilion Bay, I,Jouisian::i ................................ , .................. . 

lGSo ! Eutraucufrow Vermiliou Bay t•.>Yermiliou Itil~er, Lou.isiaua ..•••.•••••...•••....••.....•...•••....•......•.••... 
HJ.~i Wick.e's Bay and ca~t sboro of Vermilion Ha_y. Louisiana .. ___ ... __ ... ---·. __ -·.·--· ... ___ ............... _ .. 

1694 Cont.inmi.tion of Petite A.use B:i:~·on, Lnuisianr:i ......... ""· --·- .......................................... ·-· ............... . 
1704 

1706 

17lc 
17"6 

173'2 

Share line from Xan.:.ct Ilarhor southward, MaRsachnsetb .....•... _ .......•....•... -~ ........................ . 
Shore line of the northei9n part of Monomoy I~land. !f a.a:s.nl'lmsC>tt~ .......... __ ...•......•......... -- .............. -· ...... - .• ' 

Head of Haritan Bay~ inclttding th~ month::; of Raritan l~i-ver awl Arthur Kill. X ew York ............ , 
North shore of Long Is!and, from :!\Iount 11.is.f:r,y t,o Rocky Point Lnnd.ing, ~f1w York .................... . 

Ea.ton's Neck and adjacent shores, Lon~ Isla ml, N<•w Y-ork ......................................... _ ... . 
17:14 '. North 8l1ore of lf'islwr'a Island Sountl 1 Connecticut ........................................................ . 
1736 : North shore of Lou~ Isla.n<l Sonmlr "\\Tes.terly and vicinity. Rhotk Island .......................................... . 

1753 
1 

lJort Susann.nd Stillaguami3h River, Washington ........................................................................ . 
1705 i From Grand Pass Timballicr to lla:-i'OU Morrau, Louisiana ..................................................... , 

17GG i From Bayou More:l.u to Camiunda. B:iy, I~ouisiana .......................................................... , •........... _ .... . 

1770 i Cou.ntry between Milford and New Haven. Conn ..• -- •• ---·-- --·. -- ...••• ------ -·--- ..•.......•... -- ....... -- ...... -- .....•. --
1805 : South shore of Co-bscook Bay, Maine ................................................................... ___ ................. . 
Hl33 i Plan showing thA bound~ry lines in ti1le-water of the. citie~ and towns hor1lPring on th13 sea in Rri1't .. 1l, 1lukt·i'I. 

i Nantucket, aU1l part of Barnstable and Plymouth Counties. 1'-Iassadrnsett:;i. ...................... _ •... _ 

1<137 : West coast of Florida, Rabuit Key t-0 Pavilion Ke.y, Florida .... _ •.•...••..• _ -- ...•... --··-- ...•.•..•... ---- ... _ .. 
1849 . South •hore of Lon~ Islan~. Brei<lt;.u to RidgBwoml, N. Y. __ .... --- .. __ . _ .. _ ----- ..... -·- __ ....... __ ......... __ .......... --- ... . 
1850 South sl10re of Long: Island, Ridgewood to Baldwin, N. Y ... ___ ... ____ ...•...•..... -- ......•. --- ........•....•. __ . -- - -- . -- - --
1852 Sclrnylkill Riv·er, from Gray's Ferry Bridge to Fairmount Dam, P~nnsylvania ..... ···~·· ................. ~ ...................... . 
186~ Snbplan No. G, showing tbs boundary lint~S in tiile-wafor of a portion ~f tlrn ritit~~ and towns in E~se:x: Cmrnt.Y, 

Mass ... - ..... --- --- ....•.••.• ·---- .. __ . ------ .•.... ------ ..•.. __ ......... ----·. ·----- ..•... -- .•..... ·----- ... ·-·- ·· - ·· 
1866- ! Plan No. 7 antl subpfan No. 5, showing tho bonndnry lines in tide-water of n. port ion of the dties nnd town..; in 

Barnstabl1>, I'lymollth, Norfolk, Suffolk:. and Essex Counties, Mass .. -- ·--- •. ·---. ---- -· ••.•• ,.. --- • --- - - · --- - ·• ·-·- -· -... -· i 

1867 Pl~~u~~~es~,s~~~:!~~- -t~~ -~~~1~_{:<_'~~-Ji~-~~ .. i~ .t.i~-e--~~~~~~ .l'.~ -~ .~~~~~~~ -~~-~~~ _<'.~t.i~~ .. ~~1~~--t~.~~-a~.i-~ .~U~l~l~ ~-r~~l-B·s·~-t~~ ..•......• _ .. I 
186R Plan No. 10, showing thn bonmlary Jines in tide-water of a portion of the cities and towns rn Esecx Count.y, ! 

Maso--··---·---·-··----·---····-··---·--·--··-··-·-···--···-: .................................................. -----·-·-··-I 
1892 , Resurt'e3· vf Sr1isuu Bny, Sheet Nfl. 41 California ........ •••••• ............................ •••••• ................ , .................... .. 

B.Ex.80-10 

! 

1 

1 
1 
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Topogt·aphic and hydrographic sheets 1·egistered in the Archives of the Coast and Ueodci'ic Sun)ey 
during the fiscal year ending June 30, 1890-Continued. 

'IOPOGRAPlIIC WORK. 

Rtip;­
ister 
No. 

Titles of topogra11bic sheets. , Dt"~l·riptiYe No. of 
re11ort3, sheets. 

189~ , RE•suTvry of Suisnn Bay, including parts of Montezuma Creek, California .... ~- ................. -- .....•. ----- ...... , .......... -
1891 ' Scn.rhorongh Hill and tlw hill crests uc:ir Point Ellice, \V:tshing"ton _ ...................•........... , _ ..••••.... 

189;) lfa.you Grande, a: trilrntary of l'e11;-;acola B:iy, .Flor id.a .................................................................... . 
1890 South c1m8t of Ca.1ifornLl. frnm 1:'au~:her I~a.nd1 to I 1rowett Creek, Cn.llfornln ...................................... - . 

190:~ 'Vest coa"tof Florida, from Xonhwest Ca11e 611 roint to 8liar11: Point. Fiorhla ................................. . 
190! \Yest coa8t of Florit1a, from tili::tl'k Polut. to Pnrpoi.;;o roint, Flori•1a. ................................................... . 

19!!7 : ScJrn_yJkill Rircr·. from Lcag-w- Ii-.l:ind to G1·ay·s }'urr.r I-;ridj!t). l)1'nrl.:iyl i·nn'.£t. ..•......•..•••••.•..•• ., ••... 

l!J33 ~~orth Lubec: !1.J.rt of St•,n-a1 d'.:s ~eek, south si<lr=, of J~;ntrarire to Cob .. ;cnnk Ha5·, :.U.'.liue .•••.••••••••••••••••••••••• 

rn:n 

19~1 

19~8 

JD;iO 

"\Yater I"nrnt of the eit,Y of Jlh ilaJeliihi,t frn:H 13rill;.:e s;:rce:t to Er:e avenue-. Pi nn~_-,·h-;rni:l ........................ . 

1l<H·rup1w~ 1I1H~. '\t:si Lnlh.'C to Lilly L:~k" 1ntl Trescott's !tock, hlninn ....... __ ... . __ ................... . 

Norfolk Harbor: Adtlit:on to w~arfli:tL' and p.nt of li110 of ~urfolt. and \VeBtern lta"lrPad, V;rglnlrL .......... .. 

PrOJHJ . ..,l'1l .':lit1! for a Xa yy -yti-nl at rort Orc~iard. \\~ash ............................................................... . 

1'opogrdpili<':d niap of t !u, D:,:tdct of Columbia. __ ............................ ,. .•• ··-·· •...•.••••.•..••..•....••... 

11litmliouL: Harl.1or. "L'"nala.~ka LfatHl ..'..\Ja'i~.::i. ................. ___ ........................................................ . ············! 

1 

1 

1 

J 

1 
1 

1 

1 

1 
1 

l 

1 

1 
1951 PrDJiosetl site for a N:1vy yar tl at Port 0l'drn.rtl, \Vash ......................................................... ·----- _ ... _. l 
Hl5".:: Washin~tnt1 ~onnd, pa LI of Orea:'.\ and IJ.lakele:y Is,lands, Washington ..................... -.. ..................................... ·\ - .... --·· ;· 1 1 

EJ;)J 
1 

Washington Smrnd, Thatd1PrJ>a!'!~ tn \Vatmuug:h 1Ui.;:li~ \Vaahiugton ..................................................... \ 1 

l~Kd. \\ .. nsh;n~ton Sound, p~n-t of ()rcas lJ-1laml, 'Va.~11in~to-:::L _ .......••.. ____ ................................................... I 
1955 V\-a!ihington SounO, nortlwa.-.t of Lopez IBland. 1Vasbington . __ ............... -·· ................................................ i 

1950 : Delawaru Hiver, nea.r PhilaJelf1lna, Cooper's Point to Potty's Island, Pennsylvania .............. ··~····--··· ...... 1. ............... 
1

1 

1957 ,' '~a~·r Fr()nt of Phila.dolphi:i. Ilickini.ion stret:t to Poplar stree~ P.e~m~.rlvania. ..................................... ··I--···· ..... . 
195$ li;orfolk Harbor: New whnrvea and cha.nges in old whar\~es, Y1r~mH\ .................................................... 

1 
................ \ 

~:~~ ::::,b~:;,l~~~:;r!~.<~~~r~;:~:::::: ::::::::::: :::: :: : :::::. ::::::::: :: ::: ::::: ::::: ::: : : :: : ::::: :: ::: ::::::::: :: :· f--· .. · · .. · ~ · 1 

1"71 i Cooo Ilay, Sueot No. J, Oregon ..................................................................................... : 1 j l 

-------~otal ...................... ········--~=:.:~=~~~-:~:~_:.:.:~·-·_::··:: :·::::.:.:.~~~~::J=-_ I~ 1-=._~2 
ILYDROGRA.PHIC WORK. 

Rf1g-; 
is}-er ) 
~/ ______ _ TitfoH of hydrograplllc &heet.a. 

i 
Descriptive[ No. of 

nports. j sheets. 

1831 , Coast of I,oui~iana, Ship Shoal Light to Mar~h I~lJ.1111, Louisiana ................................ _ .................... . 
1871. ' Che•apeakc Entrance, Oltl I'lantation Shoal to C:ape Henry, Virginia .................................. .. 
187i ! Xa.ntuckel llarbor, lla~sn.cllu.,ctts ...................................................................... _ ..... __ ............ : ............ . 

187!Ji: ~lu8kf'gct Channel, b.Ia~s.a.ehu.setta ............. ···-·········································-·-·-················! ..... . 
1884- '. SaTatog~ Pa.s5ia.gf'. \VaRhington ......•..•.•... __ ............................................................................. _ .. i 
18B;) \ Sara.to)!aPa.aKag:etoSka.gitil<\y, \'{ashington ....................................................................................... ! 
1885: Nortbwostcoa.:-1tof 'Vhi'1beyl,.,la.nd, \\asllington............................................................... ' 

1887 l Be1liI1~bam Bay, "\\""aBhin~ton .............. - ...................................... __ ............... -· ................... _. 
1891 j rortlarnlC'ana1 anrl Yidnity,southeasiAla~ka.................................................................... . ........... . 
189'.! i IIarbor:R, J>ortla.nU Canal and vicinity, sout1rn:i~t A 1:1~1\a ........................... -~ ........... _ .....• _ .••• __ . . ____ • _ .• __ . 

um::: Ho:i11 of Portlantl Canal, B~:ar antl S:tlruon Uivcr Fiat'-1 1 southea.~t Al.:u;ka ............................................ 1 ................ . 

~:~~I 
1891; 

!Bcl7 

\\,.illard Inlnt 1 sonthcast Ala.51~:i ............ ··-······· ....................................................................... L .............. . 
lforhorn in Portland Cmul a.~nl Yicinit.v. sontheast Alaska, .................................................................. i_ __ ......... .. 
\\'"illard Inlet, sottthraRt .A l<lska ............................................................................................... : ....• __ .•... 
'S" ortlwrn part of BH,pbrn~ P~L~sage. !:rnntl1P.,lRt Alaska. __ .... "·· _ ...... __ ...•.. _____ ................... _ ............. __ . i .... __ ...... . 

1:;:n .. .; ; Ha rho rs of nort!wrn part. of ~tf\p1u~n:; Pagsa.;!e. ~outltca~t Alaska. ......................................... _ .............. ; .............. . 
l8:1J, l'ortlnnt1 InlH and Yidnity. snuti.icastAlaska ....................................................................................... ! ............. . 
l!JOc1 l'ortlnnil C~\na.l, l'<mth1"'<h3t Ali~k:l .........••. -- ... - -- ........................ --··· ... _ ......... _ ....................... ! ............. _ 
l!lO."i Con.st of CaUforn:a.. fr'nn ~~JJ(l l{id~e A to Lcucidia~, C.ihforni.a ....................................................... ~----·!··· ............ . 
1'.JP!3 C.iast of Calffurnia, fr():n Lt:~ic:-.1li:i ;~·__.to Barranca IUuff fr., California ...................................................... f .............. . 
lf,1(1-;' c,)a.iiif<1fC:\litornia, from Barra.ll(':'l Bluff '1,to Dana.&_, California .................................... -- I 
l!1l'.! XnrtrH•rn pJrt of Str.pbens Pa.~sa;;(', em1theaa.tAlasli:a ......................................................................................................... . 

:;~~ t::~~:~~~:::~;'t"~:~:::~~;,~;:~~::~~: ~~~~~?:~ :~!;~~: ::::::::: ::~: :: ::: : : : :: : :: ::::: :: : : : : :: :: ::: : : ::::::: :: : : :: 11::: ::: : :: : : . 
1923 · Limostoue Inlet, eoutheaat Alaska •••••••••••••••••••••••• ···:·· •••••••••.•••••••••• ., ..•••••••••••••••••••••••••••••••••••••. 

1 
1 
1 

1 

1 
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Topographfo and hydrographic sheets reg·istered in the Archives of the Coast and Geodetic 81m.'ey 
during the fiscal year ending June 30, 1890-0oIJtinued. 

IlYDROGRAPllIC 'WORK-Continued. 

,------- --·-- --- ·--· I . 

Reg-: 
ister, 
No. ! 

Titles of hydrograph:c sh6f'ta. 
! 1Jescri1)ti ve ?\ o. of 
1 reJmt'ts. ' slicct~. 

1924 Olirer folet, sontlienBt Alaska ................ .. 
1925 Examination of bar of North wost Channel, Rey \Vest Harbor1 Florida .......................................... . 

1926 Eig Spanish and Kni~ht Key Channels and ap1no~1die~, F'loriUa Reefs, Florida ... - .•. -·-·· - ................. - ... . 
19~7 , Floricl:t nay, from Upper M.at"l'nmhe Koy to Yaca Key~ a11U Cape Sab1e, Elorilla. .•.•••.••.........•..•....•..... 
1928 : From Cedar Keys to Steinhatchee Itiver, Florid:\ ....................................................... . 

10~9 ' From Steinl!atchee Rh·er to Doi: Island, Florida .............................................................. . 

.1930 

1031 
1932. 
1933 

193J. 

1935 

1936 

1937 

Columbia J!iver from Tansy I_'.)ulut to Tongtrn Point, Oregon ........................................................ : .........•.. ! 
Parts of Young's Ri\.·er nrnl Lewis :mrl Clark River, 0r<'gon ....•....•... __ . _ ................................... . 
Escambia Bay, l<'lori1la, pro;1osed site of ::\av~'-yard, Florida...................................................... l ' 
A\)pToache~ to A.1c11afol:J.y::. Hay, Loui3iana ...•.. _.. . . _ •• , ........................................................ \ .........•. \ 

Coaa.t of C::i.lifomia, l~ocky Point to Upp~r Bluff, California. .......................................... - ...... - ............... - . - ! 
Extension of al10\·e aheot, California ............. ___ ..... __ ...•...••.............. , ........................................... i 
Coast of CaHfornfo. U11pcr JHuff to F11l~el{!a111.ath I~ock. California ................................ ····~---·······-.-·-········· 

1 

Coast of California., ex:tensioa of sheet. No. 1936-, California .............................. , .................... . 
1938 Ea.stern Passage, Narragansett BJ.y, showing measured mile for ~ani.l Trial Course, Ithode Islantl ......................... . 
1030 \ Mouth of Schu~·ll-:.iH Ith·cr and doc'.;.s of Dela.war& RiV"er from Gloucester to Cooper'~ P.c,iut ..... . 
1940 ; Docks of Delaware Hi-ver from Cooper's Point to east end of Pett.y~s Island ......... - .. , .............................. ~ ...•.• 
19U llydrography off Martha's Vineyartl and Nantucket, Ma!!sachusetts ............................................ -j 
1942 Southern coast or Kan tncker, TuckArnack Isl.lnd to Miacomst Rip 1 Ma8sa.chmrntts ............................... ' 

1043 Schuylkill River, l'enusyl rnnia, from League Island to Gray's J<'erry Bridgo ..................................... · ..... . 

l9U : Schuylkill River, Penusyl\"ania, from Gray's- Ferry BriUge to Fairmount Dam .. ···-- .......... _ ........ ·-· .... ---
1945 Pad fie Coast from Coc1k 1l"l Point to Enchm Creek, Oregon .....• , ..................... _ ... __ ......... __ .. --·· ..... . 

19!6 Pacific Coa.st from Euchre Croc~k to C;tpe Orfol'l.l, Oregon ................... -~ .......................... _ -· .•.... 

1947 [ N:~:::~: ~~~~:~ .. ~~~~l.~~::1~t-~~~~~~: .~~~-~.~~~~~~·~~~.' -~-~~~~~:'_ ~.~~:·~~~u'.'. ~o~~:.~n~ -~~.~~~~ .S~~."l~: U aseu ·.1 
194:8 ! Nantucket Souud from Mouomoy I8larnl to Poiut Gammon, ll&ssachusettM ............................... _. _ ........ . 
\949 : Chatham Roatls ancl Stage Harbor, Massachusetts ....................................... _. . . .. .......... .. 

1051 ; Cross-sections north and east shore of Cape C0<l, Highland Ligl1t to Peaked llill Life-Saving S1atinn, lfas~a· ! 
' ' chusetts ..................................................................................... _. __ ..... . ....... ! .•••••.•••.. : 

1052 ! Cross-sections, north a-nd west shore. Cape Cod, Pea.ke<l.Hill Life·Sa.'Ving station to Lonµ; Point Light~, Mas~:ic"h.u 1 

setts ....................... --- ........ ---- .................. ·- ....................................... -· .. -- ... ·- ..... ··- ... ----. r i 

:: i ::~~~!:.=::i;;,.;,·~~~::i:o;~~:::::::::::: ·:::: ::::: :·::::::::::::::::::::: ::::::::::::::::::::::· ::::·:. :. ::.:.: ; ·--- .. :. :::Ir 
19:>6 1 Soundrngs between Koy West, Florida, and Ilava.na, Cub"- ................................................................ .. 

1957 Crose·aectiona of linoa ae>roaa the Gulf Stream ...... · · • · .. · -- • · • · ...... · • -- · • • .. · · · • • .. - • · -- · " · · .... · · · · · · · .... .J.. .... · · · · ·"I 
~::~ ~:;:::;::~:: iS:~::=:1~;b~?l~::::~~:~~~:::: :: :: ::: :::: ::~:::::: ::::::::: :::: :::: ::::: :: ::: ::: . : :·-: :·[: ::: :: .:: :::1 
1961 Boston Harbor, reiluced from tho survey of Lieut. A. S. Wmlsworth, U. S.Navy, in 1817, to scale of 1-20000 ........ i ............ 1 
1962 Comparative chart of dmnpin;;: ~round antl hnlkhrad of wost bank chanDel, New York Lower Ha.y, N t·w Y ot k .. i-- ......... , I 
1963 Investigations. of th., oyt:;ter bc.ds off Onancock Creek, and in the neighboring creeks, Virginia .. --·· ..... -- .. -- ... ~. --- -- ... -· 1' 

lllUJ. InveBtigatinns of the oyster beds off Pnngoteague Crook, Vir)l;inia ................................................ 1 ........... . 

19-05 I Inshore sounding• off the Delta of the Mississippi. ............................................................. i ........... . 
1966 i Examination of Tart.ar Shoal. Mexico, west coast .. - .................... ________ ................ ------ ... _ ........ 1 ......... .. 

19821 Physical Hydrography, Delaware River, Pennsyka.nia ....... ··---······· ............................... ---··· ... i ...... ··---. 
1983 Physical Hydrogmphy, Delaware ll.iTer, Pennsylvania ........................................................... !. .......... . 
1984

1 

Phi•sical Hydrography,Delawarn ll.iver, Pennsylvania ..................................... _ .............. - ...... ! ........... . 
1985 Dynamic chart of the Delaware Ri.,.,r, No. I, Pennsylvania ....................................................... 1 .......... .. 

l 

1 

l 

l 

l 

I 

1 

19861 Dynamic chart of the Dela.ware ll.iver,No. 2, Pennsyl'<'ania ....................................................... 1 ........... . 

1987 Dynamic chart of the D<llaware River, No. 3, Pennsylvania ..................................................... ..! ...... ··---· l 
1988 I Dynamic chart of the Del&ware River, No.4, Pennsylvania ....................................................... i. l 
1994 j WaUabontBny,E.,.tRker,NewYork ........................................... ; ................................ i 1 1 

19\15 i Pacific Coast, examination for reported rocks off Haystack Rock and Cape Loo'kont, Oregon ..................... / ... • . • .... . • 1 
2004 I Examination of r.ported dangerolll! rock otf Easby's Point, Potomac Ri rnr, District or Col run uia .•.•••.••••••..• Ii ........... - l 
2005 \ Vicinity of Ellie Island, New York Harbor, New York ....... ·-··--··---·-·------ ........................................... _I 1 
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• 
It appears from the tabular statements preceding, and those filed with the office recPrds, that 

there ham been registered in the Archives during the fiscal year ending June 30, 1890: 

G-eodetic observations ... _ ..•••.••......•.••..•..••...........•.•.. volumes .. 515 
Geodetic observations .••••..............•.•...•...•..•............. ca biers. . 0 
Geodetic computations .. __ ................•..........•.........•... cahiers .. 157 
Astronomical ollser\·ations ............. _ ......... _ ................ volnmcs.. 74 
Astronomical obsen·ations ................. _ ..........•............ cahiers.. 2 
Astronomical computations ........... _ ........................... volumes.. 4 
Astronomical computations ...................•.••.............••... cahiers.. 78 
Uhronograph sheets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 
l\la gnetic observations ..........•......................•....•..... volumes.. 4 
l\laguetic olJ8ervatious .........••....•......................••.•... caliiers.. 33 
l\lagnetic obs('tTatim1s ..•••............•..•.................•....... sheets.. 10 
l\lagtretic cotnruta tions ......................................... ~ .......................... volnrnes.... 7 
Maguetic traces_ ....•.........••..............•...•................ slleets .. 527 
Peudnlumohsernttions .................•....•.................... volumes.. 2 
Pernlulurn com put atious . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •........... _ cahiers.. 10 
Clironograph sheets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 13 
l\feteorologica.l olJser-vations ......................................... cahiers. . 2 
IlJdrograpllic observations .....•.....•......•..•.................. volumes .. 747 
II_ydrographie observations ...•.......•••.....••.................... cahiers _. 3 
Il;ydrographic observations .•..••••.•............••......•....... -.... rolls.. 4 
Ily(Jrographic observations ......•.•.......•..••.•....•.........•. packages.. 2 
Il;ydrograpllic obserYations ....•.................................... sheets.. 13 
l\Iaregra1ns ...•..................................•................... rolls.. 03 
Specimens of sea-bottom ........................................... bottles .. 183 
Lo_!:;· books ........... -............ _......................... . . volnmes.. 45 
Cornplete1l !Jytlrograv!Jic sheets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . rn 
Descri1itirn re1,orts on liydrographic 11l1ret8 •••... _................ . • . • .. . .. . 20 
Complete1l topogrll pliic sheets ........ ____ ..... __ ........................... , 72 
Descriptive reports 011 topogra11llic slieets ........... __ .... •• . . . . . . . . . . . . • . • .. 12 

Twenty i;;ix: nilnmes of computations were hound durmg the fiscal year. A great mass of 
\aluaule records and computations Rtill remain unbound which ought to haYe been IJonud long 
ago for their pref:er\·ation arnl for convenience of reference and use. I baye repeatedly in my 
anuual n~p'Jfl:-l called attention to their comlition 1 and I would once more urge the importance of 
prompt action, so that these records and computations may be bound, re-arranged by States, and 
catalogued. 

During- the Ji"cal year eJl(ling June 30, 1890, there were received in the library :'134 Yolumes 
of bound books, and 115 -volumes of unbound books, besides pamphlets and the usual periodicals 
and publications of scientific societies. TIJese figures include duplicates and the various Nau­
tical Almanacs. 

Two hundred and eighty Yolumes have been bound at the Government bindery for the librar_y 
during the fiscal year. 

l\fr. J. :'.\-I. J)nesberr,y has been employed in this Division as clerk throughout the fiscal year. 
Mr. Archie Uppermau was assigned temporarily to this Division June 12, 1890, and assisted 

in clerical work lluring the remainder of the fiscal year. 
l~espectfully, yours, 

Mr. B. A. COLONNA, 

AR.TEMAS MARTIN, 
Librarian, in cl1arge of Library and .Archive& Division. 

A.ssistant in charge of Office a1ui Topography. 
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REPORT OF THE HYDROGRAPHIC INSPECTOR FOR THE FISCAL YEAR ENDIKG 
JUNE 30, 1890. 

U. S. CO.AST AND GEODETIC SURVEY, 

OFFICE OF THE HYDROG-RA.PHIC lNSPEC'l'OR, 

Washington, D. O., July 1, 1890. 
SIR: I have the honor to submit the following report of the bydrographic work executed in 

the field, the routine office duties, repairs of vessels, aud tallles showing the number of naval 
officers and enlisted men attached to the several vessels of the Survey during the fiscal year 
ending June 30, 1890. 

July 1, 188U, I relieved Lieut. Commander W. H. Brownson,U. S. N., as Hydrograpbic Inspector 
to the U.S. Coast and Geodetic Survey, and it gives me pleasure to state that I found the vessels 
of the Survey in as good condition as conhl be possibly expected, taking into consideration th.e 
limited appropriation for repairs, the parties in the field thoroughl;r organized, and the routine 
of the office so admirably arrangecl aml systematized that it was a comparatively easy matter for 
me to continue the work as mapped out by my able predecessor; consequeutly no radical cllanges 
in the method of conducting the business of this office have been found necessarJ. 

The following is a general summary of the hydrography carrierl on during the fiscal year 
just closed: 

ATLANTIC COAST. 

Approaches to Nantucket Sound.-This work was commenced .July 11, 1889, b.r the steamer 
Bache and party, under the command of Lieut. J. F. Moser, U. S. N., and the season en<led 
October :n, 188U, when tbe Bache proceeded to Baltimore, l\Id., for the purpose of having some 
slight repairs made previous to the winter's work iu the vicinity of the Florida Kess. 

Nantueket Sound.-'l'he continuation of this stuvey was in progress at the beginning of the 
:fiscal year by the schooner FJagre, the steamer Daisy, aml three steam Iauuches, and party, under 
the command of Lieut. \Villiam r. Elliott, U. S. N. The season closed October 19, when the 
vessels, launches, and pttrty returned to the U. S. Navy Yar<l Brooklyu, N. Y. Upon the cou· 
clusiou of the office work ill preparing the several projection sheets and records for transmission 
to the Superintendent, it became necessary to break np tbe party nnder the command of Ue11te11· 
ant Elliott, and distribnte the officers among other vessels .iu order to fill ,·acancies alltl keep 
the field parties up to their full strength. 

Coast of Jlfassaclwsctts.-Vicinity of Ca11e Cod. Inshore hydrograpby b;y Assistant IJ. L. 
Marindin, Coast and Geodetic Survey. 

Pennsylvania.-Water front of the city of Philadelphia, Schuylkill River. Hydrograpby by 
Assistant J. Ilergesheimer, Ooast and Geodetic Survey. 

GULF COAST. 

West coast of Fl<wida.-The Bache, after receiving slight repairs, left Baltimore, Md., January 
1, 1890, under command of Lieut. J, F. Moser, U.S. N., and commenced work January 24 on the 
west coast from Punta Rasa to Cape Sable, in Florida Bay, Barnes' Sound, and Card's Sound; 
also Florida. Keys from Big Pine Key to Key West. The season closed May 17, 1890, and the 
hydrograp.lly, of the Florida Keys was completed. 
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The Survey is to be congratulated that this important and intricate piece of work was wholly 
executed under the immediate supervision of Lieutenant J\Ioser during the four consecutive sea­
sons of 1887 to 18!)0 inclusive, and I do not hesitate to sa~~ that this bydrog-raphy, like all the 
rest performed by I,ieutenant :\loser, has never heen surpassed and seldom equaled by any 
other hydrographic party. 

lrcst coa8t of Florida.-Capc- Romano to Shark Hiver. Im;llore hydrograpby by Assistant J. 
Ilergesheimer, Coast and Geodetic Survey. 

Fluricla-Pensacola Bay.-The bydrography of Bayous Grande, Chico, and Texar was finished 
by 8uhassistant P.A. \Yelker, Coast and Geodetic SmTey, for the use of thn Gulf Coast Nrffy 
Yard Site Commission, Commodore ''7 illiam P. McCauu, r. S. N., president. 

H'c.st coast of Florida and Alal1ama.-Perdido Bay.-Ilydrograpl1y by Assistant Stehman 
Forney, Coast aml Geodetic Surn•y. 

Coast of Louisiana.-Tlle continuation of the bydrograpby bet1Yeen Terre Bonne Bay a.ml 
Shi11 t:lboal was commenced Decern ber lll, 188!!, by the steamer Bnclearor, aml party, under tbe 
command of Lieu:t. .A. L. Ball, U. S. N.~ and the season ended May 15, 1890. Owing to unfavor· 
alJle weather the quantity of work accomplished was much less than anticipated, but I am happy 
to state tllat the quality of the work pro•ed to be excellent when plotted and verified. 

PACIFIC COAST. 

Coast of Califomia.-The beginning of the fiscal year fonud the steamer Has8le~· and iiarty, 
under the command of Lieut. D. Delehanty, U. S. N., at work off the coast in the vicinity of 
Crescent City. The projections furnished to this party were completetl to the 100.fathoms curve 
in accordance with instructions, and the season ended July 30, 1889. Then the party proceeded to 
the vicinity of Cape Lookout to search- for reported rockti, returning to San Francisco August 19, 
and then commencing the preparation of the projection sheets and records for transmission to you. 

November 25, 1889, the Hassler left San Francisco, sailing to the southward, and on the 27th 
began work off the coast in the vicinity of Cox's Ilole and Cambria. Work was suspended 
December l!J, 188!!, on account of continuous bad weather, and the Hassler returned to San 
Francisco. She left port again Februar;y 12, 1890, for tl1e field, and resumed the survey on the 
14tL. The season closed :March 27, when Lieutenant Delehanty returned to San Francisco with 
tlw vessel aud party under bis command for the completion of the office work and records. The 
two seasons were highlj successful, and the results, both in quantity and quality, were consistent 
with the reputation of the competent and energetic chief of party. 

8an Francisco lJay and tributaries.-Owing to the long and unexpected delay in the completion 
of the new boiler for the steamer ,UcArthu,r at the U. S. YaVJ' Yard, Mare Island, Cal., that vessel, 
uwler the command of Lieut. Dennis Il. ;\J aban, U. S. N., was unable to commence the resurvey of 
BniHnll Bay arnl Yiciuit.r until April 1 of the present year. The work assigned to the party under 
Licuternrnt l\Jahan was somewhat in the nature of patchwork, being a resurvey of portions of the 
work done during tho winter of 1886-1887 in the viciuit.y of Suisun Bay and neartlrn mouth of the 
Sacramento Hin'r, mnch of tlle previous h,Ydrography being found erroneous and impossible to 
plot. This dnty wa" completeLl on the la,-;t day of the fiscal year, as anuouneed by telegram. 

Coast <if Orcgo11.-The opening of the fiscal year fonnll the steamer Ge1lney and partj·, under 
file command of Li<:nt. J. l\I. Ilelm, U.S. N., at work off the coast from Cape Blanco to Crook's 
Point,, the S(•:u:;on liaving commenced May 28, 1889, of the previous flscnJ .Yl•ar, aml enued September 
11, 1889. The resnlts of this surve.v are thoroughly satisfactory in every respect. 

Lieutenant IT elm had served a tour of duty under the Coast Survey previous to bis present 
detail, and it gives me pleasure to add that he rnuks among the very best of hydrographers. 

Owing to the exhaustion of party fuuds it was impossible to employ the Gedney during the 
renrnimler of the past fiscal year, so advantage was taken of this opportunity by docking the 
vessel, thoroughly overhanling the hull fastening, and making other repairs much needed. 

Interior 1.ratcrs of Washington.-Lieut.J. N. Jordan, U.S. N., assumed command of the schooner 
Earnest Jnue 15, 1889, relieving Lieut. H. T. Mayo, U.S. N., who bad commenced field work fo the 
vicinity of Rosario Strait, on May 20, 1889, so that the beginning of the fiscal year 1889-1890 
found tho season well advanced, and the hydrography wa.s most satisfactorily continued into 
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Semiahmoo Bay and Gulf of Georgia, under Lieutenant Jordan, until November 2, 1880, when 
the Earne.st and party returned to Port Townsend, Wash., and commenced the preparation of 
records for transmission to the Superintendent. The results as plotted and verified in the office 
are all that could be desirert. 

ApriJ 19, 1890, Lieutenant Jowlan and parts in the Earnest commenced their second season in 
Skagit Bay, Puget Sound, and are so emplo:yed at the present time. 

Wasltington-P·uget Sound.--Tue h;ydrography in the vicinity of Port Orchard was executed 
by Assistant J. F. Pratt, Coast and a·eodetic Surniy, for the use of the Pacific Coast :N°a•;r Yard 
Site Commission, Capt. A. '.r . .Mahan, U. S. N., president. 

Southe(l,st Alaska.-The long season in Alaska is continuous, covering portions of two fiscal 
years, generally beginning early in May arul closing the latter part of September; so July 1, 1889, 
found the Patterson and party, under the command of Lieut. II. B. l\Iansfielt.l, r. S. :X., with the small 
steamer Cosmos as tender, at work in the vicinity of Stephens Passage aud Frederick Sound. The 
season closed September 29, 1889, and the Patterson returned to San Francbcu on October 16 
following. 'rlie preparation of the phenomenal amount of work accomplislled lJy the party under 
Lieutenant Mansfield occupied the time from the date of his return to San Francisco u11til April 
10, 189(), the date of his again sailing for Alaska. Il.is sheets and data, h:we already heen sub­
mitted to you, and from them it will be seen that the quality of the results is only equalled by the 
quantity, and I am satisfied that the record of geueral work done has never been exceeded by any 
party, at any time, under the Coast Survey. 

It gives me pleasure to state that Lieutenant Mansfielcl received his well-deserved promotion 
to the grade of Lieutenant-Commander on January 3, 1890, so that when the Patterson left San 
Francisco, April 10, 1890, her commanding oflicer held the higher rank. The working ground 
was reached May 6, aml covers the vicinity of Lyun Canal, Chatham Strait, Saginaw aml Gas­
tineau Channels, and Taku Inlet, tlms completing the survey of the extreme nortllern arnl interior 
waters of southeast Alaska. The Patterson1.~ party was still engaged on this work at the close of 
the fiscal year just ended. 

By your permission, Lieutenant-Oommander .Mansfield gave passage from San Francisco, Cal., 
to Juneau, Alaska, to an exploring party of five persons, under the charge of .M:r. E. II. 'Yells, for 
the purpose of making a reconnoissanee of the interior of Alaska in the vicinity of the Copper lliver, 
with the intention of following it from its source to its mouth. This party will rPjoin the Patter­
BOn at Juneau about the middle of next September, for transportation to San Fra neisco. 

INVESTIGATION OF THE GULF STR.'EA.M. 

Lieut. J.E. Pillsbury, U. 8. N.i commanding the steamer Blake, left Hampton Uoads November 
18, 1889, with Lieut. 0. E. Vreeland, U. S. N., as his prospective relief, for the continuation of the 
inye;;;tigatiou of the Gulf Stream in the Gnlf of Mexico, and in order that Lieutenant Vreeland 
might have the benefit of his predecessor's personal experience and instruction in the method of 
coudu{!ting this important work. On December 12, 1889, Lieutenant Vreeland rnlien>d .Lieuten­
ant Pillsbury of the command of the Blake, the latter officer returning to the \Yaslling'to11 Ollico 
for the purpose of obtaining data from the archives, and for the preparation and compiling of l1is 
exhaustive report upon the Gulf Stream, deriv€cl from bis five years' experience on this work, the 
results of which will surely be of immense benefit to navigation, and of grea.t interest to th(~ 8cien­
tific world. At the end of the fiscal :yeal' Lieutenant Pillsbury is still engaged upoa his report, 
which be hopes to conclude by tho latter part of next October . 

.Lieutenant Vreeland occupied about thirty stations in the Gulf of Mexico, suce('Ssfnlly con· 
tinning the investigation so ingeniously iuaugiuated by his predecessor, closing the season iu time 
to reach Hampton l{oads by April 9, 1890. 

SPECIAL EXAl\11NA'l'IONS AND SEARCH FOR REPORTED DAN'GERS. 

The following is a summary of the work executed by the several vessels of the Survey under 
the above heading: 

Steamer Bache, Lieut. J. F. Moser, U. S. N., ccmi.manding.-On returning from the completion 
of the survey of the Florida Keys to Baltimore, Md., this officer was directed to stop at St. 
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Simon's Sound, Georgia, and make an examination of the bar near the entrance to Brunswick, 
Ga., for a reported increase in the ·depth of water. He was engaged upon this work 1\fay 16and17, 
and found a Yery slight increase over that previously indicated on Coast Survey charts, which 
have since been corrected in accordance with this examination. 

Scltooncr Eagre, Lieut. Wm. P. Elliott, TI. S. N., comrnanding.-After the conclusion of the 
season's work in Nantucket Sonnd, and while lying at the U.S. N~wy Yard, Brooklyn, N. Y., 
Iiieutenant Elliott, with one of the steam launches belonging to the Eagre, assisted by Ensign E. 
A. Anderson, U. S. N., templ)rarily detached from the Coast Pilot Division of this office, made a. 
close hydrogragraphic snr·\·ey of 'VallalJout Channel. This work was done hy your instructions 
between J au nary 15 and February 7, 18GO, in response to a re<Jl1est from the Honorable Secretary 
of the Xavy, for the purpose of accurately developing the channel previous to commencing much 
needed dredging . 

.A shoal spot, with only 17 feet of water 01cr it, having been reported to exist outsi<le of the 
4-fathom curve to the southward of the Battery, ~ew York City, by a witness before au atlmiralty 
court iu a collisiou case, Lieutenant Blliott, under instructions from ~-onrself, was directed to 
make a thorough examination of the locality specified; and, between the dates March 20 and 
April 2, whenever the weather would permit, a minute search was made; tlrn lines of soundings 
were mn as close together as possible, crossed and recrossed, the result being that the reported 
shoal or lerlge was provetl to he a myth. This f\xamination, however, showed that tbe 4-fathom 
cur\'e had extended out slightly from the Battery since the last survey was made, and Lieutenant 
Elliott \\a8 therefore directc1l by you to deYelop the changes in this curve from Pier No. 1, North 
River, to Uoeuties Slip, East Wnn'. TLis work was executed between May 22-27, and the charts 
of New York Harbor lrn,\'e lJeeu corrected accordingly. 

Ellis Island having been designated as tlrn new immigrantlanding station, the Honorable 
Secretar;r of the Trnasury made a request to you for a resurvey of the waters immediately 
snrronnding tl1•1 island in order that tile bottom might be accurately devcloperl previous to 
building wharves out to deep water. This work was executed by Lieutenant Elliott between 
April 16-21, and in its prosecution he was assisted by l'.lnsign Anderson, who was again tempora· 
rily <fotached from the Office for this duty. 

Steamer Endeavor, Lieut. Commander S. M. Ackley, U. S. N., comnwnding.-June 20, 1890, 
made an examination for a reporte(l shoal off 'Volf Trap Spit, Chesapeake Bay; found and 
de1·eloped shoal, and correction on charts will be made when next printed. 

A sunken rock, not cllarted, haviug been reported off Easby Point, Potomac River, opposite 
the city of Washington, Assistant H. L . .Uarindin, Coast and Geodetic Survey, was detailed by 
the Superilltenc!ent to make an examination for the reported danger. The rock was found with 
9 feet of water over it, and the charts affected have been corrected accordingly. 

Stemncr Emle£ivor, .Lieut. A. L. Hall, U. S. N., comman11ing.-A 9·foot shoal having been 
reported off the northern end of Key Biscayne, east coast of Florida, causetl by the grounding of 
a vessel laden with barrels of cement, many of which were thrown overboard in order to lighten 
lier, Lieutenant Hall was directed to exawine the shoal while making passage froru the coast of 
I,ouisiana to 'Vashingtou, D. C. Tllis investigation was made May 31 and June 1, and the 
result showetl the least depth of water to be 12 feet. The correction has been made upon the 
charts affected. 

Steamer lla8sler, Lie1a. I>. Delehanty U. S. N., commanaing.-August 14-16, 1889, inclusive, 
searched fol' n·ported rock::; off Cape Lookout,, Oregon, without success. This examination having 
been Yery tl10rouµ;h, carried on both by sounding and sweeping, Lieutenant Delehanty came to 
the conclusion that the reported dangers do uot exist in the locality designated. 

SPECIAL WORK. 

The Honorable Secretary of the Navy having requested the Superintendent of the Coast and 
Geodetic ~urvey to la.r off a measured mile course in Narragansett Bay, also a 40-mile course to 
the sontJnvarcl of Long Island in not less than 20 fathoms of water, and a similar course on the 
Pacific eoast for the spee1l trials of United States vessels of war, this important work was 
successfully accomplished as follows, viz: 



 

UNITED STATES COAST AND GEODETIC SURVEY. 153 

Steamer Blake, Lieut. J. E. Pillsbury, U. S. N. comma11ding.-Juiy 2-24, 1889, a course of 
one nautical mile was laid off in Narragansett Bay, between Conanicnt Island and Rose Island, 
with range signals, the northern range being on the former island, the southern range on the 
latter, and the course range on the land m the vicinity of Fort Adams. Valuable current obser­
vations w~re also made by Lieutenant Pillsbury. 

Chart No. 353', showing this course, has been published by the U. S. Coast and Geodetic Sur­
vey for the benefit of naval Yessels. 
· Steamer Blake, Lieut. C. E. Vreeland, U. 8. N. conwianding.-May 17 to June 10, 1890, a 
course of 40 nautical miles was laid off in not less than 20 fathoms of water to the southward of 
Long Island, N. Y., and Block Island, R. I., with large range signals, the westeru range lleing on 
Long Island in the vicinity of Shinnecock Light-House aml the eastern range ou Block Island. 

For the 40-mile course on the Pacific Coast the vicinity of Santa, Barbara, Cal., has been 
determined upou, and Lieut. D. Delehanty, U. S. N., commanding stea,rner Hatisler, has been 
selected by you to perform this responsil>le duty. He will commence operations iu about two weeks, 
when bis preparations are eompletecl at San Francisco, Cal. 

It gives me 11foasnre to state that the ~avy Department, has officially expressed its satisfac. 
tion with the two courses measured on the Atlantic Coast., both having been satisfactorily 
tested, and when tbe one on the Pacific Coast is completed I am confident it will gi\'C equal satis­
faction. 

The Hon. John B. Gordon, Governor of Georgia, having requested that an examination be 
made of the oyster beds of that State, this important work wa.s delegated to Ensign J.C. Drake, 
U. S. N., commanding tbe scl.10oner Ready. From October 1, 1889, to Fcbruar_y 28, 1800, Ensign 
Drake was engaged upon this examination, and his exhaustive report is now being prepared for 
imblicatiou in the form of a special bulletin. This officer's long experience in the examination of 
the oyster beds of North Carolina rendered him peculiarly well fitted for the super>ision of the 
duty assigned him. 

THE CO.A.ST PILOT DIVISION. 

August 5, 1889, Ensign E. Il. Tillman, U. S. N., Chief of the Coast Pilot Di>ision, was 
detached from duty in the office and ordered to assume comma.nd of the steamer Endeavor for the 
purpose of veri(ying the sailing directions of Chesapeake Ba.y and tributaries, Part VI. of the 
Atlantic Coast Pilot. He completed this work Sept,ernl>er 21, 1839, allll re:>ttmr.tl his dnties in the 
office. October 31, following, Etlsign Tillman, who had been temporarily in charge of the Coast 
Pilot Division since the detachment of Lieut. George H. Peters, U. S. N., November 25, 188S, was 
relieved by Lieut. Commander S. M. Ackley, C". S. N., who was specially selected for this respon­
sible position on account of his high standing as a seaman and navigator aud his previous expe· 
rience of more than three years' service under the Coast and Geodetic Stu,·eJ·. 

Lientenant·Comma.nder Ackley has been most efficiently assistetl in the labor of compiling 
the Coast Pilot by Ensign E. A. Anderson, U.S. N., and l\Ir. John Ross, ou permaueut duty 
under this Division. 

J nne 14, 1890, Lieutenant-Commander Ackley was ordered to assmne commaml of the steamer 
.Endeavoi· at the U.S. Navy Yard, \Vashington, D. O., then to proceed to New Betlford, l\lass., 
for the purpose of making some slight repairs to the boiler and engine of tbe vessel previous 
to commencing the verification of the Coast Pilot MSS. of the coast of l\Iaiue. fo a few days he 
will leave New Bedford to prosecute the active field work. 

The detailed report of the Chief of the Coast Pilot Division will be found annexetl to this 
report. 

The Coast Pilot volume of the Atlantic Coast will be subdivided into seven parts, and the follow· 
ing sbows the limits embraced in each, with the condition of progress at the end of the fiscal year 
just closed, viz: Parts I and IL-One volume-Eastport, Me., to Cape Ann, Mass. 

The MSS. is completed and is now being verified in the field by Heut. Commander S. M. 
Ackley, U.S. N., commanding steamer Endeavor. It will be ready for the printer about the last 
part of next October, 
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Part III-One volume -Cape Ann, :Mass., to Point .Juclith, B. I. MSS. commenced. 
Part IV-One volume-Point Judith, H. I., to New York City, N. Y. [Long Island Sound.] 

Pt1blishe1l June 22, 1889. 
Part V-One volume-New York City, N. Y., to Cape Henry, Va. MSS. commenced. 
Part YI-One volume-Uliesapeake Bay. In the hands of the printer, and it is expected 

tLat it will be ready for iseue next December. 
Part Vll-Onc volume-Cape Henry, Va., to Kr-y \Yest~ Fla. :Kot _yet, commenced. 
Gii~f 0oa8f Pilot.-T!Je present intention is to publish this in one volume. Its compilation has 

not yet hcen commenced. 
PacUfr Coast Pilot.-A most exhausti,·e work under tliis heading has bem1 prepared by Prof. 

George DaYilh;oH. Assistant Cuastaud Geodetic Survey, and is now in the hands of Urn printer. 
'l'bi:-; Coast Pi lot w:ill lw publisheil in one large volume, aud it is expected that it will be ready for 
issue. to the public about the latter part of this mouth. 

Ala8ka Coast Pilot.-I,ieut. Commander H. B. Nichols, L'. S. N., was directea, November 
H, lSS7, by yonr predecessor, to rewrite the Alaska Coast Pilot, and he has been continuously 
engag1>,d on this work f'Yer since. I am happy to announce that it is now completed and the MSS. 
will be received at this office in a few weeks' time. That part of the coast coYerell by the compilation 
of .Lieutenant Oornmander Nichols is commonly known :u.; Southeast Alaska, and extends from 
Dixon Entr.iuce, marking the 1ionm1ary line between British Columbia a1H1 Alaska, northward to 
Yakut:at Bar, embracing all of the interior waters and outside coast line of this remarkable country, 
far famed for its graml scenery and rug-ged beauty. 

The rapidly increasing commercial importance of Alaska renders it imperatiYe that tl1is volume 
of tlw Alaska Coast Pilot sboultl be published at the earliest possible moment for the benefit of 
naYig-ation. 

Lieutenant Commander Nichols having had fiYe years' personal experience in Alaskan waters, 
commanding the U. S. Uoast and Geodetic Survey steamer Hassler and the U. S. S. Pinta,, he was 
pecnliarl~' adaptetl and C(JUipped for the work assigned ltim. 

The work eo,·eriug that portion of Alaska to the northward and westward of Yakutat Bay, 
including the Aleutian Islands, will be compile<l as rapidly as reliable data is obtained, and will 
be known as Part II. The ,·olume coyeriug .southeast Al,!lska will be Part I. 

THE IIYDROGRA.PIIIC DIVISION. 

At the beginning of the fiscal year Lieut. M. L. Wood, U. S. N., was in charge of this 
Division, uncl it gives me pleasure to call your attention to the untiring industry exhibited by this 
zcalott-< officer, and to sta,te th~tt he was the originator of many improvements in the details of 
chart c,11·rcdions and iu preparing for publication the monthly Notices to Mariners. January 14, 
18\)\l, Lim1tc11aut \Vuncl was relieved by Lieut. H.. T. Jasper, U.S. N., and I am happy to state that 
tlie c1licinucy of tlte Di vision llas not only beeu kept up under his able supen·ision, but has made 
im1wct:1t1t all\·ances, its duties being rendered more exacting than ever, owing to the rapidly 
irw1i'asing sale of Coast Survey clrnrts necessitating new editions at sllort intervals, each proof 
shed uf a fresh (:llition requ~riug close inspection for the verification of bydrography and changes 
in aids to nadgation. 

J!r. K JI. \\'.y,·ill, the chart corrcetor, has given thorough satisfaction, and his close attention 
to dn!y 11writt-: the highest approb.ition. ' 

H .~'in·,..; me ple:1surc ttJ foll1>1Y tiie example of my predecessor;; iu hY"in~ing to your notice the 
long and faith fol sen·ices of '.\{t;,;.;;rs. B. \Villeulmcher, '\Vm. 0. \Vi!lenlml\her, <tutl F. C. Donn, hydro· 
grapliie dran)!l1tsmcn, all of whom arc tltoronghly efficicut, aud whose many years' cxverience in 
tliis dirisio!l l!as rendered tlJeir s1•n·ices simply invaluable. 

The det~tiled report of the Chief of the Hydrographic Division, giving a synopsis from the 
recordi:; of the work done upon the bydrographie sheets, will be found appended. 
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REP.A.ms OF VESSELS. 

The following is a general summary of the repairs made upon tlte several vessels of the Survey 
during the past fiscal year, viz : 

ATLA!\"TIC COAST. 

Steamer Blake.-N ew con pliug an cl bushing for shaft; engines lined up ; fioor plates renewed ; 
new blow valves, bnuker plates, ancl asbestos covering for boilers; incidental repairs on lJridge 
walls, steam pipe, water gauges, bearing Lars, and distiller; windlass eugi11(· and galley repaired; 
spar deck recan•ased; new suit of sails; new cutter; vessel docked and bottom cle.aned. Amouut 
allowed for repairs, $3,368. 

Steamer Ba.c;he.-General repairs on main boilers and e.ngine,;, rmlder anrl ,.;teering gear; gal· 
ley repaired; new chain cable, 45 fatlto:n.,;; water-closets overhaalell; ,; l>.rliglt ts repairntl; Hew 
planking on spar deck, an!l same relrnnired witlt can \"as; new ash chute atltl fire room floor plates; 
new boat fall;;; uew uoiler a,a(l geuet•,tl repair.~ ou slo~i.:u LJ.uncu; ves::;el docked and bottom 
cleaned. Amount allowed for repairs, $-1,207.16. 

Steamer Endeai•or.-Vessel docked au!l bottom re-coprrnred ancl new propeller put on; galley 
repaired; new a 1vniugs; inciU.eatal repair a to deck, boiler, arHl en giue. Amount allowed for 
repairs, $1,860.L5. 

Sckooner Eagre.-New mainmast; hnll planking repairnd; water-closets o•erhaulcd; galley, 
deck pumps, a.ud boats repaired. Amount allowed for repairs, $1,393.G5. 

Light repairs and painting for the preservation of the following small >essels and boats, viz: 
Steamer Hita/icook, $14:.19; steam lat1nch No. 4, $35_60; schooners Ready, $150.00; Transit, 

$272.00; Spy, $86:20; Quick, $132.79; barge Beauty, $30.47; and boats at the U. S. Navy Yard, 
Brooklyn, N. Y., $!4.34. Total, $795.59. 

PACIFIC COAST. 

Bteainer Patterson.-Orank-piu brasses; pillow blocks; lining up engine; cal king seams in 
boiler; check valves; new furnace frarr\eS; new covering for steam pipe and cylinders; anchor 
engine and connecting-rods a.ml new drain pipes; incidental repairs to auxiliary boiler; general 
repairs on three steam launches; brass steam-heating piping; steam pump and fit.tings; new gal: 
ley; water-closets overha11led; boat davits; boats repairetl; new flatboat and canoe; gearing to 
wire sounding reels; vessel docked and bottom cleaned. Amount allowetl for repairs, $:!,'.WO. 

Steamer Hassler.-Piston-rod; shaft; flanges; valves; calkiug boilers; rnclder: calki11g fore­
castle and berth decks; windlass and steam capstan; water-closets overhauled; 1minting hull; 
vessel docked and bottom cleaned. Amount allowed for repairil, $3,700. 

Steamer Gedney.-Calked boiler sea.ms; new injector; repaired condenser; piston and facing 
rings aml ma.in ex:haust pipe; new ash-pit doors; llmss•alve-seats and eccentric straps; lmukprs 
refioored; new smokestack and boat falls for steam launch; steam windlass repaired; hull fasten­
ings renewed; bow strengthened with three iron braces; chain locker anti ,;haft alley 1·emcnted; 
new rudder chains and preventer chains; chain bobstays for bowsprit; jibboom; watcr-tigl1t bulk­
head; water-closets overhauled; new flatboat ancl boats repaired; vessel dockell, bottom re-cop· 
pered, and new radder shoe put ou. Amount allowed for repairs, $-i,51i0. 

Steamer .JfcArtlrnr.-New boiler; general repairs oa main engine; pilot, house enlarged; new 
anchor shields, spars, boat davits, awning stanchions, rigging, and hoat falls: stPP.ring gear 
repaired; wa.rclroom bathtub and wash sinks for crew added; water-closets on.rli:EtlPd; g<tlley 
repaired; new fire hose; ship painted inside and out; three new trnats; vessel docked and bottom 
re.coppered. Amount allowed for repairs, $10,344.12. 

Sclwoner Earnest.-Shea.thing main deck; new gig davit.sand lanyards for lowpr rigging; new 
dingey; boats repaired.; water-closets overhauled. Amount allowed for repairs, $385. 

From the above summary it will be seen that all the vessels of the Survey on acti,·c sen·ico 
have been under repairs during the fiscal year, aml many of the alterations and improYements 
aud the renewal of worn-out material 4ave been quite extensive. The large amount of work 
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accomplished with a limited approprilltion has been rendered possible by utilizing the enlisted 
force of the ships' mechanics as far as possible, th us economizing greatly on the cost of labor. 

New boilers are reqt1ired for the En<leawr and Daisy to replace those now in use and which 
are worn out from the wear and tear of long service. It is hoped that new boilers may be con­
structed for thei:,e vessels during tile fiscal year 18fl0-'91. 

NEW VESSELS AND STEA.1\1 LAUNCHES NEEDED. 

I respectfully call you1· attention to tile necessity of a special appropriation for the construe· 
tion of a vessel of 1,500 tons ilisplacerncnt, costing about $JOD,O()O, for use in northwes-t Alaska. 
A vessel for this purpose shonld be composite built, of' the strongest construction. sheatLed bow 
as a protection against ice, great coal endurance, tl'iple expansion engines, and a maximum speed 
of 12 knots. 

With a steamer properly designed for this service an excellent reconnoissance of' northwest 
Alaska could be made in a, periml of three or four years, locatiag the principal shoals and dangers 
and establislting a"trouomieal station,,; at tlrn most important points, thus adding greatly to our 
very meagre knowletlge of that immense portion of our country, which is ra1>i<lly growing in 
importance, on account of the whaling and sealing industry and mineral discoveries, in an increasing 
ratio from year to year. 

Suell a steamer wouhl be availal>le for running lines of deep-sea soundings preparatory to 
laying submarine cables in the Pacific. If the Coast Survey should be called upon for the work 
here suggested, then• is not a single vessel at its command fitted for such service, of which tlie 
grcateHt requirement would be coal en<lllrance. 

A small steamer of 2.30 trms, costing a boat $ 75,000, is necessary for work on the Atlantic 
coast. A vessel of this size would be economicali and is neerled to fill tlie place of the Gedney, 
which was transferred to the Pacific coast in 1888. As the Blake is continuously engaged upon 
the in \'Cstigation of the Gulf Stream, the only two steamers available for hyclrographic work on the 
Atlantic and Gulf co:asts 11re tile Bar:hc and Endeavor. A third steamer is undoubtedly required. 

A large t>team launch of 25 tons, costing about $12,000, is needed for work in Puget and Wash­
ington Sounds, iu conjunction with tile scl10011or Earnest. 'rile launch Tarry Not, which has been 
in use with the B1ime~t for many years p<1>st,, is completely worn out, is not worth repairiug, and 
is know·11 to be unseaworthy. During the present season, in the northern waters of' \Yasllington, 
the Iairnch Pttea, has been s11lBtituteLl for the Tarry Not, but is unsuitable for the work, and will 
probably be required ia a Hltort time by the topographical party working in Washington. 

I•'iV"e new steam lannches a.re necessary for the following vessels, viz: 
Estimated cost. 

One for the Blake ..• ..•....••.••••••..•••••••••••....••••... -. • • • . • . • . . • . • $2,500 
Two for the Hassler (each) ........••......•..•••..••.•................... 
One for the .Bache ..............•.....•••.............••........•••..••.. 
One for t,lie Endeavor .•...•....•.•....••.•.......•...••....•..•••..•.••.. 

IIYDROGRAPHIC INSPEC'l'OR'S OFFICE. 

2,500 
2,000 
1,800 

The ckrical work has been most sati.<;factorily performed by Mr. J. H. Roeth, and it gives mo 
p1easnre to state that I ltave fouml his thorongh knowledge of the routine duties in connection 
with the forms of the Ooast Survey Office and of the Navy Department invaluable, relieving the 
Hydrographic Inspector entirely of the drudgery of details. 

I have the honor to l>e yours respectfully, 

Dr. T. U. MENDENHALL, 

OH.AS. M. THOMAS, 

<Jommandet-, U. S. N., 
Hydrographic Inspector Ooast and Geodetic Survey. 

Superintendent U. S. Coast and Geodetic Survey. 
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REPORT OF THE COAST PILOT DIVISIOY FOR THE FISCAL YEAR EXJ)l,VG JUXE 30, l.':!90. 

U.S. 00A.ST AND GEODETIC SURVEY STEA.11:ER ENDEAVOR, 

New Bedford, 11-lass., July 1, 1890. 

SIR: I have the honor to submit the following report covering the work of the Coast Pilot 
Division during the fiscal year ending June 30, 1890. 

At the beginning of the year the first edition of subdivision 22 of the Atlantic Coast Pilot was 
in the hands of the printer; it was ready for issue December rn, 1889. The manuscript for U. S. 
Coast Pilot, Atlantic Coast, Part VI, Chesapeake Bay and tributaries, was sent to the printer Sep­
tember 30, 1889, and the proofs are now being recei,·ed at long inten·als. 'fhe manuscript for a 

·new Coast Pilot volume coYering the coasts of Maine, New Hampshire, anu Massachusetts, from 
the eastern boundary to Cape Ann, is practically complete(l; the sailing directions are to be testell 
and descriptive matter verified as soon as practicable, aft<>.r which it will he ready for the printer. 
This volume will include Parts I arnl II, of tlle U. S. Coa"lt Pilot, Atlantic Ooa<>t; Part I co>·ering 
the coast from the eastern boundary to Whitehead, and Part II from Whitehead to Cape Ann. 
It is to be issued separately to meet the demand for a Uoast Pilot publication COYering the section 
of the coast included therein, and forms part of the large Yolnrne now in preparation, which is 
<lesigued to embrace .the Atlantic coast of the l~nitt'd States. 

l\fucb work has been done in the preparation of the volnrne to cover the Atlantic crn1;;t. The 
<lata for the coast from the eastern boundary to New York h:i.ve been collected trnd tile field work 
completed, excepting the verification of sailing lines on the coast of Maim-, aml a few special 
examinations necessitated by the changes which are constantly occurring along the coast. Very 
little bas been done between New York and Chesapeake Bay; some data have been collected, but 
the field work is stiU to be done. Some of tlie data. for t1rn coaRt between ClwRapeake Bay and 
Key 'Vest have been collected and put in form, but tlte tle!(1 work is yet to be taken up. 

Over 2,000 miles were run to Yerif.v sailing lines in Chesapeake Bay and descriptions which 
are incorporated in the Coa.st Pilot volume in the hands of the printer. See the report of Ensign 
E. H. Tillman, U. S. N., Assistant Coast and Geo(letic Survey, dated September 21, 1889. 

I will here call your attention to the very slow progress of the Government Printing Office in 
getting out Part VI, .Atlantic Coast Pilot, Chesapeake Bay and tributaries. The first pages of 
}lroofs were receh·ed on November 11, 1889; since that date only about one-llalf of the proof has 
been received, and at tlie present rate of progress this work will be more tlrnn a year in tllP printer's 
bands, which for a small volume of about one hundred and eighty pages seems ridiculous. 

Under ;your instructions dated June 14, 1890, the Coast Pilot party was tmnsf'l'rrell from tlle 
Office to the steamer Endeat•or for work in the field. On our way thither a shoal near Wolf '.l'rnp 
Spit, in Chesapeake Bay, was de'l'"eloped; the data for this work com;ist of 9~ miles of sounding 
lines, 528 soundings, 49 angles, 1 signal built and located. 

The party then proceeded to New York and to New Betlforcl, .Mass., stopping at )fl'W Haven, 
Oonu., to inquire about the casualty to the schooner Robert ,1/:irgnn. .\. t the end of tlic fiscal year 
the Endeavor is undergoing repairs at New Bedford, M:ass., preparatory to cm1ti.nuiug tl!e season's 
work as directed in your instructions. 

Previous to October 1, 1889, the date of his detachment from the Surrn.r, Ensign E. H. l'illman, 
U. S. N., had cbftrge of the Coast Pilot work; since that date the Di vision has been under my 
cl.Jarge. . 

Ensign E. A. Anderson, U. S .. N, reported for duty in the Division on .Tnl,v, 188!!, aml has 
been engaged in general Coast Pilot work, excepting from January 13 to 23, both incltisirn, and 
.A.JlFil 14 to 23, both inclush'e, when he was detailed for hydrographic work in New Fork Harbor 
unucr your instructions. Since JuniJ 14 he has been engaged in the field work of the party ou 
board the steamer Endeavor. He is a most intelligent and conscientious officer in the performance 
of his duty, and his ser\·ices are of the greatest value to the Coast Survey. 

)fr. John Ross has been employed in the Division, at the Office and in the field, during the 
entire fiscal year; be has been engaged in revising aml compiling data for Coast Pilot volumes 
and in the routine office work of the DiVision. Ilis experience in this class of work, combmed 
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with a general knowledge of the Atlantic coast of the United States, and his intelligent and willing 
attention to duty, make his services valuable. 

J\liss Alice F. Carlisle has been employed during the entire fiscal year as a copyist for the 
Division at the Office. I can not speak too highly of her industry and the satisfactory manner of 
doing her work. 

I woulll most urgently call your attention to the necessity of some more systematic and 
thorough arrangement with the J;ig·ht-Honse Department b.v which this Oflice can be informed of 
changes in the aids to navigation. They are constantly being matle, and sometimes for months 
afterwards we lw:ni no knowledge of them a.nd consequently our 11ublications and charts on which 
they should appear are for the time incorrect. 

Very respectfully, S. M. ACKLEY, 

Lie1ttenant- Commander, U.S. N., 
ARsi,vtant Coast and Geodetic Survey, 

In charge Coast Pilot Division. 
Commander C. M. Tno:11As, G. S. N ., 

H71drugrapltic 11Mpcc:tor Coast and Geodetic Suri·ey. 

REI'OIIT OF HYDROGBd.PHIC IJIVJSIOX POR THE FISCAL YE.dB ENDING JU~VE 30, 1890. 

U. 8. COAST AND GEODETIC SURVEY OFFICE. 

lVasMngton, July l, 1890. 

S!R: I have the honor to submit herewith the report of the work done in the Ilydrographic 
Division during the year ending ,fone 30, 1890. 

The Division was in charge of Lieut. :;'ti. L. Wood, U.S. N., until Jaunary 14, 1890, on which. 
rlate he was relieved by myself. 

The force of draughtRmen in the Division bas been the same throughout the year as at the 
date of the last a11uual report, \"iz, i\fr. E. Willen't:mchrr, Mr. W. C. Willenhncher, Mr. F. C. Donn, 
and E. H. Wyvill, the three first named being engaged on the work l1ereinafter stated, and Mr. 
W~·vill performing the varied duties pertaining to the office of the Chief of Division. It gives 
me great pleasure to testify to the zeal, industry, and ability of these draughtsmen, to whom is 
due, in a great measure, whatever of credit belongs to this Division. 

A tabular statement of the work performe:l during the yea1· in plotting, verifying, and inking 
original hydrographic sheets, in the verification, revision, and correction of reducecl drawings of 
hydrography,"' and in miscellaneous dmughting, has been prepared for file with the Office reports 
in the archive8. 

A o;nmmary of the work upon the original hydrograpllic sheets is present,ed in the following 
table: 

Synopsis from the records of the hydro.qrapltic sheet;; plotted and drawn during the fiscal year ending 
June 3(), 18!IO. 

Numb£~rof­

: Natnca of draughtsmen. :--i-------------- -----
i 1 Sbeets. IVolameH. ,\ni;h•R. Soundinga.; Milea. I Dee~.•ea 
1-~.-;~~;enlm:i1u .... :~:~1--l-~1--4~~,-~1,-2~G ~2;~!--;~~;~j~un ::

8

• 

I W.C."\Ville11\Judwr ...... i 251 1~6 4:<,413, 168,278, f>,Oi2!\-··--- ..... . 
i F. C. Donn ................. i l3 88 ~7, 567' 137, 178 i 4,<>!5 ; .......... .. 

/ Granutf\tal.. .......... :-541--~il2:"2o9/ 527,442 i i_~89l l-=_931 

Very respectfully, 

Commander C. M. Tnmu.s, U. S. N., 

ROBT. T. ,JASPER, 

Lieutenant, rr. S. N., 
Assistant V. S. Coast and Geodetic Survey, 

Cltief of Hydrograpliic Divi&ion. 

Hydro9mpltic In.~pedor U. S. Goa.st and Geodetic Surre.v. 

•Thon umber of these drawings verified, reviaed, or corrected was seventy-nine. 
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'List of Naval Officers nttached to the Coast and Geodetfo Sun·ey <luring the .fiscal year ending June 
30, 1890. 

Name. 

CO~D-IAND-EH. 

Date 
attached. 

Clmr1t'H hl. Thomas ..• >·Jan. ll\ 1887 

LIEl'TRXAXT-CO~L\1.A!\D· 

EHS. 

·w. II. Ilrownsou...... .J:m. 29, 181l5 

II. E. Nid.wls -··--···-· )\oY. 11, 1H37 

Date 
detached. 

S. M. Ackley ..••...•... Oct. 2, 18'<lt ....•.•........ 

II. B. Mansfield ........ · Ma« 15, 1888 

l.1El:1£XAX't:· .. 

Be marks. 

Still in service. 

Still in ~<.-'rvlce. 

D(). 

Do. 

J.E. Pillsbury ...•..... July 13, 1882 ' ............... ; Still in sen· ice. 

. D.Delebn.nty ............ ~far.::?0,188!1 ..••.•..•...•. ' Da. 
J.F.'1lm1e>r ............• Tan. 2'.l.1~81 

Robert 'T. ,Jiu•lhir D\·c. n, 18SD .••••.•••.. _: 

D.IL }ifrthan ...... ~nT.1:i, 181;3 -·····-····--·/ 
E.11.Huglle8 .•........ ,J1:tv~~ •• 1890 

Charles E. Vreeland ... o,·t. ~:;, lSSn ............. -.) 

Wil<iamP.Elliott. :\Lu.19,1889 ············--\ 
E.J. Dorn. .,\pr. l, 1RMB .•••..••...••• [ 

J.M. llclrn .........•.. ~rpt. 4, l8S8 .- · .....•••..• ·i 
M. L Wood.··-·· ...... ' ApT. ~!, W!7 ! Jnn. 14, 1890: 

U1~l'TE~.\XT6--Jl·.'\10H 

1;HAPE. : 

Do. 
Do. 
Dt1. 
DiJ 

no. 
no. 
Do. 
Do. 

Charle:::. .• .\.. Gon~ ..... 
J.N.1Jonfan .....•.. 

Apr. D, 18'8 .............. ;Still in scr,-ice. 

.A.L.Tfall ... - .... . 

ll, N. W-00d ........ . 

ItM. Huglw8 ...... . 
J. II. L. Jihlcom hp 
Harry Kir:1mt•ll ... . 
A.G. llo;?:er~ ...... . 

1Tuno i:.:;1 1839 

.\ng. 21, 18f9 .............. . 

llar. 17, 1887 Apr. 7, 1f.:(J0 

. fan. lJ, 1886 ~Tuls 171 lS~iJ 

Ang-. 4. !8.S0 1 ' 

Dre. IF 1888 
' ' 

1.Llr. 71 lS!JO ' ..••••••••.••. 1 

D(1. 

De . 

Da. 

D<'. 
Do. 

~ame. 
J)ate 

attadied. 
Diit~1 

deta.rbed. Iteurn.rk:-1 

EKSIGNB-continuod. ) 

G.ILSlocurn._ ....•... J Aug. ':".IKS7' • 1 SriI1 i3 ~f'r"Vice. 

.J.P. XeGnimH.'H~ .. 

,Jos. Drr:c1c:.s ........... . 

C. 8. Sumwt!I'tlt .. 

II.~\. Hi~pJ.~[.Hn ..... - . 

Au~. !l 1 1~8"'i' 

July Hi, 18:S7 

.July J:l, 1887' 

·T11iy I:~. mt.;-; 

.: 11!;. 1~, 1s:;.;;.7 

,J.E.~bind,·1 ........... ~'nl;1 l.L l~,:..1 
\V. IL (J. Bullard ...... Jul.Y S, l~S..; 
r . ..:\.ndrev,·I"\ ............ f11L .i. l:-.:.s.;;; I 

W. lL Faust·--··· .... A ti . ..'. . l, 188~ 

\'ii'. L. Uodcl ........... . 
It.D.Tischle .......... July ·~·.l-"·'~ 
S.1.L ~tr<tr• •••.••.....• Tu1;; 11, iS."S,< 

r. \\',.Tf\ukin,q .....••. i Feb. i--.1(...B[• 

.July 1, 1(:.::/1 

M. L.1~ri~tol ----· ..•. 1 July l:J, 1'.--t\D ~1ur. 7, 1290 

L. l'. l~d·tolet~e 
\\"". s. (:lark.ti ............ Tuly 11. 1 ~:-·!J ~ O\". J:J. 188'.J 

E.::'!:fo.alo.jr ...••..•••• Au.tr 9,JRE:I ·-·········-· 
~.J:.Hudl•ut ,Jnly ~5,188:1 ............... . 

E. H. Uurdl ···-·-···· .Tnly 11,lE~H 
F'. H. lJnH\"Il •••..•.••• July l,1S89 
c M ~tnm; I .Jul,, 11, 188~ lq1r. li, umo 
Th::>~. \\ra~ldnglirn .. . .July 13. 1s;g ,Jan. ~5. 1S9ll 

K. H Pr~1ii.i."'. Def~. ~U.1883 i··-··········· 
~Tob.u~LS:\:'clti .•....•. ?iinr. :n,188~ ! ......... . 
JT. T. Perer Mnr. 10, 183P 

~J.I•~.rrie ............ Nov. 5,18i8 DPc. :i.1809 1 

I>o. 
T>t}. 

J)u. 

Du. 
no. 
Do. 
Ho. 

Uo. 
[)o. 

Uo, 

llo 

Do. 

Do. 
no. 

~till in service. 
l)o 

J>n 

E:\SIG:-;r;. P. lI. Tir.fllilt .......... Dl·r. :1, 1&5.!J ··········-~-·) Stlll in sendcn. 
A.C.Almy .....• Sept.10,1887, ,Tau. 

L. ~L Garrett .......... llay !C, 188<' 
1 

O<:t. 
31, 1890 I 

24,1889! 
31,188H) 

7, 1890 

E. II. Tillmau .... 
R.O.Bi.tlN· _ 

l>tT. :28. 1886 . Oct. 

: Apr. 2~. 1883' Feb. 

Feb. 5, 1~!JO, 

Apr. 16, 1800: Mar. 13, 1890 

L.S. \rnu Du1.t·r._ ... ! Ju1s 10,1888 .A.u~.10,18SO' 
1 

Oct. 20, 1886 ,July l, 18~9 ! 

li. C. P1.r:.md:.;;lcn12' 

J.C. Urnkc . 

Franklin Swift ... 

J Plm F. I .. 111.r. D"c. 11, 1888 1 

---······, ••••• I 

Still in aerv"iro. 

Do. 

~ .T uJ~- l:J, H8s I s"JJt, JO, 188~ : 

.. · l A pr. 2a, 1890 i .............. i Do. 

E.A..AuJ.ers(Hl ·--··-·· Ap:-. ::!·t~H88 '.---······•····[ lJo. 
F. ,\, Hnntooa. ·-· ..... J:1. ll 11, l<l~iJ: .A.pr. 14, 1890: Deserted. 

:Jay ~. 18!)0 ····--·-···J Stilliuservic~. 
Ang-. Hi, 188G .ra.n. 31, 1800 l 

Ua.rry George ........... . 
A. '.\I. 'Ifoecl1ei:.· .. - ... - • -

F. K. Il1ll ....... _ .. 

,Tnh2:l,lSS.< ........... - .. j Do. 

, I 
U1" i.-,.13,.:;9 :---------···-·l ~till iu service. 

Tho~. OwowL ... 

I" A \"MA STE!~. 

l'A.J:\Sl:::P ARSl:--TA~'l {I 

PA Y~I.\.DTlC:H. 

.J.N.Siied- ........... : ]Jee. 2il,ll'86 Or:. :w.188t1

1 
l'A;-<ii-Ell .ASSiSTA~T 

F.:\GlXEE l'>~. 

• Geo. D. :itrickbutl .... , Sq>t. li, 1886 Apr. lil, 1>'90, 
' I, ~ j: AK:SISTANT EN<H"Xli.Eru;.. I 

I' E IT S "' J I " 18 n ~ .,. · ' 

I
!· .. LCI'htllPt'---····· ttl.Y '-'~ tfo. ··········---il,"ltll.li.:SCr'\""lCe. 

'Thos.l'.Cartt·r ........ DM·~c~.- 0

1,~ •. ll~~.~ .·-.·_·,·.· •• ·.·.·.··.·.·_·

1

1 Iliio,.,· f; iV. W. Wliito ....... -.. ~ , "'" 
I: J,C,Lconanl ......... ·Jan. ~1.1689 ........... -. o,,_ 

,J. D. ~IcUo!lalrl. _ .. 
1lar. :n, 1888, Jan. 10, 1890 I 

Aug. 1-0, 18$6 ! Jan. 9, lll'JO I 
I I 

ii C-4.RPENl'.EB. ) 

-------~-W.W. Rich.ardsou ~~~7, 1~~1' ..... 1f.tiil in .,,rnrn, 

* lte-att...,bcd July 1, 1889. 

REVAPITULA.TION. 

Con1n1ander ......................................................................................................................... - 1 
Lieuteua.nt·con1mn.nders. ·-- .......... -·-· ...................... - ........ ...... ...... •••• ... . .... .... . . ... . . . . ... ... . . .... . ..... ... 4 
l .. ientena.nts ................................................................................................ --- ............. -· 11 
Lieutenants (junior grade) .................................................................................................... 8 
Ensigns .................................................................................................................................... 39 
J>;1sseti as~istant surgeons .......................... -···--······· .................................... ·····-············ - ··· 1 
¢"s~iMt.a1tt surgeons ........................................ - ................... - -- - .................. · ·- · ...... ·· -··--· · · · · · ·· ·-·- ·- · 

1 
P:;.~:::i~==i~t~;ti-p;~~st~;.-: ~ :::: :: : ~ ~ ~ ~ ::: : : ·.:~::::::: ~:: :: :: : : : : : :: :: :~ ~: ~ ~::: :: :: : : ·:::: :::: :: : : ~ :: :: :: : 1 
Pas,1;~d a.i;i;.s.istant e11gineer ......................................................... -- ......... ·~ ·---·. ---· .. - .•. -- - - - - . -~ - . ----~ J 
Af'!sistant <·ngineel's. -- ......................................................................................... ~- ................ ------.. .... 4 
Uarpenwr ·······-····················-········································· ............................ l 

77 

NoTs.-From the st&tement immediatel1 following i~ •ppe..n that of the 7i ollicen above named, 51 were on duty in tho Survoy at tha 
cl""" of the fiscal year. 
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List of Na11al Officers attached to the Ooast and Geodetic Survey June 30, 1800. 

COAST AND GEODETIC 8'l'RYEY OFFICE, 

Commantler Chas. :M. Thomas, Hydrographic Inspector. 
Lieut. Uommander H. E. Kichols, Alaska Coast Pilot. 
Lieut. J.E. Pillsbury, special duty. 
Lieut. Houert T. ,Jasper, Hydrogntpliic Division. 
Paymaster Geo. A. Deering, in charge naval pay accounts. 

ATLANTIC AND GULF COASTS. 

8/eamu ntake (Atlantic Uoastl.-Lieut. Charles E. Vreeland, comrnauding: Lieut. H<trry 
Kimmell, E11sig11 C. S. Stan worth, Ensign ,J. E. Shindel, Ensign P. Arnlre\YS, Assistaut Surgeon 
'Tito,>. Owens, A:,;;;istant Engineer W. W. \Yhite. 

Sica111c1· BachP (Atlantic Coastl.-Lieut. J. F. :\loser, commanding; Lieut. E. 1\I. Hughes, 
J:u~ig11 H . .:\. Bi,;pham. B!isigu RD. Tisdale, Ensign S. M. Strite, Ensign h C. Hertolette, 
En:-<ign E. II. I l11rell, Passed Assistant Surgeon ,Tohn ;\f. Steele, Assistant I~ngineer E. U. Scribner. 

Schooner Bar; re ( Aila11tic Coast).-Licnt. 'Vm. P. Elliott, commanding; Carpenter \i'. \V, 
I ti eh a nlsorr. 

"itt'(lilU'r L'wfrrunr (Atlantic Coast).-Lieut. Commander S. M. Ackley, cornmamliug; Ueut. 
A. L. liall. Em;igu ,J. F. Luby, Ensign E. A .. Anderson, Ensig.r1 F. H. Brown. 

r ACIFIC CO.AST. 

Sll:ai!WI I'attcrson (Coast of i\..laska).-foeut. Commander B. U. }fansfield, commanding; 
J,i<·ut. E .. r. Dorn, Eusign ll. C. Poumlstone, Ensign G. IL Slocum, Ensign Jos. Strauss, Ensig·n 
"'· ll. Fanst, Emigu .F. \.V . • Tenkirrn, l'asscd A;;si;;tant Surgeon Il. T. Percy, Assistant Engineer 
Tho-,;. F. Carter. 

;-..1t11111cr Ila8sler r.Coast of California).-Lieut. D. Delehanty, commandiug; Lieut. Chas. A. 
Gove, Ensign .J. P. ".Ucl;uinrwss, Eusign \V. L. Dodu, Ensign S. R. Hurllmt, Passed Assistant 
SnrgP011 N. II. Drakt·. 

Steamer Oedm:!f (Coast of Oregon ).-Lieut .• J. M. Helm, commanding; Assistant Surgeon P. 
ll. Bryaut. 

8tcwncr Jlc1ll'tlrn1· (Coast of California).-Lieut. D. II. :Mahan, commanding; Lieut. J. H. L. 
Uoleon1he, I~icnt. A. G. Rogen;, Ensign G. W. Browu, Ensign \V. H. G. Bullard, Assistant 
}~ugiucer ,J. C. Leouard. 

8d1ooncr Rnrnci;t (Coast of 'Vashington).-Lieut. J. N. Jordan, commandiug; Ensign Harry 
George, Eusign B. Moale, jr. 
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Number of naval officers attached to the Coast and Geodetic Survey vessels during the fiscal year 
ending .Tune :m, 1890. 

' I 
: Dec. 31, 'I Jann 30, :,j· 

1889. , lHllO. Name of vel\seL Dec. 31, 
]8$9. 

------------------- ---8- -----~- .i- Steamer Hassler ......... __ i 6 

.Jnn~· 30, 
Jc90. 

Steamer Bacho............ !I I 

Stea.mer Blake............. \.! .. [ Steamer ~I:cArthnr ........ 1 5 \ f> 1 

Schooner Ea;!re ............ SteamerJ>a.Herson ......... i 9 j 91· 
Schooner Earnest.......... 8cbonner Ifo~tly ...•....... ! 1 • ......... . 
Ste&mcr EIH.lea\'"or.... .. . . . 4 5 i! Coa6t Sun·e} Office ....... · i 8 5 

Steamer Gedney --... --· -_j _____ 6_ J ___________ L Total .. __ . _ ... _, .... ---liO-,- ___ 5_4 _J 
Average numUur, 57. 

Number of men attached to the Coast and Geodetic Bu.rre.1f rcssels durinr1 tlw .fiscal year ending 
June 30, 1890. 

----~-~ ----

N arne of <'essel. Mar. 31. Jnue 30, 
1890. lri~Hl . 

I .......... ! 
37 ~!.7 35 34 ~:::::; ~::;: ·.·.:: ::::::::: ::::: :·_:: :·_ -.::: :: ·::::: :::::: i 
:m 37 38 37 

13 G 9 

Steamer Illake ..•.. - ...... -..•.. - -. - - - .. __ -............. ! 
Barge Deant.y .....•.•.... - ................ -- ........ - - .. 1 

i Stenm er Daisy. 
8choontr Drift ...............••.. ·-·- .................. . 

' 
l 1 

24 n 1G 2n 

H 11 rn l8 ~~!:~:::: ~::~~~~ -::: :: :::.: ::::::::::: :::: :: ::: :::::::::I 
Stc:11uer Eoileavur ....... - ....... - . - - - · -- .. · - · - · - · - ... - · -1 24 '.;j 2,; 2l 

20 30 :27 ~9 

:;3 34 32 33 ~~::::: ~:~~!:~ _: :-. :: ::::·. ::::: :::::: :::::: ::::::·:::::I 
2 2 

2;; 28 3~ 30 

Steamt'r Ilitchcock ............. - ....... - ·•• -- ·· · - · · · - ·· · · - ·i 
~~:::::r ~~~~~1::~rs. ~ ~~ ~: ~ ~ ~ ~: ~ ~~ ~ ~~~~ ~ ~~~~ ~: ~ ~ ~ ~ ~ ~ ~ ~~ ~~ ~ \ 

51 43 3B 51 

, ........... ~~r::::p~:'.~:~~~:: :: :: : : : ::::: :::::: :: :: :: :::::: ::: :: :! 
Schooner J{.e;:idy .............................................. 

1 
12 H 

SelMolH'!' S('.oreshy . . . - - ... -- . · · - · · · ·-·- -- · - · - ·· --- · - -1 

~l~~\f i:U••••••;•••••••••••;•;;.;:;•;;•:;;;•••t•••••••:••:. ; 1

. _ ; : ... ···--;-1
1 

Tot:1L •....•••.•.•..•.•.•.•••••••.••.•. ··-···------[--3H~:--~sti.--;)8 
----------------·- ------·- -· ------------- -

.A:l"erage num bcr of men, 298. 

RECAPITULATION. 

Number -0f vessels in active service ............................... -· .............................. ····~··· .... ,..... 17 

.A:t•crago numlu•r of naval officer~ for tl1e year .............................. ~ ...... -- .... . . . .. . • . . .. . ... . . .... . •. t7 

Average number of men for the yt>ar ................................................................... 298 

The complements alw'"e gi.,en <lo not represent tile actual number of officers or men in tbe Su~vey during tho year, owing to the fact 
I.hat some ve••ole were cmpi.iyed only a part of the time. 

H. Ex. 80--11 
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Names of 'Vessel.;, their tonnage, etc., in the service of the Coast arid Geodetic Survey during the fiscal 
year ending Jtme 30, 1890. 

8 

9 

Ia 

l 
2 
3 

4 

8 
I) 

10 

!Tounag:e. 

Stea.mer Patterso11 ... ___ ... _. ______ . __________ ·--. _______ _ 

i Stea.mc·r Ilansler ........... ·----- .•....... __ ............... . 
~tcn:1H.':r l3lake .......•.•••.•.•.•.•••...••.•..•••.. -.•........ 

8te<\UH•r Baehr- .• • •••. •. ••• •. • . •• •••• •• .•• ••• ••• . • . . • •• .... i 
; Stearnt!r Gedney.............................................. . j 

Steanu~r Mc.Arthur --- -- - -- - . -· - - -- -- ·-· --- - -- · - · · · --- · -- - · - ··I 
St<'anu~-r Endt..l.1\or .••••....•.••.••••.......•••...••••.......•... , 
~tc.tn1cr Ilitchcork •.•.••..•.•..............•.... - . ·- .. _. -· ... -

Stea.mer Dai~y .................... _ ...•....•....•.. __ ... _ .•... _. _ ! 
Scl10Dner.Eagrc ....... --····· ···········-·············-······ 
Schooner J)rift ....•...•..•...•. _ ............................ . 
~rhctoner .EarnE,st ................................................ . 
Sl;hoonar Il(>,a.dy ............................................. . 

SchQoner Yltkon ......••..••...••••..•..•.•.•..••..•.... __ . 

· SchoonerScor1·.shy .............................. ~················ 
Schooner Matchless _ ......•.....•...•... __ ..................... . 

Schooner Qnick., ...•..• , , ............ ,., .....•• ,. ,., ..•....... , 
Schooner 'l.'ransit ................................................... _ .. . 
Schooner Sp~· ........... _ ............... _ ........ __ ........... __ .. . 

Bar;!;e Beauts-------······ 

ltECAPITIJLA.TlOX 

202 

87 

80 

80 

76 

28 

Wuolo number of "<"0BSblB · 

Complement of- : 

Otilcer~. Men. ' 

12 ---~1 
10 31 l 
JO 

JO 

s 
7 

7 

;; 

6 

5 
;, 

4 

:is 
38 
29 

30 

23 
a 
6 

14 

11. 

18 

H 

J4 
14 
14 

12 
9 
!) 

1 

Htoamers. _ ....................................................................................................... 10 
Schooners-··· .•.....•... _ ......... ·- ...................................................... ·~··- .................. 10 
Barge ........................................................................................................... . 

Total •... , ............................... ,, ................... , ..• , . ., , ........ , .....•... 21 

Xor1c.-Ste:Lmer Arago and a-ebooner Pa.linurus wero sol<l J'ana&ry 61 1890 ~ also 4 atonm leuuches and 14 boats, worn out in the service and 
c;;t worth rt>pairiag. 
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REPORT OF THE DISBURSING AGENT FOR THE FISCAL YEAR ENDED .JUNE :30, 1890. 

u. s. 00A.S1' A.ND GMODI~l'IC SrRVEY, D1smJRSINlr OFFICE, 

Washington, D. C., October 31, 1890. 

Sm.: I have the honor to snbrnit herewith the report of the Disbursing 0ffice for the fiscal year 
ending June 30, 1890. 

On December 3, 1889, I relieved Mr. George A. Bartlett, Disbursing Clerk of the Treasur,y 
Depnrtment, of the dnties devolving upon him in making disbursements for the Coast and Geodetic 
Surrny, having previonsly qualified as Disbursing Agent for the Survey nuder authority of Depart­
meut letter dated November 7, 1839. 

Immediately upon taking charge of the Disbursing Office I found it was uecessary that Mr.Bart­
lett's accounts should be closed out and t!te available balances in his hamh deposited in the Treas­
ury so as to be subject to my own requisitions. This work was at once entered on, and by the close 
of the fiscal year Mr. Bartlett's accounts had all been rendered to the Department arnl the necessary 
tra 11sfers of funds accomplished. These accounts are yet in process of adjustment by the Acconnting 
011kers, and in the usual routine of settlement will require more or less explanation in relation to 
dift't\rt'nces befOi'c they are finally closed on the books of the Treasury Department. The books of 
tllis Office, howeYer, as far as Mr. Bartlett'.s accounts are concerned, were closetl on June 30, 1890. 

The attention giv-en to the adj nstment and closin~ of Mr. Bartlett's accounts naturally delayed 
the progress of my own worlr. Practically, I was compelled during the period from December 1, 
1889, to .Tnne 30, 1890, to run two sets of disbursing accounts, and for tl10 time being the work of 
the Office ma.y be considered to have been doub1cd. This comlition was somewhat emlmrrassing, 
and that it should ha\•e finally resulted in a large accumulation of arrearages in my own accou uts was 
but a natllral seque1rne. Moreover, the force in my office was, and had been for some time prior, 
entirely too small to cope with the amount of work required to be clone, and hence it was that at the 
close of the fiscal year the uuacJjustcd accounts were several months in arrears. I refer to this 
merel~· to show the causes which were operating to retard the work and as a response t,o various 
complaints which have been made from time to time as to tardiness in the adjustment and settle­
ment of accounts. In the near future, with an increased force, and a more equitable distribution 
of the work of the Office, I hope to be able to make a more prompt settlement of acconn ts than has 
been possible heretofore. 

The annual report of expenditures of the Survey, required by the act approved March 3, 1853, 
for the fiscal year ending June ao, 1890, was transmittell to Congress, through the Trtc~asury 
Department, on December 18, 1889. The preparation of these reports in their present detailed form 
is a work of some magnitude, but their advantages as a means of reference, a1mrt from their use­
fulness as a complete financial record of the Siuvey for each fiscal year, will no doubt more than 
compensate for the labor expended in compiling them. 

It will he necessary for some little time to elapse before the changed condition of affairs in the 
Disbursing Office, produced by the Surve.v having its own Disbursing Officer, cau be lrnrmonized 
and a new system adopted to meet the exigencies of the case. Ex1•erience is necessary to enable 
such changes to be made in the methods of work, records, accounting, etc., as may he of adntntags, 
both to th-e offioer'in the field and this Office, witho11t detra.oting from or materially changing the 
methods and cn.stom.s with which both have become familiar. The ultimate result of such changes 
and reforms will, in my opinion, result in a sa.ving of both time and money. 

The accounts of the Survey rendered to the Depa-rtment during the past fiscal year havo 
163 
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almost uniformly received the sanction aud approval of the Accounting Officers of the Treasury. 
Objectfons ha,-e been made to but few items, and in nearly every instance the explanations 
submitted by tLis Office have proYed satisfactory. 

The statistics of work accomplished dnring the year, as nearly as they can be stated, are given 
bclo1v. It L:-1 apparent that many of the duties performed by this Office can not be accounted for 
in any manner which would be intellig-il>le. Hencl', the figures \Vhich follow, wltile giving t5ome 
idea of the volume of work, afford hut little eoneevtio11 of the time and lalmr expended in 
dis posiug of it: 

Statistfr11. 

Abstracts, quarterly and monthly, of disbursements, pagt~s of... . . . . . . . . 231 
Accounts, with United States, opened, 1mm ber of. .............. _. _.... 30 
Accounts, a11otments, opened, numb.er of. ........ _.. . • . . • . . . . . . . . • • . . . 149 
Accounts, sub-appropriations opened, number of ............... _...... 47 
Accounts, entered ou abstracts, nnmbcr of ........ _. _................. 2, 266 
Accounts current with United States, prepared, number of ........ _.. . . 94 
Accounts posted to allotments, number of............................. 8±6 
.Act:ouuts posted. to statement Look, nulllber of .... _. . . . . . . . . . . . . . . . . . . 4, 219 
Accounts posted to ,·oucher book, numbcr of.......... . . . . . . . . . . . . . . . . 1, 724 
Accounts posted to sub-appropriations, numuer of ........... _......... 1, 734 
Advances to field ofiicers, amouat l•f .. _ ..........................•... $141,65fi.43 
~'\.llotrnents to field f•tlicers, received, lltttllber of. ..........••.... _ .... _. 149 
Antl!oritics, 11umbcr posted.......................................... 477 
Balance HltPcts, number of ...... _ ........ _._ ... _ ....... _ ... _ .. _._.... 50 
Cashlrnok Pntries, number of .... _ .. __ .......................•...... I, \l8S 
CPrtificatPs of deposit, reccin;d, acted on, aud tiled . . . . . . . . . . . . . . . . . . . 49 
Chl'l'k li;;ts, for drawi11g checks, nnmher of.. . . . . . . . . . . . . . . . . . . . . . . . . . 120 
Checks drawn a !Ill is,.uNl..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 2, 201 
Circularn issue(l. . . . . . . . . . . . . . . . . . . . . . . . . . . ........... _.. . . . . . • . . . . . ~86 

Copying, miHcelLt1H'OllS, ]>ages of .........•............ - . . . . . . . . . . . . . . mo 
DishtuHenwnts 011 adju~tt'd acconnts ...•••. ·.-. _ .....•...•.......•..... $4!13, 018. 78 
Drafts, TrPa:,;ury, receh·ed~ 11umbcr of._ .................. _............ :!.'I 
Estimates, appron~il, recci n•d, am! Ii led .......... _ . _ . . . . . . . . . . . . . . . . . 187 
J,etters rect>i \'cd, actl'(l on, and tiled ........... _ .............. _ .. _ . . . . . 2, 818 
J,ettt>rs written and press-copied ......... _ .... __ . _ . _ . . . . . . . . . . . . . . . . . 2, 079 
J,ett\•rs in1lexed . - . _ .......... - .· ..... _............. . . . . • . . . . . . . . . . . . . . 2,338 
J,cttPl'!-1 writtPn, rough drafts .............................. _.......... 608 
l'ay enq>lopt•s, pre pa rctl, 1m m ber of . . . . . . . . . . . . . . . . _ ...... _ . . . . . . . . . 1, 7 43 
J>ay rolls. ofiico, pa;.:-es of ..... - . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . • • . . • . 246 
J>ay roll,.:, fil'l1! otliccrs, pageH of. .............. _.... . . . . . . . . . . . . . . . . . . 55 
J>n>pnty list;;, checked a1Hl returned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147 
nect>ipts of fu11<ls from Treasury, amount of ............•.•..•......... $522, fl30. 00 
Heports of Division, montilly, pages of. ...............•...... _....... 86 
He port for calendar .rt•ar, pages of ...................... _ ... _ .. _. _ . . . . 17 
UP11ort for fiscal year, pag-es of. - ............. - . . . . . . . . . • .. . . . • . . . . . • . 157 
Heqnisitions on 'l'masury for fonds, number of. .. __ ..........•••....... 19 
Hequisitiom~ from field officers, for advances, numoer of................ 169 
Stat.•1men ts of condition of appropriations, pages of. . . . . . . . . . • • • • . . . . . . 42 
Trial ba.Ja,uces of receipts and disbursements, number of . . . . . • . • . . . . . . . 23 
Youchers, bills, etc., settled ....... - ........... - .... - . . . • • . • • • . • • . . . . . 17, 020 

Dnriug the year l lJave had the assistance of Mr. Wm. H. Lanman, clerk, 'a.nd Miss Paula. E. 
Smith, writer. Both have rendered intelligent antl capable service in the execution of the work 
assigned thl'nL Mr. Lanman's qualifications us a stenographer and typewriter have made his 
services of cxc<>ptional yalue to the Office. 

The annual report of expenditures for the :fiscal year just ended will be submitted at an early 
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date. The details necessary for its formulation are now being compiled, and its completion will be 
hastened as rapidly a:;; tb.e other work of the Office will permit. I lieg to a:;;k that it may be 
considered as forming a part of this report.* 

.Respectfully your·s, 

The ~UPERINTENDENT, 

JOUN W. PAP.SONS, 

Disburs·ing Agent, TJ. S. Goa8t and Geodetic Sun:ey. 

U. S. Coast and. Geodetic Suri,ey. 

[Honse Ex. Doc. No. 278, }'ift.y-first, Congress, second session.] 

EXPENDITURES COAS'11 AND GEODE'l110 SURVEY, 1890. 

Letter from the Acting Secretary of the Treas1iry, transniitting a. statement of e:cpenditures on account 
of the Coast att<L Geodetic Surue.11 for the Jfaeal year ewlecl ,Jime ;)O, 18U(). 

TREASCRY DEPA.RT~fENT, lV1rnltinf1lon, ]), 0., Pebruary 26, 18!H. 

SrR: ln compliance witb section 2G± of the H.evised Statute,,,;, I h:tve the l10nor to transmit 
hetewitl1 a statecmmt of e:xpeIHlitures made ou acc0trnt of tile Ooast arnl Geodetic Survey for tlJe 
fiscal year ended .June :30, umo. 

Respectfully yours, 
A. B. NETTLETON, 

Acting Secretary. 
Tile SPEA.KER. OF Till~ HOUSE OF REPRESENTATIVES. 

STATEMENT OF' THE EXPENI>I1'UR/CS OF TU!'l UXITED STATES CO.:lST ASD GEODETIC SURVEY FOR 
THE FISCAL YEAR ENDING JUNE 30, 1880. 

[Pr<-pa1'ed pursuant to act apprond March 3, 1853.) 

Salarie.~-Pay of field officers. 

--···--·------------ -------------------------------- ------ -

I 
To whom Jl:lid. f ___ _ 

ISl'I'P.UlNTf'XllK:ST. ! 

Lime cmplo5ed. 

I Thomas C.Mentlenhall ............... ~·-········! .ElevPnmontbs t\\enty-thrneda.)B ......................... . 

I 
A8bIBT AXT ft. 

G<!org~· Dal'i<lson ..... - ....................... --- ' ()nc yea.r ..................................................... . 

ll:

I Cbarlcs A. Schott .... -·.-· .. _ ....... _.......... _. <lo ... _ ............................................ , 

l!cojamin A. Coloon1> .................. ·····-·· .... tlo ---·········· .................................... . 
.Aug.F.Rodgera ........................................ <lo ........................................................ . 

Charlt~ss. PPirce __ --··-·----·-······-········ .. llo ·············-·-·-······------------·····-··--·-··· 
n~or~11 A. Fairfield .••....•.•..•.•.•••••.••.•...... do ................................................ .. 

! 
Alonze> T. Mosman ........................... , .••..••. do ....................................................... . 
,Tames 8. Lawao11 ......................................... do ....................... _ .................. ~ ........... . 
Wiiliam II.Dennis .................................. 10 .................................................. . 
Cltyveland Roc-"'k.well . •• . • . .... . ...... ... ............ ... . Ono sear (wniting- instructions ten days) ................... . 

• Tohn W. Don11 ............................................ Ono Yl~ar .............................................................. . 
'\V'illiam Einil.>•ck .•••••••••••••••••••••••••.....•.. do ................................................. . 
Edwar<lGoodfellow ................. _ ......................... <lo ................................................................. . 

Charles M. Bache .............................. Nine months ten daya (waiting instructions one month 
seventeen <l•y•)· I 

Henry L. Whiting ........•.•.•••..••••••....•. on.,year .•.•••••••......•.....•.... -................... . 
ltfohard M llacbo ................................ do .................................................. . 
Charles Jl. noyd .....•••.•••.•.•.•..•• : .••.. .• .. .. do ........••.•.•..••••..•.•••.••••••.•.•.•••..••.•••. 

"Ccpy appended. 

. 
AmomJt. I 

I 

- ·- - ·.1 

$j, e6cl. G0 

4, ()Qi). 00 

4, 000. 00 

3, 6\lU. OQ 

3, :?GO. 00 

~, OOt•. OU 

;-;
1 

(100. GO 

~. 800. 00 

2, 401'. (10 

2, 401\ ()\) 

2, 400. UI) 

2, aoo~ co 
2, 300. 00 

], 711. 97 

2, 016. 98 
2, 200. uo 
2, 200. 00 

I 

I 
I 
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BTA.TEMENI OF IBE EXPENDITURES 011' IHE UNITED STATES COAST L"l\7) liEIJDETIC SURVEY FOR 
THE FISCAL Y1'.JAR E:YDING JUYE 30. 18£10-Continued. 

I 

Salaries-Pay o( .field <~tflcl'rs-Contin1rnrl. 

To whom paid. 

A SBff·T ANTS-(·ont in11t•tl. 

HerbertG.0.r;dtn ........................... ~ One.'\L'ar ................................................ . 

Ott-0 H. Tittrnanu .......•...... _ ............. . 
John .J. Gilbert .............................. . 

llenr.r L. Marintij11 . ,, .................. - .... . 

Spencer C. hlcCorkle 

G£'rs.hom Hrud ford. 

Charles 0. Boutelle _ ........................ -
Andrew Braid ................................ . 

Frank Wllll~y PerkiDR ............ __ ........ _ 

: ... tlo ....................•......•. 

; .•. d<· ··---- ···--

do ....•............ 

!{O •••••••.••••. 

<11• ! Ele\f'Il months t\\Tnt: -two lla\S ............... . 

i Ono scar ....... - ..... . 
· .. 'lo ............. ___ .. 

Frankl). Granger ........•.................... : .. do .................. . 
Richard};. Flatter . ... . . . . . . .. . . .. . . . .. •. . . . •.. . .do .............••............••.. , ............. . 

Etl\viuSn1itl1 .................•.............. ., ... <lo .................................................. . 
Stehman Fornes ................................. !· ... tlo ...•••..•.••.•...•...•••..... --·-· ••.•...••.•....•. 

Edn1und Ji"'.Dickin~ ............................ ) ... do·····················-·--··························' 
Joseph Hergeshti-imt?I' ..•.....•............ . !--- d.o ............................... , .•......•......... 

~obn .F~ I1 ra.~t . . . . . . . • . .•. . . . •. . •. . . . • . I One J ear l °" a.tmµ; iustrnctwns tlr•ee mon1h~l ..•.....•. l 
( ephas 1LS1nr.lan _ .. ···- ....... Orn' )l'-ar..... ... . .......... ... . ... ······! 
Dallas It '\'annvr1g:lit .......... ~ .................. do ...... ........ ..•... .•••.. .... . .... : 
Wilham C. Hodgkms ........•............... ·-I· -- .do - .......•....•..•.......•.. •·•••· ............•.... ·I 

~~::~:~~~:I~:~:~::::::::-.:·:::::::::::·:::: I ~:,:~~'.:~~~'.~~::.: ::: :: ::: :::::: :::: ::::: :: :: : :.::: · :: :J 
~:::~~~t:)~::i".~ ~in~~:::::::·:::::::::::: ::i :: ~:: ::::::: :::::: ::::::: ::::::::::::: :::::: :::: ::: :: ::I 
Charle~!!. Van Orden ----······-- ············!··-do--·-·······································-··· 
l"'ran('ifl Il. Par.son A ••••••••••••••••••••• __ ••••• ! One month t"Wenf\·.six. dav.:"i .......... _ 

Ro\irrt. A.'Mnrr.. ·····················- .\ 0DcmonthI1iw·t;c11 d:iy~·-··········-···--· 
Georw• \\". Dean....... ; Fm~<rngh ·without pay. . _ ...............•..... 

A. W. LoHgftllow.................. : ... do -······-··································· 

8l'U.Af:'SIHT.A~TS. 

$J,:!l.)U,(J() 

2, '.!00. (JO 

2, 20J. co 
::?. 031. :::1 

2, 000. (.(! 

'.!~ 000. 00 

1. 95G. 08 

:2. 000. 00 

L8:l:. 2:l 

l, R;-;I. 23 

1.H;0.00 

1. r:no. uo 
l. 800. 00 

i. soo. ~o 
1, sco. 01) 

], 687. 49 

1. 800. 00 

1, 800. 00 

1. 5~6. no 
1, 5~6. 00 

1, 125. 00 

1, 5il0. 00 

1,500. 00 

1, 500. 00 

1,500,00 

230. 74 

201. 90 

0 0 • T. 0 •• 0. 0 0 0 ! 

Francis H. P.;u·sGn.s •••..•. ·-·--······-···· 1'-en u1ontlls.fl1·e tlays ......................................... : 1,18,.63 ! 

J{obert A :Marr... ·-----···--·-····--··Ten mnnths twel•u daye ......................... ~ ......... 
1 

1,211.55 j 

~:::. ~~~·~,::::~1u'.~::: :: :: : : : : : ·: :: : : : ::: : :. :: o_n~i.;·~~:: · · :: ::~:: :::::: :: ::::: :: ::::: :: :::: :: : : ::: :: ::[""·. ;: ~~;.·~~·· i 
do ..................................... 1,140.41.- I 

I 

~i~:~~1011t~:s: ;,;;;(l~.:~ ;~~;~;t:<:t:i~:~~;~~:t;~,; ;;~;~;::::: :~: ... ·;:~~:·:··11! . J•ourmonths .. --·-····-······--···---·········· 367.70 

Philip A. '\\l'lker 

.John HcnryTun1rr* ........................ . 
}'re1no1tt J.1or1:w ..•.•.........•.•..•....••. 

.Edmunrl L. T:Uif"r .................... .. 

~Tamr·~II.Gray ....•................... 

Se't"enmonlh~twent\.·-fourda.y~---·-··-················ 714.31 l 
Oneruonthtl•-~days................... 105.81 

1 

John A.FlPmet ..•..........•......... 

Jobn );°t"];.,.on .•••••.•....•••••...•..•. 

.llil6. 

.John Nelson ......•....••.•.••••... ~-.......... 'I.1cn montl1~ t"IT'enty·six <laye ...•...••.••....•••.•••...•. 
315.(7 

813. 49 I John.A.}"Jprner .............................. FourmonthRsixtlays ................................... . 

! Ex1•emliture• ..•••..........••....•...••.•..... - - - _ .•.....•. _. . . . • • • . . . . . . . . . . . . . •• • . . . IOS, 836. ;-

! 

I ;::::;:.:.::;.~~ .. :.--~ - :•-•---•··-·•· -- ···-·-·- -• • .---• ~ L:•••··_.~_•- -•I :: ;:-

Safaries-Pa.y of o.tfice force. 

Time employed. 
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STA.TEMEXT OF THE EXPENDITURES OF THE UNITED STATES r:iusT A:VIJ G!WlJFTU: SF!IVeY FOR 
THE FJSC.1L YEAR ENDISCI JUJ\'E :ltl, 18:10-Continnecl. 

Salffries-Pay of o_ffice force-Continued. 

To whom paid . 

. Marshall\\'. \Vi11Ps 

J1ItAl'GlIT~:Of.EX • 

.A. IJnilenkohl .... - ........................... . 

Il. Lin<lenhobL ................ . 

:EugC'ne \Yillenbudu•r ··-·······-··-·-···· 
Etlwi.u H. Fowler ................. . 

l'erdinanJ We•tdahl. .... . 
Erne.st .J. ::-;ommeir-
1'Vllli:un C. 'Vl1!enhud1i>r 

Paul Erichsen ............................... . 
Emil l!olkuw .........•........................ 

F.C.Donn .. 

James H . .Barker. ........... ···-·· ···-··. 

( l 111· y~~a r. _. ___ . _. __ .. 

()lit' yr·ar ......................... _ 

.••. (iO •••••.••••••.•.•.••.••••.... 

. ... do ..... . 

·-- di1 

do 

<"!u .••••••••••• -· 

d(). ---·· ..•.•• ---- .• 

.f10. ··-·. ··-·-- ··-· 

Charles Malwn .. do .. _ .. 

E. A. 'l'reS('Ot '1'w(•111y-<·igh1 da~·f:. 

Edwn.rdll.WJ"Vill ............................... OrwycJ.r. ....... . 

"-~iJli..;m.II.ncnton ...•••...... ··-··············' 1-:i,!.htmonth~ t'H'nty·t\\."<' ~by~ 
David 11. IlilJ.reth . . . . . . . . . . . .. . . . . . . . . . . . . . . . Oue _ypar. .... 
Chatlit~s H. D('et7 ..................................... t1P ···-········ .......................................... · 

1\forshall P. Jackson ....•...................... Eleven m<a.1th8 seven day~ ......................... -· ..... . 

Arel1ie Uppcrmnn ................................ Ont> year.. 
George F. ·rohlt•.rn 

~ O\tl'l"l'EI:S. 

E. H. Cvnrtenny ............ ··-··· ·-·· ....... . 
M. H. Doolittlo .......•....................... 
Henry Fa1 quhnr 

Lonis A. Ilanl·r 

Tl:l'('of'ruontb~ elev-rn 1layi<. ............................... . 

(Jue yi'ar ··--·· ..•.. ··--· .. ----·- .................. ··-·-· 
.do 

.tlo. 

.ao 
Charles H. Kurn1ue~l ....•.......•.•.......•••..... tlo ................•.................•......... ·- ... . 

F.M. Little.................................... .clo .................................................. ., 
Jamest I>age ............................... ······,· ... do ...............••...•..•....•. ····-· ...•........... 
John l'. IIayforcl ........................ ······!···do ................................................. . 

TJUAL CU.Hl'l'TEU~. 

Alexander S. Christir ........................... i Onn :--.·ear ..•• -· .••....••.•.. 
L.P.Shidy ..................................... t •••• dn .......••.•.............•.................... 

John \\T. Whitaker-···-···-·················- j E?,,.n•n mon1b~ twod~s~ 

llenryll. Knight ................................. 1 One year ...........•..................... 
'Villiam .A. Thompson ........ - . . . . . . . . . . . 
John G. Thompson .....•.................•.... 

A ugu:::.t l"i~tt1r.~Pn ..•.•........•.... 
Theodore Wa.ss{'rbach ..................... . 
EJwanl II.Sipe ........................... . 

j .flfl 

.do 

.clo 

.••. t1o .....•••••.••.•••• -~ ................................ ! 
.tlo ....................................................... ! 

Willian1 II. Davis.- ................................ ; .... do ·-·-············ .. ··-- ................................. . 
Rntlo1p11 l?. Dattlo, jr ....... _ .................... __ ..... : ••.. 110 ............................................. . 

Henry I. ... Thompson ........................ ---·i· ... do ........................... -·- .........•.......•.... 

A. JI. Sefton ..................•••••.•••........ : ... do .•.......•••..•.•...•..•....••....•........•...•... ! 
Williaru A. Van J)ore11 ......................... _ .•• i-·--do ........................................................... i 

~~:~ ~~~:,,;~~::: :: : : : : ::: :: :::::: :::::: ::::)~~:om-~~~~:::::::::::::::::::::::::::::::::::::::::::· I 
Harry R. McCabe. ···-···--···-····-···-·······i Seven months twenty-five days ...•.•............ 
George Herg~heiruer ........................... ; Six ruonths t.hirteen days ...................... . 

i 
CO~'l'HA..CT E:KOUAVKRS. : ; 

::::~:£-?.!~:;~i~::::: :: ::: : : ::: :: : ::~:::::::J ~E~~:: ::::~:: :::~:: ::::::::: :::.·:: ::: : : : : :: :: : : : : ::-i 
E . .r.:r.:~;.~~~I;;;::i;~-~~~~~~~~~~---·····j Six months .....•••••.•......••••.•.•••.•••..•.••••.• ···i 

-~~~:~h~pman .........• ·····-········-········! ~e year ......••.•••.•..•....•.......•.••..•...•...•.... j 

:.:. ;.;.;,\ tO 

:2, l•J'.). (0 

:2. (:'..10. \j(l 

~, OuO. 00 

1. Boo ro 

l. !'Jll. co 
], 800. 00 

L 4GO. 0~1 

1. 40('. 00 

], 400. 00 

L :1:rn. ((} 
1. :?GD. 00 

Pl. 30 

l, ~Oil. 00 

t-50.12 

1, 03~. 63 

s;1F.-. 72 

007.01 

90:). co 
:!52. 50 

1. 850. 00 

1, &'>O. 00 

1,420.00 

l, 300. 00 

l, 260. 00 

1, JOO. 00 

000. 00 

874.20 

2. 000. Oil 

l, 500. 00 

l. 15~. ~6 

~. 060. 01) 

2, 000. 00 

l. 960. 00 

l. soo. 00 

1, 800. 00 

1, 563. 00 

1, GOO. 00 
1, 200. 00 

~75. 00 

4f:O. O{I 

4ll0.0-0 

480. 00 

R0.00 

78,25 

193. 32 

2, 3119.03 
2. 099. 98 

I. 700.64 

799.9U 

l, 800.00 



 

168 UNITED STA.TES COA.ST A.ND GEODETIC SURVEY. 

STATEMENT OF THE EXPENDITURES OP THE UNITED STAT/i,'S COAST AND G£'0DETIG SURVEY FOR 
THE FISCAL YEAll ENDIXG JCVE ;;o, 18'1il-Contirnl\lll. 

Sararics-Pay of office force-Continued. 

'l'ime 'l'rnploy~d. i Amount. l 
F.t.l<.CTHOTYPIKc~'R -l~~~E~··-----, O -------i---~~----1 

To "·bom Jla':d. 

Charles S. I>a.rnall ..•....... -· ......... -- -
1 

iw year .•.. -- --- .. - ---------· ..••••••.••... ---- -----·--\ .;;-~100. 00 
I I 

:.~·:~F::::~rr~. -E~·J::~~::~:~1-1 l6-~ .-:~~: .~J-I.~~~~: .. ; On<• year ........... • ...... ·••• .......................... 1 

COPPirn-PLATlt l'HL~TERS. I 
' i 

Frank Jrtoort~ _. ______ ....... -- .. •4• •••••••••••• f Ouo year ........... -~ .......................................... . 
J)lckerson N. Hoover ..................... ------'.-. - .tio ···--·-···-· .••..•....•.. ---- ...........•.. -·- .. 
.Jarues P.<·c:k .................. - . - - ........ • .... - .... J •••• do ............................. -· .....•..•..•..••...... 

Gcor"e 11. Craufurd .................•••.••... -1- ... d<> .•.•••....•...•..•..••••...•.....•••..•••.••.•..... 

PI.Al'f:. FRIXTF.It"B IJF.l.l'RU.R. I 
Lynn lf. Tront1uan .............................. -! OnP ~-N1r.--- ................................... ---- ....... --

~:~~~:\~:;;]~~~::: :::. ::: ::: ::::::: ::: :: ::::::1 ~::i~: :.'.'~:'.•tt:: tf~·:~:'..'::·<l~,~~":::::: :::: :: ::: ::: ::::::: 
CHIEF ME:CHAXICJAN. J 

Ernst G. lfi~ther .................................. 

1

: One .rf•ar ........................................ · · ....... - ··· ·· 

J.l ECHAXICI A~S-

E<l win 11. J~.,,hlemnn ..•.....•........... - ...... 1 :!\irw month;:; tweiYo da:-;s ................. . 

Loni!:i..A .. Fi~drnr ............................... ~ SP"i;·en montb.H l:ij.!btet·n days ............... . 

1~cter'""ierln1cbt.~n .............................. . 'I'cn HHJntlis ............................................... . 

Stephen A.. K('arncy ...... ----·· - .•. -- -··-·· .. . l)no yt:a.r ...... ----·- ----- ....... -··· .. 

Otto Storm .........•...•....•............•.... •. <lo ...••..••.....•.•.•........•.•••.••••.•.••••• ,. ••••. 

,Y. H. \Yl1itman ........................... . rotit" tn(.Jnth8- nine Ua:;-:; ........................ . 

Clar1:1H'e E. H~~euua~ J.:i;2ht day3 ..............• --- ..•. - ..•.•.. ·•• ••• -- · ·• · · ••· 
~\" lllin m (j aert rn.:r. -- - ........................... . •. do .................................................. . 

Mk Lad J,;1.uxniann, jr ..... (>ne ~·car ......................................................... . 

ll.O Fiene~ ()Il(' rc:ar ........................................................ . 
Gt·org•~ \V, Clarvoc .............................. . 

Iforac'· lJyer .................................. . 
. i 

()Dt" }-f~.'1f ....................... •· •• • • • • ·•• •• ····• • • ...... ••· • ··; 
i 

i 
'~lire., month• twenty-two days ...•.. ·················-! 
J,1ght months nine days ........................................... 

1 

'\"iUiam )oung .... . 

Harri~nn ~Tnrray ............................. . 

l~. T.1Ja1H;1'tt OnA year.._ ............................................ I 
I 0111' ye~ir ........................................................ 1 

l.UlltAY.L\..._, 

.Artemas )l;fartJn ............... , ...•.•••••.•... 

('LERI\~, , 

"\\''illlani IL l:rench ........... , ..................... 0:1(• year ............................................. ·-·········-l 
\'\"illirun J~.(~hiltou .................... ~···-····-i -- llo ............................ _ .......................... ti 

.Tol111 II.S1uoot ........ ·····-~·······-·········! .... du ......................................................... . 
~Jaint~s L. Smith ............................... ._j 1~1~htmontb.shvcIItydays ............ H ....................... . 

r:1:t0f.i~~ : ; ;: >~ it~f f ~::~}~;n-:.;:;.>F>>< I 
Prucm~u IL Gnwn ................................ EleT"en months twenty-two days .............................. . 

I:ECE1YIXG A~D FOHWAUDI:!'\G Cl,F.IlK6. 

Richard M. Harrey ..•.......•..•......•••.•••. Fi..-e montbs seven days .••••••...•.••••••••...••••.•... 
i 'Yilliam C. ]ifanvm ...... __ ......................... , Two monthaxsidays 

'·-···~-------··----- ---- ··----·- ·-------

500. 00 

1, 700. uo 
1,330.00 

l, 330. 00 

l, 250.00 

G75. 00 

11:!. 83 

4.:20. 70 

1, soo. 00 

1, 203. 34 

846.10 

1, om. 5() 

1, 1i5. 0(} 

l, 056. 40 

3'.25.C\I 

21. 911 

21.98 

545. 00 

J,BG;>.00 

800. 00 

570. 00 

170. 38 

379. 62 

l. 020. 00 

l, 800. 00 

l. 650. 00 

1, 500. 00 

1, 400. 00 

863. 37 

194. 50 

979. 12 

92. 31 

1, 000. 00 

1, 000. 00 

843. 28 

1, 146. 24 

5$.118 
248. 45 



 

UNITED STATES COAST AND GEODETIC SURVEY . 1G9 

.STATEMK'VT OF THE EXPENDITURES OF THE UNITED .STATES COAST AND (TfWDETJC SURVEY FOR 
THE FISCAL I"EAR ENDINO JUNE 30, 18\10-Continucd. 

Salclries-Pay of o.tficc force-Coll tinned. 
----···--·-----·- --------------------~- ·----·-------·-···-

! 
I 

To wl10m pa.itl. Time <'mplnycd. ..1moant. 

,- MAI' COLORISTD. 

8e1·en months sixt1•e11 day. ............................. : 

' 

Mary Tlwma!i ............................. . 

. Creed W. Childs ........................... . OnC' month U•n days ..............• __ .....••...... 

·wmTRTIS. 

FrP<'manl~. Green .................. " ............. . Xinc llays .............................................. . 
'Yillrnm Il. Lanman ...............•....•... Xiuo mentlu; twenty-ei~ht and a half cby.~ --·· .•....... 
FanuieE. Bailt>y ............................. . 

M. E. Nesbitt ............................... . E!f•\·~·n month."! twenty-two day.:i- ....................... . 

·y·irginia. Ilarrisuu ............................ ·- Ouc :year. ..•.......• -- .• . . . .•. 9 
••••••••••••• 

:.-..annio Cadd ......... -- ..... ---· .......•...... Elevn1 month5J twenty-three da5s .......••••• 

KateLa.wn ..................................... : Ono3·1•ar .. . 

Paula-E. Smith .................... ·······-······t Ell·Y(!Il monthR twents-niue llay~ ................ . 
J°•!tmie II. Fitch ........ _ ...... -- ... - ... -· ..... 1 One :year ........... _. 

Sophie~. Rein ... _ ...............•...... -· ...• i l•:tevt n rnonths 1iftl'Cn <lays... . .... , ...•.. 
Lily A. )-fapes ..................................... SixtcPn day~.... ..... .. ... .. . .................•.... 

Id~ Y. r.~ck ....................... __ . ··-·.... Ono month 1wt•1,t y-two d:ty~. ---- ........... ···- .•..••.. 

ME~~EX\;ERS. 

William II Butil'T ............................. '.On(' year ..........•.••• , .................................. ! 
''icentcDcnis.................................... do ...... ···-······· ............ . 
CharlesO"\"er ...•••.•...•..• ·······---·· . , .do................... . ........•... 

gg~.,-•:-· __ ••••.••• : >J•• ~; .:.: ::_····:··--:. - -·:·····::··· ••••••••. 
Williatu \Vest ········~·····················--·i .... do ••.... ~····-························--· ·······-·· 

URIYEJL I 
\\r. R. McLane .•......•..•.••....••...•..•.•. 1 (Jnt~:yf':it ......•... -······························--·-·· 

rAf'KEHH AXll FOL1'Elii-\. 

CbarleR JI .• Tonef'.! .................................. ! Onl' )"ear ............................. --·· ..•.••.••.•. --
Attrcll I~ichard~on ...............•..........•. ' .... do ................................................ . 

1.ABOHRRS. 

.Tohn \\~. I~oed ............... . 

Geor.:rt~ Newman ............................... . 
John II. Brown ........................................ .. 

IlatTison ~f nrray ..... _ ... -- ..................... . Tlin~e montLs t went.y-two days ..... H .................... . 

'\Villian1 \~oung ........................................ . Eig:htmouths uine days ..................................... ' 

S. E. I'lynn ................................. .. One ~ycnr ........ -~ ................................... ······: 

ltobf':rt, Ilra.dy .................................. . Eight months thirteen days ................................. , 

JANITOR. 

$4jl. ,Jl 

-;n. o~ 

~2. Dl 

741.G9 

7.17. rs 
793. g-; 
':'20. 00 

'720. l1U 

71G. 00 

7~11. (.,(] 

5J2. 41 

2G. o: 
s.:-). 76 

840. OU 

8:.?D. GO 

S2Ll. f'O 

8~0. 01.J 

640. uo 
C4Cl. 4-n 

64J. Oil 

7:W. Cti 

82,J. 00 

630. DO 

fl:iv. oo ·
1

\ 

550. u:l 

:711. 3,, I 
~7G. 60: II 
31.'.i. Oil 

2!i.-1. t-8 I 
l. 2\l l \}(• 

i I One year. ............................................... : 880 110 

.••. do ...................................................... -- '. __ ~~O.~j 

\Villiam "_\I, Long ................................... .. 

WATCil~IEX. 

David l'arkcr- ................................... . 

One ~ear ................................................... . 

William IT. Keith ........................... . 

Expe!1dituroM ................................................................................................ . 

Appropriation ................................................................................................... . 
Expenditures ............................................................................................................... . 

lT11+~xpe.nded 11alance ................................................................................ . 

SUMMATIY. 

Pay offiel<l officera ................................................................................................................. $105,H:lG. '..?O 
Pa).,. of office furc-e ........................................................................................................................... 129.0GO.Ol 

1~otal cxJ>enditures .......................................................................................... ,.. •• •• . • • • • ... • • .. • •• • .. .. • . .. . 235, 49G 21 

Total aum appropriatetl for salo.rioa ..................................................................................... ··-····-·· .. ..... 2.-~ 203. 00 
Tot.al sum expended for salaries ............................................................. - . • . • • • • .. . • ••• •• 235, 496. 21 

Unexpende<l be.lance.................................................................................... H, 108. ;g 



 

170 UNITED STATES OOAST AND GEODETIC SURVEY. 

STATEMENT OF THE EXPENDITURES 01!' THE UNITED STATES COAST ASD UEOJJCT[I' srm VEY POI: 
THE FISC.!l.L YEAR ENDJXa JUSD 30, lR!lO-Coatinne<l. 

Part11 1'J.:rpenses, 1 S!IO. 

I To whom paid 

-- - ------------------ ----- ---- ------- I 

Un..,.., Ji~ll :tt-vvtrnt 

Fred S- Allan---···-·········-··-·······-----·- 1 Storage ............................. . 
(~harlo~ M. Ba<' he. __ .·-- __ .----_ ... _ ........... 

1 
Topography ___ . ___ .... _ ...... ___ ..•... __ ... _ ......... __ 

C. II. Eoyd .......•........................... -, Triang-n1ation .........•...•.....•..••...............•.. 
John W. Donn ............•................... : Topography .....•....•............•......•............ : 

EngeneEllioott ........ -- ..................... do........... --------···--· .. ····--------: 
J. A. Flemer . . . . .• . . . . . •• • .•• . • . . .•• . . . . . . . •. Topogrdph,Y and li.Ydro;!rap11y .•••••......•..........•.. : 

W. F. Grunt .............. ;·················-·· Storagt'······-···· 
.r.oseph IIergesheimC'r ..•............•••........ , Combined operntions . 

I<:xrien<litnre~ ....•.. 

l A.pproprla.tion .........•..... ---- ................•.•.•.••....•••••...•.•.••.••.••................•...... 

I Lcs3 6 pf·r cent. transfrrre.C. to Re::;urYeys-Vine.~ard f'ound. etc................... . . . . .. ... $3GC. 0-0 I F:xpenrlitures_ -...... _ ..... _ ... -· ................ _. _ .................................... _ ...... 5, 622. o:, 

L_._ _ linexpeni.le<l balancl~ 

J:ESC JlYEYS-- YP.\EYAitD 8QCT:-;11. ETC_ 

t)n ·what UlTOunt. 

William r. Elliott. U.S. Na-..-y ....... --···· _ .. II} drography. :-;clwcmC'r Ea:;r(' .•.•••.••.•....••.••••.•. 

C_ T. Tardella~-·-·--- To1>~)gra.ph.r ....•.............•..•... _ •.•••...•.... _ .•.. 

Anwnut. 

$0. :JO 

7rn_ :11 

l, 14:J. GG 

1. 47P. oa 
1. 5:!:2. 2G 

479. ~3 

GO. 00 

(;, 000. 00 

:>, 98~. OS 

17.Ki 

Amount. -j 

- I 
$1, 968. 92 

1, 436. 86 
Walter r:.. I .. nscorubc ........................ -·-- --! Stora!;e ..... -- . .. . . . . . . . . . .. .. .. . . . . . . . .. .. • .. .. ..... . ..• .. 13. 34 

l'.1''. Mesclrntt ····-···-··--·········· · ___ <lo···--····-----·-----·---··--····--····--···-----·-- 16.50 
. r. F. ?.loser, i;. S. :l\:ny Ily<lro;!raphy, steamer _Rar}u' . ........................... . 

Philadelphia aml Rcadiug Coa1 arnl Iron Com· Coal, schoon(•r Effµre arnl st{·:wH·r HaclH'- •••.••.•.••.•• 

pany. 

1..:.r .. Taney·······-·····················-····· 1.'opo~raph.r ........................................... - .. 
'\V. lr\·ia~ \..,..inal ..••..••......••.•...•.•. - •.... '. .... <lo .....•••.......•..........•... -····-·········-·· 

2, 4ill. 00 

590. 45 

l,4il.18 

1, HG. D9 

267. 50 Hent"y I~. Whiting .............................. Traveling es:pens('s a.ml snhsh:trnce ......... . 
1----

I~xpenditures ........................ -··. -· ..................... -- ..... - - . . . . . . • . •• . . . . .• .. •• . ...... ... 01 662. 74 

Appropriation ................................. -- ................................................ ·--- ........... ; 

Add 6 per c.ent. from Coast of llainfl ..................................................................... ~ 

Add 1() per cent. from Del::tw:i.re Hay. etc ................................................................ ! 
Ad<l lC> percent. from PbJsk·al Surrey~Cape Cotlf et.c ................... ············-·······-· ................. j 
Add 10 per c-e11t. from Charleston :Entrance .. --- ................... -....... ····-. --- . -· ... --- . ---- ........ ! 
Add 10 p(;r cont. from :Flonlla-Wc~t Con...r:;t ..................................................... __ ... ·-·•··. --~ 
~\.dd 10 p<'r cent. from Pensa.cola B~y 1 etc ......................................................................... '. 

Adtl 10 pfl' cent. from Coa~t· of Loui.:?.inua .....•... __ . .• . . . . .. . . . . .. ··-· ............ _ ....... __ ...•..••... 

A..dd 10 pf'r rent. front U.eporte-li Dang:ere. ..................................................................... . 

7,000. 00 

360. 00 

200. 00 

27{). 00 

200.00 

700. 00 

200.00 

700. 00 

50.00 

' 9, 680.00 
I•;xpf';ndituTes ....................................... - .•.. --· ............................................... --j_r>l GO~ 
!Jnexpernled uala11r• .................................................... _................. ' 17.26 

IJELA WARE BAY. l>'l'C:. 

To whom paid. On '"hat aeeount. 

IlenryL. Marindin ..•........................ ; Physical~urve.rg ......................................... . 
Spencer C • .McCarklo ........................... i Ice1u0Yements ........••. -· ........................ __ ....•. 

Amount. 

$1, G~S. !!7 

9.66 

E'pcndit11res ...••• - .. - ...... -............. -.•..• ·. - . -- -- .... -......... --- .. - -- --...•.•........... !-~i 
I Appropriation _____ ...................................................................................... 

1 =~.000.00 i I Less Ill per cent. tmnsferl'11 to nesnrveys-ViDoyanl Sound, efo . . . . . . . .. • • •. .• .. . • . . . • . .• . . .. f:!llil. ro ' . 

L ·-~-:~:~.::~~~.• ••••• ~:.: ;::··~::.:: ~: ... :~~:::.:: :_· : ;·: :=\ '~~~= [ 



 

UNITED STATES COAST AND GEODETIU SURVEY. 171 

STATEMENT OF THE EXPENDITURES OF THE V,YITED ST.ATES COAIST ASl> GEODETIC SCKVEY FQR 
THE FISCAL YEAR ESDIJ>tO JrSE :JO, 18cl0-Continuecl. 

Party .E:cpcnses, 18fl0-Continuc1l. 

PHILA!lELl'lllA W,\TER-FJWXT. ETC. 

'l'o whom paid 011 what :lc':onnt. Amc1rnt. 

I n. M. Bache ..•....•.....•...••••.............. i Topography. . ..................... - . . . . . . . .. . . . $1, 070. 23 I 
John tT. Uee-kett •.•. --· .......................... i .Storagf~ ... . . • . ... ..--.... --- ...... ---- ... - -- ..... --·: 28. 00 

Jos~p::pe:,~,~~1~1:i:r.r._._·_·_·_· ._._-.-.-... -.·_·_· ........... i. ~:op~~-r·a-~h~. ~:~~ .l'.~dr~gn:J>'.'~- ·::: :: :: :: : :: : : :: :::: ::: : : j-~~ I 
Appropriation . . .. . .. .... .. .... . . . .. .. . . . ............. -................ -............................ -. 
Add 10 per cent. frem Oll'dhore Sotrniling,_ et<· .........•....•..•....... - . - . - .. - .............. -··· ..... -
Add 9 per cent. from San Frnw.~i~t·o Uay, etc ........................•.............. - ....•.. -- . ----- -·-·· 

.A.ddlOpercont. from G-€o;i1-aDhical Po8ition13 .....••••.••...••••••.•••••.••...•.. 

810. 00 

300. 00 

Expenditures .. - . - .. - ...................... -- ....................................... ·· -··· ·· · -- --·· · - · l 

2,910.00 

2,897.fi~ 

Unexpended Valance. 12. 49 

l'IlYf;ICAL SU!t VEY-CAPE COP. ETC. 

To whom paid. Amount. 

Henry L. MarinLlin .. _ 

Appropriation . 
Less IO percent. transforred to Resurveys-Vineyard Souud. etc ............................. $270.00 
Expenditures ..•... _ ... __ .......•.•••••••••..•..•...•...••..••.••...•••.•.•....•...••....•..•.. 2, 429. 53 

2, 6~9. 53 

U nexpentled balance. . 47 

CHARLESTON EXTl:ANCE. 

To whom paid. On wha.t ncconnt. Amount. 

--------- ---------------------- '-------------- ----·-i 
F. D. Granger ..............•.......••.......•. '. 'l'riangulation . .•• . . . . .•• .. . . . . .•. .• .. .. . . . .. .. . . . ..•• .. $1, 'i3f1. 65 l 

==I 
Appropriation ......... _ ......... _ ......................... _. _ .......................................... , 2, ~oo.oo I 
LesslOperoont. transferred to nesurvcp-Vlneyar<l Sonnd, etc .............................. $200.oO ! 
ExpendituNs ............. _ ......................... -- ...................................... 1, 735. 6:i 

Unexpended lJalance ........................................................................... . 

TRIA1\GULATION-ATLAKTA-lt0BILE. 

To whom paid. On wbat account .• Amount. 

F. Walles Perkin•.......................... Triangula'tfouandstorage .............................. i $3,06'.l.04 , 

Appropriation ......... ·--··--- ... ·····-··--- .•••••. ··--·····----·· ...................................... ! 3, ~~;o-[ 
Add 6 per cent. from Magnetics-Atlantic a.nd Gulf ..................................................... i 72. 00 ( 

1-~.o~.o~ J 

~:::::::;~~~:·.::::::::-: ::::::::: :: :::::::::: :::::::: :: :::: ::: : ::::::::: ::: : ::::: ::::: ::::: 1--a_, ~:; _i 



 

172 UNITED STATES COAST AND GEODETIC SURVEY. 

STATEMENT OF THE EXPENDlTTlRES OF THE UNlTEIJ STAT.ES COAST AND GEODETIC SURVEY FOB 
THE .FISCAL YEAR ENDllUl JUNE :m. 1890-Continued. 

Party Expenses, 1890-Continued. 

FLORIDa-WEST COAST. 

,-- -----------------
To '''hom paid. I On what account. ; Amount. 

~:-··-~-----··:------·---------:·-~-------------- " ------------------\----=--~---
Burean of Equ1pmt:ontantl ltecrmtmg1 °Ya"ryDe-I Coal, steamer Bache .••.•. - -· ............................ ··I $8v0 ... 9 

partrnent. . I , . . I 
Joseph Her~eahe1mer -- __ ........• ·----·------I Comlnrn~d operat10nH ..................................... 

1 
2, 872. 69 

J. F. Moser, U.S. :Navy ......................... ) llydrograph)', steamer Bache ........................... " 2, 438. 18 
1----

Expflnditnrea ......................................................................................... ! U, 141.16 

Appropriation ___ . . ___ ----. _ ... __ .. __ . ___ . _______ -- .. __ --- ... -- .•• --- -----· ------ .•. ---- _. \ 7, llOO. 00 

Lr-H~ JO per cent. transferred to HehUl\Pys-Vineynrd Sound, etc................................. $70C. 00 [ 
Ex:peuditures ........••............•.•••......... -- ............................................... 6, ltl. 16 t 

---1 6, Sil. 16 
i-----

Unexpenae<l balance ................................................................................ j 153.8~ 
! 

PE.'> SA COLA. BA. T, ETC. 

--------- ---------------

Towhorn paid. ·---------· On 'l>hat_<l"cou~~----·------ Amount. I 
P.A. 'Vclke1' ..................................... ( Topozrnphyand triangulation......................... $l,79i.G9 \ 

Appropriation ..•..••...•...•..••...••.•..•.................••.•..•...••••....... -···· •.•.•.••.•... -- ..... =--2~0-=-~;lO i 
LP"' 10 per cent. transferred to nesurveys-VineJ&l'd Sound, etc. - . • .. ............ ....... •••. •• $200. 00 I 
ExJienditnres ..................................................... ·· ...... · ....... ·••• .......... I, 704. 6:J · l, 

994
. 

60 

Unexpended balance ............... t .............................................................. -i---5-. 311 
I . 

-- ----------
PERDIDO JlA Y, :ETC. 

I ' I- _ _ _To ~-:10_m__1'~io._ _ Ou what account~_ J~~ou~_:_ 

I ~~:,';'~:2~'.'.e.'::: :: :::: :: : :: :: :::: :: ::: : : :: : : :1 ~;,:;:~:c.d '.'_flCT~'.i.':~~::::::::::: ::::::: :::::: :: ::: : : ::: : :! $3 "~~: ~~ 
I -----

Expenditnre3 .••.. - . - . -··· .. - ....• - ••. - ...•..... - •. -·---· .•••••.....••.. -- .•... --- .••.••.•• , •..•.•.•• ·! 3, C15. 07 

~~~r;;~i~~:~~;,~: ~~~;,~ -~'r:i~·n;:,;~;;~~~;_;~1~;.~~~i~-::: ::: : : : : : : : : : : : : ::::::: :: : : : : : :: : ::: :: ::: : : :: : :: ::: : : 1-3,:~:-:~ 
i----
: 3, 6l7. 50 

1~:.::ppn;liturrP. .. - . -- ---- .•. -- -- • ··-· •.... -·-· .... -- .•• - • - .... - ................ - ..••. --- ................. --- . - •. / a. 615. 07 

1~nt•'-p1.·n1le'1 balance -----·-····· --·-···---···-··-------- -----· ------· --··-······· ..•.•......•.•.•.... 1---2:-43 
COAST 01' LOlJISIANA. 

/ To whom pa.id. / On what account. 

1

1 ·~~,~~;::'.i[:~;:.,;:,:,, ,;, =~.:.=: .. ;·Ii ~t~;,:~; :L;;; •• : : • : ::~ ... :::::: : .. : 
A. L. IL1ll. l'. S. Navy .......................... Hy<lrography, steamer Endeavor ...................... .. 

l!anicl L. Ttaza~d . _ ...... _ ............................ ·I Sc~1ices a..nd txaveling expenses - ........................... . 

¥, W alky Pnkm8 ........................... "'I Sh1p-koopmg .. · · .... · · · · .. · • • • · • · • · • ...... •· .......... .. 
! Ht»vprnw lfarinti lhucan .......................... Coal, steamer Endea1'or .. - ...... u ........................... . 

J.:xpi•ntlitnres ............................ -- ........... -........••• -- .. -· ---· .••••••• -----. ---· __ -·- ..•. _ .. 

Appro1iriation. -·.·· ... - ........ • •••• •· ··- · ·· · · · · · ·· •· - · ·•·· · · ........ · · • · · • ...... •• ....... • · • •· · ........................ ""I 
Les~ 10 Jwr c1·nt. transferred to H.es.ur\eys-Vineya.rd Sonnd.ete ........................... ·........... ..... .• $700. 00 , 

Amoont. 

$7. 50 

2, 517. 2G 

82.69 

2, 507. 60 

43. 22 

2.50 

89. 08 
-----

5. 249. 85 
=== 

7, 000. 00 

EApen11it11re~ .......................................................................................................... 5, 249. 85 

\ -"-·_u~_u_. u_ 
/~expended balance.................................................................................. 1, 050.15 



 

UNITED STATES COAST .AND GEODETIC SURVEY. 173 

STATEMENT OF THE EXPEXDITl:RES OF THE UNITED STATES COAST A,'VD GEODETIC SURVEY FOR 
1.'HE FISCAL YEAR ENDING JUNE 30, 18\JO-Contiuue<l. 

Party Expenses, 1890-Coutinued. 

OFFSHORE SOUSDLNGS, ETC. 

-----·---------------

To whom pail!. . ---1 On _'v~at~1c';(}l:t:__ '_ A 1:0_:.~_J 
Bureau of Prodsions and Clothing, Navy De-1· Soap. st('aruer Blake................. .. . .. . . .. . ..•.... . . . J, $D

8

2;

1

J.. •82~.~ I' 

part men t. , :--~ 
J.E Pillsbnry,U.S.Navy ........................ f Hydro.;:~Taphs,steamf'rRlake .......................... . 
Re,enuo MarinA Bnreaa .....•... _ .......... ___ · Coal, steamer Bla,ke ... ........................................... . 7C. :!5 

C. E. Vreeland. U. 8. Navy ............................. ! ll_rdro)!raphy, steamer Blake._ .............................. . 3, 111. ~" 
I '----

J<~x:penditurea ................................... •• - - .... - -- ------- - · · · · ---- ···• -- --- -- - ·· - --- · --- -- ·---· - ' 

Appropriation. _________ ....... ____ .. _______ ........ __ ............................................. . 

Leso IO per cent. tranRferred to Philadelphia Water-front, etc................................... $SOO. 00 
Expenditnrea ........................................................................................................ 7, lW. 4:~ 

7, 19G. 43 

8, uoo. 00 

7. 90G. 43 

Unexpended balance ..•......•.•••...•.•..•.•........•.......••...•..•••.....•........• · .....•.•••... · --3.~I 
-·---------------------------

SAN' FRANCISCO IlA Y, ETC. 

To wllom pai<l. On what accnunt. 

Bureau of Equ.ipmeut nrnl Recrniting, Nav_y : Outfit1 steamer Jfo,_1.rthur .•••.••. 

Department 
D. DelPlia.nty, 'IT. S. Nav.y ............................. i

1 
Ilydrc,grapliy, st.ramer Jlas,ler ........ ................ .. 

D.H.1-Ia.han, lJ. S. ~a"("y ......................... ·-! Ilydrography, a.teamer McArthur ........................ . 

Amonnt. 

$67. 90 

5,619. w 
2, ;lf}j", :.:2 

I 

A1uount (li::ibt1r:::ed .......................... ~-- •••• __ .•••.•••••••.••.••••••.....•••••••• ·-· ............. :--8.-0-b_l_.4-~-, -I 
Rail road :lf'i"onnts refel'red for Rettlement ...... _ ..••..•. _ ....... ·- .............. _ .......... _ ....................... 1 67 .. ~O 

Ex-p~nclit11res ............................................ ~· .................................... -·. ---· ..... ··-·. - .. _=:...~1~~:!2 I 
Appropriation........................................................................................ . . 9, O.·\l. \10 I 

Les8 9 per cent. transferred to Phil:ulelphia '\Vutcr.front. otc .. .••• ... ••. . . •• . . .. .•••. .. .•• ..•.•. $810. 00 I i 
Expenditures ............................................ ,. ........................................................... 8,152.121 H.,!Xil.1~ I 

Unexpended balance.............. -----··-···---·--·-···-··---·----·····--·····-······· 1--~~
1 

'l'OPOG l!APIIY -CALI FOH)."I A. 

----------------
To whom paid. On what account. 

Charles M... Ba-cbe, llecra.~ed ............................ \ Transportation and embalmin.~ remains .................... I 
Stehman Forney ....................................... :I Paatnrag:c, stornge, and repairs ............................. : lOD. SJ 

~1:;.o;:n:0:;;:~;~l~::::::: ::::: :::::::: :: ::::::,. ~-o~:~~:.~y.-::.-.: ::: :: :::::: :: : ::: : :::::::::: ::: :: ::::::I_:_~~~:~~ J 

Amount disbursed ..••••.....•...•••••••••••••••...•••.•.••.•.••••••.••••.••••..•.•.•.•...•.•..•..... , 6, 901. 00 I 
Railroad acoounts referred for settlement ....••....•....•••...••••••••. ··•·••··••••·•·•·•·••·•·····••···· 551. 061 

App~::;:::~:~~~:::::::::::::::::.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::·::::: -:: - 1:: ~~;-, 
Leas 2 per cent. transf~rred to Physical Hydrography ••••••.•.••• · •• • • • · ·• • •• •• •••• · ••••• · · · · · · $200. VO 1' 

Less 2 per cent. transferred to Transcontinent.al '\Vork . . . . • . • . • • • • . . . • . • . . • • • . • . . . • • • . • . • . • • . . . 200. 00 

Expenditnres ...•... ·••••••••••••••••• .......................................................... 7, '55~1 7, 855. 06 

Unexpended balance .••..•...•••••....•••••••..•.•.•.••.••.•••••........•.•••••.••.••••••....•••••••• , 2, 144. 94 



 

174 UNITED STATES 00.A.BT AND GEODETIC SURVEY. 

STATEMENT OF' THE EXPENDITURES OF THE UNITED STATES COAST 11ND GEODETIC SURVEY FOB 
THE FISCAL YEAR EXDING JUNE 30, 1890-Continued. 

Party Expenses, 1890-Contiuuecl. 

TRIANGULA.TION-CAI.Il''ORNIA. 

! 

George Davitls:
0

.~~~,~~-~~:~---··············· Triangulation.~.~~~~~:~~~~c-~~:~:~~~=~-~~--~~1- :5~:::n~~ 
Jas.S. I.aws-00 ..•... · ............................... -: l?.t>pairing tents, etc .................................. ······! __ 1as. ~ 

~t\mount disbursed ......................................................................................... •••••• ( 5,440. tl6 

Uailr;:;,:::::1~:: ref~~~c''. ·!·0·1·~~~~'.~~~~~: :: :::::::: ::: ::::: :::::.·.:::::~:: :::::::: :: ::: :: :::::::: ::: : : :::-5, :~::: I 
Appt'opriat.ion .......................................................................................... / o,000.oo 
1.C::a:-1 6.50 JH'l' c.('.nf.. transferred to Perdido Bay, etc ......................... ·-· ... _..... ... • . .. . . . . $617. 5{J ! ; 
Less 3.f,0 per cent. t.must'errml to Tides-Atlantic ....................... · .. ··· .. ······ .. ·· .. ··· 332. 50 !I I 
Expen!litures ........................................................................ -......... 5, 975. 64 

6
, 

925
_ 6~ 

1---
u nex:pended ~u~a.'1_c~-:.:_-~-:~_: -~:::. .. . . . . . . . .............................................. · 1 2,~-7~~3_'.IJ 

GOA.ST OF ormr:o~. 

\-~>~ Hall:l11~~~:~ ~~~~~?~~~,d~~:~-~:~~ 
On what a-cconnt. 

Sounding reel, steamf'r Otdnry . ......................... . 

I Fred. Bickel.. ............................... . Storage ................... __ ......... _ ................ __ .. ! 
Trian11:ulation, topography, etc .........•.•.•......••.•.. 

1

i 
H:rdrog-raphy, KteamC'r G<:dne:-1- • ........................... 

22. 50 

Cleveland Rockwell.. ....................... . Trian~ulation, bydro~aphs. etr ......................... i 

::,50G.CH 
4, :J40. 09 

803. 78 
II ~-·~: ~:.~=1~n1~:;.-~:~»:;:: ::::::::::::: :::: :::: :: 

(t. \\,..Sha.Yr.r ..... _ ............................. Storag-t• ....... ·-·· ............................................. : __ __:_5o l 

! .An1011nt tlisln1r.;i;ed ...•... __ ..•.........•....••...........•.•.•••.. ·-·. _ ....•••.•••.•. __ •..•.. _ •. ___ . 

i Railr(lad acconnte rcfel'1·etl for settlement. ............................................................................ : :i.67 

1~x.pt~r;tlitureR ............................................... , ................................................ ··' 

Appropriation .. _. 

Les!'\ 10 prr t·eut. tran;;:frrrt'd to 1.:lagnetiei<l-Pacitl-c. etc ................................. _ ........... $1, 001), 00 ; 

}~XJH•.ud1t11n·s .•........•... _. ...... .• . .. •. . . . . . • . .. . . . . ..•.• •• .... .. •. . . ... . . . . •• . .... . . .. .. . . 8, ~37. 46 : 

8,837. 46 

10, 000. 00 

0, 837. 4G 

Vne:xpPJHh•d u~1lar1cu ................... . ...................................................... -·~-16::.!.54 j 

W ASHIXGTON TERlUTOI:V 

To whom Jlnitl. On what at:count. .Amount. 

I 
1

1>. J~allauf................................. &>undingreel, soi:ooner.Earnut ............................. 1 $1.51.00 
J. J. Oilhcrt.... ...•.... ---··· ...... Tria11gulation. topograpl.Jy, etc .............................. / 1,866.34. 

i ~l. N. ,T(Jniau,f'.".S.Navy,.......... Ilydro~raphy, schoonerEarnesr. ........................... i 2,345.53 
1 ~T. F. Pr:ltt.... . .............................. '.Triangulation aud topograph~y ..................................... ! 1,868.48 
l ·------1 

A1noi1nt <li8bursPtl .............. ·- .......................................................... ·-·- ..................... \ ()1 2~1. 35 
J.!aiir-orul acconlih ref(>rre<l for ~C'ttleentf'nt _ ........ ____ ......... __ .................................................... · 22. 02 

i------1 
.......................................................................... ! .Expenditures .•..... 6, 254. 27 

l=:-·---= 
Appropriation... . .............................. _ .............................................................. ~ 5, 000.00 

.Add 10JU~reent.frorn 8ta.tP ~urveyR .................................................................................... 1 800.00 

Ad<! JO pe.r cent. from Coast Pilot ........................................................................ : 500.0<l 

I s. 300. oo 

I :::::::~::«;~,~~~~-;~ ::: :::: :::::::::::::::::: :::: :::::: ::: :::: ::: ::·::::::: ::: :::: :::: ::::: :: :: : : :::/ ___ ~:;:: :: 



 

UNITED STATES OOAS'l" AND GEODETIC SURVEY. 175 

STATEJIESI' OF THE EXPENDITURES OF THE UNITED STATES COAST LHJ GJWDETIC srnn~Y FOR 
THE FISCAL YEAR ENDING JUNE 30, 1890-Coutinuell. 

Party Expenses, 1890-0ontinued. 

ALASKA EXPLORATIONS. 

To whom paid. Ou what aecount.. 
____ 1 __________ - ----- . --------- . 

.A .. mouut. 

: ~-
' I 

Dnrean of Equipment and Recruiting, Navy! Outfit, steamer PattcrBQn ...... ................................. .1 $1'.!7. QG 
Department. 

H.B. Mansfield, U.S. Navy ..•.•..••••..••.. Hydrogra.pby, stootJJer l'alt.trson ............................ \ 8, 87!::. 88 , 
1----1 

ExP"nditnres ....................................................................................... 1 8,999.0l l 
Appropriation ........................................................................................................................................... i-1~0o. oo-! 
Less 6.60 per cent. transferred to Magnetics-Pacific, etc ...... _·---- ___ . ___ ._ .. __ .. _____ -- _ .. __ $6.'iO. 00 

1 
! 

Liess 3 Jler eent. transferl'Cd to Transcontin'3nta.l Work ....................... _ ....... _. _. .. .. . .. 300. 00 : 
Expenditures .................................................................................. ~. Da9~i 

; 9,949. 9..l \ 

Unexpen<led balauce ................................................................................. ··-- J---;o.-%) 

l'HY:SlCAL l!Yl>ltlJU ld.l'HY. 

To whom 11aid. On what account. Amount. 
--·-----------I I 

Henry L. Mnrindin ............................ ! Phygical sm·....-oys .•. ___ ··-----···-------···- $2,00'2.16 / 
Mount Holly Paper Company................ Tide-gat1"e paper : Sl. ~O I 

Homer P. Ritter ............................... Physical :m,:oys :::::::::::::::::::::::::::::::::::::::!--~~\ 
Expenc1itur~~8 ............................................................................................. ' 2, 186. 44 

Appropriation ... --- .......................................................................................... i ~. 000. 00 

.Add 2 per cent. from 'l'opo;:;rnphy-California ....................................................... ··•·· 1~0. VO 

1 2, 200. 0() 

Ex:pentlitures ....................... ---- .................................................................. ! 2, 186. 44 

TIEPOl;TED DA3GEHS. 

To whom paid. Ou \\~hat arconnt. 

Wm. P. Elliott, t:'. S. 1\a,.-y ..................... i Hydrograpby, schooner Eag>«'._ ............... . 

Henry I,. :l'.larindin ............................ i IIydrography, Potomac l(iver .... .. 

E:t:flCUdittl!'C-S ................................................... ,. .................................................. . 

Appropriation ..........•........... __ .... _ ................. _ ...... __ ...... _______ ·---. __ .... _ .. __ ....... . 

J,eos IO pPr cent. trn11•frrw1l t<J TI.esune;·"-Tine.1·ard Sound, etc............................... $5D. CO 

13. 56 

ArnuuI.Jt. 

$51. '.'6 I 
150. 89 i 

:-----' 
- 202. ~~ _\ 

500. 00 

Expenditure.~ .............................................................................................. :?02.15' 
_ ::52. 15 I 
-----; 

U11t\XJ>ended halance .......................................................................................... ' ~'17.85 

MAGNETICS-A l'LANTlC AND GULF. 

I l 

::::: ~· ;··_.-.,.~:_._._. _ _._. - ---~:__ -~~·:~-·::. ·.·.:~:;;_ ::: ::: •• -••• - -1- -- ;:: : :=I 
L&as 6 per aent. transferr<!d to TriangUU.tion-.A.tlanta-llob!lo ... , . . . .. . .. • •• . • • . • . . . • . • . • . • . . $72. 60 i 
Leas4percent.transferred to Exact Leveling................................................. 48.00 f 

E:xpeudltnrt>B. • . • • • . • • • • .. • • • • • • . • .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1, 07L 94 I 
' l, 191. 9' 

Unexpendetl balance .................................... ., ••..••••.••.•.•.••••••.••••••.•••...•••••. J--8.00-1 



 

176 UNITED STATES OOAST AND GEODETIC SURVEY. 

STATEMENT OF THE EXPENDITURES OF THE UNITED STA.1'ES COAB1' AND GEODETIC ST.JR VEY FOR 
THE FISCAL YE.AR ENDING JDNE 30, 1890-Contiuued. 

Party Expenses, 1890-Continued. 

MAGNETICS-PACIFIC, ETC. 

,---·-. To whom paid. l Ou what nccount. _A_rn_{Jll~_t .. I 

~~E¥·F:~f • 0:· :: ···•· :·:··:• •••••• 1 ~;Ef >'' :• ••:::: ::;:::• •• ••:·:···· •••:·····. ···: I 

$61. 88 
484. 02 

3. 75 

2, 102. 26 
78. 30 

.Amount disburse<! ..............•...••.......•.........••......•...•........•••.....•.•..•.•.•••••• ] 2,710.21 I 
Railroad accounts referred for settlement ......... __ ._ ................................................................. ; 118.16 

Appro:,:::~od~t·u·~~~ ::: :::: ::::: ::::::::: :::: ::::::::::::: :: :: : :: : :: : :::: ::: :: :::::::: ::::: :::::: :: : : ::: :: I :: :::: :: 
.A.dd l!J per cent. from Coast of Oregon ............................................................................................... J 1,000. 00 

Add 6.50 per cent. from .A.I.a.ska Explorations .....••.•••••••..•••••••••••••..•..••.••••••...•...•••••••• · 1 650. 00 

Expenditures ..•..•..•.••...••••••.•.•..•••...•.••••••••••.•.••.•••••.....••••...........••••••••.• ., ~: :=: ~~ 
Unexpended balsnce .•••.•.•..••••......•......•.•.•.•••..•.•..••...........•.•.•.•..••.•..•...•.•. i 21. 63 

I 

EXACT LEVELING. 

To whom paicl. On what a<'<'Onnt. ·-·-·---~I Arn~! 
-·-------··--·-------------- ---- ,--------1 

~:;::o::::::::.·.-................... ·.·.-.·.·.·.·.·.·.·:.·.·.·.·.·.-.-.-.. ~ .~e-~:~i-~~:::::: :: ::::::: ::::: .:: ::: :: ::: : :::::: ::: ::: : : :: I $J: ::2:: 
Add 4 per cent. from Magnetics-Atlantic aud Gu1f ...•.• .... . ..... ... . ... . ........... •. ............ .................. .. ... 48. 00 

Expenditures .......................................................................................................... . 
3, O!~. -00 

3, -O"lO. -05 

l;nexpend<>d lrltlancc .......•....••......•.••••..••.....•••..••...........•.......•. ,. . • •• • •. • . • . . •. 7. 9> 
I 

- ----------------------·-------
TIDES-P .ACIFIC. 

1 · To wl1om paid. On wl1at a~cmrnt. . .... --·-··- -·--1-·-.:.~~~·,:-1 

I ~aes~~~~::~~·~:~::::::::::::::: :: ::::-:~::::: ::: ~!:~~. ~~.''. ~~~·~~~'.'.~ .t~~~'.::: :: :::::::::.::.::~:~:::::::.:I-;,:::~~ I 
Monn! Ilolly Paper Company ...•.......••..... : Tido.g:tuge paper ....•.•.••••..••.•.••••••...•••..•..... , 115. 20 J 

l~xpenditures ......••.•..•.•••.••••• ·••••• ·•••·• ·•••••·••··· •· · · ····•• ....••••••..•...•..........••..••... --2-, 189. i5J 
A1,prnr1riution ...•....... ---··· ..•.• ,. ______ .................................................................. ···- ... j- 2t 5o0.oo 
I..t.~t>H 10 pt·r (~eut. tra.usferred t{) Transcoutin0ntal \Vork -••. - - • - . - ... -- .• - .••.••. _ •• .... . • •. • • • • $2;;0. (10 I 
Expc'ntlitures ..•..•...•..••.•..••..•.•••.••••••..•....••••.•.••••••••••........•.....•... -. .•.. 2, 189.15 

---1 __ 2, 439. 15 

Luexpentled balance - - ............. -- .. -··· - - --- --- -- •••. -- -- -- -·- ··- --· --- . ----· .....•.•..••••••.•• j G0.85 
i 

'!.'IDES-ATLANTIC. 

To wliom pa.id. On wl1at a<'eount. j Amount. 

:Martin Couley .....•.•.••.. -~~~-.:~:~·.-=~~-:~, Conting<mcies, Tybee gauge .••••.•.•...••••...•••••.••. 1--;o. 00 
lfonnt Ilolly Paper Company .....•.•.......... , Ti<lc·gauge paper .•......•.....••........•...••..... ·••· I 17.;. 50 
JJa:rhl E. Sm,aU. .•. .. . . . . . . . . . ........ .. . .. . ..... ... Services and contingencies............................... 379. 35 

~u~~~!";~:~~.::::::: ::::::::::::: ::::::: ::: : :. :: : :~: ::::::::::::: ::: :::::: :::: :: : : : : : :::::: ::::::::: :::\~!:~: ~: 
Rxp-enditures ............ --·· · --- · · ·•• - -· ....... · •· ••• · ••· ·• •· ·•• · · · - - ····-· · ... · - --· ------ ................... 2, 385. GO 

.Appropriation ...•.....•.•.•.•.•••••••.. -····· .• • - · · · · · - · · · · • · ·-·· ·· · · · · · • · • ••• ••• .••.••••.•.••••.•...••. 

.Add 3.50 per cent. from Triangulation-California ..••••••••.•••..•••••••••••.•••.••...••...•••...•...••. 

Expenditures ..••••.••.•••••.•••••••••••••••••.•••••••••••••••••••.••..••••••••••••••••••••..••..••. 

== 
2, WO. 00 

332. 50 

2, 43~. 50 

2, 385. 60 

Unexpended balance ..••••..••...•.••••••••••••.••.•••.••••••••••••.•...••••••••••.••.•.....•.••••• 
1
--46.00 



 

UNITED STATES COAST AND GEODETIC SURVEY. 177 

STATEMENT OF THE EXPEYDITURES OF THE UNlTED STATES COAST ANl> GEODETIC SURVEY FOR 
THE FISCAL YEAR ENDING JUNE 30, 1890-Continued. 

Party Expenses, 1890-Continued. 

GRA YITY EXPEIUMEXTS. 

To whom pait!. Ou what an·rrnut. .Amount. I 
------------~-----------------1 

E.S.&J.D.Neg-us.- ............................. 
1 

Cb t 
1
1 

E. D, Preston .. _ ................ _ .............. : P0:::~~1~:~: :~·:-e·r·~~~:o·~~ · :~ ~~~~ ~: ~ ~ ~ ~:~ ~ :~: ~ ~ ~ ~: ~~: ~~ ~ ~ ~ ~ l 
$800. 00 

791. 20 

108. 3~ lJ. S. Eclipse Expedition ........••...•..• ······- Trau>portitiuu _ ..... _ ............ -·-········· .....• -·._I 
1-----1 

Expenditures ......................... -------········ ..•.. l 6;.JU ::;; I 
Unerpeuced balance .Tnne 30, lo83 - ........................ •· ..• : .-:.-.-.-:.-.: · ::: • : .:: :_ ·_:_._:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_ :_:_

1

, 1

1
:_ "6·-~~- ~84 

1

, 

Ex.pe11Uitur~s ..•..•.•.........•••..••••.......•.•• -············-········· ... . .,-a.., 

Unexpendrnl b:tlanco ...•.••...•. -····:=--~~--··· ····• ····· __:.-:_:_:_-_:~_2 ____ ~"-3_1'_ I 
STATE 81::-RVEYS-

-------------------------------- - ------ ------- -- -- -- - --- ---, -----1 
'\""hen~ espeuiled. ! Amount. 1 

-1-- -

To whom paid. Ou. what account. 

I 

~~ ~. ~:~:~1: .· ~~~~ ~ _·:: ::~ ~: :~ .· : ~~ ~ :~ j. ~-r·il~:~.1~~:~~i~-~ ~ ~ ~~ ~~ .· ~ ~~ ~ ~ ~ ~ ~ .· ~ ~ ~ ~ :~ _. _ ~i;c;:;i~:;: ~ ~ ~: :.· ~ ~ ~ ~ 1 ~~~~: ~~ 
A.H. Ruchanan ...................... ! .... tlo .. - ......................... ·······--· Tennessc~ ..•.••....•. 1,352.46 

~~:~~~~:;:i:-~~;~:::::: ::: :: :: :: : :\ ~~i7~~;~::~0L~:::: :: :: : :: ::::::::: :: :: ::: :-:~:~::~;~:::::: :: :: :· 1 ~~~-!: 
~:~~ ~~:;;;~ :: ·::::::::::: :: ::::::': ~:~e~f0u~a-t~~~.:::::: ::::: :: ::::·.: ::::· :::::: ~!~:::::a.::::::::::::: ~: ~:~: ~~ ______ , 

ExpenditnrPiR.. ••• . ... •• . ..•.•..••..••.•..•.•......•................•.. ··- ·- _ .....••.•...•..•.... : 7, 174. 72 
i .. 

.A..ppropTiation ................................................................................................. ~ 

lteceived from George A. Fairfield, rebate on O~C'rchargo~ for freight ou lumber ..................... ___ _ 

Less 10 per cent. transferred to V{ashington Territory, .. -· ....................................... _.. $800. 00 

f', 000. 00 

14_ 40 

B, 014. 40 

Expenditures ...•..•.••...........•....•............•.............•..•••••.•...•......• _ .....•. 7, 17i. 72 
---l 7~974.72 

Unexpended balance .......••...•••• -·····-····· ······--·· ..••••.••.•.••••••.•••••.••••...••.•... 1----39. 68 
I ·---------------------------------- ---- --- ~------·-

GEOGRAPHICAL POSITIONS. 

--------T-o ~;0:-p-a1-.d-.------ --- ·:-- On what ~~«~'~l~~~-;:---------- -~~~oun_t. I 
____________________ _!__ --- ---- . --

~: !: ::;~~·: ::.:::::::: :::::::::::::::::: ::::!. ~-o~!it~~~~-: :: :: ::: :: :: : ::::: ::::: :: ·:: :::::: ::::: :: :: •. . 1 ~:~~: ~: 
Amount disbursed ..••.• -...••..••••••.••••••••...•••..•.••• _ .... _. _ ..••••....•..•.•.••.......•... 

Railroad acoounta referred for settlement .•••••.•••••..•...••••...••• --·· .••.••.•••.••.•••..•.•..•.. _ .. _ 

Eipenditures •.•••.••••••..•• _ .•••.•.•.•.•..••........••••.•....•..•••••••••••.•••••.••...•••.••..•. 

.A ppropri&tion ......•....•..••..•...•........•.•..........••.....•.•••..•••...... _. _ ..........•.........•. 
Less 1-0 per cent. transferred to Philadelphia Water-front, etc_ .•..•••.•••.•. ,.................. $300. i>O 

Expenditures ..••••.....••.•••••..••••.•••••.•.•••........•....•........ -........•...•... _ .•.... 2, 645. BS 

2, 375. 03 

270. 65 

2, 645.68 

3, 000. 00 

2, 945.68 

Uncxpen<led balanoo •••••• ••••. •••••• •••••••••••• •••••• .••• .• ••.••• •••••• •••• •• ••• .... •••• ••••• •••. 54. 32 

H.Ex.80-12 



 

178 UNITED STA.TES OOAST AND GEODETIC SURVEY. 

STATEMENT OF THE EXPENDITURES OF THE UNITED STATES COAST AND GEODETIC SURVEY FOB 
THE FISCAL YEAR ENDING JUNE 30, 1890-Continued. 

Party Expenses, 1890-Continued. 

T.RANSCO~TINENTAL WORK. 

To \Vhum paiti. On what account. W-hcro expended. j Amoant. 

--- --------- ------~---- ·---"-· ---·--"------ ,_ ------·--

WilliAm Eimheck. _____ --· -· ___ -· _. __ 'Triangnlation. --· .................. 
1 

'Lt ab and Xerndo ...•... ·-··1 $8, 389. 96 
George A. Fairfield .••......•.. -· ........ do ................................ Imliana... .. . .... ..... ..••• !';, 438. ll 
F. D. Granger ................................ do .•...•.•••.••.••••••••••.•.... Kans::i.s ...... ~- .. -·-- ....•.. 3, 224. 'iO 

A. T.Mosman ..•....•.•.....•......•. 1. •.• do ....•...........•••.••........ Indiana ............•••. ····j__'.'.:.696. ~ 
Amount disbursed ..... __ ...•.•..•..• --- ............................................................ -· ............ .... 20, 749. 64-

Railroad accounts referrecl for settlement................................................................ 282. 38 

Appro::::;o:t:~~~~- ::: ::.-:::::.··:::::: :: ::::: :: :: : : :.:· :::: :: ::::::::::::::~: :: :::::::: ::: :: :::::: ::: ::::I ~~:-!~:~~= 
Add :; per cent. from Al~ska Exp~oration.e ..•........•.•..••.•...•.. - .•••• -•.....•......••. · · · · · ·• · ·. · - • · 1 300. 00 
Adtl 10 per cont. fro111 Tulc-s-Pa.cific. __ ·- ........ __ ..... . . • . .• ... .... ..... .• . . . . ......... ..... •• . • . . . ... . . ..... ..... .• •. 250. 00 

.Add 9.50 per cent. from Transport."ttion (Navy}, etc ...................... -· ........................ - ........ -· 1 285. 00 

Add .2 per cent. from Topogr~phy-California ....••......••.•... :·· .............•.........•..•....•..• ··I 200. 00 

Rece-ived from G-eorgo A. Fairfi.elU, rebate on overcharges for fre-1ght on lumber .................... ~............ . 2iL 00 

~1. 063.90 

Ex:penditures .. -- ....................... ·--- .•••.•.•. --·-. --···· ......................................................... i 21, 032. 02 
!------

Unexpended ba.lnnce ...............•••...•.•........•...•. -·-········-··-·······-···-··-··- ' al.SS 

COAST PILOT. 

---=·-~:-~!:~ p~id, -~-=~~~! . _ On what acc~1~-- _____ 
1 

- A~:G~. I 
S. M. Ackley, D. S. Navy .............•..•..... i Ilydrngraphy, steamer .Endeavor ..•...••............... , $1, 232. 31 

~~c: ~.~~;I~:ie &.~.".-... -... :::::::: : ::: ::::::::1 ~;:;;;:a.~-~~~'.'~'-~"~~. --·· ... -.. -.-.-.-_-.: .::::::::::::::::: i 5:~:: 
L. M. Garrett, U.S. Xavy . -· ~-- - ............. ----\ Ilydro~rapby, steamer Endeavor ............................. ] 375. ()2 
.r. H. Gore__ .. _ .. --· -- ... -·------ .••..... ] :-.;,.1·virAA ..................................................... ! 500. 00 

LehiglJ Vall~yCoaJCo -·······················/ Coal,steamer.Entleavor .......•..............••...•..... : 75.20 

~:i;~-~~:~~~~-i~-
0

- ~~~~ -~~- --~~~~~ ~ ~~ ~~ ~~~~~~:~ ~~~1-~~;~~~s- --~ :~~~~ ~ ~ :~: ~:~ ~ -~~: ~ ~ ~~~~~: ::~::~: ~:: ~ ~: ~ :~~~ ~~ \ 1, ~:~: 
1';. H. Tillman, U.S. Navy ..•..••..•.....•..•.• i Hydrography, steamer Endearor ...•••..••..•....•..... 1 129.05 1 ___ _ 

Expenditures ..••••. - •....•.•....••...••.••••••. - ....••.••...•.••••••..•......••.......•......•..•.• ( 4, 499. 98 

Appropriation . --· .......• ·- -- ......... -· ..................•.•........... - .••..........................•. 1- 5, oOO.oo 
Lesa 10 per cent. transferred to Washington Territory ...•••....•••..•.........•.... - . . . . . . . . . . $500. O<l : 

Expenditure• ..••...•.........••...•..•.....•.....••...•...•..•...•...••.......•.••••.•.••..... 1,4QJ.98 1, 
4, 999. 98 

---- ~lJ'.'xpenci_e_d-~ala:c~~-~-·-··················=~~~ ····················-·········_-~::J=-_-:= .02 

TJUNSPORTATIOS (NAVY), :ETC. 

To whom pai1.l. On what account. t 

~.~· ~?.:::l ~ ~::;; .•.••••• : • :: •••.... ~·~":. . • .• : .• • . • •• ·~ ·········~··· .•••••• J 
M. I •. Bristol. U. 8. Nilzy -· .....•.•...••..••........ do ......•.....•. -· .•...•...•..•••....•.........•..• ·-1 
;: ~: :;;:n~'. ~. ~. ~::.~ :: :: ::: : : :: :: :::: :::: ::1::::~: : : ::: ::::::::: :: ::: : ::::: ::::: :: :::::: ::: : : _: :::: :. 
W. II. G, Ilullarcl, U.t:;. Xavy .••..... ···········i· ... do .•..•...••.. ·•···•·•· .............................. 1 

Thomas F. Carter, U.S. Navy .......••. ·-····.-!· ... do ....•.•.••....•...........•••.• ··-·-·_ ......... __ ' 

W. S.CLnke, U. S.Na>y. -- ···················i·· .. do ..••.•.•••••..•.•..••....•••..•...••••....•..••••. 
George A. J)c~ringt U.S. Navy __ . - . - ................ do ......................................................... .. 
.r. r~_ Jlrake, U. R. Na vs .... ----· ............ ... ; .... do ......................... __ .............................. .. 
E.H.Durell, U.S.Navy .....•.••.•.•..••....•.• 

1 

•••• do ...................•••....•••...•••.••.....•..••••• 
Wm.Du \Vors,l;.S.NaTy ......................... '. Tr:a."\'"eling tYx11enses ............................................ . 

Wm. P. Elliott., U. S.Na..-y ·-··············-····I Mileage, etc ............................................. , 

!~:.~~:i~~o~~:~:~~:.: :: :: ::: :::::: ::::::: l ::::::: ::::: ::::: ::::: :::::: ::::::: ::::: :::::::: ::::::::1 

Amount 

$128. 72 

112. 28 

35. 92 

279. ai 
l.0.68 

~G2. OS 
:.?.00 

270.32 

21.12 

20. 00 
109. 76 
21. 84. 

7.55 
59.85 

281.12 

137. 36 



 

UNITED STATES COAST AND GEODETIC SURVEY. 179 
STATEMENT OF THE EXPENDITUBES OF THE UNITED STATES COAST AND GEODETIC SUB VEY FOR 

THE FISCAL YEAR ENDING JUNE 30, 1890-Continued. 

Party .Expenses, 1890-Continned. 

TRANSPORTATION (NAVY), ETC.-Contiuuoo. 
- -----------------------,----! 

To whom paiil. On what account. Amount. I 
------ ----------~ -- ------1 

J.M..Helm,U.S.No.'<'y ............•••.••.•.•... Mileage, etc .•.•.•..•........•.........••..•......•..... ' $19.84 1 
J. H. Leo llolcom be, U. S. Navy .................... do .........••.•.•.••............•.•............•..... : 250. 88 

r:.;::;£~~·~:~~~~~:::::::::::::::: .:::i: :::::::::::::::::::::::::::::::::::::::::::::::::::! £~~ 
I . ! 

[f:2~i~i}:~; -- :----LlL-_- : _ , 
r.;:.0:'.:f :~~~: t~;~:~~:::::: :::::: :: : : :J ~:~:~~~:~~~:e:~~~~~ ::: ::::::: :::::: :: : :: :::::::::::: j 
E. H. Scribner, U. S, Navy ......................... j .... Jo ........................................................ ··-~-~ ! 
C. M. Stone, U.S. Ni..-y ......................... i ... do ...•...•.••••.•.••.•...•...•••..•.•...•• , ..•.•••... i 

~~";,~!~ s;.a;~:!:.:.~~~~;~· ::: :::: ::: ::::::!::: ·:: : : ::::: :: :: : : : : :::::::: :: :::::: :: :: : :: :: :: : :::::: :: i 

2.0•) 

5.76 

!?23. 68 

19. 2() 

5.83 ! 
1si. 2~ I 

2.00 
164.16 

:ff: 1' 

E.H.Tillman, 'C.S.Navy ···········-··········'··-·do ................................................... ! 36.48 i 

~~!::;:::~:~~~;~.~~~~~:-~:_:_ :_:_ ::_:_:.:_:_: ~:_!~ ::_:~-~ :::~::.:_:: :: ::~:_:_:_:_:_: ::_::::_::: :::: ::::: ::::::::::: :· i-3. E :~ ' 
Appropriation-Sundry Civil A ot1 Miircb 2, 1889 ....................................................... . 

\==:----=== 
3, 000. 00 

Appro}Jriation-Deficiency Act, April 4, 1890 ........................................................... . 1, GOO. 00 

L<>llS 9.50 per cent. transferred t<> Transcontinental Work ...................................... $285. oo 
4. 0vo.oo 

Expenditures ............................................................................................. 3
1

701.47 l 
---1 3,1186.47 I 

Unexpended balance .•••••..•...••••..•....•...•... _~:.:..:.::_·~~-··· .. --·················· 1---1;;;-~ 

OBJECTS NOT NAMED. 

To whom pahl. On wbat. accm1u1t. 

1----------------1-- ----------·--·-· . . ---··-
Chr.e. M.Ba.che ...•••..•............•••...•... --1 Reconnoissance. New J'er!!l'y coa.st .................... . 
Wm.Curry .................................... 1 Supplies, •chooner Spy ................................. . 

George David.ff.on .................... ············-·/ San Franc!.sco Titlal And International Geodetie A..~so- · 

Amount 

$181. 24, 

6. 00 

761.65 
I ciation. 

Johu W.Donn .............................. ···i Topography, Norfolk IIarhor. ..•.•..•.....•.•.••..••••. i tr.l. 88 
J, C. Dro.ke, U.S. Navy ....................... ··' Hydrogr.1pby. RchMner Rmdy .......................... i 203.0l 

St&hman Forne:::---·················--···-··--·1 nemarkin~triangulation point .......................... i 57.6& 
W.C. llutlgkins .•........•...... -- •. - ..•. - ...•. ) l_l'rian;:ru1ation, North Carolina. coast ....................... ! 400. 00 
Jas. S. Lawson ........ _ _ _ ... _ ............... ! San Ji'r:lndrico tidal ....... _ ......• ___ •••.... __ ........ •. 30::?. 96 

D. H. l'>fahan, U, S. Navy ....................... j Ont fit, steamer McArthur .................. , __ .••. ······I 39i. Oli 
Spencer C. McCorkle ...................................... 11 Observin~ tidoa ................ _... .• . . •. . .. . .• ..•. ........ 18. :)() 
.McKenzie, Oerting & Uo ....................... -- Supplie.~, schoonrif' Transit .............. ____ .........••. ! 1.3() 

T. c. Mendenhall .••..•.•.•••••••••..••••.•.•.•• Tra'<'eling expenses ..•...•......•...•••..••••••••.••.••. I 2il. 64 

;: :.;~~~=b~:;~~·s.-~~~;·_· :.-: :::::: ::::::::: j ~:::~;;-~~-~~~:.;,;;~- ·: :::::.-::::: ::: :: :: :: : :::::::::::::I ~~: ~~ 

~;1:::~:~~:::::::::::_::::::::::::::::::::: 11 s:~:~~~:::.·::~:~:_:~~-~::~:::::::::::.:::::::::::::i ~::~ 
Chas. M. Thomas, U.S. Navy ..••.•••.•••.•...•.. Supplies, schooner Rrad11 •.••••••••••• .................. i 9. 70 
Henry L. Whiting ••••.•...•••••••••••••.•.•••• ! Topography, Kennebec Jtiver ........................... : 469. 70 
F. A. Youn~ ..•..•.....•.•••.••••..........•••• I Scn·ices .•..•.....••................ -.... _. .. ........... f _ _::i~J 

Amountdiahureed .............. ~-- ...... - - ...... -- . -- .. ----- •. - . - ... -- . -- .. -- . ----~-- ...... - ............... ~ 4., oat. 59 ( 
Railroad aecounts referred for settlement ............................................................... j 433. 50 1

1

' 

Annual contribution to the International G<>Odetlc Association .......................................... !--~~ 
Expenditures ••••••.•••••..•.••.•••.•....•••..•••••.•••••••••.••••..•••...•...•••••.•..••••••••••••. ~3.65 j 

~::=~:::::: :::::::::::::::::::::::::::::::::::::~ :::::::: :: :: :::: ::::: : : !~~i 



 

180 UNITED STATES COAST .A.ND GEODETIC SURVEY. 

STATEMENT OF THE EXPEYDITURES OF THE U.'VITED STATES COAST LVD GEVDETlC SURVEY FOR 
THE FISCAL YEAR ENDING JUNE 30, 1890-Contiuncd. 

Party Expenses, 1890-Continued. 
RECA.PITULATION. 

[Showing expenditures in gross (by sub.items) on aceount of th-G appropriation for Party Ks:penses, 1890. l Coast of Maine ................................ ............................................ ....... ......... $5,622.05 
Re.surveys-Vineyard Sound, etc .. . .... . .. .... . . ... ...... .• ...... ..... .. . ...... .............. . ......................... . 
Delaware Bay, etc ........................................................................................... . 
Philadelpbi~ Wacer·front. de ............................................................................. , ••• 
l'hsHical Snrrny-Cape Co<l, etc_ ........................................................................... . 
Chnrlt:::;ton E11tranco .... , ........................................................................................................... .. 
Triaugula.tlon-Attanta-Mobile_ ............................................ _ ........................................ .. 
Florilla-W~st Cua:Jt ........................ _ ................................................................... . 
J>ei11Raco1a. Bn.y, etc ..................................................... . 
Perdido B:iy, etc ................................................... . 
Coast of Louhlia.n·• ........................................................ . 
Off~hor~Sounrling~, etc ............................................ . 
Sau ~'-1·a.ncisco l~ay, etc ............................................................................................... . 
Topography-California ............................................... , --·- .................. ---··· .... ___ ..• 
Ti·ia.n~u!atiou-California ............................................................................... ·---~·-···-· .............. . 
Coa•tof Oregon .. ---·· ........................................................................................ . 
Washington Terri~ory ............................................................................................................. . 
Alaska Explorati<lns ......................................................................................... . 
Physical flydrography ........................................................................................................ .. 
Reportecl Dangers ........................................................................................... . 
Ya~neLic.s-A.tlantic and Gulf ...................................................................................................... . 
Ma.gnetici-Paci:fic, etc ......................................................................................................... . 
EJ:act Lt~veling ................... __ ...................................................................................... . 
Tides-Pc1.ciflc .......................................................... ~-····· ........................................ ., ............... .. 
TifleA-Atltlht.ic ..................................................................................................................... .. 
Gravits Expt:>riments ........................................................................................................... .. 

SL'ltH Snr-..t>.ss .................. - ........... ·-·-· •· ..... ·•• ••• •••• •• ·-·· •• --- ••• · · •• -- ••· ~ • • · • • • • .......... · •• • •• ·- •• ••• ... .. 
Geographical Po!3itions .................................................................................................................... . 
TranRcoutine11tal Work ........................................................................................................... .. 
Coa.st Pilot ........................................................................................................................... . 
Transportation C<a~yl,etc .................................................................................. . 
Objoctanot named .............................................. _ ............................................. . 

Amount disbursed .............................................................................................................. . 
Rai1rj1::1.1l aeconntA referre•] to acconntin~ offi.cerA for settlement .......... _ ................................................ . 
Aunual contribution to tile International Geodetic As::;ociation ......................................................... . 

9, t3G2. i' 
1, 617. 93 
2, 897. 51 
2, 429. 53 
l, 73!j. 65 
3. 052, 04 
6, 141. j(J 

1, 7H. 69 
3, 610. 07 
5, 2m o:> 
7,195. lJ 
i!, U81. 42 

6, 904. 01) 
5, HO 06 
8, 833. 79 
6, 231. 35 
8, 999. 9-l 
2, 186. « 

202. 111 
1,071. 94 
2, 710. 21 
3,040. 05 
2, 18V. 11> 
2, 385. fj() 
l,699. 58 
7, 174. 72 
2, 375. 03 

20, 749. ~ 
4,4D9, 98 
3, 701. 47 
•• 094. 59 

153, 618. 76 
2, 285. 62 

;J85. 56 

'Total ex:peuditl1res ..•... ~ ................................................ •••••, •• ,, ............ •• •• • . • ... . • •• . .. . . 156, 289. 94 

Total amonnt appropriated foT Party E::rpen•ea, 1890: 
Sunilry Civil Act, March~. 1883 ...................... , ....................................... $160, 700. 01) 

Deficiency Act, April I, 1890 •. ••• . ••• . •.• .•••••. ••. •• ... ••• .. ..... ••. .•• .• .. ••• .••••• .... .. . .• . l, 000. O~ 
---- JG!, 700. 00 

.A~hHtional a.mount at:1 :\uthorizod by Sundr.v Civil Act of Y:1rch 21 lSBJ, haing the unexpended balance remain-
ing on June 30, 1888, of the sub-item for gravity experiment. {Party Expenses, 188~) .•••• .•. ••• ..••• ...... I, 725. 9i 

R~cefrcll from Geor-~e A. Fa.irfiehl, being rebateg on ()Tiginal o"t"ercharges for freigh.t on lumber . . . • . . . •• .......... 43. 3() 

163, 409. 2( 
Toti>! amount expended for Party Expenses, 18~0 ........... , .............................. _.... ........ 156, 289. !l4 

Unexpen 1lud balance .............................................................................. ~ .... . 7, 179. 30 

CLASSIFIC A. TIO:\' OP EXPE:i"DITL"RES l<OR PARTY EXPENSES, 1890. 

1=~~~~-~==~~~~~-~~-=-~~~~at ac~:~~-~- ~-==~:--.==--------1 Aroou~ 

I ~ff ?t~f~~~.~4~ .. -,~,'.~ • ••••••-•• ••• •• ••••••• · ::. •• •••••••·:•-••• ···: :::••---:-:•••••:·••-•••••I ·~ ~~• ~ 
' Coast Pilot.-· ....... -....••.••.••... - --- -- ---·· •·•·· ...... ·••· ·••·· ... -······ .•. .••••••. ..... ............. 4,400. 98 

I-'e\"ehug ....................... ····~··-·· ·••· · · .. .. ........................ ............................ ............ ....... ................. 3, 040. 05 

Magnetics ........... -- ... ·-·-··. -·· · - - - - - · · · -· ·· · - · - ·• ·•• · - ·· ·-· - ·· · -- ·· -·· ·· ..... ..... .... . . .. ...... ........ ... 3, !100. 31 
PbyRical Hydrogr~phy ...................... -·· ••• .•..•. · ·•·•· ................ ., •••• .••. ....... •. .. . . .. . •. 6, 510. 13 
Geo!{r:i.J>biral Positions (loogitud03)_ ....................................................... __ .•...• _ .... .. 
Ti.da.l Operation& .... __ ........................................................................................................ . 

JceJl.foYt~nH:-.11t.- .................................................................................................................. . 

Gra.'\r.it.Y E":ttlerjmenta ................. , ............. • • • • .. • • •• • • • ••• •·•••• • ••• ... ••• ••• ·• •· • · • • • • • • ~ .................. . 

Total ............................ -- ..•......•••••••• • ·•••• •••••• ·••••••••••• ................. -····· .. . 

2, 640. 68 
6, llO. 8G 

9.611 

l, 6!19. 58 

156, ~89. 114 
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STATEMENT OF THE EXPENDITURES OF THE UNITED STATES COAST AND GEODETIC SURVEY FOR 
THE FISCAL YEAR ENDING Jl:NE :m, lti90-Contin11eu. 

Alaska Boundary Sun,ey. 

---------------------------·---·---
To whoru pahl. On what a~:count. 

George Davidson ......... ..... ... ... . . . ......... Moon culrninations ............................................ . 

Charles Junkf'n ............................. ---· .... ... . 8t.'r,·ic(",;;; .................................................... ~ 
JoLn E.McGrath ................................. ' J>ouu<lary filtr\·ey ......................................... . 

Expenditures .............................................................................................. . 

Amount. 

$19. 30 

J,800.00 

1, 4~G. :30 

3, '..!!5. 60 

Unexpentletl balauc8 ou July l, 1880. _ .........•...... _ .......•........ -- . - .. _ ....•... -- . .. .. . .• . . . . .. . . . J.18D. ~5 

.A.pprOJlriatiou ......•..••••.......•.•..•..••••. _ ••...•.••••••••••••.•••••.••.••• ··--··--·· -~-· ................... , 2J, OO!J. QQ 

Expt'Dlliturcs. _ •. _ ....................................................................... -- .............. . 

P11blishinr; Ubserrntion.~. lS\10. 

1--- T1~ whom 11aid. Timv C'rnplo:rt•.d. 

nn!Pl"TEIL 

John B. Boutelle Ori(' year ........... ····--·-·········-------· ..•......... 

t"Ol'YlST3. 

C.B.Turnl>ull ...•..••..........••...•......... Ten rnout1H twenty-t·,-vo <la,r:i! .................... -~-· ... . 

l\f. E. NeAbitt ..................................... , Sixteeu <lays .... __ ........ __ ............................. . 

Lily A. Mapes .................................. E1PY(·u montliH tifa .. eu days .........••..•..........•.•.. 
Alice G. l~e,·ille ..................................... : 01.:~ :-. ear .................................................. - .. 

Expenditnr(~S. --· ................................. ~ .............................................. _ ................... . 

.Appropriation .•..•......••...... --· .•...•....••.•.........•... - ...................................... - - . 

ExpeinlitnreM ........................................... - ................. -- . - ............ ---·- ·•· ·· ··•• •••• · • · 

<!'.l, 18D. o5 

::. 2 l5. 60 

.n. ~8 

7::!C. 00 

3, 68:!. S2 

.l. 7GO. 00 

J. 682. 82 
----1 

Unex11e.nded lialance .................. ··---······· -·--·· .•..•• 77.18 

--~----- ---· ------

Repnirs of l' essels, 18!10. 

;------------------------------

To whom pai<l. On wllat a{'connt. 

' 
James S.Bart1um ................................ , Scl1oout'ri"j1y I 
llurean E11uipmPnt. and Reerlliting, Navy De· St!'anl<'I n;nkc : : : : : : : : ::: ::::: ::: : :::: :: : :: :: :: : : ::::::I 
i~artmen t. t 

Croes, Austin & Co .................................. 
1 

\Vhn.ldm:i.t uMl <""tlt trr Xo, SS ............................. ~-

\Villiam Curr.v ................................. 1 Sdioomr Spy.. .. ·········-······-···-···-··-·--
John Daltvn .................................. 1 Stemuer ITitchcock ..•..•••.•••..••••.••..•••••••.•.•.••. 

D. Delel1anty1 U. S.1'.""a"t"'y •.• _, ....................... ··( Stt'anlL'r H<tR8ler ..•. ........................................... 

J.C. Drake, U.S. Navy ...... __ ...•...•..... ····I Schouticr Ready ..•...•..•..•.•••••••••.•••.••••.•.•••.. , 
Willi.am P. Elliott1 U.S. Navy ................... : 8dwoner Eagrc and laum::lies. _ ................................. ·I 
~~~~~:r:::~~~--~~~~- ::::: ::::::::::::::::: / ~~~~;:~,r ;;;:;;~;,'.~~:: :::::: ::::::::::::::::::::::::::::J 
f'~:::1::~~·~~~~~~~:::::::::::::: ::::::::: :; :s:c~~1~r-Ge'.1""~.:: :: :: :::: ::::: ::::::: :::::::::::: :::: :.1 
Joseph Iler;:::;esheimf'r ..... _ ........................ ~cbnou(·r Quick ..................... :···· .. ··············--·: 
Rerrcshoif Manufacturing Co .... __ ........ ____ .. 

1 
Steamor Gedney ...•.• ~---- ____ ....... _--· ..•..• -- ...... - . / 

J,N. ,Jordan, U.S. Navy···-··················· Schooner Ea1"nest ..•••••..•..••..••..•..•.•..••..•...•. 
ll.obert II. Langford ...................... :.... Schoon('r Tran.sit ....................................... - •. 

D. H. Mahan, U. R Navy.··---····-··--·-·-·--· Steame.r Jfr.~1lhur ..•..• ·----- .•.•... ·-··-····--·-·--· .. 
H.Il..:Jai:sfield, U.S.Navy ..................... Steamer Patterson ..................................... . 
A.Melvill" ........................................... Use of fioatlng<lcrrick ...................................... . 

J. F.llfoser, U.S. Navy ... ····-········--· .•.... SteamN ll«the . ........•.......•...••...•....•.......... 
D, G. Neff. - ....•. -- •.•• .. .•••• ••••••••• .••••••. Whale hoot nntl cutter No. 81! •..•••••••••••••••••••••••• 
J.E. Pillsbury, U.S. Navy .•....•...•...•...... Steamer Btake. ... ..................................... . 

..An10nnt. 

$57. •'0 

17, ~1 

29. :'.O 
10. t13 

~' 878. ti5 

;s. :is 
1, 458. 26 

r.:i. 38 

I, 593. !)0 

~24. o::i 
i. 411. 24 

G6. 00 

];J2.'i0 

22. 70 

354. 21 

197. 00 

6, 561.12 

2, 174. 79 

6.16 

3, 260. ~8 
19. 65 

3, 110 22 



 

182 UNITED STATES OOAST AND GEODETIC SURYlff. 

STATEMEN1' OF THE EXPENDITURES OF THE UNITED STATES COAST AND GEOJJETlC SURVEY FOB 
THE FISCAL YEAR ENDING JUNE 30, 1890-Continued. 

Repafrs of Vessels, 1890-Continned. 

To whom paid. ·-----o_n_w_ll_•t_ac~-~~"._1· ___ -----· ... : Am~! 
. I 

~~::~;i'.~~:~~.:::::::::::::::· ................ ~~:I:;~%~~:.~::~~:::::::::::::::::::::::::::::::::::/ $::! I 

~: !_<:~~;,;'~~·;,;,1~~~;;;. :: : : :: : :: : . :: : .. _ ..... ~:;::::: ~;~~:.a.'~o~::: :: :::: :: : : : : : :: :: :: : : : :: : ::: : : : : : ::! ~~: ~: 
'Villiam E. Woo1lall &; Co ...................... ' Steamer Bache ........... - ............................ •· 1 919. 58 

::~~::::~~:.:~~\-.. ~ .. ~-~-:.~ ...... :.:_:_:_:_~.:_:_:_:,:_:.:· ... ~~-!.· ~t:·:~~~·:~ ~~~~~~~~~: :: :: ::~.:_::.~ ::: :: ::::: :::::::::: .:: :: i--;:: :::: :: . 
Deficienc:v Act A{'ril ·1, 18GO ............ -................................................................. ,_3,000.-00 

1 28, 000, 00 

·-··-·········--······--·-------·I 21,R98.56 i· Expenditure., 

.......................................... 1-liii.« 
----------~---· ___ : _____ _ 

CLASSffICA.TIOX OF EXP1<;NDITURES I<'OR REPAIItS OF YESSELS 

-i-- ··---- Xat~~~-0-f--,~~::1~---­

J--- -
. Amount. Name of YcsseL 

' 
Amount . 

··------:-------
Hteamf'r lJathe. .... - - ... - .••.. -- .......... -· ----: 
Stearnl'r lllak<' ... ......................... . 
Stcaruel' Ende a ror ...•.••..••. - .•.•.••. -

Stpamer Gedney ....•.•.•..... - ....•.. - - . -·. 
Stc111uer Ilassle r ........................... - •.. 

Steamer H·ifcht'Vck •••• ··--· --·. - .. ···- •. -- . 

Stt•amer ..ilfr .irthtrr .... ...................... . 
Steamer J>atter!:on ............. - ................. - •. 

Steam laun<:l1e~ ............... ---- .. 

Sclloonc-r .Eagrr an111annd1e~ ........ -- ..... ) 
Srhoouer .Earu.esf ........... . 

! __ ···- ... ·--·-··-·-···----·----·-- .. --· 

$4,180.46 

3, 238. 63 

I, 839.67 

!. 4!19 U! 

~. 878. 65 

44. 10 

6, 5Gl.1:'.: 

2, 174:. 7fl 

G. 76 

l, 458. 26 

3:it 21 

Schooner Quick................... ... ... .. .. $132. 79 

Schooner Ready·········-······-·-········· 
Schooner Spy. --- .... _ ..... __ ..•. ·-·- .• _. _ .. 

Scl1ooner Transit.._. __ ............................. . 

78.95 

86.20 

260.38 
Lau11cb No. 26. ... . . ... . . .•. . • .• . . . .... . ........ :35. 60 , 

La1111chXo.R8 ..... ---··········-···-- 15.73 f 
Sruall whale boat .. • .. • • .. • .. . .. .. ... . .. .. .. 2~185 
BargeBcautv.................................... 30.47 

Total ............................... 1 27, 898. 56 

___ l_ ______ I 

Geiwral E.rpenses, 1890. 

INSTI:UMEXT:<, 1XSTRUM:ENT SHOP, CARPENTER S!IOP. DRAWING DfVISfON, BOOK'8, MAPS, CHARTS, 
.AND SUBSCRIPTIONS. 

\ _____ _ 
·----;--------, 

To wl1oru paid. On what account. 1 Amount. I 
---~------------~----- ·-- --------:--------

Tbf'od<Jr() Altcmlcr ···········-·---···-~···- Instrument shop ........•...•.....••. - ...................... ) $53.4.~ : 

i Arueric.anGe<1fogist ··············-····-·· .•.. S11lhic1jptions ....... -....................... i 3.00 

!:::~~':i~~;~~:lr~~tl'.~~'.~t-i~~- ::: : :~ :: ::::: :·. ::~:-~~~ ~:~~~~·-i-~~io~~: :: :::: ::: :::: :: ·::::::::: ::::: ::1 1::: 
~~~~:;;;:!~~~:

1

~:·:~ :~: s~,;~: :: :: : :: :::: :~:: ::: :: : . ~r~:.::;·~:~~fi:: :: : :: :: ::: ::: : : : :: :: ::: ::::: ::::::: :::! 3~: ~~ 
J.Baumgarteu & Son .......................... ' Instrument,sbop........................................ 811.62 
Robert Beall ................................... ; Booko................ ... .... •. .. .. .. •. .. . •.•.. ... . . . . . .. n. oo 
Cbarl~• Becker...... .. .................. : Carpentershop........................... ............... 5.03 
Benedict & Hnrnbam M<Umfactaring Co ...... ! lustrument shop........................................ 125.29 

I ~~f :;::; : ~::::::.:::.: ... :: .. ····1 §;~~:t:;:.:::::::::::::::::::::.:::::. ]E 
I w:·:.;,·~.lrewiloytl .......................... ··l:Booka ................................................. .. 
~-Bra.shear .............................. Instrum.entsbop ....................................... . 

is.eo 
20.~o 
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BTATEMENT OF THE EXPENDITURES OF THE UNITED STATES COAST AND GEODETIC SURVEY FOB 

THE FISCAL YEAR ENDING JUNE 30, 1890-Continue<l. 

General Expenses, 1890--0ontinued. 

INSTRUMENTS, IN:5TRUMEN'.l' SHOP, C.ARPENTER SHOP, DltAWING DIVISIOS, BOOKS, MAPS, CHARTS, 
.AND SUBSCRIPTJONS-Continued. 

-~~----------- --------·-·-------------------------··---------------
To whom paitl. On what account. i Amount 

GcoTge \\"'.Drown. -- ................................ , nooks --- .. - -- .. --· ·- -·-··· .. - -- ··-·· ...... -- .. -- -
--+ ----$5~--! 

W. L. llrown & Co ............................. : lnstrnrneut shop ................................. . 
Jlrowu & Sllarpe :Manufacturin;; Co ........... i .... do ................................................... 

1 

E~~J~~:~;:········••••-: .:.• .·1 E~~!~••••••••··· ··: __ •••••:.::···········.1 
Chamberlain &Srnitll ......................... \ Instrumcntshop ........................................ 1 

;Si~~:L.2 • •.: .. +·:+\ ~S:~:L : • / : ++:I 
Darling, llrown & Sbarpe ...................... 

1

! Instrnmentshop ........................................ 1 
George Davidson..... . . . . . . . . . . .. . . . . . . . . . . . . . .. .. . Instrument shop, books, mnps, arnl au bacri pt ions .... .... · 1' 

J.M. Doy ...................................... J Instrument shop ....................................... . 
D. l)t>-lthant.r. U. 8. Na;vy ..................................... 1 Instrun1entA and instrument shop ........................ . 
W.D.Dore.mus ........................................... , InstrumentshQp .............................................. . 
Electrical :Review ............................. Subscriptions ......................................... .. 
William P. Elliott, U. S.Navy .................. Instrumentsbop ....................................... . 
Engineering Ne-we Publishing Co . .... ..... ......... SubscrjptiCJns . ............................................. --··-- ... . 

Felt and Tarrant llian11faduring Vo ........... Instrument shop ...................................... .. 
Fredk. Cr&De Chemical Co ...................... -·-· Instruwont nncl carpenter sl.Jops .. ................. ~ ............. . 
T.Il.Gardner .................................. Ilooks .................................................. . 

!~~~~;~::.::::::: ::: :::::::::: ::::::::::::::I ~:":;:no;:;:::;~:::::::::::::::::::::::::::::::::::::::: 
Henry J. Green ............................... , Instrnment,,hop ....................................... . 
H. & L. E. (h1rley. . . • • . • . • . . • • • .. .. • .. . • . • . •• •. ln•trnments ..................................... _ ..... . 
B.E.IIalter .................................... Instrument shop and maps ............................ . 
Harris & Shearer .............................. Instrument ehop ................................. . 

::;~~ .. ~·.~~]~:::::::::::::: ::::::;::: ::::: :::: : :: ::: : :::::::: :: ::: :::::: ::: :::::: :::::: ::::::: :: ::: :: ::I 
Hooe, Bro. & Co ................................ Instrument nnd carpenter shops ........................ ! 
~o!~~::n~~~~;~-~~::::::::::: :::::::::::::: ~:::[)~~~-~~~~.:: :: ::::::::::: :::::: :: :::::.::::::::::::I 
E. E. Jackson & Co .. • . • .. . • .. • . • . • • • • • • . • . • . • . Carpenter shop ......................................... j 
Jones &.Laughlins,Limited ................... Instrumcntsh<>p ........................................ 

1 ;:i;:;:r,~h'.~~:: ::: : :::: ::::::: ::: ::::: ::: :::::: : :: ::: : : : : : :: :: :: :: : :: ::: : ::: : : :: :: : : : : ::: ::::::::: :: :::: 
E:enffel & Esser Co . • • . •• •• • • . • . • • .. •• • • • • • • • • . Instruments an.I instrument shop .......... - •...••• · •. · 1 
Jnlins I.anshurgh ............................. Carpenter shop ........................................ . 
Jas. ~- LaWl!on . . • • . . .• . •• ... • .• .. • • .... . • •. •••. Instrument shop, books, mai••, and subscriptions .••..••• 
Llhhcy, llittinger & Miller ..................... 

1 

Carpenter shop ..................................... •• .. , 
C. F. Libbie &.Co .............................. .Books .................................................. . 

~:t~:~2++.+: .... :.:.1.Irn·.E.J.:-·+:.:.+:++ ~ + I 
H.Il. Mansfield, U.S. Navy ........................ do ................................................... ! 
Cbas. A.Martin ................................... do ................................................... i 
F. P. M>ty & Co............................... Instrument IUld carpenter •hops ........................ 11 

McFadden Co .................................. Instrnmentabop ...................................... .. 
W. II. M.el1ler ...................................... do ................................................... : 

I E~?~:•::: :··: :.: .• •-•:::::.::: __ : .. I. ~;:;~y·: .• :::: .. ·:::j:::.:::·:::: ····::.~:.·:! 

!l.17 
12G. 00 

590, 11 

6.00 
12Z. 33 

2. 07 

132. 00 
115.61 

11. OJ 

35.L~ 

3•.BO 

~. 00 

43. 5~ 
57. 25 

~. 25 

t8.50 

6. ~o 

3.00 
.25 

5.0(! 

125. 00 

19. 25 

12.00 

31. 51 
4.50 

Utl.25 

2-0.00 

21.00 
122. 45 

352. 50 

10. 40 

53.57 
::S.s:; 

l, 25 

5.00 

11.80 

281. 50 
1, 182. 75 

8.65 

158. 29 
527.15 

76.45 

15. 70 

8. 21 
14,9, !j{) 

4.50 
50. 00 I 

7.25 
1
1; 

,75 
171. 26 

245: ~~ II 

9.00 

4.57 II 

62.56 
G.00 , 

]~~~ 
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STATEJfENT OP THE E.XPENDITITRES OF' THE UV I TED STATES COAST LVD GJWDETIC SURVEY FOB 
THE FISCAL YEAR ENDIIVG JUNE :m, 18\JO-Coutinucrl. 

General Expenses, 1890-Continued. 

INSTRt:lrENTS, IXSTinnrn:n: SHOP, CA.RPEXTER SHOP, DR,!.WIXU DiYISfOX. BOOKS, MAP:', CHA"llTS, 
~ND SUBSCl:Il'TION:S-Cunt1!l•'•"l. 

I --~ -------- ------------------,---------.. -----! 

~ To whom 11ah1. On ''hat account. i Arncunt. 

! ~-~~~~-~~:~"~-So:~~-~--~-~.·----.... Iustr~1~~~1nt slrnp ______ - --------·---~~----~--~~-i--- $0. ::5 

Mount, Orr & Co ............................... '. . do ......................................... J a. LO 

\ JL&,F.Yiil!er................................. 'lnRtrnn,~nt3 ............................................... j C3.Cl 

I Nt•\\~Ydrklicrald ~ll~lYcriptirHl.3.... ------··----~--·-·-···-····-···-·-·J 1.3:-l 

I f :t::;:~01:~'.::~.H? ••••••. ::: ·-· •• i ~::~;::~~=:~:: :·::·· ,_ .. ,. •••• •-• -• • : : ·-· ••. •I ,:~ l~ 
~:,;::-.!~/·:;::.~:.!:~ ~~ : : : . : :: : :: : : ::: : : :: ::::::I : : ~: • :::: :: : : :: :: ::::::: ::: :: ::::::: :::: ::::::: :: : ::::: j 71~: ~~ 
ltailroa.d nml Ev;::ineerin_g J'onrnal ...•.•.. --- -· 1 Suh::;c;iptiva.-i ..•...••.. -- . '"-· - ..••• -· •• _ .•••.•.•.....•. , S. 00 

j !-~~~~£'.~~~r~o'.1~·::: :::: ::::· :::::::::::::::! ~l~~::~>~~~~~~'.'.~:::::::::::::::::::: ::::::::::::::::::::I l~~· ~~ ' 
Rollstone Machine Co ..•..••. _ ...... - •.•. - .. - - Carpenter sbop - . -_·_·_·_·_ -. -__ · _·.--. -.• ·.--. _._ .. _·_ ·•·• ·• ·. ·. · __ ·_· .-.--.-.·.·. ·• ·.-.·. ---·1 2. G:> 
ltoycc & :M.arcnn. _ ... _ ......................... - Ins1rnnwnt slwp 6. 00 
Gt'o. Hyneal,jr. _ ... _ .................... _.. .. . . Iustrum~nt and cnrpcnhr H1wpa .••••••..•••.• - -·.. ••• •. C7. 81 

FrNl A. Schmidt ..... _ ... __ .................. _. Drawin;!' diiisio11 .. _ .... _ ... _ ........................... j ];l. ~8 
L. II.Rchneider·ason ......................... Instrumentft.~H1 C:tqu•1i:cr ~hop ..•...•...•....•......... \ 45.72 

Science, N. D.C. Hud~f'f'-1 Pnh ..... _ ....•.... _. Suhecriptioru. -......... - ............••..... -- ......... j ::i. GO 

S.£1ahoard. . ........•. ·-·-· 1:0 ·····-·················-· ........................... / 2.00 

Sdh Tllornas Clo•:k Co........................ I:~~trnnwut~hop ....•....•.. ·······················-···; 62.40 
Si<lc1 e.:l ~{e.«.::ienger ..•...•......•••. _........ ;-;::b~cr.iptiona ............................................. : 

' ! <:.11. ~i!1<'tdr . .. .. •. ..... .• . ........ •• . . . . .. . ~!.1p.-1 ..•.•..•...••..••.•••.•. _ .••••••. _ .................. : 

'l'llOS. 'V. ~·tnitb ................................. (~arpenltir ~bop.·· .••. ··········•··· ..... · - · •·· ·•• •· · - · · ·1 
L. g_ SLnrn·tt . -· .....••...•.•.....•.... _..... ~ lnstrumN1t shop .................. ·- __ ... -·-·· ... __ .... . 

£.Ji'. 8tev(·UtL ................................... 1 J:Japs aDd SUlHHT;ptiull~ ........•••• -·~· ................... . 
Giuseppe Tagli•lme .......................... :; ImirnmentsLoµ ........................................ I 
M.A.'l~upp:in ..••..•....•..........•••••..••.. __ Uo ················----------·-----·--------··· ! 
S.Thaxter&Son ............................. 

1 
Charts ................................................. . 

Cha,, ll<-nry Townshend ...................... , i J,,,tru1H1,.ntl! ........................................... I 
TI. S. X:n·al Jn:;titute .........•..... ·---- ...... . 

W. !L Ye1'rhoff .............................. . 
Cha:;. IL 'Yalkr·r .............•.•..........•... 

Chal'._l.I .. , \Yar\l ·-----······ 

\Y:1~hington (;a:i l.-idit Co ................... . 

( ~- '\\-"" e::-;t, &. Son-; •• _ ................... . 

J~ichanl II. YnU~t ................................ . 

l 1:1aac \\.,..in~ 1 011 .............. _ ................... . 

W. l>. \\"yvili. ............................... .. 

Subscriptions ..•.. -- ... -- - ---- ·· ~ - ·· ----· · ·-·--· • ··· · · - f 
CarpcnV.·r shop ........................................ fl 
In~tium1·nt shop ................................ - ........ . 

.. 'to ..... _ ... __ ........ . 

Caqwnh.·1 Eh op. . ...... - ...... - ...................... - -- 1 
lu~trnment ~hop .................................... , 
!:E,.,}.;.s aJHl Atd1s-criJd1umL .••....•...•••..•.•.•••..•••. ··! 
Ca11H:•rit1·r shnp ................................................. [ 

IustrunHH;t rJ1op ......... --· • - ....... -· -- -· ..... •• • • •••••• •· 1 

.. 110 ..................... • ....................... .. 

1. 80 

. 7.} 

4. 00 

f<.8'J 

il6. 82 

26i:LOO 

12. -00 

G. ~3 

150. 011 

~. 50 

!;J.CO 

12. 00 

10.IJG 

3.4o 
78. 03 

J7.SG 

102.liO 

1.50 

:J0.00 

1:\:lh-ntli:i_1:·c.~ .......... --~---· ............................................ ___ _ . U,111.62 
·-~-=:;---==I 

.J~ppt'Oj-.;i;;,t!•}I\ ........................................................ . ···-·· ..... ···--·-····-- -- ' 0,000. 00 
l!c,'t·i,·b! fr1i.m U.S. lli~h Co::i11d·,:-1ic:u in payment forin~truments furni8!iP11 .....•.••.....•.•...•...... 

l±:x.pent!itures ................................................................... _ ......•............••••... 

115. 00 

9, 115. 00 

ll, 111. t2 

3. 38 
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STATEMENT OF THE EXPENDITURES OF THE UNITED STA.TES COAST AND UEOJJE1'IC 8URVEY FOR 
THE FISCAL YEAR ENDING- JUNE 30, 1890-Continue<l. 

General Expenses, 1890-Coutinm·d. 

COPPER PLATER, CHART PAPER, PRINTING INK; COPPEll, ZINC. AND CHEMICALS nm F.LLCTRi!TYi'1::\G .AND 
PllOTOGRAl'HING: };~>GRAVING, PRINTING, PHOTOGRAPIIJNG. AND I:LECTOTYl'ING si:ppJ,LES: EX'lHA m;GRAV· 
ING AN_!.) D,tA WING: l'ilOTOI,ITHOGRAPIIING AND PIUNTING J-'Olt L\UlEDIATE L"SE. 

To whum paid. On what acc~mnt. 

---- -~---- '-- ------------ -------- ---- I 

.Ja1m:s L. narhonr & Son __ . -· ......•. --·. En_grn.vmg and phofo~aphing snpplie.s_. --- ..... --- -- -· 1' 

CIHR- Becker ..••...•....•••.••..••••.•.•..••... J>"nnting and electrot_yping irnpplh·s .....•.•..•......•.. 
lL W. lk1verirlgo _ ........•.... ----· _. .•.. •. Elfctrotyping supplie..'\ _ .... _ .............................. 1 

~u11;;~~:~•m & co·····:::::::::·::::::::::::::: !'.~:~;~:~'r!:~~~::: ·:~::: :::::: :::::: :::::: :::::: ::::::\ 
J~urcau of J~u;:raYin~ :rnd Printing............ I nntm~ mk and .supplies ... -·· ......................... ·· 1 

Hure;;.n OI Or<lnanee, Nat)' Department ....•... ~ Entrra\mg supplies._ ............................... - ........ 1 

~i,:,;_c;·~~~~~~.:.; ·c~::: ::: : ::: :: ::::::::: :::::.' ~~:.~:;:~;,~;n~~:;~~~~~~: USC.::::::::::::::::·.::::·.::-. ::::l 
J.B. Chamberlain ... __ ·- ...................... " J>Loio~aphing: AupplirEl . - .... ·. - · · · · • · - · ·••· · - · · •• · ·- · ·1 
C!Jamher'lain & Smith .......................... ! Enµ:raYiu;r and pl.wtoaraphln_g- supplies .................. . 
Clendenin Hrns ................................... ': Ek1Jtrotyping-supplies ................................. . 

~-Pg~~t~1~~i~~~:(J~ _· ~: ~:: :: :: : :: :: :~:: :: : ~:: ::: :: : ~~;::~i::r~i~1i:;11_1:~~i-e~~~ ~::::: ~ ::: : _·: ~:: ~: :~:::.: :~ ~ ~: ~ ~ 
lP:aacl•'riedcnwald ................................. : Plw·tolitbogrn.phing ········-········--·······-···-·····I 
Henry ILG:ulnn1l ............................... , ... 'Extra.drawing............ ·-···-l 
Z. D. Gilman .................. ·- ..................... En.!!ravinj!, printing-. photographing and elt:c...trotyping . 

Raprtlies. 
C. 1), Gilt!erslceve .................................. --·· .. ; 1)1·inting: ~npplies ... - .................................... , 
AudrPw R. Graha.ill. _ ..................... _ ..•.. ; 1•hntolithog:i·aph.ing, Ptc ........................................ : 

~~~~;:'.}!~~:;~;~~::::: ::::: ::::: ::::::::::' r:~~t~:;~,~~~!~l:;:~i~'.~ ;;~~: :::: ::: : ::::: ::::: :::::: ::::! 
~':::.;~: ~i,:;.~;:h· .. ·;;:,~~-::::: ::::: ::::: ::::::::: · ~~:~~ ~'.::~::~~!!~::: :::: ::: :::::::::: ::: :: :: ::: :: :: : : :: :: I 
.A.Iloeu &Co ...... _ ................................ Plwtolit_hogr;tphin.g,~tc ······:·············-···········1· 
D.001\ Bro. & Co.................................... Eu_gTnY1n~ and prmtrng supplies ....................... . 

~~~{~ffu~~~-~~~:::::::::: ::::: :: ::::: ~ :::::::::I ~~~i~r~~~-711~11;;;::~~~~~-: ~: :: :: ~: ~:: :: : ~:::: ::~:: ::::~::::~ i 
:,~:rt,~~~:.~~~;::::::::::::::::::::::::::::::. I ~:~~:;,~~:::;~'.~~: ::: ::::::::::: :: : :: :: :: :: : ::::: ::~:: ! 
J,a.s.~.La~son ·---·-----------------·---- ·--

1 

Pbotograp?iugsupp.lieg, ··--·········- ............. ! 
Melnllo Lm<lsay ·········-·-···············-··! Electrotypmg supphe• ................................. , 
F. P. Mny & Co. --- -·-· ........................ · 1 Enp;raving nn .. t photogra1ihin~ ~upplie:.:i. ...... -· ......... · l 
J.P. ]Jadigan ...................................... ! Printiug for hmuediati."- m~o ............................... i 
},fatthi€"•eu & Hegeler Zinc Co .......... _ .... I Eh•ctrot.yping supplie,; ............ -· •.......•...•.. -·- .. ' 
IioUert Ma.~er & Co ............................ I Printing ink ............................................. . 

,V.H.Mchler ................................... \ Pri»tiug suppli~•-······ ......................... - .... . 
Francis Miller ................................................. : Ena'I'avin~ nntl dt"ctrotyping supf)lies ...... - ..... -· ... . 
E. Morrison.............................................. Priuting supplies ..................... --- ................... . 

~-~;.n~-~~~~:.~~~~-~~.:: ::: :::: ::::: :::::::::: 1 ~~~~!;,::';~i~~-~u;~ii~-~: ::: ::::: ::: : :::· :: '.:: :: :: ::: : :: 
Norris Petors, dcconsed, by R. F. Crowell and Photolitbographing .................................... -

!lcnr.v V. Parsell, a<lministrators. 

1. ,r,o 
4, 973. 70 
• "~9. 00 

;on. 83 
53. 02 

172. !lO 

1. 25 
5. 60 
1.10 

G.37. 40 
64. os 

3~fl. 94 
282. 45 

70. DO 

rn'" no 
01. 92 

103. 14 
31. 00 
2:;. 80 
~o. oo 

145. OD 
()7. &7 

73. 00 
rn. so 

783. 10 
750. 40 

74. 20 
. 50 

J. 00 

10. U2 
3:J4. {)j 

~33. 11 
4. 50 

lu. 20 

60. 50 
:io. oo 
22. 75 

191. ~5 

Peter Adams Co ................ _................. Chart pay)er ..... --·-·., ...... - ..•........... - -· ....... \ 5, 95C. 17 
Cbar:cs H. Pleasants .•.•.•.••••••••.••••••. _ .. ! I'riut.iu.:r, pl'.otographin,,-, and electrotsping supplies .•.. j 183. 95 

~I£~~~l:I~t~:~~t:~~~ ~~~~~~~~:~ ~~~~;~~:: ~~ ~~ i ~~i2~~[~~I~·~~~:,;i~~:.~~~l~~~~:~ ~::; ::~ :;~::::~;;I lf~· ;~ 
Frc<l. A. Schmidt. .........•. --·· .•... ------·- __ PhotographinJ? supplies .• -· ---- ......•........• _...... :ti. 22 
J,. H. Schneider's Son .......................... , Printin?; supplies....................................... 1. 33 
John Sdlars &. Sons··-· .......• ·- ..... --·-· ... ', Copp~r plates._ ..... __ ._ .... -· ........... _ ...... ·-_..... 2D. 16 
Ang-u~tint~ SJUilh &. Co ............................... ! Printing supplies............................................ 1.S. OU 1 

J·. M. \ViHia.rus .................................. ---,! Printing for irnrnediato use ................. --~-........... 65. 55 i 
Wilmarth & .Ed1uonston .................. ............ : J>rintingsupplies ............................................. : · r;5 I 

.Exp~uditures ......•......•.... ··········-·· ······················-·····················-···-······· ' __ 18.1~~03= 
.Appropriation-Sundry Ch·il .Act March 2, 1R89 ........•••.•........•.. -·· ..........•..••..••..••..•.••. , 12, llU-0. oo 
Appropriation--DeiideMy Act April i, 1890 ...••.•. ; ...••.•......•.•.••......•..•••. -· ..••.•••••••..•.• ··I 6, O<~~· 00 
Received for electrotyp1ng done for the llydrographt~ Office, Navy Department ...••••••.•.••••.•.•.•.•. · I 1"8. 34 1-----

1 18, 158. 34 

::::::~;:sb~l~~~~~ ::: :: ·.:::: ::~::::: ::·. :: :: ::: ::: : : : : ::: ::: : : :: :: : : ::: : ·.:: ::::::: :: : ::: :: :: ::: :: : \ I~ 1:: :: -



 

186 UNITED STATES COAST AND GEODETIC SURVEY. 

STJJ.TE.Mb'NT OP THE EXPENDITURES OF THE UNITED STATES COAST ANJJ GEODETIC SUR VEY FOR 
THE FISCAL YE..4.R ENDING JUNE 30, 1800-Continuetl. 

General Expenses, 1890-0ontinued. 

STATIO~ERY. TRANSPORTATION OF INSTRUMENTS AND SUPPLIES, OFFICE "\\'AGON AND HORSES, l''FEL, GAS 
TELEGRAMS, ICE, AND WASHIKG. 

To whom p.aitl. On what Recount. 

------------------ ·--------- ------
' 

~~:~~:~~~:t~~::~::~::~::::::::::::::::::i_~~T~~~~~~~~::::::::_::::::::::::::::::::::::·:::::::J 
J. Bauma;arten & Son .......••••...•..••••..••. ' .... do ................................................... ' 

~;E::~~~~~~:r:t~;'. ::::: ::::::::::::: :: :: : : J ~,::.~:r~;t~~; ::::: :::::: ::::::::::::::::: ::: :: :::: :::. i 
James tT. Chapman ................................. \ StatiOnery ................................................... 

1
: 

James (~onno1· .................................. 1 Office hors.es, ..... _ ...... _ ... _........... _ ........• 

George Da~i<lson --·- ................................. ! Telegrams, transpartation, etc ............................ : 
Z. J). Gi11nan .......................................... 

1 

Office horses ............................................ ... ! 

IraGodfre_v .................................... ·washini? ............................................... 1 

Great I'alls Ico Company ...................... : Ice ............................................... ······I 
R. E. Halter ... - ..•.......•...••••.••••..•••••. Stationery ............................................. . 
IIarcietE. Harrod ............................. Wa•hing" ............................................... : 

.Amount. 

$299. w 
18. 00 

8. 30 

32. 25 

0. 00 
2. 00 

.40 
1. 50 

28. 00 

28. 89 

1. 20 

9. 00 

308.(iJ 

1. 75 

121. 45 
Inland anll Seaboard Coastin~ Corupan~· ........ : Tranaportatiou ............................................... · 5. 57 

~.:,~:;:;;OS.:.:::::::::::: ...... :::: ::::::::1 ~-~::~~~.~~·-~'.~: ::~:::::::::::: :::::::::::::::::: :: ::: : ::: l, 0~!:: 
Kueffe l & ]~aser Company ........................... ! Stationery ................................. , .................... 1 172. c.o 
George W. Rnox .......................... ·····-i Transportation ....... -·--·····-· ........................... 1 LI!}. JS 
James S. Lawson .............................. j Transportation. stationery, etc .... _ .................... i 19. 80 

Lntz & l~ro ................................. __ .. --: Office wngou and horses ........................................ ] 9. 75 
WalterH.Marlow ............................. ' Fuel................. . .. 105.!)3 
E. MorriHon ............. -- .................... Stationery ............ ::.: .. :::::::::::::::::::::::::: ::1 159. 92 
Office Speelalty Mannfacturing Company ...... ' .... do ................................................... j 2. 40 

~:~: ~:~::~~;::::::::::: ::::::::::::: ::::::::i::: :~: ::::::::::::::::::::::::::::::::::: :: :::::::::::::1 ~~:: 

~~~~-~::;~~:~~::::::::: :::::::: ::::: :: :::~::1:~~~: ~~~~ ~~~:~~~~~: :::::: :::: ::::: ::: : ::::: :: ::::::1 ~~:~ 
Smithsonian In.titatlori .•....•.......•.••••••. Transportation ........................................ / 30.45 

.T. N. Spee!, U.S. Navy ......................... 1 Telegrams .................. ····························/ . 76 
Stationcr~y Di-dsion, Treasury Depa.rtment ..... j Stationery .. ~ ........................................................... 1 J, 67G. 62 

~i~i~~;:~~: . •· · ·• • • •••·••• • ••·•• 1 ~~:;":·;. ·:·:::: •:•· :· __ - ... ·:·: ·:. __ :·. ::: I ,; ~ 
Unlte•l States ExpressCompany ............ _ .. / Transportation ........................................ ! 92.3;; 

Ef ~;:~tt-;.••••••••••••••! ~~Ef:~•-•-••••-·::.::•••••·:••••:•••:•••::·:••••••1 '-~~ 
An1ountJ1jsburBOO __ --···-···-----····--···············•••'• .................................... ~-"'G;"m~ 

I:nl!road accounts referre<I for settlement ..................................... _ .............. __ ......... : 148. 2B 

.Expenditures ............................ ··············-··-····--······- .. •••·••··•••·••··•• .. ·····l 11,91-i.63 I 
.A])propriati<m-Sundry Civil Act March 2, 1889 .......................................................... i 6,000.oo 
Appropriation-Deficiency AetApril 4, 1890 ................................................ - •...•..•••.. \ 1,000 .. 00 \ 

I 7,ooo.ooi 
__ ::::::~~·::sb~~~~::::.: :: : : ::: : : :: ::: : :: : :: :: ::::::: :: : : : : : :: :: :: :: : ::: ::: :: :: ::: :: ::: ::: : ::: : :: 1--11,~: ( 



 

UNITED STATES COAS'l' AND GEODETIC SURVEY. 187 

STATEMENT OF THE EXPENDITURES OF THE UNITED ST.t!TEB COAST AND GEODETIC SURVEY FOB 
THE FISCAL YEAR ENDING JUNE 30, 1890-Continued. 

General Expenses, 1890-Cont.inued. 

MISCELLAJSEOUS EXPENSES, CONTJKGENCIES OF ,\.LL KINDS, OFFICE FURNITUHE. REP.Arns. EXTHA LA.BOK. AND 
TltAVELING EXPENSES <OFFICEJ. 

To wh01n ram. i On what account .Amount. 

~::~ca~ M~~inist Pu~~ishing ~<> •• ~:=j Hvertisin~ -~~. -... ~- ~- · · - · - · ·· ~- --~- -~-=~-- ~- --- · ·-1---~~ ~ 
~~=:t:.~:~·~~~- ::: ::::::: :::::: ::::: ::::: ::! ;.:~:~rl:~;:: :::::::: :::::: :::: ::::: ::: ::::::::::::::: :: i:: :~ 
Margaret A. Bailoy ............................ : ..•. do . . . .. •• . • .. . •. .. . . . .. •. . . .•••.. .. . . .• ....... ... .... 14. 00 
William Ballantyne &; Son ..................... '. Binder.................................................. . ii> 

~:~:;fio~~: ::::::: ::: :: :::: :::::::::: ::::::I ~~a::~:;;~~~:::::::::::::::::::::::::::::::::::::::::::: ~= 
James L. Barbour & Son ....................... ! General office supplies.................................. 7Lt!O 
G. W. Bates.. . ............................. : Windowprotecto..., ....... .............................. 8.00 
James Bates ................................... ! Graphits grease......................................... 12. oo 
J. Baumgarten &: Son .......................... : Rubber stlunps, etc..................................... 61. 40 

?.;.:~~~~!:~~-:: ::::::: :::::::: :: :::::::::::·I ~:;:~:~~~:·;~;~:~~:::: ::: : : : ::::::::::::::~:: :::::::1 ::: 
Burdett & Dennis ...... ---- -- ...•.. ·----. ---- .. !: Auctioneer's eommiasion _ .........• --- .. _ ........ --- ---\ 88.~u. 
E. F. Campbell ................................ : Extra la.bor ........................................... ··J 24. 7G 

Chesapeake an<l Potomac Telephone Co ....... I Excbango rental ....................................... ., 100. 00 

!°~~~~~~~:~:. 8'.'." .. :::::::::::: ::::::::::::j :~::;~n~-~~~i-~~~~~- :::::::::::::: :::: :::::: ::::::::::::; ~:: Columbia Phonograph Uo ..•..•.••• ············! U,e of phono~ph. etc ................................ ., ~J.09 

~J~~-f ;; .. :::••••:•:••:•::;::.:;:1.:;~:f :=~i.i.+.+::.; .. ;•<;;:::::•1 E~ 
~:::a l~~;ac~~~~~:: ::::: :: :::: ::::::: :: :::::::: ~:el;~:=~~;.;:::::::::::::::::::::::::::::::::::::::::: 
Evening Star Newspaper Co .................. 1 Advertisi.ng .......•••.•.•••••....••••••••.•••••..•.•.. ·i 
R. f}. Fischer ..... _ ........................•.. -·) Traveling e:xpensee ............................................ -·i 

t~}~~~,;;:.;:::::::;::::::::·:;;;:;1 §~;~~e~• • • ••••:••• :::•:::.:::::::.:; :::•1 
Israel Green ................................... 1 Extra labor ............................................. i 
=~rre:~:n:::::::::::::::::::::::::::::J~==ra1:~~i~~~;~~~~::·:::::::::::::::::::::::::::::::! 

I I 
Edmund Ifa1!son Publishing Co ............... ' .Advertising ............................................ : 
Chas. .E. HutchinS<YD ........................... / E:s:tro. IJ\oor ............................................ -I 

W. s. Jeuk• &. Co ........... ···················\ General office suppliea ................................... \ 

~:i ~:;_:~: ::::: ::::::::::::: ::::::::::::::! !::'m~:::~~~~~ :::::: ::: :: : -_ ::: :: : ::: :::::::::::::: ::! 
Jnllua Lausburgh ..•..•.•.•.•••••• ···········-! General office supplies and office furniture .............. ( 

::;::.~==~t~:;~: ::::::: ::::: ::::: :: :: ::j :;:: ~:=~~~ :::::::::: :::::: :::::: :::::: :::::::::: ::::: 
~~~i: ~:~.t~ ::::: :::·.::·.: ::: :: ::::·_::::::::x :;:1~.~-. ::-.-. -.:-.-.::::·. :::: ·:.:::·.-_-_ :::::·.::::-.-.-.-.-.-.::::-.-.-.-ii 
~:i; !-:~:;~~.-N~:;·;~;~:: :: ::::::::::::: :i !~~:~::~- :::::::::::: ::::: ::::: :: :::::: ::::::::::::: i 
~~~~~==···:~:_:.:·J~;~.~;.~.~·~ ::· .· . I 

I • 

~~e=~~:::::::::::::::::::::::::::::::::: ~::~::':ii~".:~~;.;;::::::::::::::::::::::::::::::::::/ 

!;;;-~:~::::::::::~::::~:::::::~:::::/ t~ra:=~7.~'.:::::::::::::::::::::~:::::::::::::1 

5.00 

12.00 

31.0G 

15.96 

20. Oll 

111.'i. Oll 

5i. 5{t 

19.25 
16.n 
2.50 

!l.75 
81. :!9 
13. 00 

16B. 38 
5.40 

4. 50 

230.25 
110.00 

143.80 

835. 98 
2:1.04 

9.50 

144. 07 

2.50 

1.90 

51.30 

10. 5-0 

15.0-0 

31. 92 

H.35 
2.0-0 
5.17 

5.711 
Ill. 05 
72.00 



 

188 UNITED STATES COAST AND GEODETIC SURVEY. 

ST.J.TEMENT OP THE EXPKYIJITURES OF THE UNITED STATES COAST .J.ND GEODETIC SURVEY FOR 
THE FISCAL YEAR ENDING J l'NE :JO, 18!)U-Continued. 

General Expenses, 1890-Continued. 

:MISCELLANEOUS ~EXPENSES, CONTINGENCIES OF ALL KINDS, OFFHrn FCR'.':ITURE, REPAIRS, EXTRA. LABOR, AND 
TRAVELING EXPENSES (OF.FICE). 

i=;:~:~:~:'~~{m;O"f~~·: ••••••••••·•••I.~·£·":~: •. ~. ;~~··"·~00"""'••··;·.• ··. ~~.;i ··:;:.;~:f: 
(}eor,.ro XC'al .. __ .•••.••••.. ---- ..................... \ Extra. l::ibor. ---- ••.•.....•••••..•.....•..•....... __ .... 8. 00 

New £orkllerald .............................. j Ad~er~ising .............................................. :t.40 
New Yo1k I}rc.sti Co. (limited) ................... · .••. do .................................... ···---·-·--·........ 42. 75 

J, N. Otlen. ···-·-·----· .... ----·- .......•...... ,: Office sign .. ---·-·······. ·------·· ·-·-·· .....•.••..... 
John(~. l'arker- ........................ - .. --- ......... 

1 
1\limeograph .................................................... _. 

William C. Peake ......•.•..••..•.•.•••.••... ·1 Repairs ................... ··········-·------···-···-···· 
(;har1es n. Plflasauts ..... ·-. -- .. - .. - -- .. -·. -- •. General office Au-pplies. --- - . - .•. - ... ·- -- ..... ·- - .... - . - ... 

f :I;;:~~~~:;a-~~: :::::: :: : :: :: :: :: ::: :: :::::::I ~::::f ~~~:~~~~;;~~-: :: : ::: : : :: : : : ::: : :: :: : : : : : :: : : ::. 
.11"' . ..A. Sl'hneidcr .. --- •. __ ........................... i. _ .. do ..•.•••. _ ............................. --· ................. . 

L. 11. Rchn('idcr's Son .•.... - ....•••..•.....••. - : ... do .................. --- .. --- .. - .. - · ........ -- -- - - - -- · · -- ·I 

~:~i:~:~~;;~~-~z-~:,;~;: ::: : : :: : ::::: ::::: ::::::: ! ;~:::~~~~,:~r:;:::::: :: ::: :: :::::::::: ::: :: :::::::::::: i 
Sumfay Hera.Jd .........•...•.••••..•..••.•••••. 1· Ad\·erhsing --························· -·······-······i 
W1Jlrnm H. Te~pe.............. •• . . . . • .. •••... Cyclostyle and supplies ..•.........•.................. 
\Villlam '.l'homns ····----- .................. Edra.labor ... .. ..... .. ... ... 

1 

Il. 0. Towlee .........•...•..•• , .•.......•..•... ! Otlice furuiture ..•....••..........•..................••.. 

~~:~;~~~ ~~::~~'.io_~:: :: : :: : ::: :::: :: ::: :: : :: : I :~~:·~~)~:n~:::: ~:: ::: :::::: :::::: :::::: :::: :: :: : ::: : :::, 
Wasl.iington City Post-office ....................... i Po"lt-r1fficel>ox rent·-·· ................................ . 
Wa;:jhingt-on Critic Co .......................... : Ad\-el'tising ·~········ ............................................ ! 
Wa.shington Po~t Co ......................... ··- ... : .... do .................................................... -·-· .... 1

1 

"\Vashingt-0n Presa................................ . ... <l-0 •.••••. _ .................................... __ ........... ~ 
John II. \Vilkinsou ............................... -~ In spec tin~ hoilr>ra .............................................. ! 
1.Vilmarth & I~dmnnston ..................... _ .. I General office Etupp1ies .•...•... _ .... _. ·---·· ..... _ ....... 1 

W_ykofl: 8eamans &. llencdil-t. ..................... ·) ~'ypc-writert1 aud Bi1p11lie~- ................................... ! 
F. II. \~onug:s ........................................ 1 C!en.ning:;-ca.rpetg ......................... __ ............... : 

25.00 
12. 00 

6G SO 

9. 9G 

3.48 

125.00 

0. 75 

2.55 

G. 75 

115.32 
67.05 

2. 00 

7.65 

2G. !},\ 

65 00 

47.00 

7. 20 

. 75 

16.00 

3. 75 

2!.34 
5. 52 

10. 00 

42.SJ 
276. 00 

H.85 

Expenditt>res ....................................................................................... ! 4, 49~.83 
'=---··~ 

..Apprup.riation-Suridry CiriJ A<'t MareJ-1 2, 188i> .• ........................... ~ ................... _ ............ --·--. 1 3, 5GO. 00 
Appropriation~DeficiPucy ... Act .April 4, ldOO ................... ··-·-· ............................................. : 

Ex-pe1lllitu11"•s .............................................................. ·-··· .............................. .. 

1, 000. 00 

4, 500. 00 
4, 493. 83 

L'uexpcudrd !ntL.tncc ........................................................... ·-·~··· ............................. \---6.17 

1m~T OF B1JILDINGS FOR OFFICES, womrnomi:s, 1..ND WOJU{SIJOPS. 

JU!NT O:F Fll1E·PR00l" BUILDING. 

To whom pa.id. On what accouut.. \ Amount. 

Benjamin P. Butler .••.•••...••.•...••.•••••.•• / Rent of fire-proof building .•••••.••••••.••••.•.•••.•.••• 

1

,i $6, 000, ~ 

;:;::::::~:an.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :I ~-:~:: I 



 

UNITED STATES COAST AND GEODETIC SURVEY. 189 

ST.8.TEMENT OF THE EXPENDITURES OF THE UNITED STA TES COAST AND GEODETIC SUR VEY FOB 
THE INSCA L YEAR ENDING JUNE 30, 1S90-Continue1l. 

General Expe1ises, 1890-Continued. 

RECAPITULATION. 

(Showing expellditures in gross (by •uh-items) on account of the appropriation for General Expenses, 1890. i 

Instruments, instrument shop. carpenter shop, drawing divisiou, books, rna.ps, charts, and subscripiions . ____ _ 
Coflper ·'Plates, chart -paptir, printing ink, copJ)er, z.in~, and chemicals for elect1Qt.spi.ng. aml \)hotugra1}hiu~; 

engraTing, printing, photogra.phing, and e1ectrotypin~ i=:npp1 it·~; extra eTI.:;ra-,;ing and dra~;ing; photolith-
<Jgraphing and printing for immediate uso __ .....••• _ ---- ......... --·-· ..••.. -·-. - -- . ·---- -· .. ____ _ 

Stationer_,., transportation of instruments autl aupplicg, o!fice wagon and bon-l-es. fuel, gas, telegrams, ice, a nil 
,,-ashing .••. __ .. _------ __ -··-.-----.-~·- ........ _ ............................... _ .........•......... _ .... __ .... . 

Yiscellaneoua expenses, contingencies of all kinds, office fnrmture, repairs, extra labor and traYding- ('XpensP8 
(oflic<') ........................................... -· ......... -· ..•.•.......•...•......•... - -...... - ....•.. 

:Rent <if bui~ding for offices, workrooms., and workshops ............................ - ..•........•. - . -- . - .. - . - ... . 
ltent of fi:re-Jlroof buil<ling .•....•..... - ............................................. -· ..................... - .......... -

Aalonnt dialJursed ............................... _ ... - .. ------· ..••. ·-··· .............................. . 
Railroa<l accounts referred to accounting officers for 8Pttleu1ent. .. 4 ..................................................... _ 

Tot.al expenditure~_ ........ ____ . _. 

Total amount appropriated for General E Kpensee1 18QO: 
Sundry Ci-vil .Act March~. 1889 ................••.•••..•.•.....••.•.•........•.•.....•....•.•... $47, 000. 00 
D•ficiency A.ct, April 4, 1S90 .•••••.•.••• _ ••.••..••••••••.•••••••••••••••• _... •. • • • • • • • . . • • . •••••• S, 000. UO 

Received for electrotyping done for the Ilydrographic Office, Navy Department ..•... --·--- .•.•..••...•.. ___ .. 
Received for instruments furnished the U.S. F'ish Commission ......................... -·····- ...................... . 

$9, Ill. 62 

18, 12i. 03 

5. 7tl6. 25 

•. rn3. 83 
]1J1 .")UO. 00 

G, 0\0. CO 

5.J, ~l:9d. 73 

118. 28 

5:;. 147. 01 

55, 000. 00 
158. 34 
115. 0() 

55, 273. 34: 
Total amount expended for General Ex:penscs, 1890 . . . . . . . . . •• •• • . ••• . . . . • . . • . . . . . . . .• . . . • . . . . . . • . . . . . • . . . . . . . . 55, 147. 01 

Unoxpendeu balance .••..•.••••..•••.•.••••.....•..•.......•...••••.•••..• ·-·················-·--····--· .... --1-26. 33 

CI.ASSIFIC.ATIOX OF EXPENDITURES FOR GENERAL EXPENSES, 1890. 

On what account. Amount. On what account. . .Amount. 

1

----- -------------------·- -----

Instruments ...•.•.••.•••.....• :............. $2,U8,65 Fuel ...••..•••...•...•••••••..••..••••.•••••.. ' $1,200.23 

Instrumentshop ...•.••••••.•.••••.•..••••••. / 4,933.Si ,i Ga•-·········-········-···-··················-i l,OU0.02 

~::::~!::.;:~: ~~~~~:::: ::::::~::::::::::: \ 1. ~:: ~! .; s::~~:~:~:::: :: :::::::::::::::::: ::::: :::::::! ~:::~: 
Subscriptions .••..•••••.••••••••.•.•.•.••.•. ! 105. 76 Mi•cellaneous expellaes and contiJJgencies of 
Copper plates.... . • • . • • . •• • • • • .•.•..•.••. - . · 1 9!. 36 all kimlo .•.........•.•.......•..•.••..•..... ; 2, 689. 63 
Chart paper ........••• --·· _ .. __ ·- _ ·--. _ ... -· 5, 986. 17 Office furniture ....•.•..•.• __ ..••... ·-........ 431. 60 
Engravin1u>rillting,photographing,andelec- 1, Hopairs. ...••. ..••... ••. ..•.. ••• .. •.. •• . . •..•. 439. 46 

trotyping auppllee .•• ,. ...••••••••• .. •..•.. 3, 518.17 :1 Extra labor.................................... 850.13 
Extraenl(Taving .•••.•..•..•........... --·-·· 1,140.61 i! Tra..-elingexpenses (office)·-···-·-··-·······: 83.0l 
Extra drawillg .•. •. • .. . .••. •••••• •••••• •..•.. 799.15 !i Rent of buildings for offices, workrooms, and ; 
l'hotolithographing.......................... 5,910.40' workshops .•••.•.••..•....•.....•...•.••.... · 10,500.00 

.Printing for immediBte nse _ ......... _... . . . . 678. 14, Rent of Ii re-proof building .....• _ .......... _ .. i 6, 000. 00 

Stationery·········-······- ..•.......•• ·•·•·· 3,000.12 Total 1-55-, 1-._-7-. 0-1-1 
Transportation of instruments and en pp lies. 6932~ •• 4.

2

3

0 

· · · - • • · - - · • ·•• · • • • · • • • • • • • · • • · • -· • • • 1 
Office wagon and horses._ ••.. _....... . • • . . • • . _ 

Salaries-Standard Weights and Measures, 189(), 

To whom paid. I Time employed. Amount. 

----··------------------1-------------------------- ------

James J. Clark .. :.~~''.~'-"~_•: .•.•••.• ········•···! Six months ...•.•..•.••••••••.•••••••••••••••••••.•...•. 1 $750.00 
L.A.Fischer .....••••..•••••••••••••••••••••.•.. Fourmonthstendr.ys •••.••••••••••••••.••••••••.•.•••. 1

1 

5l5.S1 

Mechanician. j 
Theodore Gerhards ....•.•.••.••..••..••. ···-··/ One year ................................................ · I, 250. 00 

Watchman. ' 

A. B·:::::;~~~~~-~:::: ::.·_·.-.·.-~-·.·.·.·.·: :: ........ :.·J~.~~~~~ ::: : :: :::::: :::::: :::: :: :::::: :::::: ::::::::: :::1--a-, :-·:-:-: :-7-1 
Appropriation ..•...••• --····-··--···--· .••.••...••.•••••• ··-·-· ••.•••.•••••••••••••••••.•••.••••••••••• 

EJ:penditnres ....••.•••.••..•••.•••.•••..•.••••••.•••••••.•.. ····-······················--· .•••••.••.•••. 

U'nexpended balance ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••..... 

----------
a.470.oo 
3,266.87 

204.13 



 

190 UNITED STATES COAST AND GEODETIC SURVEY. 

8X4.TEMENT OF THE EXPENDITURES OF THE UNITED STA1'ES COAST AND GEODETIC SURVEY FOB 
THE l!ISCAL YEAR ENDING JUNE 3Q, 1890-Continned. 

Contingent Expenses-Stanitard Weights and Measures, 1890. 

MATERIALS A.ND INCIDENTAL EXPENSES. 

To whom paid. On what a-ceouu1. .Awoont. 

Aluminum Brass and Bronze Co ..•..•.•••..•. !Materials .•...••.•.... ··----~--~: ........... : -~-~1--- $18~;;-
J, Baumgarten & Son .......................... i Stamps and stencils ..................................... I 9. M 

Benedict & :Burnham ::Manufacturing Co ........ J Materials ..........••....... - .................. -- ...... ·I 4. 07 

~~;~i::~d·~~.::: ::::: :: :::: :: : :::::: :: ::::. :~::~~~:.~~~.·-~~~:::::::: :::: :: : :: :: :: : : : ::: ::: :::::::I 7~: !: 
Harris & Shearer.............................. Brass castings .•••••.........••.......................•. j 2. SO 
Hooe, Bro. & Co..................... 'Materials ............................................. --! 10.ii5 
Edward Kahler ................................ Materials and instruments .............................. j ~3. uO 
E .• r. Le,..-is ............................................. , Materials _____ ·- ........................... __ ••. _._._ ••. __ ...... 10. 55 

Libbey. Bittinger & Miller .................... 1 .... <1o ........ ••••• ...... ............ .... . . ........... •• 3.10 

~~~:!~~ ~~;~:~t: ::: : : : . : ::::: ::: : : :: : : :: :::::::I ~0::~;::i:· ~~-i~-~ ::::::: :: :: : : : : : : : :: :: ::: ·:: :::::::::: :: 1: ;~ 
Charles H. Pleasants .......................... i .... do ..... .. ...•.• ..... ....... ... . .. ...... .............. 5.0IJ 
The Pr&tt and Whitney Co ........................ do................................................... 60. 00 
Jam0s '\\", Queeu & Co ............................ do ....... ----- ..... ............. ...... ... ...... ..... 87. 42 

Ro)"ce & Marean .............................. Mat.eris.ls ............................................... ! 4.60 
Geo. Ryneal,jr .. _ ........................................... Ga~ semen, la.mp chimneys, etc ............... ··--_ .• __ ... j 1. 05 

L. ll.Sd1neider'1 Son .. ··----------------- _____ Sheet kad and demi.johns ................. -------------- J 11. 99 
B.l:'.Stevens ............................. Reports ................................................. ; .90 
0. Il. Tittrnann. ... . . ........... .. .. ........ ............ Traveling expenses ...... _ .................................. : 17. 50 

Henry Troe.mner ·----·-···-····-······-···---· Mat€rials ............................................................... j 112.50 
1----

Jo:xpenllitures •.. __ ......................... _ -·· .............................................................. __ ··--- ___ .. 499.11 

.A.ppropria.tiou ..................................................................... -- ••••.•.• , ........... - . - . -- .•.• - •. : 
Expen(litures __ I 

== 
500. 00 

4IMl. ll 

Unexpendod bals.ucc ....................................... ···- ...•• __ .......... __ .. .. . ... . . ............. . 89 

EXPENSES AMEIUCAN MEMBER-lNTEI:NATIONAL COMMITTEE. 

Tu whom paid. On wha.t acc·ount . Amount. 
........... ------------- .. ------ ....... ------------

B. A...(;ould ..................... ------ ........ '"" .. , Travelin1:, expenses .................................... -----i *'67.64 

Appropriation .. .. .. ... .... ... •. .. .. •. . . . .. . ••. .. .. .• ...... ... . .. ....... ...... .. . . . .. .••.. •.• .. .......... 600.00 
Expenditures............................................................................................. 467.6& 

1------1 
Unexpended balance ......................................................................... __ ......... _ .. _. 132. 3' 

REC.APITULATION. 

[Sbowin~ c:xpemlitures in gros~ (by sub-items) on aoeount of the appropriation for Contingeat E:z:pcneea-Stnn<lanl 
Weigh ts and Measures. 1890. ) 

Material~ anil incidental e:xpenees ................................................................................................... $499.11 
ExpemH•s American member-lnterna.tional Committee................................................ ....... ......... ..... . .. .. .. .. . .. 467. 64 

'1'otal expenditnree ... Q66. 7f> 

Total amount appropriated for Contingent Expenses-Standard Weights and Measures. 1890 .................... 1, 100. tO 
Total amount expended for Contingent Expensee-SIAndard W&ights and :Measures, 1811<>....................... 1166.15 

Un<lxpended balance....................................................................................... 133. Z5 
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STATEMENT OF THE EXPENDITURES OF THE UNITED STATES COAST AND GEODETIC SURVEY FOB 
THE FISCAL YEAR ENDING JUNE 30, 1890-Continned. 

RKCA.PITULATION. 

{Showing a.ppro,tniationa.1 &x.pellditurea, and ht.lances fo-r the fiscal yea.r ending Jnue 3'il, 1800. J 

Name of appropriation._------------_ I_ ~ft:~~-f-~~-~~ed. _ Eal~! 
' I , 

Salaries, pay of Field Officers ................................................ I $119, 500. 00 ! $105, 836. 20 i $13, 663. 80 
Salarie•, pay of Office :Force .................................................. 1 132, 705. 00 : 129,660. 01 · 3,0'4. 99 
Party Expenses: , l 

Sundry Civil Act March 2, 1889 ............................. $100, 700. 00 I 
Unexpended balance on Gra-.ity Experime11ts, l888.... I, 725. 94, :· 163,'69. 2• : 
Deficiency Act April 4, 1890... ... ............ ... .. . .. .. ... .. 1, 000. 00 1 I 
Uepoyment by Gevrge A. Fairfield.......................... ,3. 30 

1
: l 
'1 

20, 000. 00 : ( 23, 180. 55 . 

Alaska Boundary Sur-.ey: 
Sundry Civil Act March 2, 1889 .......................... .. 
UneYpended balance of appropriation on Jone 30, 1889. _. _ _ _ 3, 180. 55 l J 

Publishing Observations ........................ - ............................ 1 3, 750.00' 

Repairs of Vessels: ! l 
SnnrlryCivi!Act:March2, 1889 ............................. 25,000.00I1 28,000.00 
Deficiency ActApril4, 1890 ................................ 3,000.00 1 J 

General ExpensN" : I 
Snndry Civil Act March 2, 1889 .. .. .. .. . .. .. . .. • .. .. ... .. .. 4i, 000. 00 i / 
Deftcieney A.ct April 4, 1800...... .. .. .. .. .. .. . .. .. .. . . .. .. .. s, ooo. oo ', ; 55, 273. 34 ; 
Repayment from Hydrograpbi-0 Ofti.ce, Navy Department.. 158. 34 : I 
Repayment from U.S. Fish Commission ........... _......... 115. 00 i j 

I 
15G. 289. Di I 

I 
i 3, 245. 60 i 

3, 682. 82 

~7. 898. 56 i 
! 

~:;. 147. 01 

Salaril'H, W6ig-Ltsantl lfeasures .................................................. ~ 3,470.CO 3,265.87 

7, 179. 30 

19, 934. 95 

77. 18 

126. 33 

204.13 i 

133. 25 Contingent Expenses., Weights and Measnre.s .............. __ ............... i 1, 100. 00 ! 966. 75 

Total .................................................................. , 530~58.131 485,_9Jl:?· 76 i -H-,46-.5-._-37_'___ 

Total amount approp1·ia.ted ............................................................................. . 
Tota.I a.monutexpendod ....... --·· ............•..... ----···-·· ........•..•................ -·--·- ... . 

f>30, 458.13 

48.5, 992. 76 l 

------: 
Tot.RI uncxpend(itl ba.l.ancm ........................................................................ . 14, 465. 37 

----------- ---------~-~-------------------

EXPENDITURES SINCE LAST REPORT ox Acr:ousT ()}" THE APPROl'IfIATIU'/\'8 FOR TIJJ.; FISCAL 
YEAR ENDING J na: ;J(), 188t. 

Party .Expenses, 1888. 

OBJECTS NOT NA.MED. 

To whom paid. l On what account. Amount. 
------- ----· ··-------~---------1·- -------- --· ----- ·-------------·-· ------

Oregon Railway and Navigation Co ............ I Transportation ......................................... : __ _!3_::~_i 
Bala.nee on hand-report for 1888 ........................................................................ ,--53."iffi-
Expendell siuce. a.1:1 above., .............. ,. ................................................................... . 

Present unexpended balance ......................................................... .. 
-- -- ----------------

RECAPITULATION. 

(Sbo:wiog eipenditures :in gros~ by sub-items.~ 

Coast of :Maine-report for 1889 ............................................................................... .. 
Triangu)ation-Atla.nta-Ho"bile-repot't for 1889 ..................................................... ~ .•. __ ................. . 
Topography-California-report for 1889 ........................................................................ . 
Triang>1lation-Ca.lifornia-,-re)>OTt fer 18811 ..................................................................... . 
Coast of Ore;;on-report for 18811 ................................................................................ . 
Coaittof Afagka-reportfor1889 ............................................................................... . 
Objects not named-report for 1880 ............................................................................ .. 

Expenditnres during years 18811 and 1890 ................................................................. . 

50. GD 

t0.00 
~9. 9ll 

31. 70 
5. 74-

451.20 
3.19 

676.14. 

Balanco on hand-report for 1888 .............. ........... ............................................... ........ 5,786.32 
Ell:pended since, as above........................................................................................ 676.14 

Pra.ent unexpended b&laDoe ........................................................................ ...... 6, 110.18 
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EXPENDITURES SINCE L.dST llEFOBT ON ACCOUNT OF THE APPROPRIATIONS FOR THE FISCl1.L 
YEAR ENDING JDNE 30, 1889. 

Party Expenses, 1889. 

RESURVEY-SAN FRANCISCO BAY, ETC. 

I i Amount. To whom paid. On what nccoant.. 

TIDES-ALEUTIAN ISLAXDS. 

To whom paid. On wJw.t a·~co1mt. 

M. C. :Erskine .......... __ ....... -· .•...••.... < Observing tides. --- ...•......... -----· ............. __ ... ' 

Richard Finnegan ...................... ·······l···-do ................................................... i 

Expenditures . 

Amount. 

,!150. 00 

90. 00 

240. DC 

Balance on hand-report for JSBO ........................................................................ J • 433. 25 

E.l:penUe<l .since. as abov"' .......................................................................................... ) __ 2_40_._o_o_ 
Present unexpended balanr,e ............................................................. : 193.25 

C~AST PILOT. 

Balance on hand-report for 1889 ....................................................................... . 
Expeudetl Riac:e1 as aho,ve ................................................................................................... . 

Present unexpended balalleo ....................................................................... . 

OBJECTS NOT NAMED. 

I 

M4.611 

&97. 00 

U7.69 

------ --~- ,-~---·-- ----------------------
To rrl1om paid. On what, account. I Amount. 

-~tch;:~n~Topeka arnl Santa ~-6 R.~;_·c~~-...... i -;~~nsportation .......•..... ~~-~~~--~-~=-1---$-2-. 5-5-I 
=== 

Ba.lance on hand-report for 188ll. ... ....................... ..... ..... ..... ..... ... ..... .. .. • .. .. .... .. .. . 3. 56 

Expended since. as abo.-e. .. • •. .. . .. • .. .. .. . . • • .. .. • .. • . • .. .. • .. .. • .. .. •• •• .. .. .. • • •• • • .. • .. . . • .. .. .. . • .. 2. 55 

Present unexpended balance... . • • . . • . • • .. . • .. .. . .. • • • .. .. .. .. .. . • • .. . . . .. .. . . • •• . .. .. . .. . .. . .. .. .. . J. 01 

RECAPITTILATIOX. 

(Showing expenditures in gross by aub-items.) 

Resurvey-San Francisco Day, etc ............................................................................ . 
Tide•-Aleutian I.lands ...................................................................................... . 
Coast Pilot. .. . . .. .. ......................................................................................... .. 
Objects not Dl\med ............................................................................................ . 

$.310.118 
240. 00 
397.00 

2.55 

Expenditures during year 1890 ........................................................................... --95<1.53 

Balance on hand-report for 1889 .... • • ........ •• •• • .. • • • • •• .. • • • .. • • • • • • • •• • .. • • • • • • •• ••• • • • • • • • • •• • • • .. •• • • .. 6. 763. oo 
llalance on hand-Tranafer, eteamer G•dney-report for 1889 •• ......... ••••••.•••••••• ....................... .• 15.SI) 

6, 'MS.DO 
Expended since, aa above.......... .•• ..... ••••••••.. •••• .••• •• ••• ••• •• •• •• •••••• ••••. ••• ••••..•. •• •• .. .. 960. 53 

Present unexpended balance ............................................................................. ---"5, 82i37 
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EXPENDITURES SINCE LAST REPORT ON ACCOUNT OF THE APPROPRIATIONS FOR THE FISCAL 
YEAR ENDING JUNE 30, 1889-Continued. 

General Expenses, 1889. 

INSl'RUMENTS. INSTRUMENT SHOP, CAI~PENTE!~ S!IOP, DRAWING DIVISION, IlOOKS, MAPS. CHARTS. A'SD 
SUBSCRIPTIONS. 

On TI. hat acconnt ~~ll0'1D~~ · .. i 

1 ____ _ 

____ J
1

rese~t n_::=_:ided __ ~:~~~·=_::-~~~~. ~ ~-:.:-~~ :_~ :_~. ~~~~- ... ~-~=~~~---~~~~ -~ ~ ...... -......... ·I 9!. 28 1 

IDSCELLANEOUS EXPENSES. CONTINGENCIES OF ALL KINDS, OFFICE FURNlTURv;, REP.AIHS, EXTHA LABOJ:, A:\D 
TRAVELISG EXPENSE,; (OFFICE). 

To whom paid. Ou what accou ut. ! .A.mount. 

RECAPITl:LATION. 

(Showing c.ipemlitures in gross Uy sub-items.I 

Instruments, instrument shop, carpenter shop, drawing division, hooks, ma.ps, charts, and subscriptions $9. 00 
Miscellaneou~ -expenses, contingencies of all kinds, office furniture, repa.lrs, extra labor, ct-nd tra¥"eling c:xp-enses 

(office)........................................................................................ 4.75 

J~.s:penditurAa dnring year 1890 ... -· __ . ·---- ..•..•••.. __ ......... ___ .... __ .. __ ---· ..... __ -·---- ..••. ___ .. •. J3. i5 

Bala.nee on hand-report f«i>r 1889 . •. ... •.• .•• .• . . . .. •.• . ••••... •• .. .•••. .. ••• ... . .. .. .. •. . . .. . . • .••• ••• ..•. •. . . . . 127. 50 
Balance 011 hand-Deficiency Aet :Ma.rch 2, 1889-report for 1889. .• •• •• . . . • . . . . . . • . ••••••.•.•..... •• . •• . . . . .•.•.• G9. 70 

187. 20 
Expended sineet as above.......................................... .. .. . .......... .. . .... .. . ......... .. . . ... ......... 13. 7Ei 

Present un<>xpended balanoo........ ... . • • • . .. • • . • . . . • . . . .. . . . . . . . . • •• • • . . . • . .• •• •• . . . • . •• . • . • • . . . . . . . . . • . • 113. 4f• 

U. S. COA.S'.I.' AND GEODETIC SURVEY, 

0FFIOE OF THE DISBURSING AGENT, 

Washington, D. G., February 25, 1891. 
I certify that the foregoing stat.ement is a complet.e exhibit, in detail, of the expenditures of the 

U. S. Coast and Geodetic Survey (under the appropriations ma.de by Congress) for the fiscal year 
ending June 30, 1sao, and prior yea.rs, as shown by the books, records, and accounts now on file 
in this office. 

Approved: 
T. C. MENDENHALL, 

Superintendetit, 

B. Ex. 80--13 

JOHN W. PARSONS, 

Disbursing A.gent, U. 8. Coast and Ge<>detic Survey. 

U. 8. Ooa1t and Geodetic SuN>ey. 
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APPENDIX No. 7-1890. 

REPORT OF THE ASSISTANT IN CHARGE OF THE OFFICE m' WEIGHTS ANn MEASURES 
FOR THE FISCAL YEAR ENDED JUNE 30, 1890. 

UNI'fED STATES COAST AND GEODETIC SrRVEY, 

OFFICE OF WEIGil'l'S .A.ND MEASURES, 

Washington, D. C., Se11trJmbcr 2, 1800. 

Sm: Herewith I beg leave to submit a report on the operations of the Weights and .Measures 
Office, in my charge, nnder ~-our direction, during the fiscal year ending June 30, ISHO. 

The work of the office has been carried on with the usual force, although the demanus upon it 
have greatly increased. This was largely owing to the necessity of preparing standards for the 
1iewly admitted States, but also to the increased demand from all part of the country for the com­
parison of weights and measures with the National Standards. I.iegislation relating to the sealing 
of weights and measures has been left to the se,·eral States, but it is evident that fbr interstate as 
\\"ell as for international commerce, and for otlier purposes, au ul'licial Yerification by this office of 
the measures involved is a necessary YOlICbC'r for their correctness. These facts aml considerations 
and the al;sence of legislation regarding the material representatives of uatioual standards of 
weights and measures call for a comprehensive legislative enactment in regard to them. The re· 
ceipt by this Go\'ermneut of the Prototype Metric Standards constrnctell by Yirtue of an interna­
tional agreement, and 1iow iu the custody of this office, affords a fitting occasion to recommeud strch 
legislation afl will insure their safo keeping and define tlmir standing as ultimate standards of 
length and mass. 

One set of these standards, namely, National Prototype Metre No. 2i and :S-ational Prototype 
Kilogramme No. 20, was brought from the International Bureau of Weight." and l\leasures near 
Paris by Assistant George Davicfaon, aud was deposited iu this office on November 15, 1889. 
They remained under seal in tb.e sta,ndards room iu the Butler Building, whence tliey were taken 
to tlle Executive Mansion on .January 2, 1890, and opened by the President of tile United States 
in the presence of the Secretaries of State ancl of the Treasury, aml others who ha(l been invited 
to be present at the ceremony. 

A certificate recording the circumstances under which the standards were recei\·ed aml opened 
was signed by the President and by the Secretaries of State and of the Treasury, and a separate 
attestation by the other gentlemen present. 

When the Internationa.] Committee undertook the construction of the standards, 1lti~ Goyern· 
ment, in view of the risks of trausportation auu for other reasons, ordered for its O\Yll u':'e two sets 
of these standards and an additional metre bar of similar cross-section and material, bnl made of 
the alloy of ls7 4. 

It was intended that after these should have been safely transported to this countr,\· one set 
should remain here permanently, while the other could be taken back to the International Bureau, 
whenever it might be doomed desirable, for comparison with the International i~rntot.vpes. 

The first set and the metre of the alloy of 1874 (l'rletre No. 12) having l:eeu safoly brougltt to 
this country by Assistant Davidson, I was directed to bring the second srJ from Paris. In accord­
ance with instructions from the Honorable Secretary of State aml yourself, I sailed for IDnrope 
on April 23, and after visiting the weights and meai:mres offices of London, Paris, aud Berlin, 

19ii 
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I received the standards in question (National Prototype J\Ietre No. 21 and National Prntotype 
Kilogramme .Xo. 4) from the International Bureau, and brought them to this country, depositing 
them in the standards room on July 14. A. more tletailed statement in reganl to these standards 
and the certificates accompanying them will be published in Appendix No. 18, to this volume. 

A collection of the lati:'st State hms relating to weights arnl measures was made during the 
year, and a circular was issued through tlie Department of State to the United States Consuls 
asking for information on the weights and measures of the difti.•rent countries to which they are 
accredited. Replic.s from about forty-fh·e cum1tries l.Jave l1een received. 

The necessity of furni;;hiug reliable information to the public on the relation of metric to Cl1'3· 
tomary weights and measures of the United States led to the preparation of a convenient table for 
the intercciuvcrsion of the units of these two systems. The publication of thfa has been followed 
by it great demand, awl tlic <listrilmtion of several tl10usand copies to meet it. 

l3lllletiu No. U, ou the ,·erification of weights and measures, was prepared and issued. Bul­
letin No. JS, for tht~ reduction of salinometer observations, was prepared for the use of the Coa!'.t 
aud Geodetic SmTey a1Hl the F. S. Fish Commission. 

During- my ab;;e1we in Europe on business relating to weights and measures, the office was in 
charge of As;,;istant Ceorge .A. F<lirliehl frolll April 22 to l.\fay 14, and under the charge of As;;ist­
ant F. B. Par,;ons from the fatte1· date to the end of the fiscal ~·ear. 

On December 31, 188!>, Dr .. J. J. Clark, for many years adjuster of weights and me:isures, a. 
position the d ritie;; of which lw <lischargetl honorably and with ability, resigned; and this 
vacancy was filled by tlrn appoi11tme11t ot' :\Ir. L. A. Fischer, who was transferred from the lnstru­
meut Di>isiou to thi:,; oue on OctnllC'r fl, 1880, and who was appointed to tbe position of adjuskr 
Oil February rn, 18110, 

l\lr. Fischer bas shown much avtitude for the work deYolved ou him, and has performed h::s 
antics with earnest zeal. Ifo constructed an experimental hydraulic Jift for the comparator, aud 
made drawings for certain parts of the latter, while his Jll'incipal work has been to make adjust­
meut weighings aml length com11arisous. 

Ml'. Par:<ous attenrled to the clerical work of the office, made aml assisted in thci'Illometer and 
scale comparisons, au1l 1lctcrmined the irregularities of the screws of the micrometers of micro­
scopes 3 and 4 oft he com para tor. 

The st>niccs of }.fr. Gerhardo;, mecli<tniciau, antl those of Mr. Simons, watchman, a1·0 
accouutecl for in the re1)()rts of tl1e Iustrmneut. and 2\liscellaueous Divisions, respectfrely. 

A det,;tiletl st.atemeu t of information furnish ell and work done is appended. 
Yonn;. respectfully~ 

Dr. 'l'. C. MENDENHALL, 

0. H. TIT'l':\IA.:.'l:.'I, 

Assistant in cltarge of Office of Weights and Measures. 

Superintendent ['. S. Coast and Geodetic Survey 
and of Weights and ].feaszires. 
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Table containing list of work done and 'information furnished during the .fiscal year 1890. 

I 
No. Date~-1 

18811. 

July 13 

July 25 
Jnl.r 31 

Jul,v i 
.Aug. si 
Ang-. 6! 

I 
7 .Aug. 81 
8 Sept. 28 : 
9 Oct. si 

J() NoY ~3 

H Nov. ~5 
12 No,·. 

13 Doc. 4 

J,l Dec. 
15 lee. l:! 

Namo. Service. 

I 
Col.um hi.a. Co1lc-~e-, ~~w York ......... · J ':base .ro<L compareod 
Un1, ... <'rs1tyofV1rgm1a ..... ·-·--···-·i 5 liaT, compared. 
Becker Bros., for city vf noston .•••.• j 1 set grain awl 'i.. set metric weights; comparrd (:'2 grnin1 (::!2 

I wPtric), 4.4 weights. 

Coast!lntl GcotlclicSnrrc_y ........... \ 4'" bars Xo. 7 an1l 8,cornpated. 
11int Uurcau, '.rrf'asury Ih•pa1·tmcnt .. ! 4 coin wt>jght:-, fornl~11cl1. 
A)!ticultnral D(_'partmeut_ ......... --· j 4 polariscope t 11bel", compared. 

<lo . _ .... _ .• _ •.. _. . .•••..•......•. 1 6 p<1.<lriscope tu bt·~. •:ornpared . 

U.S. Geological Sur-•cy ............... -: 3CO ft-et t<lpe, c11:<JJt1:.i.: e<l.. 
JUchanh & Co., XHwY01·k ............. , l "'Pt metric HIHl 1 set kn.rat weight~. compared 123 nH:tri·d (lG 

U.S. Geologienl Survey ....•......... 
J. ll. Allen, Rome. G:i ............. . 
Voa~t and G~udctic Su rvl',Y ..•. 

.r. 'Y.Que~n & Co. fur ll.11. ,1u.•·!>.ma1J 1 

civil t•ngineer, 'Wil'liita, Ka11:-;. 

kara.t). 39 weil!ht!i. 
100 feet tapC'1 ('"nipnnd. 

1 set weights, compared, 13 weigl.its. 

EulleLin Xo.15, prcpa1~tl for pnblkaUon. 
1 50.foot tapf' 1 c~ompat-C'd. 

Prot ll. A. Howe . _ ............ _ ..• -- .' 1 200-fuut tape, c-011 .. pared. 

lntc1 national Maline Conf .. ,reucc : Informatioll furnished. 

16 Dec. H State ofNt:braskn. ......•...........•. : l set woights. !lle:tsurcs, and balances furni3hecl. 
17 Dec. 17 State of New Jersey .........•........ i 1 ect wei~l:tR, measures, and balances repaired aud 1101rti:l1ly T:'­

placeil. 
18 'Der.. 21) Coast au<l Gcodetfo Sur~ey. .•. • . . . . • 2 thermometers, conlparo<l. 

18UO. 

l!i Jai1. 15. C. C. Covey, Farmer City, Ill .•.•••.... : Information fnroi<hed. 
20 Jan. 20 U.S. CoaBt and Geodetic Survey ....... ! Scale, comvared. 
21 Jan. 23 GoT"ernor of At"ntucky ................ i Information furnished. 

22 Feb. 4 U.S. Geological Survcy._ ......•..••.. ] 1300 foot tape, compared. 
23 Foll. 8 Miut JJnreau1 Treasury Department . ' 15 coin weightR, furtli~bed. 
24 Feb. U E. S. Holden, Lick Ohsen·atory . . . . . . 1 scale, compared. 

~5 Mar. G U.S. Coa,tnnd Geodetic Survey..... 2 tape•, compared. 
26 Mar. 6 , ... -do.............................. 3 thennometl"rs,compared. 
27 Mar. 8 , .... do . . .. . . . .. .. . ... .. .. ... . .. . . . .... 1 tape, corupare<l. 

28 :Mnr. 11 J.P. Wallou, ei~ilengjneer, Lincoln, l !OO·foottape,cornpared. 

2!J 
30 

31 

32 
33 

34 

35 

Mar. l2 
Mar. 12 : 

Mar. 13 
Mar. 18 

Mar. lS 

Mar. 18 

Mar. 20 

Nebr. 
Report prepared for publication on ... ] -Sd111.r.klmrg spa.le nnd Kater peudnlnm 
L. \V. llat.tb owson, Cincinnati, Ohio .. ! Tape, c.ompare•l. 

Agri<>n]tural ~t_~partment: ........... · 1: 2 6-litre ila~ki:; 1 coruparetl. 
E.A. Vance, K1usman, Ob10 ..•......•. l tapo,compart'd. 

E. D. Stockwell, Cleveland, Ohio .....• I Du. 
C.H. Burgess, Clevelaad, Ohio . • . . . .• . Do. 
Intcrno.l Revcnae Bureau ............. 11 thermometer, compared. 

36 Alar. 27 Geo. L. Wilson, civil e-ngineerr St. i 1 tape, compare.d. 
Paul, Minn. J 

37 Mar. 2i Justus Roe & :Son, New York •.•....• ·1 Do. 
38 Mar. 28 ; Eimer &. Amend, New York........... 1 set metric we-ights, compared 1 24 weights. 
39 Mar. 29 ! Wyatt & Weingaerten, New York .... 1 set metric wei~hts, compared, 22 weights. 

40 .Apr. • I Mayor of .Boston ..................... ·I Information furnished. 
41 .Apr. 12 ; U.S. Coast and Geodetic Survey ..• -·-) 1 tapf'., compared. 
42 Apr. ~S ~ Keufft1l&,Esser,Ncw1'"'.'ork ....... ~ ... ! lY'nnd:Uhnr,compared. 

43 May 10 1 G. \Y.Osborne, Washington ..•........ \ 1 set ofweight~1 rompared, 4weights~ 
44 }\fay 13 'I Geo.F.Lucas,Casti!P,N. Y ........... i l tape, compared. 
45 May 15 Internal Revcnn" Bureau .. _ .......... J 1.gallon anrl ~-gallon standards, loaned. 

46 Mar 15 ' .. do ....................... -··· ..... ·14 thermometcrs,com1111re<l. 
47 May 16 Greeley Carlson Co., Chicago, Ill .••... 1 2 tapes, compared. 
48 May 29 U.S. Coast a.nd Geoiletfo Sunroy. .• . . . 1 tape, !IOI) feet., compared. 

49 June 3 .•. <lo................................ Do. 
50 June 11 G. Tagliabue, New York ................. . 

51 June 12 Internal Revenue Bureau ............ . 
li2 June Ii M. D. Ewell ..••••.••••..••••••.•..•••. 
53 June 14 

M June 23 
55 June 26 

Oscar Oldberg, Chicago .•.••••.•••..• 

M.Farguaaon, North Carolina ••••..•• 
U. 5. Geological Survey •••••••..•••••• 

2 thermometers, compared. 
1 set capacity measure•, compar~d. 
:Metric weight.•, ccwpued, 2 weights. 
Information famished. 
l tape, compared. 

Do. 

---- .... ------------------'------------------------·---_,, 
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INTRODUCTION. 

Jn conformity with the general plan pursued for the prosecution of the work of the Coast and 
Geodetic Surv-ey in terrestrial magnetism, and in cooperation with the work proposed by the 
International Polar Commission, and supportell on the part of the United States by the 
participation of the U. S. Signal Service, the Superiutemlent of the Survey, Mr. J. E. Hilgard, 
uecided to reestablish at th~ most suitable place a magnetic observatory for continuous 
registra.tion of the changes of the magnetic forcr. 

Before this similar records hail b2en matle at Key "\Vest, Florida, between the years 1860 and 
18G6, and at llla<lisoll, Wisconsin, between the years 1876 and 1881, and it became, therefore, 
deflirable to select the new station a.;; far remote from t liese places as practicable and iu a region 
where the Jaws of magnetism were as yet bt1t little understood or only imperfectly developed. A.t 
the same time, the part which the United States took in connection with the International Polar 
Ueserircbes, by fitting out two expeditions, one un1lcr Lieut. P.H. Ray, U.S. A., to Point Barrow, 
the other UIHler Iiieut. A. 'V. Greely, U.S. A., to I,;idy Prnnklin Bay,"' demanded assistance nearer 
borne in the form of continuous registry of the changes of the magnetic force in order to furnish 
the means for tile comparison of the magnetic results at all stations taking vart in the undertaking 
of the International Commission. 

LOC.A'l'10N A.ND POSITION OF OTISERYATORY. 

C nder instructions issuetl to him :\fay 2u, 1882, As:sistant .James s. Lawson was directed to 
examine certain localities iu .southeru California, aud Ile finally .selectetl as the most favorable site 
for the observatory the grounds of the Branch Normal School in Los Angeles as meeting fully the 
essential reqniremcnts respecting permanency of occupation for several ;years, freedom from local 
disturhancc::i, supply of pure water, economy of construction of lmilding, anu co1Jvenience of living 
for the obsen·cr. Mr. Lawson constructed the observatory according to plans furnisberl by the 
Office with such uecdfnl modifications as suggested themseh·es to him. The maintenance of as 
uniform a temperature as conld be secured bdng a desideratum for the proper performance of 
self-registering magnetometers, tile lmilding was a double one, tile inner and the outer walls being 
separated by an air space of ab0t1t 2:! feet, wliich exteuded also o,·er tile double roof. The walls 
are formed of planking arnl tile space 1Jetween them is fllle(l with dry earth well tamped in; the 
inuer and outer walls of tLtc stmcture are of rough uoards ancl battened, the ceiling of the inner 
shell is composed of tongued-:rnd-grooverl boards, a11d on the top of the joists is a rough board 
floor eoyerpd ''itlt a layer of earth. The roof is shingle-covered. The outer door is on the 
south face aud, <tftcr entering, a narrow passage on the west side leads to the dark room attached 
to the north sitle, whence the instrument room proper is reached. Ventilation is provided for by 
pipes rum1ing- t.hro11gh tlw roof. Tim 1linwnsions of the building- are as follows: Length, 28 feet; 
wid t11, 2 L foet; dark rno111, rn h.r 12 foet: hcigli t, abont S feet trJ the eaves. The instrument room 
measures 1 fl by 1 ::! fed. height about 8 feet, jnst i;ufficicnt to aceommodate the Adie ruagneto­
graph. The thre1: instrument piers, the cloek and lamp piers, were of brick and rested on the 
same fonn11atioH, aHd the central clock pier was eonnectcd with tile tops of the magnet piers by 
the stone slabs originally fllrnisherl with the instmments. The wooden floor of the room was 
<lisconnectell from the pier:,;. 

The ollscrYator,v was placed on the slopieg ground about 200 feet (61 metres) from 'the nearest 
wall of tlw school lmilding and almost directly west of it; at the foot of the slope and about 210 
feet, or G± metres, to the soutliward and westward (S. 37° vV. true) a small wooden structure was 
put up for the accommodation of a magnetometer and dip circle used for the monthly absolute 

"For the p:irt tlle Snrvey took in the magnetic work of these two expeditions see, for Point .Barrow, Appendix No. 
l:l, :rnnua1 reporl for 188;3, and part YI of Lieuteuant Ray's official pul>licatiou, Washington, 1885, and for Lady 
Franklin Bay, Lionteuant Greely's official report, vol. 2, Appendix No. 139, Washington, 1888. An abstract of the 
results will be found in Appendix No. 10, annual report for 1887. 
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measures. The elevation of the observatory is nearly 312 feet (9.5 metres) above the sea level, and 
its geograpllical position as determinell by triangulation• is as follows: 

Observatory north of flag-pole of normal school 135 feet. (41 .1 metres), an<l west of the same 
275 feet (83.9 metres); it is also 47.0-11.1, or 5.9 rnetTes south of the astronomical telegTaphic 
longitude station established here temporarily in tlle western grounds in l'l!arch, 1889, nnd 
83.9-5(;.8, or 27.1 metres, west of the same. 

!'regent gemletic la.titu<le of normal sclwol flag-11ole, 34° 02' 5511.9, with vrouable correction 
of+ 0".8 

Difterence of latitude, 111 .3 
Latitude of magnetic observatory (center), 34° 02' fl7 11 .2, and eorreeted ;)40 02' 58".0 
Preseut astrouomical longitude of 1889 station, 1180 15' 22".6 
Difference of longitu<le 1".0 
Longitude of magnetic observatory, use 15' 2311.G, or 711 53m Ol •.57 west from Greenwich; 

also 8h 32m 47'.81 west from Got.tingen.t 

Tbe ele>ation of tlle brick pier for absolute measures is 279 feet, or 8[i metres, abo>e the iwerage 
sea level. 

The magnetic ·inst>·ttments.-As early as 18Gl the Survey lmu procured from Kew one of the 
newly dev-ised Adie magneto graphs, but owing to the then disturl.Je<l state of tlie country, and 
later on from lack of funds, the instrument rewained in the storeroom until it was decided in the 
spring of 1882 to bring it into permanent use. In or1ler to test its colllt>letcuess and the proper 
conditions of the magnets the ins:rument was set up at the Office in Washington in October, 1878, 
with tlle aid of :Ylr. 'Verner Suess~ mechanician to the Office; the scale values were then roughly 
determined by the writer and the magnets were fonud to be in a satisfactory condition. 

Organfaatimi of tlte observatory.-Under instrnctions to Mr. Suess, <lated July 'i, 1882, the 
instrument wa.R mounted by him at the Los Angeles observatory and roughly adjustell, and the 
photographic process was brought into a good workiug conditi011. On tlie arrirnl of l\lr. :Marcus 
Baker, acting assistant, who was placed in charge of the obse1Tatory by instructions from the 
Superintendent, dated July 19, 1882, the final adjustments were made and t11e scale Yalues of the 
three magnetometers were det~rrnine<l. The n gular work of the obsen·atory commenced with 
October 1, 1882, and was continued without any serious interruption to Odober 1, 1889, thus 
covering a period of nearly two-thirds of a sun-spot cycle a11cl includiug the time of tl1e minimum 
sun-spot acth'it,y, supposed to ha Ye occurred early in the year 11:189. l\Ir. Baker remaiued in charge 
of the observatory until A.ugust 1, 188!, when Mr. Carlisle Terr.y, jr., aid in the Survey, assumed 
charge un<ler instructions dated June Hi, 1884. In consequence of failing liealtht l\fr. Terry was 
relieved from this duty (at his own request) aml Assistant H. B. llalter, who had been aiding llim 
since November, 1'886, was appointed to tlie ollser'"atory ,fouuar,y 17, 1887, and on February 1 
took charge of the same .. l\1r. Halter conducted the work to its close in October, 1889, when it 
became necessary to discontinue the service in conse<juence of the encroachments caused by tb.e 
necessity of enlarging the bnildiug accommodations of the public school. 

Besides the chiefs in charg·e there was but one employc who assisted in the manual labor. The 
duty of duplicating the reconls§ and making a first computation of the observations, inclusiYe of 
the reatling off of hourly coordinates of the traces, dernl \'ed upon the chief of the obscrrntory. 

The. absolute magnetic 111easures.-They are supplementary to the differential measures and 
were made monthly on three days about the rni<ldle of each month, in order to furuisli the 
meaus of expressiug the results of tlle difierential measures in terms of absolute units. The 
portable instruments provided for these observations were magnetometer No. 8 antl Kpw ffip 
circle No. 21. The magnetometer is of a pattern shown on plate No. 35, Coast and Geodetic 
Survey report for 1881; it is an old instrument origi11a1Jy made hy .Jones, of London, but aetually 

"The trigonometrical connection with the main triangulation was made by Assistant A. F. Rodgers in 1883. 
t Taking longitude ofGiittingen o~ ::mm 4G•.24 east from Greenwich. 
; Subassistant Terry died at his.home, Columhus, Georgia, March HJ, 1887. 
~The· photographic traces were duplicated by the blue-print process. 
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composed of various piec~s from condemned instruments. The declination magnet (L,,) is mounted 
m·er the cpnter of the horizontal circle and is about 3:t inches (8.9 centimetres) long. T::ie shorter 
maglle (Se). suspeu<led during deflections, is about 3 inches (7.6 centimetres) long-; both are co1li­
rnator'1. 'fhe determination of the astronomical azimuth is more conveniently done with a separate 
instrnt1wnt for which purpose a small theodolite was provided. The construction of the <lip circle 
is i-ihown 011 plate :S-o. 37, 1eport for 1881. 

1Jeter111i11fftio11 of the imtr11111cntal constants.-The constants of mngnetorneter No. 8 are as 
fo1lows: 

Sc11lr· rnl1•ts '!!' 11wr;1ie/s.-Tiie scale of L 3 cousists of 20 Yertical Jines on glass, e\-ery tiftb being 
1011ger; the ~c.ile. is curn;idered ''erect" wbeu the 1uug liues project upwards or the figures O, 5, 10, 
15, 20 appe•n· almYP. Obsernltious for scale value wern made hy 1\lr. Baker Felm1ary 13, 1880, 
wl1pnce Olle tlh-isio11 or sealt•. ~'.12 aud 2'.70, aud hy Suhassistant R.A~. l\larr,Tn11e 11, 1886, who got 
from ;; sets :.: 1

. ;:: ; valtw adopted, 2'.71 . Increasing ;,;calc readingR correspoml to <lecrensing 
ltorizontal circle readings. T!Je scale of Sn is similar to that of ]_;8 , tlte two longer lines projecting 
upwards ou one side of the middle and dowuwanls on the other i scale considered erect when two 
large scratches point down war!hi. Observations made by Mr. Baker September 13, 1882, gave the 
value at 2'.01 . Iucreasing scale readings correspond to decreasing cirde readings. 

Tltt d(/fe<:ti11g bar is of brass graduated to feet and tenths; the grndirntion was tested by means 
of a steel starnlard bar, aml lllr. Baker concludes from his comparisons of !'loYem her 3, 4, and 5, 
1~83, that thP defiecting bar is a little too long aud the corrcctio11 coustant throughout the scale. 
'l'his cnrrectiou for each foot i:,; - 0.00018 feet (or - o.oo;:;;; centimetres) at 62°.2 F., and supposing 
t·0 =- the apparent distance between centers of magnets a,nd r = the trrre distance, then 

r=ru ! 1 + O.OOOOUI ('l' - HP.8 C)-0-00018] 

Ordinarily the value of r0 was taken 1.2 feet, or 36.58 centimetres. 

Mass or inertia-ring z, { 648.8 grain.;, weight probably by maker ________ January 4, 1874}~ _ 
weight .. __ ........ _... 648.7 grains, by J.J. Clark _______________ December, 27, 1878 w -- 4z.o38 gm. 

. { z.3289 inches, at 60°.5 F., mcaeurc probably by maker. ____ 1874} "r ~ 
5 9149 

en 
Outl'r drnmeter · · · · · · · · · · 2.3285 inches, at 62°.o F., by C. A. Schott, December 27, !878 -

1 
.. 

. { 1.8400 inches, at 60°.5 F., me:;.sure probably by maker ____ 1874},, ___ 6~6 Inner diameter· · · · · · · · - · · 1.8425 inches, at 62°.o F., by C. A. Schott, December 27, 1878 _, ·-- 4 · 1 7 cm. 

Moment of mass or of inertia, U1=~ (r2+r1
2) Wj M1 =°298.773 at rno.r; C and putting e, the 

coefticient of expansion for bronze = 0.000019, we have for any temperature 'on the centigrade 
<icale, log. M1= 2.4753±+0.0000165 (-r-HP.7). 

Numerous observations were made for tl1e moment of mass or fnertia (M) of.magnet L
6 

between 
1874 and 1886, but I propose to use only Hie ouspn•ations which were made by Mr. Baker ancl Mr. 
Marr at Los Angeles wheu the small bal.ancin9 i·ings remained in tbe same position as during the 
measures of intensity. 

We ba,·e l'II=M11l';2=:'.i'2, where T, the time of one oscillation, refers to the magnet (with stirru1l) 

aml T 1 to the magnet (and stirrup) loaded with ma..s3-ring Z. 
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Re,sultsfrom successive obJJen-ations of oscillations 1cith and 1citlto11t the mass rin.g. 

SET No. L DECEMBER 19, 1882. M. BAKE!<, rJI:SER\'FJ.,:. 

,---------~---------------~--- ··-----------··----- - ------------------
• 0 0 •p 

N Temp.!. T> t{66.oF. T' t{66.ol< Ti"-T" C\1 · 0
• Fah. : a 18.9 C. 1 a 18.9 C. • 1 T~·;·:.:tz; _. _______ : ____ - ---·---·--

60. 1 25.309 

2 62. I (25. 323)" 83.S3S 58.515 J 29. 31 

3 64, I 25.337 {83. S•J3)* 58.556 .zg 

4 65. 8 (25.336) 83.948 58.612 . 16 

5 6).6 25. 33(1 (S3. ~J22) 58.586 '22 

6 67. s ; (25. 33'~.1 83.896 58. 55S . 29 

7 68. i z5. 3V (83. ')00) 58.559 .30 
8 6S. I (25. 332) 83.903 58.57 1 .23 

9 67. I 2s.J22 ---------
I l\lean. I 29. 257 

:le· 014 
I 
! 

... ------------l_ ________ _ 
*Numbers within p.arentlie~es ark'. n1ean.-:: of the 1nei.~eding ::ind fo1lo\:ring i:u.1ne:i re:.-pective1y, the C\Jffihination by alternate 

mca11..:i correcting frir effe-ct of progres:)ive dwnge of tl1e horizontal t11rcc. 

SET :\o. II. SEPTE'.IJHER 22, 1883 M. BAKER, Ol:l:-iEKYER. 

------------ - --------------- --

0 0 • T' I' Temp.' T• tf104.1:F. 1

1 
T' t{104.Jl'. T•-T' 1\f·-·--=·-·-

1-'ah. I a l 40.1 C. 1 
" 40.I C. 1 I · 1T, ,-T2 

0 

108. S I 
26.011 ·-1---·"···-----·-.-------·· ---------; 

2 104. I (26. 043) ! 86. 284 6o. 241 I29. 28 l 
__ 3_" _______ '.0I~~~---·26. 076 .1. I 

No. 

2 

3 
4 

5 
6 

7 
8 

9 

SET T\o. 111. APRIL 22, 1886. R. A. MARR, OBSER\"El{. 

I ~-------T-- .. --~--;·--·--, ---~-------------- ___ , _________ ~[~ --~ 

_1_;_~P· ! T" atg~:~ ~: 1--T-_i_•_a_t_{_~_~_::_t __ ::. ~~~-~' _: __ "·!1}~~---_1_"_ 
o i I 

59.S 25.456 
62.4 (25.455) 

64. 2 

65,7 

67.9 
7o.9 
72.7 
74.0 

75.2 

25.454 

(25.452) 

25. 44<} 

( z5. 453) • 

25,457 

(25. 465) 

25.472 

84.219 

(84. 236). 

S+ 252 

(84. 296) 

84.341 

(84. 318) 

84. 295 

58.764 

• 782 

.800 

.847 

.888 

• 861 

·830 

Mean. 

129.44 

. 40 

. 34 

• :ZJ 

. 16 

. 24 

.34 

129.307 

:J:.026 
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Results frorn successii'c obsert'litions of oscillations with and u:ithout the mass ring-Continued. 

SET :-;o, IV. APRIL 23, 1886. E. A. :\1,\lrn., OBSERVER. 
--------------------------------------

j N · Temp. T" t{66~o F. ' T' t{66~o F. j T" T" M T
2 

1· 
0 

• :.;': ·~ • ,g
9 c+ • ~1 ::: c : ':::_I ''T.=i' 

I 2 66. 1 25. 405 (84. 089) 58. 684 1 129. 35 I 
3 67.5 (25.410) 84.099 .689 1---~1 
4 68.z 25.416 I 

~lean. I 129. 360 / 

I 
I Ko. 

1-1·---
2 

3 

4 

5 
6 

7 
8 

9 
IO 

11 

12 

13 

-----------·-----
SET Xo. V. APRIL 30, 1886. R. A. C.IARR, OBSERVER. 

Temp. 
Fah. 

0 

66.7 

69.6 

70.8 

70.2 

70. I 

71. 0 

72.2 

72.3 

73.0 

73.8 

73.S 

72.6 

72. 0 

yo { 71~6 F. 
at 22.0 C 

25.530 

(25.53 2 ) 

25. 548 

(25. 538) 

25.531 

(25. 534) 

I 

I 

I 
I 

i 
I 
I 

84.524 

(84.547) 

--------~-------------

: •p 
T, ., - ·p i ~11 1•2--c-r I ' ----1-----

1 
I 

58. 913 i 

ss. 977 I 
59. o36 I 
58. 976 1' 

58.933 

~::~~: II 
58. 988 

59.ooo 

59. 016 I 
59.035 

.45 

.50 

. 25 

:\I ean. I 29. 361 

_________________ I __ =~ 019 

REC.·\I'ITCLATIOX OF RESULTS FOR M, AI,L REDC'CED TO TE:\lPERATL'RE 62°.o F. OR 16.7 C. 

Set. 

2 

3 

4 

5 

Date. Obsener. 

1882, Dec. 19 l l\l. B. 

1883, Sept. 22 M. B. 

1886, Apr. 22 : R. A. :.i. 

lll. 

. 210 

. 290 

. 355 

.350 

1886, Apr. 23 i RA. :.r. f 
I 886, Apr. 30 I R. .\ :IL 

----
Weighted* ( 

n1can. ~ 
129.305 

::!:- 015 
------~---· _l ______ _ 

*.\ccording to number of y:i]ues. 

No. of I 
values. I 

--,---1 
' I 

7 ! 

7 
2 

II 

I 
. ___ J 

The coefficii"nt of expansion for llar<l-temperecl steel may be taken as O. 0000122 for the centi­
gra<lt> scale, hence, for any temperature r we han~ 

M=129.305 [l+O. 0000244 ( T - 160.7)] 
±.015 

au1l logarithmically; log M=2.11162 + 0.0000106 (r-160.7 C). 
::!: 5 

Poi' the JHll'pose of determilling the coefficient q or the cllange of magnetic moment of magnet 
L. for a dmuge of temperature of 1°, an elaborate series of observations was made at Lafayette 
Park ObserYator,y, San Francisco, by Assistant J. S. Lawson, by alternately heating and cooling 
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the magnet and observing the changes in the angle of deflection of the suspended magnet Sz. 
The results arc as follows: 

Date. 
1, Ranp;e of tern- i ·-·· --------- ;-. l~elativ~-! 

Operation. / I I pcraturc. l weight. , 
- ----1------! -------i-----:--1 

188!. I l 0 c I I 
Apr. 71 Alternate heating and cooling I 40. 2 to 106. 4 F. 'l = . 0005+ j 

2 Apr. S Alternate heating aml cooling i 34. 5 tu 109. 3 I . 00057 

3 Apr. 12. Alternate heating and cooling 'i• 37.gto 103.0 \ .00053 

4 Apr. 15 / Gradually heating and cooling 38. S to 107. 5 j • 00059 

5 Apr. I~ j Gradually heating and cooling i 34. 4 to 107. 9 I . 00063 
1 

6 Apr. 26 i Alterno.tc heating and cooling 137· 4 to 105. 8 . 00058 I 

7 Apr. 271 AlLernate heating an<l cooling 36. 9 to 107. 3 I . oooss I 
i Weighted mean ' q , __ ,_--;;~ 0005; ! 

I ± ' 
I l 

-------·-----~---·- - ---~---- -----~-~----~--- ---- --- --~- -· -- ---~-- --

It \voulcl seem that the Yalue of q j, decreasing with ti:ne; thus we ha,·c 

IO 

16 

18 

8 

II 

18 

18 

1874, .\pril to :1\o,·ember, C. 0. Boutelle, obserYer . . . . ( q=. ooro3 for Fah. scale [from rough 
! observations of oscilb.tionsl. 

1879, Jamury to Nm-ember, \V. Eimbcck and J.B. Baylor, obsen·cn. J q=. 00074 for Fah. scale. " 
1881, April, J. S. Lawson, observer. . . . . . . . . .. - .. l q=. 00057 for Fah. scale. 

- a n cosec. u '· . h l f l ,, t• t th l t . . , Where q= ··· __ t ___ --, 11, uerng t e. ang e o < euec 10n a · · e ow er emperature, n the differences 
t- 0 

of scale-readings, and a the arc value of one division of the suspended magnet in rn,Jians; for tlie 
centigrade scale we have q=0.00103 

:!-: 2 
Determhiation of the coefficient P dependiug on the distribution of magnetisu1 in the deflecting 

L l S Tl . f I '· f h . .1.3i and detiectecl magnets s anc R• 1e ratrn o eugtu o t ese magnets 1s-J.ll.! or 1.11 near·J:-·, llut 

as 1.224 is the most advantageous va1ue, we may expect a somewhat large negatiYe value for I'. 
Let 1i, u, be the angles of deflection and let A= 1 r3 sin u for the shorter def1ecting diRtance 

r, and A 1 = 2 r 1
3 sin u1 the same for the longer distance ri, corrected for change of tempera-

ture, error of scale, and eflect of indnction, then P = A-=-~-1 which mar be put in the forms 
A A1 
rT -- r;-z 

r1
2 r 2 

( A 1) r, 2 r~ {log A-log A 1 } • 
2 --2 1-A or P = -;i-- .2 - ·a-- 1 --- , which formulrc will give P with :t sulli<-ient 
r 1 -r 1 1 - 1 mo u us 
degree of approximation. 

We have the following results deduced from observations made by Mr. Baker: l<'clmrnry 17, 
1883, between 9~ a. m. and 5 p. m., La deflecting, Sa suspended; the G Yalues of r range fro:n 1.08 
to 1.13 feet and those of r 1 from 1.525 to 1.59 feet, and the values of u aud U1 range from 40' to 
20 08'. Combining 1.08 with 1.525, 1.09 wnh 1.535, etc., the following six Yalues of P1 were found 
expressed in F. G. S. units:• 

-.01791 
-.01211 
-.0137 
-. 0137 (Mean, P 1=-.0131 

-.0208 
-.0002 

By combining eaeh (short) r with every (long) r1 the ob.server deduces the value P1 = -0.0134 
±0.0006, but this value is more incumberecl by the ~ffect of changes in the horizontal forne 
during the time of observation. From a numbel' (25) of observations made by Assistant Lawson at 

------------------"-----
'For C. 0-. S. units the subscript t<> the coefficient is omitted. 
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various places between .Tune and I>ect'lnber, 1881, we deduce the value P 1= -0.0117 ±0.0012. 
Further, 1\Ir. Il. A. l\larr made a series of observations for the Yalue of P 1 between April 24: and 
May 1, 1886, from which the following values were deduced: 

1 

-Apr~ ~-~-:-~,=-. 0121 i 1>=41 
26: ·-.0083 i 3. 

27 l --.0120 I 2 

28 ; -. 0095 [ I 
I 

!'!lay I ; --. 0084 I 5 
--;----1-

\\"eighted mean - . 0099 

o1:.0006 

Oomhining these three -values the weighted mean becomes Pi =0.0113 ± .0008; hence for U. G. S. 
units I'=-10.5±0.7, witicll Yalue has heen adoptetl in the reduction of tite 'Ietlections. The 
effect of the next coefficient Q is supposed to he insensible. 

TJetu111i11ation of the induction coejficient (µ).-A series of elaborate observations for determining 
thP ,·alne of tlrn induction factor ('1) was made by Mr. Baker on October 27, :Nornmber 27 and 28, 
18S3, uy me:rns of a simple contri\·auce of hi.~ own for placing the induced magnet into the various 
po.~itious reqnired. l<'or the metlwd followerl the reader may be referred to Lamont's Ilanclbuch 
des Er1lm:tgneti,;m11,;, Berlin, 1819, aml to Coast Survey Report for 18~)!), Appendix No. 9, pp. ~00, 
'..!01. Maguet L,, wa:-; uHrnnted Yertically by the side anrt. ;it a :-;hort distance from tue suspended 
magnet Su, itnd in tlie plaue of the magnetic priuw vertical passing 1-lirough tile center of Sn; deflec­
tions arc ohserred with magnet L,i, north e11ll 17u1cn, magnet up aud dowu, and again n·ith L 3, north 
entl up, mag11nt up and down. Let rp and 1p, =the angles of deflection respectively and let H =the 
magnPtic 1lip and II= the horizontal compouent of tile earth's magnetic intensity, then 

tan~ ( 1p-1P1) h- - -·- ---"'---------··--
- H tan ti tan :\- ( cp+ cp,) 

Obsf\rvations were made 011 both sides of the suspenlltld magnet and at varions distances from 
it, as may be seen from t.h1' following tal>le computed hy the observer and revised at tlie Office. 
Tbe values nsed in the computation were fl=590 30' and H =5.914 in units of the F. G. S. system, 
or 0.27:!7 in uuits of the C. G. S. system. 

' 
' 
1 Set. 

·,Temp. I letlector, -- Ilist~~~P~,---·-- ~:- ------<?-,- -~--; i. S~-l1i c. ~- ~~l 
' ('. ' I·.' .. or"\Y. ·m "" 

'· · system. i system. 

' /1. m. 
I 

I i Oct. 27, IO 45 :1. m. 
! 

2 r 59 p. rn. ! 22. o 
'"· \\'. 

3 2 40 p. m. 21. 9 "\Y. 

4 

5 

.) 2.r) p. m. 21. I l:~. 

4 01 p. m. 1 20.6 I~. 

6 I 4 34 p. rn. 19. 7 

7 i !\ O\', 2 7' I I 26 n. rn. 

8 I I 38 p. m. 

9 } z 20 p. 111. 
i 

25.4 

2.J. 5 
10 l 3 c4 p. 111. 1 23. 2 

'i 11 i 3 52 J>• Ill. ! 2I. 8 l 
' ! ! 

\ 12 : ~ov. 28, 9 33 a. n1. j 16. 2 i 

, IJ ! 10 12 a. tn. j 22. o ( 

I 14 l IO 46 2. m. I 25. o ( 

U_, r'! ·--. Mean I 2r. 9 I 
. I 

E. 

F. 

E. 

E. 

E. 

w. 
w. 
w. 
w. 

11.61 25 .11 50.0 24 44 42.5 

11.18 25 26 12.5 '24 38 02.5 

II· 99 Z4 47 20. O 23 56 4'i· 0 i 
11.99 25 18 40.0 24 28 42.5 

11.61 25 54 16.2 25 04 58.7 

II. 18 25 57 42. 5 25 07 40. 0 

IL I 8 2/ 49 20. O 26 52 30. 0 

11.61 27 31 47.5 26 39 00.0 

11.40 27 59 30.0 27 01 15.0 

11.07 28 10 35.0 27 16 55. 0 

II. 07 

[!. 40 

ll. 61 

I I. 18 

25. 0 25 

26 52 20.0126 

25 05 47.5 24 

59 55.0 

25 03 oo.o I 24 11 

! 

1---
i 

o. 00146 I o. 0317 
I 

149 I J'IJ 
I 

162 I 

1561 
150 I 

152 I 
I 

352 

339 

33° 
159 ! 345 

149 I 323 I 

::: I :;: 
133 I 289 

149 I 323 

0.00144 I 0.031:.I 

o. 00152 ; o. 032~ 
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Hence by combination: 

IO 

1 and 6 I o. 00149 o, 0323 

; ! I :;: ~:; 
14 I 152 329 

IJ I 149 I :l23 ' 

I 2 I 143 I 32 I ! 

II I 156 339 I Mean .. 1~00152 l--0-0329 
I 1 ± . 00001 I ±: . 0002 

----~~------l- ----------

7 
8 

9 

Let p=the increase in the magnetic moment 1n of the magnt>t (L3), as produced by tbe 
inducing action of the earth's magnetic force, then p =hm. 

For the case Ln the value of m (at lG. 7 U) equals 183.2 . He nee tht1 itnmige ntlue of /l becomes 
6.0:J To apply the correctiou for imluctiou we Lave to sul1stitute for tlw n1lne of T 0 , rPsnlting 

from the oscillations, the value T~ (' l+.1t EI.) or y.: ( l+hH), aull iu the case of the tleftect10ns" we 
• 'In 

m m ··· ·~µ-) 
bl:<n• to substitute for H the value H ( 1+~., .. 

On November 28 and December 4, 1883, Mr. Baker made similar obi:;enations for the short 
magnet (Ss), and found : 

[5et. j -- --~:=~----[. T~:~~:-~>eflector, 
[ I I ,. 

,--\------------:-- -

2 

3 

4 

h. 111. 

Nov. 28, 11 30 a. UL j 27. 7 

Dec. 4, 2 08 p. m. ; 19. 3 
I 

4, 2 47 p. m. I 19. I 

4, > 2 3 P· rn. I 18. 6 

W. 
w. 
E. 

E. 

q> 

0 

22 52 00 " 
23 50 48 23 

24 I' ·' 05 ; 23 
24 I' ·' 23 

15 'I 
i 

I 

• • I , 

Ll_M-ea_n_l _21._2 _: ----------.. 

29 

2i 

49 

55 

'/ 

!2 

08 

35 
00 

F. (;, S. 
svstcm. 

-~ 
1.·.c;, S. 
."yste1n. 

0. (>00/9 o. 0171 ' 

;8 16q i 
. ' 

76 164 i 
! 61 : 132 l [ ____ , ____ ! 
I : I : o. 00074 : 0. 0159 

. __ _i::·_{)()()()z . J:o. 0004 I 
DETERMINATION OF THE MAGNETIC DECLINATION. 

Observations for local time.-The observations for time were generally made once a month 
and at other times when specially needed. The method was that of equal altitudes of the sun, 
observed with sextant No. 145 and mercurial horizon; meau time chronometer I'arki11so11 and 
Frodsham No. 2701 was used throughout the series. It was deemed unnecessary to give here a 
table of daily chronometer corrections and rates, since in all cases where time is reeorded or 
referred to in this report it is specially stated whether it is chronometer time (in wbieh case the 
correction is given) or the corrected mean local time. 

"l'o -0orrect the angle of deflection u 1 for the effects o! change of temporatnre rrn<l of inrinctiou w" have 
. sin u1 

sm u = [ J [ H-..... ----J, See also "Supplemeni, to Ma.gnetie Instructions,'' !Jy Capt. C. J, B. Riddell, 
1-(t1-t)q 1-µUi sin u1 London, 1846, p.11. 
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Determination of the azimuth of the declination mark.-This mark was established by Mr. Baker; 
it consists of a black cross painted on a chimney (abo11t 130 metres distant) with a copper 11ail at 
the intersection of the cross; its direction from the pier for absolute measures is about 40° west of 
true south, and about 5 metres higher than the instrument pier. On Jul~· 13, 1887, Mr. Halter 
establislled a new mark on another chimney of the same house in consequence of an obstruction 
in the line of sight occasioned by the erection of a building; the azimuth of th is mark was about 
430 west of south.* On January 9, 1888, in order to avoid overflow in heavy raius, Mr. Halter 
raised tlle obsen·ing but an<l the brick pier 3 feet; the foundation of the pier, w!iiclt had been 
threatening to give way, was better secnmd and the cap stone re-plu mllctl. On July 10, 1889, 
Mr. Halter virtually re-established the first or old mark by marking a new one 45.7 centimetres 
(18 inches) aborn it and verifying their line of verticality by means of a plummet. 

Numerous obsernitions were made by Mr. Bak.er to determine the azimuth of his mark by 
means of the sun and of Polaris. About one-half of these observations were made with the 
telescope and horizontal circle of the declinometer ~o. 8, an instrument very ill adapted aud not 
intendell for snch work;t the other half were made with a IO-centimetre (4 inch) Casella theodolito 
No. 3416. The observations on the sun are less satisfactory than those on Polari;;, besides they 
iirrnlni a more exact knowledge of time; I gave these results therefore but lialf the weight 
assigne(l to those from Polaris. The following table contains the results from 26 sets of observa­
tions hy Mr. Baker: 

--;--~,-----·--\-, - \ Obi· ect ! Azimuth-~rT~---~~l--··-----------1---- oi · -~:-~:nuth-of 

sets. 1 s1g 1 e . \V f S sc s. I , s1g te . \V f" 
o. 

0 
Date. i Instrument. . 1 t d B. mark • 0

1· I Date. : Instnmcnt. · . h'JeCd .1 B. mark 

i '---~ . o . . ,,' I ; J . o ._. 
,---18_8_2_. -- -----1---~88~~----i----·--·--li ----/ 0 

40 01. 6 14 
1 

Jan. 16, p. m. : Dec. l\o. 8 * I 40 02. 4 1 / Oct. 18, ~. ru. c. 3416 0 
; Oct. 18, a. m. 2 c. 3416 0 

3 Oct. 18, a. m. c. ,3416 0 
4 Oct. 18,p. m. c 3416 I 0 
5 Oct. 18, p. m. c. 341~ I 0 
6 Oct. 18,p.m. c. J4Itl 0 

7 
I 1883. 

Jan. 8, nenr noon Dec.No. 8 0 
8 ! Jan. 8, near noon Dec.Xo.8 0 
9 ! Jan. 8, 11ear noon Dec. No. 8 0 

IO i Apr. 16, p. m. Dec.No. 8 * 
I 1884. 
I II i Jan. 4,p.m. Dec. No. 8 * 

12 I Jan. 4, p. m. Dec. No.8 * 
I Dec. No. 8 * 13 I Jan. 16, p. m. 
I 

' 

6.6 

6.5 

.3·4 ; 
d 

4.6 .1 

s-1 1
1 

4. 0 ~! 
!/ 

!:! '.111 

2. 9 i 
:1 
11 

5. 9 jl 
5. 3 1\ 

2.411 
" 

15 Jan. 16, p. m. • Dec. ~o. 811 * I 2. 6 

16 Jan. 17, near noon Dec. ~o. ~ 0 I 4· 6 

17 Jan.17,nearnoon Dec.:\o.S, 0 4.3 

18 Jan.17,nearnoon Dec. ~o. ~Ii 0 I 
Dec. :\o. 8 0 
Dec. "'o. 8 l 0 

19 Jan. I 7, near noon 
• 20 

21 

22 

23 

24 

25 
26 

Jan. 18, near noon 

Jan. 18, near noon 

Jan. 18, near noon 

Jan. 18, near noon 

Jan. r8, p. m. 

Jan. 18,p. m. 

Jan. 18, p. m. 

0 
0 

0 
* 

Dec. No. 81 
Dec. No. 8 , 

Dec. No. s i 
Dec. ~O, s 1 

Dec. '.'lio. 8 ' * 
Dec. Xo. 8 I * 

\\'eighted mean from 26 sets __ _ 

4.7 

4.7 
6. I 

6.o 

6. l 

5.9 

I. 8 

40 03.9 

::!:: 0.3 

•Its altitude is about 3 metres higher than the instrument pier, and distant about 125 metres. 
l The telescope can not be reversed in order v.t correct for error in horizontality of axis and for error of collimation. 
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Table of results for azimuth of the Halter mark aud of the above Baker mark from obsnvations 
by Mr. Halter after strengthening and elevating the observatory pier. These observations are all 
on Polaris, and the H. ma.rk could be referred to the B. mark by the angle between them measured 
by Mr. Halter July IO, 1889, viz, 2° 58' 36". Second or check computation by .Mr. L. A. Bauer. 

- 1 No of! 'l ___ j___ ------~o.~fi-;,--~~u---!-- -~-I 
set. I Date. Instrnment. I II. mark. B. mark. il set. . ate. i mcnt. 1 B. mari<. I 

--1---- 1 ________ 11 __ -----------------! 
I
i I 888. I I 0 I II l 889. : 0 I I 

l Feb. I Dec. No. 8 43 oo. 9 40 02. 3 I! 13 Sept. 21 C. 3416 40 04. 4 

2 I Feb. Dec. No. 8 I. o z. 4 !I 14 Sept. 21 C. 3416 3. 7 

3 \ Feb. Dec. No. 8 I. 5 2. 9 ii 15 Sept. 21 C. 3416 3. 3 

r. 9 3. 3 I' 16 Sept. 21 C. 3416 4 Feb. Dec.No.8 

5 Feb. Dec. No. 8 

6 Feb. Dec.No. 8 

1888. 

7 Apr. 24 c. 3416 

8 Apr. 24 c. 3416 

9 Apr. 24 c. 3416 

IO Apr. 24 c. 3416 

II Apr. 24 c. 3416 

12 Apr. 24 c. 3416 

II. mark W. of S. 

-------·-------------

3.4 

z. 9 3. 3 I 17 Sept. 21 C. 3416 2. 2 

I. 6 3· 0 ! 

0.3 
o.8 

18 

20 

Sept. 21 

Sept. 22 

Sept. 22 

c. 3416 

C. 3416 

2. I 

3· 7 
4.0 

21 Sept. 22 C. 3416 2. 5 

22 Sept. 12 C. 3416 :::. S 
z. 2 :! 

I 
23 ~ept. 22 C. 3416 2. 2 

I. 2 2. (J ' 

24 Sept. 22 C. 3416 : •. ·' I a. 2 I 1. 6 :: 
'i 

--~I I. 6 :1 :----1 

43 01. 0 I_-~- _:L ______ ~:~,-~f-24-~-~-~---4~:_0_;_: ~_I 
To com hinc these measures for azimuth of the ( B.) mark we have: 

0 

An~le between the TI. and Ii. marks, July 14, 1887 (before the pier was raised) _____________ 2 58. 50 
An~:e between the B. and JI. marks, July IO, 1889 (after the pier was raised) _____ ·---- ____ 2 S:'- bo 

Ad0pte(l 1ne2n value, weight 6 _____ ·-------------- --- --------- --- -·--------- ------- :2 S~~. S5 +711 
Astr;J110:11ic.1] azim:..1th of (B.) 1nark, Octoht?r, 1882, to J:.inuary, 1SS4, frJaI 18 (!-:tar) se~s ______ 40 c,~· -l 
Astrono1nical azi1nuth of (B.) inark, September~ I 839~ frmn r 2 ( st:ir) ~c~s _____ . _____________ .. 10 03. c,:; 
\Veig;hted mea~1v:-ilue,frnm 30 (star) sets _______________________________________ .,. ______ ...to 03. _)1~i +-v..: 

,.\,;rnn:>mic:ll alimuth of (H.) mark, February, 18SS. ta 1\pril, 1888, from 12 (star) sets------ 43 01. o -r-«o 

Ileuce the couditional equation 0=+1.ll+v1+1"2-r3, the wl'igl1ts heiug 1, 5, and 2 l'espectively; 
the normal equation becomes 0=17 0+1.11 and the corrections are: 

t)1=-0.65, 'V2=-0.13, and t 3=+0.33 

and the final azimuths of the marks are: 
0 

Tiaker's mark 40 OJ. 4 ± o. 2 

Halter's mark 43 01. 3 ± o. 2 

whieh values were nsl~ll in tlrn reduction of tlie observ~\tions for decliuation. 
Bd'ore presenting the table of results for decliuation a specimen of the record aud of the 

cornimtution for one day is here inserted. 
H. Ex. 80--14 

• 
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Specinurn, of record and of computatw1• of the magn,etic declination. 

[U. S. Coast and Geodetic Survey. Form 1.] 

:\lagnetic observations for declination: Date, September 15. 1883. Station, Los Angeleo; pier for absolute measures, grounds 
of the ·magnetic oh'>er\:~.1tory. Instrument, n1:ignetometer No. 8. l\fa.gnct J_,~ suspended, with scale erect. 

l .ine (,[ d.etorsion, 216°. 

Local 
mean 
1i1ne~ 

:-:-cak 
rc:i.ding:-;. 

O I II 
1 

ALimutli circle, A 27 54 40 I' 

1\le::m. B 207 55 20 

a. rn. Lert. i l\!ean,---;ry 55 oo \ 
__ ! _______________ -

it.]){, d. 
(1 45 I 5. 2 

7 00 5. 4 
15 S-4 

I JO 5. 4 d. 
45 5. 6 J Maximum, 5.6o 

8 00 5.5 
15 5. 1 5. 55 
30 4.9 5.7 5. 30 
45 5. 0 5 2 5. IO 

() 00 4. 7 4. 9 4. 80 

O I II , 

,\/imtcth cncle A 27 5440 
\>- 111. Linc' of de:.,)r:-:ion. 21S B 207 55 20 

l -) 2. 0 2.2 -· IO 

12 00 2. 0 2. l 2. 05 
I• _, 2. 0 , I 2. 05 
30 !. 3 2.7 , 00 d. 

45 I. 7 l 2. 2 I. 95 )lininntrn~ 1.95 
I 00 I. j I 2.4 -· o:; 

:\ correction to local rneau tin:e uf clironometcr P. ancl 
F. ?\o. 2i0I, at noou, ·- 3m 35i; wa1:. applied. 

:.\fe:in scale reading of extreme~ 3,78 

Reading uf the m~rk. I/ 

.At hegit1ning- of n. rn. ob:-eryatio:n:-. A 53 26 10 
B 2 33 26 20 
J\ 53 26 40 At crnl of p. ni. 01-iservations 
B 233 26 20 
-----

53 26 22 

( )bsen·er, l\larcus Hakc1. 

Detern:iin:ition of scale 
value of magnet. Determination of axis of mag: net.* 

Ls, :Feb. 13. 1883, p. m. 

I Circle 
Scale 1 readings, 

I erect.I mean of 
I • 
r : verniers. 

' II 

20 ,239 22 05 
19 24 40 
18 27 30 
17 30 00 
16 32 45 
15 34 50 
14 37 55 
IJ 40 20 
12 43 00 
II 45 55 

·--------
IO 48 50 

-·--------
9 51 05 
~ 54 00 
7 57 00 
6 59 45 ' 
5 Z40 02 IO 

4 04 55. 
3 07 50 
~ IO IO 

12 55: 
0 16 00: 

Sum -1 , 

Value .
1

.i . Scale : (Altcr-
of I IO Scale. a· I }lean.: nate 
di vi- ~'. 

1 

rea in gs.' j 111tan. 
sioru;. 

~----·-·1--,--

1 ' ' II 

::!6 45 
24 IO I 

I 

I 
:!I zo 
18 so 
16 05 
14 00 
JO 55 

I , E i J• 4 4.8 4· IO 
I 4-3 3.5 3-90 4.08 

8 30 
5 50 I 
2 55 

E J. 5 4.6 4.05 3-95 
I 4.8 3.2 + 00 4.00 

2 15 E 3-:? 4.7 3.95 4.05 
5 JO [ 5. 2 3.0 4. TO 3.93 
s IO E 3.0 4.8 3. 90 

10 55 
1 , 

.) zu 
16 05 
19 DO 

2I 20 

24 05 
27 IO 

1~--
;296 50 Sum 

Axis. 

d. 

.i· 99 
4.00 
4.00 
4.00 
+01 

\~alue of one division nf 1 

scale = 2 /· 70 
)lean Yalue ador,ted 

=:-2./I 

Scale reading of axis i 4. oo 

Mean scale reading of east and_ west n1agnetic elonga­
tion 

Reduction tn ax.is 
Azimuth circle reads 

~!agnetic south merid­
ian reads 

~I ean reading of mark 
Azimuth of mark \V. of S. 
True meridian read< 

Magnetic declination 

Q, 6 i =<liff. CCC~·-· 
27 55.0 !--r 
!~~\ 1---
i 53 26. 41 

40 03.4 

~~i 

14 3i. 41 E.•of N. 

-----·------·-------~-'---------·----------------------'-----....l 
"Began at IO'' 39m; ended at ro" 52m, 
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Tl~e magnetic declinatwn at Los Angeles, Gal., 1882-1889. 

Abstract o! results• of the monthly determinations of the magnetic declination, on pier for absolute measll.I'eB. 
Insrtum011t used, the magnetometer No. 8. 

I' Approximate local mean 
, time of-

Dale. 1------- ·-7 1 -------
! Morning or I Afternoon or 
I eas1em 

1

. western a. m. 
l elongation. elonga~~~~:_ __ , ____ ! ---- -, 

1882. 1' h. m. I 

Scale readings. l Mag-: 
____ . ;etic : Magnetic ' 

I . ! dechnat1011 
0-"XlS ! east. : 

p. m. I reads.; : 

d. 

Remarks. 

S 8 I 
ept. 14 \ 40 I Ir. 111. 

0 50 i 45 
a'. j d. 
3. 65 i 5. 26 

•, 
14 35. o i M. Baker, observer. 

15 i 7 53 ; 

16 I 7 30 I 
Oct. 14-1 7 45 j 

15 ! 8 15 
16 8 30 

Nov. 14 8 17 

15 9 00 

16 

Dec. 14 

15 
16 

1883. 

Jan. 14 

15 
16 

Feb. 14 

15 
16 

Mar. 14 

15 
16 

April 14 

15 
16 

17 

May 14 

15 
16 

June 14 

15 

16 

July 14 

15 
16 

Aug. 14 

15 

16 

Sept. 14 

15 
16 

9 00 

9 51 

8 45 

7 45 

10 07 

9 15 

9 00 

9 3° 
8 30 

9 15 
8 30 

8 30 

8 00 

8 00 

8 15 
7 22 

6 52 

7 15 
7 30 

7 45 
8 oS 

7 23 

7 45 
7 30 

7 30 

7 30 

7 30 

7 15 
1 45 
8 OD 

I 00 

I JO 

I 00 

0 30 

I 15 

I 15 
I 30 
I 08 

I 30 

I 45 
1 30 

I 30 
l 00 

2 00 

2 00 

I JO 

I 30 

0 sz 
2 30 

2 00 

3 15 

2 38 

I 45 

2 30 

I 55 
I 25 

I 25 

-0 05 

l 30 

-o 15 

2 05 

0 00 

0 15 

0 OD 

-0 15 

I 15 

0 15 
0 45 

-o 12 

IO. /0 

6. 50 

6. 50 

6.oo 

8. 30 

7.75 
6. 80 

6.6o 

6.05 

5. 6o 

14. Oo 

5· 0 s 
5· 78 

6. 10 

5- 6o 

5.35 

5. 00 

4, 2'; 

4. 95 

5. 50 

5.35 

7 · 95 5· 10 

5.02 

2. 82 l 5- l4 : 

3· 25 ! 5. 02 i 

3.8515.14' 

2.30 5.07 

3. 8o ~- 28 

1.75 5.04 

4. 35 ; 4. 97 

3. 15 4 74 

3· 50 4. 75 

33.9 
33.6 

14 32. 4 ' 

JI. 2 

32.5 

14 37.2 

3r. 8 ; 

310 I 
L1 34- o I 

JI. 0.. 

29. I 

12.15 j 4.09 i 14 33.S 

I. 35 : 4. og : 32. 6 

Z • 85 4- IO . 33- 9 

I. 70 I 4. 04 I 4 28. 4 

3. 90 4- 03 31. 6 

4. 15 4.05 31.6 

o. 10 

2. IO 

I. 30 

4.01 

4.07 

I 4· 07 

4- 05 

4.01 

14 :,2. 2 

JI. I 

31. 8 

14 32 . .1 

30.z 

3L 0 

5, 25 -0. 30 3· 97 ! 32. I 

4. 03 i 14 32. 3 5.65 l.IO 

5· 25 2, 60 

5· 60 2. 50 

5. 7 5 

5.95 
6. 55 

5.00 

5.85 
5. &) 

7.00 
6. 45 

5.go 

6.05 

5. 6o 

6.95 

2. JO 

I. 95 
I. 6o 

2 ·95 
2. 85 
2. 20 

2.40 

I. 95 

2.75 
2.go 

I. 95 
2. JO 

4. 06 i 30. 6 

~-ID, 31.9 

4.07 

4.o6 

4.07 i 
4.07 i 
4.04 !· 

I 
4.07 ' 

3.98 
4.01 

4.03 

3.97 
4.00 

4.06 

14 30.7 

30.5 

30. s 
14 30.S 

31. 8 

30. 6 

14 32. 8 

J2. 3 

14 32. 5 

Short magnet (S,) sus­

pended, erect; one 

division of 11ca!e = 
2 1.91 

'.IL Baker, ol1sen er. 

Long magnet ( L,) su~­

pei;ded, ere<:t; one 

division of scale 

2 1.71 

Lucius Baker, observer. 

M.Baker, obsen-er. 

"These results were all revised by Mr. L. A. Bauer, of the Compntiug Division of the Ofliee. 



 

212 UNITED STATES COAST AND GEODETIC SURVEY. 

The magnetic dl'clination at Los Angeles, Oal., 1882-1889-Continued. 

Date. 

1883. I 
Oct. 14 

15 
16 

Nov. 14 

15 
16 

Dec. 14 

15 
16 

1884. 
Jan. 14 

15 
16 

F•b. 14 

15 
16 

Mar. 14 

15 
16 

April 14 

15 
lb 

May 14 
15 
16 

June 14 

15 
16 

July 14 

15 
16 

Aug. 14 

15 
16 

Sept. 14 

15 

16 i 
Oct. 14 I 

i5 I 

16 

Nov. 14 

15 
16 

Dec. 14 

15 
16 

I 

Approximate local mean I 
time of- I 

Morning or I Afternoon or 
eastern ~ \vestern 

elongation. elongation. 

h. v:. h. 111. 

7 45 0 45 

8 00 -0 30 

8 18 2 03 

7 15 -0 15 
8 30 0 30 

8 15 0 30 

8 38 goo-

9 I 5 I 15 
8 30 I 30 

9 22 0 45 

9 00 I 08 

9 30 I 22 

9 22 

JO 00 

IO 00 

8 45 

8 52 

9 21 

8 08 

8 15 

30 

7 15 
7 30 

15 

7 30 

7 38 

7 45 
8 15 
8 15 

8 00 

7 58 

7 52 
7 22 

6 45 
7 30 

6 45 
6 45 

7 30 

9 00 

8 30 

9 45 
8 00 

9 15 

3 18 

2 30 

3 00 

I 38 

I 08 

2 00 

I 22 

I 52 
l 00 

0 30 

0 45 
0 30 

0 15 

I I 5 

I 38 

2 08 

0 22 

I 22 

0 JO 

-0 45 
0 15 

-o 15 

0 30 

0 30 

·-0 45 

I 30 

I 45 

2 22 

2 15 

0 15 

0 08 

I 30 

Scale readings. I 
111 

i I 
I ~e~f; 1· l\Ia~netic 1· 

I

I . declmat10n 
axis 

Remarks. 
1 d east. 

a. m. p. m. \ rea s. \ 

........ ___ ,_\ :---· 
d. 
5.60 

6.65 

7. 50 

4.50 

4.85 
5.40 
4. 80 

4. 80 

4.30 

5. 05 
5. 40 

5.55 
5. 15 

5.20 

5. 25 
6.35 
6. 25 

6. 75 

6. 00 

5.55 

5.85 

5. 85 

5.05 
4.80 

4.80 

5.20 
5.65 

4.95 
5. 05 

5.05 
5.65 

5. 45 
5.3o 
4.8o 

4.95 
5. 00 

4.45 
3.90 

5. 05 
4· 70 

4.45 
4.40 

4· 75 
4.20 

4.85 

d. : d. 
2. 40 I 4. II 

I. 50 i 4. 04 
-0.10 ! 4.09 

2. So I +II 

2. 55 i 4- 07 

2. s5 I 4. 07 

3.0013· 98 

2. 70 3. 96 

2. 05 3· 95 

I. 60 4. 02 

2. 30 3· 95 
2. 05 ·1· 02 

2. 65 

2.05 

2.65 
2.00 

2.20 

2.80 

2. 20 

2.00 

I. 2'.} 

2. I 5 
I. 50 

2 ·45 
2.65 

I. 85 
2.00 

+01 

3·99 
3.91 

4.or 

3.95 

3.93 

3.96 

3.94 

3.96 

3.97 

3.97 

3.97 

3.98 

3.99 
3.98 

J.98 

3.99 

I. 90 4. 00 

I. 30 3. 95 

2. IO 3· 96 

2.25 

2. 15 

2.55 

2.40 

0.90 

I. 50 
2.70 

2 ·45 
I. 75 

I. 95 

2.65 

2.6o 

2.65 

3.96 

3.97 
4.03 

3.95 

3.95 

3.9o 

3.94 

3.97 

3.94 

3.97 
3.97 

3·93 
3.93 

i 
14 30.8 

3r. 5 
30. I 

I4 29. 6 

30.4 

3r. 0 

14 30.6 

30.3 
29.0 

14 29.2 

30.8 

30.6 

14 30. I 

28.5 
30.0 

14 30.8 

31. 6 

32. 8 

'4 31. 0 

30.8 

30.7 

14 30.4 

28.5 

29.5 
14 28.6 

30.2 

30.6 

14 30.7 
29. I 

30.4 

M . .Baker, observer. 

I 4 29. 6 C. Terry, observer. 
30. 8 

30.3 

14 29.6 

30.0 

30.2 

14 28.0 

27.9 
30.9 

14 30.0 

30.0 

29.3 

14 29.3 
29.0 

29.9 



 

UNITED ST.ATE$ 00.AST AND GEODETIC SUBVEY. 

Tlte magnetic declination at Los Ange7es, Cal., 1882-188:l-Continned. 

Approximate local mean 
time of-

! ! I 

•Mag- · I 
Date. 

Seale rea<lrngs. I 'I , 

I 
t MagHet1c I , __________ ,________ ne ic dec11nation 

Morning or Afternoon or I axis east. i 
eastern western a. m. p. m. , reads. 1 ; 

elongation. elongation. · ! • --·---·-· ---·-··-- ------------ -----1-·-··---: 
1885. h. m. It. m. d. d. d. I 0 / I 

Jan. 14 JO o::> 2 oo 4. 95 2. 95 3. 91 J 14 30. 6 · 

15 JO 00 2 00 5. 15 2. 25 3· 96 i 29. 5 
' 16 10 15 I 30 4 30 ~ 65 3 97 . 29 6 -· 

Ji'cb. 14 8 30 0 52 

15 8 45 I 30 

16 9 15 I 45 
Mar. 14 JO 30 l 45 

15 9 15? 0 00 

16 IO 30 I 2 45 
Apr. 14 8 45 2 45 

15 7 15 1 45 
16 7 45 I 00 

May 
141 

7 45 0 30 

15 7 30 I 22 

16 7 00 - 0 30 

June 14 7 45 0 45 

15 8 45 2 .)0 

16 9 00 0 45 

July 14 7 52 0 45 

15 8 22 2 22 

16 7 30 I 30 

Aug. 14 s 00 I 00 

15 7 45 0 30 

16 7 52 I 00 

Sept. 14 8 22 i 0 30 

15 7 15 0 45 

16 7 45 0 30 

Oct. 14 8 15 I 22 

15 8 30 0 00 

16 9 15 0 30 

Nov. 14 8 15 I 15 

15 8 52 I 38 

I 
16 8 45 I 30 

Dec. 14 10 15 I 30 

15 10 00 2 45 l 16 IO 15 2 00 I 

1886. 

I Jan. 14 IO 30 2 45 

15 IO 15 I 45 

I 
16 IO 22 2 15 

Feb. 14 IO 30 2 00 
I 

15 8 45 I 30 

l 16 8 15 I 00 

Mar. 14 9 38 2 15 

15 
. 

8 52 1 18 

16 9 38 2 30 

4.05 2.35 3.90 

4· 90 I. 60 3.92 

4.35 2.05 3.97 
5. 40 3.45 4.02 

l') 2. 95 I. 95 3.93 
5. 15 3.15 3.94 

5.30 2. 20 3.97 
5.85 I. 75 3.95 
6.oo 2.25 3.96 
6.20 2.90 3.94 
6. 15 2.75 3.96 

5.70 2.40 4.02 

6.05 1.40 3.96 
6.95 I. 90 4.06 

5. 95 2.70 4.06 

5.80 I. 50 4. 07 
6.6o 2.65 

6. 30 2# 35 
6.55 i. S5 4.05 

6.75 2. 30 

6.95 2.20 

6.oo I. 85 4· IO 

5.30 2. 25 

5.40 2.65 

5. JO 2. 95 14· 07 
4. 70 2.40 

5· IO 3.o5 

4· 55 2.65 4.05 

4.85 2. 70 

4. 75 2. 85 I 

4.80 2 ·55 4 .. 07 
5.55 3,35 
4.65 3· 15 

5.00 3.00 4.04 
s. 00 3.20 

5.55 3· 30 
4.65 2.85 4.04 
4.40 2.75 

4.85 2.35 

5.35 2.55 4.o6 

5.75 2.90 

5.6o 2. 15 

14 29. 

29. 

29. 

14 30. 

25. 
30. 

14 30. 
29. 

30. 

14 31. 

31. 

29. 

14 28. 

30. 

30. 
14 28. 

3t. 

30. 

14 30. 

31. 

31. 
14 29. 

28. 

29. 

14 30. 
28. 

30. 

14 28. 

29. 

29. 

14 29. 
30. 

29. 

14 30. 

30. 

4 

4 
0 

4 

6 

3 
0 

5 

2 

0 

5 
8 

0 

2 

0 

4 

3 

7 
6 

0 

7 
2 

9 

5 

4 

5 

3 

7 

4 

31 . I 

14 29. 
28. 

28. 

14 28. 

29. 
27. 

3 
6 

3 

3 
0 

9 

--, 
Remarks. I 
--l 

I 

213 



 

214 UNITED STATES COAST AND GEODETIC SURVEY. 

lhe magnetic decUna.tio1i at Los An,qeles, Cal., 1882-1880-Continuell. 

llale. 

-~-------------"- ·---------------------- ~-------·----

Approxima.te local mean 
time of-

Scale readingo,. 

--- -~---· ---- ~---·-----

Morning or ! Afternoon or : 

".lfarr. I . 
- ?" : !\.la(Tnetic 
nc\lc . 1· J"' . , 
axis i c ec Jnatlon 

reads. i ea.~t. 

l{emarks. 

eastern \~restern a. m. p. 111. 

; elongatiu11. l elongation. 
- --!--- ---- - _1 _____ _ - __ , !~-- -!--· l 

1886. 
Apr. l4 

I' ) 

16 

~lay 14 

15 
16 

lune 14 

I 5 I 

16 I 
July 14 I 

I 
15 ! 
16 ' 

A~1g. 14*· 

15 
16: 

; 
Sept. 14 ! 

15 I 
I 

16 ! 
Oct. 14 ! 

I 
15 : 
16 ! 

i 

Nov. 14 \ 

15 i 
16 I 
:~ I 

Dec. :: I 
15 ' 
16 I 

1887. I 
Jan. 14 l 

15 
16 

I 

Feb. 14 I 
15 I 
16 l 

Mar. 14 J 
I 

151 

161 
Apr. 14 

15 ' 

May :: 11 

15 

h. m. 
8 30 
7 08 

7 30 

7 15 

7 15 

7 30 

7 15 

7 08 

7 45 

i 30 

7 45 
8 15 

8 15 
6 55 

7 45 

7 45 

7 45 
7 30 
8 00 

7 52 
8 15 

7 45 
8 15 

8 15 

8 15 

8 30 

9 30 

9 00 

10 08 

: 

9 45 

9 30; 

IO 00 

9 30 

9 52 i 
8 45 

9 15 : 

8 15 ! 

s 30 I 
7 45 I 

7 45 I 

7 45 

7 45 

7 1 5 

Ir. t1r. 

0 00 

J 15 
0 08 

0 15 
2 00 i 

I 00 

0 45 
I 45 
I 15 i 

~o 02 

I o8 

0 00 i 

0 15 
0 15 

-0 15 
0 38 

0 15 
0 08 
0 08 ' 
0 15 ' 

0 15 
I 30 

I 30 

0 45 
0 38 

I 00; 

I 15 

0 45 
I 45 
2 30 

I 15 
0 52 
0 30' 

2 15 l 
2 00 i 
I 45 j 

2 15 ' 
I 

I 30 I 
I 22 i 

i 
I 38 I 

I 
l 00 I 
I 45 I 

I 
0 00 i 
2 00 I 

J. d. d. 
5.20 2. 85 4· II 

5.60 3.35 

5.3o 3 6o 

5.95 3.3o ' 4.05 

5.45 2. 50 

6. 15 2. IO 

5.35 I. 85 4.13 

5.35 3.05 

5.75 2. 30 

5.So 1. S5 + 12 

5.65 3· IO 

5.65 2.25 

6.25 2. 50 4.09 

6.45 1. 40 

5.60 2. IO 

6.25 2.80 4.o5 

5. 65 2.60 

5.60 2.35 
5.3o 3· 15 4.08 

4.90 2.45 

5. 15 2.70 

5.25 2.75 4.04 

5.05 2. 95 
5.20 2.go 

5.05 1.go 4.03 

5.35 3.00 

5.00 3. 15 

4. 55 2.50 4.02 

5.40 2 -95 
5. 05 2. 95 

5.50 I. 95 4.02 
5.20 2.55 
5. _;5 2.40 

4.40 2.t'io 

4· 55 3.00 i 4.01 

4.55 3. 10 l 
3.50 3.15 j 4.04 
5.10 2. 15 i 

' 5. 15 2. 55 i 
5. 40 2. is I 
4.95 I 2· 55 I 4. <>7 
5.35 2.40 

4.95 2. 55 l 
4.90 2.50 I 

' 

14 2" 8 i 
I· j 

29. I j 

29. 0 ! 

14 30. 31 
29. I I 
29. s Ii 

14 28. 2 

28. 6 ! 
28.2 

14 28.5 
29.8 

28.6 

14 30. I 

28.9 
28.7 

14 30. I 

29.4 

29.2 

14 29.8 

28.5 

28.9 

14 29. I 

29.2 
2 9·3 
2;. 4 

29.3 
29.2 

14 28.0 

29·7 
29.2 

14 28.0 

28.9 

28.9 

14 27.6 
28.6 

28. 7 

14 27.7 
28.0 

28.7 
14 28.8 

28.5 
28.9 

14 28.6 

28. 4 

R. E. Halter, observer. 

__ J_ .. J ! ----

... u.ie1.ch iron wat~~-pi.p;-r-;;-nning NNW. and SSE. laid 19 metres N°"NE. of pier for absolute measures, August 11, 1886; 
no effect felt apparently. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

The magnetic declination at Los A:ngeles, Val., 1882-1889-Contiuned. 

Date. 

- ·----··--------· ·-··---······-----------~ 
Approximate local mean ] S 1 time of-· i ca e readings. 

a.m. 

·-----1---

Morning or \ Afternoon or 1 
eastern : western ' p.m. 

I i , 
! - I 
' Ma?· ! I\lngnelic 

net.t-e ~ <ledina1 ior" 
axis 1 

read 5. : east. 
Remarks. 

elongation. I elongation. 
-·--~-(-----!-----(-------~~- --

1887. 
May 16 

June 14 

15 
16 

July *14 

15 
16 

Aug. 14 

15 

16 

Sept. 14 

15 

16 

Oct. 14 

15 
16 

Nov. 14 

15 
16 

Dec. 14 j 
15 I 

16 

1888. 
Jan. t14 

15 
16 

Feb. 14 

15 

16 

Mar. 14 

15 

16 

Apr. 14 

15 
16 

May 14 

15 

16 

June 14 

15 

July :: ll 

15 
16 I 

Aug. 14 I 

It. Ill. 

7 3° 
s 30 

7 45 
7 22 

8 00 

8 08 

7 30 

7 15 

7 30 

15 

52 

15 

15 

8 00 

9 00 

9 JO 

7 3° 
8 15 

8 oS 

9 3° 
9 00 

9 00 

9 00 

9 45 
10 00 

7 30 

7 3° 

7 3° 

9 3° 
8 45 

9 30 

7 30 

9 21 

8 00 

7 52 

8 00 

8 30 

8 00 

7 45 
7 15 
8 00 

7 30 

7 o8 

7 34 

' Ii. Ill. 

0 22 

I 45 
I 00 

I 08 

0 30 

I 15 

0 15 

I 00 

0 45 
0 15 

0 38 
0 00 

0 00 

0 30 

0 00 

0 15 
0 22 

0 15 

0 38 

I I 5 
I 15 

I 30 

I 00 

l 45 

I 52 
I JO 

0 sz 
0 52 
z 38 

2 15 

0 00 

l 15 
I 30 

2 15 
2 30 

0 45 

2 30 

I 45 
2 00 

0 o8 

I 52 
0 00 

0 15 
0 30 

d. 
4.85 

4.6o 

5.05 
4.90 
5.70 

5. ii5 
5. 05 

6. 15 

5.7o 
5.5o 
6.05 

6.05 

5.45 
4.85 

4.60 

5.00 
5.00 
4.6o 

5.00 

4 65 
4. 50 

5.00 

6.6o 

4.40 
4. 15 

J. 10 

3.6o 
5. 15 

5.5o 
5.6o 

5. 45 

5.40 

4.45 
4.6o 
4.00 

5.40 

5. 35 
5. 00 

5.~o 

5.05 
5.25 
5. 15 

4- 95 

4- 90 

tf. 
2.40 

2. 85 
2. 85 
2.65 

2, IO 

2.70 

/ 

14 28. 2 

14 28.3 

28.9 

28.5 
14 28. I 

29. I 

1.60 26.7 

2. 00 4. 06 i 14 29. 0 

2. 15 28. 6 

2.45 29. I 

2. 95 4. I I 14 29. 7 

2.55 29.2 

2.65 28.9 

2. 45 4. 17 14 27. 4 

2.55 

2.85 
2.85 4.16 

2.85 

2. jO 

3· 30 : 4. 19 

3· 4°' 

28.4 

14 28.4 

27.9 

28.3 

14 28.4 

28.4 

2. 20 27.5 

i 
4· oo : 4· 08 I 14 19 · 4 i :'.\' ew suspension put in. 
2. 50 ' 22. 4 

I. 6o 21. 3 

I. 95 ' 4. 10 14 22. 6 

z. 65 : 23. 4 

2.90 23. 7 
2.50 4.12 

2. 15 

14 27.7 Newsuspensionputin. 
27. 3 

3. 55 27.0 

I. 55 4· 22 

3.00 
14 24. 5 New suspension put in, 

25.0 

z.55 24.5 
1.85 4.21 1423.1 

2.45 23.4 
3.00 24. I 

1.6o 4.21 1425.9 

2.45 23.0 

3· 05 22. 9 i 
2. 65 4. 21 14 23. 7 i 

2. ss ,I 24. o I 
2. 10 23. 2 I 

i 
1. Js / _4_·_1_3 __ 

1
4 

22:_~L ___________ _ 

215 

*On July 13 a new azimuth mark was established. 
t Pier aud hut raised 3 feet on January 9, 1888. The observer can not account for the apparent jump in the decliuation. 



 

216 UNITED STATES OOAST AND GEODETIC SURVEY. 

'l'he magnetic declination a.t Los Angeles, Gal., 1882-1889-Coutiuned. 

I Date. 

App1ox~:~~e0}~~al m~:n Scale ~ea<lii~-~s~-;----,-------11-
, l\iag- 1 ""l _ 

:--------------- netic i " agnehc 
l\1orning or 

ea~tern 

elongation. 

ax1:; I ea.st. 
western a. m. p. m. reads. I 

elongation. i 

Remarks. 

I 
I 1---- ---------

Afternoon er ' · decl,natwn I 

-----!--------- -·------

1 188S. lz.m. 

I 
Aug. 15 7 45 

16 8 rs 
Sept. 14 7 45 

15 

Oct. 14 

15 

:Kov. 14 

16 

Dec. 14 

15 
16 

15 

16 

Feb. 14 

15 
16 

~lar. 14 

15 
1(1 

Apr. 14 

15 
16 

7 00 

7 15 

8 15 

8 08 

30 

8 30 

7 3° 
8 00 

7 38 

8 15 

8 45 

9 3° 
9 00 

9 28 

7 15 

9 27 
9 30 

s 00 

7 45 

8 38 

8 15 

s 30 

8 00 

~fay 14 7 45 

15 7 45 

16 8 00 

June 14 7 08 

15 7 30 

16 7 45 
July *14 8 08 

15 8 00 

16 7 08 

Aug. 14 8 oo 

15 8 22 

16 7 22 

Sept. 14 7 38 

h. "'· 
0 00 

0 45 

0 30 

0 08 

0 22 

0 00 

0 15 

0 30 

0 45 

0 'O _, 

0 15 

0 30 
l 00 

0 30 

I 22 

0 15 

l IS 

I 22 

I 3S 

I 30 I 

0 I - I 
J !' 

0 15 
I 52 
0 08 

0 30 

0 30 

0 52 

0 45 

I 30 

0 15 

0 15 

0 52 
0 15 

15 8 00 I 22 i 

I Oct. I: ; : o: oo;! I! 

d. 

4. 90 

4. 35 

5. 00 

5. JO 

5. 05 

5. 15 

6.oo 

4. 70 

5.9o 

4. 50 

4. 95 
5. 05 

4.90 

5.45 

5. 0 5 
5.30 

5.65 
5.90 

4.95 

5.45 

5.70 

5· 95 

4.70 

5.50 

5.30 
5.00 

5. IO 

5.00 
5.30 

4.90 
4.6o 

4.65 

4.95 

5. 05 

4.95 

5.35 

i i 
d. d. I I 

:: E 4-12 Ill :: :: ; 

3· 15 22.9 

3.45 23.7 

;: ~: 4. I3 ,1 14 :!: : II 
2.90 23.2 

3· 10 4. 23 I 14 22. 9 

3· 15 I 22.3 
2.60 21.7 

4. 50 4. 21 \', 14 22. 7 
3.90 22.4 

4.40 23. l 
I 
! 

3.9o 

4- 20 ! 
j 

3· 5° : 
3. 55 4. 22 

2. ~5 

3. 5°' 
3.05 4.13 

3. 00 

2. 70 

I. (JO 4- 21 

2, 90 I 

L 95 
I. 90 4. 20 

2. 40 

2.55 
2. (io ', 4. 23 

[. 55 

0. 75 

I. 35 

2.90 

2.45 

z.55 
2.40 

z.60 

4. 18 

4. 17 

2. 05 

2.60 

z. So 

3.00 

3. 15 

2 -95 

4. 19 I 
I 
I 

4. 171 
1 

14 24- I 

23. l 

22. 8 

14 20.8 

21. 6 

21. 9 I 

14 22. 31 
23. 21 
23. 7 

14 22. s I 
22. 8 ! 

23. I 

14 23. I 

22. G 

2 3· 3 
14 22. I 

22. 2 

22. 2 

14 23. 8 
23. I 

23. 5 
14 23.4 

23. 7 

23.4 

14 22. 9 

23. 7 

24.4 

14 23.8 

23.9 

24. 2 \ ___ : ::: "~' -----'-----::--::---:--:--'---------'._--'-~--....!.....-~~~~~~· 
*On July 10 Baker's original mark was restored. 
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Recapit·ulation of resulting monthly CLnd annual values of tlic magnetic declination at Los Angeles, 
188.'.!-18t>9. 

14° e:ist -+ talml:ir quantity. 

Month (middle). -j
1

' 1882-'83. f 1883-'84.1 1884-'85. • 1885-'8;~86--'87. I 1887-'88. : 188S-'8q. : Monthly I 
) . · J means. '. 

----·-·---.---- ---- ---------! / !---, -1---:--1 
October. I 3~. 0 I 3~- 81 2~. 9 i 29. 6 29. I I 27. 8 ! 22. 8 I 28. 7 '1 

November. 33. 3 ll 30. 31 29 8 ' 29. 3 28. 9 I 28. 2 I 22. 3 ' 28. 9 I 
29 .. 4 II 1' • I I December. 31. 4 30. o 29. 8 29. o 28. I I 22. 7 28. 6 \ 

January. 33.4 30. 2

1 

29.9 \ 30. 5 28.6 ! zr.o \ 23.3 j 28. r 

1

. 

February. 30. 5 29. 5 29. 3 i 28. 7 28. 3 I 23. 2 i 21. 4 ; 27. 3 I 
Ma1·ch. 31. 7 3r. 7 i 28. 8 j 28. 4 28. r I 27. 3 I 23. r ) 28. 4 

April. 31. 4 30. 81 29. 9 f 28. 6 28. 7 l 24. 7 1 22. S j 28. I 

ifay. 31. 6 29. 5 I 30.6 :l 29. 6 I 28.4; 23. 5 j 23.0 1

1 

28. o 

June. 30. 7 29. 8 
1 

29. 8 28. 31 28. 6 ' 23. 9 \ 22. 2 27. 6 1 

July. 3r. r I 30. r 29 9 I 29 o 28 o I 23. 6 I 23. 5 j 27. 9 I 
August. I 32. 4 30. 2 / 30. 8 j 29. 2 28. 9 / 22. 7 I 23. 5 ' 28. 2 II 

I I I \ I 
September. \ __ 3~, __ 2::__:_\ __ 29. 2 i___.:~ ___.::2_1 __ z~l _ __:3· 7 :~:..:_1 

-~~==~~1ea:s i 31. 8 30. 2 29. 7 ! _:9·:_\ _____ z~-~-~~-8-- 22. 9 j 28. 2 l 

A scrutiny of the tabular values would seem to reveal the cai1se of the sud.den diminution in 
t1rn observed valnes of the declination in Decem\mr, 1887, aml January, 18:38, this defect in the 
st•ries being most likely r.-ferable to imperfect elimination of the torsion in tlrn susiwnsion. If this 
view be correct, the values of the deeliuatiou duriug 1887 seem all too great, as is also rnanifPst 
by an examination of tlle annual rne;rns. The 1lit'fere11ce between any two consel\uth·e y(>ars should 
~1wlually change from 0'.5 at the mi1ldle of the series to l'.!) at tl.Je end of it, eouformaLly to the 
<lift'erential measures. The latter show only a <liffereuce of 0 1.G Letweea the December, 1887, and 
the January, 1881:), readings. 

The annual variation as well as the annual change due to secular variation must be derived 
from the differential series. 

The probable error of a sing"le determination of the declination can be deriYed from the 
tlifferences of each of the three daily v:1lues from the mean of the values; the labor of squaring 
these differences may be saved by using the formula 

- [v l'=0.84t> ---------~~--
./n (n-v) 

where [i• stands for the sum of all rlifferenees, a.bstraeting from their sign, n i8 the total number 
of observations and v the number of means or monthly values. \Ve have 

r=O 845--1~:Q. ______ = ± 0'.u4 
• v'2ti2 (~62-~ti) 

0.54 
hence the probable error of any tabular monthly mean -.J3= ±0'.31 

DETERMINATION OF ,THE MAGNETIC IISCLIN.ATION. 

The magnetic inclination or dip as determined monthly on tluee da:rs each is tabulated 
separately for needle 1 and needle 2 and for each position of the needle with respect to polarity . 
.A specimen of record and of compatation is herewith given in order to exhibit tLe process gone 
through on each day of observa.tion. 
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Specimen Qf 1·ecord and of computation of tlte ma.gnetic dip. 

[C. S. Coa~t and: Gcodeti:_· Sun·e,·, Forms-] 

Magnetic obsen-ations for tlip: IJatc, September 15, 1883. Station, L<» Ange:e:;, grounds of .Magnetic (lbservatory, about 15 

paces :!S',V. from pier for absolute measure. 
Kew Dip Circle No. 21.--~eedle No. I. 

Polarity of 11urkecl end 1:, ~out11. 

Circle '"est. _____________ j 

Face e2st Face east. Face west. I 

s. ' K. S. N. s. ---=--I 
--------1-·-- --· - ---~~--\ ------~-1 

I ! o ! 0 

59 53 
58 

59 40 59 34 59 35 59 33 

53 I J2 31 47 45 28 33 
' I , 

58 1' 51 i 33 29 ' 49 i 52 27 ' 41 
---,---1---i---:---l---.---1---

59 56. 3 I 59 52. 3 : 59 35. 0 i 59 3 I. 3 I 59 46. 3 I 59 50. 3 I 59 30. 0 i 59 35. 7 

1-----------i--- ----'---------1------------------1 
59° 541

• 3 59° 331
· [ 

59° 43'.7 

~lean, 59° 421.2 

Polarity of marked end A. south. 

Circle west. ' Circle e"-'.'t. 

.. 1----· ---1-- Face~~-!-. --1 
1-------'--
I S. i K. ! 
1--0 ,-1 , I 

59 IO I 59 I I i 
5 I 14 I 
4 12 I 

.~ Face west. 
1: ... 1-----.-

t, ,~ :: 159 :. 
;:>::: 30 24 

I 

Face west. 

s. N. 

0 

59 33 59 34 

38 24 

35 37 

/ 

59 17 
21 

17 

0 ; 

59 17 

23 

12 i 21 I 33 
i5; 

2
7-31---; 28. 3 ·l-5_9_o6 ___ 3_, __ 5_9_1_2_. 3-I·----

59 17.3 59 35·3 59 31. 7 
I_ 59 18. 3 

59° 27'. 8 59° 09'· 3 59° 331
- 5 

59° 181
• 5 

i 
I 

59" 25'· 7 

59° 17'· 8 

Mean, 59° 221 .1 

------·--------·--------------------------
Resulting dip, 59° 321 .1 

Local mean time of beginning, 

Local mean time of ending, 

Magnetic meridian reads 

Observer, Marcus Baker. 

8:12a. m. 

8:45 a. m. 

s7o;s<>.' 

Circle in Mag. prime vertical. 

Circle N. Needle N. 

S. 
Circle S. N. 

s. 

88 07 

87 39 
88 17 

87 19 

Mean, 87 50 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Dip Circle No. 2r.-Keedle No. z. 

Polarity of marked end B, south. 

Circle we,t. 
__ ,. -- '' -·- - ,,,._, ____ .. ____________ _ 

I ' 
Face east f Face wef.;t. , Face east. Fa.ce west. 

-----1---~i -- 1-----N-'.' 

Circle east. 

s. N. I s. I N. s. I N. ! s. I 

;9 ;o ;9 ;~-1-·5:: ~4 -1-~- 21 --5°9-~o .. -;-;9-:-1--;~_;_9_1_5_09-~-4--1 

30 33 • u 1' •• 27 1 38 1 ~ I 30 

34 40 25 1.,, ..... 

29 34 • 38 24 I 25 

59 31. 3 59 34. 7 s~_:,3_· 1_1 ~~ ;;;-y.;;:-;r--;~ __ s9 23. o 59 26. 3 

5Sl0 33'· 0 59° 24 1
. 2 59° 351

• I I 59° 24'. 7 I 

I 

59° 29'. 9 

Mean: 59 0 291. 3 

- -

Polarity of marked end A, south. '<f' 

~ ... ---·--------- -------~--------------~--------·-------! 
'b-. I 
; --------C-ir_c_le~"-·-es~----------l-------C-ir_c_le-,--ea __ s_t. _______ , 

".tl I 

t l---F-ac_e_'_"_es_t_. --1- ---- face~~~----!----------- --------------! 
Face west. Face east. 

i S. N. S. l---:_1--------1----1-------1----
:8 01 01 01 Jo, 

59 32 59 z8 I 59 2 9 

~ ~ , 34 I ~ I µ n n 

I s. N. s. N. 

0 , 0 I 0 I 0 , 
59 39 59 35 59 35 59 32 

-

37 27 \ 27 i 34 ~o 36 29 

_5_9_28-. o- __ 5_9_3--5-. 1_,__59_2_6_. 1-1-s _-9-30-.-0-J~B.;'I 59 3;;;-w 34. 7 ~;,-; 
_ ___,_________ I- - --------------

59° 30'. I 

Resulting dip, 59° 31 1.2 

Local mean time of beginning, 

Local mean time of ending, 

Magnetic meridian reads 

Observer, Mucus Baker. 

1 59° 33' 4 

Mean: 59° 331.1 

8:48 a. m. 

9:12 a. m. 
87° 50' 

Circle in Mag. prime vertical. 

Circle N. Needle .r-;. 1 
s. I 

} Kot determined. 
N. I Circle S. 
s. ) 

Mean, as before. 

I 
I 

219 

E:: ,,. 
~ 
O" .... 

'<:: g. .. ... 
::;:-

Er 
..,.. 
'D 

<> 
w 
~ 

"' 
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The magnetic inclination at Los Angeles, Gal., 1881-1889. 

Abstr:ict of resulls* of the magnetic dip determined in the grounds of the magnetic observatory, about 60 metres SW. by \V. 
(true) of the observatory and close to the pier for absolute measures. Instrument used, the Kew Dip Circle No. 21. 

i, I' Dip by needle No. I. Dip by neeclle No. 2. 

I l'ol:uity of ,-------i--P~l~rity of 

I 
Date. 

Los Angeles 
local 1ncan 

1;me. 
i marked end I II marked end 
\ south or up. Diff. Dip so .. uth~','lJ'._ Diff. 
-·---- A-BI Yz(A+B) I A-B 

l s9~\+ 59~ + 1. j 591; + 59~+ 
1882. ll--lt-.-,-,,-.---1---,--,-- ---,, 0 / i ;-· --·;-

Sept. i+ z 16p.m. \ 26.3 37.9 -11.6 59 32.1 25.4 25.6 -0.2 

151 745a.m. 
1

17.4 42.2 -24.8 29.8 31.7 30.6 +1.1 

16 8 oo a. m. 

1

. 

2

18

2 

.. 4

5 

45. 9 -27· 5 32. I 32. l 27. 8 +4· 3 

Oct. 14 7 57 a. m. 41. 3 --18. 8 31. 9 36. 9 28. 3 
1 

_;_g. 6 

15 [ 23 a. m. j 18. 5 36. 2 -17. 7 27. 4 I 34. o 26. 6 l _;_7. 4 

16 S 04a.rn. i 16.3 40.2 -23.9 28.3 i 33·3 29.61 -3.7 

Nov. 14 { 
8 38 a. Ill. f( I 

:
1

18.3 35·9 -··I7.6 27.1 JI.] 33.5 i -1.8 
.o 50 p. m. i 

15 
16 

Dec. 14 

8 1Sa.rn. \ 17.5 40.2 -22.7 

8 08 a. m. 1 16. 9 39. 9 --23. o 
I r 8 49 a. Ill. 

°l o 35 P· m. 

I i 21. 9 43.7 -2!. 8 

47.4 ---22.7 

32.8 31. 3 

36. I i 28. 6 

30.9 I 
II, 29.2 

28. 7 i 
! 
i 

27. 2 ! 
I 

I 

-2. 5 

-o.6 

+z.6 

1883. 

15 r 0 19 p. m. 

l 8 36 CL ID. 

r o 26 p. m. 
16 'l 8 J2 a. Ul. 

44.5 -21. 7 

I 
33. 7 31.91 -4. 5 

I 

Ja11. 
f 9 IO a.m. 

14 l 

15 
I() 

o 55 P· rn. 
l24.7 

I 
I 19. I 

! 21. 8 

Feb. 14 

l 46 p. rn. 

I 16 p.n1. 

3 ~18 p. rn. I6.o 

" 20. 8 

i 18. 8 

Mar. 14 

2.1 p. rn. 

~) 5·t a. rn. 

I S 47 a. rn. 

.l o 5'J l'· rn. 

r o 51 F· "1. 
15 l 11 42 a. rn. 

Apr. 14 

2 38 p. rn. 

10 56 :\. IlL 

" I 
(24· 0 

l 
\ 25. 7 

17.9 

18.2 

15 ~ 9 42 a. llL ·.".\/22. 4 
\ 4 16 p. rn. 

I 6 S oS '" m. i :::2. 5 

17 3 48 p. Ill. J 19. 9 

:\fay 14 2 52 p. 111. ! 20. 9 

15 10 14 a. rn. I 21. 3 
I 16 3 20 p. m. I 19. 5 

June 14 o 22 p. ni. i 24. 8 

15i 105oa.111. 127.2 

____ _i_~.~-~~~~ I 20. 4 

37. 3 

40.9 
39.9 
40.0 

3j.8 

40.2 

39· 5 

40.0 

32.6 

40. I 

39· 9 

33.2 

37.7 

42. l 

40.2 

12. 6 i . 
-21. 8 ' -18. I! 

·-24.0 

·-1/.0 

-·21.4 

--17.5 

=:~::I 
--14.4 i 

! 
-17.7 

-17.4 

-··IJ. 3 

--16. 8 

-20.8 
-20.7 

39· 0 -14. 2 

39.6 -12.4 

39. 3 I -1s.9 

• 
59 3 I. o I 30. 1 

3o. 0 : 31. 4 

30. 9 ' 34. 3 

28.0 

29. 3 

29. 5 

32. 8 

30.5 

28.3 

30.0 

31. 6 

32. 6 32. I 

29. 0 i 35. 6 

25. 4 i 28. 0 

31. 2 33· l 

31. 2 33. 6 

26. 5 29. 5 

29. 3 ! 30. 8 

31. 7 ! 29. 2 

29. 8 l 29. 2 
I 

JI. 9 i 33· 3 

33. 4 I 35. 9 

29. 9 I 28. 3 

28.6 

29.5 

31. 4 
26.1 

2 5·5 

JI. I 

33.2 

28.0 

27.6 

29.2 

27.0 

30.0 

28.7 

26.3 

26.0 

29. I 

+z. I 

+1.9 

+z.9 
+4·4 

+z.8 

+0.5 

-!. I 

+1.6 
+ 3. I 

+ 5. 5 

+ 6.o 

+ 0.3 

+ 3.8 
-- 0. 8 

+ 0.5 
+ j.O 

+ 9. 9 

- o.8 

I Diff. . Dip by 2 

I
I dip I Dip I_ II. ' needles. 

Yz(A+B) I l 
II. I ! 59°+ 

---i---1---

/ ! I I .' 
59 25.51 +6.6 28.8 

31. 2 i -I. 41 30. 5 

29.9 II ,2.2 I 31.0 

32. 6 
1 

-0. 1 I 32. 3 
JO.J j -2.9 I 28.8 

31.51 -3.2 29.9 

32· 6 I -s. s 29. s 

32.2 •

1

1 -3.3 i 30.s 

29. 5 I -I. I ! 28. 9 

3o. o i +2. s I 3r. 4 

i ' 
2/.9 ! +s. 2 I 

I I 
29. 61 +4· I I 

59 29. 6 I +I. 41 
30.5 
32.C) 

28. 3 

26.9 

28.8 

31. 3 

32.6 

30.6 

29.4 

28. 9 

29.6 

-0.5 I 
-2.0 

-0.3 

+2.4 

+0.7 

o.o 

-2.8 
-1.0 

+0.9 

+o.6 

-2.9 
+0.4 

+2. I 

+o.8 

+z. I 

+z.5 
+1. 2 

32.0 

31. 6 

30.3 

30.3 

31. 9 
28.2 

28. I 

29.2 

32.0 

32.6 

30.4 
25.9 

30.8 

30.9 

27.9 
29. I 

30.6 

29.4 

30.8 

3z. I 

29.3 

*These results we1·e all revised by Mr. L.A. Bauer, of the Computing Division. 



 

Date. 

. 1883. 
July 14 

15 

16 

Aug. 14 

15 

16 

Sept. 14 

15 
16 

Oct. 14 { 
15 

16 

Nov. 14 

151 

161 
Dec. 14 { 

15 
16 

1884. 

Jan. 14 

15 

16 

Feb. 14 

15 

16 

Mar. 14 

IS 
16 

Apr. 14 

15 

16 

May 14 

15 

16 

June 14 

15 

16 

July 14 

15 

16 

UNITED ST.ATES COAST AND GEODETIC SURVEY. 

The 11iagnetic inclinatfon at TAs Angeles, Cal., 1882-1889-Continuea. 

Dip by needle No. 1. Dip by nee<lle ~o. 2. 

Los Angeles Polarity of 
local mean marked end 

time. south or np. Diff. 
1--------- A-B 

I A n 59°+ s9° + I 
----- 1 _____ , 

h. m. I / 1 I / I 
IO 5G a. rn. I 24. 8 37. 3 I -12. 5 J 

8 45 a. rn. I 26. o 40. 5 I -14. 5 I 
7 56 a. m. 25.6 41. 4 -15. 8 

8 27 a. m. 23.4 38.5 -15. I 

8 26 a. m. 23. 2 34.6 -II. 4 

9 50 a. m. I 26. 3 38.3 -12.0 

8 34 a. m. [ 24. 4 40.1 - 15.7 

8 44 a. m. 
I I 22. I 42.2 -20. l 

8 42 a. m. I 32. 2 45.S -13.6 
i 

I 34 p. m. [~25. 6 
8 48 n. rn. 

38.5 --12.9 

I • 
I 

8 52 a. m. 12,. 2 41. 3 -14.1 

8 32 a. m. I 25. s 41. 8 -16.3 

8 54 a. rn. 122, I 41. 3 -19.2 

8 18 a.m. 22.8 38.0 -15.2 

8 39 n. m. ' 24. 8 39. 7 --14. 9 

I 50 p. m. I I 

1~23. 0 43.0 -20.0 
8 50 n. m. 

i 
8 50 a. m. I 22. 3 39.9 ---17. 6• 

8 47 a. rn. I 22. 3 38.8 -16. 5 

2 42 p. Ill. 19.5 39.0 -19.5 

11 30 a. m. z6.7 42.8 -16. I 

9 oo a. rn. 26.0 39.9 -13.9 

o 34P· m. 22.7 36.& -14. I 

1 59 P· 111• I 20.4 36.9 -16.5 

2 29 p. m. 22.7 34.8 -12.1 

3 24p. m. 22.5 34.7 -12.2 

3 41 p. m. 28. l 39.9 -II.8 

3 13 p. m. 20. I 37.7 -17.6 

3 19 P· m. 22.0 37.7 -15.7 

2 56 p. m. 18.8 40.9 -22. I 

3 01 p. rn. 24.9 41. 4 -16.5 

8 24 a. rn. 24.4 39.9 -15.5 

8 oo a. rn. 21. 7 36.6 -14.9 

8 o8 a. rn. 25.0 27.8 - 2.8 

2 45 p. m. 22. I 41. I -19.0 

8 26 a. rn. 23. 2 37.0 -13.8 

8 34 a. rn. 24· I 43.5 -19.4 

8 34a. m. 23.5 41. 2 -17. 7 
8 1oa.m. 25.0 40.4 -15.4 

7 57 a. m. 22.0 41. 3 -19.3 

Dip 
~(A+ 

I. 

i Pol~rit;-~f - 'I 
I marked end 
i south or up. Diff Dip 

B) 1 __ _ _ A-B ~ (A+B) 
! A B I 

Diff. 
dip 

J --IL 

i 590+ 590+ I I JL ________ i ___ I _______ : ____ _ 

' I I I I 0 I : I 0 

59 JI .o JI. 6 28. 0 I + 3· 6 I 59 29. 8 . _;__I. 2 

33 

33 
30 

28 

32 

32 

32 

39 

32 

34 

33 
31 

.3 

. 5 

·9 

. 9 

. 3 

. 3 

. I 

.0 

• 0 i 

30 

. 3 

. 6 

. 7 

.4 

32 • 2 

J3.2 

31. 7 

29.2 

J3-4 

JI. 0 

32. I 

33· I 

38. I 

34.0 

33.9 

30.8 

28.7 

JI. 7 
32.0 

33· I + 0.1 

27. 7 + 4.0 

30. I - 0.9 

26. 5 ' 6. 9 I T 

31. 4 0.4 

29. 7 + 2.4 

29.3 -t- 3.8 

30.8 + 7. 3 I 

28.8 + 
I 

5. 2 ' 

JI. 2 ' 2. 7 T 

27.5 + 3· 3 

24.5 + 4.2 

28. 3 + 3.4 
28.0 + 4.0 

33 . 0 JO. 7 28. 6 + 2. I 

31 

30 

• I 30. 7 26. 8 + 3· 9 

. 5 27. 8 27. 6 + o. 2 

59 29 . 3 

. 8 

.9 

• 7 
. 6 

. 8 

.6 

34 
12 

29 

28 

28 

28 

34 .o 

28 

29 

. 9 

. 9 

·9 29 

3J 

J2 

29 

• 2 

. I 

• 2 

26 .4 
. 6 31 

30 . I 

. 8 

. 3 

. 7 

.6 

J3 

32 

32 
31 

28. 6 

29.9 

32.6 

31. 8 

JI. 9 

29.4 

28.0 

31. 2 

27.5 

32.4 

JI. 5 
29.2 

29·9 
28, I 

33.9 

30.3 

29.3 

32.3 

30. I 

JI.O 

32.3 

20. 9 + 7· 7 
29.0 + 0.9 

29. I + 3.5 
26.0 + 5. 8 

27.J + 4.6 

29. I -!- o. J 

23.3 + 4· 7 
22.4 + 8.8 

26.5 + I. 0 

30.6 + I. 8 

26.3 + 5. 2 

2+8 + 4.4 

27. I + 2.8 

26.8 + I. 3 

26.0 + 7. 9 

23. 6 I+ 6. 7 
28.4 + o. 9 

27. I i + 5.2 

27.8 + 2.J 

28.3 + 2.7 

28. 2 + 4.1 

33· I : 
' + 3. 8 29.7 

29.7 +x. 2 

29.9 -~I. 0 

JI. 2 +1. I 

3o.9 ""t" I. 4 

3r. 2 +0.9 

34.4 +4.6 

31. 4 ·-;·O. 6 

32.6 +1. 7 
29.2 i +4·4 
26.6 ' +5· I 

JO.O -!-O. 4 

30.0 +2. 2 

29.6 +3·4 

28.8 +z. 3 

27.7 +z. 8 

59 24.7 +4.6 

29.5 +s.3 
30.9 +z.o 
28. 9 +o.8 

29.6 - -I. 0 

29·3 -0.5 

25.6 +3.0 
26.8 +7. 2 

27.0 +1. 9 

3r. 5 -1. 6 

28.9 -f-I. 0 

27.0 -f-6. 2 

28.5 +J.6 

27.5 +1. 7 

JO.O -3.6 

26.9 +4- 7 
28.9 ' +i. 2 

29. 7 l +4· I ,, 'I +3·4 
29.6 +J. I 

30.2 +r.4 

221 

I 
[Dip by 2 

: needles. 

33.2 
JI. 6 

30.3 

29.4 

JI. 7 

JI. 6 

JI. i 
36. 7 

29. I 

30. 2 

3T. I 

31. 3 

29.9 

29. I 

27.0 

J2. I 

JI. 9 

29.3 

29. I 

29.0 

27, I 

30.4 

28.0 

30. 7 

29.4 

JO. I 

30.3 

28.3 

28.2 

29-3 
29·5 
JI. 7 

30.6 

31. 2 

30.9 
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The magnetic inclination at Los .A'Ageles, Cal., 1882-1889-0ontinued. 

I -- - ----i----·-----·-------1-- ---cc-----. 
i Dip by needle Ko. t. ! Dip by needle :Ko. z. l 
I I I 
l-~--------------~--··-1-----------------, 

Los Angeles 
local mean 

tim<". 

i Polari tv of i Polarity of I 1 ' 
marked. end marked ~nd i Date. 
south or up. Diff. Dip south or up. ! Diff. Dip 
-··------ A-ll Y:l' (A+ll) !-------- ! A-B Yz (A+BJ 

A A B 
; 59°+ ' 59° -:- 59° T 

-1·----. 

/1. 111. i 1884. I 

Aug. 14 ! 8 59 a. rn. 22.3 

/ 

--18. 6 59 31. 6 i 24 ° 
26. o I 34. o 

25. 5 ! 29. 8 

29. 8 33 i 

2;. I 24. 8 

29.4: - 5.4. 

:~ I 8 49 a. m. 

8 20 a. m. 

8 I I a. UL 

8 02 a. m. 

--13.0· 20. 5 _.L 13. 5 

Sept. 14 

1

1 

15 
16 i j 29 a. nL 

; 56 :1. 111. 

8 01 a. rn. 

21. j 

26.3 

18. I 

I 24. s 
21. 5 
19.S 

22.S 

20.6 

33.2 

36. I 

- 7.7 

- 6.9 

-18.0 

,. i 28. 6 30. (1 

33· 9 ·-- 4· I 

26. I -c._ 7. 6 

26. 8 - 2.0 

25. 2 .: .. 5. 4 

(Jct. 14 

15 
16 

:"\oY. 14 

15 
16 

Dec. 14 

15 
16 

1885. 

Jan. 14 

15 
16 

Feb. 14 

15 
16 

Mar. r 4 

15 
16 

Apr. 14 

15 
16 

May 14 

15 
16 

June 14 

16 

7 58 ''" Ill. 

8 04 a. m. 

10 49 J.. II>. 

10 26 a. m. 

II 12 a. m. 

o 50 p. m. 

10 lj a. m. 

IO 34 ~. m. 

9 38 a. 111. 

9 04 a. rn. 

IO 20 a. lll. 

8 38 a. m. 

8 30 a. m. 

2I. 5 
23.4 
23. I 
2I. 6 

I 15. 0 

18.9 

15. 7 
21. 0 

8 44 a. rn. ' 23. 2 

8 20 a. n1. 22. 6 

IO 44 a. m. HJ. 5 
8 44 a. xn. 22. 4 

848a.m. 18.8 

8 28 a. m. 18. o 

8 01 a. m. 18. 5 

7 58 a. m. 16. 4 

38.0 

39.4 

42.0 

36.3 

38. 7 

40. 4 

37.9 

36. 2 

40. I 

32.4 

39· l 

35.9 

39· I 

38.0 

42.5 

35.8 

39.4 

45.7 

38.5 

40.8 

41. 9 

42. 6 

36.6 

-16. 5 
-19.6 

-·19. 2 

-15. 7 

-17. 2 

-17.0 

--14. 8 

-14. 6 

--25. I 

- - 5. 5 

- 1 9.9 

·-17. 9 

-23.4 

-17. 0 

--18. 4 . 

--12. 6 

--16.8 

-- 26. 2 i 
-16. I 

--22.0: 

--23. 9 . 

--24. I 

-20.2 

8 oo a. m. 22. 2 40. 2 -18. o 

29. 7 28. () 

29. 6 36. (1 

32. 4 3+ 6 

28. 5 28. 6 

30. I 29. 6 

31. 9 30. 6 

30. 5 29. 6 

28. 9 35 0 

27. 5 i 36. 4 

29.5 
28. 2 

25.6 

29.8 

28.8 

59 29. i 

27.0 

27.4 

29.5 

33.3 
29.5 
31. 0 

32.6 

32· 4 29. 7 

35. 7 27. 9 

33· 2 26. 8 

30. 8 24. 8 

33, 3 25. 0 

31.4 21>.6 

3o.5 

29.8 

29,9 

30.5 

26.5 

33.3 

34·4 

31. 4 

3.5· 3 

30.9 

J4.0 

32 · 7 
31. 2 34. 2 

24.8 

29. 7 

JI. 0 

26.9 

27. I 

25.3 

25.2 

26.7 

25.4 
8 00 a. Ill. 20.9 34·9 -14.0 27.9 3z.z 26.1 

8 08 a. m. 23. 6 39· 4 . --15. 8 JI. 5 33. 6 26. 9 

7 52 a. m. 18.l J].l l --19.0 2/.6; 31.6 28.4 

I July 14 7 56 a. m. 18. 7 41. 2 / -22. 5 30. o 32. 8 29. 4 

15 752a.m. 19.1 37.31--18.2 28.2 36.3 23.8 

16 7 48 a. m. 18. I 38. I 

1

, -20.0 28. I 33. 5 23. 8 

Ang. 14 7 44a.m. 2r.9 39.0. -17.1 30.4 34.7 24.6 
! 

15 7 38 a. Ill. 19.8 44· I i ---24. 3 32. 0 32. 2 28. 9 I 16 7 38a.rn. 17.2 43.2 !--26.0 / 30.2 l 34.0 2;.3 

I
I :;ept. :; ~ ;~ :: :::·. :~:: ~::: I ~~::: ~ l !;: ~ J :~: : :~:: 
__ _1_~--~ 48 a. ~'~_i_~~~~j_~-11. s_1 __ ~2 /_3_1_. 9 __ 2_s_._9~ 

-- 0.9: 

8.4 ! 
i- 9· 0 

I. 2 

l 0. 8 

+ 9.9: 

I. 2 

+ 9.3 
..;._ 7. 4 

+ 2.7 

+ 7.8 

+ 6.4 

+ 6.o 

+ 8.3 

+ 2.8. 

8.5 

+ 4.7 
+ 0.3 

+ 4.5 
+ 8.2 

+- 5.6 
+ 8.8 

+ 6.o 

+ 8.8 

+ 6.1 

+ 6.7 
+ 3.2 

+ 3.4 

-j-12.5 

+ 9.7 
-j-IO. I 

+ 3.3 

+ 6.7 

+ 3.0 

+ 4.3 
-!- 3.0 

II. 

59 26. 7 
27.3 

31. 8 

29.9 

25.8 

2;.9 

29. l 

30. l 

29.2 

29.2 

25. 7 

29.0 

30.4 

32.7 

59 31. 0 

31. 8" 

30.0 

27.8 

29. I 

30.0 

29.0 

32. I 

31. 2 

29.2 

31. 2 

28. I 

29.6 

29.7 
29.8 

29.2 

30.2 

30.0 

31. I 

30. I 

28.6 

29.6 

30.6 

30.7 

26.6 

25. 8 

30.4 

Diff. :_ Dip by 2 
dip 

I-II. i needles. 

--! 59°+ 

, ; 

' 
-i-4·9 I 
-1. 3 I 
-6.3 I 

---0. l 

-j-1. 3 

-j-0.7 

+o.6 
--2. 8 

-+-2. 3 

-0. 7 
-j-0.9 

-j-6. 2 

+r. 5 
--!. 5 
-5.2 

--1.3 

-z. 7 
-3.0 

--0.4 

+0.4 

·+-3. 3 
+0.5 
-!. I 

+1.4 

+1. 3 
-!.4 

-j-1.8 

+0.9 

-3.2 

29.2 

26.6 

28. 7 

29.9 
26.5 

28.3 

29.4 

31. 0 

31. 2 

28.8 

29.6 

28.8 

29.7 

29.7 

30. I 

3o.3 

30,5 

28.5 

27.6 

29.3 
31. 6 

29.3 

31. 5 
31.9 

29.8 

3°.s 
29.o 

JO. I 

28, l 

+1.4 30. 5 
---·!. 3 28. 5 

71. 3 3°. 9 
-2.4 28.8 

-1. I JO. 5 
-1.9 29. I 

---0. 5 28. 4 

+o.8 30.0 

+1.4· 3 1 -3 

--0. 5 30.4 

+4.0 28. 6 

+1.9 26. 7 
+1.s 31.3 



 

UNITED STA.TES COAST AND GEODETIC SURVEY. 

,_-~~-...,.-------c--------~-----------------
1 

i Dip by needle No. I. Dip by needle Ko. 2. I I 
I 

·------1------1---.-
Los Angeles Polarity of I 
local mean marked end 

time. soufuorup. Diff. Dip 
, _____ 1 A-B }i(A+B) 

Date. 
! Polarity of i 
I marked end i 
\ south or up. ' Di if. 

A-B 

Dilf. ll Dip by 21 
dip needles. Dip I-II. 

!..f(A+ B) 
I ' A B ! 

______ J__ _ _____ [ s9:_-+_-_s~~-~\, __ _ 
A I 

II. I 59° ..L I. 

! ! I 

1885. I h. 111. 

-- -l---·-!---l 
Oct, 14 7 44 a. m. 

15 I 7 38 a. m. 

16 II 7 38 a. m. 

Nov. 14 7 52 a. m. 

15 j 7 50 a. m. 

16 7 58 a. m. 

Dec. 14 j 7 54 a. m. 

15 j 8 08 a. m. 

16 \ 7 59 a. m. 

18B6. 

Jan. 14 

15 

16 

Feb. 14 

16 

Mar. 14 

15 
16 

Apr. 14 

15 

16 

May 14 

15 
16 

June 14 

15 
16 

July *14 

15 
16 

Aug. 14 

15 
16 

Sept. r4 

15 
16 

Oct. 14 

15 
16 

I 18 p. m. 

I 12 p. m. 

I 08 p. m. 

8 40 a. m. 

II 00 a. 111. 

10 15 u. m. 

IO 30 a. m. 

lo 59 a. rn. 

IO 48 a. m. 

II 02 a. 111. 

Io 28 a. m. 

Io 19 a. m. 

IO IJ s.. 111. 

IO 14 U. 111. 

10 34 a. m. 

10 06 a. m. 

9 55 "- m. 
IO 32 a.. Ill. 

8 IO a. m. 

8 30 u .. m. 

8 37 a. m. 

ro 04.a. m. 

9 07 a. m. 

. 9 14 a. m. 

7 55 '" m. 
7 52 a. m. 

0 54 p. m.. 

7 56 a. m. 

8 lI a. m. 

03op.m. 

i 

I7.8 

19.7 

20. I 

18.6 

19.2 

24.6 

22.6 

19.9 

zS.e 

20.6 

~2.6 

20.7 

20.8 

! 21. 2 

18.9 

28. 3 

23.5 

32 · 7 
ZI. 0 

24.3 

23.2 

22.I 

24.4 

24.0 

24.0 

25.4 
26.2 

23.8 

24.3 
24.7 

27.6 

28.0 

19.2 

22.3 

22.7 

25.2 

/ I 0 I' ' I ! I 

38. 5 

35.8 

40.4 

41. 7 

39. 7 

34. 2 

38. I 

--20. 7 59 28.2 

27.8 
33.7 

34.0 

32.8 

34.8 

35.4 

32.4 

32.3 

23.9 

26.3 

26.3 

::?7. 3 

26.6 

+ 9.8 I 5'1 28. 8 · -0. 6 I 28. S 
-r6.1 

. I + 7.7 f 30. I -2.3 I 29. 0 
--20~ 3 

-23.1 

-zo.5 

30. z 

JO. I 

29.4 

29.4 

30.3 
26. [ 

31. 6 

-j- 6.5 I 

+ 7.5 ! 

+ 8.81 
+ 8.3 ! 
-1- 8. 8 i 
1 4.2 ! 
+ 7.1 

+0
• 7 \ 29. 9 

31. 0 --0. 9 30. 6 

31. o ~I. 6 I 30. 2 

29. 5 

- 9.6 24. J 

2 3·5 
25.8 

23.4 

28. 3 -t-1. I 28. 8 

-15.5 +z.4 
Jj.O -21. 8 

39· 4 -15.6 

30.0 

30. 5 
2i·9 / -I.8 

27.0 I +4.6 

45.5 
42.7 

36.8 

43.5 

35. 0 

38.6 

37.S 

--25. 6 

-16.2 

-20.9 

--14. 3 

- 17. 8 

-16.9 

44· 2 -23.0 

39. 5 --20.6 

40. 9 -1%.6 

45· 6 -22. I 

45· 0 -12. 3 

42. 5 --21. 5 

44· 4 --20. l 

42. 2 --19. 0 

46. 3 ---24. 2 

59 32.7 

35·+ 
28. 7 
33. l 

27.9 
29. 7 
2 9·3 

31. 6 

36. 3 

33.6 
35. 2 

32. 2 

28. 2 

34' 3 

2S. z 

•7. 3 
28.2 

28. I 

30·5 
31. 8 

-i- 3· 4 

+ 9.0 

-~ 5. 4 

--!--- 7. I 

- 2.3' 

I 2, 5 
.F-7 31.9 24.7, 7.2 

29. 2 ;.,7. 4 

34, 6 36. 9 

34. 5 38. 4 

38. 8 34. 4 

Jl. 8 33· 8 

34· 4 35. 3 

32. 7 34. 4-

34. 2 32. 7 

27. s ' 9. (j 

29.4 i + 7. 5 
25.1 I +r3.3 

32. 2 ' + 2. 2 ; 

29.3 -i 4.5 

29. 5 + 5. 8 . 

32.4 + 2.0 

34.2 - I.5 

59 29.9 
31. 8 

30. 9: 

31. 6 

30.6: 

29.4 

33.o 

::?8. 3 

32.6 

33.t 

31. 8 ' 

33· 3 
31. 6 i 

32.4 

33.4 

44-5 --20.1 34·4 33.8 J2.2 + I.6 33.0 

45· 5 --21. 5 34- 7 34. 8 32. s _;_ 2. 0 33· 8 

45·9 -2r.9 35.0 36. 9 .32·5 i + 4.4 34· i 

46. 7 --21. 3 36. I 36. 7 33· 8 : -i· 2. 9 35· 3 ! 
47.7 -21.5 36.9 37.5 33.6'-;-3.9 35.6 

48. 6 --24. 8 36. 2 37. 5 33. 5 + 4. 0 35. 5 

48. l -2J. 8 36. 2 38. I 33· 3 -j- 4. 8 . 35· 7 
' 8 i 47.I -22.4 35·9 37.2 33·4 T J. I 35·3 

31• 9 -IO. J 32. 7 36. 5 J2. 7 ·t 3· 8 34· 6 

39.8 -11.8 33·9 29.0 28.3 + 0.7 28.6 

4~).s -:n.3 29.9 32.6 28.6 
1 

+ 4.0: 30.6 

37. I -14. 8 29. 7 33. 5 28. 81 + 4. 7 i 31. 2 

45· 0 -22. 3 33· 8 JO. J JI. 8 - l. 5 ( JI. I 

37·5 -12.3 3I.3 31.0 27.9
1 
+ 3.1 I 29.4 

-~----~ ________ l ____ ~I ___ _ 

+z.8 

+J.6 

-2.2 

-.,..-!. 5 
~ ~ -- ...... , 

+0.3 

--3. 7 

-3.4 

-;-r. 5 

-;-2. 7 

+s-5 
+0.2 

+z.o 
-0.7 
-l--o.8 

-;-r. 4 

+0.9 

+0.3 

+o.8 

+0.7 

+0.5 
+o.6 

--I. 9 

+5·3 
-0.7 
-r.5 
-l-2, 7 

+1.9 

31. 3 

33.6 
29.8 

JL 2 

3o. 5 
30.9 

33.9 
33. 2 

36. t 

31. 7 

33. 4 

33. l 

33.8 

33.7 

34· 3 

34· 8 

35.7 
36. 3 

35.9 

35. 9 ! 

35.6 

33·7 
31. 3 

30.2 

30.4 

32. 5 
3o.4 

*Supposed local disturbance by an iron pipe. See also remarks further on respecting observations from April to August, 
1886, inclusive. 
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The magnetie incli1iation at Los Angeles, Cal., 1882-1889-Continued. 

-----------------· ---------------------,----. 

I 
Dip by needle No. I. Dip by needle No. 2. 

Date. 

Los Angele., l Polarity of i _____ ! _____ -;-P~larit;~f 
local mean 11 marked end I · I marked end 

! A B i A B 

Diff. 
dip 

I--11. 

I Dip!J; 2 I needles. 
time. _sout~i_:rup~ I J>_!in 7f (~tB) 

1

! _so~~r up._ 1J.!!u 7f (~~ B) 'Ii 

i59°-f-- 59°+ I i I. 59°--l- 59°--! i II. \ 59°-t-
-----1--~~--·------;-----:---1-----1----··---:--·------ . --1----~--~1~-- ---·---'-----

1886. I J1. 171. ' f f : ' i 0 I I I . I I 0 I I 
Nov.14! 052p.m. 2r.9 37.7)-15.sl' 5929.8 31.2 26.2 +s.o: 5928.71 -t-1.1 

is! 04Sp.m. 22.8 45.•-1-22.3 34.0 34.8 30.6 -t-4.2 32.7\ -t-1.3 

16\ 03op.m. 18.2 35.0 -17.4
1 

26.9 32.9 24.3 +8.6 28.6j --r.7 

17
'!{804a.m. 16.037.4,

1

(_18.ol. \32.731.4 i S 28. 8\ 
26

. 
1 

3. 2 3r.o j --2. 2 
, I 14 p. m. 23. 6 38. 3 ; i ti 33· 7 

1s i s ooa. m. 24.6 39.2 I -14.6 I 31.9 30.6 29.6 + 1.0 30.1 I' +1.8 l I I 
. { 7 45 a. m. 20. 7 38. 7 I 1i 29. 4 29. 2 

19! -17.9 .30.5

11

1

35
.
9 

1-2.4 31.s. -1.0 I 0 56 P· Ill. 22. 4 40. I 31. 3 

Dec. 14 i 8 08 a. m. 17. i 36. o -~rS. 31 26. 9 32. 7 3r. 4 + I. 3 32. o -5.' 

15 I 50 a. m. 19. 3 33· 8 -14. 5 I 26. 6 i 32. 7 25. 8 + 6. 9 29. 2 --2. 6 

161 47a.m. 27.4 39.1 --11.11 ~y_,133.6 25.0 +8.6 29.3 +4.0 

1887. ! I 
Jan. 14 j 7 39 a. m. 20. 5 46. 3 

1 
-25. 8 I 

151 7 43a.m. 22.0 38.5 II -16.5 i 
161 734a.m. 21.9 35.2

1

-13.31 

Feb. 141 3 42 p. m. 20. 1 41. o : -20. 9 j 
15 i 3 16p. m. 20.S 40.8 -20.0 I 
161 3 14 p. m. 23. I 37· 7 -14. 61 

Mar. 14 1 7 36 a. n1. 22. 6 3i· 9 --rs. 3 I 
15 I 7 26 a. m. 18. 9 35. 7 -16. 8 i 

1C./ 718a.nL lj.8 39.4 -21.Gi 

Apr. q r 3 oo I'· m. [ 21. 7 30. 3 -- S. 6 J 

I 5 I 3 03 p. m. i 26. I 35. S 

16! ;24a.rn. 17.9 42.8 
I 

May 14 l 
I 

15 I 

16 ! 
June 14 

15 
16 

7 30 a. rn. 

7 21 a. ni. 

16 a.m. 

24 a. m. 

7 21 a. m. 

18 a.m. 

24.3 

19. 6 

16. I 

21. 8 

Ij. I 

July 14 19. 4 

15 2::! :1. ll1. 17. 3 

16 • 16a.rn. ! 19.4 

Aug. 14 j 32 a. rn. J 16. 5 

39.0 

41.0 

39. (, 

33-7 

34.5 

34.3 

34. 4· 

39.S 

43.3 

35-7 
36.S 

- q.7, 
-2.i.9 

-14.7 \ 

-21.41· 
-23.5 

--11. 9 

-II. 6 

-17.2 
-15.0 

~~::: ! I 
-19.21 
-IJ.4 is 1 22 "· m. I 23. 4 

Sept. :: ·1 ; :: :: :: I ::: ; ;:: : =I;:~ 
15, 6 52a. rn. I 21.6 38.7 --17.1 

16 ) 6 52 a. m. I 24. 6 34. 9 ·-IO. 3 
Oct. 14 j 7 01 a.m. i 23.9 36.5 -12.6 

15 I 7 03 a. m. : 20. 2 33. 8 --13. 6 

~~~'-6-'-l~_'_oS_a_._rn_.~l-2_3_._0 ___ 3_s_.3--'--~1-5_._3~ 

59 33.4 
30. ) 

28 . .5 

30. :2 

27. 3 
28.6 

26.0 

31. 0 

31. 6 

30.3 

27. 9 

27. 7 

28. 7 

z5. 7 

27.9 

3 I. 5 
34.5 

J2. I 

33.S 

39.3 

36. 3 

37.4 
29. 6 

36.3 

32. 4 

30. 2 

31. 0 

35.7 
39.4 

26. 9 ' 33. 5 

28. 5 II 28. 4 

31.4137.8 
26. I \ 36. 9 

I 
30. I f 30. 9 

30. 4 I 33. o 

29. 4 i JI. 4 

30. 2 I 34. 4 

29. 71· 31. s 
30. 2 36. 2 

27. 0 i 32. 0 

30. 61 28. 4 
I 

29.9 
23.8 

JI. 7 

27. I 

27. 4 

33·4 

- z.o 

+ 7. 7 

-+ 2.8 

+ 5.0 

+ 7. 2 

6. 2 

27. 3 + 6. 5 

30. 0 I -f- 6. / 

J 1. I 

27.8 
28.0 

32.0 

26.4 

35.0 

3o.9 

+ 8.2 

+ 7.6 
+ 3· 2 

+ 8. 5 
+ 4.4 
- I. 8 

+ 4.6 

o. 7 
+ 8. 5 

30. 3 + 3. 2 

24. 3 + 4. r 

32. 2 ., 5. 6 

28. 4 ~- 8. 5 

31. 7 . -· o. 8 

26. 2 + 6. 8 

2S. 2 -i- 3. 2 

26. 7 7. 7 

29. 8 i- 2. 0 

29. I -j- /.I 

28. I _J,. J. 9 

35. 4 I - 1. o 

i 

59 28. 9 

33· I 

29.6 

31. 0 

30.3 

30.6 

33.3 

35· 2 

30.8 

33· 6 

28.0 

32. I 

30.2 

31. I 

2S. 7 

35.4 

35.2 

-: 4. 5 
+2. 6 

-+6 

+0.9 

-o. 2 

+o. I 

-0.4 

-6.o 

-6.6 

-4.8 

-2.6 

+2.4 

-0.5 
~O. I 

·- 3. 2 

-I.O 

-6.7 
-9.5 

31. 9 -5· 0 

26.3 +2.2 

35- 0 --3. 6 

32. 6 --6. 5 
31. 3 -1. 2 

29. 6 +o. 8 

29. 8 -o. 4 

30. 5 -o. 3 
30. 8 -1. l 

32. 7 i -2. s 
30.0 ! -3.0 

JI. 9 l -1. 3 

29. 2 

33·3 

29.9 

JI. 0 

31. 0 

29.5 

27. 9 

31. 3 

31. 2 

29.0 

30.8 

30. I 

30.9 

30. 3 

30.4 

30. 3 

31. 9 

28. 4 

32 ·3 
29. 2 

31. 9 

30.2 

29.5 

28.2 

32.0 

30. 5 

29.4 

27.4 

33.2 

:19.4 

30.7 
30.0 
29.6 
30.3 

30.3 

31. 4 

28.5 
31.3 
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The magnetic inclination at Los Angeles, Gal., 1882-1889-0outinuell. 

Lo;; Angeles 
Date. local mean 

time. 

----!-------
i 

i887. i 
Nov. 14 • 

15 
16 

Dec. 14 

15 

16 

1888. 

Jan. 14 · 

15 
16 

Feb. 14 

15 
16 

Mar. q 

15 

16 

Apr. 14 

15 
rG 

l\Iay 14 

15 
16 

June 14 

15 
16 

July 14 ' 

15 
16 

Aug. 14 

15 
16 

Sept. 14: 

15 
16 

Oct. 14 

15 

lU 
Nov. 14; 

15 ; 
16 i 

Dec. 14.; 
i 

15 
16 i 

h. 1/l. 

7 26 a. m. 

7 31 a. m. 

7 26 a. m. 

o 30 p. m. 

7 24 a. m. 

7 21 a. rn. 

I 36 p. JU. 

7 32 a. rn. 

7 39 .a. Ill. 

7 45 a. m. 

7 28 a. 1n. 

i 24 a. rn. 

i 31 a. m. 

7 28 a. :m. 

7 30 a. m. 

7 26 a. m. 

7 25 a. m. 

7 z2 a. in. 

7 25 a. m. 

7 28 a. rn. 

7 25 a. 111. 

j 30 a. nL 

7 32 a. m. 

I 06 p. m. 

I 06 p. Ill. 

7 36 a. m. 

7 31 a. m. 

7 28 a. m. 

i 24 a. 111. 

7 30 a. m. 

i 30 a. rn. 

7 32 a. m. 
7 22 .a. 11L 

7 31 a. m. 

7 20 a. JU. 

7 46 a, m, 

7 30 a. m. 

7 28 a. m. 

7 28 a. m. 

7 38 a. m. 

7 30 a. m. 

7 30 a. m. 

Dip by needle No. I. 

-----··--·------ __ ! ___ _ 
I )ip liy 1ieedlc' .i'\o. 2. 

:·-Polarity -:f\ _____ \ ____ --
]Jjf!. ; 

: marked end I ' • 
i south or up. Diff. \ Dip 

Pol:.ir1tY o! 
inarhed. t::ncl 
south or up. T>iff. llq· 

dip 
-11. 

I iip by 2 ! 
needles.; 

\ 
A-B I y, (A-LU) 

,\ B 
A---B ;~1A~BJ 

A B I,, 

. 59°+ 59°+ I. ---1------- 59°-+ 59° 

21. 6 

22. 8 

19.2 

23.6 

21. 5 
23.2 

27.4 
24.6 

18.6 

25. 6 

17. 4 

20.8 

20.9 

22. I 

29. 9 -IO. 0 

31. 0 - 6. 7 

40. I 

37.8 

34.1 

35.7 

-18.5 

-15.0 

-14.9 
--12. l 

32. 71-r 1. 2 

35- I -I I. 9 
40. 6 ' -13. 2 

40. 5 -15. 9 
41. 0 -22. 4 

37· 7 -12, I 

40. 31-22. 9 
37. 2 1 -r6.4 

42. 4 -21. 5 
38. I -16. 0 

30. 4 35. 9 
23. 2 40. 2 

23. 7 37. 7 
19. 8 36. 2 

r9. 7 39· 8 

25. 5 42. 9 

21. 3 40. 4 

16. 9 41. 7 

21. 3 35. 7 
2!. 4 42. 5 
28. 0 33. 8 

- 5.5 
-17. 0 

-14.0 

-16.4 

-17.4 
-I9. I 

-24.8 

-14.4 
-2!. I 

- 5.8 

22.5 
2 3-7 
19.S 

2!. 7 

2.j.. 7 

27. I 

26.9 

20.0 

, 

59 24. 9 

27. 7 

30.9 

30.3 

26.6 

29. 7 

59 27. I 

29. I 

34· 0 

32. 5 

29.8 

31. 6 

28. 8 

29.0 

31. 6 

30. I 

2S.o 

30.9 

29.3 

28.5 

32. 5 .)2. 9 

34 7 25. 9 

28. s 27. 2 

3+ 7 23. 2 

3+ 4 32. 3 

30. 7 24. 5 

0 . .; 

8.8 

l.!J 

+11. 5 
2. I 

_;_ 6. 2 

2j. 0 

25.6 

38.0 

37.9 

29. I 

34.9 

35-4 

36. 2 

32.6 

32.0 

33. 3 

Jl. 2 

28. z 
3 I. t 

33.3 
41. 2 

34. 6 

24. I 

24. 7 

39.6 

30.4 
30.8 

26.8 

33· 3 

33, ~i 

2(}. 8 

24. ·• 
2<). 9 

-Jo. 5 
3. 4' 

5- 2 

+11. 2 

.;.Ii 

I. 0 

25. 4 6. G 

33, 6 2. -.!-

27. 2 O. I 

28. I -·- 0. I 

20. 3 +10. S 

r8. 9 -· 22. 3 

32. 6 2.0 

32. 4 - S. _; 

33. 7 ) --- 9. 0 

30. <) 33. I 

:zS. I 36. 9 

.26. 6 i 26. 9 

JO. 3 J2. 3 

2[. 9 

26. 8 

27.6 

28. 7 

-•-I~- 3 

G. 3 

I. 8 

I. I 

JI. -- ~')o'_I 

\ 
59 32. i 

~~:: I, 

i 2. 9 29 . .; 

-7.8 
-2.6 

28.9 

33.4 

27. 6 

59 34.4 

28. 7 

2S 2 

32 · 4 
35. 6 

25.8 

_)4. 4 

_, - (i 

30. 3 

3 I. 2 

·;-!. 4 29. 6 11, 

---6. 8 30. Cl 

--:-2. I 2S. 6 

-7· 3 JO. 7 

-;-o. 4 2S. 9 

-5· 8 3r. t 

-~o. l 32. 5 
~s. s 32. 

-'-5. 8 20:. 7 

- -5. 6 31. (i 

I. 3 30. 9 

-I. t 30. 6 

2S. ' +· S 3o. 9 

."JO. 6 

31. 6 

27. 3 ---0. 7 

28. 1 I TI. ; 

2 57 ";-S.5 

29. 0 ·-i. ~) 

30. 0 -o. i 

33· t) -5. I 

28 . .) -+-3. 6 

30. 5 
30.0 

32. (i 

29. -' 

2q.G 

26.5 

28. I 

26.8 

28.7 

z6.7 
31.2 

26.S 

·' -
~ 0, ~) 

---L-t 

- Cl.·• 

-~-0. I 

-rI.8 

-o.8 

-2.1 

+5·9 
-5.7 
-j--3. [ 

2).0 

30.0 

2q. q 

2~;. 7 

3 I. I 

}O. I 

:,o. 0 

30. 2 

31. n 

.)-· 4-

21). 3 

29.c 

26.4 

27. 7 

29.7 
28.3 

28.4 

H. Ex. 80--15 
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Tl!e niagnetic inclination at Los Angeles, Cal., 1882-188U-Oontinued. 

- ··-------------: ~ 

Dip by needle ~o. I. Dip by needle No. 2. 

I>atc. 

1· 
-~ 

15 

I (1 

:\lar. q 

Apr. 14 

:-Jay q' 

15 

Jt:nc 14 

15 

r6 

July 14 

15 
16 

.\u,,;:. q 

15 
1G 

Sept. 14 

15 

16 

Oct 

4 

5 

Los Angeles 
local mean 

time. 

Polaritv of ! 
; marked .. encl ; 
l south or up. I 
I ____________ I 

Diff. 
A-B I A B . 

159°-:- 59°~-______ I ______ _ 

/.', Fl. 

7 3+a. n1. 

7 zX ~1. rn. 

7 32 a. 111. 

7 33 ::i.. l11. 

i 31 ti. 111. 

7 3~ a. lll. 

o 30 p. n1. 

I 57 p. m. 

7 33 'l. m. 

7 .z.~ a. rn. 

7 26 ::1. 111. 

7 32 :J. !11. 

7 26 a. m. 

i 22 ~- m. 

7 38 a. rn. 

7 2S u. n1. 

7 28 "· 111. 

7 32 .a. rn. 

7 40 a. m. 

7 32 n. nL 

7 36 n. m. 

7 20 tL 01. 

7 .20.:."L m .. 

7 34 a. n1, 

7 24 n. rn. 

7 25 a. rn. 

7 34 a. m. 

7 J 2 ~- Ill. 

8 04a. m. 

22.J 

ZI.. l 

25.3 

29.8 

23.S 

1 J. () 

I~L 0 

22. I 

18. (J 

:::?5. 2 

2lJ. 1 

20.J 

30. I 

. 30.0 

20.5 
2!.0 

2~. I 

21. 9 

lj.8 

17.8 

2-1-. 9 

.:;5. 0 ' - 12. (i 

37. 4 -- 14. G 

31.8 - S.6 

,),J· r - I I. 4 

29. I S. 0 

35· 0 - 9. 7 

2(). 9 - 8. 2 

29. 4 7. 0 

37.4 - 7.6 

36.6 ---10.8 

37.4 ---21.8 

29.4 --10.4 

31. 9 . - 9· 8 

32. 0 : 7, 7 

39. 0 ---20. 4 

29. 7 - 3· 6 

30. J -IO. I 

35·4 9·3 

37.2 

30.3 

40.8 

jj.O 

37.8 
34.2 

39.7 

36.6 

--17. i 

7 · I 

--- 0. 3 

---20. 3 

--16.0 

-15. 7 
-12.3 

--20. 5 
---18. 8 

43, 8 : --26. 0 

22. i( 

29.4i 

37.7 

··- o. 2 

12. 8 

• 
Dip 

•;(.\.+BJ 

]. 

59 28. 7 

JO. I 

28.0 

25. I 

30. I 

25.8 

25.9 

33.6 

I Polarity of i 
markecl en<l I 

I south or t:p. l 
·-----·-··-------~ 

I ,\ B i 
Di ff. 

i .~?o ~---??~-:.1 _ 

31. (, 

32. 0 

34.l) 

3r. 3 

35.4 

34.6 

32.9 

33.7 

26.6 

28. 0 

3ci.6 

35- I 

22. I 

24.0 

2 I. 5 
2+ 8 

27.4 

29. 5 
2j. ~ 

~5- 2 

27.4 

25.4 

! 

9. s 
S.o 

6.o 

3.4 

c 13. 9 

9· 8 .· 

~- 5. 5 ' 
,4.21 

o.G 
2.8 

-~12. 2 

27. 0 30. I 24. O · ~ 6. I 

28. 2 33. 4 28. 8 + 4. 6 

28. 8 29. 9 25. 0 ,- 4. 9 

27. 9 29. 7 28. r + r. 6 

JI. 2 33. 4 27. 9 5. 5 

30. s 32. 9 ~8. 9 4. o 

29. I 

33. 7 

30. I 

30.7 

29.0 

30.4 

35.6 

26. 8 

28.8 

32.6 

34· lJ 

29. 8 

28.9 

-+- 5- 2 

u. 7 
- 3.0 j 

30. 0 : 3+· 9 

.,_ 0. I j 

31.5 +r.xl 
3o. o i 4 9 I 

24.0 ,rr:4 f 28. I 

2 9· 5 
27. 2 

30. 8 

35.4 

27.6 

3z. I:> 

35.0 

i I 
z6. 5 : + I. I i 
25. 3 : + 7. 31 
22. o ! +r3. o 

· · ~1- o. s I 
30. 951 I 
25. 6 ! + 9· () ,1 

' 

Dip 
i,;, (A+J;) 

II. 

8
1 

59 26. i 
28. 0 i 

JI. 9 

29.G 

28. 4 i 

29. 7 :! 

30. 2 

3r. 6 

26. ~~ i 
26. (> \ 

33.5 
30.3 

27.0 

JI. I 

27. 4; 

28. 9 : 

30. 7 : 

30. 9 i 

Zi.S 

35.~ 

28.3 

21'.9 

32.0 

27.0 

28.9 

28. 5 

30.7 

JO. I 

! 

Di ff. 
dip 

I-II. 

I Dipby2 
i needles. 

I 

59°+ 
--i·-~---· 

-+-I. 9 

+z. I j 
-4. 4 

-J. 6 

~3- 3 

+o. 4: 

-4.4 

-5. 7 

+6.7 

+4.6 

-i.0 
-G. r 

2(). I 

29.7 
28.8 

2G.8 

29.9 

28.0 

28.8 

30.2 

28.9 

30.0 

o. 0 27. 0 

-2. 9 29. 6 

-t-1. 4 28. I 

-1. 0 28.4 

+o. 5 31. o 

- '-0. l 30. 8 

f-1.3 28.5 

--1. 5 I 34· 4 
+1.8 29.2 

+1. 8 29. 8 

-3.0 30.5 

---2. 5 31. 7 
-I. ti 28. 9 

+2. 5 28. 2 

-I.7 28.1 

+2. 3 29. 7 

-+ 8 : 28. 3 

+r. 2 30. 7 

J)(ffere11cc in <lip as determined by needles 1 and :.l.--By taking the mean of the 262 tabular 

(lilli.~reucPs I-TI, WP find the rnlue =·t~~= +0'.16, which small constant difference makes it highl,y 

probablH that the dip is well ascertained . 
.The prr>/J((b/e ar01· of obseuation for dip.-This probable error may be ascertained by means 

of tl:P a \lo Ye ditforP11ccs I-II, which should all be~ +<I' .16 if there was 110 observing error. It 
snflice" to di::<n'ganl thi!:i small difference, and also to use the differences them1:1elves in the place 
of t.lleir squares. 
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We have conseqnently the mean ei:ror of an observation for dip by one needle 

where [ 6 = sum of the 262 values disreganling Hrnir differences of s·ign; * hence mean error 
J •r3 63»-
-·~~'.T~T<ifa = ::l.:: 2.'13 and the probable error of an ol>servation for dip, by one needle, n times 

::l:2.13 or ±:1'.4, also the prolJalJle error of an ol>servation for dip from two needles, ::1::1.'0 
The probable error of a dip lletermiurition may also be arri'rnd at l>;> comparing each mouthly 

mean value with ea.ch of the three daily values in the last column of the table. ·we then lun·e 
the probable error of a dip from two ueeclles equal 

which is practically the same as the preceJ.ing result, though we might liave expected a slightly 
greater result, since the effect of variation in time enters to some extent in the latter metltml. 

Iftlte needles ltave any constant correctiou for dip at 5910, tllis would have to iJe combinerl 
with the preceding probable et'ror, as affectiug all mea.sures. 

Recapitulation of resulting monthly mid annual values Jin· dip from oliscrvatir,ns 1cith fll·o neerlfes 
and on three days eaclt month. 

l>ip c _, 59° -+~ •abular quaatity, 

1---- ~------- - --- --

1 Month (mi<lJle), ' 1882-'83. 1883-'84. 

1-----------:---- --
/ October. ! 30, 3 32. :z 

NoYember. 29. 7 30, I 

30.5 

2<). I 

31.7 30.1 29.81 

30, 8 30, 3 29. 8 i 

::9, l 
I 

2(), <) I 

21:\,5 

3L6 

28. 5 29. I 29. 5 I 30. 4 : 

3 r. 7 2s. s 30. 9 
1 

30. 9 I 

18%-"87. 1887-'88, 

JI. I ! 30. 4 

30. 4 
1 

2(), I 

29.6 

30,3 

30.4 ! 
I 

JO. 9 I 

29.4 

30.2 

3r. 3 

JI. I 

December. 

January. 

February, 

March. 

April. 

May. 

; ---- I 
28. 9 30, I I 29. 8 i 34. 4 '1 30. 0 30, 7 

2'9· 7 28. 9 I 29. 6 I 32 7 30, 5 29. 4 

June. 

2S. C) 

23. -~ 

2S. 9 : 

28.2 

30, I 

'.\!onlhly 
1neans. 

30.4 

29,4 

29.7 

.30-4 

(.;0.1] 

July. 

August. 

September, 

30. 7 30. 2 i 29. 411 

;3: 91 30. 2 29. 9 I 
JI. 7 30. 9 29. 3 35· 6 30, 0 30, 4 i 30. 7 [30. 4] 

30.5 28.2 30.61 35.81 30.0, 29.8, 30,7 (30.0] 

33· 3 28. 2 28. 9 ,-___ J_I._7_, 30. I I 30, 2 i 28. 4 i 30, I 

-----1-----1------ - : .... ,., :--,-0-1--,--1--,-----. 
Annual means. 30. 6 29. i 29. 8 ! [30. 2J: _,o. J i .Jo. - i -9· o • -9· 98 

________ ! ______ , __ _ 

It is evident that between April and September, 18SG, there mnst have been some disturbance 
which produced au increase of 4'.5 of the <lip over its otherwise normal amount; the nature of this 
disturbance can oul.r be surmised since the observer makes no other allusion to it than in notes of 
Augnst 11 and 14, wl1en he refers to the presence of an irou water pipe Hi or HJ metres east nnd 
north of the station.t In order to get an improved annual mean I substitute for each of the 5 

-------------------.--------------------
*Wright's notation. See Art. 22 of his "Treatise on the Adjustment of Observations," New \'ork, 181:\4. 
t I learn from Assistant R. A. Marr that the snrronndings of the station for absolLlte measures were unfavQrable, 

due to the vicinity of premises in which wagons were kept, but the cause of the discrepant results appears to me 
to be iustrnmental, probably defective adjnstment, since neither tlie declination nar the horizontal intensity mra81<rc8, 

whieh are more senaitive to outside disturbauces tha.u the dip, arc i1~ tho lea1t affectcil during these five monlhB.-Scu. 
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monthly dips the respective mean of the dips of the preceding aml following years, viz, 29.9, 30.0, 
29.8, ~9.6, and 30.3, corrected by +0'.2, which is the average difference for the other months of 
tbe year (1885-1886) between the observed value and the mean deduced from the preceding and 
following year; these figures were also used when taking the monthly means in the last column. 
These last figures show the insufficiency of the absolute measures to bring out the a.n1mal incq1iality, 
for which we have to refer to the combined differential measures. 

"\Vith respect to the annual clwnge it must be noted as an accidental circumstance that the 
secular variations both for the declination and the dip were in one of tlleir extreme phases during 
the occupation of the J,os Angeles observatory, and for the dip thi:-< was shown on the chart 
accompanying Appendix No. 6, Uoast aml Geodetic Survey Report for l885. On this chart the 
belt of Rtationary di1i or of 110 annual change passes through J,os Angeles iu 1885. Our annual 
means are insnfficient to fix the precise year and they barely indicate that a decrease has set in; 
this would make it probable that the belt is now moving to the westward. 

'J'he mean dip for the middle period or for April 1, 188H, is 59° 301.0±0'.2 
The annual inequality of the dip will be derive<l from the differential measures. 

DETEUl\IINATIOX OF THE HORIZONTAL COMPONENT O:F THE EARTH'S _\lAGNETIC FORCE. 

'l'he form of record and the arrangement for computing- the horizontal force from the combina­
tion of results of dt'fl ections and oscillations is shown in the foHowing example: Let 
r=detlectiug (listance of magnets corrected for error of graduation and for difference from stand· 

artl temperature; it was originally expressed in feet aml decimals, but is converted iuto 
centimetres. 

u=observed augle of 11etkction. 
7~1 =ratio of magnrtic moment of the detlectiug and oscillating magnet to the horizontal component 
H 

of the earth's magnetic force, corrected for the particular distriuution of magnetism in 
the llefiecting and deflected magnets; correctml for the earth's inducing action on the 
magnetic moment of the ma.gnet aml for dilforeuce of temperature from adopted standard 
value t0 and tbe obserYed temperature t, then 

(1) 

T1=observed mean time 1'0, of one oscillation of the horiontal magnet, corrected for rate of chro-
11omctPr (8=daily rate, + when losing, - when gaining) and reduced to an infinitesimal 
arc of oscillittion ((x a,rHl rr1 being the semi-arcs of oseiUa.tion at b1.>ginning and e11d ex­
pre>1sed in raclian8). 

T= tlie time of one oi\cillation after '1'1 is fnrther corrected ( t) for torsion iu the suspension 

( 1'. being the ratio of the horizontal force to tile force of torsion), and (2) correctell for 
.I 

difference of temperature t 1 of magnet while oscillating aud au adoptell standard tempera­
ture t 0 (in the example we lrnve rcdnced tot, but t0=620 F. or 16.7 O. is adopted for the 
general reduct.ion*), and (3) correcte1l for effect of the earth''-' inductive force (µbeing tbe 
increase of tbo magnetic moment m of the magnet under the influence of ind nction), then 

aml au<l 

------------ -----------------------

n2 M 
mH=-rrz . (2) 

' In the example, the temperature of the deflection observations was adopted and the oscillatiou-ouservations were 
n·forred to it; in the body of the work, however, hoth deflections and oscillations were referred t-0 rno,7 C. as standard 
temperature; the values ofm, therefore, also referred to this. We have m0=m [l+q (t-t,i)]. 
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Whence by combining (1) with (2) we get ni a.ml H separately."' 

Eefore the results for ii and m H can be comhined it is necessary to correct one of the ex­

pressions for any change in the value of H that may have taken place during· the interval of' the 
observations of deflections and oscillations, and it is most convenient to apply the correction to 
the result of the former. 

Let fd =the scale reading (divisions) of the bifilar instrument at the average time of the de­
flections. 

Letfv = the scale reading (divisions) of the bifilar instrument at tile average time of tlle oscilla­
tions. 

k = \"alue of one division of scale in terms of H, then 

1 + ~H = 1 + (fd -fv) k and log(l + L1.fl) = J\Iod. X k (fd -fv) 

we have k = 0.000109; hence we add algebraically to log B the correction: 

0.0000473 (fd-.t~) 
as tabulated below.t 

-- ------------

j I 6H I i 6H) ! 
I 

fa-fv log (I +-H) I fd-fv ' log{ 1 +II . Jd -- j~ fd--f. 

' 

±7· 8 j ±o. 000371 ::1::5· 7 ' ::1::0. 00027 ::1::3· 6 ±0. 00017 ±i. 5 
7.6 36 5.5 26 3.4 16 I. 3 

7.4 35 5.3 25 3.2 15 I. I 
7. 2 34 5· I 24 3.0 14 0.9 
7.0 33 4.9 23 2. 7 13 o.6 
6.8 32 4.7 22 2.5 12 0.4 
6.6 31 4.4 21 2.3 II 0.2 

6.3 30 4.2 20 2, I 10 0.0 

6. I 29 4.0 19 I. 9 09 

5.9 28 3.8 18 I. 7 08 

----··-- ·- - ~- -- -- ---- -

i- - -- -;-1-.l)-I 
! log ( I _:_ £fr 
I 
--------------

-'-0. 00007 

6 i 
5 

I 4 

3 I 

2 l 
I 

I 0 

I 

' 
--~ --

*For the numerical expressions of magnetic intensity the C. and G. S. units 1 will be employed in the place of the 
F. G. S. units fo1·merly used on the Snrvey. We therefore note tl1e dimensions and multipliers of m and H for the 
conversion of one system into the other. 

In the electro-magnetic system the diwensions of the magnetic moment tn or of the prod net of the strength of 
either pole and the length of the magnet are: 

[Ml Li T-'j x (L }=(M~ Ln- 1
] 

and the dimensions of the magnetic field intensity or of the force which a nnit pole will experience when placed in it; 

Adopting the relations : 
fMi L-iT-'] 

1 grain = 0,0{;4799 gramme 

1 foot = 30,48006 centimetres 

we have, for tho mnitiplier t.l convert values of m from F. <i. S. units into C. G. S. units 

v.064W'J x Y(30.4800ti}' = 1305.64 

and its logarithm, 3.1158"Z4, antl the multiplier to convert values of H from F. G. S. units into C. G. S. nu its becomes 

.J3~~!~'-/: = 0.0461080 and its logarithm 8.li6:nrn -10. 
-

J In thi111 BJ"&tem thema.gnetie pol-e or unit st.rength will repel an equal \)Ole at thA dist.anc1"' of one cenUmetru with:\ foreo of one c1ync. 
tTb.e wmperature correction to (fd-fv) can generally be neglected. The daily range of temperature of Urn mag· 

nets was on the average about 1.3° C., and supposing a tolerably uniform c!Jaug1>, the difference for an l1om· would 

generally be less .than 0.15'.l C.; hence with the ''alue ;J ~ g~gggi~ = 2.:l nearly, the Jog:uithmic correction wonld be 

less than 2 unita in the fifth place. The difference in time was generally three-quarters of an bo!lr· 



 

230 UNITED STATES COAST AND GEODETIC SURVEY. 

The table of results given below has been drawn up by Mr. L.A. Bauer, of the Computing 
Division, who made au independent reduction of the observed intensities. This table is preceded 
by a specimen of the record and computation for one date. 

Specimen ncord and computation of the horizontal ·intensity. 

fF. S. Coast and Geodetlc Sun~ey. Form 3.l 

U. S. Coast Survey. Magnetic observation;. Horizontal intensity. Deflection:; with magnetometer. Date, September 15, 
I 883. Station, Los Angeles, Cal. Pier for absolute measures, grounds of the magnetic observatory. Instrument, magneto­
meter No. 8. Magnet, L 8 deflecting at right angles to magnet S,. suspended (scale up). Observer, Marcus Baker. 

"" 'ri I "' <U 

"'i ~ ~: 0 
;:::::; : z 

j-

E. 

Distance r =: J6.5757 cm 
Corrected ~·= 36.5753 

CIRCLE RFAlllSGS. 

H. !\lean. :No. 
------!--:---

l' 

I 
2<) II 50 12 ?O 12. 08 

CIRCLE READINGS. 

A. B. f Mean. 
I --- ----,---

I II /I I 

I 
-:;; w. 
"' E. 

2 I 26 05 IO 5 30 05.33 

~ 3 II 40 i 
w. 
E. II IO JI 40 

I 
Mean. I 26 

1--
I '\\'. 

I 
E. 

"' w '-' 
;:::: 

E. 

JO 00 9· 83 I 

01) 40. IO 00 9.83 

j \\.'. JO 

I I ;\lean. 26 

1--
! 

ComputJtio11. "! =:.:: ~·~ r~; sin. u ( 1-2-~ ) II . - . ,., . 

Magnet east. 2 "=' 3 06. 58 

~¥1.:tgnet west, 2 u ::::.· 3 04. 33 

1\km 3 °5· 455 
u-~ I 32. 73 

Ir 111 
('hn111on1ctcr ttm(• of 

lwginninf.:. 9 59 Temp. 24. 7 c 

Sin.u 

l' 
I- rz 

Chro11omcter time of *1+q(t--t0) 
ending. IO 25 m Temp. 

H 
Mean IO IZ 

Index corr'n - o. 6 

40 i 

50 

5 30 

05.20 

__ I 

05. 50 I 
05 671 

05.33 

05.50 

: Logarithms. 

1--9. 6989i I 
I 4. 68956 I 
I 8. 43089 I 

0.00340 i 

0.00011 

0.00000 

2. 82293 

*Here this factor is zero; the oscillntions being reduced to the temperature of the deflections or 10 =I. 



 

Specimen of record of oscillations and of computation of the horizontal inten.~ity. 

fU. S. Coast and Geodetic Survey. Form 4.) 

Magnetic observations for horizontal intensity. Oscillation:;: Dale, September 15, 1883. Station, Los Angeles, Cal. Pier for absolute measures, grounds of magnetic observatory. 
Instrument, M:agnetometer No. 8. Magnet, L, suspended; scale erect. Mass ring, not used. (M. T.) Chronometer., P. & F. No. 2701, daily rate~ gaining on lnean time 3.•15 

Number of Chronometer I Temp. I-·· Extreme ~.;;tl-;-1' Time of 100. 
oscillations. time. t' I readings. oscillations. 

.. ------·---! -1 ----~----

h. m. s. I 0 i I 

0 9 28 05. 0 22, 8C I o. 0 20. 0 I 
6 28 35. 3 1. 

Right 

Left 

Right 

Left 

12 29 05.6 I 
18 29 35. 8 
24 30 o6.2 

30 41. 5 
31 I I. 8 
31 42.0 

31 
37 
43 
49 i 

531 
32 {2. 3 
32 42. 5 

100 ! 36 29. 4 
106 36 59.7 
112 37 29.9 

23. 2 

us 38 oo. 2 I 
124 38 30. s I 
131 39 06.0 
137 39 36.3 I 
143 40 06.5 j' 

149 40 36.7 ' 

2.7 

153 
1 

41 o6. 9 23. 6 I 4. 1 
1----- --1--- ... 

1 Mean { Index} 23. 2 I 
corr'n - o. 61 1· 

t' 22. 6 ___ _,_____ ·-· -·- -------
Coefficient of torsion. Value of one scale div'n '"' 2.7 I 

\ ~f :cl~.1 Scale. i Means~ i ~~~:: / 

17. I 

15.0 

Mean 

2161 8.9 \ 11.0 I q.95 1
1 ! v1=4.o 

306 11. o i II. 8 I 1 i. 40 ! · 45 I 54oo' + v' =o-' 5404.0 

m. s. 
8 24- 4 

24.4 
24. 3 
24. 3 
24.4 
24.3 

24. 5 
24. 5 
24.5 
24.4 
24.4 

8 24.41 

! Logarithms. 

1-----

3. 73272 ! 
6. 26761 i 1261 8. I / 8. 8 i 8. 451 -· 95 ! 5400 (ar. cu.) 

216 I 8 I I. 50 I , 9· I 10. I 9· 95 i 

-----Mem-1 ,-. ,:,----·-· ~~s-J 1 +y 
------- J-~~~331 

*State whether gaining or losing. 
Observer, Marcus Baker. 

1-------·----~-----------... - ____ ...... 

i 'f2=T12(1 +/) (1-(t'--to)q) 

I h 

1 
Observed time of 100 oscillations= 504. 41 

I Time of one oscillation = 5. 0441 
j Correction for rate = -.0002 

I Correction for arc = -. 0000 I 
I 
/--· 
! 

--, - ~ __:1'=5:_ ::ithm• i 
'] 0.00103 i Tr O. 70277 I 

·» t' -· 10 -2. 5 Tr' L 40553 I 
h 

( t' - t") 'l ·-0. 00258 I I +j 0. 00033 

I --(t' -to) 'l I ~. 002581 
. I 

-- - _____ _j ________ I 
?1'21\l : 

m H=-·f"· I 

I 
m= 181. 57 al toC.t i 

1-(t'-to)'l I 0. 00112 

1+u!i 0.00388 • VI . 

·----
T• I. 41086 

-·~--

(ar. co.) T' 8.58914 
?l'l 0.99430 

Matt., C. 2. 11171 
-~-~---· 

mII I. 69515 
!II 2.25904 

H==O. 27297. H 9.43611 
-!----·· 

{

Date: September I 5. !!our: rn" 12m 
< lbs'ns of detl'ns hy chmnometer. 

Temp. L=.,25°.1c. 
-·---·~--~-~------- ~------

1 
}{emarks. m ~ g

229
-

ll ·-· .) 
Chronumcter correction at rn II : I. 695 I 5 

noon to local mean'timP : 
--3"' 35'· m~ 4. 51808 

l1l 2. 2$904 I 

--- --- --1 
*Here t0 ·-=, t. 
t For stanJard temperature 16.7 C, \\"e have mo·--- 183.14 

~ 
~ 
~ 
~ 
~ 
~ 

~ 
~ 
a:i 

~ 
~ 
0 
~ 
~ 
--1 
t;j 

:'1 

~ 
I""" 



 

232 UNITED STA.TES COAST AND GEODETIC SURVEY. 

The magnetic horizontal intensity at Los .Jhgeles, Cal., 1882-1889. 

Abstract of results of the monthly determinations of the horizontal component of the earth's magnetic intensity, on pier for 
absolute 1neasures. Instrmnent used: the 1nagnetome!er No. 8. 

1---------0~erv~~~s of defl~~l~~~-----;-C~bs~~\~ti~~;;;f oscillations. L
8 

I I 
i ______________________________ _I Horizontal 
1------,------------ Time of I . ! ~~~t~i 

Date. 'I Los Angeles ' Cor- Car- ' Observed ' Los Angeles Cor- one :~:~~~tc ma,..,,etic 
l l · t <l t reeled I angle of loc·,ll mea11 . rected I' c JI ' ., .. l oc~. mean :fCC1'.' distance · deflection time. C. 0~i~na- ' m at I force 

I ime. . . ,-, "· T1. 160.7 C. H. 

1882. 
Sept. 14 

lt. fll. 

9 34 a. m. 

12 a.m. 

9 22 a.m. 

24 a.m. 

16 9 56 a.m. 

50 a.m. 

Oct. 14 16 a. m. 

o 13 p. rn. 

15 10 19 a. rn. 

0 00 

9 40 a.m. 

0 04 p.111. 

Nov. 14 IO 56 a. 111. 

15 IO 46 a.m. 

16 IO 50 a.m. 

IJec. 14 11 04 a. m. 

15 I043a.m. 

16 IO 35a.m. 

I883. 

Jan. 14 I155a.m. 

15 I104a.ni. 

JI 35 a. m. i 

1(• II 42 a. m. 

Feb. I4 II ooa.m. 

15 11 03a.n1. 

16 l I 44 a. llL 

Mar. 1+ ! 10 25 a.m. 

i JO 57 3. m. 

16 

II 27a.m. 

TO 28 a. m. .. 
JO JO 3.111. 

10 44 a.m. 

II 17 a.m. 

Apr. 14 6 29 a.m. 

15 j 6 4i a. m. 
, 
I 

16 I 
17*i 
14 i 

i 
IS l 

10 29 a. m. 

II I9a.m. 

10 15 a. m. 

9 03 a.111. 

(/)/. 

-t-31. I 36. 579 

36.7 83 

20. 8 72 

2 5· 4 
2 5·3 
29.3 
28. I 

26.4 

32.8 

32.5 
32.8 

35.4 

19.8 

19.4 

I8. I 

19.7 

75 
75 
78 

77 

76 

80 

So 
80 

82 

7I 

70 

71 

20. I 71 

21.9 36.573 

I6. 8 32. 303 

15. 4 ' 32. 302 

15.6 48.453 

14. 9 I 36. 568 

11. 9 ' 36. 566 
I 

15. 2 36. 568 

1 7· 4 
18. l 

18.4 

18. 7 
16. 0 

1 5· 9 
16. 4-

1(,,;; 

4.6 

7. s 

36. 569 

30.475 

36,570 

42.665 

36.568 

30.474 

36.569 
42. 664 

36.561 

?3 

30. I I 78 i 

27.91 771' 
20. 2 71 

l2a.ni. 19,4 71 

h. Ill. 

I 31. 60 IO 21 a. m. 

I 31. 09 

I 32. So to 27 a. m. 

I 32.55 
1 32. 38 IO 45 a. m. 

I 32. 28 ' I I 22 a. m. 

I 32. 62 IO 54 a. Ill. 

I 32. 78 ! I I 20 a. 111. 

1 32. 08 IO 58 a. m. 

I 32. OJ I I 27 a. lll. 

31. 88 10 25 a.1n. 

I 3 I. 94 I I I 3 a. m. 

I 33. 62 I I 37 a. m. 

I 33. 70 I I 24 a. m. 

I 33· 49 11 2$ a. 111. 

l 33· 35 JI 43 a. 01. 

I 33. 20 ! I I 23 a. in. 

I 33. 25 l I i 6 a. rn. 

2 16. 09 11 06 a. rn. 

2 15. 65 10 06 a. m. 

o 40. 22 o 09 p. m. 

l 34. II IO 53 a. m. 

I 34. 31 IO 05 a. rn. 

l 33· 67 9 53 a. m. 

IO 13 a. rn. 

I 33. 76 1 10 59 a. m. 

2 4 I. 07 9 36 a. rn. 

I 33 57 i 
I 

o 59. 04 [ II 58 a. rn. 1 
I 33. 82 ! 9 42 a. m. 

2 41. 17 9 20 a. m. 

1 33.59 
0 59. I I 11 SJ a. m. 

1 .14. 54 14 a.m. 

l 34. 38 25 a. m. 

I 32. 1.Z 

I 32. 29 

I 33.27 

I 33·57 
I 33. 21 

3 25 p.111. 

9 2S <t.m. 

9 38 a.m. 

9 25a.rn. 

l'io3a.rn. 

8 12 a.m. 16 j 9 
Ii. s I' 70 I 

·-->- -----------* By Lucrns Baker. 

J. 

34. 0 5. o831 

22. 7 5. 0445 

26. 4 5. 0522 

29. 0 5.0672 

28. 3 5. 0528 

28. 4 5.0522 

33· 8 I 5. 07II 

33· 9 5.o695 
34· 6 5. 0763 

35·4 5.0758 
21. 0 i 5. 0340 

I 
20.3 

18. 5 i 5. 0255 

21. 2 5. 0332 

22. I 5· 0352 

23.3 5.0414 

i4.6 5.0197 

12. 2 5. 0092 

16. I 5. 0195 

14.I 5.0123 

II.I 5.00I3 

12.I 5.0062 

I3.8 5.0126 

I6.8 

16. I 

19.9 

14.3 

I4·7 

7.3 
I I. 2 

5. 0172 

5.0173 

5.0313 

5. OI33 

5.0I70 

182. I 

2.7 

3.4 

3.2 

3.,0 

3. 5 

3.6 

3.4 

3·3 

3·3 
183.4 

I83.6 

3· I 

3.6 

3.7 

3· 3 

3.7 

3.5 

3·5 

3· I 

3.2 

d}'ne. 
0.2730 

31 

26 

25 
26 

31 

30 

JI 
0.2726 

28 

32 

34 

31 

30 

~1 

·' 
31 

37 
31 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

The magnetic horizontal intensity at Los Angeles, Cal., 1882-1889-Continued. 

r-----,--------·--------·--- - ----------
I --1 

Observations of deflections. ( lb>enations of oscillations. La I I Horizontal I 
--.------- ------------------------;-- compo 

Date. I Observed Time of . Ma nettc! ner,L of 
Los Angeles i Cor- angle of , Los Angeles . Cor- I one g t I magnetic 

f local mean I rected / local inean rected t' i oscilla rnomen i force 
deflection ' ! "' at I l I time. C. time. c. ti on. 60 7 c I I . J". u. T,. I , . i 

: i I i ____ --!------!----- - I 

I 
' ! -1-

1883. h. m. (]Jl. 0 h. lll, s. I dpu. 
June I4 9 42 a.m. -j-24. 3 I 32.75 8 5I a.m. 22.3 5. 0403 183. 2 

I 
0.2732 

15 9 4I a.m. 25.4 I 32. 60 : 8 49a.m. 23.8 5.0442 3. 2 I 32 I 

16 9 42 a. m. 25. I i5 I 

July 14 6 IO<\, rn. 19. 3 7T I 

15 IO 40 a. ID. 27. I 76 I 

16 9 38 a.m. 22.6 73 I 

Aug. I4 IO 02 a. m. 29.2 78 I 

15 10 01 a.m. 28.8 77 I 

16 IO 54 a. m. 30. 7 79 I 
Sept. I4 IO 20 a.m. 22. 8 73 I 

I5 IO 1:z a. ni. 25. I 75 I 
16 IO 18 a. m. 22.6 73 I 

Oct. I4 10 16 a. rn. 17.9 70 I 

15 10 27 a. m. 20.3 71 I 

16 IO 14 a. m. 24.4 74 I 
Nov. 14 10 41 a. rn. 26. I 75 I 

15 10 10a.111. 20.9 I 72 I 

16 Io 30 a.m. 26.6 
1 

76 I 
Dec. I4 10 18 a.m. I8.8 70 I 

15 10 46 a.m. 25.2 75 I 

16 10 28 a. m. i 23.6 36.574 I 

Jan. 14 II or a.in. ! +I5. 7 36. 568 ! 

15 IO 12n..m. I J.). I 66 I 

Io 58 a. m. 
I 

I7- 8 I6 70 I 

Feb. 14 II 05 a.m. I 9.2 64 ! I 

I 15 II 21a.1n. I I. 8 ! 66 I 

I6 II JI a.m. 15. 7 68 r 

Mar. 14 10 36 a. m. 14.7 68 l 

15 10 35 a. m. 16.8 69 r 

I6 10 55 a. m. 17. 9 70 I 
Apr. I4 10 05 a. m. Ig. 6 7I 1 

rs IO I2 a. m. 19.6 7I l 

16 9 24 a. m. 20.0 71 J 
May 14 io17a.m. 21. 9 73 1 

15 IO 3I a. m. 23.3 74 I 
16 9 16a. m. 23. I 73 I 

June 14 9 27 a. m. 23.0 73 I 

15 10 o6 a. m. 26.2 76 I 

16 10 44a. m. 29.2 36.578 I 

32.70 8 54a.m. 

33- 2I 6 5oa. m. 

32.26 9 59a. m. 

33.IJ 9 01 a. m. 

32.35 ! 9 19 a.m. 

32. Ii 9 18a.m. 

32. 03 10 17 a 111. 

33. 2I 9 29 a. n1. 

32. 73 9 31 a.111. 

33-53 9 34 a. n1. 

33-79 CJ 26 a.m. 

33. 46 9 43 a.1n. 

32.j2 9 3oa. m. 

32.74 9 53 a. m. 

33.23 9 :4 a. 111. 

32. 58 9 39 a. 111. 

33.32 9 27 a. rn. 

32. 50 Io ooa.m. 

32.96 9 44 a. m. 

3.» 92 9 58 a.m. 

IO 17 a.m. 

34.07 9 30 a. m. 

33.56 IO 02 a. 111. 

34.52 : 10 15 a.m. 

34. I9 IO 28 a. m. 

33.80 IO 30 a. TlL 

33.95 CJ 47 a. m. 

33.86 9 50 a. m. 

33· 76 JO IJ a. fll. 

33.45 9 20 a. 111. I 
33. 23 ~I 27 a. m. I 
33.39 8 33 a. m. 

33· 11 9 33 a,. lTI. 

32.71 9 44 a. m. 

32.76 8 33 a. m. 

32.76 8 16 a. m. 

8 54 a. rn. 

32.89 9 22 a. rn. 

32.33 9 35 a. m. 
10 09 a. m. 

22.9 5· 0427 

19.8 5.0324 
z+ o 5.0438 
~0.4 5.0353 
26.9 5.0544 
27.6 5.0547 
28. 3 5.0500 
19.8 5.0359 
22.6 5.0439 
20.4 5.0444 
16.8 5. 027 5 

18.6 5. 031 s 
22.2 ; 

' 
5. 0391 

2J. I ! 5.0411 

17.9 5· 0258 

23.4 5· 0417 
14- 2 5.0161 

21. 2 5- 0365 
20.3 5- o3,>S 

13.9 ·, 5· OIJi 
14.6 5.0207 
8. 2 5· 0044 
8. 2 5- OI/7 
7. 8 ! 5.00I2 
8.z 5. 0067 

I5-3 5.o~o6 

13.3 5.0I84 
16.0 5.o237 
17. 4 5.0298 
18.6 5.0293 
18.2 5.0285 
16.9 5.0266 
22.0 5· O.j.IJ 

20.4 5.o35I 
20. 7 5.0372 
19. 2 5.0319 
21. 5 5.0392 

24. s I s.04ss 
25. 6 I 5. 0525 

27. 7 I S· 0567 
I 

3. 2 

3- 2 

3.0 

3-4 

3.2 

3. 0 

3 3 

3-4 
3· I 

3· 4 

3. 5 

3. 4 
3. 2 

3.4 

3·4 

3· 3 

3-3 

3. 0 

IS3.3 

I83. 4 

3.3 
2. 8 

3.5 
, 1 

J• .> 

3.7 

3·4 
3.6 

3.5 
3- 5 
3.3 

3. 4 

3.3 

3. J 

3.] 

3.2 

3.4 
183.2 

31 

34 

36 

29 

30 

33 
37 
26 

30 

19 

zs 
27 

" -'J 
30 

32 

32 

34 

35 
0. 273I 

o. 2 

0. 2 

26 

30 

33 

30 
30 

35 
34 
36 

233 



 

234 UNITED STATES COAST AND GEODETIC SURVEY. 

Tlte magnetic horizontal intensity at Los Angeles, Gal., 1882-188!l-Continued. 

Observations of deflections. ObserYations of oscillations. 

Date. 

- ---,---!----~----- -· ----- --- -- Time of 

· 

1 

Cai·- I Cor· ,·, Obsen·ed i l Los Angeles ' Los An<:rc1es · Cor~ one 
1 local mean t l t 1 rected ' angle of mean l~cal I rected t': oscilla-

time. I recc~( idist~nce i defi~~tion time. c. tion 
T,. 

1884. 
July 14 

15 
16 

Aug. 14 

15 

16 

Sept. 14 

15 

ft.!/!. 

(0 25 :i. 111. 

9 50 a. m. 

9 41 a. m. 

I 1 56 a. m. 

11 51 a. m. 

IO 52 ::t. 111. 

II 33 a. m. 

IO 19 a. m. 

I 16 IO 24 a. m. 

t)ct. 14 ro 20 a. n1. 

15 1 10 27 a. n1. 

16 IO 26 a. 111. 

:'.S'ov. q lI 25 a. m. 

15 10 20 a. 111. 

16 ro 20 a. m. 

Dec. 14 ' I l 03 a. m. 

r5 II 03 a. Ill. 

16 IO 2i a. m. 

1885. 

Jan. I4 

I5 

16 

Feb. 14 

15 

1G 

Mar. 14 

I5 

I6 

11 07 a. 111. 

I l I I a. m. 

11 16 n. m. 

10 07 a. tn. 

10 16 a. in. 

10 34 a. lU. 

II 28 a. m. 

10 40 a. 1n. 

11 41 a. m. 

Apl'. 14 ro 30 a. m. 

15 IO 28 n. m. 

16 1oooa.m. 

May 14 10 47 a. m. 

15 ro 14 a. m. 

16 10 5oa. m. 

June 14 ro 02 a. m. 

15 IO IO a. m. 

I6 IO II a. m. 

July 14 10 II a. m. 

IS ro 12 a. m. 

16 10 08 n. m. 
Aug. 14 IO r3 a. m. 

15 I IO Il a. m. 

16 ! IO I 2 a. tn. 

I 
I 

·:-29- 8 

27. 4 

26.7 

33·4 

34· I 

33-7 

3o.3 

31. 2 

22. I 

24.7 

21. 4 

19.9 

18. 2 

17.4 
I 2 • .2 

14. 2 

13.4 

~-15. I 

15.4 
16. 2 

16.9 

19. 3 

20.4 

25. 8 

26.8 

20. 7 

H).I 

21. 3 

::H.O 

27.2 

2(>. 4 

24. 5 
28. 6 

28.7 

30.6 

34·7 
32.4 

30.4 

34.8 

33·3 
34·4 

it. Ui. 

I 32.26 9 40''- m. 

76 I I 32. 3G 9 04a. m. 

8 57 a. m. 76 I 32. 46 

81 I 31.96 

81 I 31.86 

II 02 ;.1. n1. 

II 06 fl. m. 

IO 08 a. m. Sr I 31,51 

78 I 32. I 6 IO 40 :1. m. 

9 40 a. rn. 

9 41 a. m. 

9 41 a. m. 

78 I 32.12 

79 

i3 
74 

72 

71 i 

;o 

36.568 

68 

69 

69 

71 

72 

75 
76 

72 
7r 

72 

76 

76 

74 I 

77 . 

771 
79 i 

81 

So 

I :JI. 98 

I 33· 06 

I 32.68 9 43 a. m. 

I 33· I I 9 49 a. tn. 

I 33· 16 IO 43 '1. m. 

I 33· 39 9 44 '1. Ill. 

I 33 51. i 9 42 a. m. 

I 34 06 9 12 a. m. 

J 34· 02 IO 25 <1. 111. 

I 33. 91 Q 54 a. m. 

I 33.80 

I 33.96 

I 33.68 

I 33.66 

l 33.46 

l 33.29 

l 32. 83 

I 33· 00 

I 33. 5f1 

! 33. 43 

! 33.26 

l 33.28 

l 32.91 

I 32.77 

I 32.92 

I 32. 42 

l 32. 74 

l 32. 32 

I JI. 82 

I 32. 0/ 

I 32. 15 

I 3!.90 \ 
31. 90 I 

IO 2j a. 111. 

Io 29 a. rn. 

to 40 a. rn. 

9 27 a. m. 

9 40 a. m. 

9 58 a. rn. 

IO 56 a. m. 

IO IO ~1. tn. 

II 09 a. rn. 

9 55 a. rn. 

9 54 "· m. 

9 27 a. m. 

IO 14 {1. lll. 

9 40 a. rn. 

IO JS a. m. 

9 27 a. ir1. 

9 39 n. m. 

9 40 '"Ill. 

9 37 a. rn. 

9 41 a. m. 

9 36 a. m. 
9 43 a. m. 

9 35 a. m. 

9 42 a. m. 

27.8 5.06I2 

24. 9 5. 0501 

24.6 5.0506 

33· 4 5. 0818 

32. 9 . 5· 0824 

31. 8 ! 5. 0743 

28. 9 I 5. 0650 

2i. 3 5- 0591 

28. 5 5· 0635 

19. 4 5· 0328 

23. 3 5· 0498 
19. I 

18.4 

16.4 

15.7 

9·9 

II. 9 

11. 5 

13. 2 

13. I 

14.4 

I4. I 

17.2 

I8. 7 

24. 7 

18.9 

5· 0~)48 

5.0331 

5· 0282 

5. 0232 

5· 0095 

5.0149 

5. 0146 

5.0164 

5.0190 

5· 0214 

5.0214 

5· 0282 

5· 0327 

5· 0450 

5. 0574 

5. 0374 

I8. 3 5· 0340 

18. 6 I 5.0J33 

19. 5 5. o.1S6 

27.6 5.0616 

25. I 5· 0533 

23.6 5.0480 

27. 2 5. 0582 

27.6 5.0615 

29. 3 5. 0613 

33· z 5. 0754 

Jl. I 5. 0712 

28. 5 5. 0598 

33. 9 5. 08o7 

31. 3 5. 0731 

33.7 5.0795 

i Horizontal 

i 
~fagneticl 
111oment ; 

;11 al \ 
I6°.7 c. ! 

3· 0 

3· I 

2.8 

2.6 

3.0 

3· 2 

3. I 

J. I 

183.3 

3.4 

3.3 

3. 3 

3.4 

3· 3 

3·4 i 

3.3 

3.4 

compo­
nent of 

magnetic 
force 
H. 

dyne. 
0.2728 

32 

31 

• 2I 

24 

32 

29 

30 

30 

31 

30 

32 

0.2731 

0.2732 

27 

30 

29 

29 

30 

30 
20 

3. 2 28 

3. 3 28 

3· z 26 

3. 4 22 

3. 2 26 

3.2 2j 

3· I 29 

3. 4 22 

3.3 28 

3· 0 28 

3.0 26 

3· I 31 

3.0 24 

I 31. 51 I 2.9 ~7 
182. 7 l o. 2731 

------'--



 

UNITED STATES COAST AND GEODETIC SURVEY. 

The 1nagiietic horizoiita,l ilitensit!I nt Dfls Angeles, Oa1., 1882-18'}9-Continued. 

----i-------
Obsen·ations of deflections. 

Date. 

1885. 
Sept. I4 

15 
16 

Oct. 14 

15 
16 

No.-. 14 

I5 
16 

Dec. 14 

15 
16 

1886. 
J:rn. 14 

15 

16 

Feb. 14 

IS 
I6 

Mar. 14 

15 
I6 

Apr. r4 

15 

I6 

May 14 

15 
16 

Jane 14 

rs 
I6 

July 14 

rs 
16 

Aug. 14 

rs 
16 

Sept. 14 

15 

16 

Oct. 14 

15 

16 

Los Angeles 
local mean 

tin1e. 

h. "" 
IO 05 a. 

IO 13 a. 

10 41 a. rn. 

IO 15 a. m. 

IO 29 a. m. 

IO 21 a. Ill. 

IO 06 a. m. 

IO I7 a. m. 

I I 15 a. nl. 

11 oo a. m. 

11 12 a. m. 

II 44 a. 111. 

11 20 a. n1. 

I I 27 a. TI1. 

II 26 .a. U'J. 

10 17 a.m. 

10 27 a. m. 

JO 43 a. m. 

ro 50 a. m. 

Io 42 a.m. 

10 12 a. m. 

IO 13 a.m. 

IO 08 a. m. 

IO IO a. m. 

IO I5 a. m. 

10 IZ"l:Lm. 

JO 16 a. m. 

10 05 a.m. 

IO I6a.m. 

IO 12 a.m. 

IO 04 a. m. 

IO 08 a.m. 

10 07 a. rn. 

10 08 a.m. 

10 07 a. m. 

10 I2 a. m. 

IO 26 a.m. 

IO 20 a.m. 

IO 18 a.m. 

IO !Oa.m. 

ro 22 a.m. 

Car· 
rected t 

c. 

29, I 

30.0 

2+ 2 

2 3·9 
23.4 

18. 4 

16. 4 

I7. s 
I9. 3 

IS. 3 

16.7 

-;-r6. o 

1+· 9 

13.0 

22.6 

20. z 
18.6 

21. 5 
22. 3 

20.0 

20.6 

22.2 

23. 3 
26.9 

28. I 

JI. I 

2z.7 

33.4 

32.3 

32.7 
28. 8 

JI. I 

24.6 
27. 2 

24.3 

21. 3 

24.2 

23.9 
Ig.7 

L------'·------------'-' 

Cor­
rected 

(listance 
/'. 

(..-Uf. 

36.577 
78 

78 

74 

74 

74 

70 

69 

70 

71 

68 

36.569 

36.568 
68 

66 

73 

~: II 
73 

71 

72 
1

1 

73 
I 

74 1 

76 ' 

77 

79 

75 

If. 

I ' 

32. 40 I 
I 32 38 
I 31. 88 

I 32.66 

I 32.84 

I 33.04 

I 33.30 
I 33.66 
I 33.46 

' 33·42 

c 33.jo 

I 33·57 

[ 33. !15 

'34.0I 

I 34.23 

I 32.90 

l 32.96 

I 33.32 

I 33· 14 

I 33.06 

I 33·47 

I 33· 41 

I 33· JO 

l 33.07 
I 32.55 

r 32.48 

I 32.25 

I 32. 56 

72 I 33· r6 

73 I 32. <)2 

So r 31. 90 

8o i [ 31. 98 

So I r JI. 84 

77 I 32. 37 

79 

74 

76 

;: I 

36. 5~; I 

I 32.33 

I 32. 73 I 

I 3;:qo i 
I J2. 841 

33· 29 

32.90 l 
32.83 

[ 33. 421 

Obsep;ations of osci1lations . 
L, i Horizontal I 

Los Angeles i Cor­
local mean i rected fl 

time. : C. 

. Tim" of '.11agnetic! ~1~~~p~f 
one , inolnent 1 1nagnetic 

osci1la- 1 m at I force 
tion · II 

;, 1JI. 

9 35 a. m. 

9 44 a. Ul. 

9 40 a. nL 

10 09 a. nL 

9 43 a. m. 

9 56 a. m. 

9 46 a. m. 

9 36 ::i. ll1. 

9 45 a. n,>. 

JO 41 a. lU. 

JO 26 a. m. 

10 40 a. m. 

l I 09 a.111. 

10 54 a. m. 

1055a.m. 

IO 58 a. m. 

9 41 a. m. 

9 35 a. m. 

IO 10 a.nl. 

IO Ii a. m. 

JO IO a. nl. 

9 40 a. rn. 

9 41 a. m. 

9 35 a.m. 

9 37a.m. 

943a.m. 

9 3i a. m. 

9 42 a.m. 

9 35 a. m. 

9 43 a. m. 

9 40 a. m. 

9 33 a. m. 

9 35 a. m. 

9 35 a. m. 

9 37 a. rn. 

9 36 a. m. 

9 41 a.m. 

9 53 a. m. 

9 43 a. m. ' 

9 42 a. m. 

9 35 a. m. 

9 47 a. m. 

T, i 1fi0
. 7 c. ; . 

~ t 
·---~--1--~----- _) 

27.9 

28.8 

2 3·5 
23.3 

23.7 

16.6 

14. 6 

16.7 

18.3 

13.8 

15.7 

15.3 

1 3·9 
12.6 

ZI. 6 

5.0565 

5. 0629 ii 
i 5. 0688 

5. 05541 
5. 0541 

5. 0562 j 
s. 0 322 I 
5.0262 

5· 0338 

5. o369 

5.0247 

5. 0184 

5.0295 

5.0260 

5.0244 

5. 0465 

18. 3 5. 0347 

lj. i 5.0325 

20. 7 5. 0444 

21. 4 5. 0441 

18. 7 5- 03j9 

19. 9 5. 0419 

21. 3 5. 0482 

22.2 5.0493 

25. 8 ! 5. 0596 

27.1 5.0638 

30. 2 5· 0735 

23. 5 5. 0525 
20.Z 

JI. I 

30.2 

2J. I 

5.0427 

5. 0424 

5. 0794 

5. 0747 

5. 0791 

5. o632 

5.0760 

5. 05I7 

5. 0607 • 

s. osos I 
5. 0455 I' 
5.0537 

5· 0530 ! 

183. I 

3· 0 

2. 5 i 

2. 7 
2.8 
3.0 

2.9 

J. I 

3· 0 

3· I 

3.0 

183. I 

3· 2 

3.2 

2.9 

2.S 

3- 0 

3- 0 

3· I 

3· 2 I 
3· 2 I 

t 3.2 

3.0 
3.0 

2.8 

2.8 

2.6 

2.9 

z. 9 

2.9 

3.0 

2.9 

3.0 

dyne. 
0. 2729 

27 
31 

23 

0.2i29 

23 

29 

33 

30 
26 

28 

22 

28 
26 

25 
23 
28 

21 

27 

22 

25 
22 

25 
26 

25.5 

22. 3. 

19.S 

23.8 

23. 3 ; 

18 . .:; 5· 0374 j 183. I O. 2725 . 

~------- __J 

235 



 

236 UNITED STATES COAST AND GEODETIC SURVEY. 

The magnetie horizontal inte1isity at Los Angeles, Cal., 1882-1889-Continued. 

---,-- -, Jbservat·i·,:,~s:;:-flections. Ubsenations of oscillations. Ls 
; Horizontal \-- -------

ate \ Cor- Obsen-ed 
· Los Angeles Cor- rected angle of 

'.1 local mean rected t distance deflection 

Lo::; /~ngeles 
local mean 

time. 

1886. 
Nov. I4 

I5 

16 

I7 

I8 

IC) 

Dec. 14 

15 

J6 

J887. 

Jan. 14 

I5 

16 

Feb. 14 

time. C. 

h. 111, 

IO 21 2. m. 

IO 23a.m. 

10 13 a. n1. 

IO JJ a. Ill. 

JO 47a.m. 

10 52 a. m. 

I I 17 a. n1 

IO JO a. 111. 

l I 19 a. n1. 

-i-- 18. 3 

15. 6 

13. 6 

15. 0 

15. 0 

IS. 2 

24.4 

21. 6 

20. 5 

11 oo a. n1. ! _._ 16. o 

IO 40 a. Ill. 14. 4 

l I 05 a. Jl1, I6, 7 

105o:i.m. 12.5 

I 5 I I 24_ a. m. IL 3 

1(1 11 39 a. m. 13.6 

Mar. 14 ! Io 43 a. m. 21. 0 

10 41 a. lTL 

10 i2a.1n. 

r. 

(1}1, 

36.570 
6S ' 

! 
67 

68 

68 

68 

74 

36.572 

hj 

(iy 

(16 

65 

67 

7+ 

69 ' 

11. 

I 33.54 

I 33.88 

I 33·92 

J 33.78 

1 34' OI 

I 33· 79 

1 32.72 

I jJ. 14 

I JJ.04 

I 34· 14 

I 33.68 

I 3+· 41 

J:.111. 
9 40 a. m. 

9 44 '" rn. 

9 38 a. rn. 

9 48 a. m. 

10 or a. 111. 

IO 10 a.m. 

IO IO a. m. 

9 43 a. m. 

IO 40 a, rn. 

10 10 a. rn .. 

10 oo a. m. 

IO 32 a. n1. 

Io 10 a. m. 

I 34· 70 IO 46 a. 111. 

1 34. 12 IO 59 a.m. 

I 33· 43 9 58 a. 111. 

9 57 a.m. 

9 34 a.m. 

Cor· 
rected t' 

c. 

16. 3 

13.3 

I I. I 

12.8 

I2.8 

I3-0 

20.2 

18.6 
18.8 

, 
1 compo-

Time of '~lagneticl nent of 
o:i

1
e
1 

i moment ! magnetic 
osc1 a- ' force 

lion mat I H. 
T,. 16°.7 C. ! 

s'.~JO' --,;::t o'.';,~7 
5.0240' 3.21 25 

5.0156 I 3· I 29 
I 

5.0197 3.0 I 28 
5.0207 3.3 25 
5.0204 3· I 28 

5.0442 2.8 28 

5.0370 3.0 28 

5.0376 I82.8 0.2731 

13. 5 5. 0240 I 183. 2 

12.6 5.0266. 3.1 

15.6 5.0292 3· I 

12. I 5.0199 3·3 

9,9 5.0I18 

12.7 5.0167 

19.3 5.0318 

22,6 

20 

22 

I5 

16 

Apr. 14 

15 

I6 

May I4 

10 58 a. 1lL 

10 JO a. ll1. 

23. 8 

17. 9 

16. 3 

IJ. 9 

20.6 

32. 9 

28. 3 

I 33· 14 

I 33.69 

1 33.Si 

I 34.03 

1 33·45 

I 31 ·93 

I 32.44 

I 32.63 

IO 01 a.m. 

9 40 a. rn. 

9 42 a. m. 

9 43 a. in. 

9 36 a. m. 

9 44 a. rn. 

9 39 a.m. 

9 37 a.m. 

15·3 
16.5 

I2. I 

18.9 

31. I 

26.5 

25.2 

26.3 

28.3 

33.3 

5.0434 

5. 0235 

5· 0270 

5, 0156 

5. 0366 

5. 0705 

5· 0554 

5· 0533 

5. 0565 

5. 0639 

5.0801 

5.0456 

5. 0463 

5 046 

3.7 
3.4 

3.6 

3.4 

3· 5 
3. 5 
3.4 

3.3 
2. 9 

3· I 

28 ! 

I5 

16 

June I4 

15 

I6 

July I4 

I5 

16 

JO 19 a. 111 

10 24 a. m 

IO 10 a. ni. 

IO '.21a.111. 

IO 20 a. Ill. 

IO I:! a. 111. 

10 09 a. 1n 

10 12 a, lU. 

IO I7 a. 111. 

10 19 a. rn. 

2.\ a. Ill. Aug. 14 JO 

15 JO 0 

16 JO 

Sept. 14 10 

I5 IO 

16 IO 

Oct. 14 IO 

8::1.m. 

13 a. m. 

12 a. nL 

36 a. m. 

20 a. n1. 

Ij a. n1. 

4 a. m. 

I a. Ill. 

2 a. In. 

8a.m. 

15 IO 2 

J6 IO 4 

Nov. I4 10 1 

15 10 0 

I6 JO 15 a. m, 

2j. 2 

2j. 8 

29. 3 

34.8 

23. 6 

23. 3 

29. 7 
27. 6 
29. 2 

29. 5 
29.6 

29.4 

26, 4 

21. I 

19. 8 
26.8 

22. 3 

18. 4 

So 

74 

74 
~ I 14 

78 

76 
78 

78 
78 

78 
76 

72 
71 

76 

73 
36.570 

I 

I 32, 50 

l 32. 17 

I 31. 64 

I 32.87 

I 33· 12 

33.0 6 

I 32. 28 

I 32.56 

r 32. 37 

I 32.37 

I 32.28 

I 32. 42 

f 32.86 

I 33. 32 

I 33.50 

I 32.58 

I 33.20 

I 33,71 

9 32 a. n1. 

9 33 a. rn. 

9 a.m. 

9 41 a. m. 

46 

9 39 a.m. 
932a.n1. 

9 38 a. m. 

9 37 a.n1. 

9 59 a.m. 

9 38 a. m. 

9 35 a.m. 

9 40 a.m. 

9 59 a. m. 

9 37 a.m. 

9 30 a.. rn. 

9 37 a.m. 

I 
I 
I 
I 

22. I 

22.2 

2 6 2. 2 

27.7 5. 0594 

24.5 5. 0523 

27.8 5.061I 

28.3 5.o634 

27.3 s- 0626 I 
26.6 s.0614 I 
24.8 5, 0532 

18.2 5· 0350 

19. I 5.0367 

23.7 5.0484 

18.8 5· 0348 

15. 6 5. 0253 

3.2 

3. I 

2.8 

2.7 

J. I 

3.3 

3· 2 

3· I 

3. I 

3. I 

3· I 

2.9 

3.0 

3· 3 
3.3 
3.3 
3· I 

3.3 

183.5 
I 

2 

i 29 

f 
27 

27 
! 

26 

27 

24 

24 

26 

25 

29 

27 

0.2726 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Tiie 11iagnetio k01·izontal intensity at Los Angeles, Gal., 1882-1889-Continued. 

Observations of deflections. Observations of oscillations. 
I , I lorizontal 

---~-·----- --- -- -------------1 
'1· I 1 · Time of ' 

Date. 

1887. 
Dec. I4 

I5 

Los Angeles 
local mean 

tin1e. 

h. J!l. 

10 32 a. rn. 

10 07 a. m. 

16 IO IIa.m. 

I888. 
Jan. 14 Io II a. m. 

15 IO 5 2 a. rn. 

I6 II OI a.m. 

Feb. I4 IO 38 a. m. 

15 10 13a.1n. 

I6 IO 17 a. m. 

J\l~.r. 14 IO 52 a. m. 

15 IO 15 a.m. 

16 

Apr. 14 

15 

16 

May 14 

15 

16 

June 14 

15 
16 

July 14 

15 
16 

Aug. 14 

15 

16 

Sept. 14 

15 
16 

Oct. 14 

15 
16 

Nov. 14 

15 
16 

Dec. 14. 

10 28 a. n1. 

10 14 a. m. 

IO 31 a. m. 

10 16 a. rn. 

10 17 a.rn. 

10 I.) a.111. 

IO 15 J..rn. 

10 26 a. m. 

IO IO a.nl. 

IO 05 a. m. 

3 02 p.n1. 

ro 09 a. rn. 

IO 03 a.m. 

IO I8 a.m. 

IO OJ a. lll. 

IO IO a.1n. 

10 IO a.m. 

IOI2a.m. 

IO 03 a.m. 

IO 05 a.m. I 

IO 10 a. m. 

IO 06 a.m. 

IO 16 a. m. 

10 04 a.rn. 

IO 08 a. m. 

C Cor- · Obseryed i I :\ 1 • C ! one !\lae<net1c. 
or- rected 

1
1 angle of · .os • nge es j or- i ' rno';'nent ! 

rected t d" t 1 d fl t' local mean I rected 11 ' oscilla-
C. ls ance 1 e ec ton time. , C. t tion , m at 

r. u. , T,. 16°.j C. 

14. 8 

I6. r 

14. I 

18.6 

19.5 

23.4 

28.2 

20.6 

i9.6 

27.2 

21. 4 

24. 2 

JI. I 

29.8 

29.7 

32.r 

32. g I: 

30.0 

JI. 9 

28. s I 
27. 3 

1

1 

JI. 2 

32. 71 
34.9 i 
19. 6 I 
24.8 I 
22. I I 

:: : I 

C!Jl. 

36.570 

68 

69 

36. 565 

65 
66 

68 

69 

67 
70 

i' 
74 

--{/ 
72 
71 

76 

72 

74 

79 
78 
78 
8o 

So 
78 
So 

77 
76 

79 
80 I 

82 

71 

75 
73 

70 

70 
68 14. s I 

l" 66 1 

I ' 

33.6o 

I 33·74 

~· ;6· :.:-
1

1
.- .~ 0~1 ; ,,,, .- ,,3 4 

93oa.111. 12.2;5.0153 3.3 

I 33· 64 9 37 a. Ill. 

l 34· 48 9 33 a. rn. 

l 34· 38 IO JO a. rn. 

I 34- 39 IO 26 a. rn. 

t 33· 88 9 55 a. m. 

I 33· 74 9 J9 a. IlL 

1 34. 21 9 38 a. m. 

r 33. 94 10 11 a. m. 

I 33· 47 9 35 a. rn. 

t 33· Ij 

l 32.49 

') 54 a. m. 

9 36 a. m. 

I 33· 25 1 JO 00 a. m. 

I 33·52 

l 32.64 

I 33.25 
I 33.05 

I 32. 18 

.1 32.24 ! 

I 32.48 

l 32.31 

I JI. 96 

I ~z.70 

I 32. IJ 

I 32.59 

I 32.84 

I 32.17 

I 32. 01 

I JI. 82 

I 33.56 

I 32.96 

I 33.o5 
I 33.38 

I 33·33 

I 33·97 

9 36 a. rn. 

9 37 a. m. 
9 35 a. 111. 

9 35 a. m. 

9 53 a. m. 

9 36 a. m. 

9 30 a. m. 

2 27 p. m. 

9 J5 a. n1. i 

9 31 a. m. 

9 40 a. m. 

9 29 a. 111. 

9 34 a. 111. 

9 31 a.111. 

8. I ). 0061 

7.9 5·0096 

IO.O 5.0136 

13. 4 5. 0204 

13. 7 5. 0201 

13. I 5. ozoo 

I j · 3 5· 0322 

21. 7 

26.5 

20. z 

5. 0439 

5.0601 

5.0398 

5.0349 

5.0557 

22.9 

30. 2 

28.8 

28.9 

32· 7 

5.0333 

5. 0465 

5. 0645 i 

5.0610 i 
5.0641 

5.0801 

31. 2 5. 0700 

28. 0 5. 0023 

30. 3 5. 0716 

27.0 5.0608 

2+ 9 5· 0593 , 
i 

29. 4 5. 0710; 

30. 7 5.0743 

33. 8 5- 0864 

17.8 5.0337 

2J. I 5· 0347 
zo. 2 5· 0421 

3.2 

183.5 

3.2 

3-4 

3.3 

3.3 

3·4 
:;.6 

3.3 
J.2 

3.0 

J. I 

3.3 

;.~ l 
3.0 l 
3.2 

3.0 

3.4 

2. 9 i 
3. I ' 

3.0 

2. 8 

2.8 

'2. 7 

3.7 
J.O 

15. 5 I 5· 0257 3· o 

16.1 I s.0210 3.0 

13.915.0206 3-3 

11. 5 5· OJ 59 3- 2 

compo­
nent of 

magnetic 
force 
B. 

1frne. 
o. 2726 

30 

30 

0. 2726 

26 

24 

28 

21 

26 

26 

30 

24 
20 

27 

20 

21 

21 

24 

32 

23'1 

I 15 I 
16 j 

ro 12 a.m. 

10 08 a.m. r;: ~ 
1

1 68 1 
I 34.00 

I 33.89 

f 33.50 

9 34 a. m. 

9 31 a. m. 

9 32 a. m. 

9 33 a. rn. 

9 32 a. m. 

9 40 a. m. 

9 31 a. m. 

9 39 a. m. 

9 36 a. m. 

9 34 a. 111. 

9 36 a. m. 

14. 3 l 5. 0256 3· 2 

16. 1 I Ii '" IO IO a. m. 

I 1889. i 
j Jan. 14 j 10 30 a. m. 

L 15 ro 05 a.m. 

--~-6·--'l_ro_z_s_a_. 1_11. 

17. 4 36. 569 

II. 9 i 36. 566 I 
9.9 I 64 I 

13.4 671 

I 34.38 

I 34.47 

I 34·33 

9 56 a. m. 

9 30 a. m. 

9 55 a.111. 

I
. 5. 0295 .3· 0 

I 
11. 0 ;I: 5. 0188 183. 2 ! 
8. 0 5. 0055 3. 3 ! 

--~~5~I73 I ~~i_ 
0. 27:; I 
-~· 2i~>__J 
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The magnetic horizontal intensity at Los Angeles, Cal.i 1882-1K89-0ontinued. 

Obserrntions of deflection;. Obsen·ation""' of o;cilhtions. 1., 

18r.9. 
Feb. q 

!\far. 14 

15 
r6 

Leh Angeles 
local 1n-ean 

time:. 

;:'. m. 
IO H) a.m. 

IO 35 a. 111. 

10 25 a. m. 

JO 0/ a. Dl. 

10 II 3.. lll. 

10 06 a. m. 

16. 9 

lj.6 

15. 6 

20.2 

Apr. 1+ 10 ro :-L m. 2r. i 

I 5 IO 02 ~L IU. 24. I ! 

i6 10 08 a. m. :!5. i 

::\fay 14 IO oS a. l:l. 25. 6 

I) IO 09 a. lll. 26. 3 

Ii> IO IO a. m. 27. 7 

June 14 10 03 a. m. 2I. 9 

15 IO Oj.'.l.llL t 23.2 

16 IO 00 ;J., llL :22. 3 

Juiy 14 10 Oj a. m.. :J6. 9 

I 5 IO 07 a. Jn. 24- 6 
28. 3 

32~ s i 

32. 8 

ON. 

36.569 

68 

6K 

74-

75 
75 
76 

77 
73 

73 

73 
76 

74 

77 
So 
80 

16 I007a.m. 

.1\ug. 14 10 06 a. m. 

15 10 02 a. m. 

16 IO 06 a. m. 3+ 2 Sr 

Sept. 14 10 05 u. m. 

15 IO 05 '" m. 

16 10 13 a. m. 

Oct. 3 ') IO a. rn. 

4 9 43 a. rn. 

5 8 5qa.m. 

22.9 73 
29. 6 78 

35.6 82 

25. 3 75 

22. I 73 

20. ') 36. 5 72 

Observed 
angle of 

deflection 

' Time of 
· Los ,\ngeles ! Cor- one 

)la~netic 
, moment l 
I 1J!, at ; 

local mean i reeled t' oscilla-
tin1 .... .:. C. tiun r6°.7 C. ! T,. ' I 

I 3398 

I 34.26 

I 34· :?I 

I 33.6-t 

I 3.). 89 

I 34· 14 

I 33· IO 

I 3:.'.!· 75 

I 33· .1S 

I 32. ii 
I 32.86 

I 32.82 

33.30 

I 33· 12 

I 33· 15 

I 32. ii 

I 32. 94 

I 32.52 

I 32. ::?2 

I 32.05 

ft. 11!. 

9 46 :1. 11L 

9 54 a. rn. 

9 Jj a. Ill. 

9 .18 c .. rn. 

9 31 rt. lU. 

i:,1 34 :1. TIL 

9 29 a.m. 

9 33 a. rn. 

9 32 a. nL 

9 30 :1. !lL 

9 :;6;:;.,111. 

9 31 a.m. 

9 34 ::i_ rn. 

9 29 a. ni. 

9 34 a. m. 

9 30 a. m. 

9 34 a.m. 

9 29 a. 111. 

l 31. 86 9 32 a. 1n. 

I 33. 18 I 9 29 a. m. 

I 32. 45 9 34 a. m. 

I 3r. 78 9 33 a. m. 

l 32. 88 , 9 29 '1.. tn. 

I 33· IO i 9 II '1.. m. 

I 33· 56 ! 8 25 a. Ill. 

5· 021 I 

q. 2 5· 0205 

rS. 6 i 5. 03+.; 
i 

16. I _\. 0283 

11.4 '. 5.0170 

19.9 5.0364 

23. I ). 0457 

24. 3 5. 0~93 
23. 8 5· 0467 

25. 6 5. 05"-0 

27.2 5.0564 

20. 8 5 . 0420 ! 

22. 4 0467 

21. 9 5. 0++2 

26. 6 5· 0554 

22. 2 5. 04-46 

:?6. l 
1 

5· 05.\4 

31. 8 5. 0760 

32.7 5.0785 

33.4 5.0815 

2I. I 5· 0420 

28.1 5.0619 

34· 2 5· 08o5 

2J. I 5· 0469 

20. 6 5. 0414 

19. 9 : 5. 0383 

3.7 
3.6 

3.5 

3.5 

3.3 

3.0 

3· 6 

3.2 

3·3 

3-4 

3.3 

3.2 

3.3 
3.2 

3.2 

3.0 

2. 9 

2. s 
3.3 
3· I 

2.9 

3.2 

Horizontal 1· 

compi:.::­
nent of 1

1 
mai;netic 

f(lrcc 
JI. i 

dn1c. 
0.2724 

22 

22 

30 

21 

28 

24 

23 

24 

24 

I 

26 1. 
25 
26 

27 
21 

23 

24 

25 
25 

25 
26 

27 
0.2722 

I 
------~-·--~- ·········----------J 

Recapitulation of the valueR for magnetic moment of the intensity magnet. 
Annual mean values of m: 

Het\\·ccn Scplem.bcr, 1882 and Septe:nher, 1883 1 from 36 obser1:ations, 
Between September, 1883 and September, 1884, from 36 obsen·atinns. 
Between September, I8S4 and September, 1885, from 36 observations, 
Bt'tween Septemher, i885 an<l September, 1886, from 36 obsen-ations. 
Between September, 1886 and September, 1887, from 36 ob.>ern1tions, 

Bctiveen ~~eptembcr~ 1887 and September, 188S_. from 36 obs.e1Tation~, 
Between September, 1888 and September, 1889, from 36 observations, 

Apparent lo" in 3.% years, 0.037 

whi.ch ii,; only about 50\-0 part of the whole value, indicating a well-seasoned magnet. 
Comparing the mean, or 183.18 with each individual value~ we get the probable error of a 

single determination = ± 0.25, or about T:h· part of the whole. 
For the proltable error of the mean of three observations we get ± 0.0001, which shows that 

the ohseiTatiom; were very carefully made. 
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Tlte probable error of an obseniation for hm·izontal inten.sity.-This is most readily arrived at by 
comparing each of the three daily values with their montlily mean and summing the differences. 
We then have 

r = 0.845 JV ~· . = 0.84ii -.-~-~406c-=-, = ± o.ooorn vn (n - v) . v:W:.l (262-86) -
which is about 1 7\ 10 of the force. 

The preceding probable error is relative only as shown by its derivation, as no account has 
been taken of the uncertainty in the measures of tlrn weight of the mass-ring and of the diameters 
of the same. Making a liberal estimate of the former as ± 0.1 grai11, and of the latter ms ± 0.001 
inch, the corresponding probable errors in II would ue ± 0.00002 anll ± 0.00004 dyue, or together 
± 0.00005 dyne, which would seem to show that with portable instruments of this kind observations 
can be made the results of which can be tnrntell within 1;,1" 0- part of TI. Thi;; would iuclnde also 
the effects of uncertainty iu coefficients 11, P an1J h. 

Recapitulation of res1tlti11g monthly 11alues for the horizontal cornponent of the maynetic intcusity. 

I ;\Jonth(mi<i<lle). 1882-'83. i 1883-'84. 1S84-'85. 18S5--'86. l886-'S7. 1887-·ss. 
! . 

-·-·:-------- ------ -----···-- ··---- ·--· .. 
lSS8--'S9. i :'\fonthly 

I l1H.'U11S~ 

October. o. 2727 : o. 2p8 o. 2730 : o. 2725 o. 2725 : o. 27 25 o. 2728 o. 2727 

Kovember. 27 i 3r j 3r I· 28 27; 27 29: 29 

December. 29 j 33 ! 30 ! 28 :.!9 29 27 > 29 

January. ~~ I 26 l 30 I 24 23 25 ; 24 26 

February. .J-

1 

29 29 I 31 25 : 27 i 23 28 

March. 31 28 241 26 27 
1 

24 24 26 

·\pril '3 'I 27 25 ,! 26 I '7 i 27 °8 

~by.. I ;2 I ;3 i 25 i 25 I ::8 i :7 i 25 ' :s I 
June. j 32 I 3r : 26 'I 28 ! 28 ! 27 

1
1 25 ' 2S 

July. I 33 l 30 i 28 26 I 26 I 22 1 26 I 27 

August. I 33 1 26 I 27 , 25 ' 28 · 23 ! 23 'i' 26 
' I I ' I i I • I 

September. 

1

. 25 30 29 / 23 I 26 i 23 ' 25 :I 26 : 

Annual means. ~7;:1~7;:!~728 !~7261~726 !~726 !~725 ! o. ~7;:;-
____ . -··--·---- ___ J_. _______ ' _I-·---- _.J·-·--·-·-----·--·------ _J_.__ __!_ ----

The mean of all the values answers to the middle epoch, April 1, 188G, for wltich we have 
H = 0.27273 dyne; this result is for 10 o'clock a. m., and consequently may be red need to the daily 
mean, or to tlrn mean of observations from 24 hours by means of the differential series of 
observations. 

The annual cliange, or the effect of the sec11lar ,·ariation in one year, is plainly indicated in the 
last row of the table. The horizontal force is diminishing slowly (as was indicated in 188::i ou the 
cbart showing the isodynamic curves for that epoch, Coast and Geodet.ic Survey Report 1885, 
Appendix No. 6). 
Let a =annual change (in absolute measure and C. G. S. units). 
H 0 =meau horizontal force at middle epoch t0 ; WI' have H0=.2727:~ for i 0 or for April 1, 1886. 
H =horizontal force for April 1 of any other year t; then 

H =Il0 +a (t-t0 ) 

whence we get 7 observation-equations aud fiml a=-0.00009 dyne 
H=0.27273-0.0000() (t-t0 ) where i 0 =1886.25 

Expressed in parts <>f the horizontal force we have a-1=-0.00033, a value considerably smaller 
than the values (a1) given for San Diego, Santa Bai;bara, Monterey, or San Francisco, in tlic re­
port just referred to. For neither of these places, however, do the observations possess an accu· 
racy comparable with our present series. 

Further discussion of the horizontal force variations must be deferred till we treat of the 
differential observations, and we conclude this part of the discussion by tabulating the resulting 
values for V and F derived from the preceding tables of monthly results for H and 61 viz : 

V =ll tan 0 and F=H sec 8 
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Monthly and arinual values of the vertical component of tlte magnetic intensity of Los Angeles, Cal. 
---~---~- ·-1--··- ------,. ------~-·-- ··------ ·----- -

'I 

Month ! Monthly 1882-'83. i 1883-'84. 1884-'85. ! 1885-'86. 1888-'89. ii 
(middle). ,I means. 

------ ----- ----· 

I 
Clctoher. 0.4630 0.4638 0.4636 0.4623 0.4630 0.4627 0.4628 0.4631 

NoYeml>cr. 29 3i I 34 31 31 27 26 31 
December. 38 40 34 I 27 32 31 26 32 I 
January. 35 29 ! 34 29 24 27 21 29 
February. 34 ' 

30 31 37 27 34 18 30 
?\larch. 42 27 27 31 32 28 21 29 
April. 36 i 37 29 27 28 32 26 31 
]lfoy. 37 ' 06 25 I 27 33 28 21 30 I ,) 

June. 40 37 
I 26 31 I 32 29 27 32 

' i 
I 

Julr. 45 37 29 I 27 i 28 ,, 30 31 I 

I 
I 

i 28 i Augtcsl. . .p 22 31 31 22 25 :i 28 

I September. 36 29 ! 30 I 28 28 23 21 28 
------·---·---:---------·-----:·----

L :\nm.wt 11u:,1n-... 0.4637 ' 0.4634 0. 4631 I 0.4629 0.4629 0.4629 0.4623 
:, 

u.4630 : I 

i ii 
-----·· --- --·- - --·-·- -

The probable error of any single tabular Yalne is found uy dV =tan OdH+H sec2 f)df) 

Putting 11=590 :~O', H=0.2727, r7fl= ±0'.6 (or57~0 )•and, dH=±0.0001, we get 

The annual change becomes a=-0.00019 dyne and a1 =-0.00041 in parts ofV, and 
V =0.4.630-0.00019 (t-t0 ), where t0 = 1886.25 

.llonthl.11 and annual value.~ of the total magnetic intensity at Los Angeles, Cal. 

: ' 
--· -· ---· .. - . -r ·-· ; . --- . - ----, 

1885-'86. 1886-'87. ! 188--'88. : 1888-'89. 
1 

Monthly I 
I 

/ 
: · 

1 
mean~. 

Month (mi<ldle). 1882-'83. ! 1883-'84. 1884-'85. 
I 

·-------· .----·- .-,------- - ----·-- . -----1 

o. s367 ! o. 5312 I 
1s I 74 I 

---.. - --~---------

October. 0.5374 0.5381 0.5380 

Nuven1ber. 72 81 78 

0. 5370 ! 

o.5372 0.5374 I 

71 ; 71 75 
71 I -6 I 

February. 79 i 75 76 ~: \ ~: : 76 
1

1
, 

I ! 
! .\forch. 85 ' 71 69 73 i 75 70 : 6-f 72 

J)cccmi.Jcr. 81 Rs 78 
January. 79 i 72 78 

75 70 76 

70 : 64 72 
61 74 

April. S2 I 81 72 69 [ 71 75 70 74 

:-.1ay. s2 I s2 68 10 1 16 jl 64 14 

June. 85 I 81 69 75 ii 75 73 • 691 75 
Jul~ 89 I 81 73 70 71 64 ! 73 1 74 

A11gtbl. i 861 66 75 70 I 751 65 : 67 : 71 
September. ! 78 74 74 , 70 f 71 66 65 : 71 

1---'---,---'---:---,------!---
Annual means. o. 538-0 I o. 5378 o. 5374 o. 5372 o. 5372 , o. 5372 o. 5366 o. 5373 

1 ! I 

The i1roballle error of auy single tabnl:ir value is found by dF=s<'c tMH+H tan{} sec &d& and 
putting dH=±0.0001 and dH=±0'.6 (or .-; 7~ 0 ), then 
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The annual change becomes a=-0.00020 dyne and ai=-0.00037 in parts of F, at1d 

F=0.5373-0.00020 (t-t0), where t0=188Ci.25 

241 

In conclusion of Part I of the magnetic work of the Los .Angeles observatory I may he 
permitterl to remark that whatever merit it may possess is largely due to the scrupulous care and 
minute attention to detail on the part of its first observer, nor have his two successors shown less 
devotion to dnty in order to render their laborious task as effective as possible. 

The second part of this paper will contain the record and discussion of the differential 
observations. 

H. Ex. 80--16 
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APPENDIX No. 9.-1890. 

RESULTS OF TIIE OBSERVATIONS RECORDED AT THE U. S. COAST AND GE'WETIG 
SURVEY MAGNETIC OBSERVATORY AT LOS ANGELES, CAL., IN CHARGE SUCCES­

SIVELY OF MARCUS BAKER,, ACTING ASSISTANT, CARLISLE TERRY, 
.JR., SUB-ASSISTANT, AND RICHARD K HALTER, ASSISTANT, 

BETWEEN THE YEARS 1882 AND 1889. 
PART 11.-RESULTS OF THE DIFFERENTIAL MEASURES OF THE 

MAGNETIC DECLINATION. 

Discussion and report by CrI:ARLES A. SCHOTT, Assistant. 

[Submitted for pnblicaticm July 5, 1890.1 
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In the preceding part of the account of the magnetic work done at the Los Angeles Observ­
atory by the Coast and Geodetic Survey (Appendix No. 8, 1890), the plan aud object of these obser­
vations La.Ye been described ancl the instruments au(l methods for obtainiug the declination, the 
inclinatioa and the horizontal magnetic force in absolute measure have been explained. The 
results there obtained will be utilized in this, the second part, which is chiefly devoted to the 
presentation itud the discussion of the ditl'erential measures as secureu by continuous photographic 
registration. 

The d(tferential magnetic -instruments.-Ttrn Adie maguetograph oelonging to the Survey came 
into use for the first time at Los Angeles in 1882, as has been state11. No detailed description of 
these iur;truments is here demanded, as this cau be found in "Account of the construction of the 
self-recording maguetogmphs at preseut in operation at the Kew Observatory of the British Asso­
ciation, by l3alfour Stewart, M. A., taken from the report of the British Association for tlie .Ad­
vaucement of Science for 1859, Loudon, 1860, 4to, pp. !!00-228." \.V.e have there gi\'en a full 
description of each of the three maguctographs, their adjustment, as well as an exposition of the 
photographic process, accompanied by two plates showing construction (to scale) of i.nstruments 
and specimens of traces. Tue apparatus is also descrioed and well illustrated on Plates XVII 
(full view) and XVIII (detail of magnetometers aml recording cylinders) in Vol. I of" A Physical 
Treatise on Electricity and Ma.guetism, by J.E. H. Gordon, B. A., New York, 1880." The appa,. 
ratns was originally constructed for the use of gas, but at Los Angeles it was fottlbd more suitable 
to burn coal oil, for which purpose each lrtmp was provided with a. large copper tank containing 
fluid enough to last a day anu a half. The photographic process was that followed at the pre­
ceding station, Madison, Wis., but about July, 1~86, the gehttino.bromide paper was introduced 
with the most complete satisfaction. As mounted in the Observatory, the horizontal force and 
declination magnetometers stood on a magnetically west and east line, with the vertical force 
magnetometer centrally to the north of it and nearly iu the magnetic meridian. The air in the 
vacuum chambers was not exhausted, but the nmgnets were allowed to move under the variations 
of the ordinary atmospheric pre:ssnre. 

DETERMINATION OF THE INSTRUMENTAL CONSTANTS OF THE ADIE MAGNETOGRAPH, AS 

MOUNTED AT LOS ANGELES, CAL. 

The Uniftlat· Ma.gnetometer.-As far as known, the relation between the fixed semicircular 
mirror on the pier and the scale on the reading telescope was not disturbed from the time of the 
first adjustment after the instrument was set up to the close of the series; nor was there any 
change iu the suspension of the magnet and its attached semicircular mirror; hence the scale value 
remained the same. The magnet and appendages were suspended by a thread composed of twelve 
single silk fibers. The scale is mouuted 011 the reading telescope, with the zero division t-Owards 
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tbe south and the 500th or last division towards the north. The scale appears erect and the num­
bers increase from left to rigltt as ~men through the telescope. Increasing nnm bers indicate a 
movement of the north (srn~ki11g) end of the magnet towards the ea.~t or iucreasi11g east declination. 
The torsion head is graclnated from oo to 3600, from left to rigllt as seen from abo\·e the center, 
and iuto degree di visions, and can be read by means of a vernier to 5'. 
Let l =length of one division of scale~ = 0.0197 inch or 0.05 centimetres. 

r =distance from surface of mirror to face of scale plus two-thirds of thickness of glass 
mirror= 42.55inch (to rim of scale)+ 0.01:!5 inch (to its surface),+ ~ x 0.102 iuch = 108.4G5 
centimetres, and when corrected for slant measure (see note to scale valne for the hifilar) 
it becomes 108.348 

a1 = angular value of one division of scale = 3437'.75 x 0.<•5 = 0.'7932, uncorrected for 
ix 108)348 

torsion. 

l c h) h a a= angular value of one division= 3437.75 2,. 1 + f , where f= 73-a and a= the angle 

through which the magnet turns when the torsion head is turnec.1 through the angle /3. 
The following observations for amount of torsion were made by Mr. Baker, September 4, 

a.. m., 1882, the angle f3 being 900. 

~---------------·---------------

Torsion Mean scale Differ. 
head. remlings. ence. 

0 I 

89 20 325.3 i , hence a= 7.35 X 0.793 = 5 1~3 =0°.097 
7• 3 I 359 zo 318. 0 

179 20 332.7 
89 20 32 5·3 

Mean 

hence, a= 0'.7941 or 47".65 

I, 

I 14. 7 I 

I 7.4 : 
---1 I . i 1. 35 I 

and ~ = 0
·
0 97 = 0.00108 

f 89.903 

To determine the corresponding space on the recording cylinder or trace through which the 
luminous dot will move, we have given: Distance from snrface of paper to surface of mirror + i 
thickness of mirror = 57.57 inch + 0.068 inch = 146.40 centimetres, I.Jenee tile corresponding space 

on the cylinder or on the paper = 00.5 x 146.40 = 0.06756 centimetre, or 100 scale diYisions i or 
108.348 

791.41 correspond to 6.76 centimetres measured perpendicularly to the base of the unifilar trace. 
Also, 1 millimetre of the ordinate represents 1'.176 

The time-scale or abscisAa aYerages 14. 75 inches or 37.465 centimetres for 24 hours, hence 
linear value representing one kour = 1.561 centimetre, and length representing one minute = .O:!G 
centimetre, or nearly oue-fourt.h of a millimetre; tbe length of the trace, however, Yaries slightly 
with irregularities in expansion and contraction of the paper ancl some lost motion in tile geariug 
with the clock.• Increa..~ing ordinates from the base denote increasing east d• clination. 

For reading off the unifilar traces, the observer had provided himself with a triaugular piece 
of cardboard with the straight edge of its right angle graduated, 100 parts corresponding to 6. 76 
centimeters. To place its edge on the time scale, a. ruler bad been made with white pi11wr pastccl 
firmly to it; upon this the length of 37.465 centimetres had been subdivided into twenty-four equal 
parts and numbered from 9 hours a. m. (the time approximately of the beginning of the trace) to 
9 a. m. of the next day; the hour spaces were subdivided into 5·rniuute spaces. 

After the magnetometers had been regularly at work for about a fortnight it became desirable 
to change the adjustment of the unifilar and of the vertical force instruments. The fixed mirror of 
the unifilar was originally set to read on the scale 250; on October I.':3, 1882, it was ch an getl to 300. 
This, together with a turning of the other half of the mirror, produced a change of 32.2 divisions, 

* Thie -was taken into MJcount by means of additional 11u bdivieion11 of the ecale. 
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as found by taking the mean reading (3384.2) frften days before and oomparing the same with the 
mean reading (370.4) of ten days after October 13. To render tbe tabulation uniform, this oon-
1itant was added to all readings before that date. 

The hourly readings of the traces and the corresponding tabulation of the difterential angular 
mo\·ements of the declination magnet expressed in scale divisionB are doe to th~ respecth·e 
observers. 

Occasional short breaks in the series, of one or more hours, had their nilues supplied by 
inter1mlation. This I effocted as follows: For the missing hourly ordinates were substituted the 
eorresponding rnontllly mean -values, but correewd for difierence of readings from the monthly 
mean at the last recorded hour and again at the first recorded hour after the break~ and this differ­
ence was distributed equally o-ver the intervening monthly means. All interpolated \•alues are 
<listiuguished by being incloscd in brackets. All recognized disturbances (above a certain limit) 
are indicated by an asterisk. These tables are appended. 

E_ffcct of the rcrtical force magnet upon the unifilar and bifilar niagnets.-In order to determine 
the effect produced by the vertical force magnet upon the two other magnets of the magnetograph, 
J\Ir. Baker made a, number of observations on September 25, 1882, alternately removing and 
replacing tbe balance magnet and noting the difference fa seale readings of the other two magnets. 
He founcl the effoct to be: Upon thi:i unifilar, to attract its north {seeking) end to the westward 
1.8 !'lcale divisions, or 1 1.4; and upon the bifi.lar, to attract its west (north seeking) end to the north 
2.3 scale divisions, 1'.9, or 0.00025 parts of the horizontal component of the magnetic force. 

Connection of the d~fferential with the absolute measures of tM declinatfon.-For this purpose the 
traces were reacl off for the times near the daily extremes when the absolute observations were 
recorded. For eaeh monthly.mean of a bsol n te measures on 3 days we have, therefore, corresponding 
to it, the mean of six trace or scale.readings. This connection is shown in the following table, the 
resulting absolute declinations being taken from Part I. 

Becapit11lntion <~l tmifilar scale reading.~ corresponding to time.s of absol1tte determination of declii~ation. 

[300 divisions -- tabular quantity]-

!=~~~~~:~~~~~1~0~~~~~- 1882~~3- • 188~~~8~:-i~~~4~~.j~8~~i~'86J~886-'8;. j_1887-'88J 1888-'~·1 ~n:~;~ 
1 October. ~- 7 :f9. 8 ·1· f.;. 7 ¢; .. 2 :; .. 1 ~. 8 ! /ii. 3 6~'. 7 

NO\·emher. 71.9 69.3 70 .. 0 73.5 71.4 6g.o 65.s 70 .. I 

December 70.6 70 .. 0 69.9 73.z 71.z 69.0 65.7 69.9 

January. 72 .. o 70 .. 7 71. 4 : 74. Z 7i:. 8 67. 8 , 66. o 70. 6 

February. 71. 7 6g. 9 70. 8 I 70. 4 70. 3 67. 211 
65. 1 69. J 

Marcli. 71.4 68.1 70.5 70,4 68.7 66.7 65.0 68.7 

April. 70. 4 I 67 .. 9 i 72. I 70. 7 6g. 7 66. 6 66. 2 69. I 

l\lay.. 71.. 3 : 66. 41 73· 2 71. 3 70. 7 67. 6 66. o 69. 5 
Jtme. 70.4: 66.gl 72.2 6g.6 6g.9 67.7 6.j..6 11 68.8 

July. I 70.4 67.41 7J.O 70.9' 6g.4 67.71 65 .. 0,j 6g.I 

.\ugust. J 70.s I 68.6 74.3 1 71.6: 70.1 66.4 65.1 !'I. 69.6 
I ' I l" I 1 

Sept•,mbe1. I 71. o I' 69. 3 I D2.t o 72 .. o i 69. 9 66. 7 66. 4 I 69. 6 
I i------- ---1,----1 

CAnnual i:~an. 1 __ 71..0 i--~8·-~--~~--71..81 70.4 67.6 --6-5.6 l.IF D!),50 

orresponrng ~14"+/ 31'81 30'2 29'7 20'21 2S'.7/ ZA 1 .. 8 22<1.9 °ztV.Jt / ab~olute measure.5 · i · · · -,, · .. 
[_ _ ________ ! '-----' -- ------ ---- ------ ----- ----- . --

Renee for any scale readings we ha~e the oor:responding declination D, 
D. = 14P 28'.2 + 0'.794 (s-1>9.5) Eut, 

±:0.3 d:0.6 
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where the first-namecl probable error mfers principally to that of tile azimuth mark, and the second 
to t.he want of eorrespon<lenee throughout the series between absolute and differential measures. 

The yearly averages taken from the mantlily mean readings, as they will be needed when 
d.iscu5Sing the seoo1a.r variati<>n, are therefore as follows: 

\--Year --1 ;::~n~-ti~~~l-y e~:--T~eclinatio:l 
1----- 1---- --+ I --1 
1
1

' 1882. 87 : 14 29_ 2 E [ r886. 50 I 1~ 29~ 2 E I 
. 83. 50 28. 6 I 87. 50 I 28. 2 ! 
I
I 84.50 26. 7 88. 50 26. I i 

I I 
I 85. 50 ! 30. 2 89. 3i I 24. 7 I 
---------~---! ___ --· ---------- ______ J ____ ~--~---'.. 

Th-e aiinual change of tke magnetic deelination.-This is simply the effect of the secular variation 
during one year, and since the unifilar <leclinmneter remained in the same adjustment during the 
whole time, it is best made out from the monthly mean r.eadings of the unifilar traces, ¥iz: 

Monthly nieans <>f hout·ly readings of tlie declination traces during seven years. 

[JOO divisions+ tabular quantity.] 

l~M~-=:_th~-(-m-~i-cl--dl·~-e-)_.~-.~1-8_S_-2_-~'8~3_.-ll-1~-83--';:-. -I -18_8_4_-,-85-. -l-1-88-5-'86. \ 1886-'87 ·_ \ 1887~~i 1888-'8~.-l\ ~:!-~-1'.-

I I Ii 
October. 

d i ~ . d ~ I d 1· d d j1\ d 

November. 
70. 3 I 6g. 9 I 68. 5 72. 7 j 70. 9 ' 6g. 3 66. 3 ·.11 69. 7 
70. 7 ! 69. 41 69. 2 ' 72. 7 71. 3 I 69. I 66. 2 : 69. 8 

• ! Ii 
December. 71. I 69. 5 69. 8 i 72. 7 71. 4 ! 68. 9 65. 8 ;1· 6g. 9 

January. 71. I 70. I ! 70. 4 j 72. 1 71. 3 ) 68. 2 65. 31 69. 8 

F.ebruary. . 71. 1 / 69. 2 : 70. 9 70. 5 70. 5 I 67. I 65. 5

1

1j 69. 2 

March. 70, 6 I 66. 6 71. o 70. 3 6<). 3 j 67. o i 65. 2 : 68. 6 

April. 70, 3 I 65. 3 71. 5 70. 2 6<). 7 I 67. 3 I 65. 0 1! 68. 5 

May. 69. 91 -05.0 7:1..2 70.0 69.8 ! 67. :i. 65. 2 \'I 68. 5 

June. 69.5 I 65.4 71.8 70.2. 6g.8 f 66.9 64.7 I 68.3 

July. 69. 21 66. 5 72. 2 70. 3 I 68. 7 I 66. 6 64. 7 I/ 68. 3 

August. 69. 5 67. 3 7z. 7 70. 8 68. 81 66. 2 64. 9 li 68. 6 

September. 69. 8 ! 68. 2 p. 9 71. 2 6<). o 66. S 65. 3 ii 6<). o 

Annualmean.1-~t--;;7-~-~;----;;;;\1-6;,"5'--~;-\:~:-;-\ r •I I 

With the exceptian of the fi:rst year, the annual means consistently exhibit at first an annual 
:increase, next a sta.tiona.ry va.lne, and last a decrease of declination; our series th.us includes the 
epoeb. of maximum ea.st doolioation. When the observatory was established it was not known 
how aoon the secular variation would change its direction from in.creasing to diminishing •atues. 
In my la.test discussiou. co of secular variation, I found the year 1880 to be the epoch of eastern 
maximum for Santa Barbara, Oa.l., a.ad 1883 the epoch for San Diego, Cal., both stations being 
near Los Angeles. By the year 1890 the region of stationary direction or of no annual change, 
acoompanyillg the maxi.mum east declination, had moved considerably out to sea, as shown on the 
ehart of anniml change illustrating the -di.scussioo. 

It is known that the seoola.r varia.tion is made up of a principa.I. and a number of minor :ft.uctu. 
a.tions, and it is these last which especi.aJJ.y obtrude themselves about those years immediately 
preceding and followi0g extreme values, and thus render it difficult to seize the exact year and 

"~------·-----~--·------·------

*Secular variation of the magneti1: declination, etc. Seventh edition, Appendix No. 7, C. and G. S. Report for 1$88. 
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month of the maximum and minimum. In oar seriPs, tbe large valm'I for the first year is snpposed 
to be due to a short subordinate fluctuation. w(~ may represent the annual means by 

D = d0 +'!I (t - f-o) + z (t - t0 )
2 

wlJPre t0 answers to the ruirldle of the years (or .Apeil 1, 1886). Putting d0 = 71.1 + x we get the 
following observation equations: 

f o=+o. 8+ x-3 y+9z Normal equations, 

/0=+3.4+x-2 Y+4z {0=+14.j + 7x + z8z 
loc~~ o.o+x- y+ z 0=+16.5 +z8;, 
io= o.o+x 0=+88.5 +zSx +i96z 

j o=+ r. i+x+ Y+ z l x=-o. 70 
Io=+ 3.6 I x+ zy·-!-4 z -{ y=-o. 59 

lo=+s.B+x+3y+9.z L z=--0.354 

hence D=i0.40-0.59 (t-10)-0.354 (t-to)2 which gives the annual means as follows: 69.0, 70.2, 
70.6, 70.4, 69.5, 67.8, aud 65.4, and lean,s the residuals +1.3, -2.5, +o.5, +o.7, +o.5, -0.3,-0.1 

For the time of the maximum east declination To, we have To= to- Y_ =1886.25-0.83 or .Tune, 
2z 

1885, with the maximum value 70.59, or in absolute measure 
140 28'.2+0'.794 (70.59-G9.50)=14° 2W.l Ea!'.t.. 

Our earliest information respectmg the direction of the magnetic 11eetlle on this coast dates from 
1714, wlicn the declination was about 7,}0 East, aw.I it has been steadily increasing since, though 
with various rates. 

Tke annual 'l:ariation of the declinatian.-The numerical exhibition of'tbis inequality, which 
apparently dt>peuds 011 the suu's decl1natio11, is difficult to give, on account of the length of the 
period and tile smalluessof the pheuomeuon; it demauds very firmly mounted and und1angeable 
instruments, operated for a series of years. 

With the Adie magnetograph, tbe fixity of the zero direction is assured, but tbe possible 
develop1uent of torsiou in the sn;.;1.1ension skein must be guarded agc1iust, since such an effect would 
prooahly !Jave tl..ie same period as tl.ie maguetic inequality uuder co11sideration. The anuual 
variation is directly deduced from the preeeding table by takiug the difference of 'each moutl.aly 
mean (scale-reading) awl its corre::;pondiug annual mean aud correcting tQ.e same for effect of 
secular change. 

Ann·ual variation of the magnetic declination. 

[In scale divisions; I div.= o.'79 J. 

'Month (middle.) [ 1ss 2-·s3. 1883-'84.
1

1884-'85.
1

1885-'86. 
1 

1886-'87. ---·---1--
0ctober. . 

·--·-- ------1-- I I ! 
~ ~ ~ I ~ ' ~ 

+o.8 +z .... I -2.5
1 

+1.4 +0.4 
Noven1l>er. 

December. 

J~nttary. 

'.\l~rch. 

April. 

May. 

June. 

July. 

_<\ugust. 

September. 

+r. 0 
+1. 2 
+1. I 
+J. 0 
+0.4 
-0. I 
-o.6 
-I. I 

-1.5 
-1.3 
-~I. I 1 

I 

+z. I -J.8' +1. 5 +0.9 
' 1 

-t-2. I I -1. 2 +1. 5 +1. I 
+z.6 I -0.6 +0.9 +1. I 

+L61 -0.2 -0.7 +0.4 
-J. I I -0.I -o.8 -0.7 

1 

-2.4 +0.4 -0.9 -0.2 

-z.8 +1. [ -I.I +o.I 
-2.4 +0.7 -o.8 +0.2 

-1.4 +r. I -o.6 -o.8 

-o.6 +1.6 0.0 -o.6 

+0.2 +1.8 +0.4 -0.3 

1887-'88.11888-'89.11 
----! 

d. d. ii 

+0.9 -o. 2 :1 

+0.9 -0.I !. 

r 

+0.91 -0.3 f 

+0.31 -o.6 i 
-0.6 I -0.2 i 
-o.6 ' -0.3 ! 

-0.I -0.2 
---0. I +0.2 
-0.2 -0. I 

-0.3 +0.2 
-0.5 +o.6 

o.o +1.3 

! 
Mean. ::\lean. 

J 

I d. , 
l 

+o.s I +0.4 
+o.6 ! +0.5 

+o.8 f +o.6 

+0.71 +o.6 

+0.21 +0.2 
-0.5 I -0.4 

-0.51 -0.4 
-0.5 -0.4 

-0.51 -0.4 

-0.51 -0.4 
-0. I -0.I 

+0.31 +0.3 
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A + sign indicates easterly deflection of the north end of the magnet or increased east decli­
nation, a - sign signifies the reverse motion. The numbers of the last column exhihit a regular 
progression with a maximum easterly deflection in December, or about the winter solstice, and a 
maximum westerly deflection in June, or about the summer solstice-the total range of the varia­
tion being one mmute of arc. Of the above se,·en years uf observation, in one only (18d4-'dJ) is 
the above conclusion reversed and the last year's work seems feebly to support this. 

It can not be said that our knowledge of the annual variation is satisfactory iu view of the, as 
yet unexplained, fact of the greater or less discord or even contradiction of the results obtained at 
various places located even in the same magnetic hemisphere, as for instauce may l)e seen from 
the following table. 

Comparative i•alues of the annual variatior~ of the niagnetic declination at several places in the 
northern (magnetic) hemisphere. 

[A + sign indicates a deflection of the north end of the magnet to the eastward, a - sign the contrary direction.] 

Los Angeles, Key West, 
Month. Cal., fla., 

1882-'89. 1862-'65.* 

/ Washingt on, I D.C., 
! 1840-'4 2, 

8.* I 1867-'6 

I Toronto, j 

Phila~elphia, ! Canada, I Dublin, 
Ia., I 1845-'51, Ireland, 

1840-'45.* 
1 

1856-'64, 184r-'5ot. 

Kew, 
England, 
1858-'62~. 

i 1865-7i.t I I 
--·- ------:-----i--------1---------

I 

January. +o.6 

February. +0.2 

March. -0.4 

April. -0.4 

May. -0.4 

June. -0.4 

July. ·--0, 4 

August. --0. I 

September. +0.3 
October. +0.4 
November. +0.5 
December. +o.6 

I 

-o.6 

-o.6 

+o. I 

+0.3 

+0.3 
+0.2 
+0.3 

+o.8 

+0.7 
-0.5 

-0.5 

-0.3 

--L 
I o.6 -0.5 

+ 

+ 

0.3 
0.2 

0. I 

0.4 

-
-

- O. I 

+ 
+ 
-
-
-
-

0.2 

o. 7 
0.4 

0.2 

0.2 

0.3 

-0.4 

+o. I 

+0.1 

-0.2 

+o.6 

+r.o 

+0.9 
o.o 

+0.2 

-0.9 
-0.7 

*U.S. Coast Survey Report for 1874, "\Vashington, :0. C., 1S77, p. II2. 

o.o 

+0.2 

+o. I 
0.0 

+0.3 

+0.5 

+0.4 

o.o 

-0.4 

-o.6 

-0.4 

-0.1 

1 

+0.4 

+1.6 

+r. 7 

+1.91 
+1. 3 

o.o 

-I. 2 

-2.2 

-2. I 

-1.4 

-0.3 

+0.2 

o.o 

-o.6 

-0.5 

o.o 

~0.7 

+o.8 

+1. 2 

+0.3 
-0.2 

-o.8 

-o.6 

-o. 7 

t Abstracts and results of magnetical and meteorological observations at the magnetic observatory, Toronto, Canada, Toronto, 
1875, Table IV. (G. T. Kingston, director.) 

tA Treatise on Magnetism, General and Terrestrial, by H. Lloyd, London, 1874, p. 162. 
~Terrestrial and Cosmical Magnetism, by E. Walker, Cambrid£e, England, 1866, p. 76. 

The only feature of agreement is in the range of the annual >ariation, which for the North 
.American stations does not differ mach from 1'. 

It does not appear that the plane of detorsion of the unifilar sm;pension at Los Angeles was 
examined after the first mounting of the instrument. 

The total daily 1Jariation of the deelination.-The daily variation in the direction of the magnet 
is directly shown by a comparison of the hourly trace-readings with the correspondiug mean \"alue 
of the day. In the following table we give the monthly mean values ofscale-rea1 lings for ea eh lwur 
of the day, taken directly from the general collection of trace-readings, and arranged for each 
month separately. To these have been added the resulting mean hourly values from the 7 -year 
series. 
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[Local mean time.J 

DIFFERENTIAL OBSERVATIONS 

~pit1tlatio'i of mean lwurly '1Jal1,1,es of 

[300 di»isions -+-tabular quantity; 1 diL -- o'.794 

---------------------------- --- ---~---~ 

I I I • • I : . • . I 
Month.I Year. I'. 1h i zh i 3h [ 4'1 

1.. S" ' 6" • 7" i 8" !. 9" 10" : 11h .I Noon. 1 
: I ; 1' ! , 1 ! t : I ! -- --•--1--,--,--1--1--1---·--···-.---:---;--1--

0ct. 1882 11 70.8 i 69.9 70.4 I 7r.3 ! 70.7 I 71.6 , 73.0 I 73 7 \ 73-5 i 71.8 : 69. 1 1-07.2 

1883 69.8 i 69.9 70.2 I 70.1 j 70.9 71.9 I 74.2 I 75.4 173.6 i 70.9 68.o 66.6 

1884 ', 68.7 l 69.0 68.9 I 68.6 ! 69.1 69.8 . 71.2 I 72.7 [ 7I.8 169-7 67.4165.7 

1885 73.2 · 73.3 73.3 73-.1 73.4 74.0 75.4 I 76.5 l 75·9 · 73.7 70.9 69.2 

1886 !i 70.6 71.2 71.4 I 70.9 7r.4 i 72.1 73.3 I 74.5 i 73.1 I 71.2 68.9 67.6 

1887 
1
: 69. 8 69. 7 69. 3 I 69. 4 I 69. 5 I 69. 8 I 70. 9 72. 2 '.: 72. 3 70. I 67. 9 1' 66. 3 

I ' I I 
1888 66. 6 • 66. 9 66. 9 : 67. 4 I 68. 2 : 69 3 : 68. 6 ; 66. 3 64. I I 63. I 

.. ___ i ___ . -·'---1---1--~------ ------ __ • __ 

-~~~~~07 70. 27 70. 94 ! 72. 31 . 73- 47 . 72. 69 : 70. 5316~:.04 i 66. 53 

j i 
10.2 69.4 70.4 7z.4 73.6 ! 74.4 I 12.s i 69.9 68.1 

69. 4 70. 0 70. I 7!. 3 /2. 9 i 72. 4 i 70. 8 168. 7 66. 9 

68.6 68.3 68.s 69.9 71.6 \ 1z..s \ 72.2 70.2 67.7 

72. I 72. i 73· l 73· 8 75 5 l 75. 7 74. 6 l 72.8 '70.9 
71.4 71.3 71.2 72.2 72.9 72.8 : 71.5 ,. 70.5 1i9.2 
69. 4 69. 8 69. 5 70. I 7 I. 2 I 70. 8 ! 69. 6 i 68. I 66. 6 

66. 4 66_-_4 _ , __ 66. s_1~1i_ 67. s_i~i~~:~_! .. _:5_2_~-4· 2 

I I ! I : 
69. 64 09 70 69. 90 I 70. 961 72. 17 ! 72. 34 I 71. 16: 69. 36 67. 66 

j ' : l 

Nov. 1882 

1883 

1884 

1885 

1886 

1887 

70.5 70.0 69. 5 
70.0 70. 2 70.0 

69.4 l 69.0 68.4 

72.5 72.3 72.6 

71. 0 71.0 

69.2 68.9 

66.6 66.o 1888 : 

---~---------- ·--- -----· . i ! ! 
Dec. ' 1882 71. 3 71. 1 II 70. 8 70: 9 70. 7 70. 8 71. 5 72, 5 73· 7 J 73. () 72. 2 70. 4 

r883 69.1 6g.2 
1 

69.3 69.4 69.4 69.7 70.3 72.2 73.4 j 72·9 70.0 67.6 

::; ~::: ~::: ;: : ~::: ~::: I ~~:: ~:: ; ~::: ~~:: I ~!:: ~::: ~::: 
1886 70. 9 I 71. 2 70. 6 70. 8 70. 6 71. I 70. 7 7 I. 6 72. 8 " 73. 4 I 72. 6 70. 7 
1887 j: 68. 6 i 6g. 0 68. 8 68. 5 68. 4 i 68. I 68. 4 69. 4 70. 6 I 70. 9 II 70. 2 68. 5 

I • I I I I 
18881:~1~: 65.3 ~1~/~~~6_1_~1~i~~_l~~~l_:6_:_:_ 1>4.7 

Mean . 
1
1' 69. 661 69. 69 I 69. 47 ; 69. 56 i 69, 47 I 69. 591 69. 93 / 71. 10 i 72. 29 j 72 .. 33 ! 70- 94 li8. 91 

. ' I . . I I I 

Jan. -·::~-r~:::--r~:i---~.: .\ ~~:: ~:; ~::: ~::~ I ~~·.: i ~;:~ i ~~:! : ~::~ :::: 
::~ 1,1 ~;:; I ;::: ~::; ~:~ ~::: ~::: ~::: I ~::~ ~~:; ~;:; ~:~ ~:: 
1887 1· 70. 8 70, 9 70. 9 70. 4 70. 4 70. 6 71. 0 72. 5 74- 7 75. 8 73. 7 170. 8 
1888 11 68. 3 68. 9 68. 8 68. S 67. 7 67. 3 I 67. 4 68. 4 69. 8 70. I 69. O 66. 6 

18~ i! 65.0 65.0 65.1 65.0 I -65.1 65.2 I 65.6 66.6 67.9 67.7 66.o 163.5 

~~-:-j(69~i-~6;.66-6;.;6_1_~-,;-1.6~T-6;.&;-~-;~/~-;;;;-(6S~;;-1 
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OF THE DECLINATION. 

scafo.readingsfor each month and year. 

Increasing scale-readings denote increasing east declination.] 

[Local mean time.] 

13h 14• j 15n \ 16• I 17• I 18° : 19° l 2oh 

::: :::: :; ~; ' ~: ::~ ~:; I ~; :Ii, 

23" \' Mi<l- 11 Daily I night. j means. 

71. l 

6g.3 

65. 2 65. 5 66. 5 67. 4 68. 0 I 68. 0 68. 2 ' 68. 2 68. 8 I 68. 8 

6g.o 6g.9 
1 

70.8 71.8 72.0 I 72.3 72.7 j 72.7 72.8 l 72.9 

67.6 68.6 69.8 70.4 I 70.6 I 70. 8 71. I I 71. 2 I 71.5 71.0 

69.0 

72.6 

70. 6 70.34 

6g. 6 6g. 86 

68.6 

71.0 

68.52 

72.68 

66.o 66.9 67.8 68.5 j 68.9 I 6<)_2 6g.8 j 69.5 l 69.5 
1 

6g.6 

63.2 64.4165.4 I 66.o 1 66.r ! 66.4 66.4 i 67.0 j 66.6 I 66.6 66.2 I 66.2 66.28 

66. 34 67. 09 -~1~\~L~~~37 ~:· 67 i_ 69. 89 \ 69. 90 
1 

:· 90 69. 831 69. 79 
11 

69. 69 

67.6 &8.1 i 68.7 69.7 70.2 I 71.6 1.' 72.2 ! 71.7 / 72.6 I 71.8 71.0 I 70.8 ii 70.72 

66. 6 67. 2 67. 6 68. 3 68. 5 I 69- I 6g. 6 II, 6g. 5 I 69. 5 6g. 3 6g. 0 II 6g. 8 ii 69. 45 
66.6 66.5 67.2 I 67.8 68.7 I 69.3 69.6 69.6 I 69.7 69.9 69.6 II 69.4 !i 69.19 
70.0 70.3 71.0 \, 71.8 72.4 72.s 73.2 73.2 1 73.1 73.s 72.9 72.7 1112.74 

6S.9 69.5 70.4 70.7 71.4 71.9 72.2 72.9 I 7:1..1 72.0 71.8 71.3 71.31 

66.4 67.0167.6 68.4 69.0 6g.6 I 69.8 I 69.6 I 69.7 6g.4 6g.3 '69.3 69.07 
' I I I 64.2 &+3

1

65.0 65.7 66.3 
1
- 67.0 i 66.8 1

1 
67.4 J 67.0 66.7 66.5 I 66.5 66.22 -1 l-1-1 l I :I 

67.19 67.56 68.21 68.91 69.50. 70.19 l 70.49 I 70.s6 ! _1_0_.s_J __ 10_.4_1_~0._-01_L69~9'_i!~--s_1_ 

68.6 71. 2 

6g.6 
71. 8 ~ 
69.8 

72.0 71.4 71.2 71.2 

69. 8 6g. 7 69. 6 69. 2 

66. 9 67. 4 68. S 70. O 70. I 70. 3 70. 4 70. I 70. I 69. 8 

69.1 

69.5 

67.0 
66.6 

j 
71. 12 

6g.53 

69.75 

71.0 70.7 71.9 71.9 72.s 73.0 73.3 13.2 73.2 73.0 72.s 72.4 I 72.73 
71.42 

68.91 :: :: ;: :: ~: :; :: :: :: :: ~: ~:.1 
63. 9 64- 2 64. 5 65. 3 66. I 66. 4 66. 6 66. 9 66. 7 66. 4 66. -0 ( 65. 5 65. 81 

1-~-+-~~-1-~-~----1-~---1-~---J-----1---1-----·----1--~-1~~-'~~--
67.Sr 67.67 68.13 68.93 6g.81 70.27 70.44 70.70 70.59 70.33 70.11, 6g.77 i 69.go 

I I I 
•-68-.-,-;..~68-.-3----'~6-8.-9-~7-o-.o-,...-7--0-.-7-,--\~71-.-o_,.l-7-1.-2__,-7-1-.3~,...-7-1-.-S-,--71-.-2_,.-70-.-8---c1~7:-8-·-j _7_1._1_-0 

66. 4 66. 3 66. 9 68. 3 6g. 4 69. 7 70. 0 70. 1 70. 2 70. l 69. 9 69. 7 70. 06 

68. 2 67. 9 68. 5 6g. 5 70. I 70.4 70. 8 70. 8 70. 6 70. 6 70. 7 70. 4 70. 44 

70.s f>9.8 f>9.8 10.s 11.6 12.2 12.3 72.3 72.1 72.4 12.2 71.s 12.13 

68.9 ~.4 6g.o 'JO.I 'Jl.4 ']l.'J 71.7 71.8 72.2 'JI.9 71.4 /I.4 

1

, 71.34 

65. 9 66. 2 66. 6 67. 6 68. I 68.4 68. 8 68. 8 6g. -0 68. s 68. s 68. 4 68. 15 

62.4 6Z.9 63.9 65.0 65.7 65.9 66.o 65.9 66.o 65.6 65.4 64.9 l 65.29 
·---~------------------------11---1--·----1 

67.23 67.n 67.66 68.71 69.57 6g.90 70.11 70.14 70.31 70.04169.84 69.63/i 6g.79 



 

252 UNITED STATES OOAST AND GEODETIO SURVEY. 

DIFFERENTIAL OBSERVATIONS 

Recapitulation of mean hourly values of 

[300 divisions +tabular quantity; l div.= 0 1.794 

[Local mean time.] 

--·~----~~~~---~~----~----.,------c--------.----:------~,------, 

Month.\ Year. 

1 

.. i_i_h _j_2_h_l_~ ~--'[_s_b __ _:_6h-l--7h ___ l_s_h_r_9
_1> _ l_1_oh_

1
_n_h_l_N_o_on_. / 

1 ,, j I I j 

Feb.11883 
1

1 70.9 I 71.1 i 70.9 71.2 170.9 71.2 r 71.3 72.7 73.5 73.6 I 7r.8 70.0 

I 1884 I 69. 6 69. 9 ! 69. 5 I 69. 4 69. 4 69. 2 69. 2 70. 5 72. 2 7J. 4 172. 9 70. 4 

! 18851 70.9 I 70.9 I 71.0 I 71.1 71.6 71.9 72.3 73.2 73.3 172.4 71.0 69.0 

l 1886 I. 70. 8 70. 9 1 70. 4 70. 6 70. 3 70. 2 10. 6 11. 4 72. s I 72. 9 . 12. l 70. 4 

1887 ii 70. 7 ! 70. 5 i 70. 7 70. 2 70. 3 70. 2 70. 3 71. 3 72. 4 172. 8 

I 1888 1\ 67. 3 I 67. 5 ! 67. 2 67. 6 68. 0 68. 2 I &]. 0 69. 4 68. 8 67. 6 
I 1889

1 

65. 5 ! 65. 4 i 65. 6 
1 

65. 7 

1

1 65. 6 1~1 
66. o_ ~~-~i 67. 4 ___ ; __ _ 

Ak~;;- -6;;;T6;-;;61~/6;:; --;;.-~-/ 69.53 69.81 70.741 71.46 / 71.44 70.20168.36 

i 69.6 i 7r. 5 
' 65. 9 64.6 

66.2 I 64. 5 

Mar.1··~;~--11~- 71.7 I 71.4 70.9 . 70.8 i 71.5 !I 7J.o 74·3 74.8 l 7J.2 I 70.5 I 68.3 
11 ' I I 

1884 I'\ 67.2 67. I I 67.4 67.2 67.7 68.5 70.4 72.5 72.8 170 I I 66.6 63.5 

18S51 71.0 71.3 \ 71.4 71.2 71.3 71.8 73.1 75.2 75·7 75:0 II 72.8 70.2 

18S6 ; 6g. 9 70. 0 I 71. 2 70. 8 71. I 71. 6 72. 6 74. 3 75. 4 I' 73. 7 I 71. 0 68. I 

I 18871 69.7 69.4 I 69.4 70.0 69.7 70.5 71.3 72.2 72. I 71.0 1168.8 167.3 

I 
1888 I 67.4 67.3 I 67.3 67.6 67.4 67.7 I 69.2 70.6 170.7 168.7 66.4 64.3 

1889 Ii 65. 6 65. 6 I 65. 4 65. 7 65. 7 66. I 66. 9 68. 3 I 68. I I 66. 6 64. 8 I 62 8 

l\tea···,-,-. J- -68.8;- -6s-.-91_J_69-.-o-1 -69-.-06_r_6_9_. -1o_j_6~~~T-;,-:-;;-- -12. 49 i-12. so :,1~111 68. 10 1

1 

66. 36) 

·1-1 I I I 

Apr. 1883 1 70.2 70.8 1 70.8 I 7I.1 71.4 

1

! 75.7 I n4 i 70.5 i 68.5 

1884 .: 65.6 65.6 I 65.9 66.3 66.8 II 70. I I' 66.5 i 64.4 I 62.5 
18ss II 11. 3· 72. 2 / 72. 2 72. 4 72. 6 75. s 73. o 1 70. 3 69. 2 

18S6 11' 70. 4 70. 4 71. 3 71· 3 71. 8 73· 7 71. o i 68. 5 67. 5 

18s1 j 69.4 69.9 69.6 69.9 10.8 I 73 i 71 a 6s 6 67 3 
18881167.7 67.6 67.7 68.3 68.I I 70'8 68°3 65.8164.4 

18S9 !1 65. 4 65. 5 65. 6 1' 65. 8 66. 3 , 68: 5 65: 7 63: 2 62: o 
11 I 

l\;~~~--:T 6s. 6+ 1--(,s. s6 11
~\~l~li ____ , ____ , ____ -1-2-. s-6- --69-. -84_!_6_7_. 3_3 _!_6_s_. 9-1-

11 I i I I 

72.1 74.4 75.9 
68.2 70.4 71. 3 

73.6 75.2 76.4 
72. 8 74.3 74.8 

71. 2 73.0 73·9 
69.3 71. 0 72.0 

67.3 68.5 69.6 

70.64 72.40 '73.41 

May I 1883 r 69.8 ·;,: 70.~.l~~--.. 1· 71.0 I 71.7 169.9 i 67.2 I 66.o 

1884 ;, 65. I 65. 2 65. 6 65. 9 66, 8 65. 6 1· 62. 8 61. 5 

1885 Ii 7 I.7 I 71. 6 1' 72. z 73- 0 73. 8 72. 9 ' 69. 8 68. 6 
1: 

18% Ii 70. 3 1' 70. 2 I 70. 6 71. 2 7 I. 7 I 70. 0 ' 67. 3 66. 0 

1887 ii 69.8 69.9 I 7o.z 70.6 71.1 72.7 74·4 74.5 73.0 70.4 67.8 66.5 

18S8 it 66.9 i 66.7 67.2 I 6S.1 6S.6 69.8 71.4 71.6 70.2 67.8 65.5 164.3 
11 I 

1889 I! 65. 3 I 65. 5 ' 65. 9 I 66. 0 66. 7 68. 2 69. 8 70. 2 68. 0 65. I 62. 8 ! 61. 8 

Mean . i(-68~1 68. 49 f6$~1 69. 40 I 70. 04 17_1._7(,- --:,;~-53- ---;3-. 7-0 -;-. 8o-1!_6_8_. 8-1- -6-6-. 1-:;1'.t-6-4-. 9-4-
I! : i I -

73.5 75.6 75.6 73.6 
68.6 70.2 70.3 68.3 

75.7 77. 7 78. I 76.4 

73. 8 75.6 75.6 73· I 



 

UNITED STATES COAST AND GEODETIO SURVEY. 253 

OF THE DECLINATION. 

scal~-readings for each month and year-Continued. 

Increasing scale-readings denote increasing east declination.] 

[Local mean time.] 

I I I I I I I I I 

1 I Mid- !i Dailv 
~~--·---~h--· I 15h . 16h 17h 18h 19h 2oh 21h 22h i 23h I night. ii means. 

68.6 , 67.7 ~1~-;;;-;:~--~~~-1--;;;-lll~-7-1.-4-11-7-I._I_I 
68.o 

1 

66.6 65.3 66.o 67.3 68.4 68.6 68.8 69.4 6g.5 69.3 69.2 69.24 

68. 0 68. 4 ! 68. 9 69. 6 70. I 70. 3 ' 70. 8 I 70. 9 71. 0 II 70. 8 70. 6 70. 8 70. 88 

69. 2 i 68. 7 I 68. 7 I 69. l 69. 6 70. 2 I 70. 7 I 70. 4 70. 6 70. 6 70. 8 7 I. 2 70. 54 

68. 8 II 67. 9 11' 68. 6 69. 3 70. I I 70. 7 I 71. 2 71. I 71. I I!, 6771 .. 61 70. 8 : 70. 9 70. 50 
63.9 64.7 65.8 66.6 67.1 67.2 I 67.4 67.5 67.4 I 67.6 I 67.2 \1 67.13 

~-- ~'~-~ -~! 65. o I 65. s 65. 9 66. o 66~2 __ -~-2-i~I 65. 1 11 65. sz 

67. 091 66. 691 67. 00 67. 831_6~. s~r~9--''~L6;:~~~- -6;. -~ I 69. 64 ; 69. 64 i 69. 56 ! -6;~ 4~ ! 69. 27 

I ! 1' ! I 
70. 4 70. 9 7J. l 1 j I. I 70. 6 I 

61.8 61.5 66.4 66.z 66.6 66.7 I 66.7 \ 66.64 

68. o 66. 9 70. 6 70. 6 70. 6 7 I. 2 i 71. 1 \ 70. 9 I 7 r. or 
66 66 6 8 II II I 

66:: 66:: 6~: 9 ~:: ~ ~:: ; ~~: : I ~:: ; I ~:: ; 11 ~:: ~; 
63.3 62.9 64.0 65.3 I 66.5 66.9167.1 67.2 67.6 67.6167.6167.0 :I 66.98 

~~--~l .. 63._s_i~~i.2~-~-~-~!~~1~ 65.s I\ 65.1 7 

64. 96 64. 6o _65. 2~.L~6. 54.J 67. 44 67. 94 I 68. 29 ; 68. 54 · 68. 63 ! 68. 91 I 68. 871 68. So I!~ 

66. 6 65. 3 65. 3 66. 3 68. o 69. 5 69. S 

1

1 70. 2 70. 3-·i-~o. 3 -~~3-ji ~0- ~II :~· 
3

3°

4

--

61. 5 60. 8 61. 2 62. 8 63. 9 64.4 'Ii 65. 0 6+ 6 64. 8 ! 65. 3 I 65. 3 l 5. 2 il ;)• 
68.3 67.8 67.9 69.0 70.0 70.7 71.1 71.0 I 71.1 ii 71.2 I 71.3 71.7 !! 71.48 

67.0 66.8 67.3 68.z 6g.1 69.5 69.4 70.1 70.3 69.9, 70.1 170.6 jj70.25 

66. 4 66. 0 66. 8 68. 0 69. 0 69. 6 69. 2 69. 8 70. I I 69. 9 I 70. 0 I 70. 0 ii 69. 69 

63.4 63.1 64.0165.3 66.o I 66.9 67.0 I 67.1 67.3 I 67.4. 67.7 1. 67.8 li67.27 
61.4 61.3 62.0 63. I 64.1 1,. 64.8 65.0 64.9 65.1 i 65.0 I 65.2 65.3 I' 65.02 

I I l I' 

64. 441 64. 931 66. IO I 67. 19 I 67. 91 I 68. 07 l~l 68. 43 ii 68. 431 68. 56 ·1 68. 7; i168. 48 -64.94 
i i I , ! i 

l--'-~--'---1 --'-i--'- I I II 11, ~11-
65. 8 66. 0 66. 9 II 67. 9 69. 0 69. 5 69. 7 69. 5 70. I 69. 8 69. 8 69. 9 li 69. 94 

:1 
6o. 8 6o. 7 6I. 6 63. 0 64. 0 64. 7 65. I 64. 6 64. 9 65. 0 65. 2 ' 64. 9 ii 65. 02 

68.4 68.4 69.0 69.7 10.s 71.7 71.8 71.8 72.5 I 72.1 72.5 i 71.5 1172.1s 

65.9 66.4 67.I 68,2 69.0 6g.5 69.6 69.7 70.0 69.7 69.9 i 70.0 ':i 70.02 I 

66. 9 67. 7 68. 8 69. I 69. 6 69. 4 69. 6 69. 9 69. 9 I 69. 8 ii 69. 75 1· 66. I 

63.9 64.6 65.4 66.o 66.7 66.9 67.2 67.3 67.3 67.2 67.0 I! 67.15 

62. 9 63. 8 64. 4 64. 6 64. 8 65. 0 65. 2 65. 2 65. 5 I 65. 3 1
1 

65. 24 

64.81 65.57 66.53 67.43
1 

67.97 68.21 68.17 68.51 68.43 68.57 ~'-68.47 I 
62. I 



 

254 UNITED STATES OOA.8T A.ND GEODETIO SURVEY. 

[Local mean time.I 

DIFFERENT! \L OBSER\' ATIONS 

Recapitulation of mean hourly values of 

[300 divisions +tabular quantity; I div.= 0 1.794 

~--~~---~~~~~~~-~---------~------~~-------~ 

I
I ! ! I . I I i I 11 I ' 

Month. Year. , 1" ' 2" 3" 41• ; s'" 6h ; 7" i Sb j 9h 1 rnh · I uh I Koon. 

J··" ::~ -~:Ti; :;J ::~-1 :; ;f i :: ; i ;;: •11 ; '.: l~ :-1 :;; ~::: :~:: 
1885 11.s i 71.8 72.3 72.6 I 73.7 75.3 77.3 78.0 76.6 I 13.8 70.3 68.2 

1886 70.4 I 70. 2 70. 6 7J. 2 I 72. I I 74.0 75. 2 74. 9 73. 2 '170. 7 68.1 66.6 

1887 6<). 7 I 69 7 70 4 70.' i 71 3 i 72. 8 74. 7 I 75. I 73. 4 70. 2 67, 3 65. 6 

r688 66.8 / 67.0 67.2 : 67.6 ' 68.4 ' 69.8 71.5 I 71.5 70.1 167.I i 64.7 163.4 
' ' ' 

1889 65.3 j 65.2 65.3 i 65.7 66.4 i 67.6 68.6 I 68.8 j 67.3 , 65.0 i 63.0 61.8 
1----·------------- ----'--- ---- ----'------------
Me.an./ 68. 47 / 68.47/ 68.84, 69.20; 70.04/ 71.6oi 73.31/.73.56/72.01!68.94/w.01/64.53 
-- -- ----~---·-------- - ---------------- -~--------"-~---

Jilly 1883 Ii 69.4 69.4 I 69.8 ' 70.1 : 71.2 73.0 74,8 75.1 [ 73.2 ; 69.61
1

66.6 I 64.6 

1884 66.7 66.7 i 66.9 I 67.3 68.o 70.1 71,7 73.0 71.2 , 67.0 64.0 62. 1 

1885 72.0 72.3 I 72.5 I 73.0 74.1 76.1 78.8 79.9 78.0 73.8 169.9 67.7 

1886 70.0 70.2 i 70.8 I, 71.5 72.2 I 74.0 75.9 76.4 7+8 71.2 168.4 66.5 

1887 68.7 69.0 I 69.0 69.4 70.3 I 71.8 1 74.1 74.7 73.2 169.5 66.2 64,2 

1888 66.2 66.8 II 66.8 I 67.4 68.1 I 69.7 71.5 72.0 70.0 67.3 164.2 62.5 

I 1889 65.0 64.~ ' 65.1 I 65.6 : 66._ci__i~/~1~~~~;~:~~ 
Mean · 1 68. 29 68. 461 68. 70 I 69. 19 

1 
69. 99 l 71. 741 73. 66 I 74. 36172. 73169. 13 I 66.o6 ! 64. 14 

Aug. -1883 -·69.~:~~~---;:·~ i 71.0 73.2 I 75.4 I 75.6 73.1 169:5 67-:-6~-7-

:: ;; ; I :: : I ;: ~ ;; ; I ;; ; ' ;: : II, ~::: I ~;.: ~:: : ;:: ~ ::: ; :: ! 
1887 68. 8 I 68. 8 I 68. s 69. 2 I 70. l ;:: ~ I 14. 0 , ,.., ,. 8 "· 9 65. 9 '<· 6 

1888 66.5 / 66.3 ! 66.8 6~.S ! 67.1 .: 6~.o , 71.6 j ~z.5 70.2 66.3 63.0 61.4 

1889 i 65.0 I 64.8 i 65.1 I 6,.4 ! 66.1 6,.5 I 69.8 I ,0.4 68.2 646 62.0 6o.8 
--1-1-i----~-1·----i-:--~:·--·~·-i-~ --~--'--

!\lean ' I 68. 57 68. 57 ! 68. 8, 69. 24 I 69. 91 7 I. 90 I 1 4. 23 j 74. go 72. 56 I 68. 6o 165. 66 64. 29 
. ' ' ! I I I I 

sept. ::~! :::: 1 ~::! j ~~::--~;:~-T~:::·r ~;:~ ~::: ~~:-~--. ~~-="' ~;:: ! :~:! 1-::: 
1885 73.2 73·3 73.8 73.8 i 74.2 76.2 78.0 78.0 76.7 73.1 I 70.5 68.6 

1886 71.3 71.2 71.7 11.9 I 72.4 74.2 76.0 15.9 74.0 70.8 68.7 67.s 
1887 68. 9 69. 5 69. 3 69. 9 70. 3 71. I 72. 3 72. 6 71. 2 68. 3 66. 5 65. 5 

1888 66.7 67.4 67.0 67.5 67.8 68.9 70.2 70.0 68.3 65.3 63.7 62.8 

I~ 65.2 65.5 65.7 66.2 66.4 67.6 69.5 I 69.4 . 67.9 65.3 63.1 61.9 

Mean. 69. 01 69. 46 69. 50 I 69. 8o 70. 06 71, 67 --;-3. 43 1 -;;.~~ ~j 68. 73 66. 50 65. 19 



 

UNITED STATES COAST .A.ND GEODETIC SUBVEY. 255 

OF THE DECLINATION. 

scale-readings for each rnonth and year-Continued. 

Increasing scale-readings denote increasing east declination.] 

[Local mean time.] 
--- -

I I 13h 14h 15h J6h I 

--- ---------
64.9 64.8 65.8 67.3 68 

6o.4 6o.7 6J. 7 63. I 64. 

67.0 67.1 67.7 69.0 70. 
66.o 66.3 67.3 68. I 68 

I 65.4 65.8 69.8 68. 2 6g. 

63. 2 63.0 64. 2 65. 2 65. 

61. 5 61. 8 62.3 63.0 63. 

64c6 i 64.30 65. 11 I 66. 27 67. 

I I I ; I ·: 
7h 18b 19b i. zoh 21h i 22h i 23h I Mid- j Daily 

---------!---·-----1----f __ -_J night. ]: ?.1can. 
I I I I 1.-

. 6 69. 3 6g. 6 I 69. 2 I 69. 6 ! 70. 0 i 69. 6 I 69. 5 i 69. 51 

4 65.2 65.2 I 65.0 65.1 65.6 I 65.2 1' 65.7 I: 65.35 

4 71.6 71.6 71. I 71.1 71.6 7x.7 . 71.8 1: 71.82 
• 9 69. 5 70. 0 70. 0 69. 9 70. I 70. 6 70. 2 I 70. 18 

2 69. 9 10. o 69. s 69. 6 6g. s 6g. 3 1 6,,. s I' 69. 15 

9 66. 5 66. 7 67. 0 67. 0 66. 6 66. 9 ! 66. 9 l' 66. 86 

6 .~I 64. I 64. 3 ! 64. I I 64. 3 I 64.5 ! 64.8 II· 64.68 
I I .--. 1--1 ,--I 

29 I 68. 03 . 68. 17 I 68. 01 I 68. 06 ; 68. "41 68. 26 l 68. 34 Ii 68. 31 

I i 

I 64.4 
I 

64.8 I 66.2 67.3 68. 

61. 4 61. 9 63. I 64. 5 65. 

66.9 I 67.9 68.5 70.0 71. 

65.9 66. I 67. l 68.2 69. 

63.8 64.6 65.6 66.9 67. 

62. 2 62.6 63.6 64. 9 65. 

6o. 7 I 60.9 61. 8 I 62. 9 i 63. ____ I 

62.8 63.4 

67.4 68.3 

66.5 67.2 

64.z 65.0 

61. 2 62.0 

60.6 61. 5 

63.99 64. 74 f 

2 l 69. 0 6g. 5 i 68. 8 69. 2 69. 0 II: 69. 5 69. 2 !i 69. 25 
I' 5 66. I 66. I 66. 6 : 66. 3 66. 2 66. 4 66. 9 ii 66. 49 

2 72.0 71.8 71.7 II 7r.4 71.6 71.8 72.0 !J 72.25 

2 69. 3 69. 4 69. 4 70. 0 70. 2 70. 4 I 70. 4 :1 70. 31 
7 68. 2 68. 4 68. 4 I 68. 4 68. 3 I 68. 7 68. 6 i1 68. 66 

9 66. 4 t 66. 2 66. 2 I 66. 7 66. 5 II 66. 9 66. 6 i! 66. 57 

__ 1_ -~~-·,,_6~~~ ~i 64. 8 I 64. 8 ! 65. o ! 64. 12 

65.131~-~J 67.3~93. 67.971 67.99 I 68.10 j 68.091_68.3~_J 68.~9 \~S.32 

67.2 68.4 
1 

68.9 
1 

68.8 / 68.9 68.6 I 68.9 69.0 69.1 6g.o ii 69.48 

66 6 66 66 6 I 6 11 6 64.8 .2 6.8 66.5 .4 - 7.1 67.2 67.3 67.2 Ii 7.33 

69. s 11. 3 72. 2 72. 6 12. 6 12. 31. 12. 2 72.6 12.6 72. 6 I p. 12 
68. 5 69. 7 70. 2 70. 3 70. s 71. 0 70. 9 70. 6 70. 7 70. 5 ii 70. 8+ 
66. 2 67. 4 68. 0 68. 8 68. 6 69. 0 69. I 69. 4 69. 5 68. 8 !168. 85 

66 I 6 I 6. 63.5 65.0 65.9 66.2 .I 66.o 66.4 i 66.3 66.8 I 6 .3 I 6.22 

63.0 I 64.0 64.5 6+7 I 64.4 6+5 I 64.S I 65.5 i 66)8· .. 071 1'1 64.8 :\ 64.87 

66. 141·~-~T6&:;- 68. 27 ,-68~ ~(68.'.;-1 68. 66 ! I 68. 461168. 62 

I 63. 61 ! 64.00 ! 
I ' : 
'-···--!~ 

65.2 65.8 

li 
69. 3 69. 3 69. 3 1

1 69. 76 
Ii 

68. o 67. 9 68. 2 ;
1 

68. 20 
I 

72.9 73.I 73.0 f 72.93 

71. 2 71. I 70. 9 I. 71. 23 

69. 0 l 69. 3 69. [ i 69. 00 

66.71 66.3 66.6 I, 66.51 

65. 0 -~ ~:~J 65. 34 

68. 871 68. 89 68. 861: 69::J 

I I \ I 
65.8 66. 7 I 68.o 68.8 

I 
69.0 

64.0 65.0 I 66.6 67.8 67.7 

68. 2 6<f.4 70.6 72. I 72.4 

67.6 68.2 6g.5 70.6 70.7 

65. 5 66.5 67.6 68.3 69.3 
63. I 64.2 65.4 66.3 66.5 

61. 9 I 62.8 63. 8 65. I 65.3 

65. 16 66. II 67.361~1 68.70 I 
"------· 

69. I I 6g.8 69.4 69.3 
67.0 

I 
67.7 68.o 68.o 

72.2 72. 4 72.3 72.5 

70.9 70.8 70.9 71. 4 
69.0 69.0 69.4 68.7 

66.5 66.2 66.4 

I 
66.4 

65.2 64.9 65.4 65.1 

68.56 68.69 68.831 68.77 
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If we subtract, for each month, the daily mean from each hourly mean, ancl convert these 
hourly differences from scale divisions into minutes of arc, we get the following table of the total 
daily variation : 

Total solar-diurna.l variatioii of the ma.gnetic declination at Los Angeles betu;een October, 1882, and 
October, 1889. 

[ l\. + sign signifies a deflectior: of the north end of the magnet to the ea;t, a - sign, the contrary direction.] 

[Local mean time.] 

,-------~--~-~--------

1882-'89.1 ih ' __ :__, _ _:_~-·r ~_. l __ s_h_. 6' ' 1' , s• I 9• I ~o• _I_~ I No= 

Jan. 
Ftb. 

lllar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec . 

-0~17 -0~041-0~IO l-0~2611-0~31 :·-=.3:1 +0.021·~-I~J-+2.49 +2~9411 +/36 l-0~84 
I I' I I ' I +o. 10 +o. 16 ! -f-O. 06 +o. I I +o. 14 i +o. 2.0 

1 
+o. 441 +1. 18 I +z. 75 +I. 73 +o. 75 -o. 71 

+o. 21 +o. 271 +o. 40 J +o. 39 +o. 42 I +o. 87 : +1. 87 I +3· II JI +3· 36 +2. 08 +o. 10 -1. 75 

+0.13 +0.30 ;0.42 J +0.651 +0.94 i +r.72 j +J•ll I +3•91 +3•24 +x.08 ,-0.91 -2,04 

-0.05 ,0.02 ,0.321 -:-0.74 +x.25 ! +2.61 [ +4.02 I +4.15 J +2.64 +0.27 --1.83 -2.So 

+o. l 3 +o. 13 +o. 42 ' ,-o. 71 +1. 37 ! +z. 61 / +4· oo I +4· 17 I +2. 94 +o. 50 i -1. 83 -3. oo 

-o. 02 +o. I 1 +o. 30 +o. 69 +r. 33 / +2. 72 / +4· 24 II +4· So ! +3· 50 +o. 64

1

• -1. 79 -3. 32 

-o. 04 -o. 04 +o. 20 +o. 49 +1. 071 +2. 60 +4· 45 +4· 991 +3· 13 -o. 02 -2. 35 -3. 44 

+o. 01 +o. 37 +o. 40 \ 70. 64 +o. 84 1 +2. 12 \ +3· 52 I +3· 52 +z. 23 -o. 21 I -1. 98 -3. 03 

+0.17 +0.17 +o. 25 \ .:_o, 30 +0.46 I +o. 99 +z.oS 1
\ +J.OO I +2. 40 +o. 67 ! -1.31 -2. 51 

+o. 06 -o. 14 -o. 14 -o. 13 -o. 09 , +o. 08 +o. 91 1 +1. 871 +2. 01 I +1. 07 ) -o. 361-1. 71 

-o. 1
9 

-o. 17 -o. 34 . -o. 27 --o. 34 I ---~~.:s _l~~::::J~:.~ i ~~J~~J_~~~~-[0~~ 
... o.co=·~,=~~ -1=··=="··"1~-· ., .. ·-····--,-· I .. ,-- ·-··· 

1882-'89.. 13h I 14" \ 15" 1
1 

16h 17" 18" 19" 20" i 21" i ?zh ,, z3b II ~lid-
' , I , - mght. 

-·-- -- ---!---,---·[----. . .. ____ . ·-------
1 I I I I I I I I I 'I 

Jan. -2. 03 , -2. 13 -I. 69 j -o. 86 +o. 28 +o. 41 +o. 20 

Feb. -I. 72 , -2. 04 , -1. 791-r. 14 +o. 16 +o. 30 +o. 3& 
Mar. -2. 87 -3. r5 -2. 64 -1. 61 -o. 02 +o. 05 +o. 27 

Apr. -2.Sr ·-··3.21/-2.821-r.89 --0.19 -0.04 -0.04 

May -3. 03 -2. 91 I -2. 30 1 -r. 54 -o. 24 +o. 03 

June -3. 37 -3. 18 ' -2. 54 -I. 62 -o. 24 -o. 20 

July -3. 74 -3. 43 -2. 53 -I. 53 --o. 26 --o. 17 

-0. 17 +0.09 +0.25 

--0.57 -0. 12 +o. 19 

-0.90 -0.50 -0.22 

-I.02 -0.45 -0.32 

-0.83 -0.40 -0.21 

-o. 81 -0.22 -0, II 

-0.78 -0.31 -0.28 

+0.04 -o. 13 

+0.24 +o. 18 

+o. 24 +0.18 

+0.06 +0.20 

-0.03 +o.oS -o. 10 

-o. 06 i -o. 04 +0.02 

--o. 18 +o. 03 +o.o6 

Aug. -3. 68 -3. 08 --1. 97 -o. 94 -o. 26 --o. IO -0.44 -0.28 -0.33 +0.03 +0.07 -0.13 

Sept. -3. 05 -2. 29 -1. 30 -o. 45 -o. 13 -o. 18 -0.24 -0.35 -0.25 -0. lO -0.09 -0. II 

Oct. -2. 66 -2. 06 -1. 25 -o. 67 +o. 16 +o. 17 -0.47 -0.25 -0.02 +o. 17 +o. II +0.08 

Nov. -2. 08 -I. 79 --1. 27 -o. 72 +o. 6o +o. 57 

Dec. -1. 6o I -1. 70 -1. 33 -o. 70 +o. 71 +o. 62 

-0.25 +0.30 +0.54 
0,00 +0.37 +0.50 

+0.48 +0.16 +o. 13 

+0.41 +o . .24 -0.03 
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A graphical representation of tl.te tabula.r values is given on accompanying diagram (Illus­
tration No. 21). It will be se.en at a glance that the character of the daily variation is in general 
the same throughout tbe year, viz, a single prominent wa>e with its two extreme Yalues at an 
interval of less than one-fourth of the wlwle period between them, followed by au indication of a 
very small secondary wave, which in some months can only be made out with difticnlty. To render 
the systematic monthly changes of the daily motion clearer suitable combinations were made by 
quarters and by half years, as is evidently allowable; thus the cunes for .Tuut·, July, antl Augnst 
are almost identical, also those of December, January. and February. Further, there is a most 
marked contrast between the curves for the summer half year (sun in north declination) aml the 
curves of the winter half (sun in south declination). 

Total solar-diurnal variation of the declination for d~tfe1'fmt seasons, 1882-'89 (local mean time). 

Seasons. 1 ~-r:·-~-;- -~~-~--;1-1 --·;--·-;:- ~ Sh 9'' I ·-1:;:--·~:·.,--,-~-0011.1 

•-D-e-c.-,-Ja-n-., Fob. i _.: 09- .::, ~ '3 i ~~:,r~, t~ -f-0'. ,, f c, oS I~: :,-1,:·= :::, ! o 7~ 
Mar., Apr., ~lay. -l-o. IO +o. 20 .+o. 38110. 59 +o. 87 i+r. 73 +3· oo i·+3. i2 i+3· 08 l+L 14 --o. 88 1

-2. 20 

June, July, Aug. +o. 02 +o. 07 ! +o. 31 
1 
+o. 63 +1. 26

1

+2. 64 +4· 23 +4· 65 
1

1+3. 19 j+o. 37 -I. 99 i-3. 25 

Sept., Oct., Xov. .+o. 08 
1
+o. 13 j+o. 17 

1
+o. 27 +o. 40 +1.06 +z. 17 :+2. 80 

1

+2. 21 ,:+o. 51 -I. 22 1

11

--2. 42 

(S.) 6 months, Apr. to}! ! i i 
· . . f+o. 03 +o. 15 1...,-0 .. i4 i+o. 65 +1. 13 +z.40 +3· 891+4. 26 1+2. 95 :+o. 38 -I. 78 

1
:-2. 94 

Sept., rnclusl\'e. i j I l . 
(W.) 6 months, (let.~ i I I I 

• • :

1

+0.03 +o. 04 +o. 02 +o. 02 +o. 05 +o. 26 +o. 89 1+1. 87 1+2. 32 1.+r. 7·1- +o. 23 

1

1
-1. 38 

to Mar., mclusn·e. 
1 

. I 1 : 

Whole year. /+o. 03 l+o. Io H-o. 18 l+o. 34 l+o. 59 f +1. 33 +z. 39 f +3. 06 i+2. 63 . 06 \-o. 78 i-2. 16 

-~~==:~. , ~, I ' , -~~==~'-=~~~"-·-·-· ~--~-~.-------~~-~,~=-~ 
Seasons. 

Dec., Jan .. Feb. 

l 
Mar., Apr., :!).[ay. 

June, July, Aug. 

Sept., Oct., Nov. 

i 1 . : 1 i I i , : . :\[id-
13h 14• '! 15n I Joh i Ij1' \ 18• ! 19• 20• 1 21 11 ; 22t i 23" ! -. 

, 1 , ' • I · mght. 

--~--i---,--1--,-1--,-1-,--r--, - ----,-,--,--1--,-1--,-,--,-
-1. 78 -r. 96 j-I. 6o 1-o. 90 

1-o. 25 +o. II 

1

1+o. 31 +o. 38 1+o. 44 :+o. 33 '+o. 17 '+o. or 
-2.90 -3.091-2.59 -1.68 -0.92 ---0.45 -0.25 -0.15 1+0.01 /+0.07 !+0.13 :+0.09 

-3. 60 -3. 23 1-2. 35 -1. 36 -0. 68 -0. 271-0. 24 -0. 25 --0.16 i -0. 07 !-1·0. 02 0. 02 

-2. 60 -2. 05 1-i. 27 

1

-o. 61 -o. 32 1-o. 10 ,+o. 09 +o. 21 +o. 19 l+o. 18 /+o. 06 +o. 03 
I I ! I I (S.) 6 ;nonths, Apr. to( 1 , , 

Sept.,inclusive. 1-3.28 -3.02 ,-z.24 -1.33 -0.69 '---0.33 -0.25 --0.22 -0.11:--0.061+0.02 1-0.01 

(W.) 6 months, Oct.i _ 2. 16 66 

1 

+ + ii+ i+ l , I[+ 8 I -2.14 -I. --0.95 --0.39 -0.02 0.2I 0.32 0.35 1

1 

0.32 
1
:10.17 0.0 

to :\far., inclusi\·e. ~ I I 1 

Whole year. +2. 72 -2. 5~-=1~ 95 -_:~1~.t-~~4 
1
-o. 181-0~ :~~:·~S--·~~JZ1o. 131-::0. 09 _r+~· 03 

·-------
Referring to the hourly means for the whole year, it will be seen that the total diurnal variation 

of the declination at Los Angeles, Cal., is of tile ordinary type met with in the northern temperate 
zone, exhibiting generally two principal and two subordinate extreme values each day, with the 
principal turning hours shortly after 8 o'clock a. m. and sbortly after 1 o'clock p. m.; the average 
position of the magnet or the mean of the day is reached shortly after half past ten a. m. A small 
easter1y extreme is reached about two hours before midnight, followed by a small westerly extreme 
soon after midnight. On the yearly average, the daily range of the priucipal wave is less thau 6', 
but that of the secondary is sixty times less, or only 0'. 1 

For convenience of CQWpariSQll with the da.ily variation at other stations, and for a more 

H.Ex.80-17 
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strict expression of its features, we have thrown the hourly numbers for the whole year into an 
analytical form,• and get-

0 0 

d=+l.294 sin ( &+22 03)+1.387 sin (2t1+217 20) 
+0.712 sin (3!1+60 34)+0.249 sin (48+279 32)+smaller terms of no importance •. 

where the angle {-I counts from midnight and at the rate of 15° au hour. 
\Ve may compare this expression with a similar one for a station where the dip and horizontal 

intensity arc1 not very different from the Los Angeles values. At Key Vvest the Survey secured 
a 6-:vear series of magnetic observations, absolute and differential, for which certain results are 
gfre11 in the Coast Survey Report for 1874, Appendix No. 9. 

The position of tlie magnetic observatory at Key West was in <p=+24° 33'.1, and in A=81° 
481.5 ·w. from Gr., and the instrument, a Brooke magnetograph, was mounted barely four metres 

•A Bessel perioclic fnnction.-Bessel's first pulilication of this fnnction is contained in the Literary Gazette of 
Jena, in 1;,114; see, also, his paper in the Astronomische Nachrichtcn, No. 136, May, 182B. A further eontribotion to 
the snhjPct is gi,·en in a memoir by A. Bravais in "Voyages en Scaudiuavie, an Laponie, au Spitzherg f't aux Faroe 
pendant Jes annf.es, 18:.33, 1":39, et 1840, Met6oro1og-ic:' Au extract is given by J. Hacghens in the "Annuaire Ml!too­
rologi1pie tle la l'raucc, pour 1R50," p. 93. Seo also Sir John Her~chel's article, "Meteorology,'· in tlie Encyclopredia 
Brita1mic<i, Sth edition; Reprint, p. J.14. 

Th(' coefficients in the general formul:i:> tJf=A+B1 sin (G+C, >+B, sin (:.!IJ+C"l+B, Nin (:lu+C,)+ etc., when 
applied to the case of 2.J erpmlist.ant observations y, y, y,, y, . . .. :y,, in the cycle, change into the following 
simple expressious and are applicahk directly for numerical computiou: 

A=l1(Y:+y,+y,,-: · · · · · · · · +Y") 
12a, =0. 9Gf. (y, -y,, -yi:,+ Y20) +o. 866 (y,-y10-Y1• +Yeo) +o. 707 (y:i-- y9-y1s+yz:) 

+o.500 (y.,-ya -y,.1+Yoc-) +o.2r,9 (y-,-3·, -y,,+Yl'.•)-y,,+y,. 
12b, =0. 2:i9 (y, +Yu -yn-Y") +o. ~,oo (y, +Yrn-Y1•-Y20) +u. 707 (Yo+ y,-y,,-y,,) 

+0.8G6 (Y1+Ys -Y1c-Y20) +o.966 (Ys+Y1 -y17-:J19) +s"-y,_, 
l':!ao=0.866 (y1-)·,,-y,+y11 +y,,-y,;-Yrn+Y") +o. GOO (y,-y, -Y•+Y10 + Y«-Y!f;-Y2o+Yn) 

-y,, + y,, -yi:;+ ~-" 
12/J, =1 0. 1'UO Cr1 + )·r. - y;-y11 + y,, + y,, -yn - y,,) + 0. 81)6 (y, + y, -Ys -yw + y,. + Yic-Yoo -y,,) 

+Y"-y,,+ Yio-·Y01 

12a3=0. 707 '(J-, - ~·J-Y•+Y• + y,,-)·11 -y13+y1r. + y,,-yw-y;i + y,,)-Y•+Ys-Yn;f-Yw-yzo+Y,. 
12b,=0.707 (Y: + yo-Yo-Yr+Y,+Y11-y13-Y10 +Yn+Y10-Y" -y,,J+ y,-y,+y10-y,.+ Y1s-y,. 

l2n4 = 0. 500 (Yi -y,-y, +Yo+ y, -Y•-YJC· + Yll + Yi:i-Ya -Y1c. + y,, + Yrn -y,,. -y,, + y,,) 
-Ya+Y•-Y9 +Y12-Y1s+ Y1s-Yo1 + y,. 

12b1 =0.666 (y1 + Yz-Y•-Yo+Y1 +Ys-Y10-Yu +Y,,+Ya-Yl6-Y11+ Y19 +Yzo-Yoi- yz:i) 
etc. 

B, =(a12 +b1')t 
B.= (a,• +b2') i 
Ba=(a:i•+ "3°) i 
B, =(a,'+ b4') t 

etc. 

For 12 equidistant ordinates in a cycle tlle formulro become: 
A=n (Yi +Y• +Y•+ · · 

tan C1 = a,/b, 
tan c, = a.2/b• 
tan Ca= a:i/b, 
tan C4 =a4/b• 

6a,=0.866 (y,-y.-y,+y11) +o.500 (Y•-Y•-Y•+Yw) -Y6+Yu 
6b1=0.500 (y, + Ys-y1-Yn) + 0. 866 (y2+Y•-Ys-·Y10) +Ya--y9 

6a,=0.500 (~'1-Yo-Y•+Y,,+Y1-ys-Yzo+Yi1) -y,+y,-y9+y,, 
6b,=0.866 (y, + Y•-Y•-Y•+Y1+Ys-Y10-Y11) 

6a .. = - ~-, + Y< --Yo +Ys-Y10+Y12 
6b,=+y,-y,+y,,-y,+yn -Y11 

6a,=0.i:i00 (-y, -y,-y,-yr,-y1-Ys-Y10-yu) +Y"+~·c+Y9+Ytt 
ob,=11.8GG (+y,--yz+Y•-Yo+Y1-Ys+Y10-Yu) 

etc. 

B Ile B, ll, . . . anrl c, C, c .. C, . . nre formetl as before. The alJov-e expre1111ions, together with 
otbern, are given in the Coallt. Snrn~- Report for 1862, appendix No. 2-2, with erratum in Report for 1866, p. 14l. 

In e..rtain applications of Hessel'~ periudic function to cases demanding great preei&ion, two eorrectiona are 
needed, viz, one for iuequalit;v in the length of the calendar montlls, and another for cllrl'ature or difference in the 
mean monthly value of the observed qnantity, and the observed quantity for tlw middle of the month. The first 
correctiou, for unequal length, affects prinCipally the mean annual value and but slightly tile epoch!! of the periodio 
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above the sea level. At the middle epoch of the observations, 1863.5, the dip was 54P 31' .9 and the 
horizontal intensity, 0.3107 dyne. The declination was 4° 37' .6 east at that epoch, with an annual 
decrease of 3'.1 

In order to make the comparison of the Los Angeles and Key West results for the diurnal 
variation as close as possible, I have thrown the tabular hourly 8cale readings of the declination, 
as given on pp. llG and 117, report of 1874, 1nto the same shape as those giHn for Los Angeles. 

Total solar-diurnal variation of the magnetic declination at Key lVcst, Florida, l>efitecn ]J.farcli, l SGO, 
and J1f arch, 18GG. 

Jun. 
Feb. 

Mar. 

I 
April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

]\;ov. 

I Dec. 

[A ..;.___..sign signifies ;1. deflection of the north end of the mignet to the Pa-'!, a - sign, the contrary direction_; 

[Local mean time.] 

--0. 25 -0.38 
----0. 02 --O.I2 

+0.04 ·--0. 03 

+0.32 +0.42 

I 

+0.32 +0.35 
+o.zo +0.13 
-1-0.07 +0.08 

+o. 17 +0.12 

-o. 12 +0.18 

+o. 15 +0.05 

-0.32 -0.42 

-o.37 -0.57 

, I 
S" 6h 7" Sh 9n !Oh 1 lh I :'.\0011. i 

··---:--- _____ j _____ , _____ : _____ . ___ f.----i 
1 l I ; J ! I 

I I /! 1\ r; t\ '1'l 
-0.33 I -0.32 ---0.17 o.oo [ +1.10 \ +2·43 [ +2.75 l +1.48 l-0.37 \ 

-o.o8 :-0.03 ·f-0.02 +0.18: +1.07 1 +1.83 I +r.87 i +1.05 '.-0.23' 

t 
--o. 43 ! 
-0.08 ! 

i 
~o. 09 i +o. 21 

--'-O. 57 f +o. 68 

+o. 47 f 70. 6o :o. 30 I +0.48 
- 1 o. 17 ! +o. 32 

+o. 07 \ +o. 43 

+o. 47 j +o. 58 

-o. oz I +o ·os 
--0. 45 i --0. 38 

' 8 -0. 55 i -0.4 

I I I : ' I +a. 39 +o. 67 +1. 77 j +2. 50 i +z. 31 : +1. 50 ; +o. 31 [-r. oo f 

+o. 77 +1. 45 --i-2. 75 +z. 97 i +2. 10 +o. 90 i - o. 47 :-r. 63 i 
+o. 92 +z. 02 +3· 37 +3· 40 i +2. 23 : +o. 48 -o. 95 i-2. 07 i 

+3· 48 +3 65 \ +z 45 : +o. 85 --o. 83 J-2. Io i 
+3.55 +3-52 i +2.42: +0.72 -o.88 !-r.98 J 

+o. 83 +z. 27 -[-4. 50 +4. 22 i +z. 78 +o. 32 -I. 68 !-.z. 83 , i I ' 

+0.98 +2. 15 
-j-0. So I +2. 22 

+3· 55 +3· 62 : +2. 32 +o. 22 -i. 47 f-2. 60 

+1. 77 +z. 17 I +1. 75 J +o. 52 -o. 73 [-1. 57 
---o. 12 -o. 02 +a. 53 +1. 38 j +r. 72 · +1. 27 +o. 20 1-o. 78 [ 

--.0.35 -0.33 -0.22 +o.62J+1.s3 +2.13 +1.33.-0.02 1 

+0.70 +x. So 

+0.47 -0.05 

! ! 

---------· 
terms; the sccon<l correction, for cun·at11re, affect~ only the amplit11de of the :fluctuations. These corrections may 
be nppliecl separately and for encl; montlJ before applying the periodic function, especially in cases where the observed 
daily quantity is given. Thus for normal months: 

January ends with 0.4-i of the 31st of the cu.lendar month. 
Febmary 0. 62 2d of March. 
March O. 06 2d of April. 
April 0. 50 2d of May. 
May 0. 94 1st of June. 
June 0.37 2d of Joly. 
July O. 81 1st of August. 
Angnst 0. 25 1st of September. 
September O. 69 1st of October. 
October 0.13 let of November. 
November 0.56 1st of December. 
December midnight of the 31st. 

This table answers for complete qo.&driennia, for which the average or norma.l month comprises 30.44 day&. 
The correction for curvature can be effected by multiplying the parameters, or the values B1 Bo B, ., 

.,. 2.":. 3.":. 
respectively, by the factors __ n_, _n __ , --"- . . . , . or the ra.tio of arc aml sine, 11. being the number 

sin!!'... sin 2~ sin 3~ n 11 n 
of subdivisions in the cycle. Further information respecting these two corrections will be found in Silliman's Journal 
of Science and Arts, May numbers of 1866 and 1867, by E. L. DeForest, aml in Voyages en Sca.mlinavie, etc. l'ifot<>or­
ology, vol. n, chapter v, pp. 291-325. Here are also given a number of interpolation forruulre in cases of certain 
missing ordinates or incomplete obeerva.tions. 
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Total solar-diurnal rariation of th! magnetic declination at Key TV est, Florida, between Marclt, 1860, 
and Marclt, 1866-Continued. 

[A+ sign signifies a derlection of the north end of the magnet to the east, a -- sign, the contrary direction.] 

{Local mean time.] 

I .s6o-'66.1 13• 14" J. 1sh 
I I 

20" / 21• T 22:---~-~,~ r~~i;. / 
;:<~l~o~ 6o I +o. 42-- -~=~:J::~ 03 I 

I·-·-··---·--- ______ ,_,._____ -Ii--
I I I / 
I . 

Jan. : -I. 53 : -I. 92 i -r. 80 

, _______ -----!---,-
/ 

-o. 62 -0.28 

[ 

+o. 15 
--0.20 Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sevt. 

Oct. 

Nov. 

Dec. 

I -I. 15 ! -l. S2 I -2. oo 1 -2. 27 

I
' -2. 62 / -2. 88 

- 2. 58 -2. 62 

I -2. 68 -2. 85 1-2. 47 -2. 65 

1

-3. 32 -3. 30 

--2. 95 -2. 57 

1-r.62 --I.28 

l --L 20 ~I. 13 

I -0. 95 ---I. 42 

-I. 20 

-I. 55 -I. 17 --0. 87 

-2. 03 I -I. II -0. 9! I 
I I 

-2. 58 . -I. 87 --0. 92 . 

-2.30 -i. 68 , -o. So 

--I. 781-1. 07 
-I. 68 -I. 00 

-J. 53 I -o. 82 

-o. 871-0. 57 
-0. 77 -0. 67 

-o. 62 I -o. 27 

-2.67 

-2.40 

-2. 52 

-1. 72 

-1.03 

-0.90 

--!. 40 --1.02 I -o. 45 
I 

-0.60 

-0.64 

-0. 52 
-0.45 

-0.53 

-0.52 

-0.43 

-0.37 
-0.42 

o.oo 

--0.02 

-0.53 

-0.18 

0.43 

! -0.40 
I 

I -0.42 
-0.23 

-0.23 

+0.02 

+0.22 

+0.23 

+o. 28 +o. 32 +c. 28 +o. 23 i+o. 12 

-o. 19 +o. 24 +o. 19 +o. 11 i+o. 09 
I 

-o. 08 +o. 05 1 +o. 28 +o. 40 i +o. 37 

-- o. 22 , -o. 07 +o. 02 +o. 20 ! +o. 25 

--o. 27 -o. 02 +o. 08 +o. 23 II +o. 18 

-o. 27 -o. 07 +o. 25 +o. 23 -;-o. 23 

o 03 1-0. 02 +o. 30 +o. 17 [+o. 13 
~o: 02 +o. 07 o. oo -o. 12 1-o. 13 

+o. 22 +o. 35 : +o. 28 +o. 33 l+o. 30 
I +o. 43 +o. 48 +o. 33 -f-o. 15 1--0 15 

+o. 47 +o. 55 +o. 40 +o. 10 (-o. 08 
l 

Total solar-dillma.l i:ariation of the declination for di;fferent seasons, 1860-'66. 

[Local mean time.] 

1,, 1" -;.----~~--1,1·_--:~-r--~- 6" 
1

1 ,h 8" 9" 1:~-r-~1" 1

1 

No=-
________ -------- ___ _I I I ! . ---1 · · I -------1-- ----,---1---,-----1----

::-\eas.ons. 

Dec., Jan., :Feb. 

0\-far., Apr .. '.\fay 

i 1''1/1!1 '/' 1J111/1/'' 
i- -0. 21 :-o. 36 ' 0 35 I - 0. 30 i-o. 23 '-0. 16 1-0. OI ;+o. 93 1+2. 03 i+; 25 :+1. 29 -0. 2I 

1

1+o. 23 H-o. 25 -r-o. 38 :+o. 50 j'+o. 69 +i. 38 1-tz. 63 i.+2. 96 :+2. 2I 1
1

+0. 96 1--o. 37 i-I. 57 
. I I I I I 

1
+0.15 '.+0.11+o.1s1+0.41 +0.87 

1

+2.21 \+3 84j+3.801+2.551+0.63 1-1.131-2.30 June, July, Aug. 

Sept., Oct., Nm-. /-0.10 
1

,-0.06 / o.ooj+o.oS 1+0.18 i+o.75 ,+r.95 !+2.39 [+1.93 +o.671'-0.67 j-r.65 

I . I I I I I I 
(SJ 6 months. Apr. to/ 6 1

1 
• g /-t 8 ' '+ 6 I+ 8 I 1 g I I . . . \'-+ o. 1 +o. 21 1+ o. 34 +o. 52 +o. 3 -1. 9 1~3· 53 1 3. 5 I 2. 3 ,-o. 5 -1. 05 -2. zo 1 

Sept., mclusl\'e: [ j I I / ' I I : 
(W) 6 mo1_1ths, \. lct.(1-o. 13 ' ' 8 / 6 + 8 6 I 6 66 I ~ ',-o. 24 \-o. 24 -o. 17 -o. o +o. 11 l.+o. 7 1. 47 +1. 9 !. 7 +o. I -o. \. 

toC,lar.,rnclus1ve.' '\ 1 l 
1 I I ' ! I I 

Whole year. __1+0. 02 J-o. 02 

1
+o. 05 

1
+o. 17 +o. 381+1. 04 !+2.10 +z. 52 +2. 18 ;+1. 13 ,-o. 22 1-1. 43 I 

I .. . . - - -=---' - · ;· ---- -- 1--- --==-=c===-=·=~.==•=·=··==·=--~- -- -·===.--=-=-:--.--=.=! 

Seasons. _____ J__:.:_,_, __ 1-4• -:- -1~h __ ,

1 

__ 1~h_11 __ ~~1__:_--1_::. _ _J ___ 2:: _ _:::_1
1

__::_ ~~~11 n~:~i- /
1

. 

1 1 \I~/' I /l/i/l/ /'I I 

Jlcc., Jan., Feb. --I. 21 j -I. 62 -I. 58 j-1. 13 ,--0. 65 1-0. 30 i+o.06 
1
+o. 41 1+0. 49 j+o. 37 +o. 19 j+o. 02 

1 
'.\!a1 , AJ"·· :\lay 1-2. 40 I -2 59 30 -1. 55 --o. 88 1-0. 54 1- o. 38 !-o. 16 ;-+ o. 07 +o. 16 +o. 241+0. 24 I 

June, July, Ang. 1-2. 82 ; .. --2. 93 . 531-r. 661-0. 96 It_ o. 49 1--0. 35 ;--o. 19 r-o. 04 !-f 0. 21 +o. 21 +o. 181 
'r. I ' " I ' I ' I Sept., oc1 .. :"m·. --r. 92 1-1. O<> •-L 22 1-0. 75 ---o. 50 1-o. 2,, 1 o.oo 1-t-. 022 :-;-o. 30 1-1-0. 20 -j-o. 12 +o. 01 

I \ ! • " : I 
(S) 6 mm::b, .\pr. to{i __ 2 . 77 - 2. S 1 , -- 2. 36 :--1. 57 ,--o. 86 1-o. 4i i-o. 32 J-o. 14 i-o. 01 '+o. 16 I +o. 18 +o. 17 I 

Srpt .. ·1Ll11-1-.e. I , '. I ' / i : / 

(\Y) 1' '""1111 "· 1 Jct.l:.-1. •1 ,:-I. 59 1,.-l. 45 ; o 98 / o 63 ! o 33 /--0 0' j+o ry8; · o 4ry 'o 32 i+o 19 'O 05 j ~ .,. :I.- . I- . Iii:- .. 11· . - I . ~ '1'-j- • - ,. . 1. . T . II 
to .\hr., inc!11-ive [ / I 

L'~h~c F•H \
1

--2. 09 \-2. 20 \-1. 91 l-1. 27 \-0. 751-0. 40 :-·O. 17 +o. 07 \+o. 20 +o. 24 \+o. 19 
1
+o. II l 
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A comparison of the monthly curves of the diurnal variatioll.IJShows them to be -0f tlie same 
shape even in some minute detail, although with relation to the distribution of land and oceau the 
two stations are located very dissimilarly. 

On the yearly average, the diurnal Yariation of the declination at Key West for the epoch· 
1864.5 is given by the expression: 

0 I 0 

d=+l.129 sin ( e+1s 24)+1.182 sin (2e+206 22) 
+0.506 sin (30+58 03)+0.151 sin (48+279 53) 
+ ....... . 

How closely these expressions for Los Angeles and Key \Vest represent the obser\·ed values 
of the diurnal variation may be seen from the following differences, or observed minus computed 
(0-C) values, viz: 

Los Key H Los Key '1 / Los Key I I Los Key I II I 'I ' 1 1 

Hour. An 1 ,,, t I our. IA 1 \" t .1· Hour. A 1 '\' : Hour. , A 1 \'' gees. vves. 
11 

nge es. •es. :1 : nge es. e<t. ·: . nge es. :'lest. -------/----,1---,:-----,-,1---- -1--,---,-1---1--,-----,-: 
-::.~ 0

06
1 1,•1 67 ~ I =o.~01 31 -o. 13 II Noon : f-o. 03 +o. 03 / 18" I +o. 07 +o. 03 : 

+ .12·/1, 13h I+ .I2 + .05 I 19b I .oo - .05' 

I
I I ! I 

Midnight +o. 01 

1" ·- .06 

- . 06 I Sb + . u + . o6 II 14b I + . 01 . oo I 201> ! - • 07 - . 03 

+ .06 11 9h + .09 - .03 \, 1s" 1- .09 .oo '\ 21h \ - .04 _ .OI 

21> - .05 

3" + .04 

+ .09 ,11
1 1ob ) _- .09 - .07 11 I6" I - .04 - .05 I 221> I+ .04 .: .. 04 q I I 1 

- .os 11 Jib I .09 ~-·0_2_iL~:- I+ .04 + .07 ' 23h : + .08 T .03 

4h + . 13 

5L1 - .12 

Hence we have the probable error of any single hourly repre$entation for Los Angeles ::1::0'.06 and 
for Key West ::1::0'.04 The systematic concurrence of< the signs of (0-U) shows that the giveu 
expressions are not exhaustive. 

The formulre give the times when in the morning the average declination of the day (mean of 
24 hourly readings) is reached, also the times of the daily extreme phases with their amount of 
deflections, as follows : 

At Los Angeles: Time of average declination 
At Key West: Time of average declination . . 

At Los Angeles: Time of extreme easterly deflection, 
Time of extreme westerly deflection, 

At Key 'Vest: Time of extreme tasterly deflection, 
Time of extreme westerly deflection, 

It. m. 
8 07; 

13 12; 

8 ll; 

13 33; 

amount. 
amount. 

amount. 
amount. 

It. 111. 

IO 38 
IO 51 

I 

2.96 
2.86 

2.47 
2.24 

CO:MPA.RISON OF TOTA.L SOLA.R·DIURNAL VA.RIA.TIO~ OF THE MAGNETIC DECLINATION FRO~! 

A NUMBER OF PROMINENT STATIONS IN NORTH .A.MERICA. 

The following oomparative table of the diurnal variation has been prepared in order to exhibit 
the chang-es which the total solar-diurnal variation undergoes with a change of geographical 
ptisition within the region of North America. The series of observations admitted exteud over 
one or more years, and in no instance have any so.called disturbances been excluded. Had the 
normal or simply the solar-diurnal variation been tabulated the values would not compare perfectly 
on account of the more or less arbitrary way in which the distmbances were treate~. The year 
or yea.rs of each series is added t_o admit of a correction for position in the sun.spot period. 



 

262 UNITED STATES COAST AND GEODETIC SURVEY. 

The particulars for each station are as follows: 

' 

---·----·---------·------]--·---~---,-------- l---------~------------

1 
I I Longitude (west from E 

Name. "atitnde. : G . 1 ) l------x-te_n_t_ of series. . reenw1c l . 

-1- ----!----
Key West, Ha. 

Los Angeles, Cal. 

Vt'ashington, D. C. 

Philadelphia, Pa. 

Mad:sLJn, 'Vis. 

Toronto, Canada. 

Sitka, Alaska. 

L'glaamie, Point Barrow. 

Plover Point, I'oint :3arrow. 

Fort Rae, Great Slave Lake. 

Kingua I·~jonl, Curnucrlaml :Ommd. 

Fort Conger, Gri1mell Land. 

' 
24 33· I 

34 03.0 

38 53· 6 

39 58.4 

43 04. 5 

43 39.4 
57 02.9 

71 17. 7 
71 21. 4 

62 38.9 

66 35. 7 

81 44. 0 

81 48.5 

u8 15.4 
77 oo.6 

75 I0.2 

89 24.2 

79 23.5 

135 19.7 

156 39· 8 
156 I6. l 

115 13.8 

67 19.2 

64 43.8 

h. 1/1. 

or 5 27.2 

7 53.0 

5 08.0 

5 00.7 

5 57.6 

5 17. 6 

9 OI. 3 
IO 26.6 

IO 25.1 

7 40.9 

4 29.3 

4 18. 9 

Mar., r86o, to Mar., 1866,.exclusive. 

Oct., 1882, to Oct., 1889, exclusive. 

July, 1840, to June, 1882, inclusi,·e. 

Jan., 1840, to June, 1845, inclusive. 

Mar., 1877, to Mar., 1878, exclusive. 

July, 1842, to June, 1848, inclusive. 

Irregular series, 1848 to 1862. 

Sept., 1882,to Aug., 1883,inclusivc. 

17 months, 1852-'53-'54. 

Oct., 1882, to Sept., 1883, inclusive. 

Do. 

Sept., 1881,to Aug., 1882, inclusive. I 
------- -· -- --·· ----- -··- - -- -- --------------- - --- ------ --

The order of the stations is that of increa&ing magnetic inclination, as given at the b-0ttom of 
the next table. 

References to preceding stations. 

(1) Key West, Fla.-The present discussion, Part II. See also Coast Survey Report for 1874, 
App. 9. 

(2) Los Angeles, Cal.-Tbe present disQussion, Parts I and II. 
(3) Washington, IJ. G.-Pub. Doc. (Senate) 28th Cong., 2nd sess., Dec. 1844, Magnetical and 

Meteorological Observations made at Washington, D. 0., Lieut. J. l\i. Gilliss, Washington, 1845-
Table X, p. 344. [Tbe series is bi-hourly and tabn1ated forGottingenmean time; by plottingthe 
results, the values for the whole (even) hours at \Vashington as well as those for the odd hours 
were secured.} 

(4) PMladelphia, Pa.-Coast Survey Report for 1859, p. 294, for diurual·disturbance variation 
and Report for 1860, ll· 301, for normal solar-diurnal variation; the former was added (algebraically) 
to the latter, and the :.!4 values rest1lting for the whole or total solar-diurnal variation were further 
reduced to the local whole hours to correct for the observations having been made 19~ miuutes 
later. 

(5) Jfadison, TVis.-From my reduction of part of the observations made here; MS. of 1878, 
Coast; av.d Gemletic~ Survey archives. 

(6) Toronto, Canada.-Magnetical and Meteorological Observations, Vol. II, London, 1852, p. 
xv-, Col. E. Sabine. 

(7) Sitka, Ala.~ka.-Coast and Geodetic Survey Report for 1883, App. 13, p. 347. 
(8) Uglaamie1 Alaska.-Coast and Geodetic Survey Report for ~883, App. 13, p. 34:6. 
(9) Plover Point, Alaska.-Philosophical Transactions Royal Society for 1857, Vol. 147, Part 

II. Table V, p. 509. .,, 
(lO) Fort Rae, B. N. A.-Observationsof the International Polar Expeditions, 1882-'S.1, Fort 

Rae, London, 1886, pp. 130-141. 
(11) Kinptta .J!Jord.-Die Interna.tiona.le Pola.rforschung, 1882-'83, Kingua. Fjord, Berlin, 1886. 
(12) Fort Conger, Grinnell Land.-International Polar Expedition to Lady Franklin Bay, 

Grinnell Land, Lieut. A. W. Greely, 2 vol's, Washington, 1888. 
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!l'otalsolar-diwrnal variation of the magr&<Jtio declination, on the yetttrly average, a,t promineiit plaaes in 
Nortk .Aiiierica. 

[A+ sign indicates a defteetion of the north-seeking end of the magnet towards the ea.<t, a - sign the contrary 
direction.] 

..-------.,.--·--0----..,.-·-7 -~----~- c-·---,.---..,----c---·--~--·-- ---

"' ci' 1 '° .g ti .: -;; 11 """' I' ... Ir .:, , ~ o l ~ -~ g c.J ·o = ~ ~ , ] = ~~ \ = ~ 
<> b,O I ·~ ~ c3 ,.,. ""' ·c; 0 • .-.; ! ~ ~ I "' "' ! "'.::: 

Local £ ~...: -~ u ~ ci' ~ £ ~ ""' ~ " " l " ::; 1 3 j 
1
: i ~ 

n1ean time. ?' < ~ .c · "" £: -2~ ri' § t: ti ~ ~ ~ 1
1\ ~...:J • ........ Q) • ...., 

>. "' "'.,A ~ ;.; .... 1' ..!:d ..s ~ o> ·"- l ~ ... ·= a "g ! 5 s I! ~ M 
4) 0 ..c ~ - b.D ~ ~ ,,,. ~ - 11 d ~ 
~ ...l ~ ! ""' I :z1 ~ I U) ;::> p:: ii: i ": :n ' "". ~ ~ I ""'·;:: I' " .:: .; 

... ti ,;, i <i- I .;., '° ,.:. oO °' I g I :::: N" I' ~ ·.§ -~ 
--- ----1---1---- ---1---1--- ---1--1---1----· 

~ I I ] / I I I ! r ' I I ! I : I l f \"--/-

Midnight. i +o. l +o. o +I. o f +o. 6 (I +o. r +o. 8 ! -o. 6 --13. 4 -10. 8 :-12. o I + 9. 2 II .J..32. 6 \+a. 45 
1 +a. o +o. o +o. 7 I +o. 6 +o. 1 +o. 6 +o. 2 -12. 8 - 8. o i-11. o i +1 I. 7 743. 21~+0. 35 
2 -o.o +o.r +o.7'+0.5 o.o +0.5 +1.0 -4.9 -1.9j-6.61i+15.8/+45.1 !+o.05j 
3 +o·I +0.2 +0.9 ! +o.6 \ +0.2 +o.8 +1.41+ 3.3 + 3.6 J+ o.8 +18.0 I +41.2 :+0.07 ! 

4 +0.2 +0.3 +r.2 I +1.0 1 +0.5 +1.2 +2.o ,+ 6.2 +10.9 I+ 7.4 -\-19.1: -L25.7 l!+o.75 I 
5 +0.4 +o.6 +1.1:+1.s\+1.o +x.8 +z.9!+14.3 +16.6f+13.6\+19.31+31.6j!+1.19I 
6 +1. o +r. 3 +2. 1 ; +z. 1 i +1. 4 +2. 7 +4· 2 i+zr. 6 /+19. 3 1+21. o 

1

1 +zo. 1*! +19. 7 ;+1. 79 I 

7 +z. r +z. 4 ! +2. 8 : +3· 3 i -L2. 6 1 +3· 5 +s. 3 j+26. 1 ,
1
+27. 1*+26. 2 +19. 9 +z6. 6 

11

+2. So I 
I t : I ' l j ' 

8 +2.5* +3.I*! +3.2*i +3·5*\ +3.2*i\ +3.8* +6.o*
1
+26.1*l+27.o 1+29.4*! +17.4 +18.7 '+3.24*i 

9 +z. 2 +z. 6 +z. 3 1 +2. 8 ( +3· o +3· o +s. 3 1+26. 1 !+19. 9 +25. 5 \ +rn. 8 , 1. 2 '+2. 67 I 
IO -t-1.I +1.1 I +0,9 I -j-o.8 i +1.1 !--0.8 +J.o j+ 9·91+ 9·31+16.8 i + 3.7 -r2.7 /+I.09 l' 

II -0.2 -0,8 -1,31-1.61 -0.7 I' -2.0 +0.61+ 1.4 ,- 0.4 :+ 8.o -j- 1.J --21.4 IJ=I.08 
Noon. -1. 4 -2. 2 -3. 2 -3. 41· -2. 5 -4. 2 -2. l 1- 5. 9 i- 8. 2 J- o. 9 - 9. o -40. 7 l 2. 8o 

13 -2.I -2.7* --4.3*i -4.3*1-3·5*\-S·O* -3.2 - 7.31-10.7 :- 4.0 -15.1 -45.6 il-3,63* 

14 -2. 2* -2. 6 -4. 3*11 
-4. I I --3. 5*,1' -4. 8 -4. 2 1- 7. 7 1- 9· 8 ,-- 8. I I -21. 2 I --49. 2 lj'-3. 56 

15 --I. 9 -2. 0 -3. 5 -3. I I -2. 6 I -3. 8 -4. 6*1- 7. 3 i- 9· 9 I-IO. 61 - 20. 4 I --45. 8 1-2. 80 

16 -I. 3 -I. I --2. 5 1 ·-2. 2 i -r. 6 I -2. 5 -4. 6 i- 9. I I!- 9. 8 ,-II. 3 I -20. 6 I -53· 7 11-1. 85 
17 -0. 8 --0. 5 -I. 5 -1. 0 i -o. 7 I -!, 3 -3. 811

-- 9· 9 -10. 2 ]' -12. I 1-- 23. 61 -23. 7 :1-0. 95 
18 -o. 4 -o. 2 -o. 8 -o. 4 -o. 2 I --o. 3 -3. z - 9. 9 ,- 9. 7 -12. 9 , -19. 41-17. 3 p-o. 36 
19 -0. 2 -0. 0 O. 0 -\-0. 0 -;-O. 21 +o. 2 -2. 4 1- 8. 41- 8. 4 -12. s I -16. I -27. 2 il+o. 05 
20 +0.1 ..:.o.r +o.6 +o.8 ,0.2 1 +0.7 -r.4,,-6,0 -9.0 -11.o!-rs.s 1 -3.5i1+0.44 
21 +o. 2 +o. 1 I +1. o +o. 6 +o. 6 

1 +1. 2 -o. 8 - 8. r - 7. 5 -12. o II ·- 8, s 1 + 3. 5 1l+o. 64 
22 +o. 2 +o. r +L I +1. 2 +o. 7 +r. 3 -o. 4

1

-10. 9 - 7. 9 -Ir. 9 - o. 6 I -j-22. 4 ;l+o. 79 
23 +0.2 -f-0.1 /-I.I: ·fo.7 +0.2 +1.2 -o.6 - 9.1 --II.5 -rr.9 \ + 3·9 \ +Jo.o j+o.6o 

Midnight. +o. I +o. o / +r. o I +o. 6 +o. 1 +o. 8 -o. 6 1-13. 4 
1
-10. 8 -12. o I + 9. 2 I 7 32. 6 lt+o. 45 

Magnf\tic inclination at epoch (mean date of series). 

1.: ;. I ;, ; f ;. ·~i :. ·~I;,-,~ I;~ .; I ;, :. I ,: .: I :. :o I;,.~ 1.:; ,: I _,; :. f ____ ~ 
N. B.-Certain extreme tabular Yalues are marked by an asterisk. 

A perusal of the tabular values for the localities marked 1 to G, and which represent all that 
part of the United States and Canada which lies south of the forty-ninth parallel, shows a "Very close 
accord of the diurnal variation, having an average maxim um easterly defiectiou of 31.2 at about 7h.9 
in the morninga.nd an average maximum westerly defiection of 3'.6 at about lh.4 in the afternoon, 
although the dip varies 20iO between these geographfoal limits. At Sitka. the range reaches already 
10'.6 and beyond, with a dip of soo and more, th& diurnal range rapidly rises, attaini1!g 1° 40' 
nearly at Fort Conger. At the higher (magnetic) la.titude stations there is a. tendtlncy to shift the 
morning extreme to an earlier hour and th~ afternoon opposite extreme to a later hour than the 
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corresponding epochs as given above. A remarkable feature in the diurnal variation (yearly 
average) is the close correspondence in the local times when the magn~t passes the average 
magnetic meridian (tabular values passing from + to - sign); these epochs are: 

For Key "\Vest . . 
Los Angeles • 
Washington • 
Philadelphia • 
Madison • • 
Toronto , • .• 

Average .. 

h. "'· 
IO 51 
10 35 
10 25 
IO 20 
10 43 
IO I7 

IO 32 

and we have seen that this time is subject to an annual inequality which at Los Angeles in the 
sumruer months displaces it to about IOhOOm and in the winter months to about llh 3om. 

The tabnlar values are exbil>ited on accompanying diagram (illustration No. 22). 
The annual inequalities of tlie di11rnal ·rariatfon.-'I'hese inequalities consist in a systematic 

change in tlie form and the magnitude of the solar-diurnal variation, as is clearly exhibited in the 
accompan;ying illustration (No. 23) by Jines of dashes connecting the corresponding phases from 
month to month. The magnitude of the change at the several hours is best shown by the contrast 
of the diurual variation in the half year when the sun is in north declination and the half year when 
in sonth declination. Thus by subtracting the annual mean for any hour from the six-monthly 
mean April to Septem)Jer, inclusive, and again from the sixth-monthly mean October to :March, 
inclusive, for the same hour, we get the following table of the semiannual inequality at tbe 
seYeral hours: 

Se1ni1rnnual inequality iii the daily variation during the six nionthl: when the s1m is north of tltc 
equator (or uJith tlie signs reversed when south of the equator). 

[A + sign indicates deflection to the east.] 

l 1h I 2h I 3h 4n 5n 6b j 7h I 8h I 9h I 10k I IIh 1· Noon. / 

LosAn_g_e_l_e_s_. :oo, +0:051 +0~16 +0~31 +0:54 +; .07 +/so _+_1_:_20_ 1 _+_0-,3-~-1----0-:6_8_, ___ 1_:_00_-o.78 

Key West. +o. 14 +o. 23 I +o. 29 +o. 35 +o. 45 +o. 94 +1. 43 +1. 04 +o. 20 1-0. 55 -o. 83 ---o. 77 

J 13n l 14h I 1511 I 16h . 17h I 18h , 19h - -2ob j 21h 22b i 23h - -J Mid-i 1 I i night. 

LosA1-1~-el-es-. -0:56 I -0:44 -0~29 -0:19 -~:15 -0~15 -0~23 -0~27 -0~23 -0~191
1

-0~071-0~04. 
Key West. -o. 68 -o. 61 -o. 45 -o. 30 -o. JI -o. 07 -o. 15 -o. 21 -o. 21 -o. 08 -o. 01 :-f-o. 06 

--------"-----'----~--~---L ____ __,_ __ _e. ____ -'--_-'-------'---"-----'---

Illustration No. 23 gives the graphical representation of this inequality for Los Angeles. 
The diagram for Key West wonltl differ but slightly from this. ·we have for both places the hour 
7 showing tlte maximum change of 3' nearly, and the hour 11 as the one of the next greatest change 
of 2!j' alJollt. The direction of the magnet is most nearly constant throughout the year about 
9h 2om, and again near lh, also near lSh. In Coast Survey Report for 1860, Appendix No. 23, 
being Part II of the discussion of the magnetic observations at Girard College, Phila<lelpLia 
(1840-'45), by Dr. A. D. Bache, we have given on Plate VII several similar diagrams, all of which 
have a close family resemblance. 

The following table shows the annual inequality in the phases of the diurnal variation of the 
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declination for the three places, Los Angeles, Key West (Report for 1874, p. 127), and Philadelphia 
(Report for 1860, pp. 308, 309). 

Month. 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

Epoch of greatest eastern 

1

1 

deflection at-
Epoch of greatest western 

deflection at--
Duration of westerly 

motion at- range. 
Average dai~~--1 

----·--·-· ·-----~-----~--- --·1------· -

i L.A. K. w. -P. I L.A. 

km 
9 40 

9 30 

8 40 

8 05 

7 40 

7 40 

7 40 

7 45 

7 30 

8 05 

8 40 

9 30 

K.W. 

km 
9 40 

9 30 

8 IO 

8 00 

7 30 

7 30 

7 30 

7 20 

7 30 

8 00 

9 00 

9 40 

P. 

k "~ 
8 58 

8 34 

8 07 

8 12 

7 29 

7 33 
7 36 

i 18 

7 30 

8 00 

7 54 

8 54 

L.A. K. W. P. l.. A. K. W. 

I 
hm h111 hm km 

13 25 l4 20 13 27 3 45 

13 50 14 IO IJ 32 4 20 

13 50 13 40 r3 34 I 5 IO 

14 oo 14 oo 13 27 5 SS 
I 3 05 I 3 30 I 3 2 I 5 25 

13 05 I 3 40 I 3 20 5 25 

13 00 14 00 13 28 5 20 

1245 1340 1305 500 

I 2 J5 I 2 40 I 2 45 5 0$ 

I 2 40 I J IO I J I 7 4 J5 

I 12 50 I 3 00 13 08 4 IO 

i 13 25 14 30 13 40 3 55 

km 
4 40 

4 40 

5 3° 
6 00 

6 00 

6 IO 

6 30 

6 20 

5 IO 

5 IO 

4 00 

4 50 

P. 

11 In 
4 29 

4 58 

5 27 
5 I 5 
s s~ 
5 47 

5 52 

5 47 

5 15 
5 17 
5 14 

4 46 

/ 

5. 2 

3-9 
6. 6 

7. I 

7.3 

7.6 

8. 5 

8. 7 
6. 7 

5· 7 
4· 2 

3· 8 

, 
5. o 6.o 

3. 8 5. 8 

4. 7 7. 8 

6.o 9. 3 

6. 4 IO.O 

6. 8 IO. 3 

6. 4 I I. 0 

8. J 12. 2 

6. 8 IO. 3 

3· 9 5. 4 
2. 9 4. 8 

3· 7 4. s 
----------1--------

Yearlyaverage. i 8 22 8 17 S oo 13 12 13 42 13 20 i 4 50 

-'! ___________________ ~, -------------------
5 25 5 20 5. 4 8. I I 6. 3 

'l'bc Lo8 Angeles tabular times and ran~es were derived from a graphical process; the times 
are sn~jcct to au uncertaint,y of a qua,rter of au hour. 1t appears that the morning easterly 
extreme is reached earliest in September (7~hJ aud latest in January (O!fh) aucl the afternoon 
opposite extreme earliest in September (12~u) and latest in March (l41i); these extremes lying 
fartllest apart in April (6h) and closest together in January (3jjb); the daily range seems to be a 
minimum about .January (5') and a maximum about August (11'). 

'.rhe following table shows, for each month, the annual inequality in the times when the average 
declination of the day is reached : r----------------------· 

I 

Epo.ch of average daily w,Jue of the declination. 

---
I 

Month. 
' ~~lion westwanl. ---l'i Motion eastward. 

I 

L. A. K. w. I P. I! L.A. I K.W. P. 

I 
h ,,, h "' h "' I h h h 

January, 11 37 II 48 10 52 

I 
17.7 18.8 19.1 

February. II ;)l II 49 IO 52 18.4 I9.8 19.4 

March. II 03 II 14 10 46 I 20.3 20.7 19.5 

April. IO 33 IO 39 10 34 22.4 21. I 

I 
19.7 

May. IO 08 IO 20 IO 19 22. 3(?) 22.2 19.0 

June. Io 13 10 31 10 25 23. 7 21. 7 20.4 

July. 1- 16 IO 27 IO 30 22. 9(?) 21. 9 2!. 5 
August. IO 00 JO 10 10 IO I 

21. &(?) 21. 3 20.7 ! 
September. 9 55 IO o8 9 58 

I 
24.9 Ig. 9(?) 18.7 

October. IO ::0 IO 25 IO JO -19. I 19.4 17.4 

November. JO 45 II I2 10 I6 

I 
17. 4 18.o 18. I 

December. II 31 II 59 IO 50 17. 0 18. 2 18.3 
·--1 ---

Yearly average. 10 39 10 53 10 30 I 20.7 20.2 19.3 
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Observations for declination a.re frequently made abontthe times of the two principal extremes 
of the diurnal variation, and the mean of the two directions at these times is then taken to 
represent the daily mean (from 24 hourly readings). How near this assumption approaches the 
truth may be judged from the following comparisons: 

Ii • r I Philadel- I 
Los Angeles, Cal. I! Key \\est, Fla. phi a, Pa. j 

I 1' I !J / j' Mea~-of I Extreme readings I Monthly : Extremes from mean , :'.\-lean or ·t e e Month. 
from curve. Me . mean Difference from true Ii of day. .1difference1· ~; ~i~er~ 

, _ ___ _ ---· I an I' from 24 monthly mean. 
1 

from 24 ence from 
hours. 

1

. . hours. h urs * 
___ , a.m. _P_·_m_. _____ 

1

___ ··- i: a. m. 
1 
_ __:_.m_. _; 

1
_z4 __ o_._ 

6:. o 7:. 2 69~ 8 t~- 4 +o. 3 Ii +2. 8 J --2. o +o. 4 +o. S January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

1 ~:::1 December. / 

Year. I 

d 
7J. 5 
71. 6 

72.9 

73.4 

73.7 

73.6 

74.4 

74.9 

73.5 

7J. 5 
72.5 

72.5 

::: ~ :~:; ::: ~ ~:: : ~:: : II !:: ~ =:: : !:: : !:: : 
64.4 68.9 68.5 +0.4 +0.3 P +3.0 -2.9 o.o +o.6 

64. 6 69. 2 68. 5 +o. 7 '-j-o. 6 JI +3· 6 -2. 7 +o. 4 +o. I 

64. o 68. 8 68. 3 +o. 5 +o. 4 i + 3- 7 -2. 9 +o. 4 -o. I 

63.6 6sJ.o 68.3 +0.7 +o.6 !I +3.7 -2.7 +0.5 o.o 

70.0 

68.6 

69. 8 

69.9 

+o.8 

+0.3 
+0.2 

o.o 

+0.1 

il 

::-: Ii !1: 
o.o I/ +x.8 

+o. r :i +z.z 
'I 

-3.0 +0.4 
--3.0 +0.4 
-I. 7 +0.3 
-I. 2 +0.3 
-1.5 +0.3 

+0.3 

+0.3 

+0.4 

+0.5 

+0.5 
+0.7 

+0.3 +0.3 11 
--'----- -~~----" -------~------'-----'---

• C. 8. Rep., 1860, p. 309. 

Both at Los A.ngeles and at Key West the morning or eastern elongation exceeds in magnitude 
the afternoon or western elongation, the mean of the two elongations, therefore, is too great 
compared with the meau of the day, hence ea.st declination when deduced from the mean of the 
two daily extremes must be dimitiished by 0'.3. On the other hand, at Philadelphia, the morning or 
eastern elongation is the smaller, hence the west declination (deduced from the extremes) at that 
placr, needs to he diminished; the amount, however, is the same. Generally, therefore, this 
correction to results from ordinar.r field work may be neglected. 

Long11eriod inequalities in the total sol<ir-diurnal 'Variation of the declination.-The fact that the 
annual mean of the diurnal range follows closels the periodic changes in the frequency of the sun­
spots was noted as early as 1852, i. e., a large declination range was found to correspond to the 
time of great activity of the sun in the production of spots and vice 'l'ersa. It remains to show 
this dependence or relation in the case of the observations at Los Angeles. In consequence of 
the annual iuequality in the solar-diurnal range, the yearly average values of the dinrual range 
are alone directly available for comparison with. Dr. R. Wolf's rela.t\ve numbers of spot frequency 
aml extent. The latter numbers were taken from his latest publication in the "Vierteljahrschrift 
der Naturforschenden Gesellschaft," in Ziirich; Erstes Heft, 1888, Table III, viz: 
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Table of monthly tJalues of aqjusted rtilative numbers of sun-spot actitiity. 

Year.11_1_._~~~~I~\ VI~ vm.J~~ - x. \~\XII. tr:~~l1 
1 876 . . . • . . . . . . . - r r. 7 r J. 9 10, 8 ro. 61 rr. 8 1 r 3. o : r r. 7 I 
1877 r3.r 12.6 12.7 12.7 12.6 12.5 11.4 \ 10.4 10.1 9.8 l 8.o II 7.1 ~I II.I l 
1878 6.5 6.o 5.3 4.6 4.0 3.4 3.3 3.0 2.4, 2.3 I 2.4 2.2 3.8 i 

I I - -· 
1879 2.5 3.2 3.7 4.2 5.0 5.7 6.9 9.0 10.9 I 12.3 13.7 i i5.8. 7.71 

1880 17. 7 19.8 23. 9 26. 8 29. 7 31. 3 32.8 34.4 36.5, 39. 5 41. 611 ~3·61· 3r.45 ! 
1881 46.9 49.7 +9.6 49.9 SL8 54.2 54.6 55.6 57.0 59.5 62.2 02.41i 54. 

1882 6o. 4 58. 4 57. 9 57. 8 58. 9 59· 9 6o. 4 60. 1 58. r , :6. 5 54· 6 54. 5 
1
; 58. 1 I 

1883 57.3 59.0 59.0 59.8 60.8 62.3 65.0 67.9 7!.41,J.0 74.2 74.6 I~ 65.3 f 

1884 72.4 71.7 72.4 71.3 67.8 64.6 6r.4 I 58.8 56.6 54.2 53.6 55.2 Ii 63.3 l 
1885 57.1 57.4 56.2 54·9 54·4 53.2 51.6 49.2 47.6147.4 45.2 41.111 51.3 

::~ ;~:; ;;: ! ;~: ~ ;;: : ;~: ; ;~:: 2.4 .. 6 2.3· .2 I 2.0 .. 5 \ 1.6 .. 7 1.5· .0 11.3 .. 81! (~~: :) 
The remainder for the year 1887 was taken from the same publication, the numbers being the 

mean of 3 series. Those for July, August, and December were reduced by l. 2 in order that the annual 
mean should be preserved as given by Dr. \Volf. The series of numbers for 1888 was copied from Astr. 
Nachric.hten No. 2887 and the numbers for 1889 from No. 2959. T11ese relati,•e numbers are still sub­
ject to corrections. 

1887 j . -1· I z3.1 20.0 j 7.4 6.5 5.7 \ 19.4 i'\ 

18881 IJ.O 7.0 6,3 3·91 7.8 6.5 I.9 1.91 7.8 2.0 IZ.91 9·9 .I 
/ 1889_1~___2·_? __ 6 __ · 3_/ _4 __ · 9_~j _2_. 4 __ 7_· o ___ s_._0_2_0_. _6_1_6_. 3 ___ o_. _o-'-' _o. __ o 5. 7 Ii 

( 13. i) 

(6. 7) 

(5. 8) 

These numbers will answer for our purj1ose as well as more refined measures, which depend 
on the amount of spotted area depicted on the daily photographs of the sun.• 

From these numbers it will be seen that the Los Angeles magnetic observations commenced 
shortly befat·e the last maximum sun-spot development and extend beyond the minimum recently 
attained, either in the last quarter of 1888 or more probably in 1889. In the column below beaded 
R the annual mean values of the relative numbers are given for the se'reral obsen-ing years, 
October to October. 

The declination range was obtained by collating the monthly means of scale-readings for each 
of the hours 6 to 15, also, for mean of day, and forming average values for each of the 7 years 
of observation. The deflection ( + to the east) for each hour is found by subtracting the mean of 
the day from that of each hom. Tile scale-divisions were converted into IDinutes of arc and the 
hourly results were plotted on a suitable seal e in order to find tile intermediate extreme, values as 
gh·en in the table below. 

Annual mean values of differences of declinati<>1i.f1·01it the daily mean /01· the hours 6 to 15 incltisive, 
sh01cing dependence oft~ diurnal variation of tlte deolinatimi on the aun-spot cycle. 

[A + sign indicates deflection to the east.] 

,_ I I Noon. i t3ll I Yeu 6h " 8h 911 1011. 11h l Oct. to Oct. 7 
i I 

7j7 ---- --l--1 

d. d. d. d. d. d. 
1882-'83 +1.6 +J.2 +4· I +J.6 +r.6 -0.9 -2.8 ,_.3,6 -

1883-'84 +:z. I +3·7 +4.8 +4.1 +1.s -0.9 -2.9 -3.8 ~ 

1884-'85 +1.8 +3·3 +4·5 +4.0 +r.9 --0.7 -2.7 -3.7 -
1885-186 +1.8 +3·0 +3·7 +3·2 +1.3 -o.8 -2.5 -3.3 -

1886-'87 +1.4 +z.6 +3·4 +z.9 +1.2 -r.o -2.6 -3.2 -
1887-'88 +1.4 +2.7 +3·4 +2.8 +o.8 -1.3 -2.9 -3.4 -
1888-'89 +1. 5 +z.5 +3.2 +z.5 +o-7 -1.2 -z.7 -3.2 -

-----··---~---

j lt Maximum J Maximum j' D .1 ' I 
4h I 15b j': morning ! afternoon I ai Y R. , I ~I deflection. l deflection. I range. , 

;: 6 -~: :r--~:: 3 j -~: s ~I :. s 00. 7 / 

3.7 -2.9 +s.o -3.9 ;.1 j 68.2 I 
3.6 -2.9 +4.8 -3.8 6.9 53·71 
3.2 -2.5 +3.8 -3·4 I 5.8 32.4 

:; :::~J ;:: :::: I :: 'i! I 
• In ftlia oonnootion it may be state'! that late resea.t"Che& indicate that t~ periodic changes of the snn-spots are 

accompanied by cbaracteriatio changea in tile BOlar corona. 
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The diurnal range, as well as its component parts, the morning easterly extreme and the 
afternoon westerly extreme, are thus seen to follow the variations in the sun-spot activity. This 
relation may be expressed in the form : 

r=a+b R=5'.12+0.027 R, 

which represents the observed range as follows: t Y = I Compo«d 
Observed 

__ ·_to-~~~ I range. 
less com-

puted range. 

I I 

I 1882-'83 6.8 -0.3 
1883-'84 7.0 +0.1 

r 
1884-'85 6.6 +0.3 

1885-'86 6.o -0.2 

I 
1886-'87 5.5 -0. I 

1887-'88 5.3 

I __ ~::: I I 1,888-'89 5.3 
L __ 

For the sake of comparison I give here also similar expressions between the variations in the 
sun-spot cycle and the declination ranges of the magnetic observations at Philadelphia by Dr. A. 
D. Bache, which series includes a year of mininiuni solar activity and the magnetic observations 
at Key West, which begin with a year of 1naximum activity. The observed declination ranges are 
taken from Coast Survey Reports for 1859, p. 286, and for 1874, p. 130. 

For Philadelphia, 1840-'45, inclusive. 

,.,.,~6'.89-f-0.037 R 

~-1,-------1 O~s~~~ed I Co~~p~1t:~JI -:~---
ear. R. a1 y i range. . . 

range. I I 1----- -:---------•----
/ / i I I I 

61. s 9· os 9· 1s I -0. JO 

38. 5 s. 06 8. 31 1' ---0. 25 
23. o 7. 83 7. 74 +o. 09 

!1:2 1. 46 1. 38 

1

1 +o. 08 

19.3 7.51 7.6o ~0.09 

38. 3 \ 8. 53 8. 31 j +o. 22 

·-------~-----

For Key West, 186"--'65, inclusive. 

r-=2'.39+0. 042 R. 

I / Observed I C d I 
Year. R. I dai!v \ ompute · 0.-C. 

I 
rang~. range. 

--i--1--------1---
1 

I I / I ) I 

1860 94. s I 6. 4 6. 37 +o. o3 
1861 77. 71 5· 6 5. 65 -0. 05 
1862 61 o 5. 2 4. 95 +o. 25 

I 
jl :~~ :: : I : : : : ::: :: 
J 1865 31. 4 i 3. 9 3. 71 +o. 19 

' 
The adjacent diagram (lllustration No. 24} fnrther illustrates the relation existing between 

sun.spots and diurnal range of declination. The diagram shows plainly that the morning or east­
erly deflection is subject to a greater extent to the influence of the sun-spots than the afternoon 
or opposite deflection, and the same is true, though less marked, for Key West (Coast Survey 
Report for 1874, App. 9, p. 129.)* ' 

Ratio of declination ranges ·in years of extremes of sun-s-pot aetivity.-This ratio of the maxi­
mum to the minimum declination range is for Los Angeles, 1.37; for Key West, 1.6i; and for 
Toronto, Canada, 1.51 (Younghusband and Lefroy). Our series is too short to investigate the 
lagging behind of the magnetic ranges a,s noted elsewhere. 

So far as known there are at least two dominant inequalities of Jong period in the observed 
productivity of sun-spots, of which the shorter one, or the eleven-and-one-third-year period, is the 
best determined and the only one available for comparison with our series of magnetic observa· 
tions. This period is subject to considerable fluctuations as to length and development to which 

"It may be noted here tha.t during the period 1883-'88, the spots as well as the prominences were more111umero11a 
in the sun's southern hemisphere than in the northern one.-E. B. Prost in "Sid. Mess.,'' March, 1890. 
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the motion of the magnet apparently conforms, and since there can be no doubt of tbe complex 
composition of the sun-spot curve we must, likewise, consider tlie observe\! daily motion of the 
magnet as governed by a number of laws, each cause ccrntribnting its effect to the resultant 
direction. 

Sepa,,·ation and, analysis of tlte dist?n-banccs; diurnal disturbance-variation and solar-diurnal 
variation of the declination.-Any observation deviating from what is taken as the normal solar­
tliurnal yariation may be considered a disturbance; more frequently, however, we designate by a 
disturbance a large deviation from the daily normal motion of the magnet and, in particular, 
those sudden deflections whfoh simultaneously affect large areas of tlie earth's surface. We may 
also distinguish at any one station isolated disturbances and perturbed motions persisting for one 
or several days. 

For the analysis of the disturbances there is as yet no general agreement as to treatment, and 
it is largely a matter :or individual experience what process would for any location be most 
advantageous. A method applicable for continuous registered <lata may fail for eye-observations 
made at certain hours, and another may apply to an equatorial or middle-latitude station, but fail 
in the higher latitudes, where the horizontal component of the magnetic force is very weak and 
consequently the diurnal variation is much exaggerated and apparently irregular. 

Of the several methods proposed by Sabine, Lloyd, and Broun, and later on by Dr. Wild and 
J. P. Van der Stok, we give the preference to the practical and hitherto successful method of 
Sabine, at least as far as it refers to the elucidation of the laws of the disturbances, but it is 1iro. 
posed here to compare bis values of the normal diurnal variation with the values which can be 
derived, according to Dr. Wild's proposition, by a selection of all the magnetically quiet days, as 
exhibited by the photographic traces and by comparing their results. Van der Stok's method is 
regarded as too laborious to be profitably employed in the present case. There is necessarily 
some arbitrary step in every method, either as to the limit of what should be regarded a disturb· 
ance or what degree of smoothness or shape should constitute a normal curve, since we can not 
know how far disturbances, not recognizable by their size, may affect this shape. 

Sepamtion and analysis of the larger disturbances of the declination.-In accordance with the 
method proposed for discussion,• the first step is to settle upon the inferior limit of deviation 
beyond which an observed value will be marked a disturbance and will be t:ixcluded from the 
mean of the month; for this we need the mea1i error, 1n, of an observation found by comparing 
each hourly value with its monthly mean from n values and noting the difference v; we then 
have 

or more simply, 

m=· ITvvl 
\jn-1 

for which we can also write, approximately, 

m=!:~53[v 
1i-0.5 

since n equals either 28, 29, 30, or 31. 
For a preliminary estimate t we may put m=t of the extreme range of the values for any one 

hour, for that hour. In determining m it is requisite to include24 hours, or at least symmetrically 
arranged hours, in order to eliminate the effect of the diurnal variation of the disturbances, and 

" See a1110 rema.rks on the method in "Report upon magnetic observations ma.de at the U- S. Polar station, Oog­
la.amie, Point Barrow, Alaska, 1881-'82-'83," Appendix 13, Coa,st and Geodetic Survey Report for 1883, pp. 3·l8-34ll, 
and "Contributions to terrestrial magnetism, Appendix No_ 139, pp. 539-548, Yol. 2 of Report ou the Proeeedings 
of the U. S. Expedition to Lady Franklin Bay, Grinnell Land," by Lieut-' A. W_ Greely, Washington, 1888. [N. 13.-
0n page 610 of that report the numbers in column headed "Magnetic moment in C. G. S. units" should be canceled as 
en:onoons.} 

t Taking the probable error approximately equal to one-seventh of the greatest ra.nge of the errors of observa­
tion. 
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likewise to use the middle year of the series (in our case) to eliminate the sun-spot inequality, and 
for that year to use every month to eliminate the annual inequality in the disturbances. 

For Los Angeles, 24 values were obtained, viz, one value ea-0h for October, 1885, at lh and 
13h, for November, at 2h and 14h, for December, at 3h and 15h, for January, 188fl, 411 aml 16h, and so 
on to Sepfomber, 1886, at noon and miduigbt; whence average value, · 

m= ± 1.3 scale-divisions. 

[The rough method abo>e indicated gave ± 1.5] 
A first trial was made with the limit 1~ 1n or ± 2 divisions (according to Lloyd), bnt this was 

found to separate rather more values than was desirable, in other words it cut too deep into the 
diurnal curve, arnl it was decided t-0 adopt± 2.5 divisions, or ±2'.0, for our limit; hence all observa. 
tions differing more than that amount from their respective monthly means were marked as (large) 
disturbances; 011 the average every fifteenth was so marked. 

The limit adopted by me for Key 'Vest series was ± 2'.6; this separated 1 in every 31 obser­
vations. At Philadelphia Dr. Bache adopted the limit ± 3'.6, which separated 1in10 observa­
tions. At Toronto at first ::l: 31.G, afterwards :!: 51.0 was taken as the limit, th(} latter separating 
1 in 17 observations. 

In the hourly record of scale-readings all values differing more than 2.5 scale-divisions from 
their respective monthly means for that hour were considered (large) disturbances and were 
marked with an asterisk. The bottom line of that record contains the resulting monthly normals 
for each hour after these disturbed values had been separated.• The whole of this work was per­
formed by Mr. L.A. Bauer of the Computing Division. The tot~l number of disturbed hourly 
values thus separated was 4 010, and, since the total numher of observations is 61 3441 we have 
the ratio 1 to 15 Yery nearly. 

In the following analysis of tho (larger) disturbances we shall consider them in reference to 
number and to (relative) magnitude, and shall also distinguish between eastern and western dis· 
turlmnces. 

Long-period inequality of disturbances in declination.-In the following tables of the number 
and magnitude of the (larger) disturbances for each of the 7 years the observing year begins with 
October. 

---------- -------------- ---- -------------------------,,-----------

!
l Number of disturbances. Ii Aggregate amount of disturbances. [! Average magnitude of 

, · disturbances. 

Year. 1----·-------i --· - ; Ratio to 11-----~-,:,·_T_o_t_a-l.-,1-R-at-io-to_ilr-l:. ------,-, ---! 

I 
West. East. II Total. ' ·: West. East. \Vest. East. Total. 

! mean. ii ' mean 1 

-------i------i---1 1!---------~\------1----1 
i i 

1

1 \i d. d. d ·
1 

' I I 
1882-'83 

1883-'84 

1884-'85 

1885-'86 

386 386 I 772 I. 33 I 167 I 1765 34J6 I. 46 Ii 3. 46 3. 66 3· 56 

346 365 II 711 I. 22 i 1319 1486 28o5 I. 19 ii 3· 05 3. 26 3. 16 

I ::: ~: II ::: I :: : :: :~ I :::; :: Ill 1:: ::: : :: 
1887-'88 

111

:1 220 289 . 509 I o. 87 Ii S+s 1160 , 2005 o 8s • 3. o7 3. 22 3. i6 

1888-'89 152 154 I 306 I 0. 53 11.' 536 634 / 1170 o: 50 : 2. 82 3· 30 3· 06 

1---·------1--,----'--!f----1--
Sum i 1954 2116 j 4070 I 1: 762j 8843 16470 

1 
!: 3. 12 J. 34 J 

1886-'87 

These tables lead to the following conclusions: (a) The number of disturbances, whether 
westerly or easterly, as also their magnitudes follow the law of the sun-spot cycle. This is well 
shown by the ratios, less so by the average magnitude of the deflection when compared with the 

•Not nnfrequently the monthly means, for any hour, had to be Bl.ightly changed more tha.n once in consequence of 
the exclusion of the disturbed value or values for that hour. They became normals only after the above fi.nal 
condition was reached. 
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values of R previously given. (b) The number of d.isturbances as well as their aggregate amount 
is nearly three times as grea.t ill the year of maximum sun-spots as in the year of minimum sun­
spots. ( c) The muuber of disturbances whicll detlect the north-seeking end of the magnet to the 
eastward is greater than those which rleflect it to the westward in the proportion of 1.08 to 1. 
The same superiority in number of the easterly deflections was found at Tor011 to, Canada 
(1841-'48), ratio l.17 to 1, and at Key West, Fla. (186()-'66), • ratio 1.33 to 1, and at Lady 
Franklin Bay (Lieutenant Greely's expedition), 1882-'83, the ratio wa.s 1.30to1. (d) The aggregate 
magnitude of the easterly defiections is greater than. that of the westerly, in the following pro­
portions: 

Los ..Angeles, Ual., 
Key West, ];'la., 
Toronto, Can., 
Pofnt Barrow, Alaska, 
Port Kennedy, Arctic regions, 
Carlton Fort, Brit. Poss., N. A., 
Lady Franklin Bay, Arctic regions, 

1.16 to 1 
1.43 to 1 
1.40 to 1 
1.63 to 1 (1\Iaguire's series of 1852-'53-'54.) 
1.85 to 1 
1.74 to 1 
1.06 to 1 

The preponderance of the easterly over the westerly disturbances, botu in number and mag­
nitude, thus appears to be characteristic of North America. 

Tlte annual inequality of distur/Jances in declination.-N·urnber a.nd a.ggregate amount 1.f disturbances 
in eaeli month and ratios to aPerage annual values, from the seren-year 8erfo:i. 

Month. l!

·.-----N_u_m __ be_r_of disturbances. Aggregate amount of disturbances. ;i \ .. !j Averag-e 

I i Ratio. \ Ratio. i - \ ~~~~
1 

. 

I ! East. l--~---1 Mean , West. ----,----1 Mean :! of all. ------1-"-'e-st __ · -·!~--1---w_. -1--E_. --II ratio. :---1-E-as_t._, __ "_'·-1_E_._,_ra-ti_o ~;'--, -
Oct. 137 162 II, 0:"' I 0 ,, 0 88 I t;,,; t" 0. 95 I 0 93 I 0. 94 II 3. 46 ! 

Nov. 185 188 , 1. 14 1. 07 I. 10 ! 902 990 l. 42 I I. 34 I. 38 )i + 06 

Dec. (W. S.). 86 89 o. 53 o. 50 o. 52 I 343 35~ o. 54 o. 48 o. 51 :: 3. 19 

I ' !1 Jan. 18o 120 I. II I o. 68 o. 89 ' 684 508 I. o8 o. 69 o. 88 I' 3. rs 
Feb. 143 123 o. 88 o. 70 I o. 79 

11

r 548 504 o. 86 J o. 68 o. 77 :I 3. 17 

Mar. (V. E.). 203 201 I. 24 11. 14 I 19 761 818 r. 20 I 1. II 1. r6 ij 3. 13 

Apr. 186 205 I. 14 r. 16 ! I: 15 692 812 r. 09 \ I. ro 1. Io \\ 3. 08 

May 154 207 o. 95 I. I8 I. 06 6o6 884 o. 95 I. 20 I. 08 II 3. 30 

June (S. S.). 161 205 o. 99 I. 16 r. 07 589 786 o. 93 I. 07 I. 00 !1 3. OI 
!! July 165 Igc> I. 01 I. 08 I. 05 594 739 O. 93 I. 01 O. 97 II 3· 01 

Aug. 157 200 o. 96 I. 13 I. 05 1 570 819 o. 90 I. II I. oo l,!ji 3. 11 

Sept. (A. E.). I 197 226 x. -ioI r. 28 1. 25 73:z 941 1. IS r. 28 1. 22 i: 3. 17 

"--------'---~~---~~-"--~-~~~· 

From these tables we can draw the following conclusions: (a) The distribution of the westerly 
and easterly disturbances over the several months of the year is the same whether we regard their 
number or their magnitude. This is plainly shown by the mean ratios. (b) The law of the dis­
tribution of the disturbances in the yearly cycle shows maxima. in the eq11inoctial mouths (marked 
V. E. and A. E.), with September preponderating over March, and minima in the solstitial months 
(marked W. S. and S. S.), with the most decided minimum in December, but au iutli:tfereut, value 
in June. This would indicate a semiannual variation, remlering the December value lower and 
the June value higher than they otherwise would be. The same law of number of <lif•tnrhances as 
depending on the season of the year holds for Philadelphia, Key West, and Toronto, and any 

*C. S. Report for 1874, p. 121; at Philadelphia ( 1840-' 45), the result was indecisive. 
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apparent displacement of one month earlier or fater than that indicated by the position of the sun 
could easily be accounted for by au insufficient number of observations. (c) It would also appear 
that the December minimum for stations in the northern hemisphere corresponds to the June 
miuimum at stations in the southern hemisphere.• In other words, these minima occur in the 
cold season of the year. Likewise tll.ere is rna.son to believe that the superior and inferior maxima 
for the northern hemisphere exchange places in the southern hemisphere. (d) The excess of the 
easterly over the westerly disturbances is greater in the summer montlJs (April to September 
inclusin) than in the winter months (October to March inclusive). In the former season the excess 
is 218, in the latter season -51; -i.e., in winter the westerly disturbances pre>ail. This is also 
the case for Toronto and for Key West. The respective numbers for Key West are 172 and 32, 
there being but one montl.t (March) ic1 which westerly disturbances exceecl in number those of 
opposite direction, while at Los Angeles there were three such months {January, February, and 
Maroo). 

I 
I 

Local hours. j \Vest. 

--i'-- d. 

48 

2 55 
3 52 
4 66 

5 81 

6 86 

7 Il9 

8 156 

9 169 
IO 201 

II 

i'foon. 

13 

I4 

15 
16 

17 
18 

19 
20 

21 

22 

23 
Midnight 

32 

21 

9 

5 
6 

1954 

The diurnal ineq11ality of the disturbances in declination. 

Xumher of clisturhances. Agg1·egate amount of disturbances. I 
I -!I ____ -----, -,-- I I 
f Excess Ratios to mean value. I / Excess 1 Ratios to mean \ alae. I 

East. : of easterly , W t F t I of easterly I, I. 

I disturb- , I es · ,as · disturb- i , ' 
1 

ances. W. E. J All. I J ances. I W. E. J All. j 
----1--- -------- ----1-------.----1-------·-------

d. 

127 

102 

99 
65 

97 I 
121 

123 

110 

86 

79 

69 

41 

d. 
l l ' i ; 
i j d. d.: d. I 

+ 79 I. 44 I I. 03 I 181 566 I +385 o. 57 I. 54 I. 09 
I 11 I + 47 o.68 I. 16 I o. 93 !' 239 507 I +268 o. 75 

+ 47 I.OJ I. 12 ! o. 89 ii 244 459 1', +215 o. 77 
i j; 

- I 0.81 0.74 r 0.77 I 278 277 I - I 0.87 0.75 0.81 

- 17 o. 99 o. 73 I 0. 86 I' 342 242 l -100 

- 49 I. 06 0. 42 J o. 731 376 126 ! -250 

- 43 1. 46 o. 8G i 1. 15 48j 2 
I 

60 I 

- 59 I. 9Z 

2.08 

I. IO I. 50 6 54 3 38 !, 

I 
- 4'8 

-- 78 

I. 37 

I. 39 
- 87 2. 42 I. 25 

-- 68 I. 89 o. 97 

322 

243 

188 

4 

4 

29 : 
I 

20 I 
"67 I 

15 I 
n I 

3 
2 

2 31 I 
131 I 
96 I 
16 I 

oo I 3 

4 

5 
6 

6 

5 
5 

i 
3~ I 
70 I 

s0 I 
14 

8o 

28 

-227 

-316 

-257 

-359 
-361 

-263 

-183 

-183 

-191 

--147 

- 72 

+185 

+379 

+537 

+633 

+593 
+ 520 

+411 

I. 07 

L 18 

r. 53 
2.o6 

2.16 

2.45 

2.29 

I. 82 

l. 45 

l. 30 

I. 02 

0.77 

0.59 

0.36 

0.19 

0.12 

0.05 

0.07 

0. 19 

0.37 

o.66 

o. 34 

o. 70 

0.92 

I. 17 

I. 14 

l,00 

o.86 

0.75 

0.63 

0,35 
0.26 

0.31 

0.81 

0.85 

0.73 

I. 09 

I. 45 

I. 63 

I. 75 

I. 59 

I. 30 

I. 07 

0.94 
o.66 

0.49 

0.44 
0.61 

I. 1910.73 
r.56 o. 89 

L 76 0. 97 

I. 67 I o. 92 

I. 571 o. 93 
1.43 o. 94 

2116 1 +162 88 +1216 

I 
I 

I 
i 

_________ L_ ---- 431 
--~~-·-1-

*The same en<l of magnet is of course referred to. 
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From these tables we gather the following information: 
(a) The most remarkable feature is tile fact of the easterly disturbances presenting a double 

progression in a day, whereas the westerly disturbances show bnt one. This is also found to be 
the case for Key "\Vest, Philadelphia, and Toronto, and is sup11osed also true at other stations; 
yet for certain places in the southern hemisphere the reverse law seems to obtain. Tl.tis diversity 
in the law for eastern and western disturbances would point to their having a different origin. 
With respect to number of disturb~nces, the following comparative table wi.ll best show the accord 
between the extreme values at difforent stations. 

I Los : Kev i Phi!ade!-IT t .• 
I Angeles. \Vest.* :

1 

phia.t \ oron °+ 
I . 

!~~~~--~.~~~~~~--~~---~~-. ~~~1 

Ea&terly disturbances: h. h. h. h. 

Time of principal maximum 23 21 2I 21 

Time of secondary maximum 10 9 IO lI 

Time of principal minimum 16 16 14 15 
Time of secondary minimum 6 6 8 8 

Westerly disturbances: 

Time of maximum JO IO IO JO 

Ti111e of minin1um 21 21 i 21 22 

*Coast Survey Report for 1874, p. 122. t Coast Survey Report for 1859, p. 290. t Walker's Terrestrial and Cosmical 
Magnetism, 1866, p. 86. 

(b) The table shows the simultaneous occurrence at about 2lh of the greatest number of east· 
erly disturbances and of the least number of westerly disturbances. 

(c) Irrespective of direction, the most disturbed time of the day is between 9\ 10\ and Uh, 
and the least disturbed about 17h; less pronounced times are 1\ 2h, and 6h; the former hours 
greater, the latter less disturbed than the average. If we divide tbe day into two equal parts, 
say from 7h to 18h iuclusirn, and from 19h to 6\ we find in the first half day, or that of day hours, 
2405 disturlmnces, while there are but 16G5 disturbances in the second half or that of night hours. 

(d) While the easterly disturbances upon the whole predominate over the westel'n ones, we 
find them most act.ive about .3 hours before midnight, whereas the excess of the westerly m·er the 
easterly disturbances is most marked about 1 hour before noon, the respective aggregate excess 
being+ 633 divisions and -361 divisions. From 4 o'clock in the morning to 5 in the afternoon 
the icesterly disturbances are iu excess in number and magnitude; in the remaining hours of the 
day the easterly disturbances greatly exceed the westerly ones. 

The normal solar-diurnal 11ariation of the declinati-On.-In the following table will be found 
collected the hourly normals as given at the foot of each monthly tallnlation, but condensed into 
a singlet.able; each value is therefore the mea.n of seven undisturbed ordinates. 

H. Ex. 80-18 
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DIFFERENTIAL OBSERV A TJONS 

Recapitttlation of kom·lg n-0rmals <>f the S<Jlar·dittrnal 

[Local mean time . 300 divisions + tabular 

..--~~--~~~~~---~~--~~~~~.--~~~~--.-~~~~~~~~..,.-~~-,--~~.,--~---, 

Month. \ 1" 2" 

1 

3" 4 : 5• l 6b 1 7• I 8° I 9• l JOh ! ui. ) :Koon. 

-------\\.-- ~.- ----:;- i~--~1-d-. -,-d-. - --d-. -1-~1-d-. -i-d.-. -j-;;--:;-
October. I 69. 61 6<). 66 j 69. 9I 70. I< 70. 36 I 71. II 72. 50 I 73. 56 73. 00 70. 66 68. 20 66. 63 

November. •i 69. 53 69. 61 [ ~9· 69 69. 86 i 70. 02 l 70. 34 7I. 04 I :2. 53 72. 54 I. ::· 46 I 69. 56 67. 70 
December. . 69. 47 69. 54 i 09. 46 69. 59 I 69- 56 i 69. 63 70. I 3 l 1 I. 21 72- 34 j 1 -. 47 I 71. or 68. 91 

January. i 69. 43 69. 47 i 69. 47 ; 69. 39 1 69. 41 ' 69. 61 69. 84 I 71. 31 73- 07 t 73. 76 ; 71. 91 68. 74 

}'ebruary. 

:March. 

April. 

May. 

June. 

July. 

At1gust. 

• ' i I I 
i 69. 19 69. 39 C 69. 36 ' 69. 49 6<). 51 i 6g. 54 6g. 99 70. 8g 71. 64 I 71. 43 70. 37 68. 57 

I 68. 7 4 68, 86 68. go 69. 07 : 69. 20 i 6<). 8o 70. 99 72. 7 3 7 3. 01 ' 7 1. 31 : 68. 7 3 j 66. 29 

i 68. 53 68. So 68. 83 69. 19 I 69. 56 : 70. 71 72. 43 73- 50 72. 64 69. 83 ' 67. 44166.16 

168. JI 68. 43 68. 74 69. 26 ! 70. 04171. 6g 73. 53 i3· 76 7I. 83 ' 68. 87 : 66. 20 I 65. 05 

1

68. 29 68. 40 68. 67 69. II 
1 

70. oo I 71. 54 73. 36 73. 50 71. 70 ' 68. go ' 66. 33 I 64. 84 

68. 20 68. 39 68. 74 69. 24' 69. 9611 71.70 73. 61 74. 39 72. i7 .69. 27 : 66. 17 i 64. 29 

:
II' "8. 57 8 cg 86 

1 
6 J 6 6 6 8 6 ' " 6 . 51 u . I 9· 23 I 9. 91 71. 97 74. 3 i 75. 0 72. 6o 6 . SI 5. 70 I 64. 30 

September. : 68. 86 6<). 31 69. 40 · 69. 73 ! 70. 20 . 71. 79 73. 54 , 73· 53 71. 96 68. 97 66. 69 i 65. 30 I 
·--------------------- --- .. __ I ___ ! ___ . _____ ·--···------ --- -----·------~--·_!_ __ j 

Norm.al solar·rliurnal ·t)a.riation of the declination at Los 

[A + sign signifies a deflection of the north end of the 

Month. I r" : -:~-r-;----::----5: 6° r-;--~,---~~-,-::----~lh I Noon. I 

------- --~--1----,---i- I : I I ---11.----1 '--;--+--- ~ --!·--,--:--,-:---, -1 
January. -. 31 j -. 28 ; -. 28 I ---. 34 -- . 33 - . 17 + . 02 +1. 19 +2. 60 1+3. 15 ,+r. 67 - . 86 I 
F~bruary. - 06; +.rn J + 08 I +.181+ .20 1+ .22 + .58 +r.30 +1.90 +1.74 I+ .89 - .55 
March. i .14 -t 24 l -f.27 1 -+-.41 + .51 j+ .99 +1.94 +3·34 +J-56 +2.20 I+ .q. -1.82 

April. +.06 +.21j+.30;+.5s +.s8
1
+r.So +3.18 ++031+3.34 +1.10!-.82 -1.84-

May. ·-. 08 +. 02 j -i-. 26 i +. 68 +r. 30 1+2. 62 +4· ro +4· 28 +z. 74 + . 37 
1

- r. 77 --z. ~ 
June. +.oz +.11 i +.33 l +.68 +1.391+2.62 +4-08+4.I9

1
+2.751+ .51 

1
-r.54 -2.74 

July. -.08 +.07 l . .r...35 \ +.75 [..L1.33 +2.72 +4.25 +4.87 \+3 ss I+ .78 l-1.70 -3.2r 
I I I I l I I August. . oo -. 05 j' +. 23 I +. 53 i+r. 07 +z. 72 +4· 63 +S· 19 

1
+3- 22 ;+ . r9 1-2. 30 -3. 42 

September. -. 07 +· 29 +· 36

1 

+. 62 1-,r. oo +2. 271+3. 67 i-3· 66 .+2. 41 1+ . 02 --r. Sr -- z. 92 

October. --.05 -.01 I +.19 +.38 ,1-J .55 +r.15 +z.z6 +J.H +2.6& !+ .79 -r.18 -2.43 

November. --.21 -.141-,08 +.o&-.!.. .18 + .44 'l+r.oo +2.19 +2.20 !+1.34 - .18 -1.67 

December. -. 34 -. 29 I -. 35 I -. 25 I- . 27 - • 22 + . 18 +1. 05 +r. 95 [+2. 06 i+ . 89 - . 79 

6mths.,Apr.toSept. -.02 j +.12T+.30-i +.641+~6+2.46 :+;~81+~~;-i+J.01J+o.501-1.66 -2.So 

l
. 6 mthsc, Oct. to Mar. -. 14 / -. o61-· 03 +. 07 i.'+o. 14 +o. 40 +r. oo 1+2. 03 II+ z. 48 j+r. 88 l+o. 37 -r. 35 

Whole year, -. o8 I +. 03 / +. 14 +. 36 1+0. 65 +1. 43 +2. 49 +J. 20 +z. 74 
1
+1. 19 -o. 64 -2. o8 
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OF THE DECLINATION. 

Mriation for each month of the seven-yea!" seYies, 1882-'89. 

qllalltity. One dirision of scale =o. 1794] 

_·,~J~·-\_:_j_"'_ ___.,.___I _"'._!_:'_I '°" ' 
~ I £ l £ I ~ ~ ~ i ~ I ~ I ~ I ~ 

66. 40 I 67. 14 ' 68. 191 68. 83 6g. 00 6g. 33 i 6'). 6o I 69. 6') I 69. 81 I 69. 69 

67. 24 67. 57 I 68. 17 68. 86 6g. 47 70. 01 I 70. 26 I 70. 14 I 70. 03 i 6g. 99 

67. 99 67. 1~ l 68. 14 J 68. 97 69. 8o 10. 21 : 10. 40 ! 10. s1 : 10. 46 I 10. 23 

67. 37 67. 1, ' 67. 76 68. 8o I 69. 57 69. 90 70. 13 I 70. IO t' 70. 07 i 6g. 99 
I ' I ' I 

67. 14 66. 79 ', 67. II ! 67. 84 li 68. 57 69. 0] 1 69. 36 ' 69. 41 I 69. 47 

1

. 69. 44 : 

64. 93 64. 60 i 65. 29 66. 61 67. s1 67. 96 • 6s 23 : 68. 36 I 68. 43 . 68. s9 : 
65. 03 64. 57 ! 65. o6 66. 14 67. 26 67. 83 : 68. 00 ! 68. 00 '11 68. 23 ! 68. 27 ! 

I I I 
64. 76 65. 01 i 65. 67 66. 6o i 67. 49 67. 91 67. 97 I' 67. 97 68. 00 1 68. I I 

64. 24 64. 44 i 65. 21 66. 40 I 67. 37 67. 96 67. 93 67. 8.4 I 67. 93 68. 04 I 

63. 69 64. 14 Ii 65. 23 66. s1 61. 43 67. 91 67. s31 67. 16 I 67. s3 67. 91 i 

d. 
6g.61 

69.79 
70.04 

69.86 

69. 40 : 

68. 64 I 
68. 34 ' 

68. 24 : 

Mid­
night. 

d. 
69.51 

69. 57 
69. 69 

6g. 59 

69. 30 

6S. 70 

68. 59 

68. z9 

Daily 
mean. 

d. 
69.67 

63. 96 64. 76 66. 17 67. 50 I 68. 13 68. 16 67. 93 67. 991 68. 14 68. 27 I 

L 65: 07 66. o9 : _67. 43-'---- ~8-_ 44 I 68. 67 L 68. 30 ~- 43 j _6& s3_\_6_s_s_1 __ 6_s._6_7 1 

68. 13 i 68. 16 

68. 06 : 68. JO 

68. 40 : 68. 31 

68. 59 68. 77 

69.79 
6g.go 

6g.82 

69.26 

68. 56 

68.46 

68.41 

68.26 

68. 30 

68.57 

68.95 
____ j 

Angeles, Cal., betireen October, 1882, and Octohff, 1889. 

mag-11d towards the east, a --- sign, the conti;ary directioJJ.] 

--,---- ---·-- --- -- ---,-----,------;----,---,-----.----..,.----c-----,-- ·1 
:I,· I}' '1· 14" 15" I 161> 17h 18b 1!11' 2oh 21b 22b 23h i ~fol- I 

I ntght. 
1-----1---i------·----1----1·---1----1----- --------·------

/ ' ' I I I / # I I I I 

I 

I 
I 

I 
--I.96 -2.12 -1.65 -.82, -.20 +.06 +.25 +.22 +.20 +.14 +.03 -.181 
. --!. 70 -1. 98 -1. 72 -1. 14 -. SS -. 15 +· o8 +. 12 +. 17 +. 14 +.II +. 03 

--2.90 

--2. 74 

--- .). 22 

J. IO 

- ::?. 62 

----2.04 

-1. 53 

-3.23 
-2. 13 

---2.68 

6 6 8 6 6 I' -3.17 -2. 2 -1.5 -.79 -.4 -.2 __ .I -.IO +.02 +.o6 -!--II I 

~~~I ~~:~ ~~:~ i ~~ I'.~ I ~:2 ;:; I ~·~ =:~ +~ ~·~~ 1,l 

-2. 29 -r. 22 - .41 -.22 -. 52 -. 42 -. 34 -. 30 -- 22 ' -. 29 -.14 

=::;~ =::~: =:~~ --=~:: ~::~ ~:~ !::; !::~ !::~11-:: ::::: I 
--1.76 -1.41 - •74 -.o8 +.25 +.40 +.49 +.45 +,26 +.II -.17 

-. 38 -. 38 ---. -38-I·---. -30-1--=:-;;- -. 16 -=.-;~ -2.93 -z. 16 -1.25 -.61 

-.O'J +.13 + 18 +. 1? I +.12 +·04 --.09 
-. 22 -. 12 -. 10 -. o6 -. 05 -. o6 -. 10 

-2.14 

-2.54 

-1.65 

-1.90 

-0.94 
-I.10 

-.40 
-.50 
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Comparing the tabular values of the normal solar-diurnal with the total solar-diurnal variation, 
as previously given, no change is noticeable in the general character of the variation, aµcl this is 
true whether we make the comparisou fur the whole year or for the half-years when the sun has 
north and when it has south declination. The change from one season to the other is plainly 
brought out in the diagram (illustration No. 25), which also shows that the small secondary 
undulation during the night hours (persisting for about 6 hours preceding midnight) is only 
noticeable in the winter half-year, and entirely disappears during the summer half year. 

The greater disturbances having been removed, the diurnal range is increased thereby 0'.1 
very nearly, but at no hour does the difference between the disturbed and the normal ordinates 
rise to 0'.2 • It would therefore be a waste of labor to rediscuss the hourly normals, and the 
various laws already brought out for the total solar-diurnal variation apply equally to the normal 
variation. We have the average daily range during the half-year, sun north of the equator, 7'.8, 
and during the half-year, sun south of the equator, '1'.8; a•erage for the year, 6'.3 

Days of large range of disturbances in decl'ination.-In the preceding investigation we have made 
exclusive use of the hourly trace readings; thus no account was taken of the disturbances, however 
large, that may have occurred between these hours. For a more complete understanding ·of tlie 
disturbances of large amount, we give below, in tabular form, the dates (days) at which the range 
exceeded 19 scale-divisions, or nearly 15' of arc, together with the time of occurrence (as near as 
it could be read off) the amount of angular deflection in scale-divisions, and wlietber to the east or 
west. 

Table of distnrbances la.rgely a;"{fectin9 the daily range at Los Angeles, Cal., 1882 to 1889 . 
.----...,---------------- - ----------- - ---------- - ··- ---------· --------~ 

•I 
. ti 

Local mean time* of :1 
extremes. 

Date, 
'------"··--·---

east. west. ! 

: 

Amount of \ 
deflection 300 : 
divisions + 1 : 

Daily 
range. 

Magnitude of 
disturbance or I 
difference from I 

normal. 
--------1 

East. \Vest i 

Remarks. 

1 

Deflection Deflection '.i 

·-·-- 1_ ----- !i- -- ·---·--------d-----~--j----------
:1 ' I 1882. 

Oct. 2 

Oct. 5 
Oct. 6 

h. "'· 
2 40 

19 55 
0 55 

Nov. 12 18 17 

Nov. 13 2 S5 

Nov. 17 f2D 52 

Nov. 18 f o 50 

Nov. 19 f20 45 

Nov. 20 f o 35 

Dec. 20 21 oo 

1883. 

Feb. 2 

Feb. 24 

Apr. 3 

Apr. 24 

June r7 

July 20 

I'---. 

Aug. 17 

Sept. 15 

Sept. t6 

22 45 

18 55 
6 30 

JO 02 

7 IO 

7 25 

7 38 

22 32 

3 12 

h. 1!l. 1: d, d, 
2 00 , 82. 2 57· 2 19. 8 9· 5 IO. 2 l 

13 50 86. 2 62. 7 18. 7 12. 6 3· 4 : 

5 22 82. 2 58. 4 : 18. 9 ,I 9· 5 IO. 3 II 
23 58 
0 03 

2 SS 
3 20 

s 3° 
4 00 

6 00 

2 JO 

13 2s 
8 42 

13 47 
15 42 

13 40: 
I[ 

II 30 i' 

12 : 11 

II 1: 

80.5 58.0 

79.0 58.5 
104.5 20.0 

88.5 58.5 
I00.0 46,0 

98. 5 40. 5 
82.0 60.5 

84, 0 65.0 i 

s9. s 58. o I 
89. s 6o. 5 

82,5 56.0 
82.3 63.0 

78.3 6o.o 

So.o S9·5 
87. 5 64. s 
89-S 63.o 

I 
17.9'i 7-4 .9.81 
16.3 7.0 9.2, 

67. r ' 26. 8 40. 2 / 1 See appended tracing 

23. 8 14. 6 9. 51 ' of the photographic 

42. 9 23. 3 20. o , I curves (illustration 

46. I 22. 6 24. I I J No. 26). 

I 7. 9 8. 3 8. 21 

15. I 

25.0 

23.0 

21. 0 

15. 3 

14. 9 

16.3 
18.3 

21.0 

IO, 2 

14,6 

13. I 

6.9 
6, I 

2.9 

3.2 
14.6 

15.4 

12.2 

7. 8 

!: : I 
5.5 
J.6 

4.0 

*From midnight to midnight, o to 24 hourE. 
f "The southern hemisphere [of the sun] has still [1890] preserved that predominance [in productiveness 

of sun-spots] which it has shown, almost without a break, ever since the closing up of the !!"eat northern spot of 
,vo-vanb:r, I882." E. W. Maunder in Monthly Notices of the Royal Astronomical Society, April, I89o. 
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Table of disturbances largely affecting the daily range, etc.-Continued. 

I I II I 'I I " I Magnitude of I 
I Local mean time* of ii I i disturbance or 
j extremes. Ji Amount of D .

1 
[i difference fro1n 

--------]' divisions + range. ·1 : 
Date. Remarks. 

I 
!/ deflection 300 

1 

ai Y ;1 normal. 

I 

Deflection De~;.ect5ito. n 1
11
!
1
. 1 • E w I 

!---- east. •• . (·· I ___ --- ,i «1't. est. j __________ 
1 

' I 'I I 

1883. h. m. h. m. 'j d. d. I / 1 
1' 

Oct. 16 20 15 13 55 So. 8 56. 5 I 19. 3 9. 2 8. 8 

t: :;( 86. s 64. 2 I Nov. 22 

1884. 
Apr. 24 

Oct. I 

Nov. 3 

Nov. 28 

1885. 
Mar. 15 

May 13 

May 25 
May 26 

May 27 

May 28 

July 25 
Aug. I 

Sept. 15 

Nov. 10 

Nov. 18 

1886. 
Jan. 9 

Mar. 30 

Apr. 4 

May 8 

July 27 

Aug. 15 

Aug. 23 

~pt.• 9 
Oct. 8 

Nov. 2 

1887. 
Apr. 6 

Sept. 25 

1888. 
Jan. 8 

Jan. 13 
Nov. 16 

1889. 
July 17 
Aug. 12 

0 14 

7 25 
21 02 

2 28 

0 53 

z 55 
18 25 
22 41 

19 22 

20 so 
8 43 

7 25 
8 12 

21 36 
22 00 

21 30 

2 00 

3 _sz 
20 22 

20 37 
20 16 

20 00 

20 42 

23 47 
I 22 

20 43 

17 so 
19 22 

2 15 
2 42 

20 03 

0 05 
22 02 

14 52 
20 02 

5 12 

5 00 

15 02 ! 

15 16 

23 55 
12 45 

I 
3 05 

5 22 I 
13 06 :, 

13 50 . 
IJ 10 I 

5 o8 I 

L~ 
37t; 
285d 

ii 
o 12 :I 

t: ~:~:I 
23 06 I 
14 57 I 

i 
17 32 i 

{ :; ~ti 
16 n51 
II 48 i 

4 05 ! 
II 23 I 

I 
j 

12 06 i 

13 IX 

5 16 

6 58 

12 o6 

6 40 

12 56' 

75.7 52.5 
81. 5 56. 5 
83.2 55.2 
79. o 59. 8 I 

84.0 62.0 

78.8 57.2 
85.8 63.2 
88.3 68.o 

86.3 63.2 

84.0 65.0 

85.0 66.2 

86.5 66.5 
89.8 67.z 
86.9 67.0 

87.0 67.3 

87. 5 67. 5 ' 

83.7 59.2 

82.8 63.2 

So. 6 58. o 

88.o 57.2 

84. 5 63. 5 

90. 3 64. 2 

83. 5 63. 2 

81. 9 63. 0 

83.9 64.0 

83.7 64.0 
89. I 6t. 6 

78. I 51. I 

76.3 56.3 

84.0 61.0 

83.0 62, 0 \ 
79.2 59.6 

17. 7 

r8. 4 , 3. 9 

19. 8' 10.4 

22. 2 11.4 

15. 2 l 8. 2 

! 
17.5 l 10.3 

17. 2 6. I 

17.9 11.6 

16. I 

16.o i 
ii 

15. I i 
14.9 I 

:1 
15. 9 ! 

13.7 
12.2 

5,7 

4.6 

5,5 
l 

17. 9 ii 13. 9 

rs. s ii 
11 

15. 6 ii 
15. 9 :!I 

19. s !I 
ii 

15. 6 11 

:~:Ii 
16. 7 !1 

20. 7 ll 
16. I 

i 
15.0 i 
15. 8 I 
15.6 

21. 8 

16. 7 
I 

15.6 ! 
i 

ll. 2 

II. 3 

12.5 

10.5 

10.6 

8.8 
14.9 

II. 6 

16.2 

10.l 

9.0 

9.7 

ll. 8 

16. 2 

7.9 
6.6 

13.7 

7.3 
9.6 

I I. I 

7.4 

4.0 

9.6 
6.6 

o.6 

7.0 

7. 4 

o. 7 

I, 5 
I. 0 

4. 5 

3.3 

3.8 

7.4 

5.4 
7,6 

9,9 

2.6 

3.8 

3.8 
6.6 

5, 0 

2.9 
3.2 

13.4 
9.4 
2.6 

*From midnight to midnight, o to 24 hours. 
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The diurnal range of the declination is about 61
; this was exceeded two and a half times on 

tbe :'")3 disturbed days in a total of 2 557 days, or in tile proportion of 1 day in 48. On 4 days only 
was the disturbed range equal to four times tlte average range. The maximum range on any one 
day during 7 yea.rs was 1o07'.1, and the maximum detlection from the normal was 40'.2 (N o,·ember 
17, 1882). 

INVESTIGATIO.\' 01'' THE LUNAR INFLUENCl, ON TRE MACNETIC DIWLlNATION AS OllSERYED AT 
LO~ ANGELES, 1892-1889 

Tbe most efficient process to prepare the basis for this investigation would l>e to tabulate anew 
the ordinates of the traces according to lunar hours; but, on account of the great labor iuYolved, 
the values already tabulated according to solar hours• may be utilized by marking each with the 
corresponding hour angle of the moon, and by collecting all the values belonging to a gi1'en lunar 
hour and deducing a mean value for each of the twenty-four lunar hours. Since a solar hour 
will as often precede as follow a. lunar hour, the difference iu any case can not exceed half an hour. 

To find the local mean (astronomical) time of the moon's upper transit O\'er the mcridiau, we 
take the mean time of the upper transit over the meridian of Greenwich from the American Epl!e­
meri.s and Nautical .Almanac, and refer the same to the Los Angeles meridian by adding the }1l'Od· 
net of the longitude (7 11 53.0111 west) and of the lunar-hourly difference. The nearest solar hour 
thereto was marked in the table U. T., or 011 ; similarly the time of the moon's lower transit was 
found and marked L. T., or 12h. The intermediate tabular .ordinates were thus marked with their 
nearest lunar hour, and in case the latter fell midway bet\1·een two solar hours the mean of the 
two.solar ordinates was substituted for the single ordinate. In order to eliminate the effect of the 
solar.diurnal variation of the annual change and of the annual variation, the difference of each 
ordinate from the monthly normal corresponding to it was tabulated and entered under its proper 
lunar hour. From this tabulation all differences previously marked as disiurbances were excluded. 

Lunar· diurnal variation front observations of tTte magnetic declination at Los Angeles, Oal.-Kl'eil 
1n 1841, and soon after Broun and Sabine, also Bache in 1860, have shown that the moon has a 
minute effect on the declination needle, causing in each lunar day a double oscillation of small am. 
plitude; these investigations were soon extended to other magnetic elements~ and later on applied 
to cases depending on position in the lunar orbit. 

In consequence of the great labor involved in using a 7.year hourly series, the lunar·diurnal 
variation was brought out for a period of 3 years only, viz, for the Jears October, 1882! to Octo· 
ber, 1883, October, 1885, to October, 1886, and October, 1888, to October, 1889. The first year is 
one which includes the time about a sun-spot maximum and the last year probably includes a 
sun·spot minimum. These years, as will be seen, cover a sufficient length of time to clearly bring 
out the variation. The number of observations or hourly ordinate.s involved were: 

7 725 in 1882-'83 ~ ~ 322 
7 913 in 11385-'86 Which give respectively an average number of values for each 11ma.r hour of 32£1 
8 169 in 1888-'89 340 

The increase in these numbers is due to decreasing frequency in the number of disturbed ordi· 
nates. The average number of ordinates for any one hour covering the period of half a :rear would 
be 165, which is about the lower limit for which a satisfactory result of the variation may be ex­
pected. 

Lunar.diurnal variation derived from 3 years of obser11ation of tlie magnetic declination at Los An· 
geles, Cal.-A + sign indicates that the direction of the north end of the magnet is ea&t of its nor­
mal or undeflected position, a - sign, that it is to the west. Value of one scale-division, ()l.794, or 
47" .6 • The consistency of the results for a variation of which the amplitude (half range) is below 
10" of angular deflectfon is the best evidence of the accuracy of the instrumental record, as well 

--------------------·-·--
"There are more than 61 000 ordinates available, comprising 2 557 <la.ya; the total length of the declination traces 

when pnt together, end to end, would be nearly one kilometre, or six-tenths of a. statllte mile; for the atudy of the 
lunar effect (diurnal variation) but 011e-fourth of a mile ofthia ribbou was wied. 



 

UNITED STATES COAST A.ND GEODETIC SURVEY. 279 

as of the care takeD by the observers."' For comparison, I have added to the talJ-le the results 
obtained from the Philadelphia reconl by Bache, t those for Toronto, Canatla, by Sabine,t those for 
Kew, England,§ and for Pekin, China, II all stations rn the northern hemisphere. 

1------! ... ---------· -- -------

1 

' Los Angeles, Cal I• Philadel- 11~1-cnto, K.ew, Eng· --P~b~~;i 
Lunar i i phia Canada hnd China. 

_Dh?u~ or 1--0 t 88 -0--8-8- - --0- - -8-"-8 - - - . - Mean of 3 ! i8 - - 8 -- ~s~;=-i&is, .. ~ - · - ----- -
, s our- c , I z, ct., 1 5, ct., 1 o ,: :Mean of, I years from 40-1 4-.), 6 years. 18,8-1862, iS,2-1855, 1 
I angle. ' to to to : \ears.~ 12 So 'obser 'from :n644 frnm - o I 5years.ot 3~yearsof 
1-. _ !~ct.~18-~~~~1., 188~~.c-~-~889.. · _ 1

3 ,.afio:~. obsenauo:~ obsen:~,~~~ '.obsen-a\Ions 1 ~:s:~vatwm., 
I i d. d. d. d II ,, I/ 11 II I 

U.T.,o

1

1· -0.15 ----0.09 ·-0.20 ·-0.15 -7.I --11.4 -16.5 
1 

6.2' -4.r 

--0, 06 -0. 03 -0. 07 -0, 05 i -2. 4 ---IO. 2 --13. 9 ! -· 9. 6 -2. 9 

I i ii I 2 +o. 05 -o. or o. oo +o. or +o. 5 'I - 3. o 9. 5 j - 8. 4 -I. 4 

4

3 I' +o. 01 +o. oS +o. IO +o. 06 / -'-2. 9 ii - 2. 4 -- 5. 2 i - 2 . 0 ..;..0 _ 7 
+o. 14 +o. 13 +o. r7 1 +o. r5 ' +7· I I; + 6. o + 8. 2 I , o. 6 +2. 3 

5 . +o. 17 +o. 21 +o. I7 j-o. 18 +s. 6 iJ + 8. 4 +I5. 2 : + 4. o --i-2. 5 
6 I +o 16 +o.1S +0.19 +0.18 +s. 6 ii +~ +~5 j + 9.0 '1 +±_! 

7 +o. 13 +o. 06 -f-o. IJ +o. lI +5· z /) + 8. 4 +Ii- 3 i :..11. 3 +2. 7 
8 --o. 03 --o. 06 +o. 07 -o. or -o. 5 d + 9. o 8. 7 9. 6 -r-2. 9 

9 
IO 

ll 

L. T., 12 

IJ 

14 

15 

16 

17 
18 

19 

20 

21 

22 

23 

-0.15 

-0.09 

-0. II 

o.oo 

-+-o. 12 

+0.14 

+0.22 

+0.24 

+o .. :n 

+0.03 
-0.18 

-0.27 

-0.23 

-0.06 

-0.20 

-0. 12 

----0. IO 

-0.07 

+0.03 

-to. 06 

+0.09 

+0.14 

+0.05 

-a.or 

--0.0I 

-0. I4 

-o.o8 

-0.03 

----

-0.04: 

--0. II I 
I 

-0.24 \ 

·-0. 20 1 

-·O. 21 1 

--o.oG 

+0.08 

+o. r7 
+0.20 

+0.20 I 
+o.o8 \ 
-0.0I I 
-- o.og I 
-0.17 r 
--0. 20 I 

--0. 08 

--0. r1 

--0. t8 

·--0. lJ 

-0. IJ 

--o.or 

+0.09 ! 
+a.13 1 

I 
+0.191 
+o. r6 

I 
+0.09 i 

o.oo I 

--o. r4 I 
-o. r7 II 

-o.r5 

-3.9 
-8. r 

--8. 6 

·-6. 2 

-6.2 

--0. 5 

+4·3 
+6.2 

o.o 

-6.7 

-8. I 

-7. I 

!I 
:1 

-- o. 6 

- 6.o 

-II. 4 

-II.4 

-· 7. 8 

-~- 3· 6 l 

_J_ 6 0 i 
~rn:s) 
+21 
+rr.4 I 

~::~Ii 
-- 2.4 

- 7.2 I 
I 

-- 12. 6 

·-20. 3 

·--15. 6 

- 8. 2 I 

I. 7 

·t-Io. 4 1 
I 

. .;-rs. 2 ' 

+15.6 

+ 9· r 
.:.?. 6 i 

I 

--ro.4 i 

--13. 8 ! 
i 

-:- 4. 7 j 

- O. l 

s 5 
-- 9· 6 

·- 9 5 
- 5.4 I 

o.6 

-· 5 I 

-+ S.5 

-- 9.8 I 

8. 8 ! 

' 7. 4 

+ 2.4 
-- I. 6 

-o. 9 

-1. I 

-~4.2 

-2.1 

+1. 9 

~I. 9 

-4.3 

.:..5. 4 

.:. 3. 9 

-'-3- 9 
+-2. I 

-2.4 

-2. 9 

--3.3 

In the first place we notice that the effect of the moon on tb.e declination is to produce at all 
the stations a double oscillation in ea.ch lunar day, ·i. e., two deflections to th.e east and two inter­
mediate deflections to the west, these extremes lying a.bout 6 lunar hours apart; with a half range 
varying betweeu 5" and 20'' at different stations. 

Secondly, it appears that at Los Angeles the lunar-diurnal va.ria.tion comes out the same for 
the years of maximum, of average, and of minimum suu-spot activity, and is thus shown to be 
independent of the s11n-spot cycle; the same conclusion was reached by Sabine from his discussion 
of the Toronto and Hob.arton observations, viz: that there is no systematic iufiueuce in the lnnar­
diarnal variation such a.s we know to be present in the solar-diurnal val'iation and depending on 
the san-spot cycle. Stewart,~ from a preliminary discussion of the Trevandrum (India) observa-

------------------------------------------------
"Wem&<y note here tB&tc tlle width of tile photographic traee i&nearly 1""01 (one twenty-fifth of an inch), which 

in angnla.r measure cc>rrespc>ndii to 70".61 so that the •hoile lunar rang" or eft'ect ia confined within a width of one­
quarterof that of the tra.oe; yet in spite of this minutenes!I', tho h;; urLy chaagee of this variation are plainly exhibited. 

t Coast Survey Report for 1860, App.No. 24, p. 320. These Girard l!:ollege observations, made by direct scale read-
ings, were partly hourly, partly bi-hourly; they comprise the period from June, 1840, to June, 1845. 

t Toronto Observations, Vol. Ill. 
§ Phil. Tr&ns., 1863. 
U Magnetloal and Meteorological ObservationP. St. Helena, Vol.,II, p. CXLV. Maj. Gen. E. Sabine, Lourlo11, 1860. 
~Eneyc. Brit., 9th Ed., Vol. XVI; Art., Meteorology. 
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tions, tbongbt there was as yet not sufticirnt evidenCP. to flna1ly decide this point. We nf'Xt notice 
tlie close at:cortl in the range11, with the grf'afest etlect at Tomato and with the lt>ast at Pt>kin; we 
also ohsnve a ,-ariability of I or 2 Lours iu tlle local tirues of the extreme phases (i<ee tlie u11der­
lined tabular \aluei,;). The char:tcteristic form of the lunar-diurnal varlation is Nhowu in the 
accompanying diagram (illustration No. 27) for each of the 3 Jears submitted to analysis from the 
Los .Angeles Record. 

The analogy appareutly suggested by such curves between the magnetic and tidal actions has 
long· since been reruarked, but the manner of action, whether mechanical or otherwi;;e iuductivt-ly 
intlue11ciug e!Pctric earth currents, is still in a state of mere conjecture. That :the moon, like 
the earth, should be a magnetic body and posi:1eiss a magnetic axis and poles would seem a 
reasonable I1n1otbesis, f1om "hich it would follow that mutual magnetic iufluence might h~re be 
observable as well as a refin action of tlie BUD spot fopquality. 'Ihe double oscillation whieh is 
cha ractnistic of the lunar-diurnal variation may in part be due to the dynamical stress set up in 
the earth's body through tidal action, which changes 8ign every 6 lunar hours, and thus may affect 
the magnetic conditions. 

A comparison of the lunar-diurnal variation, as ot>served at various places, is best thrown into 
an analytical expression, viz: 

Los Angeles, Cal . 

Philadelphia, Pa* 

T oron lo, Cant 

Kew, Englandt 

Pekin Chinat • 

H H ~ H o 

da=-o. 05+0. 31 sin (r5n + 42.4) + 8. 53 sin (3on+300. 1) 

+ o. 48 sin (45n+ 67. r) 

. d G= o. o +1. 7 sin (1511 + 115) + 12. 4 sin (3on+265. o) 

dr,=- 1.05+i. 05 sin (15n+r68.9) + 19. 19 sin (3on+271. 4) 

. d <'. = -l o. 48+ I. 32 sin ( r5u + 83. 8) + 10. 03 sin (3011 -t-236. 8) 

+ o. 43 sin (45n+119. 6) 

. da=+o.,38+0.81sin(15n+234.2)+ 4.1 sin,,(3on+285.4) 

where n =number of lunar hours elapsed since the upper culmination and the terms in Bo sin (2(1 + C2) are the important ones 
or comparison. 

The followiug table shows the com1rnted lwurly value!l by abo\e formula for Los Angeles and 
the difference of the observed a11d computed values, from which it follows that the probable error 

( 0.675 /2'6-2
)- of the representation of a siugle value is but ±0".7; for Philadelphia the same 

' ~4-7 
was :±:1".3 and for Toronto :±:111.4 

Representation of the Los Angeles hourly values. 

[C. stands for computed andO-C. for observed-computed.] 

I' I I 

I 
! 0-C. 11 c. 0-C. c. 0-C. 

1' I 
ii-- I 
I' 

I I IJ i h " I/ h II ,, 
1: -8.1 18 I +1. 2 

)1 

12 +1.9 +1.3 +0.3 
+o.6 13 -5.0 -1. 2 I 19 +3.S I +0.5 

o.o 

ii 

14 --0.5 0.0 I 20 -o.6 
I 

·l o.6 
o.o 15 +4-1 +0.2 I 21 -4.8 

i -1.9 
-o.8 

/1 

16 

I 
+7·5 -1. 3 22 -7.6 

I 
-0.5 

+0.3 17 +s.6 +0.4 23 -8.3 I +1.2 
I 

__ i __ ~J 0--C. c. 
------· 

h II 

i 
II h II 

0 -6.8 -0.3 6 +1.4 
--3.6 +1. 2 7 +4.6 

2 +0.5 I o.o 8 +0.5 

3 +4·4 i -1. 5 9 -3.9 

4 -t-7· 2 -0.1 10 -7.3 

5 +s.3 +a. 3 11 -8. 9 
I --------------- -~--~ ------~---

•From \oaRt Survey Report, for 1860, p. 320, witb sign changed to conform with+ for east de:fie;:tion. 
tFrom the Mag'l and Met'l Ob><n's at St. Helena, Vol. II, p. cxlvi. 
t Directly computed from the tabular valnes. 
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The epoebs or the lllna.r hour-angles of the four extreme deflections and the amounts as deduced 
for Loi; .AngeJes and for Philadelphia compare as follow,;: 

·------

After moon's U. C. I! After moon's U. C. 

l \1 
First easterly ex- Secondeasterlyex- :I First westerly ex- Second westerly ex-

treme. treme. I. treme treme. 

I I I Philadel-Los An- Philadel- Los An- Philadel- [ Los An- ! Philadel- Los An-
gel es. phia. gel es. phia. l geles. I phia. gel es. I phi a. 

I I --- -~-·--

I I 
k m k m k m k m 

I 
k m k m h m h m 

5 03 6 03 16 57 18 t7 II 10 12 06 22 48 24 18 
II II II " 

I II " " II I 

8.3 II.4 8.6 13.2 8.9 I3.8 8.3 10.8 
i I 

On the average, therefore, the extremes occur, locally, lh 12m (lunar) later at Philadelphia than 
at Los Angeles.• 

Annual inequality in the lunar-diurnal variation.-Tbere is a marked difference in the lunar· 
diurnal variation during that time of the year when the suu is north of the equator when contrasted 
with the time when south of the equator, as shown in the following table: 

ii 

.... !I I 
.... 

I! Sun south of equator (mean of 6 
-;;; 

I. Sun north of equator (mean of 6 i 
-;;; 

..c: ii -;::+ •I 

.; months.) ... - months) . I ,, 
., <J I 

QJ,_; " 'Ell ~" ! s 0 \\ 

I 
a"' I a~ g 

0 • 0 . 0 . ·; ·"' i ti ti 
I r;; __ :tJ .i ... - ...., ~'° - °' ...,0 11. I i "' •OO •oo ·oo 

! ! ;;0 0 "'00 "'oo OOoo ... " " 
.., 

I 00 - 00 - ~~ ~i (f) (f) rn I ,.:;: 
00 • ~ :- If 0,;., o..O 0 0. ..,8 U"J-.. .. . c "' -oo - 00 -oo @ 5 I .. 

I ~r~ =- ~ !"; 3~ I :-:::oo :;::ex)-
-1~ I c 

s~ 8::;; l5.,- !;.- ~"' "' ~ : ..:! 0 I < < < -\ i 
--

h ' d d d 

I 
II : d d d // 

0 -0. II -0.01 -0.08 - 3.1 i -0.19 -0.18 -0.32 -10. 9 

I - .04 + •II +.o8 + 2.4 i - .07 - .17 - .22 - 7.3 
I 

2 - .03 +.IO + .07 
I 

+ 2.2 ii +. 13 - .I2 - .07 -- I. 0 

3 - .03 +. 18 + . 12 

I 
+ 4.3 1; + .05 - .03 + . 08 + 4.8 

4 + .14 + .27 + .12 .-:±-_~4 
11 + .15 - .02 + .22 + 5. 6 I! - Ii .26 5 +•II + .27 + .07 + 7. I 
li 

+. 24 + .14 + +10.1 

6 I + .07 + .22 + .06 + 5.6 ii +. 24 + .15 +. 33 +11.4 

7 + •II + .06 - .01 + 2. 5 I' + .16 + .o6 + . 27 + 7.8 
II 8 - . 14 - . 15 - .OI ·- 4.8 

11 
+ .08 + .03 + . 15 + 4.1 

- .25 -IO. 3 - .04 + .13 + . 07 + 2.5 
11 

9 -- .25 - .15 

ii 

ii 
10 - .30 - .32 - . 18 -12. 7 - .09 - .07 - .05 - 3. 3 11 

I, 
II - .26 - .17 - .28 --;II• 3 - . II - .08 - .19 - 6.o 

11 

12 -.o6 - .15 - .17 -- 6.o I! - . 12 - .05 - . 24 -- 6. 5 
l1 I 

I3 + .04 - .15 -:- . 16 - 4.3 

I 
- .26 + .01 - .26 - 8. I :1 --- !I 

14 +. I4 - .Ol + .01 + 2.2 - . 15 + .06 - . 12 - 3.3 
:1 

15 + .24 + .13 + .21 + 9.2 - .OI - .01 - .06 - I. 3 Ii 
16 + .24 +.o6 + .23 + 8.4 + .05 + .12 +.II + 4.4 I 
l7 + . 28 +.o6 + .26 + 9.5 + .16 + .21 + .14 8. I I! 

II 

18 + .24 +.04 + .25 + 8.4 + .25 + .05 + ,14 + 7.0 JI 

19 + .29 - .05 + .01 + 4.0 +. 13 + .02 + .15 + 4.8 

20 -.04 +·04 - .05 - o.8 +·09 -.07 + ,03 + o.8 

21 - .I3 - .IO - •II - 5.4 - .24 - .17 - .08 - 7.8 

22 - .25 - .10 - .21 ~ - .28 - .05 - . 13 - 7w3 

23 - .:U - .or - .14 - 5.7 -.24 - .05 - . 27 - 8.9 

•The dill'erence of longitude between the11e places is 2h 52i;m. 
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By reference to annexed diagram (illustration No. 28), which exhibits the lunar-diurn11l variation 
during the winter half-year and the summer half-year as observed, as well as the computed varia­
tion ou the yearly average by the heavy smooth curve which was deri\"ed from the preceding 
formula, it will be seen that the extreme positions are reached nearly two hours later in summer 
than in winter; also that the amplitude for extremes occurring just before the upper culmination 
and about five hours later is increased in summer as comparecl with the winter amplitude, the 
contrary being the case at the lower culmination. The same law was brought out at Philadelphia, 
the summer extremes occurring later and the amplitudes being laTger in summer ti.Jan in winter. 

l111nar c.tfect on thcmugnetic declinntion depending on the moon1s positi<ni in its m·bit.--Thereis still 
mud1 uncertainty respecting the effect of the moon as depending on its position in its orbit relative 
to the sun, i. e., on the lunar phases or age of the moon, and the same uns;atisfactory state of our 
know le<lge exists as to the supposed dependence of changes of the earth's magnetism with respect 
to thC' moon\; variations in declination and in distance. Difl'el'Cnt investigators foun<l either nega­
tive results or effects of uo great reliability, owing no doubt mainly to the smallne,~s of the influ­
ence when its existence conld be made ont at all. The results obtained from the Los Angeles 
reconl necessarily pal'take of this cLaracter; rnwertlleless, they are supposed to assist in the general 
elucidation of facts. ' 

Lunar effect dependi11g on the moon's raryin{I phases.-For ~his invest1gation the days of occur· 
re11ce of new moon, of first quarter, of fn11 moon, and of last quarter were marked in the table of 

hourly and daily mean readings of the declination; the mean for 29Jt days, i. e, for the synodic month 
(from new moon to new moon), was then taken and subtracted from the daily means for 3 days 
before to three days after each phase; the same was done for each lunation, and the respective 
means for the whole series were united with the following results, derived from the whole series, 
1882-1889, or from 86 lunations. See illustration No. 29. 
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UNITED STATES COAST AND GBODBTIC SUHVEY. 

Lunar'phase-inequaiity in the magnetic declination (from 86 lunations). 

,---P-hase.- -- -----1-r~ellection. 

--I-
3 days before. 

z days before. 

r day before. 

New moon 0 
I day after. 

2 days after. 

3 days after. 

3 days Lefore. 

2 da rs before. 

I day before. 

First quarter ll 
I day after. 

2 days after. 

3 days after. 

I 
,, 

-I. I 

-2.3 
--1. 0 

+z.4 
-j-1.3 

-j- I. I 

+..;. 3 

-~ I. 5 
-3.0 

+5·7 
i 3· 5 

-f-o. 2 

-1.5 
--1. 7 

----,-----
3 days before. 

2 <lays bef'1re. 

I day before. 

Full moon O 
I day after. 

2 days after. 

3 days after. 

3 days before. 

2 days before. 

I day before. 

Last quarter ({ 

1 day after. 

2 days after. 

3 days after. 

I. 
I 
I 

-I. 9 

+4·5 
+5·7 
+4.8 

+z.o 
--3· I 

-I. I 

+z.3 
-1.3 

--4.3 

-3.0 

-1.0 

-3.8 
-3. I 

Remarb. 

A + sign indicates deflection to the east, 

a -- sign to the west of the normal direction. 

Referring to the accompanying diagram 

it will be seen that there is a prep011rlerance 

of eosterly deflections (L + 23". 3) o,·er 

wes:terly 1leflection~ between new moon and 

full moon and " preponderance of "esterly 

defledim1> (~ 17''. 2) bet"·een full and 

new moon. 

The extreme dellections appear to occur as 

follows: 

Greate>t rrnl <lefiections, 1 <lay before first 

quarter and foll moon, amount 5' 1 . 7 

Greatest west deflections, 2 days before new 

moon and I <lay before la.:;,t quarter, amount 
,..,11-,. 
,1 •.) 

Whole range of phase-inequality 9" nearly. 

The ab01·e re.suits are strengthened by the 

first 43 lunations giving the same characteristic 

cur,·e as the last 43 lunations; hence we may 

also infer that the sun-spot cycle is not reflected 

in this lunar effect. 

283 
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Lunar e.ffect depending on the moon's decUnatfon.-Tllis investigation is conducted as in the 
preceding case. 

I 

I"unar declination-inequality (from 86 revolutions), 1882-1889. 

I Declir.ation. I Deflection. , Remarks. I 
I 

I 3 days before. 

2 days before. 

I 
I day before. 

Zero declination. 
I Id ay after 

2 days after. 

3 days after. 

--
3 days before. 

2 days before. 

I day before. 

Extreme N. declination. 

I day after. 

2 days aftet. 

3 days after. 

1--// 

-0.2 

I 
+i.o 

-2.9 

+4-5 
-1 3 7 
--0.4 

+2.7 

+1.0 

+s.3 
-/4. 7 

+2.5 
-1.6 

+z.1 
+5.o l 

____ I 

A + sign indicates deflection to the east, 

a - sign to the west of the normal direction. 

Referring to the diagram, we notice a prepon­

derance of easterly deflections (~ = + 23'' 7) 

<luring the period of moon's zero, maximum 

11ortlt and zero declination, and a preponderance 

of westerly deflections (i:=-20" 9) during 

the period of moon's zero, maximum s1111tlt, and 

zero declination. 

---~--·--

Extreme east deflections occur on the day of 

zero declination (increasing north) and 2 days 

before the maximum 11ortlt declination, amount 

4'1• 9; extreme west deflection• occur 2 days 

before zero declination (decreasing north) and 

2 days before maximum soutlt declination, 

amount 4 1 7; hence range of declination in­

equal;ty, 9·'. 6 about. 
3 days before. 

2 days before. 

1 day before. 

Zero declination. 

1 day after. 

2 days after. 

3 days after. 

3 days before. 

2 days before. 

1 day before. 

\ 
Extreme S. declination. 

I day after. l 2 days after. 

3 days after. 
I 

+0.7 

-4.5 
-o.6 
+1.8 

0.0 

-!.O 

-0.5 

-I.'J 

-4.9 
+o.J 

-3.3 
-3.0 

-5.6" 
-2.0 

The phase and declination ranges are there­

fore nearly equal and do not quite reach ro". I 
A disturbing force (acting in the horizontal 

plane and at right angles to the magnetic merid­

ian) corresponding to a tdeflection of Jo'', 

equals 

10 
-

6 6 
xo.2727 dyne=o.00001322 dyne. 

20 2 5 

Lunar effect depf:'ltdi'ltg on the moon's parf!llaa:. 

Lunar parallactic-~neq11ality (from 86 revolutions), 1882-1889. 

II " 
3 days before -1. 2 3 days before -2.8 
2 days before +0.1 2 days before +2.4 
I day before --0-5 II 1 day before +0.7 II 

Perigee -1.2 Mean -1.9 Apogee ' +1.0 Mean+ 1.3 
r day after +o.6 I day after -0.7 
2 days after -0.6 2 days after +1.0 

3 days after +0.9 3 days after -0.3 . 
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Apparently the declination magnet is deflected about 211 to the westward about the time of 
the perigee and about 111.3 to the eastward about the time of the apogee-quantities so small that 
not much reliance can be pla.ced upon them. 

SOLAR ROTATION PERIOD DEDUCED FROM OBSERVED VARIATIONS OF TERl{ESTIUAL MAGNETISM:. 

If we conceive the sun, like the earth, to possess magnetic property and to havo its magnetic 
poles not coincident with its poles of axial rotation, the alternate presentation towards the earth 
of these magnetic pol<'s during the synodic rotation of the sun might be supposed to exert a meas. 
urable inductive influence on terrestrial magnetism and in particular on the horizontal com11onent 
which admits of Yery refin<:d measmes. The first steps tuwanls a recognition of a connection 
between the solar rotation period and variations in the horizontal component of terrestrial magnet­
ism are due to John .Allan Broun, who, in the year 1858, noticed a tendency, in the Trernnd1um 
(Southern India) observations, of certain changes to recur at. intervals of about 26 days; the same 
tendency and relation were rediscovered in 1871 by Dr. Hornstein, of the Prague observatory, and 
the research was extende1l hy him to the declination and inclination for sever<tl localities, and hi::; 
method has since been generally followed. The iuvestigations were also made to em brace the ver­
tical force, daily ranges and disturbances; these latest results are chiefly <lne to Dr. P. A. Muller 
and J. Liznar. 

The method involves the formation of hourly differences from the monthly mean and the respec­
tive daily readings. These monthly tables of 11ourly differences baYe frequently served a3 the 
basis of general discussions, especially for the elucidation of the laws of disturbances, by some 
investigators the plain monthly mean for any hour being replaced by the normal or by a mran value 
depending on certain selected days of supposed trauquil and regular character. Tllis la,_t method 
was especially advocatetl by Dr. H. Wild for use by tlrn late International Polar Researci1 !Ml ties. 

The process of reduction was as follows: 'Ihe monthly uudisturbetl uwa11 or tile 11ormal v:1 lue 
corresponding to any of tbe hourly differential decliuatiou readings was subtractell frow ti.Jc daily 
readings at that hour aml the remainders were tabulated. All largely disturbed values or tlwse 
differing more than 2.u scale di visions from their respecti \'C uormals were excluded frow t lw proc· 
ess. The twenty-four (or less) tabular differences were tllen summed up for each day, i::e11aratdy 
for the positive and for tl1e negative valut:s, and the respectiYe sums were divided by the nnmber 
of occurrence. The daily av~rages so obtained, one answering to tile a\erage eastern, tbL~ other 
to the average western deflection, form'ed the basis of the tabulation. The process was extended 
over the first and o•er the last year of the.series, i.e., for yenrs of greatest (about) am] least 
(about) sun-spot activity, each comprising 14 solar rotatiou 1icriods. These daily al·erages were 
arranged for periods of24, 25, 26, 27, and 28 days, and the means were taken of the 14 entries for 
each day of every period, viz: 
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Solar rotation, 14 periOds, October 1, 1882 to October, 1883. ' 

Days. !, Means of westerly deflections in I! Means of easterly deflections in 
declination. 

1

. declination. 
1---1---,-----,-----,..----.---1 . 

d. d. I d. i d. d. i1 d. I d. I d. d. d. 

2 

3 

4 

5 
6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 
16 

17 

18 

19 
20 

21 

22 

23 
24 

25 
26 

27 

28 

o. 83 o. 79 : o. 73 , o. 12 o. s1 " o. 81 o. 88 I o. 74 o. 84 o. 61 

! . 13 . 16 I . 11 . 79 . 18 ii . 19 . 93

1 

. 16 . 84 . 10 
l .75 .70 .77: .66 .75 .87 .92 .go .78 .74 

. 86 · . 79 . 73 . 79 . 77 ·So · 76 i . 74 . 72 · 77 

. 74 : . 75 . 83 . 55 . 75 . 74 . 84 ! • 73 . 78 . 84 

. 84 . 64 . 67 . 66 . 16 . 84 . 66 I . 62 . 6g 

. 7 I . 75 . 64 . 65 . 72 . 87 . 70 I . 78 . 69 

. 83 

. 77 

.65 . 66 . 6s . 71 . 16 .11 . 83 . 84 I . 74 . 69 

. 96 . 79 . 67 I . 74 . 76 . 8o . 69 I . 61 . 72 

.73 .65 .60 I .79 .69 .78 .So I .87 .84 

. 66 ' . 59 . 56 i . 76 . 73 . 76 ,i • 73 : . 70 . 74 

. 84 

. 79 

.84 
.62 

.6g 

.68 

. 67 

. 77 

i I 

. 71 I . 84 . 70 . 841 . 69 i . 78 . 77 . 86 

: :; : ~~ : ;; : ~: \' : ~: i : ;~ : :: : ~! 
.72 .70 .77 .72 .78 .77 .73 i .74 .88 .go 

. 73 . 71 . 76 ; . 76 . 78 . 78 . 74 ! . 77 . 86 . 86 

. 7 I . 71 . 74 I . 81 . 86 . 78 . 57 i . 78 . 93 . 76 

. 56 . 77 . 71 . 84 . 68 . 76 . 81 . 76 . 89 . 79 

.68 

. 67 

.74 

. 68 

.74 

. 67 

. 71 

.67 

.66 

. 81 

. 76 

.78 

. 79 

. 82 

.64 

. 79 

. 78 

. 79 

. 75 

. 87 

.72 

.78 

.77 

.72 
. 68 

.68 

.66 

.66 

.66 

. 76 

.69 'I 

.65 

.68 

.82 

. 74 . 78 . '° 

. 73 . 81 .72 

. 93 i .86 . 82 I . 71 

. 70 

. 81 

.So 

.83 

.94 .. 79 

.82 

.87 

.·82 

. 81 

.73 

. 71 

. 81 

. 6o . 62 . 57 . 79 • 73 . 79 

I . 74 . 19 , 1 • s.i . 82 
.. I .. t • 6o I . . . . . . I . . . 81 

:Mean d o. 72 -.-'-1- -1-
0. 12 o. 13 ! o. 73 ! o. n I o. 11 o. 11 o. 18 o. 18 o. 11 

'--~~-"-~----~---~-



 

URIT.ED STATUS COAST AND GEODETIC SURVEY. 

I 
Days. I . -· 

I 

2 

3 

4 

5 
6 

7 
8 

I 9 I 
10 

II 

12 

13 

14 

15 
16 

17 

18 , . 
19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Solar rotation, 14 periods, September, 1888 to September, 1889. 

Means of westerly deflections in I Meam of easterly deflections in 
declination. 

I 
d. d. d. d. d. 

I 
i d. 

0.56 0.62 0.62 0.65 o. 57 11 0. 6o 

• 56 . 6o 
11 

• 55 .57 . 66 !I .66 

. 52 . 6r .59 . 53 . 63 i, . 66 
i 

. 6r .56 .6o .70 .66 .55 
.6o . 51 .56 . 64 . 66 . 61 

.59 . 64 . 62 . 69 ~' • /.:)' .70 

.6o .56 . 66 . 72 . 65 57 

. 64' . 64 . 65 . 68 . 61 .74 

. 62 . 64 ' . 62 .71 ·59 . 70 

.70 .56 . 63 . 54 . 62 .76 

. 61 . 51 . 67 .49 . 6o . 71 

. 63 .54 .56 . 6r . 66 .73 

. 67 .58 .56 . 46 .53 . 79 

.58 . 54 .49 . 51 .52 . (>I 

. 61 . 61 .47 . 56 . 57 . 62 

.63 . 59 .59 . 67 .59 . 61 

.56 . 72 . 57 . 49 . 58 .59 

.54 . 65 .56 . 61 . 65 . jO 

-. 60 .74 .6t . 7) .56 

. .54 . 61 . 64 

. 64 .65 . 66 

. 71 . ?6 . 75 

. 64 . 61 .55 

. 53 .70 .59 
• 59 .59 

. 66 

.64 

. 6z 

. 57 

. 68 

. 61 

. 57 
' . 58 i 

.58 
.6o 

. 56 . 

.62 . 59 

. 62 . 56 

.59 ' 

. 64 

.56 

. 68 

. 56 

. 65 

declination. 

d. d. d. d. 

o.68 0.60 o.68 o.57 
. 63 . 64 

. 6o .79 

. 65 .79 

. 75 .59 

. 66 .71 

.58 .65 

·59 .54 

.64 . 66 

. 63 . 66 

. 57 . 59 

. 6; . 64 

.60 . 6.i 

. 63 .70 

. 69 . 72 

. 75 . 66 

. 71 . 56 

.76 . 65 

. 72 

. 68 

. 71 

.59 

. 64 

. 59 

. 66 

. 61 . 6g 

.63 . 67 

.54 . 65 

. 65 . 57 

.84 . 71 

. 8r . 6I 

. 74 . 71 

.64 . 70 

. 50 . 69 

.56 . 75 

. 61 . 63 

. 68 . 73 

.6o . 66 

. 67 . 64 

.76 . 63 

.61 .59 

. 76 . 72 

.64 

.58 

.64 

. 64 

. 57 

.64 

.70 

. 61 

. 72 . 67 

. 77 

. 66 

. 71 

. 6o 

.67 

. 63 

.59 

.69 

! 
I 

• 67 . . 59 
----------~--li-------------1 

Mean d o. 6o o. 6o o.6o o. 61 o. 61 Ii o. 65 0.65 o. 65 0.65 o.66 

287 



 

288 UNITED STATES OOAST .AND GEODETIC SURVEY. 

Comparing the mean values d a.t the bottom of the preceding tabulation we notice the aame 
fact, as already brought out for the "larger disturbances," namely tlie greater magnitude of the 
easterly in comparison with the westerly deflections from the normal values-this law holds conse­
quently for all disturbances, large or small. The tabular difference amom1ts to Od.05 during the 
first year and last years. 

The 11ext step is to represent the variation of the numbers in each vertical column, i.e., for 
every selected period as a simple harmonic function of the time. 

The tabular numbers corresponding to any period p may be expressed by 

d +a sin c360n + c) or by 
p 

a sin 360 n cos c +a cos ~60n sin c, where n = number of days of the period. 
p p 

I a cos c = x 
. I a sin c = y Pnttmg { 

360 I - =()we get!= ta:&. c. and L P x . 

D = d +sin nO.x +cos nfJ.y, hence the observation equations are of the form 
0 = d - D +sin nO.x + cos n8.y 

The following numerical expressions were obtainad by the use of Cauchy's method : 

;/=24days 

25 
26 

27 
28 

/=24 days 

25 
26 

27 

28 

From western deflections, 1882-'83. 
0 

r5. oo D=o. 72+0.0476 sin (n9+ 45~)* 

14.40 o.72+0.0306sin (nll+112) 

13.85 o. 73+ o. 0553 sin (nil+ 149 ) 

13.33 o. 73 + o. 0446 sin (nil- 83 ) 
12.86 o. 73 + o. 0150 sin (nil- 11 ) 

From western deflections, 1888-'&). 
0 

15. 00 D=o. 6o+ o. 0234 sin (nil- 1o8°) 

14. 40 o.6o+o.0358sin (n0+166) 

13.85 o.6o+o.0232sin (n9+ 49) 

13.33 o. 61 + o. 0229 sin (n9 + 97) 
12.86 o.6o+o.0428sin(nfl- 24) 

From eastern deflections, 1882-'83. 

D= o. 77 + o.o645 sin (nlJ- 22°) 

o.77+0.04t2sin(nll+ 84)t 

o. 78+ o. 0320 !l'in (nil+ 93) 

o. 78+0.0172 sin (n9-152) 

o. 77 + o. 0286 sin (nil - l 20 ) 

From eastern deflections, 1888-'89. 

D= o. 65 + o. 0279 sin (nil- 82°) 

o.65+0.0241 sin (119+167) 

o. 65 + o. oz35 sin (nO + 92 ) 

o. 65 +0.0188 sin (n9- 98) 

o.66+0.0317 sin (nO- 79) 

We have next to find the particular value of p 1 which makes the amplitude a maximum, for 
this purpose we express the amplitude A as a function of the period, viz: 

A= a+ fl (p-26) + y (p-26)2 
where 26 is a conveniently assumed approximate value for the period. For the maximum we put 

dA 
d.ji = 0. 

It is plain that the amplitudes of the a.hove expressions from the eastern deflections do not 
follow any systematic la.w, and no value for p can. therefore be deduced from them; this failure is 
evidently caused by the excessive smallness of the solar rotational effect on the direction of the 
horizontal decH,nation magnet, its angular defieetion on one side and the other,of the undisJ;nrbed 
direetion being only about 2! seconds of arc. 

*Weight half, since two of the twenty-four daily values had to be excluded as excessive in amount. 
... One of the twenty-five values excl•ded. 



 

UNITED STATES OOABT AND GEODETl<J SURVEY. 

From the ~estern deflection ranges we get the following conditional equations: 

and, 

First year series. 

* (o.0476=a-2ft+4Y 

1
0.03o6=a- fl+ Y 

o.0553=a 

o.0446=a+ /J+ y 

o. 0150= a+ 2/J +4Y 

whence the normal equations: 

{

o=-.1693+4.5a+ P+ Sy 

o=+.0036+ a+8f3+ 4Y 

o= + .2304 . .;..g a+ 4/3+ 26y 

hence: 

Last year series. 

f o. 0234 = a-2/J +4 y 

I o. 0358 =a - /1 + r 
{ o.0232=a 

lo.0229=a+ /J+ y 

o. 0428= a+ z{J + 4Y 

{

O=- .1481 + 5a +toy 

O=- .0259 + 10/J 
0=-.3235 + IOa + 34Y 

A= + .0336 + .0026 (p-26) - .0020 (P- 26)• 

and the maximum for 

P=26-o.36=25.64days and A=.0486 

=2".3 

P = 26 + o. 65 = 26. 65 days and A= .0345 

=l".6 

But omitting the last of the above equations {for rotation of 28 days) as anomalous, we get 

fo= - .1053 + 4a- 2/J + 6y 

{ 0=+ .0597-2a+6/J- 8y 

lo=- .1523+6a-8,8 + 18y 

A=+.0415-.0173 (p-26) -.0159 (p-26)2 

with maximum for 

P = 26 - 0.54 = 25.46 and A = ,0468 

= 211.2 

289 

According to this last result tile synodic rotation period would be between 25Jt and 2~ days, 
but from the first yea.r't1 disc11ssion it would be 25k days. The minuteness of the effect precludes 
any closer or more precise statement. 

The values of the synodic rotation of the sun as deduced from obser'\'ed magnetic phenomena 
at a number of stations, as giv~n by the several investigators mentioned above, are included 
between the limits 25.4:7 and 26.69 days; and their average is very nearly 26 days. There is but 
one other America.u station where the method has been applied, llamely, Fort Rae,• one of the 
Hudson Bay Company's posts, situated in latitude 620 38'.9 and in longitude 1150 13".8, on an arm 
of the Great Slave Lake. For this place and for Jau-Ma;yen, also in a high latitude, Mr. Liznart 
deduees the mean period 2a.85 days, depending on variations of declinations, of horizontal and 
ofvertica.l forces, during 13 rotations. At Fort Rae the amplitude amounted to 55', presenting a 
strong contrast to the smallness of the correspondi11g value for the comparatively low (magnetic) 
latitude of Los Angeles. {At Fort Rae the dip was 820 55'.3; at Los Angeles, 59° 30'.6.]t 

•Observation& o! the International Polar Expeditions, 1882-'83; Fort Rae. London, 1886. H.P. Dawson, captain, 
R. A., in charge. 

t Ueber die f6-tigige Periode der magnetischen. Elemente in ltilheron magnetischen Breiten ; Wiener Ber., 
&nd95. 

t J.t Vienna, with a dip of about 630, Lim,ar foond the amplitude of the 26-day p41riod equal to 24". 

B.Ex.80-19 



 

290 UNITED STATES OOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the plwtograpltic traces of tke unijUar rnagnet<>metcr at the magnetic 

Local mean time. 300 divisions +tabular quantity. 

OCTOBER, 1882. 

~----------------·------------·-------------~ 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

I2 

13t 
r4 

15 

r6 

17 
I8 

19 
20 

21 

22 

23 
24 

25 

26 

27 
28 

29 

Monthly mean 

Normal 

69.2 69.2 70.2 
68.7 59.2* 74.2* 
70.2 71.2 7L2 
70.2 71.2 67.2* 
69.2 70.7 70.2 

83.7* 72.7* 71.2* 
70.4 71.0 71.5 
71.2 71.2 7r.4 
70.2 70.2 70. i 

70.7 69.7 70.2 

j0.2 70.7 70.2 
70. 2 69. 7 71.2 
70.7 71.2 71.2 
70.4 71.0 67.5* 
71.0 72.2 71.4 

70.2 70. 5 69.0 

70.0 70.0 71.0 
71.2 68.3 70.0 
71.0 71.2 70.5 
69.0 69.0 69.0 

70.0 69.8 70.0 
69.8 70.0 69.0 
69.8 66.o* 70.2 
74.5* 70. 2 71.0 

7~5* jl.O 71.0 

70.0 70.0 70.5 
70.5 70.4 69.5 
72.0 71.0 70.5 
68.8 70.5 70.8 
68.o 70.0 70.8 

69. 2 69.0 69. 2 

70.8 6g.9 70.4 
70. 3 69.9 70.5 

70.2 70.7 
79.2* 69.2 

71.2 71.7 
69.2 70.9 
71.2 71.7 

72.2 
69.2* 

73.2 
71. 6 

71. 7 

74.2* 67.2* 67.7* 
72.2 72.4 73.4 
71.2 71.3 72.2 
70. 7 71.2 72.7 
69. 2 72.7 72.7 

71.7 72.4 72.7 
71.2 71.7 72.7 
71.7 72. 2 73.2 

71.5 71.5 73.3 
70.2 70.0 70.5 

72.0 72.0 72.5 
71.0 7r.o 71.0 
70.6 71.5 72.5 
7l·8 72.0 72.5 
70.0 70.0 71.0 

70.0 
72.0 
71. 0 

69.2 
72.0 

71. 0 

71. 0 

70. 5 
72.8 
70.0 

70. 5 
71. 0 

71. 2 

69. 2 

70.5 

72.0 

7r. 5 

71. 5 
67.0* 

73.0 

71. 0 72. 0 
70.5 71.2 
65. 5* 69. o* 
69. 3 72. 0 

70. 3 72. 0 

70.7 71.6 
70.9 7:z.. I 

9" 

73.7 74.7 75.2 
65.2* 66.2* 73.2 

75.2 74.7 74.4 
73.0 72.3 71.9 
72.7 72.2 72.2 

66.2* 64.7* 67.9* 

74. 2 74- 7 72. 7 

72.2 72.4 70.6* 

73.5 74.2 73.2 
75. 2 75.2 73.2 

72.7 73.2 73. 2 

73.7 74.2 73.2 

74.9 75. 2 75. 2 

75.0 (75· 4] (74.9] 
71. 7 74· 2 [7~.o] 

75:0 
74.0 

73- 7 
75. 0 

73.0 

75. 5 76.0 
75.0 75.0 
75· 2 75, I 

77.4* 77.0* 

74. 8 74.0 

74. 2 75. 0 

73.5 72.0 

7+ 0 75· 0 

70.0* 73. 5 
73.2 73.5 

74.0 
73.0 
73.0 

74.0 
72. 0 

74.0 75.0 74.5 
73.5 75.8 73.0 
70.8* 72.2 71.5 

[73.0] [73· 2] [72.5] 
74.0 75. 2 76.0 

72. 5 7 3. 8 7 4- 0 

73.0 
73.7 

'13· 7 
74 2 

7J. 5 
73. 7 

t October 13, 1oh a. m. ro uh a. m., changed adjustment. 

!Oh 11 h Noon. 

73. 2 69. 2 

72.2 61.2* 

73.2 70. 2 

6g.2* 67.4 
70.2 69.7 

70.2 
70. 7 

70.0 
72.2 

71. 2 

69. 2 

69.4 
68.4 
70.2 
68. 2 

66. 2 

59· 2* 
67. 2 

67. 2 

67. 7 

69. 7 

67.4 
66.4 
68.4 

67.2 

72. 2 68. 2 67.7 
71.7 70. 2 68.2 

(73- 1] [70. 2] 68. 0 

(72.8] [69. 9] [67. 7] 
72.3 70.2 68.o 

72.5 
74.0 
72.0 
74.0 

71. 5 

69.3 66.2 
71. o 68.o 
70.0 68.o 
71. 0 68. 2 

70.0 68.5 

70.0 

72.0 
73.0 
72.0 
6g.5 

67.0 
69.0 
71. 0 

68.o 
68.o 

72. 3 71. 0 

71. 0 69. 0 

70.0 68.8 

70.2 6g.o 

74.8* 71.8 

66.o 

67.0 
67.0 
66. s 
67.0 

6g.8 

67. 8 

64.4* 
68. 2 

68.o 

[72.2] [6g.6) (67.7] 

71.8 fig.I 

71.8 69.4 
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DECLINATION.• 

obseroaiory of the Ooaat an4 GtJQdetic 8urveg, Los Angelu, <Jal., Ocwber, 1882, to October, 1889. 

One division of scale= o'.794 Increasing scale readings correspond to increasing east declination. 

OCTOBER. 1882. 

,--------.,.---------------------------··-----.----.---, 

I 13h 14h 15h 16h 17h 18h 19h 20h 2Ih 22h 23h Mid-1 Daily 
1

1 Daily Day. 
night. mean. 

1 
range. I 

•~----.-------------------------------1---1--
65. 2 64.2* 66.2 68.2 68.2 69.2 69.7 69.2 69.2 71.2 72.7 70.7 ! 69.9 i II 

2 

3 
4 

5 

6 

7 
8 

9 
IO 

II 

12 

13t 

14 

I5 

16 

17 
18 

19 
20 

2[ 

22 

23 

24 

25 

26 

27 
28 

29 

30 

31t 

62. 2* 61. 2* 64. 2* [70. 8] 76. 7* 68. 7 71. 2 7 I. 2 65. 2• 70. 2 70. 7 70. 7 [68. 3] 25 
66. 2 67. 7 68. 2 68. 5 68. 3 68. 7 69. 7 70. 0 71. 2 72. 2 70. 8 67. 7 70. s lO 

67.0 68.2 68.z 68.7 68.2 70.2 70.2 70.2 70.2 7i.7 70.7 6g.2 69.8 7 

65. 7 65. 7 67. 2 67. 7 69. 2 75. 2* 72. 2 86. 2* 70. 2 77. 2* 73. 2 72. 2 71. 3 23 

* 7 I 0.2 70.2 0.7 l 67.5 68.2 69.2 

66.5 67.2 68.o 

7 

j 66. 2 68. 4 69.2 

i 66.7 66.9 [68. 1] 

167. 2 
68. 2 68.2 

68.2 68.2 68.2 

! 65.0 65. 0 65. 5* 
i[66. 8) (66. 9] (67. 5] 
i 65.6 65.4 66.8 
i 

66.o 65.0* : 66.o 

167.0 67.0 68.o 

67.0 66.5 67.0 

I 66.4 66. 5 67.0 

68.o 68.o 68.7 

66.o 67.3 68.o 

66.o 67. 5 66.o 

66.o 66.o 67.0 

65.0 67.0 6g.o 

67.5 70.o* 70.5 

69.0 70.4* 7o.5 

67.4 67. 4· 68.7 

65.r 63.8* 69. I 

69.0 70. o* 69.8 

66.9 67.8, 68.6 

[67. o] [67. 5] [68. 4] 

70. 

69. 

68. 

69. 

[69. 

70. 

70. 

67. 

(68. 

68. 

70. 

68. 

68. 

68. 

69. 

68. 

69. 

69. 

69. 

70. 

70. 

69. 

70. 

70. 

69. 

.6g. 

2 70. 0 70. 2 

2 68. 7 69. 4 
7 68. 7 69. 2 

2 68. 2 68. 7 

6] [70. 4] 71. 2 

2 70. 2 7I. 5 

2 70. 2 70. 4 

5 67. 5 fi9. 4 

3] (68. 5] 68. 7 

7 69. 5 70.0 

0 67. 0 70. 0 

0 68. 0 69. 8 

5 69.0 69. 6 

8 69. 5 69. 5 
0 69. 0 69. 5 

5 68. 5 69. 2 

2 68. 5 67. 5 
0 69. 0 68. 5 
0 70. 0 70. 0 

o 70. o ' 7 3. o* 

s 70. 5 70. 5 
0 67. 0 72.0 

o 74. S* 71. 5 
5 70. 0 70. 0 

z fi9. 8 6g. 7 

5 70. 0 70. 8 

70.2 70. 2 70.4 

70.2 70.0 71.0 

fi9. 2 69.2 70.2 

69.4 68.7 69.2 

70.4 71.7 70.7 

71.7 70.7 70. 7 

71.4 71.2 7I.2 

69.8 70.0 71.0 

69.0 72.5 70.8 

70.0 70.0 70.0 

72.5 73.8* 71.0 

69. 5 70.0 70.2 

69.9 70.3 70.4 

70.0 70.2 70.0 

70.0 70.0 69.5 

69.8 70.0 70.0 

69.0 72.0 71.0 

69.5 70.2 71.0 

70.0 70.2 70.0 

74.0* 70.3 71.2 

71.0 70.2 70.2 

70.2 71.2 8r.5* 

70.0 74.2* 73.0 

7r.o 71.0 72.2 

6g.8 70.0 69.3 

73.0* 70.5 7I.O 

70. 4 70. 2 70. 7 . 70. 3 

71. 0 71. 2 71. 0 : 70. 7 
69. 7 70. 2 70. 2 ! 69. 8 

68. 7 69. 4 69. 2 : 70. I 

70. 2 70. 7 70. 2 : [70. 5] 

24 

8 

6 

IO 

12 

70. 7 70. 2 70. 5 . 70. 6 6 

70. 7 7 I. 0 68. 2 70. 7 7 

70. 0 69. 8 70. 7 (70. 3) IO 

70. 0 70. 0 68. 7 ; [70. 4] [8] 

70.0 6,:i.8 69.5: [70.0) (II) 

70. o 7r. o 

70. 5 7 I. 3 

70. I 70.0 

69.8 69.5 

70. 0 70. 0 

74.0*, 

71. 8 i 
70. 6 i 

I 69. 5 . 

69.8 

70. 7 

70, 5 
70.3 

70. 8 

70.0 

71.5 71.0 7r.o: 70.0 

71. 0 69. 8 69. 0 ! 69. 8 

74· o• 7 I. o 74. o"i 70. 3 

75. 8* 76. o* 77. s*i 70. 6 
70. o 67. s* 10. o ! 70. s 
70. 8 71. s 13. s*i 7r. 2 
75.7* 73.8 69.61 71.2 

I 
70. 2 70. 0 69. I I 6g. 9 

71. 3 70. 0 69. 8 ! [70, 6] 

68. I 68. 5 69. I I 70. 3 I 
11.0 11.0 11.0 I r10.4J 

14 

IO 

IO 

8 

7 

9 
14 

17 

14 

I2 

7 
16 

I6 

(6] 

9 

[7] 
---------------- ,------

6g. 6 70.I 70.4 71. I 70.7 71. I 70.7 70.6 / 70.34 

6g.z 6g.8 70.2 70.4 70.7 70.3 70.4 70.0 
Mootlily mean 166. 6 67. I 68.o 69. 

Norm.al 66. 6 67.1 68. 3 69. 

t October 31, 1oh a.. m. and subseq11ent hours, redetermined constants. 
*For explanation of this table see in particular pp. 245, 246 a.nd 270. 
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DIFFERENTIAL MEASURES-

H<>urly readings fr<>1n the ph<>t<>graphic traces <>f tlie 'Unifilar magnetometer at 

Local mean time. 300 divisions +tabular quantity. 

NOVEMBER, 1882. 

Day. 1h 2h 3h 4h .')h 6h 7h 8h 9h 1011 Uh ;'l;oon . . 
·------

I 70.5 69. 5 70.0 70.5 71. 0 69.3 71. 0 74. 5 75.2 73.0 70.3 68.z 
2 70.5 70. 2 70. 5 72.0 71. 3 72. 0 74.5 75.o 74.5 73.0 70.3 67.8 

3 70.5 71. 0 70.8 71. 0 71. 5 66.2* 71. 8 74.0 72.8 71. 0 69.5 67.2 
4 70.2 70. 5 70.2 70.5 71. 0 71. 0 73.0 75.0 73.5 71. 0 70.0 69.5 
5 71. 8 72.0 72.0 72.0 72.0 72.0 73.8 . 75. 8 76.2 7J. 8 71. 2 69.0 

6 71. 6 72.3 73.0* 71. 6 71. 7 71.8 7J. 5 76.0 77. 0 72.2 69.0 67.0 I 
'J 71. 2 67,5* 70.8 71. 8 71. 0 72.0 74.8* 76.0 75.6 73.3 71. 5 69.3 
8 

I 
70. 5 70.3 70.0 71. 5 71. 0 69.5 72.8 74.0 72.0* 70.2* 68.o 66. 8 

9 71. 0 70. 8 71. 0 71. 0 67.0* 71. 0 72.8 75.2 7J. 0 69. s* 66. o* 64.8* 
10 69.8 69. 8 70.0 70. 2 70.8 71. 0 72.0 74.0 73-5 71. 8 70.0 68.o 

II 70.0 70. 2 70.2 70. 3 70.8 7r. 2 73.0 73.8 72. 5 71. 0 68.8 66.o 
12 75.0* 63.0~ 71.8 68.5 69.7 70.0 69.5* 70.5* 65.0* 68.o* 65. 2* 67.5 
13 65.0* 71.0 77.0* 69. 5 64.2* 68.o* 70.8 63.5* 65.0* 65. 5* 67.0* 68.2 
14 69.0 70. 2 66.o* 70.0 72.0 72.8 7I. 0 73.2 75.3 74.0 70.0 67.0 
15 6g. 5 7 I. 2 71. 0 71. 5 70.2 72.0 75.0* 77. 5* 79. S*" 74. 7 72. 2 70.2 

16 70. 5 70. 5 64.5* 70.2 72.8 7I. 8 73.0 74.0 76.0 73- 0 70.4 66.7 
17 69.8 70.0 27.0* 81. o* 67.5* 78.0* 83.5* 76.0 84.0* 79.0* 07.0* 64.5* 
18 75.0* 67. 7* 70.0 73.5* 67.0* 69.5 70.2 74.0 75.5 74. 5 75.0* 70.0 
19 70.5 71. 2 68. 7 68. 5 65.0* 5o.5* 66.o* 75.5 74.5 74.0 70.0 69.2 
20 73.0* 72.0 91. 5* 42.0* 48.0* 72.0 71. 0 75. 0 78.0* 70.8 71. 0 72.0* 

21 

I 
70. 5 70.8 71. 0 71. 0 70.0 69.5 72.0 63. 5" 69.8* 77.0*- 69.3 67.0 

22 69.4 69.6 70.2 70. I 70.8 71.4 72.7 75.0 75.0 73.2 71. 0 69.0 
23 70. 7 70.2 69.0 71. 8 71. 0 70.0 69.4* 72.2 74.8 73.8 71. 5 69.0 
.24 i 70.0 69.8 70.3 70.8 70.2 70.5 71. 2 72.2 73.8 72.9 70.8 68.9 
25 69. 2 69.8 70. I 69.6 70.2 71.6 72.4 71. 2* 76;0 77.0* 67.8 67.0 

26 70.2 70. 8 70.8 71. 0 71. 0 71.0 70.5 74.0 73.0 72.0 70.5 68.8 
27 

I 

70.0 69.0 69.0 71. 0 71. 8 72.0 72.7 74.0 74.3 72.0 70.0 67.5 
28 68.o 70.3 69.0 70.0 70.3 70.9 71. 8 74.0 74.8 74.0 72.0 70.5 
29 [70.6] [70. 2] [69.9) (70. 7] [70.2] (71.4] [73.6) [75.0] [75.9] 74. 5 71,8 68.5 
30 7r. 5 69. 5 70.0 71. 0 70.8 72.0 72.8 • 74. 5 75.5 74.5 70.0 68.o 

' -·--- •'---,~-~---·~----

Monthly mean ' 69.5 69.4 73,6 72.8 6g.9 68, I 70.5 70.0 70.2 70.4 72.4 74.4 
Normal 70.3 70.4 70.3 70.6 71. 0 71. I 72.2 74.4 74.7 72.9 70.3 68. 2 



 

UNITED ST.A.TES COAST AND GEODETIC SURVEY. 293 

DECLINATION-Continued. 

the magnetic observatoY1J of the Coast and Geodetic Survey, Los Angeles, Cal. 

One di vision of scale = o'. 794 Increasing scale readings correspond to increasing east declination. 

'Day. 

I 

2 

3 
4 

s 
6 

7 
8 

9 
IO 

II 

12 

13 
14 
15 

16 

17 
18 

19 
20 

21 
22 

23 

24 

25 

26 

27 
28 

29 
30 

Monthly mean 

Normal 

NOVEMBER, 1882. 

67.8 
67.8 
66.8 

69.2 

67.5 

68.8 

67.5 
66.5 
70.0 
68.o 

68.o 

67.5 
68.o 

69.5 
69. 0 

67.0 67.2 69.0 

69. 5 70.2 
. 

70.5 
6g.o 67.0* 67.0* 

68.5 68.8 69.0 

70.0 70.3 70.8 
70.0 69.5 70. I 

68. 5 69.8 70.0 
68 0 67 5 68 8 69 5 70 0 71 0 
66.8 67.0 67. 2 68.o 6g.o 70.0 

63.4* 67.0 67.5 68.3 69.2 6g.8 
67.8 68.7 69.4 69.5 69. 9 70.0 

64.7* 66.5* 67. 2 67.8 67.8 72.0 
70.0 69.8 6g. 5 69. 5 69.0 79.8* 
69.8 70.5 67. 0 71. 0 70.8 7r. 0 

67.0 67. 2 69.3 70.0 71. 8 72.8 
69.0 69.0 69.0 70.0 70.2 71. 8 

65.0* 67.5 67.0 70.0 73. 8* 71. 3 
67.0 67.0 66.o* 70. 5 71. 0 70.0 
69.0 67.5 69. 2 70.0 6g.8 74.0* 
67.2 68.o 70.5 71. 0 71. 0 81. o* 

73.0* 73.3* 75.2* 72. 8* 71. 0 74.8* 

66.7 65.5* 69.0 70.0 70.8 7r. 5 
68.5 68.8 6g.4 70.0 70.7 72.2 
69.0 69.2 70.0 71. 0 72. 8* 72.0 

I 67.9 68.9 69.6 70.2 72.5 71. 5 

i 66.o 69.0 69.0 6g.o 70.0 7z.o 

67.5 69.0 69.0 71. 0 71. 0 71. 3 
66.8 66.8 68.o 69. 5 70.0 70.5 
67.5 68.o 6g.o 69.5 70.5 71. 5 

65.5 65.8 66.5 68.2 69. 7 70.2 

67.5 67. s 68.5 68.3 69.0 69. s· 
67.6 68,l 68.7 ~·7 70.2 71. 6 

·67. 7 68.o 68.6 6g.6 70. l 70.9 

71. 0 70.5 7r. 2 

67.5* 68.8 69.0 

69.5 70.0 70.0 

71. 0 71. 2 71. 5 
71. 5 70.8 71. 9 

70.3 70.5 70.5 
70 ' 70 2 70 4 -~ 

70.0 70.0 70.0 
69.8 69.5 69.8 
70.8 70.5 70.0 

71.7 70.8 69.9 
72.5 75. o* 75. 8* 
72.0 75.0-* 73. 5.. 
74.5* 70.0 7L 5 
72.0 72.0 72.0 

72.8 74.8* 72.0 
84.5* 81.0* 86.o* 

74.0* 74.5* 76.0* 
84.0* 72.0 95.0* 
71. 0 70.8 70.5 

7r. 0 70.8 70. 2 

71.5 71. 0 7r.o 
j'2. 8 72.0 72.9 
72.0 71. 9 71. 8 
74.0* 72.2 72.7 

71. 2 69.0 70.8 
71. 5 7r. 3 70. 8 
71. 5 72.0 72.0 
70.5 70.2 70.5 
70.3 71. 5 70.2 

72. 2 71. 7 72.6 
71. 2 70.8 71.0 

23h Mid- I Daily 1
1 

Daily 
nl.ght. e ange man. 

1
r . ___ , __ _ 

71. 0 71.5 70. 5 ' 70.6 
70.0 70.3 
70.0 70.2 

70. 2 
i 

70. [ 

70.5 69.8 
71.2 71. 5 71. 2 71. 0 
72. I 71. 5 71. I 7 I. 4 

. ..) ; 

71.0 70. 5 70. 0 I 70. 9 

7 I 0 70 7 70 ' . 70 9 
70.0 70.0 69. s I 69. 8 
69.5 69.5 69. s I 69.4 
70.0 70.0 70.0 ! 70.3 

70.2 70.p 75. o*i 70. I 
I 

82.0* 76.5* 58. o*i 70. 5 
70. 5 69.0 68. 8 f 

I 
69.3 

71. 0 70.0 1r. 2 I 70.7 
70.9 71. 0 1r. s I 71. 8 

70.5 70.2 70. 21 70.8 
80.0* 72. 5 79. 0*1 72. 6 
72. 7 72.2 71. 0 71. 7 
80.0* 80.0* 89.0*! 73.0 
71. 0 69.0 

I 
69. 8 . 70.8 

70.6 69.2 68.8 69."8 
70. 2 69.0 70.0 70.8 
72.0 70.6 69.7 7 I, l 
72.0 70.8 69. 5 70. 8 

I 
71.0 69. 5 70.8 70. 7 

i 
70.2 70.4 67.0*'. 70.5 
71. 0 71.0 69. 5 i 70.4 
71. 3 [70. 7) [70. 7]! [70. 8] 

I 
71. o 72. s 70. 5 I [70. 6) 
71. 0 70.8 70.0 70.6 

71. 8 71. 0 70. 8 i i 
70. 721 

70.8 70.2 70. 21 

9 
II 

10 

6 

9 

IO 

IO 

12 
8 
8 

14 
22 
20 
ll 

12 

14 

84 
30 

54 
58 

15 

7 
9 

5 
18 

9 
7 
8 

(Io] 
IO 

. 



 

294 UNITED STATES COAST .AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly reatlingw from the plwtogmph,ic traces of the unifilar magnet.>meter at 

Local mean time. 300 divisions+ tabular quantity. 

DECEMBER, 1882. 

Day. i Ih 2h 311 4h 5h 6h 7h 8h 9h lOh llh N'Oon. 
I 
I 

I I 
I 

70.0 6<). 7 70.2 69.4 70.5 72.5 72.0 72. 5 74.5 74.0 7~.o 70.0 
2 70.5 70.0 70.0 70.2 69.5 70. 5 7r. 0 71. 0 72.5 73.0 72.0 70.0 

3 70.0 70.0 70. 5 70.8 71. 0 71. 0 72.0 74.0 76.0 75. 0 73.0 70. 7 
4 72.0 71. 5 71. 0 71. 0 70. 3 68.o* 70.0 72.0 70.0* 70.0* 70.0 68.2 

5 70. 5 70.5 71. 0 72.0 70.3 71. 5 72.2 7J. 7 75.0 75.0 73.7 70.5 

6 70.5 70.5 70.8 71. 0 71. 0 71. 0 72.0 72.8 74. 8 73.0 72.0 71. 0 
7 71. 0 71. 0 70. 8 71. 0 71. 0 71. 0 71.0 73.0 73.0 72.8 72.2 70.0 
8 71. 0 71. 0 71. 0 7r. 0 71. 5 71. 0 71. 5 73.0 73- 2 [73.7] f72.o] 7r. 0 
9 71.0 71. 5 7r. 0 71.5 71. 0 71. 0 72. 0 72.5 7J. 0 71. o* 70.0 69.5 

IO 71.0 71. 0 71. 0 72.0 71. 5 71. 0 72.0 72. 0 72. 8 72. a 71. 5 70. 5 

II 70.8 • 7L 0 7 I. 2 73.0 71. 5 71.5 73.0 73.2 73. 7 7J. 0 71. 0 70.5 
12 70. 7 71. 0 67.0* 71. 2 71.0 71. 0 72. 5 73· I 74.0 72. 2 71. 0 6<). 5 
13 71. 0 71. 0 71. 0 71.5 71. 2 71. 5 72. 7 75.0 76.0 75.2 72. 2 6<).7 
14 70.2 70.2 70. 5 71. 0 71. 0 7r. 2 71. 5 73.0 74.8 75.0 72.8 69.3 
15 70.4 70.5 71. 2 71. 8 72.0 73.0 73.2 74.0 . 76. s: 7J. 5 71. 5 6<).5 

16 74.0* 76.5* 78. o* 74.5* 71. 5 72.5 73. 2 74.0 73.0 73.0 70.5 71. 0 
17 70. 2 JO.O 70.0 70.0 6g.o 70.5 72.0 72.8 74.0 75.0 74.0 71. 0 
18 70.8 71. 0 70. 7 70.5 70. 5 7r. 0 7r. 2 7J. 0 74.0 76.2 75.5~ 72.0 
19 76.7• 72.2 71. 5 71.0 71. 0 71. 0 71. 5 72.2 74.0 75.0 74. 8• 72.5 
20 70. 5 70.2 71. 0 66.5" 6<).3 62.0" 63. o" 66.o• 68. o• 72. I 69.0• 68.8 

21 75.5• 81. o* 66.o• 72.0 68. 5 69.0 70.0 72.5 73.5 73. 2 73.0 70.0 
22 73.o 69.0 69.5 72.0 68.o' 69.8 71. 8 71. 5 73.0 n.8 72.6 71. 0 
23 71. 0 71. 0 71.0 68.o~ 71.0 72.0 72.0 72.0 75.0 75.0 73. 3 7-0. 2 
24 70.0 70.0 71.2 71. 3 71. 5 70.0 68. 5" 71. 2 72. 8 74.0 72. 7 69.8 
25 70.0 70.0 71. 0 69.0 70.0 71. 8 72.0 72.0 73. 2 73.2 71. 8 70.3 

26 70.2 70.2 70.6 7I. I 70.0 72.0 71.8 72.3 73. 8 73.0 72.0 70. 5 
27 71. 2 72.0 72.0 72.0 72. 2 72.3 72. 7 73.0 75.0 75.0 74.0 71. s 
28 71. 5 70. 5 71. 5 70.3 (70.4) [70.8] [71.6] [72.8] [74.3] 74.5 73.0 70.5 

' 70.5 73.0 74.2• 72. s 73.0 73. 2 73.0 70.8 29 72.5 71.0 71.3 71. 5 
I 

70.8 69.8 30 70.2 71. 0 7r. 5 73.0 7r. s 72.3 74.0 75.5 71. 2 70.7 

31 70.7 70.0 70. 8 69.0 69.0 70. 7 72.5 72.5 7J. s 74.0 7z..S 70. s 
. 

Monthly mean. 7L 3 71. I 70.8 70.9 70.7 70.8 71. 5 72.5 73.7 73.6 72. 2 70.4 
Normal. 70.8 70.6 70.9 71. 0 70.8 70.8 7r.9 72.7 73.9 73.9 72. [ 70.4 



 

UNITED STATES COAST AND GEODETIC SURVEY. 295 

DECLINATION-Continued. 

the niagtietic Qbservarory of tlie Goa&t and Geodetic Survey, Los Angeles, Cal. 

One division of scale= o'. 794 Increasing scale readings correspond to increasing east declination. 

DECEMBER, 1882. 

'Day. I 13h 14h 15h 16h 17h 18h J9b 2011 21h 22ll 23h Mid- Daily l Daily 
night. . mean. l range. 

I 
--------------- ------ -1~~-1--9-I 68.8 67.8 67.8 67. o* 69. o · 69. o 70.8 71.0 71. 6 71. 5 70.5 70.0 

2 69.0 69.0 69.0 69. 5 70.0 71. 0 71. 5 71. 0 71. 0 71. 5 70.3 70. 3 
I 

70.6 5 
3 69.8 69.2 69.0 69.0 69.0 69.5 69. 5 70. 2 70.0 70.0 70.0 70.0 70.8 7 
4 6g.o 69.5 68.8 69.8 7 I. 0 71. 0 71. 0 71. 2 71. 0 71. 0 71. 5 71.0 I 70.4 8 I 

s 70.0 69. 5 70.0 70. 2 70.8 71. 0 71. 0 71. 5 71. 2 71. 2 71. 0 70.4 I 71.4 7 

6 69.8 69.0 69.5 70.0 70.3 71. 2 71.2 72. 0 71. 0 71. 0 71. 0 71. 0 I 7 I. I 5 i 
7 69.8 70.0 70.5 70.3 70.2 7 [. 3 71. 3 71. 5 7r. 0 7r. 0 71. 0 71. 0 

i 
71. I 5 

8 70.2 69.8 70.0 70.0 71. 0 71. 5 71. 2 70.9 71. 0 7r. 0 74.0* 70.5 71. 3 6 

9 6g.o 70.0 68.5 70.0 70.5 71. 0 72.0 71. 8 71. 8 7r. 5 71. 2 71. 0 71. 0 8 
JO 69.7 69.0 69. 7 70. 6 71. 0 72.0 7 I. 5 72. 0 70. 7 7r. 0 71. 5 71. 0 7 I. 2 5 

II 67.0 67.0 69.0 70.8 70.0 70.2 71. 0 70. 5 71. 0 7r. 0 70.3 70. 3 70.9 8 
12 67.0 68.o 69.5 70.0 71. 2 71. 0 72.0 71. s 7 [. 0 71. 0 71. 0 71. 0 ' 70.8 8 
13 67.0 67.0 67. 5 6g.7 70.0 71. 0 7 i. 2 71. 5 71. 0 70.8 70.8 70.8 7 I. I 9 
14 

I 
68.o 68.o 69.0 70.2 71.0 71. 5 72.0 7 I. 8 72.0 71. 5 71. 0 70. 8 7 I. I I 8 

15 67. 2 65.3* 67.0 65.0* 70.0 71. 5 70.0 74.5• 73- 5 72.5 72. 5 72.0 71. 2 I 12 

16 65.5* 67.0 68.o 70.0 70. 5 71. 5 71. 0 71. 5 7r. 5 71. 2 70.8 70. 2 • : 71. 7 15 
17 69.0 68.o 68.8 69.6 70.8 71. 0 71. 2 70.5 71. 8 71. 0 71. 0 7r. 0 70.9 7 
18 69.2 69.0 68.o .6g.7 71.0 70.0 71. 3 74.8* 72.2 7r. 5 76.0• 75· S* . 7 J. 9 9 
19 70.0 69.0 69.0 70.0 70.7 71. 0 71. 2 72.0 72.0 71. 4 71. 5 74· o* ; 71.9 9 
20 69.9 66.6 70. 5 67.0* 69.7 71. 0 73.0 72.3 81. s• 74.5* 64.0• 75· 0* i 69.6 22 

I 
21 69.5 69.7 69.2 70.0 73. 8* 7 I. 8 72.0 72.·2 72.5 71. 9 7r. 7 70. 0 i 71. 6 rs 
22 71. 0 70.0 69.5 70. 2 7 I. 0 72· 5 72.0 74.0 72.0 71. 2 72.0 70. 0 : 71· 3 6 

I 
8 23 6g.5 69.0 70.0 70.0 71.0 71. 5 71. 2 71. 2 71. 3 71. 5 70.9 70. 5 i 71.2 

24 69.8 69.0 69.8 6g.4 71. 2 71. 8 71. 5 72. 0 71. 3 70.5 70. 5 68.o* I 70.7 6 

25 69.8 70.0 70.0 70.4 71. 0 71. 5 71. 5 71. 5 7r. 5 7r.o 71. 0 71. 0 i 71. 0 6 
i 

26 6g.8 69.0 69.8 70.0 71. 0 72.0 72.8 7r. 0 73-0 71. 0 72.0 72.0 I 71. 3 4 
27 70.0 68. 5 69.2 70. 8 71. 0 72.0 72.0 71. 5 72.8 72. 5 71. 7 71. 8 I 72.0 8 
28 6g.2 69.2 6g.5 70. 2 70.8 71. 0 71.3 7 I. 7 74.0 72.0 72.0 n s* I 7 I. 6 6 

29 71.0 69.5 6g.o 70.5 71. 0 71. 5 7 I. 5 71. 8 72.0 72.0 71. 0 71. 2 I 71. 6 s 
30 70. 5 70.0 68.8 ']I.O 69.6 71. 5 71. 0 71.0 71. 2 71.8 73.0 7r. 5 

I 
71.4 8 

31 6g.o 67.0 67. s 68.3 70.0 70.3 71. 3 73.5 71. 0 71. s 71. 0 71."' 70.7 8 
1---,_ 

Monthly"lllean. 6g.2 68.6 69.1 6g.6 70.6 71. 2 71. 4 71. 8 72.0 71.4 71. 2 71. 2 

I 
71.12 

Normal. 6g.3 68.8 6g. I 70.0 70.5 71. .z 71.4 71. 6 71. 6 71.3 71. .z 70.8 



 

296 UNITED STA.TES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Ho11rly readings. from the photographic tmces of the unifilar magnetometer at 

Local mean time. 300 divisions + tabular quantity. 

JANUARY, J.883. 

I 

Day. I th 2h 3h 41t 5h 6h 7h g1t 9h lQh llh Noon. 
I 

I 69.8 70.0 70.0 72.0 7I. 5 67.0* 71. 2 73.0 75.3 77.0 74.0 70.0 
2 71. 0 71. 3 71. 0 71. 0 70.0 70.8 7r. 0 73.5 75.8 77- 0 75.0 72.0 

3 70.0 70. 5 70. 3 70.0 70.5 69.0 70. 5 72.0 74.0 75.2 74.8 72.0 

4 70.8 70.8 71. 5 70.0 70.7 71. 0 71. 0 72. 7 75.5 76.0 74.5 71. 0 

5 71.8 71. 3 71. 0 70.8 70.8 70.5 71. 0 73.2 76.0 75.7 72.3 69.0 

6 70.8 69.5 71. 0 71. 0 71. 7 68.o* 67.4* 71. 5 73.5 73·3 70.0<- 68.o 

7 71. 5 69.5 68. o" 70.5 73.0 70.0 71. 5 72.0 75.0 74.0 71. 0 69.5 
8 72. 5 71. 5 70.5 72.0 72.5 69.8 71. 5 7J. 0 74.0 73. 8 71. 2 69.0 

9 69.0 70. 0 70. 7 71. 5 72. z 72.0 72.0 74.0 74.0 72. 8* 70.0* 69.0 
ro 71.0 jl. 0 71. 0 71. 0 71. 2 71. 8 72.8 74.0 75.0 73. 0 71. 0 69.5 

II I 70. 3 70.7 70. 5 71. 0 71. 3 71. 5 72.0 74.2 76.0 75. 3 71. 0 68.5 
12 70. 5 70.8 7r. 0 71. 0 7I. 5 72.0 72.2 75.0 76.0 73. 0 70.0* 69.0 

13 70.2 j0.2 70.5 71. 0 71. 8 72.5 72.0 7J. 3 74.5 73.0 69.0* 67. 5 

14 71.0 71. 0 70.5 70.5 70.0 71. 0 71.5 7J. 5 76. 5 76.0 72.0 70.0 

15 71.2 71. s 71. 0 71. 0 71. 8 7J. 0 72.0 74.0 76.0 76.0 72.5 67. 5 . 
16 70.0 70.0 70. 3 70.3 70.8 71. 2 72.0 74. 0 76.0 77.5 75.0 72.0 
17 70.0 71. 2 71. 5 71. 0 71.0 70.0 72.0 72. 0 73.5 77.0 74.0 70.0 
18 70.5 71. 0 70. 5 70.7 70.7 70.0 71. 0 7-§5 75.0 76.5 75. 5 70.5 
19 70.8 70.5 70. 5 69.8 69.9 70.3 71. 0 72.7 76.2 77.0 74.0 70.0 
20 6g.5 69.8 68.o* 67. 5* 69.0 71. 0 71. 0 72.2 72.4 75. 7 73.7 70. 3 

21 71.0 73.0 74.0* 73.5 71. 0 72.0 72.0 73.2 73.0 74. 5 73.5 70. 2. 

22 71.2 71. 3 71. 0 70.4 71. 0 71.7 72. 5 74.0 76.0 76.0 74.0 71. 0 

23 70.0 70. 9 71. 2 71. 0 71. 0 70.2 71. 0 72.3 74.0 76.2 73.2 69.5 

24 (70.8) [70.7] [71. 1] [71.6] (71.9] (71.5) [72.6] [74.3] [76.2] 77.0 74.0 69.9 
25 70.8 71. 0 70.0 74.0* 74.0* 71. 0 73.0 7J. 5 74.0 77.0 72.0 68.o 

"· 4',, 
26 70.2 70. I 70.5 7J. 0 72.0 66.o* 7J. 5 74.2 75.3 75. 3 73. 0 .c 67. 5 
27 6g.2 68.5 70. 5 70.5 70.5 71. 0 71.0 70.5* 73.0 74.0 71.3 - 68.3 
28 70.5 70.2 70.8 71. 0 71. 2 71. 2 72.5 73.0 74.8 76.5 73.0169.8 
29 70.0 70.4 71. 0 70.5 71. 2 71.2 72.0 74.0 77.0 77.0 75.0 71. 7 
30 71. 0 71. 0 71. 0 71. 2 71. 0 71. 7 72.0 7J. 5 75.6 75.9 74.0 70.8 

31 72.0 72.0 70.0 70.8 70.2 70.8 70.5 72.0 74.0 75.0 75.2 73.o* 
-

Monthly mean 70.6 70.7 70.6 71. 0 71. 2 70.6 71. 6 73.1 74.9 75.5 72.9 6g.8 
Normal 70.6 70.7 70.7 71. 0 71. I 71. I 71.7 73· 2 74.9 75.5 . 73. 3 6g. 7 



 

UNITED STATES COAST .A.ND GEODETIC SURVEY. 297 

DECLIN ATIO N-Continned. 

the magnetic observatory of the Ooast and Geodetic Survey, Los Angeles, Oal. 

One division of scale= o.'794 

Day. 13h 14h 15 

, I 67.5 67.0 68. 

2 70.5 69.5 68. 

3 69.0 68. 5 68. 

4 70.0 69. 5 70. 

5 68.5 67.5 68. 

6 67.7 69.0 69. 

7 69.8 71. o* 72. 

8 69.3 70. 5 71. 

9 69.0 68.8 69. 

10 69.0 68.3 69. 

II 68.o 70.0 70. 

12 68.5 6g.2 70. 

13 67.0 69.0 69. 

14 68.o 69.0 68. 

15 65.0* 66.o 70. 

16 < 69.5 69. 5 69. 

17 68.o 67. 5 68. 

18 68.o 68.o 67. 

19 68.5 67.8 68. 

20 69.8 69.0 68. 

21 68.5 69.0 69. 

22 68.8 68. 2 69. 

23 68.o 68.o 6g. 

24 66.5 66.o 68. 

25 - 65. 3* 65. 3* 68. 

26 65. o* 64. o* 66. 

27 67.0 67.0 68. 

28 68.o 69.0 68. 

29 69.0 67. 5 67. 

30 69.6 69.0 68. 

31 170.0 6g.o 6g. 

Monthlymean 168.j 68.3 68. 

Normal 68.6 68.4 68. 

Increasing scale reai:l.ings correspond to increasing east declination. 

JANUARY, 1883. 

22h 23h -M~\ Daily I Daily 
night. I mean. ; range. 

o 6g. o 70. o 1-0-. -0--7-0.-0--7-r._0_7_1_. -3--7-1.-0--71-.-0--
7
0-.-

5
-/ 

7
o. 

7 
-1-1 -

0 69.0 70.0 71.0 71.0 70.5 70.8 71.0 70.5 70.0 I 11.3 7 

s 69.2 70.8 71.0 71.0 71.2 71.0 71.0 71.0 71.0 170.9 

o 7r".o 71.0 71.0 71.5 70.8 71.0 71.8 71.5 71.3 I 71.5 

0 67.8 68.8 68.3* 68.8 71.0 70.5 71.0 71.8 71.0 j 70.7 

3 70. 0 70. 2 7 I. 0 

o* 74. o* 73. s~· 71. 5 

0 71. 2 71.0 71. 0 

3 71.0 71.2 7r.5 

69.8 71.0 71.5 

8 71.8 72.0 72.0 

0 70. 3 70. 6 70. 8 

5 70. 0 70. 8 7 I. 0 

8 69.8 70.2 7r.o 

5 70. 5 71. 0 71. 0 

8 70.2 7r.o 7r.o 

0 70.5 71.2 71.3 

5 70. 0 70. 8 7 I. 0 

3 69. 8 70. 0 70. 5 
0 69. 2 70. 5 70. 7 

5 71.0 72.0 72. 0 

D 70. 0 71. 0 7 I. 8 

0 70. 0 71. 0 72. 0 

71.0 71.0 71.0 

72. 7 71. 5 72. 8 

72.0 7r.3 71.3 

71.2 71.5 71.5 

71.5 71.5 71.0 

72.0 72.0 72.0 

7L2. 71.0 71.0 

jl.2 71.0 70.0 

/I. O· 71. 0 71. 0 

71. 2 jl.O 71.0 

71.5 71.5 72.0 

71.7 72.0 73.0 

71.0 70.5 71.0 

70. 2 70.2 70.3 

/0. 7 71.0 71.2 

i 
71.0 72.0 71.0 i 70.4 

~;:: ~::; ~=:: I~::: 
70. 5 70. s 70. 7 71.0 

70. 3 70. 2 70. 0 I 71. I 

I 
71.8 71.0 70.0 171.5 

7 I. 2 70. 8 70. 5 I' 71. I 

70. 8 70, 8 7 I. 0 . 70. 8 

71.0 71. 0 70. 5 I 71. I 

70. 8 70. 8 70.0 \ 7!. I 

72.0 7r.o 71.5 ! 71.6 

73.0 71.2 72.0 171.4 

70. 7 70. 8 7 I. 0 I 7 I. I 

10. 2 10. o 10. o I 10. s 
72. o 72. o 72. o I 70. 1 

11. 5 11. o 1r. 2 I 71. s 
7 I. 0 70. 5 70. 5 I 71 • 5 

70.8 [70.6][70.7Jb1.0J 

8 

7 
10 

II 

7 
6 

6 

8 

8 

9 

8 

9 
12 

IO 

II 

12 

IO 

5 

7 
8 

9 

0 6g.3 71.0 71.3 

72.2 72.0 71.8 

71.8 71.5 71.0 

71.8 71.5 71.0 

71.0 71.5 71.5 

72.0 71.5 80.0* 

71. 0 71. 0 71. 0 [71. 3] 13 

3 70. 0 71. 2 71. 5 

7 
0 

5 
0 

0 

s 
9 
8 

69.0 69.5 70.0 

70. 0 70. 7 7 I. 0 

71.0 70.5 70.8 

69.0 70.5 71.0 

66.7* 6g.2 70.0 

68.3 6g.3 70.0 

70.0 70.7 71.0 

6g.9 70.6 71.0 

70. 3 73. 0 70. 0 

72.0 71.8 71.5 

71.0 71.3 71.2 

71.0 71.3 71.5 

71.0 71.0 71.0 

70.8 70.5 71.0 

71. 2 71. 3 71. 5 

71.2 71.3 71.2 .. 

72.0 70.0 

70. 7 69. 8 

72. 4 71. 7 
70.8 70.3 

72.0 70.8 

71.0 70.0 

70.8 70.4 

72.0 

69.5 

71. 0 

70. 5 
71. 0 

70.5 

70. I 

71. 2 70. 8 70. 8 

71. 2 70. 8 70. 8 

71. 6 

70.3 

70.5 

71. I 

71. 4 

71. I 

71. 0 

171. IO 

16 

13 

II 

9 
JO 

7 

6 



 

298 UNITED STATES CO.AST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the pkotographic traces of the ttnifilar mag~meter at 

Local mean time. 300 divisions +tabular quantity. 

FEBRUARY, 1883. 

Day. lh 2h 3h 4h 5h 6h 7h Sh 9h lOh Uh Noon. 

70. 2 7r. 0 71. 0 72.0 71. 0 70.8 71. 3 72.7 76. s* 74.3 70.6 68.8 
2 'JO.O 65.5* 70.0 78.0* 68.o* 72. 3 70.0 75.0 7J. 5 76.0* 74. 2 7 I. 5 

3 74. 5* 72.3 72.0 69.8 70.0 70.3 70.2 71. 0 71. 8 72.2 71. 0 70.0 

4 6g.o 7r. 2 72. 2 72.0 70.0 71. 0 66.5* 69.5* 72.8 73.0 72.8 71. 0 

5 6g.5 73.0 68. o* 73.0 72.5 72. 0 72.2 74.2 73.3 72.2 ns 71.3 

6 70.0 70.8 70.7 70. 2 70.0 70.0 70.0 71. 0 70.0* 72.0 71. 8 69.0 

7 70. 7 71. 0 7r. 0 71. 3 71. 0 71. 0 7r. 0 72.5 75.0 75.0 72. 8 70.2 
8 70. 5 70.9 71. 0 71. 0 71.0 71. 0 72.0 74.0 74.5 74.7 72. 5 7o.3 

9 71. 2 7r. 3 71. 7 71.5 71. 5 72.0 72. 3 75.0 76.0 76.0* 74.0 70,0 
10 71. 3 71. 5 7 I. I 72.2 72.5 72. 8 7I. 0 74.0 76.0 77.0* 74.0 70.8 

II 70. 3 70.0 70. 7 70.8 7I. 0 71.2 72.3 75.0 76.5* 74.5 71. 8 6g.o 
12 70. 5 70.5 70.4 71. 0 71. 2 72. 0 73.8 76.5* 77.0* 75.5 72.8 6g.8 

13 71. 0 71. 0 71. 0 71. 0 71. 5 72.0 7J. 8 76.8* 77. 2* 77.0* 74.0 6g. 5 
14 71. 5 70.5 70.5 71. 0 71. 0 68.o* 72.0 74. 5 75.0 73.0 73. 0 70. 7 
15 70.2 70.5 70.0 70.3 70. 7 70. 7 7I. 0 73.2 76.0 75.5 74.0 71. 5 

16 70.8 70.2 70. 5 71. 0 71. 0 71. 0 70.2 71.0 72.0 73.0 72."' 7o. s 
17 72.8 71. 0 71. 0 71.2 6g.o 72. 0 71. 8 74. 5 73.8 73.0 73. 5 72.5 
18 70. 5 70.5 70.3 70. 2 70.2 70.5 70.5 72. 0 73.0 73.0 72.0 70.5 
19 71. 0 71. 3 71. 2 71. 0 71. 2 71.0 70.7 7r. 0 72.0 72.8 72.0 71. 0 
20 I 6g. 5 68. 5* 68. 7 6g.6 71. 2 70.0 71. 2 73.0 73.3 72.7 71. 5 70.0 

21 70.0 70.5 70.5 71. 0 71. 2 7r.o 72. 0 72.0 74.0 73.7 7J. 0 70.0 

22 71.5 66.o* 72. 7 7J.O 71. 5 7r. 0 70.0 6g.5* 6g.5* 71. 0 66.o* 67.5 
23 73.0 77.0* 71. 7 71.0 73.0 70.0 72. 0 74.0 74.0 74.0 71. 7 70.0 

24 70.3 71. 2 69.3 71.0 71.2 72.0 71. 0 67.7* 71. o* 73.0 70.7 68.5 
25 75.5* 79.0* 71. 5 72. 5 70.0 70.5 72.0 73.0 73.0 .72. 5 7r.5 70.0 

26 71. 0 71.0 70.5 71.0 71.0 7r. o 72. 8 73- 0 74.5 7r.o 6g.5* 68.o 

I 27 69.0 71. 0 70.5 71.0 71. 7 72.0 70.0 72.8 73.7 76.o* 66.o* C\9.o 
28 70.0 73.0 76.0* 65.0* 6g.o 74-o* 72.5 66.o* 64,o* 68.5* 69.5* 68.5 

--------~- ----
Monthly mean 10.9 71. I 70.9 71.2 70.9 71. 2 71. 3 72. 7 73- 5 73.6 71. 8 70.0 
Normal 70.6 71. I 70. 8 71. 2 71.0 71. 2 71. 5 : 73· I 73.9 73.3 72. 5 70.0 



 

UNITED STATES 00.AST AND GEODETIC SUBVEY. 299 

DECLINATION-Continued. 

the 'IM!lftetic obBervat<>ry of tke Ooa&t and Geodetic Surveg, Los Angeles, Oal. 

One division of scale =o'.794 Increasing scale readings correspond to increasing east declination. 

FEBRUARY, 1883. 

~ ~1~1~· • _ ---~-1_3_h __ i_4_h __ 1_5_h ___ 1_6n __ 1_1_1i. __ 1_s_u. ___ 1_9_n __ 2_o_h_2_1_h_· __ 22_u_2_3_n __ M_i'_
1-_i Daily \Daily\ 
1--1--

1

67 s 61.0* 61.2" 67.0* 67.0* 65.0* 11.1 69.2 11.0 12.0 12.0 74. 3*! 70.1 ' 14 I 
2 

3 

4 

5 

6 

7 
8 

9 
IO 

H 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2[ 

22 

23 

24 

25 

26 

71:8* 68.o 69.0 69.0 74.0~· 71.8 71.5 72.2 72.2 74.0* 76.0* 75.o*i 72.0 19 I 
68.o 69.7 70.3 69.8 70.2 71.0 72.6 75.3* 72.5 71.7 72.0 69.0 ! 71. I i IO I 

I
I 70.4 68.5 68.7 70.0 jl.O 71.5 7I.7 72.5 7J.O 72.0 71.0 71.7 71.0 7 

69.4 68.z ()g.5 70.0 70.0 72.4 70.4 70.8 71.2 70.7 71.2 72.0 71.3 6 

69. 5 
69.0 

68. 5 
68.o 

69.0 

66.3 

67.5 
68.o 

66.8 

69.8 

70.0 

69.7 

69.7 

69.5 

69. 5 
68.o 
68.o 

67.0 

68.o 

66.o 

67.0 
08.o 

65.4* 

69. 2 

69.0 

Ee;. 7 

69.0 

69.0 

70.0 

68.o 

69. 0 

69.0 

69.5 

68.o 

68.o 

69. 2 

68.o 

68. 5 

68.o 

68.5 

69.3 

69. 3 

69. 0 69. 0 66. 8 

65. o" 65. s* 65. 5* 

69.5 67.0 67.7 
65. o* 64. s~· 69. 5 

69. 3 69. 0 69. 5 

70.2 

70.0 

70.5 

70.0 

70.0 

69.8 

68.o 

71. 0 

71.0 71. 3 

70. 4 71.0 

71.3 72.2 

71.8 71.5 

71.0 71.8 

7i.o 7r.o 

70. 0 7 r. 0 

71.0 71.0 

70.8 70.8 

70. 2 70. 0 70. 5 
69.0 

69. 7 
70.0 

70.0 

69.2 

67.7 
()g.o 

71. 0 

70.5 

70.0 70.8 

70.5 71.2 

70.5 71.2 

70. 2 71.0 

69. 7 69.0 

67.0* 70.0 

70. 0 70. 8 

74. S* Sr. o* 

ii. 0 70. 5 

71.3 71.0 71.7 

70.8 71.0 71.0 

71.8 72.0 71. s 
71.0 7~.o 72.5 

71.2 71.2 71.2 

71.8 71.5 71. s 
71.5 72.0 72.0 

71.0 7!.0 71.0 

71.2 71.8 71.2 

71. 5 74.0* 70.0 

70.8 71.0 71.0 
71.0 71.0 71.0 

71.0 71.3 72.0 

72.0 71.0 70.8 

70.8 70.8 70,5 

70.5 70.4 76.0* 
69.8 71.0 7I.O 

71.0 73.0 71.5 
90.5* 74.0* 74.0 

70.8 71.0 71.3 

71.3 70.8 71.0 70.6 

70.8 70.5 70.5 . 71.0 

71.5 71.3 70.9 71.3 

71.0 71.2 71.5 71.6 

71.2 70.5 71.0 71.7 

71.2 71.0 70.8 '71.0 

72.0 71.5 7r.o 71.5 

70.5 70.5 74,5*, 71. 7 
71.0 71.0 70.7 ; 70. 8 

71.0 71.0 71.0 71.3 

71.0 71.5 72. 5 70.9 
70.7 jo.5 i0-3 

71.4 71.5 71.2 

70.4 71.0 71.0 

70.2 70.0 70.5 

i l. t 

71.0 71.0 71.5 70. 9 

7r. 5 78. 5* 7 !. 5 : 69. 7 

7045 70.0 6').7 l 71.3 
83.0* 75.0* 71.5 72.5 
71.0 71.3 69.5 71. 5 

4 

j 

7 

9 

9 

11 

12 

9 
12 

7 

5 
6 

7 

5 

5 

10 

15 

14 

31 
14 

i 67.5 67.5 68.o 70.5 70.5 70.7 71.0 71.0 71.0 7r.o 71.0 71.7 70. 6 8 

27 67.5 68.8 67.3 70.3 69.8 69.5 70.5 69.2 74.0 73.0 ()g.5 73.0 

1----~~--1-68_._o __ 6_s_.~ __ 69_-~ __ .!_~~c:.__1_0_._1_1_2_._0 ___ 1_2_.s __ 1_i._0 __ 7_1._0 __ 1_1_._0_7_3_._s_1_0.3 

70.6 15 

j J\!onthlymean 68.6 67.7 ~8.5 69.8 70.6 71.2 71.9 71.5 71.8 71.7 7r.6 7r.4 

I Normal 68.7 68.3 68.8 6<).8 70.6 7r.o 71.2 7r.2 71.6, 71.2 7r.z 7i.o 

L---------------------------------------

i 70. I 
1 

16 . 
!---[--! 
i 7 t I l l j 
> • • l 

I 



 

300 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from tlw photographic traces of the unifilar 111 U!Jnetometer at 

Local mean time. 300 divisions + tabular quantity. 

MARCH, l.883. 

Day. I lh 2h 3h 4h 5h . ()b 7h Sh 9h 10" llh Noon. I 

I 74.0* 73.0 73.0 73.0 71. 0 74.0 72.2 70.5* 72.0* 72.0 69.8 68.o 

2 71.5 73.5 73.2 69.0 66.2* 67. 7* 70.0* 71. o* 72.0* 73.0 7r. 7 7r.o 

3 67.5* 70.8 7r. 5 71. 8 7r. 5 71. 5 71. 0 72.0 73.0 73. 5 [70.7) [68.o) 

4 69.0 70.3 71. 0 70.0 70.2 70.8 73. 0 75.0 76.0 75.5 j2.0 69.2 

5 71.0 71. 0 70. 3 69.5 71. 8 71. 3 72.0 73.0 74.5 74.0 71. 0 69. 5 

6 71.0 71. 0 71. 0 71. 2 71. 8 72.0 72. 5 74.5 73. 0 72. 0 69.5 66. 5 

7 71.5 72.2 72.5 73.0 73.2 74.0 73- 5 74.0 75. 0 69.0* 69.0 68. 5 
8 73.0 76.0* 73.5 71. 5 71. 0 72.0 6g.3* 72.0 72. z-r. 69.8* 67.3* 65.2* 

9 I 
71. 0 72.0 73.0 71. 0 73.0 73.0 75.7* 76. 5 74.5 71. 5 70.0 69.2 

IO 71. 0 71. 5 7r. 8 7 I. 8 72.0 - 72. 5 74.5 75.7 75.0 74.0 70.8 68.o 

II 

I 

71.0 70.0 7!. 5 71. 0 70.0 7!. 0 7J. 5 75. 0 75.0 n5 7I. 0 68.o 
12 70.0 70. 5 70.3 70.8 71. 5 71. 5 72. 5 74.0 75. 0 73.0 70.2 69.0 

13 73.0 74. o* 69.0 72.5 67. 3* 69.3 75.5 74.0 74.9 73. 5 7I. 0 69.0 

14 70. 5 70.8 69.8 67.0* 68.o* 70.0 72. 0 74.0 73.0 73.0 70.0 68.5 

15 70.0 69.3 69. 5 70.0 70.0 71. 0 73.0 74.8 75.5 75. 7 73.0 70.0 ,. 
16 70. 5 70.5 70.3 7o.3 70.3 71. 0 72.3 75.o 74.0 • 74. 5 72.0 70.0 
17 71. 0 7 I. 0 71. 0 70.0 70.0 70.5 72. 7 74.8 74.8 74. 5 73.0 71. 0 
18 70.0 70. 5 70. 5 7o.3 68.o* 70.0 73.2 75· 2 75.3 ns 70.5 68.o 

19 70.0 70.0 70. 2 7o. 5 70.8 71. 0 72.8 75.0 76. 5 7J. 0 70.0 67.5 
20 70.0 70.0 70.0 70.5 70.5 71. 2 74.0 75.7 75. 5 72. 0 69.0 67.0 

21 72.8 73- 0 72. 0 72.0 71. 3 7J. 5 75.0 75. 0 76. 5 75.5 72.0 66.3 
22 75.5* 8o.o* 70.0 7I. 0 71. 0 73.0 74. 0 74.5 76.0 75- 0 71. 0 68.o 

23 7r.5 71. 5 71. 2 71. 5 70.0 70.0 72.5 75.3 77.0 73.9 69.3 67.0 

24 70.0 69.8 70.0 70.0 70.3 71. 0 72.7 76.0 77- 2 75.5 73.0 6g.3 
25 70. 5 70. 5 70.5 70.8 71. 0 71. 8 73. 2 75.0 76.2 74. 5 70.3 67.8 

26 72.3 73.0 74. 5* 72.8 74.5* 72. 9 73.0 76.0 76.5 75. 5 71.5 67.2 
27 74.0* 75.5*'76.5* 73.0 75.0* 72.0 73.0 74.5 75.0 69.8* 6g.o 68.o 
28 71. 0 71 0 72.0 72.8 71. 0 72. 5 73.8 72.0 73.2 72.0 68.o* 66.7 
29 69.0 69.4 69.6 69.8 7r.o 71. 0 73.0 73- 0 74.8 71. 4 71. 0 68.5 
30 70. s 70. 5 70.5 69.0 70.0 7r. 0 72. s 74. 5 74. 5 72.4 70.0 68.o 

31 70.7 71. 0 72.0 71. 0 71. 5 72.8 742 75. 0 75.5 72.5 70.0 68.5 

Monthly mean 71. 1 71.7 71. 4 70.9 70.8 71. 5 73.0 74.3 74.8 73.2 70.5 68.3 
Normal I 70.9 :i'I. 0 71. I 71.0 71. 0 71. 6 73. [ 74.5 75· I 73.6 70.7 68.7 

-



 

UNITED STATES COAST AND GEODETIC SURVEY. 301 

DECLINATION-Continued. 

the magnetic observatory of the Ooast and Geodetic Survey, Los Atigeles, Oal. 

One division of scale = o'.794 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 
14 

15 

16 

17 
I8 

I9 
20 

21 

22 

23 
24 

25 

26 

27 
28 

29 

30 

6g. 3 69. 5* 71. o* 

71. o* 70. 5* 71. o* 

[66. 8] [66. 4] (66. 7] 
68. 0 68. 0 69. 0 

69. 0 69. 3* 69. 5 

65.8 66. 2 

67.8 68.o 
64.0* 6+ 8 

69.0 6g. 5* 
67.0 66. 3 

68.o 
70.0* 
66.o 

69.5 
66.8 

66.3 
66.5 
67.7 
67.8 
68.3 

66. 3 67.0 
68. 5 67. 2 

67.8 68.o 

63. 7 68. 5 
67. 0 67. 0 

68.o 66. 5 67.0 
66.5 
67.0 
66.3 

68.o 
67.0 

66.5 

65.5 

66.o 
66.o 

66.3 

65. 0 66. 0 

63. 5* 62. 5* 61. 5* 
66 0 66. 0 66. 5 
66.o 

67.0 
66.o 

65.0 
65.3 

' 65. 8 
' 67. 8 

66.o 

66.o 
66.o 
66. 2 

67.3 
65.4 
66.o 

63. 5* 61. 5* 
65. 7 66. 7 
63. o* 67. o 

67.4 67.0 
66. 5 67. 0 

31 67.0 66.5 67.0 

Monthlymean[66.9 66.6 67.1 
I 

Normal J 67. o 66. 6 67. 2 

Increasing scale readings correspond to increasing east declination. 

MARCH, 1883. 

71. o* 71. o 72. 5 
71.0* 71.0 71.5 

[67. 6] [68. 5] [69. 3] 

69. 4 70. 2 72. 5 
70. 5 70. 0 70. 3 

68. 0 70. 0 

71.0* 71.0 
68. 5 69. 0 

70. 0 71. 0 
67. 0 69. 0 

70.5 
71. 0 
76.5* 
70.2 
69.8 

69.0 
68.5 

69.5 
68.5 
67.8 

68.3 
67.8 

68.o 

68.3 

67.4 

70.0 
69.0 

69. 5 
69.0 
69.0 

6g. 7 
69.0 
69.0 

69.2 

68. 7 

70. 2 
70.0 
69.8 
69.2 

69.5 

70.3 

69.5 
69.3 

69.5 
69.0 

63. S* 66. 5* 67. 2* 

68. 0 68. 5 69. 8 

67. 8 69. 0 70. 8 

66. 0 68. 0 69. 0 

68. 0 69. 5 70. 0 

64.5* 
68.5 

67.3 

67.0 

68.o 

68.o 

68.2 
68.2 

65. 2* 66. o* 

69. 0 69. 5 

67.2 71.5 

71. 5 72. 5 
68. 8 69. 4 

69. 0 71.0 

6g. 2 70. 2 

6g.4 70. 3 

74.2* 73.0* 73.0 
72.0 7I.5 72.5 
69.5 70.0 71.0 
72.0 72.0 71.3 
7r.o 71.0 72.0 

70.0 70.7 71.0 
7r.o 71.0 71.5 
70.8 70.5 72.0 

70. 5 7 I. 0 70. 5 

70.5 70.5 71.0 

70.2 70.5 70.5 
70.5 71.0 73.0 

70.2 70.5 70.0 
69.8 70.2 7I.O 
70.0 70.0 70.0 

70.5 71.2 70.5 
69.8 69.8 71.0 
69.7 69.8 69.8 
69.8 70.0 69:8 
69.0 69.0 69.5 

76.0* 69.0 7I.3 
71.0 71.2 7I.O 
69.2 69.0 71.0 

69.5 69.5 69.9 
70.2 69.8 70.0 

67.8* 69.2 69.7 
72.5 71.0 72.5 
71.5 69.5 71.5" 
69.3 72.0 70.0 
69.8 69.8 70.0 

71.0 70.0 70.0 

70.6 70.4· 70.9 
70.4 70.3 70.9 

Mid- [ Daily I Daily 
night. I mean. range. 

----I 
69. o 70. o 70. o I 1 I. s 
7I · 5 7 3· 0 70. 8 I 7 I. I 

! 
72. 5 71. 5 71. 5 [70. 2] 

8 

5 
[8] 

72.0 69.5 
70.2 70. 2 

71. 5 ; 7!. I IO 
I 

70. 5 70.9 6 

76.0* 72.0 72.0 

72. 5 71.5 70.3 
71.5 71.0 71.0 

70. 5 70. 8 
70. 8 70. 7 

70.2 70.0 70.0 

82. o,. 74. o* 78. 

]O. 2 71.0 71.5 
71.0 70.0 69.0 

70.5 70.5 71.0 

70. 5 70.8 71.0 
70.0 70.0 70.3 

69. 5 69. 8 69. s 
70.0 69. 8 69. 7 

72.5 74.0* 72. 7 

71.0 71.5 ]L 5 

70.0 71.5 72.0 

70.0 68.o* 70.5 
70.2 70.3 70. 7 

70.2 70.5 70.5 

70.7 

71. 3 

70.4 

71. 4 

70.8 

70.4 
71. 5 
70.8 
70.0 

70.5 

70.6 

70. 5 

70.0 
70. I 

70. 2 

70.4 
7 I. 3 

70. 2 

70.3 

70.4 

II 

9 

13 
8 

8 

JO 

17 
15 
5 

9 

IO 
8 

IO 
II 

12 

18 

15 
12 

14 
II 

69.8 70.0 
70. 0 71. 2 

70. 5 71. 0 

70. 0 70. 0 

70. 0 70.0 

73.0 70.2 16 

70.0 70.0 

7 I. I 70. 8 
70.6 70.6 

70. 0 ' 7 I. l 14 

10. 3 I 7o. 1 12 
I 

70. 2 I 70. 3 I 3 
10.0 I 70.0 [9J 

! I 

71. 0 I 70. 6 I l 0 

1

_11_ 
71. I ; 70. 61 

10. s t 1 

-------~-----------~------
I _1,_____, 
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Local mea.n time. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 
14 
15 

16 

17 

18 

19 
20 

21 
22 

Monthly mean i 
Normal 

UNITED STATES CO.A.ST AND GEODETIO SURVEY 

DIFFERENTIAL MEASURES-

Howrly r«Ldi1lfls from tke plwtographic tracetJ of tke unifilar mapetomet,er at 

71.7 71.0 70.5 

70. 5 . 7 I. 2 7 I. ( 

73.3* 77.0• 74.7* 
70.0 72.5 72.4 
72.0 69.0 71.0 

69. 5 

70.0 
70. 2 

70. 7 
70.3 

7 I. 0 

71. 0 
<x,.o 
70.0 

70. 5 

70.0 70. 2 

70. 0 70. 0 

70.5 71.0 
71.0 71.0 
70. 5 70. 0 

68.5 69.3 

7J.O 71.0 
70. 8 71. 0 

70.0 70.2 

70. 7 70. 8 

70. 2 7r.o 71.3 
70. s 70.8 71.5 
73.0* 72.0 72.5 
65.5* 72.0 71.0 
65. 5* 70.5 70.0 

70.0 
70. 2 

69. 7 
70. 3 

70.0 

69.0 
70.0 

71. 0 

70.0 

70.0 

70.2 
70.3 

70.0 
70.4 
70.0 
71. 0 

70.0 

70.0 

70. 5 
7r.o 
70.0 

70.5 

70. 7 
70.0 
70. 2 

71. 5 
70.2 

70. s 
69. 3 
70.8 
70.2 
71. 0 

70.8 70.8 
10.6 '70. 7 

APB.IL, l.883. 

69.8 70.4 72.3 
71.2 71.8 72.0 

73.0 77.5* 71.0 
73.0 72.5 72.0 
70.4 71.0 71.0 

71.0 
70.0 
70.8 

71. 0 
70.3 

71.0 71. 0 

70.2 71.0 
70.4 72. 0 

68. o• 71. 8 

70. 2 71. 8 

70.0 70.5 
70.4 70.5 
71.0 71.0 

72.8 
72. 2 

72.0 

70.0 70.5 71. 5 

71.0 71.0 71. 5 

72.0 
71. 2 

73·0 

72.5 
70. 5 

70. 5 
71. 0 

70. 5 

72.0 

71.5 

71. 0 

72.0 

70. 5 
70.5 
71.0 

72.0 

71. 3 

13.0 

73.7 
70. 5 

71. 0 

71. 5 
71.0 

72.9 

71. 5 

71.3 
72.0 
71. 0 

71. 0 

70. 5 

71, I 71. 4 

71. I 71. 3 

iJ. 5 
73.0 
7 I. 2 

74.8* 

71.8 

72. 8 

73- 0 

72.5 
75.2* 
71. 2 

73.0 
72.0 
71. 2 

70. 7 
71.5 

72. I 

71. 9 

300 divisions+ tabular quantity. 

--------------------~ 

]()l• 11 h Noon. 

·---------------
74.0 75.0 75.0 

74.0 75. 8 74.5 
73.0 73.0* 70.0* 
75.5 76.0 76.0 
73.8 76. 2 76.0 

74.o 

73.8 
74.0 

74. 7 

74.0 

77-5 
77.0 
76.0 

77. 5 
76.8 

75.0 76.0 
74.5 78.0 
73.8 75. 2 

78.5* 
79.2• 
no 
79.5• 
79· o• 

75.5 
78. 0 

74- 5 

74.5 72.5 70.3 
69.4* 67.5* 65.5* 
68.o* 67.5* 68.5 
73.8 70.0 69.8 
74.0 71.0 69.0 

73.8 70.0 66.2 
77.0* 72.8 69.8 
75.7 7i.o 68.2 
76.8* 74.0* 70.0 
77.0* 72.0 69.0 

72. 7 70. 5 
74.0 70.0 

70.5* 69.0 
74.0 76.0 75.0 73.5 72.0 70.5 
73- 0 75. 5 75. 0 • 74. 0 71. 0 6g. 7 

75.0 77.0 
76.0 78.o 

75.5 76. 5 
n.o* 75.2 
73.2 74. 2 

74.8 

75.5 
75.0 

77.0 
no 
77.0 

7J. 5 
74.0 

76.5 
76.5 

76.5 
78.5* 79.5* 79.0* 
75.5 76.0 76.0 

74.0 76.0 
73- 5 74. 0 

71.2* 72.0* 

71. o* 7r. o* 

73- 7 75. 0 

75.0 

73.0* 
71. 51'· 
71. o* 

74.0 

74.4 75.9 75.7 
74.3 7~.o 75.7 

73.5 70.0 67.0 
73.3 70. 2 67.0 
74.2 70.0 67.2 
71.0• 68. 5 67.0 
70.3* 68.o* 68.o 

74. s 72. 0 

75. 0 71. 0 

75.0 72.5 
8J. 5* 72. 0 

73.0 70.5 

71. 3" 70. 7 

70.5* 68.7 
70.0* 69.2 
70. 5* 70. 0 

7:z.5 70.5 

73.4 70. s 
73.9 70.7 

-* 

70.0 
69.0 
7o. 3 

67.0 

69.4 

69.2 
67.0 

69. s 
69.0 
67.0 

68.5 
68.6 
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DEC LIN A TI ON-Continued. 

the magnetic obseNJatorg of the <Joa1Jt and Geodetic Survey, Los Angeles, <Jal. 

Increasing scale readings correspond to increasing east declination. 

APRIL, l.883. 

Day. 13h 1411 1511 16b 1711 18h 1911 

I 68.8 67. 8 67.0 67.5 69.0 70.0 70.2 

2 65. 5. 65.0 66.o 67.2 68. 8 69. 9 70.0 

3 66.3 66.5 68.6* 65. I 69.0 70.0 69. I 

4 68.o 66.o 66.o 69.0* 69.0 70. 5 70.3 

5 65.0 64.0 65,0 66.5 68.o 69. 2 70.0 

6 64.3 64.5 65.5 66.7 69.0 70.0 70.0 

7 67.0 65.2 65.0 67.0 68. 0 69. 0 69.2 

8 66.o 6.t- 8 64.5 66.8 69.0 69. 8 70.0 

9 67.0 65.5 64;7 66.o 67.5 69.5 70.5 
IO 66.5 65. 5 65.7 66.8 69.0 71. 0 70.2 

II 68.o 67.0 66.8 67.5 69.0 70. 2 70.0 
12 66.o 65. 0 65.0 66.2 68.o 69. 5 70.0 

13 68.o 66.5 66.o 67.0 68. 0 70.0 69.8 

14 69.0 67. 8 66.5 66.5 69.0 70.3 69.8 

15 67.8 65.0 64.3 66.o 69.0 70. 5 69.4 

16 65.0 6.t.2 64.0 65.0 67. 0 68.5 69.0 

17 65.0 64.3 64.5 65.8 67.5 6g.o 68.8 

18 66.o 64.0 62.8* 64.0 66.5 68.o 70.5 
19 65.7 64.0 62. 8* 63.0* 64.0* 65.0* 67.8 
20 67.2 67.0 67.0 68.o 6g.5 70. 3 70.7 

21 67.0 65.5 65.8 67.8 69.0 70.3 70. I 

22 66.o 64.0 64.0 65.5 68.o 70.5 69.7 
23 66.5 63.7 64.0 65.2 67- 2 69.4 69.5 

24 ~ 62.3* 58.0* 6o.8* 63.0* 64.0* 69.0 69.5 

25 65.7 63.0 65.0 66.o 66.8 69.3 69. 7 

26 69.0 68.5* 67.5 67.0 6g.3 68.5 69.5 

27 66.o 56.o 66.o 66.5 6g.o 70.0 70.8 
28 6g.o 67.0 66.o 66.o 67.5 69.3 6g.5 

29 68.o 67.2 66.3 67.0 67;3 68.5 69.8 

30 66.o 66.o 6fo 66.5 67.0 69.3 6g.8 

Monthly mean 66.6 65.3 65.3 66.3 68.o 6g.5 6g.8 

Normal 66.7 65.4 6S.6 66.4 68.2 69.6 6g.8 
I 

"-- ··-·--------- -·----~--

20h 21h 2211 23h Mid· 
night. 

70. 5 72.0 71. 2 72.0 72.0 
70.2 70.0 70.0 71, 0 7I. 0 

71. 3 70. 5 70. I 73.6* 71.4 
70.0 70.0 7 I. 5 71. 0 71. 0 

7r. 5 71. 8 69. 8 68.o 69.7 

69.5 69.7 69. 5 69.5 70. 0 

70.0 70.0 69. 7 70.0 70.0 
70.0 69.8 69.8 70.0 70.2 

7r. 2 70.4 70.0 69.8 70.0 
70.0 69. 7 70. 3 70.4 71. 0 

70.5 70. 3 70. 8 7 I. 0 7r. 0 

70.0 70.0 70. 2 70. 5 71. i 

70. 5 70.0 jO. 5 70.3 70.0 

70.0 70.0 70.0 70.0 70. 5 
70.0 70.0 70.0 70.0 70. 2 

68.o 69. 5 70.8 7o.3 70.0 
69.2 70.0 70.0 70. 3 70.5 

69.5 75.5* 73.0* 72.3 71. 5 

77.0* 70.0 70.0 70.0 70.8 

70.8 10.0 69. 5 69. 8 69.5 

69.8 69. 7 69.7 69.8 69. 7 

69.5 69.5 69.3 69.5 69.3 

69.2 69.3 69.5 69. 7 70.0 

69.0 69.8 70.5 70. 0 69.8 

70.0 72.0 69.2 71. 3 72.0 

69.5 69.8 70.5 70.0 70.0 

71. 0 70.2 71~ 0 7r. 0 70.8 

6g.3 69.5 69.8 69.8 70,0 

70.4 70.0 69.8 70.0 70.0 

70.0 70.7 71. 8 6g.o 72.0 

70.2 7o.3 70.3 70.3 70. s 
70.0 70.1 70.2 70.2 70. 5 

\ Daily ! Daily 
l_'..nean. ! range. 

i i 

~:: ~ 1,1 :: 

7 I. l IJ 

70. l 12 

70. 0 15 

70. 4 16 

70. 3 14 

70. 8 15 

70. 7 14 

76.6 IO 

70.4 13 
70. I 9 

70. 5 IO 

70. 2 I I 

70.0 13 
70. 2 15 
jO. 8 18 

69. 7 16 

69. 8 12 

70. 5 II 

70. 2 15 
/0. I 15 
70. 2 27 

70. 2 13 

70.4 IO 

70.-0 9 

6g. 6 5 

I 69. 6 
, jO. I 

6 

12 

l-;:;-1-
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Local mean time. 

. 

Day. 

I 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 
! 
i 

13 I 
14 ! 
15 i 

I 
I 

16 
I 

f 

17 I 
18 I 
19 I 
20 t 

i 
21 

f 
22 

23 I 24 
25 

I 26 
27 I 28 I 

29 I 30 I 

31 

I Monthly mean 
Normal i 

UNIT.ED STATES COAST AND GEODETIC SURVEY. 

. 

p 

70. 5 
70.2 

70.8 
70.2 

69.9 

70. 2 
70.3 
6g.5 

69.4 
69.8 

6g.5 

69.5 
70.0 

69.5 
6g.4 

72.0 
70.3 
69. 5 
6g.3 

70. 5 

70.0 
68.6 

69.5 
68.o 

69.9 

70. I 

69.0 
69.6 

67.4 

70.4 

69.5 

69.8 
69.8 

DIFFERENTIAL M'EASURES-

Hourly readings from the photographie traces of the unifilar magnetometer at 

2h 3h 41> 

71. 5 71. 3 71. 2 
70. 8 71. 0 70.2 

69.5 70.8 71. 3 
70.6 70.0 71. 3 
70. 4 70. 5 71.0 

70.0 70.3 70.8 
70. 2 70.8 70.8 

70.0 70.2 71.0 

70. 3 69.3 70.5 
69.9 70.4 71. 0 

69.5 70.4 7 I. 5 
6g. 7 70.0 70.5 
70. I 70.6 71. 0 

69.5 70.0 70.9 
69. 5 71. 0 71. 9 

74.0* 72.6 73.6* 
72.8* 73.0* 72.4 
70. 0 70.0 69.5 
69.6 70.4 71. 5 
69.0 70. 5 70. 8 

71.2 68.o 73.0 
70.5 69.4 70.5 
70.6 7e>. 8 71. 0 
70.2 70.6 71. 4 
70.3 70.6 71. 4 

70.5 70.4 70.5 
69.~ 69.5 70.0 
70.0 70. 5 70.0 
6g.4 6g.5 70.2 

69.6 69.0 70. 5 

70.0 70.2 70.5 

70.3 70.4 71.0 

70.0 70.3 70.9 

MAY, 1883 . 

5h 

72.0 
70.0 
7 I. 2 

7 I. 3 
7 I. 8 

68.o* 
71. 0 

72.0 

7L 5 
72.4 

73.0 

71. 2 

71. s 
72.2 
72. 0 

71. 0 

74.s: 
71. 6 
70.5 

73.0 

73.3 
72.4 
72.5 
72.0 
72.2 

72.0 

71. 5 
70.6 
70.6 

71. 5 

71.5 

71.7 
71. 7 

72.0 

72. 5 

72.7 
72.0 
71. 8 

71. 4 

74.0 
74.0 
73.2 
74.0 

7 

75.0 

3· 4 

4.9 
74.5 
73.6 

7 

7 4.5 
6.4* 
4.6 
2.5 

3. 0 

7 
7 
7 
7 

7 
7 
7 
7 
7 

7 

7 
7 
7 
7 

7 

3- 0 

I. 5 
4.5 
3.5 
4. 3 

5.5 
4. 6 

2.0 
2.8 

3·5 

3.6 

7 
7 

3·5 
3· 4 

300 divisions+ tabular quantity. 

7h 8h 9h lQh lP Noon. 

74.0 75. 3 75.0 71. 5 69. 8' 6g. 2• 

74.0 74.o 7J. 5 71. 5 69. g• 68.5 
74.0 74.4 74.0 72.7 70.3• 69.5• 

7J. 3 73.8 73.2 6g.8 66.5 65. 8 

73.0 7J. 7 73.0 70. 2 67. 2 65.0 

75.0 77.0 75.o 6g.2 68.o 67.0 
77,0 77-5 75. 5 70.0 67.0 66.4 
76. 7 76. 5 74.0 68.8 65.4 65.0 

75 5 76.0 74.9 72.0 70.0• 68.5 

75. 9 76. 5 74.2 70.0 65. 5 65.4 

77.0 76.9 75.0 71. 0 69.0 67.4 
76.0 75.2 73.0 69.0 65.8 65.0 
78. 2* 79.2• 74.0 68.o 65.2 65.0 
78.4• 78. o• 75.5 71. 5 67.6 66.4 

75.2 7J. 4 70.0: 66. o• 64. 2• 64. 2 

76. 4 73.0 68.6* 65.2• 64.4" 65.0 
79. 2• 74, 5 71. o" 70.0 68. 5 67.0 

77.5 75.4 71. 2 67. 5" 67. 2 68.o 

74.5 74. 5 ;3.6 71. 5 68.o 67.0 

74.0 74.9 72.8 70.3 67.0 64.0 

71. s• 74.2 74.0 72.0 69.4 67.0 

74.S 74.o 72.4 71.0 68.o 67.0 
77.0 76.3 74.0 67.4• 64. s• 63.6 

75.2 76.4 74.0 69.8 66.o 63.0" 

76.8 76.2 72.5 68.o 65.0 63.0* 

76.4 76. 5 77. 4" 70.0 67. 0 65.9 

76.5 76.2 74.0 69.5 67.4 64.3 
73.2 73.9 72.5 70.0 67. 5 65.6 
76. I 76.5 74.0 72. 0 69.4 67.5 
74. 5 76.4 73·4 70.8 67.0 65.9 

76.0 76.4 75.0 69.6 66.o 64.5 

75.6 75.6 73.6 69.9 67.2 66.o 

75.4 75·4 73.7 70.4 67. I 66.o 
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DECLINATION-Continued. 

the magnetic observatory of tke Coast and Geodetic tlurvey, Los Angeles, Cal. 

One division of scale= 0 1
• 794 Increasing scale readings correspond to increasing east declination. 

MAY, 1883. 

Day. 13h 14h 15h 16h 17h 18h 19h 20h 21h 22h 23h Mid- : Daily i Daily 
l------i----------------------------n-ig_h_t. I mean. !range. 

I 

2 

3 
4 

5 

6 

7 
8 

9 
JO 

II 

12 

13 

14 

J5 

16 

17 
18 

19 
20 

21 

22 

69. 5 69. 8 6g. 0 I 70. 5 8 
70. 0 70. 3 7 I. 0 70. 3 : 7 

69. 9 69. 7 69. 9 II 70. 2 8 
69.3 70.0 70.0 6g.5 10 

6g.I*68.o 67.2 67.3 67.3 69.0 71.0 71.0 70.0 

66.8 67.0 67.0 6g.4 69.4 69.9 71.0 70.0 70.0 

67.5 66.5 66.o 67.0 67.8 69.0 69.5 70.0 69.8 

66. 3 65. 0 66. 2 67. 8 68. 2 69. 5 69. 7 69. 8 69. 3 

70. 7 7 r. 8 69. 5 I' 69. 8 ' IO 

69. 8 68. 4 72. 0 70. 4 11 

69.3 69.7 69.51 70. I J2 
68. 7 69. 0 69. 8 , 69. 3 J 5 

69. s 69. 5 69. 6 r 70. 4 9 

64. 8 65. 0 66. 3 68. 5 70. 0 70. 3 69. 8 69. 0 70. 8 

66.5 66.8 69.0 70.5 71.0 71.0 71.0 70.8 70.2 

65. 5 66.o 65.5 67.0 69.0 70.0 70.0 70.0 69.5 

64. o 62. 8" 64. o• 66. 3 68. o 69. o 69. 5 69. z 69. o 

68. 0 67. 4 68. 5 69. 0 69. z 69. 3 69. 4 69. 9 69. 5 

65.5 65.6 67.0 68.5 69.5 69.9 69.8 69.2 69.4 69. 3 69. 4 69. 4 i 69. 9 II 

6g. 5 69. 6 69. 8 i 70. J J2 

69. 6 69. 9 69. 6 I 69. 5 II 

69.3 69.3 69.5 I 69.7 J3 

69. 4 69. 5 69. 5 I 70. I J4 

66. 0 65. 4 65. 5 66. 5 68. 0 69. 4 69. 5 68. 5 69. 6 

65.2 65.8 67.5 68.o 68.o 68.o 69.5 69.4 69.5 

66.o 66.5 66.5 67.2 67.0 68.o 68.5 68.4 69.4 

64.5 64.9 66.o 67.6 69.0 69.4 69.3 69.0 69.3 

65.5 67.0 67.6 68.3 69.0 6g.o 69.0 68.o 68.4 68. 5 69. l 7 I. 5 69. 2 II 

66. 3 67. 6 68. 8 6g. 4 70. 2 69. 5 69. 0 68. 9 69. 5 • 69. 5 69. 6 70. 0 69. 9 12 

66.8 67.4 68.5 68.9 7J.O 69.5 6~ (19.5 6g.6 68.5 70.0 70.0 70. 7 J4 

69. o* 69. 9" 70. 5• 70. 3 6g. 5 69. 6 69. 4 69. I 69. 9 72. O 70. 5 69. 5 I 

. 67.0 67.0 67.0 68.2 68.5 69.3 69.5 69.4 70.0 71.0 69.0 69.91 

64. 5 65. 4 65. 3 66. o 66. o• 68. o 71. o 70. 8 75. o• 71. z 71. o 73. o• 

65.5 65.0 67.4 67.2 72.3* 70.5 69.4 68.6 72.0 68.6 70.0 65.0·1· 

67. o 67. o 68. 2 6g. 4 70. o 70. 6 71. o 72. o 73. 2• 70. 5 69. 5 70. 8 

70. 5 1 JO 

70.0 9 

69.9 17 

69. 9 II 

70. 4 8 

: ~:: :~:~. :~:: ::::. :::! :::! ~::: ;::: ~::: ~::: ;::: ~:;I 
25 62. s" 63. o" 65. 0 68. 0 69. 0 68. 5 69. 0 69. 0 69. 4 69. 6 69. 5 71. 41 

69. 7 13 

69.4 J4 

69. 3 15 

26 65.5 66.6 67.4 69.4 69.9 70.6 70.6 69.5 70.5 70.4 69.4 69.31 70.5 12 

27 63. 2 64. 0 65. 4 68. 4 70. 0 69. 9 69. 4 69. 0 69. 8 69. 0 69. 6 70. I I 69. 6 14 

28 65.5 66.6 67.5 67.8 68.2 69.1 6g.o 69.2 69.8 70.2 69.7 69.5 69.5 i 8 

29 ·66.5 66.o 67.6 68.o 6g.5 70.0 70.5 70.0 70.0 70.0 69.5 69.6 70.1 112 

30 65.9 66.o 66.2 66.7 66.8 68.s 69.s 69.6 10.0 72.0 73.1• 10.4 69.9 I 12 

___ l1~--i-~64_·_6_6_5_·_6_6_7·_4~_6_s_._s_10_._1_1_0_.o~-6-9._s_6_9_._6_69_._5 __ 6_9_._4_6_9._3~6-9_.3_ 1 _69_._s_ 1~ Monthly mean 65. 8 66. o 66. 9 67. 9 69. o 69. S 69. 7 69. S 70. I 69. 8 69. 8 69. 9 69. 94

1 
Normal 65. 6 66. 2 66. 8 68. 1 69. o 69. 5 69. 7 69. S 6g. 8 6g. 8 69. 7 70. o 

H. Ex. 80-20 
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Local n1ean time. 

JlJ'l'lrE, l.883. 

Day. ______ , ______________ " ____ _ 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 
14 

15 

16 

17 
18 

19 

20 

21 

22 

) 

69.4 69.6 70. 5 
70. 5 71.0 69.0 

74.7* 10.8 71.8 

69.8 70.0 70.0 

70.0 69.8 70.0 

70.3 64.8* 73.5* 
69.5 69.8 70. 5 
69. 0 69.8 70.2 
70.0 69.8 70.0 

69.5 69.5 70.0 

70.0 70.5 70. 5 

69.7 70.6 70.3 
69. 3 70.0 70.0 
70.0 69.8 69. 8 

70.4 70.3 70.3 

70. 7 70.5 70.5 
69. 5 75.5* 70.5 
68.o 69.0 /I.O 

69.0 69.4 69.0 
68.5 68.6 69.6 

68.o 

67. 6 
6g.2 

68. 2 

69.0 

69.4 
68. 5 

69.5 
70.4 
72.0 

68.5 69.0 

69" 2 70. 2 

65.5* 67.6 
68.8 69. 5 
69. 4 69. 5 

jO. ~ 70. 0 

71.5 73.0* 
69. 2 68. 6 

70.5 70. 5 
jO.:? 7 I. 0 

70.3 7r.6 72.7 

72.0 72.3 95.5* 
71.5 73.2 75.0 
71. 0 71. 0 72.0 

70.5 71.8 74.5 

76"0* 74.5* 75.8* 
7r.o 72.2 74.0 

69.5 72.0 73.5 
70.5 70.8 71.0 
70.0 71.0 72.2 

70.2 71.0 72.0 
71.0 70.5 72.0 

70.3 70.5 72.8 

70"2 7L5 73.0 
70.5 71.0 73.0 

70.2 72.0 74.0 

70.0 ''·3 67.0* 
69. 5 71. 5 7J. 0 

6g. 5 71. 0 72. 4 

69. 5 70. 7 7 I. 5 

70. I 70. 5 

70.9 70. 1 

fu}.5 69.5 
69.6 70.6 

69. 6 70. 2 

70. 5 70. 6 
73.0* 70.5 

67.5* 70.5 
70.4 71.0 
67. 8 6').o 

73.0 
73.0 
72.4 
72.0 

73.2 
7r. 6 

7r.4 
72.4 
6g.o* 

DIFFERENTIAL KEASURES-

300 divisions + tabular quantity. 

75.5 76.0 74.6 
74.0 73.0 73.5 
76.0 74.2 69.3* 
74.0 73.0 72.0 
76.5 75.8 73.0 

75.S 75.0 72.0 
75.0 74.8 71.5 

74.2 76. 3 75.3 

74.7 76.3 74.2 
74.0 74.2 72.2 

1+ o 73. o 70. 5·~ 

74.0 75. 2 73.0 
74.0 75.0 H·O 
75.5 76.5 72.8 
75. 0 76. 0 74.•5 

78.0* 79.0* 76.8* 

78.o* 78.0* (76.2] 
73. 7 74.0 74.0 

74.5 74.6 73 4 
74.5 75.2 74.4 

75.0 76.0 74-9 
75.0 76.9 76.5* 
74.9 79.0* 78.0* 

73.6 74.8 74.5 

71.5* 72.5 74.5 

75.9 75"4 74.0 
74.6 76.4 75.2 
74.6 74.5 74.0 

75.0 74.5 72.3 
73.0 73.0 75.0 

l()h llh Noon. 

71.0 67.0 65. 2 

70.0 65.0 66.o 

66.8* 65.2 65.0 

70.2 69.0 67.0 
70.2 67"3 66.o 

68.3 65.5 63.0 
68.o 67.0 66.o 

[70. i] 66.o 64. 5 
70.8 68.3 66.o 
69.5 67.0 66.o 

66.o* 65.3 65. I 

68. 7 66.5 67. 7 
68.5 67. I 67.0 

67.5 64.8 64. 2 

71.0 6S.o 65.0 

67.5 65.0 64.0 
72.0 68.o 65. 5 

7r.4 63.o 65. 5 
69.5 67.0 65.4 

6g.5 66.4 63.5 

70.5 6{.5* 61. 7* 
74.4* 69.6 65.0 
74.5* 68.4 65.0 
72.0 67.5 65.0 
6g.4 66.2 63. 5 

6g.5 67.6 64. 3 
75.0* 72.4* 67.0 
70.5 68.2 67.0 

69. 6 6g. 5 67. 0 

6g.o 68.o 66. 2 

1---------;·--""--"---------------------------------------
Monthly me:in 69. 6 69. 7 70. 2 70. 4 71. I 72. 5 74· 8 75· 3 73. 9 'JO. 0 67. 2 65, 3 

Normal" ___ " __ j~·-5__~~-·9 ___ 1_0_._0 __ 10._2 __ 1_1._0 __ 1_2_.6 __ ,._4_._1 __ 74_·_9 __ 13_._s __ 69_._s __ 67_.1 __ 6_s_.4_...J 



 

UNITED ST.A.TES 00.A..ST A.ND GEODETIO SURVEY. 307 

DEC LIN A TION-Oontinued. 

the magnetic observatory of the OotUt (Ml,d Geodetic Surveg7 L<>a Angeles, (Jal. 

One division of scale = 0 1 • 794 Increasing scale readings correspond to increasing east de:clin'ktion. 

JUNE, 1883. 

~---------------------------------·-----·------, 

I 
M. id. I, Daily 

1

1 Daily Day. 13h 14h 15h 16h 17h 18h J9h ?Oh ''-111 ·~911 '>.3h - - -- - mght. , mean. 
1 
range, ·-----:--------------------.. ---------·---!---, 

63.8 64.2 66.7 67.0 67.0 67.2 69.5 67.0 69.0 75.0~· 70.2 69.5 ! 69.6 Ii 13 

2 

3 

4 

s 
6 

7 
8 

9 
IO 

II 

12 

13 

14 

,...15 

16 

17 
18 

19 
20 

2I 

22 

65. 5 64. 5 66, 0 68. 2 68, 8 69. 7 70. 8 69. 0 67. 8 68. 5 69. 0 74- z*i 69. 7 IO 

66. 0 67. 0 68. 5* 69. 2 69.0 69. 3 68. 4 69. 0 69. 3 70. 0 69. 5 68. 8 'i· 69. 9 II 

6 68 6 6 hn 6 6 6 6 6 [ 8 66. 5 1. 5 . 2 9. s 10. o 10. o 9. 1 "". 4 9. 3 9. 2 '9· o 9. s I 9. 9 
1
. 

66. 0 67. 0 68. 0 69. 4 69 . .'l 69. 2 69. 5 69. 0 69. 0 69. 0 69. 5 70. 5 I 70. 0 I I 

63. 0 63. 0 65. 3 68. 0 70. 8 70. 0 69. 0 69. 0 68. 5 69. 5 69. 0 68. 0 l 69. 5 1931 
66.o 66.o 67.0 67.5 68.8 69.2 69.2 69.0 69.0 69.0 69.0 69.0 ! 69.5 

65.0 64.8 65.0 66.o 67.0 68.o 68.o 69.0 71.0 70.0 69.3 67.5 · [69.2] 

66. 0 66. 7 68. 0 69. 0 70. 2 70. 5 69. 5 69. 0 69. 0 69. 2 69. 2 69. 3 69. 9 

65.7 64.5 65.5 66.3 67.0 68.o 68.5 68.o 68.5 

66.3 66.o 66.5 67.2 69.0 69.8 

68.o* 68.o* 68.8* 69.3 69.6 70. 1 

66.5 66.o 66.3 68.o 69.0 70.0 

64.7 66.2 68.5* 69.5 70.0 70.5 

64.0 64,7 66.8 69.0 70.4 70.5 

64.8 64.0 66.o 67.0 68.5 70.2 

65.3 64. 2 62.8* 68.o 68.o 64.2* 

64.0 65.0 65.5 67.5 70.4 69.6 

65.4 66.5 66.6 67.0 69.5 69.6 

61.5* 61.4* 63.6 67.9 70.0 7r.4 

61.9* 61.9* 64.4 

64.3 62. r* 62.4* 

62.5 63.0 64.2 

64.0 64.5 65. I 

63.4 64.4 65.6 

66.5 69.5 70.0 

63.4* 66.2* 67. 7 
66.o 67.5 69.6 

66.9 68.5 69.5 
66.2 67.9 69.0 

69.9 

6cj.3 

6cj.5 

70. 7 
70. 5 

69. 6 69. 5 

69. 7 70. 2 

69. 5 69. 3 

70.0 70. 0 

70. 3 70. s 
[72. 3*) 7 4. o* 7 3. o* 

68. 5 68. 5 [70- 6] 

72. o·* 70. 5 70. 3 

68. 9 69. 4 69. 7 
70. 2 6g. 0 69. 0 

69. 0 68. 0 68. [ 

69. 5 73· o* 70. 5 
68. 2 67. 6 68. 0 

70. 0 69. 8 68. 5 
68. 0 68. 0 68. 0 

69. 3 69. 5 69. 3 69. 2 

70. 8 7 I. 0 69. 5 70. 2 

69. 5 70. 0 70. 0 69. 7 

70. 0 70. 3 70. 2 : 69. 8 

70. 8 70. s 70. 7 70. 2 

70.0 70.0 68.o [70. 2] 

73 o* 69. 6 70. 7 : [69. 8] 

7r. 5 72. 0 70. 0 69. 9 

70. 2 jO. I 68. 6 ! 69. 4 

68. 4 69. 5 68. 5 ·• 68. 8 

68. 0 68. 2 68. 4 i 68. 6 

72. 0 69. 4 70. 0 69. 5 
68. o 69. 4 68. I 6g. 0 

68. 5 6S. 5 68. 5 69. I 

68. 5 68. 6 70. 6 68. 5 

13 
II 

II 

9 

9 

13 

14 

17 
19 
II 

9 
15 

16 

15 
15 
I2 

II 

26 64.0 63.0 63.5 65. 2 66.5 68.o 

65.2 69.3 70.6 
67.0 68.6 69.9 

66.2 67.9 68.4 

65.5 64.0* 69.0 

68. 5 
70.5 

69.5 

69. 2 

69.5 

66. 6 67. 8 72, 8* 69. 5 70. 5 69. 0 14 

13 

9 

27 66. 0 64. 5 65. 0 

28 66.9 66.5 66.3 

29 64. 2 62. 8 64. 3 

30 66. 3 65. 4 64. 5 

Monthly mean 64. 9 64. 8 65. 8 
Normal 

67.3 68.6 69.3 

67.4 68.8 69.5 
69.6 

69.3 

68. 2 72. o* 

69. 6 69. 7 
68. 5 68. 2 

69. 0 7J. 4* 

6g. 2 69. 6 

68.9 6g. 2 

70. 7 69. 4 69. 0 70. 4 

69. 6 69. 5 70. 2 6g. s 
68. 0 7 I. 0 68. 5 ! 69. 2 l 
7r.o 67.5 7r.o) 69.1 I 
70. 0 69. 6 69. 5 11~1 
6g.6 69.6 69.4 

12 

13 



 

308 UNITED STATES OOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hov,rly readings from the photographiC'traces of the unijilar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

JULY, 1883. 

. 
Day. Ih 2h 3h 4b 5h 6b 711 Sb 9b lOh Ub Noon. 

I 72. 5* 68.o 69.0 68.6 73.o 76.0* 77.0 74.0 73. 5 71. 3 69.5* 67.0 

2 68.5 68.5 6<).o 69.0 70. 5 73.0 75.0 75.0 71. 9 65.5* 64.0* 64.0 

3 69.5 69.8 70.2 70.8 71. 5 74.0 75-S 76.2 74.3 70.8 67.0 62.8 

4 68.5 69.0 69.3 70.4 71. 0 72-8 74.2 74.2 71. 0 67.7 66.o 65.0 
i 

5 70. s 70.3 70.0 70.8 70.0 72.3 74.4 76. 8 73.0 68.3 65.5 64.8 

6 68.5 69.0 69.7 69.4 70.7 73.0 74.8 74.5 72.5 70.2 66.5 64.9 

7 I 68.8 69.3 70.0 70.3 70.7 73.0 73.2 77.0 72.0 69.5 68.o 164.0 
' .., 

8 72.5* 72.0* 71. 0 71. 2 70,3 69.0* 70.0* 75.0 72.5 70.5 67.0 64.5 . 
9 68.2 69.5 69.5 70.4 70.8 72. 0 73. 5 73.9 71. 2 66.5* 6+ 5 63.8 

JO 74.0* 67.0 69.0 70.2 70. 7 74.0 74.7 74.8 73.0 70.5 65.6 62.0* 

II 70.0 70.0 70.2 71.0 72.0 73.5 74.9 76.0 74.4 70.3 67.5 66.o 
12 69.4 69.2 69.0 70.1 70.9 72.0 74.0 75.2 74· 5 70.5 68.o 66.8 

13 69.5 69.4 70.5 70.6 71. 2 73.0 74.0 7J.5 73.0 71. 0 69.0 66.5 

14 68.o 70.I 69.0 6<).5 70. 5 74.6 70.6* 6<).9* 74.6 70. 5 68.o 66.4 

15 69.5 69.5 70.0 70.4 71. 5 73-4 76.0 75.5 74.0 . 68.o 66.2 66.3 

16 68.5 67.4 69. 6 70.0 71. 9 74.2 75.1 75.0 72.9 68. 9 65.5 63.5 
17 6<).2 70.0 70.4 70.5 72.0 73.5 75.0 74.5 74.5 69.6 66.o 63.5 
18 66.5 70.2 72. I 71.0 72.7 70.5 75.0 74.5 72.0 72.0 67.3 61.2* 

19 68.o 69.3 70.0 70.0 70.5 73.6 76.2 78.0* 74.3 71. 0 67.2 64.5 
20 6<).o 69.0 69.5 70.4 70.5 7J. 5 76.7 77.0 76.0* 71. 3 65. 9 63.0 

21 68.6 69.3 69.5 70.0 7o.3 72.4 75.o 76.8 74.5 69.0 64.5 6o.6* 
22 6<).o 69.3 69.9 70.0 71. 0 7J. 5 75.6 76.0 73.5 70.4 66.5 63.4 

23 69.0 68.9 6<).4 69.5 70.0 72.0 75.0 76. I 74.4 71. 5 6g.o 66.2 

24 70.5 70.9 7o. 5 71. 4 72. 0 74.5 76.0 74.2 70.5* 67.0* 63.0* 61.0* 

25 68.4 68.3 67.2* 67.5* 68.2* 70.8 74. 5 77.0 75.0 70.2 66.9 64.0 

26 68.6 69.0 70.0 6g.o 71. 0 73.2 77.0 74.6 72.6 70.0 69.0 65.5 
27 69.9 69.0 69.5 70.5 70.8 72.7 75.0 75.5 70.2* 67.0* 64.0* 64.0 
28 6g.o 69.0 69.8 69.7 70.8 73.0 75·4 75.0 73.2 70.5 6g.o 68.5* 

29 69.3 69.7 69.8 69.8 70.2 71. 5 74.3 75.8 72.5 71.8 69.0 67.5* 

30 69.0 70.0 72.3 70.3 76.0* 73.0 77.0 75.0 76.8* 68. 7 68.o 65.0 

31 70.0 70.0 70. 0 70.5 74.0* 75.2 74.5 12.s* 69.5* 66.5* 63.0* 65.2 
---·-···----- -

Monthly mean 69.4 69.4 69.8 70. I 71. 2 73.0 74.8 75.1 73.2 69.6 66.6 64.6 
Normal 69.0 69.3 69.9 70.2 71.0 73.0 75· I 75.3 73.2 70.1 67.0 64.8 

-



 

UNITED STATES OOAST AND GEODETIO SURVEY. 309 

DECLINATIONS-Continued. 

the magnetic observatory of the Ooast and Geodetic Survey, Los Angews, Cal. 

One division of scale=o'.794 Increasing scale readings correspond to increasing east declination. 

Day. 13h 14h 15h 16h IP 

I 68.o* 68. 5* 69.0* 69.0 70.0 
2 64.5 64.7 65.8 67. 6 68.o 

3 61. 5* 62.2* 64.2 67.0 69.0 

4 65.4 66.8 67.3 67.3 67. 3 

5 65.0 65.0 67.7 69.0 69.2 

6 65. 5 66.o 66. 7 67.0 67.0 

7 64.2 65.0 65.5 65.2 65. s-* 
8 63.8 65.0 "65. 5 66.o 65.5* 

9 63.3 64.0 64.0 66. 0 67. 5 
10 64.2 65.5 67.0 68. I 69.6 

II 66. I 66.o 66.2 68.9 71. 6* 
12 65. 5 66.4 67.0 66.8 68. 2 

13 64.9 65.0 66. 5 68.4 70.4 
14 66.6 66.8 66. 5 66. s 67.6 

15 67. 0 66.5 66.4 68.o 67. 2 

16 64.6 63.5 68.o 68.4 67.5 
17 63.0 65.0 66.9 69.4 70.4 
18 63.2 64. 5 67.4 67.3 65.8 
19 64.0 64.3 66.5 69.4 69.5 
20 6o.5* 6o.o* 62.5* 65.4 69.0 

21 59.2'" 61.0* 64.5 67.5 6g. 6 
22 6I. 3* 61. 5* 63.0* 65.2 67. I 

23 64.5 64.0 65.0 65.6 67.0 

24 61. S* 62.5* 64.0 66.4 66.6 

25 62.3 63.4 64.5 65.8 68.o 

26 65.9 65.8 67. 2 68.7 69.0 
27 65.0 65.5 66.9 68.o 68.5 
28 68.o* 68.o* 68.5 68.o 68.5 

29 66.5 66.5 67.5 66. 5 67.8 

30 67.0 66.o 6g.o* 68.o 70.4 

. 31 63.5 65.3 66.3 65. 5 66.o 

Monthly mean 64.4 64.8 66.z 67.3 68.z 
Normal 64.8 65.3 66.3 67.3 68.3 

JULY, 1883. 

I8h 19h 2011 2111 

73.5* 72.0* 70.0 70.0 
69.7 69.2 67.5 68.o 
70. I 68.5 67.0 67. 5 

68.o 70.2 68 7 68.2 

6g.3 68.o 67.0 67.8 

66.8 68.o 66.7 66.S 

67.0 68.o 67.8 69.0 
66.o* 67.5 66. s 67.3 
67.7 69.0 72.8* 70.5 

73.5* 69.2 68.o 68.o 

71. 0 74.2* 74-5* 72.0* 
68.3 68.5 68.8 68. 5 

69.9 68.5 68.3 68.o 
68.o 68.5 68. 7 69.0 
66.5 68.2. 69.5 74.0* 

67.5 68.o 70.0 68. 5 

69.5 67.6 67.5 70.0 

68.3 70.5 65.4* 68.o 
70.0 69.5 69.0 68.o 

69.5 69.0 68. 5 69.0 

69.5 68.5 68.2 68.5 
68.8 68. 5 67.6 68.o 

68.4 68.3 71.5* 70.6 
68.o 73.6* 68.5 68.5 

68.4 67.9 68.3 68.o 

6g.o 6g.3 69. 5 6g.8 

68.3 68.o 68.o 68.5 
6g.o 68.8 68.5 69.5 
69.0 So, o* 72. 5* 74. o* 

70.7 70. 5 6g.o 70.0 

70.0 6g.o 70.0 70.0 

6<).o 6g.5 68.8 6g.2 
68.8 68.7 68.4 68.7 

22h 2311 

70.5 70.5 
68.o 69.0 
69.0 68.o 

69.5 69. 5 
68.o 68.o 

67. 2 67. 0 
69.0 76.5* 
68.o 68.o 

67. 2 70.0 
69.0 69. 5 

69. I 69.4 
68.5 68.6 

69.0 69. 3 
69.0 69. 0 

73.0* 69.9 

63. 3 68.6 
68.o &8.5 
68.2 68.6 

67.9 68.6 

68. 5 68.4 

68. 5 68.5 
68. 5 69.4 
69.0 7°· 5 
67.9 68.3 
68.2 68.9 

7 I. 0 70. 5 
68.8 69.0 

68.5 69.0 

73.5* 77.0* 
71. 8* 70.9 

6g.o 68.3 

69.0 69.5 
68.6 6g.o 

---
Mi 
nig 

d­
ht. 

69. 0 

68. 

68. 

70. 
68. 

68. 

75· 
68. 
66. 

69. 

70. 
69. 

67. 

69. 
68. 

68. 
68. 
68. 

68. 

68. 

68. 

69. 

71· 
68. 

6g. 

70. 
69. 
69. 

73· 
70. 

67. 

6g. 

68. 

0 

5 

3 

3 

0 

0 

0 

7 
0 

0 

5* 
0 

2 

Daily 
mean. 

70.8 II 

68.5 II 

6g.o 16 

69. I ro 
69. I rz 

68.6 IO 

69.3 14 

68. 5 15 
68.4 16 

69.4 17 

70.6 12 

69.3 9 
69.5 IO 

69. I 14 
69.8 IO 

68.9 12 

69.3 12 
68.8 17 

69.5 14 
68.8 r9 

68.4 17 
68.6 15 
69.4 13 
68.6 17 
68.4 15 

69.8 II 

68.8 II 

69.8 8 

71. I 15 
70.6 14 

68.8 13 



 

310 UNITED STATES CO.AST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of tile unifilar 11iagnetomeur at 

Local mean time. 300 di\'isions +tabular quantity. 

AUGUST, J.883. 

·----- ~---~~---- --- -------- --------
i 

Day. 111 211 311 4h 5h ()h 7h 8h 9u 101i llh Noon, 
i ------- --- .. -----------·------------ ~--------·--------· 

I 7r. 5 69.5 ii. 0 72.5 72. 2 7+0 74.0 73.8 73. 8 67. o* 65. 8 65.3 

2 70.0 70. 5 70.3 71. 2 72.3 75· 0 77.0 77.0 75· 2 70. 8 69.8* 67. 5 

3 69.0 69.4 69.8 71. 3 72.0 74.5 76. 7 77.0 73.3 67. 5 64.8 65.0 

4 I 68.3 69.0 69.2 70.0 71. 0 73-5 76.0 77. 0 75.8 72.0 70.5* 69.0* 

s I 69.9 70.0 70.0 70.5 7 I. 6 75.7 76.5 74.4 '}2.0 70. 5 66. 5 63.6 

6 I 70. 5 71. 0 70. 5 74. s" 72.4 13. 0 75.7 77.4 74.4 70.9 67. I 65.4 

7 I 69.4 70. 0 70.0 70.3 70. 5 73.2 74.8 75. 0 73.0 69.0 66.o 65.0 

8 I 69.4 68.9 69.4 70.0 70.3 73.0 76.0 n5 74. '.' 70.5 69.0 67. 5 

9 I 69.6 69. 5 69. 4 70.4 7o.3 72. I 75.3 75.0 72.0 69.5 67.6 67.2 

10 69.5 70.0 70.0 70. 2 71. 0 73.2 74.0 74.8 72. 0 69.5 68.o 67.0 

I I 69.2 6g.o jO.O 72. 0 71. 8 73.0 75.2 72.7* 72. 5 69.3 69.4 67. 5 
12 69.0 69.0 69. I 69. 5 70.5 72·5 75.8 76.0 73-5 69.0 66. 5 65. 4 

JJ 68.7 69. 2 69. 2 69. 2 70.6 72.5 74.0 74.2 72.0 68.o 66.o 65.0 

r4 70.0 70.3 70.0 69. 2 70.8 74.0 77.3 77.0 73.0 68.5 65.5 63. 7 

rs 68.5 66.2* 69.7 69. 5 71. 5 75. 0 77.3 75.5 69. 3*' 65,9* 64.0* 63.8 

16 69.3 69.4 [70. z] [11.0] [71. 9] [74-3] [16.9] [77.3] [75. r] 72.0 68.o 66. 7 

17 69.3 69. 5 70.0 70. 2 70.8 74.0 77.5 77.0 72. 5 6~.8* 60. O'" 58.8* 
18 69. 8 70. 5 71. 2 69. 5 72. 2 74.5 77. 0 77.0 69.5* 66. 2* 64. 2* 63.0* 

19 69. 2 69.5 69.8 70. 5 72. 0 74.0 75.5 75.8 73.2 70. 5 67. 0 65.0 

20 70.0 70.5 71. 0 71. 0 71. s 73· 0 75. 0 77.0 75. 0 70.8 67.0 63. 5 

21 69.2 69.3 70.0 70.0 70.8 73.0 76.3 78. 2 78. o~· 73.2* 69. s·~ 67.0 
2Z 

I 
69.4 70.8 70.0 70. 5 7r. 0 73.0 75.9 78. 5 76.5* 71. 0 69.0 65.3 

23 6<).3 70.0 69.8 69. 5 70.0 72.8 73·9 75.0 74.S 72. 8* 69. 7* 66.7 

24 69. 5 68.2 70.0 70. 5 70.0 72. 3 75.0 76.4 74. 0 71. 5 68.o 66.o 

25 69. 5 69.2 69.2 69, 5 69.5 72.3 76. 5 78.0 74.2 70.0 67.0 65.0 

26 68. 5 69.0 69.2 69. 5 70.2 72.0 75.0 76.0 73.5 70.9 68.o 66.4 

27 68.7 69.0 69.0 69.0 6g.3 6g. o* 69.5* 65.0* 62. s·* 67.0* 66.o 70.0* 
28 6g.2 69.2 69.5 70. 0 7r. 0 71.0 73.0* 71. o* 6g.8* 70.0 69.5 70.5* 

29 70.0 6g.8 70.2 70. 5 72.0 73. z 76.4 77. 0 75.5 69.4 65.3 65·0 
30 6g.o 6g.5 70.0 70. z 70.8 74.0 75.5 75.o 73.0 69.0 67.5 67.0 

31 6g.2 69.8 69.8 70.0 70.8 71.0 74.0 75.0 71. 0 67. al' 64.0* 63.0* 
" 

Monthly mean 6g.4 69.5 69.9 70.4 71.0 73· 2 75.4 75.6 73· I 6g.5 67.0 65.7 
Normal 6g.4 6g.6 69.9 70,2 71. 0 73.3 75.7 76 2 73- 5 70.0 67, I 6$.7 



 

UNITED STA.TES COAST A.ND GEODETIO SURVEY. 311 

DECLINATION-Continued. 

the magnetic observatory of the Ooast and Geodetic Suri,ey, Los Angeles, Gal. 

One division of scale= o'.794 

D"Y· 

Increa:;ing scale rea<liug;-; curre~pon<l tu increasing east declination. 

AUGUST, 1883. 

Mid- \ Daily 1 Daily 
night. : mean. ; range. 

; : 
·------·-~---~----~--·----·· 

I
' 65. 3 66. 5 69. 7 

66.o 67.0 68.o 

65.0 65.5 66.5 

·---.---j~--

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

14 

15 

16 

17 
18 

19 
20 

21 

22 

23 
24 

25 

26 

27 
28 

29 

30 

31 

Monthly mean 

Normal 

67.4 67.0 67.3 

63.2 64.9 65.0 

64.5 63. 5 66.5 

65.4 66.o 68.5 

66.8 

66.o 

I 65. 2 

j 66. I 

6;. 0 

67.4 

65. 6 

66.o 

65.5 65. 8 66.o 

65.5 64.4 63.0* 

64. 2 63. r·• 69. 2 

64.3 66.o 66.5 

I 66.o 67. o 68.o 

60. 5* 6.i. 5 67. 5 
62.8 63.0* 67.0 

64.5 64. 0 65.3 

62. 3~· 6..i. 0 66. 0 

65.0 64.0 64.4* 

63.3 64. 8 65.0 

64.2 64.8 66.5 

64.5 65.5 68.o 

65.0 67.0 69.0 

66.o 66.9 68. 7 

69.0* 68.5* 70.4* 

72.0* 70. 2* 70.5* 
64.5 65.7 65.0 

67.0 66.4 67~2 

64.5 66.8 68.8 

65,2 65.8 67.2 
65. l 65. 7 67. 2 

71.5* 71.2 70.4 

70.0 70.0 70.3 

68.o 68.8 69.0 

68.o 69.0 68.9 

67.6 67.5 67,5 

69.0 70.2 70.0 

69.2 69.0 74.5* 
68. 5 69. 3 f>'). 0 

68.o 68.o 6;. 6 

68.3 67.9 69.3 

66. 2 66.7 67.5 

66.4 66.5 67.0 

64.3* 65,7* 67.0 

68.3 69.8 67.8 

67.4 68.o GS.o 

69.6 69.5 68. 5 

69.0 69.4 69.0 

69.0 69.0 69.z 

68.o 68.2 6S.o 

68.5 70.0 70.0 

66.o 67.3 68.5 

67.7 69.3 69.5 
68.o 70.0 70.8 

69.5 70.2 69.8 

70.0 70.0 69.0 

69.4 69.2 68.5 

69.0 68.2 67.4 

72.2* 70.5 67.5 
66.o 67.8 67.7 
68.2 68.5 68.3 

69.7 70.2 6').o 

68.4 68.9 68.8 

68.3 69.0 68.7 

77. o''. 7+· o* 73· 8* 

72.4 69.5 69. 3 
69. 5 69.0 68.o 

68. 5 68.o 68.4 

69.0 68, I 67 9 

69.4 6S.5 69.0 
70.0 69.0 68. 2 

68.8 68. 5 69.0 

68. 2 68.5 68. 5 

69.6 69.5 70.0 

68.o 69.3 69.0 

67. 2 67. 8 68.o 

67.0 6;.5 68.o 

6~ 3 67.0 6~5 

67. 5 67.5 67.5 

68 o 68.o 68.5 

~.O 69.2 69. I 

71.8* 67.9 69. 3 

68.o 67.8 68. 2 

69.8 69.5 69.5 

69.0 69. 2 69.5 
68.5 68.8 69.5 

69. 7 69. 2 71. 2 

69. z 69.4 69.5 

68.o 68.3 68.o 

68.o 68.o 69.0 

68.o 68.o 69.0 

67. 7 68.o 68.o 

68.o 68.o 68.5 
68.z 68.4 68.4 

67.8 67.8 67. 5 

72. o* 72. o* 

69. 3 69. 3 

68. 0 68. 3 

68. 3 68. 6 

68. 0 68. 6 

70.6 67.2 

69. 0 71. 0 

69 0 69. 5 

69. 0 68. 6 

6S. o 68. 5 

68. 0 68. 0 

6S. o 68. 5 

67.5 67.7 

68. 5 69. 0 

68 5 69. 0 

69. o 69. r 

69. 0 68. 5 

68. 7 69. 8 

69.4 68. 9 

68, 5 68. 5 

72. 8* 71. 0 

70. 0 69. 3 

70. 0 69. 5 
68. 5 68. 2 

70.0' 71.0 

69.5 70.7 

GS. 5 69. 4 

69.2' 70.0 

66.J*: 69.0 

6S.o 70.0 

69.5' 69.8 

69.4 69.9 

69. 5 69. 4 

iO. 5 69. 8 

6S.8 69. 2 

6S. 5 68. 8 

69. 0; 68. 2 

68. 0; 69. 0 

69.0 68.6 

r6 

10 

II 

fl 

16 

17 
II 

I l 

IO 

7 

10 

12 

11 

16 

14 

69. 2. jO. I) (11) 

70.0 i 68. 8 20 

6s.s I 6~2 rs 
69.8 ! 69.3 16 

69.0 69.7 15 

69.4 

69.0 

69.0 

68.o 

12 

12 

68.o 

68. 5 
68. 5 

69.4 

68. 5 

68.3 68.5 69.4 II 

68.2 

69.2 69.5 68.3 9 

69.5 69.3 69.9 6 

69.8 69.0 69.3 ! 14 
68.5 68.8 69.4 , IO 

69.3 68.8 68.9 i 13 

68. 9 6s.-6--68-._9 ___ 69-.-o·--59. ;-·-69. o 69. 481-
68. 4 68. 4 68. 7 68. 7 69. o 69. 1 I 



 

312 UNITED STATES COAST AND GEODETIO SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the unifilar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

SEPT.EMBER, 1883. 

Day. I lb 2h 3h 4h fib 6h 7h Sh 9h lOh llh Noon. 

-

I 68.5 69.4 69.7 70.3 70.4 73.3 76. 2 76. 5 74.0 70. 6 67.0 62.6* 
2 69.7 70.2 70.5 72.8 74.2* 75.5* 77· 5* 78.6* 74.5 69.0 65.5 64. 5 

3 67.5 69. 0 70.0 69.6 69.7 73.0 77.6* 79.2* 75. 7 70.0 65.0* 64. 2 

4 69.5 69.8 70.2 70. 5 71. 0 73.6 76.2 77- 5 74- 5 69.5 65.8 65. 8 

5 70.0 69.4 69.0 69.8 70. [ 72.5 76.0 72.0" 66.9* 65. 5* 64.0* 6I. 5* 

6 I 71. 5 71. 0 69.5 69. 5 68. o* 75. 0 77.5* 76.6 73.0 66.5* 64.3* 61. 4* 

7 69.5 70.0 70.2 70.5 70.8 72. 5 75.6 76.0 72.0 70.0 67.0 65. 5 
8 69.4 69.3 69.6 70.2 70. 6 7J. 5 75.3 76.5 73.0 7o. 5 68.o 65. 5 

9 69.4 69.6 69.9 70.0 70.5 74. l 79.0* 77.0 74.5 71.0 68.9 65. 2 
IO 67. 5 7 I. 5 70.8 71. 0 7o. 4 71. 5 74·3 74.o 73-4 71. 3 69. 5 66.5 

II 69.2 69. 5 69.6 69. 8 70. 5 73.2 77.0 76.5 73. 3 69. 3 65. 8 65.6 
12 69.4 69.5 69.5 69.8 7o.4 72.5 74.5 74.o 74.3 70. 6 68. I 66. 9 

13 69.7 70.2 69.0 71. 5 72.3 73.6 74- 5 77.5 69.0* 66. 5* 65.0* 64.8 

14 69.8 69.7 70.0 70.0 71. 0 73- 0 77-3* 75. 0 74.0 .. 70. 8 67.5 66. 9 
15 70.0 70. 2 jO.O 70. l 70. 5 73.3 76.0 76.0 74.0 69.4 66.o 6+ 5 

16 77.0* 80.0* 82. 5* 79. 5·" 76.0* 76. o" 70.0* 78. o* 74.0 67. 5* 63.0* 63. 5* 
17 65.5* 70.8 72.0 72 · 3 67. 5* 70.0* 73.0 74.5 74.0 71. 5 70.0 69.4* 
18 68.9 69. l 69.3 69. 5 70. 2 71. 2 7+ 5 73.o 72.0 71. 8 68.o 63. z* 
19 69.2 69. 2 69.8 69. 7 72.0 7J. 0 74·4 75.5 74.5 73.0 71. o* 68. 2 

20 68.o 68.o 69.8 70. 2 70.6 71. 8 74.6 74.2 74.5 71. 0 68. 5 66.8 

21 69.3 69. 5 69.8 70. 2 70.9 72. 6 74. 8 75.0 75. 8 72.5 70.0 67.7 
22 67. 7 70.0 69.8 69. 8 70.4 7 I. z 72. 5 72.5* 72.5 7 I. 3 67.& 66.o 

23 69.2 69.3 69.9 70. 2 7r. 5 72. 2 74. 0 72. 0 .. 7J. 0 72.5 'fO. 5*" 69.0 

24 70.2 70.4 70.8 7o. 5 73.3 72.2 73.o 25.0 73.3 69.5 68. 5 67.3 
25 72.0* 72. 3 71. 5 80.8 71. 8 72· 0 71. 7* 69.3* 69.2* 68.o* 65.3* 68.2 

26 69.8 70.0 70.3 70. 7 70. 8 72.8 74.0 74.0 74.0 72.0 69.8 68. 3 
27 69. 2 69. 5 70.0 70. 2 70.2 71. 8 72. 7 72.2* 71. 5 70. J 69.3 68.8 
28 71.0 74.0* 72.5 71. 0 71. 2 68.o* 72·3 7J. 0 72.0 71. 0 68.7 67.4 
29 69.0 69.3 70.0 7°·3 6<;.o 70.0* 69.0* 69.8* 6g. 3* 69.5 68.7 67. 7 
30 68.5 70.0 67.0* 67. 7* 70.0 72.0 74.2 74.5 7YS 70.8 68.o 66.3 

Monthly mea.n 6g.5 70.3 70.4 70.6 70.9 72.6 74. 6 74.9 73- 0 :10. I 67.5 66.o 
Normal 69.3 69.8 70. I 70.4 70. s 72.7 74.5 75.4 74.0 70.7 68.o 66.6 

I 



 

UNITED STATES COAST AND GEODETIC SURVEY. 313 

DECLINATION-Continued. 

the magnetic observawry of the Coast and Geodetic Survey, Los .Angeles, Oal. 

One division of scale= 0 1.794 Increasing scale readings correspond to increasing east declination. 

SEPTEMBER, 1883. 

. 

l_ 
Mid-1 Day. 13h Hh 15h 16h 17h lSh l!)h 20h 211' 22h 23h Daily i Daily 
ni~ht. mean. I range. 

--------- -- - --- ··-··- -----

~-----,--I 62.0* 63. I* 65.5 68. 2 69.0 69.0 68.o 68.5 68.o 68. 5 69. 0 69. 0 69. 0 i 17 

2 65.0 65.5 67. 7 . 67. 5 68.o 67. 5 71. 5 69.0 69.0 68.4 67. 0 68. 0 I 69. 9 
1 

16 

3 63.5 65.0 67.2 69. 3 70.0 70.0 69.4 68.7 68.8 69.0 70. 6 60. 0 69. 7 
I 

16 

4 66.5 68.o 69.4 70.3 70. 5 70. 5 70. I 70.0 70.2 71. 2 72.0* 71. I I 70.6 12 

5 62.0* 66.5 68.5 70.4 72. o* 69. 4 69. 2 68. 5 69. 5 70.5 70.6 73. 9*\ 69. I 16 

6 62.5* 65.0 67. 5 69.4 70.0 69.5 69.0 68.6 69.0 69.0 69.0 
I 

69.0 i 69.2 16 

7 64.5 65.6 67. 5 67. 7 68. 2 68.o 68. 6 68.6 68.9 68.8 68. 7 69. 21 69.3 12 

8 64.5 64.6 66.8 68. 5 69. 5 69.0 68.9 69.2 69.2 69. I 69.0 69.4 i 69 6 13 

9 64.8 66. 2 66. 5 68.o 68. 5 67. 4 67.9 68.3 68. 6 68.5 69.0 69. 5 ! 69. 7 15 
JO 65.5 67.2 69.0 70. I 69. 7 GS. 5 68. 5 68.6 69.0 69.0 69.0 69. 2 \ 69.8 9 

II 66. I 66. 5 68.4 69.3 69.5 68.9 69.0 69.5 70. 5 69.9 (i7. 5 70. 5 l 69. 8 II 
I 

12 I 66.o 66.5 67. 5 68.o 67.5 67. 4 67.5 74.5* 68.o 68.8 68. 5 69. 3 I 69. 6 JO 

13 65.5 68.o 70. 6• 70.4 70.0 69. 9 70.0 6o.5 69.3 69.3 69.2 69. 41 69.S 14 

14 67. 4 68. 0 70. 4 70. 3 69. 5 68.6 69.0 68.9 69. I 69.0 69. I 6<). 5 70. 2 JO 

15 65.0 66.o 67.0 68. 5 69.2 69. 0 69.0 70.3 72. 2* 71. 5 74. 5* 71. 0 I 70. I 23 

t6 64.0 68.o 67.5 67.0 67.0 71. 5 83. 5* 71. 0 74.0* 70 5 71. 5 63. S"'i 7I- 9 26 

17 69.4* 69. 3* 69.0 69.6 70.0 69. 8 69.2 69. I 69. I 68. 5 69.0 69.0 \ 70. I 16 

18 64.0 65.0 65.8 67.0 68. 7 70.8 74.0* 70.0 70.0 70.0 68.5 69. o I 69. 3 r5 

19 66.o 66.o 66.9 68.o 69.0 6g.4 69.0 69.2 69. l 7 J. 5 70.0 69. 0: 70. I IO 

65.4 65. 5 67.0 68.o 68.S 69.5 69.3 69. I 69.0 
I 

69.4 20 69.0 69.0 69.0 i II 

21 66.o 66. 3 66. 7 68. 5 68.o 68.9 69.8 69.0 69.0 69. 2 69.0 68. 8 : 69. 9 IO 

22 65.7 67.0 67.5 68.2 67.5 68.5 68.2 69.0 
i 

69. 2 69. 5 69.3 69.0 69. 4 I 7 

23 67.5 66. 5 68.o 69.0 69.0 68. 5 68.5 70.0 68.8 69.0 69.3 ,, 'I 69.9 7 

24 66.4 65.8 66.3 66.3 67. 0 66. 7 68.3 68. 7 69.8 68.8 69. 8 b9. 5 69. 5 8 

25 6g.o* 68.5 69.2 69.4 68.o 68. 5 69.S 69.8 67.0 70.4 70.0 j2. o"* 69. 7 IO 

I 
26 68.o 68. 5 69.5 69.0 68. 5 68.2 68.7 68.8 69.0 69.0 69. 2 69.0 l 70. I 8 

27 6g.o* 69.5* 69.5 69.2 68.o 68.2 68.5 69.2 67.8 67. 8 &8. 7 69. 5 69.6 6 

28 67.8 68. 5 6<).o 69.5 69.0 71.5 7r. 0 71. 0 69.8 68. 5 68.o 65. T* 70. l 9 

29 67. 7 68.o 69.0 6<). 8 71. 2 72.3* 69.7 68.5 68.5 68.2 68.5 69.0 69.2 6 

30 66.8 67. 7 68.3 69.5 69.2 68.8 69.2 68. 7 68.5 68. 5 68.o 68.o 69.3 10 
--

Monthly mean 65.8 66.7 68.o 68.8 6g.o 69. I 69.8 69.4 69.3 69. 3 69.3 69. 31 
6g.76 

Nonnal 65.8 66.6 67.9 68.8 68.9 6g.o 6g. l 69. I 69. l 69.3 6g. I 69.4 
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Local mean time. 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

12 

14 

15 

16 

17 
18 

19 
20 

21 

22 

26 

27 
28 

29 

30 

31 

"Ion th ly mean 

Normal 

UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings frarn the phat<>graphi.c traces of the unifilar magnetometer at 

68.3 68.o 

69. 5 69. z 
70.0 70.z 

70. 0 70. 2 

76. s* 72. s• 

67. o• 

69.7 

69.9 

6'f. 5 
69, 2 

70.2 

70. [ 

73· z• 

70.0 

jO. 5 

70.0 

69. 8 

70. 0 

[ 71.6] (71.6] [71. 9] 
70.0 
69.S 

69. 2 

68.o 

69.0 

69.4 

6t). 3 

69.5 

70. I 

6g. 6 

69. 

70. 0 

6g.8 

70.3 

70.9 

69.5 
69.2 

69.5 

67.9 

70.3 
68. 5 

6g. 9 

70. 5 

69.7 
71. 3 

69.6 

7o.3 
70. 2 

6g.6 

70.4 
70.0 

70.0 
jO.O 

71. 0 

69. 7 
70.0 

70.0 

i 1. 3 

69.0 

69. 5 

;o. 5 

70. 2 

72.0 
70.0 

70.3 

70. 3 

69.S 

7o. 3 

70. r 

70.0 

70.0 

70. 2 

OCTOBER, 1883. 

41. 51. 

66.o* 69.2 

70.0 70.7 
70, 8 71.0 

70. 2 7r.o 

71.7 74.5• 

69.S 69.3 
66. 5~ 71. 5 

68.3 70.3 

70.2 70.5 
70.0 70.7 

()l' 

71. 0 

71. s 
72. 3 

72.0 

74.0 

70. + 
7 I. s 
70. 7 

71. 7 

73. 5 

jJ.5 71.0 72.5 
69.7 70.6 72.8 

70.2 70.2 73.0 

70.8 70.7 72.5 

70. 3 71. 0 

7i.6 72.0 

71.5 72. 2 

70.5 70.5 

70. 5 69. 3 

69. 9 
70.8 

704 

70.0 

70.5 

69.6 

70.3 
70.0 

70.2 
70.0 

jO.O 

70.5 

73.0 
70.6 

71.0 

7r.o 

70.6 

70.6 

70.9 

70.5 
70.3 

72.8 

73. 2 

73.5 
71. 4 

69.0* 

72.0 

73.4 

7r. 3 

71. 5 

71. 5 

7o. 5 

71.4 

71. 3 

71. 5 

71. 5 

70. 5 

300 divisions+ tabular quantity. 

74. 5 
74.0 

74. 2 

75. 0 

j2.0 

73.0 

76. 2 

81' 

74.5 
76.0 

75.2 

75.0 

79.5• 

72. 7 
75.3 
72.5 

75·5 
69.0• 

70. 8"" jO. o• 

73· 5 7J. 7 

7+ 0 7+ 0 

74.0 73.0 

i6. 2 75.3 

[75. 7] [7~8] [7~0] 
76.0 78.8* 75.7 
16.S' 79.2• 74.7 

75.5 75.5 74.5 
74.0 79· 7* 73. 7 

75.7 
75.0 

75.5 
75.5 
72.0 

75.0 

72.5 

74.0 

72. 7 

73:0 

73.5 
73.5 
73.4 

744 

74. 6 

76. r 

75.o 

76.0 

75. 5 
72.8 

75.3 
74. 5 
74.0 

73.0 

73.4 

73.6 

H·S 
74. 5 
75.5 
76. 5 

77.0 

73·9 

73·5 
74·4 
74.0 

73.5 

73.0 

74.3 

71. 5 
72.4 

72.5 

72.6 

74. 4-

73·5 
74. 5 
75. 5 

75.0 

70.S 

7r.3 
69.0 

71. 7 

69.5• 

11h 

68. I 

68.4 

66. 5 

69.0 

64.0* 

Noon. 

67.0 
66.8 

66.3 

68.o 

64.6 

68. I 66,o 66.4 

72.0 69. 5 68. I 

72.2 69.3 66.5 

(70.5] (68. IJ 67.0 
[72.8] [70. 2] 69.0 

72.2 68. 5 

74. o• 69, 2 

70. 0 67. 0 

71.0 67. 8 

69. o 64. o• 

67.2 
66.o 

6+ o• 

66. I 

64.4 

72.4 67. 8 65.0 
70.2 65.5" 64.8 

72.5 6g.4 67.0 
70.5 68.6 65.7 
70.0 64.3# 62.5• 

69.4 

7I. 3 

69.4 

70. 5 
7x. 0 

70.4 
70.5 
70. 5 
70. 2 

7J.O 

72, 5 

67.0 
70. 2 

68.o 

69.4 

69.4 

6g.o 

68.o 

68.5 

66.4 

70.5 

70.0 

65.6 

6').3 

67.6 
68.o 

68.o 

68.o 

67.4 
68.o 
65.0 
68. 5 

68.o 
··- -------------~-----------·- -~---·---------------------

69.8 69.9 70. 2 

69.7 69. 8 70. I 

70. r 70.9 71.9 
70.4 70.8 72.0 

74. 2 75.4 73.6 
74.2 74.9 73.9 

70.9 68.o 66. 6 

71. I 68.5 66.9 



 

U:NITED STATES COA.sT AND GEODETIC SURVEY. 315 

DECLINATION-Continued. 

the 1n.agnetic obserMtory of the Ooafft and Geod.etic Survey, Los Angeles, <Jal. 

One division of scale=o.'794 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 
14 

15 

16 

17 

t8 

19 

20 

21 

22 

23 

24 
25 

26 

27 
28 

29 
30 

31 

I 13h 

: 67 2 67. 2 69. 3 

! 66: 7 67. 8 6<]. 3 

I
I 67. 7 68. 8 70. o 

63.o 67. 7 68.o 

I 66 o 65.7 68.o 
I i 68. 2 69. 4 63. 0 

I

' 68.o 6S.o 69. o 

65.4 65.0 oS 7 

[67.01 67.0 67. 5 
I 69. 2 [69. s}[70. ?] 

i 65. 8 66. 4 68. 5 

j 66.o 63. 2 69. 5 

65.7 67.0 6<].o 
65.9 67.0 68.o 

65.3 65.6 66.8 

I 65.0 57-s· 68.o 

65.4 67.0 68.6 
65.6 66.9 68.3 

67.0 66.o 66.8 
! 63.3• 67.0 68.o 

j
l 65.7 67. I 67.8 

68. 5 68. 5 69. 0 

68.5 69.2 69.0 

68.o 68.9 68.5 

67.6 

168.o 

j(67. 6] 

67.5 
65.0 

167.6 

I 67. 3 

67.4 69. s 
68.9 69.5 
68.o 6g.o 

68.4 6g.4 

67.0 68.5 
68.3 69.0 

67.3 67.5 
[------

i 
Monthly mean I 66. 8 67. 2 68. 5 

Normal , 66. 9 &;. 5 68. 5 
I 

Incre1sing scale reading_;':'.. corresponfl to increasln~ east tlec.linatiou. 

OCTOBER, l.883. 

17h 

70.8 70.0 69.3 

69.8 69.0 69. l 

6<).S 69.5 69. 1 

67. 7 66. 8 (,8. 0 

67. 5 6S. o 69. o 

67_S 6S.3 69.0 

69.5 69.0 69.0 

67. 2 GS. o 69. + 
6S.o 67.5 [67.4] 

[70.9][70.6}[71.o} 

69.0 68.o 68.o 

69.S 6S.o 6S.o 

69.0 68.5 68.5 

68.5 67.9 GS.5 
67.7 67.0 66.o''· 

64.5• 67.3 66. 5 

68.3 &).o 69.0 

69.2 69.5 69.8 

69. 2 69.0 69. 5 

69.0 69.4 69.4 

69.0 69.0 69.5 

68.5 68.6 69.4 

68.5 63.5 69.0 

68.8 68.5 70.0 

69.2 69.0 69.5 

6S.5 68.o 68.5 

6g.o 68.o 68.4 

6g.o 68.5 69.0 

69.0 68.5 69.z 
68.4 68.o 69. I 

68.2 68.3 6<}.o 

68.7 68.5 68.8 
68.7 68.5 68.9 

69. 2 69. 2 69. 3 

6<J.8 69.5 71. 3 

6<). 3 69. 5 69. 5 

6~o 69.5 G~o 

67. 5 i~~· o*' 71. o . 

69. 5 /0.0 i!.O 

69.0 69.3 69. 2 

69.6 69.4 69. 2 

[67. 1] 67. 0 67. 5 

[;1. 2][7i. 5J[71. 5] 

6S. 7 C.S. 7 69. o 

69.4 63.8 69.0 

6S.7 68.7 6).o 

rx:i.o 69.0 68.S 

63.o G9.o 67. 7 

67.0 71.0 70.0 

6<). 2 c.:<. 2 GS. 5 

69.5 71.5 70.0 

70.6 68.8 69.0 

69.0 70.0 69.S 

(").4 69.0 69.2 

69- 0 69. 3 69. 3 

69.5 69. 5 69.4 
;o.o 69.8 70.4 

69. J 70. 2 69. I 

68. 3 ii9. 0 69. 0 

68.6 69.2 69.0 

6g,4 69. 3 69.0 

6<).6 69.5 69.4 

69- 0 6<). 2 69. 5 

69.0 6g.5 69.6 

6g. l 6g.5 69.4 

69. I 69.3 69.4 

llfr;. 
nig!'..t. 

Daily Daily 
111ean 1 range. 

69. o 63. 8 6S. S 69. 4 

69. 5 ;u. o 70. 2 70. 2 

<) 

9 

10 

8 
I 

t)9. + 69. 4 69. 3 : 70. 0 

69 4 69. 6 72. 0 . /0. I 

69. 0 <i9. 0 67. s i 70. 3 
' 

69. 0 (>9. 5 69. 6 • 69. I 

69. 4 (>y. 5 be>· S 69. 9 

18 I 
7 

69. 3 69. 3 6<). :! 69. 4 

6S.o (>7.2 6cj.o [fo.r] 

[71. 2}[71. 4][71. 4] [71. 4] 

i 

; I 
GS. S 6,o. 2 6g. 3 

6<). O 6lJ. 2 69. I 

69. 0 (,9 -~ 69. 0 

68. ~ i' l 69. 5 

69. S ;o.o 69.0 

[70. 3] 

70.4 

69. 8 

69. 7 
69. I 

70.5 7!.0 67.0 69.0 

69. 4 70. 0 69. 5 ' 69. 8 

68. 2 6S. 6 68. 6 70. 2 

69. 8 70. 2 70. 0 ' 69. 9 

70. 0 /0. 0 69. 5 69. l 

[10] l 

:~ \ 
II 

16 

2-J. 

IO 

IO 

12 

12 

69. 0 ] I. ) jO. 5 69. S IO 

69. 5 6g. 6 69. 5 70. 5 7 

70. 3 70. 0 70. 2 : 69. 9 7 

;o. o 69. 5 70. o ! 70. o 5 

68. 5 70. 0 7 3· 5* 70. 2 5 

69. '.! 69. 3 6']. 6 ' 69. 8 

69. I 69. 2 69. 4 I (69. 8) 

69. 0 69. 2 6';. 3 ' 69. 9 

69. 0 69. 2 6g. 3 ; 69. 6 

69. 4 69. 1 69. 0 : 70. 2 

7 
IO 

7 
12 

10 

I 
6g. 3 j __ 7o_. _2 - __ 1_1 _ 

69.3 69.6 

69.3 69.6 

6g.6 j 
69. s I 

I 



 

316 UNITED STATES OOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from tlte plwtographic traces of the un~filar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

:NOVEMBER, 1883. 

Day. lh 2h 3b 4,b 5h 6h 7h 8h 9h lQh Uh Noon. 

1 69.3 69.6 70.0 70.0 70.4 7z. 0 75· o* 78. 2* 77- 5* 7I. 0 67.0 65.9 
2 74.0* 75.5* 68.o 6g.o 70.J 72.0 75.0* 76.0* 74.5 71. 8 68.5 66.2 

3 

I 
70.0 68.5 69.2 69.5 7r. 0 73. 5* 72. 2 73. 8 73-5 70.7 68.9 67.0 

4 68.5 69.0 70.2 70.0 69.0 70.3 73.3 75.0 70.4 70. 3 68.3 66.4 

5 

I 
69.2 69.2 69.5 70.0 69.8 70. 3 72.2 7J. 9 73. 2 72. 2 68.z 66.8 

6 69.0 69.0 69.4 69.0 69.S 70.0 7 I. 3 73. 5 72. 5 70. 7 6].5 68.4 

7 
I 

69.5 69.5 69.3 6g.8 70.2 70 8 72.0 7J. 7 74.0 72. 0 70.8 68.8 
8 68.o 69.0 69.0 69.0 69. 7 70.3 72.0 7J. 5 /I. 0 68.4 66.2• 65.0 

I 
9 

I 
68.3 68.5 68. 5 68.8 69.0 70.0 72.0 7J. 5 72.8 70. 2 67.7 66.5 

10 69.0 69.0 69.0 69.0 69.3 69.8 71. 0 73.0 j2. 2 7 I. 2 68.5 66.7 

II I 68.5 70.0 69.4 69.8 69.5 70.0 ii. 3 72. 0 71. 0 70.0 68.o 66.8 

12 I 70.0 71. 0 70.5 7L 5 71.0 7r. 8 72.3 72. 3 73.0 71. 0 68.o 67. 6 

13 

I 
70.0 70.7 70.0 70.5 70.6 68.5 72- 5 72. 8 72. 4 7I. 0 70.0 69.3 

14 71. 0 71.~ 71.0 71. 4 70. 5 70.9 71. 5 7 I. 0 70.0 68.o* 65.9* 65.0 

15 I 69.0 69.0 70.2 70.0 69.8 70.3 70. 8 72.4 72.6 •· 70. 5 68.o 66.2 
i 

16 69.4 69.8 jO. I 70.0 70.0 70. 5 72.0 74. I 73.6 7 I. 5 69.0 66.8 

17 69.0 70.5 71.0 70. 5 70. 5 71. 0 71. 5 74. 5 74.0 71. 0 69.2 66.5 
18 69.4 69.3 69.0 69.4 70.0 70.2 71. 8 73. 5 75· r* 73.3 71. 0 68.5 

19 69.4 69.8 69. 2 69.5 70.0 70. 5 72. l 75.3 7J. 5 72.5 69.5 65.0 
20 74.5* 69.5 6g.3 66.4* 74.6* 74. 5* 66. 9" 67. S* 66.5* 67.5*' 69.0 67.0 

21 70.0 69.0 68.8 69.5 69.4 70.0 70.8 74.0 72.0 70.8 67.6 65.2 
22 79.5* 8r.6* 81. 6* 65.4* 70.0 67.0* 69.2 74.0 7J. 5 70. [ 68.5 66.o 

23 72.3* 74.5* 74. 5* 68.6 65.5* 64. 5* 70.0 71. 0 7r. 3 7r. 0 69.4 67. 0 

24 69.4 69.3 69.3 69.4 69.6 69.5 70.0 71. 5 73.0 73- 5*' 72.0* 69.5* 

25 68.6 68.8 69.0 69.5 69.4 69.3 70.0 71. 5 72.5 71. 5 69.5 67. 4 

26 68.5 68.9 68.4 69.0 69.5 69.5 71. 0 72.6 72.7 70. 5 68.o 66.o 

27 69.0 70.3 69.5 67.5 70.0 67.0* 67.0* 66.5* 70.0 70.0 68.5 67.5 
28 6g.3 69.8 69.0 68.o 70.0 70.5 70.6 71. 5 71. 4 70.0 69.6 67.3 
29 68.o 68.o jO.O 70.4 70.1 69.3 70.6 71. 2 71. 0 70.4 65.5* 67. 3 

30 6g.o 69. l 6g.5 70.0 70.2 70.4 71. 0 72.6 72.5 70.5 68.o 66.5 

Monthly mean 70.0 70.2 70.0 6g.4 70.0 70, I 71. 3 72.9 72.4 70.8 68.7 66.9 
Normal 69. I 69.5 6g.5 69.6 70.0 70.3 71. 3 73.0 72.4 70.9 68.9 66.8 
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DECLINATION-Continued. 

the magnetic observatory of the Ooast and Geodetic Survey, L-Os Angeles, Cal. 

One division ofscale=o'.go4 

Day. 

3 

4 

5 

6 

7 
8 

9 
[0 

II 

[2 

13 
14 
15 

16 

17 
18 

19 
20 

21 
22 

23 

Z4 

25 

26 

27 
28 

29 
30 

13h 14h 15h 

66.5 67. 0 64.5" 
66.7 66.8 68.o 
66.8 67.7 68.8 
66.o 67.0 67.8 
66.o 67. 0 67.0 

69.0 70.0• 69.5 
66.3 68.o 68.2 

65.3 66.o 67.2 
I 65. o 66. o 67. o 

67.0 67.8 67.0 

66.o 67.5 66.8 

67.5 68.o 67.9 
69. z" 69. 4 69. 5 
65.5 66.5 67. 3 
66.4 68.o 68.3 

67.0 67.0 68.o 

66.5 67. I 67.2 

67.4 66.5 66.4 
63.2• 63.0~ 64.2" 

67.0 67. I 67. 2 

64.6 65.5 65.0" 
67.5 68.5 -68.o 
66.5 67.3 69.5 
68.o 67.0 67.4 
66. 5 67.0 67.5 

66. 3 67.0 67.9 
67.6 67.6 69.0 
67.0 68. I 68.8 

67.5 67.4 68.2 

66.5 66.5 68.3 

Monthly mean 66. 6 67.2 67.6 

Normal \ 66. 6 67.2 67.9 

Increasing sca1e readings correspond to increasing east dec1ination. 

NOVEMBER, 1883. 

16h 17h 18h 19h 20h 2lh 22h 23h Mid- I Daily I Daily 
night. I mean. /range. 

67.0 68.o 68.5 71. 0 70.3 70.0 6g.6 70.5 76. 7• I 70. 2 I 16 
69.2 68.o 76.2• 71. 5 72.0 72. o• 73.5• 68.o 70. 3 71. 0 . II 

69. 3 69.0 69.2 69.0 69.0 69.0 68.8 68.5 68.3 69.6 I IO I 

68. 5 68.7 69. 2 69.2 69. 3 69.0 69.0 69.0 69. I 69. 3 I IO 

69.0 69.0 68.8 69.2 69.0 69.0 68.8 68. 5 68. 5 69.4 
I 

IO 

68.o 68. 5 69.2 69. 2 69.2 69.0 69.0 68.5 68.2 69.6 5 
68.4 68.o 68.o 68.3 68.5 68.3 68.5 69.0 67.2 69.5 6 
67.5 67. 5 68.o 68.2 68. 7 68.5 68.7 68.2 68. 2 68.5 9 
67.8 68.o 68.3 68.8 69.0 69.0 69.0 69.0 69.0 68.8 8 
67. 5 67.5 68.3 68.o 69.0 69.0 69.0 68.5 69. 2 69.0 7 

67.3 67.3 68.7 68. 5 68. 8 68.3 69.0 70.0 jO.O 68.9 5 
69.4 69 . .3 69.5 70.0 70.5 73.4• 70.6 69.8 69.5 70.2 6 

69.0 69.2 70.0 70. 5 69. 6 69.5 69. I 6g.3 6g. 5 70. I 4 
68.o 68.4 69.0 70.0 70.0 68.9 68.6 70.0 68.o 69. I 6 
69.0 69.5 69.2 69.5 70.0 69.4 69.3 68.6 69.0 69.4 7 

68.9 68. 5 69.3 70.0 6g. 5 69.3 69.2 6g.o 69.0 69.6 8 
67.7 68.3 69.2 69.0 69. 5 69.6 69.8 69.3 69.2 69.6 8 
67.0 67. 5 69.2 6g.5 69.6 69.3 69.4 68.9 68. 9 69.6 9 
66.4 66.5 69.2 69.0 69.9 70.0 69.6 6g.8 67.6 69.0 14 
67.8 68.5 67.5 69.0 70.8 69.5 69.7 69.4 69. 5 69.0 15 

67.7 68.o 67.5 69.0 68. 5 6g.4 69.5 70. 5 80. 5• 69.3 18 
69.0 69.8 67.0 74, 5• 'JO. 5 70.8 71.8• 65.5• 75.5• 71. 0 22 
71.0• 69.6 69.7 69.7 69.8 69.8 69.5 6g.4 69. 5 69.6 IO 

67.3 67.8 68.5 6g.4 69.5 69.0 6g.4 6g.2 68. 5 69.5 : \ 67.5 68.2 6S.5 6g.o 69.0 69.0 68.9 69.0 68.4 69.0 

69.0 69.3 69.0 69. s· 69.2 69.8 69.0 68. 5 69. I I 69. I 6 
69.5 6g.4 69.4 6g. 5 69. s 69.5 68.6 69.2 69.6 

\ 

68.8 6 

68. 5 68.5 6g.3 69.5 6g.o 69.2 67.5 69.0 68.4 69.2 6 
68.9 69.9 69.5 69.5 69.5 6g.3 69.0 69.0 68.9 

I 
6g.2 I 4 

68.9 69.0 6g.2 6g. 8 69.5 69.3 68.9 68.5 6g.4 I 69. 3 7 

69. 8 / 6<J. 45 
--

68.3 68.5 69. I 69.6 69.5 6g.5 69.3 69.0 
68.2 68.5 68.8 6g.4 6g.5 6g.3 69. I 6g. I 68.91 
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Local mean time. 

Day. 

2 

3 

4 

5 

6 

7 
s 
9 

10 

[[ 

12 

r3 

15 

17 

18 

19 

20 

21 

22 

23 
24 
25 

26 

27 

28 

29 

30 

JI 

Monthly mean 

Normal 

UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hovrly readings from the piwtogra.pkf.c. traces of tke unifilar magnetmneter at 

69.5 
67.5 
69.0 

69.3 

68.5 

67.8 

68.5 
69.0 

69. 3 
68.6 

70.0 

69. I 

69. I 

68.5 

68. 6 68. 8 69.0 

68.9 

68.5 

70.8 

68.o 

69. 0 68. 9 

68. 5 68. 5 
6g.8 67.0 

69.2 70.0 

68.o 

jO.O 

70.0 

68.6 

69. 2 

68. 5 
70.6 

68.o 

69.0 

6~1-4 

69. I 

6g.z 

69.0 

71. u 

68.5 
69. 5 
6g.4 

6g.2 

69.0 

69. 5 

70.0 

6g.z 

6g.4 

70.0 
68. 5 

67 5 
70.0 

69.3 

69.3 

i0.0 

69.3 

69.3 

6g.4 69.0 

68.5 68.5 

6S. 5 68. 8 

6g.o 69.0 

70. 0 67. 7 

71. 5 
68.9 

70. I 

70.8 

69.2 

69.3 

6g.2 

69.2 

71. I 

68.5 

6g.8 

71. 5 
69.9 

69.4 

69.3 

69.3 

300 divisions+tabular quantity. 

DECEMBER, 1883. 

6g.o 

70·0 

69. 5 
69.2 

68. 8 

69.0 

68.5 

68.8 

69.0 

69.3 

68.3 

70.4 
69.6 

69·5 
6g.2 

69. 5 

71. 2 

70.0 

70.0 

70.0 

69. I 69. 4 

69.0 69.5 

69.0 69.2 

66. 3~' 69. 5 

69.0 69.5 

7r. 6 70. 5 70.0 

72.0 

69.3 

70.4 
70. I 

71.2 70.5 

69.0 69.5 

70.5 71.2 

69. 5 70.0 

69. 2 69. 5 

69.6 70.0 

69.6 

70. I 

7r. 6 

7o.3 
69. 8 

69.5 

69.5 

69.3 
68.4 

68. 9 

fu). I 

69.4 

68.4 

68.o 

68.8 

69.9 

69.8 

70.0 

70.0 69.6 

68. 5 69. 2 

69.0 68.8 

68. 2 68. 4 

~o 68.o 

6g.4 69. 5 

68. 2 69.0 

67.5 69.4 

70.9 68.5 

70.0 70.3 

6g.6 70.2 

71. 6 

72. 0 

70.9 

70.5 
71. 5 

73.8 
72.5 
72.4 

72. 0 

73.0 

73.0 
72.4 
73.0 

73. 0 

73.6 

70.5 72.5 73.5 
70.3 72.0 74.0 
70.7 73.8 73.5 
66. 8* 71.5 ;4.7 
70.7 72.5 74.5 

70. 5 
72.0 

69. 5 
70. I 

70. I 

71.0 

73.0 

70. r 

71. 0 

72. I 72.4 

72.0 72.0 

70. 4 71. 0 

72. 0 72.5 

72. 4 73.'2 

71. 2 72. 2 

72.4 74.3 

13.4 

72.0 

74. 5 

74. 2 

74.5 

75. 0 

70.3 73.0 
69.6 72.8 

74.6 
75. 5 
74.0 

74. 3 

71. 8 

70. 0 7r. 6 

68.2 70.5 

67.5* 70.2 

6g.6 

69.2 

70.0 

70.5 
70. 8 

71. 2 

70.7 

71. 0 

7r. 5 
72.0 

72. 2 

73.3 

72 • 3 
-:2.7 
71. 0 

74.0 
73. I 

74.8 

10h llh Noon. 

70. 2* 65. 5* 
71. 5 68. 6 

72.6 69.9 

72.0 6g.o 

72. 5 69.0 

64.3* 

65.7 
67. 0 

66.o 

66.o 

71. 8 69. 5 67. 0 

72. 3 

72. z 
71. 0 

74.8 

68. 5 66. 2 

70.0 66.o 

68. 7 67. 5 
71.5 69.0 

71.5 6g,8 
70. o" 67. 5 

70. 4 68. 6 
70. 2* 68. 5 
72.3 70.0 

69- 2 

66.4 

67. 4-

67. 5 
67.6 

72.0 69.8 

75.0 71.3 
67.4 
68. I 

74-0 

75. 2 

74.S 

71. 6 68. 5 

73.0* 68. 5 
72.4 ~ 8 

75.5* j2.2 69. I 

76. 6* 72. 6* 69- 3 

73-~ 70.5 68.o 

75.5* 71.8 69.0 
72.0 70. I 68. Z 

73. 0 

73.0 

7J. 5 
73.8 

72.S 

73. s 

70, I 

70. 5 
7r. 5 
6g.o 

6\). I 

67. 5 
68.6 

67.6 

70. x' 
66.2 

66.o 69.5 

69.4 

69.4 

·-·-·--·-··--··------

70.3 
70.5 

72.2 

72.2 
73.4 

73.4 

72.9 70.0 

72.9 70.0 
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DECLINATION-Continued. 

the magnetic obseniat<>ry of the Coast and GMiletic Suf"Vey, Los .A.ftfJeks, (Jal. 

One division of scale=o'.794 Increasing scale readings correspcnd to increasing east declinatioa 

DECEMBER, J.SSa 
-- ----------~--

Day. 13h 14h 15h 16h 17h 18h 

I 64.4 66.o 67.4 68.o 69.0 69.3 

19h 20h 21ll 22h 23h Mid- ! Daily i Daily 
night. i mean.:_ 1range. 

70.0 71. 5 71. 5 70.5 71. 0 70. o i 69. 2 : to 
2 64.2* 65.0 66.5 67.5 68.3 69.5 70.0 70.0 69.S 70.0 69.5 69.5 I 69.2 7 

3 65.8 65.5 67.0 68.o 68.5 69. 0 69.0 Gg.5 69.0 69.5 69. 5 6g. 2; 69.2 IO 

4 65.5 65.5 66.8 68.o 69.0 69.5 69.4 69-5 69.6 69.3 68.9 68.5 I 
I 69. I 7 

5 65.2 66.1 66.5 68. 3 68.9 69. 8 69.9 69.9 69.S 69.6 69.0 68.8' 69.z 8 

6 60.2 67.0 67.0 67.8 69.0 69. 4 69.3 69.8 69.5 69.3 (>9. 5 69.0 69.2 7 

7 65.8 66.o 66.4 67. 5 68.o 69. 0 69. 2 &g.3 69. 3 69.0 69.0 68.8 68.9 i 8 
8 65. 5 66.S 6S.o 68. 5 69. 3 69.7 69.7 69.9 6g. 5 69. z 7 3· o* 68. 5 (,9.4 9 

9 67.0 67. 3 67.9 68. 7 69. 3 70. 0 70.0 70.0 70.0 n9. 5 i0.0 69.9 69.3 s 
10 69.0 09.0 6g.3 69. 3 69.4 70. 3 69.8 C9.9 70.2 70.4 70.4 70.0 70.z I 9 

II 68.5 68.5 69. I 68.9 69. I 69.0 69. 5 (i9. 5 70.0 72.5* 68.2 69. I ' 70.0 6 

12 65. 2 66.8 66.o 66. 5 6S.o 67. 9 67.9 67.5 69.h (i9. 3 69.6 69.4 I («). c> 7 
IJ 67.3 69.0 69.0 69.0 69.4 70. ( 69.6 (ir). (, 69.6 70. :! 69. 2 69. 2 ; <ij. 3 4 
14 67. 6 67. 4 65.o 69. 4 70. 2 70. 5 7LO 70. 5 i0. I G9.5 69.4 69.3 (i9. 7 6 

rs 67.0 66.9 66.9 6ll.4 6<). 2 69.5 Gg.6 (19. 6 69. 5 69. l 69.3 68. 9 09. 5 5 

16 65. 5 66.2 66.5 68.o 69.5 69 4 70.0 70.0 69. s 69. 5 69.3 69.3 I (19, 2 6 

17 66.'.) 64.0* 66.3 68. 5 69.0 70. 0 69.5 70.0 70.2 69.6 70.3 68.2 69. 6 12 

18 6;.5 67.2 67.6 69. 8 69.S 70. 0 70.0 70.0 70.2 69.6 69.4 69.0 jo.3 8 

19 66.o 65.z 66. 5 67. 5 6S.3 69. 6 69. 7 70,0 :-'.0' 70.0 70.2 70 4 ()9. 7 10 

20 68.5 67.0 67.3 68.o 70.0 70. 0 70.2 ;o. 3 7o.5 69.5 70.0 69.5 ! 70. 2 8 

21 ' 68. 2 67.4 67. 0 67. 3 fig.o 69. 4 69.8 69.6 69.6 69,6 69.4 69. I C.9.9 8 

22 67. 4 67.0 66.9 67. 6 fig.o 69. 0 6S.6 69. r 69.0 69.0 69.0 69.0: 69.5 9 

23 66.3 66.5 66.5 67.4 68.2 69. 0 68.6 <i<}.o 68.5 68.3 68.5 68.5 69.0 8 

24 67.6 67.6 68.4 69. 6 70.0 69.8 69.9 69.5 69.0 7r. 5 70. 5 69.6 69.8 8 

25 6g.3 70.0* fig. 5 69.8 70.3 70. 0 70. 6 70.3 70. 5 69.4 69.8 70.0 69.8 5 

26 68. 5 69.0 6g.6 69.7 69.6 70. 2 70. I 69. 5 69.7 70.4 69.8 68.6 69.8 6 

:l.7 68. I 61. 8 68. 5 68.2 68.o 69. 8 70.2 71. 0 70.5 68.o 68.5 69.0 69.3 5 
28 67.3 68.3 68.5 69.0 69.4 70. 0 69.8 69.6 69.4 71. 0 69.4 70.0 ! 69.6 5 
29 69.0 68.6 68.7 69.5 69.5 70. 0 70.8 jo.o 70. i 69.~ 69. I fig. 3 ', 70.3 5 
.::o 66. I 67.0 68.6 69.2 69. 2 70 . 

31 65.6 66.2 67. I 68. 5 6g.o 69.5 

Monthly"mean 

1

66. 8 67.0 67.6 68.4 69. I 69.6 
Normal 66.9 67.0 67.60 68.4 69. I 6g. 

70.0 69.6 69.5 69.3 69.0 69.0 

i~+,1~ 6g.4 69.3 69.3 69.z 68.5 68. 3 

6g.7 69.S 69.8 69,7 69.6 69.2 6g.53 
6g.7 69.8 69.8 6g.6 6g.4 6g. :z I 

i 

0 

6 



 

320 UNITED ST.ATES CO.AST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of tlte unifilar ,magnetometer at 

Local mean time. 300 divisions + tabular quantity • 

.JANUARY, 1884. 

Day. I l11 2h 3h 4h 5h 6h 7h Sh 9h lOh lP Noon. 

I 68.o 68.4 68.6 68.9 69.2 69.9 70.5 73.8 75. 5 73.2 69.3* 66.5 
2 6g.8 70. 3 70.8 70.5 70.6 70.5 72.0 73·4 75. 0 73.8 69.4* 67.4 

3 69.0 69.0 69.0 69.4 69.8 70. I 71. 0 73.5 76. 5 75.2 70.3 67.0 

4 68.5 69. 0 68.9 68.9 68.9 69.2 70.0 72.0 73.8 73.6 69. 5* 67.3 

5 69.8 71. 3 7J. 0 70.5 70.0 70.0 70.6 73.0 76.0 77. 0 74.0 68.6 

6 70.2 69.5 69.4 69.5 69.6 70.0 70.5 73- 5 75.5 75. 5 73.0 69.6 
.., 6g.3 69.0 69.0 68.9 69.3 69.3 70.4 74.0 76.8 77- 2 72.3 66.8 

8 69.5 70.0 70.0 70.4 70.6 70.5 70.5 72.8 77.0 76. 9 72.6 70.0 

9 70.0 69.9 69.8 70.0 70. I 70.0 71. 0 73.o 75,5 76.0 72.8 68. 4 
IO 70. 5 70. 5 70.4 6g.6 70. 3 7o.3 71. 0 74.2 78.0* 76. 3 72.4 68.o 

II 70.5 69. 5 69.4 69.5 70.0 69.4 70. 3 73.o 75.5 75.0 70.4 67. 5 
12 71. 0 71. 2 73.o* 72.0 67. 5 70.0 69.9 72.2 74.3 73· o* 69.0* 65. 5 
IJ 69.9 70.5 72.0 70. 5 70.4 70.3 70.8 73.o 75· I 74.9 70.5 69.0 

14 70.0 70.0 69.9 69.9 69.9 69.5 69.8 72.4 74.5 . 74.9 70.9 66. s 
15 72.0 71. 5 71. 6 69.2 70.6 71. 0 72. 0 74.0 76.3 75.5 70.8 68.o 

16 70.0 69.7 69.6 70.6 71. 0 71. 5 72. 5 73.8 77.0 76. 5 70. 5 65. 5 

17 69.4 6g.6 69.9 69.3 70.0 70.0 70. 6 72.3 74.5 76.0 7J. 5 70. 3 
18 69.3 69.4 69.3 69.5 70.0 70.3 71. 5 74.5 75.2 74.8 70.2 66.o 

19 70.6 70. 0 69. 2 69. 6 70.5 70.0 71. 0 73· 2 75.0 76.0 73.0 69.7 
20 69.5 69.8 iD.1 69. 5 69. 5 70.3 7 I. 2 74.o 76.3 77-9 74.0 67.6 

21 70. I 69.8 69.5 69.5 67.3* 69. 5 70.5 73·4 75. 2 77.3 75.2* 70.9* 
22 69.6 69. 5 69.8 69.5 69.9 69.4 70.0 72.I 74.6 77.0 73· I 69.0 

23 70.0 68.5 70.0 70.3 69.5 69.4 70.2 72.7 75.8 78.4* 76.3* 72. 1* 

24 6g.4 69. 4 69.6 69.8 69. 6 69.3 70.2 72.8 75.3 76.6 73.0 68. 5 
25 69.3 69. 2 69. I 69. 3 69. 9 69. 5 69.8 7r. 0 75. 0 75.6 73.2 68.o 

26 78.6* 74.3* 68.o 73.0* 72. 0 70.9 70.5 72.5 74.9 74.0 71. 2 67.0 
27 70.0 69. 3 70.5 70.3 70.0 70. 0 70.6 72.7 73. 4 7J. 5 72.0 68.3 
28 68.o 68.3 69.8 '69. R 70. I 70.3 70.3 72. 2 74.5 76.2 74.0 73.5* 
29 69.3 69.5 69.6 70.0 70.0 70.3 70.8 72.4 74.5 75.3 72.8 68.o 

30 69.3 6g.3 69.7 69.8 70.0 70.?. 70.6 72.2 73.3 75.0 73.0 67. I 

31 69.6 70.0 70.2 70.4 70. 6 70.6 70.6 77 .. 0 74. 5 76.0 75.8* 72.0* 

Monthly mean i 70.0 69.8 69.9 69.9 69.9 70.0 70.7 73.o 75.3 75.6 72.2 68.4 
Normal 

J 
6<). 7 6g.5 6<).7 69. 7 69.9 70.0 70. 7 73- 0 75. 2 75.6 72. :z· 67.8 



 

UNITED STATES COAST AND GEODETIO SURVEY. 321 

DECLINATION-Continued. 

th-6 magnetic obser1Jatorg of the Coast aiuL Goodetic Survey, Los Angeles, Cal. 

One division of scale =o'.794 Increasing scale readings correspond to increasing east declination. 

JANUARY, 1884. 

---~-·- --------------
I Mid- I Day. 13h Uh 15h 16h 17h 18h 19h 20h 21h 22h 23h Daily 
I night. nlean. 
I 

I I 66.o 66.4 67.4 68.5 69. 6 70.0 70. I 70.0 70.0 6g. 5 69. 3 69. 3 69. 5 
2 67.0 66.5 67.0 68.5 70. I 6g. 8 69.9 69.3 69.5 69.0 68.5 68 5 69.9 
3 64.5 64.5 66.o 68. 0 6g. 3 69.4 69. 6 69.8 69.5 6g. 3 69.0 68.6 69.5 
4 65.0 64. I 65.5 68. 3 68. 5 69.0 69.5 69.2 70.0 70. 3 70.4 70. 8 69. 2 

5 64.8 63.6* 64.9 67.6 69. 2 69.8 69.9 70. 3 70. 4 70. 6 71. 9 70. I 70.2 

6 67.0 66. I 67.0 69.0 69. 5 70.2 70. 3 7o.4 70.3 70.3 70.0 69.9 70.2 

7 ! 64.5 65.0 66.2 67.5 69.4 69. 5 69. 5 71. 6 70.4 70.4 70. 3 69. 9 69.8 
8 66.8 66. 5 67.0 68.2 6<). 0 70.0 70. 3 70.2 70.4 70. 2 70.4 69.6 70.4 
9 67.0 67.0 67. 5 6g.o 69.9 69.9 70.8 70.0 70.2 69. 5 70. 2 70. I 70.3 

10 65.4 65.5 65.5 66.5 70.0 6g.2 69. 8 69.5 71. 2 70.8 70.8 70. 2 70. 2 

II 66.4 67.0 68. 2 69.6 70. 3 70. 5 69.9 70. 5 70.2 70.3 69.3 70.0 70. I 
12 64.£ 65.0 

' 
66.6 68.9 69. 5 68.o 68.8 69.6 69.5 69. 5 69.8 69. 9 69.5 

13 I 68. 2 68.9* 6g.4 70.0 70.0 70.0 70.0 70.0 70. I 69. 8 69. 5 69. 5 70.5 
14 6+ 0 65. I 67. 2 69.5 69. 6 70.0 70.2 70. 2 70.6 69. 5 70.0 70. 6 69.8 

IS 66. 5 67.3 68. 2 70.0 70.4 70. 5 70. 2 70.5 70.4 70.0 69.5 69. 6 70.6 

16 65.0 65. I 66.o 68.4 70.0 70. 2 70. 3 70.0 70.0 69.4 69.4 69.4 70. I 

17 68.6 67. 7 67. 3 69.5 7o. 3 70. I 70.4 70.0 6g.8 70.0 69.4 69. 5 70.3 
18 64.6 65.2 66.3 68.5 69.4 69.2 6g. 5 70.3 70.6 72. I 70.5 69. 5 69.8 
19 68.o '67. 5 67. 2 67.6 69.0 6g.5 70. I 70.2 70.0 70.0 69.6 69.8 70.3 
20 65. 2 65.3 66.2 67. 5 69.0 69. 5 70.0 70. 5 70.5 72. 0 70. 2 70.8 70. 3 

21 68.z 67. I 67.0 68.o 69.0 69.7 70.0 70.0 70.2 70.0 70.2 70.0 70.3 
22 67.0 67.3 67. 3 69.0 69.8 70.0 70.4 70.6 70. 5 70. I 70.0 70.0 70.2 

23 69. 9* 67.3 67- 5 68. 5 69. 3 69. 5 69. 7 70.0 70.0 69 .. 8 70.0 69.5 70.6 

24 67.3 68.3 68. 5 69.0 69.8 69.8 70.0 70.2 70.0 70.0 69.6 69.6 70. 2 

25 67.6 67.4 67.5 67.3 66. 5* 70.0 70. s 70.6 72. 5 7o.5 70. 5 67.5 69.9 

26 66.3 67.3 67.6 67.7 69.0 69.8 70.0 70.0 69.3 70.2 70.0 70. 2 ' 70.6 

27 67.0 67.5 67.6 69.0 69.4 69.9 70. 0 70.0 69.9 6g. 3 6g.6 69.4 70.0 
28 66.o 66.2 67.0 68.o 69.3 69. 5 69. 7 69.8 6g.5 69.5 69.4 69.3 70.0 

29 66.5 65.5 65.3 67.0 69.0 68.5 6g.4 70.0 70.0 70.0 69.6 69. 31 69.7 
30 

i 
64.6 65.0 ·65.5 67.4 68.5 70.0 70.0 70.0 70.0 70.0 69.9 69. 8 69.6 

I 
70.0* 68.o 31 ! 66.2 66.8 68.5 69.6 69.6 6g.3 70.0 70.0 6g.4 69. 3 I 70.4 

I 

Monthly mean I 66.4 66.3 66.9 68.3 6g.4 6g.7 70.0 70. I 70.2 70. I 6g.9 69. 7 70.o6 
Nonnal 66.2 66.3 66.9 68.3 69. s 69.7 70.0 70. I 70.2 70. I 69.9 69. 7 . 

H. Ex.80-21 
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Local mean time. 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
28 

29 

Monthly mean 

Normal 

UNITED STATES 00.ABT .AND GEODETIO SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic trac.es of the unifilar mag~meter at 

69.3 

73.9* 
68.5 

70. 3 

69.2 

6g.5 
73.8* 
69. I 

69.4 
6g.3 

70.6 

72.8* 

69.0 

69.2 

68.7 

69.9 69.6 70.2 

70.3 70.5 70.3 

73.0* 71.8 71.3 

71. 2 72.4* 71. I 

69.7 69.6 6<).4 

69.4 6g.3 70.0 

69.4 69.3 69.0 
69.0 69.6 69.8 

69.4 69.6 69.5 

69.3 69.4 69.4 

70.0 69.4 69.4 
68. 7 69.3 69.5 
6g.o 69.0 68.8 

70.0 70.5 70.2 
69.8 69.0 6g.o 

68. 5 69. 0 68. 8 

68. 3 68.8 68.o 

69.0 70.8 69.0 

il.O 72.0 71.5 

68.o 71.0 65.5 

68.5 69.0 6g.o 

67.4 67.7 68. I 

68.3 6g.o 69.0 

69.4 69.2 68.9 

69.6 6g,9 69.5 

6g.3 69.6 69.3 

300 divisions+ tabular quantity. 

FEBRUARY, J.884. 

70.4 

69.9 
69.2 

6g. I 

68.7 

70.5 
70.2 

69.2 

69.0 
68.6 

70. 5 
70. 8 

69.3 
68.6 

68.9 

69.4 69.4 69.0 

70. I 71.0 69. 4 

70.9 69.8 6g.2 

70.4 71.4 69.7 
69.0 68.9 68.4 

69.3 70. 3 70.0 

69. 5 69.3 69. I 

69. 6 6g.4 70.0 

69.5 69.5 69. 7 

69. 2 69.4 69. 2 

69.3 69.4 69.3 
69.0 69.0 6S. 5 

70.0 69.2 69. 2 

68.3 68.6 68.7 

69.4 69.0 69.0 

68.3 68.5 68. 7 
68.o 68.5 68.4 

69. 2 69.0 6g.5 

70. 3 69.3 70.0 

69.0 69.9 69.2 

68.7 68.o 68.7 

68. 2 68.o 68. 3 

69.5 68.2 68.4 

70.4 70.6 70.0 

69.4 69.4 69.2 

6g.4 69.4 6g. 2 

71. 0 72. 3 

65. 5* 70.0 

70. 0 70. 9 

7r. 2 68. 7 

68.7 69.2 

73.5 
72.2 

72.3 

71. 5 
70.6 

68.6 7r. 2 74-4 

69.8 70.4 72.3 

69.0 70.7 73.6 

69.4 70.5 73.4 
67.6 69,2 71.9 

69.3 70.4 72.7 
70.0 71. 3 73.0 

69. 6 71.0 73.4 

70. I 7r.6 73·3 

69.4 72.0 73.3 

69.5 70.9 72.0 

69.4 69. 8 70.0 

68. 7 71. 2 70.5 

6S.o 70.7 72.3 

69.2 70.0 73.2 

68.3 70.0 71.3 
68.s 10.0 72.0 

70.5 68. 5 69.0* 

69.1 69.9 69.3* 

68.5 70.0 73.5 

69.0 71.8 72.3 
69.0 70.8 72.0 

6g.7 72.0 73.8 
71.0 70.0 71.0 

69.2 70.5 72.2 

69.3 70.5 72.4 

lOh 11 h Noon. 

74.5 
73.2 

74.4 

74· I 

7J.8 

73. z 

73. 3 

74, I 

75. 2 

73· 9 

71. 2 

71. I 

69.6 

72.3 

71. 2 

75.0 75.0 73.2 

74. I 74.4 72.9 

74.1 74.8 72.9 

75.0 75. 2 73.3 
75.4 75· I 73.3 

74.2 73.3 71.4 

71·3 72. I 71.2 

73.6 73.4 71.0 

73.6 71.7 6\).6 

74.4 72.7 70.4 

74.3 71.6 70.8 
72.3 72.0 70.8 

72.5 73.0 71.5 
73·5 72. I 70.0 

73.0 72. 2 70.8 

72.3 72.3 6g.9 

73.5 73.2 71.5 
71.0* 72.0 68.o* 

67.0* 70.0* 67.7* 

74.8 72.5 6g.o 

72.0 71.0 68.o* 

72.0 70.3* 67.7* 
75.3 73·7 68.8 
72.0 71.0 61.0* 

73.4 72.9 70.4 
73· 7 73· I 71. 2 



 

UNITED STATES COAST A1'."'D GEODETIO SURVEY~ 323 

DECLIN ATION-Oontinued. 

tke 'lfUl{JMUc observatory of tlte <JoMt and <loodetic 8ur'1Jey, Los .Angeles, Oa,l. 

One division of sea.le = o'. 794 Increasing •Cale readings correspond to increasing east declination. 

FEBRUARY, 1884. 

Day. 13h 14h 15h 16h 1711 1811 19h 20b 2lh 22h 23h Mid. Daily 
night. mean. 

, . 
68.o 65.5 64.5 65.0 67.3 69.4 69.8 69.8 73- 8* 7i.o 71. s 72. 2* 70. 2 

2 68.2 65.3 65. I 66.1 67.3 68.9 69.0 69.I 69.2 69.2 6g.o 68. 9 69.7 

3 65. I* 62.8* 62.5* 65.0 67.2 67.7 67.4 68.5 69. 5 70. I 70. I 70.3 68.8 

4 6g.o 67. 2 64.5 63. z* 65. 6 66.3 66.6 69. I 69.S 70.0 70. I 70.4 69.2 

5 68.5 68.4 64.4 66.5 67.3 68.5 69.3 69.7 69.5 69.8 69.6 69. I 69.2 

6 70. I 67.9 66.5 66. 7 67. I 68.2 68.9 69.4 70.0 70.0 70. I 70.0 70.0 

7 71. o* 68. I 65. 5 65.7 67.2 68. I 68.3 68.5 69.0 69.4 69.3 70.5 69.8 

8 6g.3 67.3 65. I 66.z 68. I 69. I 69. I 69.2 6g.9 69.5 10. 3 70.7 70.2 
l 9 71.5* 74.4* 66.5 66.4 67.7 68. 8 68.6 68.9 69.2 68.4 68.3 69.0 70.4 

10 71.4* 69.0 66.5 66. 5 67.6 69.5 69.5 69.4 69.2 69.3 6g.3 69.4 69. 8 

II 6g.8 68.5 67. 8 68.7* 69.4 70.2 70.2 70.1 6g.9 69.8 6g.9 69.7 70.2 

12 70. 2 69.0 67.7 67.4 68.5 69.5 70.0 69.7 6g.3 69. I 6g.o 69.2 69.8 

13 69.4 66.9 66.o 66.6 68.6 69.4 6g.5 69.4 69. I 69.4 6g.2 69.4 {J9.7 

14 67.5 66.3 65.4 66.o 67.9 69.0 69.4 6g.3 69.4 69.4 69.3 69.3 69.4 

15 66.4 65.0 64.8 65.5 67.3 69.3 69.3 69.3 69.5 69.2 69.0 69.4 69.2 

r6 67.7 66.o 66.o 66. 7 68.o 69.2 69.2 69.0 6g.o 68'. 7 68. 7 68.7 6g.3 

17 68.6 66.2 64.0 66.4 66.4 68.2 68.7 69.2 70.2 69.0 69.0 69.0 68.9 

18 68.3 66.7 66.o 66.4 67.9 69.0 68.8 69.0 69.2 69.4 69.6 69.5 69.3 

19 68.o 67.1 67. 2 67. 5 68.5 69.3 69.6 6g.2 69. 5 69.0 69.3 69.1 69.4 

20 6g.o 67.0 66.9 67.0 67.0 68.o 68.5 68. 2 68.2 68.6 69. 5 68.7 69.2 

21 67.0 66.o 65.8 66.4 67.5 68.o 68.o 68.o 68. 0 68.o 69.0 68.o 68.6 

22 6g.5 68.o 66.3 66.o 66.8 67. 3 68.o 67.8 68.o 68.o 69.0 68. 4 68.8 

23 67.3 65.8 64.7 65.0 68.3 68.5 69.0 69.3 6g.5 79.0* 72.0* 69.0 69. 3 

24 65.5* 64.7 65.0 66.o 67.9 68.o 68.5 68. 5 68.3 69.0 6g.2 68.o 68.6 

25 66.3 65. 5 63.8 65.3 66.8 67.2 67.8 68.o 67.5 67.7 67.8 68.o 68. 4 

26 66.5 65.3 65.5 66.o 67.0 67.3 67.2 67.0 68. 5 67.0 67.2 67.3 68.2 

27 65.5* 63.0* 64.0 65.0 64.8* 66.9 66.4 66.5 66.8 67.3 67.3 67.8 67. 5 
28 65.4* 65.5 65.0 66.o 67.2 68.o 67.7 68.o 69.0 67.5 67.0 69.3 68.S 

29 61.0* 61.5* 61.5* 63.0* 63.5* 68.o 68.6 68.8 74.0* 72. s* 70. s 69.8 68.2 
! 

Monthly mean 68.o 66.6 65.3 66.o 67.3 68.4 68.6 68.8 69.4 69.5 69.3 69.2 I 69.24 

Normal 68.3 66.7 65.6 66. I 67.5 68.4 68.6 68.8 6g.o 6g.o 6g.2 6g. I I 



 

824 UNITED STA.TES OOA.ST A.ND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from, the photograpl~ic traces of the unifilar magnetometer at 

Local mean time, 300 divisions+ tabular quantity. 

MARCH, 1884. 

·-· ·--~-· 

Day. iu 2h 3h 4h 5h 6h 7ir Sh 9h 10h llh Noon. 
---·'-~-

I 70. s• 66.3 67.4 69.0 68.o 69.7· 69.0 70.8 70.oif 68.o" 69.9* 68. 2* 

2 73.2• 73.0• 72.0• 73.0• 70.2 67. 2 65. o" 68.5• 70.5• 71. 5 70.8* 69.2* 

3 70. o• 69.8• 75· o• 64.0• 69. 2 70. 2 70.0 69. 8• 70.8• 7J. 8• 72. 5* 71. S* 
4 68,5 68.o 69.0 68. 5 68. 7 69.0 68.o 69. o• 70.0• rz. 0 70.3* 68.o* 

5 68.2 68.3 68. 5 68.5 68.8 69. 5 69.5 72. 0 73.0 73.0 71.7* 68.2* 

6 67.8 68.o 67.8 68.o 68.o 68. 5 70.0 73.0 74.0 7I. 0 68.o 65.0 

7 67.3 67. 8 67. 2 68.o 68. 5 66.4 70.0 74. 5 75. 0 69.5 65.8 62.0 

8 66.o 67.0 67.0 67.0 67.0 65. 8" 69. 0 69.5• 72. 8 73. , .. 70.0* 66.3* 

9 71. o• 68.o 68. 2 68.o 68.o 68. 5 70.0 73.8 75.7 72.0 67.0 62.8 
IO 67.0 67.8 67.0 63.5• 68.2 69. 3 71. 0 74.0 74.0 71. 0 67.0 63.0 

I 

II 65.9 65.0 66.2 67.2 67.3 68.8 71. 7 75. 5 76.2 71. 8 66.2 63.0 
12 67.0 67. 3 68.o 67.8 68.o 69.0 71. 2 74.5 73.8 66.5• 61. o* 59.S* 

13 67.0 67.2 68.o 68.o 68.o 68.8 72.0 74· 0 7J. 0 69.0 63.0* 6o. 7 

14 66.5 67.0 67. 5 • 67. 5 68. 5 69.3 70.8 74. 0 74.8 71. 0 66.2 62.5 

15 66.o 66.5 66.8 67.7 68.o 69. 2 
.. 

72.0 74.0 75. 0 72.8 68.o 63.0 

16 66.7 66.5 66.5 67.0 67. 0 69.0 72.0 73.0 75. 0 72.0 68.o 65.0 

17 66.o 66.o 66.o 64. 5• 64. 8" 66.7 70.3 74.5 75.7 72.3 66.o 61. 3 
18 65.3 65.0 64.8 64.0~ 64.8* 65.8• 69.2 72.0 72.3 70.8 67.0 63.0 

19 65.7 . 66.o 66.2 66.o 66.7 67- 7 70.5 72. 3 73.7 72.2 66.o 62.0 

20 66.o 66.2 66.o 66.5 66, 9 67.2 69.0 71. 0 71. 4• ·69. 5 65.0 6o.o* 

21 66.o 66.3 65.8 66.o 65.3• 67.8 69. 7 71. 6 70.4• 67. 3• 64.5 61. 8 

22 67.5 66.o 66.2 67.0 67. 0 68. 5 70.7 7 I. 2 70.0• 66.o" 63.5* 62.o 

23 66.o 68.o 69.5 67.5 66.9 67.0 69.2 69.4• 67.3• 64.9• 63.5* 62.0 

24 65.3 65.0 67.5 67. 2 69.2 69.0 69.4 71. 6 72.0 69.5 66. 5 640 

25 66.o 66.o 66.2 66.4 67, 5 69. 2 72. 5 73.0 72.2 67.5* 63.5* 6o.5 

26 65.7 66.2 67.0 67. 5 68.o 69.5 73.8* 75.3 73.2 67.3• 62.5* 58. S* 
27 66.8 66.2 64.0" 70. o• 69.8 69.8 74.0* 75. 3 75.2 69.7 66.5 62.Q 
28 66.7 68.o 67.5 67.0 67. 5 69.0 71. 7 74.0 74.3 72.0 69.0 640 

29 71. o• 67.8 68. 2 68.o 69.0 7o.3 69.0 6g.3• 71.0• 67.0• 64.0* 62.0 

30 65.5 66.o 67.0 67.0 68.o 69. s 71. s 76.0" 74.0 70.0 67. s 64.2 

31 64.7 66.7 66.o 66.3 67.0 68.2 70.5 71. 0 70.5• 68.o• 64 3 6r.8 

Monthly mean 67.2 67.1 67.4 67.2 67.7 68. 5 70.4 72.5 72.8 70. I 66.6 63.5 
Normal 66.4 66.8 67. l 67.4 68.o 68.7 70.3 73.2 74.0 71. I 66.6 62.6 



 

UNITED ST.A.TES COAST .AND GEODETIC SURVEY. 325 

DECLINATION-Continued. 

the magnetic observatm·y of the Coast and Geodetic S1trvey, Los .Angeles, <Jal. 

One division of scalc=<Y.794 Increasing scale readings correspond lo increasing east declination. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

12 

13 

14 

15 

. 16 

17 

18 

19 

20 

21 

22 

MARCH, 1884. 

161' 1711 181> 

65.2* 65.2* 62.2 61.S 62.0* 65.5 

66.3* 65.0* 65.0* 63.5 64.0 66.o 

68.o* 66.o" 65.4" 66.5 66.8 68.2* 

65.5* 65.0* 65.0* 66.o 67.0 68.o 

64.8* 64.0* 63.8 63.0 65.0 65.5 

J!)h 201i 2lll 

68.o 68. I 71.8* 

68.5~ 70.8* 70.0* 

70.0* 68.5* 69.3* 

68.o 68.o 68.5* 

66.7 67.0 67.0 

62. 5 62. 5 63. 5 65: 2 66. 3 66. 6 67. 7 68. 0 70. 5* 

59. 5 59. 0 59. o-* 63. 0 65. 5 66. 0 65. 8 66. 0 65. 5 
63.0 62.0 63.0 65.8 65.5 67.5 66.o 66.o 67.2 

61.7 61. 7 63.8 65.3 66.o 66.3 66.o 66.o 65.5 

61. 7 61. 0 62. 7 64. 7 65. 3 65. 0 64. 8 65. 0 65. 2 

63. o 64. o* 65. o 66. 5 67. o 65. 8 66. o 66. 5 66. 5 

6o.8 62,0 64.5 66.o 67.0 66.3 66.8 66.7 66.5 

61. 0 62. 0 62. 7 64. 3 66. 0 66. 0 66. 8 66. 5 66. 6 

60. 5 60. 3 60. 7 63. 5 65. 7 66. 2 66. o 66. o 66.o 

60.8 60.4 62.0 64.5 66.o 66.o 66.o 70.5• 65.3 

63. 0 63. 0 61. 5 64. 8 66. 0 66. 0 65. 8 66. 0 66. 0 

6o. 0 59. 0 6o. 7 63. 0 64. 2 64. 8 65. 2 65. 7 65. 5 
6o.7 60.0 61.0 62.o 64.1 65.0 65.2 65.2 65.3 

6o.o 59.0 57.5* 62.o 63.2 64.0 71.0* 65.3 66.o 

57.s'~ 59.0 59.5* 00.5* 63.0 63.2 62.2* 65.0 65.0 

60. 2 61. o 61. 5 64. 5 64. 8 64. o 63. 2* 64. 3 63. o* 

61. 0 6::?. 0 63. 3 65. 0 64. 3 64. 2 65. 2 65. 7 64. 2 

23 62. o 61. 5 63. 5 64. 8 65. o 64. 8 63. o* 63. 5 64. 5 

24 63.0 6o.8 62.0 63.0 64.5 64.5 64.3 65.0 65.3 

25 6o.2 61.0 63.2 65.0 65.8 67.7 66.o 66.3 65.2 

?.?.ll 9311 Mid- ! Daily~1 ""~ ~ night.] mean. 
-- _._ .. ______ '----- ~--

70. o* 70.8* 71.0* 67.8 

69. o* 71. 7* 70. o", 68. 9 

69.3* 70.4* 68.o 1 69.3 I 
68. 8* 68.3 68.6 68.2 I 
67. 2 67.8 67.4 67.8 I 
69. 2* 68.o 68.3 67.8 

65.0 66.o 66.3 66.2 

68.o 69.0* 70.3• 67.3 

65,8 65.8 66.o 67.2 

65.0 65.5 65.5 66.4 

66.5 66.8 67.0 
66.2 66.3 66.8 

66.3 66.3 66.5 
66. z 66.o 66.o· 

65. 8 66.o 67.5 

65.8 66.o 66.o 

65.0 65.0 65.0 

65.3 65.3 65.2 

68.o 65.S 66.o 

65.0 65.0 65. 3 

64.7 64. 7 66.o 

66.5 66.2 65.0 

65.0 65.0 65.3 

65.5 66.o 65.7 

65.7 65.2 65.0 

67.3 

66.7 

66.6 

66.6 

67. I 

67.0 

65. 7 

65.4 

66.o 

64. 8 

65.2 

65.8 

65.4 

66. I 

66. I 

26 58. o* 59. o 61. 3 64. 8 61. o 66. o 65. o 65. 5 65. 8 65. 1 66. o 65. 8 I 66.o 

67.0 

66.9 

65.9 
66.2 

27 6o. 8 62. 0 63. 0 65. 8 66. 7 65. 0 64. 8 64. 8 64. 8 67. 0 67. 0 66. 51 

28 6o. 0 58. 5 57. S* 59. o* 62. o* 66. 0 64. 5 7 l. o* 66. 5 70. o* 70. 5* 6g. 5* 

29 61.3 61.8 61.7 62.0 63.0 64.5 66.o 65.0 64.5 64.8 65.3 65.0 

30 61.5 6o.3 60.5 61.8 63.0 64.3 64.5 64.7 65.0 66.o 66.o 65.3 \ 

31 61. 0 59. 0 6o. 0 6o. S* 62. 2* 64. 7 65. 2 65. 0 64. 3 66. 0 65. 0 66. 0 I 65. 2 

_M_o_n_th-ly_m_e-a1-11~-6-1-.8~-61-.-5~6-2-.1~~-63-.-8~6-5--.o~-65-.-6~~6-5-.-9~6-6.-4~-6-6-.-2~~6-6.-6~6-6-.-7~6-6.-7-li~6-6.-6-4~ 

Normal 61. o 61. o 62. 3 64. 2 65. 3 65. ~ 65. 9 65. 8 65. 6 65. 9 66. o 66. z 



 

326 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly n.tdings from the plUJtogrttphic traces of tl.e unijiiar magnetometer at 

Local mean time. 300 divhiions + ti.bular quantity. 

APRIL, 1884. 

____ Day_. __ j, __ 1_n __ ~_h __ 3_i. ___ 4_h __ 5_h __ 6_
1
_' ___ 1_h __ s_0 

__ 9_h ___ 1_o_h_ 11 h Noon. 

2 

3 

4 

5 

.6 

7 
8 

9 
10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

2[ 

22 

Monthly mean 

Normal 

66.7 67.3 66.8 
66.o 66. 2 66.2 

65.2 66. ! 66. I 

65.7 65. 4 64.8 

65.9 65. 9 65.5 

66.o 65.0 65.0 

65.0 65.2 65. 3 
66.5 66.o 66.3 

65,4 67.0 67.0 

57.8 70. 7* 70.5* 

69.6* 70.7* 68.7* 
66.o 66.5 66.5 

65. 2 65. 2 65.0 

64.8 65.0 65.8 
66.9 65. 3 66.o 

66.2 67.0 65.5 
66.z 64.0 66.o 

· 64. 5 6o. o* 64 o 

66.8 66. 2 66.o 

66.3 65.8 65.5 

63.8 65.0 65.0 

65.5 66.o 66.o 

[62.5*][62.3*][62.3*] 

66.o 66.7 67.2 

64. 8 64- 8 69. o* 

65 .. 3 

63.9 
65.3 

64.7 

64.8 

65.7 

64. 7 

65,5 

65.0 

65.0 

65. 6 

65. 7 

64. 3 

64.3 
65.5 
65. I 

65. I 

67.0 67.3 68.o 
66.7 68.o 69.2 

66.1 66.7 68.2 

62.7* 66.4 68.8 

67.1 66.3 67.8 

65.8 65.3 67.3 
65.6 66.o 67.5 
66.4 66.8 68.8 

[66.9] [67.0) [67.9.) 
69.3* 7-0.$* 71.0* 

69.2* 66.6 67.8 

65.8 67.0 68.o 

66.o 67.5 6g.o 
66.o 66.5 68.5 
66.o 68. 2 68.o 

66. I 66.o 67.7 
6<).2* 67.8 71.0* 

66.o 62.8* 63.5* 
65.0 66. I 67.3 
66.3 66.8 68.8 

65.8 66.o 69.0 

66.8 68.o 69.3 

[62.5*][62.8*][64.o*J 

69.0* 68.8 69.8 

69.0* 69.7* 70.3 

64.9 
64.3 
66. 2 

65.3 
{)5. 0 

66.3 

66.o 

67.8 

65.5 
66.3 
66.2 

66. I 

66.8 

66.8 

68.9 
67.2 

67.3 
67.8 

67.3 

68.2 

68.. 3 

70. 5 71.4 71.0 

70. 5 72.8 73.8* 

70.3 71.2 72.2 

73.o* -73.5 71.0 

70.8 73.5 72.6 

70.9 73.9 72.2 
70.0 70.6 69.5 

71. 5 73.4 70.8 
[6g.6] [70. 1] [68.4] 
7L 0 [71. I] [6<). OJ 

71, 7 72.0 72.0 

69.1 71.5 70.0 

71.0 73.2 72.0 

70.5 72.5 6g.5 
69. 5 69.6 6g. z' 

76.0* 72.0 71.5 
65. 5* 66. 8* 67. 2* 

69.8 70, 5 6g.9 
70. 3 70.S 69.4 

?fJ.O 69.3 67.0* 
72.0 72.S 70.5 

[66. 0*][66. 8*][65. 4*] 

74.4* 73.5 71.0 

70.0 69.2 67.8* 

71. 6 

6g.3 
69.3 
6g.7 
70.0 

72.0 72.0 

70, g 70. 5 

72. 0 70. 5 
71.0 70.0 

70.9 69.7 

7I. 3 70, I 

71. 6 70. 6 

69.2* 67.8* 63.0 

70.9* 67.0* 64.6 

69.8* 67.8* 64. 2 

67.0 65.9 64.3 

67.S 64.8 63.4 

67.4 64.8 62.0 

66.5 64.3 62.0 
68.8 64.8 62.0 

63.9 62.5 61.5 

64.0 62.5 59.0* 

68.o 66.o 64.5 

66.8 64.0 62.5 

68.o 65.2 63.8 

66.I 64.3 63.2 

64.5 63.8 62. I 

63.5• 63.5 63.0 
66.2 66.8* .64.2 

68.8 64.8 63.9 

67.5 66.2 65.8* 

64.8 63.5 63.5 

[66.z] [63.9] [61.8] 

61. 2* 58.9* 58.7* 
66.2 62.8 57. 2* 
64.3 62.1 6o.9 

68.o 66. z 

67.8 65.0 
66. 8 64.0 

65.2 63. I 

65. g 63. 7 

66. 5 64.4 

66. 3 64. I 

6o.3 

63.0 
61. 0 

61.2 

63.8 



 

UNITED STATES 00.AST AND GEODETIO SURVEY. 327 

DECLINATION-Continned. 

the magnetic observatory of tke Ooast and Geoiletfo Survey, Los Angele&, Oal. 

One division of scale= o'.794 

Day. 13k 14tl 151• 

I 6o.2 59.7 6o.2 

2 62.3 61. 9 61. 2 

3 61.2 59.7 6o.8 

4 62.2 60.7 6o.8 

5 62.8 63.0 63.ll 

6 64.8* 64.8* 61.0 

7 6o.8 59.8 61. 5 
8 6o.o 6o.o 61.5 

9 62.7 63. 2 64. 8* 

IO 59.3 61. 3 61. 5 

II 62.5 61. 5 63.2 

12 61. 3 59.5 61. 7 

13 6z.7 62.7 63.0 

14 63.7 6r. 2 . 6r. 3 

15 62.2 62.2 63.0 

16 62.0 6o.8 61. 5 

17 61. 5 59. 5 62. 2 

18 64.0 61. 1 61. 0 

19 6z.o 6r. 0 6r. z 

20 65.2• 63.0 62 . .; 

21 63.0 62.5 62. 5 
2:1 (6<J.7][59. 8][6o. 1] 

23 58.8* 6o.3 62.8 

24 55.S* 55.5* 51. 2* 

25 59.9 jlo.o 61. 0 

26 58.2• 57.2* 57.2* 

27 61. 0 61.0 62.0 

z8 59.7 57.5* 58.8* 

29 6o.2 6o • .a 6o.8 

30 640 62.9 63.2 

Mollthly mean 61.5 6o.8 61. 2 

Nonnal 61. 7 61. I 61. 7 

Increasin11: scale readings correspond to incteasing east declination. 

APRIL, l.884. 

16h 17b 18h 1911 20" 2lh 22h Mid- i Daily 
23'-' night. I means. 

--- --------- ---- -- ---- --- - -------------1---
62.0 63. 7 64.2 6+ 5 65.0 65.3 
62.8 (i3. r 63.9 6+o 65.0 65.0 
62.6 64.4 64.8 65.4 65.4 66.o 

61. I 62.7 64.0 64.2 64.7 64. 2 

64.0 64.4 64.3 64. I 64.0 64.0 

64.0 65.2 65.4 64.4 64. 2 64.0 

6+ 3 66. 0 65.5 64.6 64.4 6+ 5 
64. 2 65.7 66.o 64.8 64.8 64. 5 
65. 3 65.3 64.8 65.0 65, I 65. 1 

66. 5* 66. 7* 65. 2 66.3 66.o 66.o 

64. 5 64. 3 66.o 65.0 64.0 64.0 

64.0 65.0 65. 0 64.5 64. 3 94·3 
64.2 65. 0 64.7 64.2 64.0 64.2 

61. 0 61. 9 64.0 67.0 64. 7 64. 3 
64. 2 64.4 64.8 64.3 62.8 63. 2 

62. 5 63. 5 63.3 65.0 68. o• 65. o 

61. 0 59. 2• 64. 0 64.9 63.5 65.0 
62.6 65.c 64. 3 64 5 67. 1* 64.0 

6:1.5 64.0 63.6 6g.3* 64.3 66. 2 

63. 5 64. 8 67. 0 68.o* 65.0 67. 7* 

64.0 63.8 64.4 64.8 64. 7 64.7 

[61. 5][62.3][62.7] [63.0][62.5)(62.5] 
63.8 64. 3 64.5 64.7 64.8 66.2 
57.0* 6o.o* 6o.3* 66.o 62.3 65.8 
62.9 64.3 64.9 64 7 64.3 64. 7 

6o. 5* 63. 2 62.0* 62.0* 64.0 63.9 
63.0 63.8 64.0 64.2 64.3 6+3 
59· 5* 62.6 6+ 7 65.0 65.0 64.8 

61. 6 63. 2 6+ 7 64.8 64.9 6+ 7 
[64 2] 64. 5 65.4 65.5 65.5 65.5 

62. 8 63.9 6+4 65.0 64-6 64.8 
63.2 64. I 64.6 64.8 64-4 64.8 

65.2 65.8 
66. I 66.o 

64.8 65.2 

64. 3 64. 2 

64.0 64.0 

64.2 64.5 
64.3 64.4 

64. 7 64.7 
65.2 65.5 

66.o 

65.0 

65.2 

6+ 4 
64. 8 

6+ 6 
65.0 

65. 2 

66. 5 

65.7 
66.2 

65.8 

65.2 

65.8 

65.7 
65. I 

65.8 

[65. 6] 
67.8 * 69.8* 72.0* [66.9] 

65.8 63.0 63.0 
64.2 64.7 65.5 
64.2 64.8 65,0 

65.3 64.7 64. 2 

63.8 64.2 65.8 

64.2 64.2 66.o 

65.8 66.o 6+ 5 
65.0 65.6 61. 3* 

65.0 67.7* 65. 8 

66.3 65.0 64.7 

65.0 65.0 65.0 
(62. 7] (62. 6)(62. 3*] 

65. 5 64.8 66.3 
65. 2 66.8 67.0 
65.0 65.0 65.0 

64. 5 65.5 65.0 

64.5 64. 5 6,4.7 
64.8 649 645 
64. 8 •64. 9 64.9 
75.2 .. 70. 8* 67. 5 

65.3 
64.8 

65.3 65.2 
64.9 65.2 

i 

66.4 

65.3 
65.8 

65.2 

65.2 

65.0 

65.4 

64.3 

65. 7 
66.3 

65. I 

[64.6] 

(63.3] 
64.4 

65.2 

64.6 

64.9 
64.6 

64.8 

[66.3] 

165. 34 

I 



 

828 UNITED STATES 00.A.ST AND GEODETIO SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the pliotographic traces of the unijilar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

MAY, l.884. 

Day. lh 2h 3h 4h 5h 6h 7h 8h 9h lOh Uh Noon. 
-

I 68. , .. 66.2 68.o 66.o 66.o 68.2 70.0 6g.8 71. 2• 6g.o* 66. o* 64.2 
2 64.8 65. 2 65.3 65.7 66.5 68.o r;o. 3 71. 2 70.0 66.5 6+ 5 63.5 

3 64.8 64.5 66.o 65.8 66.3 67.8 69.8 70.0 68.3 66.o 63.0 63.0 

4 64.5 65.0 64.8 64.8 66.o 67.7 71. 0 72.2 70.0 66.o 63.0 62.0 

5 64.8 64.0 64.8 64.8 66.o 67.5 [69.6] [70.2] [68. 7] 66.5 63.0 62.8 

6 66.5 66.5 66.o 66. 7 67.5 6g.o 71. 0 70.0 68.o 65.0 64.0 64.0 

' 65.3 66.o 65.5 67.5 68. 5 69.0 70.0 70.0 67. 2 64.0 61. 2 6r. 5 
8 65.3 65.5 66.o 66.2 67.0 68.5 71. 3 72.0 69.8 66.o 62.0 6r. 5 

9 66.o 66.o 66.o 66.o 66.8 6g.3 71.5 71. 5 69. 5 66.o 63.3 62.0 

IO 66.2 67.3 67.7 67.0 67.6 71. 2• 70.8 68.2 66. 0 64.0 62.0 60.2 

II 65.5 66. 0 ' 66.'5 66.3 68.o 6g. 7 70.0 72. 5 67, I 63.0* 61. 5 59.3* 
I 66.o 66.o 64.8 64.5 65.8 68.o 68.3 68. 5 68.o 66.5 63.5 6r. 7 12 I 

13 64.4 64.8 65.0 64.5 66.8 6g.8 71.7 71. 5 70.2 69.0* 64.8 62.8 

14 64.8 64.3 65.3 66.3 67.5 68.3 70.5 70.8 69.3 66.o 62.5 6o.o 

15 64.8 65. 0 65.3 66. 5 65.0 69.0 6g.2 69.0 65. o• ''60. 2* 57.5* 57.0* 

16 I 63. 5 66.o 65.5 66.o 66,5 67.5 69.0 68. 5 t7. 0 64.7 62.0 61. 8 

17 

I 
64.8 65.0 65.5 66.o 66.3 67.8 69.0 69.5 67. 5 65.0 63.0 62.0 

18 65.0 65. 7 65.2 65.4 66.2 67.5 6g.o 68.o 66.o 63.8 62. 5 62.5 

19 65.0 63.5 65.2 65. 5 67.5 69. 0 68. 5 65. 5" 63. 8* 62.2* 6o.5 58.5* 
20 64.5 64.9 65.2 66. 0 66.o 67.0 68.o 68.o 65.5* 62. 5* 61. 5 6r. 3 

21 64.9 65.0 65.2 65.3 65.6 66.3 67.2* 68. 8 68. 5 68.o 67.0* 66.3* 
22 63.5 64.0 64.8 64.8 66.3 67.0 66.o* 66.o* 63.5* 63.5 64.8 61. 0 

I 23 66.2 65.7 66.2 66.8 68.5 70.0 71. 0 71. 0 69.0 67. 0 62.0 59.8 

24 67.0 64.5 66.o 66.7 67.0 70.0 72.5 71. 2 6g.o 64.3 6o.8 59.0* 

25 64.8 65.7 65.8 66.5 67.2 70.0 73.0* 72.3 67.6 • 63.0* 58.0* 56.0* 

26 64.5 64.5 65.0 65.3 67.0 6g.5 70.5 72. 5 70. 0 65.2 60.8 58.4* 

27 . 64.2 64.5 65.0 65.5 66. 5 68.5 72.5 75. 2* 74. 5* 70·8* 64.0 6o.7 
28 64.5 64.3 64.2 65.3 65.3 67.7 71. 0 ';2.0 70. 8 67. 8 64. [ 62.0 

29 64.'8 65.0 65.0 66.o 67.0 70.2 72.0 72.7 70.0 67.8 65.2 64.0 

30 64.8 65.0 65.2 66.o 6';. 3 6g.3 70.5 09.8 67. 0 67.0 64.3 62.8 

31 65.2 65.2 66.o 68.2 6g.2 6g.9 71.2 70.3 69.5 67.0 64.5 64.J: 

Monthly mean 

\ 

65.1 65.2 65.6 65.9 66.8 68.6 70.2 70.3 68. 3 65.6 62.8 61.5 
Normal 65.0 65.2 65.6 65.9 66.8 68.6 70.3 70.4 68.5 65.8 62.9 62.1 



 

UNITED STA.TES OOAST .AND GEODETIC SURVEY. 329 

DECLINATION-Continued. 

the magnetic observatory of the Ooast and Geodetic Surrey, Los Angeles, Gal. 

One division of scale= o'.794 Increasing scale readings correspond to increasing east declination. 

MAY, 1884. 

-
r-.:id- j Daily Vay. U)h ]4b 15b ]Gb 17h 1811 . 1911 2011 2111 22b 2311 
mght.l~e~ 

---· 
I 

62.8 61. 5 61.5 64.2 64.8 64.8 66. 3. 66.o 65.0 I 
l j 62.3 64. 2 65. 5 i 65.9 
2 I 62.o 61. 8 61. 5 6I. 5 62.0 63.0 64.0 64.3 65. 5 64.4 64.3 64.8 ! 65.0 
3• 

I 

63.5* 63.3 63.3 64.0 64.4 64.0 64. 3 64.3 64.2 64.3 64.5 64. 5 l 65.2 
4 61. 3 62.0 62.0 63.0 63.0 63.5 63. 3 62. 8 62.8 63.5 64.0 64.5 I 64.7 
5 62.5 62.0 62.5 63.0 64.0 64.5 65.0 64. 7 64.7 65.0 65.0 65. o I [65. oJ 

64.8* 63.5 63. 5 
i 

6 64.0 63.8 64. 3 63. 2 63.8 63.5 65.5 68. o* 65. 5 1 65.7 
7 61. 5 61. 5 62. 5 64.0 65.2 66.o 70.0* 64.5 64.5 65.2 65.5 66.o i 65.5 
8 59.0 6o.2 61. 5 64._2 65. 3 67. 2 65.3 65.3 65.3 65.3 66.o 66.o ! 65. 5 

9 

I 

59.7 58.5 6o.9 62.4 64. 3 65. I 65.0 64.2 64.8 64.3 64.2 65.0 I 65. I 

IO 59.0 56.5* 58.0" 62.8 62.0 61. 8* 66.5 64.8 64.9 63.8 66. I 66. 3 . 64.6 
' 

II I 61. 2 59.2 6o.7 62.0 64.2 h3. 8 70. 2* 65.0 70.0* 66.o 64.5 6!. a*: 65. I 

' 12 61. 0 6~.5 61. 0 62. 5 64.0 65. 0 65.0 64. 5 64.3 64. 5 67.5 64. s I 64.8 
13 61. 0 59.3 6o.o 61. 5 63. 5 65. 5 65. 3 64. 7 65.0 67.2 65.5 65.8 \ 65.4 
14 59.2 60.5 62.0 63.2 63.0 64.0 64. 2 65.0 67.0 65.5 65.0 6j. 3 ! 65.r 
15 59.0 60.0 62.o 63.0 64.0 64.3 65. 5 64.5 64.5 65.0 65.0 64. 3 I 63.9 

I 
16 61. ·3 62,o 63.0 64. I 65.0 65. 3 64.5 65.0 65.0 65.3 66.o 65.0 I 65.0 
17 61. 3 61. 0 61. 3 62.0 63.0 64.4 65.3 65.2 64.8 64.5 65.0 65.0 I 64.8 
18 61. 5 6o.5 Go.o 61.0 61. s 62.0* 63.0 63.2 63.2 64.0 64.2 64. 31 64.0 

19 58.8 59.2 61. 2 64.0 64. 2 63.8 63.0 63.0 64.2 64.0 64.3 64. 2 I 63.7 
61.5 61. 8 61. 7 62. 2 63.0 63.0 63.5 63.8 64.0 64.2 64.4 64.7 

I 
64.1 20 

21 63.0 61. 7 61. 5 62.0 63.0 64.-0 64. 5 63.5 63.5 63.0 63.5 63.5 64.8 
22 6o.5 61. 0 62.0 63.0 63. 5 66.3 68.o* 65.5 64.7 64.0 65.5 64.7 64.3 
23 59.5 6i.o 62.0 65.0 66.o 65. 8 65. 3 64. 3 64.8 66.5 67.0 65.5 65.7 

24 58. 5 6o.o 62.5 64.3 65. 5 65.5 65.0 64.8 64.7 64.5 64. 5 64.7 65.1 
25 55.0* 56.5* 6o.o 63.0 64.5 64.5 64.5 64. 5 64.5 65.0 65.2 64.3 64.2 

-
26 58.0* 59. 3 61.2 64.0 65. 7 66.o 65.8 65.2 65.0 65.2 65.0 64.5 64.9 
27 59.5 59.0 6o.5 63.0 65.0 66.o 64.0 64.7 65.3 65.0 64.3 64.2 65.5 
28 00.7 61. 3 62.0 63. 5 64.7 65. 7 64.8 64.2 64.8 64. 3 64:7 64.5 65.2 
29 63.0 63.2 63.0 64.o 64. 3 66.o 66.9 67.0 66.o 65.8 64.9 64.8 66.2 

30 62.2 62. 3 63.0 64.0 65.0 66.o 65.9 65. I 65.2 66.o 65.3 65.2 65.6 

3r 63.2 62.9 62.2 62.0 63.2 64.0 64.0 6:1-·9 65.2 66.5 66.2 66.3 i 65.9 

Monthly mean oo.s 6<:q 61. 6 63.0 64.o 64- 7 65. I 64.6 64.9 65.0 65.2 64.9 65.02 
Normal 6o.9 61. 0 61.7 63.0 64.0 64.9 64.7 64.6 64.7 65.0 65.0 65.0 



 

330 UNITED S'l'ATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings frma tke plwU>grapkic triues of the vnijilar mag1&etometer at 

Local mean time. 300 divisions +tabular quantity. 

JUNE, 1884. 

--~---

Day. lh 2h 3h 411 i)h 6h 71J. 8h 9h H)h 11" Noon. 

---------· 

I 69. 1* 70.8* JO.O* 69.0* 70.2* 72.0* 71. 2 71. 0 67.5 66.o 65.0 64.7 
2 67.0 65.0 66.2 66. 5 67.2 67.0 66. s* 62.5* 64.0* 64.8 61. 0 64.0 

.3 66.o 65.5 65.5 66.o 68.5 69.0 71. 8 71. 3 [6'). 5] 65.5 6+ 2 ~. 2 

4 65. 2 65.2 65.3 66.o 65. 5 68.o 69.0 68.o"- 66. 5.* 62.0* 59· 0~· 58. 3* 

5 65.2 65.8 65.0 66. 5 67.8 69. 5 72.0 73.8 72.0 68.o 64.0 1>2. 0 

6 65. s 65.2 65.0 66.o 68.o 70.3 72.8 73.0 72. I 68.5* 6~. 5 61. 0 

7 65. 3 65.5 65. 8 66.o 67.0 69.0 70.8 70. 2 68.o 64. 7 60.7 58.0* 

8 65.0 65. 3 65.5 65. 8 66.o 68. 5 7 I. 0 74.0 73· o* 69.0* 66.2* 63.8 

9 65.3 64.7 65.0 65.0 67.5 69.2 70.8 72.0 ]I. 0 67.0 62.3 59.3* 
10 65. 5 66.o 66.o 66.o 67. 3 68.5 71. 0 72.9 72.0 67.5 62.2 61. 0 

II 65.0 65.5 65.8 65.2 66.8 69.2 72.5 i2.2 6g. 3 64.0 59.0* 57· 3* 
12 65.5 65. 8 66.o 67.2 68.o 70.5 73.0 73.8 70. 3 64.0 59. 2* 57.0* 

13 65.0 65.3 66.o 67.0 67.2 68.o 70.5 72. 0 jO. 5 65.7 61. 5 59.o* 

14 65.0 65. 7 65,2 65.5 66.2 67.0 68. o·~ 66.8* 68.o 6+ 7 61. 2 59. 2* 

15 65.0 65.0 65.0 65.0 66.2 68.o 70.0 70.5 70. 0 •. 66.5 63.0 61. 8 

16 65.0 65.2 65.2 66.o 66.7 69.7 71. 8 71. 0 6g.o 66.3 64.3 62.5 

17 64.3 65.0 fq.o 66.8 68.5 69.8 73.0 71. 5 70. 8 64.3 60.0* 57.5* 
18 64.8 64.3 65.0 65.5 67. 0 69.3 71. 5 72.0 68. 5 64.0 59.5* 58. 2* 

19 67.5 64. 3 64.5 65.8 66.8 69.2 72.0 71. 5 67. 2 62.2* 61. 3 59.8* 
20 63.2 66.o 66. 7 67.0 67.5 69.2 70. 3 70.9 68. 8 64.5 60.8 59.2* 

21 65.5 66. 5 66. 5 67. 2 68.o 70.5 72.0 72.0 69.0 65.0 62.8 62.7 
22 66.5 67.8 68.o 68. 5 69.0 70.0 72.3 70.8 67. 2 66.2 64.8 61. 0 

23 &). 5" 66.8 fi?.o* 68.2 66. 2 69.0 71. 0 70. 5 70. 7 68.o 64.8 63.5 

24 68.o* 67.0 65.8 63.0* 67.3 69.0 70. I 70.0 69. 3 67.2 62,4 61. 4 

25 65.6 65.0 65.3 66. 3 67.8 68.8 71. 0 72.5 71. 3 68.6* 64.4 62.5 

26 65.6 66.o 66.2 65. 5 66.5 68.8 70. 6 7r. 8 70.2 65.S 63.0 62.5 

27 65. 8 65.4 65.4 66.5 66.8 69.0 72.7 72.4 70.3 64.4 6o.5 56.4* 
28 65.0 65.3 6<j..6 6+ 4 66.6 68.7 72.0 74. 8* 72. 5"" 66. 5 63.0 00.3 

29 65.0 66.6 66.5 68.8* 69.2 70.3 71. I 72. 0 70.7 67.8 63.5 63.0 

30 64. 5 64.5 64,7 65.3 65.8 69.7 71. 5 71. 'J 68.o 65. 8 64. I 63.6 

Monthly m!'.an I 65.7 65.7 65.9 66. 2 67.3 6g. 2 . 
NGrmal 65. 3 65.6 65. 7 66.o 67. 2 6g. I 

71. I 71. 3 69.6 65.8 62.4 6o.8 

71. 4 7r. 8 6'). 7 65.8 62.9 62.5 



 

UNITED STATES OOAS'l" .AND GEODETIC SURVEY. 331 

DECLINATION-Continn.ed. 

One dil'isicn of scale= o'.794 Increasing scale readings correspond to increasing east declinatioa. 

.TU'NE, 181M. 

·--------------------~-~-----------·---·-·----------. 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

Monthly mean 

NO£mal 

63.5* 63.9 63.8 
65.0* 64.8* 65.2* 
62.0 62.0 62.5 

'60.0 61'.0 62.2 

61.2 61.3 60.8 

58.8 57.8* 59.2* 
58.0* 58.0* 60. 7 
62.3 61.3 62.7 

6o.5 61.6 63.2 

59.5 60.5 61.3 

58.5 59.5 61.2 

57.5* 58.5* 59.5* 
58.5 58.2* 58.8* 
59.5 61.0 61.8 
62.3 62.1 63.7 

62.5 62.3 63.2 

56.8* 56.0* 58.5* 
55.2* 56.8* 59.0* 

6o.7 62.0 63.0 
59.0 60.8 62.0 

63.0 63.2 64.5 
6o.5 60.8 61. 5 
61.9 60.8 60. 5 
61.5 62.3 63.4 
62.0 60.8 61.3 

62. 5 61. 4 61. 4 

56.0* 58. o• 58. 7• 
59.4 6o.3 62.5 
61.4 61.S 62. 3 

62.4 62.4 63.6 

6o.4 60.7 61. 7 
6o.9 61.5 62.3 

63.3 64.2 64.2 
66.o* 64.5 65.0 

63.7 64.3 65.0 
63.8 65.0 65.0 

6o.8 63.2 64.8 

61.7 63.5 65.5 
63.2 65.0 65.2 

63.7 65.0 65.5 
64.0 66.2 66.o 
6z.2 64.5 66.2 

63.5 64.5 65.7 
6o.5* 62.0 64.5 
61.0 63.5 63.5 
63.0 64.0 64.5 
65.0 66.o 66.5 

65.0 66.o 66.5 
60.7 62.5 63.5 
61.0 62.0 64.7 

64.5 65.3 65.8 
64.2 65.8 68.o* 

65.2 65.3 64.5 
61.0 61.8* 64.0 
62.0 64. 2 65.2 

64.4 65.0 65.0 
6z.3 64.0 65.5 

63.5 64.4 65.4 
61.7 64.3 65.7 
63.5 64.0 64.2 

64.5 65.3 65.3 
64.6 65.4 65.6 

63. l 64. 4 65. 2 

63.1 64.4 65. I 

Mid-:. Daily 
night.) mean. 

------------, 
64.0 64.3 65.0 
64.5 66.2 66.5 
65.0 64.8 64.3 
64.8 64.3 66.o 
65.2 65.? 65.0 

65.2 64.8 65.2 
66.o 65.5 64.8 
66.o 64.5 64.3 
65.5 64.0 64.3 
66.o 64.7 64.8 

65.5 65.3 65.3 
64.0 64.0 65.3 
63.0 63.5 64. 3 

64.8 65.0 64.8 

65.2 64.8 64. s 

65. 5 64.3 64.2 
63.0 63.0 63. 3 

64.2 63.3 64.6 

65.0 65.0 66. 5 
68.o* 65.0 64.5 

65.2 63.5 64.0 
~5-5 69.0* 64.0 
64.8 65.8 65. 2 

65.4 65.6 68.o* 

66.4 65.7 65.5 

64.9 66.o 65.5 

67.2 65.7 65.4 
64.2 65.0 65.8 
65.0 65.0 65.0 
66.o -67.3 66.3 

65.2 65.0 63. [ 
65.1 64. 8 65.0 

66. 8 65. 7 

71. o* 65. 5 
t55.o 65.5 
65.0 64.8 
65. 3 65.0 

65.0 65.5 
64.8 65.0 

64. 8 65. 0 

64.5 65.2 
65 2 65.2 

I 
61. 9 I 66. 8 

65.31 65.4 
64. 8 i [65. 7) 

I 
65. 7 i 64.4 
65.0 I 65. 6 

66.o i 65. 4 

64. 81 64. 7 
65.0 I 66. o 

I 
65. s I 65. 4 

65.8 ! 65.5 

65.0 65.3 65.3 
65.0 64.3 64.5 
64.0 64.2 64.3 
65.0 65.0 65.0. 
64.8 65.0 64.9 

64.8 
64.6 

64.4 
£4.4 
65.5 

64.0 64.0 64.5 

64.0 64.1 64.3 
t)g.5* 61).o* 67.0 

66.2 66.o 65.8 
65.2 61.5* 65.0 

65.6 

64. 1 

64.4 
u5. 3 
65. I 

65. 0 65. 5 66. 5 ' 66. 0 

63. 0 62. 2* 73. 7*; 65. 8 
68.8* 66.9 66.o I 66.2 

66. 7 65. 3 65. 3 i 65. 8 
65. 4 65. 7 66. 8 : 65. 8 

66.o 64.8 

65.4 65.0 
66.o 66.2 

65.0 67.5 

66.3 66.o 

65. 2 . 65. 6 

64. 41 64. 7 

65.6 I 65. 4 

64. o I 66. 1 

66. 8 I &5. 9 I ___ , 



 

33.2 UNITED ST.A.TES COAST .A.ND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the unifilar magnetorneter at 

Local mean time. 300 div:sions +tabular quantity. 

.JULY, 1884. 

-· --· 

I Day. 111 2h Bb 41i fill 6h 711 g11 • 911 lQh 111t Noon. 
I 

-·-·-·-·--·--·------- -- -·------------ -----~---

I I 68.3 67.0 67.0 67.0 67.2 68. 8 69.S 73.S 7z. I 67. 6 63.5 6o.8 

2 

I 
65.5 65.5 65. 9 65.9 66. I 68. 0 70.0 71. 2 70. 3 (66. IJ (63. l] [61. 2] 

3 

4 I [68.o] [67.9] [68.2] [68.6] [6g.3] [71.4] [73.0] (74.2] (72.5] [68.3] 65.3 63.5 
I 

5 I 
66.o 66.3 66. 3 66.5 67.3 69.0 69.0 72.0 69.5 65.~ 63.0 6o.7 

6 

I 

66. I 66.5 66.3 66.5 66.5 68.o 70.3 71. 5 7r.:, 68.5 63.5 6r.o 

7 65.5 65.5 65.7 67.0 67. 3 6g.o 71. 8 72. 7 6g.o 62.0* 58.5* 56.4* 
8 68.6 6g.o 66.o 67.0 67.0 72.0 74. 7* 77.0* 7J. 0 67.3 63.0 59.4* 

9 66.o 66. 3 67. 3 67.7 68. 7 70.0 74.0* 74· 5 73- 8* 68.3 64.0 60.7 
IO 66.6 67.3 68.o 68.o 68.5 70.3 71. 3 71. 0 70. 5 66.o 63.2 61.2 

II 66. [ 66.3 67.0 68.o 68.7 . 69. 7 70. 7 72.2 72.2 69. 2 65.0 61.0 

12 67. [ 66.3 66.5 67.2 69.3 71. 6 73.6 76.0* 73.5 68.3 65.1 63.0 

13 66.o 66, I 66.o 68. I 6g.9 72. s* 73.1 74.1 73.0 68.o 61.2* 61. 9 

14 68.2 65.3 67.3 65.5 67. 8 70.0 71. 8 73- 3 73.0 70. 7* 68.5* 66. 3• 

15 65.5 66.o 67.0 67.7 68.o 68.3 70.8 71. 8 70.0 . 67. 3 65.8 64.0 

16 66.6 66.3 67.0 67.4 68. I 68.7 69.8 73.3 72. 5 67. 0 64.0 62. 3 

17 66.8 66.4 67. 0 67.2 68. 4 70. I 72.3 74.0 72.0 67.3 64.8 62.8 

18 66.3 66.8 67.2 67.2 67. 5 68.8 70. 3 70.0* 6g.3 65.5 63. 7 62.0 

19 66.3 66.5 67.3 68.o 68. 5 69.7 71. 3 72.3 71. 0 67. 3 64.3 62.5 
20 66. 3 66.3 66.6 66.5 67. 0 69.0 70.7 71. 5 70.0 64.8 62.2 6o.3 

21 65. 5 65.7 66.3 66.5 67.7 69.7 72.0 72. 5 69.0 65. 3 62. s 6o.o 

22 66.3 66.5 66.5 67.2 67.7 6g.2 71. s 72.7 70.3 65.7 63.7 63. 9 
23 67.8 67.8 68.3 69.3 69. 7 72.3 72.7 73.7 70.3 64.3* 6r. 7 61. 0 

24 66.6 67.5 67. 5 68.5 70.0 72.7* 75.0* 75.o 72.3 68.o 65.0 62.7 

25 68.5 68.o 70.3* 69.0 69.5 71. 7 70.3 74.0 72.8 68.5 65.5 64. 3 

26 66.7 67.3 64.7 . 66.3 66. 7 70.0 71. 7 73.0 72.3 70.0* 67.0* 65.3* 
2'1 66.7 66.3 66.5 67.0 66.5 69.8 72. 7 73.o 70.9 66.7 64.3 62.7 
28 67.8 66.3 67.7 67.5 69. 5 71. 8 7J. 5 73.0 71.0 67.5 66.3 65.5* 
29 67.3 66.8 65. 7 68.o 67.J 74.0* 72.3 73.5 70.7 66. 5 63.7 62.0 

30 66.7 66.8 67.3 67.3 67.8 69.2 70.0 70.3* 69.7 68.o 66.7* 65.o* 

31 66.5 67.5 67.0 67.0 67.5 69.0 72.4 72.0 70.3 65.0 61. 3* 59.o• 

Monthly mean 

I 
66. 'I 66. 'I 66.9 67. 3 68.o 70.1 71. 7 73.0 71. 2 67.0 64.0 6z. I 

Normal 66. 7 66.7 66.9 67. 3 68.o 6g.8 71. I 72.9 71. 2 67. I 64.0 6:z..o 

-



 

UNITED STATES COAST AND GEODETIC SURVEY. ' 333 

DECLINATION-Continued. 

the magnetic observatory of the Ooast and Geodetic S'llrvey, Los Angeles, Cal. 

One division of scale=o'.794 

Day. 13h 14h 15h 

I 6o.5 6r. I 62.0 

2 [61. 4] [6r. 9) [63. 1] 

3 .. 
4 63.3 63.3 64. 5 

5 61.0 62.0 62.7 

6 6o.3 61. 0 63.5 

7 57.3* 59. 5 63.8 
8 59.3 61. 0 63.8 

9 58.8 60.5 63.3 
JO 59.5 58.5* 60. 2* 

II 59.3 60.9 63. r 
12 6o.2 61. 4 63.0 . 
13 61. 8 59.5 56.9* 
14 63.5 63.0 63.3 
15 62.3 61. 3 61. 0 

16 63.3 63.3 6r. 7 
17 62.6 62.6 63. 5 
18 61.0 61. 0 6r. 4 
19 6o.5 62.0 63.0 
20 6o.7 62.3 63.3 

21 59.8 61. 3 64.0 
22 64.0* 64.3 65.0 
23 61.7 64.3 65.3, 

24 62.0 62.5 64. 5 

25 6r. 7 61. 7 63.3 

26 64.0* 64.0 64. 3 

27 62.0 62.5 63.5 
28 64.3* 64.3 6+o 
29 62.0 63.0 64. 5 
30 62. 7 61. 3 62.3 

31 59. 7 61.5 65.0 

Monthly mean I 61.4 61.9 63. I 

Normal 61.3 62.0 63.4 
. " 

Increasing scale readings correspond to increasing east declination. 

JULY, 1884. 

16h 171i 18h 

64.0 6+ 7 67.0 
[64. 5) [65. 5] (66. 1) 

65.5 66.o 67.5 
63.5 65. 0 65.3 

6+3 66.8 67.0 
65.7 66.3 6(>.7 

65.8 66.8 66.8 

65.3 66.o 66.8 
63.0 65.7 65. I 

64.0 64. 8 65.0. 

64. I 65. I 66. I 

59.5~· 61. 6* 64.9 

64. 5 66.o 66,o 

62.5 64. 3 64.8 

64.0 64.3 65.4 
65.1 6'5. 2 66.8 
62.0* 63.0* 64.2 

64.7 64.3 64.0 

65.3 66.7 67.7 

66.5 67.3 66.7 
65.8 66.3 66. 7 

66.5 66.7 67.2 

65.5 66.3 66.7 

64.7 66.o 67.3 

64.5 65.5 66.5 
64.7 65: 7 66.3 
64.3 65.7 66.o 

65.5 67. 7 65.8 

63.7 6+S 65.7 

65.7 65.3 65.5 

64.5 65.5 66.1 

64.8 65.3 66.1 

19h 

66. r 
[66. 1) 

65.0 
66.3 

66.4 
68.o 
66.o 

65.3 
65. r 

66.r 

66.3 
64.3 
66.o 

65.2 

65.7 
66. 2 

64.4 
66.5 

20h 2111 

-----· 
64. 9 65.S 

[66. 6] [66. 3) 

64.5 66.o 
68.8* 67.0 

65.7 65.5 
64.5 66.o 

65.5 65.3 
65. 0 65.3 
6+9 64.9 

67. I 67. I 

66.o 68.6 

74.3* 70.6~ 

67.3 66.5 
69. 8"" 66.o 

65. 5 65. 4 

65.8 65.7 
6{. 7 64. 7 

68. 3 66. 3 

68. 7 • 65.0 65. 0 

66. 3 65. 7 65.5 
66.7 65.7 65.3 
66.8 66.3 66.3 
66.3 66.o 67.5 
66.8 74.0* 66.5 

66. 5 66.5 67.7 
66.o 66.8 67.8 
66.3 65.8 66.3 
65.5 66.3 66.3 

65.7 65. 8 66.o 

65.5 65.7 65.3 

66. J 66.6 66.3 
66.o 65.9 66.1 

Mid­
night. 

Daily 
mean. 

66. 9 66. 0 66. 2 66. I 

[~6 .. 2] [6.6 .. 4) (6.6 .. 9) ~6-5 .• 8~ I 
66. 0 66. 0 66. 0 [67. 2] 
65.5 65.0 66. I 65.8 

65. 5 
66.o 

65.3 
65.7 
67.0 

66.9 
67. I 

'72. o* 
65. 8 

65. 5 

65.5 
66.7 
65.8 
66.o 

67.9 

66.o 
66. 8 

67.0 
66.2 

65. 5 

65.5 66.o 
69.2* 65.4 
65.8 66.7 
66. 0 66. 5 
70. 1·* 66. 0 

66,5 66.4 
66. I 67.0 
68.9* 66.7 
66.o 67.2 
66.o 66. I 

65. 7 66. 5 66. 5 66. 3 
65.7 66.2 66.o 66.7 
64.7 65.3 65.7 65.3 
64. 7 65. 7 66.o 66. 3 

6>- 0 65. 3 65. 5 65. 9 

65. 5 

65. 7 
66.6 

68. 3 

65. 0 

66.8 

67.3 
66.o 

67.0 
66.3 

65.5 

66.2 
66.o 

65.7 
66.o 
66.6 

71. S* 
65.5 

66.5 

67.3 
66.o 
66.8 

66.3 

66.5 

66.4 
66.2 

66.o 
66.3 
66.4 
76 . .0* 

65.0 

67.8 
67.7 
66.8 

66.3 
66.o 

67.0 

66.9 
66.2 

66.o 

66.6 
67. l 

68. I 

67.5 

67.2 
66.7 
67.2 
66.8 

66.3 

66.o 

66. 49 



 

334 'UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly 1"Mding& from tke pkr>tograpkic tra-0& of the tiRiftlar ~ter at 

Local mean time. 300 divisions+ tabuhr qwwtity. 

AUGUS'i', 1884. 

---·---------

Day. I Jh 2h 3h 41t 5h 6h 7t. g11 9h l()h llh Noon. 
i 

I -------" .. --~----- --

I I 67. 3 66.5 67.2 67. 5 68.o 68.7 70.8* 72.7 69.3 65. s 64.8 64.0 

2 I 66. I 66.7 66.8 67.0 67.1 70. l 72.3 74.0 71. I 68.9 65.6 63.2 

3 I 66.7 67. 7 67. 7 68.4 67. 7 70. 8 73.0 72.3 71. 7 68.9 66.7 65. I 

4 

I 
66.2 66. I 67.0 67.0 68. 7 69.6 72.0 73.0 6g. 8 649 61. 2* 61. I 

5 67. I 67.9 68.2 68. 7 70.0 72.9 76.0 76.0 71. 6 67.0 63.0 61. 0 

6 68.o 68.2 69.0 69. 3 70.0 71. 8 75.0 76. I 73· I 67.8 64.0 62.7 
I 

7 I 67.7 67.9 68.o 68.8 69.8 71. 0 77. 1* 74.0 72. 5 65.4 64, I 6o.5* 

s 66. J 66. 9 61.9* 71. o* 69.2 70.0 73· I 72.2 68. 9* 64.o* 62. I 60.0* 

9 66.4 71.2* 70.4* 69.0 71. 9* 73. 3 73- 5 76.9* 72.4 68. I 65.0 62.6 

IO 65.0 67.2 67.2 67.5 68.o 70.0 . 72. 8 73.7 70.6 66.o 63.0 63.0 

II 65.8 67.3 68.2 69.4 69.7 72.6 75· I 74.0 71. 0 66.9 63.4 62.0 

12 67.2 67.0 67.8 67.8 68.5 70.3 73.0 73.9 72.7 68.9 66.8 65. I . 
13 67.3 &j.7 67.8 68.9 67.0 72.0 72.2 73.6 71. 3 66. s 63.0 61. 8 

14 66. 3 67.8 68.3 67.8 69.7 71. 2 73.6 74.8 70.0 65.2 63.2 61. 3 

15 66.o 66.5 66. I 67. 8 68. I 70.7 73.0 74.0 71. 6 • 66.7 64.0 64.0 

16 66.4 66.7 67.1 67. I 67.8 70.0 72. 6 71.0* 67.0* 64.8 63.4 6+ I 

17 67. 0 67.6 67.0 68.o 68.4 70.4 72.7 72.5 70.0 65.9 63. I 62.0 

18 68.2 67.9 6g.o 69.0 69.1 71. 2 14· I 76.5 72.0 00.9 64.5 64.6 
19 68.4 69.:z 68.7 69. 3 70.0 71. 0 73.0 73.9 72. I 69.0 66. 5 65.0 

20 67. 0 ~ 67.0 67.7 68. 2 69.2 71. 2 72. 7 71. O* 67. o* 63. I* 60.9* 6o.4* 

21 67.9 67.7 66.7 68.8 71. 6* 72.0 75.0 72.9 69.8 65.0 64.0 64.5 
22 67. 7 66.o 65.0* 64.0* 67.4 6g. I 70.8* 73.0 72.5 70.0* 68. l* 65.3 

23 68.8 63.8* 66.o 68.9 70. I 72.8 76.0 78.8* 76.0* 71. 4* 69.4* 67. 3* 

24 . 67. 6 68.o 68. I 67.2 69.0 70.5 72.9 74.8 7J. 9 71.7* 69.0* 66.3* 

25 68.o 67. 'l 67.7 68. I 68. I 6g.5 73.0 75.1 73.3 68.9 65.6 63.9 

26 66.8 67.2 67.3 68. 5 69.0 6g.9 72. s 74.7 72.7 6g.3 64.0 62.0 

27 66.4 67.0 67.6 67.8 68.8 70.9 73-5 14·4 73. l 69.2 65. I 64.3 
28 67.0 67.4 68.o 67.9 68.9 71. 0 76.0 76.z 73.0 67. l 64.5 62.0 

29 67.2 68.4 68.1 68.o 68.9 70. 5 7J. 8 74·3 71. 5 66.9 62.8 6o.9 

30 66.2 67.1 67.9 67.9 69.0 71. 0 74.0 75.1 73.0 69. J 66.1 63.9 

31 67.0 68.o 68.5 68.1 68.6 69.9 73.1 74.0 7J. 5 70.1* 66.8 64.8 
-· 

I Monthly mean 67.0 67.4 67.5 68.2 69.0 70.8 73.5 74.2 71.6 67.4 64,.6 63. 2 

Norm!ll 67.0 67.4 67.7 . 68. 2 68.8 70. 8 73.6 74· I 71.8 67.z 64.4 63. z 



 

UNITED STATES COAST .A.ND GEODETIC SURVEY. 335 

DECLINATION-Continued. 

the magnettc observatory of tke Coast and <Jeodetic Survey, Los Angeles, Oal. 

One division of scale =o'.794 Increasing scale readings correspond to increasing ea.st declination. 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IQ 

II 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

23 

24 

25 

I 

63. 2 63.0 62.3 

64.0 

64.0 

63.0 

64.0 

63. 2 63. 2 

64. 0 64. 0 

61. 2 62. 0 

60. o* 6r. 3 

62.5 

6r. 0 

6r. 3 
6r. 0 

65.0 

6o.9 

64.8 

6r. 8 

59.0* 

65. I 

63.0 64. 0 

62. 2 65. 0 

62. 9 63. 9 

60. 4'" 63. 2 

64. 2 6+ 8 

62. 7 65. 0 

64. 7 63. 9 

6z.o 63. 4 

59. 9* 61. 1* 

66. 2* 67. 7* 

j 65.6* 66. I* 66. 8 

64. 0 66. 0 

65.8 66. 7 

65.0 66.8 

64. 8 65. 7 

6z.8 

64.0 

65.0 

62.0 

63. 2 64. 0 66. 0 

65.3 65.2 66.6 

65. 5* 65. 5 66. 0 

65. 0 64. 3 65. 0 

6r. 6 62. 4 63. 4 

26 6r. 6 62. I 64. 3 

27 63. I fo. 8 64. 0 

28 6r.6 61.8 64.0 

29 61.t 62.4 65.8 

30 62. 0 62. 7 64 6 

31 64.0 64.1 66.1 

Monthly mean 62. 8 · 63. 4 64 8 

Normal 62. 9 63. 4 64. 8 

AUGUST, 1884. 

64. 2 66. I 65. 2 

65. 9 66. 7 66. 0 

65. 0 66. 0 66. 5 
65. 2 66. 9 66. 2 

66.2 67.8 66.7 

65.8 

67.5 

65.8 

66. [ 

65. I 

66. [ 

67.3 

67.2 

68.o 

66. l 

66.7 67.7 

63. 5* 65. 0 

65._2 66. 3 

6:?. 9* 64. 6 

68.o 67. 6 

67. 8 66. 5 

67. 9 68. I 

67. I 68. 5 
65. 6 65. 8 

68.8* 68. 0 

66.2 

66.7 

65.0 

68. 0 

66.5 

67.0 

64.8 
66.o 

65.2 

67.3 

67.4 
67.2 

68.o 

65.6 

67. 5 

66. 1 

67.7 

66.5 

66.r 

66.o 

65. 4 64. 7 
68.9 68. I 

66. 5 67. 7 
66.o 66. 6 

66. 3 66. 0 

65.6 66.3 66.o 

67.1 68.o 67. 2 

66.1 67.7 66.7 

66. 5 66. 7 65. I 

65. 6 65. 4 66. I 

67.8 68.o !i7.S 

66. z 66. 8 66. s 
66. 3 66. 8 66. 5 

65. 8 

65. 3 

?s.8 
65.9 
66.o 

66.o 

64. 2 

64.0 

67.0 

66.3 

66. 0 

65. 3 

65.0 

66.o 

66.o 

66.o 

65.6 

64.0 

65.0 

67. 0 

68.2 

66.o 

65.0 

65.0 
66.o 

66. I 

65. 7 

64.7 
66.8 

68. I 

67. 0 66. 6 66. 2 

65. 7 66. 0 66. 7 

66.2 66.2 67.0 

67.2 66.6 67.8 

67.0 67. 5 68.1 

67.0 67.0 66.9 

67.3 67.8 68.o 

67. 8 67. 1 67. 7 

66. 2 66. 6 66. 2 

67. 8 71. 5* 71. 7' 

66.2 

67. I 

68.2 

66.9 
68.2 

66.o 

67.3 

68.5 

67.0 

66.3 

67.6 

68.o 

68. [ 

70.0* 

66.6 

65. 6 66.o 66.o 

67. 5 67. 7 67. 2 

66. [ 66. 2 66. 4 

65. 0 65. 3 66. 7 

66. 0 66. I 66. 9 

67. 6 67. 7 68. 0 

66.4 66.6 67.1 

66.4 66.4 66.9 

66. 0 65. 0 

65. s 66. 0 

65. I 66. I 

65. 5 67. 0 

66. 6 67. I 

66. 3 

67. I 

64.8 

65. 9 
68. 5 

68.8 

&j.8* 

65.0 

66. I 

66.9 

.66. 9 66. 7 

67. I 67. I 

68. 0 66. 3 

67.0 67.3 

67.6 66.9 

66. 5 68. I 

68.2 67.9 

67.1 68.2 

66. I 66. 6 

72. I* 67.0 

72.0* 

68.9 

67.2 

68.5 

66.7 

73.0* 
67. 7 

67.2 

69.0 

66.5 

66. 2 67. I 

67. 2 67.2 

66. 4 67.9 

66. I 66. I 

67.0 67.0 

68.o 68. 5 

67, 2 67. 3 

&]. I 67. 0 

Miu- I Daily 
night. : mean. 

66. 0 66. 4 

66. 5 i 66. 8 
I 

66. 0 i 67. 0 

66. 5 i 66. I 

67. 2 67. 3 

67.8 

67. 0 

65.9 

66.o 

66. i 

67.6 

67. 3 

65.8 

67.7 

67.0 

67. 0 ; 67. 3 

68. 0 . 67. 4 

66. 5 66. 8 

66. 3 66. 4 

66. 9 ' 67. 7 

67. 6 67. I 

68. 2 ' 67. 4 

68. I 68, 3 

66. 4 : 67. s 
66. 6 I 67. 4 

70.8* 
68. I 

67. 2 

69. 0 l 

66. 7 ! 

68.o 

67.8 

68.9 

68.4 

67.3 

67. 2 \ 67. 0 

67. 2 ! 67. 7 

67.2 i 67.4 

::: ; i :~:: 
[ 

68.s_J~ 

67. 21· 67. 33 
67.0 



 

336 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly 1·eadings from tke pkotograpkic traces of th,e unifilar tnagnetometer at 

Local mean time. 300 divisions + tabular quantity. 

SEPTEMBER, l.884. 

Day. I p 211 3h 411 51.l 6h 711 8h 9h 101i 1lh Noon. 

I ·--~--

I 67. 7 67. 8 68.6 69.0 69.0 7r. z 74.0 74· I 70.9 67. 0 6z.o* 6o. l* 

z 67. 7 68.o 68.3 68. I 69.3 70.8 72. 9 71.2 70.0 64.3* 6r. 8* 62. [ 

3 68.3 69. 3 69. I 68.8 69.7 71. 7 7J. 3 72.5 6g.8 65.3* 64.0 63.6 

4 67.6 68. 2 68.5 68. 5 69. I 72.0 75.0 74. 5 71. 2 66.o* 62.4* 62.2 

5 67.5 67.6 67.9 68. I 68. I 70.5 72.9 72.0 69.4 65.0* 62.0* 61. 8 

6 67. 7 67.0 68. 7 69.8 70.2 71. 6 73. 9 74 2 j'L I 65.2* 62.0* 61. 2* 

7 67.2 67. 2 68.o 68.8 69. I 72.0 74. 7 74.5 73.0 67. 6 63.2* 61. 1* 
8 67. 5 67.7 68. I 68. 5 69.2 71. 5 75.0 75.7 73· I 69. 9 66.o 62.5 

9 67. 7 67.8 68.5 68.9 69.5 70.7 73.6 75·4 74.2* 11• 5* 66.7 63. [ 
JO 67. 0 71. 7* 66.2 67.8 69.8 72.5. 74·7 74· I 70.0 69.0 65. 5 62.8 

II 71. o* 73.9* 70. J 68.4 69.7 68. 7 71. o* 72.2 70. 7 68.7 66.8 65.6 
12 69.g 68.3 68. 5 69.7 70.2 71. 8 73.0 72. l 71. 4 68.7 66.9 65. 6 
13 63.9* 69.9 69.9 66.4 68. J 70. 8 71. 7 70.5* 69.8 64.4* 64.0 64.5 
14 70.9* 72. r* 69.5 70. 5 71. 0 72.2 72. 3 70.3* 66. o* .. 64.7* 63.0* 64.5 
15 68.5 69.0 67.5 68. 5 68.5 71. 0 72. 3 71. 8 69.3 67.0 66. 3 66.2 

16 68. 3 6g.2 69.3 69.7 70.0 71. 7 73.7 7r. 8 68. 7 66.3* 65.8 65.9 
17 6g.9 72.0* 69.4 70.3 7o.3 73. 6 75.9 73.8 70.9 64. 1* 64. I 63.0 
18 69. 2 70. I 69.0 65.S 69.3 73· I 76. I 75.3 72.3 68.o 65.0 61.4 

19 69. I 69. l 68.7 69.3 70.0 72.0 74.0 73.0 70.0 68.o,. 65.0 62.9 
20 67.8 68. 2 69.0 69.8 70.6 72. 3 76.0 77.0* 74.9* 6g.6 66.1 63.2 

21 68. I 67. 5 68.3 6g. 2 68.z 70.9 73.0 74.4 73.6 70.6 67.6 63.6 
22 67. 8 69.0 68.3 68.6 69.5 7 I. 0 73.7 76.0* 76. I* 74.0* 71. I* 68.o* 

23 68.9 68. 9 68.7 68. 8 69.3 70.9 74.8 76'.2* 75. 1* 71. 0 67.2 64.6 
24 68.7 68.6 69.7 69.3 69.8 71. 0 73.8 75.6 74.0* 70.0 66. t 64.1 

25 67.7 67.9 68.1 68. [ 68.8 70.2 72. I 73.9 72. 9 70.3 67.4 64.8 

26 70.2 68.9 68. I 68.6 69.7 70.3 72.6 73.2 71. 7 68.7 64.9 63.6 
27 67.2 67.5 67.2 67. 7 68.o 6g. I 70.6* 72.2 72.9 70.2 66.2 64.6 
28 68. I 69.0 69.1 69.2 68.7 68.o* 70.1* 72.6 72.3 69.5 67. I 65. r 

29 68. I 68.1 68.2 67.9 68.o 69.4 70.4* 70.9 71. I 70. 6 69.4* 68.2* 

30 68.6 69. l 69.3 68. 8 69.7 69.4 74.0 66.3* 70.1 70.3 70.1* 70.2* 
-· 
Monthly mean 68. 3 69.0 68.6 68.7 69.4 71. I 73.4 73. 2 71.6 68.2 65. s 64.0 
Normal 68. 2 68.4 68.6 68.7 69.4 71.2 73.8 73.4 7 I. I 68.9 65.9 63. 8 



 

UNITED STATES COAST AND GEODETIO SURVEY. 337 

DECLINATION-Continued. 

the magnetic observatory of the Coast and Geodetic Survey, Los An!Jeles, Cal. 

One division of scale= 01.794 Increasing scale readings correspond to increasing east declination. 

Day. 

I 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

14 

15 

16 

17 
18 

19 
20 

21 

22 

23 

24 

25 

26 

27 
28 

29 

30 I_ 
lE:: 

thlymean 

al 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i 
I 

l 

I 
I 
I 

13h H_h 15h 

62.0 63. 5 65. 3 
6r. 5 64.4 67.0 

64.3 65. 3 67.3 
63.0 65.3 67.4 
61. 9 6+3 66.7 

61. 8 63. 3 66.3 

61. 5 62.8 64.8 
61. 8 62.5 64.2 

60.5* 61.7* 63.9* 

61. 7 62. 7 65.3 

66. 2* 67.8* 68.o 
65_0 64.8 66.7 

64.6 65.8 66.9 

65.0 67.3* 68.3 
67. 3~- 68. 3* 69. 7* 

66. 7* 67.9* 69.2* 
62.6 63.9 64. I 

62.0 63. 0 69.0 

63.9 65.0 67.7 
62. 5 64. 2 67. I 

62. I 62.8 65.2 

66. 1* 65. 3 66. I 

63.8 63.7 65. 2 

64. 8 65.3 66.9 

65. I 65.5 66. I 

63. 8 65. I 66.7 

64. 8 65. 9 67.I 

63. 7 65.0 65.0 
68. 7* 68.o* 66.9 

69.S* 69. 2* 68.o 

64.0 65.0 66. 6 

63.2 64. 3 66.5 

H.Ex.SQ-22 

SEPTEMBER, 1884. 

-----

16" 17h 18h 1911 20h 21h 

67.2 67.9 67.6 67.2 67. 3 68. I 

67.8 66.4 66.o 66. 8 67.4 68.o 

68.3 67.8 67.0 68. 3 68.o 67.8 
69.2 68.5 67.0 66.8 66.6 67.2 
67.8 67.8 66.8 67.3 66.6 66.9 

68.2 68.7 67.0 66.8 67.0 67.5 
66. 6 67.4 67.0 66.8 67.0 67. 2? 

66.7 67.8 67. 5 66.9 67.6 67.8 
66.3 67.2 67_4 69.6 68.3 66.o 
66.2 67. 3 68.3 67.6 68.9 68. 5 

68.3 67.5 67. 0 69.0 68.o 67.8 

67.8 67.9 68. 5 67. 0 67.6 67.0 

66.9 67.9 66.4 66.6 75.0* 70.0 
69.4 67. 8 65. 5 66.2 66.3 68.8 

69. I 67. 3 66.7 66.8 66.8 67.0 

69.0 67. 0 66.o 66.8 66.S 66.4 

68.2 68. 8 66.8 77.0* 74.0* 77.0* 
69.8 69.0 66.6 66.8 69.2 69.3 
69. 2 69. 3 68.o 68.o 68.o 68 3 

69.7 69. 2 67.8 67.3 67.8 67.5 

68. 2 69. 2 67.5 67.7 68.2 68. I 

68.o 68. 3 68.o 67.9 68.o 67.8 

68.7 68.7 67. 8 6S.o 68.6 68. 5 

67. 4 66.8 66. 7 66.8 (17. 0 67. I 

66.8 67.0 67.0 67.4 67.5 67.8 

68.3 67. 8 66.8 67.4 67.3 67.3 
66.9 66. I 66.9 67. I 67.0 67. I 

65. 2* 66. I 66.8 67.8 67. 3 67.2 

65.3* 65.7 66.6 66.9 67_4 67. 5 

67. 5 66. 5 66. 3 67.3 67.0 67.3 

67.8 67.7 67.0 67.7 68.o 68. 0 

68.o 67. 7 67.0 67.3 67.6 67.7 

22h 23il ~rid- Daily 
night. mean. 

---------·- ~- ----- ----·- ------

67.0 67.4 67. 9 67.5 
66.5 67.5 68.5 . 67. 2 

67.3 67. 5 67.5 68.o 

67.2 67.2 67.2 . 67. 8 

67.0 66.o 67.7 67. I 

68.o 67.0 66.3 67.5 
6S.o 66. 5 67.0 ' 67. 5 
67.8 67. 7 67.6 : 67. 9 

67. 0 72.1* ;o.o - 68. 2 

7r. ·t* 68. 6 67. 3 68. I 

68.o 68.o 70. 2 
' 

68.9 

70.5* 69.6 JO. I · 6S. 7 
70.0 70. 2'' 70. 6* 68. I 

6G. 6 67.2 67.7 6S.o 

67.5 67. 5 6S.o 68.2 

67. l o7.3 67. '! 68.3 
' 

71. 1-il- ~3· r* 74. o.:-:· 69.9 
72.0* 66.o 65.3 68.4 
(q. 2 67.7 67.8 • 68. 4 
67.9 Oi. i 67.9 • 68. 8 

67. ·1 67. I 67.5 ! 68. 2 

GS.a (IS. 0 68.3 I 69.3 
68. ;! 6S 3 68.3 • 68. s 
67.3 67. I 67.2 • 68.4 
67.S 67.6 69.0 68.2 

67.3 66. 7 66.6 68.o 

67, I 67,3 67. 9 67.7 
67.7 68. I 68. I 67. 8 

67.3 67.6 68.2 68.2 

67.3 67.4 67. 6 68.6 
---

68.o 67.9 68.2 68.20 

67.5 67.5 68.o 



 

338 UNITED STATES DOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the tm~filar magnetometer at 

Local mean time. 

~· ~·~ _1 __ 11_, _ _::___:~ 

I

ll, 2 ~::~* ~::: ~:::* 
3 69.7 69.4 69.3 
4 68.o 69.2 69.3 

5 68.4 65.7* 69.4 

6 

s 
9 

IO 

II 

12 

13 

14 

15 

16 

p 
I 

18 

19 

20 

21 

22 

25 

27 

28 

29 

30 

31 

Monthly mean 

Normal 

68.8 

66.6 

68.5 

68.3 

68 5 

69.4 

69.3 

vs. 5 
68. I 

68.4 

67. 7 67.9 
68. I 68. I 

67.9 68.o 

72.7* 73.7* 

67.5 69.5 

69.2 

67.0 

68.o 

68. z 
68.4 

68.2 

68.2 

67.9 

69. 7 

70. 5 

69. 7 69.7 69.2 
i I. 6·>' 70. 0 68. I 

68.5 69.0 69.5 

68.6 67.S 69.0 

68. I 68.8 68.9 

67.S 
68. 2 

68. I 

67. 7 

69. l 

68 5 

69.2 

67. I 

69. I 

68.4 

4i9.6 

69,7 
68.8 

68.4 

68.o 

70. 1 

68 7 

68.2 

68. I 

70. 3 

69.0 

69.7 

67.3 
68. 2 

68.4 
68.9 

69.7 

68.5 

68.5 

69. I 

68.8 

69.0 68. 9 

68.7 68.7 

• 300 divi;ions +tabular quantity. 

OCTOBER, 1884. 

-~---------------------

Noo~ 
68.2 

67.8 
68.8 

69.2 

69.8 

68.2 68.9 

69.2 70.8 

68.9 70.z 

69.3 70.3 
68.8 69.7 

66.8 69.3 

62. 8'C 67. 7 

68. 5 69. 0 

69.0 68.8 

68.9 69.3 

68.2 

68. 2 

68. I 

68. 9 

70.8 

69. 0 

67. 0 

69.7 
68.9 

69.2 

68.4 
68.o 

69. 0 

68. 4 

70.2 

70.9 
69. I 

69.0 

67.2 

68.9 

68.9 

69.2 

69. 2 

68.4 

69.4 

68.::! 

67.7 

69.8 

69.7 
69. I 

69.5 
68.5 

69. I 

69.0 

69.0 

7 !. 6 

69. I 

69.5 
68.3 

69.I 

69.8 

70.0 

69.7 

69.4 

69. 7 

69.3 
69.6 

69.9 

69.6 

69. I 

69. 3 

70.0 

70.7 
70. 7 

69 7 

69.4 
;0.2 

70.0 

70.0 

7 I. t 

G7, 2·~ 

69.8 

69. 2 

69. 4 

70,0 

68.6 69. I 69.8 

68.8 69.1 69.8 

j2. I 

72.0 

70.0 

71. 3 

70.5 
70.6 

7r. 2 

70.0 

69.7 

70.6 

71. 6 

72.0 

73·5 
72.8 

72. 3 

73·3 
74.0 

73- 8 
72.2 

69.5* 

59.9* 

71. 5 
72.6 

73.3 

73.8 

73.8 

75. 9* 

75.0 
72.7 

71. 8 72.9 

72.9 7I.q 

72.9 71.(/ 

68.2* 65.6~ 

67.0* 68.o* 

71.9 72.9 
69.4 70.7 

73.9* 75.2 

70.4 75.3 

72.1 72.9 

71. 9 
7i. G 

73.4 

71. 5 

72. 1 

69.7 
72.8 

71. 8 

72.7 

71. 7 

72.2 

71.0 

71. 9 

71. 6 

72.3 

72.0 69.8* 

74.5 74.9 

73.3 72.0 

75. 6* 75.0 

74.0 74.4 

72.3 

72. 0 

72. I 

72.6 

74. 7 

7:.4 
70.6 

68.7* 

74.S 

71.0 74.1 74· I 

71. 8 

72.9 

71. 2 72. 7 

71. 2 73.0 

66.5* 65.0 

62.5* 67.7 
70.0 68.o 

71. O 68. I 

71.8 67.9 

! 
64.4 I 
66. I 

66.8 

66.o 

64. 7 

70.8 67.9 65.2 

70.3 68.2 66.o 

75.2* 71.8* 67.3 

73.0* 68. 2 65.8 

70. I 67. I 64.4 

71.9 69.8 67.7 
68.8 66.o 64. t 

69.6 67.0 65.0 

64. r* 62. 5* 63.7 

65. 1* 63.3* 64.3 

69.9 
70. I 

69.6 

68. 7 

68.3 

68.9 

j3.8* 

71. I 

70.6 

68.9 

67. 3 
67. 0 

65.2 

66. I 

66. 8 

70. 7* 
69.2 

69.7 

66. 4 

65.9 

66.o 

68.9* 

67.5 
66. I 

63.5 

jO. I 68.o 67.0 

69. 5 67. I 65. l 

67.2~ 65.6 64.3 

66.6* 64.7* 64.0 

72.1 69.3 67.3 

71. 0 68. 4 

69. 7 67.4 

70.3 67.5 



 

UNITED STATES COAST .AND GEODETIC SURVEY. 339 

DECLINATION-Continued 

tke magnetic observatory of the Ooas, and Goodetic Survey, Lo.~ Angeles, Cal. 

Onli' di vision of scale= o'. 794 Increasing scale readings correspond to increasing east declination. 

OCT-OBER, 1884. 

Day. 1311 141> 1511 lGh 17h 18h 19h 

I 65.0 59· o* 64.2 64.2* 64. 5* 64. 7* 67. I 

2 66. I 64.9 66. I 69. I 73.9* 69. I 69. I 

3 65.6 66.9 67.9 68.2 67.5 68.3 68.6 

4 65.3 65 8 67. I 67. 7 68.8 68.8 67.7 

5 63.7 64.3 65. 7 67. I 68.o 68.o 67.2 

6 64.7 64- 4 65.z 66.8 70. I 70.z 68.o 

7 65.7 65.7 66. 7 68. I 69.0 68.7 68.2 

8 64.7 64.3 65.0 66. 0 67.2 68.o 68. I 

9 64.8 64. I 64.8 66. I 67. 7 68.o 68.3 
IO 64.0 64,J 64. 7 65.3 66.8 67.0 67. I 

II 66.o 64.9 66.o 67. I 67. i 67.5 67.9 
12 64.3 65. 8 66.8 67. I 66 9 67. I 68.o 

13 64.6 65.2 66.7 67. I 67.7 66. I 67. I 

14 63.0 66.4 67.7 69. I 69.6 68.o 68. 7 

15 65.6 66.6 68.7 69. 2 67.7 69.0 68.8 

16 66.7 67. 7 67.8 67. I 67.0 67. I 68.o 

17 64. I 64.9 66.6 67. 8 68. [ 68.o 68.8 
IS 65.0 66. 0 66.S 67. 2 67.7 67. 7 67.6 

19 64.2 65.0 66.o 67.7 67.7 67. I 67.9 
20 65.7 66.2 67. I 67.3 68.I 69.0 69.2 

21 66.o 66.9 68.2 69.0 59.0 68.o 68. 7 

22 66.9 66. 2 66. l 67. 0 67.4 67.9 68.o 

23 66.3 67.0 67.4 67. 5 67. 5 68.I 68.4 

24 65.1 65.2 66.4 67.z 68.o 68.9 69.3 

25 65.0 66.4 67. I 67.9 68. I 68.o 68. I 

26 66.o 67.0 67 6 68.o 68.4 68.3 68.9 

27 64.8 65.4 66. 3 67.0 67.3 68.o 68.4 
28 64.3 64.8 65.9 66.o 66.6 67.8 64.9* 

29 64.9 65. 7 66. I 68.9 68.o 69.0 '6g.2 

30 67.0 67.0 66.6 67.7 68.o 68.5 69.0 

3r 65.7 66. 0 67. I 67.2 68.o 6g.o 69. l 

Monthly mean 65 2 65.5 66.5 67.4 68.o 68.o 68.2 
Normal 65.2 65.7 66.5 67.5 67.9 68. I 68.3 

20h 2111 2211 

6o.o* 77.4* 73.5* 
70.8 67.0 67.9 
67.6 68.o 68.o 

67.6 67. 7 67.8 
69.0 67.1 68.o 

69.3 69.6 71. 2 

68.2 68.2 68.3 
69. I 69.0 68.8 

68.7 69. 3 69. 3 
67.6 68. I 68. I 

68.o 68. 0 68. 2 
68.o 68.I 67.9 
67. I 66.9 68.2 

68.9 68.9 69. I 

69.2 68.4 70. 5 

67.8 67. 7 67.8 
68.6 68.4 68. 2 

67.2 67.9 67. 2 

67.5 67.8 67.9 
68. I 68. I 68. 2 

68. I 6S.3 68.3 

68.8 68. 0 68.S 
68.o 68.o 67. 9 

69.7 70.9 70.0 
68.6 69.0 68. 2 

69.0 70. I 69.0 

69.5 69.0 70.0 
67. [ 68. 7 68.o 

69.3 69.9 69.5 

68.5 6g.8 69.6 

69.3 69.7 69. 7 

68.2 68.8 68.8 

68.5 68.5 68.j 

2311 

73.6* 
68.o 

68.4 

67.9 
68.o 

71. 9* 
68. 7 
68.o 

68. I 

68.o 

68. I 

67. 7 

72.9* 
69.0 

69. 2 

63.o 
68.2 

68.3 

67.9 
69 2 

6i·9 
68." 
67. s 
72.7* 
68.6 

69.0 
68. 5 

7!. I* 

68. I 

69.6 

69.3 

69.0 

68.4 

M'd I Daily 
mean. 

l. 

night. ! 

73. ::!'' ! 
I 

68.7 I 
68. I 

68.o•! 

69.0 i 
66.6 

68.3 
68.o 

68.4 
68.1 

68. l 

67.8 

7o.3 
68.3 

69.7 

6S.7 I 

68.o 

' 

6S.o 

67.9 

65.9 

68.o 

07.9 I 
61 ~ I 
7 I. 7* I 
68. [ 

68.o 

68.5 

l 70.2 

69.3 
69.0 

69. I 

68. 6 

68.3 

67.6 

68.4 

68.7 

68.7 
68.2 

68.8 

68.3 
68.9 

68.6 

67.9 

68.4 
68.o 

68.3 
68. I 

68.2 

68.8 

68.2 

68. 7 

68. I 

68. 5 

68.5 
69. I 

68.7 

6g.5 

68.ll 

69.1 

68.4 
67.8 

68. 3 

69.4 

69.2 

68,52 



 

340 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings fro1n the photograpkic traces of tlie unifilar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

NOVEMBER, J.884. 

Days. Jh 2h 3h 4h 5h 6h 7h Sh 9h lOh Uh Noon. 

I 6g.6 69.6 69.0 69.2 69.7 69.9 70. 5 73.0 76. !* 69. l* 69.0 66.2 

2 68.o 69 2 69.0 69.9 71. 2 68. l 68. 0 65.9* 69.9* 68.o* 67.0* 66.6 

3 79.0* 78.5* 65. 2* 64.2* 56.0* 6o.4* 63. 7* 65.0* 64.9* 67.7* 67.7* 66.9 

4 • 68. 2 61. o* 68.7 6g.7 69.3 68. [ 70. I 7I. 8 72. [ 71. 0 67.7* 65.6 

5 69.2 68.6 67.9 67.3 68.9 69.9 71. 2 73.6 74.7 73- 2 70.8 67.2 

6 68.3 68.2 68.8 68.9 68.8 69.7 70.4 73.1 74. 9 73.0 69. I 64.8* 

7 68.6 68.2 69. l 69. l 68.o 69.6 71. I 73-I 73· 8 72.8 70.9 67.9 

8 67 9 68.9 68.7 69. 2 6g.2 67.8 69.0 7 I. I 73.0 73.8 71.4 67.8 

9 70.3 69.4 69.0 70.9 69.4 65.3* 68. 3 7r. [ 72. I 71.6 70.0 67,J 
[0 67. 9 68. l 68.2 69.2 69.7 69.9 72. I 72.9 73· I 73.0 70.0 67. 7 

[( 70.7 70.2 63.0* 69.3 69.3 70. I 71. 9 74.3 74.8 73.0 70.0 67. 5 
12 68.9 68.9 69.7 68.8 69.3 69.8 70.0 72.0 72. 8 72.3 70. I 67.2 

13 68.4 68.o 67.5 67. 9 69.0 69. I 70. I 73.0 73. 9 73.0 70.8 67.5 

14 69.3 70.2 70.6 69.2 69.4 70. I 7 I. 9 73· I 73.9 72.6 70.5 68. I 

15 68.4 68.8 69.0 69. l 69.2 69.3 70. 7 73.0 74.4 73.6 70.3 67.8 

16 68.7 69. I 68.9 69.2 69.4 69.4 70. 9 73. 8 73. 2 72.6 70.2 67. 8 

17 68.3 68.8 66.7 69.0 69.0 70. 2 7 I. 6 72.9 72. 7 70. [ 69.0 65.7 
18 69. [ 70. I 69. I 69.2 68.9 69. I 7 I. 0 72. I 72. 7 71.3 68.6 67.0 

19 68.3 68. 7 68.7 68.8 67. 4 67.9 70. 2 7r. 9 73. 9 72.9 7I. 7 68. 9 

20 68.8 68.2 68.o 69. I 69.2 67. 2 69.8 7r. 0 73- 0 73.2 72.0 69.0 

21 68.3 66.o 68.o 69. I . 68.9 69. l 70.2 7 I. I 73. 2 73-4 71. 6 68.o 

22 68.o 68. l 68.2 68, I 68. l 67.9 70.0 72.2 74. 8 74.1 72.0 69.0 

23 69.7 69.1 68. 9 68.9 69.6 69.5 69.4 70. 7 72.4 74.3 68.3 67.4 

24 68.4 68.8 69.3 69. 6 69.6 69.9 70.6 72.4 71. 4 71.0 69.5 66.8 

25 69.4 69.0 68.o 67.9 68.4 69.0 67. S* 69. l* 71. 8 72. l 7o.3 68.2 

26 69. I 69.1 69.5 69.4 69.4 69.6 70. I 72. I 72.8 73.2 72.0 69.0. 

27 69.0 69.0 69.0 69.3 69. [ 69.5 70.0 71. 2 72.9 73• I 72, l 69.6 
28 77.9* 71. 0 70.5 65.5* 58.8* 62.7* 69.4 72. I 72. 9 72.6 72, I 70. 3* 

29 68. I 68.9 68.9 66.o* 69.3 69.3 69.3 6g.5* 71. 0 72.2 71.0 69.0 

30 69.2 69.2 68.5 67.6 67.8 68. 9 69. 2 69.2* 70.0* 70.7 69.7 67.9 
-

Monthly mean 

I 
69.4 69.0 68.4 68.6 68.3 68. 5 6g.9 71. 6 72.8 72.2 70.2 67.7 

Normal 68.8 69.0 68.8 69.0 69.1 69.2 70.2 72.3 73· 2 72.6 70.5 67. 7. 



 

UNITED STA.TES OOAST AND GEODETIC SURVEY. 341 

DECLINATION-Continued. 

the magnetic observatory of the Ooast and Geodetic Survey, Lo8 Angeles, Gal. 

One division of scale= 0 1
• 794 Increasing scale readings correspond to increasing east declination. 

NOVEMBER, l.884. 

-
Mi<l- I Days. J3h 14h rh JGb 17h 18h 19h 2011 2111 22h 23h Daily 

[) 
night.! n1ean. 

-·---

l 66. I 67.5 67. I 67. 8 68. 5 70, s 69.0 68.6 70. 6 77.8* 72.0* 69.8 I 
69.8 

2 66.8 -67. 8 71. 2* 72.5* 69.3 70.0 73, 2* /2. z* j6. I* 76. T* 75·7* 77.0* 70.4 

3 67. I 69. 6'* 70. 3* 70.8* 68.o 7I. I 70.1 72. 3* 71. 0 70.2 70.2 71. 0 68. 4 

4 65.9 66.8 68.o 69.0 69.3 69. [ 69. I 69. [ 68. 8 68.9 69.0 67.8 68.5 

5 66.o 66.o 67.0 67.3 68.1 68,3 68. 7 69 . .:i 68.9 69.2 69. I 68. 4 69.1 

6 64.0* 64.0 65.0 66.o 66.7 69.0 69.3 69.0 69. I 68.9 68.4 68. I 68.6 

7 65.5 65. 7 66.o 66.9 68.2 69.3 69.0 69.2 69.0 69.0 67.9 68.2 69.0 
8 66.3 65.3 65.4 65. 8 68.4 69. l 70.0 69.0 68. 7 70, I 67. 9 68.2 68.8 

9 66.o 66.7 67.4 67. 4 68.4 69.8 68. 9 69.8 69.8 69.2 69.4 69.2 69.0 
IO 66.2 66.3 65.3 65. 3 68.8 69.0 69.3 69.8 71.7 70.4 70.6 69,5 69.3 

Il 66.7 67.0 67.6 67. 7 68.o 68.8 69.0 69.0 68.3 68.4 68.8 68.3 69.2 
IZ 66. I 66.o 66.7 67. 2 68. l 69.0 69.0 69. l 68.7 68.5 68.7 69.0 69.1 

13 66.o 65.4 66.3 67.6 68.7 68,8 69. 7 69.8 69.8 69.8 70.2 70.0 69.2 
14 67, I 66.2 66.8 67. 0 67.9 68.o 69. I 68.8 68.9 69. I 68.7 68. 7 69.4 
15 66.7 66. 7 66.7 67.0 68.8 69.0 69.4 69.6 69.0 69.3 69.3 68,9 69.3 

16 66.2 66. [ 66.3 67.9 69.2 69.4 69.8 69.6 69. I 69.0 69.0 68. I 69.3 
17 64.6 65.8 67.3 68. 3 69.3 70, l 70.8 69.7 69.7 69.6 70.8 69.8 69,2 
18 66.o 66.o 67.2 68.o 69.2 69.2 70. 8 69.8 69.6 69.3 68.7 68.3 69.2 

19 67.3 66.7 66.8 68. I 69. l 69.6 69.6 69.9 69.7 69.5 68.9 68. 9 69.3 
20 67. I 67.0 67.8 68.2 69.7 69.5 69. 7 69.7 69.6 69.5 69. I 68.2 69.3 

21 66.9 66.o 67.0 68.o 69.0 69.8 69. 5 69.0 68.6 68. 5 68.8 68.S 69.0 
22 66.8 65.2 67.0 66.9 68.6 68,8 69. 2 70.0 70.0 69.9 69.8 68.9 69.2 

23 65.7 65.7 65.0 66.5 69.2 69.8 69. 7 69.7 72.5* 70.4 69.3 68.5 69.2 

24 66.9 66. 3• 67.0 67.0 68.o 68.2 68.9 69.0 69.2 69.8 70.8 68.9 69.0 

25 67.6 68.o 67.8 68.4 69.0 69.2 69.5 69_4 69.3 69. 3 69.2 69.2 69.0 

26 66.4 66.o 67.0 68.o 6g. I 69.2 69.3 69.6 69.4 69.3 69.0 69.0 69.4 

27 67.6 66.3 67.0 67.8 69.5 69.8 70.0 71.0 70. 6 72.7* 73.8* 74.0* 70.2 

28 69.7* 69.0* 68.5 68.8 69.4 69.7 6g.4 69.4 _69. 3 69.0 69.3 72.4* 69.6 

29 67.8 67.1 68.4 68. 3 68.8 69.0 6g.2 68.5 68.3 68.6 68·5 6g. I 68.9 

30 67.2 67.4 68.2 69.0 69.2 69.3 69.3 69.0 69.0 68.o 68.I 66.6 68.7 

Monthly mean 66.6 66.5 67.2 67.8 68. 7 69.3 69.6 69.6 69.7 69.9 69.6 69.4 69. 19 

Normal 66.6 66.3 66.9 67.5 68.7 6g.3 6g. 5 69.4 6g.4 69.3 69.2 68.8 



 

342 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the plwtographic traces of tke ttni.ftlar m~r at 

Local meao time. 300 divisiOD.S +tabular quantity. 

DECEMBER, 1884. 

---- -----·-
I 

' Day. I 111 211 311 4h 5h ()11 7h 8h 9h lQh ll1' Noon. 

-~-------- -- -------- - - -· ----

I 67. 8 68.9 6l\. 8 67.7 69.3 67.0 68.G 7°-9 7 J_ l 71. I jO. I 68. 2 

2 69.0 69.2 69.4 69.2 69.3 69. 7 7.{). I 71. 0 7 !. 9 71.7 7° 5 68.7 . 
3 69. I 69.2 68. 3 69.0 69.7 69 8 70.3 72.0 72.2 72. I 70.6 68.7 

4 (69. 4) [69.2) [68.7] [68.5] (68.2] (68. 3] [68. 9] [70.0] 71. 5 71. 0 69.7 67.8 

5 67.8 78.1 68. 5 69.5 69.3 69.8 70.2 71. 6 72. 9 72.0 70. I 67.0 

6 67. 7 67.7 67.9 68.o 68.o 68.3 69.4 71. I 72.2 72.0 70.7 68.9 

7 67.7 68.o 68.o 68.7 68.4 68.6 69.3 70.4 72.2 73.3 70.8 67. 7 . 
8 69.2 69.8 69.0 69.8 70.0 68. 1 69.9 69.8 72. I 72. l 71. 0 68. l 

9 69. 8 69.0 69. I 68.9 68.9 68.z 70.2 71. 2 73.o 72.3 70. 5 67.8 

IO 68.8 68.9 68.8 69. l 69.3 69.4 70.5 72.0 73· 2 73.9 72.3 69.6 

II 72.0* 70. 5 7o.4 70.7 70.3 71. 2 72. 4 71. 7 72.8 73.0 69.8 66.2 

12 69.3 70.0 70.0 69.2 69.3 69.8 69.8 71.0 73.0 73.7 72. I 69.3 

13 69.3 69.4 69.5 69.7 69.7 70.0 70.4 71. 6 72.5 7z.7 68. 7" 66.3 

14 68. 3 70.0 69.8 74.7* 70.6 70. 3 70.8 69.4 7 I. 7 73.3 70.3 66.5 

15 76.0* 78.8• 72.8* 67.0 71. 5 70.6 72.0 71. 8 69.8* 70.3* 67.9* 66.9 

16 i I. 3 69.2 70. 2 69.8 65.9* 70.0 6g.2 70.3 73. 9: 72.7 70.6 68. s 
17 69. 2 69.3 6<}. 7 69.7 6<).7 70. 3 70.5 72.3 73.5 72.8 71. 8 6g.3 

18 6S. 3 69. I 69. 5 69.8 69.7 70.2 70.2 71. I 73.8 74.0 71. 0 6g. I 

19 68. 6 68.8 69. I 69.2 69.4 69.7 70.6 72.2 73.9 73.7 71. 4 66.4 
20 71. S" 70.3 70. 7 70.2 70. 2 70.0 70.6 72. 0 73.8 74• I 72.7 68.3 

21 69. I 68.4 69. I 69.0 66.4* 69.8 70.4 72. 7 74.2 74.8 72.2 69.7 
22 6<).4 6<).o 69.0 69.2 69.2 69.6 6<).9 70. 7 74.2 75.3 72.9 67.6 

23 
. 75. o~· 72.7* 68.o 66.8 68.5 68.6 69.7 7o.9 72.9 73.8 72.0 6g.5 

24 69.2 68.7 68. 7 68.4 68.5 68.5 6<).5 1o.9 74 .• 1 75.9 74.2* 69. I 

25 70.2 69. 7 69.3 69.0 6g. I 67.0 6g.3 71. 2 73. J 75.0 74.0* 70.6 

26 69.3 69. I 69. I 69.0 69. I 68.7 69.9 71~ 3 74.0 75.3 71.3 66.6 

27 68. I 69.7 68.9 68.9 69.0 6<).o 69.8 72. 4 74. l 74.0 72.2 6g.7 

28 72. 2* 69.0 68.3 6g.7 69.1 69.4 69.7 73.0 72.2 74.1 73· I 6g.9 
29 6<). 5 69.6 70. 2. 68.9 68. I 69.7 7o.9 73.o 76.0* 77.0* 74.9* 70.8 

30 69.7 69.0 6g.7 69.1 69.1 70.2 69.4 71.0 73.8 74.3 72.0 68.o 

31 70.3 68.9 70.3 6g.8 6g.9 6<).9 70. [ 72. z 74.3 1+0 7z.o 68.6 

Monthly mean 6g.7 6g.6 6g.3 6g.2 6g. l 6g.4 70. l 71. 4 73.o 73·4 7r.4 6&.4 
Normal 6<).o 69.2 6g.2 69.1 69.4 6g.4 70. l 71· 4 73• I 73·4 71. 3 68.4 



 

UNITED STATES OOA.ST AND GEODETIO SOBVEY. 343 

DECLINATION-Contjnued. 

magnetic observatory of tke OoaBt and Geodetic 8ttr'Cey, Los Angel,,., Ca.l. 

One division of scale=o'.794 Increasing scale readings correspond to increasing east declination. 

DECEMBER, 1884. 

Day. 13h 144 15h IGh 17n lSh HJh 

l 6i.2 66.3 68.6 68.4 6<).4 70.2 70. 2 

2 67.6 67.6 68.2 68. 3 69.2 70.3 70.2 

3 67.2 68.o 68.7 69.0 70.1 70.9 70. 8 

4 66.3 66.6 67.3 67. 3 6<). 3 69.1 69. I 

5 66.2 66.2 67.0 67. 9 69.0 69.0 68.7 

6 66.4 66.7 67.0 68.2 69.0 69.3 69.3 

7 66.4 66.6 67.4 69.2 7o.3 70.4 70.6 

8 66.8 66.4 66.3 67.8 67.8 69.5 70. I 

9 66.7 67.3 68.o 69.0 69.8 70. 7 70.3 
10 68.o 67.9 68.7 69.7 70.2 70.2 70.7 

II 66.3 65.7 66.o 68.9 69.7 70.7 70. 5 
12 68.4 67.4 67.7 68.3 69.4 70.2 70,3 

13 65. 3 66.7 67.7 68.6 69.3 69.6 69.5 

14 67.9 64.5 66.3 67.5 68.4 70.3 6g.7 

15 67.5 67.2 68.4 69.0 68.9 7r. 0 70.0 

16 67.7 67.9 68.9 70. I 70.5 70. 7 70.7 
17 68.5 68.3 68.6 69.6 69.8 70. 2 70.2 
18 67.3 66.8 67.6 68.6 69.8 70.0 70.0 

19 65.0 66.o 67. l 68.5 70.0 70. l 71. 8 

20 65.4 64.8 66.5 67.5 68.9 69.0 6g.5 

.21 68.o 67.3 . 67. 5 69.3 69,1 70.2 70.7 
22 64. 2* 64.3 66.4 66.6 68.5 69.1 70.2 

·. 23 67.0 66.3 67. l 6g.o 70.2 70.5 70.5 

24 66. I 65.6 67. I 69.4 7r.o 70.2 70.2 

25 68.2 67.3 67.6 -09.0 69.9 70.2 69.9 

26 65. I 64.9 66.4 68.6 69.3 69.8 70, I 

27 67. I 66.4 66.o 67.0 69.7 6g.9 70.0 
28 67.3 66.2 66.o 68.o 68.2 6g.o 6g.9 

29 68.9 68.o 67.8 6g.o 6g.6 6g.6 6g.9 

30 66.8 67.2 67.8 68.1 69.2 6g.o 69.2 

3i 66.o 66.2 68,2 69.3 6g.7 7q.1 70.1 

Monthly mean 66,9 66.6 67.4 68.5 6g.5 70.0 70.1 

Normal 67.0 66.6 67.4 68.5 6g.5 70.0 70.1 

20h 21h 

70.1 69.5 
70.2 69.7 
70.8 70. 7 
6g.6 69.6 
68.9 69. I 

69.6 68.9 
70.4 7o.3 

70.8 71. I 

70.2 70. I 

70.8 7 I. I 

70.6 70.3 
70.3 70. 3 
69.3 69.3 
72. 9* 70. 9 
70.3 71. 2 

70.6 7r. 9 
6g.6 69.3 
6g.7 69.6 
70.9 7I. 3 
6g.8 70.0 

70.7 70. 5 
70.2 73· l* 
70. 5 70.3 
70. 5 70.4 
70.2 70.7 

70.3 70.5 
71. 0 72.3 
70. 0 70.0 
70. I 69.8 
6g.9 70.1 

6g.9 69.7 

70.3 70.4 
70.2 70.3 

22h 23h Mid-
night. 
·--

69.3 70.0 6g.2 

70.0 69.7 69. l 

[70. 3] [70. 2] [69. 7] 
69.0 68. I 67.9 
68. I 67. 6 67.7 

68. I 67.8 67.7 
69.7 70.3 70.2 

70.4 69.8 6g.2 

70.2 6g.6 6g.3 
72.0 71· I 70.7 

69.7 70.3 70. 2 

69.7 69-s 6g.3 
69.5 6g. 5 68.4 

70. 7 70. 5 7J. 9* 
74.2!< 73.7* 72.0 

70.3 69.4 69.2 
69.0 68.2 68.3 
6g.4 6g.o 68.4 

70. 5 73.o* 71. 5 
69.7 6g.3 69.4 

70.0 6g.8 69.8 

71. 3 7Z·4* 74.3* 
70.3 70.2 6g. 3 

70.3 70.3 68. 5 

70.6 70.2 70.0 

70.3 70.0 69.9 

71. s 75.0* 72.0 
69.6 6g.9 69 .. 8 

6g.9 6g.7 69.7 
70.2 69.9 70.z 

6g.8 70.7 69.8 

70.1 70.1 6g.8 

70.0 6g.6 69.5 

Daily 
mean. 

69.1 
6g.6 

(69.9] 
[68.8] 
68.8 

68.8 

6g.4 

6g.4 

69.6 

70.3 

70.0 
6g.9 
6g.3 
70.0 
70.8 

70.0 
69. 9 

69.7 
70.0 
69. 8 

70.0 
69.9 
70.0 
6<).8 
70.0 

6g.5 
70.2 

69.7 

70.4 
69.7 

70.0 

69. 75 



 

344 UNITED STATES OOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES- . 

Hourly readings from the photographic traces of tlie unifilar magnetometer at 

Local mean time. JOO divisions+ tabular quantity . 

.TANt1ARY. l.885. 

Day. lh 2h 3h 4h 5h flh 711 Sh 911 1011 llh Noon. 

I 69.4 69.7 69.4 69.6 69.7 69.8 6g. 7 71. 7 73.0 72. 2 70.0 66. S" 
2 6g.8 70.8 69.7 57.8* 68.2 70.8 72. I 74.3 72. 7 72. I 70.5 66.3* 

3 69.8 69. 8 69.7 69.4 68. 8 70. I 70. 8 72.3 74.0 74 I 69.0* 67. 3* 

4 69.2 69.2 69.7 69.2 69.6 70.3 69.8 72.0 73.8 74.0 71. I 68.7 

5 69.2 69. I 69.0 69.3 68.9 69.9 70. 3 72.9 74·9 74·9 72.0 69.7 

6 69. 7 70. I 70. I 70. 2 70.2 70.9 71. 2 72.1 74.7 74. 2 69.7* 67.6* 

7 70.2 69.8 70.4 70.4 70.4 70. 7 70.9 73.9 76. I 75·4 71.9 68. I 

8 70.3 70.2 69.7 69.5 69.3 70.3 70.2 71. 8 74- 4 75.9 71. 2 67.2* 

9 69.6 69.7 70. I 6g. 5 69.4 69.9 71.0 73.0 74. 7 74.6 71. 6 68.r 
JO 69.9 67.4* 71. 9 69.6 69.8 69. I 69.0 70.7 72. 3 7J. 9 72.2 70.3 

II 70.8 69.6 68.o 68.8 69.6 69.5 6g.9 70.4 72. I 74· I 73.0 71. I 

12 69.7 69.8 70.0 69.3 70.0 70.I 70.4 70.9 72.3 7J. 5 73.0 72.0 

13 70.8 69.7 68.1 68.8 6g. I 69.3 69.6 70.8 73· I 75. 8 74.4 71. 3 
I4 69.7 69.9 70.1 70.0 70. I 70.0 70. 2 71. 8 73.8 74.9 73. 8 70. 9 
15 70.0 70.2 70.3 70. 7 70. 2 70. I 70.8 72.0 73· 9 75. 8 74 I 70.0 

16 72.0 1+0* 71. I 70.2 69.9 69.9 70.2 71. 7 72.9 7J. 3 72.2 70.3 
17 71. I 71. 0 71. 0 69.6 69.9 69.8 69.8 70.5 72.9 74- 6 75. 0 72.6 
I8 70.8 70.4 70. 5 70. 2 70.8 70.3 70.6 72.3 74• I 75.3 73.6 70.9 
I9 70.6 70.0 70.8 70.4 68.2 70.0 70.6 ']2. I 74.2 75. 2 72. 3 66. 1* 
20 69.6 69.9 69.7 6g. 7 69.9 69.9 70.4 72.0 74.0 76. I 74.6 71. 6 

21 6g. 7 69.4 69.4 6g.6 70. I 70.2 70.3 ']I. I 74.0 76.0 72.2 66.8* 
22 70. 7 69.3 71. s 70.8 69.0 67.0* 68. 6 72.6 65.2* 69.2* 66.9* 70.6 

23 71. 6 73.0* 68.9 72.2 70.9 71.4 70.0 72.7 73.9 75. 2 73· I 71. 0 

24 70.6 70.8 70.8 70.6 70.8 70.8 71. 0 73.8 75.8 75.8 73.7 71. 0 

25 71. 2 71. 6 71. 7 70.5 70.7 69.7 70.9 71. I 72.2 73• I 71. 8 69. l 

26 6g.8 69.8 70.0 70.3 70.3 70.4 70.6 72.0 73. 2 74.0 73.8 72. I 

2'] 70.4 70.7 70.0 70.7 71. 2 70.8 70.9 71. 5 73.0 73.8 73- 7 70.6 
28 70.7 70.8 70.8 71. 4 70.5 72. 0 72.9 72.8 73- 3 73.0 72. 4 70.2 
29 70.9 71.2 70.7 70.7 70.5 70. 5 70.8 71. 0 '}2. 7 72.3 70.9 69.7 
30 74. 1* 81. s·lt 72. 3 71.2 6g.5 71.5 74.0* 74.0 72. I 72.6 71. 4 71. 0 

31 6g. 9 69.9 70.0 69.6 69.9 70.0 69. s 69.0* 68. ~* 6g.3* 68.5* 68, I 

~ymean I 70.4 70.6 70.2 6g.7 69.8 70.2 70.6 72.0 73.2 74-0 72.0 6,9. 6 
Normal 'JO. 3 70. J 70. 2' 70. I 69.8 70.3 70.5 72.1 73.6 743 72. 7 70.4 



 

UNITED STATES COAST AND GEODETIC SURVEY. 345 

DECLINATION-Continued. 

the magnetic observatory of the Coast and Geodetic Survey, Los .Angeles, Cal. 

One division of scale =o.'794 Increasing sea.le readings correspond to increa.~ing east decliruttion. 

Day. 
I 

13h 14" 15h 16h 

J 66.2 67. 3 68.5 69.7 
2 67. 0 66. 6 68.o 'JO. 9 

3 68. I 69.0 6g. 9 'JO. 5 

4 66.8 66.7 67. I 69. I 

5 68.7 68.8 69.4 70.3 

6 65. 8* 65. 7 68. 2 70.0 

7 67. 0 67. 6 68.o 68.3 
8 67.0 65.3* 66.o* 67. 7 

9 66.9 67. I 69.5 'JO.O 
IO 68.8 68.7 67.8 69.7 

II 69. I 68.o 68. I 6g.z 

12 69.9 67.8 67. 2 68. 7 
13 69.7 69.2 69.0 69.3 
14 69.3 68.7 68. 7 69. I 

15 67.3 66.7 68. 0 68.9 

16 69. I 69.0 68.o 69.0 
17 69.4 67.9 69.4 69.8 
18 69.8 68.3 68.7 6g.2 
19 65.0* 66.6 66.o* 68.o 
20 69.9 68.2 67. 5 68.3 

21 65.2* 65.3* 65.5* 68.3 
22 64.o* 66.3 69.0 70.3 
23 69.3 67.2 69.7 69.8 
24 68.o 66.9 67. I 68.2 

25 68.5 68.9 69.8 70.2 

26 70.0 69.0 69. 7 70. I 

27 68. I 68. I 67.8 70. I 

28 69. l 69.8 70.3 71, I 

29 70.0 70.0 69.8 'JO. 3 
30 71. 0 70.9* 70.6 'JO. 5 

JI 68. s 70.0 70.2 70.0 

Monthly mean 68. 2 67.9 68.5 69. 5 
Normal 68.6 68.o 68.7 69.5 

JANUARY, 1885. 

17h lSh 19h 20h 2lh 

70.3 70.6 70.6 70. 7 70.7 
70. 5 71. 3 75. 2* 71.0 7r. 0 
70. 5 70. 7 70. 7 70.8 70.3 
69.9 70. I 70. I 70.I 69. 9 
7r. 0 70.9 70.8 70.6 70. I 

70. I 70.4 70.6 70.7 70.4 
68.7 70. I 70.8 70.3 70.2 
67.8 68.o 72.9 69.6 70.2 

'JO. 5 71. 0 72. 0 72.4 7r. 0 
70.3 71. 0 70.9 71. 0 69.9 

69.3 7I. I 70. I 70.2 70.6 
70.3 70. 5 70.6 72.0 70.6 
JO. I 70. 2 70.4 70.6 70. s 
7o.5 70.6 70.7 70.9 70.7 
69.6 6g.3 70. 7 70.9 70.4 

70.0 70.0 69.8 70.3 69.9 
70.6 70.6 69.8 72.0 70. 7 
70.2 70. 3 70.8 70. 7 71. 0 
68.5 69. I 69.4 70.3 70. 7 
70. I 70.3 70.6 70.6 70.6 

69.9 70.4 70. 3 70.5 70.3 
7!. I 71. 9 72. 3 72. I 72.0 
70.0 70.9 70.9 70.9 71. 7 
69.7 70. I 70.2 71.0 71. I 

70.2 70. l 70. 3 7o.5 70.4 

70.2 70.5 70.9 71.0 71. 0 
70, I 70.3 70. 2 70.7 70.9 
7r.4 71.0 71. 0 70.3 70.2 

70.9 70.8 70.9 71.3 70.8 
70.6 70.3 70.2 70.2 70.3 

70.3 70.6 70.4 70.5 70. 5 

70.1 70.4 70.8 70.8 70.6 
70.I 70.4 70.7 70.8 70.6 

22ll 23h 

70.3 72. I 

71. 0 70.2 

69. 7 69.5 
70. l 70. l 

70.3 70.0 

70.4 70,6 

70.4 70. 2 

71. 0 70. 7 
71. 6 72.4 
7o.9 7r. 0 

70. 2 70.3 
70. I 70. 3 
70.6 70.z 

70.3 70. 2 

7o.3 70. 8 

70. 7 70.7 
7r. 0 70.6 
70.6 70.5 
70. I 70.3 
70.3 70.2 

70.3 70.4 
72.0 72. 3 
71. 9 71. 4 
71.0 70. 7 
70. 3 70.3 

71. 0 71. 0 
71. I 70. 6 
70.4 70.7 
70.3 73- 0 
70.3 69. 7 

70.2 70.3 

70.6 'JO. 7 
70.6 70.7 

Mid- I Daily 
_ight. mean. n 

i 
69. 8 ! 69.9 

I 
69. 1 I 69.9 
69. I I 70. 2 

i 
69.3 i 69.8 
68. 8 ! 70.4 

70.6 70.2 

70.4 70.4 
7r. 2 69.9 
69.9 70.6 
71. 0 70.3 

70.0 70. I 
70.6 70.4 
69.8 70.4 
70.3 70.6 

70. 9 l 7o.5 
I 

70.3 70.6 
70.8 70.8 

70.2 70.8 
70.0 69.8 
70. I 70,6 

70.6 69.8 

7r. 7 69.8 

7r. 21 71. 2 

7r. 2 70.9 

70.1 I 70.6 

70.2 70.9 

70. 31 70.6 

70.7 7I. I 

74. 5*i 71. 0 

10.0 I 7r. 7 

70.11~ 
70.4 l 70.44 

10.3 I 



 

346 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

H01irly readings from the plwtograpkic traces of the unifilar magnetemeter at 

Local mean time. 300 divisions+ tabular quantity. 

FEBRUARY, l.885. 
-· ----

Day. lh 2h 3h 4h 5h 6h 711 g1. 9h lOh' Uh Noon. 

I 70.2 70. 5 70.5 70. 5 70.6 70. 7 70.6 70. 4* 70. I* 6<). 3* 67.3* 66.4* 
2 70. 0 70.2 7°- 7 71.5 71.2 71. 5 71. 9 72.0 72.0 71. 9 70.7 68.5 

3 70.6 70.7 71. 6 70.3 73.3 73.2 73- 7 7+ 4 73.7 71. 9 70.3 68.o 

4 70. I 70.4 71. 0 71. 4 72.2 73· 2 74.1 75. 2 72.3 72.0 69.0 68. I 

5 70.8 70.3 7r.4 70.8 71. 5 72. 0 74.0 78.0* 76.0 72.0 71. 0 69.6 

6 I 69.7 70.0 70.5 71. 0 71. 0 71. 7 72. I 7+0 75· 2 73.0 70.8 68.5 

7 j 70.0 70.0 70.I 70.0 70.3 70. 2 71. 6 72.2 73.6 75.0* 74.6* 72.9* 
8 70. 7 70.5 71.0 71. 0 7L2 71. 9 70.4 71. I 72.0 70.0 70.3 68.9 

9 jO. I 70.6 71. 0 70.9 70. 8 69.6 6<). I* 70. 7 72.0 74.0 73.3 72.0* 
IO 70.3 70.6 67.5* 72.9 81. 1* 75.3* 75.1* 71. 2 70.3* . 70.4 70.5 70.4 

II 70. i 70.3 70.3 70. '] 71. 0 7I. 2 71. s 72.0 71. 9 72.2 71.0 6g.2 

12 71. 7 72.6 /2. I 70.3 65. o* 71. 7 73.0 73.0 75.7 6g.9 69.8 63.6* 

13 70.5 71. I 7r. 7 71. 5 72. I 74· I 72.3 7r. 8 7o.9 70.3 70.3 6g.6 

14 70.9 70.8 71. 0 . 7I. :z 71. 9 71. 4 72.5 72.9 72.9 72.0 70.2 68.9 
15 70.7 70.9 7r. 3 71. z 71. 8 72.2 74.0 75.8* 75· 8 74· I 72.0 .69· I 

16 71. 0 70.7 70. 9 70.9 70.8 7 I. 5 72.4 72. 3 73.9 73.3 71. 4 69. I 

17 70.2 72. 2 70.9 71. 4 73.7 72. I 73.0 74.4 75.0 73.0 70.5 68.o 
18 72.3 7;:.4 70.3 70.6 71. 8 72. 3 71.5 73. 9 75.5 74.5 70.6 67.5 
19 70.8 70.8 71. 4 70.0 72.0 72.2 73-0 73- 3 73.9 73. 5 72.2 70.0 
20 70.5 70.4 70.5 ~m. 5 70.8 71. 0 72.3 73- 5 75. 6 76.0* 73· 3 70.0 

2[ 70.8 70.8 70.6 70.6 70.9 7 I. I 72.4 73.9 72.0 72.6 72.3 70.4 
22 72.4 70.0 72.3 72. 5 72.0 72.4 74.2 75. 0 74.4 70.5 70.3 6g.3 
23 [70.6] [70.5] [70.6] [70.8] [71.3] [71.7) [72.2] 73· I 74.6 75- 0* 73· I 70.6 

24 71.2 70.9 71. 2 71. 2 71. I 7 I. I 72.0 72. 2 72.2 71. 6 70.7 69.0 , 

25t [71.5] [71.6] [71.8] [72.1] [72.7] [73. l] [73.8] 74.8 75.0 73.3 [71. 6] 6<).3 

26 71. 0 71.0 71. 0 71. 3 71. 6 71. 8 72.4 74.3 74.8 73- 3 72.0 70.2 
I 

27 75.7* 72· 5 71. 9 72.5 70.0 71.5 6<).4* 69.8* 71. 7 73· I 72.0 70.3 
28 70.9 71. 5 72.0 71.4 71. 6 71.5 72.0 73.9 70.2* 68.o* 67.8* 65.7* 

Monthly mean 70.9 70.9 71. 0 71. I 71. 6 71. 9 72. 3 73.2 73.3 72.4 71.0 69.0 
Normal 70.8 70.9 71. I 71. 1 71. 5 71. 8 72.5 73· I 73.6 72.3 71. I 6g.3 

t February 25, 10 a. m., trace faded. 



 

UNITED ST.ATES COAST AND GEODETIC SURVEY. 347 

DECLINATION-Continued. 

tlie mtJgmtic observatory of tke Coast and Geo&tie Stwveg, Log A.ngellJll, Cal. 

One division ofscale=o'.794 Increasing scale readings correspond to increasing east decliDation, 

FEBRUARY, 1885. 

Day. 13h 14h 15h 16h 17h 18h 19h 20h ~~lh 22h 23h Mid·\ Daily 
night. . mean. 

1--
I 66.6 68.4 70.7 71. 6 71. 6 71. 3 70.8 70.7 71. 6 70.6 70.3 

I 
69. 9 \ 70.0 

2 68.4 fi9.8 71.3 71. 9 71. 2 70.6 70. 7 7r.o 70.8 70.8 70.4 70. s ! 70. 8 

3 67.7 68.4 70.0 70.4 70.6 7r.o 71. 0 7r.o 7z. l 70. 5 70.5 69. 3 i 7z. 0 
68.2 68.3 69.0 70. I 70.3 70.4 70.8 70.9 70.7 70.8 70.5 I 70. 8 4 70.4 i 

5 66. 2 66.3 69. l 68.6 67.7 68.1 70.0 71. 0 70.7 70.8 70.0 11. o I 70. 7 

6 67.2 f>6.9 66.9 67.3 69.0 69.7 70.2 71.0 71. 0 70.9 70.3 69. 91 70.3 

7 71. 6* 70. I 69.2 69.0 69.9 70.8 70. 4 70.8 71. 8 70. 7 70.0 70. 6 I 7!. I 

8 68.6 68.4 68.2 68.3 69.5 70.2 70.2 70.7 70.6 70.5 70.4 70. 3 i 70.2 

9 71.3* 71.0* 70.3 70.8 70. 8 70.9 71. 2 70.. 7 70.7 70.6 70.6 70. s l 71. 0 
IO 70.7* 70. 6 7r.3 7x. 0 70.5 70.7 71. I 7r.o 70.5 70.6 70.5 70. 7 ! 71. 4 

lI 69.5 70.0 69.5 70. I 70.1 70.3 69.4 72.0 73.8* 70. 5 69.8 72. 0 ! 70.8 
12 64.3* 68.2 68.7 70.7 70.2 70.0 70.8 71. I 70.7 70. 7 70. 7 70.7 70.2 

13 69.8 70. I 70.7 71. I 70.0 10.3 70. 5 7r. 0 70. 7 70.7 70.8 70.7 70. 9 
14 68. [ 68.9 69.5 70.6 70.8 70.4 71. 0 70.8 70.2 70. 7 70.6 70.2 70.8 

15 66.6 67.7 68.o 6<).7 70. I 70.2 70.4 70. 5 70.5 70.4 70.6 70.5 71.0 
I 

16 66.9 67.3 68. s 68.5 70. I 70.5 70. 5 70.9 70.7 70. 5 70.5 70. 5 ! 70.6 
17 67. 3 68.o 67.3 69.7 70.3 71. 2 70.0 70. 5 70.7 70. 3 70.0 69.0 70. 8 
18 67.0 66.9 68.3 70.0 70.8 71. 4 71. 5 71. 6 71. 0 71. 6 70.6 70.8 71. 0 
19 68. 8 68.7 69.0 70.0 70.6 71. 0 71. 0 71. 4 71. 0 71. 0 70.8 70.6 7L r 
20 67.7 67.0 67.2 68.6 70.0 70.7 70. 3 70.7 70.5 70.4 70.2 iI. 2 70.8 

2l 69.2 67.5 67. r 68.2 68.2 68.4 70.3 7r. 2 71. 7 7+ s* 72.r 7J. 6*; 70. 8 
22 67.3 67.0 67.8 68.2 70.0 70.2 70.1 [70. 2] [70. 3] [70. 2] [70.1] [70. 3J: [70. 7] 
23 69. r 69.0 &g.2 69.6 70. [ 70.6 71. [ 71. 2 7r. 2 71.4 7x. I 71. 2 I [7x. 2] 

I 
24 66. 5 6_8. I (68. 9) [69.8] 70.6 70.2 70.3 7f>. 9 70.6 [70. 7] (70. 7] (71. 1J [70. 5] 
25 68. 2 68.8 69.3 69.8 70.0 70.2 70.4 70.7 70. 7 70. 7 70. s 70. 1 / [71. 3] 

26 68. 4 68. [ 68.7 69.2 70.8 69. s I 
70.0 70.5 70.3 70.0 71·3 74· S*'l 71. I 

27 68.o 68.o 68.4 69. [ 70.3 70.6 70. 9 70. 7 70.7 70.6 70.5 70.9 70.8 
28 66.o 66.4 67.0 67.9 70.0 68.8 77.0* 70.3 70.5 70. I 72.0 70. 5 I 70. I 

'· 

Monthly mean 68.o 68.4 68.9 69.6 70. I 70.3 70.8 70.9 71. 0 70. 8 70.6 j'0.8 70.88 
Normal 67.8 68.3 68.9 69.6 70.1 70.3 70.6 70.9 70.9 70.6 70.6 70. s 



 

348 UNITED STA TES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hou'l"ly t"eadings from the photographic tt"aces of the unijilar magnetometer at 

Local mean time. 300 divisions + tabular quantity. 

MARCH, 1885. 

Day. lh 2h 3h 4h 5h ()h 7h 8h 9h lQh llh Noon. 

I 68. 5 73.6 72. I 72.3 70.5 72.0 73.1 74.6 75.1 73.8 72.0 69.2 
2 74.0* 70.6 72.9 7r. 6 72.2 73.0 73.6 74.4 75.1 74.8 72. 5 70.0 

3 72.0 j2.3 71. 9 7r.4 72.3 72.4 7J. 8 74.0 72.9* 74.3 71.1 69.J 
4 70.6 70.9 7 I. 5 7r. 7 71. 4 72.3 73.3 76.0 77.6 76. 5 74.7 71.6 

5 70.8 70.8 70.9 7r. l 7r. 5 71. 8 72.9 76.0 76.2 76. 0 73.8 70.7 

6 70.9 7 I. I 7 I. 2 7r. 6 72.0 72.2 74.3 75.7 76.0 75.4 72.7 69.5 

7 70.3 70.5 70.3 69.3 71.0 71. 0 72.6 74.5 78. I 77- 3 74.2 71. 4 
8 70.7 70. 7 71.6 71. 2 71. 2 71.8 73.1 75.8 76.6 75·4 73.8 71. 7 

9 70.9 70.9 70. 8 70.8 70.9 71. 5 72. 7 74- 7 77.0 77-1 74.8 70.8 
10 70.3 70. 5 70.8 70.8 70.7 70.6 72. 7 75.2 75.1 74.3 72.4 70.0 . 
II 70.6 70.6 70.8 71. 0 71. 2 71. 9 74.4 76. 7 77.2 74• I 70.7 68.o 
12 i 72.3 70.8 75.o* 73·3 74.0* 73.7 74·7 75.8 75.8 73. 9 72.5 70.6 

13 I 71. 7 71. 8 72. 5 72.3 73.4 74.3 74.3 73.5 74• I 74.5 71. 7 70.4 
14 

I 
71. 0 70.7 70.4 70.7 ']0.6 71. 9 ']2. 8 74.8 7I. 6* 75.4 75.3 73.7* 

15 70.5 74.8* 74.0* 70.7 65.2* 67.4* 66.o• 71.0* 68. 3* 66.2* 68.o* 65.1* 

16 I 72.7 73- 7 72.4 72.1 72.2 72.2 74.0 73.7 73.9 74. 8 74.8 72. 7 I 

17 I 71. 4 70.7 70.7 70.6 70.9 71. 4 72.5 75.4 75· I 73. 6 71. 4 68.6 
18 I 70.3 70.3 70. 6 70.8 7I. 2 72.0 72.8 74.5 75.9 75.0 71. 9 69.2 

19 70.2 70. 3 70. 6 70.6 71. 4 72. I 74.4 76.6 78.2 77. 4 73.6 70.x 
20 71. 2 72.6 71. 7 70.8 72.9 72.7 75.2 76.2 80.4* 75. 8 73,7 70.0 

21 70.6 70.6 70.z 70.5 71. 4 71. 6 72.I 75.0 74.6 73· 3 71.8 70. 3 
22 71. I 7r. 2 70.3 71. 6 71. 0 70.7 71. 7 74.3 75.0 . 74.4 72. 6 70.4 
23 70.9 71. 9 7 I. 5 72. I 72.2 72.7 74.0 77.0 73.4* 73. 3 72.4 70. 3 
24 70. 6 70.6 70.7 79.6 70.8 71.7 72.8 74.6 75.8 74. 7 73. 3 71. 3 
25 70.6 70.7 70. 7 70.8 70.8 71.5 . 72.7 75.4 76. 7 . 76. 9 74.7 71. 2 

26 70. 8 70.8 70. 7 70.6 70.4 70.7 72.3 ']4.8 76.5 76.6 73.4 7o.5 
27 70.9 70. 5 70. 5 70.3 70.6 70.9 73.o 75.6 75.6 76.8 74. 7 71. 8 
28 72.0 72.4 7 I. 7 73.0 71. 9 72. I 73.9 77.2 76.2 74.4 71. 6 6g.2 

29 70.7 70.6 70.7 70.7 71. I 71.5 72.8 76, I 78.0 "17· 2 73· 7 70.4 
30 70.5 70.5 70. 6 70.7 71. 0 71. 3 73·4 75.5 76. 7 74- 2 70.6 67.8 

31 71.2 71. 4 72.0 7I. 5 72.5 73.0 74.2 76.0 ';8.o 76.0 72. I 69. 3 

Monthly mean 7r.o 71. 3 71. 4 71. 2 71. 3 71. 8 73· I 75.2 75.7 75.0 72.8 70.:z 
Normal 70.9 71. 2 71. I 71. 2 71. 4 72.0 73.3 75.3 76.2 75.2 73.0 70.2 



 

UNITED STATES OOAST AND GEODETIC SURVEY. 349 

DECLINATION-Continued. 

the magnetic observatory of the Ooast iind Geodetic Survey, Los A.ngele.s, Cal. 

One division of scale= o'.794 Increasing scale readings correspond to increasing east declination. 

MARCH, 1885. 

Day. I 13h 14.h 15h 16h 1711 1811 rn11 20b 2P 2211 2311 n~l~;. \ ~:!~. 
----------------------------------- --- -----1---

\ 66.8 67.2 67,8 68.9 68.5 70.5 70.7 70.3 70.7 71.4 72.2 72.9 / 7r.o 

2 

3 
4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

22 

23 

24 

25 

26 

2'J 
28 

29 

30 

31 

Monthly mean 

Normal 

\

' 68.2 67.4 67.6 69.7 69.9 70.3 70.3 70.4 70.7 71.2 70.8 70.71 71.3 

I
I :~: ~ :;: ~ :~: ! :!: : ~:: ; ~:: ~ ~:: ~ ~:: ! ~:: ; ~:: ! ~:: ~ ~=~ ~ i ~~: ~ 

67.0 65. 7 65. 7 67. 6 68. 7 70. 0 70. 7 71. 5 70. 9 70. 8 70. 8 70. 7 ! 70. 9 

i 65.7 64.4 66.o 68.o 69.8 70.3 70.3 70.4 70.5 70.5 71.4 70.8
1 

70.9 
68.6 67.0 66.6 67.6 68.7 70.1 70.4 70.5 70.7 70.S 70.6 ;:: ~I 70.9 

71.4 

'JI. 0 

70.8 

69. I 68. 0 68. I 

67.6 66.4 66.4 

68. 2 67. 5 67. 7 

66. I 65.6 66. 6 

69. J 68. I 69. 5 

68. 5 66. 6 67.4 

71. 3* 70. 3• 68. 2 

66. 4 66. 4 65. 0 

70. 3 6g. I 68. 7 
67.0 67.5 6S.1 

67.1 66.2 66.8 

67.2 65.3 65.4 

67.2 65.2 64.9 

67.3 66.o 65.2 

68. 5 67. 0 66. 3 
68. 6 67. 8 68. 0 

69. 3 68. 3 67. 2 

69. 6 68. 4 67. s 
68. 6 67. 7 67. 4 

69.5 68.2 67.9 

67.5 67.3 67.4 
67.2 66.1 67.0 

65. 3* 64. 2* 65. I 

67.6 67.2 66.6 

68.o 66. 9 67. o 

68.o 66.9 67.0 

68. 8 ]O. I 70. 3 ]O. ] 70. 7 70. 8 ]O. 8 7 I. 0 

67.5 69.0 70.0 70.6 70.6 70.6 70.6 70.5 70. 7 i 
70. 6 i 69. 0 70. 2 70. 4 70. 6 70. 9 70. 7 70. 5 70. 6 

68. 8 70. 6 70. 7 70. 7 70. 9 /0. 8 

69. 5 70. 3 70. 4 70. 6 70. 6 70. 7 

67. 8 69. 2 70. 3 7 I. 3 7 I. 0 70. 4 

68. 5 6g, l 69. I 70. 3 69. 8 ]O. 8 

69. 5 66. o* 6g. 8 75. o* 69. o 68. 5 

69. I 70. 2 70. I 

68. 6 69. 4 69. 9 

68. 5 69. 8 70. 3 

67. 2 68. 2 70. 6 

66. 4 67. 3 67. 3* 

66. 9 69. 0 71. 4 

67.4 69. 2 70. l 

69. 9 70. 3 70. 3 

67. 8 69. 0 69. 9 

67. 8 69. 0 69. 8 

68. 3 69. 3 69. 4 

68. I 69. 2 70. 4 

68. 5 69. I 70. 6 

68. I 69. 2 69. 6 

66. 3 68, 7 70. I 

67, I 68. 2 69. 3 

68.2 

68.2 
69.2 

6g.3 

70.1 

70, 2 

70. 5 7 r. 4 70. 2 

69. 8 70. 3 70. 0 

70. 5 70. 3 70. 4 

70. 4 70. 4 70. 6 

70. 0 ]O. I 72. I 

71. 5 70. 9 71.0 

70. 5 70. 9 70. 8 

70. 4 70. 6 70. 5 

70. I 70. 3 70. 3 

70. 0 70. 3 70. 4 

70. 3 70. I 70. 3 
70. 5 70. 6 70. 9 

70. 9 70. 8 70. 7 

70. 2 70, 4 70. 4 

70.2 72.1 71.5 

69.6 69.6 71. [ 

70. 6 70. 6 70. 6 

70. s 70. 6 70. 6 

71.0 71.5 72.4 

70. 8 70. 9 70. 8 

71.1 71.5 71.2 

71.9 74.3* 7I.6 

71.S 72.0 72.3 

71. 0 

71. 8 

71.3 

71.4 
69.1 

71. 3 71.0 68. 7r.6 

71.1 71.r 70.8; 70.7 

70. 5 70. 6 70. 2 ; 70. 6 

70. 6 71.0 71.8' 71.0 

74. 3* 71. 7 72. 4 7r. 3 

7 I. 2 7 I. 4 7 I. 4 70. 6 

70. 8 70. 8 70. 8 ' 70. 7 

70.6- 70.7 70.6 71.2 

70. 4 70. 4 70. 4 70. 9 

70. 7 70. 6 70. 7 71. 2 

70. 2 70. 7 70. 7 70. 9 

70. 7 70. 6 70. 9 i 7 I. 2 

70. 8 7q, 8 70. 7 i 71. 3 

70. 5 70. 3 70. 5 1 71. 0 

]I, 7 71. 2 71. I 70. 4 

77. 6 72. 0 7 I. 0 ' 71. 4 

71. 2 

71, I 

71. l 

71. 0 

70.91 
71.0 

I 

71.01 



 

350 UNITED STATES OOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readingB from, the plrotogrophic traDes of the unifilar magaetometer at 

Local mean time. 300 divisions+ tabular quantity. 

APRIL, 1885 . 

... 

Day. 1" 2" 3n 4h 5" 6h 71>. s11 911 lQh lP Noon. 

I 71. 3 73· 2 70.6 71. 6 72.2 73.4 74.4 75.0 77-0 71. 4 69. I 68.7 
2 71. 3 71. 4 71. 9 7z.3 72.0 72. I 74.8 76.6 76.2 74.0 72. 2 70.7 

3 70.4 71. 2 70.3 71. 5 70.7 70.0* 71.r* 75· I 73.1 71. 9 70.2 69.0 

4 70. 2 70.6 71. 0 70. 5 70.9 72.0 72.8 76.0 78.1* 77.8* 74.8* 72.0* 

5 70. 5 70. 5 70.7 70.7 7r. 3 72.0 74.4 78.0 78.9* 76. 1* 7r. 8 68.4 

6 70.8 70.8 71. 5 71. 5 7I· 3 72.2 74.2 77- 0 78.6* 76.5* 72.7 68.7 

7 72.0 70.0 [70.2] [70.7) [71.2] (72.5] [74·3] 75.8 76. I 74.7 7r.o 68.8 
8 71. 4 73.6 71. 3 72.3 69.4* 74.4 74.5 75.3 73.5 71. 5 68.8 69.7 

9 73.0 72. I 71. 5 72. I 72. I 72.8 75.0 76.6 76.0 72. 5 69.7 69.0 
IO 70. 7 71. 0 7o.9 72. 2 72.0 72. 7 72.9 72.8* 74.6 72.7 70.6 69.5 

II 71. 2 71. 6 71. 3 71.3 7r. 0 72.6 73.6 76.5 75.4 74- 0 70.5 68.4 
12 73· 2 71. 8 71. 9 70.2 7!. 4 73-4 75 .8 77. 5 76.5 74.3 71. 8 70.8 

13 74.5* 77. 7* 76.5* 76. 1* 75.3* 75.0 77. 9* 75.0 72.5* 68.4* 66.o* 64.9* 

14 72.2 72. I jZ. 6 73.0 73.0 74.5 75.4 77.2 76.8 74.4 71. 7 70.6 
15 72.0 72.7 71.6 72. 0 71. 7 74.0 76. 7 78.3 75.5 7J. 5 69.7 68.5 

16 72. I 73.3 72. 0 74.0 74.4 75.7 78.0* 77- 5 75.0 71. 8 68.7 66.8 

17 70. 7 71. 2 71. 2 71. 8 12· I 73.2 74.0 75.2 75.2 72.4 71.0 70.5 
18 73.0 72.2 72.0 72. I 71. 0 74.0 75.3 74. 5 73.3 72.2 70.7 70.0 
19 I 70.9 71. 5 72.7 74.2 72.7 74.2 73.0 75.3 74.7 71. 3 68.4 70.4· 
20 7I. I 72.2 73.3 72. 0 73.2 72. 5 76.3 79.1* 77.0 74.2 71. I 70.7 

21 70.9 71.8 73. I 73.0 72.0 73.8 75. I 75.0 74.2 73.0 71. 0 70.8 
22 71. 0 71. I 7r. 5 71. 3 7r. 4 71. 7 72. 5* 75.3 76.6 76.3* 74.4* 73.4* 
23 71. 8 71.9 72.3 72.3 73.0 74.2 76.3 76.7 74.2 69.3* 66.5* 66.o* 

24 
I 

71. 5 71.8 72.0 72. I 72.9 74.7 77.0 76.0 76.4 70.6 70.3 70.5 
25 71. 8 72.3 72.2 72. 4 73.3 75.0 77.2 79.6* 78.6* 74.9 71.3 69.8 

26 71. 0 71.3 72.J 72.2 73·3 75.4 77.0 75.8 75.3 72.2 69.1 69.2 
27 72. 2 73.2 73·9 74.3 74.8 75.2 76.0 74.7 73.0 71. 7 69.4 68.4 
28 79.3* 77.6* 78.3* 77.0* 79.9* 74.9 74-6 75.0 74.8 69.7* 66.3* 67.2 
29 72. I 72.2 72. I 72.6 74.0 74.6 76.9 79.3* 78.3* 74.3 70.6 68.3 
30 71. 4 71.6 72.0 71. 9 73-9 75.3 78.6* 79.0* 77. I 72. I 6~;1-4 67.9 

Monthly mean 71.8 72.2 72.2 72.4 72.6 73.6 75.2 76.4 75.8 73.0 70.3 69.2 
Normal 

i 
71. 5 71. 8 71.8 72. I 72.3 7J. 7 75.1 76.0 75.3 72.8 10·4 69.3 



 

UNITED STATES CO.A.ST AND UEODETIQ SURVEY. 331 

DECLlNATlON-4Jontinued. 

the magnetic obser·vato1·y of tlw 01uUJt and Geodetic BuY"IJC!h Los Angeles, Gal. 

One division of scale= o'.794 Increasing scale readings correspond to increasing east declination. 

A.PltIL, 1985. 

-
Mid- I Daily Day. 13h 14" 1511 16h 171;. 18b 19h 2011 21h 2211 2,31i night. I mean~ -· ----- -

I 67. I 67.4 157. 8 69.2 70.9 7I. I 70.8 71. 2 72. 0 7J. 4 7o.9 70.9 71. 2 
2 69.2 68. I 67.7 68.2 69.7 72.7 73.2 70.7 70.8 70.8 70.2 6g.2 71. s 
3 67.9 67.8 68.2 69.4 70.3 70.7 70.8 70.8 70.6 70.6 70.4 70.3 70.5 

4 69.0 67.2 66.3 67.8 69.3 70.7 70.7 70.6 70. 6 70.7 70.9 70.6 71. 3 

5 65.3* 64.5* 65.5 68.3 70.4 70.6 71.0 70. 7 70.7 70.7 70.7 70. 7 70.9 

6 66.o 65.0* 65.8 67.0 68.o 69.7 69.6 70.0 69.5 69.8 70.7 73· I 70.8 

7 66.6 65.5 66. I 66.9 66.5* 68.9 69.9 70.7 69.0 72.5 70.6 73- 5 [70.6] 
s 69.0 68.3 68.5 68.5 69.7 70.0 70.6 70.3 70.4 70.6 70.6 71. 7 71. 0 

9 68. I 67.4 67.5 67. 6 68.2 70.0 70.4 70.4 70.6 72. 0 70.6 70.6 7I. I 
IO 

I 
68.o 67.0 66.8 68.3 70.7 70.4 70.6 70. 7 71.0 70. 7 70.8 71. 0 70.8 

II 66.8 66.7 66.8 68. 5 70.4 71.4 71. 0 70.7 70. 7 70.8 70.7 73.4 71. 0 
12 Gg.3 69. [ 69.4 71. 0 70.8 71. 2 70.8 70. 7 7 I. 4 72.4 73.7 74.8* 72.2 

13 66.o 66.9 68. I 70.6 7r. 5 71. 5 70.9 70. 5 71. 0 70.9 71. 6 72.0 71. 7 
14 68.5 67.9 67.9 67.9 69.2 70.2 70.0 70.0 70.7 71. 4 72.6 72.8 7L8 

15 66.4 65.4 64.0* 68.4 70.4 71. 0 70.9 71. 6 71. 4 70.9 71. 0 71. 7 
' 

7r. 2 

16 66.5 67. 2 6S.7 70.2 71. 0 71.0 70.8 70.9 74.2" 72.0 71. 7 70.3 71. 8 
17 69.8 69.3 69.3 70.3 70.6 70. 7 70.7 70. 7 70.6 70.7 70.7 71. 0 71.4 
18 68.4 67.7 68.2 69. r 70.3 70.9 71. 2 71. 0 70.5 70.j 70.6 70.5 71. 2 
19 70.4 70.0 69.8 69.7 70.6 71.5 71. 6 71. I 72.0 72.4 71. 0 70.9 7r. 7 
20 69.4 67.4 67.4 67.9 68.2 69.7 73.4 70.9 70.7 7i. r 71. 8 71.2 71.7 

21 70.0 68.6 67. 9 67.8 69.0 70.2 70.4 70.6 70.8 71. 0 7o.9 71. 0 71. 3 
22 72.4* 71.4* 70.3 70.4 70.3 71.0 71. 9 71. 4 72.2 71. 6 71. 8 72.0 72.z 
23 66.3 67.0 68.I 69. I 7o.3 70.3 70.4 70.7 70.7 70.8 7r.6 72. I 70.9 
24 70.3 69.9 69.5 69.9 7LO 71. 0 71. 3 72.0 71. 0 70.9 7I. 8 71. 6 71. 9 

I 25 68.9 67.6 67. 9 69.2 70.0 70.4 71. 0 71. l 7 I. I 7r. 0 71.3 70.8 72.0 

26 i 69.4 68.3 68.3 68.4 70. I 70. 5 71. 2 74.0* 74.8* 73.3 73.3 74.0 72.1 
27 69.0 69.8 70.0 70. 7 70.7 70.2 72.4 72.4 71. 0 71. 3 71:2 72.3 72.0 
28 69.0 69.7 70.3 70.8 72.0 72.5 72.4 72. 2 71. 6 7r. 9 72.0 72. 8 73.0 
29 67. I 66.6 67.0 68.'.l 70. I 71.0 71. 0 71. 0 71. I 71.1 71. 8 72. I 71. 8 

30 68.3 68.o 68.o 69.3 70.0 70. 9 7'1. 3 71.0 70.8 71.1 71.3 71. 4 71. 7 

Monthly mean 68.3 67.8 67.9 69.0 70.0 70. 7 71.1 71. 0 71. I 71 . .2 71. 3 7 I. 7 71. 48 
Normal 68.2 67.8 68.o 69.0 70.1 70. 7 71. I 70.9 70.9 71. 2 71.3 71. 6 



 

852 

Local mean time. 

3 
4 

5 

6 

7 
8 

9 
10 

II 

12 

13 
14 
15 

16 

17 
18 
19 
20 

21 
22 

23 
24 
25 

26 
27 
28 
29 
30 

31 

Monthly mean i 

I Normal 

UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the unifilar magnet01neter at 

71. 3 

73.0 
71. 7 
71. 0 

71. 5 

71. 0 

p.o 

71. 7 
70.9 
71. 3 

71.2 71.3 
72. 7 72· 4 

72. 6 73- 0 

70.6 70.9 

72 • 3 73- 5 

72.0 
72.5 
72.1 
71. 6 

72. I 

72.1 

7J. 5 
74.8* 
72.1 
76.9* 

78.2* 77.0• 78. 1* 
74.1* 72.5 70.0 
70.8 70.5 72. s 
70.0 70.3 71.3 
71.3 72.0 72.2 

71.0 68.2* 7z.3 
70.3 70.8 72.2 
71.0 71.4 71.8 
72. 0 71. 7 . 72. 2 
7L4 71.4 71.8 

71.7 71.7 71.7 
71.8 72.0 71.7 
70.7 70.8 72.2 
72.2 73.0 75.0• 
71.7 72. [ 72.3 

76.6* 74.3* 72.2 
72.2 73.7 64.0* 
66.8• 66.3• 71.8 
70. I 72.t 72.4 
70.7 70.7 70.7 

70.7 70.7 70.5 

71.7 71.6 72.2 

71.4 71.7 71.9 

MAY, 1885. 

72.0 
74.2 
72.2 

72. 7 
72.5 

72.2 

74.3 
73.6 
73.5 
73.0 

72.8 74.3 
73.8 74.5 
75.2 75.0 
71.7 72.4 
76.8* 75.4 

74.0 

76. 7 
76. 2 

76.4 
74.6 

75· I 

76.9 
77- 0 

73.6 
78.9" 

78.8* 75.6 74.9 
72.0 73.3 75.3 
73.5 74.2 76.7 
'J0.8 70.8* 74.2 
72.9 74.3 76.5 

74.0 76.0 77.2 
73•7 74·7 77, I 

72.7 73.0 76.0 
72.4 73. I 74, 7 
72.5 74.0 75.9 

72. 0 72. 5 74- 0 

72.3 73.0 75.6 
73.2 74.7 76.8 
76.3* 77.3• 79.2* 
72.7 73.5 75.0 

74.0 ;6.7* 77.5 
69.4* 73.2 72. l* 
71.5 72·2 77.0 
73·3 73· I 72.8* 
69.4• 72.3 74.3 

71.2 72.5 73.2 

73.0 73.8 75.7 
72.8 73.7 75.6 

300 divisions+ tabular quantity. 

76.6 
78.0 
79.0 
79.8 

77-5 

76.3 
78. 5 
77. 4 

75.5 
79.9 

7j.1 76.1 

78.9 75.5 

79.5 76.3 
81. 5* 78. I 

79.8 76.5 

77- 5 76. 7 
76.3 74.0 
77.0 73.9 
75.7* 74.8 
74.1• 74.2 

74.0* 73.9~ 72.3* 
76.7 78.1 75.3 
78.3 80.2 78. I 

76.9 78.6 76.9 
78.4 79.0 76.5 

78.2 77.0 74.2 
78.0 78.1 77.2 
78.3 79.2 76.8 
76.4 77.2 76.6 
77.8 80.5 77.0 

76.0 75-5* 75.0 
78.3 79.6 78.5 
78.9 79.2 80.0* 
79.3 80.3 76.9 
77.1 81.3• 76.3 

82.0• 79.4 77.2 
78.2 8o.o 78.3 
81.1* 79.9 79.3* 
77.0 78.2 77.8 
74.9* 73.0* 74.0 

73.8* 76.7 77.0 

77.7 78.1 76.4 
77.8 78.6 76.3 

72.7 
7r. 0 

71.9 
72.8 
73.o 

72.9 
70.8 
71. I 

7r. 7 

72.8 

68. 6 
68.3 
70.2 

Nool. 

68.4 
68. I 

69.4 
67. o* 64 7* 
68.6 67.8 

68.o 
69. l 

67.9 
69.0 
70.6 

68.o 
68.4 
68.o 
68.8 
68.7 

70.4 67.8 68.3 
72.2 70.4 69.7 
73.5 69.7 67.0 
72.6 69.4 68.2 
73.5 72.0 69.9 

69.6* 66.4* 66.2 
74.0 71.3 68. 7 
73.7 71,0 69.7 
74.2 71.7 70.8 
73.9 70.4 70.3 

72.2 69.4 68. I 
74.2 70.8 68.8 
76.0* 70.8 68. I 

72.3 69.6 68.2 
73·3 71.5 68.2 

73·9 70.3 70.0 
75.0 73.3* 69.8 
76.0* 70.7 69.2 
74.1 71.0 68.6 
70.9 6g.4 68.6 

73.8 70.7 68.6 

72.9 69.8 68.6 
72.8 69.9 68.7 



 

UNITED STATES 00.A.ST .AND GEODETIC SURVEY. 353 

DECLINATION-Continued. 

the magnetic observatory of the Coast and Geodetic Survey, Los Angeles, Cal. 

One division of scale=o'.794 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

I4· 
15 

16 

17 
18 

19 
20 

21 
22 

23 
24 

zs 
26 

27 
28 

29 

30 

31 

Monthly mean 

Normal 

67.9 67.5 
68. I 67.5 
70.2 68. 7 

65.3* 66. 7 
68.3 68.3 

68.3 68.4 
68.6 68.9 
68.2 68.8 

70. I 70.5 
69.1 67. 7 

70.1 70.8 

69.3 69.0 
65.3* 64.8* 
68.3 69.3 
68.8 69.3 

67.9 69.4 
68.o 67. I 

70.3 68.8 

69.8 69. 7 
69./ 69.7 

67.7 66. 7 

67.3 67. 7 
69.0 69. I 

68.1 67.8 
66.o* 67. 5 

69.7 71. o• 

67.5 66.o 

69.8 69. 4 
68.1 68.7 
67.8 67.0 

67.8 67.3 

68.4 68.4 
68.7 68.4 

H.Ex.80-23 

67. 9 69.3 
69.0 70.8 
68.4 68. 7 
67.9 68,8 

68.9 6g.3 

68.5 69.2 
68.7 69.5 
69.7 69.8 
71. 2 71. 0 
68.9 69.3 

71. 2 71. I 

69.4 69.0 
64. 5* 65.0"' 

70.7 il. 9 

69.4 69.3 

70.8 71. 3 
67.7 69.2 
69.2 70. l 

69.0 69,3 
69.2 69.6 

67,4 68.4 
69.0 70.4 
69.7 70.0 
68. I 69.2 
68.4 69.2 

71. 9* 7:z.6* 

66.8 6g.9 
70.z 70.4 
6g.o 68.3 

69.3 69.9 

68.2 6g.7 

69.0 69.7 
69.0 6g.7 

Increasing scale readings correspond to increasing east declination. 

MAY, 1885. 

HJh 20h 

70. I 70.7 70. 7 70. 7 70.7 
70.5 70.9 7I. I 71. 2 70.S 
69. 8 i0.2 70.5 70.2 70.2 

69. 8 69.5 70.4 70.4 71. 2 
70. 7 75. 8* 73.6 71. 6 71.8 

70.6 70.8 72.0 71. 6 71. 5 
70.3 70. 5 70.7 70. 7 70.8 
69.9 69.9 70. 2 70. 2 7o.3 
70. 7 70. 7 70.2 69. 7 69.6 
70. I 70. 7 70.2 70. 3 70.8 

71. 6 70. 5 71. 0 74.3H 73.0 
70.0 70.3 70.3 70.3 70.3 
68.3 71. 4 69.8 69.2 70.8 

- 72. 5 72.2 71. 7 71._o 71·3 
71. 4 7z.9 72.3 7 I. 5 72. I 

74. 3* 71. 6 70.8 71. 4 70.8 
7t. 0 72.0 72.3 70.7 73• I 

71. 0 72.0 72.3 71. 8 71• 3 
70.3 7 r. r 7r. 3 7r. 7 72.3 
70.1 70.8 71. 7 71. 2 70.7 

70.0 71. 2 71. i 71.5 71.0 
71. 6 11. 6 70.5 70.3 70. I 

71. I ']2. 2 71. 2 70.7 71. 3 
70.3 70.7 70.9 70.3 70.7 
70. I 70.3 71. 5 75.2* 84.9* 

73.2 '75·4* 8.f.4* 84.6* 86.8* 

73.2 79.0* 71. 9 76. 8* 85.3* 
70.7 72. l 73.8 73.4 73.0 

69.3 71. 6 72.3 70. 5 70.7 
72.0 72. 3 71.9 71. 7 70.7 

70.6 71.0 71. 6 71. 0 70.8 

70.8 71. 7 71. 8 71. 8 72.5 

70.7 71. 1 71. 3 70.9 7r. I 

70.9 
70.9 
71. 0 

72. I 

71. 4 

71. 7 
71. 2 

7l. I 

70.0 
70. 7 

72. 2 

70.3 
70.8 
70.8 
72. I 

70.9 
75. 1* 
71. 6 

72.1 

71. 0 

70.8 
70.2 

71. 4 
71. 0 
80. 8* 

79.5* 
76. 3* 
72.8 

72.3 
70.8 

71.3 

72. I 

71. 2 

.,3b Mid- Daily 
• night. mean. 

74.2* 
71. I 

72.3 

71. 3 
71. 3 

72.2 
71. 6 

70.S 

70.0 
71. 6 

77.0* 
70.4 
72.2 

70.9 
72 . .J 

70. 3 
72.3 
72.4 
71.7 
71.3 

71. 3 
70. 1 

72.0 
72.2 
82.7* 

76.9* 
79.4* 
72.4 
72.2 

70.5 

70.7 

72.5 
71. 4 

72.4 
71. 3 
70.9 
7z. 2 
71.0 

72.3 

72.4 f 
J'0.7 

' 70.9 
73.4 

72.3 
70.7 
69.7 
71. 0 
72.0 

71.0 

72.7 
71. 5 
7r. l 

71. 8 

71. 3 
71.0 
72. I 

7r. 3 
69.5 

73·9 
7z. 2 

71. 3 
70.2 
70.7 

71. 6 

71. s 
71.5 

71. 5 

71. 9 
71, 9 

71. 5 
72. I 

71.8 

71. 9 
71.8 

71, 3 
72.4 

73. I 

71. 6 
71, I 

71.7 
72.6 

7 I. 7 
72.4 
12.4 
72.2 

72.3 

71.2 
71. 9 
72.6 

72.5 

73.4 

76. 0 

7J. s 
72.6 

7 I. 8 

71.0 

71. 3 



 

854 UNITED ST.A.TES 00.A.ST A.ND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readi1\l]S from the photQgraphic trace11 of tlie unifilar 11itifl™'tometer at 

Local mean time. 300 di,..;sions +tabular quantity. 

JUNE. 1885. 
-

Day. 1h 2h 3h 4h 5h 6" 7h Sh 91i l()li llh Noon. 

~·-··-----

I 70. 7 71.7 jZ. 5 72.3 73.3 75.0 77.2 no 74. 5 7Z·3 68.9 67.8 
2 71. 5 71.7 7 I. 7 73.0 73.4 73- li 73.0* 75.4* 74.8 71. 2* 66.6* 66.2 

J. 71. 7 71. 9 71. 7 72. 5 73.7 75.6 77.3 77- 0 76.7 74.3 70.6 69.3 

4 7 I. 7 70.7 71. 3 73.2 72.3 73.6 74.0* 74.0* 71. 1* 68. 8<· 66. 1* 64.8* 

5 71. 4 71.7 72. 2 7 I. 4 7r. 6 72. 1* 73.6* 72. 8'" 72. 6* 70. 3* 68.9 68. I 

6 71. 3 71 ·3 71. 6 7 I. 7 72.9 75.2 77. 2 78.0 76. 7 73.8 i2· I 70.7 

7 71. 7 71.5 72. I 72. 3 73.2 73.7 74.7* 75. 1* 73. 7 72.2 70.6 68.2 

8 il. 9 71. 7 7 !. 3 72.2 73· I 75.0 77.3 77-3 73.9 7o.3* 67.3* 66.8 

9 7 I. I 71.5 71. 3 72.7 73.4 75· I 78. 3 78.0 7].8 75.0 71. 4 69.4 
IO 71. 6 72.2 73- 6 72.6 73.6 76.0 79.6 81. 2* 79.0* 75.7 72. 2 67.8 

ll 71. I 70. 7 71. 2 71. 3 75.8 75.8 78.5 78.6 76. 4 74.0 71. 2 70. ( 
12 72.2 70.6 72.6 72. 0 73-5 75.6 77.3 78. 0 75.3 73.0 69.9 68.7 

13 72.2 72.2 73.2 72.4 75. l 76.0 78.0 77. 7 75. 7 [72.8) (69.3) [67.2) 
14 [70.0] (70.0] (70.4] [70.7] (71.7) [73-2) [75. 1*][75. 6) [74. 2] 71. 4* 66. 5*. 64. 1* 

15 . 71. I 71.5 72. 3 72.6 73. 7 77·4 79.4 81. o* 81. 4* 77.2* 72.6 68.7 

16 71. I 70.7 70.7 7~-7 72.5 74- 6 76.0 77-5 78.3 74.9 70.3 68.5* 
17 72.0 71. 7 72.3 72.8 73.6 75. 0 76. 7 79.3 79. 3* 75.8 69.7 66. I 

18 71. 4 7 I. 5 71. 5 71. 9 73.3 76. 3 79.9 80.5 79.7* 75.8 71. 6 67.3 
19 72.0 72.0 72.6 74.0 74.1 76.8 n,o 76.8 74.9 70.8* 69.7 68. I 

20 74.6* 75.2* 76.5* 76.6* 76.9* 74.0 77.0 78.0 76. 0 71.3* 67.4* 65.8" 

21 72.2 72.3 72.7 73. I 74.3 75.8 77-3 78.4 76. 7 75.0 70. 8 68.8 
22 75. 5* 73. 9 75.8* 73.7 74.9 76.0 77-3 77.0 74. 5 72.8 70.6 67.2 

23 72. 7 71. 3 71. 4 71- 9 72.8 74.5 76.2 76. I 76. 2 i4· I 70.8 69.0 

24 7z.o 72.1 72. I 72.7 74.1 77-4 79.4 80.2 79.0* 75.2 71. 0 68.6 

25 73- 8 76. 5* 76.6* 74.6 77. 7* 78. 5* 81. o* 79.8 79. 2* 78. r* 72. 3 71.0 

26 70.8 70. 3 70.2 71. 3 73.8 75.8 77.7 79.0 77. 2 75· 'r 7r. 2 68.4 
27 72.0 72. I 72.7 73.0 73· I 74.9 76.5 77.0 76. I 744 72.7 70.7 

28 71. 3 71. 7 72.2 72.8 73- 5 75.9 78.3 79.0 76. 5 74.0 71. 2 70. I 

29 71.2 71.1 71. 9 72.3 73.4 75· I 79.6 82.4* 81. 9* 77-9* 73.0 7-0. I 

30 71. 6 71.8 72. 3 , 72. 7 73.7 76.3 79.7 81.1* 80.0* 76.1 72.2 69.1 

Monthly mean 71. 8 71. 8 72.3 72.6 73. 7 75.3 77.3 78.0 76.6 7J. 8 70.3 68.2 
Normal 71. 6 71.6 71.9 72.5 73.5 75.3 77.8 78.0 75.8 74.3 71.0 68.6 



 

UNITED STATES OOAST .A.ND GEODETIO SURVEY. 

DECLINATl-ON.....Cootinued. 

tile magnetic olkservatory of the OotiBt ti?Ul 6:eodetic Survey, Los A•geles, Cal. 

One division of scale=o'.794 Increasing scale readings correspond to increasing east declination. 

- ... 

Day. 13h 14h 15h 

I 67.3 67.4 68.o 
z 65.9 66.7 67.4 

3 67.9 67. 5 67.3 

4 65.9 67.0 68.o 

5 67.2 67.4 67.7 

6 68.6 68.3 68.6 

7 67. 5 67.3 67. 3 

8 66.6 67.2 68.7 

9 67. 3 66.3 67.6 
10 66.2 66.8 68. I 

lI 69.6 69.6 70. l 

u 68. 5 68.5 69. 7 
13 [65. 9] [65. 9] [66. 5] 

14 63. :.:* 64.5* 66.6 

15 66. I 65.0 65.3* 

16 67.7 67.7 68.2 

17 64.9 65. 5 68.6 
18 I 65.3 64.5* 65.6 

19 68.2 67. 5 68. 1 

.w 66.o 68.8 69.9 

21 68.2 66.8 66.9 
22 64.4* 64.2* 66.o 

23 67.2 66.8 67.2 

24 66.6 65.7 61. S* 
25 67.7 71.2* 70.8* 

26 67.8 69.5 70.3 

27 69. 7 68. 7 69.0 
28 67.6 66.o 66.4 

29 68. I 68.o 69.0 
30 67.3 66. I 67.8 

Monthly mean 67.0 67.1 67.1 
Normal 6',. 2 67.2 67.9 

JUNE, l.885 . 

16h 17h 18h 19h 20h 21" 

68.o 69.3 70.0 70.7 70. 7 70.9 
69.7 70.5 71. 0 71.3 70.8 70.9 
67.6 68.9 Q9.4 69.5 69. J 70.7 
69.0 71. 0 71. 5 71. 0 70.7 70. 7 
69.3 70.2 71. 2 71. 0 71. 3 71.0 

69.0 70.0 70.5 70.8 70.7 71. 0 

68.3 69.7 70.7 71. I 71. 3 72. 2 
jO.O 71. 4 71.9 71.7 71. 7 71. 5 
68.8 69.8 70. 5 71.6 70.9 70.7 
69.3 71. 4 74.3* 73.3 70.9 70.6 

70.9 70.6 71. 0 71. 3 72. 3 73.z 

70. 7 71. 7 72.3 71. 7 71. 0 70.8 
[67. 7] [69. 1) [70. 2] [70. 1] [69. 5] [69· 6] 

69.4 70. 7 72.3 72.2 72.3 71. 9 
69.4 72.5 73. 5 74.3* 71. z 70.7 

69.3 71. 0 71. 6 71. s 71. 4 72. 8 

69.8 70.8 71. 7 71. 3 71. 0 70.8 
66.5* 69.2 70.9 71. 0 70.8 70.7 
69. 2 70.6 71.4 71.4 71. 0 70.8 

70.9 72.7 73. 6 72.7 72.2 71. 8 

68.3 69. I 68.6* 69.2 69.8 70.2 
68.o 70.0 72. I 72.3 71. 4 71. 4 
68.7 70. 3 7I. 9 72.0 71. 4 'JI. 6 
62.0* 66.5* 74.4* 68. 7" 70.0 70. 7 

70. 3 71. 0 p .. 2 7'7· 2• 72.8 72.9 

71. 2 72.3 'j'2. 3 71.7 71. 6 70.8 

69.9 70.2 71.3 72. I 71. I 70. 1 
70.0 7r.9 72. 3 7t. 4 70.8 70.8 
6g.o 6<).8 71. 9 71.9 70.9 7-0.7 
68.7 70.3 71. s 71.3 71: I 70.9 

6g. () 70.4 71. 6 71. 6 'JI. I 71.1 

69.4 70,6 71. s 71.4 ']I. I 71. I 

22h 23h Mid· 
night. 

7 I. I 71. 8 71. 3 
71. l 71. 3 71. 7 
70.4 70.0 72.3 
72.0 71.4 71. 3 
70.9 71.5 71. 2 

72~0 71. 2 7L 8 
72.0 72.0 71.8 
71. 2 70.7 70.8 
71. 8 72.2 72.2 
72.0 72. 3 71. s 

•; 

74.3* 73.3 72.0 
70. 7 71.0 71. 2 

[70. o] [70. o] [70. o] 
72.2 71.2 72. I 

72.6 72.1 71. 8 

72.8 73- 5 72.6 
70.9 71. 4 71. s 
72. 0 71. 9 72.4 
71. 7 74.2• 75.9* 
71. 4 72.0 72.2 

'Jl. 7 72.5 72.5 
71. 6 72.0 71. 7 
71. 7 72.3 72. 2 
71. 6 69.2 70.7 
74. 1 74.9* 73.3 

71. 2 72.0 71.8 
72.0 70.8 70.8 
70.7 70. 7 71. 0 

70.7 70.8 71. 2 
70.9 70.9 71. 0 

71. 6 'Jf.1 71. 8 
71. 6 71. 5 71. 7 

Daily 
mean. 

71. 2 

70.9 
71. 4 

70. 5 
i 70. 7 

71. 9 

i 71. 3 

71.3 
I 71. 9 

72.6 

72. 6 

71. 9 

[71. 1] 

[70. S] 
72.6 

72. 0 

71. 8 

71. 7 
72.0 
72. 6 

71. 7 

71. 8 

71. 7 
71. 3 

74. s 
72.2 
72. 2 

71.9 
72.6 

72.3 

71.82 
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Local mean time. 

Day. 

3 

4 

5 

6 

7 
8 

9 
JO 

11 

12 

13 
14 

15 

16 

17 
18 

19 

20 

21 

zz 

23 
24 
25 

26 

27 
28 

29 
30 

31 

Monthly mean 

Nom1al 

UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photograpliic traaes of tlie unifilar magnetometer at 

72.3 
7 I. 1 

72.6 

71. 6 

72.5 
72. 9 

72.0 
72.5 

73.0 
72.7 
72.9 
72. 9 

72.6 

71.9 73· 2 72.2 
72.5 72. 5 71.8 
72.2 73.0 71.9 

71.4 72. l 72.2 
72. 3 72. 2. 72. 3 

71.9 71.6 69.0* 
72.2 72.2 72.7 
70.8 71. 3 72.2 

71.2 71. 7 72.2 
71.3 71.6 72.1 

72.0 7r.8 12.3 

7r.8 72. 2 72.6 

72.5 72.3 73.4 
72.3 71. 7 75.4* 
71.8 72. 2 72.3 

72.2 72. 7 72.9 
71.6 71. 8 72. I 

71.4 71.4 72.3 

72.3 74.0 73·3 
73.3 72.7 74.7 

71.5 71.8 72.0 
71.5 71.8 72.2 
75.2* 75.2• 73.2 
72.2 72.6 72.6 
71.6 72.0 72.6 

72.0 72. 3 72.5 
71.9 72. 2 72.6 

75.3 
73.7 
73.2 
73.8 
72. 5 

JULY, 1885. 

77.7* 77.7 
74· 4 76. I 

73. 7 75.4 
75.3 76.0 
74.3 76.0 

72.3 74.0 76.0 

72.5 73·9 75.3 
72.3 72.7 75· I 

73.1 73.0 76.3 
72.3 73. 7 74.6 

74.1 75.9 
74.1 74.3 
72.9 74.0 
72.7 74.0 
72.2 74.3 

79.9* 
76.7 
76. I 

75.7 
75.8 

72.8 74.0 76.7 
73.0 74·3 76. I 

70.3* 75.0 74.7 
73.3 75.0 76.4 
72.8 73·7 75· I 

73.2 74.4 76.6 
73.0 74.2 75.3 
72.8 75.3 76.3 
73.9 74.5 74.7 
73.7 73.2 76.z 

72.1 ;3. t 70:3 

72.2 73• I 76.9 
73.7 70.8* 75.0 
73.3 74.3 77.6 

72.9 73·9 75.2 

72.6 73.9 76.2 

73.0 74.1 .76.1 

73· I 74· I 75·9 

300 divisions+ tabular quantity. 

83.6* 85.5* 78.0 
78. 7 80. 7 81. 4* 
79.2 8o.9 8r.1* 
78.3 8z.o 8o. I 

78.2 77.8 74·5* 

77· 8 79· I 78. 3 
77.5 77.6 77.3 
77.2 77. I i5·7 
79.6 79· I 78.0 
77.9 78.9 75.4* 

81.2 
78. 6 

76.3 

77- 7 
79. 8 

84.8* 81.5* 
79.2 78.1 
80.0 78.8 

78. 0 75. 7 
80.6 79·3 

79.3 79·7 77.0 
79.1 80.4 79·4 
75.7* 76.0 75.0* 
79.6 81.4 80.0 

77- 4 79·'2 78. 8 

80.6 81. 3 77.7 
77.4 78.7 77.4 
79.0 79.2 79.0 
77.0 78. I 78.2 

80.3 78.0 74.8* 

80.2 81.2 78.3 
80.0 81, I 8o.7* 

78.8 82.0 79.3 
8o.o 79.7 77.7 
77· 7 78.5 76.3 

lOh Uh Noon. 

75.2 69.3 

75.2 71.6 
76.5* 70. I 

76.9* 72.3 
72.0 68.8 

66.o 

70. 7* 
66.3 

69.3 
67. 7 

75· I 7r.9 70.4* 
75.3 72.5* 69.3 
73.5 70.3 66.3 
73.0 69.4 67.3 
73·7 71.2 68.o 

74.4 
73.9 
73. 7 
71. 7 

75.3 

68.3 64.2* 
71.1 68.6 
70. I 67. '] 

66.8* 64.3* 

7I. 4 69. I 

72.4 67.7 67.3 
76.2 72.1 70.0 
73.0 69.2 66.5 
76. I 71.6 6g.o 

74.7 70.3 67.3 

71.7 69.5 68.5 
73.2 70.7 6g. J 

76.1 72.8* 70.8* 

74· I 71.0 70.2 
70.2* 69.0 68.o 

73.3 69.8 67.6 
74·3 69.4 68.o 
72.8 67.6 65.3 
71.5 65.0* 62. I* 
70.8* 67.8 67.1 

79. 9 81. S 'lS· 2* 70. S* 67. 4 65. 4 

78.8 79.9 78.0 
78.8 79.6 78.1 

73.8 69.9 67.7 
73·9 «ig.9 67.8 



 

UNITED ST.A.TES COAST AND GEODETIC SUH.VEY. 357 

DECLINATION-Continued. 

the magnetic obseT'fJatory of the Coast and Geodetic Survey, Los ~4ngeles, Cal. 

One division of scale=o'.794 Increasing scale readings correspomr'to increasing east declination. 

Day. 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

31 

.JULY, 1885. 

-----·-~--------· 

64.7 

69.2 

64.7 

68.o 
68.8 

63. 2* 64. 7* 

68. 2 68. 2 

66. 0 68. 2 

67. 8 67. 4 

68. 3 70. 7 

70. 2* 70. 0 70. I 

67 · 6 67. 2 68. I 

64. 8 64. 7* 66. I 

67. 6 67. 8 bS.S 

66. 8 68. o 70. I 

64. 3* 65. 7 
68. 2 68. 0 

68. 2 69. 3 
65. 3 68.o 

68. 6 67. 5 

67. 8 

69.8 

69.7 

70.0 

67. 9 

67.0 

66.5 

65.3 
66.3 
66.3 

69. [ 
68.3 
69.3 

69.4 
66.3 

67. 2 68.2 

63. 5* 67. 8 

65. 6 66. s 
66. 5 68.o 

65. 4 66.4 

67. 6 67. 2 

68.1 6g.5 

68._4 68. 9 

6g. s 70.0 

67. 0 69. 2 

65.6 67.0 69.2 

66.6 67.2 67.8 

65. 4 66. 9 69. 3 

62. 5* 64. o* 70. z 
67. 7 69.3 68.6 

67.4* 71. 3 7J. 7 
71. 3 
70. 6 
72.2 

71. 0 

68. 5 69. 7 

69. 7 70. 3 

69.4 7r.3 
70. 6 7r. 8 

70.7 72. 2 72. 6 

69. 3 70. 5 71. 3 

6g. 4 70. 3 71. 0 

70.3 72.4 72.5 

72.0 73.6 74.2 

71.0 

70. 7 

71.4 

69.2 

70.6 

68.o 

69.0 

69.5 

69.2 

69. I 

70.3 

70.0 

69.4 

71. 6 

72. I 

72.2 

72. 0 

72 ·3 
71. 2 

72. 7 
73.0 

72.3 

7J. 0 

72.0 

71.5 71.7 

67. 2* 71. 0 

70. 4 71. 0 

7I. I 72. 2 

70. 0 71. I 

6g. 3 70. 5 
70. 2 70. 2 

70. 8 71. 7 

69. 3 70. s 
74· 3* 74· I 

70.7 71.8 72.2 

70. 0 7 I. 2 7 3· 3 

71. 5 72. 3 72. 2 

7 I. I 72. 9 73· 3 
6g.o 70.1 71.0 

73. 3 

72. I 

70.8 

7r. 5 
70.5 

73.6 

72. 0 

70.7 
70.8 

72.5 

21h 

73· I 

71. 9 

70.0 

71. 3 

70. 7 

72· I 7 3· 6 7 I. 2 

72.6 71.5 71.7 

70. 7 70. 7 70. 7 

70. 7 71. o :m 6 

72.4 71. 3 71. 3 

72. 5 71. 0 

75. 1* 74. 0 

72 .-r 71.7 

7z.2 71· 7 
72.5 72.7 

71.5 

70.7 

71. 6 

7r. 7 

7r. 8 

72.9 
71. 3 

71. 4 

72.3 

71. 9 

70. 8 70. 7 

70. 3 69. 4 

71.5 71.0 

70. 3 70. 3 

72.2 72. 8 

70.8 

73.2 

71. s 
70. 5 

'JI. 5 
71. 8 

il. s 

i0.8 

71. 0 

71. 3 

69.9 

72. I 7 I. 8 ] I. 7 

73.0 72· I jl. I 

72.2 72.0 72.9 

72.0 71. 8 70.8 

71. I 71. I 71.3 

Mid- ! Daily 
night. / mean. 

73. 0 7 3. 0 72. 8 

72. 0 7 2. 2 7 2. 3 

JO. 5 JO. 6 . 70. 7 

71.1 7z.o 71.2 

71.9 71.2 71.7 

71. 5 72. 2 71.4 

72.4 72. 3 72. 2 

70. 8 7 I. 3 7r. l 

71.7 72.3 72.4 

7r.1 71.3 72.0 

71.0 jI. 5 

73.7 72.8 

7r.7 71.6 

72. 0 71. 8 

71.7 71.4 

jl. 8 

70. 7 

71.7 

71. 0 

72.0 

72.2 

72. 3 
72, I 

7r. 2 

72.2 

71. 6 

7 I. 5 
72. [ 

11. 8 

j2. I 

72. 0 

j2.4 

71. 8 

72. 2 

72. 0 

72.8 
72.8 
72.0 
72.7 
72.0 

72 ·9 
]2.3 

71. 2 

72.2 

72.4 

72.4 
'J3. I 

72.4 

71. s 
72.6 

72. I 

72.0 
71. 3 

72.7 

71. 9 

71. I 

70. 7 

7I. 9 

69.8 

71. 6 

70.7 

7I. 7 

70.7 

72. 2 

]I. 6 ')2. I 

71.0 71.8 

72. I , 72, 7 

79.7*/ 72.5 

71.3 ')2.5 

]2.8 72.2 71.2 

71.6 72.8 74.3 

j2. 0 72. I 71. 8 

70. 9 70. 9 7 I. 2 

71. 5 71. 3 71. 3 
i 

72.3 
72.6 

72.5 

71. 7 

7r. 6 

66. 0 67. 5 68. 7 70. 8 71. I 7 I. 0 7 I. 2 70. 8 70. 8 7 2. I 7 I. I 70. 9 I 7 r. 7 

Monthlymean 66.9 67.1 68.5 70.0 71.2 72.0 71.8 71.7 _7_1._4 ___ 7-1.-6--7-1.-8-·72.o !-·72.251 

Normal 67.1 67.6 68.6 70.1 71.2 72.0 71.7 71.7 71.4 71.6 71.8 71.8 1 . 

'--------"--------------------------



 

358 UNITED STA.TES OOA.ST A.ND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the pk-Otographio traces of tlie unifilar 1nagneY>meter at 

loo:ol mean time. 300 divisions+ tabular quantity. 

AUGUST, 1.885. 

S" 
1-- _ l:.a_y. -\ _l' 

J i 71. 3 
i 

72.3 

70.0 
72.8 73.0 78.7* 79.0 80.2 84. 2• 

81. 3 

77.2• 
80.5 

79· l 

8:).4 

76.5• 
79. 5 

78.7 

79· l 

83.6• 

78.3 
7j.O 

76. l 

77.4 

2 73.2 72.2 70. 7 73· I 75.2 78.2 
3 73.3 71.9 i2· 0 71. 2 74. 6 74. 5 78. 3 
4 72. 7 72.3 72.1 71.6 7 3· 2 74. 8 79. 9 
5 69.9• 71.3 71.8 72.5 732 74.8 77.6 

6 

7 

8 

9 
10 

I I 

12 

13 
14 
15 

16 

17 

18 

19 
20 

21 
22 

23 

24 

25 

26 

27 
28 

29 

I 
30 

31 

Monthly mean I Normal 

70.1• 

76. 7' 
6j. 7~ 

71. 7 

68. ;• 

72.7 
69.5' 

71. 4 

70.8 

72.4 

72.8 

70.8 

7!. 8 

72.9 

72. 2 72.3 72.7 

72.7 74.8 74.7 
71.4 71.7 72.0 

72.2 70.7 72.7 
73.0 72.5 72.5 

75.2 77.7* 78.1* 

72.5 73• I 73·3 
73.2 72.8 73.2 

72.7 73.0 73.0 

74.8 73· l 73·5 

74.8 74.0 73.2 
72.3 72.8 72.8 
71.7 72. l 72.2 
71.6 72.8 73.1 

72.5 74.0 73.8 

72.9 76.2* 75.1 
72.4 72.4 72.8 

75.2 72.5 72.9 
74.5 73.0 72.8 
72.~ 72.1 73.0 

72.8 72.6 72.9 
73.2 72.4 72.8 

72. 8 

74·7 
71. 3 

72.2 
73.2 

74- 2 

75 7 

73.2 

73.7 
73.8 

76.0 
75.2 
75.8 
76.3 
78.0 

72.9 74.0 76.z 
73·3 73.2 75· I 

72.6 73.3 75.7 
/2. 3 74.4 76.9 

73.4 75.4 77.5 

75. 2 75.6 78.5 
73.6 75.0 77.8 
73.8 74.7 76.6 
73. 9 74.6 77.6 
74.1 75.2 76.7 

72. 7 73.7 78.0 
73.8 73.7 77.5 
73.2 73.8 76.8 

73.0 74.5 76.8 

72,3 74.9 77.3 

75.2 78.3* 78.7 
73 2 73· I 76.5 
74.0 73.5 77.0 
70.8 72.7 76.2 
73.0 73.8 76.3 

73.3 74.3 76.0 

73.0 74.4 76.6 
73.0 74.1 76.6 

78.0 

77.7 
79.5 
79.0 
79.2 

78.7 
76.6 

78.3 
77.0 

75.S 

79.2 79.2 75.9 
77.r 80.5 79.5 
79.0 81.2 79• I 

79·7 80.9 79.1 
79.5 81.6 79.5 

81.0 82.8• 80.2• 

8o.2 79.8 76.7 
78.4 80. 2 75.7 
80.2 80.5 76.7 

79·3 77· l* 74.3• 

78.7 77.5• 75.9 
79.5 80.2 77.2 

80.5 79·5 75· I 

Sr. 2 Bi. o 74. 9 

80.7 81.8 75.7 

80.2 84.0• 81.3• 

79.0 79.2 79.0 
75.0• 81.0 77.8 
76.8 78. I 76.9 
80.8 83.0• 78.5 

78.r 79.8 78.I 

79. [ So. 2 77.6 
79.2 So.2 77.3 

·-·----------1 
10" Ith Noon. 

75.0 70.7 68.o 
75.2 70.3 68.3 
71.7 69,8 69. l 

72.2 69. 2 67.2 
73.9 69.3 66.9 

73.8 
71, l 

73.4 
72.8 
72.4 

68. 5 
68.o 

71. I 

69. 2 

69.3 

66. I 

69.2 

69.5 
67.0 
66.6 

70.0* 66.6• 66.4 

74.8 70.6 67.8 
74.0 70.0 63.o 

74.4 70.0 67.2 
73.2 68.7 67.5 

75.2 71. I 69.0 
71.9 68.o 67, I 

69.8• 64,.s• 63.6• 
71.0 66. 1• 64.3• 
69.4* 68. 2 68.o 

72.7 70.3 68.9 
73.7 69.9 68. I 

71. I 69. I 68. I 

68.2• 65.2• 65.3 
70.5• 67.0 66.1 

75.3 70.0 67.9 
74- l 70. 7 67. 8 
75.3 70.2 68.7 
73·5 70. I 68.0 
73.6 70.7 69.7 

7r.7 67•8· 66.4 

72.7 69.0 67.5 
73.3 6g.5 67.7 



 

UNITED STA.TES OOA.ST AND GEODETW SURVEY. 359 

DECLINATION-Continued. 

the mag1wtw <>bservat-0ry of the Or>ast alMl Geodetic Survey, Lr>s .Angeles, Cal. 

One division of scale =o'.794 Increa!;ing scale rem.lings correspond to iucreasing east declination • 

.A.UGUST, 1885. 

Day. j 1311 1411 15h 161' 

------c-1----
17h 18" 19" 2()h 21 ll 22h 23h Mid- Daily -------- --·-----, 
---------------~--·-~- ____ n•_·g_1,_t

1 
~: 

2 

3 

4 

5 

6 

7 

8 

'9 
IO 

II 

r2 

IJ 
14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
28 

29 
30 

31 

1 

67.5 
68.o 

68.o 

67. 0 

65.9 

66. I 

68.4 

67.9 

67.9 
66.o 

70.0 

66.3 68.6 69.9 

6g. 2 68. 8 70. 3 

68. 2 69. 2 70. 4 

67. 2 68. 2 70. 2 

64.r 65.8* 67.4 

67.8 

66.o 

69.3 

65.6 

67.2 

67.5 

67.7 

64. 9• 

65.8 

69.4 

68. 7 
67. 8 

69. 3 
67.0 

67. I 

67.6 

69. I 

68 0 

67.6 

6g.5 

66.2 

69. 3 70. I 

65. 5" 66. s• 
70. 5 72. 2 

67.0 68.1 

67. 7 69. I 

68. 2 69. 5 

69. 3 70. 4 

68. 3 70. 7 

67. 7 70. I 

70. 6 72. 2 

70. 2 71. 8 

6g. I 71. 2 

70. 3 7r.o 

69. 2 71. 3 

68.5 71.0 

67. 8 69.0 

67. 2 . 69.2 

67. I 68. I 

70.0 70.9 

6g. 9 69.9 

66. I 68.6 

Monthly mean !--- 67. 4 68. 3 69. 8 

Normal 67. 6 63. 5 69. 9 

7c.4 

69.9 

69.3 

72.8 

71. 3 

70.8 

70.2 

71. 9 • 

72.0 

71. 5 
71. 0 

7 I. 8 

71. 0 

j2. I 

71.1 71.7 
68. 3• 71. I 

72.3 72.2 

70. 7 72. 2 

70.9 71. 8 

71. 7 73.0 

72. 2 72. 9 

72,5 73.2 

71.7 71.8 

72.4 73.0 

72. 4 72. 9 

73. 3 73- 6 

72. 3 72. 5 

74• I,. 74· 3 

72.2 72.8 

70.0 70. 9 

70. 2 70. 3 

72. 9 72. 8 

72. 2 73.0 

72. 2 73· 2 

70. 7 72. 0 

71. 3 72. 2 

71.4 72.2 

73.0 

71. 9 

72.7 

72.0 

71. 8 

72.3 

71. 3 

7r. 9 

72.7 

73.2 

72.7 

72.2 

72.0 

72.0 

71. 0 

72. (, 

72.0 

72.7 

72. J 

74.5 

72.3 

71. 6 

72. I 

72.3 
72.0 

70.7 

71. 6 

77.8* 

78.0• 

74.0 

72.6 

76. 3• 74· 3 73• 5 74• I 75.7• 75.0 73.9 

72.3 73.1 72.7 

7J. I 7J. 4 72. 6 

72.3 71.1 72.4 

72. 6 72. 2 71. 9 

73.7 72.0 73.z 72.8 

75· 3• 73· 0 73· I 74· 4 

76. I* 73· 7 72. 9 72. 2 

7 I. 7 73· I 72. I 72. 5 

73.8 

72. 2 

/2. I 

7 I. j 

73.0 

70.3 

74.5 

71. 2 

71. 5 

71. 7 

72. I 

72.0 

j2. 2 

71. 0 

72.7 

71. I 

7J. 5 
72. 5 
72. 2 

72.0 

71. G 

71.8 71.6 72.2 

7 2, 0 72. 0 p. 2 

72· l 72. I 72. I 

71.7 71.6 7r.6 

71.1 71.3 72.2 

7 I. 9 73' 7 7 2. 0 

71. 7 72. 2 73.0 

71. 5 72. 0 71. 5 

71.2 71.3 71.2 

71.1 71.4 71.7 

69.8 71.0 71.0 

71.0 71.2 72.z 
76. 6• 77. o• 81. o* 

76. r 73. 5 75. s* 
75· 5• 72. I 71. 9 

72. 9 72 . .') 72. I 

81.4* 74.0 74-0 

7'1· 3 75· 3• 73. 8 
72. 3 71. 0 70. 8 

71.7 71.6 71.7 

73.5 73.9 73. 2 

72.4 

72. 6 

72. 5 

72, 2 

72. I 

72.0 

71. 7 

71. 6 

71. 7 

71. 7 

72. [ 71. s i 72.2 

11.1 11.6i12.3 

71. 5 71. 4 72. 8 

74. 5. 74. 4 72. 6 

71.5 72.2 72.5 

72. 0 72. 3 

72. 3 72.4 

72. 2 72.5 

72.0 72. I 

73. 2 72. 8 

72. 3 74. 4 

71.8 71.6 

71.0 71.8 

71.7 72.1 

71.5 71.5 

71.3 71.9 

73. 9 74.8 

77.5• 72.2 

77. o• 72. 3 

71.8 71.6 

72. l 72. 2 

72. 4 ! 73. 9 

72. 7 i 72. 8 

72. 8 i 72. 2 

73.2 f 72.3 

73.7 \ 72.9 
I 

74. 0 i 73. 2 

71. 7 I 72. 9 
7 I. I I 72. 5 

72. 3 I 72.4 

p. 0 i 72. 5 
I 

72 • 2 173.3 
69.6"1 72.5 

74• 8 \ 74• I 

74. 0 ,. 73- 5 

72. 9 l 73.4 
I 

72. 2 ! 72. 2 
--------------------

72. 6 72. 3 

71. 8 72. z 

72.2 

7r. 8 

72. 6 

72.0 

72.6 

72.4 

72. 6 ! 72. 72 
i 

72. 4 i 

··------------------------------------------~ 



 

360 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings froni the photographic trcwes of the unifilar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

~-~ 

I 

Day. lh 21t 3i. 

I 72.7 70.7 72· 7 
2 72. 7 70. 7 75.8 

3 75.7* 73• I 76.0* 

4 74.2 72.0 76. 2* 

s 70.4 73.b 72.5 

6 72. 2 72.0 72.9 

7 72.8 73.8 73.8 
8 7J. 5 73.8 74· I 

9 71. 8 72.4 73.3 
JO 73.9 74.r 73.7 

I[ 72.3 73.4 74. 0 
12 72. I 72.3 72.8 

13 72.3 72.6 73• I 

14 72. 5 72.6 7 3· I 

rs 74. I 76.9* 72.2 

16 74.8 76.9* 76.3* 

17 77.4* 75.3 73. 4 
18 73. 2 71. 2 72.3 

19 72. 2 72.8 73.o 

20 72. 9 73· I 73-4 

21 73.5 73.8 74· I 

22 73.3 73.3 73.8 

23 75.9* 70.0* 76. 2* 

24 74.0 7J. 5 73.7 
25 72.7 74.0 70.7* 

26 72.7 74· I 74. 9 

27 72.7 77. 5* 77. 3* 
28 73.0 74.0 73.4 

29 72. I 72.6 72. 7 

30 72. J 74·3 71. 5 

Monthly mear. I 73.2 7J. 3 7J. 8 
Normal I 72.8 73.0 7J. 3 

SEPTEMBER, 85. 
-----

,p 5i. 6h 7h 
---~---·- ----~--------~----

72.7 74. 5 77t6 80.3 
75.2 75· I 76.4 79. 7 
74· 7 74.8 76.4 79.3 
77. fr* 75.0 76.6 79.5 
73.9 74.3 76. 3 78. 5 

72.0 74.0 76. 2 79· I 

73.7 74.7 n.o 81. 1* 

74.0 74. 3 78. 3 81. 4* 

73.3 73.8 76. 2 78.3 
73.7 74.8 76.8 79.3 

74.2 74.2 76. I 79.3 
73.2 73.9 78.0 81. 3* 
73.0 74.2 77-4 l)o_ I 

73.2 73.9 76.2 78.7 
75.4 72.5 76.2 75.8 

72.6 71. o* 75.6 76.6 
73.0 74· I 74. 9 76.5 
74. '] 74. 7 75. 8 75. 5* 

73.3 74.0 75.9 76.8 

73.2 73.6 75.8 77.9 

74.4 74.7 76.2 79.0 
;5.2 76. J jj. 7 76.5 
74.0 73. 7 75.8 73·5* 
74.0 74.2 75.3 77. 7 
74.2 ns 76. 2 78.2 

70. S·* 74.8 76.6 76.2 
77.5* 77.3* 74.8 72.7* 
72 ·3 72.3 74.9 77.0 
72. 5 73.3 74.9 76.8 
72.8 74.0 74.8 76. 7 

7J. 8 74.2 76.2 78.0 
73.6 74. 2 76.2 78.1 

8h 
----------

So. 7 

So. 7 

79· 3 
79. 2 

77.7 

78.2 
79. 7 
78.5 
76. 6 

79. 7 

79· I 

* 78. 5 
77.2 
76.3 
8o. I* 

75.6 

75.8 
76.2 
75.3 
73.6* 
78.6 

83.4 
79.2 

* So. o* 

* 78.9 
77.2 

* ;5.6 

8o.6 

78. 7 
74.3 

76. 2 
75.7 
76. 2 

75. l 

76.0 

77.0 
75-3 
76.2 
76. 7 78. I 

79.3 
76.8 

74· 3 
78. 7 
76.3 

78.0 

75.9 
79.5* 

* 73. 3* 

77.2 
76.8 

74.8 
72.4 * 72. 8* 

77.6 
77.1 
78. I 

78.3 
78.0 
77.1 

78.0 
77.9 

lQh lih Noon. 

73.9 70 0 66.8 
70. 7 67.9* 67. I 

71. 4 69.8 70.0 
72.2 69.2 67.9 
71. 9 70. I 69.3 

7Z· 7 70. 7 69.S 
71. 2 68.2 67.7 
69.3* 66.2* 65.0* 
71. 0 68.6 67.3 
74.7 70.8 67.8 

75.3 71. I 67.7 
75· I 70.4 66.2 
73.6 70.6 68.4 
73.3 69.4 67.0 
74.4 72.0 69.4 

73.9 70.9 68.2 
75.1 73.2* 71. 0 
74.2 70.8 69.7 
72.4 69.2 6g.o 

74.0 71. 3 69.8 

71. 2 69.7 68.6 
72.7 71. 5 69.9 
71. 7 71. I 66.z 

73.8 70.8 6<).o 

74.3 71. 8 69.6 

73.3 71. 4 71. 6* 
71. 7 69.8 67.~ 

75. 2 72.2 68.8 
76. I* 74.8* 71 0 
73.2 7J• I 70. 2 

73• I 70.5 68.6 

73· I 70.5 68.6. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 361 

DEC LIN A TI ON-Continued. 

the magnetic ob8ervatory of the Goa.at and Geodetic Surrey, Los .Angeles, Oal. 

One divi11ion of scale =0'.794 Increasing scale readings correspond to increasing east declination, 

SEPTEMBER, 1885. 

------~---i--- -------- --~--------~---- ------- --
Mid- I Day. I 13" 14h 15" ]6h 1711 18h l!)h 20h 21" 22h 23h 
night.\ 

Daily 
I mean. 
I 

----~-----------· --------1-------
! 67. 5 68.o 70.0 72.0 72. 7 71. 5 71. 4 71. 8 76. o·* 73.5 72.0 74.3 73.o 

2 6g. I 69.7 71. 6 7z.7 73. 0 71. 9 71. 3 71_ 6 71. 6 71. 7 75. 0 74.6 73.0 

3 6g.9 71.4 73· I 74.0 73.5 72. I 72.4 71. 4 70.4 72. I 71. 7 73.4 73.4 
4 68. I 69.5 70.8 76.2* 68.5* 70. 7 75. 1* 72. 2 71. 2 70.8 73. I 67.8* 73• I 

5 6g. I 69.9 71. 0 71. 8 72.2 72. I 71.9 71. 9 7r. ') 72.0 72.0 72. l 72.6 

6 68.5 69.8 70.6 7r. I 71.4 70. 9 71. 6 72.0 71.9 72. 9 73.2 72.6 72.6 
7 67.8 69.4 71. 0 71. 8 73.3 72. 7 71. 7 71. 3 72.3 72. I 72.4 73.2 72.9 
s 65.4* 67.7 70.2 72.7 72.8 71. 9 72. 3 72. 9 71. 0 71. 4 73.3 71. 7 72.4 
9 68.3 69.2 70.7 74. 5* 74- I 72.8 71. 8 72. 3 72.1 71. 7 72.0 74-0 72.5 

IO 67.5 69.5 71.5 72. 2 72.6 71. 5 71. I 71. 0 71. 8 71. 7 72. I 72.2 73.0 

II 65.4* 67.1 69. 2 71. 2 73· I 72. 6 72. 7 71. 8 72.0 71. 8 72.3 72. r. 72.8 
12 65.S 66.6* 68. o* 70.0 73.0 72.0 72_ 2 72. 2 72- 2 72.2 72.2 72.2 72.8 
13 67.5 68.9 70.5 72.3 72. 8 72. 5 72. 5 72. 6 72.4 73.6 73.6 72.3 73.2 
14 67.0 68.3 70.2 71. 0 72.0 73· 3 72. 2 72.8 72.3 72. I 72.2 73-5 72.6 
15 66.4 68. I 68.o* 70.0 71. 2 70.3 74· I 71.9 75.5* 83. o-K 77-5* 76.2* 73.4 

16 68.o 68.5 70. 2 71. 8 77, 6* 72. I 72. 2 72. 6 73·3 72. 2 72. s 74.2 
I 

73.0 
17 69.9 69.7 69.9 70.9 71. 7 72.0 72. I 73. 0 72.9 72. 6 72.4 69. 8*1 73.0 
18 G9.3 70.3 71. J 72.8 72. 2 7 I. 7 7 I. 6 72. I 74.2 72. 7 74.0 73· I 72.9 
19 69.2 70.5 71. 4 72.8 72. 5 72.0 73. 2 7I. 7 72. I 72.5 72.8 73.4 72.8 
20 69.3 69.8 71. 2 72.1 72.4 72. I 74- 5 72.8 72.5 7J. 8 73.8 74· I 73.3 

I 

21 68.8 70.7 7I. 8 72.2 71. 2 71_ 5 71. 9 7 I. 7 71. 4 71. 8 72.3 74. I I 72.9 
22 70.9* 70.7 71. 0 7r. 5 72. 4 71. 5 71. 3 75. 5-r. 71. 9 75- I 74- I 78. 2*1 73.8 
23 68.o 69.2 69.6 7r. r 72. 0 72.S 72.S 72.3 72.2 72. 7 73.9 74· I I 72.4 

24 68.5 6g.2 70. 0 72.1 72. 2 76. 7* 7 I. 8 7 I. 2 72.2 73- 3 73.3 n 1 I 73.2 
25 68.2 69.8 71. 4 72.2 72. 8 73. 3 73.4 ]2. 8 72.6 73.6 /4· I 70. s ( 73.o 

26 7r. 4* 72.0* 72. 9 72.8 72.7 72. I 72.3 73.8 74.6 73.4 7J. I 69. 7*1 73.3 
27 67.2 69.7 70.7 70.8 71.5 72. 3 73. I 72. 3 72.4 72. I 72.2 73.4 72.6 
28 66.3 67.9 69.3 7I. I 72. I 71, 8 72.3 72. 2 72. I 72. 2 72.0 72.2 72. 5 
29 68.7 69.1 70.2 71.7 71. 7 72. 7 7J. 3 72.7 73. I 74.2 74.0 7J. 4 73. 2 
30 69.0 70.2 71.7 72.8 72. 2 72.3 72.4 71.3 72.4 72. 7 75.0 73.2 73.o 

I Monthly mean 68.2 69.4 70.6 72.1 72.4 72.2 72. 4 72. 3 72.5 72.9 73• I 73.o 72.93 
68.2 69.4 70.8 71. 8 72.4 72.0 ,-2. 3 72.1 72.2 72.6 73.0 73• I Normal 



 

362 UNITED STATBB COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from tke photographic tra,res of tke unifilar magneU>meter at 

Local mean time. 300 divisions -- tabular quantity. 

OCTOBER, 18S5. 

-----~-- --·------·- -~-~----~-

Day. 1h 2h Sh 4h i:)h (jb. 7h 8h 911 lOh Uh Noon. 

---------

I 73-0 72.9 72.9 72. 8 73- 8 74.9 76.6 76.2 75. 3 72.8 70.3 67. 2 

2 72.2 80.2* 75. 3 74- 5 73.7 75. 2 77.0 77.6 76.2 74.5 72.8 71. 8* 

3 72.2 73.6 73.5 73. 2 74.0 75.7 75.7 76.6 74.3 72.3 71. 5 70.3 

4 
' 

72.7 73.2 73· I 73- 5 73.7 74.4 75·9 75· 9 74· I 73· l 70.8 68.4 

5 72. 6 72.5 73.0 73·3 73.9 75.o 76.0 75.7 74- 5 71. 7 69.0 67. I 

6 72.2 72.3 72. 7 73.2 73.7 75. 5 76.3 77- 7 76.0 72. 2 69. 2 66.8 

7 71. 9 72.3 73.3 74- I ;4. 8 74. 7 75.6 n.o i5· 2 72. 5 6g. 3 68. 7 
8 72.7 74· I 75.8* 75. 9* 75.0 75. 7 78.0* 76. 5 76.2 72.5 69.0 67.7 

9 74· I 7J. 7 72.8 7J. 3 jJ.2 74.5 76.5 76.0 74.5 71. 0 68.3 67.3 
10 72.6 72.9 73.0 73.3 74.0 74. 4 75.7 76.5 75.3 72· I 69.7 61l. 6 

II 72. 9 72.9 73.6 73. 2 73.8 74.6 75.5 76.6 76.7 74-S 7 I. 5 69.3 
12 72.0 71. 8 71. 7 70.0* 72.2 73.5 75-7 76. 7 77- 9 74.4 73· S* 7I. 3 
13 7I. I 70. 7 73. 9 74. 2 70. i* 72.0 73.3 75.2 7i· (j 77.6• 72. 7 69.2 

14 75.3* 71. 8 73.6 74.9 69.7• 73.0 75.5 76. 6 77- I 76.8* 73.8* 71. 2 
15 76 .. 2* 77. 5* 75.0 73. 8 74.0 72. 6 73.0 75· 8 75· 9 75· I 70.4 68. I 

16 80. 3* 79· I* 71. 0 12· I 72.6 73· z 74· I 76.0 77.3 76. 1* 72. 8 70.6 
17 72.8 77-· 7 72.8 72.8 73. 0 iJ. 4 75.3 76.9 77- 3 74·4 70.5 6<). I 
18 72.5 72.7 72. 7 73.7 73.9 72. 3 75.9 75.8 74.5 71. 8 70.3 69.0 

I 
19 73.0 73.4 7J.8 72.9 73. I 73.3 74. 7 77.0 77. 2 75.8* 73.4* 70.8 
20 72.9 72.8 72.8 73.3 73.3 74.2 75· I 76. 3 75.3 74· 4 71. 0 70. 3 

21 72.7 72.7 72.8 73.0 73.2 74.0 76. 2 78. I 77.3 7J. 9 69.8 67.7 
22 75.2* 73· I 73.4 73.4 74.2 76.2 77- 8 76. 5 75.6 71. 2 69. 2 68. I 

23 72. 7 69.8* 78.7* 74.2 74.6 75· 5 76. 5 76.7 74.5 72· 6 69. 9 68. 7 
24 72.2 72. I 72.3 72.7 73.3 74. 2 76. 6 77.0 74.4 72.0 70.1 E9.2 
25 76.8* 76. I* 74. 2 76. 3* 75.0 74. 7 74.3 77.7 76.2 74. 2 70.9 68. 5 

26 73.7 73.8 73· 7 72. 8 73.2 74.0 75.6 76. 5 75.8 72.8 70. 2 6g.6 
27 72.9 72.7 73.5 73- 5 73.4 72. 2 74.6 76.2 74.7 72.7 70.0 6<]. 2 
28 

I 
72. I 72. 2 72.1 72.2 72.6 73.0 "7J. I 75.9 77.5 76.5• 73.6* 70.8 

29 71. 8 73.0 71. 9 71. 4 71. 9 72.4 73.6 75.7 76.3 74.3 71.0 6<].o 
30 72.7 70.7 70.3* 69.8* 72.7 7z. 7 73.0 76.1 77.0 75.5 73.2* 71. 5 

31 72.0 74. 3 73.0 74.3 74.5 73-4 75.2 75.2 74.a 73.0 71. 5 71. t 
--

Monthly mean 73.2 73.3 73.3 73.3 73.4 74.0 75·4 76.5 75.9 73. 7 70.9 69.2 
Normal 72.6 72. 7 73. [ 73.3 73.6 74.0 75. 3 . 76.5 

. 
75·9 73.1 70.5 69. [ 



 

UNITED STATES COAST AND GEODETIC SURVEY. 363 

DECLINATION-Continued. 

the magnetic observatory of the Coast and Geod,eti<; Survey, Los Angeles, <Jal. 

One division of scale.= 0 1.794 Increasing scale readings correspond to increasing east declination. 

OCTOBER, 1885. 

-~~---__! 13h 14h 15h 16h 17h 1811 l!Jlt 

- ---- ··-------

I 67.2 67.7 69.6 69.7 70.3 71.6 71. 2 

2 70.8 71. 0 71. 5 72.5 71. 6 7I. 2 71. 0 

3 69.8 70. 7 71. 7 72.2 71. 8 71.8 72. 2 

4 68.9 69.8 70.5 71. 7 i2.] 72. I 72.5 

5 67.6 69.8 71. 3 72. I 7r.4 7J. I 71.3 

6 67.5 69.3 7 I. 3 71. 7 7I. 5 71. 3 7x. 3 

7 70.1 70.9 7 I. 2 72.2 j2. 3 72.5 72.2 
8 68.o 69.2 i.:;.8 71. 9 72. 8 72.2 74.4 

9 68.5 69.5 69.3 71. 4 72. 5 72.4 72· 5 
IO 68.6 70.3 72. I 73.2 72.6 72. 7 72.6 . 
II 68.5 69.2 69.3 71. 0 jI. 3 72.4 72.3 
12 I 69.6 68.9 69.6 70.7 72. 2 73.4 72.4 

I3 67.7 68. I jO. 3 7x. 4 72. I 72.3 72.2 

14 70.3 70. 8 7 I. 7 72. I 72. 2 72.3 72.6 

15 70.2 70.0 70. 0 7r. 3 71. 2 72.7 75.2 

16 70.7 70. s 71. 7 71. s 72.0 72 ·7 72·3 
17 69.6 70.2 70.7 71.0 ii. 4 12· 3 72.5 
18 68.3 69.8 69.4 7I. 8 72.0 7x. 6 72·9 

19 70.0 70, I 70.8 7I. 7 72.2 72.8 73.2 

20 6').7 p.2 71. I 72.2 -~ ' I-•..) 72. s 72.8 

21 67.2 6g.3 70. 3 71. i /I. 7 72. I 72.2 
22 67.9 69.3 70.8 72. 3 p.6 72.9 75.0 

23 68.7 6g.7 71. 2 72.3 j2.6 73.7 72. 7 

24 69.2 71. l 71. 6 72.6 72.6 72.9 72.8 

25 68.I 69.3 71. 0 72. I 72.9 72.8 73.2 

20 69.5 j I. I 71. 6. 72. I 72.5 72.7 73. l 

27 67. 8 70. I 70.0 70.7 72.0 71. 8 72.3 
28 70.0 70.5 70.8 72.2 72.2 72.1 74.5 
29 . 67.7 6g.o 70.0 71.3 71. 9 72. 3 72.8 

30 70.6 70.8 71. 4 71, 7 72. I 72.2 74.0 

31 69.9 70. 2 70. 7 71. 7 72.2 72.7 72.6 

Monthly mean 6g.o 69.9 70.8 71.8 72.0 72.3 72.7 
Normal 6g.o 69.9 70.8 71. 8 72.0 72.3 72.7 

--

--

20 11 2111 22h 23 11 Mid-
night. 

- ----~--~-------~----

7 I. 7 71. 7 72· 2 72.8 74.3 
70.9 72.2 72. 8 7I. 8 72. 6 
~ ... .., 72. 2 72.3 72. I 72.2 1-· ,_ 

72.6 72 ·5 72. 6 72.3 72.5 
71. 3 7r. 6 71. 4 71. 3 72.2 

71. 4 71. 3 71. 3 7I. 4 71. 7 
72. [ 72. I 72. I 72.0 72.3 

72. 4 72.7 7::.. 6 73· 5 74.7 
72.6 72.5 72· 4 7:.4 72. s 
72. 6 p .. 7 jz.5 72.4 72.7 

]2. I 72.2 72.7 7 3· 7 72.9 
72. 2 72.2 72.2 72. 6 72. I 
72.9 72.7 73.9 iJ.O ,.. ... ""* I). ~) 

77.3* 73.6 73.9 74.6 jl. I 

76.4* 74.2 ;5.0 70.0* 72.3 

73· I 73.2 72.8 72.8 73.0 
72.6 j2.8 ., -

J'"• f -~ -I~. I 73.o 
73.0 74.1 J:! .. 7 F·4 72. 6 

74.2 72.8 73.2 yz.8 72.7 
72.7 72.7 72.6 72.7 72.7 

72. 2 72. I 72.2 72.9 73.5 
72.9 72.7 72.7 j2. t 72.2 
72.4 71. 8 72. I 71. 9 72.2 
72.8 72. 7 72.4 72. 6 72.8 
72.8 72.9 73.6 73.3 73· I 

72.6 72.9 72. 5 74.4 72.7 
71. 9 75.3 72. 6 72.2 7x. 8 
72. I 73.3 74- 7 72.9 72.3 
72.5 73- 5 74· 7 73- 7 73.0 
73• I 74.2 74.0 72.7 72.0 

73• I 73. I 73.3 72.8 72. 3 
--~-~---·-----

72.7 72.8 72.9 72.6 72. 7 
72.5 72.8 72.9 72.7 72. 6 

I 

Daily ~I 
mean. 

72.0 

73.4 

72.0 
72.6 

73· I 

72.2 
72.6 

72.6 

72.4 
72.5 
73.4 
73. 2 

73.4 
72.6 

72.3 

73• I 

72. 8 

72.4 
72.8 

72.7 
72.6 

73. 3 

72.9 
72.2 

72.9 

72 ·3 
72. 7 

72. 8 I 

;;.~] 



 

364 UNITED STATES OOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings fi·om the photographia traces of the unifilar mag11et0tnetet· at 

Local mean time. 300 divisions+ tabular quantity. 

NOVEMBER, 1885. 

r--"::_ __ 
--- -----~---------------·- -·--~-------

lb 2h 311 4h 511 6h 711 Sh !)h 101' 111' Noon. 

------------- - ·------------------~--- - -----·-------------

I 72.2 72.0 71. l 71. 0 71. 9 71. 9 73.4 74.0 72.2• 75.2 73.9 72.0 

2 72. 6 72'. 'J 72.5 72, I 72.6 73. I 75. 3 78.4• 79. s· ')8.o• 76. 2" 73-5 

3 72.8 72.2 73-7 HI 72.7 73-5 75.3 77.9 78.2 75.2 72. I 70.3 

4 72.8 72.9 7J.6 73· I 73.2 73· I 75.0 76.7 76.2 74.4 7I. 5 69.6 

5 72.8 72.8 72.7 73. 2 7J. I 74. 2 75.7 76. 5 76.1 74.9 72.6 71.0 

6 72.2 72.7 73.2 72. 8 73.3 73. 7 74.5 76. 2 75.9 71. 9* 68.8* 66.8* 

7 72.2 72.0 72.1 72. 8 73.6 74.0 75. 2 76.5 75. 9 72. 5 70.4 68.8 

8 71.0 72.2 70.2 71. 5 72.7 73.4 75. 0 77. 0 78.7• 76.3 72.8 70.0 

9 72. I 72.0 72.2 72.3 72.7 73. 0 74.5 77- 5 76.6 76.0 7 I. I 6&.1• 

IO 77.2• 74.3 74.1 70.9 66.2• 70.3~ 71. o• 74.0 74.6 74.4 73.8 7r.3 

II 73.8 66.7• 77.4" 68. 3• 70.8 67. 6~ 67. 1• 73.5 73-5 73.9 71. 7 71. 0 

12 73.2 71. 5 71. 2 70 8 71. 8 73. 7 74.7 75.0 76.0 75.0 71. 7 69.5 

13 72.7 72.3 71. 2 73. 6 72.8 7J. 5 75.2 77.3 77. 4 76.6 74.3 71. I 

14 72.2 72·3 72.2 71. 6 72.3 73.0 74.2 75.7 75. 2 74.8 72.8 70.7 

15 72.2 72.3 72.2 72. 5 72.7 73.7 74· I 76.8 77-S 76.3 74.2 71. 9 

16 72.3 72.3 72. I 72. 2 72.6 72.9 74.3 76.2 76.8 75.4 73.1 71.1 

17 72 • 5 72.6 72.7 72.7 72.8 73.0 74.0 75· 6 76.5 75. 2 73.2 70.7 

18 72.0 72.1 73.7 67.2* 75.3• 7J. 7 72.6 74.0 72. o• 11. r 71.8 67.6• 

19 71. 3 71. 7 69.7" 7 I. 5 72.7 72. 7 71. 8 72.2• 73.2 71. 0# 72.6 71. 8 
20 72.7 72.2 73.0 72.8 73. 2 72.8 73.6 74.5 75.6 74.3 72.2 70.9 

21 72. 2 72.2 72.4 72.7 73.4 73.9 74.6 76.0 76.5 74.9 72.6 71. I 

22 72.4 72.3 72.6 73.2 73.6 73. 6 7J. 7 75.5 75. 3 73.0 72.3 71.9 
23 71. 4 72.7 73· I 73.4 73.2 73.4 74.2 76.0 76.5 75.5 73.4 72.1 

24 72. I 72.5 72.5 72.0 72.8 73·3 74.4 75.9 75.1 73. 3 71. 7 70.2 

25 73.2 73.7 74- 2 74.3 74.0 74.5 74. 7 76.7 76.2 74· I 71. 0 70.2 

26 70.5 73-5 73.2 73·9 74.5 74.8 75. 2 75.5 76. J 74.6 74.1 72. 3 
27 I 72.6 73.6 73· 6 73·9 73.7 74.0 74.0 74.0 74·9 74- 7 73• I 71. 2 

28 I 72.2 71.8 71. 8 69.4* 72. l 73.0 73- 3 73.8 74.8 75· I 74- 3 7:z.4 
29 

I 
72.4 72. 3 72.2 72.2 72.2 72.3 72. 2 72.3• 74.0 75.3 76.0" 75.0* 

30 72. 7 72.3 72.5 72. 5 72.5 72. 5 72.4 73.0" 74.1 74.5 74- 3 72.4 

Monthly mean 

I 
72.5 72.3 72.6 72, I 72.7 73· I 73.8 75.5 75. 7 - 74.6 72.8 70.9 

Normal 72.3 72.5 72. 7 72 ·5 72.5 73.4 74.2 75· 7 75· 7 74.8 72.7 71. I 



 

UNI~D STATES OOAST .A.ND GEODETIC SURVEY. 365 

DEC LIN ATION-Continned. 

tke magnet-ic observatory of the Coast and Geodetic Survey, Los Angeles, Cal. 

One di vision of sea.le= o'. 794 

Day. 

2 

3 
4 

5 

6 

7 
8 

9 
10 

IJ 

12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

22 

23 

24 

25 

26 

27 

28 

Z9 
30 

71.1 71.4 71.3 

71. 4 70. 8 70. 3 

70.7 71. 6 71. 7 

69, 4 70. 4 7I. I 

69. 0 70. 2 70. 0 

67. 2• 69. 6 71. 5 
67. 7 67. 1* 7r. o 

69. I 70. 2 70. 8 

66. o• 67. o• 70. 5 

68, 0 69. I 70. 2 

70.0 

69.2 

69.7 
69.8 
70.6 

JI. I 

69.6 
70.0 

70. I 

70.8 

70. 1 JO. 2 

70. 0 69. 6 

69- 2 70. 3 

71. 3 70. 5 

70. 3 70. 3 

71. 0 

71.0 

71. I 

69.9 

70.8 

70.7 

70.7 

71. 0 

7r. 7 
72.0 

70. 2 71. 9 72. s 
71.8 72.0 72.5 

71.0 70. 2 70.8 

70. 3 70. s 70. 9 

70. 2 70. 5 70. 9 

71. 3 70. 7 70. 7 
6g. 8 69. 6 70. 2 

71. 8 71. 3 71. I 

73· S* 72. 3 71. 7 
71.5 'jO.O 70.3 

Increasing scale readings correspond to increasing east declination. 

NOVEMBER, 1885. 

71. 6 

71. I 

71. 7 

72.0 

72.4 

70.4 

72. I 

72.3 
71. 4 

72. 2 

72, 2 

72.0 

71. I 

71. 3 

71. 7 

71. 3 

71. 5 
71. 8 

72.5 

72. 2 72. 5 
72. 2 72. 4 

72. I 72. 2 

72. 2 72. 4 

72. 2 72. 6 

73. 0 73.0 

70. 2 73.0 

72.9 73.2 

71. 9 n 3 

71.7 71.9 

72. 2 72. 6 

73.0 j2. 9 

72. 5 72. 8 

7J.3 7J.O 
72. 3 72. 8 

72.3 

72.0 

72.3 

71. 8 

73.0 

j2.8 

72.4 

73.o 

74.3 

7J. s 
72.3 73.0 73.1 

73.0 7J.S 73.6 

71. 8 

71.3 

72. 2 

72.7 

72.2 

73.0 

72.9 

7J. 0 

73.0 

19h 20h 2lh 22h 23h Mid- j Daily 
night. ! mean. 

~~~~~~~~~~~~~~~~ 

72. 7 72. 7 72. 5 

72. 7 72. 7 72. 5 
72. 7 72. 7 72. 7 

72.6 72.5 72.4 

72.3 73.0 72. 8 

7J. I 72, 8 72. 3 

7J. 4 77. 2* 75. 2 

7J. 2 73.0 72. 8 

72. 2 75. 7* 76. o* 

72. 3 73. 3 72- 8 

76. 6* 72. 7 73. 0 

73.0 73. 3 73· 5 

72. 9 72. 9 73. 0 

7J. 3 7J. 0 72. 8 

73. 0 7 3. 0 73. Q 

72.6 72.9 72.8 

75· 2 74• I 73· 2 

72. 8 72. 7 72. 7 i 

;:: : :~ : ;:: :111 
76. 7* 75· 2 15· I 

72. 7 72. I 72. I 

76. 7* 75· 2 76. 1* I 

s4. 4* 12. 6 72. 2 I 
71. 7 73.4 70. 2 l' 

7J. 8 7+ 2 72. 7 

72. 8 72. 3 72. 3 

7 3. 4 7 2. 7 7 2. 2 

72. 8 72. 8 72. 7 

72.4 

7J. 6 

73.0 
72. '} 

72.9 

72.2 
72.8 

72.7 

73.0 

72.6 

71. 8 

72.6 

73.0 

72.6 

73.0 

73.0 73.1 73.0 73.0 72.9 72.6 72.8 

72. 7 72. 6 72. 3 72. 2 i2. I 72. 1 72. 6 

74. 2 75. 0 76. 8* 79. 2• 74. 5 72. 4 72. 6 

73·4 72.8 72.7 75.1 7z.3 71.8 72.2 

74. 0 74· 0 'JZ. 8 72. 5 72. 2 72. 1 7'Z, 8 

73.2 72.7 72.7 72.4 72.7 72.2 73.0 

73.5 73.6 73.0 73.0 73.<> 72.8 73.1 

73.0 72.8 72.4 72.4 72.2 72.0 i 72.9 

73. o 72., 73. s 12. 3 70. s n. 6 I 12. s 
'J3.6 73.1 7J.O 73.1 7J.O 73.6 :ll 73.2 

71. 2 72. 0 72. 3 73. 0 72. 5 72. 8 72. 9 72. 9 72. 4 73. 0 

71.4 72.4 72.7 73.0 72.9 72.8 72.8 72.6 72.5 72.8 

11. 1 12. 6 12. s 13. o 73.0 12. 9 13. o 12. 6 12. 4 I 12. 6 

71.1 72.2 72.5 72.7 72.9 73.0 72.9 72.9 73.5 72.6 

71.9 72.7 73.0 73.1 73.1 73.1 72.8 72.8 72.611 73.0 

~~~~~~~-.,.~~~~~~~~~~~~~~~~~~~~~~~~~ 

Monthly mean 

Nonna! 

70. o :;o. 3 · 71. o 

70. 2 'JO. 5 71. 0 

71. 8 72. 4 72. 8 73. 2 73. 2 73. I 73- 8 72. 9 72. 7 I 72. 74 

11.s 72.4 12.8 73.0 73.0 12.9 12.9 12.9 12.6 I 



 

366 UNITED ST.A.TES OOAST AND GE ODE'i'IC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readingsfrom the photographic traces of' the unifilar magnetometer at 

Local mean time. 

Day. 

·-------------

2 

73·3 72.z 
7r.8 71.5 

72.5 72.4 
71.9 72. I 

72. I 72. I 

72·3 
12· I 

72.4 
72. I 

72.3 

3 

4 

5 

6 

7 
s 

76.0~ 

71.8 

71. 7 

71, 7 

p. 5 

72.2 73.0 
71.3 70.0 

69. 3~ 71. I 

9 
10 

72.7 70.2 

73.5 72.2 

ll 

IZ 

16 

17 
18 

19 

20 

21 

22 

]I. 9 

71.8 

72.5 
72. 2 

72. 7 

72.0 

71. 7 

72. I 

72. 2 

71. 9 

72-5 72.7 
71. 6 73- I 

72.1 73.5 

72.4 72.7 
73.8 7).2 

73.0 72.7 

73• 5 73• I 

71.9 71.3 

70. 7 71. z 
71.7 71.6 

26 72.4 72.4 

27 72.6 72.6 

28 72.8 72.5 

29 72.1 72.6 

30 72.2 72. I 
j 

---- ___ JI ___ 

1

1 _ _'.__1_:_~~-
l\{onthly mean 7 z. 4 72. z 
Normal : 7z. 2 72. 3 

- I 

71. 7 

7 I. 9 
73.7 
72. 7 
72. I 

72. I 
72. 4 

72.3 

73- 5 
73.2 

74.0 

73· I 

72.3 

71. 5 
71. '] 

72.0 
72.7 

72· I 

72.0 

71. 6 

71. 7 

300 di visions+ tabular quantity. 

DECEMBER, 1885. 

-------------~--·--------------~ 

10h IP Noon. 

----------------------------< 

72• 5 
72.2 
71. 2 

72.2 
72.2 

72.5 
71. 7 

73.0 

72.3 
72.5 

72.2 

72.1 

73.6 

73.3 
72.2 

72.3 
72. 9 

7l. 0 

72.3 
72.2 

73.2 
71. 0 

70.8 
72.4 
72.7 

72.4 
72.2 

7J. 5 
72. 8 
72.7 

72. 2 71. 9 
72_4 72.2 

74. 7 72. 5 
7J. 0 72. 7 
71.9 72.2 

74.3 73.3 
72.6 72. 7 

72.2 73.2 

71.7 72.0 
72. I 72.2 

72.3 
72.2 
72.5 
72.4 
71. 7 

71. 0 

73.7 

72.7 
71. 7 
72.3 

71. 9 

71.9 

72.7 
72.0 
70.0 
72.8 

'12· 5 

73.0 
69.2* 

71.6 

73·3 
72.7 

72.7 
72.7 

73-3 
7J. I 

72.7 

73·3 
72.9 
73.2 
71. 7 
72.6 

72.8 
72. '] 

73-0 
72.7 
71.8 

71.8 

73.2 
72.8 

72.7 
72.9 
72.7 

70. 6 

70.7 
71. I 

73. 8 

72. 7 

72.7 

73.0 
74.0 

73. 8 

72.6 

72.0 

72. 5 
72. 2 

71. 7 
72.8 

72.9 

73.0 
72.8 
72. 7 

73.0 

72. 6 

73.0 
74.6 

7J. 5 
71. 9 

71. 9 

75.7 
73.7 
7J. 7 

73.9 
73.6 

74.2 
72.2 

74-3 
75.5 
75.3 

74- I 

74.9 
74.8 
75. 5 
74· I 

73.2 
74.0 
73.6 
72.9 
74.2 

73.8 

73· 0 

74- 9 

74.3 
75.4 

7J. 3 
75.0 
75. 5 
75· 0 

72.8 

72.9 

75· 8 

74.5 
74.6 
74.4 

74.2 

74.7 
73.2 

75.7 
76.9 

75.o 

75· 8 
76.2 

75.8 
76.3 

74.5 
74.8 
75.0 

74.6 

75.7 

75· l 

74·9 
75. 7 
76.0 

71· I 

74.9 
76.8 

76.1 

76.5 

74.7 

75.4 
15· 6 

74. () 
74.5 
74· I 

75.6 72.7 
74.8 72.7 
73• 0 71. I 

73.6 72.2 
72. 7 71. 5 

65.6# 70.0• 

74.0 72.3 
70.6• 72.0 

75. 3 7J. 3 

77· I 76.2 

71. 2 

71. 8 

70.9 
71. 4 

72.8 

74.2 
76. I 

76.2 
76.4 
77.0 

75.2 
75.9 
n. 2 

74.2 

76.9 

75. 5 
75.8 
75.7 
75.2 
75.8 

75.5 
76.9 
75.7 
75.4 
75.7 

73.7 

75· I 

75. 6 

'72·7 
75.0 
74· I 

74.7 
75.7 

71. 6 

72.6 
72.3 
72. I 

72.7 

73.9 72.2 

74.9 72.8 
76_7* 74,4 

7J.8 7•·7 
76.4 73.2 

73.4 
74.3 

7J. 7 
72.9 

72.7 

7J. 9 

75.2 
76.0 

74.4 
74.0 

72.8 

71.2 

71. 0 

71. 7 
70.9 
70.7 

72.0 
72 . ., 

73.6 
72. 7 
72.2 

72. I 



 

UNITED STATES COAST .AND GEODETIC SURVEY. 367 

DECLINATION-Continued. 

the magnetic observatory of the Coast and Geodetic Survey, Los Aiigek.~, <Jal. 

One division of scale= of. 794 Increasing scale readings correspond to increasing east declinati-On. 

DECEMBER, 1885. 

-------·-~·-·--

! 

Day. 13h }4h 15h 16" 17h 18h 19h 20h 21h 22h 23h Mid· ; Daily 
night. 

i 
mean. 
---

I 

I 70.8 70.0 69.5 69.4 71. 3 72. I 72.4 73.5 74.5 73.8 72.7 72.4 I 72.6 
72.8 72.8 

I 
2 71.0 71. 0 70.5 70.9 72.5 72. 7 72.9 72.8 72. 8 72. 5 i 

72.6 

3 70.8 70.6 70.7 70.9 72.3 72.2 72.3 72.5 72.5 72.2 72. 3 72.2 
I 

72. 1 

4 71. 3 71.2 72.2 72. 4 72. 7 72.7 72. 5 72.6 72. 4 72.3 72. 2 72. I 77 .. 6 
! 

s 70.8 70. 7 71. 6 72.0 72.5 72.3 72.3 72.4 72.4 76.0• 74.0 72.9 : 72.6 

. 6 70.3 70.9 7I. 9 72. l 73.2 73.3 78.8* 75.1 75. 3 73.7 74.8 71. 7 72.8 

'J 71.0 71. 6 71. 5 13-8 73.3 75.2 74· I 74.5 76.3* 74· 1 74. 2 72.7 
; 

72. 6 
8 70.5 70. 2 70.8 71. 8 74.8 74.2 74.8 72.6 74. 6 7J. 3 72.4 70.8 ! 72. I 

9 69.9 70. 2 71.4 71. 8 73- 3 74.0 73- 4 73.3 73. 7 73.0 72. 7 72. 2 72.8 
10 71. 0 70.3 70.9 72.0 72.7 73·3 73.3 72.7 72.6 72.9 72.2 72.2 73.0 

II 70.3 70. I 71. 2 72. 2 72. 5 72.9 72.9 72.8 72.7 72.6 ·72. 2 72.0 72. 4 

u 70.9 7°· 5 71. I 72.2 73.0 73- 3 73. 2 7J. 5 72. 9 72.8 73- 5 72.5 72. 9 
13 71. 2 71. 2 71. 3 72.4 73.0 73.4 73.6 73·3 73· l 73.2 72. 7 72.4 73. 2 
14 69.6 69. 7 70.4 72. I 73.0 72.8 73.7 73.7 73· 2 73·3 72.6 72.4 73.o 
15 70.z 69.9 69.9 71. 2 72.7 no 72.8 73.0 72.8 72.6 72.6 72.4 72.7 

16 71. 0 70.6 70.7 71. 7 73.0 73.2 '13· I 73.0 73.0 72.7 72.4 72.3 72.6 
17 71. 5 70. 8 71. 3 72.3 73.0 72.7 73.3 72.6 72.6 72.7 72.7 72. 7 ! 72. 8 

' 
18 72.8 72.3 72.0 72.3 73.0 7J. 5 73- s 73. 6 73. 7 73.3 72.8 72. 7 ' 73-4 ! 

19 71. 0 71.0 71. 2 72.2 72.9 74· 1 73.3 73.0 72.9 74.9 72.9 73· I 72.8 
20 71.7 71. 3 71. 0 72.3 7J. 5 '13· 7 74.0 75.4 73-9 73·3 75.2 74. [ 73.6 

21 71. 0 71. 8 72. 2 73·3 74.2 72.7 74. '7 74. l 73.8 73.3 73.0 73.2 73.3 
2Z 70.5 70.3 71. I 71. 8 72.4 72. 7 72.6 72.3 72.0 71. 6 71. 4 71. 3 72.5 
23 71. I 70.2 70. 5 71.6 72.3 72.4 72,6 72.3 72. I 71. 4 71. 2 70.9 72.4 
24 70.8 70.6 71. 0 72.3 73.0 73.5 

. 
73. l 73• I 73.7 72.9 72.2 72. l 72.5 

25 69.9 69.8 70.4 72.0 72.7 73. 2 73. 4 73.6 7J. 5 73.2 73.2 72.7 i 72.7 

26 71.4 71. I 70.9 72.2 73.0 73· I 72.7 72.9 72.7 72.7 72.7 72.7 72.8 
27 71. 3 70.3 70.4 71. 2 72.5 72.5 72.4 72.7 72.4 72.7 73.0 73.8 72.9 
28 7r. 7 70.0 71. 8 7z.2 72.5 72. 7 72.7 7J. 7 72.3 72.5 72. 5 72. 3 73.0 

29 7x. 7 70.8 70.3 7c. 3 72.2 71. 7 72.2 72·4 72. 5 72.6 72.7 72- 5 72.7 
30 72.2 72.J 71. 0 7t; I 71. 7 72. 2 72.3 72.3 72.3 72. I 72. l 72.1 72.4 

31 7I. 6 71. 4 71. l 71.8 72.3 72. 3 72.9 73.2 72.8 73• I 72.8 73.0 72.3 
---

Moo.thly mean j 71. 0 70.7 71.0· 71. 9 72. 8 73.0 73· 3 73.2 73.2 73.0 72.8 72.4 72.73 
Normal 71. () 70. 7 71.0 71.9 72.8 73.0 73• I 73.2 73.I 72.9 72.8 72.4 
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Local mean time. 

2 

3 
4 

5 

6 

7 
8 

9 
IO 

JI 

12 
13 
14 
15 

16 

17 
18 

19 
20 

21 
22 

l 

UNITED S'l'ATES OOAaT AND GEODETIO SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the. imifilar magnetometei- at 

72.4 72.4 72.3 
73.4 73.6 72.7 
72.1 73.2 70.0 
71.3 71.7 71.1 
71.9 72.4 72.0 

73.2 73.7 72.7 
72.2 72. 2 72.I 

72. I 72. I 72.2 
70.8 83. 2* So.2* 
70.3 70.8 71. I 

70. 9 70. 9 

72.3 72·3 
72.3 72. 3 

72.4 72.2 

73.3 73.8 

7J. 0 73- 7 
72. 3 72. 3 
72.2 72.6 

73• I 74• 4 
72. 7 72. 2 

72.2 
72. I 

72.0 

70.9 

71. I 

70.6 
70. 7 

70.7 
70.8 

71. 5 

p .. 2 

71. 7 
72.0 

70.9 
71. I 

70.7 
71. 0 

70.0 

69.9 
70. 2 

71. I 

72.3 
72.2 
72.1 
74.7* 

68.8* 

72.3 
72.7 
76.0* 
72.7 

72.9 
71. 3 
72.1 
70.8 
70.9 

70.2 
69.2 
69.7 
76.7* 
6g.4 

300 divisions+ tabular quantity. 

JANUARY, J.886. 

go 1011 1111 Noon. 

------··------··----------

72.3 71.4 72.5 
70.7 70.3 69.5* 
71.6 70.8 71.6 
71.5 70.3 70.0 
70.7 71.0 73.8 

72.8 72.8 73.2 
72. I 72.2 72.8 
72.7 73.0 73.3 
70. I 76.0* 72.3 
68. I* 71.9 73· I 

71.7 71.9 72.1 
72.1 72.2 72.9 
72.3 72.2 72.4 
71.3 71.7 73.7 
73.2 73.7 69.2* 

73.3 73.3 72.4 
72.3 72.2 72.2 
72.7 72.4 72.5 
78.7* 77.5* 73·9 
72.7 72.2 71.3 

71. 5 
72.0 
72. I 

70.8 
71. 0 

72.8 
72.2 
72.2 
70.5 
70.9 

71.7 71.0 
68.9* 6g.3 
71. 6 
70.8 

6g.o 

72.7 
72.2 
72.3 
70.9 
70.8 

72.3 72.4 74.8 
73.5 72.7 74.0 
71.6 72.0 75· I 
70.6 72.5 74.8 
73.2 74.2 74.4 

74.3* 75.5* 76.8 
73·5 75· I 76.7 
74.2* 75. 7* 77.0 
75.0* 74.8 73·3 
70.5 76.5* 78.z* 

71.0 73· I 74.8 
74.5* 75.9* 78. 3* 
72.7 74.4 76. 8 

74.1* 76.0* 76. 3 
69,7 67.6* 74.4 

72.6 74.5 77.0 
72.3 73.5 75.7 
72.6 73.0 75.5 
70.0 68.3* 72.6 
72.1 73.5 72.8 

73.6 74.5 75.9 
67.8* 69,0* 73· 5 
72.6 73• I 74·7 
71.5 72.2 75.2 
70.7 70.9 72.2* 

70.0 71.0 72.7 
70. 8. 71. 5 72. 6 
6g.2 70.4 72.2* 
70.0 71. I 72.9 
68.,(i* 6g. 6* 72. o* 

75. 6 74. 5 72. 2 

75.0 74.8 72.6 
76. 2 75. 9 74· 3 
76. 8 75· I 72. 7 
76.0 75.0 72.5 

76.0 72.9 70.9 
76. 8 74. 5 71. 7 
76.7 74.5 71.3 
75. 0 7r. 8* 70. 0 

77. 5 75. 2 72. 7 

77.5 76.7 73-5 
77.4 76.3 72.8 
78. 3* 77. 7* 74. 0 

77- I 76. 9 74· 3 

75.8 75.7 73.3 

iS.9* 77.7* 73-9 

78. 5"' 78. 2* 74. 2 
76. 7 74. 7 72. 0 

75. 2 74. 7 72. 6_ 

7J. 9 73• 6 72. I 

76.2 
74.2 

75· I 

74.6 
73.7 

74.8 71.7 
72.8 70.2 
74.0 72.3 
72.7 71.0 
74.2 72.2 

74.3 74.7 7J.O 
73·3 7J.O 72.0 
73.8 74.0 72.5 
74.1 73.2 71.1 

73.6 73.7 7-z.7 

I 71.0 6g.7 70.3 71.6* 72. 3* 72. 3 71. 2 

l-M-o-nt_h_ly-m-ea-n-1--;~~ 72.1 
71. 5 

71.7 71.7 71.6 
71.7 71.5 72.2 

~~~-~-~~~~-~-! 

71.8 72.7 74.7 
71.5 72.6 748 

75.7 74·7 72.4 
75.5 7+5 72.4 Normal j 7 1. 9 

·~--~-~~----~--~-~~~---~----------



 

UNITED STA.TES <JOA.ST A.ND GEODETIO SURVEY. 369 

DECLINATION-Continued. 

the magnetic observatory of the Coast and Geodetic Survey, Los Angeles, Cal. 

One division of scale=o'.794 ·increasing scale readings correspond to increasing east declination. 

JANUARY, 1886. 

Day. 13h 14h 15h 16h 1'jh 18h 1911 ;2:0h 2Ih 22h 23h ~it!- l Daily 
rught. i mean. 

i---
J 7r. 0 70.0 70.3 70.4 72.6 72.5 72.7 72.7 72.8 73.3 72. I no I 72.4 

75.3* 
I 

72.6 2 71. 7 .7I. 7 71. 2 "/l. 7 72.2 73.7 73· l 72.3 72.7 72.7 72.61 
3 72. 7 72.6* 71.7 72.0 73- 5 73.2 76.0* 72.7 72.6 72.3 73.6 

7• • 1 

72. 8 

4 72.2 71. 3 71. 6 71. 6 72.6 72.7 72.8 72.8 73.0 .12.3 71. 7 70.0 72.2 

5 71.7 72.0 72· I 72.8 74.0 74.0 73- 7 73.7 73.4 74.0 73.2 73.4 73. J 

6 70.8 71. 4 71. 7 72.3 73.2 73·3 73.7 73·3 73.7 72.3 73.0 72.1 73.2 

7 6g.9 70.0 70.5 72. I 73.0 72.9 72.8 72. 7 72.5 ·72.5 72.5 72.2 72.7 
8 . 70.3 70.7 71. 7 72.0 72.6 72.9 73.6 73.8 73.0 73.6 73.9 72.1 73· I 

9 66.4* 68.7 71.5 71.5 72.6 72.3 72. 6 74.3 78.5* 75.0* 72.9 6g.6 73.3 
10 7r. 2 7r. I 71. 3 7r. 6 ']I. 7 ']I. 9 72.2 '/I. 7 71.4 71.2 71. 3 70.8 72.2 

JI 71. z 70.8 71. I 72.3 73.0 73.6 73.7 73.9 74.7 .73· 8 72.7 72. 7 72.9 
12 71. 2 7r. 0 70.6 7r. 3 72.4 72.7 ']2. 4. 72.5 72.' 72.9 72.7 72.8 7J. I 
13 69.5 67.0* 67.5* 69.9 71. l 71. 9 72.6 72.7 72.7 73.0 73.3 72.9 72.6 
14 71. 7 70.7 70.8 71. 5 72.6 73.3 73.8 73-3 74.7 7J. 7 73.3 73.7 73.4 
15 71. 6 71. 4 71.6 72.2 73.0 72.3 73.2 7J. s 73.1 73.0 74.5 74.5* 72.8 

16 71. 5 70. 7 70.5 71. 4 72.4 72.6 72.6 72.3 72.3 72.2 72.2 72.2 73.0 
17 70.2 69.0 69.9 71. I 72.6 72.9 73.0 73· I 72.7 72.7 72.6 72.5 72.8 
18 71. 7 7 I. 7 'J2. I 72.1 72.9 73• I 73.4 73.3 74.6 72.9 72.9 72.7 73.0 
19 70.2 69.2 69. I 70.6 70.1 70.2 72.0 72.1 72.5 7r. 9 72.3 72.2 72. 5 
20 70.9 70. 0 69.5 70.0 71. 5 72.7 72.5 72.5 72.3 72.3 72.3 72.4 72.1 

' 
21 69.8 68.4 69.5 70.8 72.0 72.2 73. [ 72.6 73.4 73.9 72.2 72.2 72.6 
22 68. 7 6;9.2 68.7 70.7 71. 5 72. J 72.5 ']2. 3 72.7 72.0 71. 6 71. 4 71.4 
23 70.0 68.8 69.7 70.3 '71. 2 71. 9 72.2 72.4 71. 7 72.0 71. 6 71. I 7::.0 

24 69.6 68. 5 68.1 67.9* 69.7 71. I 71. 9 71. 7 71.7 71. 4 71. 2 71. 2 'Jl. I 

25 70.2 68.5 68.2 69.3 70.8 71.5 71. 5 71. 3 71. 5 71. I 70.7 70. 5 7r. 0 

26 70.3 68.3 67.3* 68. 51t 69.8 69.9* 70. 2 70.9 71.7 71.9 71.3 71.2 70.8 

27 70. 2 68.2 65.9* 66.8* 68.4* 69.1* 69.8* 69.3* 70.0* 69.8* 69.4* 69.8 70.2 
28 70.0 67. 6 66.9* 66.8* 68.o* 69.6* 6g. 1* 68.6* 72.5 72.2 73.3 72.3 70. 3 
29 69.5 68.o 68.I 67.8* 69.8 72.7 70. I 70.3 71. 4 7r. 0 72.3 71.0 70.8 

30 69.8 6g.3 69.0 70.0 69.8 73.o 69.3* 70.2 70.7 70.0 70.2 70.1 70. J 

3~ 69.7 67. 3 66.6* 67.3* 68. 7* 69.7* 70.2 69.8* 6g.8* 70.1 70.0 69.5 69.8 . . 
Monthly me= 70.5 69.8 69.8 70. s 71. 6 72.2 72.3 72.3 72.7 72.4 72.2 71. 8 72. 13 
Nonnal 

" 
70.6 6g.8 70.4 71. 3 71.9 72.5 72.5 72.5 72.6 72.4 72.3 71. 7 

I 

H.Eir.:.80-24 



 

370 UNITED STATES OOAST AND GEODETIO SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readin.gsfrom the photographic traces of the unifilar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

FEBRUARY, 1886. 

··----

I Day. 
I 

1h 2h 3h 4h 5h 6h 7h 8h 9h toh Uh Noon. 

I 69. 9 69.8 69. 9 69. 7 70. I 69.9 69.9 71. 3 72. 7 73.6 72.6 71. 2 

2 69.3 69.3 69. I 69.8 69.2 6g.o 69.2 69.2* 72. I 74.3 72.9 72.1 

3 69.6 71. 0 72.0 72.7 68.8 70.2 71. 6 72.7 73. I 72.0 71. 2 70.~ 

4 71. 2 71. 0 70.3 70. 2 70. I 70.2 70.6 71. 4 71. 5 70.8 70. I 68.2 

5 66.9* 71. 5 70.7 70. 5 66.2* 68. I 70.6 70. I 72. 5 72. 7 72.5 70.5 

6 69.6 69.3 69.9 70. 3 70.2 70.2 70.3 70.8 71. 7 71. 7 71.6 70.2 

7 73.0 71. 3 7o. 7 69.9 70. 7 71. 0 70.9 72.6 72.6 72.5 72.3 70.9 

8 69.8 69.6 67. 2* 69. 7 7I. 2 70.8 70.3 70.7 71. 6 72.3 jl. 9 71. 3 

9 69.9 70.2 70.2 70. 2 70.2 70. 3 70. 7 71. 8 72.8 73.5 72. 6 71. I 

10 76. S* 73- 7* 70. 4 69.7 68. r 68. 7 70. 7 72.9 73- 8 73.7 72.2 70.9 

II 70. 2 72.3 67.0* 70. 3 70.4 65. z* 64.7* 6g.5 71. 7 73.3 72.6 69.7 

12 70. 3 70. 3 70. 5 70. I 70.0 69.7 70.4 71.5 72.8 74.0 73- 7 71. 5 

13 70.3 jO. I 70.0 69.8 70.3 70.5 71. 4 72.7 73.8 72.6 70.8 69.0 

14 I 70.4 70.2 70. [ 69. 8 69.8 70.2 70.4 71. 3 72.3 73· 7 72.9 70.6 

15 I 70.7 7L 2 71. 0 70.8 71. I 70.9 71. 3 72.2 72.5 72.7 72.0 70.3 

16 73.8* 12.7 70. 7 72. 2 71. 4 71. 0 72. 4 72.8 71. 7 71. 7 70.2 67.4* 

17 71. 2 71. 2 71. 0 70.3 70. 7 70.9 71. 2 70.4 72. 5 74.5 75· I* 72.9 
18 72.3 70.6 70. 3 71. 0 69. 5 68.7 69.8 71.5 71. 6 70.7 72.2 70.9 

19 69.8 70.6 70.3 71. 7 69.7 70.0 68.6 68.7* 72.0 72.9 73. 2 70. 5 
20 70.4 72.2 72.3 71. 7 72. I 71. 0 70. ! 71. 6 73- s 74.6 74. I 71. 9 

21 69.9 70. I 70. I 70. I 70.8 70.2 71. 2 71. 2 73· I 74.0 69.8 69. 5 
22 69. 8 69.6 69. 7 69. 7 69. I 71. 5 'JI. I 66.2* 67.7* 72.5 72. 7 6g.3 

23 7 I. 3 71. 2 71. I 70.8 71. 6 71. 7 71. 7 72. 2 73.8 73.8 73· 2 jI. 2 

24 70. I 70. [ 70.1 70. I 70.3 70.5 71. 0 73·5 75.5* 74,0 7 I. 7 70. 7 

25 72.2 72.3 72.6 71. 7 71. l 71. 0 71. I 72.7 74,0 74.6 72.7, 70.3 

26 71. 7 71, I 71. 2 72.3 72.7 72.1 72. 7 72.8 74- I 73.9 72.7 71. 3 

27 70. 7 72. 0 73· I 71. 8 71. 9 71. 7 71. 9 72.3 72.3 71. 2 71. 0 70.4 
28 70. I 70.2 70.3 70.3 70.7 71. 4 72.0 72. 2 71. 0 70.3* 69.0* 67.8* 

Monthly mean I 70.8 70.9 70.4 70.6 70.3 70.2 70.6 71. 4 72. 5 72. 9 72. r 70.4 
Normal I 70.5 70.8 70.7 70.6 70.4 70.4 70.8 71. 8 72.6 73.0 72. r 70.6 



 

UNITED STATES COAST AND GEODETIC SURVEY. 371 

DECLINATION-Continned. 

the ma.gnetic observatory -0f tke Ooast and Geodetic Survey, Los Angeles, Gal. 

One division of scale =o'.794 Increasing scale readings correspond to increasing east declination. 

FEBRUARY, l.886 . 

...----------------------------------·-·-----------, ----

<>3h ~~idh- '.· Daily Day. 

3 
4 

s 
6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

17 
18 

19 
20 

21 

22 

69. 0 67. I 67. 9 

68. 7 69. I 68. I 

69. 8 69. 8 70.0 

69. 0 69. 7 69. 2 

70. 3 69. 8 68. 4 

69. I 69. I 68. 7 

69. 3 68. 2 68. 2 

70. 2 69. 6 68. 5 

70.0 70.0 70.0 

70. 2 69. 3 69. 0 

66. 8 68. 8 69. 2 

70. I 69. 3 68. 8 

67.8 67.2 '67.8 

69. 0 68. 4 68. 6 

69. I 68. 6 68. 7 

66. 4* 65. 4* 66. 5 

70. 7 68. 7 68. 7 

69. 3 69. 2 69. I 

70. 3 66. 9 66. 1* 

69. 3 67. 8 68. 2 

70. 0 68. 9 68. 6 

67.2 68.8 68.9 

68. 7 68. I 68. 8 

69. 6 69. 3 6g. 4 

69. z 68. 7 68. 9 

70. 5 6g, 3 69. I 

70. 0 70. z 70. 9 

66. 9 68. I 69. I 

Monthly mean 69. :i 68. 7 68. 7 

Normal 6?- 3 68. 8 68. 8 

69. 0 69. 7 70. 0 

69. 2 70.5 70. 9 

70. 2 70. 2 70. 8 

69. 2 70. 2 70. 8 

70. 3 69. 0 70. z 

68. 6 69. 4 70. 3 

68. 4 69. 3 70. 7 

68. 7 69. 8 70. 7 
69. 4 69. 0 70. 2 

69. I 69. 5 69. 9 

69. 3 70. 0 7 I. 0 

69. 2 69. 7 70. 2 

69. 3 69. 7 70. 3 

69. 2 69. 6 70. 3 

68. 5 70. 0 70. 0 

67' 4 70. 0 68. 5 
69. I 69. 3 . 70. 0 

69. 0 68. 2 69. 8 

68. 8 69. 0 69. 9 

68. 2 69. I 69. 9 

69. I 69. 5 70. I 

68. 7 69. 3 69. 7 

69. 2 69. 9 69. 8 

69. 0 70. 7 7 I. 5 

69. 7 70. 8 7 I. 6 

68. 8 69. 2 70. [ 

70. 3 69. 7 70. 0 

69. z 68. 8 69. 8 

69. { 69. 6 70. 2 

69. I 69. 6 70. 2 

69. 9 69. 8 69. 4 

70. 9 70. 9 70. 7 

71.0 70.7 70.9 

70. 7 70. l 70: 0 

70. 4 70. 6 70. 6 

70. 5 7 I. 2 70. 8 

70. 6 7 L I 70. I 

70. 7 70. 7 70.4 

70. 5 70. 7 70. 5 
75. 2* 69. 2 71. 6 

71.0 71.3 71.5 

70.6 71. I 70.8 

70. 7 70. 8 70. 5 
70. 6 70. 5 70. 4 

70. I 70. I 70. 2 

69. 3 69. 9 70. 6 

70. 8 68. 7 69. 7 

7 I. 7 68. 5 69. 7 
69. 2 70. 2 70. 0 

70. 0 69. 3 70. 6 

70. 4 70. 0 69. 9 

69. 4 69. i 70. 5 

70.1 70.2 70.2 

72.1 p.2 72.8 

71.9 72.0 72.0 

70. 5 70. 7 70. 2 

70. 2 70. 2 70. 2 

70. 3 70. z 70. 7 

70. 7 70. 4 70. 6 
70. 5 70. 4 ']O. 6 

"' mg t. l_m_ea_n_. _, 

70. 4 
1

1 
70.0 

70.3 

70. I 

70.1 

70. 5 

69.8 

70. 2 

70. 3 

70. 5 
71. 5 

71. 0 

70. 7 

71. 0 

70.8 

70.0 

70.0 

70.7 

69.9 

70.2 

69.9 

70. 7 
.12. 6 I 

I 

77. 3* 

1

. 

70.0 

7 I. 9 

1

1 

70.2 

70. 3 70. 5 i 

72.4 75.0* i 
70. 3 10. o I 
70_ s 70. 8 I 

70.5 

69.4 

70.8 

70.5 

72. 6 76. 4* 73· 3 

69. 7 70. 3 7 I. I 

69. 9 69. 6 69. 7 

10. s 11. 4 I 
70. 2 69. 7 I 

1r. 2 

70. 8 

70. 2 

72. 7 
72.2 

I 
~::; ~~:: II 

70. I 70. 0 , 

72. 2 72. 3 \ 
p..o 71.8 

73.2* 71.7 

70. I 70. I 70. I 

69. 9 69. 9 69. 8 

70.6 70.S 71.2 

70. 6 70. 5 70. 8 

70. I 

7o.3 

70.9 

70.5 

70. I 

70.2 

70.6 

70.3 

70.9 

71. I 

69.9 

70.7 
7o.3 
7o.5 
70.5 

70.6 

70.8 

70. I 

70.0 

70.8 

70.3 

69.7 
70.8 

71. 3 
7r. 6 

70.54 



 

372 UNITED ST.ATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from, the photographic traces oftke unijUar ma,gnetometer at 

Local mean time. 300 divisions + tabular quantity, 

MARCH, l.886. 

10h Noon. 

l 
___ u_a_y_. __ , __ i_h __ :ih __ 3_h ---~~---5h_._6_h ____ }~-~-8ll __ 

70 6 70 " 6 "O 8 70 8 7J " 71 ~ 7 3 ° I .4 ,o. I ·- ·.) . - ·4 74 5 73 I 

2 70.2 70.9 /J.O 71. I 70.9 71.0 73.0 76. 3 ns 76.5* 73·3 69.2 

3 7r. 2 70. 7 70.7 71. 0 67.0* 72.5 7J. 5 74.2 76. 9 73.7 70.5 67.5 

4 70. I 68.8 69.8 70.0 70.0 70.5 72.2 74.8 75. 3 75.7 72 . .7 69.2 

5 70.0 70.0 70. I 70. l 69.9 70.2 70.8 72.6 73- 9 74.7 73. I 69.7 

6 70. 7 70.6 70.8 70. I 71. 7 71. 8 71. 2 72. 2 n.o 73.9 70.7 67.9 

7 71. 0 72.3 73· I 69. 2 69.3 69.7 70.5 71. 3* 75. 5 75.6 73.7* 70.2 
8 69.3 69.9 70.3 70. 5 70. 7 70. 7 72.4 73. 7 75. 5 76.6* 74.6* 71. 1* 

9 70.0 7 I. 3 ;o.o 69.8 70.2 71.0 71.5 74.0 75. 7 74.8 72. I 69.9 
10 68.8 67.0* 70.7 69. 3 70, 9 72. 3 73.6 74.7 74· I 73.3 71. 0 68.3 

I[ 70. 5 7I. I 71. 0 70. 7 71. 2 72.0 72. 5 74.o 75· l 74· I 71. I 68. 7 
12 70.3 69.9 70.2 70.2 70.7 70.8 72. I 73.o 75.5 75.8 74.0* 71. 6* 
13 70. 3 70. l 70.0 7a. 7 70. 2 70. 3. 7r. 9 73· I 73- 3 72.5 71. 0 69.4 
14 70. 5 69. 7 70. I 70.4 70.4 70.7 71. 3 73.0 74. 7 74.2 72.2 69.7 
15 70.3 71. 0 71. 0 71.0 70. 7 7 I. I 72.5 74- 5 75- 8 74.3 'J2. I 69.7 

16 71. 2 jI. 2 73- 3 7 I. 7 72.9 71.8 70.8 70.9• 7J. 9 73.5 69.2 66.4 
17 72.3 66. 2* 71. 0 71. 7 68.3* 70.4 71. 5 73- 3 75-3 75· I 72. 3 6g. 3 
18 72. I 70.6 70.6 69. 2 70. 9 70.4 71.5 74· I 74. 7 74.0 71. 6 67. 8 
19 70.0 71. 2 69.2 69.2 70.4 72.2 73.3 75.8 76.5 70.7* 66. 3* 64.7* 
20 65.2* i3·5* 71.7 7r. 7 73· I 7J. 7 76. 7* 76. I 75.0 72.6 69.3 66.5 

21 69.1 7o.4 71. 0 68.8 70. 8 72.8 73.8 75.9 77· 2 73.7 70.2 67.9 
22 7z.o 7 I. 0 68.8 70.8 71. 0 73.2 75· o·,. 75.9 J3. 9 71. 9 69. l 67.2 
23 69. I 70. 5 71. 2 7z .• o 74. 7* 72.9 7r. 8 72. 3 72.9 72.5 70.0 68.o 
24 70.3 70.8 71. [ 72. I 73.0 70.3 73· I 74.8 76.0 72.6 69.0 66.2 

25 jo.:; 70. I 71. 3 71. 2 72. l 73.2 74.6 75.7 75.0 72.6 69.6 66.5 

26 I 69. 7 69.9 69.9 70. r 70. 7 71. 2 72.0 73.8 75.8 72.4 ()8.8 65.3* 
27 I 70.9 70.2 70.8 67.7* 68. 1* jl.O '13· 6 74· 7 74.7 73. 7 70.2 66.o 
28 70.0 70. 2 70.9 71. 2 7 I. I 72.8 71. 8 76. I 76.0 72. 9 71.9 69.7 
29 72.2 7I. 0 73.0 71. 2 71. 8 73.o 75.1* 77.3* 77-2 74· I 72.0 68.6 
JO 6o.2* 6o.o* 82. 1* 82.2* So. 5* 74.0 74.9* 79.6* 78.0* 70.1* 67.7* 64.2* 

31 68.8 70.6 71. 7 70.0 71. I 69.9 70.0 71. :5* 73.6 72. 5 6g.7 66.8 

Monthly me~n 69.9 70.0 71. 2 70.8 71. I 71. 6 72.6 74.3 75.4 7J. 7 71. 0 68.1 
Nonnal 70.4 70. 5 70.8 70.6 71. 0 71. 6 72. 2 74.3 75.3 73.7 70.9 68.2 



 

UNITED STATES {}0AST AND GEODETIC SURVEY. 373 

DECt:INATION-Continued. 

the 11iagnetic observatory of tlie O<Jast and Geodr:tlc S1irvey, Los Angeles, Oal. 

One division of scale =<>'.794 Increasing scale readings correspond to increasing east declination. 

MARCH, l.886. 

Day. J3h J4h 15h l()h 17" 18h 19h 20h 2l1• 22h 23h Mid-1 Daily 
night. mean. 

l 66.o 66.8 68. 4 6<).7 69.7 69.8 69.8 70. 2 70.2 70.2 70.2 70. 3 I 10. 2 
2 66. 7 66.2 66. 7 68.o 68.3 69.3 69.6 70.4 70.3 70.3 70.2 10. 1 I 10. s 
3 66.o 66.7 68. I 68.9 69.5 69.5 70.5 69. 5 69.3 69.6 71. 7 70. 3 i 70. 4 
4. 66.9 66.7 67. :2 68. I 69.8 70.0 70.0 70. I 70.0 70. 2 70.2 70.2 70.4 

s 67.7 66.7 66.7 68. I 70.2 70.3 70.7 71. 0 70.9 70.8 70.6 71. 3 70.4 

6 
' 

67.3 68.4 67. 2 69.7 69.6 69.4 70.3 70.3 71. 9 70.0 70.5 71.2 70.6 

7 68. 7 68.4 70.4* 70.3 70.4 70.6 70.5 70.3 70.3 70.5 71.6 70.6 7r.o 
8 69.0 68.6 68.2 68.7 68.9 69.0 69.3 69.3 69.7 69. 6 69.7 69,5 70.6 

9 67, 8 67.2 67. 7 68.7 69.2 69.3 70.2 72.5 71.0 69.0 68.2 68. 8 i 70.4 
JO 67.8 67.3 68. I 69.6 70.2 70.2 70.7 71. I 70. 7 70.6 70. 5 70. 5 I 70. 5 

II 66.8 65.8 65. 8 67.0 68.8 69.8 70.2 70. 2 70.0 70.0 70.3 70. I I 70. 3 
66.5 67.3 68.o 69.3 69.6 

I 
12 69.5* 67.5 69.6 70.0 70.3 70. 1 71. 6 70. 6 

13 68.5 67.8 67.3 68.4 68.7 68.8 69.4 69.7 69.9 70.3 70.2 70. 4 I 70. I 

14 67.5 66.6 66.8 67.7 69.2 69.6 69.8 6g.7 69.9 70.7 70.3 70. 3 I 70. 2 

15 67.3 66.7 67. s 67.5 67. I 67.7 68. 7 69.8 70.2 71.3 12.9 11. 6 I 70.5 

16 65.3 64.3 63.6* 64.3* 66.2* 66.7* 68.6 70.2 69.7 71. s 71. 0 72. 5 \ 69. 6 
17 66.3 66.7 67.6 68.8 6g.o 67.7 67.7 69. 7 70.3 71. 6 71. I 71. 5 170.2 
18 66.o 65.8 66.5 66.6 67.2 68.o 69.2 70.0 70.4 75.4* 72.0 70. 4 70. 2 . 
19 "64.2* 66.5 64.8 68.o 67.4 65.8* 70,3 73.2* 72.8* 71. 9 72.2 65.3* 69.7 
20 66.o 67.6 69.0 6g.5 6g.5 69.2 6g.4 69.0 68.7 69.2 70.7 70.3 70.6 

21 66.4 65.8 66.4 65.5* 70.7 69.4 69.2 70.0 70.3 70.2 68.7 69.5 70.2 

22 65.3 63.8* 64.2* 67.9 6g.2 68.4 6g.8 69. 2 6g.o 70.9 69.5 12. o I· 70.0 
23 67.0 66.1 67.5 fig. I 70.2 70.6 70.1 70.0 70.0 72.2 69.9 jO. I ' 70.4 

24 64.8 64.8 66.4 68.o 69.7 70. I 70.0 6g.o 69.2 70.2 6g.4 71. I 70.1 

25 64.1* 63.8* 64.7 66.6 69.0 69.0 70.1 69.8 70.7 69.3 69.6 6g.6 69.9 

26 62.5* 63.0* 64.8 66.5 67.2 68.7 69.2 6g.2 70.6 71. 6 71. 2 71.2 69.4 

27 63.4* 63.7* 6+ 8 66. I 67. I 67.9 68.5 68.9 69.0 70.1 69.8 70.2 69.2 

28 67,8 67.7 67, I 67. rJ 68.8 71. 0 70.2 70. 7 70.9 71. 2 71.8 72.2 70.9 

29 66.2 66.1 66.4 67.9 70. I 70.2 70.9 70.6 70.2 70.8 6g.8 69. I 71.0 

30 64.2* 61.8* 67. I 72 .. 5* 67.8 70.8 68.8 8o.o* 70.9 70.4 70.4 6g.6 7I. 2 

31 66.o 64.1 63.8* 67.2 68.3 72.7* 72.5* 71, I 74.7* 70.7 66.4* 71. 7 69.8 

Monthly mean 66.4 66.1 66:7 68.1 68.9 6g.3 6g.8 70. s 70.4 70.7 70.4 70. 4170.30 
Normal 66.8 66.6 66.8 68. I 6g.o 6g. 4- 69.7 70.0 70.1 70.5 70.5 70.6 



 

374 UNITED STATES COAST AND GEODETIC SURVEY . . 

DIFFERENTIAL MEASURES-

Hourly readings from the photogniphic traces of the unifilar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

APRIL, 1886. 

Day. P· 2h 3ti 4h 5h 6h 7h Sh 9h 10h llh Noon. 

69.8 62.6* 70.0 70.3 70.3 71. I 72.7 73-4 74.0 72. 9 69. 6 68.o 

2 70.'2 69.2 71. 9 7r. 0 70.7 71. 5 73.6 75.5 77.1* 75. 6* 72. 5* 68.5 

3 71. 2 71. I 7r. 0 70. 7 70. I 71.0 73. 8 75. I 75.2 72.0 69. 7 68. [ 

4 70. 2 70.7 71. I 7I. 0 71. 2 72.6 75.3 76. 7 78.2* 76.3* 72. 1* 69.3 

5 69, 6 j0.2 70. 5 70.6 70.9 72. 6 74.6 76.2 73.9 7r. 2 70.3 68.4 

6 70. 7 7 I. [ 71. 3 71. s 72.2 72. 9 75.1 76.0 75.2 71. 9 6g. 5 67.5 

7 74.2* 73. 7* 73.8* 72.6 72.6 73. 5 74.9 76.2 73.3 70.8 69. l 68.4 

8 70.0 70.2 7o. 5 70.7 7I. 7 72.9 75.3 75· I 74.2 72.2 70.8 70.0 

9 69. f, 70. I 70.2 70.5 70,7 72. 2 73.7 74.5 72.5 70. [ 68.6 67.6 
[0 6g. 5 69. 7 69. 9 70. 5 7 I. l 73· I 76.0 76. z 73. 7 70.8 68.8 68. '7 

11 69.3 69.7 70.0 70.3 71. 2 73.2 76.0 77.0 77.0* 73.4* 70.0 69.0 

! 12 70. 8 74. I* 73.6* 70.9 70.9 73.8 74.8 74.2 73-3 65.8* 65.0* 66.5 

13 70. 7 74- 3* 74. 1* 73· I 72. I 73.2 71. 6* 69.0* 69.3* 68. 8 67. 7 6;r.s 

14 71. 2 71. 7 78.0* 74.7* 74.5* 74.7 72 -9 72.8 74.0 70. 5 68. I 65.7 

15 jz.9* 70. 7 72.7 73.0 74.7* 74.9 74.2 74.8 72.6 6g.8 67.9 68. 7 

16 71.8 69.5 71. 8 71. 9 70. 5 72.7 74. I 73.0 70.5* 69.0 67.6 67.5 

17 69. 2 71.0 70.9 70.7 71. 6 73. 5 74.9 75· I 73.8 70.7 66. 2 65.3 
18 71. 9 70.3 71. 9 71. 0 11.2* 69. 2* 72.6 72.2* 71. 9 70.J 65.4* 64.8* 

19 69. 8 70.5 71, 3 72. 7 71. 6 71. 2 73.3 73.3 72.0 70. 2 66.6 64.3* 
20 71. 0 71. 6' 70.9 71. 5 71. 9 72.7 73.8 75.0 72.7 70.z 67.6 66.3 

21 69.9 69.9 70.4 70.9 72.2 72.5 74.6 73.7 73- 5 71. 7 68. 7 65- 6 
2.Z 70.4 70. 2 70.5 71. 8 72,3 72.9 73.8 75.2 73.6 71. 2 68.6 66.6 

23 70. 5 70.6 71. I 71. 6 72.3 73- 7 74.4 74.5 72.4 6g.8 68.2 68.3 

24 70.4 70. 2 70.7 71. 0 7r. 7 73.3 74.6 75.5 73.7 70.1 66.9 66.2 

25 69, I 69.8 70.0 71. 8 71. 7 74.5 76.0 77.2 75.7 72.4 69.0 67.6 

26 69. 7 69.7 6g.9 69.6 70.0 71. 7 72.2 73.1 73.5 6g.5 67.2 67.8 

27 69.3 69.3 70. 7 'JO. 2 72.7 72.7 73.7 74.2 72.3 69.3 68.9 68.7 
28 ';o. o jO. I jO. I 70.8 72.0 73- 8 76:0 76.3 13· I 69.7 67.5 67.3 
29 69. 8 69.7 70.2 71. 0 71. 8 74.0 75. 8 76.2 74.3 71. 8 70. 7 69.7 
30 ';0.0 70.0 70.3 70.3 71.5 73.4 74. 5. 76.0 74.0 70.7 67. 2 65.9 

Monthly mean 70.4 70.4 71.3 7I. 3 71.8 72.8 74.3 74.8 73.7 71.0 68.5 67. i 
Normal 70. 2 70.3 70.8 71. 2 71.5 73.0 74.4 75.1 7J. s 70.7 68.5 6';. 7 



 

UNITED STATES COAST AND GEODETIC SURVEY. 375 

DECLINATION-C1>ntinued. 

tlie magnetic ob8ervatory of the OO"ast and Goodetic Survey, Los Angeles, Cal. 

One division of scale =p'.794 

---

Day. 131! 14h liJh 

I 67.9 68.o 69. I 

2 66.4 65.7 66.8 

3 67.3 66.9 67.8 

4 67.4 66.3 67.2 

5 67.4 67. 3 67.6 

6 67. 3 67.7 67.8 

7 67. 6 67. 6 68.o 

8 68. 5 67.2 67.8 

9 66. 5 66.4 66.7 
IO 68. 7 67.4 68.4 

II 66.7 65.7 65. I 

12 67. 7 66.2 66.4 

IJ 67. 7 67.4 66.8 

14 66. I 68. 5 67.4 

rs 68.o 67.5 68.8 

16 68.6 68.3 69.6 

17 64.9 64.1" 65.6 

I3 63. i* 66. 0 65.3 

19 62.7• 63.9* 64.9 
20 66.6 64.7 64.3* 

21 64 7* 64.2" 65.5 
22 66. 8 66.7 67. I 

23 68. 7 68. I 69.3 

24 66.o 66.3 67.2 

25 67.2 66.8 67. 7 

26 69.3 69.0 68.3 

27 6& 2 67.6 68.2 

28 68. 2 67. 5 67.5 

29 68. 9 68.4 68.4 

JO 66. 2 66. 7" 67. 5 

Ill ontbl y mean: 67.0 66.S 67.3 
Normal 67.4 67. [ 67.4. 

Increasing scale readings correspond to increasing east declination. 

APRIL. 1886. 

-·-------------- --

1011 17h 18h 

69.0 70. 7 71. 4 
68.6 70.3 70. 2 

68. 8 70.0 69.3 
67. 9 69.2 69.2 
68. 6 69.6 70. 7 

68.o 70.2 70.4 
68. I 69.0 69.6 
68. I 69. I 69. 7 
67. 2 6S.2 69. '.! 

68.5 69.0 69. 2 

67.4 67.7 67. I 

67.6 67.5 6g. 7 

l7. 7 68. 7 6g.6 

71. 6* 69. 3 70.5 
67.7 69.3 70.0 

69. 7 69.3 69.8 
66.9 68.5 68.4 
68.8 67.9 67.0 

65. 7 68.7 6g. 3 
67.2 68.3 74.3* .. 

67. i 7L I 68.9 
68.7 69.2 69.0 
69.6 69.0 68.3 
66.4 68.5 68.2 

68.3 68.7 68.5 

68.o 68.3 68.2 

~2 69.5 69. 5 
67.9 69.3 69.3 
69- 3 6g.3 71.6 

68. 2 68.3 69.3 

68. z 6g. I 6g.5 
68. I 69. I 6g.4 

- -- ------ -- ---------

HJh 2011 2th 
---------------

-'>~:--:;~. !\.1ici-:- -ua~] 
,;;.J.,. - n1ght. 

1 
mean. 

------- ----
61J.6 70.9 70.9 
69.8 69.9 70. I 

69.3 69.3 69.4 
69.5 69.2 69.3 
70.7 70.7 70. 7 

70.5 70.4 70. 7 
70.4 71. 2 /0. I 

70.0 70.0 69. 8 

69.5 69.6 69.4 
69. 2 69. I 69. I 

67. I 68.2 74.2* 
67. 3 74.3* 71. 3 

67.7 68.3 77. S* 
75.o* 76.7* 73.5* 
]t. I 70.9 68.9 

69.7 68. 7 70. I 

68.6 71. 2 73.3* 
68. 7 68.9 69. 2 
69.2 68. 9 69. l 

70. 5 67.8 iI. 7 

68.9 70. 5 69.5 
69.4 69.7 69. 5 
68.5 68.8 69. 2 

67.9 68. I 68.7 
68.7 68.6 68.7 

68.8 6g.2 68. 7 
6g.9 69.3 69.6 
6g.o 68.7 69.2 
68.6 68.6 69.5 
70.2 76. 2* 68.6 

6g.4 70. I 70. 3 
69. 2 69.4 6g. 7 

7 o. 5 67. 8 

7 
6 
0.2 70.3 

9.3 69.7 
9.7 70.2 
0. 7 7r. 5 

6 

7 

7 
6 

O. I 70. 7 
9.S 69. 7 

9. 7 69. 7 

9·4. 69.3 
9.0 69. I 

6 

6 
6 

7 
7 
7 

7 
6 

0. I 70.0 
0.7 69.7 

5.8* 72.7* 
0.7 65.2* 

8.2 70.5 

6 8. I 

7 0.2 
6 9.3 

7 I. i 
6 

6 9· I 

9.5 

9.6 

6 
6 

7 I. 2 

6 ~.8 

6 9.2 

7 0.0 

6g.4 

6g.5 
8. 5 6 

6 
6 
9.9 
9.7 

70. 6 
70.2 

74.2" 
70. 2 

70.3 

69; 5 

69.2 
69. 6 

72.4 
69.2 

69- 2 

70. 7 

71. 5 
70.2 

68.6 

70. I 

70.0 

70. 7 i 
I 

70.0 

7o. 9 i 70.7 
70.1 I 7°· 3 
71.4 70.9 
7r. 2 70.6 

72.6 70.9 
69.9 jI. 0 

69. 7 70.5 
69.3 69.6 
69. I I 

! 
70.2 

I 
11. 8 I 70.3 
69. 7 I 70. I I 

11. 6 I 70.6 

75. 7*: 71.6 

71. 5 70.8 

69.6 70. [ 
71. 2 69.8 
70.7 69.4 
72. '2 69.3 
69.8 70.0 

68.9 69.7 
70.3 70. I 

69.8 jO, 2 

69. I 69.8 
69.7 70.2 

69.3 69.6 

70.7 70.2 

70.7 70.2 

70.9 70. 8 

69. 3 70. I 

70.6 70.25 
70.4 



 

376 CJNITED STATES OOAST AND GEODETIC SURVEY •. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the unifilar mhgnetomete,. at 

Local mean tiihe. 300 di;isions +tabular quantity. 

MAY. 1886. 

Day. 2h (jh !)h lOh llh Noon. 

------1-------~ --------· 

2 

3 
4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 
14 

15 

16 

17 
18 

19 
20 

2I 

22 

31 

Monthly mean 

Normal 

71.2 

69.7 
69. l 

69.7 
69. I 

73.2• 
69.0 
69.2 
68.3 
68.9 

71. 9 

72.0 

69.7 70.1 70.2 
69.1 69.6 70.0 
69.7 70.0 70.2 
76.2* 74.0* 68.4 
70.7 70.2 71.9 

69.0 t;6.o<> 68.3 

70.7 70. I 68.8 
69.9 68.o 72.5 

69.3 71.2 72.3 
71.4 71.6 72.3 

70.8 69.3 70.3 
70.3 71.2 73.4* 
73. 2* • 72. 2 70. 6 

68.7 69.3 69.8 
6~.7 69.3 71.2 

7.2. 5 

6g.7 
70.0 

69.7 
70. l 

71. 3 
70.2 
70.2 

71. 3 
69.8 

73.8* 
70.2 
70.6 

70.7 
70.3 

70.2 70.0 69.2 
72.2 71.3 71.7 
69.7 70.0 70. I 

68.7 72.0 71.3 
69.7 69.7 70.2 

69.7 68.7 70.2 

70.3 70.2 70.6 
70.0 70.1 70.4 

7 I. I 

72. 3 

69. 7 
70.7 
70. I 

'13· 7 
71. 4 
68. 1* 

71. 0 

71. 2 

74.2 

73.7 
72. l 

72·3 
72.6 

71.0 72.7 73.6 
70.3 70.6 72.7 

70.3 7~ I 73.5 

71.8 72. 7 74.3 
72.7 67.9* 72.8 

70.8 72. 6 74.3 
70. 6 ]2. I 7 3· 3 

71.0 71.0 72.21 

73.6* 71. 2 73.5 
72.5 73. 2 73.4 

70.7 72.2 74.8 
75.6* 75. 3* 76.9* 
69.8 71.6 74.7 

69.7 71.3 73· I 

72.2 73.~ 74.9 

72. 7 74. 2 

70.3 70.9 
71.0 71. 8 

71.5 7J.2 
70. 8 71. 0 

75.5 

73.8 

73.3 

75.2 

72.5 

71.4 71.2 74.3 
71.3 68.2* 75.7 
69. r 71. S 73·7 
70.7 72.2 75.2 
70.7 71.2 72.0 

7r.5 72.1 74.5 

71.2 71.7 73.8 
71.0 72.0 73.7 

76.3 
75. 3 

74.5 
72. 6*; 

74.6 

76.2 

74.9 
76. 5 
74.0 

73· I 

77-3 73-9 
72.3* 74.0 
75.0 74.5 
73.3 72.0 
75.2 72.8 

n.3 u.6 
74- 9 72. 5 

76.8 75.0 
7J. 5 68. 7* 
71. 2* 70. 2* 

74. l 74.6 73. I 

73.7 74.6 70.3* 
75.2 75.2 72.6 

74· I 70.7* 70.5* 
74.8 74.1 72.3 

77.7 77.3 75.3 
79. 8~· 78. 2* 75. 4 
77. I 76.4 74.8 
75.8 76.6 73.3 
78.0 78.9* 78.1* 

77~6 

75. 3 
74. 7 
76.0 

74.8 

79. 7* 72. 3 
78.0* 74.0 
73. 2 71. 0 

76.0 73·9 
74.1 71.8 

76.9 76.8 75.5 
76. 6· 79. 8* 72. 5 
75.7 75.6 72.6 
76. 5 76. I 72.8 
72. 9* 73. 3 72,; 9 

76. 7 76. 2 7J. I 

75· 6 75.6 73· I 

75.6 75.4 73.4 

7o. 5 
70. 7 
70. 2 

68.7 

71. 3 

66.5 

65.9 
69.4 
67.2 
68. 7 

72. I 68. 6 

6g.5 67.5 
71. 0 66. 9 

66.4* 66.5 
67.8 67.1 

65.0 

65.3 
67.5 
66.4 

65.9 

66. 5 
67.0 
61. 9* 
66. 7 

66.7 

69.4 67.7 68.o 
68.o 66.6 65.0 

71.4 67.6 66.o 
69.7 68.2 66.7 
70.5 69.7 68.3 

71.7 68.5 65.8 
70.8 66.o 63.8 

68.4 65.4 64.7 
71.6 67.8 64.3 
73. 1* 67.8 65.9 

67.7 
70.9 
69.2 

71. 3 
6g.o 

64.6* 64. 2 

67.8 66.o 

67. I 66.5 
66. I 66. 9 

67. 7 67. 0 

69.6 69.4 68.2 
67.5 66.9 66.6 
68.8 65.6 66.o 

70.3 67.5 67.0 
71.7 67.8 65.6 

7-0.2 67.2 65.3 

70.0 67.3 66.o 
7-0.0 67.4 66.2 



 

UNITED STATES COAST AND GEODETIO SURVEY. 377 

DECLINATION-Continued. 

the magnetic obsenJatory of the O<>aat and Ge<>detic Survey, Los Angeles, Oal. 

One division of scale= o.'794 Increasing scale readings correspond to intreasing cast declination. 

Day .. 13h H_h 15h 

I 66. 2 67. I 68.2 
2 66. 6 67.8 68.2 

3 67. I 65.9 67.2 

4 66.8 66.5 67. I 

5 65.4 64.9 65.7 

6 65. 7 65. 8 67.0 

7 66. 7 66. 7 67.5 
8 61. 2·>- 57. 8* 57. 2* 

9 65.9 67.3 66.2 
10 67.5 67. 6 68.o 

II 66.5 67.6 66.7 
12 G6. I 67. 3 68.2 

13 67.9 68. I 68.3 

14 66.5 66.3 67.6 

15 67.7 66.o 68.o 

16 65.3 66.3 66. 2 

17 61.5* 64.0* 65.3 .. 
18 64.3 66.4 68.4 

19 64.7 66. 7 67.3 
20 65.4 65.9 66.8 

2l 62.9* 65.7 67.0 
22 66.2 67.2 68.3 

23 65. 5 66. I 66. 7 

24 67.2 68.3 68.3 

25 66.9 67.8 69.5 

26 67.8 68.o 68. I•. 

27 66.o 66,8 68. l 

28 65. 7 66.4 67.7 
29 67.6 67.6 67.9 

30 65.9 67. I 68.3 

31 65.6 65.7 66.3 

Monthly mean 65.9 66.4 67. I 

Normal 66.3 66.8 67.5 

MAY, 1896. 

mi. 171\ I Sh l9h 2Qh 2\h 

68. 9 6g.6 70.3 70.6 71. I 73.6* 

69.5 70.2 70.2 70. 5 70.6 70.2 
67.7 68.2 7o.7 69.7 68.1 67.6 
67.7 68.9 6'). I 69.0 68.3 68.o 
66.6 68.3 69.0 69. 2 6S.o 68.1 

68.2 69.5 69.3 69. 3 69.4 69.0 
68.7 69.7 6g.7 69. 3 6<}.2 69. 2 

61.0* 57.5* 61.8* 64.0* 60.7~ 73.9* 
65.8* 68.I 67.6 68.3 73.4* 70.3 
67.4 68.5 68.9 "''!+ z* 70. 4 70.3 

67. I 67.0 70.3 70.4 6g.1 69.7 
6g.5 69.4 69.0 69.5 . 71.0 7r. 3 
69.3 69.6 72.3* 71. 6 70.3 72.2* 
67.2 69.2 67.3 67.7 71. 3 69.3 
68.7 70.3 6g.3 6g. 2 71. 2 .69. 7 

67.2 69.2 70.0· 6g. 6 68.9 68.7 
68.9 69.3 72.3* 6g.o 72.5* 68.o 
68.7 70.5 69.8 69.2 69. I 70. I 

68.7 70.2 70.8 70.2 69.2 69.0 
68.8 6g.5 68.9 6g.3 70.7 72. 7* 

6g.2 70.3 70.7 6g. 7 72.2 70.6 

6g.5 70.0 70.9 70.8 69.9 70.2 
67.8 69.3 69.3 6g.2 6~. I 6g.o 

6g.2 69.3 6g.3 6g.3 69. 7 69.8 

6g. 7 69.7 70.3 6g.4 69.8 69.4 

68.6 69. I 69.7 71. 6 70.3 69.3 

67.9 67.7 67.8 68.6 .69. I 6g. I 

6g. s 70.8 70.8 69.3 70.9 72.4* 

.68.3 69.5 70.0 70.5 6g. I 69. I 

6g.6 70.6 70.3 6g. 7 6g.o 6g.7 

67.9 69. I 6g.7 6g. 9 6g.6 69.8 

68.2 69.0 69.5 6g.6 69.7 70.0 

68.5 6g.4 6g.6 6g.6 6g.8 6g.4 

22h 23h 

71. 7 71.3 
70.2 71. 0 

67.9 68.7 
68.2 68.3 
68.2 68.5 

68. 5 69. I 

69. 3 69.4 
75.2* 73. I* 
68. 7 68.3 
70. I 72.0 

68. 9 71. 7 
. 70. 3 69.8 

70. I 70.3 

69.3 66.4• 

69. 3 70.0 

69.9 7r. 0 
6g.3 69. 2 

69.3 67.4 
6g.2 69. 3 
71.9 71. 2 

69. 7 70.3 
69.7 69.6 

6g. 5 70.7 
6g. 3· 69.6 
6g. 7 6g.8 

6g. I 69.7 
6g.2 69.7 
70. 6 69.7 
6g.4 73.o* 
70. I 69.7 

70.0 69.9 

6g. 7 69.9 
6g.6 69.8 

~ 1id- Daily 
ght. mean. ni 

7 

7 
7 

O. I 7I. 0 

0.9 70.3 
o.6 69.5 

6g.2 69.1 
9· I 6g.2 6 

6 8.9 70. I 

9.6 69.7 
0.7 67.8 
0. I 69. 7 

O. I 69.9 

6 

7 
7 
7 

7 0.2 69.7 

7 
7 
7 

6g. 7 69. 8 

I. 0 70. 6 

2.3 69.6 
0. 2 70. 6 

7 
6 

O. I 70. 3 

7. 3* 70. 6 

9. 0 70.0 

9. 7 6g. 8 

6 
6 

7 

7 
7 
7 

7 
6 

o. 3 71. 0 

0.2 10.6 

o. 0 70.4 
o. 8 69. 6 

o. 2 70. s 
9. 8 70. 0 

6 9· 7 70. 6 

9. 6 70.0 6 

7 
6 

6g. 9 70. I 

I. 4 70. 6 

8. 7 69. 8 

7 o. 5 70.0 

7 

7 

o.o 1--;-~ 
0. I ) 
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Local mean time~ 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 
14 
15 

16 

17 
18 
19 
20 

21 
22 

23 
24 
25 

26 

27 
28 

29 
30 

-----
Monthly mean 

Normal 

UNITED STATES CO.A.ST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the phoiographic traces of the vnijilar 111agneto1neter at 

71. I 71.2 70.6 
69.8 69.9 70. I 

70.2 70.0 70.0 
73. 1* 72.0 72.0 
69 ' 67 8 71 8 •.) 

70. z 70. [ 70.0 
69.6 69.3 67.8* 
70. I 70.5 70.9 
70. l 69.9 jo. 2 

70.0 'jO. I 69.8 

69. 7 6g. 7 70. l 
72.2 71. 2 7 r. 7 
70.3 70.8 7 I. 2 

70.0 68. 5 71. 5 
;o.6 72. 5 iJ. 9t' 

70. I jO.J ;o.6 

72.0 7r. 5 j2.3 

70.6 70.2 jO. Z 

70. 2 70. I 69. 7 
69.6 70. I 70.3 

70.0 69.9 70. I 

70.0 70. 5 70.9 
69.3 69. 7 70.2 

70.4· 70. I 69.5 
69.2 69.2 70.9 

70.8 72.3 70. 5 
70.8 70.3 69.7 
70. 7 68.6 70.8 
70, I 6g.S 6g.4 
72.4 71. 0 72. 2 

70.4 70.2 70.6 
70.3 70.2 70.6 

.JUNE, l.886. 

(jh 

71.6 71.5 72.6 
70.5 71. 2 73.2 
70.2 72,2 73.9 
73.2 74.2 74.2 

74 8* ~2 4 75 2 I 

70.5 72.4 H·7 
70.8 72. 2 74. I 

71. 6 69. r* 74. I 

70.7 7r. 7 73. I 

70.9 ,.. 3 73.8 

70.7 71. 7 72.8 

71. 9 74.9* 77.0* 

71. 6 71, 7 74.3 
72. I ·12. 6 73.o 
71. 7 71. 2 p .. 7 

70.8 7r. 3 12.8 

72.5 73.2 74.7 
71. 7 73. [ 72.2 
70.1 71. 6 74.7 
7r. () 71. 4 72.3 

70.6 72.4 73.7 
70.6 7r. 0 73.7 
71. 5 72.5 74.1 
6g.o 72.0 i4.8 

71· 9 72. 3 74.4 

70.3 7r. 7 74.0 
7!. I 70.3 73.8 
7r. 6 72.7 74. 7 
70.0 71.8 74. 2 
70.3 75.0* 77.6* 

71.2 72. I 74.0 
jl. I 72.0 73.8 

300 divisions+ tabular quantity . 

7h 8h 9h lQh 11"· N<><>n. 

----~--~ 

75.0 75.6 74. I 72.0 67.3 65.4 

74.9 74.9 72.8 70.2 68. I 66.o 

75.5 76.2 74.8 70.8 70.3 68.4 
76. I 74.8 72.2 69.7 67.7 65.3 
77 I 77 0 72 9 ·4 

73. 2 75.3 74.3 73.3 70. 2 6g. r* 
76. I 73.8 72.6 70.3 68.4 66.5 

74.7 75.7 74.3 72.5 69.6 67.3 
74. 2 74.2 74.3 70.7 66.8 65.0 

75.5 76.0 74.2 70.8 66.9 65. I 

73.5 73.1 71. 6 70.7 67.8 66.8 

75.7 75.3 67.8* 69.7 67.1 65.3 

75.0 75. l 72. 7 68.6 66. 8 65.5 
74. 2 73.1 71.0 69.7 66.5 64.6 
73. 7 72.8 71. 2 70.I 68. I 67.2 

74.0 74. 5 72.3 70.5 67.7 65.8 
76.0 75.2 74. I 72.3 70. I 69.2* 
75.2 75.5 74.4 72.7 69.2 67. 8 
75.5 76. 3 74.0 71. 8 69.6 67.7 
73.9 75.6 74.6 71. 2 69.7 6g. I* 

74.7 73.2 72. 7 70.3 67.2 65.0 
7J. 8 75.8 73.7 70.7 67.8 64.4 
74· I 70.9* 7 I. I 6g.8 69.5 68.2 
76.2 74.9 74.4 69.7 68.5 68.3 
75.8 74.6 ns 71. 9 69.2 68.o 

75.0 72.6 71. 8 69.6 68.6 69. s* 
.75· I 74.3 69.6* 66.8~· 64.8* 64.6 
76. 7 76.1 73. 7 70.8 68.7 66.7 
.76. 5 77- 6* 11. s• 72.5 67.3 67.0 
79.2* 76.8 76.3* 71.0 67.2 65.3 

75.2 74.9 73.2 70.7 68. I 66.6 
75, I 74.9 73.2 70.9 68.3 66.2 
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DECLINATION-Continued. 

the magtietia observatory of the Coast and Geodetic Survey, Los Angele8, <Jal. 

One division of scale=0'.794 

J 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

I2 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

26 

27 

28 

29 
30 

Monthly mean 

Normal 

' 

64. 5 63. 9 65. 7 

65. I 65. 8 67. 0 

68.2 67.8 68.4 

64. 2 64. 7 65. 7 

63. 9 6+ O 65. I 

67.3 65.3 66.9 

65. 0 64. 7 66. 0 

66. I 65. 3 65. 8 

66. 0 66.'5 67. 6 

64. s 65. 5 66. 9 

67. s 69. 3* 69. 9* 

6z. 4* 64. S 66. S 

64.3 66.9 67.8 

64. s 66. l 67. 9 

66. 3 66. 6 68. ~ 

64. 2. 65. 2 66. 5 
67.6 66.6 66.6 

67. 7 67. 2 68. 3 . 

67. I 66. 2 66. 9 

68. I 67. 4 67. 8 

63. 9 64. 4 65. 0 

63. 2* 66. 9 69. 7* 

68.o 67.7 67.7 

67. 0 66. 8 68. 7 

69. l* 69. 8* 69. 3 

69.9* 69.0* 67.9 

65.2 66.o 67.1 

66.7 68.o 69.2 

68.! 65.8 65.3 

65.3 64.5 66.7 

66.o 66.3 67.3 

66.o 6). 9 67.1 

Increasing scale readings correspond to increasing east declination. 

JUNE, l.886. 

:Mid- i Daily 
night. ! mean. 

-------1--
68.o 69. 3 

68. 8 jO. I 

69.0 69.5 

65. 8* 66. 7 

64.6* 68. 0 

70.3 

70.2 

69.5 

67.7 

69. 7 

66. 7 68. 2 69. s 
67. I 66. 2~' 67. 7 

66.7 67.3 70.::: 

68. 9 69. 6 69. 7 

67.4 68. 3 68. 2 

6<). 7 69. 2 68. 7 

67. 7 68. 2 69. 7 

6S. 0 6S. 2 68. 7 

69. 0 69. 6 69. 2 

69. 0 69. 7 69. 9 

68. I GS. 5 69. 3 

67. 5 68. 8 70. 4 

68. 8 68. 8 69. 0 

68. 7 69. 3 69. 7 

68. 9 70. I 70. 3 

66.2 

70. 2 

69.5 

69.2 

70. 2 

67.9 

68.9 

69.3 

66.4 

66.7 

68. I 

68. 3 

67. 3 67. 9 

7I.3 71.0 

70. 7 70. 9 

69. 7 70. 8 

69. 2 73· 3* 

68.9 69.9 

69.4 69.3 

69.7 6<). 5 

69.2 67.6 

68.o 68.2 
-·-

68.9 6g.5 
69.0 69.4 

70. 2 69. 9 72. 0 

jO. 2 69. 9 70. I 

68. 8 68. 5 68. 4 

74. 8* 67. 1~· 68. 5 

69. I 6i·5 68. 7 

74. 8* 72. 0 /I. 0 

70.3 69.3 68. 5 

69. 9 68. 7 70. 2 

69. 6 69. 3 69. 8 

69. s 72. 2 69. 3 

68. 2 67. 8 · 6S. 2 

69. 7 70. 9 /0. I 

71.1 71.8 71.2 

70. I 69. 3 69. 3 

69. 5 70. 5 69. 6 

68. 3 69. j 69 I 

6<). 5 68. 7 69. 5 
68.8 69. 7 ;o. I 

70. 2 6<). 7 69. 3 

69. 4 69. 2 68. 0 

6S.9 

71. 2 

68. I 

71. I 

70.3 

68.9 

6g.3 
6g. I 

72.4* 

69.6 

70.0 

6g.6 

70. 7 71. 5 

69. 7 70. 3 

68. I 69. 5 

74. 8* 72. 0 

72.0 70. 7 

72.2 69. 7 

68.7 69. 5 

69.2 69.9 

71. 3 72. 3 

70.4 71. 7 

70.0 69. 9 

69.9 69.9 

70. 3 70. 0 

70. 9 70. 5 
69. 2 70. 4 

69. 6 69. 3 

69. 0 69. 8 

1 
69. 7 i 70. I 

~::: I ~::; 
68. 8 ' 69. 9 

70.1 69.6 

71. 0 70. 7 68. 3 70. 6 

7 2. 2 71. 5 69. 2 69, 6 

70. 7 69. 8 70. 7 70. I 

69. 7 69. 5 69. 8 69. 9 

68. 9 68. s 69. 7 69. 8 

68. 9 72. 7 75. 70. 2 

69. 2 69. 8 68. 0 69, 9 

69. 6 70. 6 6S. 7 70. o 
69. 7 71. 0 72. 2 69. 8 

69. 5 69. 6 70. l 70. 2 

72.0 71.6 70.2 69.7 

72. 2 74. 2* 70. 6 71. 0 

69. 7 69. 4 69. 7 70. 4 

6<). 2 69. 6 69. 5 70. 3 

68. 7 69. 3 69. 7 70. 2 

70.0 

70.I 

69.7 

70.7 

69.3 

72. I 

j2.0 

69.3 

70.2 

69.4 

70. I 

70. I 

7i· z* 71. 7 

69. 2 69. 4 

69.8 

70.2 

70. I 

70.8 

71. 0 

71. 0 

70. I 

69. I 

71. 8 

71. 0 

70.2 

68.7 

72.9* 

70.6 

70.2 

71. 2 70.7 
71. 0 69.5 
jO. I 70.5 

70.3 70,5 

70.1 l-~ 

70. 21 70. 18 
70.0 

I 
I 



 

380 UNITED STATES COAST AND GEODETIO SURVEY. 

DIFFERENTIAL MEASURE~ 

Hourly readings from, the plioto_qraph ic traces of the un.ijilar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

JULY, l.886. 

Day. lh 211 3h 4h 5n 6b 7h gn !)h lOh Uh Noon. 

--

I 68.2 67. 5* 70.8 72. 2 72.4 74.3 78. 2 77· I 76.4 71. 3 68.6 65.9 
2 70.6 70.6 69.8 70.0 71. 8 74.5 78.8* 77. 2 74-·5 69. 8 67.1 65.8 

3 69.4 6<).3 69.9 71. 0 70. 9 74.5 76.1 n.8 75.2 72. 2 66. 5. 65. I 

4 70.8 70.4 70.7 72.0 71. 8 74.0 76.7 78. 8 76.7 70.8 68.2 67.0 

5 70.2 70. 2 6<).7 71. 0 72. 2 73· 2 75. 3 75.8 74.5 70, I 66.8 64.5 

6 69.8 69.7 70.7 70. I 72.0 74• I 74.8 76.2 74- 8 71. I 68.1 65.2 

7 70.0 70.4 70. 8 70.9 71. 9 73.2 75· t) 76.3 75· 2 72. 2 69.3 67. 2 
8 70.9 71. 9 7i.. 2 72.3 73. 7 7 5· I 77-1 76. 8 75.7 7J. 5 70.3 67. 2 

9 70.9 71. 3 72.2 72.2 75. 2* 75.2 77.0 79.4* 72. 9 71. 9 69.7 67.9 
' IO 72.9* 70. 0 72. 8 72. 2 72. 8 74.7 76.2 79.0* 76.0 72.2 68.2 65. I 

II 67.7 70.2 70.2 71. I 72.2 73. g 74.8 75.2 74.7 70. 5 67.0 66.o 
12 70.3 70. 5 71. 0 71. 9 72. 9 75.2 76.3 77.2 75.1 70.0 67.5 65.0 

13 70.3 70.6 71. 0 71. 2 72.0 73.9 75.o 75.0 73-4 69. 8 67.3 67.0 
14 70.6 70.9 70.3 69. I 73. 5 74.2 76. I 71. o* 70.3* 67.0• 65.7* 63.6* 
15 69.6 70.5 72.4 72.2 72. I 75.0 75. 3 74· I 72. 1* 70. 7 69.6 69. 2* 

16 72.5* 70.0 72. 2 72.7 74.5 74.4 76.3 76.6 75.8 69. i! 66.7 65. 3 
17 69.9 70.3 70.5 71. 8 70.6 7J. 4 75· I 74.7 74.0 71. 3 67.9 65. 5 
18 70.8 70.3 71. 3 72·3 7J. 5 75.o 76.6 74.6 7J. 8 71. 0 68.4 66.8 

19 69.7 69.6 69.2 69.3 7I. 7 71. 9 72.9* 75.5 76.2 73.8* 68.4 65. 5 
20 70.8 69. 5 69.7 71. 0 69.7 70.4* 76.8 76. 3 75.4 73.2 7 r.'5* 69.3* 

2] 68.2 67.8 69.3 7I. 8 71.0 73.0 73.4 75.4 75.5 72.0 ·68. 8 67.5 
22 69.4 68.9 6<).2 70.8 70. 9 73.2 75.4 78.0 76.6 74.5* 70.3 69.0* 
23 68.8 70.5 72. I 72.3 71. 6 73.6 75. 5 76.8 75.6 72. 3 70.0 67.9 
24 70.0 70.4 70. 2 71. 0 71. 8 73·3 74.2 75· 5 73.2 69. I 67.2 04-9 
25 70.2 70. 5 68.5 70.3 71. 5 72. 7 75. 6 77.8 76.5 71. 7 68.8 66.7 -
26 6<).9 69.8 70. 2 70.5 71. 3 74.2 76.6 76. 6 72.9 69.1 67. 8 67.2 

27 71.8 71. 8 70.8 72.5 72. 8 75.9 78. s• 78. s 76.1 71. 0 70.2 65.5 
28 66.9* 71. 8 72.2 73.9 72. 7 74.7 76.6 76.7 76.0 72.2 ~-7 68.5 
29 6<).8 70.4 71. 2 72.0 72.3 74.9 77.3 76.4 74.3 71. 0 67.7 65.6 
30 68,3 70.2 71. 3 72.2 72.9 73-9 74.8 76. I 73.8 70.3 68.2 66.1 

31 70. 2 70.7 72.3 72.5 72.8 74.5 75.4 76.7 75.9 70.7 68.9 67. 7 

Monthly mean 70.0 70.2 70.8 71. 5 72. 2 74.0 75.9 76.4 74.8 71. 2 68.4 66.5 
Normal I 69.9 70.3 70.8 71. 5 72.1 74· I 75.8 76.4 75.1 71. l 68.4 66.3 



 

UNITED ST.A.TES CO.A.ST AND GEODEi'IO SURVEY. 881 
DECLIN ATION-Continned. 

the magnetic observatory oJ the Coast and Geodetic Survey, Los Angeles, Cal. 

One division of scale=<>'.794 Increasing scale readings correspond to increasing east declination . 

.JULY, 1886. 

' Mid- i Daily _I Day. I 13h l·f" 15" 16" 17h 18h l!)h 20h 21" 22" 23h 
night .. ~ 

----- -

I 64. I 65.0 6J. I 68.3 'j'O. 3 70.2 69.3 69.2 69.8 69.S 70.6 15. 8* I 70.5 
I 2 66.o 65.8 65. 8 67.2 68.2 69.6 69.4 69.8 69. 7 70.8 69.9 69.4 jO. I 

3 64.3 64.8 67. I 67. 8 69.3 69. 7 69. 3 68.7 69. 3. 69.4 69. 5 69. 9 69.9 I 4 65.6 65. 3 65. I 66.5 68. I 69.0 69. I GS. 2 68.8 69.9 ;0.9 70. 3 70. 2 I 

62.2* 63.2* 64.8 67. 9 69. 3 68.8 68.8 68.6 69.3 69.3 69. 4. 
i 

I 5 69.0 69.3 

6 64.3 64.6 66.o 68. I 69.5 69.9 69. 5 li9.6 69.9 69.7 69. 9 69.S 69.9 I 7 66.3 65.5 67.2 69. I 69.7 69. 5 70.0 69. 2 6.9.0 69.6 69.5 69.7 ;0.3 ! 

8 65.9 65. 0 66. I 69. I jO. I 70.3 69. 5 69.2 69.2 6g.5 70.2 71. 0 70.9 

9 66. I 64.2 67. I 68.8 69.2 69.3 69.2 69.0 69.2 69.6 69.8 ' 70.2 ' 70.7 
' 

IO 1 64. I 64.5 ti6. I 67.5 68. 7 68.5 69.0 68.o 69.2 68.2 1)8. I 69. I jO. I 
I 

11 I 65. 2 65.2 65. 2 67. 9 69.2 68.5 68.6 68.3 68.2 70.3 70. 3 69. 4 i 69.6 
12 64.7 65.0 65. 8 67.3 68.4 69.0 68. 3 68. 5 7 I. 3 71. q 7 r. 2 70. I i 70. 2 

r3 67. 4 68.o 68. z 68. l 68. 4 67.7 67. 8 69.0 68.3 68. 2 68. i 69. l 69.8 

14 64.8 64.7 66. 7 69. 3 7e. I 69.6 68. 8 69. I 68.4 6g. I 69.6 69.8 69.3 

15 118.8* 69. 1* 69. I 69. I 69.6 70.6 70.9 71. 6 70. 5 70.4 73· :r~ 73- 7* 71. 2 

16 66.6 67.6 69.2 70. 2 70.6 70.5 70. 2 71. 2 71. 0 70.3 70.7 69.9 i 7 r. 0 

64.7 65.4 66.4 68.4 69. 7 70.6 69.8 69.9 ' 17 70.1 71. I 7r. 0 70.0 i jO. I 

18 <J.i.6 65.2 67.0 66.o 67.0 66.6* 67.0* 68. 7 68.8 69.9 70. 5 70. 9 69.9 

19 65.5 65. 6 65.8 68.4 69.3 69.3 70.0 70.3 68.o 70. I 68.8 69.4 69.8 

20 68.o 67. I 68.o 70.4 70.4 71. 3 73.5* 72.0" 78.0* 70. 2 70.4 70.0 71. 4 

21 66. I 67.2 68.3 70.0 71. 8 72.4* 70.2 70.9 72. 2ff 72. 3 72. 8• i I. 7 70.8 

22 66.5 66.o 66.5 67.8 69.0 69.7 7 I. I 71. 0 74.9* 75.3* 77. 8* 72. 2 jI. 4 

23 65.6 65.4 66.4 68.o 70.8 70.4 70. 0 70. 3 70.5 69.8 70. 2 70.0 ;o.6 

24 64.8· 65.8 67.6 67.4 68. 2 69.3 69. 3 68.9 69.2 69.2 69. 3 69. s 69.6 

25 66.2 67. I 68.o 69.4 69. 8 70.1 68.8 68.5 69.2 69.7 69.7 69.8 70.3 

'* :26 68.% 68.3 68.2 68.3 69.4 69.3 69. I 68.9 69.6 69.8 70- 5 72.8* 70.4 

27 66.8 65. 7 64.8 60.3* 61. 3* 62. 3"'" 64.4* 68. 5 73· s• 70.3 71. 6 70.2 69.8 

28 68. 2 68. 3 68.7 68. 3 69. 3 69.3 70. 2 68.2 68. I 71. 2 69.7 70. 6 70. 9 

29 65.9 67.7 69.5 70.2 71. 0 69.8 70. 3 70. l 6<).8 70.7 69.7 68. 8 70.7 

30 67.5 67. 9 68. I 68.2 69.2 69.3 69.3 69.6 69. 2 69.6 69.3 69.8 70. 2 

31 67.3 68.3 69.6 70.4 70. 3 69.3 70.6 69.2 69.0 69. 5 70.0 jO. I 70.9 
--

;0.31 I Monthly mean 65.9 66. [ 67. I 68.2 69.2 69.3 69.4 69.4 70.0 70.2 70.4 70.4 
Normal 65.9 66. I 67. I 68.4 69. 5 69.6 69.6 69.4 6<). 3 70.0 6<). 9 ']O.O j . 
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Local mean time. 

Day. 

I 

2 

3 

4 

5 " 

6 I 
7 
8 

9 
10 

II 

12 

13 
14 
15 

16 

17 
18 

19 
20 

21 
22 

23 
24 
25 

26 

27 
28 

29 
30 

31 

Monthly mean 

Normal 

UNITED STATES OOAST AND GEODBTIO SURVEY. 

lh 

70.5 
72.1 

69.7 

70.0 
70.4 

69.9 
70. 7 
70.4 
70.3 
70.6 

70.5 
70.3 
70.5 
76.2* 

69.3 

71. 5 
72.2 
65. 9* 

67. 5* 
70.5 

71.0 
70. 7 

70.8 

69.7 
70.4 

69.4 
70.2 
71. 6 
70.5 
70. 7 

70.7 

7°- 5 
70.5 

DIFFERENTIAL MEASURES­

H<Jwly readings from tke photographic traooa of tke "uniftLar magnetometer at 

300 divisions+ tabular quan:ity. 

AUGUST, 1886. 

' . 

2h 311 4h 511 Gll 711 Stt ~h lOh 1th Noon. 
·-· .. ---~---------

70.7 71. 5 71. 5 72.3 74. 5 76.6 76.0 75.5 68.8 66.4 65.8 
rz.o 7I. 2 71. 2 72. 9 75.8 76.2 77· 1 73.S 71.0 69. I 68.5 
70.2 7r. 1 71. I 72.3 73 • .S 75.8 76.2 74.0 70.9 67.8 66. I 

70.2 70.7 71. 2 71. 7 74.4 75· I 77.0 74.2 70. 2 66. 5 66.o 

70.6 70.5 72. I 72.S 74.5 76.8 77.3 74.4 70.6 67.9 66. 5 

70.6 71. 8 73. r 73.6 74.5 77.7 77.9 7J. s 72.7 69.4 67.7 
7!. 0 7r. 7 72. 5 71. 6 75· I 76. 7 79. 2 73.8 69.8 68.o 65.9 
70.7 70.8 7r. 6 71· 9 73. 8 77.3 J7. I 73.2 69.2 65.9 65.0 
71. 0 70.8 71. 6 72.3 73.S 75.5 75.3 7r. 7" 69.2 67. 3 67.2 
70.7 7r. 3 70.8 70.S 73· 4 76. I 76.3 75.3 72.3 69.3 68.2 

70.2 7x. 4 72.9 72.5 72. 3 75.9 78.7 76.2 72. 2 70. ,.. 67.6 
71. 8 78. 9* 78. 1* 70.8 70.8* 71. z* 77.0 76.7 71. 5 67. 2 67.9 
68. 8 68.1* 71. 2 71. 8 74.z 74.7 76.5 75. 4 73-5 7r. 6" 70.3• 
70.6 7r. 2 70.9 72.3 75. 2 77.3 78.2 75.7 72.4 69.8 68.3 
71. 2 66.6* 7I. I 72.2 74. 5 74.3 78.4 76.4 7!. 5 • 66.o 63. 2• 

70. 8 70.0 7 I. I 7J. 7 76.0 75. 6 74.0* ]i. I* 67.5• 64.5* 65.6 
69.4 69.9 69.4 70. 5 75. 3 77- 7 77. 3 75.6 jI. 5 67. 7 65.5 
69. 5 70.9 69.5 72.0 73.3 75.5 76.7 75. l 72.3 69. 5 66.8 

73.4* 72.8 68.5* 70. 5 75. [ 75.0 77.2 76.2 70.7 68 5 67.9 
7o.4 7r.o 70.4 70. I 75· I 76. 9 77.0 74. 5 70.3 63.o 65.9 

71. 2 70.9 72.8 72.2 75.0 76.6 75.2 73.6 72.0 G9. 3 6~. I 

70.6 70.2 71. 0 71. 8 73·5 75.9 76.7 74.9 72. I 69. 5 67. 6 

71. 0 7r. 7 71. 9 72. I 74.0 76.2 77.8 75.8 73.6 71. 2" 68. I 

70.0 72.0 72. 3 73.0 74·3 75.2 75.1 74· I 71. I 69.3 68. I 

70.4 70.9 71. 2 71.9 72.8 73.7* 74. s· 73.2 70.0 67. 8 67. I 
jiJ 

69.1 70. 7 72. I 72.2 74• I 76.8 76.2 70.3" 67. s· 65. 2" 64.8 
68. 7 69.7 71. 8 72.3 74.5 77.9 78.4 75.2 7i. 8 68.7 66.6 

7r.o 7r. 6 72.2 72.3 74.7 78. 5 76.9 70.5• 67.,. 66. I 65.6 
71. 6 70.7 72.0 72.4 74. 3 77.4 77.3 75· [ 72. I 69.6 67.9 
7LO 71. 7 72. I 73.0 76.2 79· 6" Sr. 2* 76.2 70.8 67.2 65.0 

7r. 3 71. 7 72.3 73.2 75.5 78. I 78. 5 73.6 67. 7" 65. 1* 65.8 

70,6 71. I 71.7 72.I 74.3 76.2 77. 0 74·4 70.8 68. I 66.8 

70.5 'll. 0 71. 6 72. I 74.4 76.4 77.1 74. 8 71. 3 68. I 66.8 



 

UNITED STATES COAST AND GEODETIC SURVEY. 383 

DECLINATION-Continued. 

the magnetic observatory of the Ooast and GooiJ,etic Surf!cg, Los .Angeles, <Jal. 

One division of scale= o'.794 Increasing scale readings correspond to increasing east declinatiOD. 
' 

AUGUST, J.886. 

Day. I 13h 14h 15h 16h 17h 18h 19h 20h 21h 22h 23h Mid-: Daily 
night. I mean. 

---------- -- ---------

I 65. 0 66. l 67.0 67. 8 68.7 69.0 69.6 70. 5 70.0 69.4 7L 7 71. l 1 70.2 
2 68.6 69. I 69.8 70. I 70.8 69.7 68.9 68.5 69. l 69. 2 69.5 59. 6 I 71. 0 

3 65.8 65.9 67.3 69. I 69.9 70. l 6<).7 6<).7 69.7 6g. 8 70.2 69. 91 70.2 

4 66.8 67.9 &). [ 69.7 69.7 70.0 69.5 69. 3 72.2 70.2 70. 2 70. 4 1 70.5 

5 65.8 66.5 67. 4 68.5 68.8 69.2 68.7 69.0 69.0 69.6 6<).o &). 4 ! 70.2 

6 67.7 66.5 67.2 68. 8 69.3 6g. 7 69.4 69.7 70.7 69.8 70. [ 70. 1 I 70.9 

7 64.5 64.1* 67.0 67.8 68.9 68.5 69.6 69.7 69.2 70.9 70. 7 10. 2 I 70.3 
8 65.3 66. 9 68.2 69.0 69.7 69. l 68.7 69.2 69.4 69.6 69.8 i 70. 2 I 70. I 

9 67.9 68. 2 68. 8 69.6 69.5 69.5 69.2 69.7 69.3 69. 8 69.8 70. 4 i 70.3 . 
IO 67.9 67. 8 68. 8 70.2 70.4 70. 3 69.8 70. 2 7l·9 72. l 71. 3 70. 9 i 71. I 

II l 65.4 66.o 64.0* 67. 8 68.7 69.6 68.3 69.0 76. 3'' 73.7* 70.3 70. I I 70.8 
12 66.5 67.5 67. 8 69.3 69.8 70. l 71. 3 70.8 69.8 70.5 69.7 69. 1 1 ]I. D 

r3 68.8 67.7 69.8 7r. 3 70.4 71. 9 72.3 78.9* 69.2 71. 6 70. 7 7J. S"'i 71. 8 

14 67.9 69.2 70.0 71. 2 71. 7 73.2* 79. 1* 73.6* 71.0 70.9 7r. 2 68. 3 i 72. 3 

rs 64.6 66. 7 68.2 70. 3 72. I 71. I 71. I 84. 3* 71. 9 71. 5 71. 3 7:i. 5 '. 71. 3 . i 
16 65. 6 67.0 68.z 70.2 73.5* 72.8* 71. 3 71. 0 70.9 69.7 71. 5 71. s i 10.6 

17 66.4 68. I 67.0 69.4 71. [ 72. I 71. 0 73.9* 71.8 70. I 70.8 70. 3 I 7!. 0 
18 65.2 66.2 66.8 68.5 70.6 71. 5 72.4 70.7 70.9 72.3 72. 5 i I. 7 70. 7 

19 68. I 69.z 70.8 71. 4 71. 3 70.5 70.4 70.5 74.2* 71. 5 70.6 10. 9 I 7r. 4 
20 66.o 67. 3 69.2 70.4 70.7 70.3 70.9 70.4 71. J 72.4 73.5* 71.0 / 71. 0 

21 68.7 6g.3 69.9 70. 2 7°· 5 69.7 7r. 8 71. 2 70.3 70,4 70. I 70. 8 I 71. 3 
22 67. 0 67.3 68.4 69.6 69.9 7o.3 70.9 70. 8 70.4 71. 2 70. 3 70. 2 i 70.9 

23 66.2 66.2 67. 2 66.2* 66.3* 72.7* 69.5 70. 5 82.0* 7 I. I 74. 6* 11. 6 I 71. 6 

24 67.8 68.o 69.8 70. [ 69.7 6g.3 72.8 70.3 69.3 69.4 70. I 69. 6 I 70.8 

69.7 69.4 69.3 
I 

25 66.7 67.0 69.4 69.4 68.8 69. I 69.7 70.9 jO. 2 I 70.2 
I 

26 65. 7 67.2 6g.5 69.8 69.8 69.8 71. 0 69.7 I 70.2 70. I 70.0 69. 9 \ 70.0 

27 65.3 65.8 67.8 70.8 70.9 69.8 70.3 70.0 69.7 70.0 70.2 10. 1 I 70.7 
28 66.8 68.6 70. I 70.6 ;o.8 70.0 69.4 69.6 6~1-5 70.0 70.2 70. 4 l 70.6 

29 66.9 67. 6 69.0 7o.3 70.7 70.3 70.0 69.7 70.2 70.2 69.S 
70. I 71. I 

30 65.6 67. I 6<). 7 70.8 71.0 70.7 70.3 70.4 70.2 70.3 70. I 'fO. 5 7r. 3. 

JI 66.o 66.9 69.8 71. 2 70.9 6<).7 69.5 69.9 69.8 69.9 70.z 10.3 I 70. 7 

Monthly mean 66.5 67.z 68.5 69.7 70.z 70.3 70.5 71. 0 70.9 70.6 70.7 70. 51 70.84 
Normal 66.5 67.4 68.6 69.8 70.z 70.0 70.3 70.0 70.2 70.5 70.4 70.4 
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Local mean time. 

Day. 

.2 

3 
4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

17 
18 

19 
20 

21 

22 

23 

24 

25 

26 
27 
28 

29 

30 

Monthly mean 

Normal 

UNITED STATES OOA8T .A.ND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly rea1U-..gs from the pkotographie traces of the unifilar magnetometer at 

70.7 
71. 3 .. 
71. 2 

70.5 
71. I 

71.0 

71. 3 

71. 6 

71. 0 

71. 7 

71. 6 

71. 7 
71. 7 

71. 3 

72.3 

70.8 70.9 71.2 
70. 8 7 J. I 7 I. 4 
71.2 71.8 71.7 

71.9 72.3 73.8 
75.7* 66.6* 65.6* 

72.3 66.7* 71.8 

71.3 67.3* 75.7* 

70. 7 

71. 5 

71. 5 
71. r 

70.8 

72. 3 

70.9 
7I. 2 

70.8 

71. 3 

71. 2 

71. 7 

7I. 7 
71. 2 

72.6 

j2.3 

71. 3 

70.9 
72.3 
71. 7 

71. 3 

70.7 

70.8 

70.9 
71. 2 

71. 7 
71. 6 

75.7* 75.5* 
72.0 72.0 

71.5 71.7 

70. 9 71. 0 

71.1 72.8 

71. 2 

j2. I 

72. 2 

72. I 

72. s 

71. 5 

72. 2 

'JI. 7 
72.8 

73. 6 

71.2 7r.7 
71.6 7r.6 

300 divisions. + tabular quantity. 

SEPTEMBER, l.886. 

72. 5 
72.3 
72.2 

71. 7 
72. 2 

7J. 5 

73- 5 
73.2 
72. 5 
72.2 

7+ 5 
75· 2 

75.0 
~5· I 

74. 2 

71.8 72.0 73.9 
71.5 72. 2 74. 2 

7I. 7 73.3 75.0 
7~. 5 73.8 75.4 
76.8* 69. r* 75·3 

i2. 0 

73.4 75.3 
71. 9 73.5 

70. 3 70. 9 

68. T* 71. I 

71. I 70. 9 

7 I. 5 
7 I. 5 
72.3 

72. 3 

7 I. 7 

72. 2 

74.0 
72.5 

73· I 

7J. 3 

73-5 
73.8 

72.6 
;-..;.. 0 

73.6 

7J. 9 

73. 2 

7 4· 0 7 3· 0 7 5· I 

70.7 7r.2 72. 7 

7i.7 71.3 7~3 

71.2 71.9 73. 2 

72.2 72.2 73.6 

71. 8 

72.4 
72.2 

72.9 
72.6 

72. I 

72.8 
72.7 

72 ·7 
73. 2 

73.6 
73.8 
74.0 

73.4 

75· 7 

77.2 77.3 75.0 
77. I 79·7* 77.3* 
78.8* 79· I* 76.0 
77.7 78.9* 77.8* 
76.2 76.~ 72.4 

75.7 76.2 
77.3 77.2 

76.9 76.9 
79.2* 76.5 
76. 8 •77. 4 

78. 0 76. 2 

74.2 75.5 
7J. 7 
77.0 

75.8 

75.8 
76.7 

75.7 
75.4 
j4.2 

74.0 

77. 2 

76.0 

77.2 
75.0 
77. I 

75.5 
74. I 

74.2 
74.5 
74.2 

70.3* 

7Z· 7 

71· 6 

7i. 6 

75.2 

75.4 
74.8 

75· I 

73. 7 
76.2 

}3·9 
71. 8 

;:;. o 70. 5*' 72. o 

7 J. 4 ,,. 7 4. 6 7 3· 5 

74· 2 74. 3 74- 0 

73, I* 73.3* 72.3 

74.6 74.1 73.8 

74.8 
75.2 
75.3 
75.3 
77.0 

74.8 
75.3 
76.0 

75.8 
76. I 

74. I 

74.2 
73. 7 

74.2 

73·3 

71.9· 72.4 74. 2 76.0 75.9 
71.9 72.5 74.2. 76.0 75.9 

lOh llh Noon. 

70.4 67.3 
73.2 68.o 
73- 0 69. 8 

74.5* 71.0 

69.3 67.6 

66.3 
65. 1* 

67. 7 
69. I 

67. I 

71.7 69.4 68.7 
69.5 67. I 66.o 
69.7 68.o 66. 1 

64.2* 65. 1* 62.8* 
67.7* 65.4* 65.0* 

69.6 68.4 
69.6 68.4 

72.0 70. 3 
72.5 70.5 
71. 9 68. 9 

70. 5 - 68. 3 

7r.2 69.5 

74. l* 71. 9" 
70.8 69.8 

70.4 68. 7 

71. 6 

71. 9 

72.3 

69.0 

71.7 

73.3 
71. 9 

68.6 

69.7 
68.8 

70.6 
70.6 
70.8 

67.8 

69.3 

70.9 
69.0 
65.7* 
67.0 

67.2 

70.8 68.7 
70.9 69.0 

67. I 

67.7 

69.2 
68.7 

67.0 

65.7 
68.5 
70.0 
69.1 

67.7 

69. I 

69.6 

7o.3 
67.9 
67.6 

69.1 
66.5 
65.5 
66.7 
67.8 

67.5 
67.8 

!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-' 



 

UNITED ST.ATES COAST .A.ND GEODETIC SURVEY. 385 

DECLIN ATION-Oontinued. 

the magnetic observatory of the Coast and Geodetic Sut"vey, .Los Angeles, Oal. 

One division of scale= 0 1.794 

Day. 

z 

3 

4 

5 

6 

7 
8 

9 
10 

II 

IZ 

13 
14 

15 

16 

17 
18 

19 
20 

21 
zz 

65. 2 6+ 6* 66. 6* 

64.2* 65.0* 66.8* 
66. I 64.7* 65. 7* 
67.3 66.2 66.6* 
67.7 69.2 69.8 

69.2 69.6 70. I 

66.8 6s.5 69. 3 

67. I 67.8 69.2 
66.7 67.6 68.o 
66. I 68, 3 72. F;<> 

69.2 70.3 70. 9 

68.8 69.4 71. 8 

70.0 70.4 70. 5 
67.5 67.9 70.0 
67.2 68.4 69.9 

66.S 68~2 69.8 
67.9 68.5 69.5 
6g.o 69. 7 70. 2 

6g.3 69.7 70.8 
.68. 2 69. I 69. 8 

68. 6 66 .. 9 69. 2 

68.7 69.2 68.6 

69.6 68.3 69. 7 
67.6 6g.4 70.6 
67.2 67.7 69.0 

68.6 69. I 69.9 
66.o 67.4 69.2 
66.9 68.7 69.6 
67.7 66.2 71.2 

67.7 69.7 70.4 

Increasing scale readings correspond to increasing east declination. 

SEPTEMBER, 1886. 

68.8 70.3 70.7 
68.9 70. 2 70.3 
66.7*.67.8* 69.8 
67.7* 69.2 69,7 
69.5 69.5 69.2 

70.6 6g.9 69.3 
70.3 70.8 70.9 

69.7 70.6 69.8 
71. 2 71.6 70.8 
70.3 70.9 77. 2* 

76.4* 72.6 70. 7 
72.3 71.7 73.5* 
71.7 73.5* 75.5* 

71.7 71.7 72.7 
71.2 71.9 70.9 

70. 7 71. 0 7 o. 6 

69.7 70.3 72.8 
70.7 70.7 70.6 
71.3 71.0 70.3 
70.4 69.0 70.4 

72.2 70.5 70.0 
70.6 69.7 70.3 
69.9 70.0 70.0 
70.9 70.8 70.4 
69.7 70.3 70.2 

70.4 70.4 71.2 
69. 9 70. 8 70. 3 
70.8 70.5 70. I 
71.6 71. I 70.4 

72.3 73.8* 71.2 

70.2 70.2 70.0 
70.1 70.2 70. 2 

70.1 70.2 72.3 
69.7 69.7 69. 8 

69.7 69.7 69.9 

69.7 70.0 70. 2 

71. I 7~ 7 /2 2 

70.3 70.3 70. 8 
69.7 72. 2 77. 2* 

70.8 71.7 72.2 

73.0 71.8 75.9* 

75.4* 77.3* 73. 3 
75.2* 72. 5 71.3 
72.3 71.4 70.0 
70.7 71. 2 71. 6 

70. 2 70. 2 71. 5 
72.4 70.3 70. 3 

70.9 71.2 71. 2 

70.4 70.4 70.4 
67.2* 68.8 69.7 

70.4 71.8 75. 2* 

70.2 70.4 70. 9 

7 I. 2 7I. 4 70. 7 
70.5 70.5 70.5 
70.2 /0. I 70.2 

70.3 70.6 70.7 
70.7 70.3 70.3 
70.2 70.4 70.4 

70.0 70.3 70.3 
71.6 71.7 71.2 

-;;~ - 2~~ll Mid- lj Daily 

!~~~~ 
70.4 71. I 70.8 I 70. 7 

70. 3 70. 7 71 6 I 71 0 

;: : ;: : ;: : II ~::: 
70. 3 70. 4 70. 7 1 70. 8 

70. 3 70. 5 70. 5 71. I 

72. 1 70. 9 71. 2 I 7 r. 2 

72.4 70. 3 72. 2 I 71.1 
75. 4* 76. 3* 77- 3* : 71. 7 
71.4 73·5" 63.1* 70.9 

74. 1* 1~.s 69. s 72.0 
72.3 71.2 jl. I 72.0 

71. 7 74. o* 73· 6" /2. I 

72.S 67.4* 72.2 71.4 
70. 6 70. 0 70. 3 7 I. I 

71.4 70.7 69.2 
70.3 70_6 71.2 
70.8 70.S 70.9 
70.6 71.1 71.0 

70. 0 70. 3 7 I. I 

7r.5 71.2 70.6 
70.7 70.9 70.9 
70.5 70.6 70.6 
70.4 70.9 70.9 
70.3 70.5 70.7 

70.8 70.9 71.2 
70. 4 70. 7 7 I. I 

70.4 70.3 70.5 
72.5 71.7 10.7 

71.0 70.9 71.7 

70.9 
7x. 3 
71. 8 

71. 4 
70.5 

71. 9 

71. 0 

71. 2 

70. 7 

70.8 

71. 4 

71. 0 

70. 8 

7 I. 2 

71. 8 
------1-----·-------~c---·--------------------

Monthly mean 

Normal 

67.6 68.2 6g.5 
67.7 68.6 69.9 

H. Ex. 80--25 

70. 6 70.7 70.9 
70.6 70.6 70.4 

70.8 70.9 71.4 
70. 6 70. 7 70. 9 

71.2 71. I 70. 9 
71.0 70.8 70.9 

71. z3 



 

386 UNITED ST.A.TES CO.AST .A.ND GEODETIC BU.RV.EY. 

DIFFERENTIAL MEASURES-

Hourly 1·eadi1tgs from, the photographic traces of the unifilar tnagnetometer at 

Local mean time. 300 divisions + tabula~ quantity. 

OCTOBER, 1886. 

Day. Jh 2h 1h 4,h 5h 6h 7ll 8h 911 101.1 1Jh Noon. 

------------· ··------

I 71. l 71. 3 72.2 72.2 72.6 73. 8 75.7 76.7 7+6 72. I 69. I 67.2 
2 70.5 70.8 70.8 71. 2 71. 9 73.0 74.8 76.3 73- 5 69.2 63. 5 67. I 

3 70.8 70.8 7l. 3 71. 2 71. 6 72.8 ,75. [ 74.7 73·3 72.6 7o.3 69. I 

4 70. 7 71. 0 71. I 70.S 71. 4 .12.0 72.8 75.0 75.3 7J. 7 71.5 69. I 

s 71.0 71. 3 71.4 71. I 71. 2 72.0 72. 7 73.3 72.3 71. 0 70. 2 69. 2 

6 

I 
72.2 75.2* 77.0* 71.7 72.2 72. 9 70.7* 70.7* 73.3 69.4 67.8 66. 7 

7 70. 7 7.y ,.,* 71. 3 67.0* 7 I. 7 70.7 72.0 71.7* 69. 7"'· 67. 5* 633* 64. 2* ~·I 

8 74.0* 73.1 /2. I 64.5* 66. 7* 67.7* 7 I. .s 68. 1* 66.6~· 69.4 65.9* 68.o 

9 68.7 71.0 71.2 73.2 67.9* 70.7 74.5 75.5 74.2 73.0 68.8 68.2 

10 66 ~* ._, 69. 8 69.8 70.3 70. 7 70.7 69. 9" 72.5 74.1 72. 2 67. I 65.8 

11 68.3 68.8 71. I 67. 7* 72.0 73.0 74- 9 74.8 73.7 72.2 70. I 68. 5 
12 67.8* 72.7 75.1* 73.3 72. 7 72. 7 7J. 5 72.2 71. o"' 70.8 t>9.2 67. 8 

13 71. 6 69.8 71. 8 72.5 71. 2 72.2 73.3 73.7 71. 4 67.2* 65.S* 66. I 

14 70.8 71. 6 70.3 71. 6 73. 3 7J. 7 74. 7 74.3 70. 7* 69. I 67.9 68. I 

15 70.4 7I. 7 71.9 71. 2 71. 9 73.4 72.8 74.2 73. 6 69.6 67. I 66.3 

16 71. 0 71. 7 72.3 72.0 72.2 73.6 74. 5 75.7 73.6 71.3 68.2 67.3 

17 7L 3 73.7* 72.3 73.9* 72.2 73.2 72.8 74.8 74.2 72. 7 69.2 68.3 
18 70.8 70.3 70.9 71. 7 71. 3 71. 9 72. 3 79.3* 72.2 70.2 69.8 66. 5 

19 74.8* 76.7* 71. I 71. 2 71. 4 72.2 72. 2 72.9 73.0 72.2 7o. 5 68. 8 

20 7r. l 7L I 71. 3 71. 4 71.4 'J2. I 740 74.6 74.6 71. 3 69.7 68.6 

21 72. 3 70.4 71. 5 71. 6 71. 6 72.3 72. 5 76. I 74. 5 71. 6 69.4 67.8 
22 7r. 7 70. 7 71. 2 70.3 71. 2 'JI. 7 73.9 76. I 74.5 71. I 68. 7 66. 7 

23 70.8 70.6 70.8 69.2 71.2 72.4 73.9 748 73.6 7r. 3 69.2 67.5 

24 71. 0 70. 8 70.9 71. 2 71. 6 71. s 73· I 74.9 74.4 72.5 69.4 67.4 

25 70.4 70. 7 70.0 70.9 70.9 71. 5 72. 7 73.9 72.3 70.4 68.8 67.8 

26 69.9 70.0 j0.2 70.6 71. 3 71.9 73.7 74.8 72.8 67. 6* 65.3* 64.6" 

27 70. 3 70.2 69.9 71. 5 72.6 74.0 75.0 79. o* 73.4 72.3 69.3 67.8 
28 69. 7 66. 5'' 70.7 71. 6 71. 5 72. I 74. I 75. I 74.8 72.6 7r.o 67.7 
29 69.8 70.7 70.6 70.7 72. 3 72.8 741 75.5 72. 5 72.6 70.8 68.6 

30 68.8 69. 8 70.9 70.5 70.3 69.8 71.8 74.7 74.6 f3.6 71. 4 69.4 

31 70.4 70. 7 70. 4 7r. 0 71. 3 71. 8 73.0 74. 7 75· I 73.7 71. 9 69.8 

Monthly mean 70.6 71.2 71. 4 70.9 7r.4 72. I 73.3 74.5 73.1 71. 2 68.9 67.6 
Normal 70. 6 70.8 7I. I 7r. 3 71. 7 72·3 73- 5 74. 7 73.7 71. 6 69.4 67.8 

I 



 

UNITED STATES COAST .AND GEODETIU SURVEY. 38'1 

DECLINATION-Continued. 

the magnetic obsef"l'Jatory of the OoaBt and Geodetic 8krvey, Los Angeles, Oal. 

One division of scale =01.794 Increasing scale readings correspond to in.creasing east declinatiun. 

OCTOBER, l.886. 

-

Day. I3h I4h 15h 16h 17h 18h 19i. 20b 21h 22h 23h Mid- I Daily 
night. mean. 

-~ -~---~---

I 67.6 68.7 69.8 70.4 69.7 70.7 70.4 70.7 71. 0 70.8 70. 7 70.7 71. 2 
2 68. I 68.2 69.6 70.8 70.2 70. 3 72.2 70.4 70.6 70.4 70. 5 70.7 70.8 

3 68.5 68.o 68.7 69.2 69.7 70.2 70. 7 70. 7 70.9 70.8 70.7 70.7 70.9 

4 68. 5 68.3 69.4 69.2 69.4 69.8 70.3 70. 5 70.6 70.5 70. 3 70.7 70.9 

5 68.2 68.7 69.3 6g. I 69.6 70. 2 70. 7 70. 2 72. I 7o.7 7r. 5 73.0 70.8 

6 65.8 66.5 72.9* 67.8 71. 2 70.0 71. 7 70. 2 73.7 7S.5* 74·5* 70.2 7r. 4 

7 67.6 66.4 70.3 69.7 70.3 71. 0 73.3 75. 2* 76.5* 72.2 76.2* 69.2 70.5 
8 69.2 72.1* 70.9 72.5 78. 3* 75. 4* 71. 8 72. 2 72.3 68.5 66. 7* 7J. I 70.4 

9 69. 7 69.0 68.9 72.3 70.2 71. 2 72.0 73· I 72.7 71. 7 71. 6 74.3* 71. 4 
IO 66.8 70.9 70.9 74.0* 72.7 70. 4 71. 4 72.5 72.2 70.8 69.6 71. 2 ' 70.5 

II 68.4 69.3 70.3 70.9 70. 5 7 I. 9 70.8 73.2 70.8 70.4 70.6 70.3 70.9 
12 67.7 69.4 70. s 70.9 71. 3 70. 5 71. 0 70.6 71. 3 70.3 71. 3 70.6 71. 0 

13 67. I 68.7 70.2 70.7 71. 5 70.0 71. 3 7 I. 7 71. 2 69.4 70.4 71. 0 70.4 

14 68.5 70. 2 70. 8 7I. 0 70.7 7 I. 9 70. 5 70. 5 71. 3 70.5 jO. 2 70.8 71. o 

15 67.3 69.2 70.8 71. 7 71. I 70.8 71. 2 72. 2 7I. 5 70.8 70.9 71. 3 71. 0 

16 68.2 69.5 70.7 71.2 70. 7 70. 8 70.8 70. 8 70.7 70.4 71. r 69. I 7I. I 

17 67.9 68. 7 69.7 69.8 69.8 70. 3 70. 3 70.6 7o. 5 10.6 70. I 70.8 71. 2 
18 65. 1* 68.1 67. 6 70.5 69.3 70.0 7r. I 73·3 71. 5 71.7 77.6* 78.8* 7r. 3 

19 68.8 70.0 71. l 71.8 7r. 8 7r. 6 71. 6 71. 5 71. 4 71. 2 7 r. r 7r. I 7r.7 
20 67.8 68.8 69. 5 70.2 70.6 70.7 71. I 71. 2 7I. I 71. 2 70.9 7r. 0 7r.o 

I 
2r 67. 7 67. 7 6g.8 69.3 70.3 7r. 3 71. 4 71. 3 72.2 71. 7 71. 6 70. 91 71. I 

22 66.o 67.7 68.9 6g.8 70.2 70.0 70.7 70. 2 7o.3 70.3 70.2 70. 7 70.5 
23 67.7 69.2 69.8 70.4 70.4 70.4 70. 5 70. 7 70.8 71. 0 70.5 70.6 70.7 

24 66.8 68.3 69.6 6g.7 69.3 69. 7 69.6 69.5 69.5 69. 7 6g.9 69.7 70.4 

25 67.7 69. 2 70.0 70. I 70. I 69.8 69.7 69.5 69.3 69.4 69.5 69.6 70.2 

26 64.5* 67.7 69.8 70.3 70.4 70.7 70.6 70.3 69.9 69.7 69.6 70. 4 I 69.9 

27 67.6 66.7 68.9 69.7 69.5 71. 0 70.9 70.9 74.2* 72.9 67.2* 69.S 7r. 0 
28 66.2 67.2 69.4 69.7 70.2 7r. 8 73· 7* 72· I 7r. 6 7r. 2 70. 2 69.8 70.8 

29 67.8 68.3 68.9 6g.8 70.2 71.2 71.2 7r. 3 71. 2 70.7 70.6 70.9 71.0 

30 68.5 68. I 68.9 6g.4 70.3 70. 7 71. 3 70.9 73.0 70.7 70.8 70.7 70.8 

3r 6g.o 69.3 68.8 6g.3 70.2 70. 7 70.7 70.7 71. 2 70.9 70.7 70.7 71. I 

Monthly mean 67.6 68.6 69.8 70.4 70.6 70.8 71. I 71. 2 71. 5 71.0 70.9 71. 0 70.87 
Normal 67.8 68.5 69.7 70.2 70.4 70.7 71.0 71. I 71. 3 70.7 70.6 70.7 



 

388 UNIT.ED ST.ATES COAST AND GEODETIO SURVEY. 

DIFFERENTIAL MEASURES-

Bourly readings from the photographic traces of the imijilar magnetometer at 

Local mean time. 300 divisions + tabular quantity. · 

NOVEMBER, 1886. 

c------~,------------------- -----------------------
Day. 

2 

3 
4 

s 
6 

7 
8 

9 
JO 

JI 

12 

13 
I4 

15 

16 

17 
18 

19 
:zo 

21 

22 

23 
24 
25 

26 

27 
28 

29 
30 

Monthly mean 

Nonna! 

70.6 
71.0 
71. 0 

69.0 
70.3 

70.4 
70.7 
71. l 

68. 2* 

69.3 

70.4 

73.0 
71. 2 

70.~ 

69.2 

70.9 70. 2 69.8 
68.o* 69.4 70. z 
70. I 72. I 7 L R 

69.2 70.0 72.0 

70.0 71.4 ;o.S 

71. l 

73.0 
72.9 
70.9 
71. 6 

71. 2 

70.9 

71. I 

72.5 
72.0 

71. I 

71. s 

71. 2 

70.6 

7 I. 7 
71. I 

72.4 
71. 3 

73.S 

71. 9 

71. 6 

71. 5 71. 3 71. 2 

71.8 71.3 71.5 

7+o* 70.4 71. 8 

71. 0 

71. 5 
72.0 71.0 71.6 
70.3 72.6 70.3 

70.9 72.0 73.5 

70.8 70.9 
70. 9 71.0 

'lI.5 71.r 

71. 6 72. 0 

';0.0 71.0 

71. 0 

71. 9 

71. 0 

70.8 
71.6 

70.7 71.0 71.7 
71.5 73.9 72.2 
70. I 70.4 70.6 

68.9* 67.9* 61.4* 
71.2 68.9* 67.4* 

70.4 69. I 65.8* 
68.3* 70.4 70.3 
7'- I ]2.0 72.8 

71.5 72.4 73.0 
71.9 71.9 7L l 

/I. 2 

72.8 

72.5 
71. 5 

72. 2 

71. 3 

72.6 

71.4 71.0 

72.9 72.5 

70.9 70.3 
72.2 72.4 

73.4 73.0 

72.0 72.0 

70. 2 72. 7 
71.2 7r.7 72.i 

71.5 71.2 72.0 

73.3 7r.5 72.3 

70.4 
71. r 

72. 4 
70.9 

72. 8 

71. 5 

7!. 8 
71. 0 

7r. 8 

73.8 

70.6 70.6 

7t.o 71. o 

p .. o 72.2 

70.9 70.9 

70.9 72.0 

71.3 
12.0 

71. 8 

p.3 

71. 9 

]2. I 

72.4 
72.0 

7J. 5 
71. 0 

73. 2 

74. I 

70. 3 

69.4* 

6g.9 

70. 3 
70.8 

73.0 

74· 1 

72- 8 

73.2 
73- 8 

72.8 

73· I 

74.0 

72,7 

73.l> 

75. 2 

74· I 

70. 2'* 

70. l* 
70.4* 

75.6 
69.9* 

69.5* 
74.3 
71. 3 

68.2* 67.6* 

7r.3 72.9 

74. l 73. 6 

75.0 73.9 
74.0 74.0 

71. 2 

75. I 

75.2 

74,5 
75.0 

71. 9 

74.9 
72. I 

75.2 

72.8 74.2 

72.8 73.9 
iJ. 8 73. z 

74. 9 

74.4 
73.8 

74· I 

74· l 

73.8 

71.0 72.2 
7I. 6 72.4 

72. 5 
72.6 

71. 1 

70.0 

72.3 

72.0 72. 2 

71. o* 71. 9 

ns 72. s 
7~5 73. I 73.5 
72.8 74.0 74.0 

72.0 72.6 73.6 

69.4* 74.0 73.0 

73.0 69.2* 67.2* 

lOh llb Noon. 

74.1 7r.3 

70.9 65.9* 
69. l* 69.6 

71.9 j>O.O 

68.o* 68.9 

69.5* 69.4 
71.6 70.9 

7r.o 69.5 

71. I 70. 6 

71. 8 69.4 

72.2 
71.0 
71. 0 

73-8 
73.8 

73.0 
73.2 

7r. 0 

70.6 
69. 7 

70.9 
71. I 

71. 0 

70.6 

73. 4 72. 2 

7J. 8 72. 3 

72.6 70.9 

72.0 71.0 

72.8 71.0 

59.2* 70.9 
71.9 71.2 
71. 4 70. 8 

70.0 

64. 9->• 

68.8 
6g.8 
69.2 

68.4 

69.5 
67.9 
6g.9 
68. l 

69.8 
68.9 
69.4 
69.6 
70.0 

69.5 
67. 8 
71. 0 

69.6 
69.8 

70.0 

69.9 

69.3 
68.8 
70.0 

72.4 

73.0 

73,0 
72.0 

70.9 

70.5 69. J 

71. I 69.6 
71.0 6g.8 

71.0 69.4 
69.4 67.8 

71.0 71.0 

71.1 71.1 

7-1._4 ___ 7_r._4_~_7_1 ___ 3 __ 7_r._2-~-72-.-2--7-2.-9---7-2-.-8~~7-1-.-5~-70-.~5 ~;.2 ·1 

71.4 71.6 71.5 7r.9 72.4 73.7 13·5 72.3 70.6 ~ 



 

UNITED STATES COAST AND GEODETIC SURVEY. 389 

DEC LIN A TI ON-Continued. 

the magnetic observatory pf the Coast and Geodetic 81,wvey~ Los Angeles, Cal. 

One division of scale=o'.79+ Incr-easin~ scale reading~ correspond to increa.sing cast declination. 

NOVEMBER, 1886. 

~--D-a-y.--~1-3_11 ___ 1_4_h __ 15_h ___ 1_6_h __ l_7_1l ___ 1_8 __ h ___ -~-~~---2-0_h ___ 2_1 h ___ ?_?_h ___ 9_3_1_1 --M-id-: -,--r~~ify 

•------•-------- ---------------·---- ___________ __::_____ __ ~--~ night. /~1ean. 
I 

2 

3 
4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

17 
18 

19 
20 

21 

22 

69.2 

66.9 

69.7 
68.7 

69. I 

69.2 

70.0 

69.1 

69.2 

70.3 

6g. 5 
69.2 

70.6 

74.9* 
71. 5 

67. 2 65. 1* 67. 9 

69. 5 70. 3 71. 0 

69. I 70. 0 70. 8 

69. 5 69. 9 70. 3 

68. 8 69. 3 70. I 

69. 9 70. I 70. 3 

68. 0 69. 3 70. 8 . 

70. 2 70. 0 70.0 

69. 5 68. 4 6g. 3 

68.o 69. o 69.0 

6g. 6 70. 0 

66. 3* 6g. 5 

69. 6 70. I 

69. 2 70. l 

69. 3 70. 4 

71.0 
70 . ., 

70.4 

70.8 
70.z 

69. 4 70. 1 70. 7 

69. 2 70. 0 70. 8 

68.o 69. 6 68.5 

69, 0 67. o* 70. I 

69. s 70. s 72.0 

6g. 2 6g.8 

6g. 2 6g. 9 

69. s 70. 0 

69. 3 67. 8 
68. I 70, O 

70.1 

70.8 

69.5 
70.0 

70.4 

Monthly mean 68. 9 6g. S 70. 4 
Normal 6g. o 6g. 7 70. 2 .. 

69. 7 70. 5 
67. I* 73· O 

71.1 71.1 

73.0 7r.o 

71.0 70.9 

69. 8 71. 0 

71.0 7r.2 

71- 6 71. 8 

70. 3 71. 2 

70.9 71.0 

70. 8 7r. 5 

70. 9 72. I 

70. 9 7r. 8 

70. 2 71. 2 

69. 9 . 71. 5 

71.2 71.8 

71.3 71.2 

71. 0 72. 0 

71. 0 71.4 

70,0 71.0 

71.0 71. 5 

71. 0 71. 5 

70. I 7J. 0 

70. 9 71.0 

71.8 71.8 

71. 0 71. 8 

71.2 71.6 

70.s• 71.5 

70. 0 70.5 
71. 8 72. 0 

71.4 71.8 71.8 71.7 

77. -0* 79. 2* 

n 1 72.3 

73-5 71.9 

72. 2 7r. 0 

70.0 71.6 

73· I 72. 2 

73.3 74.4 
73. 2 73- 4-

72.1 

72. 9 

71. 8 
7 I. I 

71. 9 

72.6 

72.2 

71. 8 

7 I. 5 

71. s 
71. 8 

71.8 

72. I 

71. 2 

71. 0 

71. 5 
71.0 

7r. 5 
72.0 

71. 5 

71.8 

71~8 

72.0 

73.8 

72.2 

74.6 72.2 

72.8 71.8 

71. 8 73- 7 
71.1 71.1 

71.5 71.3 

69.5 
72. 6 

71.0 

71. 5 

71. 4 

71.0 71.0 72.3 

72. I 76. 9* 71. 8 

71.8 71.8 71.8 

71. 9 72. 0 72. 0 

72.0 72.0 71.S 

72. I 

71. 8 

72.2 

71. 6 

71. 2 

72.3 

72.0 

72.2 

71. 2 

71. 2 

72. I 

71. 9 

72. 2 

71. 2 

71. 9 

71.5 73.0 71.7 
71.2 71.1 71.1 

71. I 79• 4* 72. 4 

71.8 7!.0 71.4 

75.0* 72.0 71.0 

72.0 71.9 71.8 

71.8 71.7 71.5 

71.8 7r.7 71.9 

73.0 73.7 72. 3 

72. 4 So. o* 76. S* 

70. 7 71. 4 71. 9 

70.9 71.4 ;1.9 

72. 2 72.9 72.1 

72.r 72.0 71.7 

7 I. 9 7 r. 0 70. 6 I 7 I. 4 
I 72.0 71.6 70.2 71.2 

71.4 73.S 73.9* 71.0 

74. 6* 72. 5 

74-4 71.4 

71. 0 

69.3 

73.S 
72. I 

70.9 
70.S 
71.2 

71. 6 

72.0 

71. 4 

72.0 

71.7 

72;2 

7r. 8 

72.8 

71. 8 

71. I 

71. 6 

71. 2 

70.8 

71. 8 

72.5 

71. 8 

71. s 
71. 8 
72.0 

73· 2 

70.0 
71. 8 

71.4 

7r. 6 
71. () 

7z.7 
71. 8 

71. 0 

72.0 

71. 2 

72.8 
68.8 

69.4 
71. 0 

70.8 

j2. 8 

70.S 

71. 0 

71. 2 

7L I 

72. I 71. 0 

71.8 71. 7 

72.0 71.5 

72. o_ 72. 8 

71.0 71.0 

71.8 

73.4 

71. 2 

7I. 6 

70.4 

71. 8 

71. 5 
74. 2~-

71. 6 

71. 0 

72. 0 72. 4 

71.3 71.[ 

71.8 71.3 

72.0 71.8 

74. 7* 68. 3* 

72.0 71.8 71.3 

72.0 71.7 71.2 

70. s 

69.S 

70.S 

71. 4 

71. 3 

7 I. I 

7 (, s 
]2.0 

71. 3 

71. 6 

7 I. 8 
71. s 
71.4 

71. 9 

71. 7 
71. 5 

71. 2 

71. 3 

71. 0 

70.8 

71. 8 

71. 4 

71. 6 

71. 4 

71. s 
71. 5 

71. 31 



 

890 UNITED STATES COAST AND GEODETIC SURVEY 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the ttnifilar magrutometer at 

Local mean time, 300 divisions + tabular quantity. 

DECEMBER, l.886. 

-----··---------
Day. lh 211 3h 411 511 6h 7h Sh 9h lQh Uh Noon. 

-~--~ -- ~---- ------------ ------- ------------· ---- -
I 69.3 7040 69.0 69.5 69.5 71.0 'JI. 2 71. 0 72. 3 73.5 73. 0 71. 8 
2 72. 8 70.9 68.6 69.5 68.5 71.6 70.8 74.0 73-9 72. 2 71. 8 69.6 

3 70.5 72.0 72.0 69.5 68.9 70.4 71. 2 70.6 73.0 71. 5 70.5 69.3 

4 70.0 70.9 70.8 68.5 70.9 7r.o 71. 0 71. 0 72.6 71. 8 70.5 6g. 5 

5 70.0 72.3 70.9 70.5 71. 0 70.9 7r. 0 73.0 72.4 71. 8 69.5* 68. 0 

6 71. 8 68. 8 69.8 71. 9 69.4 70. I 72.0 72.8 73.2 72.4 72. I 71. I 

7 70. I 70.5 70.0 72.5 71. 2 71, 6 7J. 2 71. 0 72. I 7I. 4 69. 1* 68.4 
8 69.5 69.6 71. 5 70.3 70.2 70.9 70.8 7 !. 5 72.5 74.2 73.0 71.2 

9 71. 0 71. 2 ]I. I 71. 0 70.9 70.8 71. 2 7r. 7 72.8 73• I 72. 4 70.8 
IO 70. 2 70. I 70.8 71.0 70. 9 71. 0 71. 2 72.0 73.0 73.0 71.9 69,5 

11 70. 5 ]O. I 70.0 70. 5 70.8 70.5 70.8 71.8 71. 7 73.9 7 I. 5 69.6 
12 71. 0 71. 5 71. 0 70.8 70.8 71. 5 71. 8 7r. 8 72. I 72.4 71. 2 69.3 
13 71. 3 71.3 70.5 71. 8 71. 8 71. 9 73. I 73- 5 72.5 72.3 69. 9* 69.4 
14 70. 5 69.4 69.0 70.2 71. 0 71. 5 70.7 72.3 72.4 75. 0 71. 0 68.9 

' 15 6g. 5 69.5 71. 0 71. 0 70. 0 71.5 70.9 72. 6 74.5 73.8 70.4 73-4 

16 71. 5 71. 8 71. 0 71.0 70.8 71. I 72. I 71. 8 72.8 75.o 73. 2 71. 0 
17 71. 0 72.0 71. 2 70. 8 72.0 72.0 66.o* 72.4 73.9 73.9 73- 3 70.8 
18 71. 8 7I. 5 71. 5 72.4 72.0 72.0 72.0 72. 7 74.0 [74.6] [73.7) [71.7] 
19 [71.3][71.5)(70.9] [71. o] [70. 8] [71. 2] (70.8) [71.7] [72.7) 73.2 72. 5 70.1 

20 72.4 72.0 70. 5 71. 0 71. 9 72.0 71. 5 72.7 73. I 73-5 72. 8 71. 5 

21 72. 0 71.8 72.2 71. 5 70.5 71. 0 71. 2 70.8 70.8 74.0 74- 5 72. 3 
22 70.4 72.8 69.5 71. 5 7 I. I 70.2 70.4 70.8 71. 5 73· I 73. 2 71.5 
23 71. I 7r. 8 70.9 70.r 70.4 70.8 69.4 70.9 72.9 73.5 73:4 70.2 
24 71. 2 10.9 71. 2 71. 0 70.9 70.9 71. 2 72. I 75. 2 76.0* 74. 2 71. 0 
25 71. I 71. 8 7o.9 71. 8 71.4 72.0 71. 5 72.2 73.2 75.o 74• I 7L 8 . 
26 68. 2* 72. l 72.4 6g.o 72.6 71. 9 67.3* 72.0 73.0 72. 5 72. 8 71.0 
27 73. 2 69.5 70.1 'JO. 2 70.9 7~.8 70.9 70.5 72.3 72.3 72. 8 71.0 
28 71. 7 72.2 71.5 ']I.3 70.2 70.0 72. 7 69. 1* 72.6 745 73· 5 71. 2 
29 70.0 72. 2 71. I 72.8 67.0* 67.9* 65.0* 67. 8* 71. 4 73.4 75. 0 74-0* 
30 71. 4 72.8 67.5* 6g. I 6g.3 70. 5 71.0 72.7 no '743 74.5 71. 8 

31 71. 0 71. 0 70.5 70.8 70.5 70.8 70. 5 71. I 7J.. I 76.0* 76.0 73.4* 

Monthly mean 70.9 71. 2 70.6 70.8 70.6 71.1. 70.7 71. 6 72.8 73.4 72.6 70.7 
Normal 71.0 71. 2 70.7 70.8 70.7 71. 2 71. 2 71. 9 72.8 73.2 72.9 70.4 J 



 

UNITED STATES COAST AND GEODETIC SURVEY. 391 

DECLINATION-Continued. 

thfJ magnetic observat<>ry of the Coast and Geodetic Sur'Vey, Los Angeles, Oa.l. 

One division of scale=o'.794 Increasing scale readings correspond to increasing east declination. 

DECEMBER, l.886. 

~
-'------,.------------------------------ ---~--·~·-·-" 

Day. 13h 14h l 5h 16h 17h 18h 19h 20h 21" 22h 23" ~~~;, 
---- -----·--------" ---

Daily 
mean. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
28 

29 

30 

31 

I Montllly mean 
Normal 

70.9 

69.0 

69.2 

69.3 
68.9 

70.·I 71. 5 

7I.O 70.9 

69. I 70. 0 

69. 8 71. 2 

69. 6 70. 6 

70. I 70. 3 6g. 5 
68. 9 69. 5 70. 8 

71.0 

70.2 

68.5 

71.0 71.0 

70. 0 70. 0 

63. 5 6g. 8 

68. 0 69, 2, 70. I 

69. 2 68. 8 69. 9 

68. 2 69. 0 6g. 5 

66. 8* 67. 8 6g. 2 

69.7 68,8 69. I 

70. I 69. 3 6g. 7 

70. 5 69. 8 6g. 2 

[70. 7] [70. 6] [71. o] 

71.2 71.3 71.0 

6g. 9 69. I 70. 0 

69.8 69. 8 

70. 5 69. 2 

£8. 6 68. 7 

6g.8 69. s 
70. [ 69. 8 

69.9 

68.9 

69.8 

69. ,8 

70.4 

70.0 
70, I 

70.4 

71.9 
69.8 

70.0 'Jl,0 

70,2 'JO. 5 

69.0 6g.8 

70. 7 70. 7 
69.1 6g.o 

70. I 69. 2 6g. 0 

6g.7 6g.6 70.1 

6g.8 6g.6 70. I 

71. 5 72. 3 

72. 3 73. 0 

71.0 7r. 8 

71,0 71.4 

71.2 71.5 

78.8* 
75.0-K· 

72.0 

72.8 

73.6 

70. 2 71. 5 71.9 

70. 5 74. 0 71.9 

71.0 71.4 72.0 

70. 4 70. 8 71. 9 

70. 6 7 I. I 71. 6 

70. 9 7 D. 6 7 I. 2 

70.2 7I.D 71.8 

69.7 71.0 71.2 

70.0 71.2 72.0 

73.0 72. s 72.4 

70. 0 7 I. 5 72. 8 

70. 8 72. I 71. 0 

(7i. 5] [72. 3] (73- 1] 

70.5 71.5 72.4 

70. s 70. 5 7 I. 3 

6g.8 70. 7 

68.9 70. s 
70.7 71. 2 

70.0 71. 2 

71. I 72.0 

71.0 

75.0* 

71. 6 

71. 4 

72. 5 

71. 0 

70.2 

70.2 

71.8 

6g.8 

71. 0 72.6 

72. o 7z.2 

71,8 72.3 

74. 0 72.6 

70. 5 71.0 

70.8 71. 3 fr.8 

70 • ., 71. 6 72. 4 

70. 7 71. 6 72. 0 

75. o* 81. 5* 74. 9* 

72. o 73· 5 75- o• 

n 7 75. s* 72. s 
73· I 72. I 7I.O 

73.0 73.2 72.8 

72.5 7r.5 

73. 0 74. 7 
72.0 

7 I. 0 

71. 6 

72.0 

71. 6 

71. 5 

72. 5 72.0 

72, 2 72. I 

71.7 71.8 

72. 1 71. 6 

72. 6 73· I 

72.5 
75.8* 
71. 9 

71. 5 
71. 2 

71. 5 

72 0 

72.4 
71. I 

72.8 

71.0 72.S 72.6 

72.0 72.0 73• I 

[7J. o] [73. 7] [72. 9] 

72. 8 72. 5 7 [. 5 

72. 0 72. 4 71. 8 

71. 0 

70.0 

72.0 

71. 8 

72.6 

7r. 4 
71. 8 
72.0 

:11. 9 

72.7 

7 I. I 

68. 9* 

72.0 

71. 8 

71.8 

72. 6 72. 9 73. 0 

72. 9 72. 8 73· 5 
72.5 77.9* 72.4 

74.0 76.1* 73.6 

71.0 72.0 71.5 

72. o" 71. 8 72.0 

72. 3 13. 0 72. 3 
72. 2 72. 3 72. 2 

74,5 
72.0 

72.0 

71. 5 
73.0 

73.8 69. 5 

72. 9 69. 5 

6g. 8 69. I 

71.0 69.6 

]Z.O 71. 2 

7r.3 69.2* 71.1 

73. 2 71. 8 72. 5 

71.2 7r.o 

7 I. 0 70. 9 

;1.2 70.5 

7 I. 9 7 I. 5 70. 5 
71. 8 72.0 71. 0 

68. o* jO. 9 71. D 

71.2 71.4 70.8 

72. 9 72. 8 72. 6 

72. 3 

71. 7 

71. I 

70.9 

71. 3 

71. I 

71. 5 

71. 3 
7I. I 

70.9 

70.9 

71. I 

71, 0 

70. '] 

71. 7 

72. 7 72. 4 72. 7 71. 7 

71.0 71.8 71.0 71.4 

[72. 7] [72. 4] [71. 8] [72. 3] 

72. 4 72. 6 72. 8 [71. 7] 

71.6 72.1 71.0 71.6 

71. 0 

73.0 

71. 9 

71. 9 

72.7 

73.0 

73·9 

73· 7 
74.0 

71.0 

71. 8 

71. 9 

71. 6 

71. 8 

73.2 

71. 8 

71. 9 

72.0 

71. I 

72.8 

73· 7 7J. I 

71. 2 " 72. 8 

74. 5* 71. 6 

71.9 73.8 

72.0 70.6 

72. 0 72. 5 7 I. 5 

72. I 71. 9 71. 4 

72.z 71.9 71.4 

71. 3 
71. I 

71. 2 

;11.6 

72.0 

:11. 6 

71.6 

71. 9 

71. 8 
71, 0 

71. 6 

71,42 



 

392 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hottrly readings from the phatographic traces of the 1utiftlar magnetometer at 

Local mean time. 300 divisions + tabular quantity. 

JANUARY, l.887. 

--· ---
Day. lh 2h 311 4h 5n 6h 7n Sh 9h 10h llh Noon. 

-·--·-· 

1 71. 7 71. 5 71. 0 70.8 70. 5 70.9 71. r 72.0 74· I 76. [ 75.2 72.8 
2 71.0 70.8 70.8 70.8 70. 5 70.6 70.6 71. 9 74.0 75.8 75.2 72.9 

3 70.5 70.8 70.0 69.S 69.3 69.S 69.8 69.8* 71. 9* 73- 8 72.7 7r.o 

4 71. 0 69.8 72. I 71. 9 71. 5 70.9 70. 0' 70.8 73.9 ·74. 9 71. 8 71.0 

5 71. 0 71. 0 71.0 70. 7 70. 7 70.8 71. 0 72. 2 74.1 74. 5 72.3 70.8 

6 70.g 71. 0 70.8 69.4 70. 2 70.5 70. 5 7r. S 74·5 75. 8 75·3 73.1 
7 72.8 71. 0 71.1 70. 5 7o. 5 71.5 70.9 71.9 74- 0 74.0 72.0 69.9 
8 70.2 70.3 70.5 70.4 70.3 70.2 70.0 7r. 6 73.8 75.5 75.2 73.0 

9 72. 0 7I. 8 7!. I 71. 0 70.8 71. I 70.9 72. 8 74.5 75· I 73. 7 . 69.1 
10 71. 0 7r. 2 71. 3 71. 5 71. 2 7r. 5 72.2 74. l 75. 'l 76.5 75.3 7r. I 

ll 71. I 70.6 72.1 71. 4 71.0 70.0 70.7 73. 8 75.1 76.2 72.3 70.0 
12 I 71. I 7I. 8 71.8 70.9 71. 8 72.0 72.2 73.8 74.9 75.8 72.5 68.o* 

13 I 
7z. 0 7I. 9 71. 0 71, I 69.9 71. 0 71. 4 7J. 5 75.8 76.8 7+6 71. 7 

14 71. 0 71. I 71· 3 70.8 71.6 71. [ 69.0 73- 8 77.2 76.0 69.1* 67.1* 
15 70.0 70.5 72.0 68.o 66.9* 69.9 71. 3 73.0 74.9 75.8 72.8 69.3 

16 71. 4 p .. 1 66.8* 69.0 68.7 69.4 70.6 73- 5 74·5 77.5 73.2 69.8 
17 72. 2 71.8 71. 3 68.9 73.64 71. 8 71. 8 73· 5 76. I 75.7 72·7 69.2 
18 no 7r.4 70.6 70.4 70. 5 71. 2 72.3 p.2 73.9 75.9 73• I 71.0 
19 71.0 70.4 70.5 70. 9 69.4 71.2 72.8 7J. 8 75.8 75.8 71.6 67.8* 
20 72.0 70.5 70.9 70. 8 70.9 70.4 71.0 7J. 4 75. 2 75. 5 73.0 6g.8 

21 70.9 71.0 71, I 70.9 70. 8 70.7 70.6 72. 3 75.2 76.8 76.2 70.8 
22 

I 

71. 0 7l. 2 71. 8 6g.8 72.2 7r. 8 71. 5 73.0 74.8 76.8 74.7 71. 3 
23 65.6* 71.4 72.8 69.9 71. 9 67.9* 70.2 72. I 74.2 77.0 75.6 72.2 
a4 68.5 71.0 70.0 71.2 69.6 6g.4 70.9 71. 0 73.8 1+0 72.3 70.7 
25 6g.8 70.2 69.4 6g.8 66.8* 70.0 71. 2 71. 8 74.8 75.9 73.0 69.2 

26 71. 2 70.2 70.8 70. s 68.9 69.8 71.2 73• I 75·9 75.8 74.8 71. 9 
' 69.0 6g.9 69. I 70.8 27 70.5 70.2 71. 3 72.5 74.3 75. 5 74.0 71. 2 

28 6g.8 70.1 70.2 70.0 70.8 71. 0 71. 7 72.8 7+8 76.8 75.2 73.0 
29 70,2 70.8 70.5 70.9 71.0 71. 0 70.8 70.9 73.0 75. 8 74.5 7z.3 
30 70.8 70.8 71.0 70.6 70.8 70.0 6g.8 72.0 74.9 76.1 76.0 7+o* 

31 71. 0 69.5 71.0 71.0 71.0 71. 2 70.4 72.8 15· 2· 77.0 75.2 70.8 
I 

Monthly mean 

I 
70.8 70.9 7o.9 70.4 70.4 70.6 71.0 7a. 5 74.7 75. 8 7J. 7 70.8 

Normal 70.9 70.9 71.0 70.4 70.6 70.7 71.0 72.6 74.8 75.8 73·9 71.0 



 

UNITED STATES COAST AND GEODETIC SURVEY. 393 

DECLINATION-Continued. 

the magnetfo obttervato>·y of tho Coast and Geodetic Su>·vey, Los Angeles, Cal. 

One division of scale =o'.794 Increasing scale readiui;:s correspond to increasing east declination. 

~--------------- ----

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 
14 

15 

16 

17 

18 

19 

20 

21 

22 

! 13h 

71. 3 
70.0 

6g.o 

70. 0 6g. 7 70. I 

69. 0 68. 8 69. 6 

68. 5 69. 5 7q. 5 
(68.8] 

70. l 

68.o [ 68. 8] 70.0 

69. 5 70. 2 70. 8 

71.8* 70.4 

6g. 4 6q. 2 

70. 7 69. 6 

67.8 68.2 

6g. 8 6g. 2 

68. I 68. 3 6g. 7 

68. 0 69. I 70. 3 

6g. 4 69. 0 6g. 6 

65. o* 68. 5 68. 6 

66.8 66.1 67.8 

68. 8 69. I 

66. 7 66. I 

70. 5 69. s 
66.4* 67.0 

69. 2 68. 9 

68.4 

70.8 

67.8 

70.4 

67.2 

6g.o 

66.8 

6g.8 

66.o* 66. 8 

67. 5 6g. I 

68.8 67.2 

70. I 68. 4 
6g.o 67. 1 

71. 1 6g. 2 

76.2 

68.3 

69.0 

68.9 

68. 9 

68.5 

6g.2 
68.8 

69.6 

68.2 

69.0 

67. 5 
66. 1* 

67.8 

68.5 

70.6 

70.2 

71.0 

70.7 

70.3 

70.9 

71. 8 

71.0 

6g. I 

6g.8 

71. 8 

70.0 

69.9 

69.8 
69.8 

70.0 
70.2 

68.9 
69.8 
70.0 

69.2 

6g.8 

69.0 

69.5 

69.8 

.JANUARY, 1887. 

1711 

71. 0 

70.9 

70.9 

70.8 

71. 0 

71.5 71.8 

71.1 71.1 

71.1 7r.2 

71.0 71.0 

7r.1 71.2 

7o.9 

70.6 

71. 5 

7 I. 7 
71. 8 

70:8 

70.8 
jI. 5 
71. 8 

72.2 

71.0 71. I 

71.9 71.7 

72. 0 72. 7 

71. 0 74. 9* 

70. 5 70. 8 

71. s 
70.5 

7 I. I 

70. 5 
71. 2 

'12·9 

75. 3* 
jl. I 

70.0 

71. 8 

70. 8 70. 2 

71. 4 71. 5 
76. 6* 71. 6 

72. 3 71. 2 

72.0 

70.9 

71. 2 

71. 6 

70.9 

70.8 

72. I 

71. l 

72.0 
72. I 

72. I 

71. 5 

71. 0 

70.9 

71. 7 
71. 9 

72.2 

71. 0 

71. l 

7r. 8 

70.4 
71. 7 

73.9 

71. 5 
p .. o 

71. 0 

7 I. I 

70,9 

73.8 

70.8 

72.8 

72.4 

71. 9 

72.2 

72.4 

71. 8 

71. 6 

70. I 71. I 71. I 72.0 
1------1----·--·------

Monthly mean 68. 9 

Nc>rmal 6g. I 

70.J 71.4 71.7 

'JO. J 71.2 71.4 

--------------~ 

•l()h <>J h '>'>h 9.Jh Mid- j Daily 
.::___ ___ ~ _____ ::::_ _ _:_ ___ uight. I mean. 

11. 5 11. 6 11. s 11. 8 11. 4 1 11. 1 

7 I. I 7 I. O 7 r. 0 70. <) 70. 5 7 I. 2 

70. s 70. <) 72. 0 70. 8 7 I. 0 70. 6 

71.4 71.6 71.0 71.0 71.0 [71.0] 

71.0 71.2 71.2 71.0 70.8 71.2 

71. 2 

71. 0 

70.8 
72.0 

j2.0 

72-2 

71.0 

72.o 

71. 7 

71. 5 

74· l 

72.3 

72·9 

71. 3 
71. 2 

71. I 

73. 8 

71. 0 

72.8 

71.9 

72.0 

72.0 

72. 5 

71. 9 

71. 5 

72. I 

71. 8 

71. 8 

71. 3 

71.0 

71.4 

72.0 

71. 8 

70. 8 

7 I. I 

72.0 
72.4 

73· I 

75.0* 

71. 8 

7 I. I 

71. 5 

71. I 

71.0 

75. I* 

71. 2 

72. 6 

76.2* 

72.0 
72. I 

72 ·3 
72.0 

71. 6 

71. 5 

70.8 

71. 2 

71. 8 

71. 7 

7 I. 2 

70.8 

7 I. 2 

71. 6 

7 I. s 
72.3 7r.1 

71.1 71.0 

71.8 71. I 

75· o* 73· 8 
72. 0 72. 0 

72. 8 

72.8 

7I. 2 

70.9 

71. 2 

72.8 
10.5 

69. I 

7 I. 2 

70.8 

7I.O 71. I 

74. 3* 71. s 
70. 9 71. 0 

70. 5 72. 2 

72. 7 72. 2 

73.4 71. 9 

72.7 71. 8 

72. 5 72. 2 

71.7 71.0 

72.2 71.7 

73.6 

70.5 

7 I. I 

71. I 

70.8 

72.2 

71. 2 

71. 5 

70. I 

70. 2 

72.0 

72.2 
71. 2 

70.5 
71. 4 

71. 2 

71. 6 

70.8 

71.5 

70.8 

71. 2 

71. 8 

71.0 

71. 0 

70.9 

71.6 

71. 0 

71. 4 

71. 4 

71. 9 

71. 4 

71. 5 
71.8 

71.2 

70. 7 

71. 7 
71.5 

71. 4 

70.8 

71.2 

71. 2 

72. 2 

71. l 

71.2 

71. 0 

71. 4 

71. I 

71.5 
71. I 

71. 6 

12. 2 16. 9* I 11. 1 

72.2 --7-1-.-9--7-1._4 __ 71.4-1~ 

il.2 71.7 71.4 7r.2 1'· 

76.8* 

-------~-~-~~~~~~--



 

394 UNITED ST.ATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hoiirly readin,qs from the photographic traces of the unifilar magJietometer at 

Local mean time. 300 divisions +tabular quantity. 

FEBRUARY, l.887. 

Day. 
\ 

lh 3h 31t 4h 5h (jh 7h 311 !)h 1-01• Uh Noon. 

I ·-----·--· 

I 

I 
76. 5• 72. 8 70.8 7 I. 2 69. 2 69.5 7r. 7 73.0 73.0 75.0 74. 2* 7r. 6 

2 71. 0 71. 3 69. 8 70.9 7 I. 5 70.7 70.8 73· I 74.5 74. I 72.8 70. 5 

3 7L 9 70. 5 70. 3 70.5 71. 0 69.5 71. 2 72.2 7J. 5 [73. 6) [71. 9) 69.6 

4 70.0 70.8 70. 2 70.2 70. 2 70.2 71. 0 71. 2 72.7 7o.5 70. 7 70.0 

5 j2. I 71. 0 72. z 72.3 72.2 72.0 70.8 71. 9 72.9 72.6 70. 5 68, I 

6 72. 0 72.0 72. 6 72.0 71. 2 • 71. 5 72.0 72.6 73.0 73.5 72.0 69. 9 

7 70.8 70.0 71. 0 74.2* 7J. 4* 7+ s· 71.0 71. 0 73.9 72.5 70.S 69.S 
8 71. 0 71. 0 71. I 70.8 71. 0 71. 0 70.S 71.0 72.4 73· I 72. 0 70.0 

9 71. 0 70.5 70. 6 72.8 71. 0 70.8 72.2 72.5 71. s 71.7 69. 5 68.2 
10 72. I 71.0 70.9 71. 2 72.3 70. 5 71. 2 7J. 8 71. 3 71. 8 70.9 "69. 2 

I[ 70. I 70.8 70. 5 70.0 71. 0 71.2 68. 7 70.5 71.6 72.0 71.0 70.0 

12 70. 8 71. 8 71. 0 73. 0 72.0 69.8 72.5 72.6 72. 8 73.0 66.8* fi4. oll· 

13 71. 0 68.o 70.0 72.0 71. 8 69.2 69.0 71.0 72. 0 71. 7 71.0 71. 0 

14 68. 7 70.0 70.8 72. 5 66. o* 68.9 71. 0 71. I 72.0 72·5 72.7 6g.2 

15 70.8 70. 3 69.4 70. 5 70. 7 69.6 70. 5 70.6 72. 5 73.5 72.6 70.8 

16 75. 1* 71. 6 70. 8 7o.7 69.0 70.2 70.7 72.0 71.8 72.8 72.4 70.8 

17 69.6 69.2 70.0 69.0 69.0 70.5 71. I 72.2 73.8 ns 72.4 69.8 
18 69.7 69.8 69.5 70.0 70.4 70. 5 71. 0 72.8 74.0 74.0 72.0 70.0 

19 70.0 70. l 70.0 70.2 70.0 70.4 71. 5 73.2 74.0 74.0 70.8 69.2 
20 72.3 71. 8 74. 5* 65.0* 71. 0 71. 0 66.2* 68.5* 72. I 72.0 71.0 69.0 

21 67.8* 70.8 72.8 64.1* 71. 0 67.8 68.o* 69.2 70.8 71.0 70.0 67.5 
22 69. 5 70.0 71. 0 65.0* 68.o* 71. 0 71. 8 71. 5 74.6 70.8 70.8 68.o 

23 68.8 69.2 72.2 68.2* 67.0* 68. I 67.8* 69.2 69.5* 73.2 72.6 70.0 

24 70.8 69.8 68. 5 7o.5 70. 5 70.5 70.8 72.5 74. 2 74.8 72.8 69.8 

25 70. I 70.0 71. 0 71. 0 71.0 70.0 69.0 71. 0 72. 8 7J.8 72. 5 70.2 

26 69.5 69.8 69.5 70.0 70. 2 70.0 70.0 70.6 71.8 72.S 72.0 69.2 
' 

27 67.8* 69.8 69.6 68.o* 67.0* 68.4 67.5* 67.4* 69. S* 72.0 71.0 71. 0 
28 69. 5 69.8 69.8 6g. 5 69.2 69.8 69.2 69.5 69.8* 73.2 72.8 71. 0 

-· 

I 
Monthly mean 70. 7 70. 5 70.7 70. 2 70.3 70.2 70.3 71.3 72. 4 72.8 71. s 69.6 
Normal 70. 5 70. 5 70.6 70.9 70. 7 70.1 70. 8 71. 6 72.S 72.8 71. 6 6g.8' 



 

UNITED STATES COAST .A.ND GEODETIC SURVEY. S95 

DEC LIN ATION-Oontinued. 

the rnagnetic observatory of the Coast and Geodetic Survey, Los .Angeles, Ca •. 

·One division of scale=o'.794 

Day. 

2 

3 
4 

5 

6 

7 
s 
9 

10 

II 

[2 

13 

21 

22 

70.3 

69.4 

69.0 
69.9 
68.3 

69.2 
6g. 2 

6S.o 
68.5 
68. 5 

68.2 67. 4 

69.0 69. 2 

68.o 68. 8 

69.9 70. 0 

67.6 68. 5 

68.o 68. 5 

70.4 71. 0 
68. 8 69. 6 

69.0 69. 0 

66.6 68. I 

69. 8 69. 3 69. 2 

66. o* 65. 2' 69. o 

71. 0 

67.6 
70.0 

69.2 

67.8 
68.8 

68.4 
67.8 

67.5 
68.o 
68.5 

67.8 

68.9 

68.9 

66.5 

68.7 

67.8 
67.0 
68.o 

69.0 

68.5 

69.0 
69.0 

69,5 

69.2 

67. 8 

68.2 

69.0 

69.8 

65.8 67.8 

68.2 69.0 

66.6 68. 8 

66. 2 67. I 

67.8 67.0 

Increasing scale readings correspond to increasing east declination. 

FEBRUARY, 1887. 

-----------~-, 

2111 23h l\1i<1- Daily j 
night. mean. 

-----------------------
69.8 

69.8 

69.6 

7i.o 

6cJ.4 

6c). 5 

71.0 
71. 0 

70. 2 

68.2 

68.8 

68.8 

6q.5 

69.8 

6cJ.8 

69.5 
68.8 

68.8 

6c}. l 

71. 8 

70.2 
71. [ 

70.2 

71. 0 

72.0 

]I. I 

69. 2 

69. 5 

69.8 
70.0 

70.S 

70.0 

69.3 

69.5 

69. 5 
69.8 
70.0 

70.5 

70. 0 71. 0 

69. 2 69. 7 

68.6 70. 6 

68.o 69. 5 

67.9 69. 8 

72.0 
70.8 

12· [ 

7 I. 5 
70.5 

71. 0 

71. 6 

72.5 
70.8 
70.4 

69.0 
74.0* 
70.2 

70.8 

72. I 

69.8 

70.0 

70.0 
68.o* 

72. 2 

70.0 
69.8 

71. 0 

70.8 

69.5 

71.8 72.8 

71.0 7I.8 

73· 8* 72. 8 

71.9 72.0 

71.1 71.2 

71.0 71.0 
71. 7 71.2 

72.0 71. 9 

72. I 72. 0 

72.0 70. 8 

70.8 

72.5 
72. 5 
71. 0 

70.8 

71. 0 

71. 5 
72.2 

72.4 

70.8 

72.0 

70.8 

72.9 

72.0 

71. s 
71.0 

]I. 2 

71.0 

71. 5 
70.6 

71. 0 

73.8* 

72.8 

jI. 8 

7r. 2 

71. 8 

69.8 
69.8 
70.5 
72.0 

70. 3 70. 8 

70. 0 6cJ. 2 

70. 0 69. 8 

70. 5 71. 2 

72. 8 71. s 
70.S 
70.4 
71. I 

70.8 

70.0 

69.2 

69.5 
71. 0 

70.8 

70.6 

70.8 
69.5 
7r. 2 

70.8 
6g.8 

72.0 
jLO 

73.2 
71. 8 

71. 0 

71. 0 

71. 2 

71. 0 

70.S 
70.8 

70. s 
70.8 

7r. 5 
70.0 

71. 2 

72. 2 71. 5 
71.8 71.9 

74. 8* 71. 2 

71.8 71.8 

71. 1 

70.8 

7I. 0 

70.8 

7I. 0 

69.8 

7L 0 

71. 0 : 

' 72.5 

69. I 

70. 2 ' 

70. 8 71. 5 
70. 0 70. 8 

69. 6 69.4 

70. 5 70. 8 

71.6 74.6* 

71. 6 

7 I. 2 

[71. 3]. 
70. 9 
70. ') 

7 I. I 

7 I. 5 
7 I. I 

70.4 

70.5 

70. 6 

70. 2 

70.9 

71.5 71.5 
70. 0 70. 0 

69. s 69. 8 

78. 4* 72. s 
72.8 71.0 

7 [. 0 ' 70. 8 

68.8 

70.0 

71. 0 

69.7 

70.6 

69.4 
70.2 

71. D 

70. 2 

70.2 

69. 8 ' /u. o 

70. 0 70. 3 

71. 0 : 70. 9 

73.0' 70. s 

69. 41 
69. 5 . 

72.:? 

70.2 

I 

69.2 

69.8 

69.9 

70. 3 

70.2 

:; ~::: ::: : :;: !* :~:; ::: : ::: ; ::: ~ ~~:: ~:: ! ~:: ~ ::: : ::: : II ::: ~ 
28 69.8 6';.8 66.5 67.4 68.5 69.5 70.1 70.3 70.5 70.2 69.8 69.5 69.7 i 

---------------------------·------- -1---, 
Monthly mean I 68. 8 67. 9 68. 6 69. 3 70. I 70. 7 71. 2 71. I 71. 1 71. t 70. 8 70. 9 I 10. 50 I 

LN~rma~---- i 68.9 68.o -6-8._7_ 69.3 70.1 70.6 71.1 71.1 70.0 70.9 ---~-0--7-70.7 __ _:_ __ ( 



 

396 ONITED STATES COAS1: AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES....-

Hourly i·eadings from the photographic traces of the unifilar magnetometer at " 

Local mean time. 300 divisions+ tabular quantity. 

·MARCH, 1887. 

Da.y. 1h 2n 311 411 5h 6h 711 811 911 1011 llh Noon. 

------
I 70.8 69. I 70. I 69.9 70.0 69.8 70.0 70. 5 71. 0 72.0 72.6* 71. 7* 
:l 69.2 70. 8 69.8 69.8 69.8 70.2 70. 2 70.5 70.0 70.0 69.5 69.0 

3 70.0 70.0 70. I 70.2 70.4 70.0 71. 0 71.8 72.0 71. 2 70.0 69. I 

4 (69.9) [69.4] [69.3] [69.7) (69.3) f69.9) [70.6] (71.5] [71. 3] 70.0 69.2 67.0 

s 69.2 70. 3 69.8 70.8 70.0 70.5 71. 0 70.8 71.2 71. 8 6g.2 65.4 

6 6g. 5 70.0 68.8 72.2 65.5* 69.8 71. 5 71. 0 71. 0 68.o 66.o* 65.0 

7 69.2 69. 5 6g.5 70.8 67.8 69.6 70.5 70.0 69.5 68.8 68.o 67.5 

8 64.8* 7 I. I 71. 2 70.8 70.2 70.8 69. 7 69.8* 70.8 6g.3 66.8 67.0 

9 70.8 68.o 70.6 72.0 69.2 71. 8 71. 2 69.0·" 69.0 68.3 66.2* 65.9 
IO 68.4 69.0 68.5 7 I. 8 71. 0 70.1 71. 3 72.8 72.8 72.2 6g.2 66.8 

II 70.0 69.8 69.8 69. I 70.1 70.7 72.0 72.3 70.4 6g.o 66.8 66.2 

12 69.3 69. 5 69.7 70. I 70.5 70.7 72.3 72.2 70. 8 6g. I 67.0 66.8 

13 69.2 69.4 69.8 70. I 70. I 10.5 70. 8 j2.8 71. 3 70.2 68.5 67. 5 
14 69.2 69. 3 69.5 6g.5 69.6 69.5 70.0 72. I 71.8 70.2 69.2 67.4 

15 71. 2 70.4 68.o 70.0 70.5 6g.6 71. 2 73.5 72.1 71.8 69.5 66.8 

16 6g.8 68.8 68.o 68.8 6g.9 70.4 70.8 71. 6 71. 2 70.3 67.8 65.4 

17 70.0 68.3 6g.5 69.6 69.8 69.8 71.2 72.0 71, I 69.8 68.o 66.o 

18 68.8 6g.o 69.0 6g.o 6g.3 6g.8 70. 8 71.4 70. 5- 69.4 67. 7 66.o 

19 69.5 69.7 6g.5 69.8 70.4 70.8 72.8 73.8 72.5 6g.2 66.1* 64 8 
.20 69.2 65.7* 67.8 69.2 6g.2 6g.6 68.o* 69.0* 67.8* 6g.8 67.5 66.3 

21 69.0 66.4* 69.3 70.0 68.8 70.6 71. 8 n. 8 72.8 70.9 68.2 64.8 
22 68.3 68.o 70.8 67.8 67.8 71. 8 72.5 74.5 74. 2* 70.8 68.8 65.8 

23 70.8 71. 0 69.0 69.2 70.1 70.5 72. 5 76.0* 76.0* 73.4* 70.0 ,68.o 

24 75.8* 71. 6 67.4 6g.2 6g. I 71. 2 70.3 70.8 72.0 70.8 68.8 67. s 
25 69.0 &p 68. s 69.4 70.4 71. 8 72. 3 7J. s 74. 5* 72. 3 6g.6 68.2 

26 70. 2 70. I 70.0 70.0 70.8 71.0 72. 2 73.0 72.8 71. 3 69.3 67:7 
27 70.0 70. I 70.7 69.5 70.0 70.8 71. 0 73.0 74.0* 73.7* 69.7 67. 2 
28 70.8 69.0 69.6 70. 2 70.1 70.4 73.o 74.8 76.0* 74.9* 72.0* 74.o* 
29 6g.4 6g.o 6g.o 70.0 70.4 71. 6 73· I 74.0 75.2* 13·4* 71. 0 SB.4 
30 6g.3 6g. 5 69.5 6g. 5 6g.9 70.6 71.8 74. I 75.8* 74.0* 71. ( 68.8 

JI 69.2 69.5 6g.8 70.0 70.5 71. 3 72. 8 74.5 75.2* 74.0* 70.4 67.7 
---~----

Monthly mean 69. 7 6g.4 69.4 70.0 6g.7 70.5 71.3 72.2 72. I 71. 0 68.8 67.3 
Normal 69.6 6g. 6 6g.4 70.0 6g.8 70.5 71. 4 72.5 71. 3 70.2 68.9 66.9 

--··-·"· ·----··- ------·------·-------·-



 

UNITED STATES COAST AND G EODETIO SURVEY. 397 

DECLINATION-Continued. 

the magiietic observatory of the Coast and Geodet·ic Survey, Los Angeles, Cal. 

One division of scale= 0/.794 Increasing scale readings correspond to increasing east declination, 

MARCS, 1887. 

--- -

Day. 1311 14h lf)h 1611 1711 1811 1911 2011 21h 22h 23h Mid- Daily 
nigl1t. meau. 

---
I 70.2* 69.5* 6g.o 69,0 69. 2 6g.8 70.0 70. l 70.5 70.2 70.0 69.S 70. 2 

z 68. 2 68.5 69.0 69.4 69. 8 69.8 70.2 70.5 70. 5 70.0 70.0 70.0 6g.8 

3 68.8 68.2 68.5 6g.o 69.4 69.8 69.9 (70. 1] [70. 11 (70. o] (70. 1] (70. o] [70. 1] 

4 66.o 66.o 66.8 67.0 68.8 69.0 69.0 69.2 69.2 69. 2 69. 5 69. 8 1(69. o] 

s 65.0 66.8 65.9 66. I 66.5 66.5 66.6 66. 6" 70.8 68.o 68.3 68.8 68.6 

6 65.5 64.6 ()S.o 68.5 68.o 68.o 68.o 68.o 68.o 67. 6 68.o 69.2 68.2 

7 67.2 67.2 68.7 69.0 69.2 68.8 68.9 68.9 69.0 69.2 70.8 69.8 69. I 

8 66.z 67.2 67.8 67.8 69. 7 69.8 69.9 69.0 69.2 6g.6 70.2 69. I ·69. I 

9 67.4 67.8 69.4 69.7 69.8 69.6 69.1 69.0 68.9 70.7 69. l 69.8 69,3 
JO 65.8 66.5 66.9 69. 2 69.6 69.5 69.8 69.9 69.5 69.0 69. I 69.7 69- 5 

II 66.8 67.2 69.8* 70.0 70. 2 69.8 70.4 69.4 69.0 69.2 68.8 69.2 6g.4 
12 67.3 67.2 67.8 68.8 68.4 69.0 69.3 70.0 6g. I 69.2 69.3 69.6 69. 3 

13 66. 5 66.o 66.7 67.5 67.S 68.5 68. 5 69.0 69.0 69.8 69.2 68.4 69. q, 

14 67.5 66.7 67.2 67. 8 68.6 68.1 68.8 69.z 68.8 69.9 69.3 69.5 69. I 

15 65.8 63.8• 64.6 68.o 66. 8 68.4 68.4 ']I. 5 69.5 10.s 70.3 69.0 69.2 

16 65.0 65.5 66.5 68. 8 68.9 68.2 68.o 67.8 68. l 70.0 69.3 69.4 68. 7 

17 65.4 66.o 67.0 6'].8 68.6 67.8 67.8 68.o 68.2 68.5 68.9 69.0 68.7 

18 65.9 66.I 66.9 68.o 68.o 67.6 67.6 67.8 68.2 69. I 68.6 68.8 68.5 

19 63.2* 63.8* 65.8 66.3 67.5 67.1 67.3 6g.5 68.5 68. 7 71. 9 69.7 68. 7 

20 65. 5 66.o 66.2 68.o 68.5 68.7 68.9 68.6 71.5 69.z 70.z 69.8 68.3 

21 64.8 65. :z 67.0 6g. 8 70.0 69.2 6g.o 69.4 68.S 6g. 5 69.8 70.0 69. I 

22 64.7 64.2 66.z 68.4 70.0 6g.5 6g.:z 69.2 6g.2 69. 3 69.8 7z. 8* 69.3 

23 66.8 65.6 66.6 71. 1* 67. 8 67.7 68.4 71.3 69.2 7z.o* 74.0* 73.8* 70.4 

24 67.2 67.8 68.o 69.0 70.0 6g.5 6g.4 69.6 70.3 69. l 68.8 68.7 6g. 7 

25 67.8 67.9 68.8 6g. 2 69.5 6g. l 68.6 ']O.O 6g. J 69.0 69.2 70.8 69.9 

26 66.o 66.2 65.8 67.0 68.J 6g.2 68.6 6g.o 68.8 69.z 69.5 69.4 69.4 

2j 66.o 66.5 67.5 68.5 69.5 6g.2 6g.5 6g. 5 6g.z 69.0 ']0.2 71. 0 69.8 

28 66.:z 66.o 66.4 68.o 68.6 68. '] 68.8 6g.o 70.0 70.0 6g.8 6g.6 70.2 

29 66.2 65.9 66.:z 67.8 68.9 69.3 6g.1 6g.3 6g.5 6g.5 6g.2 6g.2 69.8 

30 66.o 65.8 66. 7 68.o 6g.o 6g.o 6g. l 6g. l 6g.o 6g.2 6g.:z 68.8 69. 7 

31 65.8 65.2 65.8 66.5 67.7 68.6 68.8 6g.o 69.0 6g.o 69.0 69. 2 6g.5 
---

Monthly mean 66.4 66.4 67. [ 68.4 68.8 ~.8 68.9 6g.3 6'). 3 6g.4 6g. 7 6'). 7 6g. 31 

Normal 66.3 66.4 67.0 68.3 68.~ 68.S 68.9 6g.3 6g.3 6g.3 6g.5 6g.5 
~ 
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Local mean time. 

Day. 

2 

3 
4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

25 

z6 

27 
28 

29 

30 

Monthly mean 

Normal 

UNITED STATES OUAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-
' 

Hourly readings from thephotograpl&i<; trace8 of tlte unifilar magnetometer at 

69.5 69.4 69.5 

69.5 69.5 69.4 
70. 2 70.4 70.8 
72.4* 71.2 71.0 
71.0 69.6 69.0 

69.0 71.5 70.2 
70.8 67.0* 68.2 

69.8 70. 2 69.6 

68.o 66.o* 67.0* 
69.0 67.0* 69. 2 

71.5 71.2 68.o 
70.4 70.6 70.8 

69.0 69.0 69.0 
68.8 69.2 69. 3 

70. 5 71.0 68.7 

69.0 68.8 70. 2 

70. I 69.2 65.8* 
6g.2 70.3 69. 8 
69.0 69.2 69,7 

68. I 69.9 69.4 

65.3* 70.9 72.2* 
70. I 70.8 68.8 

69.2 69.5 69. I 

68. 1 6g.o 69.2 

64.6* 74.1* 72.4* 

6g.o 69.4 70.0 
69.7 69.8 70.0 

69. 4 70. 5 70. 8 
72.5* 72.0 70.5 
69.8 70.4 6g.2 

69.4 69.9 69.6 
69.5 70. l 69.6 

APRIL, 1887. 

70.0 70.3 70.8 

69.6 70.6 70.0 
69.5 68.o 67.4* 
71.0 70.8 71.0 
70.0 69.0 67.2* 

69.0 70.4 69.5 
68.o 70.3 72.0 

70.5 70.6 71. I 

70.2 70. I 71.0 

6<).7 70.2 71.1 

73.0* 70.8 72.8 
70.8 71.0 71.9 

69.2 69.3 70.0 

71.3 70.0 70.0 
70. I 70.7 72.2 

70.4 70.6 71.4 
66.5* 70.2 71. 8 

69.7 70.5 70.5 
69.4 70.5 71. I 
70.5 70.4 71.1 

69.8 
6<).6 

6g.8 

69.9 
66.o* 

70. 2 72. I 

74.0* 73.2 
70.0 71.8 

70. 5 72. 1 

73.2* 72.5 

70.7 71.0 72.4 
70.2 71.0 72. l 

71.4 71. I 72.6 
70.8 71.5 72.8 
70.2 70.4 71.2 

69.9 70.6 71.2 
70.0 70.4 71.5 

300 divisions + tabul:>r quantity. 

73.0 75.0 76.2 
72. 4 73. 8 74 0 

74.0 72.8 70.7* 
73.3 75.8 74. 2 

70.8 72. 2 71.8 

72.8 73·9 73.0 
71.3 71.0* 70.0* 

73.2 74.0 72.8 
73.2 75.4 76.0 
73.6 76.0 74. 2 

73.8 74.5 74.0 
72. 3 72.7 75. 2 

71.6 73.0 73.8 
72.6 73. 8 73.8 
71.5 72.6 73.8 

72.7 72.8 73.4 
73.9 70.4* 70. 8* 

73.6 73.8 71.5 
72.6 74. 7 74. I 

73· I 74.9 73·4 

73.0 

74.9 
73.8 

74.2 

73-9 

74.1 

73· I 

74.8 

75.7 
75.7 

72.6 
74.0 

74• I 

7J. I 

74. 5 

73.8 73.9 72.7 
74, I 75.3 75.5 
74.1 75.6 69. r* 
72.1 74.5 74.4 
72.0 72.3 71.7 

73.0 73.9 73.3 
73.0 74.2 73:8 

10h. 11 h Noon. 

74. 8* 72. 4* 69. 2 

73.2 70.6 68.8 
68. 6 68. 0 67. 5 

70. 5 65. 9* 65. 8 

69. 5 67. 4 67. 2 

7r. 5 68. 0 64. 6* 

69. 3 66. 2 66. 0 

63. 8 65. 9* 65. o* 

7':!.. 2 67. o 64. r* 

71. 0 68. 0 66. 0 

72.6 69.8 67.8 

72. 7 70. 7 69. 5 
73• I 70. 8 68. 2 

71. 0 68. 6 67. ! 

70. 8 67. 9 66. 4 

70. 5 69. 5 68. 5 
6g. 6 68. 5 69. I 

68. 4 65. o* 66. I 

70. 3 68. 4 67. 0 

6g. 8 67. 2 66. 7 

70. 5 68. 0 68. 0 

72. 8 67. 8 66. 7 
71. 0 68. g 67. 0 

69. 9 68. 0 66. 6 
72.4 70. 6 69.8 

71. 0 70. 2 70. 0 

73. 8* 70. 5 68. 2 

69. 0 66. 6 64. 6* 
72. 3 70. l 68. 5 
70. 6 69. 2 69. I 

71. 0 68. 6 67. 3 

70.8 68. 7 67.7 

---------------------------------



 

UNITED STATES OOAST .A.ND GEODETIC SURVEY. 399 

DECLINATION-Continued. 

the magnetic 09ser1Jatory of the G()(J,8t and (}eadetic Sumey, Los Angeles, Oal. 

One division of scale=o.'794 Increasing scale readings correspond to increasing east declinatWll. 

APRIL. 1887. 

Mid- ! Daily I 
Day. 13h 141. 15h 16h 17h 18h 19i. 20h 2lh 22h 23h night. i I 

mean. I 
-· l __ I 

I 66. I 65.5 65.0 66.8 67.0 66.9 66.5 67. 4 69.8 6g.5 70. 2 70.9 ! I 
i 69 7 i 

2 68.o 66.5 67.8 69.2 69.8 68.5 69.0 71. 0 69.0 69.8 72. s* 71. 8 70. 2 I 
3 66.z 66.5 67.8 68.8 69.9 70.0 70. l 70. l 70.4 70. 6 70.8 70.8 ! 69.6 I 

I 4 66.5 65.5 65.8 66.4 66.8 67.0 68.o 68.5 68.8 69. 2 72.8* 70.5 69. 5 I 
5 64.6 66.o 70.0* 6g.8 70.8 69.5 69.2 6g.8 70. 9 69;9 73.0* 73. 3* i 69.6 j 

6 65.2 65.0 68.2 81. s· 69.0 68. 5 67.8 
I I 70.0 70.0 71. 0 70.2 74· 3~- I 70.2 

I 

7 65.8 67.7 68.o 70.8* 72.8* 72.3* 7 I. 'l (0.8 71. 4 69.0 72.3* 68.2 69.6 i 
8 63.8 64.8 66.o 68.1 69.2 70.7 70.8 6g. 8 70.7 72. I 72. 8*" 70. 0 69. 6 

9 63.0* 64.0 65. 9 68.o 70.0 70.0 7I. 0 70.0 69.2 70. 5 71. 0 69. I 69. 2 

10 65.r 64.9 64.8 67.8 69.0 69.2 68.8 68.8 69. 7 6g.4 69. 5 7r. 2 69.3 
' II 66.5 65.8 66.7 67.0 70.0 69.6 70.0 70.8 69.8 69. 8 70.0 70. 2 
I 

70.2 

12 66.6 65.5 66. I 66.7 69. I 6g. I 68.8 68.o 68. 2 68. l 68.6 68.6 I 69. 7 

13 66.,f 65.2 65.5 66.6 67. 8 68.o 69.0 68. I 72.2 69.8 68.6 
! 

68. 5 
' 

69. 2 

14 65.3 64.8 66. 2 66.4 67. I 69. I 68.5 6g.8 70.8 73. 3* 69.8 72. 0 69. 5 

I 15 65.5 65.8 66.5 68.o 69.0 68.9 68.6 68. I 68. 5 70.8 69. 2 68.8 I 69.3 
i : 

16 66.5 66.3 67.8 68.o 70.6 69.0 68.8 68.6 69. 4 70. 3 6g.9 69.7 69.7 I 
17 68.5 67.3 67.8 67.9 69.0 69.2 69.2 6g.o 6g.5 73.8* 71.0 71. 0 69.6 i 
18 65.8 66.o 66.o 67.2 68.9 68.8 70.6 6g. 5 68.8 68. 5 68.8 68.8 ! 69.0 

i 19 65.6 66.2 66.8 67. 8 68. l 68.2 68.4 68.9 73. 2* 70. 3 67. 8 69. z 69. 4 
20 66.2 66.o 66. 7 68.2 69. 2 69.3 69.2 6g.2 69.3 69.9 70.0 69.9 69. 5 

i 
21 67.2 66.2 66.8 67.7 69.0 69.2 69.2 69.3 69. g iO. I 70.0 io.G 69 7 
22 65.8 64.9 66.3 66.4 68.9 69. I 69.2 76.3* 70.8 68.8 6S. z 69. 3 70.0 
23 66.2 65.6 66.o 69. I 69.0 72.3* 70.8 72. 4* 72. 4 70. 8 69. 2 68.S 70. I 

24 67. [ 67.4 67.8 68.8 69.4 69. 5 68.7 6g.3 70.2 6g.7 70.2 69. 9 69. 8 
25 69.7* 68.5* 67.8 68.2 69. r 69.9 69.4 70.0 69.4 6g.o 69.0 69.2 10.4 

26 69.8* 68.9* 68.9 69.0 68.8 69.0 69. I 69.0 69. I 69. 2 69.3 69.5 70.z 
27 66. 7 65.8 66.3 67.6 68.2 68.5 68.5 68.4 68. 2 68.6 6S. S 68.8 69. s 
28 65.6 64.8 63.8* 66.8 65. 5* 69.8 68.o 70.9 73.2* 70.0 70.2 67. 7 69. 2 

29 66.8 65.8 66. I 68.1 70.0 6';.7 68.o 71.0 6g.7 69.2 6g.4 70.0 70. 2 

30 68.4 6&.o 67.3 67.5 67.8 69.0 7o.3 69.5 70.0 6g. 8 70.0 69.3 69. 7 

Monthly mean 66.4 66.o 66.8 68.o 69.0 69.6 69.2 69.8 70. I 69.9 70.0 70.0 69.69 
Nonnal 66.2 ,65. 9 66.7 67.9 69.0 69.0 69.2 69.5 69.9 6g.7 69. 5 69.7 



 

400 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL 'MEASURES-

Hourly readings f r01n the photographic traces of the unifilar mar1netotneter at 

Local mean time. 300 divisions+ tabular quantity. 

MAY, 188'1. 

Day. l lh 2h 3h 4h fib 6h 71t Sh 9h lOh Uh :Noon I 
I 

·- .. 
, 

I 70.0 69.8 70.2 70.6 70.9 72.2 73.0 74.0 74.2 71. 0 69.0 67. 0 
2 I 72.0 69.0 70.8 71. 2 7o. 5 71. 0 74- 0 75. 2 73.6 71.3 70.0 67. 5 

3 I 69.0 69.5 69.z 67.0* 69. 7 72.0 74· I 74·5 72.9 70. I 68.o 97.6 
4 70.2 69.5 69.7 70.6 71. 5 74.0 75.0 76. I 74.4 71. 7 68. 5 65. 5 
5 69.2 69.0 69.2 70.8 67. 1* 70.8 73• I 75.0 74. l p. 4 69.8 67. 3 

6 70.2 70,. 4 70.3 70.4 70.8 72. 5 73- 8 73- 5 72.4 71. 0 68.7 67. 8 

7 69.7 69.9 70.2 70.8 71. I 74.2 74.8 74• I 72. 2 70.9 68.9 66. 5 
8 69.4 69.7 70.4 70.S 72. 9 72. 3 73.8 74.0 72.7 70.6 68.2 67.0 
9 69.8 70. I 70.3 70.8 71. 5 72.8 73.8 74.9 7J. 9 71. 2 68.2 66.8 

IO 70.4 ;0.9 71. 0 70.9 72. 0 73.2 75.2 76.4 75.6* 13.8* 70.8* 6g.9* 
! 

II I 70. I 70.4 70.8 70.8 71.2 72.s 75.7 74. I 74.3 74. I* 72. I* 70.0* 
12 70.0 70.0 70.8 70. I 71. 2 72.8 75. 5 73.2 70.8 68. 0 67. I 67.0 
13 67.1* 69.4 70.8 70,8 70. 0 72. 8 72.2 74.0 72.0 70. 2 67:2 67.3 
14 69.3 7r. 4 70.0 'jO. 3 70. l 72. 2 74.0 74.0 71. 8 71. 0 68. l 67. I 

rs 69.7 69. 3 66.2* 69. 7 72.0 72. 5 74.5 7r. 8* 71. 6 70.0 69.3 68.9 

16 70.0 69.3 6g. I 68.8 69.2 71.5 73.5 74.0 70.8 69.3 67.5 66.2 
17 69.8 6g.7 70.6 72.3 72.2 73.o 74.4 74.5 73.5 70. I 66.2 64.9 
18 71.0 70.8 70.6 70.6 7 i. 7- 73.2 74.8 75.5 74.0 69. 3 66.8 66.o 
19 68.5 69.9 70.2 71. 0 72. 2 74.6 75. 7 74.5 72.8 69.3 67.5 66.5 
20 69.3 69.8 70.0 70.5 70.8 71. 8 73.0 74· I 71. 8 67.8 65.5 64. 8 

21 69.3 69.5 69.6 70. I 70.9 72.8 74.5 74.8 72.2 69.0 66.5 65.9 
22 70.0 6g.7 69.9 71. 0 71. 8 72.4 75.9 78.2* 76. I* 70.8 67.7 65.9 
23 70.0 70.0 70.7 71. 2 72.0 72.8 75.0 76.2 75. 2 70.4 66.7 6+8 
24 74. 5* 75.0* 75.0* 74.3* 74- 2* 74- 6 78.8* 76.5 73.8 69.6 68.1 66. I 

25 69.0 67.0* 69.8 69.6 72.8 72.8 73.0 72.2 72.5 70. 5 66.5 65.6 

26 71. 0 69.2 69.1 70.3 71. 0 73.2 75.0 76.5 7+8 71.6 67.8 66.o 

27 69.8 70. I 71.0 71. 2 72. 5 73.6 74. 5 72. 5 70.8 67.8 64.3* 61. S* 
28 66.2* 70.0 70.0 70.6 69.5 71. 0 74.0 75.5 75.6* 'JI. 0 66.8 66.o 
29 69.2 6g.8 'JO. I 70.5 'JO. 7 73.8 76.0 75.8 74.0 71. 2 69.3 67. 5 
30 69.2 67.8 68.8 70.0 68.9 72.2 73.0 70.0* 68.8* 68.o 66.2 65.8 

31 7'1.0 70. 7 70.5 71. 0 72.2 73.6 73.8 73. J 69.8* 6'7.' 65.8 6+9 

Monthly mean 6g.S 6g. 9 70.2 70.6 71. I 72.7 74.4 74.5 73.0 .. 70.4 67.8 66.5 
Normal 6g.9 69.S 70. l 70.4 71.1 72. 'J 743 74.6 73.0 70. I 67.7 66.4 



 

UNITED STA.TES COAST A.ND GEODETIO SURVEY. 401 

D ECLINATION-Continned. 

the magnetic ob8ervat<>ry of the Ooa11t and Geodetic Survey, Los Angeles, Oal. 

One division of scale= o'. 794 Increasing scale readings correspond to increasing east decl~tion. 

MAY, 1887. 

- - ---~----- ----

Day. 13h 14h 15h 16h 17h 18h 19h 20h 21" 22h 23h Mid· j Daily 
night. ; n1ea;:i. 

---- ----------·-

l 67.6 67. 7 67.8 67.7 68.2 68.9 69.0 68.9 68.8 75.5* 79.0* 75.S* 
i 

70.7 
2 67. I 66. 9 66.8 66.o 71.0 71. 0 67. 8 68.o 71. 6 70.5 69.2 68.o 70. 7 

3 67.7 68.o 69.0 68.2 68. 0 69.0 69.0 70. [ 68. 5 69.0 69. I 69.S ' 69.5 
4 64.8 67. 5 67.8 68.o 69.8 69.0 68.9 69.0 68. 6 69.0 69.0 69.0 ' 69.9 
5 66.5 65.7 66.2 67.0 68.2 69.3 70.8 69.0 69.9 69.z 69. 5 69.6 69.5 
6 66.6 66.5 67.2 67. 7 69.0 69. I 71. 2 70.3 68, I 63.6 68.9 69.2 69.8 
7 65.6 65.2 66.2 66.8 67. 2 68.7 69.0 69.2 69. z 69.2 69.4 69.5 

i 
69.5 

8 66.7 66.o 67.0 67.8 68. 5 68.9 69.5 70.2 69. 2 69. 2 69.2 69. 5 69.7 
9 66.5 67. 2 68.6 69.3 70.5 70.8 69.3 70.6 69.5 69. 2 69.4 69.8 70.2 

10 68.8* 67. 5 67.6 68.5 69.0 68.8 68.9 68. 5 68.2 68. 9 69.0 69.8 70.6 

JI 69.0* 68.o 67.5 67. 6 67.8 68.9 . 68. 2 68.o 68.o 69.2 69.2 69.2 70.4 
IZ 67.0 66.o 67.8 67. 6 71.2 70.6 69.0 71. 0 69.0 70.9 69.3 69 s 69.8 
13 ·- 67.6 67.0 67.5 67.8 6g.o 69.4 69.2 72.6* 71. 0 70.0 69. 5 67.6 69.7 
14 67.1 67.9 68.8 69.5 69.0 69. 8 72.0* 70.4 70.4 70.0 69. 2 67. s 70.0 

I ! 
15 68.5 67.2 67. 5 68.2 69.2 69. I 69.6 69.0 69.0 69. 4 69.3 69.9 69.6 

i 
16 66.5 67.2 67.8 68.7 69.3 69.4 69. 6 69.9 69. 2 69.2 69. 8 69.8 69.4 
17 65.3 66.o 66.2 66.8 68.2 68.4 6g. 3· 69.0 70.3 7r. 2 /1. 6 69.2 ! 69.7 
18 66. z· 66.8 67.9 69. 2 69.3 69.5 71. 3 71. I 70.2 76.5* 71. 4 70. s 70.6 
19 65.6 65.2 66. I 68.5 70.8 70.0 69.4 69.5 70.0 70.2 69.2 69.2 69.8 
20 6s .. s 66.2 67.4 68.8 69.8 69. 5 69.4 69. 2 68.9 69.0 69.2 69.2 69.2 

21 66. I 66.o · 66. 8 69.0 69.8 69.8 69.3 68.8 68.6 68.8 69.0 69.3 69.4 
22 65.0 66.2 67.6 69.3 69.8 69.8 70.0 6g.6 69.5 69.4 69.9 69.9 i 70.2 I 

64.2 63. 5* 63.0* 65.4 66.5 67.4 74.8* 69. I 68.8 69.2 68.2 73.0* 
I 

69.5 23 i 
24 65.5 65.5 65.5 66.o 68.2 68. I 70.0 68.9 73.8* 69.4 70. s 71. 0 I 71. 0 

25 65.0 65.8 66.I 66.1 66.8 67.4 67. 8 67.6 67.2 67.2 67.8 69. 7 : 68.6 
; 

26 63.8 63. J* 65. I 66.3 67.8 68.9 67.8 67.7 68.3 6g.o 69.2 69.8 ! 
69.3 

27 61. 1* 61.0* 63.2* 65.2 67.8 69.z 72.5* 69.4 75.o* 70.S 69.8 69. I 68.9 
28 65.8 66.5 67.8 69.2 70.2 70.8 6g.8 69.3 69. 2 69.2 6g.5 69.4 : 69.7 
29 66.8 66.8 66.8 66.8 67.5 68.,S 68.9 68.8 69.0 69.3 •69. 6 68.8 69.8 
·30 65.4 66.7 68. 7 68.8 68.9 68.8 68. 7 70.6 70.6 70.9 70.4 71. 0 I 69. I 

31 64.5 63.0* p3.8* 65. 6 66.3 66.4* 67.2 67.8 69.0 68. 8 72.1 71.3 I 68.8 I 
i ----· 

Monthly mean 66. I 66. l 66.9 67. 7 68.8' 6g. I 69.6 69.4 69.6 69.9 69.9 6g.8 

I 
69. 75 

Nonnal 66.1 66.6 67.3 67.7 . 68. 8 6g.2 69.2 69.3 69.2 6g.4 69.6 69.5 
i 

B.Ex.80-26 



 

402 UNITED STATES OOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the pliatograpkic traces of the unifilar m.agnetometer at 

Local 1'ean time. 300 divisions+ tabular quantity. 

Jt1.NE, 1887. 

Day. p 2h 311 4h 511 6h 7h 8h 9h I Oh llh Noon. I ~ .. 

l 71. 8 69.8 71. 0 70.2 71. 8 73.1 73.2 74.5 72.4 70.4 68.5 66.8 
2 69.5 69.2 70.2 70.4 70.8 72.7 74. 5 74.0 71. 3 69.8 67.6 65.7 

3 68.8 68.8 6g. I 69.7 70.0 71.0 74.2 74.8 72.6 69.3 67.7 67.0 

4 70.4 70.8 71.0 71.4 72.0 74.3 77.4* 78. 1* 73.4 68.8 65.8 66.o 

s 71. 0 71. 0 74. S* 74.2 73.4 74.0 73.8 72. o" 72.0 68.6 64.0* 64.0 

6 68.8 68.8 69. 5 70.0 70.6 72.4 74.6 75. 0 70.8 67.8 65.5 64.5 

7 69.9 70.3 70.8 70.8 71.6 73.2 75.0 75.0 71. 8 68.o 65.8 64.6 
8 6g.9 70.5 71. 3 72.6 72.9 75.5* 74. 5 77.4• 75.9* 7r. 5 66.3 64.2 

9 69.5 69.8 70.6 71. 8 12.s 74.6 75.5 74.8 72.8 70.2 67.8 66.o 
IO 70.2 71.7 71. 8 70.4 6g.o 71. 8 73.8 74.5 73.2 72.0 68.o 65.8 

II 70.4 69.6 70.6 72.0 7z.. 6 1+0 75.8 75.6 75.0 70.5 68. 0 66.7 
12 71. 0 71. 0 70.8 70.3 72.4 74.0 75.0 74.8 72.2 68.8 66.3 64.8 

IJ 71. 2 70.8 70.3 71.0 70.9 73.0 75.8 75.8 74.8 70.7 66.8 64 o 
14 69.4 69.0 68.8 68.9 70. 3 71. 2 7r. 8" 72. 7 71. 9 70.0 6S.4 67.0 
IS 69.2 69.5 69.6 69.8 70.0 70.8 72.5 73·3 71.0 70.0 67.8 66.6 

16 69. 5 69.0 69.0 6g.o 70.8 71. 8 73· 2 73.0 71. 8 6g. I 68.2 67.1 
17 69.0 69.0 68.2 68.o• 7o.3 71. 4 7J. 5 74.6 73.2 70.8 67.8 65.7 
18 68.5 69.0 69.9 70.0 71. s 73·9 75.2 75.8 73·4 69.8 67. 8 66.o 
19 68.8 68.8 73.8* 70.5 70.0 73.2 78.8* .75.0 74.9 72.0 68.8 67.3 
20 68.7 70.0 70.6 71. 0 71.6 71. 5 73.0 73.3 73.3 70.3 65.6 62.6* 

21 71. 5 70.2 70.0 71. 4 72.8 74.2 75.7 78. 2" 75.3 70.8 67.8 66.o 
22 70.0 70.8 71. 7 71. 9 71. I 71. 8 76.8 79.8" 77- 5* 72.0 65.7 61. 8* 
23 68. 8 68.8 70.0 7I. 4 71. 6 72.7 75.6 76.2 75.8* 72.8* 68.8 66. I 

24 68.8 68.8 70.0 71. 0 71. 6 72. 5 75.7 76.0 75· I 68.8 65.6 64.0 
25 68.7 69.0 69.6 70.8 71,0 73.7 75.3 76.2 73.0 69.0 67. 5 65.8 

26 69. 2 69.5 70.0 70.4 71.0 72.8 73.5 7J. 5 71.2 70.0 68.2 66.3 
27 (70. IJ (70. I] [70.7) (71.0] [71.5] (73.0] [74· SJ (75· 2] 73· 4 7r. 2 68.2 66.3 
28 69.2 69.8 69.7 70.r 71.r 71.8 75.0 75.o 74.2 7r. 3 68.8 66.9 
29 69.p 68.8 69.0 69.8 70.6 71. 5 72.9 73·9 73-4 72.1 68.7 67.0 

30 70.0 70.2 71. 0 71. 3 71.2 73.8 74.9 75.2 74.2 71.0 68.o 67.0 

Monthly mean 69.7 6g.7 70.4 70.7 71. 3 72.8 74.7 75.1 73.4 70.2 67.3 65.6 
Normal 69.7 69,7 70. 2 70.8 71. 3 72. 7 74-S 74.7 13.0 70. 2 67.4 65.9 



 

UNITED STATES COAST AND GEODETIC SURVEY. 403 

DECLINATION-Continned. 

the magnetic observatm-y of the Ooast and (Jeodetic Survey, IAs Angeles, Cal. 

One division of scale = o'. 794 Increasing scale re1<lings correspond to increasinJi east declination. 

JUNE, 188'7. 
- ----"" 

Day. I 13h 14h 15h 16h 17h 18h 19h 20h 2Ih 22h 23h Mid-1 Daily 
night. mean. 

! 

70 0 ·! r 65. 2 67.9 68. 5 69.3 70.0 70.3 69.8 6g. s 70.0 70.0 6g. 5 70.2 

2 65.& 67.0 67.4 68. l 68.3 69.0 68.9 68.8 69.0 68.7 68. 7 68.9 l 69.4 

3 67. 6 67.3 67. 9 68.8 70.0 70.0 70.0 69.6 69.6 70.1 70.0 70.0 69.8 

4 66.4 68.o 68.o 6g.2 70.0 70.2 68.2 67.8 68. 2 6g.o 71. 4 70.5 

I 
7o.3 

5 65.0 66.8 68.5 68.8 69.8 69.8 68.6 68.2 68.o 67.9 68.4 68.6 69.6 

6 64-8 65.8 68. 2 69. 5 70. 5 70.3 6g.2 6g.o 69.0 69. I 6g. I 69.4 I 69.3 

7 64.6 65.2 66. I 66. 7 68.o 69.0 ·68.8 6g.o 68.4 67.9 68. 4 68.6 I 69. l 

8 62.8* 63.6 65.0 66. 5 68.8 70.0 69.9 68.8 70.0 73. 7* 6g. 2 70.0 70.0 

9 65.9 65.5 66. 2 65.8 67.0 70. [ 74.o* 69.8 69.0 68. 5 69.9 71. 6 I 70.0 I 
IO 65.2 65.6 66.5 68. I 70. I 70.6 71. 0 70.9 72.0 70.5 70.6 70.4 70.2 

II 67. 5 67. 5 68. 5 69. 3 70.2 70.8 70.8 70.2 70.3 70.3 70.4 jo.6 70.7 
12 64.6 65.2 66.8 68.8 70.8 71. 5 76.0* 72. 1* 71. 8 71. 0 7 I. 2 72. 1* 70.6 

13 63.9 64.3 66. s 68.2 70.0 70. I 70. I 69.9 69. I 69.0 69.0 68.9 69.8 

14 66.S 66.7 68. 2 69. I 70. 7 70.6 70.0 69.2 69.0 6g.2 69.0 6g. l I 69.5 
15 66.5 66.6 67.6 69. 2 70.4 70.6 70.0 70.0 70. I 6g.8 70.0 69.7 I 69.6 

16 66.8 67.6 68.5 69.0 70.0. 6g. 5 69.3 6g.6 6g.o 68.9 6B. 8 68.9 I 
69.5 I 

17 64.3 63.0* 66. I 66.8 68.6 70.5 70.0 69. I 68. 5 67.8 68.o 68.3 ! 68.9 
18 65.3 64.5 64.g 66.8 68.8 6g.8 70.8 6g.5 70. l 70.2 68.4 68.2 69.5 
19 66.6 66.9 67. 2 68.3 69.2 6g.o 69.0 69.0 6g.o 68.3 68.8 "68. 7 70. I 

20 62.o* 63.4 64.8 66.5 67.8 68.4 69.1 71. 0 70.0 70.8 69. I 70.2 68.9 

21 65.4 64.8 63. 2* 67. 5 65.2* 71. 6 68.3 68.5 72. s* 70.0 68. 8 68.8 69.9 
22 63. I 65.0 66. 8 68.8 69. 2 70. 2 70.5 68.4 68. 7 70.8 68.6 69. 5 70.0 

:23 66.o 67.0 68.2 68. 8 70.0 70.2 70.0 7t. 0 70.0 6g.o 70. I 69.0 70.3 
24 64.0 (6p] 66.9 68. 7 68.8 6g.o 69.2 ;o.o 69.0 68.6 68. 2 68.o (69.3] 
25 64.2 65.0 67.0 6g. [ 69.6 70.4 70.5 68.8 70. ! 70. I 68.8 69.2 69.7 

26 66. 5 65.2 66.5 68. 2 69.0 70.7 [70. 6] (70. 2] [70. 2] (70. I] (6g. 8] (70. o] (69.7] 
27 65.2 64.7 66.8 68. 8 68.6 68.8 68.8 69.5 6g.o 69.0 6g.2 70. I (69.7) 
28 66.2 66.8 67.4 68..5 69.8 6g.2 70.3 70.3 6g.o 69.5 6g.2 6g. I 69.9 
29 67.0 65.7 64 8 65.0* 67.8 68.3 68.3 69. I 69.9 68.8 70.0 68.8 69.2 

30 66.8 66.2 66.6 68.. 3 68.8 6g.o 68.8 68.8 69- 2 69.0 69. , 69.5 69.9 
--- ---
Monthly mean 65.4 65.8 66.8 68.2 6g.2 6g.9 70.0 69. 5 6g.6 69.5 69.3 69.5 69.75 
Normal 65.6 65.9 67.0 68. 3 69.3 69.9 6g.6 69.4 69. 5 69.4 69.3 6g.4 



 

404 UNITED ST.ATES 00.AST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

f Hourly readings from the pkotographic traces of the unifilar 1nagnetometer at 
•, 

Local mean time. • 300 divisions+ tabular quantity. 

JULY, J.887. 

Day. I lh 2h 3h 4,h 511 611 7h 8h 9h 1Qh Uh Noon. 
----

___ I 
. 

J 7o.3 70.3 70.4 70.6 71. 2 73.2 74.3 75.8 75.1 71. 7 70.0* 6g.o* 
2 70.8 71. 2 70.6 70,6 7 I. I 72.4 75. J 75.9 75.8* 72.0 67.8 66.o 

3 6g.2 69.5 6g.8 70. I 70. 7 71. 4 73.1 73.8 73.1 71.0 68.8* 67. 5* 

4 69.2 69.9 70.0 70.5 71. 8 73.8 75.7 78.5* 75.0 71. 4 66.4 64.8 

s 70.6 70.7 70. I 72. I 71. 0 73.9 75.0 75.4 74.2 [70.4] (66.9] 64.8 

6 6g.2 69.5 68.4 69.0 71. 8 74.0 75.9 76.0 72.5 68.8 64.5 62.6 

7 70. (; 75· S* 69.0 72.0 74. 2* 72.7 7J. 6 71. 8* 72.0 68. I 65.5 63.7 
8 68.8 68.8 69.4 70.0 70.8 71. 7 73·5 75.4 72.5 70.0 68.3 66.4 

9 68.4 68.o 68.6 66.8* 68. 3 71. I 73.2 74.8 73.6 69.3 64.2 62.1 
10 64.4* 69.4 69.3 69.5 69.0 72.0 74.0 71. 4* 72.0 69.2 68.4 66.3 

II 70.4 69. s 67.6 67.5 70.8 73.0 73.0 72.6 71. 4 70.2 67.2 65.0 
12 69.0 68.5 69.2 64.6* 67.2* 69.9 71. 8 72.8 71. 4 68.o 65.5 64.2 
13 67.8 67. 2 67.0 67.8 69.5 69.4 73.0 74.0 73.4 70.2 65.0 63.8 
14 6g. I 68.5 68.2 67.8 69.0 71. 7 74- 8 75.8 74.0 69.8 65.8 64.0 
15 68. l 68.4 68.8 69.0 70.6 72.0 74.8 75.5 74.5 7 I. I 68.2 66.3 

16 67.9 68.2 68.5 69.2 70. 2 71. 6 7J. 5 73· I 70. 7 66.8* 64.0 62.2 
17 68.3 68.5 68.7 69.4 70.0 71. 0 73.4 73.9 72.6 69.7 68.o 65.8 
18 68.6 70.0 7o.5 70.3 71. I 72.7 7+6 74.2 72.3 68.4 66.1 61. z* 

19 69.0 69.0 70. I 70.1 70.4 72.6 75·3 74.7 73· I 68.5 63.8 6o.9* 
20 68.8 68.o 68.7 69.4 70.8 70.0 72.5 ·73. 0 71. 0 68.6 65.7 64.2 

21 67.5 67.4 68.o 6g. I 70.6 71.9 75.0 76.0 72.6 66.8* 63.7 62.2 
22 68.o 68.5 6S.8 6g. I 6g. 5 71. 3 74.0 75.0 73.9 69.9 65. I 62.8 
23 68.4 68.2 68.8 69.9 70.2 70.5 72.0 74.2 73.4 66.6* 62.0* 6o.o* 

24 67.8 68.2 68.8 69.0 7o.5 71. 8 74.0 75.0 73. 5 68. 7 65.3 63.6 
25 68.o 68. I 68.2 69.0 68.8 70.8 73.0 73.0 71. 5 68.8 66.o 65.2 . 
26 68.o 68.o 68.8 69.0 70.2 71.8 74.4 76.0 75.2 71.0 68.3 65.8 
27 6g.5 68.8 68.9 71.0 70.8 73.0 77.8* 75.2 73.2 70.6 68.o 65.5 
28 68.8 68.6 68.8 69.2 70.0 71. 3 73.8 75.0 72. 2 68.2 64.8 63.8 
29 68.8 68.o 69.0 70.0 70.3 71. 0 74.0 75·4 748 70.0 66.9 65.0 
30 68.5 68.6 69.0 70.2 70.5 71.8 75.0 77- I 75.4 70.3 66.o 62.8 

31 68.8 69.0 69.0 69.1 69.6 70.8 73.7 75.6 74.0 69, I 66.6 64.3 ------
Monthly mean 68.7 6g.o 69.0 6g.4 70.3 71. 8 74, I 74- 7 73.2 69.5 66.2 64.2 
Nom1al 68.9 68.8 69.0 69.6 70.3 71. 8 74.0 74.8 73.1 69.8 65. I 64.4 

---- ~-



 

UNITED STATES COAST AND GEODI<~TIC SURVEY. 405 

DECLIN ATION-Conti11ued. 

tltc magnetic observatory of the Coast and Geodetic Sun11;y, Los Angeles, Cal. 

One division of scale =o'.794 

3 
4 

5 

6 

7 
8 

9 
10 

II 

12 

13 
14 

15 

16 

17 
18 

19 
20 

21 

22 

24 

25 

26 

27 
28 

29 

30 

31 

68.7* 68.5* 68.o 

65.8 65.9 66.2 

66.7* 66.9 66.8 

65.6 66.7 67.0 
64.5 65.0 66.2 

60. 5* 61. 6"· <i2. 5* 

63.0 62. I 63.5 

65.5 65.3 65.0 
62.0 63.2 64.5 

65.6 65.5 66.4 

64.2 63.8 6+5 

63.2 64.0 65. 3 

63.8 65.5 67.1 

64.2 65.5 66.8 

66.o 65.0 67.0 

63.4 64.9 66.o 

64.0 64.0 64.9 

61.4 62.8 65.0 

61.6 62.5 64.8 

64.0 66.3 68.5* 

62.6 63.8 65.8 

62.6 63.6 65.8 

59.S* 61.8* 63.7 

62.5 64.0 65.9 

65.4 64.6 64.8 

64.0 64.8 65.0 

64.5 65.5 66. 2 

64.0 65.6 66.2 

64.0 64.2 64.8 

62.4 63.8 64. 8 

---- ------·-----·-· 
Monthly mean 

Normal 

63. 8 64. 6 65. 6 

63. 8 64. 6 65. 6 

Increasing: sc~le reading:' correspond to increa;ing east declination. 

JULY, 1887. 

68. 3 68. 7 68. 8 

67. 2 68. 2 68. 8 

68. 0 69. 9 70. 5 
67. 8 70. 0 70. 2 

67. 8 68. 7 68. 0 

63. 9* 65. 8 66. 5 

65. 4 66. 8 67. 2 

67. 8 66. 3 (:8. 7 

65.8 67.4 68.5 

66. s 68. 0 68. 9 

65. 5 66. 4 68. 9 
66. I 66. 8 67. 4 

68. 6 69. 8 69. 0 

68.o 67.8 67.7 

67.7 67.4 67.8 

67.0 67.8 67.6 

67. 7 67. 8 68. 0 

66. 2 66. 8 67. 5 

65. 8 66. 7 67. 5 
63. 8 68. 8 68. 8 

67. I 67. 9 68. 8 

68. 0 69. 0 69. 0 

66. 2 67.4 68.o 

66. 6 67. 2 67. 4 

66. 0 67. 4 68. 2 

65. 8 66. s 68.o 

67.0 67.6 67.5 

67. 2 68. 3 68. 5 

66. 4 67. o 68.o 

66.5 67.7 68.o 

66. 9 67. 7 68. 2 

67. 0 67. 7 68. 2 

70.3 
68.8 

70. I 

20h 2111 

68.5 69.2 

68.3 68.5 

68.9 69.0 

68.8 68.9 
71. o·:t j2. 3* 

66. 8 68. 9 66. 4 

73. S* 66. 4 66. 8 

67.S 68.3 (q.4 

68. 3 67. 5 70. 3 

70. 3 68. 0 68. 5 

68. 2 69. 5 68. 4 

66. s 66. 6 66. 7 

70. 7 68. 3 68. I 

67. 4 67.6 67. 5 

68. 2 72. 1* 70. 0 

67.3 67.2 67.6 

67. 9 65. 0 68. 0 

68. I 67. 7 /0. 2 

68. 8 71. 6* 68. 8 

67. 7 70. 2 68. 7 

68. 5 68. 7 68. 5 
68. 6 6S. 8 68. 5 

68. 0 68. 0 68. 0 

67. 3 67. 5 67. 6 

68. 3 68. 2 68. 5 

68.2 67.8 68.o 

67.5 68.o 68. 2 

67. 8 68.o 68. 2 

67. 8 67. 7 68. 5 

67. 7 67. 6 67. 5 

68. 4 68.4 68. 4 

68. 3 68. I 68. 3 

22h 2311 l\lid- I Daiiy 
nig:ht. l_m_eo._n_._ 

I 
69. o 69. o 69. 9 I 
68. 7 69. s 69. 4 I 
69. 0 69. 0 69. 4 ! 
69.2 69.5 69. 2 

71.0* 73.0* 71. 7* 

69.2 70.6 73- o* 

65.8 67.9 67. 5 

67.8 67.7 67.9 
6S.4 6S.4 67. 5 

6S.o 68.8 6S. 3 

68.2 68. 7 68. 7 

66.8 67.0 67. I 

68.6 71.9* 68. 8 

67.7 67.7 67.7 

70.2 67.5 67. 5 

67. 8 67. I 68. 0 

68.o 68. 7 69. 2 

69.2 68.8 68.4 

67.4 69. I 67.6 

67.4 67. 3 67.7 

68.4 68.o 67. 7 
68.2 68. 2 68.o 

68.o 67.8 67. 6 

67.6 67. 8 67.8 

68.8 68.4 68.8 

68.6 70. l 70.6 

68.6 68. 8 68.7 

68. 2 68.3 68.5 
68.3 68.8 68.8 

67.6 68.o 68.2 

68.3 68.7 68.6 
68.2 68.4 68.4 

70.0 

[70.2) 

6S.2 

68.5 
68.8 

68. s 
67. 3 

68.7 

63. 5 

69.3 

67.8 

68.6 

68.4 

68.3 
68.5 

68.2 

68. 5 
67. 4 

68. I 

68.2 

68.9 

69.2 

68. 5 

68.6 

6&. 5 

68.3 

68.66 



 

406 UNITED ST.A.TES 00.A.ST .A.ND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readingsfrom the pliotographic traces of the unifilair mag'ltetometer at 

Local mean time. 300 divisions+ tabular quantity. 

Day. 

4 

s 
6 

7 
8 

9 
10 

II 

12 

13 
14 

15 

16 

17 
18 

19 

20 

21 

22 

23 

AUGUST, l.887. 

l(}h llh Noon. 

·-·--------------------------------------! 
63 .. 1 G:;. 5 

69.G 67.0 

69. 5 71. 0 

66. :::o:·:· 67. 9 

67.'.~ 67.7 

6S.o 68.S 

67. -~ 67. 0 

66. Q'+ 66. 6 

68.1 68.8 

68.3 67.8 

68.8 68.5 
68.2 68.o 
68.6 69.0 

7L 0 70. I 

70. S 68.o 

68.3 
68.3 
68.6 

69. I 

68.9 

67.4 

67.9 

69.0 

68.8 

69.6 

69.0 

68.7 
68.8 

69. ') 

69. 2 

67.9 

68.2 

69.0 

6g.o 
70.2 

69.0 

67.8 

67.0 

65.8* 

70.0 

67.7 

67.8 
68.o 

6S.8 

68.4 

68.6 
68.o 

68.9 
70.2 

70.2 

68. I 

69.2 

69.0 

69.9 

69.0 

68.9 
68.7 
69.2 
69.0 

70.5 

69.7 
68. 5 
68.8 

70.0 

68. 3 

68. 6 

Gg. 5 
68.2 

68. 5 

69.0 

68.8 

68.o 

69. I 

70.8 

67.8 

67.0 

69.6 

Gg.2 

70. 7 
70. 2 

70.6 

70.2 

70.3 

68.8 
69. 8 

67. 5·* 
70.2 

69. I 

69. 8 
68.S 

69.6 
68. 2 

70. 2 

70. 8 

7r. 6 

71. 0 

75.6* 
72.2 

73.0 

70.6 

70.6 

72.0 

71. 6 

71. 6 

71. + 
71. 5 

70. 7 

70.3 

72.0 

77. 1* 78.8* 79.3* 

74.0 74· I 73.8 
71.8 71.0* 74.0 

74.9 76.7 72.4 

73.0 72.6 73-5 

74. 2 

75.0 
73.8 

71. 8 

73.3 

72.7 

73· I 

74-5 

74.2 
75.6 

77.0 

74-5 
74.9 
73- 0 

74.0 

75. 0 

75. 0 

76. 5 
75.8 

74.4 

74.0 

75.1 

74.9 

76.8 

75. 5;:. 

73- 5 
74.8 
71. 2 

73.0 

73.9 
74.8 
73.6 

70.0* 

73.4 

75.4 
75.2 
74- 8 

75· I 

74.2 

73· 2 

73· I 

72. 3 
72.2 

72.0 70. 5 75.8 

70.3 
72.0 

70.4 

73.0 

73.8 

68.z 63.2* 61.3* 
71.8* 67.9 67.8* 
6&.z 66.2 64.8 
66.8 63.8 61.6* 
70.5 68.o 65.0 

70.4 
70.2 

70 8 

67. 7 

70.6 

67. I 

66.o 

67.9 

64.8 
68.o 

65.2 
64.0 

64.3 
65.0 

66.2 

70.7 67.0 64.8 
72.6* 68. I 65.9 
7r. 8·X· 68. 5* 65. 0 

68.o 66.9 65.0 

70.0 66.9 66.o 

66.o* 64.8 

67.0 64.4 

65. 3"' 63. 7 
67.0 64.2 

68.7 64.4 

64.3 

63.8 

64- 3 
62. 5 
62. 5 

68. 9 69. 7 72. 3 ;5. 2 75.4 71.1 68.o 63.9 63.2 
68.8 70.0 72.2 74.1 74.6 72.9 70.1 66.o 64.8 

68. 8 69. 2 70. 5 72. 4 73- 9 73- 4 70. 5 67. 7 66. 3 
69.5 70.5 7r.7 74.0 75.0 71.9 68.2 64. 2 62.6 

70. 8 70. 8 73. I 74• 8 74· 3 72. 0 69. 8 68.6* 66.6 

26 69 I 69-4 69.9 69.8 70.4 72.4 74.8 75·3 74.1 67.6 64.0 

64.3 
65.6 

66. I 

66.2 

62.8 

63.7 
65. I 

66.o 
66.2 

27 68.8 68.6 68.8 68.8 69.9 7r.2 73.8 73.9 71.3 66.5 

28 70. 5 70.4 70. 2 70. 2 70. 5 71. 0 73. 2 74. 8 71. 7 67. 4 

29 70. 6 71. 9·* 71. 8* 71. 2 72. 8* 72. I 74. 5 69. 2* 70. 8 69. 0 

I 
30 Gg. 2 68. 8 62. 4* 69. o 70. 9 71. o 70. 1* 69. S* 71. 3 69. 4 

31 71.S* 70.0 71.0 67.5 69.9 71.3 73.8 72.1* 71.2 68.o 64.8 64.8 
I ----- --------- ·-· -------------------------
! ~~~ntlllymean I 68_._8 68.8 68.8 69.2 70.1 7r.9 74.0 74.4 72.8 68.9 65.9 6.J,6 
Lrmal I 68. 9 68. 7 69. o 6g. 2 70. I 7L 8 74. o · 74. 9 72. 6 68. 8 65. 8 64. 7 

---~---------------~------------~--~-' 



 

UNITED STATES UO.AST AND GEODETIC SURVEY. 407 

DECLINATION-Continued. 

the ma!JfftetW observatory of the Coast an.a Geodetic Survey, .Los Angeles, Cal. 

One division of scale=o'.194 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

14 

15 

16 

17 
18 

19 
20 

21 

22 

31 

Monthly mean 

Nonna! 

6r.8 61.6* 64.5 
64.0 65.3 66.o 
65.0 66.8 67, I 

62.5 64.2 66. I 

64.9 65.7 66.7 

63.8 64.8 66.2 

62.0 62.7 64.8 
63.8 64.5 65. I 

65.3 65.2 66.7 
65.4 65.1 65.8 

63.3 63.8 64.5 
65. 7 65. I 65.8 

63.0 62.8 6:1·5 
63.2 64.3 66.o 
64 8 65. 8 66. 8 

64.4 65.5 67.5 
64.0 65.8 67.0 
64.9 66.6 68.2 
62. 8 64. 5 66. 7 

63.8 65.0 66.1 

64 I 64. 2 66. I 

66.o 66.6 66.7 

65.3 66.o 67.8 
64 2 64.8 66.o 

65.3 65.7 66.5 

62.4 63.8 65.3 
6J. 5 63. 9 65. 3 

63.8 64.5 64.8 
65.6 66.2 66.3 
67.0* 67.8* 68.o 

6S.4 67.0 67.8 

64. 2 65.0 66. 2 

64. I 65.0 66.2 

Increasing scale readings corresponll to incn'"'a~ing e:J.st declination. 

AUGUST, l.887. 

16" 

64.4* 65.0* 68.9 

67.9 68.5 68.7 
68.8 68.8 70.3 

67.8 68.9 74.0* 
67.6 68.9 70,0 

67.6 10.2 68.8 

67.7 67.3 68.9 
67.0 68. [ 68.5 

67.0 67.8 68.6 
67.0 GS.2 68.8 

66.o 67.2 68. I 

66.8 68.o 68.5 
66.6 68.o 68.2 

66.2 65.6* 70.4 
68.8 68.5 71.3 

68.4 68.8 68.o 
68.o 68.8 68.3 

68.8 68.9 69. I 

68. r 68.9 69.0 

67.3 66.5 65.7* 

66.8 66.8 67.0 
67.6 68.9 68.8 
68.4 68.5 68.8 
67.r 67.9 67.2 
67.9 68.6 68.8 

65.7 67.8 67.7 
66.3 67.z 67.8 
64.7* 64.2* 66.o* 
68. I 68.5 70.6 

70. 0 69. I ';O. 7 

68.7 68.7 68.8 

67.4 68.o 68.8 

67.6 68.3 68.9 

68.4 68. 5 70.6 

67.3 67.7 68.8 
68.5 71.5* 7r.o 

6g.5 73.8* 69.4 
69.0 69.8 7r.7* 

68.7 67.8 69.0· 

72.5* 69.3 69.9 

68.7 68.7 68.7 
68. /' 70. 0 68. 8 

68.8 68.7 68.7 

68.0 68. I 68.4 

68.2 68.~ 68.3 

67.9 69.9 67.8 
67.6 70.4 66.8 
69.1 73.5* 69.7 

67.2 67.8 67.9 
67.6 67.4 67.z 

68.5 68.6 68.8 

68.7 68.7 68.7 
65.8* 66.8 67.9 

66.8 66.8 66.8 

68.8 6g.o 70.1 
69.r 6g.2 69.9 
67.7 67.8 68.o 
69.r 69.2 69.8 

66.9 67.5 67.7 
67.5 67.5 67.8 
68. o 6g. o 7i S* 

70.8 72.0* 70.0 

71.8* 68.8 69.2 

70.3 68.7 71.8* 

68.6 69.0 69. I 

68.4 68.5 68.7 

ZJh Mid- Daily--,. 
night. i me:in. 

I 
74- 2'-· 75. 6* 72. o* 

74- 5* 75· 9* 67. I ; 

67. 8 69. 0 67.0 : 

70.6 68.o 67.2 
70. I 68.8 68.8 

68. 8 68. 4 67. 7 : 
6g. 0 7 J. z 68. 5 ; 

68.7 68.7 68.7 

68.8 68.7 68.6 
68.8 68.5 68.4 

69. I 68.5 68.2 
68.5 68.2 68.5 
68.4 68.8 68.7 

67.4 68.2 68.7 
68.7 69.5 j0.2 

68.6 68.6 68.3 

67.8 68.o 68.o 
68.8 68.8 69.0 
68.6 68.8 68.9 

68.o 67.9 67.4 

67.2 67.8 67.8 
68.9 6<).o 68.8 
6g.8 68.8 69.3 
6g.5 70.3 68.8 
69.5 69.8 69.0 

68.o 68. 1 68.o 

68.2 68.8 70.3 

73.0* 73.5* 70.3 
6g.7 70. l 68.6 

70.7 j0.6 70.7 

72.6* 70.0 70.5 

69.4 6<).5 68.8 
68.8 68.9 68.7 

69.4 
69.4 
69.0 
68.6 

69. I 

68.9 
68.8 
68.6 
68.5 
68.8 

68.4 
68.7 
68.8 

68. 8 

69.7 

68.4 
68.6 

68.8 

68.9 
68.2 

67. 9 

69.1 
69.2 

68.5 
69.6 

68.3 
68. I 

69.0 
69.7 

f59. I 

69.4 

68.85 



 

408 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the pkotographic traC€s of tke unifilar magnetonieter at 

Local mean time. 300 divisions+ tabular quantity. 

SEPTEMBER, J.887. 

Day. ]h 2h 3h 4n 5n 6h 7h Sh 9h lOh llh Noon. 

------
I 68.8 71. 3 70.8 72.7* 73.6* 72.2 74.2 71. 6 67.0* 67.0 66.6 66.9 
2 69.2 68.3 67. I 67.8 70.8 73.1 72.9 72. 6 7r. 9 67.2 66. I 65.3 

3 66.8 68.8 68.8 68.7 70.0 71. 7 73. 8 73. 8 71. 7 66. 8 64.8 64. 3 

4 67.0 68. I 68.8 68. 7 69.0 71. s 73.9 74-5 72.3 69.9 67.0 65.4 

s 67.8 68.8 69.6 70.5 70.9 73.0 75.6* 75.8* 72.6 66.6 64.2 65.0 

6 68.8 69.0 69.0 70.0 70.9 72.4 75· I 75· I 72.3 67.0 64.2 64.2 

7 68.8 68. 7 69.0 69.3 70.5 72.2 74.4 74.5 73.0 68.8 66.2 65.7 
8 68.8 69. I 69.6 70.3 70.8 7r. 9 71. 2 73. 5 70.5 67.8 66.3 65.0 

9 68.8 68.8 69.4 70.2 71. 2 73.8 75. 3 74.0 70.6 66.4 63.5* 63.7 
JO 71. 2 72.0 72.0 70.8 69.0 70.0 73.0 72.4 70.8 68.4 65.5 63.7 

II 69.4 69.2 69.5 70.0 70.8 70.0 71.4 71.6 69.2 66. 5 65.7 66.o 
J2 68.4 68.5 69.6 70.0 70. I 72.2 73. 6 72.2 71. 0 67.8 65.8 65. 2 

13 68.5 68.8 69.9 70.3 70.0 72.0 72. 2 72. 0 • 71. 8 68.8 67.2 66.7 

14 68.8 69.0 69.0 68.7 70.5 72.5 73. 7 75. 2* 71. 7 68.8 66,2 65.7 
:15 70.2 70.0 70.2 70. s 70. 7 72.2 74- 8 74.2 69.7 66.8 64.8 64.2 

'16 68.8 70.8 71. 6 72.6* 74.0* 73.5 74.4 73.5 69.2 65.9 65.5 65.0 
17 69.8 7r. 9 70.8 70.3 70.8 7r. 6 7J. I 73.2 p .. I 70.0 66.g 65. I 

18 69.6 69.6 70.2 70.5 70.8 7r. 4 72. 0 73.2 73.0 70. 5 67.8 65.9 
19 68.5 68.5 69.0 70.0 70.5 71. 8 74.0 72· I 70.7 68.8 65.9 64.8 
20 68.5 68.8 68.9 69.2 70.0 71. 2 73.5 73.0 71.5 70.3 68.o 66.o 

21 68.9 70. 5 69.0 72.2 71. 6 71. 8 73.2 74.0 73.0 70.0 67.5 65.0 
22 69.0 69.0 69.4 69.8 70.0 70.6 72. 0 71. 5 70, I 68.8 67.5 67. 5 
23 68. 7 68.9 69. I 69.9 70.2 70.9 71. 0 71.6 72. 2 70.8 67.6 65.5 
24 71. 0 70. I 68.8 68.6 68.4 70.6 70.4 70.6 70~2 67.2 65.8 65.? 

25 68.8 70.6 68.2 6g.5 69.5 70. s 70.7 70.5 j2.8 67. I 67.4 62.6*· 

26 71. 8* 74.4* 70. 5 65.3* 68.z 67.3* 64.2* 69.5* 71. 5 68.4 69.0* 68.3* 
27 67.0 71. 0 66.5* 70.6 66.6* 64.8• 66.o* 6g.o* 70.6 70.0 69.2* 67.3 
28 69.5 71. 0 66.5* 67.8 69.5 68.o* 70.3* 71. 0 70.8 70. I 6g.1* 67.8 
29 70.0 66.4* 71. () 71.0 70.4 68.8* 68.5* 70. 5 6g.4 68.3 66.o 65.5 
30 65.5• 66.1* 68.5 70.4 69.8 7o.4 70.8 'Jl.7 71. 5 68.8 66.6 64.9 

Monthly mean 

I 
68.9 69.5 69.3 6g.9 70.3 71. I 72.3 72.6 71.2 68.3 66.5 65.5 

Normal 68.9 69.6 6g.5 6g.8 70.2 71. 7 7'2.9 'J2.6 71. 3 68.3 66.3 65.5 



 

UNITED STATES COAST AND GEODETIC SURVEY. 409 

DECLINATION-Continued. 

the magnetic observatt>ry of the Coast and Geodetic Survey, Los Angeles, Cal. 

One division of scale=o'.794 lnJ:reasing scale readings correspond to increasing ea~t declination. 

SEPTEMBER, 188?. 

--~--

I 
17ll 18h 1911 2011 21h 2211 Mid- Daily Day. 13h Uh 1511 16b 231l night. mean. I 

--~··------ - ----

I 
l 67. I 67.9 6g.2 70.0 72.5* 69.2 68.6 73. o-l<- 70. 2 68. l 68. 5 65.2* 69.7 
2 66.5 67.2 67.9 68.8 69. 5. 71. 5* 70. 7 71. 7~' 70. 0 68.4 68.o 68. l 69.2 

3 64.8 65.8 67.1 69.0 70.0 70. 2 70.3 69.5 69.3 70.0 68. 5 68.6 68.9 

4 64.9 66. I 67.3 68.9 70. 5 70.6 70.3 68.8 69.8 69. l 69.0 68.9 69.2 

5 65. l 66.o 68.o 68.9 69.2 68. 8 68. 6 69.2 69.0 68.8 68.8 68.7 6g.2 

6 65. 0 66.8 67.9 6g.8 70. 2 68.9 68.8 68.8 68.6 68.5 68.8 68. 8 69. I 

7 65.4 66.6 68.3 69.5 6g.9 68. 7 68.5 68.8 69.0 68. [ 68.3 68.7 69.2 
8 65.2 65.9 66.9 68.4 69.0 68. 7 68.8 68.8 68.8 68.8 68.8 68. 8 68.8 

9 63.4 63.5* 65.0* 66.8 68.5 68.5 68.5 67.9 67. I 67.2 67.8 69. 8 68.3 
10 6+,. 4 66.3 66.7 67.0 69.0 68.o 67.9 68.8 68.5 68.8 68. 9 68.8 68.8 

II 65.0 65.8 66.2 66.7 68.o 67.8 68.4 ·68.8 68.o 68.2 68. 6 68.z 68.3 
12 65.0 66.o 67. I 68. I 68. I 67. I 67.5 68.o 67.9 68.o 68.5 67.5 68.5 

13 66.o 66.5 66.8 67.5 63.o 67.9 68.3 68.6 68. 6 68.5 68. 5 68.6 68.8 

14 65.2 66.6 67.7 67.5 68.·r 68. 7 68.o 68.7 68.5 69.0 71. 0 69.6 69. I 

15 65.8 67.2 68.6 68.9 71. l 71. 0 70. l 70. 2 69.4 70.7 68. 4 69. 2 6g. 5 

16 I 65. 7 67.8 68.8 6g.o 69.0 68.6 68.3 69.0 68.2 6S. 8 69. I 70.8 69.5 
17 65.3 66.3 67. I 68.8 69.0 68.6 68.8 68.8 68. 5 68.4 68. 7 68.5 69.3 
18 65.7 66.8 68.3 6g. l 69.5 68.9 68.9 70.2 68.2 68.2 68.2 68.2 69.4 

19 65. I 66.5 68. 5 69.2 6g.5 68.9 69.0 68.9 68.8 68.6 68.5 68.5 68.9 
20 i 65.2 66.o 68.o 69.0 69. l 68. 5 68.8 68.8 68. 9 68.5 68.9 69.0 69. I 

I 
21 64.8 66.9 68.o 67.5 ·67.1 67.5 67.8 67.0 69.5 71. I 72. o* 73. 5* I 69.6 
22 67. 7 67.8 68. 5 69.0 68.5 69. [ 68.6 68.7 68.5 68. 7 68. 8 68. s ! 69. l 

23 64.6 65.4 65.0* 63.3* 67.2 67. 7 68. I 68.6 68. 4 71. 8* 64. T" 74. o«· 1 69.0 

.24 65.4 66.7 67.3 67. 6 '67. 2 68. r 68.2 68.5 68.5 68. 6 69. o 70. 2 I 68.4 

25 62. 7* 64- 3 66.2 65.0* 70.7 71. 0 68. 5 77.2* 69.5 77.0* so.o* 73.0* I 6g.7 

26 68.8* 68.6 68.o 68.o 69.5 68.8 68. 8 68. 5 69.0 ' 69. l 70.0 71. 0 71. 2 

1 
27 66.8 66.6 67.3 68.o 74.0* 73.2* 73.5* 73.8* 68.7 69.6 69. 0 67.5 69.0 
28 67.S 68. 5 70.8* 71.0 70.1 6g. r 69.9 69.2 6g.8 68.9 69.0 7o.5 69.4 

29 65.8 67.2 67.6 6g.o 68.6 66.4 68.7 67.6 66.3 66.o* 66.4 66.7 l 68.o 

30 64.0 66.o 66.8 68. 5 6g.o- 67. 5 67.0 67.0 67. 5 66.8 68. 2 67.3 I 67.9 
-----------~--

·1·~~ Monthly me:tn 65.5 66.5 67.6 68.3 6g.3 6g.o 6g.o 6g. 4- 68.7 6g.o 69.3 69. l 

Normal 65.5 66.6 67.6 68.6 . "9. I 68.8 68.8 68.7 68.7 68. 7 68.6 <>8. 7 



 

410 UNITED STATES OOA.8'.f AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Bov.rly readinps from the p/l()tographio traces of th.e unifilar magnetometer at 

Local mea.n time. 300 divisions+ tabular quantity. 

OCTOBER, l.887. 

·----------------~---·-·---- ·-----------------·----

Day. 

2 

3 
4 

5 

6 

7 
8 

9 
JO 

JI 

12 

13 
14 

15 

16 

17 
18 

19 

20 

21 

22 

23 
24 

25 

26 

27 
28 
29 

30 

31 

Monthly mean 

Nonna! 

67.0 65.9 68.o 
69.1 70.0 69.5 

69.0 69.5 69.4 
68.8 68.8 68.9 

69.5 70.7 67.7 

7r.o 7r.2 71.3 
71.0 71.2 7r.1 
68.7 6g.o 69.2 
68.5 68.8 68.5 

69.7 69.9 70.0 

6g.6 69.0 69.0 

73.0* 74.0* 71.0 
69.2 68.8 68.8 

71.0 70.8 69.0 
69.0 68.8 69.2 

71.4 71.3 70.3 
71.8 69.5 71.6 
68.5 68.8 68.8 
68.2 68.8 68.8 

69.0 69;0 69.0 

69.0 

72.6* 
68.2 
68.6 

6g.o 

69. I 6g.5 

75.7* 73. 5* 
68.o 68.8 

68. 5 68. 5 
68.8 68.3 

74.0* 72.6* 
71. 7 67. 7 

68. 5 68. 5 

68.7 69.0 
72. 2* 71. 0 

59. 7* 
73. 2* 
68. 6 

69.0 
70.8 

69.0 

68.8 68.o 69.6 

69.5 69.0 70.7 
68.6 69. I 69. I 

68.8 68.8 68.5 

69.6 69.9 70.0 

71.0 71.1 71.5 
70.8 70.9 70.8 

6g.6 69.0 69.7 
68. 8 68. 7 69. ·1 
68.8 70.0 71.0 

69.0 69.4 70.4 
67.3 69.8 71.o 

69.0 68. I 67.8 
70.0 68. I 70.0 
69.6 69. I 68.6 

69.8 71.0 71.0 

71.0 71.0 71.3 
69.0 70.0 70.5 
69.0 68.7 69.0 

69.8 70.0 70.5 

70. I 

68.o 

70.5 
68.4 
68.7 

71. 2 

68.4 
68.8 

69.0 
70.8 

6g.5 

7o.3 
70.0 

69.2 

68.5 
69.2 

68. 7 

69.0 
69.2 

69.5 
71.8 

70.0 

70.8 
66.2* 

70.7 
69.0 
70. 2 

63.0* 
70.3 
69.2 
70.0 
72.8* 

70.4 

69.8 
70.0 

91t 

71.0 72.0 71.5 
71. 8 73.0 73· I 

70. 6 71.3 72.4 
70.8 73.0 74.8 
70.5 72.5 71.5 

72.0 73·4 73.1 
73.0 71.8 73.0 

70.8 72.0 71. l 

70.2 71.7 73.5 
71.0 72.4 74.6 

72.0 73.8 73.4 
72.0 72· l 73.0 
67.8* 70.3 71.5 
7r.8 72.8 72.4 
71.2 71.8 72.3 

71.8 72.2 71.8 

71.6 73.2 73.5 
71.0 72.4 72.4 

70.5 72.4 73.3 
71.2 72.9 72.9 

72.5 
70.0 

70.5 
69.5 
70.3 

65.7* 
69.2 

70.5 
70.8 

73.5 

72.8 

74.0 
7z.6 

71. 8 

70.3 
71. 2 

75.5* 
73.2 
71. 0 

70.0 
71. 8 

72.5 70.6 
69.0* 69. z* 

70.8 70.5 

71.5 71.5 
72.3 70.8 

73.8 73,0 

lOh Uh Noon. 

70.0 [67.7} (66. 1) 
70.8 67.3 65.7 
71.6 69.0 66.5 
72.6 69.0 66.o 

[70.2] 68.7 66.8 

69.5 66.S 65.0 
69.~ 66.8 65.0 
6g.2 67.7 66.8 
72. I 70.7* 68.z 

72.0 70.3 67.6 

70. 8 66. 2 64.7 
71.2 68.7 6q.3 

68.9 65.8 65.8 
68. 8 66.o 65. I 

71.3 68.5 66.o 

71. 5 67.8 65.2 
70. 5 67.0 66.2 
70.3 67.6 66.2 

71.6 69.0 67.0 
71.0 68.8 67.2 

72.8 68.8 

73- 8* 67. 4 

69. 5 68. I 

69.5 68.4 
71. 0 70. 0 

66. 8 
65.0 
67.0 
67. 5 
69.0* 

67.3* 66.5 66. I 

68.8 68.2 68.o 
68. 8 67. 9 66. 6 

70.4 68.8 66.o 

59.0* 64.5* 63.5* 

70.0 66. 9. 6S. 0 

67.9 66.3 
67. 9· 66.3 



 

UNIT.ED STATES COAST AND GEODETIC SURVEY. 411 

DECLINATION-Continued; 

tlunm1,gneticobser'/Jwtorg of the Coast and <Jeodetic Swrvey, Los .A.ngel&, Oal. 

One division of scale = o'. 794 Increasing scale readings correspond to increasing east declination. 

OCTOBBR, 1887. 

-·-D-ay-. --, --1-3h- --14_h __ l_5_h ___ l_6_h __ 17-h--~---;:---;Ob---;~.--;;~. -;;--s.1~~ 

I 

3 
4 

5 

6 

7 
8 

9 
IO 

II 

I2 

13 

I4 

IS 

16 

I7 
IS 

I9 

20 

21 

2Z 

-(6-5-.8-)-[-66-.-8-]-[6-7-.9-]_(_6-8.-6-]-(6-9-.-I) 69.5 69.6 68.8 68.8 68.6 69.0 68.61 [68.6] 

65. 0 66. O 67. 7 68. 6 68. 8 68. 7 69. 0 6g. O 69. O 68. 8 68. 8 68. 9 ! 69. I 

64. 8 64. 8 65. 8 67. 2 68. 2 69. 0 68. 8 68. 9 68. 7 68. 4 68. 8 68. 2 I 68. 7 

64. 3 64. 6 65. 9 66. 9 67. 8 68. 5 68. 8 68. 8 68. 2 68. 2 68. 2 68. 6 68. 6 

67. o 67. 9 68. s 69. 2 69. s 10. s 10. s 70. 8 10. 1 10. s 70. s 10. 8. I [09. 8J 

66.8 68.2 68.8 69.6 68.6 69.I 69.1 70.0 70.8 70.5 71.2 71.41 70.0 

65. 8 66. 0 67. 8 67. 8 67. 8 69.0 68. 8 68. 5 68. 7 68. 8 68. 7 68. 7 ' 6g. 2 

66. s 66. 4 66. s 66. 8 68. a 68. o 6s. 3 68. s 68. 6 68. 1 68. s 68. 6 I 68. 6 

66. 2 66. 8 67. 8 68. 7 69. 0 69. 2 6g. 0 6g. I 69.2 

66.5 66.8 67.7 67.5 68.o 68.6 68.6 70.6 69.5 

65.7 66.9 68.3 

64. 2 65. 8 66. 8 

66. I 68. 8 68. 9 

65.3 65.9 67.0 

65. 7 66. 8 68. 8 

65.3 65.6 68.o 

65. 7 66, 8 68. I 

65.8 66.5 67.0 

66; 0 67. 0 68. 5 
66. 3 67. 8 68. 0 

66. 6 67. 7 68. 8 

66. 8 67. 4 64. S* 
66.6 67.0 67.8 
66. 8 67. 2 67. 7 

68, 0 68. 6 70. 0 

68. 9 69. I 68. 8 

67. 2 68. 7 68. 5 

68. 8 68. 5 68. 7 

68.o 68.8 68.6 

69. 8 69. 5 70. 0 

69.0 

69. 2 

68.o 

69.6 

67. 5 

68. 8 6g. i 

68. 5 68. 9 
68.2 68.5 
70.0 70.0 

68.5 68.o 

68. 7 68. 8 6g.o 

66. 2 66. 8 68·.8 

68. 5 7I. 8*'· 71. 2 

68. 0 68. I 68; 8 

71.3 

69.0 68.8 69.0 

73.8* 69.0 69.I 

72.0 68.7 70.0 

68.9 6g.o 6g.I 
70.0 69.5 69.5 

69.0 6g.o 68.8 

6g.o 68.8 69.I 

68.3 68.7 69.2 

70.2 70.2 70;0 

6g.4 69.8 6g.j 

69.2 69.0 6g.5 

6g. 0 6g. 5 68. 8 

72.0 69.3 70.7 

68. 8 68.9 69.0 

71.6 72.0 7r.8 

69.2 69.5 69.6 I 69.3 

69. 2 69. 0 69. 0 ' 69. 5 
I 

10. 3 10. o 11. s I 69. 3 

69. 0 69. I 67. 3 I 69. 5 

69. 8 70. 0 69. 0 t.' 68. 8 
68. 6 68. 5 68. 8 68. 8 

6g.7 69.6 70.3 i 69.4 

6g. s 70. 5 10. 2 I 69. s 
68.8 69.0 68. 2 1,1 69.5 
70.0 68.o 68.2 68.8 

6 l 6g. 5 9. 3 6g. 0 69. 4 

6 6 6 I
I 6 9• 3 9· 0 9. 0 9· 3 
i 

70. 0 70. 2 73· 4* i 70. 0 

71.8 72.0 70.2 ! 69.6 

10. s 12. 2* 10. o I 6g. 6 

6g. 0 68. 8 68. 8 l 68. 6 
I 

72. o 7I.4 75. 2* I 70. 4 

66.2 66.6 68.8 70.0 69.0 7r.o 73- 1* 72.0 72.4* 73.6* 7.zt.o* 71.5 \ 6g.4 

67.8 68.5 6ti.5 6g.5 69.5 68.8 69.5 69.8 6g..o 69.3 70.2 68.81' 6g.2 
66. 3 67. 2 68.o 68. 0 68. 8 69.0 6g. I 6g. 0 69. 0 68. 8 68. 8 68. 8 68. 7 

65 8 67.0 68.o 68.8 69.2 70.0 70.4 70.5 70.0 68.8 70.0 72.1*j 6g.4 

648 66.2 66.8 6i.5 68.7 6g.o 69.0 6g.5 69.0 69,0 6g.o 6g.o 1· 68.8 

___ 3_"· __ " ___ ._6_s:_o __ 66_._&_· _6s_._o __ 69_._s __ 10_._2_1_0._0 __ 1_0_._s_10_._2_1_0._0 __ 1_0_. 2 70.4 70. 4 I 6g. 6 

Monthly mean 66; o 66. 9 67. 8 68. 5 68. 9 6g. 2 69. & 69. 5 69. S 6g. 6 69. 8 69. 8 

1

1 6g. 26 

Nomllll 66.o 66.9 67.9 68.5 68:8 69.2 69.5 69.5 6g.4 69.5 6g.5 6g.3 



 

412 UNITED STATES <JOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Ho-urly readings from the photographic traces of the unifilar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

NOVEMBER, 1887. 

Day. lh 2h 3h 4" 5h 6h 7h 8h 9h lQh 11 11 Noon. 

-
I 70.3 70.4 70.5 70.4 7r. 0 71. 0 71.8 73.0 71. 5 68. 5 67.3 66.o 
2 69.8 70.2 70.4 70.6 70.8 71. 2 73.0* 73. 0 70.6 67.8 65.5* 64.0* 

3 68.o 68.5 69.0 68.8 69.7 70.2 67.0• 70. 9 72 . .8 72.2 69.0 66.4 

4 67.2 67. 5 68.o 68.8 68. 8 69.0 70.8 72. 8 72.0 71. 2 70.0 GS.5 

5 73.4* 73:8* 73.2" 72.8* 72. 5* 72.2 72. I 73.0 72.0 70.2 68. 3 67.8 

I 
6 78.8* 78.6* 73.0* 72.2* 72. 0 71. 8 71. 8 72.6 71. 7 71. 3 69. 5 67.7 

7 69.8 68.8 68.8 69.0 69.2 70. 3 71. 5 73. 0 72.1 70.4 68.8 66.7 
8 68.8 68.8 68.8 69.0 68.8 71. 4 73.0• 74. 8• 7r.4 70.0 68.7 66.6 

9 68.8 68. 2 71. 0 68.8 70.0 70. 8 72.5 73. 0 72.8 70. 5 68. 2 66.8 

JO 71. 0 69.0 71. 0 7r. 5 71. 8 61. 8* 68. I 70. 8 70.8 70. 7 69.0 68. 5 

JI 68.9 67.3 70. I 69.6 70.0 69.0 69.5 70.6 71.0 70.3 68.7 68.o 

12 6g.4 69.5 70.4 70.0 70. 3 68.8 70.I 70. 2 70.2 68. 7 67.9 66. I 

13 68. 7 69.0 69.2 69.5 69.5 70.0 70.8 72.2 73.6* 71. 6 68.7 66.o 

14 67.6 70.0 70.8 70.0 70.5 70.8 72.0 72. 8 71. 8 68.8 67.9 66.2 

15 68.5 68.7 68.8 68.9 69.0 70.0 70. 7 71. 6 71. 5 6g.7 67.2 65. 9 

16 68.5 68.5 .68.5 68.5 68.8 70.0 71. 0 72.2 71. 8 6g.3 67.5 66. 2 

17 68. 7 69.2 69.7 69.5 68.7 70. 2 70.4 70.8 69.7 70. 3 68.8 66. 7 
18 68. 5 68.6 68.8 69.5 69.2 69.9 69.9 70.4 70.6 70.4 68.8 67.5 
19 6g.6 70.8 70.5 68.8 6g. 5 69.0 67.6 70. 5 71.8 70. 5 68.8 67. 8 

20 6g.o 70.4 65.8* 68.8 68.8 68. 8 68.8 69.8 69.7 6g.2 62.8* 66. 7 

21 68.5 6o.8* 76.0* 66.o* 72. 2 68.5 68. 5 70.0 68.9 67.6 70.4 64.3 
22 68.8 64.4* 68.2 68.5 68.8 69.0 68.5 68.8 68. 7 67.0* 66. 2 65.0 

23 70,0 68.2 68.8 68.o 68.2 68.7 69.z 68.8 68. 1* 67. 1* 67.3 66.o 

24 65.0* 68.2 68.6 68.7 68.8 68.9 68.5 6g.5 70.0 68.8 68.5 67. 3 

25 68.3 67.2 67. 8 68.8 68.8 69.0 69.z 69.5 69.4 70.0 68.4 66.2 

:26 68.2 68.4 68.2 68.5 69.0 69.0 69.5 70.3 70.3 69.5 68. 5 66.8 

27 68. 2 68.3 68.5 68.6 68.8 69.4 'Jo. 2 70. 5 70. 7 68.9 67. 5 66.o I 
28 68.o 68.8 6S.6 68.6 69.0 69.0 69.5 70.8 70.5 69.2 67.2 65.2 

68.4 67.7 67.8 
. 

29 70.5 71• s 66.8* 67,8 69.0 68.o* 68.6 68.5 67.0 

30 69.2 68.8 67.0 71. 2 70.3 70.3 69.8 70.6 'JO.O 70.0 68.2 66.5 

Monthly mean 69.2 68.9 6g.5 6g.4 69.8 6g.5 70.I 71.2 70.8 69.6 68.1 66.6 

Normal 68.8 68.8 69.1 6g.3 6g.7 6g.9 70.0 71. I 70.9 6g.8 68.3 66.6 



 

UNITED STATES 00.A.ST AND GEOD:3TIO Su:RVEY. 413 

DECLINATION-Continued. 

the magnetic observatory of the Oo(J,IJt and Geodetic Survey, Los Angeles, Cai. 

One division of sea.le =0/794 Increasing scale readings correspond to increasing east declination. 

NOVEMBER,-1887. 

Day. night. mean. 
22h 2311 Mid· I .D!iily 

1------1---------------------------·----··-·------ .. ---

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 
14 

IS 

16 

17 
18 

19 

20 

JU 

22 

Monthly mean 

Norma1 

65. 5 66. 5 67. 9 

64. 6 65. 8 66. 7 

65. o 63. 9* 65. o* 

68. 0 70. 2* 70. 6* 

68. 5 68. 8 69. 2 

66. 8 67. 6 67. 5 

66. 7 67. 3 68. 2 

66.o 65.5 65.6 
66. 0 66. 2 66. 8 

68.o 68. I 68. 5 

67. 5 67. 5 68. 4 
66. 2 66. 8 68. 0 

64. 5 66. 2 68. J 

66. 5 66. 7 67. I 

66. 0 66. 5 67. 3 

66.7 67.8 68.6 

66. I 65.8 67.4 

67.4 68.o 67. 7 

67. 8 67. s 67. 8 

66. o 66.? 66.o 

64. 5 65.5 66. 6 
66. 0 67. 8 68. 2 

66. 8 67. 8 68. 4 

67. 2 67. 8 67. 8 

66. 8 67. 8_ 68. I 

66. '] 68. 0 68. 8 

66. 0 65. 9 66. 6 

65. 6 66. 5 67. 8 

66.8 66.5 67.8 

·66. 7 67. 4 67. 0 

66.4 67.0 67.6 

66.4 67.0 67.6 

70. Z 70. I 70. 0 

66. 3 68. 0 68. 5 

66. 0 66. 8 67. 2 

71.0* 70.6 71.5 

70. 4 71. 6* 72. 0 

68.3 6g.4 69.0 

68. 8 68. 8 69. 3 

66. 5 6g. 7 70. 5 
68.o 68.6 68.8 

69.0 6g.o 69.5 

68.5 69.0 69.5 

68. 6 68. 8 68. 8 

68. 8 68. 8 69. 6 

68. 4 6g. 0 69. 5 

68. 2 6g. 0 69. 0 

68. 8 6g. 2 70. 0 

68. O 6g. I 68. 8 

68, 8 69. 4 70. I 

68,8 6g.O 7I.O 

67.8 67.6 70.4 

68.. 4 6g. 5 70. 3 

70. 5 6g. 0 69. 2 

68. 4 68. 7 68. 9 

68. 0 68. I 68. 5 
68. 4 68. 6 68. 8 

68.9 68.6 70.4 

66.8 68.8 69.0 

67. 8 68. 6 69. 8 

68. 4 68. 8 6g. s 
68. 3 6g. D 70. 0 

68. 4 6g. 0 6g. 6 

68..3 68.9 6g.6 

70. 3 70. I 70. 5 
68. I 68. 2 68. 5 

68.o 68.o 68.o 

72. 2 72. 6* 73. o* 

72. 0 72. 2* 72. 7* 

70. I 70. 0 69. 8 

69. 2 69. 2 69. 2 

70. 5 70. 5 73· o* 

69. 8 70. 5 70. 2 

69. 5 6g. 5 69. 7 

6g. 5 69. 5 70. 0 

68. 8 69. 0 68. 8 

70. 2 69. 0 68. 8 

69. 5 69. 2 69. 0 

69. 2 69. 0 68. 8 

70. 2 70. 0 69. 6 

69. 7 70. I 70. 0 

70. 2 70.5 69. 2 

70. 4 70. 3 72. 3• 

69. 5 70. 2 70. 3 

69. 8 70. 2 69. 6. 

71.5 69.6 69.9 

70. 8 68.5 68. 7 

68. 6 68. 6 68. s 
6g.6 68.6 68.3 

68. 8 68. 6 68. 8 

69. 0 69. I 68. 8 

6g. 0 70. [ 69.4 

6g.o 68.8 68.6 

70. 0 6g. 7 6g. 2 

6g. 8 6g. 6 69. 7 

6g. 8 6g.4 6g. 2 

70. 2 70. 2 70. z I 69. 7 
68. 2 61. 8 68. 5 I 68. 6 

68.o 67.7 67.z 68.o 

73· o* 73· o" 73· 8·* 70. 6 

73. o" 73. s~ 74. o" 71. 6 

69. 5 69. s 69. 0 

69. 0 69. 0 68. 8 

70. 5 69. 6 69. 8 

70. 5 71. 0 70. z 

69. 6 69. 2 68. 8 

69. 4 69. 3 69. 0 

68. 8 68. 8 68. 5 

68. 8 68. 7 69. 0 

70. 5 68. I 68. 4 

68. 8 68. 6 68. 5 

69. 5 69. 8 69. 0 

70. 2 70. 2 68. 8 

69. 4 69. 0 68. 8 

7 I. 6 70. 0 70. 8 

69. 0 69. 0 68. 5 

68. 8 67. 8 69. 2 

66. o* 68. 7 69. 4 

68. 8 68. 7 68. 8 

68. 5 68. 2 68. 4 

68. 8 68. 5 68. 5 

68. 3 68. 7 68. 0 

68. 8 69. 2 68. 8 

68. 8 68. 0 71. 0 

68. 8 69. 4 68. 3 

68. 6 68. 8 68. 6 

6g. 4 6g. 3 69. 3 
6g. 2 6g. 0 69. 0 

70. 7 

69.2 

69.5 

69.5 
69.3 

·69. 2 

68.8 
69. I 

69.2 

68.7 

69.0 

I

I ::: ; 

68.3 

68.4 

11. 

l 
I 

68.2 

68. 4 

68.3 

68.4 

68.6 



 

414 UNITED ST.A.TES OOAST AND GEODETIO SURVEY. 

Local mean time, · 

Day. Jb 

I 68.5 
2 68.4 

3 68.2 

4 68.5 

5 68.2 

6 6g.3 

7 68.2 

8 68.3 

9 68.6 

10 68.2 

II 68.o 
12 68.o 

13 70.3 
14 69.3 

15 68.4 

16 66.3 

17 68.8 
18 68.o 

19 67.5 
:zo 68. 8 

21 69.0 
22 74.5* 
23 68.7 

24 68.8 

25 70.0 

26 69.2 
27 65.8* 
28 68.o 

29 68.8 

30 68.2 

31 68.o 

1~6 Monthly mean 

Normal ! 68. 5 

DIFFERENTIAL MEASURES-

HO!Urly readings from, tke photographic traee8 of the unifilar magnetometer at 

DECEMBER, 1887. 
-------- --------~-

2h 31t 4h 5b 6b 7b 

6g.o 68.5 68.8 68.8 68.8 69.6 
68.4 68.5 68.2 68.8 68.8 69.4 
68.5 68. 4 68.8 68. 8 69.0 70.0 
68.2 68.5 68.6 68.8 68.5 68.8 

68.5 68.8 68.8 68.8 68.8 69.6 

69.0 68. 2 68.8 69.0 6g.5 69.5 
68.5 69. 2 6g.o 68.5 68.8 68.8 
68.6 68.3 68.2 68.5 68.6 69.0 

68.5 68. 5 68.5 68.4 67.7 68. [ 
68.2 68.6 68.3 68.o 68. ~ 68.o 

67.8 68. 2 68.o 68.o 68.4 68. 3 
68. [ 68.2 68.3 68. [ 68.2 68.6 
70.2 69.8 70.0 68.2 69.0 69.8 
6g.8 69.2 6g.2 67. 8 68.3 68.8 

68.4 68.8 68.8 68.8 69.0 69.0 

7I. 0 72.6" 72.0• 69.8 70.3 6<).o 
68. 4 68. 6 6o.5' 68. 7 65.9 62.0• 

69.5 66.4 67. 9 68.3 68.8 68.8 
70.0 66.6 6j. 2 66.2 63.2* 67.5 
68. 2 68.2 69.2 66. 5 66.8 68.7 

68.6 67.4 68. 5 68.6 66.7 66.8 

74.0* 72.8* 72. o• • 68. 6 69.8 70.3 
68.6 67. 8 68.6 68.o 68.2 68.9 
68.8 68.7 68.4 68. 5 68. 3 68. 6 

69.3 70.5 69. r 68.9 68.6 68.4 

69.2 68.2 68.8 68.8 66.3 67.4 
68.2 68.4 66. I 68. 0 67.2 67.8 
67.5 68. 2 68. 5 67.9 66.I 64.5. 
68.7 68. 7 68.4 68.4 67.8 68.2 
68.8 70. I 6g.9 6g.4 68. 2 68.8 

68.8 6S.6 6g.o 68.8 68.8 69.0 
··--- ·--------

69.0 68.8 68.5 68.4 68. I 68.4 
68.8 68.5 68.6 68.4 68.2 68. 7 

811 

70.8 

70.5 
70. 7 
69.2 
69.9 

70.7 
67. 4 
69.S 

69.0 
69.8 

70.2 
70.0 
69.2 
70.2 
6g.4 

7I. 8 
63.2• 

68.5 
67. o• 

69.8 

68. 1 

7I. 0 
70.0 
69.8 
6g.5 

70.2 
68.5 

67. 3 
68.6 

70.8 

70.2 

69.4 
6g.7 

300 divisions+ tabular qrumtity. 

91t 1011 

70.8 69.6 
70.8 6g.S 

. 71. I 70.8 
69.8 70.2 
70.2 70.8 

71. 2 6g.o 
70.2 70.0 
7r.o il. 3 
70.4 70.4 
71.0 71. 2 

71.4 71.8 

70.5 71. 3 
69.8 68.8 

71. 6 71. 7 
70.5 70.8 

73.1 68. 1· 

67.2• 68.o• 

71. I 72.6 
68.2 71. 8 

71. o. 71. 0 

70.6 72.9 

71· 3 71. 8 
71. 2 72. 2 

71. 4 72. 8 
69.8 7r. 3 

69.8 70. 7 
69. 7 70. l 

68.8 71. 2 

71.2 71.6 

no 72.4 

11. 5 72. 4 

70.6 70. 9 
70.7 71. I 

---
1111 N 

68.3 65. 
68.2 66. 

6g.5 67. 
69.6 68. 

6g.5 68. 

65.8* 67. 
69.9 68. 

70.4 68. 

70.5 69. 
71.0 68. 

71.0 6g. 
71. 0 6g. 

68.5 66. 

71. 0 68. 

70.4 68. 

68.5 67. 
66.8• 68. 

7r. 8 6g. 
7r.8 70. 

70. 5 68. 

72.5 68. 

7r. 2 6g. 

7L 6 6g. 

72.0 70. 

7r.o 68. 

70.2 68. 

68.8 67. 

71. 0 70. 

71. 3 [fu}. 

70.5 p7. 

71. 8 6g. 

70.2 68. 

70.5 68. 

2 

5 
2 

6 

2 

8 

9 
8 

0 

3 
8 

8 

3 

3 
2 

6 

0 

8 

4 

5 
5 
0 

5 

8 
2 

4 

3] 
8 

0 

5 
6 



 

UNITED STATES OOAST AND GEODETIC SUBVEY. 415 

DECLIN A Tl ON-Continued. 

the magnetic observatory of the Ooast and Geodetic Survey, Los Angeles, O<Jl. 

One division of scale=o'.794 Increasing scale readings correspond to increasing east declination. 

DECEMBER, 1887. 

Day. 13h J4h 15h 16h 17h 18h 19h 20b. 21h 2211 231t Mid- I Daily 
night.[ mean. 

[ . 64.5* 65.2 66.6 68.2 68.7 68.8 6g.5 69.2 68.8 68.8 68.6 68. 5 i 68.4 
2 65. 7 66.o 66.8 67.8 68.8 68. 8 6g.8 69.5 68.8 68.9 68.7 68. 3 68. 5 

3 66.3 66.4 66.8 68.7 69.0 69. I 70.0 69.3 69. 2 69.0 68.7 68. 5 68.8 

4 67. I 66.8 67.3. 68.o 68.8 69.4 69.8 69.9 69.6 6g.4 69.0 68. 8 68. 8 

5 67. I 67.4 68.o 68.4 69.0 6g.6 69.5 70. 3 70. 3 6g.8 68.8 68.8 69.0 

6 66.8 66.4 66.4 67.5 68.8 69.4 70.0 69.3 70.2 70.3 69.7 69. 4 68. 8 

7 67.8 67. 8 67.2 67.0 68.2 68.8 70.2 68.8 69. I 69.5 6g.5 68. 8 68. 7 
8 67.2 66. 8 66.8 68.o 68. 5 68. 8 6g.o 69.1 69.5 - 69.3 69.5 68. 7 68.8 

9 69.0 68. 2 68.o 68. I 68.5 69.0 6g.o 68.7 68.8 68.9 69.0 68. 6 ; 68.8 
; 

IO 67.8 67. ( 67.3 67.4 68.o 68.o 68. 5 68.5 68.2 68.4 68. ( 68.o: 68.5 

Il 68. I 67.9 67.5 67.4 68.o 68.5 68.2 68.2 68. 2 68.3 6S. 3 68.o 68.6 
12 68.2 68.2 67.3 67.9 68.4 68.8 70. 7 70.8 6g.8 69. 2. 69.6 70.5 69. ( 

13 64.8* 66.5 68.2 68.8 70.2 69.6 69.8 69.0 69. 2 69.2 6g.9 70. 2 ' 69.0 

14 67. 2 67. 5 67.9 68.6 70.0 70.2 70.2 70.0 69.6 68.9 68.5 68. 41 69.3 

15 67.5 67.4 67.6 68.8 70.0 70.0 70. I 6g.8 6g.5 70. 2 70.6 70. 3 ; 69.3 

16 64.8* 65.6 68.2 70.S* 71.3 70.8 70. 5 70.4 6g.8 73· I* 7r. 6 70. 2 69.9 

17 67.8 66.5 67.8 67.8 j0.2 70. 7 70.8 71. 0 71. 5 71.0 68.5 68.o 67.8 
18 68.8 68.o 68.4 68.2 71. 2 70.5 70. 8 70.9 71. I 74.0* 71. 0 67. 4 . 69.6 

i 

19 68.2 67.8 67.4 68.8 68.8 69.7 70.2 71. 2 71. 0 6g.8 69.6 66. 3tti 68.6 

20 67.2 67.2 67.4 68.2 6g.o 6g. 5 70.0 71. 3 70.6 70.0 70.5 68.5 69.0 

21 68.o 67. 6 6+7 68.8 68. 8 70. I 71. 6 71. 7 70.4 71. 8 69. 2 7r. 3 69. 2 

22 68.o 67.8 67.5 68.2 68.°6 69.4 70.2 69.8 69.6 69. 5 68.8 68.8 jO. I 

23 67.8 66.2 66. 5.. 68.o 69.0 69.8 6g. 5 69.8 69. 8 6g.4 69.0 69. 3 ; 69.1 

24 68.3 67.6 67.3 67. 8 69.0 69.4 69.8 70.0 70. I 70.3 70.0 69.7 69.4 

25 67.4 66.8 66.7 67.2 67.6 68.o 68.8 70.8 69. 2 70.0. 69.4 6<]. 6 i 69.0 

26 64.7* 66.2 66.o 67.9 67.5 67.8 68.2 68.o 70.4 68.2 68.9 68. 8 i 68. 3 

65.8 66.8 66.9 66.7 67.6 67.7 68.o 68.2 6g.o 67.5 68.2 68. 8 i 67.8 
! 2r ' ' 

68. 8 i I 28 6 .o 68.8 6 . 68.6 o. I. 0 6 . 2 o.8 o. 68. 66.6• 68." 7 9 7 3 7 7 7 7 9 4 

67. 6 67.0 68.o 68.4 68.7 70.6 68.8 68.7 68. 8 69.0 

65.2 66.5 68.I 68.8 6g. I 6g.o 72.8* 69.6 69. 0 68. 8 

31 67. 4 67. 4 67.0 68.o 69.0 69.0 69. 7 70.0 6g.5 69.0 0.0 

67.0 67.2 68. I 69.0 6g.3 6g. 7 69.9 69.7 
67.0 67.2 68.o 69.0 69.3 69.7 69.8 6g.7 
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Local mean time. 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 
14 

I5 

16 

17 
18 

19 
20 

21 

22 

Monthly mean 

Normal 

UNITED STATES COAST AND GEODETIO SURVEY. 

DIFFERENTIAL MEASURE-$-

Hourly readings from tke photographic traces of the unifilar magnetometer at 

68.8 68.4 69.0 

68.5 68.8 67.3 
68.6 68.3 68.8 
68.5 68.8 68.5 
68.4 68.6 68.5 

69. I 70.2 72.0* 
67.9 67.8 67.8 
75.8* 76.6* 76.5* 
68.2 68.8 68. I 

68.o 67.9 68.r 

68.5 68.8 

70.2*_ 69.3 
73.2* 74.8* 
64.4* 67.8 
67.0 67.9 

69.2 
68. 1 

67.2 

67.8 
67.4 

68.2 

67.2 

67.6 
68.o 

67.5 

67.8 
70.2 

74.2* 
67.3 
68. I 

68. 2 

67.4 

66.2 

68.o 

67.8 

67.5 67,4 67.2 
68.0 68.7 67. I 

70.7* 74.2* 71.0* 
68.o 68.1 70.0 

67.0 67.0 67.6 

67.7 67.2 67.8 
64.5* 68.3 68.z 
66.o 6g.o 67.7 

67.3 67.7 68.3 
68.I 68.o 68.3 

67.5 68.o 68.4 

68.3 68.9 68.8 
67.6 68.2 68.1 

300 divisions+ tabular quantity. 

JANUARY, l.688. 

~-0 70.0 70.2 
68.4 68.8 68.8 
68.6 68.8 69.0 

68.5 69.0 69.5 
68.8 68.7 69.0 

70.8* 70.0 67.2 
67.6 67.5 67.6 
66.2 56.0* 55. 2* 

68.5 68.o 67.8 
68.o 67.0 67.0 

~-5 68.4 68.2 
68.2 67.9 67.7 
75. 5* 71.2* 70. 6* 
66.o 66.4 66.5 
67.0 67.3 66.8 

66.7 67.2 
67.3 66.o 
~.o 67.0 

67.9 67.6 

67.8 67.6 

67.0 

66. 3 

68.o 

67. 9 
68.o 

67.6 67.6 66.4 
68.4 68.6 67.5 
77.6* 70.8* 64.0* 
65.8 69.5 67.8 
65.6 66.2 66.6 

66.7 67.0 67.0 
68.2 65.8 67.5 
68.5 66.8 67.2 
67.8 68.1 68.3 
68.6 68.7 68.2 

68.4 68.5 68.8 

68.5 67,7 67.3 
67.8 67.9 67.8 

69.5 70.8 71.4 
68.8 70.0 71.6 
69.0 70.3 71.6 
69.5 70.6 72.0 
~-2 70.5 71.8 

68.3 69.1 70.3 
67.4 69.0 70.8 
61.8* 66.o* 69.8 

68.2 69.0 70.6 
67.8 68.5 70.2 

67.8 68.8 70.3 
66.8 68.o 69.8 

56.7* 59.4* 66.o* 
66.8 68.7 70.7 
68.2 68.3 70.4 

67.7 
68.o 
68. I 

68.o 

67.S 

68.2 

69.1 
69.0 
68.8 

69.0 

70.8 
71. 0 

71. 2 

70.8 

71. 3 

67.1 
• 68.1 

66.2 
66.o 

68.o 

70. 0 71. 3 
69.2 68.8 

67.3 67.5* 
68.2. 69.0 

68.3 68.4 

67.2 66.8 
68.z 67.6 

67.8 67. I 

68.z 67.8 
68.4 67.8 

67.2* 
68.4 
66.3* 
67.3* 
68.o 

68.J 69.0 68.2 

67.4 68.4 fi9.8 
68.o 68.8 70.3 

lOh llh Noon. 

71. I 70. 3 68. ( 
72.0 70.6 67.0 

72. 5 71. 7 67. 8 . 
72.0 71.0 68.8 
72.4 71.8 69.4* 

72.2 72.0 
72.6 71.7 
70.8 72.7 
71.6 71.1 

71. 5 7 I. 8 

70.4* 
68.8 

7r. 2* 
69.5* 
70.2* 

71.8 72.4 69.8* 
70.7 70.3 67.7 
67.7* 66.8* 61.8* 
70.2 68.8 64.2 
71.0 68.9 67.8 

72.8 

73.5 
71. 0 

71. 0 

71. 2 

70. 8 

70.6 
69.8 
69.0 

69. I 

66.6 

67.4 
66.2 
66.8 

65. 8 

71.1 69.3 66.3 
68.8' 68.3 66.o 
65.8* 64.6* 61.8* 

67.5* 65.6* 6~3 

68. 4* 6.5· S* 66. o 

66.8* 65.4* 62.2* 
67.5• 66.6* 64.3 
66.2* 65.6* 65.9 
67.6* 66.5* 65.3 
67. 7* 66.o* 6+ 8 

67.1* 65.5* 64.0 

'JO. 1 fi9. 0 66. 6 
71,6 70.6 66.4 



 

UNITED STATES COAST AND GEODETIC SURVEY. 417 

DECLINATION-Continued. 

the magnetic observatory of the Coast and Geodetic Survey, Los .Angeles, Cal. 

One division ofscale=o'.794 

r·-· ---------· 
I ! 

Day. i 

-1-
66.0 66.2 67.0 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

16 

17 

18 

I<) 

20 

2r 

22 

23 
24 

25 

66.3 65.8 66.6 

66.6 66.3 67.3 

66.4 66.o 66.3 

67.3 66.o 66.3 

68.8" 67.5 66.4 

67.5 67.8 67.2 
69. 1" 67. 2 G7. 8 

67.8 66.8 66.5 

67.3 65. 6 65.2 

()j. 6 66. 6 66. 4 

65.S 66.3 66.4 

66. 3 65.7 67,7 

62.5• 64.2 67. r 

66.7 66.o 66.7 

64.3 63.9 64.5 
66.o 66.o 66.6 

64.4 64.8 65.7 
66.o 66.2 66.8 

64.8 65.0 66.2 

65.0 66.o 66. I 

66.2 66.8 65.2 

65.0 67.3 66.o 

65.4 66.2 67.7 

65.8 67.8 68.o 

26 63.8 67.8 68.4 

27 64.2 66.8 66.3 
28 66.8 68.2 69.0 

29 65.0 66. 2 67.0 

30 65.3 66.o 66.8 

Increasing scale readings correspond to increasing east dedinalion. 

JANUARY, 1888. 

67.6 68.6 69. 6 

67.8 68.8 69.0 

68.6 69.0 70.0 

67.2 68.6 69.2 

67.8 68.8 69. I 

67. 1 68.o 68.3 

G7.8 70.s• 66. 6 
68.4 6S. S 68. S 
67.0 68.o 68.5 

66. 4 67. 4 68. I 

66.5 67.8 68.6 

G7.2 68.3 68.8 

G8.2 68.o 70. 3 

68.3 68.2 68.S 

67.8 6S.6 68.8 

66.6 68.2 68. 7 

67.8 68.6 68.6 
66.8 67.5 68. I 

67.6 68.3 68.5 

67.3 67.6 68.o 

66.2 67.4 67.9 

6;.o 67.0 67.5 
io.2• 69.0_ 6j.5 
67. 2 67.6 67.8 

68.3 67.8 66.9 

69.9 69.8 ;o.o 

69.5 69.; 69.8 

70.2 70.6 ;o.6 

69.5 69.6 69. 5 

69.0 70.5 69. I 

69.0 68.8 68.S 

69.4 68.8 70.8 

68.6 68.7 69.3 
68. 6 68. ':! (,8_ 0 

68.2 68.3 68.2 

68.7 68.6 68.4 

68.8 68.8 63.7 
68.8 68.8 68.8 

68.8 73.5• 79. 5• 

68.9 68.8 68.9 

68. 7 68. G 70. 2 

68.9 69.0 /0. 5 

68.3 68.4 08.4 

68.3 68.5 68.5 
68.o 68.o 68.o 

68.2 6i.8 68.o 

68. I 68.I 69.0 

69.6 73.4• 68.o 

70.5 67.0 67. I 

68.o 66.S 67.0 

69.0 

69.8 

69.8 

69. 2 

j I. O"' 

6S. 5 

69.0 

69.3 

68.8 

70.8 

illid· lJaily \ 
night. • mean. I 

6S.z 

68.8 

69.0 

68.8 

;o.o 

09.0 

68.8 

69.3 
69.0 

69.3 

68. 8 68. 5 68 < 2 69. 2 

/0.4 72.3* 73.olt- 69.1 

68. 6 68. 8 68. 8 68 4 

68. 0 68. 0 67. 5 68. + 
68. 2 68. o 68." (18. I 

68.6 

68.2 

68.o 

70. 2 

(i?\,; 

;r. :r~ 
6S.6 

68.o 

68 2 

68.o 

(i8. 1 

68.2 

68.S 

66.2 

67.0 

;0.9 

67. 6 

67.2 

69.5 

68.7 

7 I. 0 

6S.8 

68.o 

67. s 
67.S 

70.0 

6<).5 
68.S 

66. i 
65. 31f 

68. s 
jO.o 

67.7 

68. l 

69.1 

68. s 
68.3 

67.8 
Oj.6 

67. 4 

67. 8 I 

68.8 

68.8 

68. z 

67. 8 ' 

68.7 

68.4 

68. 1 

68.2 

68.2 

68.3 
68.3 

67.8 
68. I 

67.8 

67.8 

67.9 
68. 5 

67.4 
6j. I 

68.5 66.7 67.0 67.6 67.7 67.6 66.9 66.q 67.3 66.9 

67.5 67.2 68.o 69.0 66.8 67.5 07.3 (>7.3 67.0 67.1 

67 · 8 66. 8 70. 0 68. 2 67 · 4 67 · 5 67 · 5 67. 4 67. I 67 4 
68.4 68.o 68.o 68. 3 6S.6 68. o 67. 2 67. 4 67. 8 67. 5 

68.o 68.2 68.o 68.o 68.o 67.8 67.5 67.2 67.5 67.5 

66.8 68.o 67.4 67.8 67.7 67.5 67.3 67.0 66.8 i 67.r I 

t
_]\_fo_n-th_l_y_m-ea-n-l---6l--.-;--66~-;.-66-.-6- 67.6 68.1 68.4 68.8 68.8 69.0 68.5 68.5 6s~/--6·S:-;;-I 

ormal 66. o 66. 2 66. 6 67. 5 68. o 68. 4 68. 8 68. 5 69. o 68. 3 68. 5 68. 2 I 
-------- ----------------------------

H.Ex.80-27 
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Local mean time. 

I 

Day. 

2 

3 

4 

5 

6 

7 
s 
9 

[0 

II 

12 

13 

14 

15 

16 

17 
18 

19 
20 

21 

22 

23 

24 

zs 
26 

27 
28 

29 

Monthly mean 

Normal 

UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Ho11rly readings from the plwtographfo traces of ilte unifilar magRetometer at 

300 divisions + tabular quantity. 

FEBRUARY. 1888. 

i lOll 11'1 Noon. 

\ __ ----------.. ------- ----------~------ - -------------- -------

! 
I 
I 
I 
I 
I 

' 

I 

66. 5 
66.8 

70.y 

67. 5 
66.6 

67. 2 

68. 5 
67.0 

(i8. 0 

68, 5 
66.2 

66.8 

66.5 

66.8 

67. 0 

67. I 

68.o 

68.o 

70. z* 
64. 8 

67.3 
68. r 

67,6 

67. 2 

67. I 

67. 5 
65. 6 

67. 3 
67, I 

G6.8 

66.3 
66 ·9 

66.8 

67.3 

67.4 
7 I. o* 

67.5 

70.0 

66.3 

66.9 

66.5 
66.6 

67. z 

66.S 

68.o 

67. z 
69.0 

68. 5 

67.0 

67. 2 

68.o 

67.5 

68.2 

67.8 

67.7 
66.4 

67.5 

67. 4 

67.0 67. 4 67.7 67. 8 

67.5 67. 2 6S. 4 6S.8 

67. 5 68.o 68.5 69.0 

66.5 66. 7 67.0 67.2 
68 s 66 .o 6 68 7. 0 {. 2 

(16. 9 66.5 67.0 67. 0 

67.5 67.5 66.4 67.8 

67.2 67. 5 67,8 68.o 

66.o 70. 0 68.2 68. 5 
68. I 70.0 71. o* G7.3 

62.0* 68.o 69.6 63. 5* 
67.8 66.o 68.5 68. 5 

67.5 66.8 66.o 66.8 

67. 7 66.2 67.1 67.4 
66.8 67. 3 67.5 67.8 

67.2 67. 5 68.7 70.3 
67.S 68.6 67.8 67. 9 

67.8 70.8* 68.3 69.8 
67.6 68. 2 68.o 68.6 

64.2* 67.8 68.o 68.6 

68.5 66.3 64.8" 68.8 

64.5* 66.5 68.8 68.5 
67.6 68.o 70.0 70. I 

68.3 66.2 68.8 69. I 

68.o 68. I 66.5 68.o 

67.5 67.8 68.5 67. 5 
68.o 68.4 68.3 68.7 
68.5 67, I 69.5 69.2 
67. I 68.2 68.8 68.6 

67.2 67.6 68.o 68.2 

67. 6 67.5 68.o 68. 3 

68.3 

69.7 
70.8 

68.o 

68 -·;) 

66. 8 

66.8 

67.5 
68.3 

71. 0 

68.o 

67.0 

67. I 

67.8 
68.6 

70. 5 
69.9 

69.8 

69.2 

69. 2 

68.5 
70.0 

70.6 

68.5 

69. 3 

70. 3 

70.5 

7J. 3 

70.3 

69.0 

69.0 

70.0 70.3 
70.2 68.4 

71. 4 70. i 

70.3 71.0 
68 6 -9 9.9 

67.5 68.9 
66.8* 67. 8 

67.6 67.6 
68.8 67.+ 

69. 7 68.8 

67. 0 67.0 
66. 6* 66. 6 

67. I 67. I 

67.6 67. I 

68.6 67. 7 

70.5 68. 5 
70.2 68.6 

69.0 68.5 

70.8 68.8 

70. 2 69.5 

70.0 69, I 

67.5 66.3 

71. 0 70. 5 

68.5 67. 5 
70.6 68.9 

71. 0 70.0 

71. 4 70.0 
72,4* 71. I 

72.0* 71. 8* 

69.4 68.8 

69.4 68. 7 

68.5 

65. I 

68. 8 

69. 5 

66.8 

62.6* 

66.C 

67.8 

64. 8 
61. o* 

64 5 
64.8 

70. -.~ 6* 68 8" 66 8 

70. 1«· 70.0* 68.o* 

68.8 68.5* 67.8* 

68.4 68.3 68. o·X-

65. I 65.4 65. 5 

68. 5 66.7 (14. 7 

65. 6 64.5 65. 7 

67. 0 64.6 65.3 

Gri._-:; 65. 5 65.0 

67. I 66. 2 65.2 

66.3 66. 2 65.7 

67.6 66. 2 64. s 
67.8 63. 7 62. 7 
67.8 66.o 64.0 
66.2 63.4 62.2 

66.8 64.7 63.5 

66. I 62.8* 60.8* 
66. 8 66.o 64. 2 
68. 2 66. 2 63.8 

65.8 63.0* 61. 7* 
68. I 66.3 64. 8 

68.o 65.6 64.2 

66.7 65.0 64.0 
68.o 66.o 64.3 
70.0* 67.8 65.7 

67.6 65.9 6.f.6 
67.3 65.9 6+.6 
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DECLINATION-Continued. 

tke magnetic observatory of the Coast and Geodetic Survey, Los Angeles, <Jal. 

One division of scale= o'.794 

Day. 

1-----.. -·-··--· 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
28 

j __ ... 29 I 

; Monthly mean I 
i Normal 

64.8 65.7 
61. 2* 63. 7 

6z.7 62.8 

62.8 62.8 

66.o 65.1 

66.5 

65.2 
64. 2 

63.2* 

65.5 

66.8* 66.3 66.o 

66.7* 6f>.7 66. l 

67.6* 68. ,~ 67.0 

65.8 67.8* 68.3 
63.2 63.8 65.7 

64.8 65.0 68.8' 

65.5 66. 3 67.2 
64.& 65.7 66.2 

65.0 65.5 66.2 

65.8 65.8 66. 2 

63.8 
63.8 
61. 6 

62.0 

63.8 

65.6 

64. 2 

6z.3 

63.8 

64.4 

64.8 

65.8 

64.0 
66.1 

66.8 

61.0• 63.8 66.2 
62.8 64.0 65.8 
62.2 62.8 64.2 
60.8" 64. I 66. I 

64.5 6{.o 66.o 

64.0 
63.2 
63.5 
63.7 

63.9 

63.9 

64.9 

64.2 

64. I 

63.4 

64. 7 
64.5 

66.7 

66.o • 

64.0 
64.6 

Increasing scale readings correspond to increasing east declination. 

FEBRUARY, J.88a. 

67.3 67. 5 67.7 
66.8 68.o 68. 5 
65. 3 67. I 68. 0 

64.6 66. 6 66.2 
66.o 66.8 67. I 

66.o 66. 2 66. 8 

66. 2 66.5 66.6 

67.4 66.o 66.o 
68.8 68.o 67.8 
66.7 67.6 67. 5 

68.o 67.8 67.7 

68.o 67.8 68.o 
66.3 66.5 66.8 

67.3 67.4 67. 5 
66.8 67.0 66.8 

66.4 65. 8 67.0 
66. 8 66. I 66. 5 

66. 7 65. 7 65.4 
65.0 68.8 67.2 

66.3 66. 5 67.7 

66. 5 67.0 68. 2 

65.8 66. 5 67.0 
66.8 67. 2 67. 5 
66.2 68.3 67.7 
66.5 67.0 67.0 

67.3 67.6 67. 8 

66.8 67.9 67. 3 
66.o 66.7 66.6 
66.o 67. I 66.8 

66.6 67. I 67.2 

66.6 67.1 67. 2 

67. 7 67. 8 67. s 
68. 4 68. 2 68. o 

68.o 67. 8 67. 6 
67.7 67.9 68.8 

67. 5 67. 5 67. 5 

67.0 67.0 66.8 
67. o 67. o 67. o 

64. 8" 67. 2 66. 8 

69.2 67.5 67.2 
67.5 67. 7 73.0~ 

68.6 68.7 67.3 

68. 0 67. 5 68. 3 

67.3 67.4 67.5 

67. s 67. 3 67. 8 

67.5 67.3 67.2 

67. 5 67. 6 68. 8 

66.7 67.3 66.4 

67.8 68.7 68.8 
66.o 67.8 67.5 
66.8 67.0 67.0 

66.o 66. 5 67. 5 

67. 0 67. 3 67. 4 

67.5 67.5 67.5 

66.8 67.5 67.8 

68. 7 66. 5 67. 0 

67.7 68.2 67.8 

67. 9 67. 5 67. 5 
67. 8 67. 8 67. 5 

67.1 67.6 67.5 

67.4 67. 5 67. 4 

67.6 67. 5 67. 2 

23h Mid- \ Daily 
night. , mean. 

67.4 67.5 66.3 

67.8 67.8 67.4 

67.2 67.4 66.8 

68. 5 68. 5 69. o 

67.5 67.2 67.0 

67. 0 66. 8 66. 7 

67.0 67.0 67.1 

67.8 68.o 68.8 

66. 6 66. 5 66. 8 
66. 6 66. 8 67. l 

70.0 68. 6 67. 5 

66. 8 66. 0 66. 5 

67. 5 66. 8 66. 4 

66.8 66. 8 66. 5 

67. 5 67 0 66. 6 

67. 3 
66.8 

67. 3 

67.0 
67.G 

67.2 
67. I 

67. 4 

67.6 
67. 6 

67. 2 

67.0 
(,(j, 6 

66.8 

67.0 

67.2 67.5 

67.3 67.5 

68.o 68.7 

68.o 69.0 
67.3 66.6 

67.2 67.3 
67.0 66.8 

69. 3 67. 2 

68.o ! 67.0 

64. s• 06. s 
67.7 67.4 66.4 

67.4 67.6 67.3 
67.5 68.o 67.0 
69. I 68. 8 67. 9 

67. 4 67' 4 67. 4 

67. 8 67. 8 67. 7 
67.4 67.5 67.3 
67.5 70.8• 67.4 

67. 3 67. 2 67. 2 

67.6 67.6 67.2 

67.6 67.4 67. 3 

6(>. 6 

66.5 

67. 3 

66.9 

67. 2 

67.5 
67.4 

67.2 

67.4 

L- -----------------------------------'----~ 



 

420 

Local mean time. 

Day. 

3 
4 

s 
6 

'l 
8 

9 
10 

II 

J2 

13 
14 

15 

16 

17 
18 

19 
20 

21 

22 

UNITED STATES COAST .AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from tlte photographic t1·aces of the unifilar magnetometer at 

67.6 68.o 68.o 

66.2 67.3 67.7 
67.1 67.4 67.5 
67.5 67.8 67.3 
66.6 66.7 66.8 

67.0 67. 2 67.3 
67.0 67.0 67.4 
68.o 68.2 65.8 
66.5 66.o 66.2 
67.2 65.6 66.3 

65.6 66.9 67.0 
66.8 66.8 67.0 
67.0 66.8 67.0 
67.0 67.0 67. I 

67.9 67.0 67.1 

68.2 68.5 
71. 2* 68. I 

68.8 68.2 

67.5 67. l 

66.5 67.2 

66. I 

68.3 
68.9 
68.o 

66.8 

67.2 
67.0 

67.5 
66.8 
1)6. i; 

66.2 
68. I 

68. I 

68.4 
67.0 

67. 3 
67. 4 
67. 2 

67. 0 

66.8 

67.5 
65.8 
70.8* 
67.8 
66.8 

66.o 
68.o 
68. I 

68.3 

67.5 

67.5 
67. 3 

66.3 
67.8 

67.3 

68.6 68.5 68.o 

MARCH, 1888. 

68.4 68. 2 68.7 
68.o 68.4 68.7 
67.6 67. 7 68.o 
67.5 68.o 68.o 
66.8 67.0 67.3 

67.5 67. 7 68.2 
67.5 68.o 68.5 
66.8 67. 5 67.8 
66.2 64.8* 64.2* 
67. 3 65. I 64, 6* 

67.2 67. 8 68.2 

67.5 67. 3 67.1 
67.2 67. 2 67. 3 

67.0 67.0 67.3 
67.4 68.o 67.5 

69.0 66.5 65.8 
68.6 66.o 69.0 

67. 8 66. 6 67.3 
67. 2 66.o 67.0 

67.0 67. I 67.6 

67. I 

67.8 
68.3 
68.o 

67.5 

67. 5 
67. 7 
69.0 

67. 7 
67.2 

67. I 

67.0 
68. 2 

68. 2 

6j.5 

68. 0 

67.6 

70. 2 
67.8 
67.8 

68.o 
68. I 

69.0 
67.0 
67.8 

68.4 
68.o 

70.0 
68.o 

68.r; 

68.2 68. 8 68.8 

300 divisions ...l- tabt1lar quantity. 

68. 7 71.3 71.6 
70.5 71.8 72.0 
69.0 70.8 71. I 

70. 2 72. I 7 !. 0 

68.3 70.5 70.8 

69. 2 70.2 68.6 
70. 2 72. 0 73.·5 

68.8 69.0 67.5* 
66.5* 70.0 66.3* 
67.0 70.8 70.5 

69.5 71.6 71. l 

69. 0 71. 0 70. 5 
69.8 71.0 70.8 
68.8 71.0 72.5 

70.2 73.0 73.2 

65.0* 63.0* 66.9* 
70.4 71.0 70.8 

69.0 69.5 70.5 
67.2 69. I 70.8 
67.2 70.4 70.6 

69.5 69.7 
69. 0 70.6 

70. 3 71. 5 
69. 3 71. I 

69.4 70.9 

70. 3 72. 5 
69. 0 •7r. 2 

70.8 71.0 
6g.o 70.4 

70.0 70.4 

70.2 

71. 0 

71. 6 

72.6 

69.5 

72.4 
72. 8 

70.4 
70.4 

70.5 

70.7 71.0 70.2 

lOh 11 h Noon. 

68.7 66.8 65.0 

70.0 67.4 64.7 
70.7 68.9* 66.3 
67.3 65.0 63.8 
68.7 66.o 64.0 

66.o* 64.2 64.0 
67.8 65.0 62. 8 
65.8* 65.8 65.2 

64.5* 64.3 62.6 

66.8 64.3 62.8 

68.8 66.5 64.8 

69. I 67.0 64. 8 

69.0 66.o 64.0 

72.0* 69.5* 66.3 
67.8 66.o 65.0 

66.5 
68.8 

68.4 

70.3 
68.2 

69.8 

70. 2 

68.3 
70.5 

68.8 

70.5 
7J. s~ 

68.o 

69.8 
68.5 

63. o* 61. 1* 

67.6 62.6 

65. 5 63. 4 

67.8 65.4 
65.8 63.0 

68.5 
67.8 

64. 7 
67.0 

66.4 

66.8 

69. 2• 

65.0 
68.3 
66.3 

65.6 
64.4 
63.0 
64. 2 

64. l 

64.3 
66.o 
63. 8 

66.o 

65.0 

68.3 66.5 65.0 
---- ---- ---· - ---~----------··--------------·----- -----.------! 
Monthly mean 

Normai 

67.4 67.3 67.3 
6?.' 67.3 67.2 

67.6 67.4 67.7 
67.6 67.4 68.o 

69.2 70.6 70.7 
69.4 70.9 71. I 

68.7 66.4 64.3 
68.8 66.2 64.4 



 

UNITED STATES COAST AND GEODETIC SURVEY. 421 

DECLINATION-Continued. 

tke magnetic observatory of the Coast and Geodetic Stirvey, Los Angeles, Oal. 

One division of scale=o'.794 

Day. 

2 

3 
4 

s 
6 

7 
8 

9 
10 

II 

12 

13 
14 

15 

16 

17 
18 

19 
20 

2I 
22 

23 
24 

25 

26 

27 
.28 

.29 
30 

31 
------
Monthly mean 

Norm:i.l 

13h 14h 1511 

65.0 63.8 64. 5 
62.5 62.4 63. 2 

64.7 64.2 64. 7 
62.5 63 4 64. 2 

63.5 63.9 65.2 

63.5 64.0 65.0 
6r. 2 61. 5 64.0 
64.8 6+8 6+ 6 
64.2 64.0 64. 5 
62.3 63.2 64.4 

3.3 2.0 3.5 
62.6 6r. 2 63.0 
63.8 62.6 63.0 

64.3 63.2 64. 2 

62. I 6I. 0 65. 3 
63.4 62.7 64.0 

63.3 63.6 65.0 
64.2 62.8 64.6 
62.0 62.0 62. 5 

64.2 63.0 64.0 
63.0 62.5 63.8 
62.5 63. 7 64.8 
62.8 63.4 64.2 
63.2 63.8 65. I 

63.5 6.J. 5 64.0 

63.7 62. I 62.2 

6r. 7 6I. 5 62.8 

63.0 6r. 0 6r. 6 

63.0 63.0 64.0 

64.1 63.8 64. I 

63.3 62.9 64.0 

63.3 62.9 6.t. 0 

Increasing scale readings correspond to increasing east declination. 

MARCH, 1888. 

16h 17h 18h 

66. 5 67.8 67. 8 
64.8 66.o 66.8 

65. I. 66.2 66.8 

65.6 66.3 66.5 
66.o 66.5 66. 3 

65.8 66.2 66. 2 

65.0 66.8 66.8 

66. 3 66.7 69.0 

65.7 66.8 67.0 
65.8 67.4 67.0 

65.0 6;.o 67.3 
6 66 66 5· I .2 .5 
64.0 65.6 66.o 

63.9 65.5 66.3 
66.5 f>7. 8 69. 5" 

63.6 66.o 65.5 
67.5 67.8 69.5• 
67.0 66.8 66.5 

65.3 67. 5 66.o 

64. 7 65. I 65.8 

65. I 66. 6 67.4 
65.2 66.6 67.3 
65.9 66. I 67, I 

65.3 66.3 66.8 
66.o 67. 0 67.0 

65. I 66.5 66.7 

64.5 66.3 66.'l! 

65. I 66.8 67.0 
62.6* 63.8• 65.8 

65.5 66.2 66.2 

65. 3 66.4 67.0 

65.3 66. 5 66.9 

65.4 66.6 66. 7 

19h 20" 21h 
--------

67.8 68.2 68.o 

67.0 67. 2 67. I 

68.2 66. 5 67. 2 

66.7 66.8 67.0 
66.7 66.8 66. 8 

66.6 67. 0 67. 2 

66.5 69. s• 75.8* 
68.o 67.8 67.2 

67. 2 67.2 69. 9• 

67.2 67.0 67. 2 

67.3 66.8 66. 9 
6 6 66 8 7. 0 7. 0 
66.4 66.7 66.5 
66.8 67.0 66.9 

67.8 67.6 70. 2• 

66.o 66. 7 68.o 

67. I 67.0 67.0 
67.0 68.o 67. I 

69.3 67.0 66.6 

67. I 66.o 66. 2 

67. 7 68.o 68.o 
68.o 68.o 68.o 
66. 5 67.0 68.5 
67.0 67.0 67. 0 
67.2 67.4 67.3 

67.0 67.0 66.9 
68.o 67.4 66.6 
66. 8 67.0 66. 9 
66. I 66.8 66. I 

65.8 66.o 66.5 

67.5 67. 5 67.0 

67. I 67.2 67.6 
67. I 67. I 67. I 

2311 Mid- I Daily 
night. I mean. 

·~~~~~~-,~~-

67.8 67.7 
67.0 67.0 
67. 2 67.4 
66.8 66.8 
67. 0 67. 0 

67. 0 67. I 
68.4 69.0 
66. 8 66.4 
67. 0 68.2 
67.6 65.4 

66.8 67.8 
66 8 66 .5 
66.5 66.3 
67. 8 67. 7 

7o. s• 69. 5 

72. o* 69.8 
71. 2• 70.8• 

67.3 67.4 
67.0 67.8 
66. 2 66.2 

68.3 68.8 
68. I 67.8 
68. 2 67.8 
66. 9 67.5 
67. 2 67.0 

66.8 66.8 
66.7 66.8 

66.9 66.8 
66.6 68.o 

67.0 67.8 

67q 67.2 

67.6 67.6 
67.2 67.4 

67. s I 67.6 
67.0 i 67. I 

:~: ~ Ii :~:: 
67.0 I 66.8 

67. I I 66. 7 

64.2*[ 67.3 

66. 2 I 66.9 
67. 5 66.r 

66. 3 I 66.2 

66. s I 67.0 
66 66 . 5 .7 

66.2 66.4 

67. 5 67. I 

68.8 67.9 

65.0 65.9 
67. I 67. 7 
68.2 67. 2 

67.5 67. 0 
66.o 66. 2 

68. I 67. 2 
68.7 67.4 
67.7 67.3 
67. I 67. 2 
67. I 67.0 

67.0 67. 2 
67.0 67.2 
66.8 66.9 
66.o 66. 5 
67.8 66.8 

67.3 67.4 

6j. 0 66.98 
6j. I 



 

422 UNITED STATES OOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readi1igs from the photographic traces of the unifilar nw.gnet<>meter at 

Local mean time. 300 divisions+ tabular quantity. 

APRIL. J.888. 

--- ---

Day. lh 2h 3h 4h 5h 6h 71t 8" 91t 1011 1111 Noon. 

------- ·---· 

I 66. 9 67.2 67. 5 68.2 68.5 69.0 71.0 71. 8 71. 6 70.2 68.5 66.o 

2 68.6 68.5 68.8 69.2 68.8 69.8 71. 9 73.4 73.2 71. o* 67.7 65.0 

3 67. 5 68.o 68.2 67.8 69.2 ,69- 2 71. 4 6<). 9 66. 1* 66.5 65.3 64.8 

4 64. 1* 63.0* 68.5 67.5 65. 1" 66.6" 68.o* 7 I. 0 68.7 66.8 64.5 64.0 

5 6y.2 ('9· 0 64.2* 70.0 68.6 68. I 70. 2 72.0 6y.o 66.5 65.8 65.5 

6 67. 5 65.4 67.2 66.o 66.4 67.9 70.8 72.7 72.0 68.8 65.8 64.4 

7 67. z 67.2 67.0 67.2 67.0 67.8 69.3 71. 3 71. 8 68.8 65.8 64.0 

8 67. I 67.z 67,4 67.5 67. 2 68.o 70.5 73.3 73- 5 70.0 66. I 64,2 

9 67. 2 67.6 67.6 68.o 68.2 69.0 71. 2 73.4 72.3 69.5 66.2 64.2 

10 66.8 67.2 67.2 67.6 67.8 68.6 7°-3 71. 6 . 72. 5 70. 7 67.6 65. I 

II 73.0* 69.6 67. I 73. 1• 74.3* 73. 8" 72.0 68.9" 68.6 66.7 63. 1• 6o.8• 

12 6<).o 67.5 65.3 66.o 62. 6* 68.3 70.4 70. 7 7r. 0 70.2 67.2 65.5 

13 70. 7* 72.8• 72.0* 70.4 65. 5* 67.5 70.0 71. 6 71. 0 66.o 6+o 63.1 

14 67.2 66.9 66.5 68.o 66.2 66.6* 69.2 70.8 70.7 68.o 66.8 4.3 
15 65. 3 66.3 68.4 68.3 68.o 68.8 67.2* 6<).o* 69.6 68.4 66.8 65.3 

16 67.4 66.2 67.2 67.6 67.7 68. 2 70.8 72.2 71. 2 69.5 67.0 65.8 

17 67.3 67.4 67.2 67.6 68.o 68.8 70.3 71. 0 70. 3 68. 8 66.8 66.z 

18 68.o 68.3 67.7 67.8 68.2 69.6 71. I 72.0 70.8 69.1 67. 7 66.6 

19 68.7 68.7 68.7 69. I 70.3 70.8 73.0 72. 7 70.3 67.5 64.7 63.0 

20 68.5 68.6 68.8 68.2 68.8 70.0 71. 5 71. 7 68.o* 65.7* 64.5 64.6 

21 6j. 2 67.2 67.5 68.2 68.o 70.2 72.2 73.4 70.8 67.0 63.8 62.4 

22 67.3 67.3 67.4 67.8 68.o 70. 3 72.9 73.3 70.2 67.2 65. 5 64.7 

23 67.3 67.2 67. 5 68.o 68.3 70.2 72.6 73.5 72.0 68.8 65.0 63.4 

24 6j.o 68.3 68.2 68.8 70.0 71. 6 72.4 72.2 70.5 66.3 64. I 62. 7 

25 67.8 68.o 68.6 69.2 69.8 70.8 72.2 73.4 70. 3 65.5• 61. 7* 6r. 1• 

26 66.9 67.2 68.o 68.o 68.2 69.6 71.2 72.2 7L 6 69.0 65.4 63.5 

27 67.2 67.5 67.8 68.3 68.6 70.2 72.4 74.0 72.4 (18. 2 64.6 63. I 

28 67.5 67.8 68.4 68.3 68.7 70. I 72.5 73.8 72.8 69.0 66.6 65.5 
29 68.2 68.3 67.4 67.8 68.3 6<}. I 71. 9 72.2 72.5 70.6 68.3 66.9 

30 67.6 67.7 68.4 68.8 69.5 70. I 70.6 71.5 70. 3 69.0 67.5 66.6 

Monthly mean 67.7 67.6 67.7 68.3 68. I 6<}. 3 71.0 72.0 70.8 68.3 65.8 64.4 
Normal 67.5 67.6 67.7 68.1 68.3 69.3 71. 3 72.2 71. I 68.4 66. I 64.7 



 

UNITED STATES COAST AND GEODETIC SURVEY. 423 

DECLINATION-C-Ontinued. 

tke magnetic ob&ervatory of tke Ooast and Geodetic Survey, Los Angeles, Gal. 

One di.-ision of scale =o'.794 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

I 

i 13h 

64. 2 6+ 0 64. 4 

61. 2 62. l fo. 4 

64. 7 64. 5 65. 5 

61.0 63. 8 65. 8 

65. 2 66. o• 66. 2 

64. 2 63. 5 64. 5 

62. 9 62. 5 63. 2 

62. 3 62. 4 63. 3 

63. 0 62. 4 63. 0 

62. 6 62. 4 62. 8 

6o. o~ 59. 6• 61. 2• 

64 2 62. 2 64. 0 

62. 6 61. 8 63. 8 

63. o 6 r. 2 62. B 

63. 2 62. 5 62. 0 

64, 2 62. 5 62. 6 

65. 8 64. 0 63. 9 

65. 4 64. 6 64. 6 

63. 2 63. 4 65. 4 

64. 2 63. 4 64. 5 

62. 7 63. 7 64. s 
64. 3 64. 5 65. 6 

63. I 63. I 64. I 

61. 4 62. 0 61. 6 

62. 0 62. 8 63. 3 

63. 7 64. 0 65. 0 

62.o 62.o 63.8 

64. 6 64. 2 64. 7 

65.0 64.8 65.7 

65. 8 64. 4 64. 3 

Monthlymean 63.4 63.1 64.0 

Normal 63. 5 63. 2 64. o 

Increasing scale readings correspond to increasing east declination. 

APRIL, J.888. 

171
' 18h 

64. 6 65. 8 66. 2 

63. 0 65. 0 66. 0 

65. 5 66. 2 67. 8 

66. 8 66. 7 66. 7 

66.5 67.4 70.1* 

65.8 66.5 66.8 

65. 0 65. 5 66. 2 

65. 2 66. 8 67. 3 

64. 8 66. 7 67. 2 

64. 2 GG. o 66. 2 

67. 0 63. 8 63. 7* 

64.0 65.6 66.5 

64.0 65.8 72.0* 

66. I 66. 8 67. 4 

63.0 66.5 66.2 

64. 4 66. 2 66. 8 

64. 0 64. 8 65. 8 

65. 5 66. 6 66. 8 

67.0 67.8 68.o 

65. 7 66. 8 66. 9 

6~3 67.5 67.2 
66.7 67.0 67.0 

65. 6 66. 9 66. 8 

65.9 67.3 67.5 

65. 2 65. 9 66. 5 

65. 9 66. 5 67. 0 

65.2 66.8 67.4 

65. 2 66. I 66. 0 

65. 2 64. 9 66. 5 
64 8 65. 2 65. 4 

65. 3 66. 2 66. 9 

65. 3 66. 2 66. 7 

---------------------;----; 

2011 

66. 8 66. 5 

66. I 68. O 

69. 0 67.0 

66.7 67.1 

70. 4• 66. 8 

66. 5 
68.8 

68.o 

70.0* 

67.0 

66.8 67.0 67.1 

66. 5 66. 8 66. 8 

67. 2 67. 3 69. 0 

67.0 66.8 66.8 

66.8 66. 3 66. 8 

66. 2 69.0 66. 6 

66. 7 66. 6 68. 0 

67. 2 66. 8 68. 8 

67. 8 70. 2• 68. 2 

66. 2 66. 6 67. 9 

66.6 67.0 68.o 

67. 5 67. 3 66. 2 

67. 2 67. 7 67. s 
68. 3 68. 2 68. 3 

66. 8 66. 9 67. 0 

66. 8 67. 0 67. 0 

66. 7 66. 5 66. 8 

66. 7 66. 7 67. 3 

67.3 66.9 67.0 

66.4 66. 7 66. 5 

66. 8 66. 5 66. 7 

Mid­
night. 

67.8 67.4 67.8 

70. 8* 69. 8 66. 7 

65.7 6~ 2 67.5 

68. 5 67. 8 67. 0 

67. 0 68. 0 68. I 

Daily 
mean. 

67.4 

67. 7 
67. 2 

66.5 

67.8 

67. 2 67. 0 67. 0 i 67. 0 
! 

66. 8 66. 8 

67. 7 67. 3 
66. 8 66. 7 

67. 8 67. 5 

67. 0 i 66. 7 
67. 2 ! 67. 3 

66. 7 i 67. 2 

68. 6 67. I 

66. 2 66. i 66. 0 67. 0 

68. 7 6'). 6 70. 0 67. I 

67.2 68.o 68.o 67,6 

68. 0 67. 7 68. 0 i 67. 0 I 

68.o 67.3 67.0[ 66.6 
i 

67. 3 67. 4 67. 6 I 67. I 

67.1 6K2 68.oj 67.2 

68. 2 68. 5 68. 7 67. g 

67.8 67.8 68.z 68.o 

67. 0 67. I 67. 6 67, 2 

I 
67. I 67. 4 67. 2 I 67. z 

67. 7 67. 5 67. 3 67. 5 

68. 0 67. 4 66. 8 67. 4 

67. 2 67. 4 67. 3 67. I 

66. 9 68. 0 66. 7 66. 9 

66.6 66.8 67.1 67.2 

66.7 66.8 67.1 67.2 67.5 67.2 

67.0 

66.9 

66.7 66.5 66.6 66.8 67.0 67.6 

65.6 66.1 66.6 71.r 69.oj 67.9 

67.0 !5'.3 ____ ~~8.8 ~~I~ 
67. I 67. 3 67. 4 6---:;::;- 67. 81 67. 27 I 

67. o 67. 3 67- 3 67. 6 67. 6 I I 



 

424 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings fr?tn the photographic trace8 of the unifilar magnetometer at 

Local mean time. 300 divisions + tabular quautny. 

MAY, 1888. 

I 

Days. I lh 2h 3h 4h 5h 6h 7h Sh 9h lOh llh Noon. 

I 72· 3* 65.4 67. 0 68.8 69.2 70.6 70.8 68.7* 68.6 67.5 65.0 64.2 
2 66.8 65.8 67.2 68.o 68. 2 69. I 72·3 72.6 71. I 68.2 65.3 63.9 

3 66.6 66.o 66.8 67. 2 67.9 68. 8 69.2 71. 5 70.7 68. 3 65. 2 64.3 l 
67.0 66.8 67. 2 67. 3 68.o 72.8* 70. I 67.4 66.2 I 

4 70.4 72. 2 74.0 
I 5 67. 0 67.0 67.0 67.3 67.8 69. 2 71. 2 72.3 70.8 68.z 66.4 65.6 

6 67.3 67.4 67.3 67.8 67.8 69.2 70.7 71. 2 70.5 67.9 65.6 65.0 

7 69.2 68. 5 70.0* 74.8* 75.4* 7J. 4* 72.3 69.2 67.5 65.0* 63.0 61. 8 

8 65.7 67.4 68.3 67.6 69. I 69.9 7I. 0 70. 2 69,7 68.2 66.5 65.5 

9 68. 2 68. I 65.8 68.6 68.8 69.3 68.2* 72. I 71. 7 69.0 66.8 65. 2 
10 67.0 67. 5 67.0 66.5 68. 5 69.2 71. 6 71. 8 72.2 70.2 67.4 65.0 

II 66.7 65.8 66.8 68.o 68.o 68.8 68.5* 70.8 70.8 68.3 65.7 64.0 
12 65.8 66.6 67.0 67.8 68.o 67.6 71.0 73.0 74.0* 71.2* 66. 2 63.0 

13 65.8 66. 2 67.0 67.8 68.5 70.2 70.8 7r. 8 71. 5 70.0 67. 5 66.8* 

14 67.0 67.0 67.2 67.8 68.5 69.9 71. 2 71. 7 71. 0 69.5 68.o 66.3 

15 66.o 66. 5 66.7 67.8 68.o 69.5 71. 6 72.9 70.6 67.0 64. I 62.0 

16 67.0 66.5 66.8 67. I 68.o 68.8 71. 0 71. 0 70.0 68.o 66.5 66.o 

17 67.0 66.8 66.8 67.2 67. 5 69.9 71. 2 72. 0 70.3 67.8 65. 8 65.4 
18 66.4 66.4 66.6 67.5 68.2 70. 3 71. s 71. 0 67.8 65.8 64. 2 63.7 
19 66.o 66. 5 66.8 67.6 68.4 70.8 72.4 72.5 71.0 68.8 66.2 63.9 
20 66.5 66.5 67. J 68.7 68. 7 70.3 73.0 73.8 70.5 69.5 68.6* 67.6* 

21 67.6 66.2 65.6 70.2 67. 2 67.2 7r. 5 73.0 71. 3 69. I 66.4 65.6 
22 66.7 67.2 67. 5 68.2 68.6 69.2 70.8 70.3 68.8 65.8 64.8 64.0 

23 66.6 66.8 67.0 67.6 68. s 70.4 70.3 69.7 66.o* 64.8* 63. 2 62.5 

24 67.3 67.7 66.8 66.8 68. 2 69.9 71. 6 71. 5 68.8 65.3* 62. 7* 62.4 
25 66. 7 66. 8 67.2 67.9 68.6 70.3 72 4 72.6 70.3 67.0 63. 7 62.0 

26 66. s 67. I 67.0 68.8 71. o* 70.4 75.0* 70.8 70.6 67. 7 65.8 64.4 
27 67.4 68. 2 68. 7 68.8 'JO. 2 70.0 70.8 71. I 69.1 66.4 64. 3 63.I 
28 67.8 68. I 68. 5 67.8 67.0 68.8 71. 3 71. 9 69.8 67.0 65.3 63.3 
29 64.0* 66.5 67.6 68.o 68.3 70.7 72. 8 71. J 70.3 66.o 64. 2· 63.3 
30 66.o 62. 2* 67.0 68.o 68.7 70.4 71. 2 70.6 68.7 66.3 64.2 62.8 

31 66.o 66.o 67.0 67.0 68. I 70.3 72.7 72.3 70.2 67.8 65.8 65.8 

Monthly mean 66.9 66.7 67.2 68. I 68.6 6g.8 71. 4 71. 6 70. 2 67.8 65.5 64.3 
Normal 66.8 66.8 67.1 67.9 68.3 69.6 71. s 71. 7 6g.8 68.o 65.5 64. I 



 

UNITED STATES COAST AND GEODETIC SURVEY. 425 

DECLINATION-Continued. 

tlie magnetic observatory of the Ooast and Geodetic Survey, Los Angeles, Gal. 

One division of scale =o'.794 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

22 

I M~fuly m~ I 
Normal 

15b. 

64. 0 64. 2 65. 0 

62, 8 63. I 64.0 

63. 9 63. s 64. 3 

65. 8 65, 8 65. 8 

65. 8 65. 5 65. 7 

65. 8 65. 8 65. 8 

64. 0 62. 6 63. 0 

65. I 65. 7 64. 5 
64. 8 63. 5 63. 5 
62. 8 62. 5 63. 0 

62. 4 61. 5 63. I 

61. 6 61. 4* 63. 0 

66. 8* 66. 3 6~ I 

65. 0 64. 5 63. 6 

61.6 61.5 62.3 

65. 3 64. 0 64. 0 

66. 0 66. 6* 67. 6* 

63. 5 62. 4 63. 0 

63.0 63.4 64. 0 

64. 7 65. 8 64. 3 

65. 7 66. 0 66. 0 

64. I 64. 8 65. 8 

63. 2 63. 4 63. 4 

63. 0 64. 8 66. 3 

62. 4 64. 0 65. 5 

63. 3 64. 4 64. 7 
63. 0 64. 4 66. 9 

62. 3 62. I 63. 7 
61. 3* 61. 9 64. 3 

63. 0 63. 9 65. 0 

65. 8 65. I 65. 2 

63. 9 64. 0 64. 6 

63. 9 64. 0 64. 5 

Increasing scale readings correspond to increasing east declination. 

MAY, l.888. 

65. 2 66. 2 67. 0 

65. 6 68. 3 67. 5 

64. 7 65. 2 66. 8 

66. 2 66. 2 66. 5 
66. 3 66. 6 66. 8 

65. 0 64. 5 64. 8 

64. 2 65. 7 65. I 

65. s 69. 2* 67. 3 

65.0 65.4 66.5 

64. 5 65. 5 67. 0 

65.0 66.5 66.8 

64. 5 65.8 67. 2 

66, 3 67. 2 67. 8 

64, 5 64. 9 65. 8 

64. 2 65.4 65. 6 

64. 6 65. 6 66. 5 

67.5 67.2 66.8 

64. 4 65. 2 65. 7 

65.4 65.8 66.o 

62. 7* 62. O* 74· I* 

65. 5 6+ 8 65. 3 

66. 2 66. 2 66. 2 

64. S 64. 8 66.o 

66. 8 66. 5 66. 0 

66, 2 66. 3 65. 5 

66.5 67.0 67.6 

66. 9 67.0 67. 0 

64.5 67.2 67.6 

65.4 66.3 66.3 

66. 2 66. 5 67. 3 

65, 5 66. 0 66. 7 

65. 4 66. 0 66. 7 

65. 4 66. I 66. 5 

20h 

66. 9 69. 0 69.0 

66. 9 66. 6 67. 3 

67. 7 67' 0 66. 8 

66. 7 66. 7 66. 8 
66. 8 66. 8 67. 0 

65, I 65. 3 66. 6 

67. 8 68. 0 69. 0 

66. 8 68. 4 69. 0 

72. 8* 68. 8 67. 5 

67.0 70.5* 67.3 

69. 0 68. s 67. 3 

66.3 67.S 67.0 

67.2 67.2 66.8 

66. 0 67. 6 66. 2 

64.7 64.8 65.0 

66. 2 66. 0 66. 2 

66. 7 67. 2 66. 3 

66. 0 68. 7 ']!. 8* 

66. 2 66. 3 66. 2 

72. o* 70. 6* 73. o* 

65.8 65. 8 65.9 

66. I 66. 0 66. 5 
64. 6 65. 8 67. 0 

65. 9 65. 8 65. 8 

65. 6 65. 5 66. I 

68.o 68. 8 68.o 

67.0 67.0 67.0 

66. 0 66. 0 67. 0 

66. 7 68. 8 67. 4 

67. 3 66. 4 66. l 

67.0 66. 7 66. 7 

66.9 67.2 67.3 

66. 6 67. 0 66. 9 

Mid- Daily 
night. mean. 

68. 5 67. 0 67. 2 

71. 4* 67. 9 67. 5 

67. 0 67. 0 66. 4 

66.8 67.0 67.0 

67. O 67. I 67. O 

67. 4 

67.4 

66.8 

67.8 

67.4 

70. o* 72. 3* 72. 6* 67. 6 

68. 8 67. 2 66. 0 67' 6 

66. 8 66. 9 66. 2 67. 5 

67.0 67.1 66.8 67.5 

66. 3 66. 4 66. 8 67' 2 

67.3 67.1 67.2 

67.2 67. [ 67.0 

67 · 8 67. I 67. 0 

66. 0 66. 2 66. 2 

66. 0 66. I 66. 7 

66. I 66. 2 66. 8 

66. 2 • 66.4 66. 4 

66. 6 66. 7 66. 4 

66. 3 66. 5 66. 4 

11. &* 74. s* 10. 8* 

66. 2 66. 5 67. I 

68. 6 66. 8 66. 2 

67. 2 67. 0 67. 5 
66. I 66. I 66. 2 

66. I 65. 5 66. 3 

67. 9 68. 0 66. 2 

67. 3 67. 2 67. 4 

67. 0 66. 3 66. 7 
66. I 66. 5 66. 2 

67.4 66.8 66. 5 

66. 3 66. 6 66. s 
67.3 67. 2 67.0 
66.9 66.8 66.7 

66.8 

67.0 

67. 8 

67.2 

66. I 

66.8 

67.4 

66.7 

66.9 

69.0 

67.z 
66.9 

66.2 

66.6 

66.7 

67.7 
67.3 

66.S 

66.7 

66.6 

67.z 

67.15 



 

426 UNITED STATES CO.A.ST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings ft·om tke photog»aphic traces of tke unifilm· magnetometer at 

Local mean time. 300 di visiom + tabular quantity. 

.JUNE, l.888. 

. 

Day. 
\ 

1h 2h 311 4h 5h 6h 7i. 8h 911 lOh llh Noon. 

-----· 

I 

\ 
66. 5 66.8 66.8 67.8 68.4 70.0 71. 3 70.S 68.5 66.2 65. 5 65.0 

2 66 7 66.8 66.8 67. 4 68.3 69.4 7 r. 0 71.5 69.0 65.8 64.5 64.3 

3 

I 
67. 8 69. s·• 69.2 71. 7* 70.8 73.3* 70.0 73.0 74. 2* 66.2 6r. 3* 58.3* 

4 66.8 67.0 68.3 67. I 68.5 71. 0 74.0* 70.8 68.o 65. 6 66.o 65.5 

5 j 67. 2 66.6 66.8 67.S 67.8 68.4 69. 7 70.8 68. z 66.5 63. I 62.3 

6 I 66. 7 67.4 68.3 67. 2 68.6 70. 7 72. 0 70.5 68. 2 65. I 62.5 59.8* 

7 66.6 66.2 67.8 67. 8 68.8 70.4 70.4 jI.5 71. 3 68.8 66.3 64.4 

8 66. 7 65.8 65. 7 67. 2 68.3 69.4 7 I. 2 7r. 3 68.6 64.8 62. 1* 62.8 

9 66,5 66.4 66.8 67.2 68.2 70.8 72. 4 72. 8 70. 5 67.7 64.7 62.8 

IO 66. 0 66 5 66.9 68. I 69.0 71. 0 71. 5 73.6 72. 8* 70.8* 67.0 64.8 

II 66. 7 66.3 66.8 67.3 68.8 69.5 71. s 71. 4 68.o 65.8 63.2 62.8 

12 66.4 66.8 67.2 67.8 67.8 70.3 71. 3 71. 3 70. 5 [67.4] [65.0] (63.8] 

13 66.4 66.3 66.3 67. 0 68.o 68.6 70. 7 ]1. 4 70.0 64.2 6o.7* 6o.2* 

14 66.5 66.3 67.0 68.o 68.2 70.6 72. 6 73· I 7o. 3 68.o 65.8 64.8 

15 66. 5 66.2 67.4 67. 7 68.7 69.6 71. 2 71- 6 70.7 69.5* 66.9 64.8 

16 66.6 67.2 67.7 68.2 68.8 68. I 70. 6 70.0 70. 2 68.7 65. 5 64.3 . 
17 66. I 66.6 66.8 67.6 68.4 70.7 73.2 72.2 68.8 65.6 63. 5 63.7 

18 66. 5 66.7 67. I 67.4 68.5 69.4 70. 7 70.2 68.6 66.4 64.6 64.4 

19 66. 7 66. 7 67. 0 67.6 68.8 71. 7 73.5 73.0 71. 8 68.& 65.8 64.8 

20 66. 8 67.0 67.5 67.8 68.6 70.8 71. 8 70.6 68. 3 64.2 61. 5* 61. 1* 

21 66.5 66.8 67.4 67. 8 68.7 70.3 71. 8 69.2 67.5 65.8 62.8 61. 7 

22 66.4 68.3 68.o 67. 5 70.0 71. 2 77.0* 73.8 75- 1* 64.6 63.3 61. 6 

23 68.4 69. I 66.6 65.6 68.8 69.8 71. 4 70.8 69.0 67.9 65. 7 63.6 

24 67. 3 67. 2 66.4 6r s 65.6* 68.5 70. 7 71. 0 70. 3 66.8 64.9 64.8 

25 67. 0 67. I 66. 5 67.3 67.5 6g.o 7 J. 5 71. 5 70. 5 69.8* 67.3 65.2 

26 67.8 66.8 67,0 67. 5 67.3 67.8 68.r 68.8* 68.o 66.3 64. 2 64.2 

27 67.7 67,2 67.5 67.7 67. 3 68.6 70.3 70.7 70.2 66.7 65.0 6+ I 

28 66.7 67.2 67.2 67. 8. 68.6 67. 8 70. I 7L 5 70.0 66.5 65.0 63.0 

29 67.0 67.3 67. 2 67. 7 68.o 68.4 70.6 72.5 72.5* 70.4* 68.3* 65.8 

30 66.5 66. 7 67.0 6;.2 68.o 6g.o 71. 6 73.6 73.0* 71.3* 67. S* 63.3 

Monthly mean 66.8 67.0 67, 2 67.6 68.4 69.8 7r. s 71. 5 70. I 67. I 64.7 63.4 
Normal 66.8 66.9 67.z 67.5 68.5 69.7 71.J 71. 6 6g.4 66.4 64.7 63.8 



 

UNITED STATES COAST AND GEODETIC SURVEY. 427 

DECLINATION-Continued. 

the niagrietic obse,.vatory of the Coast and Geodetif! Surrey, Los Angeles, Cal. 

One divi~ion of scale= 0 1.794 

I 2 

3 
4 

5 

6 

7 
R 

9 
10 

II 

12 

13 

14 

15 

r6 

I7 
18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
28 

29 

30 

65.0 65.3 65.3 

64. s 64. 8 64. 7 

57.0• 59.4• 61. 7 

65.4 65.7 63.6 

61. 9 63. 7 64. 8 

59. s· 62. 9 63. 3 

64. I 6 J. 5 64. 0 

63.9 64.5 65.8 

62.8 63.4 64.0 

63.4 62.8 64. 2 

62. 3 62. 3 63. 7 

(63. 5] (64. o] [64. 6] 
61,6 63.0 65. I 

64. 3 64. 0 64. 6 

63. 2 62. 6 62. i 

64.6 64. 8 65.0 

64. 0 64. 5 64. 7 

64.0 64.0 63.8 

64. 4 64. 5 . 65. 4 

62.4 63. 8 64. 2 

61. 3 61. 8 62. 5 

61. 4 61. 8 63. I 

62. 3 63. 3 64. 5 

64. 7 64. 5 65. I 

63. 5 62. 8 64. 8 

64. 5 64. 0 64. 9 

65.5 64.1 64.0 

62. 7 63. 0 64, 0 

64. 5 64. 0 65. 0 

62. 0 63. 7 62. 0 

Increasing scale rcadint;s correspond to increasing east declinati'1t1. 

JUNE, 1888. 

65. 8 

64.3 

63.2 

65. 2 

66. I 

66.o 

64.5 

65.0 

66.o 

66.2 

65.8 

65.4 

65.5 

65.4 

66.8 

65. 0 64. 8 65. 5 

64. 8 66. 0 66. 0 

67. I 67. 4 66. 4 

65.4 67.0 67.4 

65. 8 66. 9 67. 5 

64. 9 65. 8 66. 5 

(65. 7] 66. 4 67. 3 

66. 0 66. 8 66. 4 

64.8 64.8 65.5 

63. 6 64. 5 65. 2 

65. 7 66. 2 66. 2 

65. 6 66. I 65. 9 

64. 3 65. 0 65. 8 

65. 6 66. 3 66. 5 

65.0 65.8 66.2 

64. 0 64. 8 65. 8 

65.3 65.6 70.7* 

65. 6 66. 3 67. 6 

65. 0 65. 7 68. 0 

66. 3 67. 2 67. 6 

66.5 67.6 68.3 

65. 5 66. 0 66. 0 

65. 5 66. 5 66. 7 

65. 8 66. 6 66. 8 

61. s· 63. 1 64. o 

66. 3 66. 3 66. 3 

65. 5 65. 4 65. 7 

70. o• 69. o 72. 6' 

66. 7 70. s· 68. s 
70. s· 67. 6 66. 2 

66. 6 65. 5 66. 2 

66. 0 66. 5 66. 4 

66. 3 66. r 65. 8 

66. 8 66. 4 66. 3 

67. 2 66. 9 66. 4 

67. 0 

67. 3 

66.3 

65.8 

65. I 

68. 5 67. 8 

68. 0 67.0 

66. 2 65. 8 

65. 6 65. 3 

65. 6 66. 3 

66. 2 66. 8 65. 8 

65. 8 67. 8 66. 8 

65. 8 65. 9 66. 0 

66. 6 66. 4 67. 0 

66.o 66. o 66. o 

65. s 63. 5• 65. 2 

67.8 68. 3 67. 9 

67.8 67.2 66.3 

66. 5 66. 7 68. 3 

67. 5 68. 0 70. 7• 

68.o 67. 7 68. 2 

66.o 66. 2 67.0 

66. 7 66. 2 66. 5 

66. 9 66. 7 66: 6 

64. 5 72. 6" 68. 7 

Mid- : Daily 
night. i mean. 

---~----!---

66. 4 66. 5 
67.9 71.6• 

69. o• 68. 3 

65. 6 66. 4 

66. s 66. 0 

66. 5 i 66. 9 

71 •• 1 67. 0 ._,I 
65. 2 ! 67. 2 

67. 8 ! 67. 3 
I 

65. 5 i 66. 6 

70. s· 68. o 67. 2 66. 4 

66. I 68. 6 67. 7 67. I 

65.5 65. 8 65.8 66.4 

66. 3 66. 0 66. 6 66. 9 

66.4 66.8 68.o 67.5 

66. 4 65. 8 66. 2 

66. 8 66. 4 66. I 

66. 0 66. 3 66. 5 

66. 4 68. 6 66. 8 

65. 7 65. 8 65. 8 

66. 5 
(67.0] 

66. I 

67.0 

66.5 

66. I 66. 0 66. I 66, 9 

66. 2 66. 5 66. 7 66. 8 

66. 0 66. l 66. 6 66. 4 

66. 3 66. 3 66. 6 67. 4 

66. 0 66. 0 66. 3 66. 2 

64.4 65.8 67.0 65.8 

66. 0 66. I 7r. 67. 6 

66. 2 66. 4 66. 3 66. 9 

67. 0 68. I 65. 8 66, 9 

69. g• 69. 0 68. 0 67. 7 

68.6 67.5 67.6 67.0 

67.I 68.0 67.0 66.9 

66. 4 66. 6 66. 8 66. 6 

66.5 66.8 66.7 I 67,4 

65. 4 65. 3 65. 5 66. 8 
------------------------------- -~--. 

:Monthly mean j 63. 2 63. 6 64. 2 

63. 7 64, 2 

65. 2 65. 9 66. 5 

65.3 65. 9 66. 3 

66.7 67.0 67.0 

66. 4 66. 8 66. 7 
66. 6 66. 9 66. 9 

66.3 66.8 66.6 

66.86 

Nonna! j 63. S 

--------------------------------'---~ 



 

428 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings froin the photographic traces of the un{filar magnetometer at 

Local mean time. 300 divisions + tabular quantity. 

J'UL Y, 1888. 

--- -------- --- -------------- - - "- -- -- -

Day. lh 2h 3h 4'' 5" 6" 7" 8" 9" }Oh 11" Noon. 

---------- -- --·---- --- ----~- - -- ----------------------~----- -- --- - - - --- - --- ---

I 66.o 68.2 67. 5 66.o 68.2 71. 0 70. 2 71. 5 70.5 67.3 64. 2 63.4 
2 65.8 65. 5 66.o 68.o 69.0 70.9 73.0 73- 5 69.9 65. 5 6I. 5* 59: •" 

3 66.3 66.8 67.2 67.8 68. 7 68.o 69. 7 71. 4 72.0 70.0* 67.8* 63.7 

4 66.8 66.o 66.5 67. 5 68. 2 68.8 7o.5 70.8 69.5 68. I 66. 2 66. 5 

5 67.5 67. 7 67.3 67.9 67. 5 69.0 70.4 70.8 70.3 70. 2·• 66.4 62. 8 

6 67.2 67. 5 67. 5 68. 0 68. 7 69.8 71. l 72.5 72.0 70.2* 67.6* 65.8* : 

7 66.8 67.2 67. 5 68.o 69.2 70.5 72.8 75.6* 73.5* 68.1 64.4 62. 8 
8 65.9 66.o 67. 0 67.5 68.8 70.6 72. 7 73.0 73.2* 68.4 64.5 63. 2 

9 66.4 67.0 67. 5 68.o 68.4 69.6 72.4 p.8 71. 8 67.4 63.4 61. 8 
10 66.3 66.7 66.8 67. 5 67.8 69.4 71. 6 72. I 68.9 65.5 6r. 7 59. 5 

JI 65.8 66.3 66.7 67.2 68.o 69.8 72.2 73- 5 71. 8 68.4 64.3 61. l 

12 66.7 66.9 67.2 68.o 68.6 70.4 73. 2 73.8 71. s 68.2 63.5 61. 4 

13 66.2 67.1 67.4 67. 9 68.6 70.7 72.0 72.5 71. 4 68.o 64. 6 63.4 
14 66.8 6'. 0 67.2 67.5 68. 6 70.8 72. 6 73.8 70. 5 67.4 64.8 63.7 

I 
I 

15 66.J 66.7 67. I 68.2 68.o 70.6 71. 8 71. 7 70. I 66.8 64.4 63.3 

16 66.o 66.5 67. 5 68.4 68.7 69.5 72.2 71. 5 70.5 65.5 63.8 62. 7 

17 66.3 67.0 68.o 65.5 67.6 69.0 70.6 70. 7 69.0 66.4 65.0 64. 0 
18 67.0 66.6 66.5 67. 2 68.o 69. I 70.4 70.3 70.0 67.8 65.5 63.2 

19 66.5 66. 7 66. 3 67.2 66.4 68.6 70.4 71.8 70.8 68. 0 64.0 61.4 
20 66.5 68.o 68.8 70.0* 68.7 70.8 71. 3 72. I 70. 3 66.8 63.8 61. 2 

21 66.4 69.8* 63. 7* 68.o 68.4 7o.3 72. I 72.0 70.3 66.8 65.1 63. 7 
22 62.5* 69.5* 66.2 67.0 67. 7 68.5 71. 2 73.2 69.0 64.9 61. 6* 59.8* 

23 66.o 66.2 66.6 66.8 66.o 68.1 6g.o 70. I 68.5 66.4 65.5 64.3 

24 67.8 67.0 66.8 65.5 67.8 70.2 72.5 73.8 'jl. 2 67.5 64.5 63.0 

25 66.3 66.o 65.9 67.3 68.6 6g.7 71. 2 7I. 5 70.2 66.o 61. 8 6o.o* 

26 66.o 66.o 66.o 66.8 67.0 68.8 71.0 72.0 70.5 66.5 63.8 62.8 

27 65.8 65.9 66.2 66.7 67.2 68.2 71. 0 73.4 71. 3 67.3 64.2 62.5 
28 66.5 66. 7 66.8 70.0* 70.0 71.0 72.6 70.2 6g.8 67.8 63.0 61. 2 

29 65.2 64.8 67.4 64.7* 67.5 69.5 71. 0 66.7* 68.2 66.o 63.5 62.3 

30 66.o 66.5 66. 7 67.4 67.8 68.6 70.8 72.0 71. 7 67.5 62.8 61. I 

31 65.5 66.5 66.7 67.0 67.8 70.0 71. 7 73.0 70.9 66.3 64.0 62. s 
Monthly mean 66.2 66.8 66.8 67.4 68. I 6g.7 71.5 72.0 70.6 67.3 64.2 62.5 
Normal 

i 
66.3 66.7 67.0 67.4 .68. I 6g.7 71. 5 72, I 70.4 67.0 6+2 62. 7 

I 



 

UNITED STATES COAST AND GEODETIC SURVEY. 429 

DECLINATION-Continued. 

the mngnetir; observatory of the Coast and Geodetic Survey, Los Angeles, Cal. 

:)ne division of scalec=o'.794 Increa;ing scale readings correspond to increasing east declination, 

JULY, l.888. 

Day. 22u 23h Mid- I Daily 
night. mean. 

------------------- ------ ···--------1---

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 
14 
15 

16 

17 
18 

19 
20 

21 
22 

31 
!------­
; Monthly mean 

; Normal 

62.8 62. 5 63.5 

59· 2* 59.5* 6o.o* 
63.8 63.8 64.0 
66.8* 66.o* 64.5 
61.3 61.7 62.8 

64. I 63. 5 63. I 

63.0 62.9 63.6 
62.8 62.9 63.5 
62. I 63.0 64.0 
61.2 63. 3 64.6 

59.9 60.8 62.7 
59.8 61. 3 64.0 
63.2 63.2 64.5 
63.0 62. 5 63.2 

63.7 63.9 65.7 

63.4 63.6 65.0 
63.6 63. 5 62.6 
64.6 64.0 64.8 
59.8 6o.8 62.7 
61.2 62.6 64.5 

62.8 62.5 62.8 
6o.o 61.5 64.2 
63.2 63.8 64.8 
61.8 62.8 64.7 

59.7 6o.3 63.5 

61.5 62. 3 64.3 
62.5 62.3 62.6 
60.0 61.5 61.3 
62.2 62.2 63.0 

61.3 62.8 63.8 

62.4 63.7 63.7 

62.2 62.6 63.6 
62.1 62.6 63.7 

64.8 66.o 65.5 
63.8 64. I 67.0 
64.5 66.o 66.7 
64.2 65.6 65.8 
63.8 65.0 66.4 

64.5 65.7 66.4 
64.5 65.0 67.0 
65.0 66.o 66.5 
65.6 66. 6 67.4 
65.9 66.6 66.5 

65.2 67.4 67.8 
66.2 67.5 67.6 
65.8 66.8 66.5 

64.5 65.6 66. I 

65.3 65.6 65.7 

65.2 65.4 66.2 
63.5 64.2 65.0 
65.5 65. 2 65.0 
64.0 65.5 66.2 
66.6 66.4 65.8 

64.6 66.5 68.o 
66.5 68.5* 67.2 
66.5 68.o 68.7 
66.8 67.8 67.7 
65.3 66.6 66.8 

65.6 66.o 66.o· 
64.0 65.4 66.o 
61.7* 62.4* 63.5~ 
64. I 65.6 65,8 

64.8 65.5 65.4 

64.3 64.4 65.S 

64.9 65.9 66.4 
65.0 65.9 66.5 

66. 9 67.7 66.2 
65.6 65.3 65.8 
66.8 67.0 67.0 

66. 7 66.7 66.5 
66. 3 66.5 66.6 

66. 5 66.8 66.8 

65. 8 65.0 65.7 
66. 8 67.5 69.5* 
66. 8 67.9 67.8 
66.o 65.6 65. 7 

67.0 66.5 66.6 
66.8 66.9 67.0 

65.6 65.4 65.7 
65.8 65.8 66.I 

65. 5 65.8 66.o 

65. 8 65.9 66. I 

65.6 65.9 66.3 
65.0 66.o 66.5 
66.o 66.5 71.5* 
66.6 65.8 67.3 

68.8• 67.0 66.3 
66. 5 65.8 66.8 
68.o 66.3 66.o 

67.0 67.4 67.0 
66.o 66.2 66.5 

65.8 66.o 65.7 
66.o 65.8 66.o 
64.0 64.8 68.8 
65.7 66.o 66.o 

65.0 65.0 66.2 

66.2 64.5 65.4 

66.2 66.2 66.7 
66. l 66. 2 66.4 

65. 8 67.6 65.5 I 66.6 
67. 2 66.2 66.o 65.7 
67. 5 66. 7 66. 8 67. I 

66.8 67.0 67, I 

66.7 66.7 66.S 

66.4 66.5 66.8 
67.0 69.7* 68.o 
66.4 66.4 66.4 
66. 7 66.o 66. I 

65.8 66.5 65.8 

66.6 66.3 66.4 
66.5 66.5 67.0 
66. I 66.4 66,3 

66.4 66.3 66.o 

65.8 65.8 65.9 

68.6 68.5 68.4 
66.3 66.5 66.5 
66.2 66.5 67.8 
67. I 66.0 65.8 

• 66. 2 66. 4 66. 7 

66.2 73.8* 69.0 
66.5 67.5 64.4 
66.o 66.5 68.5 

67.0 67.8 67. I 

65.7 65.8 65.7 

65.7 65.4 65.5 
65.8 67, I 65.8 
68.4 67.2 67. I 

66.7 66.2 66. I 

65.8 65.9 66.o 

66.2 65.8 65.8 

66.5 66.9 66.6 
66.5 66.6 66.6 

67.0 
66.6 

67. 3 

67.2 
67. I 

66.9 
66.I 

66.6 

66.9 
66.9 
66.8 
66.6 

66.9 
66.2 
66.6 
66.2 
66.8 

67.3 
66. I 

66.7 
67. 2 

::: II 

66.2 
66. I 

65. 6 l 
66, I 

1

, 

66.2 

66. 57 



 

430 UNITED STATES OOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings f'f'om the pltotograpkie traces of the unifilar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

AUGUS'l'. 1888. 

Day. l ~---~-u __ s_h ___ 4_u __ 5_" __ 6_h __ ._7_h __ s_'_' ___ 9_
1
_' __ 1_o_h __ 1_1b--N-oon. 

3 
4 

5 

6 

7 
8 

9 
IO 

JI 

12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

22 

23 
24 
25 

26 

27 
28 

29 

30 

31 

Monthly mean 

Normal 

l 
I 

I 
I 

I 
I 

65.8 

66.3 

65.8 

70. 5* 

66.2 

66.5 
66.3 
70.0* 

66.8 

66.7 

67.0 
66.o 

65 5 66 5 66 4 

65.8 65.3 66.4 

65. 5 66.o 66.5 
65. 6 66.o 66.4 

65, 5 65.S 66. 2 

65.5 66.3 67.0 

66.o 66.z 66.7 
69.0* 69.5* 66. I 

65. 5 66.o 66.2 

66.o 65,5 66.5 

66.4 66. 5 66.6 

70.0* 7I. 2* 70. 7* 
68.o 59.0* 64. 5 
67. 5 66.5 65.0 

65.3 67.0 66.5 

67. 3 62.8* 67.8 

66. I 66.3 66. 7 

65.4 64.8 65. 8 
66.o 66.4 66.6 

66. r 66.2 66.3 
66.4 66.8 67.4 

66.2 66.5 67.4 
66.4 66.3 67.3 
65. 9 66.4 66.8 

65.5 65.9 66.o 
66. I 66.2 66.4 

67.5 68.5 70. 8 

66.5 66.3 66. 8 
66. [ 66.3 66.5 

67.2 67.I 69. I 

66.2 68.8 71.0 

64.2* 66.5 70.3 
66.o 68.o 66.2* 

67 0 67 8 68 6 

67,2 67.2 69.0 
66.7 67.0 68. 6 

65.8 67. 7 69.5 
67.0 67. 3 69.8 

67.5 6S.o 70. 2 

66.8 67.0 67.8 
66.8 66.8 69. 8 
66.5 66.5 69.0 

67.0 67.6 68.6 

66.7 67.5 68.7 . 
67.7 63.0* 68. 7 
68.4 64.5* &6. 5* 

64.2* 65.2 70.0 

67.6 68.4 70.2 
66.8 67.5 68.5 

66.o 67.2 69.0 
66.8 67.2 69.0 

67.2 67.8 6g.8 

66.8 67.2 68.8 

67.3 68.2 69.5 

67.5 68.o 70.0 

67.8 68.3 69.4 
66.7 67.4 6g.8 

66.3 66. 8' 68.3 
66.8 67.2 67.9 

67.0 65.6 67.4 

66.8 67.1 69.0 
66.9 67.3 6g.2 

71.0 

74.8* 
71, 0 

70.0 

71. 8 

74. 3 

73· 7 
70.0 

70.2 
72.8* 

70.5 
6g. 5 

70 8 71 5 69 0 

71. 8 72.4 71. 3 
71.8 73.0 70.8 
72.0 71. 6 68. 5 

73.4 75. 0 7 I. 2 

jZ.O 75· 0 73. 2" 

70. 5 72.0 7 I. 2 

72.4 72. 2 6g. 8 

71.5 72. 8 70. 5 
7r. 2 71.0 66.8* 

71. 0 71. 9 68.5 

71. 7 7r. 5 70.5 
69. 1* 70. 5 68. 7 
72.8 7J. 0 69.0 
72.0 71. 3 68. 2 

71.8 73.2 70.5 

72.3 7J. 5 68.8 

71.8 72.8 69.0 

72.5 73.4 70.3 
72.7 73. 5 71. 3 

72.7 74.5 72. 2 

73.0 74.2 71. s 
72.6 73.0 70. [ 

72. 7 73.0 71. 3 
70.5 71. 0 70. I 

69.3 70. 3 68.8 

68.5* 70.2 70.3 

71.6 72. 5 70.2 

7l. 7 72.5 70. t 

68.8 
66.2 

69.0* 

67.0 

66.8 65.0* 
62. 8 6z. 8 

65.8 .. 63.5 

62.4 60. 5 
64 8 62 5 6r 5 

67. I 61. 7 59.5 
67.2 63.2 60.0 
64. I 62. I 60.8 
66. 0 62.3 61. 4 
68. 2 65.0 62.3 

68. 8 65.3 62.8 

67.8 64.5 61. 8 

67. I 63.5 61.2 

63. 5* 61. 7 6r. I 

64. 2 61. 2 6o.7 

66. 2 62.6 6r. 7 
66.5 64.0 62.7 

65. 3 61. 8 6o.3 

64.9 62. 8 61. 4 
66.7 63.5 6I. 5 

64.4 62.3 6r. 3 

64.8 61. 5 61. 1 

65.4 6r. 8 6o.5 
65.6 6r. 3 59.8 
66.o 61. 3 59.0 

67. I -<53.0 60.3 
66.3 63.5 61. 6 

67.2 62.8 6I.O 

66.2 62.6 62.7 

65.8 6+ o 63.5 

68.o 64.8 62.8 

66.3 63.0 61.4 

66.3 63.0 61.3 



 

UNITED STATES COAST AND GEODETIO SURVEY. 431 

DECLINATION-Continned. 

the magnetic observatory of the Ooast and Geodetic Surveg, Los Angeles, Cal. 

One division of scale =o'.794 Increasing scale readings correspond to increasing east dec!i11at10n. 

AUGUST, l.888. 
,------------------------·-·------

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

2J 
24 

25 

26 

27 
I 28 

I ;: 
I 3r 

I Monthly mean 
rmal 

13h 

64. 8* 65. 4* 64. 8 

60. 8 60. 5 61. 3 

62. 6 63. I 65. 7 

60. 8 6I. 5 63. 8 

62. 4 63. 8 64. 8 

60.5 61.0 62.8 

59. 8 61. 3 63.0 

59· 3 60. 5 62. 5 

60. 0 61. 2 63. I 

00. I 61. 0 63. 8 

61. 7 61. 7 61. G 

60. 7 61. 2 62. 3 

6o. 6 60. 6 61. 4 

60. 8 62. 5 64. 3 

61.5 61.9 62.5 

6r. 2 62. 2 63. 5 

64. o* 64. 6* 65. 5 

6I. 0 63. 0 64. 8 

61.4 61.9 63.3 

61. s 62. 5 6+6 

62, I 63. I 64. 2 

6 I. 7 62. 9 6+ 4 

60.0 60.8 6:z.7 

5 9· 5 6r. I 62. 5 

59. 2 59. 7 62. 0 

59. 5 60. 6 63. 5 

60. 5 61. 7 63. 8 

6r. 3 62. 3 64. 2 

62. 8 62. 8 63. 8 

62. 6 62. 2 6.4- 8 

62. 8 63. 5 6+ 5 

61. 2 62.0 63.5 

61.0 61.8 63.5 

64. 8 65. 0 65. 3 

65. 3 66. 3 65. 7 

64. 5 66.2 66. 8 

65. 2 66. 8 66. 5 

66. 0 66. 6 66. 0 

64. 5 65. 5 66. 5 

65. 0 66. 0 66. 5 

6+.s 67.3 67.0 

65. 0 66. I 66. 3 

6+ 8 65. 2 66. 0 

62. 7 64.0 65. 0 

64. 0 64. 8 66. 0 

62. o* 64. 5 65. o 

65.8 66.4 66. 3 

64. 0 64. 2 64. 3 

65. 2 66. 8 6S. o 

67.4 65.2 65.6 

66. 2 66. 3 66. 9 

65. 0 66. 0 65. 6 

66. 4 67. 3 68. 8* 

65. 2 65. 6 66. 0 

66. I 66. 8 69. o* 

65.2 66.6 67.0 

64. 6 66. I 65. 8 

64. 4 66. 0 66. 0 

64. 5 65. 5 65. 8 

65.2 66.o 66.3 

65.8 66.o 65.3 

64. 7 65. 5 65. 5 

64, 2 65. I 65. 7 

65.7 66.4 66.3 

65.0 65.9 66. 2 

65. I 65. 9 66. 0 

65. 7 65. 5 65. 6 

65. 7 65. 0 65. 6 

68. 8* 67. 3 71. o* 

66. 5 65. 3 65. 2 

65.8 67.0 66.o 

66.o 65.0 65.4 

66. 7 66. 0 65. 5 

65. 8 65. 7 65. 8 

65. 9 65. 5 66. 0 

66. 0 66. 0 66. 0 

64.8 65.2 65.5 

66.o 65. 8 65. 9 

65. I 65. 0 65. 3 

65. 8 65. 8 65. 8 

63. 8 68. 5 70. 5* 

71.5* 66.6 71.0* 

67. 2 66. 5 69. o* 

66.o 68. I 67. 7 

66. 2 67. 8 67. 6 

65. 6 65. 5 65. 3 

65. 4 66. 0 65. 8 

66.5 66.4 65.8 

66. 5 65. 6 65. 6 

66.o 65. 8 65. 8 

65. 6 65. 4 65. 6 

65. 8 66. 0 65. 5 
65. 7 65. 6 66. I 

65. 0 65. 8 66. 2 

65. 5 65. 7 65. 6 

65. 8 65. 8 65. 7 

66. 6 66. 0 65. 8 

66. l 66. 0 66. 4 

65. 8 66. 0 65. 9 

;1;-d--1-, Dail~-· 
mght. I mean. 

---~J----
65. 6 65. 7 66. 0 66. 7 

66.8 

1c.8* 

65.0 

65.8 

65.8 

66.o 

65.5 
67. 0 

66.o 

65.8 

66.o 

65. 7 
65.9 

68.o 

68. 8 67. 0 66. 5 

70. 2* 68. (1* 67. 5 

65. 3 65.4 66. 0 

65. s 65. s I 66. 2 

66. 0 65. 8 : 65. 8 
t 

68. ! 65.8 66. I 

65.5 65.5 65.6 

65.8 65.5 66.2 

65. 9 65. 9 66. 5 

73.5* 71.2* 66.4 

66. 3 65. 9166. 3 
65. 6 65' 7 65. 6 

6t>. 4 66. c; i 65. 8 
- I 

69.4" 70.o*l 66. 2 

68. 8 63. 8 67. I 

68. 8* 67. I 64. ! 66. 2 

67. 7 66. 5 67. 0 66. 3 

66. 6 68. 3 64. 3 66. z 

65.5 65.5 65.8 66.3 

66. 5 65. 8 65. 7 66. 0 

66.o 66.o 65.7 66.1 

65. 8 66. 2 66. 0 66. I 

65. 8 66. 0 66. I 65. 9 

65. 8 66. 0 66. 0 66. 0 

65. 8 65. 5 65. 7 66. 2 

66. 6 65. 5 65. 6 66. 3 

65. 8 66. 5 66. 3 66. 3 

65. 7 65. 6 65. 8 65. 9 

65. 7 66. 7 68. 66. I 

66. 2 66. 8 67. s 66. 6 

66. 3 66. 8 66. 3 66. 22 

66, I 66. 3 65, 8 



 

432 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Houdy ~·eadings from, the pkotographic traces of the imifilar 1nagnetometer at 

Local mean time. 300 diYisions+tabular quantity. 

SEPTEMBER, l.888. 

Day. i lli ::?h 3h 4li 

---·-----/-~ .. ------------------- ---

! 66.5 67.7 66.8 67.5 
2 66.6 66.7 67.4 67.8 

67.6 

67.3 
67.4 
67. 5 
68.o 

68.3 
70.0 
68.8 
68.o 

69. 5 

3 
4 

s 
6 

7 
8 

9 
IO 

II 

12 

13 
14 

15 

16 

17 
18 

19 
20 

21 

22 

Monthly mean 

Normal 

66.3 66.8 66,8 
66.4 66.5 66.8 
66.1 66.5 66.8 

66.o 66.3 66.8 

66.o 67.5 67.3 
67.0 67.8 68.8 
68.o 67.0 67.7 
66.o 66. 7 66.8 

66.4 66.5 

66.3 66.7 
67. 8 71. 8* 

63.3* 67.3 
64. 5 68. 3 

66.8 
67.0 
62.8* 

66.o 

67.0 

68.8 67.2 65.4 
67.4 67.2 67.6 
67.7 69.2 68.4 
66.8 67.2 68.8 
67.0 64.7* 68.o 

67.2 67.2 67.3 
66.8 67.2 67.0 
65.0 68.2 67.6 

66.o 66.8 67.0 

66.8 66.5 67.0 

66.7 69.3 64.8 
71.2'' 68.8 67.5 
67.0 68.8 68.2 
66.6 66.3. 67.0 
66.6 67.8 67.0 

66.7 67.4 67.0 
66.7 67.4 67.2 

66.5 67.7 68.9 
68.6 68.4 69.6 

68.4 68.5 69.0 

67.8 68.8 69.5 
6j.2 67.4 69.6 

jo.3* 
68.o 

67.2 
66.o 

67.8 

69.0 
69.0 

67. 5 
67.0 

69. 7 
69.) 
70.6 

69. 2 

65.2"* 

67.8 68.9 69.0 

67.6 68.o 68.5 
68.o 68.o 68.7 

65.0 68.3 69. I 

67.7 67.0 69. t 

67.3 67.8 69.0 
66.5 67.5 68.8 
67.5 68. I 69.8 

66.8 67.5 68.5 
68.o 65.0• 68.o 

68.8 68.o 68.6 

68.o 67.5 68.5 
68.5 68.o 68.8 
67.4 67.6 68.3 

67,4 67.3 67.7 

67.5 67.8 68.9 
67.4 67.9 69.0 

69.2 70.5 68.8 
71.0 70.4 68.z 
71.0 71.3 68.8 

70.3 70.5 68.7 
71.2 71.0 70.0 

71.0 71.2 70.0 

72.4 71.5 69.0 
69.6 69.5 68.8 

70.8 70.5 69.2 
72. l 72.3 69.8 

72.2 

70.2 

70.0 

69.5 
68.8 

72.s• 
7 I. 8 
67.0• 
69.S 
68.2 

70.2 69.6 

69.0 69.5 

69.0 67.7 

69. 5 69. 5 

70.8 69.5 

70.3 

69.5 
69.8 
68.o 

65.6* 

68.o 

68.5 

65.8• 

67. 8 
67.2 

70.7 71.2 68.3 
71.5 69.8 67.0 

71.7 71.S 69.2 
70.2 69.6 68.8 

69.6 68.3 66.4 

68.9 68.6 68.3 
69.4 69.0 67.2 

70.4 70.2 68.o 
68.3 67.8 66.2 

68.8 69.3 68.3 

70.2 70.0 68.3 
70.2 70.0 68.5 

-------------1 
10h llh Xoon. ; 

___ . __ ! 

68.o* 65.5 64.3 
66.4 64.2 63.4 
65.0 62.5 61.7 
65. 7 62.2 61.5 
64.8 62.0 63.0 

67.0 64.8 63.5 

66.3 63.7 61.5 
66. 5 64.3 63.8 
66.4 63.3 61.3 
66.o 64.0 63.0 

65. 7 
65.0 

65.3 
64.4 
63.0 

65.0 

65.3 
64.0 

65. 5 
65.0 

62.8 
62.6 

63.7 
64.3 
61.6 

62. 7 

61. 0 

62.7 

63.4 
63. 2 

63. 8 64. 2 

64. 5 64. 3 
63.0 62.7 

64.7 64. I 

64. 7 63. 0 

64.3 62.6 61.3 
64.5 63.5 62.5 
63.9 61.6 6o.5 
66. I 64.8 63.8 

65.0 64.6 63.5 

65.0 64.2 62.8 

65.0 63.6 63.3 
66.2 64.5 63.0 
63.5 62.7 61.8 

66.4 65.4 64.3 

65.3 63.7 62.8 
65.2 63.7 62.8 



 

UNITED STATES COAST AND GEODETIC SURVEY. 433 

DECLINATION-Continued. 

tke magnetic observatot<y of tke Coast and Geodetic Survey, Los Angeles, Oal. 

One division of scale=o'.794 

3 

4 

6 

7 
8 

9 
10 

II 

12 

13 

14 

15 

16 

17 
18 

19 
20 

21 

2Z 

23 
24 

25 

z6 

27 
28 

29 

30 

15lt 

62. 4 6z. 7 64. 0 

62. 6 62. 7 65. 9 

62. I 63.6 65.6 

62. 0 62. 8 64. 5 

6 3. 5 64. 5 65. 5 

63. 4 64. 2 65. 0 

60.8 63.5 f4.8 

63. 8 64.0 65.3 

61.8 63.0 64.4 

62. 4 63.6 64.8 

63.0 64.4 65.2 

6I.O 6z.6 64.5 

63. 8 64. 0 65. 2 

64. 5 65. 8 66. 3 

64.4 65.3 67.0 

64. 8 65. 8 67. 0 

6+ 5 65. 7 67. 2 

63. 8 65. 2 64. 8 

63. 6 62. 7 62. 2* 

62. 8 6 3. I 64. 4 

61. 9 64.0 65.8 

63.2 64.6 66.2 

61. 8 63.5 65.4 

63. 8 64.9 65.8 

64.2 65.8 65.8 

63. 7 65. 2 65. 8 

63. 4 64. I 66.9 

62. 4 64. 5 65. 3 
63.2 65.0 66.2 

64. 5 65 , 6 66. I 

Monthlymean I 63. I 

Normal I 63. I 

H.Ex.80-28 

Increasing scale readings correspond to increasing east declination. 

SEPTEMBER, 1888. 

18" 

65. 2 65. 7 65. 7 
66. 0 67. 4 66. 7 

67. I 67. 3 66.4 

66. 0 66. I 65. 8 

66. 2 66. 5 66. 0 

66. 0 65, 9 65. 4. 

?5· 5 66. 0 66. () 

66. 2 66. 3 65. 9 

65. 6 66. 4 66. 6 

65. 9 66. 3 66.4 

66. 3 66. 3 66. 0 

66. 2 68. 2 65. 5 

66. 2 66. 0 65. 2 

66.4 6<).o 73.2* 

67. 0 66. 6 66. 5 

67.S 67.2 67.6 

67. 5 66. 8 66. 3 

67.5 68.o 66.8 

62. 9' 62. 8* 63. 8 

66. 0 66. 0 65. 4 

66. 7 67. 0 67. I 

67.0 66.8 66.o 

66. 6 66. 5 65. 8 

66.o 66.o 65.7 

66. 5 67. I 65. 7 

65. 8 66. 0 7r. 8* 

66. 2 66. 3 66. 2 

66. I 66. 2 66. 0 

67. 7 66. 4 65. 8 

66. 7 66. 7 66. 5 

66. 3 66. s 66. s 
66. 4 66. 7 66. 0 

69. o* 66. 2 65. 4 

65. 9 68. 8 65. 8 

65. 8 65. 7 65. 8 

65. 5 65. 3 65. 3 

65. 0 (/5. 5 65. 5 

65. 3 65. 5 65. 5 

65. 7 66. 2 69. I* 

66, I 66. 7 66. 2 

67. 7 66. 2 66. 4 

66. 2 66. 0 66. 4 

65. s 66. 0 66. 4 

65. 8 66. 5 68, 8 

65.5 65.8 66.o 

66. 4 66. 9 66. 8 

66. 0 68. 7 67. 4 

66. 0 66. 2 66. 2 

65. 8 66.2 66.3 

66. 8 66, 2 67. 2 

6+ 7 65. 2 66.5 

65. 2 65. 8 66. 5 

66. 5 66. 5 66. 4 

66.o 67.0 65.8 

66. 2 66. 3 65. 8 

66.o 65.8 66.o 

66. 2 66. 2 66. 2 

66. 7 66. 0 66. 5 

67.0 67.2 67. 2 

66. 8 66. 2 66. 3 

66.2 67.3 67.4 

66. 8 66. 6 65. 9 

66. z 66. 4 66. 4 

66. I 66. 4 66. 3 

Mid- I Daily 
night. mean. 

i ___ I 

65. 8 66. 2 66. 3 

65.4 65. 3 65. 5 
65. 7 65. 8 65. s 
65. 6 65. 5 65. 7 

65. 5 65. 5 65. 7 

65. 5 65. 5 65. 6 

69.0 65. 8 66. 0 

67. 7 65. 9 68. 0 

65. 9 66. 0 66. 2 

66. 3 66. 3 66. 3 

66.5 

66.6 

66. 2 

65.9 
66. 3, 

66,4 

66.7 

66.8 

66.5 

66. 6 

66. 4 66. 6 66. 2 66. 6 

67. 6 69. o* 72. o* 66, 9 

68. 5 65. 5 64. 0 66. 4 
67. 8 66. 8 65. 8 66. 9 

67. 2 64. 0 68. 0 66. [ 

66. 2 65. 3 65. 6 

66.2 66.2 67.0 

66.6 68. 2 67. 2 

68. 5 66. 0 66. 3 
65. 8 66. 7 66. s 

66. s 
66.8 

66,7 

66. 9 

66. 2 

67' 0 66. 2 64. 4 66, 4 

65. 8 65. 7 66. 2 66. 4 

65. 7 65. 5 65. s 66. z 

65.8 66.o 65.7 66.4 

65. 8 67. 2 66. s l 66. 3 

71.8* 70.2* 74.2* I 67,4 

66. 5 66. 6 64. s 66. 7 
67.5 66.8 65.8 66.7 

66. 2 66. 5 66, I 66. 2 

66. 6 66. 8 67. 3 l 66. 8 
J ___ _ 

66. 1 66. 3 66. 6 I 66. s1 
66. 6 66. l 66. I I 
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Local mean time. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

14 

15 

16 

17 
18 

19 
20 

2I 

22 

23 

24 

25 

26 

27 
28 

29 

30 

Monthly mean 

Normal 

UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings froni the photographic traces of the unifilar magnetlJmeter at 

68.o 67.2 67.8 

66.4 66.8 67. 2 

67.0 67.0 67. 3 

66.4 67.2 67. 2 

67.8 69.4* 70.8* 

66.9 67.5 66.4 

65.3 66.4 66.4 

65.8 66.2 66.5 

65.8 66.o 66.o 

65.3 67. 1 68.o 

66.z 65.8 65. 7 

66.8 68.o 65.5 

68.4 66.5 67.3 

67.0 65.0 68.o 

66.o 66.4 66.3 

66. I 66.5 67.4 

65.2 66.2 66.5 

66.7 66.5 67.0 

67.8 65.5 67.6 

68.o 66.o 64. 6 

65. 5 
66.2 

65.2 

66.o 

66.4 

66.2 

66.o 

66.o 

66.6 

65.7 

66.3 

63. o* 61. s* 
65. 6 66. 8 

67.0 66.o 

66.8 65. 8 

65.0 67.3 

66.2 66. 5 

66.3 65.0 

66. I 66.5 

66.5 67.4 

65.3 66.o 

67.0 66.3 

66.4 66.6 

66.4 66.6 

OCTOBER, l.888. 

67.5 67.2 67.6 

67.0 67.2 67.5 

66.8 67.0 67.6 

67.8 68.2 68.8 

~9·5* 69.6* 70.0 

66.8 66.5. 67.8 
66.2 67.8 68. 2 

66.8 67.2 68.2 

66.8 67.0 68.2 

67.2 68.o 68.6 

66. r 66. 4 

68.4 65.0 

66.8 66.4 

67.3 67.4 

66. 4 66. 3 

66.9 

64.8* 

66. 7 
67.5 

66. 8 

66.8 67. 2 67.3 

66.8 66.8 67.7 

68.o 67. 2 67.8 

68.2 68.o 69.6 

66.r 65.8 66. 5 

67.0 68. 8 67.3 

66.8 67. I 67. I 

67.5 65.4 67.0 
66.2 66.5 66.9 

66.4 64.2* 66.3 

65.8 65.5 6{.8* 

66.4 65.8 66.2 

66.4 66.8 66.8 

66.6 66.5 66.8 

66.o 66. I 66.8 

66.8 67.7 68.5 

66.9 66.9 67.4 
66.9 66.9 67.6 

300 divisions +tabular quantity. 

-----~-----~-----. 

1111 Noon. 

-----~------------

68. 4 68. 7 68. 5 

68.8 70.2 68.8 

6g.4 70.5 68.5 

70. 7 71.3 69.0 
71.2* 70.2 70.0 

69.6 69.5 69.0 

70.3 70.3 68.~ 

69.6 69.8 69.4 

70.2 70.2 70.2 

70.2 70.5 69.0 

67.8 70.0 68.8 

68.8 69.4 68. 3 

64. 7* 67.9 67.0 

67. I 68. 8 67. 5 
68.2 68.8 67. 5 

69.8 69.8 67. I 

67.0 67.7 67.9 

67.8 69.0 67.6 

67.7 68.8 69.5 

6z. I* 67, I 68. 2 

68. 8 70.0 70.3 

67.5 70.0 69. I 

68. I 68. 9 67. 4-

67. 2 68. 3 67.7 

66.6 67.8 67.8 

66.o 67.7 70.0 

66.8 67.7 68.8 

67.8 69.3 68.8 

67.0 68.2 67.8 

68.9 70. 5 70. 5 

69.0 70.5 69. I 

66.8 65.0 63.4 

66.3 64.7 63.8 

65. I 62.6 61.8 

65.8 62.9 62.3 
64. 7 59. 8•· 61. o 

67.7 64.5 63.4 

64.8 62.7 62.3 

65.8 63.0 61.7 

66. 7 63.0 61.S 

66.8 64.5 62.8 

66.5 

66.2 

64.8 

65.4 

64.9 

63.8 

65.0 

64.0 

64.0 

63.0 

63.5 

63.9 

63.9 

64.3 

62.7 

64.8 63.4 63.7 

[65.6] [63.7] 62.8 

65.8 64.5 63.7 

66.8 63.0 61.5 

67.7 65.8 64.5 

67.9 66.o 
68.o 66.2 

66.6 65.5 

65. 8 f>s. o 

65. 7 63.5 

67.5 63.8 

67.5 65.4 

65.8 63.8 

65.4. 63.9 

68.3 65.8 

66.7 65.0 

6{. I 

63.8 

64.2 

63.3 
62. I 

63.0 

64.3 
62.8 

63.5 
62.8 

·-----
68.2 69.3 68.6 

68.4 6g.3 68.6 

66. 3 64. I 

66.3 64.2 



 

UNITED STATES COAST AND GEODETIC SURVEY. 435 

DECLINATION-Continued. 

tke magnetic obsert1atory of the Ooast and Geodetic Survey, Los Angeles, Gal. 

One division of scale =0'.794 

Day. 

2 

3 

4 

5 

6 

7 
.8 

9 
10 

II 

12 

13 
14 
15 

16 

17 

18 

19 
20 

21 
22 

23 
24 
25 

26 

27 
28 

29 

30 

31 

Monthly mean 
Nonnal 

. 

63.5 64.7 66. I 

64.4 65.0 65.8 
62. I 63.9 65.2 

62 7 63.8 65 5 
61. 5 64.2 65.4 

63.2 EJ.8 65.5 
63.0 64.8 65.9 
bt.J 64.4 65.8 
62. I 63.2 64.5 
62.4 63.2 64.0 

64. I 64.8 65.5 
64.3 65.5 66.o 

64.1 66.o 66.5 
64.8 65.8 66.4 

63.3 64.S 65.6 

63.5 64.6 65. 5 
63.7 65.0 66.2 

63.4 65. 2 65. 8 
62.2 62. 3 62.s• 

64.0 64.0 67.8 

65.0 64.9 65.9 
63.0 63.8 65. I 

63.8 64. 5 67. I• 

62. 7 64. 8 65.3 
62.S 64.5 65.8 

62. I 63.3 64.3 
64.0 64.8 65. s 
62.8 63.8 64.7 
64. 3 65. 2 65.7 
62.7 63.5 64.0 

6o.5• 63.3 62. 5" 

63.2 64.4 65.4 

63.3 64.4 65.6 

Increasing scale readings correspond to increasing east declination. 

OCTOBER, J.BSB. 

16h 17h 18h 19h 20h 21h 

67.0 66.4 66.·5 66.5 66.3 66.8 

66.4 65.5 65.5 65.S 65.9 66.o 

65.8 65.4 65.6 65.5 65.8 65.9 
66 2 66 2 66 0 66.4 66 4 66 3 

67.0 67.3 65.5 66.5 65.8 66.o 

67.0 66.6 66.3 66.z 66.7 66.S 

67.0 66.8 66.3 66.4 66.4 65.8 

66.4 66.2 66.o 65.8 66.2 65. 8 

66.4 66.o 66.o 66.o 66.o 65.8 

64.8 65.8 67.5 66.o 67.2 66.8 

65.5 65.3 69.0* 65.5 65.8 68.2 

65.7 66. I 66.6 67.8 68.8 67.4 
66. 5 66.8 65.8 66.2 66.8 66.7 
66.2 65.9 65.8 65.9 66.o 67. I 

65.7 65.8 65.7 65.8 66.o 66. I 

66.o 66.4 66.o 66, I 66. 2 66.3 
66.7 66.4 66.o 66.o 66.o 66.3 
66.2 66.2 66.3 66.3 66.4 66.4 

65.5 ,6.;. 4• 65. 3 66.o 66.2 66.4 

63.8 66.8 69. I" 67. g 78.5• 69.0 

67.9 68. I 68.2 67.8 67.5 66.2 
66.o 66.2 66.4 67.2 66.2 66.o 

65. z 66.o 66.5 67.5 68.o 67.5 
65.9 66.5 67.2 68.2 67.0 66.8 

66.2 66. I 67.7 66.4 66.4 66. 4 

64.7 65.8 66.o 66.2 66.3 66. 7 
65,S 66.o 66. 2 66.z 66.5 66.4 

65.4 66.o 66.4 66.5 66.2 66.2 

6,5.9 65.7 65.8 65.8 65.8 65. 8 

64.7 65.4 65. s 65.4 70.0• 67.5 

66.2 66.5 67.0 65.6 68.5 68.7 

66.o 66. I 66,4 66.4 67.0 66.6 
66.o 66.2 66.3 66.4 66.5 66.6 

2211 23h Mid- - -1. D>ily I 
"--- " __ n_ig_ht. i mean" 

65. 9 66. 2 66. 4 : 66. 6 
I 

66. 0 66. 2 66. 5 ! 66. 4 
! 

65.9 66.2 66.5 66.o 

66 6 67.5 67 2 66 6 
66.5 66.o 66. 5 ! 66. 8 i 
65.8 65.7 65.0 ! 66.4 
66.o 66.o 65.8 ! 66.2 
65.8 65.0 65.4 i 66.o l 
66.8 66.o 66.3 i 66. I 

67. 4 64.5 65.8 I 66.4 

69.9• 67.2 66. 7 I 66.5 
67. 2 66.3 67.0 66.6 
66.5 66.4 66.5 66.2 
66.o 66. I 66. z 66.3 
66.o 66.5 66.o 65.9 

66.2 66.7 6+8 66.2 
66.2 65.8 65.8 [66.o] 
66.3 66.4 65.2 66. 3 
66.3 65.8 67.4 66.o 
68.o 66.3 66. 2 66.8 

65.5 64.0 66.o 66.6 
65.8 65.5 65.8 66.3 
67.5 66.7 65.7 66.4 
70.0• 66.3 66.8 66.4 
66.4 66.3 66.3 65. 8 

66.7 66.8 67.0 65.8 
66.4 66. s 66.2 66.1 
66.3 66.8 66.5 66.o 
66. I 65.9 65.7 66.o 
66.9 6g. 1" 67. 7 66.5 

66.7 66.3 66.o 66.4 

66.6 66.2 66.2 66.28 
66.4 66.I 66.2 I 

I 

I 

I 

I 
I 

I 



 

436 UNITED STATES OOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourlv readingBfrom the photographic traces of the unifilar maunctometer at 

Local mean time. 

Day. I lh 
__ L-----

a 

3 
4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

14 

15 

16 

17 
18 

19 
20 

21 

22 

23 
24 

25 

26 

27 
28 

29 

t~y mean 

rmal 

1 

66.8 

65. 5 

66.o 

66.2 

66.6 

66.2 

66. I 

68.8 

66.2 

66.2 

66.3 

68.3 

75.3* 

65.7 
65.3 
66. 2 

66.o 66.o 

66.o 66.2 

66.6 66.8 

66.7 66.o 

66.5 66.6 

66.9 6j.O 

65.0 66.o 

67.0 66. I 

64.8 65.0 
66.2 66.o 

70.0* 68.8* 

66.3 66.6 

65.9 65.8 
66.2 66.4 

66.o 66.2 

67.0 66.8 

67. I 62.6* 

63.0* 67.4 

65.2 64.8 

66. I 66.o 

65.5 65.5 64.5 

65.5 64.8 66.5 

65.5 65.5 65.6 

65.5 65.6 65.5 

65.8 65.8 65.5 

66.7 65.8 65.3 

66.5 66.o 66.4 

67.0 66.8 66.6 

66.7 65.7 65.7 

65.1 65.6 66.o 

66.6 66.o 66.o 

66.3 66.o 66.o 

300 divisions +tabular quantity 

NOVEMBER, l.888. 

66.3 

66.4 

66.8 

67.0 

67.5 

67.2 

66.o 

66.8 

66.o 

66.8 

68.7 
66.6 

65.8 

66.4 
66.2 

65.4 

67.5 
66.5 

66.3 

65.9 

66.7 

65.9 

67.7 
67.0 

64.6 

67.0 

67. 2 

65.8 

66. 5 
66.7 

67.2 

66.4 

66.o 

66. 6 

66 3 

66. 7 

67.0 

65.6 

65.8 

65.9 

64.7 

66. 5 

67.8 

68.o 
68.2 

67.6 

67. 7 
66.o 

66.8 

67.0 

67.3 
66. 5 
66.2 

67. 2 

66. 5 

67.2 
63. 8• 

66.5 
66.6 

66.3 

67. I 68.6 68. 7 
67.4 67.0 66.4 

68.2 68.8 67. I 

69. 8* 64. 3• 65. 0 

69.5 70.8* 68.8. 

68.8 66.2 67.0 

69.0 69.0 67. 8 

67. s 65.5 65.0 

67.2 67.4 67.5 

68.o 69.0 69.5 

68.2 6S.8 68.5 

67.~ 68.8 68.8 

67.0 67.5 67.8 

67. 2 68.2 68. 0 

67.8 67.5 6j.O 

67.4 68.5 66.8 

65. 2 67.6 67.2 

66.8 67.8 67.5 
' 64. 0 68. 0 69. 0 

66.7 68.5 68.5 

lOb 11 b Noon. 

66.9 65.3 64.5 

65.5 64.1 64.4 

64.5 63.5 62.8 

63.2* 61.6* 62.7 

67.0 65.6 64.3 

66.8 64.5 63.5 

66.o 64.5 63.8 

62.2• 61.5* 62.3 

67.3 66.4 64.8 

68.6 67.0 65.5 

68.o 67.0 65.3 

67.8 66.7 65. 7 
66.6 64.8 63.5 

67.4 66.o 64.4 
66.o 64. I 62.8 

67.4 65.8 62.3 
66.o 65.1 63.7 

66.2 63.3 62.2 

68.o 66.3 64.3 

68.4 66.7 65.0 

66.2 66.5 66.4 

67.3 67.0 67.4 

65.8 66. 2 66.4 

65.7 65. 8 65.8 

65.8 65.8 65.0 

66.4 67.6 67.8 

66. 5 67.5 67.4 

66.3 66.9 67.2 

66.5 67.4 67.7 

65.3 66.2 67.0 

67.5 66.7 64.3 

66.8 66.5 65.4 

66.6 66.2 65.2 

67.2 65.8 64.9 

68.2 66.7 64.8 

64.8 

66.4 

66.7 

66.8 

65.8 

66.4 

66.4 

64. 5 64. 7 65. l 

66. I 66. 5 6 S· 8 

67. 5 65.0 66. 0 

66. 8 66. 6 66. 5 

66.o 66.2 66.2 

65.6 

66.6 

66.8 

66.1 

66.6 

66.6 66.7 67.0 65.7 

66.I 66.7 66.5 65.3 

67.2 6~3 66.4 65.5 

67.2 66.8 65.0 63. 5 

67.8 66.8 63.6 63.0 
·--·-----------------------! 

66. 4 66. 5 67. 0 67.5 66.6 65.3 64.2 

66. 4 66. 6 67. 0 67. 5 66. 9 65. 6 64. 2 E
·o 

-----'---------~------------~--~~---~--~~--



 

UNITED STATES COAST AND GEODETIC SURVEY. 437 

DECLINATION-Continued. 

the magnetic observatory of the Coast and Geodetic Suri·ey, L<Js .Angeles, Cal. 

One division of scale= o'. 794 Increasing scale readings correspond to increasing east declination. 

NOVEMB.ER, 1888. 
----·-----~-~-- -- --

Day. 1311 14h 15h 
' -----1~, --------

64. 5 64. 3 64. 5 

2 64. 8 65. 7 66. 2 

3 63. 4 64. 4 65. 8 

4 63. 0 64. 2 64. 5 

s 64. 5 64. 5 64. 6 

6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

23 
24 

25 

26 

27 

28 

29 
JO 

Monthly mean 

Nonnal 

63. 7 63. 8 64.6 

63. 6 G4. o 64. 7 

63. 8 64. 7 64. 7 

64. I 64. 8 65. 8 

64. 8 65. 0 65. 3 

64.8 64.7 65.8 

65. 3 65. 4 64. 9 

6+ 2 64. 5 65.4 

64. 3 64. 3 64. 7 
63.2 64.0 65.0 

62. 0 63. 7 64. 5 

64. 2 G3. 7 65. o 

62.2 63.5 64.8 

63. 7 63. I 64. 5 
64.0 63.5 63.9 

63. 8 64 8 65. 5 

65. 2 65. 3 65. 5 
64.7 64.4 64.5 

64. 7 64. I 64. 2 

6+ 0 63. 5 64. 6 

64.3 

64.2 

64.4 

64.4 

63.0 

64.3 

63.0 

64.8 

64.8 

63.8 

64. 2 64. 3 

64. 2 64. 3 

64.4 

65.8 

64.4 

65.5 
65.2 

66. 0 65. s 
66. 5 66. 5 
66. 4 66. 5 

67. 6 65. 8 

66. 0 66. 2 

65.9 

66.8 

66.4 

67. 0 

67.6 

65. 4 66. Cl 68. 4 

65. s 66. 5 67.0 

66. 2 66. 8 68. 2 

66. I 66. 9. 66. 8 

66. 0 66. 8 fi7. 8 

66. 3 66. 2 67. 0 

65. 0 65. 7 66. 5 

65. s 66. 4 66. 5 

65. I 66. I 66.5 

65.5 66.2 65.8 

66. 4 67. 6 67. 8 

66. 0 66. 8 70. 6* 

66.6 67.3 68.o 

65. 7 66. 5 66. 8 

65. 6 66. 6 66. 8 

65.8 66.9 66.9 

65.5 66.o 66.2 

65. 5 66. 2 66. 6 

65.0 66.o 66. 3 

64. I 66. 0 66. 2 

65.3 

64.1 

65.3 

65. 5 

66.o 

65. 8 65. 8 

65. 0 66. 4 

65. 9 66. 8 

66. 8 66. 7 

66. 5 66. 4 

66.3 

66.3 

1 !)h 

66. 5 

66.S 

66. 3 

66. 7 
67.S 

6'>. 3 

66.7 

68. I 

66.2 

66.5 

65.8 

67. 4 

67. z 67. 4 69. s* 
67.0 67.6 67.4 

67.5 67.4 66.5 

67. 2 67. 2 67. () 

677 68.9 67.5 

66.8 67.4 66.8 

66. 4 66. 6 66. I 

60. 5 66. 5 66. 4 

66. 7 66. 4 66. 4 

66. 7 66. 4 67. 8 

68. s 80. 5"· 12. 3* 

67. 5 66. 8 67. 3 

69. 2 67. 2 66. 8 

66.8 66.9 67.6 

67.0 66.8 66.5 

66. 9 66. 8 66. 0 

66. 3 66. 3 66. 0 

67.0 66. 7 66.3 

66. 3 66. 5 66. 3 

66. 4 66. 6 68. :! 

66.3 

66.3 

66.3 

66.8 

66.3 

66.8 

66.7 

67. 2 

66.5 

66.2 

66.6 

66.8 

67.0 

66. 3 

66.2 

66.8 67.4 67.0 

66. 8 66. 9 66. 7 

66.o 

66.4 

()5. 8 

65.8 

66.4 

65.8 

67. 0 

67.8 

l\iid- , Daily 
nighL mean. 

65. 9 66. 0 

66. J 66. I 

65. 8 66.o 

66. 7 66. 0 

66. 8 66. 8 

68. 2 67. 3 66. 6 66. 5 

66. 6 65. 8 67. 8 66. 3 

66. 5 66. 3 66. 3 ; 65. 7 

66. 6 66. 4 66. 5 66. 3 

66. 6 68. 2 70. 5*; 67. I 

66. 6 66. 7 66. 3 67. 2 

66. 8 66. 5 66. 0 66. 5 

66. 3 66. 7. 66. z 66.o 

66. 5 66. 4 6 5. i 66. 2 

67. 8 67. 8 67. 8 66, I 

70. 6~ 68. 2 66. 0 : 67. 4 

68. 6 66. 8 67. 9 66. 6 

66. 0 65. 6 65. 5 65.:; 

66.3 66.o 65. 8 • 66.o 

66.2 65.7 65.5 66.2 

66.o 65.9 65. 7 66.1 

66. 0 65. 8 65. 6 i 66. 2 

66.3 65.9 65. 8: 66.o 

66. J 66. 0 . 66. 0 I 65. 9 

66.8 65.3 66.8: 65.8 

66. 6 70. 2* 

66. 7 67. I 

66. Cl 65. 0 

65. 9 65. 8 

66. 2 65. 7 

66. 7 66. 5 

66. 6 66. 4 

67. 2 

67. 6 i 
66. 6 I 

65. 2 i 
66. Cl • 

65.9 

66.o 

66. I 

66.o 

66. s I 66. 22 

66. 31 



 

438 UNITED ST.A.TES CO.AST AND GEODh'TlC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings f1·01n the photographic traces of the u1ii.filar magnetonieter at 

Local mean time. 300 divisions+ tabular quantity. 

DECEMBER, 1888. 

-----·- -· -- -------
1 Day. 
I 

p 2h 3i. 411 5h G1t 7h 311 !)h 1011 Uh Noon. 

--------1--- -- -----------~·--------------- ----- ---- -------- -- ---~-----------~--

I I 65. 8 65.8 66.o 66.o 66.o 66.2 66.5 66.7 66.S 65. 9 64.8 63.6 

2 I 66.o 66.8 66.8 67.2 66. 5 66. 7 66.6 66. 7 66.7 66. 5 65.8 64.4 

3 65.7 65. 8 65.7 66.9 67.0 65. I 66.o 65.8 66.3 65. i 65. I 64.6 
I 65.4 65.8 65. 8 67.2 66. 8 66.o 65.8 65.9 66.5 66.5 66.2 65.0 4 

I 5 66.o 65.5 65.4 6(), 2 66.2 66.5 65.0 66.o 66.4 65.8 64.8 64.0 

6 66.o 65.8 65.6 65.6 65.8 67.6 67. I 66.8 68.o 67. 3 67.0 65.5 

7 65.5 65.3 65.5 65. 3 65. 8 66.2 66.2 67.0 67.7 68.6 68.2 66.3 

8 68.4• 67.8 69.0• 67.5 64. 5 63.7 64.3 66.8 67.8 66.4 67.6 66.o 

9 65.S 65.7 65.7 65.7 66. I 66.5 65.5 67.2 67.6 68.o 67.5 65.4 

10 66.7 65.9 66.3 66. 7 66. 5 66.4 66.5 67.0 67.7 68. I 67.9 66.4 

II 66.o 66.o 65.8 65.5 65. 5 65.5 65. 5 65. 8 67.1 67. i 67.3 66.4 

12 66.4 66.3 66.o 66.5 65.7 65 8 66.2 66.5 67.2 66.3 65.5 64.5 

13 I 
66.o 65.7 67.2 66.o 66. 7 65. 7 65.8 65. 7 65. 7 65., 65.3 6+ 3 

14 65.3 64.8 64.3 65.0 67.5 65.5 66. 4 66.3 65.2 61. 8'- 65.8 65.3 

15 63.0* 63.8 65.0 64.0 65.7 66. I 65.0 67.0 66.8 65. 5 64.0 64.6 

16 65.6 65. 4 63.7 65.5 63.8 64.6 65.5 66.2 67.9 67.5 66.7 65.8 

17 65.6 65. 6 65.7 65. 7 65. 7 65.8 65.8 67. I 67.5 66. 8 65.8 64. 7 

18 65.5 65.5 65.5 66.o 65. 8 66.3 66.8 67.0 67.2 67.0 66.2 64.6 

19 65.3 64.8 65.8 66. 2 66. i 66. 2 65. 9 66.9 67.2 67. 0 66.3 64.2 

20 65.5 65.7 66. 2 66. 7 66 7 65 7 66.8 66.7 fi8.o 68. 3 67.S 65.5 

21 65.7 65.5 65.5 65.7 65.8 66.o 65. 7 66.o 67.7 66.5 65.7 64.6 

.22 67.0 67. 5 66. I 66.o Gs.8 65.3 65.7 67.0 68.6 68.8 67.3 65.3 

23 65.0 64.8 64.5 64.7 64. 9 65.3 65.6 67.0 68.2 68. 3 66.5 64.7 

24 66.o 65.0 63.8 67. 3 66.o 65.8 66.o 67.0 68.2 67.5 65.0 63.0 

25 65.3 66.3 59. s· 64.8 65.2 65.3 65.8 67. 2 68.2 68.5 66.7 64.8 

26 64.7 65.0 65.3 65.6 64. 5 66.o 66. 6 67.8 68.4 68. 3 64.8 62.3 

27 64.8 64.5 64.3 64.5 64. 2 64.5 65.0 66.5 67.7 68. I 66. I 63.2 

28 65.5 65. 3 64.8 65.5 65.7 64.7 64.8 66. I 66.7 66.8 66.3 63.9 

29 65.5 65. 4 65.3 65.0 65. 0 65.0 65.0 65.8 66.9 67.3 66.2 63.4 

30 65. 7 64.6 65.2 62. 7" 65.3 64.8 65.0 65.8 67. 2 67. 2 65.8 64.5 I 
31 62.5• 64. I 64.4 63.9 63.8 64.0 64.5 65.5 66.4 67. I 66. I 65.0 

. ---·-----· 
Monthly mean 65.6 65.5 65.3 65.7 65.7 65.6 65.8 66.5 67. 3 67.0 66.2 6.j.. 7 
Normal 65. 7 65.5 65.4 65.8 65.7 65.6 65.8 66. 5 67.3 67.2 66.2 64.7 



 

UNITED STATES OOAST AND GEODETIO SURVEY. 439 

DEC LIN ATION-Oontinued. 

Us8 magnetic obBervaoory of tli.e Ooast and Gt!odetw Survey, Los .Angeles, Cal. 

One division. of scale=o'. 794 Increasing scale readings correspond to increasing east declination. 

DECEMBER, 1888. 

Day. 
13': ___ 1_4_ll __ 1_5_h ____ 1_61-,· -1-7h ___ 1 ___ 8_h ____ 1_9_h ___ ;~~-;~-- 221~- 23ll- ~f~~t. -~e~t~~ 

·----- ----~--------- --------------------------- ---

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

16 

17 
18 

19 
20 

Monthly mean 

Norma.I 

63.5 

65.2 

64.5 

65.3 

64.0 

64.4 65.0 

66.o 65.8 

65.2 65.7 

65.6 65.7 
64.4 65.2 

-64 0 

65.2 

64.2 

64.4 

65. 2 

63.8 64.4 

64.5 64.0 

64. l 64. 8 

65.2 65.S 
64.8 64.8 

65.7 64.7 64.6 

64.5 64.7. 63.7 

64.8 65.7 65.2 

64.8 64.9 65.4 

63.0 63.8 65.3 

65.0 64.4 64.8 

63.7 64.3 64.6 

64.8 65.0 65.0 

64.5 64.8 65.2 

64.4 63.4 64.4 

64. 5 65. 4 

64. 5 65.0 

63.8 63,4 

6o.Q* 62.2 

63.0 62.5 

61. 2• 62. 8 

61. s• 62. 2 

63.3 62.3 

62.3 62.3 

63.2 63.2 

65.5 

65.7 

63.8 

61.8• 

62.8 

63.7 

6z. 8 

63.4 

63.0 

63.4 

65. 6 66. 3 66. 5 

66. 4 67. 0 67. 5 

65.8 66.7 67.0 

66. 6 68. 3 67. 0 

66. 2 66. 7 68. 9 

65. 8 67.0 67. 2 

65. 5 66. 8 66. 5 

65. 4 66. 4 6fi. 0 

65.7 66.4 66.6 

65. 5 66. 2 66. 2 

65. 0 66. 3 66. 5 

64. 0 66. 2 66. 2 

65. 3 66. 5 66. r. 
65. 7 66. 2 66. 8 

65. 3 66. 0 66. 4 

65. 7 66.4 66.4 

65. 2 66. I 66. 5 

65. 7 66.4 66. G 

65, 5 66. 2 66. 8 

65. 5 66. 7 66. 8 

65. 5 66.2 67.0 

66. 0 66.8 67. [ 

64. 8 65. 5 65. 7 

64. 8 65. 4 65. 0 

64. 7 64. 2 66. 9 

64. 5 65. 4 65. 3 

64. 3 64. 8 65. 3 

64. 2 65. 0 65. 5 

64. 5 65. 4 65. 6 

64. 4 64. 8 65. 0 

66.7 66.4 67.0 

67. 5 66. 7 66. 4 

67. 0 67. 0 68. 8 

67. 7 67. 7 67. 0 

68.3 67.5 67.6 

67. I 66. 9 6S. 9 

67. 3 67. 6 67. 'i 

66.8 67.3 67.0 

67.2 67.3 67.3 
66. 8 66. 8 66. 7 

66. 6 66. 7 66. 5 

66. 0 66. 5 66. 2 

66. 7 66. 7 70. ,. 

66. 8 67. 0 68. 2 

66.3 67.0 66.5 

66.6 66.7 

66.o 66.o 

67. 5 66.o 

66.3 65.8 

6g.o• 66. 7 

66. 5 66. 0 

67.0 67. 2 

67.0 66.8 

67.0 66.8 

66.5 66.6 

66. 7 66. 5 

66. 3 66. 0 

67. 7 65. 5 

67.5 67.5 

66.o 65.5 

66. 5 : 65. 9 

65.9 66.4 

64. 2 66. 0 

65.8 66.3 

64, 6 66. I 

65.7 66.2 

67. 5 66.4 

66. 5 66. 3 

66. 8 66. 4 

66. 5 66.4 

66. 3 66, I 

66. 3 65. 8 

65. 3 66. I 

63. 2 65. 7 

65. 5 65.3 

67.0 66.5 66.2 

69. I 66. 6 66. 8 

67.0 68.2 66.4 

66. 8 ti6. 8 66. 8 

66. 8 66. 8 66. 5 

66.o 63. 8 65. 3 65.6 

66. 6 65. 7 65. 8 66. 0 

66. I 65. 5 65.4 66.1 

66.6 65.8 65.5 66.o 

66. 0 65. 8 65. 6 66. 2 

67. 2 67. 2 67. 2 67. 0 

67.2 67.2 66.5 65.8 

65. 6 72. 5-!(· 66. 0 67. 8 

66. 0 67. I 65. 5 65. 0 

65. 8 66. 5 66. 0 66. 2 

66.8 

65.7 

68.o 

66.5 

66.o 

65. 8 66. 4 65. 8 65. 8 65. I 

65. 7 65. 8 66. 2 66. 0 65. 9 

65.8 65.6 6).8 65.9 65.8 

65. 7 65. 7 65. 4 65. 0 64. 8 

64. 9 64. 5 64. 6 65. 5 64. 0 

65. 5 t 66. I 

65. 2 I 66. 4 
67. 8 1 66.o 

63. 7 I 65. 2 

65. 7 i 65. 3 

65. 0 65. 2 

65. 8 65.0 

65.8 65.2 

64. 5 65.0 

64.0 64. 8 
I 

64. 9 54. 9 65. 2 64. 9 6s. o 65. o 64. s 64. 5 64. o 64.c> I 64. 1 

64-.-5--65-.-3--66-.-.-6-6-.-4--66-.-6--66-.-9-6-6-.-7~-66-.-4--6-6-.o--6-5-.5-1·~ 
64. 6 '·;· 65. 3 66. I 66. 4 66. 6 66, 7 66. 5 66. 3 66. 0 65. 5 



 

440 

Local mean time. 

Day. 

2 

3 

4 

s 
6 

7 
8 

9 
10 

JI 

12 

13 

14 

15 

16 

17 
18 

19 
20 

21 

22 

UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings fro11i the photographic traces of the unifilar magnetometer at 

64. I 64.0 64.4 

64.6 65.2 66.8 

64.3 64.3 64.6 

64.7 64. 7 65.0 
64.8 64.8 64.8 

63.8 64.8 65.2 

65.5 62.8 65.7 

65. I 65.2 65.0 

65.0 64. 8 64.6 

64.6 64.4 63.8 

65.5 64.2 64.0 

65.2 66.8 65.3 

65. I 65.2 64.0 

65.4 65.4 65.3 

64.8 64.7 64.9 

65.0 65.0 65.0 

64.8 64.8 64.8 

65.7 65.6 65.0 

64.6 64.6 64.8 

65.7 £5.7 65. I 

63.5 64.6 64.3 

64.6 64.4 65.0 

64.5 64.4 64.7 

64.4 64.5 64.8 

65.0 65.4 65.2 

65.4 64.8 65.4 

65.4 65.3 65.7 
66. I 67.4 66.4 

67.3 66. 2 65.8 

65.5 65.7 65.8 

66.o 66. 1 66.z 

300 divisions + tabular quantity. 

JANUARY, l.889. 

··--------------------.., 

64.5 64.0 64.0 

64.3 64.6 64.3 

64.7 64.7 64.8 

65.0 65.0 65.4 

65.0 65.0 65.4 

64.3 65.0 65.0* 

64.3 64.5 65.4 
65. 2 66.o 67.6 

65. 8 66.8 67.0 

65. 7 67.8 70.0 

64.8 64.8 65.4 65.4 66.8 67.8 

65.6 65.5 65.5 65.7 68.o 69.0 

65.3 65.4 65.7 66.2 67.8 68.8 

64.5 64. 8 65. I 65 6 67. 4 69. 9 

64.2 65.7 65.0 65.8 66.6 68.8 

65. 0 64. 8 65. 0 65. 0 62. 8* 67. 2 

65. 0 64. 8 64. 9 65. 0 65. 8 67. 7 

65.0 64.8 64.7 64.7 66.o 67.8 

65.5 64.7 65.0 65.2 66.7 68.7 

64.7 64.5 64.2 64.7 66.7 67.8 

64. 8 64. 5 64. 6 64. 9 66. 9 69. 3 

64.3 64.5 65.2 65.6 67.8 69.0 

65. 0 65. 0 65. 3 65. I 66. 4 68. 2 

64.7 64.8 65.2 65.5 67.6 69.8 

65. 8 64. 7 63. 6 69. 8* 68. 2 67. 8 

64. 0 65. 8 66. 8 64. 5 66. 0 66. 5 

64. 2 66. 6 66. 6 67. 0 67. 2 68. 3 

64. 7 65. 7 65. 8 65. 9 68. 0 68. 4 

65.3 65.8 66.4 67.2 68.3 67.8 

65. 8 65. 7 66. 0 66. 5 68. 4 70. 8* 

65.5 64.9 64.8 66.3 67.8 68.6 

66.1 65.8 66.o 66.2 66.8 67.8 

65.8 65.5 63.8 65.5 66.2 67.0 

65.4 65.2 65.2 64.6 63.;* 65.9 

65. 8 65. 5 65. 3 65. 3 65. 3 66. 0 

ion lP Noon. 

64.s• 64.7 62.7 

65.0* 64.2 63.5 

67.9 66.6 64.6 

66.7 65.0 62.5 

68.6 66.2 63.3 

67. 8 65. 8 63.'5 

68.8 66.5 63.3 

68.2 65. I 62.0 

70.0 67.4 64.3 

69.6 67.5 63.3 

68.8 67.8 65.3 

68.7 67.0 63.5 

67.4 66.4 64.3 

68.8 67.2 64.6 

67.0 65.5 64.6 

68.8 66.o 62. 7 
68.5 66.4 64. I 

67.9 66.2 62.2 

68.8 68.2 61.8 

64.5* 6o.5* 6o.5* 

64.9* 63.2* 61.4 

67.8 64.8 62. s 
67.4 66.3 61. 2 

66.4 64.5 62. 2 

70.8* 68.8* 66.o 

68.5 66.3 
68.2 68.2 

[68.2] 67.9 

67.2 66.5 

66.o 65.6 

64.0 

67.0* 

66.o 
65.3 

63. 5 

66.o 65.8 65.0 65.3 66.o 66.4 66.7 65.8 63.8 
1~~~-~-1-~~~~·-~~~~~~~~-~~~--~ -~-~~~~-~~~~~ 

Monthly mean 

Normal 

65.0 65.0 65.r 

65.0 65.0 65.1 
65.0 65. I 65. 2 65. 6 66. 6 67. 9 67. 7 66. 0 63. 5 
65.0 65. I 65. 2 65, 5 66. 9 67. 9 68. 0 66. 2 63. S 



 

UNITED STATES COAST AND GEODETIC SURVEY. 441 

DECJ~IN A TI ON-Continued. 

the magnetic observawry of the (]oast and. Geodetic Survey, Los Angeles, Cal. 

One division of scale=O'. 794 Increasing scale readings corresp<md to increasing east declination • 

.JANUARY, 1889. 

Day. 

-------·~--------· -- -

2 

3 
4 

5 

6 

7 
8 

9 
10 

[[ 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

6r. 7 64. 2 64. 3 

63. 7 63. 7 64. 6 

64. 0 64. 0 64. 0 

62. 5 63. 4 64. 8 

6r. 6 62. 3 64. 0 

62. 2 62. 6 64. 2 

6r. 2 6r. 2 62. o 

6o. 3 60. 8 6z. 3 

63. 5 62. 8 63. 7 
6r. 7 61. 8 62. 8 

63.2 63.5 63. 7 

62. 0 62. 8 63. 8 

63. 2 63. 8 64. 5 
64. 0 64. 0 64. 4 

64.5 64.6 65.0 

61. 5 62. 6 64. 0 

62. 8 63. I 64. 6 

6L 0 62. I 64. 2 

6o. 2 61. 6 63. 9 

58. 5* 61. 4 62. 6 

61.0 62. 5 64. 7 

61.0 61.0 62. 9 

59· 6* 6o. o* 62. 6 

6I. 3 61. 8 63. 6 

63. s 63. 0 63. 0 

63. I 63.5 63. 6 

65. 7* 64. 8 6~. 2 

64. 6 64. 2 64. 3 

64. 6 64. 2 64. 4 

62. 6 63. I 64. I 

62. 8 64. 2 64. 6 

Monthly mean 62. 4 62. 9 63. 9 

Normal 62. 5 63. o 63. 9 

65. 0 65. 5 68. 0 66. 8 65. 0 65. 4 

64.7 65.7 65.8 65.7 65.4 65.0 

65. 0 65. 8 65. 9 65. 8 65. 8 65. 3 
65. 8 66. I 66. 2 66. I 66. I 65. 7 

65.5 66.o 66.2 66.o 66.1 65.8 

64. 8 65. 7 66. 3 66. 2 65. 8 65. 8 

65.6 65.8 66.o 66.4 66.3 66.7 

64. 0 64. 7 65. 6 66. 0 65. 7 65. 8 

64. 7 65. 4 65. 7 66. 4 64. 3 65. 3 

64, 0 65. 5 65. I 65. 8 65. 8 65. 7 

64. 5 65. 6 65. 8 66. 0 65. 9 67. 3 

64. 5 65. 3 65. 7 65.5 65. 3 65. 8 
65.6 66.o 65.8 65.7 65.6 65.6 

65. J 65.8 65. 9 66. I 65. 8 65.4 

65.5 65.7 65.5 65.5 65.4 65.3 

65. I 65.6 65. 7 65. 5 65. 5 65, 5 

65. 6 65. 8 65. 6 65. 6 65. 6 65. 4 

66. 2 66. 0 65. 8 65. 8 66. 0 65. 8 

65. 4 65. 7 65. 2 65. 5 65. 8 65. 0 

65.8 66.2 67.3 67.2 72.8* j2.8* 

65.7 65.Jl 65.3 66.2 65.8 67.0 

64. 7 66. 5 66. 4 66. 5 66. 3 65. 8 

64. 8 65. 5 65. 7 65. 8 65. 3 65. 5 

65. 0 65. 8 66. 0 66. 0 65. 8 65. 9 

64, 4 65. 7 65. 8 66. 4 66. 0 66. 0 

64. 4 65. 3 66. 0 66. I 66. 2 66. 0 

64. 2 65. I 65. 7 65. 7 65. 9 65. 7 

64. 4 65. 4 65. 5 65. 8 65. 7 65. 6 

64. 6 65. 2 65. 8 66. 0 66. 0 66. 0 

65.0 66.o 65.8 65.5 65.8 65.7 

65. 0 65. 5 65. 8 66. 8 65. 2 65. 0 

' 
65. 3 65. 3 6o. s* I 64. 5 

6+ 7 64. 5 6+ 3 i 64. 8 

65. 4 64. 8 64. 7 ! 65. 2 

65. 2 65. 0 64- 9 65. 2 

65. 5 65. 4 65. Q 65. 4 

65. 8 65. 5 65. 2 65. 2 

66. 5 65. 8 65. s 65. 5 

65. 7 65. 4 65. 2 65.0 

65. 5 65. 0 64. 9 65. 4 

65. 5 65. 3 66, I 65. 2 

65. 9 65. 3 65. 3 65. 3 

66. 0 65. 7 65. 3 65. 3 

65. 5 65. 3 65. 3 65. 3 

65. I 65. O 64. 8 65. 6 

65. 2 65. 0 64. 9 65. 3 

65. 3 65. 2 64. 9 65. 2 

65. I 65. 0 65. I 65. 4 

65. 8 65. 0 64. 5 65. 2 

66.4 67.6 66.6 65.3 

66. 0 65. 0 61. 3* 65. 4 

65. 5 65. I 65. 4 64. 8 

65.5 65. I 6+ 3 65. 2 

65. 5 65.0 64. 8 64. 9 

65. 8 65. 7 65. 4 65. 2 

65. 7 65. 6 65. 4 66. 0 

65. 8 65. 7 65. 6 65. 6 

65.5 65.5 65.9 65.9 

65. 7 65. 7 65. 3 65. 8 

65. 7 65. 7 65. 7 65. 5 

65. 7 66. 5 64. 8 65. 2 

65. a 65. o 64. ·s 65. 4 
·------------·-----·-------------· 
65.0 65.7 65.9 66.o 65.9 66.o 65.6 65.4 64. 9 65. 29 

65. 0 65. 7 65. 9 66. 0 65. 7 65. 7 65. 6 65. 4 65. 2 
,__ ________________________________________ _ 
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Local mean time. 

Day. 

z 

3 

4 

5 

6 

1 
s 
9 

10 

II 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

zz 

23 
:24 

:25 

26 

:27 

28 

Monthly mean 

Normal 

UNITED STATES OOAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hottrly rttidings from tJu plwW(Jt•llfJkio traces of the itMifilar 'llUJgnetometer I£t 

300 divisions+ tabuhu- quantity. 

FEBRUARY, J889. 

---------·-----·---
65.0 65.0 65.7 

65.5 65.5 65.7 

65.3 65.4 66.o 

65.0 6:).5 65.5 

65.3 65.0 65.4 

64.8 65.0 64.5 

65.8 64.5 64.7 

66.o 64.0 65.8 

65.4 65.0 65. I 

64.S 64.8 65.0 

65. 2 65.2 65. I 

65.2 65. l 65. I 

64.9 6.;.8 64.8 

67.5 67.2 70.0~ 

67. I 66.6 66.8 

64.7 65.5 65.3 
66.8 66.o 66.8 

65.0 65.3 65.5 
65.0 65.3 65.3 
66.o 66.8 65.4 

65.4 65.z 65.2 
65.8 66.o 65.4 

65.3 65.z 65.1 

65.5 65.3 65.3 
65. I 65.3 65. l 

65. I 

65.9 
66.o 

65.5 65.4 65.6 
65.5 65.4 65.4 

66.o 65.5 65.8 

65.7 65.9 65.8 
66.o 66.3 66.o 

65. 6 65.9 65.6 

65.5 65.2 65.8 

65.3 65.6 66. I 

65.4 65.4 65.6 

67. 8 65.8 65.0 

65. 2 65.0 05.3 
65.3 65.2 65. 3 

65.0 65.0 G5.3 

65. 5 65.5 65.7 
65.0 65.2 65.5 

68. s· 68.2" 67.5 

67.5 66.8 67.0 

65.6 65.8 66.5 
66.5 61.2* 68.o 

64.3 64.8 64.0 

65. 2 66.o 65.8 

65.5 65.0 65.5 

65.2 65.8 65. 7 
65.6 66.5 66.3 

64.5 65.5 65. 7 
65.4 65.6 65.5 

65.4 65.S 65. 8 

65.4 
66. I 

66.2 

65.5 

65.5 
66. I 

65.7 65_6 65.8 

65.6 65.6 65.8 

31. 

65. 8 66.o 66. 2 

66.o 66.7 67.4 

66.5 67.0 68. 3 
66.5 68.4 69. 2 

65.8 66.8 67.9 

65.8 67.5 68.3 

65. 2 64.7 67. 2 

66.2 67. 2 68.2 

64.8 65.8 67.3 
65.5 66.2 67. 2 

66.o 66.5 67.8 

66.o 67.0 67. 5 
65.S 66.5 66. 7 
67.9 67.5 66.'8 

67.0 67.3 67.5 

66.3 66.2 67.3 

67.7 66.6 68.5 
63.8 65.5 67.3 

65.8 66.4 66. 7 
65.8 67.8 67. 2 

66.4 67.8 68.3 

66.8 66.6 67.5 
65.6 65.8 67.6 

66.o 67.3 67.8 

66.5 67.8 67.3 

66.o 

65.5 
66.o 

66.6 

65.3 
66.6 

66.5 

66.6 
67.0 

66.o 66.7 67.5 

66.o 66.7 67.5 

1011 llh Noon. 

67.6 65.8 62.2 

67.8 66.8 65.0 

68.8 65.7 62.8 

68. 7 67.4 65.3 
68. I 66.4 63.8 

67.5 66.8 64.8 

67.4 67.0 65.3 
67.8 66.1 64.4 

68.o 67.7 66.2 

67.0 65.5 64.2 

67.5 66.o 64.0 

67.8 66.5 65.0 

[65.9] 64.0 62.3 
67.8 66.1 64.8 

67.8 64.8 63.2 

68.1 66.5 64.8 
67.5 66.8 64.2 

67.9 67.5 66.o 
66. 6 66. 4 64. 3 

66.8 66.2 64.9 

68.8 68.o 66.7 

67.3 67.8 67.0 

68. 3 -67. 4 65. 3 

67.1 65.1 62.8 

65.8 65.2 63.8 

66.1 65.0 

63.5~ 63.6 

65. 8 64. 7 
------~~--! 

67.4 66.2 64.5 

67.6 66.3 64.5 



 

UNITED STATES COAST AND GEODETIC SURVEY. 443 

D·ECLIN ATION-Continued. 

the magnetic obser-vat-Ory of tit~ Caast amt GeodeUc Sain·ey, Los Aiigeles, Cal. 

One division of scale~~o'.794 lncrca.:.:lng scaJe z·eadings correspond to increasing east declinatiQn. 

FEBRUARY, 1889. 

i 

Day. I 13h 14h 15h l(Jh 
-------------------

I 
I 61.6 

2 64.3 

3 62. I 

4 6+4 

5 62.4 

6 63.3 

7 64.7 

8 63.5 

9 I 64.0 

JO I 63.7 

It 62. 5 
12 63.4 

13 61. 7 

14 63. I 

15 61. 5 

16 62.8 

17 63.9 
18 63.5 

19 62.4 

20 I 63.0 

21 I 64.8 
! 

64.8 22 

23 63.2 

24 61. 5 

:is 62.6 

26 61.7 

27 64.2 

28 63.3 

Monthly mean 63. I 

Normal I 63. I 
___ ., 

63.2 64.9 

64. 5 64 8 

63.0 64.5 
63.2 62.8 

62.4 63.4 

61.5 63.0 

63. 7 64. 7 

63. 5 63.9 
63. 2 63.8 
64. I 64.3 

62.0 62.7 

63. 5 (i4. 5 
62.6 63.7 

63.2 63.S 

6I. 8 63.5 

62. 3 62.6 

63.0 63.8 

62. 5 {)1. 7 

62. 2 63.8 

62.5 62.4 

63.5 63.6 

63.2 62.7 
62.8 63.S 

62. 5 63.3 
62.4 6:::.9 

60. 1* 61. 8 

64. 2 63.8 
62. I 63.6 

62.8 63.2 

62.9 63 .. 2 

66. 

65. 

65. 

63. 

64. 

63. 

64. 

3 66. 9 

65.9 

0 65. 8 

6 64. 8 

3 tC.4. s 

5 65. I 

6 65. 5 
64._ l 65. 0 

9 65. 3 

0 65. 5 

64. 

65 

64. 

65. 

65. 

6+ 
65. 

64. 

63. 

63. 

64. 

63. 

64. 

63. 

65. 

64. 

63. 

64. 

64. 

63. 

0 65. 3 

5 65. 8 

2 66. I 

2 67. 4 
0 64. 8 

5 65. 5 
2 64. 7 

2 67. 4 

7 65. 0 

8 6+ 9 

0 65. 2 

4 64. 2 

0 65. I 

5 65. 0 

8 64. 5 

0 64. 5 
7 66. 2 

8 65. 3 

64.0 

64.0 

66.9 

65.9 
66.o 

65.5 
65.4 

65.0 
66. I 

65. 3 

65. 5 

65.5 

65 5 
65 s 
66. I 

67.0 
66.6 

65.8 
66.o 

65.8 

65.8 
.66. 2 

-65 8 

65. s 
ti5.2 

65.2 

64.8 

65. I 

66. I 

65.6 

65. 8 

65.8 

66. 7 66.4 66.o 65.9 

66.3 66.o 66.o 65.8 

66.3 66.4 66.3 66.o 

65. 8 65.9 65.9 65.8 

65. 5 (-,5, 7 65. 7 65.7 

65.9 65.9 66.4 65.0 

65.8 66.o 66. 5 66.4 

65.5 65. 5 65.5 65.5 
66.o 65.4 65.5 65.2 

65.7 65.8 65.8 65.6 

65.8 65. 8 65 8 65.7 
65.5 65. 5 65.4 65.2 

66.7 66. 5 66.~ 66.5 
67.2 67. 3 6;. 3 67. I 

65.5 66.o 65. u 6G.o 

65.8 <X;.o 66. z 66.o 

66.5 68.3 69.0• 67.6 

65.9 66.o 65.8 65.5 
66.7 66.o 66.5 66. I 

65.3 6;;.5 65. s 65.6 

65.8 ~.o 66. 2 66.2 

65.0 65.8 67.9 66.6 

65.5 65.5 65.6 65.7 

65.7 65. 7 66.o 65.8 

65.0 65.3 65.0 65. 2 

65.8 61·9 64.3 64.2 
65.8 66. I 66.2 65_4 

66.3 66.7 70. 3* 65.9 

65.7 
68.o 

65.5 

65.7 
65.6 

65.4 
65.8 

65.2 
65.0 

65.3 

65. 5 
65. 0 

66.7 

67.3 
66.2 

66.o 

66.2 

65.5 

67. 3 

65.5 

65.8 

65.7 

65.7 

65.4 
65.0 

65. 'l 
65.6 
66.I 

:\!id- r;aiJy~ 
night. mean. 

- - -- -~--

65. 5 65. 5 

65. 8 65. 9 

65. 5 65. 7 
65.4 65.7 
65. 2 65. 3 

65. 8 

66.3 

65. J 

65.0 

65. 3 

65.3 
65.0 

6i. 0 

68. 2 

66. I 

66. 0 

65.7 

65.3 
66.o 

65.5 

66.o 

66.4 

65. 5 
65.3 

64. 9 

65.8 

65.6 
65. 8 

65. 3 

65.6 

65. 5 
65.4 

65. 3 

65.2 

65.5 

65.3 
66.8 

65.8 

' 65. 5 
66.o 

65.2 

65.5 

65.4 

65.9 
65.S 

65.4 
65.2 

65.0 

64.9 

65.3 
65. 7 

.~-~-~--~--~-------·-' 65.5•1 

65.9 66.o 66.2 

65.9 66.o 66.o 

--------
66.2 66. 2 65.7 
66.2 66.2 65.7 
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Local mean time. 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 
14 
15 

16 

17 
18 

19 

20 

21 

31 

Monthly mean 

Normal 

UNITED Sl'ATES COAST .AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the phot-0graphic traces of the ·itnifilar magnetometer at 

66.o 
66.o 

65.6 
66.o 

65.3 

67. 0 

65.6 
66.2 

65.0 

65.5 

66.o 

65.5 
67.8 

65.5 
65. 2 

66.o 

65.2 
66. l 

65.0 
65.5 

66.3 

65.7 
65.8 
66.2 

65. 7 

65.2 
65.0 
66.o 

65.4 
65.4 

65.9 
65.6 

67.3 
65.8 
65.8 

66.o 
65.6 

65.7 
65.2 

65.5 

6+ 6 

64.7 
65.9 
66.5 
66.6 

62. 2• 

63.8 
65.8 

65.4 
65.4 

65.8 

65.7 
67.0 
65.8 
65.8 

65. 7 
66.o 

65.7 
65.5 
65.9 

65.0 64.9 65.0 
66.2 66.8 66.7 

65.4 65.5 65.3 
66. I 66.o 64.5 
66.o 65.9 65.2 

65.3 

6+ 7 
62. 7• 
65.3 
65.5 

66. I 

65.9 
65.6 

65.3 
64.5 

65. 5 
66.3 

65. 5 
65.4 
64. l 

65.6 65.6 65.4 
65.7 65.6 65.6 

66.i 

65.0 
66.2 
66.7 
66.5 

66.8 

65. 2 

64.8 
65.0 
64.8 

65.8 
65. 8 

66.8 

65.8 
66.3 

66.3 

65. 7 
65.8 
65.S 
66.4 

MARCH, 1889. 

64.7 66. l 

66.o 66.4 
66.o 67.6 
68.6• 66.o 
66.2 66.2 

61. 8• 62. 1• 

65.5 66.o 

65.3 65.0 
65.8 66. I 

65.8 66.o 

65.& 66.2 
66.o 66.3 
66.4 66.2 
65.8 66.o 
65. 4 66. 5 

65.4 66. 2 

65.8 67.0 
66.o 66.5 
66.o 66.o 
66. 8 66. 4 

65.4 65.S 65.8 
65.2 65.8 66.o 
64.5 • 65.8 65.8 
65.0 67.4 66.8 

65.5 65.2 65.5 

.65.4 
65.8 
65.2 

66.5 
65.6 

65.3 
65.9 
63.5 
65.8 

65.9 

66. 2 

66. 3 

67.6 

66.7 
66.2 

300 divisions+ tabular quantity. 

63.8• 68.2 69.4 
66.2 66.3 67.2 
67.3 68.6 69.9 
67.2 68. 8 68.2 
66.o 67.5· 67.5 

58. 8• 

65.8 
66.4 
67.0 
67.3 

66.9 
66.7 
66.7 
66.7 
68.8 

67.3 
68.8 
68.2 

66.8 

67.5 

6o. 8• 65. 8 
67.8 67.8 
68. 2 67.8 
68.8 70.3 
68.6 69.5 

68.8 68.6 
68.2 68.8 
68. 8 68, I 

66. 2 66. 5 
69.0 68.2 

68.6 69.0 
70.3 68.2 
69. 2 68. 8 

67. 5 67, 5 
67. 7 67. 6 

67.2 68.8 68.6 
66.8 67.8 6g.o 

66.6 67.2 67.1 
68.2 69·0 67.4 

66.7 67.8 66.7 

67.6 68.8 
68.o 6g.o 

68.6 70.2 
70. 2• 71.0• 

67.0 69.5 

65.3• 

67.3 
66. 5 
6g.o 

69.8 

66.5 
67.0 
68.2 
66.2 

65.5 

66.o 

67.3 
66.9 
68.3 
68.8 

67.4 
67.8 

67.3 
66.o 
66.o 

68.2 

65.7 
66.6 

65.8 
66.8 

~~---;::l 
65.2 64.8 

65.8 63.5 
66. 5 63. 7 
64.6 63.4 
64.4 63.0 

65.0 
66.2 

65.3 
64.8 
67.0 

65.3 
65.8 
66.o 

65.3 
64.0 

66.8 
62.6 

64.3 

64.5 
64.9 

64.0 
64.0 

63.5 

63.0 
65.0 

63.0 
64.2 
63.0 
63.8 
62.6 

64.3 
61. 3 

62. 7 
62.8 
62.1 

67.6 65.3 2.1 

66.2 63.1 60.4• 
65.2 63.0 61.8 
65.5 64.0 62.7 
65.5 64.2 62.7 

64.0" 
64.8 
65.0 

65.4 

67.5 

63.8 
62.3 
62.6 

63.5 
66.o 

61. 3 

61.3 

59.4• 
6r. 8 

63.4 

65.3 65.7 65.5 66.3 69.2 70.8* 69.8• 66.5 63.0 

65.7 65.7 66. I 

65.7 65.8 66.2 
66.9 68.3 68.J 
67.2 68.4 68.1 

66.6 64.8 62.8 

66.6 64.8 63.0 



 

UNITED STAT.ES COAST A.ND GEODETIC SURVEY. 445 

DECLINATION-Continued. 

the magnetic observatory of the Ooast and Geodetic 8u>·vey, Los Angeles, Cal. 

One division of scale= o'.794 Increasing scale readings corresponcl to increasing east declination. 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

14 
15 

16 

17 
18 

19 

20 

21 

22 

23 

63. 9 64. 2 64. 5 
61.3 61.8 62.6 

62. 2 61. 9 63. 2 

62. 3 62. 2 63. 0 

62. 7 63. 0 62. 6 

63. 4 63. 3 63. 3 

63. 3 62. 0 63. 4 

62. 7 62. ( 63. 4 

62. 5 62. 4 63. 0 

63. 8 63. 0 63. 8 

62. 3 62. 3 63. 5 

63. 0 61. 3 61. 3 

59· 3* 61. 2 Gi. 5 
I fo. 5 62. 0 fo. 4 

62. I 62. 2 62. 8 

62.5 62.0 62.4 

61. 6 60. 8 60.8 

62. 4 62. 6 63. 3 

61.5 61.4 63.0 

61. o 61. r 63. o 

Go. 8 60. r 60. o* 

60.0 59. 6 61. 7 

6!. 5 61. 3 62. 2 

62.4 61.7 62.5 

62. 4 62. 8 63. 8 

61. 4 61. 7 62. 3 

61. 0 61. 3 62. 8 

58. 8* 61. s 62. 0 

62. 0 62. 4 63. 8 

6r. 8 61. 5 63. 0 

MARCH, 1889. 

64. 8 65. 6 65. 3 

63. 3 64. 9 65. 3 

64. 5 65. 3 65. 2 

64.8 65.8 65.4 

64. l 65. 0 65. I 

64. 6 65. 0 65. 6 

64.3 64.7 65.8 

64. 6 65. 2 65. 5 

64. 2 65. 5 65. 2 

64. 8 6_<;. 6 65. 0 

64. 5 65. 3 65. 2 

63. 7 64. 8 64. 8 

62 .. 0 6~. 2 62. 7 

64. 3 65. 0 65. 0 

63. 8 6+ 5 64. 9 

63. 7 64. 3 64. 5 

60. o* 59. 7* 61. 5* 

64. ( 64. 6 64. 8 

63. 7 64. 6 65 ·1 

63.7 64.0 64.6 

61. 7 63. 0 63. 2 

63. 5 63. 4 63. 7 

63.7 64.8 65.0 

63.4 6+o 64.0 

64. 6 65. 0 64. 6 

63.8 64.6 64.2 

63. 9 64. 4 64. 3 

63. 8 64. 9 66. 5 
64. 3 64. 6 64. 8 

63. 8 64. 8 64. 8 

.1911 2011 2111 

65. 6 65. 8 65. 8 

65. 4 65. 3 65. 5 

65. 0 65. 0 65. 8 

65.5 65.8 66.2 

65. 5 66.o 67. I 

65.8 66.3 67.4 

66. 3 67.3 65.7 

66. I 65. 9 65. 7 

65. 4 65. 4 65. 5 

65. 3 65. 5 65. 6 

65. 3 65. 6 65. 5 

65. 0 65. 8 65. 5 

67.7* 64.4 65.8 

65. I 65. 7 66. 3 

65. 3 65. 3 66. 2 

64. 8 64. 8 64. 7 

61. 9* 64. 5 64. 6 

64.9 66.3 65.5 

66. 6 65. 7 65. I 

65. 0 64. 8 65.0 

63. 8 64. 0 64. I 

64. 0 64. 4 64. 6 

64. 9 64. 8 64. 7 

6+ 2 64. 0 64. s 
65. 0 65. I G4.9 

64. 2 65. 2 64. 8 

63.6 67.8 65.G 

65. 3 65. 3 64. 5 

64. 5 64. 8 66. I 

64. 9 65. 0 64. 8 

31 . 6o.2 6o.o 61.5 62.6 64.0 64.5 64.3 64.2 64.0 
-----!--------------- -- . - ----·---·-- -
Monthly mean i 61. 9 61. 8 62. 7 63. 8 64. 5 

Normal J 62. I 61. 8 62. 7 63. 9 64. 6 

64. 7 65. I 65. 4 65.4 

64. 8 65. I 65. 4 65. 4 
! 

'>3h Miu- Daily 
""' night. mean. 

- ----- -----1 

66. 0 66. 3 67. I 

65. 3 65. 5 65. 3 

66. 0 66. 5 65. 8 

66.o 65.5 65.5 

71.2·::· 70.4*65.9 

65.9 6j.9 65.0 

65.5 65.7 65.9 

65. 5 65. 4 65.5 

65. 9 65. 8 66. 0 

67. 3 66. 0 65. 2 

65. 'i 66. 7 66. 0 

65. 8 65.3 65.9 

65. 0 65.0 65. 2 

66. 2 64. 8 66. 8 

64. 7 64_ 7 65. 2 

65.8 65.8 65.4 

(>5, 0 64. 8 64. 9 

65. 2 65. 0 65. 4 

6.i. 8 65.4 65. 3 

65. 7 

65.0 

65.7 

65.7 

64.9 

65.5 

65.4 

65.4 

65.8 

65.6 

65.4 

65.2 

65. I 

65.4 

65.3 

6+4 

65.4 

65.0 

65.0 

65. 6 66. 8 65. 8 ' 64. 6 

64. 5 65. I 65. 8 64. 6 

05. 0 6+. 8 65. 5 64. 6 

65 2 64. 5 66. 0 65. 0 

65. 5 65. 0 65. 2 65. 0 

64. 8 64. 8 65. 2 64. 6 

67. j 65.3 67. 8 65. I 

65. 0 66. 2 65. 0 : 6~. 6 

64.8 65.5 66.o 1 65.4 

65.0 64.8 64.8 65. 2 

__ ;..__ 

65. 8 65. 8 65. 8 

65. 5 65. 5 65. 7 

i 64. 8 

I '' ~;I 
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Local mean time. 

Day. 

I 

2 

3 
4 
5 

6 

7 
8 

9 
10 

II 

12 

13 
14 
15 

16 

17 
18 

19 
20 

21 
22 

23 
24 

25 

26 

27 
28 

29 
30 

Monthly meaa 
Normal 

UNITED STAT.ES COAST AND GEODETIC SURVEY. 

111 

65.0 
64.8 
68.4* 
64.8 
65. 2 

65. I 

65.3 
69.3* 
65.0 
6.>- 2 

65.7 
65.5 
64. 7 

64.7 
65.9 

66.o 

65.3 
65.3 
65.3 
65.3 

65.5 
64.7 
64.7 
64.5 
6.). I 

64.7 
65.6 
65.6 
65.0 
66.3 

65.4 

~ 65.1 

DIFFERENTIAL MEASURES-

Hourly readings from the plwtqgraphic traces of the unifilar magnetometer at 

APRIL. 1889. 

2h 3h 4h 511 611 7ti 
·--·-·-

65.0 65.6 65.6 65.8 67. I 67. 2 

64.9 65.4 65.4 65.5 65.3 66. 2 

65.8 65.8 65.5 65.4 65.5 65.6* 
65.0 64 7 65.6 65.6 65.8 67. 4 
65.2 65.4 65.6 65.7 65. 7 66. 7 

65. I 65.3 65.4 65.6 66.o 67.4 
65.7 65. 7 65.6 67.6 67.5 69.7 
67.5 66. 2 66.6 66. 4 67.5 67.7 
65. 6 65.0 64.7 65.8 67.4 6S.3 
65.8 66.3 66.2 66.6 66.7 67.8 

65.8 65.5 66. I 65.8 66.r 67. 7 
65.6 65.5 65.7 66.o 67.7 68.2 
65. I 65.3 65.7 66.o 67.5 69.0 
65. I 65.5 65.7 66.o 67.2 69.2 
66.o 66. I 66.4 66.5 67.3 69. I 

66.o 66.3 66.8 67.3 68.5 71. 0 
65.6 65.7 66. I 67.0 68.2 70.5 
65.4 66.o 66.5 67.0 68.2 69. 6 
64. 7 65.5 66.4 66.5 67.8 68.3 
66.o 65. I 66.3 66.2 '67. 3 68.8 

65. <) 65.4 65.7 66.3 67.6 69. 0 
65.3 65.9 66.3 66.6 67.3 68. 7 
64.5 65.4 65.3 65.5 66.8 68.3 
64. 7 64.9 64. 8 65.3 67.8 67.8 
66.o 65.8 66.o 66.7 68.3 69.0 

65.5 65.7 66. l 66.8 67.4 68.8 
64.8 65.5 65.9 66.8 67.8 6g.2 

65.5 65.5 66.I 67.8 69.0 71. 0 
65.0 65.8 66.o 66.8 6&.z 6g.3 
66~6 65.9 65.2 66.z 67.3 68.6 

65.5 65.6 65.8 66.3 67.3 68.5 
65.5 65. 6 65.8 66.3 67.3 68.6 

8h 

68. 5 
68. 3 
68.4 
69.4 
68. 7 

68.o 

70. 2 

67.0 
68. 7 
68.8 

69. I 

70.0 
68. 8 

7 I. 5 
70.8 

73.3* 
72. git 

71. 3 
68.8 
68.8 

68.8 

69.2 
70.6 
68.8 

69.4 

68.9 
70. I 
71. I 

70. l 

70.2 

69.6 

69.4 

300 divisions+ tabular quantity. 

9h 1011 
--------

70.0 69. 7'* 
68.8 67.0 

69.7 67.6 

70.5 65.8 
69.0 67.4 

67. 5 65.5 
68.2 66. 7 
68. I 66.2 

65.7* 6r. 7* 
67.7 66.4 

67.6 6+. 7 
68.o 64.5 
67.0 64.4 
67.8 63.0* 

70.4 66.8 

71. 6* 67.2 
70.0 66.o 

70.2 65.6 
6g.o 67.7 
68. I 65.7 

68.2 66.7 
68.3 65.7 
67.2 65.4 
67.8 65. 4 
67. 7 6+2 

66.9 63. 7 
67.2 63.-0• 

67.9 64.3 
6g.5 [66. 5) 
6g.8 66. 2 

68. 5 65.7 
68.5 65.9 

llh 

67.8* 
65.0 

64.9 
63.8 

65.3 

63.0 
64.6 
63.8 

59.o* 
64.5 

63.0 
62.3 
62.5 
6o.5* 

63.7 

63.7 
64.0 
62.4 

65.4 
62.6 

65.0 

63.3 
63.0 
62.9 
60.0* 

60.8* 

59.7* 
61. 4 
63.8 
63.3 . 

63.2 
63.6 

No 
--

63. 

62. ~l 
61. 

62. 

64. 

6o. 

63. 
63. 
61. 

63. 

62. 

63. 
62. 
6o. 

61. 

62. 

63. 
6r. 

63. 
61. 

63. 
62. 

62. 

62. 

58. 

59. 
58. 
60. 

63. 

61. 

3 

3 
0 

8 

8 

0 

6 

4 

4 

4 

6 

0 

6 

2 

3 
0 

8 
0 

4 

7 

5 

8 

s• 
8 

2 

8 

. 62 .o 

62 .3 

I 
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DECLINATION-Continued. 

tke 'tliagnetfo obsm·vatory of the Coast and Geodetic Survey, L-Os Angeles, <Jal. 

One division of scale = o'. 794 

3 
4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

14 

l5 

16 

17 
18 

19 

20 

21 

22 

13b 

60.1 

59· 5 
59.3 
60.8 
62.8 

6o.5 
62.4 

61. 9 

61. 8 

62.7 

6o. 5 fo. 4 

59· 0 59· 6 
58. 8* 61.0 

60. 4 61. 3 

62.4 62. 5 

6o.8 

62.o 

61. 8 

63.4 
62. 8 

62.0 

6z.4 

63.0 

62.4 

63.0 

62. 3 62. 3 62. 3 

63.0 62.0 61.7 

63. 6 6 3. 5 63. 5 

Go. o 61. 3 62. 6 

61. 6 61. g 62. 7 

6I. 0 60. 0 62. I 

63. 3 63. 2 63. 7 
61. 0 60. 5 61. 7 

62. 8 62. 0 6z. 0 

60. 0 59. 7 6o. 2 

62.7 63.3 62.8 

61. 3 6o. 7 60. 2 

62. I 6I. 3 61. 4 

62. 8 62. 5 63. 3 

s~t o* 58. 7* 6t. 6 

lncreasing scale readings correspond to increasing east declination, 

:APRIL, 1889. 

62.0 

61. 7 

62.6 

62.6 

63.2 

63.2 64.8 

63. 8 6+ 5 

64. 5 65.6 

63.8 64.5 

64. 7 65. 4 

63.3 64.4 64.5 

63. 6 63. 6 63. 8 

63. 5 65. 0 64. 3 

62.8 63.9 64.0 

63. 5 64. 3 64. 8 

63.8 64. 2 64. 7 

62.0 62. 5 63. 3 

63.5 63. 7 64.0 

63.9 64. 8 65. 7 

63. 8 64. 9 65. 7 

64. 0 65. 6 65. 5 

64. 4 65. 0 65. 3 

62.8 63. 9 64. I 

62.9 63. 7 64. 3 

6z. 7 63. 7 65. 7 

1911 20li 21h 

64. 0 64. 0 65. 7 
64. I 66. 0 64. 2 

65.1 64. 7 64.6 

64. 5 64. 8 64. 8 

65. 3 65. 3 65. 5 

64. 3 63. 8 

67.0 64.4 

64. 2 64. 5 
63. 8 64. 4 

64. 8 64. 7 

64.0 

65.0 

64. 7 

64.8 

64. 7 

64. 8 65. 0 65. 2 

63. 7 63. i 65. 2 

64. 4 64. 5 64. 4 

65.3 65. 3 65. 2 

65.3 65.0 65.0 

64. 8 64. 7 64. s 
65.0 6+ 7 66.3 

64. 3 65. 0 64. 6 

65. 3 65. 3 65.3 

64. 5 64. 5 64.6 

Mi cl. 
night. 

65.0 64-7 64.4 

65. o 68. o* 66. 8 

64. 7 64. 7 64. 7 

I ;.:::~ 
1 

65.0 I 

64. 8 64. 8 65. I 

65. 2 65. I 65. 2 

64. 0 64. 3 64. 4 
1
1' 

67. 2 7r. 6* 72. 8" 

65.2 65.4 65.2. 

64. 8 65. 3 65. 3 

6+ 7 65. 3 65. 7 

65.3 65. 2 65.4 

64. 6 64. 3 64. 4 

64. 5 64. 5 64. 7 

65.3 65.6 65.2 

65. 2 65. 4 65. 6 

65.0 64.8 64.8 

65.4 64. 7 65.0 

65. 3 65. 5 65. 0 

64. 7 64. 7 65. 0 

65. 4 65. 8 65. 8 

64.6 

6-1-.8 

64.7 

65.3 

64.4 

66. I 

65.3 

64.4 

65.2 

65.0 

64.7 

64.9 

64.8 

65.5 

65.7 

65.8 

65. l 

65.3 

64.7 

63. 0 63. 2 64. 0 67. 0 65. 0 64. 5 64. 5 6+ 7 64. 5 65. 2 

61.6 63.0 65.3 6+5 64.4 64.5 65.0 64.6 6-1-.6 64.7 

63. 2 . 64. 2 64. 0 67. 4 65. 0 64- 2 64. 4 64. 5 64. 4 64. 8 

63. 8 64. 2 64. 3 64. 3 64. 3 64. 3 64. 6 64. 5 64. 7 64. 8 

61. 9 63. 3 66. 6 63. 6 64. 3 68. 6" 66. 3 65. 2 65. 3 64. 6 

6o.o 61. 3 63. I 64. 8 65. 8 65. 4 64. 5 64. 7 64. 6 64. 6 65. 3 66. 2 64. 8 

27 59· 3 60. I 6o. 7 63. j 64. 2 64. 8 67. 5 68. 3* 67. 2 63. 8 63. 0 64. 0 64. 6 

I 
28 6o. 8 60. 7 61. 7 63. 0 64. 6 65. I 65. 2 66. 8 66. 0 65. 2 65. 0 64. 8 '65. 2 

2 9 I 62.1 61.5 62.2 63.4 64.5 65.3 64.9 65.0 64.8 64.8 65.7 64.4 [ 65. 3 

I 
30 I 61. 8 _62_._0_6_2_._o_._6_2_._2 64._8_6_5~. 5 ____ 6_5_· 4 __ 6_4._8 __ 64_._s __ 6_5_. 2 __ 65_._2_6_6_._0_

1 

65. 3 

Monthly mean i--6';:-:;_- 61. 3 62. 0 63. I 64. I 64. 8 65. o 64. 9 65. I 65. o 65. 2 65. 3 65. oz 
]Normal I 6r.5 61.5 62.0 63.r 64.1 64.8 65.0 64.8 64.9 f>S.o 64.9 65._1_) __ ~ 



 

448 UNITED ST.ATES COAST .AND GEODETiC SURVEY. 

DIFFERENTIAL MEASURES-

H01irly readings froui the pkot-0graphio traces of the unifilar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

MAY, 1889. . 
1- Day. l 1h 2h 3h 4h i)h 6h 7h 8h 9h 10h llh Noon. 

-------"~---- ------- ------~----

I 

65.4 65.3 65. 8 66.2 66.4 67.7 69. [ 70.3 68.7 66.o 63.8 62.3 
2 65. I 65,4 65.6 65.8 66.3 67. [ 68.9 70.3 68.6 66.2 63.2 62.2 

3 65. 2 65.5 65.8 66.2 66.8 68.8 71. 6 72.4 70. 3 66.5 63.8 62. 3 

4 64.5 64.6 65.6 66.8 69.0 69.r 70.9 72.4 70.3 68.o* 64.0 61. 8 

5 65.0 64.6 66.8 65.0 68.3 68.8 71. 3 70.8 67. 4 64.5 62,7 61. 9 

6 65. 3 64.8 65.3 65.6 66.2 67.6 69.3 69.4 67.3 65.4 63.6 62.9 

7 65. 7 65.7 65.8 66.3 67.2 68.4 69.2 68.8 67.0 64.0 63.3 62. 9 
8 65. 2 65.6 65.7 65.8 66.2 67.4 69.3 69. 7 67.8 65.0 62.4 6r. 7 

9 65.5 65.4 65.5 66.3 66. 7 67.8 68.2 68.5 67.5 65.8 63.9 62.8 
10 65.0 65.8 65.3 65.0 67.2 67.4 69.2 70.7 71. 3* 67,9* 64. I 62. 5 

II 65. 7 65.7 65. 5 65.7 66.4 67.3 68. 5 70. 7 70.4 68. 2* 64.4 61. 7 
12 65. 4 65.5 65.7 65.9 67.0 69.0 71. 6 72. 7 71. o* 67.8* 6.i. 3 63.0 

13 . 66. 7 65. 7 65.8 66. 2 66.5 67. 8 67. 3 68.8 67. 7 65. 3 63. I 61.7 

14 65.0 65.3 65. 5 65.8 66.2 68.o 71. 0 70.8 67. 2 63.7 61. 7 6o. 8 

15 65. 2 65.5 65.8 66.o 66.5 67.6 69.9 70.8 68.2 64.5 61. 3 60.6 

16 65.0 65.2 65.4 65.7 66.o 67. 5 69.9 71.3 68.3 63.6 61.3 6r. 3 
17 64.7 64.8 65.z 65.5 66.6 68.2 70.8 71. 4 70.0 66.8 61. 7 59. 8 
18 64.4 64.8 64.8 65.4 6fJ.7 68.4 70.7 70.9 68.8 66, I 63. 5 6r. 6 

19 67. 7 67.0 67.2 66.8 67.3 68.6 69.8 70.7 68. 2 65. I 6I. 7 59· 5 
20 65.0 65.4 65.4 65.5 66.o 68.2 70.2 69, I 66.o 63.8 61. 9 62. 3 

21 65. 2 65.5 65.8 65.7 66.8 68.o 69. 2 68.4 64.2* 61. 3* 61. 4 62.3 
22 65. 7 66. 2 67.6 68.8* 66.3 69.8 69.8 68.3 64. 2" 61. a* 58.0* 58. 2* 
23 65.4 65.4 65.5 65.7 66.8 69.4 70.9 70. 7 65. 7 61. 8* 61. 0 6o.o 

24 65.7 65.7 67. [ 67.8 67.3 69.8 71. 0 69.4 66.7 63.5 62.6 62.8 

I 
25 65.6 65.4 65. 7 66.3 66.7 67.7 6g.o 69.3 66.4 64. 2 62.5 6o.8 

26 I 64.9 70.5* 70.0* 66.2 69.0 70.0 71.8 71. 8 71.7* 66.3 63.2 61.5 

27 

I 
64.8 65.3 65.5 65.8 66.5 67.8 68.8 69.3 67.8 65.8 64.4 63.5 

28 66. 5 65.3 66.7 65.8 66.5 67.8 69.0 69.4 69.5 67.9" 65. 7* 64.3 
29 65. 2 65.2 65.3 65.5 66.2 67.2 68.8 69.6 68.o 65.5 63.7 63.3 
30 64.5 64.8 64.7 66.o 66.o 67.3 69.0 70.8 67.8 63.0 61.8 61. 6 

31 64.7 65.0 65.8 65.3 65.I 67.6 69. 5 68.5 64.7* 62.3* 62.0 61. s 
Monthly mean 

I 
65.3 65.5 65.9 66.o 66.7 68.2 69.8 70.2 68.o 65. [ 62.8 6r.8 

Normal 65.3 65.4 65.8 65. 9 66.7 68.2 6g. 8 70.2 68. [ 65.0 62.8 61, 9 



 

UNITED STATES COAST AND GEODETIO SURVEY. 449 

DECLINATION-Oontinued. 

the magnetic observatory of the Goru~ and Geodetic Survey, Los Angeles, Cal. 

One division of scale =o'.794 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 
14 
15 

16 

17 
18 

19 
20 

21 

22 

31 

Monthly mean j 
Normal 

I 

62.2 62.2 62.7 

62. 7 62. 7 62.9 
61.8 61. 7 62.0 
62.4 63.3 63.0 
61.8 62.3 62.8 

62.5 62. 5 63.2 
63.2 63. 2 63.6 
62. 5 63. l 64. 3 
62.4 61.5 62. 2 
62. I 62.6 63.2 

6r.8 6o. 9 62.0 

62.7 63.3 63.0 
62.0 62.2 63.0 
61.4 61.8 62.6 
6o.2 61. 7 62.8 

61.4 62. 2 63.0 
60.0 6o.4 62.6 

61.5 61. 7 62.3 
59.4 6o.8 62.2 
62.7 63.0 63. 7 

h 3 63._3 64. 7 

58.9* 6o.3 62.7 
6o.8 62.8 64. 5 
63.2 63.8 64.5 
6o.5 62.0 63.4 

59.8 6o.7 61.4 
61.8 61.8 62. 7 
62.9 61.8 6r. 7 
63.0 62.7 62.6 
61.4 61.3 61.3 

61.4 62.0 62.9 

61.7 62. I 62.9 
61.8 62. I 62.9 

H.Ex.80-20 

Increasing .acale readings correspond to increasing east declination. 

MAY, 1889. 

63.7 64.2 64.8 
63.7 64.3 65.0 
62.8 64.0 63.4 
63.4 64.2 64.6 
63.0 63.8 64.5 

63.4 63.8 63.7 

63.9 64.4 64.9 
64.4 64.6 64.7 
63.3 64.0 64,5 
63.9 64.8 65.3 

65. 8 66.o 65. I 

65.2 64.8 64.7 
64.6 64. 7 65.8 
64.8 65.3 66.o 
64.6 64. 8 65.8 

64. 0 6g. 5• 68. 3* 

64.5 64.9 66.o 
64.9 64.9 64.9 
64.5 64.6 64.7 
64.7 64.7 65.0 

63. I 63.7 64.5 64.7 64.7 65. I 

63.2 64.6 64.7 64.8 68. 2* 66.o 

64.3 64.6 64.4 64.5 64. 8 64. 7 
63.7 64.7 65.1 64.8 64.7 64.7 
63.8 64.2 64.7 64.5 64.3 64.3 

64.2 65.0 65.2 
64.2 64.8 64.5 

63.3 63.9 64.4 
63.5 63.5 63.7 
64.4 64.7 64.5 

65.7 65.3 64.5 
64.3 64.7 64.7 
65.2 66.o 65.2 

65.3 65.3 64.8 
64.7 64.8 64.~ 

63.2 63.8 65.2 

63.5 64.4 65.0 
63.0 64.5 65.2 
62.6 63. [ 63.8 

62.4 63.0 62.7 

64.7 64.6 64. 7 
64.5 64.4 64.6 
64.4 64.4 65.0 
64.0 64.0 64.2 
64.8 65.0 64.7 

64.3 64.5 
64.0 64.0 

64.4 64.3 

64.3 64.4 
64. I 64. 0 

70.0* 

64.5 
64.3 
64. 7 

64. 7 

65. I 66.o 65.0 
65.8 65.0 65.0 

65.4 65.0 65.0 
64.8 64.6 64.8 

67.5* 64.6 63.5 

64. 5 64. 5 
65.0 65.0 
64.0 67.5 
70. 2* 66.8 
66.o 65.5 

66.4 65. 3 

65.5 64. 8 
65.0 65, 2 

64.7 64. 7 
65. 3 65 6 

Mid­
night. 

I DaI!y ! 
: mean. I 
:---1 

65.3 
65.2 

65.5 
67.0 66.2 

6+ 7 I 65. 3 

64. 4 i 65.4 
64. 8 ! 65. 3 

65. 3 . 65. 2 

64.7 65.0 
65. 7 65. 6 

65. 3 65. 5 65. 6 65. 3 

65.7 66.5 66.3 66.2 

64. 7 65. I 65. 0 65. l 

64. 7 6+ 8 64. 8 65. 0 

64. 4 6+ 6 64. 7 64.8 

64. 3 64. 5 
64.6 64.4 

65.0 67.4 
64.4 64. 5 
64. 7 64.9 

64.4 65.0 

64. 5 i 65.0 
69. 2* : 65. 4 

64. 7 I 64. 9 
I 

65. J 65. 0 

70.2* 70.4* 65.2 i 65.6 
64. 6 64. 8 65. 0 ! 64. 4 

64. 5 64. 8 65. 2 65. 0 

64. 8 64. 9 65. 3 65. 6 
64. 0 65. 8 64. 8 i 64. 9 

66.3 67.2 
65.0 65.0 

65.4 65. 5 
65. I 65.4 
63. 7 6+ 6 

66. 3 66. r 

66.o 65.3 

65. 4 65. 6 

65. 2 65.0 

65. 6 ! 64. 5 

--·-----·--------~-------- ------- ----- - ·---
63.8 64.4 64.6 
63.8 64.4 64.6 

fi4.8 65.0 65.2 

64.7 64.7 64.9 

65. 2 65. 5 65. 3 i 65. 24 

64.9 65.4 65.2 



 

450 UNITED STATES COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from tlw phot<>graphie traces of the unifilar magnetometer at 

Local mean time. 300 divisions+ tabular quantity. 

JUNE, 1889. 

·-----------------------··-···----·----

Day. Jh 2h lOh IP 

1---

i 
Noon. I 
-·---, 

z 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

22 

23 

24 

25 

26 

27 
28 

29 

30 

Monthly mean : 
I 

Normal 

65. 6 65.4 66.8 

64.3 64.9 65.4 

64.9 65.4 65.4 

64.4 64.7 64.9 

64. 2 64. 5 65.3 

64. 7 64.8 65.4 

65.3 65.5 64. 8 

64.5 64.7 65. 2 

65.2 68. r* 66.z 
65. I 64.8 65. 2 

65. 2 65.4 65.5 

64.2 64.2 64. 7 

64.2 64.3 64.5 

70.4* 70.8* 71. 3* 

64.6 64.5 64. 7 

64.0 64.4 64.6 

64 4 64. 5 64. 6 

64 5 64. 6 65. 0 

65.0 64.8 65.0 

64 5 64. 3 65. 0 

69.3* 67. 3 62.7 

65.6 65.5 64.5 

66.2 65.5 66.2 

64 7 64. 7 64 9 

64.3 64.5 65.3 

63.8 64.4 65.0 

64.0 64.3 65. 0 
65. 8 66.2 65.8 

65.2 65.2 66.o 

64. 8 64.8 65. 2 

67.0 68.o 67. 6 

66.4 66.2 68.2 

66.8 67.2 68.4 

66.o 66.5 68.o 

65.7 65.8 66. 7 

65.~ 65. 4 66. 4 

65. 8 66. 4 67 .. 2 

65.7 66.5 68.1 

66.o 68.1 68.3 

64.0 66.o 66.8 

65.3 65.5 65.5 

64.3 65.3 66.4 

62.8* 67.3 67.4 

68.8* 66.7 68.4 

65.7 66.8 70.0 

65.5 66.8 67.8 

64.8 65.5 67.2 

65.5 66.o 67.2 

65.4 66. I 68.0 

65.8 65.8 67.0 

65.8 65.7 66.5 

65.9 67.7 68.6 

66. 3 67. 2 67. 9 . 

65.3 66.o 68.o 

65.4 65.7 66.7 

65.0 65.6 67.2 

65.5 65.8 67.8 

67.4 67.8 68.7 

66.7 67.0 67.5 

65.8 66.o 67.8 

68.3 69.2 68.2 

70.6 70.5 68.5 

68.3 69.3 68.2 

69.6 69.3 67.7 

67.2 66.4 67.7 

67.4 66.8 65.5 

67.6 66.8 66.o 

68.8 68.3 66.3 

68.I 67.6 65.8 

67.0 67.3 66.6 

65.6* 65.7* 65.3 

67.7 68.3 65.8 

6g.8 70.4 70.4* 

69.5 69.3 65.5 

70.8 70.3 66.4 

69.9 70.3 68.4 

68.8 68.6 68.o 

67.8 67.0 66. I 

68.9 67.8 67.5 

69.5 70.0 68. I 

66,8 68.3 66. I 

70.5 72.7* 68.4 

68-. 5 68. 8 66. 5 

68.8 69.3 68.2 

68.3 68.8 67.8 

68.8 68.8 68. I 

69.7 68.8 66.4 

6g.o 71.6* 70.2* 

69. I 69.0 68.0 

68.2 68.o 66.3 

68.6 

68.7 

68.8 

68.6 

65. 8 62. 6 61. 3 

66. 3 63. 8 62. 5 

65. 7 63. 5 61. 3 
. 66. 0 63. 5 62. 6 

66. 4 ·65. 4 64. 3* 

63. 7 63. 4 63. 6 

65. O 62. 8 62. I 

63. 9 62. 0 61. 3 

64. 7 62. 7 62. 4 

66. 2 66. 2* 64. 5* 

62. 5 6 I. I 6o. 8 

62.5 61.3 6o.3 

67. 6* 65. 3 62. 9 

65. 0 62. 7 6o. 3 

63. s 6o. 6 59· 8 

66. 0 62. 3 59· 3 

66. 2 63. 9 62. 4 

63. 9 61. 8 61. 3 

66. I 63. 7 61. '] 

65.5 63.8 61.'] 

63. 2 63. 3 64. 3* 

66. 0 65. 0 63. 8 

62.5 61.r 61.'] 

65.3 63,0 61.2 

65. 6 64. 2 62. 6 

65. I 62. 5 6o. 0 

63. 9 62. 5 62. 7 

64. 9 61. 2 6o. 5 
65. s 62. 0 6o. s 
64. 3 61. 7 6o. s 

63. 0 61. 8 

'62. 9 61. s 



 

UNITED STATES COAST AND GEODETIC SURVEY. 451 

DECLINATION-Continued. 

the magnetic obaervat,ory of tke Ooast an,d Geodetic Survey, Los A ngeks, <Jal. 

~e division of scale =o'.794 

Day. 

2 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

61. 0 6o. 8 62. 0 

62. 0 61. 7 61. 7 

6o. 8 6o. 8 6o. 5 

62. s 61. 7 61. 3 

63. s 62. 5 63. 2 

63. 5 62. 9 62. 8 

62. 7 64. 2 63. 8 

61. 3 61. 5 61. 7 

63. 0 63. 0 62. 8 

64. 4* 65. 2* 64. 8 

61.3 62. 2 63. 3 

62. I 63. I 64. 5 

62. 0 62. 5 63. 3 

59· 2 6o. I 6o. 0 

59. 8 61. 4 62. 8 

57. 4* 58. 8* 6o. 0 

61. 6 61. 5 61. 7 

6o.6 61.0 6o.8 

6o. 7 61. 2 62. 3 

6o. I 59· o* 6l. 7 

63.8 64. 3 64 3 

63. 0 63. 5 6.J. 3 

62. 8 63. 8 63. 6 

6o.4 6o.7 61.1 

62. 0 61 . .,. 62. 9 

59.8 6o. 0 61. 8 

62. l 62. 4 62. 9 

59.8 59.8 61.0 

6o.8 61.3 61.3 

6o. 4 6o. 2 --00. 8 

Increasing scale readings correspond to increasing east declination. 

J1Jl'fE, 1889. 

63. 8 64. 3 64. 5 
62. I 63. 3 64. 5 
61. 8 63. 3 63. 7 
62. 4 63. 0 63. 4 

63. 8 6.J. 3 64. 4 

62. 5 62.8 63.3 

63. 5 63. 8 64.0 

61. 8 62. 2 62. 6 

63. 0 63. 2 63. 8 

64. 8 64. 2 64. 0 

63. 5 64. 0 64. 0 

65.3 65.3 65.0 

64 0 64. 7 6.J. 8 

61. 2 61. 8 62. 4 

64. 0 65. 9 64. 5 

62. 5 63. 8 65. 8 

62. I 62. 9 63. 9 

61. 3 62. 3 63. 4 

63.0 63.7 64.3 

62. 2 62. 5 63. 0 

63. 7 63. 8 6g. 3* 

64. 2 6.J. 5 64. 0 

63. 0 62. 6 64. 2 

62. 4 62. 8 63. 6 

63. 9 64. 0 fi4. 3 

63. 0 63. 9 64. 4 

63. 9 64. 3 63. 8 

62. 7 63. 9 6.J. 3 
62. s 63. 2 63. 7 

62. 8 64. 3 6.J. s 

66. 2 64. 8 64. I 

64. 8 64. i' 64. 3 

64. 8 66. 8* 66. I 

63. 7 64. I 63. 7 
64. 2 64. g 64. 4 

64. 4 64. s 64. 4 

64. 2 64. 0 64. 2 

62. 0 62. 6 62. 3 

63. 9 64. I 64. 3 

65. 2 64. 5 64. 6 

64. 0 64. 0 63. 8 

63. 7 64. 0 64. 4 
65. 2 69· 5* 65. s 
62. 0 62. 6 63. I 

63. 9 64. I 64. 0 

63. 6 63. 8 63. 7 

64. 0 64. 0 64. 0 

64. 0 64. 3 64. 0 

64. 5 64. 0 64. 0 

64. 0 63. s 63. 8 

64. 2 63. 8 64. 0 

64. 4 64. 6 64. 3 

64.0 64.4 64. 2 

65. 0 64. 5 64. 0 

63. 8 64. 0 64. 3 

63. 8 63. 7 63. 7 
63. 8 63. 8 63. 7 

64 3 65.0 65. I 

63. s 63. 8 63. 8 

63. 7 62. 4 62. 8 

Mid- I Daily 22h 23h . night. I mean. 

64.3 63.8 64.0 I~ 
65. 7 _65. 4 64 7 65. I 

64. 3 64. 3 64. I 64. 8 

63. 7 63. 7 63. 7 64. 6 

64. 5 64. 3 64. s 64. 9 

64.3 64.6 64.7 6+5 

64. 0 64. 2 64. 3 64. 7 

63. 8 65. 0 65. 7 64. I 

64. 3 64. 3 64. 9 64. 9 

65. I 64. 0 65. 3 65. 2 

64. 0 64.0 63. 9 64.0 

63. 5 63. 7 63. 7 64. 3 
67. 7* 7r. 4* 70. o* 66. 2 

64. 2 64. 5 64. 3 64. 8 

63. 4 63. 4 63. 5 64. s 
63. 2 63. 8 64. 0 64. 2 

64. 2 64. 2 64. 4 64. s 
64. I 64. 2 64. J 64. 0 

64 0 64. 2 64. 4 64.6 

64. 7 64. 2 66. 0 64. 4 

65. 4 66. 0 66. 5 65. 4 

64. 7 65. 3 65. s 65. i' 
63. 8 64.0 64. 7 64. 7 

65. 8 64. 4 64. 2 I 64. 5 

63. 8 63. 2 63. 8 64. 6 

63.5 63.5 63.6 64.1 

64. 5 64. 7 65. 7 64- i' 
65. 5 64. 8 64. 8 65. 0 

63. 5 63. 8 63. 7 64. 4 

62. 7 63.2 67.0 64. J, 
'---------------------------------- ---

Monthly mean I 61. 5 61. 8 62. 3 63. o 63. 6 64. 2 

Norm&l 61. S 61. 8 62. 3 63. o 63. 6 64- o 

64. I 64 J 64 I 

64 I 64. 0 64. I 

64.3 64 5 64.8 

64 2 64. 2 64 6 

--,-·--·--·---- -----------------------
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Local mean time. 

• llay. 

3 

4 

6 

7 
8 

9 

IO 

II 

12 

16 

17 

18 

19 

20 

21 

22 

26 

27 

JI 

1-·;t~~tl;ly Ill~~~ 
I . 
J Normal 

UNITED STATES COAST AND GEODETIO SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the unifilar magnetometer at 

Jh 

67.5* 65.5 66. 7 

64.5 62. 7 62. 8 

64.2 61.9* 64. 6 

63.8 63.7 64.9 

64.5 64.5 64.5 

64.3 64.3 64. 7 
63.8 63.8 64.0 

64.3 64.4 63. 7 

64.4 64.6 64.5 

64.3 64.0 64. 8 

64.2 64. 5 65. 2 

64.8 65.4 66.o 

64.6 65.0 65.4 

64.5 64.8 65. 7 

64. 7 64.8 65.0 

6+ 2 

72.5* 

64.0 

65.0 

65.0 

64.6 

64.4 
6+ 8 

64. 7 
64. 8 

6+ 8 65. 3 

70.6* 68. 8* 

65.5 65. 7 
65.0 64. 5 

65. 3 65. 5 

65.0 65.3 

6+5 64.8 
64.6 65.0 

65.6. 65.8 
65.2 65. 6 

65. I 64.J 65.2 

64. 4 6.+. 5 64. 8 

b~ 2 6~o 65.3 
66.6 63.5 64. 8 

65.8 66.5 65.4 

65. 7 64. 7 64.6 

65.0 64.8 65. I 

64. 7 64. 7 65.0 

JULY, 1889. 

67.0 67.4 69. I 

65.3 68.o 68.6 

65.3 65.0 66.9 

65. I 65.8 66.3 

64.6 65.9 67.9 

65.6 65.8 67.0 

63.8 65.0 66.8 

64.8 65.0 66.8 

65.4 65.8 67.0 

64.9 66. I 68.8 

65.6 66.4 68.3 

66.5 67.3 69. 5 

65.5 66.8 69. 2 

66.3 66.o 67.5 
65.4 66.o 66.9 

65.7 

67.4 

66.4 

6+ 5 
65.7 

65.9 

65.4 

65.3 

66.o 

66.o 

66. 5 68. 0 

69.0* 68.3 

62.3* 64.8* 
65.0 68.o 

65.7 67.4 

66. 2 67. 4 

65.8 67.3 

65.5 66.3 
67. 3 68. 7 

66.2 67. I 

65.7 66.3 67.0 

65. I 65.0 66.5 

65.3 65.8 66.8 

65. 7 65.8 66.7 

65.8 65.5 66.o 

66.o 67.0 68.4 

65.6 66.o 67. S 

65.6 66. I 67.6 

300 divisions + tabular quantity. 

.. - :] 
9h lOh Uh Noon. 

--- -" ----------------·~ ----------

69.2 69.5 68.3 

70.4 70.2 68.o 

68.7 69.7 68.2 

67.4 66.7* 66.7 

69.3 6g.8 69.2 

68. 0 70. 7 

68.3 68.5 
68. 8 70. 2 

68.8 70.0 

71.0 71.0 

70.6 70.7 

70.3 69.7 

69.4 69.8 

69.0 71. 7 

67.7 68.o 

68. 3 

67.0 

69.2 

68. I 

68.4 

6g. s 
65.4* 

68. 7 

69.9 

67.0 

6g.8 68.8 67.3 

64.2* 68. 2 68.2 

68.3 68.8 68.o 

69.8 70.3 68.8 

68.5 68.5 68.3 

68.8 68.8 67.5 

68.o 67.3 65. 1* 

66.8 66.7* 65.8 

70.6 69.0 68. 7 

68.7 68.o 66.3 

68.3 68.3 68.3 
68.o 70.3 70.4 

68.9 70.3 70.0 

66.o* 69.4 69.0 

69.0 70.4 69.3 

71.2 71.8 68.8 

68.8 69.4 68. I 

69.0 69.6 68.3 

65. 0 61. 3 6o. 6 
65. I 62.6 61.5 

65.8 63. 7 61.4 

64. 5 61. 4 59· o-11 -

65.5 63.8 62.4 

65.4 61.~ 59.8 
63.8 60.0* 58.5* 
67. I 64.2 61.3 

65.4 63.5 62.8 

62.8* 58.8* 56.0* 

63.0* 62.8 6o.3 

61.8* 59.3* 57.4* 

66.3 63. 5 61.7 

63.8 6o.8* 59.3* 
66. 7 65.7 63.3 

65.9 64.4 

67. 5 65. 3 

66. 7 6<1-. 8 

67. 3 64. 8 

65. 7 62. 0 

6+ 8 63. 2 

62. 7* 6!. 8 

65.0 63.3 
64. 7 62. 9 

64.8 63.5 

63. I 

62. I 

63. 5 
63.0 
6o.4 

i1. 7 

63.0 

62.7 
62.6 
62.2 

66.7 65.0 62.4 
67.9 65.2 62.8 

67. 0 62. 9 61. 6 

67.4 65.3 63.8 
67. 5 64 . .3 61. 3 

66. 0 6J.4 61.0 

65.5, 63.1 61.4 
65.9 63.6 . 62.0 



 

UNITED STATES COAST AND G-EODETIO SURVEY. 453 

DECLINATION-Continued. 

tlw magnetic observatory of tke Coast and Geodetic Surve.I/, Los .Angeles, Cal. 

One division of scale = 0 1.794 Incren<;ing: scale readings correspond to increasing east dedination . 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

14 

15 

16 

17 
18 

f9 
20 

21 

22 

23 

24 

25 

26 

27 
28 

29 
JO 

JI 

Monthly mean 

Normal 

61.4 61.5 60. 2 

61. I 6r. I 6I. 5 

59.7 58.4 60. 8 

59.4 6o.2 61.6 

61.3 61.3 61. 3 

58.8 59.7 61.4 

5S.8 59.6 61.8 

6o.3 6o.7 6I.4 
62.4 61.9 62.8 

57.3* 59.2 62.5 

60.0 60.8 62.5 

58.5 61. I 62.8 

60.9 61.3 62.0 

59.3 59.5 6o.8 
6.r. I 6o. 6 60. 5 

61.3 61.0 61.6 

61.6 61.5 63.7 

61.3 6o.3 60.8 

62.0 62.9 63.6 

6o.9 62.0 63. I 

61.0 61.6 62.3. 

62.7 62.0 62.3 

63.6* 63.7* 63.5 
62.8 62.5 63.0 

61.0 59.5 58.8* 

61.7 61.5 62.0 

61.3 61.4 61.8 

61.5 61.2 61.8 

61.8 61.3 61.5 

.ss. 1* 59.0 6o.5 

59.8 6o.8 62.0 

6o.7 6o.9 61.8 

6o.8 6o. 8 6J.9 

.TULY, 1889. 

16" 17" 

62.5 63.3 63.7 

62.6 63.4 64.0 

62.7 64.5 64.9 

63.7 64.2 64.5 
62.3 62.8 62. s 

62.3 62.7 68.o* 

63.4 64.2 63.8 

63.0 63.7 64.6 

63.6 64.3 64.3 

64.8 65. 3 64.5 

63.8 64.8 64.8 

63.9 64. I 64.4 

62.0 62.5 63.3 

62.3 63.3 64.3 
61.6 62.3 63.3 

63.2 63.3 63.5 

64.0 65.0 64.4 

61.3 61.8 64.7 

63.6 63.5 64.0 

63.7 67.4·* 67.8* 

63,0 63.8 63.8 

62.8 63.0 63.7 

62.6 63.3 63.2 

63.7 63.7 65.3 
60.0* 61.3 63.7 

62.9 62.7 63.8 

62.7 63.8 64.5 

62.4 63.8 64.8 

62.7 63.0 64.0 

63.0 65.0 65.4 

63.3 64.6 66.4 

62.9 63.7 64.5 

63.0 63.6 64.2 

HI" 21" 

65. G 64. 7 63. 7 
64.0 66. 8 66. 7 
(q. (> 64. 4 64. 5 
64. I 64.0 64.0 

63. 2 65.2 65. 8 

65.0 63.4 64. 2 

63. 4 64.7 64.0 

64.4 63.8 64. 3 
64. 2 64.3 64.0 

63. 5 63.2 63. 3 

64.4 64. 5 64.5 

64.6 64.5 64.0 

63.8 64.0 63.8 

63.0 63.8 64.2 

64. I 65.0 64.6 

63.7 63.8 62.5 

63.8 65.2 64 7 
68. 7* 67.4* 68. 8* 

64.8 65.5 64.9 

65.5 70.0* 65.4 

64.5 64.4 64. 7 
63.4 64.0 64.0 

63.6 64.0 64. 2 

64.5 64.3 64. 2 

63.3 64.9 64.6 

64.8 66.o 65. 3 

65.0 64. 6 64. 5 

64.3 65.3 64. 5 

64.2 64.6 65.4 

65.2 64. 7 67.0 

64. 7 64. 5 65.5 

64.4 64.8 64.7 

64.4 64.6 64.6 

Mid· 
night. 

63.7 64.0 64.3 

68. 3* 6+ 5 63. s 
64.5 64.4 64.4 
65.9 66.9 66.o 

65.3 63.8 63.S 

64.S 67.3* 63. I 

63.S 64.0 64.3 

h4.5 65.0 64.8 
64.0 64.2 64.4 

63.3 63.6 64. 2 

64.5 64.4 64.6 

64. I 64.2 64.5 

64.5 64.2 64. 5 

64.2 64.3 64.5 
63.8 64.0 64.0 

61.5* 64.0 72.5* 

65 4 64.2 66. 3 

65.8 65.3 66.6 

65.0 65.0 64.8 

64.8 64.8 65.0 

64.5 64. 7 64.4 

64.5 64.3 64. 7 
63.7 64.4 64.6 

64.3 64. 3 65.3 

64.5 64. 3 64.4 

64.0 63.6 63.8 

64.6 64. 7 65.3 

64.2 64. 5 66.6 

65.3 65. 5 65.8 
71.0* 69.8* 65.4 

65.5 66.o 65.8 

64.8 64.8 65.0 

64.5 64.5 64. 8 

Daily 
1nean. 

64.S 

64.9 

ti4. 3 

64.2 

64.6 

64.4 

63.7 
64.6 

64.8 
64.0 

64.8 

6+ 3 

6+7 
64.3 

64.4 

64.S 
65.9 
65. I 

65.2 

65.4 

64. 7 

64. 2 

64.4 

65. 2 

64. I 

64. s 
65.0 

65.0 

65.0 

65.4 

65.3 

64. 72_j 
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Local mean time. 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 
14 
15 

17 
18 
II) 

20 

21 
22 

23 
24 
25 

26 

27 
28 

29 

30 

31 

i Monthly mean 

i Normal 
L _____ . 

UNITED STATES OOAST AND GEODETIO SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from tke pkotograpltic t'l'aces of tlie 11/nifilar magnetometer at 

300 divisions + tabular quantity. 

AUGUST, 1889. 

----------~~---~~~--~--------

.:: ~-~ ::" I 65.8 
63.2 
63.8 
64.2 
64.8 

65.0 
63.8 

63.2 

64.3 
64.7 

65.0 

64.3 
64.0 

64.5 
64.8 

64.8 64.7. 65.2 

65.0 65.0 65.2 
64.7 65.3 66.3 
64.5 64.7 65.2 
64.2 65.0 65.3 

66.3 66.8 66.7 

64.5 64.3 65.8 
64.2 64.6 66.3 

64.7 63. 3 64.3 
64.9 64.9 65.7 

64.8 64.5 64.6 

64.4 64.5 64.8 
64.5 64.3 64.7 
65.4 65.0 65. I 

67.3 67.4* 6~.8 

65.3 65.6 66.3 

65.4 65.6 65.5 
65.0 65.0 65.5 
64. 6 65. 2 . 65. 2 

65.7 66.4 67.0 

67.7* 62.6 64.2 
64.8 64.1 63.8 
64.3 64.7 65.0 
64,5 64.4 64.3 
65.5 64.4 62.8 

65.0 65.0 65.0 

65.0 64.8 65. I 

64.9 64.7 65. I 

65.4 65.4 67.0 
64.8 64.5 66.5 
64.7 65.2 67.2 
64.5 64. 3 67.2 
64.5 64. 2 66.2 

65.4 65.8 68.2 
65.3 65.8 68.o 
67. I 67.5 68.5 
65.3 65.7 67.5 
66.2 67.0 68.6 

67.4 68.o 69.5 
65.8 65.8 66.5 
61.5* 67.3 68.8 
64.8 66.o 67.5 

63.8 67. 2 67.5 

64.9 65.8 66,7 
65.0 64.0 66.5 

64.8 65.7 67.1 
65.3 65.6 66.4 
64.5 68.9* 69.4 

66.3 67.5 69.0 

66.~ 66.9 67.9 
65.7 67.0 68.o 

65.5 65.7 67.8 
66.o 65. 8 67.7 

66.8 67.4 
65.6 65.6 
66. I 65. 4 

65.8 66.o 
66.o 66.3 

66.4 
64.0• 
68.2 

68.4 
68.2 

69. 2 70. 5 67.2 
70.0 
68.8 

66.3 
67.2 

70. 0 71. 8 
68.9 70.0 
68. 7 68. 2 

67. 6 68. I 

70.3 70.8 67.8 
71.5 71.2 68:1 

70.3 70.5 67.8 
70. I 72.3 69.2 
70.9 71.3 72.4* 

70.8 72.7 70.0 
70.0 71.0 70.2 

71.8 72.3 70.0 
68.4 68.7 67.7 
69.0 69.8 67.2 

68.2 68.5 67.2 
66.8* 69.2 66.3 

68.8 68.7 67.4 
67.8 68.o 67.5 

71.8 71.8 67.9 

70.4 71.2 69.2 
70.3 70.3 66.8 
71. I 72. 2 68. 8 

70.4 70.6 68.8 
70.5 71.0 68.5 

70.8 

68.7 
70.8 

69. I 

71. 0 

69.0 66.3 
70.5 67.3 
70.0 68.3 
70.3 67.6 
70.3 68.8 

70.2 70.7 68.7 

66.8 62.3 59.3 ' 
65. 8 62. s 61. 2 

66.3 61.0 59.8 
63.3 61.0 60.0 

63.5 61.3 6o.5 
63.1 6o.o 59.5 
61.4* 59.4* 58.5 
64.7 61.4 6o.8 

63.8 61.3 59.8 

66.3 62.8 6o.5 
66.6 63.8 61.7 

64.2 61.5 59.5 
65.5 62.8 61.2 

63. 6 61. 3 6o. 5 

63.8 62.5 
62.3 6o.5 
65.6 63.8 
64.5 62.7 
65. 5 63. 8 

61. 5 

59.8 
64.0* 

61. 5 
61. 0 

66.o 62.3 61.0 

63.5 61.2 6o.7 

65.3 63.0 62.2 
64.9 61.6 6o.8 

64.4 62.3 61.5 

62.0* 59.8 59.5 

63.0 61.7 61.7 

65.0 61.7 59.7 
64.8 63.2 61.9 
66. 5 6+ 8* 62. 9 

66.o 62.7 61.8 
.. ------------------------

65.4 66. I 67.5 
65.5 66.o 67.7 

69.8 70.4 68.z 
69.9 70.4 68.1 

64. 6 62.0 6o. 8 

64.8 62.0 6o.7 



 

UNITED STATES COAST AND GEODETIC SURVEY. 455 

DECLINATION-Continued. 

the magnetic observatory of the Coast and Geodetic .')urvey, Los Angel.es, Cal. 

One division of scale=o'.794 Increasing scale readings correspond to increasing east declination. 

AUGUST, J.889. 

Day. 22h Mid- Daily I 
night. mean. ! 

i-------1------- -----------~~---------------- ___ I 

2 

3 

4 

s 
6 

7 
8 

9 
10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

2J 
28 
29 
30 

31 

6o.4 61.2 63.0 

59· 3 59. 7 62. 2 

61.0 61. 8 63. I 

59· 0 59· 5 6o. 9 
59. 8 6o. 5 62. 3 

6o.o 6o.8 62.0 

60. 8 62. 2 64. 2 

59. 3 61. 0 62. 0 

60.5 61.2 63.0 

61. I 62. 6 64. 0 

59· 3 6o. I 61. 8 

61.0 61.7 61.7 

59. 2 59· 9 62. 8 

6I.o 61. 8 62. 3 

6o. 9 61. 8 63. 2 

61. 5 62. 6 64. 4 

59. 7 61.0 62. 8 

63. 4* 62. 8 63. 7 

61.5 61.7 62.8 

S9· 8 6o. s 61. 2 

61. 2 62. 8 64. 7 

6o. 5 62. 2 63. 8 

61. 7 62. 5 64. 4 

61. 4 63. 8 65. 0 

61. 8 63. 0 63. 7 

6o. 2 63. 0 64. 6 

60. 0 6o. 0 62. 7 

59. 6 6o. 8 61. 8 

61. s 61. 7 61. 7 

61. 8 61. 7 63. 2 

61.4 61. 7 62. 6 

Monthly mean 6o. 6 61. S 63. o 

Normal 6o. S 61. 5 63. o 

63. 2 63. 8 66. 6 

63. I 63. 8 6 3· 7 

63. 6 64. 2 64. s 
62. 4 62. 9 63. 8 

63. 6 64. 0 6+ 3 

63. 4 63. 8 63. 6 

65. 0 64. 8 63. 6 

63. 6 63. 8 63. 2 

62. 8 64. 0 64. 3 

64. 0 64. 2 63. 5 

63. 2 64. 8 64. 7 

62. 4 63. 2 65. i 

63.5 64.4 64.2 

63. 2 64. 2 65. I 

64. 3 64. 7 65. 0 

64. 3 64. 3 64. 7 

64. 3 64. 8 64. 5 
64. 3 64. 5 64. 7 

64. 3 65. 2 65. 0 

62. 5 62. 9 63. 0 

65. 7 65. 2 64. 5 
64. 7 65. 0 64. 5 

65. I 65. 2 64. 6 

66. I 65. 9 64. 8 

65. 7 65. 9 65. 4 

65. 8 65. 8 65. 5 
64. 3 64. 9 64. 8 

63. 8 65. 0 65. 9 

63. 4 64. 5 65. 8 

64-2 65.0 65. 7 

63. 8 65. 3 65. 0 

64. 0 64. 5 64. 7 

64.0 64. 5 64. 7 

65. 8 65. 5 65. 8 

63. 8 64. 0 65. 6 

64. 3 64. 3 64. 6 

64. 4 64. 6 64. 8 

64. 5 64. 6 64. 7 

63.5 63.8 64.3 

63. 0 63. 0 63.4 

62. 7 63. 4 63. 7 

63. 8 63. 5 6_4. 3 

62. 7 62. 8 62. 8 

64. 5 64. 8 63. 3 

64. 8 64. 0 64. 5 
63. 8 64. 2 65. 7 

64.3 63. 7 64.3 

64.8 66. I 65.8 

64. 2 63. 8 63. 8 

64 7 64. 8 64. 0 

65. 0 65. 0 65. 7 

64. 2 64. 5 64. 5 
64. 4 64. I 64. 8 

64. 3 64. 3 64. 8 

63. 8 ilf. I 64. 3 

64. 5 63. 8 04. 7 

64. 3 64. 3 65. 0 

63. 8 64. 0 64.5 

64. 8 65. 5 65. 2 

65. 3 64. 9 66. 8 

66. 2 67. 8" 66. 8 

66. 6 64. 8 65. J 
65. 7 65. 7 65. 5 

64. 8 65. I 65. 2 

64.4 64. 5 64. 8 

64. 4 64. 4 64. 8 

66. 2 65. 5 64. 3 

64.0 63. 8 63. 9 

64. 0 64. 3 64. I 

64. 8 64. 8 64. 8 

65.0 65.0 64. 8 

64.9 

64.3 

64.5 

64.0 

64. I 

64. 5 6+ 5 64. 5 64. 5 
65. 2 64. 8 64. 5 64. 7 

64. 5 64. 2 ' 64. 3 

63. 8 63. 6 64. 6 

63. 0 . 66. 6 64. 8 

65. 0 66. 0 65. 5 

79. 5* 67. 7* 64. 3 

65. 3 65. 0 64. 8 

64, 2 64. 7 65. I 

65. 9 64. 8 64. 3 

65.4 

65.7 

64.8 

64.5 

64.9 

63. 8 64. 0 64. 2 i 64. 5 

65. 4 .64. 5 63. 8 64. I 

65 . .l 65. 3 65. 5 65. 2 

65. 8 65. 9 66. 7 64. 9 

64. 8 64. 4 64. 6 65. 0 

64. 6 64. 7 65. 0 I 65. 5 
64. I 64. 6 64. 6 ' 64. 8 

64. 5 64. 4 64. 4 65. 4 

64. 8 64. 7 65. 3 65. 3 

64. 9 66. 0 65. 7 65. 5 

65. 7 65. 8 65. 5 

66. 5 68. 2* 65. 4 

67. 8* 65. 0 64. 0 

66. 2 65. 0 65. 6 

65. 3 65. 8 65. 0 

65.3 65.3 64.7 

65. 5 65. 0 64. 8 

64. 7 64. 8 64. 8 

65.0 

64.8 

65. 2 

65. I 

65. 5 
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Local mean time. 

Day. 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

14 
15 

16 

17 
18 

19 
20 

21 

Monthly mean 

Nom1al 

UNIT.MD STATES COAST AND GEODETIC SUH.VEY. 

DIFFERENTIAL MEASURES-

Hourly readingg from the photographic traces of the unifilar magneto1neter at 

64. 7 65. 0 65. 3 
66. 5 65. 7 63. 7 
65. I 65. 3 66. 2 

65.5 65.7 65.7 
65. 5 65. 7 65. 7 

65. 2 65. 3 65. 5 
65.2 65.4 65.7 
65.4 65. i 66. 8 
64. 5 73. 3* 72 .. 0* 

68. 2* 63. 4 65. 5 

64. 6 63. 9 63. 6 
6x. 7* 65. 8 65. 3 
65. 0 64. 4 65. I 

64. 4 64. 5 65. 2 

64. 9 65. 8 65. 8 

65.4 65.3 65.4 
65. 3 65. 5 65. 7 
66. 0 66. 8 65. 8 

64. 8 65. 3 65. 7 
65. 9 65. 9 66. 0 

65. 5 66. 2 66. 7 
65. 9 66. 8 66. 3 
65. 0 64. 6 64. 3 
65. 8 65. 4 64. 6 
65. 4 61. 7* 64. 3 

65. 8 65. 0 65. 0 
62. 3* 64. 2 66. 7 
65. 5 66. 7 66. 4 

65. 3 65. 5 65. 6 
65. 4 65. 7 65. 7 

65. 2 65. s 65. 7 
65. 0 65. 4 65. 5 

300 divisions + tabular quantity. 

SEPTEMBER, 1889. 

6" 

65.5 66.2 67.8 

67.5 66.7 68.4 
65.7 66. 7 67.9 
66.4 66.8 69.4 
66.3 66.6 68.4 

65.8 66.o 

66. 3 66. 7 
66. 7 66.8 

68. 5 65.6 
63.6* 64.8 

68.o 

68. 7 

68.4 
71. o* 
66. 7 

65.0 63.6* 65.8 
65.8 66.8 67.8 

65.2 65.9 67.5 
64.5 65.4 66.6 
65.4 65.8 67.0 

65.6 66.3 67.0 

65.5 65.7 67.2 
66.7 66.4 66.o 
66.3 66,6 67. I 

66.3 66.7 67.8 

66.5 67.0 67.5 
68.7 71.0* 68.5 
67.0 67.6 68.o 

67.9 65.8 67.3 
66.4 66.8 67.0 

65.3 65.8 66.8 
66.2 67.4 67.5 

65.9 66 3 67.7 
66.4 67.0 67.5 
66.2 66.o 66.7 

66.2 66.4 67.6 

66.3 66.4 67.5 

70.3 71.3 69.8 

70.5 71.1 69.3 
69.5 68.7 65.2* 
71.8 70.2 67.0 
70.6 68.7 65.5* 

70.5 70.0 68. 7 
71.0 70.2 67.8 
70.4 68.7 67.8 
72. I* 72.5* 69. 2 

68.3 70.3 71.0~ 

68.8 70.2 68. I 

69.~ 70.7 69.0 
69.0 69.9 6j.2 

68.8 68.9 66.7 

69.8 70.0 68.3 

68.4 69.5 68.8 
69.0 69.4 68. 8 
68.2 68.o 66.8 

68.5 68.2 67.3 
68.8 69.5 67.6 

70.0 69.0 69.0 

70.5 65.3* 67.3 
67.8 66.4* 64.5* 
69.4 68.8 67.0 
6g.o 6g.o 67.9 

68.o 68.2 68.o 

69.6 70. 5 68.3 
69.5 6g.8 68.5 

68.4 69.3 68.3 
67.5 69.0 69.5 

6g.5 6g.4 67.9 
69.3 69.5 68.2 

lOh I 11• Noon. 

66.3 63.7 61.5 

65.7 62.3 6o.7 
62.8* 6r.5 61.8 
63.4 61.7 61.3 
62.4* 59.8* 59.8 

66.4 
64.2 

63.7 
65.3 
67.5 

64.6 
62.5 
61. 0 

63.0 

63.4 

63. I 

60.5 

59.0* 
60.9 
6o.8 

66. 7 64.5 62.6 
66.2 63.7 61.3 
64.5 62.8 61.3 
63.8 61.5 6o.9 
66.6 65.0 64.0 

67. 0 64 8 64. 3 

67.8 65.7 64.5 
65.8 64.5 63.4 
66. 0 64- 7 63. 6 
65. 2. 63. 3 62. 8 

65.2 62.8 61.4 

-6o.5* 59.8* 6o.8 
64.5 62.4 62.0 
63.8 62.3 61.0 

65.4 63.5 62.8 

64.6 62.6 

66.3 63.6 
66.4 64.4 
66.8 63.6 
68.o 64.9 

62. I 

62.7 
63.0. 

61. 7 
62. 6 

65.3 63.1 61.9 
65.7 63.4 62.0 
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DECLINATION-Continued. 

the magnetic observatory of the OoatJt and Geodetic Survey, Los Angeles, Oal. 

One division of scale= 0 1.794 Increasing; scale reading;s correspornl to inc.easing east declination. 

SEPTEMBER. 1889. 

-------------------
2lh . - -;;:-

2
;
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-- Mid~ 

1

1 Daily 
Day. 

2 

3 

4 

5 

6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

17 
18 

19 
20 

21 
22 

Monthly mean 

Normal 

60.4 6o.3 61.9 

61.2 62.0 63. I 

61.8 63. 7 65.0 

61.0 6I.9 63.0 

6o.4 62.3 63.9 

62.7 62. 8 63. 2 

6o.6 60. 7 62.3 

58.3~ 59. 5* 61.3 

61.5 62.4 63.3 
6o.8 61. 6 63. 6 

62.7 63.3 63.8 
61.2 62. 5 63.8 

61.7 63.0 63.4 

61. '\ 62. 2 63. 9 

63.5 63.6 64.2 

63.9 63.3 63.5 
62.8 63.0 64.3 

61.7 62.4 61. 8 

63.7 64.4 65.3 

63.3 ,64.4 65.3 

62.7 64.4 65. 3 
61.8 62. 7 63.6 

62.3 64.7 64. 7 
61.8 63.8 65.4 

62.8 63.7 64.8 

62.3 62. 8 64.8 

62.7 63.5 64. 7 

62.8 64.3 65.0 

61. 8 62. 3 64. '3 

62.0 62.4 62.9 

61.9 62.8 63. 8 

62.0 62.9 63.8 

171' 1811 • 1911 2011 

63.8 65.0 64.9 

64.5 64. 8 64.3 

65.4 65.2 64. 7 

64. I 64.8 64.2 

64.9 64. 6 63.3 

64.3 64.9 64. 5 
64. 3 64.7 63.9 

63. 7 64.4 72. 7* 
69.5* 67. 2 66. 3 

66.2 67.8 64. 8 

64.7 65.4 64.8 

64.8 65.0 64.5 

64.3 64. 8 64.6 

65.0 65. 5 64.8 

64.5 64. 3 64. 7 

64.0 64.0 64.4 

64.8 65. 3 64.5 

62.8 64.4 64.5 

65.6 65.3 65.5 
65.6 65.0 64.7 

65. 8 66. I 64. 8 

66.2 65. 8 65.3 

65.6 65. 7 66.4 

66. I 66.3 66.3 

65.6 65.8 65. 8 

66.o 66.o 65.5 

65.2 66.o 66.o 

65.7 65.4 65.5 

65.4 65.7 65.5 

64.2 64.5 64.4 

65. I 65.3 65.2 

64.9 65.3 64.9 

64. 5 64. 5 6+ 7 

64. 3 64. 7 64. 6 

64. 8 64. 9 65. I 

64. I 64. 5 64. 7 

63. 4 63. 9 64. 4 

64. 2 64. 4 64. 5 

64.0 64.8 65.0 

63. 0 71. 0 ... 65. 0 

65.0 65.2 64.8 

65. 2 66. 5 64. 8 

65. 5 68. 2* 64. 8 

64. 3 64. 6 64. 8 

64. 5 64. 7 65. 3 
64. 6 65. 0 64. 9 

64. 8 65.6 64. 8 

64. 3 64. 7 64. 9 

64. 7 64. 9 65. 0 

65.0 65.6 64.8 

65. 2 66. I 65. 7 
64. 6 65. 2 65 3 

64. 0 64. 5 64. 6 

64. 7 64. 5 65. 3 
65, 8 66. 2 64. 8 

65. 2 65. 2 65. 7 

68. s* 65. s 65. 6 

66. 0 65. 8 65. 6 

66. 9 65. 9 66. 5 

65.6 65.5 65.5 

65. 5 65.4 65. 3 

64. 7 65. 4 65. 0 

64. 9 65.4 65. I 

64. 8 65. I 65. I 

night. . ___ mean. 

65.0 65.3 

64.6 64. 7 
65.4 65.0 

65.0 65.0 

64.6 64.7 

64.6 64.6 

64.5 65.8 

6o.o* 69.5* 

65. 3 65. 2 64. 8 

65.2 65.3 66.4 

65. I 

65.2 

65. I 

65. I 

64.6 

65.4 

65.0 

65.0 

66.6 

65.5 

64. 3 63. 8 65. 0 65. 2 

64. 8 64. 3 64. 3 65. I 

65. 3 64. 3 64. 7 64. 9 

64. 9 64. 8 65, 8 I 64, 8 

65. 4 65. 3 65. 3 ! 65. 6 

65. 2 64.9 

64. 5 65. 0 

65.7 65,5 
64.8 65.0 

66.8 

65. r 

65. 1 I 
65. 2 ! 

! 

65.4 

65.7 

65. I 

65. 7 
65.6 

66. 0 64. 5 64. 5 i 65. 6 

64.0 67. I 

6+5 64.7 

~-6* 64.8 

65. 5 64. 2 

65.4 65.3 

65. 5 65. 3 

65.3 65.3 

:~: :*/' 
64. 7 
65. 9 i 

I 
65. I I 
65. 3 i 
64.8 

65, 5 ,65. O 65. I 

65. 2 65. 0 65. 0 

65.2 

65. I 

65.5 
65.6 

65.3 
65.8 

65.9 

65.5 

65.3 

65. 0 65. 2 64. 9 j' 65. 34 
65. 0 65. 0 65. 2 
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APPENDIX No. 10-1890. 

THE GULF STREAM-A DESCRIPTION OF THE METHODS EMPLOYED IN THE 
INVESTIGATION, AND THE RESULTS OF THE RESEARCH . 

• 
By JOHN ELLIOTT PILLSBURY. Lieut:enant, U.S. Navy. 

Assistant -U.S. Coast and Geodetic Survey. 

[Submitted for publication August 30, 1890.] 

PREFACE. 

The writer, while executive officer of the United States Coast and 
Geodetic Survey st~amer Blake, devised an instrument in 1876 for the pur­

pose of ascertaining the direction and velocity of the currents at any depth. 
This was intended to be used from a boat at anchor and to replace the 
system then in use, viz, floating and submerged cans with a log line. 

Before the model could be tried he was ordered to other naval duty, 
and nothing further was attempted with the instrument until he was de­
taHed for command of the same vessel in 1884. Permission was then 
granted by the Superintendent of the Coast and Geodetic Survey, at the 
request of the Hydrographic Inspector, Conummder C. M. Chester, U. S. 

Navy, to have one o\ these instruments mad(~ with a view of using it on 
board the Blake while at. anchor in the Gulf Stream. Thi:- current-meter 
ha::; been used since that time, and the method devilied for auchori11g the 
vessel has been entirely successful up to 2,180 fathoms, the greatest de1)th 
attempted. This memoir has been written to describe the methods em­
ployed' in the investigation of the Gulf Stream and the result£ of the 
research. 

During the five yea.rs the writer commanded the Blake he received 
every encouragement and support from the officers of the Coast Survey. 
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The H ydrographic Inspectors, Commanders C. M. Chester and C. M. !homas 
and Lieut. Commander W. H. Brownson, who were charged with the 
duty of supervising all hydrographic work, left it to the discretion of the 
commanding officer to decide all questions connected with the work. The 
Superintendents, Mr. F. M. Thorn and Dr. T. C. Mendenhall, have been 
most ~iberal in the allotment of the necessary money, and their instructions 
ha.ve been only the roost general as to the time and locality of the examina­
tions. 

As a preliminary to the report of the work of the Blake, a history of 
previous investigations 0£, the Gulf Stream has been inserted. Great assist­
ance in preparing this portion has been derived from the manuscripts on the 
subject which were written for the Coast Survey by Dr. J. G. Kohl, Prof. 
W. P. Trowbridge, and Mr. 0. H. 'l'ittmann, Assistant, and also from the 
valuable collection of maps at the library of Harvard University, to which 
I have had free access through the kindness of the librarian, Mr. Justin 
Winsor. 

JOHN ELLIOTT PILLSBURY, 

Lieutenant,· U. S. Navy, · 
.Assistant Coast and Geodetic Survey. 
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THE GULF STREAM. 

INTRODUCTION. 

Geography, the science that gives to us a knowledge of the earth's 

surface, is divided into two branches: first, all that pertains to the <'Onfigu­

ration, usually called geography, and second, everything relating to tlw 
natural forces acting thereon, called physical geography. These snhjects 
are interlaced with the study of nearly eYery branch of human knowledge 
tending toward the good of the race in its struggle toward impr°'·ement. 

At first the pursuit of wealth by the disconry of new lands and peoples, 
brought about a study of the configuration of the surface, but little hy little 
it was seen that the study also of the physical forces assisted towa,rd this 

end and to the ease and comfort of mankind at large. 

The Sun without doubt is the greatest factor in the support of terres­

trial life, but his intense heat is tempered and governed by the elements, 
air and water, without which life as at present constituted on our globe 

would be unsupportable. The total area of the earth's surface is about 

200,000,000 ~quare miles, and of this only about one-fourth fr, laml. 
The mean elevation of the land above the sea is less than 2,500 feet, while 

the mean depth of the ocean is probably about 12,000 feet. The total 

volume of the land above the sea level, therefore, is only about one twen­

tieth of the volume of the ocean. 

The surface of the ground quickly becomes heated by the direct rays 
of the sun, but it also quickly radiates its heat into the air, producing an 
aerial current. The surface of the water, on the other hand, absorlJing the 

sun's heat, rapidly communicates it to the adjoining stratum, and, radiatiou 

from its surface being comparatively slow, its currents transfer the heat so 
acquired to distant points. The tempering influence on the climate is the 
wind, taking the heat and moisture from thiB neated water and transferring 
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it to the laml It .is arg-uerl most foffihly that such a stupendous change 

in the elimatology of the world as existed during the glacial period was 

cauf'ed hy the preces:.;ion of the equinoxes and the change in the eccentricity 

of the earth's orhit effecting an alteration in the great heat (foitrilrnt?rR, the 

oeean currents. 
To (•.omrner('e aml navigation the study of these cun·ents is of the 

utmost Yalne. Tlw length of the voyage is sl1ortened, and the chance of 
safE:>ty to vesst•1, cargo, arn1 lives is increasecl A strong wim1 agninst a 

currm1t pr(l(1uct-s a. <1angerous sea, aml, by a kuowledge of the la·ws of the 

water's flow, a \'essel, hy a trifling change of course, ma:~ escape the <la11ger. 

I venture to quote from a brochure on the subject of the Gulf Stream, 
hy His Highne;;s, Albert, Prince of l\Ionaco. He says: 

Zoological geography may consider them [ocean currents] as 
higlnn1ys wl1ieh uuite the zones of the ocean, and con:sequeutly 
cause the dissemination of species, and at the same time by the 
iutt~nsely progn'8siYe attenuation of salt and the tempernture of 
thrn.;e waters this highway facilitates the evolution nf spceies. It 
is thu,.; that t11e enrrents t>nter into the question so important to 
origin)'-;, mo110geuism, or polygeni:.;m. 

Anthropology, for example, holds them regp011sible for the 
solution of the g-reat problem, that of human migrations, which 
spre1ul en·n to tlte di;;taut archipdagos the different varieties of 
the race man, at the time when there was scarcely a disceruj.hle 
ditforpnce lH·t\n-"en man awl lwa:st, aud he had at his disposal only 
ruilinumtary means for struggling against the brute forces of 
nature. · ., 

Botany and zoology ought to be interested in our researches, 
for the condition:-; of organic life in all its hearingR are governed 
hy these current:.; either warm or <·old, which give to :mlJterrauean 
regionR a n·ritahfo e1imate; and it is perhaps owing to certain 
<listurhlll('t•s whid1 have taken place in the volume, direction, and 
fr1tqH·n1tun• of tlwse currents that the almost entire disappearance 
of St'Y(•ral kirnh; of migmtory fhh is attributed, all, for example, 
that of tlte sanli11e:-;, which formerly lined the coasts of France in 
t 111mtleRs nurn lwr;;. • 

1t <·01u·prns g<>ology al;;o, for the oceans receive a deposit, 
the org:rniP and milleral detritus which the winds and waves bring 
to it, the stom's which the glaciers wrest from the polar regions 
and which tlie iel'lH:rgs carry to the temperate regions. 1'he sea 
cmTents charge thPmselves with distributing all t11ese minerals 
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according to certain lawR, and in this manner collectionR are 
forme<l which in later times convulsionR of the earth bring to light. 

Paleontology itAelf ought to he interested in our researclws, 
for is it not evident that the rivers, drifting dead bodies aerosR the 
continents, (1€po::;it them on sand banks far from their habitat to 
become the fossils of the future'f 

There is another reason for stn<l ying these eurrentH which will ulti­

mately have the most beneficial influence on mankind. It i:3 now known 

that the currents vary through certain force,;; rtcting upon them, by perio<lic 

chang·es, entirely according to law, and again through nppanmtly erratic 

forces. Probah1y e\·ery motion of these rast bodies is absolutely govemf;fl 

by laws which can be aRcertained. 'The moisture and varying temperatun' 

of the lmul depends largely upon the positions of these currents ju the 

oceau, and it is thought that when lve know tlw laws of the latter vrn ·will, 

with the aid of meteorology, be able to say to tlil" farmer;:; hundreds of miles 

distant from the sea, "you will han1 an abnormal amount of rain duriug 

next summer," or "the winter will be cold and elear," and by thes(e predic­

tions they can plan~ a crop to suit the circumstance or provide an unusual 

amount of food for their stock. \Ve will be able to say to the mariner, at 

such tin1.e the current will be so much an h01u in such a direction, ::md the 

percentage of error will be but trifling. From a study of thest> great forces, 

then, we derfre our greatest benefits, and any amount of \Yell-directed effort 

to gain a complete mastery of their laws will revert directly to the good of 

the human race. 

In the Atlantic Ocean the currents are probably more pronounC'ed than 

in either the Pacific or Indian Oeertns. \Vithont entering upon H di,;cnssion 

at this point as to the causes of ocean flo'-Y or of any parti<"nlar currN1t, a 

brief description of the main streams will not he out of place, for they arp 

all connected more or less intimately with our own Gulf Stream. The 

cqirntorial current is usuaJly described as being a broad hand of watt•r 

moving slowly across the Atlantic in the tropics. The portion situatP1l 

south of the equator is divided into two part~ npo11 meeting the resistance 

of Cape St. Roque, the eastern Ralient point of the South American coast. 

One branch turns to the southward toward the Antarctic, a.1111 the other is 
forced to the westward itlong the shores of Brazil .and Gu yaua. This 
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branch is calletl the Guyana Coast current. The equatorial current has 

north of the equator n.n aJmost uninterrupted progress until it reaches the 

\Virnlward J5fands, but a portion of it imping·es against the South American 
coast arnl perhaps increases the volume of the northern branch of the south 

equatorial current. At the \Vindward Islands all are united, and a portion 

of the water enter,.; the Caribbean to assist in forming the Gulf Stream. 

Between the northern and southern portions of the equatorial current is the 

Guinea current, 8etting towanl the east and southeast into the Gulf of 
Guinea. It was formerly thought to be a continuation of the North African 

current, "bnt later i11ve8tigation," Findlay says, "seems to point to the fact 

that it is a :flowing back of the waters heaped up to the westward by the 
prcYalent wincls." It scemR to run strongest in the summer months, when 

it is felt as far west aR longitude 45°, while in the winter it reaches only as 

far as the twenty-third meridian. In the K orthern Atlantic Ocean the 

Labrador current sweeps down from the Arctic along the eastern sboreR of 
Greenland and from Baffin's Bay and passes the coasts of Labrador and"" 

N ewfoun<llaml, hoaxing with it vast :fiflfrfa of ice a11d enormous bergs. 

Reaching the Gnlf Stream, it it-< said to undernm the latter, and also in 

part form a counter-current to the southward along our coast as fa,r south 

as Cape Hatteras, or eyen to Cape Canaveral. 
The Gulf Stream, the grandest and most mighty of any tenestrial phe­

~10menon, receives its wa,ters from the Caribbean Sea through the Straits of 

Yucatan. It is common! y said that a portion doubles Cape San Antonio 

and enters the StraitR of .li,lorida at once, while another part, after makh1g 

the tour of tlrn Gulf of Mexico, joins the first in its flow to the northward. 

Its waters are characterized by a deep blue color, great clearness, and high 

temperature. The eye ean penetrate it to considerable depths, and fre­
quently its meeting with the colder water from the polar regions can be at 

once distingui~hed. 
It is Lliffir'.ult for the miwl to grasp the immensity of this great ocean 

river. The ohmrvations taken at its narrowest po1nt were between three 

and four thousand in number, surface and subsurface, ·and a calculation of 

the average volume passing Cape Florida in one hour gives the e~~ormous 

sum of 90,000,000,00P tons. If this one hour's water were evaporated, the 
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remaining salt would require more than one hundrerl time:; the number of 

sea-going vessels now afloat in the world to carry it. That this wonderful 

body is governed by law in all its motions there can b<~ no doubt. It has 
its daily and monthly variations in velocity, direction, and temperatun·, 

changing with as perfect regularity as the titles in a harbor. Nor do I 

doubt that it has also a yearly fluctuation, an<l perhaps others occupying a 

cycle of many centuries to complete. 
The Gulf Stream after leaving the Straits of Florida pursues a general 

northeasterly direction, i:ressing close to Cape Hatteras, passing between 

Bermuda and Nova Scotia, and as a defined and permmwut strPam is soon 

afterwards lost. Current8 are found in the vicinity of the Azores Islands 

setting about southeast, and also on the coast of Africa setting south, which 

are sometimes mtlled the southeast extension of the Gulf Stream. \V arm 

water is found off the coasts of Ireland, Scotland, and Korway, giving evi­

dence of a tropical flow, and this is calle(l the northeast extension of tho 

Stream. Whether or not these currents are wholly formed of the ''vater 

iRsuing from the Straits of Florida remains to be discussecl later. 

Man stauds with bowed head in the presence of nature's visible 

grandeurs, such as towering mountains, precipices, or ice bergs, forests of 

immense trees, grand rivers, or waterfall:,;. He realizeR the :forc<-1 of waves 

that can sweep away light-hom;es or toRs au ocmu1 steamer ahont like a 

cork. Iu a ves~;el floating on the Gulf Stream one :-;ees nothing of the cur­

rent and knows nothing· but what experience tells him; 1mt tn lie anchored 

in its depths far out of the sight of hmd, and to see . the mighty torrent 

rushing past at a Hpeed of miles per hour, day after day and Jay after day, 

one begins to think that all the wonders of the earth Cl)mhined can not equal 

this one river in the· ocean. 



 

CHAPTER L 

GENERAL HlSTORlCAl, Arr:orxr OF.THE GULF STREAM AYll ITS Jl\TP,STTGATIONS 
lTP TO TH]!; 1'! ;HE OF FZ.:.AXJl.LIX. 

Befon~ the time of Columbus\.; grand discovery of the New \V orld the 

coastin;r Yesscls of the Old must have recognized that there ·were currents 

in the Atlantic Ocean which were ontirel.Y inrlependeut of the tides; but the 
first indication that cmTenhi on the coa.st of North America were notice<l is 

found in the \Yritings of the .Northmen in their tlescription of voyages to 
America. SeYer,:.i.l suggestive names were giYen to prominent objects of 

discovery, such as Stranmsoe (Isle of Currents), Straumsfji:ircle (Bay of Cur­

reuts), arn1 Stranmmes (Cape of Currents), hut their exact location can not 

be identified. Some r·laim that the voyages extended even to Florida, but 

it seems prohahle from later jnyestigations that the points named were ·all 

in the Yicinity of Cape Cod. 

Uol umhus, before undertaking hi:-; voyage of clisc(ffery toward the 

wc:-;t, resided f(w some time on the island of Porto Santo, and it was liere 
that he was shown a piece of curiously carved. wood that had evidently 

<lrifterl there from other lands. Strange woods and other floating objects 
WfffO continna.lly heing thrown upon the shores of Nonvay, Scotland, and 

In~larnl, all of which, to a thonghtful mind like that of Columbus, must 

1Hn-e i1Hluceil the helief that there were other lnucls at no great distance to 

the W{'st, awl so it is prohahle th11t to the Gulf Stream in part the world 
owes the discovery of America. 

In al'tttal observations in the Gulf Stream, or rather in the currents 

co11trihutiug to it, Columbus waR the pioneer. It is relatml that September 

I !J, 14!1~, lw sntuHted with :t deep-sea line, and the lead, passing through 

the surface drift i11to tl1P dead water below, showed at once that there was 

a current setting liis Yessels to the southw:u·cl and westward. On his sub­

se<pumt Yoyages lie remarked the Htrong currents of th<~ Caribbean Sea. 

He says, for example, "When I left the Dragon's mouth" (the northern 
474 
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entrance to the Gulf of Paria) " I found the Hea ran so strongly to the west­

ward that between the hour of Mass, when I weighe1l :rnchor, and the 

hour of Complines, I made 65 leagues of 4 miles each with gentle 

winds." He also says of the currenti:; entering: the Caribbean between the 

Windward Islands, "I hold it for certain that the waters of the sea move 

from east to west with the sky, and that in passing this track they hold a 

more rapid course, and have thus canied away larger tracts of land, anJ 
that from hence has resulted the great number of iHlandl'i." 

On his fourth voyage Columbu,; discoYen•d and noted the strength of 

the current 011 the coast of Honduras, although it is probable that at this 
thne the Gulf Stream itself in the· Strait,; of Florida lrnrl been found by 

indepe1Hlent navigators. Peter Martyr says " he left in wryting that sail­

ing from the Island of Guanassa toward the east he fouud the com·se of the 

waters so vehement and furious agayn:-it the fore part of his ship that he 

could at no time touch the ground \Yith his sotmding plummet, bnt that the 
contrary violence of the \vatci·s would bear it up from the bottom.. He 

affirmeth also that he could never in one day with a good wynde 'vynn 

one mile of the <>ourse of the waters." 

Columbus speculated as to the cause of these currents. He thought 

that the equatorial waters followed the motions of the he:wens about the 
world--that is, the rotary m.otion by ,,;rhich the star,;; and air ren1ln' about 

the globe (as was the opinion of the time), so itlho t1ie water was supposed 

to partake of the same motion . 
.John and Sebastian Cahot, in 1497, crosRed tlrn North Atlautie Ocea11, 

rediscovering the coast of Lahrrnlor. From this point they steered to tlw 

southwar<l and ~vestward, "so coasting still hy'the shor(' that he wns hrouµ:ht 

so far into the south hy ronKon of the land hending so much to tlw southward 

that he was then almost equal iu latitude to tlw sen called Fretum lforcnleurn, 

having the north pole elevate in manner in the l'arne .legree. I-fo saylt~d 
likewise in this track so far towarde the weste that he ha<l<le tJw I slmul of 

Cnha in his left hande in marnwr in the 8ame dt~greo 1 if longitude." -x- * * 
"He sayeth that he found the like course of the watern towanfo the weRt, 

.· but the same to run more softly and gently than the swift waters which the 
· Spanyards found in their navigation southward." 
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It is probable that the Cabots did not double Cape Hatteras and dis­

cover the Gulf Stream. It is thought by some that they entered the Straits 

of Florida, hut from the testimony of Peter Martyr, quoted above, they were 

north of Hatteras and probably in the vicinity of the Delaware, but in the 

longitude of Columbus's discoveries in the 'Vest Indies. They did, however, 

notice the frwt that a gentle counter current existed. 
The Cortereals, betvveen 1.~00 and 1502, on several voyages extending 

from Lahrador toward Cuba, probably crossed the Gulf Stream and may 
have recognized its strength, but very little is known as to the exact locali­

ties visited. 

In the vear 1508 the Island of Cuba was for the first time circumnavi­

gated. Seha::;tian de Ocampo, under tht> authority of the Governor of 

Hispaniola, sailed along the northern coast of the island through the old 

llaharna Channel and around the western point, Cape San Antonio. In this 

vorage eight months were occupied, and as it was against the Gulf Stream 

it wonld seem that he must have noticed it. As the times demanded how­

ever the custom of secrecy on all expeditions, no record has been left of 

thP fact. 

The first recor<l, on which the evidence is satisfactory, of the discovery 

of the Gulf Stream current, is that of Ponce de Leon in his expedition 

in 1ii13 in search of the fountain of youth. In company with the after 

mn·ds famous na,~igator, Antonio de Alaminos, he sailed from Porto Rico, 

alonµ; the northeastern side of the Bahamas, and crossed the Gulf Stream 

somewhere abnrn Cape Canaveral. After reaching a latitude of about 30° 

north he tumeil and skirted the coast as far as 'I'ortugas, thus stemming the 

cm·n·ut for a distau<'e of several hundred miles. Referring to these currents, 

their jmmrnl sayf' that they saw a cun·ent which, though they had a good 

wiml, they could not stem. It seemed that they were going through the 
water fa;.;t, hut they Hoon n,cogniwd the fact tl1at they were being drh·en back 

awl that the current was stronger than the wind. Two vessels, which were 

i.;omewhat nearer the coast, came to anchor; the third vessel, a brig, beiug 

in deeper water, coul<l not ai1d1or, and was soon "carried away by the cur­

rent and lost from :-;ight although it was a clear day." Ponce de Leon, on 
this expedition, crm;sed the stream no less than four times, and Alaminos 
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received his fir:-it apprenticeship in its navigation, which in after years proYed 

to be of great he11efit to him. 

During the next few years the Spauiards crossed aud recrossed tlie 
Stream. between Cuba and Florida many times in their search for gold, and 

of course gained much practical knowledge of the streugth and Yclocity 1 .{ 

its currents. 

It is interesting to note the speculations of the day as to the cause of this 
startling phenomenon, aucl its result 011 the sailing route t1) Europe. Peter 

)fartyr in one of his letters 'Yritten in 1515, being· evidently as yet unin­

fornwcl as to results of Ponce de Leon's expedition, say8; 

Here we must somewhat <ligresse from cosmograpliy, alHl 
make a philmiophical discour8e to search the secret of Nature. For 
when as they all affirm with one conse11t that the sea runueth there 
from east to west, as swiftly as if it 'vere a ryver falling from high 
mountaynes, I thought it not goode to let such matter slipp un­
touched. The which, while I consider I am drawn into no small 
ambyguetie and doul)t, whyther those waters have theii· course 
which flowe with so continual a tract in the circuite from the easte, 
as though they fledde to the weste never to retourne, and yet 
neyther the weste thereby any whit more (ylled nor the east 
emptied. 

If we say that they fall to their centre (as in the nature of 
heavier things) and assign the equinoctial hyll to be the centre 
(as some affirme ), what centre shall we appoint to be able to re­
ceive so great abundance of water, or what cireumft>nmce shall 
be found wet. They which have searched tho::;e coasts have yet 
found no like reason to be here. 

Many think that tliere should be·certayne large strayghts or 
entrances in the corner of that great land which we describe to 
be eight times larger than Italie, and the corner of that land to he 
full of gulfes, whereby they suppose that "some strayghts should 
pass through the same lying to the weste side of the Island. of 
Cuba, and that the said strayghts swallowe up those waters and 
so conveys the same into the weste, and from thence again into 
the easte ocean or north seas as some think. Others will, that 
the Gulf of that great lande be closed up and the lande to reach 
far to the north iu the back side of C~1ba, so that it embrnce the 
north landes which th€ frozen sea encompasseth under the north 
pole, and all the lande of these coasts should joyne together as 
one fin:rie lande. Whereby they conjecture that these waters 
should be turned about by the object or resistance of that lande 
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so temling- toward the north, as we see tlrn watm8 turned about 
the ernnked baiiks of _t't'rtayne ryvers. Hut this agreeth not in 
all points, for they also who have i'earched the frozen sea, and 
savlod from thence into the weste doe likewise aflirme that those 
w;rth 1"ea8 Howe eontimrnlly toward the weste although nothing 
1:10 s,,·ifth·. * * * \Vherefore it ii; not 1mlv more likelv to be 
tnw hut ~h;o of llP('l'ssity to he coneluded, that.between hotl1 these 
larnles hitherto unknown, there should he great certayue open 
places wherehy the waters slwuld thus continually passe from 
easte into the \VC8tl>, which waters I suppose to Le <lri ven about 
the Globe by the incessant moviug- and im11uhiio11 of the herLVens, 
arn1 uot to be s\\allowed up and cnst out again by the hreathing 
of Demo-gorgon as some have imagined, because they see the seas 
increase and deen:atle, flowe and reflowe. 

The :·mme writer continues at a later date: 

Let us uow therefore speake some,vliat again of the later 
news anrl opinion as con(·erni.ng- the Hwift course of the sea towanl 
t11e west(< about the Coast of Paria. So it is therefore that An­
drea::; Moralis, the pilot, and Ouidas (of whom we lun-e 1rnule men­
tiou before) repayred to me at my house in the time of Matrite. 
As \Ve met thus together tliere aroHe a c.'.ontention between them 
two as cou('erning thiH course of tbe oeean. They both agree 
that tlwse lawfos and n'g-ions pertayning to the Dominion of Cas­
tile, tlo with one continualo tract and perpetual bond embrace as 
one whole finne lamle or continent all the mayne lande lying to 
tlie north of Cuba awl the other islarnls, being ah;o northwest 
from both Cuba and Hispaniola. Yet as touching the course of 
the waters they n1ry iu opinion; for Andrea:,; will, that his violent 
course of the water he received i11to the lappe of the supposed 
continent, whieh henueth RO much and extendeth so farre toward 
the uorth, as we liave said, and that by the ol)ject or rm;istauce 
of the lande so hendiug awl crooking the wate1· as it were, re­
houude iu emnpasse and by the force thereof be driven about the 
north tiidf' of Cuha amlthe other islands excluded outside the cir­
de .ea11ed Tropicus Cancri, where the largeness of the sea may 
receive the waters falling from the narrow streams and thereby 
represse tlint inordinate course by re<Json that the sea is there very 
large aud gn•at. 

The Admiral himHelf, Diegas Colonus, sonne and heyre of 
ChriHtophoru::1 Colouu11 the fir11t finder of these landes, being de­
nutnded of me what ht' found or perceived iu sayling to and from,_ 
an:-wereu that there was much difficultie in retourning t11e same 
way by which they go; but whereas they first take their way by 
the mayne sea toward the north before they direct their course to 
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Spayne, he sf\yth that in that tract he felt the shippe sometyrnes 
a little driven back by the contrary course of the water..,, yet tmp­
posed ,that thi:s dwunceth ouly hy the ordinary thnYi11g arnl re­
fiowing of the sea, awl the same not to hP eufor<';(•d hy tlw cir­
eumfiection of the water n·bounding in compass a:-; >H=' lmn~ sayde; 
but thinketh that thi;; mayne laude or suppo;;ed continent should 
so mew here be open. 

* * * * * * * * * 
Ouidas agTeeth with Andreas l\Ioralis as touching the con­

tinual adhere1~ce of closeness of the savde continent, vet neither 
that. the water Rhou1<le so beat agaynst the hunding b~1ck of tl11> 
weste lawle, or be in such sort repulsed and driven into the mayne 
sea; but sayth tlwt lie hath diligently considered that the water:s 
runne from the deepest aud wyddest of the mayne sea townrd the 
weste. Also that sayling near into the shore in small vessuh, he 
found the same waters retourne agayue toward the east, Ml that 
in the same place they runne together with cuutrarie course. 
* * * Thus have we made you partner of such things as tlwy 
have given us and written their divers opinions. ·we 'vill then 
give more certayne reasons when more certayne truth shall he 
known. \Ve nmst in the meantime leane to opi.nions until the day 
come appointed of God to reveal this secret of nature with the 
perfect knowledge of the pointe of the pole Starre. 

It is eertainly most remarkable, when we consider how imperfect was 

their knowledge of the form or extent of the continent, that their view~ 

should have been so near the truth. The Gulf of l\fexico was not discoY­

ered until 1517, and explored the year after, when the current on the \Vest­

ern ::1ide of the Straits of Yucatan must have beeu found. Ocampo, in cir­
cumnavigating Cuba, judging from experiences of the present day, cunl\1 
have found only the tidal currents in the vicinity of Cape San Antonio. 

The current in the passages in the eastern Caribbean was known to be 

strong and westerly, and 011 the Honduras coast the same. Alaminrn; and 

Ponce de Leon had found the current in the Straits of Florida, and evi­

dently some of the speculators determined that the laud was continuous 

and in some way the two parts of the flowing stream of water were con­

nected. 
Antonio de Alaminos was without doubt the most experienced navi­

gator and pilot in the 'Vest Indian waters. He had been chief pilot with 

Columbus 011 his last voyage, hatl been with Ponce de Leon around and 
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among the lfahamas and along the coast of I•'lmida from St. Augustine to 

Tortugas, ·and had ero;;;;t,d and recrosseu the stream several tim~s. He had 

afterwanls heen witl1 C01·<lova and Grijaha exploring the coast of Yucatan 

aml the Gulf of }lexico. He was familiar with the fact that there was a 

passage uorth of Cnha from tlw Gulf to the Ocem1, hut beyond the Straits 

to thu 1101·thwanl \Va8 unknown tn him. Ile tl1ought, hmvever, as Henera 

:->ay:-;, "'that the~m mighty eurrent:-5 ought to empty i\Omewhere into au open 
:-;pace." Upon fitting out the expedition for the couqnest of nfoxico, Corte;.i; 
gave the chief command of the fleet to Alamiuos, and wheu, later, it was 

thought necessary to send di;:-;patches arn1 pre::-;eut::; to Spain, he was given 
the fastest vessel to 1.'.nl'l'y the Envoys. Instructions were given him to 
hold his course north of Cuba and pass into the Atlantic through the Straits 

of Florida, llot touehiug at any port or island in the \Vest Indies. Probably 

this route was sugge8ted to ,Cortez by Alaminot> as being most favorable 

for a quiek passage, arnl onu by which he would be sure to avoid a chance 

meeting with an enemy either of his own or of a foreign country. rrhe 
vessel sailed from Yera Cruz July 2G, 15l:J, and afteJt disobeying his instruc­
tions by making a ::;top at the port of l\farien on the north side of Cuba, 

Alamiuos pa:s::;ed through ~he Straitti of Florida and reached Spairi" iu safety. 

It is of course doubtful liow far he followed the Gulf Stream, but it is 

probable that he did so well up the coast toward Cape Hatteras. His voy­

age changed the cour8e of navigation from the West Indian ports and con­

trilmted largely toward the growth of Havana. This port soon became the 

n:wlezvou:,; of the vV est Indian trading fleet, the distributing point of goods 

from Europe, and the starting port for the return home. 

During the half century following the remarkable voyage of Alaminos, 

there \Vere expedition:-; without number to the west Indies aml the mainland, 

and while there are minute and detailed descriptions of the land, products, 

and people, yet scarcely anything is said of the sea currents. 

Sir Humphrey Gilbert, writing before 1576, says t11at all the waters of 
the ocean "nm hy nature eircularly from east to west, following the diurnal 

motions of the Primum ~Io bile." He traces the motion of tho waters from 
tho south of Africa and tmys that from there it strikes over to Ame1·ica. Not 

fiw1ing free passage "it runs all along the eastern coast of that continent 
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northward as far as Cape Freddo, being the farthest known place of the 

same continent toward the north, which is about 4,800 foague:-;." He thinks 

that even if'this cunent has not been trace(l all along the ('.Oa'"'t of America, 

"still it must exi8t either in uppermo8t or the nethermost pmt of the sea." 

For the reason that thi8 current mn8t have n free passage somewhere Gilbert 

says "it must either flow around the north of America into the South Sea or 

.it must needs strike over upon the coa:,;t:-; of Ice1arnl, Xorway, and Fim11ark." 

He adopts the first of the altcruatives, as he is anxious to prove the existence 
of the Northwest Passage. In the journal of his fast voyage h(:' mentions that 

in 50° north latitude they saw ice being earried to the r-onthward, and so 

conjectured that a current must he setting in that direction. Jn 1579 and 

again in 1583 he made two unsucces:,;ful attempts to establish colonies on the 

east coast of the present Uuitetl State::;, and it is cuifou8 to see how great 

was the influence of the Gulf Stream, CYWl at that time, in directing rnwi­

gation. In considering the advisability of taking the southern passage from 

England or the more direct but more difficult northern one, he says, "by 

what way to shape our course, either from the soutl1 nolihward, or from 

the north southward. The firi-1t course, that is, beginning south, without all 

contraversie was the likeliest wherein WO are U.S1'Ul'ed to have Cornmouitie of 

the currents, which from the Cape of Florida setteth northward, arnl ·would 

have furthered greatly our navigation, discovering, from the foresaid cape 
toward Cape Breton and all these land:,; lying to the north." The adnu1tag(~ 
of being able to provi8ion the vessel <tt the Banks of N ewfoun<llaud led 

them to decide upon the northern route ''although coutmriety of currents 

descending from the Cape of Florida into Cape Breton and Cape Hace 

would fall out to be great and irresistible impediments unto our further pro­

ceeding for that year, a,ud compel us to winter in those northern reg·ion::1." 

The records of the voyages of Martin 1''robishcr are of great interest 
a15 showing the gra.dual exten:-;ini1 of knowledge on the subject of nt'.ean cur­

rents. He crosi:led the northern Atlantic six timl'S during the years 1!J7G­

'77-'78. In the account of his third voyage he says: 

Sa)'ling toward the northwest parts of Ireland we mette 
with a great current from out the southwest, which carried UR [hy 
-0ur reckoning] one point toward the northeastward of our said 

H.Ex.80-31 
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com·se, which eurrent seemed to us to continue itself toward Nor­
'Way nnd othQr of tlte northe:ist parts of the world, 'vherehy we 
may lw imlun~tl tn believe that thi8 is the same which th~ Portu­
gese lllette at Capo de Huong Speranza [Cape of Good Hope], 
wh<>re, stri<'king over from thence to the Straits of Magellan and 
tiw1i11g no pa:;;;age there for the narrowness of the sayde Straits, 
rmmeth along-ue to the great Bay of Mexico, where also having a 
let of lawl it is forced to strike back again toward the northeast, 
as we 11ot only here but in another place also further northward 
hy goode experience this year have found. 

How the currents returned to the Cape of Good Hope from the "north­

e:u;t parts of the world'' ii::\ not stated, hut the general course of the Atlantfo 

system is vl.:'ry fairly lairl out. 

About this tirne t~iern appearetl the theory in "La Cosmographie" that 

the currents i11 the Strait:-; of Florida were caused by the rivers emptying 

into the Gulf of .l\Iexico, aml this theory has been held by writers at much 
later dates. In 1596 it is recorded by D. Layfield, chaplain of the Earl of 
N ortlmmberlaml, that between Bermuda and the Azores they thought they 
nlJ::>eL'Ve(l a curreut, but shortly before arriving at. the latter they were sure 

of a current setting southward. The next expedition to that of Gilbert, for 

8ettling Virginia and North Carolina, was under Captains Amadas and Bar­

low. They took the southern pm;snge, as did also all of those under 

Haleigh. Smrw of these left the Caribbean east of Cuba, and others con­

tinued to the westward and passed through the Straits of Yucatan and 

Florida. 

Iu 1590 .John ·white, who had been Governor of the colony at Roa­

noke, referring to the portion of the voyage from Florida Keys to Virginia, 

i:iar:-i: "\Ve lost sight of the coast and stood to sea for to gaine the helpe of 

tho cmTent1 which ruuneth much swifter farre off than in sight of the coast, 

for from the Cape of Florida to Virginia, all along the shore, are none but 
eddie currents ;;et ting to the south and southwest." This is the first instance 
in which thero i;; indicated a knowledge of an approximate position of the 
~lXis of the Stream. 

In 1606 an observation is recorded by Lescabot, which is evidently a 

meeting of the Litbr<ulor au(l Gulf Stream currents. He noticed that while 
in latitude 45° and "six times 20 leagues to the eastward of the Banks 
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of Newfoundland, we found for the space of three d:1y" the water very 

wann, '\Yhilst the air was cold as before, hut on the t l::;t of ,J Lille •1uite sud­
denly we were surrounded by fog::< and eold that we tli. •ug·lit tn he in the 

month of January, and the sea n-as extremely cold." He attrihutes this to 
the ice from the north which 1~omes fion.ting "d11w11 frmn the eoast and :-;ea 

adjoiuiug to Newfuuu<llaud and Labrador, whieh is brought thitlier by the 

sea in her natural motiou." 

The infineuee of tJie Gulf 8tream in the colonization of North Amffirn 

·was about tliis time very great. In I GOG the EnpJisli 1liYirled thf•ir pos:ses­

si01rn into two }H\rts, the northern part of Virg·inia (X ew Eugland and 

vieinity) "'a.s one, aud the present Korth Carolina :irnl (ihesapeake Bay 
i·eg-ion tlw otlwr, arnl for eaeh a l'Ompan.Y was ('stnhlished nnd <>ommis­
sioued by the King-. The route us1~<l in going to the fin.;t was tliat trit,d in 

1 G02 hy Capt. Bartholomew Gosnold, crossing· tlw A tlantie 011 about the 

forti(~th pamllel, while the southern expeditions held the old pas,;age through 

the trades and Carihhean. The Dutch vt>ssels hound to X ew York adopted 

the We~t Indian route, so that Na11tucket really heca11w the dividiug line 

of travel, and a difference in destination of a degree iu latitude necessitated 

a difference of thirty degrees in route. This seems only to he accounted 

for by the real or imaginary assistance of the winds and currents in one 
and the impediment of the Stream in the other. After the E11g·lisl1 and 
Dutcl1 settlements became firmly established m1d erossing the Atlautic a 

common thi11g, the personal experience of navigators was no Ionw'r tlioug·ht 

to be of sufficient importance to print, and the time had not yet arriYed for 

adopting a plan of collecting ilhip's journals and puhlishing- such nautical 

information from them as would be of value to otheri'i. Tbe writers on the 

subject, however, must have had access to these journals and corrected and 

improved their ideas on the subject of currents, and in the latter half of this 

century many works on hydrography appeared. 

In 1650 Varenius gave the most complete description of currents n'hich 

had b&en issued up to this time. He classified them into perpetual and peri­

odical, special and general. The system of which the Gulf Stream forms a 

part he placed as a perpetual special motion of the sea, and desrribes it as 

a gigantic Stream beginning at the eastern Capes of Brazil, flowing from 
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south to north and ending toward Florida. He adds, "a similar current 

from s<.mth t() north is observed along the Philippine Islands and toward 

Japan." He also wrote that "some Copernicans, as for instance Keppler, 

pretend that ~tl,.;o tlrn mcwement of our globe contributes not a little toward 

it" (tlw cmn~uts), "because the water, not being adherent to the earth but 

ouly in a loo:-;e cont~Lct with it, cannot follow the quickness of its motion 

toward tlw east, hut is left behind toward the west, so that the sea <loes not 

move frum one part to the other, but on the contrary it is the earth which 

quits or leases the parts of the 8ea, one after the other." 

In 1 GG3 Isaac Vos1Jins wrote a work entirely devoted to the motion of 

wind and ;;ea, aivl in it particularly describes most of the currents knowD 

in the present day. He says: 

\Vith the general eqnato1·ial current, ·the waters run toward 
Brazil, along- Gunurn, and tmter the Gulf of Mexico. From there, 
tumiug oblique]~·, tliey pass rapidly through the Straits of Bahama. 
( )n tho one si1le the:· bathe the coasts of Florida and Virginia and 
the <:>11tire shnn~ of 'Korth America, and on the other side they run 
din·<"tly ea:;t until they reach the opposite shores of Europe and 
Afril'a; from thern·e they run again to the south and join the first 
111m·cmeut to the west, perpetually turning in this manner circui­
tously. 

He cmpha;-;izes this by saying that "a ship without saill-1 and sailors 

mig·ht be eonvcyccl ::ioldy by the force of the currents from the Canary 

blau<ls to Brazil arnl l\lexico, coming back from there by way of the 

Flori<la, Stream tmvard Europe on a l'Oute some 4,000 German miles in 

length.') Vossius's theory as to the cause of the ocean circulation was that 

the heat of the tropical sun attracted the ocean and at the same time 

increasefl its hulk and formed, as it Wl:'re, a long mouutain of water, "to 

which the vessels ewm have some difficulty in ascending when they sail 

toward the line." He concluded that the sun carried this mountain of 

water toward the ~onth American shore, where it broke and ran along the 
coasts. A French hydrogmpher, George Fournier, some years later pro­

pournfod a theory almost the opposite. It was that the sun evaporated 

enough water in the tropics to make a deep valley, and therefore the water 

from the poles was fqrced to run toward the equator along the coast of 

Africa to replace the lo"t wa.ter. He thought that the depression always 
• 
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ran before or with the sun and the arriving polar water behinJ the sun an<l 
the rotatory system of currents was thus produN•d. 

In 1678 Athanasius Kircher, a Jesuit, gave to the world in his "1\1 uu­

dus Subterraneus," the first published chart showing thf' system of oel'an 
circulation and the Gulf Stream (Illustration No. 31).. HP says of th:' 

cam1es of the Gulf Stream: 

This motion touches many things, whether partly from the 
general motion of the trade winds agaimit the opposing sl1ores of 
that region and thence again refleetecl, which they call the Sailor's 
Current, or from wind-storms, or finally from the flow and the re­
flow caused by the 111.oon's force. 

He was, however, a strong believer in i-mhmarine aeysses as the caut;e 

of vortices awl i.;peciaJ currents. In 1685 a German named Hap1wlim pub­

lished another chart of Ocean currents (illustration Ko. 32) quite similar to 

Kircher's. In his work he says: 

The general motion of the Ocean goes from east to west, and 
it is most obvious in the torrid zone. The sun is the eause of this 
general course of the sea as well aR of the trade winds. The par­
ticular motions of the sea are of two kirn1s, one 011 a Rtraight lino 
awl the other with a circulating or whirling movement. Of those 
which run in a straight line some are constant, regular, and per­
petual the whole year through. Some show themseln~s only at 
times and change eYen in direction, are irregular, depending much 
on the direction of the wind. In the Atlantic from the Brazilian 
Cape of St. Augustine toward the Antilles and Florida is ::i con­
stant and perpetual course of the Rea from the south to north. 

About this time the question began to bt> agitated in the minds of sci­

entists as to hovY the strange fruits awl wood8 were <lepoHited on the shores 

of Ireland, Scotlaml, aml other northern lauds. The molucca bean was 

frequently found there, and the fact was thought to be proof of either a 

northeast or northwest passage to the East Indies. In 1696 Dr. Hans Sloan 

proved that these beans came from ,Jamaica. He says: 

It is very easy to conceive that, growing in J amaiea, and ha Y­

ing got to sea by the rivers, they may he carried by the 1vimls 
and by the current which is forced through the Gulf of Florida, 
going there constantly east into the North American St:•a; hut how 
they should come the rest of their voyage I can not tell, unless it 
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be thought rea,.;onabl(~ that the beans, being brought north by the 
current from th(• ( iulf of Florida, are put into the >vesterly ·winds' 
way, and may lw supposed hy this means at last to arriYe at 
Scotland. 

This is pxaetly tlw opinion of many people at the present day. 

In 1 702 ancl agaill in 1 7i0 tlw fa<'t was stated that the Gulf Stream ran 

the stro11gest in rlH:• titraits of Florida during strong northerly winds, mid 

as an explanation of this phenomenon Professor Lentl thought that it eoulcl 

only he ac<·ounteJ for liy the supposition that during the north winds in the 

chamwl in the Gulf ()f }lexicn they were blowing from a more northwesterly 

<iiret·tiou, :ma in this way pushed the \vatern of the Gulf into the 8trait:,; 

aud :::o fon•(;tl thent throuµ-h the latter with incre::u:;ed velocity. The French 

routt' from Loui,.;iana to Euro1w followed the Gulf Sti·eam along the Korth 

Atlantic co:1i't tmrnr<l the Banks of N"ewfounrlland, differing considerably 

fror11 the wore southern route taken by the Spaniards, but while adopting 

this mo,.;t ex11editious track they went to the other extreme in sailing from 

tlieir Gulf to their West Indian po:;;sessious. They followed tl1t> Stream well 

up towanl th<· Uram! Banks, then :::outh to the trade winds aud west to 

their }l<fft. 

Up to thi,.; time, with thf' exception of Kircher and Happelius iu 1679 

and Hi8:\ there Reem:'> to haYP been no attempt to irnlicate the Gulf Stream 

upon the eharts, and eYen tl1ese were more for scientific interest tlia11 for 

t1w practicaJ benefit of mariners. One chart publisheil iu 1630 Ly the Earl 

of l:\orthnmherland gave the words "(jorrento verso Greco," placed about 

half a 1legr(•e from Cape Ifattera"; hut with this exception up to the first 

lwlf of tlH· ('iglitt,entli <'~ntnry, cliart~ generally unl:y show au inscription 

l 1etwc·en ( :uh:i awl Florida, "(j:urnlis Bahama Yersuff Septentrionem selllper 

tluit," nr its tra11slatiou into othnr languages. About the middle of the 

eighte1;11tl1 1·<·11t11ry arrows appt~ared on the charts of the British colonies 

to irn]icate coast cm-rt·nt:-i, and at the same time F:nmch charts indicated 

currents in tho Carihhean aud in the Straitfl of Florida in like manner. In 

1772 detached indications of the Gulf Stream cunentl' appear, and in i'77f> 

on a Hptwia] map of Carolina then· are arrows near the coast pointing to the 

southward and westward, uwl farther off thf:! coa8t pointing north. 
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1'hat the want of kuowle(lge as to the limits of the Stn·arn wa;,; felt j,., 

shown hy the length of time consumed i11 pas1·mge.-; lwhn:·('ll th1• ;.;:mw port,.; 

in opposit(' dirDetions. A Yoyage from Boston, ~la,.;;.;achusetti\, to Cliarl1,;;­

ton, South Carolina, vrnuld sometimes take thrN• or fonr "'e(·ks, "·l1il(1 a 

return trip woulrl frequently he made in one week. The eoa;;ting captains 

and whaJemen, however, were gaining experience r(·garding tlw StrPam. 

arnl to the latter more than all others, up to the time of tlH· l{p,·olutiomiry 

'Var, ·F'rnuklin was indebted for the information which fod to the publica­

tion of his chart of the great Ocem1 current. 

~rhese whalers externled their i\eareh as far south as Bahama Bank a]l(l 

as for cast as Ne,,1rfouwlland, or enm to tlte lnngitnde of t1w Aznn~;;. They 
diseoYered that the \Yhales appeared to the north of a <'l'rtain Ii1w H]l(l to 

the south of a11other line, and were hut n1rely Reen 11etwepn the two, :mil 

these lines thev concluded were the limits of the Gulf Stream. Tlw whale . 
fishery soon became the school for .American nadgators, pnrticulm·ly of Kew 

England vesRels, and in this way knowledge of thu Gnlf St1·eam \Yn;; intro-

1lueed into the commercial traffic of the times. The Amcrirnn shipmasters, 

from their :superior information on the subje<·t of currents, inaugurate1l a 

change in the sailing route frnm Europe, hy whiC'h they coul1l sav~· two 

weeks or more in the passage. From Englallcl tlwy cros;o;pd the N e-wfm1wl­

laIHl Banks in ahout latitude 44 or 45 degrees, and the1we on a ('onrse in­

side th<~ limitH of the Stream. 



 

CHAPTER II. 

OULF STREAM LVVESTia.tTIOYS FROM THE TIME OF FRANKLIN TO THOSE MADE Bl' 

THE U.S. COAST SURVEY. 

How long the American fishermen ha<l been acquainted with the secret 

of the Gulf Stream's peculiarities before it was brought to the notice of 

Franklin it is impossible to state. They kept the secret, howeYer, until, as 

F'ranklin says-

Ahout the year 1769 or 1770, there was an application by 
the Board of CustomR at Boston to the Lords of the Treasury at 
London, emnplaining that the p:wkets between Falmouth nnd New 
York were generally a fortnight longer in their passage than the 
merchant ships between London an<l Hhode Island, and proposing 
instmul of N mv York that for the future they should be ordered 
to Newport. 

Being then concerned in the management of the American Post­
Office, I lmppen.ed to be commlted on the occasion, and it appearing 
stra11ge to me that there should be such a difference, especially 
when the merchant ships were generally deeper laden and more 
weakly manned than the packets, and had from London the whole 
leni-,>ih of the river and channel to run before they left the land of 
England, while the packets had only to go from Falmouth, I could 
not hut think the fact misunderstood or misrepresented. 

'l'here happened then to be in London a Nantucket sea captain 
of my acquaintance, to whom I communicated the affair. He told 
me he believed the fact to be true, but the difference was owing 
to this, that the Rhode Island captains were acquainted with the 
Gulf Stream, while those of the English packets were· not. "We 
are 'vell acquainted with that stream, because in our pursuit of 
whales, which keep near the sides of it but are not met with in it, 
we run along the side and frequently cross it to change our side; 
and in crossing it have sometimes met and spoke with those packets 
who were in the middle of it and stemming it. We have informed 
them that they were stemming a cunent that was against them to 
the value of 3 miles an hour and advised them to cross it, but 
they were too w ise to be counc€lled by simple American fishermen 
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When the winds are light," he added, "they are carried back by 
the current more than they are forwarcle<l hy the wind, and if t11e 
wind be good the subtraction of 70 miles a day from their counie 
is of some importance." 

I then observed that it was a pity tlrnt no notice was taken 
upon the charts, and requested him to mak€1 it out for me, whid1 
he readily complied with, a(Iaing directions for a n1iding it in sail­
ing from Europe to North America. I procured it to lw engTan·d 
by order from the General Post-Office 011 the old chart of the 
Atlantic, at Mount & Pa.ge'K, Towel' Hill, and copieK 'Yere sent 
to :Falmouth for the captains, who slighted it., howeYer, hut it has 
since heen printed in Frarn·e, of which edition I lH"rcto mm<·x a 
copy (illustration Ko. 33). 

Franklin's theory on the subject of tlw cause of tltt• Gulf Stream is· 

given in the same report. He says: 

This stream is probably generated by tlw great accumulation of 
water on the eastern coast of Ainerica between the tropics by the 
tralle winds which constantly blow there. It i:- kumvn that a larg·e 
piece of water, 10 miles broad and generally only 3 foet '1eq1, has, 
by a· strong wind, had its water driYeu to oue side and :-;ustai1wd 
so as to become 6 feet deep, while the windward sitle was laid 
dry. Thi8 may give 8ome idea of the quantity heaped upon the 

· American coast, and the reason of its running down iu a strt •llg 
current through the islands into the Bay of l\I exico and from tlH•nee 
proceeding along the coasts and banks of N Pwfonrn11and "'lwrn 
it turns off towards and rum; do-wn through the \Vestern Islarnls. 

Franklin did not press his new chart on the notice of the English ship 

captains after they had once rejected it, but for the time being suppressed it, 

for political reasons, until the conclusion of the 'Var of Independence. In 
the mean time, in 1775-'76, an<l in later years, whenever he made a, Yoyagc 

across the Atlantic, he took observations of the surface tempernture of the 

ocean. He says: 

I find that it [the Gulf Stream] is always warmer than the 
_ _sea on each side of it, and that it does not sparklf' in the night. I 
annex hereto ~he observations made in two voyages and may pos­
sibly add ~ tlnrd. It will appear from them tha.t the thermometer 
may be a useful instrument to the navigator, since currents coming 
from the northern into sDnthern sens, will probably lle found colder 
than the water of those seas as the currents from southern seas 
into northern are apt to be warmer. 
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On his last voyage, in 1785, he made the first attempt in submarine 

temperatures at moderate depths, using a bottle up to 20 fathoms, and after­

wards a cask with valves in each end. Off the Delaware, in 18 fathoms, he 

discovered that the water at this depth was 58°, which was 12° colder than 
at the surface. 

Although Franklin's chart of the Gulf Stream, published in London, 

had been rejected hy the English sh.ipmasters in 1770, it was certainly 
adopted by writers on hydrogmphy. The information was given to the 
public through these ·works, and the name Gulf Stream came into general 

use. The importance, too, of gaining all possible information about this 

mighty rinr seem•; to have been realized at this time, and consequently 

nearly all government vessels were instructed to observe its phenomenon 
whenever opportunity offered. Among the most prominent investigators 

was Dr. Charles Blagden, of the Royal Army, while with the British fleet 

going to and in the American waters in 1776-'77. He observed the tem­

perature in crOBBing the stream off Cape Fear, aud also off the Chesapeake, 
communicating his results to the Royal Society, in 1 781, in a letter urging 

the essential advantage to be derived by the use of the thermometer. 

These two, Franklin and Blagden, \Vere the first to demonstrate the useful­

ness of that instrument, and, since the time of Alaminos, no discovery of 

like importance had heen made which bore so directly on the question of 
utilizing this great river to the purposes of man's welfare. 

Soon after Franklin's and Blagden's discoveries, Mr. Pownall, formerly 

Governor of Massaclmsetts, published in 1787 a large chart and a volume 

on Hy(lranlic and Nautical Observations on the Currents of the Atlantic 
Oc<,,;:m. On this chart the Gulf Stream is laid down closely approximating 

to that of Franklin's (illustration No. 34). He also gives the correct com-se 

or traek8 whieh vessels should take; that to Boston "along and beyond 
the northern edge of the Gulf Stream." To Virginia and Carolina he urged 

one iu about latitude 35° instead of running down to 20°, as was usual. 

Franklin on his last voyage was accompanied by a nephew, Col. Jona­

than 'Villiams, who was of great assistance in the thennometrical observa­
tions and record of results. Such interest was awakened in the mind of 

Williams that he was led to continue the experiments begun by his unale. 



 

"' c 
r 

"' 
"' -I 

"' "' )> 
:;:: 

J> 
() 
() 

0 
::n 
0 .... -

~ z 
_, Q 

~ 
0 

~) 

0 
< 
l'T 
:u 
z 
0 
:u 

" 0 
~ 
z 
::.. ... ... 

i 
: 

I 
IM 

~ ,, 

I 
-; 

" ~ 
" < 
~ 

I 
~? 
t~ 

j 
~ 

" 

~( 
~. 

! 

! 
~: 
~-~ : r a 11 i'. ; 

t~ 
t 
~ 

l'., 
I,\ 

', 1· . 
j 
... ~ .. 

l 
'·· 
·~ 
' \~ 
\f 
~ 

~· ,. 
., I' 

" ~: 
1Jt t 

' 

·~ 
:~· 
,; 

,. 
~ ... _ 

., 
::: 
'" 
'" i~ 

\ " 
\I ~ 

",, \:\ 
' \' 
'\ \ 

' ' 

r 
f~ 
'J ~ 
1"< l' ta 

"t tt 
i~ t 

~ -

No. 3~-

I 

~. 

~ f 
t~ 

.~ 

i ' ! 

l 



 

UNITED STATES COAST AND GEODETIC SURVEY. 491 

In a memoir read before the American Philosophical Soeiety in 1790 he con­

firmed Dr. Franklin's account of the temperatnrt> of the Rtrearn, anrl also 

advanced the theory that hanks, shoals, and coasts might ht; cliseon~re<l by the 

use of the thermometer. "\Villiams pubfo1hed a work in 1 7:!~1 on Thermomet­

rical Navigation, containing a chart of the Gulf Stream (illustration Ko. 3i)) 

and the temperature of the water on adjacent banks. Ill 1800 a paper 'vas 

read by Capt. "\Villiam Strickland on the use of the thermometer in navigation. 

In his voyages across the Atlantic he had kept daily and sometimes hourly 

oh.;ervations of surface temperature, in order to test the theory of Colmwl 

"\Villiams. His investigation was valuable from the discovery of the warm 

northeasterly extension of the Gulf Stream, for lie fournl i11 lntitnffo 46° 47' 

north and longitude 38° 35' west, a temperature of (:)8°. He i-;ays, of this 

northeast extension, "it probably continues in about a northeast direction 

entirely across the Atlantic till it ultimately strikes the coasts of Ireland 

and the Hebrides, after having lost, in its long course in these northern lati­

tmles, much of its heat, and at last being reduced to the temperature of the 

sea through which it flows." He recommended the employment of \'e8sehi 

to <lefine the limits of this northern branch behn•en lntitudes 47° arnl G0° 

by the use of the thermometer. Although others hefon• Striekl:1ml had 

noticed floating wee<lR and American wood,;; in these northern lol'alitit>,-, and 

even CarJot had remarked upon the fact of the beer in the hold nf his ,·esr,;el 

getting warm, thus surmising a warm current, yN 110 mw seems up to tl1is 

time to ha.ve declared its existence a fact, based upon actual experiuncc aud 

scientific observation. 

At the beginning of the nineteenth century, the subject of ocean cm­

rents was a favorite one for investigati(ln by the navigator ~tnd hydrog'ra­

pher. The thermometer wai:; the accepted instru1nent in the research, aw] 

by the chronometer, which was becoming of greater n1lue and mor<> g"f>ll­

erally used, the difference between the dead reckonii1g and the olisern;tl 

positio11s could be determinecl with greater accuracy. As we shall i-mP latPJ', 

from the time of Fmnklin and Blagden, for mm·(~ than a century, all the 

investigation of ocean currents was based solely upon these two i11;;trn­

ments, the thermometer and the chronometer, and upon, what in effect i:; 

the same as the latter, the drift of bottles. In the year 1802 the first bottle 
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experiments seem to have been inaugurated, the English ship Rainbow throw­

ing overboard several in the North Atlantic, and at intervals these experi­

nwnt8 have lwen continued in all parts of the world up to the p1·esent day. 

A remarkable tlwrmometrical voyage was made in 1810 by tlw packet 

Eliza, from Halifax to Engfand. It was found that in the midst of the 

warm water of the stream there existed patches of cool water of 10° to 15° 

lower teir11wratnre than the surrounding sea, and having a diameter of 
over :WO miles. They were thought to have been caused by icebergs and 

Hoe,; which had enkred and been melted in tho Gulf Stream. In 1811 

awl 1812, ::-lir Philip Broke made a great number of observations iu the Gulf 

Htream aud described its characteristics. Among other things he states 

"that beyond the southern boun<lary of the stream, from the Azores toward 

Bermuda arnl tl1e Bahamas, there is a strong set to the southwest or west­

soutlnn~,_,t, that when this emrntercurrent arrives opposite the outfall of the 

Florida or Gulf Stream it turns to the southeast along the outer side of the 

Bahama "'\rdiipelago, receidng into its body a large offset of the Gulf 

Stn·am which rcmnds the Matanilla Bank." Another alleged characteristic 

of the current hegan to app{·ai· in the nautical works of the early part of 

the century: '•That easterly winds press the current toward tho American 

coast, and that the consequences of this pressure are that the breadth of 

the Stream aud its distance from the shore iH diminished and its velocitv ., 
increased, and that in the contrary, winds which blow from the coast pro-

duce contrary effects." 

Capt . .Tohn Hamilton gave to the American Philosophical Society, in 

1825, the obsen·ations made by him during twenty-8ix voyages to and 

from Europe. They consist of temperature of air and water, cmTent of 

the Gulf Stream for different months, average temperature of the water on 

sourn1iugs off the Delaware, Georges Bank, and on the coast of Ireland. 

Sornt· of the eoneluRions arrived at by Captain Hamilton were of great 

vnhw at the tirnt•. He decided that it was impossible to define thri limits 

of the current of the Gulf Stream, owing to the variable influence of the 

wind ; that after it passes the Grand Bank the main Stream proceeds to the 

soutJnnml, while :-;pn•rnl ramifications, generally not very strong, branch 

off to the northeast and from that to the east, with countercurrents in the 
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iutermBdiate spaces; that by the frequent use of the thermometer the navi­

gator mfly alwayti discern where he touches the Gulf Stream, and take 

advantage of its current or avoid its influence. He further remarks: 

I was for a long time almost induced to conclude that some 
of these cun-1mtf.l, particularly those \vhich prevail between the 
coast of Newfoundland and Europe, were periodically running 
half the time in 011e direction and half the time in the other, and 
the foregoing tables seem to strengthen thi.-; conclusion, except the 
countercuuents near the edge of the stream. 

* * * * * 
\Vheu the current from the northward prevailed to any great extent, 
a set in the opposite direction near the bank of K e1vfoundland and 
on the west coast of Ireland were always observed. 

The celebrated German, A. vo11 Humbo~dt, pu1Jlished iu 1814 a valua­
ble description of the Gulf Stream, the result of his own ob;-;ernltiom; i11 

crossing it no less than sixteen times, as well as of all the inforination he 

could collect from the journals of na~·igators wlu_) had been posse13sed of th(· 

necessary means for exact astronomical observations at sea. He deci<lcd 

tlta.t the Gulf Stream was not the same in all season:,; of the year, but that ihi 

force arnl dire-dion Jepended to a large extent upon the change,,; in the tnufo 

winds, and also, that the general torpidity of the ice iu the Aretic in the 

winter, and 'its melting in the summer, influenced it. Regarding the direc­

tions of ocean currentl'I he says: 

Considering the velocity of the fluid elements which, in differ­
ent latitudes, in consequence of the earth's rotation, i~ different, 
one should he tempt.eel to think that every current from south tc 1 

north ought to have at the same time a tenclency to the ea,_t, and, 
vice versa, a current from north to south a tendency to the west. 

He published ~ chart of the Gulf Stream in which he depicteil it:-; 

changeable limits as he believed they were. 

During the next few years many navigators cruised in and examinrnl 

the Gulf Stream, more particularly however in the vicinity of the route 
between Halifax and Bermuda. One of them in May, 1821, in about 64° 

west longitude remarked the fact that he observed a vein of cool water of a 

temperature of 54° between 72° and 73°, which seems to he the fir~t timn 

this phenomenon was noticed. The celebrated Englishman, Capt. ·w. 
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Scoresby, investigated the 11orthen1 exten;;ion of the stream, and discovered 

in the vicinity of Spitzbergen that an under stratum of water -..Yas generally 

warmer than that at the smfal'e. He lwlieved that the \Vanner water, though 
of similar 8pel'ific gTaYity was, in this case, the most dense, and that sea 

water follmn;.J the same law as fresh water 1vith regarJ to extreme of deusity, 

being· :i fow <legTees ahnve its freezing temperature. To this he attributed 

the fact tliat the polar ke in these waters could not extend far to the south­

ward, arnl I I umholllt adopted the same. The latter says: "In those regicius 

which are warmed hy a current from the southwest, navigation iH uninter­

rupktl even in tlw n1idst of the strongest winter." 

Col. E. Sabirw, in l>:l:22 was a member of an expedition organized for 

the }JUI]lOse of making experiments to determine the figure of the earth. 

Sailing· from England he went to ~fa.deira and to Sierra Leone, tLrough the 

Caribbean and the Straits of Florida to Kew York and thence to England, 

thus making the complete circuit of the warm Atlantic currents. In his 

ohi,;ervatio11s on ocean temperatures he found in the eastern Atlantic a Lody 

of water very much warmer than normal, and attributed this fact to .au 

unusual elevation of the Gulf of .Mexico and the Caribbean, due to abnor­

mally strong tmd.e -..vimlB. The weather was so unusual in the southern parts 

of Great B1-jtain and in Fi:,~mce as to have excited general remark, as "most 

extraordinary hot, damp, stormy, and oppressive," and that in November and 
Decmnber p;a1e8 from the west and southwest were almost without inter­

mission. 'Ve here see, not so much the dii·ect influence of the warm water 

of the stream on the climate of England and France as the effect of the 

westerly and soutlnvesterly gales. · 

During the first quarter of this century the British admiralty-office had 

col1ceted a g-reat quantity of material on the subject of ocean currents and 

meteorology, most of which had never become known to the public. Mr. 

,James Rennell, who had dernted his life to the subject of geography, and 

pnrtif'ularl:Y to ocean (•urrnnts, was given the task of compiling and collect­
ing the data. He C'.Ombined the i·esults on large charts of the ocean whfoh 

were the admiration of the day, and also wrote a volume on "An investiga­

tiou of the 8uhjoct ()f the currents of the Atlantic Ocean." He died, however, 

before its entire completion, but two years later (1832) it was published by 
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hi8 <laught~r Lady Radel. In the charts were embodied tlw general rourses 

of the cm~reuts with the limit8 of variations, the <lirediom; of the winds, 

accompanjed by the date of observation, the depth awl tempernturc of tliu 

sea, aud some of the tracks of the vessels making 8pecially important seieutific 
observations. 

Major Rennell adopted Dr. Franklin's theory a::> to the principal cau::>e 
of ocean currents and divided them juto two elas:,;e,,;: Drift currents, earrned 

by the effect of constant or long-continued wimls on the surface uf the wat<'r, 

and stream currents, which are formed by the ac.cuiUulation of water by the 
(lrift current meeting an obstacle and thrown sidewa.n; or out of it,.; n,.;ual 

course. The Gulf Stream he placed in the latter dass, hut eoudmled that 

it turned south toward the Azores and was lost, while he considered the 

movement of water in the northern part of the North Atlantic a (lrift cur­

rent impelled by the prevailing westerly wind:,;, and these abn were the 

cause of the African current. 

From his investigations he pronounced it to be abundantly pro,·e<l­

(1) That there existed a change in the position and breadth of tlH' 
column of warm water from time to time. 

(2) That tlw breadth varied at times in the proportion of more than 

two to one. 

(3) rrhat these changes had been observed sometimes to be rnry su~l-
11en-:as, for instance, it had once been found to be 140 miles in width, and 

ten weeks later at the same spot to be 320 miles broad. 

( 4) That these changes did not follow any regular course of season, 

·for it was 320 miles wide in May, 1820, and only 186 miles in l\Iay, 1821, 
nearly at the same place. 

(5) That on the northern side of the stream the body of warm water 

is more permanent than to the south, and also that the warmest water is 

found to the north, as if indicating the stl'Ongest part of the stream there. 

(fi) That the existence of warm water does not necessarily indicate tho 

presence of the stream, but must be regarded a:-; an overflowing or deposit 

of superabundant water, or even form a counter current. 

(7) That there were without doubt veins of colder water within the 

body of warm current. 
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He poiuted out the fact, and, indeed, it exists at the present day, that 

the position of the Htream east of Cape Hatteras is but imperfectly known, 

and that notwith::;tanding the great number of ob,;ervatiom; at his disposal, 

a want of sy::;tem in their collection, the isolated and unconnected facts 

obrnine<l by different ob::>e1Ters at (liffereut"1:leasoni'.\, and errors in determining 

1ongitw1e made it impossible at that time to t-itate where the borders of the 

Stream should be placed. The observations discussed hy .Major Rennell 

were of the surface temperature, and we shall 8ee later how great is the 

influence of the wiucl in spreading- the warm water of the Stream without 

('Hrrying the eurreut with it. Hi8 work was the most valuable coUection of 

re::;ults that had heen made, and while some of his conclusions have since 

betn1 tlispmverl, it is a remarkable fact that he should have arrived at so near 
tlw truth in many of them. An index of his fmrrents is shown iu illustra­
tion No. 3G. 

For several years after the death of :'.\fajor Heuuell, observation of the 

Atla11tic cnrrenh; did not pos8eHs the attraction that it had prev;ously, 

probably for the mason tlmt hi,,; elaborate compilations were considered 

tn have settl~t! the <1uestion. Isolated observations were made, but no one 

took the trouble to combine thern int" average results. Reunell's theory 

of the d(~vat ion of the Gulf of ~lexin> and the Caribbean Sea was much 

shaken b~- Arago, who called attention to the observations made to ascer­

tain the differences of level of the two oceans at the hthmus of P~nama. 

Triaugu1ation waH carried from Chagres to Panama, and a report made that 

the Atlantic might be from 3 to 5 feet lower than the Pacific.* 

About thii'.' tirm~ :i line of levels was carried across Florida from St. 

Mary'::i Hiver to Apaladiee Bay, with n difference of 7 ! inches, the latter 

hcinµ- the highest. It was thought, however, to be due to error of observa­

tionH rather than to difference of level. 
A.rngo believed "that with respect to currenbi the rotation of the earth 

<!nµ:ht prineipally to he taken into view, and that this, together with the 

cooling aiHl warming of the water in tho north aud south, is the main cause 
of their more rapid or slower deviation and pr ogress toward the east or 

•The engineer~ in eharge of the Panama Canal have accurately leveled acroes the Isthmus in 
recent yea.rs with entirely different results, as will be seen later. 
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west." Ho remarks, too, that "we ought to apply to the ocean the same 

theory which has already afforded a satisfactory explanation to the trade 

wind,,; if we will decipher the question of eurreut,,;." 

During the fin;t half of the century hottfo experiments \n•re nurnerouR. 

The rAsnlts were published, chiefly in magazines, in tl1e shape of charts. 

giving the posjt,ions :rnd rlates of dt·partnre arn1 arrival .of tlwse float:-;, 

co1mected by straight lines. Auother chart, indirectly relating to rwe:lll 

currents, wa.s published by )fr. ·w. C. Redfield. It ga...-e the positi011s of ie<·­

bergs and fields observed by British and American m1vigators in the Atlanti« 

from the year 1832 to 1844. Orer one hundred of them werl' rnnrk('d 011 

thir-; dmrt, and the fiwt observed that they sometimes entered the snppo;;(•<l 

limits of the Gulf Stream, thus showing the existeuce of an m1tlercmn~nt. 

In 1838 and 1840 a scientific mission was sent out by the King of 

France, under the directiol'l of Pau1 Gaimard, to northwestern Europn. 

Among other subjects they observecl the depth and temperature of the 

oce:m, and concluded that "a broad current sets through the uortheru 

Atlantic in a NNE. direction toward the coasts of Great Britain and, pass­
ing between the Faroe and Shetland Islands, runs along the coast of Scan­

dinavia as far as North Cape, from which it tm'lls toward Cherry Islands 

and Spitzbergen." 
The winter of 1845-' 46 in England, and in fact in all of western Europe, 

was very abnormal. The weather was exc.;eptionall y mild, being 8 degrees 

ahove the average, and was accompanied by much rain and high south­
westerly gales, similar to the winter of 1821-'22, when Colonel Sabine had 
observea an exceptional extension of the warm water of the Gulf Stream 

toward the shores of Europe. Struck by the similarity of "\.Yeather, Colonel 

Sabine endeavored. to discover if the same conditions of oeean tern.perature 

prevailed, but although hundreds of vessels crossed and recrossed this part 

of the ocean he could find none on which observations had been taken. 

He thought it reasonable to believe that tluough a course of years there 

might be a difference between the usual and extreme initial velocities, and 

conseque-ntly in some years, as 1776, 1821, and j)erhaps 1845, it might 
reach the shores of Europe. He thought, too, that it would he of the 

greatest practical value for Emope to be infonned in advance of the yearly 
H.Ex.80~2 
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state awl tcmleucy of the Stream and the changes in its velocity. His idea 

was that ship:-; might observe its elevation in the Gulf of )fexico and StraitR 

of Florida;· and that they, sailing fa:-;ter than the flow, migl1t urnke the 

changes known in England in advance of the arrival of the climate-influ­

encing warm water. 

After the <leath of Major Rennell the first renewed attempt to take up 

the ta:-;k of collecting data on ocean meteorology was made by Lieut. .M. F. 

l\Iaury, U.S. N. While he was collecting, however, the u. S. Coast Survey, 
under Prof. A. D. Baehe, began, in 1844, a systematic investigation, which 

continued with greater or lesser regularity until 1860. Before describing the 

latter, however, we will consider the labors of Lieutenant Maury and other:-; 

up to the outbreak of the civil war. Lieutenant Jfaury, while Superi11te11de11t 

of the U.S. Naval Observatory, had collected all the log-books of vessels 

between the years 1840 and 1850, and averaging the data, gave to the pub­

lic the results in a series of wind and current charts aml 8ailing directions. 

After the first edition was published, he proposed a general Maritime Con~ 

ference for devi~·ling a uniform system of observations at sea, an<l the meet­

ing was held at Brussels in 1853. A plan of obserYatiorn; was adopted and 

the co-operation of nearly every nation assured. As a re8nlt, a rnas8 of data 

was collecterl from which other editions of more elaborate charts arnl sailing 

.directions were compiled. 'l'he charts were issued in condenHed form hy 
other govern111pnts, and his sailing directions, as well a:-; hfo famous \\'Ork 

entitled the "Physical Geography of the Sea," were translated into many 

languages. 

It is stated in some recent works that it is difficult to ascertain from 

Maury's writings exactly what his ideas were as to the causes of the great 

ncea11 currents. He says in "Physical Geography of the Sea:" 

But thev [modern investigations] seem to encourage the 
opinion that tl1e Stream, as well as all constant currents of the sea, 
are dlw mainty to the constant difference produced hy temperature 
a!Hl :-;altue:-;:-; in the specific gravity of the water in certain parts of 
the ocean. Such difference of Rpecific gravity is inconsistent :with 
nqneous equilibrium, and to maintain this equilibrium these great 
currents are set in motion. The agents which derange equilibrium 
in the waters of tlH~ sea, l,y altering the specific gravity, reach 
from the equator to the poles, and in these operatioJ1s they are as 
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ceaseless as hear and (•.olrl, awl C'Onsequently 1·.all for a system of 
perpetual cmTe11ts to trndo tlwir peqwtual work. 

These agents, however, are not the sole <·ausc~ of C'U!Tents. 
Tht• wiwls lwlp to make <·nrrents by 1n·e:;Ki11g upon tlw wan·s awl 
drifting before them tlw wa\eroftlw st;a: so 1l11 tlw raiu,;, by rais­
ing it:; level here and theru; and so doe8 the atmosplwre h.'· pn•ss­
ing with more or l(•ss superi1H·mnh,·nt for('e upou cliff<-'rent parts of 
the ocean at the sanw nwment, aR indi('ated b.'· tlw ehangt·,.; of the 
barometrin eolnnrn. But when the wind,; m11l rain;; ('ease a!Hl the 
barometer is stationar:·, tl1t; ('llrreut,; that were the eonsetit1ern·e 
ahm Niase. But tlw elmng·es of tempc·ratnre and of sa.lnwss, awl 
the work of other agents. which affect sp1·1·iJ-ic gravity of st'a \Yater 
aml 1 lenmge its eqnilibrinm arl' as ceaseless in thPir operation,; as 
tlw Hun in his conn;e, and in their effed:; tliey am e111lll's>i. Plii­
lo;;ophy points to tlwm as the d1ief cau::><:J of the Gulf Stream arnl 
of all the constant !'UJTeut;;. 

In another place, however, he says: 

The dynami('.al forces whiel1 are expres:-<ed hy the> Gulf Stream 
may with a::; much . propriNy be Kaid to l'("Ride in tliose northern 
waters a.K in the \Vest India sea::;; frn· on one side we; have the 
Cari bl.Jean Sea and Gulf of .Mexico, with their ·waters of briue, aud 
on the other the great Polar basin, the Baltie, and the :North Sea, 
the fwo latter with •vaters that are but little more than brackish. 

This fact would of itself simply neutralize the differences in density 

due to heat, but later ho expres80S his couvictiou that-

If we ex(~ept tlw tide11 and the partial currents of the ilea, finch 
as those that may be created by the wind, we mn.v lav it dr 1w11 as 
a rule that all th~i ('Urre11ts of the ocean owe their" origin to differ­
ence of specific grn,·ity hetween ,.;ea water at one place nrnl sea 
water at another, f(ir wherever there is such a difference, whether it 
being owing to difference of temperature or to difference of saltiwss, 
etc., it is a difference that disturbs equilibrium and currents are 
tho consequence. 

His belief was, then, iu effect that differences of density caused the 

main cmTents, and that thi11 might be modified by winds, rain, barometric 

pressure, evaporation, and the fauna and Hora of the ocean. 



 

CHAPTER III. 

G f!LF STRE.1J.l L\TESTIGATIOXS JUDE lil THE U. 8. COAST Sl:RTEY U~YTIL JSSJ 

AXL> THOSE CO .. Yl'E.Jll'OlURY TrITH THEM. 

\Ve have now reached the point in the history of Gulf Stream investi­

gation where, for tho first time, can he def!cribed a systematic and exten­

sive Pxmnination into its 8ecrets. Research had been going on for years in 
a, casual way, data collected >vhen chance offered, and at any point, hut 

under the direction of no one who had the authority to say to the observ­

ers when, where, and how they should search. The scope of the Coast 

Survey only contemplated an examination of the Gulf Stream in the por­

tions af~jacent to the coa8t of the United States, but the laws have since 

lwen changed so as to iudude the Saxgasso Sea and the Japan Stream, a 

study of tlwse being considered a(hantageous to the commercial and scien­

tific interests of this country and the world at large. 

In 18-!~ a report wns made hy Admiral Sir Franci:,; Beaufort urging 

the British Admiralty to undertake the work. The importance of' au exami­

nntion of the great rivers emptying into the Atlantic, to whose influence the 

Gulf ~tream had lJeeu attributed, was suggested, and the detaihi of a. plan 

were given for a survey of the Stream from the Gulf of }1exico to the shores 

of Europe. 

This plan proposed the employment of three steamers and one sailing. 

vcsi'\el. One steamer was to remain in the Gulf of Florida for the purpose 

of keeping a continuous record of temperature and velocity at that point. 

The sailing vessel was to drift along in the axis of the Stream, while the 

other two steamers v•ere to operate from the axis to the edges in conjunc­

tion with the sailing vessel. 

When Prof A. D. Bache assumed the direction of the Coast Survey, he 

formn1atod a complete method of administration and included in it the sys­

tematic exploration of the Gulf Stream. The plan first adopted, based upon 

the knowledge of the general features of the Stream, was as follows, but it 
500 
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naturally was modified by deductions and inferences from lWIY faets which 

were brought to light as the Survey progressed : 

I. To refer the observations to a medial li1w or axis, 011 each sid1· of 

which it would be more or less similar in itf' temperatures, and t\l nm "ec­

tions perpendicular to thii-; line ~tcross tht! whole withlt of tlw Stn•am. 
II. To start from points on the coast whose pm;itions aro \VP11 knowll, 

and to cfotermine hy the hest mean:-; known to nautical astronomy tlw posi­

tion of the vessel at frequent intervals, and to cheC'k tlt<~:-<e results if rn•ct•8-

t:mry by a return to the coast. 

III. To occupy positions at which the temperatures at difforrnt dPptlis 

would be <letermined, the frequency of whieh wonld <1e1wrnl upon th(· greater 

or less rapidity of the change of temperature. 

As regards seasons for exploratiom;, the summer was reganleil as the 

mm;t favorable for the greater part of the Stream, for the i:f~ason that the 

winter season, at which time the storms and eold rendered observation 

more difficult, is also the season in which the e(1uililirimn of the currents 

would be most disturbed by the rapid cooling of the water. Soumling in 

winter in stormy weather (with rope) was hardly practicable, aud the 

results obtained were liable to great inaccuracies. 

In the spring of 184fi the brig TVashington >vas 'coirnnit>Rioned and 

placed under the command of Lieut. C. H. Davis, U.S. N., and the following 

instructions were giv(m him. The first part is quoted almost in full, to show 

the clearness with which Professor Bache saw the details lH'ccs,;ary f( •r such 
an investigation in order to establish the laws of tlw Stream in the hC'st 

manner with the instruments available at that time. 

Professor Bache says : 
The following questions should he examined : 
First. What are the limits of the Gulf Stream on this part 

of the coast of the United States, at the surface an<l helmv the• 
surface~ 

Second. Are they constant or Vfl,riable, do they change with 
the season, with the prevalent and different winds; what is the 
effect of greater or less quantities of ice in the vicinity f 

Third. How may they best he recognized, by the temperature 
at the surface or below the surface, by soundings, by the clrnrm:ter 
of the bottom, by peculiar forms of vegetahle or animal lifo, hy 
meteorology, by the saltness of the water f 
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Fouiih. What are the directions and velocities of the currents 
in thi:-; Stremn and adjacent to it at the surface, below the surfaee, 
and to 1Ylmt variations are they suhject ~ \Vhat peculiar arrange­
ment of the l'Urreuts takes place at the edge of the Stream in passing 
from the ge11eral waters of the ocean into tlwse of the Gulff Some 
of tlw~;e questiom; will require 1011µ:-conti11uec1 obsernttions to solve. 
If you <·an obtain something like approximntion to the normal 
conditiou of the Stream in thi:-; summer's work it will be quite satis­
factorY. :Hake, thell, as mauy cross sections of the Stream as 
couvp~1ieut and as tl 1e iuvestig::ition may show to be necessary. In 
the8(~ st>etinus (1) determine the temperature at the ,.;urfn('P and at 
<liffereut depths; (2) the depth of water; (3) the eharader of 
thf' bottom; ( .:J.) the directioH arnl velocity of the cmTents at the 
1mrface and at ditforent depths; (!"i) as far as practicable notice 
the fonns of Yegetable and animal lift,. 

Project or note the re:mlts as obtained. In the diagram for 
the temperature at the surface the abscissa will correspond to 
diRtance, the ordinates to temperatures, upon a convenient scale 
ar1Jitrari1y asi:-;umed. 'l'lw <lh;tauce apart at which tlw oh,.;erva­
tions should he ma<le mu:-;t depeml upon the more or less rapid 
change of temperature; thus, on the borders of the Stream, they 
should he more fretpient than 011 eitlwr Hide or within it. The 
diagrams of tlw scale of tempPrature, if ma<lP large, will be good 
guides to tlw work. 

Exami1w the depth and eharncter of the bottom at the same 
tinw. To ddermine the temperature at a gTeat many <leptlu.; and 
at 01· near tlie same position, will he difficult aud tedious. To 
i!Yoid the ne<·essit_v for it, make a complete invm~tigation of the 
"liangl~ frorn tlw surface to the bottom, at as many points a8 may 
npp< ·ar ll\'('t'ssary ; tln1s, for ('Xmnpk·, make an inn~stigation 011 the 
.;f•\·<·ral sP«ti011s ahove referred t<>, on the following lines. Sound 
beforp rea<·l1iug· the t~dg·e of the stmam two lines at or-near the 
edg·v, two 1iues within, ·or w.; many ari appear necessary, two at 
Pr iwar the outer edge aud st'Yeral beyond. Ati for the lineR within 
th1' (} 1df foream which arc tht· mo:-;t interesting, the inn·stigation 
'"ill show IHm n1m1y will he rnquired. The frequency of the 
oh:-:1·rvations in a giYen depth will be determned by the more or 
It's,.; rnpirl changes in temperntnrc. Suppo:-;e a c01~jectural diagram 
t11 n:prt>s<·nt the~ rt's1ilts, the tf~mperatnre cha11gfog rapidly 1rn1u· the 
surface a hont a poiut a, theu slowly to a certain tlepth. A counter 
enlcl 1·1uTP11t hei11g- met at b, the <'hange lx,corning rapid there, this 
hm tPill]Jt•ratnrn ranging hnt slowly toward the bottom at a and b, 
the oh:-;errntions Hhnuld be frequent. All the obl'lervations on depths 
and diara1·tpr of thP bottom an<l temperature should Le carri~d 
quite across the btreani. 
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It may and probably will turn out that there is a certain depth 
at which the temperature is invariable for the :-1aine position u11in­
flueneed at least hy tieasou or by ·winds, and the asf<emhlage of 
thest~ points will give a line below the surface co118tant in direction 
awl velocity, and to detennine this will he a valuable practical 
result. 

These sections, 'vith the addition of lines run in the general 
direction of the Stream, will enable you to represent it on a chart 
in the usual way, 8lmwing the limits alHl axis, the vekwity arnl 
direction a!l(l temperature at the surface and at any depth which 
is desirable as that of tlw line of invariable tempei·ature. As to 
the character of the bottom, use the Stellwagen Cup and the appa­
ratlhl which I have requested Lieutenant-Commanding- Blake (iflie 
cau <lispense with it) to send to you at ~ ew York. Tlwy may 
both answer the purpose. Characteristic specimens should h(~ 
prei-;erwd, as heretofore, and duly marked with date and prn;ition. 
They will be arranged on your return to the office. The temper­
ature at the surface obtain in the ordinary way or by using the 
instrument furnished to Commander _Gedney last year, and which 
I shall speak of as the marine thermometer. The Ye1ocitie::; and 
directions of the currents you should a8eertain as far as practicable 
by comparing the positions determined by astronomical ohsf'lTa­
tions and by reckoning, by anchoring the vessel or a boat when 
such a thing is pnicticahle, by the change of position in time of 
calm. The way of the vessel by 1\Iassey'8 Log. 

The existence of a counter cmTent of cold water from the 
poles below the warm current from the equator has heeu su1iposed. 
This current would produce a position of rest, in which if a lwiffY 
body attached to a light one at the smface were imnwrserl, tlie 
light one would drift off down the stream of the superior current. 
If a light body were sent down to the counter cmTent and then 
detached, it would i-i.se at a point up the stream of the surfaee cur­
rent. A hoat might he anchored on it by attaching to it a body 
which would produce a considerable resistance to motion. Two 
boanls put together crosswise would answer the purpose well. It 
may be that if there is no counter current the velocity near the 
bottom iR so much checked as to cause a variation to be discernible 
in some such way. 

The remainder of the instructions is devoted to details of ohserYation. 

Lieutenant Davis made two or three trips into the Gulf Stream, and 

although the means of observation were tentative on this first year's work, 

much valuable information was obtained. 
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In 1846 Lieut. George l\:L Bache, U. S. K., wa;,; detailed to <~ontinue 

the Gulf Stream innJ;,;tigation under praetically the same instructions as his 

predecesrmr. After a :-1ummer'::; successful work in tracing the temperature 

across the Stream on three sections, thi~ little vessel was overtaken by a 

hurricane off th~" Xorth Carolina 1~uast and Lieutenant Bache and teu, of the 

crew were 8wept overhoar<l lJ_r a sea and lost. The vessel managed to 

reaeh port almo:-;t a wre<'k arnl the observation:;, made at such a (·o:.;t in 

life, \Vere preserYc<l. Lieutenant Bache gave the name "Col<l '\Vall" to the 

rc1rnarkable chang(c in tmnpemture usually found at what i8 suppo8ed to be 
the inner edge of the stream, and he also confirmed the fact that there were 

alternation:-; of hot and cold ~vator acro:--1tl tlw ::;trenm. 

In the follrming year the TT,..asltiu.'floll >Y<lS commanded by Lieut. S. P. 

Lee, U.S. N. His instructions contemplated tracing the axis of the Stream, 

and testing, nn his return from the Gulf of ::\foxico, the existence of the colcl 

wall south of Cape Hattera:-1. They a1so called for a resurvey of the section 

off Cape Henry in order to connect the series of observations made in dif­

foreut yea1·s. The observations made hv Lieutenant Lee were in the main 

a confirmation of those of preYiom; years. He found the alternations of hot 

and 1·.01<1 water, but their positious did uot correspond. Lieutenant Bache 

fom1d a second hranch of the Gulf Stream separated by cold ;vater, while 

Lieutenant Lee found more than one alternation, and the positions of tlw 

higlwst and lowest temperatures were different in the two years. 

In 1848 the work was continued, hut with improved means. Two 

Six's thennometers and two larger on the same plan were used, aud abo a 

nwtallic st~lf-registering thennometer, designed hy }fr. Joseph Saxton espe­

eially for thi:.; work. Iirntoad of a sailing vessel, the U. S. steamer Legan! 

ww.; wmmis:--1i01wd nn<ler the command of Lieut. Richard Bache, U. S. N., 

n_JJ([ tlw :-il·etion off Cape Henry re:mrveyed and a first examination of the 

Cape Hattl•ra,; sP<·tiou made. The ob:.;ervatiorn; of this year furnished-data 

for 1•(11npariso11 of the rPsultl'l obtai1wd during three conse<'ntive years on 

the Cape H miry se<'tious, arnl were thought to develop the fact that, begin­

ning with a miuimum at tlw (·111'1 wall, the tempet'{tture rises to a maxi­

mum m the axi;,; of the titrearu, beyond which. are two minima and two 

maxima. 
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After the observations ahon~ mentioned and until 1853, circumstances 

connerted with the work of tlw Surn~y preventt·<l the prosQcution of Gulf 

Streani investigation, but in this year a party under Lieut. T. A. ::\I. Craven, 

U. S. N., on board the steamer Conriu, was directed to run four seetious 
aeross the Stream from Cape CanaYeral, St. Augusti1w1 8t. Simon's Round, and 

Charleston, and Lieut. J. N. ~faffitt, U. S. N., on hoanl the schooner Craw­
ford, to run the sections from Charleston, Cape Fear, and Cape Hatteras. 

In addition to copies of the instructions that had been sent to the former 

officers engaged in the work, Professor Bache also is:med. detailed inHtruc­

tions as to the special methods of prosecuting the examinations. 'l'he axis 

of the Stream or the point of highest temperature was to he t1·ac1?tl by zig­

zagR, by Lieutenant Cnweu, from Kt>y \Vest to Charleston, and afterwards 

as far north as the latitude of .New York, and, with tlw ex<:eption of the latter, 

which was urnwoidahly prevented, all the work la.id out was mnst faithfully 

executed. The suumliug8 takt>n hy both i~artil's wern with rope or by ~las­
sey's sounding machine, arnl from the depth;:; ohtainecl tlwy ,;upposed there 

were two 11uhmarine ridge:; running parallel to the crnu1t. The i:>oml<lings 

since taken with pianoforte wire have proved thii:; to ban· been an error. 

The temperature curves obtained this year an' of tl1e same form as those 

previously found farther north, and in the duplication of the Ca pl! Hatteras 

seet.ion it was found that the sirnilarity of cnrve and the po:;itions of tho 

various warm aud cold bands ·were remarkable. 

It was conclmled that there were alternatiom; of tempnature aeross the 

Gulf Stream, the cold wMer intruding and diYiding tlrn warm, making thus 

altemate streaks or streaim; of warm and cold water, and it was thought 

that the observations of Lieutenant. Maffitt, on the Charleston mid Cape 

Fear sections, showed a counter current where the cold streaks ·were found. 

That such is not ahvays the case will be shown later in discussing the oh­

servations of the Blake in recent years. Professor Bache also decided that 
"the observations of thii,; year ha,-e fully proved that in the Charleston 

section, and those south of it, the bawls of cold and warm water arP pro­

duced by the shape of the bottom of the sea." The progress of the explo­

mtions up to 1853 furnished data for the construction of a dwrt nf tlw Gulf 

Stream from Cape Canaveral to the section off Sandy Hook, the alterna-
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tions of temperature being shown by shading, the darker the shade the 

higher the temperature. (See illustration Ko. 37.) 

The cmTes limiting the various bamh were not in all eases drawn pre­

cisely t!trougl1 the points obtained on the several Hections, hut i11 no case 

hut one was the distance from the point actually determined aH great as the 

probable error in the determination of the points themselves. The lmmls 
appearetl to he invariable in number and position. The supposed axis of 

the Stream (the highest temperature) was the hest determined. The cold 

wall "Was the next best to that of the axis, and in the case of the other warm 

an<l cold hands the limits of uncertainty in their position at the point of 

croi'sing any section were less than half the average dfotanee between the 
positions in that part of the 8ection. 

Iu 1854 it was thought to he desirable to continue the examination of 

the St. Simon's and Canaveral Hections in winter for a comparison with the 

surnmer's w1,rk, and Lieutenant .Craven was assig·ned to the (luty. The 

temperatures obtained showed a remarkable dissimilarity of form from those 

of the summer. The thermometer at mo:;t of the positions was nearly con­

stant from 20 to 100 or 120 fathoms, and below that depth it changed rnp­

idlv. At Canaveral the double division of the Stream waR shown, but the 
" 

first maximum was about 7 miles nearer the Cape than in 1853, and the sec-

ornl maximum "\Yas warmer. \Vhat would generallr, be taken by navigators 

as Gulf water was G5 miles from the Cape, "hut there had evidently been 

sonie great disturbance of temperature just before these rei';ultR were olitained.'' 

Later in the year Lieutenant Craven im·eRtigated the Rnntucket sec­

tion, running a liue SE. hy S. from the Davis South Shoal light-Yessel and 

making ohsern1tions at }1hout 20-niile intervals for a distance of 230 miles. 

lie fonrnl the warmest \rnter at this distance, which was 40 or 50 miles far­

tlH•r south awl east in October, 1854, than it was in August, 1845. 1'he 
alternatiorn; of warm and eold water were discernible, hut, as in the case of 

the warme8t, th('Y were a greater distance off shore. In 1855 tl1e work of 

research was continued, Lieutenant Craven running a section off Cape Flor­

i(la in l\Iity, and Lieutenant Sands along the axis of the Stream in June, 

aml also a section off Nantucket in October. The section off Cape Florida 

was completed successfully and the axis of the Stream followed as far as 



 

_Appendix 70 - Coast-- and DcodPti.r .Yro·1•<0' Report iOr !R90. 

... ... 15' 
1-------

I 
I 

CHART OF THE GULF STREAM 

Sh.owing its Axis a:nd L:imits 

a~ dett."T'm1-ned from, explorat.ioru by U..e 1J.S.Coast SuT"Vey 

fi-OTrt 184.5 to 1860 

~-~ 

, .. 
\ ----i- --. 7-= 

i'-0, I . 
:Boat.on £~,.,-... '1 

'hjf'c~-. 
.~.wv.& i .,,,_..,, .r="!i 

c:'JBlockl ~ 

No.37 . 

. ····-= =-,1 

..• -

i I . I 
_,I i 

------_/ .. -.. ··- · .. fc.-'.:___ __ ·:..::_~----~l•o" 
I ' I 

":i~SzndyH<>Ok• 

I 
I I i 

~~tr 
W·--l~~ 

~'}/, 

\,.{, ,; • .Jl 

('L.., I 
i 

i 

./ _.-~~.,../ 

I I , I 
I I 
1 I 
I I 
r , I 
i I I 

I I -~~ 'i ,r 

"'!---1-- ~ 
I I I 

J I 
I I 

1 1·~ I 
I I I 

I 
"'. j :{S"' 

I ·-

~;JJ(J 

\-
)'· I c JCapeU.~ 

,/'' . 

I 

j 
.i 

. ./ 

/ 
/ 

11
1 

~---1·11 

I 
I 

I 
----·--·----·--------+--------------1"" 111

1 

------- I I 



 

--._ 

~---

·i 

I I I 

\~ ____ I~ I 
--- 1, I 

·· t I 
I 

I i 
! I . I 

\ 

"o 

-"· ··-· 



 

UNITED STATES COAST AND GEODETIC SURVEY. 507 

Cape Lookout, but iu the attempt to fiuish the Nantucket section only the 

warm water of the axis was reached. In 1857 a number of interesting 

obserYatious wore added to tho Gulf Stream exploration. A section wa:-i 

run from Havana to Sand Key, Florida, the inner edge of the Stream was 

traced from Cape Canaveral to Cape Fear, the axis was traced from Tor­

tuga:-; to Cape Hatteras, and a line was ruu from Hlllifax in tho <lirection o!' 

Bermuda. It \Ya8 unfortunate, however, that the thermometers were nnt 

alway>5 in working order, as many temperature observatiorn; on both tlw 
HaYmrn and the Halifax lines had to he discarded. During the next three 

year;; the work was chiefly co'nfined to investigating the temperatures 

acros:-; the Straits of Florida. 

Although the plan for the exploration of the Stream contemplated the 

determination of the density of the water and the direction and velocity of 

the currents, the actual work peiformed waH the determination of tcmpcra­

tlll'e and depth. The existence of a polar current underlying aurl rnnning 

counter to the Gulf Stream was aRsumed by Professor Bache, the a,,;:mmp­

tiun being founded mainly upon theoretical considerations, and not on 

actual eurrent observations. Generally the only record of enrrent was 

ohtainc«l by the differenee between the dead reckoning and the astronomi­

c;d positions of the vessels, as, for example, in the reeOl'd of observations of 

01w party it says: 

August 16.-A comparison of the afternoon with the. morning· 
sig·hts for chronometer Hhow a current of 5 miles ea:-itwanlly. 
The vessel was lying-to in the interval. The meridian obserYa­
tions showed a no1iherly current during tlie last 24 hqurs. 

Another recoril was : 

August 18.-Tried the current with ,a boat anchored with 
1,200 fathoms liue (no bottom). Found it on tlie surfoc'.t' setting 
SW. liy W. 0.29 mile per hour. At 2!) fathoms depth, SSW., 
same velocity. This at,rrees with chronometer sights of morning 
aml evening, th(~ brig lying-to all day and drifting n little to the 
west with the Hea. 

The instrument11 employed in the investigation under Professor Bache 

were of the most approved patterns,. were handled with the greate;;t ea re, 

arnl tffery observation scrutinized closely, hut the difficulties again;;t whidt 

they had to contend rendered the work very laborious and the rPsults :-;ome- _ 

times liable to doubt1 which necessitated discarding the observation. 
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The thermometers were as follows: The self-registering instruments of 

Dr. Rutherford, of Etlinburgh, and Six, of Canterbury ; n metallic tlrnrmome­

ter macle by Breguet, of Paris, and another by }fr. Saxton, of the Coast Snr­

vpy Office. Rutherford's is a minimum thermometer, the cohesion of the 

spirit drawing an enamel imlrx to the lowest point ruaehPtl by the coutrac­

tiou, where it iH left :i:-i the fluid expand8. To render it applicable to lloep-

1'\!~a. tmnppmtm'(,s it is inclosell in a gla:;::; ~lobe made ::;trong enough to with­

;,;tarnl mo(l(:rate pressures. In use it is iiecessary to keep the tnhe horizontal, 

which i,.; not ahvay:; pos:-;ihle. In u:-;ing rope, too, for lowering, the centrifu­

gal motion caused hy the twisting or untwisting of the rope prevents accu­

raey or certainty of registration. 

Six's thermometer is composed of a bent tube of glass, one of the 

brancheR terminating in a large expansion to form a cylindrical chamber 

arnl the other only i:;ligl1tly en1argpd at the end. The lower part of the 

tube contains mercury, which partly fills both branches on either side of the 

bend. 'l'he upper part of each branch, including the chambers, is filled 

with highly rectifiell spirits of wine. A rise or fall of temperature ·will 
cause a greater expausinn or contraction of the spirits in the larger end 

than in the smaller,' which will cause the column of mercury in that branch 

to rii;e aud fall, and thus a motion is eomrnunicated to its smface in both 

hrmiches. A small index of steel, coated with glass -and lightly held in 

plaC'.t~ hy a delicate spring, i;-; pushed along by the smface of the mercury 

awl n•mains at the farthest position when the mercury withdraw:5. 

The Breguet metallic thermometer is constructed on the principle of the 

u11<•qua1 c·xpansion of metals. The compound bar i:s composed of laminre 

of lml:-;s a1Hl :-\feel united together and bent into horseshoe form. One end 

is firmly fixPr1 and the other, being free t.1 move under the influence of the 

unequal expansion nr contraction of the two metals, gives rotary motion 

to an index and registers on a dial hy means of an auxiliary hand held 

hy friction at tlw hig-hest or lowest point of temperature. The whole is 

iuclmwrl in a brass case made sufficiently strong to wit.hstalH1 pressure. 

The Saxton thermometer is the same as the Breguet in Jlrinciple, but 

tlw laminm are composed of silver and platinum and wound in a spiral 

inst<~ad of heing he11t into horseshoe form. It is heavily gilded and inclosed 
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in a. metal case, into which the sea. water is admitted. According to our 

ideas at tlw present day these i1rntruments -vvere faulty. 

The conclusions n<foptt•r1 by Professor Bache from tlw observations 

taken under hi,, <lirectiou bdween 1854 and 1860 were as follows: That 

between Cape Florida and Kew York the Gulf Stream is diYided into sev­

eral bands of higher and lower temperatures of which the axis is the, warm­

est, the temperature falling rapidly inshore awl more i-;lnwly ouhicle. This 

is not only the case at the surface; but, with modifications easily under­

stood, at eo11siderahl1; depths. Tliat between the <·cm:-;t awl the :-;trcam tlwn· 

is a fall in tPmperntnrc so abrupt that it has beeu aptly called tlw "<'.old 

wall." The cold wall extends, with varying <lime11sinn1' and changes of its 

peculiar feature:-;, alo11g the coast from Cape Florida i101ihward as far as 

exami11l·d. Inside this wall of marked colder temperature tht>re is another 

increar,;e, while out::;ide the warmeRt barn1, which is next the cold wall, them 

is another warm and one other cold band. The di::;tance:-; tlws1~ nru situated 

from the coast are shhwn in the following table : 

Name of section. 

____________ ,_ 

! JI.files. 

Sandy Hook ----------------1 240 

Cape May ____________ -----·' 125 
Cape Henry _ _ _ _ _ _ _ _ ___ _ _ ___ 94 

Cape Hatteras -------------- 30 

Cape Fear------------------ 6o 

Charleston ____ ----------____ 62 

St. Simon's----------------- 87 

St. Augu,tine ____ -----··----- 70 

Cape Canaveral _ --- ·--· ----- 35 
Cape Florida ____ ---- --·-- __ --1---- _ 

I 

JI.files. Jl.lilcs. 

6o 30 

55 JO 

45 32 

47 25 
30 20 

15 
13 

40 

47 

45 
37 
30 

20 

6o 

70 

So 

37 

22 

14 

a I 
·I 

i 

Jl.liles. 

J ___ I 
50 lndetinite.1 

65 70 I 
6o 

75 
60 

50 
70 

25 

35 ----------

25 ----------
zo 



 

510 UNITED STATES COAST AND GEODETIC SURVEY. 

Iu the sectimu; on which the work was duplicated, viz, the Cape Henry 
arnl the Cape Hatteras sedionR, the p0Ritio11s of the cold wall and axis nf 

the Stream aµ;reed within 5~ miles, aud those of the succeeding points of 

maximum and minimum temperature within 7 ~ miles. 

After the yeur 1860 Gulf Stream investigation <;eased almost entirely 
until 1 Hfi7, wlwn Prof. lIPnry Mitchell of the Coast Survey sounded betweeu 

Key 'V l'St and Ha Ymm aud observed the currents to the depth of GOO fathoms, 

tlw deepest ovPr attempted to that date. The method adopted to observe 
tlwse current;.; was the following: Two glohcs or cans of <x1ual sul'fill'e 

wern attaclw1l to each other by a line of the desired length. One of tlw 

g-lobes was loaded so aR to sink to the length of the connecting line, wl1ile 
tl1e other was on the surface supporting its mate. "Within the latter mt8 a light 

reel upon whieh a small log line, passing through an aperture, was wound 

by a crank from \vithout. To the end of the line was secured a third globe 
floating freely upon the smface of the water. 'Vhen making an observation 

tlrn fog liue wat-< reeled in until the surface globes were together. At a signal 

the reel was released, and, if the currents influencing the two were different, 

the amount of separation in a given time indicated the relative velocities. 

A trial v;a8 madt' of surface currents and at 300 and 400 fathoms depth, 

at a station 3. 7 miles from Fort Chorrera, Cuba, and a Yelocity of about one 

kuot wat'l found at each. Another trial was made about 3 miles farther off 

shore, with the result, that at 600 fathoms depth the current ''ms about 10 
per cent. less than on the tmrface. From these experiments, Professor Mitchell 

was led to conclude that "the Gulf Stream_ has a nearly uniform velocity 

arnl constant course for a depth of 600 fathoms, although its temperature 

varies in this depth 40° F." In the following year Professor l\Iitchell con­

tinued <'urrent ohf<erv~tions in the Santaren and St Nicholas Channels, using 
an a11clwred buoy for the initial point from which to start the float for service 

observations. His conclusion was that the water· in these channels was 

motionless. 

In 1868-'6B-'70 expeditions were fitted out by the British Admiralty, 
and, nuder tho scientific direction of Dr. William R Carpenter, :Mr. J. 
Gwyn ,Jeffreys and Prof. C. Wyville Thomson, sounded and dredged off 

the coast of Europe from the Faroe Islands to Gibraltar. Accurate tempera-



 

UNITED STA.TES COAST A:N"D GEODETIC SURVEY. 511 

turn observations were taken, and from these Professor Thomson has given 

the course of the currents in ·what is called the northeastern extension of the 

Gulf Stream. By the term Gulf Stream he explaimi: 

I mean that ma;.;s of heated ·water which pours from the Straits 
of Florida acrrnss the North Atlantic aud likewise a wider but less 
defined warm current, evidently forming part of the same great 
moYemeut of water, which curves northward, to the eaHtward of 
the West fo<liau Islands. lam mp1elf inclineu, without he1Sitatim1, 
to regard this stream as simply the reflux of the equatorial enr­
reut, addell to, iw doubt, during its northeasterly course by the 
Hnrface drift of the anti-trades which follow in the main in the same 
direction. 

Of the cause of the Gulf Stream he ;.;ays: "It 8Cems to me that the 
Gulf Stream j,.; the one natural pbeuomeuon on the surface of the earth 

whose origin and principal cause, the drift of the trade winds, can be most 

dearly and ea8ily traced.n He couclucles that the Stream enters the North 
Atlantic all(l f1ceumulate8. Finding no free passage toward the northea::;t, a 

pmiion of it goes toward the Azores, but the accumulation to the iwrthward 

forces a return eddy current to underrun certain portions of the warmer flow. 

In 18i3, the Challen,qer expedition, under the command of Capt. Sir 

George Nares, R. N., with n full staff of scientific gentlemen, of which Prof. 
c. \Vyvillt\ rrhomson WH8 the hend, added some most valuable data, to the 

record of Gulf Stream iuve8tigatiou. They eros;,;ed the North Atlantic 

twice, and made pa8sages north and south along the 8hores of both hemis­

pheres, making the most accurate observation8 of temperature and specific 

gravity. In tlrn passage of the Challen,qer across the Gulf Stream off New 

York, and between Halifax and Bermuda, the altematious of warm and cold 

water were found. 'I'hey also at time8 made observations of the stren~rth and 

direction of the currents, both surface and sub::;urface, using practically the 

8ame method as that employed by Professor l\fitche11 in the Straits of Florida 

in 1867. 

The Coast Survey continued its examinations iu the Gulf Stream in 
som1ding and dredging during the years 1868 to 1878, with the steamer:-; 

Bibb, under Acting l\Ias~er Hobert Platt, U. S. N., the Bache, unrler Com­

numder J. A. Howell, U. S. N., ai~cl the Blake, under Lieut. Commander 

C. D. Sigsbee, U.S. N .. Mr. L. F. Pourtales and Prof. Louis Agassiz accom­
panied the vessels at different times for the purpose of collecting and arrang-
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ing the results of tho <ln~<lgiug operations. In 187!1 the investigation was 

extended into the l:Jt~1:ihbean, awl a theory advanced as to the flow of its 

waters by Commander John R Bartlett, U. S. N., who commanded the 

vessel. 
In his report accompanying- the reconl of the season's work he con­

cludes that the equatorial current, which 8ets directly against the Wind­

ward Islands, is by them and their connecting ridges deflected northward, 

and so following their outer edge pa;o;ses around the Virgin Islands to the 

westward and through the deep channel to the uorthwar<l. of San Domingo. 
lfo suggests, also, that 011 roaching Cuba the current divides, a part flowing 

northwest through tho ol<l Bahama Channel and a part through the 'Vind­

ward passage between Cuba and San D~nningo, and thus hy Cape San An­
tonio i11to the Gulf of 11exico. His report states that the specimens of 

bottom taken in the "Wiwlwar1l pasl'lage give evidence that the cun·ent 

rnoves in depths greater than 800 fathoms awl that it reaches the bottom. 

He remarks, too: '''I'he current, always found flowing north along the ew;t­

ern side of South America, oil read1ing the island of Tobago divides, part 
joining the equatorial cwTent setting north along the chain of islands, the 

remainder following the coast line of Triuida<1 and the Spanish l\fain, and 

so around the entire circumference of the Caribbean Sea, finding at last an 

outlet at the ::\Icnm Pas;-;age aucl the Anegada Channel to join the equatorial 

current on its way to the Gulf of l\iexico." This circulation is so contrary 

to that found in the later investigation made by the Blake that it is given 

iu full. Prof. Alexander Agassiz accompanied Commander Bartlett 011 this 

cruise, and while he quotci-1 the latter on this subject he does not seem to 

adopt these ideas without question, for he says: "In the present state of 

our knowledge it is difficult to trace the path of the equatorial water as it is 
forced into the eastern Caribbean." 

In 1877 the first attempt was made by the lJ. S. Coast Survey to sys­

tematically observe ocean currents from a vessel anchored at sea. The 
:-;chooner JJrifi was built for this purpose, and under command of Acting 

3faster Robert Platt, U. S. N., successfully observed the currents between 

Nantucket and Nova Scotia, occupying eight stations for varying periods, 

the longest time being over 90 hotm; and the greatest depth of water 135 

fathoms. 
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The first reliable nom1di11gt-: whi('h deYcloped the hed of the Gulf 

Stream from the StraitK of Florida to GPorge';.; Bank were made hY Co111-

ma11d('r Bartlett in 18Hl arnl 1RH2. It "·ill he remernherccl that tlw sonrnl­

ings hy Lieutenants DaYiK, Ll'<\ Cran·u, and othe>rK 1H'fon; 1 ~Go werP madP 

with rope or n•gistering- 1leYie1:s, r;nch as )J :rnspy's, arnl when the:-;e an• Uc;Pd 

iu n Ktnmg current or in cou;;iderable depth;.; they are unreliable. l'urn­

marnler H<m·e11, wlwu in <·ornm:md nf th1· Coast Rurn·y Kte:mlf'.r JJ(l("lw, '' ;:;-; 

[H'OYid1'd '"ith mw of tlw Tl101u.-;011 11·iru .-;nm1diug-11i:whi1ws, whi('li had 1Jet:JJ 

so sUCl'(•ssfolly w~ed h~· Captain Jklkuap 011· hoard tlw l'. S. S. T11.,n11w 11 

in the Pacifi('. Tlw priueipk uf fiOtlllcli11g witli piano-forte "·ire" ac-: rnud1 

impron·d by his RUc(·ess1ir, Lieutc11a11t-t'mrn11ander :-;ig,.;h(•(•, ,.;o tliat :rny 

depth could he ascertaiue!l with tPrtainty and al'<'Ur:wy in alruo.;t au.' 

weather, awl sirn·p that tinw tlw ]Jlo!.-c lias us1•<l 1wthing: t'lse fpr tlit• purp11S<'-

Commauder Bnrtldt ran lilH·s ahout normal tlf the <'oast at iuterYab of 

60 miles from .Jnpih>r Iult>t 11orth. He :-ayi;: 

Instead of a deep elwmwl which ha<l preYiouiily lwen rrpnrtPd, 
our r;ornHliugH Hlurw mi PXh·11siYe and m·arly len•l plateau ('X­
tending: from a poiut to the pa,.;hrnnl of' the Bahama Bank:-; 111 Capp 
Hatteras. Off Cape Cm1an'ra1 it ix nearly 200 mile:-> wide, awl 
gra1l11al1y decreases in width to the northward until n'aclti11g Hat­
teras, where a r1epth of more thau 1,000 fatltomH i:-1 fnnll<l 30 milvs 
off the shore. This plateau has a general depth of .J.(10 fothoms, 
sudde11ly dropping on its eastern edgp to 2,000 fathoms. The 
soundiug-N in the strength of the currnut >vere all take11 with n l)ll­
pound shot,•the time allmn•d for the sinker to rmwh the bottom 
being less than one minute to carh 100 fathoms in depth. 

In the lines crossing the Stream from Nantueket to B(!rnrn<la and re­

turning to Cape Hatteras, Commander Bartlett took serial temperatures at 
short intervals and surface ohservations every mile. He~ snys: .· 

In regard to the reRults of the investigation of thiR laRt 
season's work, I have heell particularly interested in what I was 
expected to find-that is, the bifurcatiou of the stream into wnrm 
and eold bands. The vnmn mid ro1d bands have hc·t·n ac1·epf(•d 
for so long a time as a fact and have been reported by suelt rl'li­
able authorities that there mut-:t have be(·n differe11t conditiorn• of 
weather during our obserrntious. I have already stntet1 that our 
observations did 11ot indicate anything of the kind. 

H. Ex. 80-33 
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In 1 XX3 Lieut, J. C. Fremout,jr., U.S. N., in command of tlw schooner 

DrU~, was <lt•taikd for the first Gulf Stream current iuvestigation to he made 

from a w:-;sel at anehor. The vessel waR supplied with 700 fathoms of gal­

vanize1l win· rope three-quarters of an ind1 in diameter, and i11strudiuns 

iss1H•r1 t(} obs_erYe currents. at various placl'l-:l nvar the 100-fothom cun-e along 

the coast, and nlso in tlw strimm, hetwel'll .JupitN' Inlet and }lf•mory Hock. 

The Dri}t is a small deep-draft :-;dwouer of about 1 OU ton:-;. ~ ot being 

titted ffitli a .steam 1rin<llass, the rope, whidi was coiled ou de('k, was veered 

aw1 hove iu by ltaud. In ;.;pite of this, Lieutenant Fremont :-;ucceeded in 

m·eupying :live stmions IH'.ross the ehannd, the deepest anchorage being over 

400 fathomt\. The currents were obserrnd by floating cans attached to a 

log line. It was diseoYered that, 11 contrary to expectation, the greatest 

n~lncity was not f(rnud at the supposed center of the stream, but somewhat 

to the wt·:-;twarrl of it. The greate:-;t velocity noted wa:s 4. 7 k11ots in latitude 

~7'.) O;-:/ 11ortl1 aud longitude 1~1° 441 west. The depth here "\YU:> only mo 
fa.thmn:'i, the Llistance west from the supposed axis 10 miles, and from the 

Flori1la ('Oast about :W miles." 

Before heg:inning- the clcscription of the Blake's examinations of the Gulf 

t-ltream umler my command there is one other investigation to which allu­

sion should he made. His Ilighuess the Prince of l\fonaeo during· the past 

ycart\ has hue11 l~ugaged in scientific researches on the coast of Frm)ce. The 

ohjeet of his examination 1vas primarily for the purpm;e of discovering the 

canse of the <lepartnre of the Hardines from the Bay of Btt'cay; but in con­

uectio11 \ritb this he has devoted mud1 of his time to a sttllh~ of the casten1 

portion of tlw Gulf Stream. In order to discover the velocity and direction 

of this cnt'r('llt hi.• adopted the method of floats, hut carried it out in a man­

ner arnl magnitur1e 11ever before attempted. ffo; floats were barrels and 

butt.le.-; to a lin1itP1l number, lmt mostly were specially cu11::;tn1eted copper 

globe;.;, awl all wen~ ballasted so as to expose as little surface as possible to 

the wind and w:wes. The ballast of the barrels aucl globes was suspended 

several feet below tlw surface of the water, and so arranger! that by tlie time 

tlw float aceuumlate<l a quantity of material (barnacles, grass, etc.) the bal­

I,1st ~vould become detached. 

Tfo put overboanl from his yacht no less than 011e thousand six hundred 

and sen·11ty-li ve of thm;e floats. In 1885, one hundred and thirty-uiue in 
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a distance 170 miles northwest of Azores. In 1886, over frn_i hundred more 

were placetl along the twrn1tieth meridian off the coast of France. In 1887, 

nine hundred and thirty-one were set adrift between the Azores and New­

foundland, and afterwards another line farther to the nortlnrnrd and east­

ward in the region of the supposed northeast extension of the stream near 

the fiftieth parnllel. Dividing each of the lines into thirds for purposes of 

study, he found that most of the float8 traveling to the southward came from 

the southward and middle groups, and of those going to the nortlnvard and 

eastward most of them helougcd to the northern groups, but there were 

some from each group which hatl traveled iu the opposite directions. Of 

those placed between the Azores and N ewfoundlaud, one from near the 

northcru end of the line and one from near the middle were found in Ire­
land, others from near the same points traveleJ to the coast of N urway, 

aml rnore were distributed along the shores of France, Spain, and ..Africa. 

None of those starte(l near the Azores were found north of Lisbon. Two 

of those from the northern end of the lino off the coast of France found 

their way to the ·west Indies. 



 

CHAPTER IV. 

OUTFIT OF TJIE BLAKE POR AXCHORING AT SEA AND OBSERVLVO TIIE ('C'IIRESTS. 

From this hricf history of the Gulf Stream investigation it is seen that. 

all the theories as to causes, and all the facts as to limits, veioeit.\", and Llirec­
tion have been hn,serl entirely upon drift of vessels, or iufore11ees <lniwn 

frum temperature observations, character of the bottom !:loil, presence of 

Gulf weed, tide rips, etc., the best of them only giving evidence of the ex­
istence of a current when it is strong, aml not one of them giYing anyt liing 

conclusive or acmirate as to velocity or direction, or an imli('~11ion en~u of 

a rnµ;ular variation either daily or monthly. The e::.;tablishmeut of tlw axis 

of the t;tream by the thermometer was at once proved to be an enor, lJy 
LieutL~wmt Fremont's observations, and it has since been foun<l that a cur­

nmt may be flowing Houth with a much warmer temperature tlian wheu, a 

few hours later, it i,.; flnwiug- north. It will be 8howu, too, that while a wnnn 

cU1Tt1nt may be tiowing in its customary place, its warm water may })l1 traui:\­

portrnl hy the wiu<l:,; awl wave8 to other localities, without an aec"1npa11ying 

curnmt. A COll('.lusion drawn as to the direction or velocity of a cmTe11t 

hasetl upon temperatures is very apt to he wrong, unless expressed in the 

mo8t general terms. 

The drift of ves1mls, while showing the existence of a current -IVithin 
cnrtain limitH is open to many objections. When iu sight of known objects 

on lalll1 and iu the smoothest water, the determination of the difference be­

twee11 tho actual and tho supposed run of the vessel does not accurately 

show tho current. The errors in steering, of the compass and log, of plot­
ting 011 a chart <li .... torted by unequal shrinking in the process of mauufacture, 

all tmul toward error. How much less the chance of accuracy when a ves­

s<>l i:-; at sea, the winds and waves driving her to leeward to an unknown 

amount, the motion of the vessel swinging the compass, the per,.,onal error 

or lack of judgment in the helmsman, the faulty astronomical position, never 
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true except by chance, anJ often miles out, and last, the patent log, Yaryiug 

in accura<·y ·with the Rpeed of the ship arnl the lwig·ht and 'lirectiou of the 

waves. The :-;nrface current too iR continually cl.tanging, and eYen if the 

drift of ves:-;t~l:-; di(l, by rare good luck, gini the current from the time of one 

fixed astronomical position to the next, the pm<itions are ~wparatt·d by so 
wide an inten:al of tinw that it is impossible to detect eYtJll tlie daily Yaria­

tion. The nece:-1sity, then, is obviOlrn, that in order to gai!l a k110wl<>11ge of 

the limit, veloeity, direction, variations, and laws rif' any current, ohsenu­

tio11s must he takl'n from a fixed point within tlw current. 

In attacking the prohlerq of the Gulf Stream, so important to all the 

commer('ial intere:;ts of the United States, nnd indeed to mo:,;t of tlw eiYil­

ized worl1l, the Superintendent of the Coa:,;t and Geodetic Sun·ey, Prof J. 
E. Hilganl, authorized the attempt to a11ehor off Jupitt>r Inlet. Commander 

C. l\f. Chester, U.S. N., the Hydrogn:iphic Iuspector, carri(~dnut tlw scheme, 
awl the Yalunbh• obserYations of Lieutenant Fremont wen~ the results. Al­

though this attempt at arriving at a kuovdedge uf the nctunl flow of water 

was ma<le with inadequate instruments, at 11 eonsiderahle ('XlWllS(' of time 

nnd money and under great difficultit•s, it was the greatest stridt" f(nnud a 

solution of the problem that had been made. The use of a sailing wi,;sel 
for the purpm.;(• was found to be impracticable. Tlw long delay in nrriYing 

:it the station ·when good weather appeared, and the fact that thi:; war:; im­

possible in a calm, which was the Yery time wheu obserYations would be 
most aecnrnte; the long hours necessary in l1mn:ing up tl1e anl'hor lJy the 

hand wirn1lass, and the clanger to the Yessel during this delay if had weather 

was the cause of clepmiure, all of these reasons brought a bout the decision 

that in the coutinuatiou of the work a fully eq~ipped steamer should be 

used. Tlw Blake was decided upon, as she was a substantial steamer, arnl, 

having the hoisting engines, reels, cte., used for dredging, a slight change 
in outfit would prepare her for an(~horing. 

As before Rtated, the :rniface of the ocean is most liable to fluctuations, 

and it would be 1wcossary to go belo~v the surface and asl·ertain whut were 

the movements of the volume of the water in order to detc>rmine the laws 

of the flow. Upon being detailed for the commarnl of th<• Yessel in the 

smnmer of 1R84, permission was readily granted the writer to try new 
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methods of Heard1, to fit the Yessel for the work as lw desired, and to have 

a cmTent ml't.er nf his own <lesign constrncted for trial. The Blake (frontis­

piece) is a wo()(ll'n schooner-rigged steamer of 218 tons, ne1v measurement, 

1111ilt at Baltimore in 18 7 3. Her length Oil the keel iR nm feet ; greatest 

henm, 2!1 feet 6 inches. She has ('ompouwl l'ug-iues, giving her a speed of 

:ibout :WO milPs per day nwler favomble eir<'Ullli'tances, on a consumption 

of 1·1)al of hut little ovor 4 tons. In the 1ln"l;.6n;.!· operations on board this 

\.('..,..,('! trnd<'r fornwr cornn1alllling offi1'.pr,; stl·(·l-wire rope ha<l heen Hi'ed and 

the jl'rking strnius ent-wd by means of a rnlJlwr acenmulator. The working 

g·enr, ]101\'(l\'(:ff, was only callerl upon to witlistawl a maximum strain at any 

point of but little more than the breaking' ::;trn'iu of tlw dn\dge rope, which 

w:i s from i">, 000 to 8, 000 pomHfa. The firnt thing to <101 thereforn, in prn­

pariug for the cruise was to fit the ves:o;el so that the operation of aue110ring 
e1mld he perfornwd expeditiously and with 1-mfety. F'rorn moti,·es of econ­

omy all the parts of the gear used for <lreclging that conl<l he utilize<l were 

triecl in the first anchorage, but changed in arrangement to meet the new re­

quirement8. The idea always kept in mind wa:-; that none of the parts 

sliould receive an undue share of strain, and that as far as possible the maRt 

anrl booms shouhl receive the force exerted upon them in the direction of 

their length. 

The andwrin.fJ bumn.-This is a hard pine spar 30 feet long and 13 

inches greatest diameter, slightly tapered in hoth directions from the mid-

1110 awl handed with iron every 3 feet. At its outer extremity is a heavy 

iron hand, into which is shackled the topping-lift on the upper side, and the 

pulley for the anchoring rope below. Jm;t irn;ide this band is another with 

eyes on the sides, to which are shackled the guys. At the inner end of the 

anchoring·boom there is a hall-and-socket joint, the socket being placed on 

the pawl-bitt 7 inches to starboard of the middle line, in order that the boom 

shall he clear of the head stays when it is secured on the knightheads. 

Extending from the pawl-bitt are two smaller spars (see illustration 

No. 38), 8 inches in diameter, which project over the vessel's Hide and serve 

as Hpreaders for the guys which hold the head of the anchoring boom in its 

proper position laterally. They are so placecl that :t line joining their outer 

extremities shall pass through the center of the ball at the heel of the anchor-
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ing boom, and shall be at right angle::; to the plane of the latter's Ycrtical 

motion. The outrio-O'ers or snrcaders are held in i)()sitim1 hY stra1)s at thl'ir 00 ~ . ~ 

heels, lashings at the rail, arnl n,t their outer ends stc~('l-wire rope jumper­

stap, set up by turnbuckles to heavy hults iu the ship's sirfo m~ar the. 

water-line. The guys (m. m. m.) are of Rteel-win~ rope fin:-eig-hths of 

an inch in diameter, shackling to the horizontal eye::; at the head of the 

anchoring boom, passing tlmmgh leaders at the ends of the outriggers, 

::tnd setting up by heavy turnbuckles to wire-rope straps at the "·arp­

ing chocks on the main deck. The guy-leaders are iron sheaYes, G inches 

in diameter, made to shackle to the wire-rope strap at the euds of the out­
nggers. 

The accumulator and foppin;r7-l{lt.-'1'he end of the anchoriug boom pro­

jecting over the bow is held up at an angle of about 45 degrees (when with 
no weight other than its own) by a steel-1Yire rope topping-lift 1 inch iu 

diameter passir:g to the forema:-;t head, thern~e through a leader on tlw dr•f'k, 

an<l aft to the hitts on the port quarter (see Fig. 3, illustration Ko. 38). Inter­

posed iu this topping-lift is a rubber accumulator for the purpose, as already 

stated, of relieving the anchoring rope and the vessel of the sudden jerk­

ing strains clue to the pitching. The bolt u, placed in the deck for tlw 

change of rlirection nf the topping-lift, is situated so that wlwn the anchor­

ing boom is pulled down with the greatest strain alhrn·able, the angle formed 

by the two legs oi~ the topping-lift at the masthead shall be biscet<_·d by the 

mast. The anchoring boom being out of the middle line of the wssel to 

starboard, the topping-lift leads to the port side of the masthead, so that 

the boom, the masthead, and the bolt in the cleek, previou,,;ly meutioued, 

are all in the same vertical plane. ·when in use the boom is held by its 

guys in this same plane, and thus the strains give only a downward thru8t 

on the mast (see d. b. a. in. Fig. 1, illrn;tration No. 38). Tlw horizontal 

angle made by the plane of the topping-lift with a vertical plaue throug·h 

the keel is about 11 degrees, and consequently the axis of the socket at the 

pawl-bitt points to starboard by this a'\nount. 

The accumulator, shown in illrn1tration No. 39 is an arrang:ernent of ru l 1 her 

springs devised by Lieutenant-Commander Sigshee for m;e i11 dredgiug, awl 

afterw~rds changed in some ways to meet the new requirPments in anC'hor-



 

520 UNITED STAT~S COAST AND G BODETIC SURVEY. 

mg. It consists of a number of rubber disks or buffers on a middle rod, so 
arranged that by eompression they act as a spriug. 'l'he middle rod 7i (Fiµ·. 

::!, illustration No. 39) is 1! inches in diameter, and the side rods c 1 inch, all 
of tool i,;tet•l. The rubber buffers a, cylindrical in shape, are 5 inches 

iu diameter, ::!! inches in thickness, with a cylindrical hole through the 
middle 1 g inches in diameter. These buffers are separated from each 

otlwr by a bra:-;s tlisk or washer 71 i11d1es iu tliameter a11d one-eighth of 

an inch in thi<'kncss except at the middle, where an increase in the thick-. 

ue:-;s of the metal gives a. hearing surface as tlrny slide on the rod, and at the 

same time prevents the rubber from grasping the rod as it is compressed. 

The diameter of the washers, it will be notic{'d, is over :2 iuches larger than 

the rubbers. This is to give the latter a bearing surface as they expand in 
diarnetl'r when under strain. There are 70 rubbers in all, which will admit 

an effective compression of about 5 feet. rrhe composition is known m; 

"Xo. ~i:i" hy the :New York Belting and Packing Company, from whom 

they han~ always been purchased. 

In assembling the different parb: of the acrumulator the middle rod is 

lubricaterl with black lead and tallow, care beiug takeu not to all{lw it to 

µ:et 011 the· rubbers. Exposure to the sun cause:-; the surface of tlw rubb{m; 

to cra('k 1'li;:.d1tly, aml undue compression, causes au extension of the cracks. 

in orclL'l" to prcn'ent unrlue compression an adtlit.ional win~ rope, shown on 
the frnuti,;piece, is shacklerl to the upper end of the ;:wcumulator and to the 

uuter end of the anchoring boom. This rope (five-eightl1.i of an ineh i11 

1liameter) is t·alled the preventer topping lift, and is of such a length that it 

1\ill take the strain when the hnorn is pulled down befiwe the rubbers an~ 

v11mprei"ised to a dangerous limit. Exeept wit11 a largl! anchoring rope the 

1lat1g't'r is but little with new rubbers, but as they become old they are liable 
tn split. 

In the first trial of the anchoring gear the topping lift passed ovtlr a 

large le<HiPr at tho foremast head, and the accumulator was interposed in its 

after leg, ns :-;J10wn ate, Fig. 3, ilhrntrati~m No. 38. The pfay of the wire rope 

11Yer the pulleys a and 71 cau:-;ed the wires in the strands to break in a very 
shol't time. l<~ortuna.tely it was discoveretl iu time to prevent accident, when 

after a night of heavy pitching over ::;ixty were found broken at a and more 
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at b. The accumulator ·was theu dumged from c to c, but this po:-;itinn 1rn:-: 

not satisfactory, as it was very ditticult tu examine aml oil the siilu rod,; 

when in Ul'le. It was th1::,n placed at the masthead, in wl1ieh positio11, h:· a 

foot rope from the fore-rigging to the stay, a man can ('asily reach it. (:.;L'(: 
frnntispiec< .. ) Tho change of the aceumulatur to forward uf tliu f,m,rna:-:t 

di<l uot entirely rumud_v the dang·er of stranding tlw topping·-1ifr. Tl1(' sud­

den relief of strain due to pitching eausc<l sufficient i-;ag in tlie two part,.; ot 

the lift to give a ;.;light motion oYer the pulleys, s11 mwther 11<~vfr« wa,.: 
adopted, which accomplished 

1
the desired ernl 

From the sling nt the foremast hea<l i:-; a liar of iron (11 71, Fig» 1, illu.~­

tmtion No. 3!.!), 3 foet lo11g arnl 1 ~· indws in !liametvr. Th(, tm) pnrb of tlw 

topping-lift, or, rathfl', tlrn after-leg- of the lift an<l tlw acnrnrnlator, sh<lf'kle 

i11to tl1is pm1<lnlm11, and any change of strain simply Yi brat<·:-; it sliglttl_,. Lal'k 

awl forth. The part of tlw topping-lift from b to d (illn,,:tr:ition ~o. 3S), 

beiug a short length, eauses hut little Yihratory motion at ti, a])(l 1·011se­

<pwnt1y a ]011g JW1Hlulnm at t]w latter is Ullll('!'L'SSary, arnl <1 sJiar·kh' a foot 

long between tho pulley and the deck bolt filleJ nll requin,ment~. In fitting· 

the topping-lift there are no splice,.; ext;ept on the fonnml lvg nt tJi(, :wcu­

nrnhtor, this mm ht,ing neeessary fo pr<,YPnt ehafo 011 tlw forl'sta:-. TJi1, 

thrt>t> otl1er mir1s an~ turned up and seizea. The length of tlw nfrer-l1"g·, of 

conr:-:r', rnu:-;t br~ jm;t imffi('ient to allow the pern1nlum at tlw 111:1sth1·ail to 

a;;stmw a position exactly in line with tlw mast, when tlw :<train j,; gTt,ah•,;t. 

1'he a11dwri11.11 ropl'.-011 tlie first t•.ruis1·, in 1:-IM:i, then· was a 1p1m1tity of 

old <lredg-e rop<· on hnar1l (i'\ome +,llOO fathoms), :md an att<:·mpt was rna1fo 

to use it, but it wa,.; <p1ick1y found to he altogetlwr too w«ak. l )f thP wire 

rop(~ }'lll'clJa.Se(l for tlte J>rifl'ii trial ahont r100 fathom:-; rl'lll<lill(•d, a111l tltis 

l1a•l hmm taken on board before sailing-. It "'as three-qn:ll'tt>rs of an in<'h 

in diameh•r, and this, supplemented by 300 fathoms mon•, Jh1·-1~i; . .d1th,.; of im 

inch in diameter, was usrnl in tlrn fir:-;t ,;1•a;o;;on's work. It ;mswerl'1l Y1'n· 

Wl'll, hut was too large fur the vessel. 111 :i strong arnl <ll>vp l'lllTl'llt till' 

skin friction on tho wire jg very great, and this cansps a strain OH tliH a\'1·11-

mnlntor, which incrca:-;es very rapi<lly as the ;.;i1.:n of the rope i . .; in<Tl~asvd. 

lt. wai-; thought advisable to diminish the diametPr in th" 111•xt pm·1·1rnst's, 

and after the experience of one more season the size finally aduptt~d was a 
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tapered rope, the inboan1 end heing one-half inch, and the outboard se\-en­

sixtt•(•11ths nrn1 thrm~-eig·l1ts. The lattPr is perhaps a trifle small for all ('Oll­

ditions, hut it ahrny,; held the YCR8d u11le88 it was hadly kinked. 

This mpp wns manufactured hy the \Varring·ton Steel \Yorks in Eng­

larnl for tlw Blake, through the ag-euts of the company, ITiuklr~y Brotlwrs & 
Co., of Bustun. 'l'he specificatiorn; demawled the greatest hrnakiug i,;train 

for tlw Hizt·, with 110 indication of brittlene:-;s in splicing, awl clean arnl 

smooth galva11izi11g. Great pliability '\vas uot essential. The breaking 
strains g-uarantied ·were ~-inch, 14/>GO pounds; 1

7
5-inch, 1 ~J,0-1-0 pournh; 

t-ineh, 2;);700 poumfa; %-inch, 34,GGO pounds, and no tests made have fallen 

hdow these figure,;. For convenicmce in transportation it is coiled on a 

rough nwl in lengths no greater than 2,000 fathomR. The Rplices, made on 

hoard, are about tO fout in length and are usually 80 Rmnoth that it require8 

cloRe iusp<>ction to detert where the ends are tucked. As receiYed from the 

mannfaetnn·r there is n temlPney to kink, awl it frequently happens if the 

current is weak that the rope ii-; paid out fru.;ter than thu vus::;d drifts, and 

im;fea<l of hl~iug straight from the anchor, a fow fathorn8 will he loo8e on 

tlw bottom. When a strain is hrough t 011 it in this condition t1ie kinks 

straighten awl the rope is weakened. This is not objectionable when the 

kinks are near the an eh or, for iu the cYent of the anchor becoming. caught 

on the l10ttom, necessitating the breaking of the rope, this will occur with 

the least lo,;s of materinl. Each time the anchor is hove up the lay of the 

rope a8 it is pulled through the water acts as a screw and the twist of the 
rope i::i taken out. After long use this process has gone tn such an extent 

that upon Hlackiug the rope it takes a reverse kink, and then, upon straight­

ening under r-;train, the rope is easily broken. 

The ral on •vliicli the wire rope is carried is shown in illuRtration No. 41. 
It has cast-irou flangmi 4 fo<'t in diameter between which is riYoted a hoiler­

iron liarrel 2 fret in diameter arnl 4 feet long. One of the flanges is pro­

vidf·cl wit11 an onlinary strap brake lined with oak to control its revolutions. 
\Vithiu tlw barrel are two oak diaphragms bearing against its interior sur­

face tn support the crushing strain due to the accumulation of pressure as 

the turns of rope multiply on the out.side. At one end of the shaft is a 

curnpad tlou hle engi1w, geared about G to 1, for revolving the reel in either 
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direction. This reel was originally pla~ed on the upper tlet'.k at tht· pPillt q, 

fig. 1, illustration No. 38, arnl the lead of the ·wire rope is :-;hom1 by the 

dotted line through the pulleys g g ii tn the large lwistin~· l'11gi1w 1, tlw1H't' 

through the pulley !J to another at tlw hel~l of tlw :uwhoring hnom :1t 11. 

The last mentioned is for the purpose of gfring tlw rope a straigl1t l('al1 nlo11g­

the line of the boom. 

The great weight of the reel arnl rope on the light upper 1k·l·k of 1lw 

Yessol made it irnpossiblEi to keep the cfoek tight an1l eanserl ('011sider:ilil1· 

mmeeessar)~ strain on all the upp0r works. It wafi theref(1n' dvtPnnirn«l to 

plac1· it he low, arnl for this purpose a spac(' was hnlkhe:ule1l from tlli~ lnmkvr,.,, 

the reel and eng-ine firmly secured to the keelsons, and fitti111.:-s rna1l(' fnr 

guiding 011 the wire properly. (See illu,;tratiou .No. 41.) In nnlvr 1lia1 tlw 

cnntrol of the reel might be from the deck under the innnedintl' supH\""i,.,ion 

of the officer in charge, tlw throttle goYerniug tlw engi1w ""'" pLH·c·d nt r. 

all(l the line from its strap brnk\; passed through the hn1 dt>l'ks in a tnlw at 

p (fig. 2, illustration No. ~)8). The::;e arc ::;een on illustration Xn. -U <d>'o. 

The lead of the >Yire rope then i,; from the n'el to the i'tarboanl lwl1l av!'l\ss 

tho w~::;sel, mid changing diref'tion through the <leek'-, appP:irs at a .-er­

tieal pulley at y, fig. 2, afterward following the <lotteJ line thrnnµ:li tltv 

pulleys .rJ .rt .rJ. It is seen by thi::; arrangern.ent that (luring th(· 01wratinn elf 

anchoring or he~wing-in the rope is alwa~·s taut, the engine at tlie red hilld­

ing ba.t'.k fnl•n the hoisting engirn· and wincling np the win, as fast :1;; it i-; 

pufo~d iu. This was the ms ult of the experic-nee of Lientenant-CnnmwrnlL'l' 

Sig;,.J>oe, who starteil the dredging opemtious, and who found, nftvr many 

trials, that it was necessary in handling the win~ rope to allo\Y 110 ;.;lack 

between the hoisting engine and tlw n~el. 

The hoisting engine (illustration Xo. 42) is n lllOi:it eompac1 e111-rim· of ahnut 

30 horse power, driving a winch head by nwm1s of geariug of 3~ tn 1. 

Form.orlv the circumference of thi8 wi1wh head was 6 feet arnl n'Y\Jlutim1c; 
.; 

were registered by mean:s of a counter reading up to 1oyoo. It was fouml 

to he inadequate to the work in doop water awl a strong 1·urre11t. Oll\' was 

ordered, therefore, of 4~ feet in circumference, the register being sn n1tt•re'1 

as to still reafl fathoms, arnl this one iR now usefl. The grinding of tlw high 

tempered steel wire rope ou the winch lwatl ro1Hl(·rs it ina,h·isalilc· to use 
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irn11 <It the \\'Paring· snrfaeo, and for thi:-; reason it is ma•ll' with a steel ring 

un a l':i,;r-inm huh. Formerly the winch head was titttd with a strap hrake 

for ('untrolling thu wire in paying ont, thu l>roak at the reel being insnfli<·i<>11t. 

Tliis li:1s lH•1·11 dis(·;1rd1~!l arnl the engine alone used for till' purpose. \Vith 

liut littlv \n:ight 11f rorw <rnt, steam i::; u,;e1l to drng it frpm tht' rnel helow. 

As tlH· weight 11,·t·rlJO:ml increases Hteam is shut off. 1m·1·1•;t,;iug r-;till moro, 

tlH· link is rvnTsc·<l untch hv notch until it is entin,h· OY1,r. The ;-;t1,;1111 .. ' 

1·lH•st,; an• fitfr11 '' itl1 relief Yaln'"· 1Vheu the e11gi1ws aru rnnm,H·ll arnl tlw 

strai11 un tht· ropo i,; not quit<:' enough to revolve the wineh lwa<l against tlt(' 

1·nmpre,..;sio11 of air in the eylirnlm·,;, tlwsu are opened ::;lightly all<l g1wlnally 

clos .. il a" the· strain h<~comt·s greatt,r. A still gre<tter strain i,.; <·011troll(~rl l>y 

tht· allmission of a little stt>am into tlw l'ylinJ.ers, awl an iuereas<• of tliis 

stops th\· rc•yuJntion,; nltogetlwr. 

Tli!· 1u1chors.-Probahh~ thl' best for use under all circnrnstcnc:e:-< j,; what 

is knon-11 :1s a '' C<iJH' c\nu" anchor. It is of n'r." ]oug sl1ank, fairly large 

palms, ~llul ]1mg· \\'IJOdt•Jl stock, awl wheuen~r an anchor wa,; lllll'('hased for 

tlw JU11/,1· this pattern w:l!':' :-;elf'cted if pos:-;ihlH. Tlw sto('k 11rnst ht~ of lurnl 

\Y11011. a,; thv <·01npn,.~siu11 nf a soft WO(J(l stock at great depth,; l'an,;v,; its 

loss. In ('lll"<il rock 1iottom any anehor will nnswer, for it is onl~cat <l <·r:irk 

or <'ornl lw:ul tlrnt i1 will nip, and au olcl <·<mdermwd anchor of tl1<' onlinary 

typv j,- as eff<><~tiYt• as the most eost1y IH"W 011(', lmt in snft hottom the "Cape 

.\1rn'' i;-; tlw lwst. The ·weight u,;ed is generally from mw-(pmrkr to one­

tliir1l tJi(• \\'1•ig·iit of tlw Htarhoal'(] bower, 4()1) to r1()() J>OU!ld:-i. 

Till' p111!eys.-Tliost' at tlw a11c!toring hoom end awl on the ,;tarhoanl 

;-;id<' of tlw lliii;;ting· 1·11g'ine, taking as they do the greatest titrain in lwaYing 

np. an· rnadc· Yery li<·avy. Tlwy an' 24 i11d1e,; in dimrwter with H 2-inch 

;;('<•J"(•, :1 i1wlies thi<'I-. at <'<mter, the pin of :-;ted 2~ inche-; in 1liamett•r, an oil 

rnp in th1· l'JH! 1·ommn11i('.:tti11g with chamwl ways, and the pin holi' hm;lwd 

\Yitl1 hrn,.;:-;. ThP :-.trap,; are Yery heayy a~lfl made to shackle to their bolts. 

'1'111~ p111lt'_\c at tlll' l1rnm1 1·wl lias flat iron si1les conuecterl by :-;neket ho1ts to 

P''(•\'('llf tlw :uwliori11g- ropP from jumping hntween the she:ffH arnl str;ip. The 

otlwr pulleys an· nf tlw Harne <lianwt.PJ\ hut le::;s in thickness, aJl(1 with pins 

1 \ i1wh<•;-; in dianH·tt•r. All of tliose 011 tlw dPck are pnl\-idcd with wooden 

bed,.;, wlti<'!t liold tlwrn at tli<• propPr :mglP to rt>eeive awl tldi' m· the rope. 
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The r:lamp.-ln order to relieve the hoisting engine of tlw ,.;train, wlwn 

tlw YCSSl'l is at anchor, a lwaxy ,.;crew vitie rp,.;ts on a heel at 11, Fig. 1, il]u;-;­

trn.tion No. 38. It is pro\·ided with brass :jaws having scores rnt in their 

faces to fit the various sizes of rope, and in or<ler to allow its remm·al wl1v11 

not in use, it iH not made a permanent fixture to the deck, hut is attadt1J(l 

by a long wire rope peurlant to the bitts on tl1e starboard quarter. Hesting 

as it dol~S immediately beneath, awl with the opeuiug between its jam.; foir 

with the anchoring rope, it is ouly a moment's work to bl'ar the lattN imo 

the score and set. up on the 8crew. \Vhen the vessel is rolling- lwavily, tlw 
clamp, nnt heing bolted to the deck, is apt to capsize, and for this rPal"nn 

the Rli11g is ma<le which shows on illut-;tration No. 42. 

Jro111cork.-\Vhenever it is possible, the usc of iron is discourag-ed mul 
·wire rope suh-.tituted. Each part is so dependent upon all sustaining tl1(:ir 

own strain:', that if one gives wny under "stre:;s, the others receh-e th<'ir 

work at an unexpected angle, and a, wreckage of the "·hole r:;y::;tem is liahk, 

perhaps with an aceompaniment of loss of life. At fir,,;t, the leaders at th~ 

euc1s of the outriggers were shackled into eye 1.Jauds, aud a defetti n~ \n•ltl 
in one of these came near cau::;ing just Ruch an a<"eident. Cpon its hn·ak­

ing, the an«horing hoom swung to starboard at an angle of about .J.(1° "ith 

the keel, until tlw jumper, extending from the boom encl to the ham;e-lwk\ 

rostrained it from farther clefiection. A trifle more would han• priud tho 

hall from tlin socket, the heel of the boom ·would have launchet1 Yiolcntly 

inhoaril, awl probahly"Carried ;nrny the mast. As it w11t<, the loss of thP 

bowsprit was the extent of the damage, and si111·8 that time wire ropl1 straps 

have replaced the wire bands. In case the anchoring- rope break.-; at or 

near the surface of the \V-ater, the accumulator, heiug- i'iwldenl y rnlien~r1 of 

its strain, acts like a catapult 011 the boom end, tewliug- to throw it over 011 

the deck. A dcfocth'c shackle almost caused this accident at one time. To 

guard against such a mishap, a steel 1vire rope iH shackle<l to tht' hornu, tlie 
other end being secured on the main <leek through th(~ hawse-hole (set> 

frontispiece). 

In order to obtain the velocity a.nd direction of the eurrent at any 

de1lth it is necessarv to have a re(}'isterin<r a1Jparntu1S recordi1w the flow of 
' .; ' ~ "' 0 

water, a rudder whlch is free to assume a position in the direetio11 of the 
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tlow, a compass to show the azimuth of tlw rudder, and a system by which 

these may be stopped at any desired time and held fast until the instrument 
can he hoisted to the surface and the data read. 

The cnrrent mder.-The instrument which the writer devised for this 

purpoRe (see illustrations Nos. 43, 4-1, and 45) consist:::; of an elliptical frame­
work of eomposition, around the minor diameter of which is a notched ring, c 

(illustratinn ~o. 44). Within the frame and ring is a freely moving rudder, 

b, having its stmn in bearings at the major diameter of the elliptical frame. 
On the sides of the rudder are two firn;, k, of thin metal, to which arc 
attached levcm; ready to engage one of the notches of the ring whenever 

·pressure is brought to bear upon their upper surfaces. A small spring of 

sufficient strength to overcome the weight of the fins holds the lc-rnr from 
the notchn:-; until a pressure is. applied in the opposite direction. 

Attached to the rudder ou the opposite side of its stern and revolving 
with it i;; tho velocity apparatus d. This consists of 4 cones placed at the 

extremities of arms or spokes, which are at right angles to each other. The 
c01ie:-; are attached in such a way that the apices of al1, point in the same 
direction with reference to the spokes, so that when in a current the hm;e 

of the cone above the center mid the apex of the one diametrically opposite 
are toward the current.. They are placed also with the center of their bases 

and their apices at the same length of radius. At the axis of the system is 
n 8mall :,;haft, which by a worm actuates geared wheels registering its revo­
lution:,;. The number of these revolutions per kn0.t is determined by the 

average of many hundred observations taken simultaneously with the meter 
and log, u,,,ing with the latter a weighted pole 21 feet long instead of a log­
chip. 

Below the rudder stem is a compass needle in a weighted bowl, o, 
which is hung in gimbals, and between the rudder and bowl is a system of 
levers so arranged that they will lift and hold the needle whenever desired. 
Passing through the center of the rudder stem at its lower bearing is a small 
rod, its lower end comnrn1iicating with the levers provided for locking the 
compass needle and with its upper end attached by the rod f to the fins 

at the side of the rudder. Pressure 011 the fins, tlH.irefore, simultaneously 
secures the rudder and the compass needle, thus giving the azimuth of the 
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former. The g-lass top of the compass bowl is perforated ,;o as to frc·ely 

admit water. To prevent the needle being attacked by galYanic aetio11 it 

is coated with shellac, ancl when in use this must he done en~ry three or 

four clays. A deposit of gold or silver 011 the ueedle does not s(·em to be 

efficient for this purpose. 
Above the nulder is a propeller having a clutch so arranged that 

upward motion through the water will give downward motion to a small 

rod passing through the center of the rudder stem, while motion in the 

contrary direction will not alter the position of the rod. Its office· is to lock 

the fins after they ha\·e performed their tluty of ser:uriug th0 rmMer aud 

compass. The nction then is: the meter i::; lowered to nny desired depth 

and a certain time allowed for it to register the velocity of tlie cwTei1t. At 

a given Rignal it is hoisted, and immediately upon starting to ri:-;e tlH"oug·l1 

the water the pressure upon the fins secure:'! the rudder and the eompasc; 

needle, and as long as there ii' a continuous motion in the "ame direction 

both will remain secured until the surface of tlie water i:,; reached. The 

propeller, howGver, also begins to revolve at the instant of 110istiug, and, 

1Ju::>hing its rod downward, locks the fins that have already caui..d1t tltP eom-
. I . " 

pass needle and rudde1·. 

A. device has been attached to the rudder by which the revoking ccrnes 

were held fast in descent and were released upon stopping. Another attneh­

meut has been applied, by which the propeller would lock the cones upon 

hoisting, but both were discarded for this reason: the propeller by quick 

hoisting may be made to lock the fins through au ascent of but 6 feet, and 

again by lack of speed it wi"ll not lock through 60. If it was lowe1·ed fairly 

fast the cones would be certainly stopped, but if through carelessness tht· 

men should slow or cease lowering they would be released. This uncer­

tainty led to their abandonment, and the following plan was adopted: The 

record is kept of the i!umber of minutes and seconds occupied in l(nveriug 

to the de8ired depth and in ascending from this depth to the rmrfaf'e of the 

water. During this time the ~ones were revolving from their m~wement 

through the wa.,.ter vertically and also from the passage _of the flowing water 

transversely. 'rhese two in terms of revolutions are represented hy the 

base and altitude of a right-augle triangle, and the hypotenuse represents 
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the munher of rC'volutiout< ma<le during the operation. This is i:-ubtracte<l 

from the tutal reading for the whole intenal to give the number <hw to the 

current aloue •luriug ib stay at the desired depth. 

Tho whole instrument is hung in trunnions at about its f'enter of figure, 

so that ir maintain!'\ au upright position when in tlw water. The total 

weigl1t is about :2r> pounds, and to this is added a lead shot of 75 pournh;, 

and the whole is lowered by a steel wire of .No. 16 gauge. In a stroug cm­

n~nt, in :-;pite of the smallness of the wire awl si:w of the weight, tl1e nwter 

is swept far astern. To force it to travel in uearly a vertical direction, the 

arm, n, illu,.;tration No. 44 (called a traveler), :-;eeu projecting from the balP 

of tlw rneter, moves down a jackstay wire, which is lrnld against the curreut 

by additional weight, etc. 

The traveler ii'\ provided with two rollers or sheaves at its forward end 

whid1 <'an readily he remoYed. It::; rear end is secured to tlw hale alone, 

at the trunion:-> and top, so a:- not to restrain the moYablc part>i of the meter 

iu assuming a vertical position. The jackstay wire is carried on a reel secun•d 

to the top of the steam capstan, and leads from that to guide wheels on a 

small wooden bed placed at the ship's side, the length of the traveler forward 

of the Rotmding machine, frorn whi(~h the meter is lowered (see h, fig 1, 

illustration Xo. 38, and also illustration No. 45). Attached to the en~l of the 

jaclrnta,r iH a shot weighing about 200 pounds, and from it a line, called the 

distance line, secured to the anchoring rope. (See fig. 1.) 'I'he length of 

the latter <lcpemls upon circumstances; depth of water, strength of current, 

and depth of current, all of which must be judged before lowering. In 
shallow water (300 or 400 fathoms) and a strong current, the anchoring rope 

tendti well ahC'ad, and to lo,ver the jackstay wire to 150 fathoms will require 

about 100 fathoms of distance line. In 1,500 fathoms of water with the 

same strength of current, 2f> or 30 fathoms will be sufficient. The point to 

be aimed at is that the jackstay shall be as nearly vertical as possible. In 
practice, the distance line is fastened to the anchoring rope after the vessel 
is at anchor. rrhe wire rope is veered, and at the same time the shot is 

lowered, care heir~g taken that the former does not exceed the latter, for 

in that event tho jackstay will be broken. To observe currents to 200 

fathoms, 225 fathoms are veered on hoth anchoring rope and jacks~ay, 
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and wlien both are out the foll length the latter ,;]JOuld leave tlw "·afor ahout 

pei1rnwlicular. Tu a n·ry weak current the Ji:-;tauce fote iK apt to "l1awser 

-- _J 

.. 

:Fig. 1.-Jackstay and distance line in position for observing currents. 

lay" around the anchor rope, from tl1e torsion•of the latter in v<•Prinµ- and 

heaving iu. To avoid this, it i:-; sometimes fastened to a metal hauk or thimhlu 
H.Ex.80-34 
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slipped over the anchoring rope, arnl then allowed to slide down to the depth 

it will assume upon lowering the shot. In a strong <'nrrent, howeYer, the 

inclination of the anclwriug rope and the pull aft of the distance line, due 

to the friction of the current, prevents tlw hank from sliding more than a 

fow fatlwms. It sometimes happens that there ]ws heeu a wrong· eondusion 

arrived Ht, and the distance line is too long or too sho1i, or an unexpe('t("d 

change in the volume of tho curre11t ha8 altered tho conditions. The only 

thing· to do in such a case is to heave in and hernl 011 afresh. 

The wire used in low'ering the meter is carried on the sounding reel, 

awl the sounding machine designed by J,1ieutena11t Commander Sigshee is 

use!l in lowering. The usual depths observed are in fathoms, 3~, L), 30, (jf,, 

130, aml :200. 1'he friction of the current sweeps the wire astern iii spite 

of its i,;mall size ancl the 100 pounds in weight at its lower encl. To deter­

mim• how much wire to pay out in order to allmv the meter to reach tl1e 

desired depth, many experiments were rnade by sending down a prm;sure 

sounding rod with the meter. In a 5-knot surface current, 195 fathoms of 

wire is veered to reach 130 fathoms depth, and in this :;;trength of current to 

attain 200 fathom8 1Yith a fair degree of certainty iR impracticable. 

The car'd of the meter arn1jackstay 1vires should receive much atteution. 

The latter, remainin;; as it doc_~s in tlrn water during the whole anchorage, is 

galvanize(l The meter ·wire ill bright an<l both are rubbed and oiled 

ffvery tiuw they are hoisted. In their ends are thimhles, to which to 

nttach lashings, and these are frequently renewed, that of the meter ·wire 

every day, if possible, during the observationf>, and of the jackRtay wire after 

each anchorage. At the same time a few fathoms of wire are thrmvn away 

:-io a:-i to chang:e the position of 1vear and of galYanic actiou clue to continually 

lowering the meter to tho same point. The oil generally ui-;ed is a ucmtra1 

grease called cwm1ic, a preparation accompanyii1g the manufacture of vase­

line ur vol'rnoline. Li rue water or oil baths have not been used on hoard the 

Blake dmfog the pa:-it five yean; even for the pianoforte Bounding wire, hut 

t>itlwr co:;;mic or a neutral cylinder oil applied with the best results. 

Considerable difficulty ~nd loss of time vrns at first experienced in get­

ti11g the anchor on huard after it was at the ~mrface of the water. Sus­

pended from the eud of the boom high up in the air, by the rolling of the 
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Hhip it woulcl Hwing from Hide to c;ide, nlnwc;t 11cfying an attempt to "hook 

the fish.'' The following plan was soon adopted, which hm; r;ince liceu 
found to be verv convenient. A block j,_ :secured to the end :rnd uwler­

ueath the starboard outrigger, through which is rove a stout rope. In tlw 

forward Prnl of the latter a :-mall metal oprn snateh-block iH lashed. \YlH·11 
the anchor is nearing the surfoee a. rnau standing on the howi>prit end hooks 

this block over the anchoring· rope, while auotlwr pas:-;e:,; tlte hauli11g part 

arnund the steam cap8tm1. In an irn;tant the bight of the :mrlwrillg ro1w 

j,; run up to the eutl of the outrigµ:er (Hee Fig. 2), and, the hoi:;ting t,ngine 

going slowly at the same time, the ri11g is ready for pa:;i;illg the Htoppl'r, tlH· 

anchor being well clear of the ship's side. A liue is tlwu tlmnY11 nwr tl1(• 

palm arnl the anchor fished with the shank parallel and dose up to t]1p out­

ngger. ln the meanwhile the ship't; eugi1ws have heen started arnl the ws­

sel put oll her course before the mwltor is e\·en out of the water. 

The operation of anchoring and obi,;erving currents is as follows : T\\o 

men arc stationed in the reel-room, one at the anchor to slip, aud the 

Fig. 2.-Securing the deep-sea anchor. 

••leading man" at the hoisting engine and the line from reel-brake. The 

others prepare the jacbtay wire, ship tlw platform (ffer tl1e side, and ,..,JiJJg 
the meter to it.1-1 wire. The vessel is stopped. She usually lays broadside 



 

532 UNITED STATES COAST AND GEODETIC SUHVEY. 

to the wind when 8he i8 dead in the water. The wind is brought, therefore, 

on the side which will bring the expected current nearest ahead. Thtl ring 

stoi>per is let go, leaving the anchor hanging from the boom end. \Vhen 

all is ready, a little steam is turned on the hoisting engine, the reel-brake 

liftt•d, and the anchor descends at the rate of from 50 to 80 fathoms per 

minute. If the water is but a few lmudred fathoms deep the higher i:s the 

;;peed of veering. If very deep, the long-continued use, combined with 

high speml, heats the brake strap and reol and runs the risk of charring the 

wornleu lining of the former. 

Steam is gradually reduced 011 the l10i8ti11g engine as the leugth paid 

out i1H'reases, until at last the throttle is closed entirely. The vessel is d1·ift­

iug liroadside to the wind and the anchoring rope starnfa ·well out on the 

weatlwr beam. After a while it is noticed that the heading· of the vessel is 

changing somewhat and the anchoring rope, instead of tending abeam, is 

("orning ahead. This shows at once that the anchor is iu dead wnter aud is 

holding the vessel np against the surface rurrent. A few fathoms before 

bottom should hu reached the reel is checked, so that the anchor shall not 

he f(1t1lm1, and the rope shall be fair on the bottom. The rate of paying 

nut from thi:-; time on depends upon the indications as to strength of cur­

nmt. The ouly sure oue is the speed of the water passing the ve8sel, or 

after the anchor i::; imrely on the bottom a tremble in the anchoring rope 

as the anchor drag8. If the current is deep, the vessel, the anchor, and the 

rope may be J.rifting with it almost as fast. If there are no indications of 

cnrreut the rope ::;hould he veered very slowly, 10 or 12 fathoms a minute, 

but nuder some ·circmru;tances 50 fathoms may be the speed. Gradually 

the rate of veering is diminished as the proper number of fathoms is 

approadwd, using the hoisting engine for controlling the rope. If the 

anchor is dragging over a smooth rock bottom and suddenly catches, t~e 

,;trnin of lffinging up the vessel is enormous. At the first indication of this, 

the main engines are startml ahead full speed and the anchoring rope is 

:-ilackened for an instant. The accumulator, by the amount of its compres­

l'lion, shows at ouce when the anchor is holding the vessel. If the anchor 

cea~e8 to hold, the strain is released and the boom jumps. If this is the case 

another hundred fathoms is veered. 
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The proportion of anchoring rope to the depth varies witl1 the diar­

acter of bottom, the strength of current, aud the depth of water~ and some­

what with the size of the rope. In wa,ter less than GOO fathoms from two to 

three times the depth is required, and in 2,000 fathoms of water 3,00() f;1tl1orns 

of rope is generally sufficient. \Vith a small rope, an achantage j,, gained 

by splicing a piece of larger size on the anchor end about 100 fatlwm-; iu 

length, to give additional weight at that point. \Vlwn the wsst>l iR at 

:mchor, the distance line is faste1wd to the auehoring: rope and the shot is 

lowered by the jackstay wire to the length of the former. Tlw order iR 

then given to veer together. The man at the hoisting engine call;; out as 

he veers each 25 fathoms, as a mark to the officer at tlw jaC'kstr:y. Tlic• 

latter, having started ahead by the length of the dii.;tanl'e line, !ms lowerell 

<luring the interval a. proportionately less number of fatho1rn1, Rn that both 

reach the desired depth at the same time. The rope i8 then clamped, tlw 

current meter is connected to the jackstay, an<l the men take their stations 

for lowering the meter. 

The officer of the deck and a quartermaster are ou the platform out­
side the vessel (see illustration No. 4f>); a man is at the friction li1w to con­

trol the revolutions of the reel carrying the 1irnter wire, and the Ht>corder i;; 

at the timepiece in the pilot-house. The officer of the deck order;;, "Ltnver 

to 3~ fathoms." The instant of striking the surface of the water he f'ries 

"JVIark," for the Recorder to note the time. 'Vheu the nwter reaehe8 tlw 

desired depth, the man at the friction line, who has before him the register 

showing the amount of wire out, cries "Time," and the Recorder again notes 

the hour, minute, and second. The meter is to remain at the depth 30 

minutes from the last entry. Two minutes before the time haR expired the 

Hecorder informs the officer of the deck, who orders the machine to be 

n.uumed. The engine is cleared of water, the belt shipped in the V-shaped 

score and tautened, a man with oil and canvas Rtands ready to gufrfo on the 

wire, and the quartermastei· and officer of the deck go on the platform. 

Upon the expiration of the 30 minutes the Recorder calls "rrime," and tlw 

man at the engine hoists the meter. The instant it reaches the surface ot' 

the water the officer calls "Mai-k," whereupon the Recorder nwkl';; a record 

of this time and also the readings of the revolutions and directio11 shmn1 



 

534 UNITED 8TATES COAST AND GEODETIO SURVEY. 

bv the meter as soou as the officer of the de('k has read them. " Lower 
ol 

to 15 fathoms" is the next order, and the work continue::;. 

At and1or.-The various conditions of ·wind aml tide experienced by 

vessels at anchor in harbors are of course frmrnl at Rea. The wind and cur­

rent may form any angle and the vessel headti to the Rtrongest force or a 

combination of the two. The nlake f'an remain at anchor with the wind 

blowing a force of six or even more, u11k•ss the wind is accompanied by a 

heavy sea, or unless it is about contrary to the current arnl the latter is 

strong. Steam in the boilers is always kept at full pressure and the engines 

ready to turn over at a moment's notice. The approach of a norther, the 

probability of collision with a vessel drifting in a calm, the breaking of a 

jackstay or meter wire, all require the use of the main engines at once. 

The motions of the anchoring rope and the accumulator when the ves­
sel i>1 anchored in a current are of great value, and in fact are sure irnlica­

tions of whether or not the anchor is holding. The how of the vessel falls 

in p1tching. As it does so the strain on the accumulator is partially relieved, 

and the rubbers expanding, the boom rises. \Vheu the bow chauges diree­

tion, the aecumulator rubbers are compressed at once hy tho strain of lift.ing 

the wire rope, hut there arc two motions to it, the first part apparently 

heing caused hy the Jin of the how an<l ·the second by the stoppage and 

change of direction of the wire rope, which had just beeu de8cending. 

\Vlwn the anchor nips 011 tho bottom tho acpumulator rubbers are com­

pn•ss1eil steadily. If the anchor breaks ground, the re-aetion cansc~s the 

boom end to rise more or less suddenly, depending on the character of the 

bnttoin. If it lmiaks from a rock, the rise is a jump of foet; if from ooze, 

the motion i:-1 so slow that it scarcely can be :-;een, and breaking out of clay 

IJ,'i \'t•s a rPsnlt between the two. In dragging, the accumulator will show 

1lw fad at 011ce, except in ooze, and in this case even by a close watch ~t 

nm g-encrally he detected. The cause was con-ectly ascribed in one 

i11stanee to a foul anchor dragging crown first over smooth rock bottom. 

In this ease it was the tremble of the rope that gave the indication, there 

being no diffe'rences of strain to cause the accumulator to show the fact. 

In a strong cun·ent, the rope haH a vibration due to the passing water, 

and this is communicated to the wire rope clamp pendant, giving a hum of 
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very low note. Sometimes with a very deep current the vibration seems 

to be started far down below the surface, and ascending, hPeome8 more and 

more violent ; but these are not to be mistaken for the trembling that is due 

to dragging. "When the vessel remains at oue anC"ltorage for a <·onsiderahle 

length of time, the anchoring rope and jackstay wire are veered 2 or 3 fH•t 

dail.r to change tlw nip in the pulley8. A man i,; guwrally at the 8hip',; 

wheel to keep the anchoring rope "up and down" ahead, 8teeri11g the yesr;e] 

the 8allle as at sea. 'l'he on] Y time \Yheu he is not needeJ, is when there 

is but little or no current. In order that he can see the rope at nie-ht time 

a small white cotton flag is attached to it, and this is illuminated b.r a hull's­

eye lantern fastened to the bowsprit end. 

Gcttin!J underwa,11.-Two men are stationed in the reel-room, one to 

guide the rope over the reel by t1H' tackles shown in illustration Ko. 41, 

and the other to look out for the eng·ines. The metre ii,; sent below, and 

a man standl:l ready to g·uide on and oil thr jaekstay wire. The man at 

the hoisting engine lifts the break of tlw red and tums the steam on to 

its engine. When the reel has turned OYer, aIHl has takeu in the slack 

between it aml the winch-head, 8team is admitted to the hoistiug eng'iue, 

the rope isremoved from the clamp and eYerything is ready to heave-in. 

If the current. is strong or the ves:;el is riding to a strong breeze, the main 

(mgines are started ahead for a few momellts to relieYe the strain, and after­

wards at i11tervals if necessary. The anchoring .rope and jaekstay come in 

together, the man at the register calling out as each 25 fathoms is pas1md. 

"When the distance line reaches the how-sprit end, it is cast off and hauled 

on board with the shot. 

There is of course more strain 011 the accumulator when heaving in 

than there is while at anchor in deep water, because of the increased skin 

friction on the rope due to its upward motion. At first the rate of progTess 

is slow, not more than 8 or 10 fathoms per minute. The vessel is held up 

toward the anchor as much a"S possible, and particularly is this necessary 

on rocky bottom, for if the anchor breaks out at fairly long scope it is liable 

to catch again with a greater chance of loss. J'he instant the accumulator 

jumps, showing that the anchor has tripped, the thrott.les of the engine are 

opened, so as to make the anchor clear the bottom as soon as possible. 
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The speed then iR from 50 to 80 fathoms per minute. If too much steam is 

on the reel engine:-;, the tension of tlrn rope bdween the reel and the winch­
head will be too much, and there ·will be danger of C'rushing the harrel of 

the reel by the accumulation of pressure. The man at the hoisting engine 

regulates the speed of both, judging as to the one below by the amount of 
curve of the rope between the pulleys ou deek. If, on the other hand, it 

is not running fa8t enough, the rope "·ill either become slack, with danger of 

kinking, or it will slip on the winch-head. A very much preferable arrange­

ment for reeling the rope under proper tension is one fitted to the dredge 

rePl of the Fish Commission steanrnr Albatross. By au automatic ~pooliug 

machine tho wire rope is properly placed on the reel, and by a self-adjusting 

valve the tension iH maintained fairly constant. vVhen the anchor is off the 
bottom the vessel's head is allowed to pay-off as it will. A man is sent with 

t]w open ~match cat-block to the bowsprit end, and another man to he ready 

to take the rope to the capstan. About 12 fathoms from the anchor a 
"square-mark" of canvas has been placed, and when this appears the block 

is hooked, the vessel put on her course, and everything made secure. 

Sometimes it happens that the anchor becomes caught on the bottom 

so that it is impossible to release it. The hoisting engine pulls until it can 

pull 110 more, the last heing only by a single revolution at a time as the 

hmv fall;:;. If the sea is smooth and tho rope free from kinks the Blake's 

hoisting- 1mgine can not hreak the rope. If there is much motion to the 

wsse1, howeYer, it can take in enough to cause the lift of the bow to <lo so, 

hut there is more or less risk in this method. All the parts of the gear are 

nrn1er great Hfrain, the sudden relief of which is not unlike an earthquake 

to the sensations of those 011 hoard. Breaking in one instance 200 fathoms 

from tlrn how, the anchoring rope was pulled through the wnter so violently, 

in :-;pite of the great friction of such a length, that a brreat loop was thrown 

hig·h into the air, falling as it came back arournl the end of the boom. The 

honm too gave a leapl'"and breaking the shackle of the jumper rose almost 

perpendicular, stopped an inHtant, and fortunately fell forward instead of 

aft.. If the rope· parts at the anehor no h:irm is likely to happen. To cut 

the rope is attended by no danger if the strain is eased first. A flogging 

chisel, heavy maul, and an anvil, or some other heavy piece of metal, are 
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prepared for the cutting, which is best <lone between the hoisting e11giuc 

au<l reel. ·when all is ready a few fathoms of the rope are payed out b.'~ 

steam as rapidly as possible. Then~ is then only a strain on the gear c'qual 
to the weig·ht of the wire rope, awl before the n•ssel can be driftl:'d h.'~ thl' 

current far enough to increase this strain the order is giYen to eut. Tlw 

wire rope in slipping around the wineh-lrnad turn by turn with grmlually 

incroased speed relieves the gear of any sudden shock. 



 

CHAPTER V. 

CHARACTERISTICS OF THE GULF STREAM IN THE STRAITS OF FLORIDA AND TN THE 

Yf'CATL\T PASSAGE. 

In alluding to the different points of examination, each cross-section 

of the Stream has, for the sake of brevity, been given a letter, the iuitial 

one being the first section examined between Fowey Roth, Florida, and 

Gun Cay, Bahama. This is called Section A, and those to the northward 
are given single letters, while those to the westward have clouble letters, as 

follows: 

Section A, from Fowey Hocks, Florida, to Gun Cay, Bahama. 

Section B, from Jupiter Inlet, F101;da, to-Memory Rock, Bahama. 

Section F, from Cape Hatteras Shoahi, about southeast. 

Section C C, from Rebecca Shoal, Florida, to near Havana. 

Section DD, from Cape San Antonio, Cuba, to Yucatan Bank. 

Section E E, across the extreme westem part of the Straits of Flo1;da. 

This last section has just been completed by Lieut. C. E. Vreeland, 

U. S. K., now commanding the Blake, and through his kindness I am enabled 

l:n comhi11e his observations \.vith thm;e made hy myself in former years. 

The ::;ections to which the iuterveuing lines belong have not been examined. 

In the first season, work was contemplated on Sections A and D D, but 

the result:; from the beginning were so surprising, and the methods of anchor­

ing and observing the currents so successful, that I was constrained to ask 

authority to nhandon all idea of visiting the latter and to devote two sea­

sons to the former section alone. This request was granted, and until the 

month of June in bot!~ the years 1885 and 1886 all the observations were 

made between Fowey Rocks and Gun Cay. In the following year, 1887, 

examinations wm·e made between Rebecca Shoal, Florida, about south to a 

point 10 miles west of Havana, (Section C C,) and also from Cape San 

Antonio, Cuba, to Yucatan Bauk (Sect.ion DD). During the early months 
[>38 
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of 1888 and 1889 the eqnatorial and Caribbean Sea currents \Yere iuve:-:;ti­

gated, in order to ascertain the relation between these and the Gulf Stream 

in the Straits of Florida. The research was also extended to the current iu 

tlw Old Bahama Channel, and, when opportunity offered during the summer 

seasons, to the flow off Cape Hatteras and Nantucket. The extent of tlw 
examination, however, that has been made at the latter point:-:: has unt h(•Pn 

Rufficieut to warrant conclusions on all the phenomena of the localitie;-;, and 

the results, therefore, are not complete. 

For those navigating the Gulf Stream the most important questions to 

he answered nre: 'Vhat is the surface strength of the current arnl what is 

the <lireetion of the flmv ·~ It is well known that these Yary at many if not 

at all partli of the stream. Can a fair knowledge of these rnriations lw 

predicted? 

Section A, frmn Fou•ey Rocks, Florida, to Gun Cay, Bahama.-Af'. the 

labors of two seasons were concentrated at this section the results are more 

l'ornplete than at the others, and in studying these results careful1y we find 

the key to the solhtion of many of the apparent anomalies at pointR where 

there are fewer observations on ·which to ba..<;;e conclusions. The whoh· wirlth 

of the Straits from shore to shore is 43 miles, and between the eunes of lUO 

fa.tlwms 39 miles. On the east side the bank is abrupt, 100 fathonrn being 

found ·within one mile of Gun Cay. The current of the Stream snmetinws 

runs ill as far as the depth of l 0 fathoms, hut genernlly it is farther off shore. 

On the west side the slope ill more gradual, but still the _surface eurrent fre­

q nently i8 found quite close to Fowey Rocks. The bottom variC's at tlH· dif­

foreut anchorages. At the station nearest the Bahama Ridfl of the clwmwl, 

the anchors always draggecl a considerable distanee before taking hold. Tlw 

drwlge twice brought up quantities of small branch coral. At the axis, 11 ~ 

miles from Fowey Rocks, the anch01· fouled the bottom three tinws, making­

it ne~esRary to cut the anchoring rope to get under way. At the otlwr 

:mchor~ges there were evidences of rock bottom, but itpparently only n,.; nnt­

croppings, for frequently the anchor or dredge brought up clay or mwL 

The time actually employed in the observations at Section A amounh•d 

to over 1,100 hours, and the longest continuous anchorage Hili hours. In 

the first season, the a,nchorages were held as long as it was then thought to he 
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possible, but during the second year changes were made from point to point, 

in the endeavor to discover tho relative velocities at the different parts, and 

thus to establish, if possible, the axis of the Stream. 

It will he remembered that the few observations made by Lieutenant 

Fremont off Jupiter Inlet, in 1884, indicated that the maximum surface flow 

m1s not situated where it .was supposed to ho by ProfesRor Bache, but at 

some point farther to the westward. It required hut few observations in 

the Blakr to determine positively that this was the case. i\t Statiou 1, 8 miles 

distant from Fowey Rocks, the velocity at times was found to be greater than 

at Station 2, 7 miles nearer the middle of the stream, while the average at 

the latter exceeded the average at the former. Observations were then 

taken at a station midway between the two, and, whenever possible, changes 

were quickly made from this station to Station 1. Whenever this was done 

the velocity of the smface flow at the latter was generally less than at the 

former, and the average of all the observations at Station 1~ far exceeded 

those at stations on either side. At Station No. 2, however, the total volume 

'vas found to be mueh the greater, the area of a section of the prism represent­

ing 1 hour's current being 30 per cent. more than at Station No. 1 ~-

The hourly average in knots of all the observations taken at the various 

depths and stations is shown in the following table: 

----·-·-"'-----------~--

Distance in Velocity. 

Station. miles east 
of Fowey ;;~:thorns.! 15 fathoms./ 3ofathoms. I 65 fathoms. I 130 fat~::: Rocks. 

- --- - I ___ ··-- ·-- -----~1---------
8 2. 661 2.346 2.252 I. 590 0.634 

It II~ 3. 461 2.895 2.936 2. 421 I. 611 

2 15 3· 156 3.o62 3· 182 2.947 2. 202 

3 22 2.727 2.667 2.695 :i.503 I. 86o 

4 29 2. 123 2.099 2. 116 I. 975 I. 450 

36 I. 707 I. 572 I, 489 I. 565 I. 449 

These velocities are shown as curves in illustration No. 51 (seep . .550), 

placed at their proper sbltions in the cross section of the stream, but revolved 

around the initial point 90° from the direction of the cun-ent F1·orn the table 

and from the vertical curves, it will he seen, that, with the exception of the 
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surface velocity, the flow is greater at every depth at Station 2 thau at a cor­

responding depth at other stations, and that the one exception is at Station 

q, where the smface velocity is greater than at any other station. Thi,; is 

the average position of the axis of surface velocity; hut, as will be semi 

later, its flow is 11ot at all times superior. The position of the maximum at 

<lifferent times during the month i:;; intimately associated with the ehanges 

iu the declination of the moon, and indeed, not only the po1:-1itio11 of the 

maximum but the velocity and width of the whole Stream as ·well. Other 

factorl'l also enter the problem to cause regular variatiorn~, but they ::;eem to 
he small in comparison with the influence of the moon. The effect of the bar­

ometric prm;sure is (•xerted to cause an irreg·ular variation, and it is diffieult 

for a single ohl'\eITer to uc always sure that a certain result is to be assigned 

to this cause arnl not to imme fixed and invariable law. It itl 11nly by a gen­

eral average of all the olJservations that this can he reduced to a minimum 

The monthly variation.-Following the changes in the declination of the 

moon, the velocity of the stream at any given point is accelerated or 

1liminished, but while it is running faster at one place, at another it is 

rmming slower. It is in fact a reduction in velocity at the sides accom­

panying- an increase in velocity at the axis, and the reverse, or in effect, an 

alternate expansion and contraction of the Stream in width. This is not 

marked on the east side of the Straits of Florida, and, as will be seen later, 

t11is is hardly to he expected. It is very marked on the west ~;ide of the 

Stream. 

Illustration No. 46 showR the changes in the smface velocity for the dif­

ferent· stations. The average of each day's observations is plotted at its 

proper position with reference to the declination of the moon, using, howeve1\ 

for the "smface" the observations obtained at 3~, 15, and 30 fath01mi depth. 
The actual surface current follows the mean curve very closely, but by 

taking the average of the 3 depths, single euors of observation:- are thus 

reduced. It will be remarked at once that at northern declination, in the 

observations of 1886, the velocities at Station 1 were far below those at 

southern declination taken in 1885. This was a case of an abnormal condition 

of barometer 'in the Gulf of Mexico and Atlantic, and the dotted line repre­

sents more nearly the true current conditions. In passing the next zero 
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<leclination tlw curve of Station 1 is excessively high. Thi:-; part 1lept•wls 

upon half day's observations taken at the time of thP daily maximum. They 

are in:-;erted to show the decrease in velocity as the moon changes it:> pol'liti011. 

Above the curves are anows showing the meau direction of the flow of the 

lower t-ltrata (Gl) aud 130 fathoms). The short vertical lines separnting· the 
arrows iuto groups are drawn at intervals equal to the changes of declina­

tion of the moon, and it will be seen that within the limit of any space, a11 

the arrows are inelined in the same direction. Those iucliuiug upwanl indi­

cate a current moving to the westward of north, and those inclining down 
a movement to the eastward of north. 

The curYes of velocity at Stations 1 ~ awl ~ increase as the moon 

approaches zero declination, and at the same time the current at Station 1 

is rapidly diminishing. Tho direction of the flo-w, as shown by the arrows, 
is then inclined slightly toward the east of north or toward the. middle of 

the 8tream and away from Station 1. As the moon approaehes its g-reatest 

declination, the velocities at Stations 1 ~ and 2 decrease, the direction changes 

to the vrnstward of north, and the speed of current at Station 1 rapidly in­

creases. ln this vibration it appears that the maximum velocity at the axis 

and the minimum at Station 1 arrives at two or three days after zero decli­

nation, and in the course of one-fourth of the lunar month the total expansion 

has taken place and the reverse conditions prevail. During this periodic 

change, the directions of the currents at the side stations follow the mon~­
ments of the axis. At the time when the line of maximum velocity is moving 

toward east or near low declination, the lower currents at the side stations 

incliue toward the center, and at the opposite movement of the axis, they 

incline outward or more nearly parallel with the axis. For example: 

Declination. 

High. 

Low. 

i 
Station I. Station 3. Station 4. i Statio11 5. 

-· . ----i------l------------· 
: I 

N I/ E I .... i N J/ w I N b w 
' • /4 ------11 1' ------------1 . /2 .! . y • 

N.byE.~E--! N.byw.~w·-1 N.byw .. I N.hyW.MW. 
' I I 

During the lunar month the temperature of the surlace at the different 

parts of the Stream follows the direction of the lower cuITents at the axes most 

intimately. "When the moon is in the v;cinity of its greatest declination the 
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lower cunents at the axis being then inclined to tho \\"e:-:t\rnn1 of Horth, tlte 

llll'an temperature of tht• :-:urfa<'l' water on the we,-t ,-itk of the :-'tn·nm i,­
colder mid on tl1e ea,.;t tiide warmer than it iti \V hen the current:; ill'e indi11('d 

Hnvard the Bahama Hi<le of the channel: 

I . . 
'. :-,La ti on 3. Statiuu 4. Statiun 5. 

:\lean of all :;urface tem- , 

peratures ohserverl_ _ 8u. 24 80.33 80. 38 
Temperature at surface ; 

'1"itb the current at ' 

[j9.87] 

axis ~t:ttintT \Yesterlv : 
I ~ ~ ~ \ 

I 
(high <leclination) ·* ____ ' 

Sarne with current setting l 

! 

[81. 08] i [80. 19] : So. 65 

i 
i9· 19 

I 
e;tsterly (L>w <leclina. ~ 
tion)'* _____ _ 80. 36 81. 86 So .. p i [So. 20] [79.51] [77.42] 

/________ ______ ~ 
--------- -----------

:-:-The lower te1nperatures an: in l1rackets. 

The table above give;; the:,:e temperatures, and from it we see that at 

Station 2, the axif; of volume, the differenee is but little, and that the tempera­

ture at any of the other stations is lowest when the current;-;; at the axis an· 

Heiting iu its direction. lu other word,-, the axis inclining toward uue sidl\ 

its lower current::;, which change most in azimuth and with greater eon.'ltamT 

and regularity, foree the colder water to the surface and lmvcr the tempera­

ture at the ,.;ides. It is probable that the temperatures at an anchorage near 

the 100-fatliom eune between Station 1 and f"myey Hocks would follow 

the same changes a;-;; those on the east side of the Straits. 

Another illustration of the change in the velocity of the Stream follmv­

iug tlie dedinatiou of the moon is to he f(mnd on illustrations Nos. 4 7 and 4H. 

Iu these the mean horizontal flow has been plotted in situ at the various st•c­

tions in the Straits of Florida and Yucatan at which ohserrntions haw been 

made. Illustration Ko. 4 7 shows the mea11 of the observations down to 30 

fathom:; n:ml No. 48 the average at all depths, but for the snke of dearness Oil 

so 8mall n tJcalo the velocities have been exaggerated ten times gn·ater tlm11 

the :;cale of the chart. In obtaining the results, the ohE1erved speeds lwvl· he('!\ 

resolved in case of much departure from the general direction of the tluw aml 

only the one compoue1it taken; as, for instance, at Section C C tlw flow 
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at tlie sides is. townnl tlw mich1]e. Tl1e general direction of the Straits heiug 

t:m;t, th(:'8e an• re:-;olved into their eompoucuts and the easterly om~ taken. 

The direction8 aecepted are nmth for Sectiorn; A awl D D and east for See­

tions C C arnl E E. rrhe mean of the results is obtained hv combinhw <tll .1 e 

those falling within the limit of time represm1ted by a westerly inclination 

to the <~mreuts nt Section A a8 shown on illustration No. 4() all(l calling it 

"high declination," and all those at the time of the easterly set " lmv <le('li­

uatiou." This divisiun includes in time one-fourth of a lunar mouth, begin­

ning at nearly thi·ee days before awl extending to about four <lays after the 
highest arn l 11ero (leclination. 

lleferriug to illustrations Nos. 4 7 and 48 it is seen at Section A that at 

the time of hig-l1est declination, the mean velocity is about equal from the 

middle of the Strmw1 to the western point at which observations we1:e made; 

that i~, the curve is flattened. At the time of zero declination, the axis is 

localized ancl mni"h iuereased iu velocity. In the first, however, the expan­

sion of the axi::; very much increases the surface curreut at the westernHH lst 

stations at the time of its maximum, as seen from the adjoiniug cut, which 

. . : , 
' ' 

' I 

! 

Fil!· a. 
this case, to the southward. 

represents for No. 1 station tlimply the 

average of the observations taken at 

and just after the highest deeliuation 

instead of the mean of the o bserva­

tious for 2 lunar weeks as in illustra­

tion No. 46. This shows the strong­

est curr<::nt on the west side at the 

time of high declination and a move­

ment to the right at low declina­

tion. Refenfog to Section C C, off 

Havana, the curve of high declina-

tions is flattened and the coucentra­

a tion of the axis takes place toward 

the right at low declination, or, in 

At Section E I<~ the velocities at high declina- · 

tion are again the greatest on the northern side, and, as the moon is near 



 

.Apperu/.ir /() .. Co11.al. tUML Geu<ktic Survey ./lepuri fbr 1890. No.:11 

•,· 

i 
I 

.:·........ j lill-

::..~+ 

i 

etz·c·.! 
~ ~ B~ \ ''f' 

i I, 
\-_ ; 

-r "'~k - ---- .) · '''('\ 
• "~'"'' '.3,,_. ..... - L,,·_1-· -·,~·,'°'· ~~ 1.1 ·" , ~" .. "' '' 

\\ '~"'"r;:·~·o· t'l--0--'-")---( -.r-.{,• ' 
", I · ;,_ 'S( Cl I 0 N > f.•1 

... .. ~3·' ,,~· 

~~,, 

91 I " 
'f)'. 

U.S. COAST AND GlODETiC 5URVEY 
T.o;.t.ltMftf:Nf.t ... ~L, SUl'rtlMTrMN.Ml 

j GULF STREAM CURRENTS 
' VARIATION IN HORIZONTAL FLOW 

" 
" i 8-4 

k ~ 
,' 

, I )+"" '' \ • 
~ ;, ~;: -~~:· J:: 

I"-·..._ -~-- \ -~l - ~ ~ - - -- -j " ' • • - ,,,- • ~ '\ " l -,;-- --r----.i- -

CORRtSPOMblNG TO DECLINATION 
OF THE MOON. 

37 

' !n 
MEAN Of VELOCITIES OF UPPER STRATA 

M[J\N MIC.M DlCllHo\TION 
LOW 

.L..;....., 
-L-.i,,,-;" 

O}. 

" ·'1 ,. .. --·~7t 
'"-:: :'f' ' 't>< 71·' 

~ " 
.-<; 

J..; 

..,_ 

-.1: 

~\. j~.l 
'l: .. 

'i.~· .... ··~~·\."~t.:~ ... -' 
- ~~> \>.'i;• 

·~ ~;\ . ') 

·:c-,,1~. 
I '.l;i. , 
J•. \\ \i 

\~ .. 
/",, ' \~;;· '" 

,o}.' "+ \~ 

' ' / /, ',' '~ "•,• :f~ . ''": :-,,,,,,,"'>'-". , '- .I' ·., I,' )' ... -...... .[,. ________ '." __ _._.,_ -~-: .. ~ __ ;_:;r· · .. · _: ,,. "" 
- -, ' -. I' / \ , ' ' ... --- • 

-+r.m•-;---•· _, ___ ::-cp:.,,_ ! 1\.' - • I ... • ,, , 

"" . ,. ~·\ 
''~,;~ ·~-{7.\0\\ 

.)·· ., 
- ... ~.!'~'tr...... 1"21 

I ",';:~ _J __ 10& 

t7 
T 

~ -, 

I 

": 
i I ; r--· 
; I 

\ 

\ ".\ ·,\ 

---i-~--

., 

" 

' ~ q; ----t~-- -- ··' -~ •• '. ' - ,• .,, •• 

; /// .. •, ! • ~ ·~ / '"-. .. '- .. _ ~- i - 1 f -~ 1 ~ , ,L' • {'~'.~',~ ··f :<~\~~r.:~ , 
: ..,. , -· r---- : i ." , ,,, .. , ·-.. "' ! ,, ·~\ ~ -... "~J " ~ 
' , I ' - ' .;//' ' I N I t ··- ... \. "'· \• 

i ! I I "' 6 J I ' " 0 ·-. ,, " ... 

--<-"--'-- . -~ I "' • , , • ' ' • .\ 

'"' 
-~ 

~fi--i' \ 
' "'?' , • 

:~ 

'V .. ,.;111 
l, ~ l 

,,,~~_,: 
.. ..:~ .. ;,. . •. ~. 

. !· 

~"·-:, 
- • ... 1 .. 

·~ "l\ 
4 f1~ 

+-± 
•oh,,':. 

'\ 

~! ' ·-,;;--;--- -""!--- --- -~ .- ---- - ' ' - ,,:.::t'?f.;, ..... • ! , ,. , " " I •• MV~>A , / Jt,,-~"J'tb";\~··,<• " , . >, ! - - - - \ - ~ ' " • ~ ' ·,•,<.;,,,;,,. ~ , • :- ' \ 
, , I - .-,!f ._ 1:.-~~ , ,. I " , , " ""'· _... -r~· .. --·- , " , 

' - , ·- s \~- ~ • ~- -----
' .• ' , ... ' . ~· ' ' 

I 

i ' ---,, ,;:-;;~~! , t I ~" ·'Ii~--~ ,,.... " 
' • ,.,,,,,-~ ' • : ' -<o<, ' ' , " -- ' ~· . "' ~ \ ' ,' + ,;.. f>· 'I"-- II N , / '~;~ }d.f' .:·; ' "" .,,'1> 

' ~· / ·- // ·b :· " ,_ ,, : :, :'-.: :~"-' ·"· 
"•• ~ •• _ - ~ -' ,' • , ~ , , " I ""> ' '· • -•.,,- • 

• ' '~- - .:::/-- ~-" , - -- ·~· ,,. ! ~-·' '~o;..;·,, ' ,, ' ' - ~,,,, '• ~.< ~~· 0 !?\ l;.,~S,_,' '-, .~.,.,·---· ~,,_-. 

~" ·~""·~ .--- . ,''(\~§.,,, '" ~ '\.:;' ., ' ~' ''"'' - ~--- "· " .. - " ' " " " ,, •'/ ' \ ' 
. - . . --~,"'-,-~ ...... __ ' ' ',' ',) ', ,, 

!-""' "'" "\ • -- - . \ I , \ ·~ .. ,,.,---·.,.,.., - - - ""'" , '" 't~ ,

1

' • (' : /.,' '1. , ·, . .,, I·,_---\ ' --- -- - -- -'-~ p:,_.· 

.., 

'l 

- " . ,. . . . , ·' r " . ' I . - , ---- , r· ">J;~?c " • ' ' " "" - "1 '"' ,' " .. ' _ _,_ • • ' ; - ,, 

~< - ~-/ _ .. ,;,--~~-~--~·- --- ~: :?=,,l·~~~~;-~~:"~~~~~ --~· ·:~-·~ " 
ff 

• It 

... "' 
_L W'o';l'-[-

,k, ·::~it~· ,1:~:-· 

-1 

,.,, 



 

Jppendi,r; 10 - Co=t,,,,,,;, (ioq,l4b,,; s .. rY':J' Jle,,ort li>r /8.9Q. Sa.48 

·+-

.... 
... ~ 

-b
1 

I 
- ~-----1----

0AST AND GEODETIC SURVEY 

··;~;~~~··~·~~·;~NTS 
VARIATION IN HORIZONTAL FLOW 

COl!ftESPONDING TO DECLINATION 

OF THE MO<*. 

.. '1 

" ' 

.. 

" 

8!r'" .,\ 7\li" 

1'' \ I ... I 1!1 '" 11 I : 1IM ,. ,\11o~ r L'>l/11 

-;-r-~--~ ~ ~1 --- --·- , ~_,_/,_ ,x. "" --:-.-= J:._~,,-;;.:- -I • 'I I ; ~ ' .. . •.. 
I l 1 '"\) ~ I !, 8' ~ "\... ' '- it~ --!:'-~-- ll "' 

I ' '\ • ~;.' 'f* • ' < ,· ~. 
I I • 1••1;, J, : . :·"' . . ' . 
' ' ' ~ . . \ 
I 

0 

'""'"'"""~~~··• ·.t. ........ .I' · 

! \;:;;! /• ··• "'· : S ' ' " • O " A 0•'-'· " I 

. '' 
I 

I 
\ 

\ i i · , ~Jr;~\ . )i~t\ · .. ,} ..... ·::.: . ,'f ~ • · s~:;:·~ii 
.... """ K<Lt .. TIDH ' I .. I 91 • • ;; i1" M.. \ 

LOW ------,-,-..-~, \ ', \ ~~ .. ---- I -·- . 'I -: .. •':-,,.;· • • ,:;~ , "! ~· : ., ~ ' ('; ) 1t. \ ,..,( I i \ ' \ • , • + ~---~- r-· ... · :·· _,, -· ".'::C ~,-- - r \\-i; 
./ -\ ·,_~ ... ,.... . ~' . ' ... / .. ' .<t':· ,. ' -;; > ''·. \.·: 

MtAN OF VELOCITIES AT ALL DEPTHS 

/ I ' ' ' · .. , • ~~ .- .' '. ' . ,,,, ... ~, ,.-f _,,.,< • . . ,_' 0 Z'· ~: 
I' • ' ' •'iJl~ ... '''"f:"\ 1f'''W·"· .,,,,,.~-· ~ . 

/ ! / : \ • 1' • • ~.,. <? '.~ •• , ... .,;~· • •. ! . " .,.!· ,. " ' / ' I ' "· , • ·• : ,,:: ,,, . .-.~·· .......... ' • ' ,, ·... ~,, )J· 

1
1 ... · ...... _,,,, ·*··---··---·+ / .. '"' ... : ' ·• -'·,rli 

\ I "- / • I . . ·:· - - ... --;;-- I 0 \f• • . :-A 
\ I '1111!!_, ~., "' I ' I ! \ ':t "d)i'-·· ~\ ' • • -

0 

w ,_ .. • • , " , , CM(, • 

\ -~-~--·----- .., "' . ' ';o • '°""'" ~ ,: .. · ., . . ·<.// - 'l i I ---- :..)__ _ , ' 1 , ... - ' w '" '" ' -'"' >. ' r::J\. 
l 1- I 0 .. ' • \ 15--T-;-fo----t+-----r:~·~--~::.-... -::.:~~~~~Y.'- ---~-· ·- l 

--t~~~ '"' 
: "'· .... :-~ ... 
I ' 
I ' I , 
t 

~ 

\~ 
"1~ 

i "·\. 

__ , __ _!!__ 

' I 
! ,· 

;: 

'._ -. 
82',\ 

"" 

:,195 

~: 

17 / 

t, 
:·· ( . 71 

,'· 134:' i-:;/ 
-7----,---

.......... -..... I , . . ,. .,'I· . . " ., 

,-- "'i --,--·-~- :z ~ \ I "' ·.l•:. ,, ,, ·:~:i.. ~~~ ~~~ ''.::. ~ "-
--i-- ... _ _ / Bib ' N I C "•-. ~i;.: \:, '>' I ..;r- - : i i " o ····" -~·. "" ,,. 1 

.. , "" , I i '" ~ • , ) 

•I ___ - / L_;-·--- :--:~ .. .:. . \,---·· /~Pi!t{~~r· .··. ~- ,,,, ··\-
~ 

.::.~·. 

'·: .. 
·~ 

.. \--:J> .,. 
f;---· - -+- ---·-

,., 

'" 
i ! 
I! 
,1 
11 
\; 

' 

....... \ . ·-+----... 
~ 

/./:.~~f(' I. l I s L 1. ~, 1 ''c.~ "" ..... 
' , ,-' 'fl •,O, " 
: 1 /,,i(:.·i!' I \ . ]'V '>-.£'L ~~ ~· ... '" ~ ·

1
1 

,·.' {.!'; .... P"._t : ~ ,
1 

" ... ,., lJ ~.r .. 0.·· :;......,_" ,._,,. . ~· .. ~,. ~ (/;., j!···.. I .,,... .. ·•·. .. ""' r(~· ·~ . . ·!' ··' I • .. . ""' "~· ~· •. 
' ' ,,, , ' ' "' ' . "- , - ,' ' ,,, ' ' ' 0 \ . ., " -' ·' '" _, ~ I , , ,, !. . .. '.rl. , '<l. , ' . ' . ' · .. .-: ~ .. ::'.'. ' l ~~j_'\i \ '2 ' ., ~ ,. - - ' - .. ""''=\\:.~ 

,,.,,~[·~--·--·- Y\ I "··· I - '·, \ (' I ~' .. 
-<--"~--, '~\ (~ ' '_ -!,i··~~.'.',o. ---~~".J "· ... ::::<~·- ' Ir ' \ ,,,f . v.. .......... , .. 1'' '~ 

1 \ • · ·,, ·. • ··1 .:,.-- _ .. _ ~ r·--" ··· ,' \ · · r' _ .. _. ___ ._ .. -.. -~..,,..~ ... _,~ .... t . ..- ... --- r--·--·--- '"' . ... , ~ 
,/ ,, .. ,-- - I - -- --. -- .. :~-==~~~::::.:'. -:~1_:::: . -- -----', . - - . "' · .. " " " ''.;, ,,\, 
~ ' -! --·--·- 1 ' " . ' . ' 

/ 

6

L -·---~~~-··, .. - _UJliA ~- ~--~--r- ---~----!-------- -!- --:: '~~~~~:~",~; .. -s,:" 

~ 

D D Ii 

cj 

; ~ .. 

.,,. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 545 

the equator, the speed increases aud localize8 at some point to the right 

and diminishes in velocity at the stations to the left. At Section D D t!w 

same is inclica.ted, but here, unfortunately, the times at which the western­

most stations were occupied w1:re at the maximum ftow alone. 

Still another illustration of the monthly change in the Stream follow­

ing the changes in the moon\; declination is shown in illustration ~o. ~rn. 

In its constructiou the vertical curves of velocity are divided into gruups 

i:;imilar to thn8e in which the arrows 011 illm;tratiou No. 4G are separated 

into high and low (lecli1mtiou. The curves are carried to zero vek1city (not 

tl1e bottom) and the depths readied are joined by a continuous li11e. Iu 

plotting the points at the different stations the distances fr0111 tlw shore <ll"t> 

expanded or contracted to a common width of Strl1am between tlw 100-

fathum line. The distance below the surface of any part of the curYeti of 

one station bear8 no rnlntion to the distance of another, for they depend 
upon the relative velocities at (15 :md 130 fathom.,;. 1'he curves only show 

that at the same relative point there is a diffei·ence in the depth of the 

Stream in the same llirectiou at all the sections. 

At Sections E E and C C it will be noticed that at low declination the 

curves drop to nearly double the depth of Section A at tlw flame rdatiYe 

position from the 100-fathom curve, hut that the latter sl1mn; a very <fo(~p 

Cl1;_rrent on the eastern side at both high and low declination. The cause of 

this is without doubt due to the inertia of the water which has been flowing­
east off Havana and is foreed agairn;t the hank in rounding the curve of the 

Straits of Florida at Section A. At tlie latter section the lowest point of 

the western pa1·t of the curves is at hnv declination, and is situated approxi­

mately at the point of greatest. contraction of the axis velocity. The lowe,.;t 

point of high declination is to the left or westward and corresponds to the 

movement of the axis. At Sections E E and C C the depth at high declina­

tion is the greatest on the extreme north, or, as in Section A, on the left of 

the Stream. There are other points of co-ordination or agreement in tht· 

curves and directions of the currents, as shown in the plates. At the tinw 

of high declination at Sections E E and D D, the strongest current being on 

the left side of the Stream, the eddy current is the strongest on the extreme 
H. Ex. 80--35. 
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right along the Cuban shore, and where the reverse conditioH.s prevail, 

the axis being nearer the middle of the Stream, the eddies are lessened or 

entirely obliterated. 

It seems, therefore, to be abundantly proved that the monthly varia­

tion in the Straits of Florina consists of an expansion at high declination 

and a contraction with an increased localized :speed at low declination; that 

at the time of the contraction there is a deepening of the current at the axis, 

and at the time when the Stream has spread out it ha::s di1ninished its depth, 

hut has increased its velocity on the sides; that the most marked movement 

at high declination is an increased speed toward the left side and but little 

toward the right. 

While this monthly change is taking- place there is another rythmical 

oscillation, which is also go~crncd by the moon. This is a r€gular dail,11 

variation in velocity which amounts in some instances to nearly 2~ knots. 

Sometimes wh,en the wind is favorable for the forma;tion of a "rip" this 

accompanies it, at which time the velocity of the current has been known 

to increase over one-half knot in a few moments. On May 21, 1886, when 

at anchor at Station 1, a rip was observed at 2 p. m., extending about north 

and south, at a distance of about three-quarters of a mile to the eastward 

of the vessel. The surface current for the previous half hour had been 

flowing at the rate of 3.29 knots. In the next 20 minutes the veloc~ty 

increased to 3.9 knots, during which time the rip reached the vessel and 

passed to the westward. In the next 30 minutes the speed became 4.6 

knots, the rip still very marked and 'moving to the westward. 

The daily variation is most marked on the surface, and, like the monthly 

change, is far greater on tho west side of the stream than it is on the east. 

There are in reality two periods of increase and two of decrease during the 

lunar day, somewhat similar to the tide and half-tide of the Gulf of Mexico, 

but this is chiefly confined to the upper currents, while the lower strata fre­

quently flows with but a single daily fluctuation, indicating _a solar influ­

ence. In the mean movement of t~e wat€r, the first or highest maximum 

generally anives at 9 hours before the upper transit of the moon, and the 

lesser at 9 hours before the lower transit. 
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In order to shnw gTaphica11y the regufarity of the changes, a diagram 

(illustration No. !}O) has heeu eoustnwh~d. The lunar days are rPpn•:-;(•ntt>d 

by the heavy verticnl lines. The ruean of the hourly observatiom; at all 

deptlu; at each statiou has lwen plotte1l at it8 proper place with n·frrence to 

the transit, and as nearly as possible at the declination of the moon at the 

time. This mean curve forms the lower si<le of the irregular shaded spaees. 

The upper side of each of these spnees is formed by the cm·ve of snrfoc·e 

velocities alone, drawn in the same mmmor, in order to show hov• closely 

the surface variations f(1JlO'w the anwage of the ·whole vohune in point ()f 

time. T11€ left side of the rectaug·ular :-;haded spaces uear the middle li11e 

represents the time at whiC'h the mean current reaches its maximum, and tlw 

hours intervening between thiK and the transit of the moqn giYe what m.ay 

be called the e8tablislmient of the current. This is only intended as a 

graphic i11ustration, to show tlte n·gnlarity of the changes to the eye. In 

the data from ·which the actual e:-:tn hlisl1111e11t has been fixed the curves "·ere 

drawn on a scale suffideutly large to rernfor it an easy matter tu plot one 

one-~mudreclth of a knot or ~ rniuuh's in time. 

It has been seen that tl1e c·urreuts change monthly in velocity, follow­

ing the declination of the moon. This increase and deerease has a great 

influence in forming the curve of daily changes. At the time of the monthly 

increase, the minimum current for the day follo,vs the greatest maximum 

by about 6 hours. In the next 6 hours there is an increa,-;e in Yelol'ity 

equal to or perhaps greater than the preceding maximum. In the third 

interval there is a halting or fall in speed to be succeeded by a still greater 

maximum 9 110urs before the next upper transit. At the time of the 

monthly decrease in velocity the conditions are reversed, the minimum 

preceding the maximum aml each sneeeeding maximum or minimum is le:-;::; 

than the preceding. In the intern1l of change there is a short time of 

irregular velocities when the maximum for the day arrives before the lower 

transit instead of the upper, somewhat similar to certain tides in the Gulf 

of }fexico, where, as the declination changes its uame, a high tide takes 

nearly the place of a low in time. 
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The average of all the daily clifferences of surface current at Section 

A is given in the table below: 

foo_i Distance r.~ean I Average 
east of vanat1on f 
Fowey in surface' s~r ~~e 
Rocks. velocity. 've oci Y· 

bfiles. Knots. Knots. 

I 8 I. 07 2.66 

17{ II. 5 I. 64 3.46 

2 15 0.92 3.16 

3 22 o. 56 2.73 

4 29 0.42 2. IZ 

5 36 o. 55 I. 71 

The table shows that the daily variation is greatest at the point of 
greatest average velocity and is also more excessive to the westward of thP 

axis than toward the east. 

'Ve have seen that the surface temperatures vary during the lunar 

month. In the same manner they change during each lunar day. . The 
differences are most marked at the extreme Stations, No. 1 and Ko. 5. These 

are given in the table below together with Station 1 ~' for each 12 hours 

before alltl after the superior transit of the moon. 

SECTION A.-Daily temperatu.re.~ at extreme stations. 

I Before tr::m I Aft t "t I Before tran- ' Aft t 't I, Before tran-1 Af t "t1 sit. er rans1 . I sit. i er rans1 . :I sit. ter rans1 . 

- - -- ~' ------l---~~-11 ,-----

0 II 0 : 0 I 0 I!: 0 I 0 

----------- So.25 _! [81.14] I 81.83 I 81.90 1' [81.13] 

[79· 67J 79. 93 'II [81. 46] I 82. 33 I) [81. 40] 82. 40 I 
[79· 67) 79· 93 :: [8t. 08] , 8I. 85 Ii [82. 17] I 82. 66 

So. 50 ----------- !i [St. oo] , 82. 17 ff [82. oo] I 83. 6o 
[80. or] So. 20 1/ So. 69 : [80. 50] /! [78. 66] I 79. 83 

[79.17] 79.78 '\ [So.oo] \ So. 70 i•i'-··-------- I 8o.oo 
[79.57) 79.98 ; __________ J __________ J [78.50] 78.81 

~--------......-.:.;!__ i :· . 
NuTE.-The lower temperatures are in brackets. 

It. will be noticed that in eve1·y instance but two the temperature before 

the tram1it, which is during the period of decreasing cuITent, is lower than 
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it jg during the 12 hours after. In a part of these observations the !noon's 

transit was such that the 12 hours succeeding included the hours of day 
when the surface temperature would naturally be warmer. In about one­

half of them, however, the conditions are reversed, the transit being between 
6 p. m. and midnight. 

This daily change in temperature is accompanied by a change in direc­

tion of the currents at the extreme stations and is more marked in the lower 

strata than in the higher. As the moon approaches the transit, or practically 
during the period of decreasing velocities, the currents at the extreme stations 

incline toward the axis, and during the 12 hours after the transit they 

are running more nearly pamllel. The effect of this upon the surface 
temperature of the intermediate statiom; is to cause a lower temperature 
with an increasing current, a,s sAen from the following table: 

SECTION A.-Da,ify temperatu1·c at intermediate stations. 

Before transit. Aftci transit. 

----------

80.0 [79. 5 ] 
[79.8] 79.9 
8o.5 [8o.25] 

8o.7 [So. 3 ] 
81. 2 [So. 5 ] 
8r. 2 [8o. 5 ] 
So.o [79.4 J 

NOTE.-The lower temperatures are in brackets. 

These. changes in velocity, temperature, and direction, all point to the 
fact that the Stream contracts and expands daily as well as monthly. In the 

daily fluctuations the _expansion is but trifling, and being short in duration 
in comparison with the monthly change, the surface temperatures at the sides 
increase with the velocity. As the monthly changes progress, however, the 

surface temperature is lowered and then raised, reaching its maximum and 

minimum at some time after the axis has actually changed its direction. 
The volu:me of {he Stream is best determined at Section A, for he1·e it is 

confined in width by earth itu;tea<l of water walls, and practically all its 
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water passes into the Atlantic. At the next section (off Jupiter Inlet) at 

certain times there probably is an eddy current along the Little Bahama 

Bank and through the Northwest Providence Channel. Farther to the west­

ward off Hannia a small quantity passes, under certain conditions, through 

the Old Bahama Channel, but at Section A these variable conditions arc 

eliminated. In calculating the volume the averages of all the observations 

at each station have been plotted on a large vertical scale, and from the 

>< deepest point of observation (130 i~tthoms) the curves hase been continued 

to zero. The ordinates at different depths were then transferred to a hori­

zontal or plan view, and curves were drawn through corresponding depths 

alld from the extreme stations to the initial line. Deflections in the direc­

tion of the current, which varied much fron1 north, were reso!Yeu into their 
component parts and only the northerly component taken. The thickness 

of the laminre used in the computation ·was, 10 fathoms thick from the sur­

face to 50 fathoms, thence 50 fathoms thick to the bottom, and the volume 

was calculated by Simpson's rules. 
The result is a grand total of nearly 90,000,000,000 tons per hour, or, 

to give more nearly the actual :figures, 89,872,000,000 tons, and of this 

amount almost exactly one-half is carried within 100 fathoms of the surface. 

It will be noticed by ref erring to illustration No. 51 that, on the 'vestern 

slope, the mean depth to which the current reaches is near the bottom. At 

times, without doubt, it actually did so, and occasionally there was a reverse 

current. In every instance, however, when the average for the day 1va8 

negative at 130 fathoms, the barometer in the Gulf of Mexico was lowest 

for the month or it was highest for the month a.long ll:he Atlantic coast of 

the United States. It will be remarked that at Stations Nos. 2, 3, and 4 

tlte axerage depth at which zero is reached is uniform at about 325 fathoms. 

The currn representing ~l~e vertical current line (illustration No. 51) should 

not in fact reach the zero so abruptly, for without doubt the actual speed 
diminishes by smaller and smaller increments as the effect of friction becomes 

greater. The actual volume, however, would be increased but little, prob­

ably not more than one or two per cent., a triflh~g amount relatively, although 

at the same time so large actually that the mind can hardly grasp it. At 
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Station 5 the curves show that the current actually reaches the bottom. In 

the discussion of the section off Havana the cause of thif-1 phen01nenon will 

be seen. 

The Straits of Florida, at Section C C, are about 73 miles in width 

between the curves of 100 fathoms depth. Situated as they arc near the 

beginuing of the Gulf Stream proper, with the direction of their flow at 

right angles to that of both the Straits pf Yucatan and Section A off Cape 

Florida, they are a most interesting study. The current does not fill the 

banks as is generally the case at Section A, hut has on its northern side a 

neutral zone of varying width, in which, at times, there is an eddy current 

setting to the westward. At Station 1, wMch is within this zone and about 

3 miles from the 100-fathom curve, tidal currents were always found 

except ori one occasion, at which time the barometer was the highest for 
the month at the Signal Service stations in the eastern part of the Gulf of 

Mexico, which without (!.oubt caused the abnormal current. 'Vhile the 
current is generally tidal, it is probable that in this part of the Stream the 

barometric influence is greater than elsewhere in this section. In the obser­

vations actually obtained, the predominating flow was easterly on the sur­

face at low declination, but the. current was so slight that it is difficult to 

decide in what direction the gentle flow would go with varying conditions. 

Resolving the directions into their east and west components, it is found 
that when the moon is near the equator the currents are more easterly than 

westerly, and when near the highest declination they are the 1·everse, 

although they are still so weak that, for the purposes of navigation, they 

are not of much v::tlue and are readily overcome by abnormal meteorolog­

ical conditions. 

At Station 2, 16 miles farther to the south, the cuITents are still irregu­

lar, this station being on the edge, as it were, of the Gulf Strea1:tl, sometimes 

wholly within its borders and again iu the variable zone. Whether it has 

a true Stream current or not depends still upon the moon's declination, but, 

situated as it is between the Stream and the neutral zone, its lower currents 

are perhaps apt to partake of the characteristics of the latter when the 

meteorological conditions cause irregularities. 
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At high declination, as explained previously, the Stream spreads out 
its limits and increases the velocity at its HideR. This fa.ct iR most beauti-... 
fully exemplified at this station. The first time it was occupied, the wind 

wmi from the eaRtward and the vm;sel was generally lying broa<hi<le-to. 

The surface flow was easterly and quite constant in directjou, the interme­

diate stratum was variable, and the lower current had a, southerly set. 

Suddenly the surface velocity wou.ld increase a knot or more in 10 or 15 
rninutes, forcing the vessel to tail to it for a ;;hort time against the wind, 

and then return to its original heading. The next time the station was 
o<·.cupied, the declination of the moon was about the same, near ze1·0, but 

instead of the surface water setting east, it was irregular, and the interme­

diate m:d lower strata had a southerly Sl:'t. This difference was probably 
due tn the meteorological conditions prevailing. The high harometer rnen­

iioned iu connection with Station 1 had passed off, and was fo1lowed by a 

}11-,y area iu the vicinity of the Mississippi Delta and Mobile, Alabarna. The 

tuin1 time the station was occupied the moon was within a day of its high­

est declination. The surface and intern1ediaJe 8trata had a strnng easterly 

cunent, while only the lower was in-egular. The following table shows 
the varying cornlitions: 

i 
Stations. Date. I Declination 

!-
of the moon. 

"-~- ------~- -----
I 1887. 

2b May 9 High. 

2 Feb. 4 Zero. 
2n Feb. II do. 

Smface 
strength. 

---·· ·-

Knols. 

I. 76 

o.86 

0.38 

Depth, hav. ! lJepth, hav­
ing e_asterly I ing irregular 

set. current. 
--~-" ------~-------

Fatho111s. 

Depth, having 
souther1y set._ 

Fathoms. 

65-130 

15-30--65-130 

The easterly components of the velocities are shown graphically in 

Fig. 4, from which it is seen that at hig11 declination the edge of the Stream 
was well to the northward of the station. At No. :2 it was nearer, and at 

2a it was practically to the southward. Although the set was still slightly 

to the eastward with a variable current of two-tenths of a knot, it can hardly 
be called Gulf Stream. 

The position of the axis at Section C C varies during the month in the · 

:same manner as at Section A, except on its northern side. The uiovement 
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at high declination is to the 

left, bnt there is not an exces­

sive increm1e in velocity at 

the extrerne station. The 

maximum cu1Tent at this time • 
is to be found between Sta-

tions 3 and 3~, or about 34 

milm; from the light-house 

house at Havana, and at low 

declination about 1 G miles 
di;,;tant. 

'fhe a\·erage direction of 

0 Knots 1 
0 

zo 

the currents at the sides is Fm. 4. 

more toward the axis at the latter time than at high declination. The direc­

tir111s are shown in the table below, togetherwith the temperature at eaeh. 

Decli11ation. Station 2. Station 3. I s . •. ! ~tation3/z. 

, ______ ," ~!--· -------- __ ._ __ 
0 

E. J{ s. 79- s High ---· ·---------- ---1 SE.,!( E. 79~ I I E. ,'( S, ~ 77- 7 

Low ------------------ISE.)'5S. 77-51_ E.,HS. 1 77.4 ----------

Declination. 1 Station 4~. Station 5. I Station 4. 

lligh -----=--]~ J( N. 77 ~ 5 1- ---. 1- : __ .::. _. __ ::
0 

Low __ ---~--------) E. _!;~ S. 80. 25 I ENE.,'( E. / 77. 6 J NE .. % E. 77- 3 

The tempera.turns show but little, for the reaison that the uh;;ervatiums 

were taken in two groups separated by an interval of about 3 months. 

The observations suitable for comparison, taken during the same month, 

were all on the northern side of the Stream, and in every instance the ·watt•r 

wa .. '-l colder at low declination than it was at high. This i;; to be attrilmterl 

directly to the changing direction of tho cun-ent, and is the same in principlP 

ns at Section A, but with this difference in its execution. The latter section 

is narrow, and the current fills the strait with the axis nearest the ·western 

(left) shore. The surface is most constant in direction whilo the lower 
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currents are changeable, thus causing the rise and fall in temperature shown 

in table on page 542. At Section C C the current does uot fill the Strait, 

and the axis being nearer the i·ight hank, the left-hand part of the Stream 

follows the same chauge8 as the eastern portion at Section A, viz, warmer 

at high declination than at low. 
• 

The daily variations at Section C C are not as great as in the narrower 

part of the Stream, hut they arrive with as great regularity. The time of 

the esta.blish1nent is computed in the same manner as at Section A, by 
constructing a moan cmTe from all the observations and taking the average. 

This gives the time of the arrival of the maximum flow at 911 22m hefore the 

transit of the moon, but there seems to be a difference between the arri ya} 

of the wavp at tlw middle and at the side station::;, though this inay simply 

he a coincidence. The times are, beginning with the northern Rt.ation, 

No. 2, 811 53m, 9h 24m, 11" 30ru, 91i 28m, and 81i 22ru. Section AshowR nothiug 

of the kind, hut at the next section to the \'vestward there are indications 

of the sanw system. 

The observations at Section D D, extending across the Straits of Yu­

catan, resemble those of Section A more than those off Hrtvana. T'he 

profile of the bottom is in general the same, except in depth. It rises pre­

cipitously on the 8<.tstern side from a considerable depth, and to the westward 

tlw slope is more gradual to the 100-fathom curve of Yucatan Bn,nk. 

The current tloel-1 uot fill the Hpace from_ shore to shore. At' Station 

No. 1, in 23 fathoms, ~tnd ahout 5 miles inside the 100-fathom curve of 

Yucatan Hauk, the interference of the St1·eam current with the tidal current 

is very noticeable. On the surface, the flood tide, combining with the 

overflow from the Stream, runs about uorthwest for 18 hours. On tlrn 

ebb tide, the resultant was east at the time of the observations, awl the 

change frnm one to the other was by way of north. At 15 fathoms the 

direction was mostly to the eaRtward, the mean being ENE. ~ E. It 

seems probable that, at high declination of the moon, the overflow from the 

Stream_ may entirely overcome the ebb-tide current on the surface, in the 

vicinity of the 100-fathom curve. 

On the east side of the Passage there was a, light but }Jersistent eddy 
current from the Gnlf of Mexico into the Caribbean. The general direction 
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of the smface current at the tinw of low declination of the moon was 

between NE. by N. and ESE., the rnean of nll being KE. by E. At higl1 

declination .nn the other lmrnl. the surface direction \Yas ht>tw(~t=·11 E. m td 

SE. h.r S. '>Yith a mean of ESE. 
The table helow shows the average strength of the eurreut at tlw 

variom; depths under the hvo conditions, the value of the northerh· eompo­

uent and the mean directi011H: 

Stations. 

Station fi, Section DD. 

-·--·~-----------·· 

I 
I 

Hi[:h Jeclination. Lo\,~ Jeclination. 

::-;orth· •

1

1-(-)l_lS_e1--v-e,-i ::O.fean cli- North- ~~=~-,~~-~- ~1ean Ji-
. erly com- erh.· com-

1 Yeloc~t~·--, _:e.~~-=·~-- _P_. __ on .. e._n_t_._ I velo_c_it)_·. _ 1 recti:•L . _ pu_ne_nt_ .. j 

I . ES'E. I 
I 

o. 47 -o. 26 o. 60 !\E. :'YE. 

0.64 E.byS. -o.r1 0.78 E~E. 

I
i 0. 73 ! SE. y E ·-0. 24 o. 70 I ESE. 

o. 6o I SE. :l-4' E. -0. 40 o. 57 l SE. by E. 

0. 43 SE. -0. 21 o. 45 I SE. 
I 

0.27 

o. 30 

-0. 28 

--0. 35 

-0. 18 

'\Ve see from this table that the velocities anrl di1·eetions at and helow 

30 fathoms a.re about the same, but the surface currents Yary in direction, 

flowing· tovrnrd the Straits of Florida at the time of low dedina ti on of the 

moon, when the strength of t.he main current is farthest from the west side 

of the Straits, ancl that they are flowing tmvard the Caribbean Sc>a ·when the 

axis is nearest Y neat.an. At the time of the ob8ervations at. low dee Ii.nation 

the meteorological conditions were possibly abnormal. The Signal SflTicP 

He,·iew gives an account. of an area of high pressure which appenn;d in 

Montana on March 18 and, moving southward, left the coast of Texas on 

the evening of March 22 with a maximum pressure of 30.:2r) iu('he>s Tlw 

review says: "The unusual southerly course of this hig:h area appears to 

have heen influmH•,ed by the presence of an area of low pres,.;nre in thP 

\vestern portion of the Gulf of Mexico ha"'ing an easterly cnm·s(~.·· Tlw arna 

of low pressure had moved rapidly to the e.astwar1l mul prohahly the hig·h 

barometer had also disappeared when, two days lat.er, tho oh:-1nY~1tiorn; iu 

question began. The mean barometer at the station duriug tlw time Tvas 



 

556 UNITED STA.TE~ COAST AND GEODETIC SUitVEY. 

30.04, which was not far from normal. Even if the high pressure had not 

moved mvay from the Gulf regions at the time of the observations, the effect 

of its presence would be to make the eddy, ·which was nnming aR a snb­

current, either too strong or w1·ong in direction, neither of which would affect 

the principle established, that in this part of the Yucatan Passage the upper 

cunents move rnntheastwardly a,t low declination of the moon. The other 

stations at this se<'tion present the same characteristics as Section A. The 

directiom; of the surface currents ntry but little from uorth, aud the average 

of all is N. by E. There is no evidence at any station but the one nearest 

Cape San Antonio, described above, of a movement of the water directly into 

the Straits of Florida, and this station belongs to the eddy rather than to the 

main current. 

The .axis of th(' jlmr is situated 'vest of the middle of the 8tream, the 

same as at Section A, and the same movement to the right. and left is well 

marked. At the time of high declination it is without doubt near the 100-

fathom curve of the Yucatan Bank. Stations were occupied about this time 

as follows: 

I Time after 

i Station. highest 
i declination 
i of moon. 

-~-----

d. h. 

2};( 0 12 

2 J4' I II 

2Yz 2 09 
2 3 12 

Disto.nce /
1 
Average of 

from 100- velocity at 
fathom I all depths 
cun·e. observed. 

1--------·----

ilfiles. I Kni!ts. 

10 2. II 

IO l. 80 

15 I. 91 

5 2. 37 

-------- ---------------' 

The first day at Station 2! the expansion was taking place, and prob­

ably at this point the velocity was greater than at any other part of the 

channel. On the second day the axis was farther to the westward, and 

changing the anchorage to Station 2~, was moving away from the axis. 

The mean of all waR a trifle above the second day's currents at No. 2!, but 

the :mrface velocity was -1~010 of a knot below_ Changing the position of the 

vessel to Station 2 placed her very near the axis at the time of its maximum 

flow. The actual current found, however, at this anchorage was probably 

in exces8 of the normal, Jue to the oresence of an area of low barometer in 
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the Gulf of :Mexico. Station No. 3 wa8 only occupied OIH'l' with a rni(ldle 

ileelination of la 17h before> zero and a mean velocity of ~.14 kllots, wl1il·h 

would cet'tainly indieate a maximum three or four days later folly l'qua1 to 

thnt fom1il at Station 2 with opposite conditions. 

The dail,11 variatiou is a8 marked here as el8ewhere, and, Rs nt Secti011 A, 

i8 excessive on the west side. At oue time it increased iu frn~ hours ne:irh· .. 
3 knob;, and decreased in the next nine hours; at another time it i11crnnsecl 31 
knots in three hours. The m·erage time of tlw anival of the maximum is 

ten hours before the moon':,; transit. 

Section E E is situated at the extreme western entrance to the Rtrnits 

of Florida, aucl iR in reality the starting poiut of the Gulf Stream proper. ~ix 

stations \Vere occupieu hy Lieutenant Vreeland, two nr rnore times nt <':H'h. 

The extreme:,; wen' plnced n.ear the eighty-fifth meridian awl about f) rnik•s 

di:5tant from the 100-fathom curves <'lf the Florida lJm1k on the Horth arnl 

the Cuban Rhore on the :south. The other ::;tatiom; were at a1iont ('qnal 

distances apart and on a cmT~ (toward the Gulf) havinf! a 1wlius of ahout 

90 n1iles. The northern stations are therefore on a line a bout perpernli<'nlar 

to a possible ftow from the (-J-ulf into the Straits of Florida, aud the sontht·nt 

i;tntions are similarily placed with reference to a current from the Y neat an 

Pl'lssage. The 100-fathom cm·vos from Sections E E to CC converge, awl 

the forme1' section being at the large end of the funnel and uoar tlw :,;ource 

fn nn which the supply of watpr comes (taking the source ns either the 

Caribbean or the Gulf of l\Iexieo), its currents vary gre:itly in dfrection. 

Owing to the great width of the section (about 125 miles) the n:-locities 

are more feeble ancl the characteril'lticR which mark the other sections are 

less pronounced. 

Station 1, situate<l neal' the Florida bank, occupies a position near the 

usual limit of flow of water to the southward and eastward. ltf.\ eurrents nt 

the times of ohserYation were always setting toward the Straits of Florida, 

except 011 oue occasion, when the surface was moving to the west\nml, thus 

showing that at timeR the eddy of the neutral zone at Seetion C C some­

times reaches this point. The lower stratum was still flowing to the south­

east. The direction of the currents at the next station was also to the 

southward and eastward, but at Stations 3, 4, and f, they '""ere runnmg m 
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that dfrectiou only during the period of low dedination, while at high dl•cli­

nation they were mostly in the 1101-thea8t quadnu1t. lmleed, at :Stations 1 

and 2 the effect nf the moon is vh;ihle 011 the direetions, for dnring tlw 
former period the set ·wm; more to the eastward than 'luring the latter. 

Station No. 5 is near the line between the Stream and an eddy, its currents 

at high declination va.rying between NE. a.nd N\V. Station No. 6 is entirely 

within the limit of a neutral zone which is sometimes flowing in one direc­

tion and sometimes in another. At high declination it wm; running the 

strongest to the southward and ·westward, in opposite directions to the cur­

rents at the other stations, while at low declination it belouged to the Stream 

current, although very feeble in strength. 

The radical difference in the direction of the flow at all the stations i::; 

accompanied hy the usual variation in velocity following the cha11ges in 

cleclination. fn the description given on page· 541 illustrating the monthly 

variation, the velocities are resolved into their components. In the tahlo 

beknv, the mean of tlrn observed currents is shown, but all the observatious 

at the various cleptlu; are taken and an equal value given to each set, whether 

it be for a greater or less number of hours: 

Stations High decli- i Low decli-
(Section EE). nation. I nation. 

I. 60 

2 I. 39 

4 6. 58 

5 0.63 
6 I. 31 

0.84 

2. 07 

1.52 

I. 21 

0.87 

0.46 L-3 r.28 

-- -------------· 

It is seen from this table that at high declination the maximum velocity 
was at Station 1, that it gradualJy diminished to Station 5, and that at Sta­

tion 6, on the Cuban shore (where the direction was entirely negative-au 

.eddy current), it increased considerably. At low declination the maximum 
was at Station 2, a change to the right in its position of about one-fifth the 
width of the Straits at this point. 

The daily variation at Section E E is not as marked as elsewhere either 
as to time or amount. The differences between the extreme daily velocities 
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arl' p:reater at the northern Stati.ons 1, ~. and 3, Station 2 lun·ing the greatE1st. 

At these stations, too, it is greater at high declination than at low, \vhile at 

the southern stations the reverse is the case. The tin'le of tlw nrrival of tlw 

maximum, using the ohservations of eight of the anchorages rnm;tly at low 

declination, is 10 hours before the transit. J\Iost of those at high declina­

tion give no result as to time, hut four of them give 5 hour8 a:s tlw 

''establishment." The table below shows the data: 

-------------- ----

High declination. Low declination. 

Stations. 
1.\mount of I Time of : Amount oft Time of 
) daily vari- ! estab1ish- daily vari- '; e5tablish-

ation. I ment.* ation. mcnt.* 

5 

I i------i 
!1. 1}i. h. 1Jl. I 0.62 5 JO o. 34 9 .35 I 
None. I l. IO IO 06 0.40 JO 00 

5 ·8 
I I ·' 

o. 64 3 50 o. 54 10 IO 

\ 0.26 5 00 0.45 ro 12 I 
0.22 None. 0.32 ~one. 

I 0.62 9 32 0.62 9 07 

I\ _____ _ 

2 

I 
4 

6 
t I 

*At 130 fathoms. 



 

CHAPTER VI. 

THE r;cLF STRE.Lll OFF JlTPJTER ISLET "'1XD C.lPE H.iTTEIUS. Tlll<J Er/C'ATORIAL 

CFRRE.YT. 

Having llrawn conclusions as to the characteristics of the Gulf Strearn 

in tlw rntrnnver part,;, we will uow continue the oxamiuatim1 at poi11tK when~ 

a fow isolated ob;,;ervation8 have been taken, to 8ee if there nre indications 

that the same laws prevail or if new characteristics present il1cnrnelves. 

ObsmTatious of this kind have been made at Section B, hetween .Jupiter 

Inlet and J1emory Hock, at Section F, extending about southeast from Capo 

Hattera,; Shoah;, and in the equatorial current and Caribbean Sea. \Vhilo 

it],.; a, fact that at. any 0110 of these places the data are insufficient to cfofi­

nite]y establish a law as to the ClUTent, yet it is thought that, viewed h_y 

the light we lmve obtained through the study already made, we sha.11 be 

ahle to show that all currents are governed hy the same laws. 

At sl~ction B, off Jupiter Inlet, two stations were occupied, 0110 Oll the 

\VeRt sitle of the Stream about 18 miles distant from the light-house and thn 

other on the extreme ea~t about !) miles from l\femory Rock. The first 

ohservationR were continued lluring a period of ovur 3 days, heginui.ng at 

7 p. m., :May 30, 1886. :F'rom its situation we should place this anchorage 

very near the axis of the Stream, but as we have no data obtained under 

otlier couditiom; by which to estahli1-1h the fact, we can only stu<ly it by 
it:,;elf. Separating the observations into equal periods of 24 hours each we 

find that the mean of the currents at all depths decreased in velocity, and 

the average temperature during those periods diminished. The middle 

declination of the moon for the first day was north and 3 days after pass­

ing the equator. The next day's declination was on the dividing line estab­

lished at Section A between "high" and "low" declination, and the third 

day was within the limit of "high.'' It will be remembered that as the axis 

moves towru.·d the east or west the temperature of the water rises and falls, 
560 
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the average during tho time of the westerly 1rnwcrnc11t hoing lower 011 the 

we::;t side and higher _on the eu::;t Hidt> than it iH during the oppositt.· poriod. 

At this anchorage the temperatures were high at first, it being the time of the 

easterly 1novenient, and each clay tlrnre was a decrea,;e. Observation;-; \\'('l'e 

not taken at l 3U fathoms, and so a. comparison of directions will not he of 

much value. The mean of all was N. hy E. ~ E. At 85 fathnms the last 

day's direction was N. hy E. awl the other::; N. l,y E. ! E. arnl NNE. 
A comparisou of the cm·n·s of snd'ac(~ C\Irrcmt with tlH)se of Stations 

1 ~ awl ~' Section A (F'ig. f>), :-;hows that the ('hange iu velocity HC('Olllpa-

nyiug the cfoeli11atio11 of tlie moon is as tnw 

lwro as elsewhere, and its shape mHl position 

fixus the andmrage at a point. a. littlP Wf~st of 

the mean position of tho axi::;. 

The other :mchorage 011 this ::iL•ction was 

occupied for 36 hours, with tlw moon nt about 

its highest southern declination. The direc­

tions S(~em to indicate that as the axis n1oves 

to the we8t.ward then1 may he an etldy cur- Fig. fi.-<;~~~1Ps~~~j~11°~~cction B 

rent along the lfalmma hank the 81une as at Section::; E E and D n m11h·r 

similar eonditious. Separating the data into intervals of 12 hours, we find 

that at all depths except at 130 fatlwms, the directions chauge to the (~:u;t­

ward. For the first 12 hours the mean was N. by ,V. 1 ,V., for tlw seeoml 

N. ~ W., and for the third NF, ~ N. 
The surface temperatures show the same regularity of change as at 

St~Ltion 1. Being on the ea.st :-1ide of the Stream and the axis moving weo;t, 

the lowest temperature had beenreached and a rise was takiug place. For 

the three 12-hour intervals the mea11s ·were, 80°.17, 80°.40 and 80°.70. 

At Station 1, the time being at the change in Jirection of the axis, ::md, as 

stated on page 131, the actual minimum arriving at some period after the 

changes iu direction, the temperatures were falling. The average of each 

24 hours is given at all the depths in the table below. (At Station 6 only 
the surface temperatures were taken.) 

H. Ex. 80-36 
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Tctn}Jcrafares, Sta.fion 1, Section B. 

Depths. 

First 24 hours. 

Second 24 hours. 

Third 24 hours. 

-------~~----·---~ 

! 3.Yz fms. 15 fms. , 30 fms. i 65 fms. i 85 fms. ' 1-
0

- l--
0 
--: • 

0 
I 

I 83. 26 i n. 00 I 70. 33 66. 97 ' 
0 

I 
83. IO I 75. 70 69. 17 65. IO ,, 62. 00 j 

t 82. 05 i 74. 20 66. 25 ! 63. 00 60. 00 

'-------~-;:----'-~:-<~-=-""'~y~·-,,,....,;.~--,=----~-r7~~j 
,~i.,-e · S 2 .f/O 7$-, 3 

As far as the ohservatious go, this :'lection seems to follow the laws as 

determined by the data obtained at the sections farther to the southward. 

At Section F, oJf Cope IIatteras, the bottom deepens gradually from the 

extremity- of the shoals, abont 9 miles from the Capt~, to the 100-fathom 

curve, 21 miles distant. From this point the bottom drops suddenly to 

uearlv 2,000 fatlwrns in the uext 20 miles. 
,; 

11he nrnan position of the three anchorages at Station 1, is about [) 

miles outsicle the 100-fathom curve, in latitude 34° 52', longitude 75° 15'. 

Its situation with reference to the general direction of the flow of the cur­
rent (about NE.), would lead us to look for characteristics resembling those 

of Station 1 at Section A, where the current iH flowiug north, awl ahio 

expect that they shouhl :,;omewhat partake of the p(iculiarity of Stations 1 

and 2 of Section C C, where the general direction of the Stream is cast; 

that is to say, as the current off Cape Hatteras fio1';s in a direction which is 

a mean of the other two, its. extreme left-hand station should resemble 

the corresponding stations of the other sections. It is very unfortunate 

that at every time observations were made at th~s station the weather 

either just before or after was so abnormal that there may he a doubt 

entertained as to whether the currents actually found were normal or not. 

It will he seen later, however, that while they may not be normal in velocity, 

the mPtHorolog-ical conditions were such that the departure in each case will 
not a,ffect the principle established of changes according to declination, for 

all were influencec1 in the same way. This station was first occupied on 
the morning of May 28, 1887, and observations were continu~d ovEtr 50 

hours. During this time the barometer was low at the Signal Service 
stations to the north ward, a clepression developing on the New Englancl 

coast and moving in a curve to the southward on the 29th, receding toward 
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Nova Scotia on the 30th. It was relatively :shallow and was unaccompanied 

by «li8turbances of marked strength, but still it is possible that the low arc•a, 

influenced the current to make it n10re rapid than usual to·ward the latter 

part of the time of ob8ervatiou. 

The declination of the moon wa8 11ear the dividing line between the 

high and low as previou::;ly established by the study of the observations 

in the Straits of Florida, the tir,.;t half of the time being about 3J days 
before zc~ro declination. The current during the latter period should he less, 

according to theory, than during the forrl2.er period, but, in frtct, the l"l'Yerse 

was the case, the average of all the depths being two-tenths of a kuot grnatt>r. 

Thi:-; was the time, however, vvlwn tl1e effect of the barometer should he 

most potent in its intlrn~ncn on thfl current, for th(~ low area n~aehPd it:,; 

:southern limit 011 the 2~Jth awl tl1t~11 moved :l\vay. The· :'ltnmgtli of the 

. current was on the surface, the ll•wcr stratum apparently obeying the law, 

while the upper current:--> were possibly under the influence of the abnormal 

conditions. The first half of the observations, therefore, was prohahly 

ahout normal for the declination of the moon at the time, and duriug the 

la1-1t haJf the velocities were too great. 

The next observatiolls were taken on l\fay 5 and fi, 1R89, "'ith tho 

<lediuation of the moou 0110 day :tfter its highe:-;t north. The diredion:-\ wen· 

all to the northward and eastwanl :~ml the curre11t was strong :md deq>. 

Thern was a large area of high harometer covering the Atlantic and Uulf' 

States during the fJth and ~jth, whieh finally disappeared after re:whiug thl1 

South Atlantic coast. At the same time there was a depression about mid­

way between Bermuda arnl the Bahamas, which moved to the nortliwar<l 

anll eastward. The effect of these areas would he somewhat. the sarnu as 

in the case of the first observations except, of .course, in amount. 'rim last 

observations, however, can well spare half their velocity, and even theu tho 

volume will be many times greater than during the first set. 

The third time the station was occupied was on Ju~ie 20 and 21, lX!lO, 

with a middle declination of zero. The directions were all to the southward 

and westward, averaging ffW. ! S. On the morning of the 19th a tropical 

storm, which had made its way from the vicinity of Cuba, wat-1 central to 

the east of the Middle Atlantic coast. During the 19th it continued its 
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northeasterly course, and it is probable that it united with a low area to 

the northward after that disturbance reached the lower St. Lawrence Val­

ley. The latter is said to have disappeared to the no1·theastwar<l of the Gulf 

of St. Lawrence during the 21st. 
o _..,,.----..,..----..,-----oe:...-At the time of the observations 
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Fig. G.-Station 1, Section F (01f Cape Hatteras). 
. t 

on the 20th and 21st the low area 

had moved so far away that proba­

bly its influence was hm·dly felt 

off Cape Hatteras. At an events 

its effect would have been to make 

the Stream either run in its normal 

direction (northeast) or to lessen 

the velocity of the current, which 

was setting to the southwest, . 

neither of which would change 

the principle invo1ved. Figure 6 

shows thevertical curves of veloci­

ties at eachofthethreeanchorages. 

From these it is seen at a glance 

that at high declinations the cur­
rent is strong to the northeast, 

at mid-declination it runs .to the 

northeast but with much less 

volume, and at zero declination 
the set is southwest. It seems 
hardly possible to ascribe enough 

influence to barometric effect to 

warrant the conclusion, that these currents are not under the same law of 

changes according to declination of the moon which we have found in the 

Straits of Florida . .. 
The other anchorages at Section F were nearly in a southeast line from 

Station 1, and extended to a distance of about 76 miles from Hatteras light­

house. With the exception of Station 5 all were at high declination and 
were occupied from 9 to 27 hours each .. The directions at Stations 2, 3, 
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and 4 were mostly to the northward and eastward at all depth:.;, while at 5 

and 6, only th~ stmtum below G!5 fathoms 'vas flowing steaclily in that direc­

tion. Hero again 've find evidence of the movement of the axis to the right 

and left following tho declination of the moon. Illustration No. 52 Rhmvs 

the curve of surface flow (abov<~ 30 fathoms) at high declination. HaYing 

no data obtained under opposite conditions with which to compare .it, the 

illustration is only evidence that, at the time of the ohservati01rn, the axi:-; 

was situated about' 10 miles outside the 100-fathom curve; that the surface 

width 'vas practically the same as in the Straits of Florida; that there \Vas 

a surface eddy current on the south side of the Stream, exactly the same as 

at Station 1 at low declination; and last, that there was a body of water on 

the right of the Stream setting to the northeast below the surface. 

There is reason to believe, and indeed the proof is pm;itive, that the 

current flowing along our coast is diYided into warm awl cold bands. At 

two anchorages, Nos. 4 and [,, the Yessel happened to he placed at 

points where the fluctuations in temperature were exces~ive. A study of 
the relations existing between •the directions of their currents and the tem­

peratures at these stations, together with th~ position of the moon, seems to 

confirm_ the truth of the theory of the movement of the Stream to the right 

and left. The moon at Station -1 was 16 hours after passing its highest 
northern declination. At Station 5 it was 2 days before reacl1'ing zero. 

Roth anchorages were in the year 1889, the first on May 4th and 5th and 

the second May 9th and 10th. It has been stated that at high declination 

the direction of the current at the sidesis more nearly parallel to the genera.I 

direction of the flow than at low declination, and this is more marked in 

the subcurrents than on the surface. The table below shows the <"urrents 

in question averaged for each quadrant of the compass, with the number of 

obs<:rvations: 
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. Directions of the currents at Bta-tions 4 and 5, Section F. 

-----------------· -------------- - ---

I 
3Yz fathoms. 1· 15 fathoms. '_ 3o'fathoms. 

i ' I · 
No. I Ilirect~.ll:__/ ~o. j IJirection. I .No. I Direction. 

rl 3 i N.byW ___ J ___ , _____ -._____ z I N.byW.y;w. 

Station4(high<l"clination) __ i i 4 i NE.YzK .. : 7 NE ________ 41 NE. 

I l i 2 '1 SE. Yz E --- ---- ------------ 2 i SE. Yz E. 

. . _ _ { ! s 
1 
~";-.7n-• --i 4 ~w. _% >v 6 j ~mv .. 

Statum 5 (low <l~clmatmn) ~~_I __ ~ I_ ~:.~Y-~~~-J __ c!J~~'.~Y~~=~-~ : 1 :·by~-----

1 

6< fathoms. I r 10 fathom,. I 200 fathoms. 
" I ~ I 

\

-----------·--·--- ~ - -- - ,-- - - -- ·-·-- -- ---- ·1· -- ---r- ------- ·------ -
No. Direction. _ No. I Direction. I No. j Direction. 

---~!~--=--===- -~-- ------==r~~T~-~~=-~=---= 
Statiun4(highdec!ination) .. -~' 3 ~NE ______ 7 ~E __ , _____ _1

1 

31 E.byN. 
l 4 SE-------- 2 I•,. byS _____ , ____ 

1 

_____________ _ 

. Sm<W~ 5 (I•- d rel~:m•) .. v~: ~: '.; :~:::: .. '.: ~~~: l•or:~:.. . 
From this it is seen that at Station 4 the mean direct.ions are much morf! 

to the eastward than at Station fl. Comparing tlui surface temperatures and 

directions (Fig. 7) we find that not only i;; the daily movement indicated at 

each Htation, but also the monthly. At both stations the directions chauged 

with fair regularity; at Station 4 from the southeast quadrant to the northwest, 

and in the reverse direction at Station 5. In the first case the temperatm·e 
cun·c shows an abrupt fall, with an indica.tion of a gradual rise to the end of 

the observations, and in the other case it is a gradual fall and a quick rise. It 

seems as if, at the time of the anchorage at Station 4, the maximum flow 

being on the north side of the stream, the southern edge, as represented by 
a col<l hand, was situated in its vicinity. At, low declination this cold band 

had moved out some 13 or 14 miles and was at Station 5. If observations .- c-" 
can be continued for a period of two lunar weeks at either of the stations, 

it probably will be found that the directions predominate first toward the 

north and then toward the east, and that the abrupt change in temperature 
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will be less and Imm or more and more marked each day, as the edge of the 

Stream is progressing or retrograding; that the limit of northerly movement 

is somewhere not far north STATION 5 

of Station 4, and of southerly 
movement outside Station f>. 

The ternperaturei..;of all the 

stations forrn a peculiarly in­

teresting stmly, ai..; they show 
how absolutely unreliable is 

the commonly accepted idea 

that the warmer the water 

s~--~--+--~-~--~----

----- --7S-

the stronger the cunent from w .. ,o--J05'----1---.... ,-_ .... '° __ _.tli ___ w __ 70• 
llOUU 

the south. h1 the curves just 
rcforrecl to, it will be noticed s ----..--sT_A_T+so_N_4.......,. __ ~-~~---

. that the temperature is warm 

in both cases 'vhen the flow 

is toward the southeast quad­

rant, and that tho abrupt 

change comes in one instance 

where the flow is altering its 

direction from the northeast 

to the n01ihwest, and, in the 

other, from the northwest to 

the northeast. At Station 1 

---- ---- --- - - ---eo· 

,,.---
W-~L..---,L---+--~6--~~--~~---DL..--7~ 

HOV.ii 

Fig. 7.-Comparison of temperaturei; an<l directions near 
Cohl Wall, off Cape Hat.tcras. 

the warmest water at the surface and at 15 fathoms was observed at low 

declination with a current setting southwest; it was coole1· at mid-declinn­

tion, and the coldest was found at high declination when the current wn:,; 

strongest to the northward and eastwar<l. At the same time the tempera­

tures at the lower depths were exactly the reverse, the eolclest water 

eoming from the. north and the warmest from the south. The table below 
gives the mean temperature at the different points of observation: 
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i 

Station. I Date. 

----1----1 

I I I May, 1887 ! 
, I 

1· I ).iav. 1889 . 
1 b Jun.e, 18891 

2 I May, 1889 I 
J May, 1887 

l g '" g g s g 
Average direc- ,5 g 0 0 o Jl 
tion of surface ..;g -S .:;g ...i:= :B :g 

current. I ~ ; i ~ ~ g i 
1 ---0 -1-0 r-0-1 0 1 

NE.¥' E ___ J 77. 28 75. 6o I 72. 38 1' 59. 40 1,. SI. 67 1 46. 50 I l l I 

N.byE.,%E_I 75.o6 74.39 72.12 I 64.691 53.061'--------I 
sw. hy s____ so. 19 76. 19 69. 13 58. 13 , 49. 56 44. 75 I 

I I I 

NNE.y,;-E __ 79.80 79.50 79.00 73.201--------!--------I 

:~:~~===~/ ~::!! --;;.-;;- --;~~;;- --;~~~~-1--~~--~~_I--~:~~;-' 
, {Variable ---- } I I 1 

I 
May, 1889 74. 48 73. 90 7r. 64 67. 21 / 64. 28 

NE: by E____ I I I 
3a I May, 1889 

4 

May, 1889 { Vanable ---- } l I 7r. 38 I I 

~-~-f_: M_a1_·._r_ss_9--~-~N----~-=-~--·=_==-~ __ ::.:: I ~:: 174 8~1 ;: ~I_~:: 1 ; ~ 
The observations made within the limits of the Equatorial eitrrent were 

as follow8: One anchorage· about 60 miles north of Barbados, 8 between that 

island and Tobago, and also ia all the principal passages between the islands 

from Trinidad to Cuba. The current reaching the Windward Islands is, 

according to generally accepted helief, comprnm<l of two bodies of moving 

water. One part is said to be from the South Equatorial current, which 

after crossing the Atlantic from Africa divideR atCape'St. Roc1n<~, the eastern 
salient 0f South America, and forces a portion of its flow to the northward 

and westward along the coast of Brazil, past the mouth of the Amazon and 

the l'!hores of Guyan~, until it reaches the barrier of the 'Vindward Islands. 

The other current is the drift caused by the northeast- trade winds. W11at­

ever may he the component parts or the cause of each it is a fact that the 

currents in the vicinity of Tobago are of a different character from those near 

Barbados. The first, moving as it does along the coast of South America, 

leaves the island of Tobago with a direction about KNW. The other,-fiow­

ing in the general direction of the trade winds, causes a resultant direction 
at the point of meeting dependent upon the relative velocities of the two. 

The coast current has the most rapid flow, is deeper, and is probably more 

changeable than its mate. These conditions, in the combined current where 

the observations were made, render it difficult to determine whether the 
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same laws hold good here which have been found farther to the westward. 

The data obtained in the coast current would at first glance seem to 

point to a reversal of the law of change following the declination of tlt<-' 

n10011-that is, instead of the strongest surface current being found on the 

extreme left at high declination with a movement tmrnrd the rig-ht aK the 

moon lmsses the equator, there are indications that the reverse is the case. 

The data are so slight on which to base a conclusion that this is tru(•, nrn1 

tho conditions tending to produce irregularities are so strong, it is in-obahh, 

that the exceptions found are due to variations in the force of the primn 1 

cause of the flow. All of the anchorages between Barbados and 'I'ohngo 

wm·c placed nearly on the line joining the islands, and were made, with one 

exception (Station 4a), between January 26 and February 13, 1888. Sta­

tion 1 was about 35 miles from Barbados, while Station 5 was about 3 miles 

from the 100-fathom curYe off Tobago Island, and rather under the lee of 

the most salient point of the shoal ·wfiter. At each station the flow of the 

upper stratum was quite constant in direction, and at 65 and 130 fothonrn 
depths it was variable, generally between northeast and northwest, and the 

Yariation was more marked at the northern than at the southern stntiom;, 

Station No. 32, situated about GO miles north of Barbados, w:u; oeeu­

pied 30 hours, during which time it was calm or the wind 1Yas very light 

aucl variable. The body of the cuITent therefore may be considered as tJw 
normal drift for the date and season. The table below showf> the charaeter 

of the currents. The directions given are means of those falling within the 

limit of each quadrant of the compass separated by the intercardinal point1'\ 

The number of observations is also given, together with the velocity. 
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St.ation 32. 

3)1 fathoms. 15 fathoms. 30 fathoms. 

I I I i I I No. I Direction., Velocity. No.! Direction. \Velocity. I No. Direction. Velocity.\ • 

---,-----!------ !_ _ _I I ___ !_/ '--~l 
I I i I I : I ' 

51\V .. byS~- o.84i 7,W.b;S __ o.92l 6!~v-,-----.-i 0.981 
4 [ SY\.hys./ 0.77 I 2 SSVv ____ 0.81 [ 3 [ :-o\\.hyS.j 0.76 l 

-----~-------~~ ------------·---- - - - -- -- ----- - - - - --1 

65 fathoms. 130 fathoms.. I 200 fathoms. 

--------1· I 
~~I Direction. I Velocity. ~o. j Direction. Velocity. No. I Direction. I Velocity. 

S WSW __ _ 

2 SSW ___ _ 
o.88 

0. 81 

z N. by E __ 

I WNW __ _ 

5 S. by E __ _ 
2 ESE ____ _ 

o. 51 

0.63 

o.53 
0 - 55 

8 S. hy W _ _ o. 53 

This table shows that to the depth of 65 fathoms there is a gentle flow 
to the southward and westward, predominating at W. by S.; that at 130 
fathoms the character of the flow has changed from a steady current to a 

tidal current, but \Vith a predomination to the southward; and that at 200 

fathoms the current is again constant but at right angles to that of the sur­
face. The same drift current exists south of Barbados, with the same tidal 
influenc<:.1 at ·the lower depths, but with the djfference that the stronger coast 
current, meeting the drift current nearly at right angles, changes the direc­

tion of the latter. 

The following table shows the velocities and directions, the distance of 
each station from Barbados toward Tobago, and the declination aud age of 

the moon: 
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I 
Distance I 

from I 
Bar- , 

Moon. I 3Y, fathoms. I 15 fathoms. 

i---~auo~I Age. I Declination. i Direction. ! Velucity. j Direction. jvelucit~.) 

Days. I I .~:files. 

34 13. 4 20° 26' N __ w. ;£ s______ o. 86 w. by s________ o. 63 
14.9 19°3o'N' __ WNW ______ 0.58 NW.by\V.y,w_I 0.54 

16_2 16° 521 ::-< __ NW---------- r. 09 NvV ------- ----\ o. 83 
18.6 7°21 1 ::-< __ 

1
NW.byN ____ 1.24 NW.Y,N ______ i.08 

2 6o 

3 80 

4 91 

2s. 3 22°001 s __ 'N.by\V _____ 1. 9& IN.by\V_~------i 2.13 

23. 7 15° 25' s -- NNW - ------ 2. 46 I NW. hy N ______ , I. 45 

25.r I 19° 171 5 __ NW.by~---- 1.90 I NW.byN __ ---J r.44 

0.2 13°41 1 5 __ N.by\V.YzW_ 1.76 N---------~---: 1.35 

4• 91 

5 109 

5n 109 

sb rn9 

' 
( 
i ! Station. 

Direction. Velocity. Direction. 

Y•f _________ --- _ o.68 NW----------- 0.72 NW. by W _____ 0.83 

NE _____ ------ 0.31 

2 W. by N ------- 0.53 NW.byW._%'W. 0.70 NNW. Y, W ____ I. IJ 
NE ____ -------- 0.30 NE ______ ----- 0.36 

3 NW. Y, N ______ 0.75 NNW _____ ---- o.go N ------------- 0.65 
NNE __________ 0.82 

4 NNW. Y, W ____ o.8o NNW. Y, W ---- 0.61 K.by w ------- 0.93 

4• N. by W _______ 2. 16 WNW --------- 0.56 SW.J< !" _______ 0.58 

E ----- ---- ---- o.86 SK by S - - -- - - 0.69 

5 N. ,%' W ------· I. 17 SE. by E _ ------ 0.72 :N. }.( E ____ · ____ 
I. 37 

NW. Y, W ----- I. 32 

5• NW. by N ------ 0.93 NW. by N ------- I. 27 N.byW.~ 
w __ 

0.97 
51> N. by W ------- o.go JI{. by \V -------

I 
0.97 KNW ---- - ---· I. 20 

Taking the mean of the currents at an-, 15, and 30 as the surface flow, 
we see that at one extreme of the line the drift has a course of W. ~ S., the 

same as at Station 32 north of Barbados, and at the other end (Station 5) 
the coast current sets N. by'W. i W., a cliffererice of six points and three­
qua.rters. In the portions of the Gulf Stream investigated, where the general 
flow is not on the meridional line, the differences in the direction of the 
current at the Bxtreme stations have been found to be as great as those 
sho~ in the table above, and this would seem to warrant tlrn conclusion 
that ~e coast current sometimes nearly fills the passage between Barbados 
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and Tobago with a general axial direction of about K"\V. Comparing the 

directions at Station 1 with those at Station 32, we see that there is a con­

siderable deflection of the lower currents at the forme1·, which is probably 

due to the coast current. 

The only stations occupied more than once were Nos. 4 and 5, and 

from the table it is seen that at high declination the Yelocity at Station 4 is 

greater than it is at low declination. At Station 5; hmveYer, the Yelochies. 

show an exception to the rule established. At the first anchorage, ·with the 

moon midway between the equator and its highest declination, the current 

was strongest, and at the last anchorage, with the conditions exactly reYersed, 

it \:Vas 'Weakest. The situation of this station, hO\vever, makes :it probable 
that its currents are fluctuated irregularly, and particularly so on the sur:­

face. This fluctuation is due to variations in either the strength or the 

direction of the trade winds, and is observable to a greater or less degree 

at all the stations in this passage. 

Remembering the fact that there are two moving streams of watei·, 

one along the coast and the other inclined toward it, and assuming that tlH-y 

arc governed partly at least by the same laws of changes that control the 

Gulf Stream in the Straits of Florida, the following would seem to reconcile 

all npparent discrepancies. The surface velocity of the coast cmTent varies 

daily with great regularity, as will be seen later. The wind, however, is 

continuall~~ forcing the water toward the shore at a greater or less angle 

with its current, and the velocity of the escaping \vater depends largely 

upon this angle and the relative strength and persistency of -the \Yill(l. After 

zero declination the regular current should be deep and strong at its axis, 

which, according to theory, should be farther to the northward and eastward, 

or off shore, than at high declination. At Station 4 this was the case with 

the lm-:rer "1tratum, but the reverse was true with the surface currents. To 

account for tlrn latter, however, the wind at. one anchorage was blowing NE. 

by E. ~ E. with a force of 3, which would cause a le8s velocity to the 

escaping surface water than at the time of the other anchorage, when the wind 

was blowing from ESE. i E. with a force of from 3 to 4. 
The relative velocities of the currents at Station 5 should have been 

the reverse of those found. but the wind seems also to have been the. cause 
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of the irregularity. At the three anchorageR this was a8 followH: Station 

5, ENE., force from 3 to 7. Station I/', ENE., force from 3 to 1, :uul Station 
5t., NE.. hy E. force L1 : that is, for the first two, the same direction of wirnl 

but with lessening force at the second anchorage, and for the last :mchorag-p 

a direction more across the current and normal to the shore. The strcrng· 

current which was observed at 130 fa,thoms on February 5, was found at 

65 fa:tho1ns, when the station was occupied a day and a half later, and had 

again dropped to 130 fathoms at 5u, as the time of the normal maximum 

had passed. 

\Vhile the velocity of the surface currrent seems to be governed t~ 1 a 

con8idernble extent by the wind, the lowe1· stratum is apparently i11flue11(·cil 

by the phases of the moou, and this helps to mask the declination variation. 

"'\Vhen we ex~irnino the observatiorn5 "taken at the seven anchorage;; in the 

passage south of St. Lucia Island, we fiud but little evidence of the effoet 

of the declinatiou, but every evidence that the lower currentf; vary with 

the phases. The velocity from the surface to 30 fathorns depth iti remarka­

bly regular and constant, the former having a direction about \VX\V., 

seerningly the rmmltant of the trade drift and the coast current, and the 

fatter inclining more to tho westward as the depth increases. At the lower 

depths there was a decided tidal flow into and out of the Caribbean. The 

greate::;t daily fluctuation at all depths wa,s found to be at the time of full 

and change1 with a predomi11t:tting easterly flow at the lower stratum . 

... 
•" 

: I' o I 

" ~--- : 
~:o~--ir-~~~~~---'1t-~-t-~~~-.. ~---·-··_·_··_·--1r--~~~01j 
- -= t ~ 

~ 
~ 

Varia.tions of currents outside of the St. Lucia Passage. 
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The following table, together with Fig. 8, will bm;t explain the phe­

nomenon. 'Vlrnre there is much departure in direction! the velocities are 

resolved and the vVNW. components taken. All the statious given in the 

table were in the passage ex"Cept Stations 20 and 21, which were to the east­

ward, opposite the middle of the passage. 

Number 
station 

20 

21 

9 
10 

II 

12 

of 

Number of 
station. 

-·---·- --------
20 

21 

9 

10 

lo" 

1ob 

II 

12 

' 

--

3}{ fathoms. 

Date. Moon's 
age. 

Direction. Velocity. 

-- -·----- --~---~~--

Days. 

Mar. 19, 1888 7.3 I WNW. I. 52 
Mar. 2r, 1888 8.4 WNW. I. 39 

l''eb. 28,1888 i7.2 , NW. byW.jfW. I. 29 
I Feb. 22,1888 I I. J I WNW,y. W. I. 31 

Feb. 24,1888 IJ.2 WNW. 0.91 

Jan. 25,1890 24.4 WNW. I. J2 

Feb. 25,1888 14.0 W.byN. 0.22 

, E. 

Feh. 27,1888 16.0 W. by N. I. 39 

30 fathoms. 65 fathoms. 

-· --·------ -- - --· ----- - --

' 
Direction. Velocity. Direction. Velocity. 

- ------ ___ , -- -----·----·-- - --

WSW. 0.90 SW. 0.33 

NNW. i:-

W.byN. I. 17 WSW. I. 00 

WNW.){ W. I. 27 W.byN. 0. 20 

E. bys. 

W.byN. 1. 26 WNW. I. I I 

W. byS. I. 12 W.byS. o. 74 
NNE. 

W. byS. I. 20 NW.byN. 0.97 

SSE. o.oo SW. --0. IO 

SW. SSE. 
W. I. 39 E.by S. 0.34 

NW.byW. 

----

15 fathom 

Direction. I 

WSW. 

NW.byW. 

NW.byW. 

W. byN. 

WNW. 

\V. by N. 
i 

S. E. i 
WSW. i 

W. }{ N. 

s. 

Velocity. 

o.62 

I. 58 

I. 35 
I. 23 
0.91 

I. 17 
0. 29 

I. 39 

130 fathoms. 

Direction. Velocity. 

NE. hy N. -0.14 

s. 
S. byW. 0.01 

W.byN. -0. 71 

ESE. Y. E. 

SSE.}{ E. o. 26 

NW.){ N. 
NW. -o.39 
ESE. 

s. by E. :>.03 

NW.)(. w. 
S. byE. -o. 55 

ESE. -0.58 

'1'1w sketch and the table above show how consbmt the surface flow is 
at all the stations with the exception of Station 11, and how sharply defined 
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is the curve of the lower velocities. The observations of two days in the 

passage north of St. Lucia show the same rule governing the deep fl(nY, and 

with the exception of Station 5, near Tobago, all the anchorages in the 
passage between that island and Barbados give like indications. 

Thei·e can he no doubt that this last-mentioned passage is sometimes 

completely filled by the shore current, hut it probably occms only after a 

period of abnormally strong tracle winds blowing frnm a point well to the 
ea.stward. Evi(fonce of this inc1·eased width was observerl on one occasl<m. 

Observations were made at Station 20, about 15 miles east of the passage 

between St. Lucia and St. Vincent, and an average surface Ye1oeity of 1.52 

knots wa8 found. T·wenty miles farther to the eastward an anchorage 
was mat1e on the following day, when the surface current \Yas founa to lw 
2.28 knots i-;etting- "\VN"\V. Unfortunately, hax1 weather prevented a continu­

ance of tho ohsornltions l1ovo11d five hours, but the same lHmrs of tlte .. . 
previous day, at Station 20, gave an average of 1.()8 knots. It seem;; 

prohable that either the general strength of the current 'vas increasing 
during the time 01· else the change of anchorage placed the vessel nearer the 

axis. ·Upon steaming to Barbados after getting underway, and abo duriug 

the passage to St. Lucia. tlie day after, the same strong current was fournl. 
It was common report among the nautical people at Bridgetown (Barbado:s) 
that the trade winds were and had_ been blowing with unusual 8trength 

along the South American coast. This strong current was only supe11!icial, 

however, for, as ·will be seen from the table, the direction at 130 fathonrn 

was S. by ,V., with a resultant force of but one one-hunch·edth of a knot 

toward the passage. These anchorages, Stations 20 and 21, happened to be 
within one day of highest northern declination, but the mridence does not 

seem to be in favor of increased strength due to this cause. 

The drrilv z:ariation 8eems to be well niarked at all the anchorage8 here 

considered, except at Station 32 north of Barbados. An average of 25 maxima 

in the passages north and south of St. Lucia and south of Barbados giYe for 

the "establishment," or the time of the arrival of the maximum cnfftmts, 6 

hours and 16 minutes before the transit of the moon. 'rhe two surface cm·­

rent waves follow almost exactly the same fonn as the curve of the tides. 
The differences between the daily maximum and minimum currents at the 
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various stations in the vicinity show the mutual interference of the coast 
with the drift current. At the stations nearest Barbados the average varia­
tion is about one-half knot, at Station 4 it is six-tenths and at Station 5 nearly 
one knot. In the vicinity of the passage south of St. Lucia a mean of all 
the daily differences in velocity is seven-tenths of a knot, the greatest being 
observed just after full and probably it also occurs after new moon. The 
variation north of St. Lucia was found to be six-tenths of a knot. 

As we proceed north from the island of .Martinique the iufluence of the 
coast current on the flow of water through the passages disappears. It is 
seen between .Martinique and Dorninica only at the surface, where the 
direction is about "\VN"W., with all the lower currents running to the south­
ward aud westward. Its effect is not observed north of Dominica, where 
the gentle flow of the drift current, complicated by tidal action, has taken 

its place. ~ 

In the Anegada, Mona, and Windward Passages a stea<ly flow is not 
to be found, but only tidal currents, with an inclination in one dfrection 
01· another depending upon local causes. In general, the predominating 
set in all these passages seems to be outward on the eastern and toward 
the Caribbean on the western sides. The opinion advanced by others that 
the flow through the Windward Passage is always toward the Caribbean, 
and that it reaches the bottom as evid~nced by the character of the bottom 
soil sf>ecimens, is not confirmed by the observations of the actual current . 
. That it is mostly tidal and feeble in force will be seen from the table below. 
The directions given are the means of all those falling within the quadrants 

limited by the intercardinal points. Station 27 is nearest Haiti; Station 
28 is near the middle of the passage, and No. 29 is nearest the Cuban shore. 
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Observed currents, Windward Passage. 

3 72' fathoID5. 15 fathoms. I 30 fathoms. ' 

. I I i-
INo.; Direction. ·o 

0 

1----------1--.·--------
Station. Date. 

I 
I i v 

I > 
-- ---

No. I Di«ctioo t i No.1 lli<'ctioo t 
, ____ , _________ \ 1--:---1 ----

27 _ ---- Apr. 1g-20, 1888 

28 _____ Apr. 20-21, 1888 

28• ____ :M:ar. 25-26,1889 

29 _____ .Apr. 21-22, 1888 

29• _ _ _ _ Mar. 22-23, I 889 

Station. Date. 

27 __ --- Apr. 1g-20, 1888 

27• ____ Mar. 24-25, 1889 

28_ --· - - Apr. 20-21, 1888 

28• -- .. - Mar. 25-26, 1889 

29 _____ Apr. 21-22,1888 

29• ____ Mar. 22-23, 1889 

2 NNE ______ I 0.51 ! 4 i N.byE ____ 0.61 5 i NNE·-----10.53 

7 E.KN ____ 

1

0.67 4: E _________ 0.55 41 E .. byNT ____ I' o.66 

I S. byE _____ o. 72 21 S. by W ---- o. 59 

7 N.byE ____ 0.45 6 i N.byE ____ 0.40 3 l ''·byN ____ I 0.47 
2 SE ________ 0.46 21SSE _______ 0.54 3

1
N _________ 0.49 

I 
21S.by\V ____ 

1
o.6i 

1 NW.byW __ o.63 s IN ________ 0.51 1 x·w.byW __ / o. 33 
91 NNE ______ 0. 6o 2 ) NE. by E ___ 0. 61 I 8 N. Yz E ----1 o. 46 

I E.byN ____ 0.50 I I I NE.byE ___ I 0.48 

3 I s -------- - o. 50 2 I SSW ---- -- o. 621 2 ssv .. - ------ i o. 58 
q SE.bys ____ 0.89 10 SSE _______ 1.01i10 SE.byS ___ :o.8G 

6 NW.byN __ 0.73 5 N.byE ___ 0.67! l NNW ____ Jo.69 

65 fathoms. 

No. Direction. 

-----·- ---------

3 N. by E ____ 0.43 

6 E.YzN ---- 0.44 

2 WSW ---- - 0. 57 
2 

N _________ 0.42 

4 s. by w ---- 0.69 

3 NW. byW __ 0.47 

s N. by E ---- 0.43 

2 NE. byE ___ 0.55 
2 s ---· ___ ... - 0.62 

9 S.byE ____ o. 75 

4 
s __________ 

0.72 

4 
w _________ 

o. 81 

2 W.YzS ____ 1.15 3 E.byN ____ lo.63 

130 fathoms. 

. I I No., Direction. 

I __ , 
I 

3 WNW ----
2 NNE ______ 

2 E. Yz s ----
2 S. byW ----

2 w. bys ____ 

3 N. by E ____ 

3 S. byE .. ____ 

I E.byS _____ 

7 WNW ----
3 ~NE·-----

2 N ----------
I SW. by S ___ 

9 S. byE _____ 

I N. byW. ___ 

2 ENE ______ 

2 SSW----·--
2 W.byN ____ 

I S. by E ____ J o. 67 

WSW I ! 2 -----! 1.07 

200 fathoms. 

i- i I i---1' 
~ No. I Direction. i ~ 

_::._ __ -- ----- '_!"" I 
0. 22 I : ! 

0. 27 --- ;------------1-----·1 

:: !! I _ I 1 
o. 42 2 ssw ______ 

1
0.22 1 

o. 35 5 NE. Yz E ___ I 0. 33 I 

0.29 

0.44 I 
0.69 ---- ___________ _i __ ---1 

0.401 

0.43 

o. 54 

0.48 

0.59 

o. 74 

0.36 

0.63 

6 

3 

5 
I 

N.byW ___ ._ 0.39 

SE.hyS ____ j 0.43 

W. hy S ----i o. 39 
NW _______ [ 0.51 

ESE _______ / o. 79 

sw. by s ___ I o. 10 

B. Ex. 80--37 
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It certainly seems that no large body of water passed through the 

passage iu either directiou at the time of the observations. The eurreut is 

evidently tidal, with a <lecidecl prominence of northeasterly directions at 

Stations 27, 27", and 28, and with a southerly set at Station 29. The feehle 
current always found, and the diminishing velocities ai.; the depth of obser­

vation increased, seem to warrant the conclusion that the flow is only 

superficial. 

On the southern side of the Caribbean Sea the currents are appai·ently 
erratic, and yet they probably are governed by the same laws as elsewhere. 

Between Grenada and Trinidad, at the time the observations were taken iu 

1888, the current at the deep-water sta,tion near the miildle of the passage 

was found to be setting to the eastward at all depths. A year Jater at tho 
same anchorage the :flow was in the opposite direction, except at 65 and 130 

fathoms, where it changed from \VSW. to NE. and back again. These 

anchorages happened to be undm· almost identically the same conditions of 
moou'c; transit, age, distance, parallax, etc., and yet at one the set was alway8 
outward and at the other it predominated inward. This passage is peculiarly 
situated with regard to the two streams composing the Equatorial Cun-ent, 

and it is probable that on their relative strength the direction of the flow in 

the Grenada Pasi·mge is determined. At the lower depths there is probably 
a uornml current setting east. The portion of the drift current which can 
enter the passage in question meets the coast current at nearly a right angle. 

If the latter is strong the former is deflected to the northward and the cur­

rent in the passage is to the eastward at all depths. If, on the other hand, 

the coast current iH weak, the drift current is able to reach the passage, thus 
causing a westerly surface current, a tidal current at intermediate depths, 

and probably an easterly set at the lowest. Of course this is in a measure 

cornplicated hy the phase of the moon. 

Between Curacoa and the mainland the eddy subcurrent was strong, 

constant, and peifectly marked. At an anchorage near the middle of the 

deep water, the current was northwest as far as 45 fathoms and southeast 
iJelow that depth. Nearer the mainland, but still in fairly deep water ( 425 

fathoms), the northwesterly current, only a stratum of 25 fathoms in thick­
ness, was flowing with a yelocity of 1.87 knots at the surface and O.SS knot 
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at 15 fathoms. This eddy subcurrent probably does not reach Grenada, 

for there is a barrier of shoal water extending to the northward from ~lar­

garita Islands which would prevent; hut the evidence is that there is a 

similar eddy current in the deep wa.ter leading to the Grenada Passage, 
which, together with the relative values of the two streams forn1i11g the 

equatorial cwTent, rule the direction of the surface current between Gre­

nada and the bank off the Dragon's Mouth of the Gulf of Paria. 

In the western Caribbea,n, m1chorages were made between Jamaica and 
Pedro Bank, between the latter and Rosalind Bank, and in the shoal water 

east of Gorda Bank. The passage between Pedro and Hosalind Banks 

(Station 37), about 700 futhoms deep in the middle, has a, strong·, shallow 

current, but its direction is much inclined to the general axis of the clunmeJ. 

It is a Jl~ut of the flow through the Caribbean, and probably ha:; the same 

characteristics ~ts the current outside the 'Vindward l::,;laudt1 in the vicinity 

of St. Lucia. The surface has a direction between west and southwest with 

considerable velocity. The lower current8 incline more to the northward 

of west as the depth increases, but the strength is maintained to Gf> fathoms, 

below which there is a rapid diminution until 200 fathoms is reached, where 

tidal action appears. On the shoal east of Gorda Bank (Station 38), the 

direction of tbe flow is nearly at right angles to surface current iu the pas­

sage mentioned ahove. 
The following table t,rives the data obtained at these anchorages: 

·---~----- --·------------··------~----

3 % fathoms, i 5 fathoms. 30 fath01m . 
• 

Station. 

1-----· L~ir:~:· t._'_·e-Jo_ci-ty_. -D-ir-ec_t_io_n __ · _v_e_lo_c_ity_. Direction .. 1.~~~·:ity._ 

==~ :::::::~ I :~~ :::i :: :; I ~w;, ~ ::: : ~ \~s~_:::::I--- ':~ I 
... Date. __ ~s_r.,~om; ----~1-30-fa--th_o._m_s. __ 1 · ... 200 fathom~. ~-1 

Date. ---------- ----------- ------- · 

37 - ·- ----
38 _____ -

Station. 

Direction. Velocity. Direction. Velocity. Direction. Velocity. i 
----~ I 

I 
I 

31------- May 10-11, 1889 w. bys ____ I. 51 W. by N ___ 0.67 W. by N ___ 0.47 
E. by N ____ 0.57 



 

CHAPTER VIL 

CA V-SES OF THE GULF STREAM A.,YD OF ATLANTIC CURRENTS. 

We have nearly completed the examination of the Gulf Stream obser­
vations taken in the Blake under my command, and it seems proper to take 
up the question of causes of the Atlantic currents before drawing conclu­
sions for the benefit of "those who go down to the sea in ships." The 

facts which I have obtained may not prove positively what these causes 
are, but in the personal experiences of five years' work, watching the winds 
and waves and observing the currents, there are many things which may be 
considered as indicating very decidedly what it is that produces and keeps 
in motion these vast bodies of water. 

It is necessary to an understanding of the subject to recapitulate some 
of the prorn.inent theories which have been advpcated. Although there 

were many ideas advanced before the time of Franklin, he seems to have 

be.en the first to give his theories widespread publication. He says: 

This stream is probably generated by the great accumulation 
of water on the eastern coast of America between the tropics by 
the trade winds which blow there. It is known that a large piece 
of water, 10 miles broad and generally only 3 feet deep, has by a 
strong wind had its waters driven to one side and sustained so aR 

to become 6 feet deep while the windward side was laid dry. This' 
may give son1e idea of the quantity heaped upon the American 
coast and the reason of its running down in a strong current 
through the islands into the Bay of Mexico. 

Humboldt published in 1814 a description of the Gulf Stream, in which 

he says it is not the same at all seasons of the year, but that its force and 
direction depend to a large ex.tent upon the changes in the trades, and also 
that the general torpidity of the ice in the Arctic in the winter and its melt­
ing in the summer influences it. He says also: 

Considering the velocity of the fluid elements, which in dif­
ferent latitudes in consequence of the earth's rotation is different, 

580 
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one should be tempted to think that every current from south to 
north ought to have at the same time a tei1dency to the east, and 
vice versa, a current from north to south a tendency to the west. 

Arago advocateu the same theory in part. He says that-

With respect to currents, the rotation of the earth ought prin­
cipally to be taken into view, and this, together with the cooling 
and the warming of the water in the north and south, is the main 
cause of their morn rapid or slower deviation and progress toward 
the eaRt or west. * * * "\Ve ought t.o apply to the ocean the 
same theory which has already afforded a satisfactory explanation 
to the trade winds if we will decipher the question of currents. 

Lieutenant Maury, at the time of the publication of the last edition of 

the ''Physical Geography of the Sea," was without doubt one of the hardest 

students and the most popular writer on the subject of the air and ocean. 

Many of his conclusions were entirely new and antagonized the ideas of 

others. At first glance he seems to attribute ocean circulation in part to 

forces which act diametrically opposite, viz, evaporation, whereby the spe­

cific gravity is increaseq on the surface near the equator, and heat, whereby 

its density is diminished; but later he expresses his conviction that-

If we except the tides and the partial currents of the sea, such 
as those caused by winds, we may lay it dmvn as a rule that all 
tho currents of the ocean owe their origin to difference of specific 
gravity between sea water at one place and sea water at another; 
for wherever there is such a difference, whether it be owing to 
difference of temperature or to difference of saltness, etc., it iR a 
difference that disturbs equilibrium, and currents are the conse­
quence. 

His belief was that while local currents might be caused by winds, 

rain, barometric pressure, etc., differences of density caused .the grand cir­

culation of the ocean. 

Prof. C. Wyville Thomson has been a member of several scientific 

expeditions fitted out by the British Government on board H. l\f. S. Por­

cupine and Lightning in the years in 1868-'69 and '70, and in the famous 

Challenger expedition from 1873 to 1876. In both, the investigation as far 

as currents were concerned was mainly confined to the most accurate deter­

mination of temperatures, specific gravity, depth, and character of bottom 
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specuuens, from which P1·ofessor Thomson has drawn conclusions as to 

ocean circulation. He says, in "The Depths of the Sea," on this subject: 

The investigation i8 one of singular difficulty. Some currents 
are palpable enough, going at a rate and with a force which make 
it easy to detect them and even comparatively easy to gauge their 
volume and define their p~tth ; but it seems that the great move­
ments of the water of the ocean, those which produce the most 
important results in the tram:;fer of temperature and the modifica­
tion of climate, are not of this character. Tho:,::e moxc so slowly, 
that their surface movement is constanth- masked by the drift of 
variable winds, and they thus produce Ho~ seusihle effect upon nav­
igation. The path ancl limits of such bodies of water can only be 
determined by the use of the thermomett•r. The equalizing of 
the temperature of bodies of water in contact with one another 
and differently heated, by conduction, diffusion, and mixture, is, 
however, so slow, that we usually have hut little difficulty in dis­
tingnh•ldng currents from different sources. 

rrhis statement, in my opinion, is in the main true; for without doubt 

warm ocean water must come from the equatorial and cold water from the 

polnr regions, and, whatever may be the cause of the transf~r, the modifi­
cation of climate js due to the presence of the water and not to the method 

of its delivery. 

Professor Thomson says: 

By the Gulf Stream I mean that mass of heated water which 
pours from the Straits of Florida across the, North Atlantic, and 
likewise a wider but less defined warmer current, mridently fonning 
a part of the same great movement of water, which curves north­
w~ml to the eastward of the West Indian l81ands. I am myself 
inclined without hesitation to regard this stream as simply the 
reflux of the equatorial CWTent, added to, no doubt, during its north­
eaRterly course, by the surface drift of the aJ.lti-tra<les, which follow 
in the main the same direction. 

Of the Gulf Stream he says : 

It seems to me that the Gulf Stream is the one natural phe­
nomenon on the surface of the earth whose origin and principal 
cause, the drift of the trade winds, can be most easily traced. 

He conS!ludes that this whole flow, upon reaching the westem shores 
.of Europe and not :finding a ready exit to the northward, banks down, filling 
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the Northwestern Atlantic to a considerable extent. Owing to this resist­

~nce a portion of the current turns southward toward the Azores, while the 

accumulation to the northward forces an eddy current of colder water to 
the southward. The genern1 bottom circulation he supposes comes from 

the southern oceans. The southe1·n hemisphere is chiefly \Yater, •vhile the 
northern includes most of the land. 'rhe Atlantic and the North Pacific . 
Oceans, therefore, are merely hays of the great water hemisphere. Later 

he says: 

Over the central part of the water hemisphere, precipitation is 
certainly greatly in excess of evaporation, while the reverse is the 
case in its extension to the northwai·d. The water is therefore 
carried off by evaporation from the northern portion of the Atlantic 
and the Pacific, and the vapor is hurried down toward the great 
zone of low barometric pressure in the southern hemisphere, the 
heavy cold water welling up from the southward into the deepest 
parts of the northward-extending ti·oughs to which it has free 
access, to replace it. 

In effect, Professor Thomson's theories are that the surface currents 
are chiefly caused by wind drift, and that the lower currents are caused by 
unequal evaporation. 

The most recent exponent of the specific gravity theory is Dr. Carpenter, 

who we,s a colleague of Professor Thomson on the scientific cruises of the 

Porcupine and Li,qhtning. He based his belief largely upon the temperature 

observations of these expeditions, and upon the results of his examination of 

the current in the Strait of Gibraltar. In a lecture to the Royal Geographical 

Society, in 1870, to illustrate his ideas, he supposes two basins, one under 
equatorial conditions and the other under polar, connected by a strait: 

The effect of the heat of the tropical basin will be for the most 
part limite.d to its up1)ermost stratum, and may here be practically 
disregarded. But the effect of the surface cold upon the ·water of 
the polar basin will be to reduele the temperature of its whole mass 
below the freezing point of fresh water, the mrface stratum sink­
ing as it is cooled, by virtue of its diminished bulk and increased 
density, and being replaced by water not yet cooled to the same 
degree. The warmer water will not come up from below * * * 
but will be drawn into the basin from the surface of t11e surrounding 
area; and since what is thus drawn away must be supplied from a 
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yet greater distance, the continual cooling of the surface stratum 
in the polar basin will caus_e a set of water towarcl it to be propa­
gated backward (so to speak) through the whole intervening ocean 
in cmnmunication with it until it reaches the tropieal area. 

rrhis is practically the theory of Lieutenant Maury expressed more in 

det<til. 
To repeat the oft-told story of -the Mediterranean circulation is unneces­

sary. Dr. Carpenter eonsiders that it aptly illustrates the whole system of· 
ocean currents. He says: 

The vertical circulation is maintained in the Strait of Gibral­
tar by the excess of evaporation in the Mediterranean over the 
amount of fresh water returned into its basin, which at the same 
time lowers it:,; level and increases its density, so that the surface 
inflow of salt water which restores the level (exceeding, by the 
weight of salt contained in it, the weight of fresh water which has 
}Jassed off by evaporation) disturbs the equilibrium and produces 
a deep outflow, which in its turn lowers the level. * * * Cir­
culation must, on the same principles, be maintained between polar 
and equatorial waters by the difference of their temperatures; the 
level of the polar water being reduced and its "density increased 
by the surface cold to which it is subjected, w11ilst a downward 
motion is also imparted to each stratum successively exposed to 
it, and the level of equatorial water being raised and its density 

· diminished by the surface heat to which it is exposed. * * * 
Thus a movement will be imparted to the upper stratum of 
oceanic water from the equator toward the poles, whilst a move­
ment will be imparted to the deeper stratum from the poles to the 
equator. 

It is difficult to reconcile this reasoning with what seems to me the 

actual state of the case. The Mediterranean is lowered by the excess of 

evaporation over the precipitation, and an inward surface current caused at 

Gibraltar. The ocean surface current, on the other hand, chiefly flows from 
the point where the evaporation is greatest toward the point where there is 

an excess of precipitation. Dr. Carpenter claims, however, that the differ­

ence of ocean level is from the difference of expansion due to heat. With­
out doubt there is a difference in expansion, but it is a question whether he 
is correct on the matter of level. 

The temperature of the ocean in the vicinity of the equator reaches 

37° at a depth of about 1,000 fathoms, below which the changes are slight 
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to the bottom. The surface has a temperature not far from 80°. The 

expansion of the sea water due to this change in temperature iR about .005, 

which for the column of 1,000 fathoms would be about 30 feet, giving a 
grade from the equator to the poles of about six one-hundredths of one incl1 

to a mile. It would seem as if this infinitesimal difference might be easily 

obliterated by the excess of evaporation at one place and of precipitation at 

the other. In the immediate vicinity of the equator the rains are con:o;id­

erable, hut it is without question that in both hemispheres the rainfall is 
least within the limits of the trade winds, outside of which it increases some­

what with the latitude. Of the total annual rainfall most of it i;; evaporated 

from the ocean direct, in latitudes lower than the thirty-fifth parallel. Tlrnre 

must therefore be much more than the average taken from. the equatorial 

belt and much more than the average deposited in the polar regions where 

the evaporation is but trifling, so that instead of an equatorial elevatiou 

from the expansion o{ the sea water by heat there ought to be a ten<leuc y 
toward depression due to evaporation. 

Mr. J. J. Wild, one of the scientific staff of the Challenger expedition, 

seems to imply in "'l"'halassa" that he is a believer in the ·wind theory as 

the cause of ocean currents, but he says as a last word on the subject: 

The southern ocean is the main feeder of its three gigantic off­
shoots-the Atlantic, the Pacific, and the Indian Oceans-which 
it supplies through the medium of both surface and under cur­
rents. The former, driven by the westerly winds against the west 
coasts of Africa, Australia, and South America, are driven north­
ward toward the equator; the latter, piled up by the rotating 
earth against the east coasts of these continents, flow as uuder 
currents in the same direction, both entering as warm currents 
toward their old home, the pole. 

I confess that I am unable to fully understand the meaning of Mr. 
Wild in €ithBr of these statements. Most authorities agree, and, indeed, 

Mr. Wild i;pves an illustration showing it, that the west coasts of Africa and 
Australia are included within the limits of the trade winds or the belt of 
calms. It therefore does not appear how the westerly winds can cause the 

surface currents which he mentions. The same difficulty is experienced in 
the matter of the subcurrents which are said to be caused by the earth's rota-
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tion piling up the water on the east coasts, for Africa and South America, 

at least, present a wrong angle to allow the escape of water from this cause 
alone to flow in the direction of the equator. 

At this day, after so many thinking men have investigated and have 
written on the subject of ocean physics, particularly on the Gulf Stream, 
and have advanced and advocated every possible t110ory as to the causes 
of currents, the only question for a new explorer t,D decide is toward whicl1 . 
of the ranks will his own research lead him to incline. 

We have seen that the two prominent theories are, first, surface drift, 
due to permanent or semi-permanent winds, and, second, gravity, due. to 
differences of density of sea water. I place myself with those who a(ko­
cate the wind theory as the chief cause of the Gulf Stream proper and of 
most ocean currents, but to diffe!-'ences in density we may attribute some 
variations in surface indications of the current. The prime mover, how­
ever, is generally wind, and I think my observations ~f the currents <luring 
the past five years will add much weight to the theory. 

The winds, of which the trades are the most permanent, act in two ways 
to produce a surface movement. The friction of the air causes the particles 
of water with which it is in contact to move in its direction. Friction 
between the particles transmits the motion from layer to layer with a co:i­
tinua11y diminishing force as the depth increases. 

Prof. Alexander Agassiz says in his recent publication, "Three cruises 
of the Blake:" 

Theoretically it has been calculated by Boeppritz that 100~000 
years is ample time to allow the friction of the particles to extend 
from the surface to the bottom, say 2,000 fathoms, were the winds 
to blow without intermission in one direction during that time 
with the average power they are known to possess. 

Whik~ tl1e trade winds predominate in a westerly direction they do 
change sufficiently to prevent any great depth of current, even if there were 
no other conditions to prevent its consummation. In the Eastern Atlantic 
they incline much more toward the equator than they do in the western 
partst and any currents established by these winds will, by their inertia, 
attempt to continue in the same course, and will be less&ned in velocity by 
the cUITents produced by winds from other directions with which they may 
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come in contact. That there are other causes tending to prevent any great 

depth of the frictional current is evident from the rep€lrts of skillful navi­

gators, who haYe, in the midst of the region of the trade winds and at points 

where usually a drift cu1Tent is to be reckoned upon, found a reverse set. 
Thfo is generally a local influence, extending oYer a small space and for a 

short interval, but still, every such instance tends to break up or le:-;1'un the 

pe1·sistency of the flow and to diminish the depth of the frictioual current. 

The waves formed by the wind carry water to leeward, by the pressur<~ 
of the wind on the back of the wave, which causes each particle near tho 

surface to advance to a greater or let'iser extent during each oscillation. This, 

in effect, is an increase of the frictional current and not readily tlisti11guish~ 

aLle from it. It is, however, a very shallow movement, depending upon 
the height of the 'vaves and the strength of the wind. 

Another and far greater cause of the set to leeward is the ln·eak of tlH• 

wave. Every ripple as it topples over sends a, portion of its crest a ce1iai11 

distance in the direction of its travel, and, in a gale, tons of water drive a 
hundred or two feet to leeward in a few seconds. 

Upon meeting an obstnwtion the water must either come to a stop or 

escape in the line of least resistance. The frictional cun·ent, upon reaching 

shoal water, becomes less tLnd less m; the friction on the hottom heconws 
grea.ter. If the obstruction is at right angles to the course of the current 

there is a stoppage, an escape of a portion at the sides, aw1 a reverse' ullller­

current. A current of this character does not seem to run readily over i-lwal 

water1 the interference of the bottom quickly retarding it. The experiern·<~ 
of our anchorage on the outside of the Grenadine Bank showed a set h(;hnH_m 

southeast and southwest, which is parallel to the general trend of the shrn11-

Although the Sal Key Bank, in the Straits of Florida, is in the direct line 

of the current, there is only the eblJ and flow of the tides over it. Even 1111 

the west side of the Bahama Bank the current does not extend to the very 
shore. If the obstruction is not at right angles to the cunent there iH :m 

escape of some portion to leeward, the amount depending upon the angle ; 

but I believe a considemble proportion of the velocity is destroyed hy tlio 

act of impinging and changing direction. 
The action of the onward movement. of the wave in causing tlw parti­

cles of its upper stratum to move in the same direction has been strongly 



 

588 UNITED STATES COAST AND GEODETIC SURVEY. 

impressed upon my mind during the past five years. When at anchor the 

surface currents were always observed with the meter at a depth of 3~ 

fathoms, and also by an ordinary log line, using a weighted pole instead of 
the "chip." This pole was 21 feet long and 3 inches in diameter, weighted 

at its lower end so that but 6 inches of its length would show out of the 

water in a smooth sea, and with this slight amount of surplus _buoyancy 

every wave would go over it. When there happened to be a light current 

and a fresh wind the vessel would ride to the latter, while the pole, from its 
small exposed surface above water and its deep draft would tail to the 

former. As the seas would roll over the pole it always disappeared in an 

upright position, but when it appeared again its upper end waR alvrnys 

inclinell in the direction of the traveling wave. This continual knocking 
or pushing to leeward caused the direction of the current as observed by 

this means to be an erroneous record, depending in amount on the relative 

strength and direction of the current and the velocity and height of the 

wave. The current meter suspended below the wave influence, to which 

the upper end of the pole was subjected, generally gave a direction from 

one to three points to windward of that given by the pole. As long as 

there are waves there is a quantity of water going slowly to leeward by 

this means. 
A far greater amount, however, is being thrown violently in the same 

direction by the break of the sea, and unlike the frictional current it reaches 

to the very shore. The accumulation of water escapes by the line of least 

resistance. If the sea is directly on shore, with no chance of lateral e~cape, a 

reverse undercurrent is caused. This is noticed where the water is shoal by 
a deep draft and heavily laden vessel being set to windward, where a light 

draft vessel will he thrown on shore. Harbors are fi.llecl by this accumu­

lation and the tides made very irregular. In the great hurricane at Samoa, 
which caused such destruction of life and property, the amount of water 

thrown into the harbor of Apia produced tremendous currents, not only 

along the beaches and reefs, but setting directly out of the harbor, and this 

assistance to the great engine power of H. M. S. CaUiope may have turned 

the balance and rendered her escape from destruction possible. How many 

times do we read in the accounts of wrecks on shore of the great velocity 
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of the currents. All along the shores of Long Island and New Jersey the 

fishermen report abnormal currents at times when the wind is blowing 

strong tow~1l'd the land. Thm;e are caused, I believe, simply by the escape 
of the accumulated water thrown by_ the waves, and do not extend far off 

shore. I doubt if a single ordinary gale will produce an ocean tMrrent hav­

ing a velocity of one-half knot per hour, and any current that is formed 

will he very shallow. 

The gulf weed, so called, shows the effect of the break of the waves. 

I ts home is the Sargasso Sea, near the northern edge of the trade 1vind 

region. Transported chiefly by the waves, it is found entering the Caribbean 

in the passages nOl'th of Guadeloupe, and is in greater quantities north of 

the 'Vest Indian falands. In large masses, it acts like oil on the water to 
still the waves, and consequently the break of the sea can only detach frag­

ments from the edges of the mass. As a rule it is seen streaming in Ionµ; 

lines in the direction of the waves and not in the direction of the curre11t 

unless the .latter is very strong. In this case it accumulates at a point 1vhere 

there is a, rip or a changµig current in the same way that drift collects at 

the edge of an advancing tidal current. The fact of meeting it in strange 

regions is not necessarily an indication of a current, but that the wind has 

caused a sea which has thrown the weed to leeward. 

The influence of the wind to transport the water without an accom­

panying current is seen in Key West. With a strong southerly wind the 

~lear water from the Gulf Stream is thrown into the harbor in spite of au 

ebb tide, but upon a change of wind from the gulf, its water quickly clouds 

that of the harbor. Along the edge of the reefs in 20 fathoms, with the 

wind from the southward, the bottom can easily be seen. The Gulf Stream 

water has been thrown in by the waves, but the current maintains its normal 

position. 

What, then, is the action of the wind in causing the Gulf Stream 't 
In the tropical regions east of the continent of America, the northeast 

and southeast trade winds are continually blowing, with an interval of calms 

between them. The southeast trades accumulate a mass of water on the 

South American coast, causing a shore current in both directions from Cape 

St. Roque. The volume of the northern branch (the Guyana current) for 



 

590 UNITED STATES COAST AND GEODETIC SUUVEY. 

a considerable portion of the year is probably not as great as the accumu­
lation of water thrown against the coast of South America by the northeast 

trades. The frictional currents of each of these drift streams will be shallow, 

but meeting each other, as they do, at quite an angle, the resultant velocity 
will not be the sum of the two. The act of impinging on the coast will 

give the combination a reduced value, and will form a counter subcurrent 

running to the eastward, the strength of which will depend upon the 

velocity and upon the angle of the curreut:s with the coast. 
The coast current thus formed sets toward the Windward Islands with 

varying ::itreugth, and, having received its final impulse, leaves the farthest 

point of its restraining shore (the Island of Tobago) with a course about 

NNW. The frictional current of the northeast trades has, in the mean time, 

been sending a certain amount of surface current toward the. Windward 
Islands, and the two join forces southwest of Barbados. The ·flow then is 

through the passages between the islands, the strongest being iu the one 

:south of St. Lucia, and lessening in velocity in the others as the latitude of 

the passages increases. 
During the winter months the northeast trades blow from a more uorth­

ed y direction than they do during the summer, a1id at the same time they 

extend farther towaru the equator. rrhe observations taken 011 board the 

Blake were during this period, and no evidence was found that the coast 

current maintains its integrity as a separate current after it encounters the 

drift of the northeast trades, but there was every indication of a return sub­

curre11t extending even into the southeastern Caribbean. At the stations 

outside the St. Lucia Passage the lower currents tended east and south; 

north of Barbados S. by E., and between that island and Tobago there was 

generally some indication of a deflection to the eastward. In the deep pas­

sage between the Leeward Islands and the mainland it was east below the 

surface stratum, while south of Grenada the same easterly set was observed 

at the greater depths. This all tends to show that in thG escape of the accu­

mulation, the surface goes to leeward, while some of the water of the lower 

stratum returns in a reverse direction. 

During the summer months the southeast trades reach farther. t,o the 
westward along the South American coast, while the northeast trade winds 
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although not extending so far south, have a more easterly direction. There 

is therefore a larger body of water transported at this season from the Afri­

can shore into the North Atlantic, and consequently the Guinea current is 
stronger and extends farthest west, reaching in August, according to Findlay, 

as far as the forty-fifth meridian. This, I believe, shows simply cause and 

effect. The inc1·eased volume of the accumulation of water from the south, 

and the mo1·e easterly direction of that from the north, both tend to produce 

the reverse subcurrent which appears on the surface farther to the eastward 
as the Guinea current. 

The average of all the westerly flow between the islands from St. Vin­

cent to Antigua gives a volume equal to about one-half that fouu<l i11 the 

narrowest part of the Straits of Florida. '\Ve have seen from the discu::,;sion 
of the observations of the currents in the Anegada, Mona and "\Vindwar<l 

passages, that the volume entering the Caribbean through these entrances, 

is little if any in excess of the outflow. What theu can account for the 

other halfl I am convinced that it is the water thrown to leeward by the 

waves, and ·does not appear as a current while it i8 in transit, except indi­

rectly by the assi8tance it gives to the frictional cun·ent. 

The total width of the passages south of Antigua is available for the 

entrance of water by this means, whereas the drift current of the trades is 

confined to the deeper portions only. The waves dash over shoals where a 

drift current can not flow. The former then have about three times the 

available space for entrance that the latter has, and, when we include the 

broader passages to the westward, we can realize what an enormous quantity 

of water may enter the sea whenever there is a wind to cause a wave. 

Once in the Caribbean, every wave formed gives the surface current an 

additional push by its momentum, so that by the time the Western Carib­

bean southwest of .Jamaica is reached, the :fl.ow has greater velocity than in 

any of the passages between the Windward Islands or at any of the 

anchorages outside the islands, with the exception of those near Tobago, 

which are in the full strength of the Guyana cIDTent. 

We have thus followed the water, driven by the vis a tergo of the trade 

winds from the coast of Africa to the Yucatan Channel, from which it flows 

into the Gulf of }lexico and through the Straits of Florida iuto the Atlantic. 
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'Ve will leave it for the present to faquire whether there is any force to 

n-ssist it on its march toward the European coast. It is true the Guyana 

current is but trifling in volume or velocity in comparison with the Gulf 
Stream as it issues from the Straits of Florida. But seeing, as we have, 

what a comparatively short distance the former is projected from its con­

fining bank, one is led to agree with those who doubt whether even so 

large a body as the Gulf Stream can be driven very far toward the coast. 

of Europe by the vis a tergo of the trades without the assistance of some 

force in the northern Atlantic. 
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It seems evident that two contributions are to 

be found which tend to force the Gulf Stream 
onward. One a current QUtside the West Indian 
Islands caused by the northeast trade winds, and 

the other the prevailing westerly direction of the 
anti-trades. In fact the whole system of 1vinds in 

the North Atlantic tends to produce an oval-shaped 
flow, with the region known as the "horse lati­
tudes" at the major axis. We have direct evidence 
of the flow outside the West Indian Islands in the 

observations taken on the line between Great 
Abaco Island, Bahama, and the extremity of Cape 
Hatteras Shoals. At the :first anchorage (No. 31 ), 

about sixty miles from the B!,lhamas, the currents 

were all to the northward and westward, the sur­
face NW. and at 200 fathoms NW. by N. 

Midway between the ends of the line (Station 

44), observations were carried to 600 fathoms 
where it was found, as seen in Fig. 9, that a deep 

but slow movement reached. to a great depth. 
The directions here were all between NNE. and 

NE. by E. at all depths, with the exception of a 
a> single observation at 375 fathoms and at 600 fath-

Fig. 9.-Vertical curves Sta-

I 

tions 31-32-44. oms, where the set was in the reverse direction. 

This current might be considered as an overflow from the Gulf Stream 
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were it not for the fact that the observations at the outside station off Cape 

Hatteras show the direct effect of the impingement of one 011 the other. 

At the time of the observation at Station 6, Section F, the full wiJth of the 

Stream proper ·did not extend as far off shore, and there was an eddy sur­
face current between it and the current coming from outside the islands. 

The eddy current was but super£cial (see Fig. 10), and the outside current 

showed itself as a subcurrent setting iu the nor- • I 1.w.-M!L- N.L 

mal direction of the Stream. The question arises, 
why did it not appear on the surface and increase 

the visible velocity of the Gulf Stream. The 

answer to this is because its density was less. 
In order to avoid repetition, the cause of the 

alternations in temperature of the Gulf Stream 
is inserted here, as it is necessary in its discussion 

( 

""'"' ""'"' ' 
! I "' "' 
!T 

l!iO 

1 
to enter upon the question of differences of den- Fig. io. 

I\ 

I 

sity.1 There has been a great deal of speculation and surmise ou the imb­
ject of the alternations of warm and cold bands in the Stream, the exi8tonco 
of which Professor Bache established as beyond a doubt. He was led to 

believe that they are caused by irregularities in the ocean bed over which 
the current flows. The soundings on which he based this belief,vere made 
with rope or registering apparatus, neither of which is valuable in (ltmp 

water or ~n th~ presence of a strong current. By more improved methods 
it has been shown that the ocean is not <liYided into hill8 and val1Pys 

along our coast. At one place off South Carolina there is a spot on the 
subn1ari11~ plateau which has a depth of about 50 fathoms grenfor than 
the water outside of it, but it seems very doubtful if this can cause n vari­

ation in temperature off Cape Hatteras or still farther to the eastward, 

where the current certainly does not. reach the bottom, nor <•ould it. cause 
the :fluctuatio~ found in the temperature at points farther to the south 

toward the Straits of Florida. 
-~-· -----------·-----

1 The term denBity ie used to mean the specific gravity of the water in situ, and specific gravity, 

the density of the wate:r at 6Q° F. 
In this pa:rt of the discUBl!.ion by the term Gulf Stream is intended the whole :dow from the weatern 

A.tlantio. 
B.E~.~ 
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It h:u; bueu thought that the cause was to be found in an opposing cold 

counter-cur:reut forking out the warmer water into bands or ribbons. It iR 
possible that thi:'.'i may be the case where two currents are direct1y opposed, 

hut there is no evidence that there is a cold current flowing in a direction 

opposite to the portion of the Gulf Stream along our coast, and even if such 

a current doe8 exist, it does not seem to he probable that it can fork the 

Stream into gra1.lually conTergiug lines which maintain their relative posi- · 

tion throughout and follow the curves and turning of the Stream its whole 

length. 

As l)efore stated, the warm water upon approaching Europe is divide(l 

into two parts l)y the obstruction it meets. As the uorthen1 extension 

approaches tlte Arctie regions it is probably more or less forked by alte1na­

tionH j11 the tcmp<•rature, fin· the following reasons: The warm water of the 

Gulf Stream from its ~renter hmit is of very much less uensity than the 

polar water, hut, owing to the superior amount of saline matter held in 

solution, jt Jms :t greater i'!peciric grnvhy. At a certaill time in its progress 

northwanl it has eoolur1 i-;ufficieutly to hriug its <lernsity down to that of its 

opponent, and at the same times il'i actually warmer. A fall of another 

degruu makes its de11Hity even 1e;.;s than the other, at which time the polar 

wuter gnin1' tlie ascendeuey arn1 ;.;]ip14 over the ·wanner, the two strata 

arranging tliemselves aeeordiug to their relative weightR. For example, the 

e<piat.m·ial flow may luwe a density of l.Oi7 at a temperature of 3(:) 0 arnl 

the opposing Arctic current at 32° a density of 1.028. The latter heing the 

heavier assumes a lower position, hut when the former has Jost something 

of its heat it becomes the heavier, and, although still at a higher temperature 

tlmn the other, it seeks a lower level. 

The whole width of the opposing waters is considerable and the differ­

ent parts are under varying conditions. A single northerly g'd.le will cool 

the warmer 1vater in a certain locality, while an adjacent limited area may he 

subject(~d to reverHe conditions. rrhe low barometer accompanying the 

gale will help to change tho temperature of the \~ater by inducing a vertical 

current. ·Unusual temperature iu the sea!,;ons north and south wiH produc8 

a higher or a lower temperature than normal From all these causes, as 
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well as others, the position, the (lepth, and the angle of the liirn \~f nweting 

is continually changing. In the case of our eqmitorial water meeting the 

polar, both being under theRe variahfo l~mulitions, t11e sma11 differenevs in 

dm1sity will determine vvhieh water will overriile the other, and thus prodn<'e 

the alternations iu the temperature at the Arctic eud of the liue. rrliat tlw 

alternations exist hoth horizuutally and vertically is almrnlantly proved. 

Prof. H. ~Iohn, the scientific heafl of the "Voringen" expedition found on 

the dividing line between the Atlautie and Aretie water very many 
instances of a1teruations in temperature vertically, the warm and eold layers 

of water being repeated between the surface and the Lottom, or to some 

intermediate depth. 
An illustration in "Thalassa," which I take the liberty of reproducing 

hem (see Fig. 11), pmfectly illustnites the point. rrhe tempel·atun~;; (ce11-
tigrade) were taken iu the Oluillcn.r1cr expedition lwtween the Antarctic ice 

ha.rrier and Kerguelen Island. The curves show plain1y how the <·.okl watt:r 

• • 0 z 
~ .:. 

., . 

Fig. 11. 

intrudes itself into the warnwr, and tho two arrange tlwmselYcs aceonliug· 

to their dcrnsities. Mr. Wild, the author of "Thalassa," says: 

'l'he melting of thmm fre masse8 vrodnees a quantity of watn 
which, being fresher, is of less Hpecifie µ:radty than tlit~ salt w:itt•r 
of the surrounding sea, and thon~fore float::-; in the imnw(liatn 
vicinity of the iee on the :mrface of the latter. But a:'I the freslwr 
\\rater derive!l from the i<"ehergs mixt•s J,y dPgTPes witli tlw :'IUr­
rounding salt water, tho mixtun· heing c'1f l0\1'~'1" tPmperatun' is 
reH<l<1red hrntvim· a.rnl siuks below the surfaep, ftwming au inh·r-
mediate Rtratum or wedge. . 

·-
In the Gulf Streain ahmg the eoa:,;t of North America, tlie casp i:-: dif-

ferent. We find here a comparatively permanent alternation from the Straits 
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of Florida to beyond the liue between Bermuda an<l Halifax. Not only 

arc the altcrnatiomi found within the supposed limits of the Stream, but 

they are also both inside and outside of it. They are shown graphically in 
an illustrntion prepared by Professor Bache, illustration No. 3 7. Another 

example of the_ actual changes in temperature at about four feet below the 

~mrface ii> to lF~ seen in illustration No. 54. These observations were take11 

ou board the Blake with a thermometer, which, by an electric current, auto- · 

matically recorded the temperature continuously. The positions of the 
various bamh agree fairly with thm;e of Professor Bache. It is seen on 

both these plate::; that there are :fluctuations imside the Stream, off New York, 

for example (illu::;tration. No. 5 7), where, according to all belief, there is a 
current setting to the t>outlnvard. There i::; certainly uo northeasterly cur­

rent in the vicinity of the inside warmer band extending from Cape Canav­

eral along the 100-fathom curve to Nantucket. The cause of this one at 

least can not be a cold current opposing a wann one. 

In _running liiws of soundings, as the writer has, normal to the coast as 

far as the 100-fathom curve, and at intervals from Cape Hatteras to beyond 

George's Bank, it has been generally noticed that in the vicinity of a depth 

of from. 40 to 80 fathoms, the temperature of the water :mcldeuly changes, 

the colder being a1ways t(1Lm<l on the laud side. It is very marked on 

George's Ba,nk, and is probably due to the cold water from the outside 

being forced ou the shoal by the advancing tidal impulse. It is generally 
conceded that this tidal impulse is in direction about normal to the coast of 

the United States, from the fact of ih1 arrival at the salient points of the con­

tiueut at the Rame hour. The Gulf Stream's course is at right angles to this 

advance. I believe that to this we may loo~ for the cause of the lesser 

thermometrical variations, and that they are due to an interference of ~uc­

cessive tidal impulses meeting the obstruction of the shore, whereby a 

vibratory motion i1' produced on the ocean's surface. This motion causes 

the altenrntion by what might be called attenuation and c01~densation of 

. the warmer temperature; that is, in the .former the surface stratum of warm 

water be~omes thin, and the colder lower stratum rising, tfie temperature of 

the vertical column is lowered. In the latter the reverse operation takes 

place. 
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The differences are more abrupt when the extremes of temperature are 

closest together; that is, in a shallow hot current or on the northern border 

of the Stream. They are less noticeable north of the cmTeut because the 

differences between the surf ace and lower temperatures are not so great, 

and consequently tho intermingling of the surface and lower waters can not 

reduce the temperatures to so great an extent. The t<ame is true south of 

the Stream, because the current is warm. to a great depth, and also, because 

the vibrations diminish in intensity 'as the distance from the land increases. 

These alternations probably will be found on every coast ·where there is a 

warm Rnrface cun-en!., if the trend 0f the land is nearly at right angles to tlie 

direction from which the tirlal impulse comes. 

To return now to the cuffent off Cape Hatteras. The current outsitle 

the Bahamas curves to the nortlnvard as it meets the resistance of tlw crn1st. 

Its line of meeting the Gulf Strearn proper varies in position because the 

latter changes its position accordii1g to the forces acti11g upon it. Tlw 

width of the Streaf1:1 off Cape Hatteras, however, is such thnt one of the cold 

bands is near the average position of its southern edge. "\Vhen the outside 

current meets the Gulf Strearr1 and the edge of the lattc>r is to the north­

war<l of this cold hand, the temperature of the lattt•r will be lowered awl it 

will underruu the former. In the curve of surface temperatures tak<~n 

between Cape Henry and the Anegada Pa!'Rage (ilhrntrntion No. 54) it 

will be noticed that there is an abrupt rise at leaving tlie l 00-fathom 

curve above Cape Hatteras and a fall at a distan<'e of about 35 miles out­

side. This is the Gulf Stream it~mlf. It is 1mver in tempera.ture than the 

water next outside of it, althougl1 coming frmn thn Caribbean, because its 

strong currents aro continually changing in direction (as descrilwd in Chap­

ter V.) and intermingling its waters from the smface to the bottom layer. 

'I'he high temperatures just outside the Stream are from the wnters which 

have swung around from the higlrnr part of the curvP in the Yiciuity of the 

Islands, the southerly portion with itl'I high tflrnperatnre corning next to the 

Stream. It is ~varmer than the Stream because ·its currents are R1ow, and 

are not inte1fered with by the bottom or ~ixed by excessive changes i11 

direction. We have no means of knowing the ·width of this outside cur­

rent except by taking the width of tl1e higher fluctuations in temperature 
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out:-;ide the Stream. This gives over 200 miles. It is slower 111 move-

11wnt than the hth~1·, hut it is of m nch higher tcm1pl•rature, arnl by its 

ad<ljtion to the Gulf Stream tlw amount of heat transferred to the northern 

Atlanti<~ j,. ,·ery imu·h increased. 

Tlio ·watPr is thus ai~1iverPf1 hy menns of these two currents into t11e 

region of tliu wcsfa~rly winds. It has had the coufiniug hank of the cou­

tineutal lime to the ·westwanl as fop as Capu Hatteras, after leaving ·whiC'h 
its :flow 1m1:-;t •1qwrn1 upon something else than the force imparted to it hy 
thu t1w1e wirnls. North of tlrn <>nlirn; of Cancer, the ·winds are rnoHtly from 

tlie w•·:-;hnml. The effect of this wirnl is to drive th1-> surface water anoss 

tlw Atl:mtit• in the form of a current, nrnl to bank it up on tho shores of 

Europe. 'rlws<~ wirn1s, howe,·er, are not persiRb:mt enough to cause ai-; <h>ep a 

cm-re11t as the trades. .Many authorities agreH that the Gulf Stream itself 

ceases to he felt as a separate current to the eastward of the Grand Bank. 

At'tf·r lea:i:i11g this point it becomes a simple drift cm·rent. The mean direc­

tion of the wind between the latitudes of 30° mHl 50° north, deduced from 

umnerou:-; ohi->ervations, ha:-s been detennined by Kaemtz as follows: Franeo, 

S. 8X 0 \V.; England, S. GG 0 \V.; Germany, S." 7G 0 \V.; Denmark, S. G2°\V.; 

Sweden, S. 50° \V.; Hussia, N. 87° \V.; America, S. 8G 0 \V. "When the 

::mn is north of the equator the prevailing winds are from s·w. to 'VS\V. On 

the contrary, if tlie sun is in the southern hemisphere the winds are from 

\VN\V to NvV. 
Temperatures, Stations 44 and }{o. (), Rcction F. 

Station. 

6 

44 

77- 5 
73.0 

76. 7 74.8 70. 8164. 5 62. 2 ------ -----· 

72. 5 72. 5 70. 5 i 68. I 65. 2 58. 4 43· 6 
. ! 

Approaching the 8hores of Europe the drift current meets an obstruction 

nearly at l·ight angles to its course, and the "banking down" menti.oned by 
Sir \Vyville Thomson takes place. A similar banking down is also seen in 

the temperatures of Station 44, on the coast of the United States, where the 

outside trade-wind current meets the obstruction of the continent. The 
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latter escapes to the right inasmuch as that is the only ~ffenue left open. 

The hanking dmvu on the shores of Europe has room to escape both to the 

northward and to the southward. Tlrn set to the northward, how(~Yer, 

quickly encounters opposition in the Polar Sea, hnt is strong enough to 

overcome the obstacle and force the colder water before it to escape hy tlw 
Labrador current. This current is :mid to partly uwlenun the Gulf Stream, 

and partly to flow as a countercurrent inside the Stream along the coasts 

of NoYa Scotia aud the United States. The countercurrent is certainly 
very feeble. Practically the i:nain body of the.current underruns the Stream, 

and, intermingling with its vrnters, joins the southern branch in its tlow pa.st 

the Azores and along the African coast. This braneh is at>sisted on the way 

by the prevailing winds of that region, for the westerly \vinds gradually 
change in direction and merge into the northeast trade wind8. 

'Ve must now examine the question as to whf'ther there is a Rerndhle 

elevation of the water in any part of the Gulf Stream\; flmv. The most 

accurate levels between the Atlantic and the Pacific Oceans have probal>ly 

heen run by the Panama Canal Company in the construetion of the canal 
across the Isthmus. The result is in favor of the superior elevation of the 

Atlantic by about three-quarters of an inch, ·which difference may posRihly 

be attributed to errors of observation. At Nicaragua, the levels run hy tlw 

promoters of that canal have been of too rough n natur{~ to <letermine sma11 

differences, and therefore the two oceans are considered to lw on the Rame 

mean level. The actual result, howt>ver, was sti11 in favor of tlw Carihhean 

Sea being the highest. 

Tho reported difference of abont 40 inches in lernl between the Gulf 

of Mexico at Biloxi, Mississippi, and the ocean at Sandy Rook i8 proha­

bly largely in excess of the ~Lctual difference, hut at the same time it i8 

probably a fact that the former is considernbly higher than the latter. An 

accurate line has been run by the U. S. Coast arnl Oeoddic Survey from 

Sandy Hook to St. Louis, Missouri. The levdti from the Gn1f of 1\fexico 

to St. Louis were executed in part by the Missfasippi Hi.-er Commission, a 

small portion by the U.S. Coast aml Geodetic Survey, and another part by 
the U. S. Army as far as Lake Pontchartrain, which wa8 said to be at the 
same level.as the Gul£ The fact of the conectness of the total difference 
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reported :is to be questioned, but the existence of some difference, probably 
many inches, is hardly to he 1louhted. 

There is certainly a. y8ar1y difforence in the mean level of the Gulf of 
Mexico, as shown hy the tide gauges. The result of two yean;' record at 
each of three stations in this Gulf gives a departure from the mean sea 
level i11 <lecimals of feet, as follows : 

----:1a1ion -j--~-n. FeL. 
1

Mar. 1 Apr. Junc. j Juiy.-j~~g.r~=~~ j~=~r No:-f D::.-
m1oxi,M1"---_ -.34 =~:-.0~ f.oS +.11 ~-.081-.0411+.rr I~~~ :+.451--.1; 1-.39 
J.:rtMorga~,Ab __ 1-.39 -.26 -. 12 -.02 -.03 +.031+· 18 -f-.08 

1

+.30 +·34-1-.05 -.14 

Key West, Fla ___ _J~ -.27 -.21 -.23 -.32 -.03 i+.081~1 +.26 +·45 lt-.40 +.10 

Mean ________ J-.31 -.25
1
-.13

1 
.06 --.o8j-t-.03/j.07/-+·06ji·Jl j.41 j.o6J .14 

"\Ve Hee that in Septernber and October the mean level is highest above 

the average and in January and February it is lowest. (See Fig. 12.) How 

much of this is caused hy the trades and how much by local winds it is 
impossible to state. The maximum elevation follmvs hy a short interval 

the time when the northeast trade winds are blowi;1g with their greatest 

easting and the southeast trades extend farthest into the northern hemisphere. 

Variation in Mean Len:l of Gu,lf of Mexico. 

-0.5'--_ __._ __ ...._ _ _....___-'---.L----'---'---~----..&..--"'L.---"----1-0.5 
Deo. Jan. Feb. Mar. Apr. . Hay. June. July. Aug. Sept. Oct. Nov. Deo. Jan. 

~'IG. 1'.!. 

In the western Caribbean at Jamaica, and also on the coast.east of Yucatan 
and Honduras, the winds during the summer months have the most sou~ng 

in them, thus sending a great quantity of water toward the Y neat.an Passage. 

Most writers agree that the velocity of the Stream increases during the 
laW~r part of the yefll". ~indlay places· the strongest current in .the ·winter 
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months, but other writers state that its maximum flow is at the end of August 
or at the commencement of September. The evidence is, that the periodic 
changes of level of the Gulf of Mexico follow the changes in the trade 

winds, the highest level coming at the time when the winds are throwing 
the greatest amo'unt of water into the western Caribbean, and that the yenrl y 
variatiOn in the Gulf Stream's velocity follows this change in the level of the 

Gulf of Mexico. 
I am led to the belief that the prevailing winds of the ocean raise the 

level of the sea on the leeward ~oasts, and, if. we could but measure it, we 

should find that the Gulf of Mexico and western Caribbean are higher than 

the western Atlantic; that the Atlantic south of Cape Hatteras iti above the 
level of the ocean northeast of that Cape; that on the northern European 
coast it is higher than at Labrador and Newfoundland; and, lastly, that on 
the tropical African shores the sea is lower than the same latitudes in South 

America. Prnbabl y, however, all of these differences are very small except 

that of the Gulf of Mexico. 
The effect of atmospheric pressure on the surface of the ocean is to 

force or crowd the wate' away from the point of greatest to one of less pres­

sure, thus cam~ing a depression at the first and an elevation of the i:mrface at 

the second place. In the case of two well-defined areas of high and 101v 

barometer over the deeper parts of the ocean there can be no great transfe1· 
of wa,ter from one to the other. The pressure exerted at one spot simply 
causes a rise at the other depending upon the relative size and differences 
of weight ,of the two, and the actual movement of water is along the bottom 

and is about equal to the amount of the rise. There is probably a trifling 
flow outward on the surface at the point of highest pressure arid an inward 
flow at the center of the lowest pressure, but this surface influence can 

hardly have time euoqgh to extend to any great distance, as the force 

exerted is but temporary. 
In .a partially confined body of water the case is different. \Vhile the 

elevation of water at the point of low pressure is no greater, the transfer of 

the water into or out of the confined body from the point of high pressure 

can not take place without an increase of velocity through the connecting 
strait. The Gulf of Mexico is a confined sea and is so placed that variations 
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in the pressure between that exerted on its surface and on the ·western At­

lautic causes a considerable retardation or acceleration of the current. rrhe 

How generally takes the direction of the Atlantic because the harometrie 
variations in that ocean are very much in excess of those in the Uarih­

bean. 
A difference of 1 inch in the barometric column, or a.bout one-half 

ponrnl in atmospheric pres.;ure, i.vill give over 1 foot difft~rence iu tlw 0len1-­

tin11 of the snrfoce of thn Rea. \Vhen '"'e consi(for what tlrn volume ]s 'vhich 

it may he necessary to supply to or take away from the Gulf of Mexico, we 

can inmgine what abnormal variations there must be in the Yelocity of the 

c,urrent in the Straits of Florida. rrhe study of the obtiervations seems to 

show that the \•;eaker pmis of the currents are :firRt i11flnencec1; that is, the 

bottom currents and at the side~ particularly on the left. It is exactly the 

same~ condition of affairs as is fom1d at the entrnnces of irntny rl-vers, lmrhors, 

and sounds. Upon the arrival of the flood wave the current slips into the 

harhor along the bottom and at the sides, while the chb current is still run­

ning on the Rurface in the midd1e. If the barometer is high in the vicinity 

of Cape Hatteras the pressure on the surface of the ~cean probahly elevates 

it in the neighhorhoocl of the northern end of the Straits of Flo1.j(fa and 

rt!t:mls the lffwer currents. A lnw barometer in the Gulf of Mexico has 

tlw same effect, and a high barometer in the Gulf acts in the opposite direc­

tion. 
To explain the action of the variations in prmisurc wo will examine 

some of the actual ohservationf'i thought to he abnormal from tJ1is cause. 

The oh:-lervations in the Straits of Florida in 1885 were apparently quite 

free from the influence of unusual atmospheric pressure. Observations 

wne in progress from May 7 to 14 at Station 1. On May 10 and 11 a 

sma11 Atlantie storm was reported east of Cape Hatteras, with a maximum 

barometer of 29.f)I), but it does not Reem to have affected the currents off 

Cape Florida. On the 13th, however, a low area appeared off the s~uthern 
coast, disappearing to the northward on the 15th, with a wiml of 50 mi1es 

an hour at Block Island. 'rlie currents on the 14th were abnormal at all 

depths, but particular1:r on the surface where the current was very great. 

Station F was occupied February 28 and March 1, 1886. The averages in 
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knots of all the observations at each depth were: 3~ fathoms 2.90, 15 fathoms 

l.8G, 30 fathoms 1.81, 6!) fathoms 1.4~, and at 130 fathoms a southerly Het 

with a v<•locity of 0118. Just preceding the time of the:-;o ob:;;ernttirn1" the 

harometer ·was very low in the Gulf of 1\fexico, the lowest marling for the 

month at the Coast Stations east of New Orleans being on tlw 27th arnl 2Rth. 

In the Atlantic there was a st<trm center in the vicinity of N ewfourn1lawl 

from l\Iarch 1 to 5, 'vith a high harnmeter to the weshv;ml. The high 

pressure outside arnl the low presslffO in the Gulf of Me.xico nnitti1l in eau:-:­

ing the reyen;e current at 130 fathoms df"pth. 'l'he cornlitions ltarl 1wen so 

long co11tinued that all the w•loeitfos w<•re ahnut a knot less than the!- shoulil 

have heen. 

Station 11 ·vnts occupied April 30 and May l. The cnffent at 130 

fa.tlwms was southerly for about 18 hours, and then change1l to northerly 

on .May 1, increas]ng considerably in force. At 65 fathoms the niloeity 

:;tendily increased dm·ing the ancl1omge. The lowest hnrometer f(H" the 

month 0f Ap1·il at all the Signal Service stations in the Gnlf of }\J exico 

occurred on April 27, 28, aml 29, 'vith the exception only of KPy 'Yest. 

This ext(msive and slo,-f moving area of low pressure was the evi<lent em1su 

of the almormal subcurrent. On May 2 the currents had not retm·Heil to 

normal, as was shown by a partial olJlitemtion of the daily variation. 

rrhe next observation of abnormal current was on May fi arnl (}, at 

which time the surface velocity was far below what it should Iran~ lit'en, 

followed. 011 the 7th, 8th, and 9th by reverse lower cmTEn1ts arnl a surfaec 

velocity too srnall by ~wer one knot. The W eathcr Ileview says t11at on 
the 3d 0£ May an area of high prei'isnre appeared off the southeai'itern coast 

of the United States, and was succemled by lower prei'isure from the 7th to 

the 10th. The high area was the evident cause of the low surface veloci­
ties on the 5th aml 6th, while the low area is responsible for the TeYenw 

bottom currents ou the 7th, 8th, and 9th. The next notieeahle variation 

fron:1 the normal velocity was on February 12, 1887, the anehornge being 

No. 3, Section CC. The surface velocity was decidedly too higl1, and was 

caused by the great atmospheric disturbance& of the thrc~e prm-ious days. 

An al'ea of low barometer had traveled across the country, r ... ~aching the 

Atlantic coast on the aften10011 of the 11th and causing the lowest barometer 
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for the month at all the stations from Hatteras to Portland. This was fol­

lowed by an extensive area of high barometer which arrived at the Atlantic 
on the 12th and embraced within its limits the entire coast. On account of 
the accompanying had weather, observations could not be continued until 
the reverse effect of the latter was felt. 

The unusual ·velocity observed at Station 1, Section CC, on March 2 

and 3, is another instance of atmospheric pressure. At the end of February 
an area of high pressure was forming in the Rio Grande Valley and on the 
ht day of March this had extended so as to embra.ce most_ of the Gulf of 
Mexico, if not the whole of it. The barometer on the latter date was the 

highest recorded for the month of March at all the stations near tlw Gulf 
cmt;:\t from Key West to Brownsville. During the evening of Uay 4 and 

on )fay 5 currents were observed at Station 2"'. On the 2d and 3d there 
had been an area of low barometer in the Rio Grande Valley and on tlie coast 

of Texas which had moved north, but its influence was felt at the anchorag·e 

by the irregularity of the currents found. 
At Station 1, Section EE, on December 21 and 22, 1889, there was evi­

dently a disturbance which caused a WN"\V. current at all depths except at 

130 fathoms. This was the station nearest the edge of the Florida Bank. 

Examining the weather maps we find that there was an extensive area of 
l~w barometer extending from tlie Hi~ Grande Valley to British America. 

The center moved away from the Texan coast into the Gulf of Mexico 011 

tlw 22d, and tl~en, curving to the northward, passed over the mouth of the 

Mississippi, causing heavy winds on the Gulf coasts. This was evidently 
the cause of the reverse current found by the observers. 

Sufficient illustrations have been given to show the certain influence of 

differences of pressure within and without the Gulf of Mexico. In every 

instance where an abnormal cur~nt seems to he evident' there is reason 
to be fouml in the state of the barometer. In every instance, when· the 

barometric differences were sharp at the time of an anchorage in the 

weaker currents, the effect of the former on the latter is visible. Not 

being able with one party to observe "the currents at two places in tlie 

Stream at the same time, it is impossible to assert positively that the "nfl.u­
ence is not felt at all parts alike, but it seems that the weakest portions 
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are first influenced, the bottom current is materially lessened or reversed, 

and the current in what. has been called the neutral zone is quickly clmnged. 

In one or two instances, wlieu at anchor in the deeper water, the effect of 

the abnormality on ,the current has not been found, and this is one reason 

for the conclusion that it h.; the weaker current at the bottom and at the 

sides which is first influenced. A long-coutinued difference of preslmre will 
cause the effect to appear in the upper stratum. 



 

CHAPTER VIII. 

CONCLDSIONS. 

The Gulf StrearTt receives its water from the Atlantic, partly by means 
of a current driven by the force of the southeast trade winds along the 
northeast coast of South America, and partly by a current from the north­

east trade winds. The water, as a current, flows only through the passages 

between the 'Vindward Islands, and not through the Anegada, Mona, or 
1Vindward Passages. All the water entering the Caribbean as described 

does not fltWI' the length of that sea as a current, but a portion of it returns 

to the eastward through the Passages, usually as a subcurrent. In n<ldition 

there is a large body of water thrown by the waves into the Caribhean 

through all the passages. The current found along the South American 
coa8t between Trinidad m1d Curn<;oa is chiefly produced by the e8cape of 

water thrown there hy the waves, no large body pennanently entering the 

sea through the passage south of Grenada. The flow of water across the 
Caribbean is of the same character as that found outside the islands, a 
scarcely perceptible current on the surface at· first, but increasing in its 

velocity aH the longitude increases. The water accumulated in the western 

Caribbean escapes into the Gulf of .Mexico, raising its surface level above 
that of the Atlantic. 

The general circulation of the water of the Gulf oi Mexico is erratic in 

direetiou and feehle in force. Lieutenant Vrooland's observations at twelve 
anchorages between the Mississippi Delta and the Yucatan Bank show a 

predominating direction to the southward and westward in the northern 
half of the Gulf, and also close to the Yucatan Bank, while between the 
two the flow was to the eastward. The passage of water into the Straits of 
Florida is sometimes from the Gulf and again from the Yucatan Passage. 

At the high declination of the moon it is from the latter, and at low declina­

tion it is from the former. 
606 
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Passing through the Straits of Florida, the axis of the stream off Havana 

is nearest the southern edge of the current prism, but after making the heud 

between Salt Key Bank and Florida Reefs the axis is from 4~ to 11 ~ mi1el" 

outside the 100-fathom eurve on the ·west side. There is another body of 

water to the nortlnvard of the West lmlian Islands, whieh, driven by the 

trade w1.nds, is moving to the westward. This is a. slow cmTent, but when 

it joins the Gulf Stream proper off the southern Atlantic Coast of the United 

States it materially adds to the latter on its way toward the llOrtltern :-;eas. 

The width of the Gulf Stream off Cape Hatteras is about the sarne as 

when it leaves the Straits of Florida. It is, ~owever, liable to more fluctu­

ations in directions, particularly along its edges; and iu its progress to the 
eastward, hy the time the Newfoundland hanks are reaelw<l, it is probable 

that these fluctuations entirely ohliternte the Stream as a 1--ly <listingui:;;hahlt.' 

from its mate which has come by the outside passage from the tra<le region. 

In these latitudes, however (about 40° N.), the whole surface is :;lowly 

moving to the eastward, driven by the prevailing· westerly winds. Ap­
proaching· the shores of Europe it meets the obstruction of the Continent 
and micapes latemlly, one branch to the southward from the Azores towanls 

the coast of Africa; the other branch into the .Arctic, when_; it fon·<'S a cn1d 

retun1 surface current to escape along the shores of Greenland and L:i.hrndor. 

The characteristics of the Gulf Stream and of also what may he 1·a1Jed 

its tributaries are as follows: When the flow is in the vic·inity of tlw larnl 

there is a marked daily variation iu the velocity, caused l,y the elevation 

or depression due ta.. the attraction of the moon and sun. There is a retard­

ation in the effect produced by this tidal influence of about 3 houni. In 
the open sea the daily variation is not npirked. The followi11g table tShows 
the time of the arrival of the maximum current after the moon's transit, or 

what"has been called the ''establishment" in these pages. 

I 
Localities. 

·J __ _ 
\ Current cstab · 
j lishment. 

----------· '------------~-"" 
h. flt. 

Equatorial Current near Tobago and St. Lucia Islands . ___ 6 IO 

Yucatan P:.ssage _____________________ .. __ __ __ ___ _ ____ 2 26 

Straits of Florida off Havana _______________ .___________ 3 04 

Straits of Florida off Cape Florida________________ ____ 3 26 
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In the vicinity of Barbados the time of high water is about 3 hours 

after the tram;it of the moon, giving retardation of the maximum flow of 

3 hours and 10 minutes. The maximum in the Straits of Florida is the 
reverse of that of the Equatorial, its arrival being 2 hours and 15 minutes 

after mean low water at the southern Atlantic ports of the United States. 

The following tables show the maximum daily variation observed at 

the various stati0111::1, the mean daily variation and the velocity of the surface. 

flow. In the. Straits of Florida, off Cape Florida, there is but one promi­

nent maximum each day, usually arriving 9 hours before the upper transit 

of the moon. 

Between Fowey Rocks, Florida, and Gun Cay, Bahama. 

Distance east 
i StatioUllll. of Fowey 
I Rocks. 

Mean surface 
Yelocity ob­

served. 
daily variation can f ai Y 

observed. var1a ion. 

1------ ---- I
I Maximum I M d .1 

--.R-"n-ot-s.--., k"n.Jts. I Knots. 
.. M'iles. 

3 

4 

5 

8 

II~ 

15 
22 

2.66 

3.46 

3· 16 

2. 73 
2. 12 

·L 71 

2 .• 38 

r. 83 

l. 67 

0.56 

o. 58 

0.95 

I l. o7 

! I~ 64 
I 

1----:-~ ----
1 0. 55 
I 

The surface directions of the curreuh; at the extreme stations incline 

toward the center of the stream at low declination of the moon and run 

more nearly parallel with the axis at high declination. 

Between Rebcccti Shoal .liight-lwusc, Florida, a•ntJ, Cuba,"°"near Ha.vana. 

Distance. Mean G;eates~ I Mean 
Station. south of surface dailyrnn- d .1 . 

Rebecca velocity ation ob- ai 3'. van-
Shoal. observed. served. atlon. 

' ------- ' ---~-------

,,:files. Knots. Knots. 

I 

Knots. 

I 20 0.30 0.62 0.49 
2 35 0.74 I. 15 0.77 

I 
3 50 2.24 0.65 0.62 

4 68 2.23 a.So 0.46 

5 86 0.71 0.82 I 
0.61 

I 
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The surface directions of the cmTents at the side stations incline toward 

the axis at the time of lovir clecliuation of the moon, and nm more nearly 

parallel with the axis at high declination. Station 1 is outside tlw limit of 

the Stream and its curreuh; are usually tidal in character and uot 1-'trung. At 

the time of considerable differences of barometer between tlw Gulf of 

Mexico and the Atlantic, the currents at Station I an~ apt to nrn toward 

the area of low pressure. 

Between Cape San Antonio, Cuba, and Uontoy lslan<l, Yuu1ta11, th(~ 

extreme daily variation was found at Station 2, ·at Fi iniles distant from tJic, 

100-fathom curn• of the Yucatan Bank; this ·was B.:ir) knot" at hiµ:h 

declination of the moon. Tlw mean of.the vel()(·.iti<;;:; at the varions :-;tatim1;., 

is given in the table helo·w, hut it does not trnly represent tlw nvera~te 

current to be expected, foe at 1uany of tlw :.;t.atinns tlw ob:,;ervation" wen~ 

only under one condition of tht· mo011. 

I Distance :\lean 
ea.,t of 

surface 
~tat1rH1. i Contoy vdocity 

i Island, ohservet1. Yucatan. 
1---· 

"Jfiks. A-nots. 

2 25 3.65 

2,i4 30 3.25 

2,Ji 35 2.37 

3 45 2.79 

4 60 I. 56 

5 76 I. 07 

6 90 0.51 

-·- --~ ·------·------- ----~---

The current at Station 6, nearest tlH.l Cuban shore, Yal'ie:-; hetwee11 NE. 

by N. aml ESE. at the time of low declination of th(' moon, aud hetweeH 

E. and SE. by S. itt high declination. Iu other wonh!, the enrr(•11t pre­

dominate8 to the southward at the latter time, and toward tl1e Strait:-; (1f 

Florida at the former. 

At Section EE, between the Cuban shore and the 100-fatlwm c11n-<· (;0 

miles west of Tortugas, the direction of the current::-; is fron1 the ~trait:-;; of 

Yucatan at the middle ::-;tations during the period of high declination. 

Nearest the Cuban shore at this time they ::-;et toward the Straits of Yuca­

tan, and on the north side they set from the Gulf of 1'11exico, hut with a 
II. Ex. 80-.~9 
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more easterly direction. At the time of the moon':'.! low declination the 

cun-ents are all to the southward and eastward. 
The following table gives the position of the axis or the point where 

the greatest velocity may be found on the third day after the moon's highest 
and after zero declination. The velocity of the current at the point given 

as the position of the axis at high declination, changes more than at the 

other point ; or in other words, the difference between the maximum and 
the minimum currents during the month is greatest near the place where 
the mo\-ement to the left cea.ses. At the mean position of the axis, how­

ever, a good current is always to be found. 

• High 1· Low [ M i 
; declina- , declina- i .~'.'-n . 
! tion. tion. ! post ion. i 

------------- 1-~~-~-1 

Miles. I Afiles. j Miles_ 

:~ I ;: !! 
7 I 15 ' II 

:! \ __ ~;_J_i~ 

East of Contoy Island, Yucatan ________ ., 

North of Havana, Cuba------ ______ _ 

East of Fowev Rocks, Florida _____ ----1 
East of Jupiter Light-house, F1onda ___ _ 

Southeast of Cape Hatteras Light-house-! 
' ·-----------~--'-- __ __....,_!_ __ _ 

It is probable that from Jupiter Inlet to Cape Hatteras, the average 

position of the maximum cun-ent will be found between 11 and 20 miles 
outside the curve of 100 fathoms depth, disregarding the irregularities in 

the curve. 
To gain the advantage of the strongest current, it is a question of judg~ 

ment to be decided by the navigator at the time, how much he shall cut 
off in rounding the bends of the Stream. At high declination he can edge 
out so as to pasR :F'owey Rocks light-house 7 miles distant, and be sure of 

a good current, while, at low declination the maximum yelocity at this dis­

tance will be found much less, and it will be necessary to go 4 or 5 miles 
farther to the eastward. 

The data ol1tained off Cape Hatteras are not sufficient to enable us to 

assert positively how much the movement of the a.xis is. The width of the 

Stream at high declination is about 40 miles, reckoning from the 100-fathom 

curve, which is about the same width as in the narrowest parts ~f the Straits 

of Florida. It is probable that at low decEnation the position of the axis 
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at Cape Hatteras is not more than 12 or 15 miles farther offshore than the 

distance given in the table, but the conditiorni of the current outside the 

Stream at this point cause a -slow surface flow at times which may lead to 
the belief that the Stream itself is very broad. 

I am con viuce(l that the so-called "Cold \Vall" is not the inner edge 

of the Stream, but is near the dividing line between the Gulf Stream proper 

and the outside Atlantic current, aud that the maximum velocity will always 

be found some miles insi(le (to the northward) of it. 'l"'he current outside 

the Stream is not comparable with the latter in point of velocity. Its 

speed probably iH never nrnch over oue knot and usually much less. Its 

direction is to the north ward and westward outside the Bahamas and to the 

northward and eastward off Cape Hatteras. 
A steamer bound from Cape Hatteras to Havana or the Gulf ports 

crosses the Stream off Cape Hatteras. A fair allowance to ·make in cross­

ing the Stream at right angles is 1 ~ knots pe1· hour for a vessel's speed of 

5 knots for a distance of 40 miles from the 100-fathom curve. In the run 
from the southern edge of the Stream to Matanilla Shoal, no allowance for 

current can be given. Upon sighting the Bahama Bank, time will be saved 

by running down the Stream on the east side as far as Gun Cay instead 

of crossing at Jupiter and running the latitude down on the Florida side of 

the channel. The current is weak on the Bahama side, and on the shoals 

there is practically none. This route will be difficult and perhaps impracti­

cable until a light-house is built at Matanilla, unless the green water of the 

northwest corner of the bank is sighted before dark. Arriving at Gun Cay, 

Bahama, an allowance of 2! knots per hour for speed of the vessel of ~ 
knots per hour will make a course of west good to Fowey Rocks. This is 

for the average velocity of the Stream. The weakest current will be ex­

perienced about 3 hours before the transit of the moon, and if the crossing 

is made so as to arrive at the axis at about this hour time will be saved. 

A vessel running inside the Stream from Cape Hatteras to Cape 
Canaveral should keep inside the 100-fathom curve, and, after passing the 

latter cape, as close to the Florida shore as prudence will allow. 

Along the Fforida Reefs the neutral zone which borders the northern · 

edge of the Stream probably begins in the vicinity of "The Elbow," near 
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Carysfort Reef light-house, and gradually widens as the longitude in­
creases, until off RAbecca shoal, it extends from 15 to 20 miles outside the 
100-fathom curve.~ It ill narrowest at high declination of the moon, at which 
time· it probably begins at some point to the westward of "The Elbow." 
The direction of the current in this zone is ord~narily tidal in its character, 
but it is easily overcome by an abnormal current caused by differences in 
atmospheric pressure within and without the Gulf of Mexico. 

Crossing the Stream from Havana, a fair allowance for the average 
current between the 100-fathom curves, is ltc> knot per hour for a 5-kn'Jt 
speed of vessel. 

A vessel rounding Cape San Antonio from the southward will find an 
eddy current from the Straits of Florida setting along the Colorado Reefs 
at a high declination of the moon. Thirty miles off shore it will be setting 
to the northward and eastward. 

The current in the Santaren Channel is irregular in direction and very 
weak. In the St. Nicholas Channel and Old Bahama Channel the direction 
of the current depends upon the relative elevations of water in the Straits 
of Florida and Atlantic, and consequently flows in either direction for 
irregular intervals of time. · 

The subject of temperatures has already appeared incidentally in these 
pages. So much has been written on the question in times past, and the 
belief is so widespread at the present day, that the thermometer may be 
relied upon to indicate the presence of a current, that I wish to particularly 
accentuate the fallacy of the idea. In the Straits of Florida we have found 
that the highest average temperature is at the axis of the Stream, but there 
are times during the month when the sides are wanner than the axis was at 
some other recent time. Isolated observations are of but little value, for at 
the same place the variations are great even in an interval of a few days or 
perhaps hours. All we can say positively is that cold surface water comes 
from either a pola1· direction or from a lower stratum. The direction of its 
flow may he toward any point in the comp&'IS. 

At Section A the temperatures were the most numerous. They are 
· given in the table below for each month and at each stat~on together with 

the number of anchorages. Equal value is given to the observations of 
each anchorage, whet.her it was 24 hours in duration or 7 days. 
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I 
February. • March. April. l\1ay. 

Station. 
-N-~--.-.f;mp~r- i. N •

1

. Temper-' N' f Temper-'"- Temper- I 
! l o.: t I o. t ' o. I \ HO. I 
] •1 a ure. 1 a UH!. , : a u:re. 

1 
alun:.. 

- -. i ,;.., I , . ,;.,,r: 1-~~ .- - 79 98 

IYz ---r---- ----1----.-------+---1-·------- 81. 61 
2 ----1---- ____ j ____ J _______ I 1 I 79. So So. 52 ; 

3 

4 

5 

I I 1 I 

---: --------1---- --------11---+-----
----!-------+--- ________ 

1 

z I 19. 61 

__ :_ ·------1 2 78. 14; 2 i' 78. 30 

' ' 

80.40 

79. 52 
'-----------~------ ---·--------

I can see no way of utilizing the thermometer f(Jr the purposes of ac­

curate navigation, nor indeed of using it to indicate with certaiuty that the 
current is favorable or the i:everse. Referring to the table on page 598, it 
is seen that the smface ~'at Station 44 was 73°, while at Station Ko. 

G, Section F, it was 77°.5. The current at the first was to the northward and 

eastward, and at the second to tho southward and westward. At Station 4 
the current towai·d the SE. quadrant had an average temperatm·e of 
73°.75, NE. quadrant 76°.82, and NW. quadrant 73°.30. In this case it 

was warmer when flowing toward the northeast. At Station 1, in l\fay, a 

northeast current had a temperature of 75°.06, and in June, :flowing south­
west, it was 80°.19. At 15 fathoms depth the temperatures were 74°.39 
and 76°.19 respectively, so the phenomenon could not have been due to 
the immediate action of the sun's heat. The warm water did not extend to 
30 fathoms depth, however, and below it was much colder than at any other 

point in the Section. Any navigator, in rounding Capo Hatteras, upon 
meeting_a temperature of ove1· 80° would certainly conclude that his vessel 
was in a current setting to the northeast instead of toward the southwest. 

The inner edge of the Stream, then, is not necessarily marked by a 

change of temperature. An abrupt difference may be encounter~d at the 
true edge of the current, the cold water may be moving northeast or the 
warm water may be flowing southwest. It is probable, however, that at 
about the time of high declination warm water o:ff Cape Hatteras indicates 

a northeast current, and that at low declination the edge of the warm water 
has a set in the opposite direction. 
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REPORT IN RELATION TO A PORTION OF BOUNDARY LINE IN DISPUTE BETWEEN 
THE STATES OF MARYLAND AND VIRGINIA. 

U. S. COAST AND GEODETIC SURVEY, 

lrnsltington, ~Yorember 18, 1889. 

DEAR SIR: In fulfillment of your instructious of the 4th instant I have examiued the subject 
of the bournlary line between Marylaml and Virginia and reRpectfully submit a i;;tatunent of my 
conclusions as to its location and determination. 

Iu ;your letter of instructions, after referring to my previous report of my interview on the 
ground of the boundary with the gentlemen appointed to represe11t the States of Virginia and 
Marylarnl in considt'riug the question of the boundary line between those States, you say: 

"I desire that ;you will proceed to Baltimore on or before tlle 13th i11sta11t to meet these gentle­
men again 1 and aft.er first putting yourself in pm;session of all the information ohtainabl~', by the 
inspection of original charts aud documents and listening to an,Y arguments which they may make, 
you will, I thiuk, be able to bring the matter to a conclusion by defining and determining- said 
bouwiary line in accordance with your judgment. As I understand the matter you are to lie the 
sole arbiter in the case, as in the letter of Governor .Tackson of October 10 I am requested to detail 
an officer' to examiue and locate that portion of the bounuary line near Bog Island, iu tue lower 
Potomac River,' and in the letter of Governor Lee to Governor Jackson, bearing date of October 
8, a COJlY of which was transmitted to me by Governor Jackson, he (Governor J,ee) unites with 
Governor Jackson in asking the detail of an officer 'to examine and determine that portion of the 
boundary line now in dispute.' 

''This in my judgment gives youfull power, as you have been detailed by me for this purpose, 
and I trust that you will exercise your bestjudgrneut and without prejudice adjudicate the matter. 

"When you have done this you will report at once to me at the Office." 
I understand my examination of this subject to be confined to the declaration of the award of 

the arbitrators of 1877, which is also a law of Oougress (Forty·fiflh Congress, chapter 19u, :passed 
March 3, 1879, U. S. Statutes at Large, p. 481) and an interpretation of the same. 

I have based my study on the conclusions arrived at and expressed by tliese arbitrators which 
bear directly on Ure case in question, namely, the shore line of the lower part of the Potomac 
River and the details of its physical features in their relation to this boundary line. 

The arbitrators express the following opinion, viz: 
"The intent of the charter is manifest all through to include tlw whole of the Potomac Hi \'er 

within Lord Baltimore's grant. • • • Oertainl,Y there is nothing there which requires the line 
to leave the river bank. .Apart from all this it looks utterly improbable that the two termini of 
this line should both have_been fixed on the south side (right bank) of the river without a pur· 
pose to put the line itself on the same side. • • • 

"For these reasons we conclude that the charter line was on the right bank of the Potomac, 
where the high-water mark is impressed upon it, and that line follows the bank along the whole 
course of the river, from its first fountain to its mouth." 

In the text of the award of the arbitrators of 1877 the following declaration is made, Yiz: 
"The latitudes, longitudes, courses, and distances here given have been measured upon the 

Ooast Chart No. 33 of the United Sta008 Ooast Survey (chart No. 3 of Chesapeake Bay), which is 
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herewith filed as part of this award and explanatory thereof. The original charter line is marked 
upon the said chart and shaded in blue. The present line of boundary, as ascertained and de'ter­
mined, is also marked and shaded in red, while the yellow indicates the line referred to in the 
compact of 1785 between Smith's Point and Watkin's Point. 

"In further explanation of thil'I award the arbitrators deem it proper to add that-
" 1. The measurements being taken and places fixed according to the Coast Survey, we have 

come aR near to perfect mathematical accuracy as in the nature of things is possible. But in case 
of any inaccuracy in the described course or length of a line or in the latitude or longitude of a 
place the natural object called for must govern. 

'• 2. The middle threacl of the Pocomoke River is equidistant as nearly as may be between the 
two shores without considering arms, inlets, creeks, or afll.uents as parts of the river, but measur­
ing tlie shore lines from headland to headland. 

"3. The low-water ma1·k on the Potomac, to which Virginia has a right in the soil, is to be 
measured by the same rule; tbat is to say, from low-water mark at one headland to low-water 
mark at another, without following imlentations, !Jays, creeks, inlets, or affineut r~'\"'ers." 

ln addition to the above text descriptive of the low-water mark on the Potomac River, so 
much of said low-water mark as is represented on said chart No. 33 is marked and shaded in 
red on said chart in the conventional sign adopted by the arbitrators to indicate the location of 
the boundary line declared to be ascertained and determined on said chart as a part of their award 
and explanatory thereof. 

Setting aside for the time the cartographic representation of the boundary Jine, as above 
described, concerning the signification of which different opinions have been expressed, I submit 
the following statem1>nt of the technical interpretation of the data given as applied to the projec­
tion of a line representing the thread of a stream, and to that of a line along the shQre which shall 
conform as nearly as may be to the physical system of a river as characterized by its area and 
figure: 

In the first case the same rule would be applied as that Jaid down for the course of the boundary 
line in the Pocomoke Hiver, viz : 

"The middle thread is equidistant as nearly as may be between the two shores without con­
sidering arms, inlets, creeks, or affluents as parts of the river, but meastt.ring tke skore lines from 
headland to headland." 

No other measurements would mathematically determine the middle thread, which must be a 
mean direction between the courses of the two shores. 

:Measuring straight lines from headland to headland would not determine the middle thread of 
a stream; because, in the bencls of a river, straight lines giving equivalent results can not be 
measured on corresponding or opposite concave and convex shores. 

Again, in the second case, the same rule would be applied. as that laid down for the boundary 
line on the Potomac River, viz: "The low-water mark is to be measureil"-from headland toheadland­
without following indentations, bays, creeks, inlets, or affluent rivers; for the reason that such 
htera.l features are incidental to the general system of the river and can not properly be made 
factors in determining its true physical limits. 

Referring again to the boundary line between Maryland and Virginia on the Pot.omac River 
retixed by the arbitrators of 1877 on the right ba.nk of that river to coincide with the low-water 
mark, the descriptive text used and the conventional sign adopted can only be regarded as an 
intentional avoidance of more specific mention and definition of points and features which time and 
natural causes might, so change as to render their future identification doubtful. Whereas, the 
right bank of the Potomac, in its general features, will always be the right bank so long as the river 
itself remains. 

The only deviation made by the arbitrators of 1877 from the ruling of the original charter is 
in adopting the low-water mark instead of the high-water mark as the true line of boundary. 
Physically the lines are substantially the same as features of the river bank, while low-water mark 
is more in accordance with modern regulations pertaining to ripa.ria.n rights. 
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CONCLUSION. 

For the reasons given above I am prepared to say, on the part of the Coast and Geodetic Survey, 
that according to the text of the award of the arbitrators of 1877 as descripti•e of the boundary 
line between Maryland and Virginia, no mathematical or physical construction can be put upon the 
meaning of said description which will locate and define the cognate boundary line and low-water 
mark in any other place, or make it conform to any other course of the river, than that which they 
have ascertained and determined to be the low-water mark 011 the south shore (right bank) of the 
Potomac River, as marked and shaded in red upon the Coast Chart No. 33 of the United States 
Coast Survey, which is filed as part of the said award and explanatory thereof. This clearly illus­
trates the intended location of the boundary line, and conforms to the terms and meaning of the 
award. 

Very respectfnlly submitted, 
HENRY L. WHITING • 

.Assistant, Coast and Geodetic Survey. 
Prof. T. c. MENDENHALL, 

Superintendent, Coast and Geodetie Survey. 
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APPENDIX No. 12-1890. 

DETERMINATIONS OF GRAVITY Al'\D THE :\IAGNETIC ELE.\IENTS IN CON"~ECTIO~ WITH 
THE ll. S. SCIENTIFIC EXPEDITION TO THE WES r COAST OF AFRICA, 1889-18~10. 

C. S. l)QAST A;>;D GEODETIC SURVEY, 

Wa.,Jiinyton, ]) C., June 30, 1890. 

DEAR SIR.: In obedience to your im;tructions of Octooer S, 1 Stm, I took pas1:1age ou the C. S. 
steamer Pen.~acola, Capt . .A. H. Yate1:1, U. S. K., comrn:uH1iug, hournl for the west coast of Afriea. 
Authority to accompany the U.S. Scientific E~~pedition undt'f the dirt>ction of Prof. D. P. To<ld, of 
Amherst College, was granted hy Commodore DP\\'e.'·, Chief of t!Je Bureau of Equipment a11d 
Uecruiting, Navy Department, and we sailed from New York at Ii a. 111. 011 the HHh of October. 

The following letters state the conditions un<lcr which the work wa.H done, and define the 
positiou of the Coast and Geodetic Survey repre.sentative with referenec to tlie Eclipse Part.)~: 

Tu.1.;A:-'URY ])EPART:31ENT, 0FFICI!:: <~F THE BECJ;EfAB.Y, 

Wa1</d11_qlo11, D. C., 8•plembcr :-14, 18~9. 
Siu: I ackuowledge the receipt uf your letter of tlrn Hith insta.nt rwineHt.ing authority to detail au officer of the 

U.S. Coast and Geodetic Snr>ey to accompany the J<;clip$e Part~· of Pr<)f. l>:t'¥id P. T(><lrl to St. l'aul tle Loanrla, ·west 
Africa, for the purpo~e of making olnt'>rYalium; in gravity an<l rn:tguetism, 'rnd (,,pay ]1is sala1·y while executing the 
work, and any incidental an<l party expenses not to exce,.,l the ;;nm of $U()0, payable from the appropriation for 
"Party Expen~es," Coitst and Geoc1etic Survey, alHl from tlin it.Pm "Continuation of grasity exl'crimcnts," it being 
understood tlrnt nil expenses of transportation to allll from statious ontsi<le tl1e limirH of tlrn Tfnited Stat.es shall he 
borne by the Eclipse Party, and tl1at the resnlt.~ shall lw tlte property oftlrn Coast. and Geodetic Sun·er, pnblication 
in t.l1e report of Professor To<lcl hein!.( permitted. 

In reply yon are informecl that the authority requested in your letter referrer! to aliov•• i" bereb0· granted. 
Respectfull,Y yonrs, 

To the SUPRUINTE:SDENT, 

U. S. CoaBt a.nd Geodetic Survey. 

'\\'. \\'1!> !>()~!, 

Srcretary. 

n. ::-;, COAST AND GEODl:Trc SURVEY, 

TVaBhi11gfo11, II. C., October i, 188H. 
lkll 1 la oeonection with the <letail of Assistant Prest,on, of t.bo Coast •uHl Geodetic Sun···~-, t<> accompany the 

~·~ioa to the coast of Africa for tho purpose of making pemlulnm arnl lll<Lg'll<'tic ol1t<erYation><, T beg to 
invtt. 1mtf ~!ll'J. ... to the fact that the occasion will ltfl a Y!'ry favorable one for COlllWl,ting Ollr ]10mo statious 
with·~-·~aeries m:ttlc many years ago and rnclttce1l by Bail.v, as three of these stations will lio almost 
iu tho 1i..11if .• 1'-.lcof11;ie.Ex°peditiou. These three are the i;;lando; of Ascension an<l 8t. Helena :tud t.lw Cape of Goo<l 
Hope. '.l"lwf~Of fiieiie •aacoccmpied by hoth Foster autl Saliiue and the l:i~t by Poster 'tnd De Freycinct. The 
observationrutf~.U ._,11&11lmit of Ascension indicated a deficiency jn the force of graYit·.1· \\'hi ch is contrary to 
results more ~-.~-_·ahas always been thought importa11t i.~~ the higliest, n.ur.horit.i<'>< tlmt a nm1casure­
ment should be 1~~ *'•~·-Of A•ceusi<>n wlienc\•er an opportunity Blwuld he off<,rcd, in order to test the 
validity of this ano~l'll- - ftc~s that this opportunity now prese.uts it~elf, :incl I respedfully re<pwst that 
the honorable Secretatiy·oi{~-m'~-e4 to grant permission for tho f>e11sacola, which is to carry the expedition, 
to atop at these points M._, Atlfl~~n to make tlie uecessary observ:ttioni;. This will nnt only be of grnat 
value to geodetic science, bti'•·wift(w· ~ .• ional insurance against unfruitfulness of result.1 should the Eclipse 
observations fail through unf~.-'161li 1> 

Very respectfully, ·· , ·. 
T. c. MENl>ENHALL, 

The SECRET.A.RY OF THE TREA!lURTi'. . . 

Waahingfon, ll..;~., , 
B. Ex. 80--4:0 .,,l-,:;--:,: 

-'<i"·,;,:}-: L\:-> - ,, -
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INS'l'RUC'l'IONS. 

u. 8. COAST AXD GEODi;nc Svnvt~Y. 

WaBhi11gto11, JJ. C., Ootr>be,. 8, 1R80. 
SIR: Yon are hereby directed t<> proceed to Xew York City itt time to take passage in t.li<> U. 8. ste.amer J'e11sact>la, 

in onlcr to ;wcompauy the Eclipse Expedition to the west coast of Afriea for the purpose of making gravity and mag­
netic observ:ttiom1. 

You will occt1p~· at. least one stat.ion at. or in the vicinity of St. Paul do Loanda and abo 011 the Cape of Good 
Hope atUl the isl:uul;; of" St. Ifoluna aml Asc:en.,ion, it being assumed that. the vessel will lantl at these points to allow 
of the occt1pancy of tue,;" t1t:~tio11:;. Yoa will l.lear in mind that- yonr first duty is to seeure as much information as 
possibler,,latiug to gr:tvitv :wd magu"tie,; at tlrn "cvernl -stalious yon a.re :tl>le tu occupy; arnl, while yon "·ii! not 
undertake anythiug l""·L•'ning to the work of the expedition which will in any way interfere wit.h your performance 
of this dut~·, it i>< my 1l<;sin' that :·on co-operate with Professor Tolld, who is in c.harge of the Eclipse Expedition,. in 
every way possilik- :1111[ r1'IHh·r hilll all the a~sistancc in your power. 

I inclose lwrewith a copy of the letter of the l10uorable Secretitry of the Trea.snry authorizing yonr detail for this 
work, a copy of whi.-h i-i ak, H ·n t to Profes3or To1ld, together with a copy of these instructions. 

The•e instruction.; "w»er tlu• ueee;~:tr.v expen~e incnrretl by son for travel t.o join the ship Pensacola at New York 
and to returu tu 1 lib1 Ollie» fro Ill ~•ny home port made uy ber at tbe conclusion of the work of the expedition. 

Yon rs respectfully, 

Mr. :E. D. l'itE.~T()~. ·-

.1HXi8fllllt, (:. ::'. Coa~t a>•d Grodetic Sun•e.11, Tras/1ingto11, D. C. 

T. c. l'rfENDEXHAI,L, 

S11perintendent. 

As preliminary to tlie work of tlie \'oya.ge, peudulmn observations were made at the Smith­
soniaH ln8titutiou, the Peirce Penllnlums Yard No. 3 and Metre No. 2 being swung, and magnetic 
observations were made at tlrn Coast a111l Georletic Sun·ey Office in Washiugton. On November 2, 
after a passagl:l of 17 days from New York, we toucbe(l at the Azores (see IJJnstration .No. 55). 
Coaling at this point 1letai11ed the vessel but 24 hours. By the kindness of Captain Yates, howe\'er, 
sailing was delaye<l a few honr8 au1l a full Sl~ries of magnetic observations ma<le on 2'ovemher B. 
Prom Paya1 wt> :-;teamed directly to Porto Grande, Cape Verde Islands, arriving at 7 p. m. on 
November 10. Obserni.tions for magnetic declinatiou, dip and horizontal internsity we-re made on 
tlie 11th. On the l:!t-h we left for the coas~, sightiug the hills above Freetown 011 tlie aft1'lrnoou 
of the 18th. Anchor was 1lr;1ppecl at 5 p. m.; permission to make the ohservatious was obtained 
from tlw Governor, and the location of station chosen the same evening. The ll(>,Xt morning at 
6 o'clock work heg-an, and one determination of all the magnetic elemrnts was made during the day. 
Coaling conti1J11e([ dining the 11iglit, and we were off for the Gold Uoast by sunrise the following 
morniug. Eight 1hiys i:;teami ng, for tbe moi:;t part througl1 the dense haze of a harmattan, • 
brought u1-1 t.o Utpe Uoa,,;t Castle. So coal coulll be obtained ht>-re aml we ran up to Elmi..ua where 
a two days' stop was madl~; on both days magnetic observations were made. On tue evening of 
Non•mber :2," we left 1111der way for St. Paul de Loanda, arriving 011 the e,-e of December 6. This 
town i,,; sitnate<1 in the prm'inee of .Angola, about 100 miles south of the Congo. The Pensacola 
ouly remained a <lay licre. A hasty visit to the town ou the morning of the 7th, couvinced me 
that facilities for Uu~ penrlulnm work were much better at this point than they could possibly oo 
at Cape Ledo, where the Bclip8e Party were going to establisll their station. I therefore ueter­
minetl to leave the vessd ancl make the magnetic a11d gravity observati?ns a{ Loanda. The ship 
sailed ou December 7 iifter lrnviug landed my outfit. Cape Ledo is about 70 miles south of Loanda. 
It. may be said that the real work of the voyage datetl from this time. '.rhe magnetic observatiom:; 
at Azore:<, Cape Verde Islands, Freetown and Elmiua were not contemplated in the origual plan 
al!ll were oul.r made l'ecause th'3 vessel stO(lped at these J!Oints for coal. J;io gravity work was 
attempted, as tile. time was altogether insufficient. At Loanda tbe basement of the A m'erican 
:\[i:-isiou honse was ocrm1decl for gravit~,, and the magnetic .measures were made in tbe i.mmeriiate 
''iciuity. 'l'lrn plan of operation followed at this station, which may be tal!;eu as a type for all the 
rrn;t, was to swing two pezululnms ea.cit during 72 consecutfre Lo_urs, and to det;ermine the magnetic 
lfoclina.tion, dip, and horizontal intensity ou each of three consecutive days. The magnetic work was 
done on December 14, 15, and 16. One of' the pendulnm!'l '"as swung before December 20 and the 

• • A dry :trnl vpry hot wind from the intet.ior of Afri<'.a whi'.11. blo.ws unvards the AtlantiQ Oce.1.n, and is usulJ.}ly 
14ccompauied by a haze often thick enough to obscure the s11n. 
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other after Dece1u\mr :.m; the titne bt>tween tlw.~e llate::< was SIH'llt at t ~ahiri, :;o miles irilawl, where• 
magnetie uhset•\·ativm< \\"\'n' 11i:t1le 011 tlw da,,· prl«,e(li11g-, folio\\' in; .. :: awl 11tiriu."-· thv 1<olar edipse. 
The 1we<lle n•tnaiu1•11 "n"PL'lHlP(l during· tntitiity, lrnt was appan•11tly not iul111<'11n·d hy tl1is Jihc· 
11orn1>nm1.· U11 .l:t1rn:trs ti at (i a. 111. we sl.t•auw<l out of tlH~ ha1·1i\)r of J,oa111la. ~ui<l tttl'IW\l tu"·ards 

. t·he Ca 1w of (ion1 l U OJW. Tiil~ pciss;1 ge was made iu a ! i tt le 11n•r ell'H~ll days. Tlw 1 to;-.·ai UlJsen·atory 
llaYiug ht>e11 Ol'.Cllpie(1 b_y t~arlier ollsf•n·prs, was ciws(•IJ for onr work. 'fwo m:i~r1t'tii· stations \\"ere 
l•HailP. Urn• ;-;outh of the ollsern1tor_y, and ll<'<ll' tbe old mag1wtie 1!011,;;• of .:U:wlP~H'. tlu• otlt1•r west 

ot' tlie ohse1Tator,v in :t location appa1·e11tly hPttPl' mLqite<l to tht•s1° obsen·a.tiou,.:. But tlwre ha\"l' 
bt:en M> 1na11y ll11il1li11gs Pn•eteil i11 the 11Piglthnrl10od 11-i11ee '.\Tacleat"" time that till' eo11ditio11s may 
uow ht• Yer,v 1liffen•11t. ~eal'l_y three Wl·eks Wt•re i:;pent at Cape Town. \Ye lt•t't for ~t. Helena OH 
FelJrmiry 1;, arn vi11g- 011 the :!Ot Ji. 'l'wo pernlt!l 11111 aud two 11"iglldic 1-ita tio11 :-; were madt~ here. 
The tirst at .L1me::;town at the sea len~l, tilt> :o;enrnd at. ~apokon\; re,.;idl•IJCI' at Lou:..:·wornl, at an 
Ple\·ati1J11 ot' 17.iO fod. Fostt•r\; ::;tatiou was at L•~mo11 Yalle)·. 'fl1is \\as nil!. l'i'·fl(•t·11pit•d, 1h1· tlw 
reason that cl a mes tow 11 111ler•~(l m uct1 ht•tter facilitit'<"l for Pxpe11i t iom.; worl>, and b1•sid("S f"o.~ter's 

sPries hall already lwen co1111ecte(l with ours at the C:qw and wouhl aµ'aill ht' C1Jllllt'Ct1~d at two 
poiuts on A.s1~cnsio11 lsla11d. The star ohser\·.aJ:iow; at Longwood were• obt;1i;ied witli diflieuity 
011 aL1couut of the cnnti1111ed elond;-.· WPatl1t'r. 

1'i1e requisite nnmber of stars was obrainetl ouly hy ha,·iug au 11h,.;ern·r at the telescope 
th1·uag;hont the e11ti1·e 11ig-l1t dnriug- ti.Jc cm1tinua1we 111' the wo1·1i. Thi• mag-lldi!~ ;,;tatio11 was near 
the old l\Jag1wt.ic ObsPrvatory. Rt. Helel1a was left 011 '.\larch 10, and A,.;1·e11,,;ion 1'igl.Jted on the 
111orniug of th<:' ll>tli. The affain; of A1'ce11sio11 are 1lirecte1l hy tht'. Adllliral of tlie South Atlantic 

· ::)qw1dro11, wlwse h1·rulquc1rters are lll tlieUape of Good Hope. ;f!iis llei11g a Britlslt 11aYal station. 
we were necPssarily tl1e g·uests of the GoYernrneut .. \Ye liad tl1t• gorn1 fortH11e to make the acqnaint­
:1nc1~ of Admiral \Yells at the Cape, who promised ns lWl'ry faeility. Lt•t tcrs or iutr11dnf'tio11 had 
pr('cedt'd us, but ill addition to this tlie British flagship Haleigh was r1lli11µ· at anchl•:· off G('orge­
towu when we arriYf•d, so that p,·e.ry possible as,;istanc(• was gi,·eu ns. ~\.. pendnlnm ltou>'e aud HJ('SS 
room wen~ furnished in Bunglwle Sq nan•.. Sleepiug apart11wnt·s were gin~JJ nr. tlw lwspital, JafJ01·ers 
,,.l'n· provitlt·d, and sentinels patroled off to guar11 the tent auil instrnme11ts 11ig-Jit. am! day. The 
tir;;t station was ma.de at sea. len~l, and is supposed to be withiu a few feet of F«.ist«r"s location in 
l()~!). The work wa;-; co111pleted here on tlw m·e of March ~6, allll 1 he a;-;c1~nt of (ireen .:\lonntain 
\1·as begun 011 the n)I1owi11g morning·. From Foster'15 description it is impossihh• to say exactly 
where his poiut of ol..>seiTatiotl was, but the height ginm (:.!~30 feet), atHl the faet that tlH· harracks 
mentiom'd in BaiiJ·'s n~port were at the time the only l.1uihlings Oil tlH• rnomitain make it Yery 
prolla.hle that tlle two stations rtrc practically identical. Our pendulum wn,.; ,.;1nmg in wllat is 
known ns Garden Cott:tge, lmving uearly t!Je same ele\·atitm a,; that given by Foste1·, and situated 
less tlta11 200 feet from tile barracks. The maguctic ohsernttions were made in the garden 
adjoining. Ohsen·atio111-1 were close1l here on the enC' of April (i, On thr· it!t the i111'truments and 
tezrn;; were taken down the mouutain and reshipped. On tbe 8th the l'cmsacola ;:;aikd for Britlge­
tow11, Barbados. A passage of ::!O days brought u:s to our destination. Tlw ouly antilable place 
lrcre for tlie pe!ldulurn work was in tlle old Naval Hospital at Hastiugs. l'ermi:ssion to make the 
oh15ervations wa.s grantetl hy the Go\·prnor, his Exc1~lleue_y \V .• J .. Sewlall, awl tl1e building was 
pnt at onr disrtosal by Gen. ,J.E.. D. Hill. Ten dayi:; sntliced for tlH! wo1·k. Tlw outfit was all 011 
hoard by Satunla.,\· moruiug, the 10th of l\'fay, and at noon the n•ssel hd"t. for Ht!rmuda. Anh·i11g 
at tl1e httter port with some siclmes8 on boartl, we were quarautiued. Tlw Pe11s11«ola left thl' fol­
IDwing day for New York, after having lauded the Coast Survey outfit aliul obsern~r 011 Q,uarantinc 
£sla11d, wlwre a stay of 10 days was required by the authorities before permissio11 to land at 
::;t. Georges was granted. Occasion wa15 taken tluriug this enforced occupation of ~onsudt Island 
to make magnetic obscrvatiou15, and a complete series for deelinatio11, dip, and inten.'<iry 1\"as madP on 
three sncces~fre days, besides hourly ohservations for declination 011 t.wo other dny;-;. On lt•ayiug 
q 11arantfoe 1 lauded at St. Georges, and established the pendu l nm station at tliat place. Being 
entin~ly without help, it was not. possible to follow the usnal plan of swingiug uight and day wit.Lt­
nn•; interrupt.ion, but tbe exceptiona.ll,y good temper:iture conditions prtw:1iling in tlt(~ peu<lulnm 
i1011st~ made these continual obsern1tion" of les8 importauce tlian the~· were at the otlwr stations. 
'l'l.w last star observations were ma.de on June 7. The instruments were dismount~tl on the 8tb, 
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aml ;.:ent to Hamilton on the !Ith. On 'l'burscla;y, the 12th, I sailed for :New York, arriving on the 
Sunday followinp-: tht• sea Yoyagc terr1Ji11ating at this point haviug lasted ~4:? days, of which 
1:23 were p,t;.:;.:(•d on ,;l1ipl1oani :rnd 11H1m ;:.ho1v. :Magnetic and graYity obserYation;.; \H~re made at 
.'i ,.;tat iu11;.;, Yiz: LoalJ(la, Cape Town, St. H ele11a (.I a mei:;tow 11 aml Longwood), A,.;ccm;io11 (George­
rown mid U-n·«n }lo1111tai11), Barba.dos, mid lfrrmuda. .\htfmetic obserYatious alo11e were also 
takt•!l at tin~ adllitio1rnl 1rniuts, viz: Azores, <Jape Yenlc h•lamls, Fret•town, Elmina, and Cabiri. 
Tllt>se, with tlH· two mag·uetic stations at Cape Town, give a tot~tl of 14 mag·1ll'tic and K gravity 
station;.:. Tl1t• eP:-;t of the work \Yas comparatin•ly sligln} tlw whole party expenses, exclusiYe of 
Mtl1,;i:-1tl'llCt', !wing :1h1mt 1);~;-10. ::-:iornP hills wPr<' 1iaid by the Eclipse gxpediti011, lmt this mone;r 
\Yas n•fu11detl by tlm Coast a11d Geodetic Surn~y on my return to tl1e Uuite(l Stat!'S. The amonnt 
tiw snbsi,.;h'1iee ·whilP on the 1'1mxa<·o!a iim; been deposited i11 the Treasur.Y of tlw United -States 
to tlie cn•t1it of the Ecli,pi-ie party, i:<o that all pecuniary ohli;::-ations to the appro1>riatio11 for the 
expedition lian• hee11 llischm·gt"d. 

The small expPuse of the work i.~ tlne to two caust'": Firnt, the material aid given uy Captain 
Yates arnl !lie ofli<'.t·rs oft lie l'c118aeola, aml the ai-;sisrnuee rendered by Her ::\Iajest:y's Gon~rumeut 
at Asct'Jl>-ion awl elsewl1ere; and, ;;econd, the slrnrteniLtg of tlw time of obist'rYatiou by !:'Willging 
tl1e JH•rnlnlmn uigl1! arnl clay, aud by carrsing on the graYity and mag1wtic work simnlta1wo11sly. 

I \1"<11< rno.-<t ahly assisted by the followiug- u~n-al eadets: Frank Marble, at the Azores and 
Capt> \'enk hlarnJ..;; 0. X. Haywanl at Freetown; .J.B. Patton at EJmi11a arnl Cape Town; G-. 
H. :lla1Tell ;it Loarnla, ('.abiri, St. Ilt•l!'na, A,;ce11sion, and Barbados; \V. D 1\IacDongall at St. 
lleklla; Hll<l I'."" \\'illiams nt .:.\1:<c1.,nsim1 arnl Barbados. 

Prof. F. JI. Big·elo\':', a rnemlier of titP Eclipse party, also took part i11 tlw ou,..;ervations at St. 
H1.•lena aml _.\ ,.;c(·11 sio11. At the formt•1· place Professor A !>be, of the U. 8. Signal Ser\"ice, de· 
termiM·<l harom1•trically a 111m1uer ol altitmles for u:-;e iu correcting for the attraction of the 
nwn11ti1iu. 

Bt>twem1 .luJIP :!ll arnl ;_m tile tirnl' was occupie<l in closing up the \York of the trip, settling 
acc0<i11ts, tr,rn.~ft'l'l'i.111,r recor<h aud iustrurneuts, a11d doing miscellaneous office work. 

Au iwt~onnt of' th.- trip would be i11t:!omplete without a due acknowledgment of the services 
rcnt1en;tl liy tlle gorcrnnw11t officials at tlw different stopping places. At Loanda tLc Govcrrmr of 
tlie J'IOYill<~t· of .A11gola g-aYc us free passes for all railroa(l tra\·el from the co.ast to Oabil'i, where 
tlw p:ir1y weut to ollsen·e the t>dipse 011 December 2:.!. At the Cape of Good Ho11e every facility 
wal:' gi.Yeu by tht> anthmitie,..;. Iler :\laje:st:y'is A;;trouomer, Dr. Gill, kindly furuislled myself aud 
aid witll <JUartt'l'S at tlle O!lsen·~1tory. He g~n·t., us tlw use of the Oln;erYatory clock, and made a 
t-ir·parate dt'tenniuation of time every night for nse in t.he pe111lulum work. The railroad officials 
gaYe spt>eial pa.~sl'S for a trip to tl1e cliamoml fields at Kimberly, ()00 miles into the interior. As 
::-:\t. ll1·l1•11a, hi" Exm•llmicy Gon•rnor Antrobus gani us the use of the public 1>ark for magnetic 
ohs<·1T:1 tion><, aml ot' the lihrary l'oorn of the Police Court for pendulum observa.tions. 

The ol'li<.·ia1 courtesic,..;, lioweYer, of whieh we were the rPcipients at Ascensiou, demaud special 
reeoguition. Tli:· unique character of the island Government placed us under more thau ordinar,Y 
ouligatio11,;. ~'ill 1wr:o;on" hciug either uaYal officers or seamen, any sen·ice performed or labor 
(]()IJ(' \YaH llCCl'S"'anly Oil the part of Her l\[ajei,;t_y's Goverument. Capt. I~. H. Napier, n. N., vlacecl 
at our di:-;positiu11 au clltirl· lmildiug iu Bunghole Square for tbe ollservatious at the garrison. A 
vit•r was lmilt for thr tn111sit, te11ts were t~rt•ct1~d for magnetic arnl astrmwwica1 work, and guard 
dut~· p(•rforrn•.••l l>y tl11• u1a1'itles. .A ration per day from the island stores was served to each meru­
lwl' of our pal'ty during- the ;;tay. 'l'hh; ration include<l among other things fresh turtle steak aud 
lime .i11ic1>. \\'IH•11 we cou:oi<l1•r tlrn.t the ;;;uppl,y of these articles is somewhat limited, we are able 
tt1 appreciate th0 ge1Jerosit,\· of tue i8land ofticial8. On<' station was to he ma<le on the summiL of 
Grec11 Mo11ntai11, lwcallM' it was de;.;irahle to repeat. Foster's observations made there 60 ,years 
ago. This made it necessary to erect a pier at Garden Cott.age and cart the iust.ruruenti,; from the 
:;ea level to tlle barracks. All this was do11e hy Captain Napier with the goverunwnt force wit.h 
t lte earP aJl(l di;.parcb cbaractnistic of tile British Navy. In addition, Gardeu Cottage was put 
in nrth•r a11d tnrrwd m·pr for our exclusi\'e use. The altitude of this point is about 2,~JO feet. 
'l'he (ll'JHlnlum wa8 swung iu one of the rooms, the otlu.•rs being used for liviug purposes. 

At .Ba.l'bados and .Bermuda we were again on English soil: and received the usual. generous 
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welcome. At ti1e for111t•1· [llace Go\'eruor S!.'11dall took mneli i11t1•rest n1 th,. work, n111l madP H 

personal 1~x:amimitio11 of tlw i11strnmeuts arnl nwthrnls of nh-;er>i11g. ~\t llernn11la 1]1(• GoY('Jllor. 

J,i~·nt~na,ut Ge11er,tl Xe1wlegat.1•, kim1ly gaYe ll11· ll'i!'. ol' tlw gon·1nr1H•11t laniwli J11r t!lt' t 1·<111s1wna 
tiou of the i11strnme11ts from Qnar.u1tini; l,;la11tl to ~t. (i-t·or:zes, ile.-;ill1•s :-d101ring· rn1· ot.itlT atU~ll 
tions or an 1111offieial d1:wauter. ~'lr .• Jamt•s AtWO(}tl 11id llllll'h to lightPll llt,'\ Ldiur.s i1; t\JP W:I_\' ot 
selection ofstat:on, and preparator)' wurk i11 g(•1wral. Finally, I han•. tn ('X[ll"Ps,; in~· lwst th:llll.;s 
to Oapt. A.H. Yates awl the otlicen; generally of tlH1 J>e1181wu/a for kin.L as;.;i,;ta11ct> till'ongliout the 
yo:•1ag\•. The lanlliug or t.Jie delieatt: in:o;tnHneuts war;: oftPn a. dillkult matter, hut 1101l:ing· \1·:1,­

en·r broken or J,,,_t, although tlie outtir was tt·arisJ(•n·ed 1war1y :w ti11ws. 
A bulletiu (No. 22) luLs beeu pnhlished gidn.~ a (·nnei1'e ,.;t;ttet11t•11t of the· res11lts nl' th· ohs('!' 

vations. In tbti pre,;e-nt. report tltn subject will lw treat1·<l 11101·1· m nt•t:ul. Tiw <·011,_;.t:,:its of tl11· 
iustruments are publi:-;lled for con\·1·1Lil'11ce of r1ofol"t';llCl', awl tlw .-.nm11rnri\'"- or n•,.,uits ·sill 1·u:ilii .. 
us to compare this wol'k with that pnwion,;1,\· t•x1•t:11t1~1l antl \\ith that to lw 11onc in tlw fol un .. 
Illustratir111 .So. 1 .slww.-.: tlie route t:ikeu and th1• kincl of oh,.,t>1Tatirrn.-; 111:uh• at «<id: pl:icL T!11· 
gravit,v :;tat.ions in 18S:I are al:-;o sl10w11. Thi· }H'1ululnm ust>(l in tl1is trip wa,; a],.;o tp.l'l'l! t;; Afri•·:! 
and the result.~ of hotlt YosagPs will Pnmtnally appear in one eollliel!tt"d f'l'l'it•,,;. 

In the eomput.atious oft he gra,·ity \York I han• ht•e11 1110:-;t ably as;;ist1•i1 l1y :Ur. G. H. Put11:n1i. 
acting aid U. S. Doast a.11tl Geoilt•tie SurYey. Tl!•.' nw;:;netic olisen·atiow., w,:n• n•dnet>\l in t!J,. 
Compnti111.:- Dh·isiou l1y J\Ir. L. A. Ban er, 11111ler the dirt•ction of A;.;sic;tc111 t C. A. Schott. 

T·he 1ollowiug· is a list of the in,;trumc·.nt:-; aml accessories ased : 

1:'\iSTHT~U~X'l'AL OUTPIT. 

'rransit instnu11e11t, l;. :-\. • '. R., ~o. " Focal length, -Hi i11ehes. ...~pertut'l\ :.q i11chPs. 
l'Tfag·11it\i11g· 1io~·er, !.m. 

Tlwrnlolite magnetometer, :So. 11. 
Dip eirel1~, No. 4-.!40. 
Et1gi1Je('r's tran!':it, :So. 144. 
Pt>ircu peml 111 um, No. :J ( nwtre ). 
Peirce pcmlnl11m, No.;>, (.n1r<l ). 
'l'riaugular W(lOrltm starnl (Ree. illtrntratiou Xo. 0G). 
Chronograph, No. 7. 
l"eadiug teh•seo1w, ~o. ;300. 
Pendu1nm heatl, No. O. 
Sextant, No. 30. 
Thermometers (Bandin), Nos. 9243, 92.52, 1 nm, U;H9. 
Amplitude scale (20ths of an inch). 
Condensing lens, No. 17. 
1\.Iercurit'tl barometer (Green), No. 1:~9() anti 84J>. 
Aneroid barometer (Orneu), No. 1Hi~t 
t)iderea,l chronometer, X o. 220, II n ttou. 
Meau time chronometer, No. 177, Doud & Sons. 
Temperature tube. 
Switch board. 
Stt>d tape, No. ta. 

The followiog accessories 1,·el'e also taken. 
Inside pendulum tent, No. 18 (r·J, outside pendulum tent, a:-;tronomieal ob;;;t'r•itig- tl'llt. ~n. :!:!~~. 

magnetic obser,-ing tent, No-. 2:!4, li•inµ; tent, No. 212, plate glass, rda,Y, plast<>r .,f !'.iris, ·•hs1•1·,· 
ing keys, lanterns, heliotrope mirror, 4-cell graYity battery, :i spare len~ls for tra1rnit, P. T. com­
pass for dip circle, etc. 

The value14; of the levels on transit No.'.! were-
1 cliY. !'ltriding level= 0"·83. Temp. 73::i V. 
l div. latitude level= 1"·3:t Temp. 720 F. 
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Magnetometer No. 11 is shown in illustratiou No. Gt. It has a horizontal antl >ertical circle 
of 4 inches <1iameter. Angil'" ('!111 he read to the nearest minute by means of Yerniern. Time 
ohservatimrn made wit11 this instrument may be c011,c;ideretl correct tot he neare;;t tenth 1>f a minute; 
that i,c;, tiw PJTor is not more than three secou1ls. A compariison made on Green ~Ionntain, ".;\,,cen­
sion, witl1 the work •1f the rneri1lia11 teleseopc and chronograph, garc a difference of ~ s1•1:011ds. 
The az[r11utl1s of rn1r· 4-iiwlt tlleo<lolite may be relied npon withiu l rni11nle wl!e11 hotl1 m11n1i11g arnl 
aft1·r110011011:-:pn·ations are made, as this method Pliminates au,1-· error i11 the assumed latitn1h• of the 
plac<' of ohs('JTatio11. 

Tht> Dip Circlt> is Rhown in illnstration Xo. 6~. It is of the Kew pati1~rn, an(l is prm·ided with 
two 11eedles. Ob,.;ei·n1tious were malh• with hoth; two sets with each were always taken, the polPs 
lwiug rPYi>rt:ril lwtWl'Cll 1-lw seti:1. Half the obsen·atiom; at a station were made with the eil'cle 
a111l needle in the 1.lirect po::;cition and tile remaining half iu tlie re,·erse position. The resi.ilts are 
tlwrefore indepentlPnt of errors of level, and of tho~e depemlent on tlte position of nmguetic axis 
a1111 ti](' center of gnn-it,\· of the needle:. 

Tile forlll of the peudulmn is shown in illtrntration No. fJS. Illustration So. ;}{ii,.; the stand 
Ui'l'<1 thrnu;.:·lwur tlw work. The Hexure of this form of support is practically insig-uificalit. Bxrll'ri· 
llll'Uts WPrt· ma11P at th!' Srnithsouian Institution in .Tnly arnl Angnst, 18~l0, to <ktcrmi11p tiw i11t111e1we 
of tlH· m<1H'llll'Llt ot till.' staml on the period of o;,;cillation. The head on wuich the pe1idulum 
swnug is shown ill mustration ~o. !>"7. 

::1-IEASURBMEN'l' OF LENGTII. 

A compnrator, orig-inallJ· devised hy Repsol<l, has been usetl in comparing· tlrn pendulnnrn with 
the sta11;Lu1l. It i;; shown in illustration No. aU, aud co11sii:;ts of a xertical tulw to which an.'. 
al tached horizo11tal microscopeR abO\-e and below. Tue pendulum, 8tandanl, and comparator arn 
all .sn pporkd 011 t lie sanH' st:tnd. The a1)paratus is first made approximatl:'iJ· level hy meau:-; of 
foot ncrt'\IF;. Tlie k11ifr'·Pdgc plrrne beiug accurately ltweled, th•~ pemlulnm is put in po:sitioll au<l 
allmved to swing- fret'ly. By means of a small striding le\·cl the microscopPs are made l1orizo11tal 
and the comparat.or \'t>.rtical. The upper microscope is now focmwd on the knife-l:'<lgf', arnl a fine 
silk plumb Ii1w j,; suspende<l hetweeu the penuulum and the standard and plac(>d iu the focus of 
tl1P upper micro;.;copP. Thi>< gives a means of pnttiug the lower microscope in the same \·ertica! 
plaue aR flu• upper oJJ(•, as we.If as the same di8tance from a Yertical plane pas,.;iug through tl1c 
knife edge of the pernlnlum. Thll stanclar1l is then put iu poRition a11d adjusted to the rnicrmwopes. 

Tim ill1rn1in<ltion b obtained by means of incandescent bnrners of thre1;-ca,ndle power, c01H:en­
tr,1tC'd hy means cf Jense." upon a prism placed before the ol(jectin~ uml thrown hy loial n•11ec1ion 
in upm! the lrnif1· t'<lgt•. Half tlrn ohjectin•. ~mrfacP was cut otf liy the prism. Tl1P old method of 
thro'\\·ing the light npwards and pointing on a bright and dark edge altl•rnately \Yas 11ot (-'rnplo_yed. 
J>olislw11 pla1w . .,; of ste•'I W<'re nse11 to give a reflection of the knifo edge. The arra111.w11wnt \\'as 
such thnt the distance 01~twecu the direct and reflected images eould bP ,-arietl nt will, so that 
rnca:-;ures co11l1l lw ma•le un!ler diifereut conditions. 'l'he lengths of the pm1dulnms wen' deter­
mined, ·with 11P<tY,\" ~·11'1 up a111l he<w.v end down, h,\' the reftcctl'cl imago an1l hy rminting 011 the 
direct ~<lge of tli1· knit(~, rhc illtuninatiou being place<l exactly behind. All thPse measures agreetl 
snfiicicntl.Y well to "'arrnut tltc ;icc·vptance of their mean as tlie true val tie. Pointing8 on ti1e 1lirect 
edge with iJlurnina.tim1 ln·hi11d itan~ 11suaJly hceu distrusted on acconntof 11iffractiou and oftbe glan~ 
wlii'ch rnrnally appear" when looking- towards the source of light. These trntavorahle conditio11R 
fmtirely <lisnppean•cl when the light was 1•o>ered h~· a (',Onical cap of paper. Thp whole fiel1l was 
equally illmninatetl by a uniform soft light in such :t way that tbe micrometer threatls \Yen> sharply 
<lPfiued, wliether projected against tlw knife-e1lge or the open field. These measures agreed per­
f{•ctly with thos" made h.v mea11s of the reflecting planes. 

Tlw i11nrnination was closed arnl opene<l from a switd1 boanl near by, the lamp8 onl;y burning 
for a fc>w :-;eco11lls while tbe pointing- waf': being made. Reading" were made in the following- order: 
Stanrl:ml helO\\·, starnlarrl ahoYe, pemlnlt1m abo\·e, pendulum helow, This completed the forward 
Ret. A back·wanl S('t now follow(•d in the reYerse order, and the mean of the, t"·o determinations 
was adopted. For the first part of the work three pointings were macfo on each line, but experi· 
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mc11t s!JO'we1l tltat onp pointing was practically as good as tlll'el,. aJHl ma11.\ of tl1e latt('J' re,.,ults 
depend on <rn<> only. 

Tiie coJ11pariso11s werP ma!lP ht•twee111 the 1wrnlulnms aHll the statH1ard ha1 known a,;" Yard 
and '.'letre Nu. J ,"of whicl; the follow11Jg are the eqnations: 

Ya nl = HIOOOOO :rnrd + \ t- (j 1° · 17 F.) X ·0000 JO )«Wd. 
1\1 etre= l ·OOO;{Oi'if; me1 H,+ ( t- J7c .. J~ C.) x ·00()(118 111,•tn'. 

)lEASl RK:llEXT OF CEXTEl{ OF 'tIAS:-". 

The. ratio of the <lh;ta11cps of tht> two poi11t1< of 8npport from thP <'t'lltt•r of rnas,;; i1< d('!PrmitH•d 
hy rne<rns of an apparatns 8how11 iu illustration Xo. CO. This insrttllll('llt. I h .. JiL'\'<', \1·:t" ori.:.?:imlll>· 
<'011.-;truetell b,v Hepsold, but it has recently llll!lt>rgoiw so11w llHH1itkatio11.s to adapt it to n11r l<irge1 
for111 of' pl'lHlnlnm. The k11ife-edge tonche;.; the ahntting pil.'ce at (11). tlJt· c•·nkr of wa:-;.-; lwillg a1 
(!'). The pe111lulum is balnm:e1l about t.\Jis poi11t by tnn1i11g tlw lar:.,:t· di;.,t·. ..\t (11) i:-; a framt·, in 
wltic•1 tl1e pt>mlulnm has a slight 11Ias. The poi11t o ht>itli-4' llrawll lnwkwards by nwa11;.; ot a sen•\1· 
at d, tl1P pe1](1nh1m is bmn; .. d1t into Pqnilihrim11 ahont tlw poi1<t i•». 1111 is tht>li ln·on.:.d1t into em1· 
tact \\'ith tile kmfo·Pllge. The readi11g of the 1·ernie1·s at k arnl J' !-!·in»" t!ll' di,..,tal!l'.<' 1H1 t11t• se11<• 
lwtween them. The di,;taHees from k to till• k11ifp .. p1lge a111l from P to th~· q•11t<•r nf ma>:." an· 
u11k11ow11, but. these two nnk1ww11 qn~u1titic,>i :u«• PlimiHatP<l and 1lw ratio ,-ou;!i1< i,- deh·rmim·\l hy 
a Rimilar 111L'asureI1w11t after 1·eYe1·::;i11g tlw penduinm. .\.fter T<'\'Pl'.'\<11. th<· l>al:.lllcing pal't ate is 
placed Yer~· 11111e!i 111'art'J' l•. Co!itact i,.; How i1nt<lP 011 tlw otlicr k11if1··1·d1-:(' a11t1 t lw \'t'l'Hiers reacl as 
hefore. Tile 1Yhole hark P i1' ill'.lmratPly g-r;ulnate11 into c1•uti11wtn·1'. wl1il1· tlw t\HJ Yl'n1it>rs COB· 

1<ist. of millimetres <liYi1h,d into teutl1s. 
Lt>t Hand Ii n,pn°o;e11t tl1e <list .:nces from the l>lli\'e<" 1o the 11<•11tel' of n1a,.:s, .r tile l1i.~t<rnce from 

the n·niier at k to the lrnit!' at a, ,11 t.J1e <list:1ncl' from tlw 1·p.r11it>r ;it P to tlll' i'.l'llter ot mass at<', 
and h,t a and /,Ill• k11mn1 qua11titiP:s rPa<l frow tbe scale. 

For t.111' first position w<• ha,-p 
H=.r+a+.11 

where a is the <lista11ce between th!-\ two \'ernipr,.;. 
After n•n•rsal we get 

h=.r+l1+y 

where 1J is tlw uew dh;tauee hetween tl1t• n·r11i1·rs. 
These eqnatio111;; g1n·s ns H-h. Tlwir sum i;.; known from tlw distauep hPtwecIJ tl11• lrni\'1•s. 

and from tlwst~ two H a11d It r<>sult. 
The accurac,1· npcesRary i11 tl1<> dPtlc'rminatinn of tlH' J101<ition of tlw <'l'llh'r of mas.-. rle1wwl..:: 011 

the differeuct• of tlw ti11H'R of oscillation of tht> pt'lldnlum with IW<1'1'~· end llown and lwa,·y (•1111 np .. 
Denoring the former by T and the litttt•r hy f, the time of m.cillation of a !'.implt• pt'mlnlum with a 
length eqnal to the distance between the knivPs or H+l1 i,.; 

Thi8 is equnl to 

TH-th 
T,,=· H-li 

T 
1111

. wherP a=f-T -11-h 

Regarding (a.) at~ constant, the differential oft.hi;,; q1rnntity will {!:in' tht' dfoct ou th1• timt· of 
ORl'illation; the <listauce from the cpnter of mass to tJ1e Irnive:s heiug tltt> i111h-p1'111le11t \·ariahll'. 
The Peirce peurlalumR ltave t.Iic following value;,; for 'l'-t: 

No. 1 +W·0007 
'..! ·00004 
:~ + ·000'..! 
.J + ·00003 

Tt iR e-vident, therefore, that for either Xo. 2, :i, or 4, with which we h:n-e to clo, mt>a;.;ures of 
the distances II-Ii, w·l1e11 made oul'\ to tho nearest m illinwtr(,, iutrrnlm~·· 110 l~rror in the deduced 
period as great as its millionth part'. , 
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The following arc tin• l'<'>'lllt,, for the rneaf'11J'eS of position of the center of mass: 

ii !!. 

75 ·ou cc1Itin1ct1L·s z4 ·9~) c~ntimctr-e:--

2(1 ·(q_2 inches ~f ·054 inchc.::: 

-""· 4 
; 4 ·S5 Ct'.nti111t·trc:~ 25 '14- centin1etre"' 

lH,~SCRlP'l'lON OF STA'l 10;\;S. 

The following sketches are intend<•d to give eRsential lines only, i11 order that later observt•n 
may rt>atlily re-occupy the sta tious. X o scalt> has been employed, and the directions are merel' 
a p11rox i maJe : 

ll a.~hiilf/lon, D. C.-J\Iag1wtic ohservatiolls were made in the Yacant lot 8outl1 of the rear par1 
of the Coast and (~eudetie SrirTe.r ofll,:e. The station is identical wirli t!Jat of Assistant Baylor 
in 1887_ 

Petl(1nlnm obH•rvati011s were rn~H1P in the northeast basement 1·oorn of the Smithsonian Institn 
tiou. This room was :wt asidt' by tlit• late Professor Baird for tl1e exclnsiYe nse of the Coast an< 
Geodetic Surn·y as a fuuda111t•ntal gTaYity statiou for this conntr,Y, and it l1as heeu occupilc'd fo1 
this pnrpos!' hy Lie11tenant«~olo11el llerschel, R. E .. and hy Assistant:;; G. S. Peirce, Edwin Smith 
aIHl B. D. Pi·t>stnll, Coast aml Geodetic Survey. 

Azores Jsi1111rk-Tl1e magnetic station \'\aH eHtabli;;l1ed in tile town of' Horta, on tbu island o 
Fayal. Ol1snYatio11s wNe made in the g·ardt•n of :\Ir. Dalmey, the America11 consul, and 333 fee: 
from the tlagstaff of tlte castlti of Santa Cruz. 

Marl< 

Ma..ff 11.et!c 
Station 

l111uition o( stntfon at Hortrr. 

I 
~ 
s 

Fin. 1. 

HORTA, FAYAL 
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Cape Verde I.~lands.-The magueti•· 8tation was loeate<l at. Porto Gramle, 011 the island of St. 
ViuC{'llt. Obserni,tinns were ma~le in 1he yard of th1• oitict> of tlie flnhmariue Telegraph Company. 
The instruments were plac(>ll 117 feet distant from tlH• ftag polP at tl1P otlict> door. 

Fm. II. 

Sierra Lmne.-The magnetic station was in the lower part ot the village of Freetown. The 
instrunwnt~ were s0t np near the micldle of tho tenni:;:; gronnd 111lll ahont :mo fret nortl11n•st of the 
Cathedral. The relative positions of tile boat landing allll tennis ground are 8lJOwu in the sketch 
(Fig. III). The Rtati011 is at (a). The distance a/; is f>!) feet, an<l ac is 81 feet. This boat lanrling 
is the on!,.,- one in use at present. 

Gold Ooast.-Obsl'rvations were ma<le at Elmina.. about 7 mi1eR west of Capt\ Coast Castle. The 
station occupied was on the Government re~wnation, uearl<'ort St. Gt'orge. In tbl' sketch (Fig. IV) 
the boat landing is at tl. Tl!e boat entrauce is at B. O is the 'Ve•lieyan Church. The die.tances 
from the station to the sea wall and to the military roa<l are HIS ft>et and 180 fopt, resp1'ctin1y. 

Angola ( Loanda).-Both maguetic and gra vit,y 11Pterminations were made at St. Paul de I,oamla. 
The magnetometer and dip circle were set up a. short distance nort,bwest of tile American Mission 
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IIouse, and the pendulum!'! were 1'1wung in the bm;em(•nt of the same lmilding. The mnguetic 
station was establislw<l in tlw magnetic mPridia.n pal'lsin.g through the :Mission House. The posi-

FIG. III. 

• 

Cround 

FREE TOWN 

tion of the ai-;tronomienl pier is, <f =go 48' 48" Sont11, awl I.= l~o ] 41 0211 Bast. The latitude 
dcprutb 011 ousen·atious of two paiftl of stars, by the method of equal zenith tlistance;.;. The 

FIG. IV. 

'j::$>)FP,'!l"C.V 

-•. /c:-:-MS #'LATS . . 
-::::::::::::::::---.~ 

""""" -=Sr. CEoRGE 

ELM/NA 

loniritrnlt~ rt>Fmlt>l from a connection with <Jom1min<ie1· rullen's t~legraphic determination. This 
eo11 !lt'ctiou was 11ia.de by l\fr. L. H. Jacoby, of the Eclipse I'urty. Sketch V sbows the geueral 
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location of the station with reference to the town. Fig. \-1 gives au enlarged plan to aid iu locatiug 
tlie exact point at which the nrng-netic obsernttio1rn were made for use in future work. 'J'he dis­
tances are as follows: CU= 1G3 fee.t, od = IO feeti ab= 4 foet. 

Fie;. YI. 

2.I?o 

c ~':)'-

-"' =-- -~8t;if:,A-,) 
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'%. \ \ 
·~ \ 
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~\ \ 

\ 't\ 
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I 
HOUSE 

LOANDA 

1i t 

Angola ( Cabfri).-The magnetic station was c>stahlislled ou top of the hill sonth of the railroad. 
Observations were made on Decprnber 21, 22, and 2,1. Jn the 1>ketch, C is the new depot, b iio 

i;'m. VJI. 

CAB/RI 
the new how:;e of 81>11l1or Bastos, a is tlw mark n"ecl fol' azimuth observations, and dis the point at 
which the iustru111e11ts were placed. The distance bd is appl'Oximately 350 feet. The angle at il 
between band a is 102°. 
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Gape of Good Hope.-The l{o~·al Oh:-wn·atory was occnpiecl for gra\'ity oh~wrYati01rn, and the 
magnetic work was ~Ione in the i1u 1tie1l ia te Yici uit~·. 8ketch \' 111 8hows tl1e loca til)n of the first 
magnetic station and the positiou of the pentlulurn stand; b i8 tht~ point occupied by the magoetom-

N 

c 
"I 
~I 
~· •I 

ROYAL~ 
s 

OBS. 

CAPE OF Gooo HoPE 

eter; the dip circle was at c; n i,.; tl!e peudn!mJt ,,;tau<!. Sketeh IX shows the secoml station; 13 is 
a stone buil1ti11g- abont :Joo fi.~et di,,;t:rnt from the obsen·atory. I11 this l!'tnm• structure magnetic 
observations were ma11e about, 10 rt•ars ago: "1~ th11 approximate positiou of the permanent mag-

RO VAL 

OsstRVATOR'i 

N 

s 

I 
I 
! 
I 

~ 

'"" 1-$ 
I~ 
I 

- - -- - -:i. - - -1>"" 
-~s'frt.' 

c er 

netic obsen·atory from 1840 to 18.JO, tbe 1lirectio11 ac ht: ill)! about soutl1 tHP west; a, is the Coast 
and Geodetic Snn·t>y station. It wa,,; irupossible duri11g onr stay to occ11p,Y either tile pointis B or c. 

St. Helena (Jamestmrn).-:'.\Iaguetic ohsen-atious wt>re nuule in tl1e l'uulic Garden and the pernl­
ulums were swung in the librar~' room of the Police Conrt. 'J'he. following references to Sketch X 
indicate the• relative positions: 
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A= Pier of tra n-:it iustrnment. 
B = :\lagnetil~ ><t atio11 (l)oa-:t and Geodetic SarYey ). 
('=:Hag11dk :,;tatiou at Sisten; Walk, occupied lJy Sit· J<tme,.; l{os:; in 1810. 
D--= Hot{·!. 
E=Tlw ('<1st.le. 

F::o...Court-lH>ll8l'. 
U =American ('Ousulate. 
II =Cnstorn-11011;.;(•. 

K= Pemln1um :-;taurl. 
,\I =Flag-pole on Lad11er Hill. 
Dista1we,.; i11 feet: A\-=::.>, AS=:3:3, AB=4~, B.r=ll:.!·3. 

~\_ugk;.: at B. l1<•tweeH :.\1 aatl mad~ 
mark aml C __ . _ ...... _ .. _ ... ___ . __ .... _ . __ ... . 
C awl x .... _ ... _____ ... _ ..... . 
:.r a11d A . . . . _ ... _ _ .. __ .. __ ..... . 
A aud 1\1 ...... _ ................... _ ... _ ... _ . 

Angle at .r·, between B aiHl C 

FIG. X. 

Sr. HELENA fsLAND 

I 
I 

l.<'t-
1~"' 

0 

1W 
j{i 

3U 
l~l 

G 
113 

8t. lldr1111 ( Long1cood).-:\.lag11etic o!Jsen·;ttions were made uear Sabine's magnetic obspn·atory 
of J • ..;in-·-i,r; and tlw gT:n·it.v 1let1·rmi11ations in what is now known as N<tpoleoll's uew hons('. T!Je 
1w11dulnms wp1·e swung in the kitclwn, where the stand was placed on the solid stone floor. 'I.'he 
po:<iti1)ll ot' l:-fahi111~'" observator,v is <:p=l.3° .36' 41"·!.l S. and A=fJO 40' 28" west. Sketcli XI shows 
t lie g·e111·ral loc;i ti on. • 

a =tla bi 1w':,1 olJsernttor_\-. 
h=EHti111att•tl centt•r of old front room (now removed) of observatory (distauce from b to 

building 10 feet). 
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c=Salline's meridian mark. 
d=Sabine's· magnetic meri<lian. 
r=Pemlulnm fitati<MI iu Napoleou's new house. 
f=Coast arnl Geodetic Snrn>y magnetic station. 

0 

Augle at f <fb= 7U G5 
l! Cl!f = IO;) ;iO 

fJ cbc= (i1 oo 

d­

' 

Distauce: 
bc=3;)0 feet. 
l~f= 110 feet. 

c 
\ 
\ 

\ 
\ 

FIG. XI. 

', \ 
' \ ' \ 
', ' " \ ' \ / ' \ / ,, / 

6't?--

I 

/ 
/ 

LONGWOOD 

, 
/ 

/ 

, ,, 

,,e 

63~ 

• 

11.w:cnsion ( Geor,qetmcn).-All observations were made in Bu11g-l10le Sq nan·. The magnetic illstru-
11w11tt; WPrt' iwt up 11Par the center of the opeH spacl:', ;\ull the pendulums Wt"ni i:'i\Yllll~ in a i-;niall 
stoiw hnildi11g supposed to be very 11e:w the Rpot where Foster made lib ohsen·atio11s in 18'.!fl. 
In skt•teh XII a is the obserYiug room, b tile pendnlnm room, ca store room, d ti.Jc tramdt pier. 
Distauce,.;: :Sd=6ii foet, SJI=l18 foet, Sl'='.!01 ft•et. 

FIG. XU. 

_] 

GEOlfGE TOWN 

D 

Captain's o 
Office 
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&~ccnHion ((ireen ,l[ou11ta,in).-Botb stations 011 Oret•u .;\Ionntai11were1w:n tile b:uracks. The 
maguetic ob:serntti()u,.; wm'e made about mill way he tween tlll~ arehwa;v and the Admfral's Cottag<:l 
(so1u1.~ti111es C<tllell G;trdcn Cottage). Tim pentlulnm,.; wen• swnug iu tbe cottage, tlie transit 
pier being built clo;;e by. rrhe follmviug angle>< and di:st;rnce,.; tix tlrn rel:Ltive positions: 

Hcadht[!H 1~( Hori.~ontal Circle Hf c. 

Pole on Crns,.; Hill (a.zimuth mark) ................. _. _ 
0 .••• 

a - ..... . 
b ....... . 
y ....... .......................................... .. 
k............ ................ . .......... ··-······· 
.l', .. - . - - -

d ...... ............ . 

o = T'rausi t pier. 
S= Yerarnla. 
<'= :\Iaguetic station . 
. 1·=Tower aud <~loek. 
Di><tunces: rw= ::;_7 f(·e:. 

Im= :m. 7 fret. 
h<:= ~i;J.:J f<'ct. 
llG= 118.l) fe1'l. 

kr:= :;:w.o tt.,~·t. 

s 

(J.;/ley o 

CP.EEN MOUNTAIN 

0 

0 0 
13:! 46 
139 10 
150 08 
158 4(i 

302 33 
:306 33 
31-1 rn 

N 
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Barbados.-Determinations were all made at Hastings, near Bridgetown, on the grou11ds of 
the old Naval Ilospital. This same location was occupied by Transit of Venus parties in 1882. 
Sketcl1 XIY shows the relative locations. 

A=Trausit pier, 1890. 
B =i't[agnetic station. 
C=Transit of Venus pier 1882. 
D=Heliostat. 
E =Pendulum room, 1890. 
F=Oalley. 
G=Surveyor-Engineer's house (Mr. T. Ivor Moore). 
H=Stable. 
Distances: AB= ;)5 feet. 

DU =310 feet. 

Renrlirigs of horizontal cil"cle at B. 

Marine Hotel spire (azimuth mark) ................ , ................ . 
Pier of transit instrument, 1890 ................••.••••••••••....... 
Light-bouse .........................•.........•.•••••••••.••...... 
Transit of Veuus pier... . . . • . . . . . . . . • . • . ...•••••••••••• , ••• , ••.... 

N 

; ... 
C¥'.H,gr~ne Ho~er Spire 

l'•zunwn 1'7)•rlt) 

H. ExS0--41 

Fie;. XlV. 

D 

0 

62 24 
:!83 22 
311 54 
314 00 
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Bcrmmla (Nonsuch Island).-l\Iagnetic observations were made at a point about half way 
between the east hospital aud the north shore of the Island. Sketch No. XV gives the location. 
The distances are in feet. There is but one landing place on the Island and that is on the leeward 
side. 

A=rtfagnetic station. B=Quarantine flag pole. C=Portico. 

}'IG. XV . 

. BERMUDA 
NON.SUCH ISLJ). 
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Bennuda (St. Georges).-Pendulum observations were made in the basement of Mr. Hayward's 
hous~. The relative positions are shown in sketch No. XVI. 

A is l\Ir. Hayward's house (pendulum station). 
Bis Mr. Atwood's house (U. S. consulate). 
C is transit pier for time observations. 

Distance from A to water line is about 75 ieet. 

Frn. xvr. 

ST:..,.IJAVIDS Isl-AND 

8 E RMU DAr{Sr-. GEORGES) 
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SUMMARY OF RESULTS OF :MAGNETIC OBSERVATIONS. 

I ! 

:2 

3 

4 

5 
' 

6 

7 

8 

9 

IO 

I I 

12 

13 

Recapitulatfon of azimuths. 

Horta 

Porto Grande 

Freetown 

Elmina 

Elmina 

St. Paul de Loamlrt 

Cabiri 

Cape Town 

Cape Town 

Jamestown 

Longwood 

Longwood 

(ieorgetown 

Green ~Iountain 

Bridgeto"--n 

Nonsuch Island 

; 

8 

86 

77 
102 

102 

89 

94 

02·5 \Y. of N. 

41·6 E. of N. 

44·6 \V. of N. , 
l 

50·9 E. of N. ! For !\ovember 27. 

56· I E. of N. ; For No\'ember 28. 

2y1 \Y.of N. 

32·1 \V. of ?..:. 
103 40·4 \Y. of :>:. Station west of obsen-atoiy. 

8 15·6 \Y. of :\". Station SE. of observ:itory. 

o .H·:z E. of :\. 

77 42 ·9 IY. of N. I' lags ta ff at high knoll. 

1 47·5 \Y. of X. Sabine meridian mark. 

173 07·5 \Y. of N. 

! 70 57·0 \Y, of X. 

134 22·2 '.Y. of X. 

25 41·6 \\".of::\. 

Recaziitulation of ronstants of magnetometer No. 11. 

Value of 1 di1.'ision of scale of lo11y magnet (NLu) = 3'·7:3 determined l.Jy E. D. Preston, at Washing­
ton, D. c., September 23 and 24, 1889, anti at v_arious stations on Solar Eclipse Expedition. 

Moment of inertia of SL11 at G2° F., or rno.7 C., with small balancing ring (K) 2·17rm. from center of 
magnet, in O. G. S. units= 95·748± 0·094, <letermjned by A. Braid, October 2, 3, 4, and 5, 
1889, at Washington, D. 0. 

Temperature coefficient (q) of X L 11 = 0·00108 for 1° F. t A. Braid, Washington, D. C., Septem-
0·00194 for F> 0. f ber 27 and October 1, 1889. 

Induction factor (h) of NL11 in 0. G. S. units= 0·0457 ±0·0006 } C. A. Schott, December 6, 
Inductfo1i coe,tficient (J.t = m h) in C. G. S. units= 6·54 ::!: 0·08 at 620 F. 1890, atWasbingtou,D.0. 

First clistribution coe,tficient (P) in C. G. S. uuits=-4±4. Determined by C. A. Schott, E. D. 
I'restou, and L. A. Bauer, 1889, 1890. 

Cm. 

Deflecting di.~tance8 (short) =30·54} 0 A s h tt D b g 1"'!)0 
(long) = 45·78 · · c o , ccem er , o • 

The mag-nets used on the Survey are now ~lesignatetl by letters and subscripts; for example, 
(NL11 ) means new long magnet of magnetometer No. 11. 

. .:lloment of inertia [l) of balancing ring (K) of fong magnet .NL11• 

Formula: I= 'V [J:(/ +J· :1' +x~.-)+ :!:.(" / + r
2

'.)] 
3 2 21 1 4 2 1 

\\' = O·:> grammes= ~;,?.3 grains. J,. A. F

1
•ischer, February 3, 1891. 

''z =outer radius= 4·89 
r, =inner radius= 4•24; tbickness=O:tr;M E. G. Fischer, January 30, 1891. 
Length= x2 - x1 = 2·35 
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. ---------------~------------ -----·-·····---------------------

x 0 =dist. I I 
Station. 

Washington, D. C. 

Horta, Azores Islands. 

Porto Grande, Cape Verde Islands. 

Bermuda, Nonsuch Island. 

of outer edge /, x 1 =-o dist. of I 
of ring (K) , inner edge 

from ceni;er ofl of ring ( K) , 
suspe11s1on. 

j 1------- ------ -i 
,1fm. I llfm. 

2::?·87 I 20·53 
22·87 20·53 

R-en1arhs. 

14·02 n·68 May 21, 1890. 

I 
------1 

Bermuda. 
I 

15·02 l 
--==~~~~_2_: _ =---_=-.-_12_·6 __ ~~---'--~-I-a~)-' __ 2_s ___ ~-::-~:n-==d=2=5=,=1=8=90=.== 

Station. \'/ashington. Porto Grande. Bermuda 
(:\fay21]. 

Remarks. 

(sum) 

t (sum) 

"':.?+r.i~ 

~ (sum) 

(F) 

I=W[F] 
l\1 

Ctn. 
5·23 

4·21 

4·69 

14·13 

4·710 

·239 

·180 

·419 

·105 

4·815 

1·445 

95·748 

94·303 

Ctn. 
2·26 

r.61 

1·90 

5·77 

1·923 

·105 

2·028 

Cm. 
1·97 

1·36 

1·64 

4·97 

1·657 

0·608 0·529 

' Supposrng the weight concentrated at the center 

of gravity and computing 1 from tl1e approxi-

mate formula J ,_ W ( xi+:2
)

2 
we get 

\Vashington. 

Porto Grande. 

Bermuda. 

I 
1·412 

0·575 

0·495 

Moment at 62° F. with ring as at ·washington. 

Moment al 62° JC. without ring. 

1------ ------
94·303 

94·911 

94·303 

94·832 
' 

r-
Station. 

1 i llorta. 

Porto (jrande. 

l'rectmn1. 

Elmina. 

St. l'anl de Loanda. 

Cabiri. 

Cape Town. 

Jaine-stown. 

1.ongwoo<l. 

Georgetown. 

Gi·een Mountain. 

B1~dgetown. 

Nonsuch Island (Ber· 

muda). 

Do. 

1'!. 

Moment of inertia (11f) of lo1<g magnet NL11. 

{ 62° Y. i 
at 6"· (' I 

I 7 -· i 

95?48 

94·91 I 

94·303 

94·303 

94·303 

94·303 

94·303 

94·303 

94·303 

94·303 

94·303 

94·303 

94·832 

--- -----~ ~l 

l~en1ruks. 
Position of lia1a·nc·ing ring- (K}. 

{ 
lnner etl~e frnn1 center, 20.5mm. 

Position same RS at '\"'<Jshingto;i '-
~ ()utu· edge fron1: center, 22.9mm. 

rS5n 1rn nearer center than r..t \Yashing:ton. 

Xot nsed. 

Do. 

Do. 

IJo. 

lJo. 

Do. 

Do. 

Do. 

Do. 

Do. 

8·85mm nearer center than at \\'a1J1ington (:\lay 21, 1890). 

·A'913 ' Same as at Porto Grande (:0-Iay 23, 24, 25, 1S90). 
.,_ _________ .....;. __ - -- ~~--!- -- ~-- ___ J 

log M at any temperature ro C.=log l\i0 (620 F., or HJ0~i C.). 
+0·0000106 (r-160·7 C.). 

log 95·748 
94·91 I 
94·832 
94·303 

1·98113 
1.97732 
1·97695 
1·97453 

645 
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Station, 

\Yashington, D. C. 

Mean. 

Abstract of Results of Magnetic-Declination Obserrntfons. 

-- ------------------ ·- -------··- --------------.. 
I p I 1· I 

Sept. 23 

24 

25 

26 

Scale read-! M f !I 1 Scale read-I' M f 
inrr of ' ~gn~ IC 1, I D te inrr of ~gne. IC 

"' f !declmatwn*, Station. a ' "' . declmat10n" 
magne 1c i ( est) 1 I 1889-'90 magnetic (westL 

axis. ! .,. · :,:r I axis , . . I 
- --2~~i-_ ------· 1;ape Tow~-:o_u_t-he_a_s_t !-Jan. 31 I 2:0 81 !

1

. :9 :o 
28·04 4 13·3 :; ofRoyalOhse1·,·atory.J: Feb. I ·72 40 

28·04 12·5 ----------
28·76 I 29 40 \!ea1•. 

27·95 HJ'S 
-----1-----': Jamestown. St. 

28·00 4 15"1 I ena Island. 

He- Feb. 24 

25 
28·70 _Ii 

·75 

23 57 
58 

Horta, Fa)·aJ Island, ::'\o\', 2 .. ·I \lean. --- 28·72 1-----;;s;-
Azores. 3 

Mean. 25 52 

Porto Cirande. St.Vin- ]'; ov. II 28·82 20 .+5 
cent. ClljlC Yerde 

Islands. 

I.;-reetown, \Yest Af. Ko,·. r9 2S·i2 '9 17 
rica. I 

Ehnina, 'Vest Africa, Km-. 27 2S·i5 I 7 12 

28 09 
·----------

Mean. J ••••• : I j IO 

,-----·---~-

14 ;--2-8·29 I 17 44 

15 I 
Loanda, West Africa. Dec. 

28·20 : 

16 I 27'77 : 48 I 
, _____ , _____ 11 

\ __ _:_8·09 ', 17 46 ,, 

1
-----, I 

Cabiri, 'Vest Africa. Dec. 22 
1 

. . . . . 1,_ 18 r 1 ~ 

I
, I ! I 

23 ! • • • • • , 15 ii 

C•p< M;:::. Afdo. I Jon u i=·==·=2-·-8=··r=o=· 

1

==:=:==:-.,-~==i1 
i 22 29·08 33 ij 

I: 
[\\'est of Royal Ob-1 23 28·88 33 jl 

servatory.J ! , _____ : _____ ,I) 

i ' 28·69 29 32 l' 
--------~------· ___ I __ ------------ I ' I! 

Mean. 

Mean. 

Long" ( Hxl , St. He-

hna Island. 

'.\1ean. 

(;eorgctown, .\sce11-

sion Isl.and_ 

:\lean. 

Green Mountain, As-

ce11sion Island. 

ivlean. 

Bridgetmvn, Barba­

dos. 

Mean. 

Nonsuch Island, Ber­

muda. 

Mean. 

"'' l{esults refer 10 mean of day. 

Mar. 

Mar . 

Mar. 

Apt. 

May 

May 

.) 

4 

5 

- 28·75 
1

1 
24 _38 

I 28·62 35 

I 29·10 I 34 1-.. -~1-24 36_ 

21 

22 I 
2S·S4 j 22 35 
28·97 ! 37 

23 __ :!'01 i __ ~. 
28·94 I 22 36 

30 28·97 1-----;;~ 
31 29·08 ! 24 

· .... · I 27 
-----,-----

29·02 i 23 24 

2 I IO 

4 I· 
s! 

12 / 

14 

9 ..... I 14 I 
I I 

j. ~~-_._~I 12 

23 I 8 07 
24 ~S··7; l OJ ! 

I ! I 
:~I: : : : : I :: I 1-.. -.. ':~:4 1 
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Abstract of Results of Magnetic-Dip ObserMtions. 

[+signifies that south end of needle is abo=•e horizon; - that smth end of needle is below horizon; N and~ indicate the polar-
. ity of the marked end.] 

Station. [ Date, , 
11889-'90, 

N. 

Dip by needle l'\o. r. 

S. : N-S. 

Dip by ioce<lle :l-fo. 2. 

:Mean. N. S. ::-vican_ 

---------i----'--

Washington, D. C. 

Horta, Fayal Isl., Azores 

-Porto Grande, St.Vincent 

Island, Cape Verde. 

i 
i Sept. 24 +70 2i'4 ! +70 27·3 + 0·1 

i 

25 ! 24·4 27·8 - 3·4 

26 : 2J"2 22·6 + o·6 

1\ov. 2 J +64 l 1·0 · +64 10-8 + 0·2 

+10 27·4 

26·1 

+10 33·7 

31·4 

10·5 -70 28·4 
' 10·8, 26·0 

22·9 l 19·4 28·4 9·d 23·9 

+64 10·9 : +64 09·3 +64 2y8 ' - 14·5 +64 16·6 
I 

3: r2·4 2'4 13·6 8·8 r9·4 10·6 14' I 
I 

+16-6 +42 ll'2 '+41 56·0 '-i-42 30·8 ' - 34·8 +42 13·4 

. ' 

Freetown, Sierra Leone,: Kov, 19 1 -t-14 48·6 ~ -t-16 or·8 -73·2 +15 25·2 : +15 06·2 +15 40·2 ' - 34·0 715 23·2 

Africa. 

Elmina, Guinea, Africa. 

Loanda, Angola, \Vest 

Africa. 

Cabiri, Angola, Africa. 

Cape Town, Africa, ~ta­

lion west of Royal Ob­

servatory. 

Cape Town, Africa, sta­

tion southeast of Royal 

ObserYatcry. 

. Km·. 27 : + o u·3 i + 1 17·8 -66-5 + o 44·6*, - o 15·4 + 1 23·2 -- 98·6, + o 33·9 

28 · 14·9 ·' + o 5r·6 : -36·7 + 33·2 r6·6 23·4 -100·0· 33·4 

Dec. 14 -34 15·4 -34 02·2 -13·2 -34 08·8 , -34 53·1 -33 34·0 - 79·1 ---34 13·6 

15 16·8 33 40·0 -36-8 33 58·4 41·9 28·6 - 73·3' 05·2 

16 43·5 34 01 ·6 ! -41·9 34 22·6 56·2 37·8 - 78'4: 17·0 

Dec. 22 -34 02·0 --33 38·8 -z3·2 -33 50·4 :-34 47·4 -33 11·1 -- 96·3' -33 59·2 

23 03'4 33·3 -3o·r 48·4 34'5 16-7 - 77·S, 55·6 

Jan. 21 -57 32·4 -57 07·9 -24·5 -57 20·2 --57 36·1 -56 40·9 - 55·2, -57 08·5 

22 24·0 05·4 -18·6 14·7 33·8 56 50·3 --- 43·5· 12'0 

24 25·6 o;-8 -r7·8 16-7 35·0 57 02·5 - 32·5: r88 

Jan. 31 -57 27·9 -57 04·3 -2y6 -57 16·1 · -51 34·2 -56 57·8 - 36'4'.-57 16-o 

Feb. 31·4 32·2 49·3 - 42·9: 

. 
Jamestown, St. Helena Feb. 24 --29 51·0 -29 24·6 -26·4 

1 
--29 37·8 -30 24·0 -28 55·2 -- 88·8, -29 

-- 92·1: Island. 25 30 08·3 20·8 -47·5 1 44·6 30 19·9 28 47·8 

Longwood, St. Helena Mar. 3 -31 38·1 -30 46-9 -51·2 l-31 12·5 -3r 56·4 -30 29·5 
Island. 4 36·1 57·5 -38·6 ' 16·8 32 02·0 21·6 

5 22·4 46-1 -36·3 \ 04·2 31 56·6 18·6 
i 

Georgetown, Ascension Mar. 20 -12 00·1 -II 13·1 -47·0 -II 36'6 l-12 z7·7 -10 36·0 

Island. 21 04·2 08·7 -ss·s 1 36·4 / 28·3 5 rS 

22 08·1 14·4 -53·7 41·2 i 30·0 52·3 

Green Mountain, Ascen- Mar. 29 -12 35·4 -II 46-0 -49·41-12 rn·7 '1-r3 04·0 -11 11·S 

sion Island. 30 33·8 50·2 -43·6 12·0 , 02·3 15·5 
! 

j 
31 37·8 53·6 -44·2 I 15·71· 09·1 21·5 

Bridgetown, Barbados. May I -t-42 55·4 +43 07·4 -12·0 I +43 01·4 +42 38·4 +43 35·0 

2 59·8 20·6 -20·8 10·2 l 43·8 43"3 

! 
- 86-9! -31 

-100·4' 

98·ot 07·6 

.--111·7\-11 31·8 
I 

-- 96-5j 
--- 9i'71 41·2 

I 
---112'2' -12 07·9 

I 
-106'8 08·9 

I 
-1or6: 15·3 

- 56·61 +43· 06'7 

-- 59·51 13·6 

4 55·3 24·1 -28·3 10'0 ! 40·2 34·6 

Nonsuch Isl., Bermuda. May 21 +64 34·9 +64 51'0 -16·1 +64 42·9 I +64 36·6 +65 01·S - 25·2: +64 49·2 

I I 8 "J 

-- 54'4: 07·4 

Z2 42·0 48·8 - 6·8 4.'N I 37·0 01· - 24""1 49·4 

23 39·8 51·5 -IJ·71 45·61 43'1 04·0 -- 20·9i 53·5 
--------------------~ 

*Weight, one-l1alf. 
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Smwmary. 

---------------~~----·-----

Date,, _

1

; Needles, I D" Station. 

'Washington, D. C. 

Horta, Fayal Isl., Azores. 

Porto Grande, St. Vincent 

Island, Cape Verde. 

Freetown, Sierra Leone, 

Africa. 

Elmina, Guinea, Africa. 

Loanda, Angola, West 

Africa. 

Cabiri, Angola, Africa. 

I 

I 
I 

I 
I 
! 

188g- go. 1-2. 'P· _ Station. 

1--i-o ~-~'----
Sept. 24 - 1·0 J +70 27·9 Jamestown, St. 

25 + 0-1 26-0 1 Island. 

Helena. 

Nov. 

Nov. 

26 - l'O I 23·4 ii 
Mean I +10 25·8 

1
1 

J _____ 
1 

Longwood, 

2 - 5·7 II +64 13·8 i•./ Island. 
3 - o·s - 13·8 ·I 

Mean \ +64 13·8 \ 
1:::::::.:::::=:===1 

II - 2·2 1 +42 12·3 _i Georgetown, 

St. Helena 

Ascension 

i==i Island. 

Nov. 19 + 2·0 i +15 24·2 [ 

Nov. 

Dec. 

Dec. 

27 
28 

14 

15 
16 

22 

;------

+ 7·2 ' + 0 37"5 
- 0'2 I 33°3 

:Mean I+ o 35·4 I 
1
----1 

+ 4·8 -34 ,-;:;--1 
+ 6·8 01·8 

- 5·6 : 19·8 

Mean 

1

1 _ 34 10·9 

1

r 

Green Mountain, Ascen­

sion IslamL 

Bridgetown, Barbados. 

' Date, 

I 188g-'go. 

I 
I Feb. 24 I 
I 25 

j 

Mar. 3 

4 

5 

I 

I Mar. 20 

21 

22 

Mar. 29 

30 

31 
! 
I 
I 

i 
! May I I 
I 

I 
2 

! 4. 

I 23 
I 

+ 8 8 -33 54·8 

+ 7·2 52·0 j _____ ,[ 

Mean I ::::-33 53·~ I 
-IJ·7 I -57 14·4 ' 

Nonsuch Island, Bermuda. : May 21 

I 
Cape Town, Africa, station I Jan. 21 

west of Royal Observa-1 22 

tory. 24 

Cape Town, Africa, station Jan. 31 

southeast of Royal 01'- Feb. 

servatory. 

~------- -------

22 

I 
23 

2·7 ! 13·4 11 

+2'1' 17·8
1 

-----
Mean --57 15·2 

==========-=== 
- o·1 -57 16·0 ' i 
- 7·5 14·6 l 

! -----
Mean , -57 15·3 

stations ]-57 15·2 L 
I, :1 

. . . .J907·05 . Probable error of a smgle obsermt10n for dip, r=o·675 ---;;z= ::!:: 2 1 40 

2. 40 , 
Probable error of a mean from 2 needles= .y

2 
=±I ·70 

1·70 
V.'hen observations are made on 2 days, r= vz i= ± 11 ·20 

1·70 
When observations are made on 3 days, r= V 

3 
= ± 0"'·98 

Needles,! 
1-2. I Dip. 

I I 0 I 

+ 1"8 -29 38·7 

-10·8 39·2 
-----

Mean -29 39·0 
-----

+ 1·5 I 
1-31 r2·8 

- 5·0 i 14· 3 
I + 3·4 i 05·9 

1lean 1--31 1~! 
- 4·8 1-11 34·2 

I 

+ 
I 

3·6 ! 38·2 

o·o I 
I 

41·2 

~lean 1-=-ll 37·9 
I 

- 2·8 i--12 09·3 

- 3·1 
I 
i 10·4 

- 0·4 ' 1 5"5 

I~;;:;-\1ean 
! ,========== 

--- 5·3 ; +43 04·0 I 
--- 3·4: 11·9 

2·6 08·7 
------

.\lean ! -l--43 08·2 I 
- fr 3 : + 64 4(;:;;-1 
-- 4·o 47·4 i 

-- 7-9 
1 

__ 49 s I 
l\!ean : +64 47·6 I 

I 
r 

\ 
I 

J 
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.Abstract of Results of Magnetic-Rorizoiital-Intc11sity Ou:;crrntini;s. 

! : Magnetic " 
; !moment (111) I 

l H oriLontal i of l011g ur 
Date, intensity II inte1lsity 

188g-'90. ! = 1I (C. . magnet 
i G. S. units).\ (NL11 ) at 
f i6z0 JC.(C. 
i ! (;, S. units). 

Station. Station. 
rn. al 

H. :\62° Y 
1160·7 C.· 

\Yashington, D. C. Sept. 24 0·2017 !43'4" Jamestown, St. llclen:i Ts- I'cb. 24 0·25"·' 

I 

I 
Mean. i 

Horta, Fayal Island, Azores.I 
t 

Mean. 

Porto Grande, Cape Verde 

Islands. 

.Freetown, \\'est Africa. 

Elmina, \Vest Africa. 

Mean. 

Loanda, \Vest Africa. 

l\lean. 

Cabiri, \Vest Africa. 

Nov. 

Nov. 

Dec. 

Dec. 

I •... I 

I
. Cape Town, Africa, west of 

1

1 Jan. 

Royal Observatory. 

I I Mean. J 

ory. Feb. 
uthe.ast of Royal Ol.Jsen·a-1 Jan. 

--~lean. I 
----

25 
26 

2 

3 

17 ·2 

03 

0'2012 143·3 
:========== ========== 

0·2072 i 140·6 

74 ! '3 
l----- -----

bnd. 

:\lean, 

Longwood, ~t. Helena h­

land. 

1--0~ = 140·4 
1 

:'\lean. 

II \ 0·2738 140·7 ,, Georgcluwn. Ascension ls-
1~~============ land. 
I 

19 

27 0·3100 128·8 .! 

28 05 9·r 

14 

15 l 29· I 

16 ' ___ 25 : ___ 130·3 ;; 

! 0·2633 i 129·4 ii 
21 i c·2632 135·0 , 

22 I 32 134·9 
---·----! 
i 0·2632 135·0 
I==·== 

21 I 0·1918 i' 134·2 
22 , r7 4' I 

23 I 13 I 4·6 ' 
!-----;-----1 
j 0·1916 ! 134·3 I 
I=='== 

31 I 0·1911> i 133·7 · 
I I 
i 20; 4·2 

1--0-1919 1-- 133·9-'1 
I ____ I i 

:\lean. 

Green ~Iounta.in, Asccn.sjon 

Island. 

'.\lean. 

Bridgetown, Barbados. 

~lean. 

:\on;,uch Island, Bermuda. 

'.\far. 

'.\lar. 

May 

3 

4 

5 

~l 

23 

O'Zj6I 

50 

133·7 

:n 
3·8 

134·2 I 
--·S : 
.)'- i 

·'" 3·5 i ----1 
0"2i55 133·8 ' 

29 0·26~5 133"3 

4·0 i 

3·8 

30 

31 

4 

7S ____ . ____ ; 
! 0·2676 133·7 ! 

i 0·3~10 133·7 i 
31 

28 
3·5 
2·7 

j 0·3023 133·3 
'---------

:\lay 2 I 0·2337 

35 

34 

0·2334 

132·1 I 
2· I I 
1·4 . 

131·9 

*Small balancing ring (K) used in same position at \Vashington ancl Horta; at Porto Grande aml Bermuda ;·85mm. nearer 
center; at all other stations not used. 
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Recapitulation of Results of Magnetic Obser1,ations. 

Station. 

""ashington, D. C.* 

Horta, Fayal Jsland, 

Azores. 

I'o1t0Gmnde.St.Yin- +16 53"3; --24 59·4 Nov. II 

cent J sland. Cape 

Yenle. 

:Freetown, Sierra ~ 8 29·8 -13 14·7 No1·. 19 

Leone, Africa. 

Elmina, Guinea. Af- + S 04·8 

rica. 

- I 20·3 Nov. 27 

28 

Loanda, Angola, Af- i - 8 48·8 +13 14·0 Dec. 14 

rica. 15 

i Cabiri, Angola, Af- - S 47 

rica. I 
Cape Town, Africa: \ 

Station west of I - 33 SfrJ 
I 

Royal Obscrva- I 
tory. 

Station sat1theast 

of Royal Ob-
i 

servatory. J 

Jamestown, St. Helenai 

Island. : 

Long" ood, St. Helena •;

1 Island. 
I 
I 

Georgetown, :\seen- I 
sion Island, ! 

-33 561 

--15 55·0 

- 7 55·5 

Green Mountain, As- -- 7 56·7 

cension Island. 
i 

llri<lgetown, Barbados.I +13 04 

Nonsuch Island, Ber­

muda. 

I 

i--32 20·6 

+13 59 

5 43·7 

-- 5 41·5 

--14 25·0 

16 

Dec. 22 

23 

22 

23 

Jan. 31 

Feb. 

Feb. 24 

25 
:\far. 3 

4 

5 
Mar. 21 

22 

23 

-14 21·5 :\Iar. 30 

31 

-59 36 

Apr. 

May 2 

4 
8 

9 

-64 39·2 May 23 

* Coast and ~eodetic Survey Office. 

20 45 

19 I/ 

17 JO 

18 13 

29 32 

23 57 

23 24 

I 12 

8 04 

i l\ov. 

26 

2 J 

I 

Dip(+K. 
end belmY 
horizon; 
-S. end 

horizon). 

I Date, 
l 1889-'90. 

I 

Sept. 24 

25 
26 

J\" O\-. 2 

3 

Hori- Total 
znntal . . 

intensity. mtemity. 

dyne. c!yr.e. 

o· 2012 0·6007 

0·2073 0·4768 

3 
Kov. II --;-42 12·3 Xov. !'1 (. .. 2738 0·3696 

Nov. 19 +15 24·2 Nov. 19 i 0·3193 0·3312 

Nov. 27 + o 35 ·4 Xov. 27 0·3102 0·3103 

28 28 

Dec. 14 -34 10·9 Dec. 14 0·2633 0·3183 

15 15 

16 16 

Dec. 22 -33 53·4 Dec. 21 0·2635 0·3174 

23 22 

I 

Jan. 21 

22 

24 

Jan. 31 

Feb. 

-57 15·2 Jan. 21 : 0·1916 0·3542 

Feb. 24 

25 

~far. 3 

4 

5 
:\f::tr. 20 

21 

22 

-57 15·3 

-29 39·0 

-31 11·0 

-I l 37"9 

22 

23 
Jan. 31 

i 
Feb. 1 1 

i 
Feb. 24 

25 
l\Iar. 3 

4 

5 
Mar. 21 

22 

23 

0·2493 0·2869 

0·2755 I 0·2813 

Mar. 29 i -12 11·7 Mar. 29 0·2676 0·2738 

30 30 

31 31 
May +43 08·2 l\fay I : 0-3023 0·4143 

2 2 

4 4 

May 21 

22 

23 

+64 47·6 May 21 

23 

24 

25 

0·2333 0·5478 

t Resll)t5 refer to mean of day. 
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Lat-itude and Heights at Ascensfon. 

At the request of Capt. R. B. Napier, Royal Navy, Commandant of the Island, a few pairs of 
stars were observed for latitude at the i1eudulmn station iu Bunghole SC]uare. The transit pier 
was connected by triangulation with the reference point of the Island, a small stone pier near the 
Captain's Cottage. The longitude of this point was determined in 1877 by Dr. Gill, Her Majesty's 
Ast.ronomer at the Cape of Good Hope, who passed six: months at Ascension while observing the 
opposition of J'lfars. 

The result of our work was: 
() / II 

Latitude of transit pier ............. ___ . 7 55 47·7 south 
Reduction to reference point. ....... - . . . +12·8 
Latitude of pier near Captain's Cottage.. 7 56 00·5 

This depends on obser>ations of six pairs of stars on two nights. The triangulation was done by 
means of a small (4-inch) Casella thoodolite, reading to minutes. The deduced latitude is probahly 
correct to the nearest second. 

The height of the pendulum station on Green Mountain was determined barometrically. Ensign 
A. H. Scale'l, U.S. N., read the lower instrument in the pendulum room at Bunghole Square. The 
one at the upper station was read by myself. The baromet.er.s lmercuriaJ, by Green, New York, 
Nos. 846 and 1390) were ·compared before and after the work, each obsen·er reading his own 
instrument, thus eliminating personal equation. Readings were made fi-ve times daily at about 9 
and 11 a. m. and at 1, 3, and 5 p. m. Observations were continued while the party was ·on the 
mountain, so that the result depends on more than fifty simultaneous readings. The probable 
error of the mean value was about one foot. The adopted values were: 

:Feet. 
Barometer 011 Green Mountain higher than barometer in Bunghole Square .. 2 238 
Bnn~hole Square ahove sea level ....... _ ... _ .......•................. _ 15 
Green Mountain barometer above floor of cottage . . . . . . . . . . . . . . . . . . . . . . • 3 
Floor of Garden Cottage above sea level .......... - . . . . . . . . . . . . . . . . . . . . . 2 250 

A numlJPr of heights were determined over the island by means of an aneroid barometer. 
These elevations refer to the pendulum station in Bunghole Square and are given ouly to the 
nearest 10 feet. 

Pendulum station, Bunghole Square ................................... . 
Captain's office, Georgetown .........•............. - ....... , ••......... 
" God be Thanked" tank ......•.•..•.•............................... -
Path at foot of Red Hill ........ - .. - ..• - .. - ..• - ..... - - .... - - . - .. - .... - -
Boats (foot of ramp)- ......................... - ... - . - . - ... - . - .... - . - .. . 
Two-1.lile Point .................................... - - - .... - . - ..... - .. . 
Royal Naval Hospital _ ....................•. - .. - .......... - ..... - - ... -
Northeast Cottage ............. - ..................... - - - . - . - ... - ..... . 
Bells Cottage ........... _ . _ -... _ . - ..................... - . - . - •. - ...... . 
Elliot's Pass, at tunnel near Summer House .............. - ............ . 
''Sherry and Bitters" .....•................•..•...... - ... - - .•.. - ...... . 
Sutnmer House ................................ - . - . - . - .......... - ...• -
Summit of mountain .•.•. " ••••.......••............•••••....•.•..• - ... 

PENDULUM OBSERVATIOSS. 

:Feet. 
0 

50 
590 
790 

1000 
14'.:!0 
1810 
2030 
2 310 
2 440 
2450 
2 480 
2830 

A.a an entirely new form of instrnment is about to be introduced into the Ooast and Geodetic 
Survey Service for gravity determinations, aud as no description of the different forms hithertQ 
used has yet appeared, it has been thought advisable to insert here a concise enumeration of the 
several patterns. Large pendulums-that. is, those having a virtual length of a metre or a 
yard-will probably not be employed in the future for relative determinations of the force of 
gravity. A half-second pendulnl'l (25 c.m.) appears to give au accuracy in the results equal to that 
attained with larger forms, a.nd has the great advantage of being much more portable. The 
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present time therefore marks an epoch in the gravity work of the Survey, and a sort of history of 
the evolution of the instrument will be useful for reference. 

Description of di.-fferent forms of Pendulums used in the Ooast and Geodetic Survey previous to 
July 1, 1890 . 

.At the above-mentioned date the Survey was in possession of sixteen pendulums, of which the 
different types are shown in illustrations Nos. 58 and 63. Of these, ten are of the Kater invariable 
pattern, including one made of silver. One is a Peirce invariable pendulum (Pin illustration No. 
58), provided with only one knife-edge; one is the Repsold reversible metre pendulum; and tonr 
are of the Peirce pattern, and known as invariable reversible pendulums (see pendulums marked 
Rand I in illustration No. 58). 

The Kater numbers run from 1 to 10 with No. 7 lackiog. Four forms of these pendulums are 
shown in illustration No. 63. Beginning at the left, the first figure is the silver pendulum, tlie 
three tllermometers attached to it being shown in position. In the second and fifth figures are 
gi\·en two views of No. 4. The tllird and fourth figures are front and side views of No. 8. The 
sixth figure shows No. 2 in one position. One pendulum iS' unnumbered, but as it is in the same 
box as Nos. 1, 2, 4, and 5, it was probably intended for No. 3. The Peirce invariable pendulum is 
unnumbered, as likewise that of Repsold. The Peirce reversible pendulums are numbered from 1 
to 4, all of them similar in form, and all measuring a metre between the knives, except No. 3, which 
measures a yard. No. 1 went to Lady Franklin Bay with General Greely in 1881. Nos. 2 and 3 
were taken to Afrimt in 1889, No .. 3 to the South Pacific iu 1883, and Nos. 3 and 4 to the Sandwich 
Islands in 1887, by myself. Lieutenant Very carried the Peirce invariable one to Patagonia in 
1882. The Repsold pendulum has been used in Europe as well as iu this country by Professor 
Peirce, wllo has also done work here with his own pendulums. The Kater forms were used in the 
Hoosac Tunnel underground work. 

The following ii.re the dimensions and weights, given in millimetres and grams: 

No. 1. Similar in shape to No. 2 (top piece remov.id): 
Cross ~ection of bar, 8 by 13. 
Length of bar, 864·5. 
Dia.meter of bob, 74·5. 
Slant height of bob, 180. 
Weight of pendulum, 2 865'!). 

No. 2: 
Cross section of bar, 9 by 14. 
Length of bar, 835·5. 
Diameter ofboh, 74. 
Slant height of bob, 179. 
From top of bar to supporting pin, 35. 
Length of supporting pin, 31. 
Springs, 0.20 liy 3·3. 
Dia.meter of disk, 20. 
Thickness of disk, 3·1. 
\Veight of pendulum, 2 943•6. 

No. 3 (broken and numbM lacking). 

No. 4: 
Cross section of bar, 9·1 by 14·1. 
Length of bar, 917. 
Diameter of bob, 71. 
Slant height of bob, 180. 
Dimensions of knife, 6·5 by G-5 by 25·3. 
From top of bar to lower edge of kuifo, 26. 
Weight ofpendulnm, 2 903·9. 

No. 5. Similar in shape to No. 4: 
CroBR section ofba.r, 8·2 by 14. 
Length of bar, 917. 
Diameter of bob, 71 •l. 
Slant height of bob, 16-0. 
Dimensions of knife, 6·13 by 6·8 by 25•8. 
From top of bar to lower edge of knife, 26•8. 
Weight of pendulum, 2 886·3. 

No. 6. Similar in shape to No. 4: 

Cross section ofb::i.r, 8·7 by 14. 
Leugth of bar, 917. 
Diameter of bob, 71. 
Slant height of bob, 181. 
Dimensions of knife, 7·0 by 7•0 by 25'5. 
From top of bar to lower edge of knife, 25. 
Weight of pen duluru, 2 936·9. 

No. 8: 

Cross section of bar, 6 by 14·9. 
Length of bar from boh to knife, 817·5. 
Dia.meter of bob, 75•1. 
Slant height of bob, 182. 
Dimensions of knife. 16 by 16 by 22•5 by 25·5. 
Dimensions of open space, 41 by 39. 
Width ofba.r at top of op.in spaco, 18·5. 

Width of bar at sides of open space, 11. 
Weight of pendulum, 2 935·6. 

No. 9. Similar to No. 8: 

Weight of pendulum, 2 846·2. 

No. 10. Similar to No. 8: 

Weight of pendulum, 2 887·4. 

Silver pendulum. Similar in shape to No. 4, Top s1ir-

face of bob spherical, radius= 182. 

Cross section of bar, 4·9 by tr.·5. 
Length of bar, 930·5. 
Diameter ofboh, 76·8. 
Slant height of bob, U:l2. 
Dimensions of knife .of steel, 6•1 by 6•1 by 25·8. 
From top of bar to lower edge of knife, 2:i·8. 
Weight, including three thermometers, 3 480·1. 
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Peirce invariable pendulum (indicated by I in plate): 

Diameter of tube outside, 63·8. 
Thickness oftuhe, l ·5. 
Height of spherical cap, 31. 
Total length of pendulum, exclnsive of points, 1 362. 
Length of knife, 95. 
Weight of pendulum, 8 451 ·8. 

Repso1d reversilllc 1iemlnlnm (indicated by R in plate): 

Diameter of tube Olltsitlo, 43·3. 
Thickness of tube, l ·8. 
Length between knives, 1 000. 
Total length, 1 268·8. 
Weight of pendulum, li 308. 
Ratio of distance of center of mass to knife-edges is as 

7 to 3. 

Peirce reversible pendulums (in<licated by P iu plate). 
Nos. 1, 2, and 4. Similar in construction: 

Diameter of tulle, 63·7. 
Thickness of tube, 1 ·5. 
Length between the knives, 1 000. 
Total length exclusive of points, 1 567. 
LengtlJ of each point, 8·0. 
\Vcight of pendulllms: 

No. 1, not weighed (knives missing). 
Ko. 2, 10 635·2. 
No. 4, 10 680·3. 

No. 3. Dimensions similar to Nos. 1, 2, an<l 4, exccpt­
Length between knives, 914·.1cc=1 yard. 
'l'otul length, exclusive of11oints, 1 4:29. 
Length of each point, 8·0. 
\Veiglit of11endnluw, lJ 9i2·3. 
Hatio of distance of center of mass to kui fo-edge• for all 

J>eirce reV"ersible pen<lulums = :3 to l. 

The supports upon which the pendulums hM·e l>een swung are of varions forms. The Kater 
pendulums were suspended from a brass bracket shown in illustration No. G4. Tllis was secured 
to a wall or any solid upright by means of bolts. The flat abutting surface was 71""" square and 
the distance of the knife-edge plane from this surface was !}Qmm, 

The Repsold support shown in illustration No. 65 consisted of a tripod. The legs are fastened 
to the base below and to the head above by means of nuts. This tripod was taken down and set 
up at each new station. 

All the Peirce pemlulums, incluuing the inyariable one, were supported on a Lead sllown in 
illustration No. 57, the head itself being secured to a plank resting 011 some solid foundation or 
forming part of a stand constructed for the purpo~e. Several forms of this staml have been used. 
The one employed in the African \VOrk is shown in illustration No. 56. 

OBSERV A.TIO:KS FOR THIE. 

The determination of the corrections to the timepieces was made entirely from star observa­
tions. ·The sun was observed in one or two instances as a check, but these vahws were not. used iu 
the final computation. From the nature of the circumstances nuder whicll the work Tl'"as done, it 
was not always in the best interest of economy to insist on a perfect adjustment of the iustrnment 
or of its position in the meridian before begiuuiug the regular pendulum work. A slight defect in 
the construction of the ocular of the telescope which could not !Jc remedied immediately made it 
necessary to have a large collimation error for the first few days at Loanda. Xotwithstandiug the 
large azimuth which usually existed dllring the first night's work at all the station8, the star 
residuals are quite a.s small as on the other e;-euiugs, and it was al ways deemed ad visablP to begin 
immediately on arriving at tlie place of observation, thns detaining the Yessel as short a time as 
JJOssible. The expenses of the Pensac<>la wero not far from $1,000 per day, and as the length of 
the cruise was prolonged by the scientific work to about twice the time first estimated, tue obser­
vations were shortened iu every way consistent with accuracy. The following tables giYc the 
00·1stants of the iustrument anll the corrections to the time-piece at the different stations 
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instrumental constants and chronometer corrections. 

LoANDA, AKGOLA. 

[Transit No. 2, Hutton Sid.Chron. 220.] 

lnclina tion. Azimuth. 
i Rate per day Collima-

Date. Epoch. ,-----' 
ti on. St. +losing 

E. w. E. w. -gaining. 

------,-------: 
1889. !i. '"· s. s. s , s. s. m. s. s. 

Dec. 17 l 54 -1·40 -1·26 + 7·~2 I + 8·43 -12·24 +2 Il"20 

18 2 12 -r.63 -1.31 + 9·13 ! + 8·72 -12·62 23·92 +12·56 

19 l 15 -0.02 +0·19 + 4·15 
l 

! + 4·01 -12·48 36·03 +12·58' 

20 I 00 0.00 +0·25 [-- 2·91] 2·91 -12·53 48·06 +12·16 

24 2 18 -0·49 + 5·88 ! [- 030] +3 37"99 

25 I 20 -0·21 -0·15 + 0·09 i + 0·21 - 0·30' 49·71 +12·19 

26 I 15 -0·39 -0·22 + 0·20' + 0·22 ·- 0·50 +4 01·90 +12·23 
I l 

27 0 53 -0·43 ------ : [ + 0·24] [- 0·41]! 13·88 +12·16 

28 I 34 -0.67 -0·48 ' [ + 0·27]1 + 0·27 - 0·32 ! 27·24 +12·98 
I ! 

! 
-------

JAMESTOWN, ST. HELEKA. 

[Transit No. 2, Negus Sid. Chron. r520,] 

I I i ' ; 

1890. 
I I i I 

I I 

Feb.21 7 30 -0·26 --0·03 [ +1 58·45): +r 58·45 l + o'4f> +o 24·41 ------
I +o 11·28 I ' 

22 5 20 

I 
+0·19 +9'27 --0 11·23 l + 0·49 24·20 + 0·23 

23 6 00 .. +0·26 I +0·30 - 1"12 - 1·03 ! + 0·46 23·98 + 0·21 
I I I 

24 7 20 +0·03 +0·37 [- o·86]1 - 0·86. + 0·45 23·59 + 0·37 
I +0·04 +0·16 

I I 
+ 0·421 22·64 + 25 5 30 

I 
l -

--=~~ 1 [= 1·09 ' 1·02 

27 7 34 -- ---- +0·23 I 0·83]! [ + 0·42] 22·06 + 0·28 
i 

LONGWOOD, S"r. HELENA. 

[Transit No. 2, Negus Sid. Chron. 1520.] 

I I I 
13·941 Mar. 2 6 30 -0·71 -0·54 [+ 13·94] + + 0·36 -o 09·72 -------

3 6 30 -o·og +0·19 - 10·28 - 10·31 + 0·42 10'10 - 0·38 

4 6 30 -0·58 --0·33 - 2·27 [- 2·27]1 + 0·45 10·44 - 0·34 

5 6 00 +o·21 +0·62 + 0·62 [+ 0·62]1 + 0·24 10·71 - 0·28 

6 5 30 ------ +1·26 

jr- ------ [+ 0·65)1 [+ 0·25]1 [10·90] -- -- --
7 6 30 +0·59 +0·62 0·66] - 0·66 I + 0·25 u•36 - 0·31 

i 
i 

-
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Instrumental constants atid chronouieter corrections-Continued. 

GEORGETOWK, AscEl'>SlOK. 

[Transit Ko. 2, Negus Sid. Chron. 1520.] 
---------~- --- -----

I 
I 

Inclination. Azimuth. 
' I 

I i ' 

I 
Colli ma- 1Rateperdayl 

Date. Epoch. ti on. or I +los~ng f 

I E. w. E. "\Y. , -g:unmg.: 1-------i----------: ____ , ------ - -----,·- --------

1890. h. 1n. i s. s. s. s. s. Ht. s. ... 
Mar. 19 IO 35 ! -0'40 -0·2.3 -44·79 -44·76 i +o·6r -0 OTO!. 

20 7 30 

I 

+0·20 -0·64 + 1·55 + 1·30 +0·57 +o 01·01 +1·15 
21 7 00 +0·24 +1·48 + 1·65 + 1·48 +0·32 02·16 +1·18 
22 6 45 -0·10 +0·05 + 1·67 + 1·23 +0·45 OJ'l5 +1·00 

23 6 45 +0·19 -0·29 + 1·39 
l 

-:- 1·39 +0·48 04·54 -;-1·39 

24 9 00 +0·33 [ +0·33] [+ 1·40] [-, 1'40] [ +0·50] I 06·48 +1·76 

25 6 50 +0·38 +0·4r + 1·47 + 1·49 +0·69 08·62 --r-2·34 
26 6 50 +0·66 +0·77 + 1·41 + 1·59 +0·52 10·63 +2·01 

----- ------' 
GREE:-0 l\IOl:~TAI!>, ASCEXSlO~. 

[Transit No. 2, Negus Sid. Chror:. 15:20.J 
-------- -------

Mar. 31 8 05 -0·26 -o·oS -35·55 -34·86 ,o·35 +o 27'35 
Apr. 6 40 +0·02 +0·33 - 2·59 - 2·74 +0·38 27·25 -0·10 

2 : 7 00 +0·05 +0·06 - 2·48 - 2·65 +0·43 27·21 --0·04 

3 7 00 +0·07 -l-0·26 - 2·78 - 1·96 +0·43 26·96 --::,.25 

4 7 00 -0·18 +0·16 - 2·50 - 2·14 +0·46 27'10 f---0·14 

5 7 00 -<YII +0·01 - 2·32 [ +0·45] 27·06 -o·o+ 

6 6 00 +o·z:z - 2·16 [ +0·45] 26·52 -0·56 

-----~---- ---------------

BRIDGETOWX, BARBADOS. 

[Transit No. 2, K<!gus Sid. Chron. rsZ<>.] --: -~---1 -- ---- -· -·------~--

,,,. s. "'· s. 

May -1·87 
I 

to·S6 +2"24 2 15 00 

I 
-1·35 -4 -3 54'70 i -o 12·45 

3 13 00 +0·50 +o-6o -0 2·50 -o 2·98' +0·34 9·82 +2·85 

4 12 00 . -0·36 -0·36 2·63 2·48 • +0·45 9·30 +0·54 
: 

-0·67 8·17 5 14. 30 --0·91 + 0·31 I + -0·23 i +0·43 +1·01 
: 

6 12 00 -r·oo --------- i[+ 0·43) [ +0·36] 7'55 +0·68 

1 IO 00 - 1·30 -r·or + 0·58 + 0·63 +0·29 6·86 

7 13 00 -0·04 +o·35 + 0·60 [+ 0·60]: +0·16 I 6·68 +0·80 

8 IO 00 +0-03 +o·19 + 0·68 + 0·51 +0·35 6·10 +0·71 

9 12 00 -o·r7 +cno + 0·62 + 0·47 +0·31 5·61 +0·45 

ST. GxoRGEs, BERMUDA. 

[Transit No.•• Bond Mean TitneChron. 171.] 
------·----·- --------·· ··--

1890. .k. flt. s. s. .r. I .r. l $ • ; .r. /!. m. s. s. 

May 31 s 30 32 +0·1~ +0·3r - 1·58 I - 1·86 +0·58 +4 59 45·56 ; -----·---
June I 8 21 43 -0·01 +o-03 - 1·12 - 1·06 +0·56 +s o3 24·92 : +220·71 

I 
2 8 12 19 --0·06 +o·14 - 1·73 - 1·90 +0·56 

! 
+s 07 0+·26 1 +220·78 

·i 
8 13 55 IO 44·96 I· +z20·45 

I 3 --0·07 +0·06 [ - 1·14] - i-14 +0·56 i +s 

I 4 9 18 34 -0·12 +o·11 [- 1·24] - 1·24 +0·51 I +s 14 35·35 +z20·49 I 

7 9 39 46 -0-32 0-00 - 1·24 - 1·17 i +0·56 +s 25 39·95 -J-220·45 
l : ! 
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Obser-1Jatory Olock Corrections. 

\VASIII:>GTO:l, NAVAL OBSERVATORY. 

[Standard )lean Time Clock.] 

I I ;I 
! Epoch. I Correction. 'I . Date. 

--1-8-91-.-,/'..----1---s-. -·-_ii1--I-8;.-
Epo<;h. I Correction. Date. 

-------:~------

I I· 

October I ! Nooll. j + 6·63 jl October 4 

~ I ~:: I ! :::; I ~ 
::\oon. 

Do. 

Do. 
,_ ___ _ 

1890. 

January 22 

23 I 
I 

24 ' 

25 i 
26 ' 

I 
I 

1890. 
July 29 

30 

31 

August 

2 

3 

CAPETOW:-<, ROYAL 0BSER\"ATORV. 

L5tandard Sidereal Clock-Dent, 39714.] 

h. 1n. s. 1890. h. m. 

4 19 -68·29 January 27 

4 19 -67·32 28 

4 23 -66-30 29 

4 19 -65·31 30 

4 o7 I -64·38 

\-V.~SHl?'GTO'.';, NAVAL OBSERVATORY. 

[Standard :>Iean Time Clock.] 

s. 1890. 
ro a.m. +20·15 August 4 1oa.m. 

IOp.m. +20·17 IOp.m. 

10 a.m. +20·24 5 roa.m. 

1op.m. +20·31 IOp. m. 

ro a.m. +20·38 1l Noon. 

IOp.m. +zo·48 12 Do. 

1oa.m. +20·58 13 Do. 

!Op.m. +zo·67 14 Do. 

IO a.m. +zo·77 rs Do. 

rop.m. +.20·86 r6 Do. 

IO a • .m. +20·96 18 Do. 

IOp.m. +z1·o6 r9 Do. 
----~-'-' ----· -------

s. 

s. 

-63·46 

-62·39 

-61·27 

-60·19 

s. 
+z1·09 

+z1·14 

+z1·22 

+21·30 

o·oo 

+ 0·03 

- 0·04 

- 0·02 

+ 0·13 

- 0·06 

+ o·og 

+ 0·14 

REDUCTION OF THE PENDULUM OllSERVATIONS. 

The corrections for amplitude depend on a formula first given by Borda., and which gives all 
the accuracy necessary. The pendulums were usually started at nearly the same arc of vibration, 
so that the corrections were but slight1y different for the whole work. A table was devised and 
com1mted by Mr. G. R. Putnam which made it possible to take out the corrections for the sepa­
rate swings by simple inspection, the entire number of stations only requiring a few hours' work. 

The temperature corrections employed were as follows : 

I Pmrl•1"m. 

-
Corrections to period ~r 

degree centigrade. 

Heavy end 

I 
Heavy end 

down. up. 

I s. .. I No. 2 0·00000921 0·00000920 

No. 3 o·ooooo877 0·00000878 
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In correcting for atmospheric effect, coefficients were used which have already been employed 
for this form of pendulum (Appendix No. 14, Uoast and Geodetic Survey Report for 1888). The 
usual plan has been followed of first making differential corrections to reduce to the mean tempera· 
tnre and pressure of each station, and then reducing to a standard condition to which all stations 
are referred. The coefficients given in the report for 1888 for pendulum No. 4 baYe been used here 
for No. 2, as they are exactly alike in form and material. 

The time of oscillation of an equivalent simple pendulum is given by the formula 

T:-~h J1--fr~ ~~fz 
T and t being the times of osciHation with the heavy end down and heavy end up, respectively, 
and Hand h being the distances from the center of suspension to the center of oscillation for the 
same positions. As T-t is not more than 0·00026, for any of the pendulums, and as the fraction 

Hit 
(TH-thr1 

is less than unity, the radical may be omitted. 

may then be put in the form 

TH-th 
H-h 

( T-t) 
t+H .. H-k 

where H~k =1-.500 for pendulum No. 2 and 1·506 for pendulum No. 3. 

By this formula t)le times of oscillation in the two positions were combined. 
The object in observing with two pendulums was to have a check on any change from acci· 

dental causes. Their agreement was quite satisfactory. The following table gives the incrPase 
in the time of one oscillation for heavy end down at the different stations in terms of the Wash· 
ington period: · 

Station. I Pendulum Pendulum 
No. 2. No. 3. 

I 

Loanda. o·oorno3 0·001001 

Cape Town. 261 258 

Jamestown. 746 748 

J,ongwood. 8o8 812 

Georgetown. 942 

.::~1 Green :'.!ountain. 1021 

Barbados. 983 990 
Bemmda. i 178 ISI 

I 

i 

H.Ex.80-42 
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The actual differences when corrected for change of gravity were as follows: 

D(ffere11ces between Nu. 2 and Nu. 3. 

One oscillation. Seconds per day. 
Difference from 

mean in seconds 
per day. 

Station. I ' 
'-----,-----!----------- ----~---

Up. Down. Up. Down. Up. j Down. 
1 

----- --- ··---1----------!---------- --------- ----
1 s. i 

\Vashington. 

Loanda. 

Cape Town. 

J a1nesto"·n. 

Longwood. 

Georgetown. 

Green Mountain. 

Barbados. 

I 0·044202 

I 
202 

204 

196 

197 

191 i 
182 : 

194 i 
! 

s. 
0·044387 

399 

428 

379 
410 

434 

Bermuda. 199 
1 

423 
i I -----------------

3819·0 

9·0 

9'2 

8·5 
8·6 

8·1 

T3 
8·4 

8·8 

3835·0 
6·r 

6·9 

9·4 
8·6 

4·4 

7'0 

9·1 

8·2 

0·5 

0-5 
0·7 
o·o 

0·1 

0·4 

o·8 

0·2 

0·2 

2·1 

1·1 

0·2 

2·2 

1·4 

2·8 

0·2 

1·9 

1·0 



 

No. 

3 

4 

5 

6 

7 
8 

I 

2 

J 

4 

5 
6 

7 
8 

9 

IO 

Il 

12 

13 
14 

15 

16 

17 

UNITED STATES CO.AST AND GEODETIC SURVEY. 

Pos. Date. 

GRAVITY OBSERYATIONS. 

Final Results of Sepamte Bivings. 

WASHINGTO'.'< [STAND 0F 1889) PENDl'Ll'M Ko. 2, 

DO.WN. 

I Ii 

Epoch. j Obs. Period. 

I I . 
Corrections. 

Rate. i Temp. 1 Press. 

Corrected 
period. 

---1-------- - -··1-------:-

Out. 

In. 

Out. 

I.i. 

1889. 

Oct. 2 

Oct. 

2 

2 

3 

J 

3 

3 

3 

4 

4 

4 

5 
5 
5 

5 

5 
5 

5 

5 

5 

s 
s 
s 
5 
s 

I 

h.. 

zz·o 

2·5 

6·8 

1 

I s. 

S. I 1·oo62II3 

P. 102 

F. 

F. 
F. 

S. 

s. 
P. 

1·006229r 

2&3 
278 

{_lf>_ 

-~-821 

+712 

-j-712 

--712 

j 

--17 

+s 

s. 

+11 l 1·0063001 

+ 7 3000 

I I 3014 

r 3014 I 
1-~ 

-5 
-- 6 

-10 

2 i 1°0062994 

-:--12 

+s 

-- - ---------------------~--

i F. I 1·0062881 i 
+767 22-1 

' I i 
23·3 I F. 996 +167 + 
o·8 F. 960 +767 + 

12 -44 1·oo63616 

13 -+a 734 
I3 -37 703 

2·0 F. 858 +767 l 
l + II -JO 6o6 

3·2 F. 900 +767 + 12 -34 645 
4·6 F. 892 +167 + 12 -34 637 
fro 

I 
F. 965 +767 + 

7'7 F. 842 +167 + 
S·5 F. I 8oI ,767 

12 -34 jIO 

12 -37 584 
12 -40 54° ----

9·8 s. 1·0062945 +167 + 2 -30 1-;-0063684 
11·2 s. 834 +167 - 7 -14 I s8o 
12·6 s. 822 +767 
13·9 s. 76o +167 -

- 9 o I sso 
-IO +14 1 53l 

17'1 s. 870 +167 -IO +33 660 

I5'2 P. 586 +167 - 7 +45 691 
J8·6 P. 875 +167 + I +46 689 
20·2 P. 8o2 +767 +7 

I-~ 630 

659 
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.Final .Results of Separate Swings-Continued. 

'VASHINGTON (STAND OF 1889.J PENDULUM No, 3. 

DOWN. 

No. I 
Corrections. 

Pos. Date. Epoch. Obs. Period. ,-------,---
1 

t----•----i---i-----i-R-a-te_. _, __ T_em_p._ Press. 

Corrected 
period. 

1889. 

Out. Oct. 3 

2 4 

3 4 

4 

s 
6 

In. 4 

4 

4 

'----------~ 

h. 

22·1 

2·3 
6·6 

F. 

F. 

F. 

9·7 s. 
13·8 s. 

·17·8 I P. 

s. 

0·9620235 

3o9 

290 

0·9620140 

156 

158 

+661 +18 

+661 +18 

+661 +12 

+794 

+794 

+794 

-4 

-35 

-24 

s. 

+s 0·9620919 

-t-4 992 

0 963 

-2 0·9620928 

-2 I 913 
-6 I 922 , __ _ 

I 921 



 

j 

No. 

--
I 

2 

3 

4 

5 
() 

7 
8 

9 
IO 

II 

12 

I 
I 

I 

I 

2 

3 

4 

5 
6 

7 
8 

9 
10 

11 

12 

13 

14 

IS 
16 

17 
18 

UNITED STATES COAST AND GEQDETIC SURVEY. 

Pos. 

--

Out. 

In. 

Out. 

In. 

-· 

Pinal Resulta of Separate Swings-Continued. 

Date. 

188g. 

Dec. 24 

I 24 

25 i 
25 I 
25 i 
25 I 

I 

25 I 25 
26 

26 

26 

26 

LoANDA, ANGOLA, PENDLTV1>1 No. 2. 

Epoch. Obs. I 
I 

lz. I 
I 

1·2 I P. 

I 

I 
4·5 ' ~!. ' I 
8·7 ' M. 

I 
12·6 

I 
P. 

16-3 P. 

20·3 

I 

l'. 
I 

0·1 P. I 
I 

4·5 J\1. I 
I 

8·6 ]\J. I 
I I 

r2·4 P. 

I 16-4 ' P. I 

20-4 I P. 
\ I 

I 

I I 

DOW1'.'. 

Pe riod. 

s. 

I ·oo 

1·00 

71755 

670 

733 
672 

647 

795 

Corrections. 

Rate. Temp. Press. 

'+1421 
! -+- 1421 
! ' 

+ 1421 

+1421 

+1421 

+1421 

. . I 
,1420 i 
+1426 ; 

-t-1426 I 

+74 

+12 
+14 
-20 

-2 

-5 

-11 

+ 2 

+4 

-4 

-7 
929 i +1426 

+6 

+40 

+52 

+36 
-16 

-7 
+1426 

! 
I +14z6 -36 

+z 

+s 

I 

Corrected 
period. 

I s. 

I 1·0073198 

I 217 ! 
154 I 

__ :I 
165 

I l«>o73368 

I 363 

I 28o 
384 
323 

290 

335 i ' \ ·---·----- -------------'-----.! 

UP. 

---- -------·-- -------

I 
I 

Dec. 26 0·5 P. I 1·0071812 l +1422 
26 1·8 P. 

l 
965 +1417 

26 I 3·1 P. 928 ! +1417 
I 

26 4·6 J\1. I 672 I +1417 

26 6-x M. 
I 

742 I +1417 
27 7·5 M. 702 ' +1417 

-23 +12 1·0073223 

-15 +s 372 

+3 -12 336 

+15 -19 085 

+22 -19 102 

+25 -14 130 

27 9·0 ]\{. 7o6 I +1417 +z6 -12 137 

27 10·6 M. 729 I +1417 

I 
27 r2·4 P. 1-0071888 I +1417 

27 13·8 P. 731 l +1417 

27 15 .. 2 P. 773 i +1417 

+33 --19 16o 

I ------
I 201 , ____ 

+16 -19 I 1·0073302 

-6 -15 I 127 

-17 -2 171 

27 16-7 P. 976 i +1417 -34 +u 37° 

27 18·2 P. 783 I + 1411 -ss +2I r66 

27 19·7 P. 759 I +1417 -76 +42 142 

27 21·2 P. 639 i 1417 

27 22•7 P. ~ I +1417 

-78 +49 027 

-66 +37 o84 

27 0·2 P. 704 +1417 -48 +19 092 

27 r·7 P. S59 +1417 -27 +4 2 53 
----

173 

661 
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Final Results of Separate S1oings-Continued. 

LOAKDA, ANGOLA, PENDULt:M No. 3· 

DOWN_ 

-----------------,--------. 

Corrections. j 
No. Pos. Date. Epoch. Obs. .Period. I Corrected 

~emp._------~-r-es-:~-1 poriod~-
i 

Rate. 

--1---------------

2 

3 
4 

s 
6 

7 
8 

9 
IO 

II 

12 

2 

3 

4 

5 
6 

7 
8 

9 

IO 

II 

12 

13 

14 

15 
16 

17 

! 

Out. 

1889. 

Dec. 17 

17 
18 

18 

t8 

18 

h. 
1 · r 

3·8 

S·o 

Ir"4 

15·7 
19·8 

s. 

P. 0·9629463 

M. 305 

M. 297 
p_ 312 

P. 347 

P. 395 

+1400 

-t---1400 

+1400 

+1400 

+1400 

-~-1400 

j s. 

- 4 j 0·963o884 
- 6 748 

- 7 747 

- 8 11. + 3 

+57 

--22 

744 

+11 

767 
1----

In. 18 o·r I P. 0·9629364 +1401 l -32 o i o·g630733 
18 4·0 M. 312 +1402 : - 2 - 6 7o6 

19 8·2 M. 312 +1402 1 +20 - 5 729 
I 

:: I ~:: ~: :~ !:: . ~~: :.: 1--1~ 
---------------- ------------- ----~--------~---

Out. Dec. 19 

19 

19 . 
19 

19 
20 

20 

20 

In. I 20 
20 

20 

20 

20 

20 

20 

20 

0·1 

1·4 

2·8 

4·2 

5·6 
6·9 

8·5 

9·9 

11'7 

13·3 

22·2 

23·5 

P. 

P. 

P. 
M. 
M. 
M. 
M. 
M. 

r. 
P. 
f'. 
P. 

P. 

P. 
P. 
P. 

P. 

UP. 

0·9627555 

575 
624 

53° 

339 
401 

335 
278 

0·9627343 

454 
401 

313 

335 
276 

320 

247 

318 

+1402 \ 
+1355 . 

+1355 

+1355 

-f--1355 

+1355 

+1355 

+1355 

-~-1355 

+1355 

+1355 

+1 355 
+1355 

+1 355 
+1355 

+1355 

+1355 

-47 
-29 

-12 

-41 

-49 
-49 
-46. 
-43 

~.:-1-·g628930 ·1 
+1 I 908 

0 i g61 

- 4 I ss2 

=:I ~ -61 707 

-9 

--21 

-28 

-23 

-4 
+16 

+21 

+33 
+32 

+31 

I '651 1--g;:;:-
1'== 

I 

0·9628709 

823 

763 

653 

665 

6o9 
659 
588 
661 



 

No. 

3 

4 

5 
6 

7 
8 

9 
IO 

11 

12 

UNITED STATES COAST AND GEODETIC SURVEY. 

Pos. 

Out. 

In. 

.Jt1inal Results of Sepa,rate Swings-Continued. 

Date. 

1890. 

Jan. 22 

22 

23 
23 

23 

23 

23 
23 
24 

24 

24 

24 

CAFE TOWN PENDULUM, No. 2. 

Epoch. 

h. 

15'3 

19"5 

23·9 
4·2 

8·1 

I l '7 

15'2 

19·4 

23·7 

3·9 
S·1 

1!'5 

DOWN. 

Ob;;. Period. 

Corrections. 
·------·-------- Corrected. 

period. 
i . Rate. Temp. . Press. I 

------!---- -·- --- :---i---,------

i s. ! s. 

Pa. ' 1·0065582 +IIJ - 77 +ro 1·0065628 

, Pa. I 550 +n3 - 29 + 5 639 

Pa. j 525 +u3 -- 20 + 4 622 

P. 'ii. 52 5 f-119 ; - 35 + 3 612 
P. 564 +119 - 77 + 8 614 

P. 518 +119 • - 80 . + 7 564 

P. 

Pa. 

Pa. 

I'. 

l'. 

P. 

230 

261 

219 

276 

332 

+119 

+119: 

+119 
..l-JI6 

+116 

+116 

I 
I 
I 

- 4° t 
- 22: 

r 
- 2j i 
--- 31 

- 75 
-II9 'i 

613 
============ 

-t- 2 l ·0065327 

+ 2 329 

+ 3 356 

+ 2 3o6 

+ 9 326 

+19 f 348 

332 
I 

---·-----------~------------ --- --------·- ----- ----------
OP. 

-------------~-- ·-------- - -

2 

3 

4 

s 
6 

7 
8 

9 

[0 

I[ 

12 

Out. 

In. 

Jan. 24 

24 

24 

24 
25 i 

25 
25 

25 
25 

15'1 

16·6 

18·2 

19·5 
21'[ 

22·6 

0·1 

1 ·5 
3·4 

P. 

l'. 

P. 

Pa. 

Pa. 
Pa. 

Pa. 

Pa. 

Pa. 

P. 

P. 

r. 
P. 
P. 

P. 

P. 
P. 

P. 

1·0065724 

809 

832 

690 

609 
683 

781 

666 

671 

1·oo65606 

566 

6o8 

561 

566 

479 
657 
637 
535 

+116 1' 

+n6 
+u6 
+116 

+rr6 

-113 . +s1 
-104 ! +47 

- 93 j +JI 
- 82' +39 

- 71 ' +35 

1·0065784 

868 

886 

763 
689 

+116 - 59 +33 j 773 
+n6 - 53 

+116 -- 54 

+rr6 - 6I 

+109 

+109 

+r09 
+rog 
+109 
+109 
+[09 

+109 
+109 

-- 68 

-- 75 
- 81 

- 86 

-II9 

-167 

-194 

-188 
-16o 

+29 873 

+z6 i 754 

+25 l 751 
l------

+31 

+37 

+42 

+47 

+62 

+s3 
+9S 

+93 

+SJ 

663 



 

664 UNITED STATES COAST AND GEODETIC SURVEY. 

Final Results of Separate Swings-Continued. 

CAPE TOWN PENDULt::l.I, No. 3. 

DOWN. 

I 
I I I Corrections. i 

I No. Pos. Date. Epoch. I Obs. Period. I Corrected 

I I I 
period. 

i _I Rate. Temp. Press. 

i I - --
! 

I I I 
1890. k. I s. I 

' t. 

I Out. Jan. 27 3·5 I P. 0·9623046 

I 
+119 + 47 i -14 0·9623198 I 

2 27 7"5 I Pa. 2994 +119 + 61 j -18 156 

3 28 II·6 I Pa. 3002 +Il9 + 79 ; --26 174 I j 4 28 16·3 I P. 3150 +JI9 + 88 --31 326 

5 28 20·5 

I 
P. 3093 I +119 + 62 -28 246 

6 28 0·5 P. 32o8 I +119 + 55 -26 356 
I 

I 
------

I 243 

I I 
7 In. 28 3·3 P. 0·9623227 +125 + 90 -30 0·6o23412 

I 28 Pa. 
I s· z-6 1.µ I +125 +115 -30 I 352 

I 12·0 Pa. 079 
I +125 +137 -30 

I 
311 9 29 

! 
16·4 P. -f-125 +139 JO 29 I 093 -30 327 

Jl 29 I 21:1 P. IZ6 +125 + 73 -14 I 310 

P. + 125 + 62 -6 I 
12 29 

I 
1·2 

I 
194 

f--~ 
i 348 

i I ! 

UP. 

I I ! ! 
J Out. Jan.29 

ii 
8·o Pa. 0·9621250 +120 +1o6 --18 0-9621458 

9·6 
I 

+ 85 +1 2 30 Pa. 249 I +120 455 

3 30 11·2 Pa. 252 l +120 + 76 +13 461 

4 30 12·9 Pa. 264 J +120 + 77 +9 470 

5 30 14·6 Pa. 279 I +120 + 76 + 7 482 

6 30 16·3 P. 370 +1:m + 72 + 5 567 

'l 30 17·2 P. 357 +120 + 69 +6 552 

8 30 18·6 P. 414 +120 + 67 +4 6o5 ------
5o6 

9 In. 30 20·1 P. 0·9621347 +120 + 67 +7 0·96:n541 

IO 30 21·6 P. 310 +120 + 48 +13 491 

11 30 23'3 Fi. 285 +uo + 14 +z2 441 

Ia 30 o·8 Fi. 264 +120 - 12 +25 397 

13 30 3·4 P. 418 +120 - 4 +7 541 

14 30 4·8 P. 364 +120 - 2 -5 477 

15 Feb. I 19·8 G. 239 +120 +139 -75 423 

16 I 21·5 G. 411 +120 +u9 -74 576 

486 



 

No. 

I 

2 

3 

4 

5 
6 

7 
8 

9 

UNITED STA.-TES GOA.ST AND GEODETIC. SURVEY. 

Final .Resuita of Separate Swings-Continued. 

JAMESTOWN, ST. HELENA, PENDULUM No. 2. 

DOWN 

Pos. Date. I ·11 1
1 -T,, --1 Corrections. 

I 
Epoch.11, Obs. I Period. : ----- i Corrected I 

I, I I i penod. j 
! Rate. Temp. I Press. i l' 

--1---1 I I : I 1-------
1891>. I "· 1 I s. I i s. 

Out. 

In. 

Feb.:: I :::: 
1 
::: 11·007°!;; ! ::~ + ~~ ~1; I 1·0070:!~ I 

22 I 0·9 i p I 666 i +27 - 6 + 4 691 

22 I 4·8 I P: . 639 ! +z4 + 55 -- 7 i----7-ll_ 

I ; : I 671 

22 I 
23 

23 

23 

Mc. 

Mc. 

B. 

+z4 

+z4 

+z4 
+z4 

+z4 

+ 70 i - 6 i-1·00-70_5_5_4_ 

+ 57 1 - 6 I 576 
- 63 I - s 484 

23 I 2::~ ! P. =I~ l :I: ! __ ~;~ 
I l i 543 

L.---'---.C--~.--'-__ __; __ -'-------'-----' ---'·----~! ----~ 
UP. 

i ' 
- 29 I I Out. Feb.26 5·0 P. 1·0071053 +32 

2 '26 6·5 P. 1053 +32 _ 20 I 
3 26 7·9 P. 1084 +32 - 7 

+9 1·0071o65 

+6 ro71 

+6 1u5 

4 26 9·8 M. 1001 +32 + JI +9 1053 
s 27 11·4 M. 0986 +J2 + 24 +2 1044 

6 27 12·9 M. o866 +32 + 30 -15 0913 

' 27 14·5 M. 0985 +32 + 40 -23 1034 

8 27 15·9 M. 1012 +32 + 52 -23 1073 
------

1046 

9 In. 27 17·3 Mc. 1·0071023 +32 + 54 -24 1·0071085 

10 27 18·8 Mc. 1055 +32 + 33 -19 IOI 
II 27 20·2 Mc. 0990 +32 + 50 -23 049 
12 27 21'6 Mc. 1023 +32 + 18 -6 o67 ------

·- 076 

-

665, 



 

UNITED STATES COAST AND GEODm!IC SUBVBY • 

.Fina.l .Results of Separate Swings-Continued. 

JAMESTO"'N, ST. HELENA, PENDULUM No. 3. 

DOWN. 

I Epoch. 

Corrections. 

No. Pos. Date. Obs. Period. Corrected 

Rate. I Temp. I Press. 
period. 

' --1 I 
----, 

1890. k. 

+ 4 1 I s. I 
Out.\ 

s. 

I Feb. 23 7'3 P. 0·9628205 + 18 +I 0-9628265 

2 I 23 9·5 M. 140 + 41 j + 49 -3 227 
I I M. 138 + 61 -8 ;; I 24 i 13·7 + 41 I 232 

4 24 

I 
18·2 Mc. 126 + 41 - 2 + I 166 

l I 22·6 

I 
Mc. 188 + 41 I - 96 +14 

I 
5 24 147 

6 24 j 2·7 P. 181 + 41 l - 68 .+ 9 163 I I 
I 

I I ----
! 

+u4 I 
200 

I 

7 In. 24 6-7 P. o·g628355 - IO ··- 2 0·9628457 

8 

I 
24 9·7 B. 238 +1141 + IO -2 i 36o 

9 25 13·8 B. 152 +114 + 36 -s I 297 

25 17·4 M. +114 - 12 - I 
I 

302 10 
' 

201 

II 25 21·5 

I 
l\L 279 +II4 - 80 +II 324 

12 25 I 
1·6 P. 265 +114 ! - 71 +9 317 

I I I I 
----

I 343 
I ! I 

-

UP. 

Out. I Feb. 25 

2 25 

3 25 

4 26 

5 .26 

6 .26 

I 

5·9 P. 0·9626499 + 31 I - 25 +9 0·9626514 
I 

7·4 r. 457 + 31 ! + I +12 501 

9·7 Mc. 287 + 31 l + 25 + 5 348 

11·3 Mc. 309 + 31 i + 32 -~8 364 

12·7 Mc. JIO + 31 ' + 34 -15 36o 

14·2 Mc. 325 + 31 I + 34 -18 372 

7 26 15·6 Mc. 255 + 31 \ + 28 -21 293 i 
' 

8 In. I .26 

9 26 

IO z6 

II 26 

12 26 

i 
' 393 

17·6 B . o·g626157 + 31 ; + 27 -25 0·9626190 
i 

19·0 B. 252 + 31 j -- 4 -16 263 

20·5 B. 26o + 31 I - 43 - I 247 

21·9 B. 288 + 31' -14 +12 257 
23"4 n, 344 +JI I - 99 +z1 303 

13 z6 

14 26 

15 26 

0·9 B. 321 
+ 31 I -Ill -t-40 281 

2·3 B. 498 7 Jl - 75 +27 481 

3·8 ll. 343 + 31 I - 40 +1s 349 ----
I 

296 

-------· 



 

No. 

--

, 

I 

z 
3 

4 

5 
6 

1 
8 

9 
JO 

II 

I 

2 

J 
4 

5 
6 

7 

g 

9 
10 

JI 

(.2 

13 

UNIT.ED STATES OOAST AND GEODETIC SURVEY. 

Fos. 

Out. 

In. 

Out. 

In. 

Pinal Re81elt8 of Separate Swings-Continued. 

Date. 

1890. 

Mar. 4 

4 

s 
s 
5 
5 

5 
6 

6 
6 

6 

Mar. 6 I 
6 

6 
6 

7 

7 
7 

7 

7 
7 

7 

7 

7 

LoNGWOOD, ST. HELENA, PESDULUM No. 2. 

Epoch. 

----

"· 6'2 

10·3 

14·0 

17·9 
2t·9 

2·1 

10·2 

14·3 
18·0 

22·1 

2·1 

6·2 

S·o 

10·3 

17·8 

19·2 

20·8 

22·2 

23·7 
t'I 

I 

I 

Obs. 

P. 
Mc. 

Mc. 
M. 
M. 
P. 

B. 

B. 

Mc. 

Mc. 
P. 

P. 
P. 
M. 
M. 
M. 
M. 

M. 

B. 
B. 

B. 
B. 
B. 
P. 

i 

I 
I 

DOWN. 

I 

' Corrections. 
I 

Period. I I 
_ _I Rate. _ Temp. 

s. 

1·007o662 

8o 

59 
08 

30 
26 

1·0070645 

634 

619 

535 
6o+ 

UP. 

1·007o6S2 

797 
172 

178 

736 
795 
671 

1·007o624 

657 

592 

58o 

357 
588 

-32 

-32 
-32 

-32 

-32 

-32 

-36 

-36 
-36 
-36 
-36 

' 

-36 
-36 
-36 
-36 
-36 
-36 

+4 

l 
+6 

+10 
I + 5 
I -15 

I -6 

+r6 

+34 I 
+29 I 
-7 I 

I 

-8 

I 

-6 

-18 
-18 
-14 

-12 

-rs 
-IO 

-II 

-25 
-33 
-36 
-23 
-JI 

Corrected 

Press. 
period. 

s. 

0 1·007o634" 

-s 649 

-5 632 

-2 579 
-I 582 

+1 589 ----
611 

--------
+2 1·007o627 

0 632 

-3 6og 

+2 494 

+4 564 ----
I 

585 

-4 

!; I 
1·0070641 

739 
715 

728 

690 

748 

623 
'·-----1 I 698 

-9 1· 1·0070568 

-7 . 589 

-4 I 519 

-I I 507 
0 298 

+3 I 544 

1-~. 



 

668 UNITED STATES OOAST AND GEODETIC SURVEY. 

Pinal Results of Separate Swings-Continued. 

No. Pos. Date. 

--i--1-----
, 1890. 

2 

3 
4 

5 
6 

7 
8 

9 

Out. 

In. 

Mar. 2 

3 

3 

3 

3 

3 

3 

4 

LoNGWOOD, ST. HELENA, PENDULUM No. 3. 

DOWN. 

I I t Corrections. : Corrected 

_: __ E_poc_h_. i __ O_bs_. j __ P-en-·o<l_._ 1--;:~::;:-;r:~~ : __ pe_r_i:_· -

h. ! Ii r. ' 

6·o I P. 0·9628330 

:::; I ~: I ::; 
17·9 , Mc. 167 

22·0 i Mc. 25 I 

2·1 ! P. 312 

I 

.:·: I s 
22'2 

j B. 
B. 

o·g628398 

316 

305 

243 
261 

-42 

-J7 
-37 

-37 

-37 

-37 

+4 

+4 

+2 

-3 

+1 
+1 
-2 

+ 2 i 

i + 2 i 

s. 

o·g628301 

252 

268 

161 

222 

247 i 
1-1 i 0·9628364 

- 3 r 296 

I - z ! 
l +I 

224 

I
' + J 

, ___________________ l ___ _..c ___ l~+-
4 

______ _ 

IO 

ti 

12 -37 P. 270 2·2 I 239 1----
1 271 
l 

+z 

UP. 

' I I 

I Out. Mar. 7 3·8 P. o·g626307 -35 i -IJ i +4 0·9626265 

2 7 5·2 P. 5739 -35 I -7 

I 
0 56g7. 

3 7 r1 P. 5489 -35 I -2 -4 i 5448 
4 7 8·4 P. 5887 -35 I +2 -6 5848 

----
5815 

5 In. 7 10-3 Mc. 0·9626291 -35 -4 -2 0·9626250 

6 8 11·7 Mc. 327 -35 -7 +6 291 

7 8 13·1 Mc. 290 -35 -s +10 26o 

8 8 14·5 Mc. 151 -35 I -9 +•3 J 120 

9 8 16-0 Mc. 173 -35 +2 -IO i 130 

I l I 

I 210 
I [ 



 

UNITED STATES COAST AND GEODETIC SURVEY • 669 

.Final RtJsults of Separate Swings-Continued. 

GEORGETOWX, Asc1rns10x, PENDULIJM No. 2. 

DOWN. 

I ' ' Corrections. I ' 
No. Pos. Date. Epoch. Obs. Period. I Corrected 

i I Temp. I 
period. _I ; Rate. Press. 

r 
-- i 

1890. h. s. I s. 

Out. Mar. 20 6-4 P. 1·0072619 
I 

+138 + 73 1·0072819 I I -II 

2 20 rr·s M. 6oo +138 +100 -13 825 

3 21 15"4 M. 6o8 +138 +no -14 842 

4 21 I 19·0 w. 525 +138 + 64 -II 716 

5 21 I 23·0 W. 565 

I 
+138 + 21 -3 721 

6/ 21 3·1 P. 598 +138 + 271 -- I 762 

I I I 78r 
I 

I 7 In. 21 7·2 I P. I 1·00726o6 +II7 + 40 -6 1·0072757 I ! 
8 21 J1•4 I B. I 6o5 ! +117 + SJ -6 769 

I 
B. 582 

\ 

+II7 + 56 -6 9 22 15·5 749 
10 22 19·1 )!. 592 +117 + 35 -4 740 
II 22 2J"I M. 626 I +IJ7 - 10 +2 735 
12 22 3" [ P. 618 I +u7 + 3 +2 740 

I 
----

748 
' i 

GP. 

I Out. Mar. 25 7·8 P. 1·0072522 +z34 - 24 + 5 1·0072'J37 
2 25 9·2 P. 507 +z34 - 9 -s 727 
3 25 11·4 w. ~ +z34 0 -5 677 
4 26 13·2 w. 474 +234 + 4 +3 715 

5 26 14·8 w. 552 +z34 + 9 +4 799 
6 26 16·2 w. 369 +234 + 17 -2 618 

7 26 17·7 W. 263 +234 + 25 -II 511 

l 
683 

8 In. 26 19·2 B. r-c107216o +z34 + 20 -16 1·0072398 

9 26 20·6 B. 249 +234 - 6 -IO 467 
JO 26 22-0 B. 290 +234 - 35 - I 488 
JJ 26 23·3 B. 299 +234 - 57 +u 487 
12 26 0·9 B. 245 +z34 - 72 +zs 432 

13 26 2·5 :B. 302 +z3.i. -8o +34 490 
14 26 3·7 P .. 259 +z34 -85 +36 444 

458 
I 

L.-------- ~--------------



 

670 

No. 

2 

3 
4 

5 
6 

7 
8 

9 
IO 

II 

I 

2 

3 

4 

s 
6 

7 
8 

9 

10 

II 

u 
13 
14 

15 
16 

17 

U.NITED STA.TES COAST A.ND GEODETIC SURVEY. 

Pos. 

Out. 

In. 

Out. 

In. 

Date. 

1890. 
Mar.22 

22 

23 

23 

23 
23 

Mar.24 

24 

24 

24 

24 
2s 

zs 
25 
25 

25 
25 
25 
25 
25 
25 
25 

25 

GEO~OW:-1', ASCENSIO!!, hNDUUIM No. 3-

DOWN. 

j 
I ! Obs. Period. 

i 
1,1----:--,i 

h. s. 

I 

7-f> P. 0·9630"4 

u·6 
15·7 
19·1 
23·2 

3·1 

.t2" I 

16-0 

19·2 

23·r 

3·4 

7·2 

87 
10·3 
Jt•4 

12·8 

~4'3 

15·6 

17·0 
18·3 

19·3 
:zo-8 

22·3 
23·6 

1•1 

2·9 
4·8 
6·2 

I 

W. 
w. 
B. 
B. 

P. 

P. 
M. 
M. 
w. 
w. 
w. 

P. 

P. 

P. 
B. 
B. 

B. 

B. 
B. 
B. 

M. 
M. 
M. 
M. 
M. 
P. 

P. 

P. 

I 

221 

0·9630074 
201 

157 
282 

134 
171 

UP. 

o·g62S.:n7 

131 
250 

091 
078 

103 

045 
OI4 
124 

0'9628o34 
8o82 

8o29 
8o21 

7992 
8109 

8135 
8184 

Corrections. 
1 

I 
--~~-----~' Corrected 

I 
! ' period. ! 

~femp.:_ 11, -P-re_s_s._ . 

I ,- 1-s. ---1 
+•55 , +15 _ 2 . o·g630392 I 
+•ss 1 +oo + 1 403 

Rate. 

+155 : +39 o 358- I' 

+155 + 8 + I 35I I 

+155 -42 + 9 412 

+155 : -44 + 9 402 ______ , 
I 

+196 0 : 370 

I +196, 

l

l +196' 
+1¢ I 

I 
o I 479 

+ 6 i 29z 
+ 8 i 323 

1--3s;-
I i I 

! i i I i +196 : -27 ++ o-g628'f.oo 
I 

+261 ! 36+ i -25 -3 

I 
+261 -18 -9 48..f. 
+z61 +r -II 342 
+261 +7 -7 339 

I +z61 +u -4 37r 
+z61 i +17 ·- s 

I 
318 

+z6r I +z5 -8 292 

+z61 +28 -12 401 

I 

368 

+261 +zo -12 0·9628303 
+261 +4 -9 338 
+261 -'-ZO 0 270 
+z6I -40 +n 253 
+z6I -52 +19 220 

+z6r -61 +z6 335 
+261 -54 +24 366 

+261 -37 +13 421 

I 313 I I 
' -



 

UNITED STATES OOAST AND GEODETIC SURVEY. 

FiMl .Re11ults of &pc.rate .8wings-Gontinned. 

G!'tEEN MOUN'l'AfN, AsCENSION, PENDULUM No. 2. 

DOWN. 

I I 

Corrections. I' 

1 , -------·.--- Corrected Date. I Epoch. Obs. Period. ·-
1
-- · ·

00 
No. Eos. 

1 ! ______ ! Rat~ Temp. 1

1 

Press. j __ p_e_n __ ·_ 

--i--1----- I 
• \ Oo<. i ,~;.:, ! :, I P I :007'389 I _., +'541 _., i :;.,,,.,, 
2 31 t2·8 l M. 754 I -I2 +162 i -16 I 2888 

Apr. I 17·1 B. 787 -12 +178 i -18 2935 3 

4 

5 
6 

7 I In. 

8 

9 
IO 

II 

12 

z 
3 

4 

5 
6 

7 
8 

9 

10 

II 

12 

13 

14 

rs 
16 

Out. 

In. 

Apr. 

I 
I 20·9 B. 796 -12 -j-123 -14 :::.893 

2 

\ 

5 
5 

5 I 
5 
5 
6 

6 

6 
6 

6 

6 
6 

6 

6 

6 

6 

0·9 

4·9 

8·8 

12·8 

16·8 

20·8 

1'2 

5·3 

7·5 

9·1 

10·6 

11·7 

13·1 

14·5 

15.7 
17·1 

187 

20·2 

21·0 

22·4 

:23·8 

1·1 

2'5 
5·4 

M. 
P. 

P. 

I
I:: 

M. 

w. 
P. 

I 
! P. 
I 
I P. I 

I P. 
I P. 

I B. 
I 

B. 

I B. 
I w. 
I W. 
i 
I 
I 

I w. 
i B. 

I B. 

\ 

B. 

w. 
VI'. 

I P. 

I 

I 

I 

' 

I 

1·0072901 

784 

793 
790 

893 

946 

UP. 

·-~--

1·00729:r1 

9o6 

895 

857 
851 

851 

774 
744 
875 

8·00726<>9 

53° 
6o9 
666 

ssz 
671 

7o6 

-12 

-12 

-5 
-5 
-s 
-s 
-s 
-s 

65 

-65 
-65 

-65 
-65 

-65 
-65 

-65 
-65 

-65 
-65 

-65 

-65 
-65 

-65 

-65 

- I + 4 2876 

- 9 

II!~ 
+130 

I + 6s 
- 27 

i - 13 

I I 

\ - 61 l 
I 

- 27 j i 
I; 
I - 18 
f - 8 
I - 2 

+ 3 

+ I I I 
+ [0 

+ 15 

+~ 
I + 20 

- 4 i 
- 38. 

- 9z l 
-139. 

! 
-1031 

! 

+ 4 2907 

-IO 

- 9 1 
-IZ 

- 5 845 
+ 2 863 

+ 3 931 

+20 
+3 
-3 

-5 
-3 

0 

+I 
-2 

-IO 

-14 

-r6 
-12 

+2 
+30 

+sz 
+49 

1--896. 
I 

I 1-007z8o5 

817 

&og 

779 
181 

789 

721 

687 

815 
------

778 

1·0072554 

469 
528 

565 
425 
519 

587 ----
521 

671 



 

672 UNITED STATES COAST AND GEODETIC SURVEY. 

No. Pos. 

-i--· 
I Out. I 

2 

3 

4 

5 
6 

7 
8 

9 
IO 

IJ 

12 

I 

2 

3 
4 

5 
6 

7 
8 

9 
JO 

II 

12 

13 

14 

15 

In. 

Out. 

In. 

Final Results of Separate S1oings-Continued. 

Date. 

1890. 

Apr. 2 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

Apr. 4 

4 

4 

5 
s 
5 

5 
5 

5 
5 
5 
s 
s 
5 
5 

GREEN MOUNTAIN, AscENSION, PENDULUM No. 3. 

Epoch. 

-~~-) 
8·6 ! 13·1 

I 1]"1 

21·1 I 
I 

1·0 I 

4·9 

9·1 
12·9 j 
17·0 

i 20·9 

0·9 

5·0 

DOWN. 

Ob I s. ! Period. 

Corrections. 

' R I ·T I p 

Corrected 
period. 

1. ate. 1 emp. I ress. 
__ i _____ l~-~·--l---i ____ , _____ , 

! 1 ! 
P. 
B. 
w 
vV 
B. 

P. 

P. 

l\I 

B. 

B. 
M 

P. 

s. 

0·963o633 

658 

587 

583 
702 

691 

0·963o655 
6o1 

618 

6o2 

746 
748 

UP. 

-28 r + 34 I -- 4 

-28 + 54 i - 5 

-28 + 6<J I _ s 
-28 + 26 i - 4 

I 

-28 

-28 I 

- 74 j +rn 
-611 +9 

s. 

577 
610 

6II 
1------i_ 622 

+ s - 3 1 0·963o675 

+ 14 - 2 

,15 
+15 
+15 
+15 
+15 
+15 

+ 8 - 2 i 

-~I~; I +1: I 
-!04 ! +11 

9·4 

10·9 

12·5 

14·0 

r5·6 

17·0 

18:6 

I P. \ 0·9628357 -1--=-;--1-=-:5 I 
P. 296 - 5 + 4 

- I 

-12 

I 0·9628326 

283 
230 

172 

202 

183 
217 

146 19·8 

21":! 

22·7 

0·1 

1·4 

2·7 

4·1 

5·4 

W. 234 - 5 j 
w. 168 - 5 
W. r86 - S 
M. 

M. 
M. 

M. 
M. 
M. 

w. 
w. 
w. 
P. 

161 

222 

r71 

o·g62g105 

107 

r77 

193 
161 

268 

274 

-s 
-s 
-s 

-5 
-5 
-s 
-5 
-s 
-5 
-s 

+ II 
+ 14 

+ 28 

+ 40 

+ 5 
- 17 

+ 52 

- 3 
-62 

-123 

-148 

-133 
-102 

-IO 

-- 5 
-- 7 
-13 

-s 
-3 

-29 

-9 
+zo 
+40 

+47 
+48 
+37 

!--~ 

0·9628123 

090 

130 

105 

055 
178 

204 

II6 



 

UNITED ST.A.TES 00.AST .A.ND GEODETIC SURVEY. 

Final Ruults of Separate ~'wings-Continued. 

BRIDGETOWN, BA.RBADOS, PENDULUM No. 2. 

DOWN. 

~ I I 
No. Pos. Date. 

Epoch. Obs. I Period. 1 __ (1~orrectionsl. -!_j Corrected 
1 [ 1 , period. i [ Rate.· I Temp. ! Press. l 

----1----1------,----1----1---1---j----
I 1890. Ir. 5. i i I ) s. 

2 I
i Out. I May 3 9·7 P. 1°0073076 : + 62 . - 6 ! - 1 1°0073131 

4 15·5 Mc. 3052 + 62 -30 - 2 082 

3 4 19·0 Mc. JIOJ + 62 -36 - 2 127 

4 4 217 M. 2951 + 62 + 9 - r ou 
I' 

5 4 2·1 M. 3007 + 62 +26 + 4 

6 4 fro P. 3015 + 62 +z1 + 6 

7 

8 

.9 
10 

ll 

In. 4 

4 

5 
5 

5 

9·5 
14·4 

18·3 

22·3 

2·2 

P. 1·0072980 

w. 986 

w. 946 

Ilf~. 879 

M. 933 

+go 
+118 

+us 
+118 

+118 

+1 
+12 

-zo 

0 

-2 

-2 

-- 4 

+3 

099 
104-

OJI 

034 

---'--------'-----'-------

UP. 

I I I 
! 

I Oot. May 8 8·2 P. 1·oof22o6 + 67 -17 +s I 1·0072264 

2 8 12·0 P. 2131 + 52 -2 -2 I 2179 
! 

3 8 l4·9 w. 2079 + 52 j - I 0 2130 

4 9 16·6 w. _1993 + 52 -2 +s ! 2048 

s 9 18·0 w. 1996 + 52 -2 +10 2056 

6 9 19·7 w. 1912 + 52 -3 +u 1972 

7 9 21·2 w. 1942 + 52 -3 +9 I 2000 

I 2093 

8 In. 9 22·3 Mc. 1-0072956 + 52 -7 +9 I 1·007.fo10 

9 9 o•o Mc. 2979 + 52 -17 +u I 025 
I 

IO 9 1·6 Mc. 2990 + 52 -27 +16 I 031 

IJ 9 2·9 Mc. 3121 + 52 -39 +24 I 158 

P. 2971 + 52 +33 
I 019 12 9 4·2 -43 i 13 9 5·8 P. 2957 - 52 -31 +3'1 I 015 
I 

14 9 u·s P. 3007 + 52 -20 +33 I 072 

I 047 
I ' ' -------- -

H• Ex. 80-43 

673 



 

674 UNITED ST.A.TES (.,"'OASi' AND GEODJ!.."'TIC SURVEY. 

Fi?Utl Results of &pa.rate Swings-Oonti1med. 

BRIDGETOWN, BARBADOS, PENDULUM No. 3. 

DOWN. 

Epoch. I Obs. 

I Corrections. 

No. Pos. Date. I Period. Corrected 
I I I period. 

I ! 
Rate. Temp. Press. 

I ! I 

-1-1 :--! ---1------: -----~-- -~------~ 

1890. h. 
! j ' I 

I 
I s. I I s. 
I ' -8 i I Out. 

I 
May s 6-2 P. 

r 

0·963o622 +113 I -,- 5 o·g630732 
2 5 9·3 P. 585 +113 +31 ' 0 729 i 
3 5 14·3 Mc. I 572 + 76: -t-47 -4 ~I I i 
4 6 1S·4 Mc. 

I 
545 + 76' +s6 i -8 669 

5 6 22·0 w. 437 + 76 ! --t-51 ··-IO 554 
6 6 2·0 h1. 538 + 76: +17 -5 . 626 

! 
7 6 6·3 P. 

I 
583 

r 

+ 76 i +s -3 ! 664 
------

666 I I ; 

1 0·9630695 
I i i 82 1 8 In. 6 9·5 P. 0·9630581 + +40 -8 

I 

I 
I ! 

9 I 6 14·4 W. 509 + 89 I +46 -9 ' 635 I 

10 I 'j 18·9 w. 530 + 89 ! +47 ! -7 659 
! 

+ 89 ! 
I 

II 7 22· I Mc. I 531 +17 I -7 630 

12 7 2·4 M. i 574 I + 89: -9 I -4 650 
I + 89 i ! 

13 7 5·4 1'. 6o7 -6 -3 687 
------

UP. 

I I 
i 

I Out. May 7 10·8 P, o·g628468 + 84 + 5 I 
-13 0·9628544 

I I P. + 79 +16 2 7 

I 
12·4 437 I -17 515 

3 i 14·9 Mc. 422 + 79 +18 -15 504 

4 8 I 16-3 Mc. 386 + 79 +11 -6 470 

s 8 17·8 I Mc. 46o + 791 +7 I -1 I 545 
! 

6 8 19·2 I Mc. 413 + i9 I +4 - I 495 

' 8 20·8 Mc. 388 + 791 0 -3 464 

I I 505 I 
I 

I 
I 

8 In. 8 22·1 W. 0·9628294 + 1°9 -- 4 -7 0·9628362 I 
8 23·8 I w. 3o8 + 79 -8 ! 

9 -9 370 
10 8 1·_9 M. 370 + 79 -19 -3 I 427 
II 8 3·4 M. 394 + 79 -35 +9 447 
12 8 4·9 M. 378 + 79 -51 +20 I 426 i 
IJ 8 6·5 M. 416 + 79 -46 +20 469 

417 



 

UNITED- STATES COAST AND GEODETIC SURVEY. 

DOWN. 

----------------------- --- ------------
! I 

-N-o. __ P_o_s_· 1--~-:-~-·-i E~oh !_O_bs_._l_s_P_er_iod_. 

l
j I 

Rate_ 

(*) 
+z5644 

!+256-4+ 
1--'-25644 

-L25644 

Corrections. 

-1- i en1p. \ Press. 
i ___ T _____ _ 

C:orrectetl 
period. 

s_ 

Out. May 31 1 

2 I Juue 1 

3 

,4 

5 In. 

6 

'! 
8 

I 
: I 

I 

2 I 
I 

5·5 

s-7 
9·6 

1·3 

5·6 

5·8 

9·8 

1·4 

I p_ 

P. 
P. 
P. 

p_ 

P. 
p_ 

P. 

92 3 

943 

970 

1·0038932 

<)01 

908 

951 

'-'-25652 i 

1+25652 

1+25652 

+ 92 +10 

+no . -r- 5 

l 9? -+- 4 

+ 62 -L 7 

-r IO 

4 

i·oo64672 

682 

683 

683 
---6;:;-1 

---'---------·-----'-----'--- ------------------- -----

FP. 

- -~------ -~--~---·- . -·-~------- --~~---· ~--- --

I 
Out_ June 6 6·7 P. 1·0039324 +- 25613 17 -~-19 1 'oa64939 

2 6 8·2 I'. 300 ·+25613 19 +18 912 
I 

6 9·8 P. 264 +25613 870 3 27 +zo 
I 6 P. 264 +z5613 +zt ~63 4 11·4 - 35 

------
896 ------------

5 In. 6 12·9 P. 1·0039523 ,+25613 - 36 I +zz 1-oo65122 

6 6 2·4 P. 375 +z5613 +zs 4972 - 41 i 
i 7 6 3·9 P. 456 +25613 - 47 I +zs I 5047 

8 6 6.4 P. 468 1+25613 - 52 !, +23 ' l 5052 
9 6 n P. 394 1+25613 - 58 I +24 -~~: I l 5033 j 

- --· --~------ ------~\ __ i ___ 
* Mean lime chronometer u~d. 

675 



 

676 UNITED STATES OOA.ST .A.ND GEOD.ETIC SURVEY. 

Pinal R&ults of Sepa?'ate b'wt1ags-Continued. 

ST. GEORGES, BERMUDA, PENDULUM No. J. 

DOWN. 

Pos. 

-----------------------·-----.-=.:l 
Corrections. ! 

Period. ----------------i Corr~cted Date. I Epoch. I Obs, I No. 
I I : penud. I 

Rate. I Temp. Press. \ ; 
__ . ______ ! __________ , 

J

I J 

: s. 

·1 I 1 

--i-·i---:- --!-!-------·-· 
I I 

1 sgo. : h. ! I s. ! 
I Out. June 2 i 5·8 I r. . 0·9598o96 

2 I I 3 5·9 I'. 7949 

3 
4 

5 
6 

7 
8 

9 

In. 

3 

3 

3 

4 

4 

4 

4 

10·2 

1'2 

5'4 

5·9 
10·2 

12·7 

4·1 

['_ 

l'. 

P. 

P. 
P. 

P. 

P. 

7951 
8001 

0·9598108 

087 

054 
o86 

087 

1
+24490 ' 

!~:::: 
i-+--24490 

1+24490 I 
\+24494 l 
1
+24494 I 

1

+24494 

+24494 

I 

- 9 0 ' 0·9622577 

''.' +Jo - 7 462 

-14 

+n 
+10 

0 

-12 

- s 456 

-6 

-6 

i -14 
-16 

-13 
-II 

0·9622578 

578 
542 

s61 I 

-~l 
565 ' 

! 
'---------------------~------------- -------' 

2 

3 
4 

6 

7 
8 

9 
10 

I Out. J ~=-··-:-11-···;.:--
5 6·8 

s I 8·4 
5 9·9 

s 11·5 

In. 5 [' [ 

5 2·5 

5 3·9 

5 5·3 
5 67 

\ 

P. 
P. 

P. 
P. 
P. 

P. 

P. 
P. 

P. 

P. 

UP. 

0·9596273 

169 
ogo 

126 

135 

0·9596167 

207 

163 

153 
205 

:+24494 
1

+24489 

!+24489 
1+24489 

1+24489 

l+24489 

1+24489 

+24489 

+:i+i89 

+z4489 

-25 -30 

- 8 -26 

-10 -24 

-II -22 

-r7 -16 

-24 - 7 
-28 0 I 

-31 

-33 

·- J9 

+4 

+ 9 

+7 

' 

---------------- ----------'------~---------

o-9~20712-j 
624 

545 
582 

591 

611 

0·9620025 

668 

625 
618 

662 



 

! 

UNI'l'ED STATES COAST A.ND G.EODETlC SURVEY. 

Final Raults of Separate Swings-Continued. 

WASHINGTON (STAND OF 1890), PENDULUM No. 2. 

DOWN. 

Corrections. 
Corrected 

1 period. 

, ____ --- ---l------l--R_a_t_e._j_T_e_m_p_. -l--P-re-ss_._l·-----I 

No. Pos. Date. Epoch. Obs. Period. 

----, 1890. h. 
1
. s. I 

2 29 6·8 F. I 3012 - 12 +101 

z Out. July 29 2•4 P. ! 1·oo63029 - 12 1

1

' +110 

3 29 10·9 P. 2998 - 12 + 82 I 
': :: :!::_ ~: !; =I:: I ! :; i 

6 I 30 0·2 F. 3016 -IOI I + 82 

7 
8 

9 
JO 

IJ 

12 

I 

2 

3 

4 

5 
6 

7 

8 

9 
10 

II 

l:Z 

JJ 

14 

In. 

Out. I July 

In. 

Aug. 

30 

30 

30 

30 

31 

JI 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 
I 

I 

l 

l 

I 

I
I 

8·8 I P. 

IJ'I P. I 

::: 1 :: I 
' t 

4·5 [ P. 
I 

I 

I 6·5 P. 

7·9 P. 

9·4 P. 

J0•8 P. 

12·3 P. 

13·9 P. 

15·4 P. 

17·0 P. 

18·6 F. 
20'1 F. 
21·7 F. 

ZJ'2 F. 

0·7 F. 
2·2 F. 

1·oo63047 

3o64 

3029 

3001 

2977 

1·oo63318 

297 
184 

258 

297 
122 

149 

1·oo63057 

3124 

2794 

2919 

3078 

:z947 
3o81 

-IOI 

-115 

-115 

- 98 

- 82 

r- 82 

,- 95 
- 95 

i - 95 
- 95 
- 95 

- 95 

- 95 
- 95 

- 95 

- 95 

- 95 
- 95 
- 95 

+ 71 

+ 71 

l 
! ~; li 

+ 63 
+ 40 i 

I '. 

i+ 18 

I+ 20 
I+ 24 l+ 24 

i+ 20 
I 

r8 1+ 
1+ 26 

+ 14 

+ 12 

+ 13 

+ 13 

+ 13 

+ 6 

+ 6 

-26 

-25 

-21 

-21 

-23 

-24 

s. 

1·oo63101 

3076 

3047 

3089 

2875 

2973 

-21 1·oo62996 

-16 3004 

-13 2972 

-r1 2959 

-12 i 2946 

- 4 2 895 
!------

+3 j 1·0063257 

+u ' 233 
+18 ! 131 

+24 i 2ll 
I 

+31 I 253 I 
I 

081 +36 I +so I 130 

1--~ 
+37 

I 
1·0063013 

+36 3077 

+23 2735 

+23 286o 

+23 3019 

+22 288o 

+21 3013 
------

2942 
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678 UNITED STATES CO.AST AND GEODETIC SURVEY. 

Fina.l ReJiultti of Separate Swings-Continued. 

\VASHINGTOc;: (STAND OF 1890) PENDULUM No. 3. 

DO"WN. 

r Corrections. 

No. Pos. I Date. Epoch. Obs. l:'eriocL 

Rate. 

Corrected 
period. 

. Temp. I l'ress. . 

__ l __ , ____ i ____ l---i---
i 1890. /1. s. 

j Out. Aug. I 4·6 l'. 0·9621054 

2 I 8·8 

3 
4 

s 
6 

' 8 

9 
10 

II 

12 

In. 

13·0 

17"1 

19·3 

23·9 

2 l6·r 
I 

z i 20·1 

3 I o'.~ 

P. 

P. 
P. 

F. 
F. 

l'. 

P. 

P. 
P. 
F. 

F. 

1016 

lOOi 

!043 

0962 

0959 

UP. 

10:.'.! 

085 
060 

~-1---\---1-----
1 I . s. 

-90 
-90 

-go 

-90 

-90 

-<)O 

-90 

-90 

-90 

-90 

-24 i +1 l ; 0•96:2095 l 

--23 

--23 

-19 

-27 

-44 

-46 
-46 

-47 

-48 
-50 

+13 
+12 

+6 
+6 
+4 

+1 

+3 
+3 
+1 
+1 
+:z 

916 

9o6 I 936 

859 

1_.--8~1 
I 902 
l====l ! 0·9621015 

----· ---~--------
! 

Ont. Aug. 4 4·6 ·P. 0·96194o8 -90 -43 - 8 0·9619267 

2 4 6·o F. 263 -90 -43 --14 IJ6 

3 4 7'5 F. 2 55 i -90 -50 - 5 110 

4 4 9·0 P. 353 -go -57 + 8 214 

5 4 10'4- P. 344 i -90 -56 +16. 214 

6 4 11·9 P. 340 -gc -56 +zz 216 

' 4 13·4 P. 371 -90 -57 +z6 250 ----
8 In. 4 

9 4 I 

198 

I 15·0 P. 0·¢19391 -go -55 +z4 0·9619270 

16·5 P. 315 -go -55 +zo 9190 l 

Io 4 1;·8 P. 353 -go -55 +14 92z2 

II 4 1 9·3 F. 074 -go -56 +i:.z 8g40 
12 4 20·8 F. 170 -90 -57 +11 9034 
13 5 22·2 F. 372 -go -57 +u 9236 
14 s 0·9 F. 292 -go -51 +u 9156 
15 s 2•5 F. 1¢ -go -58 +11 9059 

9IJ8 



 

UNITED STATES COAST AND GEODETIC SURVEY . 

.Pinal Resulttt of Separate S1oings-Oonti1med. 

\VAsH!NGTo:->-[1890-BRACKETs], l'E'<DUUD! No. 2. 

E~ Dat~-~poch 1 

j I j 

I I I 
--, - - ---:----

! 1890. ' h. 

I Out. Aug. 12 4·5 i 

1· 2 12 9·2 

l 3 12 13·5 

I . 13 In. 

I s 13 

6 13 12·1 

' i : ' 
I I I i L __ i __ L __ : 

Ohs. 

P. 

P. 

P. 

P. 

]'. 

I'. 

------- -- --------~--

I ! 

Out. Aug. 14 3·3 P. 

2 14 4·7 P. 

3 14 6'2 P. 

4 14 7'7 P. 

5 In. 14 9'3 P. 
6 14 10·7 P. 
7 14 12·2 P. 

DOWN. 

Corrections. 

Period. ·------------- Corrected 
period. 

---·------

s. 

l·oo62923 

916 
881 

1·0062997 

9S1 

990 

UP. 

Rate. 

- 86 

86 

86 

-- I~2 

~---· ------------

1°0063245 -122 

203 -122 

265 -122 

414 -122 

1'oo63275 - 63 

312 - 63 
2o8 - 63 

Temp. 

0 

+10 

-i- 8 

+ 3 
..)_ 9 

+z1 

+17 

+13 

+ro 

+ 8 

+1 
+6 

Press. 

+ 2 

2 

3 

- 6 l--;·~629~1 
2 S96 

-· I 878 j 
------1 

896 j 
--------- ·-·· __ J 

+4 1·0063148 

+4 [02 

+6 162 

+10 312 
------

181 

+17 1.oo6323'7 

+26 

::~ +J2 

j -~34 

679 



 

6S0 UNITED STATES COAST AND GEODETIC SURVEY. 

Final Results of Separate Swings-Continued. 

'VASIUNGl'0!';-[1890-BRACKETs], PENDULUM No. 3· 

DOWIS". 

No. Pos. Date. 

--------

2 

3 

1890. 

Out. Aug. 15 

15 

15 

4 In. 16 

16 

16 

I 
! 
I 
I 

I 
I 
I 
I 

i 
I 

I 

Epoch. Obs. 

i 

I 
h. 

s-J I 
P. 

9·4 P. 

13·5 P, 

I 5·7 P. 

9·8 I P. 
I 

13·9 i P. 
I 

! 

I 

l 
Corrections. 

Period. 
Rate.~ Temp. I 

·--

s. 

0·9620986 - 61 +s 
951 i -105 

I 
+10 

933 I -105 +10 

I 
I 
i I 

0·9620953 
I -105 l +4 i 942 - 72 +4 I 955 - 72 +4 I 
! 

p ress. 

+1 

+3 

+3 

-14 

. -12 

-II 

Corrected 
periA; 

s. 

------
859 I .~ ... _I 

----·------~----~j 

VP. 

I I I : I 
I Out. Aug. 18 

I 

4·7 I P. I 0·9619254 

I 
I 

2 18 6-1 P. 194 

3 18 TS P. 234 

4 i8 

I 
9·1 P. 28o 

5 In. 18 10·6 P. 0·9619323 

6 18 11·6 P. 250 

7 18 13"4 P. 347 

8 18 14·8 P. 325 

I 
I - 72 -17 
I 

I - 72 -19 

I - 72 -20 

- 72 -22 

I 
I 

I - 72 -25 

) 

- 72 -26 

- 72 -28 
- 72 -31 

I 

-----------
I 

I 
-9 

I --II 

I -13 
I -13 

I 
I 

i -II 

I -7 
i -3 

! -2 

I 

---------~, 

0·9619156 

092 

129 

173 

i 138 

1, 0·9619215 
145 

I 
244 
220 

1---
1 2o6 
I 



 

UNITED ST ATES COAST AND GEODETIC SURVEY. 

Reductio1~ to Statidard Temperature and Pressure. Obsermti<>nt1 of 1889-1890. 

{PreSl!\lre, 29.ss. inches. Temperature, rs• C. J 

Pendulum No. 2. Pendulum No. 3. 

Station. 

I Up. Down. Up. Down. 

1----1--•-----

1~~29941 :."ao63636 ;:9620940 I 1 s. . Washington, 18&). 

Temperature correction. 

First atmospheric correction. 

Second atmospheric correction. 

Loanda. 

Cape Town. 

Jamestown. 

Longwood. 

Georgdown. 

Green Mountain. 

Barbados. 

- 6531- 6531-+ 623 'I [No obser-}- vations + 21 + 63 20 I J made. 

~~i=;~~11~;fuoi-i=== 
1·0073250 I 1·0073187 I 0·9630743 i 0·9628748 

- 1098 I - 109S - 1047 I - 1047 

+ I 15 : + 345 + 108 i + 307 

1+ I:+ 41-f- l 1~--4-
,--1-0072268 :--1·0072438 !~~SoS 0·9628012 

' 1·0065472 : 1·~6s1=s I 0·9623296 

1====-~ I 

I-1·0070607 ' 1·007106o i 0·9628272 ' 0·9626344 
! 

JOH -- IOII 1- 965 ! -- 965 
' + ~ 1+ 252 : --1- 79 ' -t 224 

I ' 1-~ 0 ,_ J I 0 I I ------:------i------:------
1 ·006968o i 1 ·0070300 i . 0·962...'.' 386 \ 0·9625602 I 1·0070598 j 1·0070601 ] o·g628259 J 0·9626o12 

- 500 . - 500 l - 478 - 478 
I + 204 + 610 I + 191 + 543 

+ I I + 321 + 9 + 27 

1·0070313 - 1·0070743 0·9627g81 1·9626104 

1·0072765 1·0072570 0·9630386 0·9628340 

- 1227 - 1227 - II71 - II71 

+ III + 330 + 104 _J_ 294 I 

0 + I 0 + I ------ ------
--;;:9629319 l--;;:9627464 1·0071649 1·0071674 

1·00729o8 1·0072650 0·9630632 j 0·9628168 

- 778 - 778 - 743 - 743 

+ 300 + 894 + 281 + 796 

+ 16 + 47 + 13 + 39 -------·----------------
1·0072446 1·0072813 0·9630183 0·9628200 

1·0073078 1·0072570 <>'9()3o662 0·9628461 

- 1095 - 1095 - 1045 - 1045 

+ 90 + 268 + ~ + 239 
() - f () - l 

------
0·9'2g10,, 1 ~"°'9691654 1·0072073 . 1·0071742 
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Reductiott to Stan.dard Temperature att.d Presstwe. Obser1'ati<>ns of 1889-1890-0ontinued. 

Pendulum No. 2. Pendulum Ko. 3. 

Station. 

Down. Up. Down. Up. 

!-----------.--------- ------. ·-·----- -------· 
! . ,i 

Bermuda. 

Temperature correction. 

First atmospheric correction. 

Seel •nd atmospheric correction. 

Washington, 18go. 

[Stand.J 

\\' ashington, 1890. 

(Brackets.) 

! s. ) s. 

I
I 1·0064636 i 1·oo64964 f-9622530 I ;9620625 - 6831- 683 - 651 ,- 651 

j ~ __ l~ i ~ s~ + 1! I~ s; 1 

I 1·oo63969 i 1·0064330 ' 0·9621895 I 0·962oq18 

1·0062994 ! l'oo63064 ; 0·96:w933 I 0·9619168 l 
857 , - 857 - 817 I - 817 

I~ 4: i~ 13~· ~ 4: !~ 12; 
r;:~~:-1.;:;;;fu;:;-'~9620158 1~18469 

- :::::::::===:::======·------
1·0002868 ' 1·0063208 0·9620868 0·9619172 

+ 
741 ' - ;41 707 : - 101 ., 

33 + 97 + 31 : + 87 

2-- 7 21-- 61 
L-------------'---1-·00_6_21_s_s_/~~-r-_·0_06_2_s_s_7 __ 0·9620190 

1 

0·96185461 

After having found the reduced times of oscillation for each station, the relative times were 
calculated with the value at Washington as unity. This waS"'done for each pendulum separately. 
A mean being taken, we have the final values as given in the table. These quantities are then 
corrected for elevation by the formula 

dt h ( 3 0) ' t=r _i-46 Olarkes Geodesy, p.326. 

and for latitude in accordance with Professor Helmert's latest formula for the length of the seconds 
pend alum 

(Yerhandlungen, Conferenz der Europiiischen Gradmessnng, Pari's, 1889.) 
Taking a mean value of t when reduced to the sea le>el and equa~r, and comparing with 

individual values resulting from each station, we get the following residuals in oscillations per day. 
The positive sign indicat;es an excess of gravity: 

Washington ............••.... 
:Loanda ..................... . 
Ca.peTown ......••........... 
J arnestown ..••.•••........... 
Longwood .....•••••....•..... 

2.5 
- 3.8 
- 5.4 
+ 7.0 
+ 5.4 I 

Georgetown .....•............ 
Green Mountain ............. . 
Ba.rbad()8 .......••...•.•...... 
Bermuda. .•... , •••.•.•.•••.... 

+ 1.2 
+ 0.3 

0.6 
+ 6.8 

From this it appears that the coast stations a.re light and the island stations are heavy. 
Barbados seems to fall rather on the side of tbe continental stations, or at least about halfway 
between the mean island and mean continental value. This might be expected, inasmuch a.a the 
Windward Islands, besides being comparatively near the South American eontioent, are themaelves 
but the summits of a vast submarine plateau. 
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The relative forces of gravity at the sea and summit for both St. Helena and .Aecension are 
fo11nd by comparing the observations when the pendulum was swinging with the heavy end down. 
This makes the work comparable with Foster's determination, as he used an invariable pendnlnrn 
capable of being oscillated in only one position. Besides, there can be no possible doubt as to the 
correctn~s of the coefficients for atmospheric effect for elevatious nn<ler 3,000 feet. 

The result is that a pendulum beating seconds at the sea level would lose 5·4 oscillations per 
da.y at Longwood, St. Helena; anrl 7·3 oscillations per day on Green "Mountain, Ascension. As 
the correction for elevation in the former case is 7·2 oscillations aud in the latter is 9·~, we have 
an acceleration due to the mountain matter of 1·8 oscil1ations per day for St. Helena and 2·0 for 
Ascension. If we assume, as is customary in correcting for continental attraction, the meau 
density of the lan(l to be one-half the mean density of the earth, we should have a decrease in the 
number of oscillations from both causes of 4·5 for St. Helena and 5·8 for .Ascension, so that neither 
island shows as much attraction as this supposition requires. Substituting the relative forces of 
gravity in tile equation we get St. Helena to be 0·34 of the Earth's mean density, and Ascension 
to be 0·29 of the Earth's mean density. The specific gravity of the surface rocks is about 2·8, 
while the mean density of the whole i,sland from the gra ... ·ity determinations is not far from l ·8 for 
either St. Helena or Ascension. 

The pendulum observations embodied iu this paper were not intended to be used for ahsolnte 
measures of gravity. But as oscillations were made in lJoth positious of the instrument, and as 
the length was measured iu order tote.st its invariability, a comparison can be made with values 
of g otherwise deduced. 

Helmert assumes for the leugth of tlie seconds pendulum at Washington the value 

l =0·99299 metres 

This is based on his formula 1ueviously cited. Thf' value of l at Hoboken depending on the work 
of Heaviside, Peirce, and Herschel when reduced to Washingto.u gives .. 

I =0·99302 metres 

The observations or our metre penclnlnm give. 

We may therefore accept as a close approximation to the value of gravity at. Wa11hington 

o=980·05 dynes. 

On this Aupposition the absolute values in the table which foll~s have been calculated. It 
need hardly be added that in deducing these results, both the flexure of the support and the 
amplitude of oscillatioa of the pendulum were considered. They are, however, still uncorrected 
for the tlexare of the pendulum head. 
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R88ults of (:Jraiiity ObBer'lYations. 

Station. h. t. Date. l Observers. 

I Relative. Absolute. I 

fa;J-1-oooooo---·1j-1-·oooooo---1--9-80-·0_5_ ~-O-c-t.-3-,-1-88-9--~111-P-.-F-.----1 
I . ~July 30, 1890 S 

Loanda, Angola. - 8 49 : -13 14 150 l 1003 j ·997997 978·09 Dec. 22, 1889 I P. M. 

\Vashington.t 
0 I I " I 

+38 53 i +77 02 

Cape Town. -33 56 -18 29 37 \ 0252 I ·999496 979·56 Jan. 31, 1890 P. Pa. 

Jamestown, St. Helena. I -15 55 + 5 44 33 j 07361 ·998530 978·61 Feb. 25, 1890 P. M. Mac. B. 

l.ongwoo<l, St. Helena. --15 57 + 5 41 1750 I o8o7 ·998388 978·4; Mar. 4, 1890 P. M. Mac. B. 

Georgetown, Ascension. , - 7 56 +14 25 15 0952 j ·998099 \ 978·19 Mar. 22, 1890 P. M. \V. B. 

Green Mountain,Ascension' - 7 57 +I4-22 2250 : 1030 : ·997943 l,I 978·03 April 2, 1890 P. M. W. B. 

Bridgetown, Rarhados. +13 04 -t--59 36 'j 60 ! 0989 .I ·998o25· 978·11 · May 2, 1890 1,. M. W. Mac. 

~t.Ge~rges, Bermuda. l_~~:-2_3 i_+_6_4_4_o_l __ 1_1 __ 0_1_1_1_1 _·9_9_9_6-46 __ 1 _9_7_9_"7_o __ J_un_e_'_3_, 1_8_9_o ___ P __ · ______ ~ 
t Smithsonian Institution. 

Observers: 
P-E. D. Preston, U.S. Coa,t and Geodetic Survey. 
F-S. Forney, U.S. Coast and Geodetic Sarvey. 
M-G. R. Marvell, Naval Cadet, U. 8. Navy. 
Pa.~J. cl. Patton, Naval Cadet, U.S. Navy. 
Mac-W. D. MacDougal, Naval Cadet, U.S. Navy. 
W-P. Williarns,Na.va.l Cadet, U.S. Navy. 
D-F. H. lligelow, Nautical .Almauao Office. 

Respectfully snbmitted, 

Dr. T. C. MENDENHALL, 

E. D. PRESTON, 
.A.smtant U. 8. Ooa,gt and Geodetic Survey. 

Superi·iitendent U. S. Ooa11t and Geoutic Sur1Jey. 



 

APPENDIX No. 13-1890. 

ON AN APPROXIMATE METHOD FOR COMPUTING PROBABLE ERROR. 

By CHAS. H. KUMI\1:ELL. Computing Division. U. s .. coast and Geodetic Survey. 

[Submitted for publication January 25, 1890.] 

Considering the nature of the quantity usually called probable error; there seems reqnired 
by the rigorous method, especially for a great number of observations, far' too much work in pro· 
portion to the value of the quantity. It is proposed here to develop a method to compute this 
quantity from each of the residuals if required, but principally from the larg·er oneti, which give 
the best value. It is all-important that we keep such a method logically correct if no more may 
be assumed tor it. Now the fundamental assumption is: 

Any series of residua.ls resulting from a problem of least squares is as nearly a.s possible an 
ideal series, or; in other words, such. a series conforms as nearly as possible to the law of error. 
According to the fundamental conception, we may find by counting, a middle value, which is as 
often exceeded as not. But we obtain theoreticalJy au identical quantity by using Table IX A, 
Cbauvenet's Method of Least Squares. 

This gives the probabilities of a quantity to the argument of its ratio to t.be probable error. 
Supposing, then, there are m observations Vi, 1'2, v3, •••• 1'm-h Vm, which we suppose here arranged 
according to their namerical ma.gnitnde, such that 11,,, is the largest residual, then we have very 
nearly-

2m-l=proba.bility not to exceed Vm=B(pt'm) 
211t 

2m-3 

3 
2m-
1 

2m= 

1'2=9(pt'2) 

Each of these assnmptions fornishes a tabular argument t' and we have, denotiDg the proba­
ble error of the residuals by r', 

r'= 'Vm 
t'.., 

or=~ 
t'm-1 
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These relations obviously have the same weight if written thus: 

tmt'1 ='llm 
tm_1r' ='Vm-1 

t'2r 1=Vz 
t11r' ='V1 • 

{ t'] r1 = [ v = sum of residuals regardless of sign, and 

r'=~ 
[ t'] 

It is important to state here that this quantity r' is, or should be, the middle value of the 
series. It is not, lwwever, yet the probable error of observation. Suppose the problem involves 
n unknown quantities; then, if r = probable error of observation, we have-

I 11t • I
-

r=r'\ -­m-n 

The probable errors of the unknown quantities depend on this in a known manner. 
For an illustration of the methocl l shall take the example in Chauvenet's Least Squares, page 

495. We have liere m=40 aurl n=l, and arranging the series of residuals according to their mag­
nitude we have the following table: 

I A, I ! I 2i - I I I I ii . ., I 2i- I 
i I "'· . --·· I t1 I ,., L1 t• • v, I t' 

! l- I 2m i ; 'I !I Ztn ' 

I·-:,- 0·451-0-9875 
1~·70-1 -~0·12~ 1 0·4911~:+-:::-: 0·487; -:;; ±0·124 ~ 

39 ·41 I ·9625 3·08 ·133 I ·41 1'1 19 ·11 ·4625 ·91 '121 ·12 

1

38 ·40 l ·9375 2·76 ·145 1
1 ·:;6 r8 ·u ·4375 ·86 ·128 ·n 

37 ·38 I ·9125 2·53 ·150 , ·33 i 17 ·10 ·4125 ·So ·125 'II 

36 ·31 I ·8875 2·35 ·132 : ·31 
1 

16 ·10 ·3875 ·75 ·133 ·10 

351 ·30 ·8625 2'20 ·136 i ·29 i! rs ·10 ·3625 ·70 ·143 '09 

34 . ·291 ·8375 2·07 ·140 i ·27 ii 14 ·09 ·3375 ·65 ·139 ·og 
33 ·29 ·8125 I"-'95 ·149 ' ·26 !i 13 ·09 ·3125 ·6o ·150 ·08 

31 

30 

29 I 
28 ! 

27 i 
26 

i 
·28 ·7875 1·85 ·151 ·24 Ii I2 ·06 ·2875 ·55 ·IIO ·07 

•27 ·76z5 1'75 ·154 '23 11 lI ·05 ·2625 ·50 •JOO 'OJ 
,I . 

·7375 1·66 I ·157 ·2211 IO I ·05 ·2375 ·45 
1125 I ·58 I . 146 ·21 1/ 9 ·04 ·2125 I ·40 

·6875 
1 

1·50 I ·1 33 ·20 !1 s J ·03 ·1875 J ·35 , ·086 

·6625 I 1·421 ·120 ·19 II' 7 ·02 ·1625 ·31 ·065 
·6375 1 1'35 ·119 ·1s r 6 ·02 ·1375 ·26 i ·on 
·6125 I 1·28 / ·rr7 "Ii /1 5 ·01 ·II25 ·21 / ·048 

·23 

•IJl ·06 

•JOO 

·20 ·05 

·17 

·03 

·16 ·03 

·14 ·02 ·5875 i 1·21 I ·u6 ·16 1 4 ·01 ·0875 ·16 I ·063 I i I 
23 ·14 ·5625 j 1·15 ·122 ·15 \ 3 ·or ·o625 •12 1 ·084 ·02 

22 ·14 ·5375 1·09 I ·129 ·14 i 2 '01 ·0:,,5 ·07 I ·143 ·01 

21 l 0-12 J 0·5125 1 1·03 / ~1~7J~.14 II o·oo I .0125 ·021 ·ooo ·(){• 

Now, each of the values in column r' is a single a.ppliaation of the method, hat they are 
obviously of very different precision, those derived from the largest residuals being the best. 
Taking sums we have-

hence 

and 

{tt= lr22 
[t'l= 47·15 
r'=± 0-132 

J4() 
.. =r' - 40-1 =='= 0·134 

Its value by the rigorous formula. is 
=±0·136 
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If -0arried out completcly by .oompnting the snms [ v and rt'] the method can of course 1wt be 
considered short, not even rigorous. It is .a abort method only, if we confine it to a few values 
from the largest residuals which should be correctly combined for a final value. 

In tbe last colunl'u u i I have also exhibited a theoretical .series of resi.duaUi, which show a 
satisfactory agreement with the actual series 

There is, however, a still mor.e rough use-0f the method which does not ru.quire the knowledge 
of tile residuals. We can then use the range which may be considered as the sum of the two 
largest r.esiduals; dividing this by the COITesponding snm of t1 we obtain a fair value of r' and 
hence of r. 

In above example we ha.v>S 
range= 0·86 

t'40+t'39= 6·78 
r'=±0·127 
r =±0·129 

APPENDIX N -0. 13-1890. 

THE DETERMINATION, BY THE METHOD OF LEAST SQUARES, OF THE RELATION 
BETWEEN TWO VARIABLES, CONN~JCTED BY THE EQUATION Y=AX+.B, BOTH 
VARIABLES BEING LIABLE TO ERRORS OF -OBSERVATION.• 

By MANSFIELD MERRIMAN, Ph.D .• 
Pro:f'essor of Clvil E,iig:ineering; in .. Lehh::h UniYer~itY-, Late Acting Assistant, U. S .. Coast 

and Geodetic Su_rvey. 

[Submitted 1oT publication February 2ii, l.891.] 

The method of least squares furn.isbes the complete solution of the problem of the determina.­
tion of the mo::>t probable relation between two variables, when the theoretical linear equatiuo. 
connecting them is known, provided the measured values of one variable be regarded as free from 
errors of observation. Thus let 

(1) 
and let ol>servations be made upon y for different values Qf x, the. latter being supposed to he 
without error. Then, using the usual notation of the method of least squares (namely (x]=.r1+ 
z2+ ••. +xn, [x2]=x12+xl+ ... +x2n, !xy]=X1Y1+xi112+ •.• +xv:,,,, eOO.}, the most probable 
values of a and b are found from the normal equations 

[x2Ja+[xlf>-[xy]=0 . 
[ x] a + nb - [Y] = 0 

• • • (2) 

in which n is the number of observations. But if the values of •V are observed and those of y are 
free from error the eq nation would be written 

~y-~-x=O 
a a 

and the normal equalilons would be 

[y2]!-[y] ?!_ _ [xy] = 0 
a a 

• • • • . . • • • (3) 

f~) !:..+ n!.+ {,;j =0 a a 
"The.reade:r'a attention ma.y alao be directed to au article in the "Analyst," July, 18i9 (Vol. VI, No. 4), hea.ic.d 

uRetluction of observation equations which contain more than one obaerved quantity," by Chas. H. Kummell, now 
Gfthe U.S. Coast and Geodetic Surny. 
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The values of a and b fonnd from (2) are in general quite different from those found from (3). the 
difference being due t.o the assumptions concerning the errorti of the observatious of :c and y. In 
fact, in (2) the observed values of x are regarded aB having a weight infinitely greater than those 
of y, while in (3) just the reverse assumption is made. 

It is the object of this paper to set forth a method by which the most probable values of ii and 
b iu equation (1) can be deduced from observed pairs of values of x and y. The weight of the 
observed values of x will be taken as g, and the weight of the observed values of y as unity. 
Formulas for a and b are to be deduced; and these, when g is made infinite, will give the same 
results as (2), while if g is made zero they will give the same results as (3). 'rhis general solution 
will be applicable to many classes of observations arising in engineering a.nd physical science. 

Let x 1 and y1, x2 and y 2 , etc., be n pairs of observations of the quantities candy, supposed to 
be oonnected by the relation 

ax+o-y=O ... (1) 

Let the weight of each of the observations xi. x2, etc., be g, and the weight of each of the obser. 
vations 1JI, 112, etc., be unity. Let n be the number of pairs of observations. Let x1' and yi' be the 
adjusted values of the observations x1 and y 1 so that the corresponding residual errors are x1' -x1, 

and y/-y1• The fundamental principle of the method of least :Squares requires that the sum of 
the weighted squares of all the residual errors shall be made a minimum, or, 

= a minimum . . . ( 4) 

This function is now to be expressed in terms of the observed values and of a and b; then the 
vanishing of the first derivatives with respect to a and b will furnish two f'..onditions from which 
their most probable values can be deduced. 

The values x'1 and y'1 will satisfy equation (1) and so for each of then pairs of adjosted values. 
This equation is that of a straight line referred to rectangular coordinates, a being the tangent of 
its inclination to the horizontal. Let a second straight line be drawn through the point whose 
coordinates are xi' and 1/1' and the point whose coordinates are x1 and Y1, that is, through the 
adjusted point and the observed point; let a' be the tangent of the inclination of this line to the 
horizontal; then itB equation is y-y1=a' (x-xi}. Combining this equation with (1) gives the 
co0rdinates of the adjusted point, thus 

1 
x'1 =-,--(a'x1 + b-y1) a-a 

y'1 = _l __ (a'axi + a1b-ay1) 
a'-a 

From the ftrst of these subtracting x1 and from the second 1/t gives the residual errors 

x'1-a'1 =,!-(a.xi+ b-y1) a -a 
a/ 

1111-'!/I = -,--(a.x-1 + b-yi) a _a 

Squaring each of these and substituting in (4) it becomes 

from which a', a and bare to be determined. 

' t e • e • ' 'I I 

(5) 

(6) 

Taking the first derivative of this function with respect to a' and equating it to zero gives 
the condition 

•'= _! 
A 

. . . . . . . . . . . . (8) 
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whieh determines the direction in which the observed point must be moved in orller to become 
adjusted; if o=oo it is moved parallel t-0 the axis of yi, if g=O parallel to the axis of x; if g=l it 
is moved perpendicular to the line whose equation is ax+b=y. 

Substituting in (7) the value of a/ just found it reduces to 

~[(ax1+b-y1)z+(ax2+b-y2)2+ ... ]=a minimum . (9) 
u+a 

Here the expression within the brackets is the condition given by the metliod of least squares 
when tbe observed >alues of ;v are taken without error, or for the case g=:I'). 

Taking the first derivative of (9) wit;h respect to a and b separately and equating each to zero 
furnishes the two conditions 

a2 fxy]-a'b [x]-ct [y2)+2ab [Y]-nab2 +ga [x2J-g [xyJ+gb [.rJ=O t 
a [x]+nb-[YJ=O f (10) 

from whioh a aml b can be deduced. 'l'he best practical methocl appears to be to first eliminate b, 
thus deriving a quadratic for a, namel~', 

(11) 

One of the values of a fouud by the solution of this equation renders (9) a minimum, while the 
other renders it a max:inmm. In any practical case there is no difficulty in selecting the former 
root, and then the value of b is, 

h= fy]-a f xJ 
n 

(12) 

The values of a and b thus found are the most probable oues deducible from the given observa­
tions, and inserting them in (1) the most probable relation between x and y is obtained. Inserting 
them also in (6) and putting for a' its value the adjusted results for .r1 aml y 1 are 

:r11=~'1-g~a2(ax1+b-y1)1 
Y'1=Y1+ g~a2 (ax1+b-y1) J 

(13} 

and similar expressions obtain for each pair of observed v-ahes. Each pair of these adjusted 
values will exactly satisfy the equation ax+b-y=O. 

If in (11) the observed values of' x be witliont error, then [}=YJ, and it retluceis to 

_n [xyJ-[x] ruJ 
a_ n[x2]-Jxji • . • . . . . . (14) 

which is the same result as given by (2). If on the other hand the observed values of y be with· 
6Ut error, then g=O, and it becomes 

a= n [y2]-[y]z 
n f xy]-[xJ [yj 

. . . (15) 

which agrees with the value ded1rned from (3}. Whatever may be the •alue of g formula (11) fur­
nishes the means of deriving the most probable value of a. 

As an example of the application of the method let there be two thermometers having differ­
ent scales, and let x and y ba corresponding readings when the thermometers have the same 
exposure. , Then the relation between the two scales is, 

ax+b-y=O 

Let now nine pairs of observations be takeu, all having the same weight, giving the values, 

No.= . 1 2 
a:= 60 70 
Y= 1 7 

H. Ex. 80--44 

4 
80 
'l 

5 
80 
8 

6 
go 
9 

7 
90 
8 

8 
90 
9 

9 
100 

9 



 

690 UNITED STATES 00.AST AND GEODETIC SURVEY. 

and it is required to determine the most probable value>1 of a and b, and then to compute the 
adjusted readings. Here o=l, n=9, [x]=72, [YJ=72, [x%]=588, [y2]=5&?, [xl1J=582. These sub­
stituted in (11) give 

from which a= +0·618 or -1·618, the former value evidently being the condition for the minimum. 
Then from (12) b= +3·056. Hence the most probable relation between the two scales is-

y=0·618 x+3·056. 

Next from (13) the adjusted values of x and y for any pair of observations are­

x' l =X1 -0·4472 ( 0·618 X1+3•056-yi) 
Y11c=y1+0·723G (0•618 X1+3•056-yi) 

and putting x 1=6o and y1=7° there is found x'1=6°+0'·11 and y'1=7°-(}0 ·17. In this manner the 
following results are deduced for the adjusted values of the readings: 

~No.= 

x= 
y= 

1 
6·11° 
6·83 

2 3 
7·280 
7·55 

5 
8·000 
8·00 

6 
g.450 

8·28 
8·720 
8·45 

8 
9·17° 
8·72 

9 
9·890 
!H7 

The points located by these coordinates all lie upon the line whose equation is y=0·618x+3·056. 
The sum of the squares of the residual errors will ue found to be 2·30, and this is smaller than for 
any other system of adjusted points. 

If in the above observations the values of x be regarded as free from error there will be fouml 
by (2) the relation y=0·5 x+ 4. If, however, the values of y be taken as free from error there is 
found by (3) the relation x=y. For the first case the sum of the squares of the residual errors 
is 2·4, a11d for the second case it is 3·0, while tbe correct adjustment gave 2·3. 

Let the >alues of a given by (14) and (15) be called a1 and a2 , the former being for the case 
when the observed x's have no error and the latter for the case when the observed y's are without 
error. By comp:uing the expressions for these values with the coefficient of a in (11) it is seen that 

the value of that coefficient is P--a2, and hence (11) ma~· be written 
a1 

a•+(!
1
-az)a-g=0 (16) 

From this formula<£ can be computed when a1 and a2 have first been found. Thui,; for the above 
numerical example a 1=0·51 a 2=1·0 and g=l; hence w+a-1=0, as before deducP-d. 

The last formula may prove of use in computing the value of g when a is known a priori. 
For instance, let the following six pairs of observations be the results of the estimation of the 
stellar magnitudes of six stars by two observers, 

X1=8, X2=9, X3=lO, x.,,=10, X5=lO, Xe=12, 
Y1=9, Y2=9, y3=11, Y4= 9, y5=lO, Y6=11. 

The weight of each observed y being unity it is required to find the weight of an observed x. 

Here it is known that a=l, from (14) there is found a1=;;, and from (15) a,=:. Then (16) gives 

a2-a 
g=Tl· 

a1 a 

(17) 

from which g is found to be {
0

; that is, 10 observations of the first observer are equal in value to 

'l of the second. 



 

APPENDIX No. 14-1890 

ON THE USE OF OBSERVATIONS OF CURRENTS FOR PREDICTION PURPOSES. 

Report by JOHN F. HAYFORD, Tidal Division, U.S. Coast and Geodetic Survey. 

[Submitted for publication April 18, 1890.] 

PREF A.TORY NOTE. 

It is believed that the paper here presented on the use of observations of currents for predic­
tion purposes points out a practical method of deriving from current ouservatious results which 
will be of value to the navigator, and which may be represented graphically on the cltarts. 

The paper has been prepared by .Mr. John F. Hayford, of the Tidal Division, at the request of 
Mr. Alex. S. Christie, chief of that Division, and was submitted as a report to the Assistant in 
charge of the Office of the Survey. 

Material for discussion has been found in the observations of currents which have accunm­
lated in the Archives since the year 1844. These observations Mr. Hayford has carefully art'angcd 
and tabulated with reference to dates, localities, and methods of observation. The systematic 
prediction of currents, based whenever practicable upon long series of observations, arnl referred 
at any given locality to the predicted times of high and low water, will soon become a necessary 
adjunct to the Tide Tables. 

T. C. MENDENHALL, 
Supcrinte1idcnt. 

The principal discussions hitherto made in the Coast Survey of current observations for pre­
diction purposes are: 

Three reports on the currents, on Nantucket Shoals, Mnskeget Channel, and northeast coast 
of l\lartba's Vineyard, and in Long Island Sound, by .Assistant C. A. Schott (now in charge of 
the Computing Division), published as Appendices 48, 49, and 50 of the Report for 185!. 

A report on the ''Physical Hydrography of the Gulf of Maine," Appendix No. 10 of the 
Report for 1889, by Assistant Henry Mitchell. 

And a "Report on a New Rule for Currents in Delaware Bay and RiYer," Appendix No. 18 
of the Re,port, for 1881, by Assistant Henry llfitchell. 

The three appendices referred to of the Report of 1854 may be considered as the beginning 
of current prerliction in the Ooast Survey, many of the results there deduced beiug publishe1l 
as current arrows on charts and as current tables on the margins of charts. The times of 
maximum current and of slack water are in these predictious referred to the moon's transit, foe 
observed !uni-current intervals being corrected to the mean. I uni-current intervals on the assumption 
that the semimonthly inequality in the !uni-current intervals is the same as the semimonthly 
inequality in the luni-tidal interval 

In the various Coast Pilots which have been published by the Survey there are a number of 
tables of predicted currents in which the times are referred t.o moon's transit as above. And from 
time to time many such tables have appeared on the Coast Survey charts and a few of them in the 
Reports, in all of which the times were referred to the moon's transit. 

In the Ooast Survey Bulletin No. 8, bearing the date December 18, 1888,"" the curreuts of six 
-----·-----------------------·· 

• NOTE.-The edition of thia Bulletin, iuued iu Dooember, 1888, was superseded by the second edition, published 
ia February, 1889. 
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stations in New York Harbor and approaches are referred to the tides at Sandy Rook. That is 
instead of using the interval from tho moon's transit to any phase of the current as a means of 
prediction, the interval from Sandy Hook high water or low water is used, and the cnrrent pre­
dictions are thus based upon the tide predictions. 

This Bulletin was made the basis of information and tables relating to currents in New York, 
Bay and Harbor, on pages j26-227 of the Tide Tables for the Atlantic Coast for the year 1890, and 
thus forms the beginning of current 11redictions in tlie Tide Tables. 

In August~ 1889, the systematic prediction of currents having been assigned to the Tidal 
Division, a careful study of the subject was undertaken as a necessary basis for thorough future 
work. From the study of the pbc11omena, as shown by the observations, and from a study of all 
that could be found in the published works of the Survey, and in a few other miscellaneous publi­
catio11s, together with the suggestions derived from a number of letters received from various 
assistants aud naval officers in the Survey in response to a request for their written opinions, a 
method of reduction for prediction was decided upon. 

As a. test of the adopted method, nine of the longest and most reliable series that could be 
found were then reduced, and the residuals of the reduction carefully examined as an index of the 
accuracy of the method. · 

The method is perhaps best explained by the following example of the method of reduction, 
with the appended explanation. · 

.--------------··-···--· 

I Time of.-

Date. I 

I-
Slack. H. vV. 

1857. ! h. m. h. fl/, k. 111. 

May23 7 47 12 01 

21 30 19 54 24 01 

24 IO 06 8 42 12 59 

22 26 21 17 25 05 

25 ro 55 9 20 13 48 

23 28 21 57 27 02 

26 JI 55 IO 15 15 04 

27 0 IO 22 47 .> 03 

12 47 II 21 16 oS 
-:z8 I 28 0 02 4 02 

13 53 12 06 16 32 

29 2 18 0 4t. 5 32 

15 00 13 13 18 02 

30 3 12 I 26 6 17 

15 55 14 13 18 30 

.n 4 25 2 14 6 50 

16 48 15 06 19 31 

June I :; 20 3 09 7 33 

Ebb Current Reduction. 

[Station Xo. 4, Hell Gate, "357.l 

Velocity 
strength. 

38·2 

37·5 

38·6 

37·5 

33·0 

35·3 

34·3 

35'9 

30·7 

33'1 

30·7 

33·0 

32·5 

28·5 
32·0 

30·0 

32·0 

31·7 

19 

OOi·s 
33·6 

In knots 
per hour. 

3·96 

I 36 

l 24 

I 09 

I 35 
I JI 

I 40 

I 23 

I 26 
I 26 

I 47 

l 37 

I 47 

I 46 

I 42 

2 II 

I 42 

2 II 

l 7 
I 653 

I 38 

Couec!ed. 

k. m. 
l 41 

Strength 
inten-al. 

It. Ill. 

4 14 

4 07 

4 17 
:; 48 

4 28 

5 05 

4 49 

4 16 

4 47 

4 00 

4 26 

4 5r 

4 49 

4 51 

4 17 

4 36 

4 25 

4 24 

18 
4 510 

-----
4 28 

Corrected. 

Ii. m. 
4 31 

Remarks. 

Subas5istant II. Mitchell, 

chief of party. 

Velocities, in fathoms per 30 

~ec., observed with a log. 

The H. 'V.'s were observed 

at Governor~ Island, New 

York Harbor. 

I 
The H. \V.'s are giv~n in 

appan11t time. Therefore 

i it is necessary to apply a 

I correction of+ 3m to the 

J tide-cunent intervals. 
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Flood Current Reduction. 

[Station :So. 4 1 Bell Gatc 1 1857.) 

-----,.-------·------------- . 

'T'imeof-

Date. 

Slack. L. W. Strength. 

Y elocl!y 
strength. 

Slack 
inten-al. 

----- ----- ----- -~---~ ---- ----~ ------~-- ,_ 

1857. h. tJl. h. VI. 

May 23 15 27 I-J 04 

24 4 07 3 04 
16 20 14 58 

25 4 45 3 59 
17 IO 15 49 

26 5 55 4 47 
18 00 16 43 

27 7 01 5 32 

18 56 17 33 

28 7 44 6 27 

19 57 18 37 

29 8 47 6 58 
21 02 19 26 

30 9 52 8 22 

22 13 zo 38 

31 IO 38 9 03 

23 15 21 42 

h. '"· 
18 35 
6 32 

17 38* 

8 30 

20 33 

9 02 

21 00 

10 OJ 
22 32 
II 34 
22 29 
II 31 

24 01 

12 04 

J 04 

14 04 

I 31 

h. Ill. 

43·0 I 23 

39·5 I 03 

42·3 I 22 

39·0 0 46 

38·0 I 21 

37·9 l 08 

38·0 I 17 
36·8 I 29 
36'6 I 2' ,) 

36'8 I 17 

34'3 I 20 

33'5 l 49 

3;:.-7 I 36 

32·5 I 30 

r·o . .) I 35 
33'3 I 35 

In knots · 
'
: Corrected. 

per l1our. 
h.m. 

4·28 l 26 

*Rejected. 

Strength 'Yelucit\ 
inten·al. slack.· 

Ir. Ill. 

4 JI 
3 28 
z 40* 

4 31 

4 44 

4 15 
4 17 

4 JI 
4 59 

5 07 

3 52 
4 33 

4 35 

3 42 

4 26 

5 GI 

I 
Correete<l. / 

h. 11'. ! 
4 27 

Yelocilit:s, in fathoms per 30 

,;ec., observer! with ::i log. 

Tlie L. \V. ·s were (Jbscncd 

at Garernors Island. New 

York Harbor. 

The L \\ . .'s are gi.en in 

·'ff'arotl time. Therefore 

it i> nc<:essarr to apply a 

correction of - Jm to the 

tJJc.current inten.-ais.. 
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Date. 

1857. 
May 23 

June 

2 5 i 

26 

27 

30 

31 

Ebb Current RBduction.. 

(Station No.~. Hell Gate, l857.] 

I One-quarter , Three-quarter. 

I . 1-----, ----
Tim<. I V<.o<i<y.1--T-im_e_. _I Velocity. 

:~ ;~ 
1
,

1

1 
30·4 l :~ : I 28·7 

22 55 30· 3 26 24 24·0 

II 31 i 31"4 l 14 37 I 31·5 

23 5 I I 27·3 1' 27 02 ,Ill 2277·.56 
I 2 20 I 29·0 I I 5 27 

24 53 ' 31·3 i 28 12 24·1 

IJ 20 27·8 16 17 29·7 

I 35 29'5 5 18 24·3 

14 12 

2 53 

15 18 

3 43 
16 25 

4 37 

17 20 

5 50 

18 13 

6 45 

18 

I 4:;~: 

1

1 Knots 
per hour, 

I 3·27 

17 r3 24·7 

6 01 23·0 

18 14 23·5 

7 04 214 

19 19 24·1 

8 09 2r·8 

20 30 

8 55 
2l 32 

25·0 

21·2 

2['0 
I 

j 42~; 
1-----

1 

24·9 

I 
Knots 

per hour, 

' 2·94 

Remuks. 

Velocities, in fathoms per 30 sec., 

measured with a log. 

The times of one-quarter ebb were 

obtained by adding 1h 25m to 

the obsen·ed time of slack be­

fore ebL. 

The times of three-quarter ebb 

were obtained hy subtracting 

1 h 431n from the observed time 

of slack before flood. 



 

UNITED STA.TES OOAST AND GEODET[(J SURVEY. 

Date. 

1857. 
May 23 

24 

25 

26 

30 

31 

Fl<>vd Current Reduction. 

[Station No. f• Hell Gate, •857.] 

One·quarter. -I Th:ee-q=:~-:-1,i ____ _ 

Remarks. 

Time. J' Velocity.\ Time. ·, Yelocity.: 

h. m. ,----1~:-l-- - I 

16 57 1 28·2 I 19 56 f 32·1 ~ The times of one-quarter flood 

5 37 27'0 I 8 32 33'4 were obtained by adding zh 

17 50 39·2* 20 52 27'9 3om to the observed times of 

6 15 26'9 9 21 33·9 slack before flood. 

18 40 

7 25 
19 30 

8 31 

20 26 

9 14 

21 27 

IO 17 

31·7 

28·0 

30·8 

27·5 

33·5 

25·4 

28·8 

2fr3 

22 ]2 I 25'3 

11 22 26·0 

12 08 

24 45 

22·4 

: 26·2 i 
1--· 
' 1 6 

! 439·8 

1-27-:S 
I Knots 
, per hour, 

I 3·25 

21 54 
10 21 

22 J6 

II 13 

23 54 

12 19 

24 44 
13 26 

25 38 

14 21 

26 51 

15 14 

27 46 
: 

31·6 

32·0 

31·6 

28·2 

28·2 

25·9 

25·2 

27·7 

24·5 

24·8 

23·9 

: 23·7 
1--~-.­

I 454·6 

1-2~ 

j The times of three-quarter Rood 

were obtained by subtracting 

I h 34m from the observed times 

of slack before ebb. 

f Velocities, in fathoms per 30 sec., I 
· measured with a log. 

l Knots 
! per hour, I 
I 3·3s . 
l j 

'* Rejecte<l as abnonnal. 
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The first five columns are results taken directly from tbe records of obser\•ation, and hence 
need no explanation. The values in the column headed "Slack interval" are obtained by sub­
tracting in turn each time of H. W. (or L. W.) from tl.1e time of the corresponding slack. Similarly 
the values in the column headed "Strength interval" are obtained by subtracting the time of 
B. W. (or L. ·w.) from the time of the following strength. 

The column headed '"Velocity-Slack" is ruled to provide for the tabulation of the velocity 
at slack for those f:lt.ations at which the current never completely ceases but merely reaches a min­
imum velocity at about the time when it is changing direction most rapidly. 

By one-quarter ebb, or flood, is meant that phase of the current which occurs mi<lway in time 
between the slack and strength of the current. Similarly the phase called three-quarter ehb or 
fiood occurs after the streugtll or maximum of the current and midway in time bet'1"ee.11 it and tbe 
following slack. 

Since in this case slack before ebb occurs on an average at Jb 41m and strength of ebb at 

h /=P 41rn+411 3lm\ 
4h 31m·after Governors Island H. W., one-quarter ebb comes at 3 06m (_----2-----J after 

Governors Island H. W. or lh 25m (=3h oom_p 41m) after slack before ebb, in the aYerage. 
Hence the column of times of one-quarter ebb may be filled out either by adding 3h oom to 

each of the observed times of Governors Island H. W., or by adding 1 h 25m to each of the observed 
times of slack before ebb. In general the first method of procedure should be used, but in cases 
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like the present in which the times of slack are quite accurately determined the second method 
is allowable. The time of three-quarter ebb is in the same way made to depend on the time of 
L. W. at the reference tide station, or on the time of slack before flood, by the addition or sub­
traction of a constant quantity. Similarly for one-quarter and 'three-quarter flood, the general 
rule being to make each quarter point depend upon the nearest slack or upon the H. W. or L. W. 
at the reference tide station corresponding to that slack. The reference to H. W .'s or L. W .'s is 
decirledly preferable in all cases except those in which the slacks are very accurately determined. 
Having put in the times of quarter points the filling of the corresponding velocity columns is a 
mere question of interpretation of the record at those times. 

From the means of the various columns the following tabular statement may be made: 

Currents at Station 4, Hell Gate (1858). Refetred to the tides at Governors Isiand. 

I 
After high or low.; Velocify\~--- -1 

water at Gov- '. in knots ; dj~:f;~~. I 
emors J,Jan<l. i per hour. I I 

·-------- ; . i 
i H. W. + 1b 41m i 
i H. W. + 3b o6m I 
i H. W. + 4h 31m . 

IL. W.-oh r7m) 

Slack before ebb. 

I 
One-quarter ebb_ 

Strength of ebb. 

Three-quarter ebb. 

\ Slack Lefore flood. 

j One-quarter flood. 

I Strength of flood. 

J Three-quarter flood. 

I 
i L. W. + 1h 26m l 
. L. w.+2h56m i 

L. \V. +4h 27m I 

H. W. +oh 07m I 

o·oo 

3·27 

3·96 

2·94 

o·oo 

3·25 

4·28 

3'35 

s.w. 
s.w. 
s.w. 

NE.~N. 

I NE.~N. 
!i NE.~N. 

Having tabulated direction observed at each of the times given 1n the reduction as one-quarter 
ebb, the mean of these directions is the value gfren in the table. Similarly we obtain the mean 
directions corresponding to the other entries in the table. 

In an cases the currents are to be referred finally to one of the principal stations of the Tide 
Tables. ·when simultaneous tidal observations were not made at such a station the currents may 
usually be first referred to some subordinate tidal station in the vicinity at which observations 
were made at tl.ie same time as tbe current observations, and the results may then be referred to 
the principal staiion by means of the tidal differences. When no tidal observations were made at 
the same time as the current observations, which will but rarely be the case, the tides for those 
particular days at the principal station may be predicted- and these predicted tides used in the 
reduction. 

This method of reduction of currents for prediction purposes depends upon the following 
assumptions: 

I. That the inte1·val from high water, or low water, at the current station to the following 
slack water at the station is a constant. 

II. That the interval between high water, or low water, at the current i;tation, and the pre­
ceding: or following strength of current is a constant. 

III. That the interval between the time of high water at the reference tide station and the 
time of high water at tll('. current station is a constant. The sa.me assumption is made with respect 
to the low waters at tl1c two stations. 

IV. That the velocity anll direction of any phase of any ebb (or flood} current is the same as 
that of the corresponding pbase of any other ebb (or flood) current at the station. 

~one of these assnmptions are strictly true and there must be small errors in the resuJts due 
to the errors of the assumptions. But theory and the records of observations confirm each other 
in showing that for the region from Hell Gate to Cape Henlopen the errors arising from the assump. 
tion are smaller than those arising from the errors of observation, especially if that term is used to 
designate the discrepancies between the velocities and directions as shown by the record, and the 
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velocities and directions which would be facts at the station if no causes were acting except the 
astronomical forces and the forces due to c01istant winds, currents, and fresli-water outflows. 

If in any region the errors dne to these assumptions are small as compared with tne errors of 
observation, as defined above, it is evident that no further complication in the method of reduc­
tion and prediction is desirable. And, indeed, it will be showu later in this report that there are 
other reasons why more accurate methods of reduction are undesirable. 

It is probable that the error introduced by assumption (I) is very small. It should be noticed 
that according to this assumption the time of slack water is supposed to be subject to tlie same 
periodic variatious, due to the moon's phase, declination, and distance, ancl the sun's declinations 
and distance, as the times of high water and low water at the station. 

Assumption (II) involves the same idea as assumption (I), but it also invokes the suppo.,;itlon 
that the interval from high water to the following low wa.tcr, or from low water to the following 
high water, is a constant. This is not true. But since only a part of the error is iutroduceu into 
the resul1; it is sufficiently near the truth. 

(III) is an assumption alrea<ly familiar from its use in referring the subordinate stations of 
the Tide Tables to the principal stations. Its error is probably insensible with tbe distances 
usually involved. 

Assumption (IV) declares that there is no variation in the velocity (or direction) at strength 
or at the quarter points corresponding to the daily, semiruontllly, and other periodic variatiom; in 
the height of high water and of low water. There can be no doubt but that such variations exist, 
but, as will be shown later, they are so small as to be nea1·Jy masked by the errors of obscrni.tion. 

For a test of these assumptions we may look to tile numerical results of nine of tue lougest; 
and" most reliable series that co1lld be found. The location of each station a.u<l the lengtli of the 
series of observations is given below. 

''No. 3, Hell Gate. 1857," is near the north end of tile channel between Blackwells Island and 
Manhattan Island; eight days of observation. 

:'No. 4, Hell Gate, 1858,'' is near the north end of the channel bfltween Blackwells fal:rn~l and 
Long Island; nine days of observation. 

"No. 6, Hell Gate, 1857," is off Polhflmus Dock; eight days of observation. 
"No. 2, Hell Gate, 1858," is between Lawrence Point and Sunken Meadow, in East Rh"er; 

eight days of observation. 
"G, New York Harbor, 1858," is in the Narrows in the middle of the chanuel oppo~itl' Fort 

Tompkins Light; four days of observation. 
"No. 9, New York Harbor, 1858," is near the west side of East Bank; nine day;s of obsernttions. 
"Pettys Island, Delaware Hiver, 1886," is near the foot; of that island at Philadelphia.; five 

days of observation. . 
"New Castle, Del., 1886," is off New Castle~ about one-third across the river from the 

Delaware shore; seven days of observation. 
"Cape Henlopen, Del ware, 1886," is near Oape Henlopen, about 1 mile west of the whistling 

buoy; three days of observation. 
Although the series just named a.re not unbroken the breaks are short, and the length given 

above refers to what is left after the breaks are deducted. The measurements were made with Jog 
and line at all of the stations except Pettys Island and New Oastle, on the Delaware, where 
Price current metres were used. 
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The following table shows the resulti,; of the treatment of the time residuals: 

Station. :Flood 
or ebb. 

, . 1 b 
1
. I Moon s transit. : sing e o serya ion. : 

r Mean error oc:T---~--~ 

Slack [ Stren~thi-~~i1:~ 
------------!----:interval. '~-n-te_rv_a_I_. I _:in_g_. -i---n_. 

No. 3, Hell Gate, 1857. 

No. 4, Hell Gate, 1857. 

Ko. 6, Hell Gate, 1857. 

No. 2, Hell Gate. t S58. 

G. Xe\\" York Harbor, 1858. 

Xa. 9, New York !faroor, 1858. 

Ebl>. 

Flood. 

Ebb. 

Floo<l. 

Ebb. 

Flood. 

Ebh. 

Flood~ 

Ehl>. 

Flood. 

.Ebb. 

Flood. 

Pdtys lslan<i, Delaware River, 1886. Ebb. 

Flood. 

New Castle, Del., r886. Ebb. 

! Flood. 

Cape Henlopen, Delaware, 1886. Ebb. 

! Flood. 

j 
Means. 

Probable t>rrors. 

~ :9 · ~3 i 
1
'1 I 

20 29 

1_5 2[ 12 t9 

15 

II 

i6 

28 
16 

19 

8 

19 
ll 

8 

16 

II 

29 

44 

J2 

45 
2~ 

52 

57 
29 

46 

24 
17 

27 

34 

23 

20 

13 

3 6 

7 15 

3 13 

14 20 

7 10 

The ordinary formula m=J!~t was used in the work 

A& the variation most likely to ooour iu these quantities. ou account of the error of the 
assumptions, is that arising from the semimonthly variation in the tide due to the moon's pbase, a 
column is adderI showing the time of the moon's transit at the beginning and end of tl.te observa­
tions. 

'rlH• nnder;;:coring shows the cases iu which there is a well-defined grouping of signs of 
resi d nal s. 

A consideration of the nature of the quantit;v measured and the means of measuring it would 
seem to indicate that the dedu.cnd probable error of a single observation, 11m for slack inten•al 
antl ::!~"' for strength, is wholly due 1:Q the errors of observation M defined abon~. But, on the 
other hanll, the grouping of the signs of the residuals in six cases out of thirty-six suggests a semi­
monthly >ariation due to the error of the assumption. But it is only ~t suggestion, and might or 
might not be \·eritied by a longer series of observations. It may be Llue to mc~teorological causes 
which may be classed as accidental. 
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The following table shows tho results of the treatment of the velocity resi<lua.ls: 

llfean <1rror <~(a single obi;en•ation • 

.--------------.,----~--- -- ---- ---

Station. 

No. 3, IIell Gate, 1857. 

No. 4, Hell Gate, 1857. 

No. 6, He1l r;ate, 1857. 

Ko. 2, Hell Gate_, 1858. 

G. New York Harbor, 185S. 

No. 9, New York Harbor, 1858. 

Pettys Island, Delaw:ue RiYCr, 1886. 

New Castle, Del., 1886. 

Cape Henlopen, Del., 1886. 

Means. 

~trcngth. One-quarter. 
Flood 

or ebb. , - ---- ~-I - Per -- -- • I Per 

Knots. . cent._ Knots. ; cent. 

EblJ. 

flood. 

flil>. 

FlocJCL 

Ebb. 

Flood. 

Ehh. 

flood. 

Ebb. 

Flood. 

Ebb. 

Flood. 

Ebb. 

0·34 

0·26 

0·36 

0·4I 

0·25 

o·r9 

0·19 

0·3~ 

0·22 

8 

6 

9 
Io 

II 

6 

8 

11 

12 

14 

8 

22 

3 

0·32 

0·21 

o·35 
0·29 

0·24 

0·16 

0·19 

0·28 

0·34 

0·10 

12 

14 

8 

10 

II 

I6 

15 
IO 

14 

24 

19 

40 
G 

Three-quarter. 

K ot t Per I 

--~-- ce~'J 
o·33 
0·52 

0·37 

0·4.-; 

o·35 
0·24 

0·16 

0·20 

0·30 

0·16 

o·34" 
0·21 

IO 

20 

!J 
22 

13 

IO 

i 13 
20 

~ 
26 

as 

J flood. 

i Ebb. 

0·15 

0·18 

o·z7 

0·05 

o:::>_z 
0·07 

0·20 

4 

3 

7 

5 
10 

0·13 

o·II 

0·09 

0·27 

8 

7 
5 l 

I Flood. 0·31 15 II 

Ebh I 0·34 15 0·20 . 1_3 I 0·37 ?' ! . l 1 -

Flood. • 0·22 16 j 0·15 I !! : 0·1 I 1~-

__ l__::__:j_ 0·25 I 14 
1

_-o-·-27-!I 15 

The probable error of a single observation as derived from the final means, is: 
Velocity at strength, 0.15 knots, or 7 per cent. of total value. 
Velocity at one-quarter, 0.17 knots, ol' 9 per cent. of total value. 
Velocity at three.quarters, 0.18 lrnots, or 10 per cent. of total value. 
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The formula m= ([vvr was used in deducing the mean error of a single observation in each 
'Vn-1 

case, and the probable error taken as two-thirds of the mean error. 
As before, the underscoring indicates a well-defined grouping of the signs of the residuals. 
The average value of the probable error is so small that it can easily be accounted for as 

arising from the errors of observation-using that term as defined abo\·e. The residuals do not 
indicate any diurnal inequality corresponding to the diurnal inequality in the height of the tide. 
In sixteen eases out of fifty-four the residuals show, by a grouping of signs, a, regular increase or 
decrease dnring the period of oh~ervation. This is probably due to regular perioclic variations in 
the current, corresponding to similar variations in the tide, which are so small as to be concealed 
by the errors of observation in the other cases, and are nearly concealed in these case;-;. 

It should be noticed that for the two stations where the Price current meters were used the 
mean errors are considerably smaller than at the other stations. 

In making the reduction for these nine stations only nine observations of time were rtiiected 
and twelve observations of velocity. 

For a comparison of methods, a second separate reduction was made for each of these nine 
stations in which the times of slack and of strength were referred to the moon's transit. The resid­
uals were treated in precisely the same way as in the other reduction. .As an average from the 
nine station, the computed probable error of a single reference of slack water to the moon's transit 
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is 15 minutes, as compared with 11 miuutes in the case of the reference to highs and lows, with 
thfrteen cases in which the residuals showed a grouping of signs as compared with four cases. 
The probable error of a single reference in both cases for strength is 23 minutes, with three cases 
of well defined gwuping of signs of residuals in the reference to transit and two in the reference 
to highs and lows. 

In comparing the two methods of prediction it must be remembered that there is no sensible 
error in the predictions of the moon's transit, while there must be au error in each prediction of a 
high or low water which will produce the corresponding error in the current predictions. But 
even when tbis is considered, it is still probable that the errors will be smaller in predicting by 
reference to higbs and lows than by the other method. 

In so far as any conclusion can be dra.wn from the residuals from such short series as those 
dealt with, the errors of approximation involved in the adopted method of reduction are smaller 
than the errors in the results due to errors of observation, as defineil above, for the region _from 
Hell Gate to Cape Henlopen. 

Judging by the character of the tides this conclusion probably holds good for all the Atlantic 
coast north of Cape Henlopen, except perhaps in the region about Nantucket, where there js a 
marketl interference between two tidal systems. In extending the use of the method beyond the 
region in which it bas already been used it will be necessary to be cautious. 

It is quite evil,}ent that it can not be used without modification on the Pacific coast, on account 
of the large diurnal inE>qnality of the tides . 

.As bearing upon the validity of assumptions (I) and (Ill), that tlie inten·al !Jetween high or 
low water at the reference tide station and the corresponding slack water at the current station is 
a constant, the following table of results deduced by the party of .Assistant G. Bradford from 
observations made during the years 1871-'i5 may be interesting. It is reasonable to suppose that 
the error in this assumption would be shown clearly by the difference between the value of the 
interval as derivell from the higher highs (or lower lows) aud the value derived from lower highs 
(or higher lows) in San Francisco Bay, where the diurnal ixrnquality in tlte tide is quite large. 

Let L,. be the interval in each case from lower low water to the slack before the large flood 
and S,. be the interval from higher low water to the slack before the small flood. Let LE aud S 11 

have the same meanings with respect to the ebb currents and high waters. Then the results 
obtained are shown by the following tables: 

Station. ,1 I.F =--Sr - ~~~!~:~~; ~t - SF T' Station. / LF --- s,. c~;ation _T;-,F - s. i 
I " I i ! 

, __ i ____ .--------·--- i-------1--~' ----1 

' ! -65• 1: ' ' I -35• lj ' ' I +•s• j 31 : -8o• I ' t' 

I 
:2 

! 
0 11 14 -23 I 26 -18 (: 38 -65 1: 

1: I i1 

3 -45 !! 15 -36 
1l 

27 +25 

11 

39 -15 

4 I -IO !' 16 I +10 
11 

28 0 40 -25 
:1 

5 i 17 -20 I' 29 +z 1: 41 --55 f 1' 
6 ! \! 18 -30 11 30 -IO I 42 --SS I I 

I I II !j i 
'J +zs 11 19 31 -85 

), 
43 -35 

s +20 
11 

20 . 
1· 

32 -12 44 0 

9 0 :21 +35 33 -45 I 45 i -20 

II 
+s -12 ! 46 

i +so JO 0 22 34 i 

+15 
i I 

+10 II 23 -95 35 -42 i 47 I 

I 
12 0 24 +6o 36 

li 
48 I -JO 

I Mean\ --16m 
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-~:=-~~~:=~E )/ ~;:on __ LE ~--~:r~(:;~o~~F~ -_~) 
- s ·

1

·1 1 1 I - 57 :_I_ 331
1 

--1 20 I 

2 o 
1
/ 1s j + 20 11 34 s 

3 . 11 19 0 ii 35 + 10 

4 . . 11 zo ! • :i 36 
/I I 

5 - 20 ii ;<I I + 90 :! 

6 -- so JI 22 I + 20 :: 

7 - 30 I 23 ! _ 40 :, 

8 _ 30 ri' 24 
1 

+ 60 :· 

9 + 5 Ji 25 i + IO 

• • ~I 26 I ---147 

l[ - 8o !I 27 , -- 50 
12 - 40 i 28 i 0 

'I ' 
13 -- 6o i1 29 i 
14 - IO I 30 ! 
15 - 10 I 31 I --i- rs 
[ 6 - 70 I 32 I + IO 

i I 
1: ; 

10 

IO 

0 

37 

39 

43 

+ 30 
+ 20 

-+ 15 
I + 20 i 

--1 25 

30 
:: I 
4I i + 15 

+ 30 
20 

47 : 20 

48 / + 35 I 
Mean;= 8;;;-1 
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At each station about three da,ys of c11rreut obsel'vatioui; were taken. The result shows that 
even with such peculiar tides as those in San Francisco Bay assumptions (I) and (III} are allow­
able. 

In deciding what degree of accuracy is desirable in a method of reduction and prediction it is 
necessary to consider not only the magnitude of the accidental error:s arising iu the course of the 
observations, as has been done above, but the rapidity of the Yariation of the current with a 
change of position must also be considered. P1·edictious made from observations taken at a single 
point can in strictness only be claimed to apply to that single point. Bnt predictions, to be of any 
practical use, must apply to some area, large or small as the case may be. In making a IJrediction 
which is to apply to an area by using obser>Tations at a, point or points witltin that area it. is evi­
dent that the error made in the extension of the data will depend direct!~' npon the rapidity with 
which the current varies with a change of position. Hence the degree of :\ccuracy desirable at a. 
point will depend on the rapidity of this change. 

That the velocity of tidal currents, as well as of riYcr current~, ucpeuds so closely upon the 
shape of the bottom aud shores and the total area of the cross section of the channel, that in most 
cases there is a rapid change in velocity in pn.ssing from point to point is a well established fact. 
And this fact makes the allowab1e errors of approximation in the methods of reduction and 
prediction, at least in so far as the velocities are concerned, much larger tlian they wonld he 
otherwise. 

But the variations of the times of slack and of strengtl1 of the current with a change of posi­
tion are much slower, and hence, in the prediction of these times, more accuracy is desirable tlian 
in the prediction of velocities. For the same reason the value to the mariner of the prediction of 
times is greater than that of the prediction of velocities. 

In passing across a channel there is usually found to be a ntriation of a few minutes rn the 
times of' slack and of strength. In many cases it has been found that slack water and the reversal 
of direction of the current occurs first in the more sheltered portions of the channel and later in 
portions of the channel where the water has more freedom of motion. 

In passing from point to point lengthwise a channel, keeping in the deeper imrt.s, the times of 
slack and of strength vary in general with about the same rapidity as the times of11igh water and 
of low water, and therefore the variation in the intervals local high water to local slaek before 
ebb, local high water to strength of ebb, etc., is comparatively slow. 
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The following table will serve as a numerical test of the statement just made, and as an index 
of the type of the tide. 

In each case the interval refers to the local tide and the local current. 

High water High water I Low water i Lovr \Yater 
Station. to slack to strength I to slack I to strength 

before ebb. of ebb. ! before flood. of flood. 
- i 

h. m. h. m. h. m. 1 h. fll-. 

Oltl Ferry Point. -2 31 .J-o 44 -2 51 ~-0 29 

Ln.,vrencc Point. -l 24 J.. I 02 -I 51 +1 19 
Uff Polhemus Dock. -I 06 +1 13 -l 25 +1 24 
Blackwells \Vest Channel. -0 OJ +2 40 +o 20 +-3 35 
llbckwells East Channel. -0 05 +2 45 +o 01 +3 02 
F.ast River, Twenty-tl1irrl street. +o 50 +3 50 +o 43 +3 38 
Hudson Rh·er, Thirty.ninth street. +2 54 +6 09 +3 08 +s 38 
The Narrows. +r 36 +4 51 +2 37 +5 17 
\Vest siclo of East llank +r 51 +6 07 +2 38 +4 47 
Fourteen-foot Channel. +1 20 +4 15 +i 00 +4 00 
East Channel. +o 50 +4 30 +i IO +4 20 
Swash, ]\fain, and Gedney Channels. +o 25 +3 35 +i 00 +3 35 
Cape Henlopen. +o 53 +4 42 +i 34 +4 06 
New Castle, Del. +1 42 +4 27 + 0 53 +3 34 
Pettys Island, Philadelphia. +1 15 +4 54 + 0 39 +259 

!.._. _______ 
---~----"--~----~--

To sum up briefly, the following statements rnay be made ]n regard to current predictions: 
Current observations have been made by Coast Survey parties at more than 1,800 statious, the 

length of series at each station \'arying from a few hours to 14 days. In addition to these 
observations, much general current information has been gathered, principally in connection with 
the Coast Pilots. 

While these observations are iu most cases somewhat defective in having been made by crude 
methods and with instn'lments not admitting of accurate observation, their principal defect for 
the purposes of prediction is the shortness of the serfos. This shortness of the serieA makes it 
impossible to E>liminate the accidental errors to any considerable extent, and leaves but a slight 
basis for tl1e estimation of the magnitude of such errors. But a much more serious difficulty is 
that such series furnish no adequate means of determining the semimonthly or other periodic 
variations; nor- of testing satisfactorily tke validity of assumptio'IUI 01i which the methods of reduction 
an(l predictwn are based. 

Three or four series of one month each of continuous observations, with the instrnrncuts now 
available, at widely-separated stations-at least one of them being on the Pacific coast-would 
serrn to put current prediction on a sound basis and would add greatly to tlte worth of the observa­
tions ali-ea,dy recorded. Such would be the immediate practical value of a few long series, even 
though their scientific beariug on tidal theory and physical hydrography be ignored. 

Of the current observations actually made but a small proportion have been used in making 
current predictions. 

Until 1888 the predictions made were published as tables in the Coast Pilots and on charts, 
supplemented on the charts by arrows placed at the station of observation showing the direction 
and velocity at various phases of the current. In all these tables the times, if given at all, are 
referred to the moon's transit~ 

Now that by means of accumulated tidal reductions the tides can be predicted quite closely 
on all important parts of our coast it seems desirable that these cni:rent predictions should be 
referred to the tidal predictions instead of to the moon's transit, although the latter reference was 
probably the better of the two at the time when it was made. Such a reference of the currents to 
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the tides is fully ~s convenient for use as the reference to moon's tl'ansit aml is to be preferred 
because it will probably represent the facts more accurately. 

This new system of reference was commenced in Bulletin No. S and is extended to :fifteen 
stations in the Atlantic Tide Tables for 1891. 

As to the exact method to be used in the reference of the currents to the tides, that ii:; 11 matter 
which must be determined by future experience and which can only be settled on a sound b;tsis 
by tlle treatment of a few series of at least one month's observations. The method set forth in 
this report has the support of such series as have been treated, and promisei:; to apply with suf­
ficient accuracy and rapidity to the Atlantic coast of the United States north of Cape Henlopen. 
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APPENDIX No 15-1890. 

COMPARISON OF THE PREDICTED WITH THE OBSERVED TIMES AND HEIGHTS OF HIGH 
AND LOW WATER AT SANDY HOOK, NEW JERSEY, DURING THE YEAR 1889. 

A report by ALEX. S. CIIRISTI:FJ, in char~e of the 'L'id<tl Division, U. S. Coast and Geo­
detic Survey Office. of' the results of an investigation made under his direction by John 
F. Hayford, t.idal computer. 

[Submitted for publioatilm July 18, 1890. 1 

The tidal station at Sandy Hook, New Jemey, at which two automatic gauges, Saxton C. & 
G. S. Nos. 30 and 40, have been in simultaneous operation since December 1, 1886, is located 
on the west side of the Hook, at the terminus of the New Jersey Southern Railroad, in the 
nortbern edge of a small recess or cove of Sandy Rook Bay calletl the Horseshoe, in latitude 400 
26' 52" N., longitude 740 00' 12" W. from Greenwich. The times and heights of bigh and low water 
annually published by the Coast and Geodetic Survey in Tide Tables for the Atlantic Coast of the 
United States have been predicted, beginning with the volume for 1885, by means of Professor Fer­
rel's maxima and minima tide-predicting machine, the amplitudes and epochs of the tidal compo­
nents used in tlle setting being taken from Professor Ferrel's Report on the Ilarmonic Analysis of 
the Tides at Sandy Hook, Appendix No. 9, Coast and Geodetic Snrl"ey Heport for 18~3. Professor 
Ferrel's analysis covered the six years, 1876-'81, and as tl.te observations for that period were made 
at a station in Horseshoe Cove within a few hundred feet at tbe most of the site of the i1resent 
gauges, a comparison of the predictions with the present series of observations seemed a fair test 
of our power to predict for that station, using the resnlts of the harmonic analysis in Professor 
Ferrel's synthetic machine. 

It seemed highly desirable to institute such a. comparison. No extended and thorough com. 
parison, with adequate discussion, had yet been made for the purpose of testing the whole appa­
ratus engaged iu the proc.luction of the annual Tide Tables-the observations upon which they are 
based, the method of the harmonic analysis of tides, the sufficiency of the tide-predicting machine, 
the faithfulness of the operator, the copyist, the compositor, and the proof reader. The station 
lies close to the pathway of an enormous commerce, and here, if anywhere, we should know ex­
actly what we are doing; the more so that our predictions of the tidal currents in that locality 
have recently been referred to the times of high and low water, instead of to the moon's meridian 
transit as formerly. 

The observations for the calendar year 1889, although not absolutely continuous, nor wholly 
free from email defects both in time and height relations, were better than those for any other year, 
and they were accordingly selected for tbe purpose. The times and bcights of high and low 
water were read from the tidal curve produced by gauge No. 30, of wl!ich the scale is approximately 

9~7-that being the better gauge of the two and affording a more continuous record-and omis­

sions, which were few, supplied when possible from the curve of gauge No. 40, of which the 

scale is approximately 1~. The reading scale was set to give directly the heights on the staff 

used since September 2, 1887, and the times were corrected for the clock error noted on the 
tidal roll. This-last-mentioned record of clock error was somewhat defective, and there is reason 
for believing that errors of 8 or 4 minutes, and occasionally of double that amount, affect from 

H. Es:. 80-45 105 
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time to time the values adopted. The number of tides occurring a.t Sandy Hook during the year 
was 705 high and 705 low waters; 700 high and 701 low waters were observed by means of the two 
gauges. These were tabulated and compared with the tides afforded by machine prediction. 

In order that the heights derived from observation and prediction might be directly compara. 
blc it was necessary to reduce the observations t-0 the plane of mean low water of the charts, 
which was not poss1 ble for lack of proper references of the chart plane to extant benchmarks 
ashore. Nor were the levels between bench mark and tide staff sufficiently frequent or precise 
during the progress of the earlier self-registering series at this station (1875-'84) to warrant the adop­
tion of the low-water plane of that series. To obtain an approximate plane I proceelled as follows: 
The half-tide level, derived in October, 1888, from the high and low waters observed from the 
jnception of the present series, December 1, 1886, to March 31, 1888, including therefore 16 com· 
plete and 2 incomplete lunations, reads on the staff used in 1889: 

Ft. Ft. 

6·922 :l 0·023 

The mean range, derived from several series from 1844 to 1858, aggregating abou.t 3 years of 
record, is 4.6(i feet, and the semi-range is 2.33 feet, with an unknown probable error estimated at 
0.1 of a foot; hence, the reading upon the staff of 1889 of the plane of mean low water derived 
from 3 years of observations is • 

Ft. Ft. 

4·59 :l 0·10 

The predicted heights of high and low waters are given to tenths of feet, the observed heights 
are also tabulated to tenths; hence, for the purposes of this Ct>mparison, we reduced the observa.. 
tions of 1889 to the approximate or assumed plane of reference of the charts and tide tables by 
subtracting 4.6 feet from each individual height. The observations are made in Eastern Standard 
(75th meridian) time, which is 5 hours slower than Greenwich mean civil time; the predictions 
published for 1889 are in mean local civil time. For this comparison we subtracted 4 minutes 
from the published predictions and thus reduced them to standard time. 

The fundamental harmonic elements at Sandy Hook, used iu the published predictions and in 
this investigation, are given in the following table. A is the amplitude or semi-range and Ethe 
lag. In addition to the published predictions it was decided to compare two other sets of pre. 
dictions with the observations, and hence it will be well to define the methods of setting the 
machine to obtain the several sets. 

TABLE I. 

rm· I F:!':~'.al Com-
Fundamental 

constants. 

ent. \ ponent. 

-- l-~-1-E-·-i --- - --~-
! Feet. ° F.ut. 

M, I 2·25 217 s, 0·43 

r 9 I o·r I 198 K, 0·33 

µ~ I 0'07 227 ! 01 0"17 

37 ' P, 
31 1: Sa, 

199 i-

() 

K, 0'10 

246 

~_I o·O'] 

For the notation see .Appendix: No. 10, Report for 1883. 
I. The published predictions for Sandy Hook, 1889, were obtailltm from a single setting of the 

ma.chine according to the formula-

- { M=.A.1+~ ii+i • .A ooa (u t+o ) 2i1 • • • 

N=Cl+ ~ i 14:"i., Ae sin (itet+O.) 
2i1 . 
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where M is the inner, N the outer side of the machine. Tllis method is nmnlJered I tliroughout 
this paper. 

II. A second set of predictions was obtained by running through the year first for times, the 
machine being set by formula (6) of Appendix 10, 1883, viz: 

1
\ M' =A.1+~ ~" Ae c.·os (uet+00 ) 

t1 

N' = 0 +.:=s ~« Ae sin (it.,t+C.,); 
11 

and afterward running through for heights7 the ma.chine set by formula (3) of tlte Appendix, viz.: 

{ 
M=A1+.:E' Ac cos (t1 0 t+C.,) 
N =0 + :2 Ae sin ( ~ict +Ce} 

This method is numbered II throughout this paper. 
Ill. A thir1l set of predictions was obtainell by running through the year once, the machine 

being set as suggested b.r Mr. John F. Hayford, viz., by the formula 

'l'I=A1+.2B'"~e cos (uet+Ce) 
) N =0 + ~ ~ A 0 siu (11et+ Ce) 
{ i1 

This method is numbered III throughout this paper. 
The following table ex.hibits the setting· of the machine for each of the tllree met.hods of pre· 

diction considered : 

Compo­
nent. 

T.A.BLE 2. 

I.-l'ublished predictions. IL-Rigorous method. ·III.-Hayfonl's method. 

Outer and inner 
cranks. l Times and heights. Ti1nes and heights .. 

---,-· ,------:.--- ~ i,------·------ --~·---1 

Outer I Inner I Epoch i 'I" 1i II . ht /I Epoch 1,.' Outer . Inner Epoch I 
k , k --" J I; 1me. e1g . b J <. k , k ' " 1. ' 

t---- _c_ra_n_·_s._i cran s .. u-, an. r.

1

, __ J lo, an. I./._cran -s~!~r·_:~·I 
: : I · 1. j ; ._ 
j Feet. 0 fl! Ft.>et. I Fat. I 0 il Fed. ; Feet. ' 0 I Feet. 

4'>5 163 : 2·27 I 2·27 I 163 !: 2·27 ! 2·27 163 

0·22 295 o· u l o· u 295 ;; o· fl 1 o· 11 295 ' ii ; 
347 0·07 0·07 347 i; 0·07 0·07 347 

M, 
.,. 0·23 

µ. er 15 0·14 

345 0·13 0·13 345 \! 0·13 0·13 345 

::; :.:: ::: ::~ '111 ::~ :::~ I :~~ 
2ss 0·11 0·33 2so 0·11 0·33 I 2so 

K, . 0-27 

L. 0·19 

N, 1·02 

s. 0·92 

K1 0·51 

0·97 

o·S8 

0·49 

241 o·o8 0·17 235 o·oS 0·17 j 236 I 
283 o·os 0·10 278 0·05 o·ro , 27~

1 

152 0·14 0·14 152 o·r4 0·14 : 152 
__ ,j _________ I --

o, 0·26 

P, 0·16 

Sa1 

0·25 

0·15 

0·14 

Scales D=t· Scales C=~· 
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TABLE 3.-Predicted niinUR Observed. Means A. M. and P. M.for eack montli. 

..------c----·----·-. - q 
1\ Il-0. 

11-------- ----A . .M. 

1-0. III-0. 

- ·------------
Month. or Time. Height. Time. Height. Time. Height. 

P.M. 

Jan. A. )f. 

1/1. 

i 
Feet. 

-17·0 I +0·07 

P. M. --16-1 +0·15 

Feb. A.M. ·--15·9 +0·39 

P. "'.L --- <rG --j-0·57 

Mar. A. "'.I. --17·7 -0·46 

P. )L 2·6 ---0·43 

Apr. A.M. - 16-7 -0·31 

May 

June 

July 

Aug. 

Sept. 

Oct. 

The weighted mean of Table 3, tliat is, the constant part of the error of prediction, heing 
subtracted from the individual errors, we obtain the -yariable part of the error of prediction 
exhibited in Table 4. 
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TABLE 4.-The Variable Part of tke Error of Predict-ion. Means witTwut regard to sign A. M. anct 
P. lit. for each month. 

Month. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

AM. 
or 

P. M. 

11 ___ ---- ii 
.I I-0-(I-0)0 II-0-(II-0)0 !) 
!i i 
i!- --~----------- -·------~---,~----,.--~- - --~-------

il_ __ ~i':__; _Height. Time. I_ Height_. _ ) _ _ Time, 

i,i, High i Low I High I, Low High Low i Hir;h ' Low ,I High Low IIir;h , Low 
' t • " 

III - O-(III-0) 0 

II eight. 

1j \Yater. wn.ter. i ''·ater.: water. water.! '\Va er. I water. \\"ater. ! water. "' ater. ,·L1tier. ''ater. 
-----Ir----- 1--1-·-- ---- ·----- -----·- ·------

i! '7Z. j m. I·"eet. j .J."ed. m. 1J1. Fat. F,Yt. 1Jl. m. 1-;-d. ;;,~'d, 
A.M. 

P.M. 

A.M. 

P.M. 

A.M. 

P.M. 

A, l\L 

P.M. 

A.M. 

P.M. 

A.M. 

P.M. 

A.M. 

P.M. 

A.M. 

P. :!\l. 
A. M. 

P. :!\I. 

1S·7 21'0 0·56 j 0·74 17·3 17·5 O'S~ 0·73 17'6 17'7 05S 075 

1fr8 14·3 0·83 I 0·63 18·5 16·5 o·So o')S 18·3 17·0 0·79 0·60 

21·6 16-0 o- 75 I o·s4 21·3 16·1 0·16 0.82 21·4 16-5 0·7() o·s3 

13'7 is·4 0·89 I o·go 14·9 19·s o.s4 0·82 15·4 19.4 0·84 o.s3 

:!:: :~:~ ::~: Iii ::;; :;:: \ :::: II ::~: :::; :;:: :::: ::~: i :.:~ 
1+6 16·2 0·40 0·4r 16·5 ! 16·9 0·42 I 0·47 r6·5 16·7 0·42 / 0·45 

)2'4 17·:z. 0·38 I 0.47 13·2 i 20·7 0·38 I 0·43 13'3 021·2 0'39 I 0'44 

18·9 1S·9 0·27 ; 0·24 20·4115.71 0·26 i 0·24 20·3 16-1 0·27 I 0'24 

: ~:~ :::: ::!: II :::; :::: ' :;:: I ::~~ :::: : ~:~ :~:: ::~~ I :::~ 
14·7 14·7 o·.F 0·32 12-g 1 r·8 1 0·37 0·30 ;i 12·8 12·7 0·36 I 0·32 

14·0 16·2 0·21 I 0·29 15"4 19·:i I 0·21 0·32 16·9 18·3 0·23 I 0·31 

13.6 14.5 0·24 0·25 12.·7 9·5 I 0·20 I 0·28 13'7 9·6 0·20 I 0·27 

15·1 15·8 0·31 ' 0·30 15·6 18·6 i 0·28 I 0·31 16-1 17·9 0·27 I 0'33 

,..0 '4 5 0 .,0 I ~'7 n·o ,.., I o·.S I o·» n o rn 9 o·<g 1 o.'5 

:!:~ :;:~ ::;~ ::!: :!:; I, :~:; I ::;: I :::: :~:~ :~:~ ::;: ::!! 
I I i 

A. M. 15·4 15·5 0·53 0·61 18·7 ·118·2 0·53 j 0·56 li'7 18·8 0·52: 0·55 

P. M. 21·5 18·1 0·58 0·63 18·4 19·2 i 0'54 I 0·70 ' 20·4 i 18·2 0·58 I 0'?2 

A. M. 12·5 17·5 0·43 0·41 15·9 21·0 [I 0·42 I 0·39 1y8 I 21·6 u40 ! 0·38 

P. M. 21·1 26·3 0·45 0·55 19·3 25·6 . 0·41 I 0·59 22·0 J 25·4 0,46 ' 0·60 

Dec. A. M. I 17·9 9·8 0·49 0·45 I 17·6 9·8 \ 0·50 \ 0·44 :: 17'5 \ 11·0 0·49 ' 0·47 

P. M. I 16-2 i 21·7 0·52 0·48 \ 15·9 22·4 i 0-51 I 0'49 !\ 17'0 i 20'4 0·53 0·47 

Weighted m~----· l~'ry:;-~ ~/1~ ry:gr
1

' 0·461 0·49 1
' 16·2 1

1
'--;-;-:;-i 0·47 0·49 

Probable error of a sin. . • 

gle prediction. 13·3 14'5 0·40 I 0·41 I 13·5 15·r I 0·39 i 0·42 Ii 13·7 I 15·0 0·40 1 0·42 
_________ -!J ______ __:_ ___ i:__ _ __:_I ---'- I l H 1 ,_.:_1 __ _, 
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TA.BLE 5.-Nutnber of cases, in ea,ch montk, in which tlte arithmetical difference bqtwecn predictwn alWl 
obser-ration 1Ms less than 14.5 minutes in time; also number of cases in tohich it was less than 0.45 
feet hi height 

Montli. 

I January. --­

i ~February. ! March. 

I April. 

I

I May. 
June. 

I
I ~~~1st. 

SPpt,.mher_ 

! October. 

1'."'"nven1ber. 

- ---·~---- ---------

I. IL IIL 

Tln1c. Height. Ti1ne. Height. Time. i Height. 

23 
30 

27 

37 
JI 

30 

Low lligh Low lligh f-Low i High ! Low ,f High [ Lowl Hi~ Low 
·water. ·writer. water. "'ater. nvater. water.· water. ·:,vater. ! '\Vater. water. 'vater. 

- ! . ' ! ; 

22 

33 
24 

16 

20 

21 

23 
:22 

2() 

33 

31 

-- --i- ---- --- - ----- ------ ---

28 

2i 

33 
36 

35 
35 
JO 

30 

19 

25 

22 

23 

23 

35 
28 

18 

27 
22 

23 

32 
2' _, 
30 

36 

47 
40 

48 

50 

33 
28 

34 
20 

28 

36 

51 

49 

40 

43 

32 

JI 
26 

31 

3r 

30 

35 
28 

34 

31 

22-

19 31 30 33 

32 

32 

33 

29 

36 

44 
39 

45 

36 

19 

28 

37 
53 
49 

44 

50 ' 45 

32 II 32 
26 28 

December. 34 20 30 

31 

34 3.! 

359 
51 

29 32 33 33 
I , 

30 ! 30 
29 32 

---------! --1-----­
:For the year. 337 268 419 

60 
442 

63 

293 !-~;--i ~;- 3s~-- --;;;--1~ 
l'er cent. 02 60 52 59 : 62 

T.A.BLE 6.--Number of cases, iu eack montlt, ill u:hieh tlce arithmetical differtr1ice between predictim~ and 
ob8ertiation exceeded 60 minuteB in timf.; also mmiber of ea.sell fa u1hich it e.vceeded 2.5 feet in heigkt. 

~->io•<h___ T•m•- '_H•igh< - Ti•k IL H•~l::--,.~ fimo. 1IL U.igh< ~ 

ApriL 

'.\lay_ 

June. 

July. 

August. 

September. 

October. 

November. 

2 

\ High 'l Lo-:- j~ii;"h: I,;;,; j-High J Low I Hign 1

1 
Low - If High I Low I High \ Low 

I waler. "atcr. , "ater. 1 water. ~ 1 water.11 water.1 water. wakr. water. water. water. \'rater. 
I ' 11 \ t t 

~anuar;- - --;-:--2 ----_- ,--, -::--3-j--2-i----i--1-
1

1--2-/--2--I--. -i---.-
Febrnary. I ' : ! ' · I j 

.\[ap0 !1. I 2 I 2 ' 
' - ' I I 

2 ! j 

! I I I I 

! 11 I 
Ii 

I 2 • i 2 2 Ii 
' I i 2 I I . I I 2 . I 11 1 I . 

l
1j I I 2 ! . ' . 2 I 2 . 2 I . 

December. 1 i ' I 

~:-;-:-~-:-ty_e_a-r.-!'l--;-1-2-;-1-f: i ,; /('.1 •: ; i -7 :: ; I ~ 

2 
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TA.DLE 7.-Nuinber of cases dv.ri1ig tke year in wkick tke arithmetical d~tfereace between ol111eri•ation and 
prediction, by metkod III, felt between given limits; that is, the dist!'ib11tion of s11ch discrepancies. 

lligh water. l..uw ·water. Iligh '"1ter. 
1'-0 without 

I 

P-0 williout 
regard to $ign. 

Ku1uber.: Percent­
age. 

Number. l'ercent· 
;i.ge. 

regard to sigu. 
' !'\umber. Percer:t 

age. 
Xun:her.l Percent­

! age. 

i--m Jli. 

I o to 9 

10 to r9 

20 to 29 

30 to 39 

40 to 49 

50 to 59 
6o to&) 

70 to 79 

80 to 89 

90 to 99 

273 39 21<) 31-l'u 
1S5 261'0 209 29lo 
135 19·ih II9 17 

73 IOii_o 82 11-?'o-
16 2-ltf 42 6 

9 11~! 18 2" l u 

5 _J._ 8 J-1~f '" 
2 1a_U 2 _a_ 

'" 
' 0 ' 0 : 0 ; 0 l 
I ' ' I 

- --=-·- I . ----1-------1 

I 433 61-,~.; 

Ftet. Feet. 

o·o to 0.4 415 591:}0_ 

0·5 to 0·9 r92 27 ,\, 170 24,'o 
1·01o 1'4 56 8 47 61\r 

1 ·5 to I.9 26 31
7
0 27 3-19

0 

2·0 to 2'4 9 1·1:10. 17 21\_1 

2·5 to 2~9 z 1°0 5 1~-

yo to J'4 0 0 --1. 
lll 

3·4 to ()() 0 0 tr 

I 
100 to°"' 

1 2 , _.at1 ~ 1 i -i·-o :I 

I O o : *I I ,1<, ,1 I I I 

,---- ----1----1-----1 i 700 100 7or roo .' 
I 

I I · I ,----1----1----:----
, 700 100 7or 1 

100 

* P. M., January 9, low water occurred 104m =th 44m later than the predicted time. 
t P. M., September ro, low water wa5 3·7 feet higher than the predicted height. This was during the great storm. 

TABLE 8.-Recapitul-ation of some of tlie more impM·tant i-e.mlu: . 

~---~ -~=--~-=- -~=~~=~~~-~~~~-
,---~- f High water times. 

Constant part of P-0, with regard to sign, 

Variable part of P-0, probable error, 

Low water times. 

) High water I1eights. 

l Low water heights. 

rHigh water times. 

I Low water times. 

i High w.ate~ heights. 

l Lnv water heights. 

p......,o less than 14·5 minutes, percentage of aU5High water times. 

cas~, ~Low water times. 

~
High water heights. 

P~O less than 0·45 feet, percentage of all cases, . 
Low water heights. 

i 
' 

I. 

I - -. -
·-12 4 minutes. 

/-18·0 minute,_ 
i !- 0·19 foot. 

i_ 0·17 foot. 

±:13·3 n1inutes. 

±14·5 minutes. 

± 0·40 foot. 

I± 0·41 foot. 

l 
48 per cent. 

38 per cent. 

l ~ ;:: ::~:: 

IL ... ,~nr~ 
- 8 6 num1tes. 2·3 minutes. I 

/·-- r5·0 minutes. -- 8·8 minutes. I 
i 0·18 foot. · - 0·19 foot. 
I i -- 0·22 foot. 1--- 0·20 foot. 

\± 13·5 rn~nutes. \±13·7 minutes. 

I
± 15·1 1muutcs~ ·.'±_ -15·0 mmutes. 
±· 0·39 foot. L:L 0·40 fool. 

:± 0·42 foot. '± 0·42 foot. 

51 per cent. 

' 42 per cent. 

62 per cent. 

60 per cent. 

52 per cent. 

46 per cent. 

59 per cent. 

The following facts noted while doing the numerical work are important as bearing upon the 
problem of determining to what extent the observed differences between prediction and observa­
tion are due to meteorological and other causes not connected with the machine, and to what 
extent they are due to error in the moobine. 

The error in height usually has the same sign for all four of the predicted points occurring 
during any one day. 

Then. ie a tendellOy for ciU the height diiferences to retain the same sign for several days at a 
time. -
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Both the abo~e remarks apply to Ute time differences also; but to a mncb smaller degree. 
There is no rt.llltion apparent between the signs of the height differences and the signs of the 

time differences occurring on the sarue day. · 
There is no relation apparent between the magnitude of the height differences and the magni­

tude of the time differenct>s occurring on the same day. 
In general the error in the range is less than the error in the height. 
As shown both by the tabulated individual diflerences and by the tabulated means. sums, etc., 

the three independent predictions agree with eack Qther much t1wre closely than any one of them 
agrees with the observations. -

As shown bJ' the tables of monthly means of the diflerences, during about one-half the year 
tbeforenoon high water time differences are slightly greater than the afternoon high water time 
differences, and the reverse is true during the otlwr half of the :rear. 

Tl.le same statement is true with respect to the low water time differences. During any par­
ticular month when the forenoon bigll water time difference is greater than the afternoon high 
water time difference, the forenoon low water time difterence is nsnally less than the afternoon low 
water ti me d1ffere11 ce, and dee i·er .~a. 

Similarly, there is a slight diurnal inequality in the height differences for both low water and 
high water, whicL in each ca:m persists for about six months before clianging sign. For a11y one 
month the sign of this height inequality is usually the same for highs as for lows in contrast to the 
difference in sign in the case of times. 

Any error in the position of the sliding frame of tbe machine which bas a horizontal motion 
will at this station affect heights but slightly, and will cause the times of both highs and lows to 
be in error in the same direction by the same amount in tbe mean. 

Any error in the position of the sliding frame of the machine which bas a vertical motion will 
affect the times but slightly, and will change the range and tend to cause the error in high water 
height to have the opposite sign from that of the error in low-water height. 

As bearing upon the question of how large a rart of tbe recorded differences between predic­
tion and observation eau be accounted for as errors in registering the tides and in interpreting 
the record, the following statement is pertinent here. From a comparison of 14~ highs and 148 
lows observed with a self.registering gauge at .Mission Street \Vharf, San Francisco, Cal., Septem· 
ber 28-Decemlier 15, 1889, with a simultaneous self-registered record at Sausalito, Cal.: 

Probable error of a single observation of high-water time . • =±5.Sm. 
Probable error of a single observation of low-water time =±4.7m. 
Probable error of a single observation of height at high or at low water =±0.1 foot. 

These deduced results depend upon the assumption that the difference in time and height of 
the tide at tlie two places is a constant. The error in this assumption must have the eftect of 
increasing the deduced result. 

Illustrations Nos. 66 and 67 exhibit graphic~lly the distribution with respect to magnitude of 
the discrepancies bt>tween prediction by method III and observation. As explained on the plates 

. themselves, the broken lino represents the distribntion of the actual discrepancies, the discon· 
tin nous liue is the same, but rendered less jagged by four successive bisections of chords, and, 
for comparison, the smooth curve has been added to represent tLe theoretical <listribution of the 
same number of errors purely accidental. 

To obtain a measm·e of the error of adjustment and setting of the machine, the :first twenty 
days of January were 1nedicted five consecutive times by method III, the machine being re·adjnsted 
before each setting. The probable error of adjustment and setting so found is-

For high-water times ± 3·1 m. 

For low-water times :±3·2"'. 
For high-water heights ± 0·03 foot. 
For low-water heights :±0·03 foot. 

The following conclusions are based upon the results of the preceding investigation: 
(1) The plane of reference of the son1.1lings and charts at Sandy Hook being lost and blrecov­

erable, for lack of a. permanent benchmark ashore connected with the tide staff by levels, t.be tide. 
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tables can not be made to exactly fit the charts at that station. But as this discrepancy is most 
probably not in excess of a half foot, it is rather a theoretical than a serious practical detect, the rise 
and fall being of more importance than niceties in the absolute deptbs. Ne\'ertheless it is a defect 
easily avoidabh~, and it should always be avoided, by the esta!Jlishment of shore marks of a 
permanent charactt·r. The quantity-two-tenths of a foot-by which the ob::ierved appear to 
exceed the predicted heights in 1889 (see Table 8) depends for magnitude aml sign upon a plane 
of reference derived through doubtful levels from a sel'ics other than that used in reducing the 
soundings, and hence has no special significance for the problem in hand. The mean range of the 
tides predicte1l and published for 1889 was less than that derived from observation by only two­
hundredths of a foot. Setting the machine by Mr. Hayford's method (HI) reduces the discrepancy 
to two thousandths ancl reverses its sign. In both cases it is practically zero. 

(2) The Ti<le Tables for 1889 on an average gave the times of high water too early by i2m, 
and the times of_ low water too early by ism. Having carefully adjusted the machine and set it 
by l\fr. Hayford'H method these numbers wonld bave Ileen 2m anti 9m, respectively. Hence, setting 
the machine by Ur. ll;iyford's method after careful adjnstment and putting the solar hand forward 
5m we should expect the machine to give the high waters 3m late and the low waters 4m early­
quantities of the same order as the unavoidable errors of careful adjustment and setting of the 
machine, and from every practical poiut of view insignificant. But until the matter is teilted by 
another actual experiment it would be unsafe to say thact we can predict another year, by any 
method, with so small an average error for the year. I would prefer to say that this constant part 
of the error would not exceed 6 or 8 minutes. 

(:3) There is a barely perceptible failure in the predictions to take full account of the diurnal 
inequality, probably due to a slightly erroneous value of the amplitude and lag of the component 
of sidereal speed. With this ex:ceptioo, tbe v11riable part of the d~screpaucy between prediction 
and observation is accidental, meteorological, hence non-predictable. The non-predictable part of 
the discrepancy is considerably larger than the constant part considAred in the preceding para· 
graph, antl greatly in excess of any failure to take account ot: the ti(lal components themselves. 

(4.) Method II, in which the machine is set for time, afterward for height, the year being rnn 
through for each setting, is unnecessarily laborious. The use of a compromise setting and tLe pre­
diction of both times and heights by running through the year once, which is a part of Professor Fer­
rel'i; system, is fully justified. Tbe compromise setting proposed by .Mr. Hayford (III) seems better 
than the one hitherto in use (I) and will be employed iu the predictions for 1892. Metholl I is the 
traditional one in the tidal division, but as it differs from the compromise method published by 
Professor Ferrel-formula (19), pp. 258, Appendix No. 10, &port for 1883-in multiplying the am-

plitudes by the factor ii.-+:i0 on both sides of themachine, I suspect that it may have arisen from 
• ~i1 

some misunderstanding of Professor Ferrel's verbal directions at a. time when tbe machine and 
the whole process was novel. Professor Ferrel's formula (l9) will be used in the next comparison 
of prediction with observation. The process of comparison is a laborious one and I found that it 
was not advisallle to go farther with it this ;rear before beginning the predictions for 1892. 

A slight modification of the amplitude on the outer cranks, and of the epochs of the diurnal 
components, to correct for the yielding of the parts of the machine, resorted to in Method I (see 
Table 2), does not seem necessary, nor to be jnstifiable in principle, from an inspection of the ma­
chine in operation. The working of the mechanism is in•leed freer frl'm defects, and the errors 
a.rising from sncb mechanical defects are smaller, than woulcl appear probable at first sight. There 
is some slack. motion in ep()ch, more marked. of course in the larger cmnponents, but this is sym­
metrical about a mean position (with which initially the setting should ooincide), is small, and is 
partl_v,eliminated by non-agreement of sign among the several components. 

This is the most thorough test to which Professor Ferrel's tide predicting machine has yet l>een 
subjected. It may be reiterated that the comparison is a test of tlie character of the observation8 
in 1876-'81, and in 1889, of the predicting ma.chine, of the correctness of Professor Ferrel's analysis 
of the Sandy Hook tides (Appendix: 9, &port for 1883), of the prmciples of the harmonic analyllis of 
tides, of our ability to use the combined apparatus for predictiou purposes and 800 that the pub­
lished 1>redictions are not vitiated by cleriea.l a.ud typographical errors. 
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• 
Tbe result is a very gratifying one. It enables us to assert that our predictions for Sandy 

Hook are almost as perfect as they can ever be made by any means whatever, and, in view of 
meteorological disturbances, as pertect as it is desirable to have them. We are now also able to 
state with precision how large the meteorological disturbances usually are and bow often disturb­
ances of an assigned magnitude arc likely to occur. In short, we now know what we are doing, 
what more we should endeavor to do, and wl1at can not be done. 

This work has been execntell with charact~ristic ability and tho1·ougbness by Mr. John F. 
Hayford, and this paper is essentially his. For the results of former comparisons of the machine 
predictions with obsel'vatiou, I would refer to page 271, Appendix 10, lteport for 1883. 



 

APPENDIX No. 16-1890. 

ON THE RELATION OF THE YARD TO THE METRE. 

By 0. H. TITTMA.NN. Assistant. 

[Published June 15, 188\J. Submitted for republication, with additions, January, 1891.] 

PREFATORY NOTE. 

The paper prepared by Assistant O. H. Tittmann, with the title "On the ltela.tion of the 
Yard to the Metre," was first published in June, 1889, as U. S. Coast and Geodetic Survey Bulletin 
No. 9. It. has been deemed desirable to republish it as an appendix: to this report, not only to 
give it a more permanent form, but also because the results reached by Mr. Tittmanu ha\'e since 
been confirmed by some comparisons made between English standards and the metric standards 
of the International Bureau of Weights and Measures, as shown in his concluding statement. 

T. C. MENDENHALL, 
Superintendent of ·weights and 11foasures. 

It ha_s seemed to me highly desirable to investigate the sources of the discrepancy iu the 
values assigned to the ratio of the yard to the metre. The inherent clifficnlty of comparing a line 
measure, such as a :yard, with an end measure, such as the French metre, Rtandards which have 
no aliquot part iu common, and the uncertainties introduced by the difference in the standard 
temperatures and in the materials of which the standards are composed, have been deemed suffi­
cient. to account for the divergencies ·alluded to. On the other hand, the values usually cited 
were deduced by men skilled in the art of comparing standards, and not only perfectly familiar 
with t!Je knowledge of their iimes, but who were themseh·es the authorities t-0 whom others looked 
for information. 

I therefore sought for the cause in the standards which they used, an(l ha•·e succeeded in 
reconciling the discrepancies within unexpectedl,y narrow limits by referring all the observations 
to a common standard-the present British Imperial Yard-using the Committee Metre (the D.S. 
Coast and Geodetic Survey standard) as the metric unit, and as the intermediary by means of 
which this was made possible. It will appear from the following brief statement tliat by means 
of our knowledge of the coefficient of expansion of our Committee Metre, the absolute cxpa11sions 
of the following length measu10es involved in this discussion cian be established with a greater or 
less degree of accuracy: 

TS.-The U. S. Troughton scale of 82 inches, comparnd by Hassler in 1817 with the Committee 
Metre, OM. 

No. 6.-An iron metre belonging to the U. S.Coast and Geodetic Surve~·, and compared by Clarke 
in 1868-9 with 

OM.-The Ordnance Metre compared by Olarke with the Ordnance Survey Yard 55, and with 
PM.-The Platinum Metre a traits, belonging to the Royal Society, used by Kater in 1818 for 

comparison. with the Shnckbnrgh scall', and by Baily in 1835 for comparison with the 
Royal Astron-0mica.l Society's scale, with his own scale, No. 5, and with Simms's scale, 
No.4. 

715 
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As previously stated, the results depend on the coefficient of expansion of the Committee 
Metre, OM.-the U. S. Coast and Geodetic Survey standard. This is au iron bar stamlardetl by 
the French Committee in 1799.• It bears the stamp of the Committee and the markA :· which 
distinguish it from the fourteen other bars staudarded by that Committee.b Its coefficient of 
expansion in terms of the sta.ndard Hydrogen thermometric scale of the International Bureau of 
Weights and Measures is0 

11 ·795 x 10-6• 

HASSLER'S COMP AR ISO NS. 

Hassler compared the CM. with tbe Trougbton 82-iuch scale, TS,d at various temperatures, 
between 1817 and 1832. His comparisons were very numerous, and although llis fiual results b~n·e 
been publishede only a few of them can be recomputed, because the temperatures at wlJieb be 
made his comparisons are not given. His final result is stated with both metre and scale at' 320 
Fahr., and as given by him is 

OM. = 39·3809171. inches.• 

The only comparisons available for our purposes, because the tHmperatures as given are taken 
from the publications cited in the foot-notes, uamely, Transaction!'! of the .American Philosophical 
Society, and House Document No. 299, Twenty-secoml Congres,.,, first session. Has~ler's method 
was to abut together the Committee Metre and the Lenoir Iron Metre, LM. (also in our possession), 
and to compare their total length with the Troughton scale, TB. 

The known relation between CM. and L~I. is 

CM.-LM. = 0·0000263 + 0·000000167 (t-820 F.) 
±4 

Hassler's earliest comparisons with the Troughton scale as pul.llished are:r 

1817, March 15, a. m. 
1817, March 15, p. m. 
1817, Marcb 18, p. m. 

I riches, 

CM. + LM • .;:::: 78·760402 
CM. + Ll\1. = 78·75fl4.4S 
CM. + Li\f. = 78·755522 

Oba'd Tnnp. 
33·1° l<'. 
47·1° F. 
50.50 F. 

Another set of comparisons were tak:en April 12, 183(1) f and are given as follows: 
CM.+ L~l. = 78· 757487 at 46·2o Fahr. 

But substituting the value of LM. above given in each of these equations, we ohtain 

1817, March 15, a. m. 
183(1)1 April 12, 
1817, March 15, p. m. 
1817, }larch 18, p. m. 

Mean 

Inc/tea TS. 
CM. = 39·38073 at 33.70 F. 

39·37931 at 46·20 F. 
39·37879 at 47·10 F. 
39·37834 at 50·50 F. 

39·i>7929 at 44.40 F. 
±7 

From tbe known value of tbe coefficient of expansion of CM. and the differential expansion 
between it and TS deduced from these observations, uamely, 0·0001392 inches, we obtain the 

:!: 53 
difl"ereutial coefficient. 0·00000:~536, and hence the coefficient of TS= 0-GIJOOlOl for 10 F. 

~Transactions AmericaLl Philosophical Socioty, New Series, VOL. u, Philadelpllia, 1826-p. 252. 
b House Document No, 299, 2:?d Congress, 1st session-p. 75. 
<Tho relation between the Metric l:)tandards of Lenp;t.h of the U.S. Coast a.nd Geodetic Survey and tbe U. S. Lake 

Sui:vor. Report by Assistants C. A. Schott a.ad 0. H. Titt1nann. Appendix No. 6, C. & G. 8. Report, 1889. Se1)alao 
Appendix No. 7, C. & G. S. Report, 1882. 

dSee Appendix: No. ll!, (), & G. 8. Repo:rt, 1877. 
e House Document No. 299, 22d CongreBs, 1st seasion. 
•Transactions Ame:rlcan PbilOS-Ophical Society, New Series, VOL. 11, Philil.delphia, 18'l5. 

Houee Document No. 299, 22d. Congress, hli l!ellllion. 
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But expressed in terms of the Imperial Yard, the mean yard of the Trough ton scale is standard 
at 59°·62 F." Reducing CM:. to 3·30 F. and TS. to 59·620 by means of these coefficients, we obtain 

OM.=39·3699'1 inches of the Imperial Yard. 

KA.TER'S COMPARISONS. 

The results of Kater's comparisons b in 1818, bet.ween the Shucklmrgh scale and the Royal 
Society's Platinum Metre a traits PM., and with a platinum metre a bout, as computed by him, gave 
the well-known value 39·37079 inches. Before we can reduce his observations, it becomes neces1-1ary 
to deduce tho coefficient of expansion of the Roya.I Society's metre a traits P~I., which we can do 
with much accuracy, as follows: 

The coefficieut of OM. iR 11·795 x 10-6 , 

The ~·elath·e expansion between CM. and No. 6 is expressed by the equation hetween these bars 
C.:\I.-No. o = 0·00000i3m + ·000000124 t; 

±1 
hence the coefficient of No. 6=11·671x10-6• But according to Ularke:c 

m.11 
No. 6 =OM.+ 44·37 ::l: ·33 at 32° F. 
No. 6=0M. + 54·55 ::l: ·37 at 620 F. 

10· 18 for 3()6 P. 
µ 

hence the relative expansion is 9·3077 for 3oc F., or 
·558 for lo C.; 

an1 since the coefficient of No. 6 = 11·671 x 10-6 , 

the coefficient of OM.= 11·113 x 10-6• 

Clarke derived a coefficient of expansion of O:VI. from two indirect determinations of the expan· 
my my 

sion of Ordnance Yard 55, di:ffering considerably, namely, 6·650 and 6·514 for 10 F., and found 
1111/ 

the expansion of a yard of the OM. to be 0.411 less than that of Y55 for 1° F. This forme1· value 
gives, for the coefficient of OM.: 

ll ·230 x 10-6, and the latter 
10·985 x 10-6, and he adopts the mean, viz: 
11·108 x l0-6 ; 

taking the mean of this and of the value derived through No. 6, above given, we get for that of 
OM. 11·110 x 10-• but Clarke also gives 

111!/ 
PJ'rl.-OJ'rf. =45•L6 at 320 F. 
PM. - OM.= 9·08 at 6:!.0 F. 

36·18for3oo F. 
µ 

henee the relative expansion is 33·08 for 300 F., or 
1 ·984 for 1 o C., and since 

tile coefficient of 0\1. = ll·llO x J0-6, the coefficient of 
PM.= 9·126 x 10-6. 

Now Kater found that at 60°·76 F. = 15·980 C., PM.= 39·37600 inches, and as this is very 
near Kater's standard temperature ·of the brass Shuckburgh scale, the effect of any error in 
the assumed coefficient of' expansion will be small; taking it with Baily at 18.86 for 1° C., we 
obt.a.in the differential expansion= .00026 inch, and hence at 620 F. PM.= 39·37574. Heducing 
the Platinum Metre to zero with the coefficient found as above, we obtain ·00599, which, applied 
to 39·37574, gives 39·36975 for the value of the metre a traits in terms of the distance O to 39·4 
of the Shuck.burgh scale. But Baily compared this distance of the Shuckburgh with the 39·4 

•See Appen!lix No. 12, C. & G. 8. Report, 1tl77. 
0Seo Experiments relating to the Pendulum, etc., :road before the Royal Society FebrnaTy 5, 1818, an<l ordered 

printed by the Hollse of Commons 2f>th May, 1818. 
• CompBrisona of.,Sta.ndard11 ()f Length, etc., by Lieut. Col. A. R. Clarke, R. E. Philosophical Transactions, pp. 

463 et s;iq. Read June 19, 1813. (Clark\"s up.it throughout his pa.per is the mi11ionth part of a yard, which he deaigna.tes 
by my.} 
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inches of the Royal Astronomical Society's scale, and found the former equal to 39·399393 mean 
inebes of the latter; hence the value of the metre it traits found by Kater, but expressed in meafl 
inches of the l=toyal Astronomical Society's scale, equals 39•36914 inches. But Sheepshanks found 
the J:,oyal .Astronomical Society's scale staudanl at 60·78° F "· = 15.990 C.; hence the metre ii 
t1·aits = 39·3G91.i4 inches in terms of the present Imperial Yard. 

But according to Clarke and the Coast and Geodetic Survey comparisons, as previously 
stated. the following relations exist between the several bars: 

fl 
No. G = 01\1. + 40·57 
No. G = Cl\f. - 7·3 
PM. = 01\1. + 4:1·38, and hence 
OM. = CM. - 47 ·87 
PM. = CM. - 6.49 = ·00026 inch, and 

substituting this value of P.M .. expressed in terms of OM., as the staullard, we get, as the result 
of Kater's observations: 

CM.= 39·36990 inches of the Imperial Yard. 

RAIL Y'S COMPARISONS. 

In 1835 Baily made an extended and very carefully conducted series of comparisons ,, between 
the Uoyal Astronomical Society's scale and PM. He assumed a coefficient of 5·05 x 10-• for 10 
Ji'.= 9-<l9 x 10-• for 1 o C. for P:\f., whicll agrees so closely with the one deduced by me from 
actual obser•'ations on its relative expansion, namely, 9·126, as previously shown, that a recom­
putation of bis numerous results does not appear necessary. His comparisons were made at 
temperatures varying between 28·60 and 80·9° F. The mean temperature (according to· his 
way of combiniug the observations) of his comparisons was about 54 F. = 12·2o C., and there­
fore, by introducing the coefficient deduced by me, his value would be changed. by only 
12·2 x 39·37 x ·000000036 = ·000017 inch, by which amount. it must be diminished. The final result 
as ginm by him is .P.~i. = 39·368985; diminishing this Yalue by the quantity 0·000017, we obtain 
as bis result PM. = 39·368968 inehes of the Hoyal Astronomical Society's scale; but since this 
scale, as compared with the present Imperial Yard, is standard at 60·78° F.,c we obtain, using 
Baily's coefficieut for the scale, viz: 10·48 x 10-a for 1° F., PM.= 39·36947 inches of the Imperial 
Yard; substituting for PM., its Yalne in terms of OM., we get, as the result of Baily's observations· 

CM. = 39·36973. 

It should be noted that Baily also compared PM. with his own Tubular scale No. 5 and with 
Simms' Tubuhtr scale No. 4, and his mean of the:m comparisons differs only .000026 inch from the 
result of the comparison wrtlt the Royal Astronomical Society's scale, being that much greater; 
lrnt as their values depend on the correctness of the metre distance on the Royal .Astronomical 
Soei<>ty's scale, the result would not be sufficiently independent to IJe quoted here. 

CLARKE'S COMPARISONS. 

In the" Oamparison.~ of 8ttrndtirds of Length," the length of OM. in terms of the Imperial 
Yarcl is given. namely: 

at 61·250 F. ( 16·200 0.) OM. = 1·0007 480; 
using the eoefticient found on page 47 

ll·llOx l0-6 for 10 Centigrade we obtaint 
at oo C., OM. = 1·0935506; but Ml found on page 48 
" 0 " OM. = CM. - 523 we get 

CM. = 1 • 0936029 or 
CM. =39-8697£> inches of the Imperial Yard. 

A See aecount of the construction of tho New National Standard of Length and its Principal Copi:BS, by Sir G. B. 
Airy, Philosopbica.l Transactions, Part III, for 1857. London, 1858. 

b See Memoirs of the Royal Astronomical Society, Vol. IX, L611don, 1836. 
•See acoonnt of the cowitruotionofthe Naw National Standard of Length, etc., by Sir G. .B; A.i.ry. P.biloeop#ical 

Transactions, Part III, for 1857. London, 1858. 
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The value 39·37043~, usually quoted as Clarke's Yalue of the metre, is derived .tom ltis admi­
rable comparisons of the yard with certain Toises (reduced to the Toise du Perou), whence the 
value of the metre was inferred from the legal definition of its ratio to the Toise; but it is not de­
rived from tbe comparison of the yard with the Metre des Archives or auy 'vell antl1>.'uticated 
copy. If Arago's certificate accompanying the Royal Society's Platinum 1\.Ietre refers to tbe .:\letre 
of the Observatory as the standard, the correction+ 17·59µ given by him i;;lwultl be diminished by 
-about 3µ, the excess of the metre of the Observatory over that of the Archives, found iu 1826." 

But there is reason to believe that Arago's certificates can not be relied on to give the (kgree 
of accuracy implied liy their wording. It is shown in this paper tlrnt. the Platiumn Met.re of the 
Royal Society is about 7 ;1 too short. 

COMS'l'OCK'S VALUE. 

This is derived from comparisons of the U. S. Lake Survey Standard Metre (R:\L ;" witll a 
steel en<l yard, eompare(l by Colouel Clarke, R. E., 'vith Standard Yard .'J5. of the Onlnanet~ Snrvey. 
The length of the U.S. Lake Survey standard (ltM.) was compared at tl.ie International Burean 
of Weights aml Measures at Paris, and through the adopted Provisional International Stam1anl 
it is referrecl to tlic Metre des Archives. The value given by Comstock is 

1 metre= 39·36985 inches.< 

The U.S. Lake Survey standard R!\I. was compan~tl at this office with Cl\L, and it was fouudd at 
oo c., Ravi.= O'.\L + nR·lS.11 ± 0·7 ;t 

from which it followB tbat CM. agrees with the Metre des ..:\.rcliiYcs within abont 11-' as (h:'rived 
through tlJe >alue assigned by the International Bureau of Weights alH] Measures to RM. 

RECAPI'l'L'LA.TION. 

The values of the metre expressed in inches, but in reality referring to different metric and 
British units as commonly published, are here recapitulated in the third column, and tlrn last 
column gives the results of the comparisons as recluced by me, to the Committee :Metre, C'.\L, in 
terms of the Imperial Yard. 

Date. 

-~;17-~~-1--
1818 

1835 
1866 

1885 

1 

' . -------- ---··-------- ----------
Ydue in terms of i 

British Jrnperial I 
Anthotity. Incl a:;;. 

Yan!, and of the 
Con1n1itt~e :_\letre \ 

--~i 
C!IL I 

-------- ----·------- I 
·---1 

Ifassler. I 
39·380917 39·36994 

! 
! I 

h:ater. 

I 39·37079 39·36990 ! 
I 

Daily. 39·369678 39·36973 

l Cbrk.e. l 39·370432 39·36970 
' Comstock- I 39·36985 39-36984 I I 

Indiscriminate mean_ . . . 

Sinoo the foregoing was written, a paper has been published in the proceedings of tlie Royal 
Society (February, 1890) by Gen. ,J, T. "ralker, "On tho unit of lengt11 of tlte Shnckburgh 
scale," etc. 

·---------·-~- -- --- -

D Uecherehes Historiqnes snr I~es Eta!ons De Poitls et lfesures De L'Observatoire. Par M. C. \Yolf, l'a.ris. 1882, 
page C. 55. 

b Professional Papers Corps of Engineern, l r. 8. Army, No. 24, Primary 'I'rian!(nlatiou U. S. Lake Survey, Wash­
ington, 1882, page 48. 

c Professional Papers Corps of .Engineer&, e. S. Army, :Ko. 24, Appendix v, page 9:.lr•, .February, 1885. 
d Raport by Assistants C. A. Schott and O. H. Tittmann, Appenclix No. 6, C. & G. S. Report for 1889. 
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From this it appears that the Shucklmrgh sea.le was taken to the International Bureau of 
Weigh rs and Measures near Paris, and that the space 0-39·4 of the scale was compared with the 
metric standards of that Bureau. 

It was found that at 9·3rn° C. the space 0 - 39·4 Shnckburgh = 1m·000624. .As stated on a 
previous page, this space = 39·399393 incnes at 150.99 C. Taking the coefficient of expansion of 
the Shuckbnrgh scale = ·00001886 per degree C., and reducing the comparii'ous made at tlrn Inter­
national Bureau to this temperature, we find that at 15·990 C. 0-39.4 = 1'0 ·000749, and hence 

lm - 39·399393 - 39•36990 · •h - l ·OOU7 49 - ' me es, 

which tends to confhm the relation of the Yard to the Metre found in the preceding discussion, 
and also to confirm the value deduced for the Royal Society's Platinum l\fetre PM.; that is, 
PM.= 1m_ 7·0,u at (}O 0. 

Another value is furnished by the Spanish four-metre bar, so well known in the history of 
motleru geodesy. 

The length of tliis bar in terms of the Imperial Yard was determined by Clarke iu 1869 to be 
4·37493562 yards at 160·25. 

Its length in terms of the Interuatioual Prototype Metre, as determined at the International 
Bureau of 'Veights and Measures in 1885, was found to be 

µ 
4m_;:WH·84+(45·70l+0.0326t)t 

therefore its length at 
ID. 

160·25=4·000441, 

and from these t"o values it follows that 
Inches. 

1 metre=39·37008. 
This agreement with the values previously found is quite within the uncertainty which the use 

of different thermometric scales may have caused. 



 

APPENDIX NO. 17-
0

1890. 

INTERNATIONAI, GEODETIC ASSOCIATION.-~INTH CONFERENCE. 
T•arif', October :3-12. 1889. 

A•4re•• of' GEOKGB DAVIDSON, AHistntu U. !ii. ()oaat and Geode&ie SurTey, nppoin111d n• Delecat<' 10 a•e 

A,..eciaaion on •be para oc tbe "United !illate•. 

Mr. President aml Delegates of the International Geodetic Association: 
An Act of Congress at its last Session authorized tlie President of the United States of 

America to appoint a delegate to this Association; and on the 7th of September Professor Men­
denhal1, the recent1y appointed Superintendent of the United States Coast and Geodetic Survey, 
gave me, after two conferences, the necessary instructions to appear as the representative of that 
great national work. 

I bring from him kindly greeting and good will to you all, a hearty sympathy with the objeetR 
and labors of the Association, and a conviction that its views will grow with the breadth of the 
New World before it. 

For myself and my colleagnes in the Coast aud Geodetic Survey I"repeat the sentiments of 
the Superintendent; and feel that we shall ]earn much by the free interchange of experiences 
and opinions with you all, personally an<l officiall;y. 

The Superintendent directed me to bring such outline schemes of the later progress of the 
work of the Survey in its different branches as would enable mo to make explicit explanations of 
the objects, scope, methods, means, 1·ate of progress, and prospective views of the Coast aml Geo· 
detic Survey. 

I did not expect to give more than a verbal description or the work, but in oruer to conform to 
your system in the Conference, I feel compelled even at such short notice to put my remarks upon 
paper. 

Before I take up the snbject-matters retened to i11 m,y instructions, it will be well for us to 
bear in mind the extent of tlw territary of the United States, excluding Alaska. It stretches from 
the sixty-seventh nearly to the one hundred and tweut~'-fifth degree of longitude, arnl from the 
forty :liuth to the twenty-sixth tlegTee of latitude. The leugths of the diagonals from the northern 
part of the State of Maine to San Diego aucl from Key West in I<'lorida to Cape Flattery at 
the Strait of Juan de Fuca are nearly equal at 2 880 statute miles, or 4. 64:0 kilometres. Tue line 
along the parallel of soo is 2 628 statute miles in length, or 4 250 kilometres. 

On the north we have the Dominion of C;rna.da, some of whose scientific atltlrnrities J1ave 
expressed their liope of co-operation with the Uniterl States in the measurement of arcs of the 
meridian and of the parallel, so. that we can stretch northward to the Arctic Oceall. On the south 
lies our sister Republic of .Mexico, through wltose territory the great central are of the meridian 
can be carried as far south as latitude 10°. 

Bnt for our present purpose we are necessarily restricted t.o the limits of the territory or the 
Uniood States as I haYe rougltly describell them. 

The views of the Coast and Geodetic Survey ltave expantled with the acquisition of new 
territory and the new demands of all our. industries; and their influence has been far-reaching 
and yet eminently practical. The dift'erent States have become interested, a.ud many of them are 

H. Ex. 80--46 721 
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conducting trigonometrical surveys based upon standard lines furnished by our work. The 
Go\·ernment of the United States has called upon the Coast and Geodetic Sur"\'"ey for the deter· 
mi1iation of fundamental positions in tlrn boundaries of the llewer States; and it is only this 
season that two of our parties 11ave been dispatched to the Yukon and Porcupine Hivers in 
northern .Alaska, to fix tlte position of tlrn one hundred and forty-first meridian, "\\hich marks vart 
of tlw boundary between Canada ant.I the United States. 

The nrnn·elons ,1evelopnw11t or commerce, agriculture, and manufactures upon the Pacific 
coast of the United States within the last forty years demanded norel methods for the rapid 
production of preliminary but safe charts; and the increasing needs of 1Hn·igation ha\'C within 
the last few years demanded a new feature by the execution of topographical reconnoissauces 
"\\ith the plane table of those wild and forested parts of the uortheru coast where land transpor­
tation is extremely difficult, and which the regular operations will be a long time in reaching. 
Hundreds of miles of this rocky coast were :,;uccessfnlly stirYeyell in one Rl10rt season. 

The PITYSICAL :FEATURES of the surface of the territory of tlm United States will bear a few 
words of explanation arnl description. 

Along the coasts of tile Atlantic an<l Gulf of l\foxico the shores are low arnl nearly all sandy. 
The "landfall" is g<merally made hy a Yesst>l when slle is "·ell on soundings. Far hdiinrl this 
low coast lies the tl1e range of mountains, attaining an cle\·ation of oYer 6 000 feet (1 s:m metres), 
and extmali1ig from .Maine to .Alaliama. These mountains are invisible from seaward, except in 
the northeast. 'iYestward of tlii,; ra11ge lies a broad rolling conutry, extensh·e prairies, arnl then 
the enormously long-, gentle, and t1·eclcss RlopeR to the high flank of the Hocky Mountains. The 
great range of the Hock;r Mountains extends north and south through and hr~·ornl the territory 
of the United States, and is the backbone of tlie conutr,v. 'l'heucP westwanl the mon11tains 
and the high 11late;H1s and the intervening valleys reaeh to the Pacific Ocean. Along that 
cmlRt the Sierra NeYada and Cascade Mountains amt 11w jmmediate Coast Uanges lie iJarallel with 
the coast line. lnstPatl of the low Rhorrs of tlrn Atlantic and Gulf coasts, we ha vc on the Pacific, 
mouutai11s that reach au elPY:ttion of 5 000 feet (1 iJ30 metres) within less than three mih.•>; (fi•e 
kilometre8) of the short'. Thu'' landfall" is made at se•ent,1 ancl eight)· uautical miles (l~;"J to 145 
kilometres), far within which distance the plateau of the bottom of the Pacific Ocea11 1caelies 
the profonnd depth of 2 000 fathoms, or 3 660 metres. These liolrl aml extraonliuary foatures of 
the coast have compelled the Coast and Geodetic Sur>ey to increase the breadth of its topograph· 
ical work, :rnr1 to <·arr:y it far t•mmgh iulaml to em brace the CI'<•stline of the immediate coast moun· 
tains ns :.::een from s<>award. 

Thron;:rh part of tbe mountainous country between the eastern line of the Hocky Mountains 
and the east.-rn flanks of the Sierra NeYada and tlrn Casca(le :\lo1111tainl'< the climate is exception­
ally dry, the h>mperatnre Yery high in summer and very lo\V in winter, the Rky gt>nerally cloudlefls 
and the land arid. Yon will therefore readily understand that throughout that section of the coun­
try, where elevations of 13 000 feet (3 !)65 metres) have to be occupie!l with large instruments 
commnnding lines over 100 miles (160 kilometres) in le.ugth, and where no or .-ery few roads 
exist, and the population is extremely sparse, the execution of the work is Yery ReYcrc upon offi· 
cers, men, ancl animals; and the cost is relath·ely large. The mouutaius in that region are treeless; 
but on the Pacific coast the mountains north of 38~ degrees of latitude are co\·ered with enor­
mously large timlwr to their i;:mmmits; and either large areas of this forest must be cleared at 
eaclt station or very bigh observing structures must be erected. 

(l>er this hroad and many featured country the Coast and Geodetic Survey twenty years 
since connected the triangnlation of the Atlantic coast with that of the Pacific by t<>legraphic 
longitude; and projected the transcontinental arc of the parallel to link the two schemes by a 
strong chain of triangles. 

It would be im11racticable ancl too tedious to place before you t11e mass of interesting and 
instrnctfre materials which the progress of the Coast and Geodetic Survey has de-voloped; or to 
speculate upon the magnitude and importance of the practical work which it sees ahead; and so I 
come back to the short and succinct memoranda which I have made upon the points which the 
Superintemlent has briefly mentioned in his instructions. 

If at any point I shall venture to express views that are open to differences of opinion, I beg 
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that yon will believ~ that I express them without bias, freely and independently, and with a sin­
cere desire to correct my jurlgment. 

I.-THE PLAN OF THE TRIANGULATION ALONG THE COASTS OF TFIE e!S"ITED STATES. 

Primarily the United States Coast Survey was organized by the GoYernment for the sur.,-ey 
of the coast, as its name clearly implies. This necessarily involved the obtaining of information 
to give the geographical positions of islands, headlands, anchorages, harbors, and dangers to 
navigation, the determination of the proper location and character of aids to mn·ig-ation; the 
depth of water on the bars at the entrauces to harbors and ri•ers, and tLe courses and depths 
of the rivers to the heads of navigation; the collection of data for the prediction of the tides, and 
for the course of current8. Then followed the pulllication of seacoast and harbor charts, and the 
later pu~Jlication of " <Joast Pilots," compiled from the charts, and gathered from the experience 
of the officers. These are some of the first legitimate results of such a seherne. 

TU.is principal object ha.>! been per»isteutly and faithfully adhered to in the administration of 
the Survey, as is shown hy the publication of many hundreds of charts, of lists of gr-ograpliical 
positions, of" .Metl10lls au<l Resnlts," of ti(le tables, of notices to mariners, and of the Coast Pilots; 
and of special correlated in vestigatiorns. 

Through snch an extended seaboard as that of the United States it must be e>ident to yon all 
that the most trustworthy results c~w only lm obta,ined by tlle liigh character oftlrn triangulation 
upon wllich the project i.s founrletl, allll liy till~ practical Yalne and iwport:mcc of tl.le topography 
and bydrograph_y. 

In tile execution of these correla.tP(1 branches the material lrns nPcessaril,y heeu acqnirt>cl for 
the measurement of arc,; of the meridian in various sections of the coast. A8 the Sun-ey devel­
oped, and as new territory was acquired, and new applications were found for tl.le work, jt was 
seen that larger schemes of trian~ulati<m would be IH:ceRsary, both as a matter of economy and 
gn·ater accuracy, and because they wonld furnish a higher and more e:x:teusini class of measures 
for Gt>odetic pnrposes. E>'ery pr.wtical 1h>111aml upoll thP. service has been promptly met} and 
with increaset1 efficiency. \Vlrnuen~r the Sttn-ey has s11own to tlie Con;::rcss of the United States 
the ad ntntage.'i and the neces,,ity for hrna.1ler scope in its 01rnratiou, it has recei>ed the attention 
and the active support of that angntit body. 

IL-THE PLA.N OF THE TlU .. NSCOXTI.:·rn;-,TAL TRIANGULATIO~i or-; THE PAHALLEL OF :W-' ~UHTH. 

Tliis are of the parallel will be more explicitly rrnmtioned undm: the heading UL It "-as 
int<•n<kd primarily to connect the ::>chemes of the triangulations following the coast liuPs of the 
Atlautic and the Pacific seaboards. i.\Iy earliest duties on the Pacific coast Lad bt>en, among other 
things, the determination of the latitude aml longitmle of important headlamh;, blarnls, aud har­
bors, before a continuous triangulation was foasible along a coast that had then more than :i 000 
nautical miles (5 550 kilometres) of shoreline. The triangulation was in progress, I.mt its exeeu· 
tion was carried on in mauy localities where commerce demanded aids to 11a•ig<iti011. Early in 
1869 the telegraphic <liff'erence ill longitude between San Francisco an<l the eastern tl'iangulatio11 
was effectell; and all the triangulations were subsequently connected. But as the principal 
triangulation on the Pacific expaudell, tlie Superintendent decided to carr;y a li11e of triangulation 
as uroad as possible acro,;s tlte continent. This would afford means and data to clJCck important 
State boundaries, to afford standard lines and geographical positions for the use of tl10 rntkpend­
ently conducted State surveys; and would incidentally gi;·e the data, for tho measure of so loug 
an arc. The Government approved of this scheme of triaugnlation, and has annuall.r supported 
it by appropriatious. The Pacific coast tria,ngulations had been dependent upon base lines meas­
ured with secomlmT apparatus at each locality. This new departure demauded a higher class of 
base apparata>;, and to-!lay the western end of the chain depends upon the meaimrernent of the 
Yolo base line, wllich also serves for the expansion of the Pacific arc of the meridian to the north 
and to the south. 

Aud probably it will be as well to introduce in this place the different operations which have 
boon made nt all the stations on the Pacific coast, and in the adj a.cent scl1emes. The stations so occu· 
pied numl>er twenty-throe from the Sierra Nevada westward, aud tift.een or more to the ea.st ward. 

I present to the Association several ''progress sketches" which are also regularly published 
in the annual reports of the Superintendent. On these are exhibited the lines observed, the base 
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figures acljusted, the parts already reconnoitered, and the spaces yet unfinished. One of these 
sketches exhibits not only the western part of the chain of triangles, !Jut the extension of the tri­
angulation for the Pacific arc to the south and to the north. At all the stations of the main tri­
angulation on the Pacific coast and extending eastward therefrom along the arc of the parallel of 
390, tlie ohser,atious comprise the following: 

Hori;;ontal dircctions.-These are made under all conditions of the a.tmosphere, when the sig· 
nals cau be seeu with tLc telescope. No more than two sets of observations are made in any one 
morniug or in au afternoon. Each set consist8 of an observation with the telescope and circle 
direct, and one with the telescope and circle reverse. For lines umler 100 miles in length (160 kilo­
metres), 46 ohsen-ations have been made in twenty-three positions; all(l for li11Ps OYer 100 miles 
in leugtb, fi9 sets of ohsenations were made at the last stations. Two sets have hrretofore been 
made in one position of the horizontal circle, but my experience dictates that hereafter only one 
set shall ue made in one position, and the number of positions will necessarily be nearly doubled. 
In 187G the methotl of using thl~ ocular micrometer was introduced at Mount Diablo station, and 
the obser\·ations have been impro,-cd tllcreby. The theodolite cil'cle is !.m inches or 50·8 centi­
metres in diameter, and is read by three microscope micrometers. The objective is 7·i3 centimetres 
in diameter. Tile instrnmeut rests upon a specially devised position circle which is cewented upon 
the stone or brick. pier. 

A::iuwth obsl'rrntions.-The tbeodolite which is employed for the horizontal directions is also 
used fol' the determination of tlrn azimuth of one of the lint's of the triangulation, or upon a refer­
ence station tllat is usnally 6 to 10 miles distant. The stars ~1sually obser\'ed upon are a Ursro 
Mi11oris mid 4165 B. A. U. at opposite elongations, and as uear elongation as practicable. The 
series generally includes observations before and observations after elongation. I Jiani made the 
same number of observations at each base-line station as at all the other stations. 

lJatitiule o/Jserrntions.-These are made with the Zenith t(>lescopc or with the DaYi<lson Meri­
dian I nstnmw11t according to the Talcott method, and generally em brace observations upon 2;'; to 
30 pairs of stars through 7 to 10 nights. I baYe made tbe same number of ouservatious at each 
base-Hoo station as at all the otbers. 1'he north polar distances of the stars are obtained from 
ahont thirty original authorities. 

Obserration.~ for lieight.-Douhle zenith distances are measured upon tile signals at all the other 
.,tatio11s hetweeu the hours from noon to one or two o'clock in the afternoon. They are continued 
through as many day.-; as practicable. The vertical circle is usually 12 inches (or 30 centimetres) 
in cliamete1·. 

O/i.yerrations /01· 11utg1tetib'11z..-Observations for intensity, dip, and declination are made with 
portable inf!truments uriou three or more days at ever.r station. 

Tl1e 8ignal.<; ustd iu this work are always heliotropes m·-en for the base-Jiue stations; aud the 
area for the silvered glass is determined by formula for the distance observed, with an abitrary 
:ulditio11 for n. smoky and hazy atmosphere, as suggested by experience. These signals ha\-e been 
.st~Pll with tlw unassisted eye at distances to 160 miles or 256 kilometres. A curious optical featnre 
of tht>se images is the decomposition of the solar light into the spectrum red, white, and blue, or 
more rart>ly into red, yellow, and green, iu lines that are oYer liO or 70 miles in length, the inter 
veniug :tir acting as a prism. 

At important stations in the main triangulation a topographical sunJey has been made so as to 
embrace an area of about 4 sq tiare miles arouncl the station. I 11 tliis survey tbe conto!lrs are 
drawn in for eYery 10 or 20 feet of vertical height. 

All the foregoing operations are canietl on simnltaueously, and the observations of horizontal 
directio11R goveru the time of the oceupation of each station. The period of observation reaches 
60 days when the stations are numerous and the distances great, and the principal drawback to 
progress is the very smoky atmrn;phere of summer in the Great Valley of California. ThiH smoky 
atmosphe1·e rises to an elevation of 8 000 feet (2 410 metres); antl as the coast mountai11s reach 
from 3 !JOO to 7 000 feet (1190 to 2 140 metres), the smoke necessarily lies in the line of sight. 

Tlte personnel of a party.-Tb.e largest number of persons at one of the Sierra Nevada sta­
tions when the party had to go through deep snow, ancl oorne out through deei> and extensive 
snows, was as follows: Chief of party and three assistants, one packer, one cook, aml five men. 
Six or eight pack animals. Hired wagons for general trausportntion wl1ere roads exist. 
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At ea.ch distant station which is observed upon there is one beliotroper, who cooks t0.: himself . 
.At some very difficult stations there are two beliotroper.-; who relieve each other. A system of 
heliotrope signals is used to signify to the heliotroper the character of his work, when to f~hange 
his direction to another station or for any of the usual movements of the party. 

At the Rouncl Top station of 1879 the party experienced a. temperature below zero of Fall­
renheit; wind that blew 100 mile's (or 160 kilometres) per hour, and deep snows. When the ob­
servations were finished the party came ont through snow drifts 2! feet (over 7 metres) deep; and 
the general depth was 6 feet or 2 metres for many miles. All the instruments and material hafl 
to be carried into and from this station for the last 800 feet (250 metres) of elevation. 

In the occupation of Mount Conness in the Sierra Nevada next spring, my party will be forced 
through tlie snows of the Yosemite Valley, or possibly re~ich the station through the State of Ne­
vada from the eastward. 'J'be heig-ht of this station is 13,000 feet, 4,000 metres. 

Local deflection of the pliunb line.-In these operations of the triangulation the observations of 
the latitude and azimuth have exhibitell great irregularities in tile local deflection of the plumll 
line at the various stations. In the meridian the range of defiection from the mean which llas 
been adopted amounts to nearly seven seconds of arc plns and minus, and in the prime Tertical 
to nearly the same amount. This has led to the adoption of provisionally standard geodetic data 
for a given station and for a given line; that is, a certain station has assigned to it a, given lati­
tude aml longitude, wliich is very closely the meaus of all the stations reduced tliereto, and the 
azimuth from that station to another given station is adopted as tlie true azimuth thereof. The 
direction of these deflections of tlie plumb line can sometimes be predictml from surrounding geo­
logical and orographical comlitions, but in ~mme cases, as on the Plains of Los Angeles, large 
deflection was found where none ha<l been anticipated. In this connection I may say that the 
Superintendent has directed me to present to the Association twenty or more pbotographR which 
exhibit some of the physical features of the trigonometrical stations which have been occupied in the 
line of the Sierra Nevada by the party under my direction. Besides this they giv~ proof of the 
frequent clearness of the atmosphere in showing sharply mountain outlines that were at least sixty 
miles (96 kilometres) distant. One of these exhibits a summer view of the Yosemite Valley 
through which the triangulation party will pass to Mount Conness. 

III.-THE PRINCIPAL ARCS OF THE MERIDIAN AND OF THE l'AllALLEL THAT HAVE BEE~, OR WILL 
BE, DEVELOPED FRO~f THE COART 'l'RIANGULATIONS. 

I shall enumerate these very briefly. 
1. The Nantucket arc of the mm·idian: 3*0 have been finished, and it will be extended to 60. 

It lies between 41 o 15' and 470 30'. 
2. The Pamplico-Chesapeake arc of the meridian: 4p ha ye been finished, and it will be extended 

to ll!o between the latitudes 350 and 46~o. 
3. The Lake Superior and Gulf of Jfe;i:ico arc of the nie»idian: 10° 121 of this arc were executed 

before 1878 by the Corps of United States Engineers, and it will be extendecl by the Coast and 
Geodetic Survey to the Gulf of Mexico, making a total length of 1so 35' between the latitudes 300 
10' and 430 45'. 

4. 'l'he Pac(tie arc of the mer-idian. The triangulation has been exec11tetl from about latitude 
39° to latitude 34P, and it will be extended through California, Oregon, and Washington to the 
boundary between the United States and Bl'itish Columbia in latitnd<>. 400; makiug a total of 150 
within tlie limits of the United States. Northward 0f the United States it ca11 be carried through 
British North America to the Arctic Ocean. 

Within the limits of the U nitetl States this main triangulation is carried on between the Sierra 
Nevada or the <Jascade Mountains on the east, and the Coast Range on the west, and in rnlves lines 
of great lengtli. The longest line yet observed bas been 192 miles or 307 kilometres; and the long. 
est .reconnoitred is 244 miles or 390 kilometres. This great scheme was inauguratrnl to check and 
control tile immediate triangulation of the coast that had much shorter sides, and was much im· 
peded by the peculiarities of the rocky or forest-covered coast raoges which lie very close and par· 
allel to each other. 
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.A.a early as 1859 I made some observations upon the Sierra Nevada from the station Mount 
Tama I pais in the western most of the coast ranges. The distance was about 165 miles or 260 kilo­
metres, and as I was already familiar with the relation of the coast range& with the Cascade Iia.nge 
and the Sierra Xe\·ada, I foresaw the development of a great scheme of triangulation to the north 
and south between these mountain ranges, with extraordinarily favorable opportunities for meas­
urillg base lines of almost any desired length in the nearly level illaius of the Great Yalley of Oali­
foruia. Since then this scheme of triangulation has been carried out, and that of the transconti­
nental arc of the parallel inclndes and starts uearly from this Tamalpais 8tati011. 

5. The Oblique Arc oJ the Atlantic Coast has been executed for a length of 17° '.H', anrl will be 
continued southwestward to the shore of the Gulf of l\iexico, and northeastward to Oape Breton in 
the Dominion of Canada. The total length will be 20~0, equal to 1 202 miles or 1 !J20 kilometres, and 
that small part to the northeast of l\Iaine will necessarily be executed by Canada. 

G . ..A nmnber of sub arcs have been executed on different parts of our coasts. There-are 19 of 
these, and they have au average length of 138 miles or 224 kilometres. 

7. The Great Central Arc of Longitude on the parallel nf39°. It extends from Point Arena on the 
coast of California t-0 Cape May on the Atlantic coast, and ha1:1 a total leugt.11 of 48lf0 of lougitutJ.c, 
equal to 2 628 statute miles or 4 230 kilometres. Thirty-foLU' degrees of this arc have been executed 
in four sections. I h~we already stated t.hat this great transcontinental arc was projected to con­
nect the scheme of tlie triangnlatiou on the Atlantic a.nd Pacific coasts. 

Along this line the telegraphic longitude observations arc nearly completed, the geodetic lev­
elings have progressNl from tlte Atlantic to beyond ti.Jo Missouri River~ rrnd the gravity determi­
nations will be made systematical!J· from ocean to ocean. 

I need say little about the character of the triangulation upon this parallel. In some parts of 
the country it iis made with difficulty on account of the heavy forests and the absence of prominent 
heights. There, aud in other parts, the lines are necessaril.v shorter than is desirable, but Lase liues 
will be more numerous, and a..<1tronomical observations will be frequently repeated. From the east­
ern line of the Ifocky Mountains to the Pacific Ocean the size of the triangles, qnatlrilatera1s, and 
pentagons is snfficiently large for the highest character of work. As a general rule the atmos­
pheric contlitions are fa>orablc, bnt the difficulties to l>e o>ercome in such an arid regiou, very 
sparsely populated, are extreme. It requires the utmost devotion and exertion to carry forward 
the work, and especially when a part;\' is caught at a station from 10 000 to 13 000 feet elevation 
(3 050 to 3 urn:; metres) in the cold weather of the early winter. 

The Association ca11 learn the character of the work near the western extremity of this arc from 
the pul>lished accounts of the measnrement of the Yolo base line and the treatment of the geomet· 
rical figures comprising "the Davidson quadrilaterals." As observers we are sath;fied that we 
ha Ye gone beyond the llest efforts of the instrument rn~kers, and we now demand a higher class of 
instruments of precision-especially theodolites arul base apparatus. 

8. Tbe secondary arc of the parallel of 428. This arc was commenced by the Corps of United 
States Engineers, who executed nearly one half of it, and since 1878 it has been extended l>y the 
United States Coast and Geodetic Survey. It stretches from Cape Cod, in longitude 700 to longi­
tude 88°, near Chicago, and is 17p in length; equal to 500 miles, or 800 kilometres. Al.lout two­
thirds of the arc has been finished. 

fl. I'n~jccred arc of the 11ieridian. This great Central jlrc of Latitude extends from Urn southern 
bourn.lary of British Columbia, in latitude 49°, to the boundary with Mexico, on the Rio Gmude, in 
Jatitn<lf~ :26°, through 230 oflatitude. Its length within the territory of the United States is there· 
:(ore 1 600 miles, or 2 560 kilometres. But it cau he extendell southward through :M:exieo to Point 
Sacrificios ou the Pacific coast, in latitude 100; and northward through British Columbia to the 
Arctic Oeean. It is projected, near the meridians of 9go and 990 west. 

10. It is 111·oposed that tuio great Transcontin-ental Arcs of the Pamllel be hereafter measnred, 
principally within the limits of the Unite!l States. 

The northern one will extend through Goo of longitude, from Cape Disappointment, at the mouth of 
the Uolnrnbia l~iver, in latitmle 46010' and longitude 1240, eastward to the Great Lakes, and tbence 
tbrongh the Dominion of Canada to Cape Breton. This arc will cross the Pacific Ooast arc of the 
meridian in longitude 120io; the Great Central a.re of longitude in 990 or 930; the Lake Superior and 
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Gulf of Mexico are in longitude 88°; ti.le Pamplico-Chesapeake arc in longitude 7(;o; the Nantucket 
arc in longitude 700; and it will reach the oblique arc of the Atlantic cD<ist at Cape Breton, in 
longitude 640. Its length will oo abont 2 850 statnte miles, or 4 :;so kilometres. 

11. The second proposell Transcontinental Arc of the Pa,r<illel will extend through ;;:-;no of 1011gi­

tude, from the southern extremity of the Island of San Ol~mente, on the Pacific coa"t, in latitude 
330 401 antl longitude 118io, wholly through tlie territory of tlle United State:-; to tlw vicinity of 
Charleston, on the Atlantic coast, in longitude 'i9TI 0 west. This arc will cross tl1e projected Great 
Central arc of la ti tndc in lougitrn1e m)O or 98°, tbe Lake Superior a ml G nlf of ?lkxico an: in longi­
tude sso, an11 the obliq1m arc of the Ath1ntic coast in longitmle s;;p west. H8 hrnglh will he 
about 2 '.WO statute miles, or;:: 500 kilometres. 

The .Association will thus siee that the Uoast and Geodetic Surve,v of the United 8tates l1as 
fairly cornprehendell the broari geodetic problems which the great area of the United States per­
mits, and which the necessities of its commerce, its boundaries, its State surveys, and a hundred 
other legitima.te objects demaml. A resam» of the pllrtial measurements of arcs alrea.dy made 
shows 4 000 kilometres in the principal arcs of the meridian, 2 600 kilometre:;; in sub-arc:.~ of the 
merilliau, aud ahoul 3 fJOO kilometres in arcs of tlle parallel. 

IV.-TlfE CHA1?ACTER 01"' THE \VORK At\ EXHIBITEIJ I:\ TIH; PCBLICATIOXl'l UF THE CUA8T AND 
GEODETIC SCRVEY. 

The pnblications of the Sun-ey have not been so numerous as woul1l seea1 desirable. There is 
a \ery bug(; amonnt of materi~tl in the archi\·cs, lrnt the. publication of tlw practical results for the 
lienelit of the i11clnl'ltries of the coantry, or to :tn.1; 1,·er· t'ie spm:ial demands of the (ion~rnment, are 
always gi\·eu the pn•ference. I l1:l\P llron.~ltt to tlH\ A;;;;1wiation for it'! acm~ptauce a few 1>am­
pldet:;;, which illnstr:tte the nrnmier in whicl1 tile result,;; are ma1le more :n·ailable thaoi1 ttn·on~h tl.ie 
larg·e anunal repod.s of" the Superi11t<>nl1ent. The roll of charts intended for the A~sociatiou has not 
n':t('hetl me. I ffas anxious to JH'esent some of tlw later charts of thll Paeific coa"t, becanse on 
thri'il" which exhibit. the ltarhor1:1 a111l their approa.che1:1 the old ;:;tyk of haclmring hm:; hcen aban­
l1nBe11, and the contours of vertical heights lHt \e heca gi n'n with more s:"ttisfa.ction to the navigator, 
and certainly with more definite information to the engineer, civil ~iml mililary. Such a, plau is 
not feasible along the low and sandy sltores soathwar1l of New York, hnt it is particularl,y satisfy­
ing on the bol<l shores of the Pacific coast. 

The prartical cliarrwtm· of the u:ork is shown in the publication of the Coast Pilots. Those of 
tlw Atlantic coasts have been developetl to <>xtreme 1lBta.ils, bManse the survuys have heen com-
1>lete for the parts of the coasts 11escribed. On the Pat~ific coast. the first etlition of my Coa1'.t, Pilot 
of California, Oregon, and vVashington ·was published when the Aurve.rs of the whole coast had 
been in operation but seven years. Necessarily a different type of description was adopte1l, that 
dealt largely in generalities, which were fortified so far as riracticahle with details of special locali­
ties. During the last fort.y years these generalities haYe largely given place to details, and the 
fonrth e11it.iou of this Coast Pilot, with many illustrations, brings to <late tbe data and the experi· 
encPA of that period. 

Tlw scope nf the publicMiM!S of the Coast and Geodetic Survey is seen in tbe descriJitiOJ!!"i u! wtal 
solar eclipses observed by its officers; in thl' observations of the Transits of Yen us i 11 l :-;;·4 al!(l 
1882; in the recovery of the French station of the '.rransit of Venus of 17G!l at San Josi;. tlel Caba, 
in Lower California; in the research upon the ti l'St lam1ing- place of Columlm">; in the examination 
of the voyages of Ulloa, Cabrillo, Ferrelo, Vizcaino, and Drake on the Pacifie coast lwtweeu the 
years 1539 aml 1G0:1; in the report npon the irrigation systems of India, Eg_rpt, an<l Italy . 

.All these works and very many others have been incidental to or directly connected with 
the practical work of the Surve_y. 

Y.-THE MANNER OF MEASURING THE BASE LINES 01" THE THIANGULATION" AND THE SPECIAL 

DIFFICULTIES TO m-; OVERCOME IN A NEW COl,'NTRY. 

Tbe first base line for the U.S. Ooast Survey was measured by Ferdinaml R. Ho.ssler, who was 
the first Superiutendent of the Coast Survey. Ile used four 2-metre steel bars placed in line, 
and this he designated as one, using two microscopes to mark the ends of each measure of this 
quadruple system. 
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The next apparatus was a compensation apparatus of steel and brass, devised by Superin· 
tenucnt Bache wuo trned the Be!:!sel lever of contact in the measures. With this apparatus the 
base lines on the Atlantic and Gulf coasts, except the first base line, were measured, and were gen­
erally 5 or 6 miles long (8 or 10 kilometres). 

On the Pacific coast when transportation was very difficult and costly, the prices of labor 
excessively great, and the demamls for immediate practical results, imperative, local base lines of 
2 to 6 miles in length (3 to 10 kilometres) were measured with secondary apparatus of various 
characters. 

After the schemes of triangulation had largely de,·elopcd, and the transcontinental arc of the 
parallel had been commenced, the present apparatus of Assistant Schott (composed of steel and 
zinc bars, very nearly compensated aud using the slide contact) was sent to the Pacific coast in 
1881 for the measurement of the Yolo uase line of 17 486 metres. 

I had chosen the location of this line because it was one side of the first quadrilateral leading 
through three quadrilaterals to the line 1\Iouut Diablo-Mount Helena in the Coast Range; whence 
a.notber quadrilateral stretchell across th~ Great Valley of California to the Sierra Nevada with 
lines from 117 miles to 142 miles (189 to 229 kilometres) in length. 

The base line passed over several water courses nearly at right angles; tbrough ploughed tields 
and across country roads. It should be particularly borne in mind that, while the Sur my 1·ecei ves 
the snpport of all tho State Governments, it can not enter any man's property without his conscut, 
so that we are thrown >ery much upon the good will of the proprietors and the tenants of tho 
lauds crossed. It is tberefore a consideration to disturb as little as possible the actual snrface of 
the ground. Y\'c can only put a temporary gate in the fence surrounding any property by consent 
of the owner, and by paying for any damages incurred. Moreover the expense of properly grading 
so long a line would be excessive in a. country where wages are exceedingly high. 

Therefore in measuring these bases all these matters must largely govern the choice and 
decision of the officer in charge of the selection and measurement. 

In the Yolo baseline I decided to do no grading except in one or two places where the surfac{'I 
presented some abrupt change. From what I have read of the descriptions of the base lines in 
Europe, the conditions of the surface are wholly distinct. On the Yolo base line there was one 
place where the surface of the "adobe" (a tough clay soil) was so deeply and genemlly cracked 
by shrinkage that it reqnirell some judgment to properly place the plates for the tripods to rest 
upon. 

It bappened on this line that there was no grade to exceed five degrees, ancl the largest incli­
nation was near the northwest end. 

In the measurement of the Los Angeles base tilere were greater surface difficulties to be over. 
come. For more than one-half the distance the land was in its natural condition; it bad 1iever 
been ploughed, and bad innumerable irregularities. It was covered with large tussocks of stiff 
grasses which were the only obstructions removed; it was cut across by several deep sloughs, and 
it crossed t.wo railroads diagonally. Only in four or fl ve places was the spade used to cut through 
a sand hillock or a clayey mound, to fill in a water way or to lessen the abrupt change to another 
water way. 

We prepared it at the beginning of tlle raiuy season, and when the first measurement was 
being made we were compelled to stop operations on account of hmLvy rains; when the weather 
cleared we found the apparatns bogge<l in a broad shallow basin of clayey soil. 

These :rnd other practical ditiiculties were sometimes almost disheartening, and they, together 
with the character of the apparatus, decided me to measure tlie bases not less than twice, and 
three times if the appropriations would permit. 

Tue rna11uer of measuring the base is simple and may be exemplified by a condensed record of 
a day's work. Early in the morning th~ two field bars msed in the measurement are compa.rcd 
witil the " fielll standard bar '1 ; tl.J.e adjustments of the sectors an(l of the aligning telescopes 
are examined. The first bar is lllaced in line aud the after end adjusted over the base mark or 
the mark of tl1e previous day. The second bar is brought into line and. the after end is 1aised or 
lowered to the height of the forward end of the back bar; the Borda scales and the thermometers 
and the sector are read after the bar and tripods have been slightly tapped to relieve any undue 
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strain in the supports; contact is made under slight magnifying iiower and tbd after bar with· 
drawn and carried forward. 

The measures proceed under a. movable canvas cover carried by a framework mounte<l on 
four wheels; this cover is 51 feet long, and the officers and the men who carry tlrn bars, and tlwse 
who handle the foot plates and the tripo!ls are the only ones admitted within this cover which 
four men move forward. In crossing water courses the bars are carried on a central wooden 
structure :firmly built in the line and wholly distinct from tbe footways upon which the wlieels of 
the movable cover run, and upon which the men handle the apparatus. 

At certain times during the day, before and after crossing the railroads or especially difficult 
places, at the half kilometre stones and at evening, the end of the forward bar is translerred l)y a 
transit sector to a proper mark fixed in a heavy piece of stone sunk to the surface of the ground. 
The apparatus is under charge of a watchman at night. 

The tripods supporting each bar are strong wooden oues shod with heavy brass points, and 
weigh 35 pounds each; the iron plates UllOil which they rest, and whicb are well fixed on the sur· 
face of the ground, weigh a little over 9 pournls. 

Each bar with its beam and covering weighs 162 pounds and. is handled by two men. 
After all the men become familiar with the modus operandi, there arises among them an ambi­

tion not only to make no mistakes, but to execute the measures as rapidly as practicable. This 
spirit is fostered not only for the economy involved, but because I believe it is best to allow the 
bar to remain upon such supports through the least possible time. 

The whole line of the Yolo base ww1 subdivided by kilometre stations marked on copp6r bolts 
in heavy granite blocks sunk below the surface of the ground, aud also by similar marks placed 
nuder all the fences which were encountered. 

The Los Augeles base line was subdivided by half kilometre stations marked as in the Yolo 
base. On both base lines each measurement was referred to all the kilometres, fence, and half 
kilometre stations. 

I need not mention the rapidity with which the Los Angeles and Yolo base lines were measured, 
because I believe the Association has received from the Superintendent of the Survey a preliminary 
report on the subject. The nnm ber of officers employed in the actnal m~asarement wa.s three; the 
number of employes, excluding the watchman and extra driver, but including the four men, 
moving the movable cover, was eleven. 

I would, however, ask your patience still longer while making a few remarks upon the pre· 
cautions I have taken to get the best possible results from this apparatus, and to express an 
opinion upon some other form of bar. 

Ha"\"ing had serious doubts about the use of two metals, such as steel and zinc, as a Borda 
thermometer, and although the apparatus was furnished with very se1rnitive thermometers, I was 
induced from my experience in the Yolo l>ase measuremeut to incase the outside wooden case a!Hl 
jron beam of the Standard field bar with blankets, boiler felting·, mul canvas, to the thickness of 
about three quarters of an incl1, say 2 centimetres. In the measurement of the Los Au~eles 
base line the measuring bars were similarly incased; and the result has been that the change of 
temperature through the additional covering has been very slow. Sometimes the change of the 
tem11eratnre of the outside atmosphere has not exhibited itself in the tht~rmometer for 21 hours. 

'Vith this experience I believe in thoroughly incasing the base bar in ~• non condncting 
material, and in performing all the operations of comparison and measurement at such times and 
under such cover as I have nsed. I would use a i;ingle hollow metal bar of steel or platinum wit11 
sensitive thermometers placed as experiment directed; or, perhaps still better, I would ham this 
hollow metal bar filled with mercury with proper appliances that should indicate tbe mean tem­
perature of the bar. Difficulties present themselves to the practical application of this idea, but it 
js possible they may be overcome. I ~hould determine by preliminary experiment wlte01er to use 
two bars with the slide contact and moderate magnifying power, or one bar with the traces and the 
necessary microscopes. 

If one bar and the microscopes proved satisfactory, I should then propose to the Superintend­
ent of the Bnrvey to :11ermit me to measure a short base line of about 1 000 metres twice with 
the apparatus of the Yolo and Los .Angeles base lines, and twice with the single uar and micro· 
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scopes, using a line wl1ere tbe surface features of tbe ground would be nearly like what we have 
already worked over and may expect to work over. By such com1iaratfre t<>sts a fair criterion 
wonlll be aff'ordetl of tlie relative value of the two systems in accuracy and cost. 

These are 80me of tlrn suggestions which my experience has forced upon me, for in my judg­
ment we b;cn·c not ,Yet reached the best apparatus nor the best method. 

I would like to mention here that in selecting the location of the J._.os Angeles !Jase line I pre­
scribed that it should he oue side ofa quadrilateral lying to the southwest, aml of another quadri­
lateral lying to the sontheast, aud that all the stations of those two tignres should be intervisible. 
Suell are the conditiom; which uow surround this base li11e; aud I am very sorry tlrnt I bl'Ought 
no traciug of the schenw to exhibit to the Association, but I will have a drawing made ancl 
forwarded to tlw perrnaneHt secretary, Dr. Ilirsch. 

VI.-THE l'LA'i OF THE TELE1rnAPHIC LO:'-iGITllDE WORK, WITH THE MAL'\ I.INES OF THE LA_TEST 
WOHK EXH1131TED THEREO~. 

It is contemplated to coYer the whole country with a complete and checked system of tele­
graphic longitudes. The more recent operations have lookt•tl to the completion of the network 
across the continent in tbe parallel of :~m0, and to a connection with the triangulation stations of 
the transcontinental arc of tlie parallel. '_fhere remain lmt a il'w stations to be occupied to com­
plete this part of the great sclleme. I present tt rough plan wltich exllibits the lines finished and 
in progress sincP 1884, tue date of the last adjustment of the Computing Division of tLte Sm-vey. 

VII.-THE RCHEll:lE OF THE TRAYSCONTINENTAL LEVELING A::-;'D THE COXKECTION 01<' THE 
ATLANTIC OCEAN, THE GULl' OF MEXICO, AND THE PACIFIC OCEAN. 

I present a chart which exhibits the lines that were leveled lij· the U. S. Corps of Engiueern 
before 1878, and those that haYe been leveled lJy the U. S. Coast and Geodetic Survey. On the 
Atlantic coast the lines start from two stations in New York, one from Annapolis iu the northern 
part of Cliesapeake Bay, and one from tlie southern part at Fortress :Monroe; auotl!er is to start 
from Cape Henlopen, at the entrance to Delaware Bay. These lines, with tlleir proper checks to be 
introduced, have been joined in :Maryland, and tbeu one line has been continued westward to .Jef­
fersou Cit.r about Lalf way between the Mississippi Hiver and the Missouri in Jougitude !J2:\ 0 • 

This line will be intersected by two lines from 1\Iobile and N<'W Orleans on the Gulf of l\Iexico. 
A sllort line from the Atlantic to the Gilli' will crnss the northern part of' the peninsula of Florida 
from Feruauclina to Cedar Ke.ys. For many years the Coast ~rnd neodetic Survey ha8 maintained 
self registering tide gauge,; at importaut ports on tile Atlalltic anu Gulf coa;;;ts, aud also on the 
Pacific coast from ::;an Diego to Alaska. 111 time these will all lm connected. 

VIU.-TIIE I'RA'.S:SCONTI'iENTAL Ll'.''E OF GHAVfTY llETER\ilNATIONS l"RfHI PENDL'LUM 
EXPEnIMENTS. 

The publication of the GraYit.y determinations bas been much i·etarded, but I present here­
with se\"eral pamphlets of l\Iethotls and Results. The scheme has not been thoroug-hly systematic 
heretofore, and the stations already occupied are shown l>y green circles on the charta of the Trans­
continental Le\·eling and the Telegraphic Longitutle. 

It is now propose'l to carry a line of gravity stations along the course of the transcontinental 
arc of the parallel of 390. 

IX.-TIIE RELATION OF THE TRANSCONTINEN'i'AL TRIANGULATION, TELEGRAPIDC LONGITUDE, 
LEVELING, AND GRAVITY MEASURES. 

This subject need only be stated to satisfy the Association that the Coast and Geodetic 
Sm·vey has fully comprehended the importance of the combination of the thoroughly practical 
uses of the work and the higher use of the material which it is gathering to determine tbe figure 
of the earth. In the progress and development of the work similar combinations will be effected 
in all the arcs of the meridian and the parallel. 
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X.-THE INVESTIGATIONS FOR THI'.~ COEFFICIENT OF ATMOSPHElilC Rl:.:FltACTIOX. 

These were undertaken in California between two seacoast stations, Mount Rosi< aucl Bodega 
Head, in 1859; between two stations, Mount Diablo and Martinez, on the eastern ihwk of the 
coast range of mountains, in 1880; and in the interior between Round Top and .T a1:;k,,,on statio11s, 
on tlie western flank of the Sierra NcvaU.a, in 1879. In this series the lowest station is abont 
100 feet, or 3:) metres, above the level of the sea, and the highest station is 10 GOO feet, or 
3 230 metres. The observations comprise the me<1snre of simultaneous aml reciprocal zenith 
distances every hour, for as many as twehre days and nights on the l\Iount Diablo-Martinez Jine; 
observations of the barometer; obsern1tions of the temperature of boiling water; aml spirit 
leveliugs repeated. The results at l\Ionnt ltoss-Boclega and Mount Diablo-:\Iartinez have been 
published; and those of 1\fonnt Diablo are herewith presented to tile Association. 

XL-THE INVESTIGATIONS IN" MAG.NJ<:TIS'.\:C THAT HAVE BEEN" MADE THROUGHOUT THE WHOLE 

COUNTRY; AND WHICH REACH INTO MEXICO AND INTO ALASKA 

AS FAH AS THE AlWTlC OCEAN. 

They have been carried on for forty-five years, a,ud while t!ie observations have been 
partic11larly full on the seacoasts, yet special expeditions have boeu made into Mexico, the 
Northwest Territoriea, and the scmtbern and western pa.rt of Alaska. Between the years 1850 a:1d 
1880 the m~ximum ea.st.el'ly variation of the magnetic needle has been reacliml along tlw Pacific 
seaboard from 49° to ;no, except in the 1·e~iu11 of San Francisco, latituue 3iO 4i1

, wlJere the indi· 
cations point to the epoch 18fl~i-'9,> ;1s tlw time of the maximum IG0 33'. 

The deductions fm:n all these obsernttions combinell with the measures of otht'r oh:-;Prvers 
haw~ been graphically exhibited for a given epoch upon tlte map of the UniteLl States, of wllieh n, 

copy is presented. The practical value of the deductions in these iuYestigations is seen in the 
numerous :md importaut calls made for the Yari<ttiou of the nmguetic needle at giYen epochs 
when the early surveys of the country were made almost wholl;" .. by comp<tS3 courses a111l distances. 

Except where special ex.pedit.ions have been fitted out, the magnetic obsen .. ations are made 
by the triaugtllation parties during the occupation of a station, and ne,·er interfere with or prolong 
the regular work. In the transportation of a parby for long distances, as in the earlier geographi­
cal expeditious to Alaska, and in the present mo\"erneut of the parties to the Yukon and Porcu-
11ine Rivers, acl\'antage is taken of every stop1>age to obtain magnetic as Wf'll as astronomical 
obse~n1tions. Two magnetic ohsen'atories have been m:1intaiuecl by the Snrn•y where the 
rc('ords of tire different instruments are made by photography. 

I present herewith a chart exhibiting the isogonic lines for the epoch .Jan nary, 1885, within 
the limits of the United States. 

XIl.-·THE HYDROGRAPHIC WORK OX Tfrn SEABOARD~ AND THE DEEP-SEA INVESTIGATlO:'\S. 

For the use of the navigator, the depths of the water along the coa,st. :ire usuall:r· carrie1l to 
moderately deep soundiugs. The <listances from shore are i11en•.ase1l as the immediate demands 
of close shore work arc filled. 'l'he Atlantic arHl Gulf seacoast cleptlrn differ wlwll,y from those 
along the Pacific coast at the same distances. A broad snbwa.rine plateau exists off tlw ea.stern 
coast; on the Pacific const there is no such plateau. The depths reach 2 000 fathoms in a dis· 
tance of fifty or sixts miles off the California coast, aucl the•. coast monnta.ins attain au eleYation 
of 5 000 feet within less than three miles of t,lw sea. On the Atlantic and Gnlf' :-;:•aboanls tl1c 
hydrogeaphic work is well aclvrurned, and more attention is permitted to tile iuvestig-atioa of c1U"­

rents and tbc study of bar formations. 
As far back as 184G the Superintendent of the Survey instituted investigations in the off, 

shore waters of the Atlantic seaboard, in order to embrace the whole of tho conrsP of the Gnlf 
Stl.'eam. The work has been continuously carried on, aud has led to the examination and study 
of the waters of the Gulf of Mexico. The methods and meaus of deep-sea in>estigation have l>een 
thel'eby thoroughly developed by the officers of tho Uuite<l States ~avy who execute this work 
nuder the direction of the Sut>erintendent. The breadth, velocit.r, and direction of tho cuneuts 
of the Gulf Stream and the temperature of the water are determined for the surfaee and for differ· 
ent depths; they are also measured for different times of the year aud for different years. The 
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temperature and movement of the adjacent colder waters are determined with equal care. In 
connection with these practical problems the Survey has materially aided the investigation and 
study of the deep sea flora and fauna, as shown in the earlier work of the elder Agassiz and of 
Pourtales: and in the later work of Alexander Agassiz detailed in his "Three Cruises of the 
Blake." 

Ou the Pacific coast the hydrographic surveys have developed some curious features along 
the seaboard. To this d:otte no Jess than eleven submarine valleys of great depth, narrow, with 
very steeply inclincil sides h1wc been discovered, heading directly and. very close in to the shore. 
In snme instances these submarine valleys head directly upon the low sandy shores, as off Point 
Hueneme in the Santa Barbara Cliarmel, off Monterey Ilay and other locations. In other instances 
they head directly on the shore under hold mountains that reach as much as 4 256 feet (1 300 
metres) eleYation within a few mi1es. Tl1ese !atter examples are principally under the coast rauge 
near Cape Mendocino, ab~mt latitude 4.0°. These curious features have a practical importance as 
affecting tlrn current im1rn1diately u1Hler the shores; they may affect the position of the vessel, 
and their great depths may mislea<l the navigator who approaches the coast in foggy weather and 
depends upon llis dead 1·eckoning and soundings. 'l'hey lta\·e another value to the geologist as 
affording data in the study of the rise and sullside11ce of the coast; and to the naturalist in the 
distribution of the fauna along the immediate seaboard. 

The investigation and study of littoral currents, and of the currents at the mouths of rivers 
and the entrances of bays and harbors, bas occupied the continued attention of the Survey not 
only fo:i: the purpmies of the navigator, but to suggest improvemeuts in channels and the best 
form and location of jetties and breakwaters. 

XIII.-TIDAL STATIONS; SELF-REGISTERING TJDE GAUGES. 

I ltave already mentioned that lung series of tidal o\}servatious have been continued at impor· 
tant locations oa the Atlantic and Gulf of Mexico coasts. Ou the Pacific coast these self.registering 
tide gauges have been in operation for abont 36 years. At Sau Diego on the south and at Astoria 
on the north, obser,·atious were contiuueu without any important break for more than 20 ~-ears; 
at Port Townsend and at St. Paul, Kadiak Island, Alaska, for shorter periods. At the Golden 
Gate of San Francisco the self-registering gauge has been recording the tides for about 35 .)'ears, 
and the station is still maintained. The transcontinental line of levelings will be referred to the 
bench-marks of this gauge. 

Besides these gauges the Survey has at different times established serf-registering gauges at 
Mazatlan, under the dircctiou of a Mexican t11giueer officer, and at Cape San Lucas, the southern 
poiut of Lower California. Betwt:en these principal stations numerous Aecondary stations have 
been establishe(1; where obserTations hrffe been carried on through two or more lunations. 

F1·0111 the discussio11 of the 01Jspr1'atiuns at tl10 primary or continuous stations the prediction 
of tl10 titles is practicable, a.u1l tables are uow published annually giving the times and heights of 
ev<'r,v high alHl low water thronghont tlie sear for the principal ports, with constants to apply 
thereto for obtaining the times and heights at all intermediate ports. 

One of the incidental records upon the self-registering gauges is that of the earthquake waves 
whieh reach the shores of the Pacific coast from great earthquakes in rlistant parts of the world; 
such as that at Krakatoa, when the Sau Francisco record showed some profound disturbance long 
before the locality or the cvcut was otherwise known. 

XIV.-ALASKA. 

'rhe shore line of the coast of Alaska, including the islands and the great sounds, amounts to 
not less than 26 000 statute miles, or n 600 kilometres. 'J'lie first explorations by the Coast and 
Geodetic Surrny were made by my parties in 1867 and 1869, and a Coast Pilot was published in 
the latter year. ·within the laRt ten yea.rs Congress has made appropriations for the survey of 
those interior channels of the Archipelago Alexander, which are traversed by the United States 
mail steamers and other vessels. The shores are rocky, high, very forbidding, and covered with 
a dense forest of large trees to the water's edge. There is no plain in this Archipelago, although 
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it has mainland and island shore lines amounting to nearly 8 000 miles, or 12 800 kilometres. 
There is no opportunity whatever for a base line so far as very extensive examinations have been 
made. And yet, novel devices have been adopted, so that a preliminary triangulation and smTey 
of the shores is being executed as a basis for the necessary hydrograpllic sur>eys. Ew·ry year a 
Oonst Survey steam Yessel, under the command of naval officers attached to the Surnly, has been 
imshing the surveys with Yigor to answer the pressing demands of commerce. 'l'he longitudes 
ha>e been determined by differences from Port Townsend, "\Vashington, and from the primary 
station of 1867 and 1869 at Sitka. I.atitude observations are made with tile Davidson mf>ridian 
instTument by the Talcott method. ~fost of the channels are extremely deep, the currents are 
stJ·ong, and the unseen dangers to nav-igation v-ery numerous. Seasons of gootl weather are uncom­
mon, and, therefore, astronomical observations are difficult. 

With further appropriations from Congress, it is expected that preliminary surveys will be 
canied up the river courses to egtahlish points on the houndary line between southeastern Alaska 
and British Columbia. These surveys and explorations may probably develop the feasibility of 
measuring some base line, whence a triangulation can be carried amoug the high peaks of the 
almost inuumeraule islands, and thence through the different channels. 

I recall no country where the peculiarities of tbe high islamls densely wooded, and the deep 
channels with rocky sbores, and the wet and r~lmuly 1>,limate, conspire so completel,v to rntard 
geodetic progress. 

This concludes tile summary which I have written since the Conference of October 2, and I 
:;hall now present briefly the suggestions which the 8nperintendcnt has made in his instructions: 

(1) The Superintendent directs me to call atte11tio11 to tlw a.drh;ability of a remeasw·ement of the 
Penwia.11. arc. 

There are probably not two opinions concerning the weakness of this arc, on account of its 
peculiar location and the fewness of the astronomical determinations. W c helie>e the arc should 
be remeasured with all the resources and skill of tbe present day, and that Frauce should. within 
a re:isonable period, undertake this dut.y. 

I understand that at tlie coming meeting of the Delegates from the American States, at 
Washington, tbe subject.matte.r of the remeasurement of this base, or the measurement of another 
base nearer the level of the sea, and not so surrounded by great mountains, will be brought to the 
consideration of the Delegates. Information will then be solicited about the prallticability of 
measurinb a new arc of 50 or 60 iu length near the equator in British Guiana. It is, perhaps, 
premature to say what country or countries should measure this arc if it be practicable. 

(2) The Superintendent instructs me to express the view of the Coast and Geodetic Sur\°'ey 
as adverse to the 1tse of Perro for the initial longitude of sume of the map.~ in the repoi·ts of the Asso­
ciatio11, because it can hawi no real scientific weight. Ile hopes that. the adoption of tlie prime 
meridian will be in accordance with the decision of the Tnterna.tional Conference at Washington. 

The Coast and Geodetic Survey has no partisan feeling in this matter whatever, and is simply 
nnticipating by a few years what will very probably become universal :.it the enll of the century. 

PARIS, October 8, 1889. 

GEORGE DAVIDSOC'<, 

Assistant, U. S. Coast aud Geodetic Sun·ey. 
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APPENDIX No. 18-1890. 

HISTORICAL ACCOUNT OF UNITED STATES STANDARDS OF WEIGHTS AND MEAS­
URES, CUSTOMARY AND METRIC.: OF THE INCEPTION AND CONSTRUCTION OF 
THE NATIONAL PROTOTYPES OF THE METRE AND THE KILOGRAMME: OF THEIR 
TRANSPORTATION FROM PARIS TO WASHINGTON; OF THEIR OFFICIAL OPENING 
AND CERTIFICATION, AND OF THEIR DEPOSIT IN THE OFFICE OF WEIGHTS AND 
MEASURES. 

Complled by 0. H. T1TT1llANN. As•iRtant, in charge of the Office of Weights and Mcawres. 

It iR the puqiose of this pape1' to gi\e a history of the new Naiioual Prototypes of the Uetre 
and Kilogramme recently received by tht> United States, and to preface it with a oriefaccouut of 
the "Teights and JUeasures in customary use in this country. 

Tlrn Constitution empowers Congress to "fix the standard of weights and measures," but it 
will presently lie seen that while Congress has from time to tiuw consitlerell the subject, ir, lias 
not. deemed it expedient to enact much legislation in regard to it. 

~Y:isbington, in his messagt> to the ·First Cmigr•,ss. sai1l : '' rniformity iu the currency, 
weights, and measnreR of tl1e e1.it<'d States is an ohject of grl'at importalil'e, arnl '"ill, 1 am per­
suadHl, be duly attended to." Acting upon this s11gl:estion the Honse ·of H('JH'l'Scntati\·es rd'crrcd 
tbe matter to Jefferson, who was tlieu SecrNars of Statl', for a report, and iu July, 17!W, lie Hnb­
mitte<l two plans, min of whid1 propost•d to define alld l't>!Hkr nniform the existing Bystem; tho 
other "to reduce eH1ry branch to tlic decimal ratio already ef<ta1llished for cnin:;, aud thus hriug 
the calcnL1tiou of the principal affair!' of life within the aiithmetic of c>ery man who call rnnlriply 
and divide.'' 

"\\'lJile this report waR under consideratiou jt became kno"n tllat t.lle Xational .Assembly of 
France was taking· steps wllich shonld l(·~ul to uniformity in the weight,; and measm'el'. of eom­
mercirll natious, and in view of this fact the Senate Committee, to whom .Teffer;;on's propositiuus 
were referred, reported tllat siBce "a coincidence of regulation on so intere:o:ting a subje(•t wnuld 
be de.f>irable. your Committl•e are of opinion that it would not be eligible at prPseut to iutroduee 
any alteration in the measures and ~eights which are now usctl in the Unik<l Stales.'' 

\Vashingtou, in his opening address to the S(·co1Hl Co11gres,.,, again urged tlie neceo;sity for 
actio11, [Lnd a committee reported in 1793 in faYor of Jefferson's second pla11. Notwithstanding 
this rnport, an<l altliough variom; committees were appoillte(1, no lcgit'llation followPd. 

After the war of 1812 tlH' subject was ag;ain takt>n up in compliance with an urgem appeal of 
Pre~ideut Madison. Tlle Senate, as ht the case of ,J eflernon, rl'i:erred tlw mattPr for n, report to 
the Secretary of State, ,Tohn QniH(',Y A<laml'I, wlio, aftPr mnch ;;tudy, made his well-kuow11 report, 
at the c.:mclnsion of whicb he sulnuitted ltis plan, wliidr was: 

(1) To fix tbe standard with the 11:1rtial uuiformit~· of which it. is ~msceptibll', for tht.• present 
excluding all innovaticu. 

(:!) To consult with foreign uations for the future •tml ultimate t•:-itablislmwnt of universal and 
permanent uniformity. 

As before, no legislation resulted, and in consequence the weights aud nwa~ureH lawful in 
Great Britain during our colonial period remain in customary use in tbiR cnuntr,v. 

While Cougress was considering this matter, the exeet1tive branch of tlie Government acquired 
certain standards, among them a platinum kilogramme and metre of tlle same material, procured 
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by Albert Gallatin in 1821; the Troughton 82-inoh brass scale ordered by Hassler for the use of 
the Survey of the Coast in 1814, and a troy pound procured by Gallatin in 1827 for the use of the 
United States Mint. 

flowenr much confusion might be tolerated in the weights and measures used for commercial 
transactions it waM found necessary to legalize some particular weig-ht for the uses of the Mint, 
anti tbis was done by act of Congress, 1\lay 19, 1828, in the following language: 

For tbe 1•urpose of iseellriug ;i due conformity in weight of the coins of the United States w tlie provlsions of 
this title. tlte l>rnss troy pound wcigl1t prneured l>y tlrn Minister of the l:'nited States at London in the year eighteen 
llundre<l and twent;r-se>en, for tlrn use of the :Mint and now in custody of the ::\lint at Philadelphia, shall he the Stan­
dard Troy ronll!l of 111e ~lint of thf' United States, conformalily to which the coinage thereof ~ball lie regulated. 

This weight ,,-as sent to the United States in charge of a special messenger, and was by him 
deposited with Mr. Samuel ·Moore, Director of the .Mint at Philadelphia, in September, 182i. 
Here it, was retained without opening the casket in which it was transmitted, until the arrival of 
President Jobn Quincy Allarns, on October 12 of the same year, whose certificate and the others 
given below leud authenticity to tl1e weight. 

CERTIFICATE OF PRESIDENT JOHN QUINCY ADAMS IN RELATION TO THE OPENING OF THE 
CASKET CONTAINING TEE BRASS TROY POUND OBTAINED BY MR. GALLATIN FOR THE 
UNITED STATES. 

f>c it knozm, That on the twelfth day of October, one thousand eight bundreu and twenty-seven, in tl10 cit,y of 
Philadelphia, the Director of the Mint of the T:Tnited States exhibited before me, John Qui~cy Adams, Presideut of 
the United States, a box or casket, enveloped in a paper covering, sealed with five seals, and bearing the followini: 
endorsement and address, ·viz: On one side as follows: 

And on the opposite side as follows: 

On public service 
Legation of the United 

States of America 
at London, 

Albert Gallatin. 
A Copy of the British 
Standarrl Troy pound. 

Tu 
Samuel Moore, Esqr., 

Director of the Mint of 
the l'nited States, 

Philadelphia. 
By 

.Mr. Cucheval. 

That the impression on the seals aforesaid was recognized as that of the private Mal of Albert G&llatin, Minist.er 
of the United States at London; that t.he above-recited indorsement anil address were recognized as being in his 
handwriting; that at tlrn same 1,ime were olw exhibited two Certificates, hereto annexed, each bearing the seal of 
the Legation of tho United Stat-0s of America to Great Dritain; one si~ed Henry Kater, dated the 30th of June, 
1827, ancl the otlier dated Jnly :24, 1827, signed by and in the handwriting of Albert Gallatin, Minister of the United 
States, as tllereiu recitell. That the Director of the Mint di1l nffirm that the aforesaid certificates and box or casket, 
purporting to coutaiu 1 he Troy pouud fo whiel.t they relate, hml been delivered to him on the sixth of September 
ultimo, in Philadelpl1ia, h,Y the hanils, us ho tlien supposed and then "V"erily believed, of Mr. Cucheval, named on the 
enveloJlC as aforesaid, who sttLted that he had reeei>ed the same from the hauds of Mr. Gallatin at London, ia the 
order in which t,hey were thus rlelivered; •hat the Dircdor of tl1A Mint did fnrther affirm that the said box or casket 
bad remained in his Jioesession seale11, with its contents aml envelope undii;turlled in every particular, from the date 
of its !leliverv aforesaid until thrn1 exhiui ted. 

The afor~SAitl box or caFl<et lJeinp; thereupon carefully openetl in my presence, was found to contain a brass weight, 
in goorl 1n·esen·ation, arn1, apparently, in every particular, in tho same state as when first iuclosed therein, having 
thereon the figure or impression of a Crown, and the following inscription: 

Pound Troy 
18'24. 

Bate. London 

Which Brass Weight I therefore confidently believe to be tl1e identical Clopy oft.he "Imperial Standaril Troy 
Pound" of Great Britain, intended and referred to in the aforesaid annexea certificate of Henry Kater and Albert 
Gallatin. 

JOHN QUU{CY ADAMS. [SEAL.] 

PHILADELPHIA, Octob" 13, 1827. 
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CERTJFJCA1'E OF CA.PT. HENRY KATETl IN RELATIOX .TO l>ETERMJNATION or THE VALUE OF THE 
NEW BRASS TROY I'OUND !:'OR THE l'NITEli STA.TES. 

l Seal of the L"gation of the} 
United States cf America. 

to Grea.t Britain. 

In delivering to Mr. Gallatin a copy of the Imperial Troy pound for tlJe Oovernmeut of tlw C11itcd Sratcg of 
America, I feel that so importaut a document ought to lJe accompanied l1y an account of the rnaHner in whit::h it w::is 
J1rt>pared. 

The Balance ao1ed ou tllis occa;iiou wa~ ma<fo l>y lllr. Roliin1>on, and is of :t simiiar cunstrt1<.:ti.:1n 10 tliat wllich I 
employrnlin aujasting the new standards of weiglit for tlle Unit.ell Kiug<lum. Tlw lie:uu ;, l•J iudH·,; long, and thD 
dolica.cy of the instrument is •mch that, with a pound in each scale, the index mov·'~ through :wo <li,·isions (t'<plu.l to 
nearly two-tenths of :Lil iuch) l>y the addition of oHc-hnnLlredth of :L grain: l'al'h <ii\'i,ion of th" s;_·:<loo may h0 readily 
su\Jdivided ·ny tlJe eye to tenths. 

Mr. G<Lllatiu haviu::; procurn1l from the Ilou:;f\ of Commons the Imp.,rial Troy ponrnl of i;-.·,,;, i1 was pla1:c<l in one 
of the scale paus anu couutcrpoisecl by a brass weight. 'Vhcu the extent of tho vibration~ rnatlu 1.•y 1lw irnlex <lid 
not ex:ceed one or two divisions, tlle mean was takt'll and rt>gistereci as tLw poiu t of rest. Tlw 1m perial pon ntl w;1s 

then removed and. tl11; copy being substituted, tlle meau of the "xtent of tlw vi bra ti on~ wa~ again taken arnl ngis 
tored, and so on alternatel.>. 111 some of the comparisons t!J,, ualance wa~ allow"d to attaju a state of rest, I may 
here remark that the time of one comploto dlJration, or of tho index retl!rIJillg 1o the 1'arue point. was more than 
two minutes. 

Tlrn first rndfl tt"ials not registered ~howed tllat the copy (which :1a1l not l.Jee1~ iinally adjusted hy the lll'.1ker.1 was 
more than 0·22 grain in defect. Two wires, one of O·:J grain, and anoOwr of o·o:;: grain. wern iuclo"c'l in th<" \Y'-'ight 
aud the following comparisons macle. 

The signs prefixed to the <livisiouE< indicatctl th'1t the weight esamine•l <'SNle<lL'd or foll short of the counter­
poise, the latter being taken as v>ro: 

Date. 

, ___ ··~-----
1 

Jun~ 28, 1827 

June 29, 182; 

lmpertal 
Troy 

Pot!nd of, 
1758. 

Divisions. 

--t- 0·60 

O' 75 

+ 0·95 
·-- o· 30 

-·- o·So 

-~ 0·90 
-~ o· GO 

-t- 0·90 

I 

Copy. f l>iffc:ren(';e. 

i 
J .. -- . 

: 

! 
i 

J • ()2 I 2· .22 

l' 20 1· 95 
o· 70 I' 65 

0·90 z· 20 

---· o· 80 1· 60 

0·70 1- (10 

0·;5 1· 65 

o· 75 I' 65 

Mean - 1·81 = - 0·009 grain, by which the copy was lighter than tho origiual. 
I now inclosed a third wire eqnal to ono-hunclredt.11 of ,. grain in th" copy and proceeded to make the following 

comparisons: 

Date. 

Imperial 
Troy 

l'ound of 
l i58. 

!~~-,-:::;,, ·Im~ .. :,:: 

Mean + O·:ll = + O·OOlM grain. 

B. Ex. 80--47 

I -•- o· 10 I _, o· 15 

()• 00 

+ 0·40 

+ o· 30 

Copy. 

o· 75 

o· tlo 

+ 1· 00 

Jliffcrena. 

i 
l>ivi~ion::-.. \ 

o· 5 5 
t l")• 20 

er r,.n 

() 60 



 

"138 UNITED STA.TES COAST A.ND GEODETIC SURVEY. 

From the above comparisons it a.ppe:us that the copy exceeds tho original ·0015 of a grain, e.n error 110 minute 
that [have 11ot atten11•ted to rectify it. 

lt may be stieu that the greatPst diiforence between the comparisons in the first table is 0·62 of a divi11[on, or 
·OO:H of a grain; :rnd in tltfl i;econd table l •2f> division, or ·0062 of a. grain. 

Tho copy of the Imperial Troy l'omul which I have tho honor to deliver to Mr. Gallatin may therefore oe conr­
sider('(l as exe"eding tho original ·OOF> of .:i grain, without the probability of material error. 

If EX~Y KATER. 
Yll!:K GA.TE HEGENT'tl 1',urn:. LOXDOX, .!11.ne :w, 1827. 

CERTIFICATE 01' THL' HOXOUABLE ALBERT GALLATIN, ESVOY EXTRAORDJl't'ARY AXD MINISTER 
PLEXIJ'OTL:.VTLJ.RY OP THE LVJTED STATES TO GREAT JWITAIN LV RELATIO.V TO THE BRA.SS 
TfWY POCVD l'lWCL~BED BY lllM FOR THE CYITED STJ. TF:S. 

The 11111lPr~igne11, Envoy Extraord;nary anrl Minister Plcuipote11tiary of the l'nitetl States of America to His 
Britaunie :Majesty, does hereby ceTtifY that the signature to the annexed ~tatement is that of Capt. Henry Kater, 
F. 1~- S., etc.; tlrn sarn" g•·1111mnan who hao; compared antl adju0>tetl tho several 0>tant1ards of B1·itish weights and 
rueasure' dq>ooitt,,l at t1rn Exchequer, \Yestminster, at Gnililhnll, London, at Edinburgh and at Dublin; t-hat tho 
hr:ls'' troy JHnrnll, proctiret1 for the Mint of the Cuited States, lrnrewith transmitted, and which is that a1lude<l to in 
Captain Katpr's :1nnext'<l report waB, by on1"r of the undcrsignell, constructcu by ::irr. Bate, tlw same artist who hall 
1>repan·1l the al1u\·c·-mentionct1 stan<larus of British weights; that Captain KateT, with great kimlnes8 and from public 
consitl.o·ratiou~~. ruit1ertook! at the requ-es-t of tho undersigned, to coruparc it 'v1th the troy pound of tbe y-oar l7i-J8, in 
th" <·llsrntly of t bo Clerk of tlrn HnmH1 of Co,nmons, which by Ad of l'arliaurnnt lrn8 uecn doclareu the original U11it 
or only strmdanl ltll'asurc of weight in rl1e British dominions, am1 which wa;i, on the 11ppllcation of tho undersigued, 
conii1l,•1l 10 Captain K:itcr'~ care for that purpose; tLa.t th" saicl brass troy irnuucl, procureil for the l\Iint of the 
United 1'tal;;,s, was thus comparn<l and adjusted by Captain Kater with his usual "cr11pulous a':tcntiou, in the manner 
stated in his annexo<l rt~port., by the same 1ncthod \Vhich had been use'l iu con1paring and adjusting the .::ibove­
meutiorn-'<l btandanls of British weights, arnl with a balance, or oeam, matle hy l\lr. Eohiuson. the H.rnw :irtist who lrnd 
made that ii.et! in comparing the ~aid British 8tandards; and that there is every reason to belie><' tlrnt. rhe. 'aid orass 
troy ]>Ouud, prneurml for tho 1.Iint of the Uuited States and herewith transmitted, does uot, as thu; atljustt-<1, 1liffor 
more than one five-hundredth part of a grain from the above-mentioned troy pouud of 1758, which no"- 10 l>,y Jaw tho 
"llllperial 8tandartl Trof Pounll ''of GrPat. Britain. 

In witnc~s whereof thl' undersigned has signed this certificate and affixed thereunto the seal of this Legation. 
Done at London tbs 24th day of July in the year of our Lord one thousand eight huudrod anll twent,Y-~"""''· 

ALBERT GALLATIN. 

~ 
f:.f>"al of thfl Legation of thfl f 
V"IJiktl ~tatl'::; of ..America l 

to Great .Uritai.u. ) 

From tbe preceding record it appears that the Troy poand of the Mint was adjusted in 1827, 
with a high degree of accuracy to the British Troy Pouml of 1758, which becaurn the Imperial 
standard of weight afrer ~fay l, 18:!5. 

This Imperial standard and tbe stand~ml yard of Great Britain were destroyed by fire in 1834, 
and IH'W starnlards were constructed about 1844-. Certain copies of the Imperial Troy pound of 
1758 were mwd to deri,·e the new Imperial standard of weight, which is an Avoirdupoi" pouud con­
taining 7 OOfl of 1rnch grains, of which the lost starnlard contained 5 760. 

The llistory of national legislation iu this country in regard to TI"eights and measures may be 
resumed with tlrn passage of a resolution by the Senate, l\1ay 29, 1830, directiug the SecrPtary of 
the 'rreasnr;y to cause a comparison to be made of the staudards of weight and measure used at 
thP principal custom-houses in the United States and to report to the Seuate at its next se8siou. 
Conformably to this resolution comparii>ons were instituted, and large discrepancies were disclosed 
in the weights anti measures in use. 

By virtue of the general powers vested in it, and iu execution of the Constitutional provi,;iou 
that the duties, imposts, and excises sltall be uniform throughout the United States, tho Treasury 
Department r1•porteil to Congress, as the outcome of the comparisons, that it had adoptL•d t.lle 
Trough ton scale as the unit of length and the Troy pound of the Mint as the unit of weight from 
·wl1ieh the .A.voirdupois Ponud was to be deriV"ed, so that tlie ratio of its weight. to that of tlie Troy 
poulld 1:>hould l>c as 7 000 is to 5 760. 

For liquid measure the \Vine Gallon of 231 cubic inches, and for dry measure the Winchester 
Busl1d of 2 1J0·42 inches, according- to the stantlanl of the English Yard referred to in the report 
of the Department of March 3, 11'31. 

In ,June, 183G, Congress passed tlle following resolution: 

That the Secretary of th~ Treasury be and he hereby is directed to ca.use a complete set of all the woights aud 
measures adopted as standanls, aud uow either made OL' in the progress of manufacture for the use of the several 
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cnstoms-bousea and for other purposes, to lie delivered to the Governor of each Stafo in the Union, -0r such verso11 
as be may appoint, for the use of the States respectively, to the entl that a 11uiform standard of weights and measures 
may he established thronglwnt tl1A l'nion. 

No other legislation than that cited in the foregoing pages bas been passcrl in reganl to our 
customar.Y measure:;. Its bearing ou particular representatives of the units of length, weiglit, and 
capacity can now be recapitulated under the respective headi11gs referring to tl.Jem. 

CUS'l'Ol'liA.R¥ LENGTH MEAS"CRE. 

There is no difference between the customary unit of length of the United States and of Great 
Britain. 

The Treasury Department adopted the ~-anl compri8etl between the twenty· seventh and .'iixty­
third-inch divisions of the 'l'roughton Scale as its yanl. This was supposed to be equal to the 
British ya.rd, bnt had never been direl'tly com1wn·d 1yith it. It was assumeu to J,e standard at 
62° F. until indirect comparisons between it and the vrcsent Iru1wrial Standard prO'ved it to be too 
long by 0·00083 inch at tllat temperature. Comparisons lla ve shown it to be equal to the Imperial. 
Stamlanl at 59·fio F. 

It has alrea<ly been stated that the British standard of length was destroyed by fire iu 1834. 
A new standard, known as the Imperial Yard, '\Vas coustrncted, um1er the direction of the Commit­
tee of 1843, liy reference to accredited copies of the one destroyel1. 

'Vhen the new Imperial Standard was constructed, about fifty additional copies were made and 
compared with the former. Two of these copies, known respectively as I,ow ~Toor Iron Su. Di" and 
Bronze No. 11, were prcsentell to the United States, anll were recei-.ed in 1856. 'l.'lw trnt• length 
of the Tronghton-scale yard was derived from comparisons with these. 

No.11 and No. 57 were taken to Euglaud antl again compared directly with rl1t· Imperial 
Standard between 1876 and 1888, and their relation to the latter is koo"»ll with the lliglL·st degree 
of accuracy attainable. Hecourse is hall to th est• .' ards "·hene>er great precisiun i8 re11 uired; the 
Troughton scale being unsuitable for a standard on aecount of its form anu on account of the 
coarseness of its defining lines. 

Ct:STO:;\lARY STANDARD O.F WEIGHT. 

The Troy ponnd of the 1\fiut lrnH been declarecl h~- Act of Congress to be tlrn standard accord­
ing to which the coinage of the United States shall be regulated. 

The .Avoirdupois pound adopted by the Treasury Department was derived from the ::\lint Troy 
pound. As the densiticm of these weights are uot known, aml as they are made of brass, a mate­
rial which oxidizes readily under atmospheric influences, the~~ are not Ruitable for Htandanls of 
precision. 

The Troy pound from which our A >oirdupois pound was deri\e<l is a copy of the lost Imperial 
Standard of 1758, aud since the present Imperial Standard was deri-.ecl from the :rnrne standanl, 
it may be inferred that there is no difference between the Avoirdupois ponull of tlie Duited States 
and that of Great Britain. 

The British Imperial Standard of weight is the Avoirdupois ponud, a platinum mass. standard 
in vacuo. 

The British Commercial pound is an ideal pound, lta>ing tho same mass as tlrn Imperial 
Standard, but of suclL a density that its proper proportional part, ~LZD~, woul,l exactly counterpoise 
tbe lost Standanl of 1758 iu air of a definite lmoyancy. 

When the present Imperial Standard was constructed, certain secondary standards of weight 
were also rnadt·, and one of tbPm, lrno'lln as No. 5, was presented to tlie United States in 1856. 
Upon its recdJlt comparisons were matle l>etween it and the Treasury Stantlard, which gave au 
outstanc1i11g difference between the latter and the British commercial iw1md of ouly al10ut one 
one-thousandth of a grain. 

C.A.P A.CITY ME A.SURES. 

The capacity measures adopted by tlrn Treasury Department a.re tlrn wine gallon of 231 cubic 
inches ancl the Winchester busliel of 2150·42 cubic inches, which were lawful standards before the 
separation of the Colonies from Great Britain. 
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'J'he gallon and bushel measures and their subdivisions, constructed under the Act of Congress 
already cited, lw1e their standard capacity at the temperature at which water has its maximum 
1l1~nsity, that is~ at 3·93° C. = 39·070 F. Owing to the difficul(y of obtaining accurately the 
intcorior dimeusio11s of a vessel by linear measurements, capacity measures are :standardized by 
determining the weight of distilled water they will contain wheu full. From the known weiglit 
of a definite volume of distilled water at a gi>en tPmpprature the ccmtents can then be computed. 

"WEIGHTS AND :IIE.AST'"En:;;s :FOR ,umrcrL'lTRAL COLLEGES. 

As a matter of intere,,;t, but without any special bearing 011 the sul~ject of 8tandanls, the 
following joint re:.;olntion, passed ~larch :~, 1881, may 11e1'e be quoted: 

JOI~T l!E::::iOLPTlO"S .ar!tbtirizing the S{Ocretal'y <•f the Treasury to- fu1ni.s11 Stat<·s.1, for th~ usu of A,g1·~cul!.11t"'l Collt-gts, 11ne set of 
~tandar(l wcjghts an!l measu1·e3, and for other purpu:i~S. 

lic.1ol1·ed by the Senate and liouRe of Representatircs of the rnitnl States of .cl me1'ica in ()(Hl!J1'eM assembled, Tliat the 
Secretary of the Treasury !Jc, a11L1 lrn i" hereby, directed. to ca.use a complete set of all tbe wcigbts and mcasnres adopted 
as standards to be deliverer! tu the Governor -0f each Sta.te of tlie Union, for the use of agricnltural colleges in the 
States, :respectively, which Lave received a grant of lands from tho Unite<l States, and also .me set of the samo for 
1he '"e of tho Srnitl1soni:rn Institution: Provided That the cost of each set shall not excee<l two hundred dollars; 
aud a s<lm sufficient tu carry ot1t i1rn provisions of this resolution is lierel1y approprial!'d 011t of any m<Jney in the 
'frea:-nry not otherwise appropriated. 

In accordance with tl!is resolution, under the direction of this Ofiice, sets of customary ..veights 
and measures were coustructed and distributed. Each set comprised a yard l'icale, ~<\Toirtl11pois 
weights, and dry and liquid measures of capacity. 

METRIC STANDARDS • 

.As the result of much public agitation, and 011 the direct recommendation of a Committee of 
Congress, which submitted an elaborate report, and of which Hon .• lobn A. Kas8nn was cbairmao, 
Congress passed the followfag act on .Tuly :is, 18tlG: 

A.X -1 CT to aathorizc the US(~ of the Metric Syt:nt~!!I ()f ""' -e.igl.11-s and Moa:o;urc:-1. 

Jfr ii enacted b!/ Ute .Srnate au<: House of Representatives of tlte T.'nilcd States in C01l!Jl"f'S8 a8Bemblcd, That from and 
after tbe passage of thie act it shall be lawful throughout the United flt.ate3 of America to employ the weights and 
measnres of tho metric system, and no contract rn:- dealing, or pleading in any court, shall be deemed invalid or lialile 
to ol>jeation hPcanse tlw weights or measures ex1ncsscd or reforrer1 to therein are weights or measures of the metrie 
1<>ste111. 
· Stec. :.!. And /1e ii further rnacted, That the tables in the schedule hereto annexed ohall be recognized in the con· 

etruction of contracts, and in all legal proceedings, as estahlishiug, in terms of the weights and measures now in use 
in the United StatE>~, the equivalents of the weights and measures expresAcd therein in terms of the metric syst~m; 
aJH! said tabks may lie law folly usedforeomputing, determining, and expressing, in customary weights and measures 
tho weights and measures of the metric system. 

Measures of l~11gtl1 . 

)~-~!:-,~- t1~n-ominations and nlues. 

I 
I 

I 
"'\[ yriametre ____ ! 
"·1 I i:\..l o-inetre_~ __ 

1 

Hectometre ___ J 
Jlecametrc ____ J 

Mdrc ·-------1 Decm1etre. __ •. 

Centimetre __ .·I 
Millimetre. __ .-\ 

10 ooo n1etrt:s. 

r coo n1etres. 

100 metres. 

IO metre~. 

I metre. 

1-10 of a metre. 

1-100 of a metre. 

1-1000 of a metre. 

. ~ ~·:~~ivale1:s i1~de-no~:ti~ns :=-i 
6 213; miles. -1 
0·62 I 37 mile, or 3,280 feet 10 inches. 

328 feet 1 inch. 

393·7 inches. 

39·37 inches. 

3'937 inches. 

0·3937 inc11. 

0·0394 inch. 
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,}Jeasure.s of capacit)/. 

--- ~~:r:-:~~n~a~~:~;,:l~~l-~-~-~~~---- j____ Equivalents in denominations in ~ 
:1\::ime< ; Nu~~>cr' Ctil;ic mea,ure. ! J )ry- measure. ---- Li<jllt<l--o~-,~-~n: --II 

r 1 nieasure. 
, ttres. : ------

1 Kilolitre or stere ___ _1~:' I cul>ic metre _ _ _ -----1i 1·308 cuhi:-y~~=~~~-
f Hectolitre i 100 I-Ioofacul;icmetre _____ 

1

2bushelsand3.35pecks l ~ecalitre _________ J 10 10 cul>tc <iecunetres_ ____ 9·08 quart> ------------j 
I Litre_ ------------1 I cubic cleumetre_ __ , 0·908 'lu:i_rt _ _ _ ------i 
1 Decilitre---------- 1-10 I-IO of a cuL1c 1lecnnetrc_l 6·Io22 cubic i11<ehes ____ i 

264·17 gallons. 

26'417 gallons. 

2·6417 gallons. 

1·0567 qnans. 

0·845 gi11. 

cntilitre __________ J I· 100 10 cubic centimetres_ ___ - __ -1 0·6102 cubic inch _____ J 
ilhhtre _________ -1, I· rooo I cu bi~ centimetre _ _ __ o·o6I cul.>ic inch _______ 

1 
0·338 fluid ounces. 

0·27 fluiu drams. 
! - ---- - - - ---- -- --------- --------------

1-----· - ------------------
-.\Ietric denon,,inat1ons anll values. EquivJ lents in denominations in use. 

--.; - ----- -----------

I Iectare ____ -· _ _ _ 1 o ooo squJ.re rnetres. 2·4it ~cres. 
Are __________ _ r oo s<1uare metre~. 

1 square metre. 

119·6 square yards. 

Centare -------- I 550 square incl1es. 

------------------------ ----------- --------- - -----·---

Metric denom;no.tion< ;;n<l ;-o.Jees. 

l Number of 
I I grarnrnes. 

------------ ! -------· --

~1i11if'r or tonneau ___ l 
Qt1inllil -·--··- _____ _I 
Myriagrarnme ______ _ 

Kilogramme or kilo __ 

liectogr:unme ------­

J)ecngranime_ .. __ ----
Gran1n1e _____________ ! 
r>Lcigrllmrae --------l 
CenU(;ramme ____ ----1 
Milhgramnw ________ , 

i 
Approve<! July 28, 1866. 

I 000000 

100 000 

10000 

I 000 

JOO 

IO 

1-10 

1-1000 

'..Veight of what qnantityoflAroirdu ois"-ei-ht. 
\".:3.tcr at n1ax1n1un? de11s1ty. ! P h 

1cubic1ndrc ----------·---: 

1 hectolitre··-------- __ ----! 
IO Ii t res ____ .. ·- __________ .. -I 
I litre ____________________ , 

1 deca1itre 

JO cubic c~-nt~n1c~1~;s-~~~- ~~~~! 
1 cubic ccnti1netre _________ i

1 

1-10 of a cuhic centi111etrc , 

10 cubic millimetrrs ________ : 

I cuhic: millimetre 

2 204·6 pounc~.s. 

220·46 pounds. 

22•04(> J'OlJn;ls. 

2·2046 poundo. 

3·5274 O'clDfr!=;. 

o· 3527 uunce. 

15·432 bra.in~. 

1·543: grains. 

o· 1543 grain. 

0·0154 grain. 

741 

To enable the States to procare metric stanuards of wei ght8 and mea ~ures. i he fol lowing- .Joint 
Resolution was appro,·e<l. July 27, 1866: 

JOINT .HESOLUTIO~ to enahle tho Secret.trv of tl1e Trt\asury to furui.Rh each ~ta.te ouc Hf't nf thc- ~tandar,i 'l"tt';~Lrl"l ou.Hl rnt·a:1.nrr . .., nf 1hfl 
Jtf Phic R,rstP:rn. 

Be ii rcsofrerl by I/le Sena.le a.iid House of Represenlatius of the l.~niler! State.~ of _si;i'rica in 1 ·nnjrn' o.-emi1.'ecl, TL a~ 
the Secretary of the Trea.snry be, and he is hereby, authorized aud clirected to furn isl! to cuc11 ~<«I e, t.<> l1l\ <lcli''creci 
to tho Governor thereof, one aet of etandard weights and measurea of tlw Mntric system for the ns<i of tbe State.ll 
respectively. 
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The following is a list of the standards constructed by tliis Office and furnished to tho States. 
Length: Oue Metre, end measure. 

One Metre, line measure, divided. 
Weight: One Kilogramme. 

One Demi-Kilogramme. 
Oue Gramme, with subdivisions. 
One ten Kilogramme. 

Capacity : One Litre. 
One D1•calitre. 

It will he noticed that, as in the case of the customary standards of length and weight, Con· 
gwss did not "pecify auy particular material representatives of the l\letre and Kilogramme. The 
staIHlanb made for distribution were therefore constructed to represent, as closely as could be 
detPrminNl at the time~ the length and mass, respecth·e]y, of the legal l\fetre of France, kIJown as 
the JUtrc des A.rehires, and that of tlrn legal Kilogramme of France, known as the Kflogramme 
des .-1 rcliii•e.s. · 

rn 18GG the copies of the legal French standards in use in different countries lliffered among 
tliermieh·eH, and their relation to their prototypes was not known with a clegree of precision in 
kct•piug with tl1e requirements of science; and the standards of the Archives themseh·es, made in 
tht> latter part of the last century, were not constructed •>ith the degree of perfectiou attainable 
in rnodt>nt times. 

These considerations, aml the spread of the metric system, induced the Government of France 
to invite the GoYernments of tlrn world to sern:l delegates to Pari8 for tbe purpose of formi11g an 
Int£•rnational Commission, baying for its oqject the construction of a new :\fetre as an International 
Standard of length. In response to t!tis irffitation Prof .• Toseph Henry arn1 Mr. ,T. E. Hilgard were 
appointed by the President scientific delegates, without diplomatic functions, to represent the 
United States. A first meetiug was held at Paris in August, 1870, but, owing to the existing 
political complications in Europe, little was done until the second meeting, in 1872, when a gen­
eral plan was ontlined and definite propositions as to the mode of procedure to attain the olJjccts 
in view were adopt.en. The most important of these propositions were to make the International 
l\Ietre a line measure, whose length at ()e> C. should he equal to that of the 111Ctre des Archfrcs, and 
to make the mass of the Kilogramme equal to the mass of the Kilogramme des Arcll'ives in its actual 
state, and to use for the material of the standards an alloy of platinum iridium containiug 10 per 
cent. of iridium, with a tolerance of 2 per cent. in excess or deficiency. 

Tlte cross-section of the metre bars was also decided upon. It is that proposed by M. Tresca, 
and is that which was ultimately given to the prototypes. It is shown in the accompanying figure. 

The shape adopted for the Kilogramme is that of a cylinder, whose height is equal to its diameter, 
and having slightly rounded edges. 

On l\Ia;r 20, 11:175, a metric convention was signed at Paris by the representatives of seventeen 
GoYernrnents, among them that of tbe Uniteu States, for the purpose of establishing and main­
taining, at the common expense, a scientific and permanent International Bureau of \Veight:< and 
Measures near Paris. By this treaty, the operations of the International Bureau are put tmdcrthe 
exclusin_~ dire.ction and supervision of an International Uommittee, which latter is umler the 
control of a Oeneral Conference composed of delegates from all the contracting governments. 
According to "Article fl'' of the convention, the International Bnrean of Wt.ight1:1 and Measures 
is charged with-

(1) All comparisons and verifications of the new prototypes of the metre and kilogramme. 
(2) The custody of the International Prototypes. 
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(3) The periodical comparison of the National Standards with the Internatim1al Protot;n>es 
and with their test copies, as well as the comparison of Standard thermomett>l'"· 

(4) The comparison of tlrn prototypes with tlrn fumlamental l'!tandards {1f 11011-metrical weights 
and measures USl'd iu different countries for scientific purpose.s. 

(5) The Htamlanlizing of aud comparison of geodetic measnl'ing liars. 
(6) The comparison of standards aud scales of precision, the verification of which may be 

reque.Hted by Gon~ruments or scientific societies, or e\·ea by coustructon; or men of scieucc. 
On the basis of this convention the International Burean wa~ organized antl established in 

the Pavillon de Breteuil, iu ShT(~S, Hear rariti. 
Before its establishment, howei·er, the International Commission began its J:1hors by making 

}lfe1imiuary studies of the questions iuYcln~d, aud ttrn Committee cl1argeri with the crm~tn<.c:tion of 
the prototypes prC'parerl an ingot weiglliHg _;G(• kilogramnw:.; of platiuum il'it1ium, kuown as tlw 
alloy of 187 4. This did not meet tlle rl;quirements established by the Uommis;.;iun iii'. to tliP p::rir7 
of material, nevertheless sen~ral ha rs ·were p1'eparetl of this allo,y and one of them i.~ in the po3se:;;­
sion of this Government. The bars malle of this alloy, however, form a sepal'ate group from the> 
International and National Prototypes, the constrnction of which will uow bo briefly de::;,TibL·d: 
The alloy wa;i pr"pared by Messr;s, .Johnson, :\Iatliey & Co., of Lorn1on, in tile following· ILianuer: 
Finely powdereu platinum :.iud iridium wen• weighed in tbe prc.seribecl proportions aud wero 
thorongllly mixed ia qnautities of 10 kilogrammes at a time. Eacll of these quantities was 
compressed into a cake and heated. to n'd bent iu a cm·ered platinum crucible. Each cake was 
then put in a furnace of pure lime aud nrnlt~r1 in an oxyhydrogen flilme; the alloy was then f)OU!:'t~tl 
into molds also ma<1e of pure lime. 'rhe ingots thus obtained were eleaued witli dilute bydro­
chloric acicl and washed in distilled boiling water. They were then put into a muffle fhruace. 
The interior of tlie muffle was lined with thick sheets of platinum and was heated with the i·apor 
of one of the heavier h,ydrocarhon oils (!wile lourde), burning in compn•ssed air, according to the 
method of Sainte-Clair Deville. The heat thus obtained was cont-:tant, and the interior of the 
muffle waR freed from dnst and const:quentl.v from iron. The ingots, having been firnt heatetl to 
the temperature. of melting gold, were forged under a powerful trip hammer, and after ead1 forg-ing 
the hammer and anYil of polished steel were carefully cleaned with leather ancl pov.dert•<l li:ne. 
The metal was then passed lletweea oil<'<l and polislled steel cylinders so as to reduce it. to plates 
ahont ~ millinwtres thick. Eaeli plate was cut into three parts, which were cleaned in a solntio11 of 
boiling caustic soda and treated with dilute hydrncbloric acid. :N'otwithstanlling all tlw precau­
tions taken during the forging, the plates wern discolored by oxide of iron. To remon~ this they 
were kept in coutact during five hours with potassium liisulphate in a state of fusion in a, m·er'ed 
platinum n~ssel. 

Specimens of each plate were sent to Paris and Brussels for analysis. From the begHL1dJ).; it 
was require<l that the alloy o;honM be remelted three times in order that it should beco1m~ per· 
fedly homogeneous, The chemists of the International Committee and of tbe French f:S<•ction 
baviug found tlie metal satisfactory after the second casting, the thir<l casting was made on :'.\lay 
26, 1884-, with perfect success in a large fomace of purt1 lime containing the whole mass (65 kilo. 
grammes). 

'.fhe metlll thus obtained was heated with oxyhytlrogen gas in a furnace specially constructed 
for this purpose of blocks of lime. 'Yheu the surface bcgau to melt, it was remon·ti and put 
under a trip hammer and forged i11to ~ rectaugnl;n bar 5~ centimetres long, 7 centimetres thick. 
Tlds bar was in turn heated in a 1\lllfilc lined with pure platinum with vapor of•' hnile lonrde," into 
which air had been forced. It was then rolled between steel csliudern which transfonne1l it into 
a c.rliu<lrical liar 200 centimetres long- aud 4-! millimetres i11 diameter. .A.t tllis sta.ge iww speci­
mens were taken from the bar and aual_ysed. The analyses fihowed it to be free from ruthPnium 
arnl from iri<linm in a free state, that the rhodium present was well within the limits of tlie pre· 
scribe1l tolerance, and that the proportion of iron present was less than Tufi·!i-ifini· The bar was 
then cnt illto40 cylinders, and each one being inclosed in a collar was then snbjected twelve times 
to a pressure of 360 tons. They were then sent to Paris, · 

Tbe metal for the metre bars was prepared in about the same way. After two meltings1 the 
mass was divided into five lots. These having been examined and found pure and homogeneous 
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were each divided into three parts. Tl.Jese were then arranged in groups made up from each of 
the 1he Jots, melted together and cast into ingots each of which contained sufficient material for 
one standard. Tbe bars after having been forged were passc>d between rollers. until they assumed 
approximately the shape desired. They were then put upon a specially de\·ised planing machine 
which gave them their final sliape. The work of straightening the bars, making the edges sl.Jarp 
and the neutral snrface plane, as well as cutting the bars to the required length, was iutrnsted to 
Messrs. Brunner Brothers, in Paris, who finished tlieir part of the work in 1886 and 1887. · 

The defining lines were then trnced ou the bars at the Uonservatoirn des Arts et :\Ieti(irs. 
Small surfaces near each end of the bar were highly polished and on tilese tile lines wem ruled. 
Three lines uearly 0·5 miliiruetre apart are traced near each end, tile distance between the middle 
lines of each group being the lines which define the metrP. 

COEF:PlCIEN'.f 01<' l!:XPANSION OF TH1: .ME'l'RE EARS. 

The necessity of adopting a thermometric scale presented itself at the outset to the Interna­
tional Committee, and very elaborate and so.ceessfu1 thermometrie studies were made, as tlrn result 
of which the indications of mercurial glass thermometers can be made strictly comparable. 

Jn October, 1887, the International Commission adopted a statHlard centigrm1e tliermometric 
scale based 011 the expausion of hydrogen uuder certain detiuite condition:.:. 

General formnlm were developed for reducing tLe iu(lications of mereurial thermometers 
ma<le of certain kiu<ls of glass to this standard scalP. 

The coefficieut of expansion of the Of1TS was determined relatively to the coeft1eient of 
one har whose expansion had been determined by absolute measurement of its incn•ase in 
Ieugth, with increasing temperatures. Tile coefficieut thus determined was >erified by determin· 
ing the expansion of small sections of the metal cut from the ends of the bar when it was being 
reduced to its standard length. This method is based on the measurement of the displacement of 
interference fringes of light, produced between two plane surfaceR by their cliffierential expansions. 

The coefficients of the several bars were found to be nearly iclentical. 
The bar!' were also examined for the purpose of determining their coefficient of elasticity, and 

this was founcl equal to about 19700 _Kg
2 mm 

The thirty.om• prototype bars n-ere then all comparc>cl with each other aml with an auxiliary 
bar whmm length in terms of the J'lfotrP des Archives had been cn.refully determined. 

After tlie comparison had been made, one !Jar, ti1e length of wbicb at O:> C was found 
equal to that of tlrn 1\Ietre des Archives, was selected for the International Prototype. The 
othm· bars beiug intended for distribution to the various Governments are called National Proto· 
types, and their rc1atioe to the Interuationa1 Prototype is known with the highest degree of 
accuracy attaiuable. 'I'he degree of accuracy may be inferred from the estimate placed upon it by 
the International Committee. The probable error of cornparisou of the National Prototypes with 
the International M~·trc was found from the observation to be ± 0·04 µ,whereµ stands for micron, 
or the one-millionth part of a metre. 

Taking into account tbe uncertainties in the coefficient of expansion and otiler sources of error, 
it is estimated that the probable uncertainty in the lengths at temperatures between 200 and 250 
centigrade lies between ±: 0·1 p anll ±: 0·2 µ. 

'l'hc sncceRs with which the pl a us for the construction of the prototype metres were carried out 
is stated by the International Committee, in general terms, to have Leen such that among the new 
prototypes three or four hitd so nearly the true length of the metre that it was almost a matter of 
imlifierence which of these should be selected as the International Prototype. Exactly one-half 
of the prototypes were longer, the other half shorter, than this length, and the mean length of all 
is found to be exactly equal to the length striven for. Tlie difference on one side or the other from 
this mean length was rarely as large as one-half of the prescribed tolerance of error, and jn most 
cases it fell considerably below. . 
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(The Standai·d Kilogmmme ocC'npies the spacf' irnli<·ated )1)- t.hP ,Jott.e.J lint>S. 



 

UNITED STATES OOAST AND GEODETIC SURVEY. 745 

CONS'l'RUCTION OF THE KILOGRAM::\IES. 

The metholl by wbicb the metal was prepared has already been described. The densities of the 
several Kilogrammes were careful1y <leterminell by b:ydrostatic ·weighings. 

After tbey bad been intercompared tlie;r were compared with tbe International Pmtotype, the 
weighings being made on a 1ml:rnce constructl:'d for comparison!'! in vacuo, but the weighings were 
made in air, because it conlcl be done with much greater ease, and because the densities of the 
Kilogrammes were so nearly alike that the minute correction for buo.rancy of air could be applied 
without sensible CrI'or. The ualance was so constructed that the necessary manipulation could, 
by certain mechanical appliances, be made by the obsen·er at a distance of about 4 metres from 
the balance. 

One of the Kilogrammes witb which all the others were compared has become the Iuter­
mitioual Kilogramme, antl it i:<i prese1Ted at the Interm1tional Bureau togetlrnr with the Prototype 
~~ . 

The accuracy of the comparisons was sucb that the relation of any one of these Kilogrammes 
to the International Prototype was determined to within less than the one-lmndr(~cltli part of a 
milligramme. When the construction of the metric prototypei; had been completed, a General 
Conference was convened. in Paris in September, 188!), and by it the labors of the Commission 
were approved and the prototypes finally accept£•d. The <li:.;tl'ihntiou was effoctecl by lot, and 
tho,se apportioned to the United States wer6-

Metres Nos. 21 and 27. 
Kilogrammes Nos. 4 and 20. 

Each of the metres is accompanied by small sectious of the hars, cut oft' when the bara were 
being reduced to the required Ieugtl1, and by two mereuriat thermometers, the errors and constants 
of which were carefully determined by the Interuatioual Burea!l. They are made of" verre dur," 
and are numbered respectively 43:n, 43.12, 43:33, 4334, 4335, and 4336, the last two belonging to 
Metre No. 12 of the alloy of 187 4, previously referred to. 

The standards having been accepted were packed and sealed under the direction of the r nited 
States delegate, Dr. B. A. Gould, a copy of whose report is appended, and were transfered to the 
care of l\ir, Whitelaw Reid, t.he Unitecl States Minister to Paris. From him M.etre No. 27 and 
Kilogramme No. 20, and also 1\f etre No. 12 of the alloy of 1874, were recei>ed by Prof. George 
Davidson, Assistant, United Rtates Coast arnl Geodetic Sur..,-ey, by whom they were hronglit to 
Washington and tlepositcd iu the Office of 'Yeig;hts and Measures. The cam with wl1icl1 tliey 
were transported is attested by one of the appenued doc1m1ents. 

On January 2, 1890, Metre No, 27 and Kilogramme So. 20 were carried to the Cabinet room in 
the Executi\e Mansion, where the ceremouy of breaking the seals upon the boxes was perfm·rned 
in the presence of the President of the United States, tbe Secretary of State, arnl tlle Secrl."t:ll'y of 
the Treasury, together with a distinguished company of scientific men. A. formal certificate declar­
ing the condition of these standards at the opening of the boxes was signed by the Presiuent and 
witnessed by tho Secretary of State and tlJC Secretary of the Treasury. A somewhat similar cer· 
tificate was signed by the other gentlemen prcsen t. Iu consequence of this official act of the Presi­
dent of the United States, Metre No. 27 and Kilogramme No. 20, '.lil! be guarded as our National 
Prototype Metre and Kilogramme .. 

The Metre No. 21 and Kilogramme No. 4 belonging to the United States, which, at the re(]uest 
of the United States Minister, remained deposited at the Intemat.ional Bureau of \Veigllt" :rnd 
Measures in Paris, were brought to '\Vashiugton by l\Ir. 0. H. Tittmann, .Assistant, U. S. Coast 
and Geodetic Survey, whose report on their safe transportation is appended. All i.hese standards 
are now deposited in the fireproof standa,rds room of the United States Office of Weights and .Meas­
ures. Each metre is inclosell in a wooden case lined with Yelvet, aud this in turn fits into a 
cylindrical brass tube. The manner in which the Kilogrammes are kept is shown in the plate 
(illustration No. 68) and requires no description. The Kilogrammes rest immediately on a quartz 
plate of about the same diameter as the standard. The whole support is coyered by two glass 
bells which exclude all dust. 
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'l'Le relation between the National Metric Prototypes and the International is given by the 
following equations: 

Length: 
Metre No. 27=1 m-Hlµ+8·657µ T+ 0·00100µ T 1• 

Metre No. 21=1 m+2·5ft+8·665µ T+ 0·00100µ Tz. 

l\fass: 
Kilogramme No. 20=1 Kg-0·039 mg. 
Kilogramme No. 4=1 Kg-0·075 mg. 

Metre oft be alloy of 187 4: 

i\Ietre No. 12=1 m+3·3µ+8·634µ T +0·00100µ Tz. 

Further details will be found in the appended certificates. 

IWPOBT OF DR. J:. A. GOULD, DELEGATE' FRO~'J THE UNITED STATES TO THE LVTEllKATIONA.L 
COXFERENCE OF WEIGHTS A.SD J'dEASURES, HELlJ AT l'ARIS, SEPTEMBER, 1889. 

OAMTIRIDGE, l\1Ass., October Hi, 1889. 

Sm: I ha>e the honor to report that my mission, as delegate to the International Conference 
of ·weights and Measures llas been fulfilled, and tllat tile standards have been disposed of in 
conformity with the instructions giYen in your letter of August 24. 

Deferring accounts of the proceedings of the International Committee and of the General 
Conference for subsequent communication, I beg leave to report at this earliest opportunity the 
disposition made of the prototypes of the Metre anll Kilogramme. 

The standards prepared by the Committee were submitted to the General Conference, together 
with a detailed report of the work of the Committee, and au account of the standards constructed 
under their direction and .supervision ; as also of the results of the seYeral comparisons between 
these, and the selection of those which are to serve as the international or fundamental prototypes. 
This report, iu printed form, has been transmitted to the United States Government, in the usual 
way, through the Legation at Paris. 

The work and results of the International Committee received the unanimous indorsement 
and sanction of the Conference, and on the 26th of September, the International Protot_ypes of the 
Metre awl Kilogramme were formally adopted. Thereupon they were cleposited in tha subterranean 
chamber constructed for the purpose, and the door was secured by three locks, the keys of which 
were respectively given to the Superintendent of the Archives of France, to the President of the 
Committee, and to the Director of the Bureau, as provided by article 18 of the "Reglement" 
annexed to the '' Ocuvention du Metre" of May 20, 1875. 

With ea.ch of the International Prototypes were deposited two other and similar standards 
which had been comparell with them with the same care as that bestowed up-0n the National 
Prototypes prepared for distribution 

The assignment of the National Prototypes to the several States w;1A determined hy lot. 
The m1mber of metre prototypes was thirty, twenty-sev.en of which were thus distributed. 

Those falling- to the United States bear the numbers 21 and 27. 
Four metre standards had been constructed and eompared, made from the "alloy of 1874." 

Of these the United States had called for one, and that assigned by lot to their share bears the 
number 12. 

The Kilogramme Prototypes falling to the share of the United States are those numbered 4 
and20. 

'J'he length of the metre standards received by this country is as follows: 
For the two Prototypes, 

No. 21 equa.ls 1 m+ 2•5µ + 8·665µ T + 0·001µ Tl 
No. 27 equals 1m-1·6µ+8•651µ T + 0·001µ Tl 
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For the standard from alloy of 1874, 

No. 12 equals lm + 3·3µ + 8·634µ T + 0·001µ T 1 

in which equationsµ denotes a micron or thonsanclth part of a millimetre, and T represents the 
number of degrees of the Centigratle scale of the hydrogen thermometer. 

The mass, or weight at normal altitude, of the two kilogramme prototypes i>l as follows: 

No. ·i equals lkg - 0·075mg-, its volume being 46·418rnl. 
No. 20 equal:> lkg- O·O:)Omg, its volume being 4fr402rnl. 

It may not be amiss to adtl here that the probable error of a comparison of the metre bars 
does not exc~eed two-tenths of a micron, and that of a comparison of the kilogramme 11rototypes 
does not exceed ti •e-thousanclths of a milligram me. 

The t1uee metre staJl(lanls aml the two kilogramme t-itarnlarus ::1bove mentiorwll, were oifieially 
accepted in behall" of tlle Uuited States, by the undersigned, using the form herewith inclosell * 
aud marked "A." This was then exchangeLl for a second receipt giYcn by the Direc•t.or of the 
Bllreau iu tile form of which a <\opy is likewise inclosed, .. marke(l "B." By this tlw Director 
engaged himself t.o t::tke the i>ame care of these standards as iu the p:ist and to hold tlH·m sttbject 
to tl!e order of the undersigned. 

On the 2Stb of September I again personally examined each of the lh-e prototype:,;, according to 
the instructions of the Honorable Secretar.1, and satisfied myself that tltey were iu per-feet order 
for safe transportation, auil arranged in conformit,y with the rule.;; established for tbe pnrpuse by 
the International Committee. After closing the inner cases I placetl my personal se<tl up;•n ea~h 
in such manner that they can not be oper1ed without breaking the seals. Tliis is a, (}ot!1it· letter, 
(§, surmounted by a crest, and the same as that used for tlie en\'elope of this report. 

The cases containing thH metre prototype. No. 27, and standard So. l:!, and Urn kilogramme 
prototy1)e No. 20, were theu carefully packed at the Bureau under my owa superdsion, and the 
same seal was placed over two of the screws with which the lid of each box is fastened. Tliese 
were then delivered to the Minister of the United States, l\Ir. Reid, who took pernoual charge of 
them, giving me his official receipt therefor, and conveying them to the Legation ]n his own 
carriage. 

The other two prototypes, viz, Metre No. 21, and Kilogramme No. 4, remaiued deposited at the 
International Bureau, after having recei>ell the i,:;eal of tlte United States Legation. Tlte pre,·ions 
receipt from the Director of the Bureau was then exchanged for a similar one by which tiley were 
held subject to tlrn order of the Minister of the United Stat.es, who then relieved me from further 
responsibility by giving me his official receipt for these also. 

Instructions for the transportation, unpacking, ant! safe keeping of the prototypes ha>e been 
prepared by the International Committee, and priutetl copies will be given to persons to whom 
their transportatior1 is intrustell. A CGpy of tllese" Indications" i;; herewith inclosed,* antl gives 
detailed instructions as to the manner in which the cases should be opened and their contents 
withdrawn. 

Boxes 1-1irnilar to tho:,;e containing the Kilogramme prototypes, but specially marked, accom­
pany each of these, anll contain the hell glasses under which tho Kilogrammes are to be k•~pt after 
remo\'ing th~m from the metallic covers which are to protect them d11ring transportation. Bnt 
inasmuch as it is desirable that the m<~tallic covers be used. only during travel the KilogmmmP Xo. 
4, now at the Bureau, wi!J remain for the present under its dollllle lleU glass. Conse<lUflntly it will 
be necessary to break the seals when it is prepared for transportation. 

~Witll each metre bar is inc1osecl a small piece of the same metal, cut from the end of the bar 
previous to itsgracluation. Aud in the boxes containing the bell glasses for each Kilogramme is a 
package containing the ring which is to support them, aucl tlie plate of rock crystal upon which 
the prototype is to rest. Finally, a small case is sent c011taining the pincers to be used in llan· 
dliug the prototype. 

•Omitted. 
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The thermometers belonging t,o the metre bars do not accompany them, having been already 
called for and transmitted to Washington. 

Hoping that i 11 all these matters of detail my act.ion may meet with the approval of the 
Department, I have the honor to be, sir, 

Very respectfully, yours, 
B. A. GOULD. 

'.l'be SECRETARY OF 3TATE. 

PROTUTYPE8 Olt' THE STANDARD METRE AND KILOGRAMME OF THE "Bf:REA U INTERN.dTIONAL 
DES POIDS ET MESURES." 

Report of Assistaut GEO HG I> DAVIDSOX upon llelivei:ing one set, of thesll prototypes to Prof. T. C. l\iE~nr:XITA! r,, 

Superinteutleut United States Coast and Geouetic Survey arnl "\Veig-bts and Ml'nsures. 

OFFICE OF THE U. S. COAST AND GEODETIC SURVEY 

AND OF "\Y~IGH'l'S AND J\fEASURES, 

l\Tasltington, Norember 27, 18~9. 

SIR: In compliance with your instrttctions of September 10, 1889, which directed me to receive 
from the :Minister of the United States to France one set of the prototypes of the Standard .Metre 
aml Kilogramme of the ".Bureau International des Poids et l\Iesnres'' and to bear them to _you, 
I hereby report that on the 27th day of October, 1889, I receivrn.l from Hou. "\Vhitelaw B.eid, 
Minister of the United States at Paris, the IJoxes containing the prototypes referreu to, and ha,~e 
hrough t them with the utmost care to this office, where I now deii•er tllem to yon. 

·J'he boxes containing tllese prototypes were, when received by me, sealed and marked as 
described in Ex:llibit A. Upon each box I 11laced the 11apcr seals of the U.S. Ooas~ and Geodetic 
Survey and an address to identify them. 

Tliese in valuable instruments of precision-have rccci\ed no shock or rough treatment whatever 
while iu my charge; they have not been subjected to other vilJration than what is incidental to 
carriage, railroad, and steamship travel, aud even then they have been earried on cushions or 
rugs; and they have not passed through a greater estimated range of temperature than from 55 
to ,')50 or 900 of F. 

111 mo1·e detail of the dates and circum8tances of my receiving and transporting these proto­
types from Paris to 'Vashingtou I have drawn up some memoranda (Exhibit A), which I append 
as part of tlrn history of the instruments. 

Very respectfully yours, 

Prof. T. C. J\fENDE~HALL! 

GEORGE DAVIDSON, 

Assistant, U. S. Ooast and Geodetic Sur1:eu. 

Superintfmdent Ooaat and Geodetic Survey and WeigJi,ts and Measures. 

EXHIBIT A. 

[Memoranda to <1ccompan.v tl1e lotteT of G&ori:B Davidson, Assistn.nL when tleli'\'e~ing the protohpes 12 and 27 or 1be Standar<l l>fotTO 
stnd the prototype 2_0 of tho ~taml:i.rd Ki1o;:::ramme to Prof. T. C. Mendenliall. Superintendent U.S. Co.ist aDd Goo,1etic Sur~t'.Y :nHl 'Veihhta 
llnd Measures, at- 'V&.ahington, Nov-ember 27. l88!J.] 

On the 24th of September, l61l:J, when attending the Ninth General Conference of the ''Association G!Sodesiqne Iu· 
teruatiouu.le" at Paris, I received a letter of instruetions from Prof. T. C. Mendenhall, S1111criuicntlent U. S. Coast aud 
Geodetic Survey a1Hl \Veights and Measures, dated September 10, 1889, toget,her with !us letter of September 13, 
and the letter ofI.fon. W. Windom, Secretary of the Treasury of the United States, dated September 12, 1889. 



 

UNITED ST.A.TES COAST AND GEODETIC SURVEY. 749 

Tllese letters show that t11c Honorable Secretary of State had been requested by the Honorabfo Secretary of the 
Treasury, upon the recommendation of Superintendent Mendenhall, to issue the necessary instructions to Hon. 
Whitelaw Reid, Minister of the United States to :Franoe, to delinn to rne one set of tho National i1rototypes of the 
Staudard Metre and Kilogramme of the "Bureau International des Poids et Mesures;" and the instructions of the 
Superintendent direct and empower me to receive the same from him. and to carry and deliver them at \Vashington. 

I presenteil copies of the three letters to the .:llinister of the l:'nited States and conferred witll birn :lhont the 
transfer. Ho had Rttended one conference of tho" Confc'rencc (h~nerale dei; Poids <'t 1\1csnrc", ''awl at. tlw next con· 
fercnce he wonl<l rccci ve one set of prototypes and hold the.m until I was ready to srart for the Unlted States. 

I verLall,\· communicated tbo fact of my appointment as Learer to Dr. B. A. Gould, the del<·gate from the Enited 
States to the "Conference Gcnerale des Poids et .Mesures," and stated to him that tbc Superintendent of the Coast 
and Geodetic Survey had direct(ld fill to express his wish that he should he the bearer of the secornl set. Di-. Gould 
saicl he was going <lirect to Boston and not to 'Vashiugton, that his health was not strong, and that hr, foH unlike 
assuming the responsibility of the care and transportation of such valuable instrnments. · 

On the afternoon of the 27th of Se::itemher I visite(l the" Pavlllon cle Bretellil ''at Senes, the estahlislnnent. of 
the "Bureau International des Poids tJt Mesures," and was cordially rticeived by Dr. Reue Benoit, the Director At 
my request be exhibited to me the three prototypes 12, 21, 27 of the standard metre. then replaced them, and with Dr. 

Chappuis I sealed the metallic tubes with the ordinary seal® of th" Bureau. The tube::; were left to he 

boxed, arnl 1 have not seen them since. 
Mr. 'l'ilieRen exhibited to me the prototype No. 20 of the Standarcl Kilogramme. I assistc1l in securing and seal· 

ing it preparatory to being boxetl. I have not seen it since. I did not see the other prototype of the standard IHlo­
gramrne. 

On tho :30th of Septemher I visite<l Hon. \V11itelaw Reid anJ he informed me that ho had received from the 
"Bureau International t1es PC>ids et :!>fesur<·"" the above prototypes, and that he held them snhject to my reqnieition. 
I asked for his ~oocl offices with the proper autl1orities iu Great Brita.in to obtain permission for the sea.led box:es to 
enter England without. examination li.Y the Customs officers. Through Hon. Robert T. Lincoln, Minister of the 
Unibed States at London, he cffoeted this object. 

On Saturda~·, October 26, I received a telegram from the United Sta tee Legation at Loudon, stating that the 
boxes woultl bo admitted into England withont examination. 

On Sunday, the 27th of October, at 2 p. m., I received from the United States Minister tho following boxes: 
Oue box made of half-inch "deals,'' 47 by 6! by 6t inches, stencil-marked 12, with no other designation; sealed 

in dull-red wax at each end of the top over a screw h()ad, with lion rampant over old English G. No handles or 
i;trap. _ 

Ont> box malle ufh::.lf-iuch "deals," 47 by 6t by 6! inches, stencil-marked 27, with no other desiguation: 11ealed 
as the preceding. No handle or strap. 

One box made of half-inch "deals," 11by11 by 7 inches, stencil-marked&• with no other designation : seal()d 

as thP. preceding; and \t. ha3 a.l9o a black seal over each hook with the old English letters W". R. The top is hinged. 
One rough iron handle. 

One box made of balf-iuch ··deals,'" 10 by 9 by 10 inches, stencil-rntirked ~with no other designation. Sealed at 

each end. No h~udle or strap. 
Om; very small hiugetl box, mahogany, varnished, 9 by 5 by ll inches; locked; uo mark or designation. I 

opened it and foun'1 the chamois lined Jifter for the kilogramme. 
Upon the delivery of these boxes I signell a receipt which lib. Reid wrote, except the added para.graph which I 

wrote. 

COPY OF Rl!CEIPT. 

LEGATION DES ETA.1'8 UN18 n'AMEIUQUE, 59 rue Galilee, 
l'aris, October 27, le89. 

Received this day, in good condition and with sealsunhroken, from ,Vbitelaw Reid, Minister of the United !'tates 
in l''rance : 

Two protot.ypes of tho Standard metre issued for the Uuitetl States hy t.he International Congress of Weights 
and Measures, which met. in p,uis, October, 188D, number••<! I'! and ~7. 

Ono prototype of the Stanilanl Kilogramme. issnct! >it tht• same ti1111• for the United States l>y f.he same Congress, 
numbered 20. 

GEORGE DAVIDSON, 

A.•8istant, U.S. Coast flna Geodetic SurlJe)J, l'. S. Dele9ate lo" IJAs1-0ciation (Uodesique lnlcl'P111ti-0nale." 

In a.ddition to the above, which are in separate boxes, there are two boxes of accessories to the kiiogramrne. 
GE-Oi\GE D.&.VIDBON. 
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.A.s the boxes were sealed I did not see tb.eir contents. In tb.e presence of Mr. Reid I placed pa.per sea.ls of the 
U. S. Coast and Geodetic Survey on all the boxes; and subsequently I marked each box with proper address for· 
traveling. These additional sea.ls and the addresses io ink are as follows: 

From the 
International Bureau 

of 'Veights and Measures, 
Paris. 

Fortbe 
United States 
Coast and Geodetic Survey, 
George Davidson, \Vashington, D. C., 

United States. 

@ = Standard Metre, 

from tb" 
111illiRt"r of the United States, 
October 27, 188(), Paris. 

Thern wa'! a roil panl>r 8eal of the U. S. Coast and GcoL1etic Survey placed over each edge of the box 27, mid­
way of its leu~ti1":rn•l n:;dt•r the Rtrnp which I had placed around the box. 

Tbo hox 1~ wa~ marked aJ1(1 sealed in the same manner. 

Upon box ~ I plactJd the same a<ldre~~, and. after ::?O wrote "standard kilogramme." I added two Coast Survey 

re(l par•er seals ou tho frnut and back mlges. I ailded a strap. 
B 

Upon box i!ll 1 placed the same address, anrl under :JO wroto "accessories." I adilod two Coast Survey red paper 

seals on the etlges. I wrapped the box with twine. 

~ 
No~ 5, l 

Upon the hottom of the small mahogany box I placed the same address, with the addition for kilogramme { 
~I). ' 

I a<lded a Coast Survey red paper SC[l,l over the front edge over the keyhole. 
These p[!,per Heals were expect<1d to lHl torn allll r•rnba bly rnhbod olf in Jmrnlling. 
On the 28th of October I carried tlrnso boxes to London t'ia Calais and Dover, and on the 30th to Liverpool. 

They were moved carefully on the cllshion<Jd seats of the transfer 'bus, and the cushioned seats of the railway car­
riages, and oftbe C[l,Jais-Dovor steamer. 

They remainctl in my room at tho Northwestern Hotel until the Gtb of November, when I trnnsferrerl them to 
the steamship Germanic of :> 004 tons, upou which I had the sole use of a stateroom for their safe-keeping. Beforo 
etaniug I secnrn<l the boxes against" fetching away" in a storw, but we had a fine passage and no rough weather. 

On the 15th of November the steamship rea.chod New York, and the bos:es were carefully transferred to a pa.Jaco 
oar for 'Washington, wlrnre they were deposite<l in the fireproof buildit1g of the Coast and Geodetic Survey on tho 
afternoon of that clay, until I made this written report and transfer to Superiutondent Mendenhall. 

Up io thi~ time the boxes have been constantly under my eye or locked in my room in my absence; I have wit­
nessetl each h:mdliug, accC>mpauiel each transfer, and thoro has been no shock to thorn, and no vibration oxcPpt 
such as is inevitable to railway and stoamship travel. Even this vibration has been very much lossened l>y the 
cushions or rag~ upon which the boxes have ueon placed. There has ueen no large range of temperature; I estimate 
the lowest temperature experienced about ::;5°, and the highest about 85° or 90° F. 

GEORGE DAVIDSON, 

Assistant, U. S. Coa~t and Geodctfo Su!'Vey. 

CERTIFICATE OF PRESIDENT BENJAMIN HARRISON IN RELATION TO THE OPENING OF 
TSE NATIONAL PROTOTYPES OF THE METRE AND KILOGRAMME. 

EXECUTlVE MANSION. 

Be it knotrn, That on t.his second day of January, A. D. ono thousand eight hundred and ninety, in the city of 
Washington, tlrnro were exhibited beforo me, Benjamin Harrison, Pril8ident of the Uniteil States, by 'I'. C. Menden­
hall, 811perintcn1lcnt of the UnitN1 States Coast and Geodetfo Survey, two packing boxes, described as follows: 

One box hearing the stencil number 27, and eealed twice with red wax bearing the impres;; of a crest over the 
Gothic letfor 6\, 

One sniall. liinged box bearing the stencil number 20 an1l the letter A, and sealed twice with red wax bearing the 
impres,; of •~crest oYer tlw Gorhic letter l'I as heforo descri\Jod, and with two black seals with the Gothic letters fil.~ lJl 

Th•tt the impression of tho rctl-waK seals aforesaid wa9 recognizo<l as that of the private sea.I of Dr. Beujamin 
Apthorp Gouhl, United States Delegate to tho International Conforence on Weights and Measures, convened at Paris 
Sept.)mbcr ::!4th, 1889, that there was alsC> oxhibitml a re[>ort by said B. A. Gould to the Secretary of State, reciting 
that he receive<! and accepted, on behalf of the Unitod StateJ, a Prototype Metre m1mbered 27, together with another 
ono nu1 nbered 21, and a metre bar of tho alloy of 1874 numbered 12, tC>getber with two Prototype Kilogrammes, one 
numbered 4, aud one numl>orod 20, with their accessories, excepting therummeters, and that he enclosed said Proto­
type Metre No. 27, and said Prototype Kilogramme No. 20, with ita accessories i11 their inner cases, a11d these in their 
turn in boxes marked and thereafter sealed by him as above desorib&d, and that 11&id boxes were delivered by him 
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to Mt. Whitelaw Reid, United States Minister a~ Paris; and there was also exhibiie<l a report by Geor~ Davidson, 
A.ssist,ant United States Coa.st and Geodetic Survey, affirming that these boxes W<'re receive1l hy him from the United 
States Minister nt Paris, on October 27th,. 188'1, as being- the lJoxes supposed to contain tlrn :'fational Prototype J\.Ietre 
No. ZT, and the National Prototype Kllugramme No. 20, with its accessories. 

'That tho S11perintendent of the Coast and Geodetic Survey did affirm that these """"" wet«' received b.\' him 
from the said George Dtivi<lson Oll the 27th <l:iy of nO\'O!llher, 183J, at the officll of thii Co:t"~ :tnd l> .. <><letin Hnrvey in 
\Vashington, D. C., and that they have rcma.ine<l in his possession, sealed aud with their content,; undisturbed in 
every particular, from the t1ate of their cleliHry aforesaid until thus exhibited. 

That tl.e aforesaid boxes being t.he-renpou opm1ed in my presence wer<i found to cout.1i11 the inner cases as 
descril>ed in the aforenrnntioned report of Dr. B. A. Gnald, ancl the~e inner casM being opened wer" found to contain 
a Met.re liar numbered 27, n,nd a Kilogramme weight No. 20, in goou presen·atioa and. a))parently, in ev<'ry particn­
lar in the same state as when first enchm"d therein, and which I th.,refore confidently believe to lie tho; icleutical 
Stauditrds referred to in the aforesaid reports. 

Dy the President: Bm..-.1. HARRI60~. 

JANUARY 2, 1890. 

JAMES G. IlLAI!>E, 

Secrdar;1 n_f Slate. 

'VILT.JAM \\'J'\'"ll•>\f, 

8t•cre1arg of the Tr·casury. 

The ceremony of brC>aking the seals of the Prototype Metl"e No. 27 an<t JGlogramm" Xo. 20, which to(}k place at 
the Execut.i;·n Mansion at l o'clock p. l!l. ofThursuay, .January\!, l".!GO, was witnesscu l>y the undersigned, who have 
attached their signatures hereto in testimony thmeof: 

T. C. ::'<lBSDEN"HALL, Su11erintendent U. f:l. Coast an•I Geodetic Snn·cy and of ·weiglltH arnl Measures. 
S. P. LA:\GLEY, Hecretary Smit.Lsouian l1rntitutiou. 
R. M. HesT, President AnH'rican lnRtitute of Architecte. 
Tnos. L1scor.-..; CAsin·, Chief of Enginp<»·s, r. ~-Army. 
R. L. PUYTIIIA:-i', Captain U. S. NaYy, Superintendent U. $. N:ival Observatory. 
'VM. llp;xny T1mscoT, 'C. S. llelegate to International Congress oC Three Americas. 
OBERLI~ ... SAHTH, President .l"\n1eric:tn Society of Mechanical :Engineers, 
E. 0. L1n:cn, Di1·ector of the Mint. 
111ARSHALI, McDO:\!ALll, U. S. Commissioner of Fish and Fisheries. 
F. ,V. CLARKE, U. S. Geological Survey. 
T. H. CAiiTEn, M. C., Montana, Honse Committee on Coinage, \Voights, au<l Mcus11res. 
E. H. CoXGER, ~V C., Seventh Congressional district Iowa, Chairman Housn Committee on Coinage, Weigh1s, 

and Measures. 
Jos. H. OUTHWArn;, M. C., Thirteenth Congressional district Ohio. 
J. E. lhLGARD, Ex-Superintendent c. S. Coast and Geodetic :Survey ancl of "'eights ancl Measures; first 

U. S. Ddegatn International Convention 'Voights and Measures. 
WILLIA~I A. HoGERS, Professor of Physics, Colby L'niversitr. 
EDWAlm \V. 1'IonLEY, Profroi;or of Chemistry, West.ecru Reser>e University. 
CHAS. A. SCiroTT, U. S. Coast and Geocletie Survey. 
CHAS. M. TnO:\IAS, Commander{;"_ S. Naq-, Hydrogmphic fogpector U. S. Coast and Geodetic Survey. 
A. ,V. GREEJ,Y, Chief Signal Officer, li. S. Army. 
JAMlcS C. PILLING, Chief Clerk, U. S. Geological Snrvey. 
S. r. :E~rMONS, Ex· Vice President American Instii.ute of l\Iining Engineers. 
E. ,V. Fox, \Yai<hingtou Press. 
J. R. \VrLLIA:\fS, .M. c., Nineteenth Congressional uistriet Illinois, House Commit.tee on Coinage, Weights, 

aml Measures. 
JOHN K. REES, Columbia. College, New York, and American Metrological Society. 
B. A. Cor.ONNA, Assistant in charge U. S. Coast aud Geodetic Survey Office and Topography. 
0. H. TrTT!\JA~N, U.S. Coast an<l Geotlet.ic Survey, in charge of Standards. 
FRANCIS H. PAR1'0NS, U. S. Coast and Geodetic Survey. 
Lou1:s A. F1scnER, Adjuster, Office Weights and Meitsnres. 
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Rl?POil,T ()}' A.~SJSTAST 0. H. l'lTI.11..JNS 'CPIJS l'IIE TJUSSPOHl'A nos OP _>;,Al'JOSAL PROTOTYPE 
METRE NO. ~1 :ISD SAIIVl'.'AL l'ROTOTYPE KILOGRAMME ~vo. 4 FROM P~11ns 1'0 WASHI:VOTON. 

l:'. S. COAS1' AND GEODE1'1C SURVEY, 

O:F!'ICE OF °'WEIGHTS A~D MEASURES, 

Washington, D. <J., .l~tly 18, 1890. 

At the i11sta11ce of T. C. 2\lendenha11, Superintendent U. S. Coast anu Geodetic Survey, the 
Secretary of the Treasury requested th~ Secretary of State to charge me, the undersignetl, with 
the duty of bringing these Standards from Paris to Washington. 

The letter of instructions from the Secretary of State, preparell iu accordance with that request, 
is dated J\Iarch rn, 1890. It contemplates the performance of other correlated duties which are 
more fully set forth in a letter of instructions from Snperintendeut Mendenhall, dated April 191 

18fW. 
After the performance of the oti1er duties I presented my&elf again at the Uni tell Sta Le& Lega­

tion in Paris, and on July 4 received the receipt which Dr. lteue Benoit, Director of the Interna· 
tional Bnreau of "Weigl!ts and 1\feasnres, had gh'en to l\Ir. Whitelaw ltcid, United States l\linister 
to France, when the latter deposited the standards for safe-keeping at the International Bureau of 
Weights aud .'.\lcasurcs, subject to his, the United States Minister's, orders. 

Ou the presentation of this receipt, by preYious appointment, on the afternoon of July 4, 1890, 
at 3 o'clock p. m., the sealell metallic case containing MetL·e No. 21 was taken from an iron safe in 
the International Bureau lmilding by Dr. Guillaume, Scientific Assistant of the Bureau, in my 
presence. 

The case ·was sealell with three seals, that of t.lie United States J,egation, tllat of Dr. B. A. 
Gould~ and that of the International Bureau. 

The seals were examined hy me and were found intact, hut were not touched. Tue case con. 
taining the metre mHl the small box containing the enu pieces cut from the metre bar, after having 
been wrapped in paper, were put in a deal packing Lox fillell with hay, the lid of which was then 
screwed down. 

Kilogramme?'\ o. t, mounted on its base under its double bell-glass oov~r, was then taken from 
another iron safe. The bell-glasses were sealed to the base in such a way by two seals (Dr. Gould's 
private seal arnl the seal of the United States legation) that access to the Kilogramme could not 
be hacl without breaking the seals. Having identified them, and having assured myself that they 
were intact, I broke them in order that the Kilogramme might be packed for transportation. In 
the presence of Dr. Gnillaume, Dr. Chappuis, and myself, Dr. Benoit took out the Kilogramme 
aml packed it for transportation in accordance with the method prescribeu by the International 
Commission. The bcll~jars and other accessories were also packed in my presence. The complete 
set of standards was thus i1acked in three boxes. These were immediately taken to a carriage in 
waiting and deposite(l inside. Taking my place along side of them I was driven to Paris, where I 
depositetl the boxes in my room at the Hotel de la Tamise~ at about Gp. m. They remained undis· 
turbed nntil about 11.30, when they were put in a carriage into which I also entered together with 
the "concierge" of the hotel whom I employed to assist me in unloading them and ca.rryiag them 
to the railway car in which a ('.011pe had been reserved for me. The boxes having been carefully 
deposited in the cou1le, remained under my eyes until our arrival in Le Havre. Two porters :i.nd I 
then carried them into my stitteroom on the steamship La Ga.~cogne, where they were secured under 
the sofa and where they remained undisturbed fFom the time of sailing, July 5, until om• arrival in 
New York, July 14. :From the steamer they were carried to a carriage, deposited inside, and were 
thus transported to Desbrosses-street ferry, thence, with the assistance of a porter, to the Penn­
sylvania Railroad waiting room, where they remained under my eyM until the departure of the 
3.30 p. m. train. They were then carried by me and a porter into the Pullman car and placed on 
the :floor alongside of my seat. On my arrival in Wa.shington they were handed over to .Messrs. 
J<'. H. Parsons, Assistant, and Mr. Louis Fischer, Adjuster, of Office of U.S. '\Veights and Measures, 
by whom they were put into the Coast and Geodetic Survey spring wagon. From the wagon they 
were taken immediately to the Standards Room, Butler Building, Coast Survey Office, where they 
remained deposited until to-da.y. At 11 o'clock of this day they were taken by Mr. L.A. Fischer 
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and myself from tlrn standards room and carried to the room of the Superintendent, to 1Yl10se 
charge I then committed th1~m, together with two certificates, inclosed in brass tulles. n•lntiui:; to 
these stautlanls. 

Thus tlw :-lr:tutlar<ls were brought from l'aris to \Vashington without accident or injury. 
0. IL TITT::\TA:N)I, 

As8ista11t, C. 1\'. Coast and Gcodetie /Sun·ey. 

CERTIFfCATE CONCERNING THE OPEXI'\-U. 

U:>'n:;;p SIAJES CuAsr A:>'n Gm>DJ~nc .-sr1:YEY, 

0~'FIC£ UF 'iVEirilJT.-< XX!> MEARl:HES, 

Washi11gto11 1 D. C., .lul.IJ It', lt:\lO. 

At 10.45 a. m., July 18, 1890, the three packing bos:es supposed to contain National Prototype Metre No. '!I and 
National Prototype Kilograrrnuc No. 4 and their accessories were brought from the standard~ room ill tlie Butler 
Building by Assist.ant 0. H. Tittmatiu and Mr. L. A. Fischer to tlH• room of Snperintcn<lcut ~foudenhall, Coast and 
Ge-0detic StJr\'CY Office. 

Tbo boxes were then carefully opened in t,bc presence of the undei·siguc1l. 
Metre No, :21 wns fo11ntl sealed by a paper tie<l over tho keyhole end of tLe metal tahc, and sea1c1l with thr.'e wax 

Beals (which were found intact) bearing the impr(ISSi'°lns, respectively, of the Ilnrean of lntern;i.tinual \\'eights and 
:Measures, that of the United States Legation at Paris. aIHl IJr. B. A. Gonld's privaw seal. The paper al~o had Assist­
ant Georgo Davidson's autograph on it. 

The case was opene•l a1Jd the Metre was foaud to lie in apparent perfoct condition upon examin:ltion. 
The Kilogramme No. 4 was not sealed (see ::'.Ir. Tittmanu's report); the uox was unpacked and the kilogramme 

was examined by those present, an<l appearetl iu appa.reut perfect condition. It was placed on its cr~-stal uaso and 
co"ered with two glass bcills. 

T. c. MENDEXHALJ,, 

Superillfe1idcnt U. S. Coast and GeodetiC" 8ur1·ey au.d uj Tlcir11t1~ and _'ifeasuru;. 
CIIAS. ,\. SCHOTT, 

R. S. \VoOI>WAJll>, 

0. JI. 'l'lTTJl!ANN, 

ANnr;EW B.RAII>, 

l"RANCIS H. I'AI:SONS, 

A8~i•ta11ts, Coa81 a11<1 Geodetic SurTey. 
L. A. F1scnEn, 

Adj1rntn- lrdqid.s arrd Measures. 

CERTIFICATE FOR PROTOTYPE METRE, NO. 27. 

[Translation.] 

I11ter11afionrd Committee of Weight.~ and Meaa1trCi>. C<'rlijicatcs of tlie Inlcmationa! Bureau of Treigllls and .Measures for 
Prototype Metre ,Vo. 27. allollcd to the (11ited State" of America. 

This prototype was made by Messrs .• Johnson, 11attbey & Co., nf London, i11 the forru of a hr1r ~O centimet.n's 
long, with a transverse section called X, out of an alloy of platinum-iridium containing lU ller cent. of iridium. The 
bar was straightened aud wrnnght l1y hand and finally polished and cut to the length of lif.l ceutirnPtres by Messrs. 
Brunner Brothers, of Paris. 

The lines were tmeed on elliptical spaces, tho surfaces of which were specially polished by Mr. G. Tresca, Eugi­
neer, attaehcd to the French section oftbe Metric Commission. All tbis work was <lone at the Co11><erva.toire des Arts 
et J\Ietiers, at Paris, under tlle direction of Mr. Cornn, Membre de l'Institnt, as delegate of tlrn French f'edion, and 
of Mr. Broch, Director of the International Bnrean, as delegate of the Internat,io11al Committee. 

Th<l burr.on the traced lines was removed at the International Ilnrnan hy Mr. Boinot, ai!l in tb.is est.ablisl1 mout 
The 1irototype is accompanied by t,,,,-o specimens cmt from t.he two mHls of the liar. 1'b<'y were pr<'parerl by Mr: 

L. Laurent, of Paris, for the study of their expansions by J<'izeau's melhocl. Tlle prototype is inclose<l in a special 
ca.se, made of a cylinde• of solid wuo<l into which a groove wa.a cut to hold the bar, aud which ie inclosed in a strong 
*lylinder of 1lra.ss closed by a screw cap. 

H. Ex. 80--48 
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I>ESCRIPTION. 

The transverRe section of the bar has the shape called X, the sides of the circumscribed SfJ.nare of which are 20 
n1illirnetres long. 

Tho upp<'r surface of the medial rib, on which the lines a.re traced, is in the plane of the neutral axis; it was ma.de 
to coinoide with tlrn mean height of the section hy slightly thinning the lower legs of the X. 

On tile polished snrfaccs near each extremity three lines, from 6 to~ microns.wide, are traced O·;J millimetres apart. 
The length of the o;taudllrcl is <lefiued by the distance between the mi<ldle lines of each of these two group~. The 
position of tho a:s.is is <lefiue<l by two longitudinal lines 0·'2 millimetres apart, ruled on the polished surfaces. 

On tho upp<'r surface of the upper flange, cut with a graver, on t!Je left is the inscription A.27, on the right B. Z7. 
Tho two i;pecirneus, which accompany the prototype in a separn.te bo.it, haye the same numbers aud letters cut upon 
them with a grayer as the ends from which they were cut. 

CHE~IICAL CO~lPOSITION. 

The preparation of the platinum and iridium used for the alloy of the ingot from which the bars were drawn was 
controlled by Mr. Stas, m1m1llcr of the Academy of Scieuces of Brussel.~, delegate of t-be International Committee, by 
Henri Sainte-Claire-Devillo, and after his death by Debray, members of the "Institute of France," and delegates of 
the French section. 

The analysis of the alloy waa made by these savants by means of several specimens taken directly from the 
finishetl bars. According to tbe results of these analyses the alloy containell no trace of iridium in a free state, nor 
any rntl1eniurn, and only an extremely small quantity, one or two ten-thousandths, of rhodium, and one ten-thou-
sandth of iron. The percentage of iridium was found equal to 10.08 to 10.09. · 

.Mr, Tornoo, Aide> in the International Bureau, took part under tbe direction of Mr. Debray in tho nnalyaes ma.de 
in tlrn laboratory for advanced Bttulies of the normal high school in Paris. .After the death of Mr. Deli ray, Mr. Tornoo 
edited a detailo•l r"port on those analyses, which is publishe<l in volume VII of tho "Travaux et Memoires" of the 
International Bureau. 

DETERMINATION. 

Coefficient of expansion.-The tletermina.tion of the coeftlcient of expansion was intrusted to Mr. R. Benoit, prin­
cipal as~istant of the International Bureau, with the co-operati,onof:Ml'. Ch. Guillaume, at.tach6 of the Bureau. This 
determination w:i.s llla<le by comparing Prototype No. 27 with the International Prototype [ll in tbe trough of tbe 
comparator for expansions, a.t eight different temperatures comprised between 0·1° and 3?"4". The expansion of the 
International Prototype had been previously determined by the :ibsolutc method l1y means of the comparator for 
expausion as well as by Fizeau's methotl. 

These observations gave the following result.: Coefficient of expansion of Prototype No. 27 from oo to P 

a= 10-• (8606+ 1·70t), 

where t stands for the temperature in degrees of the Tonnelot mcmnria.l thermometers made of" verre dur," or 

a= io-• (8657 + 1 ·00 T}, 

where T stands for the temperature according to the standard scale adopted for the International Weights and 
~leasures Service (scalo of the hydrogen thermometer). 

Length nt zero: The comparitsons for length were made on the Brunner comparator, in t!Jc water trough, under 
the immediate direction of the Director, Mr. Broch, l•y Messrs. Boinot and lsaachsen, Aides in the Uureau. 

The :National Prototyp.cs, numbering 30, wern compared among themselves in 11 crossed gro111•s-that is to say, 
in;, groups uffi bars and in 6 groups of 5 bars. Besides, each one was compared on the cue band wit.h tbe })rovisional 
protot~'l'"' I,, l•elonging to tho International Bnreau, and which was compared in 1882 with the Metre des .Archiv-es 
of FrntH'•', and on the other hand with tbe new International Prototspe 9;)l. Finally these two, I, and !iQ, were com­

pare<l ,,·ith each other. 
Iu each group the comparisons were ma.de in all possible combinations. Each complete comparison ·consisted of 

four i udividual con111ariso1rn in the four different positions into which the bars could be put relatively to the two 
microscopes and to the ohservers. 

Tho result of these 196 complete or 784 individual comparisons gave for Metre No. 27 

Prototype No. 27= lm-1'6µ ± O·lµ. 

The equation of this prototype is therefore· 

Prototype No. 27 = lm - 1 ·6µ + 8·657µ T + 0·00100µ 'f' ± 0·2µ. 
. . 

whore T lfoBignates tbe temperature expressed in degrees of the standard sc.ale adopted for the International Weights 
aod Measure8 Service. 

Distance b et1rccn the awrWary lines.-Tbese spaces were determined in water with the micrometers pf tho Brunner 
com pa.rator by observing at each end the two spaces and their sum. The observations were repeated ten. tir.D611 under 



 

UNITED STAT.ES COAST AND GEODETIC SURYEY. 75,5 

each of tlle two microscopes. If, iu going from the extremity A towards the extremity B, the lines are <lesiguatcd by 
the numlJers 1, 2, 3, and 4, 5, 6, tile number; 2 a.ad 5 being the defining lines of the metre, the spa.ce.i have thB follow­
ing values: 

The Director of the Bureau, 

/1 µ 
Extremity A space (1-'2) ~-' GIJ0·4 ± O·l 

(2-:l) =· G06·f, ± O·l 
(1-:}) = 1008·!) ± 0·2 

Extremity B space (4-5) = G01·3 ± O·l 
(5-6) = 497·0 ± O·l 
(4-6) = 998·3 ± 0•2 

lNTRRSATIONAL HUIU:AI.' OF \VF:IGHTS AND MEASURES, 

Paviflon de Bretwif, near Sev1·es, September 28, 188<J. 
Certificrl for the Iuteruatioual CoIDwittee of Weights and Measures. 

The Presid1>nt, 

Dr. RP.NE HR~C:IT. 

Genl. MARQUIS DJ!. MULHA.C&N. 
The Secretary, 

D1·. AD. HIRSCH. 

CERTH'ICATE l'OR PROTOTYPE KILOGIU.l\1ME XO. 20. 

f Translation.] 

Inten1atio1wl Uummittee of TVei_qhta and Jfcasuns. Cei·tificate of the International BuremL of lf'eigh/8 and Meas1tre~ fM" 
I'rofotypc Kilogramme, No. 20, allotted to the U11ited States of America. 

This prototype was ma.de in the form of a cylinder the di a.meter of which is eqnal to it~ height, of an alloy of 
platinum-iridium containing 10 per cent. of iridium, by Messrs .• Tolrnson, ~i:ltt-he_y & Co., of London. It was then 
tnrued and polished with fine emerr, and its final adjustment was made at the International Bureau after its volume 
had been determined. These different operations were pE>rformerl hy Mr. Collot, nf Paris. 

DESCRIPTION. 

The Kilogramme lias th" form of a right cylinder :w millimetres high and ;19 millimetres in diametBr, with slightly 
rounded edges. On its cylindrical Aurface, two-thirds of the way nJ>, th" nnml>cr 20 i~ markecl with a burnisher. It 
is kept under donl:ile bell glass on a support which carries a. rock crsstal plate. Fc>r transportation it is fi:s:ed on its 
support IJy screw·s protected with cliamois skin especially prepared for this purpose, and it is then protectc8rl by a 
eopper case. 

CHEMlCA.I. COMPOSlTIO!I:. 

The preparation of the platinum and of tl.te iridium used for the ingot from which the cylinders were made wa1< 
oontro11ccl hy Mr. Sta.a, meruher of the Academy of Sciences of Brussels and Delegate of tbo International Commit-tee, 
by Henri Saint.e-Cla.ire-Dcnrille :m<l after hfa death by Debray, mcmuers of the Institute of Fmn<'.e and <ldcgates of 
the French section. 

According to the result,s of analysis the alloy eontalnecl no trace of iridium iu a frow state, nor au)- r11thcninrn, 
and uuly au extremely sm:i.il iptantity, one or twu ten-thon.qandth• of rhodium, nnd one te11-t.housaudth nf iron. 

Tlw a.mount of iridium w:1~ fonntl eqnal to 10·0:3 or lO·OD per <:enturn. 
Mr. Torni)e, aid in the International Bureau took part. nntler the direction of ;\fr. Debray, in tlit' aualy~eR mado 

in the lt>borat.ory for advanced stmlics of tho normrd !Jigh 5cl10ol of Pa.rill. After rho dcnth of Mr. Dl'bray, Mr. 
Toruiie editerl n detailed report on these aua.lyses, which h published in Yolurnc vn nf the ·' Trnvanx d- ~l~rnoircs" 

of the International Bureau. 
DETEI:!IUNATION Ul<' YOLl.'ME. 

The study of the donsit.~ of the Kilogramme was intrnstoil to )fr. 'Phiesnu, assistant in th{• Int<•nuttional Bt1re:rn. 
The determination of the volume was macle llefore the final adjustment of the cylinder, the weig[it of which 

exceeded a Kilogramme by 3·44"'1!'. 
Ten determinations were mado at a. mciin temperature of 17.D" in three sopa.rate si•ceimen~ of <listillecl water. 

They were red need to the temperature of melting ice by adopting for the coefficient of cnhic'1l expansi'"' of1ilatinnm 
iridium between 0° and F: 

K = 10-• (25707 + 8·6 t) 

where t denotes the tempernt1ire iu degrees of Tonnelot mercurial thermometer~ ni:J.'le of "verre d11r" nr 

K = 10-9 (25859 + 6·5T) 

where T denotes tlte temperature expressed aeeordi11g t<> the standard scale adopted for the International Weights 
and Measures Service (scale of the hydrogen thermometer). From the >"alue found for the volume a.t zero 

which corresponds fo a. denMity of 
46·4019ml :I:: O·OOOlml 

~ 21·5509 

waa d&dncerl, for the Kilogramme after its final adjustment, the valmJ 
Volnme of Kilogramme No. 20, 46•402ml. 
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MASS OF TIIE KILOGRAMME. 

Tim comparison of the prototypes among themselves was made by Mr. Thiessen, Assistant in the Bureau, on the 
balance d•~signated Rueprecht No. 1, and b:,' Mr. Kreiehgauer, Aid in tlrn BLit'cau, ou the balance designated 
Rnt:'prccht Sa. 5. The comparisons witt1 the International Prototype were rnade by .Mr. Thiessen on the Bnnge 
Ua1anee. 

Tlrn furty-two l'rototypeB were compared among themBehett in six groups of i Kilogrammes ca~b, and in 
seven gr<mps of{; Kilogrammes, and finally each Kilogramme was compared with the uew International J'rototype of 

the kilogramme ,\t, The last mcntiouc<l, compared in 1880 with tho Kilogramme des Archiv.,s, was found to 
be identical with it within the limits of the errors of observation. In eaeh group the comparisons were made in all 
possible combinations. 

F:acli complete comparison co1Lprises four iudividu:il weigltings; hetwetm e<LCh weighing the load ofthto balance 
was modilied by the addition of auxiliary weights or liy changing tl>o plates of rock crystal on which tho Kilo­
grammes rested <luring the weighings. 

The combined re;mlts of the 273 complete or 1,09~ indivi1lual weighings gavi>, by the atljustrneut of the whole 
system by computation, for Kilogramme No 20 the followiug equation : 

Prototype No. 20 = lkg - 0·039mg ± 0·002mg. 

Tim Director oft he Bureau, 

INTEU.-..ATIOXAL Bt:m::.ur OF \VEIG11TS AND MEASt:RES, 

l'avilloii de Brete1til near Seuree, Septe1nbe1· 28, 1889. 

Certified for the International Committee of 'Veights aud )feasurcs. 
The President, 

Dr. RENE BENOIT. 

General MARQUIS DE MULilACE.l'i. 
The Secretary, 

Dr. AD. Hrnsca. 

CERTIFICATE FOR PROTOTYPE METRE NO. 21. 

Profotype Metre ~Y<>. 21. 

The eertificnte accompanying this bar is like that accompanying No. 27, except in the following particulars: 
The inscription on the upper flange of metre No. 21 i~ 

On the lAft A. 21. 
Ou the right B. 21. 

The coeilioient of expansi1rn of prototype No. 21 from 0' tot is 
a~= liJ-<i (8<H4 + l ·';Ot) 

where t •knotes the tf,mperature iu degrees of the Tonnelot mercurial thermometers made of" verrP 11 ur," or 
u= 10 ·'' (f6G5+l·OOT) 

wlwrv T atands for the tcmperatur0 uccordiug to tho st.an<\ard flea.le adopted for the International \Voights and 
~lt>a.~ure~ Sen·iee (scale of the hydrogen thermometer). 

Le11gth at zero: 
J'1·ototype No. :!1=lUI.+2·c•µ ± 0·1µ. 

The cqnat.ioo of the Prototype is therefore 
Prototype No. 21=lm+2·5µ+ 8·665/l T+ 0·00100µ T• ± 0·2µ, 

whcr,, T tlenotes the temperature expressed in degrees of the standard scale adopted for the International 'Veigbts 
and Measures Service. 

Value of auxiliary spaces: 
µ µ 

Extremity A Rpaee (1-2) = 409·7 ± O·l 
(2-3) = 'ltr3'~ ± O·l 
(1-:l) = lO<lcH.\ ± 0-2 

Extremity B space (-1-5) = iiO:~·I :± O·l 
( 5-6) = ,l();~-!J ::l: O·l 
< 4-li) = ~m·o ± 0·2 

CERTU'ICA.TE }'OR PROTOTYPE KJLOGRA.'.\IME No. 4. 

Pt·ototype Hiloyl'amme ,Vo. 4. 

The certificate appearing to this Prototype is li'lrn that relating to Kiloisramme No. 20, except in the following 
particuls.rR: 

DETERMINATION OF YOLl:ME. 

The volume wa.s determined before th& final adjustment of tbeeylinder, which exceeded a Kilogramme by 16 •1lmg. 
The mean temperature wae 9·8°. 
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From the value found for the volume at z~ro : 

46•4!83ml± 0 ·0003ml 
corresponding to a density 

"\ITas deduced for the final value of the adjusted Kilogramme the 
Volume of Kilogramme No. 4: 

46•418 ml 
!Uassof the Kilogramme 

Prototype No. 4=1 kg- 0·07;, mg::!:: 0·002 mg. 

Cert~tlcate for Metre of th" Alloy of 1874.-Xo. 12. 

! Tr-a.uslation.1 
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International Co-n,mittee of Weigh ta a11d Jfeas<Cree; cvrtificatc of tlte International Bureau of Weigh Ii and Measures for 
I'l'ototype 21Jetre No. l:l, allotted to the [',,ited States of Amedca. 

T11is protot.ype iR made of an allo,v of platinum iridium, containing 10 per cent. of iridium tlrawn from .u1 ingot 
cast at the Con~ervatoire deli Art.set Meti"r" on the t:tth of M;iy, 1874. It was made from a ho.r which w'm tlrst 
forged, then shaped into the X form by <lrawing, i 11 the forging establishment of Au1ii ncourt. It was then dre~se<l, 
cut to a.le11gt.h of 102 contimet.res, and poli~hed a1111 trac1'1l under tlle care oftlrn French Section of the Int«rnarinnal 
Metric Commisc;ioa. It was tntced by Mr. G. 'l'rtsoa, cllgineer, couuectetl. with the l'rench Section, ou s;iecially 
polished elliptica I Rpaccs. 

All this work was done at the Con~er~atmre des Arts et Metiers, under tlrn immediate direction of H. Tresca, 
member uf the lubtitute, at that time Secretary of the French Section. 

'fbe prntol-ytie is accotnpo.nied by two specimens cnt frnm it~ two extre:niti•.'·"' an:l pr"flarc1l hy Mr. Laur.::nt, of 
Paris, for tl1n determination of the coefficient of expan~io!l of th0 bar hy rneanH of .Fizeau's method. 

Tlie prototype is inclosed in a special case, rnade of a. c~·Jirnier of soli•l '<Yood, 1nto which n l11ngitudinal groove 
was cut In lrnld the bar. This ii'! cuease1l in a Mtrnng cylin1ler of brass, dosed with a screw cap. 

DEf'CJUPTIO:<. 

The transverse section <>f the b'1r has the shnp<> callee! X, the Ritlcs of the circumscribed square <•f wllicl1 arc 20 
millimetres Jong. 

The upper surface of the medial rib on which the lines am trac!'d is in tlle pla1rn of the; ncntral axi~: it was 
made to coinci·'e with the mean !Jeigbt of th" cro~s •Wet ion h.1· slightl~· 1hiuuiui.: tlrn l<JWPr ),·;.:.'of tlrn X 01; t1ic 
polished surfaPca near each P-Xtl'<emit.y tbrcu lines, from (i to 8 micron:; wide, are traced 20 micron~ apart. The leJJ~th 
of the st.!lndard i" 1l1'iined hy the distance Letwec•n tlrn mi<l<lle lines of each of the two gronps. Thtl positiun of the 
axis is defined hy two stronger lougitrnlinal lines O·l millin1ctr,-, apart rule1i on the IJlllishc1l spaces. 

On the exterior edge of one of tlte lateral flanges 1.110 Lar carril'd the following inscription cut with a graver. 

No. 12 Allia.i;e d" 1~i4. 

Chemical compositi(>n 

The :~lloy vrns r:ml>mitted for examination to a commission composell of l\Iessrs. Henri Sainte Chire-Devillc, 
member of tho French Section, Broch and Stas, members of the International Committee. Accord inf' to t.lw au.':llysis 
of several specimen!'I taken from the finishcu bo.r, i1nblisbed in a report of tbu Commis,;io11 whiei1 appears iu the Pro­
cess Verbanx of the ses~i01rn oftl1e International Committee for ltl77, this aIIo:» cont a.in~ in 100 iiarts by weight 87·7 
platinum, 9·4 irluium, 0·4 rhodinw, O·l palladium, 1 ·4 rutbeniL1ru, 0·2 copper, and o·S iron. 

DF.TERJIISA TIOS. 

Coefficient of EJ:pansion.-The determination of the •'xpansion was intrustc'd to Mr. Ch. Etl. Guillaumo. Attache of 
the International 13nreau. 

This determination was made by comparing Prototype No. 1·~ with the Int.crnational Protol;yp•' 9.ll in '1w trnngb 
of the expansion comparator at eight different temperatures iucl11d~d h..,t,vccu 0~·2 itn.t :~70.7. The<""!""'' inn of 1 ho 
International Prototype had bef'n previously determine1l hy the absolute method by means of the e:i:rar.sio:1 c<im­
parator ns well as by Fizeau's method. 

The observatit1ns gave the following result: 
Coefficiont of expansion of Prototype No. 12 from 0° to i': 

a=-~10- 9 cer.s:1+1·70t) 

where t denotes the temperature in degree8 of the 'l'ounelut. mercurial thermometers of • • vcrre <lnr,'" or 

a= 10-9 (6G3·1+ l·OOT), 

where T denotes the temperature iu degrees of the standard scale adopted for the International ,y eights and Meaa­
mes Service (scale of the hydrogeµ thermometer). 
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Length at Zcro.-Tho Iongth comparisons wcro made on the Brunner compa.ratar in the water tr<>ugh, under the 
immediate direr.tion nf the Director, ::.Jr. Broch, by Messrs. Boinot and Isaachsen, Aides in the Bureau. 

The four prototypes of this gronp wore compare cl in all possil>le combinations among thew selves with the Provisional 
Prototype Iz, of the Interuational Bureau, which was compared with the Metre des .Archives de France, and with the 
new International Prototype fill~. 

Each complete comparison consi~ted of four inclividn:tl comparisons in the four different µositions into which the 
bar;; could !rn pllt reJatin•ly to the two microscopes and to the obsen·ers. 

Th., cowl.Jil.le<l results of the iifteeu complete or sixty iutlividual cumparisous gave for Prototype No. 12 at zero: 
Prototype No. 12 = lm + 3·3p ~l U·J µ. 

The equatio11 of the prototype is therefore 
Prototype :Ko. I~= Im+ :3·~1µ + 8·(3;-\.1µ T + 0·00100µ T' ::!:: 0·2.u, 

where T duuotl'' the temperature in degretJ" of the standard scale adopted for the International \Voights and :Meas­
ures S-crvic1~. 

Th<· Diree:tor of the Bnrean, 

l:STEl?NATIO:S~L Bum~.u; OP \VEIGUTS AND :M:rusunEs, 
l'm·illun d,• J:ireteuil, nt•11r .,\·et•res, September 28, 1889. 

Dr. H.. BENOLT. 

Ct•rtitled for tho Internat.iuua.l Committee of Weighti; and Measures. 
The President, 

Genera.I MA.r.Qms DE MuLHACEN. 
The Secretar,Y, 

Dr. An. llrnscrr.. 



 

APPEN_·,1x No. 19-1890 

NOTES ON AN ORTGINAL MANUSCRIPT CHART OF BER1NG'S EXPEDITION OF 1725-·1730. AND ON AN 
ORIGINAL MANUSCRIPT CHART m' HlS &ECOND EXPEDlTIO~; TOGETHER WITH A smrnARY OF 
A JOUH-;AL OF THE FIRST EXPEDITIO~, KEPT BY PETER CHAPLIN, AND NOW FIRST RENDERED 
INTO ENGLISH FROM BERGH'S RUSSIAN VERSION. 

Ry "\VILLIAJ\I I-IEALEY DALL. 

[Submitted for publication .Tune :rn, 1890.] 

EARLY EXPLORATIONS IN THE REGION OF BERING SEA AKD STRAIT. 

In 1648 the tide of exploration and adventure setting eastwanl through Siberia impelled the 
fitting out of seven small trading boats on the Kolyma River. Three of these, in charge of Simeon 
Deshneff, Gerasirn Ankudinoff, and Feodor Aie:xieff, rm'l11ectively, reaehed Bering Strait. ..A.nku­
dinoff's boat was wrecked ou East Cape, but his party were accommodatetl by the others. There 
were hostilities with the Chukchi, the two boats were separated, and DesbnefPs alone finally reaclied 
Kamchatka. Next year he constructed the trading post on the Anadyr ltiYer, subsequently known 
as Anadyrsk. 

Tlmre is a tradition that in 1654 a trader named Taras Stadukin followed DeshnefFs route, 
made a portage across the neck of East Cape, circumnavigated Kamchatka, diC'covered the Kurile 
Islands, and finally reached the Gulf of Penjina in safety. 

In 1711 an emissary named Peter Iliunsen Popoff was sent to East Oape by the Russians, to 
indnee the Clmkchi to pay tribnt€. In this be failed; but brought back an account of islands beyond 
East Cape, :ind of a continent reported by the Olmkchi to exist beyond these islands. Some state­
ments which be made in regard to the people of this continent were regartled by geograp'l!ers of 
the last century as fictitious, but, with our better knowledge, they set the seal of authenticity upon 
Popoff's report, and show that his journey was really made.~ 

~The political disorders which prevailed in western Ilussia a.bont this period prevented any 
attention from being directed to the reports of these explorations, which were preserved in the 
archives at Yakutsk. Somewhat later the attention of geograpl.iers was directed toward tllis 
unknown corner of the world, and the subject was brought to the notice of Peter the Great. He 
took great interest in it, d~w up instructions for an expedition with his own band, and <lelinired 
them to Count Apraxin, with orders to see them executed. A few days later, in January, 1725, he 
died; but the Empress, desiring to carry out all the plans of her deceased husband as closely as 
po'ssible, ordered tlieir execution. Fleet-Captain Vitus Ivanovich Bering was nomiuated to the 
command of the expedition, and Lieutenants Martin Spanberg and A.lexie Chirikoff to be his 
assista.n ts. "" 

"Por instance, he reported that the Chukchi said that the natives on the great llLud opposite East Cape wore tails. 
This was regarded by M!iller, to whoru we owe all oar knowledge of Popoff's journey, a.M manifestly absurd. Bnt a.Ii 
wbo are familiar with tho Eskimo of the American side of Bering Strait know that, on formal occasions, at dances or 
festi vale, they do tie a wolf's or dog's tail in the middle line of the back as if it grew there; so that the Chukchi report 
to Popoc11' waa quite trne. 

759 
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Bering and Spa.nberg were Danes who had taken service with R11ssia, Obirikoff was a Russian, 
and so was Peter Chaplin, one of the mostpromisiug cadets of the Naval College at St. Petersburg, 
who was detailed for service on the expe<litiou. 

The literature resnlting from this expedition, our sources of information about it, and t11e 
practical results obtained for geographical research have been detailed and discussed by the 
writer in a recent publicati(ln,• from which the introductory paragraphs of this paper hm~e been 
taken. To that the reader is referred fo:;- most of the details. It coufaius a complete translutiou of 
Beriug's official report, which previously was accessible Ollly in tlrn Russian tongue aud in a rare 
and little-known periodical. This report had heen used by variom; writers, abstracted or para­
phrased in some of its parts, hut not completely rendered iuto any of the lauguages of western 
Europe. .A.notlter source, which may be regarded as uearl.r original, is the abstract by Vasili 
Bergh of the journal of Peter Chaplin, one of tlw members of tlHJ party. Bergh found this in tbe 
arclliYes of tbc Imperial :Naval Col1eg(', of which Chaplin was a cadet. Be also had access to the 
journal of Alexie Chirikoff, oue of Bering's lieu: ena11ts. l•'rom these sources he compiled a liistory 
of tlie YOJaget, which was printed at St. Petersburg, in 1823, in the Russian lauguage. This hook 
lrns been ust>d, through the medinm of a maunscript translation, by Peter Laurid1:Sen, the latest 
bjograplier of Bering. A somewhat condensed translation of Lauritlseu's book has recently 
appeared in this country. 'The original appeared in Danish. Lauridsen clitl not quote exaetly 
from Bergh or indicate preci;;cly what part of his book was derivetl from that source, and, lia\'ing 
1lltt·rcd. through three tra11slatious aud 1ieen twice abridged, it is evident that whate,-er originality 
appertains to Bergll's material in the first place can in no wise have been preserved. Be.-<ide the 
diftlculties refPrred to, a 1rnmlwr of serious errors, typographical or of the translators, make tlle 
value of Lauridsen's book antl its Euglish abritlgment, for historical purposes, very sliglit indeed. 
I have, therefore, while quite aware of the slenderness of my own cqnipment as a Russian scholar, 
thought that a straight-forward rendering of the facts preserved by Bergh would be an acceptable 
document to those who are intereste(l in the history of the exploration of our nortl1western coasts 
and the region of Bering Sea. TLe book is now exceedingly rare. I am indebted to the kind 
offices of Daron NordernskiOld and to the extraordinary liberality of the University of Upsala. 
for an opportunity of examiniug it.:j: 'Iberc are two or three copies in St. Petersburg and one in 
the library of the Bl'itish J\fuseurn. I have been unable to trace any others. 

Bergh does not alway8 state his facts in t:haplin's own language, though be has done it in 
what seemed to him important matters. It is quite evident, however, that all l1is facts not derived 
from /\liiller are from the journals of Chaplin and Chirikoff, except where he states otherwise. I 
have therefore extracted from Bergh, in the notes hereto appendeu, all the facts he gives about the 
expedition, omitting uearly all bis reflections upon them, ancl all that be derived from Mi.iller and 
otller accessil>le authorities. The Russian language in 1823 was less fully formed than it is to day, 
and many of tbe words used in Cllapliu's journal arc archaic, obsolete, or veculiar. The transla· 
tion ha.-; therefore been somewhat difficult1 yet it is bt•fowed to be free from serious error, D.nd is 
submitted to the elmritahle judgment c•f the render. The publication first of Bering's report 
and now of the summary of Chaplin's journal puts before those wlto read English the onl;y original 
documents hitherto printed, which lian_i not, np to tlie preseut time, lie<'n accessible to students. 

In brief it may he said that the expedition crossed northern Asia with wagons, barges, boats, 
sledges, or pack horses, observing latitude and variation of tlie compass when possible, and work. 
ing out their longitude h.r tlie computation of directions and liistances. TlJey built a \'es,.:el at 
Okllotsk awl transportetl tltemse!Yes across the Okhotsk Sea to the western shore of Kamchatka; 

•National GeogTaphic l\fagazine, vol. u, Ko. 2, pp.111-16~1, with a map; l\fay, 1890. 
I Fin1t Sea Yoyagcs of the RnRsians, uudertaken for the settlcllient of thiB geographical probl.,1n-Arc Asia and 

.Arnl'rien. uuitej_ Y-ancl performed in 11'27-'2~-'21.I, under the command of :fleet captain of the firet rank, Vitus Bering. 
To wliich i~ aclck<l a short l>iographical acconnt of Captain n.,ring and some of Iiis officers. St. Petersburg, at the 
Imperial Academy of Sciences, 18·t3. 

8°, 3 prcl. 1., xv, 126 pp., 1 table, 1 map. 
This !wok was printed at tlie Academical printing office and issued there, as many private books are, lmt WM 

not a 1mblication of the Academy. 
t Since this was written the Imperial Academy of Sciences at St. Petersburg has generously loaned a second copy 

for c;xamination. 
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carried their stores by boat and sleugPs across that peninsula; built another vessel in which they 
sailed northwartl aloug the coai:;t to Bering Strait, arnl then returned to Kamchatka aud willterell. 
The next year they put to F-ea, rna(!e a brief search for land east of Ka,mchatka without success; 
theu circumuaYigatetl the southern part of tliat peninsula and returned to Okhotsk, and thence to 
St. Petersburg. 

The day,., of the journal whicll follows are nautical days, extending from one noon to the next; 
and the calendar is the Julian one to which eleven days should be added for new ;;tyle. 

A SUMMARY OF CHAPLIN'S JOUR!~AI, DERIVED PROM THE WORK 
OP VASILI NIKOLAIEVICH BERGH. 

[Translat~d from the Rnssian hy \V. R. Dall. J 

On tlie 24th of January, 1735, :\Iidshipman Peter Chaplin with the· arkauce party of tlw expe­
dition left the Admiralty College, the whole number amonuti11g to !!i:i Feople: Liente11ant Chirikoft~ 
a surgeon, a geodesist, a garde nictrine oiliccr, a quartermaster, clerk, 10 sailors.~ tiliip carpL·ntl'1·s, 
au officer ·with three marines, 4 ealkers and sailmakers and se\era1 other workmen, togt'tiJc1· with 
25 wagoulnmls uf material. 

On the 8th of Fe1Jrnary the party ani\·ed at Vologdic, an(l on the 14th were joiue1J hy I<'leet 
Captain Vitus Ivanovich Bering, Lieutenant Spanberg, 3 mates, and 3 sailors. 

Instructions had been drawn up for Captain Bning by the Tsar Peter I, December 23, 1724, 
and were comprised under the following three heads: 

I :\':)Tfl.UCTIOXS. 

(1) There should be built on the Kamchrttka [ Ri vei·], or at sorne uthcr place adjacent, one or two boats with decks. 
(2) \Vith these boats [you are directed] t» sail along the co,ist which extendii northwar<ls and which js supposed 

(since no 0110 knows the entl. of it) to be continnons with America. 
c:n Arnl therefore [you am directed] to se.ek the pniut\vhere it connects with America and t(> go tn some settle­

ment under European rnle, or if any European vessel is s0en learn of it what ti.Jc coast visited is called, n-iikh shonl<l 
be taken down in writing, an antlwntic account prepared, placed on the chart, and brongbt. hack l:erc. 

Tue officers of the cxped.itio11, partly brought from St. Petersburg, partly engaged nt Tobolsk 
or Okhotsli, were as follows: (]aptaiu of the First Itank Vitus Beri11g; Lieutenants Alex:il' Cl1irikoff 
and l\Iartin Spanlwrg; l\[ithihipmau Peter Chaplin; ClPrk Simeon Turchauinotf; Surgeon Xil'man; 
Geodesists FeorJor J,nzl!in, --- Pntilu:ff; .l'tlatt>s Richard E11gd, George )!orison; Cll:iplains 
Fat lier Ililarion, Brother Ignatins Kozuirevskoi; Com :r.issary Durnsoff; .A.rtisans Kozh)ff and 
Ernloguroff; Navigators l\:Iashkoff and Butiu, together with the nobles Alexie and fran Slte;;takuft' 
and --- Autipin. 

[1725.J 11larch 16, 1725, all had anivetl safely at Toboi>'k and Chaplin determineil th~• latitude 
ofth<ttplace at5S0 u.Y N. and the variation of the compass to be:3° lS' easterly. fTbcrontP trav­
eled was lai<l dnwn by courses and distaneeR from the starting poiut, tlie gt,ll('ml direction and 
dista11ce being- compnted lly the aid of a traverse table, corrected by observatiGus for latitude an<l 
for tl.rn ,-ariation of the compass as ofteu as possibJc. 

Jfay 1;)_-TlH'Y started on tl1eir long journey with four barges aud sm«•u canors. [The 
datH.; are of the Jnliau calendar and counted by the n:tutical day which hegins at. noon of the 
ciYil (htte preceding, so that the first 12 hours of the d:1,y is a da;.T in ad•a11e1\ of Uiat rwtea 
ordinarily; e. !/·, from noon of the 1st of tlrn month to noon of the 21l would by their :.w<~•Hrn t he 
wholly reckoned as the secouil day of the month, etc.] CLti1·ik:off states in Jij,; juuriwl that 1lwy 
plattetl their 1·oute ou a :Mercator'fl projection, aud iI1 this way chcckml the accurac·y of tlwfr work. 

J[ay 22.-Chapliu was ordered to procee<l in advance with IO men to Yakutsk, whrro he 
arrived on the 6th of Sevte•nber and reported to the local Voi,•ofl Poiui;khtoff aiid Prince Kiri1ie 
Galitzin. The town at this time comprised about 300 l1ouses. Cbaplin dispatcbetl sonw work­
men thence to Okhotsk, to get out timber for a vessel. [He seems to have wintered at Yakutsk, 
while Bering's winter q1rnrters were at llirnsk.1 

1ll.ay 9, 1726.-Chaplin received orders from Captain Bering t-0 prepare 1,000 pairs of rawl1ide 
flour sacks. On the 1st of June the captain arrived at Yakutsk with 9 barges, J,ieutenant Span-
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berg, the surgeon, 2 mates, 2 geodesists, and other members of the party. On the 16th Lieutenant 
Cbirikoff arrived with 7 barges. Six hundred horses loaded with flour were startecl for Okhotsk, 
divided into three parties. At the same time Captain Bering obtained from the Voivod the ser­
vices of the monk Koznireffski. 

Brother Kozuireffski had borne an important part in the subjection of the northeastern 
extreme of Siberia. Ho was first stationed, in 1712 aud 1713, near the Kurile Islands, and 
obtainetl information about those arnl other islands. He servel many years in the settlements at 
Kameliatka, Oliutorsk, and Ana<lyrsk. He recei\·ed the tonsure in 1717, and entered the convent 
at I,o,rnr Kamchatka. In 1720 he came to Yakutsk, where excellent reports of him were received 
from the local traders of Kamchatka., when the Yakubk authorities as well as Captain Bering 
soup;ht him out. 

On the 7th of June Lieutenant Spanl.Jerg left Yakutsk with 13 barges and 2041rnople. Wbi1e 
at Yakutsk Bering detached on special serYice tile noule lvau Shestakoff, who aftt>rward went to 
make war ou the Chukchis witl1 his uncle, At!rnasins Shestakoff, Hetman of Co&sacks. Chaplin's 
journal notes that he bought of the noble Ivan 11 oxen, for which he paid 44 rubles, or about $32. 

All the material and pro,·isions being started for Okhotsk, Bering himself departed for that 
plaee on tlw Hitlt of August, 17261 with Chaplin and others, leaving Lieutenant Chfrikoff bebiml 
to follow in the spring. The latter determined the latitude of Yakutsk as 62° 08' aml the varia· 
tiou of the compass 10 57' easterly. 

In tlte last days of March, 1;27, an epidemic of measles developed in Yakutsk, i;o severe that 
by the miudle of Apr(l every one was ill, wllere none hall been ill uefore. No such pestileuce bad 
been known for balf a ceutnry and uone such occurred for 4t> years afterward. 

~4-p1·il [Query, August'?] 29, 1736, there were forwarded to Okhotsk, ;JS oxen, ·1 cows, au<l 2 
pigs. "Okhotsk settlement,'' says Chaplin, "stands on the bank of tlle I'in~r Okhot:t and contains 
11 houses built of logs. The inhabit.ants subsist chiefly on the fishery, as grain is not grown. 
There are many tributary nativeB in the vici11ity of tlie place. The Lamuts call tlle Okhotsk Sea 
Lamo." 

By the !.l7th of October 278 horses with 54G sacks of :ftonr had arri;-cd at Okhotsk, less than 
half of those which bad been starteu from Yakutsk. Lieutenant Span berg (who bad started by 
water, i11 the hope to reach a laIJd-mark erected by the Siberian pioueer:,; uear the Yudoma Hiver, 
a crucifix: known as tile Cross of Yuuoma) was caught by frost near the moutlt of the Gorbeh 
River a long rlistance from his destination. Artisan Kozloff lost during his jonrney 24 horses, aml 
left their pack8 of flour at Yudorna Cross. The surgeon Jost 12 horses, and of 11 o:xeu only 1 
arri\·erl. ..Nor did the horses at Okhotsk fare better. Chaplin states that on the lltlt of Novem· 
ber, of the remaining horses 121 were dead. During November the party were all engaged in 
getting; out timber for houses. Ou the 19th there was an extraordinary bigh tide which flooded 
the 'IV bole town, the latter being situated ou a low gravel spit. During the whole month the wind 
blew from the north. On the 2d of December Captain Bering occupied a newly erected houl'ie. 

'l'he set.ting iu of winter found Spanl.Jerg in a barren and uninhabited J'egion where nothing 
could he }ll'Dcured. His party were obliged to proceed by land to Yudoma Cross and for food 
were rednc0(i to the greatest <~xtremity. On tlte 21st of December a I'eport from him was received 
to the effod that his party was on the roa<l wit.h 90 sledges, having left a mate and !) soldiers in 
charge of tlin hargcs; the next day 10 sledges of provisions, and twenty-four hours later 39 men 
with ~7 r;ledges, were dispatched to his relief. 

!17:.!7.] Early iu January, 1727, Spanberg arrived with 7 sledges at Okhotsk. On the 
14rh of Pchnmry a party with 7G sledges started to bring in Spanberg's goods, returning two 
week" later, and by the Gth of April most of the rna.terial had aI'l'iVell at Okhotsk. 

Towimls tbe end of April the clerk, Tnrchanino:ff', hecame insane-a rmw wbo until then had 
been trnl'ted by Bering with serious or dangerous duties witl1 perfect confidence. He was imme· 
diat<•ly pnt under a strong guard and sent to Yakutsk to be returned to St. Petersburg. 

In the month of June, 172i, everything being madl3 ready for transportation to Kamchatka, 
the newly built vessel, named the Fortuna, was launched June 8 at Okhotsk. Ou the 11th 
Lnzhin and the remaining goods arrivecl from Yudoma. Cross. Toward the end -0f the month the 
vessel ha.cl been rigged and loaded with cargo for Kamchatka. Chaplin determil!ed tho latitude 
of Okhotsk to be 590 13' N. 
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July 11 1727, Spanberg sitiled for the Bolshoia. River, Kamchatka, in the Fortuna. Two da,-s 
after Lieutenant Cbirikoff arrivml from Yakutsk with the goods which had been left there, 110 
horses and 200 sacks of flour in chf.l.rge of Quartermaster Borisoff. 

On the 10th a boat arrived from Boisheretsk belonging to the Treasury Department, and 
bringing two commissioners who had been sent out in 1725 to collect the Ka111cuatkan tribute. 
This was the same vessel which made the first voyage from Okhotsk to Kamchatka in 17 LG. 
Parties with additional supplies of flour, to the amount of about 600 sacks, arrived durin;,; this 
month and 50 oxen to supply salt beef for the cxpedi'tion. On the !20th a sergeant "ith reports 
for the Admiralty College was sent off." 

August 4 the old Yessel, having been repaired, was launched. On the 7th a high winll from 
the sea drove in a multitude of ducks wl11ch the whole expedition i;:et out to capture, briu~ing in 
3,000, while as many more escaped or were a.llowe<l to get away. On the 11th of the month Lien· 
tenant Spauberg, with the Fortuna, returned from Bolsberetsk. Augnst 19, li'..!7, the command 
went on boarcl the vessels, Bering and Spanberg on the Fo1·tzrna, Chirikoff and Chaplin on the ohl 
vessel, whoso name is not mentioned. On the 22d tht~:r set sail. The vessels kept company, and 
the notes which follow were taken by Chaplin on his own vessel. 

On the 29th they saw the coast of Kamchatka in latitude 5;P 151
; came to anchor and sent a 

boat for water to a river which was called Krutogoroff by those acquainted "ith the coa~t. 
On the 1st of September, in the afternoon, they "eighed anchor and stood to the southward. 

At 3 o'clock on the 2d they arrived at tho mouth of the Bolshoia River, and at 6 p. rn .. they 
were joined by the Jtortuna. It was highwater at 7:30, four hours and fifty-four minutes before 
the moon's transit over the meridian. The latitnde was 520 43' N. The difference of longitiule 
between Okhotsk and Bolslrnretsk was computed to be 130 43'. The place was ol>sern'd to be in 
latitude 52C> 45', aml the n1.riatiou was 100 !?8' easterly. At noon on the 6th of September, Beriug, 
Spanherg, and the surgeon went ashore and were followed by most of the party in small boats. On 
the 9th Lieutenant Chirikoff also left hi:,i Yc»scl for foe shore. Most of the monlh was employed 
in taking cargo in small boats up the river Bolshoia as far as possible to sani labor later ou. 
About the middle of the month Span berg left Bolsheretsk on his way to I.ower Kamc.IJ.atk:L settle· 
ment. 

There. were 17 houses at Bo1shere.tsk1 accordmg to Ohirikoff's journal. 
On the 6th of October the above-mentioned boats arrived at Lower ['! Upper] Kamchatka, • 

tlte only losses being 2 anchors ancl 8 sacks of flour. 
[1728.J Janum·y 4, 1728, 78 sledges of different goods aml the commander's baggnge set out 

for Upper Kamchatka settlement. Januar.r l'l, :Bering- himself, and his whole part.v followed. 
January 25 all arrived safely at Upper Kamchatka, a distance of 4SG \'erst;; from Bolsheretsk. 
This settlement of 17 hom1cs was situated ou the left bank of the Kamchatka River, aud priu· 
cipally occupied by tlie officers who collected the tribute and their employes. 

The set.tlemcnt of Upper Kamchatka, acconliug to Chirikoff's journal, contained 40 Russians. 
It is situated in latitude 5i0 28', and toe \c-ariation of the compass is 11° 3±' ertsterly. [Krasbi­
ninikoff wintered llere in 1738, when there were 22 Louses and 56 Russian re!'irleu t )(.] Here Be1·ing 
remained 'l weeks supervising the dispatch of goods ou sledges to I~ower Kamchatka, for which 
place he and the rest of his part.r startell ou the 2(1 of .March, arriving there safely 011 the l lth. 

The settlement was on the right bank of the Kamchatka River, and consistell of about 40 
houses, scattered along the bank for the distance of a verst. SeYen .. -ersts to the SE. by E. are the 
hot springs, where there was a church and 15 house.,;. Here Span berg· was recruiting, his !Jealth bB­
ing impaired. From Upper KaIUcllatka, to Luwer Kamchatka. the <1istance was regarde<l as 3!J7 
versts, so'that all the goods and material hatl been transported 85~'1 versts. 

"These <lispatches took nearly a. year to rPach tbcir destination. 
A not.e and abstra.ct in the archives of the Uni\'Ol'sity of Upsala, filed with 'Va.:iwhi chart of the e:x:pedit.irm of 1741, 

states that o.n the 28th of August, 1728, the .Admiralty College ordere<l that from the journals and charts sent hy 
Captain Bering a clmrt should be prepared showing his complete ruute, of whlch n11 al>stract follows, which st.ates 
that for that part of th~ journey beyond Okhotsk no report had a.t the time of writing been received. This note is 
neither dated or signed, bnt appears to be a. news-brief e>f the time to which it refers. 'I'he journiols, etc., are un­
doubtedly those above referred to. 
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On the 4th of April, 1728, all the party joined in !Jeginning tlie construction of the vess9I. 
Bering issued a b{)untiful allo\Vaace of wiue fo all harnl~. By ollservation the I.ttit111le (of Lower 
Kamclrntka} was found to be 5GO 10'. On tile 30th of l\fay Lientet1<tnt Ch1rikolf arrived with all 
the remaining people of the commaml. Iu March, April, and l\Ia~·, strong southerly gales were 
experienced. 

On the Hth of .Tune the newly lrnilt T"essel was dedicated and name<l the Gab;·iel, with re:igious 
services, aud successfully launclted. The commu.mler celehrated the occasion by the free distribu­
tion of two aml a half bnckets of wine. 

Un the 9th of .July all was pllt on board the vessel, arnl on the 13th, with all sail set, they left 
the mouth of the river Kamehatk<l an:l entered the seu.. The surveyor, r~uzhin, was left behiml un 
account of illness. [Ile was tlie man who ha(l been sent by Peter the Great, in 17Hl, to explore for 
gold the six: Kurile Islands.] Four soltliers were ahm left as a gnard for the barrac~ks awl stores. 

J,ieutenant Chirikoff says: "Below this place, near the mouth of the Kamchatka l{i\·er, on 
the coast, the point from which we took our departure was reckoned in longitm1e as the first 
meridian to whid1 it fa necessary to a<hl the differenr~e of longitude from St. Petersburg. Starting 
with tlrn longitnde obtaiuetl by the obsernition of an eclipse at Ilimsk, October 10, 1725, tbe sum 
of all the calm1Iated longitudes to this place (Lower Kamchatka.) is 12G0 01' 49"." 

"Tue respected Ubirikoff, in his statement of the longitude observed at I!imsk," says Bergh, 
"bas ma1le au important error. Obsern1tiou:-i of his on shipboard are much more accurate. llis 
journal of the ri\·er Yoyage from Tobohk to Ilimsk: makes the whole longitude ;3G0 44', which is 
admitted at present; the observation abo\"e mentione;l oaly 3oc:i U'. From correr~t o\Jservatiou,.;, or 
from the chart of Captain Cook between the position of K,1ruchatka Cape aml St. Petersburg, the 
total longitude is 13.'.P 31'> that of Cbirikoff only 12i;o OF, to which, if we add 60 31', we also ol>taiu 
1320 32'. Tltis 6° 31' is the difforence between the marine observations and tha,t of the cdipse at 
llimsk (p. 31). TL!ose who k11o;v h01v diffic11lt the obseryations of such phenomena. are will not 
give the less prai:se to our sea. navigator, Captain Ohirikoff, for the discrepancy between llis ohser· 
\ations and those made on board sLip." 

July U, 1728.-0aptain Beriug sailed southward for 24 hours in order to round tile K~irncl1atka 
Oape, which prqjects far ont into the sea. His calculations started frtJm the r~ower K:tmchatka 
meridian, aml the la ti tnd1~ alloptetl in the journal for the point of depttrture is 36'.J 03', with a, varia­

. tion of the com11ass of J :30 10' eastedy. 
July 13.-Clonil_y Wl'athPr, with little wind, so that at midnight only 18 miles had been made. 

From 3 o'dock: a. m. fog completely hi1l the shoro near which the vessel was sailing. At sunrise the 
variation of the compass was ohserved to be 14° 45' easterly. Tile total run for the day was 35 
miles EXE. 

July 16.-At uoou [from which the nautical day is calcnlatetl] tlie wind was fresh from the 
SS,V., awl the ves1wl was making fl~ lino rs an hour. At sunset the variation of tlrn compass was 
obsen·ed to be 113° 5H' easterlr. Ia the evoniug the wintl was light, the horizon foggy, and boar 
frost wa;;; note(l. In the morning the \':triation was o!Jserverl to IJe 16° 5!)' easterly . 

• Tufy 17.-\Vind light, weatlwr thick ;iu1l foggy . .A.t 6 p. m. white mountains were seen, cov­
ered with snow, revealing the proximity of tbe shore. flt is supposer! that this was Ozernoi Point.] 
Bt>;yond, directly to the north, land was seen [probably Ukinskoi Point, which on old charts is 
shown as mountainous and visible at a distanet', tl10ugh shown as lower on new maps]. 

,Juf.IJ 18.-0alm an<l hazy weather. Only 8 miles 11ortliing was made tl.Jis tlay. For foar lest 
they should aPI1roach Ul<inskoi Poiut too closely, the vesi;el stood for some hours to the SSE. antl 
ESI':. The latitude was ob:iern:-.11 to be ;)70 59', and the variation iso 48' H. 

J11ly 1~}.-Cloudy, calm 'IYPatheT. Only '..'.2 miles weTe made NB. by N. this day, but: Karagin­
skoi Island Wf!S seen by Bering, who notes driftwood 011 the shores and, though uncertain, sap-· 
posed H to be i11sular. 

J1dy 20, 172S.-Frcsl.J. wirids an<l fog. This day 92 milt0s were made NE. by B., and Kara­
ginskoi Poiut lwhichjuts out22 miles seaward] was rounded. 

duly 21.-Prcsh winds and fog. One hundrecl miles were nm tl1is day and numerous points 
of land seea to which Bering gave no name, r He ouly says in his journal, "saw mouutains OOV· 
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ered with snow; saw high mountains; saw separate mountains; saw mountains close to the sea." 
Chaplin says not a word about Oliutorskoi Bay, in which they sailed for 2+ hours.I 

July 2~.-Fresh winds and bazy weather. 'l'be course lay along tl.ie land about 15 miles 
from the high rocky mountains. One hundred miles was the day';;; ruu, and the latitude was 
observed to be ()(IO lG', the Yariation JGC 5{il easterly. '.fhe gain in latitude was computeu to be H 
miles. 

July 23.-:\foderate winds and hazy weather. The course lay along the shore at a <li.~tanee of 
about 20 miles. At smll'ise the \'ariation was 19° 37' B.; three hours later 25" 21' E. The course 
was NE. by N. ¥- N. (true) until 11 a. m., when the wind dietl away. Tlie whole shore along which 
they s;1ilerl was bordered by high mountains. One of them, which still retained snow in se-rnral 
places, was namerl Pestrovitlnoi (Harlequin) Mountain. Forty-eight miles were made good and tile 
latitude obserrnd to be 610 3'. 

July 24.-A.t noon the water was warm and pleasant; the vessel becalmed off the coa,st. lu 
the evm1ing the willll strengthened and bltJw in gusts from the mountains. 

July 25.-After noon rain witli a steong breeze, which lessened toward evening and was fol­
lowed b.f a lleav,\' sea. To the north they saw a prominent cape,. which im~jected from the high 
range of mountains. The latitude by ob:,;en·atiou was GP 32', which agree1l well with the ship's 
reckoning. The Yariation was 210 00' E . 

• July 26.-Wiu(l light, with clear weather. The >essel was coasting aloug }Jarallel with the 
shore under all sail, at a distance of about twenty miles. In the eveniug foey saw a bay 1,ving to 
the ~W. b.Y :X. (snppose1l by Bergh to be the estuary of the Khatirka Hivei:J. Eighty milPs were 
made good on this day, and the variatious ot' the compass were determined on two occasions as 
210 05' anil 210 10' easterly, respecti>el~·. 

July ~7, 1728.-Light changeable winds and bright sunshine. A cape w·as passed at a distance 
of 3 miles, the general trend of the coast parallel to the vessel's course being dist(int about 15 
miles. In this vicinity a river appears to enter the sea. Near the cape [St. Thaddeus} many whales, 
seals, walrus, and different bin.ls were seen. Soundings were had hereabouts in 'i'O to 87 fatuoms. 
During the calm weather many eatable fish were caught, of tlle salmon family. 

July 28.-Light wincls and rain. A current was observed to the SE. b.r S. of a knot an honr. 
Porpoises, whales, sea lious, walms, and birds were abundant. Umler all sail 30 miles N. by 1-V. 
were made. At noon the shore was distant about 15 miles, and high craggy mountairn; were 
observed close to the sea. 

July 29.-Variable winds and overcast foggy weather. The land which had hitherto bflen 
bordered by high mountains now appeared to be less elevated. Soundings were had in 12 fatl10ms, 
fine sand. 'l'hirt_y.four miles were made good to the NW. by N. this day. At midnight Captain 
Bering ordered the ves::;el laid to uutil daybreak, when slw proceeded along the land at a distance 
of a mile and a l.Jalf, the lieptJ1 being lOk fathoms. 

July 30.-0vercast weatlrnr and changeable wind. At fl p. m. raining; the shore being dis­
tant a mile and a half the vessel anchored in 12 fathoms, an(l Chaplin was sent to find a watering 
plat\e near which sheltered anchorage could be had. On re[;ching the shore he found neither a 
watering place nor a safe anchorage, t>oxcept perhaps at fiooll tide. The bay could be ascended 
only with difficulty, as the shoals were not visible. On Chaplin's return they weighc1l <lHchor 
and stood along the shore in about 14 fathoms water. 

July 31, 1728.-The whole day foggy and overcast. The shore to the NW. and NE. was 
occasionally visible. The vessel made 85 miles in a. NE. directiou. The depth of the water con­
tinued to be from 10 to 13 fathoms. Abollt noon they observed that the water began to be dis· 
colored and changed its appearance, which was explained by the appearanun, P\"Cr,nvhcre to the 
north, of 1antl which was very near by. 

A:ugut<t 1, 1728.-Dark, foggy weatltw, with rain, the wind gradualls rising. As they wen~ 
sailing only 3 miles from the high and rocky coast Bering maue all sail to the S. and S\V. 
to make an offiPg. Against the current the sails made nothing remarkable. At 2 in the 
morning tacked ship and carried away the iron traveler to which the l.>0om tackle was made fast. 
In the morning they calculated that they were 16 miles off shore, toward which tbes stood in 
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again. As the day was the Grmco·Russian festival of the Holy Cross, Bering garn that name to 
the bay in which they were, and called the river Bolshoia (Great) Uiver.* 

.Augiist 2.-Ualm overcast weather continued until 8 p. m. The depth was 58 fathoms, muddy 
bottom. At 8 a moderate hreeze sprang up and at midnight land was \'isible to the ENE., 5 
miles distant. The depth here, was 12 to 14 fathoms, stony bottom. At noon the latitude was 
observed to be G:;o 2:>' . 

.. iugust 3.-'Veather dark antl wind moderate. [Bering during two days had endeavored to 
find a harbor convenieIJt1y situated to a stream so that a supply of fresh wa.ter could be obtained, 
keepiug the vessel nmler sail; but it appears tliat he dill not succeed in bis design ::md gradually 
reached the southeast poiu t of entrance to the Bay.] Nothiug noteworthy occurrell this day. 

August 4.-0vercast weather and mouerate airs. Beyond the southeast poiut of entrance to 
Holy Cross Bay the vessel sai1ed parallel to a high rocky coast and made .36 miles to the ESE. 
Tlie depth was about 12 fathoms, grave1ly bottom. 

~lugust 5, 1728.-Calm and gloomy weat,her. The course and shore continued about the 
same. Nothing of importance occurred. 

August 6.-Moderate breeze and cloudy weather. From 1 to 9 o'clock carefol wa,tch was 
kept for any watering place, the stock on board having uecome reduced to a single cask. At G 
o'clock they approached high rocky monatains extending to the northward like a hi;,?;h wall. At 
a valley between tile mouutaius a small bay was discovered and anchorage had in 12 fathoms 
gravel. In lwnor of the church festival the bay was narne1l Preobrazhenia, or Transfiguration 
Bay. 

Aitgust 7.-At noon Chaplin was sent with 9 or 10 men to bring fresh water aml sketch the 
shore line. From a small mountain stream fed by the snow on t!Je peaks they obtained 22 casks 
of water. They also fouud an empty but, which appe:ued to ha>e been recently occu11ied by 
Chukchi. In mauy places foot pat us were noted. B~- seven the sketch of the bay was done [but 
no cop>· of it is now discoverable]. 

August 8.-W"ind moderate, weather cloudy. At noon weighed anchor and proceeded SE. by 
S. aluug tlte coast, which continue(I high autl rocky. A~ :> o'clouk a bay was observed, which 
exteu<led to the N~E. with a width of about 9 miles. At 7 o'c1ock a,. m. a canoe was seen pad­
dling toward the Rhip, containing 8 men. There were on tlrn ship two Kariak interpreters, who 
were directed to address the people in the canoe. Tile natin~s said they were Chukchi, and 
inquirecl wheuce and why the vessel came. Uaptain Bering told the interpreters to ask the 
natives to come to the ve8sel. After a good <leal of delay one of tlie men at last came swimming 
to the vessel on iutlate\l sealskius. TlH' Chukchi said that many of their nation lived along the 
coast, and that tliey had hearu of the Uussians a long time ago. Being asked where the .Anadyr 
River was, they replied a long way to the westward. On a fair day, at a narrow cape not far from 
them, the Chukchi said an i::iland would be visible near the uoast. ({eceiving a small gift from 
Captain Berfug the native returrwtl to his canoe. 'l.'l1e interpreters asked him to persuade uis 
companions to come np uear tl1e ,·,•ssel. They approachell for a 8hort time, then made off again. 
The interpreters said that there was 11111c:h <liffer·ence betweeu the Kariak dialect and that of these 
Chukchi, so that they were not able to get from them all tlrn inforirnition that would have been 
dP.sirable. The Chukchi cauoe was ma(le of skins. Tlie latitude of the place where they saw these 
Cliukcbis was 640 41'. 

August 9.-Calm, cloudy weather. They were all <lay getting round the Chukchi Cape, and 
sailed only 3.:i miles on variou:-; courses. Two observations gave the variation of the compass as 
2()0 ;)1'' arnl :.W0 J4' easterly, respet;tively. Tltc la~itude w::.s observecl at noon to be 64010'. 

A 11gu11t 10.-Calm, clear weather. All thi8 day working round the Chukchi Cape. Though 
fi:! milt's were sailed on vanons courses, only 8 miles of latitude were gained, and at noon the lati· 
tud(• \vas GJO 18'. 

• Bergh, from plattin!-( Bering's track, came to the conclusion that the Holy Cros~ Bav of Bering was the gulf 
which lie~ west. and northwest from C;ope Bering, and that the Bolshoia River wa" that which enters the sea a.t 
l~utltler Bay. This is mi<rr<preserrted on La.uridsen's so-called reproduction of Bergh's ma.p. \Vitbont the origi,nal 
log book it is impossib!t1 to test this theory, but it is ct\rta.inlynwre in acoordanee with some of the faet&now known 
tbau th~ supp<>sition that Bering entered the sba.llow estuary now known as Holy Cross Bay, although the latter is 
repr.,stmted ou llering's chart. 
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August 11.-Cloudy weather, with light winds. At ~ p. m. the above-mentioned islaud was 
observed to the SSK, ;vhich Bering, iu houor of tile saint of the day, named St. Ln,wrence. At 
7 p. m. land was seen SK :? E., part of the islantl previously seen, and which lay from the Gabriel 
south and east about 4} miles. At noon ending this day the latit.ude was reckoned a.t 64° :!0'. 
The depth lrntwecn St. La.wrence lsla.ntl a.ml the Chukchi Cape ranged from 1~1 to 21 fathoms. 

~4.ugust 12.-Thick weather and moderate wind. Sixty-nine miles were sailed thi!:5 day, bnt 
only 21 1 of latitude gai11e1l. The narrow point (now known as Cape CLaplin or Iudian Point) 
whicit makes out north from the Chukchi Cape wa,s passetl. Ar sunset, by an observation of 
amplitude, the variation wa.~ determined to be 2.>0 ;)[' E. A.t 110011 the latitude by observation was 
640 09'. 

Au.gust 13, 1728.-Presb. wiud, clotHly weather. Bering sailed this 24c hours out of sight of 
land, and ma.de 78' of latitu1lo while sailing 94 miles. 

August 14.-Light wind, moderate weather. Sailed this day :!9 miles, which was augmented 
by current S]i- miles, as meutione(l by Bering, from SSE. to NNW. "At noon," says Chaplin, "we 
saw high laud behind us, and also alJout 3 o'clock saw high mountains~ which were pr·obabiy on the 
continent." At noon the latitude was reckoned at 660 411• 

August 15.-Light wind, cloudy weathei·. At noon saw many whales. Since the 12th of Aug· 
ust the sea water had been discoloretl, the depth, 23 to 36 fatlioms. Sailed 158 miles this day, to 
which the current added 8~ more. 

Augitst 16.-IJight wind, cloudy weather. From Hoon to 3 p. m. sailed to the NE., making 7 
miles. Then the course was change;} to S. byW. ~ \V. The journals of both Chirik:off and Chaplin 
say, ''at 3 o'clock Captain Beriug announcerl that it was necessary for him, in spite of his instruc­

tions, to return and put the vessel about, with orders to steer S. by SE. b.Y compass.'' The latitude 
of the point froru which Bering turned back was 678 18', and it was reckoned to be 3!P 17' E. 
from Lower Kamchatka. According to Bergh, who does not give the exact language of tlie jour­
nal, there was a fresh wind, anrl the vessel made over 7 knots an hour on her southerly counie. 
At!) a. m. they saw high mountains on the starboard (right) hand, ''on whiclJ/' says Chaplin," lin• 
Cl.mkchis," and later to seaward (on the left hand) au island. According to Bergb, Bering namet1 
this island St. Diomede, in honor of the saint of the day, as was customary.* This day 115 miles 
were sailed, and tlie latitude was reckonetl at GG0 02'. 

Augnst 17, 1728.-Fre.sh wind and moderate weather. The course was parallel to the land, on 
which numerous natives were seen and at two places dwellings v1ere obsern'\d. 'l'he Chukchi 
were seen from the vessel to ruu to the high rocky hills. At 3 p. m. very high gusts were felt com­
ing from the highland and mountains, from which lowlands made out1 in which a small bay wa,., 
observed. This day 164 miles were sailed, and the latitude was observed to be 6JP :!7'. 

A·ugust 18.-Light wincl and clear weatlier. At noon many whales were seen. At J o'clock a 
bay was seen navigable and affording shelter. .At sunset the variation of tb.e compa~s w~ts olJserved 
by amplitude ohsen'a.tions to be 2G0 20' easterly, and afterwar1ls by azimuth 2-;-r:i 02'. At midnigl1t 
the weather was clear, the moon was visible, and later there was an auroni.. At;'.) a. m. St. Law­
rence Tsl:tncl was seen 20 miles ENE. The fatit;ude was reckonetl to be 640 10'. 

A11.r1ust 19.-Light wind and moderate weather. This <lay was spent near the Chukchi Cape, 
but owiug to the fog the coa.st was invisible. The latitude was computed to be G-F ;)5'. 

Aupu.~t 20.-Ca.lm and foggy. From midnight to 5 o'clock the we;ither was so thick that the 
vessel wa.s la.ill to and the sails taken iu. At G a. rn. soumled in 21 ·fathoms. At .s a. m. tl1e 
weather cleared up a little, and tho coast was seeu half a, mile away. A light wind arose from the 
north, and the fore aml main sails were set. At 10 a. m. they set the topsail and took nott' of the 
direction of the coast, observing that behind them it extended to the ea.st an<l beyond tlH'lll to the 
W. by N., when 4 canoes eame offt-0 them from tho sliore, and the vessel fay to drifting, t.o enable 
thelll to oome up. The natives iu the boats we~·o Cbukchis, and appeared good lrnmore.d and well 
behaved. They came up to the vessel, aud told the interpl'eters that they hacl been aeqtlainted 
with the Rnssiaus for a long time, and one of th()m claimed to have visited the Anadyrsk trading post. 
They said that they traveled as far as the Kolyma. River with reindeer, arnl that they never trav· 
---- ------------------ ----·----- . ---· -~- -

•On the only published chart which is claimed to have pwceeded directly from Bering in person this island is 
nured St. Dffiletrim. 
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ele<l there by sea. The Anadyr ltiver was situated far to tlrn soutlnrnrd, and all aloug the coast 
lived people of the Chukchi nation; they knew nothing of any others. 'l'he nat[ves brought, rein­
deer meat, fisL, fresh water, red aud Arctic foxes, and four walrus teetL, which they traded. 'rhis 
day were sailed 37 mile:,;; the latitude was estimatecl to be u4° :2:0'. 

A ngust :n, 1728.-Fresh wiud and moderate weatlier. Sailed this day mo miles SW. t \V ., 
and at noon saw Preobrazhenia Bay, where they had anchored August G, beal'illg N. by w_ about 
7 miles. • 

A11gust 22.-Fresh wind and moderate weather. Au azimuth ohservatio11 made tlw \·ariatiou 
20° easterly. Saw and named Cape Thaddeus (Xavarin) at a distance of :!5 miles bearing \V, by 
S. This <lay sailed 142 miles and observed the latitude to he GF 34' . 

• 1ugust 23.-Calm and clear. By amplitude the variation of the eompa:ss was obise1Te1l to ue 
18° 40' easterly. The latitude was ob;;enTed 'to lJe ol 0 ,14', the lliffereuce bet weeIJ the n•ekoning 
arnl observation beiug due to :t current to the NE. by E.: 3;) miles were sailed this day. 

Aiigu.~t 24'.-Calm, cl!-'ar Wf'ather_ All day the shore was visihle at about 15 mile:.; distallt_ 
Tlle day's run was only 20 miles, aud the variation of the compass 1:~0 53' easterly. 

August 25.-High winds and gloomy weather. The run was only 04 miles, aJl(l the obserYed 
latitude 610 20', differing widely from the reckoning-. 

August 2G.-Clear, with a fresh breeze. The run was 105 mil'es, and the ob;;erve<l latitude 600 
18'; the calculated latitmle 60'=' 22', and by amplitude and azimuth the variation was found to be 
1so ,32' and 18'=' 15', respectively. 

August 2i.-Clear, witlt fre8h wind. The vessel made 5 to 7 knots, and once, at night, !I knots 
were reported. From midnight to the following noon the weather was thick with rain an<l no 
observations were made. 

A.ugust 28, 1728.-Cloudy, with fresh wind. The da;r's run wa8 98 miles; the observed latitude 
570 40', the reckoning 570 49'; the difference was ascribed to a SE. if; E. current. 

~tugust 29.-Calm and clear. The variation of the compass was lu0 27', the observetl latitude 
570 ::ki', a.nd the day's run 5! miles. 

Augu.st 30.-Fresh wind and clear weather. The day's run was 100 miles. No land had been 
seen since the 2-!th iustaut. The estimated position was latitude uu0 3;J' aml longitude 1 o 38' E. 
of tbe meridian of Lower Kamchatka. 

August 31.-·High wind and dark weather. At 4 o'clock the coast was seen 'YS\V. throngh 
the fog at a distance of 3 miles or less. The direction of the land was SE. by S. and N. b;I' "\V., 
and the fore-topsail was furled, the fore and mainsails reefed, which was not soou or easily doue, 
owing to the strength of the wind. At this time tliio Yessel was within half a mile of the shore, 
which offered no shelter, being bold, rocky and high. Until 10 o'clock they worked ag::ii11st the 
headwind to gain sea room. At 10 p. m. the fore and main halyards gave was aurl the sails fell, 
becoming entangled with the rigging. On account of the high isea the rigging conld not bP slack· 
enrnl up. so they were ouliged to let go the anchor iu abont 21 fathoms, a mil0 or Jess from the 
shon•. Tiley workPc1 with grPat l1itl:iculty to clear the rigging and repair damage,.; until 11oon, when 
they w .. n• ready to get nrnler way again. The day's run was 32 miles to the SvV. 

September 1, 1728.-\Yiml moderate, weather gloomy_ At 1 o'clock Bering or;lered the anclior 
weighed. \\~ith much trouble they got in a fC\Y fathoms of the eable, when it parted aud was lost. 
Sail was made at once to the SSE. 

September :;l.-\Yeather rnoderaU• uml wind frel-ili. At 5 p. m. the Yessel eutered the Gulf of 
Kamchatka, but on account of fog wais unab1e to reach the mouth of the river until 7 a. m., when 
they entered the river, furled all sail aud anchored the vessel securely. A current was uotcd oft 
the month of the i·iver running 10 knots au hour to the S\V. tr S. 

[Iu the mouth of the rin>r was anc110red the old ship Fortnna from Okl10tsk, hut the journal 
says nothing :ts to how she reached the river, or who commanded her on the voyage around the 
penirnm1a of Kamchatka, which she was the first to make.] 

The wiute1· wa::> passed by Bering and his party at Lower Kamchatka without notable incident 
except the annou11e('lllent of the death of the Emperor Peter II, which news was received seventeen 
months after the c,-ent. Iu the spring Bering put the two vessels into condition for serviee and 
assigned to the Gabriel 35 men and 4 officers, and to th_e Fortuna 5 officers and 7 men, who are not 
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more particularly identified. On the .ii'st of June their arrangements were complete. Owing to the 
impre..~sion which prevailed in Kamchatka that land existed in the eastward across tile sea now 
known as Bering Sea, a belief which was supported by the statements of the Chukchi and other 
circumstantial evidence, Bering decided to make an attempt to im-estigate the matter before return­
ing finally to Okhotsk. The following extracts from Chaplin's journal arc dcri\'cu from the publi­
cation already drawn upon for the data in relation to the voyage of 17!:!8: 

June 6, 1729.-Light wind and cloml.y weather. Bering sailed from the mouth of the Kam­
chatka. Hh-er and, taking his departure from Cape Kamchatka, sailed E. by S. 

June 7, 1729.-Light wind, clear weather, and sea eoming from the ~NE. ::S-o observations were 
taken this tlay, hut the latitude was calcnlated to be 550 37' and the longitutle 2::i :.n1 east from Lower 
Kamchatka. 

June S.-Gloomy weather and. strong wiud from the XXW. The ,·essel lay to under the main­
sail all day, drifring about five points. At noon the latitude was estimated to be 55c :3:!' and the 
longitude 4° 07 1 cast from Lower Kamchatka . 

• June 0.-Gloorny weather and strong wind. Bering sailed 2 miles further on an ESE. course 
and then tacked and stood SW. by vV. Up to this time, on tue search for lamL i11 all the run 
amounted to 114 miles. From the time of abandoning the search to the following uoon tile run was 
150 miles. The coast of Kamchatka was seen in tl!e morning. At noon the latitude was obsen-ed 
to be 540 40'. 

June 10.-Light wind aud cloudy weather. AU day tile vessel sailed in sight of tlle coast and 
at midnight the wind failed entirely, tlie whole run ::tmounting to ouly ,35 miles. By an am1ilitude 
obsen·ation the v-ariation of the compass was determined to Ile 110 501 to the eastward, and the 
obsen·ed latitude Wf\s 5-P 07'. 

June 11.-I.,igbt wind and clear weather. The mountains called Kronokakh and Zhupanoff 
wer(l seen and also the Avatclrn volcano. All this day sailed i11 sight of tile laud, at a distance of 
from 6 to 10 miles. By azimutlt and amplitude the Yariation of the compass was fou11d to be sc· 31' 
and so 461 easterly, respectively. The observed latitude was 53° 131

• ·• J<rom this time forward up 
to the 20th mstant,n Chaplin observes, "\·ariable cnrrents were obsern~rl near tLw shore ranging 
between :,;onth aml west, and offshore between sontil nnd east." 

June 1::!.-Clear weather tttHl light winds. At midnight tile wind became high aud in 'the 
morning· it was foggy. lVIade in all 42 miles sailinr; in sight of the coast, including 1:! miles due to 
current, to the SE. by E. :l E. 

,June 13.-Light wind and thick fog in the morning. The vessel was turned about 1.Jy the cur­
rent ou three occasions. The run was 3! miles, inclnding current . 

• June 14, 1729.-Gloomy weather with rain and little wind. The cnrreut was exceptionally 
strong and the course~ various. Tile estimated latitude was 5:!0 58'. 

June 15.-i\Ioderate wiu<l and dark weather. Tue vessel (]rifted most of the time aud made 
about 12 miles on account of the current. 

June 16.-Gloomy weather and light wind. The nm was 38 miles, including ~ miles gained by 
current to the SE. by E. ~ E. The weather was so thick that tlie shore was not Yisible. Tlie esti­
mated lat!tnde was 510 59'. 

June 17.-Calm, thick weather. The coast was bi<idcn by fog and the nm was :!'j miles. 
Jnne 18.-Uloudy weather and moderate SW. wind. The Yessel stood to tlte XW. Tilt• ohseffed 

latitude was 52° 14', or 24 miles more northerly than the n:>ckoning·. 
Jmie 10.-Fresil wind from tlw SSW. witll rain. ThP \•essel steered X. lJ~· E. and at noon saw 

Zhupiwotr Mountain at a distance of ~5 miles. 
,June 20.-Fresh southerly winds aud dark foggy weather. The vessel stood to thti SK h;y E., 

•and at noon her latitude was 340 04'. 
,firne 21.-,Vind moderate or light and thick weather. The run was 20 miles "XE. by E., with 

8 miles \Vesterly carrent. The estimated latitude was 5-!016 1
• 

Jmie 22.-Foggy weather, and in the morning light wind, with a heavy sea from the S,V,, fol· 
lowed by a strong south.erly wind, during which the vessel lay to under bare poles, making a urift 
of about 4 miles westerly, in all about 8 miles WNW. 

B.Ex. 80-49 
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June 23.-Clea.r weather and light SSW. wind. By observation at sunset and sunrise the 
variation of the compass was determined to be 11° 501 and 100 47' easterly. At noon the coast 
was seen 13 miles NN\V., the latitude was observed to be 54° 12', and the run 28 miles iv. by S. 

Jmie :l4.-Weather clear, witl.J :t light SSW. wind. The run was in sight of the coast, 30 
miles W. by "N., and the (~stimate.d latitude 540 15'. 

,Tune 25.-Light ain; from the SE. and SSW., with rain. The course was S. hy \V. 26 miles. 
in sight of land, and thl~ obserrntl latitmlc 53° 53'. 

June 2G.-:;\<foderate wind with occasional cloudy sky. At noon the Avatclrn volcano bore 
W. ~ S., 20 miles distirnt. No latitude was observed . 

• Jime 27, 17'.W.~Clear weather, with fresh wind and high sea from the westward. The run 
was 90 miles ssw·. and the observed latitude 5;p 03'. 

June 28, 1729.-Clear, with light winds. At 5 a. m. saw tlw sLore, distant about 5 miles. 'l'he 
observed latitude was 520 01' and the '"°ariation 7° 42' easterly. 

Jwie 29.-Clear and calm. 'rhe rnn was 17 miles NW. bs W., with the laurl in sight. 'l'he 
estimated latitude was 520 06'. 

June 30.-Clear, with moderate wiucl. The run was along the land SW. by S., aud the esti· 
mated latitude 51 o 3&'. 

July 1.-Thick weather and moderate wind. At noon Capti Lopatka bore NV1t. by N., and a 
shoal extended seaward from it about a verst. 

Jttly 2.-Fine weather and moderate wind. 'l'he northernmost Kurile Island, Alaida, was 
seen [which Chaplin states on old charts was named AnfinogenaJ. A high mountain was seen 
bearing SW. by S. :l S. The run this day was 70 miles N. 2° 55 1 ,V., the variation 110 easterly, 
aud the latitude 52° 18'. 

July 3.-At 5 o'clock in the afternoon the vessel entered the Bolshoia Uiver mouth and came 
to auchor. The Fortuna aml an older vessel were already there. The party were occupiecl witll 
the transfer of stores and ot1ler business preparatory to <leparting for Okhotsk. 

[Hering made the difference of longitude between Bolclleretsk and Lower Kamchatka equal 
to 60 29'. According to Bergh, Chaplin states in his journal that the difforence of longitude 
between Okhotsk and Bolsheretsk was computed on the first voyage to be 130 431 arnl on the 
return 13° 14'. 

SUBSEQUENT PROCEEDINGS. 

On the 14th of .July, ha\·ing been. rejoinetl by Lieutenant Spauberg, Bering i,;ailed for 
Okhotsk, where he arrived on the 23d of the month. The party celebrated their return by firing 
a salute of 51 guns, \Vhicll was repeated from the shore. The vessel was beached aud dismantled. 

On the 29th of July Bering started by land with horses for the Cross of Yudouia. Ou the 
journey be met Afanasius Shestakoff, Hetman of Cossacks, who was on his way to open the 
Chukchi country by force of arms, and who was, in l\larch of the following year, routed and killed 
near Pe11jinsk Gulf by a body of natives commanded by their chief, Slielagin, whose name is appro· 
priately preserved to posterity on charts of the .A.retie coast of bis country, through the medium of 
the Shelaginskoi Cape, in latitude 700 N. 

Bering reached Yakutsk, August 29, 1729, and Tobolsk in October, where he remained some 
time, finally reaching St. Petersburg March 1, 1730. 

Chaplin, whose journal has, through the medit1m of Bergh, preserved many facts in regard to 
this remarkable expedition, was recorded in 1723 as one of the most promising mwal cadets. On 
joining the expedition he was made midshipman; on their return, in 1729, promoted to be sub­
lieutenant, and in 1733 to be lieutenant. He is said to have died at Arcliangel, in Russia, in 1764, 
having attained the rank of Captain· Commander. The joumal itself, with many other documents,• 
is deposited in the arcbh'es of the Naval College of the Admiralty in St. Petersburg. 

In oruer that the differences of calendar and account, and the errors of previous pnblica.tions 
may lie more easily avoided, I add a carefully corrected itinerary of the expedition reduced. to the 
modern dates. In some cases, where the authorities are discrepant, I have adopted the date 
which from all the circumstances seems most probably correct. 
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Itinerary of Bering's E:xprdition, reduced to net<' slyle and civil actount. 

I 725. 

Advance party under Chirikoff left St. l'etcfol>urg__ Feb. 4. 
Bering followed ____________ .. _____________ Fel: 1G· 

Bering ar~ived at Tobolsk ______ ----------------~'>bi-. 27. 

Bering left Tobolsk ------ _ ------------------ __ '.'lb)· 26. 

Chaplin, 'Yith advance guar<l~ reached Yakutsk ____ , s~pt. 17. 

Bering and n1ain body reached Ili1n~h ________ " Oct. 10. 

Chirikoff observed eclipse c.f _the moon at llirnsk_ Oct. 21. 

1726. 

Bering an-i\'ed at Yaku: ,]-; June I 2. 

Sp:inbc1·g, with flotilla, left Yakutsk_____ _ _ _ _ _ _ __ June I 8. 

Chirikoft, with rearguard, reached Yakubk ______ :June :;q. 

Bering left Yo.kut;k for Okhotsk ________________ : Aug. 27. 

Bering reached Okhot~L __ . __________________ -·, Oct. 11. 

Provision trains arrived ________________________ _ :\ov. 7. 

I72i. 
Sp:mberg reached Okhotsk_ Jan. 12. 

\"essel Fortu>rn launched at Okhotsk ____________ : June 19. 

Spanberg sailed with Fo1·tuna for Kamchatka _____ Jc;ly 11. 

Chirikoffnrrived at Okl10tsk _____________________ July q. 

Spanberg returned with the Z,;1rtuua to Okbot5k ___ ; Aug. 22. 

The expedition left Okhotsk for Kamchatka _______ : Sept. I. 

They arrived at tl1e mouth of Bolshoia River____ Sept. IJ. 

They reached the settlement of Bolsheretsk_ ------ Sept. 15. 

Sponberg started for Lower Kamchettka. post_ .. __ Sept. 20. 

Spanberg arrived at Lower Kamchatka-------- Oct. 17. 

1728. 

Bering left Ilolsheretsk ------------------------' Jan. 24. 
Bering reached Upper Kamchatka village ________ : Feb. 6. 

Eclipse of the moon visible in Kamchatka ________ 1 Feb. 25. 

Bering left Middle for Lower K:imchatka _________ ; !\far. r3. 

Bering arrived at Lower Kamchatka ______________ :\far. 22. 

Construction of the vessel Gabrielbeg11n __________ , Apr. 15. 

The Gafwiellaunched ________________________ )June 20. 

The Gabriel put in commission-----------·---·--/ July 20. 

The expedition put to sea in the Gabriel ________ _j July 24. 

1728. 

S.:iw Cape [aftcr1Y:nd nam"d Thaddeus]---------- Aug. 6. 
Sailed in Holy Cro,, l3aY uf lleri:"ig ______________ Aug.ro-13. 

Entered Prco!,ra7henin. Bay------------------- Actg. 16. 

:'\let b::iidar with Chukchi---·---·------------- Aug. 19. 

""er<O offl'.hukot,ki Cape--------------------- Aug.20-21, 

Saw :::.t. La\Yrcnce Jsbnd ---~--- -------------- }\_ug. 21. 

The expeclitiun pct»ecl Capcc Ck1plin __ --------- Aug. 23. 

rassea East Ca.pc in th~ fu~ ·wifr1('1~L SC't.•i11g it, and 

l:'~tt:r in the day s:iw "high land lJehi:Hl" them 

:1_nd n10~1ntains '"un th~~ corit~n~nt '' ____ A_ug. 25. 
Re::lchell their farthest nurth and turned b:ick ____ ' _,\ug. 26. 

Sa1Y Eac;t Cape unJ the larger Diomede Island ____ Aug. 27. 

l 1a.~.c-.-cd St. Lzrwrence Bay and :!\Ied1igrne ---- ____ Aug, 28. 

~aw ~t. Lawrence I::.,land a;ain ----------------- .. Aug. 29. 
Koundecl Clrnkotski Cape _____________________ .\ug. 30. 

::-:..:J.\\' lour bai<lars with notiyc.:; ----------------- ,' .Aug. 3r. 

S:1vr Prenhra.z11en1:! lhy --------·--·------ ____ .Aug. 3r~ 

Saw again an.! no"- nCtmecl Cape St. Thaddeus ___ ! Sept. I. 

..Anchored awl roJ~ out storm_ _ ____________ i S£pt. I I. 

Reachecl th.: n-wuth of the l~::un2hatka H.iver _____ '. ~cpt. 13. 

Entered the rin!rancl ended the voyage _________ : Sept. 14. 

1;29. 
Total tdip:-:.t· of 1h~ n1onn~ vi::ii1J1e in tbis region ___ FeL. 13. 
Bering put tos-ea in sean:hoflanLl ______________ June 16. 

1'he se.:irch was given up ______________ ... _____ " i 

The ,-essel rounded Cape Lopn1ka ______________ 1 

Arri1·ecl at Bolsheretsk ____ ------------------· 

SRilecl for Okhot;k from Bolsheretsk_ -·----------

ArriYerl at Okhotsk ___ ------------------------

llering started hnrnewCinl from Okhotsk ____ _ 

June r9. 

July ii. 
July 14. 

July 25. 
Aug.~. 

.Aug. 9. 
Reached Yakutsk ___________________________ ., Sept. 9-

Reachecl the Lena Ri,·er.------~---------- .. ____ ; Oct 12. 

1_· 

I730. 

Reached Tobolsk ________ --------------------!Jan. 2r. 

Arrived at St. Petersburg-------·------------_! '.lfar.12. 
\ 

NOTES ON THE :MANUSCRIPT CHART [Illustration No. 69] OP BERING'S EXPEDITION OP 
1725-'30, BELONGING TO THE COLLECTION OF BARON ROBERT KLINCKOFSTROM. STAF­
SUND, SWEDEN. 

In the article in the National Geographic Magazine, already referred to, l have girnn a sum­
mary of existing information in regard to the cartogrnphic results of Bering's first linmchatka 
expedition. We may infer from the facts known to us that a rough chart of the land journey was 
made from day to day and also, when practicable, during the i:w·a voyage, and tlmt with the 
monthly report to the Admiralty College, which was required by his im;tructionR, copies of these 
rough sketches were forwarded when opportunity served. Bering had two professional cartog­
raphers beside Chirikoff and Chaplin, educated Naval surveyors. After his return to Kamchatka 
be wintered at the settlement near the mouth of the river known as Lower Kamchatka and during 
this time, without doubt, supervised the preparation of a chart of the voyage as well as his report. 
He returned to St. Petersburg in March, 1730, bringing a chart with him. It is probable that 
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tracings of this chart and brief abstracts of bis i·eport were sent out as matters of news, as the 
custom then was, and oue of these sketches was published b.r tlle Jesuit father Du Halde as an 
appendix to his monumental work on the history and geography of Chiua. ,\.11 the copies, even of 
this simple sketch ou a >cry small scale, which were printed before 174~ were more or less imper­
fect, but what seems to be a complete rendering of it appears in Campbell's edition of Harris's 
collection of voyages in 17 48. 'rl.1is was rt small engra>iug on copper measuring a bout 12·5 by 32·0 
centimetres on the neat lines. After Bering's arriYal in St. Petersburg it is probable that a gen­
eral recomputation rwrl revision of his data was made, and we are informed by La.uridseu that the 
charts (wllich we may regard a.s official and fiual) w-ere prepared at Moscow in 1731. These were 
much more elaborate and detailed chart;;, with ethnological, topographic, b_vclrographic, and mag­
netic details upon them which arc eutirely wanting in the earlier maps. This map, tl10ugh a 
number of copies must have beeu sent ont, was ne\·er engraved or published. Other geographers 
may and probably did use data compiled from it, hut the map, as a whole, never appeared in print. 
The remarkable results of the great Siberian expedition, of which Bering was the executive officer, 
may have drawn attention away from the earlier work. \VhateYer the reason, until now, this 
document so interesting from its bearing on the geographical histor,y of Amerim• arnl the progress 
of discon:ry, a.ud not without attractions for the stmlent of terrestrial magnetism, is now for the 
first time prcseutecl to the public. 

The title, enshrined in a flue oruamental escutcheon, reads in translation: 
Geographic chart from Tobols.~ to tlie Chukchi [Cap"], marie d11ring tlie Siberian E.rJH'difion undel' tlie comma11d of Fleet­

Captain [a 1>1:1nk space]. 

The blank space with which this inscription terminates was intended to receive the autograph 
of Bering, which for sollle reason was not appentle<l; thougll, in at least one of the other copies 
known, it is present. 

This copy was evidently prepared for use in Sweden. The Russian words mul names are 
(rather badly) transliterated into their supposed phonetic equh,alents in .Roman or Italic letters. 
Under explanatory remarks, thus transliterated, is a rendering of them in archaic Swedish. 

At the northwestern angle of Chukchi-laud is a legend stating that "this region is called Shela­
gin's." SheJagin was the Chukchi leader, who, shortly after Bering's expedition in 1730, defeated 
the Uussian forces in a pitched battle and killed Shestakoff, their commander. Sbelagin's uame is 
retained in modern maps !Jy the northernmost point of Siberia east from the Kolyma l{iver, Cape 
Shelaginski, sometimes shortened to Shelagskoi. 

The northern coast of Chukchi-land bas a note to the effect that "'This land is put down from 
older cllarts and information," so that for the erroneous extension northward of a part of it neither 
Bering uor .Miiiler are JJ1arnab1e. 

The high range of mountains along the eastern shore of Kamcliat;ka carries the following note: 
"On these mountains the snows lie in summer and winter, and from them there are violent squalls 
or gusts of wind." 

On the northern iiart of Kamchatka peninsula is written, "Here live tributary Kamchadals 
speaking several dialects." 

In the northern part of the Okhotsk Sea, beginning at the river Okhota, it is stated~ "From 
this river around to the river Krutogorova is put down from older cbarts and information." In the 
south-western part of the same sea, "This coast is according to older maps." 

At Cape Lopatka, here called Osnoi (which is a corruption of Osernoi in reference to the lake 
Oser, just behind it; or, more probably, of U zhnoi, meaning southern), it is noted this is tbe "south· 
ern poiut of the laucl of Kamchatka." 

Elsewhere ou the map arc phrases evidently derived from Bering's Report, as near Okhotsk, 
'' Hereabout:s live the trilmtary reindeer Tunguses," and "These hereabouts are Lamuts." Farther 
west" From tile 1frer Vitim and on the banks of the rivers [eastwarcll beyond live the so·<..~lled 
Yakuts arn:J. Tnngnses, who paj· tribute to the Russian Crown." 

'l'ho whereabouts and religious state of various other tribes are indicated by similar inscrip· 
tions at various points on the western part of the map. 

'l:his map measures 51 by 20~ inches between the neat lines. It is in black and white, the 
mountains washed iu, the only color being small green trees as a conventional sign for wooded 
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country. There is no name of draughtsman or place or 1late of making. The geographical part 
has been made with an ink which has turned brown with age. The ornamental escntcbeon was 
drawn by a different hand in anotller kind of iuk whicll bas retained itl'i eolol'. 

There aee t~ro manuscript maps in tbe Royal archiYes of Sweden of this gcueral elrnracter, 
which have been hriefly noticed by .E. Dahlgren.• They are more elegantly nnd profusely orna­
mented and differ slightly in names, and one has a number of souucliugs between St. Lawrence 
Island and the Diomede Islands. The~· are of the same size and douhtless were made at the same 
time as tlrn Klinckofotrom chart, bnt, being intended for au exalted personage, were mor<' highly 
ornamented. 

TLc geographical peculiarities of this, as compared with otller charts of the tirst yoyage of 
Bering, are discussed in the Xational Geographic :'.\iagazine (YoL. u, No. 2, 1890) as previously 
mentioned, and to that paper is referred Urn reader who desires fuller and more tecllnical details. 

It is only just to call attention to the liberality of Baron Klinckof.striim in permitting this val. 
uable relic to go heyond the seas for the information and accomrnodatiou of Ameriean students of 
geography, and to express for tl1is courtesy onr sineere gratitude. 

NOTES ON THE ORIGINAL CHART BY WAXEL OF THE VOYAGE OF BERING IN 1741. 
fll111str11tion No. 10. J 

Lieut. Sven \Vaxel, executive officer of Bering's vessel, was a Swede in the Hussian service. 
In June, 1741, he sailed from Avaeha Bay in the ship St. Peter. Later on in the voyage, as the 
scurvy with which they were scourged rednced the commander, Bering, to suul.t a state that he was 
obliged to take to his !Jed, \Vaxel practically commandeQ the vessel. After their return from the 
island. named after Bering, who died. and was buried upon it, \Va.xel was senior officer, and when 
the forces of i.he expedition were gathered at Tomsk in Siberia, where tl1ey remainetl until 1745, 
according to Lauridsen, Waxel for a time was in general command. 

The manuscript chart, of wl1ich the accompanying outline is a fa.cE-imile, is supposed. to have 
been made for \Vaxel's own use l.>y some draughtsman nnder his supervision, or from his own notes, 
RO that it represents what were to him the geographical rnsults of the >o;yage of the Bt. Peter. 
The results obtained by Chirikoff on the St. Paul, which early in the voyage became separated 
from the St. Peter, were of course different, and to some extent discrepant. 'l'he attempt to combine 
these two discrepant charts has made the charts of 1\fiiller and otherR muell more confused and 
confusing than either of t.hc odginals would have hcen separately. 

The opportunity of examining this valuable historical relic is due to the liberality of the 
authorities of the Uni\'ersity of Upsala, Sweden, of whose library it forms a part. 

By reproducing it we place in the hands of Rtudents another original rlocurnent which hithei·to 
bas been inaccessible, and the data of which were available only to such as were acquainted with 
the Russian language . 

.A part from its geographical interest, which will be considered preseu tl,r, this chart has another 
interest. It is well known to naturalists and those familiar with Alaskan history tllat the crew 
of Bering's vessel discovered on Bering Island, or living about its shores, an enormous species of 
manati or sea cow, which affonled excellent meat, and which was so hunted for food within a few 
years aft.erward that it soon became extinct, and is now known only by some morn or less imperfect 
skeletons and a dried fragment of its hide. This animal was descri-bed by Steller and is known 
as Steller's sea cow (Rhytina stelleri or giga.~). lt had a very tbick rongh skin marked by deep 
folds which enabled it to bend itself with more facility, and its posterior flippers wpre shape(] 
like the tail of a whale, more or less forked. Steller made a drawing of it which is known onl.Y by 
a copy, the original being lost, and the form of the tail has been in dispute owing to au alleged 
ambiguity in the original description, and the fact that some of the other tiea cows hase a rounded 
tail and not a. forked one. In the absence of Steller's original drawing of the northern sea cow, 
the sketch on this manuscript is probably the only existing protrait of that animal which was ever 

• Ymer, for 1884, p. 93. 
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seen by anyone who had seen the living animal itself. As it shows the forked tail, the question 
in regard to it"s shape is thereby settled beyoml controversy. There are also two fur seals very 
well portrayetl on the chart, aud the fact that these are drawn with remarkable fidelity to nature 
allows one to in fer that the portrait of the sea cow is not less faithful. 

The cxarniuation of the chart with regard to its geographical features snggests an answer to 
several questions which haYe hitherto been in controversy owing to the manner in which the 
charts of the voyage ha.Ye been confused together. 

In the first place, if this chart had been published separately, the confusion as to Bering's 
first anchorage on tlte American coast neecl never haYe arisen. Kaye Island, witlt Cape l\fartin 
opposite, in Controllers Bay, are perfectly reeognizab}{'. This was long ngo determi11e1l to he the 
case by Sokoloff', who publishe!l in the .Tonrnal of the Russian Bydrographic Department the 
sketch chart ma.de by Khitroff, "\Yaxel's mate, of the island and harbor. But this Jinblication is a 
rare and almost inaccessible book and the information was slow in sprea<ling. 

The expedition was prevented by fog or darkness from observing the passage north -of the 
Kacliak group, but a cape wltich is probably Cape Greville is represented b;y Waxel, and though 
not named on this drnrt is likely to be t bat mi med IIermogenes by the expedition. The identifica· 
tio11 of Cape 8t. Ilermogene.:< with l\larrnot Island made by Cook receives uo confirmation from this 
chart. 

The fictitious island of St. Stephen is absent from Waxel's chart, but the hau ks northeast from 
Ohirikoff l Uk.amok or :Foggy) falanfl are detailed with mauy soun<lings, and the ideutification of 
Foggy (Tumannoi or on tlus cha.rt Tomauo) Island with that now called Chirikoff Island is com­
plete and can not he rf'aso11ably questioned any longer. The Semidi ishnds are in their proper 
place with .Aghiyuk l:;;land aud Uhigiuagak Volcauo uorthward from them. In this matter Soko­
loff was right, as usual, in l1isjudgiuent of the question. 

The Sbumagin islands have beeu illcutified correctly from the beginning. This chart shows that 
the anchorages of the Ht. Peter were between Nagai aucl Little Koninslli, and that the unfortunats 
seaman for whom the grouv was named was probably buried on the eastern sicle of Nagai Thence 
westward is a Jong gap until we reltch the Yiciuit.y of the mountain named on the cllart St. John. 
Here the positions are so wil<l awl the islands so little characteristic that a guess is all tltat can be 
hazarded. The general circnmstarH•es suggest that this might be the high JJeak (about 6,000 feet) 
on tlie north Nal of A<lakh tslantl. Tlrn ''high snow-capped isla11d" named by tlie expedition 
St. l\larciau would then probably be tlie i8lan<l of Tauaga; it coul<l not be the island of Amchitka, as 
alleged by Lauridsen, since that it1 lo"~, flat, and without any peaks. Taking tlte relatiYe positions 
into account it is not improbable that the island next laid dowu, under the name of St. Steplteu, or 
St. Stepan, is intemled for Semi1wpochnoi, whiclL is·hi~·b a ml has several islets near it. St. Abraham, 
the last of the Aleutians seeu by them, is probably Kyska, tile 0111~~ island in that part of the chain 
with a smaller island close to its northeastern shore. The latitude of the vessel observed that day 
was 520 :n 1

, which is conformable with this supposition. The itlf'utiftcation of this with the Semi­
chilo"I'-, rocky, islets is absurd, and would not ha Ye been macle by anyone familiar with the islands. 

Be1·ing fafaud and its surroundings are depicted in a manner to cause astonishment. There 
am scYeral nonexistent islets shown, an<l tile largest~ which ma_y Le meant for Copper Islandt is 
altogc)ther out of place, yet tile party were more than six months on Bering Island. The \'fant of 
discipline conse11ueut on the death of the comnrnnder, all{l the quarrels and illness among the 
officer;;, are proba!J1.v responsible for the eharacter of this part of the map. 

l !Jani assumed that tlw party on.the Et. Peta dill not see anything of the Nearer island,;, 
Attn, Agattu, etc. They appear, however, to haw1 been seen by Cltirikoff; and the attempt to 
identify what was sJen hy one party with different things seen b;y the other party has resulted in 
tlw eonfusion of l\ltiller's and other charts based on this ill-judged conglomeration. 

If the log hooks of the two vessels could be published verbatim many of these interesti11g his­
torical problems might, by the aid of modern charts, be brought to a satisfactory solution. As it 
is, however, one must be satisfied with adding something to the stock of a.ccessible information, 
and with the hope th.at the remainder will be brought to light at some futu.re time. 
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:NOTES ON AN EARLY CHART OF LONG ISLA~D socsn AND ITS APPROACHES. 

[Sullmitted for publication llfarc11 : •. 1!'191.] 

The recent discovery in the British Hecords Office, by Capt. Clinrles Hervey Townsht'ml, of 
New Haven, of an elaborate chart of the North American coast from Cape Uod to the Xavesink 
Hills, including Long Island Sound and approaches, has been deemed of suftlcicut importance to 

·justify the publication of an accurately traC('U copy in this report. [ Illustratim1 No. 11.] 
Captain Townshend is of opinion from eYidencn afforded by the chart itsel:f; and by the 

copious notes it contains relatiYe to the coasts, sl1oals, aml passages embrn.ced within its limits, 
that it was constructed b;,T a 11ydrographical sur•ey party, composed of Hri:ish uaYal otllcers, 
between the yea.rs 1715 ancl 17'.m. There are, however, some indlcations tlt:<t parts of it 1rnd an 
origin from ~Oto 30 :years earlier. 

The geographical and historical va-lue of charts of tLis chara-ctcr has long lwPH admitted. 
For reference with regard to tbe early spelling of geographical name<', tile ide1ttification of locali­
ties, and the changes in topographical and hydrographical featares, they are worthy of careful 
study. 

From the full description of this old chart, which has becu communicated by Captain Town­
sheml to the Superintendent, the following abstract has beeu made for publication her1' : 

The chart furnishe~ positive proof of the existence of one of the close<l p;cssages that. tra<1 it ion sa.H existed in 
early times through Cape Cod, and sustains the sta~ment of Capt. Ba.rtholomt>w Gosnold, in 1602, that CuJ>e CoJ ·was 
then an island. That one of these passages remained OJ)en as lat,e as 1717 is shown b;.T a marginal note on tl1e chart 
commenting on the loss of the pirate ship Whido, a.R follows: 

"Ye pla.ce where I ca.me through with a whale boat, being orJen>il by yo Governor to look niter Y" piratt' ship 
Whido, Bellamy commander, castaway Yll 2Gt1Hlf1y of A prll, 1717, wl><'re l bnrie1t ono h nndrod anll twu nwn dr<»n>e<L'" 

Rutch~nson's History ofMassachnsef<tR B:ty, volt1mP 2, page 2K~ .. sta.tes that in tlrn tuonth of April, 171:', a pirnfo 
ship, Urn JYhido, of 23 guns and 130 men, Samuel Bellamy commander, ve11turcd upun the coast. of ~ew Englm1d, 
near Cape Cod, and after having taken se,·eral vessels seven of tho pirates were pnt on hoard of one of them, who 
soon got drnnk and went to sleep. The lll[t5ter of the vessel whieb Lad been taken. h:n·ing been left aboanl "·ith the 
J>rize crew, ran her ashore on the back of the cape, and tbe s;>.¥eu pirat,es were secured. 

Soon after the pil'ate ship, in a storm, was forced ashore near the tablc-l:intl, and the wlu1h• en'''" c>xccpt one 
Englishman au<l one Indian, were drowned. Six of tile prizo crew, whid1 wen· ;;aved as hcfore r:l<'ntioncd, upon trial 
by a special conrt ofadmi!'.alty, were pronounced guilty and exccut<•d at lloston, Nonm1l•<'r 1:-., 1717. 

The maiu passage used by small vessels, which i• here. showu, was pfain1s l.ai<i down tlJroug-li t lJc f,, 11·"'' of East­
ham, Chatham, and Orleans, on Cape Cod. This p:tssage was mnch nn·<l in earl~- colonial times by small Y1's8els and 
boats when making voyages from the bay of Maine to Virginia. It is showu on t.be t'atly Dntch ;rnd Frnneli charts, 
a.nd on thtil oue sketched by Schipper A1lriau Bl'lok, iu 1614, and this may h:in:i l>eeu the passagn urnntiDnetl h~· Capt. 
Thomas Denner, in 16HI, whfln he wa.~ making his boat voyage from :Mona11igga.n r ;',bin1>\ to Yirginia. It is inten·st­
ing also to note that ill this very passage, in a salt marsh, has lately llcen disco>·cred th» rnmi;i n~ of an aucien t ship, 
which was exhumed by the action of the sea May 6, 1~6:3. It la.y within the l:rndR uf what is now the town nf Orlen.us. 

------------------------ ----
"This officer was probably Ca.ptain Cypiau Southack, a Boston pilot, who commaude1l a ship iu the cxpeditiou 

against: Quebec, 1690. On his return, September 16, 1G90, to Bosbon, he saved South Church from tlie tlames. 
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These voyages, with the well-susta.iued tradition handed down to us from the Eaton and Davenport settlers, who 
came to Quinnipiac in 1637-'31', after a voyage of 14 <lays in boats via a passage aero~ Cape Coil, a.nil the fact of 
the return of Rev. Ezekiel Rogers from Qninnipiac to Rowley, Mass., the next year, in a pinnace which he 
sent to fetch them, is abundant proof to me of the then existence of this passage, or others, and the investigations of 
the late Professor AgaS11iz give also conclusive evidence thereof. The:;e memorable passages were closed up, as I 
have b<ien tol<l by Capt. '\Villia.m Foster of Brewster, Mass., abont 150 J ears a.go, during a f11rious gale of wind, 
which waR accompanied by a tidal wave. This herculean effort of the elements changed the whole east and south 
shore of the Cape, and deposited in the salt marshes and lowlands sanu hills sixty feet high, and completely washed 
away a s:uid point off Nauset, where to thi~ da.v, at extreme low tidelil, atnmp!l of former trees have been laid 1.Jare, 
which hr1\'e been seen by men now Jiving who visited the spot for that purpose. 

Ikfore following tbe navigable approach to Long Island Souud, as shown on this c.:hart, 
through the waters of Nantuc.:ket aud Uarthas Viue,yanl Sound and the "Sea of Rhoad Jsland," 
brief mention may be made of the follo\\ing facts: (1) That the Hos(i and Crown Shoal, then (1717) 
marked "dry," has at this !late (1891) 12 feet of water m·er it, and (2) that the islands of Nan­
tucket and ::\farthas Vineyard are on this chart i,;hown as six islands, an illustration of tbe action 
of tlle sea during the past two centuries in moulding the shore. 

Aeross the east entrance to Long Island Sound are giYeu the names of numerous islands, viz: 
Fisher's Island, Gull Island, and Plum Island, forming with sunken reefs a continuous chain. 

The site of the Pequot fort, now in the town of Groton, and marked with the Mason monument, is called J"anthorn 
HiU, and New London is here mentioned as follows: "A small river, brrt with a good liarbur and farms; navigable 
for ships and small vessels; a place of great trade; they build many ;-essels here.'' 

Pine Island oft' the east point, and Bartlett's Reef off the west point of tho harbor, are located, with the mention 
of tide, full and change of the moon at 10 o'clock, souuding outside 25 fathoms of Blue Owse. Hereat '\Vinthrop Point, 
is gi vcn a sketch of Governor Winthrop's ho11se, and the Governor's name is noted ; also a church and several houses. 

The Connecticut River is mentioned as being a very long river, and having a great many fine towns and farms on 
the sev<>ral branches of it, and as being navigable for small •·essels. On the chart is added: "Ye seaboard town to 
the ri\·cr is Shorbrook (Saybrook). They build a great many small vessels here, and much copper om rninerl.'' 

The Long Island towns are also carefully located, and Peconfo Bay, about tlrn site of River Head, is noted. Here 
itie writton: "1 commanded ye first ship that ever was in this place, in 1692,'' and as seYeral anchorages are marked 
in thi• backwater, and a canoe "place" or portage is marked down between this, through the south beach to the 
ocean west of Shinnicook, it is quite probable that at this date there existed a boat passage which was usetl by Colonel 
Meigs during tho Revolutionary war, when he captur;id Sag Harbor with au expedition fitted out from New Haven 
and returned without losing a man. Gnilford and Branford, on the Connecticut shore, are mentioned as having small 
river11 a.ud goon farms, an<l both noted as having chnrches.• These towns, it is added, lie n(lrth of the "Sea of Con­
necticut," with the Hundred Islands (Thimbles) and Falcon's (F'aulk:ner's) Islands off the coast. 

The ironworks at Stony River, East Haven, have a special mention and are shown as being on a considerable 
Tiver, and as this was the third ironworks an<l l>loomery in America., it was then considered of much note. It will be 
perhaps of interest to state here that I have collected a mass of original material concerning these ironworks, which 
will at a later date be published. The ironmaster(Jobn Coopor or Cowper's) house (stone built), in old English style, is 
still standing in a good state of preservation on the west bank of Stony River, near the stone bridge. This, with the 
overflowing milldam and red gristmill nearby, imbedded in a greenfoliag<'l during the summer, backed by the brown· 
faced evergreen Saltonstall mountains, while in tho distance appears the graceful spire of East Haven stone meeting­
house, with other Rcenery, rewards excursionists for the eJl'ort made to visit one of the most picturesque and pretty 
bits of landscape in this section of the country. 

Bnt we must not tarry here at this secluded spot, but push on to the more pretentious harbor of the Qninnipiac 
(or New Haven of our day). Here laid down on the chart is noted tlrn time of high water, 9 o'clock on the full and 
change of the moon, and opposite the harbor, which is only sketched as the entrance of a small river g11ar<le1l by a 
rocky channel, wi~h soundings 10 fathoms off its entrance, it says (in th-0 noteB) there are many govd farm11. It is 
ehown on the chart as having a pretentious church, and several houses are sketched, giving an air of importance to 
the vicinity. t 
--~-~-------- ·-·-- -------·-------· 

•And here Sa,chem'" Head, which was the scone of a tragedy when Uncas, chief of the Mohigans, captured a 
pursued Pt1qnot s:10hem, :mil, after shooting him to death with arrows, cnt off his head, which was set in the crotch 
of an oak tree and remained for years after the tree had growu, holding it thereto. Hence the name Sachem's Head. 

t Maverick',. description of New England, about lGOO, says Tocott. Branford from Guilford to Tocott 0 miles. 
These two Towllt"s rue under Ncwhavcn Government. 

NewhavL'IL--Fr,,m Toeott to New haven it i» 7 :Miles. This Town is tho Metropolis of that Government, ~nd the 
Government l;ook its name from this Towne, which was the first built in those parts. Ma.ny stately and costly houses 
were erecled here arnl tl.10 Streets la yd out in a Gallante form, a very stately Church; but ye Harbor proveing not 
Como-dious, the land very barren, the Merchants either dea.d or come away, the rest gott'6n to their 1''armes. The 
Towne is not so glorious as once it was. 

Milford.-From Newhaven to Milford it is about 10 Miles. This Towne is gotten into 11ome way of Tr&deing $0 

Newfouudlu.nd, Barbados, Virginia. So also hath some other towna in this Government. 
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Directly ;i,eross the sound from our harbor on Long Island is noted the village of 'Ve,ding (now Watling lfrYCr), 
so called as it is navigable for boats, which can he towed inside by wading the river. The uotto:n of the sound is 
blue owse, depth 20 to 25 fathoms, anti the tide runs full 13;ea at 1 o'clock. Milford, Stratford, arnl Fairfield are all 
located as good faTrns, wliile the islands off the Housatonic River and locatell by Block iu 1Cl4, are marked saml bankB, 
and a.re now waslied away save the dan~erous remnant known as Stratford shoals. whid1 liaq lS fat!1orns cloec to 
[new chart 27 fathomAJ. This clemands more than easnal mention, as they with Faulkner's IBlan<l, illnatrate the 
powerful effect of the wind and ticlal force on tlrn shore of tllis arm of the sea, as has l1ec·n )J(:foru rcnrnrkctl. Proof 
positive is still extant of my theory <>f the dispersion of the islands of the souurl, aml tLe late Captain Moore, a 
noted shipbuilder of Brid,;oport, Conn., informed me that he had ·>ioiiod Stratford shoals e:arly in t:Lis century at low 
tide for shellfish, and had ohserw~<l sedge and other marine grasses growing there, and had a\,;o examinc>d walking 
sticks alltl canes cnt from groYc or scrnh cedars which stood on this islarnl allont i:in yearn ago. The canes are still 
jn the possf·ssion of some of the residents of the neighbol'l1ood of Port Jctfor~on, Len~ folan<l. I l1ave lrnen told by 
Mr. James Park, pun"r of the steamer -Yonowan 1'1'c l)f the Port .Jefferson arnl Ilridgcport routP, :rn<l wlio was ten 
years master of the i'itratford light-ship; that in 1860 Captain Kuinis of Port .J pfforRou, Long Is1and, tl1en about 75 
years of age, to1d him he had cut rushes ou Stratfort1 shoal grounds. There is also a tradition to the same effect from 
Stratford towns from people who had the ownership of lands of these islands, anll Capt. Joel Stone informeu me 
that the Stratford light-ship keeper fold him he had walked 40 yards on Stratford shoal when laid ham at extreme 
low spring tide, which occurred during a continuous weRt gale in the month of l\fard1. Mr. Henry X. Beardsley, of 
Bridgeport, writes that his father has seen Stratford shoal gronnu often bare for six rous. 

The i;ite of Penfield reef and bar in 1720, called Lewis I:.Iaml, now marJ.:ell with a light-house, off Dlack Rock and 
Fairfield, is shown as a continuous rocky cllain, and served to locate the most eastern island of t11c archipelago (Norwalk 
Island) of the first explorer, and tltere is still at low tide a long l1are sand 1>pit which connectA the Jand. Could this 
or Charles Island, Milford, have been the "m:uriagP point" rccommernled by Captain Davenport to Governor 
Winthrop for settlement after the recent conquest, 1U37? Opposite, on Loug Island, art" designated the two points, 
Eaton and Lloyd, ouee part of the estates of Gov. Theophilus Eatou and his kinspeople, the Lloyds. 

Here Long Island is mentioned as lmving "iine towns on it, and on the west end many good farms, but towards 
the east end is much barren land, though there are some places where there are good farms." :M e.ntion is also made 
of Huntington, Oyster Day, Whitestone, an<l Flushing, on the Island shore ; also Greenwich, Mamaroneck, East and 
Westchester, on the continent, which terminates at Manhattan lslan<l; also ther<i is given a desCl·iption of this a.rm 
of the sea and its shores at the entrance of the "Inferno" of the Dutch, and in full view of "Hell Gate," the terror 
of ancient mariners. 

Ha.-ing com1lleted the. description of this ancient cha.rt, savo 1.irief mention of some of the most western Long 
Island towns laid down thereon, viz, Jericho, Jamaica, Bedford, and Gravesend, also numcruus small inlets for "yo 
llmall 'i'essela on ye north side" and IL ferry from the now site of Brooklyn to Manhattan Island, Sf\parated from" ye 
main by ye Spyten Divil Creek" [or Harlem River], there remains only to make mention of the meetin:.:- of tlie tides 
of the East and North [or Hudson] Rivers, and at their junction at Nntting [or Governors] Island connected to Long 
Island at low -water with a narrow sand spit, oycr which within the past 100 yea.rs cows were driven at low tide to 
pasture from LQng Island to Governors Is1and, and through which a channel has now been forced (by the encroach­
ment by docks on East River), and now known as" Buttermilk Channel." 

Here at the meeting of these waters off the Battery of oar day are shown tho magnificent upper and lower harbors 
of New York, and southward Staten Island and Sandy Hook, and still farther in the distauce> tho waters of the 
broad Atlantic. 
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PROGRESS SKETCHES AND ILLUSTRATIONS. 

PIWGHESS SKETCHES. 
Sketch of general progresB (eastern sheflt). 
Sketch of genera1 progres8 (western sheet). 
General chart of Alalika. 
Triangnltttion between tl1<- St. Croix nn<l Hudson rivers and Lake Ontario. 

Transcontinental triangulation along or ne.iu tbe thirty-ninth parallel shown on tire folio"<>m,~ named 
progress sketches: 

Nu. 5. Triaug-nlation between the Atlautic Coan :ind the Ohio River. 
No. 6. l'rogro~s of the triangulation betweeu 1he Ohi" aud Mississippi ri>ers aioug or near tlw tldrty-ni"th pctralleJ. 
No. 7. Progress of the triangu1at10n bet.ween tlw Mi8sissippi .River und eastern ('oloratlo along or llt'ar the thirty-

ninth Ila.rnllel. 
No. ~. Prog-ress of the trianguiation l1ctween C>astern Colorado and the Rocky Mouuta;n~ aiong nr urar :he thirty­

nin th parallel. 
J'\o. \!. Progres3 of the triangulation betweN1 t110 Rocky Mountains and western Xeyada along or ll!'nr thr thirty­

lli1dJ1 parallel. 
l'\o. 10. Progrcs8 of tlte triangniatiou between western 1\-eni.da and the Pa.cilic Coast along or near thc thirt;-nlnth 

parallel. 
Ko. 11. Progres5 of the surveys autl resurveys on the coast of NorU1 and South C:1:noliw1. 
No. 1-2. Sketch showing triangnfation to connect that of Tennessee with tha.t of northern (~eorgi:l :rncl extension of 

triangulation in Alabama towrt~tls tho Gulf C<~ast. 
No. U. Skcfoli sliowing the progress of the stir•cr oa the west coast ofFlorjda frnm Cape Hom:rno to Key \Yest. 
No. H. Sketch showing the pro;;Tess of the snrv0y 011 the· coasts of flori<la, Alabama. and Louisiana. 
No. 15. Trian~ulation in Wisconsin ancl ltinnesota. 
No. Hi an<l lGa. l'rogress on the coast of California between San Diego Bay and Monterey Bay. 
N'o. 17. Progress of the survey Oil tho coasts of California an<l Oregon from CBp<'> 1'.fen<locino to Gmpquali River. 
No. 18. Sket('h showing the progress of tl.ie survey on the coasts of Oregan atid ''Tasbington fro:n Tiilamuok lb.Y to tho 

l1011ndary. 
No. 19. Map ehowiug longitnifo stations au<l eonuectious determined hy the clt'cttie tel<'t,'Taph hct"-eeu ld4G au<l June 

:w, 1890. 
No. ~0. Map showing positiou;i of magnetic stations occupied between 1844 and .Jmie :10, 18JIJ. 

lLLUSTRA TIO KS. 
To Appendix: No. 9 (Nos. 21 to 29, iuclusiYc): 

No. 21. Total solar rliurnal variation of the magn.,ti" declination :\t Lo:> Angeles, ('al., from !3esen yearb' o'.1·serYations 
betwe;,n Octol.Jcr, 1882, aml Octoher, 18''!1. [To fact• 1mg1' 2Z1tl. j 

No. 2'.!. Comparative diagram of the total solar diurnal Yariatio'.l of the magnetic declinatioa from yt•ar(•· a1·i'!·ages. 
[To fa co page 264.] 

No. 23. Semiauunal ineqna1ity in the diurnal Yariatiou of the <lecliuatiou, [Tc> follow Xo. 2'.I. J 
:Ko. 2.f. Ineqna!itr in range of diurnal >arrntion depending ou th<' sun-spot cyclo. [To far" pa;.;e 2""". 
:Ko. 25. Normal solar diurnal >ariationofthe declination from sen.111 year..: of obse.1T:ttin11s. f Tu Iii('<• pa;::•' 270 .. 1 
:Ko. 26. Declination traces from Novemlier 17 to Novemhcr ~C>, lR~!.!. at: tlrn ma;.:m·ti« 1Jb~erndory, Lo8 Au~cles. 

[To follow No. 25.] 
No. 27. Lunar diurnal variation of the tleclinoition ollfmrved at LoR Angele,, Cal. !. To farn pag" ·!till. · 
No. 28. Lunar diurnal variatinn of the t1"c1iu at ion, amlllal iuetJ nalit.~-. [To faco p:u.:-e 2'l!. f 
No. 29. Lunar phaseirrnqnality and lunar dcdinatiou iueqnality. [To follow No. ~I.] 

To .A.pp"lndix: No. 10 (Nos. 30 to ;,4, iuclusin•l; 
No. 30. U. S. Coast and Geodetic Sru:vey steamer George S. Blake. rTo faco page 461.] 
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780 ILLUSTRA.TIONS-(Oontinued). 

No. 31. The Gulf Str011m, by Atbanasins Kircher, from Mundus Subtermneus. 1678. fTo face page 484.] 
No. 32. Ocean currents, 1Jy Happelins. 16«3'1. [To foe" page 486.] 
No. 33. The Gulf Stre:Lm according to Benjamin Frnnklin. 1770. [To face page 48:,0,] 
No. 34. The Gnlf Stream acconling to Governor Pownall. 1787. [To face page 490.] 
No. 35. The Gulf Stream accord mg to Jonathan \Villh1t118. 1799. [To face page 492.] 
No. :lli. The Gn1f St.re.am :wcording to .TameR RP11uell. 1832. [To face page 49ti.] 
No. 37. Chart of the Gulf Stream as uetermine<l frnm explorations in the U. S. Coast Sur,ey. le45 to 1660. 

[To face page 506.] 
No. 3~. Diagram showing lead of anrhor:ng goal', steamer 11/al;o. [To face page c>l8.] 
No. 39. Details uf the accumulator used in deep-Rea anchora.g;e.'l. l To face page 520.] 
No. 40. Accnmulat.or used in dt>ep·sea ancborageb. [To follow No. 39. l 
No. 41. Heel carrying anchoring rope. [To face }>age 522.] 
No. 42. Hoisting engine and vfow of deck of steamer JJlah:. [To face page 5:24. J 
No. 43. Tb0 Pillshnry cnrr;,nt mett~r. [To face page &2u.] 
No. 44. Details of tile Pillsbury current meter. [To follow No. 43.] 
No. 45. Sounding machine aud current meter in place for observing. [To face page 522.] 
No. 46. Average direction of current of low<>r strut.am at axiR, and cn1Tes showing changes of velocity of upper 

8tratnm corresponding to cliangN< in the declination of the moon. [To face page 542.] 
No. 47. Gnlf Stream currents. Variation in horizontal !low corresponuing to changes in tlrn rleclinatfon of tlle moon . 

.Mcau of velocities of upper strata. [To face page 344.] 
No. ·18. Gnlf Strcq.m cnrrcnTs. Variation in horizontal iiow corresponding to changes in the declination of the moon. 

Mean of velocities at ::ill depths. [To follow No. 47.] 
No. 4~!. Curves representing the clrnllge in sba.po of current, prism following the changes in tho declination of tho 

moon. [To face page ;,46.] 
No. GO. Gulf Stream currents. Curves illnstrating daily variations in velocity. Section A. [To face page 5,18.] 
No. 51. Gulf Stream cnrrnnts. Section A. Curves rnpresenting mm l1our's flow at different stations and at clifferent 

depths. [To face page 550.] 
No. 5<?, Section F. Cun·es illustrating flow at high declination during ten hours. [To face page 564.) 
No. 53. Direction of the cnrrents iu the passages of the \Vinclward Islands. [To face page f,7G.] 
"No. G4. Snrfaee temperatnre cun-cs, Cape Henry to Ancgada Passage. [To face page 5913. J 

KoTE.-In uduition to the illustrations to Appendix No. 10, above enumerated, tliere ar.c tweb-e tigures 
print('(l with the text from relief plates. 

To Appendix Ko. 12 (Kos. 5.:> to 65 inclusive): 
No. 55. Map s110wing loeation of :>tations. [To face page 62G. J 
No. 5u. Pendulum stand. 188H. [To face page 6:~0.] 
No. 57. Pendulnm head ~o. 3. [To follow f>u.] 
No. fi8. Penclnlums. [To follow;;/,] 
No. 59. Repsol<l Vertical Comparator, with Pendulnms Nos. 4, ancl Y. anu M. No. 1 in position. [To follow G8.) 
No. 60. Instrument for determining center of mass. [To face page 632.] 
No. 61. Alt-azimuth and magnetometer. [To follow :i9.] 
No. 62. Dip Circle, Kew pattern. [To follow 61.] 
No. 63. I<ater Invariahlc pendalnms. [To face page 6:>2.] 
No. 64. Kater Pen<lulnm supports. [To follow No. 6:~.] 
No. 65. Repsohl P1,nd11lnm snpports. [To follow Nn. G4.] 

Tllf•rc• are in a<l1lition to tl1e a.hove-named illustrations, sixteen relief1ilates in text. 

To Appernlix Ko. 15 (Nos. Gti arnl 67): 
No. 61). lJistrihution of errors of Prediction Times of High and Low water at Sandy Hook, New Jersey. 

[Etul uf ,·olume.·] 
No. 67. Distrilmtioa of errnrR of Prndi('tion Tim<>s of High and Low water at Sandy Hook, New Jersey. 

L E11rl of vol nm<·.] 
To Appendix No. lt~: 

:Ko. 61;. Support ;i1Hl JJt,Jl.glus5es fo1· National Prototype Kilogramme No. 20. [To face page 744.] 
ll'lH'r<'. is 'ilso one small fignre with text of this Appendix.) 

To Appendix No. 19 (Nos. 69 and 70): 
No. 69. J•art of a geographical chart from Tobolsk to Cape Chukotski made during the Siberian Expedition under 

tlie command of Fleet Captain (Vitus Ivanovich Bering). [End of volume.] 
No. 70. A chart of a yoyage from Kamtsc:hatka to cliscover North .America in tho paquctt boat St. Peter, under com­

mand of Capt. Commander Bering, Am. 1741. Made of a jou111al kept by Sven ·waxell, Lieutenant of tho 
Fleet. [End of volumo.] 

To Appendix 20: 
No. 71. Chart of Long Island Sound. [End of volume.] 
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