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LETTER 
FRO)! 

THE SECRETARY OF THE TREASURY, 
TRANSMITTING 

In oompliamx with section 4690, Revised Statutes of tlte United 8tates, a report of the Superintcn·flent 
. nf the Coast anit Geodetic Survey for tire ye11r e1ulint1 ,June ao, 1882. 

DECEMBER 20, J.'-!82.-Referred t-0 the Committee on Printing . 

.T .lNUARY · 18; 188:-l.-Mr. ANTHONY, from the Committee on Printing, reported back a concurrent resolution, which was 

considered and a1'l'eed to. 

TREASURY DEPARTMENT; December 16, 1882. 

Sm: In complianee with section 4690, H,e\'ised Statnt.es of the United States, I have the ltouor 
to transmit herewith, for the information of the Senate, a report a(ldresse<l to this Hcpartme11t hy 
,J. E. Hilgard, Superintendent of the United States Coast <l>Ud Geodctit1 Survey, showing tl1e 
progress made in that work duriug the fiscal year endittg ,June 30, 1882, and accompanied by a 
map illustrating the general advance in the operations of the Survey. 

Very respectfully, 

The Honorable DAVID DAVIS, 
PrtJBid8nt of the Senate. 

CHAS. J. FOLGER, 
8ecreUiry. 
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Klmtucks. i1. 55. 
BARTLETT,.r. R., COMMANDER, !I. S.1'. Iteforel!co fo explorn. 

tions in the~ ftulf 8tream by, l). fl; rt>ft.1n·uct1 to rcpol't lrn the sanw 
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cDJ>ies of, distrihute11. pp. 41 67; <'Opic.~s sold, 11. 66; spflcial examina­
tion of dangers to navigation for the, pp. 2. 19, 27, referred to iu 
estimates, p. 9; examinat.iou of huov~ ln channel entrauce of New 
York for the, p. 23: pnhlit~atiou of tlu-, VP· 27, 32; h~·dro~aphic 
rxamitmti1m for UH\ p. 32; work of _\~~b,,tan1 Davhli;o11 on t.h._.., for 
P.acifie coast, p. 50; nf A.laRka., p. fJ.'l; ilinst,rat.ions for the, p. 64. 

COAST RANGE MOUX1'AINS. CAL., pp.47, 50. 
CO.AST TOPOGRAPHY. J'>rog-rt>RS of, 1•p. 2, 3: reference tu, in ef'\ti· 

mat.f's, pp, 8. 9. 
COFFIN, G. ,Y,, CAPTAIN, r. f\. K. Courte•ie~ exteude<I Cn""'t 

Survey party lJ~·. l'P· 45, 46. 
COLBY, ILG. 0., UEUTEN ANT, U. H. N. Hydrographic. ~nrvey 

of Dyer's Hay nnd of 0-ould~borongh B.'\.y 1 sountlings in Skillin~'~ 

River,1\fe., pp.17, 18; examination of dangerR t(i ta\~igatiou in the 
vicinity of the ha1·bors of Glouc<ll!ter and ~al<1m. Mass., p. lR: at 
t.he entranc.cs to Kennebec. River and Booth Bay, lit• .. and i11 
Muscle Ridge Cllllllilel aml Rockland Harbor, p. 11'. 

COLE C.A.MP, BENTON COUNTY )10., p. r.s, 
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COLLINS BEACll ST.iTlOl\, p. ~H. 
COLONN...__-'\., B. A. 1 .ASSIST.ANT. Triangnlatiou in the Yicinlt,y ol" 

Norfolk Harbor, Hampton H.ourl.s. arnl Elir.alH1th Riv~~1·, p. 31; 
A4?-rvices n.•ndered in meaAnrt~ment of Yolo ha~{· 1i1w,p. 40: Vf'riti­
catiun of the l10umlary of \V:yoming Tt:>nit~n-y. St·c1·t·Har~- to tlw 
CommiBHion, p. 60. 

C ~LOR.ADO. JlrimarJ.,. trinJif!H1ation in. pp. 3, 50. 
COLUMBIA CITY, OREG., p. 51. 
COLUMBIA RIVE!{, OREG. Tria11~11lation an<l topo:,.'1·(!11y of; Pl'· 

.a, 51, 52; rf'fer·enee- to, in estimate~, Jt. U. 

COMMISION ON BOUNDARY OF WY011ING TERltlTOI:Y, 
p.GO. 

COMMISSlONEJ:S OF ll!F;TI!lCT OF COL'C'Ml3I.A. Continna· 
tiou of t,opographic :stHTt'Y of the ViHtrict fol', pp. 3.11 :14, 

COMMISS10:::rnm; ()t' SUJ>LL Fn,JHERU:s OF CONNEC'l'l· 
CUT. S11t~cial AXl1tnhHtti(m in intere!".t~ of the, VP· 2, 21. 22. 

COM:PA.Rl80N OFT HE tilJlff Jff OF TJIB D.EL.A W .ARER!\' ~:R 
IN 1819 WITH MOllE l\M:p;:-;T f\CRVEY:-i. J\~· H. L. J.URlX· 
DIN, .ASSISTANT. Appmtlix No. 1.?, pp.417-tlU. 

COMPENSA1'10X B.iS}; Al'P.AltATD'S. lteforenco t<>, p. 03; 
desrription and conMtruction of, inrlnding tb~ 1l1APrmiuntio11 of 
the length of tlH' eoITP~J,OHding fiYe-nH·t;.r s1awlartl linrs. .Hy C 
A. Scl.toU, At-Ji:;it,tant. ..\ppt>ndi.:s. No. i, pp. 107-138. 

CO:\IPGTJSG rnns10s OF CO.dST ANH (~EODETJC Slf}I. 
VEY OF}'ICE. Rc·fel'fllCt• to, in fil'>tirnatPs, p. 10; offi1·.4'~rs a:0:.signed 
to dut.y in, p. 62.~ in charge of ..issi~t.ant i'id1(1tt, p. 13:;; annual n·· 
port of, Appendix No. 6, pp. U5-~~. 

COSEY l~LA..ND. itesnrvey llhH', 11 2.L 

CONFERf:SCB OX GRAVITY DEl'lWM!.'L\ TfON><. J'mre,.,J. 
ing:s of a, .A.p11en<1ix Nu. ~2. pp, .floa-516. 

CONNECTICUT. Exmnin;ttion of huo~·;.1 and lw·ntion nf t•,'-'...:.frr 

ln-•tls on coaRt of1 pp. 2, 21, 22. 
COXNECTIClTT RIV.EH, p. 22. 
CONS'!'RC:CTION OF OR8ERVIYG TRIPODS x~·n SL\ J.'· 

:FOLDS. By C. 0. BOUTELLE. ASiil8TA NT. A ppt·ntlh No, Ji• 

l'P· 191!-208. 
U()NTR.A. COST.A.. COUXTY, CAL. Trian~\ilnii()n ou ~b•1l'f'.'l. of. 

p.46. 
COPAY VALLE¥, CAL., p.47. 
COl~DOBA, SOUTH AMERICA . .ARt.rnnomical observation>< :ot. 

hy lh·. B. A. Goult11 retf,rencc to. Ji· 5. 
CORNWEJ,L, C. C., J,lEITTENANT. U. 8. N. :-;ef\·icll• in :-;,,.·tion 

HI, p. :J2; in SPct!on IV. p. 37. 
UOR"\ltIN (fffV<3nac,cutter}. Rd~rew·1· 1o, p. J:t 
COUitTEN.A Y, E. JI. Ia charge of Computin~ l>i\Ti~lm1 of Coast, 

awl Geodt1tie Survey Ottifn during' tt·wu-0-ral'y .'lhRt:ncn 11f A. ssi."lt­
ant 8cl10tt, p. 63. 

COX STATION, KY., p. 53. 
CR.AH OJWHARD RANGJ<~, TENN .. JI. f>4. 
CRAIG, DR. THOMAS. ln'l"'cotigatiou• oflluiu motin11h~-.1'· 7. 
CRANEY ISLAND. Topograph.r near, p. :n. 
CREED STATION. VA .. p. :14. 
CR1'~SC.ENT CITY, C~.\f~. l!c.<_'rtunaiRsaw~c IH~ar, 1)p. 3, f!li. 

CROW'S NEST, lIUDSOX RIYJCR X. Y .. pp. ~:1, 2·1. 
CUIXER'S GAP, SUSSEX COPNTY. N .. J .. p. 2;. 
C!TlfHERLAND MOUNTAINS, TJi:N); .. p. i\4. 

CL'MBERL.AND V .ALLEY RAILROAIJ, p. 21;. 
CURRENT OBS ERV A TWXS. Remark• on, p. I. 
-Jt~.RurrUcK LIGHT-JIOUSE, N. C. Roun1lings awl tt~rnp\rat11H' 

ohH<"rvations off, pp. 3, 36. 

CUTTS, R. D.1 ASSUrrAX1\ Primary t1·i:mguJatJon t'o1· tlw ('1>11-

nection of Ll\ke Champlain with the ~1uvey of tbA coa~t, pp ·•o. 
21, 24, 25; assigned to chaqce of offiee, l'· 21; in {'har~~· of ofii(•f' :n1d 
ropograpby, Coast and ~odet.fo Sarvey, Ji. HO. 

D. 

DAKOTA TERIHTORY, p.60. 
DALLAS BANK, WASH. TER., p. 52. 
D.AMISCO\'E ISL.AND. BOOTH BAY, llfE .. p. JR. 
l).AMISCOVE ROCK, ME., p. IS. 
D.ANIJERS TO NAVIGATION'. F;x11111in,1tiou• ot; pp.11?, 19, 22,IJ(J, 

37, 39-4't, 53. 
DANIELS, DA. VIO, El-:SI<J N, r. S. N. Senkes in S..ct.ion l, p. 19. 

0

DANNEMORA MOUNTAIN, CLINTO:>I COl:NTY. N. Y. Sta· 
tioD, pp. 20, 25. 

DARTMOUTH, N. H., p. 25. 

DAVIDSON. GEORGE, ..A.SSJSTANT. M(\a.surcmenL of primary 
ba.,~t~·Jint~ in Yolu Count:l·, Cal., pp. 5, 47-50; for report, s~e .Appen. 
tlix No. r<. pp, 1:m-J49; l'rese.ut, at coufet·euce. ou P'"n<lulum w01·k, 
pp .. ~:?, 3:J; tidal 0{1R~rnttiou~ untier direction of: at, Saucc1ito, Ca.I., 
p. 4G; topoJ.!:T'<•ph~· lw.t.ween RalenaR and Table .M<mut.ain, p. 45: 
bt1s1• a.pparat11~ rPt'A~TNl to, for crit.kism, p. 4R; appointed in cbarg-e 
of a party to oh~~rve Trau~it of V enlltii 1882, p. 50; observations 
hy, of the total 81>lar f-•tlipiw of J auuary 11 1 18!'.10. at Santa Lucia, 
Cal., Apwndix- No. ~o. pp. 4f<il--46'. 

DA VIES. PHOF. J. B. Geod1•ti(': 01H-,rati.oni>. iu '\""h;(':onsin. p. t°>6 . 
D"\ VlSVILLE, CAL., p.47, 
DEA.N. G. W .. AfiSIS r ANT. Telt'g:raphic longitu!I"' of Charles. 

town,\\ ..... \Ta .. and W'-aRhin~ton, ll. C .. p. 33: of Nn~hvill<'., Te.nu., 
i'· fXJ; of Cint:inna.ti-Xashviilt:-Sf"'int Loui~, p. ii4 ; of Saint Louis, 
Mo., p.57. 

DEATHS. r. P. P11th•t·Ron. Supcrinf.en<lcut U11itt·d Stntf'A Cclnst 
aml GetHlotie Rnt'\'t'Y, pp.14, 1:1; for nrnmorial of, Sf'e ApµentUx 
No. 24. \lp. fi5U-56:J. 'l'h,m1a' ~lcDonm•ll, ChRrt. Room of Coast i!nd 
G~oJeti(' S1irvt~y Oftfoo, p. 15. J)J·. Gvt.Uit·.h l!umpf1 Comput.iug 
Di\'i8iou, Coa~t aJHl GP:Odt1tit Survl~Y Office, p. 6'.t 

DECATUR. ALA. l.(a~rwt,fo (,lJsc1Tat,lon"') af, p. 4!!. 
DECLINATTOS, llAC~ETIC. Observa.ti<ms for1 pp. 2-4, 61 35, 42, 

52, ,->4; h·frrt<uc·e to, iu e~tirnatc~. p. 9. Secuhn va1 iatiou of UH·, 
jn tJJe lJnjh\d 8ta.tns and at. sonie f'oreit!n Htations, hs C. A. Sehott, 
Assi~tant., AppenOix No. 1~, J1p. 211-276. lHH.tribution of the, in 
the Uuited Rtates al tlit: epoch 1835. 0., hy C . ..A. Schott, As8ir;t;1nt, 

A]lpendix No. lil, llJ1. 277-328. 
DJ!~EP.SEA 80UNDINGS. H~ft>rf·nco to, pp. 1, 6 i and tempera­

tint>s, pp. :-!O, ~~8. Hf'c-ent, otl t,hc Atlantic CoaHt of tlrn United 
States, Appemlix No.19. pp. 4Ml-4Gl. 

llE1':P.SEA 1'HJ;;J:MOM1:TEJ:. Sienwns ..i~ctrical, l•P· G, H6, 
Miller-Ufuielia, cumpariug favoralll,Y with Sit>rn~us, p. 36. Repurt 

.on tbt~ Sit'mens clectrlca.1, hy Colllmander J. }{. Uartlett, U.S. N., 
aceomp::micd h_y a tle!"J.criptjon of the "·P1,nratuR b~· Wern~r Lm!SR1 

Appendix No.18, pp. 451-457. 
DEBI'- WATER 1'01.NT, DEL., p. 27. 
JH~L..:.\ \V ARJ.:. l-'rogret>S ()f' work on cuat<t of, p. 2. 
l)ELA "\\.,.. .6.HE TIA. Y. l~xaruinatiou <1f <:.hangea h.1, aud re~urY~J of, 

11p, 2, 19, 27, 28; l'pfcr~nce to, in estimates, p. 8 i triangulation of. 
p. 28; t'.xamination of inland watel's betwPen Chei;u:1.J1eak~ Bay a.ad. 

P· 32. 
Ll:LA"\VAHE ENTltAKCJ<;, Pl•.4,3:!. 
llf:LA WA Rf~ Rf VER. Hy<lrograpllie resurwy of, pp. 2, 27-29. 

Comparison uf surveys made in 1819 a1ul recPntJy, i1. 2~. sec report 
by H. L. Mariu<lin, A"Aistant. .Appendix No. 15, pp.427-432. T1 . 
;mgulatiou of th1\ p. 28. 

DENNIS, W. H., ASSISTANT. Topogrnphy of Harrington Rir•'I" 
Flat Bay, Back BBJ', and rul,iacent isluudH, .Me., p.17. On dnt)' in 
the ofiie<-, p. 61. 

DJ<~NNif:> STATION, IIUDSON RIVER. Not found, p. 24. 
DEP.AlnMENTS OF GOVEliNMENT. Chart." •llpplieil to, pp. 

4, 66. 

llE8GidPI'ION ANIJ CONSTRrCTION OJ<' .A NEW COMPEN· 
SATlON l'IUMARY BA.HE .APPARATUS, INCLUDING TH.E 
llETERMINA'l'ION OF THE LENGTH OF THE OORJtE­
Sl'ONDIN{} FIVE-METRE 8T.ANDARD BARS. By C. A. 
SCHOTT, ASSISTANT. .Appendix 7, pp.107-138. 

lJEl'F.RMINATlONS OF GRJ. VlTY. By pendulumexperimenta, 
pp. 2, 4, 19, 32. Prooe"'lings of a conforouce on, .Appendix No. 22, 
pp. 3-03-516. 

lrnTERMINATlON OF LONGITUDE. Of Nashville, '.l.'~un., )>. 

53; of Cincinnati-:Nashville-St. Louis, p. 54; of St. LonlJ!, p. 57. 
JJEl'ERMIN A.TION OF THE P )SITION OJ<' LIGH'f-8HIPS AT 

THE 1<3NTRANCE TO NEW YORK BAY, p. 23. 
DEVOL, PROF. R. S., A.CTI"1'G .ASSISTANT. Geodetic opera-

tions in Ohio, p. 54. 
m:XTE!l, MR. G. •r ., OF BOSTON. Referoµoo to, p. 18. 
DEYO STA. TION, HUDSO:N RIVER, p. 24. 
IHCKIXS. E. F., SUBA.SSISTANT. ServicP.a in Sootion X, pp. 45, 

46, 49. 50. 
l>ISBURSING· .AGENT, COAST .A.ND GEODETIC SURVEY 

OFFICE. H.eforenee to, in estimate&, p. 10; rnaignat\on of Dr. J. 
W. Pmt,,r and appointment of .Mr. W.11. Morgan, p. 67. 

DISCUl:lSIOX OF THE TIDES O~' THE PACIFIC COAS'I' OF 
TRE UNITED ST.ATES, By WILLIAlll FlUtltEL. Appmd\1 
Na.17, pp. 4~7-41W. 
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DISTRIBU'l'ION 01' THE MAGNETIC DECLINATiuN lN 
THE UNITED STATES AT THE EPOCH le8'i.O. l!yC.A. 
HCHOTT. Appendix No.13, pp. 2i7-:J28. 

DlSTHIBU'.L'lON OF SURVEYINO PARTLES ON THE AT­
J,AN1'IC, GULJ<' OJ<' MEXICO, AND PACIFIC COASTS. ANJ\ 
THE IN'l'ERIOR OF TllE UNITED STATES Dl'InN<i THI': 
.FISCAL YEAR 1881-'8~. Appendix No. l, pp. 71-7G. 

DISTRICT OF COLl'.MBIA. Special topogrnpliic sun")' of. pp. I. 
2, 33; survey in, for site of new Naval Oln;en·atory, pp. 2, 34. 

DIV1810.N 01" lNSTRUMJDNTS AND HEP AIRS. ltefntn<'l' to• 
in estimat.t>R, p. 10; officers of, pp. 65, Gtl: report. from, Appf·ndix 
No. 6, JIP· 105 and 106. 

Dl\ISION OF TlDKS. J:eifereneu to, iu ('Btirnat.es, p. lfJ; .Mr. IL 
S. Avery in charge of, pp. 64, 65; rq1ort from, Apperulh );o. (), 
pp. 104 and 105. 

DIVISION OF TOPOGRAPHY, p. 04; repurt from, Appeudi;< No. 
6, pp. 103 and 104. 

DODGE, 0. G., ENSIGN, U.S. N. Sorvicf'"s in tkctfon I, p. lH. 
DOG BAl~, GLOUCESTER H.UiBOR, MAS:S., p.18. 
DOG ISLAND BAR, EAST PASS, FLA. Ext ... nsiou uf, uoted, 

p. 41. 

DONALDSONVILI,E, LA., p.6. 
DO:NN, F. G .. HYDROGRAPHIC DIYISION', COAST AND GEO· 

DETIC SURVEY Ol'FICE, pp. 63. 64. 
DONN, J. W., ASSISTANT. Contimrntion of h>]l('1/.1'llJibic Aurvey 

of District of Columbia.. pp. aa, :14; snn·cy for sift of new NaYal 
Obse1·vatory, p. 34. 

DRAWING DIVISION, COAST Al\D <;E<)J)ETIC SGitVEY 
OltH'ICE. l-tef'erenre to, iu t'Btimaf.4•H, p. 10; rt·mcuk~ on Wt irk of, 
p. 61; .Mr. W.1'. Brig-ht in charge of, p. 64. Chm-t11 completed or 
in progress during the fiscal year etulin~ tTune 30, 1882, A pp(•IJ· 
dlx No.4, pp.85, 86. Oftice report. for the year, Appendix Xu. 6, 
pp.100 and 101. 

DRY SLOUGH, CAL., p. 47. 

DUNDERBERG. Peak of the Hi)(luands of the Hnd•on. p. 2:l. 
DUVALL, RE., FOREMAN OF SUiffEYING l' AHT¥ FN'JlEll 

ASSISTANT PERKINS, p. 4:J. 
DYER'S BAY, ME. Hydrographic sur..-cy of, pp. 2, Ji, lK 

E. 

EAGRE (schooner). Use of, in Section I. p.18. 
EARNES'l' (schooner). Use of, in Reetion XI, I'- o2. 
EARTH. Figure of the, p. 4. 
EAST BASE, COLO. .Azimuth obsen>atious, p. :i9. 
EAST CHANNEL, NEW YORK B.A Y. p. 2:1. 
EAST COAST OF FLORIDA. ProgreHs of work on, p. 3; h~·thog-. 

raphy of, p. 39. 

EASTERN BAll'":K. New cbannel opened l•etween Santa l:osa 
Island and, p. 42. 

EASTON, PA., p. 26. 
EAST PASS, ST. GEORGE'S SOUND,FJ,A. liytlrogrnphic sm-

vey noar, pp. 3, 41. 

EASTPORT, ME., p. 32. 
ECLIPSE HARBOR, LABRADOR COAST, Jl. a. 
ECLIPSE-THE TOTAL SOLAR, OF JA:S-UAHY 11. 18Bll. Ml 

OBSEiiYED AT i'!ANTA LUCIA, CAL. Repol't of oh~erva· 
tious by George Da..-idson, Assistant, .A1•pmdix No. ~o. J>Jl. 4t;:i-
468. 

EDGE.MOOR, DEL., p. 29. 
"EGGS.'' Trlangulatiou station, East Florida, J>. 38. 
EICHHOLTZ, HUGO. In charge of Ch1>rt Room, Coa•t aJH! Geo· 

detic Sun".V Office, p. 67. 
EI.M.BECK, WILLIAM, ASSIST.ANT. Mag1wtic oh•ervatimrn nt 

station on Capitol Ilill1 Washington, D. C., p. 32; primary triai1gu· 
lation in N evade, pp. 58, 59, 61. 

ELBERT COUNTY, COLO., p. 59. 

ELECTRIC.AL DEEP-SEA THERMOMETER. Refernn~e to use . 
of, pp. 6, 36; On the Siemens, with. a report of experimr.uts made 
at aea, by Commander J. R. llartlett, U. S. N., M•i•tant. Appen. 
dix No.18, pp. 451-457. 

ELECTltOYPING AND PHOTOGUAPIIING DIVIHION, COAST 
AND GEODETIC SURVEY OFFICE, p.65. 

ELIOT, W.G. President· of W""hington University, Saint Louis, 
Mo., p.56. 

ELIZABETH RIVER. VA.. Spooial triangulation near, pp. 2, 31; 
hydrograpblc sheet of, pp. az, Gil. 

ELK PRAIRIE RIDGE, CAL., p.fXJ._ 

J<;LK HUJ\i1', CAL .. I'- :.o. 
J.:LLICOT1\ .ElJG-ENE, A8~1ST.A~T. Co111iuwdiou 1•f h•p•1µ.r.qo.:· 

ifa.1 ~11rvl'Y iu Yiciuit.) of :i\orfolk \..-a. 1 p. :-ll; triau~i.lati011 <t111l 

t1.pography iu 1•uget Sound, p. 5:!. 
ELL10T. \r. P., ~L.\ST.ER, U. ~- N. Sel'vit·f'.~ in S1·dio11 X. p. 47. 
J~XDEAYOU (~choon1:r). UBe of. in Sr-diun lL p.::!;. 
l'NGINEElt COltlMISSIO::nrn OF TUE Dl:iTHll'T ()}' ('() . 

LUM1l!A. p. 33. 
ENGL~\ ND. Prw'5etutiou of :-i.1wcial iu,·e~ti;,!"ation~ relatin· to ti1LtJ 

theor,\· in, l'P· 4, 7. 
EXGLISJl l'ENJllILl'.M wmrn:. ]l. :i~. 

ENGH..I. \'INU IJ!'l"ISIOK, COAST .AKD GTC~)tlETIC f'DHYEY 
01!'.FlCE. Heferenct to, in PHtimates, p. ](1: rt+rnurk~ ;1u worh oL 
p. 61; ..:_\ s~ishmt H. (;. O;;rtie11, iI'. {..JJnrgt· of. p. fl4; H'.port from, A.11· 
pe11dix No . .), pp. 87, 93; ~180 Appemlix: Ko. G, pp. J 1J::!. m1d JO:L 

ERTll\1.ATES. 1\.1.:lative h\ pJl. 7, 8; iti tkiail, pp. d-lL 
.EUREKA. PPak of tlw SiPITa Xt:v1ula Mouularn:-., nea1ly lU./Utl 

feet in hc-igil1 1 station on, p . .J!J; l'otupntatinn of aAtronomi1.·al la1 i­

t.utle of. p. 6~. 
RFHOP}:. J>rm.i.pt•ufion of ~111·eial iuY~t;tii;nttiou~ n·latin' to 1i1l:1l 

tht,nrv. lff 1..~ttircr~ of th(• t·oal'>t and g(•odetir RUr';'"1'y in, pp. i, 7. 
EXAMit; <~TJ\))i,; YOU nn: ClL\ST PILOT. (If chau;;1·, in 

~ai1i1111 lin(·R n11d rt:ported tib\1al at 1~nsten1 eutTa111.·e of Nautnt·kt't 
Souwl, p. l!)i of tlw hnn;.'A in tlw d1:nrnPls of t•ntr;rn<'(· t~) !\,.,\ 

York Bay, 11. :!:1: of iuhrnd W:lit':'~ of Ud:rware anll t 'hc·:.;:q.t\akP 
ha.n.;, v. ~t!. 

EX.D!IX.\.TWX 01-' DXXG.ER>' TO NAYI,~ATIOX In th•• 
,i,:init.\· t1f tlw liarhors of GloutN;te1· and Sah'HI: ~la~s., p. 11"i: ;1t 

entraU('('·F of Keun .... bec lUvc:r and Booth Jhy, )Jr., arnl iu .:\Jasde 
Ri<l~<· Ch:rn11d aud l{o('kla1ul llarhor. 1'· l~. 

K:\:l'ElllMENT,.; WIJ'lf \\'AT!rn.LJ"'EL, p.:n. 
I~XPLOlVcTIOXt\ OF THE GCLI<' ,.;TUKDI. J:.,f!'l'eIH'e to, p. G; 

sec ali;o . .Appt·u<lix l~1 11p. 4,il-4i'il; Ap}H'mlix l!f, 11p. 4F1U-!6L 

F. 

P.Ail~PlELD, <;EOUGl~ .. A .. A8SISr.ANT. Co11tinuntion of Jlr1-
mary trian~ulation across tbt~ St~lic of llliuuis. pp. 55, fit): tltHy in 
oili<·1~ of tlw Supf'l·iuten<lt•nt of H1e C<ta:i.t and Geotktic ~m·v(·~·­
p. 61. 

FA...IRFIELD. "\V. R .. EXTllA-On~EltVER. ~1·rYit·e~ iu ~t·•·tion 

II. p. 29; in 8ectim1 III, pp. 34-, 35; in Com])11ti11u _J)i\·jf;iou, ClMl"it 
and (;eotl~·tie Su1·vey Otlh·e, p. 62. 

FALRl~ POIST, CAI.. Refe1·euc<· to, in f',Mtirnat."~· p. 9. 
JcARMER RELAYS. l'se of. p. 57. 
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J EltSEY SHOllE. Triaugul:ltion of. 11. 29. 
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iu eistiurnte::i, p. 9. 
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KELLY'S POINT, NEAf( NEW CASTLE, DEL .. IJll.~~.~V. 
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LA CA II ... LE. A IW\';' reUlh.'tioll hs C. lt. P11walky. La Caillt>·~ toh· 
&~1Tatiou~ of fuudmlu'lltal l'.'3-tats ;;lt the Cave of Gontl Hope HlHl :-it 

l'ctris, lwt 1NN:<ll 174V and 1757 .... \.ppemUx Nu. ~J, Jlp. 4tiH-3!1~; 
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I..A. \\RE.NUB, KA.NS. Heconunis1oOar.ce near, p. f1R 
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LEHlGH W' AT Int GAI', l>A., 11· SO, 
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LONG ISLAND. :Map of, in progres-. p. 61. 
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JlfARIXIHN. R. I,., ASSISTANT. H)·dro~r>lJihic resurvey ,,f 
D~laware Hay and Ither, p.28; Comparison of the survey nf tlrn 
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the effect of river.bends in the lowerpartot; p. 6. (See also Appell· 
dix No. 16, pp. 433-436, lty .Assistant Henry hlit<:hl'll.) 

:MISSISSIPPI RIVER COMMISSION, pp. 6, 55. 
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N A.NSEMOND RIVEll, 'V .A. Determination of position of new 
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NEE-.AH BAY, ·w. T. Magnetic obslffrntfous at, p. 52. 
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NEW REDUCTION, BY C.R. POWA.LKY, OF THE PLACES 

OF 15\l STARS OBSERVED BY LA. CA.ILLE AT THE CAPE 
OF GOOD lIOf'E .AND .A.T PARIS BETWEEN 1749 A.ND 
Ii57, .Appenilix No. 21, pp. 469-502. 

NEW YORK (State). Progress of work on coasts of, and Within, 
pp. 2, 20, 24, 25; rnconna.issanee and primary trianflllla.tion across 
northern p<irt of, p. 25; oomparison of hei!(hts of stations in, p. 62. 

NEW YORK BA.Y. Resuryey of lower part of, J•P· 2, 22, 23; of 
cha.nnels of entrance to, pp. 19, 22, 23; examination of buoys in 
entrance to, p. :13; positrons of lighls and buoys in, p. 23. 

NEW YORK RA RBOR. Determination of positions of new light· 
ships and hm>y• in, p. 62; hydrographic sheet of entra.n<le to, p. 63. 

NICHOLS, H.'E., LIEUTENA.NT COMMANDER, U.S. N. lf&g. 
netic observ,.tlons at station• between San Francisco, Cal., and 
Sitka, Alaska, p. 51 ; magnetio cruise of the Hassler in command 
of, p. 52; magnetic observations and hydrogmphic rooonnaillsance, 
pp. 52,53. 

NICKELS, J'. A. lt., LIEUTENANT; U.S. N. Servicee in Seet!on 
ll,p.23. 
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drographic resurvey of, p. 31; map of, p. 32. 
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servations at, p. 19. 
NORTHWEST llASE. Yolo l"••c-line. pp. -17, 49. 
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and Newfon111Uawl 1 pp •. \ 6. 
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15, 67. l>r. Gottlieb Rumpf, p. 63. 8ee also report of Mr. Schott, 
of Computing Division, Appendix No. 6, p. 95. 

OBSERVATIONS Fon LATil'UDE AND LONGITCDE. Ref­
erence to, in eatimatesi p. 9. Set>- also pp. 3:.S, 53, 54, 57. 

OBSERVATORY AT LOS ANGELES, GAL., p. 44. 
OBSERVATORY AT UNI\'ERSITY OF WISCONSIN. Jllag­
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OBSERV .A.TORY, CAPITOI, HTLL, WASIIL.'l'GTON, D. C. Ma)! 
netic observations at1 p. 61. 

OBSERVATORY (NAY .A.L). Corupletion ofsuney for site of new 
pp. 2, 34; longitud<' obsor,.atiou• at, p. 33. 

OCEAN ClTRRENT8. l{eference to Pxami11atio11 (1f1 pp. 11 6i 36, :n 
reference to, in estimatea, p. 8. 

OCEAN SIDE HOUSE, SAN FRAXCTSCO, CAI, .. p. 46. 
OCEAN vrnw, v A., p. 31. 
OF.l<'ICE WORK OE' THE UNITED STATES COAST .AND 

GEODJ.:TIC SURVEY J<'OR THE EIGHTEEN MONTHS END­
ING JUN1'~ 30, lH><2. Statistit'" of field and, A11pendix Nr>. 2, pp. 
77, 78. 

OFFICE 'YORK. tihort enumeration of, p. 4; ref'er~nce to. in esti­
mat-es, pp. 8, 10: for examination of the Pa<'ific coast, Ii· ti. 

OFFICE EXl'ENSES. E8tiruateo for, p.10. 
OFFICE REPORTS .l!'OR TIIE J<'ISC.AL YEAR ENDING JCNE. 

1882, .Appendix No. 6, PI>. V5-JOO. 
OGDEN, H. G., ASSISTANT, In charge of Engraving Division, 

Cout and Geodetic Sm·ve}· Office. p. 64. 
OHIO. Longitud~ observations in, pp. 2, 3; geo~letic leveling in, 

pp. 5, 54; triangulation thronjlh, p. 55. 
ORIO RIVER. Reoollllaissance and primary triangulation t-0war<ls 

the, pp. 2, 34, a.;, 33. 

OHIO AND MIS5ISl:llPrI RA IL ROAD. Geodetic Jev11Jing near, 
p.56. 

"OIL POND," SABIN'E PASS, 'l'EX., p.43. 
OLYMPIC MOUNT.A.INS, NEAR Pt:G-ET SOUND, WASH. 
TER.,p.5~. 

ON TIIB CONSTRUCTION m• OBSERVING TRIPODS AND 
SCAF.FOLDS, By C. O. BOUTELLE, ASSL'!TANT, Appllndix 
No. 10, pp.199-21J8. 

ON THE SECULAR V .A RUTION OF THE MAGNETIC DEC· 
LINATION IN THE UNITED ST.A.TES .A.ND .A.T SOME FOR. 
EIGN STATIONS. Fifth edition. Appendix No. 12, pp, 211-27r, 

ON THE SIEMENS ELECTRICAL DEEP-SE.A. THERMOME­
TER, BY COMM.ANDER J. R. BARTLETT, U. S. N., ASSIST· 
ANT. Accompanied by a description of the apparatus by Werner 
SuHa, Appendix No. 18, pp. 4.51-457. 

1 ORCHARD, J. M., ENSIGN, U. S. N. 8ection III, p. 32; in sec· 
tion VI, p. 40. 

OREGON. Progress of field work in1 p. 3; reference to, in estimates, 
p. 9; magnetic observations in, pp. 3, 50, 52; estimates fur contin­
uation of survey of cosst of, p. 9. 

OS.A.GE ORANGE HEDGES NOTED IN RECONNAISSANCE 
IN MISSOURI, p. 58. 

OSTERHAUS, HUGO, LrnU'l.'EK.ANT. 1'. S. N. Services in 
Section II, p. 28. 

OTSEGO STATION, N. Y., p.2;,, 
OYER, FRAXK. ELECTROTYPING .A.ND PHOTOGRAPHING 

DIVISION, COAST AND G F.ODETIC SURVEY OFFICE, p. 65. 
OVEP.LAND. COLO., p. 59. 
OYSTER BEDS. Coast of Connecticut, pp. 21, 22. Comparison 

lwt\\'i,en those of Cliesapeake Bay a.nil those off coast of, p. 22. 

p, 

PACIFIC COAST. l'riangnlation between the Atlantic· and, PP· 
1, 47, 48; progress of work on the. p. 3; tides of the, p. 7; referencs 
to, in estimates, pp. 7, 9; magnetic, ohRervations on, reference to. 
iu estimates, p. 9: reference in estin1at-0e to gravity observations, 
p. 9 ; commercial needs oJ, demanding tlw proposed vessel for nse 
~n coast of Alaska, pp.12, 13; reference to tidal station at Sance. 
lito1 Cal., on, l'· 45; tide tnbfos of lSi':J for 1 C'omputOO ancl published, 
p.65. 

l'ACIFIC COASTS .AND THE IN1'ERIOH 01:' THE UNITED 
STATES DURING THE FISCAL YEAR 1881-'82. Distribu­
tion of surveying parties on the Atlantic. Gulf of Mexico, and, 
Appendix No. l, pp. 71-76. 

P.ACU'JC OCEAN. Investigation of tides of. p. 7; lines of level· 
incr between the Atlantic Ocean and, referred to in estimates, p. 9. 

P.ALINL'RTIS (schooner). Us<i of, in Section II, pp.21,22; in Sec­
tion III, p. 30. 

1' ARKINSON ST.A TION, NEAR HIGHLAND, MADISON 
COCNTY, ILL., p. 55. 

P .ARSONS, J. W, HJ'drographic examinat-ion for Coast Pilot, p. 32. 
PARSONS, F. H., .AID. Services in section XV, pp. 57, 58; tele­

~'l'apbic longitude of a station at the Universty of Viriginia, p. 33; 
in office of Hydrographic Inspector, Coast and Geodetic Survey 
Office, Jl. 62. 

l'ARTI, Report fur 1882, pp.1-15, inclusive; PART II, Report for 
1882, pp. 16-117, inclush-e; P .A.RT III, Report for 18821 pp. 69-563, in· 
elusive. 

l' ATTERSON, C. P., LATE SUPERINTENDENT OF UNITED 
i-lT ATES COAST AND GEODETIC SURVEY. Obituary ,,f, pp. 
14, 15; tribnfotothememory of, .Appendix No. 24, pp. 559-563; plans 
fo1· rnssel for work on the coast of Alaska, prepared by, p. 12. 

PEACH GROVE, MD.,p.26. 
PEA I' ATCII ISL.A.ND, DEL., p. 27. 
PEIRCE, C. S., ASSISTANT. Relat-h'e to pendulum experiment.s, 

gravity observations, &c., p. 4; measurement of fo1'<le of gravity a.t 
Cambridg;e, Baltimore, and Washington, by, pp. 19, 32; appointed 
a member of conference on pendulum work, p. 33; see also pro­
ceediugs of a conference on p;ravity iletenninations, Appendix 
No. 22, pp. 503-516. 

PEND D'OREILLE, IDAHO. Magnetic observations at, p.59. 
PENDULUM EXPERIMENTS, p. l; at Baltimore and W"6hing· 

ton, D. C., p. 2, see Appendix No. 22, 603-51C; pp. 4, 32. 
PENFIELD REEF LIGHT-HOUSE, p. 22. 
PEN MOUNT, N. Y., pp. 25, 26. 
PENNSYL V .A.NIA. Progres• of work In, p. 2; geodetic lllveling 

in, pp.~. 30; topographical resurvey of Delaware River, p. 29. 
PENNSYL Y .ANIA RAILROAD, p. 26. 
PENOBSCOT B.A.Y .A.ND TRIBUTARIES. Included in Atlantic 

Coll<!t Pilot, p. 4; tidal observations in, p. 19. 
- PENSACOLA. H.AimOR, FLA. Hydrography of bar of, pp. 3, •2. 

PERKINS, F. W., .ASSISTANT. Triangulation, topography, and 
hydrography between Galveston Bay and Sabine Pass, p.43; r~ 
connaissa.nce in IllinoiB and Indiana, p. 55. 

PERKINS, GOVERNOR GEORGE E., OF CALIFORNIA. Rllfer-
t!llce t-0, p. 44. 

PERTH AMBOY, N. J., p. 26. 
PETIT M.AN .A.N POINT, p. 18. 
rHILA.DELPHIA, PA. Determination of poidtion of jnew city 

hall, pp. 2, 29; comparison of surveys of De!Aware River at cliA'er­
. ent dates by order of city counoila, of, p. 28; see aI.o A.ppeadtt No. 
15, by H. L. lil:arind!n, Aaslitant, pp. 427-432. 
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COAST .AND GEODETIC SURVEY OFFICE, p. 65. 

PICKLES, N. J. Signal readJust.<id at, p. 27. 
Plt}EON HILL BAY, ME. Topography of, pp. 2, 17. 
PIGEON STATION, W. VA., p. 34. 
PlSECO LAKE, N. Y., p. 25. 
PLATES COMPLETED, CONTlNUED, AND llEGUN DcRINt.; 

THE FISCAL YEAR ENDING ;JITXE 30, 128~. Engrn"<ing Di­
vision, Appendix No. 5, pp. 87-9;J. 

PLATTE MOUND, WIS., p. 56. 
PLEASANT BAY, ME. Triangulation of, p. ~; topography of, p. 

16.' 
PLEA.SA.NT RIVER, ME. Topography of, p. 16. 
POINT A.REN .A, CAL. Hydrogra_ahy near, pp. 3, 44, 45. 
POINT A VISADERA, CAL., p. 46. 
POINT BARROW RELIEF PARTY. Relative to instruments for 

the, p. 61. 
POINT BONITA, CAL., pp. 45, ~6. 
POTh'T BUOHON, CAL.,p.45. 
POINT CA.BALLO, CAL., p. 45. 
POINT CONCEPCION, CAL. Primary triangulation nn<l reoon-

naissanoo near, pp. 3, 44, 45. 
POINT HOU~IA.S, NEAR DON.A.LDSO:NVILLE, LA., p. 6. 
POINT LOBOS, CAL., P· 46. 
POINT PIEDRAS BLANCAS. Topography near, referred to in 

estimates, p. 9. 
POINT.SAINT GEORGE, NEAR CRESCENT CITY. CAL., pp. 50. 

51. 
POINT SAL, C A.L. Primnry triangulation from, reforred to in esti-

mat.es, p. 9. 
POINT SAN ,mst, OR BT,ACK POINT, C.AL., p. 40. 
POLAR COMMISSION (International). Refern1ee to, J>. 44. 
POLARIS. Observations 011, p. 59. 
POLLOCK RIP, COAST OF MASSACHUSETTS. Changes off. 

p. 2; cl1ange of the position of the light v~ssel at, p. rn. 
.POND ISLAND, NARR.AGUA.GUS IlA. Y, ME., p.17. 
POND ISLAND LIGHT. Examiuatiouof rock in the chanflel north 

of, p. l8. 
POND POINT, CONN., p. 2l. 
PORT DISCOVERY, I.'.'ILET OF l'UGET SOUN}), W. T. Hydrog­

rsphy of, p. 52. 
PORTER, DR. J, W., LATE DISBl'RSING AGENT OF COAST 

AND GEODETIC SURVEY OFFICE. Resiguation of, p. 67. 
PORTEll, GOV. A.G., OF INDIAN A. Reference to, p 55. 
PORTLAND, OREG. Triangulation near, pp. 3, 51; nmgn~tie oh-

servatious at, p. 52. 
PORT ORCHARD, W, T. Top<>grspl1y of, pp. 3, 52. 
PORT PENN, PA., p. 28. 
PORT ROYAL, S.C.,p.38. 
PORT TOWNSHEND, W. T. Ti1\al ol>senations at, p. 7; magnetic 

observations at, p. 52. 
PORT WRANGEL, AI.A.SKA, p. 53. 
POTTS STATION, IND., p, 53. 
POW ALKY, DR. C. R. Reference to aair'onomical paper by th" 

late, p. 5; a.new reduction by, of La. Callle'a observa.tionllof funda­
mental stars at the Cape of Good Hope and at. Paris between 1749 
and 1757, Appendix No. 21, pp. 469-502. 

POWELL, J. w., DIRECTOR OJ<' THE u. s. GEOLOGICAL sun. 
VEY. Member of conference 011 pendulum work, p. 33. 

PR.A.TT, J. F.,SUIIA.SSISTA.NT. Senieeain Se,etion X, pp.49, 50. 
PRE8ERVATION OF ST.A TION MARKS. On the Hudsou, pp. 

2,24. 
PRESIDIO STATlON, CAL., pp. 51, 113. 
PRESTON, E. D., COMPUTING DIVISION CO.A'ST A.NII GEO· 

DETIC SURVEY. Servfoes in Seetfon III, p. 32. 
PRIM.A.RY BASE LINE. Measurement of, in Yolo Connty, Cal.,' 

pp. 5, i'!-00. 

PRUIARY TRIANGULATION. In West Virginia, p. 2; in Cali­
fornia, pp. 3, 47-50; lnillinoia, pp. B, 55; in Missourl,p. 3; In Nevada 
and Coloradiit, refenmoe t.o, in eatimate.., p. 9; for the connection of 
Lake Champlain with the survey of the f-OMt, pp. 20, 24; in In­
diana, p. 55; in tbe Siet'ra Nevada, p. 58 ; in Colorado, p. 59. 

PlUTCHETT, PROF. H.S., OF WASHINGTON UNIVERSITY, 
SAJNT LOUIS. Reference to, p. 58. 

PROCEEDINGS Oll' A CONFERENCE ON GR.A. VITY DETER­
XIlU.TIONS. .A.}lpelldbr; .No. 22, pp. OOHtti. 

l'OOSPECT BASE IJ:N'E, '.N. Y., p. 25. 

PltOSPECT HARBOR, ME. Tidal ohsen·ations in, p. 18. 
PROSPECT HTLL, HUDSON RIVER. Nos. (I) (2),rem"rkiug of 

stations at, p. 24. 
PROTECTION ISLAND, W. T., p. 52. 
PROVIDENCE, R. I. Tidal observations at, pp. 2, 21. 
PTEROPOD ilRELLS. AND OOZE,!'- 37. 
PT:"BLIC PRIXTER. List of publications receh•e<l from, pp. ~6. 07. 
PUGET SOU:ND, W. T. Hydrographic surve_v of. I•P· 3, 50, 52; rnf-

ercnce to, in eRtimates, p. 9. 

PULPIT COVE, ME. Tidal ohHervatiou• (North Have11 Island), 
pp. 2,19. 

PUT.AH CI:EEK. CAL. (Rio de las PutltS), p. 47. 
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QUEBEC. Provinc11 of. Signal station erected on Mount Johus­
ton, p. 20. 

QITTCK (schooner>. rse of, iu Section VI, !•P· 40, 41. 
QUIMBY, PROF. E.T., ACTING .ASSIST.A.NT. Geodetic opera­

ti<>ns in New Rampsbil·e, p. 19. 

R. 

IU.CCOON CREEK, OPl'OSITE CHESTElt, PA .. p. W. 
l{A.!-ISBOW :MOUNTAIKS. Peake of the coast range, Cal., p. 50. 
RAI1HER. Bench-mark estaulished at, JI· 51. 
READY (schooner). L'se of, in Section II, p. 28. 
RECENT DEEP-SEA. SOUNDINGS OFF THE ATLANTIC 

COAST OF THE 1.>:KITED STA'£ES. Appendix No.19, pp.%~ 
461. 

REC01'"NArnS.L~WE State of New York, pp. 2. 25; in WEll!t Vir­
ginia .. , pp. ~. 3G; around \Vashington City. D. U ·i pp. 2, 35; in N evt 
.T ersey, pp. 2!i, 27, of north con.st of California, p. 5Q; for the ex· 
tension of tlrn primal'Y trhngnht.ion ~ast.ward iu Illinois and In· 
diana, p. 55. 

RECOims AND RESrLTS O.F :MAGNETIC OBSERVATIONS 
MADE AT TUE CHARGE OF' THE "BACHE FUND" OF 
THE NATIOXAL ACADEMY OF SCIENCES. By J.E. HIL­
GA.RD, M.N.A. 8., SUPEJUNTENDENT COAST AND GEO· 
DETIC SURVEY. Appernlix No. 14, pp. 329-426. 

JtEDUCTION (NEW\ BY C.R. POW ALKY OF THE PLA.CESOF 
150 STARS OBSEI:YED BY LA CA.ILLE .AT THE CAPE OF 
GOOD HOPE AND AT PARI8 BETWEEN 1U9AND1757. Ap· 
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JmDWOOD CREEK, CAL., Jl. 5-0. 
ItEED, LIEUTEN A.NT, U.S. A. Cainp e.1uipage, &.c., of officers of 

the surn:\y stored at Fort Wallace by permission of, p. 59. 
REEDY ISLANJ), DELAWARE RIVER. p. 27. 
REEDY ISLAND LIGHT, p. 28. 
REICH, H.F., MASTER. U.S. N. Services iu St>ctiou II, p. 23; in 

Section III, p. 32. 
REPORT ON THE SIEMENS ELECTRIC.AL DEEP-SEA TJIER­

MOMETER. By COMMANDER J. R. BARTLET'i'. U. S. N .. 
A.SSlSTANT, ACCOMPANIED BY A DESCRIPTION OF THE 
APP.ARl1.TUS. BY WERNER SUESS . .Appendix No. 18, PP· 
451-457. 

REPORT O~' THE MEASUREME~T OF THE YOLO BASE, 
CALH'ORNIA. By GEORGE DAVIDSON, ASSISTANT. A1•: 
peudix No.8, pp. 139-149. 

llEPSOLD SCREW-LEVEL CO Ml' ARATORS, p. 48. 
RESEA.ROR (schooner). Use of, in Section IX:, p. 43. 
RESULTS OF THE TRANSC01rTINENTAL LINE OF GEO­

DETIC SPIRIT-UJVELING NEAR 'l'HE PARALLEL OF 39", 
EXECUTED BY ANDRE\V BRAID, ASSISTANT, COAST 
.AND GEODETIC SURVEY. Part. I. Sandy Hook, N. J., fo St. 
Louis, M.o. By C. A..SClIOTT, ASSISTANT, pp.t.17.517-556. 

RES!JRVEY OF DELAW A.RE BA.Y AND RIVER, p. 28; refer· 
ence to, in estimat.ea, p. 8. 

REYNOLDS, E. L., ENSIGN, U.S. N. Servicee in Section IV, p. 37. 
RIGGS ROAD, D. C., p. 33. 
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RIO DE LAS PUT.AS, OR PUTAH CREEK, CAL., p. 47. 
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ROCKLAND II.ARBOR, :ME., pp.17, 18. 
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RODGERS POINT, ME., p.18. 
ROUND ROCK SHOAL, GLOUCESTER HARBOR, MASS., p.18. 
RUMPF, DR. GOTTLIEB, LATE OF COMPUTING DIVISIOX. 
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RUSH CREEK, COLO., p. 59. 
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in,p. 47. 
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SANDWICH ISLANDS. Tidal observations at. p. 7. 
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dix No.11, Pl" 517-556; resurvey of New York Bay near, p. 23; 
tidal observations at, p. 23; lines of level begun a.t tide-gauge on
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SAN :F'RANClSCO, CAL. Magnetic observations nt. pp. 3, 51; 
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SANHEDRIM STATION, CAL., p. 50. 
SAN JOS:ll: Triangulation near. p. 45. 
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BANTA LUCIA, CAL. Prominent peak of the Sierra Nevadlll!, p. 

45; the total Solar Eclipse of January 11, 1880, as observed at. By 
George Davidoon, Assistant. Appendix No. 20, pp. 463-468. 

BANTA ROSA ISLAND, FLA. Extension of west end ot; p. 42. 
SAUCELITO, BAY OF SAN FRANCldCO. Tidal observaUons 

at, p.45. 
SCAPPOOSE STATION, COLUMBIA RIVER, OREG., pp, 51, 52. 
SCHENK, CARL, ACTING ASSISTANT. T1iangulation of Ken. 

tuoky, p.53. 
SCROODIC READ, ME. Sounding• near, p.18. 
SCHOO:NERGULCH, CAL., p.47. 
SCHOTT, C. A., ASSIST.A.NT. Relative to pendulum work, p. 4; 

:11<>w base apparatuo, pp. 5, 48, 49; deS<;ription and construction of a 
new Compensation Primary B""" Apparatus, with a determination 
of the length of the correRponding five-meter standard bars, by, 
.Appendix 1'o. 7, pp.107-138: publication of additional editions of 
p&per by, on magnetic declination, p. 6: soo .A.p~ndix No 13, pp. 
277-328; magnetic observations at station on Capitol Hill by, p. 32; 
aiember of conferenoeou pendulum wo1·k, p. 33; aee Appendix No 

SCHOTT, C. A., ASSTSTANT-Cont.inuetl. 
22, PlJ· 503-516; in charge of Computing Division, Coast and 
GeodPtic foiun·f'y OffiCi\ p. 63; report of this division, AppendixlS'o' 
6, pp. 9;)-97 ; reiinltB of the Transcontinental Line of Geodesic 
Spirit-Leveling, near the parallf~l of ~m0, executed by Andrew 
Hraitl, aR~istant.. Coast and Goocletic Survey. Part I 1 Sandy Hook. 
]'.(. J., to S:dntLouis, Mo., by, Appendix No. 11, pp. 517-556: Secular 
Variation of the J\{ag1wtic Declination in the United Statf's and at 
smue fordgu Rtations, by, A}.lpendix No. 12, pp. 211-276. 

SCIENTIFIC WORK (~1ISCELL.lNEOUS). Short enumeration 
of, pp. 4-7. 

SCOTCH CREEK. Topographical survey of vicinity of Norfolk to1 
jl. 31. 

SEAT'.fLE, W. T. :Magnetic observations a.t, p. 52. 
SECitETARY OF THE INTEJUOR OF THE UNITED STATES. 

lleqnest to the Secretary of the TrPasury to detail an officer of the 
Coast and Geodetic Stll'vey to verify northern boundary of Wy­
oming Territory, p. 60. 

SECTIONS OF WORK AS .ARRA.NGED IN REPORT. Section 
I. pp. 16-21; Section 111 pp. 21-30; Section Irr, pp. 30~3.~; Sect.ion 
IV, pp. 36-38; Section V, p. 3~; Section VI, pp. 38-41; Section 
VII, pp. 41, 42; Section VIII. p. 42: Section IX, pp. 13, 44; Section 
X. pp. 44-.51; Section XI, pp. 51, 52; Section XII, pp. 52, 53; Section 
XIII, pp. 53, 54; Section XIV, pp. 54-56; Section XV, pp. 57, 58; 
Section XVI, pp. 58, 59; Section XVII, pp. 59, 60. 

SECUJ,AR VARIATION OF THE MAGNETIC DECLINATION 
IN TUE UNITED STATES .AND AT SOME FOREIGN 
STATIONS. By c. A.. SCHOTT, ASSISTANT. Appendix: No. 
12, pp. 211-276. 

SEDALIA, MO., p. 58. 
SELECTION OF SITE FOR PERMANENT MAGNETIC STA· 

TION. SOUTHERN COAST OF CA.LIFORNIA. p.44. 
SENGTELLEH, J,. A., .ASSISTANT. Supplementary topography 

of San :Francisco Bay an<! approaches, pp. 45, 46. 
SITADWELI, PA8SAGE, ALASKA. Reference to loss of the 

Suwanee in, p. 13. 
SHAG WONG l'OlNT, LONG ISLA.ND. Shoal developed off, p. 22. 
SHA.KEEN, ALASKA. Magnetic observation at-, p. 53. 
SHELL-FISH COMMISSIONERS OI<' CONNECTICUT, pp. 2, 21, 

22. 
SHERRIJ,L'S MOUND, IOWA, p. 56. 
SHIP JOHN SHOAL, DELA W AHE BAY, p. 28. 
SHIP SHOAL, NEAR CHINCOTEAGUE SHOAL, VA., p.30. 
SlIOAI,S AND LEDGE~ DEVELOPED, Pl" 2, 18, 2l, 30, 37-42. 
SHORT MOUNTAINS, TENN., p. 54. 
SllU~iAGIN ISLANDS, .AI.A.SKA. Neces•ity for pilots off, p.13. 
SIEMENS ELl<:CTRICAL DEilP-SEA THERMOMETElt. Use 

of, in Section IV, p. 36; rej!Ort (hy Commander ,T. R. l~ar!Jett., 

U.S. N ., Assistant) of cxperiment8 made at sea on, Appendix. No. 
18, pp. 451-457. 

SIERRA NEV ADA MOUNTAINS. Triangulation in, pp. 45, 58. 
SIGSBEE, ClIARJ,ES D., COll:M.ANDER, U. S. N, Improved 

deep-sea sounding machine by, p. :16. 
SINCLAJR, C. H., SUBASSI,,TANT. Telegraphic longitndea in 

Washington City and Virginia, p. 33; longitude determinations, 
NIU!hYille, p. s:i; longitude ol1servations at Vincennes station, p. 
57; acknowledgment of services of, by A88i•tant Dean, p. 58; 
services in office of Coast and Geodetic Survey, p. 62. 

SINJAQUOTEM, IDAHO. Magnetic observations at, pp. 52, 59, 60. 
SINSL.AU ENTRANCE, OREG. Reference to, in estimates, p. 9. 
SISSON'S HILL, CAL. 2,000 feet above tide, p. 50. 
SITE FOR PERMANENT MAGNETIC STATION ON SOUTH. 

ERN COAST OJ!' CALIF'ORNIA, p. 44. 
SITKA., ALASKA. Magnetic observations on coast of, pp. 8, /;1, 

53; excessive rate of charges by pilots in, p. 13. 
SKILLING'S RIVER, ME. Soundinirs in, p. 17. 
SMEDLEY, SA.MUEI. L., CHIEF ENGINEEH AND SURVEYOR 

OF CITY OF PRILADEJ,PlllA. Reference t.o, p.30. 
SMITH, C. W., GENERAL MANAGER OF CHESAPEAKE 

AND OHIO RAILWAY. Facilities extended officers of longi· 
t.udo parties by, p. 33. 

SMITH, EDWIN. ASSISTANT. Longitude observation• in 
Washington, Ohio, and West Virginia, p. 33; longitude determi­
nations at Cincinnati, p. o3; at Nashville and Saint Louil!, p. 57 ; 
services in office of the Coast and Geodetic Snrvey, pp. 61, s:r. 

SMITH'S G.AP, N.J., p.27. 

SMITH'S G.dP, PA. Near Lehigh Water, Gap, p.ao. 
SMITHVILLE, N. C., p. 37. 
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SOLDIERS' HOME, D. C., p. 33. 
SOUNDINGS. Doop-sea, reference to, Pl'· 6, 3fl, 38; in Skilling's 

River, p.17; at Scl.wodic Head, Me., p.18. Recent deep-sea, off 
the Atlantic coast of the TTnited States, Appendix No.19, pp. 459-

461. 
SOUTH BEACON. Station on Hudsou River. N. Y., p. 24. 
SOUTH CAROLIN A. Examination of shoal off coast. of, p. 38. 
SOUTH CHANNEL, N. Y. ENTRANCE. Examination of buoys 

in,p.23. 
SOUTHEAST BA SE. Tri11:onometrical point. p. 47. 
SOUTHEAST RIDGE. Off coast of Vir1dnia, p. 30. 
SOUTHERN ALASKA. Magnetic observations in, p. 53. 
SOUTH POLE. lteference to new catalogue for epochs 1750 and 

1830 -0f thn ~tare nea1\ p. 5. 
SOUTH 8HOL\L. Coast of Virginia, p. 30. 
SOUTHWEST BASE. Trigonometrical point. p. 47. 
SOUTHWEST LEDGE LIGHT·HOOSE, CONN., Jl. 21. 
SP a UI,DING, J". G. Ti<lal obserntions at Pulpit Cove, Penobscot 

Bay, Me., p. 19. 
SPECIAL IlYDROGRAPHY. For shell.fish commiBsioners of 

Connecticut, pp. 21, 22. 
SPECIAL INVESTIGATION. Relative to tidal theory, p. 4. 
SPECIAL OPERATIONS. Remarking of statioM on Huilson 

River, N. Y., p. 24. 
SPECIAL RECOll""NAISS.A.NCE .A.ND TRIANGULATION. 

Washington City and West Virginia, p. 35. 
SPECIAL TRI.ANG ULA TION Al' PHILAJJELPHI.A, p. 29. 
SQUIRREL ISL.AND, llOOTH ll.A.Y, ME. '.l'i<lal observations at. 

nnd shoal spot sear(' bed for n~ar, p.18. 
STAGE ISLAND GitOUND, ME. Examination of dangers near 

Kennebec River entrance, p. 18. 
SAINT ALBANS, VT., p. 20. 
STANDARD-BARS. On the construction of a new Compensation 

Base Ai>Paratns with a detemtination of the length of two five. 
metre. :By C . .A. Schott, Assistnnt . .Appendix No. 7, pp. 107-138. 

STATE HARBOR COMMISSIONERS O:E' SAN FltA.NCISCU, 
CAL., p.46. 

ST.A!l.'ION HUGO, ELBERT COU:NTY, COLO., p. 59. 
Sl'ATISTICS OF FIELD AND Ol''FICE WORK OF THE 

UNITED ST.A.TES COAST AND GEODETIC SURVEY FOR 
THE EIGHTEEN MONTHS ENDING .JUNE 30, 1882. Ap· 
11endix No. 2, pp. 77-78. 

STEADFAST (sloop). Ul!ll of in Section V, pp.38, 39. • 
STEAMSHIP FOR ALA SK.A. Reference t.o, in estimates, p. 11; 

letters on the subject, pp. lt-13. 
STENGEL, CAL., TRIANGULATION STATION, p.47. 
STEUBEN, .JOY'S BAY, ME., p.18. 
STEW ART, G. A. In charge of Archives of Coast and Geodetic 

Survey, 11. 65. 
STEW A.RT STATION, HUDSON RIVER, N. Y., p. 24. 
SA.INT GEORGE'S RIVER, ME. Search for reportecl rock, not 

found, p. 18. 
SAINT GEORGE'S SOUND. Hydrograpbic Survey of the inner 

and outer bar of East Pass, Fla, 1 p. 41. 
SAINT GREGOIRE, PROVINCE OF QUEBEC. Signal erecW 

on, p.20. 
SAINT HEI,EN'S, W. T. Triangn!at!on of Columbia River near, 

pp. 3, 51, 52, 

SAINT .JOSEPH'S BAY. Completion of hydrography in vicinity 
of, pp. 3, 41. 

SA.INT JOSEPH'S POINT. Tidal observation• at, p. 41. 
SA.INT L.A WRENCE RIVER. Trian,;ulation nea:t, p. 20. 
SAINT LOUIS, MO. Determination of longitude ot; pp. 3, b~, j4, 

67; geodetic Jevelinl( near, p. 55. 
SAINT LUCIE ROCKS, FLA. Examination of, pp.39,40; tidal 

observations at wharf of Saint Lucie Post Office, p. 39. 
STONE, PROF. ORMOND, DIRECTOR CINCINNATI OBSERV­

ATORY. Facilities given by, to officers of Longitude Observa­
tiono, p. 58. 

STORM KING, HIGHLANDS, N. Y., p. 23. 
SAINT PAUL'S, liDllK L'lLAND, AL.ASK.A. Tidal observe.. 

tions at, pp. 3, 53. 
STRATFORD POINT, CONN. Marking oyster lot• near, p. 22. 
STRATFORD SRO.AL LIGHT-HOUSE. Triangulation near, p. 22. 
STUDY OF BEND EFFECTS IN THE LOWER MISSISSIPPI 

p.G; see Appendix No.16,pp.433-436, by Henry Mitchell, .AssiBt'. 
llllt. 

ST\::MP PASS, FLA. ~eferences lo,Ji.40. 

STURGIS STATION, ILL., p. 56. 
STYLES PEAK, VT., v.20. 
SUESS WEHNER, MECH.A.NICIAK COAST ANI> GEODETW 

SURVEY OFFICE. In charl(e of fitting up Ob•errntory at Lo• 
Angelei:i, Cal., p. 44; servicBs in measurement of Yolo Bar;e, p. 49; 
conrluding obser\·ations at OUservatvry 'Gniversity of 'Viacunain 
by, p. 56. 

SULLIVAN, .J . .A., ASSIST.ANT. '.l'riani.'Ulation of Delaware Bay 
antl Ri'l"er in 1875, JI. 28. 

SUMMERFIELD, ILL., p. 06. 
SUPl'LEMENTAP..Y TOPOGUAPHY OF SAX FRANCISCO 

BAY AND APP RO.ACHES. p. 45. 
SU!ffEYING PARTIES ON THE ATLA."NTIC, Gf'LF OF 

MEXICO, AND l'.ACU'IC COASTS. A.ND THE IXTERlOR 
OF THE UNln~n STATES DURDiG THE FISCAL YEA.I: 
1881-'82. Distribution of, .Appt'"mlh. No. lr J•l'· 71-76. 

Sl'HYEYi:i O.F THE COAST. lteference to, in estimates, p. 8. 
SUW .A.NEE (S1'EAMEH). Reference to :oss of, in Shadwell l'as­

sage, .Alaska, p. 13. 
SWASHCHA.N.SEL, N. Y. ENTRANCE. Examinatiunofuuo_y• 

in, p.23. 
SWINBURNE, W. '.l'., LIEl:TEXANT, r. S. N. Coast bytlro­

grapby between Bodega Bay and Point .Arena, Cal., pp. 46, 47. 

T. 

TABLE CLIFF, LEWIS RIVEH HILLS. COLUMBIA lt!VER 
Trhu1gulation ])(lint, p. 51. 

TABLE MOU:KTAIN, C.AL., p. 3; reference, to, in estimat,e•, p. 9: 
topography betw\•eu Balenas and, p. 45. 

TABLE OF DEI'THS IK THE HARBORS ON THE ATI,A.N. 
TIC .AND GULF COASTS. Publication of, from the Office, p. 32. 

TaBLE ROCK STA.TIO~. W, VA.., p.3J. 
TAM.A.LP .A.IS PENINSULA, CAL., p. 45. 

TAMP .A BAY, FLA. Triangulation of western coast of. pp. 3, to, 
41. 

TANEY, E. S .. AID. Services in Section VI, p. :;9. 
TANNER'S CREEK, VA .. p. 31. 
TELEG1'.APHIC LONGITUDJ<~S. At Charle•town, W. Va., anti 

Wasliiugton1 D. C. 1 p. 33 i a.t, lTniversity of Virj.!inia and \\7 ash­
ington, p. 33; between Cincinnati. Naahzille, Saint Louis, p. f>4: 
at Saint Louis, Mo., and ~a...~h,.il1e, Tenn., p. 57. 

TEN ALLY TOWN ROAD. D. C. Triangulation near, p. 34. 
TENNESSEE. Continuation of triangulation in. pp. 3, 54: mag. 

netic obseTI:·ations in. pp. 3, 35, Mi determination of longitude. in, 
pp. 58, 57. 

"TEl'USQUETE" STATION, CAL., \l. 45. 
TERRA. COTTA STATION. Metropolitlln Branch of B. and 0. 

Railroad, p. 33. 
TERRESTRIAL MAGNETISM. pp. 5, 6. 
TERRY, CARLISLE, AID. Services in Section VI, p. 39; in Sec­

tion XY, p. 58. 
TERRY STATION, HUDSON RIVER, N. Y., p. 24. 
TEXAS. Hydrograph~' and topography of, pp. 3, 43; :reference to, 

in estimates, p. 9. 
THE DALLES, OREGON. Magnet-ic observations at, p. 52. 
THERliOMETER. The Siemens Electrical Deep-Sea, report on, 

by Commander J. R. Bartlett, U.S. N., .A.s•istant, accompanied by 
a description of the apparatus by 'Verner Suess. .Appendix No. 
18, pp. 451-457. 

"THE TRIA1;::;LES." l>'L.A.. No shoal found in limits of, p. 40. 
THOMAS, E. B., LIEUTENANT COMMA1''"DER, U. S. N. Hy­

drogrnphic resurvey of part of the entrance to New York Bay, 
pp. 22, 23; bydrographie, resnrvey of Norfolk Harbor, pp. 31, 3't; 
hydrograpby, east coast of Florida, pp. 39, 40. 

THOROUGHFARE NECK, DELAWARE BAY, p.27. 
TIDAL DIVISION, COAST .AND GEODETIC l:!URVEY 

01''FICE. Reference to, in estimates, p. 10; pp. 64, 65: Report 
from, .Appoodix No. 6, Pl" 104, 105. 

TIDAL OBSER\"ATIONS. Relatixe to progress in, p. 2: refer· 
ence to, in estimates, p. 9; at Pnlpit Cove, New Ha..-en Island, 
Mc., pp. 2, 19; at Providence, R. I., p. 21; at Sandy Hook, p. 23; at 
Cbincotea11:ue Island, Va., p. 30; at Fot't Snmter, S. C., p. 38; at 
Saucelitn, Cal., p. 4u; at Saint l'aul's, Kadiak Islnnd, Alaska, p. 53. 

TIDES OF THE P .A.CIFIC CO.AST. Relative to, p. 7; diecuseiou 
of the, byWilliamFcn•el,Asalstant. AppendixNo.17,pp. 437~50. 



 

xx.ii ALPHABETICAL INDEX. 

TIDE TABLES FOR 1883 PUBLISHED, p.4; sale and distribn· 
tion of, p. 66. 

TITTMAN, 0.11., ASSISTANT. Primary triangulation in Colo· 
rado, p. 59: services in Coast and Geodetic Survey Office, p. 61. 

TI,ERAK NARROWS, ALASKA. Reconnai..•sance near, p. 53. 
TOMPKINS COVE, N. Y., p. 24. 

TONGAS STRAITS, ALASKA. Dangerous ledge developed at 
west. end of, p. 53. 

TOPOGRAPHIC.AL M.Al\t: AL. Reference to, p. 3i. 
TOPOGRAPHIC HESURVEY o:I<' SHORES OF DEI,A WARE 

RIVER, p.29. 
TOPOGRAPHY. Of Pleasant Bay and River, Me., pp. 2, 16, 17: of 

shores of Harrington River, Flat Bay, R•ck Bay, and ad.iacent 
islands, Me., pp. 2, 17; of shores of Narraguagus River and Bay, 
Pigeon Hill, Me., pp. 2, 17; of coast of Oregon, 51, 52; reference to. 
in estimat-OH, p. 9; and sup1)lementary triangulation of shores of 
the Hudson River, pp. 23, 24; of New Jersey, p. 27; of the Dis. 
trict of Columbia, pp. 331 34; special, for site of new Na.val Ob­
servatory, p. 34 i of Indian River, Fla., pp. 38, 39; triangulation 
and b}·drograpby between Gal vest-On Bay and Sabine Pass, p. 43; 
of vicinity of Laguna Madre, Tex., pp. 43, 44; from San Luis 
Obi8J>O, V· 45; butween Balenas and Table .Mountain, p. 45; trian­
i:ulation and bydrograpby of Columbia Ri•er, p. 51 ; and triangu­
lation of Puget Sound, p. 52 i diYisiou of. Coast and Geo<letie 
Survey Office, p. 64; for report, see .Appendix No. 6, pp.1031 104, 

TOTAL SOLAR ECLIPSE 01•' JANUAltY 11, 1880, AS OB· 
SERVED AT SANTA LUCIA, CAL., BY GEORGE DA VJD. 
SON, .ASSISTANT, .Appendix No.20, pp. 463-468. 

TOWNSENn·s LNJ,ET, N . .J., p. 27. 

TRABUE, G. W., GENERAL SUPEhINTE:..TDENT 0.1!' WEWI· 
EHN UNION TELEGRAPH CO . .A'.l' NASHVILLE., TENN. 
Acknowledgment of courtesies extended party of Assistant Dean 
hy, p. 58. 

TRAFTON ISLA1'J), NARRAGUAGUS BAY, p.li. 
TRANSCONTINENTAL. Geodetic work referred to in estimates, 

pp. 8, 9: leveling, p. 35; Result• of the Transcontinental Line of 
G~odetic Spirit--Lf;.;veling, h.Y C. A. Schot1, .Assistant, Appendix 
No.111 pp. 517-556. 

TRANSIT OF VENT'S COMMISSION. Appointment of Assist-
ant George Davidtwn iu charg~ of one of the imrties of th(1. p. 50. 

TRASK HILL. Triangulation station at, pp. 2, 19. 

'l'RAVERS STATION. HUDSON RIVER, p. 24. 
'l'RIA.NGUL.ATION. Of New Hampshire and Vermont, pp.~. 19-~l; 

of Delaware l~ay aud River, pp. 2, 28; of Hudson Rh·er, N. Y., 
pp. 23, 24; (primary) of Lake Champlain, with survey of the coast, 
pp. 2, 24; (primary) across northern 1u1.rt of New York, p. 25; in 
New Jersey. p. 27; in the Yicinits of Norfolk Harbor, Hampton 
Roads, and Elizabeth River, p. 31; (primary) extension of, in West 
Virl(inia, p 34; special, between Washington, D. C., and .Martins· 
burg:, W. Va, p. 35; and topography of Indian River, W. Ii""la., 
pp. 38, 39; and topograpby and bydrograpby of Galveston llay and 
Sabine l'aos, p. 4:l; base, measurement, and topography in Ticinity 
of Laguna Madi-e, Tex., pp. 43, 44; topography and hydrograpby 
of the Columbia I~iver, p. 51; ancl topography of Puget Sound, 
p. 52; of the St.aw of Kentucky, p. 53; of TenDessee. p. 54; (pri· 
mary) eastwaid in Illinois and IudiaD1.1, p. 55; (primary) across 
Illinois, pp. 55, 56; in N eYada, p. 58 ; in L:olorado, p. 59. 

TRIBUTE TO THE MEMORY OF CARLILE P. l'A.TTERSON, 
SUl'EltlNTENDENT OJ;' THE COAST A.ND GEODETIC 
SURVEY FROM 1874 TO 1881, Appendix No. 24, pp. 559-563. See 
also pp. 14, 15 of Re1mrt. · 

1'RINID.AD HEAD. Roforence to, in estim11tea, p. 9. 
TRIPODS AND SCAJ<'FOLDS. On the construction of observing, 

by C. 0. :Boutelle, .Assistant, Appendix No. 10, pp. 199-208. 
TURKEY CREEK, ]'L.A., p. 38. 
TURNER'S LUMP, off eoast of Virginia, p. 30. 
TWELVE HOLE CREEK, W.VA., p.34. 
TWlN RESERVOIRS, WASHING TON .AQUEDUCT, p. 33. 
TWO-MILE BEACH STATION, N. J,, p. 27. 

IJ. 

UM.PQUA.H RIVER, OREG. Reference to, in estimates, p. 9. 
UNDERHILL STATION. Reanrveyof, HndsonRiver, not found, 

p.24,. 
UNION ST.A.TION, WIS., p. 06. 
UNITED STATES. ~mpilation of data for geueml map of the, 

referred to In eatimatea, p. 8. 

UNITED STA.TES. Mab'Itetic otationo thnmgboutthe, p.5. 
UNITED STA TES NAVAL O:BSERV A TORY, WASHING TON, 

D. C. Completion of survey of site for new, pp. 2, 34; reference 
to, p. 63. 

UNITED STATES. Publication of Ti<le Tables for the principal 
ports of the, for 1883, p. 4. 

UNIVERSITY OJ;' VERMONT. Reforence to services of Professor 
Ba.rbour1 of the1 p: 25. 

UNIVERSITY OF VIRGINl A. Longitude st.at.ion at, p. 33. 
UNIVERSITY OF WISCONSIN. Closing of magnetic observa. 

tions at, p. 56. 
UTAH. Triangulation in, p.61. 

v. 

VANCOUVER, W. T. Triangulation and toJ1ography near, pp. 3, 

51. 
V A.N HOHNE. COL. JOHN, VICE· PRESIDENT .AND GEN· 

ERA.L SUPERINTEXIJENT OF WESTERN UNION TELE· 
GRAPH COMPANY. Faciliti~s extenderl longitude parties 
by, p.58. 

VANORDEN, C. H. Services in Section II, p. 24; in Section IX, 
p. 43. 

VARIATION (SECULAR), 01<' THE MAG~'ETIO DECLJN.A. 
TIO:N' IN.THE UNITED ST.ATES A.ND A.T SOME FOREIGN 
STATIONS, BY C . .A. SCHOTT, ASSISTANT, .Appendix No.12, 
pp. 211-276. 

VENUS. Relative to appointment of Asaistant Davidson to tak<> 
charge of one of the partie• t-0 observe the Transit of, of 1882, p. 50. 

VERIFIC.A.TION OF THE NORTHERN BOUNDARY 0.1" 
WYOMING TERRITORY, p. 60. 

VERMONT. Triangulation of, p. 2, reference to, p. 62 ; geodetic 
operations in, pp. 19, 20. 

VJ<.;RY, S. W., LIEUT., U. S. N., .ASSISTANT. Magnetic cruise 
on coast of T,abrador, Newfoundland, &c., by, pp. 5, 6. Use of 
observatory on Capitol Hill for magnetic observations by1 p. 32. 

VERY A'rIN. Station on Hudson River, p. 24. 
VIN.AL, W. I., SUBASSIST.ANT. Services in Section II, pp. 24, 28. 
VINCENNES. IND. Geodetic leveling near, pp. 3, 55; longitude 

of, pp. 54, 57. 
VINTON COUNTY, OHlO. Geodetic operations in, p. 54. 
VIRGINIA. Surveys on coast of, pp. 21 30; magnetic observations, 

pp.2,35. 
• w. 

W .AINWRIGHT, D. B., SUBASSISTANT. Services in Section II, 
p. 23; in Section III, p. 33; in Computing Division, Coast and 
Geodetic Survey Office, p. 62. 

W .ALDBERG LA.ND ING, N. Y., p. 24. 
W .ALKER STATION, TENN., EDGE OF CUMIIERL.AND 

MOUNTAINS, p. 54. 
WALLA W .ALLA, W. T. :Magnetic observations at, p. 52. 

] W .ALLil'<G, H. F. Spe.cial reconnaissance and triangulation he· 
twe~n WaHhington, D. C.1 and Martinsburg, W. Va., p. 35. 

W ALLULA, W. T. Magnetic observations at, p. 52. 
WARD'S COVE, TONGA.S STRAITS, ALASKA. Dangerous 

ledge develope<l in, p. 53. 
WASHINGTON AQUEDUCT. Survey of route for proposed ex­

tension of1 p. 33. 
W ABBINGTON CITY, D. c. Pendulum experiments at, pp. 2, 

32; longitude observations at, pp. 2, ill!, 53; measurement of force 
of gratity at, pp. 19, 32; eee also .Appentlix No. 22, pp. 503-616 
Special reconnaiesance and triangulation near, p. 35. 

WASHINGTON HARBOR, W. T. Hydrography of, p. 52. 
W ASffiNGTON JllA.GNETIC OBSERV .ATORY, p. 32. 
WASffiNGTON TERRITORY. Work in, p. 3; reference to, in 

estimates, p. 9 ; ma.gnetlc observations in, pp. 3, 50, 51, l\2 ; tidal ob· 
servations in, p. 7. 

W ABBINGTON UNIVERSITY, SAINT LOUIS, JdO. Conrteeiee 
and fa.cilities extended to the officers of the lo~tude party by the 
president and profQ880rs of, p. 58. 

WEBBER'S ROCK, GLOUCESTER HARBOR, Jd.A.SS. ExaJDina. 
tion of, p.18. 

WEIR, J.B., SUBASSISTANT. Servic.es!nSeetlonVI,p.89; in 
Section XIV, p. 56. 

WELK.ER, P. A., AID. Services in Section X, p. 46. 
WELLS, HA..YILTON COUNTY, N. Y. Trlangulation near,p. 25. 
WEST BAY, ME. Surveyof,p.18. 
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WESTERN UNION TELEGRAPH COMP ANY. Facilities offered 
to officers of longitude parties by president and officials of the, 
p. 58. 

WEST FORK OF MAD RIVER CAL., p. 50. 
WESTON. MR.. STUDENT AT DARTMODTH. N. H. Aid rt•n-

dered Assistant Cutts by. and others, p. 25. 
WEST POINT, KY., p. li3. 
WEST POINT, N. Y. Triangulation near, pp. 23, 24. 
WEST VIRGINIA. Review of field-work in, p. 2; triangulation 

in, pp. 2, 34, 35; magnetic observations in, p. 2, 35; geodetic leveling 
in, p.5. 

"WHE..A1.'STONE"S llRIDGE.'" Use of, in Section IV. p. 30. 
WHITE'S HILL, VT. Geodetic operations at, p. 20. 
WHITING, H. L., ASSISTANT. Topography and supplementar~· 

triangulation of the shores of the Hudson River, pp. 23. 24. 
WILD CAT RIDGE, peak of coast range, p. 50. 
WILL.A.MET RIVER. Suney of, p. 51 ; referen~f' tn, i11 estimates, 

p.9. 
WILL.A.MET STATION, p. 51. 
WILLENBUCHER, E. Services in office of H.\·drographi<• Inspec­

tor, p. 63. 
WILLENBUCHER. W. C., DR.A.t:GHT5MAN. Sen·icEs in Sec­

tion III, p. 31; in H~·droj!t·aphic DiviRion. Coast. and Geodetic 
Surv"y Office, p. 63. 

WILLI.A.MS STATION, IND., p. ;,;i. 
WILLIAMSON, R. S .. COLON'EL, r. S. ENGINEEil CORPS. 

Courtesy extended officers of Survey by. p. 45. 
WILLOW SLOUGH, CAL., Jl· 47. 
WILMINGTON, DEL. Survey of Delaware I:iver near, p. 29. 
WILNER, F. A., MA.STER, U. S. N. Services in Section Il, p. 

23; in Section III, p. 32; in Section VI, p. 60. 
WINES, M. W. In charge of Miscellaneous Division. Coast and 

Geodetic Survey Office., p. 66. 

WINSTON, ISAAC, AID. S.rvice• in Section IX, p. 43; in Sec· 
tion XV, p. 58; in Computing Di~ision, Coast aml Gemletic Sw·vey 
Office,p.62. 

WIRE GR.A.SS RIDGE, CAL., p. 50. 
\VISCONSIN. Reconnaissance and triangulation in, }). 3; geodetic 

operations in, p. 56 i closing of magnetic obRervat.ions at the Uni­
versity of. p. 56. 

WITZEL, H. Y., ENSIGN, U. S. N. Services in Section III, p. 
32 ; in Section \T p. 40. 

WOLFEBOROUGH, CA.Rl(QLJ, COUNTY. N. H. Geodeticopei-.t· 
ticms at, p. 19. 

WOODLAND, YOLO GOt:NTY, CAL., p. 47. 
WOOLLEY STATION, HUDSON RIVER. Not found, p. 24. 
WR.A.NG ELL STRAITS, ALA.SKA. Survey of, called for, p. rn, 

I"econnaissane.e of; for benefit of mail steamers, p. 5:3. 
WUIUJEMANN. Dip circle No. 10, p. 51. 
·wYOYING TERRn'OR Y. ·verification of northern boundary of. 

pp. 4, 60, 62. 

Y. 

YARX.A.LL'S POINT, DELA WARE RIVER. p. ~9. 
YEATMAN . .A. Carpenters' room, Coast, and Geodetic Survey 

Office, p. 67. 
YOLO BASE LINE. Measnl'ement of. pp. 3, 5, ~7-50: relative to, 

p. 63 ; report of the measurement of t.be, hy George Da,·idnon. 
Assistant, Appendix No. 8,pp. 13!l-H9. 

YUKON RIVER. Necessity for trn•ty pilot!\ for. p.13. 

z. 

ZOLL, C. H., RECORDER. Services in Section XV. p. 58. 
ZUMBROCK, DR. A. Electrotyping and Photographing Division. 

Coast and Geodetic Sm.,-ey Office, p. 65. 
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REPORT. 

UNITED STATES UOAST AND GEODETIC SURVEY 0FJ<'lCE, 

Washingt.on., Decembm· 16, 1882. 

Srn: In accordance with law, and with the regulations of the Treasury Department, I ha•e 
the honor to submit herewith my report on the progress of the work of the Coast aml Geodetic 
Survey during the fiscal year ending witl1 Jnne, 1882. 

PART I. 
It will be seen from Appendix No. 1, in which is given an abstract of the localities of work 

and of the various operations in the field and afloat, that while the leading aims of the Survey, the 
security of navigation and thereby the promotion of commerce, have been kept steadily in view, 
other objects of the utmost value to the proper development of the work as related to its national 
importance and to its scientific accuracy have not been lost sight of. 

Hydrographic surveys have beeq prosecuted in the waters and off the coasts of fifteen States 
and two Territories; in the course of these surveys, dattgers to navigation have been discovered 
and mariners wa.rn(lll by notices widely disseminated; topographic surveys for the exact definition 
and delineation of shore line have been carried on in ten States and one Territory; a special 
topographic survey has been in progress in the District of Columbia; the triangulations, primary, 
secondary, or tertiary, wbich precede and form the basis of the two classes of work first named, 
have been advanced along the coasts and within the boundaries of twenty-one States and one 
Territory; included in this work has been the measurement of a primary base line. in California 
and the extension of the transcontinental triangulation along or near the thirty-ninth parallel, for 
connecting the survey of the Atlantic coast with tha.t of the Pacific, and incidentally for the 
measurement of au arc of the parallel; observations for latitude and azimuth have been made at 
important stations of the primary triangulation; longitude!!! of important cities in the interior 
St;a,t.es ;have been established by exchanges of telegraphic signals; lines of lel"eling of precision 
have boon ca.rried from a point on the Atlantic s·ea-boarcl towards a station on the Mississippi 
River; the valnes of the magnetic elements have been ascertained at many points previously 
nnoocnpied, and for purposes of comparison, and study of tbe secular change, at others before 
occupied; determinations of the force of gravity by pendulum experiments h~we been made; tidal 
observa.tioM a.t self-registering tidal stations on both the Atlantic a.nd Pacific ooa.sts have been 
recorded; the study of ocean currents has been L'Ontinued and lines of deep-sea soundings run 
with tempera~ ob86rva.tions for the further investigation of the phenomena. of the Gulf Stream. 

S. Ex. 77-1 
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GENER.AL STATEMENT OF PROGRESS. 

The synopsis which is here presented of the operations in progress in the several localities of 
work during the fiscal year ending June 30, 1882, as stated in detail in the report~ is followed by a 
statement. of work proposed during the fiscal year ending June 30, 1884, with estimates of the 
amounts needed to accomplish it. 

!.-FIELD-WORK. 

ATLANTIC CoAsT.-During the year ending with .Tune, 1882, the work of the Survey has 
jnclnded the following operations upon the coasts and within the borders of the New England 
States: Topograpl1y and supplementary triangulation of Pleasant Bay and River, Me.; ropograpby 
of t11e shores of Harrington River, Flat Bay, Back Bay, and adjacent islands, Me.; topography of 
the shores of Narraguagus River, Pigeon Hill, and :N"arragnagus Ba~s, and the neighboring islapds, 
Me.; hydrographic survey of Goldsborough Bay and of Dyer's Bay, Me.; tidal obsenations with 
self-registering tide-gauge continued at Pulpit Cove, North Haven Island, Me.; examination of 
dangers in the vicinity of the harbors of' Gloucester and Salem, Mass.; changes off Pollock I~ip, 
coast of Massachusetts, and shoal in that vicinity examined for the Coast Pilot; absolute 
determinations of gravity by pendulum experiments at Cambridge, Mass.; occupation of stations 
at Mount Washington and Trask Hill for determining points in the triangulation of New 
Hampshire; stations occupied for the determination of points in the triangulation of Vermont; 
primary triangulation for the connection of Lake Champlain wit.b the survey of the coast; 
observations with self-registering tide-gauge continued at Providence, R. I.; determinations of 
buoys and location of oyster-beds for the Shell-Fish Commissioners of the State of Connecticut, 
and examim1tion of dangerous rock in the eastern entrance to Long Island Sound. 

Work on tile coasts and within the limits of the States of New York, New Jersey, Pennsylyania, 
and Delaware bas included a hydrographic resurvey of part of the lower bay of New York; 
topography of the wc1:1t shore of the Hudson River from Haverstraw northward, and determination 
of points by triauguhttion for the topographical survey; re-marking of stations of the old 
triangulation of the Hudson River; reconnaissance and primary triangulation across the northern 
part of the State of .Xew York for connecting the triangulation of the Hudson River and Lake 
Champlain with that of Lake Ontario; line of geodesic leveling carried from Sandy Hook, N. J., 
to Hagerstown, Md.; reconnaissance and triangulation in the northern part of the State of New 
Jersey; topograpl1y of the coast of New .lersey continued from Hereford Inlet northward; 
examination of changes in Delaware andCbesapeake Bays, and verification of data for the Coast 
Pilot; hydrographic resurvey of Delaware Bay and River; ii;ivestigatfon of changes in that bay 
and river since earlier surveys continued; continuation of the triangulation of Delaware Bay and 
River, and of the topography of both shores of the river; determination of the position of the new 
City Hall, Philadelphia; and occupation of stations for determining points in the triangulation of 
Pennsylvania. 

Within the District of Columbia and the State of West Virginia, and upon the coasts and within 
the boundaries of the States of Maryland, Virginia, and North and South Carolina, the operations 
of the work have included a hydrographic resurvey of Chincoteague Shoals, coast of Virginia; 
special triangulation for the determination of points in the vicinity of Hampton Roads, Norfolk 
Harbor, and Elizabeth River, Va.; continuation of topographic survey, vicinity of Norfolk; hydro­
grapbic resurve;y of Norfolk Harbor; determination of the magnetic declination, dip, and intensity 
at the station on Ca1)itol Hill, Washington, D. C.; absolute determinations of gravity by pendulum 
experiments at..Ba.ltimore, Md., and Washington, D. C.; longitude of Cincinnati, Ohio, from Wash­
ington, D. C., determined by telegraphic exchanges of signals ; also longitude of Charlottesville, 
Va., from Washington, D. C.; continuation of the detailei.l topographic survey of the District of 
Columbia; completion of the survey of ihe site for the new Naval Observatory in the District of 
Columbia; extension of the ·reconnaissance and primar,,y triangulation in West Virginia westward 
towards the Ohio River; reconnaissance, triangulation, and hypsometric observations in the region 
about Washington, D. O., for the construction of a general map; determinations of the magnetic 
declination, dip, and intensity completed at stations in West Virginia and Virginia; latitude, longi-
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tude, and azimuth observed at those stations for magnetic purposes; lines of deep·sea soundings 
with serial temperatures run normal to the coast between Currituck Light House, N. C.; and 
Jupiter Inlet, Fla.; position of a shoal determined in the vicinity of Cape Fear, N. C.; examination 
of shoal reported off Georgetown Entrance, and resurvey of part of Beaufort River, S. C.; and estab­
lishment of a self-registering tide-gauge at Fort Sumter, Charleston Harbor, S. C. 

Upon the east and west coasts of the State of Florida, and on the coasts and within the limits 
of the Gulf States, the following operations were in progress: Continuation of the survey of Indian 
River southward to Jupiter Inlet, Fla., and determination of points on the beach for off-shore 
hydrography; continuation of hydrographic survey of the east coast of Florida; bydrographic 
resurvey of Key West Harbor and Northwest Channel Bar, Fla.; triangulation of the west coast of 
Florida between Tampa Bay and Charlotte Harbor; hydrographic survey of the west coast of 
Florida to the northward and to the southward of Tampa Bay; bydrographic survey of the inner 
and outer bars of East Pass, Saint George's Sound, Fla.; completion of bydrograpby in vicinity of 
Saint Joseph's Bay and Cape San Blas, Fla.; hydrography of the bar of Pensacola Harbor, Fla.; 
determinations of the magnetic declination, dip, and intensity, with observations of latitude, longi­
tude, a.nd azimuth for magnetic purposes at stations in Alabama; triangulation, topography, and 
hydrography of the coast of Texas, between Galveston Bay and Sabine Pass; and triangulation, 
measurement of base of verification, and topography on the coast 6f Texas in the vicinity of Laguna 
Madre. 

PACIFIC CoAsT.-On the eoast8 and within the boundaries of the States of California and 
Oregon, of Washington Territory and Alaska, field-work has included an examination of localities 
at San Diego and at Los Angeles, Cal., to select a site for a permanent magnetic station; continu­
ation of reconnaissance and primary triangulation between Point Concepcion and Monterey, Cal.; 
topography of the coast and adjacent islands from San Luis Obispo, Cal., northward; tidal obser­
vations with self-registering tide-gauge continued at Sancelito, Cal., near the entrance to San 
Francisco Bay; topographical survey of ground filling gap between the surveys of Balenas and 
Table Mountain, Cal.; supplementary topography of San l!'rancisco Bay and approaches, Cal.; 
points for this topography determined by triangulation; continuation of coast hydrography north­
ward and westward between Bodega Bay and Point Arenas, Cal.; measurement of the Yolo 
primary base-line, Cal., and connection of the base with stations of the transcontinental triangu­
lation; reconnaissance and primary triangulation extended northward from vicinity of Mendocino 
City towards Crescent City, Cal.; determination of the magnetic declination, dip, and intensity at 
stations on or near the coast between San Francisco, Cal., and Sitka, Alaska; triangulation and 
topography of the Columbia River, Oreg., between Saint Helen's, Portland, and Vancouver; 
determination of the magnetic elements at stations in Oregon and Washington Territory; topog­
raphy of Port Orchard., W. T., and triangulation of Hood's Canal, Puget Sound, W. T.; hydro­
graphic survey of bays, inlets, and ports in Puget Sound, W. T.; hydrographic reconnaissance of 
the waters of Southern Alaska, and tidal observations continued with self-registering tide-gauge 
at Sa.int Paul, Kadiak Island, Alaska. 

INTERIOR STATES.-W ork in localities between the Atlantic and Pacific coasts has included 
the determination of the longitude of Nashville, Tenn., by telegraphic exchanges of signals with 
Cincinnati, Ohio; continuation of the triangulation of the State of Kentucky; determination of 
stations in continuation of the triangulation of the State of Tennessee ; values of the magnetic 
declination, dip, a.nd inteMity determined at stations in Kentucky and Tennessee with observa­
tions of latitude, longitude, and azimuth at the magnetic stations; line of geodesic levels carried 
from Vincennes towards Mirehell, Ind.; continuation of the primary triangulation in Illinois; 
reconnaissance and triangulation continued in the State of. Wisconsin; determination of the values, 
absolute and relative,· of the magnetic elements at the self-registering record station in Madison, 
Wifl.; longitude of Saint Louis, Mo., determined by exchange of telegraphic signals with Cincin­
nati, Ohio; telegraphic longitude signals exchanged between Saint, Louis, Mo., and Vincennes, 
Ind.; reconnaissance for the ext;ension of the primacy triangulation in Missouri to the westward ; 
occupation of stations for the extension of the primary triangulation in Nevada to the eastward 
and continuation to the eastward of the primary trianiulation in Oolorado ; determination of the 
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magnetic declination, dip, and intensity at stations in Idaho; and verification of the northern 
boundary of Wyoming Territory. 

Special investigations relative to tidal action and the tidal theory, with other mathematical 
and physical researches, were prosecuted in England and in Europe; determinations of the 
magnetic declination, dip, and intensity were made at a number of stations on the northeastern 
coast of America. 

II.-OF FIC E· WORK. 

In the work of the Coast and Geodetic Survey Office the progress made bas been commensurate 
with that of the field-work. All records of field-work pass into the office for reduction, discussion, 
and preparation for publication; these records may relate to reconnaissance for triangulation; to 
astronomical and magnetic observations; to base measurements, to the several classes of triangu­
lation, to tidal observations, and to topographic and hydrographic surveys in the form of field sheets. 
In the office operations are included the drawing and engraving of charts from reduced copies 
of the original topographic and hydrographic maps; the electrotyping of engraved plates, the 
printing and issue of charts, and the maintenance of the instruments used in the Survey. 

Tide-tables of the principal ports of the United States for the year 1883 have been published; 
the drawings of fifty-one charts have been in progress, and of this number fourteen have been 
finished, including eleven charts for publication by photolithography. Four copper-plate 
engravings of charts, and twenty-one of sketches and illustrations have been begun; one hundred 
and thirty-two plates of charts have received corrections; the engraving of twenty-four plates of 
charts bas been con tinned; the plates of twenty-eight· charts and twenty.three sketches and 
illustrations have been completed. An aggregate of twenty-nine thousand and forty-nine charts 
has been issued; in this number were included fifteen thousand seven hundred and three sent to 
sale-agents, and seven thousand seven hundred and eighty-three supplied for the use of the several 
Departments of the Government. Twelve hundred and fifty copies of the Annual Report of the 
Superintendent, and eight hundred and fifty-five divisions of the Atlantic Coast Pilot, including 
sub-divisions, ha\·e been distributed. A second edition of Division B of this work, "Boston to New 
York," a third edition of Sub-division 3, "Penobscot Bay and Tributaries," and the first edition of 
Sub-division 14, "New York to Delaware Entrance," have been published. 

I I I .-MISC ELL AN E 0 US SC I ENT I J<' IC W 0 RK. 

FIGURE OF THE EARTH. 

In a geodetic survey, extending over au area so large as that of the United States, the question 
of the size and figure of the earth becomes one of great importance. The results already reached 
in the regular progress of the survey, a.nd brought out by the comparisons of astronomical and 
geodetic latitudes, longitudes, and azimuths are of sufficient interest to stimulate further research. 
These determinations give the direction of the force of gravity; on the other hand and supple­
mentary to tllese, pendulum experiments will -0.etermine the intensity of this force. 

With regard to the utility of pendulum work in its bearing upon the figure an1l density of the 
earth, no question can now arise. It is fully shown by the resumption of this work in recent years 
in the leacling Government surveys conduoted in India, Europe, and America.. And although 
different opinions have hitherto boon held, and are still held, as to the best and most economical 
modes of prosecuting gravity experiments, all geodesists agree that widely distributed pendulum 
stations, made strictly comparable by comparison of instruments and by adherence to uniform 
methods, will give results of the utmost value to geodesy and geology. 

The views on this subject submitted by Assistants Charles A. Schott and C. S. Peirce at a 
meeting held at this office in May, 1882, for an informal conference on gravity observations, will 
be found stated at length in Appendix No. 22, together with the .propositions formulated as the 
results of the conference and unanimously adopted by the participants. In another paper 
Assistant Peirce communicaties results obtained by him for foree of gravity. [Appendix No. 2$.] 
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ASTRONOMY. 

In Appendix No. :.n is gi>eu a new reduction made by the late Dr. Powalky, at the charge of 
the Bache Fund of the National Academy of Sciences, of the places of one hundred and fifty stars 
observed by La Caille at the Cape of Good Hope and at Paris between the years 1749 and 1757. 
These determinations by La Caille-next to Bradley the most skillful observer of his day-bear 
to the southern portion of the starry heavens the same relation that those of Bradley do to the 
northern, and form the starting-point for researches on the proper motion of the sm1thern stars. 
But to make them wholly a>ailable for this purposP, a new reduction with the employment of 
modern constants was needed. 

This Dr. Powalk~-, with great labor, has successfully accomplished, and has completed a new 
catalogue for the epochs 1750 and 1830 of the stars between the South Pole and thirty degrees 
south declination that were ob~mrved by La Caille repeatedly wit.h two different instruments, a 
six-feet sector and a six-feet sextant. Since all of these stars have been re-observed in i·ecent 
years at Melbourne, and at the Cape of Good Hope, comparisons of La Caille's places with these 
determinations, and with those of Dr. B. A. Gould at Cordoba, will be of great scientific value. 

MEASUREMENT OF PRIMARY BASE-LINE. 

An account of the successful measurement of a primary base-line in Yolo County, California, 
with the new compensation ba!4e apparatus is given in Appendix No. 8 by Assistant George 
Davidson, under whose direction the measurement was made. Upon this base-line the practical 
working of the new apparatus was tested for the first time. It had been constructed at the office 
from plans designed by Assistant C. A. Schott, and is described by him in Appendix No. 7. A 
dit'lcussion of the results of the measurement will appear iu my next annual report. 

GEODESIC LEVELING. 

An investigation of the mean ocean level at Sandy Hook for the transcontinental line of 
geodf'sic leveling which starts from the Atlantic coast at that point will be found in Appendix 
No.11. 

This double line of levels, eleven hundred and twenty-five miles in length, passing through 
the States of New Jersey, Pennsylvania, Maryland, West Virginia, Ohio, Indiana, and Illinois, is 
marked by permanent bench-marks referred to the level of the sea at all important points on the 
route, and at dist.ances apart ranging from two to forty miles. The value of the8e for local surveys 
is obvious. When this line of levels is complete from New York to San Francisco the bench­
marks thus established will serve as base stations for determining heights of points in the interior 
along the line of transcontinental triangulation, for the relative elevations of which observations 
by barometer and of reciprocal zenith distances have already been made. 

'l'ERRESTRI.AL MAGNE'l'ISM. 

In pursuance of the plaus for a :,;ystematic investigation of the distribution of terrestrial 
magnetism in North America, involving the determination of the magnetic elements at stations 
widely 1:1eparated upon the northeastern coasts of the continent for comparison with observations 
made in similar latitudes upon the north western coasts, and also the derermination of these 
elements at stations properly distributed throughout the United States for the construction of a 
magnetic chart, special methods of research have from time t-0 time been organized since 1871. A 
collection of the results thus obtained was published a.s Appendix No. 9 to my last annual report. 
It has been deemed desirable, however, to give in detail in the present report (Appendix No. U) 
the records and results of magnetic observations made atr the charge of the Bache Fund of' the 
National Academy of Scienoes between 1871 and 1876, by observers trained under my direction, 
and supplied with instruments loaned by the Ooast and Geodetic .Survey Office at the request. of 
the National Academy. 

At the opening of the fiscal year 1881-'82 Lieut. S. W. Very, U. S. N., Assistant Coast and 
Geodetic Sarvey, was at Halifax, Nova Scotia, on his way to Labrador and Newfoundland, in 
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accordance with instructions directing him to determine the magnetic declination, dip, and intensity 
at stations on the northeastern coast of America. Observations for these elements had been made 
in 1860 at Eclipse Harbor, near the northeastern extremity of the Labrador coast in connection 
with observations of the solar eclipse: this station was to be the northern limit of Lieutenant Very's 
expedition. The impossibility of obtaining transportation thither prevented the occupation of 
Eclipse Harbor, but by great perseverance and by the kindness of the captain of the mail steamer 
which makes an occasional trip to the outposts of civilization on that remote coast Lieutenant Very 
succeeded in reaching Nain, a Moravian settlement in Labrador. in latitude 560 33', longitude 61 o 
41', a.nd obtained satisfactory observations. ~ 

Three other stations were occupied ou the Labrador coast; two in Newfoundland; one at Saint 
Pierre de Miquelon, at the entrance of the Gulf of Saint Lawrence, and seven in Nova Scotia. 

The results of these observations will add much to our knowledge of the distribution of 
terrestrial magnetism on the NorthAmericau Continent, and those made at stations prevfously 
occupied will be of value in the discussion of thwsecular change of the magnetic declination. 

The practical importance of a knowledge of the laws governing this change is shown by the 
fact that four editions of Assistant Schott's paper, discussing the secular variation of the magnetic 
declination in the United States and at some foreign stations, have been published, and to meet 
the public demand a fifth one has been prepared, which appears as Appendix No. 12 of this 
report. In the next Appendix is given an important paper by Mr. Schott upon the distribution 
of the magnetic declination in the United States at the epoch 1885.0. 

EXPLORATION OF THE GULF STREAM. 

The fa.cts brought out by the deep-sea soundings of Commander J. R. Bartlett, U. S. N., 
Assistant Coast and Geodetic Survey, carried on in the steamer Blake during the summer of 1881 
across the course of the Gulf Stream, will serve to increase the interest in further investigations 
of the area swept by that ocean current, and of the laws which control its action. With the aid 
of the Siemens electrical deep-sea thermometer, the surface and bottom temperatures taken with 
the soundings during the cruise of the Blake will be supplemented in another season by frequent 
series of temperatures at various depths, and the question of the bifurcation of the Stream into 
warm and cold bands, over which. some doubt has already been thrown, may be definitely settled. 

In Appendix No. 18 will be found a report by <Jommander Bartlett of tests which were made 
hy him of the actual working of this apparatus, in which the effect of changes of temperature in 
varying the resistance of metals to the passage of an electrical current is so ingeniously applied. 
A description of the apparatus with illustrations precedes Commander Bartlett's paper. 

DEEP-SEA SOUNDINGS. 

An account of the deep-sea soundings taken off the Atlantic coast of the United States 
between 1879and1883, in connection with the exploration of the Gulf Stream, is given in Appendix 
~o. 19, which is accompanied by a chart showing the depth and temperatures actually observed. 

STUDY OF BEND·EFFECTS IN THE LOWER MISSISSIPPI. 

In connection with his duties as a member of the Mississippi River Commission, Assistant 
Henry Mitchell has made a study of the eftects of bends in the river upon its mean depth, and upon 
the channel depth and mean depth of cross-section, selecting for this purpose, as presenting the 
least anomalies and the most permanent characteristics, a portion of the Lower Mississippi 
extending from the forts (about seventy-five miles below New Orleans) to Point Houmas near 
Donaldsonville, a total dist.a.nee measured along the channel of a.bout one hundred and fifty-one 
miles. 

The conclusions reached by Mr. Mitchell are stated in Appendix No. 16. 

INVESTIGATION OF FLUID MOTION. 

The elucidation of certain problems pertaining to hydrodynamics, and more espooia.lly to the 
subject of the motion of vessels and of bodies such as pendulums moving totally immersed in fiuid, 
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has become desirable in relation to researches upon the tidal theory and to other questions arising 
in the progress of the survey, and demanding mathematical treatment of a high order. 

For the study of these problems with special reference to the best method of investigating 
them, and for the purpose of obtaining information that would be of service in the preparation of 
a comprehensive treatise on fluid motion, Dr. Thomas Craig, of the Uoast and Geodetic Survey, 
was directed to proceed to Europe, and to confer with some of the eminent physicists then in 
attendance upon the meeting of the British .Association for the Advancement of Science, at York. 

After an absence of five mouths in England and on the Continent, Dr. Oraig returned to this 
country in October, having accomplished the chief objects of his journey. 

TIDES OF THE PACIFIC COAST. 

An elaborate discussion of the tides of tlte Pacific coast by Professor "\Villiam Ferrel is given 
in Appendix No. 17. Tt iR bal'!ed upon observations recorded for a number of years past at San 
Diego, Cal., Astoria, Oreg., and Port Townsend, W. T., ul'!ing as data the hourly co-ordinates 
measured from the curves of' the self-registering tide-gauges at the above-named stations, and 
treating these by the method of harmonic analysis. Either for investigations of the tidal theory 
or for use in predicting the tide Professor Ferrel's results have great v~tlue. 

SANDWICH ISLAND TIDES. 

Tidal records from the self-registering tide-gauge, loaned by the Coast and Geodetic Snrve,y to 
the Superintendent of the Survey of the Sandwich Islands, have been received to the close of t.he 
year 1881, and the series is doubtless still in progress. This series of observations was begun in 
June, 1877, the gauge being established at Honolulu. The results obtained from them arnl their 
comparison with the Pacific coast tides will be of great interest in the general investigation of tbe 
.tides of the Pacific Ocean. 

ESTIMATES. 

The detailed estimates for the fiscal year ending June 30, 1884, transmitted to the Department 
in November last, were accompanied by the following statement: 

"It will be observed that these estimates conform in the aggregate to the amount appropriated 
for the current fiscal year, and that they have been prepared in conformity with a requirement 
attached to that appropriation which provides that the pa;y of persons continuously employed in 
the field and office shall be specifically estimated for, and that the estimates for the work proposed 
to be done in the several localities shall be submitted in much greater detail than before. Hence 
the principal items of the estimates are not the same as before in form, although they are substan­
tially the same in effect. 

"In making this change of form, an earnest endeavor has been made to meet the requirements 
of the law, while preserving a necessar~· degree of pliancy in the detail of work proposed to be 
done, and in the expenditure therefor. 

"The two principal items of the appropriation, as heretofore made, have been aggregate 
amounts for the survey of the Atlantic and Gulf coasts, and for the Pacific coast. They embraced 
the pay of all persons employed in making surveys in the :field, and in the work of the office, as well 
as all 'party expenses,' which comprise the pay of those temporarily employed as recorders, signal 
men, hands, cooks, drivers, or boatmen, as the case may be; the subsistence and transportation of 
the pa.rties, and all requisite materials, tents, boats, and all other necessary expenses incident to 
the work . 

. "In the new form of estimates herewith submitted, the expenditures are divided as follows: 
"1. General e:upenses for the survey of the coast, being party expenses as above defined. In 

the 'details of estimates' given below, each locality proposed to be surveyed, or class of work to be 
done, is specified, and the amount to be spent upon each is estimated. It is, of course, impmcti­
ca.ble to make such estimates with great accuracy far in advance, and some discretion must be left 
to the Superintendent to vary the a.mounts according to the character of the sea.son, or unforeseen 
requirements elsewhere; but this estimate will form the project for the year's work, to be adhered 

- . 
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to as nearly as consistent with the best interests of the service, and of course the total amount 
appropriated under this head will not be exceeded. 

"2. Transcontinental geodetic work.-The estimate for the continuation of the transcontinental 
geodetic work, or triangulation to connect the Atlantic and Pacific coasts, conforms to the amount 
granted for the current year, hut an amount of $3,450 for the line of accurate levelinlg between the 
two oceans has been added to this item, and deducted from ihe preceding one. This line of 
extremely accurate levels will have reached half-way between New York aud San Francisco when 
this appropriation goes into effect. 

"3. Aid to State surveys.-For fnruis!ting points in aid of State surveys, same as heretofore. 
"4. Pay in .field.-This item provides for the pay of officers regularly employed in the work in 

conformity with paragraph 4 of the Regulations for the Government of the Coast and Geodetic 
Survey adopted by the Treasury Department. The actuaJ organization of the work is represented 
by the classification here given of assistants, subassistants, and aids, who constitute its normal 
surveying force, the development of which is the natural outgrowth of the needs of the conn try. 

"The six assistants who receive salaries between $3,000 and $4,000 have been in its service for 
an average time of forty years; the average term of service of the nineteen assistants who receive 
salaries between $2,000 and $2,90-0 is thirty years; that of the twenty-one assistants whose pay is 
between $1,500 and $1,900 is twenty years; the average length of service of the subassistants 
and aids is ten and five years, respectively. 

"5. Pay in office.-The e11tima.tes for this service are given in great detail as to the several 
branches of the office work, ~md require no further explanation. 

"6. Office e.xpenses.-For purchllise of materials, instruments, books, and all other expenditures 
necessary for the work of the office, not otherwise provided for, as recited in the details of esti­
mates. 

"7. Rent of offices.-Same as heretofore. 
"8. Publication of records.-Same as heretofore. Tbe principal ohject in retaining this as a 

separate item is the direction that the work of publication shall be done a.t the Government 
Printing Office. 

"9. Repairs and maintenance of 1Jessel8.-Sa.me as heretofore. 
"The total of these estimates is $573,000, against $573,900 appropriated for the mureut fiscal 

year. 
"Jn addition to the above, I beg leave to submit and ask the sanction of the Department for 

an estimate of $100,000 for the construction of a steamship specially adapted for surveying the 
coast and sounds of Alaska Territory. The considerations whfoh have been presented in favor of 
this ap1wopriation are given with the details of estimates." 

ESTIMATES IN DET.AIL. 

SuBVEY OF TBE CoAsT.-For every expenditure requisite for and incident to the 
survey of the Atlantic, Gulf, and Pacific coasts of the United States, including the 
survey of rivers to the head of tide-water or ship-navigation, deep-sea soundings, 
temperature, and cnrren\o observations along the coasts and throughout the Gulf 
Stream and Japan Stream flowing oft' the said coasts; tidal observations; the 
necessary resurveys ; the preparation of the Ooast Pilot; a magnetic map of North 
America; and a compilation of data for a genera,t map of the United States; and 
including compensation, not otherwise appropriated for, of persous employed in 
the field-work, in conformity with the regulatio'ls for the government of the Coast 
and Geodetic Survey adoptt'-0. by the Secretary of tlie Treasury : 

Party expe-nses.-For continuing the sun·ey of the coast of l\faiue eastward from 
Moos-a-boo, and including Machias Bay and approaches, and extension of triangu-
lation . . . . • . . • . . . . . . • . . . . . • • • . . . . . . . . . . . . . . . .............. _ . . . . . . . . . . . . . $11, iOO · oo 

Examination of channels between Nantucket and .Mouomoy ...... _. _ ..... _. . . . . . . . t, 000 00 
Continuing resurvey of Long Island Sound. . . . . . . ......•• , . • . ..... __ ......... _ . . ~ ooo oo 
Completing resnrvey of Delaware Bay .. _ ....• _ ... __ .......... _ . _ . _ . . . . . . . . . . . . . • 3, ooo oo 
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Continuing examination of changes and resurveys on the sea-coast of New Jersey .... 
Survey of estuaries of Chesapeake Bay and of Sounds in North Carolina not hereto-

fore surveyed . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .........••...................... 
Continuing the survey of eastern coast of Florida between Jupiter Inlet and Key 

Biscayne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 
Continuing survey of the western coast of Florida from San Carlos Entrance southward. 
Continuing survey north ward from Anclote Keys, Florida. . . . . . . . . . . . ............ . 
Continuing survey of the coast of Louisiana from Barataria Bay westward aml from 

Calcasieu Pass eastward ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. . 
To complete the survey of the coast of Texas and to make such re-examination of inlets 

as may be necessary ........................................................ . 
To __ make off-shore soundings along the Atlantic coast and current and temperature 

observations in the Gulf Stream . • • . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
For determinations of geographical.positions (longitude party). . . . .............. . 
To complete the triangulation connecting the survey of the coast with that of the 

Lakes.............. . . . . . . . . . . .......................................... . 
To continue the primary triangulat,ion from Atlanta towards Mobile ............... . 
For an exact line of levels from the Gulf to the transcontinental line of levels between 

the Atlantic and Pacific Oceans . . . . . . . . . . . . . . . . . ....... _ ................... . 
To continue tidal observations ................................................... . 
To continue magnetic observations .............................................. . 
To continue gravity experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... . 
To make special hydrographic examinations for the Coast Pilot. . . ................ . 
For compilation of data for a general map of the United States .................... . 
For eontinning the survey of the coast of California, viz : for topography from San 

Diego (False Point) towards San Luis Rey, from Moro Rock to San Simeon, and 
from Point Piedras Blancas to Cape San Martin .............................. . 

For primary triangulation from Point Sal northward, from Table Mountain southward, 
and from Trinidad Head to the Oregon line ............................. _ .... . 

For hydrograpby off the same coast . . . • . . . • • . . . . . • . . • . . . . . . . . ...........•..... 
For continuing the survey of the coast of Oregon, viz: Topography from Umpquah 

River northward, including survey of Sinslaw Entrance, Koos Bay, and off-shore 
hydrograpby and completion of the surveys of Columbia and Willamet Ri>ers to 
the head of ship navigation ............................................•..... 

For continuing the survey of the coast of Washington Territory, viz: Oontinuing the 
triangulation, topography, and hydrography of Fnca Strait .................... . 

For completing survey of Puget Sound ......•.........••.•........................ 
For examinations and surveys of such passages, anchorages, and harbors on the coast 

of Alaska as may be deemed most needful. . . . . • • . . . . . • • • . . . . .............. . 
For tide observations on the Pacific coast . . . . . . . . . . . . . • . . ............•.•••........ 
For magnetic observations on the Pacific coast ................................... .. 
For gravity observations on the Pacific coast ................................... .. 

9 

$2,100 00 

2,400 00 

i,500 00 
3,000 00 
3,000 00 

s,ooo 00 

6,000 00 
2,500 00 

2,700 00 
3,500 00 

3,000 00 
2,000 00 
2,700 00 
3,000 00 
3,000 00 
2,700 00 

10,000 00 

20,000 00 
7,000 00 

10,000 00 

6,000 00 
6,000 00 

s,ooo 00 
2,000 00 
2,000 00 
1,000 00 

Total for party expenses . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 172, 000 00 

Transoontinental goodetio u1ork.-For transcontinental geodetic work, including line of 
leveling between the Atlantic and Pacific Oceans ............................. . 

Aid to State Burtley8.-For furnishing points for State surveys ...................... . 

PAY IN FIELD.-For the pay of officers continuously employed, viz: 
Pay of Superintendent .....•.•............................. -................... . 
Pay of six assistants, at rates between $3,000 and $4,000 per annum •............... 
Pay of nineteen assistants, at rates between e2,000 and $2,900 per annum ..........• 
Pay of twenty-one assistants, at rates between tl,500 and tl,900 per annum ...•..... 

S.Ex. 77--2 

33,450 00 
16,000 00 

====== 

6,000 00 
21,200 00 
43,000 00 
36,000 00 
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Pay of nine subassistants, at rates between $1,100 and $1,400 per annum ........... $11, 250 00 
P;:iy of nine aids, at rates between $720 and $900 per annum . . • • . • . . . . . . . . . . . • . . . . . 7, 500 00 

Total pay in field. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . • • . • . • . . . . . . • . . . . • 124, 950 00 

PAY IN oFFICE.-For pay of persons employed in the office of the Coast and Geodetic 
Survey, viz : 

lu office of Superintendent, three persons, from $900 to $1,800 per annum .......•.• 
In offiee of Disbursing Agent, three persons, from $1,200 to $2,500 per annum ..... . 
111 office of Hydrographic Inspector, six persons, from $650 to $2,200 per annum .•.• 
In office of Coast Pilot, three persons, from $700 to $1,500 per annum .........•...• 
In ottiec of Assist.ant in Charge, eight persons, from $720 t;o $1,800 per annum ••.••• 
In Computing Division, eigbt persons, from $600 to $1,870 per annum .......•....... 
In Division of Tides, three persons, from $720 to $2,000 per annum ................ . 
In Drawing Division, fifteen persons, from $400 to $2,400 per annum ............... . 
In Engraving Division, twenty-four persons, from $600 to $2,400 per annum ........ . 
In General Service Division, nineteen persons, from $400 to $2,000 per annum ....•.. 
In Instrument Shop, eight persons, from $500 \o $2,000 per annum ............•.••. 
lu San Francisco sub-office, three persons, from $720 to $1,800 per annum .... - ...•. 

4,200 00 
5,700 00 
8,100 00 
3,480 00 
8,100 00 
9,600.00 
3, 770 00 

19,300 00 
37,200 00 
16,350 00 

9,100 00 
3,600 00 

Total pay in office . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 128, 500 00 

In further explanation of the above e!!ltimate it may be stated that the amount $128,500 is 
requirNi for pay of mathematicians and computers employed in the reduction and discussion of 
the geodetic, astronomical, and magnetic observations sent in by the assistants in the field ; of 
1lraugbti;men; for the reduction of the plane-table sheets and the construction of the different 
classes of chartH for pu blicatiob; of engravers, copper-plate printers and electrotypers; of 
computers for the 1liscussion and prediction of tides; of persons employed in collecting, verifying, 
and arranging the data required for the Coast Pilot.s; of the hydrographic draughtsmen in the 
office of the Hydrographie Inspector, required for the reduction of the hydrographic surveys by 
the officers of the ~avy attached to the survey; of the disbursing agent and aooonntants; of the 
mechanicians in the Instrument Shop for the construction and repair of instruments, including 
the carpentry; and of others employed in the official correspondence; writing and copying reports; 
preservation of the records of the Survey; distribution and sale of charts; and pay of packers, 
messengers, and watchmen. 
OFFIOE ExPENSES.-For purchase of new instruments, books, materials, &c.; photo. 

lithographing, transportation, fuel, gas, and expenses of all kinds necessary for 
the execution of the office work, as per the accompanying explanation: 

Purchase of new instruments and books . • . . • . . • . . • . . . . . . . . • • • • . . . . . . . • . • • • . . . . . . $8, 450 00 
Materials required for the Drawing Division, and map-mounting; by the Instrument 

Shop for the construction and repair of instruments; supplies for the carpenter's 
shop; and for allowances to the assistants employed in charge of the office details, 
in accordance with the regulations ............................... _............ 7, 950 oo 

For chart paper, printing-ink, copper-plates, engraver's supplies, and for copper, zinc, 
and chemicals for electrotyping .....................•...••.........••.••.•.•. 

For extra engraving ...........••...•.......•.•.••......•.••••••........•..•.•.•. 
For photolithographing charts for immediate use .................................. . 

7,590 00 
1,800 00 
7,200 00 

For stationery for the office and field-parties, transportation of instruments, &c., office 
furniture and repairs, and for office wagon • • .. .. . . . . . . . . . . . . . • • . .. . . . . . . .. . . . . 6, 120 oo 

For fuel, gas, telegrams, extra labor, and washing...... . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 500 oo 
For miscellaneous and oontingencies of all kinds, including the traveling expenses of 

assistants and others employed in the office sent on special duty in the service of the 

office.····· · • · · • · · · · · · · · • · · · · - • • • · • · · • · • • • • · • • • • • • • - ••• • •.• •..........••••.. 2, 990 00 

Total for office expenses. • . . . . . • . . . . . • • . • • • • • • • • . • . . . • • • • • • • • • • • • • • • • • 45, 600 oo 
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RENTS.-For rent of buildings for offices, work-rooms, and workshops in Washington. $10, 500 00 
For rent of fire-pro0f building No. 205 New Jersey Avenue, including rooms for stand-

ard weights and measures, for the safe-keeping and preservation of the original 
astronomical, magnetic, hydrographic, and other records; of the original topo-
graphical and hydrographic maps and charts; of instruments, engraved plates, and 
other valuable articles of the Coast and Geodetic Survey ....•.......... _ - . . . . . . 6, 000 00 

Total for rent . . . . . . _ ......... _ . _ . • . . . . . • . . . • . • • • . . . . . . . . . . . . . . . . . . 16, 500 00 

PUBLICATION OF RECORDS.-For continuing the publication of observations and their 
discussions made in the progress of the Coast and Geodetic Survey, including com­
pensation of civilians engaged in the work, the publication to be made at the Gov-
ernment Printing Office_ ....... _ ............................• __ ... _ . . . . . . • . . ti, 000 00 

REP.A.IRS .A.ND MA.lN'fEN.A.NCE OF VESSELS.-For repairs and maintenance of the com-
plement of vessels used in the Coast and Geodetic Survey. • . . . • . . . . . . . . . . . . . • . • . 30, 000 00 

In all, for Coast and Geodetic Survey .................••.... - - . . . . . . . . . 573 000 00 
PROPOSED STEAMSHIP FOR AL.A.SK.A..-For the construction of a steamship especially 

adapted for surveying the coast and sounds of Alaska Tenitory. . . . . . . . . . . . . . . . 1 oo, 000 00 

Iu explanation of the preceding item the following correspondence is appended: 

TREASURY DEPARTMENT, July 1, 1882. 
Sm: I have had the honor heretofore of transmitting you a communication to me relative to 

an appropriation for the building of a vessel for the purposes of" the Coast Survey" along the coast 
of Ala.ska. I also, in reply to a letter from you, informed you that in my opinion there was no vessel 
of the Revenue Marine service that could be used for the purpose above mentioned. 

I now have the further honor of handing to you another letter from Professor Hilganl, of the 
United States Coast and Geodetic Survey, on the same subject, and of saying that I am convinced 
that this effort on the part of that office is not mere pertinacity, but is mwe from a hearty belief 
in the needs of that branch of the public service and of the commercial marine interests of the 
country. 

From conversation with gentJemen connected with that branch of the service, and from some 
observation of facts, I am prepared to say that the Territory of Ala.ska is worthy of the attention 
and fostering care of Congress, and that no means consistent with a wise economy should be spared 
to bring it withiu the range of commercial enterprise and open its resources to the public reach and 
use. Doul>tless a survey and charting of the coast, straits, inlets, bays, and harbors, as perfect as 
may be, is an efficient means to that end, and vessels of suitable build and capacity are needful 
So much I am able to say unhesitatingly and of my own observation. 

The specific thing sought at the present is an appropriation of il00,000 for the building of a 
vessel. As to the need now for this I must rely upon the statements of those having the general 
matter in charge; and those stat.ements are well set forth in the accompanying letter of Professor 
Hilgard. They seem to me to be more than plausible as to the need of a vessel. I commend them 
to the attention of the committee, which is finally to judge whether the sum asked for can be 
afforded from the public moneys without inconvenience to other urgent demands upon the imblic 
moneys. 

Very respectfully, 

Hon. FR.A.NK HISCOCK, 

CHAS. J. FOLGER, 
Secretary. 

Chairman Committee ()fl, .Appropriations, H01U1e of Repruen.tatives. 
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UNITED STATES COAST AND GEODETIC SURVEY OFFICE, 
Washing ton, Felm1ary 3, 1882. 

Sm : 'l'he rapillly growing commerce and navigation on the coast of Alaska warns ns of the 
importauce of making as early as possible more complete surveys of that coast than have hitherto 
been practicable with the means at the command of the Department. 

A co11sideration of what bas been done will show that great diligence has been used by this 
oflice since the acquisition of that Territory. A general map of the coast from previous Russian 
and British explorations and local surveys, a general chart of the coast, and an atlas of harbors in 
Alaska were published as early as 1869. A volume of sailing directions was compiled and 
published in 186!). More exact surrnys of important localities have since been made by this office, 
and thirty.eight charts from original surveys have been published. Two of these are from surveys 
made by United States uayal vessels on duty on that coast. A new and much enlarged edition of 
the Alaska Coast Pilot is in hand and over one hundred pages stereotyped, and fifteen charts 
illustrative of the same arc engraved and nearly ready for printing. Seven additional charts of 
hitherto unsurveyed localities are in hand for engraving from observations by tbe officers of the 
Survey, and the number of astronomical positions fixed and magnetic observa.tions preparing for 
publication is very large. 

In the mean time the i)eople on the Pacific coast are calling for a more rapid progress of the 
smTey on the northwestern coast, as is evidenced by memorials presented to Congress, copies of 
which are appended to this letter. 

In order to carry on the work to good advantage a new vessel especially adapted for the purpose 
is absolutely necessary. The required qualities of such a vessel are-size for carrying a compara­
tirnly large staff of officers and crew; capacity for a farge quantity of provisions and coal, which 
cannot be easily replaced during a long season's work; strength to resist damages liable on a 
dangerous and unknown coast, water-tight compartments being a necessary adjunct; speed to 
overcome the strong currents of the narrow channels; economy of fuel and proper sail-power, 
assisting in the saving of fuel when practicable, making it possible to maintain the field for the full 
length of the working season, and keeping the expenses within· tbe limits of the appropriation made 
by Congress. 

The plans for such a vessel have been prepared under the direction of my predecessor, Capt. 
U. P. Patterson, and tliis office is ready to make contracts, if authorized by Congress. 

111 view of the foregoing conoiderations, I have the honor to request the Department to recom. 
mend to Congress a special appropriation for the construction of a vessel for these surveys, at a 
cost not exceeding the sum of $100,000. 

It is very desirable that the appropriation, if approved, be available at an early day, in order 
that, advantage may be taken of the surveying season of 1883. 

Ver~' respectfully, 

The Honorable SECRETARY OF THE TREASURY, 
Washington,]). O. 

J. E. HILGARD, 
Superintendent. 

UNITED STATES COAST AND GEODETIC SURVEY 0FF1CE, 
. Washington, June 29, 1882. 

Sm: On the 3d ef February I !iad the honor to address you a letter, asking that you would 
recommend to Congress an appropriation of $100,000 for the building and equipping of a vessel for 
the surYey of the coast of Alaska. · 

The matter was also urged by memorials from tl1e Chamber of Commerce of San Francisco, from 
the Geographical Society of tbe Pacific, and from the California Academy of Sciences. These 
memorials accompanied my letter. 

These documents were transmitted by you to Oongress, and no appropriation for the purpose 
proposed appearing in the sundry civil bill, I beg to recall the subject to your attention, because the 
commerc.ia1 necessities of the Pacific coast particularly demand a survey of the great interior passages 
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of Alaska, notorious for tlteir hidden and unknown dangers; and because the Coast 8urniy bas no 
vessel properly adapted and fitted for such duty. The Hassler is now there, I.mt is especially 
needed for the hydrography of the coasts of California, Oregon, and Washington Territory. 

Urgent applications were made upon the Superintendent last year by the Chamber of Com­
merce and other commercial bodies for special surveys of such dangerous passages as Wmngell 
Strait, whereby several hundred miles are saved on each trip of tbe mail and coasting vessels. 

Since the date of my letter, I have alRo hatl the personal sta.temeuts of officers of the 8un-ey 
who hav~ been through tlwse waters, and who have given attentive oit11dy to the resources, require­
ments, and development of that country. 

The resources of Alaska are much greater than are generally known; for example, the area of 
her cod-fishing banks is estimated to be four times greater thau that. of the Banks of Newfoundland, 
and the coasts of the Archipelago Alexander embrace between eight thousand and nine thousand 
miles -clothed with timber of great size and excellent quality, which will be a source of supply wlwn 
all other sources are exhausted. 

Of the mineral wealth of the Territory the favorable reports ham been confirmed. 
The existing charts of this region are in a great measure founded upon those of Vancournr of 

1792, and but recently the revenue cutter Corwin, when returning with the Rodgers expedition, 
struck upon unknown dangers. 

Added to the unreliable and misleading details of these charts, the dangers to navigation are 
increased by the heavy seas of these high n<n:them latitudes and the unusual amount of rain~~, 
thick, and foggy weather, together with the short daylight of winter. 

The number of vessels trading to these waters and the number of fishing a11d whaling ,·essels 
have yearly increased. · 

There are no trustworthy pilots for the interior straits of the Archipelago Alexander, for the 
Shumagin and Aleutian Islands, or for the approaches to the great rivers Yukon, Kriskorin, etc. 
The few English pifots for t1ie regular route from Fuca Strait to Sitka demand extraordinary 
remuneration (as high as five hundred dollars per month for Admiral C. P.R. Rodgers). 

For want of Government charts, companies trading to these waters are using private charts 
compiled from information obtained by their captains. 

In conRideration of these difficulties which beset the commercial community of the Pacific 
coast, the cost of insurance is unusually large and oppressive, and in winter it is Ilracticall,r 
prohibitory. 

We haveendeavore-d, with the very limited means at our disposal for Alaska, to meet some ot 
the most urgent wants of commerce by the examination of dangerous focalities, by the publication 
of sailing directions, the compilation of charts, observations of tides, etc. It must be evident, 
nevertheless, that little systematic work can be done without a vessel constructed aud equipped 
expressly for this duty, and whose whole time shall be de,·oted thereto. The Hassler, now tempo_ 
rarily in Alaska, is a single-shell iron vessel, not suited to these waters, as I have more explicitly 
detailed in my previous letter, and should she strike upon an unknown danger would doubtless be 
a total loss, just as the Suwanee was lost in Shadwell passage. 

The practical acquaintance of the officers of the Coast Survey with the waters of Alaska; 
their knowledge of the resources of the Territory, and their familiarity with the commercial 
demands of the Pacific coast for charts to aid navigation, conspire to give force to my request for 
this Yessel. 

Very respectfully, 

The Honorable SECRETA.RY oF THE TREASURY. 

J. E. HILGARD, 
Superintendent. 
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OBITUARY. 

CARLILE P. PATTERSON, Superintendent of the Coast and Geodetic Survey, died at Brent· 
wood, his home near Washington, D. C., on the 15th of August, 1881. 

Mr. Patterson was born at Shieldsborough, in the State of Mississippi, August 24, 1816. 
Entering the service of the United States as a midshipman in the Navy at t.he age of fourteen, 
npon reaching the grade of passed midshipman he was ordered to duty on the Ooast Survey during 
the superintendency of Mr. Hassler, and as lieutenant in 1846 he took charge of a hydrographic 
party in the Gulf of Mexico, under the direction of Superintendent Bache. · 

The earnestness and vigor with which the hydrographic work Wi Mobile Bay and Harbor was 
prosecuted by Lieutenant Patterson so impressed the citizens, that the corporate authorities, 
through the mayor of the city, ad1lressed a communication to him in December, 1847, as 
"commanding the party of the Coast Survey," expressing their gratification at the attention to 
the interests of the city manifested by the Superintendent and the officers 1mder his direction. 
While promptly acknowledging this communication in behalf of the Superintendent, Lieutenant 
Patterson was equally prompt in correcting an erroneous impression, and in stating that his own 
party was but one of several, naming the officers upon the accuracy of whose observations the 
value of his own results depended. 

At this time, war between the United States and Mexico was in progress, and the impulse to 
serve his country more immediately in the line of duty in his profession was one that Lieutenant 
Patterson could not resist. He asked permission from the Superintendent to retire temporarily 
from the Survey, in order to conduct an explosive flotilla, powerful enough to disable the great 
fortress which defended the Gulf approaches to Vera Cruz. He knew that the enterprise might 
be hazardous to himself personally, hut in his own view the results would be speedy and sure. 
His proposal the Superintendent thought it best to decline. 

Upon being relieved from duty on the Survey, l\Ir. Patterson's preference for pursuits that 
would fully enlist his constitutional activities led in 1850 to his retirement from the Navy, and his 
taking command of a Pacific mail steamship. In this and in other private business he continued 
till 1861, when the needs of' the country again demanded his services, and he accepted the position 
of Hydrographic Inspector in the Coast Survey, oftered him by Superintendent Ba<:he. 

In this capacity, the demands made upon his energies were arduous, the conrse of public 
ernnts calling for unusual efforts to meet calls from the Government for charts and information 
indispensable to operations afloat. The special fitness he manifested in devising plans in a time 
of great public emergency, and his close attention to every detail of their execution, won for Mr. 
Patterson the unrestricted confidence of his distinguished chief. This feeling wai,i shared by 
Professor Bache's successor, who took occasion n<>t infrequently to express his high apprecia· 
tion of the labors of the hydrographie inspector, referring particularly to his faithful a:qd compre­
hensive r,mggestions in the stimulatiag and developing of individual thought, and to his wise 
recommendations concerning commercial and maritime interests. 

Upon the resignation of Professor Peirce in February, 1874, Mr. Patterson was appointed. 
Superintendent. He brought to the performance of his duties au intimate acquaintance with the 
requirements of the work gained by his long training and wide experience in its service, and au 
earnest devotion to its interests as viewed by a man of strong will, sound judgment, and unre· 
mitting executive energy, determined to uphold a high standard of efficiency, and to spare no 
personal labor iu behalf of the needs of the Government. 

His tenure of the office· marked strongly an epoch in the history of the Survey. His 
predecessor, Bache, held in thought the plan of a triangulation along the Blue Ridge as essential 
to the completion of the work, but in his day restricted views prevailed in regard to public 
expenditure. Other impressions succeeded in time. Nations far inferior to our own had maps of 
their territory. The eminent mathematician, Peirce, had expanded the scope of the work, and a 
geodetic survey to span the continent, and to lay the foundation of a general map of the country 
had charms for a. mind like that of Patterson. He believed that results might be proportioned to 
thought preyiously given, and hence it was that in schemes for triangulation his patient study in 
advance ceased only when improvement in the plan was found to be impossible. He succeeded in 
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carrying out the policy of his predecessor and in preserving unbroken the organization of the 
Survey throughout a period of great commercial depression and of close retrenchment in every 
Government expenditure. 

His death is to be deplored as that of one who was great in spirit, gentle in his dealings, 
forbearing towards subordinates, magnanimous in the presence of equals, and himself the peer of 
_any in exalted character. All elements of tmthfulness, the height of manly courage, the most 
tender susceptibilities of human sympathy, were bis in large measure."' 

OBITUARY. 

THOMAS McDONNELL died at Washington, D. C., May 29, 1882, in the seventy-ninth year of 
his age. 

Mr. McDonnell's connection with the Coast Survey began in 1833, under the superintendency 
of.Mr. Hassler. He entered its service as artificer in the party of the Superintendent, acting also 

·in the capacities of paymaster and quartermaster. Tbe unvarying fidelity and good judgment 
with which he discharged these duties oommended him to the respoot and confidence of his official 
superiors and won for him their friendship and esteem. For thirty-three years he served actively 
in the field, and was then placed in charge of the map and chart room of the office, a position 
which he held till his death. 

Having served under five successive Superintendents, and for a period of almost fifty years, 
Mr. :McDonnell's memory, which retained its powers unimpaired to the last, was well stored with 
recollections of persons and events of earlier days, and he was consulted in regard to them almoet 
as an oracle. 

Few of his ootemporaries on the Survey now survive him. His friends, while deeply lament­
ing his loss, are partly consoled for it by the reflection that he was spared to them long enough 
to reap the rewards which attend upon honorable old age. 

[*A memorial of Mr. Patterson will be found in Appendix No. 24.] 



 

PART II. 
In the detailed recitals of field-work which follow, under the several heads of sections, are 

stated the localities in which work has been in progress, the names of the officers conducting it, 
and the kind of work executed, with brief notices of the results attained, following the same 
geographical order as that observed in Appendix No. 1. 

The report of the Assistant in charge of office and topography follows. In this is given a 
summary of the operations of the office during the fiscal year, with references to the appendix 
containing the detailed reports of the several office divisions. These papers will be found in Part 
III of this report, which includes, in a<lclition to them, other appendices of a scientific character, 
wherein are tliscussed certain methods and results of the Survey. References to some of the more 
important of these appendices have already been made in Part I. 

As my immediate adviser in matters pertaining to the details of the hydrographic branch of 
the service, and as Chief of the Hydrographic Division in the office, Commander C. M. Chester, 
U. S. N., Assistant Coast and Geodetic Survey, remained on duty during the year. His report 
(Appendix No. 6) gives a list of naval officers on Coast-Survey duty; the number and names of 
the vessels belonging to the Survey, their commanders, and localities where occupied at the 
beginning of the fiscal year, and a summary of the work done by the hydrographic draughtsmen 
under his direction in the office. 

Commander Chester refers to the large number of charts corrected during the year, nearly 
four hundred, and calls attention to the hearty interest shown by the inspectors of the Light-Bouse 
Board in keeping the office supplied with the latest information on the subject of aids to 
navigation. 

Changes in the system of buoyage on some parts of the coast made necessary a large share of 
the corrections to charts, and involved much labor on the part of the assistant hydrographic 
inspector, Lieut. Richardson Clover, U. S. N., who succeeded Lieut. C. T. Hutchins, U. S. N., upon 
his detachment in July, 1881. The intelligent and zealous efforts of Lieutenant Clover were 
successfully directed t.owards keeping the cbfl.rt-room editions as closely up to date as practicable. 

SECTION I. 

l\!AINE, :N"EW HAMPSHIRE, VERMONT, MASSACHUSETTS, AND RHODE ISLAND, INCLUDING COAST 

AND SEA-PORTS, BAYS, AND RIVERS. (SKETCH No. 3.) 

Topography of Pleasant Bay and River, Me.-The topographical survey of the shores of Pleasant 
Hay and River, coast of Maine, was assigned t.o Assistant 0. H. Boyd in June, 1881. He reached 
the field early in July, and finding that many of the stations of the triangulation of 1861 could not 
be recovered, made a supplementary triangulation to determine the points needed in plane-table 
work. The topography was 1'egun on the 23d of July, and prosecuted until the end of October, 
when the field-work closed. )fr. Boyd reports the seas()ll as au unfavorable one, there being an 
exceptional amount of fog and rain. His plane-table sheet extends from Cape Split, at the western 
entrance of Moos·a·bec Reach, Maine, to Addison's Point on Pleasant River, including the shores 
of Cape Split Harbor, and the islands at the entrance to Pleasant Bay. 

Mr. B. Bradbury, jr., served as Aid in the party during a portion of the season. 
16 
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The statistics of the work are as follows: 
Shore line surveyed, miles . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . 40 
Road;;, miles . . . . ....................... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5 
Area of topography, square mi1es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 21 
Stations occupied in triangulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Positions determined . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

17. 

The work of Assistant Boyd during the winter season on the eastern co~1st or l1'lc>ri,la will be 
referred to under the head of Section VI. 

Topography of Harrington River, Flat Bay, Back B(l,y, and adjacent i~lanclR, Jfe.-A%istant 
W. H. Dennis took the fieJcl on the lHh of July, and after determining a :mfficieut numl>cr of 
points for use in his plane-table work, began a topographical survey of the islauds and le1lges to 
the southward of Harrington Ri ~-er entrance, and extended the work to include the sltores of Back 
Bay, Flat Bay, part of Ripll'y's Neck, and p<trt of the western shore of Harrington Hiver. The 
season was not a f<wornble one, rain and fog delaying progress during twcntj·-six 1fay15 •rnt of 
ninety six. Field work closed on the 5th of November. The statistics are: 

Shore line surrn.red, miles . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
Roads, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Area of topography, square miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

Mr. E. L. Taney rendered acceptable service as Aid in the party. .Assistant Dennis was 
assigned to duty at the office during the winter.· 

Topagraphy of Narraguagus River, Pigean Hill and Narragua,gits Bays.-Assistant Charles 
Hosmer took up topographical work in the vicinity of Millbridge, .'.Vfe .. on the 14th of July, and 
continued it till the 17th of October, when the survey assigned to him was completed. The two 
topographic sheets which he executed include Boisbubert Island, forming the ea.stern Rhore of the 
southern part of Pigeon Hill Bay; Pond Island, and Trafton Island in Narraguagns Bay; part of 
the township of Mill bridge forming the western shore of the Bay, and both shores of Narraguagus 
River from its mouth to the town of Millbridge. The work was much delayed by fog and raiu. 
Statistics are as follows: 

Shore line surveyed, miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...•.... , . . . . . . . . . 49 
-Roads, miles .... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
Area of topography, square miles. . . . . . . . . . . . . . . . . . . .............. , ...... 21 
• 

During the winter Assistant Hosmer was assigned to duty at the office. From this he was 
detached temporarily, in February, for field serviee which will be noticed under the head of Section II. 

Topography of tlte Narraguagus Ri'Ver.-The topographical survey of the shores of the N arragua­
gus River from Millllridge to Cherryfield was assigned to Assistant A. W. Longfellow. Field­
work was begun on the 11th of July, and continued until November 14. lfai11, fog, aml win(l were 
unusually prevalent during the season. Mr. Longfellow's topographical sheet joins that of 
.Assistant Hosmer ou the south, and was extended to join that of Assistant Dennis 011 the east. 
He reports the following :statistics of work upon the completed sheet: 

Shore line sur,·eyed, miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 31 
Streams traced, miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Roads, miles. . . . . . . . . . . ........ _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 50 
Area of topography, square miles ................ _ .............. : . . ........ 19 

Hydrograpkic survey of Dyer's Bay and of Gouldsb<>rougk Bay; soundings in Skilli11r!'s Rfoer, Jfe.­
.A.t the beginning of the fiscal year, July 1, Lieut. H. G. 0. Colby, U.S. N., Assistaut iu the 
Coast and Geodetic Survey, was engaged with his party in the schooner Ea,gre in hyllrographic 
work upon the coast of Maine. Ha~ing completed the surveys of Rockland Harbor, and Muscle 
Ridge Uhannel, as mentioned in my last annual report, Lieutenant Colby finished in one dtiy the 
running of the additional lines of soundings required in Skilling's River. These lines were run at 
high water over flab:i that are bare at low water, .the tides l>eing reduced from a level found l>y 
comparison with the bench-mark at Salisbury Cove, Maine. Soundings were also taken around all 
wharves in the vicinity as nea.r high water as possible. 

s. Ex. 11--a 
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On the 7tlJ of .July the surrey of Goulds borough Bay was begun. All ledges were carefully 
examined; fiats or places bare at low water were sonucled as near the times of high water as 
practicable. The work in Joy's Bay and in \Yest Bay or Gouldsborough Harbor was also done in 
this way. Lieutenant Colby rrmarks iu his report that there is a small boat channel through 
Joy's Ba~· to Steabeu at low water, aud also one to Gouldsborough through West Bay. The 
principal anchorag(• for yessels of medium size is just below Garden Point, where there is plenty 
of water and good holding ground, bnt vessels must lie inside of the chauncl clear of the tide. 
Large y. ssels would do well to anchor on the eastern edge of the channel below Rodgers Point. 

Tlrn tHle-gaug-e was 1->et up below Garden Point; tides were observed through one lu11ar 
month, and a benelHnark was established. 

Some a<l<litional soundings being necessary off Schoodic Head, on the eastern side of the 
entrauee to Freuchmau's Bay, to complde thP chart of that bay, this work was taken up August 
10 aud t111isht'<l August 15. Th<• tidal ohserrn,t,ious were made at Prospect Harbor, and afterwards 
referred to the hench-mark at Gonhbborough Day. 

Lieutenant Colby then began, August 18, a L,ydrograpbic survey of Dyer's Bay, and completed 
it Octolwr 1, with the exeeption of so1ne work at hi~h water on the western shore of Petit Manan 
Poiut. For this the s«a was not smooth enoagh at any time during the season to obtain accurate 
results. All ledges and fiats bare at low water were carefully sounded as near high water as 
possible. 

E.ramination of dan[fCrs to nai1igation -in the t•icinity of the harbors of Gloucester and Salem, 
.Ma.~.~.-Under instructions receiwd early in October, 1881., Lieutenant Colby proceeded with his 
party in the schoonn Eagre to Gloucester Harbor, Mass., and made a careful bydrographic 
examination of Dog nar, Hound Hock Shoal, and "Tehber's Rock. He then examined certain 
dangers to naYigation reported by l\Ir. G. ·r. Dexter of Boston as existing in Salem·Harbor, and 
fon1Hl iu some case::; leHs water than laid down upon the charts. Having completed this work, 
Lieut<>nant Colby elosed operatious for the season. 

B'1mninotion of <lan{/ers to rumigotion at the entranees of Ke:inebee River and Booth Bay, Me., 
and in Jfu.~dt Rid.17c Clurnncl and Ro('kland Harbor.-At the opening of the season in 1882, Lieutenant 
Colby was instrncte<l to make crrtain h,vdrogra11hic examinations upon the coast of Maine. He 
reached Fort Popliam, at tl1e entrance of the Kennehec Hiver, on the 26th of May, and at once 
began a search for a rock reported to be iu the channel to the northward of Pond Island Light. 
This rock was found, its position estalllislrnll, and the least water upou it ascertained to be 18.1 
feet at mean low water. Search was also made, but without success, for a reported 12-foot spot 
011 Stain~ Islau<l Ground, on the east side of Kennebec ltiver eutrauce. A bench-mark was 
established at I<'ort Popham, and obs(erYatious of tides were made during two weeks. 

A shoal spot wi:h hut 12 feet of water having been reported to the westward of Damiscove 
Island, off Bootll Bay entrance, it was found after due search, established in position, and the 
least depth at meau low water determined to be 11.3 feet. A spot was also found to the westward 
of Darnisco\·e Island called by the fishermen Damiscorn Rock; it was located, but not developed, 
as the shoa,lest spot found had 31.l feet at mean low water, with plent,y of water all around it. 

A JO-foot spot, reported between Squirrel and Fisherman's Islands, Booth Ba;y, was searched 
for at low water. The bottom eoultl be distinctly i:;eeu, ftll(l the least depth foun<l was 15.4 feet. 

Heron Ledge was next visited and a careful 1march made for the shoalest spot, upon which 
5.2 foet of water were found. 

Observations for tides were taken at Booth Bay. where a bench-mark was established, and at 
Squirrel Island. 

A careful examination was made to determine the existence or non-existence of a rock marked 
on the chart of Saint George's River and Muscle Hidge Channel as ''Northwest Ledge," and 
referred to in the Atlantic Local Coast Pilot, subdivision 3 (third edition), pagf\ 253. This rock: 
could not be found. 

At the close of the fiscal year the party nuder the direction of Lieutenant Colby was engaged 
in Rockland Harbor, Me., in searching for several reported dangers. Additional lines of soundin&s 
were run for this pW"pose and for the verification of former work. 
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Tbfl following named officers were attached to the party dmiug the season ending in Xowmher, 
1881: Lieutenant H. T. Monahon, U.S. X., .'\faster W. II. Nostrancl, G. S. N., and Ensigu 0. G. 
Dodge, U. S. N.; and duriug the ;;eason beginning in l\la;r, 1 S82, Ensigns Va Yid Dauiels, lJ . .S. N., 
H. T. Mayo, U.S. N., and 0. G. Dodge, P. 8. N. Tlw statisties here given are for the work of 
the season beginning May 4 and ending NoYember 1, 1881: 

Miles run in sounding . . . . . . . . . . . . . . . ............. . 
Angles measured. . . . . . . . . . . . . . . . . . . . . . ........ . 
Number of soundings . . . . . . . . . . . . . . . . . . . . . ..... . 

630 
4,178 

45,562 

Tidal observation8.-The self-regil.'tering t1de-g-ang·<i at the station in Pulpit Cow on North 
Haven Island, Penobscot Bay, ..'\ie., ha8 maiutained a contiuuons record <luring t11tc• year hs the 
care of Mr. J. G. Spaulding, the observer who has had charge of it sincP its l'Staulislunent in 
January, 1870. 

The series of records has been almost perfect thus far, very few interruptions ha Ying occnrred 
from ice, even in the coldest winters, owing t«> the effectiveness of the heating apparatul'.. \Yhen 
a short stoppage for repafrs becomes necessary, hourly readings are taken upon a staff gange. 
The location of this tide station, l.'·ing within tweuty-firn mileH of deep water, and Kheltered from 
the immediate effect of severe storms, fulfills thi> couditioHs most farnrahlc for showing the 
characteristics of the tides of the Gulf of .l\-Iaiue. A full seriei> of meteorological obsen·ations has 
been kept up since the beginning of the tidal recor11. 

Examina,tion for the Coast Pilot of changes in sailfog linc.s, and of rPJ)()rtnl .~Jwal at the eastern 
entrance of Nantucket Sound.-Xear tile close of the fi8cal year, 188L-'8:!, it was decided hy the 
Light-House Board to change the position of the light-vessel off Pollock Rip, on account of 
changes in the shoals in Mouornoy Passage, aud as this would invol\·e alterations of considerable 
magnitude in the sailing-lines as laid down ou the charts and i11 t.lw Atlantic Coast Pilot, Assistant 
J. S. Bradford was instructed to make such hydrographic examinations of the proposed sailing· 
lines in the vicinity as were needful, and also to vcrifr the reported formation of au eighteen-foot 
shoal close to the position of the light vessel as then existing before removal. A.s8i8tant Bradford, 
having performed this duty, returned to the onice, and reRnmed his work upon the Coast Pilot. 
Earlier in the year he had made examinations of channeli> iu New York entrance, and in Delaware 
and Chesapeake Bays; these are referred to under the heads of Sections II and III. 

Mea.surement of the force of gravity.-Absolute determinatious of gnn-ity were made during 
the year by Assistant Charles S. Peirce at Cambridge, l\lass., at Baltimore, l\id., aud at \Y ashiugton, 
D. C. .A.n additional statemeut in regard to these determinations will be follnd nuder the head 
of Section III. In Appendix No. 23 Assistant Peirce presents in a conciRe form results obtained 
by him for force of gravity. 

Geodetic oporatwns fo, New Hampshire.-In continuation of the triangulation of the State of 
New Hampshire, Prof. E.T. Quimby, Acting Assistant, took the field at the beginning of the 
fiscal year, establishing his party upon Mount Washington. At this station measurements of 
horizontal and vertical angles were made nntil the close of September. The season at this station 
was remarkable for an almost uuinterrupted continuance of rain an<l. fog-, with severe thtrnder 
storms, during one of which the vertical circle, wb.icll was protected by a thin rubber eoYering, 
was struck by lightning. It was not seriously damaged, h11wever, the most marked dfect of the 
electricity being to cover the instrument with melted rubber, completel,y blackeniug it. 

Trask Hill, in \Volfeborough, Carroll C.>nnty, was next occupied, observations being begun 
October 12. A.t this station the weather was quite favorable, and early in NoYember, the obser­
vations hav:ing been completed, field-work was closed for the season. Professor Quimby reports 
the following statistics : 

Vertical angles, whole number measured ............. _ . _ ........ _ . _. 27 . 
Horizontal angles, whole number measured ...... _ . . . . . . . . . . . . . . . . . . . . . . . . 4,3 

Vertical circle, whole number of pohitings ........................ _. . . . . . . 376 
Horizontal cirole, whole number of pointings ......... _ ... _ .................. 2070 

Geodetic operatiofl,a in Vermont.-For the continuation of the triaa.gulation of the State of 
Vermont, Prof. V. G. Barbour, Acting .Assistant, took the field at the beginning of the fiscal 
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year, and after establishing a station, "Chesterfield/' in the town of Ohesterfielrl, N. H., for cou­
nection with points in the scheme of triangulation of tlie southeastern part of Vermont, he estab­
lished his observing· camp on Styles Peak 011 the 16th of ,JuJy, 1881. 

The observations at this station were completed on the 11th of Augnst, and on the 13th of 
August the occupation of (Hebe }\fountain was begun. This mountain is broad and heavily 
timbered, and lines of considerable length had to be cnt to open view8 of conneeting sfations. 
Much hazy and ,;moky weather delayed progress. Work at thi8 station was finished on the 21st 
of Se11tember, and on the 23d of the mouth the party was moved to White's Hill. The weather 
being now yery fosorallle, the observations were completed October 6, and field operations closed 
for the sea~mn. Professor Barbour reports a& the statistics of the work: 

Horizontal angle:;:, whole number measured ...... - ......................... 717 
Vertical angles, whole number measured.. . . . . . . _ .... _. . . . . . . ... 4.)2 

Prinwry triangulation for tltc connection of Lake Champlain with the surve.IJ oj the const.-At 
the openiug of the fiscal .rear, Jnlr l, 1881, Assistant Richard D. Cutts was occupying a station 
ou Bigelow l\fountain, near KeeseYille, Essex County, NPw York, for the purpose of continuing 
the primary triangulation to the Canada line in order to complete the connect.ion of the survey of 
Lake Cliamplaiu with that of the coast. 

Heliotropers had been established at two stations in Vermont, Belle,·ue and Highgate, distant 
respectiYely from Bigelow 30.5 and 39.6 miles, and a tripod sig11al erected on Dannemora Mountain, 
Clinton Count.\·, New York, the positioll of which bad been approximately determined by recon­
naissance. 'l'llis station, the last northern one in New York .• is au important point, ash was 
necessary that it should command Montreal and other points in Canada, the Green Mountains in 
Vermont, a.ml tihe northern Adirondack region. 

The weather having been favorable for observing, the work at Bigelow Station was finished 
by July 3, and on the 5th preparations were ma,de for moving the camp to Dannemora Mountain. 
On the same day, accompanied by an Aid, Assistant; Cutts started for Canada for the purpose of 
selecting the best available stations beyond the boundary line, with a view to a connection with 
the Saint Lawrence Hi\'er, and the extension of the arc of the meridian to Montreal. Reaching 
Montreal on the Gtlt instant, a careful examination was m:;,de of the mountain north and adjoining 
the city, known as :.\lonnt Hoyal, and the summit of the easterly knob was selected. At this 
point the professor of meteorology at McGill College had erecteu a stout pole, securely braced, 
and findrng that this could he utilized for the support of the heliotrope, an additional platform 
was ad<le(l for that im•trmuent, with the cordial assent f the presiilent and professor of meteorology 
of that iustitntiou. The height thus obtained being sufficientls great to oYerlook the 8Urrounding 
trees, Assistant Ontts found it unnece;,sary to avail himself of the permission kindly giyeu by the 
mayor of Montreal arnl the commissioners of the park to cut down or trim such trees as might 
interfere witl1 li11es of i:;ig-lit. 

Atb·r the lwliotrope had been placed in position, and actually observed upou from Dannemora, 
tlie center of tlw axis of the in>1tnunent was transforre<l to a copper bolt sunk in the rock, which 
was rPaelw<l about orw ancl a half feet helow the surface of the ground. Having erected a large 
tript>fl signal ou ?!fount .Tohnston, or Saint Gregoire, in the Province of Quebec, a solitary bill 
rising ahrnpt.ly from the plain to a height of eight hundred and forty.nine feet above tide, 
Assistant Cutts retnrru~d to Dannemora Station, and began observations on Jul~ 13. Heliotropes 
were found 1wcessar~" on Mount Royal, Canada, and at Highgate and Bellevue, Vt. 

The work at Dannemora was completed July 31, and the party and equipage were then 
tram;ferrecl to Bellevue Station, near St.. Albans, Vt. Heliotropes were established on Mount 
Ro~'al, and on Bigelow and Dannemora l\fountains. Observations were hegun August 8, and the 
station was completed August 31. The next, station occupied was Highgate, Vt. Heliotropers 
were founcl necessar.v at Bigelow and Dannem()ra Stations, New York, Work .at Highgate Station 
was finislied September 22, and field operations were .then closed for the season, four stations 
haYing been oecnpie(l aml completed, and the connection made be5ween Montreal and Fire Island 
Base through nearly five degrees of latitude. 
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One station of the series, Mount Mansfield, is yet to be occupied, and also Montreal, should it 
be deemed necessary to measure the angles at that station. The following statistics of the 
season's work are presented: 

Stations occupied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
New stations, with tripod signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Stations observed upon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Horizontal directions observed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 762 
Double zenith distances observed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 

Returning to Washington in October, General Cutts was assigned to duty as .Assistant in 
charge of the office. 

Tidal observations.-HecordR from the l'lelf-reg-istering tide-gauge loaned in 1872 to the 
engineers of the city of Providence, R I., have been submitted to the Coast and Geodetic Survey 
Office from the beginning- of the series np to .January, 1878. Good results have been obtained 
from these observations, and yet more valuable (\11es are anticipated when the complete series 
becomes available for discussion. 

CONNECTICUT, NEW YORK, NEW JER8EY, PENNSYLVANIA, AND DELAWARE, IKCLUDING COAST, 

BAYS, AND RIVERf\. (RKETC'RER ~O><. 3 AXD 4 .) 

Speciai hydro,qraphy.-In compliance with a request from the Commissioners of Shell Fisheries 
of the State of Connecticut for the tletail of im officer to co-operate with them in locating buoys 
defining the limits of oyster-beds, an<l in other work hearing upon the oystf'r interests, Assistant 
Gershom Bradford was int:itructed to proceed to New Ha,ren with his party in the schooner Pali­
nurus soon after the beginning of the fiscal year. Upon his arrival, July 28, and after consultation 
with the Commissioners, Mr. Bradford found that the work immediately needed was the determina­
tion in position of a numher of buo,ys off New Haven ancl Milford, marking the corners of lots 
used for oyster-planting, which had been occupied previous to the organization of the Commission 
in June, 1881. From the month of New Haven Harbor these lots extended about two miles oft' 
shore, and from Southwest J,edge light-house about two miles to the eastward and three miles t-0 
Lhe westward; also three miles off Pond Point between New Ha.-en aud Milford, Conn. The 
pecuniary value of these oyster-grounds being already large, and steadily on the increase, it was 
desirable that their limits should be marked with great precision. For shore-stations permanent 
objects, such as ·houses, beacons, light-houses, etc., were in all cases selected, and their positions 
were referrell by triangulation to points already known, the buoys being then located b;y the three­
point problem. Soundings were taken at each bnos, and specimens of the bottom secured when 
needful. The work was plotted upon a scale of 1-20,000. During its progress determinations 
were made of the positions of Branford beacon, and of the new light-house at Stratford Point. 

Assistant Bradford's report is accompanied by a copy of a map published by the Commis­
sioners of Shell Fisheries to illustrate their report to the legislature of Connecticut, January, 1882. 
In this report and in the letters of Mr. J. P. Bogart, engineer to the Commissioners, ample 
acknowledgment is made of the value of Mr. Bradford's work. One extract will suffice: ''The 
aid thus rendered to the Commission is opportune, giving us a successful start in our work. The 
vigorous showing which the Commission is able to make, is in great measure due to the assistance 
derived from the Coast and Geodetic Surye;y." 

The season, beginning August 10, lasted till No\'ember 26, not including in that time an 
interval of nearly three weeks in October which was occupied iu other duty. Following are the 
statistics of field-work: 

Shore stations determined, number of........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Buoys determined, number of ... ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ 138 
Soundings, number of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138 
Specimens of bottom secured . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106 
Angles measured at shore stations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 340 
Angles measured at buoys. ·. . . • . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5()4, 
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After the close of operations afloat, and until the end of March, 1882, Assistant Bradford was 
engaged in office-work. Early in April he was instruct,ed to resume his labors in co-operation 
with the Commissioners of Shell Fisheries, and taking charge of the scllooner Palin urns proc1eeded 
in her with his party to New Haven, Conn. The location of oyster-lots assigned io individuals 
upon new ground designated by the Commissioners, and extending well off shore from the Con­
necticut River westward to Stratford Point, was the work first required, and as a preliminary to 
this it became necessary to locate shore stations by triangulation. For points in the vicinity of 
Bridgeport, inclucling Bridgeport light-house, Stra,ford Shoal light-house, and Penfield Reef light­
house, the base used was Black Rock light-house-Stratford Point light house. Shore-r1oints were 
also established by triangulation between Southwest Ledge light-house and Falkner's Island light­
house. In June the establishment of buoys at the corrn•rs of oyster-lots was begun, and was in 
progress at the close of the fiscal year. For this work the party had tlle use of a steamer furnished 
by the Commission. Two surveyors in their employ were detailed for several days for instruction 
in setting buoys. The method of setting them was substantially as follows: On application of 
persons owning contiguous lots, a day was set apart for them, and they were required to be ready 
with buoys and sinkers. The engineer of the Commission having plotted upon the Coast Survey 
project.ion the lots to be surveyed, the angles for the corners were carefully taken from the projec· 
tion with a protractor of the best make. On arrfring at the ground the vessel (steamer or boat) 
was placed upon the requirecl spot by angles with the sextant upon shore stations and the 
sinker dropped with buoy attached. 1'he buoys are slender spars of rough or sawed lumber, 
proportioned in length to the depth. They are usually suitably markecl, and are not of sufficient 
bulk to obstruct rntYigation. f{anges for position were taken by the party and by the owners 
themselves, so that the latter may replace them at least approximately in case of removal by acci­
dent or wear and tear. 

From the beginning of work in May to the close of the fiscal year the statistics of the work 
are as follows : 

Triangulation stations, number occupied ........................ - . - . .. . . . . . . . 17 
Triangulation station:;, number determined. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Angles measured, number of .......................... _. . . . . . . . . . . . . . . . . . . . 85 
Buoys set, number of. ................. _ ...................... _. .. . . . . . . . . . . . 196 
Angles measured at bnoy:; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 428 

As already mentioned, Mr. Bradford's work with the Fisueries Commissioners was for a time 
interrupted in October, 1881. He was instructed to locate and develop a rocky shoal off Shagwong 
Point, near the eastern end of Long Island. This shoal was found to be a daugeruus obstruction 
to navigation, several fishing steamers having already struck upon it. Owing to strong tidal 
currents which sweep over the shoal and to the heavy surf at Shagwong Point, making it diffi­
cult to land with a boat, tlle work was attended with some delays, but on the 22d October it 
was completed. l\Ir. Bradford found but seven and a half feet at mean low water upon one 
of the rocky points, and recommends in his report the placing of a danger-buoy on tlle southern 
edge of the shoal. 

With reference to the growth and culture of the oyster in the Long Island Sound beds which 
came under Mr. Bradford's immediate notice, he remarks upon the great dissimilarity of conditions 
governing their development from those which obtain in Chesapeake Bay. The Chesapeake Bay 
beds are mostly natural; those off the shores of Connecticut are planted. The Chesapeake oyster 
is subject to tlte attack8 of different and probably less destructive enemies, while in the Sound the 
enemies of the oyster, notably the star-fish, would in time exterminate it were not the beds carefully 
watched. The natural beds in the Sound are worked almost entirely to furnish seed for planting. 
Many of the most intelligent o.vstermen advocate a "close time" on the natural beds, not during 
the spawning season, as in the Chesapeake, but just after that season is ended. And while it is 
thought that the Chesapeake oyster seldom recovers from "sanding,'' Mr. Bradford was repeatedly 
informed that on the Bridgeport natural beds the oysters are covered with sand in the storms of 
autumn and winter and work their way out in the spring. 

Hydrograpkio resurvey of part of the entrance to New YorkBay.-Under instructions dated July 
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8, 1S81, Lieutenant-Commander E. B. Thomas, U. S. N., Assistant Coast and Geodetic Survey, in 
command of the steamer Bache, proceeded with his party in that vessel to make a resurvey of that 
portion of the entrance to New York Bay lying between Sandy Hook and Coney Island, including 
also an area of the lower Bay from a depth of four fathoms at low water outside to the eastern 
edge of the main ship channel, leading from Coney Island to the Narrows. 

Having established a bos: tide,-gauge on the wharf at Locust Grove, Gravesend Bay, for day 
observations for.comparison with the standard self-registering gauge at Sandy Hook and for use 
of its readings in temporar,y reductions of the soundings to check ea~h da~·'s work, Lieutenant­
Commander Thomas determined the position of a sufficient number of o~jects for use as signals 
and began to run lines of soundings one hundred meters apart, crossing them b~· other lines at the 
same distance apart at right angles. Where a closer development of depths was required, as upon 
the ed{!;es of channels, special lines were run. 

With the aid of a steam launch loaned b~· the Na'\"y Department, the survey was vigorously 
prosem1ted to completion, and on October 24 the Bache returned to New York. Three hydrographic 
sheets embody the results of the work, two of New York Entmuce ou scales of l-Z0,000 and 
1-10,000 and one of Rockaway Inlet on a scale of 1-5,00(), Lieutenaut-Oommander Thomas had 
the aid of the following named officers: Lieut. J. A.H. Nickels, U.S. N.; Master J.C. Fremont, 
jr., U.S. N.; \\faster C. J. Badger, CT. S. N.; Master F. A. Wilner, U.S. N.; Master H.F. Reich, 
U.S. N.; Ensign E. M. Katz, U.S. N. The statistics of work are: 

Miles run in sounding ..... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 215 
Angles measured. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... - . . . . . . . . . . . . 12, 542 
Number of soundings . . . . . . . . . . . . . . . . . . . . . . .................. , ...... 4H, 211 

Subsequent hydrographic work executed by the party of Lieutenant-Commander Thomas in 
the vicinity of Norfolk, Va., and off the east coast of Florida will be referred to under the heads of 
Sections III and VI. 

Examination for the Coast Pilot of the buoys in the channels of New York Entrance.-In April, 
1882, Assistant J. S. Bradford was directed to proceed to New York and examine the buoys in the 
Main. Gedney, South, Swa.Sh, and :East Channels in the lower Bay, with a view to the verification 
of their positions for the use of the Coast Pilot. Having performed this duty and made due report 
of the result of this examination, Mr. Bradford resumed the work of preparing for publication the 
third volume of the Atlantic Coast Pilot. 

Tidal observations.-The self-registering tide-gauge at Sandy Hook, established in 1875 upon 
the wharf of the New Jersey Southern Railroad Company, has been kept in successful operation 
during the year by Mr. J. W. Banford. Some tides are unavoidably lost. during very severe winters. 
A scale of one-tenth has been adopted for this gauge, so as to obtain a record of extreme high and 
low waters. 

Determination of the position of ligM-ships a.t tke entrance to New York Bay.-By instructions 
dated .February 17, 1882, Assistaat Charles Hosmer was directed to proceed to Saudy Hook, and, 
with the aid of Suhassistant D. B. Wainwright, determine the µositiou of the two light-ships aud 
the whistling buoy near the entran·ce to the Bay of New York. This duty was satisfactorily 
pe.rformed, and on February 28 Assistant Hosmer reported the return of himself and assistant to 
office duty. 

Topography and supplementary triangulation of tke shores of tke Hudson Ri1'er.-Early in July, 
1881, Assistant H. L. Whiting took the field for the continuation of the resurvey of the shores of 
the Hudson River. His work began with the determination of a series of points hy triangulation, 
interpollltell with point.ii of the old triangulation, and extending along the western shore of the 
river from High Tor near the town of Haverstr.tw to the mountains 1Jack of West Point. These 
points, with those determined in 1880, cover the ground and range of the Highlands of the 
Hudson, including some of the hig\1est peaks, such as Dunderberg, Bear Mountain, Crow's Nest, 
and Storm King, and complete the triangulation needed on the west side of the river between the 
limits named. Assistant Whiting makes special mention in his report of the services rendered by 
Mr. Van Orden, Aid in bis party, in whose charge the details of the triangulation were pla.ced, and 
by whom it was executed with accuracy, economy, and despatch. 
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A topographical re-survey of the town of Haverstraw being demanded, and the change8 in its 
vicinity caused by the excavation of a large number of clay pits for the use of the extensive brick 
manufacoories making it desirable to overlap the former work, Mr. Whiting wok up the topography 
from the limits of his work of 1864, between Waldberg I.anding and Haverstraw, and extended 
it northward on the west side of the river tn and including the shore settlement aud landing of 
Tompkins Cove. Mr. Whitiug remarks that there is less character in the natural topography in 
this part of the survey than perhaps that of any locality of similar extent within the range of the 
Highlands, and that tll~ artificial <letail;;, while seemingly of minor importance, were yet of such 
a kind as to prevent any system of genemli£ation, and required tedioufl and perplexing labor in 
their determination and representation. Mr. Whiting had the aid of Subassistant W. I. Vinal 
during the season in topographical work nutil his detachment Novem!Jer J 7. 'fhe completion of 
an unfinished topographical sheet of the previous season in the vicinity of West Point had been 
assigned to Mr. Van Orden about the middle of October. He filled in the spaces back of West 
Point, and continued the topography northward along the slope of the Crow's Nest until November 
23. At this 1late field operations were closed for the season. 

The statistics_of the work, including the details of topography upon the two sheets forwarded 
to the office by Assistant Whiting, are as follows : 

Stations occupied ... _ . __ . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Points determined . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... __ . . . . . . . . . . . . . . . . 46 
Mile!! of shore line of river surveyed ..... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Miles of shore line of creeks ...... _ . . . _ . . . . . • . . • . . . . . . . . . . . . . . . . . . . . 28 
Miles of shore line of ponds ........ _ . . . . . . _ ........ _ . . . . . ....... _ . . . . . . . . . . 8 
Miles of roads (main and seconclary) ............... - ......................... 75 
Miles of outline of clay pits .. _ _ ..... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Area of topography, square miles _ ......... _ .. _...... . .. . . . . . . . . 10 

In accordance with the provisions of an arrangement made with the governor of Massachusetts, 
and sanctione.d by the Secretary of the Treasury, Mr. Whiting takes service during a part of each 
year as a member of the BQard of Harbor and Laud Commissioners of the State of Massachusetts. 
He was occupied in the duties p~rtaining to this special assignment from December 1 till the close 
of the fiscal year. 

Special operations.-In view of the continuation of the topograpllical resurvey of the shores of 
the Hudson, it was deemed desirable to recover and re-mark as many of the stations of the former 
triangulation as practicable. Assisb111t F. H. Gerdes was assigned to this duty at the opening of 
the fiscal year, and visited the following name1l stations: Prospect Hill (1), north of Newburgh, and 
thence proceeding northward on the western o;twre of the river, Bingham, Golden Ridge, Deyo, 
Woolley, Stewart, Adams, Prospect Hill (~),and Terry; and on the eastern shore, beginning at 
SouU1 Beacou alHl proceeding northward, B;tld Hill, Underhill, Vervatin, Dennis, Lloyd, and 
Travers. Eutire changes of' topographical features amiouuted iu not a few cases for t.he difficulty 
of recovering old station-marks, some of the hills upon which the poiHts had been established 
having been cut down or covered by lmildiugs since 1862. Of the stations just enumerated, the 
following could not be found: Bingham, Golden Ridge, Deyo, Woolley, Adams, on the western side of 
the river, and on the eastern side, Bald Hill, Underhill, Dennis, and Travers. At stations Prospect 
Hill (1), Stewart, Prospect Hill (2), and 'ferry th~ stone cones originally put down as station 
marks were found in good order. Reference marks were est!l!blished wherever necessary, and at 
Prospect (1) and Terry granite monuments were erected. The cones at stations Lloyd and V ervatin 
were recovered in goo<l order; and at station Vervatin a granite monument was placed. For stations 
Bald Hill, ·woolley, and Dennis, which were not found, South Beacon, Stewart, and Lloyd can be 
readily substituted. Assistant Gerdel:! clo!'led his work towards the end of October. 

Primary triangulation for the oonneotion of Lake Champlain with the survey of the coast.-As 
already stated under the head of Section I, Assistant Richard D. Cutts, at the opening of 
the fiscal year, was about completing the occupation of Bigelow Station, Essex County, New 
York, one of the stations in the scheme of triangulation for the connection of the survey of Lake 
Champlain with that of tile .Atlantic coast. The erection of tripod signals e.t the new pointsseleot.ed 
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previous to the occupation of "Bigelow," aud the opening of lines of sight, though attended b~" 
ma.ny difficulties arising from the nuusual height, steepness, a.nd inaccessibilit.r of the mountain 
sulllmits, had been satisfactorily accomplished by Prof. V. G. Barbour, of the University of 
Vermont, Acting Assistant. In tbeerectiou ofsignals, posting of beliotmpers, aud in other routine 
duties, Assistant Cutts acknowledges the able assistanee rendered by .l\lessrs . .McNicol, "Weston, 

. and Barber, students from the scientific schools of Dartmouth, N. H., and of the Dniversitr of 
Vermont. Mr .• T. A. l\foNicolservecl as foreman, and observed the vertical angles. 

EarJ.r in July the party was tm.nsferred to Dannemora Sration, Clinton County, :N"ew York. 
The details of the occupation of tbii:; station, and the subsequent movements of the party, with 
the statistics of field-work, have already been given under the head of Section I. 

Recminai,gsance and primary trimigul.atwn a,<ff()BS tlte northern part of tlte State of New rork.­
In continuation of the primary triangulatiou across the State of New York for the connection of 
the survey of Lake Champlain with that of Lake Ontario, Assistant C. 0. Boutelle, at the 
opening of the tiscal year, was occupying Otsego Station, near Cherry Valley, Otsego Uouut~-, 
New York. Starting from the base line, Prospect-Helderberg, which had been determined by 
Assistant Gutts, the scheme of triangulation as developed by the reconnaissance of pre\.ious 
seasons hall failed to make a thoroughly satisfootory connection with tile high i1eaks of tht­
southern Adirondooks. It was not till the latter part of July that a clear, sha.rply defined horizon 
gave Mr. Boutelle the opportunity he desired, enabling him to detocmine positiYely the intervisi­
bility" of the line Pro:Spect-Otsego, and to discover a wooded summit near l\Iouut S1leculator, hut 
still higher, the arl()ption of which would greatly improve and simplify the plan of work. Mr. J. 
B. Boutelle, extra observer, was at onee dispatched to the locality of thi,,; summit, and found it to be 
one unknown to guides, tourists, or surveyors, and about five miles in a southel'ly direction from 
Speculator Mountain, about two huoored teet higher, and near a small lake called Lake Hamilton. 
A signal having been erected, observations were at once begun upon Hamilton, which was found 
to be well placed for a. point intermediate between Prospect a.ud Pen }fount. Progress at Otsego 
Station was much delayed by extensive forest fires to the north and west, so that at times the 
sun appeared as when seen through smoked glass. Observations having been completed on the 
8th of September, Assistant Boutelle left Otsego on the 9th instant to join his party, who were 
preparing Hamilt;on for occupation. This station is near the town of '''ells, Hamilton County, 
New York. It preoonted some difficulties of access, being six: miles frolll any tra\•eled road and 
in a dense forest. Camp was established at La.ke Hamilton, one thousaml eight hundred and 
twenty feet above the sea, and one thousand four hundred and thirty feet below the station, three 
miles distant. The instruments and accessories ~eeded at the summit were sent up in mountain. 
carts over a'' narrow-gauge" road cut through the woods. By the 21st of September Mr. Boutelle 
was in reatliuess to observe, but it was not till early in October that clear weather enabled him 
t;o make fair progress with the work. During the oooupa.tion of this station there occurred a 
remarkable ease of detlectiou of a line of sight due to dlll'erence of temperature and density of 
the air oocasioned by an intervening obstacle. To q11ote from Mr. Boutelle's report: 

"The line Hamilton-Pen Mount is 72.5 kilometers long, and nearly due west in direction. 
Ge.nerally it runs from one hundred to seven hundred meters above the int.ervening country, the 
ht-ights ofthe termini being nine hundred and ninety-four and five hundred an<l fifty-seven meters 
above the sea. About twenty kilometers westerly from Hamiloon, the line grazes the tops of half 
a dozen tall trees upon the southerly edge of the summit of an isolated mountain near and weRt 
of Pisooo Lake. I was ·obliged to set the heliotrope at Pen Mount a.tan exoontrie position i11 
order to observe it in series until I ooald find and eut the trees, and refer the exoontric point to 
the station by micrometric measures. The observations were made upon the heliotrope, on three 
afternooDS, and upon the magnesiwn light, oocupying the place of the heliotrope, upon three 
evenings. The holll'8 of observation were between two and five _p. m. upon the heliotrope and 
between seven and ten p. m. of the same days upon the ma.gneaium light." 

.The resulting angles with the reference mark were by ebaervations ~n the heliotrope 30" .68, 
32" .2~ and 3111.00, and ou the magnesium light 28" .JS, 21u.u, and 27".75, these being t.be means of 
flv:e awl six ~ries observed each aft6rnoon or ~vening, and presenting a me.an difference of 
direction of 3''.49. 

S.Ex.7'1-4 
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Remarking that there is no possibility of' a difference in the observations on the reference 
mark by day or night, since the above observations upon Pen Mount were made both by day and 
night in series with other stations which show no such discrepancies, and with every other source 
of difference eliminated, Mr. Boutelle attributes this marked difference in direction to a bending 
of the line of sight from Hamilton around the isolated summit, and states that a similar anomaly 
was encountered in a line which he ohserved from Maryland Heights upon Peach Grove, Md. 

The obserrntions made at Hamilton from sunset tu midnight upon stations showing the 
magnesium light. signal were found to take the precedence in point of precision, the same degree 
of steadiness prevailing during that time upon all the lines as is found usually in day time only 
near sunset. 

Toward the close of October, hea''Y rains set iu, delaying the progress of the work. Obse1·­
vations were eompleted upon the 2d of November. Upwards of a week was occupied iu getting 
the instruments and camp equipage off the mountain and out of the forest, owing to the injury 
done to the forest roads by the incessant rains. On the 12th of' November, the party of Assistant 
Boutelle wa.s disbanded, Messrs. J. B. Boutelle and T. P. Borden, Aids, being directed to report 
for duty at the Coast and Geodetic Survey office. 

Geodesic leveUng.-For the purpose of referring t-0 the sea-level, the primary bench-mark of 
the line of transcontinental leveling which bad been started westward from Hagerstown, Md., in 
1877, Assistant Andrew Braid took the field early in July, 1881, and ran a line of leveling of 
precision from the bench-mark at Sandy Hook to Hagerstown. The point of departure at Sand~· 
Hook was the bench.mark inside of the self-registering tide-gauge house, and the route followed 
thence washy way of the New Jersey Southern Railroad to Long Branch, and to Perth Amboy; 
thence, by way of the Lehigh Valley Railroad, to Bound Brook, N. J.; thence, by way of the New 
Jersey Central Railroad, to Easton and to Allentown, Pa.; thence to Reading and to Harrisburg, 
Pa., by way of the Philadelphia and Reading Railroad; thence, by way of the Cumberland Valley 
Railroad, to Carlisle and Chambersburg, Pa., and to Hagerstown, Md. From Sandy Hook to 
Hagerstown, b~' the route followed, the distance is four hundred and fifty-five kilometers, or two 
hundred and eighty-three miles. For the purpose of compensating cumulative errors, and obtain­
ing a final result between these two stations freed from error as far as practicable, the method 
of leveling pursued was that of double simultaneous lines with alternate i.;ecti_ons run in opposite 
directions. Testl4 were also made of the relative merits of this system as compared with single 
lines run iu opposite directions, a distance of thirty-four miles being run in a forward direction, 
and re-run in an opposite direction over the same ground. 

Three classes of bench·marks were establishe<l-primary, secondary, aud tertiary. The 
primary benches, designated by letters of the alphabet, and the secondaries by Roman numerals, 
are intended for permanent marks, and are for the most 1>art cut on public buildings or on piers of 
bridges. Occasionally, where this mode of marking was not practiuable, resort was had to stone 
blocks or posts set in the ground, at a depth sufficient to be secure from the action of frost. The 
tertiary bench-marks designated by Arabic numerals were but temporary marks established as 
ehecks during the measurement. 

Field operations were closed at Hagerstown on the 13th of December. During the winter and 
until April, 1882, Assistant Braid was engaged in bringing up to date the records and computa­
tions of his season's work. On the 11th of June he took the field again, with instructions which 
will be referre<l to under the head of Section XIV. 

In Appendix No. 11 is given an investigation lly Assistant Schott of the mean ocean level 
at Sandy Hook, t-0 which the primary bench-mark of this line of transcontinental leveling is 
referred. 

Geodetic operatwna in New Jersey.-Having arniled himself of an early opportunity of begin­
ning field operations, Prof. E. A. Bowser, Acting Assistant, had made a recoqnaissance in 
Northern New Jersey before the opening of the fiscal year, with a view of extending the triangula­
tion from the line Hambnrgh-Bald Hill northeastwardly toward the boundary line between 
~ew Jersey and New York. The reconnaissance waB rendered difficult by the number of moantain 
ridges of nearly the same height and all thickly wooded, but was satisfactorily accomplished, and 
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on the fi1·st of Jtlly Professor Bowser had beeu for a month occupyiug Montana t:jtation, in \Ya.rre11 
County, the signals at .;\fount Olive, Pickles, Big Rock, and Smith's Gap having been readjusted 
and signals erected at Haycook and Culver's Gap. Heliotropes were subsequently found necessary 
at Culver's Gap and Big Rock. 

The observations at Montana were completed August l.j, ~md the party wai,; transterre<l to 
. Culver's Gap, Sussex County. Heliotropes were placed at Mount Olive and .Montana, and a signal 
erected at High Point. This i;tation, in the ext,reme northwestern corner of the State, was ne:xt 
occupied, the observations at Culver's Gap having been completed September 10. Signals were 
put up at Bear Fort ~fountain, and on the 21st of October, the necessary obsernttions at High 
Point having been obtained, field work was closed for the season. The statii'ltics are: 

Number of angles measured on primar.r stations .. , . . ....... , ........ , .. , , , . 1 "i 
N um her of angles measured on tertiary stations, ... , .... _ ... , .. , . , , . . :m 
Number of obser,ations on primary stations, .. , . : ......... , , ...... , .. , . , , .. 630 
Number of observations on tertiary stations ...... , . . _ ......... _ ... , ... , . , 171 

Topograpliy nnd triangulation.-For the continuation of the topography of the eoai:;t of Xew 
Jersey northward from the limits of his work of the preYious season, Assistant C. l\I. Bache had 
taken the field before the opening of the fi8cal ~·ear, and in the earlie1· part of the season wall 
occupied in establishing the trigonometrical points needed before the plane-table work could be 
taken up. The triangulation, which was completed August 2, extended from Two-l\Jile neach 
Station (2) to a point north of Townsend's Irilet. Of this part of the sm·wr the statistics ar<' a.'! 

follows: 
~umber of stations occupied ........ , .... , . , , . . .... , . , , . , ........ , , . 8 
Number of angles observed ... , ....... , . , , ........... , . . . . . . . . . . . . . 30 
Number of observations ............. , .......... , ...... , . , . . . . . . . . . . . . . . . . 762 

The work on the topographical sheet includes that part of the ~ew Jerse;y eoast known on the 
old maps as Lea.ming's Beach, extending from Anglesea, at Hereford Inlet entrance, to a point 
south of Townsend's Inlet, and in the interior over the marshes and sloughs about Jenkins Sound 
to the cultivated land north and south of Cape May Court House. Field operations were closerl 
November 16. The following are the statistics of the topography: 

Shore line surveyed, miles , . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ , ... , . , . . . . 138 
Roads, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . • . . . . . . . . . . . . . . . . . . . . . . 30 
.,trea of topography, square miles, ... , .....•...................... , . . . . . 18 

Sub-assistant Joseph Hergesbeimer serrn<l in the party from July 1 to the close of the season. 
During the winter, Assistant Bache was ordered to take charge of a topographical party in the 
vicinity of Norfolk, Va. His services there will be referred to under the head of Section Ill. 

Hgdrvgrapkic e.xaminatiort.'1 for the Coast Pilot.-From July till October, 1881, Assistant J. S. 
Bradford was engaged in an examination of the inland waters between Delaware and Ohesapeake 
Bays, with a view to collect data for the third volume of the Atlantic Coast Pilot, which includes 
these bays and the coast between them. Such iucidenta.l re-examinations of the waters of t.hese 
bays were also made as were needful. 

Upon the completion of this work, Mr. Braclfor<l retumed to tbe office and resumed duty iu 
connection with the publication of the Ooast Pilot. Subdivision 15, Atlantic J;ocal Coiu;t Pilot, 
which incllldes Delaware Bay, is now nearly ready for publication. 

H11drographic re&urvej of Del.a1.c<ire Bay and River.-Liout. H. B. Mau~fiehl, lJ. 15. N., Assistant 
Coast and Geodetic Survey, with his party, in the steamer Endeavor, was engage<l at the openinJ{ 
of the ft8cal year in a careful hydro graphic resurvey of Dela ware Biiy and Ri,er. The working 
sea.son of 1881 closed November 22, at which time two hydrographic sheets had been completed, 
the first one on a scale of 1-5,000, including that portion of the river from Cherry Island Flats to 
the range-lights on Doop-Water Point; the second on a scale of l-10,000, extending from N{~W 
Castle t;o a. point below Fort Delaware on Pea Palich Island. A third shoot, scale 1-107000, 
incJqding the river from Reedy Is1aud to a point near Thoroughfare Neck, was begun in A11gust 
and partly finished by the close of the season; work upon it was resumed, and the sheet comp1ete1l 
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in )fay, 1882. 'l'he fourth sheet was finished during June, 1882. Its l'lcale is 1-10,000, and it 
includes the river and bay from Bombay Hook Roads to Ship John Shoal. 

The following named officers were associated with l1ieutenant Mansfield in the work: Lieut. 
Hugo Osterhaus, U. S. N., Bnsign \Vm. H. Allen, U.S. N., and Ensign E. N. Pisher, U.S. N. The 
summary of statistics is as follows: 

Miles run in sounding ....... _ - .. - ...... - - - - - - ........ - . - . . . . . . . . . . . . . . . . 698 
Angles measured ... _ - _ .. -.... _ ...................... - . . . . . . . . . . . . . . . . . . . 6,921 
Number of soundings .... _ . - .. - .. - ..... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 43,129 

Hydrographic resurvey of Delaware Bay a.nd Ritier.-The scheme of work for this hydrographic 
resnn·ey was laid ont so as to provide for a series of bydrographic sheets covering those portions 
of the ri,·er and hay not included in the pr1~jectio11s furnished to Lieutenant Mansfielcl and alter-
1mti11g· with them. The execution of tl1is scheme was intmsted to Assistant H. L. Marindin, in 
clmrgt\ of the sclJO()Uer Ready. His series of slmets hegau at a point on tlte river just below 
League Island, and ended at Bomhay Hook Umuls. 'l'he working 1'.\elliSon of 1881 closed witll the 
month of September, wheu the vessel was laid up for the winter, and Assistaut Marindin reported 
for duty to Assistant Henry Mitchell, availing himRclf of tlte data collected in his hydrographic 
work to prepare, under Assistant Mitchell's direction, a comparison of the surveys of the Delaware 
River. In this work and in finisliing tl1e hydrographic sheets of the previous season, Assistant 
:\farimlin was occupied until early in May, 1882, when he 111a1le preparations to resume work m1 
the Delaware River. Leaving Philadelphia on tl1e Uth of ~fay in the Rea<ly, Mr. Ma.rin<lin began 
his survey off Bomlmy Hook on the last sheet of the series, and was so engaged at the close of 
the fiscal year. 

The rl•snlts of this survey are shown upon six finished ltydrogra.phic sheets, four of them upon 
a. iwale of 1-5,000, and two upon a scale of 1-10,000. Firn tide gauges were set up for the deter­
mination of the plane of reference for the soundings; permanent bench-marks were established at 
all the tide-gauge stations, and described in the records; the planes of reference were carried from 
one gauge to another by simultaneous observations of the range of tides. 

Assistant 1t!arimliu had the aid of Engineer C. II. Amsden, and E. 11. Katz, U. S. N., duriug 
the season of 1881. Sub-assistant \V. I. Vinal joined the party at the opening of tlte sea.sOn of 
Jl\8~, and with Ensign Katz rendered very effective sen·ice. 

The statistics of the work are: 

.Miles rnn in sounding . _ . . . . . . . ......... - ... __ . _ . _ .............. _ . _ . 
Angles observed. . . . ........ - . - . - .... - .........•...................... 
Number of soundings ..... - . _ ..... _ ..... ___ ....................... . 

402 
4,557 

21,672 

A snn·ey of the .Delaware River made in 1819 hy order of the councils of the city of Philadel­
phia has bee11 compared with more recent surveys in a paper prepan~1l by Mr. Marindin, and 
1mblished as Appendix: No. 15 to this report. 

Triangulation of Delaware 'Bay an<l Rii•er.-In order to determine the positions of stations 
needed in the topographic aml hydrographie resurvey of Delaware Bay and River, which was in 
progress at the opening of the fiscal year, Assistant S. U. McCorkle was instructed to take the 
field for the completion of the triangulation from New Castle to Cape May. With the aid of the 
old stations, it was thongl1t that but few consecutive new stations would be required. 

Finding that a number of large signals had been erected by the Uip.ted States Engineer Oorps 
for the purposes of their works of local improvement, and at or near the old Coast Survey points, 
Mr. MeCorkle availed himself of these signals as far as pmcticabkl. Starting from the bMe 
Masonic Hall-Kelly's Point near New Castle, he continued down the river to the line Nerny's­
Stony Point below Reedy Island light. On making search for the points of Assistant Sullivan's 
triangulation of 1875, between Finn't:i Point and Port Penn, but five of them eonld be identified. 
The gale 'Of 1878 had done great damage on t.be shores of the river, washing a.way i11 one ~lace as 
much as twenty feet of solid ground. Mr. Mccorkle remarks that above Bombay Hook the points 
located on sandy shores are a.pt to be lost by the action of the "sand-diggers." He bad obaen'ed 
upon "!Jiston's" a very large signal in Jnly, and in October it had disappeared and the sand bill 
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with it. A vessel was moon:d along shore, (,a.king in sa.nd. La.ter in the season, "}Ir. Mccorkle 
moved to Collins Beach Station, and subsequently proceeded to Fortescue Be.a.ch, whence he 
continued the triangulation down the Jersey shore as far as Cape May light-house, measuring an 
angle at this point also for the determination of azimuth. Following are the statistics of the 
work: 

Number of stations occupied ...................................... ~. .. . . . . .. .. .. .. . .. .. 22 
Number of angles measured.. . . . . . . . . .......................... - . . . . . . . . 150 
Number of observation8 ......... __ . . . . . . . . . . _. . . . . . . . . . . . . . . . . . . . . . . . . 1, 800 

As early in the sea11011 of 1882 as the appropriation woulll permit, Assistant A. T. l\fosman 
took up this triauguhition with instructions to 1m~l1 it to completion. Mr. W. B. Fairfielrl was 
ordered to report to him for duty a.s extra observer. 

:I'opo,qrapMc resurvey o/ lite shores (~( tlte /Jelaware iUtJer.-In continna.tion of the topographic 
i·estirvey of the Xew ,Jersey shore of tl1e Delaware Hiver, Assistant R. :M:. Bache took up the work 
from the limits of th:tt of the preceding 8eason, beginning j11st before the opening of tlie fhwal year 
at Raccoon Creek, opposite Chester, Pa., and carrying it to Kelly's Point, opposite New Castle, 
Del. The survey is comprised in five sheets, upon a scale of 1-5,000, four of which were completed 
when the season closed; upoa the fifth the shore-line was finished and part of the interior. 

At the beginning of' the season of 1882, Assistant Bache, having sent to the office his four 
completed sheets, resumed work upon the nnfinishe(l sheet of last sea8on. For the fiscal year, 
the statistics are: 

Shore line surveyed, miles _ ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
Roads, miles .................... _ . - _ . __ - _ ... _ ... _ . . . . . . . . . . . . . . . . . . 30 
Dikes, mi1es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Creeks and ditches, miles . . . . • . . . . . . . . . . . . . . . . . .......... _ ... - . . - . . . . . . . 80 
Area of topograpb~·, square miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... - . . 9 

Topographic resurrey of the skores of tke Delaware River.-Assistant C. T. Iardella, at the 
beginning of the fiscal rear, was engaged in continuing the topographic resun·ey of the Penns~·}. 
va.nia and Delaware shores of the Delaware River, from the limits of his work of the previous 
season. His snrrn.r is cornprise<l in th·e sheets, sc;ile 1-5,000, extending from Chester, Pa., to New 
Castle, Del. 

\Vith refereuce to the cllaracter of the country, Mr. Iardella remarks that it ii; quite flat from 
Yarnall's Point in the vicinity of Chester for some distance in t11e interior, and np to the boundary 
line separating Pennsylvania from Delaware. After leaving this line the country in tl1e vicinity 
of Claymont, Del., gradually increases in height from about sixty feet to one hundred and forty 
feet, and at Bellevue rises to three hundred aml sixt.r feet, declining thence to Edgemoo1·, about 
three miles northeast of Wilmington. where it is perfectly fiat, and remains so to the Christiana 
River. Between Christiana and New Castle there are, in some places, ele\•ations of sixty feet. 
The statistics of the i,;eason's work, closing N o~·em ber 29, are as follows : 

Shore line surveyed, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Roads, miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
Streets in New Castlt>, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Streams, miles • . . . . . . . . . . . . . . . . . . . • • . . • • . • . . . . . . • . . • • . . . . . . . . • . . . . . . . . . . . . 13 
Creeks and ditches, n1iles . • • . . . . • . . • . . • . . . . . . . . . . . • . • • • . • • • . . • • . . . • . • . • • . . . • 68 
Area of topography, square miles .......••................................... 13 

Assistant Iardella, towards the close of the fiscal year, made prepal".i.tions for resuming this 
topographic survey. 
~ ~ngulation..-In oomplianoo with a. reqaest from the authorities of the city of Phila­

delphia, Assistant Spencer C. McCorkle was directed ia January, 1881, to determine the position 
of the center of the new city hall, in th.at eity. Tbl'I center being in the court-ya.rd, and the building 
not yet ootnphlted, Mr. McCorkle ~ta.blisbed an obli!erving station upon the sixth fioor of the south 
center pavilion, referri'ng it t.o the eenter by t.~ plans of the al'Ohitoot. Detiennining the position 
of his station from the lines Girard College-Commissioners Hall {Kensington), a.nd Girard College-
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New l'rpsbyterian Hospital, he included iu his plan a point on the bank of Belmont Reserrnir, and 
also re-determined the obserni.tory of the Central High School. 

Assistant l\lcCorkle expresses his obligations for facilities otlerell and aiu supplied b~- Mr. 
Samuel L. Smedley, chief engineer and surrnyor of the city, and by Mr. John McArthur, jr., the 
arcbirect of the new city hall. 

Goodetic opemtions iti Peruisylt,ania.-Prof. l\fanstield Merriman, Acting Assistant, having been 
directed to take charge of the triangulation of the State of Pennsylvania, completed the prepara­
tions necessary for taking the field early in J ul.r. He occupied in succession the stations Smith's 
Gap to the eastward of the Lehigh \Yater Gap and Beartown in Lancaster County, clo1'ing field 
operations on the 6th of September. The occupation of these two stations suffic&l to correct 
errors in triangles depending upon them ; which in measurements n;ade in a former season had 
been found to exceed the limit of error adrnisiible in work of this class. Having found that 
Blackspot Station was in clanger of being lost, Professor Merriman established reference points, 
and made measurements needful to preserve its location. The records and computations of his 
work hlwe been transmitted to the office. 

SECTION III. 

HAlffLAii"Il, nmaxu, A~D WEST YIRGI~IA. I~CLUDl~G BAY8, FiEAI'ORTS, ASD RIVERS. SKETcm:s 

XoR. 4 A~D 6. 

Hydroyraphic rex1m:ey of Chineoteaf11te Slwals.-At the beginning of the fiscal year, Assistant 
Gershom Bradford, with the party under his charge in tl1e schooner Palinnrns, was engaged in 
making a resurvey of Chincoteague Shoals, off the co<Lst of Virginia, in order to develop the 
changes that had taken place smce the surve~- of 1851, and to obtain data for a chart of these 
shoals showing their present condition. 

}fr. Bradford found several marked changes. From a point about a mile and a quarter to the 
southeastward of ARsateague light house, Fisl1ing Point bad extended nearly a mile and three-
11 uarters inn sonth-sonthwest direction towards Ship Sho:tl, forming a cove or anchorage to the 
west. It seems probable that this extension is still going on, sinee a narrow ridge upon which are 
eon1<tant hreaker·s makes out about fifty yards south-southwest from the end of the point. 

Tlte enrrns of least depth 011 Ship Shoal have moved southwestwardly, and from the comparison 
of the sur\'eys and the testimony of the pilot8 there can be little doubt that minor changes are in 
inogress in and near it. The nine.foot spot, bearing south a little west;erly from the light-house, 
and known as Tumer's Lump, has disappeared, and the shoal of which it formed a part has moved 
•~bout half a mile westerly. The South Shoal, lying four and a quarter miles south of the light­
house, has the same general form aml direction as in the old survey, but has moved its whole 
length three-fourths of a mile to the westward, and a slight increase of depth was observed, there 
heing nine and a half foet inste.'td of nine as formerly. Changes of a minor character have 
takeu place in Southeast Ridge, a shoal 1;\'ing three and one-quarter miles south-southeast of the 
light-house. 

Mr. Bradford determined the 11osition of a black can-buoy, which was placed in 1msition just 
before the resurvey to mark the South Sltoal, the most dangerous of all. While the risk to vessels 
bound into Chincoteague Inlet, or under Fishing Point for shelter, is leRsened, it is not wholly 
removed by the placing of this buoy, and Mr. Bradford recommends, therefore, that a danger buoy 
be placed one-fourth of a mile southwestward of the western end of the South Shoal. Practi· 
cable channels exist at present inside of the South Shoal and inside the Southeast Ridge, but in 
view of the changes that have occurred and are likely to occur in the stormy season, it is recom­
mended in Mr. Bradford's report that vesse18 without a pilot be warned to avoid the inside 
passage, aml that Ship Shoal buoy be changetl from a red to a danger bnoy as a further warning. 

Tidal observations were macle near the mouth of Chincoteague Inlet, and the plane of reference 
deduced was referred to that of the gauge at ChinMtea.gue lslan<l, established in 1880. 
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Mr. W. 0. Willenbucher, draughtsman, temporarily <letached :from office duty for thi::; work, 
rendered effective service. Statistics are as follows: 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 
Angles measured. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 137 
Number of soundings................ . . . . . . . . . . . . . . . . . . . . . . . . ........... 11, 936 

Mr. :Bradford's report was accompanied by a: sketch illustrating the changes hetween thP 
present and former survey'" Upon the completion of tlie work .July 16, 1881, he was ordert>1l to 
duty which has already been reforred to under the head of Section IL 

Triangulatwn in the 'l'lieinity of Norfolk Harbor, Hampton Roads, atid Elizabeth Rirer.-Under 
instructions bearing date No\'emher 25, 1881, Assistant B . .A. Colouna proceeded to Norfolk, \ra., 
and made the necessary preparationl'I for ex:tending the tri.rngnlatiou in tl..tat '"icinity in order to 
furnish points for the topography to be executed in the \"icinity of Craney Island and Tanner's 
Creek, and for the bydrographic snn·ey of~orfolk Harbor and Elizabeth Rh·er. Having searched 
in vain for stations of tl1e former triangulation of that river, but two of which, e:iwlnsive of light­
houses, could be found, 1\Ir. Colonna erected sigrmls prepara.tory to makiug a new triangulatio11. 
which he finalJy based upon the line of 1869, Newport News-Craney Island, east base. In connec­
tion with this work, he determined the geographical position of the new light-houses at the mouth 
of t11e Nansemond River and at Cape Henry, and furnished to the office a topographical sketch of 
the improvements at Fortress Monroe and at Newport News. 

Mr. Colonna complered his work February 10, having completed tltetriangulatiou, and supplied 
all of the new points needed to the topograpl1i<' and hydrographic parties. The statistics of tlie 
work are: 

Stations occupied, number of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Points determined, number of..... . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . .... 46 

Experiments were also made in accordance with special instructions with a water-level upon 
seven vessels for the determination of the angular difference between the plane of flotation of a 
vessel at rest and when in motion. These experiments will bl' continued as opportunity offers, and 
the results will be made the subject of a separate report. 

Upon leaving Norfolk, Assistant Colonna was direct~d to return to the office and resume dut.r 
which will be referred to under the head of 8ection XVII. 

Continuation of topographical .~urvey, -ni..cinity of Norfolk.-Assistant C. M. Bache reachetl 
Norfolk, Va., February 14, 188:?, with instructions to continue the topography of the \·foinity of 
Norfolk from Fort Xorfolk northward to Tanner's Creek. This portion of his work was finishe<l 
April 12, and, in compliance with additional iwstructions, Mr. Bache filled in an unsurveyed spot 
near Ocean View; sun·eyed the right bank of Tanner's Creek below Indiau Pole Bridge, aud 
filled in the topography of the conutrs on the western side of the Elizabeth River. He was engaged 
in this work, aml had completed it except t,hat part contained bet....-een the West.em Branch of the 
Elizabeth I~iver aud Seotcl..t Creek, when he was relie,·ed from duty by Assistant E. Ellicott, to 
whom, on Juue 6, was transferred the charge of the party. The unfinished part of the survey, just 
named, was completed by Mr. Ellicott June li, and the two topographic sheets, including the 
completed survey, were sent to the office. 

l\Ir. Bache a-0knowledges the very efficient aid rendered l>y Mr. J.B . .Boutelle, who served in 
the party until near the close of the season. Statistics of the work are: 

Miles of shore lines snrve~ed .. _ . . . . . . . . . . . . . . • . . . . . . . . . . . .. . . . . . . . . . . . . . . . • 68 
Miles of roads ..................... _ . . . . . . . . . . . . . . . . . . . .. . . . . . . • . . . . . . . . . . . . . . . 67 
Area of topography, in square miles. . ............ _ . .. . . . . . . . . . . . . . .....•...•.. 12 

Hydrograpkie resurf!ey of Norfolk Harbot-.-Lieut.-Commander E. B. Thomas, U. S. N., 
Assist.ant Ooast and Geot:letic Survey, to whom was committed the hydrographic resurvey of' 
Norfolk Harbor, Virginia, arrived in that harbor in tbe steamer A. D. Bache December 191 1881, 
and proceeded at once to execute tbe work. On the 14th of April, 1882, be reported the completion 
of the survey. The statistics are: 

Miles run in sounding .......... _ . . . . . . . . . . . . • . . . . .. . . . . . . . . . . . . . • . . . • . . . . . . . 168 
Angles measured ............................ _............................... 2, 811 
Number of soundings ..................................................... 15, 097 
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The results are shown upon two hydrographic sheets, inclmling Xorfolk Harbor and Elizabeth 
River, on scales of 1-51000 and 1-101000 respectively. 

Lieutenant-Commander Thomas had the aid of the following-named officers: Lieut. C. C· 
Cornwell, U.S. N.; Master F. A. Wilner, U.S. N.; Master H.F. Reich, U.S. N.; Ensign E. M. 
Katz, U.S. N.; Ensign H. 1\1. Witzel, U. S. ~.; and Ensign J . .M. Orchard, U.S. N. 

Later in the season Lieutenant-Commander Thomas took up duty which will be referred to 
under the head of Section VI. 

Hydrographic examinations for tlie Coast Pilot.-As already stated under the head of Section 
Il, the inland waters between Delaware and Chesapeake Bays and the bays themselves were 
examined during that part of the fiscal ;rear preceding October, 1881, by Assistant J. S. Bradford, 
with a view of collecting data. for the third volume of the Atlantic Coast Pilot.. Mr. Bradford's 
examinations were directed to ail localities where he had reason to expect changes of importance 
either in t<>pographical features, sailing directions, or positions of dangers, so as to bring the 
manuscript of the volum(J up w the latest date practicable previous to publication. 

In this connection the office labors of the party under his charge may be referred to. Iu 
addition to the work on the third volume of t,be Coast Pilot, subdivision ;J of that work, including 
Penobscot Bay and tributaries, was revised, printed, and published in a uew edition; subdivision 
14, embracing the coast between New York and Delaware Entrance, was completed and published; 
twenty-six views of the coast were drawn and etchetl <luring· the vear by Mr. John R. Barker. 
This skillful. draughtsman ha.<1 completed in all one hundred and ten ;iews for the Coast Pilot iu a 
most satisfa-0tory mauner sinee bis employment in this branch of the service. During the year 
he finished fonr Yiewr; for the Topographical l\fannal under the direction of Assistant E. Herges­
heimer. 

Much time was devoted in the office by Mr.Bradfor(l and his chief assistant, Mr. J. W. Parsons, 
to the revision and preparation for publication of the Table of Depth8 in tbe Harbors on the 
Atlantic and Gulf Coasts, a work i11vold11g great care and labor. 'l'he party was engaged, also, 
in the preparation of an elaborate article for the J,ight-Housc Board, showing the differences in 
names and geographical positions of points on the Atlantic and Gulf coasts between the publica· 
tionli of the Board and those of the Coast and Geodetic Surrny. 

rnder the direction of Mr. Bradford, '.\tr. G. A. l\lorrisou was engaged upon clerical dut;y 
during the year, chiefly in collating from Yolnrnes I and II and arranging in convenient form 
the index for the forthcoming North Atlantic Coa8t Pilot (Eastport to Baltimore), which embraces 
within its limits Volumes I, H, and III of the first series. 

"lfagrietic obsCT1Jations.-The usual annual determinations of tlrn magnetic declination, dip, and 
intensity were made at the W ashingtou magnetfo observatory in charge of Assistant 0. A. Schott. 
These observatious were taken Juue 15, 16, and 17, 1881, by Assistant William Eimbeck, and the 
results indicate a conformity with the laws of secular change heretofore recognized. The observ. 
atory was also used by Lieut. S. ,V. Very, t'". S. N., Assistant Coast and Geodetic Survey, to 
establish the constants of ir1tenf!ity for hii:; magnetic work on the northeastern coast of .America .. 
Subassi11tant J. B. Baylor also made use of the observatory for testing instrumental constants. 

Force of grai.-ity.-Absolute determinations of gravity were made during the year at Cambridge 
l\lass. (see Section I), at Baltimore, Md., and at Washington, D. C. At Baltimore a series of 
experiments was made to determine the influence of the walls of the Geneva receiver upon the 
period of oscillation of a pendulum swinging within it. Four invariable reversible pendulums were 
made in the office upon a new pattern. The distance between the knife-edges of three of these 
is oue meter, and for the fourth one yard. Mr. Peirce had the aid during parts of the year 6f 
Ai;i8istaut Eclwiu Smith, and of Messrs. E. D. Preston and H. Farquhar. 

In April, 1882, l\Iajor J. Herschel, U. K, of the India Snrvey, came w this country under the 
dirootion of his Government, to oscillate the Kater invariable pendulums at Hoboken, N. J., a.nd 
at Washington, D. O., t.hus connecting the American pendulum work with the English. Advantage 
was taken of the presence of 1\Iajor Herschel to hold an informal eonferenoo on the subject of 
pendulum work with special referenet.~ to its future prosecution in the Coast and Geodetie Survey 
by the most desirable methods, and by plans involving the greatest eoonomy 'oottsiatent with 
scientific ooeura~y. At this Mnferenee there wet'e present, together with Major Hersahel, the 
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Superintendent of the Coast and Geodetic Survey, and Assistants George David:son, t;, A. Schott, 
and C. S. Peirce, on the part of geodesy; and Professor Simon Newcomb, Superintendent of tlw 
Nau ti cal .Almanac, on the part of astronomy. Major J. W. Po wen, Director of the l:' nited States 
Geological Survey (invited to attend on the part of geology), was unable to cume. After an 
extended discussion, the conclusions arrived at haviug been formulated in se\·eral pro11ositiom; 
and unanimously adopted, the conference adjourned. For a statement of these conclusions see 
Appendix No. 22. 

Tewgraphic longitudes.-At the opening· of the fiscal year the longitude partie.s iu charge 
respectively of Assistants G. W. De~m and Edwin Smith were established atCharlestowu, ·w. Va., 
and Washington, D. C. .At the instanc<i of Assista11t Dean, special inst.ruction:,; had been giYen 
by Mr. C. W. Smith, general mam1ger of the Chesapeake aud Ohio Railway, au<l hy Mess1·s. J. \Y. 
Kates and•Davi<l Flannery, superintendent and assistant $uperintendent of the ·w esteru U uion 
Telegraph Company, to all operators on the line to afford every facility for the exchange of longitude 
signals, and notwithstanding the bad condition of a portion of the line, an excliange was effected 
on one night, but a severe storm followetl, and immellia'.ely after that the continued occnpatiou of 
all lines centering at Washington by the event of the 2d of .T uly rendered it adYisab1e to postpone 
the determination Wasbington-Charlestown to a more fa,·orable opportunity. 

Arrangements were at once made for determining tbe difference of longitude, "'ashington­
Oincinnati, Assistant Smith conducting the operations at the Xaval Observatory, \Vashington, 
and Assistant Dean those at Mount Lookout, Uiucinnati. Between JnlJ· 18 and 25 four nights 
were obtained tor exchange of longitude signals; the obserYers then exchanged p11we::;, and 
completed the determination on five more nights between Angust 2 and 8. 

In the longitude triangle, Cinciunati-Nash>ille--Saint Loui&, the determination of which w~•s 
next taken up, the longitude exchanges began on the line Oincinnati-Nash\·ille, and will be 
referred to under Sections XIII, XIV, and XV. 
· Te'legrapkic wngitudes.-In conformity with instructions dated near the close of the fiscal year, 

Subassistant C. H. Sinclair and Mr. l!'. H. Parsons began the preliminary arrangements for tbe 
determination of the longitude of a station at the University of Virginia, Charlottesville, by 
exchange of telegraphic signals from Washington. The details of the progress and completion of 
this work will be given in my ne~t annual report. 

Topography.-The detailed topographical survey of the District of Columbia, begun during 
the last fiscal year, at the request of the Commissioners of the District, was continued by Assistant 
J, W. Donn, with the a'id during part of the year of Mr. W. C. Hodgkins, and of Subassistant 
D. B. Wainwright after the detachment of l\Ir. Hodgkins in June, 1882. At the close of' the fiscal 
year ending with June, 1881, the work had been completed along Boundary Avenue from Lincoln 
Avenue to Sixteenth street, and as far north as the park of the Soldiers' Home, including the 
northwestern portion of those grounds. Much marginal work in the vicinity of Mount Pleasant 
Village, Seventh street road, and along the line of the Metropolitan Branch of the Baltimore and 
Ohio Railroad, between Terra Cotta Station and the Riggs road, was also shown upon the plane­
table sheet. During July, Augu:st and September, the efforts of the party were directed towards 
the completion of sheet (No. 1) scale 1-4,800 between the north boundary of the Soldiers' Home 
and the northeast boundary of the District, and a.ltbough progress was somewhat retardecl b;r the 
difficulty of running contour lines in a coun\ry much covered by woods, orchards, and bushes, the 
whole area was completed with the exception of the portion lying to the north and southeast of 
Fort Totten, and that to the southeast of Fort Bunker Hill, these portions consistiug mostly of 
woods. In order to ad\"aIJce without cutting through wooded areas, it was decided to postpone 
this part of the work till winter or early spring, when the trees were not in leaf. During the period 
between the beginning of October and the middle of February the survey was advan4::ed southward 
from the Bunker Hill and Harewood roads, and was completed as to Sheet No. 1, the final work 
having been done in the complica.t, (l wooded areas of the Soldiers1 Home and Glenwood Cemetery. 

The Engineer Commissioner of the District then requested that, in view of the proposed 
extension of the Washington .Aqueduct from it,s present terminus at the '' Twin Reservoirs" to 
Meridian Hill, the survey of the route be a.t once taken up. A belt of topography, covering the 
line of the proposed extension, was fl.Dished between the beginning of March and the end of June • 

. S. Ex. 77-5 
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This belt, half a mile wide, and limited by Sixteenth street on the east and the Teunallytowu road 
on the west, included the most complicated and difficult work to bEI found in the District, a great 
part of the belt being covered by woods more or less dense. The lowest curve, at the creek 
running along the wall at the lowest part of Oak Hill Cemeter,y was ten feet; the highest was 
two hundred and thirty-five feet. 

The further progress of this elaborate survey will be st:tted in my next annual report, and at 
;t more advanced stage of the work statistic8 will be girnn. Photolithographs of the more 
important portions of the topography have been ma<le from drawingR in this office and furnished 
to the Commissioners of the District. 

1'apography.-The special topographical survey of the site for the uew Naval Observatory in 
the District of Columbia, made at the request of' Rear-Admiral .John Ifodgers, U. S. N., bad 
advanced so uearly to completion at the beginning of the fiscal year, and its progress was so fully 
<lPtailed iu my last annual report, tliat an~' extended uotice of it here may be omitted. The site 
selected is about three-tenths of a mile to the east of t11e Tenallytown road and upwards of half a 
mile north of the intersection of High and Road streets, Georgetown. Mr. Charles Junken 
eondncted the survey with the aid of Mr. F. C. Donn. 

Triangitlation.-Having organized his party for the extension of the primary triangulation 
in West Virginia from the Blue Ridge towards the Ohio River, .Assistant ..A.. T. Mosman had 
completed the occupatiou of lvy Station, iu Raleigh County, at tlie opening of the fiscal year, and 
was directing the preparations ueedful for the occupation of Table Rock Station. .Advantage was 
taken of delay in transportation, owing t-0 nufrworable weather and bad roads, to make a recon­
naissance for connecting the astronomical station at Charleston, \V. Va., with the primary triangula­
tion ; one signal was erected at Creed, and a secondary station was established at Big Rocks, 
intermediate between the two primary stations, Holmes and Pigeon. 

The instruments were mounted at Table Rock on the 13th of July, but progress being much 
dela~'ed by rain and haze, it was not till August 15 that the requisite number of observations could 
be obtained. :For horizontal direction five hundred and seventy-eight observations were made 
upon primary, and twenty-eight upon tertiary stations; one hundred and forty observations for 
difference of heights with the micrometer, and two hundred and ten measures of zenith distance 
with the vertical circle. 

At the next station occupied in the primary scheme, Holmes, the needful preparations were 
completed on the 24th of August. During the interval between this date and the 29th of September 
every effort was made to overcome the unfavorable conditions of the atmosphere arising from heat 
and drought. Meanwhile station Creed was occupied by Mr. W. B. Fairfield, Aid in the party, 
and the work :at Holmes having been finished at the date just named, the connection of the 
astronomical station at Charleston, W. Va., with the primary triangulation was taken up and 
completed early in October. At station Holmes seven hundred and thirty-seven observations of 
horizontal direction were obtained; seventy-seven observations for difference of heights with the 
micrometer, and one hundred and eleven measures of zenith distance with the vertical circle. At 
station Creed one hundred and fifty-two observations of horizontal direction and at four other 
stations of the tertiary order in the vicinity of Charleston four hundred and se~en observations of 
horizontal direction. Hence the field-work of the party while engaged in the primary triangula­
tion and the operations immediately incidental to it and including the work at Ivy Station may 
be summarized as follows : 

Primary stations occupied ....... _. _ ... _ ... _. _.. .. . . . . . . . . . . . . . . . . . . . . . . . . 3 
Tertiary stations occupied, ......•.•...•...•. _ ..... __ .......... _ . __ •.... _. 5 
Observations of horizontal directions, number of..... . . _ .. __ .......... _. .. • • 2, 356 
Micrometric differences of height, number of ............. _ . . . . ... _ .. _ . . . . . 300 
Measures of zenith distance with the vertical circle, number of. ...... _ .... _.. 417 

Eig~t public buildings in the town <?f Charleston, W. Va., were determined in position. 
~unng the rest of the ~eason ~ reconn~ssance west of the line Piney-Pigeon was begun for 

carrymg the scheme of primary tnangulation towards the Ohio River. Mr. Mosman found the 
country very much broken, being intersected by three considerable streams, the Mud River, 
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GuJ'audotte River, and Twelve Pole Creek. The ranges of hills bounding these streams are nearly 
all of the same height, all densely wooded, and the courses of the streams themselves very crooked. 
Upon reaching the Ohio River early in November the party was disbanded and field operations 
closed. 

Assistant Mosman makes special mention of the faithful and efficient service rendered by 
Mr. W. B. Fairfield, attached to the party as extra observer during the season. The records, field 
computations, etc., were all completed and forwarded to the office during the winter. Before the 
close of the fiscal year Assistant Mosman received instructions for field-work, which has already 
been noticed under the heading of Section II. 

Special reconnai.~sance and triangulation.-In continuation of the explorations aud surveys of 
the region between Washington, D. C., and Martinsburg, W. Va., for the purposes of a general 
map, Mr. H. F. Walling took the field t-0wards the close of July, 1881. Obtaining the most trust­
worthy maps of Montgomery, Frederick, and Washington Counties, Maryland; of Loudoun County, 
Virginia, and of Jefferson and Berkeley Counties, West Virginia, Mr. Walliug connected elevated 
points in that region by triangulation with stations already established in position, determined the 
heights of these points by a series of barometric observations referred to a fixed barornetrica1 
station, ran traverse surveys upon the roads for the purpose of comparing their actual lengths and 
directions with the configurations upon the maps, and verified the representations of railroad 
alignments by obtaining wherever practicable copies of the original notes or plans, giving the 
lengths and directi011s of tbe tangents, the lengths of the radii, and the lengths aud directions of 
the curves. Where deficiencies existe1l in these notes special traverse surrn,ys were made to 
supply them. 

Along and near the mountain ridges and important hills different methods were pursued 
according to circumstances. In many cases lines were run by traverse along the summit of ridges, 
with accompanying barometer readings. Similar lines were also run np some of the valleys 
between the spurs. In other places less accessible, points were located and their heights deter­
mined by horizontal and vertical angles from known points along the roads in the valleys below. 
With the data and material thus obtained such portions of the county maps as were deemed 
sufficiently accurate for reduction to the projection were thus transfered to the general map. The 
area of its completed portion is as follows: 

Washington County, Maryland (east of longitude 770 58'), area in square miles. 369 
Frederick County, Maryland (entire), area in square miles . . . . . . . . . . . . . . . . . . . 618 
Jefferson Count:.r, West Virginia (entire), area in square miles . . . • .. . . . . . . . . 217 

Total area of finished part in square miles. . . . . . . . . . . . . • . . . . . . . . • . . . . . 1, 204 

The area partly finished comprises portions of Berkeley County, West Virginia, and of Fred­
erick, Clarke, and Loudoun Counties, Virginia, with an area of eight hundred and twenty-one 
square miles. It is estimated that between one-half and two-thirds of the work upon this area is 
completed. 

Magnetic obsen1ations.-Subassistant James B. Baylor at the beginning of the fiscal year was 
engaged at Marion, Va., in completing the last station of a series for the determination of the 
magnetic declination, dip, and intensity in the States of Virginia and West Yirginia. This mag­
netic tour was planned to include the occupation of a number of stations in Tennessee, Alabama, 
and Kentucky, and its further progress will be noticed under the heads of Sections XIII and 
VIII. 

Geodesic leveling.-As already noticed, under the head of Section II, the primary bench-mark 
established at Hagerstown, Md., in the line of transcontinental leveling started westward from 
that point in 1877 was referred to the level of the sea by Assistant Andrew Braid, who took the 
field for that purpose early in July, 1881. His line of levels of precision began at the bench-mark 
of the self-registering tide-gauge at Sandy Hook, N. J., and ended at the bench-mark on the 
foundation of the court house in Hagerstown. Reference will be made under the head of Section 
XIV to the extension of the line oflevels of precision westward from Mitchell, J nd. 
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SECTION IV. 

NORTH CAROLINA, INCLUDING COAST, SOUNDS, SEAPOHTS, AND RIVERS. (SKETCH No. 5.) 

Deep-sea sounding.~ and tempBratures.-In furtherance of the investigations relating to the 
physical features of the Gulf Stream, Commander J. R. Bartlett, U. S. N., Assistant Coast and 
Geodetic Survey, was engaged at the opening of the fiscal year in running lines of deep-sea 
soundings, with serial temperatures normal to the coast, between Currituck light-house, North 
Carolina, and Ju1>iter Inlet, Florida. With his party, in the steamer Blake, he had at the time 
just named completed nine lines of soundings, and on July 3 had anchored off the town of 
Smithville, N. C. Here he was detained by bad weather until July 8, and ou getting to the 
northward of Cape Fear was compelled to make a harbor at Fortress Monroe, whence he sailed 
.Tuly 16, and next day ran a line of soundings normal to the coast in length about seventy miles, 
beginning off Currituck Beach light-house with a depth of ten fathoms and reaching eleven hundred 
and sixty-five fathoms in latitude 360 13', longitude 740 18'. Upon this line, as upon those 
subsequently ruu, the record of depth sounded was accompanied by observations of the position 
of the steamer at each sounding, by observations of bottom and surface temperatures of water and 
strength and direction of currents, and hy records of the character of the bottom from the specimens 
brought up, densit,y of water, and meteorological phenomena. All soundings were taken with 
piano wire, using Commander Sigsbee's improved sounding machine. It always worked well, and 
his sounding cylinder never failed to bring up a specimen of the bottom. The temperatures below 
the surface were taken with the Miller-Casella deep-sea thermometers. 

Additional lines were run off Cape Hatteras until July 20, and on July 22 a line from Cape 
Lookout to a depth of two thousand fathoms. On ,T uly 24 a line was run normal to the coast from 
a point about twenty miles to the eastward of Cape Fear and a return line to Charleston, where 
the Blake arri ~·ed ,July 28. 

After a detention of some days by bad weather at Charleston, Captain Bartlett left tha.t port 
early in August, and occupied the remainder of the season in running lines of soundings to test the 
working of the Siemens electrical deep-sea thermometer. This apparatus is described and figured 
in Appendix No. 18. Its principle depends upon the effect of changes of temperature in varying 
the resistance of metals to the passage of an electric current, and it consists essentially of two 
resistance-coils, one of which is lowered into the sea by means of a cable connecting it with the 
other resistance.coil on board ship. The end of the cable, which is in electrical connection with 
this resistauce-coil, is attached to a "Wheatstone's bridge" with a battery and galvanometer. 
'\Then the two coils are at the same temperature the galvanometer scale reads zero; any change in 
the temperature produced in the coil lowered into the sea causes a deflection to the right or left of 
zero; hence to ascertain the temperature of the coil at the bottom of the sea or of the water in its 
vicinity the coil on uoard ship must be heated or cooled till the zero indication is shown on the 
galvanometer scale. The temperature of the water in which this coil is immersed is then that of 
the water at the depth sounded. 

Captain Bartlett has made a special report (Appendix No. 18) of the tests obtained with this 
apparatus, comparing the temperatures given by it with those of the Miller-Casella deep-sea 
thermometers. Serial temperatures, taken at intervals of five and ten fathoms from surface 1:o 
bottom, showed a very gratifying accordance between the two methods, and led to increased 
confidence in the results obtained from the l\Iiller-Casella thermometers. 

With reference to the physical features of the area over which the Gulf Stream sweeps, the 
work of Captain Bartlett has developed some interestin'g results. His soundings show, not a deep 
channel, but, to quote from his report, "an extensive and nearly level plateau, extending from a 
point t-0 the eastward of the Bahama Banks to Cape Hatteras. Off Cape Canaveral, nearly two 
hundred miles wide, and gradually diminishing in width to the northward until reaching Hatt.eras, 
when the depth is more than one thousand fathoms within thirty miles of the shore. This plateau 
has a general depth of four h uudred fathoms, suddenly dropping on its eastern edge to two thousand 
fathoms." 
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Captain Bartlett remarks further: "It will be observed from the bottom specimens that the 
course of the Gulf Stream can almost be traced by the character of the bottom. Ou each side of 
the stream the sounding cylinder brought up ooze. In the strength of the current the bottom was 
washed nearly bare, the specimens being small broken pieces and particles of disintegrated coral 
rock. This bare portion was very hard~ and the sharp edge of the brass sounding cylinder came 
up very much dented and defaced. From Jupiter Inlet, with the exception of the bare part 
mentioned, the specimens were a light-colored ooze composed of Pteropod shells, with a mixture 
of coral sand. Off Charleston, where the plateau has less depth than to the southward, the bare 
section extended the whole width of the stream. The Pteropod ooze extended only to Charleston. 
To the northward of that point the bott-0m specimens were Globigerina. To the northward of Cape 
Lookout and off Hatteras the bottom was Globigerina ooze of a dark greenish tint. (The specimens 
have changed color very much since first obtained.) These specimeus of the bottom seem to me 
to throw very important light on the circulation. The Pteropods are brougllt along b.Y the Gulf 
Stream. In the Caribbean Sea and Gulf of Mexico the bottom below three hundred fath-0ms is 
always Pteropod ooze. To the northward of Ilatteras, and as far as the Georges Bank, we have 
found in the Blake only Globigerina ooze. The fact of finding Globigerina ooze off Hatteras, and 
its gradual diminution to the southward, would tend to show the limit of the Arctic current. The 
Globigerina were not found to the Ronthward of tlie high part of the plateau off Charleston. It 
would appear from this fact alone, although the temperatures, I think, confirm it, that the Arctic 
current does not extend below Hatteras, but at this point goes under the Gulf Stream and to the 
eastward, being defiected that way by the form of the platt-au. A numuer of lines were run off 
Hatteras to develop more fully this point. J?rom Hatteras the one-lmndred-fatliom line gradua.lly 
draws away from the shore as we go to the northward." 

Allusion is again made in the report to the belt of rippling water off Charleston, near the 
center of the Gulf Stream, and the strong son th western current found there. This "rip," Captain 
Bartlett states, is unlike any that lie ltas ever seen, except the race at the entrance of Long Island 
Sound. He attributes it "to the sudden rise of the plateau off Olrnrlestou, together, probably, 
with tlie meeting of the Arctic current." 

The statistics of work accomplished, from the time of leadug port, )fay 4, till tlle return of 
the Blake to Providence, August 17, arc as follows: 

Deep-sea soundings, number of lines ruu ........................... . 
r~ength of lines in miles .. - . . . . . . .. ' .... ' . . . . - ..... - . - . . . . . . - . - ..... -. 
Number of soundings taken ____ .......... - ............. - . . . . . .. . . . . . .. . 
Air temperatures observed, wet bulb ...... _ .............. _ .......... _ .... . 
Air temperatures observed, dry bulb ...................... _ ............... . 
Water densities observed ... _ ... - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Water temperatures observed, surface ....... - . - . - .... - _ . ___ .... _ ...... ___ .. 
Water temperatures obser,·ed, intermediatf'. _ ... __ .. _ - - __ .. _ ... ____ . _. _ ... _ 
Water temperatures observed, bottom .. _ ...... - - .. - _ - _ ................ _ .. . 
Serial temperatures, number of ...... _ ..... _ .. - . - ........... _ . . . . . . . . __ .. 
Current stations occupied with 1loat8 ....... _ _ . . . . . . . . . . . . . . . . .. _ ... _ .. . 
Specime11s of bottom, nnmbt.'r of .......... _ -.... _ ...................... _ .. 

18 
1,929 

337 
405 
405 
397 
415 
457 
334-
139 
28 

257 

The following-named officers, attached to the Blake, rendered efficient service during the 
cruise: Lieut. C. C. Cornwell, U. S. N.; l\fasters G. ,V, Meutz, Henry Morrell, and Lucien Flynne, 
U. S. N.; and Ensign :E. L. Reynolds, U. S. N. 

Hydrograpky.-For the purpose of locating a shoal reported b~· Captain l<'oster of the steamer 
Appold as about six miles east-southeast from Frying Pan light-Rhip, North Carolina, Lieut.­
Commander W. H. Brownson, U.S. N.,Assistant Coast and Geodetic Survey, proceeded to Smith­
ville, N. <.J., in May, 1882, with his party in the steamer Geduey, and, having determined accurat-ely 
the position of the light-ship, placed a lmoy on the slioal in six fathoms water, the least depth 
found. This shoal is well known to the pilots and fishermen about Smithville; it has a general 
direction of north-northwest and south·southeast, and is nine miles in length, with a depth of from 
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seven to eight fathoms. The location of the buoy is nine and one-fourth miles from the light-ship, 
from which it bears east 120 south (magnetic). 

Lieutenant-Commander Brownson remarks that since New Inlet was closed, the water on the 
bar of Seward Channel leading into Cape Fear River bas deepened, and eighteen feet can now be 
carried over at high water. 

SECTION V. 

SOUTH CAROLINA AND GEORGIA, INCLUDING COAST, SEA-WATER CHANNELS, SOUNDS, HARBORS, 

AND RIVERS. (SKETCH No. 7.) 

Hydrograpky.-A shoal having been reported ten miles northeast by east from Georgetown 
light, coast of South Carolina, by the master of a coasting schooner, Lieut.-Commander W. H. 
Brownson, U. S. N., Assistant Coast and Geodetic Survey, was directed to make careful search 
for it. This duty was performed April 27, 1882, under conditions very favorable for showing the 
existence of shoal water, but Captain Brownson could find no indications of it, and reports that, 
according to his judgment, no such shoal exists. He suggests that the master of the schooner was 
out in his position, and that what he actually saw was the shoal spot (seventeen feet of water) off 
Georgetown light, with Cape Romain bearing southwest distant about ten miles. 

Upon the completion of a hyclrographic survey on the J1'lorida coast, which will be 
referred to under the heading of Section VI, foent.-Commander ,V, H. Brownson, U. s. 
N., Assistant Coast and Geodetic Survf\y, was directed to proceed to Port Royal, S. C., for the 
purpose of makiug such examinations of the Beaufort Rinr as would determine what portions 
needed resurvey. The !Jed of the river is of phmiphate rock, and is constantly being dredged, the 
rock having valuable properties as a fertilizer. Upon conference with Capt. J.E. Jouett, U. S. 
N., commanding the naval station, Lieutenant-Commander Brownson found it advisable to make 
an immediate survey of a small portion of the river opposite to Battery Creek. This work was 
accomplished between the 14th and the 22d of April. 

Tidal observations.-Application having been made by Lieut. B. D. Greene, United States 
Engineers, through General Q. A. Gillmore, U. S. A., for the loan of a self-registering tide-gauge 
to be established at Fort Sumter, Charleston Ha1·i>or, South Carolina, in connection with the 
works of construction in progress there, the gauge was forwarded to him soou after the beginning 
of the fiscal year. The tidal cm·yes will be sent for ta!Julation and discussion to this office. 

SECTION VI. 

PENINSULA OF FLORIDA, FIW~1 SAINT ~LrnY'S RIVER, ON THE EAST COAST, TO ANCLOTE KEYS ON 

THE WEST COAST, INCLUDING THE COAST APPROACHES, REEFS, KEYS, SEAPORTS AND RIVERS. 

(SKETCHE>l Nos. 8, 9, 10, AND 11.) 

Deep-sea stmndings.-As previously stated under the head of Section IV, Commander J. R. 
Bartlett, U. S. N., Assistant Coast and Geodetic Survey, at the opening of the fiscal year had 
completed nine lines of deep-sea so1111dings with surface and bottom temperatures. His first line 
was run from l\lemory Rock, Little Bahama Bank, to Jupiter Inlet light, Florida, and was 
followetl by a series of lines norm~l to the coast, of the character and with the results already 
fully stated. These investigations, so valuable as a contribution to our knowledge of the 
phenomena of the Gulf Stream, will be resumed at the earliest date practicable. 

Tri.angulation, topography, and kydrography of Indian Riner, E. Fla.-With instructions for 
the extension of tlie survey of Indian River sou th ward from the limits of the work of the preceding 
season, Assistant C. H. Boyd arrived at Turke~· Creek on the 24th of January, 1882, and taking 
charge of the sloop Steadfast, brought her southward about forty-five miles, reaching a locality 
which served as a base of operations early in February. The three classes of work were then 
taken up from the limits of 1881, and carried forward continuously till the last of April, the 
triangulation beginning at the line " Eggs" to " May" in latitude 270 401 north; the topography 
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at station " Guest," a mile and a quarter north of that line, and the hydrography at station 
"Narrows" nearly a mile above "Guest." 

Progress was less rapid than bacl been auticipateu on account of the witle antl dense fringe 
of wooded swamp on the east side of the lagoon, entirely cutting off all 'iew of signals on the 
ocean beach sand-d uues from those ou the shores of the lagoon. At the " Narrows" the mangroves 
became large trees. Tripod signals and scaffolds were found necessary, ele>ating the theodolite 
twenty-two feet. 

To bring the shore-hue within view of the plane-table, the instrument had to be placed far out 
in the water, and the telemeters were carried by boat, so dense was the belt of mangroves 
fringing the ea8tern shore of the lagoon. The work was pushed forward energetically, however, 
until about eighteen miles of tl1e lagoon and ocean beach had been covered b.r the triangulation; 
one topographic sheet scale 1-30,000, emli ng at Indian River Inlet, completed, ancl the topography 
on the upper eml of the next sheet well advanced. From the ocean beach the entire island forming 
the eastern side of the river is covered by the topography, and enough of the western shore to 
delineate its characteristics fully. 

The hydrography covers the lagoon from a point about two miles north of the triangulation to 
Indian River Inlet. The waters are shoal, with many islands, oyster and sancl bars obstructing 
its navigation. Four tide-gauges were established for the reduction of the soundings, the most 
permanent of which is upon the wharf at Saint Lucie post-office, referred to a bench-mark on Mr. 
Paine's house. 

Towards the close of April, and in aeeortlancc with instructions, Assistant .Bo~·d furnished a 
tracing of the shore-line and the geographical positions determined as far as the inlet, to the 
officer charged with the execution of the off-shore hydrography, and for the purpose of establish­
ing additional points sonthwi1rd, began on the 3d of May a beach measurement with twenty-five 
meter steel tapes. On the 20th of Ma;y a point had been reached on the ocean beach upwards of 
thirty-one miles from Indian mver Inlet, and in sight of Jupiter Inlet light. The season's work 
was then closed, the Steadfast being laid up iu a sheltered position in the fresh water of Manatee 
Creek at the mouth of the Saint Lucie River. 

Assistant Boyd makes acknowledgment of the efficient service rendered by the officers of the 
partJ, viz: Subassistant J.B. Weir, and Messrs. Carlisle Terr;y, Geo. F. Bird and E. S. Taney, 
Aids. All original and duplicate records of the work have been deposited in the office. The 
statistics are as follows : 

Number of geographical positions determined ... -. - • • . . . . . . . . . •..•... _.. 35 
Number of directions measured ............ _ ... _ .... - . - .. -... - . _ .... - . . . . 850 
Number of horizonal angles measured ..... - _ - . _ ......• - __ . ___ . _ .. _ .. _. _ _ 2, 674 
Ocean beach shore line, number of miles .... __ - ___ . - - . - .. - . . . . . . . . . . . . . . . . 43 
Lagoon or river shore line, number of miles .... ___ ........ _ .... ___ ... _ . _ . . 112 
Shore line of creeks, number of miles .................. __ . _ .. __ ... . . . . . . . 10 
Area of topography, square miles .. __ . _ . __ . ___ ... _ .. _ ... __ ... _ ........ _ . _ 21 
Number of miles of soundings run_..... . • . . ....... _ ... __ , ...... _ .... _ _ _ _ 132 
Numberofsoundings ................ ·········---······--···-····-······ 16,928 

Hydrography, east coast of Florida.-For the continuation of the hydrography of the east coast 
of Florida to the southward from the limits of work of the preceding season, Lieut.-Commander 
E. B. Thomas, U. S. N., Assistant Coast ancl Geodetic Survey, with his party iu the steamer A. D. 
Bache aITived off that coast in the vicinity of Indian River Inlet early in May, 1882. The two 
projections furnished to him included the coast between the limits of latitude 270 45' and 260 55' 
north. Work was at once begun upon the upper pr~jection, itnd completed upon both of t11em 
towards the end of June. 

During the progress of the survey a dangerous shoal, the existence of which was knowu, but 
not its exact locality, was developed by Lieutenant-Commander Thomas. He describes it as 
follows: 

"This shoa.I (Saint Lucie) is three and one-half miles from the land, and is in latitude 27018' 30" 
north; fongitude soo 08' 4:5" west. It is a narrow ridge extending north and south for about one 
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mile, the least water on it being fifteen feet. From the center of the shoal, Mount Elizabeth bears 
south 53° 08' west (true) and Honse of l~efnge No. 2 on Saint Lucie Rocks bears south 70 48' west 
(true). Mount Elizabeth is a round-topped hill sixt.r feet high, on the west side of Indian River in 
latitude 27° 1.Y 10" north; longitude 800 13' 50" west. It is the hig·hest laud in the vicinity, aml is 
easily recognized if seen from a point to seaward of tile shoal. But from a less distance from the 
shore the hill is not visible, as it disappears behind the trees 011 the beach. 

''Deep water (ten fathoms) is found from six hundred to seven hundred ;yards to seaward of 
the shoal. As the numerous steamers, passing to the southward, rn11 in quite near this shoal in 
endeavoring to avoid the current of the Gi1lf Stream, I think a whiRtliug buo,v should lie placed in 
the vicinit;y." 

A correction was made by Lieutenant-Commander Thomas in the position heretofore given for 
,Jupiter Inlet light. 

Acknowledging the zeal and efficieucy of the officers of his party, viz, l\Iaster Fmuk A. Wilner, 
U. S. N., and Ensigns H. M. Witzel, J, M. Orchard, C. S. "'.\IcOlain, U.S. N., Lieutenant-Commander 
Thomas presents the following statistics of the work: 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . • . . . . 884 
Angles measured. __ ... _ .... _ ........ -.... - -..... -.... _ . - ............... - 3, 721 
~umber of soundings ....................... _ .................. - ......... :n, 410 

The results are shown upon two finished h~·drographic sheets, scale 1-40,000, which have been 
sent to the office. 

Hydrograpky (!f Key West Harbor and .Nortlwest Channel Bar.-For the purpose of ascer­
taining the exact locality of ehanges which had taken place in Key West Harbor and vicinity, 
Lieut. Commander "\V. H. Brownson, in the steamer Gedney, made an examination of that 
harbor aml of a portion of Northwest Channel in April, 1882. Ile reports but little change in the 
harbor since the last survey, but a decided change in the bar of Northwest Channel, owing to a 
gradual extension of the east bank to the westward, which mitkes a change in the location of 
buoys necessary. No indication was found of a shoal within the limits of" The Triangles." One 
finished hydrographic sheet, showing the results of the work, has been forwarded to the office. 
The statistics are: 

1\Iiles run in sounding ................... - . . . . . . . .... _........ . . . . . . . . 472 
Angles measured .. _ .......... _ : .......... __ . . . . _ ............... _ .. _ . . . 5, 292 
Number of soundings... . . . .......... _ . . . . ... _ .. _ .. _ ................. _ 20, 906 

Triangulation between Charlotte Harbor and Tampa Bay.-The completion of the triangulation 
and beach measurement between Charlotte Harbor and Tampa Bay, on the west coast of Florida, 
was assigned to Subassistant Joseph Hergesheimer, under instructions dated December 26, 1881. 
Mr. Hergesheimer arrived in New Orleans early in January, and having made the necessary 
repairs to the schooner Quick, he anchored in Tampa Bay towards the close of February, after a 
very long passage, due to calms and adverse winds. Thence he proceeded to Little Sarasota Inlet, 
from which locality as a base of operations he completed the beach measurement and triangula­
tion southward for a distance of fifteen miles. Changing his anchorage first to Stump Pass and 
then to Charlotte Harbor, the work was completed to the line of the old triangulation " Gasparilla­
Trepador," at both of which stations the granite monuments marking them were found to be :in 
good condition. Thirty-five miles of coast line were covered by the triangulaiiou aud beach 
measurement. \Vi th regard to this portion of the coa.st, Mr. Hergesheimer remarks : 

"There is but one anchorage (for the vessel) between Litt.le Sarasota and Gasparilla, a distance 
of thirty-five miles. This is Stump Pass, a small inlet which can be ent:ered by a sailing-vessel 
under the most favorable circumstances only, as the bar and channel are constantly changing. 
There is about six feet of water on the bar. It is not safe to attempt to enter any of the small 
inlets 011 this coast with a vessel drawing OYer fi,-e feet of water without first going ashore and 
making an examination of the bar, as every heavy westerly wind seems to change the bar and 
channel. At 'Little Sarasota' the channel is not over twenty.five meters wide, bounded on one. 
side by ledges. Three years ago, when I took the Quick into this inlet, the channel passed to the 
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southward of the ledges, but this seasou I found the channel to the northward, with ti.le old chan­
nel entirely filled up." 

Statistics are as follow8 : 
Angles measured, number of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 
Observations, number of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 453 
Distance measurnd on beach, in meten•. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . rn, 286 

U1ion closing work tlte schooner Quick was laid up at Manatee, Fli., and Subassistaut 
Hergesheimer was directed to proceed to Washington and report at the ofiice. 

SECTION Yil. 

PE~INRULA OF FLORIDA .• WEST COAST. FHOM ANCLOTE KEYS TO PEIWIDO RAY, INCLUDI::\'G COAST 

APPROACHES, POHTS, AND RIVEH8. (8KETCH ~o. 12.) 

Hydrof/raphic .mr·nev of the innn· and outer ba.rs of Ea.st Pass, Saint George's Sound.-During 
the winter of 1881-'83, Lieut.-Uomurnuder W. H. Brownl'ion, B". S. :N"., Assistant Coast and 
Geodetic Survey, was engaged in a number of localities ou tile west coast of Flori(la for the pur­
pose of filling gaps i.n tbe hydrography and of 1mtking new surveys where demanded by changes 
of importance. Referring to his work in geogrnphi.cal order, the hydrography of the inner and 
outer bars of East Pass, Saiut George's Souud, was execukd uetweeu the Gtu and 14th of February, 
1882. Upon his arrival off East, Pass, Lientenant-Uommantle'r Brownson fou11d a large Norwegian 
barque aground on the bar, and immediately auswered a call from her for help, succeeding in 
hauling lier off inside the bar. 'l'hiH harqne waH drawing eighteen feet of water, and weut to sea 
the same night with nineteen feet on the bar. Upon the outer bar the smTey showed seventeen 
and one-half feet at mean low watRr, and there wa8 noted a marked extension of Dog Islaud Point 
and of the east end of Saint George's Island. The statistics of the work are as follows: 

Miles run in sounding . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Angles measured. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4:92 
Number of soundings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 87 4 

Hydrograplty in tlte vicinity of Saint .Toseph'.~ Bay a.1ul Gape ~an Blas, Fla.-For the develop­
ment of the hydrography of( the coast of Florida, between Cape Saint George and Cape Sau Blas, 
and thence northwestward in the vicinity of Saint Joseph's Ba.y, Lieutenant-Commander Brownson, 
with his part.r in the steamer Gedney, left Pensacola on the 2'.!d of November, 18811 and having 
established a tidal station at Saint Joseph's Poi11t, beg-au work upou his projections December 5, 
and prosecuted it at every interval of favorable weather till the 1st of Februar,y, when the 1'nrv<1y 
was completed. The weather was very unfavorable dnriug the wbole of the month of January, 
fogs and haze being prevalent most of the time. 

With reference to the configuration of that portion of tbe Gulf of Mexico plateau off Cave 
San Blas, Lientenant-Commander Brownson remarks that to the northward of the cape it is very 
regular; to the southward very irregular, the somulings indicating an extremely undulating bottom. 
Six miles to the Muthwestwa.rd of San mas lie fonnd a shoal spot not girnn ou auy chart with a 
least depth at mean low watei· of twenty-two feet. And totbe ROnthward of this (st.ff en anli one half 
miles south by west~ west of th.e cape) another shoal with a least depth of twenty-four and one­
ha.Jf feet, botb shoals being of but small extent. 

Some facts of interest observed during the survey are stated as follows in. Lieutenant-Com­
mander Brownson's report: 

"The current between Capes Saint George and San Blas sets to the nort,hward and westward 
with a velocity of from oue-quarter to one-third of a knot per hour. At oue time, while at anchor 
eight miles south of San Blas, with the surface current setting to the northward and westward 
thirty-five hundredths of a knot per hour, a fishing line over the side showed a strong current 
setting to the eastward, a hea\'Y sinker being repeatedly citrried in that direction. The observa· 
tion for surface current at the time was made with a loaded staff nine foot in length. The coast 

S.Ex.77-6 
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line in tlw vfoinity of Cape Sall Blas is graduall_y wearing awa.y. The light-house is now 
;iurronnded by water at high ticle, and l haYP been informed that at timefl the kee1rnr has been 
unabfo to enter. 

MileR run iu sounding . . . . . . . . . . . . . .. 
Angles measured . . . ................ . 
Number of soundings . . . . ......... . 

545 
932 

5,581 

Hydrography of the bar of Pensacola. Rnrbor.-Lient.-Commander W. H. Brownson, U. S. 
N., Assistant Coast and Geodetic Snrn'y, took command of the steamer Gedney on the list of 
October, 1881, and after t>ome dc>lay ou account of bad weather began on the 10th of that month 
the hydrography of the !Jar of Pem;acola Harbor, with special exarniuations of the chaugcs that 
bad taken place since tbe earlier snn·ers. On the 21st of November the work was reported ai; 

complete, and the finished hytlrographic shePt, with recorcls accompanying, wa8 forwarded to the 
office. The following extracts from the report of Lie11tenant-Comurnnder Brow11su11 embody state­
ments of some of tl.te more noteworth~- results of the sun-ey. 

"The shoals and bars at the t•utrance of the harbor are of sand. In running the 1ines of 
soundings, mu<i was repOl'ted by the leadsmen iu se,·eral places. but on taking specimens of the 
hottorn, it was found to be soft sand. There is now a least depth of twent,r-two and one· half feet on 
the outer bar, while on the inner bal' (extenrling betweell the lo1Ver end of Middle Gron11d and 
Cancus Bank) the least depth in the channel i8 twenty feet, with twenty and one-half feet on either 
side of it. 'l'his l'lhoal with tweut.r feet is probably what bas been known among· the iiilots and 
tug-men as the '21-foot lnmp.' I also note the gradual extension of the western eud of Sauta 
Rosa Island, and the washing awa~· of the coast in the vicinity of Fort M:cHae, the new shore-line 
being over one hundred meters inside of old line. 

''In order to pre,-ent the further washing away of tltis shore, and to restore it, if possible, ancl 
also to increase the depth of water on tbe inner har, a series of jetties are in course of coustruction, 
extending normal to the shore-line above and below Fort .;\fcRae, about five hundred feet out in 
the channel. 

• • • • • • • 
"Since the last survey a new cha.mwl hn8 been opened, with eighteen and one-half feet of 

water between the Eastern Bank aud Santa Rosa Island, about three lmndred meters from the 
la.tlier. It is narrow, bowtwer, awl of no importance at present. I experienced much difficulty 
in getting the observations for currents, twenty-th-e hours being necessary for a complete series at 
each station. The tidal currents a.re n•.ry irregular and deperul in a great measure, both for 
velocity and direction, on tlte wiucl. With moderate weather from the Routhward, the sea breaks 
on Cancus Bank and the Middle Ground." 

f:\ECTION VIII. 

ALABAMA, MISSISSIPPI, LOUISIA~A, AN'D ARKASSAi:l, INCLUDING GULF COAST, POUTS, AND RIVERS. 

Magnetic obsermtions.-111 the conr8e of the magnetic tour, made by SuLasaistant J.B. Ba;vlor, 
in 1881, the determination of the magnetic elemm1ts at. two station!'! in Alabama was included. 
Mr. Ba;ylor obsernid for rnaguetic declination, clip, and intensity at Decatur ancl Florence, Ala., 
and deteJ11D1ined also the latitude, longitude, an<l azimuth at these i-;tations for magnetic purposes. 
Reference has already been made to his work under the head of l::lection HJ, and it will be referred 
to again under the head of Section XIII. 
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SECTIO"X IX. 

'rEXAS AND INDIAN TERRITORY, INCLUDING- GULF COAST, BAY::>, A.'<D IUVEHS. (SKETCH JS'o. 14.J 

Trfongulation, topography, and hydro.r1raphy bet1Pl'en Gall•e8ton Ba,y and Sabine Pa8s.-Under 
·instructions dated December 26, 1881, Assistant F. W. Perkins organized a partr for the survey 

of the coast of Texas between G-.il rnston and Sabine Pass, the principal o1~jects of the season's 
work being the determination of points along the shore for the 0~1tsi(le hydrography, together 
wi~h a topographical survey of the shores and a hydrographie surYey of the entrance to Sabine 
Pass. 

All preparations ha,ing been complPted towar<ls the eu<l of ,Jauuar,y, including repairs to the 
schooner Research, the work was beguu at Bolirnr Point while awaiting the arrfral of the vessel 
and camp-equipage, Colonel .Mansfield, of the Engineer Corps, h:wing kindly placed his quarters 
at the disposal of the party. A measurement lJy wire was made of the beach of Bolivar Peninsula, 
aoout eigllte~u miles iu length, for the detenniuatiou of l1ydrographic points, ancl a recounaissance 
was made in the vicinity of High Island. Upon the arrirnl of tile Research iu Feuruary, the 
triangulation was begun, usiug a>< a uase the line Peirce-Nortbwest Bend, these being the only 
two points of the old triangt1latiou that could be identified. Points in tile back country were 
determined from the shore triangulation by concluded angles, care being taken to obtain as many 
separa.te determinations as possible, and to supply long lines for carrying· azimuths . 

.As soon as enough points had been fixed by tlie tria.ugulation, which was steadily pushed 
eastward towards Sabine Pass, tlie topography was uegtrn, a sep:irate party with a light camp 
hanng been organized for this purpose. Upon the completion of the triangulation and topog­
raphy, the inner portion of the Sabiue Pass, not liable to radical ehauges from the works of 
constrnetion in progress on Urn har, was sounded, and a reconnaissance was made to the 
eastward of tlle Pass. The many difficulties encountered iu the work owing to the marshy 
cllaracter of the couutry, the limited means of transportation available, and the hazy state of' the 
atmm;phere were successfully surmounte1l by the skill and energy of Mr. Perkins and his Aids, 
Messrs. C.H. Vau Ordeu and Isaac Winston. The topography and a large part of the triangula­
tion were executed by .M.r. Yan Orclen. He had also a share iu tile beacl1 measurement. Special 
mention is made by Mr. Perkins in his report of Mr. Wi11;.;ton's exertions in determining, with the 
aid of .\'Ir. R. E. Duvall, foreman in the part,r, the shore-line of a very dangerous stretch of coast 
west of the entrance to Sabine Paiss, and known as the "Oil Pond." It had been considered 
impassable and unapproachable either frow tbe water or Janel sides, being in great part a bed of 
mud so soft that in many places even the beach birds and cranes sink in it to their breasts. 

The survey was completed early in. the month of ;\fay. Its statistics are recapitulated as 
follows: 

Number of geographical positions determined . . . . . . . • . . . . . . . . . . . . . . . . . . . . 54 
Number of pointings made . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................ 8, 481 
Shore-line surveyed, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
Roads and creeks, miles . . . . . . . . . . . . . . . .... _ ... _... 58 
Are.a of topography in square miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Miles run in sounding . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Angles measured......... . . . . . . . . . . . . . . . ........... __ ----.......... 204: 
Number of soundings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... i, 382 

The computations and records have been forwarded to the office. 
Triangulation, base measurement, and topography, vicinity of Lag1uia Madre, Tex.-Haviug 

received instructions to resume tbe survey of the coast of Texas from the limits of his work of last 
season, Assistant R. E. Halter established his camp at :Flour Bluff, near the bead of Laguna 
Madre early in October, 1881, and took up the topography of that part of the shores of the lagoon. 
He took advantage of weather unfavorable for topograph,\· to clear tile line of the base of verifica­
tion which it wa.s proposed to measure itl the spring, and to erect the signals at the stations 
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needed to couuect the hase with the triangulation. The plane-table work was prosecuted until the 
close of March, 1882, wheu the contact-slide base apparatus having been received, and all prepara­
tions made for the measureurnut, it. wa>1 begun 011 the 3d of April, the first measurement being 
from north hm~e ttl south base, and the secoutl oue in the opposite direction. By the 19th of April 
the two measure1rn~nts had been completed, the results showing a close agreement. The azimuth 
of the line was determined by observations on Polaris near eastern elongation. Mr. J. E. 
McGrath served acceptably as Aid in the party. Statistics of the work are as follows: 

Miles of shore-line surrn~·e1L ... _ . . . _. _____ ... ____________ . 198 

Area of topography, in square miles . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Horizontal angles, number of observations . _ ... __ . . . . . . . . . . . . . . . . . . . 786 
Azimuth, number of observations on star . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 
Azimut.h, number of obsen·ations on mark. . . . . . .......... _... . . . . 44 
Length of base-line in meters... .. . . . . . . . . . . . . .. . . . . . . . . . . . .. . .. . .. . 5, 486. 9 

Mr. Halter has forwarded to the office tbe topographic sheets allll other records of the 
survey. 

SECTION X. 

CALIFORNIA, INCLUDING THE COAST, .BAYS, HARBOH...'3, AND RIVERS. (SKETCHES Nos. 15, 16, 17.) 

Selection of .~ite for permanent 1nagnetic 8tation.-In co-operation with the work of the Signa.J 
Office, and with that of the International Polar Commission, it became desirable to establish a 
magnetic obsen·atory at some point near the southern coast of ()alifornia; and in order to select 
a site that would most completely fulfill the conditions demanded, Assistant J. S. Lawson was 
directed in l\Jay, 1882, to examine localities at and near San Diego and Los Angeles. In pnr1mance 
of this dntJ· he left San Francisco June 7, and having carefully investigated the several sites in 
tlie vicinity of the towns jnst named, decided in favor of the grounds of the Branch State Normal 
School in Los Angeles as meeting folly the essential reqt1irements of the observatory, viz, a location 
that would secure permanency for several .vears ; freedom from local disturbing influences such as 
any moviug masses of iron or metal iind any large fixed masses of iron; freedom from vibrations 
or jarrings of passing vehicles; a free supply of pure water; certainty that no buildings were to 
be erected or iron pipes laid near the ob;.;ervatory; convenience of living for the observer, and 
economy in construction of the building. 

Permission to occnp~- the grounds for the purpose in view having been given by Governor 
Geo. E. Perkins, of California, represe11ting the Board of Trustees of the State Normal School as 
its 11resident ex officio, Mr. Lawson began the work of construction at once in accordance with the 
plans furnished by the office, with some needful modifications suggested bJ' himself. The instru­
ments to be set up WPre the Adie magnetogTaphs, which register by phot.ograpby, and for their 
more effocti rn 1Vorking require the maintenance of as uniform a temperature as practicable and 
freedom from currents of air ; two buildings, one inner, one outer, were therefore constructed with 
a. space of about two anll a half foet lJetween the walls, th11 piers for the self-registering magnetie 
apparatus being placed in the inner builcling. Thn details of construction <tre fully stat.ed in Mr. 
Lawson's report, which is acc1m1p<tnied by a plan of the observatory and maps showing its location 
in Los Angeles. 

For the usual absolute determinations of the direction and intensity of the magnetic force 
made on tJiree days of each month, l\lr. Lawson established a station at a sufficient distance from 
the differential instruments, and upon the arrival of Mr. Werner Suess, who was charged with the 
fitting up of the observatory and apparatus, he left J;os Angeles under instructions to take charge 
of the primary triangulation northward of Point Concepcion. 

Reconnaissance and prirna.ry triangulation between Point Ooncepcion and Monterey.-For the 
extension of the primary triangn lation of the coast of California from Poiu t Concepcion north ward 
Assistant Stehman Forney organized. his party at the beginning of the fiscal year. Having 
readjusted the signals at stations" Gaviota" 1rnd "Lospe," and erected signals at stations A.rgnello 
and San Luis, at heights ranging from fifteen hundred to three thousand feet, Mr. Forney started 
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on a reconnaissance to the northward and eastward, with a view of determining the intervisibility 
of a station intended to connect directly in the scheme with "Lospe" and "Tepusquete." 

A careful examination having shown the imprnctical1ility of the scheme as originally proposed, 
it was modified ioo as to adopt the figure Lospe, Tepusquete, San Jose, Castle Mountain, and Rocky 
Butte, with San Luis as a central point, the intervisibility of the line Roeky Butte-Lospe, fifty e.ight, 

. miles in length, having been established. From Castle ]\fountain and the stations which connect 
immediately with it, ';Castor'' and "Santa Lucia," prominent peaks of the Sierra Nevada, are 
visible. 

After erecting and adjusting the signals neede(l, Mr. :F'orney occupied Tepusquete Station 
towards the end of August, remaining there till early in October. The observations made for 
horizontal and vert,ical angles were, however, not sa.tisfactory, owing to the hazy and smoky state 
of the atmosphere. Hence the principal re,.ult of the se>tson's work was the advancement of the 
triangulation b.v establishing a prncticable scheme for the connection of the primary triangulation 
of the coast northward of Point Concepcion with that of the Sierra Nevada. With reg:trd to the 
best season for prosecuting this work, l\:Ir. Forney expresses au opinion in fayor of the period from 
the first of NoYernber to the fir.st of June~ and states that heliotropes will be uecessar,Y on all but 
the shortest lines. 

Topography froni San Luis Obispo northward.-A topographical surve~· of the coast of Cali­
fornia, from Point Oaballo to Point Buchon, nuder Ute directio11 of Assistant W. E. Greenwell, 
was in progress at the date of the opening of this report. Earl,,- in July, 1881, oue plane-table 
sheet was completed, aml work was beg'nn upon a second. exteading from Point Bnchon to Moro 
Rock. The character of the topography was partly monntainous, partly sand.dunes, covered with 
low brushwoo1l or chaparral. In connection with the plane-table survey, arnl for its proper 
elaboration, a triangulation wa~ carrie(l forward from the line 8dnuna.cher-Pecho northward. 
Field operations were closed early in Octoher, and during the wint.cr the two topographic sheets 
and the records and computations of the triangulation were forwarded to the office. Statistics of' 
the work are as follows: 

N nm ber of signals obser,·ed upon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
Number of obserYations ............................................. . 
Miles of shore liue surveyed . . . . . . . . . . . . . . . _ . . . . . .. 
Miles of roads ....... _ .......... - ....................... . 

66 
2,094 

19 
13 

Area of topography, in square miles.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

Tidal observations.-U.nder the direction of Assistant Georg·e DaYhlsou, the reconls of the 
self-registering tidP-gauge at Saucelito, near t.lie entrance to the Bay of San Francisco, have been 
continued b~- Mr. E. Gray. The reconl has been maintained without interruption, and the station 
is one of much importance, bein~ now the only one of the kind ou the Pacific coast. A series of 
meteorological observatillus is kept up in connection with the tidal record. 

Topography between Baleiias and Table ,lfountain.-At as early a date iu 1882 as the season 
would permit, the topography needed to fill the gap between Balenas and Table Mountain was 
completed by Subassiiitant E. F. Dickins, under the direction of Assistant Davidson, the two 
former surveys being joined in the best practical manner. The topographic sheet has been 
forwarded to the office. · 

Supplementary topography of San Franci.~co Ba!f and approaches.-Important changes havi:lg 
taken place in the shores of San Francisco Bay entrance, in the wharf-lines of the city, and in the 
topography of the surrounding country since the earlier surveys, it, became desirabl~ to obtain 
data and material for additions and corrections to the published charts, by the execution of 
supplementary topography, with such triangulation as became necessary in the progress of the 
plane-table work. This duty was intruto1ted to A.8sistant L. A. Seugteller, who organized his 
party at the beginning of the fiscal year. Having made four pr~jections, covering the Tamalpais 
Peninsula, he repaired to Saucelito July 121 and begrtn field operations, continuing the topographic 
survey until October 14, at which date the entire Tamalpais Peninsula had been eompleted, and a 
fifth sheet projected, including the towns of San Rafael and San Quentin. At Point Bouita, 
where by the courtesy of Oolonel R. S. Williamson, United States Engineers, and Oaptain G. W. 
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Coffin, U. S. N., the party occupied temporary quarters at the light-house, a complete resurvey of 
the Point wa:,; made, it having been reduced and much changed as c,)mpared with former surveys. 

Tracings of the firn sheets were put in hand jnst before the completion of the work, and also 
a Rketch for reduction by pautagmph to the scale of publication of the chart (1-40,000). These 
were all forwarded t.o the office before the close of the field-work. 

The party was next transferred to the eastern shore of San Fraucisco Bay. But three stations 
of the ol(l triangulatiou could be recovered; hence aJJ auxiliary triangulation was begun, covering 
the shores of Contra Costa and Alarne<la Counties, aud determining all points needed in the city 
of San :Francisco, and ou the islands in the harbor. By the 10th of November a sufficient number 
of poi11LR had been obtained to reo;ume the topography; both triangulation and topography were 
then pusht>d to completio11, and the work on the eastern shore of the ba,y brought to a close January 
25. At thi:,; time thr<'e more topographic sheets had been finiRhed, and to complete the work of 
the Rupplernentar,r surn·y there rcmaiuell to be executetl a thorough examination of the entire 
water front of the city, aud of the shores of the San Francisco peuinsula to Point Lobos and 
southward towards }forced Lake. This work was taken up in the spring, the party being engaged 
during the winter in office work upou the topographic sheets an!l recordo;. 

On the 15th of April, the party having been reorganized, ~1 projection (two sheets joined) was 
prepared, inclndi11g the shore-line from Point San ,Jost; (or Black Point) to Poiut Avisadera, and 
the topograpli~- of the city front begun. At the sarne time all authentic data that coulll be obtained 
from local sources bearing· upon the work of the smTey was collected. Assistant Sengteller 
acknowledges his obligations for vahrnble maps and documents to Capt. U. F. Humphreys, U. S. 
A., to the cit:.· awl county surveyor, W. P. ITumphre,rs, esq.; to F. A. Bishop, esq., chief eugineer 
of the State Harbor Commissioners; awl to the engineer of the Golden Gate Park. Such of the 
maps ohtained from these sou reps as wPre of sn!lieieut accuracy were reduced to a scale of 1-10,000, 
so as to be made morP availa.ble for the field-work. Two additional projections, extending from 
Point Sau Jose to Pnint Lobos, aml thence as far south as the Ocean Side Housf', being soon in 
readinrss, work was begnn upon the111 without dela,\·. IJpon the sheet first named, all needed 
topography wao; finishe(1 :\fay 31, and npon the other sheets June :l2. Instructions having in the 
mean time been received for a hydrographic examination of the city front, and of Oakland Creek 
and its approaches, this was begun June 25, and had nearly reached completion at the close of the 
fiscal year. 

During that part of the Reason previous to April 151 Messrs. Fremont Morse and P.A. Welker 
served as Ajds in the party, the former during the entire seaRon, the latter from November 1. 
Assistant Sengteller expresses his high appreciation of the good judgment and ability displayed 
by :\Ir. l\1or,o;e in the t'xecution of the triaugnlation, which was rapi1lly accomplished. M:r. Morse 
was a~signed to other dnty at the reorganization of the party in April, Subassistant E. F. Dickins 
reporting for dttt,\· at the same time, and taking charge of oue of the plane.tables. To Messrs. 
1Jicki11s and \Velk er Assistant Seugteller t>xpresses his thanks for hearty and constant co-operation 
and support. Statistics of the work are as follows: 

Geographical positions determined, number of ...... _ ..... __ . , _ ........ ___ .. 36 
Angles obRerved, number of.... _. _. _. ____ .. _. ___ ..... .. .. • . .. . • .. .. . 290 
Observations, number of._ ... __ .... _ . _. . .... _... . . . __ . _ 4, 948 
)Jiles of shore line surve;red .... - - . . __ . _____ . __ . ______ .. ___ . ___ . • . . 52 
Miles of roads - - . - - ... _ . _ _ . . . . _ .. _ .. __ ..... _ . _ . __ .. __ .. __ .. _. . . __ .. _ 168 
.Area of topography iu square miles . . _ . . . . . . _ . _ .. _ . ___ .... _ ... _ . ____ . _ . 6 
Miles run in sounding _ ... _. __ .. _ . _ . _ .. __ .. _ ... __ .... _ .......... _ . _ 81 
Angles measured in sounding .. ___ . . _ .... _ ..... _ .. _ . _ . __ ... _ . _ . • . . . . . . . 969 
'N nm her of soundings. - - . _ . - . _ .... __ ..... - _ . . . . __ .. _ .. _ _ _. . . . . . . . . . . . . . 6, 003 

Coast hydrography between Bodega Bay and Point Arena, Oal.-For the continuation of the 
hydrography clrn1e to shore of tlrn coast of California between Bodega Bay and Point Arena, to 
the northward aad westward from tlrn limits of preceding work, Lieut. W. T. Swinburne, U. S. N., 
Assistant Coast and Geodetic Survey, organized his party on board the steamer McArthur, and 
began work July 17 by establishing a tidal station at Bodega Bay, referring the gauge to a bench-
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mark already establishecl. By the close of the season, October 20, three bydrograpllic sheets had 
been completed, showing. soundings ou lines of an average length of tltrec miles from the coast, 
in depths ranging from four foet, to fifty fathoms, and having limit8 as follows: Stengel triangulation 
station to Bourne's Hock; Bourne's Rock to Schooner Gulch, aud Schooner Gulch to Point Arena. 
Lieutenant Swinburne was aided by Lieut. L. U. Heilner, 'C'. S. N., .'.\laster W. P. Elliot, U. S. N., 

-Midshipman W. V. Bronaugh, U.S. N., Midshipman F. V. Bostwick, U.S . .K., and, during part 
of the season, by Ensign \Villiam Brauuersreuther, U. S . .N". Statistics of the work are: 

Miles run in sounding . . . . . . . . . . . . 330 

Angles observed. . . . . . . .......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 2, 2!J3 

Number of soundings ............ . . ........................... fi, 948 

After the completion of the survey to Point Arena the McArthur was laid up at the Mare 
Island navy-yard. 

1lfea.mrement of Yolo Prirrwry base-line.-Prelimiuar_y examiuatio111S, made by Assistant George 
Davidson, for the selection of a site for a primary lrnse-1iue in California date back to the year 
1876. The general location liaYing been fixed, npou the plains of Yolo County between Cache 
and Putah Creeks, in that part of the Saerameuto Yalley lying irmnediatcl,y cast of the Vaca or 
Berryessa Mountains (a spur of the Coa:st Rtmge ), Al'rnistant Davidson directed his special 
examination towards tiuding a Rite for the line which should form tlrn best and most practicable 
connecti-on with the scheme of primal',\ triaug·nlation extending eaRtwar<l across the continent, and 
northward and southwanl along the Pacific coast. 

After a careful recnmHtisRa11c1~, occupying hut a few (lays, the line was in t,hat year proYis­
ionally located, and a quadrilateral established, the eastern }JOiut8 of which were Northwest Base 
and Southeast Base. and the west~rn station,; Monticello and Vaca, peaks of the Berryessa 
Mountains. 

A.s finally established in 1880, the line lies uearJ~~ paraUel with that part of the California, 
Pacific Uailroad joining the towns of Davisdlle and 'Voodland, in Yolo County, and is between 
three and four miles to the west therefrom, it,; ge111•ral 1lirection being north 16° 5::V west. It 
crosses the streams and sloughs running ef1stward across the Sf1cramento Valley. (See illustra­
tion 28.) These streams and sloughs, which are dry iu summer, caIT.)' large >olumes of water 
and are Ruhject to overflows in the rainy season; the efft•ct of these overflows has heen to raise 
their bauks gradually from some distance 1m either side, so that the, stream may be :said to run 
on a ridge. Cache Creek (Rio Jesus Maria), ha\'ing the grPat equalizing reservoir of Clear Lake 
as its source, does 11nt presei1t this feature in a marked degree, but Putah Cl'eek (Hio de las l'ntas), 
Anderson, Dry and 'Villow Sloughs do. On the south side of Cache Creek bottom tlH•re is a 
ridge of favorable elevation, thirty-five feet. Upon this ridge Northwest Base was located, four 
and one-third miles west of the railroad, and immediately on the north side of the county road 
running west towards Madison aml Copay Valley. Southwest Base, distant 10.9 miles by tlie line, 
is three and one-eighth miles west and one a,mt one-eighth miles south of the town of DaYisville. 
Levelings between the two ends of the base, with a reference·fo the bench-mark of the California 
Paeitic Railroad at Woodland, ga,'e for the elevation of Southeast base 71.26 feet above low-water 
of the Pacific, and for Northwest Base 153.28 feet; hence Northwest Base is higher than Southeast 
Base 82.02 feet. It is intended to check this provisional determination by a line of leYels 
of precision to be carried from Southeast Base to the Coast and Geodetic Survey beuch-mark at 
Benicia. 

At the opening of the fiscal yea1· in J nly, 1881, preparations for the m1•asurement were aetiYely 
begun; bridges or high trestles were constructed for crossing the sloughs: the grading of the line 
was pnsbed forward; a comparing beam and a steel rod for fractional measure were constructed; a 
movable cover or tent was made to shelter the base apparatus during the meaRurements and 
comparisons; the alignment wa~ made, and signals were set up to be tested from the two ends of the 
base. The line lies through a farming district noted for its rich soil, mid therefore every acre ba•I 
been under cultivation. Where the crop had been harvested during the season the big·h stubble was 
cut down close to the ground, which then presented all the irregularities left by the farmer. Two­
thirds of the line, howe':'er, passed over fallow la.nd where the ground had been plowed in the spring 
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and in some places had been roughly harrowed. In the work of grading, a roller with cutting-dish 
was passed over this land to break up the rough clods and in part make it more compact. Many 
difficulties were presented, howe,·e1, by the dry, baked soil, permeated in not a few places by deep 
and extensive crackR found to exist below the plowed stratum. 

Upon the arrival of the baRe apparatus, near the end of July, brick-cemented piers were built 
at camp, near the midflle of the line and also near each end, upon which to make the comparisons 
of the hars with the field standard. It had been decided in .January, 1880, that the construction 
of an additional primary base apparatus was advisable, in view of the necessity of measuring 
several primary base-lines upon the Pacific coast and within the Rocky Mountain region. In order 
to secure for the survey au apparatus which should combine accuracy, rapidity of measure, ease of 
handling, facility of trausportation with least ri:,;k of derangement, and especially one that should 
require the least amount of grading or other preparation of the ground for measure, Assistant 
C. A. Schott was directed to submit plans which should fulfill as many of these conditions as 
practicable; and on l\farcli 1 of that year he proposed the construction of a compensating base 
apparatus composer! of two measuring-bars, each five meters in length, and submitted his design 
for the apparatur;, with a description and complete working drawings prepared under his direction 
by M:r. \Verner Suess, meehanician. Though it presents no novelty in principle, yet in the 
arrangement and combinatiou of the parts it is novel, as will be :;een by the full description and 
drawings which l\Ir. Schott has-given in Appendix 7 and illustrations Nos. 26 and 27. 

Each measuring-bar consists of two overlapping steel bars, firmly fixed to a zinc bar, making 
a return connection betwl'eu the two former, the forward end of the zinc har being riYeted to the 
forward end of the rear :;tee] bar, and it8 rear eud to the rear end of the forward steel bar. The 
three bars thus form but a single one, composed of two metals so proportioned in length that the 
g-reater expanRion or contraction of the zinc har in one direction is exactly met by the smaller 
expansion bnt greater length of the 8teel bars moving in the oppo8ite direction. 

In the construction of the apparatus the specific 11eat of the two metals and their s1uface 
exposure was studied, all(l a 8eeondary compensation for holding the apparatus firmly on the rear 
trestl...is, aud thus keeping the rear end at an i1H"ariable distance from the trestle support during 
the measure, is applied in a simple way, using the T rail and steel bars as one metal and the two 
zinc bars as the other. Some minor impnn'ements which niay be here referred to are: The manner 
in which the aligning telescope is adjusted to the bar; the use of a knife-edge turning about a 
vertical axis on the rear trestle, with a corresponding comb of teeth below the bar for holding it 
firmly; the use of portable bed-plates for the feet of the trestle~ etc. There is also a ring covering 
the contact-slide which allows it to be fixed during compar·isons for length. 

Although thermometer>! are supplied to the apparatus, each end of the compound rigid bar 
is provided with a Borda or differential scale. Belonging to the apparatus are two standard five· 
meter bars to be used in comparisons, one for the field, tlrn other for the office. These standards 
consist of a central steel bar with two zinc bars of half the length of the steel bar, one 011 each 
side of it, and fastened near tl1e abutting ends. Two Borda scales are secured at the middle of 
each bar. This arrangement is supposed to be a novel feature. The plan also involved the 
constrnctiuu of two screw-level comparators after the pattern of Repsold. The design of the 
a11paratus was submitted h,Y direction of tbe Superintendent to Assistant Davidson for criticism, 
and his suggestions in some minor details of construction were adopted. 

U11rivoidable delays took place in the actual work of construction in 1880, and it was not till 
near the close of June, 1881, that the two measuring bars, the two standards, and trestles were 
complete(!. During the winter and spring, observations were made for co-efficient of expansion of 
the various standal'll meters needed for the a1ljnstment of the length of the five-meter standard 
bars; tbese meters were of cast-steel, and their ends were armed with platinum iridium plugs. 

It had been iutended to make a practical test of the apparatus in the field before sending it 
to the Pacific coast, lmt for this there was no time after its completion. The base-bars were first 
practically used t-0 lay off a line of one hundred meters for a wire-measurement of the line. At 
the end of each one hundred meters a stub was fi.rml,y driven into the ground, and properly 
marked, these measures serving as checks against the possible error of omitting to count any bar, or 
of counting it twice. The result of this wire-measurement came within six-tenths of a meter of that 



 

UNITED STATES COAST AND GEODETIC SURVEY. 49 

by the appa.ratms. After a test of the working of the bars upon a preliminar_y line of five hundred 
meters in length, the actual measurement of the base was begun September 19. " Fence stoneli 11 

had been placed in line at all the east and west section lines, and at one or two other points, in 
order to give checks on the work, and to afford checks hereafter, as being likely to be less 
disturbed at tbe fences. Kilometer stones were carried forward tind planted <luring tbe first 
measurement, whenever the bar indicated one thousand meters, without regard to any reductions 
for inclination, etc. The ends of the base had been secured and marked in the most permanent 
manner in 1880. For a description and sketch of the granite monuments at the ends, and of the 
precautions observed in marking, see Appendix No. 8 aml accompanying illustrations. 

As organized for the measurement, the chief of the party, ~Ir. Davidson, had the aid of Assist­
ant J. J. Gilbert, of Subassistauts H. "'\Y. Blair, E. F. Dickins, J. F. Pratt, of Werner Suess as 
mechanician and of C. B. Hill as recorder. Fourteen men were employed on the line while the 
work wa.S in progress. Every officer and man had a specific duty assigned to him. The measure­
ment went forward with comparative slowness at first, increasing in rapidity as practi~- made 
easier the manipulation of the apparatus. Mr. Davidson plumbed end of bars, aligned and lev1 ·led 
after end of bar, made and broke contact, read the after-Borda scale, and started the general 
forward movement by giving the word ''Break" when the contact-slide of the forward bar was 
drawn back, aml the after-bar was drawn back, lifted out, and moved forward. )fr. Gilbert 
assisted in adjusting sectors, then directed the laying of the plates and setting tile trestles. Mr. 
Blair alignetl the bars, read forward Borda scale, and checked reading for inclination. Mr. Dickins 
moved after-end of bar into line, read after-thermometer and the inclination; then guarded the 
bar left in position. Mr. Pratt prepared the bars for comparisou with the standard, assisted in 
the comparisons, made fractional bar measurements, and examined sectors. Mr. Suess made such 
mechanical changes as were necessary, and had charge of moving the portable cover. The records 
of measurement and of comparison were kept b:y Mr. Hill. 

Assistant C. A. Schott was p1·esent before the beginning of the first measurement, and 
remained until its successful progress was assured. His intimate knowledge of the peculiarities 
of the apparatus and his arlviee and suggestions as to its proper handling were of great value at 
the outset. His aid was given in the preliminary comparisons, and in the preparations for meas­
urement generally .. Assistant B. A. Colonna had rendered efficient service in the grading and 
preparation of the line up to the 8th of September, when he was ordered east for special duty 
which will be referred to under the headings of Sections III aml XVII. The trestle bridges and 
platforms for crossing strean~s and sloughs were from his plansi and were eonstructed under his 
direction. 

Each day, before the measurement began, the bars were compared with the standard bar in 
the condition in which they had remained overnight. Then the sectors were examined by the 
leveling instrument, for the determination of the zero of the inclination are. The after-bar was 
then plumbed over the night-mark, and at its satisfactory measurement the command "Break" 
announced the forward movement of the bars. 

The first measurement, starting from Northwest Base, was made in twenty days; the total 
hours at work were one hundred and eighty-two and one-half, and during the measurements alone 
one hundred and seventeen hours. The highest number of bars iu one day was two hundred and 
seventy-one; the average number one hundred and seventy-five. The average time for each bar 
was two and one-eighth minutes ; the arnrage number of bars per hour t.wenty·eight, and the 
highest number thirty.nine. 

After the close of the first measurement the bars were oompare<l with the standard hourly 
for oue day, and some changes were made in the details of the aligning folescopes; these were 
subsequently much improved by Mr. Pratt. 

The second measurement was carried forward in the same direction as the first, and was 
com1>Jeted in eighteen dayi,i. 'l'he total working hours were one hundred and seventy-one and one 
fourth, and the actual time occupied in measuring was ninet~·-three and one-half hours, a gain of 
very nearly a day o\·er the actual working time of the first measure. The highest number of bars 
in one day was two hundred and seventy-six; the average number one hundred and ninety-four. 
The average number of bars per hour was tbirt,y-seven, and the highest number forty-nine. 

-8. Ex. 77-7 
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Eight 1la;y8 were occupied in a third partial measurement, dming which the higlH•st rnte of 
spee1l was attained, an ayerage of forty-three bars per honr being measured, aud during 011e of 
tlw days fift,Y-fonr per honr. In one of the hours of tltis day fifty-se\·eu bars were measnrn1l, a111l 
1\11ring· the whole day tlm•e hundred and tweur~·-fonr bars or UH 111iles. 

epou the completion of the mea:o;nrements the apparatus was brought to camp, and adjusk1l 
1m the compariug-bearn for comparisons with t,}ie standar1l. Thmm comparisons were continued 
hourly for fifty hours. The bars arnl standard were then taken to San Francisco. Assista11t 
DaYi1ll'iOll has made a full report of the measurement, which will he foun1l in Appendix No. 8, 
with illnst.rations numbered 28, 29, and 30. 

Ih1ring the winter :riir. Dadllson was engage(l iu ottfoe \rnrk, a11d in work on the Uoast Pilot. 
C.11tll•I' his direction all of the Yolo bast• reeortls were examined, (luplieated, ancl forwarded to the 
olfo,p: preliminary reductions wem also made and transmitted. In the o!lice work of his party he 
h}l\l the aid of Assistant;; Lawson, Gilbert, aml FomPy, atHl of Snbassistants Dickins and Pratt. 
:\lr. Lawson was engaged ·for a short time after hi8 return from a magnetic tour in California, 
()rego11, \Yashiugt-011 Territory, and Idaho in the computation aud duplication of his season's work. 
l.~11til relieved on the 30th of April to prepare for field-work on l'uget Sound, Mr. Gilbert was 
1H'.cnpied specially upon the recordi:; of the Yolo base, drawing;; for illustrating the report of meas-
11n•11w11t, etc. Mr . .Forney "'as assigned to the part,y iu February, and until relieved at the e1Hl of 
,J um·, waR engaged upon hi8 work of the pre,·ious season. }fr. Dickius assisted in the current work 
of the ollice nntil relim·ed April 15. Mt-. Pratt ga,-e special attention to the study of impron~ments 
i11 tlte aligning tl'lt>scopes of the base apparat-118; drawi.ugs illustrating his plans ha,-e Leen sent 
ti> the office. Ile also prepared tlrn primary station at Table Mountain for occupation, anll opened 
a roatl to tlw top, part of which, for a mile and a half over the main ridge inYolved much labor 
1 hrough roe ks all(l chaparral. Concrete piers were built for the theodolite, transit, zenith tPlescope, 
and Yertical circle. 

'I'his work wa1-1 accomplished during the absence of Mr. Davidson in IV ashing-ton, whither he hatl 
hmm Nnm111011etl for 1-1peciitl dnty early in .April, and where he remained for 11eA'trly a month after 
the elos(' of the ti:-wnl yt>ar. Hnring liis stay in \Vasliiugton, Mr. Daddson was appointed by the 
'J'ra111'iit. of Venus CommiHsion to take charge of oue of the parties for the obsern1tio11 of the 'I'ransit 
of lKS:!, at a station in tlte United States. 

l'l'imar.11 trianpulation and reconna.issa.nce of the north coast of Oalijornfo.-Towards the close 
of Aug'nst, 1881, Assistant A. F. Ho1lgers had completed the occupation of King·'s Peak, ouc of 
the stati011s of tlie primary triangulation of the north coast of California. He had obsernid the 
tiual directions needed to connect Hreat Uaspar Station with Sanhedrim, Cahto, aud Lassac, and 
hail received instrncUons to revise the reconnaissance northward from the line King Peak-I .. assac, 
and to determine a practicable scheme as far north as Point Saint George, near Crescent City. In 
the scheme, as originally laid out, Elk Ridge had been included, but it was found subsequently 
that an interYeniug range of hills made the line King Peak-Elk Ridge inYisiblc, and the line Elk 
Ridge-Lassac 1lonbtful. 

Reducing his camp equipment aml instrumental outfit to the smallest com1mss, Mr. l{odgers 
Yisited the l{ainhow Mountains, North and South Taylor's Peak, Wild Oat Ridge, Bear River 
Hidge, Humboldt II ill, Mad Rh'er, Ki- wett., and other 11eaks and ridges of the Coast Ifange. Many 
of these summits were heavily timbered, and north of Humbohlt Bay mountain trails afforded the 
0111~- means of communication. The statem('nt girnn by Mr. Uodgers of the distances and eleva­
tions (by barometer) on the journey from Humboldt Bay in a northeasterly _direction to Ki-wett 
will illustrate some of the difficulties of the reconnaissance, and explain the delays unavoidably 
met with before the scheme was finally developed: 

"Distance from Humboldt Bay to Ki-wett hy trail, sixty miles. At five miles from the Bay 
crossed 1\lad I~frer at one hund1·ed feet ele\•atiou, and at ten miles pasHed O\'er Sisson's Hill at a 
heig·ht of t.wo t.l1oa8a11d feet above tide; at thirteen miles from the Bay, and at a height of four 
lrnudr1~ll fo.~t, crosHed the West Fork of .Mad River; at twenty-two miles, passed over Elk Prairie 
Hidge three thon>"and six hundred foet in height; at twent.y-eigbt miles croRsed Redwood ()reek, 
sevt~n hundred feet, thence down the bed of the creek to an uhwation of five hundred feet; then at 
thirt.y-eight miles over ·wire Grass Ridge, at a height of three thousand toot; at fifty miles crossed 
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tlrn Klamath River, elevation one lmrnJred and ninety feet, and at sixty miles f'limbed to the 
snmmit of Mount Ki-wett, fonr tl10mm1Hl two hundred and fifty feet." 

Dwing to stormy weather, the ascent of this mountain was made three times from the Klamatll 
I~h-er, before the needed observations couhl be obtained. 

Earl~- in December, after a close study of the country, with the data made available by his 
. reconnaissance, Assistant Hodg;ers submitted a scheme for the de\•elopnwut· of the north coa~t trian -

gulation from the line, King Peak-Lassac through three quatlrilaterah; to tlw li11e Poi11t Saint 
George's-Preston'g Peak. This scheme will provide for a connection bet,Yeen its eastern statio11s 
and the western stations of the tra11sconti11eutnl triangulation, a.11<1 will sern' also to clH•ck thr 
determinations of the tertiary triangulation along the coast. 

11fagnetic observati01is at stations between San Francisco, Cal., a1id Sitka, A laska.-For the purpose 
of determining the absolute values of the magnetic declination, dip, arnl intensity at a uumber of 
stations on the Pacific coast between San Francisco and Sitka, Lieut. Commarnler B. E. Xiclwls, 
U. S. N., Assistant Coast and Geodetic Surve;r, organized his party on hoard the steamer Hassler 
early in July, 1881. Ile was provided with the following named instru111e11ts: theodolite magnt't­
ometer No. III; dip circle (\Yurdemann) No. 10, and altazimuth (Fauth & Co.) Xo. 128; also with 
a sextant and artificial horizon for determinations of tl1e geographical position;; of the stationB. 

HaYing occupied the'' Presidio'' of Sau Francisco as a station of reference aml eouiparisou, the 
Hassler left that port July 14, and after a cruise of three mouths in the waters <llHl along tht• 
coasts of British Columbia, Alaska, and "\Vashington Territories, returned to San J<'r:nwi;;co i u 
October. "l1residio" Station was reoccn11ied October 31. Additional retereuce to tlw work of 
Lieutenant-Commantler Nichols is made nuder the beads of Sections XI awl XI l. 

SECTION XI. 

OREGDX AXD WASHIXGTOX TEHIUTOlff, INCLUDING COAST, IXTElUOH R\.YS, rmm.;, AXD HIYEl{S. 

(SKETCHES Nos. 17 and 18.) 

Triangulation, topography, and hydrography of the Columbia Rfrer.-Assistant Clen'h1•1tl 
Hockwell was in the field at the opening of the fiscal year, acting under instn11~tious whid1 
directed him to continue the sun"ey of the Columbia River from the limits of former work uear 
Kalama and Saint Helen's towards Vancouver and Portland. Having organized his part)" upon 
the sloop Kincheloe, and parpy completed the hydrography of the river above Kalama., t.he fnrtht•r 
prosecution of this part of the work was postponed on account of the high stage of water, and the 
triitngulation taken up from the line Table Cliff-Lewis RiYer Hills, abo,·e Saint Helen's. At 
Scappoose Station, one of the first occupied during the season, a great deal of cutting and burning 
of heavy timber had to be done to open lines of sight. This was the ca~w also at station \Yillanwt. 
ou the west side of the vVillamet Rirnr. By the 12th of October the seheme of secoudary trianµ:u­
lation was completed to tlie line Balch-Trecon Rocky Butte in the vicinity of Portland. 

The hydrography was then resumed, and by November 24 soundings were completed from the 
Yicinity of Kalama to Columbia City. Bench-marks for reference of the soundings had been 
established at Martin's Island and Saint Helen's, in connection with the tide-staff.'! set UIJ al thoise 
stations, and after the close of the season Mr. Rockwell fixed bench-marks at Kalama am~ Rainier 
of a more permanent charactcl'. This done, the Kincheloe was laid up for the winter at, Albina, 
near Portland. Statistics of the season's work are as follows: 

Angles measured in triangulation ................ _ ..... :. _ ........... - 181 
Number of observations ..... __ ._ .. - .................. -...... - .. - .... -... 11, 414 
Miles run in sounding . . . . . . . . . . . . . . . . . . . • . . . . . . • . . • • . . . . . . . . • . . . . . . . . • • . 163 
Angles measured. . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . 2, 368 
Number of soundings . • • . . . . . . . • . • . . . • . . • • . • • • . • . . • • • . • .•.•............ 10, 355 

In June of the present year (1882) Assistant Rockwell re-organized his party for the contin. 
uation of the survey of the Columbia River and its chief tributaries. Before the close of the month 
a reeonnaissance bad been made and signals erected for the triangulation of the Will am et River 
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and arrangements were nearly complete for beginning the topography of the n1lley of the Columbia 
from the line Reed-Scappoose, above Saint Helen's. 

llfagnetic observations.-In order to obtain additional data required for the construction and 
publication of a new edition of the Magnetic Chart of the United States, and for the discussion 
of the secular change of the magnetic declination, Assistant J. S. Lawson was detailed, at the 
opening of the fiscal year, to occupy a number of stations in Oregon, Washington Territory, and 
Idaho, including in their number stations at which the magnetic elements had been determined 
from ten to twenty years before. His instrumental outfit consisted of a theodolite magnetometer, 
a dip circle, and a three-inch alt-azimuth instrument (Casella) for determinations of azimuth and 
geographical position. Having made a complete set of observations at the base station, San 
Francisco, Mr. Lawson began his journey thence oil the 13th of July. On his return in December, 
he had occupied twelve stations in Oregon, twelve in Washington Territory, and three stations in 
Idaho. Included in this number were the following named principal or secular change stations: 
Portland, Astoria, and The Dalles, in Oregon; Walla Walla, W allula, Seattle, and Port Townshend, 
in Washington Territory; and Siniaquotem, in Idaho. Upon the completion of this work Assistant 
Lawson was directed to report for duty at the sub-office in San Francisco. . His field-work in 
Section X before the close Of the fiscal year has already been referred to. 

Magnetic observations.-The magnetic cruise of the steamer Hassler, under the command of 
Lieut.-Commander H. E. Xichols, U. S. N., Assistant Coast and Geodetic Sllrvey, has been referred 
to already under the heading of Section X. Two stations in Washington Territory, Nee-ah Bay 
and Cape Disappointment, were occupied in the course of the cruise lit dates respectively of 
October 10 and October 13. Other magnetic determinations at stations in Alaska and British 
Columbia will be mentioned under the head of Section XII. 

Triangulation and topography in Puget Sound.-Assistant Eugene Ellicott, to whom had been 
assignt>d the topographic survey of the shores of Port Orchard, one of the inlets of Puget Sound, 
prosecuted that work until its completion towards the close of September, 1881, and then took up 
the triangulation of Hood's Canal. The weather during the remainder of the field season proved 
exceptiollally unfavorable for observation. The close proximity of the Olympic Mountains to the 
locality of work, l\fr. Ellicott thinks, had a tendency to emphasize the bad weather which prevailed 
so constantly. Early in December field operations were closed, and, in accordance with subsequent 
instructions, Mr. Ellicott reported for duty upon the Atlantic coast. 

Hydro,q-raphy of Port Discovery and Washington Harbor.-At the opening of the fiscal year, 
1881-'82, Lieut. Perry Garst, U.S. N., Assistant Coast and Geodetic Survey, in command of 
the schooner Eamest, was engaged in a hydrographic survey of Port Discovery, one of the inlets 
of Puget Sound, Washington Territor_r. His instructions involved a limit of work, including 
'Vashingr.on Harbor, and extending out to and around Protection Island and Dallas Bank, thence 
ea,;twardly towards Point 'Vilson, and westwardly to Kulo Kala Point. The hydrography within 
these limits was completed on the 10th of October, and the vessel was then laid up for the winter 
at Olympia. Statistics 41re as follows: 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 433 
Anglesmeasured ....................................................... 3,226 
Number of soundings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 461 

Lieutenant Garst had the aid of Ensigns H. T. Mayo and J. A. Jordan, U. S. N. 

SECTION XII. 

ALASKA, INCLUDING THE COAST AND THE ALEUTIAN ISLANDS. (SKETCH No. 19.) 

Magneti,c observa,fions and hydrographic reconnaissance.-The plan of the magnetic cruise under· 
taken by Lieut. Commander H. E. Nichols, U. S. N., Assistant Coast and Geodetic Survey, 
commanding the steamer Hassler, included magnetic observations at a number of stations on the 
shores of Alaska and British Columbia, as already referred to u!lder the heads of Sections X and 
XI; it involved also hydrographic examinations of a few of the more frequented and least known 
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straits and anchorages in Alaskan waters. Between July 29 and October 5, determinations of the 
magnetic elements were made at nine stations in British Columbia and at. the fol!Qwing named four 
stations in Alaska: Sh.akeeu, i~ort W ran gel, How can, and Sitka. In Ward's Cove, at tl1e wpr.;tt•rn 

end of Tongas Straits, a dangerous ledge was developed with a least depth on it of th;ee feet at 
low wat~r. A hydrographic reconnaissance of W rangel Straits for the benefit of the mail ste.amerR 
was completed on the 30th of August. At the request of the Rev. Sheldon .Jackson, and with 
official approval, a survey and reconnaissance was made from Cape l\Iuzon through Kaigahnee 
Straits to Tlerak Narrows. The records of these surveys have been forwarded to the office, antl 
will be available for the new edition of the Coast Pilot of Alaska, now in preparation. In October 
the Hassler arrived at San Francisco and completed her magnetic cruise, Lieutenant-Oommandn 
Nichols having reoccupied the base-station" Presidio'1 October 31. Duriug the winter all of the 
magnetic records and results were finished and sent to the office, and at the date at which this 
report closes Lieutenant-Commander Nichols is again in the waters of Southern Alaska with the 
Hassler, engaged in hydrographic surveys, having left San Fra11cisco under instructions for that 
work in May, 1882. 

Tidal observations--'fidal records and tabulations from the self-registering tid<i-gauge estab­
lished at Saint Paul, on Kadiak Island, Alaska, have been regularly received at the office. This 
gauge, put up in July, 1880, upon the wharf of the Alaska Commercial Company, was placed in 
charge of Mr. W. J. Fisher. A series of meteorological observation!'! is kept, np at the tidal station. 

SECTION XIII. 

KENTCCKY AND TENNESSEE. (8KETf'fIES Nos. 20 and 21.) 

Determination of the umgitude of N asliville, Tenn.-Tlle organization of the telegraphic longitude 
parties and their work in Section III has already been referred to. Upon the completion of the 
determination of the longitude of Cincinnati by telegraphic exchanges from Washington, D. C., as 
stat.e<l under the heading of that section, the party of Assistant Dean was transferred to Nash\•ille, 
Tenn., while Assistant Smith remain.ed at Cincinnati. The instruments were in position at Nash­
ville on the 18th of August, and all arrangements made for exchange of signals, but a week of 
unfavorable weather followed and before an exchange could be effected, Assistant Dean was taken 
severely ill, and was obliged to give np the charge of his party temporarily to Subassistant C. H. 
Sinclair. 

Between August 25 and f9 four good nights were obtained; the observers then changed 
places, and four nights were obtained between September 1 and Sept,ember 6. For the determina­
tion of the latitude of the station at Cincinnati, observations were made by Snbassistant Sinclair 
with the transit-iustmment N'o. 4, which had beeu 1itted with a micrometer amt delicate level for 
use as a zenith tdescope. The occupation of Saint Louis, the third station in the lougitndt> 
triangle, Cincinnati-Nashville-Saint Louis, will be reforrecl to under tlae heads of Se~tions XIY 
and XV. 

Triangulatfon of the State of Kentuoky.-In continuation of the triangulation of the State of 
Kentucky, Mr. Carl Schenk, Acting Assistant, took the field early in July, 1881. The first station 
occupied was "Williams," a station in Indiana, which connected directly with the ends of the baiill' 
measured in Kentucky, and was common also to four quadrilaterals, extending from the Ohio 
River in the vici!!Jty of New Albany and Louisville to a point south of Salt River, a tributary or 
the Ohio which empties into it at West Point. Owing to the hazy cornlition of the atmosphert> 
during July and August, and also to the smoke from the factories of Louisville, New Albany, and 
Jeffersonville, it was found necessary to establish heliotropes at the principal stations observed 
upon from Williams, namely, Bangs and Potts, in Indiana, and Cox, Riley, }fountain Top, antl 
Blind .Asylum, in Kentucky. Measurements of horizontal angles at Williams were completed 
September 221 and at Potts-the ne~t station occupied-on November 1. Preparations for the 
occupation of Bangs Statioa, located on the rh•er hills north of New Albany, Ind., were in 
progress when orders were received to close work for the seagon. The records and abstracts of 
the work have been forwarded to the office. 
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'L'r·iangulation of the State of Tennessee.-At the opening of the fiscal year, Prof. A. H. 
Buehanan had l>een oceupied for a 111011th in making a l'.l'Comiai;;;;auce for the extension of the 
1riangnlatiou in the centrnl part of 1 he 8tate of TcH11t>81'1W.. By the etul of July signals had been 
ereeted at fonr primary and four ;;econdar~· stations. Two of the primary stations, Chestnut awl 
Walker, wt>re near the western edge of the table lan<l of the Cumberland l\Iouutaius, aud will 
nltimatdy connect with statious iu the Crab Orchard range, from wl1ich t.he scheme of triangula­
tiou ean be carried towards Knoxville. During the season, which closed October 24, two primary· 
Rtations were occupied: "Short l\fts." and ".Chestnut." l\lnch unavoidable delay waR cause1l h~­
nufarnrahle weather. 'l'he statistics are: 

J;ines of horizontal direction obsernd ....... . 
Lines of vertical direction observed. _ ........... . 
~umber of obsen·ations of horizontal directions 
X nm ber of observations of vertical directions. . . . . . . . . . . . . . ..... 

11 
11 

3G:~ 

27U 

Jla,qnet·ic observations.-In the comse of the magnetic tour made hy Su bassistant J as. B. 
Baylor in 1881, he occupied ele\·eu stations in Tennessee, and ten in Keutncky, for tlie Q.etermina· 
tion of tlte magnetic declination, dip, aml intensity. At ea-0h of these stations the latitude, 
longitntlc, and an azimuth were observml for magnetic purposes. Mr. Baylor has sent to tlw oftice 
the original aml duplicatt• records and the computations of his obserrntioni:;. 

SBCTlON XIV. 

OHIO, IXDIAXA, ILLIXOI8. MICHWAX, AXD WIRCOXSrn. (i'lKETCHES Kos. 4-22 and 23.), 

Telegropltic longit11de.~.-The determination of the long·itude of two of the stations in 'the 
longitude triangle, Cincinnati-Nashville-Saint Louis, has already been referred to nuder the 
headings of 8ections III and XIII. Upon the completion of the longitude exchanges between 
Cincinnati and Nashville, the party at the latter l'ltatiou moved to Saint Louis, and Assistant 
Dean, h:n-ing recovered from his illneRs, resumed the charge of the work at Cincinnati. 

T1ongitude signals were exchanged on fonr uights betwee11 Septemher 12 and September 21; 
the observers then changed places, all(l four more nights were had between September 23 and 
October•>. The two si<hs of tlte triangle having thns heen determine(l direet.Jy, viz, Cincinnati­
Nashdlle, allll Cinci11na.ti-S;ti11t I1ouis, the uext determination was thaL of the tLird side, 
Nashville-Saint Lonis. This was followe(l by exchauges of signals for the loug·itnde of Vincennes, 
Ind. 'fhe:lc operations will be mentionetl in tletail untler the heading of Section XV. 

Geodetic operations in Ohio.-In continuation of the triangulation of the 8tate of Ohio, Prof, 
R S. De,"ol, Acting Assistant in tlte Coast aud Geodetic 8nrvey, re8mned field-work about the 
middle of .Jnly, 18:-11. A scheme of triangulation Laving been de\'eloped during the previous 
seal'lon, with stations locatrnl in ti.HJ conuties of Athem;, Vinton, and lloeking, Professor Deni} 
put up ohseni11g tripotls and scaffolds at Se Yen stations, and 011 the J 7tl1 of August oecupied ]\fount 
Nebo Station, ill Athens UOLmty. Owing to an excessive and long-continued drought, and the 
pre\"aleuce of extensive forest fires, a hazy condition of the atmosphere was produced very. 
unfavorable to rap ill progress, and it was not till the 30th of September that the .observations at 
Mount N eho were completed. 

The part~· was then transferred to Brooks Station, iu Hocking County, where obserrntions 
were in progress, a111l 1>artly finished when the field operations were closed October 22. 

Special care was given during the season to the marking of the stations-underground, 
surface, and reference marks being placed at the principal points. Elevations were determined hy 
barometer; hourly harometric observations were taken on several days at Mount Nebo, and curves 
were plotte(l to show the daily \'ariatious of pressure. 'l'he records of observation have been 
forwarded to tlte office. The total number of measurements was six hundred and sixty-four. 

fteodetic operations in In1limui.-A.s the result of a recmmaissance made by Prof. J. L. 
Campbell, Acting Assista,ut in the Coast and Geodetic Survey, for the extension of the triangu­
lation of the State of Indiana, a pmct.icable scheme was developt>,d, including four quadrilaterals, 
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starting as a base from the li11e Hangs-13liud Asylum, aud stretching northward for about tweuty­
fi ve miles. Professor Campbell has presented a full report of his reconnaissance, speci(ying tile 
stations at, which high tripods and observing scaffolds must be erected, and thm;e between which 
lines of sight must he opened. Barometric observations for the approximate determination of 
heights were taken at all farnr<tble opportunities dnri11g the progresri of the reconnaissance, thr, 
ir.iteutiou being to cumpare the rei'lnlts obtained by barometer with thoile given by le\-eling. 'rhe 
season closed with the month of Septemher. In fixing the location of high points for ob:Ser\-ing 
stations, Professor Campbell was led to notice the fact of tbe general elevation of the swamp lands 
of the State above the <iha1111el:-; of the main water-coursei;, and deemed it of sufficient impornrnce 
to be communica,tetl to the State legislature through the governor, Hon. Albert G. Porter. 
Action looking to the reclamation of these lautls was subsequently taken by tile State authorities, 
and during tlte s11ri11g and sttmmer of 1882 Professor Campbell, with my aNiroval, was in charge 
of works undertaken for this purpose. Upon tlte completion of that 1l11t,,-, he will resume the 
clmrge of geodetic operations iu tile State. 

Reconnais8anr:e for the e.vtension of the primary triangul<ition e<l8tward in I llinoi8 and Indiana.­
In pursuance of instructions.to resume the reconnaissance for the extension of the primar~' tria11gn_ 
fa.tion from the eastern boundary of lllinoi1-1 eastwarcl through Indiana and Ohio along the 
thirty-uintl1 parallel, Ast>istaut F. \V. Perkins took the field at the opelliug of the fi:'lcal year, and 
starting from the line, Hunt City-Claremont, uear the eastern boundary of Illinois, as a Lase of 
operations, he pushed the reconnaissance until tile seheml' was exte11de1l a,, far as a line running 
north through Mitchell, Ind. The season prm-ed exceptionally nntavorable owing to the extreme 
drought and tlte resulting smokr llOndition of the atmosphere. Early in December the work was 
hronght to a close, and the records and sketches were transmitted to the office. The subsequent 
work of Assistant Perkin8 on the coast of Texas has heen referre1l to nuder the l1eadiug of 
Section IX. 

GeodeMc leueliny.-~arly in .Jane, 1882, Assi!'ltant Andrew Braid began the work of connecting 
the terminal point of the li1w of geodesic levels of 1879 at l\fitchell, Ind., with a permanent 
bench-mark of the l\fississippi Ri\rer Commission at or near Saint Louis, Mo. Beginning at 
Vincennes, Iml., aud working ea,stwiml, fifty miles ha<l been nm at the close of the fiscal year, 
leaving a distance of sixteci1 miles to finish the line of levels of pi·ecisiou between Vincennes and 
Mitchell. 

Contiriiw,tion of tlw primary t1·imig1tlation across the State of lllinois.-TIJ.e -pri mar~- trhn1gulatio11 
across the State of Illinois, forming part of the geodetic connection of the Atlantic autl Pacific 
coast triangulations, was a<lvanced in 1881 by the occupation of three primary stations. Assistant 
George A.. Fairfiehl, in charge of this work, was at Berger Station, in the vicinity of Lebanon, 
Saint Clair County, Illinois, at the opening of the fiscal year. Obsernttions were begun Jnly l;') 

and continued till August 10, when they were completed. Parkinson Station, near Highland, 
Madison Connty, was next o•~eupied. Between Augui;;t. 21 and September 28, all observations 
needed :tt this station had been obtained, aml preparations were immediately made for moving 
camp to Geoffrey Station, about nineteen miles southeast of Parkinson. During a ver~· viulent 
ga,Ie which prevailed upon the night of the arrival of the party, the signal at Geoffre;r was blown 
down. It was at onue rebuilt, and obse!'vations were begtm October 19. Field operations were 
closed November 6, wlten the wm·k at Geoffrey was finished. 

Assistant Fairfieltl 'reports that the weather throughout the season wa,._ the most nnfa,-orable 
that he had ever experiencell. It w.is marketl by intense beat and an almost nnprecedlmted 
drought. In the observing tent at midnight the thermometer wa.s :tt, times 102° Fabr. The air 
was constantly tilled with fine <1111,;t taken ap from the roads and plowed fields where it was at 
least six inches deep. Thick ])Jack smoke from the soft coal used as fuel ou the numerous Iiues of 
railroall and in factories and flour-mills, combined with the dmst to make an at,mosphere through 
which signals were -seldom Yisible during the day. It was only by the use of student-lamps, fitted 
with reflectors RO as to be effective for night signals, as suggested by Assistant 0. 0. Boutelle 
(Appendix No. 8, Report for 1880), that good progress was made in the work. On elear nights, 
these lamps, showing a bright point of light, were readily seen wit4 the naked eye at stations 
twenty-six mHes distant, thongh at times when the atmosphere was thick with dust and smoke 
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they were not visible through the tele8cope at a distance of eighteen miles. All of the obsen·ations, 
except those upon secondary points, such as church spires, etc., were made at night upon the 
student-lamp reflectors. For future occnpation, two tripod and scaffold signals, each seventy-five 
feet in height, were erected, one at Hoile and the other at Sturgis Station, and au ordinary tripod 
signal at Bording Station. 

Subassistant John R ·weir was attad1ed to the party, and rendered valuable aid throughout 
the season. At Geoffrey Rtation he made all of the observations with good results. He ran also 
a line of levels from Berger Station t-0 the town of Summerfield, Ill., on the Ohio and Mississippi 
Hailroad, establishing there a bench-mark which will ultimately be connected with the transcon­
tinental line of leveling of precision. Statistics of the season's work are as follows: 

Primary stations occupied, number of .... _. ___ .. _......... . . . . . . . . . . . . . . . . 3 
Primary signals observed upon, number of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Secondary o~jects observed upon, number of . . . ........ - . . . . . . . . . . . . . . . . . 18 
Observatious for horizontal directions, number of._ ... _ ..................... 1, 686 

Assistant Fairfield was engaged during the winter in completing the records and comptitatious 
of his obsen·ations, aud was subsequently assigned to duty at the office. 

<teodetic operations in "Wisconsin.-For the cont.innation of the triangulation of the State of 
Wh;;consin, Prof. J.E. Davies took the field at the beginning of the fiscal year. His work involved 
a thorough reconnaissance of tlie country between Gratiot's Grove and Beloit, near the southern 
boundary of Wisconsin, with a view to fill up the gap in triangulation mainly to the wmit and 
partly to the east of Rock River, au<l also the occupation of as many of the stations as the length 
of the working season would permit. 

The reconnaissance made by Professor Da\ics developed two schemes of triangulation, one 
i·esting upon the line Fayette-Blue lfounds as a base; the other proceeding towards Beloit from. 
the line Oakland-Union, both of which last-named stations are to the southeastward of Madison . 

.A re-occupation of Gratiot\; Grm·e had become necessary in order to establish with the requisite 
accuracy the 11osition of the signal at Sherrill's Mound in Iowa. The location of this signal, on a 
low hill jnst across the Mississippi River, and its frequent obscuration by the river fogs, induced 
Professor Davies to resort to the use of night-signals in the form of student-lamp reflectors as 
proposed by Assistant C. 0. Bontelle. With the observations upon Sherrill's Mound were combined 
observations upon Platte Mound and Fayette. Full sets of angles were obtained upon the night· 
signals established at these stations with very satisfactory results. These measurements occupied 
the month of July. Three more stations, Mount Pleasant, Union, and Magnolia, were oceupiell 
during the season which closed with the month of September. Records and computations of the 
work have been sent to the office. The statistics are: 

Number of vertical angles measured............ . . . .. . . . . . . . . . . . . . .. . . . . . 17 
Number of repetitious of vertical angles . . . . . . . . • • . . .. . . . . . . . . . . . . .. . . . . . . 636 
Number of horizontal angles measured. . . . . . . . . • • . . . . • . . . . . . . . . .. . . . . . . . . . . . 78 
Number of repetitions of angles.......... . . .. . . . . . . . . . . . . . ............... 3, 870 

JJagrtetia obser,vations.-It was decided in October, 1881, to bring to a close the magnetic 
observations at the magnetic observatoi-y in the grounds of the University of Wisconsin. The 
Brooke differential magnet-0graphs had furnished records of magnetic phenomena since March, 
1877, but owing to the dit'ffoulty of obtaining longer the necessary photographic, mechanical, and 
scientific skill in the mana~·ement of the apparatus without a greatly increased expenditure, the 
observer temporaril~- in charge was directed to take down the apparatus and forward it with the 
portable magnetometer and dip-circle to the office as soon as the usual annual determination could 
he made of the 1ibsolute values of the declination, dip, and intensity. 

Mr. Werner Suess was instructed to make the observations for these values, and did so in 
No,·ember, 1881, on his return from the Pacific coast. 
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SI;:.CTIOX XV. 

:MIR80URI, K,\.-:-<8.\8, IOWA, NEBIU.RKA, l\f1XNE80TA, AND D.\.KOT:\. (8KE'ft'HE!" Xrni. :13 and 2!i.) , 

Telegraphi<' lmigitudes.-The determination of the lougitude of Saiut J,ouis, )lo., by telegraphic 
exchanges from Nashville, Tenn., occupied the longitude pa,rties during the month of October, 1881. 
Their work in Sections III, XIII, and XIV has alrea41.Y lwen stated n11tler tl1e heads of those 
secti.ous. For the first series of exchanges, with Assistant G. W. Dean <lt Saint Louis, a11d Assistaut 
Edwin Smith at NashYille, obsenations were made on four nights between .Octol.ler lU aml 
Oct.ouer 22, and after the change of places of the observers, four more night" were ohtai11ed 
between Octobee 2.3 and November 1. Tue latitude of the 8t<ttiou at Saint Louis was determined 
by Mr. F. H. Parsons, aid in Assista,nt Dean's party, with Transit Xu. (i. 

Preparations had been made before the completion of the last seriel:! of excliauges for the 
occupation of a station at Vincennes, Ind., and the determination of its loug·itmle from Nash\·ille 
and from Saint Louis. The Saint Louis party mo\·ed to Vincennes. Exchanges were had on the 
nightti of Novembe.l· 12, 13, and 1!, between Na,,;hville aml Vincennes, and again on the nights of 
.November 16, 19, and 24, in the changed position of the Oh8ern'l'S. 

A;:sistant Dean having been then relieved from duty at his own recp1e:'!t, Subassistant 
0. H. Sinclair ·was left in charge of the Vincennes Statiou. The Xash ville party 1111ffed to Saint 
Louis, and the determination of' the longitude of Vincennes from ::faint Louis was made on the 
nights of November 28, December 7, 8, and 9 with Mr. Smith at Saint Lnui:; and 1\Ir. Sinclair at 
Vincennel:!. Similar determinations were made on the nights of December 14, rn, and 23, t.he 
observers having changed places, as usual, to eliminate the effect of personal equation. 

This completed the determination of the longitude triangle ~ash ville-Saint Lonis-Vincenne<-<, 
and work for the seanon was theu clm1ed. The latitude of the statwn at Vincennes had been 
e11tablished by Suba::ssistant Sinclair with Transit No. 4. 

During the past two years, special attention has been gh'en to the study of impr<wed forms of 
i11sti·un11.rnttl ~md apparatus for the use of the longitude parties. To do awa.\' wit!J the necessity of 
nsiug 11eparate instruments for observing time and latitude, tlH' forty-six aud forty .eig-ht iucl1 trau­
sits, heretofore used solely fordet(WUlinatious of tinw, were fitted for lutitutlP observations, a1,; already 
we11tio11ed. 'rwo new chronographs, hy Fauth & Co., with t,Yliudcrs eleren iuche:s i11 diaml:'ter a111.l 
about fourteen inches in lengt.l1, were used. These chronographs were so arranged that the speed of 
the cyliuder coul<l he doubled ~hen required. 'l'heir working was in ge11t'ral quite satisfaetor,Y, but 
some excess of friction made itself apparcut in vm·,v cold weather. 'rhi~, with ot!Jer Rlight defect,,, 
detected on a tirst trial in the field, will doul>tle.-is l>e remedied without difficulty. Experiments 
made during the. previous season had led to the construction of lHW signa,\ i·ehtni, made after the 
plan of the Farmer relays, with slight modifications, the helices being oue and a half iuche.s iu 
length, aud the resistance three hundred and fifty ohms. Measurements of th1> arm}lt.nre ancl t.r1u1s­
mission times obtained with these relays, were less than heretofore fouml in circuits of equal lengtlJ, 
and the Yariation of the separate results from the mean Yalne was so small tl.iat the errors in the 
longitudes due to armature and transmission time are quite insignificant. 

For the determination of' time, tbe same stars, seleete1l from the Amerimm Ephemeris aml tlte 
Berli11 Catalogue, were observed a.t the stations between which exchanges were in progress, the 
stars being al'rauged in groups, two of which were observed he fore the excha.nge of signals and 
two or more after. The insulation of the wire and the resi:'!tance of the line and batteries were 
tested on ea.ch longitude night as soon as the lines became available; signals from the break-circuit 
chronometers were then recorded upon the chronographs at the t"espectiYe stations, in order to 
i<leutit'y the time of exchange, and to obtain a careful adjustment of tbe relays ; then followe(l the 
exchange of a.bout thirty arbitrary signals for longitude. Bight or ten minutes on each night 
sufficed for the actual oocupa.tfon of the telegraph line, when it could be hail absolutely free from 
interruption. Original and duplicate records of the season's work hase been completed and 
forwarded ro the oftiee; a.lso abstracts of the preliminary reductions. 

A98istant Dean makes a.cknowledgment in his report of the many courtesies shown to 
S.Ex. 77--8 
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the longitude parties by Ool. .John Van Horne, vice-president and general superintendent of 
the Western Union Telegraph Company, by Mr. G. ,V. Trabue, general superintendent at Nash­
ville, Tenn., and by Mr. M. Marean, chief operator and electrician at t.he Western Union office in 
Washington. Admiral Johu Rodgers, Superintendent of the United States Naval Observatory; 
Prof. Ormond Stone, director of the Cincinnati Observatory; President W. G. Eliot and Prof. 
H. S. Pritchett of tile Washington University, Saint Louis, extended facilities to the officer" 
directing the operations which are heartily acknowledged in their several reports. 'rhe accept­
able services rendered in the work by Subassistant C. H. Sinclair, and by MesRn1. F. H. Parsons 
and Carlisle Terry, Aids, are specially mentioned. 

Reconnaissance for the extension of the prirnarJ/ trian,qulation in Missouri to the westward.-Iu 
aceortlance with instructions for the prosecution of reconnaissance westwartl in Missouri, .Assistant 
~~. D. Granger organized his party at Sedalia, Mo., at the beginning of the fiscal year. The 
triangulation bad been advanced during previous seasons up to the liue Heard-Schnackenberg, 
which formed also the western limit of the reconnaissance. Heard Station, near Sedalia, in Petti:,; 
County, bad been occupied, and Schnackenberg, near the town of Cole Camp, Benton County, 
about fifteen miles in a southeastwardly direction, bad been observed upon. Making this line bi:,; 
base of operations, Mr. Hrauger made a general examiuation of the country to the westward as 
far as the Kansas and Missouri State line. The whole country gone oYer was in its general 
character rolling, interspersed with broken ground-about rme-fifth of its entire area wooded­
and the open portion principally farm lands divided often by high hedges of Osage orange, and 
veined with the beds of small streams which were mostly dry, except during.the raiuy season. 

Keeping steadily in view the extension of the triaugulat,ion by a system of quadrilaterals or 
of hexagonal figures, with sides of not less tllau fifteen miles in length, and whicli, starting north 
of the parallel of 38° :30', and in longitude !);~o 15' (nearly), should reacli the parallel of 39° in 
longitude 95°, Mr. Granger continued his reconnaissance until the close of OctolJer, wllen he was 
enabled to :preseut a satisfactory scheme, reacbiug through seventeen stat.ions to Blue Mound, 
near Lawrtnce, Kans., a distance of upwards of one Liundred miles westward of Sedalia. Mr. 
Isaac Winston served as Aid in tlie party. His energy anti efficiency are acknowledged by his 
chief as coutributing largely to the success of the work. Mr. C. H. Zoll reudered acceptabl1: 
service as recordel'. 

8ECTIU~ XVI. 

~EYADA, UTAH, COLORADO, ARIZONA, AND NEW MEXICO. (SKETCH No. 24.) 

Ptimary tria1igulatio11 in Neva<la.-The extension to the eastward of the transcontinental 
primary triangulation, by the occupation of stations in Nevada, was placed in charge of Assistant 
William Eimbeck. At the beginning of the fiscal year his party was established in camp upon 
Mount Callahan, one of the peaks of the Sierra Nevada, haying an elevation of upwards of ten 
thousand two hundred feet. Between June 28 and August 3, 1881, observations of horizontal 
directions and vertical angles were obt.ained upon five primary station10

7 
and a number of second­

ary points. Observations were all;o made for time, latitude, azimuth, and the magnetic elements. 
A bench-wark was established on the Nevada Uentral Railroad, at a distance of about ten IDiles 
from the station. This bench-mark wa.i,; connected with the triangulation, and the difference of 
elevation between it and the station was cletennined by observatious of vertical angles. This 
bench-mark and others similarly fixed in position will be available as stations in lines of level of 
precision, and their reference in ele\'atiou to the mountain peaks will greatly facilitate the e.¥:act 
determination of heights. High winds were an obstacle to prog-rc1>s, uot unfrequentJy, at Mount 
Uallahan, one of the severest gales lasting five da,vs anti nights. 

Upon the completion of thi8 station, early in August, preparations were begun for the occupa­
tion of Eureka, a peak nearly ten thousand seven hundred feet in height. By the 25th of August the 
instruments were mounted and in readiness for beginning observations. These were made at every 
favorable opportunity, but not without much interruption from the unusually cold a.nd boisterous 
weather. Horizontal directions were observ"41 upon ft ve primary stations, and upon many secondary 
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objects in twenty positions of r,he theodolite; double zenith distances were obsen·ed upon all primary 
and many secondary points; obsen·ations for azimuth npon Polaris were made with the theodolite 
in twenty-five positions; for latitude twent.v-two pairs of stars were obsened for five nights. The 
magnetic declination, dip, and intensity were determined by observations on four days. On the 23d 
of Septemht>r ocClllT(~d th('. first ~mow-storm of the sea,son, and the ternp1wature fell to mo Fahr. 

The occupation of Enn'ka was completed on the 5th of Oct-0ber. Teams with freight and pack 
animalR were at once stttrted for the hase of the 'Yhitc Pine Range, the 11ext. station being White 
Pine, a peak over elenm thon1Sand three hundrt>d feet in height, and wr;v ahrnpt. ragged, and 
rocky. A three dayis' ;;now·Rtorm, whidt prevailed while preparationio; for the occupation were in 
progress, caused ROtne dela~-, bt1t b,Y the first of ~ovember e\'erything was m readinesg for work. 
Obserrn.tions of horizontal directions, double zenith distances, and for magnetic dt>clinatiou. dip, 
and intensity were made until the middle of December. when the gtation wa,s finished, and field 
operations closed. Mr. R. A. Marr sened as Aid in the part,\·. Earl~- in the winter Aio;siRtant 
Eimbeck waR direct.ed to report for offke duty, and before returning to the field ha.rl completed the 
record,; aJHl results of his ;;easou 's work. 

Primary triangnlatfon fo Colorado.-At the opl'lling of the fo;cal year the primary triangulation 
in Colorado had heen Pxhmded eastward along or near t.he thirt;\·-ninth parallel to the line Hugo­
Adobe. St,;ttiou H ngo, in El he rt Connty, had heeu 011<m pie1l during the pre,·ions season h;\· Assist.ant 
0. H. Tittmauu, a,nd upon resuming l\harge of the work in .June, 1881, 1111 proceeded t-0 organize hiis 
party for the occupation of station Adobe, in He11t, County, ahont t\\'Pnty-Hen•n miles to the south. 
ward of Hugo. ~~ftl'r tl1e erection of a. tripod f(w i>leYating tlw theodolite, measurements of 
horizontal angles were heg1111 about the 20th of ,Jnl:r. Firn :stations were observed upon, and the 
azimuth of the lines of direction determined. For latitude, obsen·ations were made with zeuit h 
telescope ~o. 4. Work at this station waR complPted on Aug·nst 17. 

Owing to detentio11 by rains, wl1ieh rendered the prairies impassable for wa,:,:-ous, se\·eral cla,ys 
were occupied in transferring the party to a suitahle camping grountl at the next station, Arro;\·a, 
near a railway station of t.hat name, on the Kanisas Pacific Railroad. Four miles southwest 
of this, the trigonometric point wa1S established on a high sand~· ridge, dh·iding the waters of H.nsh 
Creek from those of the Big 8amly. Before beginning observations at Arroya, it war; necessary 
to construct aml erect signals at the two primary stations, Kit Carson and Eureka, the locations of 
which had been determined in a previouR reconnaissance. Horizontal angles were observed upon 
five stations, and on the completion of the work, September 5, station Ornrlantl., abont Rixteeu 
miles north of Arroya, was occupied. Here, in addition to the observationR of horizontal angles, 
an azimuth was determined which g·arn a very satisfactory agreement with the azimuth observed 
at Kist Base, as carried forward by computation. 

On September 26 the party mm·ed to Eureka Station. in San .hrnn County. From this station 
the reconnaissance was extended eastward for the selection of two primar,v stations. These were 
named Landsman and :First View, and were included in t,he obsen·ations ma.de from Hureka. The 
work at this station, and at the next oue, Kit Carson, in Bent, County, occnpied the party till the 
last of October, when field operations closed. Measurements of vert.ical angles were made at. all 
of the Rtations during the season, and secondar~· points determined wbeneYer practicable. 

By the kind permission of T1iente11ant Reed, U. S. A., commanding offi.ce.r at Fort Wa11ace, the. 
instruments and camp eqnipn.ge were ston~d at that post. MesRr8 .• T. E. McGra.t.b and <~. F. Bird 
served a~ceptably as Aids in the part.y, and Mr .• Tames L. Harper as recorder. Upon the comple­
tion of bis field.work, Assistant Tittmann, in compliance with instructionR, reported for duty a.t 
the office. 

SECTION XVII. 

IDAHO, WYOllfTXG, AXD MOXTANA TERRITORIES. 

Magnetic observations.-The magnetic tour of Assistant J. S. Lawson, which has already boon 
referred to under the beading of Section XI, included in its plan the occupation of certain stations 
in the Territory of Idaho. Steamboat Landing or Pend d'Oreille, a station at the south end Of 
Lake Pend d'Oreille; Siniaquotem, nt'la.r the northern end of the lake, and Lewiston were oocupied 
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for the determination of the magnetic declination, dip, and intensit;v in Sept-0mher, 1881. The 
usual obsen·atious for azimnth a11d for geographical position of Rtations were made. For the study 
of the secular cha11ge of the ma;r11t>tic variation, Sini.i.qnotem was ~1n important point, observations 
having been rna•le them in JS;W by Captain Haig, of the British army, then on duty with the 
Boundary Commis1<ion. 

Ver(nattion '!t' tlw northern bo1md11r.1J of ll~11oming Territory.-Towanls Uie end of Ang1rnt, 
1~81, iu complianct• with a n'qnel'lt from the Secn,tars of the Interior, addre1:11:1ed to the Secretary 
of the 'rreasur,v, aski11g the <let.ail of an officer of the Coat1t and Geodetic Survey, for the purpose 
of making an exami11ation in the fieltl, of the northern boundary of Wyomiug Territor,Y, as surveyed 
a.ml marked nn<ler contrnc~t with the interior Department in 1878, telegraphic orders were !'.lent to 
Assistant R. A. Colonna, tJ1en on duty on the Pacific coast, to report for service at a point near 
the locality of tl1ti work. 

Inquiry into the details of tl11· propose•! wrification lrnYing led me to a belief that a critical 
examiuatiou liy experti-; named hy tbe Iuterior Department, woulfl lead to a more precise definition 
of those portion;; of tlw line. IH'led i11~ ve1 ification, a Commission was ;tppoiuted upon my rt>comrnen­
dation, to take coguizm1cc of all papers relating to the surn1,y ot tbe boundary line, aud, pending 
the dflliberatiom; of tlw Commission, and u11til their rt>port, could he prepared, the actual yerificMion 
in the .field 1ras s11;;pp11ded. 

The lllf'JJ1lwrs of thP Co111mi ... ,.iot1 appoiutl'd by the Secretary of the Interior were-the SupPriu­
telltleut of the l~oast a111l (;eofktit~ Snr\'l',V, and l\les;;r;;. Ileur.\· Ganuett aud ,John D. Hoffmau, of 
the Interior llt:'part11w11t. rwler fiJlPCial iustructions from the Superintendent, A8si8tant Colom1a 
wat-> or(lel't'(l tn report at tlw oftfrp aH Sl'<'retary to the Cornrnis;;iou. Hiwing in thit1 capacit;r 
familiarize1I hi111s\'lfw1t!J tl11• re1·01·d,; and tield notei-; of the s111TP)'. arnl with th(• co11(·lusi1>m1 arrived 
at h,v the Commit1sion, as <·mhodied in tlrnir report to the 8f'cretar,.r of Lue Interior, l\lr. Colonna 
wa1; directed .May 1, 1 :'181, to lw on the ground <ts soon as pmcticahle with the necessary instruments 
a.nd equipment.. He rea1·.he<l Fort ~lealle, in Dakota Territory, towards Urn clo~e of MaJ. In 
pursuance of order8 from the iYar Department, the officer commanding that post, l\'.Iaj. Edward 
Ball, U. S. A., as;;igne1l to 11im ai-; ei-;cort, a troop of the Seventh Cavalry, under command of Capt. 
F. M. Oibson. On the tith of .J1111e he arrived at the northeast corner of Wyoming Territory, 
detennined the latitude of hi;; >'tation, t'Htabli1:1hed an azimuth, and began the work of verification 
as diredt'd h_y tl1t• Commission, carr,dr1g- it 'rnstward along the forty-fifth parallel, with which the 
boumhtr.v line was iuttmded to eon form. ,,\t the en<l of the year for which this report is made out, 
the work was making goo1l pro)Xre::;s, As11istant Uolonna ha\'ing reached the three hundred and 
twentieth ruile-po:st. Mr. T. P. Borden rendered acceptable service as A.id in the party. 

COAST AND GEODETIC SU'BVEY OFFICE. 

During: the ye<u then• were se\·eral changes in the personnel of the office. At the opening of 
the year I was, a;; for m<W.Y years 1n·c\·ious, Assistant in charge of Office and Topography. Upon 
the dertth of the late Supt.•rillkudent, to which event full reference has been made, I was appointed 
h,\- the Secretar.r of the 'I'reatlur,\· a:-; Ar;&iistant iu charge of the Coast and Geodetic Stuvey, pending 
the appoiutment of a succes1>or to Mr. Patterson. For several months I filled the double position 
of .AHHiHtant in charge of the SmTey anrl Assistant in charge of Office and Topography, being aided 
in the duties of the latll~r positio11 by Assistant Edward Goodfellow, who for several years past 
bad bt>en rn.v irnmelliatc as:sistant in the exec11tio11 of office details, and to whot1e experience and· 
judgment I am much irnlel1ted for the light~uing of the labors of the double duty devolving 
upon me. 

Upon the return of A81:ii8ta11t Richard D. Cutts from duty in the field, he was assigned 
temporarily, on Nornmber 4, to the position of Assistant in charge of Office and Topography, and 
upon my own appoiutment, December ~3, as Superintendent, Assistant Cutts assumed the perma­
nent charge of the dntiet1 appertaining to that position. 

Assistant Edward Goodfellow continued to a.id in the exee11tive details and the official corr&· 
Rpondeuce of the office from .J nly 1 to April 4, 1882, at which date he was relieved by Subassistant 
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H. W. Blair, who discharged dnring the remainder of the fiscal year the duties of the position to 
the entire satisfaction of tile Assistant in charge and with credit to himself. The clerical duties 
were, as heret-0fore, ably performed by Mr. Wm. B. ·French. 

During the year Prof. \Vm. -Ferrel continued his inYestigatiorn; of metPorological and tidal 
phenomena, and prepared the third part of hh; "Meteorological n.esearches," thr. paJJer being 
d£\'Oted to barometric hypsometry and re<lnction of the barometer to sea-len~l. This paper 
has been puhfo1hed as Appendix No. 10 to my [{eport for 1881. Mr. Ferrel also dCYised a tide­
predicting machine, which has heen com;tructed under hi;; general :snpen·ision by Fauth & Co., of 
\Vashington, D. C. The working drawings were prepared and mechanical details arranged hy 
Mr. Saegmnller, the chief mechanician, to whose mechanical ingenuity the successful completion of 
the work is very largely dne. 

Further improvements have heen ma.1le in the circular di,-i<1ing machine. ;'fr. i::iacgmuller has 
made an elaborate redetermination of it::; errors of gra<lnatio11. A ne>\· automatic cleaner and 
stop ha.ve been added; also a new turbine wheel to replaee the old one, which had become much 
worn. By the use of the reservoir ml•ntioned i11 the last annual Rf'port, a constant head ~md conse­
quent uniform power is maintained for dridng the machine. 

The Drawing and BngraYing ni,·isions haYe been pushed t-0 their utmost capacity in the 
endea\-or to supply the increased demand for tl1e results of th!:' 1-mne,YS. This demand bas also 
prompterl the iss11ing of a relath-ely large numher of charts hy the photolithograpbic methrnl. 
The tor,a,J distribntiou of charts for the .'-ear was twenty-nine thousand awl fort,\··uine copief', -an 
increase of th-e thomrnrnl three hnnclred aud thirt~--fonr copies o,-er thr prec1•ding ;year. 

Duriug the year the following tiel<1 officns were 011 duty at the office for the times stated: 
Assistant George A. Fairfiehl reported in t.he early part of 1\farch aml for the remainder of 

the year was engaged in assisting the Superintendent iu oftinial correspondence, a11d in compiling 
stat.istics of average cloudiness iu the Uuite,(1 States. 

A1:1sistant W. H. Dennis reported 011January6, and wai; engaged in iukillf.,""d topOJ.!Taphieal ;;ht>et 
of the eastern part of Long Island and one of Blue Hill Ba,v, 1\Ie.; maki11g a copy of topographical sur. 
vey of Cape Disappointment; inkiug· sheet of Narraguagas Valley, from Mill bridge to Cherryville, 
Me., and also the sheets of his last season's topographical work. On ,June 19 he was detached 
from office duty and was occupied during the remainder of the mouth in making preparations for 
resumption of field-work. 

Assistant Charles Hosmer reported at tbe office Jan nary '.!. From that date until Febrnar_y 
20, he was engaged in topographical drawing and inking of topographical sheets. On FebruaQ-
21 he was detached from office duty, and took the field temporarily for the detf\rmination of the 
new positions of light ships and huo;\TS in the approachPs to New York Harbor. He returned tt, 
the office March 2, and until the close of the fiscal year was engaged in inking his plane-table 
sheets of the preceding season's work, in inking other sheets, and in miscellaneous topographical 
drawing. 

Assistant A. T. Mosman reported at the office in the middle of March. During the remainde1· 
of the month and during part of April he was engaged in topographical drawing. Afterwards he 
took charge of the rearranging of the library and cataloguing of the books. In May he returned 
to his home. 

Assistant 0. H. Tittmann reported at the office early in Januar,y. After finishing the 
computations of his last season's work, duplicating the records, and plotting the triangulation, he 
was engaged, under the immediate direction of the Superintendent, in correspondence and in 
computations relative to weights and measures and in collecting and editing materials for the 
weights and measures report. On June 1 he was relieved from office dut;y. 

Assistant William Eimbeck reported at the office in the middle of March. He was occupied 
in ma.king the computations of his field-work in Ne\'ada, and of the astronomical obserrntions made 
during the la.st season, in revising, finishing, and duplicating his records and plotting the scheme 
of triangulation in Nevada and Utah. In June he made the annual magnetic observations at the 
Coast and Goodetio Survey magnetic observe.tory on Capitol Hill, and also instructed the magnetic 
observer for the Point Barrow relief party, in the use of instruments and in the computations. 

Assistant Edwin Smith reported a.t the offi.oo early in February; was engaged in computing 
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the results of his last season's telegraphic longitude work; in testing a number of level!:;; in 
examining various longitude im;trrrments, and attending to alterations and improvements iu them, 
and in continuing· the rearrangement of the library and the cataloguing of the books. In the 
latter part of l\Iarnh he was relieved from office duty and Wlt8 occupied upon pendulum experiments 
and obserrations for the remainder of the fiscal year. 

Assistant Amlrew Braid reported at the office in tlte earl~, part of l\Ia_y. Duriug the balance 
of the month lrn was employed in computing the resnltR of the triangulation and heights of stations 
in .New York and Vermont, in 1881. On .June 1 he took the field for the continuation of the 
transcontinental leYels of prechiion. 

Subassistant H. vY. Blair reported at the office on January 20, and was occupied, under the 
immediate direetion of tbe SuiwrinterHlent, in comparing a set of ordnance gauges for the Frankford 
Arsenal, Philadelphrn; in an examination and determination of periodic inequalities m micrometer 
screw of zenith telescope No. 2; comparing twelve thermometers and determining corrections; in 
correspornlence and personal conference with a number of firms in Philadelphia, New York, and 
Pro,·idence, iu relation to fnrni8hing certain "'""'~igbts and measures for a.gricnltural colleges in the 
variom; StateR; in collectiug, collating, and editing data for the weight8 and mm~~mres report. On 
April 6 Mr. Blair rehe\·efl l\fr. Good follow as immediate Assistant fr• the Assistant i11 charge, anti 
eontinued in thi;; position to the close of the fiscal year, aiding in the office corresporHlence aud 
i>xP-cntiYe tleh1.ils with promptness arnl efficiene,L 

Snh>u;si8tant n. B. \Yainwright reported at the uttice Oil .Jaumtr~· n arnl was asf'ligned to dnt,\ 
in tlw Computing Ui,·i;;iou. From Fehrnary :m to March 2 lie was detached to as!-list in the 
tletermination of thP ut>w position of light ships aml buoys in the approacheis to 1" ew York 
Harbor. On hi;; returu he was again a11signed to duty in the Computing Division, and was so 
occupied until ,June 6, when he took the field for the topographical survey of the District of 
Columbia. 

Suba.s8istant C. H. Sinclair report.ed at the office early in February. He was eugageu rluriug 
Februar~· in an examination of tlte limb and determination of the eccentricity of lO·inch theo1lolite 
No. 82 and of 20-ineh theodulit\\ Nu. 11:;. For the remainder of the fiscal year he was occupied iu 
prPparing an •' ludex of scientific papers published by the Coast Survey from 1815 to 1880,'' being 
a. greatly enlarged edition of Appendix No. 17 of Report of 1871. 'l'he new index appears as 
Appendix No. ti of thP Heport for 1881. 

Mr. F. R. Parsons, Aid, reported at the office on January 2. For a Rhort while he was on 
i;;pecial duty unrler direction of the Superintendent. On January 9 he wa8 assigned to duty with 
the Hydrographic Inspector, and assisted in the official correspondence and executive details of that 
office until .hme 26, w Leu he took the field in charge of an adjunct party for the determination of 
the longitude of Charlotte~:Wille, Va. 

Mr. Robert A. Marr, Aid, reported at the office in the early part of April. He Msisted Mr. 
Eimbeck i11 the computations of his last seasou's work, dupl1cat-0d some of the records, and 
computed the a.st.rouomical latitudes of Mount Callahan and Eureka Stations, ~eva<la. 

Mr. Isaac 'Vinston, Airt, reported at the office on December ;J, and was assignP;d to duty in 
the Computing Division. On December 2!l he waSI detached and sent on topographic work on the 
coast of Texas. He again report,ed at the office on May 11, and was on duty in the Computing 
Dh·ision up to the clm!e of the fiscal year. 

Mr .• J. E. McGrath, Aid, reported at the office ou January 20, and wai; on dut~· in the 
Computing Dh·ision until March 8, when he was detached for topographic work on the coast of 
Texas. 

Mr. T. P. Borden, Aid, reported on November 17, and was on duty in the Computing Division 
until December 12, when he wa<> temporari1~' detached, reporting again ou January 23 and again 
assigned to the Computing Divisou. On May 1 he reported to Assistant Colonna, for duty on the 
work of verification of the survey of the northern boundary of Wyoming. 

Mr. W. B. Fairfield, extra observer, reported at the office on January 25, and was on duty in 
the Computing Division until June 6, when he was relieved and reported to Assistant Mosman for 
duty in the triangulation of Delaware River and Bay. 
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Mr. J.B. Boutelle, extra observer, reported at the office in November, and was:assignecl to 
duty in the Drawing Division, where he served until ordered to field-work in January. 

Computing Division.-As heretofore, this division was under the charge of Assistant Schott, 
In August Mr. Schott went to California to take part in the measurement of the Yolo Base witu 
the fi\'e-meter compensating base bars that had been constructed during the previous year under 
his direction and according to his plans. During bis absence, Mr. E. H. Courtenay was i11 
·temporary charge of the Computing Division. :Mr. Schott returned to \Vashington in Oct,ober. 
ln addition to the labor of supervising the office computation of all geodetic, magnetic, and 
astronomical work done ou the Survey, Mr. Schott made the eomparisous and computations for a 
redetermination of the length of the five-meter standard No. 2, and determiuecl the length aml 
coefficient of expansion of a meter-bar belonging to the U11ited States Signal Sen·ice. He also 
prepared a revised and enlarged edition (the third) of his pamphlet ou thr fl.etermination of time, 
latitude, and a,zimuth. This is printed as Appendix No. 14 to the Ueport of 1880. A tliird edition 
of his paper on the measurement of terrestrial magnetism was aliso prepared, aud is printed a8 
Appendix No. 8 t-0 the Report of 1881. In addition t-0 these papers he has made a "collection of 
magnetic results," comprising aH results obtained by the <Joa,st aud Geodetil' 8nrYey from 1833 to 
,July, 1882, at more thau six hundred stations, giving the magnetic ele111e11ts, and, where possible 
the descriptious of stations. These results, together with all other arnil:1hlf' data within thl:l 
L'nited States, are pubfo1hed as Appendix No. 9 to the Report of 1881. 

On February 20 the <liYiisiou lost the valuable services of Dr. Gottlieb Rurnpt; who died 
after au illness of four weeks. Dr. Rumpf had beeu uninterruptedly connected witu the Uomputing 
Dfrision since April, 1849. In his annual report, which is appended, .'.\lr. Schott makes a proper 
and deserved notice of the fidelity and abilit.v of the deceased. 

Statements of the force employed in the Computing Division and of the work executed by the 
regular and temporary memberH of the division will be found in full in tlte annual report of the 
Uomput,ing Division, Appeudix No. G. 

Hydrograpltic J>ivision.-Dnriug the ;year this division was iu charge of Comwander C. l\I. 
Chester, U.S. N. At the beginniug of the year Lieut. U. T. Hutchins, C. S. :N., was acting a:; 
assistant to the bydrogra11hic inspector. He was, howe,·er, detached in Jul.Y, 1881, and was 
succeeded by Lieut. l~ichardson Clover, U. S. N., who continued in the poisition to the close of 
the fiscal year. The services of the naval ottiners attached to the Survey ha,·e heen referred to in 
the summary of work in tue various sections. The office work under the general direction of 
Commander Chester and the immediate sniwrvision of Lieute11aut Clover, may he snltlrnarized a<> 
follows: 

Mr. E. Willeuuucber, hydl'Ographic draughtsman, protracted, plotted, or drew twenty hydro­
graphic sheets, four of which were of tbe Texas coast, off Padre Island, nine of t!Je l\Iissii;­
sippi River, two off west coast of Florida, two of the Delaware Rivel', one of the entrance 
to New York Harbor, one off ltockaway Inlet, and oue of Dyer't:i Ba,\·, Me. He also verified the 
retluctiows on nine charts, made numerous tra.ciugs in- response to special calls, and made p~jee-
tions for hydrograpbic parties. · 

Mr, W. 0. Willenbncher, bydl'ograpllic drauglltsman, was 011 field Juty witll Assistant H. 
Bradford during the month of ,July, 1881. During the remainder of the year he was on duty iu 
the office of tile Hydrographic Inspector. He protractoo, }llotted, or drew nineteen hydrographic 
sheets, of which five were off the coast of Maine, two off the coast of l\fassaclmsetts, three of the 
Delaware River, one in Long Islaud Sound, one of Chincoteague Shoals, Va., two of the Eliza.beth 
River, Va., and five oft' the Florida coast. He made, also, eleven tracings of hydrographic sheets, 
corrected Aids to Navigation of numerous charts, ma<le reductions of atlditioual hydrography on 
former sheets, verified several coast and harbor charts, and brought up progress sketches and 
attended to various minor details of office work. 

Mr. F. C. Donn, hydrographic draughtsman, was temporarily d.etacued at the beginning of 
the fiscal year for duty on the topographical survey of the site for the uew Naval Observatory. 
He was reassigned on the 1st of August, and during that month was in the field on hydrographie 
duty. For the remainder of the fil!C~ year he was on office duty. He protracted, plotted, inked, 
or drew, fourt.een hydrograpbic sheets, of which one was of a. portion of the Delaware River, five 
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ott' the Florida coast, six off the Pacific coast of the United States, and two off the coast of 
Alaska. In addition to these he made tracings from, reduced, or made projections for, twenty-four 
other original sheets. The full revort of the hydrographic inspector appears in Appendix No. 6. 

lJrnwing .Dfrision.-This division has continued under the charge of l\lr. ,V. T. Bright. Iu it 
all original topographic sbeet.s are examined ; reductions made from them for the preparation of 
plates for engraved charts; drawings made for such charts as are to he published hy photolitho­
graphic process; progresA sketches for the aunual reports prepared or brought up to date; drawing:;, 
wade for engrasiug or photolitlwgraphiug illustrations to special papers in the annnal report:;; 
µrojections furnished to field parties for topographic or hydrographie work; tracings made frow 
origiual sheets, and information furnished iu res11onse to special calls. 

Duriug tile year there lw.s been a marke1l iucrease in the number of first-class charts pro<lncetl 
by the photolitbographic process. Ill this way the office has been enabled to prepare for publi­
cation, and to issue to tlie public, the information obtained from combined original fiel<l-notes and 
isheets, without the delay attendant upon the preparation of engraved plates. Charts prepared by 
this method, while embodying the correct results of the latest sun-eys, are but transient iu nature, 
and intended only to supply the urgent uemand for information relating to the particular localit,y. 
Au edition of these, Hufficient to meet all probable call;;, is printed for uRe duriug the time that the 
engraved plates are in course of preparation. 

'l'he report from the Drawing Division, which appears in Appendix No. G, shows the force 
employed alHl the special character of work done by Pach member of the division. 

Appendix No. 4 gfre8 a list of the charts, sketches, aml illustrations that were comvleted 
or in progress during the year, and al1-10 a detailed statement of tile work executed b~- eaeb 
draughtsman. 

A ::;tat.ement of the iuformation furuh;hed from the division tu meet special requests during the 
year is embodied iu Appendix :So. 3. 

E119rari11y Dit·iNion.-During the past year this divbion wa.s under the charge of Assistant 
ll. U. Ogden. In a<lditiou to the work dont- upon plates of charts, there were made a uumber of 
plates of illustratious for the Coast. Pilot, a1Jd for sketches and illustrations for the Annual 
B.eport of the ~uperi11te11de11t. 'l'he report 8lwws a total of two hundred aud forty-fom· plates 
upon wilich work was doue. 1'lateH of twenty-eight charts and tweuty-three sketches and 
illustmtio11.s wm·e eowpleted. Pour charts and t.we11ty-m1e sketches and illustratious were 
commenced. Uue hundred :mu thirty-two chart;;; :tlHl twehTe sketches received additions and 
correctiuns. At the close, of the fis1:al year there were on hand thirty. uiue plates of charts, and 
nineteen of :sketclie,.; and illnstrationti, upou which work was iirogressing. 

Mud1 a<lditio11al work il1 correctiug plates, has beeu eutailed by the many changes in the pol'.li. 
tions of lmoys autl light ships in tlie Vir:-;t and Third Light-Homse Districts. By au al'I'angemeut 
between Ute H.n1mgraphic lllspector a11<l the Liglit-Hou::;e Board, the Aids to NaYigatiou are cor­
rectetl hy tile i11.spPctors of thl• light-house tlistricts, whereby all clianges are promptly reported, 
and the accuracy aIHl value of the charts gl'eatly inc1·eased. 

A detailed statement of the force employed in the division will be found in Appendix No. 6, 
aud in Appendix ~ o. 5 is giveu it statement of the work executed b,y the engravers. 

At the beginning of the fiscal year the control of the printing-office was transferred to the 
Bngnwing Dh-ision. ·rwo presses are constantly in t1se, one in charge of Mr. F. Moore, the fore­
man of the room, the other in charge of Mr. D. N. Hoover. The report shows a total of forty-two 
thousand one hundred and nine impressious ta.ken during the year. 

Dfrisiort of Topogt·aphy.-This di,Tii;ion was organize1l at the heginuing of the fiscal year aud 
placed iu charge of Assistant E. Hergesheimer. The special object of its organization wa8 to 
secure greater uniformity in inking the topographica.l sheets, by having the work doue uuder one 
person of judgment and experience, than is possible whet·e ea.ch sheet is inked by the topographer 
executing the survey. The report of the di\'ision (Appendix No. 6) shows thirteen original sheets 
inked and the reproduction of two sheets nearly worn out. Also the preparation for phorolitbo­
graphing of t1eveu re1luctions from topographic or hydrographic sheets. 

Tidal Division.-Mr. R. S. Avery has continued in cba.rge of this division. He makes exami­
nation of all tida.l observations and tidal rolls sent in to the office, a.nd directs the computation& 
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of t.he tide tableis containing the prerlictions for the principal port,; of the L'.uitt-'1l State": Jll'l'pare>' 
replies to inquiries from officers of the Survey, or others, l'Plath·e to tidal matter"; l'01Jq1ih•:-: 
statistics relative to tides, and conducts the official correspomle11c11 with some of the permanent 
tidal observers. 

The tide tables for the Adantic and for the l'cteitic coast for 11'!S3 han' l•eP11 <"1>mputell an•l 
published, and the computation of those for 1884 is progressing. 

Self: registering gauges have been in opemtio11 at six st~Ltiom;. The followi uµ: talih· gi \ e,; a Jii,;t 
of the ohserYatiom; made with them which were recefred a.t tlie office during the llilcal ~·ear. 

Permanent 
Section. .N'ame of station. :Xame of observer. or 

Temporary. 

Time of O('(•upation. 

Fron1-- To-

:Xumbl"l" 
of 

d:l.:'i·i-;. 

I.. ......... North Haven. :lie .... J. G. Spaul<liug ... Pt>rHHll1P11t .. .~\i,ril 26, 18.Sl April 24, 1.-..S:! .. 

L. ProYi<lenc~e, H. I ..... H. '!\f. Orny .. Ten1porar;s.'.. . ............................... . 

II. ......... .Sandy Hook. X .. J.. .• J. ,\~.Hanford .. Perma11pnt. .... .June 1, 1881..... Juue 1. 1~'2 ..... . 

X ........... Saucelito, Cal . E. u ra~· .. do .............. June 1. 1881. ............ Jnne.1, 1~8:!. 

XII.... Kw.liak. Ahuska.. \L .J. Fisher .... do ............. :\larch I, 1881......... :\ovembN· l, 1081 .. .. 

Jlonolnlu. ~-I ... "~- n. Ale-xaudPr_ Tcmpor~1ry... De~einbcr 3. 1880 ..... Decembt.'.r 2H, lK.'11 .. . 

A detailed sta.t:p111e11t of tlw work dom· l>y each <~omputcr is ginm in tLe report, . .:\ppe1Idix 
No. tl . 

.ilrchines.-'rhe archi\'eH have continued iu care of Mr. <i. 4\.. tltewart. Tlw follO\Yiug lii,;t. 
shows the umnbe.rof yolumes of records and cah'iers of computatiou, to11ograph1c an<! h;nlrographic 
sheets, etc., received a1Hl registered during the fiscal year: 

Triangulation, original, 111111; her of nilumes ....... _ ................ __ . . . _ ... _ 
Astronomical obsen·atiom;, or igi11al, nurn b1\l' of \·olumes. _. _ ... __ ... _.... . . . .. 
}fagnetic olJsen·atious, origiual, llUllther of volumes .................... ___ . _ .. 
Duplicates of the a hon·, 1rnmlwr of nilnmes....... . . . . . . . . . . . . .. _ ........ _ 
Cah'iers of co111putatio11s. . . . . . . . . . . .... _ . . . . . . . . . . . ............... _ ..... . 
8ou11ding;; a11d angle;;, original;;, nu111ber of Y<>lumes ........... _ ... _. . .... __ _ 
Soundings and angles, duplicates, nnmher of volumes ........................ . 
Ti1lal and cuneut obsf'rvat.ion:-;, origiuals, number of volumes .... _ ....... _ ... . 
Tidal an<l current oh1wn·ations, duplicates, num her of Yolumes. . . ............ . 
Specimens of bottom, munher of. __ . _ - - - ...• - .•.... _ .......... - .. , . _ ...... _. _ 
Topographical Klteets, originals ... _._ ... _ ...... _ .. - . _ ........ _. . . . . . . . . . . . . . 
Hydrogmphical sheets, originals . _... . . ..... __ . . . . . . . . . . . _ ..... _ . . . . _. _ 

ms 
ti4 
,jl 

504 
14 

Mr. Stewart has prepared a "list of original topographic sheets, geographica.ll,v arranged, 
registered in the arcl1ives of the United States Coast and Geo•lctic Snrvey from 183-1 to .June :m, 
188:!," and also a similar list of hydrographic sheets. 

Electrotypitt{f an<l Plwtof/raphiny Diri.sion.-The work in this division has beeu execntt•d by 
Dr. A. Zumbrock, aided hy Prank Over. The report shows the following work done: 

'ElectrotJ·pes : 
For the SnrYey: Twenty-eight altos, weigliiug five hundred and eight ponml"; twPlYe hasso:-;, 

weighing three lmndred aml fifty-four pounds. 
Por the Engineer Corps: Eight altos, weighing oue hnndrPtl and stwenty 1>0111Hls; scnm 

ha.ssos, weighing two hundred and tl.tirty-tirn pound:-;. 
For the H.vdrogrnphic Office: Six a.Hos, weighing 011e hundred and fifty-one pon11<l:o;; tin. 

bassos, weighing two hundred and sixty-two pound:,;. 
Total, sixty·six plitt.es, weighing oue tLomrn,ud six lrnIHlred a.nd ~ighty po1iuds, and ha\·i11g- a 

phtte 1mrface of sixty-nine thousan<l and six square inches. 
Besides the electrotyping, there were forty-nine platus steel faCRd, forty-Bix negatin•s were 

taken of instruments or dr<tWings, and one hundred aud eight.~·-two prints were made. 
IJi1!i.Nion of Inatrumcnt,y and Repain1.-)fr. G. N. Saegmuller, chief m<'chaniciau, has coutinuetl 

in charge of the iustrn~n311t, shops. The improvemeut;s matle in the circular dividing machine 
S. Ex.. 77-9 
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ha\•p. lte1m already rnentioned. 111 addition to the repair's constantly r1i~1uired for the field instru­
ments, tlwre was m:ultc iu the instrument room a ,-ertical comparat-0r for comparing ~·arcl and 
meter 1ieudnlums; four of the forty-six-inch transits were adapted for latitude work by the additio11 
of larger circles, delicate lt>Yels, and micrometer eye-pieces; comparisons were made of sewral sets 
of the secondary base bars~ a special apparatus having been constructed for the more read.'­
execution of such work, and experiments were made iu ''dark field illumination" for theodolite 
telescopes for obserYing night-signals. The force employed, with the character of work }}erformetl, 
is stated in the report of the chief mechanician, Appendix No. 6. 

Miscellaneoug JJii·i.sion.-)Ir. M. ,V, "'ines has continued in charge of this division. The 
duties of the position comprise the correspondence with sale ageuts relating to the isnpply and 
sa.le of charts, Coast Pilots, and Tide Table8; the purcha8e, custodj-, and issue of stationery; tl1e 
printing aml i81me of the hlauk forms, record books, etc., used in the oflfoe or iu field-work, and of 
the annnal reports aJHl other pnhlications of the Snrvey; the supervision and care of the office 
buildings arnl furniture; tl1e general direction of work in tlie C<lrpenter shop, and such other 
special duties as have been a.ssigned from time to time by the Superintendent or the Assistant in 
charge of Office. 

Due distribution of the rnrious publica,tions of the Sm·,·ey was made to the Depa,rtments of 
Gowr111nent. The agencies for the sale of publicationis ham been regularly supplied with charts, 
Coast Pilots, and Tide Tables. The Appcmlice:;: to tlie Anunal Reports, of which extrn copies 
ha Ye bt>en puhhi-lhed in pamphlet form for free distribution, were furnished to all prnper applicauts, 
ancl the nsnal widP circulation was gfreu to the Notices to Mariners. 

During th1~ yPar t lt1~re we.rP recPi n~1l from the Pnblic Printer tlie following num hers of ihe 
pnhlications 1rnrnP1l, Yiz: 

'J'ide '1'al1l1•s 1<11· Atla11tk Coast for 188::! ........ _ ... _ ....... - ..... _. __ . ___ . 
Tide 'J'ahlt•s for A tla11tic ( ~oast for J S83 ....... _ .. _ . . . . . . . . .......... . 
'Pid1~ 'fables for Paci tic Coai;;t, for 1882 ... _ ... _ . . . . • . . • . . . . . . . . . . . . . • . • . .... 
'fide 'l'ahles for Pacific Coast for 1883 ..... _. . . . . . . . . . _ ... __ .... _. _ . . . . _ .. 
Atlantic Coast Pilot, ])frision B: Bosto11 to New York (second edition) ..... _. 
Atlantfo Loeal Coast Pilot, Suh<li\'ision 14: Xew York to Delaware Entrance 

(firstedition) ........... _ .... -·-·· .•...........•.••................ 
.Atlantic Local Coast l'ilot, Snbtlivisiou 3: Penobscot Bay and Tributaries 

VopieR. 

2,000 
2,500 
1,500 
2,000 

;)31 

4!J4 

(third e1litio11) ...... _ ............... __ .. __ .... _ ....... _.. . . • . . . . . . . . 300 
Supplement to Deep-Sea Sounding an1l ]hedging._ .. _ .... _._ ... _. . . . . . . . . . . i">OO 
~otice to ~farinerio;, No. 32: Xew shoal, Frying Pan Shoals, off Cape Fear, N. C. 500 
Notice to Mariners, No. 33: Development of Fiske Rock, X arragansett Bay, R. I_ 1, 000 
Laws of genrral application fhr the use of the United States Coast and Geodetic 

Snn·cj' . . . . . . . . . . . . . . - . . . . ... -.. - .. - - .. - ................. - ... . 
Annual Report •>ft.Le Superiute11de11t for 1878 . . . . . . • .•••••••.........• , • 
Appendicei; to the Report for 18i9: 

Xo. 7. Description of' a new merillia11 instrumeut ... __ ... _ .....•••..... 
Xo. H. l,orntl deftectio11" of the plumb line at stations of the oblique arc 

:tlong ancl near our Atlantic coast ............. __ . _. _ .. _ ... _ ...... . 
No. 9. Secular change of magnetic tlecliuatfon in the United States and at, 

some foreign statiolls (fourth edition) . __ .... _. __ .................. . 
Xo. 10. Physical li.rtlrograpby of the (}ulf of Maine ..... _ ....... _ .•..••• 

No. 11. Report on the pre1mration of standard topographical drawings ... . 
No. 14. On the internal constitution of the earth_....... _ ... __ ... _ ... . 
Xos. 15 and 16 (bound together). Iustrumeuts nlled for precise leveling .. 

Appendices to the Report for 1880: 
.Xo. 6. R.eport on telegraphic lougit11.des ....... _ ..... __ ..... _ .... __ ...•. 
Xo. 7. Explanation of apparatus for observation of telegraphic longitudes. 
No. 8. Report on geodetic night signals ... _ ...••.•.. __ ....•..•.. _. _ .. _. 

500 
683 

250 

500 

500 
500 
200 
100 
500 

500 
250 
300 
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:No. IO. Comparison of snrTe~·s on 1\1ississippi Rirnr. Yiei11ity of Oubitt'.~ 
Gap . . . . . . . . - . . .. - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :JOO 

X o. 11. He port 011 geodesic Je,·eliug ou the i\fo;sissippi Hi n-r ... _ . . . . . . . . . 300 
:No. 12. He port 011 the hlne clay of the .'.\Iississippi Riwr .. _ . . . . . . . . . 300 
Xo. 16. The cnrreuts and temperatures of Bering Sea . . . . . . . . . . . . . . . . . :mo 

There were distrihnte(l during· the year tweh·e hundred a11rl tift,Y eopies of the arrnn:1l 1·pports 
au•l eig-ht lrnndre<l awl tifty-1h·e rlfrisions of the Coast Pilot, inclncliug- snhdh-i8ions. 

There were reeein~d in tlw chart-room during· the year thirty thonsand a111l forty-t\l'O slwt>ts 
of chart:;, of whicl1 twenty-four thom<a1Hl one humlred and eighty-three were <'OJlllPI'·Jllatt> 
impressior1s alJ(l the tho11sa11d eight hundred and tift_y-ui11e were priute<l from stone. 

'rlw is8ue of the8t' charts wa;; made under the i111111ediate Sll}H:'ITisiou of l\Ir. Tlwmas .:\le.Oo11nell 
until witliiu a short time prn,·iou:< to hi1:1 death, which occurTed 011 the 2\lth of May, 188'.!, since which 
time Mr. Hugo Eichholtz ha1:1 hee11 in charge of' the clrnrt-rooni. 'rlH• total distribution of charts 
during the year was twcnt.v-ni ne thousand and fort,,·-uiue copie1:1, heiug- an increase of 11'-e thousand 
three lrnndred and thirty-fom· copies over the preceding year. 

The carpenter work of t!HJ office, ineluding tlw wood-work of iustrmneut!:l and their packiug­
hoxes, was done by l\lr. A. Yeatman, ai-;8iste(l by G. ''"- Clarvoe arnl (}. F. Fox. 

The dutiei-; of janitor of the lmil(ling were performed by l\lr. ~. 1. Cavitt. 
In the office of the assistant in charg·e tire clerical duties were performed by Messri-;. \\'. B. 

French and R. l\I. Harm~-. 
On the 10th of .Ta11uar:,· the resignation of Dr. ,J. ,V. Porter as Disbursing- Agi>nt of tht> Surn:.r 

took effect, and his successor, \V. B. Morgan, esq., entered upou the duties of that position. 
In the preparation of this re11ort I lian been aided by Assistant Edward Goodt'Hlow. Mr. 

·w. B. Chilton has contiuned to act as clerk to the Superintendent, and l\fr. C. D. Oedne~· a~ 
stenographer. 

Respectfully submitted. 

Hon. U . .J. FOLGER, 

Secretary of the Treasury. 

,J. E. HILGAlW, 
Superintendent. 
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APPENDIX No. I. 

Distribution of surt•eyi11g parties upon tile Atlantic, Gulf of Jfexico, and I'aciji<.; coasts and the interior 
of the UnUed States during the fi1wal yea,r 1881-'82. 

SPctions. Partina. Persum-1 comlncting operations. LocalitieA of work. 

SEC'TIO~ I. 

Ma.inC', New Hampshire, No. 1 Topography ...... C. H. Boyd, a~.~istaut; Bion Bnul- Topo~raphy (and Rupplementa.ry triangnlation) 
Vermont, Ma.ssachuseUR, 

and Rhode Jslaml, includ­

ing coast a.nd seappds, 

baye and rivers. 

,• 

Topography \\"" H. lJ€nuis, AJu-d1-1taut; F.. I •. 

Taney 1 aid. 

of Pleasant Ha~· arnl P..i't'Pr, Me. (SN· al~ St>C'­

tfon Vl.) 

'J'upogn1.pl1y of tl1e RhoreH of Harringtm1 River, 

.!<'lat Bas, flack Bny, an<l adjacent i8lands, 
'l'opography CluuliA!J. Hmuuer. il~~h-1ta.ttt. Topography of tl1c Rhore~ of SaITa.guai.,'UR River, 

Pigeon Hill, and Narraguagnl" llass, and adja­
«·ent iRlaudR. (~tw nlso 8e<'f.ion IL) 

Topo1:,rraphy ...... A."~- l,011gff'llow. Jl.ijSiRtaut ..•... '1'opogra.pl1y of Ow Rl1nrf"t1 of tl1P Narra.gua~ns 

H~·drography ..... Lieut,. H. li. o. !:0111,\, F. 8. N., 
81'4~ist.ant; I .. ieut. H. T. lions. 

hon, U, s."x.; Master W. JI. 

~ORt.ra.nd, U. S. N.; Ensign>i. 

D:wirl Daniels, H. T. Mayo, and 
0. G. llodge, r. ;;. N, 

River. 

Hsdrographic •UH<'.\' of Uouldsborough Bay and 
of })~·er'R Bay. :Me. Soundings in Kennehe~.k 

River and llootl1 Bay, Me.; also in Rockland 
HarlMlr aJHl Mmwfo 1U41,:::e Chanue], Me. 

6 Tidal oht'lerYatfon8 J. tl. SpauMiu~ ........ _ .......... Series of Udal ohser\"ationR with self-registering 
tide-ga.ugt>- continued. and met.eorolugical ob­

•errations recorded at Pulpit Cove, North 
Haven Island. Penobscot Bay. 

H,Ydro11rnpl1y .... Lieut.. H. G. O. Coll>y, F. S. :N., Examination of dangers in the vicinity of the 
assistant; Lieut. H. T. Mona­
l1on, U. S. N.; Master W. H. 

Nostrand, C. S. N.; Ensign• 
David Daniel•, H, T. Mayo, and 
(), G. Dodgt>, U. S. N. 

harhori:i. of GLoncester aml Salif'.m, Ma.as. 

8 '. ltyd1ogrn.phJ ..... ,J. S. Bradford··········-········- Examination for Coast Jlilot-iof changes off Pol· 
loci< Rip, caused by change of position of light­

ship, anti of reported formation of a shoal in 

9 , 1''orct' of gra.vit,_r 

10·.: Geodutk ........ . 

Cluu·Jes 8. Peirct', assistant; Hen­

ry Far11uhar, E. D. Preston. 

l'rof. E.T. Quiml1y, actinµ; assist-
aut. 

that vicinity. (See also Sections II and Ill.) 
Absolute determinations of gravity by pendulum 

expeiiment.s at Cambridge, Ma.es. (See also 
Section III. l 

i:ltatione a.t :Mount ·washin~on a11d Tl'llllk Hill 
occupied for determining point. in Ille trian-
~ulation of New Ha.mpehire. 

I 1 Geodetic ....•.... - Prof. V, G. Barbmn, acting assist,- Oooupation of •tations for determininl\ points iu 
ant, the triangulation of Vermont. 

12 ' Triangullltion .. -. Ric.bard J). Cutt•, 1188istant _...... Primary triangulation for the ooonectfon of Lake 
Chaniplain with the survey of t,he coaet. Sta­
tions occupied in Vermont and in New York. 

13 Tidal oh....rvations ........... _ ... _ .............. _ .. .. 
(Seo also Section II.) 

Observations continued at Providence, R. I., with 
a self-registering tide-puge loaned to the oit-y 

engl11eer. 
(71) 
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Seetions. 

SKCTIO~ II. 

Connecticut, New York, 
New Jersey, PenneyJva. 
nia, and Delaware, in­
cluding coa11t, bays, and 
riTera. 

UNI1'ED STATES 00.AST AND GEODETIO SURVEY. 

I 
Parties.[ 

I 

APPENDIX No. I-Continued. 

Opera tiona. Persons conducting operations. Localities of work. 

No. 1 Special hydrogra­
phy. 

GeIBhom llradford, assistant ...... Determinations of buoys, location of o;rster-betls, 

etc., for the shcll-fi•h commis•ion of the State 
of Connecticut. Examination of rock off Mon­
tauk Point. (See also Section Ill.) 

Hydrogmphy .... Lieut. E. ll. Thomas, U.S. N., as-

siata.nt; Lieut. J . ..A.. H. Nickels, 

U. S.N.; MaatersJ. C. Fremont, 1 

C. J. Badger, F. A. Wilner, and ; 

H . .F. Reich, u. s. N. ; Ensii:n E. I 

M. Katz, U. S. N. 
1 

Hydro~raphic resurvey of part of New York 
lower bay, between Sandy Hook and Coney 
Island. (See also Section< 111 and VI.) 

liydrography. _ J. S. Bradford, a.ssistant.. -·······-· Examiualion of lJuoyR in d1ann~ls of .New York 

Tidal observations, J. W. Baufor<L ..... -- ..... 

entrance in order to verify their positionsi for 

the use of the Coa•t Pilot. (See aloo Section 
Ill.) 

Observations t•ontinued with tlw •elf-regi•tering 
tide-gauge at 8andy Hook, N .. r. 

:; 8pecial triangula- : Charles llosmer, ru-~i.~tant,; D . .B. , Det.ennination of position of light-ship8 off t.m· 

tiou. 'Vainwright, i;mhnssh~t~mt.. trancA to N"w York Harhor. (8eH also 8€c­
tiou L) 

6 Topography and 
t1·ian~'11laUon. 

H. L. Whiting, assiRtant: W. I. 
Vinal, suba.~RiRtanr: C. H. Van 
Onlen, aid. 

1 
To11ograpby of the west shore of the Hudsou 

River from Haverstraw northward. Determi­
nation of point!! by triangulation for the topo­
graphical ~mrvey. 

~!Jt'('.ial 1•1u~ratio11~ 

Trian:;ulation .. 

F. H. Oerd~s, a,.10i,sistant ........... . Re-marking of Rta.tionRofthe old triangulation of 
U.1e Hudson River. 

Rh-hard D. Cutts, a..~shi,tant ........ Primary triangulation station~ occupied in New 
York for the connection of tile surve.Y of Lake 

Champlain with that of the Atlantic 1.oast. 
(See al•o Section I.) 

H lteconuaistiaut.:e Charles 0. Huutelle, asshstaut; J. , Reconnaissance aml primary triangulation a<~l'0!-1,!o\ 

antl triangula- R.Boutelle,extra observer; T. thenorthen1 partoftlie State of New York for 

tion. P . .Borden, aid. c·onnecting the tria11gnlatiou of the Hudson 
1t1ver :iml Lake, Cl1amplain with that of Lake 
Ontario. 

to U-eo<leaic leveling- . .Arnfrew Braid,aSRistanL ···------·:Line of geodesic leveiiug carried from SJl;ndy 

Hook by way of Long Branch and Perth Am­
boy, N. J . 1 to Easton, Pa.; tbeuce by way of' 

Reading, Harrisburg, and Cbambel'l!burg, Pa., 
to Hai:erotown, Md. (S.,e al"° Section• III an<l 

11 tieodetfo .. -· ... _.. l,rof. E. A. Bowst~r, acting assist­
ant. 

XIV.) 
Reoonnahumnce and triangulation in tho nort heru 

part of New .Jersey. 
I:! Topography aiul Charle~ M. Bache, asKistitut; ,V. Topography of the coa•t of New Jersey contin­

ued from vicinity of Herefo1,I Inlet northward. t1·ian!(ulation. I. Vinal, subaeHistaut. 

Points for topographic ourvey derermine<l by 

triangulation. (See alw Section Ill,) 
13 Hydrogi'llJlby. . . . J. S. llra.cH'ord, 1u;si.stant Examination of rep<Jrted changes in Delaware 

and Chesapeake llayo, aml verification of data 
for the Coaot Pilot. (8oo aloo Sections I and 
III.) 

14 Hydrography ..... : Lieut. 11. II. Man•tield, U. S. N., H,vdrol(raphie reKunoy of Delaware Bay a.nd 
aosietaut; Master C. McR. Ri rnr. 
Winslow, U. 8. N.; En•ign W. 

B. Capertou, U. 8. N.; Mid•hip-
mau U. 8. Sloan, r. S. N. 

1;; HJdrograph,\ - .. - - Henry I,. Marindln, a•sistant: W. Hydroirraphic re.itrY~.\' of Delaware :River con 
l. Vinal, subassistant; Ensignfl 

I.:. H. Ams<len and E. .M. Kat.z, 
\T. S. N. 

tiuue.d, with t1-pecial referen~ to cba.nge~ eia"e 
t'arlier surveys. 

16 Triangulation -- . " Speneer C. Mccorkle, aosistant; Trian~lation of Delaware Bay and River con· 
A. T. Ho.man, aeoiotant.. i tinned. · 
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Sections. ;Parliee.i Operations. Persons conducting- operations. I Looalities of work. 

----------!---.---------' ------- ------- -----j- --------- --
: No. 17 Topography R. M. Bache, assistant _... . . ! Topographic re.survey of the New Jersey shore SECTJOll II-Continued. 

SitcTI01< III. 

18 Topography . _ 

of Delaware River, from Rac<~oon Creek, oppo­
site Chester, Pa .. to Kelly'• Point, opposite 
New Cas1le1 Del. 

C. T. Iardella. assistant_._ ........ I Topographic re-•nrvey of the shore of the Dels-
ware River from Cheater, Pa. .. to Ne~· Castle, 
Del. 

19 Special trlangula- Spencer C. McCorkJe, aAsi6tant,. ... · Determination of' the position of the llf'W city 

tfon. hall, Philadelphia, Pa. 
20 Geodetic. . _ : Mam~field Merriman, acting assist-! Occupation of stations for determiniug poinw in 

ant. the triangulation of l'ennsyl-rnnia. 

Maryland, Virginia, and No. l Hydrogmphy Gerelmru Bradford, a."6Sit:itU.Jtt; ,V, Hydrogl'aphic re-aurvey ofChincot-Oa~ue.Shoa.ls. 

W•&t Virginia, inclnd· C. Willenbucher. (See alM S~ctlon II.) 
ng bays. oeaports, and Triangulation. E . .A. Colonna. assist.a at S1wcial t.riangulatinu for the determination of 

rivers. points in vicinits of Hampt.on Roads. Norfolk 
H:trbor. and Elizabeth River. {See also Sec­

tions X an<l XVII.) 
3 : Tovograpby _ C. M. Bache, assistant; EugO?nf\ 

Ellicott, assistant; .T. B. Bou­
telle, aid. 

Continuation of t.opolt-raphical survey. vicinity 

of Norfolk. (See also S€ction II.) 

4 ~ Hydrograph.y. _ Lieut. Commander Eugene B. Hydrograpbic re-snrve)· of Norfolk Ilarbor. (S.-e 

,9 

10 

u 

Thomas, U. S. N., assist.ant: 
Lieut. Chas. C. Cornwell. U. S. 
N.: Masters 1<'. A. Wilner and 
H . .I<'. Reich, U.S. N.; Ensigns 
E. M. Katz, H. M. W'itzel, and 
,J. M. Orchard, U. S. N. 

al•o Section• II and VI.) 

· Hydrograpby _ 1 J. S. Bradford. assistant .. __ .__ ' Examination of rllpomd changes in Chesap~ake 

· Magnetic obllena- Charles A. Schott, a•slstant. -
tione. 

. Force of i;:ravity 

Telegraphic' Jon­

JZitude&. 

Charles S. Peircr, assist.ant; Ed~ 

win Smith, as.eiAta.nt: Henry ' 

Farquhar, E. D. Prest.on. 
George W. Dean, assistant: Ed. 

win Smith, assistant; C.H. Sin­
clair, snhassiebnt.; F. H. Par· : 
sons and Carlisle TeITy, jr., aids. ' 

Telegraphic Ion- • C. H. Sinclair, subassistant.; F. H. 

gitndea. Parsons, aid. 

Ba.y, and verification of dat.a for the Coast 
Pilot. Vol. III. (See also Sections I and II.) 

Determination of thr magnetic declination, dip, 
and intenRity at the permanf'nt ~t.ation on Cap· 

Ito! Hill, Washington, D. C. (See also Section 
X.) 

Absolute determinations of gravitJ by pendulum 

e>:periments at Baltimoro and Wa.shingt-On. 
(See also Section I.) 

Longitude of Cincinnati, Ohio, ftom Washington, 
D. C., determined by telegraph\c. exchange1- of 
signals. (8'\o al•o Elections XIII, XIV, a.nd 
XV.) 

Longit.nde of Charlottesville, Va., from W aah. 

ingt-On, D. C., determinod by telegn•phic e:o;-

1 

eban~es of signals. 
Topol{faphy ...... ! John W. Donn, atll!istant; D. B. ! Continuation of the detailed topograpbi<lll.l snr-

Wainwriitht, oubassistant; W. v•y of I.he District, of Colnmhia. 
C. Hodgkins, aid. i 

Topography ...... I Charles ,Junken, F. C. Donn ... _. , Completion of the survey of tbe "ite for the new 
Naval Observatory in tile District of Columbia., 

12 Trianjllllation.. A. 'l'. :Mo.man, aeslstant: W. B. i Ext<>nsion of the primary tti&ngulation and re. 
Fairfield, extri.ohserver. i Mnnalssanoo in West Virginia, westwa.Td 

II i towards the Ohio Riv.er. (See also Section IL) 

lB Specialreconnais- H. ]'.Walling·········-·· 
1 

ReconnaisS&llce, triaDgnlation, and hypsometrio 

Mlnoo and trum- : 
tnlation. 

U • ~eticobserva-, J.B. Baylor, anbuslstAnt .... 
tionr.. 

15 a-lade levellilf. Andrew Braid, &111iat.ani ••••...••. 

S.·Ik. 77-10 

obserrations In the r<>gion abont W aghington, 
D. C., for the construction of a genera.I map. 

Determinations of the 1118gnetic declination, dip, 
and intensity completed o.t stations in Vir· 
glnia and West Virginia. Latitude, longitude, 
and azimuth ob&ened for magnetic pnrpooea. 
(8'>6 al.so Sections VIlI and XID.) 

Completion of line of geodesic leveling from 
Sandy Hook, N. J., to Hagerst.own, Md. (See 

aUio Seetlone n and XIV.) 
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SECTION IV. 

North Carolina, inclndiug 
coaet, sounds. seaports. 
and rivers. 

SECTIOl< V. 

8oath Carolina and Geor­
gia, lnclndin~ coast, sea- ! 
water chann~ls, sounds, 
harbore, and rivers. 

SECTJOX VI. 

Peninsula of .Florida, from 
Saint .Mary's RiV"er ou 
the ea.st coast, to Anclot~ 

Keys on the west coast, 
includin~ the coast ap­

proaches, reefs, keys, sea- i 
porta, end rivt~rs. 

SJICTION VII. 

)[o. 1 Deep·sea sound- , 
ings. 

Hydronaph} 

1----........,..---
Commander J. R. Bartlett, [). S. J Lines of dN1p-11e& sounding• with serial tempera­

N ., a>sistant; Lieut. C. C. Corn- : tures run normal to the ooaat between Cnrrl­
wdl, U.S. N.: Masters G. W. I! tuck light.honse, N. C., snd Jupiter Inlet, Fla. 
Mentz, Henry Morrell, and Lu· (See &!so &ction VI,) 

cian Flynne, U. 8. N.; Ensign E. 
L. Reynolds, U.S. N , 

Lieut.-Commander W. H. Brown- i Position of a shoal determined in vialnlty of 
eon, U.S. N., assist.ant. Cape Fear, N. o: (See also Section• V, VI, 

snd VII.> 

No. I Hydrograph~· ..... 1 Lient.-Commander '\V.11. Brown­

son, U.S. N .. ll88ist&nt.. 
Examination of shoal reported off Gt:orgetown 

entrance, and re-snrvey of part of Beaufort, 
River, S. C. (See also Sections IV, VI, a.nd 
VII.) I 

, Tidal obeervatmns! Lieut. B. D. Greene, U. S. Engi-
1 neers. 

No. 1 , Deep-sea •ound-1 Commander J. R. Bartlett, U. S. 
ingR. ; X., a&Mietant; Lieut. C. C. Corn-

well, U. S. N.; Masters G. W. 
Mentz, Henry Morrell, and Ln· 
cian Flynne, U.S. N.: Ensign E. 

· L. Rernolds, U.S. N. 
· Triangulation, lo· ! 0. H. B~yd, as•istant; J. B.Weir, 

pography, and 1 sub!tllo!stant: Carlisle Terry. 
hydrograpby. George F. Bird, and E. L. 

i · Taney, aids. 

1 Hydrography..... Lieut.-Comruander E. B. Thomas, 
I , 

U. 8. N., assistant. 

4 : Hydrography. 

! 

5 : Trian g-nlation 

Lieut.-Commander W. H. Brown. 
eon, U.S. N., assistant. 

i .Josepl1 Herj!;esheimer, eubasel8t· 
! ant. 

Self-registering tide-gauge ll8tablished at Fort 
Sumter, Charleston Haibor. 

Lines of deep-sea soundings, with seri&l. temper­
atm:es, run normal to the coast between Jupi­
ter Inlet, Fla., and Cmrltnck ligbt-hon•e, N. C. 
(See also Section IV.) 

Continuation of the survey of Indian Riveraouth· 
ward to Jupiter Inlet, and determination of 
points on the beach for oft"-shore hydrography. 
(See also Section I. I 

Continuation of the hydrographic survey of the 

east coast of Florida. (Se~ also sections II 
aud III.) 

Hydrographic re-survey of Key West Harbor and 
Northwest Channel Bar. (&e also Sections 
IV, V, and VII.) 

Trianii;ulation of the weot coa stof Florida betw""" 
Tampa Bay and Charlotte Harbor. 

Penlmmla of Florida. west No. l Hydrograpby 
coast. from.Andotc Keye ; 

Lieut-Commander W. H. Brown­

son, U. S. N .. assistant. 
Hydrogr .. phie onrvey of inner and outer hara of 

East Pass, Saint George's Sound: completion 
of hydrograpby in vicinity of Saint Joaeph'e 
Bay, and Cape San Blas; hydrograpby of the 
bar of Pe'naaeola Harbor. (See aloo Seetiona 
IV, V, and VI.) 

to Prrdido BHy, includ. , 
In~ coast Rpproacbes, 
ports, and ri'<"ers, 

SKCTIO:V vm. 
Alabama, Mississippi, 

Lonisinna,aud Arka.nsaa, ! 

including Gulf ooaet, ! 

ports, and ri""ere. 

SECTION IX. 

i 
No. 1 ! Magnetlcobsern.- J.B. Baylor, snblW!lstant ........ 

! tions. 
Determinations of the mRjllletic declination, dip, 

and intensity made at stations In Al< bama. 
Latitudf', longitude, and azimuth ob11erved for 
magnetic purpoeee. (Sae a.leo Sections Ill &Dd 
XIII.) 

Texae and In1l!an Terri- I No. l : Triani;nlatlon, to- F. W. Perkins. Bl!8il!tant; C. H. Triangulation, topography, and hydro!ll'&phy of 
the coast of Texas between Ga.Ives ton Bay and 
Sabine Pass. (See also Section XIV.) 

Tri•ngulation, meuurement of baa" of verlll.oa­
tion, and topography on COMlt of Teua in 
vicinity of Laguna Madre. 

tory, including Gulf i pography, and Van Or<len, snbaasistant: Isaac 
Winston, aid. coast, bay1, and rivers. 

SECTION X. 

hydro~raphy. 

2 1

1 Trianl!lllation and 
topography. 

L 

R. E. Hllter, a1hiAtant: J.E. Me. 
Grath, aid. 

Califomfa. inclu•ling the No. 1 i Special ........... James S. Lawoon, aaal&tant ..... .. Examination oflooal!tie.. atS..UDiel[O uclatLoa 
Angeles for selection of elte of ~t 
magnetic station. (See also Sectlou XI &Dd 
XVII.) 

coast, bays, barb-Ors, and 
riYer•. 

2 Reconn al-nee Btehwan Fornoy, uaiatant •.•..... Continuation of reconnalall&DOll and pt'!mal'J 

and triangnla· tri&ngnl&tlon between Polnt Co11cepcloa mic1 
tion. Honterey . 

• 
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Localitiee of work. 

SllCTIOl{ X--Contlnued. ' No. 3 i Topography . .. • .. W. E. Greenwell, assistant Topography of coast aud a.d.iMent islands from 
San Lnis Obispo northward. 

SECTION XI. 

Oregon and Washington , No. 
Territory, inclndlng 
e oast, iDterlor b•ys, 
ports, and rivers. 

Bscno?C :x:n. 
A.laaka, lndud.lngthecout, I No. 

and the Aleutian Island&. 

I 
bcTrmr xm. j 

JUmtu.cty aid 'rmm-.. \ No. 

I 

i 
4 I Tidal observation• E. Gray. . . . . . . . . . . • . . . . . . . .. ..... 1 Tidal ob•ervation•, with self-registering tide­

gaujl;e, continued at Saucelito, near entrano" 

Topography ....... E. F. Dickina, snbaeslstant ...... . 

Topography and L. A. SengtLller, assistant; E. F. 
trlangnlatlon. Dickins, eubassist&nt; P. A. 

Welker and Fremont Morse, 
aids. 

to San Francisco Bay. 
Topography of ground needed to till gap in 

survey between Blllouas and Ta.ble Mo11ntain. 
Supplemeptar_v topography of San Francisco 

llay and approaches. Points for topogmphical 
survey determined by triangula.tion. 

7 ! Hydrogrephy . Lieut. W. T. Swinburne, U.S. N., 
a88ietaut; Lieut. L. C. Heitner, 

U.S. N.; Master W. P. Elliot, 
U.S. N. i EnRi~ William Brau· 

nersreuther, U.S. N.; Midship· 
shipmen W. V. Bronaugh and 
F.V.llostwick. U.S.N. 

Continuation of coast hydrography northward 
and westward, between Bollega Bay aud Pu.int 

Arenas. 

lleaaurement of 

primary b a " e . 
line. 

G e o r g e Davidson, assistant; 
Charles A. Schott, a.siRtant; 
J. J. Gilbert, assistant; ll. A. 
Colonna, ILllsistant: H. W. Illair, 
anbassistant; E. F. Dickens, 
subasslstant; I. F. Pratt, sub· 
assistant; Werner Sueos, mech· 
aolcian ; C. ll. Hill, recorder. 

Meaanrement of the Yolo primary ba•e-Une, and 
connection of base with stations of the trans .. 
continents.I primary trianirulation. 

9 Triangulation. A. F. Rod.gen, B88istant.... Primary triangulation and reoonnai88ance eJ:· 
I tended northward from vicinity of Hendocillo 

City toward Crescent City. 
10 M&gnetic oblltlrv1.. Lieut . .Comrnamler H. E. Nichols, Determination of tho three magnetic element& at 

stations on or near the coast between S&n 
Francisco and Sitka. Ilydro~raphic reoon· 
naissance of Wrangel Strait• and Kaijra.ni 
Straits. (See also Section XU.) 

tions, and hydro- U. S. N., aRsistant; En•igns F. 

graphic recon· W. Coffin, C. F. Pond, W. V. 
naissa.nce. 

Tria.ngulat.io111 to· 

pograpby, and 
hydrograpby. 

Bron,.ugh, and F. M. Bostwirk, 1 

U.S. Navy. 

Cleveland Rockwell, M•i•tant . . . Triangulation t-0pography anrl bydrogrspby of 
tile Columbia River. between Saint Helen's, 
Portland. and V &ncou~er. 

Magneticobaefva .. : ,fames 8. Lawson, assistant. 
tions. 

De.termination of the magnetic elements at 
stations in Oregon, Washington TeJTitory and 
Idaho. (See also Sections X an<\ XVII.) 

Determination. of the three magnetic element. 

at stations on the coast of Washington Ter· 
rit<>r;<. (Soo &!so Sections X &nd XII.) 

a Magneticobaerva·: Lieut.-Comm1U1der H. E. Nichols, 

tiona. i U.S. N., asslstant: EnsignsF. 
w. eomn, c. F. Pond, w. v. 

Bronaugh, and F. M. Bostwick. 
U.S.N. 

~ Tr!angula.tion a.nd i Eugene Ellicott, lloS>li"tAnt 
t,opogn.phy. 

: Topography of Port Orr.hard, and triangulation 
of Hood's Canal, Puget Sound. W. T. (See 
also Section III. i 

~ Hydrogn.phy ..... i Lieut. Peny Garst, U. S. N., M· 1 Hydrographic survey of bays, inlets, and ports 
slat&nt; ensigns H. T. l\layo : in PllJ!:ct Sound, W. T. 
and J. A. Jordan, U. S. N. · 

Magnetioob..,rva· Lieut.-Commander H. E. Nichol•, ' Determination of the three magnetic element. 
tlona, and hy. , U. S. N., lloS>lista.nt; Ensigns F. ' •t stations on the coast betwoon Sitka, A.le.ska, 

drographic re· W. Coffin, C. F. Pond, W. V. and San Franc.lseo, Cal. Hydrogn.phio reoon-
oonntJ.BIWloe. I Bronaugh, and F. lll. Bostwick, n&lssance of the waters of Southern Alaska. 

• U. S. N. (See "ll!O Sootiona X &nd Xl.) 

2 Ttdal obllervationsl W. J. Fisher . . . • • • .• • • • . . • • • Tidal observations continued with self-register· 

1 ing tide-gauge at Saint P~ul, Kadiak Lsland, 

!
! · Alaska. 

Telegraphlolongi. George W. Dean. M&ia~~t; Ed· \Determination of the longltude of NuhviUe, 
tllllee. I wl.11 Smith, aeeletant; C.H. Sin- '. Teu11., by telegraphlo exchanges of eignala 

olalr, 111ballllisto.nt; F. H. P~r- , with Cincinnati. Ohio. (See also Seotiou III, 
, 10DaandCarlill.eTerry1jr.,aida. i XIV, and:X:V.) 
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--------~-------·--·--- -

Sections. 'Parties. Operations. I Localities of work. Persons conducting op_eratione. 
---------- ---· 1------

S:&CTION Xlll-Continned. No. Triangulation .... ! Carl Schenk, acting 3Sllistant . Continuation of the triangnlation of the State of 

SEC~IO:S XIV. 

Ohio, Indiaua.1 Illiuois, 

Michigan, and Wiscon­
sin. 

8ECTIOX XV. 

Missouri, K&nMie. Iowa, 

Nebraska, Minne•ota, 
Dakota. 

S:e:CTIO!< XVI. 

j Kentucky. 
Triangulation .... : Prof. A.H. Buchanan, acting as- Determination of stations in continuation of the 

sh~taut. triangulation of th5 State of Tennessee. 

4 Magneticobserva- .T. B. Baylor, subassistant .... 
tions. 

Values of the three magnetic element• deter­
mined at stations in Kentucky and Tennessee. 
Observations of latitnde, longitude, and azi­
muth for magnetic purpooee. (See also 8ec­

tions Ill and Vill.) 

No. 1 Telegraphidongi· j George W. Dean, assist.ant; Ed-
tndeo. win Smith, assi•tant; C.H. Sin­

clair1 subaasistant i F. H. Par- ! 
sons and Carlisle Terr.1', jr., aids. 

Determination of differences of longitude by 

telegraphic exchanges of signals between 
Cinciunati and W ashiugton, Cincinnati and 

Nashville, Cincinnati and Saint Louis, and 
Vincennes and Saint Louis. Observations for 

latitude at Cincinnati am! at Vincennes. (Soo 
also Sections III, XIII, and XV.) 

2 1 Geodetic . Prof. R. S. Devol, acting asaistant Continuation of the triangulation of the State of 
Ohio. 

~(t. 1 

Geodetic .... 

Reconnaissance. 

Prof. J". L. Campbell, acting assist­
ant. 

l<'. W. Perkins, assistant ....... . 

Determination of points In the triangulation of 
the St.ate of Indiana. 

Continuation of the reconnaissance for the ex­
tension of tlle ptima.ry triangulation eastww·d 

from the eastern boundary of Illinois. (See 

also Section IX.) 
Geodesic levelin>:.' Andrew Braid, assistant...... . . Line of geodesic levels carried from Vincennes, 

Triangulation 

Geodetic .... 

Ind., toward :Mitchell, Ind. (See also Sections 
II and lll.) 

George A. Fairfield, assistant;; J'. 1 Continuationoftheprimarytriangulat.ionin llli-

B. Weir. Entbassistant. nois. 
Prof. J.E. Davies. a-eting assistant Reconnaissance continued, and stations occupied 

in the triangulation of the State of Wieeonsin. 
:llagneticohlu~rva- l\...-errn~r Suess, G. W. Sues8. 

tions. 

Determination of the values, absolute and rela­

tive, of the magnetic elements at the self-reg­
istering record station in Madison, Wis. 

Telegraphie 1on~i­

tudes. 
Georµ:e \V. Dean, assistant; Ed· . Longitude of Saint Louis, determined by ex­

wiu Smith. ar.•istant: C.H. Sin-
1 

cha.nge of telegraphic signa.ls with Cincinnati. 
clair. sub"88istant; F. II. Pa.r- , Longitude signals exchanged between Saint 
sous an<l Carlisle Terry, jr., aids. 

1 
Louis and Nashville, Tenn., and bet ween Saint 
Louis and Vincennes, Ind. (See also Sections 
Ill, XIII, and XIV.) 

2 ReC"-0n11aisF1ance. . . F. D. Granger, &8eistant ; Isaac I Reconnaissance for the extension of the primary 

Winston, aid: C.H. Zoll. triangulation in Missouri t.o the weetward. 

N~vada, Utah, Colorado, No. 1 

Arizona, and New Mex-
Triangulation William Eimbeck, assistant; R. 

.A.. Marr, aid. 
Occupation of stations for the extension of the 

primary triangnlation in Nevada to the e"8t­
ward. ico. 

Triangulation 0. H. Tittmann, assistant; J". E. Continuation to the eastwar<l of the primary tri-

SECTIO~ X '\"IL McGrath and G. F. Bird, aide. angulation in Colorado. 

Idaho, Wyoming, and Mou- No. 1 Magneticol>s<irve,.' James S. Lawson, assistant Determination of the magnetic elements at sta­
tions In Idaho a.nd Washington Territorlee; 
also in Oregon. (See also Sections X a.nd XI.) 

tana. Territories. tioD1~. ' 

2 Veritlcation of' B . .A.. Colonna, assistant; T. P. i Veri11.cation of the northern boundary of Wyo. 
boundary. Borden, aid. ming Territory. (SeeailloSectionX.) 

Special . . .. .. . . . . . Dr. Thomas CraiJI: ...... . 

Special .......... 1 Lieut. Samuel W. Very, t:. S. N., 
· 3Sllistant. 

Investigations relath-e to tidal action a.nd the 

tidal theory, and other mathsma.tic&I and 11"-Y•· 
ical rtlfte8rcbea pro9eeuted in Enl(land IUld 
Europe. 

! Determination of the magnetic deeli.uatl.on, dip 
1 and intensity at statiom on the north-.tern 
i coaat of America. 

Special· ...... · ....................................... i Tidal rtlOOrd from the self-registering gauge 

I eat&bliahed at Honolulu, Sandwich Iablad& 



 

APPENDIX No. 2. 

Statistics of field and office work of tlte United State-8 Coast and Geodetic Survey for the eighteen months 
ending June 30, 1882. 

' Total to De­
cember 31, 
1880. 

December ' Total to 

~~· J:i~ , .June So, 
ao, 188'~. i 1882. 

---- - ------

RKCONNAJSSANCE. 

Area in square statnte mllee .......... . 
Parties, number of ................... . 

BABB· LIN&!!. 

Primary, nnmber of .................. . 
Subsidiary, number of...... . . . . . . . . . . ................ . . ............................. ······· ... . 
Primary, length of, in etatnte mllee. . . . . . . . .............. . 
Subsidiary1 length of, in statnte miles ............................................................... • 

TRIANGULATION. 

Area in equare atatute miles .......•.... , ...................... . ··-·····-·········: 
Stations oocup\ed for horizontal meaauree, number of .............. . 
Geographical positions determined, number of .................. . 
Stations occupied for vertical measures, number of ......... . 

Elevations determined trigonom•trically, number of .. . 
Elevations determined by spirit leveling, number of beneh-wa.rks ..... . 
Lines of spirit-leveling, length of, in·statute miles .................. , ...... . 
Triangulation and leveling parties, number of .... ; ..... , .......... ..._. ; ..... 

ASTRONOMICAL WORK. 

Azimuth st.atione, number of ..•. 
Latitude stations, number of ....................... , .... , 
Longitude stations (new), telegraphio, number of........... . ................ . 

275, 3llO 

13 : 
121 ' 

79 

271 

1118,883 

9,954' 
18,689 

600 

l, 587 

1, 515 

1,836' 

168: 
173 I 

102 
Longitude stations, chronometric or lunar, number of ..............•..................... - ............ ·! 110 

Astronomical parties, number of . . . . ... ~~~~~~~. ~~~~- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... 1-- ...... .. 

E::~:c;::~~:::!:~s~~~~~~~:~<:-:·:::::::::::_:::::::::::.:·:·:::::·::::::::::::::::::::::\::::::::::~~:: 
TOPOGB.U'HT. ' I 

Area snrveyed In square statute miles ................................ ,............... . ............ ·/ 2'7, 800 f 

T..eugth of general coast, in statute milee ....................... ,. ...;. . . . . . . . . . . . . . . . .. . . . . . . • •• • . . e, 190 i 
Len&th of abore line, in statute miles, including rivers, creeks, and ponds . . . . . . . . . . . . ............... ! 78, 626 i 
Length of roads, In statnte milee .... , ........................ , ....................................... i 4'0, 495 i 
Topographical partlea, number of •.•...•••• ~~~~~~;:.~~~.... . . • . . . . . . . . . . . . . . . . . . . . ............... i ............. · 1 

Partiea, number of .................... ,: ••.•••. ··· ... ············•·•·•••···•········ ••· ••·· ··' · · · · · · · -
1 
...... · .... ···1 

Number of miles (geogTaphical) nm while sounding ...•.......•....................... · · ...... · · .... ·; UO. 038 i 

Al'e& aonnd&d, in equ....., geographica.1 milea.......... . . . . . . . . . . . . ......••••...........•............... ! 82, 408 : 
lofilee l'llD, additional to ouhlide or deep'8ea sounding ............•.........................••.......... j 71, 1611 i 

E:a=:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~::::::J::~~"~:~~:I 

2, 860 : 278,2641 
2 !. ..... 

1 i 
I 3: 

11 

30 

lll,3H 

374 
881 
39 : 

93 

251 

~ 
37 

1! 
&\ 
al 

ol 

1' 
12' 

ti() 

ill] 

175, 1117 

10, B211 
19, 570 

11311 

1, eso 
l, 71111 

2.162 

176 
279 

105 
110 

s J-··· 
I 

115 i 
I 

1151 

1 1····· ······. 
81-··········· 

I 
'611 ! ZS. »ti 
178 ! 6, 888 

2, 252 ! 80, 878 
521 ! n, 106 

281············ 
zo / ........... . 

t, 780 , MG, 783 

082 ! 87,llllO 
1, 929 71, 188 

390, 424 15, 812, 888 

311 .......... .. 
1,208 

(77) 
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i ' i Total to De- : 
oember 31, , 
1880. 

December I Total to 
3 I, 1880, , June 30 
to June i l882. • 
ao, 1882. I 

---·--1-----· :------!-----
HTDBOGBAPBY-Continned. 

Tidal 1tatlona, permanent, number of............ . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . 248 
Tidal stations, temporary, number of ............................................................... " 1, 778 

Tidal partleo, number of. ............................................................................. :- ............ . 
Current stations, number of...... . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..............•............ , 658 
Ourrent parties, num her of • • • • . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . • . . • • . • . . . • . . . . • • • . • • .......................... . 
Specimens of bottom. nnm her of.. . . . . .. .. .. . . . . . . . . . . . . . . .. . . . . . . . .. . . . . .. . . . . . . . . . . . . 11, 280 

RECORDS. 

Triangulation, originals, number of volumes ........... . 
.Aatronomiral observations, originals,. number of volumes..... . .. ---- .... __ .. ____ _ 

Magnetic observation•, orig;inals, number of volnm~s ...••............................................ 
DnplicatBs of above, nmnber ofvoJnmeR . __ . 

Computations, number of volumes ........... . 

Hydrographic soundings and angl!'il, originals, number of volumes ... . 
Bydrographic soundings and angles, duplicates1 number of volumeM ................................. . 
Tidal and curre11t observations, originals, number ofvolnmeR ...................................... . 
Tidal aud current observations, duplicates, number of volumes ...........................•••.......... 

1 

Sheets from self.registe1ing tide-gauges, number of ........................... _.. .. . .. _.. . ... . 
Tidal l:eductiona, number of ..-olnmes ........................ . 

MAPS A.."(D CHARTS. 

Topographical maps, origlna!a ......... . 
Hydrographic charts, originals ......•. 
Reductions from oriiriual sheet. ........... . ••••••••• 1 

Total number of manuscript maps and chartB ... . 

Number of sketches made In field and office ...... . 

lll!GRA. vnw A!l!J PIUNTDIH. 

Engre...-ed plates of finished charts, nnm ber of ......................... . 

Engraved plates of preliminary charts, oketchos, and diagrams, for the Coast and Geodetic Snrvey 
Reports, number of....... .. ........... .. 

Electrotype plat"" made . . . . . . . . . . . . . . . . ........... . 
Finished charts publish~d . . . . ......................... . 
Preliminary chart a and hydrographiu sk.tchea pu h!ished ..•.... 
Engraved plat~ ofCoa•t Pilot charts .................... '. 
Engr1>Ted plates of Coast Pilot views . . . . . . . . . . . ...... '!II!!>. 
Printed sheets of maps and charts distributed ....................... .. 

Printed sheets of maps and charts deposited with sale agents ...... . 

3,249 . 
1,487 . 

485 

3,850 ' 
3,156 

8,114 

1,299 

3,313 

2,135. 
2, 763 

1, 792 : 

1,807 i 
1,622 ' 

893' 
2,GM 
S, 110 

240 

609 
1, 5%0 

320 

58 
71 

459, 059 

173, 827 ' 

: 
7 256 

Mi 1, 842 

29 ; ............. 

2a I an 
······i······ 

504' ll, 784 

489 ' 3, 738 
102 : 1,589 

4()' 526 
529. 8,879 
264 ll,420 

336 8,450 

209 l,50S 

64 377 
51 2, 186 

90 2,853 

li8 1,850 

UI 1,826 
49 1,671 
20 1113 

20 2,674 

M 1,164 

171 25T 

I 

23 ! 832 
I 

104: 1,624 

44 ™ 
s 61 

71 78 

42, 184 I 501, 198 

21,623 ' 1116, t60 
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APPENDIX No. 3. 

Information furni8hed from the Ooast and Geodetic Survey Office in reply to special oall-8 during the 
year ending June 30, 1882. 

Dahl. Name. 

1 

Data fnrnlAhed. 

----1 
1881. : I 

,July 

Ang. 

2 Lieut. B. D. Greene, United Statee Engineers, Clta.rlt•ston, 

S. ()., for (Jenera! Q. A. Gillmor". 
i Loan of eeJf-regist.ering: tide-gauge No. 331 with large cylinders and 
! 
i reading ho"C, scale 1-lO: also a copJ' of print,ed direction!! for using. 

5 Mr. Manton Marble. X~w York Topographical survey of the •><st side of Hudson River, between 
YonkPrE< a.nd Hastin,!!~: a}so auto.graphic map vicinity of .Kew-

i port., R. L 

5 E. A. Grant, Secretary Polytechnic Society of Kentucky_ -I Latitndo and longitude of astronomical stations, Louisville, Ky. 

7 Charles Fish, Peabody .Academy of Science, Salem, Ma .... i The relation between the t.ime of the tides at Portland and A.uirusta, 

Me. 
8 General George Thom, U nlted States Engineers - ... _ ..... [ Information relating to a tidal bench-mark at the mouth of the Mer­

rimac. 
Mr. F. W. Dean, Cambrhl11e. Maes ---- . ··-------- ......... ! Shore-line survey of Campobello laland, near Eastport, Me. 
Lieut. Col. Charles E. Blunt, Corp• Enginc~rs, and I,il!M· : Hydrograpbio survey of the "upper middle" Boston uppe1· harbor 

house Engineer. ' (1861). 

9 S. F. von Froetner, civil engineer, Oswego ... - . . . .• . • . • •• . Pamphlets on secular change of mairuetic declination and magnetic 
chart for 1875. 

11 Lieu!. Col. W. P. Craighill, United St.ates Enl!ineers, : Distance• between lil(bt.-houses and geographical p<>hitlons head of 
:Baltimore. Chesapeake Bay, and on Elk Rtver. 

12 W. R. Gregory, Warrenton, Va .... - ... - ... - ............... : Position and elevation of Ragged :Rook, Blue Ridl(e, Va. 

1% Lieuhlnant-Colonel Craighlll, &ltimore, Md . . . . . . . . . . Information n•latini; to tidal hench-marko on the Upper Chesapeake. 

16 H. Gannett, Geographer and Special A.gent Tenth Census. Geographical position• in Texas. Louisiana, Alabama, and Florida. 

18 :Mr. P. O'Neil, San Francisco, C•L. ...... -.. - - ... - . Hydrographic approach I'S to Santa Inez River, ()al., nortb of Point 
Arguello, 1880. 

W T. Kilhaugh, anrveyor, Mount Carmel, Baltimore County, Magnehlc pamphlet, with chart .. 
Md. 

26 · A. L. Sohellinger. architect, Ogdensburg, N. Y ..... . 

26 W.H.Atwood, engineer, JeTSey City, N.J ......... . 
Tl 0. W. Gray&. Son, Philadelphia. . ......... _. 

BO I Dr. J. llagee, Albany, N. y ______ ......... _______ ..... . 

2 , L. D. Raymond, Bedford County, Va ...... , .. _ .. . 

4 I ld:r. J.P. Bogart, engineer Shell·Fsh Comm!aoion, State of 

) Conneotient. 

'/-·----do------········-
8 I J.P. Bogart, New Haven, Conn .. _ .. __ _ 

I 

11 r Mr. J.P. Bogart, engineerShell-Fieh Comml88ion, State of 
! Connecticut. 

11 '1 •••••• do. ------····-· ...•..•.. ·····-···--- ------ ......... . 
11 ; Kr. Jnttne Roe, Pat.cbogne, Long Ialalld, N. Y ......•. - . 

ll i General C. B. Comatook, U. S. A.., :Miallulppi River Com-
mluion. 

Magnetic declination at Ogdensburg iJl 1113!! and 1881, with annual 

ch&nl!'.e. 
Descriptions of bench-marks in J ereey City. 
Unfinished proof of general coaot chart No. XII, Cape &n Blae to 

Tampa Bay, Fla. 
Elevation of Perry's Peak, M: ...... 

Elevation of the Peake of Otter. 
Topographical aml bydroi..,.aphic work of the Connecticut obore, Seo­

tloo No. 2, from Cedar Point to New Haven Entranoe combi::ed, 

from th<' •nrveys made bet.ween 1835 and 1838, scale, l-'10,000. 

Sam11, Section No. 3, from New Hav"n Entranoo t.o Connecticut River. 
Geograph 1(18) positions and descrlptioDl! of stations on Long Island 

ROund, vicinity of Falkner'& lilland. 
Topographieal and bynrographic combined tracing from the early 

aurveya of the Connecticut shm:e, Section No. 4, from Connecticut 
River to Fisher'• Island Sonnd. 

Copies of d~rlptlone of atatione along the Connootlcnt shore. 
. Copies of topographical and hydrographlc 1111\'Vey of Port J etreroon, 

Loni{ Ialand, N. Y., 187l. 
Liet of geographical poaltloDB between beger and Lake Providenoe, 

La. 
(79) 
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APPENDIX No. 3-0ontinued. 
------------- ------------ -------------------

Date. i N&me. Data furnished. 

----1---------------------------1-------------------
1881. i 

Ang. 13 ! L.B.Buiese. merchant, New York City .................. . Information about the tidt's on the north shore of Great South Bay, 

Long Island. 

Sept. 

Oct. 

' 
1B ) James K. White, for National Amateur Regatta_ ....... Prediction of tides at Long Bridge, W Mhington, from 7th t.o 15th 

September, 1881. 

19 : Mr. J.P. Bogart, engineer Shell-Fish Commi .. iou, State of Survey• of the Connecticut shore, Section No. !, from Byra.tu River 
i Connecticut. . t-0 Cedar Point. · 

20 j J. F. LeBaron, United States &ssist&nt engineer, Titus· i~t data for use ht surveying for a canal to connect Indian River and 

ville, Fla. , Mosquito Lagoon. 
22 ' D. Koppman, eni;dneer Harbor and Land Commission ; Bench-mark and tides in Vineyard Haven Harbor. 

Offic,,., Boston. Mas•. 
22 ' Mr. D. Koppman, engineer Board of Harbor and Land ' Copy of the bydrographic survey of 1871 of Vineyard Haven, Maso., 

Commission Office, Boston. with projection covering the same, scale, 1-10,000. 

24 :MississippiRiverCowmiMJion ............................ :Sections of Mississippi River in one sheet, from Donaldsonville to 
Dicharv's Plantation, scale, 1-5,000. 

24 George H. Cook, State Geological Survey, New Brnn•· Bench·mark and tides at Sandy Hook. 
wick, N.J. 

24 Prof. A.. Hall, Washington, D. C ................... ·-

26 C. Warren, Acting Commissioner llnreau of Education, 
Washington, D. C. 

29 H. Gannett. Census Office. Washington, D. C ....... 

29 Vaux & Radford, civil engineers, New York City .. - . 

Geoµapbical pooition of Monticello, Va. 

Geographical position of Paducah, Ky. 

Goographical positions of fifteen stations, derermined by the Coast 
and Geodetic Survey in principal cities of the United Stateo. 

llencb-mark at Sandy Hook, and tides near Seabright 
29 Samuel McElroy, chief engineer Continental Railroad · Compiled cha.rt Jersey Flata a.n<l N ewnrk Bay, with adjacent topog-

Company, New York. rapby, scale, 1-10.000. 

29 A. P. Butler, Commissioner of Agriculture of South Two sete of war maps of 1865 of Sonth Carolina, with adjoining Stateo. 
Carolina. 

29 Mr. T. ll. Fergnson,AesietantCommissioner United States 

Fish and Fisheries Commission. 
30 I B.Brett,Genev&,Ohio .......... . 

Unfinished proof of coast chart No. 3, sea.le 1-80,0-00, Blue Hill and 

Frenchman's Bays, Me. 
Copy of paper on the secular change of the magnetic declination, aud 

map. 

6 : A.. W. Phillips, Cheshire, Conn. . ... -...... - Information relating to the tides at New London and New Haven. 
,. 8 ' J. F. Le Jlaron, United States sssistant engineer, Jackson- ! Bench-marks on Indian River, Fla. 

ville, Fla. 
General C. B. Vomstock, United l:ltates Missi98ippi Com. 

mi&sioner. 

, Hon. A.. C. Green,Frostburi:. Md ........ __ ._ .. ___ ... _____ _ 

Geol(l'apbical positions on the JllissiBSippl River between Lake Provi­
dence, La., and Green"°ille, Mies. 

Magnetic declination of l''rostburg and magnetic chart of the United 
State•. 

9 1 Jllr, .T. B. llogart, engineer Sllell-Fil!b Commission, State of · Topographic and hydrographic combined tracinj( of the Connect.lent 

Connecticut. shore from Fisher's Island Sound to Pawcatnck River, being Section 

Mr. Samuel Hill, Baltimore, Md ........ __ ...... _ ........ . 

10 Mr. Albert Mason, chairman Massachusetto Land and 

Harbor Commission. 
12 : G. S. Kemper, surveyor, Harrisonburg, Va __ _ 

U i E. A. Gieoeler, engineer, Jllauricetown, N. J 
18 : Prof. A. W. Phillipa, Yale College, New Haven, Co~n .. 

17 ; Gen&al B. M. Harrod, State Engineer of I..ouisiana, New 
' Orl6"Dll. 

19 i G. H. lll'own, chief engineer, Eufaula, A la_ .... . 
28 i Prof. F. E. Nipher, Saint Louis, Mo .... _ ..... .. 

I 

Hon. John S. Barbour _ 

5, seal~ I-10,000, from the earlier surveys. 

Topographic&! snrv~y north side Chester River, vicinity of Shippen 
Creek, Jlld. 

Hydrographic survey of head of Buzzard's Bay, M:..,,e., 1845. 

Ditference of the magnetic declination In 1746 and 1881 in Rockingham 
County, Va. 

Geographical positions Maurice River, N. J. 
Mode of predicting the tides for New Haven from the Coaat Survey 

t•ble1, and connected matters. 

Supplies of record paper forms and leads for use on the tide-gauge No. 
43 ; a copy of pamphlet on dil'OOtions for obl!erving tides. 

Magnetic declination at Eufaula in September, 1881. 

Magnetic declination, dip. and inrensity ot atationa in Mluouri, lllld 
of some stations in adjoining State&. 

' Information in relation to geographical poa!tiolUI and height& in W eet 
Virginia. 

W. M. Laft'an, managing director J,ong Jlnmob Improve. Hydrogre.phie 1111rvey of 1880, of the -tern part of Hempstead Bay, 
ment Company. Long Ialand, N. Y. 

Lient. S. S. Leach, U. S. A., Ml<lrllt&l'y Mlaaiuippi River ! Deaeription of atAtiona on .U:isal .. ippi River, from ":a.... to :Haye, to 
Commlulon. Grane'a, to Carolina." 

10 J.B.~ New Haven, Conn ....... - .... -- -- .... ----····1 Geographical poeitionaon Long Ialand Souncl.,nea.rlll01lth of c­
' tiout River. 
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1881. 

Ont. 13 Mr. J'. P. Bogart, engineer Shell-Fish Commieeion, State i Geographical positions, and tracing locality of spires in Westbrook and 
of Connecticut. Saybrook, Conn. 

14 Y. P.Pierce, Wenonah,N.J ..•...•....... _ ................ ··! Description of positions, and el~v~tion of Pinehill, N. J. 
17 , Lieut. B. H. Gilman, U.S.A. . . . . . . . . . . . . . . . . .. . . .. Length of base-line at Fort M)·er, Va. 
18 ! ,J_ P. Bogart, New Haven, Conn ................ _........ Geographical positionfl on Connecticut River, a.ud description of Lay'" 

Ilill,2. 

lM : J. L. Randolph, chief engineer Baltimore and Ohio Rail- 1 Magnetic declination at Baltimore, Phila.<ldphia, and Washington. 

road Company, Baltimore. 
20 Mr. D. E. Maxwell, general superintendent .b'lorida Tran- , Unflni•hed proof of coast charts Nos. 3, i5, and 77, with late•t oound-

oit Ralhva<l. ings added b.v hand. 
21 i .Mr. Henry .M. Drane, special assistant to general man· i Unfinished proofs of coast charts NoR. 3, 8'".?, and 83, scalf' 1-80,000, from 

ager Savannah, Florida and Western Railway Company. i Apalachee Bay to Cape t:ian Blas, J<'la., brought np by hand. 
24 C. C. Perkins, city surveyor's office, Boston, Mass .. _. ___ , Description of station, Blue Hill, Mass. 
25 Mr . .A ugustua Kurth, department of assessments, Brook· ! Combined tracing of topographical surveys of 1838 of Shinnicock Bay, 

lyn, N. Y. Long lsland, N. Y. 

26 Mr. C.H. Kelly, Carrabelle, Liberty City, Fl................ Unfinished coruit chart No. 82, scale 1-80.000, Apalachee Bay to Saint 
George's Island. 

Nov. l I J'. Meehan, topographical engineer Department Public I Geographical po•itions, distances, and azimuths of triangulation east 
Works, Yonkers, N. Y. sidA of Hudson River, between Ca1·manaville and Sin~ Sing. 

3 I A . .A. Sehenck, Schenectady, N. Y .............•........... Magnetic declination at Schenectady in 1859. 
a I Mr. Isaac Newton, chief engineer Croton Aqueduct ' Topographical survey east side Hudson Ri<"er, One hnndred and fifty. 

! seeoud street to Youkers, and list of geographical positions between 

1 New York City and Cmton. 
81 ...... do .................................................. Same,_ Yonkers to Tarrytown, N. Y. 
8 1 Mr. Gnat&f Pett<1roon, Galveston, Tex ................... -1 Unfimshed coa•t chart No. 92, Chandeleur and Breton Sonnds, L&., 

! scale 1-80,000. 

10 j General G. K. Warren, United States Corps of Engineers. ! Sketch ehowini: positions and bearings of Fish Rock, Narragansett 

i Day,lU. 
11 I Mr. Nathaniel H. Bishop, president American Canoe Asso· · Coast chart No. 58, Saint Mary'• River, entrance, oouthward to latitude 

i elation. 300 N., with ad<litions by hand. 

11 \ ...•.. do................................. . .. ........ ... Coast chart No. 60, Halifax River to Mosquito Lagoon, with addition• 
by hand. 

11 I ...... do .................................................... Coast chart No. 61, Mo•qnito Lagoon to soutbern end Merrett'• Island, 
I with addition• by hand. 

14 I Mr. William N. Dykman, No. 189 Montagne street, Brook· , Charts of New York Bay and Harbor, scale 1-80,000, issued in 1845, 

I lyn, N. Y. with changes in shor~-line from the surveys made 1855-'56, 186-0, 
1 • 1878-'79, and 1880 added by hand. 

16 I Lieut. Col. George H. Mendell, United States Corps of En· Hydrographic survey of Suisun Bay, Cal., made in 1878. 

181 Co==er George Dewey, U. S. N., office Light-Hou"" Position of Cone) Island tower. and trigonometrical points vicinity of 
Board. Coney Island, N. Y. 

18 I Prof. W, M. Fontaine, University of Virginia .............. 
1 

Table of heights of stations in the Blue Ridge, Va. 
19 i Mr. Isaac Newton, chief engineer Croton Aqueduct ...... ! Topographical snrvey ea.t side of Hudson River, from Tarrytown to 

Croton River, scale 1-10,000. 

19 Lieutenant-Colonel Cralghill, Baltimore, Md ..•.••.... A copy of ti<le-tables for the Atlantic coast of the United States. 

21 Mr. William N. Dykman. No. 89 Montague street, Drook· i Charts of New York .Bay and Harbor, scale 1-80,000, issued in 18(5, 

lyn, N. Y. with changN1 in shore-line, from the surv,.ys made in IB00-'56, 186-0, 

1878-'79. w 11-h tb,.t of 1880 ad<le<l by hand. 
:la E. A. Bonet, chief engineer Utica and Black River .Rail­

road, Clayton, ;r ell'61'80n County, N. Y. 

26 Mr. Otis Aebmore, principal of Harlem High School, Ga., 
at reqll"8t of G<>neral W. B. Hazen, Chief Signal Offioer. 

Information on bibliography of terrt""strial maguetism, and the secular 

change of the declination. 
Tide-table for Savannah, Ga. 

30 Mr. Burgwyn, engineer on James River improvement ...... 1'idal data for Shirley Wharf Station "" J' am .. s River, Va. 

30 C. P. B. Burgwyn, IM!llilltanten&ineerJo.mesR!verim11rove· , Descriptions of •tations, triangle •ide computations, and goographical 
ment, Richmond, Ta. positions, James River, from J'ameetown to City Point, latest survey. 

Dec. General Willi&m B. Hazen, Chief Signal Officer ....•••••• : Profile of bottom from north en•l of Block Island to l!.ocky Point, LI. 
5 Col. L. P. lfill.er, G-eorgetown, S. C. : Difference in time of high water between the points where Mosquito 

Creek opens into Winyll.h Bay and lnt.o North Santoo River. 
7 llr. Oacar Iaeigi, Otto1DAD. oonanl-general . • . • . . . . . . . .. . . • • Unfl.niahed proof coast chart No. 3, e-0ale 1-80,000, Mount Dee<1rt 

Island, hrongbt np by h1LDd. 

8 lb. Brn• A.. Dee llhreiB, atock bmker, 92 Broad.way, , Hydrographic eurvey Cape Canaveral, Fla., from eurvey of 18'18, with 

New York. / additions of 1881 . 

. s. Ex. 77-11 
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1881. I 

Dec. 

1882. 

16 ; Mr. Otis Ashmore, principal of Harlem High School, Ga. 

I 
16 i Mr. William Jl. Brend, Special Agent Censns Office, New 

Haven, Conn. 
17 Long Island Historicsl Society ......... : . .............. . 
IQ George H. Cook, Stare Geological Survey, New Jlruns· 

( wiek,N.J. 

20 i Mr. Marshall Parks, Norfolk, Va ....................... . 

22 i Thomae Tnrtle, United St.at.e• Corps of Engineers; office, 
! Baltimore, Md. 

22 i G. W. Campbell, •urveyor, Shnqualak, Miss ............. . 
27 Lieut. Col. G. K. Warren, Corps of Engineer• .... .. 

Copy of tide-tables for the Atlantic coast for 1882; copy of predlctioDB 

for Savannah for 1883. 
Difference oflevel between extreme high and low water st New Orleans. 

Length and area of Long Island, N. Y. 
Matter relating to bench-mark and tides at railroad depot, Sandy 

Hook,N.J, 

Hydrographic survey of Club-foot Canal, connecting N eme River with 
Beaufort Harbor, N. C. 

Bench.marks on Cape Fear River at and below Wilmington, to connect 
with tide·work aboTe Wilmington for river improvements. 

Mal?:Jletic declination. 
Hydrographfo survey of Edgartown Harbor, .Mase., of 1!146. 

Jan. J. S. Hittell, San Francisco .............................. . Approximate heights Coast and Sierra Nevada Ranges, California and 
Nevada Mountains. 

Fab. 

4 Richard Lamb, civil engineer, Brown University, Provi· 
denoe, R. I. 

Tide-table for Norfolk, Va., for nse in the mayor's office &t Norfolk. 

6 i Ma,j. T. ll. Ferguson, assistant, United States Fish Com· 
mission. 

Topoirrapbical snrvey of the weet.ern shore of Chesapeake Bay from 
Point Lookont to Point No Point, including Saint Jerome's Creek. 

; Rev. Sheldon Jackson.................................... Copy of shore-line and river courses from Alaska chart. 
10 1 Mr. Otis Aehmore, principal of Harlem High School, Ga.. Information relating to the tide.tables for the Atlantic eout. 
12 0. D. Barrett, Washington, D. C................... . . . . . .. Geographical positions vicinity of Elliot's Knob, Va. 
14 E. V. d'Imillier, civil engineer, Philadelphia, Pa .......... GeographiPalposition of "Blacksport" and direction• from it. 

14 i Prof. Alexander Agassiz, Cambridge, Ma88............ I Two copies of sailing cbart<1 A and B, showing 480 deep-sea· soundings 
I and bottoms, 300 current observations, 17 profiles of sounding lines. 

with temperatnre and velocity of eurrenta. 
14 • Commander J. :&. Bartlett, U. S. N ........................ . Do. 
14 I Hydrographic Office ............................ .. Copy of sailing chart C, showing current and wind obeervatlona, taken 

by CommM1der C. D. Sigebee, U. S. N., assistant Coast and Geodeuo i 
\ 

17 '. Capt. C. A, Abbey. United States Revenue Service 
Survey. 

·I Unfinished chart of the coast of Maine, scale 1-40,000; of Blue Hill, 
with Union River Jlay, and Frenchman's Bay, and apptoaclbee to 

1 Blue Hill Bay, an<l Eggemogin 'Reacb, brought np by hand. 
18 , Lieut. Col. w. P. Craighill, Corps of En¢neera ......... ·· 1 Topography of James River In three sheets: 1. From Richmond to 

: Kingsland Creek, 1878-~79; 2. Kingsland Creek to Jones' N eek, 1877; 

I 3. Jones' Neck to City Point, 1877. 
18 I R. s. Floyd' president Lfok trustees, San FranciB<lo, Ca.I. .. I Geographical position or Mount Hamilton, Cal. 

21 : J. T. Gardner, director New York State Survey, Albany.· 1 Height of Mount Raftnesque &11d Helderberg Stations above the level 
of the ocean. 

31 Lieut. CoL Charles E. plant, Corps of Engineers ...... , .•. 1 Hydrographic survey of Hypocrite Reef, off Damarieootta River, Me. 
2 Mr. William Thompson, presidflllt of the Inland and 8ea- / Tides at Cape Henlopen. 

board Co.,.tlng Company. \ 

'Maj. G. L. GlllAApie, United Stat .. s Engineers ............ \ Bench-marks on Lake Champlain . 

..... . do . . . . . . . . .. . . .. . . . . . .. . . . .. ........................ i Geographical positions in the vicinity of Blirllojtton, Vt., PIAttabnrg, 

I N. Y., Port Henry, N. Y., Swanton, Vt., and Ticonderoga, N. Y. 
H. G. Wright, Chiefof Engineers, U.S. A .................. / Position of intersection of boundary of Millsilllllppi and Lon!siana on 

I the Aast bank of the Mil!8i88ippi River, and geographical position of 
1 Vicksburg. 

Prof.SpencerF. Baird, SecretaryoftheSmithsonianinati-1 Tidal data relating to Wood's Holl, Maas., for nae of United States 
tution. ! Flab Commission. 

Lient. Commander H. H. Gorringe, U.S. N ................ / Shore-line •nrvey of the Colombia River, from near Kalam• to lllOuth 
of Willamette, surveys of 1879-'80. 

13 Theodore :Rogere, esq., New York ........................ i COB&tcbarts Nos. 42and'3, easternandmiddlepartsof Pa.mpl.iooSonnd, 
' N. C., scale 1-80,000, brought up by hand. 

13 R. E. Hancock. New Berne. N. C ...... ". ......... . Do. 

18 Jamee P. Bogart, engineer Connecticut Shell-Fish Com- Four projecti0no, scale 1-20,000, ooaat of Connecticut, with 11~ 
mleeion. reduced thereon. 

20 'Lieut. Col. William P. Craighill, Corpe of Engineers ..•... : Topographical survey of the Jamee River in two sheet., viz; 1. FTOm 

City Point to Sloop Point, mrvey of 1873-'15; 2. l'rolll Sloop Point 

38 Mr. A B. Bill, AMiatant city engineer, New Ha'l'en. Conn. 
to Hog Point, survey of 1873-'75. 

Topographical survey of Conneetieut coast, violnfty of o,.ter Jlhw 
Point, 1837-1872. 
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1882. 

Feb. 25 i Mr. George A. Stockwell, Journal office, Providonoo, R. I.. Predictions of tbe tides for the year 1883 for N owport, R. I., to uae in 

28 J. T. R.R. Carroll, Guilford, Boward County, Md ..... . 
an almanac. 

Magnetic declination in Howard Cmmty, and copy of seoular cha.u&e 
paper. 

Har. 10 G. E. La.dshaw, Pacolott Depot, Spartanburg, S. C ..... Magnetic data for the State of South Carolina. 

April 

13 Charles L. Coxe & Uo., New York ....................... On the lowest tides at New York in February, 1882. 

13 Merritt Trimble, New York .............. . 

15 William H. Power & Co., New York ..... . 

Topographical surw•y of the hea<l of Somes' Sound, Mount Deaert 
Islan<l, Me. 

Unfinished proof of coast chart No. 82, scale 1-80,000, Saint George'• 
Sound and Apa.Jachec Bay, Fla. 

16 Mr. E.B. Freeman, Norfolk, Va .......................... Bydrographic survey southern branch Elizabeth Rh-er, Va., from 
navy.yard to Diamal Swamp Canal, 1872-'73. 

16 James P. Perkins, county surveyor1 .Myers, Fla .........•. Magnetic declination in Monroe County, Fla. 

22 Mr. 0. H. Tripp, civil engineer, Blue Hill, Me.......... Unfinished coost cbart No. 3, scale 1-80,000, Frenchman's and Blue 
Hill Bays, Me. 

2S W, C. Van Bibber, Baltimore, Md ......................... · I Table giving number of miles of tide· water by cmmtiee, Atlantic Ocean 

I coast, Chesapeake Bay and its rivers on both sides, and east bank of 

i Potomac River and it.s branches, with the hou.ndariee of the State of 
' Maryland. 

24 

24 

24 

24 

25 

25 

ao 

1 

3 

' ' 
Ii 

Lient. Col. F. P.errier, Etat .Ma,jor·General Service Geogra. I 
phiqne, France. ] 

Secretary of War ................................. · ...... i 

Topographical survey of Saint Augustine, Fla., and vicinity, to be n8')d 

in connection with Transit of Venus. 

Unfinished proof entranM to San Francieoo Bay, Cal., showing in red 
the changes about Oakland to January, 1882. 

Lieut. Col. W. P. Crai.ghill, Corps of Engineers ............ ; Hydrographic survey of James River, from Day' a Point to Mulberry 
: Point,madeinl871-'72 (l-20,000). 

E. A. Gieeeler, assistant engineer, United States Engineer j Cotidal lines on Atlantic coast of the United States, and corrected 
Office, 1125 Girard street, Philadelphia, Pa. i establishments for Atlantic ports. 

Lient. Cot W. P. Craighill, Corps of Engineers .....•.•.••. ' Hydro graphic snn·ey of James River, from Day's Point to Mulberry 
! Point.made in 1854-'55 (I-20,000). 

S. P. Thompson & Co., Baltimore, Md., at reqneet of Gen· I Twenty.five copies of chart Delaware and Chesapeake Bays No. 376, 
eral Gorman I with proposed routes of Sassafras and Choptank Canal shown in 

. I colors. 

Mr. Theo. Buhlet', Corpus Christi, Tex...... Unfinished proof of coast chart No.109, scale 1-8-0,oOO, Aransas P1111e, 

Araneaa and Copano Bays, Tex., brought up by hand. 
Rev. Sheldon Jackson . . . . . . . .. . . . . ................... ! Hydrographic survey of Harakan Straits, Americmn Bay, Alaska. 

Hr. R. W. Templeman, Baltimore, Md .................... ! Hydrographic survey Curtis Creek, Pat.apsco River, Md. 
0. W. Gray & Son, Philadelphia., p,. .... ~ .. -- ............ : Geographical position• in Dakota Territory. 

Prof. George H.Cook, State Geologist, New Jeroey •...... ! A copy of about forty.five tidal bench-marks on or near the shorea of 

Mr. C. Stoughton, W1111hlngton, D. C ....... . 

M.r. R. A. Bigelow, of Yale Boating Club. 

I
, New Jersey. 

..• -........ , Range of tides at Sandy Hook, for use before the Committee on Com· 
[ merce of the Honse of Representatives. 

· Predicted times of high waters at New London, Conn., fur one week 
i in June, 1883, and one in 1884. 

10 Q. A. Gillmore, Lieutenant Colonel of Engineers, Brevet I Relating to the elevation of the upper portion of Saint John's River, 
MaJor General, U. S. A. : Fla., above the .Atlantic. 

10 J. B. Holbrook, Lebanon, Warren County, Ohio. . . . . . . . . . . Information of annual change of the magnetic declination. 
10 Charles Holmes, East Saginaw, Mich _................... Geojtl'Rphical position and magnetic declination at Saginaw. 
10 , W. D. Dawson, Halifax, Nova Scotia . . . . . . . . . . . . . . . . . . . . Magnetic declination at four stations in Nova Sr,otia. 

11 i Col. William W. Blaekford, L~nchbnrg, Va . . . . . .. .. . . . . Topographical survey vicinity of Norfolk, Va., 1874, acale 1-10,000. 
12 j Lieut. Col. William P. Oraighill, Corps of Engineers ....•. 1 Topographical survey of theJa.mes River, from Hog Point to Newport 

News Point. 

1S Jamee C . .Poat, Captain Engineers, U.S.A............... Tidal bench-marks at the mouth of Sa.int John's River, Fla., and en· 

1 
trance to Cumberland Sound. 

U :R. W. Templeman & Co., 87 Lexington street, BaltimoN, I Topographical enrvey of the shores of Patapaoo River, from Broolt-
Md. : lyn to Curtis Creek, and Furnace Creek, Md. 

11 Capt. J. H. Merryman, United Staie. Revenue Marine .... · I Geographical position of Station West 2, near Long Branob, N. J. 
20 J. R. Proctor, Kentucky G<!ological Survey, Frankfurt, Ky.; Geographical positions determined by the Coa.st and Geodetic Survey 

' In Kentucky. 

22 Hon.WllllMn Lamb, mayor of Norfolk, Va .....•......... ·I Topographical aurvey of 1882 of Lambert Point. Elisabeth River, Va. 
:n Col. WilHam W.Blaekford,Lynchburg,Va .••••••...•••... f Topograp!dcal survey of 1882, country between Fort Norfolk and 

i Tanner'• Creek, Elllabetb River, Va. 

flt C. C. llamnum, ~y 6t law. Pelth Amboy, N. J ........ i Information bearing on magnetic declination. 
ll7 l!'rau ·Jfaekel, civil engiaeer, Kaaeh Ohmik, Pa ..•••••.•.• i Intormatlon about maitnetio declination. 
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1882. 
1 

May 

June 

4 Prof. H. C. Lewis, Philadelphia, Pa .....•............ 
6 E. P. Austin, Roston, computer for alma.na.cs 

10 Mr. Temple, Prince George'• C!lunty, Md . 

' Magnetic dip at Phlladelphia, April, 1882. 
A copy of the tidal predictions for Boston for 1883, for use In making 

a local almanac for Boston. 
Present bearings of some old magnetic boundary lines. 

11 T. C. Brown, county surveyor, Elyria, Otiio .............. ..; Magnetic pamptilet and chart. 
15 G. A. Stockwell, office Providence .Journal, ProYidenee, Latitude and longitude of Providence1 and differenco of time between 

R. I. Washington and Boston, and Washington and Providence. 
17 R. Keith. Easton, Md . A. copy of the tidal predictions for Philrul.elphia for 1883. 
18 ' Maj. Powell, Director Goolugical Survey. . Latitude, longitnde, azimuth, and dist1lnoe, Mount Sha.eta and Las· 

20 ' Alfred P. Boller, civil engineer, 71 BroatlwaJ, N. Y ___ .. 

22 W. W. Phillips, superintendent of construction, Marietta 
and N ort,h Georgia ltailmad, J a.oper, Ga. 

24 A. D. Blackinton, ch·il engineer, Rockland, Me ..... . 

29 G. W. Taylor, Pickens, S. C ............................ .. 

31 CoL William Ludlow, U.S. A., in charge harbor works of 
Delaware River. 

A. Walling, jr., Keyport, N.J ............................. , 

General W. G. Le Due .. 

sen's Butte. 

Survey of the Thame• River, vicinity of New London, Conn. 
Height of station, Grassy Knob, Ga. 

Geographlcal positions and descriptions of four stations, vicinity of 
Rockland, Me. 

List of ele'"ations of prominent places m South Carolina detennined by 
the Coast and Geodetic Snrvey. 

Twenty sheet. of hlank ''forms for reductions of tides No. 1," sent by 
request of Henry Mitchell. 

Topographical surveys of Keyport, N. J., from maps of 1836 and 1856, 

scale 1-10,00-0. 
Tracing of hydrographic reconnaisoanoe, Lower CaJifornia, from San 

Diego Bay tu Point Conoas. 

3 lion. R. L. Gih•on, Hon•e of Repre86ntatives............. Lenl(th of the sea.coast of the United States, including that of Alaska. 
3 G. A. Hines, Brattleboro, Vt............................... Secular change of magnetic declination in vicinity of Brattleboro, Vt. 

J. Tallock, jr., 1Yilliamst<>wn, Mass ...................... , Position a.nd height of Grey look Station. 
Inspector of fifth light-honsl' district. - . - . - . - . _. _. _........ Magnetic declination for st'lventy-six positions in Maryland, Virginia, 

and North Carolina. 
G. E. Waring, Special Agent of the Tenth Census of the Geographical positions of cities and towns determined by the United 

Unite<l State<;, Newport, R. I. States Coast and Geodetic Survey. 
12 Mr. I. M. :Forbes, llost<m, Mass .....•..•........•.......... ' Topographical survey 688t from Santa Barbara, Cal. 

12 Mr. G. A. Horlt·, :Kew York ............................. Unfinished proof of ooaot chart No. 109, Aransas and Copano Bay•, 
Tex., brought up by hand. 

22 H. Poole, 42 West Tupper street, Buffalo, N. Y...... . . . . . . A copy of tide tables for the Atlantic coru.t for 1883. 

23 Mississippi Rh·er Comruission ........ _. - ... ____ ... _ ... _. Seven maps of the Mi88issippi River from head of passes to Donald-

sonville, compiled upon a scale of one inch ro the mile, from the orig· 
inal plane-table sheet. of the United States Coa.st and Geodetic Snr­
veys; also on diagram chart of the above map, scale 1-400,000. 

23 i Capt. J.E .• Touett. r:. S. K., eommandin!l' Unit<ld States Hydrography of Port Royal Bay and Broad River, S. C. 
st.,. .. mer Wyoming. 

29 : H . .M. Stanley, Pro1pect Station, Giles County, Tenn .••... Magnetic declination at Pulaski, Tenn., and annual changes. 
I -------------- ---- ·- ... -·---- ------·-----·· 



 

APPENDIX No. 4. 

DRAWING DIVISION. 

Oha.rts completed or in progress during the year ending ,June 30, 1882. 

1. Topography. 2. Hydrogre;phy. 3. Drawing for photolithographie reproduction. 4. En~ving on stone. 5. Verifying. 
6. New longitnde•. 

Number of 
chart. 

Serlea I Cata- . 
· logue. 

Title of charts. 

! Sailing charts: ATLA~'"ITC COABT. 

Nantucket to Cape Hatteras .... - - ............. . 
Gape Hatteras t<i Mosquito Inlet_ ........ _ ... __ . 

Scale. Draughtsmen. 

1-1, 200, 000 2 ... !.. Liu<lenkohl. 

1-1, 200, 000 ~. A. Lindenkobl. 

Remarks. 

In progre~s. II 
III 
IV 
B 
c 

4 Mosquitolnlett.oKeyWest,withBabaroaBa.nkR 1-1,200,000 2. A..LindenkohL __________ .. 
Do. 
Do. 

Do. 
Do. 

II 
III 
VI 

vn 
VITI 
XIII 
XVI 

6 

3 

20 

21 

19 

25 
28 
31 
36 

5S 
81 

71 
77 
86 

112 

i 
II I 

.... ~~--!' 

............. 

Cape Hattera.s to Key West, with subsketcbes .' 1-1. 200, 000 _ A. Lindenkobl ........................ .. 
Gulf of Mexico........ .. .................... ., 1-1. 200, 000 2. C. Jun ken . .A. Lindenkobl 

General coast charts. Atlantic and Gulf Coasts : 
Cape Ann to Gay Head ............... ---- ....... 1

1 

New position of light vessels New York Harbor.' 
11 Cape Hatteras to Cape Romain .................... ,J 
12 Cape Romain to S&int Mary's Entrance ......... ; 
13 Saint Mary's Entrance to Cape Caiiavoral ... . 
18 Cape San Blas to Mississippi Passes ... . 
21 GalYeston to the Rio Grande ........... . 

376 Delaware and Chesspeake Ba;l'I! .......... . 
676 1 San Francisco to Point Arena ............... - .•. 

Coast charts : 
103 Frenchman's and Blue Hill Bays ..•.. __ ....... . 

120 New York l\ay and Harbor (new position of 

121 

119 

125 

128 
181 
136 

153 
181 

l7l 
1'77 
186 
2Ul 

light..v6'18els). 

S11ndy Hook to Barnegat Inlet {new position of 
light..v688ele). 

Southern eoatlt of Long Island........ . •. 

Delaware Bay and River, middle abeet. ........ . 
Inl.e of Wight to Chincctea.gue Inlet .••...•..... 
Entrance to Cbeoapeake, Hampton Roads, 4<.c .. 
Hagothy River to Head of Bay ................ . 
Winyah Bay to Long Island . • • .. . • . .. ...... _ .. 
Cape Oafl.averal a11d vicinity. .. . .. .. .. .. .. . .. --
Rebeco& Shoal to the Tortugas ................. . 
Ta.m.pe.Bay ................................... . 
Choot.awhatchee Inlet to Pmaacola Entrance .. . 
Rio Grande, northward, to latitude 260 30' .•.••• 

HARBOR CHARTS. 

Peuoncot 11.1.-vw and Delfaat Bay, Me ... _ .......... . 
Blue Rill and Union River Bays, Me .•..... __ .•. __ •. 

Frei>ohU>Ml'll Bay a11d Somes Sound, Mio .• -..•••.• -. 
W ood'a Hole, llall8 _ .. .. •. .. .. .. . . . . . . . ........... . 
~River, Md ............................... . 

1-400,000 2. C.Jnnkeu ...... --··------------ Do. 
1-400, 000 - T. J. O'Sullivan, A. B. Graham .. _.... Do. 
1-400, 000 2. A.. Lindenkob.l . Completed.. 
1-400, 000 2. A. Llndenkobl ..... __ .. .. .. In progress. 
1-400, 000 2. A. Lindenkobl . Completed. 
1-400, 000 l. A.. Lindenkohl .. . .. .. .. .. 11q1rogress. 

1-400, 000 2, 6. C. Junken. 1, 2. A.. Und•nkohl. .. Completed. 
1-400, 000 1. A. Lindenkohl. H. Lindenkohl .. _. - . Iu progress. 
1-200, 000 ; 1. A. Lindenkohl __ . ____ .... _________ . .. Completed. 

1-80, 000 l. 2. A. Lin<lenkol1L 2. E. J. Sommer . . In progress. 

1--&I, 000 - T. J. O'Sullivan. A. B. Graham...... Do. 
• 

1-80, 000 - T. J. O'Sullivan. A. ll. Graham ...... 

1-80, 000 \ 2. A.. Lindenkohl. H. Lindenkohl. L. 

I Karcher. 
1--80, 000 5. C .. Tunken. 2. A. Lindenkohl.. .... .. 
1-80, 000 2. A. Lindenkobl . - .. -.. .. .. . .. ..... .. 
1-89, 000 1. 2. A. Lindenkohl. 2. H. Lindenkohl. 
1--80, 000 2. A. LindenkolLl .. _ ........ . 

1-8(),00() 2. C.Jnnken ........................... ., 

Do. 

Do. 

Do. 
Do. 

Do. 
Do. 
Do. 

1-80, 000 2. A. Llndenkohl ____ .. _ ... __ ... __ .... -: Completoo. 

1-80,000 2. C.Junken ........................... . 
1--81),000 2. C.Jnnken ................ . 

1-80, 000 2. A. Lindenkohl . . . . . . ...•.. 
1-80, 000 1. A. Lindenkohl .... _______ __ 

1-!0,000 5. E.J.Sommer ............... .. 
1-40,000 1. E.J. Sommer ............ : .......... . 
1--40, 000 2. A. Lindenkohl. C .. Tunken __ .... _ -- -

l~, 000 2. C. Junkeo. B.. Llndenkobl ........ . 
1-60, 000 2. A.. Llndeukobl .. - - .. - .. -- - ..... - -- - .. 

Do. 
In progress. 

Do. 
Compleood. 

In progress. 
De. 
Do. 

Do. 
Do . 
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Title of charts. Scale. Draughtemen. Remarks. 

----~---:~~---------------- ------ -
388 

389 

390 

391 

, Potomac River, entrance to Piney Point ___ ... - . 

' Potomac River, Piner Point to Lower Cedar Point 
Potomac River, Lower Cedar Point to Indian Head. 
Potomac River, Indian Head to Georgetown ..... . 
Changes in the Delaware River, between llrides­

bnrg and Kensington. 
Changes in the Delaware Rivei:, between Kensing­

ton and .Kaigbn's Point. 
Changes in the Hele.ware River, between Kaighn's 

Point and Horseshoe Shoal. 
Changea in the Delaware River, between Horseshoe 

Shoal and Fort Miffiin. 
Delaware River, Rom bay Hook to Cherry Island 

Flats. 

1-60, 000 ! 1, 2 . .A... Lindenkohl ..... -............. . 
1-60, ooo 2 . .A. Lindenkohl ..................... .. 
1-60, 000 i 2. A. Lindenkohl ............... .. 
1-4-0, 000 ! 2 . .A... Lindenkohl ......... -...... ·. 
1-10, 000 · 3. E. J. Sommer. T. J. O'Sullivan. H. 

LindsnkohL 
1-10, 000 3. E .. J. Sommer. T . .J. O'Sullivan H. 

Lindenkobl 
1-10, 000 3. E . .J. Sommer. T. J. O'Sullivan. H. 

Lindenkohl. 
1-10, 000 3. E. J. Sommer. T. J. O'Sullivan. H. 

Lindenkohl. 
1-4-0, 000 , 3. A. Lindenkobl. H. Lindenkobl 

In progress. 
Do. 
D ... 
Do. 

Completed. 

Complete<l. 

Delaware River, Cherry Island Flats to Brides burg. 
402d J&mes River, from City l'oint to Kingslan<l Creek .. 

1-4-0, 000 3 . .A... Lindeukobl. B. Lindenkohl .. . Inprogresa. 
1-25, 000 3. H. Llndenkohl . . • . . . . .. . . . . . · ... · · Completed. 

402e Ja.mes River, Kingsland Creek to Richmond ... . 1-25, 000 3. H. Lindenkohl ........ -· ..... · · · ·. · ·' Do. 
ii02e James River, Kingsland Creek to Richmond ...... - . 1-20, 000 1 . .A. Lindenkohl. E . .J. Sommer. .A... i In progreoa. 

447 Saint Simon's Souml, Brunswick Harbor, Ga. ....... . 
B.Grabam. J 

1-40, 000 2. C . .J unken. H. Lindenkohl ......... "'. Do. 
453 Extension of Fernandina Entrance . . . . . . . • . . . . .. . 1-20, 000 2. C . .J unksn. . . .. . . . . . • .. . .. · Do. 
484 , Saint Mark·s River, Fla ............... -............ . 1-20, 000 1. P . .Elichsen .......•... - ... • · · · · · .. · · i Do. 
484 Saint. Mark's River (new hJdrography) ............ [ 1-30, 000 2. C . .Jnnken .................... ···-··-· i 
521 

621 
Pass Cavallo, Tex_ ............................. . 
San Francisco Bay a.nd entrance ........... . 

1-20,000 a. E . .J.Sommer ....................... I Completed. 
1-50, 000 , 2 . .A... Lindenkohl. L. Karcbet'. I. E. i In progress. 

62la Sau Francisco Bay and entrance .............. . 
640 i Columbia River, entrance to Astoria ................ / 

4 64lb ' Columbia Rirnr, Grim'• Island to Kalama .......... i 
6« Budd·s Inlet, Puget Hound .......................... i 

......•......... Re·plotting hydrographic sheet of Newport News ! 

1-40, 000 
1-4-0, 000 
1-4-0, 000 
1-25, 000 

1-10, 000 

J.Sommer. 
1. C . .Junken ........................... -: 

2. C . .Junken ....... · · • .. · • • •· • • · .... · • •· i 
:: ~::."~~~~;.;;:::::::::::: :::::::::-/ 
2. C . .Jnnken ............................ '. 

I 
1 

l'omt. j 
Re-plotting hydrographic sheet of San Pe<lro to 1-lllll, 000 2. C . .Junken ............................ ; 

~~~ I 
MlBCELl...AKEOUS. I 

Drawinll: of leveling instrument and attaehment to ..........•... · P. Eriohsen ............................ . 
dividing machine. .

1 

1 
Diagram cha.rt, Gulf of Mexico and Caribbean Sea. 1-B, OOIJ, 000 ! 3. A. Lindenkohl ........•...•.......••• 

Plan of meridian telescope (Davidson's) ............ 1 .............. ; P. Erichsen ............. ················J 
Current and temperature chart, Alaska Coast ..... · / · ............. ! 3. E. J. Sommer ..... "'_ ................... . 

Triangulation of Mississippi River ................ i .............. / 3. E . .J. Sommer .••..•.....••••.•.•.•••. 
Map of to~ography between Norfolk and Lynn 1 1-25, 000 : 3. T. J. O'Sul!iv .. n .................... . 

Haven River, Va. i 

I 

r· 

Sunken Rocks o1fTimber Gulch and Russian River j' 1-5, 000 ! 3. H. Lindenkohl ...................... . 
Cove, Cal. 

Transcontinental triangulation sketch frow Pacific I 1-2, 000, 000 ; a. T . .J. O'Sullivan. H. Lindenkohl ..... 

coast eas.tward. . . . . : i 
Plan of20-mch theodolite and pnemat1c tranBit ... ·i ............. I P. Erichaen .••.••.•••••••............••. 

1 Diagrams of telegraphic apparatus ................. \ .............. ! 4. H.Llndenkohl ...................... . 
. Yap of Behring Strait . . . . . . . . . . . . . . . . . . . .. ...................... ! 4. H. Lindenkohl.. ...................... ! 

...... : Plan of Fauth's chronograph ..................... ' .............. : P.Erichsen. ··-··· ...................... : 
' Plan of 45 and 46 in eh tranoito ................................ _. i P. Er!cboen .......... _............. . ... : 

I ..... --1·-·· 
i 

....... " ........ j Plan of alt-azimuth and magnetometer ..... '. ........ 1 .............. I P. Erloheen ............... __ ............ : 

· · · · · · · i · · · · - · · · 1 Chart of Washington and Georgetown Har bore ..... ! 1-15, 840 ; 3 . .A. Lindenkohl. H. Lindenlr.ohl ••••. '. 
.. .. • .. : - • - ..... ! Statistics in miles, tidal coast of Mar•· land ...•... _ J ............. : L.,,. ---her i • I , ! ..._....-~ .............................. ! 
..... ···!- ....... , Sketch •bowing position of magnetic statione .....•. ; .............. i L.Xareher ........................ ······' 
. • . .. --1 · ...... " P!&n of new base apparatwl ..••• _ . • . I i P Erlchaen I 
........ 

1 

....... : New bMe map of United States aho~~g··;~~;~-. .. ~~;·~-~-13. T T.O'Sulli ... ~~~········--·-····· ·····1 
··- - _J __ L ~~Fund magnetic ataiu:DB. I ' ' . . ~ - .................. .. 

Completoo. 



 

APPENDIX No. 5. 

ENGRAVING DIVISION. 

Plates cotnpkted, continued, and omnmC'IWed during the year ending June 30, 1882. 

1. Outlines. 2. Topography. 3. Sanding. 4. Lettering. 

Title of plates. 

··--1··-- -------

COMPLETED. 

A.. TLA.NTIC A!fD GULF COASTS. 

10 103ll General coast chart No. 5, Cape Henry I 
' to Cape Lookout. , 

18 1043 : General C0"8t chart No. 13, Cape San 
Blas to :Missil8ippi Passes. 

128 1290 C0"8t ohart No. 28, !&le of Wight to 
Chinooteague Inlet. 

1441 1649 Coaatebart No.441, sheet No. l, Pamlioo : 
Sound, Pamlico River. 

171 1407 C0"8t chart No. 71, Rebecca Shoal to the 
Dry Tortug ..... 

183 1347 Coe.st chart No. 83, Apalaebico!& Bay to : 

Cape San Blas. 

1811 1290 Coast chart No. 86, Cboctawhatchee Jn. 
let to Penaaoola Entrance. 

207 U134 Coa11t chart No.107, MaL&j[orda Bay ..... 

2112 16116 Harbor chart, Mount Desert Island, Me. I 
I 

309 1195 Harbor chart, Eai!t Penobsoot Bay ....... 

311 12511 Harbor chart, Penobl!cot River and Bel-
futBa.y. 

333 823 Harbor chart, Rockport Harbor, l!A88 

385 1126 Ba.rbor chart, Little Captain'• Ieland 
a.ttd Great Captain's Island. 

376 ~ Harborehart, DelawaMand Cheaapea.ke 
Baya. 

401 .. 1445 Elarbor chart, .Tames River No. 1, Hamp-
ton Roads to Polnt of Shea.ls. 

~Olb 1606 Harbor llhart, Jamee River No. 2, Point 1 

401" 114116 
of Shoa!e to Sandy Point. 

Harhorclwt, J-River No. 3, Sandy . 
l>oin$ to Olty Polut. 

Scale. Engravers. 
Date 

: of compJe. 
ti on. 

Remarks. 

1-400, 000 3. H. M. Knight, w . .A.. Thompson. 4. June, 1882 · Edition of 1882. 
E. A. Maeda!, A. Petersen. 

l-400, 000 3. W. A. Thompson. 4. E . .A.. Maedel, June, 1882 First edition. 
E.H.Sipe. 

1-80, 000 3. H. M. Knigbt, W. A. Thompson. 4. : .Mar .. 1882 Edition of 1882. 
E. A. Maede!, J. G. Thompson, W, • 
H. Davis. 

1-80, 000 3. H. M. Knight. 4. T. w ..... erbach, , Aug., 1881, Edition of 1881. 
.A.. C. Ruebsam. 

1-80, 000 3. H. M. Knight, W. A. Thompson. 1. i Mar., 1882 Firet edition. 
E. A. Maedel. J. G. Thompson, A. C. 
Ruebsam. 

1-80, 000 2, 3. W. A. Thompson. 3, 4. J. G. i Jan , 1882 ; First edition. 
Thompson 4. E. A.Maedel, A. C. ! 
RuebSlllll. 

1-80, 000 3. W. A. Thompson. 4. E. A. Maedel, .Tuly, 1881 ' Edition of 188L 
A. Petersen. 

1-80. 000 2, 3. W. A. Thompson. 4. E . .A.. YAedel, ' Mar., 1882, Edition of 1882. 
J. G. Thompson, W. H. Davis. 

1 

I 
1-40, 000 1, 2. W. A. Thompson. 4 . .T. G. Thomp· ' .Tune, 1882 i First edition. 

son. 
1-40, 000 2, 3. W. A. Thompson. 4. E. A. Mae· I JUDe, 1882 First edition. 

de!, J. G. Thompson, W. H. Davis. 
1-40, 000 1. 2, 3. W. A. Thompson. 3 R. F. Apr., 1882 First edition. 

Bartle. 4. E. A. Maeclel, A. Peter­
sen, A. C. Rnebsam. 

1-20, OllO 2, 3. W. A. Thompson. 4. A. C. Rneb· '. .Mar., 11182 R.els8Ued. 
eam. 

1-20, 000 2, 3, 4. E. H. Sipe ...................... Feb., 1882 R<liasued. 

1-400, 000 l, 2, 3. W. A:. Thompson. 4. W. H. May, 1882 Reieaued. 

1-40, 000 

1-40,000 

1-40,000 

Davis. A. C. Rnebsam. 
1, 2, 3. W. A. Thompson. 3. H. M:. Jan., 

Knight. 4. E. A . .llaedel, .T. G. ' 
Thompson. 

2. W. A. Thompson. 4. E. A. Maedel Jan., 
IL M. Knight. 

4. E. A. Haedel, H . .ll. Knight, J. G. 1 .Tan., 
ThomplOll, A:c. &wib8&m.. , 

18821 Flrat edition. 

1882 Fint edition. 
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Title of plates. So.ale. Engravers. 

COMPLETED. 

ATLANTIC .A.ND GULF COABT8-Continued. 

Date 
; of comple· 

tlon. 
Remarlra. 

406 
424 

851 ' Harbor chart, North Landing RiV'er .... : 
1161 , Harbor chart, Cape Fear River Entranoel 

1-40,0-00 4 . .A.C. Ruebsam .......... ....... : .Tune, 1AA'2 i Editionofl882. 
1-30, 000 1, 3. W. A. Thompson. 4, J. G. Thomp- : Apr., 1882' Edition of 1882. 

son, W. H. Davis. 
, I 

-&Joa 1590 

438 12.'13 

447 1155 

453 1673 : 

480 845' 

490 1391 

165.1 

1618 l 

......... ' 1676 

1600 

1663 

·1667 

' 1669 

1661 

i 

Harbor chart, Bull's Bay, S. C . -...... ··I 
Harbor chart, Beaufort River and In-

1

1 

side Pa.sssge, &c, 

Harbor chart, Saint Simon's Sound, ! 
Brunswick Harbor, &c. i 

Harbor chart, l>"ernandina Entrance ... I 
I 

Harbor chart, Cedar Keys, 1''1• - . . II 
Harbor cha.rt, entrance to Pensacola Bay 
Sketch of general pro~rress. ea.st pa.rt. 

Atlantic. I 
Progress sketch, ea.st coast of Florida, 1 

Indian River to Cape Florida. 'I 

Telegraphic longitudes, showing llOil-

nections adj nsted June, 1880. 
Atlantic. Coast Pilot chart, entranoe to i 

Ea.st Penobscot Bay, I 
At.lantio CoMt Pilotcliart.,'.Ca•tine Har­

bor. 
Atlantic Coast Pilot chart, entrance to 

West Penobscot Bay. 

Atlantic Coast Pilot chart. Penobscot 
Bay 1 northern })art. 

Atlantic Coa.•t Pilot view, Rocklaml 
Harbor. 

1-40, 000 3. W. A, Thompson. 4. E, A. Maedel, .Aqg., 1881 ' Edition of 1881. 

A. C. Ruebsam. 
1-40, 000 ~. 4. T. Wa.1!8erhach .....•.......... , ... May, 1882 Edition of 1882. 

1-40,000 3,4. T. Wasserbacb. 4. E.H.Sipe .... ! Mar., 1882 Editionofl882. 

' 1-20, 000 I. H. M. Knight. 2, 3. R. F. Bartle. i June, 1882 : Edition of 1882. 
4. E. A. Maedel. E. H. Sipe, .A. C. 

Rnebsam. 
1-50, 000 i 4. A. C. Ruebaam ............... , Mar., 1882 Reissued. 
1-30,000: 4. T. Wa.sserbach,A.C.l~uebsaru ..... ! June, 1882 Edltionof1882. 

1-li, 000, 000 2. 4. W . .A. Thompson, ,r. G. Thomp· Mar., 1882 

1-200, 000 
son. 4 • .A. Petersen. 

l, 4. W. H. Dam 

' 4. W. H. Davi.. ................ . 

1-80, 000 i 4. E. H. Sipe ............•........ , . 

.Tan., 1882 

Mar., 1882, 

Dec-, 1881: 

1-40, 000 , 4. E. R. Sipe . . . . . . . . .. . . . . . . . . . . . . . . Sept., '1881 1 

i 
1-80, 000 2, 4. E. H. Sipe . . . . . . . .. . . . . . 

1-80, 000 2. W . .A. Thompson. 4. E. H. Sipe. 

4. W. H. Davis ................ .. 

Dec., 1881 i 

Dec., 1881 I 
Sept., 1881 ' 

1637 .Atlantic CoaBt Pilot view, Charleston I 4. W. H. Davis ................ . Dec., 1881 

16.17 

.•••. _i 1678 

······' 1670 
1682 

••••.. : 1683 

•••••• 

1 11184 

...... ! 1685 
I 

1688 

672 11228 
I 877 

654 11104 
....•• / 1654 

.•• ···\ 166'J 

Entrance, &c. i 

.Atlantic Coa.st Pilot view, Charleston i ........ .. 
Harbor, &c. I 

Atlantic Coast Pilot view, White Honse. I ....•...•.. 

Potoma.c River. I 
Topographical specimeu, Nahant, curvea

1 
••••••••. 

Topographical spooimon, Eagle Clift', / · • · - • · · · · · 

curves. I 
Topographical specimen, Robinson's ......... , . 

Mountain, curves. \' 
Topographical •pecimeu, Brown's Monn- ......... . 

tain. onrves. , 
Topographioal specimen, Beach Echo i. -. --.. --.... 

Mountain. 
Topogmphieal •peeimen, He.rper'o Fer· 

ry, upper curves. 

PACIFIC COAST. 

. 4. W. H. navis ............... , .... . Apr., 1882 

4. W.H.DaV'is ....•••.•............ Feb., 1882 

2. H. C. Evans . . . . . . . . . . . . . . . . . . . . . . . . Dec., 1881 
2. H. U. Evans . . . . . . . . . . . . . . . . . . . . . . llfay, 1882 

2. Il. C. Evans ........................ Apr., 1882 

2. H. C. Evans ........................ Jriay, 1882 

1, 2, 3. H. C. EvaDB . . . . . . . . . . . . . . . . . . . May, 1882 

2. H. C. Evan• . . . . . . . . . . . . . . . . . . . . . . • . J" une, 1882 

General C088t chart, Santa Monica to 
Point Conception. 1 

1-200, 000 2. W. A. Thompson. 3. H. M. Knight. .Tune, 1882 First edition. 
4. E, A. Maedel. 

Harbor chart, Petaluma and Napa Creeks! 

Harbor chart, W a.shington Sound and I 
approaches . 

Sketch of general progress, west part, 
Paoifte. 

Topographiea.l specimen, gnlcb uear 

Santa Cm•, Ct.I. 

1-30, 000 1, 3. W. A. Thompson. 4. A. C. Rueb- [ lilar., 1882 Beiu1led. 
Mill. 

1-200,000 1,2. W. A. Thompson. 4. E. H.Sipe .. '. A.ng., 1881 &Issued. 

I 

1-5, 000, 000 2, 3. W. A. Thompson. 2, 4 .• r. G. i Mar., 1882 
Thompson. 

1-10, 000 l, 2, 3. H. C. Evans.... . •.......•...• " Dee., 1881 



 

UNfTED STATES COAST AND G-EODE1'IC SURVEY . 

.APPENDIX No . .'°'l-Continue<l. 

CRta-' : 
lol!:Ue'Plate 
ilo. No. , Title of plates. 

COMPLETED. 

PACIFH' COA8'1'-Contiuue-d. 

1662' Topographical specimen, ~ulch iwar 
Santa Cruz, CaJ., curves. 

Hl71 i TopogTaphical specimen, Tl1e 
1 Oreg. 

Dalles. 

167~ Topogr•phical specimen. The lJalles. 
0I"eg., eurYee . 

..... . : 1687 Topographical •pecimen, Cape Di••p­
pointment, curves. 

11 . ' 
21 

CONTINUED. 

1429 ; General CQast.chart X o. 6, Cape Hatteras ' 

, to Cape Romain. 
14.1)6 

1

1 Ge-neraleoa.stchart No. 8, Saint Mary·~, ) 

I entrance to Cape Canaveral. 
1()90 I, General coast chart No. 16, (;-ah'eRton to 1 

the Rio Grande. 
103 1113 

1

1 Coast chart No. a; 1"irenl'!mian ·s aml Blnc . 

142 

143 

Hill Bays. 

1272 : Coast chart No. 42, Pamplico Soun<I, Ro- : 
\ anoke Island to Hateras Iulet. 

ll90 j Coast chart lfo. 43, Pamplico Sound, 
Ocraooke Inlet to month of Pamplico 
River. 

Jr>3 i 1ri-03 i Coaatchart No. 5.1, Winyah Bay to Long I 
'1 loland. ': 

158 1234 : Coast, cha1t No. 58, from Saint. Mory'• ! 
Entrance southward. latitude 30° 

north. 
1"9 1411 Coast chart No. 59, Saint Augu•tine fo. 

161 

175 

181 

182 

184 

18.5 

192 

195 

204 
209 

306 

8117 

308 

62le1 

let to Halifax River. 
1002 Coast chart, No. 61, Mosquit-0 Lagoon to ' 

I C1>pP. Canaveral. 
1()113 / Coast chart No. 75. Charlotte Harbor._. 

1400 Const chart No. 81, Apalachee Ray ... 
1447 Coast chart No. 82, Apal&ehoo Ba~· and '. 

Saint George's Sound. 
1601 Coa•t charl No. 84, Saint Joseph's Bay ; 

to Saiut Andrew's Bay. 
1498 Coast chart No. 85, Saint Andrew's Bay 1

, 

to Choctawbatch.,., Gulch. 
1537 Coaat chart 'No. 92, Chandelenr and I.le 

Breton Sonnds. 
1314 Coast chart No. 95, Mi88issippi River, 

from the forts to New Orleans. 
1316 C....,.t cbArt No. lM, GalvB11ton Bay ... 
1248 Coastcbart No.109, Aranaa& P~ Aran-

...., and Copa.no Bays. 
1186 Harbor chart, Frenchman's 

Somes Sound. 

ll8l'J Harborcbart, Blne Hilland llnlon River 
flays. 

me Harbor chart, approowheo to Blue HUl 
'Bay, kc. 

1!!32 Harbor &hart, San ll'rudl!W Bay, en· 
trance. 

S.E.x. 77--12 

Scalt. Engrave11'.. 

1-10.000 2. n.c.E,•,ms ··-··--·-· 

1-lU, 000 1, 2, 3. tfo~epb C. Loo ................. . 

1-10, (llJO 2. Jo..,p!J C. Lee ....•. 

Dato 
ofcomplt·­

tion, 

!Jee, 1881 · 

Doc., JR~l 

1-10.000 2. R.C.E.-ans ·-·------·-····--··--·--.June, 1882 

1-400, 000 1, 2. 3. W. A. Thompson. 4. J. G. 

Tbolllp•on . 
1-400, 000 3. W. A. Thom11son. 4. E. A . .Mae<ld. 

A.J>t.'t.er~n. 

1-llJO,()(l(J I. W.A. Thompson. 4. A. Petersen .. ·-·········· 

I-SU, OOll :!. W. A. Thompson. 3. H. M. Knight. 
4. E. A. MaedeL J. G. Thompson, F. 
Courtenay. 

1-l\0, 1)0-0 

1-84). 00(1 

2. V\"", A.. Tl1ompson. 3. }'. 'V. Benner. 
4. E.A. Maedel, James J,ongbreIL 

3. E'. W. Benner. 4. E. A. Macdel. 

A. C. Ruebsam. 

1-80,000 2. A.Sengteller. 4. F.Conrtenay ..•. :·-----·-··-·: 

1-80, 000 2, 3. W. A. Thompson. 4. E. A. Mae· 

deL A. Petersen, A. C. Ruebsam. 

1-8(),000 2. W.A.Thompson. 4. A.Petersen .. ·---·-·-· 

1-80, 000 

1-8(), 000 

4. William'B.Cragg, 10:.R.Si'f"'.·----· 

I, 2. W. A. Thompson. 4. A. Peter­
sen. 

l-84l, 000 4. E.A. Mae.tel, W. H. Davis ............... . 
1-86, 000 1, 2. W. A. Thompson. 4. A. c. Ruel•- :-- _ ... 

1-80, 000 

l..SO, 000 

sam. 
' ' 

4. F. Courtenay·-. - .. -- .. ·-·-···---···'.--·· · · -··· -· i 
I 

: I 
4. E. li. Sipe ... -.•... _ •. --_ •• _. _ - .. -- .1 •• - •••••• - --'. 

1-80,000 3. H.M.KnighL ...........•...••.... ·---·--·---·' 

1-BO, ooo 2- A. Sengteller _ ..... _ ........... -- ._ 

l-l!0,000 3 . .I". W.Benner. 4. E. A . .MIMldel •••. \ •••••• ··-·--" 

1-80,000 3. F. W.Benner ...•...•..••.......•... \ ••••••..•... : 

i 
1-40,000 l, 2. W • .A. Thompson, R. F. :Bartle./----···--·--' 

3. H. C. Evans. 4. A. Petel'86n, E. : 
H.Slpe. ' 

1-40. 000 l, 2, a. R. C. Evans. 2. W, A. Tbomp- ',. - -•... - ..•. , 
aon. 4. A.. Petersen, J. G. Thomp- ! 
BOD.. t 

1-40,000 t, l. J. G. Thompeon. 2. R. F.Bartle •. 1-. .... ·-----
! 

1-40,000 2,3. R.14.KJ>ight 4. E.A.lbedel, 1 •••••••••••. 
I 

A. l'etel'86n. 

89 

ltt"mark::-t. 
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Li33 

1653 

168G 

1664 

16i9 
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16G:I 

166~ 

1669 

1661 

APPENDIX No. 5-Continued. 

Titll' of tilate8. 

CONTINVE!l. 

PA('U'IC' C'OAST-Coutinuod. 

1-Iarl'°r l'bart, Columbia Hiver Xo. 4 .... 

COMMENCED. 

Sailin~ .. hart. Golf of Mexico 

IlarhM· chart. Mouut Desert ]~l:irnl 

Harbor l'l1art, Jame~ River ~o. 4, City 

Point t<i Kingsland Creek. 
Harbor ehart, Jamf\H River No. 5, 'King:i­

laml Crt-ek to Richmoud. 

Atlantk Coast Pilot rbart, t>utrarn·1' 1.0 
East l'cnuhseot Bay. 

Atlantic Coast Pilot chart, Ca.tine Hi>r­
bor. 

.Atlantic Coast Pilot chart, e11tranc1• to 
'\Vei!t Penobscot llay. 

.Atlantic Coast Pilot chart, }lenobscot 
Ba)', northern JJart. 

Atlantic Coast Pilot Yiew, Rockland 

I llarbor. 

Scale. 

l-40, 000 2. R. F. llartle. 4. E. A. Mat>dd, A. 

Pe.terHen. 

1-2, 10-0. 000 !. J. G. Thompson ................... ., 
' 

1-40. 000 1. 2. ,, .... A. 'l'hompson. 1. J. ll. Ttwmp­

son. 

1-~0. 000 1, 2. J. Enthotfer. 
4. A. Petersen. 

1-30. 000 1, 2. J. Entlwffer. 

I-BO, 000 4. E. lI. Sipe .... 

3. 11. M. Kni:rht. 

4. A. C. Hueh~am .. 

l-40, 000 4. E. 1l. 8ipP ............. - - .. - ..... .. 

1-80, 000 2, 4. E. ll. Si]_,e . - .. 

1-80, 000 4. E.H.Sipe 

1 4 W. ll. DaYis i • 

Dat(~ 

of complt"­
tiou. 

1678 : Atlantic Coast Pilot view, White Hou•e. 4. W.H.DaYi8 ................................ . 

Potomac Rivtir. 
1670 1 'l~opographical specimen. Nahant, curves .............. :!. H. C. Evans .... --
1682 i Topogra1>hical spcdnrnn. Eagle Cliff, .... _ .. __ .. _.. 2. H. C. Evans 

curves. 
1683 Topographical spl"cimen, Robinson's 

Mountain, curves. 
l&W Topographic·al speeimeni Browu 'N 

Mountain! curves. 
168;"1 Topographical ~pecimtm, Beach lkl10 

Mountain. 
1688 ' Topographical specilllell, Harper.-s Fer-

ry, upper curve~. 
16i6 i Telegraphic longitudes, diagrams •how. 

ing connections, adjnstetl Junt<i. 1880. 
100'.:! Topogra11hical specimen, gulch neer 

Santa Cruz, Cal. 
Hi62', Topographical specimen. gufoh m"ar ..... . 

' Santa Cruz, Cal., cnTYes. 
1671 : Topogra1ihic.al Rpecirnen, ThP J)alles, 

2. II. C. Evans 

2. H. C. EYan~ 

1, 2, 3. II. C. Evans 

2. H. C. Rvans ... 

4. \\'.II. Davi• ................................... . 

i 1,2,~t H.C.l~vauR._ .. 

2. H. C. EYans ......... .. 

l l, 2, 3. Jo~tph C. Lee ............... . 

I 
Ore:r. 

167~ 
1 

Topof?:rapl1kal ~1wcimeu, T1rn Daile~. . ........... : 2. Joseph C. Lee .......... _ .. _ 

j ()reg.i curves. i 
1687 i Topographical specimen. Capt· Disap- L............. 2. H. C. E\'ans 

I poiutment, curve•. I r 

1600 , Topogra11hical specimen, view between 1-- ............ I .T. It. Barker. 
I }'alien Leaf and Little Tntckee Val- [ 

j ley, Cal. I i 
1691 I Topographical specimen, view of the .. - - . - .... - .•. i J. r~ Barker ..... -- . - .. i .• -.. 

Dallea, Oreg. [ i 

]fomarkA. 

I 
I I : 

1665 Alaska Coast Pilot view, Point Rose, 1 ·..... .. .. .. . . J. R. Barker. . • .. . .. .. .. . .. .. .. , ............ 
1

: 

North Point. &c. [ 1 1 

·--'----'----- ·------'---·------ ______________ l_ ___ '---··-------·-
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Standard printing plate.~ having received additions and correction.~ fruui Jul.If l, 1881, to .Tune 30, 1882. 

Cata- Plate 
I~~~ :No. 

Title of plaws. 

B.AILIXH CHARTS, ATLA:'.\TH' COAST. 

Scale. 
Date of!ast Aids to na.,i­
corrcction. ~:~~d ~ 

A 1357 Sailingchart.A,CapeSabletoCapeHatte1'Hs, upper.............................. 1-1,2()(1,0()(1 May 10,1882 1882. 
A 1367 ; Sailing chart .A, Cape Sable to Cape Hatt em., lowe1· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1, 200, 000 : May 10, 1882 1882. 

B 1642 'SailingchartB,CapeHat.teraatoJ\.eyWest.,upper ..........................•.•...... 1-1,200,000 ,June. 1882 1882. 
B , 1643 'SallingchartB,CapeHatt;·raHtoKcyWest,lower .................................... 1 1-1,200,000 .June, 1882 1882. 

.'> 

c 
c 
c 
c 

6a 

1453 'SailingcbartNo.5,KeyWesttotbeRioGrande,<'a•t ................................ 1-1.200,000 Mar .. 1882 1882. 
1451 

1453 
Hi17 

' 1600 
159F 

1635 
1242 

1392 

: Sailing chart No. 5, Key ''rest to the Rio Grn.nde, '\Vf'Rt •••••• -·. - - • •• • • •• • • • • • • • • • • • • • . 1-1, 200, 000 : Mar., 1B82 1882. 

SailingchartC,GulfofMexico,east...... ................................... 1-1,200,000 Jan., JSR'.! 1881. 
Sailing C'hart C, Gulf of Mexico, we.st. 

Sailing cba:rt C1 Gulf of llexico, west_ .................. __ ..... -..................... . 

Sailing rhart. C, Gulf of }fexieo, east 

(;ENXUAL COAST CIIAH'f8, A'J'L.'\STH' CO.\l"T. 

General <~oast chart No. l, Isle au Haut to Cape Cod, west.-----· ............... . 
General ooast chart No. 2, Cape .Ann to Gay Head .................................... , 

General coast chart No. 3, flay Hood to Cape Henlopm ........... . 

1-1, ~'00, 000 ' Jan., 

1-1, 200, 000 ', Jan .. 

1-1, 200, 000 ,Jan .. 

1--400, 000 July, 

1-400, 000 .Aug .. 

1--400, 000 Oct., 

188'2 ' 1881. 

18'<2 1881. 
188~ 1881. 

1881 , 1881. 
1881 1880 . 
1881 1881. 

118:-J . General coast. chart No. 4, Cape May to Cape Henry ...... _ ........ . 1--400, 000 May, 1882 i 1882. 
12 1350 : General ooas;t chart No. 7, r.apP- Romain to Saint llu·.r·'"- <•ntranN" .... . 1-400, 000 Dec., 1881 1881. 
15 1081 . General coast chart Nu.10, Straits of Florida ....................... . l--400, 000 .Apr., 1882 1881. 

C0A8T CHARTt'1 ATLANT1C' COAST. 

104 1658 Coast ~.-hart No. 4, Penobscot Bay ....•........ ·--- ...•.•..................... 1-80, 000 JunP, 1882 1882. 
105 1249 Coast chart No. 5, Penobscot Bay to ]{Am1PhP.f'. entra.nel' 1-80, 000 June, 1882; 1881. 
107 1271 Coast. chart No. 7, Seguin I.laud tu Kennebunkport, .... 1-80, 000 May, 1882 1882. 
108 1201 Coast. chart No. 8, "'ells to Cape Ann .............................. 1-80, 000 May, 1882 1882. 
]Oil 1181 Coast. chart No. 9. Boston Hal"l>0r and approad1es ............................... 1-80, 000 Apr., 1882 1882. 

1ll H02 Coast chart No.11, M:onomoy ancl Nantucket Shoals, &c .............. 1-80. 000 May, 1882 1882. 
112 1054 Coast chart No.12, Mn•bget Channel to Buzz1ml'• "Bay .............. 1-80, 000 Apr .. 1882 188:!. 
113 1677 Coast chart No.13, Cnttyhunk to Blm•k l•lantl. &t· ···-····--- ·-··· 1-80, 000 • June, 1882 1882 . 
114 1363 Coast chart:Xo.14, Point Juditlt and Block Island to Plum !~land .. 1-80. 000 Ma~·. 1882 1~82. 

ll5 1419 Coast chart No.15, Plum Island to Welch's Point ................... ··········------- 1-80, 000 June, 1882 1882. 
116 1473 Coast chart No.16, l\'elch"s Poiut !<> N~w Yol'k .....•............. 1-80,000 May, 1882 188~. 

119 866 Coast cl1art No.19, Great South Bay. Fire IslaD<l, &c ....•.... ...... 1-80, 000 Oct., 1881 1878. 

' 
: 

120 1404 Coast chart No. 20, New York Day and Harbor ...... ........... .... ·-----······ 1-80, 000 ·June, 1882 1882. 
121 1535 ! Coast chart No. 21, Sand~· Hook to Barnegat Inlet ··········--· ·················· 1-80,000 Jan., 1882' 1882. 
122 1536 i Coaat cl1art No. 22, Barnegat Inlet to Absecou Inlet ·-··············-·····-··········· 1-80, 000 July. 1881 1879. 
124 1610 i Coast chart No. 24, Delawure em.ranee ............ ······-···-·········-··-·····--·-- 1-SO. 000 .Apr., 1882: 1882. 
125 1611 I Coast chart Nu.25, part of Delaware Bay and Uiver ................... _ .............. 1-80, 000 'Nov., 1881 1881. I 

126 1614 I Coast chart No. 26, Delaware River, Port Penn to Treuton l-80, 000 Mtty, 1882 1882. ··············------········ 
127 1200 1 Coaat chart No. 27, Cape May to Isle of Wight ...............................•........ 1-80, 000 Nov. 1881 1•80. 
128 1230 I Coast chart No. 28, Isle of Wight t-0 Chincoteague Inkt ............................... 1-80, 000 Jum-,1 1882 1882. 
129 1286 Coast chart No. 29, Chincotfll\gn• Inlet to Hog Island ..•.•.....................•..... 1-80, 000 June, 1882 1880. 
131 1219 COW!t chart No. 31, entrance to Chesapeake, Hampton Road•. &c .........•............ 1-80, 000 Feh., 1882: 1882. 
132 1211 Coast chart No. 32, York River to Pocamoke Sound ................................... l-80,()(l() ·May, 1882 1881. 
133 1222 Coast chart No. 38, Pooornoke Sound to Potomac Ri\'er ...... .... ------ ······ l...SO,OOtl Sept., 1881 : 1880. 
134 1227 Coast chart No 34, Potomac River to Chopt'ink Rh-er ··-·······················-··-·· 1-80, 000 Dec., 1881 1881. 
H6 1205 Coa•t chart No. 36, Magothy River to H<>a<I of lla~· ....... . - - .......... -. -- -...... ~ --. - l-80, 000 'Junt', 1~82 1881. 
138 1.(35 C0&8t r.ha.rt. No. 3~. Currituck Beach to Or~~~m Inlet, ····················· !-AA. 000 'Jan., 1~2: 1R8~. 
139 1675 CoMt chart, No. 39, Oregon Inlet t-0 Ca1"' Hatt ems ....... l-80,000 .Jan., ll'S'J: 1882. 
HO 800 CoMt chart No. •o, A.tla.ntic Oe~.an fo Pasquotank Ri.,or. ............ 1-80, 000 ·-·-·······--·---·-·· 
104 1176 Coast chart No. 54, J,ong Island t.o Hunting Island. ········-·- 1-80,000 ~ov., 1881' 1R81. 
155 1353 Coaet ohru:t No. 55, Hnntiug 18.lautl to O•sab .. w Islail<l ...•.................•.......... 1-80, 000 ~ran., 1882: 1881. 
JM! 1341 Coast cha.rt No. 56, Savannah River to S..pelo Islantl ........ _ .......•.......... - .•.... 1-80,000 Jnl~', 1881: 1~81. 
157 1346 C<ia.et chart No. 57, Sapelo 18.land to Amell& Isl&ml. .•....•.•.........•.....•.•••.••••. , 1-80,000 Apr., 1882 1882. 

·~ 881 Cout ohart No. 66, Key Biile.ayne to Carysfort Roof .... _ ... ... --·-- ···--·-·-···-·- 1-80,000 Mar., 1882 1881. 
168 1100 Coast <>hart No. 68, Long Key t-0 Newfount! Ilarbor Key ...........•...•...•••..•... ···, 1-80, 000 .roly, 1881 1881. 
183 1681 Coast chart No. 83, Apalaobioola Bay to Cape San Blas·---· ---------·-····-·········· 1-80 000 .A.pr., 1882 1882 . 
188 1158 Coaet chart No. 88, Mobile Bay, .A.la ...•.•..•••••.••••...........•............•.••..... 1-80, 000 Doo., 1881 1881. 
1811 842 Coo.at chart No. 89, llon Secours Bay to Round IRiand ..............• _ ... ____ .......••. 1-80,000 Apr., 1882 1881. 
100 1052 .Coaat chart :N'o.1IO, Round lllland to SaintJoaeph's Iidand .•• ....................................... 1 1-80,000 June, 1882 1882. 
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APPENDIX No. Ii-Continued. 

Title of plates. 

Coal"lt chart No. 94. Mississippi RiVt:>l", from the raaaes to Nt-w Orlt'aUH 

Harhor l~hart, Moose 8 }J(>c-Reach ........................... - . . .... -.... - . -
llarbor chart, Fox Islands Thoroughfare .. .. .. .. . . . . .. . . .. • . . ... . .. ......... · ... ·. · 

Harbor chart, Damariecotta and Medomak Ri-..erR ............•.•.....•.. 
314 1112 Harhor chart, Keunel)ec a11d SheepRCot RiYers ......... . 

315 1204 Harbor chart, C&!'co Bay ....................................... . 

321 1015 Harbor chart, Cam<len and Ro{lkpcrt Harbors ..•. - ........ - - . - -· - ..... - - - --- - - - · - -- - -· 
320 1174 · Harbor chart. Portland Harbor .................................................... .. 
329 1379: Harborchart,Purt.smouthHarbor ................................................ . 

334 850 Harbor chart, Glouce.t.er Harbor .............................................. .. 
335 1328 Ilarhor chnrt, Salem Harl.tor .............•......••..................... -· - ... . 

337 1184 Harbor chart, &Rion Harbor ................................ . 
338 1326 Harhor cha.rt, Plymouth, Kingston. and Duxbury Harbors .. . 

319 8i8 Harbor chart, Barnstable Harbor ....................................... .. 

H60 Harllor "hart .. M11Rkeget ChaunC'l .......... --- -----· ..... . 
7i9 Harbor chart,, Woml~ Hol~ Harbor ........•....••.•....... 

1344 

1~41 

Harbor diarl, Ne-w ne•lfonl Harbor .......................... . 

Harl>or chart, Narragansett Bay, 11p{lf't' .•••••.•.••..••••• -·-·· 

3tJ .. 'l ! 1240 Harbor t."h:ut, Narragansett Bay, lower ____ ...... . 

;i;,9 849 Harbor chart, New London Harbor ........ . 

361.1 i lf>44 

:•m 1214 

:167 162 

;169 1268 

:!69 1266 
369a la04 

370 10:14 

Harbor ehart, Month of Connecticut Rh·er .. 

Harbor chart., Hart and City Island•, &c ........... .. 
Harbor chart, Oy1..t{'lr or Sso~~et. Ray .. 

Harbor chart, New York Bay and Harhor, upper .. 
Harbor chart, New York llay an<l Ha.rbor, lower ..... 

Harbor cha.rt, New York entrance ...•.•. ·····-···---·· ....... . 
Harbor cha.rt, Hndson Uiver, New Y01·k to Haverotraw ....................... .. 

:no 4;,.1 Harlwr cha.rt, Uelaware au1l Chesa11eake Ra.p~ ....................... . 

:i~:: 127f, Ha.rborchart,Mout.li of ('heewrnher ......................... __ _ 

:184 1620 '. llar\Jor <'hart, p,.fopot·o Jtlvor "nd BaWm1o1·• Harbor ...... , ..•.. , ..... 

:JR:i 1452 HILrbor chart, Auuapoli" Harbor ........................ . 

:J86 784 \ Harhor cha.rt,, Pa.tnxent Rh-er, Md. -..•................................. _ 

388 1135 i Barbor chart., Pot-0mac River S"o. 1, entrance up to Pines Point . 
389 1171 ! Harbor chart, Pot-Omac River No. 2, Piney Point to Lower Cedar Point ... _ . 

;190 114~ · Barbor chart, Potomac River No. 3, Lower Cedar Point t-0 Indian Head . . . . . . . .. 
391 i 1319 : Harbor cbait,, Potoma-0 River No. 4, Indian Read to Georgetown ................. . 

3lIB ' 987 i Harbor chart, York River, sheet 1,entrance to Kini!'• Creek ...................... . 

399 77!; · Harbor chart,, York River,sheet2,King'e Crook to West Point .................. .. 

403 953 Harbor cbart, Hampton Road• aod Eliza both River....... .. .. . . . . . . • ................ . 

410 

419 

422 

431 

l105 Harbor chart, port or New Berne ...................................... .. 
1023 Harbor cbart, Cap<' Lookout Shoals ...................................... . 
375 Barbor cha1t,New River and Bar ..................................... .. 

1192 Harbor cha.rt, Charle•ton Harbor .. . .. . .. . .. .. .. .. . .. .. .. .. . .. .. . . .. .. .. 
434 868 : Harbor cha.rt, Nortl1 E<lioto River ...................................... .. 

436 1 1140 · Harlior chart, Saint Helena Sound . . .. . . .. . . . . . .. .. .. . .. .. . . . . .. . . .. .. .... .. 
• I 

437 ) 132.Q ' liarlJor chart, Whale Drand1, im;idP passage betwepn Coosaw and Broad Rivers. 

440 1 1070 Harborchart,Suva.nnabRiveraml "\\ra~saw Sound................................ , 
441 ! W8 Hatbor chart,OR•aba.w Souml. ........................................................ ' 

4-13 i 1295 
444 '. 00! 

446 ' 1312 
448 I 1298 

453 ~ 128M 

™ 663 
455 991 
471a' 14i5 

477 1400 
1149 

l~ 

l~l 

1336 
1337 

Ilarbor cbart, Saint Catl1arine·• Sound ............. . 
Harbor chart, Sapelo Sound . . .. .. .. . .. . .. . .. . . . .. .. . .. . .. .. . . ..................... ,. 

Harbor chart, Doboy and Alt&mal1a Sonnde ......................................... ' 
Harbor chart, Saint Andrew's Sound .. _ .... _ .................... _ .... __ 

Harbor chart, Saint Mar.v'• River and Fernandina Harbor .......................... ; 
Harbor cbart, Saint John'• River No. I, •ntranoe to Brown's Creek .................. .. 

Barbor chart, Saint John's River No. 2, Brown's Creek to Jackl!Onville ............... . 
Ht.rbor chart-, Tortugaa Harbor aml approaches .................................. . 
Harbor chart, entrance t-0 Tampa Bay....... . . . .. .. . . . .. . . . . . . . . .. . . .. . .. . .. . .. .... .' 
Harbor chart,Galve•toneat,.,.nce, TexM ........................................... . 

liarbor chart, Lake Champlain No. I, Rouae'a Point w C11mberland Bea<! ............. , 
Harbor chart, Lake Cbam1ilain No. 2, CumlJerlarul Head to I..igonier Point ........... . 

Harbor chart, Lake Champlain No. 3, Lirooi6r Poiot'to Cole's Bay .................... '. 
Harbor chart, Lake Champlain No. 4, Cole'• Bay to Whitehall ......................... ; 

~ .. :ale. Uat<i of la~t 
correct ion. 

Aids to na"\"'i­
gation COT· 
recWdto-

1-l'O, 000 Jun~. 

1-40, 000 : "'')lt .. , 
1-20, 000 i July, 

1-40, 00-0 ! Feb., 

1-40,000 Mar.. 

1-40, 000 June, 
1-20, 000 Nol"., 

1-20, ooo , Jan., 
1-20, 000 Jan., 

1-20, ooo ! June, 
1-25, 000 i Mar., 

1-40, 000 : June, 
1, 40, 000 

1 

Fdi., 

1-2-0, 000 ! llfay, 

1-60, 000 : A pr., 

1-20, 000 [Jan., 
1-40, ooo 

1

.r an., 
1-40, 000 . Nov., 
1-40, 000 ' Nov., 
1-20, 000 Nor., 

1-20, 000 June, 
1-20, 000 Mar., 

l-30, IJOO Jan., 
1-40, 000 June, 

1-40, ooo June, 

1-40, 000 :Ma.v, 

1-60, 000 .June, 
1-400, (l(IO ' May, 

1-40, ooo Peh.. 

1-60, 000 Apr.1 

l-60, 000 , Jan., 
1-60, 000 . June, 

1, 60, 000 : :May, 
1, 60, 000 ' May, 

1-60, 000 : May, 

1, 40, 000 Nov., 

1-60, 000 Oct., 

1-60, 000 Oct., 

1-40, 000 Dec., 
1-40, 000 i Jan .. 
1-80, 000 : June, 

I 
1-lii, 000 1 Jane, 

1-30, 000 Jan., 
1-50, 000 July, 
1-40, 000 . Feb., 

1, 40, 000 Jan., 
1-40, 000 Sept., 
1-30, 000 Ap1·., 

1, 40, 000 Oct., 
1-30, 000 Mar., 

1-40, 000 June, 
1-40, 000 Oct., 

1-20, 000 A pr., 

1-25, 000 May, 

1-25, 000 ; May, 

1-40, 000 Nov., 

1-40, 000 Jan. 
1-40, 000 Nov., 

1-50, 000 Feb., 
1~'111, 000 Feb., 

1-50~ 000 Feb., 
1-50, 000 Feb., 

1882 1882. 

1881 1881. 

1881 1881. 

1882 1881. 

1882 1881. 

18152 1882. 

1881 1881. 

1882 188:!, 

1882 1882. 

1882 1882. 

1882 1882. 

1882 1882. 
1882 1882. 

1882 1882. 

1882 1882. 
1882 1882. 

1882 1882. 

1881 1881. 

1881 1881. 

1881 1881. 
1882 1882. 
1882; 188'.!. 

1882 1882. 
1882' 1882. 

1882: 1882. 
188'J 1882. 

1882 I 1882. 

1882 I 1882. 

1882: 1881. 
1882' 1882. 

1882 : 1882. 

1882 1882. 
' 1882 1881. 

1882 1881. 

1882 1881. 

1881 11'81. 

1881 : 1881. 

1881 1881. 

1881 1881. 

1882 1882. 

1882 1882. 

1882 1882. 

1882 1881. 
1881 1881. 

1882 1881. 

1882 1882. 
1881 ]881. 

1882 1882. 

1881 1881. 
1882 11!82. 

1882 1882. 
1881 1881. 
1882 1881, 

1882 18 2. 

1882 1882. 
1881 1880. 
1882 1881. 
1881 1880. 

1882 U!8t. 
1882 1882. 
1882 1882. 
1882. 1882. 
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Cata- i J'l&te 
l~e. No.' 

APPENDIX No. 5-Uontinuell. 

Title of plates. 

f!Ol 1096, Sailing- chart, San IHeA"o to ~an .Francisco.··-····--·................. . ............ . 

602 435 , Sailing chart, San Franci•co to Umpqnab RiYeI'-.............. . ............... _ 

603 650 : Sailing cha.rt, Umpqmth Hiver to NorthweRtern bonntlary 

675 1064 : General coast chart, Point Pino• to Botleµ;a Bead ..... 
620 I 142 Harbor chart., Half-Moon Ras. 

621 818 : Harbor <·hart, entrance to Sau FranciRCo Bay 

ti22 1074 : Harbor cha1-t, San Franci•co Ba~-, u11pe1· 
623 1006 Harbor chart, San Pablo Tut~- . .. . .. ....... 

624 877: Harbor chart, Petaluma and Na.pa<:reelt~. 
628 1179 : Harbor cliart, Sim :PranciRCo Peuinsula 

633 1264 Hat·bor chart, Trinhle<l Harbor 
637 1107 Harbor chart, Koos Ba,r, Or.)!;OD 
640 1245 _ Harbor chart, Columbia !liver No. 4. 
654 , 1104 ! Harbor cbm·t, Washington Sound and approaches 

662 · 1144 Harbor chart, Puget Rouml .................... .. 

l'KOGRESB 8KETCHEB. 

...... 1655 

...... 
1 1654 

Sketch of general 1nogr~ss, eaRf.ern shePt, Atlantic ...... . 
Skekh of general p1·0,gt·t·ss, western sheet, Pacific ........... . 

53 Progress sketch sbowln.~ the onrvey in Section 1. ................................... . 

... . ' 1055 

...... : 1650 

...... ! 1359 

\ 161€ 

1269 

567 

Prima.rs triangulation bet.wt·en Long Island antl the Blue Ridge. 
I>rim&ry trianj!'ulatmn between the Maryland an1l Gr-orgia hase linef' . _ .............. . 

ProgresR sketch, Section 6, east coa~t. ()f .Plorida. Halifax River to CaJtt' <JanaYf'TaL 

Progre•• sketch, Rection 6, east <'0"81· of Florida, Indian Rinr to Cape .Flori<la .... . 
Progress sketch, Seetion 6, west coast of Florida, Tampa llay, and vicinitr ........... . 
Sketch Rbowing the pro~rresi.i of Uw sm·vf':~- in 8ection 8, Alahama. MiAAiR~ippi. antl 

Louisiana. 

:Sket-0h showing tlte prog'""" oft.he survAy in Rection 9, Texa• ............. . 
. 569 ' Sketch showing the progrf'oSA of the survey in Section I 0, f1'i>rn San llie_!!O to Point Sal 

------1 1368 Goodetic conneetion of the Atlantic ancl Pacific coast triangulation, Missouri and 

I Illinoi•. 

I 

~cale. Date of last \ Aidstonavi-
correction. I gation cor-

: rected t{)-

1-1, 200, 000 Feb., 1882 1880. 

1-1, 200, 000 May, 1882 1882. 

1-1, 200, 000 Apr., 1882 1882. 

1-200, 000 Feb., 1882: 1882. 

1-20, 000 Sept., 1881 1879. 

1-50, 000 Mar., 1882 1881. 

1-50, 000 Feb., 1882 1882. 

1-50, 000 Mar., 1882 1882. 

1-30, 000 Mar., 1882 1882. 

1-40, 000 Sf-pt., 1881 1881. 

1-15, 000 Mar., 1882 1882. 

1--30, 000 Feb., 1882 1882. 

I, 40, 000 Dec., 1881 ! 1878. 

1-200, 000 
1 
June, 1882 ; 1880. 

1-200, 000 . Oet., 1881 . 1880. 

\ 
I 

1-5. 000, 000 llay, 1882 1879. 

1-5, 000, 000 'May, 1882 1879. 

1-400, 000 Jan., 1882 1879. 

1-1, 000, 000 : Dec. 1 1881 1879. 

1-1, 000, 000 Aug., 1881 1879 . 

1-200, 000 'Jan., 1882 1879. 

1-200, 000 Jnne, 1882 1881. 

1-200, 000 : June, 188'2: 1881. 

1--000, 000 Feh., 1882 1879. 

J-600, 000 Jan., 1882 1879. 
1-600. 000 Feb., 1882 1879. 

1-400, 000 Jan., 1882 1879. 

-·-·----·-··--
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APPEXDIX No. fi. 

OFFICE HEPOHTS. 

REPORTS OF THE CHIEFS OP J)JJ"JS!OXS AXJJ 07'1IER8, OPI>'ICE OF THE eNJ1'ED S1:4 TES ('OAST Al-."D 

UEOI>ETJO Sl'Jfflff, POR THR PTSOAT. l"EAR EX])Jl\'(; .TrKE :10, 18R2. 

Co~l'U1'ING DIVISION, June 30, 1882. 
DEAR Srn: Iu conformity with regulations, I herewith respectfully submit the usual annual 

rt'port. of work do11e by the several computers during the fiscal year ending .Tune ;:m, 188~. 
Tlte charge of the Computing Diviidon !Jas heen continue1l witb me and 110 important 

alteration in its management was made. The computations in connection with the l\1ississippi 
mver triangulations and the lines of spirit-levels still pressed hea,·ily on the available computing 
force, which was further weakened uy the death of Dr. Gottlieb l~umpf who ba<l been uninter­
ruptedly connected with the Computing Division since 1849. Ile was born at Baisle, Switzerland, 
May 5, 1812, and joined the Computing· Division April 1, 1849, since which time he discharged his 
official duties most faitlifnlly and conscientiousl,v. Ou January 19 he w~s seized with a fatal 
illnesl'I, to which he sucf~Ulllbed February 20, 1882. In consequence of his iutimate acquaintance 
with the triangulation work, and his loug serdce and experience in the divii,;ion, his loss will long 
be felt. Mr. H. Farc1uhar was temporarily tletached and assigned to field duty from FebrnaQ· 28 
to l\Jay 8, 188:.:l. Temporary assistance to the Uomputing Division was given by C. B. Turul.mll, 
copyist, to December 15, 1881; b.Y F. Gilman, hetween August 1 a11d October 31, 1881; b~, T. P. 
Borden, Aid, between Xove1uher 17 and December 12, 1881, and again between January 23 and 
May 1, 1882; by I. Winston, Aid, between December 3 and Deceml>er 29, 1881, and again from 
May 11 to the close of the ti8cal year; by D. B. ·wainwright, Suhassistant, between January 9 
and February 20, and agaiu between March:.! and .June IJ, 1882; by ,J, E. McGrath, Aid, between 
January 20 and March s, 18.~2; by W. B. Fairfiehl, uetween .January 25 and June 6, 1882. 

The observations which had been made for <letcrminiug t·he length of the two fh-e·meter 
standards: and the length of t.he new base-uars, as mentionc•l in my last year'8 report, were 
computed and discussed by me before starting for California. Ju accordance witll instructions 
from the late guperintendent, dated July 87 1881, I left Washington August 19, and aRsisted in 
the measru·e of the Yolo base, Cal., and after atteudiug to some other matter required by the· 
instructions, returned to the office October rn, 1881. During my absence ~fr. E. H. Courtena~­
took charge of the Computing Division. Two more sets of comparisons for the length of the new 
five-meter standarcl were made alJ(l compute.d. 'Vith the assistance of Mr. Suess and .Mr. Porter 
I determined the coefficitmt of expansion and lengtl! of a meter rod belonging to the Signal 
Corps serYice. 'rhe supply of the pamphlet ou the 1letermination of time, latitude, and azimuth 
having been exhausted I brought out a new (the third) edition, revised aml eularged, including 
the subject of telegraphic longitude8; the plates illustrating the same are for the greater part 
new. I also prepared the manuscript for a new (the third) edition of my paper on measurement 
of terrestrial magnetism. In this edition the stfuject-matter is differently arranged from what it 
was; it has also beeu enlarged. I have also colfocted, revised, and arranged, by States and 
Territories, aud for each in chronological order, all tbe magnetic results from observations made 

(%) 
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by the Coast awl Geodetic S1irrny hetwee11 1833 awl July, 188.!, comprising declinations, dips, 
and intensities at more than UOO difforeut :statiom', gi\'ing also the individual results when 
occupied more than once; the intensitie8 are given in British units as well as in Coast and 
Geodetic Survey units; descriptions of stations accompau,y the paper. Early in Mar, 1882, two 
obseryers were instructed in the use of the sextant and of magnetic instruments for absolutt­
mea.sure. In this work I had the assi8tance of Mr. Jlrf. Baker. One of tlrn observers was destined 
for the United States Signal Corps station at La4ly Fnmklin Bay, :~forth Greenland; the other for 
a similar station at Point Barrow, Alaska. The Brooke magnetographs, which had been at work 
for some years at Madison, Wis., were dismounted an!l brought t.o vVashington in December 1881, 
the Superintendent having thought it expedient to terminate the magnetic observations at that 
place. These instruments were altered and newly titted for difterential obseiTations to be made 
at the Signal Corps station at Point Barrow, and b,\" .June 14, 18K2, they had been completed and 
packed, and the observPr was instructed, with the aid of Assistant Eimbeck, to use them at the 
Alaska station in conformity and in co-operation with the International l'olar Conference. A 
general collection of re.-;nlts for magm•tic declinations within the r nited States and close to its 
borders bas been made by me, comprisiug over 2,200 stations; these results will be utilized here­
after for the constrnction of a new magnetic chart. 'l'he usual annual magnetic observations were 
made on t.bree days flt the magnetic observatory in thh; cit~- in .June, 18:-\2, this timr by Assistant 
Eimbeck. 

The usual office corre:,:pondence, the demawls from the EngTadug Division for information, 
geodetic, astronomical, and magnetic, for charts, and from the Drawing Division for geographical 
positions, and the H,vdrographic Division for drscriptious of geodetic stations, were all prompt!~· 
attended to. 

l~rom the following· statements, giving the work done, in detail, of e\'ery compnter during 
the fiscal year, it will he seen that. the general cfoitrihntion of tlw nuious classes of work was 
about the same as last ~·ear. 

Dr. Gottlieb Rnmpf comirnte1l the followi11g secondary and tertiary triaugnlations: Columbia 
River, sorith and east of Kalama, \V. T., 187~; In(lian River, Fla., 1880-'81; Cape May, N. J., 
1881 ; reYiscd and computed geographical positions on Clarke\; spheroid of the triangulations of 
Columbia Ri\'er, Oreg. and \Y. T., 1852-'77, of Shoal water Bay, ,V. T., 1871-'72-'73, of the triau· 
gulation south of entrance of Columbia Hiver, Oregon, and of the triangulation between Fire 
Island and ~ew York Bay, N. Y. He also computed positions of i:;ome stations in New Jerse~·, 
Pennsylvania, New Hampshire, a1ul Great South Bay, Long l8land, N. Y. 

Mr. Edward H. Courtenay attended to the insertion of the resulting geographical positions in 
the ollice register~ for u8e of the computers and daughtsmen; revised the magnetic constants for 
Rtfferal magnetometers, redsed the compntation8 for magnetic intensity determined by these 
1nagnet-01neters; assisted in the prepamt.ion of the annual statistics; a<\justed the triangulation of 
Cape Fear Rirnr, N. U., adjusted the old antl new triangulations on Delaware River and Bay, 
1840-141-'4~, and 1875-'7H-'81; int-<tructe<l aud supervised the WOl'k done by several of the 
temporary computers, aml had charge of the Computing Hivision during my absence on the 
\V es tern coast. 

~fr. Myrick H. Doolittle computed and atUnsted the triangulation 011 the Mississippi River 
from I,ake Pro\·i•lence, La., to 'Valnut Point, Miss., 1880-'81, and thence to Greenville, Miss., 
1880-'81; assiswd in tbe preparation of the annual geodetic statistics and computed the supple­
men~try triangulation of the District of Columbia, 1880-'81; prepared abstracts of directions of 
primary triangulation in New York and Vermont, 1880, and co1111ected the new and the old 
Lake Ohamplain triangulations; reYise<l and based on Clarke's spheroid the coast triangulation 
(main series} from Charleston, S. C., to the North Carolina boundary line 1853 to 1873, and from 
Ossabaw, Ga., s0t1thwar<l as far as Saint John's River, Fla. 

Dr. Jermain G. Porter computed the triangulation of San Simeon Bay, Oal., 1871-'72-'73-'74; 
revised computation of old secondary triangulation on the Delaware River and upper Chesapeake 
Bay, basing it 011 the revised primary work and on Clarke's spheroid; computed the subsidiary 
t,riangulatiou in the vicinity of San Francisco, 1871; revised the astronomical azimnth compu· 
tation East base, Colo., 1879, and computed the horizontal directions at primary stations Southeast 
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base, Yolo, Cal., 1880, at North west base, Yolo, Cal., 1880, and at Monticello, Cal., 1880; assisted me 
in checking computations and in observations in connection with the standarrling of the new five­
meter bar, and in the preparation for publication of the magnetic results of the Survey; compute<l 
the magnetic observations made by Lieutenant-Commander Nichols between San Francisco and 
Sitka, 1881; computed the magnetic observations made by Subassistant Baylor in the Soutl1em 
~tates in 1881; computed Assistant Eimbeck's magnetic observations in California, Nevada, and 
Utah, 1881; computed Lieutenant Very's magnetic observations in N(ffa Scotia, Newfoundland, and 
Labrador, 1881; computed the observations for magnetic declinations taken by A.ssistant Lawson 
in California, Oregon, Washington Territoryi and Idaho, 1881; revised the computations of the 
magnetic observations made by Mr. Poole in 1875, and attended to some miscellaneous revisions. 

Mr. A1exander S. Christie prepared mean places of stars for field parties; revised the compu­
tation for spirit-level heights on line between Hagerstown, Md., and Bloomington, Mtl.; computed 
the height from spirit-levels of line between Bloomington, Md., and Athens, Ohio, 1879; 
computed the astronomical latitudes of Vaca, Cal., 1880, and of Southeast Yolo base, Cal., 1880: 
computed the astronomical azimuths of East base, Colo., 1879, and of Southeast Yolo hai;;e 
Cal., 1880; and nearly completed the azimuth computation of Northwest Yolo base, Cal., 1880. 

Mr. Charles H. Kumnell computed the telegraphic difference of longitude between Nashvilll·, 
Tenn., and Atlanta, Ga., 1879-'80; between Nashville, Tenn., and New Orleans, La., 1880; 
between Nashville,. Tenn., and Washingron, D. C., 1877; and nearly completed the computation 
for difference of longitude, Nashville, Tenn., and Columbus, Ohio, 1877. 

Mr. Henry Farquhar computed the magnetic observations, made by Lientenant-Uonnnnnder 
Nichols in California and in Mexico, 1880-'81; computed height from spirit-le-mis on line between 
Athens, Ohio, and Mitchell, Ind., 1879; computed the astronomical latitnde of Northwest Yolo 
base, Cal., 1880; re\·ised computations of Lieutenant Very's magnetic work of 1881, and nearly 
completed the revision of the office computation of Assistant Lawson's magnetic work of 1881. 

Mr. C. vY. Henderson attended t-0 the clerical duties of the Computing Division, chiefly 
furnishing descriptions of stations to field parties and entering geographical positions in the 
registers. 

The following is a specification of the work done by computers temporarily attached to the 
Computing Division : 

Sub-assistant D. B. Wainwright assisted in the revision of the computation of the Cape Fear 
River triangulation; computed geographical positions m the vicinity of New York City, Coner 
Island, and Sand.r Hook, and of J_,ong Island triangulation, Sullivan, 1874-'75; assisted Mr. Christie 
and Mr. Doolittle, and marle some miscellaneous revision and computation of geographical positions. 

T. P. Borden, Aid, was engaged in computing geographical positions, coa.st of New Jersey, 
and on the Columbia River, near Pertland, Oreg., 1881; assisted Mr. Porter in checkin~· Cl'rtain 
geodetic computations in connection with the Yolo base quadrilateral; attended to some cop_ying 
and other miscellaneous matter. 

I. Winston, Aid, revised the horizontal angles of the main triangulation, Hudson Rh·er 
near West Point, and computed geographical positions on the Delaware RiYer and Bay, aml in 
New Jel'!!ey. 

J.E. McGrath, Aid, computed part of the triangulation executed by Assistant Donn, 1war 
New York, 1878, and assisted as recorder in certain comparisons of length nuder my direction. 

F.Gilma.n prepared abstracts of horizontal directions of the primary triangulation of Illinoh1. 
1880. 

C. B. Turnbull attended 1;o some miscellaneous copying. 
Yours, very respectfully, 

RIOHA.llD D. CUTTS, 

CHAS. A. SCHOTT, 
Assistant, Ooast and Geodetic S1trvey, in ch.arge Oomputi1ig Ditiision. 

Assiatatit in charge of OJ!ice and Topography. 

S.Ex.77-13 
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OFFICE OF THE HYDROGRAPHIC INSPECTOR, 

Septembet· 23, 1882. 
Srn: I han~ the honor to submit the following report of the Hydrograph,y under my charge 

for the fiscal year ending June 30, 188~: 
The commencement of the year found the following vessels iu the fiehl for bydrographic 

surveying: The steamer Blake, Commander J. K. Bartlett, U.S. N., Assistant, Coast and Geodetic 
SurYe,r, commanding, on deep-sea sounding in the Gulf Stream; the steamer A. D. Bache, 
Lieutenant-Commander E. Il. Thomas, U.S. X., Assistant, Coast and Geodetic Survey, command­
ing, preparing for a survey of the entrance to New York Harbor; the steamer Gedney, Lieut. U. 
Sebree, U. S. :X., Assistant, Coast and Geodetic Survey, commanding, just concluding the hydrog­
raphy off the coast of Texas and on her way to J>em;acola, Fla., where she was preparing for the 
winter season; the steamer Endeavor, Lieut. Henry B. Mansfield, U. S. X., Assistant, Coast and 
(J-eodetic 8urn•y, commanding, on the survey of the Delaware River; schooner Eagre, Lieut. H. 
G. 0. Colby, "L. S. :N., Assistant, Coast and Geodetic Survey, commanding, on the coast of Maine; 
schooner Ready, Assistant H. L. l\farindin, commanding, on tl1e survey of Delaware Hiver. 

These vessels, working in the localities mei1tionecl as 1011g' as tlie weather would permit, or to 
about :Xovember 1, .1881, were in most cases-owing to the exhausted condition of the appropri­
ations-h;y your orders withdrawn from active operations; but, in anticipation of the action of 
Cong-rer:;s in appropriating money in a deficiency bill for the continuation of the work, were, with 
pa.rtiul crews, kept ready to commence operations at short notice. 

During the winter season the llarty on board the steamer Bache, however, was occupied in 
making an inexpensive hydrograpbic survey by means of a steam-launch borrowed from the 
Na\·y, of the harbor of Norfolk, and in the spring a survey off the east coast of Florida; the 
steamer Gedney also, at the same time, surveying Pensacola Ba,;y and the liarbor of Key West, 
Fla.; and in making examination of reported changes near B1~aufort, S. 0., near Georgetown, S. O., 
and another off Cape Fear, :N. C. 

In addition to these two parties working during the wiuter, tlie schooner Research, in charge 
of Assistant F. W. Perkins; the Steadfast, in charge of Assistant 0. H. Boyd, and the Quick, in 
charge of Subassistant .Joseph llergesl1eimer, were fitted out about .Jannar.r 1, 1882, to complete 
necessary trfrtngulation for future hydrograpl1ic work on the coast of Texas, east coast of Florida, 
a111l west coast of :Florida respectiYely. 

The other vessels belonging to the senice were laid up at the places mentioned in my last 
annual report. 

The cliarge of the 1mrty on hoard the steamer Endeavor, owing to the detachment of Lieut. 
U. Sebree, U.S. X., from the t'Urvey by tlie :Nav;\· Department, he having completed most ably the 
usual term of three years, wa15 placed under Lieutenant-Commander W. II. Bronson, U. S. N., 
who 11ad been assigned to the Surrny by the :Navy Department in September, 1881. 

With this exception, the chiefs of li;ydrographic parties lrnvc remained as at the commencement 
of the year. 

On the Pacific coa"t the steamer Hassler, Ueutenant-Commander H. E. Nichols, Assistant, Coast 
and Geodetic Surve~T' eommanding, with the party on board until December 1, 1881, was occupied­
in addition to magnetic work-in making preliminar,y surveys and examinations in the waters of 
Alaska; while the steamer McArthur, Lieut. \Y. T. Swinburne, U. S. N., Assistant, Coast and 
Geocletic Sun·ey, commanding·, and the schooner Bamest, Lieut. Perry Garst, U. is. N., Assistant, 
Coast and Geodetic Survey, cornmam1ing, were surve~·iug respectively the coast of California and 
Puget Souud, Oreg. 

These \'essels were then prepared for the continuation of the hydrography on the Pacific 
coast, as mentioned for those on the Atlantic coast, for which they were, with the exception of the 
Hassler, not required. This last vessel was, under instructions of the Superintendent, dispatehet:l to 
the coast of Alaska., coutiuuing a rapid survey of portions of its coast. 

A list of officers of the Xavy on duty in the Coast and Geodetic Survey during tlle fiscal year 
endiqg June 30, 1882, is appended to this report.. 
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Repairs of vessels.-In addition to the many incidental items required in keeping Jn commis­
sion a portion, and, from rapid deterioration, the remainder laid up, of a fleet of twenty-two 
vessels, together with steam-launches, the steamer Blake at ProYidence was re-sheathed with 
copper, bilge keels re-secured after an injury iu grounding, and fitted with electric lights for the 
more rapid prosecution of the work for which she is equipped. 

A new steam-launch was purehased to replace one condenrned as unfit for use in Puget Sound. 
It is believed that this new boat, which by your or<lers has heen named the •· Fuca," will he a 
valuable acquisition to the part~- at work 011 the topography. 

The steamers Bache, Gedney, Endeayor, Hassler, arnl McArthur, and schooners Eagre, Drift, 
Brisk, Earnest, Research, Silliman, and Quick, and sloop Steadfast baYe bad more or less 
extensive repairs made upon them. 

Hydrographic IHvision.-The usual routine duties of the office have continued. Of the large 
num!Jer of charts corrected during the year-uearl.)' 400-some of them, owing t;o a complete 
change in the system of hno~·age inaugurated b,> the Light-House Board on the coast of l\faine, 
have made this a duty of considerable magnitmle to the Assistant to the Hydrographic lnflpcctor. 
Lieut. C. T. Hutchins, tl~e incumbent at the date of last report, was detaclied by the Department 
in July, 1881, ::tnd his place taken by Lient. R. Clornr, G. S. ~-,who brought to the office au 
extensive experience in handling charts, together witll a previous three years' tour a:,; h,Ydrographer 
in the Coast Snney. Hi;;; zealous iutere:,;t in the :,;n~ject has it is thought famished the office 
with data that makes the prei;eut editions of our clmrts as nearly up to date as the coustaut 
changes in the buoys under the direction of the Light-Hon,se Board will permit. 

In this connection I de~ire to eall j·onr attention t<> the heart~- accord with which the different 
light-house inspectori,; tl1rough the Board haYe furthered the eudeaYori,; of thiis di\-ision to keep 
the office supplied with the latest information on the suhject of aids to navigation. 

The plotting and preparation of tlte bydrographic sheets from the data i;ent by the field 
parties haYe been carried on as usual in the efficient manner alreadj· known to yon, by Messrs. 
Eugene 'nllenbucher, \Y. C. Willenbucher, and F. C. Donn. 

'fhe plotting and draJtiug of original hydrographic sheets are talmlatetl as follows: 

Name!-!. Vols. Angles. 8oundings. )file!';. 

E. ""illenhucher .......... 59 27.185 94,642 3,012 

"'· C. \\'i1le11lmcher ....... 6H 18, 8V3 12-5,805 2,560 

F. C. Donn ..................... 41 K3c'9 51, 290 1,162 -----
Total ........................ 169 54, 407 2711 737 6,734 

Iu addition to this talmlated work, each of the draughtsmen prepared projection>;, made tracings 
of original sheets, correct~d Aids to Navigation on charts, and performed other miscellaneous work. 

Besides the office work, )fr. '\Y. C. '\Villenbueher was on field duty for one month, and Mr. 
Donn for two months. 

Very respectfully, 

General R. D. CU'.1.''l's, 

U . .M. CIIESTEH, 
Com11wiirfor TI. S. X~, Hydrographic Inspector. 

Assistant in charge of Offici; tutd Topography. 
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Officer& of tlte Navy on ditty in the Coast atid Geudet-ic Surrey dnring the fi.~cal year endin!J Jmie 
30, 1882. 

Same and rank. 

('0)11:\f A-SnERS. 

Date of at- ! 

tachment. 

,J. R. Burtlett ........................ Oct. ~3, 1878 
C. M. Chester ....................... Oct. 2, 1877 

LIErTES A"ST-('OMllA~ UKH!"i. 

\\".II. Browniwn ................. Ang.11,lAAl 

H. E. ~ichol~ ....................... Jan. 22, 1R79 

E. H. Thonuis ....................... Oct. 8, IS79 

L1El"TF.'SANT:'-, 

Remarks. 

Still in survey. 

Do. 

Still in snryey. 

Do. 
Do. 

"'· '''· Yery. Apr. 1:1,1881 8tiH in ~nrvey. 
\V. T. Swinburm-· .................. l\lay n, 1879 Do. 
t:riel ~ebr<>e ........................ ]\far. l~, lll78 Detached Oct. 22, 1881. 

H.B. 1\-Iamsfit'ltl ................. Feb. 28,1881 Still in survey. 
Ricburdson Clover............... J 11 Jy 26, 1881 Do. 
II. G. o. Colby ..................... Oct. 7,1880 Do. 
t:. C. ('ornwell.. ................... Mar. 7,1881 Detached Feb. 4, 1882. 
Perry Garst. ......................... Aug. 29,1879 Still in surVey. 

T. Dix Bolles ........................ April 5, 1881 Do. 
.J. A.H. Nickels .................. Nov. 8,1880 Detached Jan. 6, 188".!. 

H. T. ~Ionohan ..................... July 20,1878 Still in survey. 

L. C. Heilner ...... ...... ..... ....... Dec. 5, 1878 Do. 
E. M. Hughes ....................... June22,18SO Do. 
Hugo Osterhaus... ... July 31, 1879 Do. 
G. W. Mentz ........................ Aug.19,1879 Do. 
W. B. Elliott.. ...................... Jan. 25,1879 Do. 
• T. C. Fremont, jr .................. May 21,1881 Do. 

MASTERS. 

J. ('.Premont, jr .................. :ltlay 21, 1881' Still in survey. 

F. A. Wilner ........................ Nov., 1880 Do. 
Henry Morrell ..................... Dec. 8, 1879 Do. 
II. T. Reich .......................... May 1,1879 Do. 
Lucian Flynnc ..................... · Nov. 7, 1881 : Do. 

W. H. Nostrand .................... Dec. o,1878 Detached May ll.1~2. 
C. ~IcR. Winslow ................. Aug.16, 1881 , Still in survey. 

Daniel Daniels ..................... Apr. 21, 1882 ; Do. 
M. L. Wood .......................... • Sept.19, 1878: Do. 
E. L. Reynolds .................... ' Aug. 8,1878' Detached Nov.2,1881. 

C. J. Badger .......................... Apr. 21, 1880 : 
C.H. Amsden ....................... : Apr. 6,1878 Detached Sept.14,1881. 
J. W. Stewart ....................... [ Aug. 7, 1878 Detached Aug.22, 1881. 

Name and rank. 

ESSIG:N8, 

Date of at­
tachment. 

Remarks. 

F. "", C'offiu .......................... 1\riay 24, 1880 Still in survey. 

W. B. Caperton .................... Nov. 11, 1880 Do. 
W. II. Allen .......................... June27, 1879 Do. 

·: E. M. Katz ............................ Nov.22,1881 Do. 
H. T. Mayo .......................... May l, 1879 Do. 
W. D. Rose ........................... Oct. 14, 1879 ' Detached Apr. 4, 188!!. 

C. F. Pond ........................... May l, 1879 Still in survey. 
C. S. McClain ....................... Apr. 14, 1882 Do. 
E. M. Fisher ........................ Feb. 10, 1882 

H. M. Witzel ........................ Feb. 18, 1882 

Do. 
Do. 

0. G. Dodge ......................... May 10, 1881 , Do. 

J. }I. Orchard ....................... Feb. IO, 1882 Do. 
J. N. Jordan ........................ July 25, 1881 Do. 
H. L'. '\\rackemshaw .............. June23,1882 Do. 

A. F. Fecbteler ..................... Jan. 24,1882 Do. 
W. V. Brouaugh .................. Aug. 2, 1881 Do. 
F, M. Bol!twick .................... Sept. 28, 1881 Do. 

W.111. C-0nstant .................... June 5,1882 Do. 
Wm. Brauuersreuther ......... June22, 1881 Detached Aug. 2, 1881. 

W. G. Hannum ................... Feb. 24, 1881 Detached Dec. I, 1881. 

PARSED AfiSJST. ~URGEON!:oii. 

R. C. Persons ........................ Aug.10,1879 Detached June 8,1882. 

E. C. Derr ............................. Sept. 7, 1881 Still in survey. 
D. 0. Lewis ......................... Mar. 16, 1881 Do. 

R. H. McCarty ..................... Apr. 8, 1881 · Do. 
S. W. Battle ......................... Nov. 17, 1881 Do. 

H. G. Beyer ........................... lllay 31,1881 Do . 
W. A. Corwin ....................... Sept. 8, 1880 Detached Sept. 22, 1881. 
J. JI. Hall ............................. Nov. 21, 1879' Detached Dec.16,1881. 

H. T. Percy .......................... · Sept. lij, 1879 Detached Nov.16, 1881. 

PAYJIA8TER. 

W. J. Thomson .................. .,Dee. 18, 1880 Still in survey. 

PAS.~ED ASSIST. EYGINEF .• RS. 

John Pemberton ................. i Sept.24,1878' Detached Oct.15,1881. 
C. A. Greenleaf.. ................... : Aug.19, 1880 : Still in survey. 

Ralph Aston......................... Dec. 23, 1878 : Detached Mar. 30, 1882. 
George H. Keamey .............. Oct. 5, 1881 i Still in survey. 
J. T. Bingham ..................... Mar. 4, 1882 ! Do. 

R. W. Galt .......................... .,Nov. 26, 1879' Do. 
R. I. Reid .............................. I June 9, 1882 ! Do. 

W. H. Nauman ..................... [ Nov.25,1878, Detached Apr.22,1882. 

REPORT OF THE DRA WIKG DIVISION. 

Drawing Division.-Mr. W. T. Bright has, as heretofore, had charge of this division, the 
organization of which, together with the force of regular draughtsmen employed, remained the 
same as in preceding years. 

Appendix No. 4 shows a list of the charts and sketches which were completed or were in 
progress during the year, and also givtis a detailed statement of the work executed by each 
draughtsman for the same period. The number and names of the employee attached t.o the 
division, with a synopsis of the work performed by each, are as follows : 

Mr. A. Lindenkohl continued tl1e reduction of the additions, &e., which are macle annually t.o 
the small scale sailing charts, the off-shore series, and the so-;h0 sea.le coast charts. He has also 
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reduced to a uniform scale and combined the field-work necessary for the proper execution of 
the smooth drawings intended for photolithographJ-. .A number of special charts for scientific 
study were compiled during the year by Mr. Hndenkohl; and at intervals his attention was given 
to a proper arrangement of the data required to keep the progress sketches (which accompany the 
Annual Report of the Superintendent) up to date. 

l\1r. H. Lindenkohl has been engaged iu the preparation of the final drawings for those charts 
which it was decided to issue by the aid of the photolithographic process; various sketches and 
diagrams, to accompany the appendices of the annual reports, were also engraved by him on 
stone; and in addition he execut-0d a number of reduced drawings of topographical and hydro­
graphical work for the difforeut scale cbarts. 

Mr. L. Karcher lms, ai,: usual, constructed the greater number of the projections required for 
the use of the topograpl1ical and b:ydrographical field parties; made l)rojects for new charts ; 
drawn various diagrams, and been engaged on other work of a miscellaneous character. 

Mr. P. Eriehsen has been eugaged principally in preparing drawings of instruments of 
precision to accomvauy various papers appertaiuing to tlte annual reports. Of these drawings 
the most important, and the oue showing the greatest detail, illustrates the construction of the 
new Compensation Base Apparatus. 

Mr. E. J, Sommer has prepared Yarious drawiugs of coast aml harbor charts; constructed 
projections for field use; made a number of tracings and projects, and given much time aud study 
to the preparation of drawings for issue by photolithography. 

Mr. C. Jun ken has applied himself to tbe construction of hy1lrographic drawings for the use 
of the Engraving Division ; to tbe preparation of prqjections for field parties, and has indicated, 
as occasion demanded, tlie new longitudes ou tlle eugrayed copper-plates of early date. lie was 
detailed from office dut.y in the latter part of June, to make a snryey of a tract of land in \Vythe 
County, Virginia, for the use of the united States Fish Commission. 

Mr. T. J. O'Sullivan was engaged, principally, in making fiue drawingis for issue by the photo­
lithographic process, and compiling sketches t.o illustrate the annual reports. A number of 
projects, diagrams, and tracings were also constructed during tlle year by :\Ir. O'Sulli\'an. 

Mr. A. B. Graham has, during the year, given much attention to the more technic:il branches 
of the work of the division, and lias applied a vast number of additions and corrections, by hand, 
to the chart-room editions, })l'ior to their issne to the public. He has reduced and tra11sferre1l 
the shore-line to the new hydrographic and topographic projections for field use, and has made 
various tracings, &c. 

Messrs. J.B. Boutelle and E. L. Taney, Aids, were assigned to the dhision for duty in 
November, and up to the time of their departure for field sen-ice, in the month of January 
following, were engaged in coloring _buoys and other aids to navigation upon the printed 
charts. 

:M:r. H. Eichholtz was emnloyed in keeping up to date the latest edition of the printed 
charts b~· the insertion of such additional aids to navigation, changes in position, &c., of which 
information had been received subsequent to the latest date of issue and printing of the charts. 
In April he was assigned the general care of the chart rooms, owing to the illness of Mr. 
Thomas McDonnell, who had for many years been in charge of this important branch of the 
office. Since Mr. McDonnell's demise, which occurred on the 29th of May, and up to the date 
of this report, Mr. Eichboltz has continued to discharge the duties required in the management 
of the chart room. 

Miss F. Oadel, who wa.s assigned to the division in June, has been engaged in.ooloring light- · 
houses and buoys upon the printed charts, prior to their issue for public use. 

Appendix: No. 3 gives a statement of the information furnished by this antl other divisions, 
during the year, in reply to special calls. 
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ENGRAVING DIVISION, 

July 11, 1882. 

SIR: I respectfllll.r submit the followiug report of work execnted iu the }~ngra\'ing Division 
during the fiscal .rear ending June 30, 1882: 

Number of plates completed, charts . . . . . . .................... _ ....... . 28 
Number of plates completed, sketches and illustrations ................. . 23 

51 
:Number of plates continued, cltarts.... . ............................ . 24 
N nm ber of plates commenced, cltarts . . . . . . . . ........................ . 4 
:Number ?f plates commenced, sketches and illustrations ............... . 21 

25 
Number of plates that recei,·ed correction, charts ...................... . 132 
:Number of plates that receh·ed correction, sketches . . . . . . . . . . . . . . . . . 12 

144 

Total number of plates worked upon . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 244 
:Number of unfinished plates 011 hand at the close of' the year, charts ..... . 3!) 
Sketches and illustrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . rn 

58 

Of the 28 completed chart plates, 10 are new cliarts, 12 new e•litiorrn, and G reissues. 
Iu .Appendix Xo. 5 I give a list :-;howing in detail the plates on which work Las been executed. 

It should be noted relati,·e to the completed plates that those indicated as "first edition" are 
now published for the first time from eugra\·ingH on copper. Thmw indicate•! as "edition of 1881," 
or 18S!!, ha.-e heretofbrt> been pubfo;hed in their present form, or when they had been sufficiently 
advanced to affor<l wmful iuformation, hut lta.-e now received extensi\·e additions or corrections 
from recent snrrn_ys. 'J'hose indicatl'd as" reissued" are old charts that han>, been thoroughly over­
hauled and brought up to <latP. 

l\fany of the "printing- plates'' that receirnd corr•mtion werp, 011 h anrl four or fiye times. 111 
addition to the engra\·iug we have hail the usual amount of cleaning electrotypes, erasures from 
altos, drawiug and arranging titles, g·eueral lettering and noteH, markiug instruments, &c., that 
invariabl,y accumulates during the year. 

The work of correcting plates of published charts has been greatl.r augmented during the year 
by the new arrangement between the Hydrograpbie Inspect<>r and the Light-Ilouse Board for the 
verification of the Aids to Xaxigation by the irn;;pectors of the light-house districts, and by the 
change in the first light-house 1listrict in the Hystem of b110ying the channels; but as we now 
receiYe early not.ice of any ehange in the Aids to .Na\'igation, it is probable this cla8s of corrections 
will not involve so much W{)rk another year. Information has heen recefred correcting nearly all 
the principal charts to a recent date, and a large majority of them have been printed from the 
corrected 11Iates. But in view of the frequency of the notices received, especially relative to the 
shifting bl~rs of the Southern coasts, I have fourul it expedient to print as small a number of 
impressions at a time as will rca.imnably supply the lle1mtnd. As all corrections on file are applied 
to the plates before printing, it supplies the chart room with more perfect copies for distribution 
and greatly lessens the number of corrections that have heretofore been made by hand. 

The force of the di\-ision remains as at the beginning of the ;year, and has been employed as 
follows: 

Messrs. J. Enthofier, A. Sengteller, and R. :F. Bartle on topography . 
.Messrs. E. A. l\Iaedel, A. Petersen, J. J. Thompson, W. H. Davis, and F. Courtenay on 

lettering. 
Messrs. W. A. Thompson and H. 0. Evans on topography and sounding. 
Messrs. E. H. Sipe, I. vVasserliach, aud A. 0. Rnebsam on lettering and miscellaneous correc­

tions. 
Messrs. H. M. Knight and .P. W. Benner on sanding. 
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The printing office waR added to the charge of the EngTaving Division at the beginning of the 
year. 

The work has been conducted very geueral1.\· as heretofore, except the reduction in the number 
of impressions pulled from a plate at one time, as before mentioned. 

Two of the presses are constantly in use, one in charge of the foreman of the rooms, Mr. F. 
_Moore, and the other of Mr. D. N. Hoover. 

The following is n summary of the printing during the year: 

Kumber of impressions for Chart Hoom . . . . . . ........................... . 
Kumber for Assistant in charge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . 
Number for Drawing Dirision . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . ...... . 
Number for Division of Topography ................................... . 
Number for Engraving Division ....................................... . 
Kumber for Hydrographic Inspector ..................................... . 

24,843 
1,02G 

27 
3G2 

1,939 
522 

Kumber of Atlantic Coast Pilot charts and views ........................ 137 390 

Total number of impressions . . . . . . . . . ............................ 42, 109 

In acldition to the al>ove, 5,610 impressions of Atlantic Coast Pilot cllarts and views were 
printed by J. R. Gedney. 

The clerical duties of tLe division liave been most acceptabl,r performed by Mr. J. H. Smoot. 
I remain, sir, yours, veQ- respectfully, 

HElWEUT G. OGDEN, 
AsBistant, U. 8. Coa8f and Geodetic Siwvey, in charge of Eiigraving .Diiiision. 

Gen. R. D. CUTTS, 

AsBistant, in charge of Office and Topography. 

DIVISION OF ToPOGRAPHT, July 1, 1882. 

DEA.R Sm: The DiYision of Topographs was organized .Tnl.r 11, 1881, a.s an office di»ision; 
Messrs . .A. :K Burton, E. H. Fowler, and RE. Pear;y, as topographical dra.ughtsmen, and Mr. E. 
l\Iolkow, as clerk and miscellaneous draugbt.sman, being assigned to me at that time. 

During the year the inking of the following· topographical sheets has been completed or 
entirely done, some slleets ha,·iug been received from the Drawing Di·dsion partly inked: 

Reg. No. 148(). Dyer's Neck and Petit Manau Island. 
l{eg. No. 1487. Skillings Hiver. 
Reg. No. 1489a. Long Island, western part, Blne Hill Bay. 
Reg. No. 14B9b. Long Island, eastern part, Blue Hill Bas. 
l{eg. No. 1490. Bartlett's Island, Blue Hill Bay. 
Reg. No. 1491. Head of Frenchman's Bay and part, of .Franklin Ba,\-. 
Ueg. No. 1492. Taunton and Hog Bays. 
Ueg. No. 1493a. James mrnr, from Ma,\·o's Bridge to Lower Rocketts. 
Reg. No. 1493b. James River, from Lower Rockett.s to Graveyard Reach. 
Reg. No. 1494. Head of Union mver Ba.y. 
Reg. No. 1495. Columbia Hiver, from near Kalama to Columbia City. 
Reg. No. 1497a. Salt Point to Fisherman's Bay. 

The following work has been clone upon reproducing worn-out sheets: 
Reg. No. 455. Plymouth and licinit;y, redrawing completed. 
Reg. No. 464. Sea-coast of Virginia, Metomkin Inlet, 1nirtly redraw11. 

The following drawings for photolithograpbing have heen made: 
Site for new Naval Observatory. 
Hydrography of entrance to Colmnbia rn"°er. 
Sketch showing Jimits of oyster-beds, James River. 
Sket,ch showing limits of oyster-beds, Tangier Sound. 



 

104 UNITED STATES COAST AND GEODETIC SURVEY. 

Sketch 8howing limits of oyster-beds, Pocomoke Sound. 
Section A, Sheet 1. District of Columbia. 
Section B, Sheet 1. District of Columbia. 

There has also been inkefl the general topographical map of parts of Maryland and Virginia, 
as far as completed. 

A map of the coast of Maine, east of Gouldsborough Bay, has been made, giving details of 
triangulation for laying out sheets for survey of topographr. 

Mr. E. Molkow has during the year acted as clerk to the division, prepared topographical 
statistics for the annual report, partly redrawn a worn-out topographical sheet, done some miscel­
laneous drawing, and made translations from the French. 

Mr. R. E. Pear.r resigned October 28, 1881. 
Mr. J. F. Bird was during December attached to the division under topographical instruction_ 
During part of the year I have supervised the inking of original topographical sheets by such 

field topographers as were engaged at the office on such work. 
It gives me pleasure to testify to the earnest and steady application to work during the year of 

those in my charge and to com1nend them to ;your favorahle consitleratiou. 
Respectfully, 

H. D. CUTTS, 

K IlERGESilEIMER, 
A.~sistant, in charge of ])frision of Topography. 

As.~i.~tant, in cltarffe of Office and Topography. 

TIDAL DIVISION, July 1, 1882. 

DEAR SIR: I respectfully submit this report on the work of the Tidal Division, of which I 
ave been in charge during the year. 

ObserMtfons.-Self-registering tide-gauges have been used at the following stations: North 
Ilaven, Me. ; P1·ovideuce, R. I. ; Sandy Hook, N . • r. ; Saneelito, Cal.; Kadiak, Alaska; and 
Honolulu, Sandwich Islands. 

The observations at Mazatlan, Mexico, were stopped on account of wharf changes being made 
there, but it is expected that they will be resumed soon under better conditions. A box-gauge 
and outfit was furnished last February to the Alaska Commercial Company, to be used by them at 
Copper Island, off the Asiatic coast of Bering Sea, in obtaining a set of tidal observations for 
comparison with those made at other points by the Coast Sun'ey. Observations are wanting on 
the American coast of that sea. I renew my recommendations relative to obtaining tidal obser­
vations at Bermuda, and simultaneously on the southern coast of the Unitecl States, and 
completing the sets on the coast of the Gulf of Mexico, interrupted in 1861. These will be neces­
sary for as complete an investigation of the Gulf tides as was intended by Professor Ba-0he when 
they were commenced. As full information bas been given, in the tidal notices under the different 
sections of the survey, of the observations made with self-registering gauges during the year, it 
will not be necessary to go into details here . 

.!.n the following table I give a list of the observations made with self·registering gauges, 
received during the year, and therefore not mentioned in my previous annual reports : 

: Time of occupa.tion. \ ! 
§ Name of st&tion. Name of ob!!ener. Kind of gauge. Permanent or .! ~-----··-------··-----11 tl temporary. , ' ] 
J! I From- j To- f. 

' .. -· - i-- -- ' --, -------: ' i---
1. , North Hsven, Me ................ J. G. Spaulding .................. Self-regist.iring ..... Permanent.. ...... ' AJ>ril 26, 1881.. April 24, 1882..i 363 

I : I ! ! , ! 
I. : Providence, R. ! ................. ; S. )I. Gra)" ........................ ! ...... do .................... ; Temi-orary ........ :························i·········· .. ·········· .. ~ 
II. Sandy Hook, N. J ................ J. W. Hanford ........................ do .................... \ Permanent ....... .' Junel, 1881 ..... ! Junel,1882...... 3611 
X. , S&ncelito, Cal ...................... E. Gray ............................ : ...... do ................... .;,. .... do .................. : Junel, 188L .... 1June1,1882..... 365 

XII., Kadiak, Alaska ................... i W. J. Fisher ..................... ; ... -.. do .................... : ..... do ................. !March l, 1881 .. 

1

. Nov.1,l88L.... 245 
, Honolulu, S. I ...................... : ·w. D. Ale:rander .............. : ...... do ...... - ............ 

1

1 Temporary ........ , Dec, 3, 1880-... Dec. 28, 1881.... 390 
1 • , I 
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There are self·registering gauges now in the office, which need some repairs and new 
driving clocks to fit them for efficient working. 

The tidal observations made by the Hydrographic parties of the sur\•ey are inspected by me 
when received at the office, and most of them are reduced in the Tidal Division. Notices of them 
will be found in the accounts of work done in the different sections of the survey. Such parties 
generally use a plain staff divided into feet and tenths, or a box gauge with a float-rod divided 
in like manner. Sometimes the observations of high and low waters are kept up by them day 
and night, and frequent obsenations while sounding; but oftener the obsen•ations are kept up 
only while sounding. Thi:s of course results in less perfect work, especially where there is large 
diurnal inequality or siugle-da;y tides. It would he a great improvement to haYe these obserrn­
tions made more continuous. 

O.tfice work.-The observers i11 clJarge of the self-registering gauges are uow generally required 
to make tables of the high and low waters and hourly ordinates from the curves before sending 
them to the office, and these tables are not sent liy the same mail as the curves. This is a safe­
guard against losses, tends to make the observers more skillful and careful, aud reduces consid­
erably the work in the office. The observations receirnd from the self registering gauges and 
hydrographic parties are reduced as soon as they can be conveniently, and the results used in 
making tide tables for charts, in improving the data for predicting, and for other purposes. A 
great deal remains to he done, but the reductions and discussions already made have been :so 
extensive that the Division is able to furnish a large amount of information relating to tides to 
officers of the Survey, United States engineers, ci>il engineers, and others, and the demand for 
it is constantly increasing. "Tide tables," containing the predictions for the Atlantic and Paci tic 
coasts of the United. States for the year 1883, have been computed by the Tidal Division, and have 
been published. 

The compnters employed in this division in the course of the ~·ear were R S. A,-ery, L. P. 
Shi1ly, M. Thomas, and C. B. Turulmll in the office, and J. Downes and J. G. Spaulding out of it. 

Mr. Avery, being in charge of the division, inspected all tidal observation!-\ when received and 
prepared them for reduction, attended to the correspondence with observers and others relating to 
tides, planned and super,·ised the work on tides and tide-gange.s, prepared copy aml read proofs, 
and computed when not otherwise engaged. Mr. Shidy reduced many obsern1tio11s receked from 
hydrographic parties, predicted for places having large diurnal inequality, aud aided iu a cousid­
erable amount of miscellaneous work. Miss Thomas worked on the simpler reductions, continued 
the work on the hourly ordinates for permanent stations, and aided in miscellaneous work and 
copying. Miss Turnbull returned to the division on the 23d of January, after a year's employment 
in the other divisions, and since then has been mostly engaged copying and tracing on a variet~' 
of work, and when not thus emplo~·ed tabulated Honolulu tides. Mr. Downes, by a special 
contract, made the predictions for certain specified places on the Atlantic coast. Mr. Spaulding 
computed the predictions for Boston, as he has done hitherto, iu addition to his services as a tidal 
observer at North Ha.ven. 

Yours, respectfully, 
RS. AYERY, 

Gen. R. D. CUTTS, 
In charge of Tidal Division. 

Assistant, in charge of Offi-ce and Topography. 

July 1, 1882. 

INSTRUMENTS .A.ND REP.A.IRS. 

DEAR Sm: I have the honor herewith to submit my report of work done in the Instrument 
Division during the last fiscal year : 

Beside the usual routine work of keeping the records and superintending the repairing and 
adjusting of instrwn.ent.s, a great part of my time dnring an<l outside of office hours was occupied 

S.E~.17-H 
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with the "tide predicting machine," in•ented by Professor Ferrel, for which I arranged the 
details of construction and prepared the working drawings. I ha,·e also superintended its 
construction at Fauth & Co.'s, and the machine is now so far advanced that its working can be 
tested. The numerous difficulties encountered in the construction of this intricate piece of 
mechanism have been successfully overcome. During the last year I re.determined the errors of 
the dividing engine; this was rendered necessary by the fact that the normal temperature of 98° 
F. had not been kept np dnring the comparisons of the new five-meter bars in the adjoining room. 
The machine was further improved hy adding an automatic " cleaner" and stop; the old turbine 
wheel had become Yery much worn and was replaced uy a new one of my own design, which works 
with less water and only six pounds pressure. In order to ha>e this pressure uniform, a reservoir 
has been erected from which this turbine is fed. The speed is now Yery regular, and the beauty 
of the lines leaves nothing to be desired. The machine would be nearly perfect if a new axis 
were proYidcd. 

Of other special work done in the instrument shop, I mention the construction of the "vertical 
comparator," b~· Mr .• T. Clark. Re also reconstructed the four 45-inch transits hy adding large 
circles, latitude le\"els, new e,>epieces and diaphragms, and changing the illumination. Re also 
experimented in "dark field" illumination for theodolite telescopes, in order to better observe 
night signals. He assisted me in comparing the base bars, and for this purpose constructed an 
apparatus which greatly facilitatt>s the work of comparison. The demands for scales in meters 
aud feet necessitated the overhauling of our length dividing engine; Mr. Clark made an efficient 
machine out of it. Nearly all the magnetic instruments were repaired and adjusted by Mr. Clark. 

Mr. E. Bshleman has been kept bnsy in getting instruments ready for the field. In addition 
to this ltt• 1·econstrneted the ruling machines in use in the EngraYing Division, and made five 
rm·ersion JH'tHinlnmH, with their supports, for Assistant C. S. Peirce. Re replaced a great many 
brass alillade rulers by nickel-plated steel ones. l\Ir. P. Vierbnchen mounted ten geodesic night 
signal lamps; reconstrncted-almost entirely new-45-inch transit No. II, and made tweh-e pairs 
of heam com1Y1sses of different length for use in the Drawing Division and the field. The 2om 
chains used with plane tables were examined and adjusted by Mr. Vierbuchen. 

Louis Fischer assisted me a great part of the time when engaged in reading the engine circle; 
he made the new turbine wheel anti reconstructed the large Ripp chronograph by substituting 
the "conical pendulum" regulator for the Yibrating spring. The new compensation pendulum for 
the main office clock was made by him. Re assisted Mr. Eshleman in the construction of the 
reversion pendulum. 

S. Kearney made the ueecled brass work for tripods and telemeters. Re is now engaged in 
making a number of heliotropes. 

Respectfully submitted, 

Ru. CFTTS, 

A.ssista1it, in cltarye nf Offi-ce a.nd Topography. 

G. N. SAEGlflTLLER, 
Chief Mechanician. 



 

APPBXDIX No. ,., 
• 

DESCRIPTION AND CON.STRUCTION OF A NEW COMPEXSATIOX PRDlARY BASE APPARATUS, INCLUD­
ING THE IH~TERMlNATION OF THE LENGTH OF THE CORRESPO:\'DTXG flYE-METRE STANDARD 
BARS. 

By CHARLES A. SC:lI:OTT', Aflsi,..taut. 

~LARCH 10, 1883. 
In the Uoast and Geodetic Survey Report for 1880, page 40, mention is made by the late Super­

intendent of a new base apparatus intended for immediate use in Califoruia. It was not only 
desirable to obtain a check or verification of the old secondary base li11e, measured thirty years ago 
with plain iron rods, south of San Francisco Bay, but there was an urgent necessity for the supply 
of' a primary base to the great triangulation now spreading along the thirty-ninth parallel from 
Oalifornia through Nevada to Utah. In conRequeuce of the complicated aud delicate structure of 
the Bache-Wiirdemann primary base apparatus hitherto used on the eastern coast, it was thought 
unsafe to transport it to the western coast for that purpose; besides, its great length rendered 
the apparatus awkward in handling, and it also required very careful grading of the ground along 
the line of measure. These considerations determined the Superintendent to call for a design of an 
apparatus which should combine the aoouracy of the old apparatus with facility of transportation, 
least liability to injury or derangement, ease and economy of measure, rapidity of measure, and 
minimum preparation of the ground. Of course cheapness of coustmctiou was also a leading 
consideration. -

Under date of Janhar.r 28, 1880, I was charged by the Superintendent with elaborating a 
design and submitting a report explanatory of the principles for constructing such an apparatus. 
This report was submitted February 9, when I was further directed to work out the plan in detail 
and, with the assistance of Mr. W. Suess, mecl1anicia11, prepare working drawings. This plan WflS 

submitted March 1, and was MCOmpanied by two large sheets of drawings. Before adopting the 
design it was sent t.o Assistant G. Davidson for his criticism, and his suggestions, contained in 
two reports and bearing on matters of detail, were carefully considered and in part adopt{'.,c}. 
Uespecting the important questions of the best length to be given to the measuring bars, and 
whether they should be compensating for temperature or plain bars, I decided for a length of five 
metres and for compensation. Supposing the bars well standarded, the greater their leugth the 
greater the accuracy of the line measured, and the greater the rapidity of measure; the maximum 
length, therefore, had t-0 be taken. The four-metre bars were known to be too short, but the si.X­
metre bars of the Bache-Wiirdemann primary apparatus were judged to be too long, especially 
when a less cumbersome apparatus had t.o be secured against deformation; five metres (or 16.4 
feet) seemed to be practically the best length. Considering the large range of the diurnal variation 
of temperature in the region w.here the apparatus was to be used, and the greater accuracy which 
a compensation.bar would insure, that principle was adopted; yet it was deemed sufficient to con­
form to it approximately. 

Principal features of the new design.-Although the apparatus involves no new mMhanical 
principle, it is nevertheless unlike any other yet constructed. It may be briefly described in its 
general outlines a.s follows: The measuring bar is composed of two metals so proportioned as to 
be compensatiu&' for cha.urea of temperat11re, and riJridly connected without any points, levers, 01· 
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moyable parts; thus in fact, forming a rigid system five metres in lei1gtb. Referring to tbe annexed 
diagriim, the middle {or heavy) bar is of zinc, 

<' (.. and riveted to it at c and d are two steel bars 
--~========;;;;;;:;;;;;;;;;;;;;;;;;;;;;;;;:;;;;,;;;;;:;:;;;--- terminating at a and b, which points remain 
a.. 4 at an invariable distance from each other and 

constitute the length of the measuring bar. The expansion or contraction of the zinc bar is exactly 
counteracted by the expansion or contraction of the two steel bars, provided the proper relativ.e 
length be given to the bars. The coefficient of expansion of zinc being nearly 2~ times that of steel, 
the zinc bar is the shorter one. To control the length of the apparatus with respect to any out­
fltauding flmall differential expansion, the zinc bar is allowed to project beyond the points c and d 
toward a and b, where Borda scales ate and 
f are applied, as indicated in the accom_ i 

panying diagram by throe cross-lines. The 
readings of the scales mutually check each ~ d. 

I f .. 

other, and the part c to d of the zinc bar enters in both. There are also mercurial thermometers 
inserted for additional security. The length of the measuring bar is ascertained by frequent direct 
comparisons with a standard five-metre bar in the comparing room, as well as in the field. Two such 
standards were constructed, one to remain at the office at "' ashington, the other to accompany the 
ap1laratus into the field; th\'y consist 
of a steel bar five metres in length, 
with zinc bars of ahout half that ML 

length riveted t-0 it at m and n of the diagram, one on each side, so as to form two Borda scales, as 
indicated by the three cross-lines. This disposition of the bars was adopted to secure correctness 
of indication of length of steel bar under any unequal exposure to heat or cold with respect to the 
two sides of thi; bar. Mercurial thermometers were also provided. 

The "Mudge" contact slide, so effective in our secondary apparatus, was also adopted for the 
present apparatus in the place of the complex spirit-level contact of the six-metre bars. That feature 
of the B.-W. apparatus which secures during measure, by mechanical compensation, an invariable 
distance between the rear trestle support and the rear end of the bar, is retained in the new appa­
ratus in a somewhat different way, as shown 
by diagram, where the distance c b is invari· _______ _:.. _ _2......!~~=~~~~;,t'l.I -& 
able by the action of the zinc bar z z in a direc- ci:. ~("2 ::: : ....: 
tion contrary to that of the two irou bars, viz, 
that terminating at h, and but little longer than fi ~ ·~~ ~ 
the zinc bar, and the other, that part of the T-shaped iron rail a a' which is contained between c 
and a'. This rail actually forms the support of the measuring bar, and carries the rollers upon 
which the latter resti:;. It. is important to notice that the end b forms the abutting surface for the 
action of the 1:1crew head, by the turning of which the rigid-bar system can be moved on its rollers 
longitudinally, and by means of which conta,et is made. The diagram shows this compensation in 
a vertical plane merely for greater distinctness; actually, the arrangement is in a horizontal plane, 
and there are two zinc and two steel bars, as will be more fully explained hereafter. 

The trestles are of wood, modeled after those of the secondary apparatus, but lower and very 
much heavier and stronger, with the following additions or changes: A prism on the rear trestle 
which fits into any one of a series of notches on the under side of the measuring' bar (at c of the 
preceding diagram) ; this prism can turn about a vertical axis passing through the middle of its 
ength and thus admits of a slight azimuth motion; attached to the top of each trestle is a hori­
zontal screw (added in California), by means of which the bar when resting on the trestles can be 
aligned rapidly. During measure each leg of the tre.stles rests on an iron foot-plate, triangular 
in shape, with a prong at e..ach angle to hold it firmly on the ground. The aligning telescope is 
the sawe as used with the secondary apparatus, but it is mounted and adjusted differently, the place 
assigned to it being at the forward end of each bar. A sector for measuring the inclination of the 
bar is provided as usual. It is intended that the apparatus shall be protected from the rays of the 
snn during measure, and it is supposed that the temperature will then rarely much exceed the limit'B 
of 0° and 40° C. For transferring the end of a bar to the ground, a theodolite \so-called seet.ot') is 
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provided; it is mounted a few metres off the line of the base aud approximately at right angles 
thereto and opposite the end to be sighted; a finel,y divided ivory scale is placed Jernl and over 
the line mark on the ground, and read off by means of the telescope which is adjusted to move in 
a vertical plane. In height the telescope is midway between the ground and the base bar, thus 
requiring no attention in the focal length. 

Respecting the employment of zinc in the construction of the apparatus I felt no hesitation, 
considering that it was successfully employed by Bessel in his apparatus as his temperature indi­
cator, yet to some extent I conceive it to be an experiment, for want of complete knowledge of the 
behavior of this metal under variations of temperature; daily comparisons with the standard bar 
during the measurement of a base were therefore deemed essential and a portable comparator or a 
fixed one of easy access had to be provided. 

In consequence of the condition of the Survey at the time not admitting of any additional 
expenditures, nothing further could be done during the fall of 1880 than to select a suitable com­
paring room in the basement of the office and to erect therein several brick piers to serve for the 
comparisons needed in the construction of the five-metre standards. It was, however, difficult to 
control the temperature of this room, and the space was very much confined and barely sufficient, 
yet nothing better could be had. Several weeks were lost during the winter in the attempt to 
obtain suitable steel and zinc bars, and it was not until the mid<lle of February, 1881, that they 
were procured; from that time the work proceeded rapidly, and the apparatus was completed June 
25, 1881, and inspected on that day by the late Superintendent. It was then ordered to be sent 
immediately to California. It is to be regretted that there was no time to test the performance of 
the apparatus here, and in consequence, some minor imperfections were noticed during the field 
work. The construction of the apparatus was entrusted to me at a period when the discharge of 
my ordinary official dutie.s required almost the whole of my time, and I found myself so seriously 
embarrassed in consequence, that in the spring I had to request the aid of Sub-Assistant Blair to 
supervise the mechanical execution of the apparatus, the work not being done at the office, but 
scattered among various mechanics. I have also t-0 acknowledge the effective help of Mr. W. Suess, 
for general assistance aud especially for work required in the comparing room, such as the con­
struction of the movable platform, the adjustment of the bars and comparators, and the observa. 
tions themselves. All computations in connection with the comparisons of length and determinatiou 
of coefficients of expansion were made by myself and checked by Mr. J. G. Porter of the Computing 
Division, who also made the computations of the additional work of li'83, which was checked by 
another computer. 

Description of some details of tke base apparatus.-In order to avoid the necessity of a tedious 
description two plates of illustratiOns have been prepared, see Plates Nos. 26 and 2i. These plates 
contain detail drawings of the apparatus as a whole and of all such parts as appear to require 
further elucidation; the figures are draw.n to scale, hence auy desired dimensions may readily be 
measured off, besides a title or description sufficient to make further remarks unnecessar~· accom­
panies each figure, and it is believed that these, taken in connection with the above exposition of 
the principles of the construction, will render it practicable to obtain a complete knowledge of the 
apparatus. 

Tke standard bars.-The office and field standards are of precisely the same construction. 
These steel bars are of rectangular section 5mm thick by 21.5mm high; the attached zinc bars are 
6mm l>y 25mm and 249cm in length. The united bars rest on sixteen equidistant rollers placed on 
the t-0p of an iron T -rail. At each end of the steel bar and projecting beyond the wooden case are 
steel plugs 2.5mm in diameter and lmm long, the end surfaces of which define the length of the 
standard. Sunk in the box and read through glass windows are two mercurial thermometers. 
The two Bol'da scales on each standard a.re 20mm in length, divided into quarter millimetres with 
vernier; their least reading is O.Olmm, corresponding to an expansion of abou ° C. 

Tke base bars.-The two ha.rs are of the same construction. The cross·section of the steel is 
5.5mm thick and 23mm high, and that of the zinc bars 6.2mm by 25mm. Lets= length of each 
of the two steel bars and z that of the zinc bar between them, and considering that there is 
a.bout 0.16 of brass forming the oonta.ct pieces at eaeh end, we have the expression 

2 8 + .16- Z= 5 
~a 8 + .16 y - /i z = 0 
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where a, (1, y are the coefficients of expansion of the respective metals; putting a = 6.56, fl = 
17.82andr=10.0, we find s = .3.90rn and z=2.96m nearly, which ar. Hie respective lengths of the 

Ilieces forming the rigid measuring bar. In 
consequence of the im1nacticability of obtain­

} o { ing a bar of zinc of this length, two pieces had 
----------------~--------' to be joined; they are scarfed, spliced and 

riveted as shown by the diagram. 
The e:ftectiYe length for differential expansion is, for base bar No. I, 3.802m, and for llase liar 

No. 2, 3.808m. 
In order that the compountl measuring bar should at all times retain its length whether the 

temperature be rising or fa1ling, it was desirable that the cross-sections of the steel and zinc bars 
should be in>ersely proportional to the speciiic heat of these metals; also that the thickness of 
the bar should take into account the difference in the conductivity of heat, and that the bars should 
ha Ye equal surface exposure so that radiation (or absorption) might be the same. These conditions 
can only be approximately satisfied; llesides the dimensions desired differ from the actual ones in 
consequence of the inability to have the manufacturer conform to a given exact form. These 
remarks apply to the standard bars as well. The length of the measuring bar is defined by steel 
plugs, that at the rear end being ground into a horizontal knife-edge, while that at the forward 
end is flat aucl perpendicular to the length of the bar. 

~o attempt was made to compensate the bar for increased exparn;ion at high temperatures. 
The Mudge contact slide has added to it a collar or ring, by the turning of which contact can 

be made and the sliding piece kept in position ; this contriYauce was necessary in order that· the 
sliding piece may not press against the comparator during comparisous for length, the Bessel-Rep­
sold as well as the Fauth comparator being }eyer and spirit-le\·el comparators. In the pla1·e of 
the usual single line there are tliree equidistant lines for coincidence, one set ruled slightly closer 
as sugge8ted by Assistant Davidson; contact is made with the aid of a magnifying glass. In 
consequence of dust pcuetratiug into the slicle it was necessary to cut it through, so that it could 
be removed for cleaning without disturbing the small index piece. TLe strength of the interior 
contact spring is a pressur.e of but a small fraction of an ounce. The aligning telescope is copieu 
from the secondary apparatus, for which see Appendix No. 17, Coast and Geodetic Survey Report 
for 1880, hut the mounting and means of adjustment are different"; the whole slides on an arc coll· 
centric with the axis of the oar, and is set vertical by means of a small spirit level; in this position 
it can be clamped. It was originally adjusted lJy hand in azimuth and kept in alignment by a 
clamp, but Sub-Assistant Pratt suggested the a<ldition of an abutting stud with two adjusting 
screws working against it, as shown on the accompanying diagram. 
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He also independently suggested the use of a suspended piu at the rear 
end of the measuring bar, as had been thought of by me for adjusting the 
telescope in direction, but the latter operation was easily effected by means 
of sighting on a plumb-line suspended over the middle of the knife-edge. 
The hook as suggested is shown by accompanying cut. 

The compensation arrangement at the rear end of the bars, in conse­
quence of which the abutting surface of the contact screw, which moves 
the whole measuring bar, remains at an invariable distance from the posi­
tion of the rear trestle at the time, is effected by zinc bars 0.50m in lengtb. 

The whole apparatus rests on two trestles J
3

=2.887 metres apart, and equidistant from the 

ends. The number of grooves under the rear end of the bar was about two· to the centimetre, cut 
afterwards so as to have four per centimetre; and there might, with advantage, be five grooves 
per centimetre. In general plan the trestles do not differ from thoi;e used with the secondary 
apparatus, but they are very much stouter and hea\·ier awl have the following additions: A hori· 
zontal knife-edge or prism, which can turn about a vertical axis so as to accommodate any one of 
the above grooves in case the.trestle should be somewhat turned with respect to the direction of 
the line. By letting the bar down on any selected groove the distance between the front bar and 
the rear bar could be so regulated that hut a small motion in the direction of its length is required 
to effect the contact. The roller on the front trestle is of metal iustead of wood, in consequence of 
the larger weight it has to bear. To facilitate adjustment of the bar in direction, the pulling or 
pushing of it iuto line being found too clumsy and time-consuming, Assistant Gill>ert fitted an 
endless screw to each trei;tle, the thread1; working against a pin or pro,iection underneath the bar; 
by these means, which were applied dnring the measure of the Yolo bas!:', the alignment of' the bar 
could be made with great case aud precision. In heigt1t the bar is regulated by the usual wedges 
of the secondary apparatus; the legs of the trestks are shorter than usual, and the split parts are 
connected in the middle by a cross-bar. 

The remaining pages contain au account in detail of the method adopted for the determination 
of the length of the two five-metre standards and of the results reached; also a direct comparison 
of these standards with a four and a ~ix-metre standard, as heretofore used on the survey. 

DE rERMINATION 01<' '.l'HE LENGTH OF '.l'WO FIVE· METRE S'.l'ANDARD BARS IN CON::-;ECTIO::-; WITH 

THE NEW FIVE·METRE COMPENSA'.l'ION BASE APPARATUS OF 1881. 

YaJue of one tum of the Bessel·Repsold Comparators I and II, 1.sed.f1Jr standarding the tu:o five-metre 
standard bars, and investigation of ineqMalities of sereic.v. 

Their value is deri\•ed from observat1ons inrnh·ing the length of a brass centimetre, a hrass 
decimetre, and the brass Saxton 1michine-metre, viz: 

A.-Length of the Smrton diriding and c01nparing machine-metre, also known as the Stop-mett'e, in terms 
of tlie ir°' Oo"'!mittee-metre (of 1799). 

The new di1:1cussion of the sever-c1.l series of observations led to the following table of results, 
where Cm aud Sm stand for Committ.ee-metre and St-Op-metre·, respectively: 

Date of obeervat!ons. Observer. C,.-s., Temp. Ob•.-Comp. 

op. 

March, 1879 ..........••......................• J.J.Clark ..................... . 184. lµ 83.8 -0. 8µ 
July, 1874. .. . . .. ....•.... . . . . . .. . . . M. Meigs ...................... . 207. l 77. 2 -0.6 

April, 1872, and September, OctolJer. 1878...... A.H. Scott and J.J. Clark ..••.. 238. l 68. 9 +1.8 
January, 18i9 ..................... _. _ .......... J. ,J. Clark ..................... . 367. l 3C. 8 -C.5 
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Combining these results by the method ofleast squares, they give: 

Cm-Sm=363,..423-3,..446(t-320 F.) in microns or millionth parts of a metre, with a probable 
error of ± 0".4 

The length of the Committee-metre equals 1"'+6,,.550(t-320 F.) hence 

±1 

Sm=999 636.ii8+!J.996(t-320 F.) expressed in microns 
S.,= 1"' at 680,36 F., or at 200.20 C. 

:!:.10 ±.05 

(The coefficient of expansion of the Cm is derived from the observations of December, 1880, 
and January and February 1881, for which see further on.] 

B.-Length of the briiss standard decimetre, also designated Drn78, in terms of the Sm and the CIJJ.. 

The new discussion of the comparisons made by J. J. Clark in May and June, 1878, ga-ve the 
result 10 D1m=S01 +39d.3 at 68°.73 F. One division of the eye-piece micrometer of the Saxton 
machine equals 2".li2.), viz: From observations of Oct-0ber .5 and October 8, 1878, January 8, 1879, 
by J. ,T. Clark, of February 14, 1880, by E. D. Preston, and of Oct<?ber 14, 1880, by H. W. Blair, 
the observers using the lOmrn. spaces of the brass scale CIB7B (which see below). 

C1878 at 61°.6 F.= 3959d.2 hence 111= 2.525µ 
and 

0 11178 at 68°.73 F.=ll.100 010 32"' 
Thifl l!ecinwtre an1l the centimetre of 1878 are of the same kind of brass as that of the Sm 

he nee 

and at an~· temperature t 
D1878 = 0"'. l at .1)80.41 F., 

Drn7~ = 0·".l + lP,000 (t- 580.41 F.) 
=0 .1+1.79!)(t-14 .67C.) 

C.-Length of tlie brass stanilard centimetre, also designated C11riB' 

The new discussion of the comparisons made b.r .J. J. Clark in October, 1878, ga,·e the result: 
U187s = -(o D1a73 - 2µ.85, both pieces at 640,9 F. 

hence 

and 
Crn78 = 0'".01 at 860.90 I?. 

At any temperature t 
Cur.u = 0"'.01+0•.100 (t- 86°.9 F.) 
Cur.o=O .01+0 .180(t-30 .5 0.) 

D.-Value of one turn of the Bessel-Repsold Comparators I a.nd II. 

Obserrntions made b,Y H. ,V, Blair on NoveJ.aber 181 19, 26, 1880, depend on the leugth of 
D1tm1, those of Noveml!er 22, 1880, on the length of C1~7ll· 

November 18, 2fi .. Comp. I 36.2231 turns=D1878 at 560,!) F. hence 1 turn of screw=276P,06 
November 19 ..... Comp. II 36.1890 turns =D1878 at 58 .4 F. hence 1 turn of screw=276 .33 
November 22 ..... Comp. I: 36.2114 turns= C11373 at 29 .1 F. and 36.2148 t = C1878 at 740,3 F. 

Hence 
Comp. II. 36.1800 turns= Cm8 at 28 .7 F. and 36.1857 t = Cl8'711 at 74 .7 F. 

1 turu of Comp. I at 290,1 F 275,,,99 and 1 turn of Comp. II at 280.7 F 276 ... 27 
56 .9 F 276 .06 58 .4 F 276 .33 
74.3F2W.W 74.7F~6.~ 

l turn itt 57 .0 1? 276 .06 
±.01 

1 turn at. ;)8, O F 276 .33 
:!:.01 
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] tum of Comp. 1=276~.oo+o--.002(f-:iiO F.) 
:l: 0 .Ol 

l turn of Comp. ll=276 .:33+0 .(IO'.!(t-;i~::; F.) 
±0 .01 

l turn of Comp. I = :l76 .oti + 0 .0036 (t - 140 ( ·.) 
:l: 0 .01 

1 turn of Comp. II =276 .33+0 .0036(t- 14,-:i C.) microus 
:l::O .01 

E.-lnequaliNes of tile 1u:rews of Comparators I and TT. 
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The screws of the comparators were tested awl the corrections !h•terminetl for periodic 
inequality in the fractions of a turn aml for difference in rnlues of wholt' turns, according to 
the method devised b~· Bessel, and given in his ''Astrouomi!'che C11kr~n('hunge11, \~ol. I. K<it1igl'­
berg, 1841." The observations were made by II. W. Blair. 

For the iJrrnstigation of the periodic inequality measures wPn• taken, 1\(n-emh._.r 12 arnl 
November 15, 1880, for quarter and half turns, for wl1ich I find 

For Micrometer Screw I: 
tpU=U-i.00014 cos u+ 1.IKKHO sin u-1Jl(HJ05 1'08 :lu- 1.0000ti sin :l11 

}'or Micromet~r Screw II: 
qnL="+ .ooo;n co1-t 11- .ooou; .-.in u- .oooao cos 211- .(KJO-to sin '.!u 

These cxp1 .. ~s;;iow; indicate that practically there i1:1 no inequality in the subdi\"isions of a 
turn. Here 1~ =reading of screw.head and qm its correction. 

Obsen~ations were made November 16 and 17, 1880, for inequality of whole turns and ranging 
over the whole scale from 0 to 80 turns; for each comparator there were 26 equa.tions with 11 
1111knowu quantities; and if f indicates a correction to a reading of turns~ T find 

l f 10=-'.019! 

For )licrometer Scn•w 11f7°=- .O~I:)~ f 30= - .Oal.l 
f 40=- .0527 

{ 

f 10=- .0335 
. ' f 20=- .0623 

For Mwrom1>.ter Screw II f 30= _ .0872 
f 40=- .0967 

) f 50= -'.0463 
~ f 60=- .0323 
If 70=- .0139 
( f 0 and f 80 being zero 

{ 

.r 50=-'.0795 
f 60=- .0498 
f 70=- .0225 
f 0 and .f 80 being zero 

.Applied to the observed inter,·als of 10, 20, 301 aud 40 turn1;1, they exhibit the remaining dis­
crepancies as given below. 

Table of remaining dt{ference8 (in.fra.et1ons of a tu1·n}. 

Compa.rator No. I. Comparator ~o. tr. 
ii ' 

Inrer..-alof i i 1 . 1 1;---,----,---:--
1: lO turns. j 20 t-uroe. / 30tums. ! 40 turn•. '! 10 turns. . 20 tul'I!•·; 30 tnrne. -lO tul'118. 

-----~; ___ J ___ 1 ___ [ ___ i• ___ .: ___ 1 ___ , ___ , 

•. l I i i ' I 
01 l +.001a i -.ons; +.0045: +.ooeo :: -.0043, +.0003 i -.001s +oo:;.~ 

10 +. 0039 -. GOU I +. 0023 i +· 0002 l -. 0015 -. 0013 ' -. 0030 +. 0018 
20 +.0001> -.0034 -.0021 i -.0033 :· +.0000 -.OOU. +.0050 -.0027 

so -. 0039 +. 0061 : -. 0027 i +· 0007 +. 0022 i -. 0057 ' +· oo:u -. 0024 
40 -. 0020 +. 007i 

1
. -. 0013 : -. 0034 • 0000 I +. 0041 ' -. 0014 : -. 0024 

so -.0011 +.0039 
1 
~ooes !.......... +.00011 I, +.00110. -.OO'l'T ! ......... . 

C10 -. 0010 +. 0015 : ......... + ........ .J'.1, ++·.~ ll··+··"0037·····'.·.:.·.·.~·.· .• ·:: ... ,·.::::: ·.: :: : 10 ·r·~ ......... .1. ........ ., .......... 1 ""'" 
-··---- i ' __ 1._i -~---___,,!_., --------

S. Ex. '17-15 
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The corrections f for intermediate turns were obtained by interpolation; for thirs purpose I 
used Hansen's interpolation formula,' arranged according to powers of the fractional part of the 
argument. If F be the function, l" n: an interpolated value, an<l 11 the interval, here 10 turns, then 

= F + 11 (a - 1 r + 1 e-. ' 6 30 

2 (b d f + 11 2-24+180-

3(C tJ +11 -- + 6 2·i 

( 
d f + n• 24-144 + ) 

) 

A table of corrections wa.8 thus computed for every turn and the eorrections were also laid dow11 
graphically. 

The following table of corrections suffices for most purposes. lt is part of a more extended 
table which gives the corrections for every tenth di•ision of a turn. H was computed from the 
expressions 

For ~ficrometer No. I: 
F'n' =-'.0527 +.ouaus 11 +.003.'iO ni-.00051 t1 3 +.oom3 n•+ .0000311'·-JHJOO:-i 11" 

For Micrometer .Xo. 11: 

where 
I•':n· =-t.0967 +.00408 n +.01469 n7 -.00023 n" -.00141114-.00000 n5 +.o000i n6 

1 
n=

10
(t-40) 

Table of corrections to t10-1t11 of Micrometers I and II. 

Conection t-0 Corrbction to Con·ection t«l Correctfou fo 
: 'Iurnts. -------------·~--~--- Tmns .. !-----;:Tu.rm~. 

I. II. I. I II. I. II. 

---- ---- ---<!-----·-··---- ·------l<-----:--1--. ·-1:------1--------
10 - '· 020 ' - 1

• 033 25 40 '-•. 053 1-•. 097 ' 55 -•. ()40 -•. 005 
11 .O~l .037 26 41 i .052 '. .096 56 .039 i .062 

12 . 02't • 041 27 42 • %2 I . Ollfi "' • 037 l • 059 ' 
13 .024 .044" ZS .050 .083: 43 .052 .094 "8 .036 .Mil 
14 . 026 : . 047 20 . 051 : . 085 i· 44 . 051 • 093 59 • 034 : • 053 

15 -. 028 -. 049 30 -. 052 -. 087 l 45 : -. 050 I -. 091 60 -. 03'J -. 050 
!ff . 030 . 052 31 . 052 : • 089 ' 46 ' • 050 . 0811 ' 61 
17 .032 .055" 32 .053 .091 i 

18 .035 .057 ·: 33 .053 .093' 
rn Oil7 · • ooo ! 34 • o:;a . Ofl4 

20 - . 038 -. 062 " 35 -. 053 i -. 095 
21 .040 .006 : ill 

.061 !i 

.O'i'O :J 

. 073 !! 
; 

37 

38 
3g 

---------- ---------- ____ :L __ ~----

.0.';3 

• 053 
• 053 
. 053 i 

.096 
.1197 

.097: 

.001 :: 

47 I .049 
1 

.087: 

48 • 048 • 085 

49 I . 041 • os2 
50 •, -. 046 I -.079 
s1 I .04s: .011 , 
52 • 044 i • 074 

53 I .043 l .071 

62 

63 

64 
65 

66 
67 

68 

.031 

.029 
.047 

• 044 
.027 i .042 

. 0-l5 • 039 

-.023 -.036 
• 021 
. 019 

.017 

.034 

. 031 

.028 
M . 042 ' • 068 . ~9 . 016 • 025 

70 -. 014 -. 022 

N. B.-The measures taken of D187e and C1!!1s for the detennination of the values of one tum 
of the micrometer screws were corrected by means of the above table. 

1 Chauv-euet'1 Practical Astronomy, '\'ol. I, p. 89, Philadelphia, 1863. 
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Ta.ble of 1;a.l·1u1s of otw titrn of 1llicrnmeters I and II for 1Jario11.s temperatttres. 

C. F. Micrometer I. , Micrometer IL 

,. ,. 
0 32 276. 01 ll76. 28 

10 50 . 05 . 32 
:JO 68 • OR • a:> 
30 86 .12 . 3P 
40 104 .15 . •2 

' -----·------ --·-

\ALUE OF ONE TURN OF' THE FIELD C0)1PARATORS :'.\!ADE BY FAUTH & 00.1 MAY1 1881 
KNOWN AS SCREW-LEVEL COMPARATORS III AND IV; AND INVESTIGATION OF IRREGULAR· 

f'l'IES OF SCREWS. 

The value of a turn of these· screws depeuds on the le11gth of the standard brass ceuti. 
metre C'"'" 

A.- ratu.e of one t1H"11 of the Faiith & Co. Ooniparatu1·s III and I l,.. 

Observations made by H. W. Blair May 17, 18, 24, 1881, at a mean temperature of 120.1 :F., 
on ,June 3, 4, 1881, at a mean temperature of 680.2 F., and on June 20, 21, 1881, at various tempera­
tures, ranging from 350 F. to 44° F., give the following results: 

Uomparatur 111: 39.:!812 tums=C1s;; at m;0 .i'i F. heuee one turu of Screw 1Il=254.528" 
Comp1trator 1 \': :m.:!7!14 tnrus=Cw• at 6G . i F. heuce one turn of Screw IY =254.5351• 

One tum of Com para.tor lll=254".5:3+0".001 (t-68° F.) 
::l::O .01 

< >ne tul'I! of Comparator IV =254 .5:"1+0 .001 (t-680 F.) 
::l::O .01 

Ur Oil!' tnru of'Uo111parators III aml l\'=25¥.53+0".00'.!(t-2()0 C.J 
::l::O .O! 

B.-lnequalit-icN of the 1tcrew11 of Gomparatoi'l1 III and IV. 

J<'or tlte inve~tigation of any periodic inequalit.Y iu the fractions of a turn of the screws, meas­

ures were taken by H. \Y. Blair, l\fay 16 and June 2, 1881, for quarter and half turns. They give 
For Micrometer Screw III : 

<pU=u-t.00084 cos u-t.00025 sin tt-i.00044 cos 2u+ t.O<I045 sin 2u. 

For :Mic1·ometer Screw IV: 

<pu=u- .000!8 cos u+ .00019 sin u+ .00022 cos 2u- .00015 sin 211. 

These corrections are too smaH to ueed consideration in our work. 
For inequality 111 whole turns, ranging over the whole scale from 0 to 80 turus, obsen-ationR 

were made by H. W. Blair, May 17 and .Tune 2, 1881. From tlieRe the following corrections were 
derired: 

1
. f 10=+'.0101 

. f 20= + .0109 
For l\I1crometer Screw III f 30= _ .0028 

(_ f 40= - .0099 

\ -.00 I: 

~ . I f 20=- .0001 
llor Micrometer Screw IV~/ 30=- .0078 ! / .to=- .0102 

\ f 50=-'.0118 

i 
t 60= - .ooos 
f 70=-.0052 
/ 0 and .f 80 being zero 

i\ ~===::.! / 70=-.0023 
/ 0 and / 80 being zero 
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When applied to the observed intervals of 10, 20, 30, 40 turns, the measures exhibit the 
remaining differences (in parts of turns) as before. 

Int.,rval uf 

01 

\0 

20 

ao 
40 ,., 
60 

70 

Comparator No. III. Comparator No. TY. 

~-- ·-- - -----·-- --- ·- ------------ ---· -
1 ' f l 

10 tnms. ! 20 turns. 30 turns. 40 turns. · 10 turns. ' 20 turn•. ' 30 turns. 40 turns. 

-. 0067 +. 0006 +. 00-01 : +. 00~>6 -. 0002 +· 0025 ·-, 0001 -.002C 

.; .0030 -. 0012 -. 0051 I -. 0029 ' -.0011 -. 0011 -'-· 0036 -.0015 

.•. 0030 -.0021 +. 0042 I -. 0012 -L 0087 ! -. 0060 -. 0005 -. 0010 

+. OOM -. 0003 -. 0036 -. 0009 +.0035 ! +. OOOti -. 0003 +· 003; 
' .,. 002:1 -~. 0043 -. 0014 -.0006 -. 0002 +. 0025 -. 0039 +.OOOD 

-. 0048 ·;.. 0023 +· 0057 -. 0026 -. 0004 +. 0015 
-. 0017 -. ooar. ···-······ --, 0036 +. 0019 --------·-
-.0016 ....................... .......... -. 0043 ·········· ........... 

______ _L __ _ 

For the interpolation of tabular values for each tum, wt> haH 
For Xo. III: 

F" =-'.0099-.oo:}90 n+.OOU7 112-.lHI069 1t"+.IKHHti n4+.0000H 11°-.000032 11' 

For No. I\': 

F" =- .0102+.1lOOfi0 n+.oo~4!l n2 -.000fl6 n"-.flOflilll n•+.OOOOH n~-.O(H.IOOH n• 
where 

'fable of correctiu1UJ tu turns of 1lficromd~n1 III <md Ir. 

Corrf'-1'tlon to ('onN·tion to Corroction to C:orrP.ction to 
TurnK. ! 1·nrn!o\. : Turn"I. · 'Iun1~. 

Ill. TY. III. TV. III. IV. III. IV. 

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

10 -~ 1• 010 -'.001 :,:;. -; I, 004 .i. 004 40 -'.010 - 1.010 55 -'.011 .. "006 

11 . 01~ • 000 2tl . 002 • OOfi 41 . OlO . 010 ;16 .011 .Otl6 

12 • 014 •• OUI .... : . 001 • OOti 42 .011 . 010 57 .on .005 
l'.l . 01!i 002 

' 
2l< .OIJfl 007 n . 011 . 010 :)8 .Oto . 005 

14 ,Cl]t1 00" ;.>9 -.002 . 007 « .on . 010 59 .010 • 005 

15 , . OHi t. 002 ao -.003 -. 008 45 -.011 -.009 60 : -.010 -.004 
16 . Ol:i • 002 31 . 004 . 008 46 .012 .009 61 .009 • . 004 
17 . 014 . 002 :12 . 00[1 . 009 fi . 012 .009 112 .009 I .004 
18 . •Ila . 001 113 • 00() . 009 48 .012 . 008 63 .008 I • 003' 

19 . 01~ +. 001 34 . 007 . Oto 49 .012 . 008 64 

' 

. 008 I .003 
20 -, . Oll • 000 35 -.007 - 010 50 -.012 -.oos 65 -·.007 -.008 
21 . 009 -.001 36 . 008 . 010 51 .012 : .007 66 .007 .003 
22 . 008 . 002 37 .009 ~2 .012 .007 67 .006 .oos 
23 . 006 . 003 38 . 009 53 .012 .007 68 .006 .002 
24 . oo.~ . 004 a9 . 010 • 010 54 .012 . 006 69 .005 .002 

70 -.005. -. 002 

N. B.-The measures taken of 01•1s for determining the value of one turn of micrometers 
were corrected by means of the above table. 

Table of Mlu08 of one turn of 11ficrometers III and IV for 1:ario1u1 temperaturu. 
-·-·--~I -~----1 -----·-----·! 

C. : F. I Micrometer III.' Micrometer IV. t 

"--!--r-----1 l 
0 ! 0 

0 

10 

20 

00 

32 

60 

G8 
811 

40 104 

,, 
2M.f9 

.. ~l 

. 53 

.55 

. 57 

I 

U4.00 

.52 
• /!3 

.55 

• 57 
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DETERMil'\A'.l'ION O.F '.l'HE LENGTH OF THE NEW FIVE·METRE STA.J."WARD BARS KNOWN AS FIVE­

METRE OFFICE STANDARD AND FIVE-METRE FIELD STANDARD, OR SIMPLY AS FIVE-METRE 

STANDARDS No. 1 AND No. 2. 

Tiley are of steel, end measure;; with steel plugs, and ha\'e attached two zinc bars with Borda 
8.-ales in the middle, as described iu the a-0c01mt of the construction of the new five-metr1> base 
apparatus. 

They depend for their length 011 the Committ1w metre as unit, aud imlirectly ou tht> length of 
five steel metres made for t.he purpose, aud knowu as subsidiary metres A, B, C, D, E. 

<t.-Deacription and detenninatio11 of tlte lengtlt of the Ji re su/11.:idim·y 11ted metres A. H. C, ]), 1.:. 

The steel ua1·s were made nlwut twelve years ago, and were takeu from a umuher of similar 
bars which served for the coustruction of the steel staudard State-metres. They aw rectangular 
in sectiou, Icm in width aud 3cm in height, nearl.1 that of tht• Committee metre which is 9mm b~· 
~8nnu; originally they had at oue end a rectangular perforatiou 4mm. b~· Hmm. This was filled up 
with lead. At the end snrfnct•s t.lrnre are projecting c~·Unders lcm long and lmu in diameter. aud 
1'lightly pn~jectillg beyond t11c t>nd;.; of thest> c~·liudcrs, and concentric therewith, are the deti11ing· 
platinum-iridium surfaces, ~mm iu dianwter and im~ject ing about 0.5mm be~·oud the cylinder. Tht> 
alloy proved rather soft and would wear nrnler rough or constant use. The platinum-iridium 
cylindf\rs \l'Pt'1• inserted lis .J. J. Clark, wlio gwnnd and polislwtl them at rig·ht an~le;; to the axes of 
the bars, and st:1udarded tltem as near a,.; priwticahlP to the length of one metre; wheu 11ot ill use 
the ends are protected hr br:tl'ls eaps aml the liars art'. JH'P~en·ed in woodeu bo.x.e::;. 

l•'or the determiuatiou of their lt>ugtli thes wert\ placed side by side in a trougl1 tilled with g·Jyee­
rine, and compared betweeu the middle brick pierR ill the comparing-room b~· means of the HeKl'lel­
Uepsold 1:1crew-level comparators, and at the natural temperature of the room. Tlie tluid wa" 
poured iu the trough t.Le e\·euiug before observations eommeuced, and after the close of each 1l:J,~·'s 
work the metres were newly arranged in relatirn position. There are two thermometers in the 
tank, suspended horizontally and on a le,·d with tlte axf's of the metres and on eacl1 side of tl1e hox. 
To read them withont taking oft' the lid there arc two 1.dass windows vertically O\'t•r the scalps; 
the therruometcw;; are faste11ell t-0 iron bars of the same section as the mt'treR; the11e ha rs can he 
raised by means of wires, in orde1· to bring the stems of the thermometers to or above the surface 
of the glycerine for the purpose of reading the scales. The readings are takeu Ly the light of a 
hull's eye lantern; a small plane mirror fastened on the outside o\·er the lens and inclined to the 
horizon about 450 throws the light vertically downward. Before reading the thermometers the 
glycerine is agitated and made to circulate freel,y between, below, and above the mettir bars. 

The five subsidiary metres, the Committee metre, itnd the two Lars supporting the thermom­
eters, are placed horizontal and paralle1, and tbe metres are supported independently on rollers 
at 0.2llm from their ends towards the southern pier and on a cross-bar 0.2llm from their ends 
towards the northern pier. Expansion aud contraction of the b1irs will thus be measured mainly 
by the southern comparator. The trough is water tight, uncl tl1e packing of the small c,rlindrfo ends 
of the bars projecting through the ends of the box is effected by a sheet of India rubber which is 
secured by a perforated brass plate. The trough rests on a carriage, which can readily be wheeled 
in on iron rails and brought to rest between the comparators for the successi,-e measure of each 
metre. The tank is provided with a hot or cold supply pipe, emptying at the bottom of the trough, 
and with a waste or overflow pipe at the top; these pipes are of gutta-per,:ha, and lead outside the 
comparing room, and are used in -0bservations for determining the ooefficient of e::i..-pansion. 

It is desirable to describe once for all the process· of mounting and the adjustment of the 
oompara.tors on any of the piers. A tine copper wire is stretched over the middle of the two piers 
and at right angles to the direction of the rails supporting the carriage with the bars. The compar­
ators are placed on the piers, roughly, with their screws level and in the vertical plane of the wire, 
a.nd at the proper height with respect to the end surfaces of the metre bars. The rails and bars 
are Placed horizont.al by spirit level; the brass bed plates of the oompmators are leveled by means 
of four foot screws, and adjosted in heig'ht by 1neans of a leveling instrument, so that the points of 
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the contact pieces shall be precisely in a horizontal plane with the axis of the bar under comparison 
The comparators are made to read about the middle of their scales for average measure. Finally, 
after the screws of the comparators, the axes of their abutting pieces, and the centers of the small 
disks of the ends of the bar or bars under comparisou, were all found in tke same stra.ight and hori· 
zontal line, the comparators were fastened down to the piers by means of plaster of Paris. No.1 waR 
always mounted on the northern, No. 2 on the southern pier, and increasing readings of screw11 
corresponcl to decreasing distance between the central surfaces. 

To obtain a measure of the stability of the piers, au additional metre was mounted on a wooden 
frame, supported at one·fonrth of its length from the ends, and wrapped up in a woolen cloth and 
paper coYer to protect it from sudden changes of temperature; it waK alwa,vs kept at the tempera· 
taro of the room, and its thermometer scale could be read b,y opening a tlap in the cover. For thiR 
purpose steel metre No. 19 was used, the same which serve for stamlardin~ tht> State metreR; it is of. 
the same section as the subsidiary metres and its length is given 

Xo. rn =Corn. met. - lP.5, both metres at 320.s F. 

resulting frorn direct comparisons with the Committee metre in 1874, by .J. ,J. Ulark. In February, 
1879, the same metreR were compa1·ed hy Assistant H. 0. Ogden, and Suh.assif1taut H. W. Blair, 
who found reRpectively 

;\o. HI= Uom. met. - 11".5 at iHo.1 F. and - 7~.2 at 60°.8 I?. 
- l!.!,.,O at s10.1 J<~. anrl - 7P.1 at 600.,'\ F. 

ltK coefticient of expan:;ion waK not determil1ed, hut it ii; uow known from the above relative 
11wa11ures, and the ab:,mlnte value for the Committee metre ai> giveu fnrt11er on.• 

Thermomt>ter Greeu Xo. 8 i>1 attached to this metrt'. 
Immersed in gl,vcerine wais Kew thermometer (Hall mm·k) H66 and Kew thermometer (Hall 

mark) !l68, the former near iutlow~ with bnlh north, the latter near outflow, hnlu south. The tem­
perattm.•. of the room and of tht~ comparators i:o1 indicated by the pier thermometers Tagliabue No. 
517 011 north pier anll TagliabtH:' ~o. ;H:! on south pier. lu all our compariso11s tltf' thermometer11 
were 11s(1d eith(•r in a horizontal or in a slightl,v iucliued position. 

The thermotrn>tric work <fo1iemls for its a~~cnracy on the eonections to the scale:,i of the Kew 
thennometers Nos. 18411 and 3579:!; of the former the certificare Wlll'l lost; of the latter· it is given 
below. These thermometers were sent to the Physical Department of the Johns Hopkins Unh·er­
sity, Baltimore, and there re-st.andarued under the direction of Prof. H . .A.. Rowland, in October and 
November, 1880. The corrections refer to the instruments in 1'ertica1 position: 1mrl <le1lend on the 
indications of an air thermometer, they are: 

Temp. 
n·ah.;. 

32 

torrection to 

18411. 

-0.21 

.27 

.Zl 

'11 
.32 

. 28 

.2'.? 
- .18 

35792. 

-0.13 

.14 

.H 

.15 

'18 
.18 
.13 

-.07 

Temp. 
(Jo'ah.). 

70 

i5 
80 

l!.5 

9ll 

95 
100 

105 

Correetfon t-0 

18411. 35711'2. 

-.11 -.05 

.16 '10 

. 18 .10 

.17 .18 

'16 i .13 

'07 i .07 

.05 / .06 

-_.o~_L _:.~~--

"The above comparisons at three <lifferent temperature>1 give for the differential expansion - 0.2121' for eacn 
tlegree J<'ah. 11.nd for the length of No. 19 and of C. M. at the temperature t 

No.19=C. M.-l".3-".212(1-320F.) 
=C. M.-1".3- .381 tC. 

bAnce in mic.ron• 
No, l!l= lll"-1".3 + fl'.3.18 (t-:JiFF.) or= 14~·-t~.3 + ll"".401' I(', 
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The Kew certifioote for 35792 (Hall mark 969) gave for vertical position : Correction zero at. 
320, 920 and 1020, and correction -0°.1 at 420, 52°, 620, 720 and 820, 

Two selies of thermometer com11arisons were made by H. W. Blair, the first September 23 and 
24, 1880, with the instruments Yertical, and the second, December 16, 1880, with some instruments 
yertical, others horizontal; each series included thermometers 18411 and 35792 (vertical). These 
i;omparisons were made in a tank filled with water at different temi>eratures. All needful precau­
tions were used in this elaborate work. The results are as follows, after the mean corre.ctions due 
to 18411 and 35792 had been applied: 

K•w thermometk'n horizontal. Kew thermometer. "ertic.al. 

.At 966 968 ~70 971 At 968 970 071 

0 

45.5F. -0.14 -0. 24 -0.1~ -0. 12 42. OF. -0.06 -0. 21 -0.0ll -0.08 

57. 0 .20 . 30 .:.w . 21 57 • 08 . 21 .11 
67. j .13 . 23 . l" . 17 

' 
6~ . 07 • I~ .13 

77. 0 . 14 . 24 . lfj .12 8~ .m . 21 . J3 

!1.i. ~ .16 . 26 .1e .16 JQ7 - . 05 - . 17 - .05 

!l:"1, .i - .H - .21 - .16 - . 14 

-·--·--·-----· -----------

N. B.-'l'he Uasstilla nmnbers corresponding t-0 thf', Ball mark~ ar(•: 

35789 t.o H. l\I. !J66 
35790 !167 
:{5791 !llii' 

3579:! !Hi!~ 

3.')793 970 
3.'>794 !171 

.13 

. 14 

.13 

~-"" 

A series of eomparisons made bJ H. W. Blair, December 10, 1880, gan• the following eorrec_ 
tions to thermometers J. Green ~os. 8 and 9 in horizontal position, depending on Kew stanrlard 
H. M. 969 (or Cassella No. 35792) when vertical and corrected. The corrections to the pier 
thermometers Tagliahnf' Nos. 512 and 51 i depend on comparisons made h~- F. H. Parsons, in 
August, 1880. 

Correcti-Ons t<> graduatimia of thermometers. 
·----··---~, ~-i--.-. --- l :: 

; No.8. i No.9. :i \xo.512 .. : 

------:--/--,1- -- ·-1---- .. -· 
o ·o:o" o 1 0 

:No.517. 

At 40.5F.i ~oo \ -.02 j; .At •s F.i +.1 ,: At ,6 F., -1.1 
sa. a I +· 02 I +. 03 ,: 50 +.1 : ss -1. o ; 
63.8 +,07 +.07 !~ 55 +.l ,: 65 -1.0 I 

! ' ,, I 60 +.1 i 71> -1.0 I 

65 .0 :: 

10 -.1 '/ 

ARRANGEMENT OF THE METRES IN THE GL YOERINE TROUGH. 

The accompanying diagram shows the arrangement of the metres in their first position. M. is 
the Committee-metre and I I the iron bars to which the thermometers are attached; pp indicates 
the sides of the paper cage inside of which the comparisons were made. In position II the Com­
mittee-metre was inverted; in position III all the metres were in~erted ; and in position IV all 
the metres except M were inverted. Each position is used once with contact piece I, as in dia­
gram; next the contact pieces of the comparators are exchanged. We thus obtain eight distinct 
result& Each set oonaiats of the following operations: Rea.ding of thermometers of metre No.19; 
reading of pier thermometers; three compa.ra.t.or contacts taken in rapid succession; reading 
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of thermometers of No. 19; reading of two thermometers in glyoorinc; three contacts of each 
metrf\-ha.r in succession; reiuling of thermometers in glycerine; three contacts of each of the six­
metre bars in inverse or<ler: reading- of thermometers in glyct>rine; three contacts of No. HI an<l 

Wall. 

:: 

--- --P 

South (;om· 
parator II. 

-t- --1 - ------ -P 

I I 

thermometers readingH, closing:with reading pier thermometers. Two sets were made each day, 
commencing about 9 a. m. and 2 p. m. The observations were made between December 11 and 
December 16, 1880, by H. YV. Blair and F. H. Parsons. The result.s are as follows: 

:Jubaid·iary .~tee/ 111etrex A, B. C, D, E, equal to Committee metre pins tabular quantity a.t given temperature. 

ArrattJ,!t·nwnt. 

l'rn-1itiu11 1 

Pu:-1itio11 Ir 

Po~itio11 lfl 

P0Bitio11 l'\" 
I 

2 

Meau 
l'robabfo error in microns, 

and irrespecfrrn of ditferen· 
tie.I expansion. 

TAULE J. 

At temp. A B 

----
F µ µ 

M.o2 ·- 7. 97 10. 4~ 

!"1f>. 26 fi.fJll lfl, 112 

52.13 10.69 7. 43 

.J~.R!J 9.8) !I. ~O 

54.32 10. 83 7. 9.~ 

5.5.37 9. 78 JO, RO 

c Tl 

I' p 

i· 7. 30 -11. 71 ~:!.27 

7. 4~ J~. :?3 2 .. ';4 

9. 61 8. 53 I. 67 

ll37 11.16 -~.72 

10.23 

8. 6~ 

8.17 
ll. 93 i 

I 

j-0.49 

-2.06 

00. 65 • 8. 29 , 10. 09 IO. 28 : 12. 05 l 2. 911 , 

57.33 ! +7.23. -ll.10 +7.M. -13.451 -4.81, 

54:-22) +s:-941--:9.76 --:S:-68 :--=u.-iSf~:SO-: 
: t 0. 37 0. 33 o. 29 0. H : 0, 34 I 

The greater part of the probable errors arises from the imperfect end surfaces of tbe Committee 
metre, there being no definite points about its central axis. 

Botween the observations of the first table of results and the following one the sernral metres 
were snbjectecl to various temperatures, from whiiih their coefficients of expansion were deduced.• 

The second series of obser,·ations were made February 3, 18 and 19, 1881, with some additional 
observations of metre C on March '.!and 3, 1881, h.r H. W. Blair and J. J. Gilbert. 

•The Committee metre was also used in the interYal by W. A. Rogers, of Cambridge. Hanard College Obe&rvat.ory, 
for it0me ~ompari!!()ns at WMhington on lliA own comparing machine. 
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Arrangement. 

Po1ltio11 I 
1 

2 

Position ll 
1 

Position Ill 

1 

j Poslt7n IV 

I 2 

T.A.BLE HI. 

I 
At temp.,- A 

OF. /l 

61. S7 : -rl3.47 
61.40 15.84 

61. 59 9.;;9 

61.99 : 7.39 

60.79 8. 08 

61. 40 '. 3. 51 

62. 26 6. 54 I 

62. 98 +6.65' 

B (J D E 

-------

µ I' I' I' 

-7.ll. +7.66 -~.63 +0.30 
3. 43 io. o; 6. 26 +5.03 

10.52 . 5. 53 11. 77 +o.60 
12.00 ' 5. rn 14. au -3.119 

10.30 4. 01 13.12 :1.09 

13. 23 ~. 87 JR ~4 5. 90 

9.47 4. 07 14. i2 5. 37 

-10.86 +4.02 -15. Oi -4. 02 

I Mean 
-----------------·---

1 Probaole error in microns 
j and!hrespecti ve of differ("n· 

r tial expansion. 

' 

61. 72 -; 8. 86 

±0.95 

Extra comparisons of M and U iu air garn 
Pim. I 

l I 
111 
IV 

5!J0.40 F. 
liO .40 

51'! .G5 
59 .5:~ 

-9.69 +5.43 

0. 76 
0. '"' 

+4>'.36 
(j •. w 

10 .00 
+4 .!4 

-12. 76 -2. 05 

0. 91 0. 8H 

and when reduced to same temperature as in 'fable Ill + 4.00 + 6.:34 + 9.56 and+ 3.8R 

:Mean 
by Table II 

a1lopte<l 

+ 5,94 IC=2 
+ 5.43 1('=1 

+ ;,, ()0 ± 0.46 ,, 
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The observations made for <leter111i11i11g the coefficient of expausion yield three more values­
all referring to the ordinary temperature of tlJe room. 

TABLE II /Jis. 

Bet. Date. B c D E 
------ --··-- ---------

c P. 
" I' ,. 

" 3 D<>eember U, 188o :.1. 58 1 7. a -ll. I ·+ 8. 0 -13.0 -~. l 
G December 27, 1880 52. 60 + 7.5 -12.0 + 7. 8 -13.3 -4.4 

16 ·January 8, 1881 ~.29 + 9.8 - 8. 7 +12.3 - 8.0 +0.2 

Mean 5.5.16 +8.27 --10.60 -+ 9.37 -ll.43 -2.10 
-- __ _J __ . -------·-----~-~---

The values of Tables I, II, HI, may all be combined as possessing equal weight (the four 
results for C depending on comparisons in ail· are here excluded) since relative position of the metres 
appear to he of little consequence. 

If we reduce all observed differences to the common or average temperature 57°.53 F. by means 
of the observed differential expansions and contractions as worked out in the next chapter• we 
obtain the following table of results. 

•The coefficients of expansion of the steel metres A, B, C, D, E, were found to be nearly the same, but le88 by 
·00000023 than the coeftioientofthe iron metre H, hence fur the redaction of the tabular differences we have-0".23for 
8ach degree of Fah. 

S. Ex:. 77-16 
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TABLE IV.-Sub8idiary metre.'! A, B, c, D, E, equal to M + tabular quantity, the metres at 57° )3 P., 

or 140.18 0. 
[All comparisons made in glycerine.) 

-- ~---- ----- ~---

Table. 'Jemp. fl t. A. ll. c. D. E. 

o F. µ. µ ,, µ. µ 

I. 54. 82 +2. 71 + 7. :15 ~11. U4 + 6. 7i -12. 33 -2.89 

50.26 +7.27 5. 23 12. 59 ;). 75 13. 90 4. 21 

52.13 +5.40 9. 45 8. 67 8. ;)j 9. 77 2. 91 

52. 89 +4.64 ll. 74 10. 47 7. :10 12. 23 3. 79 

54. 32 +3.21 10. 09 8.69 9.49 8. 91 0. 25 

55. 37 +2.16 9. 28 11. 30 8.12 12. 43 2. 56 

56. 65 +o.88 8. 09 10. 29 10.08 12. 25 3.19 

57.33 +0.20 7.18 11.15 7. 49 13. 50 4. 66 

II. 57. 58 -0.05 7. 51 11. 09 8.01 12. 99 :!. 09 

52. 60 +4.93 6. 37 J:l.13 6. 67 14. 43 5. 53 

55. 29 +2.24 9. 28 9. 22 Jl. 78 8. 52 -0.32 

lll 61.37 -3.84 14. 35 6. 23 8. 54 'j, 75 +1.18 

61. 40 -3.87 16. 73 2. 54 JO. 96 5. 37 +5.92 

61. 59 -4.06 10. 32 9. 59 6.4'> 10. 84 +1.53 

61.flll -4.46 8. 42 11. 57 ti. 22 13. 27 -2.96 

60. i9 -3.26 ,: s. sa : 9. :15 4. 7fl 12. 37 2. 34 

61.40 -3.87 :I 4. 40 : 12. 34 I 3. 76 17.35 5. 01 

-4.73 
I 

7. 63 8. 38 5.16 13. 63 4. 28 6'2. 26 
' 

6~.98 -5.45 
I +•~ -9:.~_i ~5.27 -13~-=~ ---------

Meau fl'i. 53 Mean +R. 80 -9. 87 + 7. 4:! -11. 8b -2. ]!; 

]'ruhallle error ~· 0. 44 "ll. 38 0.3:1 0. 4;; . (l. 4:l 

A. glance at the probable errors of the results from Table I and Table Ill shows the results of 
Table I to be far superior to the latter ones. Giving these eight results double weight the means 
and probable errors become as follows: 

\A= M+ 8.61 µ±0.38 µ 
I B= M-10.06 µ±0.33 µ 
~ C= M+ 7.57 µ±0.29 µ 
ID= 1\f-11.89 µ±0.37 JI 
l E= M- 2.43 µ±0.:37 p 

2;'or A+B+C+D+E=5M- 8.20 µ±0.78 µ;all metre bars at57°.53 .F, or 14°.18 (] 

b.-.Det.ermina.tion of the coe:tfident of expansion of th.e Committee-metre and of the subsidiary steel. 
metres A, B, c, D, E. 

For heating the glycerine a boiler was provided in the yartl adjoining the comparing room, 
and for cooling the same a large tub was kept filled with ice; in this were placed tin vessels filled 
with glycerine and the whole was covered with iiieces of i<>..e. It was found that the flow of glycerine 
through the tubing leading to the comparing trough was too slow; it was therefore brought into 
the room in buckets and poured in the trough. The lowest temperature which could steadily be 
maintained during the time of making a set of comparisons was near 4JO F., and the highest to 
which it was desirable to expose tl1e bars was near 1000 F. Special experiment was made Decem­
ber 18, 1880, to test the rapidity with which the steel bars immersed in g·Iycerine would take up 
its temperature when markedly different from that of the room. It was found that with a sudden 
change of temperature of 220 F., the time elapsed before the micrometer readings became steady 
was twenty-two minutes; it was therefore concluded that observations conld commence ha.If an hour 
after the change of temperature had been made, by which time the axes of the bars had fully ta.ken 
up the temperature of the fluid. 

The method of observing was the same as explained before. The distance of the micrometers 
(or piers) was measured before and after each set of observations for coefficient of expansion by 
means of M 19; this metre-bar indicated the temperature of the room, and it was necessary in the 
first instance to assume a close value for it.s coefficient of expansion, in order to express the distance 
between the comparators. The coefficient usually taken before the present observations for M, was 
the vaJue e=.00000642; from previous observations L1e of Mand M 19 was fonnd-.00000021, hence 
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in the first computation e of )119 was assumed .00000621. The observers were H. W. Blair and 
W. Suess; the observations commenced December 23, 1880, and were concluded Januar_y 8, 1881, 
during which time fifteen sets of comparisons were made, each consisting of tiYe difforent mean 
temperatures and yielding each au independent Yalue of e. 

The distance of the piers or comparators resulting from contacts with m 19 is given iu the 
following table, to wbicb, bowe>er, 106 microns would haw to be added. 

December 23 Set I Temp. 550,50 F. d=40564.6.:3 µ 

January 

2:1 2 55 .95 650.3 
24 
24 
24 
'>~ -· 27 
27 
29 
29 
" i) 

7 
7 
7 
8 
• 

:: 
4 
:"i 

6 
j 

8 
9 

10 
11 
12 
13 
14 
15 

fi4 .29 648.7 
57 .44 65UJ 
57 .67 
52 .75 
55 .39 
56 .95 
49 .01 
52 .87 
42 .05 
54 .63 
58 .95 
57 .98 
54 .76 

656.6 
640.i:i 
640.6 
647.4 
G16.7 
615.6 
552.9 
621.1 
625.4 
628.9 
639.2 

The distance between the comparators or rather between the piers is plainly •ariable and a 
function of the temperature. The values d being directly used in the computation for the various 
rnlues of e, the latter are independent of auy change in tlie distance d. 

During these obsenatiorns extraordiuarily severe cold weather set in. On flle morning (before 
da.Ybreak) of December ill, 18HO, the thermometer exposed to the night air indicated _140 F., tbe 
lowest temperature cYer recorded at ·washington (since Jauuar.r, 1820). The minimum ther­
mometer in the comparing room showed 40° F.; the distance between the piers was shortened 
thereby nearly 100 microns. 

This same distance between the comparators is also measured by the contact observations of 
each of the six metre bars, the latter being at various temperatures, and the differences of distanee 
compared with the difference of temperatures gives the measure for expansiou coefficient e; thi1-1 
for metre bar A we have, after putting the measured micrometer distance =D, the following table 
of results: 

FIR8T DETERMINATION OF c, .METRE A. 

"'-·t. Temp. r ll-10" d-10" d-.D=.:> 1-f-O ..l.-~o Comp'd 0-C 

' ----- . ·- ---- , ___ , ___ 

OF. ,.. µ ,,. ,.. ,.. 
l ' 99. ()8 4052<)4. B 405646.3 

. 
+'41.5 +28. 18=+178. 9 ' 177. 6 +!.3 ' 

83. 68 307. 4 650. 3 342. 9 +12. 73 + 80.3 80. 4 -0.! 

72. 02 388.4 656.6 268. 2 + 1.07 + 5.6 6. 8 -1.2 i, 

ii7. 58 472. 8 ~ &18. 7 175. 0 -13. 37 - 86. 7 84. 4 -2.3 

42. 39 567. 4 651. 9 084. 5 -28.56 -178. ! 180. 3 +2.2 ---- ----
Mean 70.95=k 262. 6=4o i 

- ---------·- --
Normal equation: 1948.92 e=l2306.4 µ, e=6.315 

SECOND DETERMINATION OF e, METRE A. 

9 ' ioo. 42 .as102. s I 4056HI. 1 -HM. 2 +ao. ea=+201. 6 ! 198. s 
1
1 +u r 

10 I 81. 84 288. 2 615. 6 327.. +12. ~ + 74. a : 79. 4 --'· 6 : 
8. 69."4 392.6 6'7.• 2M.8 + 0.50 + 2.2 ! 3.2 -LO: 

I I 52. 60 493.' MO. s 1'7.1 'i -18. 84 -105. 5 J 107. D I +2. 4 
71 '2. 39 561. a MO. 6 073. a :I -27. oo -173. ll ! 173. a i o. o 

Hean 419.« j ~6--jj ! 
~~~~i~~~-'--~~-'-~-~-'-----~-il~--~--~~--i~~ 

Normal equation: 2129.06 e=13638.5 µ1 
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J 

12 ! 99. 53 

13 i 88. 22 

14; 68. 92 

151 55. 20 

11 ! 41.46 

M•an 70. 28 

THIRD DETERMINATION 01" e, METRE A. 

405176. 5 
268. l 

381. J 
(76.5 

477. 5 

405621.1 -t-444. 6 ·1 +29. 200=+187. 0 

625. 4 . 357. 3 I +15. 94 + 9~. 7 . 

::::: ~~:~ I =1!:: = ~:: 
552.P __ 01_5_··--1 -28.82 -182.2' 

25~J_-·--·-··· 

1ss.s +i.s 
101.1 -1.4 

8.7 -1.1 
95.1 +o.2: 

182.9 +o· 7: 

Normal equation: 2166.79e=13745.9 µ, C= 6.344 

Similar computations were made for each of tlH~ other five metres, whence the following table 
of results of e for Fahrenheit scale, iu microns: 

First. Second Third. Mean. 

MotreA. 6. 31.) 6.406 6. :!44 

B. o. 369 n. 418 6. 36» 

:u. 6. 578 i 6.615 6. fli-l7 6 . • 19:1 

c. 6. 367 
' 

6.4H 6. 393 

I>. 6. 353 6.400 6.:J24 

E. 6. 330 6.417 6. 274 

The whole of the computation was next corrected for the effect of the small difference in the 
assumed value of e of M 1!J and the value now found, viz: 

e( l\1) = li.5!1;~ 

..J1·(:\I a111l .M l!l)=-0.21~ 
e(l\I 19) = G.381 

Thi1'1 produced the correcte<l. rnlues of e(M) ti.576, G.60;1, and 6.613, but there are five more 
values for e(M) determined in com1ection with the rnlue of e for a zinc bar and arranged precisely in 
the same manner as the preceding record. 

The ohsen·ers were the same. 

Final valueR for the coefficient of expansion of the Committee-metre or e (ill). 

1880, Dec. 23 to 24 '. 6. 576 , 

Dec. 27 to 29 : 6. 603 , Mean ~alue •(Ml =. 000 006 550 for Fah. scale. 
1881, Jan. 3 to 8 ' 6. 613 1 .r 14 

Feb. 2 to 3 6. 508 , ~. 000 011 700 for C. ocale. 
Feb. Ho 5 6. 495 ' ±25 

Feh. 7 tn ~ 6. 579 Il~nne, also, e (M,.I - . 000 006 888 for Fah. scale. 

l<'•h. JG to 17 6. 474 . 000 011 408 for C. scale. 

Afrer the introduction of the last value, the expausions of the other metres become: 

Mean. 
MetTII A ......... 6. 313 6. 394 6. 370 6. 359 = n ......... 6. 368 6. 406 6.389 6.388 

c ......... 6. 366 6.•oa 6.419: 6.illl6 
D ......... 6. 351 6. 889 6.350 : 6.363 
E ......... 6. 329 6. 405 6.300 8.1145 

The probable error of e(M 19) may be estimated at ±011.016 
We now hav~: 

Prob. error. 
0. 017 

0. 008 

0. 012 

0.007 

0.010 

Length of Committee metre=106f 6.550 (t-32° F.) in microns 
±14 

;:;:106+11.790 (t- 00 C.) 
±25 
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At 570,53 F. or 14P.18 C. tbe Committee-metre equals 106+167".20 and consequently the 
::l:.35 

lengths of thf metres A to E are at the temperature of 57°.53 F. or 14°.18 O., in microns 

B =106+157.14± .48 

i C=l06+174.77±.4fi 

I
D=1()1+155.31±.51 

E =106+164.77 ± Jil 

I 
A=P·+l75P.81+61'.359 (t-57D.ti3 F.) 

±52 ± 17 
B =1 +157i<,14+6P.388 (t-57 .53 F.) 

±48 ±8 
and at the temp. t C =1 + 174i<.77 +61',390 (t-57 .53 F.) 

I ±45 ±12 

I 
D=l +155P.31+tj11,363 (t-57 .53 F.) 

±51 ±7 
i E =1 +10411.77 +f:i11.343 (t-:i7 .53 F.) 
( ±51 ±rn 

~or A+B+O+D+E=5m+827P.80+~~1".851 (t-57o.t>3 F.) 
±l.!12 ±60 

2'=;)ru+827".80+57".332 (t-14 .18 C.) 
±1.92 ±.108 

Where the first probable er equals ,/(5 x .35)2+(.78)2 and the second equals 5 x .012 
We ba:ve also 

~=5m+ 14.0±2.5 microns at 320 F. 

e.-Determination of the coefficient of e.rpa,nsion of a zinc a,nd sereral bra"'1s metres, w1.d other collateral 
'/'&JU/ts. 

• 
Steel metre No. 19.-The \'alue of e for this metre was found {i".338 for F. scale, and as it is of 

the same kind of iron as the five subsidiary metres we should expect a value near their average, 
viz, 6.370; their accordance is satisfactory. We haw, also, from the observations December 11 to 
December Hi, 1880, eight values of differences of length between Met. Com. and M 19, the former 
in glycerine, the latter in air, which giye M 19 = :M:et. Com.- SP.3 ± O".u at 54°.2 F., the computed 
rnlue from other direct obser\'ations gives at that temperature - G.O microns. The value for· length 
of M 19, as given in a preceding foot-note, may be stated in the more convenient and complete form 

l\1 19 = 1 m + 164".95 + 6".338 ( t- 580.23 :F.) 
±37 ±16 

1 ru + 1641',95 + lll',408 (i - 14 .57 C.) 
±37 ±29 

Lenoir fron. metre.-From observations made by H. G. Ogden and H. ·w. Blair in February 
and March, 1879, the differential expansion of this metre and of the Met. Com. was -0.165; hence, 
with the value of e(M)=6.550 the value of e(L. M)=6.385 and the expression for length of this 

±14 
metre 

L. M=C. M- 301'.87 + &<.385(t-590.68 F.) 
= 1m + 15011.43 + 611.385(t-59 .68 F.) 

±37 ±16 
=lm +15(}it.43+11M93(t-15 .38 C.) 

±37 ±29 

Re8UU. for coefficient of expaMion e of a zinc and several brcus metres.-Between February 2 
and February 17, 1881, observations were made by Messrs. Blair, Suess, and Parsons for values 
of e; these operations were made in the same manner as for the steel metres. The work was 
undertaken by direction of the late Superintendent of the Survey. The zinc and the brass bars 
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were cut to length, and provided at their ends with steel plugs, and placed Ride by side in the 
glycerine trough. 

e Zinc b~r (hard rolled) : 

1$81. Feb. 2-3. .. . .. 18. 49 for 1° F. 

Feb. 4-5...... 17. 86 

Feb. 7--8...... 18.11 
J;'eb. 16--17.... 18. 51 

Mean v-alue I'=-- 18. 24 

=-11 

e. Brai~ bars of various compositions: 

1881. :Feb. 2--8..... ll 4, high brass .•............ : 9. 98 . 10. rn 
B 3, t-0ngh brass .•......... ." 10. 12 10. 01 

B 2, soldering bras• ......... i lU. 15 ~- 95 

B 1, yellow metal . .. .. .. .. .. 10. 51 10. 50 

E:s:tn~me~ ot temp. durin~ comparisons, 101° F. and 300 ·F. 

Mea.ne 

10. 21 , 10.11for10 F. 

10. 29 : 10.14 

9. 94 ' 10. 01 
rn. 5;; ' 10. 52 

d.-Determinatfon of the coejficient of e.rpan.~ion of tlle fi1,e-metre standard bars Nos. I and II. 

These bars are also designated Office standard and :Field standard, respectively; they are of 
soft steel, and terminate in small bard steel cyli!Hlers of the same size as those of the steel metres 
(diameter 21 millimetres, projection 1 millimetre). Permanently attached to them, at their ends, 
are two zinc bars, each of half the length of the steel bars, one on each side, with two Borda scales 
at the middle of each 8tandard bar. These staudardR were mounted in a water-tight wooden box, 
painted with a8phultum, aml further 8ecurell against the leakage of hot glycerine by a layer o 
plaster of Paris. The bars rested on 16 equidistant rollers, and the zinc bars on 8 independen 
rollers fitting over the same axes as those for the steel bars. The ends protrude through smal -
holes in a thiu brass plate, am! are secured by rubber diaphragms. Fotu thermometers were placed 
between the bars, immersed in glycerine to the depth of the axes of the bars, and, beginning with 
that near the north e111l, their Hall nnmberR were 966, 970, 968, arnl !:171. The thermometers and 
Borda scales were reail through glmi:,; windows in the lid of the box. \\rheu on the movable plat­
form the box was smTonnded by a thick layer of sawdust, in order to secure, as near as may be, a 
constant temperature of tlw glycerine during comparisons. The fluid was allowed slowly to run 
out through two orifice~ at opposite cud8 of the box, thu8 8eeuriug a slow hut constant circulation 
of the glycerine. Iu all cases an interval of uot less than :!O minutes was allowed to elapse after 
the temperaturt> of the g-lycerine had become stead~· before commencing comparisons. Mounted 
on the same movable platform was a secoud woode11 box containing the fh·e metrel'4, A, B, C, D, 
E, joined so as to form a length of :i millimetreR. The space between the boxes was filled with 
sawdust. Un ring the work tlle system of the joiued metres exposed to air only, was kept iu a closed 
space, the temperature of which was ascertained by rneaus of thermometers 479, 481, and 484, OH 

the side towards the wall, aud 480, 482, and 483 on the side towards the entrance; in both cases 
in the order from north end to south end. 'fhese instruments were read through glass windows iu 
the lid. These 6 thermometers were received at the office in December, 1880; they were graduated 
by J. Green, of New York, in April, 1878, and had been filled six: months. Careful comparisons 
were made by H. W. Blair of these instruments with Casella thermometers Nos. 18411 and 35792 
(restandarded at the Johns Hopkins University, as mentioned above), and with Casella thermome_ 
ters Nos. 21467 (the certificate of which was lost) and 35790, which two instruments bad been sent 
to the Yale College Observatory for restandarding; for these Mr. L. Waldo, in charge of the Win­
chester Observatory of Yale College, gives the following table of corrections, the st.ems being 
horizontal: 

---------,··- ---- -------- --- - ---- -------· --· ··- -- -- - ----------

Thermometers. Thermometers. Thermometers. 
i 

' Temp. 
--~-~-·-------

Temp. - ----------- Temp. ·---------·---· Fahr. Fr.hr. Fahr. 
21467. 35790. ~1467. 35790. 21467. 35790. 

0 

32 -.29 -.1:! 52 -.3::! -.23 n -.18 -. 02 
34 . 32 . 16 r,.i • 29 . 22 74 • 21) I . OS' 
36 .35 \ . 20 56 • 27 .10 76 

I .04. . 261 
38 .38 . 23 :: 58 .29 . 11 78 .u .04 : 

40 . 3i • 25 00 .18 ! .11 80 • 22 • 05 
: 

42 .35 .25 62 .29 i .13 I 82 .20 .06 
44 .34 ! .25 64 . 29 .14 I· 84 .18 • 07 
46 .34 ,23 66 ·2s .10 86 .16 .()7 

: 

-~-_J_ _:~) ... 

I 
. 17 68 . 25 .05 8R • 14 -08 

-.16 70 ·-.2• -.02 90 -.12 -.OD 
·----' ·--- ·-· ___ .:...,_, ____________ l_ i -·-- -----------
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The comparisons of the six Green thermometers with the four standards, made in water Jan­
uary 4 and 6, 1881, yielded the following results for the horizontal position of the thermometers 
479 to 484. 

THERMOMETERS, GREEl'i. 

-- ------- ·--

Temp. 4i9. 480. 481. 482. 483. 484. 

cp, 

41 + .12 +.10 +. }5 +. lH T.:)tJ •· 25 
49 .07 . 10 . 08 .15 . 23 .17 
61 .17 . 20 

' 
.10 . 20 .29 .19 

72 . 23 . 23 . ::!3 . 22 .35 . 23 
s:i . 26 . !!8 .::!H . 24 .33 . 23 

9f1 +.38 
' 

+.38 +.:is . ~8 +.53 +.49 

Each of the five joined metres rests on two rollers, at one-fourth of its length from the ends, and 
these are adjustable in height. Contact of the metre bars is assured by two spiral brass springs 
attached by clamps, one on each side, and on a leYel with the axes, to any two adjacent bars, as 
shown in the figure. 

8tool metre . ._$" ________ ~~~--' '--::-.--.----------~S ~k•·l nwtre. 

(The spiral springs were afterwards replaced by India-rubber bands.) The tension of the 
springs was regulated to be just sufficient to hold the system of hars together, without breaking 
contact when a gentle pull was applied to one of the end metres. The pivots of the end metres 
protrude through the closed ends of the box, and the whole system is carefully adjusted so that 
the axes of the comparators and of the five metres pull in the same horizontal right line. By 
means of the reflecting light of a candle held at one end, the eye at the opposite end could very 
nccurately judge of the straightness of the polished upper surfaces. 

The ad,justment between the comparators (No. I at the north and No. Il at the south pier) of 
the system ::8 and Standards I and II being satisfactorily made, thirty-five sets of comparisons 
were secured between March 17 and March 26, 1881, ;yielding seven independent results for the 
coefficient of expansion of each of the standards. These obsen·ations were made by H. W. Blair 
and W. Suess. Each set consists of reading of all thermometers and Borda scales making contact 
with ::E, I, and II, and again with II, I, and ::E, and reading of all scales. To effect the reading of 
the Borda scales two plates of glass were laid OYer them, with the upper surface of the plates just 
above the le'vel of the glycerine. A hand magnifying glass was used in reading off, the proper 
lenses not being ready. 

The method of computation being the same as for the single metres, the results are given in a 
condensed form as follows: 

, No. ;f 1 

Tomp. \ Staud. I Stlmd. II i ;.;~:;-~emp.- -~~~nd. I S~~--1;- No. of T~~;---;;-::n~~--;~~~.~; 

-~-"~: _ --~--) --:- : : set. t ' : ---:-- _ _::~~ t : : 

fi lOi. 86 f +2536. 7 +2549. 8 ~ 6 104. 06 +2484. 5 , +2522. 0 11 110. 61 +2649. 9 +2692. 9 
9i. 02 ! 2254. 0 2293. 3 95. 50 2215. 8 ' 2260. 2 12 9G. 46 2238. 2 2283. 2 

•> ill.04 i 1762.3 1815.6 R 80.79 1742.0 1787.3 13 81.24 1765.4 1813.4 

4 62. 66 \ 1136. 6 1187. 2 10 6'1. 38 1152. 8 ' 1195. 2 ' 15 60 .. 85 1081. 5 ll!IB. 0 

3 ' 46. 09 ' 630. D 675. a 9 43. 11 · 5.58. 5 i 599. 5 !)· a 45. 99 645. a 683. s 

t;:-r7s.93J.6ii4.11t10.-:T-;;;;-77.BO163o:71-1672:8:--;;:-- 7s.831676.l 17i9.9 : ·= 6.261 6.175 ·= 6.397 r 6.394 !I ,= 6.314 6.326 
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J11,s11 lls-Continneu. 
- . - ... --------~--------

·-----~-~---------- -------- -- ----·- --~-
I 

Stand. I Stand. II No. of Temp. Stand. I Stand. II' No.of 'I'emp. Stand. I Stand. II i Xo.of Temp. 
set. t ..l ..l i set. t A A set. t A A 

-· ----- -- -·---- - ---- ----- --- -- --- ---~ 

I' I' I' I' I' I' 

16 111. 47 +2717. 2 +2758.4 21 lll. 85 +2707. 5 +2H3.U 26 lll. 86 +2739.1 +2778. 0 

17 91.40 I 2084. 4 2124. 0 23 87. 09 1941. 2 1980. 8 27 97. 02 2282. 6 2324. 6 

18 75.4~ 1559. 7 1601.4 •J•J 7a. 92 1587. 8 1628. 5 28 80. 22 1738.6 1782. 8 

20 62.11 1113. 4 1153. 4 25 60.03 1054. 5 1095. 8 30 60. 77 1081. 8 1120. 3 

lY 43. 38 518. ~ fJ67. 7 24 44. 66 586. 8 623. 6 29 42.18 ; 538. 9 567. 9 

-------------------~ ----------
fu= 76. 76 1598. 7 l~O. 9 Ill= 75. 91 1575. 6 1614. 5 to= 78. 41 1676. 2 1714. 7 

, = 6. 484 6. 465 •= 6. :l41i 6. 342 e= 6. 380 6. 408 

No.of Temp. Stand. I Stand. II 
&et. t A 

,. 
31 108.16 -t-~594. 6 +2630. 6 

3'2 95. 25 :l'll9.8 2259. 9 

33 79. 79 1720. 0 1768. 5 

:1.:i 59. 35 1032. 4 1071. 9 

34 43.44 527. 3 547. 7 
----------

to=:: 77.20 1618. 8 1655. 7 

e= 6.448 6. 489 

The first of the seven determinations was not as satisfactory as the otherfl; hence I gave it the 
weight one-half; hence 

f Office or No. 1 standar<l=6.384± .018 
c Field or No. 2 standard=ll.386±.023 

and for centigrade scale the coefficient: 
e (Standard l)=.000 011 491 

±32 
e (Standard II):x:.000 011495 

±41 

e.-Def,ennination of the coefficient.~ of expansion of the zinc bars forniing, in connection with the steel 
bar, the metallic or Borda thennometer of Standards 1 an<l II. 

The Borda scales of the Office standard are lettered A. and B, and those of the :Field standard 

C and D; in the following computation the mean readings are used, and designated A.tB and 

ctn, respectively. The expansion of the zinc bars ii had from the differential expansion of steel 

and zinc, as read off on the Borda scales (one division=lmm and read by verniers to O.Old) and 
from the observed total expansion of the steel bars, using the preceding observations, we first 
arrange the Borda scale readings and the corresponding temperatures, beginning with the mean of 
the seven highest temperatures (of the preceding seven sets) and ending with the mean of the 
seven lowest temperatures. By the process of taking differences of the individual values from the 
mean, we deduce the value in divisions of the scales corresponding to a change of 10 F. in the bars. 

l Mean scale I .?rle&D ecale C : t : - ----· --- / Computed.. -

Mean temp. i .A.+B I C+D I ~+~' Q.-+:E . I A+B c+D Stand1.I,IL1 - 2--: --2-- I !-lo A 2 IA 2 TreatmgtheobaervedA-
2
-IA-2 

___________ I I 1 values for change in i 

109.41F ' 

94.11 
79. 21 

61.16 

- ----------, Bordaoealecorreapond- ---i---
0 1 d d I ing to change of tem-1 d JI d 

8. 60 8. 65 +s1. 79 ,,, +o. 92 i +o. 90 ~ perature of 10 F ., or I +-0· 93 +o- 93 
8.17 8.25 +IU9 +-0.4lli +o.501 A+B +@.'81 -f-0.48 
7. 74 7. 82 + L 59 +o. 06 : +o- 07 i A 2 - ' (!-to) +o. 05 I -f-0. Oil 

7.16 7.23 -16.46 -0.52 i -0.52 l and c+D. -0.'8, -0.48 
4.4.22 1 __ ~1 ___ &._7~ _ _i -33.40 -0.96' -0.97. A-2· (t-!o) -0.98 I -0.97 

7. 68 7. 75 
' ' ' ------- ---·- ------·---

i i ------ -·----- _______________ _J ______ __.c_ __ _ 
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By the method of least squares, we obtain from the normal equations 

For Standard I 784.05 ; 
A+B 2671.54=04.02922 or change of - -2 - for io F.=29 ... 22 

c+D For Standard II 77 .92 : 2671.54=0 .02917 2 
Also, 

Change of Borda scale ~tB for change of 10 C=52,,..60 

c+D Change of Borda scale --2 - for change of 1 o 0 =52 .51 

29 .17 

129 

A change of Od.01, the least scale reading, corresponds roughly to about p F. or .g.o C. change 
in the temperature of the bars. 

The effective length of each zinc bar is 249cm. Hence, differential expansion of zinc and steel 
for lm equal to ll".735 and u ... 715; allll, adding the steel expansions 6".384 and 6".386 for Stand­
ards I aud II, the zinc expansions or the sum of these numbers become 

For Standard I 
For Standard 11 

18".119 ± ()f',049 
18 .101±0 .051 

where the probable ·errors are derived froru computation of the seven indi\'i'llual values. 
The relation of the Borda scale indications to the length of the standard bars may also be 

given, viz: 

A change of 0.01 division of the Borda scales ( ~-!B)coITesponds to a change in length of 

5 x 6.384 ' 5 x 6.386 
Standard I, - 2.922 µ=10,.,92 and for Standard II, 2.917 µ=10".94 

The differences A-B and C-D may be used as indicating the condition of the standards with 
respect to uuequal.exposure to heat. For rough comparisons the Borda scales may be used, but 
for refined work the mercurial thermometers permanently attached must be emplo~·ed. 

/-Determination of the cotJjficients of expansion of four steel and two zinc bars which entered after­
wards in the construction of the base bars. 

For this purpose the isix bars which had previously been supplied for temporary use with steel 
abutting plugs, were placed side by side and parallel to oue another, in the same box or trough in 
which the two standards had rested duriug similar work. The bars were supported on eight 
rollers and were immersed in glycerine, the temperature of which was ascertai1rnd by six thermom­
eters, viz: Nos. 966, s, 970 ou the east side, and No8. 968, 91 971 on the west side of the bars. 
The absolute distance between thl' comparators was obtained by the combined five metres of the 
s~·stem ::E, which alwa,ys remained at tlle natural temperature of the room. After the glycerine 
was either heated or cooled, the comparisons did not c•,ommence until the glyeeriue had remained 
for half an hour at a statfonary temperature. The bars were arranged in the order S1 Z11 Sm for 
Base Bar I, and S1v Zv Sn for Base Bar II, tlte first system of bars being_ nearest to the wall. The 
observations were made by Messrs. Blair and Gilbert between April 1 arnl April 8, 1881. The 
results of e expreSHed in microns for length of lm aud referring to Fahrenheit scale are as 
follows: 

S.Ex. 77-17 
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Values of e of steel ba,rs and of zinc bars. 

- --------· ----------- ------------~ 

Si Bili Siv Svi i Zii I Zv 
; 

---- ---------- -~-- --- -----------

Seliee I 
II 

III 
IV 
v 

VI 

Mean 
Prob. error 

Mean 

6. 532 6. 563 6. 567 6. 522 : *18. 309 . 17. 929 W= i : 
6. 520 6. 544 6. 581 : 6. 555 ' 17. 771 i 17. 825 

6. 577 6. 623 ' 6. 618 ' 6. 550 17. 751 i 17. 722 
6. 526 6. 567 , e. 574 ' 6. 516 . i1. n1 i 11. 124 

I

' 6. 528 6. 591 : 6. 588 : 6. 550 : 17. 739 1_' 17. 770 
6. 545 6. 586 ! 6. 602 6. 558 17. 737 i 17. 718 

6. 538 6. 579 16.58si 6. 542 t17. 746 17.760 
i ± 6 8 ! 5 i 5 ± 5 14 

i---6.5~-6.~ 
I ± 1 , ± s 

---·----------------- ----~-- ----- ---- -------~-----
'Re.iected. 1Weighted mean. 

The extreme temperatures of the glycerine and bars were 115°.18 F. and 410.76 F. 
The results ginn suppose linear expam-;ion, but it was found that for the zinc bars a term 

depending on the sqnare of the difl:erence of temperature was needed; the coefficient of this second 
term for t-l1e steel bars was insensible. 

Treating the follC'wing data by the method of least squares, we find 

··------------------
Mean. temp. Zinc bar ii Zinc bar v 

t ti l Lil 

op. ,. IL 

111. 79 4993. 7 4299. 2 

96. 58 3630. 6 2961. 0 

77. 04 1813. 7 1143. 0 

60. 09 339. 3 -326. 8 

42.25 -1191.1 -1860. 6 
----

t,=77. 55 : +1917. 2 l +1243. 2 

For zinc bar u 

For zinc bar -. 

dl d2l -=+17.850 and -~=+.012 
ldt ldt2 

17.789 -t .010 

The residuals when expressed in degrees of Fahrenheit are, respectively 

+0.1 for bar u and +0.2 for bar-. 
-0.3 -0.4 
+0.2 

0.0 
-0.1 

+o.3 
0.0 

-0.1 

The above low valnes of e when compared with the values found for the bars attached to the 
standard ma~· possibly be explained by the individual character of the bars, but are of little con­
sequence since the length of the base bars is macle t.o depend directly on the length of the field 
standard. 
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g-First determination of the length of the five-metre Standard Bars I and II. 

Before commencing the comparisons each standard was deposited in its own box for permanent 
keeping. The five joined metres or the !'\\'Stem :E was directl_y compared with the standards; the 
three tight boxes containing the respective bars. being mounted on the movable platform, and each 
carefully adjusted. Their order wm;, beginning with that nearest to the east wall 2', I, IL All 
comparisons were made in air, the natural tempprature of the comparing room was as little inter­
fered with as pos8ible; with ::E there were six thermometers ( 479, 480, 481, 482, 483, 484); with I, there 
were three (96G, 8, 968); and with II, there were three thermometers (970, 9, 971) all horizontal or 
nearly so, and read through glass windows in the lids of the boxes. It was aimed at to secure one-half 
of all observations with rising, and the other half with falling temperature. The firn single metres 
were variously combined hy the following arrangement: No two faces of metres and comparators 
came iu contact more than once; NICh face came in contact with eight others, and the faces were 
prese11ted in different positions, i. e., with respect to up and down. If we number the faces of the 
metres from north to south, begi11niug with A at Comparator I and ending with 2 at Comparator 
II in their order of position with I, 2, 3, etc., so that for instance 7-8 refers to the ends of metre 
D, the following arrangements were made: 

- ---- ----

1-2 3-4 5-6 and 2-1 8-4 G-5 7-8 10-9 

9-10 ' 7-8 5-6 10-9 7-8 6-5 3-4 2-1 

3-4 9-10 5-6 4-3 9-10 6-5 1-2 8-7 
7-8 1-2 5-6 3-4 8-7 1-2 6-5 9-10' 4-3 
------·- ----- - -

The above eight arrangements were doubled by inverting• every second and fourth bar. First, 
the bar :E, next I, next II, were brought between the comparators, then again II, I, ::E, all ther 
mometers and Borda scales, being read before and after :E was moved in position. The observa­
tions were made by Messrs. Blair and Weir, between April 22 and May 2, 1881, and between the 
hours of noon and 11 p. m. 

In the computation we take 2'=5m+827".80+31J1.,851 (t-570.53 F.), and for the total expan­
± 1.92 ± 60 

sion of either I or II for 1° F. the number 31".925 as found before. 

Date_ 

1881. 

Ap1·il22 

22 
23 

23 

27 

27 ' 
28 

28' 
28 

28' 
29 

29' 

30 ! 

30 ! 

May 2 i 

2i 
i 

i 

----, 
Comb'n Temp. t 

No. of::. 
l: att 
5m+ 

I= at temp. I-5m II> l: 
1 

II= at temp.: II -Sm ! 
5m + f1 (F.) at68°. 75F. ' 5m + fu (F.) 'at68°. 90F. · 

3 

4 
5 

6 

7 
8 
9 

10 
11 

12 
l3 

14 
16 

16 

Mean 

0 

65. 92 

67.56 

Jl 
1095. 0 

1147. 3 

,, 
122. G 

104. 5 

Jl 
1217. 6 

1251. 8 

65. 06 

66. 96 

Jl 
1316.2 

1308_ 9 

" 188. 4 

184. 3 

" 1283. 4 

1331.6 

,. 
65. 89 1379. 2 i 
67. 44 1378.2 

66. 04 1098. 9 ]13. 7 1212. 6 65. 85 1305. 2 182. 8 i 1281. 7 66. 06 ! 1872. 4 

67. 14 1133. 9 , l 04. 6 1238. 5 66. 67 rno4. 9 179_ 2 1313. 1 66. 01 1374. 4 

70. 10 1228. 2 : ]16. 0 1344. 2 69. 72 1313. 2 178-4 1406. 6 69. 71 1380. 7 

70. 82 1251. l ! 105. 5 1356. 6 70. 25 1308. 7 171. 2 • 1422. 3 70. 40 ' 1374. 4 
I 

69. 76 1217. 3 j 121. 9 1339. 2 69.52 1314. 6 184. 1 ' 1401. 4 69. 51 1381. 6 
70. 70 1247. 3 106. 0 1353. 3 70.14 1308- 9 177. l ' 1424. 4 70. 2ll ! 1380. 3 
70. 62 1244. 7 113. 2 1357. 9 70. i!2 1307_ 8 179. 2 1423. 9 70. 31 : 1378. 6 

71. 73 , 1280.1 107. l 1387. 2 70_ft J 1317- 9 179_ l 1459. 2 71. 09 I 1389. 2 
70. 26 1233. 3 118. 8 1352. l 69. 97 1313. 2 184. 0 1417. 3 69. 93 1384. 4 

7J_ 39 1269. 3 i 106. 6 : 1375. 9 70. 61 1316. 5 182. 5 1451. 8 : 70. 74 1393.1 
68. 84 1188. o 

1

, i 116. o ; 13-04. o 68. 64 1307. 9 181. 3 1369. 3 68. 60 1378. 6 
69. 86 ! 1220. 5 i 104. 9 : 1325. 4 69. 26 1309_ 1 180_ 0 1400. 5 69. 38 1385. 2 

67. 90 : 1158.1 'I! 106. 4 : 1264. 5 67. 26 ' 1312.1 I 180. 4 1338. 5 67. 43 1385.1 
': 69. 34 '1 1204. o ! 94. o '. 1298- 9 68. 26 I rn14_ 5 i1 11s.1 rns2_ 1 68. 60 1a91. 1 
169:25 ___ 1,I Mean li-WJ.21.-US.wi-1au:22!j Mean '-ml.7 68.90 1381.70 

' ! ! I I ±0. 69 1· ' ±1. 02 !_ _____ i .1 I _lc_! __ ___c__' ___ c ______ _ 

*Top dowu. 
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Hence from the above comparisons 
Length of Office or No. I starnlarcl=5m+1311".22+31".920 (t-68°.75 F) 

±.69 ±90 
Length of Field or No. II standard=5m+1381.70+311<.930 (t-68°.90 F) 

±1.02 ±115 
To these 11robable error;; must be added the probahle errors arising from the bringing up of 

the temperature of the system :E from 570,53 J<'. and that of ~ itself, but these will best be con­
sidered in connection with the final values for length of standards. 

We note for fntnre comparison mean reading of Borda scales of Standard I or n. (A+Il)= 
1a.466, and of Standard II or rr (U+D)=7d.516, corresponding to 68°.75 and 680.90 F. of tempera­
ture as indicated by the mercurial thermometers; these readings correspond also to the respective 
length of I and II as given above. 

Increasing scale readings signify increasing length of bars. 

h-Determination of the corrections to the thermometers permanently attached to the standard bars 
and to the base bars. 

One dozen centigrade mercurial thermometers were ordered from J. Green, of New York, and 
received in April, 1881. They are divided to half degrees; the divisions etched on the glass tube; 
they range from about -200 U. to +50° C. They were tilled in 1878 and graduated six months after 
filling. The comparisons were made in water by Mr. Blair, and the results depend on the four 
Casella staudardH Nos. 18411 and 35792 in vertical position, and Nos. 21467 and 35790 in horizontal 
position, all others iu horizontal positiou. The new Green tlieruwmeters are numbered 4516, 4517, 
4518, 4519, 4520, 4522; these with the four standards were first compared May 5 and 6; the other 
six Green thermometers are numbered 4528, 4524, 4525, 4526, 4527, 4528, were next compared May 9 
9nd 10 with the same standard, and in addition 451!) of the first set was again used but in vertical 
position; of these thermometers 4516 and 4517 were attached to Standard I, 4518 and 4520 to 
Standard II, 4522 and 4523 to Base Bar I, and 4524 and 4525 to Base Bar II; the corrections are as 
follows: 

Table of corrections to twelve <Jentigrade thermometers (Green 4516 to 4528) all in Jiorizontal position, 
and 4519 also in vertical position. 

Tec.1•- 4516. 4517. 4518. 4519. !~~. 4520. • 4522. 4523. 4524. 4525. i 4526. : 4527. : 4528. i 

-----___ . ____ ;_ ----- -- -= ; -'. ~ 1 ~°:I~::. -'.= i -'.::I 
43 

38 

32. 5 

27 
21. 5 I 

16 

10 

4. 5 
; 

-.33 -.33 -.33 -.25 --36' 

'26 • 28 .2~ • • Z7 . 28' 
. 27 .32 .30 -.34 .24 . 30 

. 28 .29 '28 '28 . 22 . 29 

.15 .15 .18 .15 .18 _ 13 

. 20 .14 .16 . 14 .12 . 11 

.19 . 06 .16 . 09 .12 .06 
-.15 -.02 -.06 -.08 -.15 -·-. 02 

-.36 

.28 
. 33 

. 30 

.19 

• 23 
.15 

-.08' 

.24 .24! .a2 .2s: .22· .24 

.24 .W .H .26 .M .26 

.18 '13 

.16 '13 

.16 .06 

-.11 -.07 

• 20 

.12; 

.12 : 

-.10 ! 

.17 : 
I 

.16 

.14 ', 
-.12 i 

! ___ ! 

.13 .22 

.10 .14 

.06; .Oil 

-.06' -.08 

i-Second determination of the length of jive-metre Standard .No. I. 

' 
I 

First series.-These observations were made between February 13 and March 18, 1882, by W. 
Suess and E. B. Lefavour; there wne the same sixteen difforent arrangementi; of the single 
metres A to E as in April and May, 1881, but after half of them had been made the system ~and 
Standard I were exchanged in position, the latter being now east of ~, also Standard I was turned 
end for end. Thermometers 479 to 484 were in the box of s.vstem 2: as before, 479, 481, 484 being 
on the east side of the metres. Thermometers 4516 and 4517 were with Standard No. I. The bars 
were brought between the comparators in the order No. I, 2·, 2', No. I, and after eight. sets were 
completed, in the order~' No. 1, No. 1, 2·. 'l'o prevent changes of temperature due to convection 
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currents the boxes containing the bars were filled with raw cotton: each 8et of comparisons con­
sists of' two independent series of measures. 

~--~- ·----------

Date. Comb'n Temp.t l:att Stand. Stand. at Sets com- Stand. I I, :No. of l:. 5m --:-- I>:. temp. t, Linell. -5ru at t, 

1882. OF. ~ p. o a. 0 c. 
i :Mar. 18 i 58. 28 851. 7 85. 6 14. 22 land 9 999. (i 15. 33 

Feb. 14 ' 68. 22 1168. 3 106. 5 20. 02 2 and 10 1143. 8 17. 94 
15 3 67.10 1132. 6 07.1 19. 33 3 and 11 1080. 6 J7. 08 

16 66. 6() 1116. 7 99. & 18.11 4 and 12 1040. 3 16. 18 

17 68. 07 1163. 5 110. 9 19. 98 5 and l:l 1104. 0 17.14 

18 63. 78 1026. 9 93. 8 17. 46 6 and 14 1102. 8 17. 04 

20 6(). 2'2 913. 5 88. (J 15. 38 7 aud 15 1080. 2 16. 68 

21 62. 30 979. 7 89. z 16. 48 8 and 16 1131. 8 17. 56 
:Mar. 13 9 61. 00 938. 3 122. 5 16. 44 ------

Mean 1086. 4 16. 87 
H 10 59.66 895. 6 117.1 15. 87 
15 ' 11 57. 78 835. 8 113. 7 14.84 

Feb. 27 : 12 55. 24 754. 9 10~. 5 13. 24 

28 j 13 57.16 816. 0 117. 7 14. 29 

Mar. l : 14 61. 56 956. 2 128. 8 16. 63 
2 : 15 63. 67 1023. 4 135. 6 17. 98 

a! 16 64. 86 1061. 3 133. 3 ' 18. 64 

i Mean 
----,---------

62. 22 F. 16. 87 
i =16. 79 0. 

---'-~----~- -- --------------

Set:ond series.-These observations were made between l\fa;y 22 and June 10, 1882, precisely 
like those of the preceding series. Observers, vY. Suess and J. G. Porter. 

The twu •cries combined. 

Stand. at Stand. I 
Comb'n T:f'/"t :E att Stand. Seto -5mat. Date. "No. 5m+ I> :E temp. t 11 t'Ontli"rl. f.I, 

(,, Stand. Stand.I· I -5rnat at -5mat j ml'an i(t,+t,,) 
temp. to 

------ ----- - -·----- - -~----- -------
1882. " 

,. oa. p 0 c. p o a. p.. 

May 22 1 1284. 9 112. 8 i 21. so 1 and 9 1368. 8 21. 72 1183. 9 18. 52 1220.1 

23 2 1258. 7 113. l 21. 54 2 and JO 1365. 5 21.67 1254. 6 19. 80 17.3 

24, 26 a 69. 88 1221.1 72. 4 : 20.84 3 nnd 11 1317. 4 2J. l2 1203. 5 19.10 06. 4 

I 25 4 i 7U.56 1242. s m.1 21. 26 4 and 12 ' 1340. 0 21. 09 1190. 2 18. 64 19.f> I 
I 27 i 68. 48 1176. 5 106. 9 ' 20.10 ' 5 and 13 1300. 0 20. 44 1202. 0 18. 79 22. 7 : 

I 29' 70. 46 1239. 6 : 112. 7 ' 21. 24 6 and 14 J:J5fi. 7 21. 32 1229. 2 19.18 27.5 i 

I .June 
31 70. ()6 1226. 9 105. 8 ' 20. 97 7 and 15 1375. 5 21. 64 1227. B 19.16 27. 2 i 

1 : 71. 37 1268. 6 . 111. 6 i 21. 78 8 and 16 1428. 3 22. 45 1280. 0 ' 20. 00 31. 2 : 

I 

2 70. 52 1241. 5 98. 5 21. 64 
________________ , 

Mean 1356. 4 21.43 1221. 4 t.=19. 15 12~1. 4 : 
10 71.06 1258. 7 100. 5 21. 80 ±1.8 i 

5, 11 70. 06 1226. 9 lU.3 21. 40 

6' 12 69. 30 1202. 7 no. 5 20. IJ2 
I 13 69.15 1197. 9 us. 6 ' 20. 78 
I : 

I 8: 14 70. 30 1234. 5 124. 6 ' 21.40 , Fiv~ metr.-standard :No. l=Sni-t-1221)1. 4-j-57~.457 (1-19.150.)\ 

I 

91 15 71. 95 1287. 1 131. 2 22.32 ' +1.8 ±.162 i 
10 16 73. M 1337. 7 138. 7 , 23.12 : _________ ! ___ ; 

: Mean 70.60 
' 

21.43 

--- ---- --- ----- --~ -- - - --~----- --------------- - - - - ----- -----· --.- -

j-Recomparison offi'Ve-metre Standards Nos. I and II, the Field or No. II Standard having been 
returned .from Ca-lifornia November 1, 1882. 

Before makiug these observations the lower ventilator of the comparing room was more effect· 
ively closed, the narrow spaces between the floor and the seveml piers were covered with pieces 
of ca.rpet, and the whole of the north wall of the room was bung with blankets. During the 
measure of the Yolo base the five-metre Field standard was wrapped in felt; hence the Office 
standard was likewise covered with blanketing and canvas. The comparisons were made ea.eh 
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day at Uh, noon, and 3". After each observation the positions of the bars were exchanged with 
respect to front aud back (on the platform). At the close of the eighth day of observations both 
bars were turned end for e11d; positiou I, Office standard, back, thermometer 4516 north; Field 
standard, front, thermometer 4320 north. After exchange the comparisons were continued eight 
days more, with the usual renrsals. Observers, Messrs. Chapman and Porter. 

In order to eliminate the effect of different exposure of the bars with respect to position the 
results are combined hy pairs, as shown below. The fact that the Field standard is longer thau 
the Office standard is indicated by II > I. 

: First Second II > I. : t,, 
day. day. t, First Second , II > I. tn 

day. day. t, 

1883. JI. "' I' o. o. 1883. "' I' I' a. a. 
Jan. 15, 16, 9• 94. 2 52. 3 73. 2 : JOO. 25 . 

I 
100.19 i J&n. 24, 25, 9• 81. 7 39. 5 60.6 120.12 120.01 

12 63.0 60. l 61. 6 i 10 . 26 ' io . :;a 12 58. 6 56. 2 57. 4 : 12 . 08 12. 02 

70.5 65.2 67. 8 I 10 , 60 ' 10. 62 i 3. 65. 7 : 50. 9 . 58. 3 I 12 .15 12 .12 

75. 8 ' 10 . 92 : 10 . 82 ' 26, ?:I, 9 75. 4 ' 44. 9 60. 2 . 12 .32 12 • 27 17, 18, P; 96. 5 55.1 
12 : 66. R 67.4 67.1.:11.28

1 

11 . 27 12 66. 7 51.4 59. 0 12 . 39 12 .36 

3 76. 5 ' 57. 2 66. 8 : 11 . 62 11. 54 3 65.1 47.1 56.1 12 . 50 12 .48 

19. 20, 9 73. 1 47.4 60.2 i 13 .19; 13 .JO. 29. 30, 9 71. 0 51.4 61. 2 13 . 49 13 . 46 

12 ! 58. 3 54. 0 56.2: rn .4o I 1a .4o 12 M. a 52. 0 56. 2 13 . 60 : 13 . 61 
I 

3 61. 9 58.6 . 60. 2 : 13 . 58 : 13 . 58 ' 3 59. 3 53. 2 ,, 56.2 i 13 .82' 13 . 86 

22, 23. 9, 79. 7 57.6 68. 6 ! 13 . 16 ' 13 • 08 Jan. 31, Ii""eb. 1, 9 64. 4 43. 6 ' 54. 0 I 15 .12 15 .u 

12 70. 9 52. 8 ' 61. 8 i 13 . 08 12. 98 : 12 60. l : 41. 9 51. 0 ! 15 . 22 ! 15 . 28 

67. 5 : 67.6 67. 6 : 13 : 08 13 . 01 3 68. 0 47. 0 57. 5 I 15 . 34 15 . 40 
, __ , __ , __ ----- ----------

Mean ' 12. 03 12. 01 Mean . 13 . 35 13 . 33 

-----~----·-- --- -------- -- --------- --- --- -------~ ·- --------·---

Combining next the finit result II > I with the last, the second with the last preceding one, 
etc., we have 

II>I tu t, II>I: t,, t, 1
: Comb'n., Mean Mean 1 Mean 

: II>I ! t,, t, 

----- ~----

,, ____________ , __ 
,. a. a. ,. 0. a. ,. a. a. 

1 65. 4 : 120. 80 i 120. 80 7' 58. 2 120, 84 : 120. 79 :l 1 and 7 61. 8 12°. 82 120. 80 I 

12 . 88 :\ 2 and 50. 3 12 . 74 12 . 90 s· 57. 6 12. 90 57. 0 12. 82 12 . 89 

60. 9 12 . 86 12 . 88 9 60. 2 12 • 95 12. 92 q 3 and 9 60. 6 12. 90 12 . 90 I 

66. 0 12 . 37 12 . 34 JO 63. 4 12. 66 12 . 60 '' 4 and 10 64. 7 : 12 . 52 ' 12 . 47 i 
61. 6 l~ . 44 12 . 44 II 59. 6 12 . 58 12 . 50 5 and 11 60. 6 12 . 51 12. 47 ' 

6 "4. 0 12 . 56 12 . 50 12 64.1 12 . 60 12 . 51 " 6 and 12 64. 0 12. 58 12 . 50 -------·--Mean 61. 4~ : 12 . 69 ; 12 . 67 
±. 71 ' 

--------- ------~----

Standard II - Staudard I= 611'.4, supposing both bars at 120.os C. 
±0.8 

k-Recomparis01i of Nos. I and II with the five metres A, B, C, D, E joined. 

In this series of comparisons each standard was treated independently, and after each set of 
comparisous the i:;taudard and the joined system A to D, or ;s, were exchanged in position, as in 
the preceding work. It was noticed that the variations made in the position of the single metres 
had but little influence upon the resulting length; the metres forming ;s were therefore placed in 
position 5, which they occupied April 27, 1881, and which corresponded most nearly with the 
average length from all the combinations made. This combination is: Comparator I to the left, 
B, :E, C, A, D; Comparator 11 to the right. After four days of comparisons, made at the hours 
9, 12, au<l 3 of Standard I with ;s, Standard II was substituted for the former, and four days of 
comparii:;ous were made. System ~· was then turne!l end for end, and its metres E and A were 
innrted.• Standard II was likewit1e turued encl for end and four days of compari80DS made; II 
was then removed, aud I put in its place, turned end for end, and compared four days, thus 
completing eighL days for each bar. Observers were Mr. Chapman and Mr. Porter. The ther-

-·-----------·--- ------------
"Top down. 
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mometers 479, 480, 481, 482, 483, 484 were attached to ~, 45Hi, 4517 to I, and 4518, 4520 to II. 
Series commences with I back arnl :E front. 

Office standard longer than 5m. Field Rta.ndar<l longer than 5m. 
---·--------------------~--· ---- -------- -- -· -----------

t, t of I t, t of:!: 

--- ·-----,--- - --- -- ------- ---- --------- -- -- -- ---- ·- --
1883. µ µ µ (', F. 1883. µ I' ,. c. F. 

Feb. 9, 10, 9hl 1048.1 1042. 5 1045. 3 16°. 77 62°. 06 Feb. 14, 15, 9h llri2. 7 1157.1 1154. 9 16D. 24 61°. 09 

12 48. 8 45. 2 47. 0 16 . 86 62. 20 12 60. 6 61.6 61.1 16. 36 61 • 67 

3 5.5.2 44. 8 50. 0 17 . 00 62. 66 55. 7 56. 8 56. 2 16 . 55 61 . 9b 

12, 13, 9 1044. 4 1048. 9 1046. 6 16 . 06 60. 80 16, 17, g ll56. 5 ll69. 9 1163. 2 17 . 24 63 .18 

12 54. 4 52. 9 53. 6 16 .13 61 .15 12 ,)3. 3 63. 9 58. 6 17 '59 63 71 
3 57. 8 48. 7 53 2 16 . 30 61 . 40 3 6~.4 60. 0 61. 2 17 . 78 64 • 22 

24, 26, 9 1044. 4 1040. 6 1042. 5 15 . 74 60. 20 19, 20, 9 1153. l 1145. 0 1149. 0 16. 98 6'.2 . 24 
12 43. l 55. 7 49. 4 15 . 8::! 60 . 47 12 ~L 9 52. 1 52. 0 17 - 02 62 . 52 

50.9 51. 2 [i}, (I l;j '9~ 60 '79 58. 5 50. 2 54. 4 17 . I~ 62 . 84 

27, 28, 9, lOH.1 1048.1 1044. 6 15 . 48 59. 68 21, 23, 9 1153. 7 1149. 6 1151. 6 16. 86 62 . 08 

12 43.4 44.4 43. 9 15 .54 59 . 84 12 54. 0 52. t 5:1. 2 16. 82 62 . 30 

3 49.1 45. 3 47. 2 15 . 64 60 .16 3 55. 0 .JG. 2 fifi. 6 l6 91 62 . 50 

------------··-------- -----~------ --~----

'Yhere 2'=5m+827~.80 + :n".851(t-570.53 F.) 
Combining first results with last, second with last less one, etc., we havp 

No. Stant!. I at 16°. 11 C. t, A t No. Stant!. II at 16". 96 C. t,, At i 

" 
, a. c. I ,. 

5m+ 1046. 2 ! 160. 20 , 160.17 o. 03 

45. 4 : 16 . 20 16 .12 : . 08 

5m+ll55. 2 16°. 58 JOO. 56 ! 0. 02 

2 

3 I 
I 

47. 3 · 16 • 24 I 16 • 21 ' . 03 . 

48. 8 16 . 00 i 16 . 00 . 00 . 

51.5 : 15 .98 i 16 .OJ .03 

47. 8 16 . 02 ' 16 . 03 . 01 
: ,______ 1----
1 Mean.: 5m +1047. 8 ! 16 .11 ; 16 , 09 . 02 

±. 6 
: _________ , __ _ 

57. 2 16 . 61 1G. 66 • 05 

8 53. 9 16 . 70 I 16 . 68 . 02 

4 I 58.8 17 .18 17 . 28 . 05 

5 55. 3 17 . 30 17 . ~9 . 01 

55. 1 17 . 38 17 . 35 • 03 
1--------------

Mean _, 5m+l155. 9 16 . 96 16 . 96 • 00 
I 

1.5 

! 

The column headed .d t shows that the temperature was controlled within the limit of 00.03 c: 
Standard I at 160.11 lJ=5 metres+1047i<.8 

:l::.6 
Standard II at 160.96 C=5 metres+1155,.,9 

:l::.5 

l-Combination of the several values determining the length of the standards and their final length. 

The comparisons of 1881, April 22 to May ~, are equivalent to comparisons of the difference 
of length of the standards and to a determinall'ion of an average staudard ~ (l+II). We have 
accordingly II-I at 680.!JO }'.and +680,75 F.=701'.48, and rt>dncing to the mean t{~mperature II-I 
at 20°.460=65i<,7±:11'.'.! Th(~ second expression~ (I+Il) at '.!00.46 0=5m+134GP.5:± ()µJ:I was found 
to differ nearly 19 microns from all other results, equh'alent to nearly one-third degree C. defect 
in the temperature of the system :'i, and since the positiou of this box relative to the wall was 
not changed, l have thought it best to reject the result. 

We therefore have the following results: 

1881 April 22 to May 2 
1882 May 22 to June 10 
1883 January 15 to February 1 
1883 February 9 to February 28 
1883 February 14 to February 23 

at 200.46 C 
19 .15 
12 .68 
16 .11 
16 .96 

to=17 .07 

II-1=65 ... 7 ±: l".2 
I =5m+lt21,..4 ±: 114,8 

II-1=61" ,._8 
I =5m+1047,..8 ±011.6 

II =5m + 1155".9 ±: o ... 5 

(1) 
(2) 
(3) 
(4) 
(5) 
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If we refer these results to the average temperature t0 by means of the known coefficients of 
expanRiou they become 

II-I= 65".6±11'.2 
l=5m+ 1101 .9:::1: 1 .8 

II-I= 61 .5±0 .8 
l='5m+1103 .O:::l:O Ji 

II =5m+ll62 .2::!:0 .ii 

hence the conditional f 0=+ 65.6+l,-ln 
equations and 0=+1101.9-Z, 
weights p after. 0=+ 61.5+l1-l11 

putting l=5m+l1 0=+1103.0-Z, 
and Il=5m+Zn 0=+1162.2 -l11 

JL 
0.7 
0.3 
1.6 
2.8 
4.0 

. I 0= -3:!7 4.fi+5.4 l -2 0 l 
The normal equat10ns arc 't _ < • " ' •• 11 

0--47J3.1--.3 Z1+6.3 ln 
hencP { z. =+ 1101~.78 

Z11 =+1163 .05 

also e0=probable error of an observation of unit weight= /~P_5[1~v] where m=nmnber of obser­
\ m-n 

vation and n=nnmber of normal equations, hence 

Co=±l.75 microns. 

'ro find the probable errors of Z1 au<l l11 we form the weight eqnatious aud get the reciprocals 
of the weights 0.22 and 0.19 respectiwly, hence probahle error of Z1=1.75V.22=±0.82 and of Zn 
= 1.75 v:i9= ::l:: 0.76 microns. To tbt·se probable errors must yet be added the probable error of 
the s;rstem ::S Yiz, the probable enor of the lcugth of ;i or± 1".92 and the probable error arising 
from bringing up the system from its temperature 140.18 0 to 110.07 C or::!:.108x2.89=±0,,..31 

Therefore whole probable error of each standard v(-.-"nf)2:+-(I:!.12)2+r31)2=±2".l andfinallythe 
resulting length of the standards: 

Standard No. I or Office standard=5m+1101,,..8+57".46 (t-170.07 C) 
±2 .1 ±.16 

Standard No. lI or Field standard=5m+ll63,,..0+57 .47 (t-17 .07 0) 
::!:2 .1 ::!:.21 

DETERMINATION OF LENGTH OF THE FOUR·METRE 8TANDARD, IRON ROD NO. 1, BY MEANS OF 

THE FIVE-METRE OFFICE STANDARD AND A SINGLE METRE. 

Ju connection with the standarding of the new five-metre hars I 1n·opose to make a new and 
entirely irnlepemle11t determiuation of the length of the old iron four-metre standard, which has 
been used for many p~ars, and is :-;till so used for the staudardiug of our four-metre base apparatus. 
This was also desirablP in order to secure perfect accord in the triangulations depending on different 
base lines and forms of apparatus. (For the same reaRon some comparisons with the six.metre 
standard were made.) 

Rod No. 1 ancl steel metre .E were abutted together and adjusted level and in a straight line 
with the axes of the comparator1:1. Metre bar E was in a box by itself, a,nd its ends protruded 
through paper screens forming the ends of the hox. It was supported on two rollers, as in preced­
ing work. 'l'wo thermometcrn~ J. Green, 479 and 480, were put in the box and read through 
glass-eon~red windows in top of it. The tliermorneters were horizontal, and their corrections have 
already been given. Contact between E and the four-metre rod was secured by two spiral springs 
just pressiug hard enough to securn surface contact. The four-metre rod was in its own box, and its 
temperature was determined b,v the thermometer accompanying it. Special comparisons made by 
Mr. Blair, May 18-19, 1881, with stanclards 18411 and 35790, used heretofore, gave the following 
corrections: 

At 3io F.-00.23; at 740 F.-00.10 
50 -0 .26; 86 -0 .10 
62 -o .16; loo -o .ta 

Pamllel to this system, and on the same platform, was mounted five-meter standard No.1, sup· 
plied with thermometers 966.8 and 968, used heretofore; it was adjusted as usual. The observa­
tions for difference of leugth were made hy H. W. Blair and J.B. Weir on May 4 and on June 21 
1881, with E. B. Lefavour in place of Mr. Weir. The latter observations were made at night, and 
thermometers 4516 and 4517 were then used with standard No.1. The order of comparisons was 
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five-metre staudar(l No. 1, the system four-metre standard No. 1 plus metre B, and again the ftve­
metre standard Thermometers were read off before and after each set of comparisons. 

The immediate result from five sets of comparisons on May 4, 1881, is: 
4m standard No. 1=5m standard No. 1-meter E-3111'.0 

at 66°.59 F. at 660,51 F. at 660.26 F. 
The five sets of comparisons on June 21, 1881, give: 

4m standard No. 1=5m standard No. 1-metre E-3081',7 
at 760.60 F. at 240,70 C. at 760.13 F. 

In June and .August, 1882, two more determinations of the length of the four-metre standard 
were made, viz, June 20, 22, and 26, W. Suess and J. G. Porter observers, 12 sets; and August 
9, 11, and 12, D. C. Chapman and J. G. Porter observers, 12 sets. The single ruetre B was used 
in the place of E. 

and 

The results are: 
4m standard No. 1=5rn standard No. 1-metre B-370i<.0 

at 780.84 F. at 250,33 0. at 780.92 }'. 

4m standard No. 1=5m standard No. 1-metre B-357i<.8 
at 780.36 F. at 250_72 U. at 730.25 F. 

Introducing the known length of the ffre-mctre standard and of metres E and B, we find: 
Comparisons of May 4, 1881 four-metre standard at 660.59 F.=4m+6Hll'.4 

June 21, 1881 four-metre standar(l at 76 .60 F.=!m+942 .4 
June 20, 22, 26, 1882 four-metre standard at 78 .84 F.=4m+941 .4 
August 9, 11, 12, 1882 four-metre standard at 78 .36 F.=4m+951 .5 

Mean value 75 .10 881 . 7 
We also have, from comparisons made in February, 1877, by Mr. Blair, the revised result: 

1877 four-metre standard at 130.89 C.=4m+442>'.8 
1881and1882 four-metre standard at 23 .94 C.=4m+881 .7 
Mean four-metre standard at 18 .92 U.=4m+662 .3 

The value of 1877 depends upon metres NoR. 1, 19, 35, 38, which were compared with the 
Oonunittee metre. The method and means of comparison of 1877 were different from thoi:;e of 
1881-'82. 

DETERMINATION OF LENGTH OF THE SIX-METRE OFFICE STA.ND.A.RD BY ME.A.NS OF THE FIVE· 

METRE OFFICE ST.A.ND.A.RD AND A SINGLE METRE. 

Four sets of comparisons were made of the six-metre standard No. l with the five-metre 
standard No. 1 +metre B. The circumstances under which these observations were made were 
unfavorable, in consequence of the confined space, which required the bars to be placed diagonally 
in the comparing room. This produced a difference of temperature near the two ends of the bars, 
one end, in the northeast corner, being exposed fo the effect of the outer tem1)erature., the other 
end, in the southwest corner, being exposed to the interior temperature of the building. Never­
theless, the mean result for length agreed well with former determinations, although the coefficient 
of expansion which may incidentally be derived comes out smaller than found by direct observa· 
tions in 1860. 

The results reached in 1882 are as follows: 

I Set. ! Datil. 1Lengthof8m otandani' 
I i No.1. ! 

1--1------- :----
1 Ang.25toSept. 4[ om+1M71'.8±3p.l 7e<>.67F. 

At temp. 

2 Sept.16 to &pt. 6 +1451 .6 B .6 ; 71 .24 
3 Oct. 14 to Oct. 25 +1298 .3 3 .a ' M . 65 
4 Dec. 11toDec.19 + 878 .9 5 .6 : 65 .uo 

S. Ex:. 77-18 
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The coefficient of expansion of 1860 was .00000641; hence 
:±2 

length of six-metre standard at the temperature of melting ice. 

Gm-53,..fl± 4,..6 

reduction to oo C.=-13501'.5 and 
±4 .2 

\Vith this value we may compare the rnlues found in 1860 by ..Assistant llilgard, viz, Gm-
5!)1' . .'l ±0,,..8 and that of 1870 by Assistant J3lair, \"iz, 6m.-45µ.3±2,,..5 

The accord, therefore, is sufficieutl,y close. 

REl\LA.RKS ON THE LENG'.l'H OF THE BASE-BARS NOS. 1 AND 2. 

Since the length of tlwse bars must in enry case depend upon the direct observations with 
the Field standard at the time of the measure of a base, it would be useless to make an accurate 
determination at the office. Tlle.r were standarded, as near as may he, to five metres. 
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REPORT OF THE MEASUREMENT OF THE YOLO BASE, YOLO COUNTY, CALIFORNIA. 

By GEORGE DAVIDSON, Assistant. 

The llevelopment of the ''Davidson quadrilaterals'' looked to obtaining a base-line in that part 
of the Sacramento Valley lying immediately east of the Vaca or Berryessa .Mountains; and after 
the selection of the stations "Vaca Mountain'' and ".Monticello" an examination was made for 
the location. 

Vaca Mountain station commands the whole flat country to the east of it, but Monticello does 
not overlook the whole of these plains on account of a peak of nearly the same ele>ation sianding 
a short distance to the southeast of the station. 

The streams and sloughs running eastward from the Berryessa Mountains, which form the 
western boundary of the Sacramento Valley, are usually short and not very large. But in the 
rainy season they carry large volume8 of water, with swift currents, and are subject to overflows. 
These OYer11ows have gradually raised their banks from some distance on either side, so that the 
stream may be said to run on it ridge. C::whe Creek (Rio .Jesus Maria), having the great equalizing 
reservoir of Clear La.ke as its source, does not present this last feature in a marked degree, but 
Putah Creek (Rio de las Putas), Anderson, Dry, and Willow Sloughs do. The sloug-hs which are 
dry and grassy in summer and fall are bank-full in winter, and emu overflow. The banks of Dry 
Slough are very markedly higher than the adjacent land. These stream ridges lie nearly east and 
west, and therefore cross the line of any base chosen parallel to the Berryessa Mountains. 

Under instructions of the Superintendent, I commenced the examination of the plains of Yolo 
County between Cache and Putah Creeks for a suitable base-line, in April, 187G, having with 
me Assistants Rockwell and Eimbeck. After familiarizing myself with the country for a few days, 
and locating special objects, I easily located a 6-mile base-line lying east and west midway between 
Cache and Putah Creeks, and then obtained a proper quadrilateral, with its longest diagonal paralle1 
to the line Vaca ~fountain-Monticello. . 

Further examination proved that not only this longer diagonal of the quadrilateral was avail. 
able for a base-line, but also that another of the sides of the quadrilateral could be had. Upon 
representing the facts to the Superintendent, and showing that the long line would obviate the 
occupation of two extra statious on the plains, which would be required if either short base was 
adopted, he accepted the long base by telegraph. 

Fortunately, there is a ridge of 35 feet elevation lying on the south side of Uache Creek bottom. 
This gave favorable elevation to the north end. At the southern end of the base on Putah Creek 
the land is low, and, fortunately, llfontioello comes out f'.rom behind an outlying peak. Half a mile 
northward of the Putah the station Monticello is invisible. 

Within eight days the whole question had been settled. Assistant Eimbeck was then detailed 
to erect signals at Vaca Mountain and Monticello stations, both somewhat difficult of access. 
Assistant Rockwell was detailed to make a plane table survey with telemeter from Northwest to 
Southeast base station, so as t:o determine the relative positions of houses, fences, improvements, 
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sloughs, etc. In this work he made the length of the base 17 5731 metres by telemeter rod. The 
wheat was then 4 foet lligh and the measurements not easily made. 

·when this was about finished I received instructfons to occupy stations Mount Diablo and 
Mount Helena on the scheme of work to extend eastward, and north and south, and to connect 
with the primary work along the coast. 

In 1878 I was ordered to Europe to examine the instruments of precision at the Paris 
Exhibition. 

Iu 1879 I occupied the stations Mount Lola and Round Top, in the Sierra Nevada. 
In 1880 I occupied the stations S1.mtheast Yolo base, Northwest Yolo base, Monticello, and Vaca 

Mountain. 
In .June of that year I instructed Sub-Assistant Dickins to make a new topographical survey 

of the line of the base to ascertain what improvements bad been made upon it. His length differed 
10 metres from .Mr. Ifockwell's. Eotb lengths were obtained by telemeter. 

I studied tlie wearing of the banks of the Putah Creek, which had been cutting the left bank 
badly to the east of tLe 8outheast base, and the right bank badly above the Southeast base. 

For various reasons I moved the Southeast base station about 300 yards weRtward of the pro­
visional station of 1876. The location of tht> Northwest base was not changed, 

The line appears to avoid all the probable improvements for some years at least, but as it 
passes through a very ricl1 tract of wheM country, it muRt eventually be occupied. 

As the high ridge of \:Yillow Slough lies directly across the line, I decided to build a brick 
shaft 30 to 3,-, feet above the ground at Southeast base, and one of 15 feet elevation at Northwest 
base. These pieri; arr elsewhere 1leRcribed. The Southeast base station is about 25 metres from 
the left bank of the Putah Creek, and the ground is 23 feet above low water therein. There is a 
slight l{~rne between the bank and the station, with a post and board fence thereon. 

GENERAL LOCATION OF THE YOLO BASE-LINE. 

The line is in Yolo County, in the Sacramento Valley, and nearly midway between the Sacra­
ment.a Uiver and the Vaca or Berryessa .Mountains. (See sketch No. 28.) It lies nearly parallel 
with the Ualifornia. Pacific Hailroad, joining the towns of Davisville and Woorlland (county seat), 
and between 3 aml 4 miles west therefrom. Its general direction is N. m0 53' W., and S. mo 
531 E. The south end lies in the northwest quarter of sectiou 19, township 8 north, range 2 
east, Diablo meridian, being 3-k miles west and 1-k miles south of Davisville. It is reached by 
taking the county road west from DavisYille and turning southward on the unopened road which 
is a south continuation of the Plainfield road. The land is owned by W. H. Soule, post-office 
Davisville, Yolo County, California. 

The north end lies in the extreme southeast corner of the southeast quarter of section 28, 
township 10 north, range 1 east, Diablo meridian, being 4! miles west of the railroad passing 
through Woodland, a.ml immediately on the north side of the county road running west towar<ls 
Madison and Uopa;r Valley. The land is owned hy Mr. Jefferson Wilcockson, of Sacramento, but 
now rented by Mr. "William Gibson, living one mile south of ·woodland; there is no fence around 
the land. On the opposite side of tho road is Mr. James Oliver's ranch. Ile is familiar with all 
the operations here and was heliotroper in 1880. His post-office is Woodland. 

The lall(l immediately west of the base-line is a little higher, but between that higher ground 
and the foot-hills there is a general depression parallel with the line of the mountains and tihe 
base. Just west of tLe northern part of the line the land is rolling, whilst on the east it is quite 
thickl~' filled np with farrn-l!ouses and the large groves around them. From Willow Slough sonth· 
ward the soil is very good, and this part is largely occupied by farm-houses and large surrounding 
groves. In a very fow years improvements will doubtless cover the line. 

MARKING THE llA.SE STATIONS. 

In Ju11e, 1880, upon the final location of the two ends of the base, they were marked before 
the occupation of the stations with the 20-inch theodolite, as shown in sketch No. 29. 

The soil at Southeast base is a very fine sand, with an admixture of clay, but not sutBeient to 



 

UNITED STATES COAST AND GEODETIC SURVEY. 141 

cause it to be de.signate,d other than a fine sandy soil, formed from the material deposited by over­
flows of the Putah Creek. It is easily worked with the spade and does not require the pick. 

The elevation of the pier was such that it required a large foundation, and this was pr~jected 
at 70 inches square and 50 inches below the surface, to be built of well-burned brick, with cement. 
The sketch shows the general proportions of this pier and base. Below this base, however, there 
was placed a granite block 12 inches, squared on top, and 2 feet 11 inches deep, with a somewhat 
irregular base of 20 inches. This was a truncated pyramid, irregularly square. The top of this 
stone reached within 4 inches of the base of the main work, and wa.8- wholly separated from it. 
The base of it was in cement, placed in the lower excavation. On the the top was deeply cut the 
legend as shown in sketch. The marking for station point was on a fiat-headed round copper bolt, 
5 inches long and five-eighths inch diameter. The head was turued wi\h a fiat spherical surface, 
1~ inches diameter, and into the top was inserted a German-silver wire. In the polished end of 
this wire was punctured, with a needle, a fine hole about one-twent,y-fourth inch in depth (by esti­
mation). This mark was transferred to the surface by means of a finely turned 42--pound plummet, 
hung carefully over it, and examined by a magnifier. Then meridian instrument No. 1 was placed 
on its brick stand at the transit ar.d latitude observatory, at right angles to the base line, and a G­
inch Gambey theodolite on the liue to the northward, nearly on line of base. The foot-screws of 
the meridian instrument were removed and the base cemented to the pier and adjusted, and the 
fine plummet thread bronght between the middle thread and the micrometer thread, which had 
been moved close thereto. Mr. Gilbert adjusted the theodolite aud brought the X-threads on the 
plummet thread. Then Mr. Colonna placed four stubs around the station, two east and west, two 
north and south. In each pair of copper nails fine pointl:i were pricked, in line with the plummet 
thread and the meridian instrument and the theodolite. These marks were for tests and checks, 
lest the instruments should be disturbed. 

Over the copper bolt in the subsurface block, a nearly hemispherical glass about 3 inches in 
diameter was placed, and the earth then tamped around it to the level of the grouud upon which 
the base of the brickwork was to rest. 

The work for the brick foundation then commenced by wetting the soil at the bottom of the 
excavation, spreading a good layer of cement thereon, and working it well to establish its con­
nection with the soil. Brick courses were carried up 14 iuches solid and 70 inches square; then 
the pier was battered and brought to receive the surface block of granite 26 inches square b,y 25 
inches deep; upon this being properly placed, the brickwork carried to the surface with sides of 
54 inches. This work was then allowed to stand for twenty-four hours, when the surface-mark for 
the station was made. This marking is on the· upper surface of a copper bolt, which was set i11 
lead and then driven until the head was batte"red out nearly even with the surface of the stone, 
polished and burnished. Then a minute hole was made in the copper at the intersection of the 
lines from: the instruments; after which cross-lines were made with a penknifo merely as guides 
to find the hole. Into this mark was stuck a fine needle, placed Yertical, and all was then covered 
with a glass tumbler, and the work on the hollow pier was commenced. 

The pier is here 54 inch1>s square, with a hollow shaft 16~ inches square (to the t-0p). To see 
the mark, two sight channels were left in the pier, one from the hollow center towards the meridian 
iastrument1 and one from the hollow center towards the theodolite. A wooden box with trap-door 
on top protected the glass and mark from falling mortar, etc. 

In filling in earth around the subsurface part of the structure four barrels of charooal and char­
coal dust, which had been burnt for the purpose, were mixed with the earth in tamping. 

The pier was carried 33! feet above the surface~ and upon its top was laid a granite slab 40 !JY 
40 by 8 inches, with a hole ll inches diameter in the center. Upon this granite slab, after the pier 
had set, the position cirole and t.heodolite were centered by means of the instruments already re­
ferred to. Subsequently, to provide against the possibility of the pier getting a cant during wet 
weather, etc., four reference marks were established to recover the station. These are especially 
referred to on page 142. This precaution was proven to have been necessary after the rainy season 
of 1880-'81. 

The making of the Northwest base station was almost identical with that of the South-



 

142 UNITED STATES COAST AND GEODETIC SURVEY. 

east base. The same chara.cter of granite blocks, masonry, etc., was used; and the same methods 
of marking and reference. The soil at this station is a moderately stiff clay below the surface, and 
had to be picked out. When it was replaced around the brickwork two barrels of charcoal were 
mixed with tlie earth iu tampiug. 

It should be mentioned that when the base-line was measured the extremity of a bar projected 
1.96 metres beyond the base station. To mark the end of thi11 bar, one of the" fence stones" 
was placed in the ground, with its surface even with the top of the soil. Into the top of this stone 
block was leaded a copper bolt, with a small mark in it, to denote the point from which the fraction 
of a bar was measured. The top of this stone is marked: 

N.W. 

t 

CB 
Copp"r holt-head. 

REFEI{ENCE MAUK8 FOR SOUTHEAST RASE STATION. 

(Sketch No. 6.) 

'l'o proYide means for restoring the station in case of the tower taking a lean during the time 
it was allowed to staud after the llorizontal directions and azimut.hs had been meaimred, Assistant 
Colonna was detailed in December, 1880, after leaving Vaca Mountain station, to place sub-surface 
1mirks, below the reach of the lilow, on the line of the uase northward, aml at right angles thereto 
eastwardl_y, which he did, a:s per :sketch. 

To place the ~rnhsurfaee structure of brick iu cement, a hole for each was dug 3 by 3 by 3 feet; 
theu two eoun;es of bricki,; were laid in cement; then a cube of granite, one foot. each side, wall set 
on this. hi the upper surface a copper bolt wais set, leaded, aml driven in solid. The brickwork 
was then carried up awl arouutl the stone tliree bri~ks square on the outMido. Each block is lf foet 
high and the tops are 18 inchei; below the surface. 

To mark the bolt iu the granite cnbc, meridian instrument No. 1 was placed over No. 2 block, 
and its center marked b,y a drill-hole in the top of the copper bolt. Then the instrument was 
directed to the 1>tatio11, and a drill-!.t0Ie mad<" in bolt No. J on the line. The meridian instrument 
was then viaced over :So. ~l block. The copJJer bolt was marked in the same manner as No. 2 bolt 
had beell, and tlien tile instrument was directed to the station, alld the l\ o. 4 bolt was marked 
b.Y <lrill-1.tole in tlie line. All were tested repeatedly. The bolts Nos. l and:; were protected by 
drinkiug-gfasses turned OYer them; arouud each glass, cement was placed to form a hard setting 
for them, but was prevented from adhering to the stone by placing a sheet of paper under the cement. 
No:s. ~and 4 had not this protection. Tl.te granite block of No. 2 cracked when tl.te bolt was driven 
home solidly. 

'l'he zenith telescope and tmnsit piers, being on the line No. 1-No. 2, were removed to the 
lowest two courses, which are 18 iucl1es below the surface, its rough references only. 

THE BASE LlNE LEVELED .L'l"D MEASURED WITH FIFTY -METRE WIRE. 

'V.IJen I was occupying the stations Southeast base and Nortl1west ba!!e with the large theodo­
lite, Assistant Colonna was detailed to run a line of levels and repeat between the two stations, 
and theu to connect the Northwest base with the California Pacific Railroad bench-mark at Wood· 
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]a.nd. I<'ifty-metre telegraph wire was compared with a Chesterman steel tape on top of a straight 
level fence. 

In measuring, the ground passed o\·er was either liigL stubble or summer fallow. The wire 
was strained 48 pounds by a spring balance at the forward eud. A stub was driven iu the ground 
at eYery 50 met.res, and a tack driven in top of the stub . 

. The following measures were made: 
Metres. 

~i49 measures, 50 metres each ..... 17450 
1 measure, 25 metres . . . ............................ . 25 
1 measure, 50 feet... . . . . . . . . . . . . . . . . . . . . . . . .............. . 15.24 

Base .................... . =17490 

The count was checked by kvelings as followR: The level iustrument was each time set over 
a piu, and tlie rods held on a stub; this gives 100 rnetrPR to each station, unless otherwise noted. 
Thus, check 

159 stations by 100 metres ..................................... . 
1 station hy 150 metres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....•.. 

13 stations by 100 metres................... . ................ . 
1 station by 50 metres . . . . . . . . . . . . . . ....................... . 
3 stations by 25 metres . . . . . : . . . . . . . . . . . ................... . 
1 station by 15.24 metres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Base ...................................... - ... - - - .... ·. · · ··· 

Metroo. 
15900 

150 
moo 

50 
75 
15.24 

=17490 

The levels were run over the base-line twice. The two rods, Boston pattern, were kept plumb 
by means of a plumb-bob attached to each. One rod was held over the back stub, and the other 
over the forward stub, and the readings were made as nearly simulta1wously as practicable. 

The rods had been compared with a standard yard and found practically correct. 

Feet. 
The first measurement, from souLheast base to northwest base, gave for 

the difference of level. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81. 931 
The second, from northwest base to southeast base. . . . . . . . . . ........ 82. 122 

Mean difference of level.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82. 026 

The levelings between northwest base and ·woodland, California Pacific Railroad bench-mark 
were 

Feet. 
I. From northwest base to 'V oodland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92. 698 

II. From Woodland to northwest base ...........••.................. 92. 669 

92. 68..'l 

The railroad bench-mark, as given by the railroad engineers, is 60.6 feet above mean low 
water of San Francisco Bay. Therefore we have, provisionally 

Southeast Yolo base station= 71.257 feet above low water, San Francisco. 
Northwest Yolo base statiou = 153.282 feet ahoye low water, San Francisco. 
The plan I had in view to determine this satisfactorily was to connect the Southeast base 

station ("\·fa I>ixon and railroad) with the Coast and Geodetic Survey bench-mark at Benicia by a 
line of levelings t-0 be carried out this winter. 

TEMPORARY MARKS ON BASE·LINE. 

After studying the different methods of marking the voints on the base when the work closed 
at night, at lunch, and at the approach t-0 a bridge, I adopted a granite block 12 by 12 by 4 inches, 
with a copper bolt five-eighths inch diameter projecting f,wo incl1es aboni surface, with its end 
double beveled and silvered. On one face of this dull knife-edge a small fine line was drawn from 
the edge downwards. This line was the point of reference. When the "mark" was to be fixed in 
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position a hole was scraped in the soil to a depth of 3 or 4 inches, and the block placed in it. The 
knife-erlge was placed iu the line of the bar, and the fine line approximately located under the end 
of the bar . 

.An ivory scale divided to 0.50mm was then placed in line with the bar, and a given division of 
the scale-for instance, 20.00mm-was made coincident with the fine line by means of a magnifier. 
The scale was made level. Then, with the sector, the end of the bar was transferred to the scale. 
After some progress, the method adopted with the sector was to level the transit axis, point on bar, 
and read the scale once; theu reverse the transit axis level, adjust ancl point on end of bar, and 
read the sector again; then reverse the telPscope in the Y's, lpvel transit axis, point on end of bar, 
and read scale; reverse transit axis leYel, adjust and point on encl of bar, and read scale. At each 
reading the ivory scale was reset. 

The sector was placed a distance of uearly 20 feet from the end of the bar and at right angles 
thereto. The magnifying· power of the telescope was measured 20 diameters. The legs of the 
tripod of the sector were cut short, so that the height of the telescope was about 3 feet above the 
ground. This enabled the end of the bar and the metre scale to be seen with the same focus of 
the telescope. Three of these granite marking-blocks were in use, so that no block was removed 
until another, or a kilometre block ahead, bad been established. After some progress of the work, 
I adopted the rule of using the sector always on one side of the bars. 

THE MOVABLE COVER FOR '!'HE BA.SE .A.PP .A.R.A.TUS. 

Having determined to measure the base-line with the beams and trestles carrying the base­
bars protected from the direct action of the sun, I gave to Assistant Gilbert a general idea of 
what I wished, and the cover was constructed under bis direction at Sacramento. 

To protect the bars from the direct action of the 1mn, to secure them from injury at night, or 
during any temporary suspension of the measuremeut, and to allow ample room for movement 
during work on both sides of the trestles and bani, it was necessary to hitve a cover 50 feet long, 
12 feet wide, and 9 feet high, one that should possess great strength and yet be light enough to 
be easily moved by two or three men. 

The foundation was a parallelogram of the length and width just named; the material WM 

Puget Sound fir, and the size of the timbers 2~ by 6 inches; the angles were strengthened by heavy 
three-eighths-ineh angle-irons and stout bolts. The canvas cover was stretched over wagon hows 
of ash, spliced so as to obtain the necessary width and heig·ht. 

Four wheels were used, each having a diameter of 3~ feet, and eacl1 pair secured 10! feet from 
the en<l, in such a way that they could be readily detached and the frame-work allowed to rest on 
the ground. This was always done during any temporary suspension of the meaimrement, and at 
night the cover was completely closed by cauvas curtaius and secured so as to aJford entire pro­
tection to the apparatus against wind and rain. The whole cover complete weighed about 11200 
pounds, and on hard, leYel ground could be moved by one man. 

·when at work, the standard bar No. 2 was carried secured to the rail on the shady side of the 
cover. Suitable shelves and bags served to hold such tools, instruments, etr., as were needed from 
time to time during the progress of the work; thus loaded the wheels doubtless sustained a weight 
of J 500 pounds. The entire frame-work is fastened together with ordinary carriage bolts, and can 
be readily taken apart for shipment. The movable cover became known throughout the region as 
the" Yolo buggy." 

THE ORGANIZATION OF THE PARTY. 

The readiest way of understanding the movement of the party at work is by an examination of 
the annexed plan (Sketch No. 30), exhibiting the bars and tripods or trestles in position, and the 
traces of the men's forward movements. 

As we actually reached an average of fifty-seven bars per hour, and frequently several con­
secutive bars in forty-five seconds each, it will be readily understood that the whole of the move­
ments must have been almost as regular as machinery. Every officer and man bad a specilic duty 
assigned to him, and no deviation was allowed therefrom. The general forward movement may be 
said to commence at the command "Break," when the contact slide of the forward bar wMJ tlni.wn 
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back, and the after bar was drawn back, lifted out, and moved forward. The tripod men relieved 
the tightening of the legs, pickecl up the tripods, and IDO\'ed forward, where the tripodi> were imt in 
line and in position by au ofiicer; the plates followed and were placed outside the position of the 
legs; then the tripods were placed on the plates, accuratel,y distanced, le\'eleu, and clamped. The 
"buggy" moved forward as soon ai> the plates were raised. One officer, near the sector, guarded 
the bar which remained in position. An officer then received in his own hands the after end of the 
forward bar, and was then responsihle for it until the next "break" of contact. 

The details of aligning the bar, raisiug or depresi:;ing the after end, making approximate con­
tact, reading the Borda aml mercurial thermometers, reading the sector, and making final contact 
under a magnifier, fe.il into their regular and necessary sequence. 

It was the duty of each officer to guard against errors of reading scales and thermometer; of 
the recJrder, to announce any seeming de\'iatiou from regularity of change; and of the chiet; to 
call for any re-examination if he suspected mistakes. 

The sector readiugs for inclination were checked by a re-reading; aud in the second measure­
ment one officer read the sector and left it witlwut annouucing hii:; reading m1til' the second officer 
bad given the degrees aud minutes. 

It will be noticed that the bars were carried forward ou one side of the line of tripods, officers 
arnl plate and tripod men remainiug on the other, and no one was permitted tu pass under the 
bars. When no actual measurement was being made, and wlleu tlle night or bench-mark or any 
other mark was being referred to, all hauds left the inside of thl' "huggy" until, recalled. 

At the close of the day the bars and stanuard were put in 1108ition on the comparing lieam, 
resting 011 two trestles for the morning curnparisou, aml lightly coYeretl with canYas against rain 
beating through the light cover. At night the watchman had a llamrnock swung under the ''horse'' 
or trestle over the wheels. · 

Before the measurement commenced the bars were compared with the standard bar, in the 
condition in whfoh they h11ll remained over night; then the sectors were examined by the leveling 
instrument for the <letermination of the zero of the inclination arc. The after bar was then plumbed 
over the night mark, and at its satisfactory measurement the command "Break'' announced the 
forward movelllent of the bars. The night mark was covered by a box and left intact until another 
mark had been secured. 

It will be seen hy the plan that tlw following perisonnel of the party was requisite on the 
ground: 

Chief of Party Davillson, Assistant Gilbert, Sub-ai>sistauts Dickins, Pratt, 
Blair, Recorder Hill, Mechauiciau Suess . .. . . - . - . . .. . . . . . .. . . . .. . . .. .. . . . .. 7 

Men, 11; watchman, 1; driver (au<l extra, who also attended to bridges, etc.), 2. 14 
In camp: cook, ofifoers' steward, men's steward . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Total, officers and men . . . . . . . . . . . . . . . . . . . . . . ............ " .......... 24 

FOOT PLATES OF THE TRESTLES. 

These plates were devised as a substitute for ,those with circular grooviugs, the latter being 
too limited in their range. The plate herewith exhibited in section and plau was found to answer 
all the purposes demanded. (See Sketch No. 29.) 

The plates were laid independently of each other, and with very little practice tile men became 
familiar with the best m0<le of stamping them down. They were used on every character of 
ground, and bad t,heir severest test on that part of the line torn open b,r innumerable "drying 
cracks," as mentioned in this report. Each Illate weighed 9! pounds, aml the points were tumed 
st.eel riveted on top. There were none of them broken or injured in the work. 

COMPARISONS OF THE BASE BARS WITH THE FIELD STANDARD BAR. 

I had brick piers built at Southeast ba.ae, Middle base, Northwest base, and Camp Schott, upon 
which to place the frame made by Mr. Suess, in ca.mp, for carrying the two base bars alJ(l standard 
bar during comparison. Independent piers carried the comparators. All the earlier comparisons 
were made on this frame and piers at camp and at Southeast base. 

S. Ex. 77-19 
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Haviug determined to mak<> compariso11s of the base bars and standard every morning before 
comme11cing measures, J directpd ::\Ir. l'ratt to make a portable. wooden beam, which should rest 
on two ordinary trestles. Upou each end of this beam a comparator was to be secured, and the 
comparisom; were to he made upon the assumption that tlie beam llid not change in length during 
the period of each comparison, or if change took place it might be measured b.r knowing the 
temperature of the beam and its coefficient of expansion. 

As soon as the beam wa;;; constructed these daily comparisons were tnadc. At northwest bMie 
thi,-i beam restflfl on the brick piers, but their comparators were in their places 011 the beam. At 
Camp Schott, at the close of the mettsnrernents, the beam also rested on brick piers; comparators 
on the beam. 

The beam is described as follows, in l\Ir. Pratt's own words. Of course it would have been 
better rnalle and wit,L special adjustments if time and means had been available. It was made by 
l\fr. Pratt in camp, and its working was satisfactory: 

"The i<l<'a of using iu tl1e field a sing·Je beam so arranged that one base bar could he laid on it 
at a tinw and its rnf'asure or comparison taken, tlien rernoYed entire)~· and replaced by another bar, 
and 8Q on) was suggested to you, I lwlieve, by Assistant Schott. 

"Tlw hcarn was proportion!'d and made to earr~· out Assistant Schott's suggestions, which 
accounts for its hei11g so Harrow. After it reached the field it was decided that it would be best 
to }lilt all the ban; 011 at one time, and I deYised and executed all the present attachments. The 
cru<le11ess of construction and arra11genwnt was due to the limited means at hantl. The plank.<! 
tliat compose tlw hP1rn1 are of tlwrougbly seasoned two-inch white cedar, and are securely 
bolted together i11 such a rnauuer that they ean be retightened at any time in case of shrinkage. 
In order to make it as portable as possible, the usual carriage for carrying the bars was dis­
eardNI, t11(• bars tliemHchcs actiug for that pnrpose by simply resting m1 tbe two hard wood 
pieces, which are at riglit auglPI", aml l1ave round metallic rails fixed t-0 their under sides. Each 
one of tlwse rails resto; 011 two groond metallic rollers, one on eitlier side of the beam; the 
two rollen; on the hack of t1H· apparatus, HS "1Cell in the drawing (sketch No. ao), are com1ected 
with cacli otlwr h~- a ;;:haft, and id>lo with the wheds at either end, which are used by the observers 
to mon> the baris haekward and forwar<l. 'l'here is a little lost motion in that portion of the shaft 
which is liPtwe!'n tlw two metallic rollerR, which enables the obsen·ers to give either end of the 
ban; a :slight i111lepem1Pnt rnoYement. 

"l'JH!Pr tlw poi11ts of :-;upport to ea eh bar are placecl dfagmrnl metallic plates~ with an adjusting 
scr<>w in c·ad1 end~ h;1· wliid1 means the bars are raiRed or depressed to the exact beight of the 
alm tting- pieces 011 tlie cornparators. By referri11g to the sketch the handles of the8e adjusting 
screws will he see11 to pr<(ject abo\'e the tops of the base bars." 

MOVING TIIE BASE BARS INTO LINE. 

Yarions plans were suggested to move the bar sidewa;ys b;y mecbanical means, but tbat, proposed 
b~· l\tr. <~ilbert "·as accepted as the simplest, and was capable of being made by a blacksmith. 
(See sketch No. :!!.I.) 

An iron ro<l OJH'-lrn If inch diameter nnd about 14 i11el1es long had a coarse thread cut upon it for 
abont four i11d1t.•s umh'r tlH• l1Pa111. One eml of tliis rod was loosely fixed to tlie tri11od just below 
the leHl of tht> under si<k or tlie liar heam and ht> hind the uprights on the tripod. The free eud of 
t}1(· ;.;crew h•1r1 with a cross for tnrui11g by was liftecl h~· the operator up mid against the under side 
of the hearn upou which was far;teued an iro11 plate with a 3-iuch longitudinal knife-edge placed at 
au augle with tlic bar equal to the thread of the screw. 'l'his knife edge therefore entered one of 
the threads, and as the screw was turned that end of the bar was necessarily moved sideways. 

Had tlH•re heeu time aud proper meanf' for executing a fair pii:ce of workm11nsbi11, it would 
have worked with sufficient smoothness; even as it wa{!, we owe the quickness of our measures, in 
great part at least to this simple and coarselJ· made contrivance. 

MEASURE FOR FRACTIONAL BARS. 

It was almost certaiu that a fractional bar would need to be measured at the north west end of 
the base-line, and also at each "fonce stone." 
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To make such measures with accuracy I made known to l\Ir. Pratt what I wislied done, and 
left the details to him. So I transcribe his description of tlie measure for the fractional bars as 
shown in sketch No. 30. 

"The wooden portion of the bar is of thorouglily seaso11ed wliite cellar 0.05m tllick, 0.113m 
deep, and 3.225m long; in order to prevent warpage it was split in two equal pieces and one of them 
t~uned 180°, and theu they were secure!;-;· fastened together. Oue ot' the lower e(lges wa:-; rabbeted 
out sufficiently to let in a steel bar 0.012m square; this steel bar w:u; griHlnated to three rnetres, 
and each one of these irnfrridual metres was compare(l with a standard metre b~· meaus of a 
micrometer beam compass, wllicll I deYised especially for this purpose. Sliding oil this steel rod 
is a vernier, witll clamps and slow motion. Ou the side of the bar is an or<linary lmse- bar :-;ector 
for measuring the iuclination. 

"In measuring a fraction of fiye metres, which occurred at all of tlle fence stones and at :Xort lt · 
west base, the zero of the bar was vlaced over, and usually in contact with, tlle fine point i11 the 
copper bolt, then the ,-ernier was moved until it came vertically under, as determine1l u_y a transit 
St\Ctor, the end of one of the base bars; tlie wlwk metres were tlicu read off snbjPet to the corrcc 
tions obtained by comparison, aud the fractional portiou of a metre Wtts trnusferred, with a knife· 
edged beam compass, to a metre scale to be read." 

ALIG:KING TELESCOPES. 

The aligning telescopes, one at the forward end of each bar, were upon my recommendation 
somewhat improved in their practical working, at the close of the first measuremeut, and subse­
quently Mr. Pratt fitted set screws to abut against a stud in the metallic end of the wooden beam, 
by which means they could be corrected in azimuth. SeYeral impro\'ements are yet desirable, and 
will be introduced. 

In the second measurement the bars were aligned between adjacent kilometre stones. 

COMP ARATO RS. 

The observations for comparison of the base bars with the standard were made with the two 
mierometer Fauth lever of contact comparators which accompanied the aJlparatus. These com­
parators are described and illustrated in Assistant Schott's paper on the construction of the appa­
ratus (Appendix No. 7). 

(NOTE.-Assistalit Davidson has studied carefully the working of the apparatus in the field, 
and has made plans for certain improvements suggested by the seYere tests applied during the 
progress of the several measurements.] 

RATE OF MEASUREMENT. 

The following tabulation gives in detail the time occupied with each operatio11 in the measure­
ment in the field. It indicates how well the party increased in efficiency in the successive meas­
urements. The summary very clearly exhibits the results attained. 

i First Second !Third par­
i measure- · measure- . tial meas- , 

1 
l ment. I menl. : urement. : 

. 1~----," - ~-" 
i Total nmnber of bars laid ......... - ....... 1 3498 : 3498 

[ Total number of working days ........... ·I 20 ! 
I Total number of working hour• ........ - . , 183! : 

I Average dally number of bars·---··-··· . .\ 176 
' Average da.ilynumberof bars per hour• .. : 28 

Higheat hourly average for day .. -•....... ' 89 

Highest number bars in one day--·-·· ... -' 271 
_Highest number bars in one hour .•....•• ·i 42 

•Actual time of laying the bars. 

18 

171i 
194 

37 

45 

2'i6 

49 

1498 

53i ' 
187 i 

43 1 

54 

324 

57 

The actual time of working during the measurements, which amounted to 8 494 bars, was 408 
hours. This included comparisons with the standard, adjustments, and all 'lelays whatever from 
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the time of reaching the field to leaving it. The average number of bars laid per hour under these 
conditions was 20~. But the actual time of laying the 8 494 bars, not including any delays, was 
247 hours; this gives an average of 34k bars per hour. 

Tabulation of daily work . 

.FIRST MEASUREMENT. YOLO BASE LINE. 

i t I ~ -~ I: -~ 1 ~ II ~ . \j I 
.£ ~ ~ .g ~· I ~ ~ ~ 1 ~ ~ 
" ~ I "' I ..... I - • I ~..= I ti g I 
115' ·a . I .E . ~~ 1 o 00 , ~ ~ ..c Q .C,.d 

"' gs i -g a -;;_,. . ";; ..!!"" I s ~ , ~-= I 
~ ~co! I ~~ ~~ .S.o ~~I g.s 11=~1 
;:; :::: I 'C ~ II ::: II ;;·~ I go,~ ~~I' 
o ~ ~ a:i = ,:;,. e- 1 i:~ 
S 2 I 8 8 I ,Z S .,= je 

Date. 

1881. ~ h. 111. ! h. m. ! It. m. 1 h. m. 

~ H I H ' H I ~ '~ ~ 1
1

"'1 I 
--1 ---i---,----1-- -----1 

h. m. h. '"· h. m. i It. m. h. m. I h. m. I I j 

50 2 41 8 20 ' 4-0 9 20 i 6 39 i 126 3. 17 I 19 I 
23 4 37 7 45 I 45 , 10 ()-0 I 5 231 97 3, 33 i 18 I 

! 
0 16 : 30 : . - . . . 0 45 1 31 55 5 25 i 9 30 : 7 59 163 2. 941 21 

1 50 :!_ ' ' 22 0 33 0 00 : 43 0 34 00 8 20 12 10 ' 3 50 I 1 50 47 2. M 26 

~i ~ ~~ ~ ~~ : ~ : 1 ~! ~ ;~ ~ : : ~ ~ 5 !! 1: : I : : .II ~: I ~: E ii : 

29 I 0 17 : 0 20 0 41 I 25 I 37 I 2 20 ! 18 5 35 10 17 57 237 I 2. 01 30 

;lBptembe.r19 : 0 15 0 35 O 56 : 0 15 · 

20 0 22 l 14 1 38 

21 

Ocwl>er 

3

: ~ ~: ~ ~~ 1 ~ :: 2 :~ I o :~ : ~ i 8 ~ 
5 

:~ 
1

: ;: : ~ ~~~ ~ : I : 
4 0 22 0 16 i 0 40 0 57 ' 1 09 3 24 I 12 20 10 08 6 44 225 l, 79 84 

5 . 0 23 i 0 20 0 46 47 0 50 I 4 06 : 6 55 26 10 31 6 25 I 226 1. 70 I 35 

6 ' 1 11 0 19 0 52 54 ! 0 57 l 4 13 ! 7 23 20 9 57 5 « 192 1. 78 34 

11015 02;, 028 14 4a:3osl755 24 29 e21 204 1.86132 

s : o 38 o 16 o a1 •a 59 1 a 10 ! 1 zs 23 55 6 45 2211 1. 11 I 34 
10 I 0 35 . 0 38 I 0 29 28 28 2 38 i 20 25 9 65 7 i!1 271 L 65 36 
11·036 023 02s! 54 43!304

1 

36 49 913loe9 201 1.84133 

12 ! o 31 o 231 o 20 \ 1 01 51 : a o5 1 54 4 45 51 I 5 46 200 . 1. 73 I 35 
13 i 0 35 0 10 0 38 i 23 50 ' 2 36 8 20 4 50 30 I 5 54 231 I 1. 53 II 3~ 

Average~ i .. ~ -~~r~--~~-1 .. ~--~~-1 .... ~~-;·- .. ·· .. i .. ~--~~T 55 18 -~ .. ~./ .• : •. ~.J-i-J~-1--i 
Number of days, 20, iota! number of be.rs, 3 498; actual time of laying bars, 118 hours 56 minutes. 

SECOND MEASUREMENT. YOLO BA.SE LINE. 

October 17 i 31 I 22 ! 0 441 0 43 : 0 48 I 4 08 : 8 15 07 52 4 «
56

11061 2. 68 JI ~ I 
~:I ~ : : ~ : O ~~ \"'~--~~·: ~ : j ~ : : ~ ~ ! : ~ : 49 i ~= ~:!~ ;; I 

20 : 0 45 ! 0 41 36 0 15 . 0 45 I 3 02 . 7 5000 I 4 50 g 00 5 58 '1 220 1.113 , 371 
21 ! 0 31 I 13 ! 47 I 0 31 . 45 I 3 47 8 53 8 53 5 06 ' 192 l. 59 38 I 

22 0 30 38i 26j 0 38' 451 2 57. 7 45 24 8 39 5 42j 202 1.32 45! 

24 0 37 0 53 . 41 I 0 15 0 36 3 02 I 7 08 4 37 9 29 6 27 ' 256 1. 51 I 40 I 

: l 0 37 0 : I 0 41 0 53 i 1 11 : : I 7 17 4 25 9 08 5 : \ 192 1. 66 3611 

27 ! ~ :: ~ 39 i 
0 :~ \ .• ~.-~~.!..~ .. ~~. 1 50 I 1~ : ! ~ !~ : :: I : 1311 

1

: ~::~ i : 
28 0 30 : 0 41 Ii 22 : 0 09 I 0 42 2 24 I 7 5(l ! 4 45 8 55 6 31 200 I l.S5 I 33 i 
29 I 0 37 02 0 18 ' 1 58 I 1 10 I 5 05 7 00 I 4 48 9 48 ' 4 43 I 174 1. ~ I 37 I 

31 ' 0 31 51 I 0 26 I 0 56 I 0 39 ' 3 2S 7 llO II 4 55 9 551 6 32251 225042 I 1. 62 I 37 
'November 2 

1 

0 35 0 50 I 0 51 0 151 0 44 I 3 15 7 10 4 5(l 9 40 I 6 1. M I 39 

! i ~ :: ; ~ :~II : :! I 0 :: II : : Ii : ~: 7 : I : :: : ~:I : :~I : ~=I = 
5 035 033 0241033 045 250 74-01450 910•620 276 L38 43 

1'oaoloaolo2a'1·······.,········l12S 7501111 211158 68 L74 M 

Avorage= \ ..•... ..!. ....................... \ ........ \ ................ j ...................... fm\l:"M 37 

Number of days, 18; number of bars, 3 498; working boon, 17li; total aotmll. fuoe or laying bars, 113 bOlln 2tlllfnu• 
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THIRD PARTIAL MEASUREMENT. YOLO BASE LINE. 

i-- ---i-~-=-· ~ ~--r$° ___ \ ___ \ >i • ij' "" I ,:. .;, ·-:':~-· 

I ! ~ ~ I ; ci 8 ~ ·,: .s I .6 ·g . ~ 
I~ .9 ~ ~ \ g. ~ ~I~ ,g g '.:; ~~I~,.; 

I' I ·5 t:t . .9 ~ I ~ l t .s ~ ~ ts j ~ i.:. ~~ t 5 
~ ~~ ~ «r ~ ~ I SJ- § s 1 ;as .~~ a3 ~ = ~ ~ s..= Date. , .,. rr.i § ... ~~ 

1 
~ ~ ·;:< i;:= P..E'. a.i ~ .:='?: ~ Q.) ,.....d 

I I 8 I ~s .g. I s~ I .:: I ~ ~di "'Ii. E1t .§.=. "Olf '°£ Eii 
"" ,... k Ill '"" "O ,::J. C+-t '° 1ilo ""'"'"' ~ ~ ~ 

1 ~ ~ e ~ I .s I <; -o o o ""a ~ ;i-! ~.s 1 

I I a s 8 13 s a E E : s E 1E ~pi) 
I .~ ·~ .~ ~ - iJ .~ .~ -~ " = ... ,_ I I H ,H "'ltll I H tll H H 8 ~ z ~ <!j 

Nm~b~;: i r: ! T : : ' ~I : :r : ' ~ ,: ~ ' E : a I :~ :: ; 
16 I 0 37 0 2S 0 zo 0 13 1 ........ I 36 9 10 2 10 : 3 00 24 46 I 1. SB 33 ' 

18 I 0 25 1 26 0 49 0 15 i 0 22 I 17 j 8 45 4 35 : 7 50 33 178 L 53 39 / 

10 i 0 55 0 30 I 31 . 0 22 1· 31 Ii 49 8 08 4 13 I 8 05 16 222 1 43 42 I 
I i I 21 : 0 34 0 46 I II 41l 0 10 ; 0 25 : 2 41 7 45 4 28 i 8 43 02 I 32~ i 1. 12 54 

Average~.:-- ... ~ ,--~--~~-I -~~.: .. ~--~~-\:-.:::-.:-.\. .. 14 j .~~ ! l~ -4~ i 46 i 32 ·~:~~-: 
Number of days, 8; number of bars, 14981 working hours, 53t; total 11.<'tu&l. time of laying ha1·s, 34 hmm; 31 minutes. 
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APPENDIX No. 9. 
FlELD-\YORK OF THE TRIAXG!JLATION. 

Hy H,ICI-IARD D. CUTTS, Assistant. 

[Reprinte(l, with additions, from t.lrn Coa,st Snney Rt•port of lRGI'.] 

Geodesy, in practice, may he deRcribed as a syi;;;trrn of tlw mot-it exact land-measurements, 
extended, iu the form of a tria11gnlati011, on:•r a Jarµ;e area; co11trulled, in its relation to the merid­
ian, by astrOUO!llical azimutlJs; computed by formuhl' based Oil the dimem;iOlll< of the spheroid; 
aml placed in its true poflition 011 the surfact> of the earth b.v ai,;trouomical latitudes and differences 
of longitude from au estahfo;he<l meridian. 

Jn inver,;e order the i;;ame 1,;ystem of 01wrntionl'l, wheu comlucte<l in the general direction of 
the meridian or of tlle parallt>I, determiues tlrn length, iu standn1 d measures, of the astronomical 
degrees comprised within thP measured arc, and hence redetermines a value for the dimeusious and 
figure of tbe eartb. 

Three orders of triangulation are recognized in tbe geodetic operations carried on for the 
sun-ey of the coast: 

I. The primary series, with sides Yaryiug in length from about 20 to 100 miles or more, such as 
those which are com1ileted or in progreRs from the riYt•r Saint Croix to Cape Heury; lletween 
the Kent Islaud and Atlanta bases; on the liue of the geodetic connection betweeu the 
Atlantic and Pacific coasts; a11d from Oregou to San Dit•go. 

JI. The secoud series, with sides from about 5 to 40 miles in length, either conuecting the tertiar.v 
with the primary, or which, starting from iudrpendeut basl:'s, ii'> being gradual!~- extended 
over the coasts, sounds, and bays from the mouth of the Chesapeake to the Hio Grande; 
and, on the Pacific, from British Columbia to the southern bouudary of California. 

III. The tertiary triangulation, with 8ides Jps.-; than a hont (i miles in Ieugth, which follows the 
immediate line of the coast for the use of the topographical aud sounding parties, and 
includes the short serifls which branch off from the secondary and are carried up the smaller 
rivers and inlets of the sea. 

The primary aud })art of the secondary series, composed principally of quadrilaterals, and 
verified, at intervals, by the measurement of additional bases aud new determinations of the astro­
nomical azimuth, latitude and longitude, constitute the standard geodesy of the sune)-. From 
this special cla.ss of the geodetic work, su~ject to the least probable error, the dimensions and figure 
of the earth are deduced, as in the me.asnre.mellts, made an<l in progress, of the arcs of the merid­
ian in the Eastern, M:iddle, aud Southern States, and of the arc of the thirty-ninth parallel across 
the continent. 

RECONNAISSANCE. 

A ssstem of simple triangles entails the least labor; one of hexagons covers tlrn largest area; 
while a series of quadrilateral!~ seenrN' tl1e greatest degree of accuracy. The last system is the 
rule in tlle survey, although the other two are occasionally ernplo:.·cd aceordiug to the necessities 
of the case or to the particular object to be accomplished.• 

A careful reconnaissance invariably precedes the selectiou of new points for the continuation 
of the geodetic work of the survey. The first step v;·ill be to decide npon the proportions of the 

--~--------
-----------~~-------- ~~~---~---·------·----------- -

•See Appendix 20, Report of 1879. 
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scheme best adapted to tlie character of the country and for the success and progress of the work, 
and the next the reconnaissance in detail. In the case of high elevations and au open country, 
little difficulty will be encountered; but if the hills are densely wooded and tolerably uniform in 
height, the greatest care and Akill are needed to select such intervisible points as are the most 
favorably situated, not merely for the extension of the triangulation, but to satisfy other condi· 
tions imposed by the survey. Should the land be uniformly low aud clear, the triangulation may 
be laid ·oft; as on paper, restricted onl.r in its proportions hy the cnn·ature of the earth and the 
height to which the sig11al and instrument should be elevated; but if covered with forest or heavily. 
timbered Hwamp, the length of the lines will be governed by the labOI' and expense of opening 
them, taking- into view the possibility of carrying on a smaller series of trianglel'\ immediately on 
the coast, or of a direct measurement of the beach, to be continued until such difficult section has 
been passed. 

If the reconnaissance co,·ers any extended portion of the coast, aud a scheme be adopted for 
the geodetic work, tbo question will arise whether the proposed triangulation, from its proportions, 
as determined by the chara<Jter of the countr,v, will need verification before joining on with the 
principal bases as measured in each section; and if so, at what intermediate points could such 
subsidiary lines and azimuths be measured and observed for the correction of the distances and 
(lirections. 

In the performance of the above duty, the asRistant will keep stea<lil.Y in view the requirements 
alik(i of the triangulation and of the survey; and it will be his aim so to modi(y and adjust them, 
each iu the ratio of its value, to the special features of the country under examination, as to produce 
a plan of triangulation which, while it 1:mtisfies the conditions prescribed, will be the most effective 
in its results aud economical in its execution. The most important of these requirements, beyond 
the paramount condition of the certain iutervisibility of the statiions intended to be connected, are-

1. The adoption of the highest elevations. 
II. The maximum length of line consistent "ith the limit of 30° prescribed for the least size or 

an augle. A smaller angle is admissible in quadrilaterals, and also at one end of a base of 
known line, but not at any uew point to be determined. 

III. The forming of quadrilaterals wheneve.r possible. 
IV. The modifications or changes which <1an be efiected in the position of the proposed stations, 

so as to avoid, as much as possible, the labor and expt->nse of opening lines through the 
forest or swamp. 

V. The sweep of the horizon, or of the an·a tu be surveyed, with a view to the easy determination 
of intermediate stations, and of light-houses, spires, chimneys, or other prominent ol~jeets 
not more than two or three miles apart, for the special use of the plane-table and hydro­
graphical parties. 

VI. The capacit~- of the station ground to be protected from the destructive effects of stonns and 
waves and from the ordinary pursuits of man, with a view to the preservation of the station 
for future use. 

VII. The consideration of the altitude to which the theodolite must he raised to escape the variable 
refraction incident to the visual ray passing close to the surface of the ground. 

In caim a base of verification is required within the area covered by the reconnaissance, the 
examinat.iou will be more in detail. For the primary work, its length should be not less than 6 
miles, and for the secondary between 2 and 3 miles. The site selected should be a level piece of 
land, the slope of the ground not t<> exceed four degrees; it should be as free as possible of aooi· 
dents, such as rivulets, ravines, or irregularities in the surface, in order that the preparation of the 
liue may not be too expensive; and its termini should be in such positions that they can be con· 
necte<l by well-shaped quadrilat~rals, either directly or through a short series, with the main trian­
gulation in its vicinity. 

The reconnaissance requires the following outfit: A telescope and tripod, the latter with a 
small circle read by a vernier to 20 minutes; a declination-needle, to be clamped, at will, on the 
telescope, so that the zero.mark and the visual axis of the telescope will be in the same line; and, 
if in a hilly or mountainous country, a pocket aneroid barometer and detached thermoinet.er. The 
index and scale errors, if any, of the aneroid should be determined and entered in the record. If of 
small value they can be overlooked, as differences and not absolute height.II are measnred. 
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The following formula will gh·e tltt' differeuce iu height betweeu two statious at which the 
aneroitl and thermometer haYe heen read. withi11 a few hours' interval of ti111e. The shorter the 
internd, the !Jetter. 

Difference ...................... =60345 feet (log B-log b) 

Mean temperature ............... =~if-t 
The factor varies with the mean temperature. For every degree above 320 F., add 134 to 60345 

Example. 

B·= 28.72 log B =1.4581844 
b = 27 .14 log b = 1.43:·160!)8 

log'1;, 

0.024fi7 4H 8.:1904865 

'I' + t 6'>0 " • l I "443') 4 809101'' ·- -~ --= ~ .a, aut, iencP, u ~ • . u 

Diftercnee= 15S3.4 feet 3.1!}95881 

Or the difference in beight rnay be tal,en out from tlle following table, by intl'rpolation of 
t1mths, a:-; follows : 

28.72 at 620.5 for 1220.0 feet 
27.14 at 620.5 for 2803.6 feet 

Difference. . 1583.6 feet 

J)iffcrence in lteight, in feet, between two .stations, at tlte niean of the ttf'o oln;cn•cd te11iperature&. 
--------·---·---~-

Mean of obscr\e<l temperatures in degnes Fahrenhnit. 
Barom· - -----------·--

eter. 
320. 42°. 52°. 62°. 720. 820. 920. 

__ , ___ 
----·--- -····~- -----

I 
30. 0 I··· - ..... ....... 

I 29. 9 I 87. 5 89. 4 91.4 93. 3 95. a 97. 2 99. 2 
29 R 

1, 

175. 3 179. 2 ' 183. I 181. 0 190. 9 194. 8 198. 7 
I 

29. 7 263. 4 269. 3 275.1 280. 9 286. 8 292. 7 298. 5 
29. 6 351. 8 359.6 367. 4 375. 2 383. 0 390. 9 390. 7 

29. 5 440. 5 450. 3 460. u 4ti9. 8 479. 6 489.4 4~9. 2 

2!1.4 529. 5 541.:J 5[>3. 0 564. 7 576. 5 58fi. 2 600.1 

29. 3 618. 8 632. 6 646. 3 659. 9 673. 7 687. 4 701. 3 ' 
29. 2 708. 4 724. 2 739. 9 75: •. 4 771. 3 7t-7. 0 802. 8 

29.1 798. 3 816. I R33. 8 851. 3 869. 2 886. 0 9(14. 7 

29. 0 888. 5 9u8. 2 927. g 94i. 6 967. 4 987. 2 1007. 0 

'2s. 9 979. 0 1000. 7 1022. 4 1044. ~ 1065. 9 1087. 8 1109. 6 

28. 8 1069. 9 1093. 5 1117. 3 1141.1 ' 1164. 8 1188. 8 ' l2l2. 6 

28. 7 11611 1186. 7 1212. 5 1238. 3 1~64.1 1200. 0 : 1315. 9 

28. 6 1252. 5 1280. 3 1308. l 1335. 9 1363. 8 1:l91. 6 1419. 5 

28. 5 1344.3 1374. 2 1404. 0 1433. 8 141la. 7 , 1493. 6 1523. 5 

28. 4 1436. 4 : 1468. 4 1500. 2 1532. 1 1563. 9 1595. 9 1627. 9 i 

28.3 1528, 5 ~ 1562. 9 1596. 8 16BU. 7 1664. 5 1698. 6 1732. 7 
28. 2 1621. f> 1657. 7 1693. 7 1729. 6 1765 6 1801. 7 1837. 9 . 

28.1 1714. 6 1752. 8 ' 1790. 9 im.9: 186i. 0 1905. 2 1943. 4 i 
28. 0 1808. I 1848. 3 18~8. 5 1928. 6 1968. 8 . 2009. 0 . 2049. 3 i 
27. 9 1901, 9 1944. 2 1986. 4 W28.6 :, 2071. 0 2113. 2 2155. 6 ! 

27.8 1996. 0 2040. 4 2084. 7 2128. 9 ' 2173. 5 . 2217. 8 2262. 3 

27. 7 2090. 5 2136.9 2183. 4 22211. 6 I 2276. 3 2322.' 2369. 3 

27.6 2185. 2 2233. 8 2282. 4 2330. 7 I 2379. 4 2•28. o I 2476. 7 

27.5 2280. 3 2331. l 2381. 7 2432. 2 ! 2482. 9 ' 2aaa. 6 I 2584. 5 
27.4 2375. 8 2428. 7 2481. 4 2534. 1 i 2586. 8 I 2639. 6 \ 26112. 7 

2471.6 2526. 7 2581. 3 2636. 2 2691. l 2i46. 0 : 2801. 3 

2567. 8 2625. 0 2681. D 2'738. g 2795. 9 i 2852. 9 1 2910. 3 

2664.3 2723.6 278'l. 6 2841. 8 2901. 0 i 2960.2 ! 3019. 7 

2761.2 2822.e 2883. 9 2~45.1 3006. 5 \ 3067.9 ' 3129. 5 i 
I 

The following table will be of use in the reconnaissance, and in arranging the height of the 
signal and ob.served tripod to be erected for long lines over water or level land. The line of sight 

S.Ex.77~0 
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from the tdescope to tlie sigual slwnld never be allowed to pas:s less than 6 feet above the ground 
at the tangent poiut. 

l>ijf'twe11ee in feet bet1reen tlte apparent anrl true lez·el at distaneeR '/)nrying from 1 to 6(i rniles. 

Difference in fot:'t for- Difference in fret for- ~ Difference in feet for-

CurYatllre- j Curvature 
Cnrvature. Hd'radiou. awl (:un·aturo. Hefractiou. 

Curvahae ! ~ 
nnd -

~ 
CnrYatun:. Refraction.! and 

3 

4 

1ll 

11 
le 

13 

14 
],) 

JG 

17 

18 

19 

20 

:?1 

0. 7 
2. 7 

6. 0 

10. 7 

16. 7 

:;4, (/ 

a::. 7 
4:.?. 7 

54. 1! 

66. i 

RU. 7 

!J{j l 

le~ 

mo. F 

15V. 1 

17(!, 8 

10:.:. fl. 

21f/ ~ 

240 9 

2efj, 9 

~4. :J 

3:!2. 0 

0.1 

o. 4 

0. ~ 

1.:5 

2. ~ 
,;, 4 

4. 6 

Ii. u 
'i.6 
0. 3 

1 i. a 
1'.l. 4 

JG. r< 

JP.'.: 

~I. ii 

27. () 

30. 3 

37. 4 

41. !! 

45. !.! 

refra.cti<m. 

0. 0 
:;, 3 

5 2 

!_l. ~ 

14.4 

20. 6 

~K 1 

3U. 7 

46. j 

8~. 7 

91. 0 

ll~. ,-, 

120. l 

HiL9 

165. F 

1~5. 9 

20i. '.! 

229. -~ 

!!7i. I 

23 

:n 

35:1. 0 

384. 3 

41i. 0 

451.1 

4Rfi. 4 

523. l 

.~61. 2 

600.;:; 

611. 2 

683. a 
72t;. (j 

771. :-1 

817. 4 

864. 8 
ma .. 11 

9tl3. 5 

1014. !) 

1067. 0 

1121. 7 
1177. 0 

1233. 7 

1291. 8 

4!l. 4 

5:J. ~ 

58. 4 

63. 1 

6F. I 

78. (i 

84. 1 

R9. R 
9;). 7 

lll!. i 
108. (I 

114. 4 

121. 1 

127. 9 

l~l4. 9 

1e1 

14!l [j 

15i. 0 

16'1.i' 

172. 7 

180. 8 

refraction .. 

30'.!. 6 

330. 5 

4;; 

46 
35S. 6 47 

3R8. 0 48 

418. '.l 49 

449. o 1 no 
4.-12. 6 51 

516. 4 5'..: 

.~51. 4 ~52 

.">8i. G 54 

624. 9 55 

ooa. ::J 5ti 

703. IJ 57 

743. i 58 

78.;. 6 5D 

~2~. 6 GO 

872. 8 61 

918. l 02 

964. 7 63 

1012. 2 64 

106i. 0 65 

1111. 0 66 

(, "t _ square of <listance 
_, nro. nre -- meai1di:tn1cfor ,)f e"iirtl1 

1351. 2 

1411. 9 

1474. 0 

15:!7. 3 

1602. 0 

16G8. 1 

1804. 2 

1874. 3 

1945. 7 

201~. 4 

2092. 5 

2167. 9 

2244. 6 
2322. 7 

2402. l 

2482.8 

2564. 9 

2648. 3 
2733. 0 

2819. 1 
2906.:; 

189. 2 
197. 7 

206. 3 

::!!:). 2 

22(. 3 

2:l3. ,\ 
243. 0 

25:.!. 6 

2f>2. 4 

2i2.4 

282. 6 

292. 9 

303.;, 

314. 2 

32f.. 2 
33U. 3 

347, tt 
3.5P. 1 

370. 8 
382. 6 

394. 7 

406. 9 

! refraction. 

1162. 0 

1214.2 

1267. 7 

1332.1 

1377. 7 

1434. 6 
1492. 5 

1551. 6 

1611. 9 

1673. 3 

1735. 8 

1799. 6 

1864. 4 

1930. 4 

lP9i. 5 

2065. 8 

2135. 2 

2205. s 
2n7.5 

2350. 4 

2424. 4 

2499. 6 

log- curvatnrp =log· square of distance iu feet - 7.6209807. 
rz 

l{pfraction = -~ m, wh1•ri; K represeuts tbe <fa;tance in foet, R the 111('a!l radius of the earth 

(log l~ = ': ,;H\)9:J07), arnl 111 tlw eopflieient of refraction, assn med at .070, its mean value, Rea-coast 
aud interior. 

K2 
Ounature and refraction =(l-2 m):.fR' 

Or, calling h tht> l1eigl1t in fePt, anrl K the 1list:mcH in ;;;tatnte milfl;;;, at whic11 a line from tbe lteigbt 
h toud1Ps tlw ltoriwu, taki11.L?· i11to acMtrnt terrestrial refraction, assumed to be of the same Yalue 
' in the aboYI' tahl11 (.070), WI' lt:ffe-

K = -~!i~ 
•/;)ID 

The following example;.: will Herve to illustrate the use of the preceding table: 

I.-Elm·atinn of instrument required to overcome curvature and refraction. 

Let us :mppose tliat a lint', A to H, was 18 miles in leugth over a plain~ and that the instru­
ment coulcl be elernte<l at either station, h.r means of n 11ortable tripod, to a height of ~O or 30 or 
50 feet. If we dekrmine npon 3G.7 frd. at A, the tangt~ut would strike the curve at the distance 
repre..,ented h~· that height i11 tlte tahlt•, >iz, 8 miles, leaving the enrvatnre (decreased by the ordi­
nary rd"raction) of 10 111ile;s to he oYercorue. Opposite to 10 miles we find 57 .4 feet, and a signal 
Ht that !wight ereetnl at B would, nntlt'I' fayorable refraction, be just visible from the top of the 
tripocl at A, or he 011 the Miww apparent len~I. If we now add 8 feet to tripod and 8 feet to signal­
pole, the visual ra,\ would certaiul.r 11ass 6 feet above the tangent point, and 20 feet of the pole 
would he visible from A. 
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11.-Elei·ations requfred at gfocn di8trmccs. 

If it is desired to ascertain wlwtl1er two points i11 the recmmaissaneP, Pstimafr'<l to he 44 miles 
apart, would be visihh, orrn from thP otlH'r. the uatnral elf'Yations must be at least ~78 f'Pet al><l\P 
rm·an tide, or one 230 feet, and the other 3:31 fpet, ,\:c. Thi~ suppos1•s that thr intt-rn•.11i11;r con11try 
is low, and that the ground at the ta11ge11t poi11t is not abon' the mean ;.;nrface of the sphere. lf 
the height of the gronrnl at thi;;: point should he 200 ft·d ahoY<> nwall tid1', tlwn tlw 1iatnral elna­
tions should he 47K, or 430 and r;:n fept, &c., i11 height, aml tlw lillf• i;.; barely poRsible. To in:-;urc 
success, tl1e thernlolite must he el1ffate1l, ancl at hotl1 >'tati«nR~ to an1id high ,;ignal:,;. 

III.-To determine 1chether the line l!t' Nif!ht betu•1'en ftN> station.~ u:o11lil JW8s a bore or lielmr flu: rn111111.it 
of an interre11i1111 ltill, and lwic urnclt in cithr:r case. 

h1 =height of lower station. r71 = dista11ce h1 to k.2• 

113 = lwight of higher station. ii, = distance 71 2 to h;;. 
h2 = height of iutern~uing llill. 

E.J:ampfo I. 

600 feet strikes lwrizon at 32.:1 miles. h1 = 600 feet. 
h3 = 2000 feet. 
h2 = 1340 feet. 
rl1 = 54 miles. 

fi:J - :J2.:~ = :n.7 miles 
31.7 - 10 = 21.7 miles 

:won - ti77 feet 

1>77 feet of eh'rntiou, 
270 fPPt of t•lpyation, 

= H~:l fi"<:>.t, 

d2 = 10 miles. GJ_ 6 4 , l 1423 
10- . HIH H.4 

and h or height of line at 11 2 = u2:3 + :.?iO - 222.:3 = l+i0.07 frrt. 
Hence, the line passes 130.7 feet alJoye the iuterw11ing ]Jill and the statious are interYisible. 

h1 = 900 feet. 
h:i = 3600 feet. 
h2 = 1980 feet. 
d1 = 55 miles. 

E.rample II. 

000 fret strikes 11orizo11 at 
80 miles - 30.4 miles = 4il.G milc·s 
40.6 - 25.0 = 15.(i mile,; 
3600 feet - 946 feet 

<4= 25 miles. ~~ = 3.2 and :?_~-~~4 

and h = 2654 + 139.8 - 820.4 = 1964.4 feet. 

:m.4 miles, 
!lHi.O feet of elerntion, 
l:~H.S feet of eleyatiou, 

= 2654.0 feet, 

= 829.4 feet, 

Hence, the summit at 1"2 is 15.6 feet higher thau the liue of i,;ight, and the two stations are not 
intervisible. 

If we elevate the instrument 60 feet at !1 3, the lirw wonld pass clear of 112, or its height at that 
point would he 2,006 feet. 

The question of intervisibilit.v mas be also determined by the following formula, in which the 
coefficient of refractio11 is reduced to .065. 

h = h1 + (h3 - hi)-a_di a -0.5So3 d1 d,,, 
I+ 2 

Exampl,e III. 

For which we employ the same data as in Exam1>le ·r. 

(h3 - li1) = 1400 feet 
d1 = 54 miles 
d1 + d,,, = 64 miles 

1181.2 feet 

log (h3 - h1) = 3.14613 
log d1 = 1.73230 
Co. log (d1 + il.,,,) = 8.19~182 

3.07284 

and, hence, h = 600 feet+ 1181.2 - 313.4=1467.8 feet. 

NAMES OF STATIO:NS. 

log's. 
d1 = 54 miles 1.73239 
d2 = 10 miles 1.00000 
Constant 9.76365 

313.4 feet 2.49604 

The station should be called after the popular de,,,ignation of the hill or site on which it is sit­
uate._l; or after some peculiarity in the ground or formation well known in the neighborhood; or 
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from the name of the owner or fonant of the land; or where neither owner 110r distincth·e traits 
are to be found, by !'melt designation as, in tl1e opinion of the assistant, will best serYe to attract 
attention to the special loca1ity. Tl1e same name should not occur twice witllin the same section 
of country. If it should be necessary to re-occupy tile station, am! the center cannot lie positin•ly 
identified, the fact should be stated, aud the approximate pusitiuu be designated as ~o. 2, or b,y 
the year of the re-oecupatio11, as, for iusta11ce, ''.Pd llill1 or Hell Ilillrn""· If the new position is 
merely in the vicinity of the old ;;tatiou, an entirely new mune should be given to it. 

SIGNALS. 

The following signals are employed in the triangulation, according to circumstances: 
I. The heliotrope carefully adju>ited, 011 a >;tand or tripod, to the ceutn of station, and the point­

ing wntched and attended to b,;- an emplo:1e trained for tlie duty. Thi;; sigual is 11;,;ed when 
long lines are to be obsen-ed, or those rendered difficult !Jy haze, im10kc, or other impurities 
in the atmosphere. 

II. A reflector, such as 1lte frustum of a tin cone, monnkd on a ;;tout 11ole, supported and retained 
in position by a tripod, aml u,v wirt> gurs, is ad visa ule. 

III. And iu short lines, the simple pole supported b,y a tripod. 
IY. Night signal, such :ts tlH· ordinary coal-oil lamp with a reflector, or, for long lines, ribbon;; of 

maguesium bumed and regulated by s11ecial apparatus. 
The height of the pule awl di111em>ions of the tripod; t11e ho:mliug of tl1e upper and lower 

part, or the color of t,he pole, whether bhtck or whit(•, or with altnnate bands of e<wh, to insure 
prompt recognition; and the character of the mark, if an~-, centered on the top, to be used for 
identification, will ntQ· with and depend upon the length of the line, the altitude of the stati011, 
the backgronud of the Rigual as seen from the points of observation, and the atmospheric ditlicul­
ties to be overcome. 

111 regard to the tliameter of the pole to be ousen-ed upon, it is eddent that, iu short lines, it 
should not tlxceed tlie ;;;ize ju;;t imftlcie11t to admit of it;;; hf~ing <listinetlJ· seen, as all beyond that is 

a source of error, arising· from tlte additional range given to 
the lJh;ecting thread. 

The diameter which subtends an angle of one second at one 
milt> is 0.307 of an inch, alHl hence, at 

20 miles it is 6.1 inches. 60 miles it is 18.4 inches. 
40 miles it is 12.3 inches. 80 miles it is 24.6 inches. 

These proportions show that, for lines exceeding 15 miles 
in length, tlie diameter of the signal should not exceed one 
second in value; while, 011 the otlrnr hand, as the pole, when. 
t11;;t.i11d, should be obserYed upon in preference to the helio­
trope, aml can be he;;;t seen 1lnring cloudy periods, it would lie 
arhisal.lle, i11 long lines, to gfre to tht• pole uearly its full size; 
a11d it may be added that the lieight iu ;;ignal adds to its visi­
hi lity and distinctness. 

A sketch of a tripod-signal is presented, tho height of which 
varie;; from 15 to 65 feet. 'l'he solid part of the pole above the 

-~ .... .--~~. apex of thP tripod shonl(l not exceed 8 or 10 iuehes in diameter, 
· otherwise it would be too hea\'Y to raiNe. When once i11 posi-

- - tion, the upper part can he increased to the de8ired diameter 
by nailing 011 slats of light seasoued wood, or this addition mlly 

be partially made before raisiug. 
In the erection or use of any kind of' signal no cllance for an error in the determination of the 

angle should be allowed by a want of care and precision in centering the inark to be observed npou 
exactly over the center of the station. And should this source of error be at any time sus11ected, 
an examination should he promptly made, and if fouud to exist, the distance arnl direction of tlte 
point, or center of the ohject a";tually observed upon from the center of the true station, should be 
measured and recorded for the correction of the angles. (See formula for eccentricity of signal.) 
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In no cast> should the foot of the pole be in,.;cr!etl in or be allowed to come iu contact with the 
earthenware coue or other artiell' liurie><l a" au 1111<11•r!,!TOlllt1l mark. Six or Pig-ht inches of earth, 
carefully packed ~LboY1\ tl1P <'.011e nr hl1wk, and upon tl1i:,; a 1-;r1uan\ foot or ;;o of hoard. upon whicl1 
the pole can rest, will hn l'ntiiciellt to afford a foot.liof(l when sncl1 i.~ 11ec1:·,.;~ary. amL at tue 1:1ame 
time, to prevt>nt any displacement of or i11j11ry to th1\ mark i11 ca;;p tlie polt> Rl1ould lH· rouµ:hly 
handled or blown dowu. 

OTISl·mVIl\G TRIPODS AND SCAFFOLD;->. 

-~_-:;.-;..--_--

--.JtrA,....r.h. ?r9 ~":·:· ........ - ~ 
,,••"!.',~':"'JJ/J1r,'°"""I 

The tripod aud scaffold, which itre frequently erected for the elevation of the instrument and 
observer, in. order to obtain a longer length of line or to escape tl1e troubled condition of the 



 

158 UNITED STATES COAST AND GEODETIC SURVEY. 

atmosphere usually lying immediatt>l~· OYer the low flat lands bordering the coasts and shores, vary 
in height from 10 to HO feet, and are madt> of scantling purchased for the purpose, or of materials 
obtained from the forest, and are built in general accordance with the plans and specifications given 
in the annual reports. \~lhile a strict adherence to nnif(mnity in the details of the construction is 
i1ot possible, so much uepe11d111g- npon the means and facilities at the disposal of the assistant, and 
upon a proper regard to economy, the general principles of strength and solidity, in both tripod and 
scaffold, are strictly obRerve<l by a proper spread awl anchoring of the feet, a thorough bracing of 
thP legs, :rnd a compact fitting of the cap to the top of the tripod. A careful atteution to these 
points will si•cure perfect. immobility while tlw obst'rvat.ions are being made and sufficient firmne1<s 
to keep the scaffold entirely and always free from contact with the tripod, and to enable both 
structure8 to resist the most ,-iolent storms. 

A ura wiug of such a tripod and scaftold is here gtven. It will be noticed that the diagona 
braceH of the tripod are spiked to the legs, 011e on the outside and the other on the inside, and that 
a space is left between the two braces where they cross. By (lra.wing together these diagonals on 
each face of tlte tripod, the_ structure can be screwed up or stiffened, in case it becomes loose from 
shrinkage or other cause. 

The following deseription and plan of a small portable tripod and scaffold may be of service, 
the height being well adapted for short lines on the southern coast: 

Tripod.-This is made of three legs, J 8 feet long and 6 inches in diarne.ter, bolted together, 3 
inches from the top, witl1 an inch !Jolt, lU inches long. After they are fitted together at the head 
the spread being 13 feet, and before t'aising, one of the braces, e e, is screwed to the two outside 
legs, so as to keep them iu plact~ while raising the tripod by the third leg. It is then settled 2 feet 
in the ground, care being taken to level it by the IJraces e e, which are to be screwed on with wooden 
screws. 

Sw.ffold.-Four posts, lG~ fed long and 5 inches square; 8 cross-pieces, 7 feet long and 6 inches 
by l!, a a; :3 cro8s-piecPR, 7 foet long ana 6 inches by 1, b b; 4 braces, 10 feet long and 5 inches by 
11, cc; .S fiooriug pieceR, 7 feet 3 inches long and 9f by 1, with holes for the tripod-legs. 

The eud posts are those on which the braces and cross-pieces screw on the outside, and which 
are to be fast.ened together iu pairs, when on the ground, so that it may be raised after the manner 
of a bed~tead or house frame. The braces cc are to be bolted to the upper ends to steady the posts 
when raising them. All the holes in the posts, cross-pieces, and hraces are to be identical a.s to 
plan and size, as also the pieces themselves, so as to have no mistakes, and when raised the sea.f-
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fold fits to the tripod, as shown in the drawing. The scaffold is leveled by the cross-pieces and 
adjusted, and in firm position after the floor is on, so as to be free from the tripod. The floor is to 
be 2 feet 10 inches below the top of the tripod. Three iron lrnem; are screwed to tl1e tripod-leg-s 
near the top, so that the tria11gnlar piece for the theodolite cau be bolted to tliem. This piece is 
maile of two pieces of one-inch plank, screwed together across the graiu, and tlrnu painted. Holei,; 
are made iu the floor for the tent-posts, and wire gu~-s are sometimes required for the sca1fold. 

The above takes about two hon rs to put up. One large and two small wrenches are necessary; 
also a bag to contain the serews, 11uts, &c. Should more than oue be needed, they should be 
painted different colors, but be, in all other respects, exactly alike, in order that one can be used to 
repair the other. 

THE UNDERGROUND STATION-MARKS. 

The station-marks include the underground anJ 1mrface marks; the former to be buried, and 
the latter to be thrown up for the presern{tion of the center and of the positio11 of the station. 

The requisites for an undergron11d mark or one buried below the frost aud plow line, aurl hc­
yond the reach of ordiuary accident or interfere1iee, ~my thn'f'. feL~t, in the clear, below the surface, 
are: indestructibility, peculiarity, capacity to resist displacement in ca~<' it shouhl be a.ccidentall.Y 
strnek, cheapnes8, and, finall~-. want of Yaluc for any of tlie ordiuary purposes of life, as a protec­
tion against cupidity. The following marks, partaking more or less of these essential qualities, 
have been rHlopte!l iu the surn~.v: 

1. The frustum of a hollow stoneware cone, called the Hassler cone. 'fhe di111em1io11s for 
primary stations are for the upper and lower diameters and tho heig·ht 8, 12, aud 15 inches, 
respectiYel.v. 

2. One similar in shape to the preceding, but made of iron, and oecasionally w-ith a rim like 
that of a hat, encircling the larger diamt>ter, upon which are inscribed in the castiug the words 
"U. S. C. and G. SnrYey," or au abhreYiation thereof. 

3. A hollow stoneware pyramid. 
4-. A slwrt column of marble, grauite, or san<lstone, manufactured for the purpose, and iu some 

cases placed above tlle cone, the top reachir~g within :six inches of the surface. 
5. A block composed of brick or stones and h;ydraulic cement. 
6. A bottle with three others just below tlte surface pointing to the lower one. 
The ceuter of the station iu the coric is either the center of the periphery or the iutersection of 

two lines drawn 011 the bea<l of a copper tack driven in a stub plact>d and packed inside of cone . , 
an<l sometimes extending within a foot of the surface; or, when a block is used, h~ the intersection 
of cross-lines on the head of a copper bolt inserted for the purpose. 'rhe initials lJ. S. C. & G. S. are 
occasionally cut upon tbe block. 

Of these and other ''arieties of underground marks which ha\·e heen adopted at times from 
choice aud again from necessity, tbe stoneware or iron coues are clearly to be preferred. 

THE SURFACE STATION-MARKS. 

The surface marks are so varied in their character, and depend so much upon the nature of the 
ground, that no special rules can be established for th~ir selection. What would be highly appro­
priate in one case would be eqnal1y inappropriate in another; and at many localities, such as those 
affected by the winds and waves, and unavoidable as stations from the necessities of the work, no 
marks whatever can lle arranged or erected with any hope of perman'lm;y, exeept at considerable 
expense. As the object of the surface marks is to secure the position and recognition of the station 
at any time hereafter, it is evident that the general principles which should govern in each case, to 
the full extent to which tlte locality will admit of their application, are, permanency or durability, 
facility with which they can be recoguized, and the absence of value. for any domestic or farm pur· 
pose. The following methods of marking have been employed in the surve~-: 

1. A. ho1e an inch or two in diameter, drilletl in the rock on whieh the signal stands, and filled 
with lead, sulphur, or a copper bolt. 

2. In the oai>e of earth, a stone block, pillar, or post, marking the center of the station, a.nd 
three others, two iu line and one at right angles, equidistu.nt from the center. 
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a. A largt> rock rollPd to center all(] there Rtmk, or a block t~m1strncted of hrick or stones and 
hydraulic cernrnt, with the rnmal drillt>tl hole aud bolt of l!:':td, coppl'r, or sulphur. 

4. An irou scn•\Y-pile, th!:' l'ellter l1ei11g 111arke<l on the e<1p, aud al1<u 011 a stub i11side of tnhe, 
the top of stuh haYi11g· lH'l'll pn~,·iously con:red with a dise of copper sheeti11g, on \Yhich the initials 
of thP sun·ey a11d date are pulletnred. 

5. Owing- to tlw n•qnirt•mf'nts of tl1<' sun·e~-, rna11y of the 1-:tations are located oil the immediate 
line of coast. or 011 tlw margin of tl1P ltrn' shores of tltt> Gnlf and Sontlit>rn ;;omHls. \''hen situatrd 
Oil a 1'arnl knoll or hill, tlw. point is secm·pd h~- a serew-pilP. or a sto11e block packed in a box or 
framework of woofl; and by the in trodnM1011, at a1Hl arouud the Rtation point, of clay or marsh 
mud, or other fon•ig·n substa11ce coun~11im1t to the loeality, aud tlH• knoll 11rotected from the moving 
effect of tlw wiutl hy ahattis, constrnctell of a circk or circle;; of stake;; ill I t'rwim•d witL hrushwoml, 
au accumnlatiou of ;;aml heiug lesR objectioual•le thau the deundiug: of the statiou-marks. 

(j, Or, iu t:a:,;e of a rail"!'d lwaeh, sul1jPd to hei11g wao;hr1l awa~- during a !teaYy gale, or by the 
;;lower actio11 of the cnrreuts, lwsi1le tlw nsual ;;tatio11-marl;s, a point of refer(']1ce if' eRtahlishcd hack 
fro111 tht' sLore-line, aud it,; relation to the ee11tPr of the ~tation, dett-rmined b~- a careful measure­
me11t of tlw dif'ta)l(:t' a[J(l azi111nth loetwe1•11 tl1!' tw·o, so that the duplicate point may bf• used, or 

another establishe1l as au ececntrie 8tatio11, shonld snch ht> lll'l'lkd at any time hereafter. 
7. \Yhe11 the station is sitnatPd on tl1<' margin of a nrn1·;;h, or a "·omlPd swamp, it is secured 

hy a 8crew-pile, or long Jlieees of sca11tlillp: forc<'d as far po;;sihle i11to the yieldi11g Roil, and pro­
jecting· t.wo or three foet a ho Ye the snrface. 

8. I3esitle tlw uatuml Pll:'n1tiom; ot·eupicd m; statiom;, tho;;t• of an artificial character have beeu 
rnadt' aYailabh· wl1c1H'n·r it was cxpedieut to do so, 13ud1 as light-hon:;es, towers, stt'eples, houses, 
lmrns, &c. 'l'lu· center of the statiou, when it cau be marked, is desig-uated, iu the caRc of stoue or 
cement, h~- the usual drilled l1ok awl bolt; or, w·I1ere nwtal is fonml, by a lJOint within a triangle, 
both tlerpl,Y engraved; or, in the cas<· of wood, b~· a wooden pin driYe11 in au aug<'r-hole bored 
within a triangle cnt, or formed by t'.opper tacb;, or liy a pieee of copper sheeti11g nailed to the 
wood arnl marked as ahtff<'. 

!l. In atldition to 011p or tlw other of tlie ahon~ mark;;, to he selecte<l according to its special 
applicability to the• c<l8f', the position is :-;H'.tll't•d, wheneYer poRsihle, by a circular trench, either left 
open or filled with c11arcoal m otlwr substance forcig·n to th!· position, and then cm·ered up, or l>y a 
rnourHl of earth or pyramid of :-;to11e;; c1n-!•riug the snrfaee-marks. 

10. By poi11ts of ref'Prent'.t', sudi a,; rnea,.;1nc111Pnt:-- alHI 1m1g-iwtic com·ses, from the ceuter of the 
i-;tatio11 to rocki-; in sitn, ;;to111• walls, lwu~es, tn·t·ii, Rtake:,; ill the prolm1gatio11 of the lill('S to other 
stations, or to some prominent hill or lmildi11g·, and to other 111orp or kss permanent objects, artifi­
cial or natural. \\'!Hm the poiuts l'('forre(l to are withi11111t•asnring1listauce, they should be dei>ig­
nakd by a tria11g·]e or other appropriate mark. 

11. B,\· a writtm llPscriptiou a1Hl topographical plan of the grouml, its surroundings, and 
approach!':;, including thP :statio11-rnarko;, tl1e point;.; of reft>rP11ce, and tlw courses and dista11ces 
thereto. The rntnw of the ow1wr or tl•naut of the lallll, and of the resirleut or neighbor who has 
been rP<JnPstt>d to take charge of the statiou, or of otl1t•rs who will know most about its position, 
should he gin•11. 

1:!. And, finally, at important Rtations, hy Yiews and sketches of the locality and its peculiari­
ties, from 1liffer1•11t poi11t:s, as a fmther 111ea111; of 1tle11t.iticatioIJ. 

Tl1e st01w pillar;; or Jiosts an' from 4 to (i i11cl1(•s squan·, and n1ry iu length from 24 to 30 
i11chPR; the hlo<'ks or 111m111mP11is from 8 to '.!J iuelies square, and from 18 to 20 iu depth, and in 
all cm.;e;; ;;11nk nearly leYd with tht• gTonml. 'I'he usual croisH-li11t~8 to define the actual center are 
draw11 on these as well a:-; ou tlw holts, all(l tl1e letters U. S. C. & G. S. i.11 some cases cut upon the 
stone. 

The distance' of the three snrfaet>-marks, whetlwr of stone or cedar, as referred to in No. 2, 
should lw uniformly Ii fi•et from the et•ntPr of 1-:tatio11, n11lt,s;; a difierent. distance is unavoidable 
from the uatme of tile ground. Each should l1ave an arrow-head on it, pointing to the center of 
tl1e station, antl they sl1onld he placed north, sout11, and east, in order to facilitate the search, 
should one or two he covered up or lost. 'l'tw distances and courses, howeYer, are always given in 
the description of statious. 

Too great care cannot be taken for the security and identification of the sta.ti.on. 
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'l'HR OBSERVATIONS AND RECORDS. 

Two classes of theodolites are emplo,yed in the triangulation: 
I. Direction instruments, with circles from 8 to 20 iuches in diameter, aud armed with either two 

or three micrometer microscopes for close reading. These are devoted almost exclusi\'ely to the 
pr~mary work. 

II. Repeating instruments, with circles from 8 to 12 inches in diameter, and supplied with 
either two or three verniers. 

The record books, octa.Yo for both the originals and duplicates, are prepared with printed 
headings for the different columns, showing the order in which the details are to be entered. 

Form of record for direction instruments. 

[Station, Blue, Hill, Mass. Date, September 25, 1845. Observer, .A. D. B. Recorder, C . .A. In•trument No. l, 30-inch. Position IV.] 
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'. r .A 73". Len· ls 
, B 99. 

. Temp. 590 F. 

i A tmoepberic pre8aure . 

: W eathPr foggy, ci.-cu. 
i, Wind N. '.E., light. 

51. 6 53. 0 52. 3 -. 1 52. 2 ! 

215 26 37. 0 : 40. 0 

39. 0 ' 41. 8 

• 48.0 i 46.8 
----
, 41.3 I 42.9 42.1 -. 2 41. 9 

91 31 44. 0 144. 0 

43.0145.0 
'49.0 51.0 , ____ 
j 45.3 I 46.7 

124 \ 5(l 
1

: as. o I 39. o 
46. 0 -. 2 45. R 

4 I , o. 8 I 41. o 
~151.0 
42.9:43.7 43. 3 -. 5 42. 8 

--·-------·-· ___ ._. ___ I _____ __. ___ ~_ 

: N. B.-Microscopea l\tl­

Justed for position and 
run, &lptember 16, 1845 

300 div. of micr. = 301".2 

=mean of three micro­

scopes. 

The progress of the work is advanced by the use of a reference mark, to which all tho other 
directions are referred. This mark may be the meri1lian or azimuth mark used in the lletermina­
tion of the astronomical az.imnth, or one of the reg1dar signals like!l to be the most eonstantly 
visible and distinct, or one specially set up and fil'mly secured for the 1n1rpose, and as near as 
possible in the mean plane of the series of signals to be observed upon. 

S. Ex. 77-21 
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Form of record for repeating instruments. 

[Monnt Raftneeque, New York, August 21, 1875. Observer, R. D. C. Recorder, I. F. P. Theodolite No. 18, 12-inch.] 

-!?---, ---, -1--T- -T . 
Time. i D I E • A . B ' C D i Mea~ of I Anglee. 1· 

: R I ;; 
1
. I verruere. I 

I I ~ I 

Stationa. 
MeanofD 

andR. Remarks. 

11~: I t : ----

;Mount Eq~inox .. ~- z;· a.m.:--:--i --;~--=--:-: =--:
5 
;·:-:--:---:-r0

---;:-- ;-
0
--' --

! Grey lock. I D j 3 ! 281 23 10 I 23 35 i 23 12 lV. 0 
1 

70 26 17
. 
5 

70 26 15. 8 

Do. 

Do. 

Grey lock. 
Perry's Peak. 

Do. 

Do. 

i . ! i i 14.0 . 

lRI 8!1324152.5•4221;4158 03.8 

Ri I :: : :· :: : I: : I :: I" ~ 
i D ! 196 19 36 ! 19 53 j 19 46 45. 0 

! 7 30 ,._ m. i 195 19 36 19 53119 46 45. O 
40 OG 

D 315 40 20 40 35 i 40 25 26.7 

I 
76 01 05 . 01 20 i 01 15 • R 13. 3 

13. 3 

i 
17. 6 ! 

I 10 

16.1 I 
I 
I 

53.u I 
140 

55. 51 

I 16 01 05 , 01 20 I 01 1s 

R ' I I 196 21 51 22 JO i 21 56 59. 0 

40 06 55

-

2

140 

2G 16. 8 

06 54. 7 

06 50.l: 

! I 55.1 I 
3 !--~~~~---.. ~--50_1_~2~_: _«_._3 _._. ____ _:_! _________ [ 

D 

Uniformity in the method of observing and of recording the observations should be strictly 
observed. 

1. The number of the theodolite, the diameter of its circle, and the order of its graduation, 
whether from left to right or from rigllt to left, should be entered at the commencement of each 
volume. 

2. The angles should he mea~mred in the direction of the increasing numbers on the circle, so 
that, with tdescope direct, the first reading may be subtracted from t,he second. The station first 
pointed at should be the first named. 

After obsf'rving- a series of directions, say from A to F, the pointings, telescope reversed, 
should be from F to A, or over the same arcs, bnt in reverse order. 

3. lf the tele8cope cannot be reversed except by being lifted from its supports, the microscopes 
or vernierR should be reread afhw reversal. 

4. If a rPpeating inRtrnment is employed, the pointings should be so arranged as to fall upon 
as man.\' different part8 of the circle as the size of the augle and the proposed number of measure­
ments will tilwmit, in order to eliminate any possible error of graduation or eccentricity. 

Jn the case of a dirention instrument, the same ol~ject is accomplished by changing the position 
of the eirele. This i8 done hy m('ans of the rPvolving stand, or by turning the circle in it.s collar. 
The number of these chang-es or positions will depend upou the size and character of the 
graduation of the circle, but it must always be a prime number, such as either 5, 7, 11, 13, 17, 19, or 
23. The circle, or aHo0 , is th~ divided by the prime number adopted, and the resulting number of 
degrees and minutes will be the quantity to be moved forward for each new position. 

5. The closing· of the circle, or the measurement of the angle between the last station and the 
first, should be made with the Rame care and number of repetitions with which the regular angles 
were determined. 

6. Should the theodolite, or the object. observed upon, be eccentric, the fact or facts should be 
mentioned on the proper page of the record, and a plan and the necessary data for correcting the 
directions or angles should be clearly presented on one of the blank pages at the commencement of 
the volume. 
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7. When a correction for phase becomes necessary tlte angle between the signal and the sun and 
the time should be recorded opposite to the observation to which it belongs. The form anu dimen­
sions of the tin cone or other reflector should be included. 

8. The obsen·ations should alwa~'S follow iu the record iu the order in which they were taken; 
and each book should be filled up, one station following the other, iu the order of time, witil the 
cJose of the season. 

9. 'While order and clearness in t.lie record should not he endangered for the sake of economy 
in pages, unnecessary space between the ohservatio1ns should he equally a\'Oided iu order not to 
iucrease the number of volumes. 

It would add to the completeness of the records if a rough plan of the triangulation executed 
during the season should he drawn in or attached to the first volume; and, also, if at the com. 
mencement of each station, the telescope fixed at zero should be pointed at the tirnt station, and 
then, following the graduation, t-0 the next, and so on to the starting· poiut, completing the horizon 
and recording the reading in each case, so as to obtain the approxinrnte angles and the relative 
direction of each station. 

The following abbreviationfi denoting the kind of signal observed upon, its appearance, &c., are 
those generally adopted in the surve,y. Too great detail in this matter is not considered necessary, 
having no weight in the computations; in cast's where tlw, angle is really believed to he affectkld 
by the condition of the atmosphere in either magnifying, distorting, or giving too grPat motion to 
the signal, the observer will say so, and, after giving his reasons, will reject the ohserYations; and 
if he does not, the computer is rarely, if ever, authorized to do so . 

.A.DDREVIATIONS. 

SIGNAL. 

Heliotrope - ....... __ - ... - ..... H. 
Cone _ ..... _. _. _ .. _. _ .. _. _ - . _. C. 
Pole ........ _ .. _ ......... , ... P. 
Tuft , _ ......... _ - .. - .... - - .. - . T. 
Crotch __ ... - - - ............... Cr. 

STEADINESS. 

Steady . - .... - - .... - . - - ... - ... st. 
Tremulous .. - . . . . . . . . . . . . . . . tr. 
Moving . _ ...... _ ....... _ .. _ - . mg. 

FIGURE. 

Round ....... ___ .... __ .. _. __ .. r. 
Oval .. _._ .. _ ..... __ ......... ov. 
Irregular. -... _ .. - ..... - - . -... ir. 

DEGREE OF VISIBILITY, 

Distinct. - .. _ .. __ .. __ ... _ ... __ dt. 
Bright ..... _ . .. ... _ •.... _ . __ br. 
Faint . _ ........... : ....... _ . _ . ft. 
Flaming .... _ ... _.. .. . . .. ... fl. 
Diffuse ...... _ ....... -· ... _ .dif. 

WEATHER. 

Clear .... - ... , ... - _. _ - -.... _ .. cl. 
Flying clouds .... __ . _ ... _ .. fy. cl. 
Cloudy - ... __ ... __ ....... _ ... cly. 

SIZE. 

Point .. - . . . . .. . ____ . pt. 
Small._ - _ ....... _ ... _ ......•. sm. 
Large. _ ... __ ...... ___ .. ___ ... lg. 

CORRECTION FOR ERROR OF RUNS. 

No special form is required for the observations to determine the errors of run of the reading 
microscopes. Such observations are entered in the record as they are made, generally on first 
occupying a station, and principally for the purpose of verifying tlle imposed condition that the 
adjustment of the microscopes to the graduation of the instrumei1t should be so far perfected that 
five revolutions of the micrometer screw do not o\·errun or nnderrun a five.minute space on the 
circle by a greater error than two seconds. 

The regular observations or readings on all parts of the circle taken during the occupation of 
the station will supply the data for determining the mean error of runs to be used in the correc· 
tion of those observations. 

a. First reading. Turn the micrometer screw in the direction of the increasing numbers on 
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its head, until the cross-wire intersects the nearest five':IDinute division on the circle, and read and 
record the number of turns and part.s of a revolntion. 

b. Second rcatling. Ifornrse the rnoYemcnt of the screw and continue the backward motion 
of the cross-wire until it reaches tbe nearest fiYe-minnte dfrision, and record as before. 

L<"lt the following data reJlreiseut the mean of a 1mmber of ouiservatiows takeu from the record, 
the degree8 and miuutes read off from the circle ueing 65° :20'. As the micrometer on~rrnus, the 
correction is subtractiYe from tbe mean of tbe two readings. 

0 I I I I II 

a=6520+ 4 42.6 r=a-b=+ 0 1.8 

b=6520+ 4 40.8 a+b 
1n=--2-- = 4 41.7 

. r 
Correction to a= 30011 a - - - - ... _ - - - - .... - - - - = 1. 70 

Correction to b = 3f>~11 = (b - 300"). - - __ -.. __ - - - . - = + 0.12 

. . . - ca + b - 300"' . -Couect10ntont-:! - .30011 -)r··-···-·-·- ---- 0.79 

and, hence, the corrected mean of the two readings= 65° 24' 40".9. 
Tables of douhlt• mitrJ· an• co11strncted, b~' means of which the corrections for rn11 can be taken 

out b,v inspectiou. The arguments me the number of minutes and secornls i11 the obsern1tio11 and 
the ralue of ::!: r. 

NUMBER OF OBSERVATIONS. 

The number of oh8ervations required for thP drtermination of a11y onP direction or angle must 
deprml 011011 tlie desired closeness of result and tl1t~ character of tlJe iustrumeut. Each obsernt­
tion consists of two 1)ointmg-s, one in the direct and the other in the reversed position of the tele­
scope. 

If tlie uumher of positions adopted for the instrument be seve11-equi\-ale11t. Lo an advance of 
fiJO 2G' for ellch clmng-e-there should he not less than five observations in eacli poi;itiou, or thirt.y­
fin· determiuations for eaeh direction. See Xos. 2 aml 4. of observations and rnconls. 

v\"hen repPatiug- theodolitPs :m• emplo,recl for tlw primary work, the nnmlwr of measurements 
of each angle \-aries from !JO to l:!O, divided into sets of three or r-iix repetitions, direct, and the 
1mme number, reverne<l. l1i tlw SPcoudary triang-nlatiou, in whicb the length of the si!les varies from 5 
to 40 miles, and esp1~ciall.r in cases where such triangulation is the most extended which the 
natnre of the country will admit of, arnl the results of which heconH~, in co1111eqnence, of primary 
importance, the angle stionhl be determined by uot less thau six sets, each coul'listing of six repeti­
tious iu the direct aud six in the reverRed position of the te!Pscope, or twelve Rets of tbrt>e in the D 
and three in the R. If the triangles belong to the terti<uy series, the sides being 5 miles and 
under in length, the numher of sets will Yary from three to six, accordiug to the dist!tnce along the 
coa-~t en-er which the chain will extend before a verification can be effected by connection with a 
line of thP i;econdar~- triangulation, or by the nwai;urement of a sulisidiary base. In this claiss of 
angles, each i;;et is made np of three repetitions iu t lie D and three in the l{, in order to increase the 
mun her of separate n•sults with a view to comparison and the elimiuation of error. 

While a minimum nurnhn of mea;mrements ma,v be prescribed for each angle belonging to the 
orders of triaugulation referred to, the maximum must be left entirely to the judgment of the 
observer. In f'ormiug this judgment, the known or supr><ist>d character of the iustrument in regard 
to accuracy of graduation or the reverse; the elevation of the instrument; the differently refracting 
media through which the line of 8ight passe8, as oYer alternate sections of land, marsh, and water; 
the lateral refraction incident to long lanes opened throngh the forest or swamp; t-he appearance 
of the signal, and the condition of the atmosphere, will.. be taken into consideration, and the observer, 
from 011e cause or another, may deem it advisable to multiply hi:s observatfom1 until be becomes 
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sathified that he has obtained tlte value of the angle, or until an apparent!.)- discordant result is 
11eutralized or proved to be exceptioual. 

In the case of auxiliary points determined with a eouclu1led a11g-le, sncli a, light-hou:ses, spire8, 
cbimrn•:n~, &c., and others t>speciall,v tlmmn iu bet wer11 thr ~wcuudary aud tertiar~- stations to fa<iili­
tate the OJH rations of tlie topographical a11d h_vdrographieal parties, a single measurement of six 
repetitions, three iu the J) an1l three in the Lt, will br sufficieut. Care ;;llonld lie takf•u, howenr, 
that tl1e unoliserved angle should 11ot great[~- lliff1,r from ~l0°, arnl e,.;peciall,v that ead1 dt>tennination 
of this clrnracter sh;ml<l ham its clieck or wrificatiou hy a 1mcoml detcrrni11ation from a different. 
base. 

LIMIT OF ERROR. 

Assuming 311 to be the limit of errol' of closing· in triangles of tl1e primary order, 611 in those 
of the secondary, and abont l'..!" in those of th•~ tt~rtiary series, it is certain tllat to secure the 
desired degree of accurac.r the observer should give his careful attention, seriatiw, to the following 
})Oints: 

1. To the diameter and centering of each of the signals to lie obserrnd upon. 
" To the stability of the sta11d or tripod 011 1Yhich the theodolite rests. 
3. To the centering of the instrument, arnl to its acljm~tme11t for parallax, coUimatiou, aud le,-el. 
4. To his personal comfort when oh:-;erYiug, hy h:wiIJg the eye and telescope at the ~mme height 

when standing in a natural position. u11d by avoiding the nceessity for any strain on the body or 
twist in the neck to look at an;v particular ~ignal. 

5. To the, preservation of the lHds while ob:'.(•rving, aml to a certain degree of rapidity in the 
pointing eomiistent with a clear and decided bisPction of the sig11al. 

6. To taking the different sets rpquired for tlw determination of the angle, part on one day and 
part. on another, or dividing them bPtweeu the a. m. and p. m. perioch1 for obsen·ing. 

7. To deelining to observe nuder au.r mauifestly improper or doubtful comlitiou of tlie atmos­
phere, as shown principally hy the siguals. 

The observations taken on a day when the sky is entirely o•ercast from sunrise to sunset are 
the most reliable, and next in xalue are those taken during <1 calm afternoon when the sky is 
whollJ' clear. The a. m. olisenations, made before the sun hafl dissipated the n1pors of the night 
or has quieted '1ow11 the irregularities ill the lower stratum of the at11108phere by au equalization of 
the temperature, are !Jclieverl to he the most uucertain. The~m irrt'gularities may be recognized by 
an unusual refraction or elevation of the signals :tlion' the horizon, beside the jmuping duplieation, 
or distortion of the image, ~wd tht> greater the wrtical refraction the greater will be the probabilit~­
of a slight lateral devia.tion in the ray. 

After the prece<li:ig precautions have been strictly obserYed, and the prescribed number of 
measurements taken, the next step will be to examiue the separate values of each angle with a view 
to ascertain th~ probable accuracy of the 11oiutings. 

The probable error of an augle in the primar.r triangulation shoul<l not exceed 0".3, and in the 
Hecondary 0".7. 

It is not improbable that afte.r the prescribed 11umber of sctl'.l has been taken, a critical exami­
nation of the values, and of the circumstances under- which they were obtained, will show that 
additional measurements are necessar.v or advisable. There are other errors beside those of poiut­
iug, which, notwithstanding ever.}- precaution, mas Jargel,r increase the probable error of the 
resulting angle. The fact of an agreement among separnte measurements is not a proof of haviug 
obtained the correct value of the :mgle, unless those mea!'!nretneuts were made under different 
conditions of the atmosphere, and during a. m. and p. m., to guard against an altogether one-sided 
refraction and illumination of the signal. 
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PROBABLE ERROR. 

o, o1, o2, &c. =the observed values of the angle. 
n =number of such values, or sets of re11etitions. 
J:0 =their arithmetical mean. 
J =differences hetween .x·0 and o, 01, &c. 

:Z =Symbol <lenotiug sun. 
i: =mean error. 
r =probable error of any one of the observed values. 
r 0 =probable error of a:0 , 

E=-J:z.ji 
n-1 

r= . 14D -0 6~ "-J.:2J2 
n-1 

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

o, 0 1 
i o2, &c. :vo 

45 44 22. 5 n.5 
24. 8 

21. 0 

21. 4 

26. fj 

22.3 

25. 5 

24. 6 

21. 0 

23.3 
) 

25.5 
~3. 5 ----

45 44 23. 5 

-1.0 1. 00 

+1. 3 1. 69 

-2. 5 6. 2."1 

-2.1 4. 41 

-4.1 16.81 

1 " l.« 

+2.0 4.00 

+1.1 1. 21 

-2.5 6. 25 

-0.2 0.04 

+2. 0 4. 00 

0 0 0. 00 
-----

20. 0 47.10 

; 

! 

n-1=11 co. log 11 ............ 8. 958Gl 
.2'J2=4i.10 log 47.10 .......... 1. 67302 

log< ....... . 
Const .. 67 45 log const ... . 

O.fi3163 

0. 31582 E = 211 .07 
9.82998 

log r .. ..... _ . . . . . . 0. 14580 r = :!: 111 .40 
log ,1[2 ........... 0. 53959 

log r 0 ••••••••••••• 9. 60G21 r 0 =±0".40 

- -------·-·- -----·-----~·--~-

Or, using only the difiereuces or residuals, according to the formulm given by C. A. Schott, 
page 30.S Coa;,;t Surve.r Heport of 185G, and without employing logarithms, 

~-J :ZJ 
r=').8·45347 , - -- or r=0.84----

v'n(n-l)' n-1 

r r - - -· 
o- ..;;n, 

The number of measurements required for each angle having been taken, the next 1Step will be 
to apply to each, or to their arithmetical mean, as the case may l.Je, the corrections for phase, or 
ecce11tricity of the object observed upon, or those due to the occupation of au eccentric station. 
The angles in the abstract being corrected accordingly, if any :such correction should be necessary, 
the final computation of the triangle sides will he commenced by computing the spherical excess, 
and hy the lliRtribntion among the angles of the error found in the triangle. 

The example gi\'en in illustration of the following formulm for reduction to center of station, 
phase in tin cone, eccentricity of signal, and spherical excess, are believed to cover every possible 
case. 

RED'GCTION TO CENTER OF STATION. 

Wheu the center of the station cannot be occupied, the theodolite is adjusted at a point as 
close as possible to the center, which new point is called the eccentric station. To be able to 
reduce the angles measured at the eccentric to the center of the true station, it is necessary that 
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the distance between the two should he measurecl with the utmost exactuess, and that. the allgle at 
x, between the true center and oue of the stations of the triaugle, be carefully determined. 

ti 

l'. ••·•·· 

C =center of station. 
x =eccentric position of instrument. 
r =the distance Ox. 
o =the angle at x between two signals, a and b. 
y'=the angle at. x between C and the left-hand signal a. 
a =the distance Ca .. 
b =the distance Cb. log sin 1"=4.6855749 
C =the unkuowu angle at C. co. log sin 1"=5.iH4421)1 

The signals are all supposed to be situated to the right of C, following each other in azimuthal 
order. 

C-o r sin (o+y') _C_~_i!IJ{ 
- + b 8in 1" a sin 1" 

The sign gh·en for each term of the formula will he governed h;y that of the sine of o+y and 
of y'. 

Example.-Triaugle a:cb. 

r=2m.2145 ................. log r .. 0. ;{452757 r =2"'.2145 ...... log r .. 0. 3452757 
o+y' =890 45' 201

'; log siu (O+y') .. 9. 999!!960+ 
co. log h . . . . . . . . . . . . . • . . . . . . . . . 6. 0855685 
co. log sin 1" . . . . . . . . . . . . . . . . . . . 5. 3144251 

y'=28029'30"; logsiuy' .. 9. 67~5465+ 
co. log a . ....... - . . . . . . . 6. 1870866 
co. log- sin 1" ........... 5. 3144251 

• 
1. 7 4556.53 . -+ 55". 66 

-33". 62 

0=610 15' 50"+22".14=610 16' 12".14 

Examp/e.-Triangle exg. 

1. 5253339 .. -3311.52 

r::::.:2m.2145 ............. log r .. 0.3452757 r =2m.214f) ..... .log r .. 0.3452757 
o+1f=330020' 40"; log siu(O+y') 9.6944163- y5 =2360 24' 1511 log y5 .• 9.9206249-
co, log g . • . . . . . . . . . . . . . . . . • . 6.0910863 co. log e.. . . . . . . . . . . . 6.142!i692 
co. log sin l" .... ........ _ ..... 5.3144251 co. log sin 1" .......... 5.314t251 

1.4452034 .. -27".87 1.7232949 ... +52".88 
+52".RS 

0=930 56' 2511 +25".01=930 56' 50".01 
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When a large number of angles ha\e heen ohsern~d at au eceeutric Rtation, and different com­
binatioui;; are required, it is recommende<l that the directions to the different Riguals be arranged 
iu the order of their azinmtlts, startiu~- from the liue .rn, as shown in the following example, an<l 
that the correction for each line be computed by the formula 

; t'rnler 1~0°. 
I 

On~I' JRW. 

r sin JJ1 

a sfo 11
' 

(o +-YI + 

By adding or subtrncting the corrections for the two lines iu­
closing the special angle according to the signs gi\-en in t.hiR table, 
the reduction to the cent.er ancl its sign will be obtained. TJle direc­
tion to the right-hand signal always represents (o+y). yl + 

1 xt.o C 

00 or 180° 

x to a. 
yl 

Example. 
-1--

x to b x to c 

1/' y! 

! - x to d 

y4 

Direction. 008 00' OtY' 28°291 3011 son45i 2011 130°2~V 4011 : 185C32' 10" 

!J. 67855 

0. 345~8 

6.18709 

5. <!1443 

9. 99999 

0. 34f>28 

6. 0858i 

5. 31443 

9. 81271 

0. 34528 

.i. 92010 

5. 31443 

8. 98Hl 

0. 34028 

5. 9996G 

I 5. 3H43 

-------------·-·· 

x tot.; x toj z tog 
y! yS u' 

236024' l~" 280014 1 5011 
I 3300201 40" 

9. 92062 9. 99302 9. 69442 

0. 34528 u. 34528 [), 34028 

6. 14297 G. 04f>76 6. 09109 

5. 31443 5. 3144:i 5. 31443 

Log Sine 

Log: r 

Co. lo~. diAt. 

Cu. log sin 111 

----------·--·------------!-'---
1. 52535 1. 74557 i. :m255 0. 6-1377 1. 72330 1. 69849 1. 44522 

Corrertion. 
" 

I 
" 

a=33. 5~ &=55, 66 C=24. 69 d=4.41J •=52. 88 /=49. 94 fj=27.&'I 

Hence, tlle corrections would lw, for the angle between 
II II 0 II II 0 JI 

a and b=+ii5.Gli-33.52 awl U= fil 15 50+22.14-= m Hi 12.14 
a an<l c=+24-.fl\1-:33.ii2 irnd C=llO 5fl 10- 8.83=110 59 01.17 
a and rl=- 4..1-0-33.52 am1 C=157 O:? 40-3i.92=157 02 02.08 
c and e=-:)2.88-2.Um and C= 96 M 3.5-71 .. 57= fl6 54- 17.4i3 
f aud !J=-27.~8+4H.D4 a1Hl U= 50 OJ 50+22.06= 50 on 12.06 
fl aud a=+33.ii2+27.88 arnl U= ,j8 08 50+fil.40= 58 Of-I 51.40 
f aud a=+3:>.52+-iD.!H and C=lOS 1-i 40+83.-!6=108 W 03.4() 

'rite almYc eecentricit,Y may be co11sideretl mnch greater tlrnn the average. Occasionally it is 
Yt'r,Y sruall, a:s whe11, h,y some mistake, the irnstrum~mt, mounted 011 a high tripod, cannot be ad­
Jllsted exactly over the ceutt~r of station, hut a fow incht's off, in 011e direction or the other. The 
distance and direetiou, in all cases, shoul1l be most carefully determined; antl, if the eccentricity 
is l:n·gti, the triangle 8ides, or tlistauc1i:;, :;hotlid be recomputed with the observed angles correc;ed 
by au approximate reduction to thP <.'euter. 

CORRECTION FOR PHASE IN 'l'IN CONES USED AS SIGNALS. 

x=statiou of observer. 
U=the sun; or, xU, the azimuth of' sun. 
y=angle between sun and reflecting cone. 
a=distauee between obiserver and cone. 
r=mean radius of cone. 

If the pointing is made on the l>right refiectiug line exhihite1l by the cone, then 

correction=± r cos JY 
a sin 1" 

• 

but if there is no such refiection, and t,111~ pointing he made 011 the white illuminated part of the 
cone, 

correction= d:: ~ ~o~j11 
a sin l" 
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Bright phaBe. 
r=Orn.215 log r ..... •....•. 9.33244 
y=80° 40', log cos z 8flD 40'. . 9.8507 4 
a=18206"' co. log 18206 ..... :i.7397!) 

co. log siu 1". . . . . 5.31443 

correction= 1". 72 0.23740 

r=Om.215 log t•. • . • • . • 9.33244 
Y=17Go, log cost liGO .... 8.54282 
a=1820um, co. log 18206m ... 5.73979 

co. log sin l" ..... 5.31443 

correction=O" .m; 8.92948 

Example.~. 

White phase. 
r=0"'.215 log r............. 9.332±4 
11=890 40', log cos 2 390 40'.. 9.85074 

log cos ~ 890 40' . . 9.8507 4 
a=18206m, co. log 1820G..... 5.73979 

co. log sin 1" .. 5.31443 

correction= 1" .22 0.08814 

r=Om.215 log r. . . . . . . 9.3:3244 
y=l76°, log cos 2 1760.. . . 8.54282 

log cos 2 1760 . . . . 8.f>4282 
a=l8206m, co. log 1820G ..•... 5.73979 

co. log sin 1".. . . . 5.3144:~ 

correction=W'.003 7.47230 
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The bright phase belongs exclusfrely to the curyecl cones usuall.r employed as signals iu the 
primary and secondary triangulation. 

Tlte line of reflection, or the illumiuation, is always on the same side with the sun. If, there­
fore, the direction to the second signal is on the same side of the reflecting cone as the 1mn, the 
correction is additive to tbe obsened augle; if on the opposite side, subtractire. If both signals 
are retlectiug, or illnminateu cones, the difference between the two additive or subtractive correc­
tions, as the case may be, is the correction to be applied :± to the angle. 

The angle between the sun and the signal should be measured immediately after completing 
the set of repetitions to which the correction must be applied. ShouM the angle be omitted, but 
the time be recorded, the azimuth of the sun maJ· be corn1mted. It should also be matter of record 
whether the cone reflects or merely shows white. 

CORRECTION FOR ECCENTRICITY OF SIGNAL. 

C =center of station. 
x =the eccentric object, or part of signal observed upon. 
r =the measured eccentricity. 
a= the station of observer; also, the distance of aO. 

Correction= ± -....,""-­
a SID 111 

Let us suppose, for example, that, during the occupation of the stations a, b, c, and d, of the 
preceding diagram, t'1le pole at C was out of adjustment, or that x, the object obsen·ed upon, was 
not in the vertical of c, and that,, to correct the error, the following measurements were made of 
the chord~ or the perpendicular, from c to the different directions, viz: om.155, om.293, om.1s2, and 
orn.096. 

r = oru.155, log r .......... 9.19033 r :::::; Om.2!J3, log r ... .....••• 9.46687 
a Jo 6500m, log a sin 1" ..•. 8.49849 "b = 820600

, log b sin 1" ..... 8.59971 
----

correction = 4" .92 0.69185 correction= 7".36 0.86716 
----· 

r = om.1s2, log r -...... - - - 9.26007 r = om.096, log r . .......... 8.98227 
C= l220m, log c sin 1". 8.76548 d = 10osw, log d sin 1" ..... 8.68592 

correction= 3".12 0.49459 correction= 1".98 0.29635 

Hence, in the triangles aOb, bOc, and cOd, the corrections to the observed angles should be 
II 

For Cab . • • . . . . + 4.92 
For Oba.. . . . . . . - 7.36 

S._Ex.77-22 

Obc ... ....• 
Ocb ••• .•.. 

" + 7.36 
-3.1.2 

Ocd ....... . 
Ode ••..•.•• 

fl 

+3.12 
+ 1.98 
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SPHERICAL EXCESS. 

En'\ry angle measured in the ordinary operations of geode>'y is a spherical angle, and conse­
quently the !'Um of tLe three obsen-Nl angles of an_y triangle shonld, theoretically, exceed 11'0°. 
Thi:;; 8pherical exeess, or ratio of the area of the triangle to the area of the sphere, becomes appre­
ciable 011ls wla•11 the sides are from four to five miles in length; and being so small a quantit~· in 
proportion to the errorn of' observation, it is entirely m~erlooked iu triangles of the third onler. 

lu the Sf'COJHlary and primary triaugulatiou, the spherical exce:,;s is applied to determine the 
error du<· direct!,\- to the observations. One-third of the computed excess iR dednct<'<I from each 
augle of tlie triangle, aiul the difference between the resulting· Hmn of thP augleH and 180° is the 
error to he ili:-itrihnted. The Yalnes of A and B are those deduced by Col. .A. R. Clarke, H. E., 
fi;,pm a co111hination of all the best measured arcs up to 1866. 

Let a, b = triaugle sides. 
C = the included ang·Je. 

A= equatorial radius ________ . _. _. _ 6378206m.4, 
log's. 

6.8016985 
6.80322:38 B =polar radius_ ...... ___ ... _. _ .. 6356583m.8, 

e = the eccentricit,- = 11-- ~2 

. v .A2 

e2 = 0.0067G815. - - - - - - - - . - - . - -- . - - - - .. - - · - - - · · · 
L = mean latitude of the three stations. 

7.8304700 

. ab sin U (1 + e2 cos 2L) , . , _. _ 1 + e2 cos 21, < = ··- - - --.--- ----- , .irnl m,ikmg m - . -·- . - -- , 
2A2 Sill I" 2A2 811l 111 

we have E=ab sin Cm. 

'l'he latitude being the only variable quantity in the formula m, we make the latter a constant 
hy computing it for eYery 30' of latitude likely to be embraced in the sun·ey, and tabnlatt> the 
r<·snltH. 'l'he Yalue of m for intermediate latitudes may he taken out by iuspeet.ion, though such 
preci.-ion iH onl~- 11er~essary in the very largest triangles. 

Comp11tation of m. 

L=24o, 2L=48o, log cos 2L=9.8255109 

Latitu<le. 

240 00' 

u ao 
25 on 
25 30 

26 00 

26 30 

~7 00 

27 30 

2~ 00 

28 ao 
29 00 

29 30 

30 00 

30 30 
31 00 

e2, Jog e2 = 7 ${04700 

log e2 cos 2L=7.6559809 
e2 cos 2L=0.0045288 

l+e2 cos 2L=l.0045288 
log (l+c2 cos 2L)=0.0019624 
log (2 A 2 sin 1")=8.5960019 

fog ni for lat .. 240=1.4050605 

log m. ,] Latitude. [ 
!; I 

140~: ~~o ~:I 
588 .J2 30 I 
584 33 00 

580 33 30 

576 

572 

560 

564 

559 

34 00 1· 

34 30 

35 00 

as ao I 
36 00 

36 30 I 
551 37 00 II 547 I 37 30 

542 38 00 

1.40537 38 30 

·--

log m. : I Latitucle. I 
i-------1 

i. 405aa · aoo oo' I 

~~ :::~1 
519 40 30 

514 41 00 

41 30 I 
42 00 

500 42 30 I 
::~ ' :: ~~ ! 

505 

:: ~: 1' 476 45 00 

471 45 30 

1.40466 46 00 

log sin 1" =4.68557 49 
log .A2=3.6093970 

log 2=<1.3010300 

log (2 A2 siu 1")=8.5960019 

log m. Latitude. I log m. i 

~.~046:- -460 3o~J-~;~;;j 
456 47 oo i 380 1 

451 47 30 I 375 I 
446 48 00 I 369 I 
«1 48 3o ' 364 I 
436 49 00 359 ! 
431 49 30 354 

426 

420 
415 

410 

405 

400 

Eta 
]. 40300 

50 00 

50 30 

51 00 

51 30 

52 00 

52 30 

5.~ 00 
53 30 

349 

344 
339 
334 

329 
324 

319 
1.403U 
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The above table is computed on Clarke's 
log ni in the 5th place of decimals b.Y-

spheroi<l. To refer it to Bessel's spheroid, increase 

9 for latitude _ . __ . 250 
9 for latitude ...... 300 

10 for latitude .. _ _ _ _ 350 

10 for latitude... . . . 400 
11 for latitude.. . . . . 450 
12 for latitude. . . 500 

Computa.tion of spherical excess. 

a= 6500m, log a .. _. __ 3.81291 a= 122755m, log a .. 5.08904 
b = 4615111.ti log b ...... 3.66433 b = 94616m, log b 4.97596 
U = 61° Ii>' 50", log sin c ... 9.94W2 0 = 500 10' 20", log !Sill C. _. 9.885:~5 

m for 360 L., log m ...... 1.40491 m for 450 15' L., log m ... 1.40398 
---- ----

" = 011.07 8.22497 "= 22".61 1.35433 

DISTRIBUTION OF ERROR. 

In the primary series the errors are adjusted hy the application of the method of least squares, 
as explaiued and exemplified in appendices Nos. 33 and 14, Annual I~eports for 1854 and 1864; or 
distributed iu proportion to the probable error of each angle as determined directly from the 
measures of the angles. 

In the secondary triangulatiou the error is distributed as above, or in inverse proportion to the 
number of measures taken of each angle, or, in les:s important ca8es, equally among the three 
angles. 

Iu triangles of the third order th~ error, as a rule, i:s equally tli8tributed among· the three 
angles. 

ABSTRACTS AND COl\IPUTATIONS. 

Form for abstract of angles. 

[Station, Mount Rafinesque, New York.-Instrument, theodoliLe No. 18.] 

:~:~~-r~.~~~·1, ·s~-:0=~=~~1. : N~~~r j An-~ •• -- 1 ~::;t, corr. 
1 

Mean angle. l 
h.m.------- 1--1--1-0-,--:-;-i--,,-;--,,-: 

Aug. 6 5Wa, mi GreenwiehHill ..... 1 D 6 i, 32 48 57.6 : ...•............... .; .............. . 
6 .......... I Mount Equinox .. -·.' R 6 ! 59. ~ ' 58.4 .......... 1 32 48 58. 4 

.... / .... do.............. D 6 57.2 j-·-·-····· .......... : .............. : 
6. ····i·-·-do ........... R 6 57.4 I 57.3 ·--······" 57.3 

Aug. 7!500p.mi····do ............... ' D 6 57.si .•...... ·-·······i,-············ 
7 : ..........•.... do.............. R 5U.O I 5804 •-0.1 

I I I • 
7 I · . do. ..... .... D 56.8 1. •.•...•• -J ••••••••. 

9
1

11

.:

6
::

0
:
0
:a:· .. :m::

1

!:_-_·_·· .. dd
0

o _:_:_:_ •. ·._-_ .. _:_._· __ ··_ .. 

1

. R 57.2 J 57.0 ! *-0.1 , 56.9 
Aug. D 58. 3 I···--· .... \ .................... . 

91···-···-·· .... do............... R 6 59.51 58.9 i········· 58.9 
Aug.lOl610p.mj .. do ............... 1 D 6 57.3!··········\·····-··· 

10 ! ............... do •..•••......••. \ R 8 58.4 I 57.9 : .......... : 57.9 

': 32 48 57. 95 
Correction for eccentricity of instmment ... - . - ....... ~ - -....•.....•.....•...•...... i ___ +_o_. 3_7 i 

32 48 58. 32 
Helderberg, &o., &o . . . . .................... - ............................. _ ..... , 
Greenwich ............................. - ..••.•.........•.... __ .....•....... _ ..... . 

·--·----------------------··-----------------·I 
*For phase. 

The preceding form sho'Vl·s the application of the corrections for phase or eccentricity, and 
the one which follows, the spherical excess and distribution of error. It will be noticed that the 
station of Mount Equinox has not been occupied, and, hence, the angle is marked c for "conclude<l." 
In the arrangement of the triangles for computation, whether belongin~ to a quadrilateral or not, 
the station to be determined from the base being the first named, is termed the apex; and from 
this apex, the other two stations must be invariably entered in their azimuthal order, that is, from 
left to right. 
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OreenwichEtll 
wu I 

I 

I 
I 
I 

.Mt. RM\nesqne Y 
liBS 11-

.Mt E'l"ino:x 
----f' 38,17Et. 

- ----- _.,/I 
,/ I 

/ 
/ 

/ 

/ 

/ 

/ I 
// I 

Greylock 
3138/t, 

lO 

Scale uoO:Ooo 

Stal11lc Miles 

0 

Form for computation of triangle sides. 

Denomination. 

GrPf'HWieh Hill....... 76 

~lount Equinox . ....... . 

GrPylock . ............. . 
:Monut. Rafine~quc ..... . 

C:reenwich Hill. 

Mount Equinox. 
Grt>ylock . 

Mount Equjnox: ....... . 

67 

62 

99 

65 

74 

67 

l!ount Ra:fiaf'sque ..... _I 74 

Greenwich Rill. i 73 

SECONDARY QUADRILATERAL. 

Oh•erved an· 
gles. 

Corr·n. 
Sphn'l 
angles. 

Gre;l'lock to Mount Rafinesque 
39 4:J :ll. 63 + u. 32 31". 95 

37 01 16. 33 

103 15 14. 88 

+ 0.:12 

+ 0. 32 

1611
• 65 

15". 21 

8pher'l 
angles. 

!. 27 

!. 27 

1.27 

Greenwich Hfll to Mount Rafinesqne .. 

Greenwich Hill t.o Grey lock ............ . 

Grey lock t<> Mount Rafinesqu1'. 
...... ......... 36.46 - 1.89 

69 07 12. 65 :- ...... .. - 1.89 
70 26 16. 56 - 1.89 

Yount Equinox to Mount Rafincsque .... 
Mount Equinox to Grey lock ...•......... 

Plane angles and 
diidanCNL 

m. 

40"40.16 

39 43 30. C.8 

37 01 15. :J9 

103 15 13. 93 

38193.16 

61743. 00 

·-··· --··· ·····-
40 26 34. 57 

69 07 10. 76 

70 26 14. 67 

58391. 08 

58887. 97 

Yount Equinox to Greylock ··-·········,······ ............ : 
69 14 52. 77 - 1. 63 69 14 51. 14 

15. 80 1. 63 78 39 14. 17 

Logarithms. 

4. 6078854 

0. 19442iJ 

9. 7i96731 

9. 9882752 
----

4. 5819856 

4. 8905877 

4. 607S854 

0.1879625 

9. 9704986 

9. 9741783 
·----

4. 766:1465 

4. 7700265 

4. 7700265 

0. 02913~'7 

9. 991428.5 

! 

32 05 56. 32 - 1.63 32 05 f>4. 6!J ' 9. 72f>4026 i 
Greenwich Hill to Grey lock ............ . 
Greenwich llill to Mount, Equinox .... . 

61743. 00 
33462. 76 

Mount Ralinesque to Greenwich Hill ... I 
........... ... 40.34 1.02 ! ..... ~~-~;·;~.-;; 

32 48 58. 32 .. -- l. 02 

108 58 24.40 - 1.02 ' 

:Mount Equinox to Greenwich Hill. •••.•. \ 
Mount Equinox to Mount Raftneaque .... i 

32 48 57. 30 

108 58 23. 38 

33462. 44 
58390 9(l 

----i 
4. woss11 I 
4 5245618 

4. 58111!!56 
0. 2!J86194 

9. W39526 

!J. 9757401 i ----1 
4. 5245576 ' 

4. 7663451 i 
J 
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COl'rlPUTATIONS OF THE GEODETIC LATITUDE (L}, LONGITUDE (M), AND AZUfCTH (z). 

The formul~, tables, and examples for the computation of the geodetic latitudes, longitrnles, 
and azimuths are g·iven all(l fully explained in ap]Jendix No. 19, Coast Survfly Annual Rf'port for 
1860. 

For the sake of easy reference during the rapid and numerous computations of this cltaracter 
required from the assistant in the field, the signs, and their application, of tlte corrections dependiug 
on the relation of tbe given azimuth to the different quadrants, and on tlte algebraic signs of clL 
and dZ, are talmlated as follows: 

Correction• to gh·en Latitude. 

Z= o to 90 
Z;270 to 360 

d L subtracth·e from L. 

+1853. 590 

+ 22. 760 
+ 0. 084 

- 0.268 

-d L=+l8i6.166 

Z= 90 io 180 

Z"'18o to 270 

d L additive tQ L. 

-448. 308 
+ .051 

+ . 005 

+ . 000 

-rf J,= -448. 2;2 

Corrections to given 
Longitude. 

Z"' o to 90 

Z"'90 t-0 180 

d M additive t-0 M. 

Z=l80 to 270 

Z=270 to 360 

d M subtractive from .M. 

Corrections to given 

.Azimuth. 

0 

Z= o to 90 

Z=90 to 180 

d Z subtractive from z. 

Z=180 to 270 

Z=270 to 3UU 

d Z additivf' to Z. 

The angles used in the above compntatious arf'. the spherical angles taken from the computa­
tion of triangle sides. 

In the computations for L, 1\1, z, the first computation should be made ou the left-hand page 
of the form, and the second, or check computation, on the opposite page. 

Previous to February 4, 1880, the above computatious were ba:;;ed upon the elements of Bessel';; 
spheroid. Hereafter, they will be invariably made in accordance with Clarke's spheroid. The 
corrections, required by this change, to the values_ of the coefficients A, B, C, D, and E, as pub­
lished in appendix 19, 1875, are readily obtained from the subsidiary table given in the same 
appendix.. • 

SPIRIT· LEVELING. 

The spirit-le,rel is employed to determine the height, abO\'e meau tide, of the principal triaIJgn­
lation stations on the coast, to senre as bases for the trigonometrical leveling, and, indirect.I.)', the 
coefficient of refraction; aud, also, the ditforencc in height of the mean tide at different localit,ies 
for use in the discussion of the tides. • . 

To obtain the required degree of accuracy and confidence in the results, the following system 
has been adopted: 

L The line starts from a bench·mark .011 the coast, the height of which abo,·e the meau tide has 
been determined by observatious tluring not less than a semi-lunation. 

IL The line is re· leveled in an opposite direction; or, in other words, the route is divided into 
short sections, and each section is leveled, forwa,rd and back, before proceeding t,o the next. 
The intermediate bench-marks supply intermediate checks. 

III. The instrument and the method of observing and recording are so arranged as to secure the 
adjustment of the instrument or its equivalent, checks upon the leveling, and precisiou in 

the results. 
The details of the above operations are given in the "general directions for running a line of 

levels." It is proposed here simply to refer to III. 
The spirit .. leYel, whether of the pivot or ortlinary construction, has the diaphragm of its tele­

scope provided with a reticule of two vertical and three horizoutal wires .. 
The leveling·rod is carefully divided at the office into metres, decimetres, centimetres, and half­

ceutimetres, and is provided with two small levels inserted in the rod, with which to preserYe its 
vertical,ity when held upon the foot·plate. 
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The foot plate is of iron, triangular in shape, with a circular cavity in which the rounded 
extnm1ity of tue rod rests, aucl ·with three short legs, by means of which the plate can be firmly 
vlautPd iu the g-rouu<l by a Htamp of the foot. A light chain and ring is attached to the plate by 
which the rodman mm pull it up aud carry it on to the next statiou. 

Thrt>e leveliug-rods aud three foot-plates belong to the party, one set being held in reserve in 
ease of accident t.o either of those in use. 

The obHerwr reads a11d records the heights on the rod crossed h,y the three wires, estimating 
the millimetres, or lw can use a target, an<l a record of the readings be kept by both the obsener 
aml ro<lmun. The condition of the hn-el at every observation is entered in the record. 

The i11strnnw11t should bf!, theoretically, midwa.r between the rods, and the distance from 
instrnmeut to rod should rarely exceed JOO metres. 

1)1•fon• comrnenciug the leveling, the value of the co·nstants belonging to the particular instru­
ment, a1111 which am required for the reduction of the observations, are carefolly determined. 

CONSTANTS. 

Ii _. _ - .. - - . value of one diviRiou of level __ . ___ . - ____ .. __ ... 311 • .5 
a1 and a2 •... angular distances between the wires ........ __ .. __ 207".01 and 198".95 

A . - - angular distance between extreme wires_ ...... _ _ _ 405".96 
m _ - - - .... for reducing mean of three wires to middle wire__ 2".6867 

To m;certain the angular distances, select a level spot of ground and measure ofl', with all pos­
sihle cart', distances from the iustrument of 50, 100, 150, and 200 metres; adjust the instrument 
and rend a111l record tl1e heights on the rod crossed by the wires at each dit>tance. This operation 
should be repeated at least four times for each distance. 

Mean of four alternate readings at each distance. 

I 
50 metreR. 100 metres. j 150 metres. 200 metres. 

----~- -------

~ - I - -
0. 0493 o. 1007 o. 1587 o. 1997 

. 05033 . 10067 . 14967 • 20067 
0. 0997 0. 2013 o. 3003 0. 4003 

. 04833 . 09766 . 14300 .19233 
0. 148(1 0. 2990 0. 4433 0. 5927 

. 09866 . 19833 . 29267 . 39300 

Augular value of the distance between wires= d_ifi'ere_!_l_?_~_iE__ he~gii_:t, in which D represents the 
D tang. 1" 

distance. 
Difference= .05033 log Difi' ... 8. 7018269 
D = 50m co. log .50.. 8. 3010300 
Co. log tang. 111 • • •• __ • ___ •• _ 5. 3144250 

2.3172819 207".63=a1, 

and so on, for the twelve difforences, resulting as follows: 

a1 ~ A 
II II II 

207.63 199.38 407.00 
207.6.5 201. 44 409. 08. 
205. 81 19(?.64 402. 4.5 
206. 96 198.35 405.31 

207.01 198.95 405.96 
• 
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An error of one second in tbe angular value of A would produce an error of one millimetrl:' at 
200 metres, and an error in the distance of 0.5 of a metre. 

Constant ni =-= 207" · 01 3-198~:~0 = - 2' 1 .6867 

'l'he upper wfre, as seen in the telescope, is, in reality, the 10\ver wire. 
The usual adjustments of the iustrument are made e\·ery morning and dnl.v e11tercfl i11 the 

record, and are repeated during the da,y should a change frolll an.r cam;e be snspeett>d. 
J. For level, or to make the axiR of the lernl parallel with the optical axis of tlw telescope. 
This adjustment may be incomplete, but tbe record will gi>e the <lata for determining the error. 

Level. Levei reversed. 

E 0 E 0 
d a d d 

7. 7 7.3 9.5 5.5 
6.2 8.8 8.0 7.0 
7.0 8. () 8.8 6 ') 

.~ 

6.97 8. 03 8. 77 6.23 

1"·80 =+0".9 011.H x 31' .5= +3" .15=error of len~l=l. 
2 -

IL For eollimatio11, or to bring tile middle !Jorizontal wire and the middle of the two wrtical 
wires in tlie optical axis of tile telescope. 

The record will also show whether this adjusttneut was perfect or imperfeet. For in;;tance: 

Normal position. 

d d m 
7. 5 7. 5 1. 105 

1. ]50 
8. 0 7. 0 1. 194 

1.1497 
Correction for inclination + . 0004 
Reduction to mean of wires - . 0006 

1.1495 
1. 150;) 

Mean=l.1500 

Turned on axis, 18(1°. Normal position. 

d d m d d m 
7.4 7.6 1. 100 7.0 8.0 l. lOfi 

1.145 1. 150 
9.3 5.7 1.189 7.0 8.0 1.195 

1.1447 1.1503 
+· 0013 +.0008 
-. 000() -.0006 

1.1454 1. 1505 
1.1500 

+o. 0046 
+o. 0023=error of collimation. 

III. For verticality of axis, or to make the vertical axis of the instrument perpendicular to 
the axis of the level. 
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Form of the field-record. 

BACK BIGHT. I PORE SIGHT. 

1 = !-----~ -~-------· -------.,..,.. .S ~ 1
1 

s . 
1 ~ ii ! Level. .-::;: ~ ...= -

t> Q,.l e .... bL I :>:_ ~ .t.= :! ; tS ;:lo. ._§ I! ~·2 
~ ~ :I o P 

Level "<i . 2 ~ E ... 
" "' 

,;: '<i 
0 

"" 0 
Statiuu. o ~tation. ~ E oo 8 ~ '-;;! I .o ~ Sa: ~ · <,1; ..... bJJ :;:= ~ 1 ea 

I ; h ( ] ~ E .s ~== I & II = ~ 
.; i::::: 
" "' ~~ ] " "" " " 
" '" ... 
~ 
~ 

.E f:a ; ... 
'" 0 

"' u 
-1-... ---

rn 

" -;; ~ ~ :5- $ i £: ~ : l:: ~~ 
;:; '" -~ 13 __ f:i_-__ ·-~-"-·~8 _ '._8 __ 1~_:_ 

~ ... 
0 
u 

--
, __ 

,,, 1
' d : d m ! m 

Tidal B.M . 
d 

7. 5 

ti i 
i 7. 5 ;2.050 I [il.. .... 6. 8 i 8. 2 ; 1. 049 

8. 0 7.0 l 
--1 
15. 5 14. 5 ' 

I 

2.150 ' I' 
')I) !'. ' 
•. .48 I ,, :~1~, 
-- I I 1:1 I ' 

+1.0 2.1493 +.0035·2.1528 .198·1 '13.8.162 

' 1.150 

1. 248 i 
-2. 4 1. 14DO i - . 0047 1.1443 I • 1119 

-1.2 

1. ........... , 6.1 8.91 
. ',I 1· .. 

+o.s; : I i 

1.049 I 2.. ............ 7.5 I 7.5 
I I ]. 099 

: 1. 048 

' 1. 098 

i 1.148 
I 
I 

3 ..... 

6. 5 8. 5 I 

12. 6 17. 4 

7. 4 7. fj 

9. 3 5. 7 

16.7 13.3 

7. 5 7. 5 

8. u 7. 0 

Hi. 5 14. 5 

: 1.148 
, ___ , 

i· 
-4. 8 1. 0987 - . 0084 1. 0953 . 0119 i 

-2.4 

' 1.150 

1.180 

I. 208 

+3. 4 1. 1793 + . 0016 

+1.7 

2. 205 
' 2. 250 

I 2. 294 , ___ , 

1. 1809 ' . 058 

+1. 0 ' 2. 2497 + . 0016 2. 251B • 089 

+o.5: __ j 

6. 6802 i . 444 

9. 0 : 6. 0 

16. 5 ' 13. 5 

3 ...... -- ..... -: 7. 0 ' 8. 0 

7. 0 ' 8. 0 

+a.o' I.o98o + .0026 

+1.5 

2. 120 
i 2. 160 

• 2. 200 

I 
1. 10061. 100 

14. 0 ' 16. 0 ' -2. 0 ' 2. 1600 - . 001812. 1588 . 080 i 
--1. 0 

4 .......... 7. 5 7. 5 ' 1.196 1' 

1. 242 , . I 
]. 287 : i i 

+3. 0 ! 1. 2417 i + . 0024 ! 1. 2441 ! . 091 

90!6.0, 
·-·-!--, 

16. 5 ' 13. 5 ! 

+l.5 ! __ 1 

I 5. 6478 I . 470 

---'---~-~--'-----~---~~--------------'-~ I ' 

·we have uow: 

And let 

L=one tlivision of the level=3".5. 
A=angnlar distance between extreme wires=405".96. 
m=constant for reduction to middle wire=-2".6867. 
/=error of level=+3".15. 
c=error of collimation= +o.w0023. 
d=observed distance between extreme wires. 
D=observed distance from instrument to rod. 
i=observed inclination. 

l=correction for inclination. 
M=correction for middle wire. 
C=correction for collimation. 
R=correction for inequality of distance between back and fore sights. 

Oorrection for inclination. 

d. d. 
7.5 7.5 
8.0 7.0 

15.5 -14. 5 

I=i d cot A tang. 111 • 

0.5 x3.50=1.75= i .. 0.24304 
2. 205- 2. 294= 0. 89 = d. - 8. 94939 

405. 96 =A._ 2. 70590 
Tang. 111 •• • • • • • • • • • • • • . • • • .. • .. • .. • • 4. 68557 

Correction=+. 0004=6. 58390 
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Correction to reduce mean of three wires to middle wire. 

M = r1 cot A tang m. log'•· 

d = .089 8.94939 
A= 405".96 2.70590 
1n = - 2.6867 5.114i9 

correction, = - .0006 6.77008 

Correction for error of collirnat-ion. 

c (tang A 1 ) . l I a· .. c = ·a·. . . L'' lll eve IYISIOUS. 
tang l" 

c=+.0023 loge 7.36173 
d = .089 co. log d 1.05061 

A =405".96 log tang A 7.29!10 

1 
L 

0.2857 

correction, = +2" .997 

co. log tang 1" 5.31443 

co. log L 9.45591 

0.4 7678 
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We now collect the errori;; from all sources expressed in terms of didsions of the level, and 
calling the sum i, or error of inclination, the correction is appliecl to the mean of the three readings 
in the record. 

Error of le\'el, left in adjustment ..... . 
Error of inclination ..... ____ . _ . . __ _ 
Error of collimation ...... _ . _ ....... . 

II 

+ 3.15 
+ 1.75 
+3.00 

i = + 7.90 
and I = i d cot A t.ang l" = + 0.001 fi. 

So long as tbe values of Land A remain unchanged, the preceding computations are made once 
for all by the construction of tables from which the corrections can be taken ont by inspection. 

Table I.-Distance, instrnmeut to rod, with argument d. 
Table II.-Hednction to middle win~, with argument d. 
Table UL-Double entr,v. Correction for error of' inclitrntiou, with arguments i and d. 
Table IV.-Donble entry. Correction for collimation, with arguments c and d. 

Correction for inequality of distance beticeen the back and fore sight.s. 

Reduction to true horizon= (l - 2m) ~~'in which 

1n = co efficient of refractiou .070 
R = mean radius of earth log R = 6.8039618 
D = the distance d cot A. 

Reduction= om.0000000675:32 (d cot. AJ2. 
The maximum distance from the instrument to rod being confined, a.s a rule, to 100 metres,. 

the greatest probable ineqmtlit~' may be assumed at 30111 (.059) or lOOm (.19i) for the back sight and 
70m (.138) for the fore sight, the correction for which would not amount to more than one-third 
of a millimetre. However small and inappreciable in a single case, an aggregate of such differences 
might have a sensible effect upon the differenee of level. Let us suppose that the distance between 
two bench-marks was about si;K: miles, divided into 5527 and 4127 metres, or, in other word11, that 
the sum of the values e11tered in the record nuder the head of the extreme wires for the back sight 
was lOm.879 and for the fore sight 8m.123, and that the nnmher of stations was sixty. In this 
case the ditterence on account of curvature antl refraction would be Om.9127. which, divided by the. 
number of statious, wouhl give Om.0152, or 0,6 of an inch as a closely approximate correction, sub­
tractive from the sum of the back sights. While such great inequalities i11 the llistance bt>tween the 

S. Ex. 77--23 
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back aud fore sights are not probiible, it wouid be advisable to make out a table of double entry, in 
whit-11 d1 represents the smaller distance and d the inequality, by the following formula. The correc­
tion for the day's work or betwt>en any two bench-marks could then be taken out by inspection. 
The quantity taken out must still be divided by the number of stations. 

Correction= om.000000067532 (d2 + 2dd1). 

'J'RIGONOMETRICAL LEVELING. 

Differences of height are determined hJ the measurement at one station, by means of a vertical 
circle, of the double zenith distance of the signal at each of the other stations.• 

.A.not her method is to measure, by means of a micrometer inserted in the eye-piece of the tele­
scope of the tllel,)dolite employed for horizontal angles, the tlifference8 in altitude between the 
difterent stations, expressed in minutes and seconds of are, in connection with one or more of the 
statio111:1, or a refercncf' mark, the absolnte height of which, or its zenith distance, has been obtained. 

A similar serks of observations beiu~ taken at each successive station, and ai;suming that we 
start from one the exact height of which a born mean tide has been determined by the Bpirit-level, 
we outain ehccks, or different va.Jnes for the elevations, rarely exceeding 311 to iY' iu arc, aud these 
errors are finall.Y assigned. to their probable true place by' the method of least squares. 

Tlw state of the level at the commencement and end of the observation, and the hour and 
minute at which it was made, are entered. in the record, and also the observations made to .deter­
mine the value, in seconds of arc, of one turn of the micrometer screw. 

The !wight of the telescope above the ground at each station occupied, and of all tile signals 
or objects obserYed upou, should be carefully measured and made part of the record. 

The following example of the abstract ior vertical augles will show the data which· are indis­
pensable, and, incidentally, the fact that by reducing·, at the outset, the observed zenith distance 
to the gronnd at each station, 1Some labor and possible complication are saved in the final compu­
tations. The correction for error of level and. of inclination, taken out from a table constructed 
for the purpose, i1S applied in the record, and this corrected zenith distance is called in the abstract 
the observed zenith distance. 

To eouvert tbe difference in metres between the height of the telescope and of the object 
observed upon into seconds of arc: 

Seconds of arc= K .. ---.r-
1
--,-, in which r represent.s the difference in metres, and K the distance 

Slll / 

between t.he two stations. 

Date. 

Abstract of results for vertical angles. 
[Station, Helderberg.-Instrument, Repsold, No. 17.] 

MOUNT RAFINESQUE. 

; Hour of day. Ol\ject observed 
upon. 

: Above station 
marks. Correction. 

' - Observed 

I 
,,; zenith dis· 

.., 15 tauces. 
~ i 8 
~ \ t'5 
--:---.-~---' 

1&76. h. m. Feet. 1"oet. Feet. + o ' 
September 21 .. :230p.m - Apexoftripod .. 22.15 6.0 16.15 27.5. '90 25 49.7' 5 90 26 17.2}•: 

2L.. 4 40 p. m ... " ... do .. • . • .. 22. Iii fl. o 16. 15 27. 5 43. 9 a 11. 4 ! 
25 ... 4 20 p. m - Center of cone.. 43,67 6.-0 37.67: 64.Q 17. o 5 21.0 ; -
24. -- 3 10 p. m -- .. do........... 43. 67 i 6. O 37. 67 ' 64. o 08. s 5 12. 5 ; 
25'.. 11 a. m.... .. .do - .. . .. .. . .. 43. 67 : 6. O 37. 67 : 64. O OJ, l 4 05 1 J 

~!.:: ! ~~:::·· .. : :: :: :::::::~:: ~:: 
1 

!~ a7.67 64.o 20.6 ! u:o} i 
25 ... 245p.m .. ; .... do ......... 43.67 ! 6.0 ~:~ ::~ ~:~ 5 ::; "1i 
~8 ... 2 1ill p. m .. ' ... do ....... -.. " 43. 67 i 6. o 37. 67 64. o 19. 8 5 23. 8 
29... 2 50 p. m.. . .. do ...... - -.. 43. 67 ! 6. O 37. 67 M. o 27. 9 5 31. 9 

: Oetober 4... 3 05 p. m.. .. do .. .. . . . . . . . 43. 67 6. 0 37. 67 64. O 12. 9 5 ir.. p i 
6. . . 2 U p. m .. Apex of tripod.. 22. lb 6. O 16. ~5 I 27. 5 1 47. o 5 ; U. 5 I 

·--- ~e:··---- ... -",... ·~----~_._ ... ·~~:···· ........ / ........ ! .. ·-···· ----1 .. ····/0026ls:Bj 
•The re•nlts in brackets were obtained within so •h<>rl a period &f time, one from the <>th er, that they maat 00 coueld· 

ered in each case as a •iugle result, or expre1>sio11 of the atmospheric refraction. 
- - ·--- -·-------·--------- ------------------ ------------ ---- --------------

.See Appendices lfi, 17, and 18, 1876, for office discussion of the field-;ork. 
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Form for micrometrical differences of height. 

[Station, ]'lat Top, Va.-Date, June 24, 1876.-0bservei·, A. T. M.-Instrument, 14-incb Wiirderuann theodolite, No. JO.] 

4-------·---- -----·----·---.-----·--i---·-·----

1 Level. ! 
II Object observed. Time. 

I r--· 
I SERil<S IV. h.m. 
; Tobacco Row, crotch .........••. v. unst. . O 28 p. m. 

i 
I 

6. 82 Croteh 22.82 feet above £. 

Remarks. 

i Spea.r, heliotrope_ ... ___ ............... ft .......... . 1. 42 Heliotrope, 11.33 feet above A· 
i Smith, ground ..... _ ....... -.... - ........ ' ......... . o. 38 
i S.W.Peak,rock .. _ ........ _ ..... v.nnst..,. .. __ , .. _.i 13.2 11.8 1 2.14 
I i i 

I
, Cah&t1,ground .. _ .. _ ..... _ .... _ .. _.v.ft .. 1. _____ .... 1 13.2 11.8 i 14.03 

Buffalo, top of trees .. --- .. . .... v. ft ..... __ .. __ .t 13. 3 11. 7 , 12. 08 Secondary object.. Tops 30 feet above µound. 

J Sugarloaf, top of trees .. __ -· ..... --det ... ___ . _ .... 13. 3 ; 11. 8 ! 3. 92 Do. 
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: Toba.cooRow,~rotch ........ v.unst .. , O 45p.m. 13.7 ! 11.3 6.83; Wea.therclear. Windlight1 8.W. Bar.26.82in. Ther. 720,7 F. 

Telescope above ground, A 5.99 feet. 
SERIR~ v. 

i 
Etc.

1 
etc. 

-----.--------------------~-

Reciprocal zenith distances measured at any two stations at the same moment of time, or under 
the same supposed condition of the atmosphere., give the l1est resultP.. \Vhen reciprocal, but not 
simultaneous, the ohsern.itions should be made on different dayi<, as in the case of horizoutal angles, 
in order to obtain, as far as possible, a mean ,-alue of tbe rlifference between the respective angles 
and an average value of the refraction. Tile same care should be takPn wbeu the zenith distance 
is measured at oue station only. 

Experience hHs proved that the refraction is greater and more variaule at sunrise than at any 
other hour of the day; that it gradually diminishes, in both respects, until 9 or 10 a. m.; that 
between those hours and 3~ p. m. it is comparatively st.ationary, and from 31- p. rn. to sunset it 
increases in amount and va,riation, being the greatest during the night. The best period for 
obserdng, therefore, is between 9 a. m. and 3g p. m., and the worst at 1:murise and sunset. 

The condition of the atmosphere and the relative refraction may be so different at stations 
situated more than twenty miles apart, that, as a general rule, the difference of level determined 
even by reciprocal observations cannot be relied upon for the desired degree of accuracy at dis­
tances greater than about twenty miles, unless a ,·ery large number of measnrNnents have been 
marle under tLe most favorable circumstances. The higher the elevations the more reliable the 
results. 

When a station is occupied for vertical observations, the zenith distance of every signal in 
sight should be measure1l, so a.s to have more than one check for each altitude. A number of such 
measures and differences of level should be RO combined, b.v the method of lea!->t squares, as to give 
the most probable values for the respective altitudes, as well as for the coefficient of refraction for 
the period of observation. 

1.-By reciprocal zenith dista1wes, si1nulta,1ieous or not. 

Let Z, Z' = the measured zenith distances of th(l tklle!!copes at the two stations. 
K =distance, in metres, between the two statious. 
R = radiu6 of curvature of the arc joining the two stations. 
() = angle at the earth's ceutre, subtended by the arc. 

Ii, h/ = heights of the two stations above mean tide. 

c = __ K k- h' = K~il)J ~~= ZJ 
R sin 1" cos i (Z'-Z+O) 

The value of R, or of R--~ (which depends on the mean latitude of the two stations and 
SID 1'1 

the angle made by the arc with the meridian), may be computed for dilferent latitudes, and for 
&ugles varying from 00 to 900 as in the following table, based upon Clarke's constants. 



 

180 

Meridian 

UNITED STATES CO.AST AND GEODETIC SURVEY. 

Table of logarithms of radius of curvature. 

~ i 
L.ATITTTDE. 

·~ f 24° 26° 
1 

28° 30° 
«I i ----- i_~~- ----- ---

0 I 
I 

10 

6. 802479 
2498 
2553 

15 2644 
20 2768 

I 30 

~~ ! 
70 ! 
75 I 
80 

3093 
3496 
3923 
4325 
4653 
4776 
48b'7 

85 I 4923 

i ·-----1 

6. 802697 6. 802722 6. 802852 6. 803129 
3145 
3190 

6. 803274 

3289 
3332 I 

2615 2739 2869 3004 
3052 2669 27Ql 2919 

2756 
2875 
3192 
3580 
3994 
4384 
4702 
4822 

287 5 3000 3 \ 30 3~65 3404 
2990 3111 3236 3366 3500 
3296 3405 3518 3636 3757 
367] 3766 3864 3967 4072 
4070 ' 4150 I 4233 4319 4407 
4446 4512 45><0 4650 4723 
4 7 53 4807 4863 4921 4980 
4869 4918 4969 5022 5076 

4953 4999 5047 5097 5148 
5006 5049 5096 514:! 5192 

Perpendicular.: 90 I 6. 804942 
-- -------~---1 

6. 805023 6. 805066 6. 805ll2 6. 805159 6. 805207 

I i 390 

Meridian .. _:. :-0-1-6: 803422 
5 ! 3436 

10 3478 
15 3546 

20 3637 
30 3880 

40 4179 : 
50 4498 
60 4797 

400 

6. 803,573 

3586 
3626 

3690 
3776 
4006 
4289 
4590 
4873 

6. 803726 6. 803880 6. 804035 6. 804189 6. 80'342 
3739 3!'92 4045 4199 4ll51 
3775 39"26 4077 4228 4378 
3835 3982 I 4 l30 4277 4423 
3917 4059 4201 4343 H84 
U33 4262 4391 4519 4647 
4400 4511 4623 4735 4846 
4683 4777 4871 4005 5058 
4949 5025 5104 5181 i 5257 

, 70 5041 5104 5166 5229 5293 5.157 1>420 
7.5 5133 5190 5248 sao7 5364 5423 5481 
80 5201 5254 5308 5363 5417 5472 5526 
85 5242 i 5294 53i5 5397 5450 5502 51164 

Perpendicular. 90 6. 805256 6. 805307 6. 805358 6. 805409 6. 80i}461J 6. 805512 8. 805563 

For a more exteuded table, see Appeudix 18, 1876. 

Example. 

K=239;nm.6 ...... distance between two stations, Sa.nta Cruz and Mount Bache, California.. 
Z = 87° 351 01".06 .. observed at Sau ta Cmz i,;tatwn, reducetl to gronnd at Mount Badie. 
Z' = 92° 35' 34".20 .. observed at. .Mount Bache, reduced to ground at Santa Cruz station. 
L = :J7° 02' . . . . . . mean latitude of the t.wo stations. 

angle= 51° 551 ••••.••. angle made by line with the meridian. 

log K ........ . 
co. log R sin 1" .. 

4.:-Vi90 
8.5101 

Computation of h-h'. 

0 II 

Z1-Z . . . . . 5 00 33.14 
i (Z' -Z) 2 30 l•i.57 

log K . ··-. ____ ..... . 
log sin 1 (Z1 -Z). . ... . 

Z'-Z+C . . .. 5 13 28.06 
! (Z'-Z+C). 2 36 44.03 

co. log cos~ (Z'-Z+C). 

4.3790 
8.6405 
0.0004 

log C ...... . 
C= 

2.8891 
774.56 

Diflerence in height ..... : . . . . . . . . . . . . . . _ ... _ ... _ .............................. . 
Santa Cruz station above meau tide-by spirit-level... . . . . . . . .................... . 

Mount Bache above meau tide ... -................................................................. . 

3.0199 
ni 

1046.90 
108.87 

1155.77 
== 
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II.-By the zenith distance measured at one station. 

Let Z =the measured ze11itlt distance of the signal or object. 
K = the <listauce between tlle two stations, iu metres. 
m = tlie coefficieut of rcfrac1ion. 

K C= ~·­
R siu 111 

d h =difference in height betwPen the two stations. 

d h=K co~ (Z-tmO-::-tQl 
sin (Z+mC-C) 

Example. 
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Z = 870 07' 18".8 .... observed at .Farmington upon crotch at Mount Blue· 
K = 155t9m . . . distaw'.e between I<armington and Mount Blue. 
m = 0.071... . . . . . . . coefficient of refraction. 
L= 44° 42' .......... mean latitude of the two stations. 

angle= 650 44' . . ...... angle made b.Y line with meridian. 
Telescope aho,·e ground =2m.'.!. Crotch aboYe ground=4m.4. 

0 I II 

log K .... 4.1907 0 ........ 501".2 Z-+ mu .... ... 87 07 54.4 log K. 
table ·-· - 8.5093 m . -- - . ·- 011 .071 z+mC-~ U ... 87 03 43.8 log cos ..... 

mo ...... 31J''.6 z+mu-c .... 8!i 5H 33.2 co. log sin .. 
log C -·· .. 2.7000 

dh-between telescope and crotch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. . 
Telescope above ground . . . . . . . . . . . . . . . . . . . . . . . . . .................. . 
Crotch aboYe grouml ..... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

dh-between ground at Farmington and .Mount Blue.......... . . . . . . . . . . . . ......... . 
Ground at Farmington above mean tide . . . . . . . ......................... . 

Ground at Mount Blue ahove m1>an ti.de .................... . 

III.-By the obsen•ed zenith distance of the sea horizon. 

Z =the measured zenith distance. 
It= radius of curvntul'e of are. 
in= coefficient of refr:wtiou =0.0i8. 

h = ~-- l{ - ta11 2 (Z - 90°) 
2 (1-m)2 

Example. 

m 
Z=900 24' 19".1 'relescope above grouml . . . . . . . . . 1.67 
L=41° 15' State of thle-below half-tide. . ... , 0.30 

imgle=150 
R=6.8038 from table. 

(l-m)=(l-0.078)=0.922 log (0.922)2 •••• 9.92946 
Jog 2 . . . . . . . . . 0.30103 

--- log 1-t. .. . . . 6.8038 
log 2 (1-ni)2 •• 0.23049 . . . . . . . . . . . . . 0.2305 

R 
log2 (l-m)2 .......................... . 

(Z-900)=24' 1911 log tang2 (24' 1911 ) ••••.•••••••.••••••.•. 

6.5733 

5.6994 

2.2727 

4.19086 
8.00971 
0.00060 

2.90117 
m 

796.47 
+2.20 
-4.4.0 

794.27 
181.20 

975.47 
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Diff. of height between telescope and. sea horizon ....... . 
Telescope above ground . . . . . . . . . . . . . . . . . . . . . . . . .. . 
Reduction for state of tide. . . . . . . . . . . . . . . . . . . . ...... . 
Height of station above mean tide...... . . ............ . 

IV.-By observed. angles of elevation or depression. 

A= the observed angle, expressed in seconds. 

m 
187.37 
-1.67 
-0.30 
185.40 

K = the distance, in metres, between the two stations. 
constant= 0.00000485 log constant= 4.68574. 
constant= 0.0000000667 log constant = 2.82413. 

<l h = 0,00000485 KA+ 0.0000000667 K 2• 

This formula gives the differer1ce in height between stations not more than ten or fifteen miles 
apart, with a probable error less than the uncertainty iu the co-efficient of refraction. 

Example. 

A= 20 52' 4111.2 = 1036111.2 =angle of elevation. 
K = 15519m = distance between the two stations. 

log A. . . . . . . . . . . 4.0154J 
log K. . . . . . . . . . . . 4.19086 
log constant. . . . . 4.6857 4 

m 

log K 2 •••••••••••• 

log constant ..... . 
8.38172 
2.82413 

m 

2.89201. . . . 779.85 
16.06 

1.20585 ... 16.06 

d k= 795.91 

'.l'HE CO·EFFICIEN'.l' OF REFRACTION. 

The co-efficient of refraction, or proportion of the intercepted arc, is determined from the 
obscn·ed zenith distan<><>s of two stations, the relative altitudes of which have been determined by 
the spirit-level; or, from reciproeitl zenitll distances siniultaneous or not, under the assumption that 
the mean of a number of obsen-ations taken under favorable conditions will eliminate the difference 
of refraction which is found to exist, even at the same moment, at two stations a few miles apart. 
Such a co-efficient may bt~ establishe1l for the level of the sea, or for high elevations, or for lines 
over water or over land. As, however, tile difference of height, deduced from trigonometrical 
leveling, depends upon the co-efficient multiplied b.r the square of the distance, it is evident that 
the longer the line the gwater would be the error caused by any uncertainty in the co-efficient or 
actual refraction, aml that, consequentl.r, there is a limit to the distance for which any assunied 
mean valne of the refraction can be depended on for accurate results. 

The average value of the co-efficient from the Coast Survey observations is, 
across parts of the sea near the coast.. . . . . . . . . . . . . 0.078 
between primary stations. . . . . . . . . . . . . . . . . . . . . . . 0.071 
in the interior of the country, about._.. . . . . . . . . . . 0.065 

To determine the co-efficient of refraction from reciprocal zenith distances. 

C = angle at earth's centre subtended by arc. 
F = angle of refraction. 
1n = co-efficient of refraction. 

K C 
0 =--. - F =--i (Z' + Z - 1800) R sm 1". 2 

F 
m=() 
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Example. 

Adopting the observations and corrections in the example to I, and leaving out, as in that 
case, the very small corrections depending on the height of the stations above the mean surface 
of the sphere, we have, 

11 log's. I II 

Z+Z'-1800 ••.•.... 10 35.26 
~ (Z+Z'-l"OO).... ... . 5 17.63 

u . . . . . . . . . . 6 27.33 

F=69.7 ............. 1.8432328 
0=774.66 .......... 2.8891111 

:f m::x:0.089975 ......... 8.9541217 
F ........... l 09.70 == 

To determine the co-efficient from the zenith distance obsen·ed at oue station, w"lien the alti­
tudes of the two stations aboye half.tide, or their difference in lieight, ham lwen determined by 
the Jeveling-instruruent. 

Compute the true zenith distances Z'o and Zo, of the two giveu points, and the difierence 

between the true and the observed zenith distance will be the angle of refraction, F; and m=~ 
1 (Z' 0 +Z 0 }=90o+ ~ 

-
1 (h'-h { h'+h K 2 

} \ ~ (Z'0 -Z0 )=tan K. 1- 2 R ±i2 R2 ) 

Example. 
Adopting the data afforded by the example to II, we have, 

log R' =3.6102 
log 12 =1.0792 

4.6894 

h'+h=975m.47, supposed to be determined by le:rnling-instrnmeut. 
h' -h=794m.27, supposed to be determined by leveling-instrument. 

Z=observed Z. D.+correction for height of crotch above telescope. 
Z=870 Oi' 18".8+29".2=87o 07' 48". 
K=15519"' log K=4.1908637 

C=501".2=8' 21".2; and ~=4' 1011.6 

Jog K2 =8.3817 
log 1~ R2=4.6894 

3.6923 -0.00000049 
===-

log R =6.8051 
log 2 =0.3010 

7.1061 

log h'+h =2.9892 
log 2 R=7.1061 

5.8831 -0.00007641 

-0.00007690 
0.99992310 

log 0.99992310=9.9999666 

0 II 0 I II 

t (Z'0 +Z0 )=90+4 10.6=90 04 10.6 
t (Z'o-Z.;) · = 2 55 46.7 

tme Z' 0 =92 59 57 .3 

true Z0 =87 08 23.9 
observed Z=87 07 48.0 

log k'-h=2.8999682 
log K=4.19086.'fi 

h'-h 
log -K-=8.7091045 

log( l-h~t~-12~2 ) =9.9999666 

Jog tan=8.70!J0711 
20 551 46".7 

F= 35.9 log F= 1.5550944 
C= 501.2 log 0=2.7000111 

.F 
m=c=0.0716 log m.=8.8550833 
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THE '.l'HREE-POIN'£ PROBLEM. 

If three points, forming a. triangle of which the side,; and augles are known, or can be com­
puted, be visible from a fourth point, P, it is required to determine the position of P. 

Set up the theodolite at P, and measure the two angles snbttude(l by any two of the given sides. 
'l'his problem is of use iu cases wliere the regular triangulation having been completed, addi­

tional points are required for tile topographical surn\y, or are needed for special service. The 
angles should be carefully measnred, and in the computations the logarithms should be carried to 
seven places of decimals. 

Three cases of its application are gfren, as in others, such as when P falls npon one or the 
other of the sides of the known triangh,, or on the prolongation of either, the case resolves itself 
into the solution of a simple triangle with one side aml the angles given; or the problem is inde­
te1·minate, as when P is situated ou the ci rcu1nfm·euce of the circle passing through the three 
known points-a contingency which rarely occurs. 

Example for each of the three cases. 

Given the side a=ll204.5 
Gh,en the side b= 7289.0 
Given the side C= 6273.8 
Given the angle A=lllO 10' 54" 

Angle obsened A P O=P' 
Angle observed A P B=P" 

P' ······ 
P" .. - .. 
s 
s ..... . 

500 061 13" 
430 50' 3S" 
1800-~(A+P' +P") 
770 26' 08" 

c sin P' 
tan Z=6srn P" 

P' .... 
P". - -

s .... 

To find A B P=x 
To find A 0 P=y 

490 471 20" 
440 09' 30" 
~(A-P'-P") 
so 371 0211 

P'. . . . . . 104° 00' 00" 
P"... . . 1000 20' 0011 

S . . . . tsoo-HA+ P' +P") 
s -. - -- 220 14' 33" 

tan E=cot (Z+450) tan S 

y=S-£, but if tan Ebe negative, then x=S-<, 

log c . • . . . • • . .. . . . . 3. 797 5307 
log sin P' ........ 9.88't9100 
co. log b .. ......... 6.1373320 
1og co. sin P" . . . . . U.159457 4 1 

log tan Z .......... 9.9792:301 

z -. ---- 430 37' 49".6 
log cot (Z+450) .... s.:1785397 
log tan S . . . ..... 0.6519386 

log tan E ••••••••. 9.0304783 

PAB 
PAO 

f . . . . . . 6° 071 2111
, 7 I 

s ' - - - .. 770 261 0811.0 ' 

x . - - - .,, 830 :<31 2911.7 
y . - .... 710 181 46".3 
Hence, 

520 35' 52".3 
58° 351 0111.7 

Computation. 

log c .......... . :·t 7!)75397 
!l.8829061 
6.l :n :3320 
0.1569894 

log sin P' ...... . 
co. log. b ....... . 
log co. sin P 11 

log tan Z. !l.!)747583 

z. --- 430 20' 0911.'2 
log cot (Z+450) .. 8.4!ia18l8 
log tan 8 . . . . . . . . 9.1805366 

log tan e - .. 7.6437184 

E • • • • • • • 00 151 0811• l 
s so 37' 02".0 

x 
y 
Hence, 

PAlL 
PAO ..... 

so 52' 10''.l 
so 21' 5311.9 

l:.!6° 58' 19".9 
1210 50' 46".1 

log c ............. . 
log sin P' ........ . 
co. log b ...•..•.•• 
log co. sin P" ..... . 

3.7975307 
9.9869041 
6.1373320 
0.0071016 

log tan Z . . . . . . . . . 9.9288684 

z ..... - 400 19' 43";3 

log cot (Z+450) .... 8.9122794 
log tan S. . . . . . . . . . 9.6116787 

log tan ,o ••• , • • • • • • 8.5239581 

E • • • •• • 10 541 50'1.04 
s ...... 220 14' 3311.00 

x - ...• - 240 09' 23" .00 
y. - ..• 200 19' 4311•00 
Hence, 

PA B ....... 550 30' 3711.00 
P AC ....••. 550 401 1711.00 
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As all the angles and a side in each triangle are now knowu, the other sides, or the distances 
from P to the three given points, can he readily computed. 

m 
PB..... . _ ........ 7194.87 
p A. .... - . . . . . . . . 8999.89 
p c .. -. . . . . . . . . . 8107 .98 
P A ........ _ . . . . . . 8999.89 

m 
PB .............•. 7194.94 
p A.. - .... - . . . . . . . . . 1388.54 
pc ........... 8107.91 
p A. .....•.•.••...•• 1388.54 

m 
P R .. __ ........ _ _ _ _ 5256.29 
p A. .•.•............ 2609.7;3 
p u ................ 6203.6:'3 
p A. ............... 2609.75 

The results are verified when both triangles give the same value for the line P A. 
For tlw, problem and an example by C. A. Schott, of determining a position by augles observed 

upon a number of gi,-en stations, see page 116, Coast Survey Report, 1864. 

R1W1'.A.NGUL.A.R <JO·ORDIN.A.TES ON .A PLANE PROJECTION. 

The method of plotting the position of trigonometrical points by rectangular co-ordinatcR is 
occasionally _adopted in the field, aml consists in referring the points of the triangulation to two 
straight lines, intersecting each other at right angles, called the co-ordinate axes. If 0 be the 
point of interRection, or origin of the axes, then y will be the axis of ordinate~, x the axis of 
abscissm, and Aa, Oa, or y, x, the rectangular co-ordinates of a given point A. 

Should the true meridian be known, let that be the axis of ortlinates, and the point of inter­
section a trigonometrical point; if not known, adopt as the axis of abscissm, a side of oue of the 
triangles, which, if extended in one or both directions, would pass through the ceuter of the trian­
gulation, or as near thereto as possible. The triangulation point at one or the other end of this 
line, as may be preferred, will be, therefore, the origin of ordinates. \Vhatever may he the direc­
tion of the line, assume it for the present purpose to be a meridian, and count the azimuths from 
south to west as in the L, M, Z computations. 

The values of the rectangular co-ordinates y and x, are obtained by multiplying the triangle 
side b.v the sine and cosine of its azimuth. 

The abscissa, x, will he additive when the azimuth is in the first and fourth quadrants, and 
subtractive when in the second and third. 

The cornputed ordinate y will be subtractive frolifor additive to the fast onlinate, according as 
the azimuth converges to or diverges from the axis of abscissm. 

If the ordinates on one side of 1 he axis of abscissre be regarded as positive, those on the other 
side will be negative. 

Should the line adopted pass through the chain of triangles, as in the following example, hav­
ing trigonometrical points on both sides, compute the rectangular co-ordinates for the points on 
one side, and then for those on the other, and the computation will he verified when the sum of 
the ahscissre, on reaching the terminal point~ shall be the same by both series. 

!I 
A 

w 

2 

a-:+ a:- .. 
, 

s 0 x "' x+ a:-

4 3 

E 

S. Ex. 77--24 
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.A 

0 
: 

B 

' i 
I 

J) : 

A 

Il ' 

c 
D 
Jl 

: 

! 

UNITED ST.4TES COAST A.ND GEODETIC SURVEY. 

Denomination. 

OtoB ·-----·---------
Thre" Sisters .. 

,; PlanP angles and 
distanceR. 

5073m.68 

r,50 27' 5511 .a 
Nortl1 EnrL ........... 1 fi!O :10' 37 1'.9 

P.ag-i;ed Island ---·-·· 6:1' 01' 261'.R 

A to IL. .... ·········· 4~65m.44 

A to 0 ................ : 4970rn.4:J 

A t.o R -·--------· 
~on th 1Ja1't~ ....... 28C' 29' ~4" 2 

ThrN· Sisters ..... 5:j0 19'39".9 

Haggt>ll Islantl .... flB' 101 45 11 .9 

Dto B ................ 7339m.64 

D to A ................ 7Wfrn.90 

DtoU 
Catfee's Point --·- 02° 21 1 28''.i 

Ron th Ba~e ........... 48° 29' 0511 .4-

Rag~o·ll Island ....... 69° OW 30".9 

C toll ................ 62o:im_94 

C foD ------·--·-····· i741Jrt•.27 

Lo~arithm~. 

--------

~!. 70~:~ 34 

0. 0410068 

R R!J;{6078 

9. 9499740 
------

:J. 6100280 

:L 6~t6:l042 

3. 6400280 

0. 3214:li2 

n. 904~m1:-. 
9. fJflii5f;9;'5 

-----
U. fi6SH747 

3. n;.1u247 

a. 8G56i'4i 

3. 0520387 

9. 8743544 

fl. 9706112 
-----

3. 792fiGi8 

3. 8880246 
I 

---- --------- - - ------~--------~---~---------·· 

E 
J) 

c 

F 
11 

E 

Df'norninfltion. 

-----~----

DtnC ...... 
Pt>rsimmon Point. ... 

~on1 h Jkt~t~ -----
Cnth·C'.'~ Pnint 

E to C ----
E to lJ 

D to E 
X orth !fa.He ..... 

~outh Base ·-······ 
P<·1·simrnou Point 

F to]~ .... - ..... 

Fto n 
-~ 

__________ _4._ 

Plane ang1f'Ft aml 
distances 

99° 38 59".1 

:l6° 00' 15".2 

440 201 4511.7 

46J7m_]j 

MBOm.15 

5321 &7 1 1911.6 

G4J 4S1 on11.9 

610 14' 30".5 

I
! Logarithms. 

--:=I. 
9. 7692627 

9. 8444710 I 
3. 61143761 l 

-· --~7395844- .1 

3. 7:195844 .1 

0. 0922879' 

9. 9565754 

9. 942830~ 

3. 7884477 

3. 7747025 
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·---- --------

i 
I 

0 II 

Z 0 to B 00 00 00. O 
L B & A 51 30 ~n. 9 
Z 0 to A 51 30 37.!J 

JI x 
+3890. 47 ;)(l!J3. 45 

A 

0 II 

z A too 231 30 37.9 
L 0 & B 6E) 27 55. ;1 
L B & D 53 19 39. !.I 

Z A to D 350 18 13.1 

y 
+3890.47 
-1525.58 

x 
309:i. 45 
8928.44 

+2364.89 12021.89 
D 

0 II 

Z D to A 170 18 13. 1 
L. A & B 28 29 34. 2 
L B & 0 48 29 05. 4 
L C & E 36 00 15. 2 
L E & 11' li4 48 09. 9 

y 
+2364.89 
-1228.63 

+1136.26 
F 

x 
12021. 89 

5834.36 

17846.25 

Sill 

D 

log·'s. 
n. 8!1:rnmH 
;1. ()!!G;m4~ 

3.5$\00020 
3.4!.104434 

Jog1R. 

siu !J. :!264111 
J) 3. !1570:!47 

cos \l.9937fil0 

;:;, 18:14358 
3.9507757 

log's: 
sin ~I. 3147189 
D ;), 77±7025 

cos !J.9905460 

a.os94214 
3.7652485 

z n too 
L. O&A 
L. A& D 
L. D & C 

0 II 

180 00 00.0 
5;3 01 26. 8 
98 10 45. !I 
m1 mi 30. H 

50 21 43. fj 

Z B to C 30!! 38 lG.4 

JI 
0000.00 

-4777. 60 

x 
5073.68 
3%7.65 

-4777. 60 !)031. 33 
c 

0 /{ 

Z U to B 120 38 lG.4+ 
L B & D 62 21 23. 7 -
L. D & E 44 20 45. 7 -

Z C to E 22 56 07. o 

y x 
-4777.60 9031.33 
-1790.27 4252.16 

-2978.33 13283.49 
E 

0 II 

z E to O 202 56 07. o+ 
L C & D !J!l 38 50.1-
L. D & F 61 14 30. 5-

z E to l~ 42 m 37. 4 

y x 
-2U78.~t~ 13283.49 
+4114.57 4562.71 

+1136.24 17846.20 
F 

I 1------- &c. ------ --~~~------------i ------
i \ 

&c. 

---·-----------

MEASUREMENT o:F SUBSIDIARY BASE-LINES. 

log-'s. 
ISi II !J. 81'\65424 ' 

D 3. 792ti678 
cos fl.8047694 

3. li7!)2102 
3. 5974:372 

}Dg7S. 

:sin !J. 5!)07 205 
D 3. HH4~W61 

cos 9.9642340 

3.2550966 
3.6286101 I 

I ---·1 

log's. 
i,;in n. 8258767 

D 3. 7884477 
cos 9.8707748 

3.6143244 
3.6592225 

&c. 

I 
1 

I 

The Coast Survey annual report for 1854 contains a full description of tl:te compensating base ap. 
paratus employed in the measurement of the primary bases on the Atlantic Coast, and the report for 
1857, a general deseription of the sliding-conta-0t apparatus for subsidiary or intermediate bases.• 

•In 1880-'ill, a. new primary five-metre <JOmpeusatiou ba.se apparatus was ooustructe<l on the plans and under the 
direction of ~ist&nt C. A. Schott, and wit.h it the Yola Base, California, 11 miles in length, has been lately measured. 
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The intermediate fines are required either as checks upon t.he series of small triangles extend­
ing along the low coasts south of the Delaware, or for the determination of the distance aml direction 
between two places which cannot be connected by triaugulation except at very great expeuse and 
probable risk of accnracy. In the latter case, a succession of line:,; and their deviation in direction 
are measured, and, if the operation is carefully conducted, and the lines on the beach are not less 
than two miles in length, the results, when compared with distancPs from the primary bases, will 
uot fail to he satisfactory. 

To explain fully tlie different successive operations couuected w·ith the measurement of a sub­
sidiary line, it may be, perhaps, the \Jest plan to present an abstract of the report of tlrn measure­
ments made h.r the compiler on the Virginia Coast, south of Cape Ilenry, in 1867. 

Bit,w apparatus.-The assistant is referred to the description of the apparatm• and the mode 
ot using it as gh·en in the Coast Survey annual report for 1857, with the remark that the defects in 
the original, as first employed in the third measurement of the English base on Hounslow Heath 
in 1784, have been snccessfolIJ· remedied. In addition to those important improvements, the rod~ 
employed in 18U7 were six metres in length inRtead of four; the level of the sector was made more 
delicate, and on each of the forward trestles a roller was placed to facilitate the m(wement of the 
bar, forward and back, during its final adjustment. 

Length of rods.-A comparison of the two rods with the standard six-metre bar should be made 
at the office in Washington, both before and after they are used in the field, aud, if no accident 
has occurred to either during tlle interval, the mean of the two cowparisons should be adopted a8 
their respecti \·e values. 

1n deducing th<> leng7h of rod from comparisons with the standard six-metre bar No. 2, tlle fol-
lowing data ma,y be e:n11!oyed: 

Lengtll of Rtand:rnl bar No. 2 at 320 F _ _ _ _ .. _. _ .. _ - . . . _ .. ___ . 5m,9999gz33 
One di\·isio11 of tlte scale of comparator, T<iao of an inch._ .... _ .. _. om_OOOOOl 74 
Co-efficie11t of ex;mnsion for F. scale .. -.. - .. - . - .. _. -- . ___ .. __ .. om.00000641 
'fherrnometer atrached to standard-too high _ .. _ ..... _ ... ··- _ _ _ _ -00_7 
ThennometerR attached t-0 rods ± (in this case correct). 

Co111;1arisons made at the Ooast 8uri•ey Office, August 10, 1867. 

Stnncla d No. 2. RodNo. l. I StandardNo.2. I RodNo.2. 

I ------,---!---; ----1·----·-----
_ _?~•-Tm_._:_n_iv-is-iO-DS_. _T_he_rm_. _, Divis~~~· Therru. j Dh-isions. ! Therm. ! Divisions. 

77. 3 

78. 0 
78. 5 

77. 93 ! 

,_ 0. 70 

77. 23 

+21 
+15 
+is 
+18 

76.0 

76.4 
77. 0 

78.47 

77.'3 

+.76 

-10 

+41 
+55 

+28.(17 

+ 18. 00 

+10. 67 

75. 3 

76. 0 
7i. 0 

76.1 

- 0.7 

75. 4 

+ 1 
+8 
+13 
+ 7.33 

I
f 1~.o 

7'. 5 l 
75. OJ 74°.1:<3 : 
75. 0 

74.H 

75. 40 

+ 0. 99 

+7 
-3) 

+3>+1 
+a) 
+4.0-0 

+7.33 

_ -3.33 I 

Computation oflcngth of rod No. 1. ii 

m ,I 

Computation oflength of rod No. 2. 

+ 0°.7Gx 0.00000641x6m __ .. __ .. 
+ 10'1.67 x 0.00000174_ - - - - - -.. - . -

at 770.23, No. 1, longer than st'd .. 
at 770.23, standard No. 2-. _ .. __ _ 

at 770,23, rod No. 1. ____ . ______ . 
at 750,00, n:il No. L _ _ . _ , . ___ .. 

+0.00002923 :1 +00,99 X 0,00000641X6ID ... _. __ . 
+0.00001857 \\ -3d.33xo.00000174 __ . __ ..•..•. 

11 ,, 
+0.00004780 !1

1 

at 75°.4, No. 2, longer than st'd .. 
6.00172188 ! at 75°.4, standard No. 2. __ .. __ _ 

----ii 
6.0017696811 at750.4.,rodNo.2.-·--· __ 
6.00168391 ii at 750.0, r0<l No. 2 __ .. __ 

m 
+0.00003808 
-0.00000579 

+0.00003229 
6.00165149 

6.00168378 
6i00t6~Q 
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Similar comparisons were made in the month of NoYember following, after the return of the 
apparatus from the field. 

.August 10, 1867, length at 750 F _______ ... . . . . . . _ 
November m, 1867, length at 750 F ........ ___ .... . 

Hod Xo.1. 
Gm.oorns:m1 
6rn.()()J 686()2 

Rod No. 2. 
<;m .OOHiG840 
6m.00154393 

Mean adopted for the measurement .. _.. . . . . . . . . . 6m.ool68541 U"1.00Hi0616 
Instruments, &c., and organization of party.-There will be required one 1~-iucli theodolite, two 

small transits, a leveling inistrument, telescope, :!0-metrc clrniu, metre-scale arnl extem;iou di\·ider.~, 
a coil of iron wire, one-eighth of an inch in diameter and 70 metres in length, and a spring balance. 

One assistant, to make the contact, give the signals, &c. 
One aid, to align the Lars, using a transit. 
One aid, to reeord the inclination, temperature, and nurn her of the bar, aml, wlieu the meas­

urement halts or stops for the da.r, to transfer the end of rod to copper tack in istub, employing, for 
this purpose, the other transit. 

Two men, to carry the liar. 
Two men, to pick up the trestles, carry them forward, adjust them in line, arnl leYel them. 
One man, to attend the aid in charg·e of <tlignmeut, bring up im;trument, &c. 
One man, to keep up the transfer transit, and to be l>rovided with stnb, axe, and copper tack 

for an emergency, and to assist gencralls. 
Cart, horse, and driver, for the transportation of heiwy wooden box, in which tlle bars are 

kept when not iu use; of water, stubs, spadt•s, and tools, arnl of tent, in case of sudden storm. 
The record book.-The record hook is ruled alJ(l kept as in the following specimen pages, exct~pt 

that the remarks are applicable to the daj"s work, not to the p:uticular 1111mlJp,r of bars. The left­
hand page contains 20 bars or 120 metres, and, as the st.nils of the prelimi1wry me:umrement are 
driven at every 120 metres, the last num uer on each page should be an even 1mm her, and should 
coincide with a stub, in order that au error in counting or numbering the bars, cannot be carried 
beyond the page. The thermometers, one for each rod, are read, and the temperature recorded 
for every ten bars, and oftener, ifauy unusual delay occurs, and always when the rnerumrement stops, 
from any cause, whatever may be the number of the last bar. The inclinations are recorded for 
each rod, and the columns for the mean temperature and correctiouis for iuclinatious are filled uv, 
as the opportunity may offer. 

·------------------------------- ------- ·--
I 

Measurement of the coast. September 22, 1867. I 
VIRGINIA-SECTION IV. 

Station B to station C. 
Clear. Wind, L., westerly. 

-c----:-----c--------1. ________________ ------------·--

! 
Whole II No. of : Inclination. f Mean : Correetion for , 

l~emarks. , Time. Temp. I . , _ . . ' I ! number. Bar. + j _ ! temperatures. ' mclmation. ' 

1

1

-;.11.--;1
1

--1-6_1_
1 

"1°7.5 .-421 1!-~-li 0 .000"8 ----------
~ 11'1 St.oppecl for alig-uing transit 

, 

1

1 162 2 77. 5 17 0074 to advane<'. 
163 1 I 20 I 01-02 

n 41 I 
12 43 

164 I 76. 875Xl0 0012 

1~ 1. 2:l - I 768. 75 1749 
166 2 21 I 0112 

167 1 
168 

169 

170 

171 

172 
173 
174 

175 

176 

lTI 
178 

179 

186 

2 

1 

2 

2 

1 
2 

1 

2 

76.5 

76.0 

74. 5 
74.5 

74.0 
74.0 

I 
I 
J-

13 
9 

26 

48 
3 

5 
19 

20 

37 
19 
57 

14 

74. 25Xl0 
742.50 

0585 

0002 

0006 

0092 

004.1 

0021 
0102 

0092 

0796 

0:148 

OOQ2 

0825 

0172 

0050 

• 005723 

Stopped. Stub, copper tack, 
1 

and cross-lines. 

:Stopped for the day. Stub, 
copper tack, and cross-lines . 
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PrY:paration of tlte line.-The locality of the propose<l base ha\'ing been sekcttid, eitlier on the 
heacli, adjoiuing· i;a1J1l plain, 01· hanl laud i11 tlie interior, tbe Jiue is traced and its 1lirt!ction aftjnsted 
to the h•ast u1wn•11 gronml aml to a\'Oid the tide, dunes, or hillocks, and then cleared of all minor 
obstnH;tio11:-i. 

Jfonu.mcnts.-After tlH' line has Leen finally laid out, the monuments are erected. Tbe1:1e ma.v 
he lnerdv the uwlergrou11<l perm:u1ent marks, brought up level with tbe surface of the grouud, and 
the t<;r111in11s of th•~ liue marked thereon, the cap or ttpper blo<1k beiug reserved until tl1e horizontal 
<Wg-les ha1·p ht•eii ohsern•d. 'l'he operation of ending- the measurement at a given point is leSll 
liahlt.1 tu enor an<l uwre <>conomieal of labm· than the process of putting in a temporary mark, and 
t.he11 :-i11perse(l i 11)! it 1l,V' a final one at some ti me after the measnrement has been completed. 

Ali!fmnent.-Tlw lla:-v is alig-ued by setting up straight poles, prepared fol· the purpose, at about 
en~ry lialf mile. This may be done by adjusting the transit over the mark at one ernl, fixing the 
crosis-liains 011 the signal at the otl1er terminus, and by a system of siguals to the aid, who is uro­
vided with a telescope, pnttin1::· the poles in line, working in the direction of tlie iustrurn€nt. 

Durillg the memmrement, an aitl1 with his transit is statfoned in the rear, ne\"er more than 
about one-fourth of a mil(' from the apparatus, and directs the alig·nment of the bars b)' move'llents 
of his arm. A small wau<l al10nt the size of a lead-pencil, and painted black, is firmly fixed in a 
nll'tical positio11 at Urn forward end of each bar, directly over the rod, and when the bar has been 
approximately brought into position by the men who ba\'e it in charge, a signal is made and the 
aid perfect.s tlle aligomellt. 

Adj11,~t11wnt of the rtpparrttus.-Bef'ore commencing the measurement, each bar iR ~1ppropriately 
arranged upon trestks, and the knife-edge at one end and the center of the plane at the othflr are 
brought to the 1<ame level, hy means of a leveling iustrument placed about 20 metres from each 
end. The roll beiug leYel, th<' level and zero of the sector are adjmsted to this condition of the 
rod. 'fhe ,;ame operation i" gone through with after the measurement is completed, to ascertain if 
the rt~lation lw.tween th(' 8edor and the rorl has changed, or, in other words, if the readings of the 
sector linrn truly expressed the inclination of the rod; and if not, the error. Half of this iadex­
error is the conPctiou to he appliell to t,he recorlled incliuatious, thougli, if it is small, as ju the 
following case, arnl the angles of elevation and depression are about equal in number and value, 
the error is not appreciable: 

Rod 1, index-error, 
Before measuring-8tat.ion A, adjustment .. _. _ .... _. -0'.0 
After measurement-Station B, com pa reel .... _. . . . _ + 1'.0 

Hod 2, index-error. 
-0'.0 
0'.0 

Rene<>., for exery +inclination recorded for rod ~o. 1, a correction of 0'.5 should he subtracted, 
alHl the same add~d to each - inclination. The i.;ector of rod No. 2 ha,d remained unchanged. 

Preliminary measurement. -The preliminar.r measurement is made with :ir1 iron wire, about oue­
eighth of au ineh in diameter, and 60 metres in length. 'rhis distance .(10 bars) is measured off 
with the hase appamtu;.;, start.iug from the initial point, should the gronud be favorable, aml 
extemli11g i11 the direction of tlie base-liuc. The terminiw is marked by cros::dine8 drawn on the 
lrnad of a copp<'.r tank driven in a >1tnh sunk level with the surface of the ground. The inclinations 
and temperatures are reeorded, in order that the exact distance may be computed. '.l'be wire1 which 
has been previously uncoiled, straightened, and otherwise prepared, and also provided with a loop 
at each extremi(y, is ti.Jen stretched between the two marks by a chain staff at the after 'end, and 
a weight of forty ponnfls applied to the other by means of a i,ipriug balance. In this condition, 
and aftN· repeated trials, tbe measured distance is transferred to and marked ou the wire by a fine 
line cut mmr ead1 loop. 

The wire is then drawn forward, stretched in line, the uniform weight of forty pounds applied, 
and nt a giveu signal from the ai(l in charge of the after end, indicating the adjustment of the 
wire tnark to the stub mark, the forwar(l mark is transferred, by a pencil, to the planed surface of 
a small wooden bench, sunk nearly level with the ground. The penciled line i$ then numbered, 
the wire carried forward, aliguetl and istretchetl as before, the after mark adjust,ed to line on bench, 
the forward mark trnnsforred to another ancl similar bench, and so on to the terminus. 

The. bench, which is about one foot square, and provided with four short legs, is firmly planted 
in the ground by tile pressure of the foot after the wire ha.s been approximately ad.iu.sted for di· 
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rection and distance. Four or five of these benches will be required, one being always left a wire 
behind as a precaution against accident. Stubs are driven at every second wire~ or 120 metres 
apart, to serve as fa~sts of correctness in counting the bars dnriug· the final measurement. Each 
page of the record will COIJ)llence and end at one of these stubs. 

The end of the last wire, before reaching the forminns, should he mark<•<l by cross-lines 011 the 
11suJ1,l COfJ}Jer tack and stub, so that when tlie final measni:·emeut reaches tlie mark a dose compari­
Hon ma,\- he institntA>d, if desired, between the two rneai•mrements. AR the last wire will either fall 
short of or go beyond the monument, the difference should be mea1mred with the 20-mPtre chain, 
a tape-line, or metre scale, according to the distance, :md duly rpcor<lP<l with its appropriate sign. 

The above operation requires very little more time than thP or1linary chain-measurement, and 
is much more satisfactor.v. In order to show the accuracy with \vhich such rapi11 mea~mrmnmits 
may be made on Im-el ground, the two following comparisom; are presented: 

Ill 

By wire mea.xurement. A to B= 82 wires x Grn.00164579x10 __ ..... _.... _ ....... ___ ... 4!l2Vl4B5 
By lHrne appa.ratux. A to Il=802 harsx6m.OOJG457!l-fexcess=Om_ornJ+[Hmli<> Creek 

= 107ru .8408]+ [temp.= ()m .2107 ]- [inclination= om. Hi81 J ...•. - - . - . -- - . - - - -- -- - . 4921.184:1 
B!J u1ire. B to C=71 wirrsx6m.001fi4579xl0. ·- _ ... __ .. _____ . __ ... _ .. _ .. ___________ 421il.Hi8."i 

By apparatus. B to CJ =710 bars x 611'.00164579+ f deticienc~' =Om .JOrnj + [temp. =0"'.2200 J 
-[inclination=Orn.1676] _. _ ........... _ .•.. : _ .. _ ..... __ ....... __ ... _ ....... , 42Gl.3221i 

The temperature of rods.-The thermometers attached to the apparatus are compare11 with the 
standard at the ofiice, and the corn•ction to be a,pplied, if an;r, is rnarke1l OH the scale. Tlie tem­
Jleratnre as a rule, is read at every teu bars! aud without withdrawil1,g t.he tlwrmoruetcr from its 
position next to the rod. E\'ery possible ca.re should be taken to pre;;erYe an even or'1i!lowl.' 
changiug temperature, and that the thermomeu~r o;l10uld express the temperature of the rocl. The 
hox in which the bars are deposited at the close of the day's work shonld be left in au e:u;t and 
west direction, SQ that one rod or one thermometer may not he found the next morning· irnduJ~­
heated hy ha,Ting been exposed tu the morning sun; and shonM auy great llifforenoe he noted 
between the two thermometers, a delay of half au hour is achisa!Jle t.o permit them to settle down 
to about the same degree. 'l'he measurement should stop when the tempera.t ure is lffer 1000. 

Inclination of t11c rodx.-The bars, for obyious reaRorns, sl1onld not lie a II owed to rest for an:y 
length of time on the trestles; and as rapidity in the measurement is iu some degree essential to 
ito; success, 110 time 8houlcl be lost during the operation in a.11 attempt to keep the bars exactly level. 
The inclination should be observed while the assistant is perfecting the colltaet, awl the e11._rrection 
therefor will answer iwery purpose. 1Vheu the inclination exceeds :p or 40, or is beyond th0 
range of the sector, a vertical offset becomes necessary. The transit is set np directly opposite. to 
the eud last adjusted, and very carefully Ie,·eled. The after-bar is then carried forw;ird, placed 
on itR trestles, leveled, and aligned, and t.ben moved backward or forward, as tlw case may require, 
approximately by baud and finally by the slow-motion screw, until the knife-c1ige, adjnstPd for 
coincidence of line, is brought in the vertical of the plane of the fixed rod, under tile direction of 
the aid in charge of the transit. When the col'ltour of the ground shows that a Yertical offset is 
una\'oidahle, the last bar shall be made as level as possible. Care should be taken, however, when 
approacl1ing an elevation or depression in the grourid, so to manage the inclination of' tlrn bars as 
t-0 avoid or to have as few as possible of such offi::;ets. 4 table containing the correctio.11 for eacl1 
minute of inclination may be computed by the following formula: 

R = length of rod ..•......... __ ... _ . __ .... _ .. say G111.001G45'rn 
B =inclination in minutes ............ - .. _ - ... say 25' 

correct.ion= ~i.~~!~ (}2 R constant= l!\l_n~ 11
Iog constant 2. 626422 

log constant • . . . • __ .. _ ........• _ .•...... _ ...... _ . . . . . . . . 2. 626422 
log oi .. _ ................................ __ .. __ . _ ..... ___ . . 2. 795880 
log R .. - ...•...... _ .. ____ . _. _ ....... _ .. _ ... _ ..•... _ ... _. _ O. 778270 

6. 200572 om.0001.5870 
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Table of corrections for i1wlination for four-meter bars. 

0 00 

01 ' 
02 ; 

03 i 

04 ' 
05 I 

O(l 

07 ' 
08 ' 

09 

JO 

11 
12 

13 

l4 

15 

l6 

17 ' 

18 

19 ' 

20 

21 i 

22 

23 

24 

25 

2G 

28 

29 

~10 

31 

32 
:13 

34 

35 

36 
37 . 

38 
39 

40 

41 

42 
43 : 

44 i 
45 

46 
47 

48: 

491 
50 : 

51 i 
I 

52 ! 

55 I 

56 

57 

58 

59 

60 

0. 00000 

00 : 

00 

00 : 
00 

00 I 

01 i 
I 

01 I 
01 I 
01 I 
02 

02 
02 

03 

03 

04 

04 

05 

05 
OG ' 

07 

07 

08 

09 

10 

11 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 
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27 

28 
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31 

33 
34 
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37 

39 
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42 

1
' 

44 

46 

48 

49 

51 

53 

55 

57 

59 

til 

[Correction for inclination= versed sine X 4.] 

1 00 

01 

02 

03 : 
04 : 

O!'i 

06 

07 

08. 

09 

10 

11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
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23 
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261 
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30 

31 

32 

33 

34 
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40 

41 

42 
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44 
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47 

48 
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52 : 

!i3 

54 

55 

56' 
57 : 

58 ' 
59 

60 

·-·---------------------
0 I j 

0. 00061 , , 2 00 , 0. 002H 

63 :' 01 248 ' 

65 02 252 ' 

67 03 2;>6 ,, 

69 04 260 :: 

71 05 264 : 

74 : 06 269 

76 07 273 

7f! 08 ' 277 

81 09 282 

83 10 286 

85 11 290 

88 

90 

93 
95 

98 

12 

13 

14 

15 

16 

100 ' 17 

103 18 

106 ; 19 

108 20 

111 21 

114 22 

117 23 

119 24 

122 25 

125 26 

128 27 

131 28 
134 29 

137 3Q 
140 31 

143 32 
146 33 

150 34 

153 

106 
159 
163 38 
166 39 

169 40 
173 41 

176 42 
180 43 

183 44 

187 45 

190 46 ,, 
194 47 ' 

197 48 
201 49 

205 50 

208 51 

212 52 

216 53 

220 

224 
228 
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2H 

M 

55 

56 

57 

58 

59 

60 
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299 

304 
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313 

318 

322 

327 

332 
33G 

341 

346 
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350 

361 

300 

371 

376 

38! 
386 

391 

396 
401 ', 

407 

412 

417 
422 

428 

433 

439 

444 
450 
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461 

466 

472 

478 

483 
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501 
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M2 
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01 

02 
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04 
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07 

08 

09 
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12 

13 
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15 

16 

17 

18 
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20 

21 

22 
23 
24 
25 

26 

27 

28 

29 

30 

31 

32 
33 

34 

38 
39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

59 

60 

0. 00548 ' 4 00 

554 01 
560 02 
567 03 : 

573 :' 04 

[179 05 

585 06 
592 07 

598 08 

604 I 09 

611 10 

617 11 

624 

630 

637 

643 

650 

12 

13 

14 
15 
16 

657 17 

663 18 

670 19 

677 20 

684 21 

690 22 

697 23 

704 24 

711 25 

718 26 

725 27 

732 28 

739 2G 

746 " 30 
753 i! 31 

760 ii 32 

768 :1 
775 i1 

78211 
789 ii 
797 !'1 
804 i 

811 Ii 

33 

35 

36 

37 

38 
39 

40 81U 1: 

826 !i 41 

834 ii 42 

841 I: 4a 
II 

E Iii ·!: 
872 ! 47 

879 1l 48 
887 

895 

49 

50 

903 51 

911 52 

918 53 

926 
934 

942 
950 

958 

966 

974 

54 

56 

57 

58 

59 
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0. 00974 

983 
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999 
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1024 
1032 

1040 

1049 
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1074 
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1100 i 
1109 
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1188 
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1279 
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1307 
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1472 
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1512 
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Table of corrections for inclination for si.v metre bars. 
[Correction for inclination= versed sine X 6.j 
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Tke distance across a creek, quicksand, &c.-·when it is not vossi!Jle to obtain the desire1l length 
of base-line wit,bout crossing a. short distance in which the bars cannot, he nseil or it. would bt1 

s. EL77-25 
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unsafe to (]('pend upon them, a8 in the case of \rater, quicksand, boggy soil, or eYeu a ra1)id snc­
eessio11 of great irregularities in the ground, the, unmeasurctl distance sllould be determined by the 
following method: 

Let AB represent a section of the regularly measured base about equal to the distance to he 
et'os::;ed, with its ends carefnll;y marked. Recommence tlie measurement on tht• other side of creek 
or hog, a111l mark off a longer or slwrtcr distance, CD, all in the line of the base. Set up and 
:11ljnst the theodolite on firm ground at P and in sight of the stubs at A, R, O, and D. At tlrn inter­
section of the cross-lines on the tacks at these lour points, or in line to P, insert a short wire/ or 
nail, or the smallest object distinctly visible from P. 'fh('ll measnre the a,ng1es APD, APO, and 
APB, aml for verification tlle angle BPD. 

Bxamplc.-Crossing of I~1ldie Creek. 

Let AB = a = 90'".0242=distance corrected for inclination and temperature. 
OD = b =1:!0m.0316=distance corrected for inclination and temperature. 
BO = x =tl1e unmeasured distance. 
APB=A1=190 41' 44".56=mean of olnsenations. 
Al'C=.A2=490 021 2911.77=mean of observations. 
APD=A3=75o 22' 02".56=mean of observations. 
BPD=A4 =550 40' 14".50=mean of observations. 

, a+b a-b 
J:=-· .. ±-·-··--

2 2 cosy 
, 2 _ 4ab sin A 2 sin (A 3-A1) tang Y- . . -·----·------·­

(a-b)2 • sin A' sin (A:i-~,\.2) 
log's. 

sill (A0-A1
) =550 401 Hi".25 ............. _....... 9. 9168826 

:,;in A 2 =49° 02' 29".8 ...... , ........ _.. . .... __ .. 9. 8780538 
sin (N-:-A2

) ='.!~o 19' 32".8 ................ _ .. (arc co) .. O. 3531314 
srn A'=l9° 41' 44".6 , ................. (arc co) .. 0. 4723380 

a = oom.0242 - .... - ... -' . - ........ - . . ... - - - 1. 9543093 
b =120n'.0316 . . . .. . .. . . ................... 2. 0792956 
4 . - ....... ' . - . . . . . . - ... - - . . ... - .. - . . . . . . . • . o. 6020600 

(<1-b)2 
.. - •• • . • . .. •• • • •• • • .. • • ••• • ........ (arc co) .. 7. 0450432 

tan2 y - . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . 2. 3016639 
tan Y .•.•.•...•........... , .. - . - , . . • . • ........... _ • . 1. 1508319 

Y · - - - ,. · .. ·• · - .. . . . ..... &'JO 57' 29".7 
(a-I>) .... , ........•.................................... 1.4772284 
cosy .. - - ........ -............................. (arc co) .. 1.1519135 
2 · . · •... - .. - - - - . - . - .......... - . • . . • . . ....... -(arc co).. 9. 6989700 

a-b 
!!-eosy······· --·-·'··················-·············-·· 2.3281119 212tu,8687 

a-t~ = IOom. 0279 
I 
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For verification, change the position of P, and from the new point observe the same angles, 
and with these recompute x. In the above the unmeasured distance determined from two posi­
tions was found to be identical. 

Verification of measurmnent.-Care must be taken, while making the contact, to bring the knife. 
edge to the center of plane; to hold the magnifying glass parallel with the rod when bringing tlie 
line.on the index plate and slide to coincide; to make no mistake in reading the thermometer or 
angle of inclination, and especially in the adjusti.nent of the transit for vertical offsets, or when 
the end of the rod is to be transferred to a stub. 

To test the accuracy of the measurement, a part of' the line should be always remeasured, and 
if there is any doubt, the entire line. The following comparison is copied from the record of the 
measurement on the Virginia Coast: 

August 301 1867, from bar 148 to bar 286, inclusive, Ill 

Mean of rods=6m.00164579 x 138 bars .. -·...... 828.22711902 
Correction for temperature above 750 . . . . . . . . . . +0.00227743 
Correction for inclination of rods . • . . . . . . . . . . . . . -0.02329017 m 

----- 828.20GlOG28 
September 2, same distance remeasured, 
· Mean of rods=6m.00164579 x 138 bars.......... 828.22711902 

Correction for temperature 75°.. . . . . . . . . . . . . . . . +0.02084498 
Correction for inclination of rods . . . . . . . . . . . . . . . -0.02279271 
Correction for error in alignment of 19 bars..... +0.00007717 
Measured excess, at 286th bar. . . . . . . . . . . . . . . . . . - 0.01970000 

----- 828.2055484G 

Difference about two-hundredths 01' an inch.... . . . . . . . . . . . . . . . 0.00055600 
Length of line.-The mean temperature of the ro<ls during the measurement 1s obtained h~· 

multiplying the number of bars (usually, but not alwa;ys, ten) between the observed temperattm:s, 
by the mean of the four temperatures, and by di\"iding the sum of these quantities h~- the total 
number of bars measured. The corrections for inclination are added, and the sum subtracted from 
the measured distance. m 

Rod No.1=6m.00168541 at 750 F.x404 bai:s...... .. . . . . . . . 2424.68090564 
Rod No. 2=6m.00160616 at 75° F.x404 bars................ 2424.64888864 
Distance across Rudie Creek computed. . . . . . . . • . . . . . . . . . . . + 107 .84080000 
Distance beyond 826th bar to centre of station............. + 0.71930000 
Mean temperature=81o.77, correction for 6°. 77 abo\"e 75°. . . + 0.21094919 
Correction for inclination of rods...... . • . • . . . • • . • • . . . . . . . . - 0.16968103 

When two lines and the included angle are ~easured : 
Let a=4957m.931162 

b=4307m.587099 

4957 .931Hl244 

C=1770 37' 5811.31, or deviation from straight line=2o 22' 01".69 
0=2o 22' 01".69, reduced to angle of chords, or 142'.0282 

. sin2 1' ab fP correction = ----- .:::-T"J. 
2 a 1 b 

log 0. . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . 2.15237 46 
log fJ. • • • • • • • • • • • • • • • • • . • • • • • • . • • . . . • • . . . • • • • 2.15237 46 
log a ..... ..••••••••.•••.•.•••.•••. , • • • . . . . . . 3.69_53005 
log b. • • . • . .. . . • • . . • .. • . . . . . . . . . . . .. . . . • .. • • 3.6342341 
co. log (a+ b). .. • .. • . .. • .. • .. • .. • .. . . . . . .. . . 6.0331303 

sin2 1' . constant= -
2
- log constant ...• _ . . . . . . . . . • . 2.6264222 

m 
0.2938363. 1.967247 

a+b = 9265.518261 

~gth of line connecting extreme points ........... · ....•....•.•.. 9263.551014 
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• 
Four lines were measured in the fall of 18G7, the maximum deviation in direction being 4° 27' 

06". The correction to the sum of the measured distances to reduce them to a straight line was 
32m.616, 

Ill 

And the resulting length of the direct line . . . . . . . . . . . . . . . . . . . . . . . . 14270.931 
Reduction to mean ltwel of sea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.005 

To reduce to level of half-tide, 
K = the distance or length of line. 
h = mean height of bars above half-tide. 
R = radius of curvature of the arc. 

Correction = ~~ 
K = 14270m.926 log K .•.............. 
h = 2m.36 log h .•...•...•..•..• 
R , co. log R ............... . 

correction= om.005296 

4.15445 
0.37291 
3.19660 

7.72400 

14270.926 

At each station the horizon was closed by observing the supplemental angle, and while occu­
pying the initial point, the azimuth of the triangulation was transferred to the terminus of each of 
.the me:tsnred lines, as well as to the most distant visible station, to serve as checks and conditions. 

RECORDS, DUPLICATES, AND. CO~IPUTATIONS. 

Beside the monthly and annual reports to be made to the Superintendent, in conformity with 
his "General Instructions," the following records, appertaining to the triangulation, are directed 
to be forwarded to or deposited at the office: 

J. A carefully prepared copy of the original observations. 
II. A copy of the descriptions of stations. 

III. A copy of the plan of the triangulation, the primary on a scale of :nro\00, the secondary 
nnfo-00-, and the tertiary on a scale of° 40-i 00• These plans should show each unobserved 
angle by the usual broken line for half the length of one or both of the inclosing sides ; 
also the general features of the country embraced within its limits; and, in the tertiary, 
a sketch of the shore-line. 

The above duplicates are generally kept up in the field as the work advances, and are forwarded 
to the office at the close of the season's operations. 

IV. The original volumes containing the observ.ations of horizontal and vertical angles. 
V. The original volume, entitled" Descriptions of Stations." 

VI. An abstract of the measurements and resulting angles, corrected, if necessary, for phase of 
signals and eccentricity of stations. 

VII. A cahier containing the triangle side computations. 
VIII. The L. l\L Z. computations. 

IX. An abstract of the results for latitude, longitude, and azimuth. 
X. A.11 abstract of the resu1ts for differences of heights. 
These are all forwarded to the office as soon as possible after the assistant bas completed his 

computations. No least square adjustments are required. 

NOTE. 

As the measurements in the survey of the coast are made and expressed in metres, the following 
values and logarithms, from the latest comparisons, are given to convert the distances, horizontal 
and vertical, found in the preceding pages, into inches, feet, yards, and miles: 

Metres x 39.3704:-12 =inches, or to log of metres add 1.5951701 
Metres x 3.280869 = feet, or to log of metres add 0.5159889 
Metres x 1.093623 =yards, or to log of metres add 0.0388676 
Metres x 0.000621377 =miles, or to log of metres add 6.7933550 
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Tabl.es for the coni•ersion Qf metres into inches nnd inches into metres. 

[I metre=39.370432 inches. log.=l.5951702.] 

II, M•~+ ~"~~ 
2 I 78. 74086 I 
3 I 118.11130 1 

I I 157. 48173 II 

196. 85216 

II 236. 22259 I , I 
1 1 215. s9ao2 I 
8 II 314. 96346 ., 

354. 33389 

[l inch=0.02539977 metre. log.=8.4048298.] 

4 

5 

6 

7 

8 
9 

o. 025400 

o. 050800 

o. 076199 

0.101599 

0.126999 

0.152399 ! 

0.177798 i 

o. 203198 II 
o. 228598 

-------~-
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APPENDIX No. 10. 

ON THE CONSTRUCTION OF OBSERVING TRIPODS AND SCAFFOLDS. 

By C. O. BOUTELLE, Assistant. 

UNI1'ED ST.A.TES Co.A.ST AND GEODETIC SURVEY OFFICE, 

· Washington, D. C., June 2, 188l. 

DE.A.R SIR: I submit, with this letter, a men.10ir on the subject of observiag tripOlhl :w<l 
scaffolds, as devised and constructed by me between 185! and 1879. 

I have endeM·ored to make the paper a practical manual, stating all details which a beginner 
should know, with tables of all dimensions to which material is to be cut, its size aml exact 
length, et.c. 

The proportions given start from the :fioor of the scaffold, at a height of 96 foet, or about 101 
feet for the telescope, and apply for any lesser height by simply stopping at the height wanted, 
i. e., the zero of the tables is the floor at top, and not the gronlHf. 

The sketches are of the simplest outline character, to show methods of construction. No 
elaborate drawing of the structure as a whole is girnn as it could not be used in construction. 
I bope this contribution to an important element of sncceRs in our triangulations, may be of service 
in enabling others to profit by my experience. 

I desire to call your special attention t-0 the statement in the memoir of tlie first use by the 
Coast Survey, in 1868, of position·instruments of large dimensions upon wooden tripods, with the 
legs of the tripod exposed to the action of the sun while screened from the wind. So far as I ha,·e 
been able to ascertain there is no record of any similar experiment in any part of the world. 

Repeating theodolites had been so mountt>d for many years, but these require only a momen­
tary stability, rarely equaling a minute of time, while turning the telescope from one signal to 
another. Position-instruments require, on the contrary, either absolute stability for a consider· 
able period or a method of obserYation which shall eliminate from the resulting directions any 
error caused by the motion of the tripod. This I ham devised and applied in practical obserrn· 
tions tor thirteen years. 

Yours, respectfully, 
CHAS. 0. BOUTELLE. 

0. P. PATTERSON, 

Superintendent United States Coast and Geodetic fJurvey. 

Observing tripods and scaffolds were first used upon the Coast Survey by Assistant Edmund 
Blunt, upon Chesapeake Bay, in 1849. They were also used by Assistant R. D. Cutts, in Texas, 
in 1850. These last were similar in form t-0 those now used. Those of Assistant Blunt were Qf 
an entirely different construction, having a cent.er post and tripod supports, with the legs spread 
like a signal. Similar ones were used by me in South Carolina in 1850 and 1851, but I found them 
subject to a vibratory motion, which interfered greatly with precision of observation. To remedy 
this defect, while engaged iu the primary triangulation of the sea-coast of South Carolina and 
Goorgia, in 1854:, I devised a form of observing trip0tl and scaffold which bas been largely adopted, 
with various modifiea.tions, by the parties of the Coast Survey in different parts of the United 
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St.ates. I ham used tripods and sca,ffolds of tllis form at prim'l>ry triangulation stations in Maine, 
New York, Maryland, Virginia, :North awl South Carolina, Georgia, and Alabama, monnting both 
twenty and thirty-inch theodolites upon them at eleyatious ranging from thirty-five to scwenty-one 
feet, with the legs of the obse1Tiug tripod always exposed to the action of the sun while shielded 
from the wirnl by light cotton screens spread upon the windwanl faces of the scaffold. 

A description and sketch of this form was puhlishecl in the Coast S11rvey Report for 1855, 
Appendix No. 57. 

In all cases of obser1·ation in series with large theodolites mounted on these tripods the 
resulting directions have equaled in precision those observed with the same instrument upon 
the ground. The :iccor<lanee of results by the two methochi is well shown in the obsen·ations at 
Hill Station, in Prince George County, Maryland, near \Yas11ington. 'rhis station was originaUy 
occupied by rrof. A. D. Bache, Superintendent, in 18JG, with the thirt.Y-ineh theodolite, the instru­
ment being upon the gron11d. 

In 1868 I reoccupied the station with the same instrument while exten<ling the primary triaii­
gulatiou from the Kent Island base to the Blue Ridge., To see Sugar Loaf Mountain from Hill 
it became necessary to elevate the instrument 55 feet. There was no known instance in the 
history of geodesy where a large and heavy position-instrument had been used at this elevation 
with tlle legs of the obserYing· tripod exposed to the action of the sun. 

At my request Profel'sor Peirce, then Superintendent, permitted me to trj' the experiment. 
To nm.kc it a thorough one, I reohserved with the same iustrumeut, at an ele\•ation of 51) feet, the 
directions observed from the ground b.r Professor Bache t1venty-two years before. The two sets 
of resulting directious agreed within the probable errors of observation. 

The test hc>re applied was as severe as possible, an<l the result, especially in the general sym­
metry of the obsenation, 'rns all that could be desired. 

Hill was 011e of three statio11s forming the triangle, Hill, Stabler, Peach Gro\·e, at each of which 
the same iw;trnment was used, i11 the same manner, upon similar tripo<ls. The triangle closed 
witl1in less than a q1rnrtcr of a ::;ceoud to au angle, affording another proof of the possibilitj- of 
maki11g· g·1Jo<l and reliable ol>serrnti011H with position in.qtJ·11mpJJt,-; thm; mounted. 

Proportions 11f 'Tripod 11nd 8cajfold.-A proportion fomid to he perfecUy safe is that of one 
foot rn<li1ts 1or l'Yers tire fret of wrtical elentii011, 1<0 that for a tripo<l f>O feet high tlie radius 
of the circumscribing circle wo11l<l be 10 foet plus the thiclrne . .,s of the lPg of the tripod. A some­
what narrower base is 811tlkiP11tly safe an<l mon' co11Ye11iPnt, so that a proportion of one in eight 
ma;v be used. 

Very heaYy timbers liani lJeen used, usually 8 bs 10 inches, for the tripod legs,· but it has been 
found that lighter ones may he used witlt safety, especially where the structure is built in sections, 
as hereafter illustrated, tripo<l legs () by 8 inches being sufficieut.Iy solid. Their length should be 
sufficient to allow their tops to meet at a point 4 feet abm·e the floor of the scaffold, while their 
bottoms are 3 feet below the station llOint. 

For a tripod where the vertical lteight of the floor of scaffold is ()6 feet above the statiou point 

tlte nrtical height of each leg woul!l be 103 feet, the rMlius at bottom = ~~3 + 0.667 = 13.542 feet, 

and the slant or actual length of each leg would he v1032::Fl2.8752=103.80 feet. The slo}le of 
each upright would be s20 52' 30". 

'For the scaffold the square at the tloor should be 12 feet. Thi1:1 gives room for setting up either 
a "platform" or a" hoop" observing tent, each of 4.5 feet radius, with room to walk around the ftoor 
outside the tent, and to secure the tent to the rails, bolte<l to tops of corner posts, 3 feet above the 
iloor. 

The half-diagonal of the s<{lmre at the floor is 8.5 feet from the centre to the outside corner of 
each upright, Tliesc should be six inches square. The proportion of" batter" given each corner 
post is 2 incl1e8 increase of the distance from the centre for each vertical foot below tue iloor, orom.i 
foot in six. Tbe distance from the station to each corner at bottom (3 feet below ground or 99 
feet below the floor), would therefore be 198 inches+ 8.5 feet= 25 feet, and the side of the square 
35.36 foot. The length of each corner post= 103.50 feet, and the slope= goo 321• 

These proportions would remain the same for any elevation chosen. It is convenient for pur-
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poses ·of construction to make the vertical height of each tier of the scaffold 16 feet, and the height 
of th6 floor above ground a multiple of that number as 32, 48, 64, 80, or 96 feet. 

Outjit.-For the erection of an observing tripod and scaffold with floor 96 feet above ground, 
built in three sections, there is required : 

A leveling instrument and rod. This may be a gradienter, sector, theodolite, or any instru­
ment capable of being used as a level. For lack of a better I have bored out a piece of sugar-cane 
plllgged the ends, bored holes in the top at each end, and inserte(l a couple of apothecaries' phials; 
with the bottoms uppermost. This, filled with a colored fluid and mounted upon an improvised 
Jacob-staff, made a very good leveling instrument. A ten-foot pole graduated to feet and decimals 
answered for a rod. 

A couple of portable sectors, or any instrument by which a point in the axis of the station may 
be found at any elevation, are also needed. No other instruments are wanted. 

A 10-foot pole, grad!la.ted from the leveling rod to feet and tenths, to be used in laying off all 
lengths of timber used and distances upon the ground. 

A carpenter's chest containing the usual tools. Those specially wanted are two axes, one 
broadaxe, one adze, three hatchets, two claw-hammers, three small sledge hammers, two combina­
tion saws, one rip saw, two iron bars, one level and one "Davis" adjustable level, which may 
be set to any required slope, and two braces with full sets of auger bits. The sizes t, {'6 , ~' 1

7
6 , and t 

inch should be in duplicate. They are in constant use in bolting the bracing of both tripod and 
scaffold, and are liable to be lost, injured, or broken. Three long augers, i, ~' and ~ inch, are 
needed for boring the holes for bolts used in splicing the large timbers. It is well to have all the 
tools in duplicate when working far from any source of supply. 

For hoisting gear there is required one large pair threefold iron blocks, with strong swivel 
hooks. The pulleys should be capable of running freely a fall of 'k-inch diameter, and the hooks 
of sustaining a weight of two tous. Also four double aud six single blocks, iron strapped. Four 
of the single blocks should be fitted with sister hooks. 

Of ropes there are wanted: one fall, 2~-inch manila, 420 feet long; two double guys for derrick, 
2,\-inch manila, each 200 feet; three double guys for tripod legs, 2!-inch manila, each 180 feet; 
three single guys for tripod legs, 2!-inch manila, each 90 feet; three single guys. extra lines, 2!-inch 
manila, each 60 feet; four watch-tackle falls, 1~-inch manila, each 60 foet; one coil manila, usual 
Rize of tent lines; five pounds tarred marline; eight straps of 2;!-inch manila, varying in double 
length from 3 to 6 feet each. Thes~ should be very carefully spliced, as the "drnwiug'' of a splice 
might cost a life. 

These ropes shonlcl be carefully examined at each time of using, and any stranded or chafed 
part removed, since upon their capacity to bear the strain put upon them depends the lives of 
the persons moving beneath and around them. 

Laying out the ground.-If the ground around the station is wooded, a circle of about 100 feet 
radius should be cleared of trees and nmlergrowth, to allow room for framing the sides or the scaffold 
and sec_uring guys. Such trees a.s stand in good positions may be cut off about two feet above the 
ground, holes bored in them, and strong pins driven through them to serve as belaying pins for 
gu,Ys. If there is a tree within 10 or 12 feet of the station it may be used for hoisting the derrick, 
and then cut down and removed. 

For a derrick a single stick, not less than 30 feet long and 0.5 foot in diameter at top, can be 
used. This is supported by two double guys, secured at convenient distances, at right angles to 
each other. If there are no natural objects, as stumps of trees or rocks; use strong stubs driven 
down and backed by a split log or board hnried i.n front to help resist pressure, as shown in sketch 
A, Plate No. 33. 

The strap for holding the upper block of the fall is secured to the bead of the derrick above 
the guys, and the free end of the fall iR passed through a leading block Recured to the foot of the 
derrick. 

The station point is selected and marked by a nail in a stub. The top of the stub is a bench­
mark for soouring a uniform depth of 3 feet in all the holes, and the nail is the center from which 
all distances a.re laid oft' by the 10-f'oot pole. . 

S. Ex. 77-26 
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These distances depend upon the proposed height, according to the proportions already given 
The plan, Fig. 1, page 13, is drawn for a vertical height of 99 feet to the floor of scaffold from 
bottom of boles, with a middle post for the scaffold up to the top of the second tier, or 32 feet high. 

The distances to be laid off from the station point are­
For tripods: 

Radius of circle to middle of back of tripod legs = 
1~3 +0.667 =13.542 feet= distance station 

point to a, b, and c. 
Side of equilateral triangle=13.542xl.732=23.46 feet=a to b, b to c, c to a. 

For scaffold~ 
Distance station point to outside edge of each corner post (page 6)=25 feet. Side of square 

= ¥2(:!52)=35.36 feet, half of which on each side of the square, or 17.68 feet, will be the distance 
from the station point and from each corner of the square to the middle of the back of the middle post. 

All these points should be laid off upon the ground, roughly, with a tape-line, and stubs 
driven to mark them. It is convenient to dig only the holes at a, b, and c until the lower tier of 
the tripod is erected and completed. 

The holes are dug each 3.17 feet below the station point. Three shoes are made of the form 
shown in Fig. 2, page 13. They are 15 by 12 inches, and may be made of two or more pieces of board 
1 inch thick, with the grain crossed. On these are nailed three cleats 3 inches wide and 1 inch 
thick, as in the figure. They are placed at the bottom of each hole, with the point (a) exactly 13.54 
feet from the station point and 23.46 feet from (b) and (c), with the surface of the shoe exactly 3 feet 
below the station and the 8ides parallel to the radius. Earth is then filled in to keep them in place. 

It is evident that if the shoes are carefully set and each tripod leg cut to the same length and 
bevel, that the three must meet at the top in the vertical of the station point. 

It is best to nail three narrow strips together, two of them of the exact length, station point a, 
etc., and the other= a, b, and c, and bring the triangle thus formed successively over the points a, b, 
c, at the bottoms of the holes, finding the exact positions by plumb:lines dropped from the surface. 
Similar shoes are placed in the same manner in the holes at the corners and middle posts of the 
scaffold, except that the corner shoes are made one foot square and cleats nailed, as in Fig. 3. The 
point ( x) is set in the bottom of each hole exactly 25 feet from the station point, with the distance from 
corner to corner =35.36 feet, and the inner sides of the cleats in the line of the sides of the square. 

Framing and hoisting the tripod.-It is not easy to procure timber over 40 feet long. It is 
better therefore to make each leg out of three pieces and splice them. together. 

It is most convenient in building to get out three pieces 40 feet, and six pieces of 36 feet each, 
all 6 by 8 square. I have found a three-foot splice of the form shown in Fig. 4 to be of sufficient 
strength. Each is held by six bolts of %-inch round iron, with square heads, nuts, and washers. 
Two 5-inch "boat spikes" are driven into the thin end of each splice, when it is finally bolted after 
hoisting. · 

After fitting the scarf together the holes for the bolts should be bored "drawing" in order to 
bring the euds of the scarfs very tightly together, and the three pieces bolted so as to form one 
stick 106 feet long. If any of the legs are winding or irregularly cut from hewn timber, a line should 
be drawn down the middle of the back of each leg through its wbolo:i length, and the chamfers for 
bearings for the braces should be laid off from this line. The longest of the three pieces should be 
at the bottom of ea.ch leg. The tops of each leg should then he cut to a bevel of s20 52~', as in Fig. 5, 
(This angle is ll inch off:3et in 10 inches and may be taken from any square by setting the bevel li 
inches in, at 10 inches from the corner of the square.) 

The lengths to be laid off and the size and dimensions of the braces are as in the following 
table: 
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Dimensions of tripod. 

i Slant -dist. i -.;art. oist.-1 R=radins. I Length of Length of 
I from to ; from top. '= L 0 •• 7 : hor. brace, diagonal 
[ p. I =L. ! s + ·vu "\ =l.732 R. braces. 
, _____ , _I_ ·---: 

i Fut. \ II Feet. I Feet. 

i 
0 I ~:~~ ~:: I 2.229 

I i 7.94 I 1.659 2.873 
I 13 i 12.90 : 2.279 3.947 
. 20 I 19. 85 3.148 s. 452 

29 i, 28. 78 4. 264 7. 385 
40 39. 69 5. 628 9. 7 48 

53 52. 59 7. 240 12. 540 
68 

85 
103. 80 

67.48 

84. 35 

103. 00 

9.102 

11. 212 
13. 542 

15. 765 

19. 420 

23. 455 

Feet. 

6. 02 

8. 39 

11. 00 
13. it7 
17. 05 
20. 55 

24. 40 
25. 00 

Size of 
braceb. 

lnchu. 

3 by2-1
1 

3 by 2 

3 by2 
3 b~· 2 

3 by 3 
3 by 3 

3 by 3 

3 b~· 3 
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The distances in the first column should be laid off, measuring with the graduated pole from 
the top of each leg, along the middle of the leg, and drawing a strong line not easily defaced across 
each stick at the distances 5, 8, 13, etc., from the top to the bottom at 103.80 where each stick should 
be sawed parallel to the top, as in Fig. 6. 

The inner edge of the top should be cut to an angle of 1200 in the middle, so that the three 
legs when in position will meet at the top, as in Fig. 7. 

To give _a bearing for the braces a chamfer must be made fl inches above, and as much below, 
each line drawn across the back, as in Fig. 8. The chamfer must be 1 inch on t.he back and l! on the 
side. The natural cot. 30° is 1.73 which is sufficiently near to l! to render the chamfered surfaces 
parallel, when the tripod legs are in position. If the longest ( 40 feet) stick ltas been made the 
bottom one, it will be found that no chamfer comes at a splice. 

As little should be cut from the bottom as possible, and whatever amount the leg is too long 
should be cut from the top, in order that the two lower tiers of braces ma.r come upon the lower 
section, with the first splice abo>e the second tier of braces. (See Fig. 11.) 

The system of bracing for tripod and scaffold is shown in the skeleton sketch, Fig. 11. It is of 
the simplest character, but has developed imfficient strength to withstand very severe gales. I 
can vouch for the entire stability of the observing tripod up to a height of 70 feet, and feel sure of 
it at 100 feet if braced as here drawn. 

The bolts being taken ont of the splices, a block is temporarily nailed to the upper edge of 
each splice of the lower sections, as in Fig. 10, to be used in bringing the tops into position after 
hoisting. 

The three lower sections of tripod legs are hoisted to their places in turn. Each has secured 
to it, about 6 foot below the top, one double and one single guy. 

With the foot of each leg m its proper shoe the top is hauled out by the guys until its slope is 
near the angle of 820 522-'· This may be found by sawing a pattern from a piece of board with the 
two sides adjacent to the right angle, respectively 10 and 1! inches. The hypothenuse will be at 
the proper slope, which may be set by the cross-level of any, carpenter's level. It may be found 
more readily by setting a "Davis adjustable level" to the required slope. After securing the guys, 
cleats are nailed on and the tackle is cast off. When all the three are in position, cleats are nailed 
all the way up, and with one man at the top of each stick, a pattern, Fig. fl, previously prepared, 
is hoisted and nailed to the temporary block at the top of each leg. If the lower section of each 
leg is exactly 4ff feet from the bottom, then the distance from the top ~ill be 103.80 - 40 = 63.80 and 

the radius will be 63: 0 + 0.667 = 8.642 feet and the equilateral ~ide = 14.96 feet. The pattern is 

made of light strips, with these dimensions, with a strip crossing the centre where a hole is bored 
for a plnmb line. 

The tops, secured together by the three pieces, are moved by the guys until the plumb is over 
the station point, when the holes a.re filled up to the surface, and the lower tier of braces bolted 
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on with 6-inch boat spikes, boring through the braces and being careful in driving that the lip of 
the spike cuts across the grain of the tripod leg. 

After bolting the lower tier of braces the guys may be removed and the upper tier bolted in 
the same manner. 

Planks are laid across the horizontal braces of the upper tier to form a secure foot for the der_ 
rick, which is now raised by a tackle leading from the top of a tripod leg to tlw foot of the derrick 
very much as a royal mm;t is raised on board a ship, a hand at each guj· paying out, and keeping 
the top of the derrick in position as it rises. 

When secure, the mtddle sectio11 of each tripod leg is i·aised and fittpd to its splice, '' hich is 
solidly bolted. Three guys are also attached to each leg, and the same process of adjustment ornr 
the centre is gone through with, until the tops are in position, when the third and fourth tiers of 
braces are bolted. The upper section of each leg is then raised and allowed to rest upon tbe ground, 
against the tripod, where it is secured until the scaffold can be framed aml the lower sections 
erected. 

Framing and ho·isting the scaffold.-The corner posts of the scaffold should be not less than 6 
inches square. The lengths of each section are the same as in the tripod, viz, four lower posts 40 
feet, eight upper posts 36 feet each. These are spliced in the same manner as the tri1iod legs, 
except that I use half-inch bolts 7 inches long, with nuts and washers as before. After splicing, 
these are framed in J>airs, working from the outside corner edge of each post, and lasing the cut 
edges of the splices yertical, as in Fig. 12. The distances from top of post and length aud size of 
braces are given in the following table; the proportion is, as before stated, one in six. The slope 
of each corner post toward the centre is soo 3~'; toward each other it is 83° 19', which is the angle 
at which the bevel should be set: 

I 

I 
I 

I Vertical I Slant I Slant --J Vri!-afr;_: j ~:~iz:~~-1-~ze of ~---~----~~e o~' 
I length j length I length ; tion point 1 braces side' horizont. Diag. diag. : 
1 from top. : 3;long out- ' along- cen- ' to outside i of square. ! braces. ;_ braces. braceo. I 
1-~-i side edge. !-~=-po~! edge. l----1---i ___ : ___ : 
I Feet. [ Feet. : Feet. 'i' Feet. I Feet. \ Inches. Feet. Inches. ! 
i 3 I 3 05 1----·· ------, 8. 49 I 12. 00 I 3 by 4 ·-·-·-. -- .: .. - -······ i 
I l!J i 19. 27 i .. -. -... --. -! 11. 15 ' 15. 77 I 3 by 4 21. 27 3 ll'y 3 : 

35 i 35. 49 1 · - . - - - - - - - . -i 13. 82 19. 54 i 3 by 4 23. 90 3 by 3 i 
51 s1. 11 1 .. _ ........ ·I rn. 49 2a. a2 ! 4 by 4 2s. s1 , a by a ! 
67 67. oa i 67. so : 19. 15 21. os I 4 by 4 211. 91 a by 4 i 

I Ground .. ---- ____ _ 

~~~tum of ho~e• ..... , 

s:i 84. 15 I sa. oo i 2i. s2 so. 86 \ 4 by 4 _ 21. 66 ; a by a i 
99 100.as 1 99.10 i 24.50 a4.65 ·-----··-·' •22.23 a by a\ 

102 -~~~~l. __ __1_o2.7~J_ ~.oo ___ 35.361·----··--.\-·---·····,·----·-~j 
* One foot from ground. 

No line is cut. square, but all arc cut to the bevel, from the outside corner. The top being cut 
to the bevel all around, if the post is 6 inches square, the interior diagonal corner will be found to 
be 1 inch higher than the outside corner. 

The posts after splicing being laid near each other in pairs, the distances in the second column 
of the table must be laid off carefully along the outside edges, a line being drawn with the bevel 
upon the upper surface at each mark, and others 4 and 8 inches below it., on the exterior sides, 
A mortise three-fourths of an inch deep is cut between the lines, to r·eceive the horizontal braces, 
each 3 by 4 inches in size. The mortises upon the sides are 4 inches below those upon the top, 
as in Fig. 13. The bottom of each post is cut parallel to the top. It will be level when the scaffold 
is in position. 

The length of horizontal braces given in the table, page 22, is for the upper side. They are 
to be laid in pairs and sawed to the bevel of the scaffold and marked as in Fig. 14. The upper 
braces will fit the upper mortises (a) Fig. 13, and the lower, marked "sides," will fit the lower 
mortises ( b) Fig. 13. After all the~e are got out, a side of the scaffold is framed a.ml bolted upon 
the ground, as in Fig. 12, except that the diagonal braces are not bolte<l at the splices. 

The horizontal and diagonal braces of the two lower tiers may be either bolted or mortised into 
the middle upright, which may be cut and roughly hewed upon the ground. 
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For bolting, 6-inch pressed "boat spikes" should be used, boring through the braces and 
bolting into the posts. With care, any twist or wind in the three long parts of each upright may 
be taken out in framing. The frame should be laid with the top of each side near the tripod and 
on opposite sides of it. 

After framing the scaffold, the bolts at the splices are withdrawn, leaV"ing each side of the 
scaffold in three sections. The upper and middle sections are successively hoisted and allowed to 
rest against the tripod with their lower ends upon the ground close to the tripod and inside the 
square the scaffold is intended to cover. 

The holes for the scaffold are now dug, and the shoes at the corners carefully secured in posi­
tion and level as described on page 13. Each lower section of the scaffold is now hoisted and placed 
in position, with every post in its proper shoe, and is secured temporarily to the tripod with the 
middle of each tliagonal in the vertical of the station point after which tbe holes of the corner 
posts are filled. The side centre posts are next raised, secured tnnporarily to the tripod, and the 
sides are braced. 

To secure the four centre posts from sagging inward, four horizontal braces or girders are 
added after all parts of the scaffold have been hoisted, as shown in Fig. 15. They may be made 
from 4 by 4 inch scantling 20 feet long. 

After the lower section of the scaffold is in position and braced, the middle section is hoisted 
into position and tlle splices fitterl and bolted. Care should be taken to insure that the centre of 
the square of the scaffold is identical with the centre of the interior tripod, to whicll it is tempo­
rarily secured until the sides are braced. 

The scaffold being now of the same beig·ht as the tripod, a temporary platform of boards is laid 
upon the horizontal braces of the scaffold and tripod, and the derrick is again hoisted as before, 
when the upper section of the tripod is raised, one leg at a time, spliced and braced in the same 
manner as before. Very long guys are needed to both derrick and tripod legs while erecting this 
section, and it is for this purpose that the longer ropes described on page 9 are required. 

If due care has been taken in framing and hoisting the tripod, it will be found that the three 
upper sections when fitted to their splices will meet at the top very near the >ertical of the station 
point; so near that a person ascending upon cleats may easily spring them together if it cannot be 
tlone by the guys. 

The horizontal and diagonal braces are bolted, the tripod is completed, and the derrick may 
be removed. 

The tripod is now used as a derrick to hoist the upper section of the scaffold, which is raised, 
spliced, and secured temporarily to the tripod while the sides are braced. 

While framing the scaffold upon the ground, and before taking it apart for hoisting, cleats 
should be strongly nailed to each upright, parallel to the horizontal braces and fifteen inches apart, 
from the floor to the ground. They may be made from "strips" 3 by 1 inches, and should be each 
14 inches long, so as to give a secure foothold extending four inches outside of each edge of the 
upright. They are constantly used when the station is occupied, in extending or taking in the 
light cotton screens used to spread upon the windward sides of the scaffold to keep the wind from 
disturbing the interior observing tripod, which supports the instrument when observing. It is 
also convenient to duplicate each set of diagonals of the scaffold-braces after the set upon the 
ground aie bolted, by laying another set over them for use upon the sides of the scaffold, cutting 
them to the same size, boring the holes for spiking, and, especially, clinching them by a spike at 
their intersections. Much time will be saved by this precaution. 
· The side horizontal braces of the scaffol<l are 4 inches below the others at each tier. Sleepers 

of 3 by 4 inches laid upon these support platforms at each tier, and stairways are laid from each 
tier to the next around the sides of the scaffold. A convenient and quickly made form of stairwa.y 
is formed by two planks, with grooves cut in them for the admission of steps (Fig. 16.) It is best 
to so arrange the stairways that the last one shall be parallel to the sleepers on which the floor is 
laid. Thi:I following table gives the dimensions of stairways for each tier. The rise or vertical 
height is 16 feet or 192 inches in each. The horizontal distance is least at the first or uppermost 
tier. Ea.ch side of a stairway is a single plank 2 inches thick and 12 inches wide, grooved as. in 
Fig.16. 
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Dimensions of stairways in inches. 

) T' I Horizont. ' Ko. of ! Ri•e per ! Tread i Slant I Whole i Remarks I 
I rnr.

1

. length. ! steps. ! step. : per step. I per step. I length. l · 

! ! ~ I ! i i------------1 
i--1 --l;---;!--9~/- 6.20 !~I 2,319 ! Upper edge rests against inner side 

j 2 I 139 21 1
1 

9. 14 1, 6. 62 ;, 11. 29 1

1 
2, 370 1

1 
of post and horizontal brace. I 

1 

a I 178. s 21 1 9. 14 : s. so' 12. 46 I 2, 622 i , 
' 4 189 21 : 9. i4 : 9 12. 83 : 2, 694 I I 

5 189 21 I 9. 14 . 12. 83 ' 2, 694 I 
61 189 21 9.14 / 9 12. 83 ' 2, 694 I Bottom rests upon a block set in the 

I J ; ground. 

The steps may be cut from boards 8 to 6 inches wide, each 24 inches long. As the stairways 
may be made under cover they furnish occupation for the workmen on rainy days, when outside 
work is interrupted. The distribution of the sleepers for support of the floor is seen in Fig. 17. 
The figure represents the centres of the obserring tripod and scaffold as coincident. In practice 
they are like to vary from 1 to 2 inches. Allowance must be made for this, if it occurs. A small 
frame laid in the centre, as in the figure, will be convenient to give much support to the floor 
boards at the points where they are cut. 

A free space of an inch should be allowed all around the tripod legs, and before laying the 
floor all connections between tripod and scaffold used iu building should be carefully severed, that 
each may take its own position independent of the other. Diagonal supports under the outside 
horizontal braces supporting the floor should be bolted, as shown in Figs. 11and12. 

The scaffold rail around the top of the uprights is of 3 by 2 inch scantling, planed and rounded 
at the corners. A similar rail is also bolted to blocks 2 inches thick around the scaffold at the 
floor. It is used to hold the top of the light cotton screens spread upon the windward faces of the 
scaffold during observations. A light rail around the inside of the stairways will also be found 
convenient. The tables, of dimensions and proportions given in this paper, will apply for any ele­
vation below 96 feet, since all count from the top. For a height of 48 feet to the floor the tripod 
legs and scaffold sides may be hoisted whole without difficulty. For a height of 64 feet it will be 
best to build in two sections, taking the splices apart after framing. No middle post is necessary 
for the lower tiers of the scaffold at either of these elevations. 

I insert here a table of lengths of tripod and scaffold posts for different elevations. 

Dimensions in feet. 

TRIPOD. I SCAFFOI~D. 
------~--! ___ , ____ _ 

v c.tical . Three feet below sta. I I Three feet below i 
hei ~ht tion point. ! atation point. 
of floor , Vert. Slant - ,- -- - Vert. I Slant l I 
ab o" b , length. length. ' Side of eq. length. length. I One-half I Side of 
otation r.ad. +o. 6711 triangle. I 'diagonal. ""nare. I 
~~ - I 

32 ; 39 ~ -----~1-~1--38_1_--;8, 52 ·1--;;/-20. 261 
a1 M ~e ~Ml UHi M ~"' nool KM 
Ml n nM ~M! mml wi ~nl ~oo nM\ · I I 1 
BO 87 . 87. 68 i 11. M i 19. 99 i 86 i !>7.19 I 22. 32 31. 57 

oo ----~-~~~ i 13. M l 23. 45 I 102 103.+1 i :Mo 
1 

35 35 j 

With workmen trained to their di.ties, and accustomed, like seamen, to work at considerable 
elevatiom1, held in position at first by ropes only, a week of clear weather will suffice to build one 
of these structures of not more than 64 feet elevation. For one of a height of 96 feet, twelve work· 
ing days will suffice. I have put up one 45 feet high in two days with a force of sailors, and using 
sawed yellow pine lumber. 

It is best to avoid the use of cut nails when possible. They are largely made from iron of a 
very poor quality. Square pressed boat spikes, 4, 51 and 6 inches in length, a.re preferable. All 
kiqds of woods ma.y be used. In the Southern States the yellow pine is best, as being strongest 
(and also heaviest) and the cypress is to be avoided. It warps and cracks badly in seasoning. I 
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have used oak and chestnut and also spruce, fir, and white pine, with success in the Middle and 
Northern States.• In places where sawed material cannot be had, and forest timber abounds, it will 
be found best to hew the tripod at.1d scaffold legs into shape before splicing and framing them. 
Round sticks, chamfered at the ends and notched at intersections, make good diagonal braces. 
Whether round or sawed lumber is used, great care should be taken to see that the longer braces 
are- free from knots and shakes, weakening them where strength is most needed. 

The following "bills" or lists of sawed lumber required for structures 48 and 96 feet of ele·rn­
tion will be found sufficient. The prices range from $8 to $25 per 1,000 feet, depending on locality 
and material. 

For 48 feet eletiation of floor. 

Tripod legs: Three pieces, 6 by 8 inches, 35 feet long; three pieces, 6 by 8 inches, 25 feet long. 
Scaffold legs: Four pieces, 6 by 6 inches, 35 feet long; four pieces, 6 by 6 inches, 25 feet long. 
Horizontal bracing: Eight pieces, 3 by 4 inches, 14 feet long. 
Horizontal bracing: Ten pieces, 3'by 4 inches, 18 feet long. 
Horizontal bracing: Five pieces, 3 by 4 inches, 22 feet long.· 
Diagonal bracing: Thirty pieces, 3 by 2 inches, 25 feet long. 
Diagonal bracing: Ten pieces, 3 by 3 inches, 22 feet long. 
Diagonal bracing: Ten pieces, 3 lJy 3 inches, 28 feet long. 
Stairways: Six 2-inch planks, 25 feet long, 1 foot wide; four hundred feet boards, 12 to 14 

feet lengths; 200 feet (r11nning measure) of 3 by 1 inch strips. 
Also for splicing: Forty-two bolts with square heads 7 inches long, of g-inch round iron, with 

42 nuts and 84 washers. 
For bolting braces: Two huudrt>.d and fifty pressed boat spikes 6 inches long, and one hundred 

and fifty spikes of 5 inches long. 
For nailing cleats, stairways, platforms and floor, there are wanted 60 pounds of lOd. and 20 

pounds of Sd. nails. A. dozen bolts of !-inch round iron, with nuts and washers, will be useful. 
In framing a tripod and scaffold of this elevation, the shorter or 25 feet lengths of the posts 

sho11ld be made the lower ones. It may be raised whole, but it will be found more convenient to 
raise any greater height in sections. 

For 96 feet elevation of jfoor. 

Three pieces, 6 by 8 inches, 35 feet long; six pieces, 6 by 8 inches, 40 feet long. 
Four pieces, 6 by 6 inches, 35 feet long; eight pieces, 6 by 6 inches, 40 feet long. 
Eight pieces, 4 by 4 inches, 14: feet; eight pieces, 4: by 4 inches, 1G feet; twelve pieces, 4 .by 4 

inches, 18 feet. 
Sixteen 'llieces, 3 by 4 inches, 14 feet; twelve pieces, 3 by 4 inches, 16 feet. 
Six pieces, 3 by 4 inches, 18 feet; six pieces, 3 by 4 inches, 22 feet. 
Twenty-seven pieces, 3 by 3 inches, 21 feet; 24 pieces, 3 by 3 inches, 23 feet. 
Thirty-two pieces, 3 by 3 inches, 25 feet; sixteen pieces, 3 by 3 inches, 27 feet. 
Twenty-four pieces, 3 by 2 inches, 10 feet; twelve pieces, 3 by 2 inches, 12 feet; ten pieces, 3 

by 2 inches, 16 feet. 
Ten pieces, 3 by 2 inches, 20 feet ; six pieces, 3 by 2 inches, 25 feet. 
Four hundred feet (running measure) 3 by 1 inch. 
Twelve planks, 12 by 2 inches, 25 feet long. 
Four hundred feet boards 8 by 1 inches lengths, 10 to 15 feet. 
Three hundred feet boards 12 by 1 inches lengths, 12 to 16 feet. 
In all a.bout S,500 feet of material. 
Also for splicing, eighty-four bolts with square heads, 7 inches long, of §-inch round iron, 

with eighty-four nuts and one hundred and sixty-eight washers. Twenty bolts like above, 6 inches 
long, of !·inch round iron, with nuts and washers. Two casks, of 100 pounds each, of 6-inch and 
5-ineh pressed boat-spikes. . 

" Hemlock for bracing is to be avoided if possible, but where no other wood i11 procura.bltJ, the size of tl&ch brace 
should be increased to :render them equal in strength to the sizes given for yellow pine as in the tables. The SQ.Jlle 
remark applies to others of the &Ofter kinds of wood. 
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For wire guys, 300 yards of wire rope !-inch in diameter, and twelve turnbuckles. 
This "bill" does not include the four middle posts for the two lower tiers of scaffold, which 

may be cut and hewed. If ordered at saw-mill, order eight pieces, 6 by 6 inches, 35 feet long, instead 
of four pieces, as in the "bill." 

The chief of party should give his pei:sonal attention to the following points: 
1. That his material is sound and free from knots or shakes. 
2. That his tackle, straps, and guys are sound, strong, and nowhere rotted, chafed, or stranded. 
3. That every knot where guys are secured, or pieces of rope knotted together, is securely 

made in a proper manner, and that no slipknots or "grannies" are put in by inexperienced men. 
The Ii ves of himself and men depend on care in these respects. 

4. That every measurement is carefully made by a common standard, which should never be a 
tape-line. 

5. That every stick is cut to its proper bevel and length, so that each part may fit when hoisted 
to its place. 

Too much care can hardly be bestowed . upon these matters, on which the final strength and 
solidity of the whole structure depends. 

It has been found by experience that the twist of the legs of the tripod, consequent upon the 
sun's action, has, at times, been very great, amounting in some extreme cases to a difference of 
three minutes in readings upon the same signal a. m. and p. m. But the torsion did not commence 
a. m. until the morning observations were over, and usually the full effect of the sun's action had 
taken place before the p. m. observations began. 

The afternoon readings upon the same signal were usually less than in the morning, showing 
that the twist was in the direction of the sun's apparent motion. 

In order to correct for any uniform motion while making observations, it has been my prac­
tice to begin observing a series from left to right, with the reference-point observed in the middle 
of the series; tllen reversing tlle telescope, observing from right to left in the same order. If the 
times of observation are about equal and the tripod carrying the instrument is steadily moving 
in either direction, then the mean differences of reading between the reference-mark and signal 
observed will be unaffected by the tripod's motion. 

The principle of construction aimed at has been to obtain a maximum of strength and solidity 
with a minimum of surface exposed to the action of the winds. 

C. 0. BOUTELLE, 
Assi.stant, Coast and Geodetic Survey. 
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APPENDIX No. 11. 

Ims1:n;rs OF THE TlUNSCONTINENTAL LINE OF GBODETlC SPIIUT-LEVELING NE Ali THE l'AUALLEL 
OP 39°, EXECUTED BY ANDREW BRAID, ASSISTANT, UNITED STATES COAST AND GEODETIC 
SURVEY. 

Hy CHARLES A. SCHOTT, Assistant. 

PART 1.-FROM SANDY IIOOK, N. J., TO SAINT LOUIS, MO. 

This Appendix will be found following Appendix No. 22 of the present volume. 
209 

S. Ex. 77--27 
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APPENDIX No. 12. 
ON THE SECULAR VARIATION OF THE MAGNETIC DECLINATION IN THE CKI'l'ED STATES AKD AT 

SOME }'OREIGK STATIONS. 

Hy CHARLES A. SCHOT'.I', ARsistant Coast and Geodetic Survey. 

[F,µ"tb. editiou, November, 1882. "] 

The present investigation incorporates many additional observations made and results col­
lected since Ju11e, 1881 (date of the last edition), and contains the extended and improved results 
of old stations as well as those for a m1mber of new localities, several of which are in Alaska; 
comprising altogether 82 stations with about 837 results. The geographical range of the discussion 
includes stations irregularly distributed over the whole of the United States, a station in Europe, a 
station in Brazil, two on the Sandwich Islands, and one in Asiatic Russia. 

The demand for the cont.ents of this article bas been constantly on the increase, not only by 
scientists and surveyors, but also by lawyers, the latter demands arising chiefiy from cases of dis­
puted laud boundaries, which originally had been run by compass and are now required t-0 be 
retraced. To render this i1ffestigation more useful to practical men, I have thought it desirable 
to preface it b;y a brief account of the various and principal motions, s,ystematic and irregular, to 
which the direction of the magnetic needle is subject, and thus clearly to separate and distinguish 
these changes from the secular variation, which alone is here the special object of treatment. 
Theoreticall;y, a knowledge of the secular variation is of great importance, and practically, is indis­
pensable iu order that the coast charts published by this office may be supplied with the variation 
of t.J.ie compass for the date of issue. . 

The magnetic declination (or rnriation of the compass, as it was formerly called by surveyors 
and still is by 11avigators), at an,y place, is the angle contained between two vertical planes, one 
being the astronomical or true meridiai1, and the other a plane in which the horizontal axis of a 
freely suspended magnet, lies at the time. The former plane is fixed and th!'l latter variable, since it 
is found that the needle is in a state of a small continual motion. The magnetic declination varies 
with respect to space ancl time; it is, therefore, necessary to give with the statement of its measure 
the exact time (.year, day and hour) when an observation was made, as well as the geographical 
position of the place (the latitude aud longitude to the nearest minute of arc will suffice). The 
declination is called ''west" when the north end of the magnet points to the west of true north; 
algebraicall;y this fact is indicated by a -f sig-n, and if "ea~t" by a - sign. It is a matter of 
observation that the magnet, when light and delicatel;y suspended (by a singfe fiber of raw silk) 
is seldom or never at rest, but is always shifting its direction, or is in a state of oscillation or of 
tremor, or it may be of sudden changes. These angular .motions have been classified as regular 

•This article originally appeared iu Coast Survey Report for 1859, Appendix No. 24, pp. 296-305. In the second 
edition, in Coast SurverReport for 18741 Appendix No. 8, 11p. 7'..l-108, the investigation appears greatly extended; the 
substitution of a sine for a cosine function was made and the epoch was chanl{ed from 1830to1850; also some use was 
ma.de of C1mchy's method of interpolation for the establlshment of some seeond periodic terms. The third edition• 
issued in June, 1879, appeared in pamphlet form, and is not.contained in any annual report of the Co'&st and Geodetic 
Survey. .The geographical range oft.he investigati-On was much enlarged, and the paper was illustrated by two plates. 
The next or fourth edition wrui bro1lght out in June, 1881, and fonns Appendix No. 9, Coast and Geodetic Survey 
R6port for 1879, then p-iug through the press; it was illnstnted with three plates. · 
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(periodic) and irregular rariations, and of' these we pro1>0se t-0 notice briefly the J>rincipal ones, 
such as may generally be exhibited within the limits of the United States. 

The solm·-diurnal •ariation consists in a systematic movement of the magnet, having for its 
period the solar day. Its character is the same for the greater part of .the northern liemisphere, 
viz, about the time of sunrise the north end of the needle is generally found approaching to or near 
its most easterly deflection from the aYerage magnetic meridian. This phase happens, for instance, 
at Philadelphia, on the yearly arnrage, about 7.p a. m.; at Key West, Fla., about 8lh a. m.; and 
the same at Madison, Wis. lt is subject to an annual variation, being about ~ of an hour later 
in the months when the sun is south of the equator, and about ~of au hour earlier in the summer 
mouths than its yearly average epoch. The north end of the needle then begins its principal daily 
motion, and reaches the opposite extreme position, or its western elongation, about llalf past 1 
o'clock p. m. · It is reached a few minutes earlier in summer and a few minutes later in winter, and 
hardly 'raries half an llour for different localities. After tllis epocll the needle takes up an easterly 
moYementand gradually returns nearly to the direction from which it set out in the morning. 
Frequently an interru1Jtiou, or small reversed motion, is exhibited during the night. At Philadel­
phia the average daily (lirection h; reached in summer about lOih a. m. and in winter about lO~h a. m., 
and generally within half au hour of these times at other places. ·Tlle mag110tic meridian is crossed 
a second time, generally between 7 and 9 p. m. Tlle angular range between· the morning and after­
noon elongations, or tlle diurnal range, is about 8' on tlle aYerage at Philadelphia and about 5Jt' at 
Key West; in higher magnetic latitudes more, ill lower less. This range is subject to an annual 
ill'equalitr, being much more conspicuous in summer than in wiuter ( lOrr' at Philadelpbia in AuguRt 
and 6' in November). It is further subject to a Jleriodic inequality related to the eleven-year cycle 
of the sun-spots. It is least in years of minimum sun-spots (as in 1878, for iustance) and greatest 
in years of maximum sun spots (as in 1870) the factors being 0.7 and 1.3, about, of the average 
amou11t of tli.ese years respective]_}'. This daily variation Hppears at times intensified, at other 
times enfeebled, and during the winter months there are occasionally days on which it cannot 
be recognized. Obsenations must be corrected for time"of day in order to reduce the result to 
the a\·erage direction of the twenty-four hours; a table girnn for this pur1)0se is found in Coast 
and Geodetic Survey Heport for 1881, Appe.ndix No. 8, Art. 6. 

The nnnual vari<ttion of the declination is so small that a mere me.ntion of its existence sutlices; 
its amplitude is at most lt minutes of are. 

The lunar inequalities: These we likewise pass oYer ou account of their small ampiitmle. The 
priucipal inequality is tbe h.JJtar diurnal variatiou exhihiting the peculiarity of tlrn maxima and 
two minima on each lunar da~'· The range of this inequality at I'hilauelphia is about 27", aud at 
Toronto, Cauada, abont 38". Other lunar inequalities are of Jet smaller order. 

'l'hc secular i'arfotion of the magnetic declination, our subject proper, is most probably al~o of 
a periodic character, but 8ince it requires centuries for its full development, and since, as yet, no 
one cycle has actually been completed within the rauge of obserYatiou, we are obliged, iu the 
absence of any reliable theory, to follow up the phenomena by continuous obserYatious. Thus 
from time to time our previous deductions or supposed laws need changing or amending in order 
t-0 }lreserve the required harmonious relations wit.h facts. The secular motion may be compared 
with a waYe motion or with au oscillation of a pendulum which comes to rest momeutarily at its 
extreme 1>0sitious O! elongations and mo\'CS fastest midway between these extremes. Smaller 
variations within this periorl have also beeu detected, but the general angular movement (say of 
the north end) of the magnet may be described as followR: About the times of maximum deflection 
the magnet appears almost stationary or only slowly oscillating about the same average directiou 
(to ordinary or rough instruments) for several years; soon, however, the effect of the secular change 
becomes perceptible, increasing gradually, year by year; the progressive angular motion soou 
reaches an annual maximum value, after which, still moving in the same direction, itslowlydiminishes, 
beeomiug staponary at the opposite extreme digression and possibly retuming again to its :first 
positio,u. Within tµe area of the United States and south of latitude 490 a complete oscillation 
of this kind may require between two and a half and three aud a half centuries, during which 
time the magnet would swing twice, once forward and once backward, through au are of several 
degrees, generally keeping within tlJ,e limits of 3° an~ 70 of total range for our geographieal 
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boumlaries; in other localities tbe period and range are Yery much greater. 'l'he remarkable regu­
larity of the motion is well shown on the accompanying diagram for Paris, France, for which })lace 
we probably possess the longest series of obserrntions; the p~iod is about four aud two-thirds cen­
turies, and the range uearly ~-iso. To illustrate further tJ;ie eJl'ect of tlie secular change, we may take 
the case of New York Cit,r. In this localit,y.the needle was observed to be iu nearly a stationary 
condition about 1685, its north end pointing then 90 to the west of north; it then mornd easterly 
and reached jts easternmost digression about 1797, showing at that time only 4° west declination. 
Ever since this epoch the motion has been westerly, its present Yalue being rn~arl~- so W.; the greatest 
annual change (nearly 5') has apparently been passed. Tim times of tliese stationary epochs are 
diflerent at different localities; the last epoch was noted earliest in l\faine, later ~n Florida and 
Texas, and bas not yet been reached in California. At present, all along our Atlantic and Gulf 
coasts and over the middle and eastern parts of the United States, the efiect of the secular change 
is to increase west declination, or (wbat is the same) to decrease east declination; but on tbe Pacific 
coast aud for some distance interior the effect is opposite, viz, au increa1>e of east tleclination. 
Alaska, howeYer, is t-0 be excepted; there easterlj- declination seems to decrease slowlj-. There 
must, consequently, be a region of no present change, which will be reforred to in detail further on. 
It is this regular motion, known as the secular Ytir.iation, which renders it ncceo;sary to reconstrnct 
from time to time our isogouic cliarts. Although this secular variation is perfectly systematic it may 
not always appear so, especially wheu deduced from few obserYations made at different stations in 
the same general locality, either on account of small observing errors and possible local deflections, or 
for tlte reason that ordinary periotlic variations and disturbances have not been fully eliminatei:l . 
. Among the latter must he classed the-

Magnetic dist1trbances.-These may occur at any time, and are, when taken individually, lJeyond 
the power of prediction; but attacked by the statistical mctliod, i. e., when classified and av\'ragPs 
are taken of many tLons·1mls, they are found to be sul~je.ct to Yarious htw-s. Their pre.;;ence is gen­
erall~- indicated by sudden deftectio11s, arnl hj- rapid aml great fluctuations in the direction of the 
needle as compared with its i101-mal position, which otherwise might have been expected. They 
often take place simultaneously at distant regions of the globe, and in duration may be confined to 
a few hours, or they may last ~ d<ty or even for several days. They are frequentl;y accompanied 
by auroral lights and b~· strong electric eartll-currents. When .analyzed in large numbers tlrny 
exhibit a so~ar-diurnal variation, the westerly and easterly disturbances, however, following differ­
ent laws. They also ha,-e an annual Yariation and seem to depend largely on the sun-spot period 
or an eleven-year cycle. Irrespect.ive of direction of the disturbing forces the most disturbed hours 
of the day are genera,lly those between 7" and 10" a. m., and t.he least disturbed those between 2 
and 6• p. m. Westerly disturbances occur most frequently abouts• a. m. and least about 8" p. m; 
they exhibit a single daily progression. Easterly disturbances reach a maximum about 8" p. m, 
and a minimum about 2" p. m.; they exhibit a double daily progression. Wester}~- and easterly 
disturbances appear to agree in their annual variation, in their· times of maxima, i. e., in August, 
September, and Oct-0ber, and in their times of minima, i. e., in Januar~- and June. The disturb­
ances are most frequent and considerable in years of maximum suu·spot act.ivit.y and the reverse 
in years of minimum sun-spots. The following table of the obsen·ed dist nrbances, in a bi-hourly 
series at Philadelphia in the years 1840 to 1845, will give au idea of their relatiYe frequency and 
magnitude: 

Deviations from nor-1• Number of 1' 

ma! direction. ' disturbances. 

. I 
3'.6 to xo' .8 2189 

10'.B to xS' .1 147 

18'.r to s51.3 18 
25'.3 to 32' .6 

Beyond...... o 

A.t Key West, Fla., the maximum deflection noticed between 1860 aml 1866 was 21'.4 At 
Madison, Wis., where the horiwntal magnetic intensit.y is considerably less, very much larger 
deflections have been noticed. Thus, ou Oc~l>er 12, 1877, one of 48' and on l.\fay 28, 1877, one of 
1° 24'. We .now proceed to the consideration, of the sooular variation of the magnetic declination. 
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HISTORICAL NOTE. 

The following brief historical remarks on the magnetic declination and its secular variation 
have been prepared from extracts f1'om Humboldt's Cosmos (Otte's translation, Lot1don, 1849-1858), 
vols. II and V; frt>m the Enc;rclopIBdia Britannica, 9th edition, Art. Compass, vol. VI (Boston, 1877), 
and from E. Walker's tr.eatise "Terrestrial and Cosmical Magnetism," Cambridge (England), 1866, 
in which works fuller references will be found. The Enc~·clopoodia of Experimental Philosophy, 
London, 18i8, Art. Magnetism, as well as Gehler's Ph,ysikalishes Wi5rterbuch, Leipz.ig, 1825, Art. 
Compass, were also consulted. 

The first notice of the magnetic needle as applied to nayigation we meet with among western 
(European) nations does not date further back than the elerenth or twelfth century of our era, but 
in China the directive property of the magnetic needle was made use of on land as early as the 
twelfth century B. 0., and, according to tradition, e\re11 at a very much earlier time (2634 B. C.) 
In the third and fourth centuries of our era Chinese vessels were guided by the magnetic needle, 
and through them a knowledge of the polarity of the needle was conveyed to India and thence 
westward. In the ninth century Ohiuese merchants traded in ships to the Persian Gulf and the 
Red Sea. Probably through the influence of Arabian nadgators, or through the agency of the 
Crusaders, the use of the mariners' compass was introduced into Eastern Europe. Among the first. 
European writers of the middle ages who refer to the loadstone br to the compas8 is the Icelandic 
historian, Are Frode, who lived about the end of the elew•nth century. He states that the directive 
property of the loadstone was then known to seamen in northern countries. Next are mentioned, 
Alexander Neckam, in two treatises, "De Uteusilibus" and "De Naturis Rerum," of the twelfth 
century, Guyot, of Provins, iu 1190, and Jaques de Vitry, between 1204and1215. Raymond Lully, 
in 1272 and 1286, remarks that the seamen of his time emplo~·ed the magnetic needle, and from 
To1~freus we learn that the comJ)aBS was in use among the Norwegians about the middle of the 
thirteenth century. Among western nations the construction of the instrument underwent great 
impro,·ements, particular!~· by the hands of Flavio Gioja, of Amalphi, Italy, in 1302. 

The declfoation.-From a Chinese work, written between 1111 and 1117 A. D., we learn that the 
needle was then suspended by a thread and that the mode of measuring the amount of the decli· 
nation, it being then west (or, as there expressed, east of south), had long been underst-OO(l. It 
can hardly be supposed. that the fact of the needle, in general, not pointing to the true north and 
south coultl have been overlooked in the twelfth century, on the Mediterra)lean, in places where 
the declinatiou reached (io to 100. A pai;sage interpolated iu a Paris MS., a copy of "Epistola 
Petri Peregrini,'' &c., of 1209, states the declination to have been determined by him in Italy at 
50 E. Columbus probably was the first who records the change in the sigfl of declination with 
change of position. On starting from the west coast of Spain he had east declination. In Sep­
tember, 1492, in the Atlantic, in latitude 2so longitude 280 (about) he observed 11 o W. He has 
also the merit of heing the first to discover a part of an agonic line, or line of no declination. The 
first scientific work in Europe in which the declination is treated at any length aud dedutied from 
actual observations is that by Boroughs, published in 1581, entitled "A Discourse on the Varia­
tion of the Cumpas or 1\Iagneticall Needle," and is dedicated to the "travaillers and mariners of 
England." In 1599, Prince Maurice, of Nassau, the lord high admiral of the Low Countries, recom· 
mended seamen to keep a register of the declination in every part of the world they might visit. 

Isogonic charts. -The declination was marked on the chart of Andrea Bianco, drawn up in the 
year 14:36, and Alonso de Santa Cruz, in 1530, constructed the .first general declination chart, 
though basc{l upon yery imperfect material. Upon the chart by Father Christopher Burrus (died 
in 1632), published at Lisbon, the lines are called "tractus chalyboeliticos." About 170 years after 
Alonso de Santa Cruz, Edm. Halley published his celebrated isogonic cLart for the year 1700, 
based entirely upon observations. [Tabula Nautica, Variationum Magneticarum Index, juxta 
observationes anno 1700.J His voyages of the years 1698, 1699 and 1702 were undertaken at the 
expense of the British Government. This chart comprises the areas of the North and South 
Atlantic, the Indian, and the extreme western part of the Pacific Ocean. Isogonic charts became 
quite numerous after Halley's time. Those by Hansteen (Magnetismus der Erde, 1819) deserve 
special mention; his earliest one is for the year 1600. In 1838 Gauss published his ''General theory 
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of Terrestrial Magnetism" (in Resultate, etc., des .Magnetischen Vereins) ancl, the resulting isomag­
netic curves were afterwards charted. A translation of the theory and the charts are given in 
Taylor's Scientific Memoirs, Vol. II, London, 1841. In the work of A. Erman arnl H. Petersen, "The 
Foundation of the Gaussian theory and the phenomena of Terrestrial ::\fagnetism in the year 
1829," Berlin, 1874, the general distribution of magnetism over the globe is shown on six cbart8 for 
the-epoch 1829. For the most complete magnetic chart8 depending directly on observations, the 
reader is referred to General Sir Edwarcl Sabine's Contributions to Terrestrial Magnetism, Nos. 
XI, XIII, XIV and XV, Phil. Trans. no;v. Soc., for the years 1868, 1872, 1875 ancl 1877, respect­
ively. These charts refer to the epoch 1840 to 1845. Isogonic charts for the Unit-0cl States of North 
America, in three sheets, Nos. 37, 38, 3fl aud rl•ducecl to the e1>och 188li.O, will •lie found in this 
report (see Appendix No. 13.) 

The secular variation of the ileclinatioii.-The discovery of tlte gradual clmng·e of the declination, 
which for any one place had predously been suppm;ed constant by philosophers, is due to Gellibrand, 
of Gresham College, England. In 1635 lte published his work, entitlell '"A discourse mathemati· 
call on the Variation of the Magneticall Needle, together with its allmirable diminution lately 
discovered." Ile based his conclusions upon the recorded obserrntious of Boroughs (1580), of 
Gunter (1622), and his own obserrntions (1633-34), showing that in the vicinity of Lonclon the 
direction of the needle. had changed in the interval fully 7° to the westwar(l. From this time the 
fact of the secular variatfon was completely established, and it remained to later times to deter­
mine its extent arHl develop the law governing this change, and to endearnr to find its cause. That 
the velocity was not uniform was soon perceivecl, and the appareut periotlic character of the varia­
tion was 11romi11ently forced upon the attention of observers when the needle reached a stationary 
condition, as, for instance, in the eastern part of the United States towards tile encl of the eighteenth 
century, and then recommenced its motion in a direction opposite to tl•at it ba<l before. Similarly 
at Paris, France, the secular change was westward between the stationary epochs of 1580 (about) 
and 1814 (about), sinee which time the needle has been retracing its cour8e eastwardl.r. Nearly 
mid way between such stationary epochs the annual change is obseffed to be a maximum. See 
Plate No. 36, upper diagram. 

ANALYTICAL EXPRESSION OF 'fHE SECULAR VARIATION OF THE MAGNETIC DECLINATION. 

The secular variation can be represented with co11jliderable accuracy by means of a circular or 
ha;rmouic function, as might be expected from the almost unlimite1l adaptation of such functions 
to all forms of periodically recurring phenomena, provided a sufficient number of terms are intro­
duced. The formula employed for our purpose may be written-

D = o + r sin (am+c) + r, sin (a,m + c,) + r11 sin (a11m + c11 ) + ....... . 
~Where D =magnetic declination at any time t, positive when west, ·negative when east. 

m = number of years and fractions of a year from an epoch to for which 1850 ha.s been atloptfld ; 
hence m = t- 1850.00 

a a, a
11 

• •••• are factors ·depemling ou the adopted periods p p, p 11 • of the severa 
36()0 3600 3600 

terms ; so that a = -- a, = -- a 11 = ----- , etc. 
P p, P11 

Thus to a= 0.9, 1.0, 1.2, 1.5 correspond periods of 400, ~~60,,300 and !!40 ,ye:irs respectively. 
r r, r11 •••••• are para.meters a.ncl 
c c, c11 •••• , • epochal constants of the several periodic terms. 
o = a constant, representing the mean or normal declination about which the periodic fluctua­

tions take place. 
The quantities o r r, r 11 a a, a11 • • • and c c, c,, • . . for any one 

locality have all to be determined ·from the obsenations made there at various times, and their 
most probable values are to .be deduced by·application of the method of ~east squares. 

We begin by ~assutning a suitable value• for the length of the principal period, amI the first 
periodic term of the formula is treated as follows : 

--------- -----·-
•It may be found graphically in the first instance. 
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Put. o = o, + J:' w)lere o, = an assumed approximate \·alue of o and x a correction to it; also put 
r cos c = y aml r sin c = z, 

tlwu the comlitional equations will take the form 

0 = 0 I - n + x + sin ani . !I + cos am . z + . . 
from which the 1111111erical •alncs of ;c y z are to lie t1etlueed in the usn:tl way by means of normal 
t•1111ations. To determine the n1lue of a (and similarly of a, a 11 • •• ) the computation is repeated 
thn•l' times (or more if ueccssary) using the slightly changed values a+ .da awl a - Ja, from which 
that particular ,-alne of a is found arnl finally retained which renders the sum of the squares of the 
tlitforences of ohse1Ted and computed declinations a minimum. In some cases where certain obser­
Yations were m·idently less trustworthy than others, and which ne,·ertheless could not be dispensed 
with owing to the small number of observations, or on account of their special value with refer­
ence to time, spccinl weights were assigned; generally each ohser\ation received the weight unity, 
a few imperfect ohsern1ti01is the weight one-half. In these cases the conditional equations were 
111nltipliet1 by the square root of their re.'lpcctive weight. Of observations evidently grossly in 
error no notice whatever was taken. In finally selecting what seemed to be the best expression 
for the secular change at a station, I l1arn also occasionally been guided by the accord of the 
,·ariouti ndnes entering into the equation when compared with corresponding values in the equa· 
tious for surrounding stt1tions. "\Vhen applJing Cauchy's method of interpolation the form 

D = o + r cos e . sin ma+ I' sin e . cos ma + . . . 
wa8 fou111l mnrc cmn-cnient in use. This mctlto1l was employed for establishing such second or third 
periodic tl1 t•1111:1 ai; ap11e;U't1<l dem:m<lcd by the ohscrvatio1Js, but only a few of these could be deter­
mirwd autl tliey generally failed on account of iusufficiency in number of data or for want of suffi­
cient accuracy iu the observations. 

The annual change v of the magnetic declination due to the secular motion, positive when 
i1:crcasing wpst (or clecreasing east) an(l negative when in the opposite direction; also the epoch of 
minimum w<~st <leclination (or of maximum east); also the amount of the <leclination at this epoch 
a11<l tl1c apparent prohahle error of an observation-are fouml as follows: 

Hilfore11tiati11g tire cxpressio11 for D, we have 

dD =I'll' cos (am+ c) dm + r1ll'1 cos (a,m + c,) dm + 
hence for any time t an1l for minutes of arc, 

v = 60 sin 1° [ra cos (am+ c) + r,a, ces (aln + c,) + ... ] 
Maxima and minima are deduced from the equation: 

0 =.ra cos (am+ c) + r1a 1 cos (a,m + c1) + 
from which expression m can he found. 

'rl1c apparent probable error eo of an ouservation is deduced from the differences .J of then 

ob1icrrnd and compute<! decli11atio11s by the formt1h1e0 =,./~.45_5 ~J2 , where :S indicates summa· 
v n-n, 

tio.n and n, equals the number of unknown quantities in the expression for D, determined from the 
obserrntions themsch·es; when weights w enter, we substitute w.:12 for J 2 and then obtain the prob­
able error of an obser,·ation of unit weight. The greater part of this apparent probable error is due 
to the fact that the observations collected at any one place were not generally made at precisely the 
same spot, thus admitting the effect of possible local irregularities in the distribution of magnetism 
in addition to the ordinary obsen'ing errors. In other cast's the observations evidently were not 
corrected for diurnal variation, and the hour of the day of observation not being known, the received 
imperfect value had to be accepted. · · 

· Thet:e arc some stations where from want of a sufficient number of observations, or from short· 
ness of inten·al between the first and last observation, no periQd of the secular va.ria.tion could be 
111acle out. In such cases the annual ehange due to the secular motion may be expressed by means 
of an exponential function, thus : 

D=do + y(t - lo)+ z(t- t0)*+. 
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where do = magnetic declination at epoch t0• I adopt, as in the preceding formulm, t0 = 1850.0 and 
put do="+ x, where li =an approximate value of d0 and x a correction to it to be determined, aH 
well as y and z &c., from the observations themselves. For this purpose we haYe conditimia.l 
equations of the form 

0=o-D+x+ym+zm2 + .... 
which equations are to be treated, as customary, by the method of least square1;. 

D =resulting magnetic declination { + w~en EW } for the time t -wuen 
a= annual change=y+ 2z (t-t0) =Y+ 2z.m; also 

T = time of maximum declination= t 0 - _y__ 
2z 

In case the change of declination can be represented by a straight line, we have 
n =do+ a, (t-t0) and the conditional equation 0 = d0 - D +a (t- t0 ) 

where d0 =mean of all observed declinations and to= mean of corresponding times. 
The principal uncertainty in the investigation thus arit>es partly from large ohserviug or instru­

mental errors iu the older obseryatious macle with orclinary compasses or with rude instruments 
generally, and partly, in modern observations, since tlie introduction of more refined instruments 
(the magnetometer with collimator magnet and theodolite) from change of local position and 
imperfect eliminatiou of irregular variations from the normal direction of the magnet. From the ex­
tended use of iron and the rapid growth of cities, it is difficult to select and preserve at such places 
a suitable locality for use at fotnre times. Accurate investigations of the secular variation t\an onls 
be made at permanent magnetic obsen'atories or in localities not liithle to disturbing influences. 

In applying at present a periodic functi011 for representing the secnlar niriatiou, it should be 
understood that this does not necessar'ily imply that the phenomenon is a periodic one, or has a 
period of the length assigned, or that it must exhibit a second or more periods of like character 
to the first, or even that a first period will be completed without change of law.• The aim is 
simply to repre8ent b;v a suitable and comprehensiveiormula the changes which are observed in 
the direction of the resultant horizontal magnetic force from year to year and during centuries, 
and to provide the means for the further study of the phenomenon as well as for predicting, at least 
for a few years in advance, the probable direction of the needle as required for use on our hydro­
graphic charts. 

The procesH is thus one of a tentative character and the forrnulm are empirical. Employing a 
formula of interpolation capable of represimtiug the phenomenon as far as observed, it would 
manifestly be unsafe to extend the numerical results much beyond the limits of observation. They 
are here given within proper and safe limits and should not be transcernled unless it should be 
found that, the results are sustained by additional observations. 

COLLECTION OF MAGNETIC DECLINATIONS FOR THE DISCUSSION OF THE SECULA.lt VARIATION. 

The collection of the material is presented first, the stations being arrau~ed in approximately 
geograpl1ical order, beginning in the northeast, passing to the south and west and ending in the 
northwest. This approximates to an arrangement proceeding from the greatest westeru to the 
greatest eastern declination. For each locality the obsen·ed declinations are giYen in chronological 
order, together witb such notes and references respecting observer, place, publication, &c., as could 
be supplied. The stations here given are the only oues, as far as known, at present suitable for a 
discust>iou of the secular variation, but it is expected that future accumulation a.nd collection of data 
will render the character of the work more comprehensive and reliable thau it can now be made. 

*If we suppose for the moment that the secula.r variation consists simply uf a swing about a ruean position, 
the deflecting force being a maximum at the timeH of lllongn.tion and zero for the epoch midway between, we may 
obtain some rough evaluation of the magnitude of the horizontal deflecting force when greatest. Thus, at Philauel­
phia the half-amplitude or the secular deflection either way from the normal equals nearly 3°.3 and the last extreme 

d 1l .- . 3·3 1 f h 1 e sc.rnn happened about 1807. At that time, then, the detlect.iug force conesponclecl to 57 .3 = 17 nearly o t e norms 

horizontal force acting in the plane of the meridian. This deflecting force is vi>ry much greater t.han the detlecting 
force which produces the daily solar variation, the latter bsing at most, at Philailelphia, for an average amplitude of 

81 0 al 4.0 1 . · eqn to 3437• 7 = 800 nearly of ths llllille normal hm-J.SOntal force. 

S. Ex. 77--28 



 

218 UNITED STATES COAST AND GEODETIC SURVEY. 

COLLECTION OF MAGNETIC DECLINATIONS, OBSERVED AT VARIOUS PLACES IN THE UNITED STATES 
AND AT SOME FOREIGN STATIONS, FROM THE EARLIEST TO THE PRESENT TIME, AND FOUND 
SUITABLE FOR THE INVESTIGATION OF THE SECULAR VARIATION. 

PARIS, FRANCE.• 

A== -20 20' ,:;a 

(Paris observatory.) 

i 
I 

·-----~--- ---- ------\~---- ------~ 

d ! 1541. ................... . 

2 1550 •... 

' 3 I t580 •..................... 

4 ! 16o3 .......................... .. 

s ' 1610 •...••••...•..•......... ' ..•. 

6 i 1630 .................... .. 
i 1642 .•................... 

1659 and 156o ............ .. 
I 1664 ............ . 

10 , 1666 and 1667 .... . 
n 1670 ... 

•• 168o-81-82-83 ·84 •....... 

13 r685-86--87-88-89. 

14 t691-g.-93-g5-96-97-g8. 
I 15 • 1699, 1700-1-0-3-4-5-6-7 · 

16 t7o8-9-10-u-12-r3-14-x5-16 .. 

17 ! 17i:7-18-19-:10-21-22-:lJ•24-25 •. 

I8 t726-27-:zB-29-30-31-3:z-33-34 •. · · .-

19 1735-36-37-38-39-40-41-42-43 ..... ; 
:zo 1744-45-46-47-48-4<;-50-51-5• •• 

01 1753-54-55-57-58-5g-6o .. 
.. 1765 ............................ : 

•3 •110-11-72 -n-14 . ............. ! 
•4 1777-78-79-80--81 .............. .. 

~5 •782-83-1!.4-85-B6 .............. . 

•6 1789-90-91-g•-93· 
27 1798"519-Iiloo-1 ..... 

28 1802-3-4. 

, 9 •Bos .............. -
Jot 1807..... .. .......... . 

1811, October 15, noon ....... . j 
1810, March i3, 1 p. m . . . .. 

3' 1812, October 9, •% p. m ... . 
' 18131 October 30, noon ... . 

{ 

1814, August 10, noon .. . 

32 1816, October 12, 3 p. m .... . 

1 
•817, February 10, o~ p. m 

33 ' 18.7 .. . I 
I 1823. 

'. iSsS .. . 

1809 .. 

34 1835.5 •.. 

35 
36 

37 

1838, February ........... . 

1842.5 ............... .. 
1858, January 1. ...... . 

1865 ......................... . 

1869, September 1 .............. . 

1875, July ..................... 1 

•879, January t ................. i 

11 30 

45 

30 
• 30 

I 30 
0 40 

0 08 

I 30 

o8 

tl 

l2 

14 
ts 
26 

17 
29 
20 

"" 
21 

•• 
22 

21 

22 .. 
22 .. 
22 
22 .. 
22 
H 

22 

•• 
•• 
•• 
•• 
21 
2t 

19 

18 

17 
17 
16 

S• 

37 

II 

5• 

37 
23 

37 

49 
00 

OI 

40 

25 
18 

14 
58 

05 

34 
16 

•s 
29 
28 

34 

•s 
19 
23 
20 

05 
12 

04 

38 
29 
36.3 

H 
08.4 ., 
56 

i 
E. i Bellarmatus. 

· Orontius Finreus (Oronce Fim1t!). 
Sennertus. 

'. Nantonnier. 
! Nantonnier. 

I Petit. 
I Petit. 

l 
E. I} 
W. i Picard. 

w. 

I Picard and La Hire. 
) La Hire and Cassini. 

! La Hire and Cassini; includes mean of• v-alues of 1698. 
La Hire and Cassini; includes mean of 2 values ea.ch for 1700-1-2-3 .... 41 and of 3 Talues 

~ry~ ' 
La Hire and Cassini; r value for 1715, 3 for 1716 and~ values each for other years. : 

1 Cassini, La Hire, and Maraldi; 2 values for i717-18-:n-22-33• 3 for 17:a5 and 1 for 
1 

1719-20-24. 

Maraldi and Buache i 2 values for 1734. 

Maraldi and Cassini ; 2 v-alues for 1735-36-38-40-42 each. 

1 
Fouchy. 

! }Maraldi. 

· Maraldi and Le Monnier; 2 v-s.lues each for 1772-73-74. 
Le :Monnier; 2 values for :1778, 6 for 1779, 46 for -i:780 and 12 for 1781. 

Le Monnier: 3 v-alues for 1782-83 es.ch and 2 for 1784-86 eacli. 
Le l\Ion11ier; 2 values for '79<HJI eacb.. 
Le ~fonnier; 2 values for 1799. 
Le Monnier, Rouvard, and Cotte; 3 values for x8o2. 
Cotte; E. Walker in" Terrestrlal"and Cosmical Magnetism," 1866. 

Bouvard. 

: i Mean .. 0 24' .5 ; same corrected for diurnal variation, 220 20', epoch 1811.2 

I {Mean 20° 26' .o; same corrected for diurnal va.rls.tion, ••• ••', epoch 1816.5 

J 
:.lMean22• t5'for1807.2;

0

A. Guyot in Johnson's UniversalCyclop;edla., Art. Earth, 
' New York, 1876. 

J 
! Arago: Gen. Sir E. Sabine, Phil. Trans. Roy. Soc., vol. 16", part ii, 1872, I/>= 48° 53', 

A=-2°'°'· 
Darondeau; Phil. Trans. Roy. Soc., 1849, part Ii. 
Lamont; Gen. Sir E. Sabine in Phil. Trans. Roy. Soc .• vol. 16a, part ii, 187,. 

Rev. S. J. Perry; Magnetic Survey of the Ea.st of France; Phil. Trans. Roy. Soc., 
v-ol. 162, 187>, London, 2873. I 

Encyclopaldia Britannica; 9th ed., 1877, An. Compass. i 
Rev-. S. J. Perry; Mag. Survey of the East of France. I 

; Jordan's Vennessungskunde, vol. 1, Stuttgart, 1877. 

Annua.ir~~~ur_'.:~~~~·~a~~ _______________________ ! 
•This station has been included in our discussion as a means of showing the connection of the laws of secular variation a.s observed in Europe 

and North America. 

t All the v-alues between t541 and 1807, inclusiv-e, except for 18o5, were ta.ken from the F.ncyclo!""dia of Experimental Philosophy (part of 
the Ency. Metropolitana), London, 1848. An. Magnetism, by Peter Barlow. The values were combined by me into suitable groups and their 
means were separately taken, as indicated abov-e.-ScH. Tile values Nos. 31, 32 were taken from Walker's" Terrestrial and Cosmlclll HAgut 
!om," Cambridge, ltna'laud, 1866. These observ-aUons arc by Arago, 
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------------- --- --·---
! 

i 
l i 1700 .......... . 

'1s6 .... .... 

1775,..... . ........... .. 
4 1798......... . ............. .. 

s 
1 

1818 (about) ............. . 
6 ) 18211 June and November. 

! 

7 ! 1850-53 .............. . 

8 J 1ss•-s1 

9 I 186o, July•• 
10 , 1866, April . 

! 

13 

I2 

13 
16 

17 

17 

18 

18 

19 

50 

35 

30 

28 

36 

51 

55 
05.6 

HALIFAX, NOVA SCOTIA.• 

4>=44° 39'.6 A= 63' 35'.3 W. of Gr. 

w. 

(Naval-yard observatory.) 

According to chart by Edm. Halley: Tabula Jliautica: Variationum Magneticarum 
in<lex juxta observationes anno 1700. [Greenwich astronomical observations, 1869.] 

From ~IS. map by Charles Morris, assistant surveyor. 
Des Barres' Sailing Directions. 

Plan published by Thomas Backhouse. 
Remark-book of J. !\'apier, master R. N., as given by Anthony Lockwood, esq. 
Rema1k-book of J. Napier, master R. N., as observed by himself, viz, in June, 

17° 38' .1 ~ in November. i7° 33' .5. 
Captain Bayfield, mag. survey. 
Remark-book of J. Hill, master R. N ., viz, August, 1852, I8° 46'; September, 18s,a, , 

i9° :n' i August, 1853, 18° a5 1
, 

Captain Orlebar, R. :N. 
Halifa.xdock-yard,in lfJ = 44° 401

1 >.. =63° z5' \\~ i declination, April 1 1 9 a. m., 20~ss' .o; ~ 
i April 3, 3 p. rn., or 0 161.3 

n i 1879, September 8-10. 43.3 \\". : J.B. Baylor, U.S. Coast and Geodetic Survey. In southeast e:id of Dock Yard. 
I 

•For the collection and communication of the observed values, Nos. 2 to xo, a.t Halifax, Nova Scotia, the Coast and Geodetic Survey is in­
debted to Staff-Commander Fred. John Evans, R. :N. (Hydrographer to the Admiralty). Letters dated January 5, 1866, and April 26, 1867. 
According to Champlain's observations in this region, the declination at Halifax would appear to have been about 16f0 west for l6o4 to 161a. Our 
formula gives 19° west. Champlain's observations are not certain within ± 4 or s0

• 

1686 ................... .. 
1700 •... 

17S5 ....... . 

16 

IS 30 
16 

u 35 

s 178g, June 30 ................... , 11 45 

6 1 1791, June•• .... , .............. .i 13 oo 

r I 179•, March •• .. .. .. .. .. . .. .. .. .. 15 

71
111792, May 9......... ... .. • . . .. 13 09 

1792, May 16 .. . . .. .. .. . .. .. 12 oo 

: 1792, May 16... .... .. .. .. .. . u •s 
SS t 1793.. .... .. .. .. . .. .. .. .. .. . • .. ,. 05 

l 1793, November lQ... .. .. .. . .. . 13 oo 
9 

1
1 18o5, April .. .. . .. . . 11 35 . )!' 1810 ......................... . 

l 1810, June s ................. . 
XI 00 

11 1811, June ..............•..... 12 15 

12 1814.... . . . . . . . . . . . . . . . . . . . . .. u 50 

13 
S 1800, October • ............... .. 
~ 18go,November .... , , ......• , .. . 

12 30 

•• 35 

( 

18u, August •s .. .. .. ......... . 
1821, September .......... .. 

14 
11su;September ........ . 
i 1821, November 08 ........... . 

u 15 

13 00 

13 00 

13 "° 

1
1 tll2s, January u ................ I 13 oo 

15 1h•, January 21.... . .......... 1 13 oo 
I 18-,Aprih6..... .. ...... 1 13 oo 

18-, May ..................... ! 13 oo 

13 00 
1823, May 11: .................... f 13 oo ! 
1S.3, March o6 . • . . ............ j 

&6 1S.3, October 3 .. • .. .. . .. ...... 
1 

13 oo 

•lla3, October lll ................. 

1 
i 1ao,, November 14... . ........ . 
' I 

13 00 

13 00 

IJUEllEC, CANADA . 

.P = 46° 48' .4 >. = 71° ••' .5 W. of Gr. 

w. 

w. 

(Wolfe's Monument.} 

1 

Pt.dre Bressani; Hansteen's Magnetismus der Erde, 1819; a.!BO Trans.t of the Lit.1 
and Hist. Soc. of Quebec, 1865. Hansteen's date, t6N, changed to 1640, according i 
to President J. Langton, Art. x of Trans. · 

De Hayes; Hansteen's Mag. der Erde, 1819. • 

' Edm. Halley's Isogonic Chart for 1700, Greenwich Observations for 18"9. I 
Surveyor-General Holland; E. T. Fletcher, in Trans.t of the Lit. and Hist. Soc. of I 

Quebec, i.865, Art. ix. J 

Louis Perrault, P. L. S. i reference as above. 
Pierre Beaupre, P. L. S.; reference as above. 
J.B. Demers, P. L. S.; reference as above. 
A. Dezery, P. L. S. ; reference as abo>e. 
Ch. Turgeon, P. L. S.; reference as above. 
Fr. Legendre, p_ L. S.: reference e.s above. 

; Surveyor-General Holland ; reference as above. 
: J.C. Antill, P. L. S.; reference as above. 
: Reg. A, folio 117, Dept. of Crown Lands; reference as above . 

Becquerel's Trait<! du Magnetisme, Paris, 1846. 
Reg. A, folio 131; E.T. Fletcher, Trans. Lit. and !list. Soc. of Quebec, 1865. 

Reg. A, folio 143; E.T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, i865. 

Kent; Becquerel's Traite du Magnetisme, Paris, 1846. 
: Bourdages, P. L. S. : E. T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, 1865. 

Livingstone, P. L. S.; reference as above. 
' JnD. McNaughten, P. L. S.: reftrence as above. 

A. Cattanach, P. L. S.; reference as above. 

! W. Ware, P. L. S.; reference as above. 
! E. Tetu, P. L. S.; reference as above. 

Jos. Hamel, P. L. S.; reference as above. 
Ph. Verrault, P. L. S.; reference a.• above. 
P. J. Bureau, P. L. S.; reference as above. 

Reg. A, folio 16ot; reference as above. 
N. Le Fran~ois, P. L. S.; reference as above. 
D.S. Ballantyne, P. L. S.; reference as above. 
Jos. Gamabe, P. L. S.; reference as above. 

' A. Bochet, P. L. S.; reference as above. 
, L. Dorval, P. L. s.; reference as.above. 
i ------------------' 

tl am llldebtecl to Mr. Marcus Baker, of tbe Compulln& Dlvl1ioo C. aod G. S., for poiDUng out and procuring this volume for me . . 
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Collection of Magnetic .Declinations, etc.-Continued. 

17 ' 1824, March • . 
1831 .. 

1831, July 20 ....... . 

1831, autumn .. 

1831, September 6 .. 

1831, December 10 . 

'9 1832, May. 

1833, ~lay. 

i833, July .. 

r834 ... 

r8·;'4, March to .. 

r834 ....... ,. 

1834, July .... 
2~ r835 1 December . 

{

! 1838 and 1839 ..... 

23 ! 1839, May .. -
I 1839 ............... . 

o) ,
1

: 18;0, May .a. 

1 1840, September q ... 

\ i 1842, December 1... .. . 
2 5/! 1842 •. 

.6 I 1846. .. ....................... .. 

f i 1847, September 17. . ·I 
:i7i j 1847, September 20. 

Lj 1847, October lJ .... 

28 1848, June 28 
{ 

· 18+8, February. 

1848. October .. 
I 1849, March 8 . 

•9'\ ( i849, July 8 

30 1850, April ........ . 

31 1851, autumn, ...... _., .. , 

32 1853, Januarv 19 . 

33 1858, October 8 .. 

34 1859, July 19 .... 

35 186o. October 12 .. 

36 1865. ". 

37 1879, September 16, 19. 

I2 

lJ 

'3 
13 

q 

13 

'3 
12 

t3 

14 

lJ 

13 

13 

13 

'3 
IJ 

13 

13 

13 

13 

'4 

14 

15 

'4 
13 

15 

14 

14 

15 

15 

15 

15 

rs 
lS 

16 

16 

•6 

17 

QUEBEC, CANADA-Continued. 

40 w. 
38 

10 

00 

00 

12 

30 

00 

14 

00 

00 

IO 

00 

30 

35 

so 
35 

so 
12 

3• 

30 

45 

40 

15 

00 

30 

30 

15 

rs 

30 

.H 

17 

28 

40 

r3.7 W. 

A. Gattanach, P. L. S.; E.T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, 1865. 

Captain Rayfield: Becquerel's Traite <lu Magnetisme, Paris, 18.t-6. 

Thos. Carrol, P. L. S.; E.T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, t865. 

Jos. Hamel, P. L. S.; reference as abm.~e. 

H. Corey, P. L. S.; referem.:e as above. 

John Newman, P. L. S. ; reference as above. 
Reg. B, fol. 36; reference as above. 

Reg. B, fol. n; reference as above. 
Reg. B, fol. ·H; reference as above. 

Capt. Bayfield; Trans. Roy. Soc., June. 187>, Gen. Sir E. Sabine, Contributions to 
Terr. l\:1ag., No, xiii. 

Reg. A, fol. 197; E. T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, 1865. 

Reg. B, fol. 61; reference as above. 

Reg. ll, fol. 69; reference as above. 
Reg. B, fol. 85; reference as above. 

Reg. B, fol. 66; reference as above. 
Reg. B, fol. 14'4; reference as above. 

Reg. B, fol. 1st; reference as above. 
R. M. Moore, P. L. S.; reference as above. 
Proces-Yerbal1 by Jos. Bouchette, D.S. G.; reference as above. 

Reg. B, fol. 281, Anse des Meres; reference as above. 
Capt. Lefroj, R. E., Phil. Trans. Roy. Soc., 18491 part ii. 
Reg B, fol. 318, La Canardiere; E, T. Fletcher, Trans. Lit. and Hist. Soc. of Que- • 

bee, 1865. 

Reg. B, fol. 316; reference as above. 
Reg. B, fol. 262 i reference as above. 

Reg. B, fol. 269; reference as above. 
Reg. B, fol. 277; reference as above. 

, Reg. B, fol. 299; reference as above. 
N. Le Frans:-ois, P. L. S., field-book C, so: reference as above. 
Reg. B, fol. 316; reference as above. 
Reg. C, fol. s ; reference as above. 

i Reg. C, fol. 13; reference as above. 
! Reg. C, fol. 33 ; reference as above. 

Reg. B, fol. 320; reference as above. 
Capt. Orlebar, R. N.; communicated by Capt. F. J. Evans, Hydrographic Depart­

ment, Admiralty, London. 

1 
C. A. Schott, assistant U. S. Coast Survey, C. S. Report, 1859, p. 296, station near 

WolJe's Monument. 

Capt. Otlebar, R. N.; communicated by Capt. F. J. Evans, Hyd. Dept. Admiralty. 
E.T. Fletcher. surveyor to Department of Crown Lands. 

: J. B. Bay!or, U.S. Coast and Geodetic Survey: station of 1859. 

N oTE: Observations of the same year are united into a mean value for that year. 

1749 •..... 

1785 .. ""." "" 

1793, July 26 ... 

4 1814 •.•. 

5 1834 .. 

I 

1842, August . 
1859, July"° 

9 / 1879, September •s .. ........... ! 

to 38 w. 
24 

rs 

1 45 

8 00 

9 50 

58 

'3 .f.0
1
-5 ":· 

MONTREAL, CANADA . 

.I.= 73• 34'.9 W. of Gr. 

(McGill University.) 

M. Gillion . . . . . . ............... l V. Colvin, Sup't Adirond&ck survey, N. Y,., 7th . 
Holland, Surv. Gen. of Canada .. f annual report, Albany, 1880, p. 492. 
J er. Mccarthey, Trans. Lit. and Hist. Soc. of Quebec, session of 1864-'65, new scrie~, 

Quebec, t865, p. 3. 

Becquerel's Tra.ite du Magnetisme, Paris, 1846. 

Capt. Bayfield; Phil. Trans. Roy. Soc., 1849, Gen. Sabine's Co11tributions, No. ilC; in 
q, = 45°3:1',.\=13° 34'. 

Reference: 1th annual report Adirondack survey, N. Y.; V. Colvin, Sup't, Albany, 
~~~ . 

Capt. Lefroy, R. A., Coast Survey Report, 1855, p. 304. 

C. A. Schott, Assistant Coast Survey, MS. in Coast Survey Archives, grounds of , 
McGill University, in <I>= 45" 30'.5, A.= 73' 34'.9 

J.B. Baylor, U.S. Coast and Geodetic Survey, grounds of McGill University. 
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YORK FACTORY, HUDSON BAY. 
</>=51°00' ~=92°26'W.ofGr. 

--- -I - -- ----------- -----.-------

! 
J I 1705 ......................... .. 19 w. 
I 

: I :~~:: ~~~;~~~~~- : : : : : : : : ....... . 6 

w. 
E. 

4

51

: 1843, July ........ . 
1857, August ...... .. 37 

6 J 11878 ................ ~ ........... J 
l i879 .. .... . .. .. .. .. .. . . ...... l E. 

L_J __ ----------- -------- -
30 

Capt. Middleton; Hansteen's Magnetismus der Erde, 1819; also Gen. Sir E. Sabine, 

Proc. of the Roy. Soc., 1858. 
Hansteen's map; references as above. 
Sir J. Franklin, in cf>= 57° oo', ~ = 92° 26'; Gen. Sir E. Sabine, Proc. Roy. Soc., 1858, 

and Cont.to Terr.Mag., No. xiii, Phil.Trans.Roy .Soc., 1872. 
1 

Capt. Lefroy, R.A.; references as abuvt:. 
Capt.Blakiston, R. A.; references as above. 
I Alfred R. C. Selwyn, director Geological Survey of Canada; report of 1878-'7g, 

Appendix VII, Montreal, 1880, S. W. side of fort. In 1878 he found only 5° 30' at 
the N. E. side, out there appeared to be local attraction. [Used - 6° 30' for the 

present-Seu.] 

EASTPORT, ME. 

<1>=44° 54'.4 .>.=66° 59'.2 W. of Gr. 
(Fort Sullivan.) 

1--:-----------------!-----·---1-· "-- ---·------------------ --------- --··---------

! ,6o4 to 16'• . .. . . . . . . . . . I 17 32 W. f Champlain; Douchet's Island, St. Croix River. [Not used.) 
: 17oc"....... .. . . .. . .. .. .. 13 ! According to Edm. Hallev's isogonic chart of i700.• [Not used.) 

'I L775···· ............ 12 40 i At Grand Manan lsland; ·j. F. \V". Des Barres' Atlantic Neptune, London, 1781. 

1797............. 12 19 I From a chart; Prof. E. Loomi~' collection, in Sill. ]our., vol. xxxiv, 1838 · at the 

! mouth of St. Croix, in </>=45° 05', A=67° 12'; reduction to Eastportab~ut-s'. 
[Not reliable.) 

i 
: 1857, September i6-x9 ... 

I 
3 

1860, August to December .... · 1 

186" January to December .... .. 

i 
1860, January to December ..... ·I 

I 
1863, January to December.. . ·I 

6 18,,., January to July, inclusive.I 

7 
8 

1865, July 02, 03, 04, 25 ... : . 
187 ;, September 2, 3- _ .. _ -

'5 

17 

'7 

18 

J8 

18 

18 
18 

19 

::l:l,l 

57. I 
59.2 

oo.6 

"'"3 
03.7 

o6.1 

56.0 

07.8 w. 

G. ,,-.Dean, assistant Coast Survey; at Calais, in cf>== 45° 11'.1, A= 67° 16',8; Coast 

Survey Report forr858, p. 191; reduction to Eastport-12'. [Not used; probable 
local dellection.] 

G. ll. Vose, observer for United States Coast Survey ........ j 
G. B. Vose and S. Walker, observers for United States Coast 

Survey. l Coast Survey Report 
S. Walker, R. H. Talcott, E. Goodfellow, observeTS for for 1865, Appendix 

United States Coast Survey. No.18; allobserva- , 
E. Goodfellow, assistant Coast Surny ..................... , [ lions made at Fort 

1 

E. Goodfellow, A. T. Mosman, and H. W. Richardson, ob-J Sullivan. 
servers for United States Coast Survey. 

H. W. Richardson, observer for United States Coast Surve)·. 
Dr. T. C. Hilgard, observer for United States Coast Survey; at Fort Sullivan; MS. 

in Coast Survey archives. 
J. B. Baylor, United States Coe.stand Geodetic Survey, station of 186o; parade ground 

of Fort Sullivan, in 4> = «" 54'.4, .>. =66° 59' .o 

*Tabula Nautica. Variationum magneticarum inde.x juxta observationes anno 1700 (Greenwich astronomical obserrations of r86sJ). 

,~--,---~ 

I 
i 

I I 1763 ... 

I 
I 

1775 ........................ . 
1845, June 4......... .. ........ . 

4 185-r, August 18, ao ...... _ ...... . 

1859, July 15 ................... . 

I t863, July 6 .................... ; 

6 : 1863, July 15 .................... i 
: ~ 

1 . 1864, August to December ..... . 

8 , 1865, Jaouary to December ..... ·I 
9 ! 1866, January to March, inclusive• 

10 i 1873, Sq>tember a, 9, u .. .. . .. . I 

I I 

PORTLAND, ME. 

4> =<13° 38'.8 A= 70° 16'.6 W. of Gr. 

45 w. 

30 
II 28.3 

rt .p. t 

J2 20 

I2 18.1 

IZ 2S.z 

I2 43·? 
12 42.3 
12 4"·9 
12, 43.6 w. 

(Bramhall Hill.) 

Prof. John Winthrop, at Falmouth, in 4>=43° 39', >-= 70° 19'; Sill. Jour., vol. llvi, i 
1829; see also Prof. E. Loomis' remarks on the Winthrop Table in Sill. )our., vol. 

xxxiv, 1838. 

! J. F. ,V. Des Barres' Atlantic Neptune, London, 178i. i 
Dr. J. Locke, in </>=43° 41',.>.=70• 20'; Smithsonian Contributions to Knowledge, I 

' ~~~ . : 
. J. E. Hilgard, assistant Coast Survey, at Bramhall Hill, in 4>=+3• 38' .8, A= 70° 16' .6; 

Coast Survey Report for 1854, p.• 143. 
C. A. Schott, assistant Coast Survey,at Bramhall Hill; Coast Survey Repoll of 1859, 

p. ag6. 

, C. A. Schott, assistant Coast Survey, at Mount Joy Observatory, in 4> = 43• 39'.9 
A= 70° r4'.9; Coast Survey Report of 1863, p. 204. [Not used.] 

C. A. Schott, assistant Coast Survey, at Bramhall Hill, in </>=43° 38'.8, A=70• 16'.6; 
Coast Survey Report of 1863, p. 104. 

} 

Prof. H. W. Richardson, observer for l1 nited States Coast Survey, at Bramhall 

Hill; monthly determinations on four days, about the middle of each month; MS. 
in Coast Survey archives. 

Dr. T. C. Hilgard, observer for United States Coast Survey, at Mount Joy Observa­
tory, two stations; MS. in Coast Survey archives; to referto Bramhall Hill, add 1o'. 
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Collection of Magnetic .Dedinations, dc.-Continued. 

BURLINGTON, VT. 

~=73• "'·3 W. o! Gr. 

(Coast Survey astronomical station.) 

w 

I805 •... 6 ,. 

t8x8 .... 30 

! 1822 .......................... .. 42 

1826 •...• ' ................. .. 36 

6 :r830 .••••.•••..••...•.•.•...... 8 10 

., 1831. ........................ .. 8 15 
8 1832 ....................... . •5 
9 1834 ...................... . 50 

10 t837 .... 9• 45 

i 1840 .................. . 9 42 
r::r ; z8_,.5, June 26 .. 9 .. 
n !, 1855. August 28 ...... . 51· J 

13 t 18731 October 141 15 

I 
"19.0 \V 

I I '789, April. ............... . 1 03 w. 
2 i 18101 May .................. . 6 04 

3 i 1811, September ........... . 01 

1859, July., .... 49 

1873, October 17, 18 .... lO 40.a 

6 r879, October 14, rs ........... . 09.cW. 

1711 .. ' ... > ••••••••••••••••••• 

1771.. 1 48 

", r775.... ..... ............ · ... i 7 45 

1844-5. .... . ....... .... . . . . . . .. . 9 47 

• 1850, August 28, September• . . . ro 30.0 

1859, July 14 .................. .' II 15 

6 1879, A Ug'USt 13, 14 . .. .. .. .. . .. n 31.3 W. 

I 
Dr. Williams; Prof. E. Loomis' collection in Sill. Jour., vol. x:uiv, x838; in4'=«• / 

28', >.=73° q.'. 1 

: J. Johnson, in Thompson's History of Vermont; from repeated comparisons. Decli- · 
nation believed by him to have been the minimum. 

J. Johnson .... I Prof. E. Loomis' collection in Sill. Jour., vol. ;i::uiv, 1838; ill 

J. Johnson.····\ lf>=H' 28', A=73° <+'· 
Prof. G. W. Benedict; Prof. E. Loomis' collection in Sill. Jour.,vol. uxi1, 1840; ill 

<J>::::t44° 2"}1, 'J...=13° IO'. 

J. Johnson .... · 1 
}.Johnson .... , 
J. Johnson ..... (Prof. E. Loomis' collection in Sill. Jour., •ol. xniv, 1838. 

J. Johnson ..... j 
Prof. Benedict; Thompson's History of Vermont. 
J. Johnson; Tllompson's History of Vermont. [Not used.] 
Dr. }. Locke, in t/>=4-4" g7 1

1 .\= 73° zo'; Smithsonian Contributions to Knowle-dgc, 
vol. iii, 1852. 

C. A. Schott, assistant Coast Survey, in + = 44c:i •9'.3, A= 73° 13' .4, at encampment 

: fiag--staff, near shore of the lake; Coast Survey Report of 1855, p. 337. l 
Dr. T. C. Hilgard, obsernr for United States Coast Survey; MS. in Coast Suney 

archives. 

• Supposod misprint for 8°. 

RUTLAND, VT . 

.\= 1•• SS'·S W. of Gr. 

{Post-office.) 

} Dr. Williams; Sill. Jour., vol. xvi, 1829. 

C. A. Schott, assistant Coast Surver; near new post-office; Coast Survey Report for 
r859, p. a96. 

Dr. T. C. Hilgard, observer for United States Coast Survey; MS. in Co~st Survey 
archives. 

J. R. Baylor, U.S. Coast ~d Ge<idetic Survey, station of 1813; north and west of 
post-office, f=43° 36'.5, >.=72° 55~.s 

PORTSMOUTH, N. H. 

(New Castle Lighthouae.) 

l 

Hollo.nd, at Kittery, Me.; in •=43° o6', >.=70• 45', Prof. B. Loomis' collection In 1' 

Sill. Jour., vol. xuiv, 1838. 
Holland,int:l,t=43°05',A=70°45'; refe-tenceasaboTe. [Notuaed.] j 
]. I:'. W. Des Barres' Atlantic Neptune, London, 178x. ; 

Major Graharn&t Boil;ng Rock Boundary Survey. Gen.Sir E. SabiDC, in Phil. Tnµia, \ 

1 Roy. Soc., 1872, •=43° 051
, A=10• 45. I 

1. E. Hilgard, assistant Coast Survey, at Kittery Point, Me.; CoastSu.rveyl<eport o{ 

185 ... , p. >t143. ! 
C. A. Schott, assistant Coast Survey,at Kittery Point, Me.; Coast Survey Report of j 

~~· !' J.B. Baylor, U.S. CoastandGeodeticSurvey,atatlon of x850and 1859,in+ = 43•04'.8, 
}..=700 ·O'·o 

, I 
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Collection of Magnetic .Declinations, elt.-Continued. 

I I I 1775 •......•....... 45 

• I 1781 ............................ . 

3 ; 1850, Septemberis-20........... 10 05.6 

! 
4

1

1859, July 13 "•, .. " ........... , , IO 58 

1781, August............... .j 
i 

l8o5, November ................ i 
18o8, June ..................... · J 

NEWBURYPORT, MASS. 

A=70• 49'.o W. of Gr. 

(Plum Island lights.) 

'\\.... ! J .F. W .Des Barres' Atlantic Neptune, London, 1781; north of Cape Ann, opposite 

w. 

Newburyport. 
Dr. Williams in f1 =42° 48', A=70° 5:;:'; Prof.E.Loomis' collection in Sill. }our., vol. 1 

xxxiv, 1838. 

J .E.Hilgard, assistant Coast Survey, on Plum Island, in di =4•• 48'.o, /\=70• 481.B, 
l Coast Survey Report for 1854, p. *143. 

: C.A.Schott, assistant Coast Survey, same position as above; Coast Survey Report 
I for 1859, p. 296. 

SALEM, MASS.•• 

(Fort Lee.) 
---------~-----------

President Willard,at Beverly, in ,P = 42° 33', >..=70° s•', mean of seven observations; 
Sill.Jour., vol. xxvi, :1829; reduction to Salem-8'. 

Dr. Bowditch, in Summer street, Salem, from II 5 observations. 
Dr ... Bowditch, one-eighth of a mile south of above place, from u~ observations. 

[Not used] 

{ 

i 1810, April., ..................... j {Dr. Bowditch, about one-fourth of a mile east of the place of 18o5. [Second value 
3 l i f not used.] 

i 1810, April, to 18u, May, .. , ... i Dr. Bowditch, result by a third needle from 5"5 observations of monthly values. Mean 
! I of two. needles1 +6°.og in 1810.5 Reference to Nos.2, 31 Sill. Jour., vol.xvi,1829. 
1 1849, August20 ................. , Prof.G.W.Keely, observer for L'nited States Coast Survey, at Fort Lee; Coast 
I Survey Report for 1854, p. •:143 . 

. ___ [ __ 11 885757 ,.~A· u. ·g·u·s·t· .·.s . .... ·.· ... ·.•.·.· ... ·.· ..... ·.· .... i, --- ---· ----C~Schott,_a-ssista:_C __ oastSurvey, e.t Fort Lee; Coast Survey Report for 1855, p.337. 
_ . ___ _ ___ I. K.Harris,_communicated in a letter to Superintendent, d .. tcd Lynn, Fcb.18, 1878. 

3 

4 
5 
6 

7 

8 

9 

10 

n 

12 

''The vicinity of Salem is subject to local magnetic deflections, they have been traced as far as Cape Ann. 

I 1700. . ......... "". - I 10 
I I 

I:~::::.:· . ...:::::.::::::::.1 
i 

1875-76 .... "' " .. "' " ...... " .. i 
178o •..... ' .• '.'. ' ... '.' ..... ""! 
1793.. .. . .. .......... 

1 
1!1o7 •• ' •..•.•...• ' •.• '·. · .. ·. ·. ·. · ...... ·' 1, 

1839 .... -" ....... ". 

1746,September &-8 •..•. 

9 

7 30 

7 40 
7 00 

6 30 
6 05 
9 o6 

9 31 .• 

I 
1855,August24 ................ ! IO 13,7 

I 
1872,SeptembeuS,30,0ctober 1. i u 15.2 

W. 

1877.5 ........................... f II 36 W. 

! 

BOSTON, MASS. 

A=71• 031 .8 W. of Gr. 

(State-house.) 

i Prof. J. Winthrop's table, ~Sill. Jour., vol. xvi, 1829 (also Mem. Am. Acad., vol. ii, : 
: new series, Cambridge, 1846); &!so Cot.st Survey Report for 1855, p. 316.t 1 

i Mathews.observer, Sill. Jour. for 1829, Dr. N. Bowditcb: also Encyc. Met., 18.S. 
! Mathews; Encyc. Met., 1848. 
j Des Rarres' Atlantic Neptune, London, 1781. 

I 
Sill. Jour. for 1829, Dr. N, Bowditcll; see also first vol. Mem. Am. Aca.d. 

1 
Mea.n of 1644 observations; Mem. Am. Aca.d., new series, CambridK"e, 1846. 

', Communicated by W. Rotch, letter dated Fall River, February 17, i874. 
! W. C. Bond, at Dorchester, in '1>=-42° rg' 1 "-=11° 04'; Prof. E. Loomis' collection in 
! Sill. Jour., vol. xxx1x, 1840. 

LieuL T. J. Lee, uslstant Coast Spivey, at Dorchester Heights, South BOflton, in 
~;;;;42° :zo' .o, .\=71° 02' ·S; Coast Survey Report for 1854, p. *1•3. 

C. A. Schott, assistant Coast Survey, in South Boston, locality as above ; Coast Sur. 
vey Report of 1855, p. 337. 

A. H. Scott, U nitcd States Coast Survey, locality as above; MS. in Coast Survey 
archives. 

. At meridian line on Boston Common, from records at the City Hall, communicated 
! by I. K. Harris, Febru&ry 18, 1878. 

i In this table the observed a.nd interpolated values were pointed out by Prof. E. Loomis· no notice is taken of the latter values. The table 
wa.s published in the "Boston Post Boy," July 2, 1764. (lnforma.Uon by J. H. TrumbullJ ' 

9 
tSce also Edm. Halley's i!IOgonic chart for the epoch r700, reproduced by photlllithogmphy in the" Greenwich oboervationa oh86g :" "It c!Yet 

a out 10• W. for Boston. 
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Collectio11 of Magnetu Declinations, etc.-Uontinued. 

I 
J : 17o8 ....•......•. 

2 ! IH2. 

i 
1757· ' ................... ' ... . 

I I 1161 ............................ . 

6 i ;;~::::::::::::::::::::::::::.:· 
5 i 178• .......................... . 

7(11782 ....................... .. 

8 1783 ....................... . 
9 1788 ............................ . 

10 1810 ...........•.....•• 

!J 1835 ... . 

12 1837 ... . 

13 1840.4. 

14 

15 

17 
i8 

184~.2 .. 

i845, June 2 .......... .. 

1859, August 9 ...... . 

i852 .......• 

1854 ................. . 

1854 1 May to ........ . 

1855, May 22, 23 ......... . 

i856, Mar 16 .. 
i856, July 17 ........ 

20 

14 

00 

02 

45 

44 

s• 
38 
30 

51 

09 

9 18 

34.9 

39 

32 

9 JO 

o8 

10 39 

46 

10 54.6 

w. 

CAMBRIDGE, MASS . 

.l.=71' 07'.7 W. of Gr. 

(Harvard College observatory.) 

I Bn.tcle, observer; Prof. E. Loomis' collection in sm. Jour., vol. XU.iv, z83I (same I 
1 reference for Nos. 2,3,4,7,and 9) i Mero. Am. Acad., vol. ii, newaeries,Cambridge1 

18.i6; also Encyc. Met., 1848; also Coast Sun•ey Repon for 1855, p. 317. I 
Prof. J. Winthrop's table,- Sill. ]our., vol. xvi, 1829: also Mem. Am. Acad., vol. Ii, 

new series, Cambridge, 1846. 

Prof. J. Winthrop; reference as above. I 
i ~;~:~~

1

~7:~i:::~· ~l~·J :::.~~:~.l.x~~.i:::~. I 
I Dr. Williams; Encyc. Met., 1848. ,i 

I Dr. Williams; En eye. Met., 1848 ; in M em. Am. A cad., 1846, 6° +6'. 
Prof. Sewall (mean of extremes 6° 21' and 7° oS'); Sill. Jour. for 1829. See also first 

1

i 
vol. of Mem. Am. Acad. 

Dr. Williams; Mam. Am. Acad., 146; also Encyc. Met., 1848. 
Dr. Williams; Mem. Am. Acad., 1846. 

, } Prof. Farrar; Prof. E. Loomis' collection, Sill. Jour., vol. uxiv, 1838. 

Mem. Am. Acad., Cambridge, 1846. 

W. C. Bond, director Harvard College observatory, observer. Mem. Am. Acad., 
1846. See also Phil. Trans. Roy. Soc., 1849. 

Prof. J. Lovering; Mem. Am. Acad., vol. iv, t850. Half-hourly observations during 

one year, October, 1841, to October, 1842. 
W. C. Bond, director Har. Coll. obserratory; MS. communicated by Prof. Lovering. 
Dr. J. Locke, Smithsonian Contributions to Knowledge, vol. iii, 1852. 

Lieut. J. C. Ives, at Har. Coll. observatory; Coast Survey Repon for 1856, p. •n. 
J W. C. Bond, director Har. Coll. observatory. Communicated in a letter by Prof. 

1 Lovering (May 29, 1855). 

, Lieut. J. C. Ives, at Har. Coll. observatory. [Used mean value for r854.) 

, W. C. Bond, director Har. Coll. observatory. Communicated by him, Dec. 24, 1858. i 
1 W. C. Bond ; reference as above. I 
; Karl Friesach, at Cambridge observatory; Berichte der Kais. Acad. der Wiss., i 

Vienna, \'ol. 29, 1858. Result corrected for diurnal variation. I 

22 I 1859, March ......... .. ...... 1 10 48 'Lieut. W. P. Smith, U.S. T. E., at Har. Coll. observatory. Communicated by Capt./ 
G. G. Meade, U.S. T. E. I 

23 1866-67-68' ..... . IO 41 ; Prof.J. Winlock, director Har.Coll. observatory; from a luge number of observ .. tions j' 

, communicated in November,i81• fandcomputedbyme.-SCH.]. Mean epoch 1867.5. , 

" 46.3 W. ·.;J.B. Baylor,U. S. CoastandGeodeticSurvey. Grounds of Harvard College observ., 
: a.tory, t/>== 42° 22,1, A=71° 71.6 

___ ! ______________ -·- -

'r In this table the observed and interpolated value-;;.;~ -~inted out by Prof.E. Loomis; no notice is taken of the latter values. The table 
was published in the" Boston Post Boy," July., 1,64. 

1175 .............. .. 
1776 ................. . 

1834 ......................... ' 
1838.9 ........................ . 
1842 ,August and September .. 

s 1843,Septembcr. 
6 1846,July 30,31.. . .. i 

, 1855,August ». 

I r867,May 28,09,30 ............. I 

9 11879, July 31, ~:~:~·:=~J 

6 30 w. 
6 30 

8 ., 
9 02.3 

9 og 

9 

9 14.0 

58.3 

ro 19.9 

ll •7·9 w. 

N ANTU CK ET, MASS. 

A.=70° o61 .o W. of Gr. 

(Mitchell's observatory.) 

J, F. W. Des Barres' Atlantic Neptune, London, 1781. 
From a. chart, Prof. E. Loomis' collection, in Sill. Jour., vol. uxiv, x838. 

of the same origin as No. i. [Not used.] 

I 
Prob&bly [ 

1 
I -J W. Mitchell; in Sill. four., vol. xlvi. 

'Lieut. T. J. Lee, U.S. T. E.,usistant United States Coast Survey; nearMitcbell'1 

, house. Coast Survey Repon of 1854, p. *143. 
1 C. A. Schott, assistant United States Coast Survey; near Nantucket Harbor light, 

north of Mitchell's house, on beach, in <I>= .p0 17' .5, A= 70• o6' .o. Coast Survey 

j Report of t855, p. 337. 
i C. 0. Boutelle, assistant United States Coast Survey; o.t Nantucket Cllft', In 
l ; ::: 41• 17'.2, ~ = 10• c6'.3 MS. in Coast Survey archives. 
\· J. B. Bo.ylor, United States Coast and Geodetic Survey ; o.t CllB Station. 
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Colkctilm of MagnetU DetlinatilJns, etc.-Continued. 

1717** ... 

z7zo .••.•....•.•. 

17,5 .. 

1730 •.•.••... 

'735· .... . 
17+0 ...... . 

17<j5. •• • · · .. 

1750 ..•....• ······1 
1755 ....... .. . . . . . . : 
176o ... . 

1765 .... .. 

1769** . 
1775· .............. .. 

178o ......... . 

1785 ................. .. 

1790, ..•.....•........• ' 

•795· .................... . 

1&><> .................. . 
18o5 ..................... . 

1810 .........•.......•. 

1815** ................. ' 

1819 ............................ . 

1825 ••..• ;.. 

1830 ••••••....•••.•..••..•.. 

1835**...... . ....... . 

18<jO ....................... . 

t8 .. t:. 

1842 ....................... . 

1843 .............. .. 

Io 1855,AUJ?;USt 20 ..•... 

I i 1786. 

2 i 1810 •.•.•••.•.••••••..•.•.• 

3 i 18••· ... 

fl;:::::::::::;:::: .:'.::::.:·· 

I 
·1 

I 
I 
I 
I 

5 i 18591 July •7 ................... f 
6 \ 1867, August 15, 17 .............. . 

' 1875 (?) ............. . 

S. Ex. 77-29 

9 36 w. 
28) 

•41 
54 

39 .,; 
15 1;! 

~ 

59 15 
<JO z 

7 21 

6 57 

6 43 
6' 30 

f 

5 

6 

6 

8 

:~ 1 
:!I] 10 0 
15 z 
19 

24 

30 

37 

s' to~ 
10\Z rl 
34 

25 

3' 

39 

46 
31. s w. 

•s w. 
46 

45 

03 

o; 

'7 
49.3 

58 

34.0 w. 

PROVIDENCE, R. I. 

A.=i1° 24' ,I W. of Gr. 

(Brown University.) 
·-----------~----

The declinations between 1717 and r843 inclusive are given by M. B. Lockwood, 
civil engineer, and are not stated to be from actual obsen·ations or from recorded 

bearings of a number of permanent objects. Sill. Jour., vol. xlhr, 18.13. There can 
be no doubt that this table, like the \Vinthrop table for Boston and that of Hatboro'~ 

Pa., depends in part on interpolation. It is well graduated and unquestionably r<sts 
on reliable observations. The values marked 11 not used'' are those which I suppose : 

to be ioterpolations.-Sw. 

I 
Obsenration of 1717, R. Jackson, on a map of Providence. 

Observation of 1769, Dr. II. West. 
*" NurE. Observation of 1815 by M. Brown, B. Lockwood, and G. Sheldon. 

I Observation of iS35; since this time the observations were made ~nore 
l carefully. 

C. A. Sch.ott 1 assistant Coast Survey, grounds east of Brown U nh•ersity i in 

.P = 41° 49'.5, >. = 71° 24'.1; Coast Survey Report for i855, p. 337. 

HARTFORD, CONN. 

A= 72° 40'.4 W. of Gr. 

(State-house.) 

Dr. Willia.ms; Prof. E. Loomis' collection in Sill. )our., vol. xxxiv, 1838. 
Asher ~filler, at East Hartford, in 4' = 41° 46', A= 72° 381

; reierence as above. 

1 JN. Goodwin; referel\ce as above. 

C. A. Schott, asoistant Coast Survey, in City Park; Coast Survey Report for 1859, p. ·~· 
C. A. Schott, assistant CoastSurvey, in<I> == 41° 45' .g, >.. = 72° 40'. 5, near the Athenreum; 

MS. in Coast Survey archlves. 

T. C. Ellis, C. E. Report Chief of Engineers,1878, part 1. In~= 41" 45', A== 72" 40'. 
[Not used.-Scu.] ' 

J. B. Baylor, Pnlted States Coast and Geodetic Survey; station ol 1859 in City !'ark, 

• =•Po -4.5' .9, }\ =: 7~o -40'.5 
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Col/ecti<>n of Mag11ctic Dec/inatiuns, etc.-Continued. 

i--1 : =---------~----:. 
! 2 ! 1775. 

! ! 178o. 

I 

4 181I. 

' 1818, August 
1819 ..... . 

5 
_1 18191 :\lay. 

! , 1820, April .. 
6 1828 .. 

{ i 1834, November. 
7 

11835, November. 

11835. 
s I 1836. . . . . . 
9 1 1837, Kovember. 

10 !' 1840 ........ . 

II 1844 ....... . 

I 1845, September 10 ..... 

I ! 

[ 1S47,September25andOctober2.: 
I . 
I 1848 1 August 21 to 29. 

t 

{
! 1848, August 10to q ......... . 

13 I 1848, August 30. September 1 .. 

14 ! 1855, August 17 . 
I 

1871, March. 

i :: I :::. , ... ». · · · · · · · · 

NEW HAVEN, CONN. 

cp = 41° 18'.5 A= 72° 55 1 .7 \V, of Gr. 

47 

15 
XO 

45 
35 

17 

40.6 

55 

50 

IO 

17.3 

7 27.2 

7 25.5 

37·9 

02.7 

22 

27.5 

w. 

41.2W. 

(Yale College.) 

President Stiles . . -1 
Prof. Strong ........ [ S"ll J l · 8 8 
President Stiles ..... r Prof. E. Loomis' collection, I . our., VO. XXXIV, I 3 • 

! Nathan Redfield. . . J 
[ Hon. De Witt, Sill. Jour., vol, xvi, 1839. [Not used.] 
i Prof. Fisher, of Yale College; Prof. E Loomis' collection of 1838. [Not used. See 
' below.) · 

Proi. Fisher, from hourly observations; Sill Jour., vol. xvi, 1829. 

N. Goodwin; Prof. E. Loomis' collection, 1838. 

Prof. E. Loomis, from hourly observations; Sill. Jour., vol. xxx, 1836. 

Prof. E. Loomis, in his collection of 1838. [Not used.] 
E. C. Herrick: Prof. E. Loomis' collection of 1838. 

: E. C. Herrick; Sill.Jour., vol xxxiv, 1838. 
; E. C. Herrick; Prof. E. Loomis' collection, Sill. Jour., vol. xxxix, 1840. 

i Prof. J. Renwick, observer for United States Coast Survey at Ya.le College, 4>=-f.t0 18' .5, 

>. = rz0 55'. 7; Coast Survey records. 
Prof. J. Renwick, observer for United States Coast Survey, Pavilion Hotel, south of 

college, near bay; Coast Survey Report for 1854, p. •143. 

R. H. Fauntleroy, assistant Coast Survey, at Fort 'Vooster, in q, = '4t 0 16'.9, .A.= 72° 

53'.6; Coast Survey Report for 1854, p. •143. [Not used.) 
: J. S. Ruth1 subassistant Coast Survey; references as above. (The observations at 

Fort Wooster are not used; the result is affected by local attraction.) 
J. S. Ruth, United States Coast Survey, Pavilion Hotel; Coast Survey Report for 

1854; p. •143. 
J. S. Ruth, Un'ited States Coast Survey, at Oyster Point, in rb=·ti0 17'.o, A=72° 55 1 .7 

(meridian of Yale College); Coast Survey Report for 1854, p. •143, 

C. A. Schott, assistant Coast Survey, at Oyster Point, in•= 41• 16'.9, /\ = 72° 551.8; 
Coast Survey Reporl for 1855, p. 337. 

G. H. Mann, C. E., United States Engineers' survey of harbor of New Haven, on 
College Green; MS. communication. [Not used.] 

1 R. M. Bache, assistant Coast Survey; topographic and hydrographic survey of New 
Haven Harbor and vicinity, from bearings of trigonometric lines. Hydrographic 
chart No. 1r70. 

Dr. T. E. Thorpe, Proceedings of the Roy. Soc., No. 200, x88o. In Professor Silli­

man's garden, .P = 410 18'.7, /\=72° 55'.6 
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18181 August .... 

i 1825, April ..... . 

f I 1828 ............ . 

4 f' 1826, SSeptember..... . .... · .· .· .· .· .· .. 
1
,

1

1 

1828, eptember .... . 

1 
:i8301 June ..................... ·) 

r. 1831, May ...... .. 

61 ::::~~~~~~~~~::: 
183.4-, October , 

1836, October .... 
18471 November .. 

.. ..... i 
.... ·······1 

.••••• ,,i 

10 1855, August 3r .......... . 

6 

6 

6 

44 w. 
45 
00 

'4 

16 

18 
rS 

25 

32 

40 

'10 

47 

35 

54·7 

ALBANY, N. Y. 

A=73• 45'.8 W. of Gr. 

(State Capitol.) 

! } De Witt, in .P = 42° 39', ;. = 73° 44' ; Sill. J our .. vol. X\"i. 1629. 

; 1 
: ~Geological Report, State of New York, and Sill. }our., vol. xxxi.t, 1840. 

I 
1, J 

Regents' Report. 

, }Regents' Report, and Sill. Jour., vol. xxxi\·, 18.i8. 

, Regents' Report. 

C. A. Schott, assistant Coast Survey, at Greenbush, in </> =4•" 37'.8, A= 73' 441.3; 

Coast Survey Report of 1855, p. 337. 

n 1856, September 1 39· 2 + Karl l4~riesach, in Berichte der Kai. Acad. Vienna, vol. 29, 1858; 8° 35' when cor- ! 

12 1858, May 12-14 .. 

13 1S379, October 21,24 ............. 1 

I 
r I r792 to 1795 .. 

I 
2 l 1817 •.....••.. ' ....•..... 

i 1828, July 7 
... 1 

4 

5 

I,' 1634, October 9... .. .. . . .. ..... .' 
1836, Octobers .................. 

1 

. I :::~:::.~ 
4 

4 

9 ' •857, April 4 ....... .. 
10 , 1858, February 4 ............... i 
u ' i858. December ................. 1 

,. I 1873, December l ............... ! 
13 I 187'4-,May29,30,June2.3,4,5,6. 

5 
6 

I 

17.0 

rected for diurnal variation. 

G. W. Dean, assistant Coast Survey, at Dudley Obsen·atory, in 4> = 42° 39' .8, A= 73° 
44'.9; Coast Survey Report of 1858, p. lgI. 

51. 7 W. J. B. Baylor, United States Coast and Geodetic Survey; Station of 1858, grounds of 
Dudley Observatory. 

OXFORD, CHENANGO COUNTY, N. Y. 

w. 

30 

52 

09 

30 

30 

II 

H 

47 
50 

5• 

55·7 w. 

A= 75° 401.5 W. of Gr. 

i 
! E. B. McCo.11, surveyor, in a letter to the Superintendent of the Coast Survey, dated 

December 22 1 1858 . 

: } E. B. McCall, in ti>= 42° 26'.5, >.. = 75° 42'. 

} 
Reg-ents' Report, in 4:J = 42° 28', A= 75° 33': also Prof. E. Loomis' collection, Sill. 

Jour., vol. xx.xiv, .1838. 

Sill. Jour., 1838; also Regents' Report of 1839. 

: At Guilford, in !/>=42° 24', >.=75° 26'; Regents' Report; Sill. )our., 1838; when 
referred to Oxford, 4° -z7' ·\\r, 

it E. B. McCall, as above. 

.J 
! Erving Taintor, local surveyor (azimuth determined from observations of Polaris). 
/ Dr. T. C. Hilgard, observer for United States Coast Survey, on hill a.bout three-
1 fourths of a mile north of raitroad depot; MS. in Coast Survey archh•es. 
I 

BUFFALO,!\,¥. 

</>=42• s•'.8 A=78° 53'.5 w. of Gr. 
(Light-house in the harbor.) 

I 

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

1 i 1797 ............... . 

:z j 
I 1798 •.... • ..... • .. •• ... • .... 

i 1837 .......... .. 

4 i 1839 .................. . 
5 1 •!l.45 ...... · ..................... . 
6 i •859, June ...................... , 

i 
1 I 18~, June'•···· ............... I 
a / 1873, June 4, _s • ............... ··I 

' ! 
o oo W. I Amry Atwater, surveyor, east end of Lake Erie; MS. collection by Charles Whittle-

0 30 

I 25 

I 15 

! sey, communicated to the Coast Survey, March 26, i86o. 
! Buffalo Reservation, Lake Shore. August Porter, in Twenty-second Report of Re­
. gents of University, New York. Albany, t869. 

R. W. Haskins, .P = 42° 53', A=78° 55'; Prof. E. Loomis' collection, Sill. Jour., vol. ; 
u.xiv, i838. 

At Fort Erie,+= 42° ~,, >.. = 78° 59' ; U oited States Lake.Survey chart. 
Capt. Lefroy, Gen. Sir E. Sabine's Contributions, xiii, in Phil. Trans. Roy.Soc., r872. 

Lieµt W. P. Smith, United States La.kc Survey, l/>=42° 53', A= 78° 53', near south 
pier; Report of the United States Lake Survey, by Capt. Meade, Appendix B, 

Detroit, 1859. 
l Capt. A. N. Lee, United States Lake Survey, </>=42° 5)', A= 78° 5+'; magnetic 
f results, 1870-'73, Report of the Chief of Engineers for i873, pp. xt95, u97. 
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1840, January 

1841. 

1842 ... 
1845 .. 

i 1846, .. 

r847. -
1848. 
1849 .. 
1850 .. 

IO I 1$5r .. 

It ! 1853. 
1854. 

r3 r855 .. -

'4 r856 ..... . 
1 5 J857 ......... . 

16 1858 .. 

17 1859 .. 

18 J86o .. 

19 
20 

22 

r86t.. 

1862. -

1863.' 

r864 .............. .. 

23 1865 .. 

•4 i866. 
25 r867. 
26 

27 

28 

30 

i 31 

33 

1868. 

r86g. 
1870 ............... . 

1871 .. 

1872 •..... 

r873 ......... . 

r875 .... 

r876 ............. . 

1877 ............... . 
1878 ............•... 

1879 ........•...... 

1880, October 18 ... 

UNITED STATES COAST AND GEODETIC SURVEY. 

Collection of Magnetic .Declinations, etc.-Continued. 

••', 

.i 
! 

TORONTO, PROVINCE OF ONTARIO, CANADA. 

l 

I 

l 

, 
1 

r 

l 

l 

l 

' 
r 
1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 . 
2 

• 
2 

q, = 43° 39'.4 Jo.= 79° •3'·4 W. of Gr. 

(Magnetical and Meteorological Observatory.)* 

27 w. 
14.3 

18.91' 
29. I 

30.8 

33· 2 

35.4 

36.9 

38.6 
4o.9 

46.1 
48.0 

52.3 

56.3 

00.5 

04.5 

07.4 
10.6 

14.3 

rs. 7 
19.1 

21.9 

24.8 

27.6 
29.8 

33.2 

: Capt. C. J.B. Riddell, R. A. Phil. Trans. Roy. Soc., 1849. 

} 
Vol. I, Toronto Observations, p. xi. Mean annual declinations. 

publication of rS,5. 

I 

t 1° 19'.1 in the 

l Vol. II, Toronto Observations, pp. iii-v. Mean annual declinations. 

I 
) 

Observations in July and August. ........................... · l Values corrected for 
Observations in February, March, April, and June .......... }- annual and secular 

I 
Obsenations from August to December, both inclusive ...... ) variations. 

Mean annual declinations. 

2 37. i. l Abstracts and results of ma.gnetica.J and meteorological observations at the l\lagnetic ~ 
2 4r.9 ( Observatory, Toronto, Canada, from 1841 to 1871, inclusive, 1875. Mean annua.1 
? 4 7. 9 J declinations. 

2 

53.o I l .. 
2 

!!:~ : Mean annual declination.•, communicated February •8, 1881, by Charles Carpmael, , 
11 

·
7 i director of the Toronto Magnetic Observatory,and superintendent of the Meteor- : 

3 :;:~ llJ ological Service, Toron.to, ~ntario. 
37-3 

4' ._1-~W_. --~om~~nic~e~~C, Caipmael, director of Ob•ervalory, January 14, 188.'. 

*Results published by G. T. Kingston, l\L A., director of the Magnetic Observatorr, in £he Canadian Journal, especially from two commu­
nications, u Monthly absolute values of the Ma.gnetic Elements at Toronto, from 1856 to 1864, inclusive 0 ; and u Monthly absOlute values of the 
Magnetic Elements at Toronto, from 1865 to 1868, inclusive, with the annual means from 18.p to 1868." 
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0Jllet:fi4n of Magutic Declinations, ek.-Continued. 

1786, October .. .. .. . .. . .. . . .. . 

2 [1795 ................. , 

( 1S..'1,August9 •.........•...... 

4 i 1855 ................. .. 

' f i 1859, April. .. . .. .. .. . .. ..... 

11 

s1 i 
l I 1859, June ..................... .. 

6 1862, Auguot 6, 1 . 

ERIE, PA. 

>. = 8o' 05'.4 W. of Gr. 

(Court-house.) 

o 32 W, New York a.nd Pennsylvania boundary line; monument on French Creek, in 

f/J = 4-2° 001
, A= 79° 58', about w miles S.SE. of Erie. Geological Survey of New 

York. See also a map in the State Department of New York, on which the ob­
served variations are given, "protracted by Abm. Hardenberg, one of the Com­
missioners for the State of New York. October 29 1 1787." 

0 43 

0 30 

I 33 

I 34 

l 44-4 

' 33 

E. Andrew Ellicott, in ~ = 42° oS' .2, A= Soc 05' .2 Stone monument comer Para.de and \ 
Front streets; Am. Alm. of 1861, p. 54. ' 

W. Dr. A. D. Bache, magnetic survey of Pennsylvania.; CoaslSun•eyReportof 1862,p. 213. 

', Annual Report of Secretary of Internal Affairs of Pennsylvania for 1877. Harris- · 
burg, 1878. 

i S..muel Low, at meridian line eotablished by him in cemetery. Mean of 9 years' ob­
servations, 1855 to 1863, inclusive. From Annual Report of Secretary of Internal ; 
Affairs, Commonwealth of Pennsyl\'ania. Harrisburg, 1876, p. 20A. In ~ = 42° o/, i 
A=So0 05'. 

Lieut. W. P. Smith, Survey North and Northwest Lakes, Capt. G. G. Meade in 
charge; at Presque Isle Harbor. 4> = .f.2° og' .81 A~ 8o0 05' .3. Mean of two values. 
lo 39' .2 

i C. A. Schott, assistant Coast Survey. Same place as in Dr. Bache's survey, near 1 

Mr. Reed's house, Seventh street, in t/I = 42° 07'.5, A.= So0 05'.3; Coast Survey 
Reoort of 1862, p. 212. 

1867, April ..................... i 2 13 Samuel Wilson, at meridian line in cemetery ; mean of 7 yea.rs of observations, 1864 '. 
to 1870, inclusive .. Annual Report of Secretary of Internal Affairs of Pennsyl- · 
va.nia, 1876. 

1873, June 12, 13 ........•.•.... ,.' 

1873, October ......... 

9 1876 .................. . 
10 1877, November ............. , .. .: 

2 00.1 

• 50 
3 00 w. 

Capt. A. N. Lee, United States Lake Survey, in 4> = ••' 08'.2, >-=8o0 05'.3 Mag­
netic results, 1870 to 1873 ; Report of Chief of Engineers for 1873, pp. 1195, '197, 

Samuel Wilson, at meridian line in cemetery ; mean of 6 years of observations, 1871 to 
1876, inclusive. Annual Report of Secretary oflntemal Affairs of Pennsylvanit., 1876. 

Annual Report of Secretary of Internal Affairs of Pennsylvania, 1876. 
Annual Report of Secretary of Internal Affairs of Pennsylvania for 1877. H&ITis-

MARIETTA, OHIO. 

11 118821::~:.·.·.·_- ....... ••••••••• ...... ·.·~ ...... -.--•• -•• ~~.· • :-E~ Mansfiel~~~r=-~· Loo~ls' collection i::ill. Jour., vol xxnv, 1838. 
, •• 30 Boye: at Parkersburg,</>= 39° 16', >. = 81' 3<4'. Hoye's State map of Virginia.· [Re-

duction to Marietta about+ 5'. J 

31 1838 ........................... I 

1838. .. ....................... ·\ 

4 

s 
6 

18~s. April • • • • .. • .. ........... . I 
1850 ...... ·•••··• ••••••.•••.•••.• 
1116.4, J anuuy 06 ................ . 

\ 188i, May 30, 31 ................. I 

2 25 

I 25 

I 17.6 E. 

o 07.2 W. 

Prof. E. Loomis; reference as above. 4'» = 39° :is',>..= 81° 26'. 
B. E. Stone; near Ma.rie~ln 4»;;;:: 39° 31'\ J+. = 81° 26'. Prof."E.. Loomis' collect.ion in 

i Sill. Jour., vol .uxi:r, t840. 

I· Hcnl<'s Field-book. 
! A. D. Bacbe's table in Gillespie's Treatise on Land Surveying. 
j A. T. Mosman, assistant Coast and Gpodetic Survey, at Parkersburg, in 4> = 39° 16'.o, 
· A= 81° 34' ·• [Reduction to Marietta as above.] 
J.B. Baylor, United States Coast and Geodetic Survey. At Parkersburg station of 

I I iu.. 
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117¢, September ...... 

I 1830 ... ". " ..•...... ". 
183I, August ......... .. 
1834 (winter) .. . 
I838 (winter) 
18~0. 

18.p:, May 1 •..••••••••••••••••• 

1845 ............•..•......... 

9 I859,JulY5 .................... . 

I865 .......... " ..... "" ..... .. 

10 1871, November 9-11 ...... . 

i n 18721 June 17, 18 ......... . 

\ I2 I873, June I6, 17. 
i 13 18So,July9,10,12 ..... 
I 
! __ ._ 

1810 .. ·················· ..... 

1812 •.... ........................ 
1828 ....... ................... .. 
1835 ...... . . ' . . . . . . . . . 

s{ 1140 .............. " .. 
1840 ..... 

1859, April .. . . . . . . . . . . . . . . . .... 
1865 ........ ············· 
1872, May h9 ............ 

1873, May 5-I7 ..... 
I 
IS~, June 3, 6 ...... Io 

I790 (?) ........ " .... " ...... 

1843."" .. " .... " 
1845 .............. . 

1!46, November ........ .. 
1856, September 29 ............. . 

1873, July••, 23 ................ . 

2 oo E. 

I 20 
1 I5 
0 50 
0 35 
o I9 

0 05.2 

o 39 E. 

CLEVELAND, OHIO. 

A=S.1° 421 .o W, of Gr. 

Aug.Porter and Seth Pease,in</>=4I 0 30', l=8I 0 40': MS.compiled by Charles' 
Whittlesey, March, 186o, Coast Survey archives. 

Aha.z Merchant: Prof. E. Loomis' collection, Sill. Jour., vol. xx.xix, 1840. 
Edwin Foote; MS. compiled by Cb.arles Whittlesey, 186o. 
Ahaz Merchant: Prof. E. Loomis' collection, as above. 
Ahaz Merchant; reference as above. 

Prof. E. Loomis; Phil. Trans. Roy. Soc., r872, General Sabine's Contributions, xiii. 

Misprinted= 1° 19' E. See Dr. C. Davies on °Surveying." 

J. N. Pillsbury: MS. compiled by Charles Whittlesey, I86o. 
From a chart of survey of North and Northwest Lakes, Topographical Engineers; 

beacon-light, in~ =.p 0 31', A=81Q 41'.5 
1 

Lieut. W. P, Smith, Topographical Engineers1 in~=41Q 30', A=BI 0 .fo'; MS. by i 
Charles Whittlesey, also MS. by W. F. Raynolds, major of Engineers, Survey of 

1

1 

North and Northwest Lakes. 
I l2 E.(?) MS. (December, 1865) by W. F. Raynolds, major of Engineers, as above. [Va.lue \ 

0 32.6 w. 

0 44.9 

o 50,9 
I 38.5 W. 

• 48 E. 

13 . 50 

• IO 
2 00 

l 56 

0 42 

0 40 

0 25«? 

0 I7.3 

o 04-7 E. 

I 

not used.-ScH.) I 
E. Goodfellow, assistant Coast ~urvey; Coast Survey archives; at Marine Hospital, / · 

in t#J = 41° 30' .4. A-= 81° 4'' .s I 
Capt. A. N. Lee, United States Lake Survey; Report of Chief of Engineers for 1873.1 
Capt. A. N. Lee, United States Lake Survey; reference as above. , 
J. B. Baylor, United States Coast and Geodetic Survey, Station of 1871, grounds of 1

1

· 

the City Hospital. I 

DETROIT, MICH . 

.\=83° 031.o W. of Gr. 

! J. Mansfield: Prof. E. Loomis' collection, in Sill. J our., vol. xulv, 1838, Pooition 
i assigned, ~ = 42° 30', ). = 82° 58'. -

I L. Lyons ........... l 
1 

L. Lyo~s ... ·. · · · · · · Prof. E. Loomis' collection, in Sill. Jour., vol. xxxix, 1840. 

Geological Report .. j Position assigned, 4> = 42° 241, >. = 82° 58'. 
Geological Report .. 
Prof. E. Loomis; Gen. Sir E. Sabine, Phil Trans. Roy. Soc., 1872, Contributions, 

No. xiii. 
'j United States Lake Survey, MS, communicated by Col. W. F. Raynolds, United 
1 States Engineers. Position, <I>= 41° 20', >.. = 83° 03'. 
: {United States Lake Survey, Gen. C. B. Comstock, U, S. A., sup,.rintendent; Report 
I of the Chief of Engineers for I873, pp. n95-n97; Capt. A. N. Lee, U. S. A., I 
: observer. Positions assigned, 4; = 42° 20' .o, A = 83° 02' .5 I 
j U. S. Lake Survey: Report of Chief of Engineers for 18771 vol. z. Lieut. T N. I 

Bailey, observer. Position,4' = ,._a0 
20' .o, A= 83° 03

1
.1 

SAULT DE STE. MARIE, MICH. 

</> = 46° 29' .9 A= 84° 20'.1 W. of Gr .• 

(Garden of Fort J!rady.) 

0 00 E. Alexander Ma.ckenzie; Voyages through the contin=~f North America., London, I 
18o1. Falls of St. Mary,in</>=46° 31',>.=84°00'. I 

0 40 

o 32.1 E. 

0 04.9 w. 

I Capt. Lefroy. Sir E. Sabine, Phil. Trans. Roy. Soc., Cont. xiii, I872. 
Capt. Lefroy. Sir R. Sabine, Phil. Trans. Roy. Soc., Cont. xiii, 1872; asaigned po­

sition in 4> = 46g 31', A= 54° 32'. 

Lieut. G. C. Westcott, U.S. A. Information by Mr. J.B. Baylor. 
Karl Friesach, Kais. Acad. der Wiss., vol. 09; Vienna, 1858; a.ssiglled position , 

tP == <1-6Cl 30'' A= 84° 341
• I 

Capt. A. N. Lee, U.S. Engineers. Survey of the N. and N. W. Lakes, Gen. C. B.1· 
Comstock In charge; MS. of 1873: also report of Chief of Englneen, 1874, app. 
CC;+=+6°30'.1,A=S1-c20'.o ! 

1 1819~ November u.... z 01.0 City Surveyor a.t Fort Brady. Information by~. J.B. Baylor. j' 

{ 

188o, July u, 13, 14,-.17, 19.. .. . . . o 53.7 

i 
8 

188o, August 6, 7 ..... ........ ···: 1 04·5 W. 

J __________________ L ________ _ 

Lieut. s. W. Very, U. s. N., Act. Assist. C"!"'t a.nd Geodetic Sarvey. At veg-eta.bl. e 
garden of Fort Brady, 4> = 46° 09'.9, A= 14• oo'.r 

J.B. Baylor, U, S. Coasta.nd Geodetic Survey. M!llta.rypostprden about30,-.rds 
N: W. of Lieute1UL11lVery's sta.tlon of 188o. Position u above. 
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CINCINNATI, OHIO. 

<I>= 39° o6' •• 

Old Astronomical Observo.tory on Mt. Ado.ms. New Astronomical Observatory on Mt. Lookout. 

18o6 .... ' .... "'' 

:810 . .... 

1840, January u . . . . . ......... . 

4 1845, April. ........ ,, ........ . 
s 188o, N ovcmber 27, 29, 30 

1819, June 17 ............. 

I 
I 

·{: 1835 ....... ' ..... ' 
I838. ·······--·-···--···· 

3{ 
1855. ·-·--·---· ....... 
1856, October 31 ...... , 

4 1872, June, July, and August. ... 

! 1877,June ........• 

6 
1 

1878, August 14, 15 ..... ······: 

1879, September g .............. . 

58 E. Public Surveys; Prof. E. Loomis' collection, in Sill. Jour., vol. xxxix, 1840. In 
cfl:;;;::; 39° of/, A= 84° 27'. 

5 00 

04 

]. Mansfield; Prof. E. Loomis' collection, in Sill. Jom., vol. xx:xiv, 1838. In <I>= 39• 

07 1
, A=&t.Q 2··/. 

Dr. J. Locke; Survey of Mineral Lands, Exec. Doc., 183<J-'40, vol. vi, In <I>:= 39° 

of/ 1 A= 84° 271
• 

2 14.4 E. 

Dr. J. Locke i U. S. Coast Survey Report for 1855, p. 304. In f/> = 39° o6', A= 8-4 ° 22'. 

J.B. Baylor, U.S. Coast and Geodetic Survey. Grounds of new astronomical ob. 
servatory on Mt. Lookout. 

ST. LOUIS. MO. 

~ = 38° 38' .o A = 90° 121.2 \\r. of Gr. 

ro 47.6 

8 49 

45 

8 00 

6 23. I 

37.5 

6 30.5 

6 33.7 

(Washington University.) 

E. • ! Maj. s. H. Long ; at St. Louis, in q, = :iB 0 36', A= 90° o6'. [Longitude about s' in 
' error.-ScH.] Account of an expedition from Pittsburg to the Rocky Mounta.ins 

in 1819 and 1820, by Maj. S. H. Long, Philadelphia, 1823. 
f Colonel Nicolls; Prof. E. Loomis' collection, Sill. Jour., vol.xxxk, 1838. , 

i De Ward, surveyor. In City Commons. Letter of Thomas Featherson, of June 18, j 
[ 1877. Communicated by Aosistant W. Eimbeck, Coast Survey. I 
! Colton's General Atlas, New York, 1873. 
1 Karl Friesach, Berichte der Kais, Akad. der Wiss., Vienna, vol. xxix, 1858. 
! Dr. T. C. Hilgard, obsen~er; Bache-Fund ~lagnetic Survey; MS. communication. 

I 
Two stations, south and west of court-house~ first, on Compton Hill, -6° 35'.2 in 

I 
4'..:;: 38° 37'.i:, A.=90° 14'.o; second, near City Hospital, -6° 39'.9 in If>:;;;;; 38° 36'.5, 

. >-=90" 12'.7 [Mean -6° 37'.5-SCH.] 

I Thomas Featherson, deputy county sun·eyor, St, Louis Co. From comparisons of 
17 old lines run in the City Commons in 1838 by De Ward, surveyor. Communi-

) 

co.ted by W. Eimbeck, assistant Coast Survey, Annual change since 1838, + 1'.91 
Prof. F. E. Nipher, Washington University; Trans. St. Louis Acad. Sciences; ob-

1 servations in vacant square, SE. comer Garrison ave. and Dickson st.; used Coast 

6 13.3 E. Prof, F. E. Nipher, corner Garrison ave. and Glasgow Place. Communicated 
·1 Survey instruments. 

Oct. 141 1879. 
--· ~--· ~,..,_ ·-,~~~---···--

*This value is probably somewhat too great.-ScH. 

NEW YORK AND VICINITY, N. Y. 

4> = 40• 42'.7 A= 74• 00'.4 W. of Gr. 
(New York City Hall.) 

-, -..,------------- --~-·-------- -----------------· ----·------- --
' 11lo9, September 2............... 8 W. Hudson, on his third voyage, near the Jersey shore, a little below the mouth of Hud-

l ' 68, r l ,. ••••••.•.•.••.••••.•...••..• 

1686 ... 

3 i&J ........................... . 

i ., ............................. .. 

8 45 

9 0 

8 45 

8 45 

son River. The day before he found not above 20 W. [See reference below. Ob­
servation not used.] Hudson, on his \jlird voyage, a few miles up the Hudson 
River, found,16'>9, Sept. 13, 13° W. This observation may have been made on shore. 
Prof. E.-Loomis' collection, In Si1.I. Jour., vol. :uxi:x, 18•0; extract furnished by 
Prof. J, Spades from 3d vol. of Purchas' Pilgrims. [Observation not used.] 

Philip Welles, Surveyor-General; Report of the N, Y. Commissioners on the Con­
necticut Boundary, made to the New York Legislature in April, 1857 [Sen. Doc. 

165, p. 'SS]· Received from J. H. Trumbull, April, 1876. 
George Keith, at Sandy Hook. Line run between E.and W. New Jersey. Records 

of proprietors of New Jersey. Communicated by Prof. G. H. Cook, State Geolo­
gist ol N. J., Oct n, 1879. 

On Staten Island: Geolagical Survey of New York, 1853, E. Duxbuty's patent, [See 

also E. Halley's isogonic obart for the epoch 170'), reproduced by photolitbogn.phy 
in the "Greenwich Observations of 186g." It gives about 8° W. for New York.1 

i John Beatty, deputy surveyor, on map of Livingston's Ma.nor (N. Y.}. Engra.vedill 
O'Callaghan's Doc. Hilt. N. Y., iil, 414. Received from J. H. Trumhull. (Not 
used.) 
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NEW YORK AND VICINITY, N. Y.-Continued. 

I 
{ 
I 11•3· ....... . 

4 I 
1724 ........ . 

20 w. 

1750 .. 
6 1755. 00 

•775· ...... . 

i 1789 ..... . 
i 182.......... "' 40 

9 : 1834.. .. . .. 50 

JO i 1837 ..... · ..... · ... · · .•.. · · ·· •• •· 40 

{

; :18+0, June i6 to July u ... 

II • 

; i840, July 18 to October 16 53 

' I8-4t ... ,.,.,., .. : 6 o6 12 
•. 

"' ........ 
1842, September. 32.5 

r 8.+t. January ..... 51.1 

184.,, August 20--22 . 51.0 

13 18-t.4· .\.ugust 24. ·,· ... 6 13.1 

t4 18iS• September 4 . 6 25. 3 

1846. April 30 09·7 

1846, May -4 ••• ············ 54.7 

15 

d46, May 'i- 35.1 

16 1847, October 16, 20 •.•••.....•. 41.0 

r 1855, August 7 .... ············· 6 39 6 

'71 
1855, August 8 ...... 1 02.l 

1855, August 11 ..••.•••••••.••• 6 a8.() 

1855, August Iof. ........... : ... 6. ll .2 

18 186o, September 21, 22 ••. 6 44.0 

1872, October 31, November 1 45.8 
and 2. 

19 1873, No\"cmher 5, 6, 7, 9 .. 09.0 

20 r874, August ... •3 .. '879, July 17, 18 32.0 w . 

I G. Burnet; Prof. E. Loomis' collection, in Sill. Jour., vol. xxxiv, J838. 
J Cadwallader Colden, one of the commissioners of the New York a.nd Connecticut 
1 boundary of i724. (See Report of Commissioners of i857, as above.) Received 

from J. H. Trumbull. 

1 
:)fr. Alexander; Prof. E. Loomis' collection, in Sill. )our., Yol. xx.xiv, 1838. 

; Mr. Evans; Prof. E. Loomis' collection, in Sill. Jour., vol. :xx.xiv, 1838. 
· J. F. W. Des Barres' Atlantic Neptune, London, t781, at Sandy Hook, New York . 

Bay. [Not used.) 
: Prof. Loomis1 collection of 1838; also Em.:yc. Metrop. 1 18..,S. 

Blunt's map; Prof. E. Loomis' collection of 1838. 
: Captain Owen ; Prof. E. Loomis' collection of :1838. 
' Prof. J. Renwick, Columbia College; Prof. E. Loomis' collection of 18)8. 

Lieut. S. C. Rowan, U.S. N., observer for United States Coast Survey, at Howard, ' 
Staten Island, in <I> = 40° 37' .6, A= 74° 05' .4; MS. in Coast Survey archives. " 

Lieut. S. C. Rowan, U. S. K., observer for United States Coast Survey, at Bergen ; 

Neck, in 4> = 40° 45'.8, A= 74° 02'.6; MS. in Coast Survey archives. 
Douglass' map of New Jersey; Coast Survey archives. , 
Coast Survey determination (observer not stated) at Sandy Hook, in </>=40° 27'.7, · 

A= 74° 00' .2; MS. in Coast Survey archives. 
Lieuts. G. M. Bache and J. Hall, U. S.N.,observers for United States Coast Survey, 

at Sandy Hook (same place as in i84z); MS. in Coast Survey archives. 
• Prof. J. Renwick, observer for United States Coast Survey at Sandy Hook, in 

q, = 40° 27' .7, A= 74° 00'.2; Coast Survey Report for 1854, p. t# *· 
Prof. J. Renwick, observer for United States Coast Survey, at Columbia College · 

(old position), in~= 40° 421 .7, A= 74° oo'.5; reference as above. 
Prof. J. Renwick, observer for United States Coast Survey, at Columbia College; 

reference as above. 
Dr. J. Locke, observer for United States Coast Survey, at Bloomingdale Asylum, in · 

4> = 40° 50'.3, i. = 73° 56'.1; Coast Survey ReportJor 1854, p. •••*· 
' Dr. J. Locke, observer for United States Coast Survey, at Mount Prospect (formerly 

Flatbush), Br~oklyn, in</>= 40° 40'.3, A= 73° 58'.o; reference as above. 
Other observations at this place are given in the Regents' Report of the U niverslty ! 

of the State of New York, viz : 

Oct., 1834 4 25 W. Dec. 22, i840 5 oo W. l 
Oct., 1835 4 +5 Dec. 30, 1841 5 12 I Assigned position <J> = 40° 371

, 

Oct., 1837 4 45 , Dec. 30, 1842 5 10 A,-: 73• sS'. 
Dec. 18, 1838 4 45 Dec. 20, i847 5 JO 

Jan. 4, 1840 4 55 Oct. 26, i848 5 15 J 
Dr. J. Locke, observer for United States Coast Survey, at Newark, in</>= 40° 44'.8, ! 

A= 74° 07' .3; Coast Survey Report for 185+, p. 144•. 
; R.H. Fauntleroy, assi!llant Coast Survey, at Legget, in 4> = 40° .jS'.9, A=73• 531·4: 

reference as above. 
C. A.Schott,assistantCoastSurvey,atGovemor'slsla.nd,in</>= 40° 41'.5,.\ = 74•01'.o: 

Coast Survey Report for 1855, p. 337. 
: C. A. Schott, at Bedloe's Island, in <J> = 40° 41' .4, A= 74° 02'.7; reference as above. 
· C. A. Schott, at Receiving Reservoir (now in Central Park), in <I>;; 40• 46'.7, A= 73° 

58' .2 ; reference u above. 
· C. A. Schott, at San<1y Hook; position same as in 1844; reference as above. To re- 1 

duce to New York add :n'.4 or o•.37 [Not used.] 
C. A. Schott, at site at Mount Prospect, now Brooklyn (new) water-works, in ' 

<I> = 40° 40' .3, A = 73° 58' .o; Coast Survey Report for 186o, p. 35•· · 
A. H. Scott, United States Coast Survey, at Central Park, west of M&Jl, in</> = 40° "6' .-, 

A= 73° 58'.•; MS. In Coast Survey archives. [Not used.] 
Dr. T. C. Hilgard, observer for United States Coast Survey, at Sandy Hook; station 

as In 1844; MS. in Coast Survey archives. To reduce to New York add d'.37 
Report of Chief of Engineers U. S. A. for 1875; chart of Way Reef, Hell Gate. 1 

J. B. Baylor, United States Coast and Geodetic Survey. Station of 1873, at Sandy J 

Hook, N. J. To reduee to New York add 0°.37 I 
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HATROROUG!l, MORELAND TOWNSHIP, MONTGOMERY COl:NTY, PA. 

1680 .. 

2 i 1690,. 

3 I 1700. 

' 4 1710. 

1720 

1730 .. 

1740, .. 

1750. 

i76o ... 

1770 ....•. 

JI 1780, ......•.... 

I7 1790 •. 

13 1800, .. . . . . . . . . . . . . . 
14 1810 •• 

15 1820 .• 

16 1830 

•7 1840 

18 1850. 

28 

'5 
7 SS 

28 

6 25 

.•O 
55 

• 00 

2 55 

2 05 

I 50 
) 55 

2 27 

.I 
50 

4 •s 

W. 

w. 

Table communicated to the Superintendent of the Coas!Sur\'ey in a letter, by Mr. E. 
\\ .... Beans, dated llatboroug-h, March 1, 185:i (sec Coast Surrey Repoit for 1855, p. 

- 312). [It is not to be presumed that th.is table presents direct obsen·ations, as the 
regularity of decennial yaJues sufficiently attests; but it is not doubted that it rests 

upon rdiable observations of numerous bearing-s of old (anrl new) lines which 
were submitted to some process of interpolation, probably graphical.-So~.] 

PHILADELPHIA, PA. 

A=75° 00'.o "\V. of Gr. 

(State-house.) 

30 W. l7or......... Hy Mr. Scull, as stated byG. Gillet, Sill. Jour.,vol. xxiii,1831. lSee also Coast Sur-

1710 ...•...•. . ... , .. 
3 1750 ........ .. 

4i. 1 79J ...... . 
I 1793. • '' • • • • • • • • •'' • • • 

5 \ 18o2 ... 

o{ ::::: .............. . 
7 { 1813 .......................... .. 

1813 ..•.• 

1837 ....•..••.... 

iS40, lune ......... 

IO 1841, July oo and November, .. 

JI 1846, lllay 23 ..... 
I 

..... "'"'[ 
12 1855, September 5 

lJ 1862 1 August 15, 16 ............. 

14 1872, October 19, 20~ 21 ..•... .. 
' 

30 

45 

I 30 

l 30 
) 30 

2 00 

2 IO 

2 25 

2 27 

52 

37 

·51·7 

51. t 

31.7 

00,0 

27.8 

very Report for r8ss~ pp. 313. 314.] 
Th. \Vhitney; Prof. E. Loomis' collection, in Sill. Jour., \·ol. xxxi,·. 18JS. 
Kalm's Tra\'els; reference as above. 
Th. Whitney; reference as above. 

lly Mr. Brooks; Sill. Jour., vol. xxiii, 1833. 

By Mr. Howell; reference as above. 
Hy several men of science ; reference as abo\·e. 
Th. Whitney; Prof. E. Loomis' collection, Sill. Jour., \·ol. xxxh-, 1838. 
D. McClure i reference as above. 

By Mr. Whitney; Sill. Jour., vol. xxxiv, 1833. 
W.R. Johnson j Prof. E. Loomis' collection, Sill. Jour., vol, xxxh·, 1838. 

Dr. A. D. Bache, at Girard College, <t> = 39°_58'.3, >. = 75° 10'.3; annual chanire from 
difft--rential obser7•ations between 1840, June, and 1845, December, =4'·4- ~Coast 

Survey Reports for 1859, p. 285, and l86o, p. 3u); subtracting 5' .3 trom his observa­
tion, 3° 531 .7 July 20 and November I, we find 3° +8' for June, xSfo; again subtract­
ing 261 from Dr. Locke's observation, 3° 51', r, in May, 1846, we find 3° 25'; mean 
adopted, 3° 37'.t 

Dr. A. D. Bache, at Girard College; magnetic sun·ey ot Pennsyh-ania; Co•st Sur- f 

vey Report for 1862 1 p. 2r3. ! 

Dr. J. Locke, Girard College magnetical observatory; Coast Sun· er Report for 1854, 

P·'H·* 
C. A. Schott, assistant Coast Survey, east of main building, Girard College; Coast 

Survey Report for 1855, p. 337. 

\.. A. Schott, assistant Coast Survey, at site of old magnetical observatory, Girard 

College; Coast Survey Report for 1862, p. 212. 

.~5_._~1,0ctober2,3,5,6 .......... 1 6 oo.2W. 

A. H. Scott, United States Coast Survey, at site of old magnetical obsen·atory, 

Girard College; MS. in Coast Survey archives. 
J. B. Baylor, United States Coast Survey, Girard College, SW. of main building. 

t Which is preCerred to the values given in Coast Sur\'ey Report for r86~, p .• .,..-sen. 
S. Ex. 77--30 • 
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r 795, August 19 

1840, July 25. 

18;3 ........... . 

: 1854 <autumn) •.... 

f: i857,April20. 

5\l. 
185j, June 3 ..... 

6 : 
7 l 8 

1 
9 

12 

186o-'6x.. - -- -- . 

I$62,July 28, 29 ........ . 

J874, October and ~O"Vember .. 

18;6 1 December 2 .. 

1877, September 25, 26 

1679.0. 

1683.5 ... - .. 

1703.5. 

1720. 5. 

I72().Z 

1754.5 ... 

i756.9 .. 

1771.0 •.. 

1776.I.. 

1780.5. 

1787.5. -

1So8.5 ..... 

13 i840, Augu5t q 

14 iS47. April 29. 

15 1856, September q .......... . 

16 . 1875.5 ......•. - ... ' 

1:7 I t877, October TO, tt, 12 ••• 

HARRISBURG, PA. 

l\ = 76° 52'.9 W. of Gr. 

(State Capitol.) 

o 26 E. From a map of the borough. of Harr-isburg on tile in office of register and recorder 

of this county, made by Thomas Foster. Communicated by W.W. Wright, March 

10, 1875. 

12.5 W. Dr.A.D.Bache; in tbegroun.dseastof the capitol; CoastSurveyReport of t862,p.212. 

2 35 From a map of the borough of Harrisburg, on file in the city register·s office, made 

by John Roberts. Communicated by W.W. Wright, March 10, 1875. 

u6 John Roberts an<l Sam\le] Hoffer, sun~eyors, established a. true meridian east of the 

State House. Communicated by W.W. Wright, J<'ebruary, I875. [See also Annual 
Report of Secretary of Internal Affairs of Pennsylvania for I876.J 

18.3 James r·erguson, James Aspach, and Daniel Hoffman, surveyors. Results recorded 
at county commissioner's office. Communicated by\\?. \V. "\\~right, February, 1875. 

20 ' Samuel Hoffer; reference a.s above. 
30 ! From surveys made by Ha.ther Page:* map in the city register's office at Harrisburg. 

1 

Communicated by )\t. W. Wright, March rn, 1875. i 
44.5 C. A. Schott, assistant Coast Survey; grounds of the State House, near eastern I 

entrance; Coast Surrey Report of l86:z, p. 212. ' 

4 5r H. Alricks, jr., J. Simpson Africa; Annual Report of Secretary of Internal Affairs of 
Pennsylvania, i876; W. McCandless, secretary. 

10 Annual Report of Secretary for i876, as above. 
53.5 v.r. E. Smith and J.B. Baylor, United States Coast Su vey i grounds east of capitol, near 

astronomical station and near station of i86z, <1>=40° 15' .8, A= 76 s•' .9 

• ~ame not clearly legible. 

BALTIMORE, MD. 

(Washington Monument.!_ 

i . i 5.25 W. Values depending on resurvey of old lines from fact" given by T. Kelbaugh.'· 

6.25 

5.12 

4 .21 

4.02 

2.28 

2.88 

I.II 

I.75 

0.77 

0.37 

00 1:2' ·5 

D 1619.o= D 1314.5 + 4° .50 Adopted value for second epoch+ o0 .75 

D iw.o= D 1s14.5 + 5• .50 Adopted value for second epoch+ 0.75 

D "••-• = D ""-• + 4' -43 Adopted value for second epoch+ o.6g 
D mo.•= D 1816.o + 3° .42 Adopted value for second epoch+ 0.79 

D 112•-•= D ""'-' + 3° .39 Adopted value for sec.m<l epoch+ 0.63 
D 1154.5= D 1w.o - oc .37 Adopted value for second epoch+ 2.65 

D m•·•= D m ... + 2' .12 Adopted value for second epoch+ 0.76 
D 1111.e = D 1846.5 - i

0 .oo Adopted value for second epoch+ 2 .u 

D 1"'·' = D mu+ i' .07 Adopted value for second epoch+ o.68 
D 1130.li= D 1861.6- 2° .25 Adopted value for second epoch+ 3.02 

D 1787.5= D 1851.0 - 2° .oo Adopted value for second epoch + 2 .37 
D. Byrnes, from nymerous observatici.ns in Baltimore in different localities ; Sill 

J our., vol. xviii, 1830. 

! Dr. A. ll. Bache; Coe.st Survey Report for 1860, p "3· 

Capt. T. J. Lee, United States Engineers, assistant Coast Survey; at Fort McHenry, 
in <P = 39° 15' .8, >.=76° 34' .S; Coast Survey Report for J85.4, p. 144. 

C. A. Schott, assistant Coast Survey: just outside Fort McHenry, in <1>=39° 15'.9, 

>.. =16° 34'.9; Coast Suryey Report for I858, p. I9I. 

See note *· D 1875.6 = D 11157.0 + I' .oo. Adopted value for second epoch+ 2°.74 
J.B. Baylor, United States Coast Survey; at Fort McHenry, near station of 1856. 

•Mr. Thomas Kelbaugh, surveyor at Mt. Carmel, Baltimore County, Maryland, communicated to the Coast Survey Office (letters dated 
August 17 and 24, 1877,and April 28, 1879) :;2 cases of observed or aHowed for changes of magnetic declinations between given dates,moMlyfrom 
redeterminations ot niaguetic bearings of old lines, made with the common surveyor's compass, by different individuals and with diiferent instru­
ment•. and generally within a ractius nf 15 statute miles of Baltimore City, on the N ., NE., and NW. of'lt. These surveys were made by or<ler of 

, the Raltimore County circuit court, arising from disputed land cases, Other , .. alues were copied from the record-book of tbe county mrveyor 
and his assistants, between 18o5 amt 1825. ,, 

The 52 differential values, after scrutiny, were properlr combined; the 12 results, Nos., to n, inclusive, thus obtained are given in t11.e above 
table. The adopted ,~atues for the epochs of the resun.·ey are likewise given, and are those resulting from a formula. established by me in 
August. 1877. At that time but 25 differential values bad been communicated by Mr. Kelbaugh.-(Srn.] 
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17gz .....•................. 0 

r i792. ....... ....... 0 

Ij 
I 

l 1792. 0 

1809, December .. 0 

1841.0. .... ········· l 

1842.0 .. 1 

1855, July. 2 

1856, August 14,20 ..•••...••..•• 2 

:857, :'>larch q ... ........... 2 

186o, August 16 to September 26. 2 

i862, i\ugust, 18,19 .. 2 

10 1863, June 18 to July 28 ... 2 

II 1866, November 1 •. 2 

12 1867, January to December .. 2 

13 1868, January to December ...... : 2 

14 1869, January to June, inclusive. 2 

15 1870,June 13,14,15 ······ 2 

16 1871~ June 14)15,16 ..... ... 2 

17 1872, June 14 1 15,17 ........ 
i 

1873,June 14.16,17 ...... 18 I 
lg{ i 1874,June 13,15,16 ............ 

1874, July 20,21,22 ............. 3 

11875, June 12,q, 15 .. , ..... 3 
21 187(5, 7\1ay 1, 2 ........... · ... 

22

{11877,June 14,15,16. 

1871, August 17. ............ 

•3l 1878,June 14,15 1 17 ... 

1878, September 8 . 3 
24 1679, June 9, io, II •. 3 

:zSSo, February 23, 24, 25 ....... . 

188o, April 3 ............ . . . l 33 
1880,June 12,141 17 ••••..••...... 

1882, June 1.i;.16,17 .••••....... ·-

5r E. 

'9 

10 E. 

52 W. 

20.2 

23.9 

24 

2t.4 

24,8 

26. 7 

39· 4 

41.8 

44.2 

48. I 

51.2 

53.0 

53.6 

56.9 

00.0 

00.1 

07.4 

05.2 

1 5·5 
18.8 

42. I 

36.8 

47 .5 

~3·0 

50.4 

52,4 

57.0 

~ 57• l 

55.4 w. 

WASHI:\TGTON", D. C. 

>.. = 77° oo' .6 "\\~. of Gr. 

(United States Capitol.) 

---- ----··-------------- ----------··----- -~-----~-- -----·· -------

Maj. A. Ellicott, surveyor-general; inscription on fourth milestone nvrthwc:-,terly 

from east corner of District; reported by G. )fathiot. [Supposed affected by local 
deviation : not used.] 

A. Ellicott; inscription on first milestone northwesterly trom east corner of District~ 
reported by J. Wiessner, • 

A. Ellicott; inscription on east <.::orncr-stone 1 District; reported by J. V\"iessncr. 

Nicholas King, surve_Yor of the city of \l'a-;;hington ~ Prof. E. Loomis' collection, 
Sill. Jour., vol. x:ui:k, 1838. 

J. M. Gilliss, C. S. N.; f;apitol Hill, north of Capital; Sen. Doc., 2d sess. 28th Cong., 

184 .. -45. 

J. l\I.GiUiss, U.S. N .~ reference as above. 
C. A. Schott, assistant Coast Sun·ey; Coast Survey Report for 1855 1 p. 3 H, uu Capi­

tol Hill, near Gilliss station. 
C. A. Schott, at (old) Coast Sun·ey Office, Capitol Hill; also 2° 01 1 \\-.~ ~\ugust 15.in 

park east of the Capitol; Coast Survey Report for 1856, p. 227. 

\\-. Read; near Capitol, south side; Coast Surve~· Report for 1858, p. 196. Cornmu­
nit:ated by observer. 

C. A. Schott, at (old) Coast ~nn·ey Office; r:f,;--:: 38° 53'.1 1 >. = 77° oo'.6; Coast Slir\·cy 

Report for 1860, p. 352. 

C. A. Schott, at (old) Coast Survey Office; Coast Survey Report for x862, p. :212. 

C. ~\. Schott, at (o1d) Coast ~uryey Office ; . Coast Survey Report for 1863, p. 204. 

Prof. W. Harkness, U. S. N.; United States '.\am! Obserrntory grounds, in 
~ = 38° 53'.7 1 A=77° 031 .1; Smithsonian Contributions to Knowledge, No. 239, p. 

61, Washington, 1873. 

} 

C. A. Schott, at magnetic obsen·atory? corner Second street cast and(.~ street south 

Captiol Hill, in t/>=38° 53'.1 1 A=77c od.2 ~ )fonth1y Determinations. (~oast Sun·ey 

Report for 1899, pp. 199-207. 

l C. A. Schott, at magnetic obsen·atory, corner Second and C streets southeast; J Coast Survey Report for 1870, Appendix l\'o. 14. 

l 
JO!Jserver and locaHty as before; :llS. Coast Survey archives. 

f Observer and locality as before; :115. Coast Sun·ey archives. 

C. A. Schottt at new magnetic observatory, near corner First and B streets southeast ~ 

</)=38° 53'.2, >.=n' 00'.4; MS. in Coa&t Survey archi,·es. 
A. Hraid 1 United States Coast Survey: same place. 

'i C. A. Schott; locality as aboYe. 
i Dr. T. E. Thorpe; locality as above. 

I 

W. Eimbeck and C. A. Schott, assistants Coast and Geodetic Survey; locality as in 
1877 and l81'1l. 

llf. Baker, United States Coast and Geodetic Survey; locality as above. 

J. ll. Baylor, United States Coast and Geodetic Survey; locality as above. 

v~r- Eimbeck1 assistant Coast and Geodetic Survey, locality as in 1877. 
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CAPE HENRY, VA. 

</>=36° 55'.6 >.=76° 00'.4 W. of Gr. 

(Light-house, 1882.) 
·~------------------·-------~-·--

I 

1 
1

.. l 728, ~larch 6 . 

I ! 1732. 

' 
1 73:a •. ············•· 

1775. 

1809 ... 

1823~:114 .. 

1832, June 9,:11 

1856, Septe;mber 11, 12 •..• 

1879, :\lay and June ........ . 

1700. 

1775· 
1 777· 

178.h Fel:>ruary., 

1785,0clober .... 
I824-25 .. . 

1837 ....... .. 

1840 .............. .. 

18•1. Mav ....... . 
1847, October ........ , 

9 i 1849, April land 22 .. .. 

! 
IO 11874, Ma.y 27, 281 29 ... 

I 
n 1 •88o, January 21, 20. 

i 
"I 

I 

{

: 1838 .. 

2 i 
I 1839 .... 

! 1852, April 26-28 ............... . 

I 
i 

1857, ~lay rand 2. 

I 

f 1874, March 8, 9, 10 .. 

oo W. W. Byrd, at head of Currituck Sound, in</>= 36° 30'; Westover MS. (Two printed 
copies in Library of Congress.) Reduction to Cape, + 20'. 

42 1 W. Boxton, seven miles from Cape Henrr, in 4>=36° 501
; Hansteen's Magnetismus 

der Ertle, 1819. 
4 40· Douglass' History, in t/>=3j 0 07 1

, A.=75° 3o': Prof. E. Loomis' collection, in Sill. 

Jour., vol. xxxiv, 1838. 
J. F. "-.... Des Barres' Atlantic Neptune, London, i78r. [Not used.] 

o oo President Madi~on, at Norfolk, in 4'=36° 51', A=76° 19'; Prof. E. Loomis' collection 
Sill. Jour., vol. xxxiv, 1838. Reduction to Cape -8'; by oh~rvations of 1856. 

1 32 State map of Virginia, of 1859, by H. Boye. [Not used.] 
0 45 
I 28 

2 39.5 

2 32 

Prof. J. N. Nicollet; Coast Survey Report for 1864, p. 210. 

C. A. Schott, assistant Coast Survey, in ~=36° 55'.6, 'A.=76° 00'.4; Coast Survey Re· 

port for 18561 p. 227. 

Dr. T. C. Hilgard,obsener for United States Coast Survey; MS. ,in Coast Survey 

archives. 
"'· ! Lieut. Samuel\\'. Very, U.S. N. From 50 observations at the Rip Raps. [Reduc· 

I lion to Cape Henry, according to my observations of 1855, +13'-Srn.] 
---------------- ----~~-~~--~ -------

0 30 E. 

23 

48 

48 

l~ 

•s 
45 

2 54 

z 44 

2 24 

2 15 
2 16.5 

0 58.1 

0 25.6 E. 

E. 

05 

JI 

40.3 

27,5 

I 58.5 E. 

CHARLEs:roN, s. c. 
_>.=79° 55'.8 W. of Gr. 

(St. Michael's Church.) 

E. Halley's isogonic chart for 1700: reproduced by photolithography in the Gieen­
wich observa:ions for i869. [Not used.] 

English Pilot, published on Tower Hill in 1794: extracted from a paper by Andrew 
Huglies. [Not used.] 

. Des Barres' Atlantic Neptune, Lonrlon, ·1781. 
From a chart; Prof. E. Loomis' collection, in Sill. Jour., vol. x.xxiv, 18381 probably 

the same as that given in the Neptune. [Not used.] 
l Joseph Purchell, surveyor: see pamphlet by Charles Parke1, Charleston, 1849. 
f [Observations said to come from a reliable source.] 

Lieut. Sherburne, U.S. N.; Blunt's chart of 1824~25. 

Capt. Missroom; Prof. E. Loomis' collection, in SilJ. Jour., vol. .xxxiv, 1838. Posi-

tion t/J =3~0 47' . .\=79° 57'. 

Dr. C. Davies, in his treatise on sur1,.eying. 

Barnet: Phil. Trans. Roy. Soc., vol. for 1849. 
Charles Parker; see his pamphlet (Charleston, 1849). 
C. 0. Routelle, assistant Coast Survey, at Rreach Inlet, in q, = 32° 46'.3, >.=79° 48'.9 

Sullivan's Island; Coast Survey Report for 18541 p. *145. 

I 
I 

C. 0. Boutelle, assistant Coast Survey, at Fort MarShall, same position as for Breach 
Inlet; ~IS. in Coast Survey archives. 

J.B. Baylor, United States Coast and Geodetic Sun·ey, at Breach Inlet, Sullivan's 
Island; if.=32° 46'.4, >i.~79° 48'.8 

SAVANNAH, GA. 

A=81° 05'.5 W. of Gr. 

(Savannah Exchange.) 

I Becquerel's Traite du Magnetismc, Paris, 1846; Canes du Dep6t, in<(>= 32° 04', 
I A= 8o0 40'. 

\Geological Sun:ey, in 4> = 32° 05', >.= 81° o7'; Prof. E. Loomis' collections, in Sill. 
, Jour., vol. xxxix, tS-t.o. 

i Dr. Posey: reference as above. 

I 
J . .E.. HiJgard, assistant Coast Survey, in+.= 32° os'.o, A= 810 05'.1, on Hutchinson's 

Island; Coast Survey Report for 1854, p. •145. 

C. A. Schott, assistant Coast Survey, position as above; Coast Survey Report for 
I ,sss. p. 1<)2. 

I 
F. 'lllake and C. Tappan, United States Coast Survey, position on Hutchinson's 

Island, opposite Savannah, as above: MS. in Goa.st Survey archives. I 
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Collection of Magnetic Declinations, etc.-Continued. 

KEY WEST, FLA. 

(Tift's observatory.) 

~- ------.·.·1-6 2,-·E~~,i \\~A. \Vhitchead ·, fro!Il a map of Florida, hv_ th~ Too-o!!rat>hical ·=n«i~:er:·. :,s,~ 
182~,, Vt.:bruary...... _, I"' ., '"' .,. 

1~4~. .1 6 j Report of Commander L. M. Powell, U.S . .N ., at custom-house. 
ih \\1 .. \ugu-;t J~21... 28.B \ J. E.. Hilgard, assistant Coast Surve-y, at Sand Key, in ~=2.{· 27'.2, J,. _8t 0 531 

.1 : 

1.~''"· Fehrnary, :;\{arch, June, '. 

1,-; .• :, Fchrnary, 3.Iarch, April ... ; 

isi·::::.monthl~·. ~Taytn December. 
1~G3 1 month]~·, January to De­

ccffibcr. 
,;-;1,4. monthly, Januarr to De- , 

ccm bcr. 

rS6;,, ni~nthh» January to De- : 

cc:nhcr. i 
r.'fr. Janua1y to April, inclusive. I 

J /'-'U •.. 

!J-i. ;\latch and Apnl~ 

11:::1,., "\u~u~t 

18'.)7, Jauu:trv 28. 

I 
I 

4 44.5 

39.9 

4 33.9 

4 3r .5 

29.8 

3 33.9 E. 

' Coast Survey Report for •854, p. *145. 
! Prof.\\ ... P. Trowbridge. assistant United States Coast Survey; subsequent observer. 

1

1 
S. Walker: Coast Survey Report for i86o, \l· 340. 

~Observer, S. W >ilk er. 

I 
The above ob~rvations, between t~6o and d66, indusivc, \\:ere taken at the Coast 

~urveymagneticobserv-atoryatKey \\'cst,inc/>=24° 33'.1, ~--St'' 48'.5 The results 
arc corrected for daily variation. 

Lieut.-Com'g S. ~1. Ackley, U.S.~ .. assistant Coast and ti-cudctit.: Survey; grounds 

HAVANA, CUBA. 

A.= 8'2° Zlr.5 'V. of Gr. 

(Morro liirht.) 

E. ! E. Halley's isogonic chart for 1700; Green\Yich observations for 186q. ['Sot used.) 

Mathews, in ·</J "'23° 02
1
, ~ = 81° 44': Encyc. Metrop., 1848. , .. I 

J. Harris, off UaYana, in t.(J = z3° 08' 1 A= 82" 32'; Phil. Trans. Roy Soc vol vu , 

30 

15 

45 
53.8 E. 

(abridged), r724-34; also Encyc. ~letrop., i848. . .. . \I, 

Encyc. Rrit., seventh edition, 1842. 

Bentley, Encyc. Hrit., seventh edition. I 
Karl Friesach; Imp. Aca.d. of Sci., Vienna, vol. xxix, i858. 1, 

From a map of Cuba, l86o. 

' Lieut. Com'g S. J\I. Ackley, U.S. N., assistant Coast Sun·ey, at the College de Helen. \ 

Annual change observed at the Colegio de Belen, according to jadre r. B. \'iiles, I 

S. J ., director of observatory, 4~ minutes decreasing for se\·eral years past. l Let-1 
ter of Lieut. Ackley to C. A. s., dated March 21, 1879.] The Morro light is in ; 

~ :.-:: 23° oc/.3, A= 82• 21'.5 Determination by Lieut. Com. F. M. Green, U.S. N. 1 

---·------
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t66o .. . 

1700 .. . 

1732, .J.farch and April.. 

I r789 to i793. 
'1 1791 to r792. 

i8o6. 

; j :::~:. 
1822 •... ' 

1832 •.. ' 

1833 (?\. 

Cul!cctio1t ef .&Ia.i:;netic Declinations, etc.-Continucd. 

KINGSTON, PORT ROYAL, JA)1AICA. 

<f> = 1 7° 55'.9 

6 30 E. 

6 30 

. .... 6° to 6 05 

50 

6 45 

6 30 

50 

so 
54 

13 

(Port Royal Bagstaff.) 

In Jamaica, according to J. Robertson; Phil. Trans. Koy. Soc., 18o6. {Not used.l 
According to Mountain's chart, constructed in the year 1700 from Dr. Halley's tables; 

Long's Hbtory of Jamaica; E. Halley's chan for 1700 gi\res 7° E.; Greenwich ob­
servations for 186\). [Not used.] 

At Black River,J. Harris; Phil. Trans. Roy. Soc., 1733. 

f J. Leard ; chart of Port Royal. 

J. Robertson; Phil. Trans. Roy. Soc., 1806. Variation in Jamaica said to ha.\·e been 
constant for 130 or 140 years. 

De Mackau, in 1> = ~1° 55f, >.. = 76° 0t/; Hccquerel's TraitC du l\la~nCtisrue, Paris.\ 1846. 
De Mayne, in¢= x7° 55 1

, A::::: 76° sl; Becquerel, as above. 
Owen i Becquerel, as above. 

Foster; Becquerel1 as above. 
Froin a map of Kingston of 1854. 

1837, October. ................... , 
30 

18 :Milne, in¢= 17° 56' 1 A==. 76° 51'; contributions to Terr. Mag., No. ix, by Lieut. Col. 
E. Sabine, Phil. Trano. Roy. Soc., 1849, part ii. 

40 Barnet, in <P = 17° 56', A =16° 51 1
; contributions to Terr: Mag. No. ix1 by Lieut. Col. 

E. Sabine, Phil. Trans. Roy. Soc., 1849, part ii. 

to 1857, March 2 •. 

1866 •. 
40 

4 57 

Karl Friesach i Imp. Acad. of Sci., Vienna, vol. xx.ix, 1858. 

English Admiralty Chart of Jamaica, No. 446. Variation in 1866 nearly stationary. 
[Not used.) 

170.J ..•. . . . . . . . . . ' . . . . . ...... IO 

1715, November ....... 
1790, October 3 ...... 

i79c, December. • ........... 1 7 

18o2. " •... 
I 

·········· .... 8 

4 t822 •••• ············ 
1837 ..... 

61 1849 .. ················· I 

I 1849. . . . . . . . . . . . . 

1858 .. 

8 1866, May 14 .... ..... 

18?J• December 25 ., .. , .. , ..... 

49 

49 
49 

00 

02 

15 

55 

17 

56 

57 

35 E. 

Port Royal and Kingston Harbor; English Admiralty Chart, No. 456. Annual de- ! 

cre11.se 2
1

• 

We;t India Islands and Caribbean Sea: English Admiralty Chart No. 762. [Used 
mean value - 3°. 79-Sctt.] 

PANAMA, NEW GRANADA. 

$=8° 57'.1 

E. 

E. 

(Cathedral.) 

I 
I 

. Approximate value according to E. Halley's isogonic chart for t700. Greenwich ob- I 
servations for 186g. [Not used; supposed to be unsupported by direct evidence.- ! 
SCH.] ' 

Encyc. Brit., 7th edition, 1842. 

: Don A. Malaspina; Berliner Ast. Jahrbuch, vol. 53, for 1828, p. 188. 
· Encyc. Brit., 7th edition, 1842. [Probably same aa preceding authority ; not used.] 

Encyc. Brit., 7th edition, 1842. 

Hall, in~= 8° 58'1 .\ = 79° 21'; Becquerel's Tra.ite du 1..Iagnetisme, Paris, 1846. 

Sir E. Belcher, in ti>= 8° 57', A= 79° 29'; Phil. Trans. Roy. Soc., 1843. 
Hughes, Brit. Admiralty Chart. 

Maj. W. H.Emory, Mexican BoundarySurvey,in<f>=8° 57',lo.=79° 29'. See also 
Coast Survey Report for 1856, p. 023. 

Karl Friesach; <{> = s• 57', i. = 79° 31'. Sir E. Sabine's Conts. to Terr. Mag., Phil. 
Trans. Roy. Soc., vol. 1651 iStS· 

Prof. \.\''.Harkness, U. S~ N., in 4' = 8° 55', >. = 79~ 30'.5; Smithsonian Contributions 
to Knowledge, No. 239, Washington, 1873. 

Hydrographic Office, Washington, D. C., from log-books of the Henecia and Rich· 
mond, in If> = 7° 26', A== 79° ~,, off Point Mala. [Reduction to Panatna, - :n' ' 
hence at Pa.uama, 6° 35' E.-ScH.] 

-------·-·-------------'----------~----------------
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Collection of Magnetic Declinations, e/c.-Continued. 

___ ] __________ _ 

I 11812 ................... . 
1835 .................... . 

i 1865, April 17 .......... . 

j i875, May 29 . • . . ..... . 

! i881, September 5, 6. 

I 

iilo<). .. .. .. .. 

1814. .. 6 

1835. .. .. .. . . 
i:840, .. .... .. .. .. 

! 7 

>843. ... .. .. . . 6 

18.47, M81¥ 21-30 ..... 

i 1857, February 14-18 

1720 ..•••..•. 

r768 . ., ••........... 

1796 ....................... . 
18o6 .......................... . 
1840, ...••.•••••••.......••. 

1856, December 28 
1858, April 6, 7, ...... . 

1870 ...• ' ..•...•. 

IO 188o, March 24, 25 ...... . 6 

35 E. 
28 

24 

l.of-·4 

37.8 E. 

10 E. 

30 

12 

05 

56 

52.2 

FLORENCE, ALA. 

(Coast Survey station.) 

J. H. \\·'eakly; Prof. Loomis' collection, in Sill. Jour., vol. :xxxh·, 183S; position a~-
1 

signed, 4> = 34° 50', A= 87° 471
• 

A. T. Mosman, assistant Coast Survey; 1't1S. in Coast Survey archfres. 

F. E. Jlilgard, Bache-Fund obser¥er, Nat. Acad. of Sciences. 
J.B. Baylor, U.S. Coast and Geodetic Survey;<>= 34" 47 1

1 >.. = 87° 43 1
• Ground~> of 

College for-Females. 

MOBILE, ALA. 

;.. = 88° 02' .s W. of Gr. 

(Episcopal Church.) 

J. H. Weakly, in 4> = 30° 401
, A= 88Q :i:t'; Prof. E. Loomis' collection, in Sill. J our .. 

vol. xx.xiv, 1B3&. [Apparently more than 1~ 0 too great. [Not used.-ScH.] 

Kent; Encyc. Brit., 7th edition, 1842; for Mobile Bay, in q, = 30° 13' ,A= 88° z1', (Lon-
gitude defective.) 

J. H. "-eakly; Prof. E. Loomis' collection in Sill. Jour., \·ol. xxxiv, 1838. 

Chart of Mobile Bay, by E. and G. W. Hlunt; Coast Survey Report of 1845, p. 42. 

Commander L. M. Powell, V. S. ~"'.(in a report), at Mobile Point Light;~:::: 30° 13'.8, 

A"' 88° 01'.5; reduction to Mobile City insensible; Coast Survey Report of i855, 

p. 3•3· 
R.H. :Fauntleroy.assistant Coast Survey,at Fort Morgan, in ¢J = _-:;o0 1 3'.8,A:=SBc 01 1•4 ; 

1 

Coast Survey Report of 185·h p. *t45. j 
Edward Goodfellow,assistant Coast Survey, at Mobile City, near Episcopal Church, · 

in ~ = 30° 41' .4, f\ = 88° oz' .5; Coast Survey Report of 1858, p. 192. j 
J.M. Poole, observer for National Academy of Sciences; Bache-fund series; MS. i 

communication. 

NEW ORLEANS, LA. 

ip = 290 57'.2 A='J'J" 03'.9 W. of Gr. 

(Custom-house.) 

E. Father Laval; Prof. E. Loomis' collection; Sill. Jour., vol. xxxiv, 1838. 
50 Gauld; Gauld's Survey of the Delta (10' have been added to declination at Pass a 

03 

00 

51.5 

o6 

39.6 

27.6 E. 

Loutre to refer to New Orleans.-SCH.]. 
A. G. Blanchard, city surveyor; change 2° E., frorn 17¢ to 1870. 

1 
Lason1 from 372 observations; Prof. E. Loomis' collection, Sill. J our.,' ol. xxxiv. 1s3s. 

1 

J.i""'rom information ln General Land Office. 
Karl Friesach; Herichte der Kais. Acad., Vienna, vol. xxix, 1858. 

; G. W. Dean, assistant United States Coast Survey; near Canal and Basin streets, ) 

4> = 29° 57'.4, II= yo0 04'.4; Coast Sun-ey Repon of 1858, p. 19» i 
M. J. Thompson, State engineer. 

Dr. T. C. Hilgard, observer for Bach~-Fund Magnetic Survey; MS. communication, 
June 7, J879 i at City Park1 -6° 391 .B: at Fair Grounds, -6° 39'.5. 

J. H. Baylor, U. S. Coast and Geodetic Survey; at Fair Grounds, tJ> = 29° 59'.1, 
A=. goo 04' .8 
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DJ//ection of .Magnetic Declinations, etc.-Continued. 

\'ERA CRUZ, MEXICO. 

A== g6° o8'.8 W. of Gr. 

(Castle San Juan d'Ulloa.) 

r126 to 1727 . 

,JI 17~·. 
1769, 1\fnrch 15 .. 

2 15 

6 40 

6 28 

E. 11 Joseph Harris; Phil. Trans. Roy. Soc. (abridged), 1824-3-+· 

} Encyc. Brit., seventh edition, 1842. 

1776.' 
18r5. 

5 r8r9, AprH 27. 

6 1839. 

rR56, .August 7 and 8 

1861 .....•..•.... 

188o, Februarr 10. xr, 12 .. 

30 

37 

r6 

Don Ulloa; Encyc. Brit., seventh edition. 
, Ma.lony; Enc}~c. Brit., seventh edition. 

Wise: Encyc. 'Rrit., seventh edition. 
Rehard; lf,:::::: 19° z21, >.. = 96° og'; Phil. Trans. Roy. Soc., Sir E. ~:ihinv'...., ( r•:1t<,. ti) 

Terr. '.\fag., No. xiv, \'ol. 165; 1875. 
z7 August Sonntag, in t/J = r9t> iz', >.. = ¢ 0 o.:/, at the ·dlla La Guaca. ~oo yar,J-. '-f;iitL ot 

' the city; Smithsonian Contributions to Knowledge, "'ashin~ton. 1Sf,.·-; Rl~;t1 (·o~<>t 
~urvey Report of 1856, p. 21{. 

20 English Admiralty Chart No. 523, corrected to 186r. 

26.3 E. Lieut. S. M. Ackley, tr. S. N., ~ssistant U.S. Coast and Geod~tic S11n·ey; :\(\rt!ie:i~,t 
bastion of Castle San Juan d'Ulloa, <t> = 19° 12'.21 i\-::----96"' 08'.5 

---------------------------------- -------------------· 

I 
1'1 

91 

lOJ 
ll 

12 

176';; June .... 20 

1769, December .. 5 35 
1775 .. 6 42 

1803. o8 

1849. 30.2 

1850 .... 35.2 

1856, December ro---17 46 

,858. 22.3 

186o. 30 
186>. 20.5 

1862. 34.8 

1866. o8.5 
1867 .. ' "9·3 
1868 .. 10 0 

187Q. September, October, No- 3-1-5 
vember, December. 

R. 

R. 

CITY OF MEXICO, MEXICO. 

A= 99• oo',o W. of Gr. 

[ Don Al:zate; Hansteen 's Magnetism us der Erde, 1819. 

I 
Don Alzate; reference as aboye. 
Velasquez de L~on: Metnoria del Obs.ervatorio Meteorologico ('c·ntrnl de Mexico, 

Alex. von Humboldt; Hansteen's Magnetismus rler Erde~ t819. 

I 
Por V. Reyes, Mexico, r88o. 

Gome,; de la Cortina; Memoria. del Observatorio Meteor1Jlugic•) ('cntrnl de .>lex icn 1 

I Por V. Reyes, Mexico, 188o. 

I 
Velasquez yTer;in; F. Diaz Covarrubias, Tratado deTopogratia y Geuclcsia. Mt:xico, 

1 

18l>9, tomo 1, p. 221. 

I Aug. Sonntag; Observations on Terr. Mag. in Mexico, Smithsonian t 'ontiiliution-. t1l 

Knowledge, Washington, l86o; also Coast Survey Report of 185(-, p. "4· 

I Alamazan*: F. Diaz Covarrubias' Tratado, as above. 
Salazar Ilarreguit; Tratado, as above. 

I Diaz Covarrubias; Tratado, as above. 
I Iglesias; Memoria de! Obser\'atorio Jlieteorologico Central de Mexico. Por \ ·. Rc\'O', 

j Mexico, 1880. ,,. 

! } Ponce de Leon; Tra.tado de Topografia y Geodesia, Mexico, 1869~ tumo T. p n r. 

II Fernandez y Diaz Covarrubias; Tratado, as above .. 
Memoria sobre el Departamento Magnetico de1 Obsery-atorio Mete0rolngH'o Centi al 

( de Mexico, Por V. Reyes, Mexico, 1880. 

-----
*Almazan in Mem. de! Obser'o Central. t Llarregui in Mem. de! Ob•er'o Central. 
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Collection of Magnetic Declinations, etc.-Continued. 

ACAPULCO, MEXICO. 

</J = 16° 50'.5 A=99° 52'.3 W. of Gr. 

(South of Fort San Diego.) 

I 
l E. ,. :~;;~A"~~i~~·:::::::::.:::::::::1 44 

Anson; Hmsteen's Magnetismus der Erde, 1819. 
Don A. Malaspina, observed on land; Berliner Astronomisches jahrbuch, vol. 53,for 

1828. 

40 I 1822 ........................... ·I 

:1ll1,1 :~: ' 
: 1838., ...........•... 

r838 ............... . 

9 

8 
CY/ 

23 

13 

17 

f Hall1 in 4' = 16° 50', A= 99° 51' ; Becquerers Traite du Magn~tisme, Paris, 1846. 
' Beechey 1 Becquerel1 as above. 

[ Sir E. Belcher, San Diego Fort, in cf>= 16° 50'.9, A= 99° 52'.2; Admiralty Chart of 

1 
Acapulco. 

I Sir E. Belcher; Phil. Trans. Roy. Soc., 1843. 
I Du PetitThouars; Voyage of the Frigate Venus. 

i 1841. ' ............•.......• , ... 

11866, May 30 .....• : . .•. 

: 1874, March r7 .. 

\ """ Noo=O~ ''•" 

17 

22 

38.7 

56.6 E. 

] Duftot de Mofras' Exploration of Oregon, Paris, i844. 
1 

value; hot used.] 
[Probably Du Petit Thouars' 

W. Harkness, Prof. U, S. N., in 4>=z6° 50'.1, A=99° 52'.3; Observations on Terr. 
\ Mag., Smithsonian Contributions to Knowledge, No. 239, i873, p. 6i. 

\ G. Dewey, Commander U.S. Ste&mer N1Lrragansett ;. J..ieuts. Z, L. Tanner and E. J. 
f Young, observers, in 4> = 26° 50' .5, A= 99° 551 .4 
I H. E. Nichols, Lieut. U.S. N., act'g a.ssist. U.S. Coast and Geodetic Survey, Co­
l coanut Grove, close to Professor Harkness' station of _18(.6; ii.<)>= 16° 49'.2, 

I A=' 99' 56'.3 

SAN BLAS, MEXICO. 

A= 105° 15'.7 W. of Gr. 

1791, April 12 . . . . . . . . . \ 28 E. Don A. Malaspina, observed on shore; Berliner Ast. Jahrbuch, vol, 53, for 1828 ; also 

I 
I 

Encyc: Brit., seventh edition, 1842. 

• 1 182 :1:-22 •• • •.•• • •••••••••... ·I 40 Hall; Encyc. Brit., seventh edition. 
1828......... . ....... 

1

. o6 Beechey; Beechey's Voyage to the Pacific, 1825-28: also Becquerers Traite du Mag-· 1 

n~tisme, Paris, lB.¢. [Not used.] : 

3 
{ 11831................. . ..... 

1 
34 Sir E. Belcher; in 4> = 01° 32', >. = ws• 16'; Phil. Trans. Roy. Soc., 1843. ' 

1837.. ... .... .... . .... ··I 09 Voyage de la. V~nus, Paris, lll.j1. Gen. Sir E. Sabine's Cants. to Terr. Mag.; Phil. 

I 
Trans. Roy. Soc., No. xiv, vol. 165, pt. 1, i-875. Position1 ~ = :n° 32', >.. = 205° 161

• 

• 
1

1

8
8
3
3
9
8 .•. • •· •• .. · .· .••· .• •· •. • .· .· •· •· .· .· .· ... · .· .. · ... · .· •· .. 47 Sir E. Belcher in the Sulphur. Reference as above. 

, oo Sir E. Belcher; Phil. Trans. Roy. Soc., 18H. 

6 18.p.. . . . . . . . . . . . . . . . . .......... \ Duilot de Mofras' Ex:p\oration of Oregon, Paris, 1844 . 

. ll , 1874, February 23, 24, 26 ....... · \ o8.• G. Dewey, Commander U. S. Steamer Narragansett; Lieuts. Z. L. Tanner and E. J. 

. I l Young,observers,incfJ=21° 321.4 ,A=i:o.so 18'.7 

I I 
188o, December 5 .•••.•......... j\ 18. l E. H. E. Nichols, Lieut. U. S. N., act'g assist. U. S. Coast and Geodetic Survey, near 

custom-house, station of Sir E. Belcher of 1839; in t:f, = 21° 32'.2, A= 105° 18 1 .1 
I~-'-~~~~~~~~~!--~~~-'-~~~~~~~~~~~~~~~~~~~~~~~-'-

1837 ......... ' ............... .. i 8 

8 
2 1839 ..•••.•.• ' ... ' ... ' .•...•.... 9 

I 184t .. ' ............•......••.. · I 
1866, June 9 .................. , .. j IO 

4· 1871, March to June ............ lJ 

s\ 
!1173, March s, 6, 1 ·····-·-······ ro 

1873, June 23 •......• IO 

6 

I 
.ea,, February 24 

··············! 
10 

S.Ex, 77-31 

MAGDALENA BAY, LOWER CALIFORNIA. 

15 

17 
TS 

15 

40.5 

00 

36 ti 

30.8 

"9• l 

4> = 24° 38'.4 ;.. == li.0 o8' .9 W. of Gr. 

(Near village on Man of War Cove.) 

E. 

E. 

1

1 

Du Petit Thouars; Voyage of the Frigate Venus. \ 

Frigate Venus .......... l G s· E . · p ·i T · R s I 
S. d B . h . J en. tr dward Sabine m h1 . rans. oy. oc., vo . tr E ward etc er 1 in 

¢ =•
4

o
38

,,A=- ,,.
007

,. 165, pt.'- 1875. Conts. to Terr. Mag., No. xiv. 

Duilot de Mofras; Explontion of Oregon, Paris, x844 ; lin rP = '4 ° 361
, >. = 112° 05'. 

(Not used.] 
W. Harkness, Prof. U. S.N.; cruise of the Monadnock, 1865-'66. Smithsonian Con­

tributions to Knowledge, No. 239, Washington, 1873; in+= 2,._0 40', A= 1n° 07'. 
G. Bradford, asoistant Coast Survey; near vllblge on Man of War Cove; in 

¢ .:..24• 37'.5, i>.;; r12° 13'.3 Chart in Coast Survey archives. 
W. Eimbeck, assistant Coast Survey; near village, on Man of WILT. Cove; in 
+ = 24° 38'.4, >. = 112' o8'.9 [Near Bclcher's and Bn.dford's stations.} &ecord in \ 
Coast Survey archives. 

G. Dewey, CommanderU. S. SteamerNo.rragansett; Lieuts. Z. L. Tanner and E. J. 
Young, observers. 

H. E. Nichols, Lieut, Com'r U, S.N.,act'g assisL U.S. Coast and Geodetic Survey, 

at Assistant Elmbeck'sstation of 1873; in 4> =24° 38'.4, >. = u•0 o8'.9 
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Collection ef Magnetic Declinations, etc.-Continued. 

1792 •........••..•...•..•.•••.•. lJ 

1793, December. 

i 
183g ................. . ........ / 12 20.6 

t84t ..... • ••••••• ! ll 

I 

1851, April 28 to May 7 ....... : 

i 
28.8 

1853, October 15 ................ : 

r872, November 1q-2r ..•........ : 13 r9.4 

187g............................. 12 55 

SAN DIEGO, CAL. 

A= u7° i4'.3 l\l. of Gr. 

(La Playa, Point Loma.) 

E. ! Vancouver; in <j> = 32° 391 
t A= 117° 17'; Capt. G. Vancouver's Voyage of Discovery, 

etc., 17~5. vo1. 2, p. ·f75, London, 1798 i also Bansteen's Magnetismus der Erde, 1 

1819. 

Reference as abo"V"e; in <fl= 32° +2', A= :u6° 5J'. Observed on board ship on or near 

the coast. [Not used.] 
Sir E. Belcher; in cf,= 32° 41', A= 117° J31

; Phil. Trans. Roy. Soc., 18 .. p. 

Dutiot de l\1ofras; Exploration of Oregon, Paris, t844; in <P = 32" 39' .5, >.. = n7° 17'. 

[Not used.) 
· G. Davidson, assistant Coast Surveyi near La P1aya 1 in rf> :::: 32" 42'.2, A= 1r7° 14 1.6; 

Coast Survey Report of 1856, p. 229. 

Lieut. '\\y. P. Trowbridge, assistant Coast Sun·ey; at La Playa, near the custom-house; 

Coast Survey Report of 1856. 

"r, Harkness, Prof. U. S. N.; in cp = 32° 42', A:= 117° 13', at La Playa; Smithsonian 
Contributions to Knowledge, No. 239, Washington, 1873. 

G. Davidson, assistant Coast Sun·ey; at NewSanDiego,in,P = 32°43'.1,A = 117°0</.7; 

MS. in Coast Survey archives. [Not used; distance from La Playa too great, re­
duction uncertain.] 

G. Davidson and S. R. Throckmorton, United States Coast Survey; near La Pia ya, 
in'/>= 32° 421.21 A= 117° 14'.6, station of 1851; MS. in Coast Survey archives. 

Capt. W. A. Jones; from a plan of New San Diego, showing U. S. barracks. [Not 
u.<ed.-SCH.) 

1881~ April 6 ....•...•••......••. : 13 27.,,.6 E. H. E. Nichols, Lieut. Com'r U .. S. N., act'g assist. Coast and Geodetic Survey; at 
Assistant Davidson's station of :1851; in¢'== 32° 4:1:'.~, A= n7° 14'.5 

i786 Septemher 14, 15 •.••.••.•.• " 

1791, September 23 ...... IO 

1972, December ........... IZ 

I794, No,.ember r3 ........ 12 

r8r8, September ......... ........ r6 

1827 .......... •s 

I837 •....... '4 
x839 ...... '4 
J8.p .... .... .. ··············· •5 

1843 •... '4 

1851, February 8 .. ·············· '4 

1854, May 291 30 .. ............. ! 14 

1873, August 30, 31, September 1. 15 

1881 1 April 20 ................... '5 

MONTEREY AND POINT PINOS, CAL. 

48 E. 

56 

Z2 

.. 
30 

38 

30 

'3 
00 

00 

58.3 

58.9 

55.3 

53·9 E. 

.\ = n1° 531.6 W. of Gr. 

(Custom-house.) 

La Perouse (J. F. G. de); at sea, a few miles from the anchorage, declination"' 57', 
and twenty miles N. and W. frg;m Point Pinos, n9 39'. Voyage, etc .• Paris, 1797, 
vol. 3, p. 302 and p. 390. Communicated by Mr. M. Baker. 

Von A. Malaspina; Berliner Ast. Jahrbuch, vol. 53, for 2828. Observation made on 
shore.* 

\'anco1wer; in .P = 36° 36', >. = 121° 34'; Capt. G. Vancouver's Voyage of Di!K:overy, 
etc., 1790""95, vol. 2, p. 51, London, 1798; also Hansteen's Magnetismus der Erde, 
1819. [Not used.) 

Vancou\"er; inef,=36° 36 1
, >-=n1° sr'; Capt.G. Vancouver's Voyage of Disco,rery, 

etc., vol. iii, p. 337; also Hansteen's Magnetismus der Erde, 1819. Probably taken 
on shore. 

Captain Golovnin (V. JII.); apparently at Presidio, in <f> := 36° 36'.2. Voyage around 
the World, St. Petersburg, 1822, vol. •. Communicated by Mr. M. Baker. {Not 

used; apparently about 3' in error.-ScH.] 
Beechey; Phil. Trans. Roy. Soc .. \•ol. 165, 1875; SirE.Sabine's Conts.. to Terr. Mag., 

No. xiv. [Not used.] 

Du Petit Thouars ; Voyage of the Frigate \Ten us; near Monterey. 

Sir E. Relcher; jn 4-= 36° 36', A= 121° 53'; PhiJ. Trsns. Roy. Soc .• 184I. 

Dullot de Mofras; Exploration of. Oregon, Paris, 18<1-4; at Presidio, Monterey, in 
ti>= 36° 361

, >.. = 121° s3' 
Chart of the harbor of Monterey, surveyed by Commanrler T. A. Dornin; position 

of fort, .P = 36° 361.4, >. = 121° 52'.4 
G. Davidson, assistant Coast Survey; at Point Pinos astronomical station, 4> = )6° 37'.8, 

A= i:u 0 55 1 .5; Coast Survey Report for 18561 p. 229 • 

W. P. Trowbridge, Lieut. U.S. A., assistant Coast Survey. Station near. Barro.cks • 
of Redoubt, in"'= 36° 36'.2, "-= iu<:i 53'.8 

G. Davidson and S, R. Throckmonon. United States Coast Survey: near astronomi­
cal station, in</>= 36° 371.8, A= nt0 55'.6; M.S. in Coast Survey archiveL 

H. E. Nichols, Lieut. Com'r U.S. N., act'g assist. Coast and Geodetic SllrVey; near 

Lieutenant Trowbridge's station of 1854, in redoubt,¢= p• 36'.2, A,; t$l" 5J'.8 

*The Coast Survey Report for 1856, p. 229, gh•es the erroneous date , 790. 
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Collection of Magnetic Declinations, etc.-Continued. 

t792, November 20 ••••••. ., 

y8r6, October ... ...... ........ 1 I6 

::::: ~P'.~~b~r ~ :o-_ ~:;:::".:".:I 15 

i6 

1827, •..•...••.•.••••• : • .••.•.•• 15 

18291 December 6 .......••••...• '4 
1830 ...•...•••..•..•..••......••• '4 

i837 ............ ' ................ 15 

·~? ........ .. ················· 15 

1839 ........ ' .................... 15 

rS.p 1 October ................... '5 
1842, January ........ ·········· 15 

18-t-9-50.' •.. ·················· '5 
1852, February 18-28 ...••.....•. '5 
1852, March 24 ..•.... 15 

18521 April 21 ··················· '5 
1852, May 28 ......••...•......•. 15 

i858, June 3-8 ................... IS 

1858, June 10-12 ...•........•. .. 15 

i866, June 26 ............ ....... 16 

187:.: 1 December 141 15,16 ..••..•. 16 

1872 1 October 26, 27, 28 ••••••.•.• 16 

18731 June 25, :ro, 27 •......•.. .. t6 

1873, August 19, 20, z1, 22, 23 .... 16 

18731 November 12 to i6 ........ t6 

i87.h January io, 12, 13, 14 ..... } 

18741 February 19, 20, 21 ...•.. 
t6 

:1879, March 12, r3, t4, 15 ....... 16 

18801 September 25, 26 16 

18Bo, N OV"ember 20 ••. i6 

1881, March 30, 31 1 April 1 .. 16 

i881, April 26, 27 ................ 16 

1881, July 12, November 1 16 

1881, June 22. 231 24~ Decemb
1
er t6 

1, 2, 3. 

48 

05 

00 

27 

55 
51 

20 

20 

30 
30 
40.8 

27.6 

28.8 

27.3 

31.I 

49.4 
56.2 

25.5 

23. I 

25.7 

25.4 

24.<> 

•5·4 

26.9 

34.o 

28.3 

39.5 

33.3 
31.9 

JZ.i 

18.2 

</J = 37° 47'.5 A= 122° 27'.2 W. of Gr. 

E. 

E. 

(Presidio.) 

Tv~:~um; i:·:~37~;~=-~~~~=-~'=couver~:Voyage, 1798, vol.,_ P. 27. 

I Taken on board ship. Values varying from 12° 02' to 13° 32'."' 

[
. Kotzebue's Voyage of Discovery, 1815-18; in t; = 37° 481 .6, A= 122° r2'.5 [Not 

used.] 

i Captain Golovnin (\'. M.): Voyage around the World, St. Petersburg, 1822, vol. 2. • 

l Kotzebue. [Not used.] l , . 

I
. Beechey ................ f Becquerel s Traite du Magnet1sme, Paris, 1846. 

Erman (A.G.); Reise um die Erde, Berlin, :i835, vol. I. 

Erman; Phil. Trans. Roy. Soc., vol. i65, i875; Sir E. Sabine's Conts. to Terr. Mag., 
I No. xiv. 

j Sir E. Belcher; inti>= 37° 48' 1 A=122° 23'; Phil. Trans. Roy. Soc., 18.p. i Du Petit Thouars; Voyage of the Frigate Venus. 

I Sir E. Belcher; in</J = 37°48',A=122° 23'; Phil. Trans. Roy. Soc., 184r. 

l
l Dufiot de !fofra.s ; Exploration of Oregon, P_aris, 1844 ; in cp ::::: 37° 48 1 .5, A ::;::; 122° 28 1 .4 

Duflot de Mofras; as above; at Fort Point. 
Ringgold, Commander U.S. N ., at Alcatraz ISiand, harbor of San Francisco. 

j l G. Davidson, assistant Coast Survey_ i in ti>=- 37° 47 1 .5, A =:::- 122° 27'.2; at Presidio~ 
! f mean of daily maximum and minimum; Coast Sun~ey Report, 1856, p. 2291 and 
\; MS. in Coast Survey archives; mean, .r5° '28'.8 E. 

I} Karl Friesach; Reports I mp. A cad. of Sciences, Vienna, i86o, vol. 38; Dupont 
i street, near Catholic church; ti>= 37° ~11 .8, A:::::: 122° 24' .o Second set of obsen~a-
i tions corner Stockton and California streets; mean value, 15° 521 .8 E. 

W. Harkness, Prof. U. S. N ., in 4> = 37° 49', A = 1n° 21' ; east side of Yerba Buena 
Island; Smithsonian Contributions to Knowledge, No. 239, \Vashington, 1873. 

G. Davidson and S. R. Throckmorton, United States Coast Survey; at Presidio 
station of i852; MS. in Coast Survey archives. 

} Reference as above. 

G. Davidson and W. Eimbeck1 United States Coa..st Survey; at Presidio; MS. in 

Coast Surv~y archives. Mean for 1873.1, 16° 24'.8 

Reference as above. 

G. Davidson and B. A. Colonna., assistants United States Coast Survey; at Presidio 
astronomical station. 

H. E. Nichols, Lieut. U.S. N.,act'g assist.Coast and Geodetic Survey; at thePre­
l s:idio station. 

I 
W. H. Dall and M. Raker, United States Coast and Geodetic Survey; at the Presidio 

station. Mean value, -16° 33' .9, for epoch 188o.81 
W. Eimbeck, assistant Coast and Geodetic Survey; at Presidio. 

I} H. E. Nichols, Lieut. Com'r U. S. N., act'g assist. Coast and Geodetic Survey; at 
I tb.e Presidio station. 
I 

I J. S. Lawson, assist. Coast and Geodetic Survey; at Presidio. Mean of four values, 

l - I6° 281 .9, for 1881 • 48 
~~~~~~~~~~~~~~~~-· 

•Communicated by Mr. M. Baker, United States Coast and Geodetic Survey. 
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CollectWn of Magnetic DeclinatWns, etc.-Continued. 

CAPE DISAPPOINTMENT, COLUMBIA R!VER, WASHING TON TERRITORY. 

17!6, September i, 2. l8 

179>, April 27 ........ tB 

179>, December ................ ~o 

1839 ..•••. l9 

18 .. ~ ...• , ........ •o 
1851, July 5-<) ................ '° 
1851 1 July q .... 19 ......•....... ·• •o 
i858 ......... 21 

187 3, October 24~7 ... ········ 01 

18731 October 19-:.i3 .......... "' 
1881, October 14 •...•• ~ .......... : .. 

0 

II 

19.1 

45·3 

00 

•6.5 

.6.9 

36.0 

f/J = 46° r.61 ,7 A= J:2i0 02".o W. of Gr. 

E. 

E. 

(South shore of Baker's Bay.) 

I 
' . 1 

1 
La PerQuse (J. F. G. de); observed at sea 1 on the Boussole, Sept. 1, 1n ti>=:: 46° 39', ; 

A= 124° 17', declination 18¢ 53' E., and Sept. 2, in q. = 45° 571
1 A= 124° 10', declina- ! 

i lion r7° 071. Voyage autour -du m-on<le1 -etc., Paris, z7971 vol. iii, pp. 300, 303, 388. 1
1 

I ' : Cowruunicatecl by Mr. M. Baker. I 
1 Vancouver;• in ti>= 46° r.4', A::= 123° 59'~near mouth of Columbia River; Hansteen's 
i MagnetiSillus cl.er Erde, i:.819. I 
: Vancouver's voyage ;t reference as above; in 41=46° 19', /I.= 123° 53'. [Value evi-

dently too high; not used.] 
SirE. Belcher; in!/> =•6°1/,1<"' 12.0 02'; Phil. Tr11Ds.Roy.Soc.,iR41; on Baker's Bay. 

' Duflot de Mofras; EJt.ploration of Oregon, Paris, 1.844; at mouth of Columbia Rher. 
: G. Davidson, assistant Coast Survey; in 4> ~ 46° 161.7, A== 124° 02'.o, near beach of 
' Baker's Ba.y1 Cape Disappointment; Coast Survey Report of t8s6, p. 230. 

Reference as above; on top of dpe 1 in ft= 46° 16'.6, A= 124° 02' .o, at astronomical 
station. 

! Communication by S, Gariielcle, surveyor-general Washington Territory, dated Au­
gust 24, 1866. 

W. Eimbeck, United States Coast Survey; near beach of Baker's Bay, in l/>= 46° 16'.7, 
>.. = 124° 02'; MS. in Co.st Survey archives. 

W. Eimbeck, United States Coast Survey ; at old astronomical station, top of cape; 
MS. in Coast Survey archives. (Not used.-Srn.J 

H. E. Nichols, Lieut. Com'r U.S. N., act'g assist, Coast and Geodetic Survey; 
near beach, station of 1873. 

*Vancouver's observations, made on board ship. • t Observ&tion by Broughton. 

NEE-AH BAY, STRAIT OF JUAN DE FUCA, WASHINGTON TERRITORY. 
<f> = 48° 21'.8 ), = 124° 38'.o W. of Gr. 

(Scarborough Harbor, Astronomical Station.) 
~~~~~~~~~~~~~~~~~~~~~~~ 

:i I 1792, April 30 .................. . tS oo E. Vancou\'er; Hansteen's Magnetism us der Erde, 1819. Inside Cape Flattery, <f>"'48° 19', 

>.= n3~ .p' (possibly misprint for '"4' 41'), 

5 

I 

I 
22 30 

I :::: ~~:~" .,:,~" "·"I " 
, Chart of U. S. Exploring Expedition, Commander Wilkes; Scarborough Harbor, 
~ north point Nee-ah Island. • = 48° ~n'.8, .\ = 124'

0 381.o 

I 

i 

1855, August 13, 15, 16, 18..... ll 21 
1881 1 October n. . . . . .. . . . . . . . 22 

....... [ 
. 

l7J8~ April 4 .... '•··- . '9 

1786, August 25, -:t6. . .. ···i .. 

·~·9 I G. Davidson, assistant Coast Survey, and J. Rockwell, CoJ!.St Survey; Scarborough 
Harbor, astronomical station, int>= ,.a0 2r".81 .\=124° 381 .o 

Lieut. W. P. Trowbriclge,ass1stant Coast Survey; Nee-ah Bay, near W a-acldah Island. 
«·• E. H. E. Nichols, Lieut. Com'r U. S. N., act'g assist. Coast and Geocletic Survey; 

. \ near station of 1855. 

•s 

3" 

NOOTKA, VANCOUVER ISLAND. 
of>"' 490 35'. 5 ;. "'1260 37' .5 W. of Gr. 

E. 

(Friendly Cove.) 
' i 

I Cook; in Resolution Cove, 4> == ;.9<> 35', A= n6° 37'; Hansteen's Magnetismus der l 
I Erde, 1819; also Encyc. Metrop., •148, • 

I La Perouse O'· F. G. de); Voyage, etc., Paris1 17971 vol. iii, pp. 3"'" 310, 11-nd 388. 
Observed about ten miles off shore on board the Astrolabe, in average <I> ::o 49° 3rf, 
and a'1'era.ge A::;::: 128° 391 ; declination, 19° ·n' E. On board the Boussole, ia a•er-
age ¢"' 49• 37', and average A= 127• •2'; declin.a.tion, 23~ 14' E. Mean &d1>pted iii 
table. CommuniCllted by Mr. M. Baker. 

1791, August 16, 17, :Bepteinber 1 '-2 30 Don A. Malaspina; observed on shore; Berliner Ast:tonomisches J ahrbuch, vol. 53, 
for 18~8. Sept. 4, >791, in !/> = 49° 571

, A= ,.6• 19'. See Et. Marchand's wyag" 
4 i 179>, Octobet .... , ............ .. 

i 
i 186o ••.••..•...•• , •.......•.• ,.,. 

! 
6 1863 .. ....................... . -:13 05 

7 188>, September •7 ........... "'. 

aatour clu Monde, Paris, an VI~., vol. 2. , 

I Vancouver; in <f> = 49• 34',1< = 126° 28' in Nootka Sound; Hansteen' a Magnetistnus I der Erde, •819. . j 
G. H. Richards, Capt. R. N. ; in Frienclly Cove, !/>"' 49° 35' .5, I<"' a6° 371 ,5; Van- , 

c<rover Islancl l'ilot, Admiralty, London, 1864. I 
G. H. Richards, Capt. R. N.; in Fri~dly Cove,+= 49• 35'.5, A= t.6° 3,-'.s; Ado>I- I 

ralty Chart of Nootla. Sound, No. 1ij16, 18G5; Ill~netic van..tton ina'la&iPg about / 
21 annually. 

1 
H. E. Nichols, Lieut. Com'r U.S. N., act'g assist. Coast JU1(l ~etl¢ Survey; atj' 

Friendly Cove. . 

•Cook notes large local attractions on shore at Ship Co\'c; vol.•, p, 338, ot bis V<>yllffe to the Pacllic, .J:,ond(IJ), •?llil ~ .,.:iue •OIJ.. 
1ervecl on board 5hip, · 
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Collection of .Magnetzc Declinations, etc.-Oontinued. 

KAlLUA (KAIRUA). HILO AND KEALAKEKUA (KARAKAKOA) BAYS, ISLAND OF HAWAII (OWHYHEE), SANDWICH 
ISLANDS. 

) •779· .. . .... •. . •.• •. .. .•• 

1

1 

• 

1

r 1791, Oct.+,8 .................... I 

i i I793,March. .. ............ i 

4 I 17!)6, January........... I 

I 
I 17Q(J .•...•••.••••.••.•..••...•. : 

i :1818, October ... :.... . i 
i I 
I 1819 ............................ . 

! 1824 ...•....••••............•..• 

'. 1825 ......................... . 

. i836 ...................... .. 

18..i'l ••.•. - • - - . - • 

I 1853 .......... .. 

1877 ........................... . 

o6 

47 

44 

12 

30 

9 50 

IO 14 

51 

43 

50 

15 

10 

<I> =+19° 37' 

(Kailua Bay.) 

ii 

E. i Cook; in 4' = 19° 28', A= r56° oo' W. of Gr.; P. Barlow, in Encyc. Metropot., Lon- j 
i don. 1848. . 

E. 

Capt, Et. Marchand. t\"'est of Hawaii. Voyage autour du monde, Paris an vii, I 
vol. 2. October 4, declination 8° oo,. E. in cl;= 19° 13', >.. = 154() 34'; October 8, de-1 
clination 8° 051 E. in tP = 19° 19', >.. :::::: I 57eo 22'. J 

Capt. G. Vancouver; 'A Voyage of Discovery ,1790to 1795, vol.2,p.170, London, 1798. l 
Af~ I 
Broughton (W.R.); AVoyageofDiscovery,etc .. London, 18o4,in ti>= 19' 28'.2,>. ='56° j 

oo:' ,2: mean of three compasses on ship and on shore. See also Encyc l\.1etropol 1 

B~~~~~:~ ;s~:cyc. Metropol., London, i848. [Not used.) . ., I 
l Captain V. M. Golovnin, at Kairua Bay; Voyage around the world. St. Petersburg, l 
' 1822, vol. 2. [Not used.-ScH.j 

Freycinet; at Kawaihae; qi,= 20° .5; N"-7
• Hawaii. 

: Byron; Island of Owhybeet in r> = 19° .1-3 1
, A=:: 156° 10'. Gen. Sir E. Sabine's Couts. ! 

to Terr. Mag., No. xiv, in Phil. Trans. Roy. Soc., vol. 165, pt. I, r875. 
Byron. At Hilo.• 
Voyage de la Venus. Paris, 1841. Position and reference as above for 1824. [Not 

used.) 
Com. Wilkes, U.S. N. At Hilo.• 

C. J. Lyons; Haw. Government Survey. On shore at Kawaihae.• 
N. B.-The British Admiralty Chart No. 782 gives the decUnation for1875,9° 15' E. 

C. J. Lyons; Haw. Government Survey. In Hamakua and North Hilo, NE. coast of I 
Hawaii. Reported to °"r. D. Alexander,Superintendcnt Government Survey. [rn' 

may be subtracted to refer to latitudes of Hilo and Kailua.-ScH.] 

*Communication by \\.7. D. Alexander, December u, rS77. 

HONOLULU, ISLAND OF OAHU (WOAHOO), SANDWICH ISLANDS. 

¢=+21{118' .2 A=157° 55'.o 'l\7 • of Gr. 

(Fort near town.) 
-------··~----------------

I 
I 1 I 1792> March ...... 

s{: 
9 

IO 

II 

1793· ..•..••••.••••••..•••••...•• 1 

1796, February .............. . 

18t6 .... - . ·~ .•••..•••••.•..•. 

1819 .. ·- ·- ·- -· ....•..... 
,824, ('25) ..................•.... 
1827 .......... -.. - ........... - . 

i836 ............. ··---··· 
1837 ........ ············ 
1837 ..... ·····-···· ········--·· 
1838 ...... ··-· .. ················· 
1840 ............................. 
1841 •••••••••••••.•••••.•.•.•...• 

1852. ....... ................... 

1859, January, February ,March. 

1867, August ................... . 

l:;i 1871 ••••••••••••..•..•••.•••...• 

13 1872 .......................... .. 

14{ i ::~~:: :: : : :: : ::: :: :: : : :: : : :: : : : : : 

50 

5 52 

9 41 

IO 57 
24 
52 

10 26 

It 

IO 00 

IO 39 
IO ·39 

'7 
8 15 

9 

9 41 

11 IS 

9 36 

9 t8 

9 16 

9 15 

E. Vancouver; observed on board shi1), at anchor, in 'W'hyteete Bay in 4>=21° 16' .8, l 
,\::::::: 157° 501.4 Voyage Around the '\Yorld, London 1 1798) vol. 1.t 

Capt. G. Vancouver. At Waikiki, S. of Honolulu.* [Not used.) 

Broughton (Lieut. W.R.), Whyteete Bay, </>=21° 18', A=157° 59'.5 A Voyage of 
Discovery, London, 1804.t 

Kotzebue. At Honolulu.* 
Capt. Freycinet. At Honolulu.• 
Byron; from L. S. Kaemtz MSS. {Oahu Island, inti>= 21° 17',>. = is8° oo'. Gen.Sir 
Beechey; from L. S. Ks.emtz .\ISS. 5 E. Sabine'sConts. to Terr. Mag., No. xiv, Phil. 

Trans. Roy. Soc., vol. 165, pt. 1, 1875. 
G-en. Sir E. Voyage de la Bonite, Paris, Y842.} Honolulu, in ~ =21° 191

1 >..:;;: 157'~ 481
, 

Voyagedela Venus, Paris, 1841. Sabine, in Phil. Trans., as above. 

BBeechhey · · · } Oahu Island. Reference as above. 
elc er.... , ... 

Berghaus; from L. S. Kaemtz MSS .. .. .. . . . . .. .. . . .. .. . . . ...•••.•.... } 
Com. Wilkes, U. S.N. At Honolulu.• [Not uscd.l Honolulu. 
Collinson; MS. in British Hydrographic Office. Reference as abo\•e. 

[Not used.] 
Karl Friesa.ch; Memoirs of the Imperial Academy of Sciences, vol. xxix to xliv. 

Reference as above. In .P = 21° 18' .6, >.. = x57° 48'.9 
W. Reynolds, Capt. U.S. N., in the Lackawanna (chart No. 6). Wharf near court­

j house, iu fl>:::: 21° 181 .2, l\ == 157° 50'.1 W. of Gr. fNot used.] 

I
' C. J. Lyons; Haw. Government S11rvey. North side entrance to Honolulu Harbor.• 

C.1. Lyons; Haw. G<lvernment Survey. Southside of entrance, on Fisherman's Point.• 

I W. D. Alexander. Entrance of Pearl Lochs, Oahu, and throughout Ewa District.* 
E. i W. D. Alexander. Shore at Waikiki, south of Honolulu.• 

•These obsern.tions were communicated to tlM> Superintendent of the Coast Survey by W. D. Alcunder, superintendent of the Hawaiian 
Government Surv<>y, in a letter dated MlkaWll.O, Maui, Haw&lian Isl1uul5, Decemf!er u, 1871. 

t Communicated by Mr. M. Ba.ker, United Stales Coast t.nd Geodetic Survey. 



 

246 UNITED STATES COAST AND GEODETIC SURVEY. 

Culleclion ef Magnetic Declinatiuns, etc.-Continued. 
SITKA, ALASKA. 

t/>=57° 02'.9 A=135° 19'.7 W. of Gr. 
(Parade Grounds, Sitka.) 

,~·--------·---··-----···---------------------

1 

.. i 

6 

t775,August23 ................. 

1

1 22 

1786, August 6, 7........ . . . . . . . 26 46 

1787, June ......... . 

2791, August 8, 11 1 21. 

1804,August 20. 

1818, July. 

r824, August . 

I 

! 
i 

...... :1 

I 

24 

27 30 

1829,November 10 •• ••• •• •• •• • • 28 :r8.8 

( i837, September i2-16. •. • • . • • • • 27 42 
9j 

l 1839, July 15-I9... .. . .. .. . . . . .. 29 32.5 

IO I84>, every month except J anu- 28 32·4 
ary, February, and October. 

t843, January to December ...... I 28 54.0 

,841, Januaryto Decemher .. ····[ 28 57.3 
18.45, Januaryto December.. •. 29 oo.o 

1847, l\lay to December ........ 28 58.9 

II 

12 

I 
1848, January to December.. ···j 29 04.5 
t849, January,February, March.

1 

29 03.6 
1850, January to December ...... 28 50.3 
18s1 .o ....•...................... 

1 
29 14 

17 

1851, whole year .............. ·I 28 53.t 
i852, January to July, Novem- 28 48.5 

her and December. 

1856 ..................•......• · J 28 58.6 
~57· whole year ................ 29 07.2 
1858, whole year ............... 

1 

29 xo.5 
1859, \vhole year ................ 29 o6.t 
1860, whole :rear . . . 29 07.9 
186L.... . .. 29 04.1 
I86z, whole year . . . . . ........ \ 29 00.9 

1863 ............................ I 29 03.3 
1864 ..... ·······················! 29 04.2 

23 

1867, August 17,18,19,20 ..•. ····[ 28 49 

30 1874, May 4, 5 ................... 28 59.5 

31 1876, January 15 to March 20 .... 28 20.5 

32 I879, April ....... ··············· 28 54 

33 l88o, May I1-18. ················ 29 04.8 

34 1881, September 15-16 ....... ... 29 It.2 

E. F. A. Maurelle; Journal of a Voyage to N"'\\"'. coast of America; D.Barrington,Mis-

E. 

cellanies, London, 1781. </> = 57° 08', at sea, near coast. [Not used.-ScH.] 
' La Perouse, (J. F. G. de) Voyage, etc., Paris, z797, vol. iii, pp. 296, 299, fo6. J\ilean 

of four determinations obsenred a few leagues off shore. On board the Boussole i 

!28° 28' E., in average </>=56° 54-' and average A=135Q 26'. On board the Astro­
labe, about the same places, 25° "041 E. 

Capt. G. Dixon; Voyage round the '\\'orld, London, 1789. At anchor near White's 

PoiQt, 4' = 57° 03', A= 135° 38' [compass beanng]. 
Capt. E. Marchand; Voyage round the World, London, r8or, 2 vols. Mean of 3 

va.luet:> given in vol. ii. One mile north of above station, in 4' = 57° o+', A= IJ7° 59' 
(from Paris). In vol. i observer g:ives 28° 45'. 

Capt. U. Lisiansky; Voyage round the \Vorld, London, 1814, <? =57° 03'1 A= :r35° 30'. 

Capt. V. M. Golovnin; Voyage ro\tnd the World, St. Petersburg, 1822, vol. ii. Mean 
of several observations between 24° and 30}-f E. In 4>=57° 02'.81 i\=:r35° o6'.6 

Capt. Otto von Kotzebue ; New Voyage round the World, 1823-26 ; 8°. London, 
:r830, vol. ii, pp. 66,77. In ¢=57° 02'.9, A=:r35° 3)'.3 

Capt. !<'. P. Lutke; Gen.· Sir E. Sabine's Coots. to Terr. Mag., Phil. Trans. Roy. 

Soc., 1872, No. xiii. In 4>= 57° 03', >.. = 135° 23'. 
Ad. Erman; Reise um die """elt, Berlin, r.835, vols. i and ii. A careful determination 

on shore, behind the church, in <P = 57°02'.7,A=137° 451 .7 (from Paris). 
Sir E. Belcher; Sir E. Sabine in Phil. Trans. Roy. Soc., 1841, part i. In .P = 57° 03', 

A= x35° 26'; a careful determination on shore, near governor's house. 
Sir E. Belcher i Sir E. Sabine, in Phil. Trans. Roy. Soc., 1S.1.J, pa.rt i. In cp =s7° 03', 

"-=135° 22', at summer-house in governor's garden. ·A careful determination. 
[Mean of these 2 determinations used, viz, for 1838.6, - 28° .62-Sctt.] 

I At Magnetic Observatory, Japonski Island, founded in 1842. Hourly observations. 
In tP=57°0-.t'.9,A.=135° 20

1
.1 Annuaire Met. et ).lag. duCorpsdesMinesdeRus-

sie, St.-Petersbourg, I84- to 184-. . 

l 
I At Magnetic Observatory, Japonski Island; Annales des l'Observ .phys.Central du I 
J Russie, St.-Petersb-Ourg, 184- to I85-. 

Capt. Richard Collinson; MS. in Brit. Ilyd. Off.; Sir E. Sabine in Phil. Trans. Roy. 
Soc., 1872; Conts. to Terr. Mag., No. xiii. [Not used.-ScH.] 

\ See differential observations at Magnetic Observatory, J aponski Isl and. Compte-

1 

Rendu of the Central Physical Observatory of Russia, t851 to 1864. 
In 1851-52-56 observations dnring seventeen hours each day. 
Jn l857-58-5g-6o-61-63-64 observations during nineteen hours each day. 

I Hourly observations in 1862. 

Mr. Marcus B&ker discussed the differential observations taken at Japonski Island 
? between 1850 and 186.h inclusive, and finding nu absolute determination for this I period based the annual mean values upon the computed value from formula given 

I 
in the fourth edition of this paper, \~iz: 29° 07' .2 for I857. 5, corresponding to 39').o 

of differential scale reading. [March, 1882. -Sen.] 

A. T. Mosman, assist.ant U.S. Coast Survey i at old Russian observatory on Japon­

ski Island, Harbor of Sitka; in .P = 57° 02'.9, >. = 135° 2o'.I; Coast Pilot of AI.;$ka, 
by the U. S. Coast Survey, 1869, p. 120. 

M.Baker,U. S. C. S. observer; W. H. Dall,actingasst. C. S. inchargeofparty;sta.-

tion on Parade Ground, in<f>=57° 02' .9,>.=135° 19'·7 ;MS.in CoastSurveyarch!ves. 
f Capt. J. B.Campbell and Lieut. W.R. Quinan, U.S. A.; Report of Chief of Eogi-
1 neers, 1876, part 3, p. 751. 

/ Lieut. J.E. Craig,U. ~- S. Alaska; report to Capt. G. Brown, U.S. N., May71 •879; 
! at Coast Survey station. , 

\ M. Haker and W. H. Dall, U. S. Coast and Geodetic Survey, near old Russian observ­
l atory on Japonsk:i Island, in 4>=57° 021.9, A=:r35° ~o'.3 
! H. E. Nichols, Lieut.-Com'r U.S.N.; acting asst. Coast and Geodetic Survey. OJ> 
i Japonski Island. . 

N. B.-For tile collection of the values Nos. o, l, 2, 31 s, and Io to 28, inclusive, I am indebted to Mr. Marcus Baker, of the Compuliag 
Division, Coast and Geodetic Survey Office. He discussed the hourly differential observations made a.t the Magnetic Obl!enatory betw- 1$p 
and 1849, basing the annual means upon the absolute determinations, Ja.nuary 41 1s.3, D=- 2go 4s1 5411 and March 4, 1a..3, D=-..S0 57' •"';the 
lirst corresponding to 419.3., tne second to 432.4, S<a!e divisions ot the differential declinometer.-ScH. 
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Collectum of Magnetic Declinations, etc.-Continued. 

PORT MULGRAVR, YAKUTAT BAY, ALASKA. 

I 

j ! 1778, May 6 .... 
'!' j 1778, May 7 .•. 

23 IO E. 

I 
I 

2 i 1787, May ................. .. 

I 1791, July 1 ...... · ........... .. 

26 

'794, July . . . . . . . . . . . . . . . . . . . .. 26 

1802 (about) . . . .. . . . . . .. . .. .. . . . 29 

6 1823 ..•• ' ..• 

r 
7 : l.87-t., May 2?. 29 58.3 

I 
8 1880, June 24 .................... i 29 59.8 E. 

Cook~ Voyage to the Pacific Ocean, 4°. Lundou, 1784, ·val. 3, p. SolJ. 
May 6, at sea, off Dry Bank. in <P = 59° 08', J..::::: 139" 41'. 
May 7, at sea; near coast S. o:( :Mt. Elias, rjl=:::: 59" 27'.5, A= 14on 53'. lMcan 4' = 59c 

lB', mean A== 140' 17'; taking the mean we have for 1778. <the declination - z3'.So, 
to which t.he weigh_t ~ is given in the discussion. --Seu.) 

Dixon ; Voyage, etc., 4to, London, 1789. 
Malaspina, in Hode's Berliner Jahrbuch for i:.S2S; also Espinoza ~femorias, ::i vols., 

4to1 Madrid, 18og. On shore, in rf> == 59° 33 1 .7, A =:139° 46'.3 
Vancouver; Voyage, etc., 3 vols., 4°, London, J798. Port J\iu1grave, Puget. ob­

sen~er, with ship compass. 
At New Russia Harbor, settled 1795 and destroyed 18o3, in di= 59° 311

, >. == 139° 3C'.5 j 
, Old Russian chart, without date or author. l 

Lieut. Kbromchenko, on Russian Hyde, chart, 1378. End of spit in 4'= 59° 33'.6, ~ 

·=139° 46'.5 I 
, M. Baker, U.S. Coast Sur_vey, observer. [W. H. Dall, chief of party.] 

M. Baker and W. H. Dall, U. S. Coast and Geodetic Sun·ey; at Port :l!ulgra_.e, I 

Yakutat Bay, in¢= 59' 33' .7, ~ = 139' 45' .9 J 

N. B.-For Nos. 1, 4, ands of the above table of results I am indebted to Mr. M. Baker, of the Coast and Geodetic Survey. 

I 

2{ 

POR1' ETCHES, PRINCE WILLIAM SOUND, ALASKA . 

I 
1778, May 19 •.. ................ i 

1787, May .................... 
1787, May and July ............. 

1187 .............. ......... ... 

't]I/(). •• •' • ·-· • • 

17go, July 30 ................... 

17~,June .................. . 

1810(?) ......... ················ 

1830 •.••.••• ···················· 
I 

x837, August 27 ········· ....... 

J874, May 3r. ....... ... 

23 37 E. 

26 00 

26 30 

'27 

26 28 

28 30 

o8 30 

28 07.5 

31 38 

31 38 

29 09· 8 E. 

.I.= r46' 37'.6 W. of Gr. 

(Astronomical station of 1874.) 
------- ---- --- ---------------------------, 

At sea; Prince William Sound. Cook; Voyage, etc., 3 vols., 4°. London, 1784, vol. 
iii, p. 507. [To this I give weight };i in the discussion-Seu.] 

Chahner's Harbor~~= 6o0 17', 11.::::: 147° 27'. Portlock~ Yoyage, etc., 4°, London, 1789. 
Port Etches1 Garden Cove, 4' = 6o0 20' .5, >.. =q.6° 46 1 

; reference as above; maps, pp. 

215 and 226. 

James Johnstone. Dalrymple's Charts. Cope Hincbinbrock in .j> =6o0 >8', lo.= >47° o'. 
[Not used.-SCH.] 

Nuchek; Constantine Redoubt. Sarycheff, old Russian chart without date or num­

ber, !f>=:.6o0 18',A.=146° 32'. 

At sea, in Prince William Sound, .P = 6o0 16', >.=:: 146° 57' ; Hillings. Sauer (l\!.), Account I 
of a Geographical and Astronomical Eipeditioo, 4°. London, 18o2, p. 200. [Not 
used-SCH.] 

Port Chalmers, Vancouver; Voyage1 etc., 3 vols . ., 4°. London1 :r7g8,vol. 3, p. 188; 
rf>~6o0 161

,) = 146() 38'; 30 sets, with four compasses ranging from z6°' so' to 30° o</. 
Nuchek; old Russian chart No. xvii; Saryche.ff, in r.p .::::=6o0 t7'.5 1 >. = I41° uo'. (Not 

used-Seu.] 
Nuchek; Constantine Redoubt. Chernoff, Russian bydrogiaphic chart, 1378, pub­

lished in 1847 ; in '1> 6o0 oo', A= 146° 32'.5 
Port Etches, on beach near Phipp's Point. Sir Edward Belcher. Sabine. in Phil. Trans. 

Roy. Soc. 1 18.n, part 2, and contributions, xiii, 1872; in 4t==6o0 21' .\.=146° 41'. 

Maicus Baker, U. S. Coast Survey (W. lJ. Dall, chief of party); Port Etches, on 
beach near Phipp's Point. Geographical position as in heading. 

N. B.-For the communication of the above collection, exceptmg Nos. 6 and 7, I am indebted to l\Ir. M. Baker. 
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Collection of Magnetic Declinations, etc.-Continued. 

ST. PACL, KADIAK ISLAND, ALASKA. 

... I 1778, May 21 ················ 
1778, June i 

13 .. . . . . . . . . . . . . . . ···I 
i 
I 
I 

x7go ....... .. ...... 1 

l8o4, August 16 .. 
18u8 •...•.... ... I 
l8o8 .......... ··············· I 
18r8, July 19 ......... .... ···I 

I 
1&3.i. .•.•••.....••.•.•.•.•..••.•. -I 
1839, July ....................... ! 

1845 (I) ....... ················· 
r867, Augus!>S, 29 ... 

1874, June 7 ········· .. 
1880, July 9 ···················· 

23 42 

20 31 

25 30 

26 07 

,6 00 

25 30 

26 30 

28 38 
26 43 

27 00 

26 05 

25 ., 
25 "9 

<f>==.57° 481.0 >..=: 152° 21'.3 "\\i'", of Gr. 

E. 

E. 

(Astronomical station of 1867 .) 

Cook i Voyage to the Pacific Ocean, 4°. London, 1784, vol. 2, pp. 507-8. 

J\.fay 21. At sea, off Pye Islands, </i=59°30'.3,A=149° 54' 
June IJ. At sea, off S\V. end of Kadiak, cp = 56° 49'1 >..:::: 154° 20' 

Mean, <P = 58° ro;, A:::: r52° 071 

[Taking the mean value, we have fori778.4 the declination - 22° o6', to which I have 
given the weight% in the discussion.~ Sett.] t 

Sarychetf; old Russian chart; no date. 
U. Lisiansk:r; Voyage, etc., London, 1814, p. 365. 

} 
Russian naval officer; old Russian chart, sheet xvi. In ¢ = 57• 471.2, ~ = 152° 181.3 

fThe mean declination 1 or -25" 45 1 wm b~ used.-Scn.J t 
Golovnin (V. M.) ~ Voyage, etc .• 4°, St. Petersburg, 1827.:, YOI. 2, p. 59. At St. Paul 

Harbor; in front of governor's house, on hill, in tj. ~ 57° 47 1.2, A:::::-I52° l8'.3t 

~1urasheff. At St. 1?aul's Harbor; Russian hydrographic chart, 1425. t • 
Sir Edward Belcher; Phil. Trans. Roy. Soc., ,843, part 2. Near Cape Greville, in 

.q, = 57° 20', "= 152° 51'. 

Vasilieff, Tebenkof!'s Atlas; xxii1. St. Paul's Harbor. t 
A. T. Mosman, assistant Coast Survey. Harbor of St. Paul; at astronomical station 

on steep rocky bluff, about 156 miles east of village, in tJJ = 57° 481.0, A =152° 21'.3 

111. Baker and W, H. Dall, U.S. Coast Survey. 
M. Baker and W. H. Dall, U. S. Coast and Geodetic Survey; at Chagafka Cove, 

harbor of St. Paul. 

N. R.-Results marked thus t were communicated by Mr. M. Haker, of the Coast and Geodetic Survey. 

CAPTAIN'S HARBOR, CNALASHKA ISLAND, ALASKA. 
t/>::::!::53° 52'.6 A=z66° 3r'.5 W. of Gr. 

1778, October 12 . . . . . . . . 19 59.2 E. 

1789............. 19 30 

1790. June 4-13 r9 35 

r792. - .. . . . r9 oo 

i827, August :n ........... . 

1829.0 .. - ...•.... 

1831. - - . -
1848 .... 

1849 •. 

1870 ................. .. 

19 50 

19 30 

tg 30.5 

20 00 

19 47 .4 

19 45 

(Greek Church, Iliuliuk Village.) 

I Capt. J. Cook; Voyage to the Pa~;tic Ocean, London, 1784. Position on shore of 1

1

-
1 Samganuda Harbor, </J = 53' ss', >. = 166' 3c' W. [Not used.-Scu.l 
I John Henry Cox. Dalrymple's Charts; MvscleCove,<1> = 53° 50' [Notused.-ScH.1 
i Commodore J. Billings; M. Sauer, an account of a geographical and astronomical J 

II expedition to the northern parts of Russia, London, 18o2. On shore of Beaver Bay, I 
in tP = 53° 56', i\ = 165° 40'. 1 

f Sarycheff, old Russian chart; no date, year doubtful. At Iliuliuk, 4' = 53° 57', 

i >-=166° 32'. Communicated by Dr. W. H. Dall, acting assistant Coast Survey, 
! November, 1873. 
I Otto v. Kotzebue; Voyage of Discovery into the South Se&, London, 1821. Iliuii11k 
I Village, in </J = 53° 52'.4, A= i66° 31'.9 'communications by Dr. Dall and Mr. M. 
I Baker, of the United Slates Coast Survey. [In the edition of this paper of 1874 

i the d•te 11lo6 was in error.] 
j Capt. F. P. Llitke; Lenz, in Mem. St. Pet. Acad. Sc., vi serie Math. et Phys. Sc., 
l vol. r, IB38. In~= 53° S-4', A~ 166° 301

• 

/Capt. F. P. LUtke; Gen. Sir E. Sabine, in Phil. Trans. Roy. Soc., London, 1872, 
: 't"Ol. lfu. Supposed to be derived from above observation of 1827 and reduced to 

i 1829. [Not used.-Srn.] 
I Vasilieffl At sea, north of Akutan; Reuss. Hydr. Ch. No. 1379, 1847; 1> = 54"-4, >. = 166•.o 

J Is suppose<l to be identical with preceding observation; hence omitted in this edition. 

i Tebenkoff's Atlas, chan No. xxv; nea.r church of Jliuliuk, in 4> = 53° 521 ~,\=166° 25'. 
I . I Observation doubtful. 

\ A. T. Mosman, assistant United States Coast Survey; party in cba.rge of Assistsnt G. 
'I Davidson. At Captain's HaThor (ou shore), atSpithead,inq, =s3° 53'.9,A = 166° 30'.Jt. 

MS. in Coast Survey archives. 

' 1871 1 ~ovember 11 18 J6 
J Kadin; MS. chart of Iliuliukand Captain~s Harbor. Communicated b~ Dr.W. H. Dall. 
! Dr. W. H. Dall, observer; Amaknak Island, opposite village. [Not used.-ScR.] 

5 1 

1873, May 26, 27 ............. . 
9 l : 1873, September 17 ......•..... [ 

19 07.'2 ! W. H. Dall, observer; near church of Iliuliuk, in 4';::;:: 53" 521 .6, A= 166° J'l'.6 
I 

18 

i 
10 ; 187.h September 15 ...•........•. ! 18 

II . l88o, July28,>9 ................ ! 18 

59.7 

42.8 

38 E. 

I M. Baker, observer; Amakna.k Island, off village, in i> '.!: 53° 521 .9, A= 166' 31'.7 
1 [lllean "sed, - 19' .o6~Scu.] 

M. Baker,observer; MS. of observations for Nos. 10 and n in CoastSurveyarohives. 
M. Baker and W. H. Dall, UnitedStatesCoastandGeodeticSutvey, Uiuliult.Harbor. 

Position the same as in 1873. 

N. B.-For the collection and communication of ob'lerva.tions Nos. o, '• 4, and 5, I atn indebted to Mr. Ma.rcua Baker, of the Computing 
Division, Coast and Geodetic Survey. 
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Collection of Magnetic Declinations, etc.-Continued 

!-- I 
:1 j 1779, Jw1e .............. . 

1792 ..•........•........ 

J : 18o4, September. . . . .. 

3 [, 
1804, September ........ . 

; 18o<J, June 23, July 23. . .... 

i! 18•5.5 .................. . 

r 1827, July. 

411827,September 30. 

1827, September 30 

:r8z9.5 ...... , ..... . 

18371 September '4 .• 

1849.5 ........... . 
1854, July ...... . 

1856, October . . . . . . . . . . . . ...... i 

r866. 

PETROPA VLOVSK, KAMTCHATKA. 

"'=530 01' A=2or 0 171 W. of Gr. 

18.7 E. Capt. J. King; A Voyage to tl1e Pacific Ocean, London, 178<1. West side of village, i 

00 

20 

5 39 

21 

13 

4 1 3·3 

3 '13 

4 05.8 

3 27 

• 37 

40 

3 •+ 

I 25. l 

i 4' = 530 oo' .6, 11.·= - 1580 43' ·3 

1 G. Sarycheff; F. P. Llitke's Voyage round the World, St. Petersburg, 1835. 
A. J. von Krusenstern; Voy;_ge round the \\torld 1 London, 1B:i3. On the spot on : 

which the village stands, in¢:::::::: 53° 00'.2, A:::::: - 158° 47 1 .7 

Observer and references a.s above: on Avatcha Hay. {Used mean of the two V"al- : 

ues, - 5°-49] 

Capt. Hagemeister, mean by two compasses. A. G. Erman; Reise um die Erde, . 
Berlin, 1835, vol. 2. Communicated by Mr. M. Baker. [Not used.-ScH.] , 

Gen. Sir. E. Sabine's Coots. to Terr. Mag., No. xiii, in Phil. Trans. Roy. Soc., : 
1872; cp = 53° 001

, A= 201° 20' W. [This is supposed to Tefer to Capt. Beechey's ! 
observations of 1827. Not used.-ScH.l 

Capt. F. '\\'". Reechey; Narrative of a Voyage to the Pacific, t825 to 1828; London, 1 

1831; in <fl= 53° 01', .\:::: - 158° 43' .5 Mean of 9 determinations. 

Ca.pt. F. P. Liitke; Lenz, in 1'-iem.St. Peters. A cad. Sc., Yi, vol. 1, 1838. In q, = 53° 011, : 

.\:::: - 158° 44'. 

A. Erman; Reise um die Erde, Berlin, 1835. In cf;= 53° 00'.5 1 .>.. = -156° i9'.8 from 

Paris. [Mean of 3 determinations used, giving the middle one ;,> weight; hence ! 

for 1827.6, D:::: -4°.07-Snr.] 

Gen. Sir E. Sabine's Conts. to Terr. Mag., in Phil. Trans. Roy. Soc., 1872. [This is 

supposed to rCfer to Erman's value of 1827. Not used.-ScH.) 

Du Petit Thouars, Voyage autour du l\ion<le, Paris, 1843. 

house. in q, = 53° 01', >.. = - 156° 23' from Paris. 
In front of Auchard's 

Capt. H. Kellet; Gen. Sir E. Sabine in Phil. Trans. Roy. Soc. 1 London,1872, vol. I62.' 

Frigate Aurora: Compte-Rendu Annuel de l'Observ. Phys .. Cent. de Russie; annee 
1854; St. Petcrsb., 1855. In ef,::::; 53° oo', .\ = - [58° 43' .5 [Apparently aitomalous; 1 

weight assigned ;,2.-ScH.] 
Admiralty chart No. 246o. Position of Petropavlovsk in Encyc. Brit., 7th edition, : 

q, = 53° or'.>.= 201° 17' W. of Gr. [Probably computed value; not used.-ScH.] 
K. S. Staritzky; Onazevich's collection of observations made during hvdr. explor. in 

the Pacific, 1874-'77; St. Petersb., 1878. 
18r(i, June 11, 13. September 15 .. i r 09 E. M. L. Onazevich. Reference a.s above. 

N. B.-This important Asiatic i:;tation is inclllded in the discussion on account of its proximity to the \\~estern Aleutian or Rat Islands. For 
information Nos. 3, part of 4, 5, 7, and 9, I am indebted to 1r1r. Marcus Baker, of the Computing Division, Coast and Geodetic Survey Office. 

COLLECTION OF RESULTS AT SECONDARY STATIONS. 

The following collection of declinations comprises all stations at which the results of observa­
tion could not be as 11atisfactorily discussed as for the preceding stations. The defect arising either 
from actual paucity of available material or from shortnet1s of elapsed time between the extreme 
epochs covered by the observations. The declinations at the greater number of these stations, 
however, have been discussed by application of an exponential function iu the place of the former 
circular function. For a few stations a collection of data. only is given, but they will _be worked 
up whenever they become sufficiently complete to warrant the attempt. 

I 
I 

1 I 1844, October . . . . . .. . . . . . • . . ... i 
2 i 1857,July ...................... ! 

j 1862, September u . . .. . .~ .. : 
1863, September aa .. , ... , •.. , .. " 

s I 1864, June 3 ................. . 
6 I r866, Aprn to OctOber... • .•.•.. 

11881, September 26, 27, 28 .•.•••. i 

•9 
31 

3r 
31 
31 
30 

30 

ST. JOHN'S, NEWFO"CNDLAND. 

3~ w. 
ax 

20 

,g 

00 

SS 

37·3 w. 

>.= s•• 411.9 W. of Gr. 
(Government House.) 

I C&pt. Ra.yfield, R. N., in Phil. Tra.ns. Roy. Soc., 1849, p. ,ix. I 
I Capt. Dayma.n, R. N, Account of deep-sea S<lundings in the North Atlantic Ocean, ! 

I 
1858, p. 61. ' 

Capt. Orlebar, R. N. 
i Capt. Orl~b...-, R. N .. 

I 

Capt. Orlebar, R. N, 
Near G<>vernment House. 

I 
S. W. Very, Lieut. U.S. N .. acting assistant, U.S. Coast and G«>detic Survey. N, 

W. comer of grounds surrounding the Government House. 

N. B.-The above declinations were communicated In 1866 and •861, by StalJ-Commander F. J. Evans, hydrographer, British Admiralty. 
l~rdlng to Halley's chart the docllnatima in •1"0 w.s DCUly 15• W.--&H.] 

S. Ex. 77--32 
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CHARLOTTE TOWN, PRINCE EDWARD ISLAND, CANADA. 

: 1842, June .. 

1857, Ma}· ... 

1858, May 18. 

1859, May 20. 

186o, May r1. 

1861, May 14. 

:r:862, May 27 .... 

23 

22 

., 

22 

23 

5~ 

SI 

50 

45 

19 

--- >7f>5~---------------.. -. ~17 00 

. - J 4 '5 

.. i 9 rs 
J8IO. 

1873, October 4, 6, 9, 10, u, .[ 10 

i 

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

w. I . I 
[ Captain Bayfield, R. N .; letter of Staff Commander F. J. Evans, January 5, 1866: , 

! Phil. Trans. Roy. Soc., 1849, p. 2ri. 

1
1 Capt. Orlebar, R. ?\ .... Reference as above. 

Capt. Orlebar, R. N. Reference as above. 
Capt. Orlebar, R. N. Reference as above. 

Capt. Orlebar, R. N. Reference as above. 

Capt. Orlebar, R. N. Reference as above. 
w. Capt. Orlebar, R. N. Reference as above. 

HANOVER, N. H. 

(Dartmouth College Ol>servatory .) 

W . ' President "-~b.eelock; in q, = 43° 41', >..::: 72° 10'; Prof. E. Loomis' collection, in Sill. : 
j }our., \Ol. XXXiV, i838. 

Prof. Young: in cf> =43° 42', x~ 72° 10'; Prof. E. Loomis' collection, in Sill. Jour., : 
vol. xxxix, '1840. ' 

Dr. T. C. Hilgard, observer for United States Coa&t Survey; MS. in Const SuT\·ey 
archives. 

j 1879, October 6 . 
5 I 1879, Octobe17 ....... I II 

i IO 50.5 

38.4 w. }
J. B. Baylor, United States 

and Geodetic Sun-ey, !
Station ·of Oct. 6 same as that of 1873, a little , 

Coast north of Observatory. Station of Oct. 7, ~ 1
1 

mile west of Observatory hill, in 1> = 43° 42' .3, I 
A=7~0 18'.o --·---·· _____ _J __ 

--------------
) I 
' l8X2....... .. ......... "1 

1813........... I 
t814............. . 

1815, ........... . 

' z8z6 ...•... , 

; 1817 ......... . 

1818. 

I >8r9 .......... . 

i 1820 

I i82x. .... . 

; 18~12 ... . 

: 1823.. . .. 

1S:i4 ... . 

1825 ... . 

1826 ... . 

i .............. [ 
················! 

........ 1 

...................... ! 

r828 ....... , ..........•. 

1830, .............. ' •••••....•......•. '. 

1831 ...•....••..••....... ' ......•. ' •. ·l 
I 

1830. ................................ . 
1833 ................ . 

I 1834.. .. . . ......... .. 

t 1835... . ....................... .. 

i ::;::::::::::::::::::·::·::::::::: ... . 
------ ·------~---- ·- ·-·-----~--

6 

6 

6 

6 

6 

6 

6 

6 
6 

6 

1 

7 

7 

7 

CHESTERFIELD, N. H.* 

<?=42° 531 >. "'72° 231 W. of Gr, 

I 

26 W, II 25 

17 
07 ;1 
03 

00 

03 

07 

30 
40 Na.than Wilde. 

35 

35 

45 
52 
00 

o6 

IO 

15 

30 

35 

40 • 
45 
05 w. A. C. Twining. 

*From Prof. E. Loomis' collection in Sill, Jour. 1 vo\ n~v, 1838; position assigtled, 4>=•2• sJ', A=µ• oo'. 
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; f 1871, September 25 ........ . 
1 1871, September 27 .. . 

1873, April 3 ........... . 
1873, ?llay ro; noon ......... . 
1873 1 June18; ioa.m ......• ... i 

3 i874, i\lay 29 .........•......... 

1875, June 2 ..••..•..... 

r 1878, X m.~ember 6; 10% a. n1 

51 •878, Xovember 14; 9 a. m .....• \ 

l 
1878, N ovemher Lf. ; noon 

1878, December 13 ; 4 p. m 

1879, Maren 18; 1 p.m 6 

i840~ August ro .. 

1845, May 3 ...... . 
1878, September 5 ....... . 

3 o6 

'9 

3 

3 26 

45 

39 

43 

43.5 

52 

w. 

W. 

TYRONE, i'A. 

l.=78' •5'.5 W. of Gr. 

Observer, W. G. Waring: results communicated by him in a letter dated from 
Tyrone, Pa., April 14, 1879. 

[Correcting the results for diurnal variations and contracting to yearly means1 I 

find the following results.-SCH.] 

PITTSBURGH, PA . 

1871.65 

187<..36 

1874-41 

1875 .42 

1878. 88 

I879.21 

.\ = So0 -00'.8 "-.,.·of Gr. 

+J.15 

3·35 
3.33 

3·43 

3.70 

3.So 

(Allegheny Observatory, Allegheny.) 

o o8 W. 'Dr. A. D. Hache, at Homewood, in </>=40° 28', "-=79° 59'.5; Coast Survey Report 
' for 1862, App. No. 19. 

o- 33- I j Dr. J. Locke, in tP=40° 261
• A= 79° 58 1

; Coast Survey Report for 1855 1 p. 304. 
2 2i.6 W. [ Dr. T. E. Thorpe, Proc. Roy. Soc .. No. 200.,88-0,at Allegheny, grounds of observatory, 

' latitude and longitude as abo\•e. · 

CHICAGO, ILL. 

rJ.=.p" 501 .o >. = 87' 36'.7 W. of Gr. 

(Observatory, Dearborn University.) 

i 
' 1823 ............................. 1 6 ta E. Major Long's expedition i Prof. E. Loomis' collection, in Sill. Jour., vol. xxxh-, 1838, 

in 4' = 42° oo', 'A= 87° 40'. 

2 1857, July 23. .f6.t: Lieut. Col. J. D. Graham, Pub. Doc. 35th Cong., 1st Sess., No. 42, t85S, in ti>;:;::: .p" 54'1 J 

A= 87' 38'. ! 
1878, Septem her 2. ---·1 

I 

33.1 E. Dr. T. E. Tboi:pe, Proc. Roy.,Soc., No. 200 , 18So; grounds of Chicago University; I 

I i i 1825 ............................ i 3!' to6° 

I I 
• 1 •837 .......................... ., 4 30 

: I 6 1s 

I 1859, August 18 . . . • . . . . • • . . . • / 

• I 1865 ............................. \ 

1873, August 28, 09 .•..•.••.•..•. i 

• 2 ... 2 

4 IS 

3 .s .• 

ta&o, July oo, ................... 1 

I 

position as in beading. 

GRAKD HAVEN, MICH, 

A:c:Sf?0 ui1 .6 W. of Gr. 

E. I L. Lyon; at Grand River, 4> = 42• 55', A= 86° 10'. Prof. E. Loomis, Sill. Jour., vol. 

I 
xxxix, 1840. [Giving double weight to second value, we may use-5'. 25-ScH.] 

E. Geological Report; reference as above. </>=42• 55', A=86° 10'. 

i Geological Report; reference as abov~. <f>=H" Ig', A=Bs• 59'. [Weighted mean, 
I first value double weight, -s' .o8-Scn.] 
f Lieut. W. P. Smith, Survey N. and N. W. Lakes; report by Capt. G. G. Me&de, 

\ Detroit, 1859; 9=43• 05' .2, l.=86° 12
1.6 

: Survey of N. and N. W. Lakes; MS. by Colonel Raynolds, Dec. 1865; 4> = 43° o.+', 
l .\=86" 13' .. 
; Capt. A. N. Lee; Survey of N. and N. W. Lakes; MS., 1873; see also report of 

j Chief of Engineers, 1874. 
E. 1 J. B. Baylor, U. S. Coast and Geodetic Survey; in grounds of county court-bou~; l +=.43°' Q.f.7, A=86o n' .6 
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' 

1 I 1859, August 20 . 6 20.l 

1873, August 22 ... 22.4 

MILWAUKEE, WIS. 

;,. = 87° 56' W. of Gr. 

E. I Lieut. W. P. Smith, U.S. Survey of N. and N. W. Lakes: communicated by Capt. G. 
G. Meade, Detroit, 1859; incf;i=•B0 02'.8, >.. ==:: 87° 55'.1 

I Capt. A. N. Lee, U.S. Engineers, Survey of N. and N. W. Lakes; Gen. C. B. Com- ; 
! stock, in charge; MS., 1873, position as above. 

. ' 1878, May......... . . . . . . . . . . . . . . . 6 43 E. I Ma.j. D. C. Houston, U. S. Engineers; Report of Chief of Engineers, 1878, part II, i 

_I -----------··-,. __________ .. _I _P_·_'_l~-·-m_a_P_· -· i 

1839, November :l, ......... ..... 

1841, September ................. 

1876, October 10,u, 12, 13, 14· ... . 1 

1877, August 30; September 1 to 
21. f """"'"" ~. ~· ... , . ., .... 

3 j 1878, S~ptember 8, g, 10, u, 12, 11 

1878, November '22, 23, 25 ........ 

1879, September 22 to October n .1! 

188o,September JS, 16 1 17 1 18, 21. ... 
3* 18781 November 131 14, 15 .. ··: 
4• 1879, October 6, 7, 8, 9 .......... 

s• , 188o, September 23. 24, 25, 27, 28 .. 

6• / 1881, December 16, 17, 18, 19 .. ,. 
-~-- -~------

MADISON, WIS. 

~ = 43° 041.6 

30 E. 

30 

6 S9·7 

44·9 

34.0 

31.8 

22.9 

6 26.8 

6 20.9 

6 31.7 

6 30.9 
6 22.9 

21.0 E. 

(University of Wisconsin.) 

Dr. J. Locke, in survey of" Mineral Lands," Ex. Doc. l83g-' 40, vol. vi, No. 239. In I 
t/>=43° 03', A=89° n'. 1 

Prof. E. Loomis; Phil. Trans. Roy, Soc , 1872. In .j> = 43° 03',;,. = 8g0 o6'. (Dr. Locke ' 
and Prof. Loomis observed S. E. of the statthouse (or capitol); the position of the ' 
capitol is in cf>== 43° 04 1 .5, A= 8g0 ;zJ' .o ·v. S. Coast and Geodetic Survey.-ScH.) i 

!<'. E. Hilgard, observer for U. S. Coast Sur-) 
vey. [Not used.--Scu.] I 

A. Braid, U.S. Coast Survey. [Not used. -­
Srn.J 

Dr. Gustavus Hinrichs, in connection with 

1 
magnetic survey of Iowa. 

Station near and south of University i 

central building, in </> :43• 041.5, ! 

A= 89° 24' .2 [Was found affected i 
by erection of water-tank and ver-

I W. Suess, observer for U. S. Coast and Geo-
1 detic Survey. 

I J. B. Baylor, U. S. Coast and Geodetic Sur- tical pipes, new station established 

vey. Weight assigned, J'. in 1878 on the University farm, 

I 
D. Mason, observer for U.S. Coast and Ge0- j about' mile west of it,] 

detic Survey. 

D. Mason, observer for U.S. Coast and Ge0-J 
detic Survey . 

J.B. Baylor. ... IS . f !Mean 1878.8 I 6° 31'.3 E. tat1on on arm, 
D. Mason ...... I . Mean 1879.71 6 28 8 

J 
tn<f>=43°04'.5, 

D.l\fason ...... '-=
89005

,_
0 

Mean 18&>.7 I 6 21 .9 

[Means adopt­
ed.-ScH.] 

j W. Suess .... ,,,. . . Meyr. · .. 1881.9 ' 6 19 .8 E. 

----~--

•Station on University farm. 

MICHIPICOTON, ONTARIO, CANADA. 

'-=84° 50'.6 W. of Gr. 

(Garden, Hudson Bay Company's grounds.) 

4 33 E. 
49 E. 

' :io.5 W. 

- - --· ------------·---

\ Capt. Bayfield, R. N. I Sir E. Sabine, in Phil. Trans. Roy, Soc., 1812, cont'n xiii. 

I 
Cllpt. Lefroy, R. E .. I Fort Michipicoton is placed in <f> = 47• s6',;,. = 85° 051• 

S. W. Very, Lieut. U.S. N., acting assistant U.S. Coast and Geodetic Survey. Po­l sition as in beading, 
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1824-s- ............... 

2859, July ......... .. 

1861 •.....•...•. ................ 
1870, September 20 .............. 

187[, June 25 .............. ····· 

1873, August 13 1 15 .............. ! 
I 

188o1 August :21~ 23 ... 

1795· ....................... .. 

1841, May ....................... , 
t843, October and November ... . 

1846, July 2 , .. .. . . . . .. . . ..... .. 
1856, August 27 ••.• 

'. 

DULUTH, MlNN. AND SUPERIOR CITY, WIS . 

,. 30 1£. 

9 :i5.2 

IO 12 

10 30 

10 40 

II 52.3 

9 45·4 E. 

.,, =<16° 45'.5 
). = 92° 04'.5 

.,, =46• 40' 

A=92° 04' 

; Capt. Bayfield, at River Saint Louis, near Fond du Lac, in 4- = 46° ·B', A= 92° 10'. 

Sir Edw. Sabine, in Phil. Trans. Roy. Soc., 18721 cont'n xiii. 

Lieut W. P. Smith, U.S. Survey of N. and N. W, Lakes; Capt. G. G. Meade, De­
troit, 1859. At Minnesota Point, in </l = 46° .o1-6', A= 92° 14 1

• 

U. S. Survey of N. and N. W. Lakes. 
. Gen. C. B. Comstock; U.S. Lake Survey. MS. of May 7, 1875. At Superior City, 

in¢= 46° 43', A= 92° o.(. 

1 Gen. C. B. Comstock; U.S. Lake Survey. Reference as above. At Duluth, north 

I base, in</> =16° 45'.4, ll = 92° 04'.5 
! Capt. A. N. Lee, U.S. Engineers; Survey of N. and N. W. Lakes. MS. communi-
1 cated by General Comstock, 1873. In the Report of Chief of Engineers for 1874. 

I Decl'n, Aug. 13, n° 521 .3 E. At Duluth, in If>= 46° 45'.5, A=92° 04 1.5 

I 
J. ll. Baylor, U.S. Coast and Geodetic Survey. At Su~erior City, in </>=46° 40', 

A.=920 04'. 

----'--

CAPE HENLOPEN, DEL. 

>.. = 75° 051 .o '\\ ... of Gr. 

(Light-house.) 

o 55 W. Aurora. At Lewiston, in</>= 38° H', ll = 75° oo'. Proi. R. Loomis' collection in Sill. 

4 42 
2 26.o 

2 45.0 

03.9 w. 

Jour .. vol. xx.xiv, 1838. 

Barnett; Phil. Trans. Roy. Soc., 1841. [Probably of no value.-SCH.] 
S. P. Lee, U.S. N., acting assistant U, S. t:oast Survey. Neat light-house. 

I 
Dr. John Locke, acting assistant U. S. Coast Survey. At Lewis Landing. 
C. A. Schott, assistant Coast Survey. Near and southwest of light-house, in 

i </>=38° 46'.5, I.= 75° 05'.3 

WILLIAMSBURG, JAMES CITY COUNTY, VA. 

4>=37• 26'.• 

I 

1~4 · • • · • · ·· · · · · · · · · · .. .. I 'l Bishop Madison, president of William and Mary's College, in <f> = 37° 15',I. = 76° 35'; ! 
I :::: :: : . :: :. :: : ·::::::::::: : : : : i iJ Prof. E. Loomis' collection in Sill. jour., rnl. xxxiv, 1838, i 
! 1874, December 4, 5, 6, 8, 9 ...... 

1

' ! J. B. Baylor, aid United States Coast Survey; 4> = 37° 16' .3, ll = 76° 4•' .7 ; MS. in I 
Coast Survey archives. 

~~--'-..~~~~~~~~~~--'i~~~~~-'--~~~~~~~~~~~~ 

NEW BERNE, N. C. 

q,: 35° o6' A= 77° 02' W. of Gr. 

I 
l;r¢..... .... .. .. .... .. · ... 1 • 40 E. }Jonath. Price; from Prof. E. Loomis' collection m Sill. Jour., vol. xxxiv, 1838; posi-1 
i8o6. · · · · · · · · · · · · · · · · · · \ :1 

00 tion assigned, ct>= 35° 20', .\ = 77° 05'. I 

! :::.· D~~;,;,~-~~. 23, 24 .... : : : : / : ~.f ~- Ii J. B. Baylor, a.id United States Coast 'survey; 4> = 35° 07'.4, >< = 77° oJ'.3; MS. in I 
I Coast Survey archives. I 

~~~~~~~~~~~~~~~....:...~~~~~-'-'~~~~~~~- I 

I 1llo5 ............................. / 

2835 .................... ········! 
118,38 ............................. 1 

1875, lune•: •....••..••......... 

1 

MILLEDGEVILLE, GA. 

4> = 33° 04'.2 A= 83° ro' W. of.Gr. 

30 E. 

03.5 E. 

I J. Bethune, Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, t838. 
J. Bethune. Reference aa above. 

j Geological iurvey of Georgi&. Prof. E. Loomis' collection in Sill. )our., vol. .uxix, 
1~0. The position assigned is f = 33° 07', A= 83° 20'. 

J.M. Poole,Bache-Fnnd observer Nat'! Acad. of Sc. tOnJune 15, 2875, he found the 
value 4° 14'.1-pcrhaps a mim:ading of 1°. A new determination is needed to de­
cide between the two valuea.-ScH.] 
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4 

1837 .. 

i845, October .................. . 

18~6 ...................... . 

1876 ....... " ....••••... " ..•... 

1768 .. . 

1787 .. . 

1820 .••.. 

1821 ...•.••. 

···········I 

••••••••••• •••• ! 

5 ' :i830, May 23, 25, 26, J unc ~, 5, x3. 

6 1836 ................... .. 
1857 ..................... . 

18661 January 8 ........... ,. 

1876.5 ............ . 

BERMUDA ISLANDS. 

<I>== 32° 23' >. = 64° 42' W. of Gr. 

(Sigillll station, St. George's Towa.) 

59 

40 

01 

6 53 

w. Austin and Foster; Sir Edw. Sabine in Phil. Trans. Roy. Soc., 1874, Conts., xiv. In I 
<P = 32° 23'. l\::;;:;:64° 47'. ! 

Milne; reference as above. f 

Captain Barnett, Royal Engineers; Bermuda Royal Gazette. At signal station, ' 
q, = 320 3:a', )..::;;:;: 640 40'. 

Captain Barnett, Royal Engineers; Sir Edw. Sabine, Phil. Trans. Roy. Soc., 1874, 
Coots., xiv. Position</>= 32° 23' 1 A== 64° .411

• 

45 w. Admiralty Chart 36o,issued February, 1877. Annual increase of declinationabout31• 

RIO JANEIRO, BRAZIL.•• 

¢ = - :zzC 54'.8 A=43°og'.5 W.ofGr.t 

7 34 E. 
6 12 

2 54 

21 

2 oS.4 

2 oo E. 
w. 

(Fort Villegagnon flagstaff.) 

'cook ........ ) 
: Hunter , .. I Voyages of the Adventure and Beagle, i826-'361 vol. z, Capt. P. P~ 

Freycinet. ... f King, London, 1839, p. 523. Discussion by Major Sabine. 
Rumker ..... J 
Erman (A.G.); Reise um die Erde,etc. 1 Berlin,1835. In <j> = - 221> 53'.9, A::::: 43°05'.2 
Fitz Roy. Voyages of the Adventure and Reagle, 1826-'36. 

Capts. E. 0. Stanley and G. H. Richards, and Lieut. Bullock, R. N.; Admiralty Chart 

No. 541. Fon ViHegagnon tb = - 22° 541.7, >..::::: 43° oc/.o W. 
2 .p..8 ! W. Harkness, Prof. U. S. N.; position near north face of Fort Caraguata, in 

ct>= - 22° 54 1 .:r:, >.. == 43° o61.5 W. of Gr. Smithsonian Contributions to Knowledge1 

i No. 239 1 Washington, t873, p. 61, 

4 26 W. j Samuel W. Very, Lieutenant U.S. N. From numerous observations at various times 
i and different places. MS. communication of December 13, 1879. 
I 

**At this place the secular change is progressing perhaps at the most rapid rate known within the tropics a.nd close to the magnetic equator. 
t Longitude from telegraphic determinations oflongitudes, Lieut. Comdrs. Green and Davis, U. S. N., t878-'79. Washington, D. C., 188o. 

1829 ..... 50 E. 

2 ) 1835................. . ....... i 07 
[ 1877, December 5, 6, 7. >4.9 E. 

NASHVILLE, TENN. 

>-=86° 47'.o W. of Gr. 

(State House.) 

· Prof. Hamilton; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, r838. In 1
1 

"'= 36':) IO',)..-:;;; $6D 49'• 

i Prof. Hamilton. Reference as above. I 
A. Braid, U.S. Coast Survey. Grounds of Vanderbilt University, in c/>=:i6° 091.7, 

A= 860 47'.6 

···-------------

NATCHEZ, MISS. 

A =91~ 24'.o W. of Gr. 

{Coast and Geodetic Survey 1 astronomical station.) 

9 0 E. 

18721 April21 1 u .............. . 

.1878-'79 ...• ' .......•...•.•••...• ! 23 E. 

. _________________ l _____ __ 

Dunbar; Prof. E. Loomis' collection in Sill. Jour., vol. :r.:uiv, 1838. ln <I>= 31• 341
, 

A= 91° 251
• 

Dr. Th. C, Hilgard, Bache-Fund observer; Nat. Acad. of Sc. In +=31• H'• 
A =91° 241 . 

W. H. Dennis, assistant U.S. Coa.'lta.nd Geodetic Survey. In 4' = 31°33'.5,A=91•.,.•.1 

1

. 
Marked on triangulation sketch. 
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SAN ANTONIO, TEXAS. 

/\ =98° 29'.3 W. of Gr. 

(Arsenal grounds.) 

---------·-

·11825 ........................... I IO 30 

1836........ . . . . . . . . . . . . . . . . . 45 

I ::~::J~~e".~.-:~:;~::::::::::::. !:.3 E. 
! 

! 

E. 

} Land Office record at San Antonio. Communicated by Mr. J. B. Baylor. 

]. B. Baylor, U.S. Coast and Geodetic Survey; arsenal grounds, position as given 

j above. 
·------ ··-------------- -------··--------

OMAHA, NEBRASKA AND COUNCIL BLUFFS, row A . 

.l.=95° 56'.5 W. of Gr. 

(Astronomical Station, grounds of High School.) 

! 
1819,September 22 ... .... , .... 12 58.8 E. Major St. H. Long, U.S. A., Expedition to the Rocky Mountains, Phila., 1823 (two ( 

! 18&),January25, '26, -:i7; Febru-
ary 12,13. 

1872, October 31 •••.•.•. 

1877 1 October 13, 15 1 16 1 17 1 18 .... 

! 1878,August 30 ...... ········· 
I 

42.6 

10 44·2 

IO 22.0 

39 7 

volumes). At Engineers' Cantonment, cb = 41° 25'. >.. = ¢ 0 oc/. 
E. Goodfellow, assistant Coast Survey : at astronomical station. 

Dr. T. C. Hilgard; Bache-Fund ObscrYer to National Academy; station as abo\--e. 
A. Braid, U.S. Coast Survey, station of 186(/, 
Dr. T. E. Thorpe; Proc. Roy. Soc. No. 200, 18&:.. At Council Blu:ffs1 near railroad 

depot. cfi=.p 0 15'.3, A= 95° _s2'.4 

___ I _18-So,October 15,17 ........ . . . . . . I IO o6.2 E. 
I 
I 

: J. R. Baylor, U. S. Coast and Geodetic Survey. Station on High School grounds as : 

in 1869, 1872 and 1877. I 

DENVER, COL. 

(Coast Survey Astronomical Station, west of School-house. 

1866, July ............. .. 15 0 E. \ John Prince, surveyor-general of Colorado; letter of July 27, 1866, In e = 39° 45', 

A.= 105° oo'. 

187~, October 13, 14, 19. .. . . . . . . 14 44.7 Dr. Th. C. Hilgard; Bache-Fund observer, National Academy of Science. 
t873, August t4 .............. . 

{ 

• 1878, August 8 . . . . • . . . . . . . . . . . 

4 l 

1878, September 3,4,5 ........... '' 

'4 42.8 

14 43·4 

E. Smith,assistant Coast Survey. At astronomical station inti>= 39° 45 1 .3, A.= 104° 59'.5 , 

Dr. T. E. Thorpe; Proc. Roy. Soc. No. 200. 1880. In Mrs. Craig's garden, '1> = 30' 45'.3, ; 

A.= 1040 59' .6 

14 40.2 E. : J.B. Baylor,U.S.CoastandGeodeticsurvey. Cornerof17thstreetandBroadway. 
Position as in heading. [Mean of ohservations of 1878, 14° 41'.8) 

SALT LAKE CITY, UTAH . 

.I.= in' 53'.8 W. of tir. 

(Astronomical S1ation, Temple Square.) 

I -------1-·----- ,----------------·- I 

x I 1850. .. . . . . . .... . . .• . . .•. •. • . . . 15 34 E. M:j:r ;·"6~: ~~::~ ~; .S. A., Amer. A~d. of Science, vol. vi, new setl.,s, 1856; m I 
1866, August .................... 16 

186'), May 6 to 15 ........... .... 16 
1872 ............................. 17 

sf 1878, August 15 ................ 16 . • 1878, October a6, 28, 29 .. ....... 16 

6 E881, 'May H,13,14: .............. ijl 

30 

:i6-4 
Ot 

48.1 

44.• 

98.4 E 

Jesse W. Fox ; Letter from surveyor gen en.I's office dated A ugusl29, 1866. ob= 40° -.6', 
! ~= lllo 54'. 

I 
G. W. Dean, assistant Coast Survey; Temple Square near astronomical station, 
Report of Chief of Engineers, •879, part iii, p. 2099. At Ca.mp Douglass, near astro­

nomical monument, in fl= 40° 45' .8, .\. = u1° so' ,3 ' I 

l 
Dr. T. E. Thorpe; Proc. Roy. Soc. No. 200, 188o. East of the President's houoe, in I 

4'=40°"46'.1 1 A=1u0 531.7 ! 

J.B. Baylor, U. S, Coast and Geodetic Survey, near Fourth street south a.nd Second i 

1

1 street east of Temple. [Mean of the two determinations of 1878,-6° 46'.2] I 
W. Eimbeck, assistant Coast a.nd Gi>odetio Survey; a.bout 25 metres S. E. of astro- 'I 

nomicaJ station on Temple square. 
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16')3 •.......................•. 

~ r786, September 7, 8 .. 

3

11790, April 18.... . ....... . 

l' 179>, April 19.. . . . . . . . . . . . . 

I 179~, April 22 .......... . 

: '79·\. October 3- • • .••.•. 

14 54 

t6 00 

16 00 

14 00 

E. 

CAPE MENDOCINO, CAL. 

(Cape Mendocino light-house.) 

Carreri i C. Hansteen's Ma.gnetismus der Erde, 18x9; in 4'-=,..o0 291
1 A=124° 29'. : 

[Declination probably much in error.-Scn.]* ! 
La Perouse (J. F. G. de): Voyage, etc. Paris, 1797, vol. iii, pp, 302,390. On board) 

the Boussole. Average~= 40° 21', J\. = 124° 36'; declination 14° 59'. On board the j 

Astrolabe, about the same position; declination 14° 481
• Communicated by Mr. 1 

M. Baker. \ 
Capt. G. Vancouver; near the cape, about ten leagues from it; it bore N. 36° W. 1 

[This would put him in about¢= 39° 58', A= n4° 12
1-&tt.J Vancouver's Voyage 

of Discovery, etc.1 1790-95, London, 1798, vol.1, p. 197. 
Same authority, vol. 11 p. 198; on board ship, in 4'=40° 031

, >..=:124° 091
; Ca.pe Men- 1 

docino bore N. 2° W. four leagues from shore. 
Sa.me authority, vol. :i, p. 200; in 4> = 40°321,A=124° 32'. 

Same authority, vol. iii, p. 321. In 4' = 40° 42', A= 124° ,301
• 

*The latitude given would indicate that this navigator refers to False Cape Mendocino (now called Co.pe Fortunas), in 4>=40° 301 .5 
A= 124° 22'.8-ScH. 

WALLULA AKD OLD FORT WALLA WALLA, WASHINGTON TERRITORY. 

! I853 ... •• •· • • ... • ... 

186o ......................... . 

186o ............ ' ... ·- ......... .. 

i861 ......................... . 

:1881,September 24, 25, 26 ....... . 

1881, Sept. at),30; Oct. 1 1 2 •.•.••. 

20 00 

A= u8° 55' W. of Gr. 

i 
E. . Gov. I. I. Stevens; North Pa.cine Railroad Explorations. Coast Survey report for I 

i856, p. 223. At old Fort Walla Walla, in .p = 46° "4'. A= n8° 48'. 

' S. Garfielde, surveyor-general of Washington Territory. MS. communication of I 
: August 24, 1866. In town [Walla Walla or near Fort Walla Walla, in 4>=46° oJ' •

1

1 

i .\. = u8° 20'. Not used.-ScH.] 

· Capt.J.Mullan,U.S.A. J.B.Stone,"Mag.Var." NewYork,1878. In<fl-=46°0J', 

; ,\=u8° 24' Jn town (Walla Walla or new fort.-ScH.]. I 
, S. Garfielde; reference as above. At Wallula or old Fort Walla Walla, in <fl =46° 051

, : 

. A=n8° ss'-(Srn.] I 
J. S. Lawson, assistant Coast and Geodetic Survey. Town of Walla Walla, in I 

' ip=46° 03.'9, "'-= n8° 20'.5 (Apparently some doubt about correctness of result.-\ 

19 55.7 E. 
Sett.]. . [ 

J. S. Lawson, assistant Coast and Geodetic Survey. At Wallula, near and north of 
1

. 

old fort, in <fl=46° 07', A= us• 55' [Result in discord witb preceding one .. -Scn.] , 

FORT VANCOUVER, WASHINGTON TERRITORY. 

A=122' 38' W. of Gr. 

. . I I ::!:: : : : : : : : : : : : : : : : : : : : : : : : : . : : . i 19 :: 
E. Sir Edw. Belcher. Phil. Trans. Roy. Soc., 11!.41, in <f>=45• 37', A=122° l6' / 

: S. Ga.rfielde, surveyor-general Washington Territory; MS. communication of Au- I 

:. gust24, 1866. In 4>=45° 40', A=12•0 38'.-[Scn.] I 
. Ca.pt. R. W. Haig; English Boundary Commission. Phil. Trans. Roy. Soc., vol. i86o •. "............ . .....•..•• \ os 

! 

1881,0etober-6,27 .............. [ 20 53.3 E. 

I 
154, part II, 1864. In <J>=+s• 381

, 11=122° 281
• 

I J. S. Lawson, assistant Coast and Geodetic Survey. South of old fort in A=45• 37.5', 
I I A.=r:no 39'. 

OLYMPIA, WASHINGTON TERRITORY. 

>.=122° Sf' W. of Gr. 

1----~I ~:=~.~-.~-·~-.~~~.~.~-~~~~-:--::~-e:e, su~yor~::r:;-~V=hington ~e9Y: MS. communbtion of A•-1 
I gusta4, 1866. ln ofi=47° OJ', A=t22° 54'.-[ScH.] 
( • I 1856.5 · ·. · • ·. · • ·. · · ·. · · ·.•..... 20 41 Sir Edw. Sabine. Phil. Trans. Roy. Soc., t872: communication XIII. Jn •=•1° 03, 

J i · -~= 122° ss'. [Value apparcnUy too small, as shown by observatiom at Stell&<:00111· 

j 1· -Seu.] I rs&r, November •'3•4·.......... :zr 34.6 E. J, S. Lawsan, assistant Coast and Geodetic Survey. In <f>-41• oa'.3, .\-xu• :14'.<> 
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SF>ATTLE, DUWAMISH BAY, W;'SHINGTON TERRITORY. 

i 1855 .................... . 

! z87r, Sep1. 27, 28, 29, 30; Oct. 2, 3 

1881, 1'• 0\ .. 8, 9, IO, 11. 

1792, May .. 

1841. 

. r856,August17,18,1Q,20 .. 

: 1857 .................... . 

I 1859 .. 

4 I 1862. 

! 

1876, February ... 
t881,November 16,17 1 18 

c__J_ _____ . __ ··- -- --· 

\ 1827.5. 

I 1850.5 .. . 

3 I •854 .. ~ ............ . 
• ! 1879, July .......... . 

I 1880, September 8 .. . 

rJ>=4f' 361.0 A:..::- r22° 20'.o \\t. of Gr. 

(Astronomical stati~n of the U. S. Coast Surrey.) 

I 
25 E. S. Garfielde, sun;eyor-general of Washington Territory. .MS. communication oi 1. 

August 24, 1866. ~n ti> =47° 36 1
, A=-~ 122° '20'. (ScH.1 

35.4 
1 

S. R. Throckmorton, obsen·er fo1 L. S. Coast Suryey. In tP = 47° 35'.9, A= 12~~ 201.0 

02.5 E. 

[Result uncertain; doubtful azimuth.~Sctt.] 
]. S. Lawson, assistant Coast and Geodetic Suney. Station near that of 1871: geo- ~ 

graphical position as above. 

PORT TOWNSHEND, WASHINGTON TERRITORY. 

</> = 48° 07 1 .0 A.=-= n2° 44'.9 "~.of Gr. 

I 0 

21 30 

20 40 

39.5 

54 

. • !20 A5 

22 

50 

E. 

21 26.9 E. 

26 55 E. 

26 26 

26 00 

23 or 

22 45 E. 

(Point Hudson.) 

: Vancouver: at Port Disc:o\·ery, ~ :::.::: 48~ 02', .\--- r20>
0 38'; Hansteen's )Jagnetismus 

rler Erde, 1819. [Not used; about 3" too great.--Srn.] 
Chart by the U.S. Exploring Experlitinn. at Carr Point. $=48-, 03'.3, A=-122C> 50 .8 

G. Dayidson, assistant Coa~t SurYey: at Point Hudson. 4-• = 4S'' ofi'.9, A::;;::... 1n" <1-4 1 .q 

S Garfielde, sun·eyor-gencral of \Yashington Territory; at Admiralty Hearl, '\\~hitbey 

Island. <Ji= 48" or/. A:::...:... 122" .p 1
• Lettet of August 24, 13h6. [Re.-luction to Port 

Townshend ; 8'--Srn.] 
RefePence as above. ¢ = 48° 07 1

, ,\ ::..:_ 12::" 45 1 [~ot nse1l.-St H.1 
Reference as aboYe. rb =-48° 01

1
, A:....::: 121" 5r 1 at Mill. 

f:apt. (;. H. Hurton, ll. S . ...\.;report of Chief 0f J:<:ngineer~, 1876, p. ~-

J. '.". Lawson, assist Coast and (;eoctetk ~urYey. A~tronomical i;tation of r852 at 

Point Hudson, in rf, ·_ 48° 07'.o, >.. ::::.-::: 122· 441.c; 

PORT C'LARE:\"CE, .\L,\:"KA. 

). -= r6h" rq' \\. of (~r 

: Capt. Heechey; Sir Edw. Sabine, in Phil. Tran. Roy. Soc., communication XIII, 

:1872. Port Clarence and Grantley Bay, in $ ~ 65° 17' 1 >.. = 166° 191
• 

Capt. Kellett. Reference as abow. 
j Capt. Maguire. Reference as abo"t'"e. 

. Aug. \\-'ykander. NordenskWld, in the Vega. Communicaterl h,· Dr. Dall. 

· M. Baker and W. H. Dall, U.S. Coast and Geodetic Survey. Port Clarence, near f 

Point Spencer,in <?=65° 16'.1, A= 166° so'.6 J 

CHAMISSO ISLAND (KOTZEBUE SOUND), ALASKA. 

;l.=161° 48'.7 W. of Gr. 

--{1-::~:ugust ............... J l
0

I 24.3 E. ! CapL Reechey; Beechey's Yoi"Rge, p. 740. l (. . rl b I I R k i ll 'd . 11 1 ommumcate ,. ~ r. i\ . a er . 
I I 1826.5 ... 

1826 5 •...•. 

.. . . . . . : 31 

• •••••• i 28 53 

1849.5 .. 

18801 August 31 ............ . 

i rt. ... m1ralty C art, No. 593 ........ , . . . . · 

I Capt. Beeche}r. Phil. Tran. Roy·. Soc., 1872; !'ir E. Sabine, ('ontinuation XJJI. 
i Capt. Kellett. Reference as above. In</> '"66° 16', Acee 161" 48'. 

E. \ M. Baker, Coast and Geodetic Survey (W, H. Dall in charge of part\"), Chamisso Har-, 
bor. Position as in heading. 

ANALY'l'ICAL EXPRESSIONS OF THE OBSERVED DECLINATIONS. 

The resulting empirical expressions for the secula1· variation of the magnetic declination, given 
in Table I, were derived from the preceding results of observation at the principal stations by 
applying to them the harmonic analysis, as explained in the preface. 'l'he stations are arranged 
geographically as far as.practicable, and their positions are gi\·en by latitu<le and longitude (west 
of Greenwich). Total number of stations 641 aml of obserrntions about 750. The epoch to which 
the formuloo refer is 18501 January 1, or m = t-1850.0 

Table I (b) contains the results for subordinate stations, which necessarily cover a more 
restricted area, they depend upon an exponential function. Number of stations discussed 181 

with an aggregate nnmber of observations equal to 87. 
S. EL 77--33 
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TABLE I.-FORMUL1£ EXPRESSING THE MAGNETIC DECLINATIO~ AT VARIOUS PLACES AND FOR ANY 
TIME WITHIN THE LIMITS OF OBSERVATION; DEDUCED FROM THE PRECEDIKG COLLECTION OF 

RESULTS. 
------- -- -·---------.,---------·-

Name of stati'?n and loca1ity. Latitude. ,1 LongUude. Expression for magnetic declination. I 
I -------- ----------- ----- ------------ -----------I 

Paris., France• - . _. .......... ! + 4°8 

i 
"' 20.• D~+ 6.479+16.002 sin (o.765w1+11B_78>+fo,7+0.4 sin (o.69m 

e +276.6)] sin (3.93m+247 

Halifax, Nova Scotia .. 

Quebec, Canada . 

I '+ 63 35.3 D;+16.49 -t- 4.o8 sin (r.1 m·+· 44.7> 

Montreal. Canada.... . ........... . 

York Vactory, on Hudson Bay ......... . 

Eastport. Me .. . 
Portland, Me .. . 
Burltngton, Vt_ .. . 
Rutland, Yt. .................. . 
Portsmouth, N. H ...................... . 

Newtiuryport, Mass . _ .................. . 
Salem, bi.ass . _ .......................... . 

Boston, Mass .. 
Cambridge, Mass_. 

Nantucket, Mass ... 

Providence, R. I. 

Hartford, Conn. 
New Haven, Conn . 
Albany, 1'. Y . 

Oxford, i\'. Y .. 

Buffalo, r+. Y . 

Toronto, Canada .......... _ ............ . 

Erie, Pa ............................... . 
Marietta, Ohio ......................... . 
Cleveland, Ohio ........................ . 

Detroit, l\Jich . . . . . . . . . ..... 

Sault de Ste Marie, Mich ..... 

Cincinnati, Ohio 
Saint Louis. Mo. 

New York, N. Y. 

Hatborough, Pa ... 

Philadelphia, Pa. 
Harrisburg, Pa ... . 

i Baltimore, Md ... . 

j __ ~a.~~~t~~~-~· c ...................... . 

45 :JO·S 

57 00 

44 54.4 

43 38 .8 

44 28.2 

43 36.5 

-13 04.8 

42 46.4 

42 31.9 

42 21. 5 

·4'- 2':2.9 

41 z7.o 

41 49.5 

41 45.9 

•41 18.5 

42 39.~ 

p "6.5 

42 07.8 

39 25 

41 30.3 1 

.f.2 20.0 

46 29.g 

39 oB.6 
38 38.0 

4° 42. 7 

40 12 

39 56.9 
40 15.9 

39 17.8 

+38 53·3 

71 x4.5 D=+q.64 + >.85 sin Ii.so m-\- 0 3.8l+o.6r sin (4.om+o.3) 

73 34.9 ! D=+n.83 + .... 17 sin (1.5 18.5·)+0.53 sin {4.9m+ 19) 

g2 26 'D=+ 4.97 +<4.14 sin 11.4 qo.9>t 

66 59.2 , D == + 16.08 -+-
70 16.6 i D=+10.72 + 
73 12.3 ' D = + 10.81 + 

3.59 sin (r .> 

z.68 sin (1.33 m+ 

3.65 sin(1.30 m-

24.1) 

20.5)+0.18 sin 17.om+13:i·) 

24.3) 72 55.5 

70 43.0 

I D:!'.::::+lo.03 

I D=-\-10.63 

+ 3.82 sin (r.5 

+ 3.17 sin (1.44 m- 4.7) 

70 49.0 i 0~+10.07 1· 3.ro sin (1.4 1H+ 1.q) 

70 5::i.5 
1

• D .-:::. .. f- 9.80 + 3.61 sin (1.50 1.0) 

71 03.8 'o~ + Q.52 + 2.93 sin 1 • .,0 m+ 5.0) 

71 07.7 :' D=+ 9.58 + '2_69 sin (1.3 m+ 7.o)+o.18sin (3.::im+ '4-4) 

'JO o6.o i D=+ 9.29 + 2.78 sin(1.35 m+ 5.5) 

7I 2~. I 

72 40.4 

72 55. 7 

73 45.8 

75 40.5 

78 53-5 

79 23.4 

So 05.4 
81 28 

81 42.0 

; D==·+ 9.10 + :z.99 sin (t.45 3.4)+0.r9sin \7.2m+IIfi) 

D==+ 8.o6 + 2.90 sin <1.25 111- 26,4) 

D :::.;:; -f- 7. 78 -f 3. I 1 sin t 1 • 40 2:.1. 1 \ 

D==+ 8.17 + 3.02 sin \1.44 m- S.31 

D=+ 6.1y + 3.24 sin 11.35 18.9·1 

D=+ 3·66 + 3 47 .in "·4 

D=+ 3.6o + 2.82 sin 11.4 

D==+ 2.26 + 2.71 sin (1-ss m­

D=+ 0.02 + >.89 sin(1.4 m­

D = + o Jo + 2.07 sin (t.40 m -

27.81 

44.7)-+ o.ogsin (q.3m+136l 

--Fo.08 sin lr9m+247) 

29.71 
4o.5) 

6.2) 

D == - 0.97 + 2.21 sin (1.50 m- 25.3) 
D==+ 1.54 + 2.70 sin (1.45 m- 58.5) 

84 25.3 D=- 2.40 + 2.62 sin(I.42 m- 39.8) 
90 u.2 D=- 7-'5 + •·33 sin(1 . .; m- ><>.1)t 

74 <X>.4 ID=+ 6.40 + •.29 sin(1.6 m- 5.5)-\-o.14sin/6_3m+ 641 

75 °7 
75 09.o 

76 52.9 

76 37.0 

+n oo.6 

D==+ 5 .. 3 + 3.28 sin(1.54 m- 13.>J+o.22sin(4.n••+157) 
D=+ 5.38 + 3"9 sin(1.55 23.9)+0.39sin (4.om+16') 

D == + 2.93 + >.98 sin (1.50 m+ 0.2) 
i D = + 3.20 + 2.57 sin (t.45 ,,, _ 21.2) 

' D = + 2.47 + 2.52 sin (1.40 m- 14.6) 

• Ha\•ing come into possession of two recent values of the declination at Paris and rediscussingthc series1 which now extends over 338 years, 
two new features in the secular motion of the magnet were noticed, which possibly may be of Importance in the ultimate explanation of the phe­
nomenon, and which demanded a more complicated formula for its representation than that given in the general table above. After computing 
the principal periodtc term, viz, 

the residuals between the computed and observed valnes showed the existence of a secondary wave, superposed upon the primary, llaving one 
if not two characteristics, 'Viz, a variability in the paratneter, that is, the seconda.ry wave becoming smaller in height since a.bout 15+0, and appar­
ently a rnriability in the lengtli of its period; that is, the period of the superpo!ICd secondary wave was nearly constant in the second half of the 
sixteenth and throughout the seventeenth centnries, but afterwards diminished rapidly. Both variations are undoubtedly periodic, though from 
want of sufficient data tor the pre.,,nt I preferred a limited diminution of the period. These features are shown on the accompanying diagram, 
Plate No. 36, lower figure, which exhibits the observed o.nd computed values; but it will be noticed that there may be a doubt whether one or 
two waves lie between 11-10 and 1870,_ o.nd since the supposed diminution of the period hinges upon th!•, I prefer to give two expTessions for the 
declination, \•iz, that given in the table above, giving one crest, and the other giving two crests during that period; they are: 

D, == + 6°.479 + 16'.oo. sin (o.765m + n8° 46' .5) + (0.7 + 0.4 sin (o.69m + 276' .6)) sin (3.93"' + •47') ,. 
Dn = + 6'.479 + r6• . ...,. sin (0.765 m+ n8° 461.5) + [0.7 - 0.4 sin (o.6\1,.)J sin [(4.<>4 + ·0054" + .000033"')"] 

D, supposes a variable parameter and constant period of 91,6 years for the secondary wave; D,, supposes a variable parameter and variable 
length of period of secondary wave, diminishing from about 94.2 to 58.5 yea.n at present. The results of the second furmula are sbown on tM 
diagnam, and the differences observed-computed values; are given la Table II tor Paris, headed 0-C, and O-C,,. I sll&lf lellveit to future 
observations to decide which or the hypotheses is the better one. 

t Approximate e.xpreulon. 
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Name of station 11.nd locality. 

Cape Henry, Va ..... . 
, Char~eston, S. C ........................ . 

Sivannah, Ga ........................... . 
Key West, Fla 

: Havana, Cuba ......... , ...... . 

Kingston, Jamaica ............ . 
Panama, New Granada . 
Florence, Ala .... . 

· Mobile, Ala ............................. . 
New Orleans, La. 

Vera Cruz 1 Mexico 

Mexico, Mexico .... 
Acapulco, Mexico . 

San Blas, Mexico .... 
: Magdalena Bay, Lower Cal ............. . 

San Diego, Cal ..•......................... 

Monterey, Cal ........................... . 
San Francisco, Cal. ... . 
Cape Disappointment, Wash. Ter ........ . 
Nee-ah Bay, Wash. Ter. 

i 
~ Nootka Sound, Vancouver Island .. 

Kailua, Sandwich Islands. . .......... . 

Honolulu, Sandwich Islands ............. . 
Sitka, .... '\laska .......•.................. 

Port Mulgrave, Yakutat Bay, Alaska. 

! Port Etches. Prince William Sound, Alaska 
St. Paul, Kadiak Island, Alaska ...... . 
Unalashka, Alaska .. 
Petropavlovsk, Kamtchatka 

Latitude. 

+ 36 55.5 

32 46.6 

~2 04.9 

24 33.5 

2 3 "9·3 

1 7 55·9 

8 57.1 

34 47.2 

30 41.4 

29 57. 2 

19 11.9 

19 25.9 

i6 50.5 

21 32.6 

24 38.+ 

32 ... 2.1 I 

36 36.1 

37 47. 5 

46 16.7 

48 21 .8 

49 35.5 
19 37 
21 18.2 

57 02.9 

59 33. 7 

TABLE !.-Continued. 

Longitude. Expression for magnetic declination. 

+ 76 00.5 : D=+ 2.54 + 2.41 sin (1.50 m- 35.4) 

79 55.8 D=- 2.14 + •·H sin (1.35 1.3) 

81 05.5 i D=- 2.54 + 2.32 sin (t.5 m- 28.6) 

81 48.5 D=- 3.90 + 2.93 sin (1.4 ,,,_ 33.5) 

82 2r.5 D= - ,..52 + 2.00 sin (1.3 .,,,_ 26.7)"' 

76 50.6 

79 32.2 

87 41 ·5 

88 02.5 

qo 0 3·9 

96 o8.8 

99 o6.o 

99 52 ·3 

105 15.7 

o8.9 

117 :t<f..J 

121 53.6 

122 27.2 

124 02.0 

124 38.0 

to6 37.5 

1.56 Ol 

157 55.0 

1 35 1 9·7 

139 45.9 

D = - 4.64 + 2.0.j sin (1.2 m+ 15.9\ 

D = - 6.8o + 1.82 sin (0.9 m+ lo-<)• 

D= - 4.25 + 2.33 sin (r.3 

D=- 4.40 + 2.69 sin(1.45 

D=- 5.61 + 2.57 sin( .. + 

D=- 4,36 + 5.0.j sin (1.10 ·~- 65.0) 

D=- 4·34 + 4.44 sin (1.0 79.>) 
D=- +.13 + 4.82 sin(1.o ,,,,_ 81.1) 

D=- 6.51 + 2.74 sin (0.9 m- 1o6.3J 

D=- 7.52 + 3.27 sin(1.•s m-140.6) 

D=-12.52 + 1.6o sin(1.2 im-179.8} 

, D=-12.90 + 3.28 sin(r.o M-1.p.6) 

D=-IJ-J4 + 3.23 sin (1.00 m-130.3) 
D=-20.~ + 2.36 sin(1.25 ,,,_18o.0J 

D=-20.44 + 2.33 sin(t.3 m-1.42.3) 

D=-21.58 + 2.02 sin (1.3 m-129.91 

D = - 4.76 + 4.51 sin (1.0 m- 66.3) 

D= - 4.94 + 5.39 sin \1 o ,,, _ 76.4) 

D=-:oi6.77 + 2.33 sin li.+ m-11i.6) 

D=-24 03..,.. 7.77 sint1.3 m- 85.8) 

60 20. 7 

57 48 ,0 

53 52 .6 

+ 53 

15z 21.3 

166 31. 5 

. +:zoI 17 

D=-2,.67 + 8.25 sin 11.4 

D= - 22.56 + 4.83 sin t1.4 

D = - 18.34 + i.45 sin \1.4 

D=- 3.35 + 2.97 sin(i.3 

m- 74·'41 

71.91 

m- 67.8) 

m+ u.;;i) 

*Approximate expression. 
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TABLE I (b).-EXPRESSIONS FOR THE MAGNETlC DECLINATION AT SUBORDINATE STATIONS. 

"-------~--

I Limits of I Name of station. Latitude. Longitude, i observations. Expression for magnetic declination. 

I 
------------ - - - - j ~---------

f St. John's, Newioundland ................ 
i 

+47 34.4 +s2 41.9 i 1844-1881 D = + 30.35 + .1o80 (t - 1850) - .00325 (t - 1850)' 

/ Charlotte Town, Prince Edward Island .. 46 14 63 27 I 284~-1862 D=+22.07 + .ll24 (t - 1850) - .00232 (t - 1850)' 

I 'l'yrone, Pa ..... 40 40 78 15-5 I 1871-1879 D=+ 3.46 + .0550 (I - 1875.5) 

I Pittsburgh, Pa. 40 27.6 8o oo.8 ! t840--:r878 o~+ 2.36 + .0566 (I - 1878.7) 

; Chicago 1 Ill. ....... , . 41 50.0 i 87 36. 7 1823~1878 D=- 6.03 + .0281 (t - 1850) + .ooo82 (t - 1850)' 

Grand Haven, Mich . 43 05.2 86 12.6 J825-188o D=- 4.95 + .0380 \t - 1850) + ,()()120 (I - 1850)' 

Madison, Wis ............. 43 04.6 89 24.2 1878-1881 D=- 6_43 + .o655 (t - r88o. 3) 

Michipicotcn~ Ontario. Canada .. 47 56.0 84 50.6 1824-1880 o~- 3.38 + .0950 (t - 1850) + .00192 (I - 1850)' 

· Duluth, Minn., and Superior l'ity, Wis ... 46 45 .5 92 04.5 1870-1880 D=-10.11 + .o868 lt - i875.8) 

I St. George's Town 1 Bermuda fslands ..... 

I • 
+32 23 64 42 1831-1876 D=+ 6.95 + .0145 (t - 1850_) + .ooo61 {t - 185o)lil 

I 
I Rio Janeiro, BnuH .. .... ........ 54.8 43 09 5 :r768-187() D=+ 0.282 + .1395 (I - t850) + .000545 (I - 1850)' 

) San Antonio, Tex ... ·j-29 25.4 98 29.3 1825-1878 D = - 10.14 + .0204 (/ - 1850) + .<OOC>24 (/ - 1850)• 

Omaha, Nebr., and Council R1uffs, luwa . 4' 15·7 95 56.5 186q-18Bo D=-n.66 f .0439 II - 1850) 

Denver, Colo ......... 39 45.3 104 59.5 1866---1878 D = - 14.79 + .0258 It - 1872.9) 

Salt Lake City, Utah ofO 46.1 53.8 r85o~r88r D = - 15.51 - . 0930 (t - 1850) + . 0018o (t - 1850)' 

Port Townshend, '\\'ash. Ter .. 48 07.0 44·9 1841-1881 D=-21,38 - .0730 (t - 1850} + .00209 (t - 1850)1 

Port CJa1ence, Alaska ... 65 17 166 19 1;j27-z88o D=-26.39 .j__ .o640 (/ - 1850) + .00178 (t - 1850)' 

Chamisso lsland, Alaska._ ' +M 13 i +16r 49 I826-1880 D = - 30.40 + .0527 (t - 1850) + .00209 (/ - 1850)' 

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

In the secoud tahlt> are exhibited for each locality discussed: in column (1) the year a.nrl frac­
tion of a year when the obsern1tiou8 were mane; in columns (3) aud (3) the observed and computed 
declinatioms, the latter by the preceding formul:e; and in column(-!) the differences of these values 
in Urn sense of observed minus computed values. Table II (b) gfre8 the comparhmns between 
observatiou and com1mtation for the subordinate stations. 
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TABL!C ll.-CUMPARISOI\' OF OBSERVED AND COMPUTED MAGNETIC DECLINATIONS. 

---------------,-------.;---c-------.---:------;---· 

~~~r i Obs'd ! Com1;'d [ Com1;>'d 
i frac- : decl'n. I decl n i decl n 0-Cu 

: tion. j : C1 i Cu 
, __________ : _____ ! __ -·-----~--
1 · 

1541.. 5 

1550.5 

1580.5 

16o3. s 
1610.5 

1630.5 

i:642.5 

166o.o 

1664_5 

1667.0 

1670.5 

1682.5 

lG87. 5 

1695.1 

1703.5 

1712.5 

17'.lLS 

173o.5 

1739. 5 

1748.5 

1757 ·I 

1765.5 

1772. 5 

1 779·5 
1784. 5 

1791.5 

1800.0 

18o3.5 

1&>5.5 

i:807 ·5 

1812.2 

18r6.5 

7,00 I 

8.oo 
1 

II .50 ! 

8.75 

S.uo · 

4.50 1' 

2,50 ' 

1.50 

- 0.67 ; 

+ o r3 · 

3· 13 

4.87 

6.6z , 

9.00 

ll. 18 

12.87 

l4.62 

15.38 i 
16.62 

17.8::.z ! 
19.00 ; 

20.02 : 

20. 67 : 

21.4::.i 

22.23 

21.97 

2:2.08 

?.'1 .57 

22 .33 

22.37 

2'l.25 

22.07 

21.63 ~ 

6.79 

7.99 

10.61 

8.59 

7.49 

4.63 

3·32 

J.28 

0.58 

- 0.14 

+ 0.5~ 
.F•4 
4· 52 

6.53 

s 12 I 
10.87 I 
12.71 

14. :t5 

15. 56 

16. 77 

17.88 

19.90 

20.76 I 

21 ·33 

2[ .96 ' 

22. 54 : 

22.68 

22.74 

2-Z.77 

22. 79 i 
22.74 

2',L28 

21.68 

21 ·43 : 
I 

21,~8 I: 2t:.OI 

19.W i9.29 

18.73 t i8.36 

- 6.68. 

7.66 ! 
10.59 

S.73 

7.63 i 

4.63 

3.17 

J.00 
: 

- o.39 

+ O.OI 

0.63 

3.16 

4·35 

6.32 

8.50 

10.74 : 

12.68 

q. 28' 

15.58 : 

16.76 

17.86 

19.09 ' 

2u.09 

21.04 ; 

21.02 

22.52 

22.52 

22. 50 

22.4() 

22. 34 

2Z, i9 

2l-9J 

21. 77 

2l .68 

21.46 

19.5y 

18.30 

17 .ex, 

-0.21 

-0.01 

-0.89 

-0.16 

-0.51 

+0.13 

+o.82 

-0.22 

-0.11 

-\-o. 35 

-\-o-O<J. 
-j--0.28: 

+o.31 

+<>- 16 

+o.37 

-0.18 

-0.15 

-o.o6 

-f-0.12 ' 

-0.09 

+o.~J 

-j--0.:14 

-0.31 I 
-0.71 I 

-o.66 I 
-0.20 

-0.46. 

-0,37 I 

-0.03 

-f-o.39 

-j--o.20 

-j--o.47 

-f-o.31 

-j--0.37 
-o.6g 

-j--o.30 

-0.32 

-0.34 

-0.91 

-0.02 

-o.37 

+o.13 

+o.67 

-0.44 

-0.28 

+0.12 
-j--o.87 

-0.03 

-f-o.52 

-f-o.30 

+o.50 

+o.44 

+o.19 

-f-o. 34 

-0.20 

-0.14 

-0.04 

-O.O'} 

-0.07 

--o. 37 

-0.')0 

-f-o.11 

-0.29 

-0.55 

-0.42 

-t-o.11 
-O.OI 

-0.05 

+o.02 
+-0.01 

4·-0.43 

-·-0.55 

-t<>. 38 

+>-33 

1' ear 1 

and ! Obs'cl .Comj"d' 
frac- : decl'n. dee! n. : 0 - C. 
tion. 

QL'EBEC, CANADA~-Continued. 

x814.5 +n.83 +12.10 -0.27 

x820.8 12.54 I'l.27 +0.27 

J82x.7 12.90 12.30 -f-o.6o 
t822.2 : lJ.00 12.32 -t-o.68 

J823.6 

1824- 2 i 
1B3, ·7 I 
J.832.4 ' 

1833.5 

1834.4 

,835.9 

1839.3 

1840.5 

184z.7 

1846.5 

1847. 7 

1848.5 

1849.4 

1850.3 

i851 .7 i 
1853.1 

1858.8 

18.'}9.5 

13.00 

1'.67 

13.40 

13.00 

IJ.31 

lJ. 17 

13.37 

t.3.7r 

14.02 

14.53 

14.64 

14.58 

15.37 

15.25 

15.00 

12.38 i +o.62 

}2.42 ;1 f-0.25 

:12.yt f--o.49 

12 ·97 -f--o.03 

lJ.07 -0.32 

13.r5' +o.16 

13.28 : --0.ll 

13.63 . -0.26 

x3.75 -0.04 

13.98 +u.04 

14··.f.2 ! -to. H 

14.56 --f-o.o8 
14.65 : -0.07 

14.77 +o.6o 

14.80 -j--o.3g 

-0.03 

15.50 15.19 I +o.Jl 

15.57 15.82 -0.25 

16.28 15.90 +,:>.38 

1860.8 16.47 16.02 -t-<>.45 

18G5.5 1ti.67 16.47 -+-o.20 

1879.7 l 17.23 +17.30 -·0.07 

MONTREAL, CANADA. 

:749-~ 1~.0~63 . --f-o.o8 
1185. 5 I s,.o -0.18 

J793 .6 j i.25 -0.Uj 

1814.5 I 7.75 7.65 -t-o.10 
1834.5 , 8.uu 8.6o i -o.6o 

iS35.5 I 9.83 8.71; +1.12 

1842.6 8.97 
1 

9.6u j -0.63 

185;.5 l 12.35 i 12.0I I +0.34 

1879.7 1+13.67 \-\-13.79 \ -0.12 

I i ' :;:;:I :;::~I 
i879.o : +r6.93 +16.571 +16.6o -f-o.36 I 

j YORK FACTOR\', HUDSON BA\'. 

~:{ I Obs'd l~~-m-p-'d-1-,--~~~r I dOebcsl;nd_· li,:'Cdoemc--lrn·~. !1=~ C. ' ' I 
frac- decl'n. ! decl n. IO- C. frac- 1725.5 1+19.0 l+19.05 : - ,.05 

~--___ I I _ _ti_on_.___, ______ '-----11787.5 I+ 5.0 j+ 4•57 :, + ·43 

HALlFAX, NOVA SCOTlA. Q\JKSRC, CANADA. 

I 0 I • I 
1700.0 +13.00 '+12.97 +>.03 r64•.5 '+16.00 +r6.33 ! -0.33 

17;6.5 tz.83 I 13.03 .20 1686,5 ' 15,50 : 17.70 . -0.20 

1819.7 I- 6.o :- 5.31 ' + .6g 

18.43.51·-- 9.42 )- 8.96 ; - ... 6 

1857.61'- 7.fa I- 8.97 I +i.35 I . 
1879.0 

1
- 6.501- 5.90 \ -o.6o 

-------~ 

KMiTPORT1 ME. 
i775.5 r3.58 14.02 .4.; t700.o: '16.oo 1

1 

17.0.s: -x.05 
1798.5 16.50 ' 15.65 . + .85 1785.5 ' 12.58 12.39 --j-0.19 

I l8i8.o <7.47 j 17.16 + .31 1789.5 ! u.75, u.33 · -0.58 I 
i 1821 .7 17.6o 17,45 + .15 l79t.5 I 13.00 1112.09 ! -t<>-7' 1775·5 +n.67 +12.67 i -00 

1

1852 .5 18.17 19.50 , -1.33 :r792.3 x2.42 12,a9 i -t-o.13 186o.8 1"7·95 17.90 j + .05 

i853.9 18.85 l 19.52 : -0.67 1793·7 H.54 . 1•."6 l +o.28 1861.5 17-99 17.95 I + ·"4 

I
' i86o.5 r9 9~ 119.88 t +o.04- t8o5.3 ' 11.58 12..0S. \ -0.50 t862.s II J.8.01 18.01 : .QQ 

1866_, t1.09 20.u -j-Q.98 •810.5 j 11_63 12.o6 I -0.43 1863.5 1S.04 18.07 j - .03 

J~ ~ 12 1+00.411-to-•s_~',':·~- '+_:~~~~~·-"6, +o~~~1+,s.o6_,+.s .•• !_:-:_ .o6 

Year 1 

and 
frac­
tion. 

Ohs'd Comp'd, 0 _ C.' 
decl'n. decl n.

11 

EASTPORT, 1\.1&.~Continued. 

xS65.5 +J.3.to -+-18.:i~ i - .ot)' 

1873.7 i8.93 18.66 [ + .z7 

1879.7 +19.13 +18.93 i + .18. 

t763.5 + 7.75 + 8.05 

r775.5 8.50 8.14 

-- .30 

+. ;6 

1845.4 

1851 .( 

t85~. 5 

18(13.5 

i864.8 

II .47 ll.55 .otl 

11 .69 Il.91 .2·1 

12.jj 12.33 

12.47 12,52 .05. 

12.73 r2.58 -t .15 

1865.5 12.71 l2.6i + .10 

1866. l r2 72 12.64 ' + .oS 

1873 +-12.89 112.94 : - .05 

1793- 5 

1805. 5 

1818. 5 

1822. ~ 

18'.>6.5 

183u.5 

1831. s 
1832 ·5 

1334 

1837. 5 

1845.; 

7 · 5u 

7. 7° 

7.60 

8.17 

8.zs 

8.42 

8.83 

8. 75 

y.37 

7.z2 

7.43 

7.62 

? S8 : 
8' J8 

--1.0~ 

+- ,07 

+ .08 

8.2G · .cl 

8.34 : + .08 

8.50 . + .33 

8. 75 

9.37 

.00 

oO 

1855 7 ' 9.95 -- .o6 

18n..O '+11.32 +ll.Jl 

•7ily.o 

1810.4 

t.8n.7 

1859.b 

RUTLANLl, VT. 

7.05 --j 6.58 + .47 

6.07 6.:2:3 ,16 

6.02 6.15 .'23 

9. 82 9. 37 -j- .45 

1873.8 10.67, 10.79' .12 

1879.B +11.t5 ·+11.36 .71 

' 
PORTSMOUTHl N. H. 

----·-~----· - --------
l1JL5 

1775-5 . 

·t 1·11 + 7.8a I - ,05 

7-15 7.69 i + .o6 

1844.5 i 9.78 

1850.7 ' 10.50: 

1859.5. II.25 

1879.6 :+12.5z 

9.94 - -16 

10.-4-2 ;I + .08 

II.12 I+ .JJ 

+12 .s8 ': - .o6 

NKWBURVl'ORT, MASS. 

·--1·---:--1--
1775.5 :+ 6.75 1+ 7.o4 ·1· - -•9 

11s1.s I· 1->o I 6.98 , + .3• 

1850,7 I •0.09 j l0.•3·1- .14 

1859.s /+10.91 i+<o.s8 I + .09 
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Year 
and 

frac­
tion. 

1781 

1Bo5.8 

18w.5 

1849.6 

1855.6 

1877.5 

17o8 5 

17.p.5 

z776.o 

1782. s 
1793· 5 

1807.5 

1839. 5 

I 

1, Obs; a 'Comr'd 0 _ c. 
, dee! n. i decl n. 
I i 

----- -

+ 6.90 6.29 + .6i 

5.95 6.47 .52 

.58 

+ .54 

+ .56 

.63 

6,0<) l 6.67 

:~:;;I ,:::: 
-f--11,50 ,!-;--12.lJ 

7.0.-. 

6.50 

6.o8 

9·47 i 

7.48 ·+ 
6.59 +r.08 

6.61 -t-o.~9 

6.80 -o. ~o 

?- 2 7 -I. 19 

9.10 9.07 ~t-o.03 

i 1846. 7 

! 1855,6 

181~ 7 

y.52 9.s6 -o.u4 

I0.23 10. 14 f 1-o-09 
11.25 ILd +0.07 

z7&. + 9.0 

17-j.:?.j 8.G 

1757.5 7.33 

17!Si.5 7.23 

i763.5 7 (X) 

1780.5 7.v3 

178:.>.5 6 73 

17B3.5 G.87 

1788.5 663 

""t 9 3() .30 

7 70 + .JO 

7.:.!8 .05 

7.17 -+ .oG 

7 ·I} · 13 

6.90 ·r .13 

6 89 .z4 

6.90 .03 

G.93 , 30 

\ 18w.5 7.50 

j 1 B.~5.5 ~.Bs 

7.52 .vz 

9 ()'2 • 17 

i \837.5 9 15 

' 1840.4 ' 9.30 

Q.t5 .00 

9.36 .o6 

1842 -~ 'J· 57 

1844.5 : 9.65 

Y·49 + .08 

9.65 .00 

18 .. 5... 9.53 9.7·;,. .l9 

1850.6 9.50 10.07 .57 

185::1.s; rn.13' 10.~o' .07 

18s...5 IO.:u ro.33 

i.o-:19 +- .5:i 

10 • .f.7 10.46 . + .QI 

1859.2 10.8o 10.63 ' + .17 

I 1so1.s i 10. 70 Ji.()j) 

j 1879.6 ;+11 77 +u .62 

1----'---·--"-·· 

·39 

+ .15 

I 
1·--···--~ . .liNTlJC}{ET, MASS. 

' 
1775.5 :+ 6.50 + 6.52 

1834.5: 8.45 8 55 .zo 

1838.9 ' 9.04 8.83 + .21 

j 1S4a.7 i 9.15 9 oB: + .07, 

I 1143.7 
1 

9.17 , 9.15. + .02 I •146.6 
1
+ 9·•3 :+ 9·33 1 .10 

l"ear 
and 
frac­
tion. 

TABLE II-Continued. 

Obs'd Comf d 0 C 
decl'n. : dee! n. - · 

---~·-----

Year 
and 
frac­
tion. 

NAi-;Tt;CKRT, MAss.-Continued. ALnA>:>:, N. Y. -Continued. 

1855.6 + 9.97 + 9.92 

1867.4 10.33' 10.64 

1879.6 +tt.46 +u.27 

+ .05 

- .31 

+ -'9 

1855.7 '+ 7.91 :+ 8. 17 .26 1867.5 + 2.50 
I 

2 ·55 I 

.oo 

-- ·-- - ~--:. - ----~ 

Pf<OVIDE.tiCE., R. 1. 

. 13 

+.~I 

.05 

1856.7 8.58 8.24 + .34 

1858.4' 8.28 i 8.37 

1879.6 + 9.86 '+ 9.87 

3.31 .31 

1&19.5 II 

t835.5 ! 
1840. 5 

:t8p:.5 

1842.5 

i-843.5 

1855.6 

.:i3 1828 5 

1834.8 .33 

3 79 + ·7 1 

4.13 .2C 

4.26 ' +.o6 
+ .07 

8.53 + .12 

8.6o + "7 

4. 77 

IS:J4.3 5.JJ 5.60 

1829.0 6.os s 76 

1859.6 i 7.29 7.3i 

1867.(i ! 7.82 7.84 

1879.6 "-+ 8.57 ......, 8.59 

+,IO 

+ .14 
.4:~ 

+ ,15 

+ .'lt) 

.05 

.02 

,V2 

l70I.5 + >-78 + 6.v4 .>6 

1775.5 5.42, 5.28.J+.14 

17$o.5 5,25 I 5.07 i + .18 

iBu.; 5.17 4.76' + .41 

4.42 . 

i:;,28 i 
~.68 ! 

1836.8 

1837 .5 

1838.5 

1 849.9 

t857 ,3 

1858.1 ', 

1859 0 : 

4.50 

4.45 ' 
5. r8 

4.30 : + .2tJ 

4.36 + .og 

5· 1 4 + .o4 

5.68 + .05 

5·74 + .O.<f 

5.81 '+ ·"" 
1873.9 : 6.87 6.94 

1874.4 .+ 6.93 "t' 6.97 

1708.5 

1837.5 

1$39.5 

0 50 

1845.5 I .• p 

i.859.5 2.94 

J872,5 3.87 

i873.s + 3·97 

i- . 2t. 

+ .2.J 

.06 

29 

+ .15 

.02 

TuRONTO, CANADA. 

t.59 "57 : + .02 

l81q.8 

xB:zS.5 

1835.3 

1836. 5 

i831-9 i 
1840.5 

1844.6 : 

tl!.iS·7 

1848.6 

1855.6 

5·92 

5.83 I 

6. i.7 

5. 75 ' 
6.29 '1 

6. 58 
'
03 

r849. 5 +.01 
1850.5 

1851.5 

1853.5 

1.62 "i- .03 

+.oz 
+ "'~ + .17 

+ .02 

+.or 
·~ 1854.5 ·"" 

--·-· -·-'·-"-·-
A.1.BANY, N. Y. 

1817.8 '+ 5.73 
1+ 5.71 I+ .CY.I 

1s1s.6 5 .1s ' s.74 I +.ox 
1825.3 6.00 I 6.o8 ! - .oa 
1828.6 ' 6.27 '1 6.261' + .01 
rSJ<>.S 6.30 / 6.38 - .o8 
1831.6 : 6.54 i 6.fS I+ ·"!/ 

1834.8 ' 6.67 I 6.65 I+ ·"" 
1836.8 6.78 I 6.7S \ .oo 

1847.9 ,+ 7.58 \+ 7.5l1 .oo 

x855.5 

1856.5 

.01 

. OJ 

1$57,5 :l,OI '2.~ .OJ 

lsss.5 I .. 01 , 2.oa .01 

iB59.s; a.12 2'.14, .02 

x86o,5 I >. r8 2.20 , - .02 

1861,5 ! 2.24 3.~s i ,QI 

J~.5 ,' •.•6 ' 2."'J .03 

1863.5) 2.32 2.)3 .01 

1864.5 I •.36 o.37 .or 

186s .s I! " .... x . 2 .... l .(>() 

l~.s 
1
+ •.¢ !,+ 2.45 + .01 

.oo 

2,62 2.62 

1868.5 

186').5 ' 

1870.5 

I8Tc.5 

1872. 5 

2.6g + .01 

2.78 + 
2.88 ' 

.02 ! 

.001· 
1873.5 1

; 

1874.5 ' 

1873.5 3,J.9 3.20 I 

.01 . 

- .02 

.01 

1876.5 3.31 ' 3.30 + .01 

z877.5 , J.4r 11 3.41 

1878:~ : 3.52 3.50 + .02 

1879.5 3.62 3.58 ' + ·~ 
188o.8 ,~-~~+ 3.67 i + .01 I 
----- i---KRIR, PA. ' ! 

1786.8 \+ Q,53 l+ O,U ! + ... I 
( 1' : f 

1795.~ \- 0.72 1- o.~n i - .5i. ~ 
r84i.< :+ 0.50 + 0.42 . + ,oB I 

1855.5 I ".t.55 J,28 + .27 I 

L'159.4 LbS 1.55 + .10 

1862 tJ ~ 55 1.78 .23 
I 

1867. 3 1
, 

1873.6 

2.22 

ie7(i.s ; .'2.83 

1877.9 + 3.00 

2, 12 

2. 59 

2. 79 
2.89 

1810.5 '<!i.6o - "2.86 

1824.0 3.42 ' 

1838.5 ' "54 

1845.3 .... : 

185<»5 r.42 i 
1864.I I.21 - l.OI 

188.1 4 ,+ 0.20 ;+ 0.20 

cUiVELAND, OHIO. 

2.00 

+ .10 

28 

+ .04 
-L- • ll 

.00 

.05 

r830.5 I.33. 1.04 - .29 

1&3i. .6 I .25 l .00 - .125 I 
1834. l 0,83 I a.Ilg + .oli 

1838.t 0.58) 0.70 + .u 

1840.5 0.32 0.59 + .27 

r84r.3 o.og J 0.55 + ... 6 

1845.5 - 0,65 1- 0.35 - ·JO 

1859.5 '+ 0.77 li+ 0.36 + .•• 
,871 .8 0.54 0.95 I - ·41 

is, .. s o. 75 o.<;11 I - .•3 

1S73.5 0.85 1.03 I - .1"8 
1B8o.5 + t.64 I+ 1.33' + .31 

-----~----' ---
URTROIT 1 MICH. 

---~--- I 
1s10.s )- •. So 1- 3.10 I+ .JO 

.s ... 5 
1
- 3 .... 

1
- •. a.. I - . .., 
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TABLE II-Continued . 

. ---~------~-------------···--· -----------------------------

Obs'o !Comp'd' . 
decl'n. decl n. O - C. 

Year 
and 

frac­
tion. ___ ! ___ _ 

Year 
and 
frac­
tion. 

Year 
and Obs'd iComp'd! O _ C. 
ff;~~ , decl'n. : decl n. 

Year 
and 
frac­
tion. 

Obs'd 
decl'n. 

i 
Comn'd' i 
decl'n.1 O-C. 

i 

0ETROIT, M1cH.-Continued. NEw YORK, N. Y.-Continued. BALTIMORE, Mv.-rontinued. CttARLEsToN, S. C.-Continued. 

1828.5 - .2.83 - 2.6o 

1835.5 2.17 2._10 

1840. 5 I ·97 2.o6 

i 1859. 5 0.70 l.OI 

I 1865.5 0.67 o.66 

+ .r:J 

r870.8 ;+ 7.52 + 7.56 

1874.6 i j.38 7.59 

1679.5 :+ 7.90 .+ 7.80 + + ,'\I - __ _J ____ __: _____ • 

HATBOROPGH, PA, 

I 
I + 5. '2 1+ 5.27 

4.21 ~ 4.45 

4 02 ' 

2.28 ' 

2.88 

3.93 
2.31 

2. 16 

- .15 

.24 

+ "'9 

i 1872.4 ; 0.42 0.28 .14 

l 1873.4 . 0.29 .07 1680.5 -+ 8.~7 + 8 . .j9 : ~-

1729.2 

1754.5 : 

1756.9 ! 

1771.0 

1776. I 

1780, ') I 

x787.5 i 

18oS.5 

1840.7 

1847.3 

J. II 

I. 75 

0.77 

o.37 

J .41 

i.19 

I.02 

0.82 

o.66 

1.76 

.03 

+ .72 

.30 

+ .56 
r 1876.4 ._ o.o8 - o.o6: ,02 -1690.5 8.25' 8.30 ! .05 .25 

.45 

·45 

! ____________ _, 1700.5 7.92 

7.47 

7.00 . 

6.42 

5.5R 

4.92 

4.00 

2.92 

2.08 

1.83 I 

I.02 

7.94 ' 

i SAULT DE STE. MARIE, ~fICH. r7ro.5 7.49 .02 

6.95 : + -0 5 

0.21 

f_____ ---------~---- 1720.5 

I I '+ 1730 •. 5 

-+-- .51 

+ .20 
J 1790.0 , 0.00 , O.Ol 

! 1843 5 1- 1.13 '- 0.96 -'7 

i 1845.51 0.77 o.qr : + 14-

! t846.8 II 0.67 I 0.87 : + .20 

1856.7 - 0.54 - 0.49 .os 
r873.6 1+ 0.08 ;+ 0.43 ! ·35 

1879.8 , r .02 I 0.82 ---t- 20 

l88o.6 i-+ 0.99 :+ o.88 + 
' ' 

18o6.5 

1810.s 

1840.0 

: 1845.3 i 
: 188o.9 i-

4.97 

4. 77 

4.o7 ' 

4.97 

~) •()I 

2.24 - 2.21 

.oo 

+ 
.25 

+ .23 

.03 
i I 1----·- ------------···-'----------

ST. LOUIS, MO. 

I i I : 
I 1819.51-10.79 

1
- 9 ... , -1.57 

I 1837.0 ~ 8.29 [ s.59 + .3o 

: t856.r: ,.20 I 7.62 + .42 

I 181 .. 6 • 6.63 6.69 + .oo 
' , I 
I 1877.s · 6.51 i 6.41 

! 1878.6 6.56 I 6.36 

•IO 

1879.71- 6.22 1- 6.30: + .o8 
' I 

I NEW YORK, N. Y. 

!-----------------·· 

I
i 1684.5 + 8.75 - 8.771 - .02 

1686.5 9.00 . 8.771 + .23 

115<)1.5 8.75 8.65 + .IO 

I •724.0 7.33 7.47 ·'4 

~I, :~E:~ !:: ;:;~ : :~ 
1824.5 4.67 4.61 + .o6 

1834.5 4.83 5.14 .31 

11837.5 5.67 5•34 + ·33 
I 1840.6 S·+S 5.58 .13 

·111J.i1.5 
11l.i4.6 6 ••• 

6.10 + .45 

+ ·33 

+--« 

1750.5 

1760. 5 

1770.5 

r780.5 

1790.5 

1300. ~ 

t810.,:; 

1820.5 

2.00 

:.?. 4S 

3· 75 

2.89 

2.21 

1830.5 J (X)' J-20 

1840.5 3.83 :;.89 

1850. 5 + 4.4~ + 4.60 I 

l'HIL.\PELPHIA, l'.\. 

, I 

+ .25 

+ .03 

• TJ 

-f .q 

.06 
_,g 

17or.5 + 8.50 :+ S.17 + .33 

1793.5 

1802.5 

8.50 : 

5.75 ! 
1.50 

1.50 1 

8.oo 

5.59 

1.97 

l.94 

+ 
+ .r6 

·47 

.44 

2. II 

1856.7 ~-49 

187_;.5 3.74 

x877 .s H-· 4 .rs 

WASHl'.\'GTO!\, n. C 

1792 

r8o9.9 

18.p.o 
l8.42.o 

t855. 5 

1856.6 

1857. 2 

•86o. 7 

t862.7 

1863.6 

r866.8 

1867.5 

1868.5 

2 70 

-- 0.04 

0,0Q 

1.}2 

x.37 

2, 17 

2-. 23 

2.27 

2.49 

2.6r 

2.66 

2.86 
2.go 

2.96 

- .16 

+ .:14 

,2D 

. 78 

.02 

-+- .03 

+ .2~ 

+ ·'3 

i .14 

.05 

+ .05 

+ .04 

.12 

1804.5 2.08 1.97 + '869
· 3 

1813.5 2.43 ! 2.22 ! + .2I 
1870

"5 

r 2.74 

2.8o 

2.85 

2.88 

2.89 

•·95 
3.00 

3.01 

3.o8 

3. 14 

3.20 

.13 

.19 

i837.5 3.87 3·49' + .38 lB7
1.

5 

r840.5 3.62 3.65 : - .03 
1872

' 5 

• IQ 

184I-7 3·9" 3.7:.t i + .r8 
1873

' 5 

1846... 3,85' 3.97 - .12 
18

74·5 

3.00 ' 
3.II 

3.26 ' 

3·3 1 ; 

3.26 

3.32 

.26 

1875.,s 
1855.7 4.53 ' +·49 + ·"4 1876.3 

'1862.6 5.00 ! 4.92 + .o8 

~.38 i .12 

3.42 !I _ .J:I 

1872.8 5-46 : 5.66 .20 
1877·5*1 

' '+ o6 1878.6 : 

3.66 ! :J.4Q + .17 

3.55 + .%O 

3.6o + .24 
1877.7 1+ 6.04 : 6. ""' 

·-·-·-----~---·-I 1879.4 : 

3.75 ' 

3.84 ' 

HARRISBURG, PA. 

1795.6 - 0.43 

1840.5 ·+ 3.21 

1843.5 2.58 

185 .. 8 

1857.4 

1861.0 ' 

1862.6 

x874.8 

1876.9 i 5.17 

1877.7 :+ 4.89 
' 

- o.oz : ·'41 

+ 2.21: +i.oo 

2.44 ' +o.14 

3.31 .30 

J•SI I 

3.79 ! 
3·90 i .16 

4·74: + .11 

4.86 l + .31 

+ +·91 i - .02 

1880.3 ' 3.92 ' 3.64 + .• s 
1882.5 :+ 3·93 :+ 3· 71 ·+ .16 
----~-'.---~ 

CAPE HENRY, VA. 

1730.~--;:~1~;~3 '+ .07 

18oq.5 - 0.13 i 0.14 - .27 

1830.5 :+ 0.75 1' 0.4• : + ·33 
I : 

1856.71 1.47 i 1.51 . - ·"4 

1874.9 2.66 I 2.62 i + .o. 
1879.4 j+ 2.75 .+ •·90 I - .15 

I I ' 

1785.8 

1825.r) 

r837 ·5 

1840.5 

1841 ·4 

r847 .8 

1849., 

1874.4 

i880.1 

t8r7 .5 

1839.0 

1852.3 

1857.3 

1874.2 

t82q.1 

1843' 5 
1849.6 

186'0.7 

i861 .':' 

1862 .7 

1863 ._:; 

i864.5 

1865.5 

1866.2 

I87Q.2 

1726.5 

1732.3 

1815.5 

1816.6 

1857. l 

185S.5 

1879.2 

5.75 - 4.88 ' ..... 87 

3-75 3.72 .o.:; 

2.90 '.l.99 + .09 

2 73 2.88 + .I<; 

2.40 ' 2.75 + .35 

2.25 2.35 + 
:i.28 ' 2.24 .04 

0.97 0.70 27 

O·B - 0.43 : .00 

4.0 - 4.68 '+ .68 

4.18 ' 
:;._52 ' 

3.24 

.15 

2.23 + .25 

f,_,p 6.50 -L .oS 

6.03 5.8E . r:; 

5.48 5·'>4- .otJ 

4.7S 4.81 .o:; 

4. :'4 4.Bn .ofi 

4.67 4.69 .02 

..j.,')J 4.64 -; .OJ 

4.57 4.57 .oo 

4.53 4.50 .03 

4.10 4-45 ' .05 

3.56 - 3.52 .04 

HA\"ANA 1 CUBA. 

4.4 - 4.27 .13 

4.5 4-53 + .03 . 

7.0 6.42 : .58 

5.5 6.40 + .90 

5.U .I3 

5.05 ,70 

4- 1 3' + .23 

KJKGS10N, JAMAICA. 

173• .• !_ 6.o 1- 6.30 + .30 

1791.8 6.781 6.29 .49 . 

18o6.o 6.5 I 5.86 .64 

1820.5 4.8 . 5.3:ill + .$'l' ' 

1822.5 4.9 i 5.24 + .34 

1832.s s.::z j .-.s::z i - .3s 
1833.5 4·7 I 4.7a ' + .o8 

::~~:: . ;:!71 ::~: 1 :: : 
1857.2 i 3.67 3-79 I+ .n : 
1876.0 

1
- 3.79

1
- 3·'4 I - .65 

1 --------: 
PANAM.\, NEW GRANADA. I

I 1845.7 6.40 

1846.3 5.56 

I •847.s s.68 

1
1855.6 ~ 6.72 
i86o.7 6.73 

! 

6.02 

6.13 

6.70 
7.00 

- .46 
- ·+5 •-~1B-ALT1Mor+R1t, MD.I ·-t---,c\_HA-R-LIISTO...,., _N_, s_. c.,....\ --t~775.a I- 7.8• 1- 8.32 ! + .50 : 

+ ·"'" 1679.0 + s.os s.11 - .52 •11s.5 - 3.eo 1'- 4.84 +•.04 1790.s I 1.s. . s.04 i + .•• : 
- ·•7 1683.5 + 6.•s + 5.75 + .so 1714.1 - s.•s - 4.83 -0.37 18o_•_-s __ i-_s.:J~_7_:~1--~·•_3_! 

•Change of statioo. bet_,, 1876 and ,.,;-:----
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TABLE II-Continued . 

. ----~--- ·----------------------\- -~-,----, ---·------·--------
Year , Year Year i l Year 

and 
frac-

1 tlon. 

'·-
!PANAMA, NE\Y f;KA:\'AflA· -Cont'd. 
) 

! 

1837<; 

11l49 .I 

t858 .s 
r866.4 

7.03 ( .83 .zn 

7.08 ; 6.48 .60 

(i, 24 .04 

{1,0~ -i- , IO 

fl.ORR.\:CE, .\LI.. 

1-

1 
t 1818. 5 6·.~s 6.58 

; ::~;:~ 
6.47 r.. 46 .or 

3 . ..io s.sr .J_ • 11 

\ 187o;.4 

r8f31. 

_r;..24 I 5.u.i 

4 n., 4.72 + .cq 

tR14.; 

1B4'·).; 

r ;.:;, ~ < ; 

I ~.~j' · 1 

r720.5 '- 2.0 

Tifi8.:, 7.83 i 

.8.o_;:; 

,, 

7.08 '1; 

7.0_; 

f\.86 ' 

-:;.3r i: +1.p 
5·i9 -2.0.f 

7-17 ~ 2.27 

7.77, -o.:i8 18oh 5 

1840. 5 

1R~7 .o 

1858.3 

8.33 8.rn -0.23 

~Loo 7.6ci ~n.~t 

7.86 . 7,59 -0.27 

1870.5 ': 7 .·10 

1872.1 ! 6.66 

7.0? -n.08 

6.!)J I +>.27 

\'RRA Ck! ·:r, 'IF..XICO. 

1727.0 ;- 7.2=; 

176Q.4' 6.57 

irf'·S '. 7.50 

1815.5 10.62 

t819.1 I 9.z7 

I 1839.~ 1 

8.37 

1856.6 l s. 28 

1861.0: 8.33 

r88o.1 7 44 

- 2.63 -+ .38 

6.61 + .04 

7.zr .29 

9.29 -1.33 

q.36 + ·''9 

q. 28 -+ .qt 

8.64 + .36 

8.40 + .07 

Mf".XICO, MEXICO, 

----·i-----·---r··----
- 5.46 1- 5.89 I+ ·43 

6.70' 6.31 1
: - ·39 

I 
11lo4.o ' 8.<3 7·97 1

1 
- . 16 

1849.5: 8.50 8.;1 ' + .21 

ls5o.s ,_ s. 59 - a. 7a 
1
1 + ·" 

. ; 

anrl Obs'd Comr'd1 
0 __ C. and Obs'd Comfd 0 C and , Obs;d ;comp'd 0 _ c.; 

frac- decl'n. ctecl n. frac- decl'n. decl n. - " frac- decl n. , decl n. 
tion. tion. tion. I I I I 

---·--~ --------' 
)lExrco. ~lEXlC\)-Continued. ~lriNTERF:Y, CA1..--Continuect. 

I 
K-\ILt:A, SA~D\\'ICH ISLANDS. I 

1856.Q 

1858.5 

18/)o._:;; 

186'..!.:; 

1867 ,0 

1868.5 

r879.S 

8.57 

8.53 

8.48 

+ 16 

8.42 .o-i 

8.27 + 
8.21 + .04 

7.71 .87 

:\LAP\:1.cn, :\TEXICO. 

1744 ·5 ~ 3.0 

r7qI.3 7-73 

3-58 + .58 

7.24 .49 

8.70 + .u3 

8.63 ( ?IJ 

8.95 + .M 

8.48 + .II 

8. 17 .47 

7.83 e - .. II 

i822.5 

1828.5 

18J8.o 

1866.5 

1874.:.: 

9. l';'.! : 

8. ~q 

s ·37 

8.64 

179 1 .3 ~ 7·47 '_ 7·49' + .02 

1822.0 

1837.5 

r838.5 

1839.5 

1R4r.5 

1874. ! 

9.o:> i 

9.20 

9·14-

8.5() -- .II 

9.01 

g.~o 

+ .og 

+ .17 

.19 

.10 

~J,\GllAl.ENA BAY, LOWER CAL. 

1837.5 - 8.27 :- 8.84 '+ .57 

1830.5 9.25 8.97 ; .28 

1866 .. 1 IO 67 J0.35 ' ·,P 

18jl.3 

1873.3 

1881. I 

1792.5 

r83g. ~ 

1851.3 

185,:;.8 

t866. 4 

11.00 10.5t .49 

10.56 Jo.56 

--m.48 ---10.7~ ;i ~ .24 

-It.r'l 

12. 53 

13.16 

! i 
;-11.03 : + .03 

u.t8 i - .16 

12.57 I-\- .09 

12.63 + . 12 

13.o6 . IO 

1872.9 
1 

lJ.J2 13.26 ,of) 

1881.3 -13 46 -13.50 ' + .04 

'.\to!'\TERF: \', CAL. 

1843.5 

t851, I 

185.;.4 

--I4.00 -14.59 -j-- ·59 

r4.q7 14.94 - .03 

14.98 15.08 -.l.-- .IO 

1873.7 15.g2 15.77 .15 

18S1 -3 -15.go -15.96 .06 

t-AN FIL\:\CI~CO, CAL 

1818.7 

1877.5 

1829.9 

1830.5 

11.;.oo 14. 36 .64 

I.t;-45 J4.~h .64 

14.q2 14.q4 : + 
14.8:; 14.¢' ·t-

r837.5 15.17 15.29 -+ 
1839.\ '5·33 J5.38 + .05 

1841.9 15.50: 15.48 

18c;o n 15.fi8 15.80 -t 
r8o;z.3 r5.4.<l J5.R8 .40 

1858.4 is SB if1,n8 .70 

18t56. 5 

187r.9 

18p.8 

t87J. 7 

1874.0 16 .. 0 

1879.2 16.57 

1880.8 1fi.sfi 

188r.5 -16.48 

t6,2rJ · 13 

16.40 -f 

'At'f·: PIS \Pf'Ol:'\'TMEN"T, \\';\~H. TEn· 

r786.7 -18.0 -17.94 .o6 

1792.3 ' 

1839.5 ' 

r842.5 

1851 .5 
1858.5 ' 

t8.o 

19.18 I 
20.00 1' 

20.54 i 
2J.DO 

18.01 

19.72 

19.88 

20.34 

20.69 

+ .01 

+ ·54 
.12 

.20 

.31 

r87-;.8, zr.44 at-<f.3 . 

188.1.8 ~-2J.6o ,-2r.77 + . 17 
' I 

NEl!: .. AH BAY, 'VASI{. TRR. 

--------r-- ·~--- !--·---- I 

1792.3 J-18.0 ,-19.03 +1.03 

18..p.5 ~ 2z.50 I 21.49 i -I,-ot 

1852,6 1 2r.so: 21.91 l -to.47 

I855.6 i 21.8o' 21.09 ·, +o.z9 

1881.8 j-22.74 i-22.73 : -0.01 
!__ -- _I ___ ----

NOOTKA SOUND, VANCOUYKf< IsL'u. 

----1 
I 

I 
r77Q.5 

179L8 

1793·3 

1796.1 

1819.5 

18:.?:4._<j 

7.73 -37 i 

8.J9 + .36 

7.78 . 8.45 + .67 

1875.:;: 8.85 

18.p.5 8.83 

1853.5 ! 8.25 

1877.5 8.oo 

8.58 

9.22 ! 
1;.:l6 : 

. 15 ' 

.61 

.97 

9.27 ; + .42 

9.15 I+ ·32 

8 84 + .59 

HON0l.l'L1' 1 '-AN'IlWICH lSLANDS. 

1792.2 - 7.83 

li96.T. 9.68 

18rf:i. 5 

1819.5 

1840.5 

1859. I 

1871.5 

I0-9.') 

r;i.60 

8.80 --! .97 

9.05 .6) 

lo.CI ·94 

1Q.l0 ._)O i 

10.n -+ 35 

l<"'.27 .16 

w 3:: .n 
10.31 +r.03 

9.94 --+ .26 

9.3; .25 

IFJ/'-Z.5 9·-~<J 9.30 ,00 , 

187.i;.5 - 9.26 - 9.12 .14 

'>ITKI\, ALA<...KA. 

ns6.6 j-26.77 :-25.96 

1787.4 24.00 I ~6.oo 

i791.6 '-27-77 z6.23 

t8n4.6 26.75' 26.97 

1818.5 i 27.25 27.73 

18z4.5 27.50 28.03 , 

-a.St 

+2.00' 

-·1._54 

+o.22 

+o.48 

+o-53 
1827.5 28.81 28.17 -o.66 

1829.9 28.31 28.28 -0.03 

1838.£ 28.fo !:l'B.fo o.oo 

1842.6 

t843.5 

l844.5 

1845.5 

1847.7 

29.00 

28.98 

28.75 : +o.21 

28.77 -0.13 

28.80 -0.16 

28.83 -0.17 

28.89 -0.09 

::::-: :~:~ :::: ~:::II 
185r.5 j 28.88 28.97 +o-09 

1852.4 i, 28.81 28.98 +o.171 

1856.5 28.98 29.04 +o.o6 

1857.5 29.12 29.o6 -o.o6/' 
t858.5 29.18 a9.o7 -o.n 

1859.5 29.10 29.o8 -0.02 ,II 

------~ --- - I 1860.5 29. 'I] ! 29.o8 -0.05 

----- --· -- , 1778.2 -19.75 :-20.20 -j-0.45 r861.5 29.07

1 

29.09 +o.02 l 
1786.71

1
-11.8 -n.<f.7 ! - .33 17S6.6 21.50 l 20.50 -t.oo :t862.5 29.02 29.09 ~.07 

1791.7 / !C>-93 "·73 ! +,Bo 179r.6 22.50 I w.70 -1.80 1863.5 2:i.o6 29.10 +o.04 

1794.9 '. 12.37 11.90 \ - .47 1792.8 r8.37 
1

1 '20·75 +2·)8 t864.5 j 29.07 ': 29.to i +0.03 \ 

1837.5 14.50 14.28 - .22 186o.5 23.78 I 23.39 -0.39 1867.6 i 28.82 i 29.10 ! +o.:iB ! 
18.w.5 14.22 14 .3& + .16 18~3.5 23.oS ! 23.45 +o.37 1814. 3 j! 28.99 J 29.05

1

: +oo6) 

1841.5 -15.00 r-14.48 - .52 l88i.7 -23.6o i-•3.6o o.oo 1876.t -28.J.4 -29.02 -\-<>.118 I 
-------------'----'-----'-/ ----'--~--- ___ . I i 
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TABLE II-Continued. 

I I I Year I I I 
Yea.r '· j ' I Obs'd ·,Comr'd1 

Year 
a s, omr 0-C n 'decl'n. decln.'·0-C. I. 0 c frac- , dee! n, decl n. · frac- frac- · decl'n. decl n, - · 
nd I Ob 'd C 'di a d · and 1 Obs'd /Comn'd1 

tion. ; j , tion. I ' tion. · ! · 
SITK:. ALASK~-Cont~ued~- ---;:;,~-::-'TICJI~>, A~A.~=~--1 ;;~~~K·:~~K, ;L·~~~~-~~~: -··-·---------- _____ r ___ 1 ______ _ 

1879.3 :-.s.90 -28,97 i +o.07 1778,4 i-•3.6z -24,45 + 
188o.4 i 29.o8 I 28.95 I -o. 13 1787 .4 i <6.25 I 26.22 : -

1881.7 ;-29.I9 ;-28.92 i -0.27 17<)0•5 i z6 . .f7 ! z6.$o ' ' 
j I 1794.5 :28,50 i 27•53 

.s.10.5 i 31.63 i 31.1s ·, -t 
PORT MULGRAV~ ALASKA.. 

.83 1834.5 

.03 1839.5 

•33 1845.5 

·97 1867.7 
. ,. 1874.4 

.29 188o.5 

.17 

·--~----· ----

I 
I 

-28.63 J-27.38 -l,25 

26.72 j 27.38 +o.66 
27.00 l 2 7 .~9 +o.29 

26.oS 1 
26. l(l +o.02 

2 5·37 25.52 +o.15 

-25.15 !-~.92 -0.23 

I l i 

1837. 7 ! 31. 63 i 31.92 + 
1874.4 j-29.16 ;-28.99 f 

l'?><ALASHKA, ALASKA. 

1718.31-23.Bo ,-24.161 + .,36 

1787.4 f 26.oo j 25.75 j - .25 

1791•5 I 26.67 26,45 , - .'2 

1794,51 26.oo ' 26.94 j + .94 , I 
z8o2.o . 29.00 ) 28. llil I - .88 

1778.41-22.10 -23.22 

1790.5 I 25.50 24.58 -0.92 i.827.6 l 

+1.:. I:~;::~. 
18o4.6 ~ :z6.12 

18o8,5 25.75 

1818.5 1 -'.26.50: 

'25·95 -0.17 1831 .5 

'.l6.26 +o.5r r849.5 

"6.i;o ' +0.40 l 1867.7 

-19.59 

19.co 

19.40 

19.83 

1q.50 

-19.79 

18:J3.5 ' 30.50 \ 30.74 ; + .2. 
1874.41 29.97 : 30.32 i + ·35 
t880.5 -30.00 -29.65 ,35 

..:._---'-----------~-----·------· ----------- _,, -

-19.04 .55 

IQ. IQ + .IO 

19.67 + .27 

19.77 .oo 
i9.79 + »9 

19 f9 3• 

-i9.33 .41> 

Year 
and 

frac­
tion. 

I Obs'd ,Coinn'd; i 
, <fecl'n. decl'n. : O - C. 'i. I . . 

UNALASHJCA, ALAS.J':A-Cont'd. 
1
1 

o I o 

i:870.5 -19.75 1-19.26 - ·<f9 

1873.5 19.o6 I 19.17 + ,Jl I 
' I 

• I ! 
187'1.7 18.71 i. 19.131 + ·'4• 

188o.6 !-18,63 1-18.95 + .32 ' 

f'ETROl'A\'LO\'SK, KAMTCHATKA. 

I;;;; - 6,3~-~-27 1- .04 ! 
1792.5 6.oo 5.98 - .02 , 

.304.7 5.49 5.51 I+ .o. !. 

1827.6 4.07 ' 4.21 + .14 ~ 

1837.7 3.45 ' .1·54 + ·"9 l 
1849.,; 2.62 2.75 ! + .. i:3 i 
1854.5 3.67 •·H : -x.24: 
1866.5 1.42 J.70' + .28. 

1876.6 ; __ 1.15 1.18 + .03 

TABLE II (b,.-COMPARISON Ol' OBSERVED AND COMPUTED DECLINATIONS. 

~~r l Obs:d ICmnp'di 0 .. c. 
fl1lc- : decl n. decl n. i 

_u_o_n_. _[~--- _ __ _ J 

--------,----
' 1844.8 

1
+29.6o ,+29.70 I . to 

i 1857.51 31.35 ' 3o.')8 + .37 

! 1862.7 I 31.33 i 31.20 + .13 

I 1863.7 i 31.30 I' 31.22 + .o8 

1
1864.4131.00 31.23 - .. 3 
1866 5 30.92 31.25 - .33 

I 1881.7 +;io.62 1+30.53 I + ·09 

I CHARLOTTE TOWN,. P~~::-::-
WARD ISLAND. 

-.11+2--.4--l+-.. -.~1+2~~~r~-.-04-

Year 
and 
frac­
tion. 

CHICACO~ ILL. 
~1. L>E01\(,E'~ TO\\.N 1 JU:J\l\tl.D/\ 

l~L.'\:-\DS. 

I 1 
1823 s 

1
- 6.20 - 6 20 l.. ...... 1831. 5 . '+ 6 . .,S + 6.89 +.09 

1857.61- 5,771- 5.77 ,. ....... 1837.51 6.671 6.86 

1878.7 - 4.55
1
- 4 ss ) ....... 18458 i 7.02. 6.90 + ,12 

------------------ 1846.5 · 6.88 I 6.91 .OJ 

.19 

GRANl> HAVEN, MICH. 

i~a~.51= 5,25 i~~~l~-=-::; 
1837,5 I 5,o8 ! 5.24 + .16 

1859.6 i 4.40 i 4.47 + ·O'I 
iU5.5, ... 25 j .... 07 '. - .1B 

I , 

181n 3-47 I 3-3s i -;- .og 

188o.5 1 2.~~r~. 2.~8 J~ .. ~25 
MADISON'lo WIS. 

18,6.5 1
1+ 7.75 7.76 : ,01 

RlO JANEIRO, BRAZIL. 

1768.5 ,- 7.57 - 7.471- .10 

1787.5 I 6.20 I 6.31 I + . II 

1820.5 · •·90 : 3."6 I + .36 

I82I.5 3.35: 3.25 J .IO 

• s3,,, 4 . ., 14 I ... 3 i + .09 i857 .• 03.03 i ••·771' + .26 

1858.41 22.90 ' 22,85 ' + .05 
1 '59·.; i ••.85 i 22.93 : - ."8 

186o.4 l 22,83 22 .99 ! - .16 
I 1861.,,,,_ l 22.7s i 23.os I - ~30 -,.---~~--~--

1
186•.4 !+•3.3• i.+-3.10 I+_., 1878.8 - 6.5. r_ 6.53 +.or 

1836,5 - 2.00 - 1.50 \ - .50 

•857,5 + l.33 + r,361- ·0 3 

1866.0 + 2.70 + 2,65 I+ ,05 
I ' I 

1876.5 
1
+ 4.43 + 4,36 I +- .07 

1879.7 6.48 i 6,47 

I
I 1880.7 6.37 i 6.40 

TYRONE, l'A. 

------- ----·· 1881,9 ,-· 6.33 ;- 6.33 ! 

- .or 
+ .03 

--~-L ___ ---------~-'--· 
SA!\: A?l: 0fOKlo, TEX. 

.oo 1825.5 1-10.50 .00 
I 

DEN"\'R~, COLO, 

1866.5 -15.00 
1

-I.t-.()6 i - .0-4 I 

t872.R 14.75 14.79 I+ .041 
1873.6 i. J4.71 i 14·77 j + .o6 

1878.6 ,-14.70 ,-14.64 - .o6 I 
SALT LAKE CITY, t"TAH. 

' I I -1850.5 ,-15.57 -15.56 I - .OJ: l 
1866.I' ' 16,50 16.55 j + .05 I 
186g. 4 ' 16.fo l~.63 i + .02 

1872.5 17.01 l t6.6q 1- .32 

1878.7 i 16.77 ! 16.70 - .07 

1881.4 -16.47 -16.65 + .18 
--~I i . 

PORT TOWNSHltND, WASH, TRR, 

,s41.s 1-oo.67 L20.61 --:=-:;· 
1856.61 21.661 21.77 + .u 

::~:: i ::::ii :::~ : :: 
1876.1 I 21.98 21.87 

1 
- .u 

_:ii~~~~r:.i.-•s 1-·•-s8 1 + .13 I 1 i i , ___ _ 

I
i IS7l.6 + 3• 15 .+ 3·25 i - .IO PORT CLARllNCE, ALASKA. 

1873.41 3·35 I 3.341' + .ox MlCHll'IC01'EN,ONTARIO,CA>1ADA. ---· ----, ---,---

"-10.50 I 
18:¢.51 9.75 10.381 + ,63 

1874.5 9.50 • q.50 I .oo 

\

' 1874. 4 ! 3 . 33 1 3 . 40 _ •
07 

1----- I _
1 

______ :_____ 1827:5 -:zli.921-26.93 I+ .or 

t87s.4 j 3,43 ! 3.-jO II _ .03 1&...1.5 i- 4·5& 1- 4.55 i. .... 1850.5 26.43 ' 26.36 : - ·O'/ 

\ 1878.9 l 3'7" ) 3·~ + .05 •1144-s j'- 3.8:> i- 3.82 I.·........ oMAHA~~'~'R:.~. ~~~ .. ~ouNc1L •Bsn "6.00.1. o6.07 I + ·O'/ 

1878.4 - 9.37 - 9.371 .00 

1879::_ 1+ 3.8o_C:~.6~~-=-'~- ~~~~ ='~i~~~L-~ ... •----,----------1 :!::~ _;: 1._::.~ - :: 
1819.7 ·-12.98 -12.119 ; + .01 . --------

DULUTH, MINNvAND Stl.P&JUUR 
--~~--- C:lTY', Wl5. 

• ...-.1~0.•s 1+ o»s ---, 
1l+J.3 . 0.55 J+ o.g " 1871.1 :-10.51 l-to.$8 

1 .. ,..1 +~·-.!+ •. 34 •... , ..... [- 9·'61- 9·1' , ........ 

1869.1 I •0.71 I 10,82 II+ .u 
187".s . 10.74 I 10.66 - .o8 

•817.81 10.37 ', 10.H j + .07 
1878,7 to.66 i 10 •• 0 - .25 
:.88o.8 -.10.10 \-"t.0.31 + .21 

CKAMISSO 1St.AK01 ALASKA .. 
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To facilit.at.e the comR&rison of the resolta at widely different localities there bas been added 
to this paper a plate, No. 33, headed "Secular variation of the magnetic declinatfon." It exhibits 
the observed and oompoted ·declinations for New York, Baltimore, San Francisco and Sitka. 
On plate No. 36, Paris, France and on plate No. 33, New York and Baltimore have been intro­
cluced for the special purpose of showing in a OOnRpicuons manner the great regularity of the 
secular motion, and tbm; impressing the mind with the fact that the txplanation of the secular 
change must ultimately be referred to forces of a periodic character acting, for centuries, with great 
regularity and over vast areas. 8o fa.r no approach has yet been made towards the discovery of 
the cause of this variation. The diagrams also assist in connecting the phases of the secular 
variation as exhibited for pla.oos in the Unitetl States with the corresponding phases of the 
motion in Western Europe and Eastern Asia. 

The following Ta.hie III shows for each station: (l) the number of observations used in the 
di8Cnssion of the secular variation; (2) the apparent probable error, in minutes of arc, of one 
observation (including all sources of error, namtlly, those caused by imperfect value of the average 
declination due to diurnal variation and clisturbanees of the needle, those caused by difference 
of location of station, those arising from purely instrumental defects and those due to imper­
fectio11 of formula.); (3) the computed epoch of greatest easterly deflection reached in the secular 
mot.ion, i.e., the date when last reached or the date (in parentheses) when it is next expected to be 
in that position; ( 4) the amount, in degrees and fractions, and direction (+west, -east) at this 
the nearest stationary epoch; (5) (6) and (7) the computed annual changes for the epochs 1870, 
1880 and 1885, expressed in minutes of arc, a+ sign indicating north end of needle moving west· 
ward, a - sign uorth end moving eastward. Table III (b) contains similar information for the 
secondary stations. 

TABLE UL-ANNUAL CHANGE 01'' THE DECLINATION AND OTHER DATA. 

~ty. 

!---------------------------
Paris, France•........ . .. . .. . . .. . . .. . . . . . . .. . . .. .. . . .. . . . . . .. . . . . . .. . 4• ± 17 

HaHfu, Nova Scotia...... . . . .. .... .. .. .................... ... .. . .. . 1.1 30 

Quebec, Canada . . . . .. .. . . . . . . • . . . . . . .. . . • . . • . . . • . . . • . • . . . . . . . . . • . . 37 20 

Montreal, Canada. .. .. . .. . .. . . . .. . . . . .. .. .. . .. . . . .. . . . . . . • . . . . . . . . . . . 9 JO 

York Factory, Hudson Bay.......... .. .. . .... . . . .. . . . . . . ..... ... .. 6 41 

Eastport, Me: ...................................................... . 
Portland, 111.e ....................................................... .. 
Burlington, Vt... . .... _ ..... _ .. _ .................................. . 
Rutland, Vt. .. .. . . .. . . .. .. . . .. . .. . .. . . . . . . . . . . .. . . . . . .. . .. . . . ... . 
Portsmouth, N. H .................................................... . 

Newburyport, MUI! . . . . ........................................... .. 
Salem, Mass ...................................................... . 
lloston, Mass . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . ......... . 
C-bridge, Mass. . . . . . . . . . .. . . . . . . . . . .. . .. .. . . . . . . . . . . . . ......... . 
Nantucket, Mass ................................................ . . 
Pro'ridence, R. I... . . .. .. . .. . . . . . . . . .. . .. . . . . . . . . .. . • . .. . . .... , ." ... . 
Hartford, Collll . . • . .. .. . . . . . .. • . . . . . . .. .. . .. . . . • . .. .. .. .. ....... . 
New Haven, Conn... . . . . . . . . . . . . . . .. . . . . . . . .. .. • . ................. . 
AlMlly,N. ¥ ...................................................... . 
O.stord, N. Y ........................................................ . 

9 
IO 

13 

6 
6 

4 
6 

24 

9 

10 

7 
16 

13 

13 

Bul'!llo, N. Y •. ·-........ • . • . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 8 
Toronto, c.ana.ta. . .. . . . . . . . .. . . . . . . . . . . .. .. . . . . . . .. . . . . . . . . . . . . . . . . 38 
&r141,h .............................................................. 10 

~-::.i~:;;:::::::::::::::::::::::::::::::::::::::::::::::::::::·1 .~ 

± 4 

9 
13 
16 
6 

.:1:•3 

33 

•• 
II 

± 1 
12 

II 

6 

9 

-

158t 

1128 

•&:., 
1816 

1850 

•)'&> 

1)'64 

s:810 

18o6 

1791 

1784 

•79• 
•7?7 
1763 
1719 

t78o 

1799 
1b 

1793 
1197 

18a6 
.......... 

18u 
1815 

. 1'9CI 

---
-10.6 

+12.4 
+n.-s 

+ 7.6 

- 9" 

+12.5 
+s.o 
+ 7.2 
+ 6.2 

+M 

+ 7,0 
+ 6.• 
+ 6.6 

+6.9 
+6.5 

+6.1 

+ 5.2 

+•-1 
+ 5.2 
+a.o 

+ f).2 

........... 
- o.s 
- •·9 
- lll.O 

I 
I 

. I 

In 1870. : In 188o. I ln 1885. 

-'=-1-=-:-1--=-:-1 + 1.8 + 1.0 I + 0.5 I 
+ •·• + •.6 I + o.s 
+ 5.1 + 3.1 i + 2.8 

+ 9·4 +13.6 i +•5·4 

+ 3·3 + 2.7 + •·J 
+ •.• + 1.6 + •.• 
+ 5.0 + 6.o + 5.I 

+6.o + 5.6 i 
+ 5.3 

+ 4·4 +n + •3.3 

+ 3·9 + 3.3 + 0.9 

+ 5.0 + 4.1 +H 
+ 3·4 + •·9 + a.5 

+ •.9 + •.• + 1.8 

+ 3·3 +-...7 +2.4 

+ 3.8 .......... ... ..... 
+ 3.8 + 3·1 +u 
+ •. 6 +M + '.4.1 

+ 4·3 +:M +·~ ... 
+ 4.5 + 4.3 -+A.o 

+ 5.1 + , ... +"·' + 4;8 +H + .... 
+ •.• 

+ ·~· 
·.'.;$ 

+•·.• +.,..a 
+•·· +•;$ .• 
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I 
540~- _J--j--j---,!--f--t---+-t-+--t-......_+-+-+--+---+---+--+--+---t--+--+--t--+--+--+--+--+-+----t.---.t--+-+--+--1 
oo --e--:_ __ LJ J_ ~. ; i ____ j_ j_ 1--.-LJJ_ L.JJ _ _l__Ll Ll 

Secul.a.r Varw/;i.on a/the Ma.gne.t.l.C JJeclin..afton a.t. Paris, F'ra.nce. 
80>-- F- - .• - + . j. - -- . ·'-·---·· __ ,._ ·--· + --·+----+---+·- ·t-·t--' -" - i--+--+-t-" --1-+-+-t-+---+---l--+--+--+--l--J.-+--1--.-1 

•• Obsern·d dNlhu:U.ion.s are ~hown ~v dntsj , : i 
m;ou1--1--+ Computed. decl.1..n.a.iion.s hv t1rst perioduF:l-11 -+-~1 -11--t--t.-l-+--+-lf--+-+-l-+-+-l-+-+~-+-+-l 
zo·.._~-+- /t'rm or f'or·mu,/a.,1!_y tJu curve.+-

1 
-t--+--+' --11--. -+1-t--+-+-+---+--+-+--+--+-i---+--+--lh""""'--1---l-+--'--l--I 

·/ 
1 

f I i 
;of---+--+--11--+--+--lr--+--+--11--+--+---1r--+--+---+-+--+---+-+--+---+-+--+---l--+---h.-+'=-""~+--+~l--+---+--ll--+--l 

70•rt. -t-+--t---lr-+--+--lr-+--+-l-+--t--lf--+--.lr::-l....C:~+-lf--+-+-l-+-+-+-1--+-+-+--+--+-+--+--4--+--l 

~<lf--+--+-.-t--+--+--1--+--+-l--+--~ ..... t"""+--+-lt----+--+-lc--+--+-lr--+--+--lt----+--+--I~+--+ 
__:.,. 1.-"' 

!.:' I-< 
__.,, i.---

K< 

·V 
Rn 

~ 
"Q 

" 40 •I'.. . 
!"'--- .... ' 1:)(1' 

'"""'-. 8) --....! 

i --... f!li,.. 
9/)11 

l ~J ' , ,i l ! I ! ! ! I ! : \ I I I I ! 1 ! \ \ 
- I . I / \ Secul.a.r Vari.al.ion orthP. MO[J1U'lir:Dedi.n.ation at Pari.s ~ ... ...._ 

\11•,0 ·-r--+-t---+--+-l---+---.<!--h---+--l--1---+--+__..I---+--+-' -1-1 -·-+-~--+-+- l f- - ;_ -4- .:.. t- + +--....-,__-. 
}lO>-- J! \ \ 1. \Saon-i pn-1L.dirtnm orformul.a.--+---+---< 

j \ / / ' \ / ·, .._ shown 1!_v a srries al' wan·s. \ 

)\ \ /I , I I \ 
\, I \\ / \\ 

.10,, --tt-+---+--+--J-....._-4.
1

...l./-J--i--J-,~--l--J--l--l--li-,~·--1-....J.~~~--l---l--+--+--i-.#."'-~--1--+-+-A·-J-,,.~.+--+--.)44-/-4--I 
I .I [-i --t-\--+-\-+--41--1---1--IJ-.;../...+--!----+---l--l--l---J--4.-4-J.../..+---l--l-\-t.l---l---l--1---47!1-+J,...f_._ Ii ~~.-4--+.---1.--l/-.\ l-,<-:>il\~--+,.~ ,,-+---! 
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TABLE III-Continued. 

Locality. 

Detroit, ~ ich . . . . ...................... . ---·····1 •O ;.10 

···········1 Sault de Ste. Marie, Mich . . . . . . . . . . . . . . . . 
Cincinnati, Ohio . . . . . . . . . . . . .. ....... ; 5 IO 

Saint Louis, Mo ..... . 7 •3 
New York, N. Y . ... 21 15 

Hatborough, p._ .. 
Philadelphia, Pa .. . . . . . . . . . . . . . . . . . . . . ..... . 
Harrisburg, Pa ..................................................... . 

Baltimore, Md ...... , ............................. . 
Washington, D. C ........................... . 

Cape Henry, v,. ........................ .. 
Cht\rleston, S. C . . . . . . . . . . . . . . . . . . . . . . . . .. ............. .. 
Savaonah, Ga ...................................... . 
Key West, Fla .... . 
Havana, Cuba ..................... . 

Kingston, Jamaica .... 
Panam&, New Granada. 
Florence, A la .. 
Mobile, Ala. 
New Orleans, La .. 

Vera Ctuz, Mexico . 
M uico, Mexico ..... 
Acapulco, MeJico . . . . . . . . . . . . . . . . . . . . . . ...................... . 

1 
San Bhs, Me1.ico.... . .. . . . ......................................... . 
MagdaleWL Bay, Lower Cal. ...................................... . 

San Diego, Cal. .. "' . . . .. . . . . . . . . . • . . . . . . . . . . • . . . ................ .. 

18(?). 

15 

10 

6 

l1 

II 

9 

10 

12 

8 

8 
6 

Monterey, pl. . . . . . . . . . . . . . . . . . . . .. . . . . .. . . .. . . . . . . .. . . .. .. . . . . . " 
Sac Fnnciseo, CAI. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 19 

Cape Disappointment, Wash. Ter. . . . . . . . . . . . .. . . • . . . . . . . . . . . . . . . . . . . 8 
Nee-&h Bay, Wash. Ter .................................. .. 

N<IOtk&Sound, V"ncouver Isl&nd .................................. . 
Kailu.a, Sandwich l!ilands . . . . • .. .. .. .. . • . . . • . . . . . . . . . .. .. .. . .. . . . • . . •o 
Hoooluhi_, Sandwich Islands . . . . .. . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . 14 

Sita, Al&slta .. . . . . • .. .. .. . . . . . • • • . .. . . . . • • • • . .. . • . . • • .. • . . . . • . . • . . . 31 
PC:irt Yulgrave, Alulnl. . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Port Etdlet, Alaska ................................................. . 
Saint Paul, Kadlal<, A1as1ta. ........................... : . . . . . • . . • • . . . . • . 11 

Uiialas\b, Alulia :: ........................... ~ ..... ; . . . . . . . . . . . . . . . . II 

l'«ropav!oftk, Kallltcbatka .. . • .. • • . • • • . • • • . . . • . .. . . • . . • • . . . . • . . • 9 

,. 
15 

17 

8 

±II 
•3 

15 

3 

26 

20 

21 

6 

21 

± 5 

19 

8 .. 

1797 
18oo 

1790 
18o2 

17<;6 

+ 1.8 

+ 1.9 
o.o 

+ o.6 
0,0 

181.f + 0.1 

1784. - 4.Q 

·~ - 4·9 
1810 - 6.S 
18o1 - 6.5 

- 6.7 

- 8.6 
- 6.6 

- 7 I 

- 8. 

1827 - 9·-1-
t839 - 8.8 
18.p - 9.0 

1868 - 9.3 
(11l9<>) -10.8 

(1905) -1 ... I 

(1903) -16.2 

(11!9<>) -16.6 
(11po) -n.6 
(dl90) -02.8 

1S8o -23.6 

1S.8 - 9·3 
18]6 -10.3 

1865 -29.1 

1847 -31.8 

1839 • -31.9 

1837 -•7.4 

.-834 -19.8 

'11' - 6.3 

Annual change. 

! 
Jn 1870. In 188o. In 1885. 

+ 3.4 

+ 3.6 
+ 3.8 

+ 3-t 
+ •.• 

+ 4.6 

+t 9 

+ 4.1 

+ 3.9 

+ 3.5 

+ 3.8 

+ 3.5 

+ 3.6 

+ 4.3 

+ a.7 

+ 3.0 

+ 4.0 

+ 3.9 

-+ 3·• 

+ •·5 

+..s 
+ 4.9 

+ 3·3 
+ 3.6 

+ 3-' 

1- 3·7 

+ 3.0 

+H 
+ 4.2 

+ •·7 

+ o.c + i.6 

+ 1.5 I + 1.4 
+ •. s 
+ .. s 
+ 3.1 

+ •.• 
+ •.• 
+ 2.4 

+ 0.1 

- 1.8 

- 1.8 

- 1.8 

- 1.0 

- •. a 
- l.4 

- 0.7 

+ 3.r 

+ 3.1 
+ 0.4 

+ 5.3 

+ 8.3 

+ 5-' 
+ 1.6 

+ l·• 

+ 3·' 

+ 3·4 
+ 3.5 

+ 4-9 

+ 3.0 

+ 3.• 

+ 0.5 
- I,0 

- 1.6 

- '·l 

- 0.5 

- •-5 
- 0.7 

o.o 

+3-1 
=t-H 
+I.a 
+1.• 

+t0.• 
+ 6.1 
+ •-9 
+~.5 

+ •.8 
+ t.r 
+ 3.8 
+ 3.0 

+ •.6 

+ s.3 
+ •.8 

+ 3·• 
+ 3.0 

+ 3.6 

+ •-1 
+M 
+ 4.1 

+ o.6 

+ i.4 

+ 1.3 

+ 3·• 

+ 3·7 

+ 3.7 

+ 5.0 

+ 3·3 

+ 3.5 

+ 0.7 

- 0.5 

- 1.5 
- t.o 

- 0.3 
- a.e 

- 0.4 

t- 0.3 

+ 39 
+ 4.a 

+ 1.6 

+ 8.1 

+•0.9 
+ 6.5 
+ a.o 

+•·" 
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Locality. 

I -----------
.1 St. John"s, Newfoundland .............. ~ ............ .. 

Charlotte Town, Prince Ed war<! Island. . ............. . 
Tyrone, Pa .................................. . 
Pittsburg, Pa . 
Chicago, 111 

Grand Ha,~en, Mich .. 

Madison, Wis ............ . 
, Michipicoten, Ontario, Can .. 
· Duluth, Minn .• and Superior City, Wis .. 

St. George's Town, Bermuda Islands ............... . 

Rio Janeiro, Brazil . . . . . . . . . . . .............. . 
: San Antoni 0 1 Tex . . . . . . . . . . ............... . 

· Omaha, Nebr. and Council Hluffs, lmm .. . 
: Denver, Col . . . . . . . . . . . . . . . . . . . .... 

i Salt Lake City, Utah .......... . 

I i Port Townshend, Wash ....... . 
j Port Clarence, Alaska ......... . 
I Chamisio Island, Alaska ... . 

'l'AULE 111 (b). 

: :::· .. ·. r: :-: : :: : .... ::~: ... -~!::~. 
.! .......... ··········'····· ... . I I 1833 - 6.J ......... T ...... .. 

I 
- 5·3 

1825 - 4.6 

.......... + 6.8 

' ·········· ......... . 

4 .................... . 

6 1876 -16.7 

-27.0 

-30.7 . . . . . . I . . . . . . . . . 

In ,sSo. In , 885. 

____ !~-

- 5.'2 - 7-~ 

- :i.6 - 3.0 

+ 3.3 

+ 3·4 
+ 4.6 + 5.1 

+ 6.6 + 7·3 

+ 3.9 
+12.6 +'3·7 
+ 5.2 

+ 3.0 + 3·4 

+rn.3 +10.7 
+ 2.I + 2.2 

+ .. s 
+ 1.6 

+ 0.9 + 2.0 

+ 3.1 + ..... 
-f-10.3 +n.3 
+io.7 i -f-12.0 

The actual ~umber of observations at Hatborough, Pa., is unknown and probably is less than 
one-third of the values used in the discussion. The probable errors given will serve to convey 
some idea of the .relative value of each series of observations. The imperfections in the instru­
mental means and methods of the older observations in many cases react unfavorably on the 
modern observations, which are made with more precise instruments and by more refined methods. 
If we take, for instance, the observations of Hudson, made iu 1609, in the vicinity of New York, 
we find each fairly chargeable with a probable error of about ± 40. While these observations are 
very imperfect, those of Champlain of about the same period (1604 to 1612) are still crud6r. Theee 
two navigators differ nearly 9° at the mouth of the Penobscot, Maine and double this amount at 
Cape Cod. The observations made by Vancouver on our western coast, between 179~ aod 1794, 
are subject to a probable uncertainty of ± 10 (each), and even now it requires favorable cirowa­
stances to determine the variation of the compass at sea with a probable error of half a. degree or 
to make sure of the nearest whole deg1·ee. Increased precision was attained with the improvement 
of the azimuth compass and by allowance for disturbing effect of the ship's iron, and, with respect 
to shore stations, greater accuracy was obtained by the introduction of the thoodolite for deter­
mining the astronomical meridian. With a portable magnetometer and a collimator magnet, the 
instrumental means need not introduce a greater uncertainty than about one minute; bat the 
actual probable error of any determination is dependent also on the accidental variations in the 
mean direction of the magnetic force from day to day, thus ma.king it desirable and indispensable 
for precise work to continue the observations for three or more days and to correct the results for 
diurnal Va.nation. The amount of the probable error of the observed lleclination dePends also on 
the intensity of the· horizontal component of the magnetic force at the place, i. e., in general tile 
smaller the horizontal force the larger the apparent probable error. 

To facilitate the use of the deduced annual change for the purpose of bringing reault.1 up to 
date, and in order that a more comprehensive general view of its distribution in sip and amount 
ma)' be had, the valnea of the Jast column of Tables III and III (b) were laid down on .the~· 
panyiDg chart (Plate No. 34:) ~g the title "Annual cba.nge of the ma.gnetic deeliaatian." °U 
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will be seen that the annual change has the positive sign for by far the greater part of the United 
States, but in a region about Newfoundland and the Gulf of St. Lawrence, in the extreme north­
east, and in a region including parts of Washington Territory, Idaho, Nevada, Arizona and Mexico, 
and passing into the Pacific south of Lower California in the extreme southwest, we meet with 
two smaller areas of negative sign. 

The boundaries between these two areas of negative annual change with the intermediate area 
of positive annual change form two broad belts where the needle is at present in a stationary con­
dition. The outlines of these belts cannot now be exactly defined, nor has it been found, as yet, 
practicable to construct a system of curves of equal ann1tal change (such as was attempted for a 
limited area in Coast Survey Repo1·t for 1865, plat.e No. 28). The maximum amount of annual 
change, as charted and within the United States, appears to be in Vermont and Michigan; it is, 
however, surpassed in the Territ-Ory of Alaska, where the annual change is ·likewise positive. The 
present motion of the fsogonic curves is southward along our Atlantic and Pacific seaboards, but 
slowly north-easlierly in the greater part of Ala.ska; an intermediate region of no annual change 
passing through the Strait of Fuca. On the chart thtire are also presented two agonic lines (or line11 
of zero declination, the magnetic needle pointing due north), one for the epoch of 1790, when it 
and the corresponding syl'ltem of isogonic lines in its neighborhood had reached nearly their 
extreme positions t-0 the northeast; the other for the epooh 1885; the space between them showing 
tbe shifting to the southwest of the first-named agonic line during the last 95 years. The agonic 

· line is now in rapid motion to the sout.h and west, carrying with it the correspomlin~ system of 
other isogonic lines in it8 vicinity. 

A cursory examination of column 4 of Table III and column 3 of Table III (b) containing the 
epoch of the greatest easterly digression, at which time the deflecting force producing tlie secular 
change had an easterly maximum, shows that in Western Europe (Paris) this phase of the secular 
motion occurred about 1581; but near the coast of the New En~land States the needle became sta­
tionary .in direction and then reversed its previous angular motion at a very much later epoch, viz, 
about 1760 to 1780. Going westward. or southward, this epooh was observed later, about 1800, iu 
Illinois and Missouri, and about 1810 in Florida. It occurred as late as 1830 (about) in Mi&sissippi, 
and in 1839 (about) in the city of Mexico, and at San Blas, Mex., about 1868. The needle has not 
yet reached this state in Lower California and along our western coast as far north as the Strait of 
.Fuca. This stationary condition may be expected in our weistern coast States south of the Columbia 
River toward the close of the present or early in the next century. At Sitka the maximum east 
dooliua.tion occurred in 1865, and fa.rther to the westward and northward, in the vicinity of the 
Kenay Peninsula, about 20 years earlier. 

We are thus directed t-0 look to the extreme northeastern limit of the United States for prob­
able indications of the magnetic change, which may be expected to follow and spread &om the 
ea.st.ern boundary of Maine ;westward and southward, and we may also expect that the area of 
western coast Stat.es and Territories now having still slowly increasing easterly declination will 
a.ft.er the lapse of about a quarter of a century, change into an area of slow decrease; in othe;. 
words, the belt of present stationary needle will have moved westward a~d reached the Paci.fie. 
Respecting this secular variation the phases of the phenomenon to the northeast of Maine and in 
the region including Arizona, Nevada, and Idaho, a.re almost in oppQSition. At the time when 
the needle t-Ook up its westerly motion in our Northeastern States in the last quai·ter of the past· 
Century, it bad probably not for a very long time acquired its easterly motion in the States of the 
western coast. At present, in Nova ScOtia, the motion appears to be approaching its westerly 
extreme whereas in Oa.lifornia it is t.ending toward it.s easterly extreme. 

If we fix now for a moment our attention to the western extreme of stationary condition, which 
happened at PariB about 1814, or 68 years a.go, we find that at Saint John's, Newfoundland, the 
needle had arrived at this phase about 18671 and at Halifax, Nova Scotia, we are led to expect it 
to ooonr shortly (about 1891). In the State Of Maine, and farther on to the west and south, this 
Phase is expected to ooour aome time·eariy in the next century. We thus trace the progressive 
motion of the secular change from eastern ro western countries, and if we were ro compare it with 
a. wave Dletion, the present atationary conditions in the north.ea.st and in the we.st, or Rooky 
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Mountain region, would correspond to opposite phases, one a crest, the other a trough, with the 
space between representing half a wave Jength. 

Supposing the needle deflected by the horizontal component of an electric current traversing 
the earth's crm1t, the secular variation could be explained by a swaying motion in the direction of 
the current, the needle always tending to place itself at right angles thereto. The deflecting 
force8 are maxima over the two regions where the annual change in the direction of the needle 
has vanished. 

Looking over the numerical values of a in Table I, they would imply for srations in t11e United 
Stat.es a secular variation cycle varying between the limits of about 220 and 360 years; numben 
which are neces..imrily yet very uncertain. 

On plate No. 35 appended to this paper I have delineated the secularchange of the agonic line 
of the North Atlantic; to illustrate the effect of the corresponding change in the declination !n a 
manner quite dift'erent from that referring to tabular numbers. It shows the posit.ions of this a.gonic 
line for the epochs 1500, 1600, 1700, 1800, also for .1880 and 1900. The earliest position is more or 
less conjectural and rests on the authority of Col nm bus for its place near the Middle Atlantic; 
we also know that it must have passed over a region near Paris, France, and not far from a sJ)ace 
including t.he Antilles. The-position for 1600 is taken from Hansteen's work (1819), and may be 
considered as a. rough approximation; it has been corrected by me near its western end. The 
positiorr for 1700 is more reliable, &inee it depends on numerouR obsen·ations collected by Halley; 
it is directly taken from his chart. The positions for 1800 and 1880 require no further explanation. 
The position for 1900~ though prospective, is quite certain. Upon the whole, the azimuthal motion 
of the isogonic system in the vicinity of the agonic line of the N ortb A tJantic, and as represented 
by this line, has boon, since 1600, in the direction of the liands of' a watch. 

TABLES OF DECENNIAL VALUES OF THE MAGNETIP DECJLINA'l'ION COMPUTED FROM PRECEDING 

EQUATIONS. 

Tables IV and IV (b) have been constructed for the purpose of facilitating the reduction of 
observed declinations from one epoch to another, a.nd for supplying the charts of the Coast and 
Geodetic Survey \Vith the latest computed tlecliuations. These values will be fouud especially 
useful when old lines, oi·iginaUy run by compass needle, have to be retraced· at a later date; 
besides they are useful, when put in a more extended form, in the construction of isogonic charts 
for given epochs. 

For the declination two places of decimals a.re given for all localities and dates for which the 
observations were considered reliable; one place of decimals indicates a less satisfactory result, 
and blanks indicate that no trustworthy results, or no results at all, could be had. The tabfo. 
should not be e.rte7uled either by inter1){)Iation or by extrapolation beyond its given limits, except 
when supported by further evidence or new observations. The declinations are given in degrees 
and dwima.ls, a + sign indicating west and a - sign east declination. The epoch is the ftl'lt day 
of the given year. 
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TABLE IV.-DECENNIAL YALU.ES OF THE MAGNETIC DECLINATION. 

[ 
I 
Iv ear. 

8 ui i 1 1- ~~ ~ v > ; ! m ~ l i 
~ z ~ u~ s£ ~ ~~ g > ~ ~ ! :i ti .. I 
~ • rJ <d I :le I i' ..; ~ ..; g ' ::;: ~ .g> ] , 
rn ~ _g ~ ~~ i ~ ; ~ ] ~ i ~ I e I g I ] 3 I ·.:1=; ~ 510 'Ol 'E :e :;it:!t ~\~ ~; 

____ t. __ 
1 
__ ::i: __ l __ o ____ ::E __ I_>< __ :--~-- _ __£_ !.~-ci:--\~i-z_ 1__±_ ~-- _ __: __ z_\ 

·~ -}ll.•••••·••·•·••• > :'1 ··••·• 1· :01· 1· r· . iOJO•••• 
~ -··· 1 ···· ··· ······ ·· ······ ·········· ·········· + : I i r , : r 

1 ! !i 1•········· 1 ··+~··;••,·········· ·••·•••••• •••••••••• •••••••• 1

·•·•••••:•••···••1········
1

••••·•••1••••••••1······••

1

••······:•••····· 

' 90 + 5-2 ........ 1 +17.6 ""i ..... \. ...... ! ...... i ....... : ...................... \ 

!": '::; +:::'!::: .. ~.;: ······ . J I +·:; :; . 
30 

50 

6o 

70 
8o 

1800 
10 

"° 
30 

40 

S<> 

l!o 

70 

8a 

1885 

14.2 

15.7 

21 oI 

+.2.1 

+•2.5 
22 ... 

2:1.1 

lll.8 

2I,6 

20.8 

19.2 

17.6 

+•6.4 

+•s.8 

12.5 
12.8 

13.7 
14·3 

+ls.o 

+1s.8 

16.5 

17.3 
18.1 

18.7 

19.4 

19.9 
20.2 

+20.5 

+ao.5 

+u.9 
10.5 

9.5 

n.44 8.7 

+12.33 + 8.4 

+12.15 + 8.o 
12.o6 7·7 
12.23 7.7 

12.78 8.2 

13.70 9-3 
14.83 J0.7 

15.95 i:a.1 

I6.S2 13.1 

:t-17.31 +13.8 

+17.40 +14.1 

:~::I·· .................... ::·1:::::: .. j:::.::::\:::::: ....... 1 ~-~ 
15.9 . . .............. ,. .. ..... , 7.t 

13.5 .... + 8.1 ........ ! .... '""\'"" .. :.... .. . .. •"•\ 6.8 
10.5 +r2.6 8.1 ...... ,· ...... ,+ 7.9 j+ 7.2 ...... 

1 
6.6 7.0 i+ 6.6 

8.2 I ........ + 7.1 I 7.6 I 7.0 + 6.3 i 6.6 6.9 I 6.5 

+ 8.s + 7.4 + 6.6 .+ 7.5 1+ 7 .o + 6.2 I'+ 6.72 6.9 i+ 6.6 

I ' I ' + 8.g + 1.3 + 6.3 

1

.+ 1.6 
1
+ 7-2 + 6., + 6.<J& 7-1 + 6.s I 

9·41 7.23 6.23 7.8 I 7.6 6.6 7.38 7 5 I 7.2 \' 
lo.o 7.49 6.46 j 8.3 j 8.r 7.2 7.88 8:0 7.6q 

10.6 8.141 6.93 I 8.88 I 8.7 7·9 8.47 8.64 ~-·1 
11.23 I 8.95 7.61 I 9.59 '1 9·4 8.8 9·" . 9.33 8.90 I 

11.82 I 9.66 8.46 I 10.37 l0-'7 I 9·71 9.78 IO.OJ 9 551 
12.35 i 10."6 i 9.41 I u.16 ! 10.92 · 10.7 10 .• 3 l0.01 I 10:"" 

l ' I I I 12.80 r 10.gS Ii 10.41 [ u .92 ! u.6 11.5 ii.03 11.:u ! 10.71 I 
+13.13 +lt.91 

1

+11.381+12.6o 

1

+12.2 +n.3 j+n.56 +u 63 t"·"9 ! 
+13.25 +12.41 j+u.84 \+••.go I'"' .... , +u.61+11.78 +u.78 (+n.50 i 

7.5 

.... ··-'. 

7.2 12.8 

+M +13.2 

+ 0.31 +13.7 

- 2.8 14.3 

5.4 14.9 

7.4 15.7 

8.7 16.4 

9 .. 17.:1 

8.8 17.85 

7.6 18.46 

- 5.7 +18.97 

- 4.5 +•9·• 
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TABLE IV-Continued. 

Year. 
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~1 

6.12 
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6.45 

6.7.l 

7.43 

9·"9 

'fO l 10.21 

Bo I +10.9 . 
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+ 5.4 

+ 5-2 

-f-5.16 

5-'4 

5.46 

5 8o 
6.24 : 

6.77 
7.36 

7.99 

+s.62 

+s.92 
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TABLE JV (b).-Continued. 
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Altbougl1 tlrn writer bas malle an attempt to inwstigate the secular variatiom1 of the mag­
netic dip* and of the magnetic horizoutaJ inte11sity,t neither of thC'i>e quantities admitl-l at present 
of 8UCh prechiion and raHge as m· are able to give t{> the discut-ltiiou of the decli11atiou. 

For the i-;ecular ·rnriation in the dip and intensity tlie application of a circular fnuctiou i11 the 
place of an exponential function is as yet hopeles,Q, The cause of this t:o!1ditio11 is snfficiently 
eddent; with us, reliable obser,·:ttions for dip hardly <late hack to the yt•ar li!lO on tl.J.1~ wei,;tern 
coa.st, while on t11e eastern coast there are but few ol>servations earlier tlrnn the :year 1833. Re­
spect.i11g recorded horizontal intensities, hut few determinations were malle i11 the United Stat1•8 
prior to 1880; these anrl. other earl~· ohsen·at,ions are, of course, only of a ditforentin.I charactl'r t 
which hatl first to he expres;w,ll in absolute meal'lnre before the rt!snlts would be compared. 

The two articles referred to girn l1arely more than apprnximatious to 111e values of the annual 
change, but from the accumnlatiou of data during tl1e last twent,v years we ma.'· expect to he able 
to give greater }lrecision to tbe values of the annual cbauge ms well as to gain Home knowledge 
respecting its Yariability with geographical distribution. 

•Sec prdiminar~· iuve•tig11tiou iu Coast Surny Report for H:lf>f), App•·)](liees Nos. :l\l nntl '.l:l. 
tSee ]irt'liminar:• inYestigation in Coagt S11ney R<·port for l!"(il, Appe)](lix No. 22.· 
t In H'i:{:l Gan~s Bhowetl liow the rnn!!,11etie fon•1• <·011ltl l11, l'Xpre~s1'1l iu ahsolut.- m1•awn;. 111 J~:m J'rnf<'~Hor \Vdwr 

applietl tlw principle to tlic Hmall portal.le iH,tnu11;,1ds, Hille" i11 U8<'; i11 JH:;.'-' Ire i11trod1H·"1l tlH' 1·0Jli111ntor 111ug1wt.11R 
pmpos1~a h,r Sir <lcorge B. Airy. For refor<'nl'e 1lw Engli8h n:ukr rnuy 1·01:~ult vol. ii t1f I~. Ta~ I< 1',. S!'it·1 tifi« Mrn.oir". 
J,outlon, 11'41. 



 

APPENDIX No. 13. 

DI8TRIHUTION OF THE MAGNETIC DECLINATION IN THE UNITED STATES AT THE EPOCH 
JANUARY, 1885, WITH TIIHEE ISOGONlC CHARTS. 

By CHARLES A. SCHO'L''l', A'"'•dstant. 

[One plate.) 

COMPUTING DIVISION, December 30, 188'...!. 
Of late years the magnetic work of the Sun·ey, both iu the field and iu the office, haviug been 

pushed forward very actively, as may be seen by the receut pnblicatiou of results, it appeared 
equally desirable to bring thiH new material in lo use at tl1e earliest practicable momeut. Of tl1e 
new resultH those of the declinatiou are the most important, Riuce l1y 111ea11s of tltt>m the eompasi,; 
cards are supplied for our sailing, coast, arn1 harbor charts, arnl it had latel;y become necessary 
to construct, provisionally, an isogollic cliart for the, epoch of 1880 iu onler t.hat the tll•sired 
accurac~' could be gh-en to t.he uantical data tlius furniBhed. 

By taking a short retrospect of what bas beeu done by the Surn'.Y iu this clirectioll, the prog­
ress made in our knowledge of tliis branch of terrestrial physics will become apparent. In con­
sequence of the slow changes in the earth's magnetic conuition, and the gradnal accnnrnlatiou of 
uata, tlrn reconstruction from time to time of t;1hles of magnetic <lecliuatiou or of charts of equal 
magnetic declination (isogonic cliarts) becomes a necessity, autl co11seq1wlltl,Y publications will lm 
found iu several of our annual reports. 

The first table of results with an i~ogonic cltart was published by A. D. Bache aud .J.E. Hilgard 
ill the Re11ort for 1855, see Appendix N"o. 47 and Plate No. 56. 'l'he declinations were reduced to a 
common epoch, viz: 1850 by means of assumed va,lues of the annual change al](i for con renience of 
dilwussion the declinations were arranged in geographieal groups, which were separately treated 
hy application of Dr. Uoyd's interpolation formula.• The table comprises 15;3 stations, aml the 
curves computed for ead.1 whole degree coYer but a mt1Tow strip aloug the rnmst line. lu the 
following year the same authors producell a new chart, retaining, ho\H•\·e1•; the epocl1 1850; it, 
is the result of a more extended discmision, inclu<liug all recent observations (see Heport for 1851i, 
Appendix No. 28), and on the chart (Plate No. Gl) the isogonic CJlf\"CS fairl;y coyer the area of the 
Eastern States, as well as the area bordering 011 our Pacific 1.:oast, and the~· appear couuected uloug 
the line of the Mexican boundary. 'l'he curvt•s are compared with those re1mltiug from Gauss' 
general theory of terrestrial magnetism, published in 183l:l. The average epoch of the data used 
by Gauss is a.bout 1829, and the a11thors notice the accord in the form of the curves with those 
o\·er the same area and resting on obsen·ati.ous made up to 1850. lt is well known that in the, 
general theory Gauss used 2.t coefficients, depending on obsen·ations distributed over the greater 
part of the accessible surface of the globe, and including cleclinations, dips and intensities. A 

•Proposed by Dr. Lloyd, of Dnblin, in 1838, llOO eighth report of Brit. Asso., Vol. VII, p. !11, 11urlfollowiug; al8o 
note by Archibald Smith in Lieut. Col. E. Sal>ine'K contrilmtiou to terrestrial 11111.gneti8m, VII, iu Phil. Trat1H. Roy. 
Soc., Part III, 1846, p. 2-t8, n.nd following. . 

· 2n 
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late attempt made by Erman and PeterRen (Berlin, 1874) to introduce into t.his theory additional 
material, and to reduce the same to the epoch 1829 by a strict account of the secular variation, 
has not resulted, to any marked degree, in a change in the curves as originally given by Gauss. 
Comparisons were also made with Barlow's chart, Phil. Trans. Roy. Soc., 1833 (Part II, p. 667, 
and following), and with Prof. E. Loomis' chart for 1840, Silliman's Journal Sc. and Arts, Vol. XL; 
the latter is the first detail chart extending some distance into the interior of the country. Lieut. 
Col. E. Sabine's chart for 1840, Phil. Trans. Roy. Soc., 1849 (Part II, p. 173, and following) shows 
the distribution of the declination over the Atlantic Ocean, and was of assistance in giving direc_ 
tion beyond the coast line to our currns, which depend exclusively on observations made on land. 

The Report for 1861, Appendices Nos. 23 and 24, contains two small isogonic charts (Plate 
No. 30); they were designed as aids to navigation, and refer to our Southern Atlantic and to our 
Gulf coast; epoch, 1860. . 

The Report for 1862, .Appendix No. 19, gives an account of a magnetic survey of the State of 
Pennsylvania, and on Plate No. 4 7 isomagnetic lines are laid down for the two epochs, 1842 and 1862. 

The next isogonic chart accompanies Appendix No. 19, Plate No. 27, of the Report for 1865; it 
is on a larger scale and covers about the same area as the chart of 1856, but embodies the results 
accumulated since that time and later data respecting the secular variation. The epoch is 1870, 
and it was constructed by the present writer. 

The latest chart, prior to the present, issued by the Survey is that of Plate No. 24, Report for 
1876, .Appendix No. 21, hy J.E. Hilgard. This· chart, wllich refers to the epoch 1875, not; only 
embodies the results of the Snr,·ey up to 1877, but uses about 200 recent observations obtained 
under the auspices of the ~ational Academy of Sciences, and made under his immediate direction. 
Besides, a number of re.suits from Government surveys and from private sources were utilized, 
and for the reduction to tile epoch 1875 the researches containe•I in the third edition of my paper 
on the 11ecular change (187!1), the second edition of which appeared in the Report for 1874, 
.Appendix No. 8, were made use of. The isogonic curves are given for each degree of declination 
and they cover the whole area of the United States [excepting Alaska]. The size of the chart is 
very mnch larger than that of its precursor, and was demanded by the necessit~' of representing all 
the facts then known. The former curves were brought forward by the known seenlar change; and 
reconstructed hy a graphical process wllere new <lata had been obtained; thus giving the latest 
information at the date of publication. The chart exhibits, especially in the eastern and middle 
parts, certain slight irregularities in the form of the cun·es, which are due to local deflection or 
disturbed regions. 

For some years past, but particularly since July, 1878~ when the designation "Coast Survey' 
was changed to "Coast antl Geodetic Survey," I have incidentally collected and put on record all 
magnetic results eoming under my notice, comprising declinations, dips and intensities, no matter 
when takeu, but referring to the area of the United States or to the vicinity of its borders, tlrns in. 
eluding parts of Canada, British North America, the West Indies, Mexico and the region about 
Alaska. This collection, made UJI from all accessible sourC'es, comprises several thousand entries, 
and I propos~d to use a11 its declinatious suitable for the purpose, a.swell as the complete material 
from ob:;ervations by the Coast and Geodetic Survey,• for the Ilroduction of a new isogonic chart. 

The chart now presented and answering to the epoch 1885, January 1, difl:ers from the pre­
ceding charts b~' taking distinct notice of all local disturbances in the direction of the magnetic 
needle, and, so far as such regions could be recognized, by showing the extent and amount of the 
local deflections. Heretofore it had been customary to present through the familiar geometrical 
lines the distribution of magnetism as if it were regular, but the increased material at our com­
mand renuers it now possible and imperative to attempt the delineation of the actual distribntion. 
Such geometrical representation had even been regarded by some as the true representation of 
facts, whereas the curves are affected not only by irregularities quite local, but also by such as 
extend O\"'er many square degrees of surface. The former are difficult to distinguish from errors of 
observation, hut the latter can he recognized by the greater or less regularity of the curves when 
b·aversing the region, and by the concordant results of several observers, whose observations, made 
a.t different epochs, were reduced to 1885. There are also marked on the chart, by dots, a.11 p1aoos 

•Report fot 1881, Appendix No. 9. 
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of observation, and by refore11ce to the table, presently to be explained, it can at ouee be al'lcer­
tained by whom and when any particular observation was umde. 

Preparatory to the production of the new clmrt, it became desirable to have reference t-0 three 
papers intimately connected with the subject, viz: First, a new e1lition (the third) of "Directions 
for measurement of terrestrial magnetism," in the Report for 11'81, Appendix No. 8; secondly, a 
new edition (the fifth) of "Secular variation of the magnetic declination in the United States," in 
the Report for 188~, Appendix No. 13; and thirdly, a papt•r eutitled "Collection of results for 
declination, dip, and intensity from observations made by the United States Coast and Geodetic 
Survey, between 1833 :rnd ,July, 1882, given in the Report for 11381, Appendix No. 9. The first of 
thef.le papers explains the method aml describes the instruments as used ou the Survey; the second 
paper contains the data aud results which enabled me to refer all observations to the common epoch 
of the chart; for this purpose Tables IV (a,) aud (b) of tliat paper were extended so as to give the 
decliuatious for every year. Each annual value was tl1en substracted from its corresponding value 
for 1885.0, and the new set of se.cular variat\on-tables thus formed possessed the gr<•at advantage 
of giving at once the 1eduction to epoch, and of permitting comparisons of this quantity for adja­
cent stations hy mere inspection; also of affording the mrnns of eas~' hiterpolation for geographical 
position relative to stations represented in the table. The third paper furnishes part of the material 
for the basis of the new chart. 

'fABLES OF OBSERVED MAGNETIC DECLINATIONS AND CORRESPONDING VALUES REFERRED TO 

EPOCH, .TANl'ARY, 1885. 

Its contents are arranged according to States and Territories, aml there am generally two 
parts for each of these political subdivisions, ,-iz, the first composed entirely of Coast and Giiodetic 
Survey declinations and the second of declinations derived from all other sources. Only the latest 
observation is given at all places where there is more than one result, in order that the reduction 
to epoch may lie giYen with the greatest accuracy possible for the localit~'· The columns contain, 
in the m·dcr given, the foilowing information: The 11ame of the station; its latitude; its long·itude; 
the ~ime of observation; the declina• ion; tlie reduction to epoch; the result referred to 1885.0; the 
observer's name, and reference where record is found. The table was prepared by myself, with the 
exception of the columns headed t:::. D and D 1e85•01 which were filled up by Dr. J. G. Porter, of the 
Computing Division. The geographical positions are generally given 011 the authority of th.e 
observer, but they were corrected in all cases where means exifited for their improvement. In a 
number of instances the geographical positious had to be supplied, and there remain many results 
in the general collection wliich could not be transfer::eu to the table for want of this information, 
The date is ~xpressed in years and fractions of a ,Year; the declination is given in degrees and 
fractions of a degree, with the signs + when west and - when east. For Parts I (Coast and Geodetic 
Survey results) the columns for observer and reference are omitted, foll information being given in 
the third paper referred to above. 

The total number of stations co.1tained in the table is 2359, and with the exception of some 
stations for which proper reduction to epoch could not be had, and of others lying too far off the 
boundaries of the charts, their results were laid down on the base chart of the Survey, in two sheets, 
scale one ft ve-millionth, and those for Alaska were laid down on a chart of smaller scale suitable 
t-0 the comparatively sparse number of results in that Territory. For the plotting of the stations 
and the insertion of the numbers of column headed D1885 I am indebted to Mr. A. Ziwet, of the 
Computing Division. The data being thus prepared, I constructed by a graphical 11rocess the 
isogouic curves for the eaBtern and western part of the United States-at first following up all 
irregularities, next reviewing the curves and straightening them out so far as seemed allowable iu 
consideration that the irregularity may have been the re ·ult of observing error, and was thus.only 
an apparent one, but there were also caseg where the deviations were of such evident local char­
acter o.nd circumscribed (say a few square miuutes) area that they could find no place on the chart. 
Whenever concurrent testimony clearly pointed out magnetically disturbed regions of considerable 
area (say a number of square degrees) I have traced th~m out and defined them by cllrves. Among 
the irregularities presented some may be due, at present, t;o undetected. 8ystematic errors of obser-
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,·ation, or to imperfect k11owlet1gt• of tile secular variation; these, howevn, may easily lie recognized 
b,r menus of new obsen·ationR. In hrn localities in particular, where the hiogonic curves, its first 
!lrawn, appeared unusuall,r deflected, the results by other observers in the vicinity of these regions 
pointed to defects which were traced, iu one case, to an instrumental error in the nature of an index 
error affecting a series of stations of that season, and ·in th!\ other case to a defective reduction to 
epoch applied in a regfon whern data was ver.r imperfect; afrer correction, the curves assnme!l 
quite regular shapes. l\-Iuch difficulty was experienced in tracing out the lines on the Pacific coast 
ancl generally west of the 105th meridian; in this part of the country observations require to be 
greatly multiplie<1, and isome time mmit uecessarily elapse llefore the law of the annual changf\ can 
become better known. The minor irrei:ularities in the distribution of magnetism, as shown on tbe 
chart for the New England Stat,es, and for the State of Missouri, may be taken as fairly made out. 
Of the latter State an admirable special magnetic survey has been prosecnte(l through private 
enterprise• for some years, and is now nearly complete. 

Prominent among those who liave made local magnetic disturbances a special Btudy were 
Dr. ,Jolm Locke, in this eonntrj', and the late Dr. Lamont, iu Germany. Iu the spring and summer 
of 1844, Dr. Locke examined experimentally into the local distribution of magnetism about the 
Palisade!', N. J ., and presented his results by diagrams of isoclini.c and isodynami.c curves.t Dr. 
Lamont, in a work entitled "l{esearches of the direction aud iutewiity of terrestrial magnetism in 
Northern Germany, Belgium, Hollaud, aud Denmark, executed by Dr. J. Lamont, in the summer 
of the year 1858 (Munich, 18;39), gfres expressions of the effect of a given disturbance on the direc­
tion and intcusits experienced by a magnetic needle, and gives diagrams of the consequent defor­
mation prodnced in the isogonic, the isocliuie, and the isodynamic curves over the perturbed region. 
Since the8e formnlre do not appear to be so well known as their importance deserves, and on account 
of their instructi ,.e application to the iso magnetic curves, I give here a free translation of part of 
contents of page 21 of the preface: · 

Sn1Jrwse a magnetic south pole of intensity P vertically below the point A on the earth's 
surface, and at a depth equal to unity, and it be required to determine its effect upon the mag­
netism at a second point, B, on the surface clistant, from A equal tor and in azimuth ¢reckoned 
from magnetic north round b~' west., then the effect of the pole P at the point B will l>e 

in declination P r sin 1/· 1. . = - --- . ----- expressec m mmutes 
H sin 1' (I+ r2)~ 

in horizontal intensity=-P. r cos 1'~ in absolute measure 
(l+r2)2 

p 

H sin 1' 

cos 8 (cos 8 + r cos ¢ sin f:J) in minutes 
(l+r)t · 

and in dip ----. 

where H= the horizontal force and fl= the dip. 
T1iese formul:e are approximations, but quite close enough for the purpose intended.f Ap­

plied to a case in Middle l~urope. Dr. Lamont shows that the curves of horizontal intensity to the 
mt1gneti.c north and south of the center of disturbance are bent inwards or toward it, and that the 
curves of equal decliuatiou to the east and west of the disturbance are bent outwards or away 
from it, whereas the curves of equal dip are bent southward, dir01.itly over the point of diRtnrbance, 

*Aided instrumentally hy the Coast and Geodetic Survey. 
!Transactions American Philosophical Society, Phila., Vol. IX, 1846 . 

• +We have (listitnce PB=(l+i·•)l and cos .A.BP= r ___ 1' and remembering that attractions and repulsions 

f t' t". ' . h (l+r") 
o mag1m w 1p1au Hies are rnversel.v llil t e square of tb.eir distan<:e, and eonsequently tliat the tlistiirbing eifoot of 
magnetic em•rgy upou a magnetic needle is inversely as the oube of their distance, the disturbing force in the direction 

AB \)ecomee-----1~-1'_~ aud the disturbing force acting at right angles to the needle, when expreued in parts of the 
(l+r~) 

horizontal force,-~ - · r sin 1/1 i; hence the oxpression for angular dil!turbance in declinati•n expreeeed in mil:u1t.e1, ae 
H (l+r') 

given above. 
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as well as to the north of it, also up to a certain distance to the south of it. Supposing the iso­
magnetic cun·es over a distur})ed region ginm })y obserrntiou, the position of the point on the 
surface vertically aborn the poiut of disturba,nce, that is it,; latitude and longitude, may be found 
from the distnrl>ed declination and intenbity curves, and the dp,J)th of the point of disturlmuce 
from the dip currns, the iuteusity of the disturbance being determined b,Y the amount of hending 
of.the curves. After commenting ou the highly instrnctive nature of the application of the forllluhe 
when throwu into curves, he remarks: "It is, however, not to be imagined that the irregularities 
in the magnetic curves are produced by a 11iugle pole of disturbance, such as has been supposc<l 
ab1we, but rather b_:1· a series of such poles forming peaks or ridges of disturbance." In fact the 
distribution in spaqe of disturbing polei,; and their intensities must lJe taken as ilHlcfiuitcly YarialJle 
and their joiut effect ma.r girn rise to a great \·arietr of deforumtioni,;. "To follow them up to their 
source in any special case would necessarily require obserYatious at a great numlJer of points 
closels packed over the regiou nuder im·estigation." 

To illustrate the use of these formulIB, I ha,·e applied them to a disturbed region, and · 
assuming the position, depth, and intensits of a magnetic pole, hiwe computed the deforrnatiom; 
of the isogonic, isoclinic, aud isodyuamic curves for the purpose of com1iariug tllcm with their 
corresponding cun·es as deduced from obserYatious. 1'he region selected is iu Southern Yermont,. 
and the computation is made for <p=431o, ;\=722°, at which place the declination D=+112°, the 
dip tl=74~o, and the horizoutal inteusi(y in British units H=3.5ll. The 1.fo;tauccs apart of the 
isomaguetic li11es nuder the supposition of equable distribution of magnetism were taken from 
charts, as well as their azirnuthR, as preseutrnl on the diagrams of the accompanying plate No. 37, 
where these respectfrc systems of lines are shown by dashes. 'l'he distm·l>ing pole is supposed to 
he GO kilometres below tlle surface (a little oYer 37 statute mileR), its magnetism is assumed to be 
of sotith polarit_y, the same as that of the northeru magnetic hemisphere, and its intensit;y is sup­
po::ied equal to oue-fortietll of that of the horizontal force. \Vith these assumptions the formula.; 
giYe the theoretical deformed curyes as shown in full lines on plate N:1. :n, and it ·will be seen th<tt 
these disturbed systems of isomagnetic curves conform, with respect to curYature, to what has 
been stated to hold for Central Europe; also tbat the deJ:lections of the dip cmTcS are less in 
amount than those of the horizontal intensity and of the declination. The maximum deflection 
uearl~· approaches ha.If a degree for the declination, 0.030 for the horizontal inteusit~· and se\·en 
rninntes for the dip. 'l'his would indicate that the abo,·e assumption as to depth and int-0nsity of 
disturbing pole is quite a moderate oue. The diagrams are drawn to scale and the disturbing 
effect upon the direction of the horizontal needle is still perceptible })eyond the region included 
within the area of a circle of radius 160 kilometrt•s (about 100 statute miles), and a comparison ill 
this region of the eurYature of the theoretical or disturbed isogonics with the actual cun·atnre of 
the isogoni~s as derfred from ohservat1011 an<l gh·en on the chart, indicates a general conformity, 
which by suitable changes in the assumptions might be more closely approximated. 

\Vith respt'ct to Alaskl, a different treatment for the construction of the isogonic curves had 
to be itdopted from that emplo;ye<l for the eastern and westeru parts of the U uited States. The 
graphical process fails for Alaska, for the reason that the obsen·ations arc not sufficiently munerous 
and do not cover the region with regularitj•; further, in mauy parts the reduction to epoch is so 
uucertain that the results would be of iittle value. We are therefore coru1ielled to have resort to 
an analytical process in which the di£iicultie8 and uncertainties of the gr:tphical process arc 
replaced only by greatm· laboriousness. 

To make use of all olJsernttious woultl neither ue practicable nor a<kisaule; we therefore 
cxclullc from analytical treatment all the older ollscn·atious, retaiuiug only quite m()(lcru onc8, iu 
order thr1t the effect of imperfoct knowledge of the secalar yariation may lle a minimum; we 
further group the obseiTations so as to distribute them, as near as may be, eYe11ly over the surface 
nuder iuvestigatiou. In order that these groups may ham the reguired ntngc iu latitude aud 
lougitutle, and for the purpose of introdnciug 1m£iicieut data into our i1ro1Jlem, it was necessary to 
bring in some obser\•ations faken at sea. These observations are further exceptional, inasmuch as 
they include re:mlts of 1850 (about), wherea.:'! all other results har<lly go back ten ;years from the 
present time. 

S. Ex:. 77-36 
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With <t view of exprc~sing tbe declination D 1885 as a fmiction of the latitude <p arnl the 1011-

gitmle A of the place, the followiug table of selected reimlts has been fonnc1l: 

Xo.· 

2 

3 
4 

5 

6 

~amc uf :.::.tation. 

Nootka Sound 
Bitkn .............. . 

Port 1\lul:.i;rave .. _. 
Port };tchN; .............. . 

Saint. Paul. Kadiak I•lantl ............. . 

Uha1llit'l'IO h1land ................•. , . - . - .. ' 

Point Spencer, Port, Clar<·uce ...... . 

r-nala~hka .... - .. - ........ -.... - ... - - .. 

9 PetroJmYlov~k ................... - ..• - - . 
10 ]lfovN·Uay ....................••••....... 

11 Port Simpl"on ....................... . 

12 Ros(' }Ja1·L()r ......•••.•• - .....••••..••. -··· 

Latitude. 
1 

Lon. 
git,ude. 

4!1 36 

57 Oil 

126 3R 

135 20 

S!I :14 i:m 46 

60 ~l 140 3R 

.;; 48 : i;2 21 

60 13 lGl 49 

65 16 166 51 i·---- .. 
5:1 53 Hi6 :12 i •••••••••• 

53 01 201 19 ! .. _ ..... -. 

64 <)<) J 73 22 :1 J880. 66 

54 34 : 130 23 i 1881. fil 

02 on 131 15 , 1881. 72 

Decli­
natfon. 

-18.42 
-27. 90 

-26.01 

Redn~­
tion. 

+o. 78 
+0.06 

+o. 05 

})eeli­
nat.ion, 
1885. u. 

-:13. 59: 

-~8. 84 

-'..rn. 06 

-27. 21 

-~4. 42 

-26. 00 i 
-22. 00 

-18.o" 

- 0. k:l: 

-17.M I 
-21. 84- i 
-:!5. 96 i 

Hem arks. 

Xos. 1 to 9. indusi\·e, HL'<"ular 

va.rlatJon suuious. For rc-

1-111ltR ~N1 t.:1hlr of' 5th Pdition 

of ~wculHr Yariation. .Ap. 

pe:udix ~ o. J 2. 

\Vr:mgell Lantl
1 

cnst ..... .......... . .... 71 04 177 40 1881.61 -23.43 +o. 62 -~:2. 81 l \Vr.m~ell Laml ,!.!;nmp. 

Wrnngl'll I.and. suuth .................... 70 57 178 10 1881.65 [ -20.00 ~ 0.62 -19.381 

13 

14 

15 

16 

17 

.At.sca,offHeraldislanil ............... _ .. 70 49 174 32 1881.58: -24.78 +0.02, -24.101' 
At sra. off l!ernhl lslan1l....... ... .. .. . .. . 70 51 175 40 1881. 08 -23. 43 · + O. 62 -22. 81 . 

----·------------------! 
MPan .................. ...... 70 5.1 176 30 ....... _............ -22.29 

At RPa, otf'Koliutchin ..••... ···-­
At Af'n, off Koliutt-h;n 

Mean ... 

,\ t R(':l, oft' Cnpt' Lishnrnl\. 

67 58 

67 52 

175 14 
17~1 18 

I 

1881. 12 j -23. 50 i +o. 65 i -22. 8.5 ! Koliutchin gr1111p. 

1ssi. oo I. -10. R2 ' +o. 62 : -19. 20 i 
---·- ---· ---·---------1 

JH .......... 1 ................... -21.02 1 
17fi 

G8 :-,o Hi.i 10 1 M~l. ~17 '. :J::!. (17 \ o. ()'..~ 
1 

- 31, 4~ Cap<' LiRhm Ht' gronp1 

Xoar Capt" Lislmnrn ............ . ... 6R 5:1 ]Of, IJ(j J'"l. li4 I -2'>. 71 +II. 78 ; -~l.9:l ! w ~2. 
.. .... ·---;;;;- ;,2 lC'i :i"R ~~I~~---! -21.101 Mf'an ..... 

: N1•ar Icy Cape............................ 70 n 162 lf> ' ll<f<il. 6G : -30.11\ +o. n -W. :12 I JC)' Cnpe gronp. 

~ Atsea,oll'IcyCape ........... --- ........ 1 70 15 161 55 · !88L;f> ! -32.20 · -t0.62. -31.58 ( 

,At.ca,otrforCape ... _. ___ ............... 70 05 162 oo' 1881.>6/ -32.23 +0.62) -31.61 I 
---------·------·----! 
. 70 11 16~ ~5 : .......... / .................. 1 -30.46 Mean .........•.....•..••••...... 

I ' I 71 2() 1.56 lJ · 1881. 631 -37. 30 ; +o. 61 -36. 69 i Point Barrow i:rou1i. 
71 21 156 17 i H-.54. 00 -41. 00 , +2. 80 ) -38. 20 1 

71 17 156 40: 1881-'821 .. -·- .. ·-·'--·····- .. i ......... 

! Off Point Barrow .. - ............. ,_ ..... .. 
: Point llarrow ........................... .. 

· Ooglanmio ....... _ ................ ---· .... ! 

Mean ..............•................ --n-20156161==:=~1==1'-:37.45 

18 Chiohagoff Harbor, Attn Island ........ . 
' i I . I 

52 56 ! 18-0 48 ! !873.48 ! - 7.72 ! +0.44 I - 7.28 

51 59 1 182 ao ! 1873. 55 -11. n . +o. 44 I -10. 67 
I I 51 49 110 52 1s73. 01 ', -rn. s1 : +o. 4o I -13. 41 

52 11 174 15 1873.65 i -16.96 i +0.39 I -16.57 
: ! ,I 

l l 
;,; 19 100 31 1R80. 05 I -20. 281 +O. 32 I -10. 96 

ChhlClli Island ...........•............•... '. r,5 ;,2 1:>9 05 J874.48 ; -21. 93 ·1 +o. 72 j -21. 21 

LiUle Koninshi !eland.................... 55 03 159 23 . 1880. ;,.i i -21. 4i i +o. 32 i -21. 10 
Po1tMoell<>r- ....... ___ ,, ............... __ 55 55 160 3;,, 18i4.61 1 -21.37 I +0.72; -20.65 

:Mean ................................ ~ n ,1505t ==1=~1=-:-:-:-:;--=20.n 

19 Kyska Harbor ........................... . 

20 .Adakh Jsla>1d.- ........................... ! 
21, Atka Island ·-- ........................... J 

f Humholdt llarbor ........ - ............... ! 8huma;in Islandtt group. 

. ' I 
23 XuniYak I•land ................. - ..... _.. 60 ~5 166 08 1874.58 ( -21.56 +1.06 · -20.50 

i 
At .• ea .............. _________ ,, ....... ___ _ 41< 49 ' 201 47 . 1849. 5 

47 28 200 15 f 1849. 5 
- 4.38 

- 4.00 

+1.92 
..;_J.!l'J 

- 2.46 

- 2. 08 ;Atsca ......................................... . 

~4: :\lean ........ --········-·-·- ........ 48C82WIJl;==-----:-:==!--2.27 
! l 

I At""" ......................... ____ ....... 48 :H 195 ~2 I l&il.5 - i.17 +I. 80 I 5. 37 

, Atsea ............ _, ____ ............. -·-· 50 50 193 23 J IS.i<l.5 - 5.00 +I.Ba - 4.07 
1 At.ea ............... _ .................. _ 51 51 191 22 i 1854.5 -- 8.60 +1.60 - 7.00 

I Meaa ···- ··················-······· 0026tm 22 c:-:-::= ==:-==I-=-;:,~ 

Group off tho Knril lsl•n<ls. 

Group off south 'n K 'l.mtd1at.ka. 
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Nu.: Name of station. Latitmle. 

c 

Lon. 
gitndc. R.:marks. 

Reduc- l De~li· 
t . 1 nat1on, 

lOll. I 1885. o. 
----1-----

1 ' 
I 

IAtRea ...•...•••...•.•.•.•.•.••.......•• 
1 

f>9 32 186 48 1849. f1 
I 

-10. 47 ', +2. 75 

+2.75 

- 7. 7~ ' Cape 01iutorsk j:!l'oup. 

i At sea .•.. ·-----·----··-····----········ 59 38 188 50 184-9. 5 ·-10. 90 i - Rl!j 

i .At sen .•.•...•••••.•••••..••••.•.••..••••. : -10.~8 +2.75: - 7,5;-;: 

j At sea ............ ·-----------·-------···· ------------9._ss ___ +_2._7o_· ·---6._9_3 · 
5H 05 : 190 11 184~. 5 

GS 19 190 52 11149. 5 

26 : Merrn ····-· -··-

27 i Saint Panl'1-1 lsland ...... . 

59 08 ; 189 10 

;,7 07 170 19 1880. 60 : 

-· ·--·;------·-··i - 7.58 

-17. 65 , +o. 25 ! -17.40 \ 
I 

ThompRon Rh·er ............ ____ .. ____ .... ,' 50 46 l~l 05 1871. 5 

Month of Nicola River .•••.•.•...•........ ' 50 27 121 22 1871. 5 

Month of Thompson RiYer .......... ------'. 50 13 121 au 187!. 5 

-23. 50 

-25. 50 
-25.00 ' 

+o. 04 -23. 46 ' 'l'hompRon Ri\"er gronp 

+o. 04 : --25. 46 ! 
+o.o:i -24.97 

Town of Yale ..•.....•.............•...... ; 49 34 121 25 : 1871. 5 -24. 00 ' +O. 04 -23. 96 I 

Month of Ilut Creek ..........•........... i 5-0 47 
: 

121 33 1873. 5 -27. 00' +o. oa -20. 9; 

28 Mean ···-················-···········!-W 21' 121 24 ,~=1~-~=~~ 

283 

1.Atsea ...•................................ I 48 o~ 146 39: 1827.5 I -~'2.58 +1.90 -20.68\XortheastPacifiegroup. 

29 

\ .A.toea .•..................•............... ! 48 44: 143 23 -, 1827.5 -23.02, +1.90 -21.1: i 
: ~::::::::::::::::::::::::::::::::::::::::! ~~ ~: ~: : I ~:::: f =~:~~ :, :~:: =~::~ j 
i M ~ea ............................•..... : 45 14: 159 41 \ 1850.0 'i 18.75 j +l.50, -17.~5 ! 

Mean ··-·._-:·_:__:_:···_·:__:_·:::__:_·_:-·······i4T"GQ _ 152 28 :..-::::_:_··i·:_:_:··--~~l···._-_:__._-~·,---=19.56i 

Contracting the above table we obtai11 for our discussion the following data: 

ix ! o. 

1 j 

: i 
: I 
6 I 
7 : 
8 i 

9 I 
! 
i 

49, 60 

57. 05 
59. 57 I 

60, 33 

G7. so 
66. 22 
65. 27 
53. 88 

53. 02 

126. 63 

135.33 

139. 77 i 
146. 63 i 
152. 351' 
161. 82 

166. 85 I 

166. 531 
201. 321 

n No. 

--23. 59 ! JO 

-28. 84 ' 11 
-29. 06 ,: 12 

I\ 
-27. 21 ii 13 

-24. 42 !' 14 

-26. oo Ii 15 
-22. GO :: JG 

\' 
-18.80 \, 17 

-0.8a;1 1s 
i: 

11 

64. 37 

54. 57 i 
s2.1s I 
70. 92 ' 

67. 92 i 
68. 87 ' 
70.18 
71.33 

52. 93 

n /:No / 1' D 
---~i~--~--)---_, ___ : ___ _ 

173.37 -1°7.64 I HJ i f~]. 98 i ]82.50 ! -lC0.67 

130.38 -27.84 20 51.82 176.87' -13.47 

131. 25 ', --2c. 96 21 52. 18 174. 251 -16. 57 
176. 50 -22. 29 22 f>5. 53 159. 90 -20. 73 

175. 27 I 

165. 63 I 
162. 08 : 

-21. 02 2.1 60. 42 166.13 -20. 50 

·-27.10 24 4-8. 13 201. 00 - 2. 27 

-30. 46 25 5-0. 43 '1 193. 37 - 6. 48 : 
156.27 -37.45 26 59.13 189.17 - 7.5ll 
186. 80 - 7. 28 27 57. 12 i 170. 32 -17. 40 ! 

28 50. 3ri ! 121. 40 -24. 96 i 
2g 47.84 I 152.48 -Ul.56 

___________ ! ------

The position of these groups is sl10wu by dots on the accompanying magnetic chart of the 
Alal'lkan region. 

To reach by a single interpolation formula the isogonics for so extended an area as Alaska, 
the Bering Sea, and adjacent 'vaters of the North Pacific and Arctic Oceans, we need to introduce 
additional terms in Lloyd's formula, as usually employed, and have 

D=Do+r.J<p+s.J;\ cos cp+t.Jqr+u.JipJ.\ cos ip+v.:1.:\.2 cos2 cp+w.Jq?+x.dq.hlA cos <p 
+y.Jcp.J~\2 cos2 cp+z.J.:\.3 cos3 <p 

Put~ <p-<po=dcp=<pi 
.:\. -;\ 0=J;\ =Ai 

Do=D1 +q 

then the conditional equations take the form 

O=Di-D+q 
+r<P1 +si\.1 cos <p 

and assume cpo= 60° 
Ao= 160° 
D1=-23° 

+ trp/ +iicp1i\.1 cos cp +·vJ.l cos2 rp 
+ t<'<p1~+xcpi2.\1 cos <p+Y<p1A2

1 cos2 <p+zA13 cos' <p 
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There are 29 such equations, and from these we form tlte normal equations, as mmal in the 
method of least squares, and solving tlwse the ten quantities, q to z, become known. 

Thus the first eo11ditio11al equation becomes-

(b+00.u9+q-10.40r-21.63s+108.2t+225.0u+46i.D1.•-11251!·-2340.r-4866y-10120z 

antl similarly we fiutl the others. The normal equationR are: 

n r w z 
' ' '----~- ----- ------

0 ~• - 00. 02 + 29 , -:>9. 1 +51. 6 I + lfi23 ' - 164 + 4897 - 4152 I + 4:!32 37607 : + 18696 

o = + 115~ ~ ~ - Hi-I j - 4152 + 4332 - 37607 -t- 148550 - 1798:\ , -t- 36265() i - 177980 , 

0 ~ - 2761 ,~' + 4352 : - 37607 + 18696 - 17985 ' + 362650 - 177980 + 2139866 ' 

o = - 11619 • •• • • • • • • • • .. .......... _ + 14805() , - 17985 + so2ar.o ; - 41a100 + 400200 
1 

- 3405560 
1 
+ 20368-0o 

O=+ 2011)8 ____ ,, __ ,____ _ ___ ! .......... ,~ - 177980 i + 408200 - 3405500] + 2036800 - 19374600 

O= - 43418 ........ 
1 

.................................... +21398@ 1 
- 3405500: -t- 2036800 i - 19374600 -t- 14134500 

i O=+ 110385 ........ ' .................................... , ............ ' -t-1596i'200 - 2318700 i + 35712500 - 22788/WO I 
'O= - 188000 ...................................................... : ............ : +30712500 I - 22768800 + 190197200 i 

0 = + 386630 ........ ........ .. ... .. ................................................. : +l!Kl197~ - 143727600 ! 

! 0=-119915() !==~~===~~~~~~,~~~~:~=~~~' 
Yalues ..... _ +. 400 -. 4;12 +. 867 -. 0290 , +· 0602 +. Ul47 -- 00209 . +. OOl7a : +. OUOGOH -. 000014 I 

For l>re-vity's sake the sicle-coefficieuts are not repeated helo\r the «liagonal !inf', a fact which 
iio: imlicatecl br mHlPrscore<l diagonal coefficients. "~ e have tlte equation 

D=-2~''.H0-.432 <p1 +.867 ;\.1 cos <p 
- .02!10 ipi2+ .0602 tpi11 cos cp+ .014711

2 cos2 <p 
-.00209<p13+.00li5<p1

211 c~s qi+.ooOGOSip1:\/ eos2 ip-.0000:4;1.i3 cos:i <p 

with t-IH' residual» for the seYcral groups, as follows: 

1 

2 
3 

R1% 

0 

-.56 
+.21 
-.46 

0 

7 -.31 
8 +.56 
9 +.03 

4 -.77 10 -.27 

13 -1.24 
14 +1.13 
15 + .13 
16 - .55 

19 
20 
21 
22 

5 1 -.17 11 +.32 17 +1.12 23 
6 : +.0:") 12 +.29 18 -1.79 24 

licncc probahle error of a113~ single observed yaJue, 

eo= J.iu!j~4:_z_ 1:~55x!4·~=±oo.r:;s 
V n-m -....; 29-10 

-. 52 
-. 24 
+.174 
-. 36 
+. 56 

+. 42 

25 ?--.th> 
26 +.67 
27 +.23 
28 +.23 
29 -.13 

a value which, in consideration of the higlt latitudes, the volcanic character of the Aleutian Islands1 

the sonrceR from which many observations are drawn, and the uncertainty in the· value of the 
secular variation, may be accepted as satisfactory. 

The aboYe equation contains the wbole distribution of the magnetic declination in Alaska, as 
:shown by tbe currn8 on the third of the a-0companying magnetic charts, but the limits of applica­
hility there presented should not be transgressed. It is easy to find roots of the equation by tbe 
method of trial an<l flrror; thus, for any giYe11 value or dPsire<l isogonic line of D'\ we either assume 
qJ and find the corre:;;pomlrng A. to it, or assume A. and find <p, tbe former when the isogonic makes 
a large angle with the iiarallel of latitude, the latter when it makes a small angle therewith. For 
instance, for the curYe of -250 we have the intersections 

0 0 0 0 

<p=51.0 1=130 <p=60 .1=154.2 
51.7 135 65 161.4 
54.7 145 70 171.7 

73 180.9 
(Computed.) ( Allllumed.) (AllBum!ld.) (Computed.) 

ancl so on for au.r other curve. 
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It will be noticed that the northeastern part of the ..Asiatic agouic 11ow trnn•rReH the }ll'llill­
sula of Kamtchatka,* which is in coufotmit_y with the gcueral eastcrl_y motion of tl1e isogmlies of 
the Bering Sea. 

TABLE 01<' MAGNETIC DECLINATIONS, FOR THE :\!OST PART OBSEHYED JN THE PRESE!\T CEJ\Tl'.H\', 
1rEUliCED TO THE EPOCH JANliAlff 1, l,_f,-,, 

[Forming tlte \Jasis fur the conRtr11<'t,ion of the accornpimyiug tlnl'(' b1o;:w11ic duntR of tlu· ruitetl St<ltf'F>. l 

Station. 
-i--

ALABAMA, PART 1. 

Fort Morgan ............... _ ....... ) 
Lower Poach Tree_ .............. ] 

Florence .•............ __ .......•. ! 
Indian Mountain .......•....... .! 
DHatnr ......................... ! 

Cababa~
1

:~~-~~:'.'. ~ ~~~ -~--._., ... ·I 
Tuscaloosa .............•...•..... 

Mobile Point J,ight .............. i 
=~~;~:~-~!~;~ :~~~~. ~~:~~ ~~ ~~ ~: :: ~! 
Evergreen ........................ I 
Mobile .......................... . 

Birmingham·-·--·-·····-········ 
Selma ............................ ' 
Opelika ......................... . 
Mmlison ....................... .. 

30 14 

31 50 

34 47 
34 02 

M 37 

32 18 
33 12 

3Q 14 

n 54 

31 26 

30 4~ 

33 32 

32 25 

32 40 

34 41 

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

Olnwrv(lf. ]t('ft.·n•ucf·. 

0 

88 01 1847. 40 - 7. 07 + l. (il 
87 3:3 1s;,7, 33 - 6. 04 l +1. ~9 - 4. j;i 

87 42 1881. cs - 4. 6a -- 4. 5~ 
s.> 26 1875. 65 +o. 52 - 3.GG 

86 r,g 1881. 66 - 5. 17 +o. rn -4.9F 

Bi 10 1860. 3 - 6. li +1. 211 i. - 4. 97 Rcott ......... . ll!S. 

87 40 

88 01 

85 OF 

80 18 
87 o:; 
88 03 

86 53 

87 05 

1875. 44- --- 6. os +o. 55 

1843.5 - 6.93 +l.W 

1881. 7 - 4. 20 +o. w 
1875. 40 : - 4. 65 +u. 55 

187S. 40 

1875. 40 

1875. 44 

1875.44 

- 5.53 i +o.56 
- 6.1~ 1 ....... . 

- 4.441 +o.r):. 
- 4.54 +0.05 

85 2s : 1875. 44 - 4. 53 +o. ~)5 
86 48 I 1875. 41 - 5.10 

- 5.53 Poole ............. Nat. ""\ead. Se. 

- 5.41 Powell.. .......... r. S. X. J:t"J'- 18lo. 

- 4.01 Browu ............ 1 }IS. 

- 4.10 Pooh~----··-·-···· N::it . .Ac:ul. S('. 
- 4.97 .... do............... 1111. 

- 5.50 .... do............... do. 
- 3. 89 ; .... do .. .... . . .. . . . do. 

- 3.9ll · ..•. Uo ................ do. 

- 3.98 .... do ............ . 

- 4.6() Ililf?;mU .•••..•. ___ : 

tlo. 

tlo. 

*See also Tillo'a comparative chart: Carte des lignes d'egale declinaison magn6tique, eoustruite 1•01tr l'epoq11e 
1880. 0; par Alexis de Tillo, colonel d'etat-major Russe. Avec le but de moutrer la difti'irence entrn les ca1i.l'f! isogo­
niques de l'an 1880. 1>, dea .A.mil'aut6s .Allemande et Anglaise, 1881. 



 

286 UNITED STATES COAST AND GEODETIU SUUVEY. 

Station. 

ALAAKA, I'AHT l-Cu11tium•d. 

Fort Wrangell- ...•...... -..... . 
Ilowcan Mission _ 

'J.'able <1f 11.lagnctie JJeclinations, etc.-Continued. 

;,4 50 

A 

132 23 ' 1881. 64 

132 ''° i 1881. 67 

D Obser 1;er. 

_;g 20 I 
-26. 981 

-29. 28 

-27. 06 

I 

Reference. 

F'ort Yukon ...................... · 66 34 . 145 18 1869. 62 -36. 54 .......... 1,, Raymond ......... ' Mi:l. 
Point Barrow (PloYl"rPointj ..... : 7121 15617 · 1854.5 --41.00 Maguire ......... Phil.1'raus. Roy.Soc .. 1872. 

Cro)':Llgu Islllncl ................. , 54 17 164 47 ; 1826. fl -20. s;1 -17. ~~ I Bet•clm) do. 

AmokI~lantl. ...•................ : 5G 27 '164- 02 182i.:"f -21.25 -18.351 Lutke........... do. 

Cnpo Blaek ...................... , · 5il 43 · 162 05 1827. f• -25.17 -22. 37 .... do..... do. 

'VrangeUHarhor .....•••........ f>6 5\1 157 57 ll'\27.G -24.00 +2.20 -21.80 i ••. do··········-··: do. 
Cape Suwaroff....... .. ~)~ 42 157 00 18:!7.5 -26.25 +2.80 -23.45 : .... do ............. : do. 

Nonou Sound....... G3 28 161 42 1827. 5 -30. 50 +4. 70 i -25. 80 .... do ............. ' do. 

Capo Good Hope . . . . . . . . . 66 03 lfi4 30 : 1826. ;, -29. 47 +4. 45 I; -25. 02 ,; Beochey ......... i <10. 
' i1 ' 

Oap-t""-•Kn1sen~tcr:n ............. 67 11 16B 37 1826.ff -30.20 1 +4.Mi I: -25.75 ' .... do ..••.•....... 1 

Cape ])eceit..................... 66 OG 162 36 1826. fl -30. 30 +4. 45 I -25. 85 ·' .. do ............. i 
08. 

tlo. 

Point Demarcation . . . . . . . . . . . . . G9 41 141 00 1837. ;,4 ; --48. 3R '. ....... ! ' Simpson .......... J 

'Vainwri~htlnlet .. ........... 70 :17 160 ua 18!9.5 -3G.68 1 
•••••••• : •••••••••• • Kellett ·········-! 

<lo. 
tlo. 

lloat,Ex:treruc ........... - ...... . 

l'oin t Comfort ................. . 

710~ 15423 1837.58 -42.60 ........ ! .......... SimpHon .•.•...... ! 
7043 15214 1837.57· --43.13 1 

........ ~, .......... , .... do ......... I 

do. 

On ice. northw<'st of Anxiety 70 31 148 34 185-0. ii --44, 62 ........ !:. ... ...... llfcClure. 

clo. 

<lo. 

Point. 
}'ogey Island ............. . 

Point Anxiety ............ . 

Baile;(" Harbor .........•.. 
Fort :l!ichael, Norton Sound ..•.. 

Amzo~.A 1'ERlllTOUY, 

AUIZOXA TEHitJTOJ:L PAil!' 

San Bernardino ..••........ 

~u.utn Cruz Rin~r 

LuR ~ogafos ..... -- .... -- -- .... 

Snn Pt.>dro 
PimoA Villagel'I ................. . 

GilaJnnC'tion ...... --

CarnpApncl1e ........... ------

Cnllon :o;;pl'ing ...•........ ---··· 
Big Hilk ................... . 
Boncht\s Fork ................ _ .. 

Esl·ndilla Pl~nk ............... . 

Gr~en Sprin}!i-! ............. ---- .. 
Lime!'ttorn• ,\ .. at.er Poe ket 

Moencoph' Cunun ............. . 
San J>edrn RiYcr ..... . 

Prieto <..:ro~~iug ............... . 
Puehlo ViPjo .................. . 

Rattlermake CafiOII ............. . 
Relief Spring-s _ ................. . 

• Tacob's We.Jl .................... ., 

Navajo Springs ................. . 
Ca.rrh10 Creek .••....•.••..••..•.. 

Near Lithode1ulrou Creek ........ 
1 

' I 
~~ ~~ ~:~ :~; ~:~~:~ =!~:~~ '.::::::::!::::::::::'' ::~~n_::::: .... ! ~~: 
55 09 1H2 07 

63 48 161 00 ; 

31 20 

31 18 

31 21 

32 ;;9 

I 
I 

109 14 

110 31 

110 51 

110 40 

a:i 07 111 44 

32 43 I 114 33 
33 47 ! 109 57 

35 45 i 113 50 

3323110955, 
34 33 : 110 04 ' 

33 59 109 06 . 

36 !l 

3U 32 

30 08 

32 43 

lll 17 

111 :i:l 

111 08 

110 34 
3:l 34 j 109 5;) 

32 49 i 109 37 
34 ii6 112 17 . 

35 Oll : 112 10 

35 04 

:i:; 06 

109 14 

109 20 

1879." 
1874. 5 

1&%. 3 

1855. 4 

1855. 5 

1851. 5 
1851. 5 

1851. 5 

1871. 5 

1871. 5 

18i3. 5 

1871. 5 

1873. 5 

1873. 5 

1873. 5 

1873. 5 

1873. /i 
1873. 5 

1873. 5 
1871. 5 

1871. 5 

1853. 91 

1853. 91 

3o oG , 109 a2 ' 1853. 02 

35 O'~ ' 109 41 ' 1853. 92 

-21. 13 ; +o. 32 i: -20. 81 Bailey ............ :Rep. on Ala•k•l. 

-23. 00 j + 1. 70 j: -21. 30 Turner ......... - ! Si~- Off. Rep., 187fl. 

-11. 75 -0.50 

-11. 75 -0.55 
-12. 22 -0. 55 

-12.42 -0.60 

-12. 87 -0.65 
-12. 83 -0. 80 
-14.18' . 0.00 

-14.10 -0.20 

-13710 0.00 
-14. 86 

-12. $5 

-15. 47 

0. 00 
0.00 

0.00 
-1/i. 26 0.00 
-14.40 0.00 

-12. 82 -0. 20 

-12. 60 ' 

-14.18 
0. 00 

0.00 
-14. 70 -0. 20 
-14 37 --0. 20 
-13. 73 

-13. 38 

-13.90 

-13.55 

I 
-12. 25 Emory ........... : Mex. Bourn!. Rur., lll.5.~. 
-12. 30 .... do ............. · do. 
-12. 77 .. do.··---- ______ 1

1 

do. 

-13. 02 ... do ..••......... · do. 

-13.52 , .... do............. do. 
-13. 63 .... do ........... l do. 
-14.18 ! 'Yhe€ler. Lock. i Ch. ot']~ng'R, Ht.~p. 1876. 

! wood. "'"! 
J,ockwood ........ ) 
Tillman .... . 

-14. 30 

-13.10 
-14. 86 Lockwoo<l .. . 

-12. 55 , Hoxie 

do. 

do. 

do. 

do. 

-15. 47 , .... do . . . . . . . . .. . <lo. 
-15. 26 .. do........... do. 
-14. 40 .do ............. : 1!0. 

-13. O~ :! Tillruau ......... : 110. 

=~::~ r:::: ::::::::::::.1 :::: 
-14. 00 Ii Look wood ........ I do. 

-14. 57 !I .... do ............. l 1lo. 

-13. 73 jj Ives ............. 1 C. S. Rep. 18f'6 . 
8 'I I I d -13.3 j1·····0 ............. 1 o. 

-13. 90: ... <lo............. do. 

Near Rio ruerco of f.]u': \\T \~f'>t. - •. ; 34 fi8 100 52 

110 04 

110 25 

110 30 
110 37 

1853. 92 

1853. 93 
1853. 93 

1853. 94 
1853. 95 

1853. 96 

1B53. gg 

1834.03 

lBM.06 

-14.00 

0.00 

0.00: 
0. 00 ! 

0.00 ' 
0.00 • 
0.00 : 
0. 00 : 

-13.55 ;\'I·· do ............. 
1 

do. 

=~::~ II:::·:: :::::::::::::j ::: Colorado Chiquito ................ ' 34 53 

do ....................... . 35 00 

<lo ......................... · :l5 01 
do ......................... : 

tlo ...........•..........•.. : 

Saronx 8pl'ini; ..•...•.•.•........ 
CedarCrt>ek .................... . 
P110hlo Cre<•k ................... . 

35 12 

3fi 18 110 [j;j 

35 17 111 39 
35 21 112 20 

34 56 112 46 

-13.70 

-13.67 

-13.35 
-13.65 

-13.70 

-13.87 

-13. 82 

-13.98 

0 00 
0.00 
0, 00: 

I --O. 25 I 

-0.30: 

--0.35 ' 

-13.67 .... do··--·········! do. 
-13. 35 .•.. do ............ · 1 do. 
-13. 65 .... do . .... .. . . . . . . do. 

-13. 7~ .... do ............. ! do. 
-U.12 .... do............. do. 

-14.12 j ··· do ............. ; do. 
-U.33 .... do ............. ! do. 
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Table of .Afagnetfo .Dcelitwt-ions, ctc.-Coutiuucd. 

Station. D OlJRPrver. HL'frrc-uct. 

AJUZOXA TRRRJTOUY, PAUT 2- I 
Continued. I 0 , 

Williams River ..•..•........... · j 34 59 , 112 57 
do ...........•............. , 35 07 , 113 13 

White Cliff Creek .•......•....... i :15 08 113 31 

1854. 06 
1854.08 

-14. so -IJ. 35 i' -15.15 
-13. 67 -(]. 40 

l~ig llorse Sprjog ................ J 35 01 ; 113 36 
1854. 09 ' -14. 70 -(]. 40 

1854. 09 -14, 30 -0. 50 

\Villia.ms Ri'fer ...••. ·--···-·--··i 
<10 •••••••••••••••••••••••• -: 
do ......................... j 

do ...••...•.•............ I 
Colorado River .........• · · ... ·· i 
Camp 130 .............•.... ······! 

~:::~ ~~~ ::::::::::::::::::::::::! 
Camp ltfl~j~we. --·-- - -- - ----- - -1 
Colorado River .••.••.......•... · f 
. FortGmnt ........•••••...... __ _ 

l<""ortnowie ......................... ! 

I 
ARKA;t(BAS, I'ART 2. I 

Little Rock .......••............. 1 

ARKA?\ISA8, PART 1. 

Williams Landing .............. · 1 

Isaac Creek ...................... . 

St-0ut's Lanuing .•••••............ 

Hog Thief Bend .............. · · -1 
DeiawareCreok ............ ······I 
Shoal CrAek ..................... 

1 

Profilt• l:ock .................. . 
Rofi<'-ville .•••••.••••••••••••...•. 

1 

};arri's Lamliug ...... , .... . 

Fol't Rutith . . . . . . . . . • • . . . . . . . ,. 

W ashifa or Saline Rh-er ....... . 
Duffalo, White RiYer ... __ ... _ .. . 

Scanlan'sLamliutr ....•......... 

CALIFOR~IA 1 PART 1. 

34 36 , Jl3 28 lRr.4.10 

34 32 ; 113 28 , 1854. IO 
31 17 ' 113 26 

34 13 I 113 33 

34 23 114 06 

34 36 114 16 

34 40 114 23 

34 52 114 32 

1RS4. 12 

18.54. 13 
181\4.14 

1854. 15 
1854.15 

1854.16 

35 12 

34 45 

32 54 
32 10 

114 36 f 1875. 7 

114 24 ' 1854. 5 

34 46 

34 50 

34 04 

35 07 

35 17 

35 17 
35 20 

3fi 2:1 
35 22 

3[) 27 

35 23 

34 00 

36 12 

35 02 

110 40 1873. 5 
109 50 I 187H. 5 

92 lfi 1875. 38 

9.2 30 1870. 3 

92 39 • 1870. 3 

92 50 ' 

93 03 

3 15 

9:J 2;) 

93 31 

93 47 

94 04 

94 30 

92 00 

92 30 

90 16 

IR70. 3 
1870. 3 

1870. 3 

1870. 3 

18i0. 3 

1870. 3 

l8i0. 3 

1878.G 

18{)4,:; 

1878.5 

1878. 06 

-14, oa -(].so 
-13. 97 -0. 50 
-13.40 -0.50 

-13. 68 

-14.13 

-13.85 

--0. 50 '! 

-0. 50 I· 
-0.fiO :' 

-·13. 60 -0.50 I 

-l:l.93 -0. 50 

-14. 75 -(]. J5 

-13. ~o -0. 50: 
-13. 82 -0. 18 

- 8.18 

-U7 i 
- 7.50 ' 

- 7.73 

- 8.32 

- R 42 

- 8.50 

-8.fi7 

-(].15: 

+o. 53 

+o. 78 'I 

+o. 78 ii 
+o. 78 :,I 

+o. 1s i\' 
+o. 78 ], 

t 0. 7~ 

+o. 78 ' 

- 8. 83 i +o. 78 

- 9. 00 ~ + 0. 78 
' I 

- 8. 83 ; r. :16 I 

- 8.33 

- 8.00 

- 6.95 

+~. 4;,: 
+o. 36: 

+ll. 39 

i 
Point Conception·······-·-···-··' 34 27 l~O 27 1872.93 · -14,86 -0.30 
Point Pinos .....•............... I 36 38 121 56 1873. 6G -15, 92 

1 
-0. :.!6 

SanDit'go,LaPlnya ............. : 3~42 11715 1881.26 -13.46 

~an Francisco, llrtf8itlio ....... _ .. 1 37 48 1 122 2; 1881. 70 -16. 30 

lluck&port ··-··-····-·········-··! 40 47 \ 124 12 1853.55 -17. ll, -0.90 
San Pedro····-····-·-·····--···· 33 44 I 118 17 1881.28 -14.4:; -0.10 
SimI,uisObispo ..•••••.......... 1

1 

3511i120 44 1881.29 -15.61; -0.08 

Hnmholdt. ..................... ., 40 4;,; 12413 1854.33 .L17.08 -(].86 

Mont<>rey ·-·····-······-·····--·! 36 361121 54 1881.30 -15.90 
Ros•Mountain ............••.•. [ 38 30 

1 
123 07 1860,04 -16.39: --0.43 

Tomales Bay .....•... - ...•. _._.·I 38 11 122 57 1857. 10 -16. 01 
1 

-IJ. 53 

Bodega ...... ····-···--··· .... ···j 38 18 123 00 1860. 56 -16. 31-' -(]. 41 
RantaBa.rba.ra .....•........••... I 3425 ll942 1881.28 -1486 1 -0.09 
Sau Buen&ventuN .... _ ...•...• _ . 1 34 16 119 16 1870. 05 -15. 13 I -(]. 43 

DominguezHllL. ..•....•...•.... 33 52 118 14 1870.18 -15.35 
1 

--0.42 

PuntaArena ...........•..••..... : 38 55 123 H 1870.40 \ -17.631-0.41 

San Diego ····-·····-··-····-····i 32 43 117 IO 1871.41 -14.78 i -(].38 
E11r<•ka .••....•...........••.••. 40 48 124 10 · 1871.58 

I.ake T&h<m .• - - •••••••••••••••••. 
1 

38 55 120 05 1 1879. 72 
Table Mountain ..• _ ....•.•... _ .. i 37 55 122 36 1879. 84 

~~~:::~~ .. ---~--·.·.::::::::::::::::' : :~ ~:~ ~~ \ ~::~ 
lilue <.:anon ...... _ ••...••.•...••. , 3D 15 120 47 '. 1881. 27 

Vaca............................. 38 22 122 05 1880.89 

C.\!JFORNIA, p ART 2. I 
Sanh1abel. ••••..••...••••••.•.... ' 

Camp Riley •••••••••••••••••• .' ••• ( 
sa oo 116 as !' 1862. s 
32 36 117 06 184.11.5 

-18.71 I -0.30 
-ll 80 . --0. 03 

-16. 0-0 I -(]. o4 

-17. 2L i -0. 03 
-15. 86 I --0. 03 

I 
-15. 64 I --0. 02 
-17.19 -()_ 03 

-12. 57 -1. 00 

-12. 95 -1. 10 

-14.07 

-15.10 . ... do ............ . 

-14.80 .. do 
-14.53 -· <lQ ••. - - . 

-14.47 .... do ........... . 
-13. 90 .... do ...... . 

-14.18 ... 110 ........... . 

-14. 63 .•.. tlo 

-14.35 .... do ......... . 
-14.10 1 ••• do ......... . 

-14.43 ... do ........... . 

tlo. 
llo . 

do . 
t1o. 

do . 
do. 

llo. 

do. 

du . 

l1o. 

<lo . 
-14. 90 lh.•rglarul ......... Cl1. of Eu;.(i-:.. l:cp. 1~'7G. 

-14.30 Jy~·s, \Vhiµph~ .... Phil. Tr•rn!". lio.\. ~)f .. lt-~L 
-14.00 

-13.9.5 

RuH::;rll .......... . 
•••. do ..•.......... 

Ch. of Euµ·;-:. lkp. J.S'i!L 

do . 

- 7.6;, Hilg:ara .. _. ...•.... Xat .. \c:Hl. ~('. 

- 6. 49 .A li.•rt ........... ·I ~IS. 

- 6. 72 .... 110 ··--········· ll!S. 
- 6.95 ( .... tlo ........•.... !~IS. 

- 7.54 ! .... uo ..••......... 
1 
us. 

- 7.fi4 r--- tlo : lt.[S. 

- 7. 72 . ... do. )[S . 
I 

- 7. 79 i;· .. do 11rn. 
_ 8.o:; ::.-·<lo........ ·I )rs. 
- 8.22 ·· .. do~...... .: MS. 

- R 47 t-lntH·r, \Vt:l1mim. i Ch. of :E11g'8. Rt•p. 187~. 
- 5. R8 .: lJuuhar j Sill. .Jo11r., vol. a4, u::1~. 
- 7.64 : Rutter, \\~l'llnum .. i Cl!. ofEu,.(H. l\ep.1S7:-i. , I 
- 6.56 Powt•ll. ........... 1 tlo. 

-L').Hi 

-16. !E 

-13.60 

-16. 56 

-18.0l 
-H . .j:'i 

-15.6U 

-li.94 

-16.03 

-16.82 
-16.54 
-16.7:! 

-14.90 
-15.55 

-15.77 

-18. 04 

-15. l6 

-19.61 

-J6.8:J 
-JG.04 

-17.24 :I 
-15.89 :, 

-15.66 ii 
-17. 22 ;j 

'!1 

-Ja.57 :1 Emory_·-·--·-· 
-14.05 ! .... do ..•••••.••••. 

I 

Mex. Bonnel. Sur,, ti::63. 

do. 
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Table of Magnetic Dec linations, ete.-Continucd. 

Station. 

CALU'OU'NIA 1 PAltT 2-Contiina~<l. 

Sholtt'r Con~ ... - - --
TrinWatl . __ .................... . 

Dt'8t•1·1 Spring~-. -- - - .. __ ••........ 

S.tratoga Springs ............ - ... . 

Statiou A, P<•namiut Yallc:y. 

Cerro tiortlo Lamliug ........... . 

}'otk~, LoM ... An,!..U'lt·f' :uu1 C111innfr 

roa1ls. 

Ol•l Port '1'1,j<in- - -- -- - --- . - --- .•. , 
I'urnacp. Creek ........... . 

TPlmchipai \'all Py ............. - . 

'Vihl ltu:-w Spring- .......... - .. --· 
Pai-nil' Creek ................... . 

"N 1•a.r :Marl Spriu;;t; ............... -

Sodn Lake .... --··'"····--------
L;;_nnp UhJwell .................... · 

Cisco ........... ------------- --· 
Xow York of tbe J>adtic ...... . 

Suisun Cit~· ... -- ................ . 
llarlwr·rl ......•...•.......... 

0 • 

40 03 

4l 07 

:J:i 10 

35 41 

3G Oc• 

36 ~o 

3;, 08 

0 • 

1~4 09 1792. 30 
l~U 36 , 1841. 5 

117 :;7 1~71.5 

lld 10 1871. 5 

lli 14 1875.;; 

ll7 51 J8i5. 5 

118 09 1875. 5 

34 52 118 5J 1875. 5 
36 26 ' 116 49 : 1875. 5 

35 07 118 28 1875. 5 

30 16 117 12 187Ci. 5 

3:) 06 114 54 1854. l"i 

3.> 11 ' 115 33 l 854. 18 

~~5 03 : ll5 59 18i4.18 

41 52 120 09 i 1877. 5 

;i~ 19 l~O 33 , J8ii. 5 

:i~ o:i 121 49 1sso. o 
' ;;,; u 121 37 1 1850. o 

D 

-15.00. -3.73 
-16. uo --1. 42 

-15. 5~ -0. 3~ 

-15. 09 -0. 38 ' 

-15. 18 -0. ::2 

-15. 31 -0. 2:? 

-14. 80 -0. 23 

-14. m -u. ~4 .' 

-15. 69 -0. 11 

-14. 20 -0. 24 

-15. :i~ -0. 13 

-14. 2S -0. 50 

-13. 98 -0.50 

-13. 85 -u. 50 

-17. 88 -0. 07 

-17.18 -0. 04 

-15. 70 -0. 7G 

-15. 68 -0. 76 

-ltl.33 -0. 76 

Dt8it5-o Observer. I Rcfereiie.c. 

i 

' I 
-18. 72 Yancon\"cr _ ... _. ·i Hansteon'H Enlruag. 

-17. 4.2 Duflot <le Mofras .. j Exp]. de OrCf!Oll. 

-15. 90 Lock wood ....... ·I Ch. of Eng's1 Uep. 1876. 

--15. 47 __ do. , ilo. 

-15.4u BiI11it~ ·---·····- ) 

""i -15.53 :: .... du ...... . 

-15.0:J ... ilo ..•.•.. 

-lf>- 15 ·w·h,•eltff .... . 

-15. BO Birnie ........... -
-14. 44 Whipple ....... -

-l:i.45 :: lliruie ......... . 
-H.78 

-14.48 ... do ....•.. 
-14.35 ... do ............ . 

-li.95 
-17.2::! 

-16.46 

-16.44 

-17.09 

dt). 

do. 

do. 

do. 

tlo. 
do. 

do. 

C. S. Rep., 1856. 

do. 

do. 

Ch. of Eng·H, l'"P· 187!l. 

do. 

Charts by Itrngohl 
do. 

tlo. 

ji'ort Yuma·-·-· ...... . 

38 19 121 30 ! 1850. 0 
32 44 114 30 : 1876. 2 

38 19 121 4;3 1818. 7 

-13. ii -0. 15 ,: -13. 02 Bcrglan<l ........ ·i Cl1. of Eng'~, Rt'·P· 1876 

I·'ort HnmnntRoff ........ . -JG. 50 -2. 20 -18. 70 Golov~in .... __ .. ' Yoyage, St. l'etersburi:, 1822, 

lh.·nvcr ................ . :m 45 lo'• oo 1878. 68 -14. 67 

Colorado 8prin:.!;M ........ . 

\\~t·At T~as .Anima . ..: 

!{ortl1 l'ul'lilo ........... . 

Grt.~eh·s ....... . 

Cui.oa.AnO. PA HT 2. 

La Yt>ta Cret>k ... . 

Arkammr\ Rin~r ... . 
l!utfalo 8lo11gh 

Ouchtnas IUver ..... . 

Currant CrN~k . 

a~ fio 10~ 4!1 

38 04 103 Ul 

;is 18 1U4 a< 
41) 2G 104 40 

:ii 32 105 o3 

38 28 105 51 

38 48 105 42 

:17 ~O JO.> OJ 

3~ 40 105 30 

lli:ma Crrl'k ...................•. ' 37 4~ 107 48 

llolon•• ltirnt 37 47 107 5i 

do·········-------------·-: 37 Sl 108 04 
}'ort Garland .......... _. . . . . . . . . ~r; 26 105 ~6 

Jiaydt>uCn•ck ......•............ :-'lb 20 105 4i 

lligh Creek __ ........ --·- ........ : 38 41 '105 18 

I.a.Loma ......................... 37 41 10614 

Los l'inos lndian Airrncy ........ ' 38 12 106 49 
l)uq~·atoire Rh"tSr ·····- ••.•••.••• : 37 18 104 lD 

Hio Grando ..••........•.. -· .... 
Sa.~unche, Crai,.:'s raud1 ..... 

Sau Juan Uher .... -- ........•... 

San Juan l!i vcr1 boatl of East 

}'ork. 

3i 45 107 27 
38 02 106 37 

37 26 106 4; 

37 23 106 46 

)878. (i;) : -14. 79 

1878. 62 : -13. 46 

J 878. 64 i -13. 67 

1878. 69 : -14. 56 

+0.10 

+0.15 

+0.15 

+0.10 

1873.; -14. 12 +o. 28 

1873.;; 1 -14. 68 +o. 2s 

1873. 5 

lrl73. 5 

187:!. 5 

1874. fi 

1874. 5 
1874. 5 

1873. 5 
1874. 5 

1~73. 5 

1873. 5 

1874. 5 

1873. 5 

1874. 5 
1873. 5 

1874. ti 

1874. 5 

-14. 41 
-14. 01 

-14.40 

-14. 53 

-14.16 

-14.00 
-14.12 
-14. 09 

-15. 01 

-14. 88 

-14. 83 
-14.38 

-14.83 
-14.58 

-15.02 

-14. 97 

+o. 28 

jO. 28 

+o. 2s 
+o. 20 

+0.20 

to. 20 

+o. 28 

+o. 26 

+0.28 
+0.25 

+0.22 

+o. 2s 
+0.20 

t0-25 
+0.22 

+0.22 

Sa.n Jmtn 11-liue.::_.\ .....•.•.....•.. 
SintlJ80ll

0

8 Pl·ak Camp ......... . 
\\"ot ~fou11tui11 Y-n.lfo,v ••••••.• 

Fort L~·ou ..........•....... 
No1th llou1ula.ry of Colorado ... 

}~ast nouudnry or (;olorndo ...•. 
Ea.et Bouml~~rs, 3tl 8t.atit1n ....•.. 1 

3i 50 107 35 . 1873 5 

37 41 107 22 1874. 5 
38 Oj 105 25 . 1873. 5 

-14. 64 +o. 25 
-14. 60 

-14. 33 

+0.22 

+o. w 
+0.48 

East. Bournlary, 6th Statiou ...... ! 
East Bonnt!ary, 7th Stotion ...... \ 

East lloundar;-, 40th Station -... -1 
East lloundar_v, 68th Station __ .. -1 
East lloundary, 111 th Station _ •• _ 

3808,1025-0 

_41 00 i 105 00 

1866. 5 
1866. 5 

39 59 ' 102 03 ' 1872. 82 

39 57 10'2 O:l 1872. 8 

39 54 102 03 

39 52 l 102 OJ 

39 26 102 03 

39 01 102 03 

3d 25 102 03 

1872. 8 

1872. 8 
1~72. 8 

1872. 8 

1872. 8 

-14. 50 

-15. 25 +o. 48 

-u.11 +o. ao 

-14. oo +o. 30 

-14. 00 +o- 30 

-14. os +o. 30 
-13. ;s +o. ao 

-13. 50 +o. ao 
-13. 50 +o. so 

-14.48 
-ll.64 

-13.31 

I 
-13.52 

-14.41 

i 
-13.84' Marshall .......... ! 
-14.40 :----do ............. , 

-14.131 ···-do -------------1 
-13.73 ! .. do -·-·-····---: 

:::::::~~ ':::: ~: :::::::::::::! 
-13.!lti : Whipple ......... . 

-13.80 j .... do ........... . 
-13.84 [:Marshall ......... . 

-13. 83 /!- .. do ..........•. 

-H.73 (1----do ............ . 
-14.63 ,_ ... do .........•••. 

-14.61 ..•. do ...•.••..•.•. 

-14.10 .... do .....•.•••.•. 

-14.63 ..• do ........••... 
-14.33 .... do ...........•. 

-14.80 .... do .........•... 

-14.75 I •••• tlo ••••••••••••• 

YOL 2. 

Ch. of Eng·•, Ucp. 1876. 

do. 
du. 

do. 

do. 

<lo. 
do. 

do. 

do. 

do. 
do. 

do. 

do. 

do. 

do. 

do. 
do. 

do. 

-14.39 ' .... do............. do. 

-14.28 .... do............. do. 
-14.05 .... do............. do. 

-14. 02 l'rinc~ . . . . . . . . . . . . MS. 

-14.77 .... do ............. MS. 
-13.87 Major ...•..•..•.•. Gt>n'ILandOtl. lk'l'· 

-13.70 .••. do............. do., 
-13. 70 ' .•.• do............. do. 

-13. 78 ..•. do............. do. 
-Ul-28 .... do............. do. 

-13.20 .•.. do............. do. 
-13. 20 .••. do............. do. 
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1'able of Magnetic Declinat-ions, etc.-Uontinued. 

Station. 
' I , 

_I __ ~ __ : __ ~_I lJ 

' COLOUADO, l' ART 2-Conttnued. i 0 , ! 0 , 

Eo.at.Bonnda.ry, 123d Station ..•.. I 38 15 ' 102 03 1872, 9 
0 

-13.17 +0.30 
' East Boundary, 130th Station ... · 1 38 08 i 102 03 1872. 9 -l:J. 08 +o. 30 , 

East Bom1darr, 154th Station.... a7 47 '1· 102 03 1872. 9 -13. oo ' +o. 30 
EaatBounda.ry.173dSta.tion ..•.. i 3730 10203 1S7t.9 i -\2.wl+o.ao 
La Costilla ..............•........ I 37 00 105 30 ' 1872. 13 · -14. 43 +o. 33 

La .Tunta, near Eclipse Station ... \ 37 591103 33 i 1878. 58 ' -14. 06 

I 
I 0.15 ' 

CONNECTICCT, PAHT 1. 

Tashua .................•........ 

New Haven (Yale) ..•••••.....•.. 
Stamford ....................... . 
Norwalk ..•.......•.............. 
Stonington ......... _ .............. . 

New London ....... ··············! 
Saybrook ..... - ....... - -- ...•.... :: 

Sacllem'sHoad .................. . 

New Haven (PaYiliou) .......... . 

u 1B 

4118 

41 04 

41 07 

41 20 

4118 

41 11\ 

41 li 
41 18 

73 15 

72 56 

73 32 

73 25 

71 54 

72 00 

72 21 I 

72 44 

72 55 

1863.69, -t- 8.04 +1.46 

lSH. 66 + 5. 75 : +3. 44 

1844. 70 

1844. 70 
1845. 60 i 

]845. 62 ' 

1845. ll3 

1840. f>4 

1848. 61 

-t- 6.GO 
1 

+2.40 

+ 6. 82 : i 2. ;;3 
+ 7. 64 l + 2. 44 

+ 7. 49 i --r ~. 4~ 

+ 6.83 +::! Sl 

+ 6. 2.J +2. u:J 
+ 6. 6:! : +2. ;,i; 

Bridgeport............ . ... . . . •.. H 10· n ll , l~.fa 71 : + 6. 32 , +2. 63 

Milford .•...•.......•.....•.•.•. -, 41 14 : 73 04 ! 1845. 72 + 6. 64 +2. 63 

Black nook .•.•.•.......•....... ! 41 oo' 73 rn I 1845. 72 + 6.89 +2.63 

]'ort Woos~r------·-------··----i U 17 72 54: 1848.64 ! + 7_4j +2.45 

Newn;aven, OJ·sterPoint. ...... l 4117' 72 56 1855.li3 '. + 7.04 +2.15 

Hartford ........................ [ 41 46 n 40 1879. 56 + 8. 57 +o. ;3;, 

Bald Rill .....•.•.•.............. \ U 58 72 l~ 1861.71 + ~.84: tl.H 

BoxHill .••...•.........•.•.•.... 1 41 48: 7'2 27 18Gl.79 + S.fil +1.44 

~:;~~~,~~:::::::::::::::::::::::::! :~ ~: i ~~ ~: ~:~ : ~:~~ :~-~~ 
Woooter ..•.............•.....•.. 

1

1 H21 7329 1864.59 +7.63 +1.39 

CONNECT!Ur:T, P AHT 2. i 
I 

~r:~!:t_-_-_-_-_-_·_:::::::::::::::·:::! ~~ ~~ ~~ ~~ i ::~~:~ : ~:~~ :~:~~ 
Danbury ..•...............•...... ( 4122 73 23 1810.5 + 5.68 +4.4:! 
Lyme ............................ 1 41 18 72 17 1810. 5 + 4.50 +4.4~ 

DAKOTA TERHITORY, PAllT 1. I 
~==:~:o:.~::::::::::::::::::::::i : ~~I :; :: ~=~:;~ =:~::: 1~:~~, 
Bismarck ...•.•.•.. , ..•.......... 46 46 

1 
100 38 1880.73 -1,;.sa +o.os 

Yankton ....••..•. '............... 42 54 'I 97 28 

DA.KOTA TERRITORY, p ART 2. 
I 

Northwest b<>und&ry, Woodend .
1 

49 00 , 103 00 

Northwest bonndarv ...•...••••• 

1 

49 oo 102 oo 

Northwest boundary, near Bear 49 00 100 30 

Butte. I 
N orthwoat boundary .•.•.•••.••• 

Northwest boundary, near Pem- 1· 

hiua Mountain&. 

Northwest llonndary .•.•••.•••• ·\ 
do ........................ .. 

do ••••••..•.•.•.•.......... I 

:: :::::::::::::::::::::::::! 
:: :::::::::::::::::::::::::! 
do ..••••..•.•••.•••••.•.••• 
do ..•..•.••••• , .•.•••..•••• 

do •••••••••.•••.•.•.•.••••• 
}~ort Pierre .................................... . 

Cheytlllue River ••••••••••••.•••• ·I 
. ed Earth Creek ...•.•.....•.••• , 

N Har Fort .Berth<lld ............. 1 

S. Ex:77--37 

49 00 103 30 

49 00 

49 00 

49 00 

49 00 
49 00 

49 00 
411 00 
49 00 

98 00 

97 40 

98 10 

98 28 

98 33 

98 45 

98 55 
99 05 

49 00 100 25 

411 00 100 40 
49 00 101 10 

49 00 102 15 
44 25 100 24 

44 35 101 25 
44 35 103 M 
47 28 101 50 

1880. 77 

1873. 6 

1873. 6 
1873. 6 

187a. 7 

1872. 5 

1872. 5 

1872. 5 

1872." 
1872. 5 

1872. ff 

1872. 6 
1872. 6 

1873. 6 
1873. 6 

1873. 6 

1873. 6 

1860.00 

18511. 5 
18-59. 5 
1860.b 

-12.07 

-18.00 

-18.00 
-17. 25 

-18.13 

-15.17 

-15.00 

-15.50 

-15. r.o 

+o. is 

+o.15 

+0.15 

+0.15 

+o.15 
+0.18 

+0.18 

+0.18 

+0.1~ 

-15. 58 +o. 1s 

-15. 25 +0.18 

-15. 67 +o. 1s 

-15.92 +0.18 

-16. 67 +o. 15 
-17.17 +0.15 

-17. 75 +0.15 

-18. 18 +o. 15 

-14. 75 +o. 40 

-14. i;o +o. 4o 
-11. oo +o. 40 
-18. 97 +o. :l5 

Obser\'er. ]{efrrmH·t·. 

0 

-12. 87 MajOl'. .....•..•... Gen. Lawl. Off. Hep. 

-12.78 ..... do............. do. 

-12. 70 .... do............. <I•>. 
-12.20 .... do............... t\o. 
-14. JO Moore .. •. .. . . . . . . MS. 
-13. 91 Thoqte ...... . 

+ 9. 50 

+ 9. 19 

+ 9.00 

+ 9.35 

+10. 08 

+ !I. 93 

+ 9.34 

+ 8. 88 
-i- 9. 19 

+ 8.95 

+ 9. 27 

+ 9. 52 

+ 9. X7 

+ 9.19 

+ 8. 92 

+10. 28 

+ 9. 95 

+ 8.55 :i 
+ 9. 89 11 

+ 9.02 ,j 
I: 

Proc. Roy. Soc .. 1H~W. 

+ 9. 31 11 Miller ••••••.••••• ; Sill. .Toar., vol. 34, 1838. 

+ 9. 09 [I Gillet. ........••.. 

+10. 11 !I Miller ........... . 

+ 8.9311···.110 ····-·· ' 
!1 

-12. 5.1 'i 
-13.431\ 

l1o. 

do. 

do. 

-15. 1;. H 
-ll.89 ii 

I, 
-17. 8511 Twining ·-·-····-·j N. \Y. Bound. Surv. 1 1S7S. 

-17.85!'\ .... do ............. i do. 

-17.10 1--· tlo -·-·-········\ do. 
i,I \ 
![ I 

-11. 98 ,I· ... do ..•...•...... 
-U.99 :! .••. do ............ ' 

ii ! 
-14. 82 :!. ... do ..••....•...• ! 
-15. 32 IJ .... tlo ...••••.••••. 

1• 32 I! 1 

do. 

do. 

do. 
do. 

do. 
- D. ;:····10 ·········•·•·! 
-15.40 i\····do ··-········-·! do. 

-15.07 ii··;·do ·············[ do. 
-15.49 1\. ... do. ············[ do. 

.. ;! ! 

-ln. 74 \\' .•. !lo···-·········\ do. 
-16. 52 !:· .•. do ..•..•••••.•. I d<>. 

-11. 02 1
11 
.... 1\0 ..•••••.•• ···I do. 

-17.60 
1
, •••• do ..•...•..••.. 

1 

do. 

-18. 03 'ii .... do . . .. .•• . .• .•• do. 
-14. :15 j .............•...... 

1 
MS. by Raynolds. 

-14.10 ·1····················1 do. 
-16.60 /1···················· do . 
-18.62 ! .................... ! do. 
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Table of Ma,gnetic Doolinatwns, etc.-Continued. 

Station. 

DAKOTA TER., PART 2-Cont'tL 
0 , 

Little lJoreau River--·-·· ........ 45 lk 101 02 1860.f> 

White Ilh·er .................... . 43 4;; 99 45 1860. 5 

Fort Col. }~ur Company ........ - . 4li 39 96 34 182~. 5 

}~ncatnpmenton Saint Pf'ter Jii\·er 

Cold Sprin~li ....•........... 

44 41 97 Ol' ', 1823. 5 
44 on 104 02 1877. uo 

Spearfish Creek ............ _ 44 30 103 51 187i. 63 

Spring Creek ....... _ ..... .. 43 57 103 12 1877. 77 

Oa.k Grove....................... 44 27 

l'rench Crnek... ............ ... . . 43 46 
South Cheyenne River....... 43 18 

Cape Henlupon ............. _ ... _, 38 47 

39 47 

~:::.~:~g~~~:::::::::::::::::::::: i 
Fort Delaware ................... i 
llombay Hook ................... ; 
Lewis Landing .................. / 

39 42 75 34 

3il 35 ' 75 34 
39 22 i 75 31 

38 49 75 12 

J)agHborou,d1 . -: ....• --- ........ -1 3R 35 75 16 

DELA w ARE, p ART 2. I 
I 

J)elawart~ City---- ___ _ 39 ~;; 75 21 

}!"I.ORIDA, PART l. 

8arnl Ke~·----------·------------· 24 27 
Cap<' Florida.................. .. . 25 40 
DeJH)t Kc:Y, Cedar Key~ __ .... _.. 29 OR 

81 53 

80 1Q 

83 02 

1877. Ti 

187i.79 

1877. 80 

1856. 65 

1875. 55 

1846. 42 

1846. 45 

1846. 46 

1846. 50 

1856. 6G 

1842. 5 

1849. 64 

1850.15 

1852. 20 

Suiut :Mark's Lii:ht .............. 1 30 04 

Dog Island I..igbt --- -- . - -- .... - - - , 29 47 

84 11 i 1852. ~5 

84 40 I 1853. 2.5 

Saintti-eor;.?:e·r.JP.land .••.••••.•.. 1 29 37 

C:11H: Saiut Bl~rn ... --- . -· - ..... _. i ~1l 40 

PensaeoJa. ----· ... _ .. ____ .. 

Apaladlicnla .............. _. _ .. 

l{tiy \VNo\1 •••••..••••.•.•...•... 

rrrnt~I Rarm .....•.•.......•.. 

'TnrKf>y Crf'oP"k ••••••..•.•.• 

Bird Kt~.Y, Dry Tortugas.. 

.Tucksonville ................. . 
Saint Augustine ............• 
Enterprise ................... .. 
Eau Gallic .•........•........... 

Saint Lucie ................. . 
l•'ort ,T upiter. ................... . 

FLORIDA, P..Ait'f 2. 

30 04 

:JO 40 
25 08 

30 25 

29 43 

24 3:l 

26 w 
28 04 

24 3i 

30 2! 
29 54 

28 53 

28 09 

27 29 

20 54 

85 06 185:!. 26 

85 22 1854. 08 ' 
8.5 39 

81 27 

81 02 

87 12 

84 r19 

81 48 

82 01 

80 3;; 

82 54 

81 40 

81 19 

81 14 

80 37 

80 15 

80 05 

1854.10 

1879. 10 

1855. 4 

186!. 02 

1860. 09 

1879. 23 

1866. 49 

1878. 38 

1880. 04 

1880. 09 

1880.11 

1880. l:l 

1880. 15 

1880. 17 
1880. 18 

Daytona ......................... 29 08 80 58 187u.20 

-16.36 

-16. 06 +o. 12 

-15. 36 ! +o. 12 
-15. 50 I +o. 12 

+ 3.06 

+ 3.74 I 

+ 2.80 

+ 3. 28 

+ 3. 3! 

+ 2. 7,5 

+ 2. 6R 

+ 3.50 

- 5.48 

-4.42 

- 5.34 

- 5.49 

- 5.85 

- 6.04 

-6.11 

- 6.20 

- 2.50 

- 5.il8 

- 6.70 

- 6.20 

- 3.5G 

-4.02 

- 3.15 

- 3.71 

- 2.34 
-2.42 

- 2. 77 

-2.00 

- 2.42 

- 2.84 

- 3.24 

+l. 61 

+0.68 

+2. 52 

+2. 52 

+2. 52 

+2.32 

+1. 71 

-·-2. 73 

+2.42 

+2. 39 

+1.86 

-f-1. 8G 

+l. 82 
+1.66 

+1. 63 

+1. 6:! 

+0.36 

+2.06 

+J.17 

+1.39 

-tl. 31 

+0.41 

+0.35 

+0.30 

+0.30 

+0.31 

+0.:11 

+0.:12 

+0.32 

+o.55 

Titusville ...................... .. 28 36 

30 2G 

27 .J6 

29 52 

24 1fi 

30 11 

30 08 

80 48 

84 17 

82 or, 
85 23 

82 40 

82 37 

84 11 

1879. 68 - 2. 08 +0.34 

Tallahas~f',e. - . - ....... - ·. -- . - ... ·1 

Egmont Key, Tampa Bay ......•. \ 

Saint Jooeph'• llay Light ........ j 
Off we&t end Floritla Reef. ....•.. : 

LakeCity ........................ i 
Saint, Mark's ..................... ! 

GEOIWIA, PAI<T ]. I 
Sa van nab ..... - .................. : 
Tybeo J,i)(ht ................. .... i 

llut1"r ........................... l 
:lt~iddfo Base .................... 

1

, 
J\e11esa''' ........................ . 

Sweat .......................... . 

32 05 

32 02 

31 18 
33 54 

33 59 

34 04 

81 05 

8-0 51 

81 21 

84 Ii 

84 35 

B4 27 

1875. 38 - 3. 10 +o. 54 

1843. 5 

1843. 5 

1818. 5 

-5.42 +2.3!i 
-6.40 +l.fi2 

- 6. 55 +3.60 

1875. 37 - 3. 34 

1875. 38 j - 4. 50 

i 

1874. J9 - 2. 28 
1870. 38 . - 2. 34 

1872. 20 - 2. 72 
1873. 12 : - a. 58 

-j-0. 59 

+0.59 

+0.68 

+0.8-0 

+0.70 

+0.65 
1873. 5K - 4. 12 +o. 63 
1873. 77 - 5. 61 +o. 61 

Observer. 

0 

=~::!~ !':::::::::::::::::::: MS. ~~-llilynolds. 
. __ .1! Long's expedition. Silliman'• Joumal, 1838. 

.......... ]: ..•. do........... do. 
-15. r:'J7 I'. Stanton...... Chief .Engineer's Rep. 1 1878. 

~mm+ £ 
·i 

+ 4.67 i, 
+ 4.42 

+ 5.32 :1 
+ 5.80 !/ 

+ 5. 83 ll 
+ 5.07' 

+ 4.39 :1 

I 
!I 

+ 6. 23 'I llamett ...... .. 

- 3.o6 I 

Phil. Trans. Roy. Soc., 1874. 

- 2. 03 ;[ 

- 3.48 :1 
- 3.53: 

-403 /I 
- 4.38 Ii 
- 4.48 ii 
- 4.57 ii 

= !:!~ 
1

1''1 
- 5.53 

- 4.81 '1 
- 3.12 !1 

I' 
- 2.11 r( 
- 2.74 I 

- 3.36 [I 

=~·~ii 
- 2.46 i1 

- 1.691.1 
- 2.10. 

- 2.52 ! 
JI 

ii 
!! 

- 2.69 

- 1.74 

- 3.16 

- 3.07 

- 4.88 

- 2.95 

- 2.7:1 

- 3.91 

- 1.60 

- 1.48 

- 2.0'i 

- 2.93 
- 4.09 

- 5.00 

LivingHton ..... . 

l!S. 
:MS. 
Nat.ion.al Acat1. of Sciences. 

, n. S. Nav"l Report, 18'3. 

do. 

llecq. Traitedn Mag.1846 .. 
P<••l<' . • • . • . . . . . . . . National Ae""I. of&lencea. 

... do....... do. 



 

UNITED STATES COAST A~D GEODETIC SURVEY. 

Table of Maynctic I>cdinatimui, etc.-Contiuued. 

Station. 

GEORGIA, PAUT !-Continued. 

~::~:n·~::::::::::::::::::::::.:I 
Carnes ........................... I 

34 14 84 10 

341218408 
34 00 ' 85 01 

D 

! 
1873. 8:J I - ~- Q2 

. i 
18i3. 86 ! - 0. 22 

.'.D 

+O.Gl 

+0.61 
1sn. 97 ' - .i. o9 ' +o. no 

Grassy ..•.•.•••.•...•••.•.•...... ; 34 29 84 20 1874. 56 ' - 3. 60 ' +o. 57 
Pine Log ...•................•... 1 34 19 84 38 : 1874. 61 i - 4. oo +o. 57 

Skitt ....•.•.....•.•.•.....•...... ! 34 30 , 83 43 1874. 6:! , - 2. 59 , +o. 57 

Currahee ............. ., ......... 1 34 32 1 83 23 

Academy ...•...........•.•...... 1 33 58 84 00 

Lavender .............•...•...... : 3419 85 17 

.Tohns .....•.........•.•.......... 
1 

3437 8506 
Dupont, or Lawton .............. i 30 58 82 47 

Skiddeway, N. Base ............. 1 31 5G , 81 02 

GEO!tGIA, PART 2. 

1874. 80 

1874. 94 

1875. 47 

1880. 08 

1856. 3 

- 2.so +o.ur. 
- 3. 41 , +o. 55 
-3.98 +0.55 

- R. 95 , +o .. 52 
- 2.43' +0.28 

- 3.42 +l.6P 

-2.:H 

- 2.61 

- :J.49 

- 3.o:; 
- 3.43 

- 2.02 

- 2.24 

- 2.86 
- 3.43 

- 3.43 
- 2. lfi 

- 1. 73 

Athens . _............ .• . . . . . . 33 57 , 83 25 ; 1837.;, - 4. :;2 -1-2. 2fi - 2. 23 McCay ........... Sill. Jour., 1838. 

Milledgeville .................... ' 33 04 83 10 : J 875. 46 

Toccoa Falls..................... 34 36 83 20 1 1837. 5 

Canrnsville -----········-········ 34- 25 
Elberton ..•.•••.............•.... ! 34 06 

La.wrenceville -------------------: 33 5g 
Gosben .......•.•...•..•. 33 52 

Monroe··--·-·-·-···-----·-···· 33 51 
Lincolnton..................... 33 46 

Madison ......................... 33 34 Applington ...................... ' 33 32 

.Augm~ta. - - - - -- - --- - - -- - 33 26 
Eat-0nt-On .••••..•...• -- .•....... .1 33 21 

Wa-ynesborongh. ------ ______ 33 011 

Sanderszille................. 32 57 

Mil!HavPn ·-·-·····-·· 32 56 

Black Creek ..................... ' 32 39 

.Tacbonborongb ·------···-··· ... ' 32 49 

Birdsville ...... ·----· .••••. ---- __ ' 32 48 
SwainRborongh ------------------! 32 39 
Columbus ...•...•••••............ ! 32 28 
Springfield................... 32 21 

sa~: 1837.5 

82 59 H37. 5 
84 10 . 1~39. 5 

82 4-0 ' 11\37. 5 

83 53 i 1838. 5 

82 38 

83 40 

82 27 L 

18J7. 5 

JH38. 5 

1837. 5 

82 01 : 1837. fj 

83 34 ' 1838. 5 

82 09 

82 59 

81 47 

81 20 

1837. 5 

183K 5 

1837. 5 

J837. 5 

Sl 43 1837. 5 

s2 1a I 1sa1. 5 
82 30. 1838.5 

85 JO 1839. 5 

81 30 1837. 5 

J,umpkin ··-·-··--··········-·--- 32 09 84 55 1839. 5 

1838. 5 Bryan, court-house·-·····-·-·--·: 32 02 81 32 
Cuthbert ..•.. : ..•.••.•.....•.... : 31 49 

Liberty, conrt-bon•e. .••. .. .. .. .. 31 48 

Fort Gaines ...........•. _........ 31 38 

Darien...................... 31 26 

Bainbridge ..••....•••••...••..•. ., 30 55 

Macon ....•.•....•..•••.•........ : 32 !IO 

Lumber City .•••••••••• __ ._ ...... '. 31 57 

Millen.····-····-······---····-·· 32 5-0 

IDAHO TERRITORY, PART 1. 

85 02 : 18.19. 5 

8137: 18.18.5 

ts5 19 ' 1839. 5 
81 37 I 18.18. 5 

84 46 i l839. 5 
83 38 ' 1875. 45 

82 45 1875. 46 

81 50 1875. 47 

Siniaquoteen .••••••...•.•.••. --·· 
Lake Pend d'Oreille, steambo&t 

Landing. 

48 JO 116 45 

47 58 116 30 

1881. 67 

1881. 70 

Lewiston ............................ .. 46 28 117 05 1881. 71 

- 3. 06 -l 0. 52 : - 2. 54 Poole_ .••....... ··, Xat. A.t•w.1. Sc. 

- 5.00 +~.2!1 - 2.71 Geol. Surn\y ...... Hill. .Tour .. 1840. 

- 5.02 I 2.2fl 

- 4 . .")5 i +2.29 

- 5. ~() +2. 22 

-:5.15'+~.29 

_;).17 +2.2:'.i 

- :i.lf:i' +!!.29 

- 4. 4B I +2. 2!i 

- 5. 00 I +2.43 

- fi. 07 I +2. 7:2 

- 4. 53 : +2. 25 ! 

-5.07,+2.72: 
- G.45' +2.2.~: 
-5.07 1 +2.72 

- 5.07 +2.72 

- 4.02 +2.72 

- 5. 02 +2. 72 
- 5.07' +2.6'; 

- 5.50 +2.~3 

- 5. 08 : +2. 72 

- 5.45 +2.08 

- 5. 08 . +2. 67 

- 5,50 I +2,08 

- 5.08' +2.67 

- 5.52; +2.08 

~ 5.08 +2.67 

- 5.50' +2.08 

- 3. 48 , +o. s2 

- 3.18 +0.52 

- 2.62 +0.52 

-22. 48 + 0. 0:1 

-2'~. 09 + o. 03 

-21. 44 o. 00 

- 2.73 .... do ............ . do. 

_ 2. 26 i .. - . do do. 

-2.7iJ.. .••. do.............. (lo. 
_ 2.86 .•.. rlo ·--·-········ do. 

- 2.23 :: .... (10 ··-·--··-----

- 2.57 i: •.. do··--·-····-··: 

- 2.35 i'.·--·d.O -············' 

- 2.28 ..... do····-········ 

_ 2.35 :! ...• do ------······ 
- 3. 20 :' ... .<lo 
- 2. 35 ·; .•.. do ...••.....••• 

- 2.Z5 if····do ·····-····-·· 
- 2.20 :: .... do ............ . 

- 2.30 ;1·--·do ········---· 
- 2.40 11 .•. do ............ . 

- 3. 28 ;i .... do. ·---· ··•·•· 
- 2.361

1

: .... do ........•... ., 

- 3.37 ! .••. tlo ...•....•.... 

- 2.41 ; .... <lo····-···-···· 
'I ' 

= ::~~ t::~: ::::::: :::::: 
I' = ::~ 11::::~: :::::::······ 

- 3.42 1! ... do ············, 

tlo. 

<lo • 
do. 

<lo. 
do. 

do. 

do. 
do, 
do. 

do. 
co. 

do. 

do. 
do. 

1lo. 
do. 
<lo. 
tlo. 

i' ' -2.96 Ii Poole ...••........ , Nat. Acad.Sc 

- 2.66 1l····do ............. 1 do. 
-2.101\.···do............. do. 

I; 
! 

-22.45 1 

-22.06 I 
I 

-21.44 Ii 

~91 

. l!JAUO TERRITORY, PAllT 2. 

Pack River·-··-············-···· 
Chelemta. River .•••••...•.•.••••. I 
Sohon Pass····-··-··---·-··· ••. 1 

48 22 116 28 

48 41 116 19 

47 27 115 43 

49 00 116 33 

47 38 116 21 

43 23 116 18 

42 5G 115 06 

42 42 114 39 
42 36 113 08 

1861. 50 

1861.50 

1860. 5 

1860. 5 
1860. 5 

1859. 56 

1859. 58 

1859. 58 
1859. 59 

-22. 85 -0. 20 

-22. l 8 -0. 20 

-23.051~ Ila.i~-----------·- I Phil. rrran1-t. Roy. Soc., 1864. 

-22. 38 j .•. .<lo •.••••.....•. i <lo. 
-20. 82 1

1

, Mnll~ ......... ' ~tone's Mag.Var:in U.S.,1878. 

~~::~.i Sta.ti°'.'····· ..•....... ; 
lene Mission ......•.. _.' 

HotSprings ••••••.•••..••••••.••. 1 

Rattlesnake Meadows ..••••••••. ! 
Salmon River Falls .••••••••.. _ .• 'i 
Raft Creek .•••••••••••••••••••••• 

-20. 62 --0. 20 

-22. 62 -0. 20 

-20. 90 --0. 20 

-17. tl3 --0. 20 

-17.00 -0.20 

-17.18 --0. 2-0 
-16. 75 -o. 16 

-22.82' H"rns ......... I -:-1. W.Bound.MS.chart. 

-2J. l0 Mullan ..•...•.. [ St-Ono's Mo,g. Var. 

-1~. 03 I Dixon ............ : Sen. Pnb. Doc., vol. 9, 1859--'60. 
' ' -17.20 1 •••• do ......•..... '\ <lo. 

-17. 38 \ .•.. do. ..•.• ...... clo. 
-16.90 : .. udO .............. do. 



 

UNITED S'l'A'l'ES COAST A"ND GEODETIC SUUVEY. 

Station. 

J11A110 T1<:H.mT01tY, P.un 2-Con­
tintH'(l. 

Lit111' Cafion of ~moky Cri'Pk .. 

Larn1 SHITey. stat.io11:-1 

rlu. ·-·- ....... . 
rlo ..•.......... 

rlo ..............•......•... 

no 
<fo 
tlo .... _ .• 

110 •••••••. 

Tabfo of Jlf~agnet ic Declinations, ctc.-Oontinued. 

0 I 0 I 

42 47 ' 111 01 
46 17 116 !:!:! 

4;, 44 ]j(j 22 

4fi 14 11G ~:! 

44 4fi Jlfj ~:! 

44 lll ]JG 22 

4:~ 2i:i lHi ~:.! 

42 00 · JHl 2:! 

j) 01J8f'ITer. 

0 

1858. 6~ : -l!J, 20 -0. 12 : -19. 32 , Wagner .... - ..... 

186i. 5 

l~6i. fl 

1867. 5 

lRff".". r. 
18G7. fl 

1)-'.(ii. 5 

-20. 32 --u. 15 

-2n. 94 : -O. 15 

-21.17 -0. Hi 

-rn. 17 -o.1:i 
-Hl I'.! -0.Fi 

-18.~,-, -0.1:J 

-18. i!i -0.15' 

-20. 47 i Chart by Cnl'fet> . . MB. 

-21.09 .... do ....•. MS. 

-21. ~2 ... <lo MS. 

-19.:J2 .... do ............. ' MS. 

-10. 27 .... do ' MS. 

-18.40 ..•. <lo. MS. 

-18. 90 do MS. 

116 :w 1807.f) -H!.45 -0.15 :'. -18. DO .... tlo ............ MS. 

an 4:1 22 114 17 18C'7.£, -H.7:> -0.12 -1R87 ... do·····-··--·-·· MS. 

<lo......................... 4.> 50 114 40 1807. 5 --]!). 7;, -0.12 -19.87 .... do ............. : MS. 

Reforon Cl'. 

Ca.mp 16. month of Fall J~inn· 44 01 11 t ao is12. :; .... , : -JR. ~o o. oo -18. 20 Tir1;nlen .......... ' Geological Surv. TerritorieA 
6th .Annual Report, 1873. 

Ht·nry'R, Fork............... 44 19 

Camp 26 ....•.................... 44 30 

Camp 27, Henry T,ake Valley ... -: 44 38 

8nnkt~ Hi \"er. 8 milC's Ut:low cafion. 43 40 

111 20 18i~.5n -1R.4~ o.oo -1R42 .... <lo............. do. 

111 ZO ! 1872. GO -Ht. 22 O.Ot! -1!1.2:! ..•.. tlo ··--·-······· do. 

111 17 ; lf72. fl() -lR. 73 0.00 -l~.73 .... do···--···-----, do. 

111 20 ' 
111 30 . 

1872. 7fi -Ii. 98 

1fi72. 77 : -lR 00 

1872. 77 -17. 92 

1872. 77 ' -17. 83 

0.00 : -li.98 .... do ............ .. do. 

do. 

do. 

do . 

Cnmp :>2 ··-·····-·······---·---"'· 4;~ 3.l 
"\YillowCrrek................ .. 43 3-1 111 42 

Jliglrnne'~ I:irnch . 4X 14 112 26 

Camp 41 1 1101the.at-1t of llountPiA· . 4;, 07 111 15 

J!ah. 

Camp 4:! ··---····------·---·----·. 40 10 111 48 
Camp [:hl, ,i;wnthPa'4t. of Mount 4~ 2R 111 47 

Re1lgwick. : 

Camp 71 ------- ···---------------/ 42 38 112 ~:J 
Camp i'i, nortl1wt>-Rt of Oxford 4~ Hi ll2 o:-, 

T't~ak. 

Camp 78. northeast of Elkhorn 42 23 112 13 

Peak. 

Camp t'O, 1-<outh ofOxfonl 8ettle- 4~ 14 112 01 

m"'nt. 
Yort Hall....................... 43 O~ 

name Creek.---··············-·· -12 46 
Jlawhius'Crock ...•....•.•. ······: 4!? 32 

• rark I\:uifr Crt>ek ....••.......•• ,, 43 o~ 

Lane'~ }\lTk ·---··--·--········ 4~ 5;) 
I.iittle Black-pot 1u,~er ......... _ 42 ;;7 

MahuleCit~··-·········· .......... 42 JI 

Mink Creek ...................... 42 13 
Port Nenf ltivcr. ...... ...... .... 42 47 

ll2 23 

111 15 

112 20 

111 07 
111 ltl 

112 00 

112 lG 

111 44 

112 16 

Robbins" Ford................... 42 10 111 49 
Roda Spring Villa~e ............ . 

Saint CharleM Canon .......•.... 
Tincup Run ..... - ................ __ . 

Fort Lapwity ................... . 

42 40 111 35 

42 05 111 32 

42 59 111 16 

46 18 116 54 

lLLl!i'OIS. PART 1. 

)[oundCity...................... 37 05 8Y 04 

Cairo............................ 37 01 89 10 
Sprin:;tteltl....... ..••.. .•••.•. :rn 50 89 39 

lf.U!l'Cll", PART 2. 

187'i. 5 

1877. 5 

H\7J. 5 

1877. 5 

1877. 5 

1877. fl 

1877. :-; 

1877. 5 

1877. 5 

1877.;; 

1877. !i 

18Ti. i) 

l.'177. 5 

1877. 5 
1877. 5 

1877. 5 

1877. 5 

l8i7. 5 
1877. 5 

1876. 4 

l86a. 01 

1877. Pl 

1&78. 9:1 

I 

Chica,~o .•..••.•.•.•...•.•.•....•. , il 50 87 37 1878. 67 

Jack~oudllc ·----- ------·------· 

Alt<in .....• ··-·····-····-·--·--· 
Caholdit ....................... . 

Kaskaski~ ......•.......••.•.... 
Pnblicl:\nd survey station ...... . 

tlo. --···-··--·· ----·· ----·· 
do ...... ··············---· 

tlo ..•..•• ·-----······-·-·-· 

39 45 

38 52 

38 36 

37 57 

4115 

41 10 

41 00 

40 50 

90 18 1833. 5 

90 12 1840. 5 

90 00 1810. 5 

89 55 1809. 5 

88 32 1821. 5 

88 32 1838. 5 

88 32 ' 1838. 5 

88 32 183:l. 5 

:I o.oo 'I -1Roo, .. do-·--·-- ____ _ 

0.00 I -li.92 .. dO •••••••••••••; 

0. 00 -17. 83 .. . do .....•..•••.• 

-18. 33: +0.05 -]fl.28 Tillman ........... Ch.of'Eng's ltep. 1 1818. 

I 
-18. 7?. [ +0. O!"l -lo.67 : .... do ......•.••••• ! tlo. 

-lB. 30 . +o. o;; -18.25 .•.. do ............ : do. 

I 
I 

-18. 62 I +o. 05 

-17. 83 +0. OS 
i 

-11. s5 +o. 05 

-18. '.l!) + o. Ofj 

-18.57 
1 

Yon " : 

-17.78 i. ... d~~~::~~~~:~~:~i 
: I I , 

-17. 8Q ·1 ··· do .....•• ·•···· 1 

-18. 30 , .... do .....•• ----- ! 

do. 

do. 

do. 

do. 

-lR 22 ' +o. 05 

-18. 32 +o. os 
-22. 78 +o. 05 

-Is. 45 +o. o5 

-18.43 +0.05 

-18. 87 : +o. 05 
-17. 73 ' +0. 05 I 

-17. 85 +o. o5 ,, 
-18. 73 +o. oo 
-17. 80 +o. o5 

! j 
-18.17 IBirnio .............. ; do. 

-le.27 ! Tillman ..•••••.... ; do. 

-22.73 i Young .............. j do. 

-18.40 i Tillman .....•..... i do . 

-18.38

1

i. ... do ·············I do. 
-18.82 .... do··----·······: do. 

-17.68 i Birnie --·-····---·I do. 
-17.80 .I Tillman ......•.•.. 1 do. 

=~~: r:::: :::::::.:::::; ~:: 
-21.11 +o.os 
-15.13 +0.05 
-is. 53 +o. oo 
-19. 75 0. 00 

- 7.53 +1.11 

- 6.01 +0.39 

- 5. s1 
1 

+o. sa i 

-21.12 ,; .... do ............. [ do. 

-18.08 •.. -- do. ------····--1 do. 
-18.48 i' ..•. do ..•••••.•••.. J do. 

-19.75 f. Miller ...... ·-·-·-i Ch.of Eng's Rep., 1876. 

ii I 
- 6.42 1l 

- 5.62 \] 

- 5.4s l1 

- 4.55 +0.51 

- ~- 75 i +2. 72 

-7.75 +2.38 

- 8.42 i +3.40' 

- 7.33 +3-40 

- 8.25 +2.lJ" 

- 7.42 +2.2C ii 
-6.83 +2.20:1 

- 1. 12 +2.40 !I 

- 4.04 '1' Thorpe .•..•.•.••. '. Proo. Roy. Soo., 1880. 
- 6. 03 Sturtevant ........ j Sill. J our., 18.'18. 

- 5.37 i Loomis. ·-·-·----:Sill. ;Jour., 1840. 
- 5. 02 j i Man•fteld .. _. _. _.. Sill. J our., 18!18. 

- a. 93 I~ Public Survey .••. I do. 
- 6. 12 Ii .... do .........••.. I Sill. Jonr., 18'0. 

-5.221: .... do •..•••••••••• , do. 

- 4.63 jl----do ··---------·- dz .. 
- 5.32 ! .••. do............. do. 



 

UNITED STATES COAST AND GEODE'rIC SURV1W. 

Station. 

lLLlNOJ~ 1 PAlt'f 2-CoutinueU. 

Pnblic laml snrw.y st.at.ion ...•. 
do ...................... . 
clo 

~10 .. - . - •.. - . - ......... - .. -

Table of jfa.wnetic Declinations, etc.-Continucu. 

. I I; ;, 
t D 1 AD : D101,1.o :: 

. --~ ----1--,:--'i 
I I\ '' 

Reference. 

o o I: o 

- 7. 50 I +2.64 \' - 4. 86 '.',Public Snl'Ve,Y ··..': Sill. Jour .. 1840. 
- 1. 67: +2.64 I _ s. o3 : .... do .. .10. 

0 ' 

40 30 . 88 32 ' 1823. " 
0 ' 

40 20 
40 00 

39 30 

88 32 1823. 5 

88 32 1822. 5 
88 32 ; 1821. & 

- 7.92 [ +2.65 [1 
- 5.27 1 

.... <lo ............. l\o. 

-8.00\+2.82,' -5.18 .. do............. ilo. 

293 

Galena. ......................... . 
Itockf1ml ................ .. 

42251 9026: 1876.74 -9.14i+o.6r.i -8.49 IPowell ............ Cb.or:Eni:'oRcp .. IH77. 

42 17 89 07 1876. 77 - 5. ~o I +0.65 I' - 4. 6:. 1----<lo ............. do. 

Mount Fore•t ................ .. 41 4:) 87 52 18.76. 66 - 4. 59 ~ +o. 6G ; - 3. 94 l Lock wood . • . . . . . . \lo. 

Dunleith .................. . 42 28 00 40 1856.80 ~ 8.5S 1 +L7G j - C.8~ / Frip,sach ..•....... Kais. Acad. Wiss .. Tol.2,JR1FL 

Gt>foODdr:. ••.••. ···•····•••· --·-- 87 23 88 25 1872.46 - 6.10 I +0.li9 i - 5.41 1/ Ilillf~l'd ........... , Xat. Aca•l., So. 

'\Venoua ..........•...........•. 

Macon ......................... . :~ ~~ : ~~ ~~::: = ~:~~: :~:~~ ! = ~:~: i.:::::: ::::::::::::: :::: 
Ilighland .................... .. 384.5 8941 1872.67 -6.57 +0.69 -5.88:! .... do............. do. 

Collinsville ..................... . 38 39 ', 90 04 1880.38 - 6.51 +o.26 - 6.25 ', Nipher ........... Tran•. St. J,onis Aca;J. Sc. 

SJ1erwood ...................... .. 42 27 9Q 37 1839. 78 _ 9. 00 : +2.19 - 6. 81 ' Sur\'eyor ......... Locke's Sul'. Min.La11ds.l831f. 

Rock Island .................... • i 41 31 ; 90 34 

~::~~:~~~~::::::·.:::::::::::::::! !~:. : ~! 
New A then• ..................... ! 36 11 89 55 

I:\IJIANA, p ART J. I 
;~:.~:::~~~:::::::::::::::::::! :: ~: ~ :~ 
ln,lhmapolis ..................... \ 39 47 86 OS 

Richmond ..................... --1 39 50 : 8~ 50 

IxnIAK A1 PART 2. I 
Michigan City ................... 41 4.1: ~6 54 
Madison ....................... --. 

South Hano"'t'r. ·--- .. ---- ...... . 
J<'1tlls of the Ohio ................ .' 

Ohio Rh·er. ·---·- .... -- ··---- ... -i 
Month of the Wabash ........... : 

38 45 ~ 

38 45 ! 

38 20 

rui. 10 

38 00 

85 lft 

85 23 

8.5 40 

86 30 

88 00 

T.ogansport ...................... 40 45 86 24 

Fort "\Yayne ......... ·----·-·---·, 
Iwynol<ls ........................ 1 

Terre Haute ...................... 
1
) 

I 

A~::~~-~~-~~:~~-
1

: .. ~~-~~ .~· ••. I 
Eumnla. .......................... ( 

lNIHAN TERRITORY, PART 2. I 
WilsonRock .••..... , ...•...••... ( 

~=::~:~~-J~:: ~::::: ~:~~:: ::::::: 

41 00 

40 45 

39 28 

1-

85 03 

86 48 

87 20 

3424 i 9605 

"' 16 95 33 

35 19 
35 20 

3.'i 25 
Weller's Fall•................... 35 30 
FortGibson................... ... 35 48 

94 37 
94 45 

95 00 

95 07 

95 20 
Vinita........................... Sil 41 115 07 

IOWA, PART 1. 

Dea Moinee............ .••••••••. 41 37 93 36 
Sibley . • .•• • • . . •• • . •.• •• •. •• • . •• . 43 24 95 5-0 
Davenport ....................... 41 30 90 38 

Dubuque........................ 42 30 90 44 

IOWA, PART 2. 

Cherokee, Eclipse Station........ 42 46 95 38 
'Engineer Cantonment . . • • . . . • • . 41 25 95 44 
Near Iowa City...... . •• . • . . .. • . • 41 40 91 86 
IoW"a Cit;y.. • • • • • • • • • • • • • . • • • . • • • . 41 39 91 32 
Keo'ltnk. •• •• •• ........ •••• •••••• 40 25 91 28 

1878. 71 

1844. 08 

1880. 60 

'1880. 77 

1F80. 84 

1880. 8.1 

188().86 

1880. 88 

1873. 64 
1810. 5 

1837.5 

1810. 5 

1811). 5 

1810. 5 

1836. 5 

1874. 65 

1874. 63 

1874. 66 

1878. 54 

1878. 54 

1870.3 
1870.3 

1870.3 

1870. 3 

1870. 3 

1878.00 

1877. 81 

1877. 77 
187'1. 83 

1880. 81 

1869. 60 
1819. 73 

1880.46 
1879.50 

1818. 58 

1840. 

- 6.00 +0.5-0 - 6.46 Powell............ Lnke Sur. Rep .. 187!1. 

- 8. 25 +2.13 - 6.12 Land Rurt"ey. __ . _ MS. hy Spra~!~t'. ·• 

- 6. 72 +0.24 - 6.48 Nipher ............ Tm.us. St. Louis Ac,ul. 8c. 
-5.82 +0.24 -.i.58 ... do............. do. 

- 5.08 +0.25 - 4.83 

-4.31' +0.25 - 4.13 

- 2. 78 : +o. au - 2.48 

- 2. RS · +o. 27 - 2.61 

- 3.98 +0.86 ! - 3.12 Lee ............... · :M:S. 
-5.42 +3.05 ,' -2.37 1lansfieltl. .•..... : Si11. .Jmn.,1R:~~-
- 4.58 +2.66 i - 1.92' Dnnn ............. ' do. 
- 5. 83 +a. 05 ,j - 3. 78 ' Mansfield..... do. 

- 6. 50 --i·ll. 17 !,\ - 3. 33 .... do .. • • • • • .. .. .. tlo. 

-7.17 +3.2sii -3.~9 .••. do............. do. 

- iJ. 20 :. Tovrn pl~n.... •.. Rill .. four., 1840. 

- 1. 84 llilj!"'rtl........ 'Nat. Aca•l. 8c. 

- 2. 76 ... 1lo .. .• • . . .. do. 

-5.58 +2.3~:i 

-2.43 +o.64n 
- a. r>o +o. 74 1! 
- 4.57. +0.7211 - 3.85 do. ., 

1 

! :; 
-9.19 +o.ao

11 
-8.89 

-9.17 +0.30' -8.87 

I 11 
Ii 

- 9. 33 +o. 00 :1 - 8. 73 Abert. MS. 
- 9. 43 +o. 60 :1 - s. 83 ... do ........... MS. 
- 9.1> +o.60 1\ - 8.55 ', .... do ............. ){S. 

- 9.50 +0.60 I - 8.00 1 .... do ............. MS. 
- 9.80 +0.60 ;

1 
- 9.2U ' .... do ............. MR. 

- 8. 88 +o. W :1 - S.511 li Niph<>Y ........... Trans. St. Louis. A.ca.cl. Sc. 

\, \I - 9.39 +o.40 I - 8.99 \ 

-10.84 +o.4o JI -10.44 1 

- ?.os ! +o.oo .
1 

- s.ss 

11 

I I • 
- 6. 761 +o.29

111 

- 6.47 ' 

-11. 53 
1 

+o. 68 \' -10. 85 \ Blickonsderfor ..•. C. S. :R~p., 1869. 

--12. 981········ ] .......... I I.ong's Rxp'n ...•. Sill. Jom'., 1838. 
- !Ul3 +o. 28 I - 8. 55 1 Nipher . • • • • • . . .. Trans. St. Lonis. Aead. Sc. 

- 8.06 JI +0.35 11 - 7.71 ,: .... do............. do. 
-7.58 +o.asli -1.201\ .... do............. do. 



 

2H4· UNITED STA.TES COA.ST A.ND GEODETIC SURVEY. 

Table of Magnetic Declinations, etc.-Oontinued . 

Station. D .<i.D Ji D1,...o , Observer. Reference. 

loWA, PAl<T 2--Continued. 1--0~11 ~0--1---------
, +2. 19 f i - 5. 98 'i Snrvryors ... 

q 

... ,------------

Lost GroYe ........•..•••••...... 41 39 90 09 1839. i3 - 8.17 Locke's Rep. on Min. Lands. 

,, 
Wapsipinecon River............. 41 44 

lrouOrt~-------·-------·---------, 41 !.i5 

90 23 1839. 73 - 8. 42 +2. rn I - 6. 23 '! Locke .......... -

1839-'40. 

<lo. 

tlo. 

llo. 

tlu. 

do. 

do. 

Jo. 
do. 

do. 
<lo. 

do. 

do. 

90 40 I 1839. 74 - 7. 7J +2. J9 
Elkford ......................... _, 42 00 oo 52 , 1sa!J. 11 I - 9. 25 1 +2. rn 

91 02 1839. 75 i - 9. 07 ' +2. 19 
91 02' 1839. 75 i - 9.33 +2.19 

Small Mill ....................... , 42 04 

l~ridge .......... - - .. -- .. - . - ...... . 
Makoqueta River ............... . 

Mill ........................... .. 
Cheney's ........................ . 
Farmer's Creek .......•......... _ 

Whit<> Water ................... . 

42 06 

42 14 

42 10 
42 12 

42 13 

4~ 18 

90 57 

90 37 

90 21 

90 2:i 

90 38 

1839. 75 ) - 8, 7-1 
1839, 75 ', - 9. 25 

+2.19 

+2. l!J 
- 9.08: +2.19 

-9.18 +2.19 

-9.17 +2.19, 
NorthBranch.l\Iaksqnita ........ 

1 
42 23: 90 52 

1839. 76 

1839. 76 

1830. 77 

1339. 77 
1839. 80 

- 9.58' +2.19 
Little Makoqueta ................ ! 42 31 90 31 - 8.50 +~.19 

Sherald•s Mount! ................ ! 43 35 90 33 1839. 80 -8.li +2.Ht 
Log House __ -- __ . _ ·- __ ·-·- ... _. _! 42 3R fJfJ 43 1&39. SQ - 9.00 +2.19 

1'urk':iRiver ....................... : 42 42 
i.~f•rry opposite I)rairio du Chien._; 43 03 

90 48 1839. Sl 
90 53 : 1839. 82 

95 52 ' 1878. 66 

91 14 I 1882. 6:> 

~l H i 1882. 66 

- 9.00' +2.19 
- P. 08 ' +2. la 

Council Illutli< ................... i 4115 -10. 6tj : ·+ 0. 28 

Xear Atnlis~a ---------- .----· 41 3R 

Aikiu~.Ct~llurConnt,\-------······ 41 43 

- 7. :i.J +o. lG 

- 7. s1: +u.rn 

.I ... awrence .... __ ...•...•.• __ •...•. , 

Uurnhol<lt ........... .. 
l~mporia ..•.•••.................. : 

Great Benrl Worf. ZarahJ. . ' 

Dodge City ..................... . 
Sargent ............. -..... _. 

KAXRAS, PA!t'I' 2, 

}'ort Larne<l _ .............. .. 

~ ew Fort Hayes ................ . 
Walfacp ....................... .. 
~fanbattan ...•...... _ .......... . 

~alina .......................... . 
.ElliM ............................ . 

J•'ort Lea, on worth . . . . . . . ..... . 

YenuillionCreek ···········----· 
lUg Ilhw River ............ ------
ParsonN- ••.•...•..•..•••...•..••. 

KE~"'l'L"CKY, p AWL' 1. 

Pa1lueah ....................... . 
Twenty-sMen-mile Islarul ...... . 

Patt.erson'A Landini; .............. . 

Oa.kland ....................... .. 

Shelbyville .................... .. 

Falmouth ....................... . 
Tippflr J>ointof Rocks •.••.• 

Dickman ...................... .. 

·Mayfield------··-·····---------· 
Jrla.diAonvilln ............... ,. •••.. 

lA•itd1fiehl_ ..................... . 

I ... t>lianon ...••••. --·- ...... - ..•••• 

Livingston ...................... . 

C:rntl1iana ..................... .. 

Flomiugs\mrg ................. ., 
Grayson .................. . 

KBNTLC:KY1 'PART 2. 

38 58 : 9;; li> 1877. 87 

3749: 9'>26 

38 26 96 12 

38 24 98 43 

1878. 55 

1878. 56 

1R78. 58 

37 44 99 59 i 1878. 59 

:is o:; 101 58 i rn1s. 61 
! 

38 lO 

3b 59 

9R 57 1867. 5 

99 20 : 1867. 5 

- 9.86 

-lO. 08 

-10.84 

-ll. OR 

-12. 27 
~12. 74 

-12.00 

-12. 80 

+U.33 

+0.30 

+o. ao 
+a. 2s 
+o. 21 

+o. 25 

+o. 55 

+o. 55 

:1s ,;5 : 101 35 1872. 78 -13. 30 +o. 38 
:m 12 96 as 1s12. 76 -10. 86 + o. 4o 
:19 so 97 ~9 · 187~. 77 -12. so +o. 40 

as 56 

39 21 

:l9 57 ! 

40 00 

37 20 

99 40 lSTZ. 77 , -12. 42 , +o. as 
94 54 J8j8_ 5 -10. 98* +I. 20 

96 16 : 1858. 6 -11. 58* + J. 10 

96 35 1858. 6 -14.17* +1. lO 

9;, 17 , 1879. 65 - 9. 55 I +o. 25 

37 05 88 37 . 1865. 10 - 6. 75 +l. 00 

36 57 : 88 I4 1865.15 - 7, 37 +l 06 

37 03 : 88 25 186;;.18 : - 6. 73 -j-l. 00 

37 02 86 15 I87Lll5: - 6.24, +o. 75 
38 13 s5 13 1871. oo , - s. 04 +o. 85 

as 41 84 11 , 1s12. 01 - a. 36 , +o. 84 
37 04 88 17 

36 H 89 12 

1865.rn' -7.42:+1.06 
1881. 73 : - 5. 79 . +o. 1s 

36 45 88 41 1881. 74 

37 JU 87 33 1881, 7d 

:n Jo 86 22 , 1ssi. 77 

;17 36 

37 31 

37 23 

38 26 

38 26 

38 18 

K• 19 
84 44 

84 20 

84 25 

83 46 
82 59 

l8lll. 78 

1881. 79 

1881. 80 

1881. 81 

1881. 83 
1881. 84 

- 5.22 i +0.18 

- 5. 10 : +0.18 

- 3.32 +0.18 
- 3. 73 ' -j-0. 19 

- 4. 26 l·O. 19 

-1.61 +0.19 

- 2.47 +0.20 

-1.76 -j-0.20 

- 1.46 +o. 20 

Augusta ........................ 38 50 83 50 1!!05.5 - 5.00 +2.95 

- s.a21; ..... (1o ····--·----·-r 
- 7. 06 i! Surveyors·····--·! 
- 6.88 I! Locke ............. , 

- 7.14 ,1 1~ Surr-eyors ........ ; 

= ~:~ L::~: :::::::::::::. 
- 6.89 !j .... do ............. . 

- 6.99 I Lock(' ............. . 

- 6. 98 I Sun·p.yors ......•.. 

- 7. 39 , ... do ........... .. 

- 6.31 .. do .... " ...... .. 

-0.98 ... do............. <lo. 

- C.81 i---·<lo ········--~-· do. 
- fl. 81 1 

••• do ..... __ ..••.. do. 

~ 6. 80 .... do.............. do. 

-10 .. 18 Thorpt' ···-······· Proe. Uo,y. Suc. 1 18fl.0. 
- 7.18 

1

Niphor ........... MS. 

- 7.1;;; .... do ............. MS. 

- 9.53 

- 9.78 
-10. 54 

-10. BO 

-12,00 

-12. 49 

-ll.45 

-12.25 
-12. 92 

-10.46 

-12.40 

-12.04 

- 9.78 
-10.48 

-1:1.07 

- 9.30 

-5.0ll 

- 6.31 

- 5.67 

- 5.49 I 

- 2.19 

- 2.52 
-6.36 

- 5.61 
- 5.04 

- 4.92 

- 3,14 

- 3.54 
- 4.07 

- 1.42 

- 2.27 

- J.56 
- 1.26 

MS. 

... do ............. MS. 
Nat. Acad. Sc. 

<lo. 
do. 

do. 
Simpson ... _______ ,' Stonc'~.Mag. Var., 1878. 

... do .. .. .. .. ..... <lo. 

.... do··---······-· du. 
Nipber .... a ..... ' Trans. St. Louis A cad. Sc. 

- 2. 05 Public survey Sill. J our., 1838. 

•An iudox correction of+ 10 was applied to Simpson's observations. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Table of Magnetic Declinations, etc.-Continued. 

Station. D D1885.Q !: Observer. Reference. 

KENTUCKY, p ART 2-Continued. : I 
0 ' ' 0 ' 

Williamsburg ..•.•.•....•..•.•.. : 36 47 ! 84 10 

87 20 

87 ~o 

1873. 62 

1875. 47 

1875. 48 

1875. 50 

1875. 50 

1875. 51 

1875. 52 

0 

- 2.07°: +0.74 - 1. 33 :· Hilgard .......... ., Nat. A cad. Sc. 

G-uihrie ...•.....•............. - .. ' 
Crofton .......................... 1 

Portland ..............•.......... : 

Cave City ........................ ; 
Xicholasville ....... - . - ... - .. - · · . j 
May•ville ........................ ! 

36 38 

37 02 
38 16 ' 

37 10 ' 
37 56 

38 41 

BG 55 

85 55 

84 38 

8:1 41 

- 6.73: +0.55 - R 18: ... <lo ............ .. 

- G.26, +0.55 - 5.71 :' .... <lo •.........•.. ' 
-3.63.+0.62 -3.01 1 .... do ........... .. 

- 5.91 +0.57 - 5.34; .... <lo ............ .. 
- 2. 80 +o. €2 - 2. 18 .... do ............ . 

- 0.01 +0.62 , + 0.61, .... tlo ............. , 

LOUISIANA, PART 1. I 
Fort Livingston ................ ·I 29 16 ' 89 57 : 1853. 02 ' - 7. 64 ' + 1. 61 - 6.03 i 

Isle Dernier ............... - .•... ·I 

New Orleans, Basin andCanalsts.: 

29 02 

29 57 
90 54 

90 04 
N cw Orleans, fair grounds ....•.. ! 29 59 00 05 

Cubitt ........................... ' 29 10 : 89 15 

Coto :Blanche .................... j 

Pass a Loutre .................... ! 
Magnolia Base ................... 

1

1 

Southwest Pass ................ .. 

I~OUISIANA, PAR'!' 2. ! 

29 44 91 43 

29 11 ! 89 01 

29 32 89 47 

28 59 89 23 

1853. l4 - 8.32; +1.61 : - 6.71 

1858. 26 : - 7. 86 - 6. 18 

1880. 23 -- 6. 46 - 6. 18 

1859. 95 - 7. 53 +l. 34 - 6.19 

1860.17 -· 8. 36 +l. 33 - 7. 03 

1859. 99 - 7. 50 +l. 34 ' - 6. 16 

1872. 05 

1872. 17 

- 6.78 +0.76 

- 6.09 +0.75 

- 6.02 

·- 5.34 

Cheneyville ....................... : 31 00 92 15 1807.5 - 9.33 +J.61 - 7.72 

du. 
1lo, 

1lo. 

db. 

do. 

do. 

Sill. Jour., 1838. 

PnbJic survey station .........•.. '. 3~ 50 92 22 1835. 5 - 8.67 +l.98 - 6.69 :.do-·----------- Sill. Jour .. 1840. 

do ......................... : 32 25: 92 32 1836. 5 

do ......................... ' 31 50 92 32 

do ......................... ! 31 4.J 92 22 

do ......................... I 31 40 !J2 3t 

do ......................... ! 29 41 94 oo 
(Jsgood Island .. • .. .. . .. . .. .. ... i 29 11 89 05 
Avery's Island................ .. 29 55 , 91 45 
Brasbear City ........ . 

Baton Rouge .................... . 

29 41 : 91 14 

30 26 I 91 12 

Grand Ecore ................. _ .. 31 48 93 07 

93 45 Shreveport ..................... ., 32 30 

I 31 17 Alexandria .......... . 92 27 
Monroe ......... _ ..... _ .....•.... 

- 8.50 +J.96' - 6. 54 

- 8.50 

- 8.50 

- 8.67 

- 8.68 

- 6.18 

- 7.33 
- 6.88 

- 6.99 

- 7.87 

- 8.00 

+L9R. - 6.52 

+J. 98 ! - 6. 52 
+l.98 ,, - 6.69 

+l. 55 : 

+0.75 
+o.75 

- 7.13 

- 5.43 

- 6.58 

- 6.13 

- 6.24 
- 7.23 

- 7.36 

... do ..•.••• 

... do ............ . 

, .... do ............ . 

[:::::~ ::::::::::::: 
- 7.73 - 6.98 i ... do ............ . 

- 7.59 

do. 

do. 

do. 

do. 
<lo. 

Nat. Acarl. Sc. 

do. 

do. 

<lo. 
llo. 

do. 

tlo. 

Uo. 

295 

Gain~•' Ferry .............. .. 
a229l 92os 

31 28 I 9:J 45 

I 

1834. 5 

1834. 5 

1835. 5 
1840. 5 

1872. 18 

1872. 20 
1872. 22 

1872. 25 
1872. 27 

1872. 29 

1872. 30 

1872. 32 

1840. 4 - 8.6fi 
- 6.84 \ .... do ............ . 
- 7.13 i Gral1am .. _______ _ Trans. Am. Ph. Soe.:1846. 

MAINE, PART 1. 

Agamenticus . • • .. • . . . • .. .. . . .. . . 43 13 70 42 

Mount Independtmce .. .. . . . . .. . . 43 46 ' 70 19 
Kitrery Point............ . ...... '. 43 05 70 43 
Fletcher's Nook ................. : 143 27 70 20 

Richmond Island ................ i 43 33 7-0 14 
Portland, west .................. ., 43 39 

Mount Pleasant ................. , 44 02 

Kennebunkport ................. ' 43 21 

Cape N etldlck ................... i 43 12 
Cape Small ...................... : 
Monnt Sebattis .................. 1 

Mount Ragged ................... ! 
Cam<ien Village .•...•.......•.... : 
MonntHarri• .................... 1

1 

Mount Sannders ................ . 
Southwest Harbor .............. . 

Mount Desert .•.......•.•........ ! 

=~·.-::.·::::::::::::::::::::::! 
Humpback ...................... ! 

70 17 

70 49 
70 28 

70 36 

69 51 

70 05 

69 09 

69 05 

69 -09 

68 36 
68 18 

6S 14 

67 17 

68 47 

68 07 

67 24 

1847. 74 

1849. 77 

1879. 62 

1850. 69 

1850. 71 

1866.12 

1851. 64 
1851. 65 

1851. 66 
1851. 80 

1853. 57 

1854. 74 

1854. 83 

1855. 67 
1856. 52 

1856. 74 

1856. 77 
1857. 71 

1879. 64 
1858. 65 

1859. 61 

+10.16 
+11. 77 
+12.52 

+n. 2s 

+12.30 
+12. 72 

+14. 53 

+11.39 

+11.15 
+12.09 

+12.89 +1.24 

+14. 28 +l. 35 

+13. 95 +l. 34 

+14. 58 +1. 29 
+14.99 +l. 32 

+15.42 +1.30 

+15. 24 +l. :JO 
+15. 35 +l. 48 

+16. 49 +0.18 

+15. 80 +l. 42 

+18. 53 +l. 34 
Cooper •.•...•••.•.•.•••.•• • ..••... 
Howard ......................... ! 

43 47 

44 09 

44 13 

44 12 
44 40 

44 39 
44 15 

44 21 
45 11 

44 48 
44 52 

4438 

44 59 

44M 

•a 40 
44 06 

67 28 1859. 69 + 16. 53 + 1. 34 
Eastport ........................ . 66 59 l 879. 65 + 19. 13 
Portland, east ................... 

1 Rockland ....................... . 
70 15 1873. 69 ' + 12. 73 

69 06 ' 1863. 52 : +15. 04 

.I 
L 

+11. 73 :1 
+la.22:, 
+12. 90 ,, 

+12. 59 

+13. 60 
+13. 25 

+1.5.87 

+13. 04 

+12. 97 

+13. 42 . 

+14.13 

+15. ()3 

+15. 29 

+15. 87 

+16.31 

+16.n 

+16 '* 
+10. 83 

+16. 67 ' 
+17. 22 

+19. 87 ,, 
+17. 87 ' 

+19.17 

+13.08 
+15.89 



 

296 UNI'fED STA'l1ES UOA.ST ASD GEODETIC SURVEY. 

Table of Magnetic Declinations, etc.-Continned. 

Station. D 

MAINE, p ART 1-Continuetl. 

Belt'ast ......................... · 44 20 

Bath .......... . 
69 01 ' 1863. 52 ! +rn. so • +o. 85 

09 49 ' 186:1. 52 , +12. 86 , +o. n 
}'reeport ......................... , 43 51 10 oo 1863. 53 + 14. 20 , +o. 72 

Ifarpswell .................... ... 43 44 70 01 1563. 55 + 14. 42 : +o. 72 

BruusWick .. ---···------~---···· 43 54 
Epping Ba..e, east end . . . . . . . . . . . 44 40 

69 58 1873. 10 + 14. 30 +o. a2 

67 50 1857. 5 +16. 33 +1. 49 

:MAlNK PAl<T 2. 

43 50 : 70 45 1845. 18 + 11. 97 + 1. 71 

TimiscuataLake .... . .. . . . .. . . . . . 47 38 

Matwaska.............. . . . . . . . . . . 47 12 
69 00 ! 1818. 5 
68 10 . 1818. 5 

Source of Saiut Croix............ 45 55 67 55 1817. 5 

ForkR of Penobscot.............. 45 30 . 68 30 1840. 5 
Mouth of Ha.int Uroix: ..... -- .. ---

Hampden ....................... . 

45 05 

44 40 

67 12 1797. 5 

68 55 : 1840. 5 
Groonvilll'l ...................... . 45 34 69 35 1838. 5 

}'arming-ton ..................... . 44 40 70 09 1840. 5 

Um\Jagog Lake ................. . 44 42 70 53 ' 1838. 5 
Dixfield ......................... . 

Rnmfonl. ....................... . 

44 32 ! 70 14 i 1840. 5 

44 30 70 26 1840. 5 

Waterville ....................... : 44 28 69 32 1840. 5 

Raymond ................. . 

West Thomaston .•.............. 

J>enobscot -··---··-···-··········: 
Tacherean ..............•••••.... • 
Big Black lliver ................ -1 
]{.iyer Saint }~rancis .. ........... . 

llo . ...................... -- . 

43 57 : 70 24 

4356' 6905 

45 30 ; 68 45 

45 4Y i 70 24 

4657i 6927 

47 14 i 69 01 
47 11 ' 68 M 

Savage Island ................ - .. , 47 16 
Burgeoi~ House .................. ' 46 31 
Lake Cleveland .................. ; 47 12 
Mouth of Green Rh-er..... 47 19 
Fort Fairfield.. . . . . . . . . . . . . 46 46 
Peconk Hill................ 46 59 
Aroostook llill ................... i 46 47 
Blue Rill............ ..... .. 40 38 

Park"• Rill . . . . .. . . . . . . .. . . . . 46 07 
Near Saint Croix: River...... 45 57 
Greenwood . . . .. . .. . . . • . . . . . . . 44 20 
Bethel........ . . . . .. . . . . .. 44 27 

North Vas•alborough. .. . . . . . . . . 44 30 
Orono ............................ : 44 5l 

Canada Bound1>1·y ................ ; 46 2:; 

Near Mars Hill .................. : 46 30 

]fort Kent . . .. . . . . • . . . . . . . . . . . 47 15 

MAitYI~.L~D ANH DI!STIUCT 01" 

COLUMHIA, P .AJtT 1. 

Causten ......................... 38 56 
~w "8hingl<•n, ohl C. S. o!lice ...... ! 38 53 
W a..hington, Second aud C streets,' 38 53 

southea.Ht. 

68 44 

68 22 

68 14 
68 10 

67 50 
67 47 
67 47 

67 47 
67 47 

67 47 

70 45 
70 51 

69 40 i 
68 40 i 
70 03 

67 M 
68 35 

77 04 
77 01 

77 00 

1838. 5 

1840. 5 

1825. 5 

1844. 5 
lSU. 5 

1843. 5 

1842.5 

1842. 5 
1842. 0 

1842. 5 
1843. 5 

1841. 5 

1841. 5 
1841. 5 

1841. 5 
1841. 5 

1840. 5 
1845. 5 

1845. 5 
1880. 5 

1878. 5 
1850. 5 

1856. 5 

1843. 5 

1855. 77 
1863. 57 

1876. 33 

+16. 52 +4. 57 

+16. 75 +4. 57 . 

+14. 00 +4. 35 

+15.42 +a.02 
+ 12. a2 +s. 64 

t-13. 37 +2. 35 
1-11.00 +2.98 

+11. 50 +2. 42 
+13. 00 +2. 55 

+12.17 +2. 42 
+11.17 +2. 42 
+12.60 +1.99 
+ 9. 75 +2.12 

+12.18 +L 99 

+14. 75 +4. 38 

+ 14. 12 +2. 72 

+16.48 +2. 86 
+n 40 +2. 73 

+17.05 +2.82 
+17. 97 +2. 82 
+ 17. 34 +2. 87 

+11. 88 +2. 82 
+18.10 +2. 73 

+11.4.'i +2.6! 
+17. 72 +2. 61 

+17. 47 +2. 61 

+17. 25 +2. 61 

+16. 15 +2. 61 
+16. 00 +2. 70 
+12.13 +1. 69 

+n. 83 +L69 
+15. 58 +0.11 
+16. 67 +o. 22 

+ 15. 75 +2. 51 
+18.00 +l.47 
+11. 50 +2. 73 

+ 1.07 
+ 2.70 

-j- 3.31 

+16. 35 

+13.58 
+14. 92 

t 15. 14 
+14. 62 

+n w2 

+ 13. 68 : Wadsworth....... MS. 

Reference. 

+ 21. 09 , J obnson . . . . . . . . . Sill. J our., :id38. 
+21.32i1--.do............. du. 
+18. 35 ;, .... do............. do. 

+18.44 i; Ilarkor ............ Pamp. by Getchell. 
+17.96 I: Chart ............. Sill. Jour., 1838. 
+15. 72 i llarker...... ..... l'arup. by Getchell. 

+13. 98 i! Stattj Corn's.... Sill. Jo11r., 1840. 
+13. 92 ii Gtlol. Rep ......... Pamp. by Getchell. 

+15. 55 [: State Com's. Sill. Jour., 1840. 
+14. 59 !: Geo!. Rep . . . . . !'amp. by Getchell. 

+13.59 i' .... do ............. do. 

" +14.59 !'. ..•• do............. do. 
+11.87 Ii State Com's ....... Sill. Jour., 1840. 

+14.17 Ii Geo!.. Rep..... , Pamp. by_ Getchell. 
+19.13 jl HeITJck ........... 

1 
Becq. Tra1te du Mag., 1846. 

+16. 84 ,: Graham ........... • Trans. Roy. Soc., 1872. 

+19. 34 i" ... do ....... ······! do. 
+ 20. 13 . Bound. Sur ..•.••. : do. 

I
' I +19.87 ! ..•. do ............. 

1 
do. 

I d ' d 

+20. 21 ii· ... do............. do. 
+20.79i;.·- .. o ....•.•...•.. l o. 

+20. 70 I'. .... do . . . . .. . . . . . . . do. 

+2-0. 83 /; .... do ............. / do. 
+20. 06 l/·- .. do. ............ do. 

+2-0. 33 Ii Graham........... do. 
+20.08 ; .•.. do ............. \ do. 

+19. 861: Bonm!. Sur ...... · I do. 
+is. 76 : Graham ........... j do. 
+18. 70 ..•.. do ........... ·· I do. 
+13.82 'Geol.Rep ......... i Pamphlet by Getchell. 

+13. 52 .: .... do ........... ··i do. 

+15. 691: Getchell .......... : do. 
+ 16. 89 i State Coll. .....•.. 1 do. 
+18.26 I Barker ............ ! do. 

+19. 47 ,1 .... do ............. i do. 
+20.23 , Me.and:Maas. Snr.

1 
do. 

+ 2. 74 

+ :J.87 

+ 3.87 

. I 
i 

W , .. hington, First and B streets, 38 53 77 60 1882. 45 + 3. 93 + 3. 87 
southeast. 

Taylor........................ 39 00 76 28 1847.42 + 2. 30 +2. 26 + 4. 56 
Keut lsl&ml, South Base.. . . . . 38 54 76 22 
Rosanne ......................... ' 39 18 76 43 
Finlay. . .. • .. . • . .. . . .. .. • . .. . . .. . 39 24 

Osborne'sRuin .................. 3928 
Marriott. . .. .. .. • . .. • . • . . • • . .. . . . 38 52 

North Point..................... 39 12 

Bodkin Light .................... 39 08 

Fort llcHenry.............. ... .. 39 16 

76 32 

76 17 
76 37 

76 27 

76 26 

76 35 

1845. 42 + 2. 40 +2. 37 

1845. 44 + 2. 18 +2. 37 
1846. 29 

1845. 47 
1849. 46 
1847. 32 

1847. 31 
1877. 78 

+ 2;31 +2. 32 

+ 2.54 +2· 37 
+ 2.08 +2.14 

+ 1.66 

+ 2.03 
+ 4.18 

+ 4. 77 

+ 4. 55 

+ 4.83 

+ 4.91 
+ 4.22 

+ 3. lrJ 

+ 4. 30" 

+ 4.47 ii 



 

UNITED STATES COAST AND GEODETIC SUHVEY. 

Table of Magnetic Dwlinatirms, etc.-Continued. 

Station. 
MARYLA.ND ASD D1eT1uc-r OF 
CoLUMlllA, PART 1-Cont'd, 

P.>ol'oisland .........•....•.••. 
Snsqnehanua Light ...........•. 
Kcntislan<l ..................... . 
Soper ........................... . 
Hill .............................. ' 

Webb ......................... . 
Davis ........ , .............. . 

Oxforol. ..................... . 

Mason's Landing ........... . 
Cumberland ................. . 
Stabler ..... . 

Maryland Hrigl1f• 

Calvert ...... , ................. .. 

llARYLA~ll AND DI15TRICT OF 

COIXMDU, PART~-

39 17 76 1G 

an a2 76 o.".i 
39 02 76 19 

39 05 76 57 

38 54 76 53 

39 05 76 40 

38 20 . 75 06 

1847. 48 
1R47. 51 

1849. 49 

18.>o 57 

1868. 83 

1868. 7:J 

1853. 73 

D I uD 

+ 2. 49 : +2. 26 + 4. 75 

+ 2. 23 + 2. 2G I + 4. 49 

+ 2. 50 +2. 14 ' + 4. 64 

+ 2.1~ +2. 08 ;• + 4. !!() 

+ 2. 85 , +o. 95 + a. so 
+ 2. g3 i +o. gs 
+ 2.fi5: +1.89 

38 41 76 JO 1856. 64 + 2. 69 +l. 71 

+ 3. 88 ' 

+ 4.44 
+ 4.4tl 

+ 4. Of! 38141 7;115 1856.66 

39 39 I 78 45 1864. 22 

39 07 ' 76 59 ' 1869. 65 

39 20 ' 77 43 1870. 82 

38 22 70 24 1871. 58 

+ 2.38 +L 71 

+ 1.53 +J.24 

+ 2.66: +o.9o 
+ 2. 93 : +o. 83 

+ 2.81; +o. 78 

+ 2. 77 

+ 3.56 

+ 3. i'fi I 

+ 3. 59 

Ohser\'er. Ueferenc(', 

Lonaconing... . . . . .. 39 3.! 
38 59 

78 58 ; 

76 29 

1879. 55 : - 3. oo +o. 31 , + 3. 31 Brackl't ........... MS. 
1879. 4 + 4. 43 +o.s2, + 4. 75 ' Very ... - - . . llS. 

:\fA8SAC!ll"BRTTB, p AHT l. 

COllf>l'llt 

Indian ......... _ .. 

Shootflyin?; . _ .. . 

Manomet ········-·······--······' 
Blue Hill. 

41 43 71 04 1844. 77 + 9. 15 +2. 27 ' + 11. 42 

u 2G ' 70 41 I 1846. 61 ' + 8. 82 +2. Ii ; + 10. 99 
41 41 i 70 21 1846. 66 :, + 9. 67 +11 84 

u 56 10 36 1867. 58 +10. n +o. s2 +11. 2a 
42 13 71 07 : 

Fairhavt>n . . . • . . . 41 37 70 54 

1846. 75 

1845. 80 
+ 9.22 +2.18 

+ 8. 90 +2. 20 
+11.·IO 

+11.10 
Samp•on'•Hill... ... .. .... ··i 41 23 

Nantucket Beach ....•......••••. : 41 18 

~~r:n·~~~~-~-"_':~::::::::::::::::J :~ ~: 
South Boston Height~ 
Nantasket ............ . 

1.ittle Nahant ..... . 
Fort Lee, Salem ....•........••... 

Bea~onhilL GloucMter ........•. · [ 

Anmsqurun ............ ·-·-·----1 
Baker's Island Ught ............ , 
Coddon 's Hill ................... . 
l'Jum Islantl, niiar N cwhnryport 
Thompson ___ ..............•..... 

Rockpurt ................. . 
lp•wich ................•....... 

Chatham Li,gltts . .. . . . ........ . 
Wellfleet ....................... . 
Provincetown .........•.......•. 

42 20 

42 18 

42 26 

42 32 

42 3G 

42 39 

42 32 

42 31 

4~ 48 

42'37 

42 40 

42 41 

41 40 

41 56 

42 03 

70 29 ' 1846. fi6 + 8. 81 +2.18 +10. 99 

70 OCi I 1855. 64 + 9. 97 + 11. 50 

70 45 I 1146. 60 , + 9. 20 +2.15 , +11. 35 

70 18 I 1846. G5 + 9. 36 +2. 15 + ll. 51 
71 02 ! 1872. 75 + 11. 25 + 11. 78 

70 M l 847. ti7 + 9. 62 : + 2. 04 , + 11. 66 

70 56 i 1>'49. 63 t· 9. 68 tl. 90 +11. us 
70 52 I 1855. 65 + 10. i<.1 : -t-1. 77 ' +J2. 60 

70 39 1859.52 !12.05 I +J.93 +13.98 

10 41 1019. 66 + 11. 61 I +z. 10 + u. a1 

70 47 1R49. 67 + 12. 28 : +2. 93 115. 21 

70 51 1849. 68 +11. 83 ; +2. 93 +14. 76 

70 49 1859. 53 + 10. 97 : +L 70 -t 12. 67 

70 44 1859.52 +11.15: +1.82 +12.97 
70 37 

70 50 

6Q 57 

70 02 

70 11 
Wachnsctt ...................... . 
Easthampton . . ........... . 

42 29 ' 71 53 
42 15 : 72 40 

1859. 53 

1859. 53 

1860. 69 

186-0. 70 

1860. 71 

1860. 72 
1~62. 52 

1879. 58 

1875. 72 

1859. 56 

1859. 56 

1_859. 57 

1879. 6() 

+13. 41 

+13. Oo 
+12.41 

+11. 9l 

+12. 61 

+10. 14 

+10.32 

+n. 50 
+11. 00 

+10. 92 

+10. 48 

+10. 15 

+11. 71l 

Nantucket, cliff ............... --/ 
Vineyard Haven •............... 

Doorfield ................•. ······[ Chesterfield ................... .. 
Rpringfleld ..........•.......•.•. 

Cam bridge, observat-Ory .......... ,1 

MA88ACIIUSETTS, PART 2. 

Jl~v~rly .................. _ ... ····I 
Williamstown .•.... , ........... . 

Plymoutb ............•.•.....•••. I 
1Ior1•e Point folantl, Cape Cod .•• ! 

41 17 
41 28 

42 33 

42 24 

42 06 

42 23 

70 06 

70 36 
72 36 

72 51 

72 3'.! 

7l 08 

70 52 
73 13 

70 30 

70 04 

72 46 

+ 7.oa +s.31. 

+ 7. 75 

+10. Ql 

+3.36 

+0.33 

.••.•...•.•.•.....•. , Mem. Am. Ac:vl., 1816. 

Ilopk.ins ........•. : Sill. Jonr., 1840. 

Hilg>tr<l .......... : Nat.A.cad. Sc. 

l>ovt. Survey ..... 
1

Sill.Jour.,1840. 
lfolconib .•••...•. \ <lo. 

297 

~o;.:h;;::'n·~~:;~::::::: ::::::~:::I 

42 33 

42 43 

41 58 

42 03 

42 04 

42 12 
Salem •••••••••.•••.•.•••••••••••• : 42 31 

S. Ex. 77-38 

72 36 
70 54 

1781. 5 

1837. 5 

1876. 53 

1835.5 

1838. 5 

1873. 5 
1S77. 5 

+ 9. 33 +2. 88 

+ 8. 25 j 3. 03 

+ D.47 +o.!ili 
+11. 50 +1.10 

+1<. 34 
+11.11 

+ll. 24 

+12.21 
+11.28 

+10.03 
+12. 60 

Ellis:····· .. ······i Cl1.ofEng'sR1•p., 1878. 
Iforr1s ............ MS. 
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Table of ;llagnet·ic Declination.~, etc.-Oontinued. 

Station . 

.AlAtiSAt'llFSETTti, PT. ::?.-Cont'd. 

Lynn .•.••.....•.......... 

l.owPJI .................. .. 
·Fitchburg ............. - . - . -

ti-rt'-€1nfield .••.••....•.... -· -

North Adams ............. . 

)>[JCUIGA}(. PAitT !. • 

Sault de Sh:. Marie ...... . 

Grand Haven ........... . 

42 28 

42 :m 
42 35 

42 3['} 

42 42 

~fa.ckiua.c ...........••.......... 

46 au 
43 l)i} 

4:; 51 

46 52 

42 17 

Outonagon .......... . 
Kalnmnzoo .. _ .• .. 

Tawas City. --1 44 lG 

)[ParDnncauCUy ............... 45 37 

2.i miJN1 ea.~t nt' Fort .l.bckin:w . 45 50 

4 mileH wl'st of Isle aux G-alet's 45 40 
I,i~ht. 

roint Epo11 fot.te .. - ... . 

Sen! Choix Point ..... . 
(huden Island .................. . 

4tl 04 

45 55 

45 48 

45 4R 
41i 49 

45 33 

45 40 

4;, 34 

46 ~o 

47 2H 

43 40 

Whiskey Islautl .... _ .......... _ 
Hat IRiand ............... -- .. 

:l.li<ldle Yillage ................ . 

1rang-o~haiw PoiJJt ..... . 

nl"aver I.slnrnl, 8011th l 1oint 

}:a~t Neebish l~apid~ .. 

Eagle Tiarhor ............... . 
I•'orC'atvillc 

Hnud Point ....•. 

Thunder Ba.'· .. 
Stnr~eon J>oint ....•....... 

}~OJ t U:rntiot ...• _ ........ . 

4:; 02 

44 43 

" 4:J 00 

70 56 

71 20 

71 48 

84 20 

86 13 

84 40 

89 31 

@5 35 

83 30 

84 07 

84 00 

85 10 

8;) 07 

R5 50 

85 25 

85 3~ 
g;, 13 

85 02 

84 ;)6 

81) 29 

84 10 

88 03 
82-34 

88 23 

&3 09 

83 14 

Detroit- .................... .. 42 20 ' E3 03. 

:Marquette ...............•....... , 

Copper Harbor ...•.......... 

46 33 Bi 24 

47 28 87 .51 
Stony Point ...................... 41 56: R315 

l'oint aux Barques....... 44 01 82 4i 
SaginawRi~er ...........•..... : 43 a9, 8.151 

Gramlisland .. .. .. .. . .. .. . • . ... · 46 34 : 86 41 
Pol'tageEntry ................. 46 59: 88 2J 

Fort Wilkins, Copper Har\Jor .... : 47 28 , 87 49 
Sonth M:miton Island........... 45 02 i gr, 06 

• • • ! )fon1stique Rrver................ 45 ;,i 86 10 
NearEscanaba .............. 4541 8705 

SaintJO!!eph ..................... 1 42 07 86 2R 

~ortbport, Grand Traverae. Bay 45 06 85 35 
Traverse City................. 44 46 85 37 

Michigan shore .. _ .............. ." 44 31 85 32 

Geological Station . . . . . . . . . . . . . . . 44 31 

<lo....................... 44 31 

do ......................... ! 44 31 

20 miles west of Point of Bar.in~•! 43 51 

Public Survey Rtation ------·--·\ 
PMe Marquette RiYer .......... 1 
Little Point aux Sables .......... I 
Wahley ......................... . 
Beaver Island .................. . 

public Survey Station ...... . 
do ....................... . 

43 45 

43 44 

43 31 

43 22 

45 45 

43 20 

43 19 

84 56 

84 ~8 

~3 50 

83 06 

8!1 22 

85 43 

85 54 

82 32 

85 30 

S4 22 
& 59 

-----,--- -----;--------·--.,,-- .. 

1877. 5 

1876, 55 I 

1876. 56 

1876. 56 ', 

D 

+u. 25, 

+10. 80 I 

+10. 73 

+10. 34 

1876. 57 ' +10. 51 

1880. 60 ' + I. 08 

- ~.43 

+ 0.34 

- 4.69. 

.>D. 

+0.41 

+0.50' 

+0.37 

+0.3U 

+n. oo Harrio............ M:S. 
+11. 30 Hilgartl .......... : Nat . .A cad. Sc. 

+11.10 .• do ............. ' tlu. 
+10.73 ·:, .... do ............ do. 

+10.96 : .... do............. 110. 

+ 1.18 

- 2.15 

+ o. 59 

- 4.36 

181l0. 55 . 

1880. 57 i 

1880. 63 

1880. 9i - 3. 77 + 0. 38 i - 2. 39 

1856. :') 

1851. 5 

18:)1. 5 

18:\:J. 5 

1854. 7 

18:1:\ 7 

185-!. !i 

18.54. fi 

l&'\3. 7 

1853. 6 

1853. f> 

1855. 5 

18~:;, ;, 

18fi5. 7 

t873. m 

1858. 71 

11'58. 64 

1858. 74 

1873. :;3 

1876. 42 
18i3. 57 

1873. 58 
1848. 5 

1857.5 
1856. 5 

1867. 6 

186.1. 5 

1'864.5 

1860. {> 

1864.5 
1863.5 

1856. 5 

1860. 5 

1860.:; 

183S. 5 

1838.5 

1838. 5 

1838.5 

1835. 5 

1832. 5 

1837. 5 

1837. 5 

1860. 36 ' 

1860. 7511 

1B32. 5 

1837. 5 

- 2.08 +l.62 

-1.88 +1.88 

- I.SR +I.88 

- :!. !5 +l.81 

- !t.50 

- 3.93 

- ~- 71 

- 3. 81 

- 3. 20 

- 2.62 

- ~. 21 

- 4.oa 
- o. ~ii 
- :2.66 

+ J.:il 

+1. 76 

+1. 72 

+l. 77 

+1. 77 
-t-1. 81 

+I.Bl 

+Loi 
-i-1. 72 

tl. 81 

+l. 7"2 

-f-0.64 

- o.»3 +1.50 

+ 1.2.1 +l.55 

- 1.03 +l.52 

+ o.c2 +o.58 

- 0.08 

- 4.51 

-· 4.06 

-·2.12 

+ 0. 01 
- 1.47 

- 3.25 

-4.62 

- 4. 73 
- 3.1;; 

- 3.10 
- 1.90 

- 4.15 
- 2.55 

- 2.38 

- 4.50 

+o. 76 

+o. 76 

+2.01 

+l.56 
+1.63 

+!.12 
+1.34 

+1.28 

+l. 88 

+1. 28 
+1.34 

-t-2. 01 

+1.88 
tl.88 

+2.66 

- 2. 83 i +2. 66 
- 2.75 +2.62 

- 2.00 -,-2.39 

-2.10 +2.56 

- 2.92' +2.66 
- 4. 57 · +a. os 
- 6.00 +a. 08 
-j 1.08 

- 2. 72 
-3.0ll 

-6.25 

+1. 50 

+1.00 

+2.95 

+3.08 

- o. 46 Chart ..... . 

o. oo .... do ...... . 
0. 00 .••. <lo 

-0.94 .••. do 

- o. 74 -. ••. do 
- 2.21 •••. do 

- 0.94 
1 
.... llo 

-2.04 i .••. rlo ............ . 
-1.39: ... tlo ............ . 

- 0.81 ' .••. do ............. . 
I 

- 0.40 1·-··lfo ............. . 
-2.33: .... do 

+ 1.56 : .... tlo 

-0.9-1 .... do ............ . 

+ 2.1:; Smith ............. ' 

U.S. Lake Hur. 
do. 
do. 

do. 

tlt>. 
do. 
tlo. 

'10. 
do. 
tlo. 

do. 
<lo. 

1lo. 

do. 

Sur. of N. and N. W. Lakes, 

1859. 

+ o. 97 ' .••. do 1lo. 

+ 2. 78 .... tlo ............. ! do, 
+ 0.49 

+ l.20 
.... do··-····-·---·: do. 

Lee ·---·-·-- .. --·I Sur. of N. aud N. W. Lakes, 
! 1878. 

+ 0.35 

- 3.75 

Baile:y . __ . __ ..... ' Ch. of Eng's Rep .. 1877. 

Lee .. .. .. . .. . . .. .. Sur. of Lakes, 1873. 

- 3.30 ... do-·----------· 
- 0.11 U. s. Top. Engs .. 

do. 

C. S. Rep., l8fJ6. 

.MS. by Rnynolds. + 1.57 
+ 0.16 

- 2.13 

................... do. 

- 3.28 

Chart ..... ____ .. 

1 

U.S. Lake Snr., 1872. 

- - ................. 

1 

MS. by :Raynolds. 
- 3. 45 ............... 1 

- 1.27 

-1.82 

- 0.56 
··:::::::::::·::::I 

- 2.14 
- 0.67 

- o.50 
-~~a~~~-:::~::::: :1 

............ 
- 1. 84 ' Geo!. Rep. 
- 0.17 .... do ........... . 

- 0.13 ..... do ........... .. 

+ 0. 39 .... rlo 

+ 0.46 

- 0.26 
- 1.49 

- 2.92 

.... do ..•.•.•...•.. 

Pnh. Snr ....... .. 
Goo!. Rep ........ . 

.... do ........... .. 
+ 2. 58 Smith ........... . 
- 1.12 .... do ........... . 

- O. 05 Pub. Sm'. ........ . 

- 3.17 GeolRep ........ . 

tlo. 

do. 
do. 

tlo. 

do. 
do. 

tlo. 

Sill. Jour., 18t0. 
do. 

do. 
do. 
rlo • 
tlo. 

1lo. 
do. 

U. S. Lake Snr. Rep., 1880, 

do. 

Sill. Jonr., IMO. 
· do. 
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Table of Magnetic Declination,q, ef.e.-Oontmuec.l. 

Station. 

MIClllG&"I, p ARY 2-Continued.1 

Pl}.h!ic Survey Station_ .. ____ .. \ 

do········---·-----·· ----·) 
Marshall.. ................ __ ... ! 

A 

0 ' 

43 00 84 2~ 

4230' 8422 

42 16 84 58 

83 5S 

84 36 

Pointonehore ..... - .............. 1 46 48 90 01 

Huron River __ ...... --- ..... . 
Small ll.her ... -- _ ... _ __ --·[ 

WbittJYisbPoint ..... -·--···· / 
False Presque lsfo --- __ ........ l 
Gener~~ L~~-~ -~urv~:V S-~·t·i~n .. :: ·1 

do ....... ................. ! 
Grant!lfarais .................. 

1 
M.IXNESOT A1 p ART ] • 

46 55 88 07 

46 32 8i 10 

46 46 : 84 51 

45 18 ' 83 37 

42 35 i 85 48 

42 3fi i 85 56 

42 35 86 03 
46 41 85 57 

Minneapolis . . . . . . . • .. .. .. . . . . . 44 59 : 93 14 
Rrainertl. ........................ ! 4-6 21 · 9415 
Glyndon ........................ ! 46 52 96 40 

1831.5 

1826. 5 

1876. 79 

1876. 72 

1876. 79 

1824. 5 

1824. 5 

1824. 5 

l&i7. 6 
18l7.5 

1826. 5 

1830. 2 

1831.8 
1AA7. 7 

D .;.D 

- 3.45. -t-2.97 

-4.42 -t-3.04 i 

- l. 70 , -j-U. 66 . 

-0.39 •. +0.66. 
-0.98 · +o.75 
-10. 25 

- 7.93 

- 7.35 

- 0. 92 -f-1.12 

- 2. 98 --.~- :t.i 
- 5.36 -r-3.01 

- 5. 2U : +:J. 08 
- 3.58 +3.09 

-2.03 +1.11 

-10. 22 +0.63 
- 9. 59 -t-0. 38 . 

-11. 44 +o. 28 

-10. 23 +o. 38 

D1885.t1 Observer. Hefcrence. 

- 0.48 Pub. Sur -- . - _ .... .' Sill. Jour, 1840. 
- l.38 .... .to. dc1. 

- I.04 I 1owell ...... - . . . . Cli. of Eng'M Rep., 18i7. 

+ 0. 27 Lockwood . . . . . . . <lo. 
- 0.23 -- .. do............. do. 

Ba_-yfield ....... _ .. Phil. ~.l'rans. Roy. Soc., 1872. 

.... do............. do. 

: ... Ju............. do. 

~- 0. 20 ·
1

1 Chart ... - - - - - - ... - l'. S. Lake 811r .. 1872. 

- 0. 75 , llayfield ... _., ... Phil. Tr:>ns. Ito~-. Soc .. 187~. 

I ~~~1,;.()L~~<l~ll'..::. ~~: - 2.3.J 

- 2.12 
- 2.49 .... du ............. MS. 

- 0.92 Chart .....•.. _ ... U.S. L"ke Sur .. 1872. 

- 9.59 

- 9.21 

-11.lB 

- 9.85 FortSnelllngRt•servation ........ ! 44 54: 93 11 
I 

Iforon Lake ................. ·-1 43 48 % 24 

1880. 66 

1880. 68 
1880. 74 

188(). 76 -10. 23 +o. ~3 ' -10. oo · 

MIXNESOTA, P All1' 2. 

Lak~oftheWoods,BnffaloP.oint.[ 49 00 95 15 
Northwest Boundary Station .... ! 49 00 . 96 30 

1874. 05 
1 

-11. 50 +o. 55 -10. 95 Twinin,r ....... .. 
1873.96 i -13.17: +0.55 ': -12.62 ..... do ....... _____ _ 

~. '""· Bomul. Sur .• 1H7:!-.. i4 
do. 

do................ ' 
do ....................... . 

do_ .................. ··---. 
do ..................... ·--

do ............. ········-···1 
Princeton ....•.....•...•. ,.-··· ··

1 

Minnesota Point ................ ' 

Lake of the Woods -...... . 
Duluth .... - ................ . 

Saint Paul .................. . 
I.land in Rainy Lake ..... -....... ' 

North shore, Lake Superior ...... \ 

~.:;::~:n::::·::::::::::::·:::::\ 
Point on shore ................... \ 

do ...•..•.•...•.•....... ··i 
do ......................... : 

Red Wing ...............•....... l 
Near Fond du Lac ...•........ ···! 

MISSISSII'PI, PART 1. ! 

:Mi . . . c·t I ss1ss1pp1 t y ················: 

MISSISSIPI•I, PART 2. 

Ship Island ..................... \ 

~:~c~e~.: :::: :::: ::::::::::::::::I 

~Eg~~·····••••·••••••·•••·: Pascagoula . • . . ....... _. _ ....... ! 

:::ii:.:i1~~:::: :::: :: :::: :: :::: ::i 
Cat Island ............. _ ......... J 

'.Macon ••••••• ·-··········- ... - ... ! 

4900\ 9625 
49 00 . 96 10 

4900! 9500 

1873. 96 ' -12. 42 , +o. 55 -11. 87 ' ... do --........ . tl\). 

49 00 

49 00 

45 42 

46 46 

49 00 
46 46 

44 57 
48 35 

47 58 
44 32 

44 18 

46 42 

46 48 

47 33 

44 34 

46 43 

30 23 

30 13 

31 34 
32 5-0 

34 5-0 

33 47 

32 21 

32 19 

30 n 
33 33 
32 20 . 

30 15 i 
33 08 ! 

1873. 98 

1874. 06 -11. 20 
-12. oo i +o. 55 

+o.ri;, 
-\-0. 55 

+0.55 

94 55 1874. 07 -11. OS 

94 45 IE74. 08 , -10. 92 , 

93 20 . 1858. 6l -10. 22 [· ... 

- 9.42' .. 92 05 ' 1859. 55 

94 00 . 1823. 5 -11.02 

92 04 

93 05 
1873. 61 

1873. 63 

-11.87 

-10. 93 

92 ao ; 1823. 5 - s. 25 

00 00 1823. 5 I - 6. 35 
93 56 

92 07 
91 50 

91 30 

005-0 

92 32 

92 10 

1855. 5 ~ -11. 50 

1876. 61 - 8. 07 

1824. 5 

1824. 5 ! 

1824. 5 

1878. 77 
1824. 5 

-12.33 

-12. 45 
-10. 50 ' 

- 7.83 
-12. 50 

+0.55. 

+0.42 

-11.45 .... do_ clc). 

-JO. 65 __ .. do _ <lo. 
-10. 53 do. 
-10.37 ' .... do ........... .. tlo. 

Garrison __ ...... MS. 

Smith ............. · Sur. of N. aml N. W. J,alrn• 
1859. 

Long ............. 
1 

Sill. Jour., 1Kl8. 

-10. 88 : Lt>e ....... -...... U.S. Lakt• ~m., 18:13. 

- !J.94 .... do ............ . do. 
Long ............ . Sill. Jour., 1838. 

..•. do ............ . 

Alla.n•on .......... llfS. 

.-. 
do. 

- 7. 52 Bailey ..••..•..... , Ch. of Eng's Rrp., 187i. 
__ .·' Bayfiel<l .......... :Phil. Trans. Roy. Soc .. 1872. 

... do ...•... ···-·· du. 

.... do--·······--·· do. 
- 7. 41 :· Powdl. ........... U. fl. Lak~ Snr. R.,p., 1879. 

Bayfieltl ...... _ ... ' Phil. Trans. Roy. Soc .. 1872. 

89 02 18&5. 24 - 7. 36 +l. 43 - 5. 93 

88 58 1841. 5 

91 24 1872. 30 
88 30 . 1833. 5 

88 35 i 1875. 40 

80 50 ' 1872. 18 
90 53 i 1875. 42 
(!() 12 . 1872. 32 

88 33 i 1875. 41 
88 38 

88 44 
SOM 

88 38 

1875. 43 

1875. 43 
1647. 5 

1833. 5 

- 7.58 I +L7l 

- 7.25 +0.74 
- 6.92 +l.70 

- 6. 36 -t-0.53 

6.42 +o.68 

- 1._a2 +o. 57 

- 1. 34 +o. 74 

- 5. 87 ..... ·- ... ! From a chart. 
- 6. 51 Hllirard ............ Nat. Acad. Sc. 
- 5.22 .. _ ................. :MS. 

- 5.83 

- 5.74 

- 6.75 

- 6.60 

Hilgard. 

.. do.-··-·· ..... .. 
Pooh> ............ . 
___ do ........... .. 

Nat. A rail. Sc. 

do. 
do. 

do. 

- 6.32 +0.55 ! - 5.77 do. 

- 6.42 +0.53 - 5.89 ... do --·--····-·· 

- 6.43 +0.53 - 5.96 .... do ............ . 

- 7.20 +l.63 - 5.57 BarMtt .......... . 

- 7.50 +l.70 - 5.80 Carupboll ......••• 

<lo. 

do. 
Phil. Tmn•. Roy. Soc., 1874. 

MS. 
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Station. 

?t!ISriOURI, PAJ•T 1. 

Cape Girardeau .......... . 

"WiUemberg --····· .•.•.•. 

1fIS80t;ltl, PAitT "· 

Franklin ...... _ ....... . 
Cow Islantl _. _ ........ _ 

Public Smvey Station 
do .. 

clo 

410 .. 

Ilermann 
Sedalia .. 

Kansas Cit;v ................ . 

Lebanon. old nwl new station 
l'oplar llluff ... _ ........ . 

Wrii:ht. City ....... -- ... . 

Mexico ......... . . 
Colnmliit1, oltl aml new :.talion. 

LouiJ.Jja11n 
Hnnuilml 
Canton ............ ___ _ 

Mn1iphis .. . 

Kirk~rvillt_• ..... . 

Public gm·vpy Station 
(lla~gow. 

Chillieoth•• ........ . 
Carrollton ...... . 

Saiut JoHt•pb ..... . 

Mary>ille ....................... . 

Jt~fJ'ersonCity ................. . 
W"aslJingtoD, ohl aml JH'W Station. 
HoldPn ........ . 

Lcxing-tou •... 

Scbdl City .. . 
Spri11gtie1tl ......... . 

J,11\esville .................... . 
Char1eston ....... . 

Doniphan ........ . 
Gatewood ......... . 

riedmont ..... . 
.Arcadi!\ ....•....... 

l'ilot linoh, La::i.c 

Pilot Knob, t.o1•. 

De Soto .......... . 
KirumR\o:;ick ...•... 

Cuba ................ . 
8alem ................. . 

liOUHton ··••·•···•··•··••••····· 

Table of Jfagnetic Declinations, etc.-Continued. 

D 

0 , I 

37 18 : 89 33 ! 180J. 21 : - 6. 58 

I 37 3fl ! R~ 33·: 18G5. 26 : - G. 78 

+l.10 ' 
I 

- t•.48 

+l.10 - 5. GS 

Jiefert>n<'e. 

38 57 1819. 54 ' -11. 70 

1819. 63 -IL 54 

+3. ~1 

+3.21 

+2.98' 
-12.7G 

+2.76 

+2.76 

+0.60 

+0.30 ! 

- K 49 Lnu~·:-1 ·Exp·n ..... ~ill .• Tour., 183.'{ 

DJ 00 

HO 02 ' 

- s.a:1 ! ••. do............. tlo. 

37 30 - 7. 50 - 4, 52 Pub. Sur . . . .• •••• :iill, Jour,. \R4iJ. 

a1 oo uo o~ IP~~. 5 

37 00 90 1:: i 182:3. 5 

- 8.00 -5.24i--··do do. 

- B.00 - 5.2{ ' .... do ............. ' tlo. 

36 so ilO o~ 18~3. 5 - 7.50 - 4.74- .... do..... tlo. 

38 42 01 27 1872. 74 - 8.23 - 7. 5~> Hilganl Nat . .A.~atl. St. 

38 4-2 l 98 Hi I ]879. 60 - s.rn - P. 46 ! Niphe-r . . . . . . . . . Trans. St. Loui1::1.A<·Ml. Sic, anti 

39 07 94 3o 1 s.r•. 57 -10.13 

:n 40 ,' H:! 40 1880. 62 -7.Ti 

36 4:, ' 90 22 1880. 52 - 6 75 

:l5 4~ 91 00 1'78. 5:J - 8. 23 

39 11 91 5:? ! 187~. fi3 - 7.64 

' 
+o.27 i - H.86 ...•. do 

+o.2:>; - 7.52 .... do. 

+o.~5 · - G.5tl .... do 

+o.;ui1 -7,K7 .. tfo 

+o. 36 ! - 7. 21< ... _,i., 

M8. 

Tl'an,.. St. Loni" J.ca(L i'l'. 

110. 

do. 

t1o. 

tlo. 

;;['! .56 92 rn 1s80, 10 - 1. 53 +o. 21 i - 1. 2a _. _ .<l(l . ! Tram;. ~t. Louil-\ Ae:Hl. :Sc. au<l 

MS. 

;;9 28 1H 07 

:m 44 01 24 

40 09 91 36 

40 27 9~ 13 

40 12 9<! 37 

36 40 I 90 02 

39 13 I 92 50 

:l!l 47 I 93 M 

1E78. 55 

1878. 56 

1878. 57 

1878 58 

1882. 61 

1R?5. 5 

- 7. 12 +o. 36 ]' 

- 7. 14 +0.36 ! 
-7.32 +0.36! 

- 7.80 +0.32 

- <. 2s : +o. 12 : 

- 8. 00 + 3. 06 

18;9. 55 - s. 35 +o. 2s 

1 fi79. 5G i - 8. 52 ! + 0. 27 
39 21 f13 33 18i9. !ii - 8. 50 

:rn 4G 

40 21 

38 3o 

38 31 

38 38 

94 49 1879. 58 : - 8. 89 : 

94 58 1879. 59 -11. 23 ' 

92 09 1881.63: - 8. 42 

90 59 i 1181. 53 ' - 6. 32 
94 O:J 

1 
18i9.63: - 8. 93 

39 12 93 53 1879. 64 ! - 8. 92 

:is 03 . 94 o;; , 1879. 65 ' - 9. 01 ' 

- 6. i6 ' .... do 

- 6. 78 .. _ .rlo 

- 6.96 ' .... do 

- 7.48 dn 

- 8.16 .... do 

- 4.94 Pnh. 8rnTPY·---··' 

- 8. 08 Nip her .....•..... 
1 

- s.2:.; .... do ...•.•...•• : 
. do ............ . 

-8.64' .... tlo 

-10. 99 .... do 

- 8. 23 1 
•••• do ............. ' 

- 6.13' ... do ............ . 

- 8.67 .... do ............ . 

-8.6<J .do ............ . 

- 8.78 ...do--··-··--·--· 

Trans. St. Loni~ Acad. Sr. 
(10. 

do. 

do. 

do. 

SHI. Jour., 1840. 
Tranx. St. I...ouix Acad. 8e. 

(lo. 

do . 

dl). 

do. 

du. 
do. 

clo . 
do. 

do. 

3; 10 93 15 1879.66' - 8. 60 

+o. 21. 

+o. 25 

+o. 24: 

+o.w 
+0.19. 

+o. 26 

+0.26 

+0.26 I 

+0.30 

+o. 2;, 
+o. 25 

+0.25' 

- 8. 30 .••. do -·--·-- ...... ' do. 

3i 20 89 59 ' 1880. 52 ' - 6, 23 -5.98 .... do ............. 1i 

3G ,j6 89 19 18~0. 52 - 5. n - 5.47 ,' .... do·--~·-···-···! 
36 38 ' 90 47 1880, 53 ' - 7. 08 - 6. 83 i .. do ............. ' 

36 il'.! 91 03 1 1880. 53 i - 1. 20 +o. 25 1 
- G. 95 ! .... do ............. : 

37 08 · 90 41 1880.54' -7.38 +0.25 ,, -7.13: .... do ............. ) 

37 46 90 41 1880.54 - 6.81 i +0.25 __ -___ a_._5_o __ !,: _._._ ... ddoo -.. ·.·_·_·_·· .. ·.·_·_·_·_·i, 
37 37 90 37 1880. 55 -11. 14" ...... .. 

37 37 ! 90 37 1880. 55 

3ll 07 90 35 1880. &5 
38 20 

38 04 

37 39 

37 19 

00 26 

91 21 

91 31 

91-"55 

1880. 56 ! 
1880. 57 
1880. 58 ' 

1880. 58 

= ~:~:·!-~~.;;,· --~-;.-;,;:!::::::::::::~::::::I 
-6.76; +<l.2G -6.51 ) .... rto •..•••.•••.•. i 
-7.41 +0.25 -7.16! .. _.do ............. f 
- 6.94 -f-0.25 - 6.69: .. _.do ............. ] 

do. 
do. 

do. 

do. 

dn. 
do. 

do. 
<lo. 

Ilowell Connty ....... , ~ .... _.... 36 56 ; 

O'l:'allon . -................. : 38 47 \ 

91 55 1880. 5!1 

00 43 ' 1880. 83 

= ~:!~ :~:~~ = ~:~~ i,:::.~: :::::::::::::! 

do. 

do. 

clo. 
do. 

do. 

ilo. 

~:.~; ai.~~~~;: -~~~- ~~;-~~ ~;,~;;~~ :: !~ I 
Rockroa<l. 

- 6. 76 +o. 23 
91 45 i 1880. 5 - 6. 88 1 +0. 25 

00 20 i 1882.08. -6.10 i +0.17 

Ten-Mifo House and Kirkwood.. 38 37 90 24 1881. 98 - 6. eo +0.17 

Pacific, forrn•rl.v l:'ranklin. 38 28 ' 90 44 1881. 52 . - 6. 9-0 +o. 20 
Union ....•....................... 
Rneders..-ille ... 
Wulfeit's farm ................. . 
Canlllln and Dry Fork ... _ ....•... 

38 25 

38 24 

38 24 

38 18 

90 511 

91 10 

91 16 

91 34 

1881.52 : - 6. 60 +o. 20 

1881. 52 : - 6. g3 , +o. 20 

1881.54 I - 7. 07 I +o. 20 
1881. 54 - 1.1s I +o. 20 

•Local deflection. 

- 6.53 

- 6.63 

- 5.93 

- 6.43 
- 6.70 

- 6.40 

... do ............. j do. 
Emerson ..... ~ ... -: do. 

Niphe1· .•....•.... j Trans. St. Louis .A.cad. Sc. and 

I MS. 
. .•. do ............. ! do. 

... do ............. : Trans. St. Louio .A.cad. Sc. 

... do ............. 1 do. 

- 6. 73 .•. do .. . . . . . . • . .. . do, 

- 6. 87 ••. do ............. \ do. 

-6.98 .do ..•.•••••.•.• i do. 

•. 
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Table of Magnetic Declinations, etc.-Uontinued. 

Station. l> Dusso.11 OU:;ien·t•r. Roferencf•. 
' . --- i -~ ----· --------------: I -

' 
]JlSSOtim. PAHT 3--Continue<l. 

c 

Vicuna··------·--········· 
L.iwson's farnL ........ . 

i a~ i2 01 r~i 
38 11 ' 92 11 

. i 38 12 I 92 30 

1881. ;-;4 - 7. 2;-i +o. 20 - 7. 05 Niph(.)r 

1881. 55 - 6. 90 +o. 20 , - 6. 70 ... do 

Tnms. St I.ouis Af':Hl Sc. 

do . 

Tm~cnmhia. ....... __ ...... ---

Yeroaillo" ... ., ........... . 

Sonp Creek------------······ 
Liun Creek ................. . 
DE\caturville .... __ ....... -

.Buffalo, and farm of F. Ym·is 

Buli.var •.•••................. 

38 25 
3fi 17 ' 

:18 04 ' 

37 54 

3i Bfl 

37 35 

"~ heatlatul .....•.. - ... - .•. - - . . i :n 5fi 

\\arsa:w -------------------------, 3h 14 

Un coin ..•..•.................... ' 31' 23 
\Vindsor _ ... _____ ...... __ ...... . 

G. Zimmerman's plaee ..•........ 

Swope1s, or Rln.ck 1'{at<>r ........ . 

Sweet Sp1·iugs .................. . 
Hermlon ......•.............••..• 
llla1·sha.ll ......................•.. 
.Arrow RoC'k an(l Clark's farm ..... 

38 32 

38 41 

38 5'.! 

38 55 

39 00 

39 (18 

3!1 04 

9:! 53 

92 50 

U'.! 4'1 

92 43 

93 08 

g:1 24 

93 !:!4 

9;1 23 

93. 21 

93 33 

93 34 

9;1 35 

93 29 

9;1 21 

93 l'i' 

92 58 

JoLnsu11\danu:mdPrairieHvme. :i8 50: 9~ 40 

California Station mul Centre-
1 

38 38 j 9~ 34 
towu. 

Mariou ....•............... 92 25 

1~81. 5;, -- 8. 51 +o. 20 - R. :n _ .. llo 

lrlHI. :IG 

1881. ;,7 

1881. ;»J 

1881. SS 

1881. fl8 

1881. f>!l 

1881. 6U 

1~81. GO 

1881. 60 

1881.GO 

1881. 61 

1881. 61 

- 8.:;3 

- 8.34 

- 9.0U 

- K94 
-8.J;; 

- ~-24 

+0.20 

+o. so 
cj-0. 20 

cj-0. 19 

~-0. 19 

-'-0.19 

- s. 6G : +o. 19 

- 8. 8'. I -t 0. J9 
- 9.31 cj-0.19 

- 8. 72 

- 9.25 

- B.62 

1881. 6~ - 9. 40 

+0.18 

+u. 18 

+o. li' 
+o. 18 

+o. 18 18~1. 62 i - 8. 9~ 

- 8.13 

- 8.14 

- 8.80 

- 8. 75 

- 7. 94 

- 8.05 

- 8.47 

- 8. 66 

- 9.12 
-F.5.J. 

- 9.07 

- 8.H 
~ 9.22 

- 8. 74 

- .. do 

... <lo. 

... tlo. 

... do 

... llo. 

. .. uo. 

... do. 

... do 

••. dQ ..•.•.. 

... do ...... . 

... Jo - ···-········ 

.. do ............. · 

.do ..••.. ······' 
.•.. tlo ............. 1 

1881. f\2 

1881. r.3 

- ~.54 +0. \t; I - 8.36 - ... do ............ . 

- 7.90 

18<H. G4 - 7. 56 
1881.64' - 7.6~ 

1881.G:; - 7.66 

cj-0.18 ' - i. 72 - ... Jo ....... . 

+ 0. 18 - 7. 38 ' - ... do 

cj-0.18 •· - 7. ~o .••. 110 

• -7.48 .... do .. 
Providenctj ________ .......... . 

Mccredie .•.••....... 

' 38 42 i 

38 49 II 

:~g 58 I 

38 57 

92 28 1881. 00 

91 55 ' 1881. 67 

- 7.6$ 

- 7.84 

+o. 1s: 
+o.1s 

+0.19: 
- 7.47 .... do 

- 7. 6j .... do 
Loomis' farm . . . ... -7.77' -+-0.l!l, - 7. 58 .... do. 

Dan"i!le .....•.. - 7.80 - 7.61 . ~ •. do .. 

W arrentou ........... . - 6.56 - 6.43 .... do ..•....... 

du. 

do 

do. 
\\0 . 

ilo. 

tlo, 

110. 

thi . 

1l·1. 
th), 

tl11. 

do. 

do. 

ll!S. 

Ilanlenue and Il<·al,l• .. 

38 51 

38 46 

3~ 43 

91 47 

91 32 ' 

91 09 ' 

90 41 

18~1. 67 ' 

18~1. G7 

188::!. 60 

1882.15 - 6.66 

_, 0. 19 

-+ 0.13 

+0.16 - 6.50 . ... do ..........•.. Traus.Ht.LoniR.Acnd.Sr.and 

MS. 
Opposite Saint. CharkR and Pat- 38 43 90 30 , 1Sb1. 68 - U. G1 +o. JU 

tons•ille. 

:Florissant ...................... . 
Newport aud Goehd's ........•.. 

E. Ruck's ...•.............. ······' 

Fl'ed. Bruhn's ......... ·--------
.1". Kaldewcihcr's ............... . 
Linn, Oi-mge County .•.......••.. 
Little Aux~asse.Creek ........... ; 

S1 even'~ store .. _ .........•...... -I 
Centralia ........................ 

1 Long Branch of Salt River ..•.•.. ~ 
Moberly....... . ............ 1 

Macon .......... . ·············,!' 
Isaa.c Lewis' --·-········-·"···· 
l\Ierc yvi!Je. . . . . . . . ........•..... 

West Branch of Yellow Crrek ... 1 

Linneus .............................. ! 
One mile west of Laclede ........ i 
Wolfor•l's .•.....•..•....... 
Kingston and Smith's 
:Maysville .... __ ..... . 

Johnson's ........... _ .........•.. 

Albany .................••..•.. 

Station In .•.•........••••.....•. 
llethany . . ... _ ................ . 

Ilonau'• & :Michael's ..........•.. 
Trenton ........... ___ .......••••• 

Amick'• ...••••........••••••.••• 

:18 47 90 17 1881. 68 - 6. 58 cj-0.19 

38 35 . 01 OG ' 1882. 47 , - 7. 31 j I 0. 15 

38 41 91 20 1882. 48 .:_ 7. 85 ! -j-0.14 

38 37 91 20 

:is 28 91 u 
38 28 ; 91 5ll 

38 43 92 01 

as 58 : 02 o~ 

39 13 92 05 

39 24 92 10 

:rn 26 D2 26 
39 46 92 30 

39 48 92 37 

39 57 92 42 

39 54 93 07 

39 51 93 13 

39 47 ~3 17 

39 38 93 45 

39 40 94 o~ 

39 43 04 24 

40 01 94 23 

40 15 04 21 

40 16 94 17 
40 16 94 0:1 

4006 11354 

40 03 93 39 

40 13 93 38 

1882. 4>1 -- 6. 87 + o. 14 

1882. 49 - 7. 74 +o. H 

- 7. 62 . -+ 0. 14 1882. 49 

1882. 50 : 
188~. 50 

1882. 51 

18S2. 51 

1882. 51 
1882. 52 

1$82. 52 

1882. 53 

- 7.92 

- 7.6l 

+o.14 
·I 0.14 

- 7.95' +o.H 
-8.11 cj-0.14 

- 7. 66 +0.14 
1. 98 +o. 14 

- 7.98 +(1.14 
- 8. 2s I +o. 14 

1882. 53 - 8. 27 ! · +o. 14 
1882.54 i - 7.93 +o.14 

1s52. 5-1 I - R is ' + o. 14 
1882. 55 ' - 8. 67 

1882. 55 - P. 42 
+0.14 

+0.13 

+0.13 

+o. rn 
cj-0.13 

+o. rn 
-j-0.13 

+0.13 

+0.13 

+0.13 

1882. 56 

1882. 56 

1882. 57 

1882. 57 

1882. 57 

1882. 58 

- 9.30 

- 9.55 

- 8.43 

- 8.55 
- 8.72 
- S.79 

1882. 58 • - 8. 06 

1882. 59 - 8. 23 

- 6.4~ •••. do·--···-······ Trans. Rt. I~oni~Acn.1.l. flt·. 

- G.39 ..... do ..•.....•.••. 
- 7.16: .... do 

- 7.71 ' .... do --··-····· 

MS. 

MS. 

- G. 7a .. .clo - JlfS. 

- 7. 60 .... do . . . . . . . . .. . . . MS. 

- 7.4e .... do ............. l\lS. 

-7.78 .... do ............. MS. 

- 7.47: .... du. MS. 

- 7.81 ! •••• do ............. MS. 

- 7.97 i1 .... do.----- -----· MS 

- 7.fi2 ' .... do ......•...... MS. 

- 7. 84 ... <lo ..•......•... : M8. 

- 7.84 .... do ........... .',MS. 

-8.14 .••. do ........... ._MS 

- 8.13 •••. do ............ ] .MS. 

- 7.79 .... do_ MS. 

- 8.04 .... do ............. : MS. 

- 8.53 .... do ............. :M8. 

-9.2!! .... do ..•..•....... : Mfl. 

- 9.17 MS. 

- 9.42 .... tlo ...••....•..• MS. 

=!:!~I::::~: :::::::::::: :!: 
- 8.59 .•. do ............. MS. 

= ~:: 11::::1: ::::::::::::: 
- 8.10 :[ ..•. do ..••••...•... 

MS. 

MS. 

MS. 

1.lo. 
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Station. 

M:ISBOl'lU, PART 2-Continued. 

Princeton ................... ------
Williams' ...... - ---- ...•.... -----

\Y"artl":i aucl UllionvillP ........•. 
llankes' .-- -- _ ------ _____________ _ 

Mibn. __ -- .... -- .. -. -... -- -
RlticklerYille .... __ .....••. __ 

La Plata ................ '. .. 
Harris ........ · 

Shelbyville . •• •• . . .. . . . . •. . • • .. 
IVinkler'• -----· ...... ------ .. -
Lnn~ Ilranch of Sall llivt>r . _. _ .. 

lfontgomery City ................ . 
G-1·a;(s Summit ...•...•....... 

MoxTAXA Ttornrro1tY, I,ART 1. 

Table of Jlfognetic Declinations, ete.-Contiuued. 

0 , 

40 24 I 93 39 

40 27 : 93 21 

40 28 93 OG 

40 19 . 113 07 

40 1::! i 

40 09 

4V OV 

39 53 

39 H 
39 3;, 

39 22 

39 00 

a~ 29 

93 11 

92 58 

V:? 34 

92 22 

9'~ 04 

92 00 

91 59 

91 30 

90 49 

n 

1882. 59 - 8. 79 +0.13 

1882. 59 - 8. 60 +c. 13 ' 

1882. 60 - 8. 25 + 0. 13 

1882. Go - s. 63 , +o. n 
1882. 60 - 8. 30 +0.13 

1882. 60 - s. 87 +o. 13 

188~. m , - s.15 +0.13 ; 

188~. Gl - 7. 62 +o. 13 : 

1882. !i'2 - 7. 78 -1-0.13 : 

188~. 6~ - 7. 74 +0.13 

l>l8~. 62 

1882. n:i 
181'~. 46 

- 8. oo I +o. 13 : 

- 7.12 +0.13, 

- 6. DJ +0.13 

Observer. 

- 8. 66 ' ll'ipher .. . . .. . MS. 

- 8.52: .•.. do--··--·, ..... MS. 

- 8.12 i! .. do·············! MS. 
- 8.50 1 .. do ............. ! MS. 

- 8.17 i: ... do ............. : MS. 

- 8.741 1 .. do --------····'MS. 
- 8. 02 i' _. <lo----··· .••••• : MS. 

- 7.49-li ... do.- ------;MS. 

= ~::~ :1, :::~~ ·:::::::::::i :~: 
- 7.87 [ll····ddo ------·······;MM~· 
- 6.99 1··-- 0 --·--·--·--··· s. - 6.781 .. do ___________ _!MS. 

FortEllio---------·-------··--··· 4;; 4u, 110 58 1882.60 -19.58' 0.00 -19.58 

Mo~TAXA TEmtITOH'r\ P .. un 2. 
I 

Reference. 

N orthwe~t Boundary Station. 4B 00 1 114 00 : 1374-. 6 o. 00 -23. 33 ' Twining .•• - . . . . . . N. Honntl. 8nr .1 1878. 

rwar Divide. 
Northwest Doundary St.atiou, 

near Milk River. 
NorthW<'·St Boundary Station. 

near Sweet Grass Hill. 

49 00 . 113 0(1 187 4. 6 I -22. 83 
I 

49~0 ! 111 30 i H74. 6 -22.42 

49 oo ! 110, ao ' 1874. '' -22. 00 

0. 00 -3~.83 1 •••• d{l ··········--· tlo. 

+o.o;, -22.37 .... <lo ..•••••.•••• do. 

+0.07 -21.~3 I •••• do·••••••••••••: do. Northwest Boundar_y :-;t,ation, 

nmr .Milk mver. 
Northwest BouUtlar,..,.., Station ..• 49 00 109 00 187 4. 5 

49 00 107 30 I 18/4. 5 

40 00 106 30 1874. 5 

49 oo 105 ~o , 1874. 5 

-21. oo +o. 10 ' -20. 90 .. do -- ... -- __ . __ .: do. 
do. 

do. 

do. 

<lo. 

do. ------------ -20. i5 +0.12 -20. 63 .... do ....... ··---
tlo ... . -20. 33 +o. 1a -20. 2Q •••. do--···-· ..... . 
tlo ..... . -19. &~ +0.14 -19.69 .... do ............. ' 

Xorthwest Buaudary ~1atinn, 4U 00 104 30 1874. 5 -18. so +0.15 -18. 35 ... do --· ......... .. 

nr•ar Salt Lake!!I. 

1\orthwest ·1hm11da.ry Station .... 
do .... 

de.····-
do ..... . 
ilo. 

do ••..... , .......•. 

do-·--·-
tlo ............ . 

llu. 
(lo •.• 

tlo .......... . 

40 00 104 05 

49 00 104 20 

49 00 104 4.5 

40 00 ' 105 10 
4\1 00 ' 105 25 

49 00 i 105 3:1 
I 

49 00 : 105 45 

49 OU · 105 55 

49 oo i JOG o:; 
4n ou I 106 28 

4!1 00 : 106 4-ri 

1873. 7 

1873. 7 

1873. 7 

1873. 7 

1873. 8 

1873. 8 

1874. 5 

1874. 5 

1874. 5 

1874. 5 

JRH.6 

do-------·--------·--······' 49 00 106 .'jO, 1874.6 
1lo ....... _________ ----·---' 49 00 lOll 5:0 1874.6 

<lt> ............. -- .. ---- ••. 49 00 107 10 1874. 6 

do ....... --·----·-- -- --···· 49 00 ltl7 J.\ 1 1874. 6 

110 •• -- -- -- • -- -- -- -- •• -- -- • - 49 {I{) ' 107 40 1874. 6 

do ............ - ............ 49 oo, 107 50 1874.6 

do ......................... ' 49 00 '109 4-0 1874.0 

do.---···---··------·····-- 49(){):,no45 1874.6 
<lo ......................... 49 oo, 111 05 

do···········-·············, 49 00 Ill 28 

do······----------·····--· 49 00: 111 35 
do ... -•.•. __ ...... __ ..... __ ' 49 011 112 oo 

1874. 6 

1874. 6 
1874. 6 
1874. 6 

do--·-·······--·······-··-·': 
do .. -- ....... __ . -- _ ....... . 

49 00 : 112 :J5 1874. Ii 

49 00 : 112 55 ' 1874. 6 

•lo .... --·--·····-----······· 40 oo 113 o5 
do ......................... ' 49 00 113 20 

1874. 6 

1874. 6 
Northwest Bouudary Sratiou, 

near R . .M. Divide. 
49 00 113 40 ' 1874, 6 

-18. 4~ +0.15 
-18. 83 +0.15 
-18. 25 +o.1s 

-19. 53 +0.15 
- 19. 93 +0.15 

-19. 75 +0.15 

-20. 25 ·\ 0. H 

-19. 83 +0.14 

-20. 33 +o. 14 
-20. so +o. 13 

-2(J. 17 + o. 13 

-W.J3 +0.13 

-20. 00 + o. 13 

-20. 67 +o. 12 
-20.11 +o. 12 

-20. sa +o. 12 

-20. 63 +o. 12 

-20. 3S +0.10 

-22. 7;, +o. 01 

-22.11 +o. 06 
-22. 67 +o. o5 , · 

-22. 11 +o. o5 
-22. 50 +0.03 

-22.50 

-22.53 
-23. 27 

-23. 75 1 

-23.83 

+o. 02 

o. 00 :: 

o. 00 

0. 00 
0. 00 

South Oros.sing, Kootenay ...•••. 
On Kootenay River ............. . 

48 22 llS 21 

48 40 115 17 
1861. 51 j -.22. 27 -0. 20 
1861. 51 I -23. 40 -o. 20 

I: 

-18. 27 .••. do .... __ -- . __ .. ] 

-18.68 ----d0 ...•••....... 1 

-18. 10 , .... do __ .... ____ ... ! 
-19.38 '. .•. do------· ...... i 

, I 

=~:::~ <:::: ·::::::::::J 
-20.11 .... <lo----··--····· 
-19. 69 .. _.do ............ . 

-20.W , .... do ............ . 

-20.37 ' ... do--------····· 
-20.04 . .. do ............ . 

-20. 2Q •. <lo -- ••• -- -- ••• 

-19.87 .. do····--······· 
-20. 55 , ..•. do--····· ..... . 

do. 
do. 
do. 

do. 
do. 

do. 

do. 

do. 

do. 
do. 
do. 

de. 

do. 

ilo. 

-20. 05

1 

.... do --···-· ....•• 

1 

do. 

=!~:!~I:::::: :::::::::::::1 ::: 
-20.2811 

.... do --····--····· do. 
-22. 68

1 

.... do ............. 1 do, 

-22.ll j····do ............ I do. 
-22.62 

1 

____ do .............. ! do. 

-22.12 j,··· do ............. 1 do. 

-22.47 ii--- do ............. \ do. 

=~~:~ i:::·:: ::::::::::::.1 ::: 
-23.27 11 .... do ............. ( do. 

-23.7511---do --·-·---·····! do. 

-23.83

1

; .... do ·····-·······1 do. 

-22. 47 II Halg .•••• - . • . . • • . . Phil. Tran8. B.oy. Soc., ISM. 

-23. 60 .... do . ···--·······i do. 
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Table of Jfagnetic Declinations, etc.-Continued. 

Station. A 

----------1--
XONTANA, PART 2-Continued. I 

Fo;t Union.-·- ... ---·- ....... - .• 48 03 104 00 i 
FortBenton ................... / 4750 ll039

1 
}'ortOwcn ...... ·····-·•·-···--·i 46 31 113 58 I 
CampKishenehu ...........•.... ! 49 00 114 21 ! 
Camp Kootena.y, east._ ..• _ ••. _ .. ) 48 59 115 12 

l'owderRiver ................... 1 '15 47 105 03 

Rosebud River . . . . . . . . .. . . . . .. . . 46 03 106 2H 

Fort Sarpy ............... - ... - . . 46 18 107 04 

1853. 5 

1860. 5 

1853. 5 

1801. 5 

1861.:; 

1859. 5 

1859. 5 

1859. 5 

Xadison Rh-el'.................. 45 16' 111 41 18()(). 5 

Near Three :Forks of Mio•ouri .. 45 52 i lll 22 1860.;; 
Yollowstonc River .............. . 
Near Fort Union ................ . 
Ilt>a<l of Gallatin .... - ..... - -.... . 
·Helena ............... - ......... . 

Bitter Root ...•. - ....... -- - ... - - .i 
Holl Gate ........................ i 
v· · · c~ I irguna 1 ~ .•••••.••••••••••••• 

1 

NEBRASKA, PART I. 

45 56 lOR 22 
47 51l ' 104 02 

1860. 5 

181){). 5 

45 15 111 00 i 1872. 72 

46 36 111 53 i 1872. 7R 
47 rn 11s 04 , 

46 52 113 59 . 

45 19 ' Ill 56 ~ 

i 

1R60. 5 

1860. 5 

1872. 66 

D AD 

-16. ao +o. 10 

-20. 40 +o. 10 

-19. 42 --0. 25 

-22. 97 -0.15 
-22. 97 ' -0. 20 

-16. 90 +o. 10 

-17. B:J +0.10 

-18. 00 ' +0.10 
-19. 00; 0.0() 

-20. 48 i 0. 00 
-17. 93 ! +o. 05 

-19. 93 +o, 12 , 

-19. 15 ' 0. 00 

-19. 98 : o. 00 
-20. 75 -0. 20 
-21.00 -0.15 

-19. 25 0.00 

-16. 70 

~20. 30 

-19. 67 

-23.12 
-~3.17 

-IU. PO 

-17. 7~ 

-17. 90 
-19. 00 

-20.48 

Obscr•er. 

Stevens 

Mullan 
St.f'ZCTili 

HarriR .... -· 
.••• <lo ............ . 

r...cfercncc. 

C. :l. Rep., 18:m. 

;-;tom•l" :.\[a~. Yar .. 1~7~. 
c. :-;. Hep., 18,;6. 

1.IS, Chart Bountl. :lm-. 
tlo. 

)IS. 11.Y ILlynohh;. 

do. 

do. 
-do. 

do. 

-17. SS do. 

-19. El do. 
-19.15 Hnydeu ..... __ (;eo1. Sur. 'l't·r, Gtli A uu. l\qi. 

-19.98 .••. do............. do. 

-20. 95 ).lu11an ··----· .•.. Sto1w·s )lag-. Y;ir .. J.';K. 

-21.15 .- •• do ...•..• ··-- do. 

-19.2:> Hasllen ............ Grul. Sur. Tt•r. 1 lith Auu. H.t•p, 

01naha ....................... . 41 16 95 56 i 1880. 70 -10.10 '. - - . . . . . -10. 12 

');RBRABKA, llART 2. 

XebraskaCity .............. . 
l'lattsmoutli ................. . 

Brownville ............ --··-···-
Niobrara River .......... -- ...•.. ( 

Soldipr'sCreek ·····-··· ... ·-···---! 
Indian Creek ............. . 

~i~l~,i~~~~·-s. ~-~~t~-~~~~~. ~ ~~~~~~~~I 
N ortli l'latte .... - . - , 
(;rand I•land .................... 

1

. 

!toe~ Creek .................... . 

llig Sandy niver . . . ........ · j 
Little Bille Rin>r ............. 

1 
Elm Creek ...................... , 
l<'ortKeamey .................. J 

OampNo.2 ····-·······-········1' Platt River·-·--· ............ . 
Camp No. 22 ... :. ..... . .. 
CampNo.25 .. _, l 
::Oforth Platte .......... _ ......... I 
Grand Island ... _.. . ! 
'.N"orth Platte ...... _ .•••••. _.. . I 

NEVADA, PAR1' l. I 
Verdi . ., .............. ~ ............. j 
Reno ........................... . 

IIotS]lringe ................... . 
Rye Patch ................... .' •.. 
Winnemucca ..... _... . . . . ...•.. 

Battle Mountain--···· .......•.. 
Elko ........................... . 

Wells' Station . . • . • . • . • • • . • . .•. 

Teeoma .•••••...•.•.•.•.•. : ..... . 
Eureka, town ••••••.•••••.. _ ..• _ 
Mineral Hill _ ................. __ . 

Austin ..•.•••..••••.•.•••.....•. 
Mount Callahan ..•••.•.••..... , 

Enreka, trig. station ........... .. 
White Pine .•••••.•.•••.•••••... 

40 42 95 52 1880. 5 -lo. 22 +o. 20 
41 01 95 53 ! 1877. 5 -11. 25 , +o. 33 
40 28 I 95 44 . 187'7. 5 -11. 2:; ,, +o. 33 ,' 

42 34 ' 103 57 
42 40 ' 103 28 i 

42 59 104 03 

H25 9600 

41 08 ! 102 55 
41 11 I 100 45 

40 55 98 23 

40 ll 97 02 
40 12 I 97 12 

40 15 98 10 

40 30 98 30 

40 38 98 56 

40 40 99 54 

40 58 100 35 

n 05 loo w 
41 oa 101 50 

41 23 102 15 
40 55 98 18 

41 58 104 00 

39 31 119 58 

39 30 119 49 

39 47 118 56 
(-0 26 118 18 

40 59 117 44 

40 <lO 116 50 

(-0 47 115 46 

41 07 114 56 

41 20 lH 06 

1sn. 74 -J0.45' +o. 20 

187i. 75 ; -15. 5o +o. 20 

1877. 81 I ~16. 65 +o. 20 

1819. 72 -12. 98 : ...... . 

1872. 82 -14. 62 ; +o. 3o 

1872. 82 

1872. 82 

1858. 6 

1858. 6 

1858. 6 

18"1!. 6 

18.'\8. 7 

1858. 7 

1858. 9 

1858. 7 
18fiR 7 

1858. 7 

1878. 66 

1858. 7 

1872. 51 

lR!ll. 28 

1881. 29 

1881. 30 

1881. 30 

1381. 31 

1881. 32 

1881. 32 
1881.33 

-rn.12: +o.as 
-13. 22 i +0.43 

-12.JO*I +i.oo 
. -13. 65*1 +l. 00 

-13. 72*! +o. go 
-12. 30*i +o. 85 
-13. 63': + 0. 82 

-13. 28*i +o. 75 

-13. 53·1· +o. 70 
-n. os• +o. 68 

-13. 35· 1 +o. 58 
-15. 43*· +o. 53 

-12. 86 I +o. 25 
-15.60*\ +0,40 

I 
-17.49 I -0.10 

-17. 81 -0. 02 

-17. 44 -0. 02 
-17.83 -0.02 

-17.6.'i -0.01 

-17. 5S o. 00 

-17.51 

-17.36 
-17.47 

+0.01 

+o. 02 

+0.02 
39 a1 115 58 1881. as -16. s1 +o. 01 

-Hl.02 Suttq· ··---- Ch. or r:n~·~ R1'1L. t~i-:o. 

-IO. 9~ : Baisdell......... Ch. of l~n/.!'S Rl'Jl .. 1Si~. 
-10.92 ' .... do-------...... do. 

-15. '.2f\, ' Stanton........... tlo. 

-11'"1. 30 1ln. 

-lli. 45 .• _t\O 

do. 

llO. 

Long····--· Exp'ntoRo<'ky1It~ .. 18 

-14.32 Hilganl. .......... Nat.Acad.Rc. 

-12.77 do............. do. 

-1'2.79 
-11.10 SimpRon ........ . 

-12. 65 ... do ............. , 

-l'.!.82 ' .... do ............ ' 

-11. 45 ... do ..........•• 

do. 
Stont"l'l Ma~. Var .. 1 i-7~. 

do . 

dn. 

do . 
-12. 81 ... do. do. 

~12.53 ... <lo········--··- do. 

-12.83 ... do ............ . 

-J0.40 1 .... do ............ . 

=~~:~ 1:::::::: ::::::::::: 
-12. 61 j Thorp~ . 
-15. 20 ill Simpson 

-17.59 
-17. 83 ,: 

-17. 46 
-17.85 

-17. 66 

-17.58 

-17. 50 

-17. 34 

-17.45 

-16.60 

do. 

do. 

tlo. 

llo. 

J>roc. Ito,\. Soc., 18 

St.ont-'s lla~. Var. 

~o io 116 12 1881. 39 -17. 05 o. oo -17. o; 

39 29 117 04 188l. u -16. 95 o. Oil -16. 95 
~ 11 

39 43 116 57 1881. 53 -17. 07 o. 00 1. -17. 07 \. 

39 35 115 49 1881. 10 -16. 83 +o, 01 II -16. s2 :i 
as 111 11a so 1881. 88 -10. 07 o. oo I -10. 07 ii 
•All index correction of+ io was applied to Simpson's observations. 
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Table of 1l1agnetic I>eclination8, etc.-Uoutinuell. 

Station. 

NRVAl>A, PART 2. 

Cnmp IIallock . 
CampHnh~-----·- ....•.... 
lla.milton ... - ....... . 

Monte Christo Mill ... . 
Auh~ln11e ~prin~s 

Btiu~on 's Cn•Pk ... 

!;ave V1\llt'!y ..•.. 

Ukar Creek .... . 
Clov-t'r Valle.v .. . 

i\Cilo Hop Creek ..... . 
Cre~c('ut Statinu .. 

Col<l Spri_ng ..•......... 
Horner C<'d~ir \~alley. _ 

lee Cret'k .... 

Imlian Spring 

Mormon Callon 

llwl Spring ................ . 
Mnrray Crt•(·k ........... . 

1'earl Cre~k .............. . 

Piernwut ... . 

Qninn Canon ...... . 

lW.ttleanako Sprin.:.:-
Youth ofUio Virgin ..... . 

Rose Valley ................ . 
SacrnnH:nto Distrirt 

Scbafor Sprin~ ........ __ .. _ 

Sheep Range, Cedar Valle,Y. 

Slough, Lon<: Valley. 

Huntinµ;!l(lu·~ si1ring 

Snake V»llt•y .............. . 

Spring below Panacea .. . 
Ha.int Thnm~ts, .•... 

40 49 115 20 1809. 5 

4004']]"31 

:m rn 1i:; 20 

30 I :l 115 3,; 

1869. 5 

1869.:; 

1869. ,o 
~m ~G :w_5 !!7 1869. 5 

:lo 41 lH 38 i 1M9. ;/ 

3B 39 , 114 49 : 1869. 5 

, I 

:Jg 50 114 25 : 1869. 5 

3T 30 lH 14 . 18ti9. 5 

JA 2.1 l14 30 1"69.;, 

40 45 11:. 411' 1869.:i 

40 04 11;; 42 1869." 

.18 03 114 ltl 11\69.5 

39 02 114 49 1809. ,, 

:rn 34 115 3i1 

37 16 lU 28 

1869. 5 

1869.;; 

;1; JI 115 33 1869.f> 
:m 1:, 
40 17 
39 :!9 

!~7 58 

:J8 57 

36 09 

!17 55 
:m 10 

37 :11 

3R 14 

2'.1 r;o 

40 01 

39 01 

37 46 
~(i 27 

lH 51 

115 44 
lH 31 

ll.3 4;} 

lH 26 
ll4 22 

ll4 16 

114 23 

115 :!7 

114 2~ 

l!!i 2+ 

115 19 

JU 08 

114 ~7 

114 Iii 

1809. 5 

1B69. 5 

18i2 . .) 

1>'G9.:; 

1869. 5 
1869. 5 

1869. 5 
JH69. !i 

1869. ,; 

1869. ::i 

l8G9. o 

1859. 5 

18i2. 5 

1869. 5 

1860. 5 

Veg11s w,,_h. ...... ....••.. .. . :J6 07 114 40 186U. 5 

1809. 5 

1sa9. 5 

1869. 5 

1~75. 6 

1859. 5 

1859. 5 

1858. 9 

1858. 9 

1~58. !J 

lii59. 6 

18:•9.6 

1859. 6 

W<>•t Point .................• : . .. i :m 41 114 34 

Willow Cre.-k.. ..... ....... 40 31 115 44 

La..~ Ve~a.s Ra.u_!!e 

~tone }""'err~-" 

.Antelop" Vall".'". 
Ea.~an Canon .. _. ____ ---- _ .. 

Cho-keep Pa•• ..••............. 
Ko-hnh Valley ............ . 

RPese H.i~rr . ---· -- .... __ ... . 

Big: Bt•.ml. \\'alkt~rRh:er ....... ,. 

Ht•noa, Car~on Yallt>y ............... i 
1\'t<:W TIAlll'l"'tliJU>:, PAH.T 1. \ 

J.IH of Sho:tl• ....•..••........•. 
1 

llukom>0n1w ...........•.••... ··I 
l'at.nccawa -·---· ................. 

1 
GunM-tock. . ..•..••.....•••. , 
Troy .....•.....•.........••..•. 
Gorl1an1 . • .. • • • • • ~ ••.. - ........... . 

;}fi 11 

36 08 

39 47 

:J9 52 

39 54 
:!9 H 

39 29 

39 24 

39 09 

3n <I() 

42 ;,9 

42 59 

43 07 

43 31 

42 5-0 

44 22 

11a o:~ 

114 25 

114 I~ 

114 58 

115 43 

116 10 

lli 03 

118 3() 

118 5ti 

119 40 

70 37 
71 35 

71 12 

71 22 

72 11 

7l 15 

1847. 6~ 

1848. 77 

1849. 63 
1860. 54 

1861.61 

1873. 73 

D aD 

0 

-16. :;6 -V. JI) 

-17.1[> -0.10 

-16. 72 -0. lo 

-17. OS -0. llJ 

-17. 01 -0. ]() 

-16. 10 -0. 10 

-16. 2i -ll. 10 

-16.H -0.10 

-H.42 -0.10 

-lil. 00 -0.10 

-17. 8i -V.10 

-17. 21 -0.10 

-17. 67 -0.10 

-16. :;s -o. 10 

-lJ. 69 -0.15 

-16. 58 -V.10 

-16. 05 ' -0. 15 

-16. 59 -0.10: 

-16. 31 --0.10 I 
I 

-16. 78 -0.03 i 
-16. 34 -0.15: 

-16. :JO -0. 10 
-15. 7!) I -0.10 

-17. 84 -0. IO 

-16. 46 -0. 10 

-16. lR , -V. lfi 

-lG. 77 ii -0. 10 

-Ji.OU; -0.10' 

-17. 6<Y -u. :w 
-16. 63) -0. 05 ,' 

-16. 981-0. lU 
-13. 79 -0. IO 

i 
-16. o~ I -o. 10 

-10. a~ I -o. lo 

-1:- 451 -0. LO 

-la.14 /-'J.lo 
-14. 97 -0. 0:1 

-16. 28*: -0. 20 ' 

r -16. 28*\ -o. 20 

-ItJ. fi.1·1! -0. 25 

-16. 2:1•\ -o. 25 

-16. 55"1 -9. 30 

-16. 68'
1 
-0. a,; 

-16. 43•! -V. 35 

-15. 78'1 -0. 38 

+10. 061 +2. Bl 

+ 9. 071 +z. 52 
+10. 71 +z. 1;; 

+10. 90 I +1. 62 

+ 9.061 +1.56 
+13.78 I +0.~ 

Ob~ervcr. Reference. 

-16. 46 \\'heeltT & ltolwrts Ch. of Eng·s ltep .• 1876. 

--17.2;:'") .... do . 

-lG. 82 .••. tlO ...••••.•.••• 

-17. J» 
-11. 11 Wheeler & Lnck­

wootl. 

do. 
do. 

tlo. 

du. 

-16. 50 

-JG. 37 

-lfi5i 

-14. 52 

-15.10 

-17. 97 

-li. 31 

-17. 77 

-lH. 68 

-l;j,84 

-16. 68 

'VhC'.eieL' ·--··· 
Wheeler & Lnrk­

"ll"OOd, 

do. 

do. 

\VlrnPler ··----·---! do. 
\\.-heeler & Lock- : do. 

W(>OcJ. i 
I 

\Vheder ......... 
1 

8tonl.''s )Jaµ:. \'ar, 187B 

.... clo. ...... do. 
.•. <lo ..•••••.••••• , Ch. ofEn~·i;; l~cp., 1S76. 

.. do ...••.• ······: clo. 
·wheeler & Lo>ck- do. 

woml. 
"'Nheeler. __ ....... : 

Wheeler & I.<>ck-
wornl. 

tl1). 

<lo. 

-16. 20 .... do ..•••..•.••. ilo. 

llo. 

do. 
do. 

<lo. 

-16. 69 ... do 

-16.41 .... do .......... . 

-16.8:J 

-16.49 

-16. 40 

-l!i.8H 

-17.94 
-16.56 

-16. 33 

-16.87 

-17.10 

-17.80 

-16. 68 

-17.08 

-15.8il 

Hoxie ..•......... 

WhedN & Lork­
woolL 

.•. tlo ···--·- ...... do. 

. .. ao ............. do. 

... dn <lo. 
\\"''he.-lt:r.. .. ...... do. 

Lock \YOod ...... _. tlo. 

\Vheeler. <lo. 

Wheeler & Luck- do. 

woml. 
Simpson .......... ' Stmw's :Mag. Var. 1 187d. 

lloxie _.. Ch. of F.u~'s Rep. 1 1876. 

Wheeler....... do. 
Wheeler & Lock- do. 

WOQ(l, 

-16. 12 .. ~do ....•...... do. 
do. 

do. 

<lo. 
(10 . 

-l5.42 ... d!) ...•......•.. ' 

-17. 55 ... do .........•••• 1 

-15.29 .... do ......• 

-15. 02 Ht'rgLtnd .. 

-16.48 Simpson ...... 
-16.48 .... tlo 

-16. 78 • I , .... do.············' 
-16.48 

-16.85 

-17.03 

-16. 78 

-16.16 

+12. 67 

+11. 59' 
+13.16 

+12.52 ,' 

+l0.62 ,' 

+14. 36 ' 

... do ...........•. r 

:::~~ :::::::.:::::: 
······1 

! 

Stone's M:ag. Var., l8ili. 

do. 

<lo. 
do. 

do. 
do. 
do. 

do. 

•An index oorroction of + 00.5 wa.a applied to Simp•on's observations. 
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Station. 

NRw HufPsHIRE, PART 1-Con­

tinued. 
Littleton ..•.............•.•.•.•.. 
HanoTer, on hUl and west of it .•.. 

NEW Hl\Ml"i!HIRE, PART 2. 

Chesterfield ................... . 

Hinllditle ...................... .. 
Haverhill ....................... . 

Warren.----_ .................. . 
West Romney .................. . 

Plymouth ....................... · 1· 

Fabyan Hotel. .................. . 

~;::~:.-.-.-.·:::::::::::::::::j 
N&w JBR•BY, PART 1. I 

Bergen Neck .................... ! 
Monnt Mitchell ................ --1 
Sandy Hook ..................... 

1 

Newark ......................... J 

WhlteHiU ....................... I 
Chnroh Landinp: ................ i 
Pine Mount ...................... \ 
Hawkins ........................ : 
Port Norris ...................... i 
Egg Island light ................. ! 
Cape May light .................. 

1

1 

Townbank ...................... . 
Pilottown ....................... . 

~~J•;n;~~: ~~~~~~;~~~~:: ::.::: :\ 
Mount Rose ..................... 1 

.Atlantic City .................. .. 
llarnegat J,ight ................ .. 
LongBeaeh .................... .. 

Nxw JRRSRY, PART 2. 

Tabk of Magrietic I>ecUnat-ions, ei<:.-Continued. 

I ~ ___ i __ j __ n ____ n_!! D1 .... o t. Obse::_l ____ Re_re_ .... _u_c_·c_. __ _ 

I . I' I 
0 I 0 I \. 0 j' 

44 19 i 11 48 1873. 74 +12. 58 +o. 12 1; + rn. ao I 
43 42 J 12 1s 1879. 76 +n. 24 +o. 42 L +11. as 1, 

1 

I 111 Ill i 
42 53 l 72 20 1837.5 + 8.08 +3.38 ! +11.461 '.l'wining .......... I' Sill.Jour.,1838. 

42 461 72 17 1772. 5 + 6. 00 +li. 10 if +11.10 11 Wril(ht ......... .. do. 
44 02 : 72 05 183Q. 7 + 7. 53 +4.13 l, +ll. 66

1 

Graham .... ------1 Phil. Trans. Roy. Soc., 1849. 
43 56 i 71 55 183V. 7 + 9. 13 +3. 75 I\ + 12. 88 ... do _. ... . . .... .. do. 
43 49 ! 71 53 1830. 7 + 9. 63 +3. 75 :! +13. 38 j .... do ..... __ ...... / do. 

43 451 71 42 1830. 7 + 8. 53 + 3. 75 
1
\ + 12. 281 .... do ............ ·I do. 

« 161 7125 1845.47 +ll.53 +2.38 'I +13.91 Locke ...... ·-----1Smith'nCont'ns,1852. 
43 12: 71 29 1879. 5 +11.45 +o. 42 +11. 871 McClintock ....... i MS. 

44 13 I 71 54 1879. 5 +11. 55 +o. 34 I:\. + 11. 89 ! ... do ............. j :MS. · 

40 46 74 03 1840.66 + 5.88 +2.43: + 8.3! ' 

40 24 
4-0 28 

40 45 

40 08 

39 41 

39 25 

39 26 

39 15 

39 10 
38 56 

38 69 

38 47 

31l 48 

39 31 

40 22 

39 22 

39 46 

39 32 

74 00 1844.04 + 5.66 +2.17: + 7. Ba f 

74 oo 1879. 54 + 1. 53 +o. 24 ' + 1. 11 I\ 
74 10 1846. 37 + 5. 58 -t-2. 00 . + 7. 58 ', 

74 44 1846. 38 + 4.43 +2. 72 . + i.1.5 : 
75 31 
75 20 

75 17 
75 01 

75 08 

74 58 
74 58 

75 10 
75 10 

74 17 
74 43 

74 2:; 

74 06 
74 16 

1846. 43 

1846. 46 
1846.47 

1846.48 

1846.48 

1874.48 
1846. 50 

1846. 50 i 
1846. 53 

1846. 86 ' 
1852. 62 

1860.64 

lll60. 65 

1860. 65 

+ 5.82 

+ 3.24 

t-2. 72 

+2. 52 
+ 2.98 -t-2.52 

+ 3.07 +2.52 
+ 3.05 +2.52 

+ 4.63 +0.75 
+ 2.98 +2.52 
+ 2.71 ! +2.52 

+ 3. 75 ' +2. 71 
+ 4.46 +2.69 
+ 5.53 +2.38 

+ 4.90 +l.90 
+ 5.40 +I.90 
+ 5.31 +l.90 

+8.541 

+ 5.76 )i 
+ 5.50 ii 
+ 5.59 \! 
+ 5.571: 
+ 5.38: 

+ 5.50 !j' 
+ 5.23 I 
+6.46! i' 

+ 7. is 11 

+ 7.91 i; ii· + 6.80 I' 

+ 7.30 11 

+ 7.21 I l
1 

I' ' 

Princeton.. . .. .. .. .. .. • .. . .. • • • .. 40 21 

lloundary Monument on Hudson. 41 00 

74 40 ,. 1810. 5 

73 54 1774. 7 
+ 7.00 +4.57 

+ 4.05 +3.53 
+ 6. <l5 -tO. « 
+ 1.02 +o.oo 
+ 6.05 +0.74 
+ 6.10 +2.40 

+11. 57 !1_! Smith ............ 1

1 

Sill. Joor., 1838. 
+ 7. 58 j[ Cook. . .. .• .... .. . Rep. on Bound. Line, 1874. 

Unionville _ .... '. ............... _ _ 41 18 74 34 1874. 00 

Tri-States Rock.................. 41 21 74 42 

74 18 
74 02 

Forked River ...... ___ ........... 39 50 

Jersey City ....... _.............. 40 43 

NRW MEx1co TERRITORY' p ART 1. 

N&w llh:xrco T&KRlTORY, P A.llT2. 

Initial point, near El Paso del 
Nom. 

Carrimllllo _ .................... 1 
.Agua del Peno ................ .. 
San Luis Springs ................ j 
Doi".aAtm ...................... . 
Copper mines ................... . 
.Abiqniu ....................... .. 
Coyote Creek ................... . 
Fort Craig ............. -_ ........ . 
Fort Cummings ................ .. 
Embuda. ....................... .. 
Line, Colorado a11d l!few llexloo •• 
Mor& River ..................... . 
lititri.. Sprlnga ................ .. 

Oak Spring ..................... . 
Ocate River ..................... : 

S. Ex.71~ 

31 47 100 28 

Bl 51 1~7 56 
31 21 108 2-0 
81 20 108 48 

112 22 100 '5 
82 48 108 M 

36 12 10619 
36 {)8 106 14 
311 B8 107 01 

32 27 107 40 
36 11 105 M 
37 00 106 07 

85 59 105 It 
35 18 108 S3 

JU 08 108 ~ 
86.10 1~00 

I 

1874. 60 

1876. 5 
1841.1 

1855.1 

1855. 2 
l!!M.3 
1855.3 

1851.5 
1851.6 

1874. 5 
1874.6 

Ul73.5 

1873. 11 
ll!U.5 
urra. 11 

1874. 5 
16'12.5 
11113.5 
U!74.6 

-11. 92 --0. 05 

-tz.1!3 --11.10 
-1L97 -0.12 
-11. 75 --0.15 

-12. 12 -6. 10 
-14. 37 --9-15 

-13. 90 +0.10 

-14. 25 +0.10 

-12. 99 +o. 02 
-Ii.Ml O.llO 
-13. 25 +o. 10 
-U.02 -j0.10 

-H.67 +0.10 
-14.27 

-1Ul! 
II.Oil 

0.00 

+ 6.49 \i .... do ............. 

1

. do. 

+ 7.62 \'i .... do ............. do. 
+ 6. 79 I Moore .. • . • • • . • . .. :MS. 

+ S.00 II Dougl"88 ......... I lofapofcity. 

I
. I 

! . I 
-11. 97 !I Emory ........... · I :Mex. Bonnd. Snrv., 1856. 

-12. 13 I ..... .fo ............. 1 do. 

-12.09 j •••• do ............. \ do . 
-11. 90 ... do . .... .. .. •. . . do. 

-12.22, .... do ............. ! do. 

-11. 52 i ... do ............. / do. 

-13. 8Q Birnie ........... • 1 Ch. ot.Eog's Rep. 187G. 
-1'1. 15 , Blunt............. do. 
-12.117 Tillman ........... , Ch. of Eng's Rep., 1879. 
-12.50: .... do ............. [ Ch.ofEne:'• Rep.,1876. 

11>' B" . 1 d -13. I u•n1e ........... I o. 
-13. 92 I M:a..-.hall .......... 1 do. 

-14. fil ~ Blunt............. do. 
-14. 27 lfarle • .. . •• .. . • •• do. 

-12.58 .••. do............. do. 
-14. 111 Blunt............. do. 
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NEW YOBK, PABT 1. 

Round Hill·-------------··-·-·---, 
Buttermilk----------·-·-·-------: 
Bald Hill ........................ : 

I 
Howard ......................... ! 
New York, Columbia Coll (old) . '. 
New Rocbelle .................... J 

Port Chester .... -- . ···----- ---- --! 
Manh'lttanville, Aeylum ......... ! 
Lloyd Harbor .... ----------------' 
Oyster Bay ....................... 
Greenport.·---------------------. 
Drown.,.! Meadow -----·-·---·---i 
Sand's Polnt ..................... I 
Monot Prospect ··----··---------j 
Cole ........... ------------·-----i 
Legget. --- -- --·- --- -·-· ----- . - -- .i 
Greenbush.-·--·------------- .•. ·j 
Coldspring------------··--------
Nt1w York, Governor's Island .... 1 
New York, Be<llue'o lllland ••••.. ! 
New York, Ree. Res ............. 1 

.Albany, Dudley Observatory •••. I 
Fire Island, Weat base •••••••••• 

861( Harbor ..•••. ---·······--·---
Roland .......................... 
West Hilla ....................... 
'Carpenter's Point •••••••••• _ ••••. 

1 

Duer ............................. 

Oxford ....... -·------···· ..•..••. 

Table of Magnetic Decli-natiom, etc.-Continued. 

3'i 24 103 liO 1856. 5 

34 25 104 08 1866. I 

33 30 105 321 1878. 5 

31 46 106 50 i 1855. 7 

31 21 107 56 1855. 5 

32 48 108 09 1878. 5 

35 41 105 57 1874. 5 
35 5! 105 01 1874. 5 

41 06 73 40 1833. 52 

41 07 73 49 1833. 47 

41 13 'Ill 29 1833. 56 

40 38 74 05 1840. 49 

40 43 74 00 1845. 68 

40 52 73 47 1844. 69 

41 00 73 40 1844. 70 

40 00 J3 56 11146. 33 
40 56 73 25 1844. 71 : 

40 52 73 32 1844. 71 
41 06 72 21 I 1845. 63 
40 56 73 04 1845. 70 

40 52 7344 1847. 77 
40 40 73 58 . 1860. 73 : 

40 32 74 14 1846. 35 l 

40 49 73 54 1847.80 
42 38 73 « 1856.66 
41 25 73 58 1855. 66 
40 42 74 01 1855.llO 
40 n 74 03 1855.00 

40 47 73 58 1850.61 
42 40 78 45 1879.81 

40 38 78 18 1860. tlCl 
41 00 '12 17 Ule0-68 

40 51 73 02 1885. 40 
40 49 73 2$ lBeS.62 

41 21 7' 42 1878.47 
41 00 735' 1873.82 

42 26 75 ~ 1874.42 

-12.83 : +0.10 
-13.75 +0.15 
-12.40 +0.05 
-11.6'1 -0.05 
-12. 08 -0.10 
-12.93 0.00 
-13.16 +0.10 
-14.6'1 +0.10 

+ 5.72 +3.10 
+ 3.93 +3.10 
+ 5.57 +3.10 
+ 5.02 +2.44 
+ 6.42 +2.04. 
+ 5.49 +2.40 
+ 5.97 +2.40 
+ 5.16 +2.00 
+ 6.19 +2. 40 
+ 6.84 +2.40 
+ 7.24 +2.63 
+ 6.06 +2.63 
+ 6.16 +1.Sil 
+ 6. 73 +1.06' 
+ 5.62 +L99: 

+ 5.68 +1.88 ! 
+ 7.91 1, 

+ 5.57 -~~~·11 
+ 6.66 +l-35 1

1 
I 

+ 7.t» +1-35 ,! 
+ 8.47 +L35 it 
+ 9. 86 1 ........ 1 
+ 7.761 +1.07 ! 
+ 8.46 ! +Le& i 
+ u1 I +ua J 

+ 7.021 +t-171 
+ 7.08 1 +0.M 

+ 7.621 +o.47 i 
+ 11.118 I +0.80, 

Reference. 

-12. 73 do. 
-13.tlO do. 
-12.35, .................... Cb. or Eng'sRep., 1879. 

11 I 
-11.72 ;;----·----- .......... ::MS. 
-12.18 ii Emory ••••.•.•. ---1 Phil. Trans. Roy. Soc., 187'. 

-12.93 !!_' .................... !' Ch.ofEng'sRep.,1879. 
-13.0611.................... do: 

'I -U.57: .................... do. 

I
I . I 
l I + 8.82 ! ' 

+ 7.03 Ii I 
+ 8.67

1

11 I 

+ 7.46 I I 

+ 8.46 1i 

+ 7.89 il 
+ 8-37 ii 

I' + 7.16 ii 
+ 8-59 ii 

'I + 9.24 ii 
I + 9.87 •

1 + 8-69 I 

+ 8.0511 
+ 7.79 1, 

+ 1.111 f1' 

+ 7.561. 

+10.11111 

+ 7.2511 
+ 8.01 1, 

+ 8.89 !I 
+ 7.82 ,, 
+10.1911 
+ 8.83 i 

I 
+10.JJ.I i 
+ 8.841' 
+ 8.19 

+ 7,721 
+ 8. Oii 
+ 7.73 i 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Station. I 
~EW Y_o_R_K,_l'_AR_:r_l_-C_o_n_ti-nn-ed-.1 

Itlu!oca ..•.• -•.•••••.••..••.••••• ·I 
Potada.m. ..•••......•...•.......•. 
Pierrepont Manor ..••.•..•....•. 

1 

Clinton .••••••••••.••••••.••.•••. 
Patchogue ..•.••.•.•••.•••••••••. 
Fa.r Rockaway ..•..•.•..••••••••• 

Babylon ..•.•...••••..••••••••••. 

West Hampton .•....•..•••••.••. 
East Hampton ....•.•••••••.••••. 

T<ible of Magnetic Declinations, etc.-Oontinued. 

I I ' 
1 •I cp ;.. , t 1 D AD ' D1 .... o II 

l--1--1--· --,1--; 
0 ' I 0 ' I I 0 0 " 0 II 
4228176 33 I 1874.45 I -; 5.43 +0.79 .l + 6.22' 
44 37 75 oo : 1874. 79 ) + 9. 42 +o. s2 .! + 10. 24 

43 44 76 04 , 1874. so I + o. 20 +o. 82 .
1 

+ 1. O'l 
1
! 

43 oa 1 75 24 1s•u.s2 1 + s.oo +o.65 , + 8.74 'I 
40 4o [ 73 02 1875.59 + 8.01 +0.63" + 8.M .. 

40 361 73 46 1875. 59 + 7. 20 +0.40 + 7. 60 :i 
40 42 73 20 1875, 62 + 1. 58 +o. 52 + s.10 ·1 

:: ~I ~ ~ ::::: : ::: :::: : ::~ :1 
l!ontau.kPoint ... :............. 4104 1 7151 1875.65 + 9.75 +o.56 +lo.a1

1 

:::-~:;~~:::::::::::::::::::· : : I ~:: ~:~: !1~: :::: !1~: !I I 
lhw YoRK, FART 2. ; I 

Troy............................. 42 44 73 40 182'1. 5 + 6. OS +3. 9ll +10. 0411 Sillim1tn ......... .l Sill. Jonr., 1830. 

Ancram . .•••• •••• .• •••••• ...... 42 06 73 37 1853. 5 + 7. 651 +:!.18 + 9. 83 i' Hogebo~m ....... ·I Geo!. Snr. of N. Y. 
Auburn.......................... 42 5S 76 28 1833. 82 + 3. 72 +a. 80 + 7. 52 Ii Regents R<ip .... ·1 do. 
Canajoha.rie...... .••••• ••.••. .••. 42 53 74"85 1839. l'O + 6. 08 

1 
+3. 21 + 9. 29 , ·•• do . ···•·· •••• ·· i <lo. 

«a•enovia. .... .. ...... .... .. ... 42 5S 75 51 1843. 47 + 3.1!7 +3. 04 + 6. 91 [ .... do ............. I do. 
I. I 

Cherry'Valley ................. 4248 7447 1839.63 +5.22 +3.25 +8.47 .... do .. , .......... i do. 
Th>lawa.reRinr .....•.•.•••••.... 4200 7558 1774.5 + 4.33 +3.53 + 7.86 (.Rittenhouse ..... .1 do. 
Dunkirk......................... 42 39 79 23 1841;. 5 + 1. 12 +2. 97 + 4. (l9 I U. S. Top. Eng's . .! Chart of Lake Erie. 

EutRampton....... •••... .•••. 41 00 72 19 1834. 84 + 6.13 +3. 23 + 9. 361< Regents' Rep ·····J Geol. Snr. ofN. Y. 
Geneva........................... 42 52 77 05 1833. 75 + 3. 82

1 

+3.80 + 7. & ( ... do ...•......•.. \ do. 
Guilford........................ 42 24 75 37 '1838.51 + 4.50 +3.36 + 7.861\··· do ...•••••.•..• : do. 
Hamilton........................ 42 49 75 34 1837. 8 + 4. 50 I +3. 42 + 7. 92 J!· · .. do ..... ········, do. 
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Homer . .•.•• ... •. • .••••• .• •. .• • . 42 SS 76 11 184(). 81 + 5. 08 ii +3. 22 + 8. 30 11. ... do .•..•...••••. : do. 
Jamaica ..... : .••.•..•••••.•..... 4041 7356 1835.5 +4.001+2.99 +6.oo 1j ... do ............. iAm .• Tour.ofSc.&Arto,xxxlv. 

Johnstown....................... 43 00 74 23 1818. 90 + 6. 03 I +4. 32 +10. 35 j •••• do ..•••..•••• •· I Geo!. Snr. of N. Y. 
Lake Champla.ln ..••••• •••• •• •••. 45 00 73 54 1774. 8 + 9. 00 / +5. 30 +14. 00 : Colline ..••..•..... ! do. 
New Pre-emption line ........... 42 00 77 06 1795.5 + l.92•i +4.68 + 6.60 i Ellicott........... do. 

do . . ••• •• •••••• .••• .• •••• •. 42 05 77 06 1795. 5 + 1. 93•; +4. 68 + 6. Ol I··. do .•••• ·• ·· ·· ·· i do. 

do ..•. : .•..•..•.•.•••.•••.. 42 07 77 06 1795.5 + 1.83*, +4.68 + 6.51 j .... do ·············1 do. 
do ......................... 4212 7706 1795.5 +2.42*i+4.68 +1.10, .•.. do .............. do. 

do......................... 42 20 77 06 1795. 5 + I. 11•

1

1 +4. 68 + 6. 39 I.·· do ....•.. ••·••· I do, 

do ......................... 42 28 77 06 1795.5 + 1.112* +4.68 + 6.60 j .... <lo. ············I do. 
do......................... 42 3% 77 06 1795. 5 + l. 50"j +.t 68 + 6. 18 :·· .. do .•••••••.••.. 

1 
do. 

do •.•.••••••••••••••••••••• 4236 7706 1795.S +2.08*!+4.68 +8.761. ... do ..•.....•.•.. i do. 

do ..•••••• :................ 42 41 77 06 17115.5 + 1. 75•1 +4.68 + 6.43 : .... do ....... ······\ do. 
do •.••••••••••••••••••••••• 4252 7706 1795.5 +1.50*1+4.68 +6.18

1 
... do ..•...•.•.... i do. 

do .••••.•.•.••••••••.••.••. 43 03 77 06 17116.5 + 2.08*1 +4.68 + 6.78 

1 

.... do ··:··········! do. 
New Pr&emption line (Lake 43 10 77 06 1795.5 + 1.11'1'1 +4.118 + 6.60 ,

1 

... do ..••....•.... 

1

. do. 

Ontario). I 
North Salem..................... 41 26 73 ll8 1843. 5 + 8.00 \ +2.48 + 8. 48 j, Regents' Rep .. ···1 do. 
Oblong ••••••••••••••.•••....••.• 42 03 73 '° 1786.5 + 5.05 +3.65 + S.70 \ Wllli1tms ..•••.•.. do. 

Oirden&borg . •••••• ••••••.•• • • •• 44·43 75 34 1838. 5 + 8. 171 +a. 73 + 11. 00 i Regent&' Rep -- . . . do. 
Penn•ylvanlallne................ 42 00 75 55 1786.5 + 3.53 +4.68 + 8.21 : DeWittandotbers do. 

do......................... 42 00 71118 178G.5 + 3.67 +t-68 + S.» \ ... do............. do. 
do ....•.•.•.•.•...•...••••. 4200 7645 1'186.5 +1.83 +t-48 +8.31 /····do............. do. 
do......................... 42 00 77 16 1786. 8 + 2.50 +•· 20 + 6. '10 j··· do............. do. 
do......................... 42 00 7'1 !18 1786.5 + 1.8'1 +!l.911 + 5..83 , .... do............. do. 
do •.•••••••••••••••.••••••. 4.2 00 78 lll 17811.5 + 0.75 +3.73 I .} t-48 \····do .• :......... do. 

do......................... 42 00 78 00 1780.5 + 1.$ +3.35 11 + 4,85 j····do ·············[ do. 

do .•••••••••••••••••••••••• uoo 71120 l'lt!ILS +o.n +a.2111\ +4.17 !····d"········-····1 do. 
do........................ 42 oo 79 SB 1786. 5 + 0.53 +a 25 I + 3. 78 i····do ....•.•.•••.. do. 
do ...•....•.•.......•.•.••. 4200 80811 1m.so +o.ui +aao;J +a.t2 .•.. do............. do. 

Rochester • . • •• • • .• • • •••••• • • • • • • 43 m 77 39 1im. 5 + 5. 68 +o. 70 !1 + e. 311 i Nichols .•••••••••. 1 MS. 
Utica .••..•••••••••••••••.•.•.••. 43 08 75 lll 183&0 + 3.88 +3.50 I + 7.88 i Regt>nts'Rep ..•• Sill. Jour., 183&. 

WestPoint .•.••••••••••••••••••• '125 731!41 1835.7 +e.58 +2.7sjl[ +t.31 IDavies ...•••••.... Gool.Snr.ofN.Y. 
Fort Erle........................ 42 lil 7S G9 111111>. 5 + :t. 25 +a ts 1 + 4. 'Ill I Cha.rt............. U.S. Lake Sur. 

Fort Niagan.................... '315 79 ff 1t1111. 5 + 3.02 +1. 72 I!. + 4.14 .••••••••• , •.••..•.. Snr. of N. and N. W. Lalce11 
(MS.) 
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Charlotte .•.....•............ 

---,----/ -----l'---1: ! __________ _ 

4~ 1,3 77 51 1873.41' + ~-11: +;96 ,, + ~-731 1 
Lee ............... ! Sur. ofN. and N. W. Lakes 

; Ii 1i I (MS.) 
Sackett's Harhor ...... --------- 4357 7607, 1873.40 -\-B.25:+o.95\' +9.20,1 ..•. do ............. , do. 

41 21' 7411 i 1859.5 + 6.63 +1.12 '1 + 7.751. Brooks···-··--··-( MS. ld:on1ue .•........••............ 

Schenectady.------ -··· 42 49, 73 55: 1859.2 + 7.96!--j1.75 fi + 9.71 ' .••. do-·········-··! MS. 
4;~ 48 , 75 a~ : 1821. 5 + 4. 50 ' -t4· 88 i + 9, 36 I: Clark....... •.. •. .MS. Lowville ..•••................. _ .. 

75 [>5 

76 34 

1858. 4 

1797. 5 

+ 7.58: +2.02: + 9.60 i'. ... do ............. MS. 

+ 3. 00 +4. 71 ' + 7. 71 
11 

De Witt.......... MS. 
Plessis........ ·-----···--·-' 44 16 
Oswego .. -. . . . • . . . . . . . . . . . . . . . . . 1 43 25 

Owego.-····---· -- ..... - - - - 42 oG 

Oueiil:; County................... 43 16 
76 16 1868. 5 + 5. 37 +1. 20 + 6. 57 , Camp ...•.....•... I MS. 
75 15 1794. 46 + 3. 97 +4. 75 + 8. 72 , Pharoux. ......... 1 Regents' Rep., 18£9. 

Jefff'T80D County .. __ .. -- ....... --1 44 09 75 37 1794. 60 + 2. 67 +4· R6 + 7. 53 i .••. do ...........•. ! do. 

73 26 1838.5 + 9.50 +4.27 +13.77 i Geo!. Rep ...•..••. i Sill.Jour.,1840. Cbample.i11 1 nea.rRouse's PuinL .. 45 00 

West Chazy . . . . • • . . . . . . . . • • . 44 52 
Ke.,,.eville .................... . 44 2S 

Rossie ............. ········----··: 44 22 
Dia!Mountain ..•............ ----, 44 21 
N iagam 1''alls ...... _ ... _ . . . . . . . . J 43 04 
East Moriah and Cedar Point .. j 44 03 

West Motiah and Sm11ll l'ou1l. ... : 44 02 
Nt<lr tbe~ountain .............. , 44 01 

Crown Pomt ...... - ............. i 43 55 
Warrenaburg .. - .......•...•..... i 43 26 
Ways Reef, Hell Gate .......... I 40 46 
Holland Land Compan.Y. . . . ..... ! 42 39 

. :: ::::::::::::: ::::::::::::! !~ ~~ 
Tonawanda Reservation ....•.•. : 43 04 
Old Keua-andoa ................. 

1 
42 27 

Gar<lean Reservation •......•..•. ,: 42 38 

On Lake Ontario .....•...••..... ! 43 21 

Holland Land Company ...•....•. i 42 19 

do ............ - . . . .. .. .. . . . 42 31 

c.lo .......................... : 42 13 

do························-! 42 30 
1lo ......••.... _ ..... _ ..... _' 42 43 

73 25 

73 32 

75 43 

73 49 

79 04 

73 30 

73 39 

73 5-0 

73 27 

73 45 

73 56 

78 13 

78 11 

78 19 

78 22 
78 00 
77 51 

78 01 
79 09 

79 03 

78 10 
78 06 

78 ia 
do ......................... ' 42 20 , 78 40 

Gorham Purchase ...•..•....... -I 42 36 ; 78 03 

do . • .•......•...•....••••. -1 43 08 78 01 

Hollantl Land Company ...••.... -I 42 10 ! 78 15 
do ..............•.•........ ; 43 16 ' 78 "3 

do ......................... ' 

:: :::::::::::::::::::::::::! 
Ellicottville _._ .. - - -.•.••.....•. · ! 
Silver Lake ................... - .. j 
Mada!in .•.••.••............•.•.. ! 
Bath .........••..••••...•.•...•.. ! 

42 10 
42 15 

42 39 
42 18 

41 57 
42 03 

42 21 
Mayville .......•••••....•...•.•.. i 42 lC 

Crown Point ..................... · 44 02 

Bo.ldPeak .............••...•.•. .' 4406 
Mount Hurricane ........ , ........ - .. i 
MountDix ..•.•...•.•............ [ 

Mount Marcy ••••••••••••.•.••••• i 
WbltefM,e Monn ta.in .. _ .•...•.•.. [ 

8:-int Regis Mou~taln ..•....... · [ 
Norway Mountain .............. .. 

Lyon Mountain .•••••.•••••.•... ·I 
Rawl Hill .• -•••.•.•..... -.....•.. 
La llott.e ••••••••.•.•••••.•.•••.• 
Helder berg ••••••.•.•••••.•.•.• _ . 

44 H 

44 05 

44 fY1 
44 22 

44 24 

44 34 
44 42 

44 46 

44 50 

42 38 

c- and Clarksville. . • • • • • . • . •• • 42 34 
Freleigh and Nillkay11W1......... 42 4$ 

. 78 23 

78 22 

78 23 

78 44 

76 02 
73 54 

77 21 
79 40 

73 25 

73 29 

73 42 

73 47 

73 55 
,7354 
74 20 

73 41 

73 52 

73 36 

73 20, 

74 01 i 
73 58 I 

73 481 

1838. 5 

1838. 5 
1839. 5 

1838. 5 

+ 9.3~ +4.03 +13.38 1 ... do--······---·· do. 
+ 8. 67 +3. 58 · + 12. 25 •. do .... _.. do. 

+ 6. 72 +3. 38 +10.10 Hopkins ... _..... do. 

+ 8. 34 +~- 58 !, +11. 92 ! Gcol. Rep .... _._. do. 
1874.58 + 3.62 --j-0.86 + 4.48 '. Hilgard........ Rat . .A.cad. Sc. 

1838. 5 

1838. 5 

+ 9. 8~ +3.116 +13. 78 Geo!. Rep....... Sill. Jour., 1840. 

+ 7.16 +3. 96 +u.12 . - .do do. 

1838. 5 

1838. 5 

1838. 5 
1874. 6 

179\1. 5 

+ 8. 27 +3. 96 
+ 8. 78 +3. 96 

+ 1. 25 +a. s-2 

+ 7.38 +0.44 

+ o. 45 +4 68 
1799. 5 + 1. OR +4. 68 

1799. 5 + 0. 35 ' +4. 68 

1799. I + 1. 50 +4. 67 , 
1798. 5 + 1. 00 +4. 611 ' 

1798. 68 f + 1. 58 -f-4. 66 : 

1799.5 
1798. 5 

1798. 5 

1799.0 

1798. 5 

1798. 5 

1799. 5 

171l8.5 
1798. 5 
179H.5 

1799. 5 

1798. 5 

1796. 5 

1798.5 

1S41. 62 

1841.M 

1878. 00 
1874. 56 
1874. 59 

1879. 5 
1879. 5 
1879. 5 
1819. 5 

1879. 5 

1879. 5 

1879. 5 
1879. 5 
1879.5 
1879. 5 
1879. 5 
1877.7 

11177.9 
1877.11 

+ 1.00 +4.68 ' 

- 0.75 +4.18 

- o. !!5' +4.35 

+ 0.!lil +4.fi7 i 
+ 1.13 +4.66: 
+ 0.62 +4.66 
+ 1.4.'i' +4.37 
+o.i;r +i.66 
+ 1.03 +4.66 
+ 1.15 +4.66 

+ 0.50 

+ 1.02 

+ 1.20 

+ 1.00 

+ 2.60 

+ ~.50 
+ 8.77 
+ 5.57 

+ 2.25 

-f-4. 68 
-t4.66 

-t4. 66 
-f-4. 66 

+s.47 
+a.16 
+0.42 

+o.81 

+o.711 
+ 9.62 +o.sa 
+11.99 +o.53 
+ 9.15 +o.55 
+ 9.911 +o.55 
+10. 71 +o. 55 
+lo.oo 
+10.52 
+12.27 
-f 12. 44 

+o.55 
+o.5.'i 
+o.55 
+o.55 

+u. a4 +o- 55 
+13. ae +o. 55 
+ s. 75 +o. 44 

+ s. 75 +o.43 
+ 9.112 +o.48 

+12. 23 .• do ...........•. : do . 

+12.74 .... <lo--·-·····----, do. 
+11.07 ' .... do ............. ! do. 
+ 7. 82 Newton._ ... ___ . i Cb. of Eng's Rep., 1875. 

t 5. 13 . Dewey .••.••...... ! Rei:ents' Rep , 18(19. 
+5.76, .. do_ I do . 

+5.o:i·; .... 5lo ............. 1 do. 

+ 6.17 Thompson ....... : do. 

: ::: lr-::~~~;::::_::::·i ::: 
+ 3.43 ,i .... do ··---··-··---! do. 
+ 3.50 i .. do ............. 

1 

do. 

+ 5.53 i) Atwater&Bentou.
1 

do. 

+ 5. 7!1 :! ...4..twa.ter "-·-··-··\ do. 
+ 5.28 11 •••• do ···········--! do. 

+ 5. 82 \:, .••. do ......• ······'I do. 
+ 5.53 'i Burgess ..••.•.... ; do. 

+ 5.69 ! .... do .••••••.••••• ) do. 
+ 5.81 ! Porter ............ : do. 

• I + 5. 18 ; -':"'nton ...•••.•••• "i do. 

+ 5. 68 : Smedley ·--·······1 do. 
+ 5.SG : .•.. do .••.•••.•.•.• 

1 
do. 

+tt51111i .••. do ..•.•.•.•.... 

1 

do .. 
+ 7. 07 : Bache . . . . • . . • . . . . C. S. Rep., 1862. 

+ 7.66 ):···-do--·····...... do. 
+ 9.19

1

., Cooke .•.•••.•••.. MS. 
+ 6.38 ) Hllgard ..•...•.. __ Nat. A.cad. SC. 

+ 2.9811···-do ..•.•.• ...... do. 
+10.15 I Colvin ..........•. Adir.Snr.7thAnn. Rep. 

+12. 521
1 
.... do . . . . .. . . .. • • . do. 

+ 9.70 j··-·do ..•.••. ...... do. 

+to. 51 1· ... do . •• .• •• •••• •• do. 

+ll.26 .... do ....••..•..•. / do. 
+11.M 1 .... do ..•.•••...... do. 

+11. 07 [· ... do_............ do. 
+12. 82 !· ... do ..•••••.••.•. 

1

1 do. 

+12.00 \· ... do·······-····· do. 

+11.89 f •••• do ·············! do. +13. 91 I ... do............. do. 

+ 11.191 Gardner··········] N. Y.Stat.e Sur.Jttp.,1379· 
+ 9.18 1····do ············· do. 
+10.00 .••. d11............. do. 
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I, 
i 

Knowersvillesnd Winn .......... 42 43 i 74 02 I 1877. 9 i + 8.88 +0.43 + 9.31 Gardner .......... I N. Y. St.at.i Snr. Rep., 1879. 
' Slinl!erland ...................... 1 42 38 

I 
73 52 1877. 9 I + 8.75 I +;!. 4R + !l.18 I::::~::::::::::::::: do. 

Tanner ........................... : 43 01 76 34 1878. 5 + 3. 82 I +o.49 + 4.31 do. 
.Allis and Canas tot.a .............. I 43 05 I 75 46: 1879. 5 + 7.52 +0.39 

.. + 7.91 !1 .... do ............. ! do . 

I 
I' ' :Bulger and Cranson ......... ........ ; 43 02 75 43 1879. 5 + 7. 27 +0.39 +1.6<i 11 .... du ............. ' do. 

~:~:::::::::::::::::::::::::::::! 43 02 75 33 
i 

1879. 5 + 7. 93 +0.39 + 8.32 /i .... do ............. : do. 
43 14 i 75 28 1879. 5 + 7.87 +0.39 + 8.26 i! .... do ................ '. do. 

Vienna .......................... ! 43 15 \ 75 41 1879. 5 + 8.40 +0.39 + S. 79 I!--- .do ............. 11 
do. 

Clapp ..... : ...................... J 42 58 I 76 02 1878. 6 + 7. 26 +0.45 " 
I . 

do. 
06 

1

i 
I ~ ~:~ 1:.:::·:: -:::::::::::: Collamer. ,. ......... -------· ..... -·! 43 76 04 1879. 5 + 7. ~3 i +0.39 do. 

~:~~:~- ~-- ~ ~ ~ :~~ ~ ~ ~ ~ ~ ~ ~: ~ ~ ~ ~ ~~~: ~ \ 
43 00 ! 76 12 1878. 6 + 6.77 +0.45 :: do. I 
43 06 

i 
76 17 1878. 6 + 6. 57 

i 
+0.45 ., + 7.02 ! .... do ··---------- do. 

Eagle ............................ : 43 01 75 55 1878. 6 + 7. 28 +o.45 + 7. 73 ' .... do ............. · do. 
Green ............................ I 42 59 i 76 02 1878. 6 + 6.98 i +0.45 

,. 
+ 7.43 ' ... do ............. do. 

Hoxsie and Seeley ··············· 42 57 76 22 1878. 6 + 6. 33 
.: 

+0.45 + 6. 78 .... do .............. do. 
Kirkville ........................ 43 04 75 56 1879. 5 + 7. 05 +0.39 + 7.44 .... do ............. do. 
Conover and Chapman ...... -..... 42 47 74 15 1877. 9 + 9.00 +0.42 + 9.42 ...do .............. do. 
Van Atten ....................... 42 54 74 00 i 1877. 9 +10. 25 +0.42 +JO. 67 ... do ............. do. 
Sears and :Mann ···············-· 42 42 74 17 i 1877. 9 i + 9.12 +0.42 + 9.54 .... do ............. do. 
Snmmit and Holmes .. _ •.•......• 42 37 74 33 ! 1877. 9 + 8. 88 +0.42 + 9.30 ... do ............. do. 
Clyde ............................ 43 03 76 52 1878. 5 + 5. 72 i +0.49 + 6.21 ... do ............. do. 
:Milo ............................. 42 35 77 02 1878. 5 + 7. 25 +0.49 I + 7. 74 .... do ............. do. 
Vedder .......................... 4-3 01 74 39 1880. 7 + 9.13 +0.2; + 9.38 i .... do ............ N. Y. Stat.> Sur. Rep., 1880. 
Lampman ........................ ! 42 20 73 48 ! 1880. 7 + 9. 37 +0.25 + 9.62 ,· .... do ............. do. 

:::~~.-~~;~~;.;~;:~~~ :;~~~-.-~~ :j 43 08 74 53 I 1870. 6 9. 52 ' +o. 32 + 0. 84 11 •••• do ...•..•.••.•• do. + 
! I I 

43 02 75 60 1879. 6 + 8.43 I +0.32 + 8.75 : .... do ............. do. 
I 

i Little Fall• ...................... 1 43 03 74 52 1880. 7 + 7. 35 +0.25 + 7.60 .... do .............. do. 

~:::<l;~:::::::::::::::::::::j 43 03 75 10 1879. 6 + 8. 63 +0.32 + 8.95 !; .... do -·---------- do. 
42 57 74 48 1880. 7 + 9.10 -j-0.25 + 9.35 ., .... do ............. do. 

Schuyler ........................ ·i 43 10 75 07 1879. 6 + 8. 93 +0.32 + 9. 25 'i •... do ----·--··--·· do. 
Shoemaker and Yule ............ 1 42 58 74 54 1879. 6 + 8.54 -t II. 32 + 8.86 ... do ............. do. 
Nellis, Reman, and Willett ....... : 42 57 74 38 1880.S + 9.10 +o.25 Ii + 9.M .... do ............. do. 
Oak Ridge ....................... 1 42 47 74 19 1880. 8 + 9. 27 +0.25 + 9,52 !i .... do ............. do. 
Prospect ........... : ............... ) 43 02 75 27 1879. 5 + 8. 58 +o.a2 + 8. 90 '! .... do ............. do. 
Tal!sel ........................... 42 56 75 19 1879. 6 + 8. 15 : +0.32 + 8.47 ii .... do ............. do. 

wn;:::u· ~~~~,::~.~: ·;~~~ -~-- .. · 1 

43 10 75 Ia 1879. 6 + 8.97 +o 32 + 9.29 il .... do ............. do. 

llodies Island ....•...........•••• 35 48 75 32 1846. 99 + 1.22 +2.26 + 3.4811 
Stevenson's Point ................ ! 36 06 76 11 1847.10 + 1.00 +2.26 + 3.92' 
Shellbank ........................ 36 04 75 44 1847. 24 + L 75 +2.25 + 4.00 i 

Raleigh .......................... , 
,, 

35 47 78 38 1854. 02 - 0.74 +l.87 + 1.13 11 
Wilmington ..................... [ 3414 77 57 1854.42 i - 1.22 +1.83 + 0.61: 

,\ 
Fort .T ohnBOn .................... 

1 

33 55 78 01 1874. 99 + 0.40 +o. 56 + 0.96 \i 
Portsmouth Island ............... 3~ 04 76 03 1871. 25 + 2. 37 +o.821 + a.19 1 

New Berne ................... ·--1 35 07 77 03 ISM.98 + 1.34 +o.ss i + 1.92 

l Sand Island ...................... 

1 

B5 50 75 40 1R76. 08 + 2. 98 +o.48 I + 3.46 
Beaa!ort ......................... 34 43 76 40 1880: 03 + 1. 74 I +o.29 jl + 2. 03 

i NORTH CAllOLINA, I' ART 2. ' 

-O.nl 

11 

Greensborough .................. 1 36 &4 +o.n !I I 
Nat.A.cad. Sc. 71l 40 1873.57 o.oo 'Hilgard ........... 

Salisbury ........................ ! 35 40 80 20 187a. 58 -0.87 i +o.67,/j -0.20 ; .... do ............. do. 

Charlotte·············-·······-~-: 35 14 80 40 1873. 58 -1.06 +0.67 II - o.39 ! .... do ............. do. 
Morgantown .•••••• , ............ .I 31>47 81 30 1873. 59 - 1.181 +0.01 I - 0.51 l .... do ............. j do. 
.Asheville ........................ / 35 35 82 30 1873. 60 +o. 67 ! -1.30 L~~4do ·-·--·----- .. -! do. 
Goldsborou11h ••••••••••••••••.•• ·I -1.971 35 25 77 50 1875.49 + 0.25 +o.57 i + 0.82 Poole ............. / do. 
Weldon •••• : ..................... , 36 27 '17 25 1875.49 + 1.68 +0.60 I + 2.28 .... do ............. ! do. 

OHIO, PART 1. ! 
&nth Point ..................... .f I I 

38 25 82 35 1864.14 
-L<• 1 +U•l1 -0.50 

I 
Cleveland •••••••••••••••••••••••. i •1 ao 8112 1880.52 + LIJ4 ........ j + 1. 51 
Cillelnnati, o'baervatory ••••• ~·-··/ 39 09 84 25 1880.91 = :.: !·;~.-~-1 -1.95 
Athena ......................... : at 20 82 02 1880.118 -0.40 
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Table of Magnetic Declinations, etc.-Oontinued. 

-~-------------

____ station. /_.,,_J_A __ L _~ / 
I 

I I • 
Omo, PABT 2. 0 ' i 

.Ashtabula ........•.•.•.••••.... -i 41 55 ; 80 47 ; 1865. 5 

Huron Light .................. ---1 41 24 1 82 33 1845. 5 
West Sister .................... --1 41 44 ' 83 06 1847. 5 
KJllly a.nd Bass Ialan<ls ......... ·I 41 87 82 48 1848. 5 

I 
Tnscarawa.s. ••• • .... •. . ••• • •• .. .. 40 24 

Chillicothe....................... 39 21 

Springfield ....................... ; 39 54 

Western Reserve. southeast cor- 41 00 

ner or Poland. I 

On Pennsylvania line .•••.•.•.•.. 
1 

:::~~:~~:::::::::::::::::::::! 
BloomJleld ....................... i 
Mesopotamia . --- . - .. --- - . - ---- .. ii 
Newberry and .Anrora ........... j 
Kirtland and :Mentor ....... - ... -: 
MayJleld ......................... i 
Streetsborough ----- ....... ---- .. J 

Willongh liy ..................... : 

Akron and Tallmadge .......... ! 
) 

East Sister Isle .... -- ------ -----·i 
Hudson .......................... : 
Carrolton, Montgomery County .. : 
Oxford ........................... ! 
Conneaut ........ ---- .. ------ ....... ! 
:Fairport ....... · .. · .... · · ... · •• • · \ 
Black River ..................... [ 
Sandusky ........................ : 
Rapids of Maumee ............... i 
Defiance ......................... ! 
CanJle!tl ......................... ! 
Berlin ........................... : 
Atwater ......................... 1 

Sntlie!<l and Portage ••.•...•••.• · 1 

Coventry ........................ : 
Norton .......................... ! 

41 29 

41 49 

41 12 
41 47 

41 43 

41 29 

41 26 
41 42 

41 32 

41 17 

41 40 

41 08 

41 49 

41 15 

39 38 

39 30 

41 58 

41 45 

41 29 

41 28 

41 30 

41 15 

41 00 
41 00 
41 00 
41 00 

41 00 

41 00 
Seneca ........................... I · 41 00 
Chippewa ....•.•••.•.•....•...... ! 40 55 
.Marietta and near Marietta ...... l 
Month of Miami River ...•.....•. 

Portsmouth ..................... . 
Chardon ........................ . 
Euclid .......................... . 

Lower Sandusky ................. \· 
Flat Rook ..................... . 

Brookfield ..................... .. 

39 28 

39 08 

38 48 

41 35 
41 34 

41 21 
41 18 

4114 
llracuville • •• • • • . •• • • • . . . •. . • • • • • 41 14 
Kalida .....•.•••••..••••...•...•. 4-0 59 

Wooste~ ......... •.•••• •••. •••••• 40 49 

::,,~;~: :: :: : : : : . : :: :::::::::: :: :i 
Carrolton, Carroll County .••••• .\ 
Marion .......................... [ 

Dover .• " ........................ ) 

Coshocton · • .. •• • • •• · • · .. ·••• .. ·-I 
Saint Clail'l!ville ..•••••.••••.•••• i 

4-0 39 
40 37 

40 36 
40 35 

40 31 
40 28 

4-0 10 

81 50 

82 54 
83 47 

80 37 

80 37 

80 37 

80 46 

80 45 

81 OU 

81 00 

81 18 

81 22 

81 26 

81 22 

81 29 

81 31 

82 51 

81 26 

84 09 

84 38 

80 32 

81 15 

82 09 

82 42 

83 30 

84 23 
BO 5ll 

81 03 

81 21 

81 82 

81 48 

81 53 

83 20 

81 48 

81 26 

84 45 

82 SC 
81 15 

81 32 
83 09 
84 12 

80 37 
81 03 

8414 

81 58 

83 37 
81 28 

81 09 

83 09 

81 29 
81 57 

80 52 

1874. 63 

1835. 5 

1835. 5 

1810. 5 

1796. 59 

1796. 6 

17lill. 6 

1796. 69 
1796. 63 

.1796. 64 

1796. 66 
1796. 66 

1796. 66 

1821.4 

1796. 7 

1802. 2 

1847. 5 

1840. 5 

1845. 7 

184l'i, 6 

1811.'i. Ji 

1865. 5 

1!!115. 5 

1864. 5 

1810. 5 

1810. 5 

1810. 5 

1810. 5 
1810. 5 

1824. 5 

1810. 5 

1810. 5 

1810. 5 

1810. 5 

1838.f> 

1810. 5 
1805. 5 

1838. 5 
1825.5 

1838. 5 
1838. 5 

1837. 5 

1838. 5 

1838.5 

1840. 5 

1838. 5 
181V.5 

1838.5 

1838. 5 

1838. 5 
1838. 5 
1838.5 

Zanesville .•••••••••••••••••••••• : 39 li8 82 04 1838. 5 

D I '3.D Ii n...... :1 Observer. 

----1' --1;--~1,-~~ 
o . o :i o :I 

- Q.Ql i +1.13 + 1.12 ! .................... .MS. 
-2.lif+1.S5 -o.a2;1Chart ............. Sur.ofLakes. 
-2.33,+1.75 -0.58-f .... do............. do. 
-2.30: +1.80 -0.50 !1 Chart and L". s. I Sur.ofLakesandU.s.c.s. 

:J Top. Eng's. Rep., 1856. 
+ 0.33 +o.58 + 0.91°ii Hilgard ....•...... 1 Nat.Acad.Sc. 

- 3.25 +2.85 - 0.40 !/ .Bonrne ···········I MS. by Whittlesey. 
-4.50 +2.73 -1.771,Dntton............ do. 

i ' 
- 1. 35 +3. 20 + 1. 85 

1
•1 Mansfield ..... ····j Sill. Jour., 1838. 

ii ' 
+ 1. 90 ll Halley ....••.•.... ! MS. by Whittlesey. 
+ 2.14 i Halley&Porter..i do. 
+ 2. oo /, Spofford .••. ······/ do. 
+ 2. 02 l Denmark ......... 1 do. 

+ 1.45 '[ !'ease ............. I do. 

+ 1. 08 ii .... do ........••... ; do. 
+ 2.10 

1 
.... do ..•••........ [ do. 

-\- 2. 03 ! Pease & Halley ... i do. 
+:J.45, + 2. 40 ! Pease ............. · do. 
+2.87 i + 0.19 '!Cowles ....••..•... ! do. 

+3.44 i + l.fil Halley ............ 
1 

do. 
+3. 37 ! + l. 87 ii WarrAD, .Atwater, do. 

I i'i Ensign. 

+1. 91 fl - 0. 39 ii U.S. Top . .Eng's... C. S. Rep., 1856. 

+2.10 /I' + 1. 23 '! Loomis . • • •• • • • • • . C. S. Rep., 1856. 
+2. 33 I - 2. 43 !II Locke .••••. .•.... do. 
+2.33 II - 2.50 I .... do............. do. 
+1.13 I/ + 0. l!O '.i ........ ·- .......... Snr. of Lakes. 
+o.Sti ,

1

. + 0.04 ·
1

:1
1 
.................... 1 MS.byReynolds. 

+o. 86 I - o. 74 :- . .. . . . .. . • . . . • • • • • . do. 

+l.001'· - 0.72 Ii ................... [ U.S.LakeSnr. 
+3.47 + O.ti7 ,! Mansllel•l.. ....... 

1 
Si!l.Jonr,1838. 

+3.47 
1
! - 1.03 :! .... do ............. ! do. 

'I +3.19 j + 1.57 [! •• do ............. 1 do. 
+3.19' +i.:19

1
: ... do ............. I do. 

~~ ~ Ii ~ ~ ~ r.-::;;; ~ .-;; 1,,,,.:.:;., ... ~, -
+3. 19 ii + O. 87 1! Mansfield........ Sill .Tour., 1838. 
+3.Hl['I +o.69,, ... dG............. do. 
+3.24 1· - 0.71 !l····do .........•.•. do. 
+a.rn:: +o.591[--·do............. do. 

+1.99 i; + 0.4f> :I Loomis&Sto11e ··1 Sill.Jour.,l&18andl840. 
+a. 05 :; - 2.12 J!I Marudleld ......... SilLJour., 1838. 

+3. 20 I( - 1. 80 ! Pub. surveys...... do. 

+2.191[ + 1.94 !, Cowles ........... SillJonr.,1840. 
+2. 74 ;I + 1. 24 li Merchant......... do. 
+2.54 ii - 0'.26 ii De Reeves........ do. 
+2. 54 I! - 0. 69 , Brownell . . . . . . •• . d<>. 

+2.241.i +1.m\\Boyse............. do. 
- O. 83 +2.19 jj + 1.36 I[ St-0we •••••• •.•..• do. 
_. 3. 00 +2. 58 i! - o. 42 F;teh .. • • . . .. .. . . . do. 

- 1:78 +2.10 /l + o. 32 : ChrietmD.11 • •• .. •. . do. 
- 5. 28 +2. 58 ii - 2. 70 i Ross.............. do. 
- 2. 17 , +a. 12 !' + o. 95 ' Bnekingham. •• . . . do. 
-o.50

1
+2.52

1

·) +2.02 VanBrown....... do. 

- 3. 28 , +2. 41 : - o. 87 Holme• ........... , do. 

- 1. 83 +2. 52 I + o. 811 Beeson............ do. 

-1.50 +2.52 1/ + 1.02 Sweeny .•.•.•••••. ! do. 
-2.52 +2.5211 0.00 Moore............ do. 

-2.50 +2.114,! +o.34 .. lloyle............. do. 

- L83 

-1.50 

- 2.30 
-V.87 

- 4.76 

- 4.83 
- 0.83 

- 0.82 

- 1.60 

- 1. 72 

- 2.80 
- 4.50 

- 1.62 

- l.80 
- 2.07 

-1.81 

- 2.32 
- 2.50 

- 3.95 

- 2.60 

-1.54 

- 5~17 

- 5.00 
- 0.25 

-1.50 
-2.80 
-3.23 

-0.fr/ 

Reference. 

- 1. 62 +a. 52 
- 1.38 1-3. 52 

- J.45 : +3.45 1 

-1.so I +a.52 
- 2.00' +3.45 
- 2.37 +3.45 I 
-1.35. +3.45' 

-1.42 +3.45 
-1.05 

- 2.08 
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Station. 

Omo, PART 2--Continued. 

Batesville ......••••••.••••••••• 
New Madi•on ..•..••. ------ .•...• 

Waahington. ·--- .. ------ -- .. -- --1 
Springborough .••••... ·- ...••••• 

Wilmington----·-······-·-···-·· 
Jackson ....••. ·--·-· .•••...••••. 
Gallipolis ..... : . --- ............•. 
Columims .•......•..•.•..•.•••.•. 

~:~·~~~~~~·::::: :: :::::::: :: :: ::1 
Ohio and Penns:vlvania State line.

1

i 

OREGON, PART 1. 

Table of Magnetic Declinations, etc.-Continued. 

<f> I >< I t l D II 4D , Dlll&<.o I Observer. I Reference. 

-0 ' 1-0 I 1--1-~-J~O --0 i -----!------~~ 
39 58 8111 1838.5 1 - 1.371 +2.84, + 1.47 j Atkinson ........ \ Sill.Jour.,1840. 

39 56 84 37 ., 1838. 5 I! - 4. 85 I +2. 62 )
1

.. - 2. 23 , Jaqua .....•.•••.. · j <lo. 
39 34 83 21 1838. 5 - 3.1~ +2. 62 ' - 0. 48 Bell.. .•........... I do. 

39 31 8416 1838.5 , - 4.07 +2.62 )' -1.45, Baily ............. 

1

1 do. 
311 28 83 42 i 1838. 5 ' - 4. 08 +2. 62 ii - 1. 46 I Wickersham .. _... do. 

3915 8242 1838.5 -3.17 +2.73! -o.44: Tyson----···----·) do. 
38 53 82 07 1838.5 '1 -2.58 +2.73 i + 0.151 Fletcher .......... I do. 

3957 825911874.63 -1.20 +o.56[\ -~.64: Hilgard ..••....... iNat.Acad.Sc. 

40 r,o R3 28 1874.64 - 2.30 +0.611
1 

-1.69 .... clo -----------·1 clo. 
4050 8U49

1

: 1880.5 +l.48 +0.22: +1.70 Strawn ..••.•..... :MS. 

40 53 80 36 1880.4 + 1.92 +0.221\ + 2.H ... do ............. MS. 

EwingHarbor ....•..•••••.•••••• i 42 44 12i 30 1851. 89 -18. 50 -1. 20 1:. -19. 70 
124 17 I 18'Ja. 5:J -18, 62 -0, 74 : -}9. 36 

123 50 1881. 61 -22. 44 -0.13 \i ~:!":.::::::::::::::::::::::::! : ~: 
Portland ..•.••. ---- -- •••••..••.•. [ 
Jacksonville .•..••...••••.. ---- .. / 
Canyonville ........ -... ·--- -- · -··i 
Oakland ................... ·----·] 

Eugene .................... -----·1 
.Albany .•.•••..•..•••.•••...•.... 
Salem .••.•..•.•.•................ , 

Saint Helens .••••••••••••.•.... ··I 
Umatilla •..•......•.••.•.. ------1 
Blalook .••••. ·······-----·-······I 
Three Mile Creek, near Dalles ... I 

OnI«JON, p ART 2. 

Capel!laneo,near .............. . 
Cape Foul weather, near ...•..•.. 

Cape Lookout, near ...•.... ······/ 
Fort Dalles .••.•••••• ------------. 
Oak Grove Creek •••••••.•••.•••. 
Cro88ing of the Des Chutes ...•.. 
Willow Creek ..•••••••••..••..•.. 

Crooked River Ca.lion •..••...•••. 
I 

Lake Whatumpi. •••••••••••. ····/ 
Stillwater Slough •••••..••••.•••. 
SurptiseCreek •••••.•••••.•••••. 
"Rook Creek Calion._. .....•••.•••. 

122 42 II 1881. 59 -22. 20 -0. 13 i I 
" 

45 32 

42 18 122 5s 1 188i. 54 -11. 41 -0.10 1, 

42 54 123 18 1881. 55 -17. 81 -0.10 \· 
43 26 123 18 ! 1881. 56 -19. 69 -0.10 ;· 

44 03 123 O{) 1881. 56 -20. 80 -0. 12 i 
44 39 123 02 1881. 57 -21. 70 -0.12 ii 
44 56 122 58 1881. 58 -19. 97 -0.12 i 

45 52 122 48 
1
. 1881. 62 -19. 13 -0.13 ii 

45 s7 1111 20 1

1 

1881. 16 -21. 54 -0.10 : 

45 44 120 15 1881. 77 -20. 35 -0. 12 I. 
45 311 120 58 ' 1881. 78 -21. 05 -0.12 ii 

43 06 

44 42 
45 15 

45 34 
45 06 

44 47 

44 27 
44 03 

43 16 

43 25 

43 37 

43 56 

I 1j 
124 ls 1

1 

1792. 21 -1s. oo -a. 10 \\ 

124 01 119'2. a1 -18. oo -3. 68 Ii 
124 30 I 1789. 51 -16. 08 -3. 75 /f 
lW 56 I 1859. 42 -19. 75 -0. 75 !! 
121 os j 1859. « -19. 33 --0. 75 I[ 
12-0 50 ' 181ill. 44 -19. 25 -0. 75 :1 

120 43 

119 :;o 
119 05 

118 38 

118 38 

117 57 

1859. 47 

1859. 49 

1859. 51 

1859. 52 

1859. 52 

18511. 53 

-18. 92 --0. 75 :1 
-18. 67 -0. 70 :: 

I' 
-18.17 --0. 65 11 

-18.17 --0.60 u 
'I 

-18.42 -0.60 [! 
-18.50 -0.50 ii 

MalheurRiver ..•••••.••...•...•• 43 49 

Ford of OWyheeRiver. .•••.•.••. 43 47 

117 10 

116 48 

1859.54 -18. 25 -0.40 [: 

1869. 71 -18.07 -0.40 !i 
-18.15 --0. 40 !1 Biroh Creek, Snake River ..••... 

Grand Rond Valley ..•..••••..••• 
Grand l!.ond River ......•..••.•.• 

Lee's Encampment, Blue Mount-
ains. 

Umatilla :River, near :McKay's 
.A.gency. 

Camp Harney .••...•••••••••••••. 

P.ENl'ISYLV ANIA, p ART I. I 
~=:~~~~~~·-~~~~~:.~~: :::: 
Yard ••••••••••••••••••••••••••••• 
Harrisburg ••••••.•••••••••••..•• 

Jolmson•a '.ravern .••••••••••••••. 

Bethlehem..··-·-·--·--- ..•... -- •. 
P:lll1'!8YL v Al!lA, p All'r 2. 

Westchester.------ ..•.••.....•.. 
Erle .•••••••••••••••••••••••.••••. 

44 16 

45 16-

45 20 

45 41 

43 00 

3958 
40 07 

39 !ill 
40 16 

40 00 
4038 

89 57 
42 08 

111 16 I 

117 33: 
117 47 ~ 

118 21 I 

118 40 ' 

119 00 

75 10 
74 53 

75 23 
76 53 

79 48 

7518 

75 40 

80 Im 

1859. 73 

1859. 75 

1859. 75 

1859. 75 

1859. 77 

1876. l 

1877. 76 
1846. 52 
lSM.82 
187'1.73 
1862. 58 
lS'M.47 

18'71!.3 

187'1. 9 

-18.33 -0.45 ii 
-W. 00 -0. 45 i! 
-19. il3 -0. li.5 !: 

i! 
-20. 04. I -0. 60 i: 

I I• 
-18.381--0.65 I: 

. + 6.04 :--------/-+ 4.46' +2.72 .• 

+ 6.70 \ +:u~ \: 

~-~:: 11 ·+~~~·11 
+ 5.32 -f-0.90 I 

I '1 

+ 5.87 i +o. 47 I· 
+ a.oo I .••.•••. I 

-22. 57: 
-22. 33 : 

-17. 51 i 
-17. 91 

-19. 79 i 
-20.92 \ 

-21.821 

=~~:~:I 
-21. 64 ii i 
-20. 47 1: I 
-21.17 ( 

-lQ.70 !: Vo.ncouver ........ 1 Ransteen'sErdmag. 

-21.tlll i ... do ........•.... 
1 

do. 

-10. 83 ;, Meares ....... ····1 Nan.describing the eoast. 
-20.50 :: Dixon .....•....... Sen.Pub.Doc.voL9,1859-'60. 
-20.08 :i····do ............. do. 

=~~::ii::::!:::::::::::::: !:: 
-19.37 :j ..•. do ............. 

1 
do. 

=:::~ L:::: :::::::::::::! ::: 
-19.02 !. .. do ......•.•••.. ! do. 

=~::: '!.::·!: :::::::::::::! !:: 
-18.47 .•.. do .•••••..•••.. J do. 
-18.55 .... clo .••••••••.•.. 

1

1 clo. 

-18.78 I .... do............. do. 
-lU.45 1 .... do ............. do. 

-19.88 1) .... do ..•••••.•.... 11 
do. 

II . 
11 ' I 

-2().64 !j .... do ..••.••.....• i 
I: I 

do. 

I' I 
-10.03 i\ W&inwtight ······\Ch.of Engs. Rep., 1876. 

,i I 
+ti.70 Ii I 

Ii + 7.18 \' ! 
+s.95\ '1 + 5.30' 

+ 2.39 

+ ll.22 

+ 6.34 ,! CountySu~\·eyors. 1 .A.nu. Rep. Sec. Int. il., 1878. 
+ 3.311 li.. .. do ..••••••••••• j Ann.Rep.Sec.Int.AJf.,1877. 
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Station. 

PENNSYLVANIA, PART 2-Cont'd. 

Heiner's Run-------- ...... . 
Pittsburg ........................ ; 
Beaver ......................... . 

West::~~~~,:~.~~-~~~~:::::::::) 
do -------------------------1 
do-·-----··--·-·-·--··----·! 
do ...................... \ .. ] 

Norri!:~~::::::::::.:::::::::: .I 
Fairview ·----- •.•............... ) 
Ratboro' ......................... i 

=::,::~:.:::::: ::::: :::::: ::::! 
Easton ......................... .. 
William•port .................. .. 
Curwinsville ..................... . 
Mercer ........................... . 

Doylestown ...... ····:· .......... 
1 Boundary at Lake Enc .......... 
1 

Gettysburg ...................... 

1

1 

Bedford ......................... . 

!::=~~:~:::::::::::::::::::::::/ 
' Johnstown ....................... I 

Dellefontc ....................... / 

:Jlforriadale ...................... ·1 
Carlisle ......................... . 

Ridgway ........................ . 

Unionto"W"Il --···········-········I 
Chambersburg ................... : 

Wayneaburg "'··-··---·······--·! 
Indiana .......................... 11 

Brookville ...................... . 
Lebanon ....................... .. 
Lewistown ...................... 1 

Somerset ........................ 1 

Montrose ........................... ; 

New York line, Tioga County ... ! 

~::!:;::::::::::::::::::::::::! 
Greensburg ...................... ! 
Washington .................... ·i 
York ............................ !' 
Hollidaysburg .................. . 

~~=:~;::::::::::::::::::::::::! 
.Allentown ...................... i 
Sunbury ......................... ! 
Warren. ____ .--· .......... ---·----: 
Tyrone .......................... ! 
Altoona .......................... [ 
Sharpsville ...................... 1 

Greenfield ....................... 
1 

.Alleghany Observatory .•........ ! 

RHODE IOLilllJ, p AR1' 1. 

0 ' 

40 27 79 59 

40 44 ' 80 16 

41 08 80 37 

405tJ,8037 

40 42 80 37 

40 14 80 37 

39 59 80 37 

39 51 80 37 
40 07 75 ]9 

42 05 80 27 

40 12 75 07 

40 30 78 02 

39 47 77 56 

18"6. 5 

1845. 33 

1874. 61 

178& 5 

1786. 5 

1786. 5 

1786. 5 
1786. 5 

1786. ,5 
1855. 29 

1838. 5 

1850. 5 

1874. 6 

1840. 65 

D aD 

+ 3. 32 +i. 92 
+ 0. 55 

+ 1.14 +o. 59 
- 0. 42 +3. 38 

- 0.28 -j-3.38 
- 0.85 +3.38 

- 1.12 +3.38 
- 1.20 +3.38 

- 2.17 +3.38 
+ 4. 73 +2. 22 

0. 00 +3.12 

+ 4.42 +2.50 
+ a. 57 +o. 57 

+ 0.91 +2.86 

40 42 75 15 1841. 06 ' + 3. 63 -j-2. 99 

+0.38 41 15 77 03 1878. 5 

1841. 58 
1853. 95 

1876. 5 

1869. 71 

1866. 6 

1877. 61 
1876. 62 

1855. 5 

+ 5.25 
40 58 

41 14 

40 1s I 
42 16 

39 49 

40 01 : 

40 07 

41 47 

40 54 

40 20 

40 54 

41 02 
40 12 

41 26 
39 54 

39 56 

39 54 

40 37 

4110 
40 20 
40 36 

40 01 
41 50 

42 00 
40 58 

41 35 

40 19 
40 11 

39 58 

40 28 

41 14 

41 39 

40 36 

40 52 

41 50 
40 40 

4() 31 

41 17 
40 06 

40 28 

78 36 

80 16 

75 10 

79 46 

77 15 

78 30 

78 17 

76 30 

79 50 ; 1878. 6 
78 53 ! 1875. 68 
77 48 i 1855. 5 
78 08 ; 1870. 81 
77 11 1878. 3 

78 43 : 1855. 5 
79 43 1878. 74 

77 40 1878. 3 
80 12 1877. 8 

79 10 1857. 61 

79 01 1878. a 
76 26 1876. 3 
77 35 1876.8 

79 04 1878. 3 

75 57 1876. 8 

77 13 1876. 5 
77 12 1878. 8 
75 17 ; 1876. 8 

79 32 

8<J 13 

76 44 

78 23 

1878. 8 

1876. 9 

1876. 9 

1877. 7 

+ 1. 75 +2. 75 
+ 0.92 +1.82 
+ 5. 63 +o. 74 

+ 2.58 +o.94 
+ 3. 50 +1.11 
+ a. oo +o. 40 
+ 3. ls +o. 46 
+ 4. 33 +2.10 

+ 2.25 +0.37 

+ 2.33 +0.51 
+ 2.50 +1.99 

+ 2.70 +0.77 

+ 4. 00 +0.35 

+ 1.50 +2.05 

+ 2.70 +0.36 

+ 3. 4o +o. 36 

+ 2.11 +c. 41 
+ 1.2-0 +t.51 

+ 2.67 +0.42 
+ 4.87 +c.46 
+a.60 +o.« 
+ a.01 +o. 34 
+ s.25 +o. 57 

+ 5.42 +o.oo 
+ 4.87 +0.34 
+ 6. 75 +0,65 

+ 2.80 +o. 36 

+ 2.00 +o. 47 
+ 4.90 +o.4a 

+ 4.00 +0.40 
79 24- 1876. 5 + 2. 33 + 0. 53 

so 09 isn. s i + 2. so +o. s2 
75 2s 1878. 2 + 5. cs +o. 60 
76 50 ; 1878. 82 
79 12 ' 1878. 8 
78 16 ! 1879. 21 

78 25 ' 1874. 54 
80 'fl ! 1874. 59 

+ 4.95 

+ 3.65 

+ 3.80 

+ 2.78 

+ 1.00 
79 52 1874. 62 + 2. 04 
80 01 1878. 68 + 2. 36 

McSparran ...................... i 41 30 71 27 1844. 54 

71 30 ' 1844. 62 
+ 8.81 

SpenC<lr......... ... . •. .... . . .... • 41 41 

Beacon pole • • • .. • • • . • • • • • • • • • • • .. 42 oo 
Point Judith .. .. ... .. • ......... 41 22 
Watch Hill... . • .• • .. . .. . . .. . . • . . <U 19 

Providence...................... 41 50 

71 Z7 1844.86 
71 29 1847. 68 
71 51 1847. 12 

72 24 1855. 64 

+ 9. 10 +2. 41 :/ 

+ 9.45 +2.40 1: 
+ 9. 00 +2. 22 ii 
+ 1. so +2. 22 Ii 
+ u2 +i. 7u 11 

D188i.O 

+ 5.24 

+ 2.72 

+ 1.73 
+ 2.96 

+ 3.10 

+ 2.53 

+ 2.26 

+ 2.18 

+ 1. 21 
+ 6.95 
+ 3.12 

+ 6.92 

+ 4.H 

+ 3.77 

+ 6.62 

+ 5.63 

+ 4.50 

+ 2.74 
+ 6.37 

+ 3.52 

+ 4.61 

+ 3.40 

+ 3.64 

+ 6.43 

+ 2.62 

+ 2.84 
+ 4.49 

+ 3.47 

+ 4.35 

+ 3.55 

Observer. lteferenoo. 

------!-------------

TyndeJe •.......•. I C. S. Rep. for 1856. 
Locke ............ , C. S. Rep. for 1855. 
Hilgard ........... [ Nat. A.cad. Sc. 

Ellicott ......... _· I Sill. J our .. 1838. 

.::::: :::::::::::::1 ::: 
... do . :::::: ::::::/ ::: 

.... do ............ -I d~-
County !iur'l'eyors.1[ ~nn. Rep. Sec. Int. A.ff., 1876. 
Shf'rwood ... ~ .. _ .. Sill. tTour., 1840. 

Beans ............. 1 MS. 
County Surveyors I Ann. Rep. Sec. Int. .Aff., 187f.. 
Bache ........... " C. S. Rep., 1862. 

.... do ............. i do. 

County Sarve~·ors i A.nn. Rep. Sec. Int. .Aff., 1878. 

Bache ............ 1 C. S. Rep., 1862. 

County Surveyors Ann. Rep. Sec. Int . .Aft:, 1876. 

... do ............. '. Ann. P.ep. Sec. Int. A.ff., l877. 
Africa . . .. . . . .. • • ; MS. 
County Surveyors ' Aun. Rep. Sec. Int. Alf., 1876. 

... do ............. : Ann. Rep. Sec. Int. Aft:, 1877. 
do ...•.•....... · Ann. Rep. Sec. Int. A.ff., 1876. 

... do ............. / do. 

............. ! A.nn. Rep. Sec. Int . .Aff., 1878. 
.... do ............. \ Ann. Rep. Sec. Int. A.ff., 1876. 

............. ! do. 

1 
.... do ............. J do. 
j .... do ............. I .Ann. Rep. Sec. Int . .Aff., 1878. 
: .... do ............. , Ann. Rep. Sec. Int . .Alf., 1876. 

+ B.00 i
1 

.... do ............. ; Ann.Rep.Sec.Int . .Aff.,1878. 

+ 3.76 ,[ .... do ............. i do. 
+ 2. 58 ,, ..•. do ............. 1 .Ann. Rep. Sec. Int. A.1f., 1877. 

+ 2. 71 i 1 .... do ............. I A.nn. Rep. Sec. Int . .A.ff., 1876. 
+ 3. 09 I: .... do ............. i Ann. Rep. Soo. Int. .Aff., 1878. 

+ 5. 33 ii. ... do ............. ; Ann. Rep. Sec. Int. Atf., 1876. 

+ 4.04 i/ .... do ............. 1 do. 

+ 3. 41 !;· ... do ............. i Ann. Rep. See. Int. A.ff., 187e. 

+ 6. 821 .... do ............. ; .Ann. Rep. Sec. Int. A.if., 1876. 

+ 6.02 '. ... do ••••.•••••••• 1 do. 
+ 5. 21 ; ;- ••. do ............. i .Ann. Rep. Sec. Int. A.ff., 1878. 
+ 7.4() !' .... do ............. 1 Ann. Rep. Sec.Int.A.If., 1676. 
+ 3. 16 : .... do . • .. •• • ... .. . Ann. Rep. Sec. Int. Alf., 1678. 

+ 2. 47 i ..... do ............. 1 .Ann. Rep. Sec. Int. A.ff., 1876. 

+ 5.33 [ .... do .. : .......... ! do. 

+ 4. 40 J .... do ............. ! .A.nn. Rep. Sec. Int . .A.ft'., 1877 

+ 2.861 .... do ............. ! do. 
+ 3.02 f •••• do ............. i do. 
+ 5. 681; .... do ............. i Ann. Rep. See. Int. .A:ff., 1878. 

I ' + 5.28 \ ... do ............. ; do. 
+ 4.08 [ .•.. do ............. ! do. 
+ 3.98 /: Waring ........... j MS. 

+ 3. 35 \i Hilgard.. •.•••.••. I Nat. A.cad. Sc. 
+ l.59

1 

.... do ............. 1 do. 

+ 2.63 i/ .... do ............. ! · do.· 
+ 2. 72 ii Thorpe ........... 1 Proc. Roy. Soe., l~. 

+n. 2al! 1 
+11.51 Iii I 
+11.85 1· 

+11.22 

+ 9;79 ij 
+11. 22 I 
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Table of Magnetic Declinations, etc.-Continued. 

Station. D D.D ObserTer. U.tference. 

RHODE ISLAND, p ART 2. 
0 0 

Ne"'Port. - ......... . i 41 28 71 20 : 1832. 5 + 8.20 +:J.17 +11. 37 'Vads,,·orth -·. Clrn.rt of :Sar. Ba) 

80U1'H CAHOLINA, PAHT 1. 

Breach Inlet. 32 46 

Edisto Island, East Base . . . . . . . . 32 33 
Allston . . . 33 22 

J1ort Royal ...... ,. . . . . . . . 3~ 18 
Graham ..... _. . . 32 13 

Beaufort .. . . . . . . . .. . . . . . 32 26 

SOUTH CAROLINA, PART ~-

70 ·19 1880. 06 

80 14 1850. 26 

79 17 : 1853. 98 

80 3~ 1859. 09 

80 46 ' 1870 20 

80 4Q 1875. 37 

Robertsville 
Columbia.··- .... 
Florence ..... 

3~ 36 81 12 
34 00 ' 81 02 

34 12 79 44 

184:!. 5 

1875.41'1 

1875. 48 

TENNESSEE, l'.!.RT 1. 

- 0.43 

- 2. 89 
- 2.11 

- 3. 07 

-1.n 
- 1.97 

+2.02 

+J.80 

+l.50 

+o. s2 
+0.52 

-:!.4~i+2.41 

1. s2 +o. 52 
- 1.20 +o.5~ 

- 0.17 

- 0.87 
_, 0.31 

- 1.57 

- 1.10 

- 1.45 

-1.01 

-1.30 

- 0.68 

Clifton .... 

Johnsomil!e . 
Fort Henry. 
Nashville. 
Bristol. ... 

Car~·"ille. 

35 23 i BB Ol 

36 04 88 00 

18(;5 18 - 5. 8(1 : t-1. 01 - 4.79 

1865.19 - 5. 83 i +1. 01 - 4.82 

Athens... . ................ . 

Chattanooga .................... · / 
Tullahoma .................... ., 
:M nrfreesboro • .... .. 

36 30 

36 10 

36 36 

36 19 

88 04 

86 48 

82 11 
84 14 

1865.19 

1877. 93 

1881. 52 

l&l.53 

35 27 ' 84 37 1881. 55 

35 00 I 85 18 I 1881. 57 
35 22 86 13 ' 1881. 59 

ar. 53 86 2r, 1881. 61 

Columbia . . .. . . . .. . . . . . • .. .. . .. .. 35 37 87 04 

Pulaski.... . . . . .. . . . 35 13 , 87 03 

Granll .r unction .................. ' 3.5 05 89 l~ 

1881. 63 

1881. 65 

1881. 69 

1881. 71 

1881. 72 
,JackRon ....................... .. 

Rutherfor<l ..................... . 

TRNNRSSEE 1 PART 2. 

35 39 

36 09 

88 51 

89 01 

- 6.40 +1.05 - 5.3:> 

- 5. 25 +o. 39 - 4. 86 

- 0. G4 , + 0. 20 - 0. 44 

- 1. 20 , +o. 20 - i. oo 
- 1. 74 I +o. 20 ·I - L 54 I 
-2.44; +0.20 - 2.24 I 

- :i. s2 ' +o. 20 - 3. a2 
- 4. 89 +o. 19 - 4. 10 
- I. 59 +0.19 - 4.40 

- s.02 +o.19 - 4.83 

- 5. 9B +o. 19 ' - 5.79 

- 5. 83 +0.19 - 5.64 

- 5. 99 . +o. 19 - 5.SQ 

l~eay .............. AgrkHlturnl Ht•p. 

Poole ............. Nat. A cad. Sr. 
... do ............ . do . 

313 

Memphis ....................... . 3[> 09 

35 57 

36 25 

35 10 

36 15 

90 03 1877. 55 

83 56 ' 1875. 46 

83 03 '. 1873. 63 

-· G. 78 +o. 41 - 6.37 Pu--«ell ............. : Ch.of.EuJ.!'.!:t Ut-p., 187K 

KnoxvillC> ..... . 
Rugersville ..................... . 

Cleveland ...................... .. 
Edgefield ...................... .. 

'.J.'EXAS, p ABT 1. 

Dollar Point ... '. ........ .. 

GalvesU>n lsia:nd, Ea~t Base ...... 
29 26 

29 13 
.JupiOOr ............... _ ... _ 28 55 

Rio Gmnde, mouth .. .. • . . .. . .. . 25 57 
Lavaca .. . . . .. . . .. . . . . • . . . . . . . . . 28 38 

Austin........................... 30 16 

San Antonio • . . .. . . . . . • • . . . . . • .. 29 25 
Hempstead ...................... ., 30 08 

.85 00 1875. 40 

86 46 1871. 92 

94 53 

94 56 

1878. 41 

1853. 21 
95 21 1853. 36 

97 08 . 1853. 85 

1868. 31 

1878. 47 

1878. 44 

1878. 48 

- 2. 2;, +o. sa - 1. 72 Hilgard...... ' Nat. ,\cad. Sc. 

-1.s2 +o.62 -1.20 .... do 

- a. 51 +u. 53 - 2. 98 i .••• do ........... .. 

- 5.03 +0.69 - 4.34 ' .... do ........ 

- s. 29 +o. 20 : - 8. 00 

-9.08 +1.25 1 - 7,83' 

-9.14 +1.25, -7.89 

- 9.02 +1.20; - 7.82 
- 9. oo +o. 60 i - 8. 49 

- 8. 96 +o. 2a · - s. 7a : 
-9.37 -9.H 

- 8.61 +0.27 - 8.34 

do. 

do. 
do. 

Groesbook ... .. . . . .. . .. .. .. . .. . . 31 33 

96 37 

97 44 

98 29 

96 10 

96 30 

97 20 

96 36 

1878. 49 - 9. 25 +o. 27 - s. 98 

Fort Worth ...................... , 32 45 
Sherman...... . .. . . . . .. . . 33 36 

TEXAS, P ABT 2. 

Mouth ofSa.biue River, Everett1s 
house. 

Frontera ............... _ ......... : 

Ringgold Barracks ............. . 
Fort Mcintosh ................... l 
E1tgle P&88 ....................... : 

Mouth of Cai!on ................ : 
Bnrnet .................. ' 

San 8abla ....................... .. 
Jdatagorda ....................... : 

S~ Ex~ 77---40 

29 44 93 51 

31 49 100 33 

26 23 98 43 

27 35 99 45 
28 42 100" 30 

31 02 105 37 
llO 44 98 00 

31 11 98 38 
28 41 95 58 

1878. 51 , - 9. 66 +0. 25 I - 9. 41 
1878. 52 , - 9. sa +o. 26 ; - 9. 01 

1840. l 

1859. 00 

1853. 5 

1852. 5 

1852. 5 

1852. 5 

1878. SS 

1874. 00 
1877. 5 

-- 8.67 +1.55' 

-12. &2 +o.oo ', 
' 

- 9.2o +1.20 
-10.00 +l.0-0 

-10. 02 I +0. 95 

-12. 02 i • 0. 00 
I 

- 9.77 +o.i7 
-10. 98 +o. 37 

- 8. 42 j +0.81 

-- ";'. 12 [) Graham. 
Ii 

-12. 42 i! Cla~k ... 

Trans. Am. Phil. Roe., 1846. 

Rep. Com. Gen. Lam! Off .. 

47th Cong. 

-- S. o.> 'i Emorv .. . .. . .. . . A.m . .A.Pa11. Sc .. !&'ill. 

- 9.0<l :! do· ............. '. do. 
- 9, 07 ;[ .... do . . . . . . . . . . . . i]O. 

=-1!::~ ',\·~;:,:~·:::::: ::: MS. ilo. 
-10. 61 [\ .... do ... . .. ... . MS. 
- 8. 11 : Biohop ............. MS. 
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Table of ,lfagnetic lJeclinations, etc.-Uontinued. 

Station. 

TltXAS, PART 2-Continned. 

Brazoil 

Travis. 
Cherokee·--··· ............ ----

Longview. ---- .. - ...... -- -- -
Fork of Brazo.3 River. 

Trinity 1Vaters ............. . 
·w·est Fork of Trinity River 

Elm Fork of Trinity River .•.••. 

Fort Bli1w. -·-········ 
Pa~s Cu.,allo ............... . 

LTTA.11, PA.HT 1. 

30 42 

;iu rn 
31 4!i 

32 '.!!1 

33 0(.1 

3:J 34 

3:1 ~9 

38 42 

31 4fi 

28 21 

96 20 

97 44 

g;, 011 

[}!) 17 

10ti 2~) 

9() 24: 

1823.;) 

1835. ~· 

1835.;; 

1K7::!. 29 

18f>4. ;j 

li-';)4. 5 

1834. 5 

18."'4. s 
lS7R fi 

1871J. 6 

D 

-Jll.02 

-J0.00 

- 9.:m 
- 8.63 

-Jl.20 

-10. 4G 

-llJ. 28 

-JU. GO 

-1~.4~ 

- s. :13 

+J.a6 

1 l. 55 
+ 0. G7 

+o. fHl 

+o. uo 
To no 
+o. 90 

+ o. 05 
+o. rn 

Salt.Lak<'City ................... i 40 46 111 ;,4 u-n 36 -JG. 47 

Ca•tle llock ' {! 08 111 10 18ib. 80 -16. 9:; +11. 15 

Ogden ........ . 

Kelron. 
Corinne .•. _ •....•.. 

T"f.A.ll. PA HT ::!. 

FUimore. 

K.~nab ... ___ .......... - .. 

AntelopP Sprh1gs ............... . 

.A.zay •Rauch ............ -
Bfa.ck Rork 8prlng ......... . 

Ol!l Cump Flo~-d or Fairfield. 

Camr~on Vit'~in Ri~er ....... . 
Ceda.r Spring~ . 
Circleville ..................... . 
Cottonwood Cn·ck. North .. . 

Cot1onw00f1 Creek ~oath .. . 
D1~er~tOity ..... . 
Dt•sert Rpri11g .............•...•• 

Dirtv D1•v.B Cafwn ... 

Dirty Devil River 

Eureka City ...... . 

}'au~t's8tation ................ .. 

:Fish Spring ..... -----
Graso Yalley ..... . 

d{\ •·••••· 

Gunnison 's Trail .. 
Hawawat Sprmg 

Bay Spring ... .. 

Iron City .... .. 
.J o~.'s V ttlley . 

Mammoth Mill .. 

Meadow Creek 

?>lill >'Jning St.a lion ....... 

Minersville ..... ., .. - .. -- .. . 
Mount Pleasant .............. .. 
Mndd_v Creek 

Pat·agoonah ....... -- ..... . 

Patia ...... 

Pine Valley, nea.r ....... ----- ... . 
Rab hit Valley ................. __ 
Slltl 1fl'anci•rc. Spring .. __ ...... __ 

Sant<iquln ...... ---··------·--­
SeYier Lake, camp nt~ar .•.••.. _ •. 

Sevier Pass ... __ .............. .. 

Virgin River ......... ------ ...... : 

41 14 112 OU 

41 4;, 113 Of< 

41 a3 112 on 

38 57 113 17 

37 02 

37 46 

37 34 

3~ 4'l 
40 16 

37 08 

112 32 

ll:J 26 

112 3::! 

112 m 
11'.! o~ 

1878. 80 

1881. 34 

188]. 35 

1872. !) 

1872. 5 

1872. f; 

18n5 

1872. 5 

1872.;, 

39 OR 113 00 1~72. o 
:18 10 112 24 1872. 5 

39 14 u 1 03 · 1s1:i..o 

39 05 111 07 !873. 5 

39 14 112 44 1872 5 

37 49 113 57 

3;< E 111 on 
38 16 Jll 11 

3g 5" 11~ 07 

4-0 1'2 112 27 

39 5:! 113 ~I 

38 :H !11 ;i<J 

:l8 2ll Jll .)4 

38 48 Jll 30 

3R 30 , 113 30 

]k72. 5 

lf73. Ii 

lbi3. 5 
1~7~ .. i 

1872. 5 

187~. !) 

11'17:!. 5 

1}{7~. 5 

18i:l. 5 

1~69. 5 

3R 19 11:1 00 1872. 5 

J7 33 113 27 1872. 5 

39 25 111 12 1R73, :1 
38 05 113 46 

38 51 ' 112 26 
38 17 113 :ill 

31' 13 112 56 

39 3~ ' 111 29 

3b 59 lll 09 

3".' 55 : 112 48 

37 11 111 53 

3i 14 111 56 

37 24 11.l 31 

38 JP ' 111 25 

3> 27 113 17 
39 59 111 ~8 

38 50 ; 113 15 

39 33 112 17 

37 08 113 15 

1,.:73, [) 

1872. ,) 

1R72. r; 

1872. 5 

1R73.:; 

1873. 5 

1878. 5 

1872. 5 

1872.-5 
1872. 5 

1873. 5 

1872. 5 
1872. 5 

1872.5 

1872- 5 

1872. 5 

-17. 27 -!-O. l:{ 

-17. 76 +o. o~ 
-17. 5;! +o. on 

~16. 2:'i +o. os 

-14. 3S 

-Hi.33 

-16. 85 

-Ht 03 

-Hi. 9P 

-lf>.4~ 

-17.15 

-:.!l.50 

-16. 8:~ 

-16.Z'i 

-JI;. 23 

--16. 33 

-16. 30 

-16. 33 

0. 00 

o. 00 

+o.os 
+o.o5 
+o. 10 

0.110 

+o.o;; 
+0.03 

+o. 12 
+0.12 

+o os 
o. 00 

+0.12 

+0.1~ 

-17. 15 ' +0.12 

-16. 86 +0.12 

-17. o~ ' +o. o~ 
-17. 75 I +0.10 

-17.75 +0.10 

-16. 00 i +0.10 
-16. 66 ' o. 00 

-16. 26: +0.05 

-!~. 50 0. 00 

-17. 00 : +0.14 

-15. 87 ' o. 00 

-rn. 1s : +o. 06 
-17. 33 o. 00 

-16.50 ! +0.03 

-17.17 

-16.00 

-19.50 

-14.50 
-14.22 

-16. 00 

-l6.3:J 

-16.97. 
-17.43 

-17.47 

-17.00 

-15.48 

+o. 14 

+0.H 

+o. 02 

+0.05 
-t-0. 05 

0. 00 

+0.10 

+0.02 

+o. 14 

+0.03 

+0.10 
0.00 

Obst~rver. 

- 9.~6 Austin Lan.ti Off. 

rero1'<1. 

- 8. 75 •••• clC> .••••• 

- 7. 78 ..• fl(l •·•••· 

- 8.06 Hll!!""'\. 

MS . 

MR. 

Refe.renre. 

Nat . .A.cad. S\'. 

-10.30 LI.~. ofl°fr,('1'8 ...•.. Phil. Trans. Roy. Soc., 1874. 

- 9.55 Pope .. ____ Pacific R.H. Explorations. 

- U.31' .... do....... do. 

~ u. 70 

-12.87 
-8.H 

-16.5fl 

-16.811 

-17.14 
-17. 60 

-17. 43 

do ........ . 

r. s. }~ng's ... 

Rtone's Mag. Ya1'. 
Ch. of Eng'• Rep .. IB7g. 
Ch. of Eng's Rep., 1880. 

-lti.20 Hoxie. Wlieeler, Ch. of En!(·• Rf:p., 1876. 

Ami.tin. 

-14. 3!i Marshall, Austin .. 
-16.33 Marshall .......... 

-16. 80 Hoxie 
-15. 98 .. do 

-16.89 .... do ........... .. 

-15.48 .. .. do ........•.... , 

-17. 10 , Marie ........... __ 

-21.4:> .. do-------------' 

-16. 71 lfoxfo -----------
-16. 15 -- .. do . 

-16.1.1 .... do ........... .. 

-lG.:.13 .Marshall ......... . 

-16. 18 Hoxie ....... -----

-16. 21 .... do.-·---- ..... . 
-17.03 Marshall ......... . 
-16.74 Hoxie .......... .. 

-17.00 .... do ........... . 

-17. 65 Marshall ...... __ .. 

-17.65 .... do ............ . 
-10.9-0 Hoxk ........... . 

-16. 66 Wheeler, Lock-

wood. 

-16. 21 Hoxie .......... . 
-18. 50 Marshall .. .. 

-16.86 'Hoxie .......... .. 
-15. 87 

-16.12 
-17.33 

-16. 47 

•. clo ..••••....••. 

... <lo.····-······· 
• .. dU. •••••.·~••••I 

Marshall ......... ' 
-17. 03 ' Hoxit' 

-1.S.86 -..dP ..... .. 

-19.48 Mnrsbal.L. ...... .. 
-14. 45 , ... do .... ____ .. __ . 

-H. 17 Hoxie ----

-16. 00 Marshall. ......... ' 
-16. 23 Ro~ie .......... .. 

-1~. 95 i' .. do ........... .. 
-11. W :. Marshall ........ .. 

-17.44 :J Hoxie .......... .. 

-16.90 !:·Marshall ........ .. 
-15.48 ii Hoxie ............ . 

do. 
do. 

do. 

do. 

do. 

do . 

do. 

do. 

do. 
dP. 

dP 

do. 

do 

do. 

do. 

do. 

no. 
do. 

do. 
do. 

do. 

do. 

do. 

do. 
(10. 

clo. 
do. 

Jo. 

do. 

do. 

do. 

do. 
do. 

clo. 

do. 
do. 
do. 

do. 

do. 

do. 
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T<ible of Magnetic Declinations, etc.-Continued. 

Station. 

UTA.H, PART 2-Continued. 

Water Pocket, near ERcalant.e 
-Rivt>r. 

Welcome Creek. ............... .. 
Bear Rh-er_ ... _ ........ --·- ..... . 

Logan River, East Fork _ ....... . 
Ten Milf>A Routhooat. of Lak~ 

Towu. 
Meadowville, near 

Schneider's Creek . 

~impson 1s Spring ... 

Sulphur ........•••..... 

Fort Cameron ........ . 

VERMONT, PART 1. 

:l7 211 111 02 

37 34 111 27 

42 12 lll 08 

41 56 111 33 

41 45 lll 10 

41 51 

40 56 

40 02 

39 41 

38 17 

111 22 

111 42 

112 47 

ll:i 46 

lll 44 

1873. 5 

187;. 5 

1877. f> 

1877 .. ~ 

1877.:; 

185K9 

1£!:5:J. 4 

18.59. 5 

1~78. 5 

D 

0 

+o. 10 

-15. 12 -t 0. 08 

-17. 9fl I 0. F~ 

-17.f>fi +O. lfi 

-17. fi(I -i- 0.1.; 

-18. 02 ·f 0. 15 

-lb. 92' -0. 36 

-15. 70* -0. 4~ 

-14. 9a>(· --U. 50 

-rn. 40 O. OR 

Burlinl(ton ............. .. 44 28 73 12 1873.79 +-11.32 

Rutland ................. .. 43 36 72 56 1879. rn +11.15 

VERMONT, PAHT 2. 

Essex Junction ..... . 
~wanton Falls _ 

West Hartford ...... . 

Barton·----- .... . 
SaintJ"ohnsbury .. 

Montpelie1· _ .... . 

Rye11:ate ...... .. 
P~wnal ... 

Bellow's Falls .............. . 
White River Junction _ ... _ .. . 

WelJsRiver .................. .. 

Derby.......... . ......... .. 

VIRGIN'.IA, PA.HT 1. 

Petersburg ..... . 

Snead ......................... .. 

Joynes ......................... . 
Scott .................... .. 

Cape Charles .......... .. 
Old Point, Comfort ...... . 

Cape Henry light ...•.... 
Fredericksburg . . .. _ ... _ ..... . 

Peach Grove .................. .. 
Wolf Trap .................... .. 
'l'angier .•.......... _ ..... _. _ .. 

Clark Mountain .......•.... 

Bull Run .............. .. 

44 31 73 06 184!1. 65 

44 !j6 I 73 09 1850. 29 

43 41 72 17 1H60. 21 

44 44 72 03 1837. :. 
44 26 71 55 1837. ,; 

44 17 72 36 

4410i 7210 

42 46 72 rig 

43 09 72 28 

43 41 72 16 

44 09 72 05 

45 00 72 12 

37 14 77 24 

37 58 75 26 

37 42 75 37 
:n 20 75 M 

37 07 : 75 58 
37 00 70 18 

36 fJ6 76 00 
38 18 77 27 

38 5.5 77 14 

37 24 76 15 

37 48 7f> f.9 

38 19 78 00 

38 53 77 42 

1801.:; 

17~6. 5 

1876. 58 

1876. ,:;n 

1876. 60 
1876. 61 

1871. 78 

18[>6. 67 

1856. 68 

lRf16. 08 

1856. BR 
1856. 69 

1874. no 
1856. 71 

1869. 84 

1871. 10 i 

1871. 47 
1871. G4 

1871. 79 

+ 9.40 +2. 7i 

+ 11. 47 +2. 95 

+11.15 -;-2.41 

+ 10. 85 .,.3. 61i 

+ 9. 27 -+ ~t 66 

+l~.4'.:: 

+ 7.011 

+ 5.H7 

+11.11 

+11. 09 

+u. 91 

+ 13. 30 

+ l.48 

+ 2.31 

+ 2.06 

+ 1. 62 

+ I. 59 

+ 1.24 

+ 2.66 

t 1.04 

+ 2.91 

+ 2.82 

-"- 3. o:; 
+ I. 78 

.,. 4. 36 

+4.311 

-;-5. 35 

+4.611 

+~- 79 

+o. 79 

+o. 8'2 

+o. 84 

+o. s:i 
.,.1, 7' 

~-1.73 

+]. 7;; 

+l. 75 
+1. 7,i 

North end Knott Island . . • . . 36 ll4 

Williarushnrg . .. .. .. .. .. .. . .. . . j 37 16 

75 55 

76 43 

1873. 30 + 2. 91 

1874. 93 : + 2. 20 

+l. 71 

+o. s~ 
+o. Bu 
+o. s2 
+o.n 
+O. i7 
+o.n 
+o. 63 
+o. 2;l 

+o. 20 
+0.20 

+0.20 

Greenwood ..................... i 38 02 78 47 lBSO 43 , + 2. 31 

Covington .. . .. 37 48 79 58 1881. 46 + 1. 05 

Wytheville ................... _.. 36 55 81 05 
1 

1881. 48 : - O. 02 

Marion .......................... 36 48' 81 31 1881.50 + O.O:l 

VIRGINIA, I' A.RT 2. 

Charlottesville.................. :18 OJ 

Richmond ....................... , 37 32 
Mobjaek Bay .. .. .. .. .. .. . .. .. . ~7 18 

7R 31 ! 1873. !\4 
77 26 : 1874. 25 

76 20 1824. 0 

j- 1.28 

+ 2.26 

+ 0.62 

+u. 67 

+o.r'4 
+3.01 

North Carolina lino. GreemnilJe. 

Staunton ....................... .. 

Peach Bottom, North Carolina 

36 36 : 80 50 1824. ll 

38 09 7!1 04 1873. 66 
36 36 ' 81 00 I 1824, 0 

- 0.92 +2.82 

+ o. 76 +o. 66 

- 3.83 -j-2,82 

line. 

Gosport navy-yard ... . 

St1'81!bnrg ........... . 

L'nlpeper ...................... . 

36 49 

38 58 

88 28 

76 17 1865. 83 I 

78 22 i 1873. 52 '1, 

78 00 '! 1873. 53 

+ 2.61l 

+ 2.27 
+ 2.35 

+1.20 

-j-0.67 

+0.!fl 

D1w.o OlH~erver. 

Hoxif' ____________ _ 

-l:i 04 .... do 

-17.B.f Tillman ... . 

-17.40 ... do .... . 

-17. 65 do 

-17. F:7 

-rn. 2~ 
-16.1:! 

-15. 4:; 

+12. 41 

+ 11. 84 

<ln ····- .••.•. 

SimpSflll ........ . 

.. do 
. do. 

+ 12.17 Clark. 

+14. 42 - do 

Reference. 

Ch. of Eng's ReIJ., 1876. 

do. 

Ch. of Eng'l:! Rep., 1878. 

Uo. 

do. 

do. 

Stone·s Mag. \ar .. 187l'.i. 

do . 

do . 

Ch. of Eng·~ Re-p .. 1R7U 

MS. 

MS. 

+ 13. 56 .... do ·............ J\[8. 
""t"" 14. 51 Twin in~ •..... _. SilL J our., 1838. 

+12.93 .... do do. 

+Hi. 72 

+12. 35 

+10.47 

+11. 90 

+11. SP 

+12. 73 

+14.14 

+ 2. 31 

+ 4.04 

+ 3.W 
+ 3. 37 

+ 3. 34 

+ 2.99 

-t 3. 25 
+ 2. 75 

"· 3. HO 
+ 3.68 

+ 3.87 

+ 2.56 

+ 5.l:J 

+ 3.64 

+ 2. 83 

+ ~- 56 

+ 1. 25 

+ 0.18 

+ 0. 23 

-t l. 95 

+ 2. 90 

+ 3.63 

J<:XI'.'<'. d1•CU1Il(•Ilt~ 

Wlii1law ..•....... 

Williams. 
EilganL 

. do .. 

. do ... 

. do ............. i 

! 

do. 

Jo. 

do. 
Nat .. Acad. Sc. 

do . 

do . 

rlo . 

Hiljl;ard ......... Nat. Aca<l. Sc. 

Popp ............. ' Ch. of Eng's Rep., 1875. 

Hoyt>. ..... Boye's Map of Va., 1859. 

-t 1. 90 ... do . . . . . . • . . . . . . do. 

-t 1. 42 Ril!(itrd........ Nat. Acad. Sc. 

I. Ol lloye. ... . . . .. 1lo,\'€'s Map of Va., 1859. 

+ 3.83 

+ 2. 94 
+ 3.02 

Harkness . . . . Smitb'n Cont1s to Kw. 1 239. 

Hilgard....... .. Nat. Acad. Sc. 

. .. do............. do. 

•An index correction of+ JO was applied t-0 Simpson's observations. 
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Station. 

V1RGIN1A, P .AHT 2-Continuetl. 

Lyncl1 buri: . . . . . . . . . . . . . . . . . 
.BurkP.-s•ille 

Dan,ille ..... ·----- ........... . 
Mount .Airy_ 

Christians burµ ... . 
:N" atnra1 Britlgt ... . 

Harrisonlmq.: ..... . 

Powhatan County. Sf'ottsvillt· .. . 
Norfolk. . ................. . 
Rmory aml Henry Colleg-e ...... . 

"'V. A8HISGTO?>< 'l'f.lUtITOHY, l-AWJ ]. 

Capt> Disappointment hPach 
Nee-a.h BaJ. astr01wrnica.l Atation. 

Seattle ........... . 
.Aim~wortb ... . 

~ixty-mile \\di 
Sprague .... _ 

Spokane Fall" 
Pomeroy. 
Walla-Walla C. Il 
Wallula ........... . 

J,owerCa~wa!lt•A .. -- ...... . 

Yancouvc1<, near oltl fort 

Olympia ...... . 
Port Townsh('nd ........•..... 

w ABH1No1·nx TmrniTonY. PAUT 2. 

Off G1a.y1
R Harbur ..... 

Port Discovor,r. mill . 
Point Rohertfl 

North Point. Nee-ah IRiand ..... . 
Nisqnally .•••........ 

VohiUe, barraek~ 

Chunikane RiY('l' 

Olil. Fort Walla-W~lla 
Colville, depot 

Near 8poka11c Ft'fl'.' 
Peon's prairie._. 

Statiou in ... 

Lup:enhool'R Cri~Pk 

Cow Cret•k. 
Tucanon Rhcr. 

Dry Creek ..... . 
Station in __ . 

Near Wallula. 
Rtation in 

do ..... 
flu ____ _ 

AdmiraJty Ht>ad, \Yhitht·;v ltoJland 

Guide meridian. Belli11~liam Bay. 
Columbia Rivt-'I. Tuwnsl1ip 6 ..•.. 

Columbia, f!llidt~ meridian, 8nakl' i 

Rh·er. 

do-·---------. 
Small l!jlaud, Columbia UiTm 

Gray's Bay, Columbia lUvN' .. 

Near Mount Adami'\-··--· 

Station in .•........... 
Crossing Pataha Crrck ... 

Crossing Columl•ia Rtn.•r in ..... . 
Mouth of Strong's Riv<•r 

Crossing Snake River ........... . 

Table of ]Jfognetic Declinations, etc.-Continued. 

D ~D Observer. Reference. 

:n 25 79 on 1sn. 55 + o. 56 +o. 67 + 1. 23 Hilgard ........... Nat. A.cad. Sc. 
31 1a 78 1~ l 87a. il6 --t 2. oo +o. 69 1 + 2. 69 .. _.do . _ .......•.. _ do . 

do. 

do. 

do. 
do. 

do . 

:w :37 79 :w 1s7a. 57 + 1. 27 +o. 71 

36 5~ 79 06 11'73. H4 - o. u~ +o. 71 

:n 11 so 18 1873. 65 o. 58 +o. 64 

:J7 :io 
3t) ij} 

:m 40 

7!J 2? 

7ti li 

81 46 

46 17 1:!4 O::> 

48 ~2 1~4 :18 

47 :rn I:!~ 20 

46 14 1rn o:i 

46 4P 118 fl\I 

47 19 11~ 10 

47 4;! 117 23 

4fl 11 117 40 

46 04 118 ~II 

46 Oi 118 ;,-; 

45 3~1 1?2 00 

4fi as 12:! an 
47 l'~ 12~ 54 

4.1-: Oi l~:! 4,l 

47 no 
4o 01 

48 59 

12a [~; 

122 ;)J 

123 01 

124 Ho 

1~73. fi:'; 

187:3. GI 

1R70. J 

1880. 08 

1sn~ 

l~l. 'j!) 

1881. 78 

18~1. 86 

1881. 64 

1881. 60 

1881. 6f> 

lti81. fJ7 

1081. 72 

1881. i:l 

1ss1. 7o 

1881. 80 

1881. 82 

1881. 84 

1881. 88 

179'2. 96 

1~62. GO 

]8;j8. 20 

1841. :ill 

1R59. 50 

l~Gl. fj(J 

1861. iiO 

lRf.3. GO 

186U. 50 

l8fi0. 50 

1860. f>O 

1860. oO 

186-0. 5 
1860.;; 

1860. 5 

+ o. 08 

+ 1.47 

-t· ~- 50 

+ 2.W) 

- 1.011 

-21.00 

-2:!. 74 

+o. 66 
. ,.o. 66 

+ 0. 32 

+o.31 

+o. 21 

-22. o4 +o. 02 

-21.41 -0.0:J 
-2'.l. 78 -0. Oj 

-22. 92 0. OU 

-21. (i(j ,u. o::: 
-21. 5fi +o. t11 
-22. 07 -0. 01 

-1!). g;~ -0. 02 

-1!1. 49 -o. io 
-20. 89 -0. ll 

-21. s~ -il. o:i 
-:.!L 4,~1 

-18. 00 
-22. 00 -0. 42 

-22. 5f> -0. 47 
-22. so -1. 2~ 

-21. 38 o. 65 

-21. 67 -0.40 

-21. 47 I -0. 40 

-19. 67 ~0 . .1.j 

-:.!2. 52 -0. 40 

-2'.!. 12 -0. 40 

-21. 88 . 0.40 

-22.12 -0. 40 

-20. 92 -0. 40 
-21. 01 -0. 40 

-20.92 -0.4() 

4..j ~r1 

47 O": 
4~ 40 

41' 00 

46 OJ 

4H aa 
.t'i 4b 

47 4:J 

4H 00 

47 O!l 
40 _-,3 

4R a:! 
46 10 

40 00 

46 02 

0 OU 

118 05 

117 4S 

llR 48 

117 r:.2 
117 58 

117 14 

110 44 

ll~ ()j 

lll"' 10 

!lb 00 

!li· 10 

119 35 

ll9 00 

121 n 
121 42 

121 57 

122 41 

122 27 

118 58 

118 58 

1860. 5 -20. 22 -0. 40 

1860. 5 ! -2:J. 57 -0. 45 

1860. 5 -19. 77 -0. 40 

lfi6-0. 5 -22. 15 -0. 50 
4K ;,9 

48 !'i!) 

48 <m 
48 33 

4f; 00 

4ti Jr. 

1860. 5 

1860. 5 
lR.57. 5 

1859. 5 

1860. 5 

1860. 5 

4 7 55 118 f>8 1860. 5 

45 52 119 39 186-0. 5 

46 18 123 42 1858. 5 

46 12 121 03 

46 18 117 51 

46 23 117 34 

46 34 119 18 

1860. 5 

1860. 5 

1863. 5 

1863. 5 

46 15 123 23 ' 1855. 5 

46 34 118 04 1860. 5 

-22. 78 -0. 50 

-2'L65 -0.50 

-21.90 -0.55 

-22.15 -0. 50 

-18.83 -0.40 

-20. 00 -0. 40 

-~'2. 00 -0. 40 

-18. 0-0 -0. 40 

-21.62 -1.20 

-20. 50 -0. 50 

-18. 75 ' -{). 40 i 
-21.25 -0.35 

-21.50 -0.35 

-20.00 -1.25 

-19. 00 -0. 40 

+ 1. 98 , .... do •••.......... 

- 0.21 .... do ............ . 

+ 0.06 , .... do .. . 

.... do ............ . 

.... do .........••.. 
County aurve~~or .. 
Bernard .••....••. 

MS. 

MS. 

+ 0.74 

+ 2.13 
-'- 2. 82 

+ 3.26 

- 0.79 Davif'! ....•....•. MS. 

-21.89 

-22. 75 

-22. 02 

-21.44 

-22. 80 

-22. 92 

-21.M 

-21.n5 

-22. 08 

-19.95 

-19.59 

-21.0U 

-21. 61 

-21.38 

-22. 42 

Vancouver........ Ha11steon's Erd1nag. 
Garfielde . . . . . . . . MS. 

-23. 02 .. do .......•.•.•. MS. 
-23. 78 Chart ..... . U.S. Exp!. Exp'n. 
-22. 03 H9.ig...... . . . . . . . . Phil. Trano. Roy. Soc., 1864 
-22.07 ; .... do....... do. 

-21.87 ... do ........... . do. 

-20. 22 Steven• c. s. Rep., 1856. 

-22. 9'2 Harris ............ N. W. Bou1i<l. Com, Chart. 
-22. 52 . do . . . . . • . . . . . . . do. 

-22. 28 .... do........... do. 

-22. 52 , .... do............. do. 

-21. 32 1 

•••. do . .. . . . . .. .. . do. 

-21. 41 1 
•••• do . .. . . . .. . . . . do. 

-21. 32 ... do • . . • • . . . . . . . . do. 

-20. 62 ; .do-·---····-·. 
-24. 02 .clo ............... . 

-20.17 .. do ...•••....•.. 

-22. 65 .... do ....•.. 

-~28 .. do. 

-23.15 .... do ...... . 

-22. 45 Garfielde . . . . . . . . . MS. 
-2'2. 65 •... do . .. . . • . .. . . . . MS. 

-ID. 2.1 .... rio ......••••... MS. 
-20. 40 ,. ... do . . . . . . . .. . . . . MS. 

-22. 40 !' .•.. do .......... . 
-18. 40 (' .. do ........... . 

-22.82 ii . do ........•.... 

=~~:: i):::.:: ·::::::::::· 
-21.60 :; ... do ........•.•.. 

-21. 85 i:····do ............ . 

-21.2.'> I! .... do ..•••••...... 
-19.40 1: •••• do ............ . 

MS. 
MS. 
MS. 
MS. 
MS. 

MS. 
MS. 
MS. 
MS. 

do. 
do. 

do . 

do. 

do. 
do. 
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Table of 1ltagnetic Declinations, etc.-Continued. 

Station. 

WASHINGTON TERRITORY, PA.RT 

2-Contiuued. 
Eil.st side of Shoal water Bay ..... 
Fourth st,.ndard parallel and 

Gray's Harbor. 
Station in .... ·-·. __ .. _ .....•...•. 

Intersection fifth standard para]. 

lei and ocean. 

0 ' 0 

46 33 123 54 
46 54 124 01 

47 16 122 Ol\ 
47 15 124 12 

1856. 5 
1855. 5 

1855. 5 

1859.;, 

Intersection fifth stant\ard para!. ' 47 15 123 98 1856. f> 

lei and Hood's Canal. 

Station in ..... . 47 36 121 42 1865. 5 
Point.Elliott ...........•.......•.. 47 57 
Foulweatl1er Bluff .. __ .....•...•. 47 56 

122 18 

122 36 

Dungeness Light ............... . 
Leadbetter Point •.............••. 
Shoal water Bay Light .......... . 
Chehalis Point. ................. . 
North head of Gray's HarboT .••. 

Clatta.m Bay ............•...•..•. 
Head of Hood's Canal. ......•.. 

Seabook, HOOl\'s Canal .....•••... 
Port Madison, milL .... -........ . 

Port Gamble, mill ..... . 

Deception Pa~•. north of Whit-

bey Island" 

48 11 12:3 OG 

46 36 ' 124 ·3 

46 43 ' 124 04 

46 55 124 07 

4'i 03 I 1'24 O& 

48 15 : 124 rn 
47 28 122 50 

47 il9 12;1 49 

47 43 , 122 a:i 
47 51 122 :14 

4R 24 122 40 

Fort Bellingham._ .. _ .... -....... 
1 

48 47 122 32 

:M.onti<ello ....................... ', 46 07 122 55 
Mouth of Skookum Chuck ..•.... ' 4 7 45 122 40 

Steila.coom. .. .. .. ... . .. ........ 47 10 122 :15 
Fort.Simcoe .......•.•......•..... i ~ 30 ' 120 40 

Restoration Point .•...•.•........ ! 47 30 ' 122 U 
Birch Bay ........................ i 48 54 122 27 

Chequee.s ...••• .... .. .•.••• ...... 45 56 121 2:1 

Wenatsbapaw . .. . . . . . . . . . . • . . . . . 47 29 . 120 38 

WEST VJRGJ>;JA. PART 1. 

Clarksburg...................... 39 17 
G-raftoa ..... __ . . . . . . . . . . . . . • . . . . . 30 21 

Cameron......................... 39 5ll 

80 20 

80 02 

80 34 

80 44 

81 34 

Whoeling ........................ . 

Parkersburg .................... . 
40 03 

39 16 
Point l'leasant............. •. .. •• 38 :o · S'.! Oil 
Charlest<>11. ...................... , 38 21 81 38 
Alderson ........................ : 37 45 8{.) 40 

WEST VntoINIA, PAltT 2. 

l85ti.r. 

1859. 5 

1858. 5 

18.'>9. 5 
1858. 5 

1858. 5 

1858. 5 

1864. 5 
1856. 5 

1859. 5 

1856. fi 

1859. 5 
1Ro8. 5 

1859. 5 

1857. 5 

1856. 0 

1856. 5 
186fi. 5 

1792. 40 

1792. 50 ' 

1854. 5 
1854. 5 

1880. 94 

1864. 03 

1864. 04 

1881. 40 

1881. 41 

1Sll4. 08 

1881. 43 

1881. 45 

North Branch of Potomac .....•.. ; 39 30 ! 79 00 1824. o 
Bull Town ....................... ', 38 48 l 80 31 1824. O 
C11mbcrlan1l Gap ... .. .. ... . . . . . 39 40 78 40 1824. 0 

Martinsburg ................. ·i 39 27 77 57 1873. 52 
Pl'nntytown...... . . . . . . . . . . . . . .. . 39 19 8-0 00 1882.15 

WISCONSIN, PART 1. 

Madison, Uni\•ersityFa.rm .... . 

Lacrosse ................. . 
Superior City .......•. _. _. _ .... 

WtSC01'SIN, p ART 2. 

Milwaukee .........•...........• 

Monroe ...•.....•..........•.... 
Sheboygan .... _ ................. . 

Grassy Point, Fort Howard .•..•• 
Ra-0ine ..•... _ ................... . 

43 04 

43 49 

46 40 

89 25 

91 15 

92 04 

875fi ! 
811 41 

S'l 43 

1881. 96 
1877. 73 

1880. 64 

187?. 4 

1859. 61 

11!65. 5 

87 55 1865. 5 

f!7 47 1865. 5 

tlO 52 , 1S23. 5 

D Obs~rver. Reference. 

0 0 

-20.50 -1.lll -21. 60 <>nrfielclP ..... "... JIIS. 
-2i. 00 -1. 00 -23. 00 .... clo MS. 

-21. 00 -0. 50 -21.00 .... do ............ . 
-21. 75 -0. 65 -22.40 .... do 

-21. ii8 -0. 65 -22.2:l .. clo 

-22. 33 -0. 40 -22. 73 .... do 
-21. f10 -o. ;j5 -22.0i> ... do 
-20. 50 -0. 45 -20. 95 .... do 

-21. 50 -0.45 -21. 95 .... do_. 

-21.08 -0.80 -21. 8~ .... do •- .. . 

-21.08 -0.ifi -21. 83 .... do .......... . 
-21.50 -0. i5 -22. 25 .... do 
-21'!50 -1.20 -22. 70 .... do 

-22. 50 -0.37 -22. 87 .... do 
-21.50 -0.40 -21. 00 .•.. do 

-22. 00 -0.35 ... do ............ . 

-20. 50 -0. 40 -20. 00 .. do. 

-20. 83 -0.35 -~1.18 .... tlo 

-21. 75 -0. 40 -22. 1~) - . ~fo . 

-22. 50 -0. 4-0 -22. 90 . . .. do ............ . 

-19. 83 -0. 40 ' -20. 23 ... do 

-21. 00 -0. 40 -21. 40 .... do 

-21. 50 -0.40 -~1. 90 1 •••• do. 
-21. 50 -0. 30 -21. f'<) 

-19.60 : ...... : 

-19. 50 1 .. ··--··' ......... . 

-rn. os -o. 5o '. -16. ss 
I 

-18. 83 -0. 5(1 i -19. 3:1 

+ 1.76 +0.25 

+l.R6 +l.46: 
- 0.40: +l.46' 

+ o. 02 ' +o. 20 

+ 0.12' +0.25 

- 1. 58 +lAS 
-j- 1.05 ! +0.25 

+ 0.92 +0.22 

+ 2. 01 

+ 3. 32 

+ 1.\16 

+ 0.22 

+ 0. 37 

-<1.12 

+ t. ~o 

+ l.14 

.•• d<> ..... 

Yancouver 
.... do ...... . 

Pope ........... . 
•••. <lo ..••..•....•• 

- l.f>8 +3.30 + 1.12. BoyP 

- 2. 17 +a. 23 + 1. 06 

- 4. 58(1) +a. so - 1. 28 

+ 2. 86 +o. 73 " + 3. a9 

.•.• do_ 
do_ 

Hil11ard. 
+ 2.25 +0.19 + 2. 44 Smith. 

- 6.35 +o. 20 

- 8.63 +0.47 

- 9. 76 · +o. 40 

- 6.72 

- 8.41 

- 5.25 :. 

- 5.52' 

- 6.15 

- 8.16 

- 9.36 

- 6.12 

- 6.76 

Roust.on 
D0<l11e .. 

- 3.5.1 .......... . 

- 3.80 Dod11e .••.... 

M8. 
MS. 

MS. 

MS. 
M8. 

MS. 
MS. 

.MS. 

Ml'. 
.MS. 

MS. 

MS. 
MS. 
MS. 

MS. 
MS. 

MS. 

MS . 

MS . 
MS. 

M'5. 
MS. 
Yo)·age of disc .. 1798. 

do. 
Sn.mt··s :Mag. Var., 1878. 

do, 

Ho>·p's 1\lap tlf Va .. 1859. 

do. 

do. 

Nat. Ac:llrl. s ... 
MS. 

Ch, of Eni:'s Rep., 1878. 

MS. 

Sur. ofN. & N. W. Lakes.1'18. 
do. 

- 5.25, 

+0.6{1 i 

+1. 65 

+l.72 
+1. 72 
+LB5: 

+2.16. 

-3.llO: .... do............. do. 

- S.82' - I). 66 Long's Exp'u ..... Sill . .Tour., 18.'IS. Fort Crawford ....•.....•......... 

South point Madeline hland ..... 

43 03 

42 37 

43 « 
44 33 

42 44 

43 03 

48 4:5 90 55 1824. 5 , - 9. so Baylleld . . . . . . . . . . Phil. Tran•. Roy. Soc •. 1872. 
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Station. 

WJSCONSIS", PART 2-Contiuued. 

Tront 1!ronk 

P1nish ..... . 

Hlue Mournl 

Camphell ·----· ..... . 
Mineral Point ........... . 

Long Tail Point Light ........ . 

W!r:"OMINt~ TRRRlTORY, PAH.T 1. 

4:? 59 

4~ 58 

4:1 01 

43 01 

42 51 

44 36 

A 

9(> 45 

90 10 

89 38 

gg 26 

8fJ !18 

87 54 

1839. R2 

1839. 82 

1839. s::: 
1&19. 84 

1839 84 

1!45. ;) 

D AD 

- 9.oo +2.rn 

- 8. 9'2 +2. 19 

-8.ti3'+2.19 

- 8. 6i +2. HI 

- 8.67 +2.19 

- 6. 42 "2. 50 

Sbennan 
(_;heyenne 

Laramie 

41 os to5 24 is12. so -15. 88 +o. 31 

Rock Creek ............. • .. . 
Fort F. Steele 

Crest-On ..... . 
Point of' H.oeks ............ . 

Green Rin~r ............. . 

Ca.rter 
Northeast t·orner W Joruing Ter­

ritory. 

41 08 104 49 

41 19 105 36 

41 50 106 05 

41 47 106 57 

41 48 107 57 

41 4H 108 58 
41 32 109 29 

41 36 110 26 

45 oo 104 o:i 

Littlf' Missouri Riv,·r ~tation.... 45 00 104 2:"1 

Mile PoRtR 28:1-284.. 4i\ 00 105 20 

Milt· Polit 185 . 4:; 00 107 ~l 

Mile l'oKt 4~.. . .. . . . .. . . . . 4'> OU 110 12 

WYOMING T~]Kll!TORY, ]'ART 2. 

:Deer Creek . 
Bad Water River ... 

Popo Agie Hiver 

\\."'"ind River ........•.•......•.•.. 

Pasa iw Pa.a ......... . 
Camp Aspen l:ln1 ... 

:Mouth of "Piney Caf1011. 

Teton Catton 

Bechkr'R l"ork 

l.owt•r Gey8~r Basin 
Dppt"I' Geysei· Ba~in 

Shoshone Lake ..... . 
Lewis Fork .••......... 

Mouth of Lf~wi~ Furk ........... . 
.Beula Lake ..•.•...... 

Camp 42, foot of Jaekson Lake .. 
East Foot of Tf'ton~ ..... . 

Camp 44 ............ . 
8na.ke H.h·t11· ..•............ 

Bear River .................. . 
Smok~· Cr~k .... . 

Chugwater Creek ........... . 
Chngsprings ............... . 

La.Def' Cr('flk ............ . 

South Cheyenn<' Rit'er ... . 

lie11ver Cr(•ek Ya1ley ... . 
Redwater Creek .......... . 

<Tilli&R Creek .•..•..••..•. 

Helle Fourche Ri,·er 

Aswafo ....•.....•..•.•.. 
A Rmall brook ... . 

Fort McKinnev ................. . 
Southe ... t baae Laramie Pe1tk 
Fort Laramie ........•... 

106 33 

43 19 lOf• 52 

43 os 107 5:> 

4:1 00 108 28 

43 :12 HO 00 

43 :m 110 23 

42 30 108 58 

42 32 10\1 58 

4:1 46 Ill 00 

44 11 110 58 

H :H 110 :io 
H 2>< 110 31J 

44 21 llU 40 

44 14 110 33 

44 118 110 40 

44 09 110 44 

43 >2 110 41 

43 47 110 4:l 

43 40 ]JO 4il 

43 3~ 110 49 

41 54 111 00 
42 47 111 04 

41 45 104 50 

41 59 104 51 

4a 19 104 20 

4:l :1:1 104 09 

43 53 104 06 

44 32 104 06 

44 27 104 36 

44 II 105 O.? 
4a 51 105 3i 

43 39 105 52 

43 47 1G6 15 

42 15 195 23 
42 12 104 34 

1878. 70 

1878. 73 

1878. 73 

1878. 74 

1878. 75 

1878. 76 

1878. 77 

1878. 78 

1882. 4;, 

1882. 4!.I 

1882. 51 

188~. f.4 

IH8~. li3 

1859. 5 

1859. 5 

1860. 5 

1860. :, 

1860. 5 

1860. 5 

1858. 47 

1858. 56 

187:!. 56 

1~72. sn 
187:!. 62 

1872.6:1 

1872. 68 
1872. 70 

187~. 71 

1872. 71 
187Z. 73 

-15. 34 

-15.12 

-15. 76 

-16.17 

-rn. 06 

-16. 30 
-1(). 77 

-17. JO 

-15. (Ji; 

+O.Ui 

+0.15 

+o.1r. 
+0.1;.' 

+0.14 

i;.O 14 

fo. rn 
·+-0.J:l 

+o. 06 

-WI. 10 +o. 06 

-16. g2 +o. 06 

-17. UG -t 0. Ofi 

-19. 52 +<I. 05 

-16.fi3 +o. 30 

-lti. 3i< +6. 35 

·-rn. oo +o. 20 

-15. 20 +o. lil 
-19 .. so o. 00 

--20. 75 0. 00 

-16. 10 +o. 15 

-17.8H 0.(10 

-17. !12 +o. 15 

-18. 25 +0.1.; 

-lH.48 i +0.18 

-18. 48 +o. ls 

-18. 2,; +o. 17 
-18. 22 +o. 1s 

-18. n +o.17 

-lR 92 +o. 17 

-17. 9a +o. 17 

1872. 74 -17. 70 +o. 11 

1872. 74 -11. &i +o. 11 

187:..?.75 -17.67 +0.17 

1877. 5 -18. 22 +o. 15 
1877. 5 

1877. 5.1 
1877. fi3 

1877. 5H 

1877. 60 

1877. 60 

1877. t~l 

1877. 64 

1877. 64 

1877. 64 

1877. 6.'i 

1877. 66 

1877. 72 
1877. 73 

-18 42 

-15. 31 

-15. 44 

-15. ~4 

-15.67 

-15. 87 

-Ii>. 67 

-16.19 

-16.15 
-16. 33 

-16. 72 
-17. 01 

-16. 71 
-1~. 41 

+0.15 

+0.18 

+0.18 

+o.1s 
+0.18 

+0.18 
+O. lR 

+0.18 

+0.17 

+0.17 
+0.16 
+0.16 

+0.17 ' 

+0.18 

Dul8s.u Observer. 

- 6. 81 Surveyors 

- 6.n .... do ........... . 
- 6.44 do ............ . 

- 6. 4fi ' .Locke, Survesors 
- 6. 48 Su1·veyorH .. _ .. __ . 

- ~. 92 Chart ..... 

-15.57 
-15.19 
-14.97 

-15.61 

-16. 02 

-15.92 

-16.16 

-16.64 

-16.97 
-15.50 

-16.13 

-16.86 

--17.91 

-HJ. 47 

-16. 23 

-16.03 

-15.80 

-15.05 

-19. 50 

-20. 75 
--]6.55 

Reference. 

Locke's Min.Lands., Ex.Tine .. 

1839-'40. 

do. 
do. 

do. 
do. 

U. S. Lake Snr. 

Missouri autl 

E:tp'n. MS. 

do. 

do. 

do. 

do. 
clo. 

MH. 

Yellowstoue 

-·17. 88 ... du ............ .' MS. 

-17. 77 Hay<len. . . . . . . . ' 6th Ann. Rep. Geol. Snr. 

-lR 10 .. do ....... -···· 

-18.30 do ........... . 

-18. 30 .... du .....•....... 

-·18, 08 ... t!u 

-18. 04 ... do ............ , 
-17.96 ... do ............ . 

-lR. 75 .... do . 
-17.76 ....• 10 ·-·"·, 
... 11. 53 .... do .........•... 

Ten"~. 

do . 

do. 

do. 

do. 

do. 
do. 

do. 
do. 
do. 

-17.46 .... do.............. do. 

-11. 50 .... <lo ...••••..•••• , do. 

-18. 07 Tillman ......... ·I Ch. of Eng.'• Rop., 1878. 
-18. 27 .... do ............ .; 

-15.13 Stanton .......... ! 

::: ~~ ::::::::::::1 -15.26 

-15.06 

-15.49 .. "do ............. : 
-15.69 .. do ............ , 
-15.49 ' ... do. 
-16.01 .... do ............ .. 

-15.98, ... do ............ . 
-16.16 .... do ............ .. 

-16. 56 ..... do .......•...•. · 
-16.85 i .... do .......•...•. ' 

-16. 541 .... do ....•...... ·I 
-15. 2a : •.. do ............. · 

do. 
do. 

do. 
do. 

<lo. 
do. 
do. 
do. 

do. 
do. 

do. 
do. 

do. 
do. 
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Swtion. 

\VYOMJ:SG TERRITORY, PAH.'I 2-

Continued, 

La. l!onte River ..... _ 
We~t of Deer Creek ......... -- .. . 

Greasewood Creek ............. _ 
8we~twa ie1· River .. - ....... . 

do ................. . 

Little 8andy Creek ........ . 
Fort Bridger ............... . 
Tongue RiTtW .......••....... 

Hot Springs, 'Vhite Mountain!~ .. 
Yellowstone Falls .............. . 

Lower Ge)'a~r B.~sin - .......... .. 

CANADA, EABT OF LO!IG. 90°, 

P . .un 1. 

Quebec ............... . 

Montreal .... .. 
Chameook. N. B ........... . 

Halifax, l'I . S .......... .. 
Michipicoten .. _ ... . 
Foot of Long PortHge ........... . 
Big Stony Portage ..... .. 

Sandy Beach ................... - . 
Fairy Point ................ --
Missinaibi ..................... .. 
Twin Portage ..... -

Ket.tie Po1t1>go ................. .. 
Near Cedar Island .....•........ 

M008e River, near 1''alling Brook. 
Moose Factury· ................. . 

Gypsum Bed8 .................. .. 
Long Grave1 Bet\ .... . 

1'1tore House Porta.ze ....•........ 
Albany Rapids 

Moosti River. . _ ... _ . _. _ ......... . 

~aint Paul'• Rapid• ....... _._ .. .. 

Foot of Swampy Ground• Port· 
age 

Sidne,v, Cape Br!lton ............ . 
Arichat, Isle Madame 

Yarmouth, N.S ................ .. 
Weymouth, N. S ... .. 
Annapolis, N. S ............... .. 
Wlndsol', N. S .................. . 

CANADA, EA!IT OF Lmrn. ooo, ; 

PART 2. 

42 35 105 2'2 

o1-2 r,3 1ori m 
4~ 40 107 07 
42 3H 107 2.:> 

42 30 108 35 

4~ 15 10!) 40 

41 2U ll!I 24 

44 r,:i 
44 5" 

44 44 

14 34 

107 H 

llO 43 

110 34 

110 55 

rn 4~ 71 14 

4;; ao 10 35 

45 o~ 6i o:> 
4440 6335 

47 56 84 51 

47 5:> R4 4;; 

48 14 • 84 15 

48 l~ i 84 01 
48 21 . 83 44 

4829, 8328 
49 12 ' 

49 47 

50 21 

50 36 

51 15 

50 50 

50 H 

50 04 

49 22 

49 08 

48 50 

48 42 

46 09 

45 30 

43 50 

44 24 

44 44 

~rn oo 

83 24 

83 16 
82 42 

82 07 

80 40 

81 15 

81 48 

83 16 

83 BO 

83 22 

83 24 
83 24 

60 12 
61 01 

611 07 

6tl 00 

65 31 

64 08 

Terre Platt<> ............ : ... .. .. ! 48 40 87 45 

81 54 

80 06 

79 23 

81 42 

Rondeau Light ............. .. 
Long Point Light .......... .. 

Toronw Ma!l;Iletic Observatory 
CoYe Island, entranc~ to Geor-

gian :Bay. 

42 16 

42 33 

43 39 

45 19 

1R5K 8 

1fi5~. r; 

18.58. i' 

1B5B. 8 

18!\>I. 8 

185~. 8 

lX58. 9 

185\). ::i 

1872. 57 

1872. 58 

1872. 62 

1879. 72 

1879. 7:J 

1859. 79 

1879. 69 

1880. 62 

188-0. 6~ 

1B80. 57 

1880. 57 

1880. 58 

1880, 5M 

1880. 59 

188~. 60 

1880. 63 

1880. 61 

1880. 63 

1880. 6[• 

lAAO. 65 

1880. 66 

1880. 67 

l8i'O. 67 

1880. 68 

1880. 68 

1881. 81 

188!. 82 

l&n. 85 

1881. 86 

1881. 87 

1881. 89 

1843. 5 

1845. 5 

1845.U 

1880. 80 

1860. 5 

NortheastBoundary,elaiwedbe· 48 00 i 67 47 1838.5 
fore 1842, 

Goderich ..... _ ........... _ ...... 1 4.~ 44 

Drummond Islam! .. .. .. .. ..... : 
Charlotte Town ... _ .............. ' 

Miramlchi, .Vm Island .......... . 
Black Rock, Dear Light ........ . 
Shelburn Light...... . _ ... -· .. . 

Nel(l'O Harbor .................. . 

45 56 

46 14 

47 06 
45 10 

43 27 

43 33 

81 43 

83 42 

63 27 

65 04 

61 16 

6.~ 16 

1860. 5 

1859. 5 

1862. 41 

18S7. 4 

1800. 5 

1659.5 

65 25 : 1859. 5 

D AD 

-15. 38* +u. 35 I 

-lo. 47' +o. :J5 
-17. 40' _, o. 25 

-rn. 68" +o. 25 

-16. 9W +ll.15 

~17. 7~1* +''· o.~ 
-16. 62' -0. HI 

-18.r,u 
-19. 28 

-19. 00 

-18. 48 

+0.2~ 

+0.11 
-! 0. li 

+o. l'i' 

~ 17. 2~~ -rO. 17 

1 13. 68 " 0. 42 

\17.60 +l.33 

+zo. n --0. 22 

+ L :14 

+ :i. 2:; +o. 96 

+ 4.:!0 +0.97 

-1- J. :~2 +o. 97 

+ :i. 37 +o. 97 

+ 2. 35 +o. 96 

+ 4 97 +o. 90 

+ 4. w +o. 87 

..;.. 5.24 +0.82 

- 7.95 +o.so 
-r-15. 46 1 +o. 75 

+ 9.88 

+ 8.03 

+ 4.91 

+ 4.18 

i· 4. 34 

+ 4.17 
+ o. 21 

+0.80 

+0.80 

+o.S5 
+u.9o 
+0.90 

+0.93 

+o.9~ 

+ 25. 20 --0. l~ 

+23. 43 . -0.16 

+11. 82 : +o. 06 
+18. 72 ; +0.06 

+19. 45 : -j-0. 06 

+20. 70 ' o. 00 

- 5.67 

-1.07 

+ 0.92 

+ 3. 6S 

+ 3.80 

+6. 20 

+2.17 

+2.Btl 

·······1 
+2.40 

+19. 20 +2. 89 

+ 1.70 

- 0. 2'J 

+23.32 

+21.40 

+18.7:l 
+17. 78 

+17. 33 

+2.25 

+1. 55 

+<l.40 
+o. 75 

+o. 02 

+0.62 

()bsel"Vt'r. RP.feren~e. 

-15. 03 Simpson . . . Stont•Fl ~la~. Var .. 187R 
-15.12 ... do do. 

-17. 15 do do. 

-16. 4:-1 .. do do. 

-16.7R .... <lo............ do. 

-17. 6~ do do. 

-16. 7~ .... do .. .. .. .. .. .. do. 

-lt-:i.25 

-Hl.11 

-IKB:! 

-18. ;n 

+17. 40 

-i-14. Jll 

+18. 93 

t-20. 50 

+ ~. 29 

+ 4. rn 
+ o.17 

+ 2. 29 

J.. 4. 34 

-t- a. 31 

+ 5. 87 

+ ;,.12 

+ 6.0fl 

+ K 75 

+16. 21 

+JO. 68 
+ X.83 

+ 5. 76 

+ 5. 08 

+ 5. 24 

+ a.10 

+ 1.14 

+25. 02 

+2.~. 27 

+17.88 

+18. 78 

+rn. 51 

+20. 70 

Hayden 
___ do 

... llu 

l-fS. by Ra.n1olds. 

Geol. Sur., titb Ann. Rc111. 

do. 

do. 

+ 0. 53 Lefroy ....... _.... Tra.ns. Roy. Soc., 187:.!. 

+ l.10 Chart...... U. K Lake Sur. 
+ 3. 78 ... do _.. . olo. 

+ 3.88 

+ 6. 20 Sur. of Lakes, MS. 

+22.07 Marine State Sur- Sill. Jour, 1840. 
vey. 

. + 3.95 ... . ... ..... Snr. of Lake•. '1118. 
+ 1.33 ....... ..... do. 
+23.17 Orlel1ar. MS. 
+21.SO ___ do ............. MS. 

+19.48 Shortland. MS. 

+18.40 .. do..... MS. 

+17.95 .... do ........... :MS. 

•An index correction of-! 3° was applied to Simpson'• obaervationa. 
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Station. 

CAWADA. E.AST OF LONG. ooo, 
PAH.T 2-Contiuued. 

Niiow Rrnnswick,or.Mispeck .. . 
Tip Top ...................... .. 

Point Yeo ....................... . 

Two MileR abovP 0,1?1lenslmrg .. 
Chester Harbor ..... . 

Cape8ahle ..................... . 
Richmond .Junction ............. . 

Be41anconr ....•................. 
R.aint Thoma.H ............... . 

Riviere au Lou1> t'Il has ..... . 
Penetangushene 

Treru bling Portage ......... . 
Halting Place .............. . 

do ........................ . 

~:ll:o~t:;:!!~ -. -......... : : : : : : : I 
Dog Lake i 

45 12 

48 l" 
44 UH 
44 44 

44 36 . 

43 20 

45 41 

46 22 

46 59 

47 51 

44 49 

48 31 
48 55 

48 45 

47 r.s 
48 :19 

48 47 

66 00 
86 07 

76 30 

7fl :12 
64 lfJ 

60 30 

72 03 

1859. 5 
1871. ()5 

1818. 5 

1818.;; 

1775. 5 

182~. 5 

1876. 63 

71 3:1 1876. 63 

iO 23 1876. 6;) 

69 25 1876. 66 

80 01 1848. 5 

9\1 00 ' 1857. 5 

89 54 1857. 5 

89 53 . 1857. 5 

89 49 1824 . .; 

89 40 !843. 5 

89 40 1843. 5 

Fm1, William . . . I 48 24 89 2:-1 

Little Tront Hive1·. . . . . . . . • • . ._ 1 47 09 8~ 54 

1844. 5 

1824." 
1824. 5 

1824. 5 

1824. b 

1844. 5 
1824. 5 

1844. 5 

1824. 5 

IRie Royale . _. _. . . .. . . . . . . . . 48 07 88 49 

Isle 8aint Ignace ... - . .. . . . 48 45 88 02 

Poiut on Shore .............. - .... , 48 44 87 00 

Fort Pie......................... 48 3~ 86 39 

l'enin•uh1rHarbor....... ... ' 48 44 8tl 28 
I 

White River. . . . . . . . . . . . . . . . . .. i 48 33 86 27 
OtterHead ...................... 4t<05' 861U 

Le Petit Mort ............ . 47 5B 85 49 1843. 5 
N<>ar Chicnnt' River ... __ - ..... . 

Gargantua .. - .............. -..•.. 
47 52 1843. 5 

1824. 5 

D 

+18. 27 
- 0.05 

-"" 2.50 

+ il.50 

+13. 50 

+12. 00 

+16. 99 

+15. 72 

-+ 17. 84 

+20. 65 

+ 1.47 

- 6.35' 

- 9.08 

- 8.90 
-11. 00 
- 5.55 

- 6.43 
- 6.35 

- 9.20 

- 9.65 

- 8.25 

- 7.70 

- 5.52 

- 6. 33 

- 2.17 

-- 3.12 

- 4.98 

aD .. D1SM.11 I Observe. r. 
-- , ____ -----~-

,: I 

Ref-erence. 

+l.21 

+2.77 

+s.so 
+6.25 
-j6. 50 

+2. 50 

+0.44 

+0.20 

+0.20 
+0.20 

+3.4-8 

+6.85 

+6.14 

+l~. 48 ! Sbortland 
+ 2. 72 I Orlebar. 

I 
-t·· 8. 00 f Owen 

+ 9. 75 i .... do ............ . 

+20. 00 ! l)es BarreH ... . 

+ 14. 50 Cart. tlu Depot ... 

+17. 48 Hilgard_. 

-tl5. 92 ... du 

+18.04 ... tlo ......... . 
+20.85 .... du ............ . 

+ 4. 95 Typer .. 

MS. 
MS. 
2:MAnn. Rep. Ht>gentR, J\. Y. 

do. 
Atlantic Neptune. 

Becquertit's 'l'rait6 <lu Mag. 

' Nat. Acarl. Se. 
·do. 

do. 
do. 

Phil. Trans. Roy. :Wc., 1872. 
Palliser. .... _. . . . . do. 

... do............ do. 

.... do............ do, 

Bayfield . .. . . . . . . . do. 
Lefro;\" ........... . 

.. do ..... . 

do. 

do. 
.. do. do. 

Bayfield .......... : t!o. 
... do ...... ...... do. 

... do............. do. 

.... do ............. , 

J,efroy .••......... 
1 

+ 0.52 Bayfiel<l ••••••.•. 

+ 3. 97 Lefroy ............ , 

do . 

do. 

tlo. 

do. 
+6. 85 + J. 73 Bayfield .... -·.... do. 

+6.20 1 + J.22 Lefroy ............ ' do. 
- 2. 37 +6. 20 + 3. 83 : .... do ........... . 

- 4.10 ! +5.35 + J.25 'Bayfield ......... .-
Point au Crfipe ....... . 

Montr<'al lHland . . . . .. .......... 

1 

47 35 

46 58 

47 19 
46 29 

46 32 

46 04 

46 20 

46 20 

46 16 

46 08 

46 11 

85 24 

85 11 

84 58 

84 52 

84 47 

84 20 
84 09 

84 07 

83 56 

83 31 

83 10 

83 03 

82 25 

81 54 

81 51 

81 49 
81 38 

81 35 

184:1. 5 - 2. 25 , +3. so 
1824. 5 ' - 3. 47 : +4. 60 

+ 1. 25 Lefroy ........... .-
+ 1.13 Bayfield . _ ...... ..: 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 
do. 

do. 

do. 

do. 
do. 

do. 
do. 

do. 
do. 

do. 
do. 

do. 
do. 

do. 
do. 

do. 
do. 

do. 
do. 
do. 
do. 

do. 

do. 

do. 
do. 

do. 

Point, lrnqnoi:;i .. _..... . ..... __ .. 

Head of La'kt~ Ge(•t'A'.P ..... . 

Saint Joseph's Islam!. .. . 

Portlock Harbor 
Boar :E11oampmcnt .. . 

TeKsalon Point ............ . 
Misse8auga ................ -

Cran he.rry Ray. . . . . .. 
Fort La. Clocht' . . . . . . . . 46 07 

1824. 5 

1825. 5 

1822. 5 

1822.; 

1845. 5 

1843. 5 
1843. 5 

1845. 5 

1843. 5 

1821. 5 

1821. 5 

1821. 5 
1821. 5 

1821. 5 
1843. 5 

1821. 5 
1819. 5 

1819. 5 

182L5 
18'Jl. 5 

Manitoulin IRiand. . . . . . . .. . 45 28 

Cape Hurd ........... - . • . . . . .. . 45 14 

Ratt.lesnakt• Harbor . . . . 45 32 
?oint on Shore. . . . . . . . . . . . . 45 57 

Half Moon Island._._....... 45 27 
Lake Huron ............ . 

White Shingle Bank ....... . 

Cabot's Head . . • . .. 
Chin Cape ..................... .. 

Islet off G1·ondine Point ......... -

Isl<>t off Renner Inlet . 
Islet off Frank !in Inlet ......... . 

Western Isles ........ - ......... . 
Portage du Grandvase ..... _. _ .. 

Roche Capitaine . 
Fort Portage .... 

Point Aylmer .. 

A lfted Township 
Point aux CMnes. .. _ ... _ .... . 

Carillon ......................... . 

River La Graise .......... _ .... .. 

45 57 81 32 

45 37 . 81 31 

45 15 ' 81 26 
45 07 81 25 

45 54 81 15 

45 51 80 53 

45 33 80 38 . 1821. 5 

4:; u;; 80 25 1820. 5 

«I 19 79 07 ' 1843. 5 
46 15 78 20 1843. 5 

45 36 i 76 53 1843. 5 
45 29 ' 75 48 1843. 5 

45 37 75 12 1843. 5 

45 37 74 55 1843. 5 

45 36 74 32 1843. 5 

45 36 74 22 1843. 5 

~· 3. 37 i +2. 35 

- 3.32' +2.35 
- 3.00 +2.32 

- 2. 85 : +2. 32 

- 1. 02 .... do ..•.......•.. 

- 0.97 .. do 
- 0.68 .... do ............. · 

- 0.53 .. do ........... . 
- 0.05 

+ 0. 52 

+ o. 92 
+ 0.42 

+2. 08 + 2. 03 Lefroy ...... ____ .. , 

+2.14 I + 2.66 .... do ............. 1 

+2.14 

+2.08 

·I 1.97; +2.14 

- 1. 22 +4.53 
- 0. 35 +4.53 

- 0.83 +4.53 
+ o. 52 . -+ 3. 45 

- o. 37 +3.45 
+ 0.63 

- 0.35 
+3.21 

+3.45 
- o. 40 i +3. 75 

- o. 65 +a. 75 i 
-+ o. 53 +3. 45 
-1.5.5 1-3.60 
- 0.67 

-1.42 

+3.75 

+3.90 

+ 3.06 .... do ---·--·----· 
+ 2.50: ... do ........... . 
+ 4.11 :' .•.. do ............ . 
+3.31 Bayfield ..•...•.... 

+ 4.18 ' .... do ............. · 

+ 3. 70 
+ 3.97 

+ 3.08 

.•.. do ....... ·---··i 
. do ............. . 

.. do·····--·-·-·" 
+ 3. 84 ·· Lefroy .. -· .. -· -- ... 
+ 3. 10 Bayfield .. 
+ 3.35 .... do ............ . 

+ 3.10 "···do ........... .. 

+ 3.98 j .... do ··--·-------· 
+ 2. 05 i .do ........... .. 

+ 3.08 1 •• <lo ............ . 

-t 2.48 'i··· do -·······-··--i 
+ 3.87 

+ 4.80 

+3. 24 + 7.11 I Lefroy ............ : 
+a.50 :' + 8.30 '. .. do ............ .' 

+ 5.18 +4.00 

T 6. 97 -t4. 23 

+ 6. 97 +4.ll3 

+ 7.47 +4.33' 

+ 9.18 .... do ............ . 
+lL 20 .... do ............ . 

+11.30 .... do ............ ' 

+11.80 : .... do ............. : 
+ 8.68 +4.33 +13.01 ' ... do 

+ B.43 +4.33" +12.76 ... do ........••••• i 
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Table of Magnetic Declinations, etc.-Continued. 

Station. D AD Observer. Reference. 

:---;-~-~,-~-·~--

CANADA, EAST OF LONG. 900, 

PART 2-Cuntinned. 
o ' I 0 0 

Isle de Grace .. . . . . .. . . . .. .. . . . . 46 06 73 07 : 1830. 5 +rn. 45 +s. 43 

+10. 5o +s. 43 
+11. 37 ' +4.12 
+11. 37 : +4. 47 

+11. 25 : +5. 37 

+ll. [>3 +4. 75 

+n. 97 +3. 95 
+ 12. 47 '; + 3. 95 . 

+12. 69 ' +4. 75 
+ 12. 45 +4. 75 
-tll.55 f3.26 

+12. 87 +4. 34 

+12.H 

0 

+.15.88 

+15. 93 

+ 15. 49 

Bayfield .......... Phil. Trans. Roy. Soc., 1872. 

Stone Tuland . . . .. . . . . .. . . . . .. . . . . 46 06 ' 73 02 1830. 5 
Sorel ............................. · 46 03 73 0-0 " 1842. 5 

SaintJohn's,near:Montreal. ..... 45 19 73 00 1842.5 
Isle La.ke Saint Peter............ 46 14 72 44. 1828. 5 

River Saint Maurice . . . . . . .. . . . . 46 21 72 43 ] 1835. 5 

Three Rivere .... ··--·· ... ..•. ... 46 19 72 36 ! 184::!. 5 

Drumondville ................... 45 53 i 72 34 I 1842.5 

Isle Bigot and River Champlain . 46 26 : 72 24 1835. 5 
Grondine .. .. . .. .. .. .. .. .. .. ... 46 34 72 24 1835. 5 

Sta.nstcad ·······················' 45 02 72 10 1845.5 
Platon Point ..................... , 46 40 71 54 1837.5 
Prospect Rill and Connecticut · 46 15 71 14 1845. 5 

River. 

HighlandBoundary ·············, 
.Arnold's River ................ _ 1 

De&dRiver ..................... 
1 

Highland Boundary .......... . 
do .................... .. 

i 
71 05 ! 1845. 5 

10 55 i 1845. 5 
70 48 :, 1845 5 

70 43 1845. 5 

70 37 i 1845. 5 

tl3. 33 +2. 63 

+13. 50 +2. 63 

+13.17 +2.63 

+ 13. i2 ,2. 63 
+l:l.62 

Crane Island .................. ·t 70 32 i 1831. 5 +14. 47 

70 28 1844. 5 1 +la. 83 

+2.63 :; 

+4. 50 i 
+2.72 

.. do ........... .. 

L<-froJ ........... . 

+lo.84 .... do. 

do. 

do. 
do. 

+16. 62 ... do do. 

+16.28 Bayfield.......... do. 

+15. 92 Lefroy.... . . .. . . . do. 

+16.42 ... do....... ..... do. 
+ 17. 44 Ba)·fieJd .. .. . . . do. 
+17.20 ... do............. do. 

P4. 81 Bound. Sur .. .. . . . do. 
+17. 21 ' Bayfield ... .• .. .. . do. 

+14. 77 . Bound. Sur....... do, 

+15.96 )---·do ............. · 
+16.13 [ .... do . 
+15.80 : .... do ............ . 

+16.05 i---.do ............. ' 
+16.25 ~ .... do ............. 1 

+ 16. 55 · B<>und. Sur .. . . . Highland Boundary ..........••• ·I 
Isle aux Coudres ................. 1 

45 18 

45 20 
45 26 

45 31 

45 37 

47 O!i 

45 42 

47 25 

47 12 

48 09 

47 53 

47 51 
48 13 

48 37 

70 26 

70 22 

69 44 

69 42 

69 35 

+18. 97 ;; Bayfield .......... 

1

i 

1831.5 1 +15.28 +4.50" +19.78 ', Bavfield ........ .1 

:::·~: :::::::::::::! 

do. 

do. 
de. 
do. 
do. 
do. 
do. 

do. 
do. 
do. 
do. 

do. 
do. 
do. 

do. 

do. 
do. 
do. 
do. 

do. 
do. 

Stone Pillar ...................... I 
Tadousae ........................ 

1 Brandy Pot Island. . ........... . 
Riviere du Loup ................. ! 
Razade Inlet .................... i 
Port Neuf ................... . 

:~~!::::~~~~·::::::::::::::::::] : !! 
Saint Nichohi.s Harbor ...•..•.••• ', 49 19 
PointdoMontti .................. : 49 19 
Egg Island ...................... ! 49 38 
CapeChatte .................... 

1 
49 06 

Dalhousie Island .............. --[ 48 04 
Carleton Point ................... 1 48 05 

Mount Lewis River ............. 1 49 15 

Passeblac ....... '. ................ i 48 01 

Cape Ipperwash . . .. . . . .. ....... [ u 13 
C&re.quettalsland ............... [ 47 50 
RichlbuotoRiver ................ · 46 43 

Point Maquoreau ................ i 48 12 

Shipfrigau Harbor ............... I 47 45 

Misoou Harbor .................. ! 48 01 

Gaspe Basin ..•.•.•.•.•.•.....•.. j 48 50 
C&pe Henry, .A.nticoatl ........... J 49 48 
Shediacleland ................... i 4615 
Caecumpeque ................... [ 46 48 

Cape Tormentine ................ 1 46 10 
Badoque Rarbor ................. 1 46 24 

Carleton Head ................... ; 46 15 

Richmond Bay. ···············--i 46 34 
l'ugwash Harbor ............... --1 45 5il 
WaUaceHarbor ................. ; 45 49 
Cape Turner .................... ! 46 30 
Pietou Harbor ................... i 45 42 

Gwrgetown. ················---·i (611 
Meriglltllioh llarbor ............. J 45 38 
AmheratHarbor ................. ! 47 15 
East Poin• • -tiA~ti i •n 08 

., A.a -D ••••••·•••••1 .... 
Bryon Island ..•.•.•.•••••.•...••• 

1 

47 48 
hie lladamo. . • •• •• ••. • •• • ••• •• •• 45 86 
Cape :Breton .... : ••.••••••••••••• I 4.11 17 

S.Ex.17-41 

1831. 5 
1829. 5 

1836. 5 

1831.5 

69 09 ' 1829. 5 

69 07 I 1831. 5 

68 49 1830. 5 

68 38 

67 48 

67 23 

67 11 
66 46 

66 23 

66 08 

ft5 45 

65 35 

82 00 

64 53 

64 49 

64 47 

64 43 

64 30 
64 30 

64 24 
64 23 

64 03 
63 50 

63 48 

63 43 

63 48 
63 41 

63 2G 

63 20 

62 40 

62 83 
62 2'1 
61 50 

81 42 

61 211 
GO ff 
60 28 

1831. 5 

1830. 5 

1830. 5 

1832. 5 
1830. 5 
l8a·1. 5 

1838. 5 

1828. 5 

1838. 5 

1860. 35 
1838. 5 

1839. 5 

1837. 5 

1838. 5 

1838.5 

1846. 0 
1830. 0 

1839. 5 
1845. 5 

1840.5 
184L5 

1840. 5 
1845. 5 

1840. 5 
1840. 5 

1845. 5 

1841. 5 

1843. 5 
1842.5 
1833. 5 
1830. li 
1836.5 

11148. 5 
18(8. 5 

+14.82 

+17. 58 

+17.42 

+17. 60 

+17.5> 

+17.60 
+17. 48 

+18.80 
+19.95 
+20.22 

-+4. 50 i 
I 

+4.00 I 
'i +3. 50 i: 

+3. 75 i 
+3. 75 ,; +21. 32 
+a. 6ll :, +21. 20 

+3. 50 i! +20. 98 

---···-ii-··· 
·--·--·-::-----·--

... do ............. j 
•.. Uo ..•.•••.••••• 

1 
... do 

. .. :: :·:::::::::::1 
... do ..•..••.••..• \ 
... do. _. _ .....•.. ~ 

I 
.... do ............. · 

+21.58 ..... 'i···--···-- ... do ............ i 
+21.45 ·····---!/ ......... ii ... do ............ . 
+20.25 ...... !I ......... :: .... do. 

:~:: :::::Ji::::::_::.:::::!:.:::::::::::: ::: 
- 0.06 +2. 25 I: + 2.19 , Smith ............ Rep. U.S. Lake Snr., 181!2. 
+21. 50 ....... 

1
!.. .. . . Bayfield . . . . •• . . .. Phil. Trans. Roy. Soo., 1872. 

+19.&~ +2.75 ii +22.58 i' ... do. ..... do. 
I, ' 

+22.00 ....... h .......... !1··--do ............ do. 

+21.721···--··l--··--·--;,\---do ....... do. 
+20.l>!l 1 ........ j! --·······i\ .... do ............. 

1
• do. 

+22.82 ---····-.!······ .. W ... do ............. , do. 

+24.37 .... -··I\ --··--···i1·---do ............. 1 do. 
+lD.98. +2.60 ; +22.58 lj-···do ............. 1 do. 
+21.17: +l.65 ,! +22.82 i .... do ............ : do. 

+20.00 i +2.3811 +22.38 i/.--·do ............ ;
1 

do. 
+20.2() +2. 22 ,I +22.42 )\ .... do....... do. 

+20.30 +2.38 '\ +22.68 :\ .... do....... , do. 

+21.00 +l.66 .i +2Z.66 !i ... do ....... -····: do. 
+19.67 +2.38: +22.05 !j ... do ........... : do. 

:~::: :::: :1 ::::ii::::::.:::::: ::::: 1 

::: 

+20. 32 +a. oo ;! +22. 32 ii ... do ............. i do. 

+21.97 +l.70 \\ +2'1.67 !j __ do ............. ! do. 
+20. 25 +l. 85 j +22.10 Ii. ... do .. .. .. • . .... • do. 

~~~ :.J::;· 111.·.::·.:··' ~ 
+23.'8 ••••.•. J ....... J .... do ............. do. 
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Station. 

CA:!fADA, EAi-IT OF Lo~rn. 90<\ 

PART ~-Continued. 

.Barne, La.kt• 8inw.o+' 

All1Jntlale .. ~ ... 

Cook1'tow11 

Table of Magnetw lJeelinations, ete.-Continued. 

0 , 

n 

1878. 53 I- 4. 72 

187U. 86 ' + 4. 80 

n•~o. oo + J. m; 

Observer. 

0 

+ 5. 12 Creswl.ck ........ 1 MS. 
+ 5. 08 .... do . . . . . . . . . . . . . MS. 

-- do ........... . M8. 

Reference. 

Gou!ais J)oint 

Sllndy Isl•ncl 

Waverl<')' .... 

44 21 

44 20 

44 OR 

4C 4~ 

46 ·if• 

44 47 

44 42 

4~ 45 

79 37 

7!) 41 

79 8'i 

R4 33 

R4 '.JR 

fi:: :~o 

1868. 5 

186K6 

1881. n 
1"81. 5 

18H.o 

+ 0.38 

+ 0. 25 

+21. 02 

+n. 2s 
- I.OU 

+0.40 :. 

+o. 2s 11 

+-D. ~6 

+l.Uti 

+l. 06 

~ #. 32 

+ 1.44 

+ J.31 

Chart ...... _ 
.... do ...... . 

U.S. Lnke 8ur., 1872. 
do. 

l .. awrAneetOWH 

IlPigM of land nortlt flf Lakr S1t­

verior. 

Kingsto1.1 ---·-· -----· ·---· -----· 

BRITISH P0f:l8E88IONl"i, \'YEr.T 0F 

LONG. goc. PART L 

iG 35 1840. 5 + 4. 00 

0. OD 

0. 00 

+2.18 

+3.65 

+21.02 Dawson---- ...... MS. 

+21. 25 - -- .do . MS. 

+ 1.18 Austin ........... MS. 

+ 7.65 Phil. Trans. Ito)« Soc., 1849. 

Waddingt•n Ifarhor. llntk Inl<'I. fiO -14 124 r.o 1881. 58 -25. 37 +v. 02 -2.5 .• '15 I 

Anchor tµ;f'! Cove, l~. C .... ;,o :i:1 1;~ti 12 1881. 59 -2!i. 11 +o. 02 -25.69 . 

Nortu Harbor. B. C . . 50 2!1 12K 04 1801. 73 -24. 90 +o. 01 -24. 89 

Prit>ndly Co-r-c, Nootka kound. 49 :16 l:JJ :r;. 1R81. 74 -28. (ft> -23.59 

VancouYer Island. 
Eequtma.lt, "Va.t\Nq1Vf'l' r~land ... 

lJepartnre Bay. V anconver I slan<l 

JlRlT!BH POSBE8~!0N6. WlLl'T fW 

Lo:sG. 90C>. r Atrr 2. 

48 25 1~3 26 
49 1:1 123 .5i 

1881. 75 

1R81. 77 

Port.8anJna111 VancO\lYerl~laud 41"- 31 124 ao 1841.5 

is;,K '' 
1859.;; 

SLHUaas Prah-ie . 49 01 l:!:! 12 

F:chwdtza Lok(_...... 49 02 122 00 

On Ashtnolou lliYN 49 OR l~O 00 1860. 5 

1860. 5 

1860. 5 
.Ashtnolou Station 49 0(i 1~0 \)0 

Oso,pios Station ........ - ....... -- 49 00 119 24 

Im~hwnintnm ............. . 
\\.,_:~want River Station . - . _. 

A kamina Station ......... _ .. 

Station in._ .... 
do 

do 
do 

do 

HPcate B~y .... - - ... 

OnclnH·klin Harhor -
Rnre.lRy 8'mnd _ 
Narnaimo .......... . 
Whiffen ~pit __ __ 

Garry Point, Frnzf'.r River 

New Wetottmh1Hf.e-r ·----

Upper Tort Garry ... _. -- . __ 
Halt.ing Place ....... ___ . 

Lakf1 of th~ Woods ..... . 
Ra.iny Ri..-"r ......... __ .. 
Halting Place 
Fort Francis ......... _ 
Rainy Lake .•.... __ ._. 

Halting Plac., ......... . 

Stwond Portage ... . 
Lake a fa Croa•e 
Two River l'ortag<' , ......... _ ~ 

Perch I.Alm ................. . 
Savannah Porta~e ......... _ .. 
Kynumft Harbor __ -- __ . _ .... _ .. 
Safety Co...-., . . .. . ... __ ........ . 
'l'relldmill lfarhor ......... _ ..... . 

49 00 llH 28 1860. 5 

49 00 114 45 li<61. 5 

49 OJ 

50 55 

IH 04 

107 29 

40 32 115 35 

4Jl O:l 120 55 

4!l 05 121 (17 

49 01 m 45 

49 15 12!\ 56 

49 00 12', 00 

49 14 124 5-0 
J9 JO 124 I)() 

48 22 12:J 44 

4fl 07 12:1 11 

4~ 13 122 5.~ 

40 ;>:~ 97 02 

18-01. 5 

1860. 5 

1860. 5 

1860. 5 

1860. 5 

1860. 5 
1861. 5 

18()1.f> 

lll61 r, 
1862. ,, 

186-1.:; 

1864. 5 

1862. 5 

184a. s 
40 26 

49 28 

48 48 

4~ 5-0 

48 37 

48 32 

94 48 1857. 5 

94 42 1843. 5 

94 31 1843. 5 

93 /ill 1857. 5 

9:1 29 1857. 5 
92 56 ' 1843. :; 

4R 27 11'2 30 

4R 15 92 27 

48 24 . 92 10 
48 36 . 91 27 

48 35 l 91 12 

48 53 :I 90 08 

52 12 ! 128 12 
51 82 i 127 57 

51 06 . 127 34 

&la ""r Harbqr . . . . . . . . • . . . SQ 48 ; 127 Z5 

1857. 5 

1843. 5 
1843. 5 

1843. 5 

1857. 5 

1857. 5 

1866. 5 

1864. 5 

1864. 5 

1866. 5 

1863. 5 l'raooy Harbor -- ................. '1 W 51 I 124 53 

-~2. 98 0. 00 

-23. 93 ' +0. I)) 

-~::. 50 -0. 34 

-:!.l.50 

-21.62 

-22.00 
-~l.7.1 

-~2.23 

-20.28 

-23.eT 

-23. 20 
-24. 52 
-:!3.57 

-24. 32 
-22.;)8 

-22. 9"2 

-~~- 65 

-24. 22 

o. 00 

o. 00 

0. 00 
a.oo 
o. 00 

o. 00 

+o. rn 
+0.10 

+o. 30 

+o.w 
o. 00 

0. 00 

0.()() 

0. 00 

0.00' 

-~2.93 

-!l:t 92 

-22. 84 Chart _..... . . . . • • U. S. E:tpl. Exp'n. 
-21.50 Raig ............ Phil.Trans.Roy.So~.,lBM. 
-21. 02 .... do . . . .. • • . . . . . . do. 
-22.00 _do____ do . 

-22. 78 .••. do............. do. 

-22.23 

-20.is 

-23. 77 

.... do ---·----·-··:, 

..•. dO ·•··········•I 
do ____________ : 

do. 

do. 

do. 

-23.10 .... do .. ······-····/ do. 
-24. 22 ' Palli•er ___ . ____ .. 

1 
N. \'{_Hound. Com., MS. 

-28.47 Barris ............ : N. W. Bound. Com., chart. 
: 

-24. 3~ · .... do _ ---- .... __ .j do. 

-22.38 , ... do ........•. , .• \ do. 
-2Z. 92 .... do ............. / do. 
-22. 65 ! Richards. . . . . . . . . Tnins. Roy. soc., 1872. 

-24. 22 do . . do. 

-~4.62 0.00 -24.1!2 ( ... do ......•.••... do. 

-22.95 0.00' -22.95 ) .... do ........... . 

-20. 33 : o. oo -20. s.~ ! I l'endM _ ......... . 

-z·urr a.ao: -22.97 Cj- ... do ·---·--···--· 
-22. 67 : 0. 00 -22. 67 I Richard• _ ...... _. 

-16.00 .' .......... '\ Lefroy. ··-·-··--· 

-10.281. ········· 1'Palliser •.•.•..... 
-12.88 ! ...•.... Lefroy ···--··--· 

-13.12 \. ' .... do···-··-··--·· 

=1~::~ ·----·····1 Pa~iser .......... 
1

j 

=1~::: :::::·:::-1: -~:::~·_:_:_:_: ::::::! 
- 7.88 
-lL()(J 

- 8.23 

- 6.88 

-211.17; +o.w 

-10.25 

.•••••.••• lr•±Y•••••• 
il -26. 117 , r Pender .......... . 

-23. 63 +o. o5 2a. 58 ' d 

=24.081 ::::d: :::::::::::::1 -24.13 

-24-5(} 

-26.67 

+0.05 

+a.w /: 
+o. 00 Ii 

-24.46, ..•. do .....•••••••. 
-26.M I •••. do ••••••••.•••. 

do. 

do. 
,10. 

do. 

<lo. 
dQ. 
do. 

do. 

do. 

do. 
do. 

do . 

do. 

do. 
do. 

do. 

<lo. 

do. 
<lo. 
do. 

do. 
do. 
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N. Dt<utinck Anu ........... . 

St1nirrel Cove ............ __ .... . 
],ort. Assiniboine _ .. 

Haskatchewan River _ ........ _ 
Carlton Honse .............. . 

Table of Magnetic Declinations, etc.-Coutinued. 

126 48 J 864. ;; 

124 57 1864. 5 

114 28 : 1844." 

107 04 1844. 5 

106 13 1844. 5 

D 

0 

-24. 77 

-23. 93 

-~4. 05 

-25. 35 

-22. 92 

t>D D1fl85.o 

0 

-24. 72 

-23.91 

Ohser"er. 

Pemlt>r 

.... tlo 

J,,efro.\ ..... . 

... do ... . 

. ... do ... . 

Reference. 

Tn1,u~. Roy. Sue .. 1872. 

do . 
do. 

do . 

,iv. 

323 

Fort Pelly .................. . 
I ... akc Winnipeg .............. . 

do ....................... .. 

52 23 

50 08 

54 20 

52 23 

52 51 

51 45 

52 15 

51 45 
51 04 

51 36 

102 05 1836. 9 -17.00 

97 07 184:!. 5 -15.62 

96 53 1843. 5 -15.95 
.i ..... . 

... 1 ....... 

Simpson .. . 
Lefroy .... . 

. .. do 

Xarr. ofDh;coveries, etc, 

Tnrn~. Ro.'. Soc., 1872. 

do. 

do------·------------ ...... ' 
do ....................... .. 

do ...................... .. 

Fort Alexander .................. . 

Pinawa~ Portag<l ............... . 
Winnipeg River ............. .. 
N orthw.P.st Territory stations ... . 

do .............. . 
do 

du ......••..... 

do ....................... . 

do ...................... .. 

do ......................... 
1 

do ...................... .. 
tlo .................... .. 

do .............. .. 

do ................ . 

do ................. .. 
do 

Jasper Honse ........... .. 
North Thompson River ... . 

do .......... .. 
do 

do 

96 45 1843 .. 5 

96 42 1844. 0 

50 28 96 35 I 1857. 5 

50 37 9() 21 . 1844. 0 

5(1 12 . 96 03 j 1843. 5 

50 10 I 9.\ 09 • 1844. 0 

4!l 06 ' 113 50 

4!J 20 . 113 40 

49 2:; 113 40 

49 30 113 22 

50 56 114 10 

1870. 2 

1879. 2 

1879.2 

1879. 2 

1879. 9 

[>{) 48 • 113 18 I 187!1. !I 

50 52 i 114 00 • 1879. s 
51 05 1 115 00 I 1879. 6 

49 55 111 40 1870. l 

so 12 , no 30 1878. 1 

50 30 ! 110 20 I 1878. 7 

4!J 53 : 112 30 I 1879. 1 

49 43 ' 112 50 i 1879. 1 

53 16 I us lo • 1871. 5 

51 33 I 120 11 1871. s 
51 28 I 120 25 ' 1873. 5 

51 12 J20 22 I 1871. 5 

50 57 12Q 28 1871. 5 

-14.23 

-15. 70 

-14.42 

-14.23 

-12.80 

-11.92 

-23.37 

-2::!.98 

-22. 97 

-2~.fiO 

-24.:.o 

+o. os 
+o. 08 

+o. 08 

+0.10 

+0.10 

-~3. oo +o. 1~ 
-24. 32 1 +0.10 . 

-23. 97 +o. 12 

-22. 40 + 0. 15 

-21. 92 +0.18 

-23. 22 +o. 1s , 

-22. 77 +u. 15 

-22. 4i .;.u.15 

-26.00 

-25. 50 

-:!5.33 

-24-.12 

-:1:l.88 

On Little Slmshwe.p ....... 

Thompson River. .. . • .. .. .. .. . 

! 50 50 

50 41 

119 46 

120 12 

121 05 

1871. 5 

1871.5 
1871. 5 

1871. 5 

1871. 5 

1871. 5 

1873. 5 

1873. 5 
1873. 5 

1877. 5 

1881. 5 

1876. 5 

-24.r-.o 
- .. 24.()(1 

+o. 04 

+o.o4 
+ 0. 04 

+o. 04 

+o. 04 

do ·-I 50 46 

Thompson River, mouth of Nicola! 50 27 : 121 22 

50 13 i 121 36 

" 49 34 : 121 25 
I 

Month of Thompson River 
Town of Yale .......... .. 
Mcmtb of Ilnt Creek. 50 47 . 121 33 
Head ofHewe Sonnd .... :: :::::~: 
Clear Water River.··---- ........ I 

Thompson River, noorKamloops.1 
Port. Moorly .. .. . .. .. .. .. .. . .. · 

Tete ,Jeanne Cache ...........•. 

North Saskatchewan River ... . 
Station A .................... .. 

StationB ................ . 
Station Ct Swan River Bar ..•••.. 
Station D, Asoinlboine River ... . 
Station E .................... .. 
Station F ................... .. 

49 42 ; 123 09 

52 12 ! 120 12 

50 42 120 30 

49 19 

52 58 

122 50 

119 50 

-23.50 

-25.50 

-2fi.OO 

-24.00 

-27. 00 

-:!3.90 

-24.50 

-24. 25 

-22. 2.1 

-26.33 
1876 -26.50 

1880.39 -18.84 

1880. 42 -17.18 ' 

1880. 44 -19. 62 

1880. 46 ! -20. 21 

1880. 46 : -18. 93 

-19.64. '· 

... do ........... . 

'. ... clo ........... .. 

-::!~I. 29 

-22. 9(1 

-22. 89 

-22. 50 

-24.4\J 

Pall ism 

Lefroy ..... . 

... do ..... .. 

.... do 
Xelson. 

do 
rfo 

do 

rlo 

-2:!. 88 do 

MS. 

MS. 

118. 

MS. 

MS. 

MS. 

MS. -2C!2 · .... do 
-23. 85 

-22. 25 

-21. 74 

~23. 05 

.do ............. 'MS. 
do ............. MS. 

110 ............. MS. 
do ............. MS. 

-2'l. 62 .... do ::.rs. 
-22. 32 ... do ............. MS. 

Mobeely . . . MS. 
-25. 46 Trntch .. _. liS. 

-25. 29 . Jarvis . .. MS. 
-24. OS Trntch . . . . . . . . . . . M$. 

-2~. 84 

-24.46 

do 
do 

.do 
do 

do 

~rn. 

MS. 

MS. 
MS. 
MS. 

do. MS. 
.... do ............. MS. 
Jams ............. MS. 
Gamsby. 
Jarvis. 

Perry ... . 
Smith .. . 
Keefer .. . 
Ruttan 

MS. 
MS. 

.1 MS. 

1 
.......... , King .......... . 

MS. 

Ml'. 
Mj,;, 

.MS. 

MS. 

MS. 
MS . 

MS. 

. .. tlo 

.du ............ . 

•••• '1 . do. 
.. do 

do ............ :MS. 
St&.tion G . . . .. .. .. • • .. ........ .. 

53 'l3 : 114 19 

50 42 102 00 

50 45 . 101 31 

51 M 101 57 

51 45 102 01 

f>1 44 102 29 

51 42 103 04 

51 39 103 08 

51 B2 103 43 

1880. 47 

1880. 47 
1880. 48 

-19.56 ; ........ ,, ....... .. .. .. do ............. MS. 
Station H, on Pelly trail ........ . 
Station 1 ........................ . 

Station J' .................... .. 
Sta.tion K, near fort On Appelle .. 
Station L ...................... .. 
Station M . ...................... . 
StationN ...................... .. 
StationO ................... ., .. .. 

St&tlon. ll rnr-rr ·f'~nr .... : .... ,rr,.::o 

51 2Z 104 00 1880. 49 

51 12 103 5( 1880. 50 

00 46 103 48 1880. 51 

50 49 104 18 ; 1880. 53 

00 44 105 14 1880. 53 

50 4.7 105 51 1880. 54 

51 05 106 37 1118(). 114 

llO 211 ' 106 4'1 1880. 5li 

-19.87 

-18.56 ,. 

-19.8.~ 

-19.58 , .... 

-19.18 i"" 
-20.36 ) ....... .ii ...... 

: ./ -20.60 , ....... q-- ....... 

--21.31 i··· .. · l···" .. 
-21.31 /. ....... · ........ .. 

do MS. 
...clo ............ , JlfS. 
. .. do....... MS. 

.. .. do....... MS. 

.... do MS. 
.. do ............ MS. 

.... do ...... MS. 

.... do ............. MS. 

.... do ............. MS. 

do . 

do. 

do. 

do. 

di1. 

do . 
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Table of Magnetic Declinations, etc.-Oontinued. 

Station. I 
I 

BRITISH PosSESSlONS. WE81' OF 1--
1 

Lo.NG. 900, PART 2-Continuetl. 
1 

0 , 0 , 

Station Q, Reecl Lake .... -· ...... ' 50 27 i 107 22 

Station R, Maple Creek····-·-· 50 03: 108 51 

Station 6, the Gap .... - .. ········' 49 38 i 109 51 

Station T ·-·-···················· 4f! 40: 111 38 
I 

Station U ........••.............. : 49 39 11~ 18 

Station V, at Willow Creek..... 49 45 113 24 
Station W .••••••..•......... 

Station X •••••................... 
50 22 ' 113 49 

51 02 114 00 

i 
!~80. 55 I 

1880. 56 i 
1P80. 58 I 
1880. 60 : 
1880. 60 

1880. 63 

1880. 64 

1880. 69 

0 

-21.58 

-22.00 

-21.73 
-21.86 

-22. 54 

-22. 64 

+0.04 

+0.03 

+o. oa 
+o. 02 

-22. 05 : +0. 03 

-24. :!2 +o. oa 
StationZ ............................... 515~ 11400 

Station a, Pipestone Crc.ok .. .. . . . 53 04 113 3;, 
I 

1880. 72 , -2J. 26 I + 0. 03 

1880 73 -25. 24 : + 0. 04 

ALASKAN w ATE1'8, RuesIAN AND 

BRITISH PossassrosB .A.PJA- 1 

CEllT TO A!:-ASKA TERRITORY, 

PART!. 

Plovf3r Bay, East Siberia..... 64 22 173 22 1880. 66 -18. 42 tO. 78 
Big Diomede Island, Behring's ! 65 45 169 04 1880. 69 -21. 82 

1 
+o. 78 

Strait. 

l'01·t McLaui:hlin, British Co· : 5~ 08 128 W 1881. 60 -26. 72 ' +o. 04 

Jumhia. 

Port Simpson, Briti8ll Columllia 1 54 34 130 23 

ROiie Harbor, Queen Cllarlottu"s .52 09 131 15 
Island . 

1881. 61 -27. oo +o. os 
1881. 12 -26. 01 +o o.5 

.ALASKAN W ATEU~, RUSSIAN AND 

BRITHm Po~RK8810NS AIJ.JA­

CEl!T TO ALASKA T&RlllTORY, 

PABT 2. 

Clarence Bay . . . ................ · 69 38 140 51 

139 42 

138 08 I 

137 25 ' 

136 21 

1826. 5 -4:>. 72 
Herschellsland ............ ., .... i 69 36 1826. 5 -46. 22 
Point Kay ..••••....•.......... ' 69 18 

Richardson Chain . . . . . . . 69 01 

Shoal water llay ......... . 68 54 

1837. 53 ' --49. 00 
1826 5 : --46. 68 

1837. 52 -49. 37 
Red Hivor ............... . 67 27 133 36 182G. 5 

Fort Goocl Hope . 66 16 128 30 1844. 5 
Fort McLeod .•• .•. .. . . . . . . . . 5.5 00 123 11 1 1875. 5 

Camp on Pearl River. .•.....•... ' 5" fJ8 123 13 1~75. 5 
Head of Rocky :I.fountain Port- ' 50 03 122 1-~ 1875. 5 

Sf!O. 

llncleun'e Hope··-····--·-·······! 
Fort Saint John ..... . 
Forks of Pine Rh·er 

50 Miles np Skeenn. lUver . 
31 Milea up Skeena Rh·er 

20 Mile~ up l'keena River .... 

56 02 121 58 

56 12 121 H 
55 44 121 18 

54 30 128 35 

54 2~ 129 00 

54 19 129 19 
Skoanx Rh-or ......•............. , !'4 14 129 47 

Head of Work Inlet, ............ ' 54 18 129 43 

1875. 5 

!875. 5 

1875. 5 

1879. 5 

1879. 5 

1879. 5 
1879. 5 

1879. 5 

Port Essington .................. i Sf 14 ' 129 47 1879. 5 

Head of Gardtwr Inlet. . ..... I 5:l !.' 127 37 1870. 5 
:Mouth of Chilucooh River. 53 50 .l~.~ 00 J87b. 5 

-45. 62 

-42. 77 
-25. 33 

-30. 17 
-28. 13 

-26. 03 

-26. 00 
-28. 83 

-26.50 

-26.75 

-27.33 
-27.33 

-27.50 

-27.33 
-26.f>() 

-28. 25 
Heacl of Dean Inlet ....... . 52 52 127 13 

53 12 ' 132 14 
r,1 s2 mo 18 

1876. 5 
1866. 5 

1866. 5 

--27. 00 i ..... 
I .Anchor Cove. British Columbia 

Alpha Bay, Briti•b Col um Ilia .... 
Carter llay, Brithd1 Columhia .. 

-24. 98 + 0. 10 

-20. 57 +o. 12 
52 50 128 25 ll-166. 5 -25. 98 

Natachika, Siberil\ ... . . . 53 07 202 35 i 1829. 5 - 4. 00 
Petropa.-lovsk, Silwria . . . . . . . 53 Ol 201 19 I 1S76. 5 - 1. 15 
Holy Cross !lar. Silleria . . . . . . . . . 65 28 178 32 1828. 5 -21. 07 

WankArom River, Siberia ...... : 67 43 176 27 1822. 5 ~23. 00 

Koliutcbin Isla.ml, Sibt•.ria 67 27 175 35 1 1823. 5 -23. 43 

.A.taea .. ...... . . ... 65 47 168 55 188!. 41 ' -22. 83 

do............. .. . .. . ... .. 67 17 171 45 188!. 41 : -22. 50 
.At sea, oft'KolintchinB11y ..••••.. 67 58 17514 ! 1881.42 --213.50 

+0.10' 

+a. 26 

+o.65 
+0.65 

+0.65 

I 

OlJser"er ~--\--·--- --~ ~-~e_::e~-~--- _ 

! 
King ............. ; MS. 

.. do ............. : MS. 
-21.69 .... do. , MS. 

-21.83 .... do ........... ' :1rn. 
-22.51 

-22.62 .:::~: :.::::.::::::i =~: 
-2~. 02 .... do ............. j MS. 

-24.19 .... do ............. MS. 
-2l. 23 .... do ............ : MS. 

-2t ~o .... do ······-··--··i MS. 

-17.64 

-21.04 i 

-26. 68 

-27. 84 

-2.5. 96 

I 

\ ..... . Franklin ...... . Phil. Trans. Roy. Soc., 1872. 
do. i 

I 
..... . 

·········· 
l -26. 44 

-26.69 

-27.~7 

-27. 27 

-27.44 

.. do ... . 

Simpson 
Franklin. 

Narr. of Discoveries, etc. 
Phil. Tran•. Roy. Soc., 1R72. 

Simpson .......... i Narr. of lliAcoveries, (•tc. 
I 

Franklin I Phil. Trans. Roy. Soc., 1872. 

Lefroy ... ... . ..... do. 
! MS. 

I~~: 
"'\Vel1ste1· ..•••. 

... do ..... . 

... do 

. .. do ············!Mt\ 

. .. do....... i MS. 

... do ...... IM,;. 

Keefer...... i MS. 
do .......... i MS. 

.do ············1 MS. 
1 
•••• do .......•.. .,MS. 

. do·············! MS. 

: .... do ····-·······1 MS. 
Horetzky&Gansby1 MS. 

Bell .............. i MS. 

Jenlliugs ......... i MS. 
-24. 88 Punder ........... ! Phil. Tran~. Roy. Soc., 1872. 

-26.45 .... do ........... ' do. 
-25.88 

- 0. 74 
- 0.83 

-22.18 

-21.85 
-22.S.S 

.. do 

Erm an 
do. 

do. 
OnatzC'.vich , Expl's in Pacifie. 
Lutke ............ : Phil. Trana . .Hoy. Soo., 1872. 
Wrani:el....... .. do. 
... do............ do . 
Hooper ....•.... MS. 

.•. do ........•..•• MS. 
.do .••••...•..•• MS 
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-----------~--- ~-~---- ----------·----~---------

Station. D 
:; 

lteferenoo. 

.ALA8KAX W ATEJtS, :RU681AN AllD , 

.BRITISH Pos~EBl\ION~ ADJA-, ' 

CUT TO .A L.AeK.A TERRITORY, 

P .AUT 2-Continued. 

A.D Dt831i·O 11 ObsenoT. i 
-- ---- :1------1--------

:1 , 

0 ' 0 

'I ! L 
I' 
11 

0 )! 
-23. 35 I' Hooper At sea off Koliutchin Bay....... 60 42 ' l70 46 1881. 42 -24. 00 +o. 65 .. : MS. 

do . .. .. .. .. .. .. .•.. .. ... . . . 66 07 : 109 17 1881. 43 -23. 67 +o. 65 =~;:~~ ;,.:: :~ ::::::::::::: ~~: do . . . •• . . •. . • •• .• . . . •• .. • . 65 HG 170 45 : HSI. 43 -23. 42 ' +o. 65 

tlo . . . . • . .• . . . . •• . . . . .. .. . 64 47 ' 171 35 ' 1881. 43 -23. 17 : -! o. 05 -22. 52 I ... do ............ : MS . 

.Ateea,offlcyCape .............. i 7015 16155 1881.55 -32.20; +0.62 -31.58 .. do ..••....•... , MS. 

do .... .. .... .. .... ........ 70 05 162 06 1881. 56 -32. 2:J ! +o. 62 -31. 61 .• do ........... ··i MS. 
At sea ..............•.........•.. : 69 58 162 38 1881. 57 -31. 92 + 0. 62 -31, 30 do ........... ·I MS . 

.At Rea, offCape Lisburne ....... J 68 50 16!i 10 1881.57 -32.07 +o.62 -31,45 ... do ............ \MS . 

.Ateea,offHeraldlsland ....•... , 704~: 17432 1881.58 -24.78 +0.62 -24.16 .. do ............ : MS. 
do ....................... j 70 51'175 40 1881.58 -23.43 +o.62 -22.81 . do ...... i MS. 

Atseo,otfKoliutchio Bay ....... 1 67 52 17518 \ 1881.6() -19,82 +o.62 -lQ.20 .. do ...... \MS. 
W raug~ll Island, East coast ...... : 71 04 , 177 40 j 1881. 61 -23. 43 + 0. 62 -22. 81 .... do [ MR. 

Wrangell laland, South co,.•t.... 70 57 178 10 1 1881. 6:1 -20. 00 +O. 62 -19. 38 BetTy. .. . . • H;·d. Ofiice. 
Off Fort Barrow................. 71 20 156 15 1881. 63 -37. 30 +o. 61 ~~6. 69 Roope" M8 . 

.At sea........................... 66 16 161 46 11'81. 69 -27. 05 +o. 60 -26. 4il .. do ............. M8. 

Irkaipi --·········· 68 50 180 00 1~78.7 -17.90 +I.JO -16.80 W,\'kander .. 
1 

?'orckn•kiold. l i> = gi 

rs·~E;~:;:;;~~:~~,: __ ::··· : : ~~~:~I ~;~::: =~~::~ i :::~~ =~:::; :.::~ ... ······! ::: \Hi 
.aintl"awrencelsland ......... 63 43 ', 17123 I 1879.6 -19.08 +1.00 -lB.08 '···do............ do. .,. :i;i 
Bering Island .................... 

1 
55 14 , 194 08 ' 1879. 6 ' - 3. n +0. 30 - 3. 63 . do do. ~ " 

At sea . . . . . . .. _.. i 45 33 198 55 i 1849. 5 - 4. 50 +l. 92 - 2 58 Phil. Trans. Roy. Soc., Im. 
do ......................... ! 4849 201471 1849.5 -4.38 +1.92 -2.46 ... do............ do. 

:: : :::: .: :::: :· :::: .. :::::: i 
do .••••................... i 
do .......... ,. ........ , _____ ) 

47 28 200 15 i 1849. 5 - 4. 00 +1.112 - 2. OB do. 

48 34 195 22 j" 1851. 5 - 7.17 +1. 80 - 5. 37 do. 
50 05 20J 21 I 1848. 5 - 2. 32 +l. 99 ' - 0, 33 do, 

50 50 193 23 i 185(). o - 5. 90 +1.83 - 4. 07 do. 
do ...................... . 

do ..................•..... ! 
51 54 191 22 I 1854. 5 - 8. 60 +l. 60 - 7. 00 do. 

57 21 183 36 
1 

1854. 5 -12. 67 +2. 44 ! -10. 23 .... do .• .• . . do. 
59 32 186 48 : 1849. 5 -10. 47 +2. 75 - 7. 72 ". .. do. .. .. . . . •. . .. dt>. 

do ' 
On the ic~~: ~: ~~;: ~: ~: :: : : ~: ~~ :~ -. ! 

do 1 

AtsN> .::::·:::::::::::::::::::I 

W 38 188 50 [ 1849. 5 -10. 90 +2. 75 - 8. 15 ;, Kelfott ..... ... . . . do. 

59 05 190 11 , 1849. 5 I -10. 28- +2. 75 - 7. O.~ ... do .. .. .. .... .. do. 

58 19 190 52 I 1849. 5 - 9. 68 +2. 75 - 6. 93 do . .. .. . . . . . . . . do. 

61 20 182 37 ! 1851!. 5 -l'-12 +2. 70 -11. 42 Collinson . . . . . • . . do. 

71 34 162 00 1849. 57 :, -37. 00 Kellett . . .. . . . . . • . .MS. chart. 
7250 16440 1849.56 -42.15 __ .do ............. : do. 

do ..•.................... :: ~: ~:: :: ~::: ::::!~:: 1~:: =~~:~: 11 L-ii~~e ::::::::::::> Phil.~:ans.Roy.Soo.,1872 
do .. ·........ . . . . . .. . . • • . .. 51 46 152 36 1830. 5 -24. 08 + 1. 60 -22. 48 Erman...... • • • . • . do. 

do ......................... 45111 16000 1850.0 -17.77 +1.5-0 -16.27 Kellett........... do. 

do ........................ 4514 15941 1850.0 -18.75 +l.50 -17.25 .... do............. do. 

W&BT l1m1A leLANDs AND M1tx-
1co, EAsT oF Lo1w. 1000, PART 
1. 

Naseau,NewProvidenoe -----·­
South Bemini, Bal1ama Islands. 
W,.torOay, Salt-K. B ..... . 

Mat&nzaa, Cuba ............... . 
Havana, College de Bel<m .. . 

Bahia Honda, Cub& ..........•. 
Cape San Antonio, CnlJU... . . . 

Belize, Brltish Honduras ...... . 
CO!.UDlel laland ................ . 

M:ngereeislAild ................. . 
Perez ls!and, oft' Ynoatan ....... . 

A.n>Dall Cay, off Yneat-an ..... . 
Vera Crttz, l!exioo ............. . 

Coatz.ooaiooa, Mexico .•...••••• 
La.auna de 'l'ermiuot, .M:~co .... 

2506, 77211 

25 42 ' ;9 18 

23 59 80 21 
23 03 Sl 37 

23 08 82 21 
'22 58 83 12 
21 5(\ 84 55 

17 29 88 12 

2033 81157 

21 15 86 46 
22 2f 89 42 

22 07 91 25 

19 12 96 08 
18 118 94 26 

18 98 911 llO 

, 
1879. 14 , - i. 43 +o. 35 

1879. 15 ' - 2. 46 +o. 38 

1s1D. 16 i - 2. 84 +o. 35 

11!79. lS 1 
- 3. 44 +o. 22 

1879. 20 - 3. 00 

1879. 24 - 4. oo +o. 22 

1s19. '1:1 - 4. n +o. 22 
1879. 211 

1879. 32 

1879. 32 
1880. 06 
1880. 08 

1880-11 
1880.14 

1880.17 

- 5.79 

- 0.20 +0.30 
- 4 82 +0.30 

- 6. 32 +0.30 
- 6 . .55 +0.32 

=~:~ -~~--~·ii 
- 6.CMI +o.« r 

-1.\IS 

- 2.08 

- 2.49 

- 3.22 

- 3.90 
- 3.M 
- 4.51 

- 4.90 

- 4.52 

- 6.02 

- 6.23 

-11.00 
- 6.74 

- 6.22 
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Station. D t.i.D )1; D1881.o Observer. 

WKST !@IA lBLAJIDS AND MEX· 

!CO, EAST OF LOl'!G. 1000, l'ART 

1-Continned. 

Campoobe, Yucatan ............. ; 19 50 90 3o 
Pt'Ogresao1 Yucatan ______ --· 2117 89 40 

La Union, San Salvador ........ - . 13 17 87 46 
.A.cnjntla, San Sal VJV.lor . - . - .... - . 13 34 : 89 51 

Cha.mperioo, Guatemala ..... . 14 18 91 55 

1880. 19 

1880. 20 

1880. 84 

1880. 85 
1880. 86 ' 

- 6. 61 +o. 35 i: - 6.26 
- 6.43: +0.30 :: - 6.13 

- 5.98 

- 6.26 

- 7.01 

Salina Cruz, Tehun.ntepec _ rn 10 95 21 1880. 87 ' - 7.29: i -------
Port E!icondido, Mexico . . . . . 16 04 96 57 

1 
1880. 88 : - 7.70 +o. 30 

.A.capulco, Mexico -- -- ........... ' 16 49 · 99 54i · 1880. 90 ' - 7.94 

WJts1· INDIA Tsr.ANns AN!> MEX· 

ICO, EA.RT Oi' LO~G. 100°, PART 

2. 

Kiug•ton, Port Royal.... .. 17 ;.i; 

Lerma, Yucatan.---- ... - 19 49 
Soll th Key, Honduras Bay ....... ' 16 03 

Point Morant, Jamaica. .... -- -- - 17 55 
Cumberland Harbor, 01100. ... . .. 19 55 

Saint Iago.Cuba.............. 20 00 

:Barracon, Guba .................. ! 20 22 

Wathng hland ...... ...... .... . 23 57 

Crooked Island, Bahama Islands ' 22 07 
tlo. -··- -- ___ , __ ---· .............. : 

Cape Maiye, Cuba .......... .. 
PotrerO, .Mexico ............... . 

Cooolopam, Orizaba .............. : 

22 47 

20 14 

l~ 56 

18 53 

i6 51 ' 1876. 0 

90 34 1847. 5 

86 59 1844. 5 

76 16 1831. 5 

75 15 1837. 5 

76 03 

74 34 
71 25 ' 

1837. 5 

1831. 5 

1831. 5 I 

- 3.79 
- 8.03 

- 7. 75 

- 5.22 

- 3.52 

- 3.65 

- 3.28 

- 2.52' 
74 24: 1835. 5 i -5. 22(!)_. ...... 

74 21 

74 12 

96 48 

97 04 

1837. 5 I - 2. 57 

1831. 5 i - 2. 45 
1856. 63 : - 8. 65 ' +2. 04 

1856. 65 - 8. 47 +2. 04 

San Andres, Chalchecnmula ..... 
1 

Mirador, Mexico ............... .. 
18 59 i 97 15 ' 1856. 71 

19 13 96 37 1856. 77 
- H.22 +1.75 

- 8.03 +2.03 

CityofMexico ................... 19 26 99 07 1879.85 - 8.58 

- 7.40 

-7.61 

Barnett. 
Lawrence. 
Aust.in ... . 
Milne .... . 

.. tlo -----·. 

AuRtinund Foster 

·1 Smith ........... .. 
• 

1 
Foster .. - ...... - - . ,1 

Milne ............ .. 
... Austin ......... .. 

- 6. 61 ; Sonntag 

- 6.4:J .... d" ............. ; 

- 6.47 j .•.. do .......... . 
- 6. 00 :i-- .. do ... .' ....... .. 

- 7.40 ! lteyes ......... . 

Reference. 

Eng;. Admiralty ch. 

Phil. Tmns. Roy. Soc., 1874. 

do. 

do. 
do. 

do. 
do. 

do. 
do . 
do. 

do. 
Smith'n Cont's, 1860. 

<lo. 

do. 
do. 

Mem. Thep. Mag. del Obs. 
Metr. Cent. 

Cbalco............... .... 1918 98 51 1857.02 - 9.0.'l +1.16 - 7. 89 Sonntag .......... ; Smith'n Cont's, 1860. 
TlamHr.a• ....................... -. 19 03 98 39 1857. 07 - 8. 47 +1.16 

MEXICO, WKBT OF LoIIG. 1000, 

PART 1. 

San Martin Island, Lower Cali- 30 29 116 07 1881. 24 -12. 93 -0. 09 

fon1ia. 
Lap;oon Hea<l, Lower California .. 

Ct•rros Island, Lower California 
San J os6 <lei Caho, Lower Cali-

fornia. 
M1>p;dalenallay, LowerCalifornla 
Ascension Islan<l. Lower Gali· 

fornia.. 
Clarion I slaod .................. . 

Socorro Island . - .. . 

28 14 114 06 187R. 12 ' -11. 85 -0. 28 

28 oa 115 11 I 1881. 19 -11. 98 -0. 09 

23 04 109 41 i 1881. 13 - 9. 73 -0. 02 

24 38 ' 112 o9 1ssi. 15 I -10. ts 

27 06 i 114 18 ' 1881.18 : -11. 38 -0. 08 

18 20 114 42 : 1880. 77 - 8.38 -0.10 

18 43 110 54 1880. 78 - 8.83 -0.05 

- 7.31 
1

, .... do .............. do. 

-13. 02 

-12.13 
-12. 07 

- 9.75' 

-10.80 
-11. 46 i 

- 8.48 

- 8.88 
Isla Grande, Mexico .......... .. 17 40 101 41 1880. 91 - <.44 
Manzanilla, Mexico.. .. .. . • . . • . . 19 03 : 104 20 

San Blas, Mexico . . .. . . .. .. .. . . . . 21 32 I 105 18 

Point San Ignacio, Mexic,,. . . . . . . 25 36 109 17 

1880. 92 - 8.08 
1880. 93 : - 9. 30 

+o. 15 • - 7. 29 

+0.12 :· - 7.96 

- 9.10 

1880. 97 -10. 26 -0. 03 

Santa Barbara Bay, Mexico. 26 42 . lOIJ 38 · 

Guaymas. Mexico . .... .. . 1 27 55 i llfl 53 

1880. 98 -10. 81 -0 03 . 

1880. 99 ' -11. 8() -0. 07 

TU1uron Island. :Mexico . . . . . . . i 29 12 112 27 1881. 00 -11. 99 -0. 08 . 

Rocky Point, Me:rieo .. .. .. .. .. 31 17 113 33 1881. 01 -13.45 -0.09 1: 
Philipps Point. mouth of River.. 31 46 114 43 1881. o2 

Point San Felipe, Lower Cali. : 31 02 114 50 , 18!!1. 04 i 
-13. 10 . -0. 09 1: 

-12.05. -0.09 j 

fornia. 
San Luis Gonzales, Lower Cali- 29 51 114 25 1881. 04 -12.46 : -o. 09 

fornia. 
Santa Terelll\ Bay, Mex.loo ....... : 28 25 i 112 52 ! 1881. 05 -11. 70 i -0.08 

-10. 29 
-10.84 

-11.87' 
-12. 07 ) 

-13. 54 ' 
-13. 19 I 

-·13.M 

' -12.55' 

-11.78 
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T<ible of Magnetic Declinations, etc.-Continued. 

------------------------, ---,--
Station. 

1 

</> I A • i D J .1D I! D1 .... o Observer. -----------------------: 1-1--11--~- --
MEXl~R:~~~~=t~::: 1000, o ' 1' o ' i, \ o I o i. 

Santa Maria Cove, Lowet Cali- , '1:1 25 112 20 I 1881. 06 . -11. 10 i -0. os j: -11.18 

fornia. \ , 't \i 
Mnlege, Lower California....... 26 54 I' 111 58 1881. 07 , -IL 22 -0. 08 i' -ll. 30 
Loreto, Lower California ......... 26 01 

1

11120 1881.08 -10.27 -0.07 !I -10.34' 

lsleSanJosef, Lower California. 24 55 i HO 37, 1881.09 - 9.79 -0.06 f' - 9.S:, 

PichilingueBay,LowerCalifornia, 24 16 ! 110 20: 1881.10 - 9. 75, -0.05 !; - 9. 80 " 
La Paz, Lower California .... -- -- 24 10 I, 110 21 I l&n. 10 -10. 15 . -0. 05 Ii -JO. 20 · 

Mazatlan, Mexico ................ , 23 I~ 106 27 ' 1881.12 \ - 9. 66: +o.oo :: - 9. 60 : 

Cape San Lucas, Lower Cali- 22 54 i 109 55 1881. 14 , - 9 44 , -0. 03 i - 9. 47 ' 
fornia. 

Peqnel\a Bay, Lower Califomia... W 16 \ 112 28 
Point abreojot, Lower California.: 26 47 113 31 
Guadalupe Island, Lower Cali· 28 55 118 15 

fornia. I 

1881. H> -10. 52 -0. 08 

1881. 17 -11. 26 . -0. 09 
1881. 21 -12. 91 . -0.12 

I 
San Geronimo, Lower California.. 29 47 115 4R i 1881. 23 

Todoe Santos, Lower California .. i 31 51 I 116 38 : 1881. 26 

-12. 70 -0.10 

-12. 01 i -0.10 

:MEXICO, WEBT oir Lmm. 1000, ! 

PART 2. i i II 

Presidio del Norte .... -- ......... : 29 34 104 25 I 1852. 5 -10. 27 i 0. 00 

-10.60 

-11.:J.)' 
-13. 03 

-12. 80 

-12.11 

-10.'1:1: Emory .... 

neference. 

Bound. Snr. 

327 

San Quentin, Lower California .. i 30 22 115 59 i 1873. 6i -13. 00 -0. 30 -13. 30 Tanner & Youn~. Cruh~e of Narragansett. 
San Bartholomew ................ ' 27 40 114 54 1873. 70 
Month of Rio Colorado .......... \ 31 51 116 05 1841. 5 

La Playa, Maria Bay .. .. . • ... --1 28 55 114 32 ' 1874. 97 
Ban Benito PoAk .. .. . .. .. .. .. .. . 28 18 1 115 36 ; 1874. 9B 

San Ignacio Point .. .. .. • . • .. .. .. 26 46 lJS 16 1875. 01 

San Domingo Point.............. 26 19 112 42 1875. 01 
San J11auico Point .. _ ........... . 
Boca Soledad ...... _ ............ . 

Santa Maria Bay .............. .. 
El Conejo Point. ..... __ ........ .. 

Todos Santos .................. --
Observation Point ....... __ ... . 

I 
Punta A:rena. ......... _ . . ...... · 1 

E•piritu Santo Island .•.•.•...... 
San Marcial Point ............... ' 

Pulpit.> Point ................... . 
San Marcos Isl"lld ............. .. 

San Carlos Point .............. .. 
La.a An'hna.e ............. . 
Angel de la Gardia Island ..•.•. _ i 

do ........................... ;1 

George's lsllllld .... _ ............ .' 

26 ()3 112 40 

25 16 112 08 

24 45 ll2 16 

24 21 111 30 

23 24 110 14 

23 33 109 29 
24 04 109 50 

24 24 i 110 21 

1875. 02 

1875. 02 

1875. 03 

1875. 04 

1875. 04 
1R75. 05 
1875. 06 

1875. 06 
25 29 111 02 1875. 10 

26 31 111 27 ' 1875. 11 

27 10 112 06 

28 00 112 48 

2s 48 ua 13 
29 00 113 12 
29 a2 ua ao 
31 01 113 17 

Sepooo.Bay ...................... [ ao 16 112 53 

1875.12 

1875.13 

1873. 92 
1875.14 
1875.15 

1875.20 
1875. 20 

1875. 21 
1S75. 34 

1873. 84 
1873. 86 

1873.92 

1873. 93 

1875.15 
1873.96 

1873. 97 
1873.118 

1873. 98 
1873. 99 

1873. 99 
1874. 00 
1874. 00 

1874. 06 

Razalsland .................... ,, 28 49 113 00 
Punta Mita ...................... : 
San Everisto .. ··--- .............. -! 
Carmen Ishind ................... ~ 
Angeles Bay ..................... 1 

Remedios Bay ................. .. 

Mejia Island ................... .. 
San Lui" bland ........... _ .... .. 

Adair Bay-~---- ................ . 
Libertad Bay ................... . 

Patol! Isle.nd. . • • • • .. .•••.•...•.. 
Tiburon Island ................. . 
KiooBay ....................... . 

&.n Pedro Anchurag"······ ...•.. 
Ott' Loboa Ialand .•.•••••••••••.•. 
Ciaria Ia land ................... . 

21) 46 105 32 

24 62 110 42 
26 oo i 111 07 

28 57 113 35 
29 14 113 40 

29 33 113 35 
29 68 114 26 

31 30 114 OB 
21l-54 112 45 
29 16 112 29 
28 46 112 22 
28 46 111 511 

28 ()3 111 16 

27 20 110 38 
28 59 109 57 

-12. 13 -0. 27 
-11. 25 -1.36 
-11. 36 -0. 24 

-JI. 30 -0. 24 

-12. 13 -0. 23 

-10. 36 ' -0. 22 
-10.82 -0.22 

-11.13 -0. 21 

-10. 76 -0. 21 

-10. 27 -0. 20 

- 9.23 -0.12 

- 9.96 -0.10 
-10. rn -0. lO 

- 9.43 -0.15 

-10. lS -0. 20 

-11.[>6 -0.21 

-10. 63 -0. 22 

-11. 76 -0. 23 

-12. 59 -0. 27 
-12. 48 -0. 24 

-12. 53 -0. 25 

-12. 72 1 -0. 26 
-12. 28 -0. 25 

-12. 50 --0. 24 

- 9.06 +0.13 

- 8.88 -0.22 
-ll.46 -0.23 

-12. 69 --0. 27 

-12. 56 -0. 27 
-12.o!I -0.25 
-12. 50 --0. 28 

-13. 33 --0. 29 

-12. 98 --0. 28 i 

-13. 00 -0. 28 \ 
-12. 47 -0. '}{/ i 
-12. 55 -0. 20 I 
-12.41 -0. 25 11· 

-11. 61 -0. 23 I 
-11. 'J:1 --0. 20 ! 

-12. 40 .. do .... __ ...... do. 
-12. 61 Dufiot de Mofras. _; Expl'n of Oregon. 

-11. 60 Craig & Seymour 
1 

Crnise of Narragansett. 

-11. 54 .... do ............. ; <lo. 

-12.36 .. do ............ i do. 

=~~::. ~,:.::::::::::::l ::: 
-11.34 i ... do............. do. 

--10. 97 Craig __ .......... . 

-10. 47 Reiter and Craig .. 
- 9. 35 

1

• Reiter .. 
-10.06 · .... do ........... . 
-10. 20 .... do .... .. 

- 9. 58 Craig and Reiter. i 
-10.38 Reiter .......... .. 
-11. 77 .... do ............. ( 

-10. 85 Craig and Reiter .. ' 
-11.99 .... do ............ . 

-U.86 '- Tnt.t.lenndYonng.i 
-12. 72 Cr~ig and R~iter .. \ 
-12. 78 Reiter .. .. .. .... 1 

-12.98 ReiW,r&S~ymour.l 

=~~:~ :::;~ilc1~;;::\ 
- s. 93 

1 

Craig & Seymour I 
- 9.10 : Seymo11r & Young 

-11.69 Tnttle&od Young. 

-12.96 .. do ............. \ 
-12.83 .. do ........... .. 

-12.331 Reiter&Seymour I 
-12. 78 \ Tnttleand Young 

-13.62 /1--· do ............ t 

-13.21 1

1

1 
.... do ........... . 

-1a.2s I .... do ........... . 

-12. 74 \I.-- .do .......... .. 
-12. 80 J ... do .......... .. 

-12.66 Ji .. do ............ 1 
-11.74

1
1-··-do ............. 1 

-11.47 ; .... do_ ............ 
1 

do. 
llo. 

do. 
do. 
llO. 

do. 

do. 
do. 
do. 
do. 

do. 
do. 
do. 
d\), 

do. 
do. 
do. 
do. 

t!o. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

do. 
do. 

do. 
do. 

do. 
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Table of Magnetic Declinations, etc.-Continued. 

' MEXICO, WEBT OF LONG. i.00°, i i 

0 I 0 I 

-------~~~io_n_. __________ __ 4>_, __ >-_ ' D i .i.D ' D1 .... o 
--------1---1 ----

1 : 

I i' 

Observer. Reference. 

PART 2-Continued. ' / 

.A.giabampa .....•..•.•........... : 26 17 j 109 18 
o o I o 

1874. 07 -12. 02 i -4>.17 : -12.19 Tuttle & Young ' Cruise of Narrngansett . 

Topolobampa . . .. . • .. .. ........ · l 25 34 

N oraehista ............ ·········' 25 23 
Playa Colorado ...... •••••.••••• '1 25 12 

Pefiaa Ancborago ...... i 20 36 ·········1 
Tabo Bay ........................ !!O 24 

Near Benedicte Island ........... l9 15 
Near Roca Pa.rtita ............... 19 06 

Ieabol Island ................... _. 21 56 

109 10 

108 49 

108 24 

105 16 

105 40 

110 49 
112 00 

1874. OB , -10. 68 -4!.15 i -10. 83 ... do ............ ., do. 

1874. 08 ' -10. 34 -0.1:! : -10. 46 ... do . , do. 
1874. 08 ' 

1874.17 

1874.18 

1874. 24 ' 

-4>.10 : -10. 78 , .... do .......... ·l do. 
+o. 13 · - 8. 70 Seymour & Young do. 

du. 

do. 
do. 
do. 



 

APPENDIX No. 14. 

RECORDS AND RESULTS OF MAGNETIC OBSERVA'flONB MADE AT THE CHARGE OF THE "BACHE 
FUND'' 01~ THE NATIONAL ACADEMY QF SCIENCES, !<'ROM 1K71 TO Hl7ti. 

Under the direction o:f'J. E. HILGARD, M. N. A. S. 

In 1871, the income of the fnurl left in trno;t by Professor Alexander Dallas Bache to the 
National Academy of Sciences, for tl!e prosecution of :-icieutific research, became available for its 
objects. In view of the great interest always manifested hy Professor Baclie in the furtl!erance of 
investigations relatiug to tenestrial magnetism, aud of the ue,ed of a S,\·stematic determiuatfon of 
the magnetic elements at mau.r 1'!tatious in the interior of the United t3tatell, 1 sulimitted to tlie 
Board of Direction of the Fuutl, iu April of tliat ~·car, a proposition for a mag1wtic sur\·ey, which~ 
after due consideration, was formally approved b~- the Board. 

The details of the plan are giYen iu the following 

PRO,JECT OF A MAGXE'l'IC SuRVEY LY THE IXTER]()JI OF THE CYI'J'EIJ STATES, TO JJE .'\JADE 
UNDER THE DlllE<'TJOX OF J. E. HILOARD, M. X. A. S. 

1. The magnetic lleclinahon, dip, and horizontal intensitr will be ollsen·etl at as many statious 
as practical)le, so distributed as to furuh;h, together with tlie obi:;ervatious made in the Coa:,;t Smn•y, 
and other reliable data, the means of constructing a geuernl magnetic chart of the couutl·y easr of 
the Mississippi. 

i. The stations will he selected nearly with reference to -he want of reliable determinations. 
Some of tlie places, at which good observations huve heretofore been made, will be reoccupied in 
order to obtain the rate of secular variation. 

3. The instruments will be supplied from the Coast Survey Office. 
4. The expenditure for the field-work is authorize.d on th<'. following basis: The ohserYer will 

rect•ive an allowance of $3 per da~y for bis service1>, a IHI of $2 tor subsistence. The necessary expenses 
of transportation for himself and ini;truments, and the occasional hire of assistance, will constitute 
the other items of account. 

5. Tbe following is an estimate of monthly expeurlitnrl"I for t,ht> field-work, wliich is estimated 
to yield ou the average eight stations : 

Pay for services of observer, at $3 per day. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $90 
Allowance for subsistence, at $2 per da.v. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Transportation of observer a.ud instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Contingent expenses, hire of assistance, &c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

Total .............................................................. 225 

6. The treasurer is authorized to make advances of funds for the prosecut.ion of the work to 
an amount not exceeding $1,500 in the aggregate, to .Mr. J. E. Hilgard, who will render accounts 
nnder the heads comprised in the estimate, and who will also require monthly reports of progress 
to be ma.de by the obserwr, wl1icl1 he will lay before the Board. 

7. When the field-work has sufficiently progressed, special provision will be niade for the 
discussion of the material and the oonstruction of a map. 

Approved. 

..A.U&UST 9, 1871. 

S.Ex. 77-42 

JOSEPH HENRY. 
LS. AGASSIZ. 
BENJAMIN PEIRCE • 

319 
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Observers haviug been trained under my special direction, and fumislied with detailed 
instructions for tlw work, it was beg-mi by the occupation of niue stations in 1871-'72, and continued 
by direction of the Board duriug parts of successirn ;years, ending in August, 1876. In all, oue 
hundred and forty stations were occupied; at oue hundred and thirty-four of these, detPTminations 
of the magnetic declination wrrc> made, and at uiuety-two of them re1<u1ts were afao obtained for 
the dip and horizontal intensity. Tlw data lrnve been collated, field computations rm·ised, and 
full ahstrncts prevared nH<ler my direction hy H. \V. Blair • .Assistant Coast and Geodetic Sun•ey. 

The abstracts are presl:'uted with thP rednrtions, in tabular form for com·e11ie11ce of reference, 
omitting all details 11ot essential to the comprehension of the records. Careful verification has 
been made of tlle results by independent computations. 

'l'he table of final rmmlts, giYing- the names of the Rtations occupied) with their geographical 
positions, will indicate tlw large area onr wl1ich the work externled. B.v comhini11g tlle resuHs for 
declination at these stations with the similar data available in the Coast Sun·ey archives, and 
from other sources, I was ellahled to constrnct a chart of isogonic lines in tlrn United Statel-l for 
the year 1875, and thus to rneet in some memmre tlw great and constantly inereasing demand for 
information relative to the variation of the compat1R. This chart was puh1ished as an illustration 
to Appendix No. 21, Coast Surve.r Report for 187H. 

MAGNETIC SURVEY. 

1871-'72. 

DESCBTPTIONS OF STATIONS. 

CoLtTMBus, Omo.-The station is in the State-house grounds, but in just which part of them 
does not appear from the record. 

ltICIIMOND, lND.-Tlte station wa8 in tlte garden of Dr. Plummer, whose residence is No. 31 
Front Street, near corner of \Valnut (hetwe<'ll Main arnl \Valnut Streets). 

NEW ALBANY, lND.-The station ii' 011 hill mi Paola Road, below sarnlstone quarries, and 
directly abore 1rngro gn1ni_vard, two miles 11orthwest of court-house. 

EDGEFIELD, 'l':ENN.-'l'he station is in middle of southwflst qnarter of grounds in front of 
Set.tie's estate, known aR "the old \Vhitmore l'lact'," now Saint Alban's. 

CoRINTH, Mrns.-Thc station is m1 low ground in an enclosed pasture (equilateral triangle) 
northwest of junction, northeast, of railroad cut, betweeu old forts. 

OXFORD, M1ss.-The station is on flat hill-top (base-ball grouuds) south of Campus ofUnh·ersity. 
GRENADA, 1\Irss.-The station is northwm;f. of town, beyond saud ravines, southeast of J. S. 

La<ld's property. 
MAGNOLIA BAl:lE, LoUISIAN A.-Tltis is the Magnolia Base of the United States Uoast Sur~ey. 

What part wa taken for t1rn magne.tie station is not statt>d. 
NEW ORLEANS, l1A.-The first station at New Orleam; was in the City I>ark. The second 

station wai-; in a wet pasture in the fair-grounds, and was laid down iu the presence of Mr. C. E. 
Thompson (son of Ge11eral Jeff. Thompson) a11d l\fr. Stithe. 

SOUTHWEST p ASil, LOUISIA~A.-The first station is on island Wt'St of Stake Island, about 4 
feet above water, ornrg;rown witli sl1mbs. The see1>11d Rtation iR on a small island, a.bout 1 t mile.s 
west of (old) light-bouse at Southwest Pass. 

Osaoon's ISLAND, I10UISIANA.-The island iis t11e iiroperty of George 01<go(}(l, and is southeast 
by ea.st of Pass a l'Outre Light-house. 

PETITE ANSE, A VER.Y'S ISLAND, LOUISIANA.-Th<' itdand is 6 or 7 miles south westofN ew Iberia. 
The station is on a ridge southeast of mausio11. It is marked by a quartz stone with notch, which 
was placed in position in presence of Dudl<';y Av<'rJ', esq., and Mr. Edruuu<l Mcllhaney. 

BRASHEAB CITY, LA.-A few blocks above the raifroad depot 1w<l steamboat ]anding. North 
of the town, the old earthworks stretch al)out ea.st and west. The sta.tion is on the most northerly 
corner of a polygonal bastion surrounded by a bridged moat. · 
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BATON ROUGE, LA..-'rhe i:;tation is on a mound sm1th of \~Oll(•g-e, beyond drain. to the right 
of istreet or road leading· up hill; marked by a rnarhle rock known to members of faculty. 

GRA.ND ECORE, La.-Grand Bcore is on Red River, near Natchitochf'R, ou nn elevated >1andy 
bluff. The station is iu front of Dr. T. 8. Uollier'8 hotel, and is nrnrked hy a Jiag-stone in a semi­
circular breastwork. 

SHREVEPORT, liA.-The station is on the river front of Jones' Hlll, lowPr eu<I, oppm1ite 1-1econd 
frame house. It is mark(ld hy a ;;a11dstonc >1et edgewise. and resmnhliug :t hrick side; cross-mark 
on k!toue. 

LONGVIEW, TEx.-The Atation iA north of depot, in an open space, marked by a dark-colored 
cake of sandstone, which was set in the presence of Dr. J. H . .Adams. 

ALEXANDRIA, LA.-The station iR in a pasture called "Irwin's pasture," about southeast of 
the corner of Fourth and Oasson Streets, and tu the rear of the Catholic church. The pa:-itnre is 
enclosed by a board fence, and is crossed nearly in the middle hy a ditch with a hwee ou each Rille. 
The station is ou the northeast (or riwr 1-;ide) leYee, and about two-thirds across the pasture from 
the Casson Stre!'t side; it is marked b~' a brick-Atone set into the Ieve~. 

NATCHEZ, l\.1rs8.-The station is 011 the bluff at north end of town on Frank Si11get's, opposite 
new Jewish burying gromuls. Charles U. Nauck, city surveyor, was present wbeu station was 
selected. The reference mark is the cross of the Cathedral. 

VICKSBURG, "11rss.-'1'he station is on Castle Hill, south end of hlnff, mtst of school-house, and 
marked l)y a brick-stone and notch. References: l{ev. C. K. Marshall, A. L. Peirce, city engineer, 
Mr. l\fax Kuner, watchmaker, J.M. Searles, 0. E., formerly of the Coast Survey. '.l'he mark is the 
southwest edge of masonry of npper tiPr of Oathedra l f'teeple. 

MONROE, LA.-No description of station is given, but there is a reference to J. \V. Green, 
superintendent Monroe Railroad. 

JACKSON, MISs.-The station is on au old bald spot in rear of free school, northeast of State· 
house. The" rnal'k" is the cross on a church to southwest. 

MEMPHIS, TENN.-No description ginm. 

GOLCONDA, lu,.-No description given. 
CA mo, lLL.-N o description given. 
SAINT Lours, Mo.-The first station is on the premises of Jul. Pitzman, esq. (mansion No. 

1900 South Compton A ''enue). Station in grounds south of house. By measurement on city map 
the station is ahoat 13,000 feet from et~ntre of court-hon:se, and about 5,700 feet in latitude south of 
conrt·hou:;;e. Distance between centre. of court-house and Marine Hospital (map mea;;urement), 
161390. The following hearings were noted. 

Pitzman's house (southeast edge wall of main building, not wing) .. . 
Court-house . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... · . - .... . 
Saxon church ................ _ .. _ . _ . . . . . . . . . . .................... -.. . 
Marine hospital ..................................................... . 
Franciscan convent ..................••.•••............................. 

0 

10 08 
63 09 
93 14: 

152 31 
182 29 

The second station is in street :uljoining Pitzman's field on the south; it is in the merirliau of 
the first station. 'l'he secon<l station is not preserved, the street in question being in process of 
grading. 

The third station is iu a vacant lot. about 7,000 feet south and 5,000 feet west of court-house, 
in the angle of' Dubeneil and Linn Streets (at their meeting with Gerer .Avenue}, and close to 
rayne's Addition. 

DUBUQUE, low .A..-The station is on Seminary Hill, 'on the estate of George D. Wood, looking 
southward. The "mark" is U01uberg's pavilion. 

WENONA, MARSHALL COUNTY, lLLINOIS.-The station is on premises of J. H. Ooweu, five 
blo<:ks west of Illinois Central Railroad, two blocks soutl1 of eross railroad. Ston~ set in presence 
of Mr. Cowen. 

MA.CON, Ir,L.-The station is on granite bowlder in pasture, east of premises of R. H. W oodoock. 
The "mark," ie th~ ~ross Qn church. 
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HIGHLAND, MA.DISON COUNTY, ILLINOIS.-The station is at an old stone (corner stone) on 
commons south of depot. Refereuce: A. F. Bandeliei·: esq., hanker. 

HE!RMANN, Mo.-Tlw station is 011 l1ill top southeiu;t of de11ot and west of Kliuk's, southeast 
of Plnst's Hill, once occ11piP1l hy GPrieral Marmaduke's forces. lteference: \Villiam C. Boeing, 
near station. 

SEDALIA, Mo.-The station is on George Busman's nursery grounds, three-quarters of a mile 
south of depot. 

KANSAS CrrY, :1\10.-No description given. 
MANHATTAN, KANS.-The station is in the college grounds, east of maiu building. 
ELLIS, KANS.-Xo description i-,>iven. 
vV ALLA CE, KANS.-N o description given. 
DENVER, CoLo.-The station is on "General Pierce's block," owned by L. F. Barteler, esq. 
PUEBLO, CoLo.-No description given. 
CHEYENNE, Wvo.-No description given. 
S~DNEY, NEBR.-No description given. 
NORTH PLATTE, NEBR.-No <lPscription given. 
GRAND ISLAND, NEBR.-The statiou is in northwest corner of slaug·hter-yard, three-quarters 

of a mile norUnvest of rlepot. 
0:11.A.H.A., NEBR.-Tbe station is on hill top southwest of' Brownell School. 
DEs McnNEs, Iow A.-Thc station is in lot of Judge P. M. Casady, on Chestnut Street, between 

Fifth and Sixth Streets. 

Columh111i, Ohio. 
Richmond, Ind. 
Edgefield, Tenn. 
Corinth, Miss .. 
Grenada, Miss. 
Magnolia B:111e, J,a, 
New Orleans, La. 
Southwest Pass, J,a, 
Osgood's Island, La. 
Avery's Island, La. 
Brashear Cit~·, La. 

1871-'72. 

OBSERVATIONS FOR DECLINATION. 

Baton Rouge, La. 
Grand Ecore, La. 
SbreYeport, La. 
Longview, Tex. 
Alexandria, La. 
Natchez, Miss. 
Vicksburg, :'.Hiss. 
Monroe, La. 
Jackson, Miss. 
Golcomla, lll. 

STA'l'IONS. 

Saint Louis, Mo. 
Dubuque, Iowa. 
Wen on a, Ill. 
Macon, Ill. 
Higl!land, 111. 
Hermann, Mo. 
Sedalia, Mo. 
Kansas Oity, Mo. 
Manhattan, Kans. 
Salina, Kans. 

Observer, T. C. HrLGARD. 

EXPLANATION OF TABLE. 

1. The first column gives the date of the observations for azimuth. 

Ellis, Kans. 
Wallace, Kans. 
Denver, Colo. 
Pneblo, Colo. 
Cht>yenne, Wyo. 
Sydne,v, Nebr. 
North Platte, Nebr. 
Grand Islaud, Nebr. 
Omaha, Nebr. 
Des Moines, Iowa. 

2. The second column gives tlte observed zenith distance of the sun's limb corrected for 
semi-diameter, parallax, and refraction. 

3. The third column gives the azimuth of 0, corresponding to the zenith distance given in 
second column. 

4. The fourth column gives the corresponding reading of the 0 on the horizontal circle. 
5. The difference between the quantitieR in the third aud fourth columns give those in the fifth. 
6. In the sixth column are given the readings of the mark, corresponding to the reading of 

the 0 given in column 4. 
7. The quantities in the seventh column are the dift'erences between th086 in the :fU't1i and 

sixth columns. 
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8. In the ninth col nm n are tlu» na'~1sm·P1l ang'le8 hetwef'n the" mark" aml the" magnetic nwri­
dian" or axis of the collimator magnet. Ver~' freqrnmtly tlieRe a11gles were measure.d at 1lifterent 
times from the obscrvatio11s for azirnutll. · 

!l. Oolumu 10 results from the diftt~nmce het 1n~en eolu11111s 8 all(] !l. 
10. Finally, colunm 12 gins the datei'l of the ohiscrvation..;; for (kclirrntiou. 
The aborn npplies to the reduction of the ,1eclinatio11 ob;;pnationi'l of 187:{ and 187(), and, with 

the exception of the second colunrn, to those of 1874. In the lattt>r tlt1~ oh8C!TCd altitude of the 
limb is given uncorreeted for semi-diameter and refraction. 

Date, 
c:r: . ! 

recfod !Azimuth. 
Z.D,('), ! 

Reading 
of bor. 
~irde. 

mL o • 

OBSERY ATIONS FOH DECLINATION. 

J\L1.GsEnc Sm<YEY, 1871-'n. 

COLTTMBTTS, ORTO. <>=390 58'. 

.North Mark 
re.ads. re1u_l~. 

-"- zimuth 
ofmatk. 

l{e:m 
a-zim11t11 
ofrn:uk. 

Nov, 18, p.m, 83 59, 1 l21 24, 4 191 38, 9 31:l 03, 3 23i 48. O 284 44, 7 284 H, 7 

<Mru·k 
an<l mng. 
meridian. 

l)pl']i. 
nation. 

I 

; E. or 
"'·of 
north. 

Date of 
ohR'ns for 

tl(>.dination. 

76 30. 0 1 14. 7 E. Nov. 18, p.w. 

COLUMBUS, OHIO, DJ<:aN'S MM+::·rnTIC SL\ TIOX. </J=3!JO 57'.7. 

J __ _ 

I 
Dec, 3, p.m. f 72 01. 1 : 135 15, 2 ' 

3, p.m. I 78 M. 4 [ 127 16, 4 ' 

! 

1872. : 
Jan. 11, p.m. I 
Apr. 29,p.m. [ 

I 
29,p.m.

1 
I 

I : 
77 21. 9 : 127 28. 0 • 

so 17.1 \ 78 39.4 I 

85 17.41 75 22.0 ! 

RICHMOND. INIJ. <1>=39° 50', 

I 

*O 00. 0 J 

EDGEFIELD, ·TE'!'<N. </>=36o 14'. 

10 57. 0 1555.0 1555.0 

CORINTII, MISS. 1'=34° 56'. 

I 
1 10, 8 i l 10, 8 

I 
- --·------ -

E. ! Nov. 20, a.ru. 

I 

-~1~~-~--K I Nov. 24,a.m. 

10 [1:J, 0 5 02, 0 l,p.m, 

3857,9: 17413.1• 8<23.9 
I , 

5 41. 1 : E. Dec. 3, p.m, 270 J(l, 8 1--- .. - •. - .•. : 9o 18. :i 

46 14, 4 ' li3 :JO, R 84 05, 6 270 34. 8 ' 270 22. ~ 95 3Ei. 9 5 58.7: E. 3,p.m. 

5 49. 9 E. 

GRENADA, MISS, 4>=33°47'. 

~:~:: ::::: -~::I ~::: ·~'. -~;:, ::;:1 =-I~;-~:: 
278 09, 3 353 31. 3 ___ _:0~1 __ 46 19. 5 ' 46 19. 2 39 53, l i : :~: I :: I 30, a.m. 

-------
MAGNOLIA llASE, LA. rJ>=290 32.'5. 

E. : Jan. 18, p.m. 
i I 

. 3902.41, 6(6.51 
I 39 02., , 6 46. 5 i E. 19, p.m. 

I 
39 00. O I 6 44, 1 i E. 20, p.m. 

1327 44. 1 . 39 05. 9 !~~j E. ~l, a.m. 

------'--------'------"--.. _______ _l ____ J _____ l'--___ !'--_6_•_6._8~i_E_. __ l ______ _ 
NEW QRLEANS, LA., CITY PAltK STATION. rJ>=290 57'. 

·-· --·-~-·----1--·-- 1--·---·----c----- ---.---.. --,__,__,_ ---

1''eb. 10, p.m. 73 15. O 118 07. 6 , 2.'15 38. 5 i 353 46. 1 I 360 12. 21 6 26. 1 is 26. 1 

12, p.m. 76 22. 9 114 oo. o I 239 27, 4 I 3M n. 4 I 361> 50. o I 11 37. 6 11 37. 6 

tAzim.uth ofbaae from C. S. oomputatio.na. 

+ o 13. 8 ; 6 39, 9 E. 

- 4 57. 9 : 6B9. 7 I E. 
1--· 
i -6~8 i E. 

Feb. 10, p.m. 

12,p.m. 

;Evidently changed the mark. 
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J)at·t~. 

: 

1872. 

FBh. 14,p.m. 

14, p.111. ~ 

15, p.m. 
Ma.r. 11, p.m. 

Mar. 2,p.m. 

Mar. 4,p.m. 
5,a.m. 

Cor· 
J'('('fa•tl 

Z. lJ. •::). 

0 ' 
76 l~. 7 

80 34. i 

G3 55. 6 

76 51. 4 

UNITED ST.ATES COAST AND GEODETIC SUHVEY. 

Ob1Jerrntions for Dedinlttfon-Ocmtinued. 

XEW OHLE.iNS, LA., F.A.lU GIWUXDS STATION. </>=290 59'.l. 

RNtcli11g Xorth Mark Azimuth l\Iean <Mark Decli· E,or n .. te of 
Azimuth. of hor. reads. rt>ads. of mark. 11zimut.h and mag-. natiou. W,of obs'ns for 

drclti. ofmm·k. merirlian. no;rth. dt~clina.tion. 

-----

0 ' 0 ' 0 ' 0 ' 
114 Ofi. 4 2:rn 20. 6 :{S:! 21. 0 R 30. ~ 15 03. 2 

111 07. 2 '.2·t2 H.:! ~5::: 21. 4 8 30. 0 ]!'j 08. fj -··-········I 8 U.2 6 40. 4 ' E. }'eb. 14,p.m. I 

124 rn. 4 2:!8 :16. 5 :i:;:i 12. !) 8 13. 5 15 00. 6 8 29. 0 6 35. 6 
I 

E. 15,p.m. 

101 41. 0 251 49. 5 3,;3 30. 5 8 36.4 15 05. 9 15 04. 6 8 22.1 G 42. 5 
' ' 

E, Mar. 11,p.m. , ____ , 
6 39. 5 I E. 

8Ul:TTHWE,;T PA8,;, LA., FIR8T STATION. of>= 28° 59'. 

352 ;,f), ;, I 280 23, 2 287 26. 7 78 38. 7 i 6 05. 41 E. ·1.Mnr. 2, p.m. 
! 

80GTHWE."1' PASS LA.., SECOYD STATION. 

' 115 37. 2 . 288 ;19. 7 ~ 173 02. 5 : 80 li. 0 : 267 14. 5 
267 14. 5 i 10~~--~:J ~~~-3-:~.· 

'..!50 OIJ. 0 i 

11006.01 

OSGOOD'S ISLA.ND, J"A. of>=29° 11'.0, 

354 17. 2 

33.J 02. 4 : 

145 07. 2 

144 44. 0 . 

I 

-- -;-------------

150 50. 0 

150 41. 6 150 45. 8 
1--i 

::: ~~:: ! : ~:: ~ I __ !:_ II~;::.~::~ 
i 6 10, 7 i E. 

------- ----'------' ' ------------~--~--

PETITE .A.NSE, .A. VER Y'S ISL.A.ND, L.A.. 4>=29° 55'. 
----------------------------------~-

Mar. 13, p.m. ! 
14,p.m. 

19,p.rn. 

81 47. fi 

83 40. 9 

81 12.3 

97 40. 4 2!i4 59. 9 

960!),0 1 25647.3: 

95 15. 6 257 21. F 

3:')~ 40. 3 

352 52. 3 I 

3:l2 37. 4 

"0' 29 8 311 49 ' I : 5' 3~. 6 ' 7 20. 8 ,I E IM 
;0:40:7' 31148·~1 .. - ......... , 5;3~.o 11s.2i E: far. 

' . , ............ ' ' 7 20, 8 I E. II 

304 24-.--2~·-... _311--4_ •• [ .~,-~~: i-; :: : L~ 
BHASHKA.R ClTY, LA. ·~=:29° 41'. 

13,p.m. 

14,p.m. 

16,p.m. 

19,p.m. 

.Apr. 6,)Llll, i 

6,11.m. I 
79 15. 7 . 88 17. 6 

1 

· 264 00. 0 352 11. o 353 41. o I 1 23. 4 I............ 5 il4, 9 i 6 57. s I E. II .A.pi-. 1, 
86 18. 3 ; 84 11. 6 2~i8 07. 4 : 

3~52 19. o i_::l_ 1 21.1-~:·_6 ____ 5 39. o I : :: j_i~-----~·:~ 

.Apr. 10, a.m. i 74 53. 9 

10, p.rn. ! 
10, p.ID. i 

10,p.m.1 

I 

7f> 48.3 

78 06. 5 

81 02, 6 

Apr. 15, p.m.1· 74 22. 6 l 
Apr. 15,p.m, 77 00.6 

89 39.6. 

8853.21 

87 28, 0 i 
11,'j 40. 6 . 

81 ao. a i 
263 01. 1 

1

1 

264 27. 6 

~66 19. 3 ' 

I 

GRAND ECORE, LA, </>=~lo 4M'. 

3[•1 5-0. 7 ! 107 49. 1 . 115 58. 4 ' 
352 00. :3 ' 

=~51 55. 6 ! 

351 50. 0 

108 03. 7 

108 03. 7 

10s u:l, 7 , 

116 03.4 : 

116 08.1 

116 03. 8 116 03.4 : 

·---'-----~------------------·-· 

SHREVEPOltT, LA.. 11>=32o 30'. 

a51 59 ... I 67 53. 4 75 M.O ! 

1,0NGVJEW, TEX. of>=32o 29'. 

92 15. 0 

1

- 263- 44. s 1-- 171 ;~- 267- 13.1 I 

93 57.4 265 2-0. 7 ! 17129.3 i 267 13.1 
I 

I 
95 43.31 
95 43,8 95 43.6 / 

--~---,~-i--

i I I 108 07. 6 i 7 55. 8 ' E. .Apr. 10, a.m. 

108 14. 3 1~[ E. 

1

1 10, p.m. 

752.41 E, 

ff/ 05,81 s 3'1.81 E. /.A.pr. 16,a.m. 
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Observations for .Declination-Uontinned. 

ALEXANDRIA, LA. 1>=31° W. 
-- ______ ! ______ ---

Date. 
i Cor-
i rect.ed A z.imulh. 
i z.n.0., 

~----\---·, 

Reading 
of ltor. 
circle. 

North 
rBads. 

1s12. I o ! o 

Apr. 18, a.m. / 76 19. 6 I 85 16. 4 ' 257 44. l 172 27. i 

181 a.m.: 74 06. 6 ' ~f.i 34. f! , 258 57. 5 172 22. 7 

lF, a.m. 1 7l 40. 3 . 88 OJ. 4 : 260 23. 5 i li2 2~. 1 

18, a.m. i 70 28. 3 
1 

88 44. 4 261 15. 5 · 172 C.l. l 
_____ I __ _J__________ -

:Mark 
n~a-ds. 

152 4·1. 5 ' 

]5:! 42,5 I 

I 
lG:! 42. 0 I 

]5~45.0: 

Azimuth 
of' mark. 

340 16. 8 

:w1 19.H 

340 19. 9 

340 l:i. 9 

J>fran 
a'l.imutli 
of mark. 

NATCHEZ, MISS. <i>=3Jo 34'. 

Apr. 24, a.m. 78 14. 8 
I 

8152.6 

24, p.m. 80 59. 6 79 59. o 

273 32. 1 

275 12. 0 

- _________ ! __ 

74 27. 7 I 

212 40. 1 I 

-~~:· ~~:J~_53.4 ~~-47:· 

352 42. 9 

35'.! 47. 8 

11 48. [) 

ll 4:J. J 

VICKSBFHG, MISS. </>=32° 23'. 

352 35. 1 
352 39. 7 : 

352 41. 0 

360 06. O I 

360 11. 6 

360 11. 4 

7 :m. 9 : 
7 31. 9 

7 :io. 4 

MONROE, LA. <1>=32o 29'. 

3G2 26. 3 2311 39. 3 

ll 47. I 

7 31. 1 

<Mark 
and ma~. 
meridian. 

27 2G. 3 

4 34. 6 : 

4 3U. 0 

l 
+ 0 01.3 

0 09.] 

Df'di. 
nation. 

E. OJ' 
\\'.of 
north. 

I 43. ii E. 

7 12. 5 

7 17. l 

'J 14.8' E. 

7 32. 4 

7 ~.o 
I 

E. 
E. 

7~7.2i E. 

Date of 
ohs'ns for 

tli·clinatiun. 

Apr. 18, a.1u. 

'.A Iff· 
I 

21,p.nl. 

22,p.m. 

A11r. 24,n.m. 
241 a.m. 

- - ____ !__ ____ 1 ___ i__ ____ _ 

.Apr. 26, a.m. j 75 46. 71 82 37. 2 i 

26, a.m. l 72 04. 6 84 52. 2 ' 

I 

75 03. 5 i 
7719.7! 35~ 27. 5 2211 :i9. 7 

m 1:10·1 
2:.!8 12. 2 22812.(i +13922.91 7 33.;; : E. ·.Apt'. 26.a.m. 

--~-------) __________ - ------ - -

JACKSON, MISS. <fi~· 32° 21'. 
~ -------------- ---·---------------------! I : 

AJir. 28, a.m. l 8\ 15. o i 78 30. 8

1

1 71 45. 5 35;1 14. 7 ' 

~-m·j 80 12.ot~s 58.8 _:~~·~---~~: s:.9 

2~fi 42. G 

226 01. 3 

233 ~i. ~' 

June 15, a.m. ' 
16, a.m. 
17, a.m. , 

I 

I 

63 33. 2 

69 19.6 

72 47. 2 

7H 48. 6 

75 47. 4 

73 20. 2 

• lune 24, p.m. ! 85 51. l : 63 08. 2 , 

261 p.m. : 7U 00. 3 ( 68 49. 2 . 

26,p.m. 

26, p.m. 
,fo]y 4, p.m. 

5, p.m. 
5,p.ni., 

51 p.m. ! 
5, p.m.: 
5111.m. 
9,a.m. 

9,a.m. 

81 16. 7 ' 

84 42. 5 
72 24.4 

n oo.4 
76 17. g 

78 44. 9 

81 11. 5 

83 18. 5 

77 43.6 

75 03. 5 

67 01. o I 

64 11. 8 
74 31. 0 i 

73 34.6 I 

71 43.6 ! 
69 fi(), 2 i 
6754.81 

66 12. o I 
71 07.41 

73 09.4' 

GOLCONJlA, ILL. a>=:J~O ~:l'. 

81 09. 6 ' 1 21. 0 
77 09. t) ', l <')<') ,, 

67 23. 4 . 354 03. ~ 

359 [19. fl 

3\\0 00. 0 

379 16. 2 

35R 3R fl , l 
:158 H7. ~ . \ 3D8 :l~. l 

2;; 13. 0 

SAINT LOUIR, MO. 4>=38o 381 • 

290 lK 0 

284 4:,, 9 

286 29. 2 

289 ]9. 5 

278 56. 6 

279 54. 3 

281 45. 0 

283 32. 5 

285 34. 9 

287 18. 6 

64 :15.4 

66 37. 0 

3fi3 ~(i. 2 : 273 19. fl 

353 35. 1 27~) 14-. () 

353 ~w. 2 21a 14. r. 
;J.');J :lJ.3: 2/:l 14.f> I 

3('>3 27. G , :!7t 13. 6 

35~ 28. 9 273 a. 5 

:i5:J 28. 6 : 273 14. :; 

af\3 22. 7 ~n~ 14. 5 

353 29. 7 273 J4. 5 : 

35:! 30. 6 273 H. 5 

353 28. 0 273 1:1. 3 ! 

a5a '27. 6 273 ia. a 

279 52, 8 ... " ........ I 

279 39. 4 

279 44. 3 

27U 4a. :l 
27H 4G. 0 

:au 4fi.6 

279 4!i. !) 

27H 5l. 8 

2rn 44. s 
27tl 43. fl 

2i9 45, 3 

279 45. 7 ~79 45. 7 ' 

13:1 r~2. 4 'i 20. 5 ! E. (A tir. 28, a.m. 

7 :~'.!. 0 

7 2~). 2 

19 1:1. I 

86 47. 5 

86 4 ... 4 

86 53. 2 

HU 49. 3 
1 

86 45. 8 

8fi 49. 8 

86 44. R 

8U f>4. 2 

86 44. 4 

86 4~. 2 

8C f>il. 6 

sn r;:;.1 

~ JO. 1 

fl 07. 3 

G 5H. 9 , 

6 05. 8 

6 B~. 2 

Ii 34. J 

6 :is. 9 

6 35. 0 

u lll. & 

6 :15. 5 

6 30. 5 

6 39.9 

6 30. l 
6 33. {I 

6 36 3 

6 38.8 

K 
E. 
E. 

E. 

:

1

,T1mr 

I 
I 

l!'i,a.m. 

Hl,a.m. 

17, 11.m. 

E. '.Tune 24, p.m. 

E. 25, p.m. 
E. 26, a.m. 

E. 26, a.m. 
E. 26, p.m. 
E. 26, p.m. 

E. ..July 2. 

E. 
E. 
E. 

E. 
E. 

8,a.m. 
4, p.m. 
4,p.m. 

41 p,Dl. 

4, p.m. 
86 :;;;. 6 i 6 44. 3 E. j 
86 47. 5 . 6 33. 2 E. 

86 48. l i 6 3:l.8 E. 

5, a.m. 
5,p.m. 
s, p.Jll. 

8651.41 637.1 EE'·_ I 
S6 45.4: 6 31.1 

5,p.m. 

86 46 5 I 6 3~.2 U_ 
-~~~......J"--:-~~..1..-~~-!.~~~-.!..~~~-.!..~~~......:..~~~_L~~~....l.~-S-6-5-;-2~!~6~35-._9.L_E•. 8653.81 639.5 

j6~ 

e,p.m. 
ij,pm. 

6,p.m. 

V,&.Dl. 
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Observations for Declination-Continued. 

Date. 
Cor- : ! Reading 

rected ·.Azimuth. of hor. 
! Z. D. 0. circle. 
[ ____ - --- ,---·-------

1872. I 
July 12, a.m. , 72 11. 8 75 48. 8 

12, a.m. ' 70. 08.1 77 20. 4 

3, a.m.: I 
Aug. 64 49. 2 

! 
87 19. 2 

4,:t.m. 
i 

5U 10, 7 92 06. 6 

4,a.m. M 49.8 95 5:-1. 0 

5, a.m. 62 19. l 90 01. 4 

~--- ~ --·----- ---·--··--- --· .. _ 

Aug. 24, 11.111. ; 79 14. 9 8.'i :?2. 4 

Aug. 301 a.m. 00 19. 0 105 15. 2 : 

SO,p.m. 81 22.4 b6 02. 0 

31, a.m. 6~ 58. G 103 oa. 2 

75 5d. 0 : 

77 26. 8 : 

Gl 10. 3 

8;) 05. 0 

89 0:1. 8 

83 L2. a 

269 18. 2 

98 55. 0 

267 37. 7 

96 24. 0 

SAINT LOUIS, MO. SECOND STATION. 

North 
reads. 

0 09. 2 

0 06. 4 

Mark 
reads. 

I , I 
I Azimuth I Mean <Mark ! Decli- i E. or ! 0Dbs~nte8 o,f

0
r 

, f k [ azimuth , and mag. nation. ' W. of 1· " 1 0 mar · of mark. I mendian. : north. declination. 

1 ___ ~_1. -- ;-·------/----; ·/'------
i 0 f I 0 I 1 0 I I 0 I :.' 

28000.0 ! I July 12,a.m. 

12,a.m. 

I I 6 48. 9 E. 

279 50. 8 : . . . . . . ..... 

1

, 86 57. o : 6 49. 2 , E. 

2!'0 00. 0 ' 279 53. 6 [ 279 52. 2 86 56. !i II ~~1' E. 

-----.. -· --------· I -·~---~--~--
SA.IXT LOUIS, MO. THIRD STATION. 

: 
333 51. 1 258 13. G 284 22. 5 -----------
352 5l'. 4 ~71 J~, 9 I 284 34. 5 ------·---·· 
~53 JO. 8 277 3:!. 9 284 22. 1 ----- ------

353 10. !) : 277 34. 5 ~84 23. G 284 25. 7 ' 

DUBL"QUE, IOWA.. </>= 42° 30'. 

352 40. 6 350 36. 8 357 56. 2 ! 357 56. 2 ' 

I 
I 

.. ----'--·- --_ L ___ ·-· --'---
WENONA. ILL. </>=41°0ii'. 

353 39. 8 338 01. 0 

35;; 39. 7 i 3:l8 00. 0 

35:i 20. 8 i :s:i7 43 . .J 
I 

I 

344 21. 2 

344 20. 3 

344 22. 7 344 21. 4 

82 27. 9 i 6 53. 61 E. /Aug. 3,p.m. 
I 82 04. 3 i 6 30. 0 E. 3,p.m. 

F2 22. 9 : 6 48. 6 E. 4,a..m. 
82 25. 5 I 6 51. 2 R 4,a.m. 
82 09. 0 i G 34. 7 E. 4,p.m. 

82 13. 4 6 39.1 E. 4,p.m. 

82 23. 3 6 49. 0 E. 5, a.ru. 
82 07. il 0 33. 2 E. 5,p.m. 
82 13. 0 6 38. 7 E. 5,p.m. 
82 18. G 6 44. 3 E. 6,a.m. 

82 oa. 2 6 28. 9 : E. 8,p.m. 
82 21. 4 6 47.1 

: 
E. 9,a..m. 

82 07. 0 6 32. 7 E. 9,a.m. 
82 10. 1 i 6 35. 8 E. 9,p.m. 
82 14. 4 6 40. 1 E. 10,a.m. 
82 05. 6 6 31. 3 E. 10,p.m. 

0 39. 9 E. 
- ------·~-~ ·-----

9 36. 4 

9 28. 4 

7 32. 6 
7 24. 6 

9 28. 7 ' 7 24. 9 

932.0i 728.2 

E. 
E. 

E. 
E. 

9 a~. 9 i 7 35. 1 E. 

9 47. 4 : 7 43. 6 E. 
9 49. 7 ' 7 45. 9 : E. 

!---: 
7 33. o : E. 

I Aug. 24, p.m. 
25,p.m. 
25,p.m. 
26,p.m. 
26,p.w. 

27,a.m. 
"n,a.m. 

-·-----------------

--------------·-------

21 46. 2 i 6 07. 61 E. I Aug. 29, p.m. 
21 45. 6 / 6 07. o E. 29, p.m. 

21 55. 4 I 6 16. 8 E. 30, a.m. 
21 39. 8 I 6 01. 2 E. 
21 40. 2 I 6 01. 6 E. , 

30,a..m. 

30,p.m. 
21 39.4 / 6 00.8 E. I 30,p.m. 

·-'--------·-'-----'--2-1 46. 61 __ ~~:: __ :: I ___ "°_·_p_.m_. 

MACON", ILI,. </>=390 42'. 

S.·pt. I, a.m. n 32. 9 

1, p.m. , 81 39. G 

93 f>I<. 4 

86 37. 4 

88 42. 1 354 43. 7 295 41. 8 

295 45. 2 

300 51!. 1 I 
--~----------·!-----, ----

64 29.2 1 5 29. o I E. : Sept. l,a.m. --·---·····-
' 301 01.6 ! aoo so. 8 i 64 28. 4 5 28. 2 ' E. 1,a..n1. 2fiil Oli. 2 : H54 4:!. 6 

61 23. 6 5 23.4 E. l,a.m. 
64 19. 6 5 19.4 E. 1, a.Dt. 

64 17. 0 5 16. 8 E. l,p.m. 
64 17. 8 5 17.6 E. 1,p.m. 

64 19. 6 5 19. 4 E. l,p.m. 
64 17. 7 5 17.5 E. l,p.m. 
64 22. 0 5 21.8 E. l, P.lll· 

6 2L5 E. 1,p.m. 



 

UNITED STATES COAST AND GEODETilJ SURVEY. 

i Cor. I I 
Da.t.e. ! reeted !Azimuth. I 

Observations for Declination-Continued. 

Reading 
of hor. 
circle. 

1 

HIGHLAND, ILL. <1>=38° 45'. 

North 
rearls. 

Mark 
reads. 

Azimuth : a~!~h 
ofmark. I ofmark. 

<Yark Decu. 
and map;. nation. 
m~ridian. i, 

337 

E. o~ Date of 
W. of ob'ns for 
north. , declination. ! Z.D.0.1 I 

_. ----1---;---: 1- ----:---- ---
- --- ._ ___ j ___ : __ : ____ _ 

1872. io1lo1\ 
Sept. 2, p. m. I 82 24.2 i 86 24. 6 

3,p.m. i 
I 

Sept. 29, a.m. i 
29,p.m. i 
30,p.m.: 

I 
30,p.m. I 

10 44. s I no oi. 2 i 
81 00. 4 f 100 50. B ; 

77 01. I ! 104 SB. 6 

~"'l"'u .. 

2;, 13. 0 ! 
275 08. 71 

101 42.} I 

250 56. 7 ; 

254 58. 8 : 

257. 25. 2 : 

i 

0 I 

353 37. 6 355 03. 0 1 2,1.4 : .......... .. 

360 13.1 : 138.5 125.4' 125.4 

\ 

HERMANN, MO. <1>=380 42'. 

351 40. 9 : 
I 

298 19. l ! ............ 290 00. 0 i 
351 56. 5 290 07. 5 i 298 11. 0 i. ........... 
359 57. 4 I 20s 10. 1 I 298 13. 3 i ............ 

208 io. 4 I 359 59. 4 ..... I 298 13. 4 

I 
I -------

Oct. 

Oct. 

Oct. 

2,a.m. I 
I 

2,a.m. 1 

I 
I 

I 

l 
4,a.m. · 

I 
6,a.m. [ 
7,a..m. 

7,p.m. 

68 55. 9 

65 36. 2 

68 47. 5 

71 00. 3 
64 3(1.2 

85 25.3 

112. 38.' I 
I 

104 16. 0 ; 

116 04. o I 107 M.5, 

I 

I 115 09. 3 115 19. o I 
! 

I 

I ----

114 07. 41 
122os.o1 
101 29. 61 

103 10. 7 

122 05.8 

258 32. 6 

·-----~---'-----'----

Oct. ll,p.m. 

10,a.m. 

I 
8i 00. Ii 1413 28. 3 
fl'1142 lllO 28.4' 

262 00. 91 

~~·1 

SEDA.LI.A., MO. <1>=38° 42'. 

351 37. a I 2032.2! 
I I 

~M.•i i 
3:;1 50. 51 2033.2' 28 42. 7 28 48. 6 

I I I 

K.A.NS.A.S CITY, MO. of>::::390 05'. 

I 

290 03. o I 0 09. 7 I 289 53. 3 289 53. 3 ; 

MANHA.TTAN, KA.NS. of>= 39" 12'. 

349 03. a l 
o 02.a I 
0 02.21 

aa1 54. 51 
342 s2. a I 
:142 51. 5 i 

I 

342 si.2 / ............ I 
342 00.0 1 ............ 1 

342 49. 3 I 342 50. 2 I 

_____ I ___ _ I 

i 
35ll 36. 91 360 oo.o I 0 23. l i 

I 

0 23. I I 
: 

ELLIS, KANS. •=380 56'.0. 

222 44.5 
227 16. 2 

227 15. 3 ! ........... . .,., .... I ,,, ~· 

+5 05. 3 ij 30, 7 I, 

5 10. 0 6 35.4 i 
5 09.2 6 34. 6 l 

5 08.1 6 33.5 ! 
5 11.5 6 36.9 ! 

:---
6 34.2 ! 

70 03.1 8 16. 5 

69 51. 0 8 04. 4 ' 
70 04. 2 8 17.6 

70 00. 0 8 13. 4 ' 

70 03. 9 8 17. 3 i 
:,---i 
1 8 13. s i 

I 
20 30. D I g 17. 7 I 
2032.51~~1 

I 8 16.9 

80 42.0' 10 35.3 i 

80 51.2: 10 44.s I 
so 37. 2 i 10 30. 5 : 

,---, 
10. 36.S I I 

28 05.0 i 10 5.'i.2 ! 
28 05. 0 : 10 55. 2 . 

28 01.7 i 10 51.9' 
28 06. l I 10 56. 3 I 
m s1. 1 10 "· 9 ! 

I 
27 M. 8 10 45. 0 i 
27 57. 7 JO 47. 9 I 

1051.31 

12 24.8 [ 
I 

! 

I 

12 47. u ! 

146 119.4 ! 12 2'. 7 i 
145 18.5 i 12 28.81 
14!i 05.ll I 12 21. 2 i 

,1224:91 

E. Sept 
E. 

E. 
E. 
E. 

E. 

E. Sept. 
E. 
E. 
E. 
E. 

E. 

E. : Oct. 

E. 

E. 

E. Oct. 
E. 
E. 

E. 

: 
E. J0ct. 
E. j 

E. I' E. 
E. 

E. I 
E. 

E. I 

i E. 10et. 
I 

E. l0ct. 
:: Ii 

E. 

2,p.m. 
2,p.m. 
2,p.m. 

3tp.m. 

41a.m. 

27,a.m. 

29,p.m. 
29,p.m. 

30,p.m. 
30,p.m. 

2,p.m. 

3,a.m. 

3,p.m. 

4,a.m. 
4, p.m. 

6,a.m. 
6,a.m. 

6,p.m. 
7,a.m. 
'1,m. 

7,p.m. 

7,p.m. 

9,a.m. 

D,p.m. 
10,a.m. 
111,p.m. 



 

338 UNITED STATES COAST AND GEODETIC SURVEY. 

Observations for Declination--Continued. 

WAL LACE, KANS. <1>=38° 55'.0. 

Date. 
j . Cor-·-, .. ~- 1,, ~eadini,: ___ N.ortb M•rk !,• Az1"muth ,1 azl\1~mea,,nth i <Yark i Decli JI E. or !I Date of 

ted A th f b ~ ,1 and mal!'. , 
1
• • W. of ob'ns for 

I' rec I z1mu . ' o or. d ad I f k I ~ I nat on I 
1 

z. D. 8 I circle. rea "· re s. I 0 
mar · i of mark. : .::idian. i ~i north .. r declina~~ 

----1------1 ---~-1---------------- ! O 

/ 

) 0 I j 

1872
' j 

0 

' I c ' I 0 

' i 
0 

' 

0 

' 13 25. 3 l 13 25. n I E. 'Oct. 11, a.m. 

j · ! 1317.5j 1317.51 E. 11,a.m. 
' 1 I 13 17. 8 ) 13 17. 8 , E. 11, p.m. 

Ii I :, i I I E •o 00. o : 13 12. O 
1 

13 12. O I • 11, p.m. 

13 15. 21· 13 15. 2 i E. 11, p.m. 

I
I 13 23. 3 13 23. 3 ! E. 12, a.m. 

' 

1s 14. o / 13 1~. o I 
13 11. 9 i 

E. 12,p.m. 

E. 

---'------_l_ __ -·---·~-~--------~- ---------~-~------- ---------~' ---'~--------

Oct. 13, a.m. 
13,p.m. 
13,a.m. 
19,p.m. 

I 
71 52. l: 117 37.0 i 

84 30. s 105 25. o I 

~ ~~: ! ~~! ::: ! I 

I 

102 59. 6 ' 
241 44. 6 

123 38. 6 

2[>3 55. 2 

DENVER, COLO. <1>=39° 45'. 

345 22. 6 305 25. l 320 02. 5 ····--------: 
347 (jg, 6 307 15. fj 

i 
320 06. 0 ······--··-· 

360 03. 9 : 320 02. 8 319 58. 9 l 

359 54. 2 I 320 00. 8 320 06. 6 ! 320 03. 5 
I 

I 

PTJEBLO, COLO. ¢=38° 12'. 

i 
54 36. 5 i 14 40. 0 i 
54 42. 2 : 14 45. 7 i 
54 42. 7 j 14 46. 2 : 

54 49. 4 I 14 52. 9 I 
54 37. o . 14 40. s I 
54 4L 6 I 14 45. 1 I 
54 41.3 I 14 44.8 

54 39.11~ 42.6 

114 44.7 

____ 1 ____ -I ____ : _____ .. __ _ 
Oet. 16, a..m. i 75 03. 2 I 114 48. 6 . 100 52. 4 316 03. 8 

16, a..m. / till 03. 4 i 121 11. 8 r 107 18. 6 346 06. 8 

307oo.~1-;~~-;,~~;r~:-:~-------/~71 13 56.4 / 

ao101.8j 32055.ol ........... 5256.sJ 1354.51 

307 00. 0 1· 321 01. 4 . 320 57. 7 i 52 58. 0 13 55. 71 .. ,~I MOOr~·~,.=-u· ~· 

I 
i 

CHEYENNE, WYO. 

I 
I 
I 
I 

I 
L ____ 

SYDNEY, NEBR. 

l 

<1>=410 05'. 

I 
I .,00.

1 

I 
1'>=41° 08'. 

tl67 07. 5 ' 

5257.8 ~1 
13 55. 5 

15 21.s j 1s 21.s j 
1s u. 4 ; 1s 24.4 I 
15 33.61 15 33.61 
15 28. 6 i 15 28. 6 

15 24. 5 i 15 24. 51 
15 27. 5 [~ 27. 5 

11526.7, 
, I 

152 a2. s I 
I 

14 as. o i 
1s2 29. o I 14 38. 5 
152 33. 0 I 14 34. 5 

1s2 31. o I 14 36. 5 
152 31. o I 14 36. 5 ! 
152 30. 5 ' 14 37.~' 

152 27. 5 i~~1 

l 

E. loct. 13,a.m. 
E. I 13,a.m. 
E. 

I 
13,p.m. 

E. 14,a.m. 
E. 14,p.m. 
E. 14,p.m. 
E. 19,p.m. 
E. 19,p.m. 

E. 

E. iOct. 15,p.m. 
E. l 16,a.m. 
E. 16,p.m. 

E. 16,p.m. 

E. 

i 
E. 'Oct. 21,p.m. 
E. 21,p.m. 
E. 22,a.m. 
E. 22,p.m. 
E. 22,p.m. 
E. 23,p.m. 

E. 

1~t. E. 25,p.m. 
E. 25,p.m. 
E. 25,p.m. 
E. 25,p.m. 

E. 25,p.m. 

E. 25,p.m. 
E. 25,p.m. 

E. -------~-------1 .. ___ i 11436.91 
..... _________________ .,:_ __ ...,!_ __ ~----

NORTH PLATTE, NEBR tfi-410 11' -
85 17. 41111 36. 2 ' 235 33. 0 i 

l l I 

~;· 14.0 I Oot. 26, p.m. a.709.21 355 05. 4 J 7 56.2 i 7 56. 21 +5 17. 8 
l 

28,a.m. E. Oct. 
I l 

I 
I I 

I 
! 5 00.2 13 05.• E. 26,p.m. 

! I 
5 08.1 

1804.3 I E. llB,p.m. 

i I 
5 10. 0 13 06. :i B. l!B,p.m. 

J 

I 

I I I 18 07.5 .E. 
I I . ID meridian ot bolltldary ollllefVllrory • t A.l!tronomical meridian of Wh011ler Survey. 



 

ttm't:ED STATES COAST AND GEODETIC SuRVEY. 389 

Observations for Dtclination-Continued. 

GRAND ISLAND, NEBR. 4>=4oo 55'. 

I Cur· Rea.ding North I Mark ·,, A•.t"miith Mean <Mark D 1. i E or 
1 

Date 
Date. l rected 'Azimuth.' of hor. reads. j reads. ,. azimuth and mag. ~ ,_ 1· "\V. of ob'ns for 

\ Z. D. 0 ' \ circle. 
1 

of mark. of mark. I meridian. nation. north. declination. 

----'---,---/--- i ------i--- --- ------~·-----:----~--:----l-·--·----
1871. 01Io1 I 01! 011 ' 011 

Oct. 27,p.m. 82 08.5 115 03.3 23145.1: 346 48.4, 48 00.0 6111.6 ........... i 47 56.0' 1315.9 l E. 'Oct. 27,a.m. 

27, p.m. : 84 34. 3 112 37. 4 Ii 234 10. 3 'i,: 346 47. 7

1

1 48 00. O i 61 12. 3 61 11. 9 :~ ~: ~ i ~! ~~: ~ : !: ~: ;.;,., 
47 57. 5 13 14. 4 \ :E. ' 27, p.m. 

---i 
I ____ i _____ I_ ------ : 1313.~1-_E_._1 ___ _ 

I 
77 43.1I121 54.o I Oet. a1, a.m. I 

31,a.m. ( 
I , 

73 07. o I 127 au. 3 : 

I i 
I I 
I I 

1,p.m. f 87 36.71112 12.8 \ Nov. 

~:: i 
74 34. 5 129 11. 0 l 
69 10. 4 137 27. 6 i 

Golconda, Ill. 
Richmond, Ind. 
New Albany, Ind. 
Edgefield, Tenn. 
Corirrth, Miss. 
Oxford, Miss. 
Grenada, Miss. 
Magnolia Base, La. 
New Orleans, La. 
S. W. Pass, La. 
Osgood's Island, La. 

I 
I 

OMAHA, NEBR. \&=41° 16'.0. 

' 12 19. I i 111 32. 8 349 38. 8 34807.9' 35829.1:. 10 48. 0 E. Oct. 31,a.m. - • - • -- - -- · 1 

117 18. 4 349 39.1 348 07. 9 i 358 28. 8 358 28. 9 l 12 14. 1 : HI 4iJ.O E. 31,m. 
i 
I i2 13.4 I 10 42. 3 E. 31,p.m. 

1214.7: 10 4iJ. 6 .E. 

I 
31,p.m. 

I 
__ f 10 44.~i E. f. 

DES MOINES, IOWA. 4'=41° 35'. 

---·-----~-

243 rn. 2 I 344 59.1 ! 355 29. 0 349 30.1 I 20 16. 5 ' 9 44. 8 E. Nov. 1,p.m. 
124 40. 4 I ····-·······; 

' 355 29. 4 344 58. 5 l 349 29.1 ........... l 2020.7 1 
9 49. 0 i E. 2,a.m. 

133 03. 3 355 35. 7 34501.5: 349 25. 8 i 349 28. 3 20 20. 8 9 49. l I E. 5,p.m. 

I 
20 25.4 I 9 53.7 i E. 6,a.m. 
20 rn. 1 ! 9 47. 4 I E. 

I 
I 

1871-'72. 

OBSERVATIONS FOR DIP. 

STA.TIO NS. 

Avery's Island, La. 
Brashear City, La. 
Raton Rouge, La. 
Grand Ecore, La. 
Shrevepo1t, La. 
Longview, Tex. 
Alexandria, La. 
Natchez, Miss. 
Vicksburg, Miss. 
Memphis, Tenn. 

Cairo, Ill. 
Saint Louis, Mo. 
Dubuque, Iowa. 
Wenona, Ill. 
Macon, Ill. 
Highland, Ill. 
Hermann, Mo. 
Sedalia, Mo. 
Kansas City, Mo. 
Manhattan, Kans. 

Observer, T. c. HILGARD. 

6,p.m. 

\94U"1 E. 

Ellis, Kans. 
Wallace, Kans. 
Denver, Colo. 
Pueblo, Colo. 
Cheyenne, Wyo. 
Sydney, Nebr. 
North Platte, Nebr. 
Grand Island, Nebr. 
Omaha, Nebr. 
Des Moines, Iowa. 



 

340 UNITED STATES COAST .AND GEODETIC SURVEY. 

OBSERV .ATIONS FOR DIP. 

IlfAGNETIO SURVEY, 1871-'72. 

GOLCONDA, ILL. 

Date. 

I I P~;arity north. I Polarity oouth. I 
jNeedle.1-----

1
----, ------,-----

1

-- Dip. 

, ______ ! ___ I Circl:~i~I M~9.Jl, 'circle E~'~ Mean.! __ _ 

I 
1871. I ' I ' ! ' i 0 ' I ' II 

.Aug. 31 1 i ~ 57. 5 I 88. 5 1 73. 0 ' 67 74. 0 I 55. 5 64. 7 68 08. 8 

' 31 2 _j 61 M. 0 i 60. 0 i 57. 0 67 80. 0 i 65. 0 72. 5 68 04. 8 

j Sept. 1 1 i 67 41. o 80. 51' 00. 7 68 07. 0 j 09. 0 

1
. 08. 0 68 04- 3 

I 
l 2 ': 67 44. 0 56. 0 50. u '. 67 51. 5 i 51. 5 ' 51. 5 67 50. 7 

12 1 I 68 os. o 1s. 5 ; 12. 2 , 67 49. o ! 106. s ! n 1 68 u. o 
i 12 2 ! 67 53. o 54. o ! 5a. 5 i 68 11. 5 i 15. o i io. 2 68 04. s 

18 l : 67 53. 0 72. 0 i 62. 5 '. 67 42. 0 i 57. 5 ! 49. 7 fr/ 56. l 

18 2 67 41. 0 58. 0 i 49. 5 : 68 05. 5 l 34. 5 i 20. 0 68 04. 7 

20 1. 67 58.0 80.0 i 69.0. 67 45.0 i 75.5 i 60.2 68 04-6 

20 2 · 67 43. 5 63. o . 53. 2 68 01. o .
1 

28. o 14. 5 68 03. 7 

22 68 09.0 32.5 20.7 67 43.5 77.0 60.2 6810.4 
I 22 m a1. o , s1. o 62. o os oa. o I us. 5 o5. 1 68 03. s 

67 58. 0 : 76. 0 67. 0 67 51. 0 ' 57. 0 54. 0 68 oo. 5 Oct. 

13 68 07. 5 i 09. 0 08. 2 67 44. 0 64. 5 i 54. 2 68 01. 2 
2 ' 67 46. 0 ! 61. 5 I' 53. 7 67 45. 0 i 73, 0 59. 0 67 56. 3 

I 13 67 40.0 I 59.51 49.7 67 55.5 82.5 i 69.0 

i 1872. I I 

I'"" ~~: ::1 ::I::: ::1 :::1 
·~~-'--~---'-------'-~--'-----'-~--'----'-----'---~' 

48.5 
59. 0 

I 1871. 
\ Nov. 22, p. m. ·, 

22,p.m. i 

23,m. ! 
23,m. I 

I 

RICHMOND, IND. 

l ' 71 30. 0 ! 50. 0 I 40. 0 I 
2 11 16. 5 sz. o 24. 2 I 
1 j 7125.5 i 34.0 211.7 
2 I 11 01. 5 1 20. o I_ lo. 1 

I i. 

I 
7115.51 
71 31. 0 

71 08. 5 

71 18.0 

NEW .A.LB.A.NY, IND. 

43.0 

41. 0 

aa. 5 
26. 0 

29.2 ! 7134.61 
36.0 i n ao.11 
21.0 I n 2s.a 
22.0 i 7116.31 

I 1120.61 

1· .. ~---· I I I 16. 51 70 23, 1 1 70 15.0 i «. 5 i 211. 7 I 70 28. 5 04. 5 

2 70 11.51 09.0 I 10. 21 70 28. 5 34.0 31.21~ 
70 21.9 

I 

EDGEFIELD, TENN. 

I Doo. i ! I 
I I 11. s I 

_, --
I 

2, m. 6711.51 23.5 I fJ7 00. 5 15.0' 07. 7 67 12. 8 
2,m. I 66 58. 0 sa. o I aao I 66 49. 0 DO.O 69. 5 ff1 08.B 

I 
I ---I I I 67 10. 7 

I I I I ' 

CORINTH, MISS. 

Dec. 3,m. I 1 115 48. 0 75.0 61.5 HOI oo.o 43.5 65 52. 5 
3,m. I 2 65 42.6 72. 5 57.6 65 44. 0 98.0 56. 0 65 114 '7 

I fl5 5'. 6 



 

UNITED ST.A.TES CO.A.ST .A.ND GEODETIO SURVEY. 

Observations for Dip-Oontinued. 

OXFORD, MJSS. 

I ! Polarity north. I Polarity south. ! J 

! ! I I · ! 
Date. !Needle .. ---

1

---- - ---1 1 1 ' Dip. I 

i ! ClTcle E. 1 W, I :Mean. i. Cirole E. I[ W. J J.foan. ] \ 1----i---l,--1- --!---.---- ------1--.--1 
! 1871. I l 0 I I ! I 0 I I I 1 0 I t 

I Dec. 13 I l I 65 05. 0 I 60. 5 ! 32. 7 64 49, 5 64. 0 : 56. 7 : 65 14. 7 : 
I 13 2: 64 49.0 '. 58.5 I 53.7 64 42.5 83.5 63.0 I 64 58.4 I 
I 24 l I 65 07. 0 I 13. 5 I· 10. 2 64 41. 0 62. 5 51. 7 ! 65 oo. 9 ! 

I 

24 2 ! 64 as.5 1 64.o I si.2 64 87.5 69.o os.2 !~~-! 

I i Ii I l-~03.4 i 
I 

1872. I I I \ I ! 
May W,a.m. i 1 i 65 21.5 i 29.0; 25.2 f 64 48.0 64.0 56.0 ! 6510.6 

II 20.n. m. 2 i 64 40 0 I 67 5 i 53.7 [ 64 61.0 71.0 ! 66.0 
1

1 64 59.9' 

,______ I - . r . I I J650&.3, 
GRENADA, MISS. 

I 
; I I I 

l 64 19. 0 1· 41. 0 i 30. 0 : 64 10. 5 43. 5 i 27. 0 ! 64 28. 5 i 
2 I 64 01 s 2a o - 15 2 • 64 16 o a2. o ! 24. o i~~I 

I -~J~j __ ._l ___ · ~--'---~· _64_24_-~o I 
MAG-NOLI.A. BASE, LA. 

1;:~:--1-~=::r £ff ::I :-::' -~1 :: ~~ 
Feb. 12 

l2 

Feb. 15 
15 

CITY PARK, NEW ORLEANS, LA. 

FAIR GROUNDS, NEW ORLEANS, LA. 

l I 59 4o.5 I ao.o II 00.2 J so SL5 
1 

58.51 
2 i 59 22.s I 48.o I ss.2 I so 45.o 63.5

1 I , I . 
SOUTHWEST PASS, LA., STATION No. 1. 

1-:---:i-:::;fi:1 ::1 :::1 ::i 
SOUTHWEST PASS, LA., STATION No. 2. 

42. 7159 "5.3 
47.2~ 

I 59 43.5 

45. 0 i 59 52.6 l 
M.2 1!~~1 so 48.6 I 

I 

I 

38.5 5846.01 
87.2 118 47.1 

I 08411.61 

I lllar. 3 
2
1 II 58 44.0 1 113. 0 I 53. 5 58 29. 0 \ 311.& I 34. 21 118 43. 8 \ 

8 5821.5 62.5 42.0 5850.01 72.0 61.0i~i:..! 

I I I I I _1__ i 
5847

'
6 i 

~-~~--'-~--'-~-~~---'----~~--~~ 

oso.oon·s ISLA.ND, LA. 

~1 li8 au I I 
Kar. 5 69 05.0 19.ll 12. 2 a.ol 00.7 69 01.41 

6 58 43.0 68. 0 50.5 5904.51 18. 5 11.5 69 01.0 

I I I G9iii'2J 

341 



 

842 UNITED ST.A.TES 00.A.ST .A.ND GEODETIC SURVEY. 

Observations for .Dip-Continued. 

A VER Y'S ISLA.ND, LA. 

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

/ I Pola.rity north. i.' Polarity south. I j 
Date. 1Needle.I , , ;·----·-,---1-- Dip. ' 

_ ! _ I Circle E. !~/I Mean. i Circle E. ;_w~I: Mean. f __ J 
1872. ! 1 0 ,[ ,, ,'. 0 ,I '.i ,1 0 ,[ 

Mar. 15 / l 59 24. o ! 47. O I 85. 5: 59 04.5' 29.0 I 16.8 i 59 26.1 i 
15 I 21 59 02. 0 I 24. 0 ; 13. 0 I 59 43. 5 37. 5 I 40. 5 i 59 26. 7 i 

______ !____ _ __ J __ J I I 59 26. 41 

BRASHEAR CITY, LA. 

·----------

I 
i I ' 

58 53.51 
I I 

Mar. 23 i I 59 12.0 ! 38.:; ' 25. 2 I 76.o I 64. 7 59 14. 91 
2! 5846.oi I 

23 82. 0 64. o I 5922.5; 40.0 I 31. 7 59 17. 8 

I I 
I I 

5916.3\ I I I 
: I ------

BATON ROUGE, LA.. 

I 
Apr.-~-- -----1-.,.--60-23-.~- r·-19.~T 21.2160 05.51 30.6 / 18.01· 60 19.61 

2 59 66.5 i 77.51 67.0 60 25.5: 42.51 34.0 60 20.5 I 

/ -~ __ I ____ ) _ _I_ _j __ 1 I 0~_20.oj 
GRAND ECORE, LA. 

Apr. 10 ! 1 I 61 3t.5 [ 40. 51 37. 51 61 04. 51 28. 5116. 5 61 27. O J 

---···-···-- ···--· ... --·----------------- -)~ 

I I ' 
10 I 2 , 61 10. o 21. 5 15. 7 61 37. 5 41. o 39. 2 61 27. 4 1 

I I I I I I I 1""6127-:21 
SHREVEPORT, LA. 

Apr. 14 ~I 62 01. o I 32. 51 16. 71 61 ~-51 ~-0 I 51. 3 62 04.0 

14 61 50. 0 72. 0 8LO 61 40. 5 97. 0 68. 7 62 04.8 
I I I 

I I I 62 MA I I I 

LONGVIEW, TEX. 

1

1

.Apr. 15 
15 

1! a100.ol 
2i 6144.51 

I I 
72. 0 
511.0 

61. ;·1-;~~~;--;;---~-;;.~ I 
51.7 61 62.0 73.0 67.5 ~ 

I 61 57. a i I 
ALEXANDRIA., LA. 

Apr. 17 
17 ---!r: ~::r·:~1:~JI :: :~:~ 1::: ·1-:~~- = ::: 1 

l ' : 1 ---1 
___ .c_____,! __ c! __ ..:_i _ l ___ I _ J 1 

60 53
• 
0 

NATCHEZ, MISS. 

Apr. 22-------~r 61 20:0 ·1~~1· 
22 2 i 61 11.5; 31.0 

_______ 1 __ I I 
35.21 6110.51 
21.2 ! 6113.5 

II 

VICKSBURG, MlBS. 

1---r 

~ ! 43.5 ; Apr. 24 62 21.0 32. 2 62 07.51 ! 

I 
l!4 82 14.5 32. 5 23.5 82 31.0 

I I 

36. 0 I 
41.0 

I 

~01 39.5 

I 

23.21 01 28.2 

27.21!~~ 
61 28. 7 

I 

22. 7 62 21.• 
35.2 82 29. 3 ---

82 28. 4 



 

UNITED STATES COAST AlSD GEODETIC SURVEY. 

Observatwm for Dip-Continued. 

MEMPHIS, TENN. 
·------------

Dat<>. 

! I Polarity north. I Polarity south. 1· 

INeedle.:--- --·-c·-------]---T- --·---, Dip. 

II i Circle E.1
1 

W. Mean. :, Circle E. \ W. 
1

· M0an. ! 
I----- I , ! , I ' 

i--' :5 3~. 5 r-=--~- 2 I :s 1~. 0 I -~.·5-: 2~. 2 : :5 37. 2 
1872. 

:May 21 

21 

I .rune 21 

I 21 

I
' .Tune 25 

25 

July 6 
6 

I Aug. 24 
' 24 

Aug. 30 
30 

I 64 95. 5 i 59. 5 77. 5 : 65 60. 5 I 55. 5 ; 58. 0 i ~ 3::2_' 

I I - L_ I I 60 37. 5 ! 

1!6730.ol 

21 6740.51 
i I 

i 

CAIRO. ILL. 

i 
40.5 : 

50.5 

42.7 i 67 2s.o I 
45.5 i 67 38.5 l 

48. 0 ; 

39.5 

·-, ----1 
38.0 i 67 4,0,3 / 

a9.o 1___!'.~I 
6i 41. 3 

------ ---------·-------
SAINT LOl'IS, MO., STATION ON COMPTON'S RILL. 

1:6929.0 
2• 69ls.o: 

2
116935.5, 

69 15.5 I 

I I 

I 
48.0 ,. 

41.5 ' 
43. o 

1

. 

51. 5 

i 

38. 5 i 
ll'J.' I 
39. 2 I 

33. 51 

60 rn. o 
69 43. 5 

69 41. 0 

69 18. 5 

34.5' 

36. 0 i 

30.0 i 

47.0 ' 

I 
DUBUQUE, row A. 

I : 73 04.0 I 
2' 1aoo.o: 

17. 5 i 
I 

17. o I 
JO, 7 I 72 55. 0 ' 6G. 0 

08. 5 ' 72 44. 5 ' 00. 5 

WENONA, ILL. 

I 26.71 6932.6 

39. 7 i 6.9 34. 7 

35. 5 : 69 37. 3 ' 
32.7: li9 33.1 j , ___ , 

i 6934.4i 

60. s : 1a os. 6 I 
67.5 1_~ 08.0 I 

i 7306.81 

I 66, 5 i, I I : I 1 '1 71 25. 0 45. 7 I 71 39. 0 I 56. 5 I 47. 7 i 71 46. 7 

2 71 45. 0 37. 0 ! 41. 0 I 71 24. 5 I 58. 0 I 41. 2 I 71 41. 1 

I I i.. 17143.91 
,__ ____ ,__ _______ _c_ __ c.__ __ ..!,_ _ _... ___ I ___ ! 

I Sept. 

I 

&pt. 2 

2 

Sept. 27 
27 

Oot. 2 

ll 

117004.51 
21 7002.0, 

i 

MACON, ILL. 

08. 0 

24, 5 
06. 2 I 
13. 2 ' 

I 

I 70 05. 0 I 
70 14.5 I 

I 
ffiGHLAND, ILL. 

I 
69 39.51 .. ~. 1: 62.0 50. 7 

2[ 69 45.51 41.0 43. 2 69 39. 0 

I 
I 

JIERMANN, MO. 

~1 6900.01 50. 5 25. 2 6913.01 
69 09.11' 23. 5 16.2 69 20.0 

I ' 
I 

I 
I : 

SEDALIA, MO. 

1 88 40.1! 09.5 MO I 68 87.0 
2 88 44.0 42. 5 

43. 21 88 5'.0 

18. 0 ! 

32. 0 i 
i 

54.0 I 
61.5 

I 
I 

27.5 
21.r. 

50.5 

51.0 

11. 5 ! 10 oa. s \ 
23. 2 ! 70 18. 2 

!---1 i 7013.51 

l i 
M.71 6947.1 I 
50, 2 I 6946.7, 

1---, 

I 
69 47. 2 i 

20.2 I 69 22.7 

23.71 0910.9 

69 21. 3 
! 

43. 7 68 49.3'1 

52. 5 81147.7 j 

6848.51 

343 



 

844 UNITED STATES COAST AND GEODETio SURVEY. 

Observations for .Dip-Continued. 

KANSAI:! CITY, MO. 
----------,----- I I 

, I Polarity north. l Polarity south. I . 
I 

Date. Needle.I 1 i 1-- , 1 : Dip. 

1 , Circle E.
1

: W. : Mean. I Circle E. I W. I Mean. ) 
' I ; I I ! '----- ----i---1--,---1---.--1--1---
j 1872. ! 0 I : ,. I 1 I Q I I I : I ! 0 I 

I

i Oct ! I : ~: ! I : ~ i ~: ~ [ : :: ~ I :: ~ i :: ~ Ii : :: : 

' I I ' I i 6905:3 
I ! -----·-' - L __ ' : l 

MANHATTAN, KANS. 

68 43.0 I I 61. 2 I 68 29.0 I I 45. 7 I 68 53.41 1 79. 5 i 62.51 
Z: 68 34.0 49.5 i 41. 7 i 68 a1. o I 63.5 50.2 I 68 45. g ' 

68 32. 5 63.5 l 48. 0 I 6836.51 
50. 51 43. 5. 68 45. 7 i 

47. 5 i ' 2: 68 29. 0 as. 2 I 68 37. 5 : 62.0 49. 7 68«.o! 
I 

: ____ , 
I 

68 47. 2 ! 

WALLACE, KANS. 

I
I Oct. 12 

12 

I

' 12116622.01174.0: 98.01! 6658.0j 
67os.s1 au I 20.2 67 ao.s \ 

114. 0 I 
I 

54.0 I 
86.0: 67 32.0 / 

42.2: 67 31.21 ,---
1 67 31.6 
I I 

Oct. 14 
H 

I 0ct. 16 
16 

I 0ct. 22 

! 22 

I Oct. 25 

I 25 

I 

: 
I 

I 
I 

I 
87 01.0 ! i I 

2\ 67 07. 5 I 
' I 
i I 

DENVER, COLO. 

I 63.5 I 32. 2 ! 
43. 5 i 25.51 

I 
I I I 

PUEBLO, COLO. 

74.o I 
63. o I 

i 

58. 7 
43.2 

I 
87 07. 5 i 
67 07. 0 j 

~ os.o I 
66 09.51 

CHEYENNE, WYO. 

116840.oj 63.ol ~ol 6842.s/ 
2 j 68 36.0: 98.0 I 67.0 i 68-32.0 I 

'1 I ! I I 

SYDNEY, NEBR. 

1 I 68 57.ri I 120.51 89.0 I 68 M.5 I 
21 68 59.o \ 1114.o su i 68 40.o I 

I I I I I 
NORTH PLATTE, NEBB. 

i 82.5 i 
63. 0 i 

66.0 

65.6 

I 

45. 0 67 38.6 
as. o 67 30. 2 

16734.4 
I 

58.7168 57.3 j 
50.8 G8 58.9: 

I 6858.1: 

78. 51 69 2a..7 I' 

88.5 111124.01 1~-
1 111123.9 

817181188.l,. 
113.0 .. 49.1 

1•.u-1 



 

UNITED STATES COAST AND GEODETIC SURVEY. 345 

ObservMions for Dip-Contimwll. 

GRAND ISLAND, NEBR.. 

Polarity north. Polarity south. 

Needle.' 

1 Circle E. \ W. ( Meau. Circle :E. '. W. 

Dat<i. ,·---

1 Mean.' 
Dip. 

--- ----·---1---! ___ 1 ________ ---- --- 1--·---· 
1872. i ! 0 ' 1· ' ! ' . 0 ' : 

: Oet. 27 l j 6g 49.0 117.5 83.2: 70 07.0 38.5: 22.7: 70 23.0 :, 

27 2' 69ii8.01· 92.5 i 75.2 I 69 33.0 89.0 I' 61.0 ~~~[ 

I 
i, (kt. 31 

31 

i ---· 

11 
2. 

\ 

I i. 70 15. 5 I 
--------

OMAH.A., NEBR. 

i 
lH.O \ 70. 7 1

, 10 oo. • I i 
71 07, 8 ! 7027.5• 39.& I 65.0 

70 42.0 i 85.5 63. 7: 70 97.0 ! 33. 5 65. 2 . 71 04. 4 ! 

71 06, l I 

DES MOINES, JOW A. 

Nov. 2 
2 

l _____ -
-7;~;~--;.~r-~~;r~-03.01 56.0

1 

29.5 i 71 31.8 

11 01. 5 I', so. 5 2!· o ! 10 54. s j! 129. s l1. 112. o 1.~ 71 30. 4 I 

--~-----'---'------

New Albany, Ind. 
Edgefield, ·Tenn. 
Corinth, Miss. 
Oxford, Miss. 
Grenada, Mis8. 
Magnolia Base, La. 
New Orleans, La. 
Southwest-Pass, La. 
Osgood's Island, La. 
Avery's Island, La. 
Brashear City, La. 

1871-'72. 

OBSERV A'I'IONS FOR INTENSITY. 

STATIONS. 

Baton Rouge, La. Cairo, Ill. 
Grand Ecore, La. Saint Louis, l\Io. 
Shreveport, La. Dubuque, Iowa .. 
Longview, Tex. Wenona, Ill. 
Alexandria, La. Macon, 111. 
Natchez, Miss. Highland, Ill. 
Vicksburg, Miss. Hermann, Mo. 
Monroe, La. Sedalia, Mo. 
Jackson, Miss. Kansas City, Mo. 
Memphis, Tenn. Manhattan, Kans. 
Golconda, Ill. 

O'oserver, T. C. IlILGARD. 

Ellis, Kans. 
'Vallace, Kans. 
Denver, Colo. 
Pueblo, Colo. 
Cheyenne, W :ro. 
8yd1rny, Nebr. 
North Platte, Nebr. 
Grand Island, Nebr. 
Omaha, Nebr. 
Des Moines, Iowa. 

In the reduction of the observatious for intensity in 1871-'72 the absolute horizontal force is 
obtained by comparison with Washington in the following manner: 

By observations at Washington, August 11, 1871, the magnet made 120 vibrations in 4HU•.59 
at a. temperature of ooo F. Further obS6rvations on !\:larch 25, 1873, give the time of 120 vihra­
tions equal to 470".37 for the same magnet, temperature, and locality. From observations made 
by C. A. Schott, Assistant, Ooast Survey, the absolute horizontal force at Washington was found 
to be 4.356 for the former date and 4.352 for the latter. By interpolation we form the table 
given on page 5. The horizontal intensity, or a.bsolute horizontal force, H, is fouu<l for any sta-
tion by the formula T'H 

B1=T!° 
The table gi.'"'8 the logarith1D8 of 'l"H for the several dates. 

:8, Bx. 77.....;..(4 -



 

346 UNITE]) STATES COAS11 AND GEODETIC SURVEY. 

The temperature correction to be applied to the observed time of 120 Yibrations is derived as 
follows: 

In Schott's garden, Washington, D. C., 
I. J\farcb 2!'i, 187::1.-I'llMn of two observatiom; '1'=4(i8•Jll55; t=370.35 F. 

11. March 30, 1H73.-.Meau of' two oliserrntiom; T=·fil•.46Sti; t=74o.5o F. 
At that time the 11orizontal iuteusit;y was 1lecreasi11g-, conRequently the time of 120 vibrations 

wm; increasing, the rate of i11crcase lwi11g o•.OOU4G per daJ·· Iiet'erring I to the date of II, we lrnve 
the following dat11 for March 30: 

or, 

.. 
'1'=468.6478; t=37.35 F. 
T=471.4685; t=74.50 F . 

.11'= 2.8207; L1t~~37.Ir> F. 
'l'he diflcreuce J'I' being a function of T2 and of Llt, we assume 

.1T=pJt'l12
1 

- JT -0 0000003• "7'> f>- Ji 'J..'2- • oh> ""' 

J'l'=0.()()()(l003437!!T2, Jt being =Jo ]•'. 

Il,y this formula the followiug table was computed. 
The correction is= JT(t-Goo F): 

Date. 

1871. 
Aug. 11 

11 

Obst'rvetl Obs.,rve<:l 
t.ime of CorrN~tfon time of Corrflction 

120 vihra- for 10 F. 
tions. 

120 vil>ra- for 1° F. 
tions. 

.. ,, 8. .. 
300 o. 052;1 450 o. 0095 i 
395 • 0530 455 • 0712 

400 • 0;;53 400 • (172!1 
405 '0568 465 '0746 
410 .0582 470 .0761 
415 '0597 475 '07'78 
4~0 .0612 48U • 0794 

4:-'5 '0627 485 '0810 ! 
4.JO '0040 400 '0826 
4:l5 'Oll54 495 '0842 

440 .Oli69 500 . OR.59 

44n 0. 068'J 505 II. 0875 

OBRER.VAT10N8 l•'OH INTJ<~NSI'l'Y. 

WASIUNGTON, 1>. C. 

Olie'd Ume Temp. Time of I 
of 120 : cotT'n t<> 120 vlbra· Horizontal 

vibrations. I r~~·i;.,t<> t~oc~~.:'.J': inteusity. 

468. 245 - l. 88f• 
468. 0.'14 l. 789 

466. 300 
486. 245 

12 11 33 468. 120 ]. 486 I 466. 635 I 
12 : 11 53 468. 000 1. 694 j 466. 966 I 
12 I 12. 10 s5. oo • 4118. 638 1. 9(}4 i 466. 1a2 i 

mo. I I i .. "'-I """ 1 

Mar. 25 i 9 48 ~. 
7
oo
0 

Ii 468. 4112 j + 1. 71J5 470. 257 I I 
25 I 10 10 vv 468. 71111 ! + ). 774 UO. 513 I i 
30 ! l 32 74 20 I 471. 598 ' - l. Cll'I '79. lifll II i 
30 I 2 28 t 7~ Bf> Ii 471. 839 - 1. 144 470. 195 I ___ L __ ._/ ______ -'-----'--4-79_. a_1111 j 4.31>2 I 



 

UNITED STATES COAS'r AND GEODETIC SURVEY. 

Observations for Intensity-Continued. 

Ti1ne of l ~O vibration.~, etc., in the middle of the respectii•e months in lV ashin!fton. 

[For one tlay inter1mlate ll.Tw=0.0064596.] 

Month an<l year. T"'. llw. ' 
i 

Log HwT-wt. 

1871. 

Augw~t. ·-·-···-·--------- 400.6069 4. 356 5. 9760059 

Reptemher ..... - ........ 466. 80tl7 4. 356 5. 9i73495 

October. .•.....••......... 4ft6.9945 4. 3f'6 5. 9777031 

No"'\"e.mher ...... ------ .... 467.1883 4. 3f'6 5.978%67 

December ...•.....•.. 467. 3821 4. 355 fi. 9783322 

1872. 

.January ··--···--------- 467. 5759 4. 35.5 5. 9786924 

Ft1brua1·y ................... 467. 7697 4.355 5. n700530 
March --------·------------- 467. 96.15 4.355 5. 9794H4 

.April .. 4G8.1573 4.355 5. 9797738 

May .................... 468. 3511 4. 354 5. 9800312 

tTnne .•...•...... ··-------·--· 468. 5449 4.354 5. 9803910 

July ...... ········-- ... 468. 7387 4.354 5. 9807504 

.August ....................... 46R 9325 4. 354- 5. 9811100 

Septcmbur 
; 

4611. 1263 4. 354 5. 9814696 ···················1 
October ...................... 

i 
469. 320! 4. 353 5. 9817269 

November .•...•...•.......... j 469. 5139 I 4.353 5. 98208li7 

Deoomber I 
469. 7077 

I 
4.353 5- 98'.!4445 ················-···1 

1873. I 
I 

Januar.r .................. ····1 469. 9015 4.353 5. 98Z8033 

February ..................... 470. 0953 

I 
4. 353 5. 9831621 

March ........................ 470. 2891 4. 352 5. 9834183 
I 

. -- --·----- .. 

NEW ALBANY, lND. 

------~-------------,-------------

! 
' I ! Observed' T~m,r. Time 't~o~~. vibra· Horizon- \ 

. [:Temp. 1 tin1eof ! corrn . Date 

1871. 

Nov. 28 

28 

Dec. 3 
3 

3 
3 

Time. F. I l20vibra- <;-educ- ; r ta! mtt.n-, 

I 
I . , tion to , ;.A..t '\\ a.sh- sity. I tionA. , 6()0]'f.). ..a.t --.I ington. 

-\ :J ·3~. o1--4:~- 751-~;.:~ I 4:;_ 37 ---;_--- -

128 36.0 459.73 +1.77 J 461.50 467.27 

,-4fil.43 

I 

I 
4. wuJ 

CORINTH, MISS. 

' 
10 12 38. 0 423. 91 +1.37 525.281 I 
10 39 36.0 424.46 +l.50 -i25.9fl I 

10 58 37.0 424.49 +l.44 425. 93 I 467. a1 

1115 38.0 424.M +1.37 :::! .......... ~ 
·-·--·- ···~·-------··---------

34'1 
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Date. 

1871-'72. 

11ec. 1~ 

25 

I 
25 

I Jan. 
I 
, IJ.,c. u 

1872. 

.May 3 

3 
3 

: 
3 : 

3 

4 

4' 
4 ! 
7i 

8' 
8 

9' 

5 

I
I Jilli. 11 I 

11 
11 I 

.April 29 ' 

29 
29 

30 

30 

30 

'Mar. 23 

i Jan 17 

17 

17 

1· ]ft'b. 10 

I 10 

I 15 i 

15 
15 

Observations for I nt.ensity-Oon tin ued. 

OXFORD, .MISS. 

; lb d··. ~em~ I. Time or~:l~tl~, ---i 
<. serve ,.... · 1· 1 ·r· , Tt~rnp. time of : coedrr'n I - .ions. Ho!'izon- f 

nue. F. 120 vibi•a. n: uc-: ·· -- :- - 1 tal ~nten- I 
tions. : tlon to I At--. At Wash-• Blt~. . 

6QOF.)., i mgton. 

h. 'm. I .. 8. . . .. 
4 32 58.1 418. f>!l : +0.12 418. 70 : 

12 04 75. 0 419. 39 -0.91 : 418.48 

I 
12 25 75. 0 419. as ' -0. 91 ' 418.47 467. 45 

' 
12 58 61. 5 418. 68 -(). 09 I 418. 59 I 

--- ·····I~ 418. 56 

I 
I 

11 47 81. 7 421. 00 ' -i.:;4 419. 66 I 

12 16 I 81. 7 I 420. 91 -1.34 419. 57 

l 06 84. 7 421.18 -f.52 419. 66 

1 3:1 90. 7 42!. 54 -1.89 419. 65 

~OJ 8ti • .I 
' 

421. 68 -J.64 419. 78 " 

IO 47 : 00. 7 ' 421. 67 -1."9 420. 04 

11 If> 94. 3 422. 55 -2. 12 420.43 ', 

11 30 94. 5 422. 27 -2. 13 : 420. 14 468. 28 

6 19 83. 0 421- 79 -J.41 
: 

420. 38 
' 

8 28 84. 0 422. 32 -1.48 ! 420. 84 I 
8 37 83. 4 421. 83 -1.45 

I 
420. 38 i 

5 29 89. 0 ' 421. 32 -1.79 H9.53 j I ' 
--1 1--

' ' 420. oo I·_........ uos : ····:--··----··:··-·-···, 
l ! 

2 3R, 

3 14 

a as : 
4 16 

4 42 : 

_ _, _________ 

80.0 
84. 0 

84. 0 I 

00. 6 i 
89. 2' 

GRENADA, MISS. 

417. 06 -1. 21 

417. 71 -1. 46 

417. 69 I -1. 46 
418. 71 '1 --1. 86 

418. 50 : -1. 78 

415. 8.'; 

416. 25 

416. 23 

416. 85 

416. 72 : 468. 021 
5 21 89 o os.11 I -1. 1a 416. 41 , 

6 47 89. () , 4J7, J5 I -1. 75 415. 4tJ 
7 51 85.3 '; 417.112 -1.51 415.81 

8 06 86. 5 I 416. 67 ' -1. 60 I 415. 07 ___ i 

·······:· .. ' ... ·! ··:···_··_J=:·i -~1_"-~~ :-~-~-~i __ ~.5~0_i 
MAGNOLIA RA.SE, LA. : ~, =~- :::1~:-11 --::~::r 467,59 

4 OJ 60. 0 ' 437. 581 0. 00 437. 58 I 

. ___ _l ___ !._ ___ L_ _____ '_-__ -_43--~---~-i~~=-· ~ 977 i 
NEW ORLEANS, LA. 

3 23 ' 81. 0 

3 33 82. 0 

12 117 74.0 

41}1. 15 ) -1.1s I .oo. 57 t i 
401. 80 I -I. 24 II 400. 56 I 1' 

400. 23 : -0. 78 31111. 45 : 467. 75 

12 47 75.0 
2 45 76.6 

400. 00 !. -0. sa 1
1 

899.17 ! 1' 

400. 49 i -0.112 aoo. 57 I 

·-·----'----'---·--'-·----j __ J 399-861-=:_·j_ ~~I 
SOUTHWBS1' PASS, LA., STATION No.1. 

I Mar. 2 j 2 571 71.51 392. 44 j -0. 61 I i!tl.881 W/. ~ I 



 

UNITED ST.ATES COAS'l' AND GEOD~TJC SURV~Y. 

Observations for Intensity-Continutd. 

80UTHWEST l'ASS, LA., STATION NO. 2. 
·-·-----··-- -· -·-----~----,-------

. II , Temp. / 1'ime of 120 'il>ra· 
1 

, , O~sen ed corr'n I t1on•. ! Horizon-
[ Date. : Tim~. Temp. ( tim~of {rednc.,------:talinten-
' ' F. 1120.VJbra- tinn to 1 iAtWa.eh-i sity. ! 1-----( _____ I ___ \ t1nn:: .. _aooF~t=1 ingl<m.Jf----i 

i 1872. h. m. o I •· •· i •· I •· I ' 
, lfar. 3 9 43 85. o i 392. 39 -1. :M I 391. 05

1 

i 
I 3 : 10 06 I 67.8: 391. 50 -0.42 391, 08 ' 467. 88 I 

1 
3 i to 21 \ 61.8 ~ 391.17

1
--0.10 1~1 I I 391.071----·--·-·i 6.234; 

OSGOOD'S ISLAND, LA. 

j Mar.~-;~~~ m. 38 I -0. 82 i -~;.~1 
I
, s 1

1 

s 04 i 74.s' 397. 04 j -0.s1 : 396. 23 i 467. oo / ___ l 

: I I 396.40 !-····--···i 6 068 i 
I I __ , __ , --- ---- --'-----~-----~- i j 

.A VER Y'S H;LAND, LA, 

Mar. 16 -4~;1-,-8. 71 399. 40 1-1. 03 398. 37 :·-·-- -1, ----·· 

:6 4 86 i 78. 5 I 399. 22 -I. 02 i~~_.! 467. 97 ___ : 

/ I . 398.28 i .......... i 6.012 [ 

c .•. --·-~----··-------J _____ ~---- I I 

BRA SHE.AR CITY, LA. 

-

1 

-·--1---1--,-----,---------·---·---
llar. 23 1 24

1 

77. o . 397.51 I -0. 113 i aoo. 58 

23 l 42 s1. o 397. 10 I -1.15 
1 

aoo. s1 

I 
23 4. OS 83. 0 396. 04 I -1. 25 , m. 79 488. 01 ; i 

23 4291 86.0 396.17/-1.421 394.7•:, ' ., 

I . ·- I __ j_~~-~1~~:~~-~L 6
·1193_! 

BATON ROUGE, LA.. 

,----,---,---- I :---i----,------
1 Ap1il 1 12 251 86. 5 I 399. 93 i -L47 I 398. 46 I 
I 1 \ 12 47 86. 2 I 399. 82 I -1. 45 i 398. 37 I 468. 06 I 

I 11 08 1,., 87. 3 i 400. 13 ! -1. 52 '1 398. 61 . ~ I 

I AprillO 
IO 

10 

· I :--/ 1--1 

1 -----~I_ I 398:~.L~~~:..-_L 6. 008 i 

8 31 1 

8 51 i 
11 llS : 

10 351 
i 

GRAND ECORE, L.A. 

69.5 i 
72. 8 i 
77.0: 
83.0 i 

402. 761 -0. 54 i 402. 22 i , I 
403. 29 -o. 721 402. 01 I 
40'l. 113 -o. !Ill 401.111 I 

l 
i 

468.131 

I 
403. 21 -1. ao I~\ 

40'L 17 ...... 
1--... ! a.001 I 

SHREVEPORT, LA. 
----·.- ----- ___ ! _____ ----·--1----·-,--·· ·----- -- ------- -

Aprlll4 5 11 I 92.. I 407. 71 I -1. 81 I (05. IU l I I 
u s n I ss. s 4011. 361-1. i8 i 41)t. s1 I 46R u : 

~-~--1--~---I (Ufi.~ l··_·_·:·····t S.l!OO I 
LONGVIEW, TEX:. 

-----------· -----·-

su I Aprill5 ·~1 404. 96 -1.42 ! '°5-5' 

15 • °' 87.01 407. 58 -1.56 44)0. 02 
1$ ::1 k•1 to'r.\>S -1.51 44l0.U 4&1!.10 

1' «YI. '11 -1.'(f/ toll.14 --- ---8'1.1 • 
4Gll. 00 ................ li.'lllO 

349 



 

350 UNtTED STA'l'ES OOAST AND GJ!jODE'fIC SURVEY. 

Dnte. 

1872. 

April 17 

17 

17 

1 
April 24 

24 

24 

24 
27 

27 

Observations for Inten.sittJ-Continned. 

ALEXANDRIA, LA. 

, Time. 

h. m. 
4 31 

5 00 

() 06 j 

I 
I 
I 

-- I 

--- -j~-:::~ !:;;i:r,; I Ti~~-':lo;~_~il,;;.~-,l:ori~o] 
Temp. ; .~•m~1of (reduc- ------ --· ---- - I ta! inten-1 

F. I LO.vi bra- tion to' I At Wash-, sitv. I 
tmn•. ooo F.). IA.t --. ington. · I 

- I --- --1-- ! 
7~. ti I 4:~. 03 _;· 10 II 3~. Ira •• 1

1 

77. 51· 400. 55 -0. 98 300. 571 
85. 3 402. 02 -1. 42 400. 60 46ll. 17 . : 

t 
1 

400:oJl-... _. 1-5. 9tm_l 

NATCHEZ, MISS. 

4 31 i 73. 9 i 404. 00 I -o. 791 403. 21 11' I 
5 07 I 78. 0 i 404. 26 i -0. u I 403. 51 I I 
5 33 : 12. o I 4oa. 31 

1
-o. 68 ~~, 468. 2t' 

1 
__ _ 

__! ____ _! ____ ! ____ I ~o~= ~~- ·_J --~-~4 _ 

12 29 i 

12 27 
1 08 

1 28 
7 39 

8 03 

VICKSBURG, MISS. 

! 
84.7: 

86. 0 i 
87.0: 
93.5 
85. 0 . 

il'Z.3' 

409. 20 -1. 44 407. sz I 
409. 47 -1. 51 407. 96 I 
4o9. a3 -t. s1 I 4<11. 76 
409. 61 -1. 96 I 407. 65 468. 22 

408. 5s -1. 45 i -401.13 I 
408. ()3 I -1. 2JI I 406. 74 i 

i_ ___ ----'----------~1- __ J_~~~~- =~ .... -- 5. 7491 

April26 

26 

I 
7 OS' 
7 37 ! 

MONROE, LA.. 

JACKSON, MISS. 

410. 481 
410. 30 i 

AprH28 

28 

28 
7 5S I 

4H. a2 J -1. 14 
411. 72 -1. 42 

Hl.00 -1.14 410. 76 I 468. 24 i 

410.511---····--·~! 
:MEMPHIS, TENN, 

-~~-:~ 11 -:~~-!--=-~ 1 ::: = ::!: ::1--:.~n-~~J ____ _ 
______ I _______ I I /424:101--- ·-· · -- ·15.296 

GOLCONDA, ILL. 

Jn:e·-~r--;;---;,~ «a.as !-2~~;-/ ~Lar I -------
6 9 58 811. 2 444. aa -2. oo «2. aa I 
6 10 20 8.5. 7 #3. 53 -1. 76 I 441. 77 

6 10 41 87. 3 444. 03 -1. 88 442. 15 
6 11 42 9L6 444.06 -11.15 44L91 468. 53 

15 8 23 90.6 m.u -2.10 443. 31 

151 8 49 94.1 445. 76 -11.36 «3.40 

44!.81 ............. 4.BAll 



 

UNITED STATES COAST AND HEODETIO SURVEY. 

Ob11ervatfo11s /Of' Intensity-Continued. 

1872. h.'l/L. 

,June 21 7 33 

22 7 G2 

' ! June 213 I 9 28 I 

26 i JO 00 
26 I 10 23 

July 6 4 22 
6 4 43 
6' 5 OJ 

6' 
I 

!) 30 

NoL ~1 ;i 49 

24 12 07 

u 
' 

2 15 
~5 4 22 

-------i----~ 

Aug. 25 2 56 

~:; 3 15 

25 3 30 

i 
Ang.:i 

29 

4 4.5 
4 59 

5 lfi 

' 

CAIRO, IU,. 

.. .. s . .. 
83. 5: 442. 55 -1.61 440. 94 
S3.9 442. &) -1.64 441.21 468. 58 

,---. 
44J. 08 4.914 

SAINT LOUIS. MO. 

94. 3 i 
45ti 97 I 

95.0 458. 60 i-2.5ti 4;,u.w; 
95. 7 458. 7;} \ -2. 61 45(). 12 

98. 7 : 458.fi!J I -2. 6.1 4G6. 2fi 
' ' 

!13.5 I 457.42 -2.43 454. 00 468. 64 

90. 2 457. 42 -2.19 455. 2:J ' 
90.8 456. 9:1 -2.24 454. 69 ,, 

1"455:61 4. 607 

f17. 4 4fl:·t 47 
i_:::.__--::=::..._-::;::-::=.:::::, 

+o. rn ! 4;,3. liu , 
61. 5 4fl4. 22 : -0.11 i 454.11 

ti3.0 ~54. 8'2 , --0. 2: I 454. 6(1 ' 411!1. 57 
4:\2. 87 +l.80: 45,j. 72 

DUBUQ.UE. IOWA. 

I 
99. 6 497. 02 -3. 40 i 493.1!2 

95. 2 496. :u -3. 01 i 403. ~'O 

98. 1 496. s1 -a. 32 I 493. 55 468. 01 I 

86. 5 

83. 9 

82.9 

I ~00. 46 i ......... 1-~3. 933 I 

WENONA, ILL. 

m. 50 I -2. lo : 475. 10 i I 
m.19 ! -1.89 , m. 3o I i 
47\1.791' -1.81 ;~~' 469.0'J ; __ _ 

__ _ __ I 475. 23 
1 
.......... 

1 
4.:!41 

MACON, ILL. 

I ~pt. ~ 

I __ __ 
9 05 I 81. 1 \ 465. 82 i -1. 641 4\14. 18 ; I I 

10 10 II 79.0 I 462.571-1.42 .~i 469.03 ---! 
_ __ J__ 462.66 i·=~:J_~~475J 

lUGHLAND, ILL. 

--··-··-·····,-------~--- ·--~- ~-~·-·--~~~-- -- ~----~-·----

8opt. 2 
2 

2 

100. 7 
98. 0 

97.0 

! ; l 

458. 19 -2. 97 i 400. 22 j 
457. 91 -2. 77 '1 455. 14 

•m. 46 -2. 691 454. n I 460. o.t i 1 
---: 1---1 
' 455.-041·----·-:J_~-~26 i 

351 



 

352 UNITED STATES COAST AND GEODETIC SURVEY. 

Observations for Intensity-Continued. 

SEDALIA, MO. 

: i Temp. j Time":!° 120 villra-
, O~served 1 corr'n 1 r1ons. 

Dat<1. Time. . ~m·~ of I (reduc. :--·---- -,.-- ---- - -« ta! inoon· 1•0.v•bra-1 tion to '.AtWasli·' sitv 

' 1872. 

' Oct. 

2i 
2~ 

ttuns. / 600 F.J. ,At--. ington. ! •• 

--·--·~'----·--

' ' 

68. 6 

72. 2 

74. 5 ' 

.. . . 
447. 89 --0. 00 ! 

448. 69 -0. 88 ! 
' I 

449. 28 -1. OJ I 
I . 

447. 29 ' 

447. 81 1· 

448. 27 I 

447.79 !---

K.ANS.\.S CITY, MO. 

469. 23 ! ___ / 

4. 780 : 

I
! Oct. - 4

4

. .1~--12-~23____ 89. 1 I 45Q. 00 
1 

-2. 05 i 447. 95 J I 
01. 2 : 450. 51 ' -2. w I 448. a1 ! i.oo. 26 · 

--'-------'-: - ~--448~_,_ .. _ .. _ .. _ .. J_~773 

1 
Oct. 6 ! 

61 

_I __ ~_I 
' 
! Oct. 10 

10 I. 
10 

10 ' 

MANHATTAN, KANS. 

~~ :~-1 -::r~~:=' =::: 1-:::~ I ----

1

:----1
1 

12 12 r 10. o I 448. 82 - o. 10 :~i 469. 28 ,----

1 «s.1s ; .......... 
1 

4. 11a / 

ELLIS. KANS. 

I I 

10 03 i 48.0 I 4ao. 67 I +o. s1 44(). 48 I 10 15 i 49.0 439.73 i +o.u 440.47 

469. ::91 10 49 / 50.9 j 440.22' +0.61 440. 83 ' 

11 09 i $2. 81 uo. sa ' +o. 49 4U.32: I 
! (40. 78 _____ ! -4.9341 I 

------- --~- -----~~ - _. ___ : ___ i ----~--

WALLACE. KANS. 

I
JOct. 21 / 10 53 65.l 439.87·:---0-.~-r~P.53_1 ____ 1 _____ _ 

11 l 11 65 I 73. 5 HO. 94 , -0. 91 
1 

440. 03 I 

ll 1 145 \ ss.o «2.11: -1.10 \ 4to.•11 469.291 

1--

l_lll_3_2_6~l-85_.o __ .. _1_._o• -l.70 j_•_a_9._34_
1

I ---·­
I J 439.sa .......... / u56 

I Oct. 

I 

1011 61.1 

10 29 61. 0 

10 56 63. 7 
13 11 25 ()3, 7 

161 
lG I 
18 I 

I 

10 12 I 
11 10 i 

I 
11 46' 

DENVER, COLO. 

440.68 

439. 98 i 
-0. 25 440. oa I 469. a1 

-0.25:~~1 

_. __ I -·~a2 i···· ... · .. [~ 
PUEBLO, COLO. 

. . I ' ' m. ;:i : --0. 01 I 433. 51 1 
432.85 l --o. m i m. 28 1 I 
'32. e1 I -o. flf 1 m. oo I 461Ul3 I I 

j 1-m:58/····-.. ···l-u;;-l 



 

UN£TED STATES COAST AND GRODETIO SURVEY. 

Observations for Intensity-Uontin ned. 

Datt~. Time. 

187~. h.m. 

Oct. 22 11 48 

22 12 2~ 

'.!2 1 II 
•)•) 1 47 

~2 2 19 

Ort. 25 2 00 
25 :1 H 

:.?5 3 38 

0<'1. 26 10 513 

26 1 5'.:! 

:!6 2 15 

26 2 45 

26 

Oct. '!.7 11 47 

27 12 26 

~7 2 03 

Od. 31 9 H 
31 9 34 

31 10 05 

Xov. 9 47 

10 19 

11 40 

S. Ex. 7i--4i5 

i 

CIIEYEXNE. WYO. 

- -----·------
i Temp. Time of 120 vibra-
OhsPr't'e<1 c~1n·n tious. 

T~mp. : time of (rt•dnc-F. 112ovihra. tion to At Wa•h· tions. 6t10 F.). At--. 
ingt~u. 

.. . . 
51. 0 

i 

451. o;, +u.59 451. ti! 

53. 6 451. 48 +o.45 4r,i. n;~ 

55. 0 r 450. 84 +u.35 451. rn 
57. 2 I 451. 53 +u.20 45]. 73 4o9. :i~ 

:-1R!:"1 4f;O, 6:! +0.11 450. 73 

451.44 

SYD:SEY. ~EBJ: 

68. 0 450. Ul -0.58 4.)4. 4:1 

71. G 455. 6~ --0.S:l 4!)4. 70 
: 

66. :! ~;};),JO ~U.4;"', 434. ()1) ;1m:1H 

4.14. 62 

:-/ORTH PLATTE. NJ~BH 

68. 9 

76. 6 
76. 7 

77.2 

75. 5 

ti~. 9 

70. 8 

79. 3 

47. 9 

Sl. 7 

52. G 

459. 56 -0.60 458. 91 

458. 00 -1.~l 4r.H. 79 

4a8.H -1.22 4:i7. ~'.! 

457. 79 -1.~~) 4,6. !\4 

4f:B. 37 -1.13 457. 24 

457. 34 

400. (I] -U.6.'i 4.5P. :m 
460.4~ -0.79 459. f1'1 

462. o;, -1.43 400. 6:: 
·----

4iJ9. ):17 

O~IAIL\., NEilR 

409. 87 + 0. 93 

471.26:+0.64 

470. 2s 1 +o. 57 

470. 80 

471. 90 

470. 85 

471. l~ 

DBS M.onrns, IO\\' A. 

41'iSl. 3.U 

469. 40 

4f\9. 42 

-~~--------

47. 3 475. 45 ', + L 00 476. 45 

48. 4 475. 72 ; +o.92 476.M 

51. 0 475. 32 +o. 71 476. 03 ·IUG. 15 

Horizon-
talintl'u· 

~ity. 

4. 70;i 

4.1140 

4. 585 

4. 535 

4. 3~0 

467. 37 . .. •. . . . • .. 4. 22b 



 

3fJ4 UNITED STATES COAST AND GEODETIC SURVEY. 

Colnmbn,;, Ohio. 
Richmonll, In<l. 
New Albany,.Ind. 
Edgeftel<l, Tenn. 
Coriuth, Miss. 
Oxford, Mi'>;;. 
GreDatla, Mifls. 
:Yiag11oli1i Base, La. 
New Orlealli<, I,a. 
South we,;t l'asr;, La. 
Os1!;ood's bland, La. 
. \ very's Islan<t, La. 

GENERAL RESULT:::>. 

STATIONS. 

Brashear City, La. 
Baton Rouge, La. 
Grand Ecore, La. 
Shreveport, La. 
Long-view, Tex. 
Alexandrin., La. 
~ atchez, Miss. 
\'icksburg, Miss. 
~Iouroe, La. 
. Jackson, Miss. 
'iemphis, Tenn. 

Golconda, Ill. 
Cairo, 111. 
Saint Louis, l\Io. 
Dubuque, Iowa. 
\V enoua, Ill. 
Macou, 111. 
lligliland, lll. 
Hermann, l\Io. 
Sedalia, l\Io. 
Kansas Uity, .Mo . 
!ifauliattan, Kans . 

Observer, T. c. HILGARD. 

Decli· 
Wltiou. 

J~7L 

lfov. JS ' l 11. 7 R. / . i 

VOLD:MRl1S, ORIO. 

Dip. 

I 
, IimA of 120 vibrations. l 
' ·Horizon-

----- talinten· 
At--. j At Wash· 1 sity. ! ington. 1 

B. 

--- ---' ____ _! 

COLUMBUS, OHIO. DEA:N'S MAG:NETIC STATION. 

Xov. 20 1 10. 8 E. ; 
----;------/---

---- '-------·-
RICHllfOXD, IND. 

;\:ov. 24 IJ 16. l J;, · 71 34, G 

71 30. 1 ; 

71 25.3 ' 

____ -2:.: ia 3 I 
316.1.lt.i 7126.6: 

EDGEFIELD, TEXN. 

' Dec. 1 I 5 02. 0 E. \ 

5 02. o E. : 

Dec. 3 5 41.1 E. 

558.7E.i 

67 12. 6 

67 08. 8 
4ot.01 I 
460. 02 I 

I 
467. 2s I . 

67 10. 7 l 460. il.5 ...... :---zm, 
·1 

COIUNTII, MISS. 
-- .. --,----

65 52 s i 425.28 I 
65 56. 7 ! 

I 

I I , 
I I 

42500
1 

I 

! ________ I 
5 49.9 E. / 65 54 .. 61 

42.5. 1131' 467. 31 I I 
425.11 I 

4~721·····• ...... [~~~~J 

Salina, Kans. 
Ellis, Kans. 
\Vallace, Kaus. 
De11,·er, Colo. 
Pueblo, Colo. 
Cheyenne, Wyo. 
S~·dney, Nebr. 
North Platte, Nebr. 
Grand Islai1tl, Nebr. 
Omaha, Nebr. 
Des Moines, Iowa. 



 

UNITED STATES COAST AND GEODh'TIC SURVEY. 

General .Results-Continued. 

OXFORD, llfiSS. 

I Time of 120 >ibrations. ! Ho•izon. ! 

l 
Decli- I · Dato. i Dip. , ta! inten- · 

nation. i .A.t- I .A_t Wash- i sity. 

I ) ________ _"___/ mgton. :----. 

1 1811. i •. I •. 
f Doo. 24 ; .••..•..•.•. ! 6514.7 41S.70 l 

I ! 64 58.4 418.48 i 
I 65 00.9 418.47 i 

I~ 59. 1 41s. w 1 

5.444 I 65 03.4

1

1 Hs. 56 1. . .. 

1872. I I 

May U ··---··----·' 65 10.6. 419.66 i 
I ' I 64 59. ~ H9. 57 ; 

419. 66 : 

:~::~:I 
420. 04 I 
420. 43 I 168. 28 

420.14 I 

420. as J 

420. 84 : 

i' 420.381' 
419. 53 

--0-5 -05-. 3-i--420.00-1 ....... -. . . . 5. 408 

----'------- --~- . I.-----------
GREN.A.DA, MISS. 

I Mar. 20 J 6 a1.o E. j 

l \ 6 18. 2 E. i 
I 626.IE.I 

64 28. 5 ' 

64 19.6' 

I 

415. 85 I 

416. 25 ' 

416.23 I 

416.85 

416. 72 468. 02 
416. 41 
415. 40 
415.81 

415. 07 
I 1---

416.071··--:··--·"I s.510 6 25.1 E. ' 
' 

64 24. o ! 
I 

M:A.GNOLI.A. "BA.SE, LA.. 
----------- --------

Jan. 20 6 46. 5 E. 59. 22. 7 \ 437. 26 i l 

: :::~ ~: 59 24.a J' ::: I 467.591 
6 50. 0 E. ' I i 
----·---- ! 1---i 

ll 46.8 E. I 59 23.51 437.381·----··---·-1 5.9771 

NEW ORLEANS, LA., CITY PARK STATION. 

i Feb. 12 \ 

I 

I 
I 
I 

6 39.9 E. 

6 39. 7 E. 

6 39.8 E. 

59 45. 31' 
59 41. 7 

I 
59'3.51 

I 

400.57 I 
400.56' ' 
399.45 , I 
899. i1 I 467. 1s . 

399. Iii.: 1 ___ 1 

399.861 .......... ..I 5.9!\9 
I I 

NEW ORLEANS, LA., FAIR GROUND STATION. 

6 39.5 E. f 59 48.t 

·------ ·--------

Bfi5 



 

UNITED STA'fES COAST AND GEODBTIO SUI~VEY. 

Dute. 

1872. 

General Re,sults-Oontinued. 

SOUTHWEST PASS, LA. STATIOX NO. I. 

Declina· 
tiou. Dip. 

: Time of 120 vil>ratiurns. IIm·izon­
-~-------- tal inten-

i At-. 
At Wash- sity. 

---------i 
j i11gtu11. 

I ! 8. .. 
:il!ar. 2 G o;;. 4 E. 58 46. o [ :i9J. 83 

58 47.1 i ' 4()7. 88 

, 6 05. 4 E. [---s846. 5 \-39Le3 ! 

-------·~ I 

6 209 

SOUTHWl<:ST PASS. LA. STATION' NO 2. 

Mar. 7 18. ;I E. 58 43. H 391. 05 

58 :.1. 5 :191. 08 

:>91.07 467. 88 
---

- 18 'E ' , .;) ·r 58 47. 6 391. 07 6. 234 

OSGOOD'S ISLAND, LA. 

~[;. r. fi 6 17. 1 E. 

6 04.4 E. 

59 01. 4 

59 01. 0 I 

:mo. 56 

396. 2:1 ' 467. 90 
--------1-----------

6 10.7 E. 59 01. 2 i 396. 40 6.068' 
i 

·---------· --

PETIT ANSE. AVEiff'S ISLAND, LA. 

7 20. s E. I 59 26. 1 

7 18. 2 E.1 50 26. 7 

!ilar. 15 398. 37 

'.!98. 20 4H7. 97 

7 20. 8 E. I 
~.OE. '._ __ ---

7 19. 7 E. I 59 26. 4 398. 28 ' 6. 012 ' 

BRASHEAR CITY, J,A. 

-----··--- - --

Mar. 23 6 53. l E. 

653.lE. 

Apr. 4 6 57.5 E. 
7 01.6 K 

59 14. 9 396. 58 

59 17. 8 . 396. 01 
394. 70 

394. 75 

59 16. 3 395. 68 

BATON ROUGE, LA. 

60 19. 6 
60 20. a I 

398. 46 : 
398. 37 

468,0l 

---
6.093 

··---·-··,.------------,-------

i 

I 

· ' A pr. 10 7 55. 8 E. . 61 27. 0 ' 402. 22 ! 
402. 57 i 
401.97 i 
401. 91 I 

7 49. l E. 61 27. 4 I 

468.13 

___ I 
'---' 

i 7 52.4 E.; 61 27.21 402.17 l············f 5.001 i 
--------·----'---- ------------~--~ 

Apr. 14 8 00.1 E.1 
___ 1 

8 00.1 E. I 

SHREVEPORT, LA. 

---------- -- ------~-----

6204.oi 
62 04.8 i 
62 ou I 

I 

405. 84 I : : 
4&4. s1 1 468. ii> 1 : , r--1 
405. 351···-········: 5. 8091 



 

UNITED STATES OOAST AND GEODETIC SUitVEY. 

Date. 

1E72. 
I 

.Apr. 15 , 

General Result8-0ontiuued. 

LONGVIEW, '.l'EX. 

! Time of 120 vibrat.ions. 

Dip. 
Horizon­
tal inten-Declina· 

tion. .A. : At Wash- sity. 
t -. ' ington. 

0 .. a. 

8 ~7. 8 E. 61 55. 6 4-05. 54 

61 59. 6 406. 02 

406. 32 468.16 
406.14 

------------
8 37. 8 K. 61 57.6 406.1){) ·-·-· -- -··-·· 5. 790 

ALEXA.NDRlA.. LA. 

1 
Apr. l'i ' 7 43. 9 E. 60 52.3 : 399. 93 ; 

60 53. 6 I 399. 57 I 
: , I 

I i ,00.6Q I 4illl. l 7 i 
. 7 43.9 E. 

100 53.0 1--40o:Q3!---··-·-----5:965: 
-·- _____ , _____ i__ -- ----~---! 

NATCHEZ. :MISS. 

--~--- ----··-··--~----
] 

.Apr. 22 7 12. 5 E. 61 29. 2 : 
I 7 17. 1 E. 61 24. 2 ! 

.~------
7 14. 8 E. , 61 26. 7 1 

403. 21 ! 
403. 51 

W2.63 i 468. 20 

403.12 '·-----------: s.s74 I 
, ______ . ___ ] 

VICKSBURG, MISS. 

i 

: Apr. 24 ! 
: I 

E i 82 7 32. 4 . : 62 27. 4 i 407. ~ 

722.oE.\ 6221!.3/ 407.96 
I 407. 16 
! i 407. 65 

I 

468. 22 I 

I
. 4(}1.13 

. 406. 74 
1

_7_2_7~-=--E-.1 __ _6228:4i--407:'5l ·-~~--:--~~---5--7-49_ 

:MONROE, LA. 

I .A.pr. 26 ' I I 7 M.~ E.11
-----·-···-·I 4-06.56 . I I 406. 39 

1 
469. 23 1 • 

I 1--·--1 --7 35.5 E .••••••...... 
1
1 406.48 !···---····-- 5.778: 

1 1 I 

JACKSON lltISS. 

1~;.-28 ', 
I I 

i 

1

. i ! 
7 20. 5 E.1 ·-···· ...... 410.48 1 I 

• I 410.30 I I 
I !~~' 468.24 J ___ I 

7 20.5 E. j············J 410.511 ............ 1 5.11651 

M..E.MPBIS, TENN. 

llay 21 
1 
...... ··:--·I t5 ll.2 ~1 85 rT. 7 

;:~ ..... :~.:. 
.I I I G5 97.5 6.296 
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General .Results-Continued. 

GOLCONDA, ILL. 

,-----i--·-i. [ Time of 120 vilJrntions. ! . 1 
Deelina : I , Horizon- 1· I Date. . · i Dip. I talinten- i 

I tiou. , At- . A.tWaeh· ! sity. 

1 I
• I · • mgton. f 

!-18_71_. _____ 1_68_0 -08.-, 8-1 .. --.-. - . 1--· - i 

I Aug. 31 ............ 1 

I 31 • • •• . . . . • . . I 68 04. 8 

; Sept. 1 ············! G8 04.B 
ll··········--1 87.50.7 

~~ .:::::::::::1 : ~:: 
18 ·•·•·••••••• 67 50.1 
18 .•••..••.••• 6804.7 

·20 ............ 68 04.6 

20 .......•••.. 8803.7 

22 •••••• •••••• G8 10.4 

221-··········· 88 03. 8 i Oct. s ............ 88 00. 51 
3

1 

............ G7M.3 

13 •••••••••••• 68 01.2 
1a ...•.•.•... ., 6759.a! 

i 1872. I 1' 88 03. 1 I 
[June 6 i 610.1 E. 67 54.8 

I I
. 6 07. 3 E. 67 57. l 
~59.9E.) .......•.•.• 

I I I 

441.31 

442.33 

441. 77 
442.15 
441. 91' 

I 

i 

468. 531 

I 
443. 31 I I 

I I 443.40 I -.-- ------- ,----i 6 05.8 E. i 67 55.91 442.31 ........... I 4.885 ·1 

I ' . I ' 

CAIRO, ILL. 

I J • ., I i 
UDO•• 1············1 

I I I 
I : 

I 
' 

I 
67 40.3 i 

67 42.2 ! 

67 41.31 

440.941 I i 
441. 21 I 468. ss . , 

i 1--, 
441.081 ............ , 4.914 

. ' 

SA.INT LOUIS, MO. STATION NO. 1, COMPTON'S HILL. 

, June 24 G 33. 2 E. I 69 32.6 
6 34.l E. ! 69 34. 7 
6 38.9 E. j 69 87.3 

6 35.0 E. i 69 33.l 

6 81.5 E· I············ 
6 35. 5 E. f ••••···••••• 

6 30.5 E. ! •••••••••••• 

639.UE.i 
I 

6 30,1 E. j 
633.UE. 1 
6 36. 3 E. ! 
638.SE.; 
644.SE. 
8 33.2 E. 

455. 97 I l 
456. 04 I 

I 

456.12 I 

466.26 i 
454. 99 I 

455.23 I 
454.69 4e8.64 I 

I 

8113.8 E.: 

0~11 I 
i 631.lE., II 

I
I 832.2E.j 

885.llE.j I I ! July 9 8 89. r; E. I 
I 1-.,-35.-2-E-.-1· -88-34-.4-l--"5.-S-1 l·····_:····f-.. -«rr-



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Gtmtrral .Results-Continued. 

SAINT LOUIS, MO. STATION NO. 1, COMPTON'S HILL-Continued. 

I II Declina· i Daw. . tton. 
Dip. 

I Time of 120 variations. j I 
'Horizon· 1 

1---~----1 talinten·. 
At- I A;tWash· '. sity. · 

· mgton. ! 
---- ---··,---

I 1872. I D 

i No"r". 24 j 
. I 

0 , .. 

I 

[July 12 \ 
I . 

453. 66 
454.11 

4M. 60 469. 57 1 

4M.72 

454.27 !...... .... 4. 651 j 

SAINT LOUIS, MO. STATION NO. 2. 

-r---, --· 1-·--·----·------ ----1 
6 49. 2 E. I I 
648.7E. I 

6 48.9 E. I 
SAINT LOUIS, MO. STATION NO. 3. 

I 
Aug. 3 6 53.6 E. 1 

! 
I 

I 
Aug. 10 I 

I 

6 30.0 E. 

6 48.6 E. 
6 51. 2 E. 

6 34. 7 E. I 
639.lE. 

6 49,0 E. Ii 

6 33.2 E. 

6 38. 7 E. I 
6 44. a E. 

028.oE.I 
6 47.1 E. 
632.7E.( 
635.8E.

1 

6 40.l E. 

6 31.3 E. 

639.9E.J 
I 

DUBUQUE, IOWA. 

Aug. 24 7 32. 6 E. 73 05. 61 493. 621' I 
7 24. 6 E. 73 08. 0 493. 20 I 
~ ::: !: 493.561 468.971 
735.IE. I I 
7A6~ I I 

I i 
l_A_ug_. -21_j_:_::_·_:_:_:_J _1_a_oo._s-'l'--_''_a._,_a..c.l·_·_··_··_·_··_··_·_l _a_.D_aa_1 

WENONA, ILL. 

I i 
.Aug. 00 : 6 07. 6 E. 71 46. 7 475. 40 I 

I 6 07. 0 E. 71 41.1 II 475.30 I 

6 16. 6 E. 474. 98 4G'8. 02 : I 
:::: I 
6 00.8 E. I I 
608.0E. i 

1-6-06-.1-E-.-i--1-1° -48.-9 i--4'15._23_: ........... -1--._-24-1-1 

359 
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Date. 

I 1872. 

] Sept. 1 

Genera,l Results-Oontinued. 

llll<'.li­
nation. 

MACON, ILL. 

-~- Time-:;120 ,~:ration~. I;;~ -
Dip. - ___ I tafr~~~: 

At- A;t Wash- i sity. 
I . mgton. I 

;-·----1---:-- --., ---1-----
5 29.o E. / 

0 

10 'os.s ! 464.18 
1 

5 28.2 E. i 70 lS.2

1

: 461.15 

:; 23.4 E, ·1 

519.4E. 1 

5 16. 8 E. J I 
5 17.6 E. I 

5 19. 4 E. ! 
I 

5 17. 5 E. I 

5 21.8 E. i 

469. 03 l 

I 
I 

I 
: '· I !---

5 21. 5 E. j 
! 

70 13. 5 i 462.66 '--------- --1 4.475 
I ! 
----~ _,, ------~ ----

HIGHLAND, JLL. 

i Se1 t. 3 ' 6 30. 7 E. i 69 47. 7 i 
69 46.7 I 

455. 22 i 

455.14 ! 
454. 77 ! 

63iUE.; 

6 34. 6 E. i 
6 33.5 E.. 

i 

636.9E.i ! . 
-----·----'----! 

634.2E.f 6947.2) 455.64! .... 

8 13.4 E. 
8 17. 3 };, ' 

lIERMA.NN, MO. 

l 
692271 

69 19 ~ I 

453. 43 ; 

453. 05 

i 8 13. 8 E. ; 69 21. 3 i 453. 24 ,. 

L---------~--- --------------- -
SEDALIA, MO. 

469. 04 ', 

4. C26 . 

469. 22 

4.66 i 

I Oct. 2 )! 8 17. 7 E.1 68 49.31 447.291 
8 16. 1 E. -'-68-47. 7

1 

447. Bl ! 
! 
I 

448. 27 j 469. 23 ---', 

8 16. 9 E. i 68 48. 5 447. 79 1-- -- .. -- -- -- i 4. 780 I 

--~------ ----~-----

KANS.AS CITY, MO. 

10 35. 3 F.. I 69 07. 8 : 447. 95 I 
10 44. 5 E. 69 02. 8 i 448. 31 j 449. 26 ! 
10 30. 5 E. \ II I 

i 10 36.8 E. [---;-05:3;--448.131............ 4.773 
_______ 1 ___________ 1 ______________ L ___ ~---'--~----1 ··----' 

MANHATTAN, KA.NS. 

Oct. 
7 : 10 55. u.1 68 ~-4 -1

1
-~7.95 i---- -_T _____ .. 

110 55.2 K. i 68 45.D 448. 37 I 
j 10 51. 9 E. l 68 45. 7 , 448. 12 I 469. 28 
1 10 56. a E. , 68 44. o I ! 

i 10 47. 9 E. j ! I 
,1045.0E •. I I 
, I ' i 10 47. 9 E. i I I 

j 10 51.3 E. !Ci8ruj--mJ5i·--=·-~·J ~·-173 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

General Results-Continued. 

SALINA, KANS. 

: Time of 120 vibration•. 
1 
Horizon· i 

· Decli· lJip. ------·-,-----.,ta! inten-' 

-n-a-ti-on_._;_ .. ---- -~t_-_·_[ ~~~~~- ;_•it_Y·_: 
Date. 

j1812.j 0 ; 

jOct. 9il247.9E.i 

.. s . 

Oct. 
I 

10 112 24. 7 E. 
j 12 28. 8 E. 

I 12 2J.2 E. 

ELLIS, KANS. 

440. 48 

440. 47 t' i 

!----,----
il224.9E.I 

440. 83 I 469. 29 . I 
441. 32 i !---1 
440. 78 i·--··----· .. [ 4. 934 f . I 

67 51. 7 : 

WA.LL.ACE, KANS. 

i i Oct. 

I ... \---···c----
12 ! l3 25. 3 E. ! 67 32. 0 i 439. fi3 1 

I~:~~::!:! .... ~~-~'.:~.' ::~~I ! 

Oct. 

1~~ 
i 
i 
! 

! 13 12.0 E. i ............ ' 439.34 469. 29 : 

113 15.2 E. I 

1

1323.BE., 
13 14.0 E. i ! i 

·1 '--! ----
13 17. 9 E. I 67 31. 6 l ' ' 439. 83 ............ I 4. 056 ! 

DENVER, COLO. 

I ; I 

15 I 14 40.0 E. I 67 38.6 I 

'14 45.7 E. i 67 30.2' 
14 46. 2 E. f ........... . 

I 14 52.9 E. i···--····--· 
14 40.5 E. 1 
14 45.1 E. ! 

440. 68 

439. 03 
«0.03 
440. 65 469. 31 

1 14 44. 8 E. j i 
: 14 42.6 E. ) ____ [ ____ , [----, 

! 14 44. 7 E. [ 67 34.41 440.32 ............. 
1 

Ula, 

PUEBLO, COLO. 

17 J 1a 56. 4 E. I 66 41. 21 4a.~. 51 I 
f 13 M. 5 E. 66 35. 4 432. 28 

I. 13 55. 7 E. I ........... · 1'.. 431. 95 469. 33 
l 13 55.5 E. I 
i 13 55. 5 E. --66-38.-3-1--43-2.-58-J· ......... . 5.124 : ---' 

CHEYENNE, WYO. 

\ Oet. 22 l i:. 21. 8 E. ~67. 3 401. 64 i 115 24.4 E. 68 58. 9 451.93 I 
I 15 33.6 E. ••••••.•.•.. 45L19 ! 
I 15 28. 6 E. . . . • . . . . . . . . 451. 73 , 4611. 86 

i 15 24.5 E. !······ ...... 450. 73 , 
I 15 27. 5 E. j I ! -- ----1 '---: 

--~i. 15 211. ~ E. I 68 58.1 l 451. 44 ! ..........• · 1 4.705 l 

S. Ex. 77-46 

361 
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General Results-Continued. 

SYDNEY, NEBR. 

I Time of 120 vibrations. I H . 
Declina~ : 

1

: tali!~~~: 
Date. tion. I Dip. I • W h ' . 

I At--. ,._t as - i Blty. : 
. ton. 1 1 -------· . ;--------1 

1872. o• I o•I •·I •·I . 
Oct. 25 14 35. 0 E. I 69 23. 71 454. 431 

U38.5E. 6924.0 4M.79 I 
14 34.5 E.1............ 454.65 i 469.39 

14 36. 5 E. ! i ! i 

H36.5E./ I 
. 14 37. o E. I I 

: 14 40. 0 E.1 l ----
. 14 36. 9 E. f 69 23. 91 454. 62 r ........... ·I 4.640 ; 

NORTH PLATTE, NEBR. 

-o-c-t.-20---,--: 1-a-1-4.-o-E-. -;---00-a-a.-1-;-i --4-58. ~r---,----

13 05. 4 E. 69 49. 1 ! 456. 79 I I 
13 04, 3 E. . ........... i 457. 22 i II 

13 06. 2 E. .. .......... i 456. 54 1· 469. 39 I I 
---___ i __ 4_57_.2_4 i !---! 
il307.5E.j 6941.11 457.34i············i 4.585i 

GRAND ISJ,A.ND, NEBR. 

1 
Oct. 27 13 15. 9 E. I 70 23. o i 459. 36 I 

13 11. 9 E. I 70 08. 1 i 459. 63 '1 I \ 

~: ~~:! :: 
1

............ 460.62

1 

469.40 i :I 

... 13 13. 5 E_:_rWITT --.59:87, ............ 1--4. 535
1 

OMAHA., NEBR. 

j Oct. 31 ! 10 48. 0 E. I 71 07. 8 i 470~~-1 
1

10 43.0 E. 71 04.4 i 471.90 i 
• 10 42. s E. I'............ 470. 85 I 469. 42 i 
'1043.6 E. I I 
j 10 44. 2 E. I 71 06. li - --47-1.-18-1 .. ·:~~~1 4. 320 J 

DES MOINES, IOWA. 

I · / i I I 
I Nov. 4 I 9 44.8 E. [ 71 31.8 476.45: 

9 49.0 E. i 7129.0 I 476.641 

9 49.1 E. i ............ 1
1 

476.oa I -169.45 \i., 

953.7E.! [ 
9 47.4 E.: . ! I 

! I : , i---1 : ___ I 9 48.8 ~~aa.4 L_4~~L~~~=J _ _: mJ 

1873. 

DESCRIPTIONS OF STATIONS. 

MARTINSBURG, W. V .A.-The station is in the grounds of James F. Handolph, esq., to the 
east of the house. It is marked by a. stub drive11 iut-0 the lawn on the right hand of the mi<l~le 
walk, near the curve at the lower end, The dip was observed about 15 feet soutb-80Uthea3t of. the 
magnetometer. 
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STRAsnu RG-, V A.-The station is on the grass 011 the south side of Queen street, opposite the 
house of J. M. Kelley, and about 30 feet from where Apple street runs into Queen street. The 
station marked by a stub. Dip was observed about 20 feet west of stat.ion. 

OULPEPBR, V .A.-The istation is iu a pasture belonging to Mr. Peter Kelly, situated on the 
turnpike to .ltappahannock. Station is 42 paces west by south of cedar tree standing on highest 
point of pasture. 

CHARLOTTESVILLE, v .A..-The station is iu a field belonging to Mr. Slaughter Ficklin, Oil 

right of Monticello road going east. Station marked by a stub driven in the ground, 17 paces 
southeast of first clump of cedar trees met on the right of road to Monticello. Its position is fixed 
by the following angles: 

0 

Ball on Baptist church ................... -........ - ...... _ .. _ . . . . . . . . . . . . 349 10 
Presbyterian cburc11 .... __ ... _ .. _ ..................... _ . . . . . . . . . . . . . _ 341 45 
Tboma,s Jefferson's house at Monticello ..... - - - .................... - ..... 139 57 
Northeast chimney of Ce.ntral Hotel ...... - ........ - . . . . . . . .. . .. . . . . . . . . 14 24 
Southeast chimney of Central Hoh~l . . . . . . . . . . . . . . . . . . . .. .. • . . . . . . . . . . . . 14 00 

The dip was ohserved 150 yards east by south of the station. 

LYNCHBURG, VA.-The station is located on top of the bluff owned by Mr. Lynch. It is 
opposite freight station, itnd is tbe first bluff on the right after crossing the toll bridge from town. 
The station is marked hy stub 10 paces east of cabin 011 top of bluff. The station is located by 
the following angles: 

0 

Engine-house cupola ........•......... -..... -..... - -.......... - - .. - - - .. 279 23 
Court House cupola .. - ..•.......... - ....... - - . -....... - .. -. . . . . . . . - - - . . 256 33 
High School cupola ................... -- - .. -.. - - . - ........... - . - .... - - - - 243 41 
Center chimney of Morris I..angham's <l welling on Diamond Hill . . . . . . . . . . . 223 35 
South edge of chimney of house on same bluff. . . . . ..... - .... _ .....•....... 145 45 

BURKESVILLE, V A.-From the smallness of the place and absence of permanent marks the 
station will best be found by consulting Mr. Bard well of this place, an engineer by profession. The 
station is 18 paces northwest of Patrick Robinson's fence. The mark used was the belfry of the 
Methodist Church. 

DANVILLE, V A.-Tbe station is ni!lrked by a stub on Olayburn's Hill on north side of Dan 
River. It is on top of the small hill, part of Olayburn's Hill, nearly in a straight line with the end 
oftbe.toll-Oridge. The following angles were taken: 

0 ./ 

Cupola of Town Hall .......•.........•................... - - .... - . . . . . . . . 233 47 
Mark (ball of Presbyterian church) ................ - .... - . .. . . .. . . . . . . . . .. 230 35 
Flag-pole. of National Cemetery . . . . . . . . . . . . . . . . . . . ............ - . . . . . . . 195 07 
North chimney of Carroll & Bass' grist-mill . - .. ~ ... - ...................... 182 26 
Chimney of house at north end of railroad bridge .............. _ ........... 132 38 
West chimney of the Cla:rburn mansion ... - . . . . . .. . . . . . . . . . ......... - . 357 28 

Dip was taken 50 foot east of station. 
GREENSBOROUGII, N. C.-The station is located on the grounds of Mr. Colwell, on Gaston 

street, abqve Green. It is marked by a stub in northeast corner of the front lawn. It is four 
paces from the east side of carriage road and nine paces north from front fence. The mark is the 
cross on the Episcopal church steeple. The following angles were measured: 

0 

Mark..... . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 12 
North edge of court-house roof. . . . . . .. . . . . . . . . . . . . . . . • . . .. . . . . . .. . . . . 121 18 
Methodist church spire . _ . . . . • . . . . . . .••......••.......•. _ .......•...... •. 233 20 
$Ou.th west oorner of Oolwell's roof.. . • •. • . . . • • . •• • . . • . • . . • • . . . . . . .. • . . . • . 318 24 
Nodhea.Rt chimney of Oolwell's house .....•......•..•. _ ...........•...... 333 55 

SALISllmt.Y, N. C.-The station is located in the pasture of Mr. J. K. Burk, on Main street, 
jut.out df town, going !'est. It ia marked by a stab 20 paoos southwest of the sixth fork of tbe 
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fence running north and south. The dip was taken 150 feet south we.st of the .station. The mark 
used was the flag-pole of the ~ational Cemetery. 'fhe following angles were taken: 

0 

Mark ......................................... . 163 33 
Chimney of house on railroad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 35 
Northeast corner of Mr. J. K. Burk's barn. . . . . . . . . . . . . . . . . . . . . . . . .. 271 20· 
West corner of Ilcilig's house . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 28 
South chimney of Blackmore's house. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 55 

CHARLOTTE, X. C.-The >1tation is marked b_r a stub in the front ~·ar<l of Mr. Reidiger1 living 
on northeast corner of Church and Sixth streets, and is tllree paces northeast of fence corner. Dip 
was taken under the second peach tree. The "mark" is the dot over XII of the clock on the 
Methodist church. The following angles were taken: 

0 

.Mark ...... . 152 26 
Bell tower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232 53 
Foot of lightning rod of PresbJ·terian church . . . . . . . . . . . . . . . . . . .......•• 251 43 
North chinuwy of house on next street north . . . . . . . . . . . . . . . . .......... 328 43 
South ornament on Dr. Graham's house. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 00 

.MoRGAN'l'ON1 X. U.-The station is marked b~· a stub in the front lawn of Maj .• T. W. Wil· 
sou's dwelling, opposite the Episcopal chnrch. It is 10 p~ices west. of the east fence aud 15 south 
of the north fouce. Tile mark is the northeast pineapple on the Episcopal church. The following 
a.ngles were taken: 

!If ark .................... . 
Northwest corner of the parsonage ...................................... . 
Southeast corner of the parsonage ....................................... . 
Union flag-pole . . . . . . . . . . . . . . . . . . .................................. . 
Southeast chimneJ· of l\Iajor Wilson's house . . . . . . . . . . . ............... . 
East white chimney of Rev. l\Ir. Anderson's................. • •........... 
East chimney of the :Mountain Hotel . . . . . . . . . . . . . . . . . . . . . . . . . ...•...... 

0 

25 50 
12 35 
88 26 

153 44 
235 52 
307 49 
345 00 

ASHEVILLE, N. C.-The station is marked by a stub in the grounds attached to the Eagle 
Hotel. It is fi\·e paces west of the east wall and three paces north of the south wall. The dip 
was taken under the locust tree northwest of the station. The following angles were taken: 

0 

l\lurk ....................................................•........... 174 40 
Top of ltev. Buell's ..... ". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 245 37 
Southwest corner Eagle Hotel... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 303 28 
Southeast corner Eagle Hotel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324 15 
\Vest chimney of Carter's building .. _........... . . . . . . . . . ............... 359 40 
East chimney of farm house . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 10 

'l'he "mark" is the 11orth chimney of .l\Ir. Blair's, being the first dwelling south of the Eagle 
Hotel. 

KNOXVILLE, 'l'ENN.-'l'he station is in the grounds of the Asylum for the Deaf and Dumb, 
three paces southeast of the large tree in front of tbe dwelling of the director of the asylum, Pro· 
fessor Imes. The following angles were taken: · 

0 

l\Iark. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198 15 
North corner of house iu the woods. . . . . . . . . . . . ..................... , ... 289 5'1 
West corner of Professor Imes's house. . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • 319 17 
North chimney of asylum........ . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . •.••• US 05 
Southwest corner of asylum ........••...•......................•..•••..•• 146 47 
Cnpola of residence on hill east of University .........•.... : .....•.••..•• 172 15 

The mark is the ball on top of the University. 
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WILLIAMSBURG, KY.-Tbe station is marked by a stub 10 paces southwest of southwest corner 
of court house. It will lte pre.served and pointed out lw the county surveyor. The dip was obserYNl 
25 feet southeast of the station. The mark is the east chimney of the llonse on "Old Cock's Corner.'" 
The following angles were taken: 

0 I 

~lark ................... . 107 56 
Northwest chimney of Freeman's store-.. _ ............ _ .. _ ...... _ ..... _ ... 220 30 
Northwest corner of court house . _. . . . . . . .. . . . .. . . . . . . . . . . . ............ 341 47 
Southwest corner of court house . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 07 

ROGERSVILLE, TENN.-Tlle station is marked by a stub iu the garden of Capt. F. A. Butler, 
keeper of the Rogersville Romie. It is three paces from the west fence and sm·en from the south 
fence. The mark used is base of ball on First Presbyterian church. The dip was takeu 2;'i feet 
east of the station. 'rhe following angles were taken: 

Mark ............................................................. . 
Northwest corner of seminary ..................................... . 
Northeast corner of John Hazard's . . . . . . . . . . . . . . . . . . . . . . . . . . . .. _ .... . 
Nortllwest corner of the hotel...... . . . . . . . . . . . . . . . . . . . . .. _ ............ . 
South chimney of the hotel . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... . 

0 I 

159 41 
168 46 
322 28 

25 35 
92 12 

BRISTOL, TENN.-The sta.tion is marked by a stub in Mr. Jame:sou's lot on the spot occupied 
by the eclipse party, ueitrly midway between the pillar holes. It is 12 paces from the south fence 
and 8 paces from east fence. Dip was taken 30 feet north west of station. The mark is the cupola 
of the Baptist church. The following angles were taken: 

0 I 

Mark ................................................. . 120 52 
M. Lancaster's north chimney .................................... _ . . . . . . . 188 10 
Billy Smith's north cbimn"'y. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230 53 
Mr. Williams's west chimney . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304 34 
Mr. Saul's middle chimney . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 58 

MouNT AIRY, VA.-The station is marked by a stub driven in the front yard of Mr. Buck's 
residence. It is 13 paces from the west fence and 9 from the north fonce. The dip was taken 30 
feet east of the station. Tile mark used is the west edge of tlle tower of tlle freight station. The 
following angles were taken: 

Mark ................... . 
. Northwest edge of Mr. Buck's house ..................................... . 
Northeast edge of Mr. Buck's house ..................................... . 
East chimney of Railroad Hotel . . . . . . . . ... _ - . . . . . . . . . . . . . . . . . . . . . . . . .. 
West chimney of J. W. Spence's house . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

0 I 

348 50 
174 53 
143 16 
19 50 

358 00 

CHRISTIANSBURG, V A.-The station is marked by a stub in the front yard of Captain Schaef­
fer, back of the colored Baptist church, on the first hill towards tlle town of Christiansburg. It is 
14 paces from the west fence and 3 paces from the walk, north. The dip was taken 30 feet east or 
the station. Tbe mark is the ball on the Presbyterian church in the town. The following angles 
were taken: 

0 I 

Mark. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . ... _ . . . . . . . . . . . . . • . . 199 55 
Southeast edge of colored Baptist church ... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220 00 
South chimney of Mr. Meyers ............................................. 263 58 
Northwest corner of Captain Schaeffer's house ....•.....................• _. 126 28 
Southwest corner of Captain Scba.eft"er's house ........••........•.......... 143 28 
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NA'l'URAL BRIDGE, VA.-The station is marked by a stub three paces southeast of the north­
east ceilar tree in the gron\ on the l1ill si<le in front of the hotel. The mark is the north chimney 
of the .hotel. The. 11ip was taken 50 feet south of the station. The following angles were taken: 

0 I 

Mark....................... . . .. . ... . . .. . . ... . . . ................. 102 07 
Nurth chimue,y Mr. Penn's . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 117 47 
Corner of old hotel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205 24 
Northeast cedar in the gro\•e. . . . . . . . . . . . . . . . . . . . . . . . . . .................. 340 05 

COVINGTON, YA.-Thc station i;; marked hy a stuu in the garden of the 1\icCurdy Honse. It 
is 7 paces from tlle east fence and 10 from the north fence. Dip was taken 30 feet west of the 
station. The mark is the cupola of the Presbyterian clrnrch. The following angles were taken: 

0 I 

Mark .................................................. . 330 13 
South corner 1\fr. McElwee's house ........................................ 262 02 
North corner' of l10tel. . . . . . . . . . . .. .. . .. . .. . . . . . .. .. .. .. . . . . . . . .. . . . 88 10 

STAUNTON, VA.-The sbition occupied is the United States Coast Survey station ou the hill 
oYer the railroad. It is marked hy a square pillar of granite. Dip was taken 50 feet west. The 
mark is the acorn on top oi the Presbyterian clturch. 

HAURISONBURU, V A.-The station is in the front yard of J\Ir. W. B. Compt{m, on West Market 
street. It is Hi paces north of the front fence and 12 paces west of the east fence. The mark is. 
the point of the steeple of the Bapti:,;t clmrch. Dip was taken .lo fret north of the station. The 
following angles were taken: 

0 I 

}lark.. . . . . . . . . . . .................................. . 95 50 
Ball of Methodist church . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Spike on D. C. Joues's.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . 

103 19 
164 05 
327 50 
353 24 

~outh west corner of Mr. Compton's . . . . . .............................. . 
Northe~~st corner of l\fr. Com11ton's ...................................... . 

J\fartiushurg, ·w. V:t. 
Strasburg, Va. 
Culpeper, Va. 
Charlottesville, Ya. 
Lynchburg, Va. 

. Burk(wille, Va. 

1873. 

OBSERVATIONS FOTI DECLINATION. 

STATIONS OCCUPIED, 

Danville, Va. 
Greenshorough, N. C. 
Salisbury, N. C. 
Charlotte, N. U. 
Morgantou, N. l' . 
Asheville, N. U. 

Knoxville, 'fenn. 
vVilliamsburg, Ky. 
Rogersville, Tenn. 
BristoJ, Tenn. 
Mouut Airy, Va. 

Ohser\•er, F. E. HILGARD. 

Christiansburg, Va. 
Natural Bridge, Va. 
Covingt,on, Va. 
Staunton, Va. 
Harrisonburg, Va, 
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In the observations for declination the following tahle was used for reducing the observed 
magnetic mericlian to the mean of day. 

Time of day. lico!""ec·!I Time of day. :co:ree-i 
t10n. j! _____ l __ ton._[ 

' 11 
lh.m. r / iih.m. , / 1 

6 00 a. m ...... 
1 
~1.0 !i 0 00 l'· m...... +4.5 i 

630a.m ...... [ -3.711030p.m ...... ' +s.oi 

700a.m .•••.. I -4.5i)1oop.m ...... +6.0· 
730a.ru •••• ·\ -5.0 11 130p.m ...... -t-6.0i 

8 00 a. m ...... ~ -6. O :.1· 2 00 p. m.. .. .. . +5. o 
8 aoa. m .••••. 1 -6.0, 2 30p.m ...... +.:s 
9 ooa.m ...... ! -5.0 \·13 OO"[l.m ..... · +3.0 

ll400p.m ...... , +1.5 
fl 

These corrections arc to be applied to the reading of the obserrnll magnetic meridian. 

OBSERVATIONS FOR DECLINATION. 

I Cor- -1 ~eading I Date. I rooterl Azim nth. of hor. 
Z. D. 0. circle. 

-----1 '--·---- ---·--

1873. 0 • I 0 0 • 1 
July 10, a. m. 61 15. 2 83 51. O \ 2J4 40. 4 I 

HI, a. m.; 57 40. 7 86 38. 0 I 237 29. 5 i 
I ! 
i ----------

Joly u. :·::-;~;.;T-~2 •o. s [ ··· 114 oo. 7 

11, p.m. 66 29.9] 279 58. 71 31114.6 

I 
__________ i ____ _ 

July 14, a. m.j 
14, a. ~·1 

Jnly 16,a. m ·l 
17,a.m.

1 

Joly 19, p.m.\ 
21,a.m.

1 

21,r..m. 

I 

65 31.81 
61 33. 2 

55 26.1 

68 56. 5 

70 45. 7 

59 40. 8 

57 53. 2 

July :za .... m. 67 19. g I 

-I 
81 00.3 I 

8354.71 
i 

88 43.81 
79 03.4 ! 

2s1 so. a \ 
86 27.31 

8746.81 

' 

I 
276 31. o I 
279 22. 1 

289 51. 4 

280 00. 4 

·31 46. 1 I 
199 28. 7 I 
200 47. 5 I 

·---, 
81 26. 3 . 27g 47. 2 i 

}!A.GNETlC SURVEY, 187:t 

:\IARTINSBURG, W. VA. l/J=3!J026'.7 

I North I Mark 
reads. I rends. 

--0 -~-1--0--~-1 
, I iso 49. 4 : 1so oo. o I 

150 5\. 5 : 180 00. 0 I 

Azimuth ; a:/~~~h 
of mink. ~ of mark. 

n ' ' 
29 10. 6 

29 08. 5 

STRASBURG, VA. ¢=38°44' 

--:;:r~ T~cl-i- , E. or 
aud.m.ag. ina1iou. W. of 
meruliau. I north. 

Q 0 ' 
32 00. 0 2 50. 5 w. 
:n o'J. n 2 53. 0 w. 

2 5l. 7 w. 

Date of 
obR'nR for 

declinat.ion. 

,July 9,a.m. 

\ 

9,a.m. 

----1 --, ---------,----,- i 
31 19. 9 360 oo.o i 328 40. l I ........... 

1 

330 52. 5 2 10. 4 
1
. w. 

a1 15. 9 36-0 oo. o I 32s H. i 
1 

:i28 42. 1 an o4. 5 2 2:_:_1 w. 

__ L ___ J______ 1 216.4 I w. 

I
. July 11, a. m. 

11,p.m. 

I 
Ct::LPEPER, VA.. </>=380 25'.5 

300 00.0 ! i 161 2'.l.3 I I 
I 

19:; 30. 71 
360 00. 0 ! I 195 27. 4 . 164 32. 6 : 16-1ao.9 I 

i 

CHAltLOTTESVILLE, VA. </>=38o 001 

'. 
201 07. 6 l 
201 03.0 '1 

i 
180 00. 0 ·1' 

180 oo.o 338 52.411··--········\ 
338 57. 0 il38 54. 1 

l i 
~-----

LYNCHBt::RG. VA. -=370 23'.7 

! 
112 55. s I 
113 01.41 

113 00. 7 i 

360 -00. o I 
360 00. 0 I 

aoo oo.o I 
i 
' 

BURKEVILLE, VA. <j>=37o 13'.2 

i i 
\.July 14, p. m. 160 52. 0 I 2 21.l I w. 

I 

34012.0

1

1--1 17.311-~-:11
·.Tnly16,a.m. 

340 11.5 116.8 \ W. 16,p.m. 

i 11.0 i w. I 

--i--~--~----·---i----

247 40 01,i 'July 21. a. m. 
21737:s5:0SS.l W. 21,a.m. 

247 30.0 1 G 29.3 W. 21,p.m. 

i(i3i7j w. ! 
I I 

i 
198 2-0. 9 l 360 00. 0 \~ 161 39.11-1-61-j~~T~ 3~.011 ~:~1 

I 163 a5.o5: 1 w. 
July23,a.m. 

23,a. m. 
23,p.m. I 163 42. 5 I 2 Oll. 4 : w. 

' J _______ i ----- 1159-:7\ w. 
I '~-~~~~~ 
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Observations for Declination-Continued. 

------·- - ----

Cor· 1 

Date. root<><'! ' A zimnth. 
Z.D.(-). '. 

Reading 
of hor. 
circle. 

DANVlLLE, VA.. "=36046'.6 

North 
reads. 

Mark !' Azimuth 
rPa.da. of mark. 

Mean 
azimuth 
of mark. 

----------- ---!--------- ----··---.--------· , - ·---
1~73. 0 o , I 

1Tuly 24, a. m 66 34. 5 , 

~ "'""' 
220 58. I 138 52. 3 36-0 oo. o 1 221 01. 1 221 07. 7 • 

GREENSBOROUGH, "N. C. $=36o C3'.5 

.Tuly 29, p. m.I 69 02. 8 ' 

i 

--i-·----. -------·~--i -·-
278 15. 0 i 184 2B. 0 266 13. 0 I 36-0 00. 0 9347.0! 

i I 

! 
__________ ! _____ ]_ 

July 30, a. m.: 62 10. I , 86 28. 3 , 290 47. l 
30,a.m.: 6006.5; 8753.ui 2921U 

.4 u~. l, a. ni. i 
i, a. m I 

63 50.1 
61 41. 9 

:~~- -5~ ~~ 1 · 69 42. 8 ·, 

5,p.m. 1 70 82.4 

i 
Aui:. 7,a.m.: SO 18.2. 

I 
216 ao. a I 
277 03. 7 ' 

! 

76 45. 21 

256 54. 51 
251 27. 5 ! 

280 45. 0 i 
I 

SALISBURY, N. C. <1>=35° 40'.4 

204 18. 8 ' 
204 17. 3 ! 

360 00. 0 155 41. 2 
360 00. 0 • 155 42. 7 

CHARLOTTE, N. C. <!>=35° 14'.0 

214 58. 7 360 00. 0 

214 59. 5 360 00. 0 
145 Ol. S 

145 oo. 5 

MORGANTON, N. C. 4>=35047•4 

340 24. 2 
340 23. B 

360 00. 0 

:wi oo.o 
19 35. 8 

19 36. 2 

.ASHEVILLE, N. C. </> =35° 35'.0 

I 

2oa 59. s I 

93 47. 0 I 

15:; 41. 9 : 

KNOXVILLE, TENN. 1$=35° 57'.3 

-<Mark ! DecJi. I E. or Date of 

~:~~~:_i~:~~~I !~s:: ,_ d~~~=t:!~. 
! I 

0 I : 0 I I 
222 22. 6 . 1 14. 91 W. July 26,a. m. 
22225 .. ;•117.8 W.: 26,p.m. 

__ 1~16.~--:~_l ___ -
\ '1 

930i.5 ! 045.5: E. July 28, a. m. 
93 06. 5 i 0 40. 5 : E. 28, p. m. 

'--: 
~ 0 43. 0 E. 

--------

I ; 

154 48.5: 0 53.4 / 

154 51. 0 : 0 50. 9 i 
--1 
0 52.1 

I ' 

14400.011 00.9 I 
143 54. o i os. 9 1 

!--1 

I 
E. ; Jnly 30, a. m. 
E. 30,p.m. 

E. 

E. :.aug. l,a.. m. 
E. I J,p.m. I 

E. '1 03.9 I 
___ ! __ ._ 1 ____ 1___ ___ _ 

154 02. O ) 1 58~ 1-;-I Aug. 7, o.. m. 

--·---~--··--· 

Ang.11,a.m.' 80 59.9 77 41. 7 '1 246 44. I \ 

i 
I 

·----- - j --------~-· -··- ····-·----· -··· -·--··--··-

Ang. U, a. m.( 61 43. 8 93 00. 7 352 16. 9 ! 

169 02. 4 36-0 00.0. 190 57. 6 190 57. 6 

·---~-~----~---··-~ ··-·--- ----·-·-

WILLIAMSBURG, KY. </>=36047' 

259 16. 2 ! 
I 

i 
36-0 oo.o i 

I 
100 43. 81 100 43. 8 

I ----
ROGERSVILLE, TENN. </>=360 2o' 

~;01 36() 00.0 1!>2 17. 0 I 152 17. 0 
I 
I 
I I 

~~;~~, "'"J HT~']-~ 
.BRISTOL, TENN. </>=a&o35'.9 

245 40. s / 

1 

aoo oo.o I 
I 

114 111.51 

I 
114 19.5 

I 

189 IYI. 0 1 50. 61 
189 03. 0 1 54.6 

1 62.61 

98 42.o / 2 01.s 
98 37.5 '2 06.3 

i 2 04.0 

150 29 •• 1 47.5 

150 26. 5 1 50. 5 ---
i 4~.o 

113 01.0 118.5 
11259.0 120.6 

119..6 

E. 
E. 

E. 

E. 
E. 

E. 

E, 
E. 

E. 

E. 
E. 

J:, 

/Aug. ll, a. m. 
U,p.m. 

I 
I 

I i Aug. 14, a. m. 
H,p.tn. 

I 

Aug.18,a.m. 
18,p.m 

Aug.20,p.111. 
'21, a. m. 



 

UNITED STATES COAST AND GEODBTIC SURVEY. 369 

. . 

Date. I Cor. ' 

1 rect.<l Azirnut.h. 
, Z.D. (.). 

1873. 

Aug. 22, o..m 
1 

63 57. 2 9~ 52. 8 

I 
_____ J_ __ I _______ _ 

Observations for Heclination-Coutinuell. 

Reatling 
oflwr. 
circle. 

114 25. 6 ' 

MOCT~T AIRY, VA.. lf>=36o 51'.5 

North 
readH. 

Azhnuth 
of mark. 

:MeHJJ 
azirnutl1 
ofm:uk. 

19 :J~. 8 :JOO OU. 0 340 27. 2 340 27. 2 

' . - .. ------- -------- "·------- -

CHRISTIANSBURG, VA. </>=37° 11'.3 

<~lark 
nwl mag 
uwridian. 

lh•t:li-
11atio11. 

33H :w. (I U 57. 2 

~{:lfi 34. 0 (J 53. 2 ' 
,--i 
. o 50,_ 2 I 

E Ill' I 

\\'. of 
north. 

i 

llat<• of 
olu;·w., for 

dt>dilla1i••1L 

E. \ Auµ.21,p.m. 

E. I' 22, a m. 
E. 

I I Aug. 23, a. m., 66 05. o , 93 48. 6 360 00. 0 190 48. 5 ' 190 48. 5 , 190 16. 5 0 32. 0 E. Aui:;. 26. •· m. 

I 
19-0 11. 5 O 37. o E. 26, IL nl. 

___ [ _____ _,___ __ _ 
0 34. 5 E. 

NATURAL llRIDGE, VA. ¢=37°33' 

I. "36.91 Ang. 26, a. ID. v. 

! i 
96 37. 5 ! 18:1 41. 0 87 03. 5 180 00. 0 9~ 5G. 5 9') 5G 5 - . i 9~ Ml. r, 0 07. 0 1'1• Aug. ~6, a. m. 

92 59. o o 02. 5 · W. 26, p. rn. 

0 04. 7 w. 

COVINGTON, VA. <!•=370 49' 

-------,------ -·----
i 

Aug.30,p.m.! 73 19. 3 '1 

74 M.1 I 

268 11.3' 305 37.5 ! 37 26. 2 ) 360 00. 0 : 32233.R! .•••....••• 32~59.f> 024.f! ·w. 'An~.3o .•. m. 

"c. aol p. m. 30,J>.ru.

1 

269 25. 6 i 306 50. 2 i 37 24. G i 360 00. 0 322 3~. 4 
1 

s2~ :-:.i. G ~r22 M. o '. o 1~l. 4 

0 2~.1' \\c, 

----·-~-----

STAUNTON, VA. </>=38° 08'.9 

I 
~----------- ·-·----·--· .. _ .. ___ ,, ____ . 

I i S<ipt. l,o..m.i 66 si. 3 I 98 00. 6 . 2n 22.1 175 21. ,, 180 OU. 0 4 3~. 5 5 Z<3. 5 ll 47. 9 w. s~pl .. 1. a. Ul. 

I,a.m. 1 65 26.51 99 13.9 i 27435.2: 17:; 21. ~ I"O 00. 0 4 38. 7 4 38. G 
I 

IlARRISONlHJRG, V .A. 4>=38° 25' 

• Detennined by U. S. Coast Survoy at subsequent date. 

1873. 

5 22. {I () 4~. 4 

: 0 45. 6 

W. l,p.m. 

w. 

W. . Sept. 2, p. rn. 
W. 3,a.m. 

w. 

OBSERVATIONS FOR LOCAL TIME. 

Martinsburg, W. Va. 
Strasburg, Va. 
Culpeper, Va. 
Charlottesville, Va. 
Lynchburg, Va. 
Burkesville, Va. 

S. Ex. 77~7 

STATIONS. 

Danville, Va. 
Greensborongh, N. C. 
Salisbury, N. 0. 
Charlotte, N. O. 
Morganton, N. C. 

Asheville, N. 0. 
Knox\'ille, Tenn. 
'Villiamsburg, Ky. 
Rogersville, Teuu. 
Bristol, Tenn. 

Mount Airy, Va. 
Christiansburg, Va. 
Natural Bridge, Va. 
Covington, Va. 
Staunton, Va. 
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OBSERVATIONS FOR LOCAL TIME. 

MAGNETIC SURVEY, l87a. 

MAI:TIYSBURG, W. VA. </i=3!J026'.7. 

l>ate. 
CotTecf(id ' 
Z.D.0). 

i i 

Mea.n i Time I 
tinw of / by cbro- ! 
ot.a'n. ) nometer. 

----- - -~--- ____ i 
I I 

h.m. •·I h.m. s. j 

72346 72529: 

7 42 22 I 7 44 31 I 

i 1873. 
1

1 July 10, a. m. 61 15. 2 

i _ --~~a. m..-__i _57 40. 7 __ 

STRASBURG, VA. .p = 3go 44'. 

Chro­
nomoter 
· fa•t. 

m,. S. 

1 43 
2 09 i 

1
-.;.-:; 11 .... • ::r· 62 37. 7 1 7 17 35 ! 7 20 40 

1 

3 ()5 I 
I 11, p. m. / 66 29. 9 : s 11 56 s 15 os a 12 

'---------~~----------------

I I July 

i 

CULPEPER, VA. I/>= 38C 25'.5. 

14,a.m.1 
14, a.m. ! 

6531.8: 704231 706091 
6133.2[ 72455[ 72641. 

1------~-'-·---_J _____ _ 
CII.A.RLOTTERVILJ,E, V .A.. <!> =380 00' .o. 

I 461 
1 46 I 

·July~-:~~-1-~ 26.1!-757 rnr-;; oo 49 ,---3 30 / 

17, a. m. I 68 56. 5 6 48 49 j 6 52 37 i 3 48 ; 
I i ------------------- -~---------

LYNCIDlURG, VA. <!> = 370 23'.7. 

r ;:-y -1~~--m-. -11--70-4~. 7 : 5 30 30 1' 5 37 12 ! 6 42 ! 
: 21, a. m. . 59 40. 8 I 7 38 39 I 7 45 31 1' 6 52 r 

_______ 2_1·~~J_s1-~3. 2 /c....._1_41-4o~i __ 1_s_4_a_a...:, ___ a_«_,/ 
JlUitKESVILLE, V .A.. <!> = 37°13'.2. 

r .July 23. a. m. / 67 19. 91 7 01 21 I 1 04 i1 j 
'----------~- -·-- __ .L . 

llANVILLE, VA. </> = 36° 46'.6. 

7060RJ 7H'27i 

GREENSllOROUGlI, N. C. ¢:36°03'.5. 

SALISBURY, N. C. <Ii= 350 40.'4. 

----"ti 

2 56 ! 
-- -- .J 

8 24 

1-

-;_"l_y_ 30. :~.-1i 30, a. IH. 

I 

6;10. l I 7 32 07 -1 ---;;;;-1~;1 0006.5 74217 75:!28 1111[ 
------- ----- ----------- -- - -----------~~ 

CUAltLOTTE, N. C. <I> = 35° 14'.0 . 

.MORGANTON, N. C. 4> = 350 47'.4. 

ASHEVIJ,LE, · N. C. 4> = 350 35'.0. 

I .A.u~: .. 7, a. m.1 80 18. 2 / 8 Oii 491 6 25 341 
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·Martinsburg, W. Va.. 
Strasburg, Va. 
Culpeper, Va. 
Oharlottesville, Va. 
Lynchburg, Va.. 
Burkesville, Va. 

Observations for Local Timc--Oon tin uetl. 

KNOXVILLE, TENN. </> =35° 57'.3. 

Mean Time Cbro-
time of hy chro- nometct· 
obs'n. nometer. fast. 

----,--~~--

h. rn. 8, i h.m. '· 'Yn. s. 

6 Oi 06 6 30 20 2fi 14 

WILLIA MSRUHG, KY. op =3fi'' 47'. 

r~~~: .~~""-m ___ ... ' --6-.1--43 __ ._s_ "--7-43_4"_'.c 
2:> rK; I 

ROGERSVILLE, TENN. 4> = 36° 25'. 

\_Ang. I3~a~:~L 64 16.4-~~:l 4~L-~-55 26 21 4;1 

llRISTOL, TJcNN. </> = 36° 35 .f. 

l ;~g--2~~:r 68 2~.4 ! 7 14 32
1 

7 3~~~ 1_._17 58
1 

MOUNT AIRY, VA. .p =36° 51'5. 

l Aug. 22, a.. m. \ 63 57. 2 , 7 38 1!J ; - 7 5;~· - 13 ;,3 

I 

CIIRISTIANSBURG, VA. </> = 370 11'.3. 

i.a~3-:::1~;.::-~[ 7 ~~~~_I ~- 10 a~\ 
NATURAL BRIDGE, VA. .P = 37° 3!\'.0. 

! ~A_u_g._2_0_,a_._m_.~\_M_s_o._9_\ __ 1_a_s_~_1 
I I 

745081' 645\ 
------~-i 

COVINGTON, VA. </, = 37o 49'. 

I f :g. so. p. m. I 
30,p.m. 

'7319.3i 

74 54.11 
5 02 481 
5 10 lilJ 

5 12 09 \ 
5 20 07 

9 21 I 
9 17 

STAUNTON, VA. </> = 38° 08'.9. 

I ~pL 1,a.m. I 6651.31 7 ~ 111 7 37 51 I 5 .w I 
l,e..m. 65 26.5 7 39 27 74.~07i s •o I 

1873. 

OBSERVATIONS FOR DIP. 

STATIONS. 

Danville, Va. 
Greensborough, N. 0. 
Salisbury, N. C. 
Oharlotte, N. 0. 
Morganton, N. C. 
Asheville, N. C. 

Knoxville, Tenn. 
Williamsburg, Ky. 
Rogersville, Tenn. 
Brit1tol, Tenn. 
Mount Airy, Va. 

Observer, J. M. POOLE. 

Christiansburg, Va. 
Natural Bridge, Va. 
Covington, ~a. 
Staunton, Va. 
Harrisonburg, Va. 



 

372 UNIT.ED s'rATES COAST AND GEODETIC SURVEY. 

OBSERVATIONS FOR DIP. 

MAGNETIC SURVEY, 1873. 

MARTINSBURG, W. VA. 

. i Polarity S. I 
Mean. , i · Mean. 

Polarity N. 

Date. Needle., Dip. 
, Circle E. W. :circleW.] E. I 

1873 

Jul,\· 9, u. rn. 

9, p. rn. 
!) a. UL 

9,p. llL 

! July 11, a. m. 
11, p. m. 
ll,a.m.1 

11,p.m. 

,Jul,r 14, a. m. ! 
14, p. Ill. 

J4,a.m. 

J4,p.m. 

,July 16, a. rn. 

16, p. rn.' 

lG, a. rn. 

16,Jl.Ill.' 

1-----·· 
JnlyJ9,a.ru.: 

19, p. rn. 
19, a. Ill. 

lU,p. rn. 

2 

l 

1 

2 

1 . 

2 

2 

--~--
_._L_ ___ 

I 

~Tnl;r 22, a. m. 1 I 

:!3,11.m. 1 ' 

22, a. m.: 2' 

70 34. fl 136. 2 

70 43. 7 127 7 

70 68. 7 ' 109. 2 

70 4~L f, 99. 7 

85. 3 

85. 7 
89. 0 

71. 6 

: . 1· ·--- ----
1 

' I 
70 122. 7 i 58. 2 

' 70 104. 5 ' 46. 2 ' 

70 167. 0 36. 0 

70 142. 5 I 22. 0 

90. 5 

75. 3 

101. 5 

82. 2 

-------1 

71 27. 9 1 

7J 20.5 I 

71 35.2 i 

7116.9 l 
7125.li 

I --- .. -------~--'-----'----' 

STRASRURG, VA. 

70 09. 0 98. 0 fi3. 5 70 [)]. 5 21. 0 56. 2 i 70 54. 8 

70 15. 2 95. 7 55. 5 70 97. 0 35. 2 i 66. l 70 60. 8 

70 11. 2 81. 7 46. ft 70 117. 5 12. 7 i 65. 0 70 55. 7 

65. 5 ' 43. 6 70 11:;. 0 14. 5 63. 7 70 53. 6 

70 56. 2 

Ct:LPEPER, VA. 

60 5G. 0 149.0 102. 5 li9 149. 0 57. 0 : 103. 0 : 70 4~. 7 

69 55. [t ; 149. 0 1 102. 2 69 145. 0 50. 5 97. 7 70 40. 0 

69 60. 2 : 15:i. 7 I 107. 0 69 151. 7 ' 41. 7 00. 7 70 41. 8 
69 58. 7 144. 7 ! 101. 7 ' 69 153. 7 56. 7 ' 105, 2 I 70 43. 5 

I 

j7o 42.U I 
I 

CHARI,OTTESVILLE. VA. 

I 
69 34. 0 ' 123. 2 

6!) 34. 0 125. 7 
69 33. 7 : 1:!5. 2 

6!J :J3. 2 116. 5 

78. 6 ! 69 124. o 24. 7 -;;~r-:.~ ~. 9·1 
28. 7 i 75. 3 I. 70 17. 0

1

1 

37. 0 I 73. 2 ! 70 18. 8 

79. 8 i 69 122. 0 
84. 5 j 69 109. 5 

_ 7;,_ ~r9 131. 5 36. 7 I 84. 1 I 70 19. 5 I 

_ I J 70 20.0
1 

LYNCHBURG, VA. -,·--1-r--1 -1 
GO 02. 5 84.2 

~::: i :: 
83. 2 : 08. 7 46. 0 69 44. 6 i 

69 06. 7 : 83. 2 83. 2 06. 7 f 45. o 69 45. o I 
69 07. 7 ' 84. 0 45. 9 i 69 85. 7 o8.3 I 47. o I 69 46. 4 1 

69 06.2. 83. 2 ; 44.7169 82.2 I 08.71 45.5 I 69 •s.1 I 
I L.~~~3_1 I I I .. 

Bt:RKESVILLE, VA. 

68 28.2 / 

68 30. 8 

68 29. 5 
I 

-----:--,------1-
80. g 68 133. 5 l 27. 51 80. 5 i 69 20. 7 

80. 4 68 128. 5 : 31. 5 BO. O i 69 20. 2 

88.7 68132.8 ! 28.5 i 80.6 \ 69 20.7 I 

2:i,p.m. 2 68 32. 0 I I ' ' 
------'----'----'-----'--79. 8

1
68 127. 513~ OJ_ S~~l: :: : i 

DANVILLE, VA. 

I I I I I I I ,July 25, 11.. m. \ 1 \ 68 05. 7 ! 102. 5 I M. I ! 68 99. 7 04. 8 62. 3 I 68 53. 2 i 
25, p. m. I 1 : 68 02. 5 ! 111.3 l 56. 9 i 68 110. 3 \ 02.li 56. 4 f' 68 56. 6 I 
25, II. DJ, I 2 ' 68 07. 3 I JOO. 5 i 53. 9 I 68 99. 5 03. 7 51. 6168 52. 8 

25, P· m. I 2 

1 

68 09. 0 1105. O ! 57. 0 I 68 109. o 03. 5 56. 2 : :: : 

l__ ___ I - J_ I ~__,__,_______, 



 

UNITED STATES OOAST AND GEODETIO SURVEY. 

Observations for Dip-Oontinued. 

GREENSBOROUGH, N. C. 

Polarity N. Polarity S. , I 
Needle.' j Mean.:---- - 'Mean I Dip 

, Circle E. I W. II . CircleW.; E. ; . . , 
I , ' I 

-----,-------1---·: ___ ·i---:--1---\---: 
Date. 

1873. : I 0 I ' I ! ' 0 ' ' I : I I 0 I : 

'July 28, a. m. 1 ' 67 51. 8 i 144. 0 ' 97. 4 67 142. 5 I 51. 5 ' 97. 0 ' 68 37. 4 , 

' 28, p. m,, 67 42. 5 i 148. 2 95. 3 67 144. o ' 43. o 93. 5 i 68 34. 4 : 

2 67 47. 0 ! 142. 0 94. r. 67 145. 0 46. 0 ' 95. 5 ! 68 35. 0 i 28,a.m.: 

28,p.m.' 
I 

29, a.m. 
30,p.m.• 

2 : 67 46, 8 i 143. 0 94. 9 67 143. 0 45. II . 94. 0 i 68 34. 4 : 

' i 6835.3 
------- _ _c_ ___ I_ __ _ 

SALISBURY, N. C. 

I 
1 67 06. 5 83. 5 ' 67 44.2 i 
1 I 6706.51 SR. O 47. 3 67 87. 5 10. 0 : 67 47. 0 j 

I 
86.5!0RH 

~i 
67 04. 0 84. 0 44. 0 67 47. 1 6745.6! 

67 o7. r. ' I 
88. 0 47. 8 67 46. 4 ' 86.0106.8! 67 47. 1 j 

----~l ___ I _ 1

6746.0I 

Aug. l, a. m.: 
l,Jl."m. 

I,a.m. ! 
1,p.m.j 

l 
' ···--~~----------

CHARLOTTE, N. C. 

MORGANTON, N. C. 

r--
66 31. 2 ! 114. 8 73.0 66118.0 

u. 9 : 66 118. 5 

74.6 I 66 122.8 

33. R ' 

30. 0 i 
32. 0 : 

61i. 6 I 67 OR. 3 
67. f1 : 67 07. 3 

68. 3 : 67 07.1 

67. 4 07 07. 2 : 
i---, 
'1 67 07.5 i 

-·-'-----' 

75. 9 

74. 3 

77. 4 

1

, Aug. :: ;: :: 

::;::1 21 

66 °31. 0 ! 118. 8 ' 

66 34. 5 : 114. 8 
66 ao. B i 221. 5 , 76. 1 66 121. 5 32. 5 ' 77. 0 ' 

l ______ I ____ L _____ , 

Ang. 7,a.m. 

7,p.m. 
7,a.m. 
7,p.m. 

Aug. 11, a. m. 
11,p.m.! 
11,a.m.1 
11,p.m. I 

I 

Aug.14, a. m. \ 
14,p.m. 
14,a.m. 
14,p.m. 

ASHEVILLE, N. C. 

66323! 
66 24. 5 I 143. 5 : 

fl6 31. 0 ; 144. 5 ·' 

2i 66 29.8: 142. o 
1 

KNOXVILLE, TENN. 

66 11.1) IOI. 8 56. 6 66 99. 5 ' 

66 15. 0 99.0' 54. 0 ' 66 94. 5 

2 66 14. 0 10-0. 5 57. 2 66 96. 0 
2 66 17.0 95.0: 56. 0 66 113. 5 

I I 
---~----

WILLIAM8BURG, KY. 

1 I 67 26.0 II 

67 35.3 I 

6735.51 
2 6736.5 

-;:;,;--~~~ll 6;-131.0 

137. 7 86. 5 67 139. 5 

136. 5 8ti. 0 I 67 137. 0 

132. 0 84. 2 67 134. 0 

i 16715.31 _J ____ _J_ ___ _ 

10.3 
15. 0 ; 

14.0 

16.0 

28.8 ' 
36.5 

67 29. 1 ! 
67 24.6 i 

87. 6 i 67 27. 71 
85.2 I 67 25.6 

i---· 
!6726.71 

_ _(_ _____ . _ __! 

54. 6 66 55. 6 

54. 5 ; 66 54. 3 I 

55. 0 1, 66 56.1 I 
54. 8 l 66 55.4 l 

1
66 55. 3 I 

79. 9 i, 68 20. 8 

88. o I Gs 21. 2 
93. 8 i 69 29. 9 

86.0 I : :::~I 

373 



 

374 UNITED STATI<;s COAST AND GEODETIC SURVEY. 

Date. 

I 
,' A u~.18, a. m. ', 

lB, }l.1U. 

18, a.111. 

lH.11.m .. 

'Aug:. 201 p. m. 
21,n. TH. 

20, p. rn. 
21,a.ni. 

1 

i 
I 

Ohservations for Dip-Continued. 

ROGERSVILLE, TENN. 

Pohtrity N. l'olarity S. 

Nec1llc. Moan. 
Circle E. ·W. 'CircleW.: 

67 27. 3 :. 144. 5 85. 9 67 145. 8 27. 0 

fi7 ~7.;. I 146. 5 87. o 67 14.>. o 2fl. 2 68 26. 3 i 
G7 2-B. !j ! 142. 0 85. 2 67 14-3. 5 i 28. 5 : 86. 0 68 25. fi ! 
67 27. ~ I 147. 2 ·- 8~ "_,',· 67-145. 5 .1' 27. 31! R6. 4 ~ 26 g I 

___ J ____ .. __ _ -----611-26. 2 I 

llRISTOL, TENN. 

67 43. 0 102. 5 

G7 37. 5 103. 5 

13.0 I 68 12.P I 
70.0 68 10.2 I 

72. B ' m lOJ. o , 45. o 
70. 5 67 103. o j 37. o I 

G7 41. :i 10:.!. 5 71. 9 67 100. 5 40. 5 : 70. 5 68 11. 2 

2 67 37. 0 100. 5 71.0i~~ 
I 68 Jl, 0 

I I 
6>'- H i f>f, 103. 0 : 39. 0 I 

' I 
I ! ! 

-----~-----~------------------------· 

MOUNT AIRY, VA. 
-··----··-· -----·----

I 
Ang. 21, p. m. / 

221 ~"- u1. I 

21,p.m.i 

22, a. m. J 

Aug. 2.1, a. m. 
23, p.n1. 

23, a. m. 
2.1, p. m. 

i 
i 

I 

Aug.27, n. m. ! 
27,v.m. 
27,a. m. 

27,p.m.: 

Aug. 29, a. m. 

29, p. m. 
29, a. JU. 

29.p.m. 

1 
Sopt. 1, a. m. 

1,p.m. 

I 
55. 3 I 68 105. o 06. 8 ! l i 68 04. 5 106.0 

J I f'1R 05. :l 11 111. 0 G3. 2 1

i 6R 104. 7 oa. a 
68 04.2 i 1,95.0 54. 6 . 68 1-06. 0 05. 2 

GS Oi. 0 I 104.5 54. 3168 103. 0 04. 5 

I 
I 
I 

----·-----~·---·-·-

CIIR1STIA.NSBURG, VA. 
--.------------

I 

f>8 16. !i i 108. 0 62.2: 68 105.0' 12. s I 
l ' 68 15. 0 \ 10s. s I 60.3 68 108: 2 18. 0 . 

2; 68 18. 7 i 99. 5 : 59.1 ' 6ll 111. 0 15. 0 ! 

2j 6817.G] 101. 5 j 59.5 f>8 108. 0 
17. 51 

! 

I 
N.ATURA..L 'll&IDGE, VA. 

sg 51. o I 155. 0 i . I I 1 : 103. o i 68 155. o I 49. 2 I 

1 I 08 50. ;:-. 152. u : 101. 2 . 68 156. 5 I 50, 0 

2 68 52. 8 155. 0 103. 9 : 68 156. s / so. 2 I 
21 

68 54. 8 154. 0 104.4168 153.51.'i0.5 I 
·-

COVL..,GTON, VA. 
~------~---

I 
l 6sss.01 158. 0 ! 108. 0 

107. 3 

107. 6 
106. 7 

I I 
68157.0: 58.0 I 

ss 155.5: 58.o I 
68 157.51 58. 0 i 
f.S 15f>. 0 ! 57. 8 ! 

~ \ 6R 57. fi j 
- 68 [>8.71 

68 57.;; I 2 

! 

1•• Q I 

"'· I 
156. 5 I 
lfKl.O I 

! 
I r 

55. 9 : 68 55. 6 
GG. l 68 f'4. l 

55.6 ! 68 55.l 

53.71~~ 
. ! 68547 

58. 71 69 00. 5 

63. l I 69 01. 7 

63. 0 69 01. 0 

62. 7 69 01. l 

69 01.l 

-------

69 42.51 102.1 

103. 3 6942.21 
103. 5 6943.71 
102. 0 69 43. 2 

69 42.91 

107. 5 i 69 47. 7 
106. 7 69 47. 0 

107. 8 ' 69 ~7. 7 

106. 9 : 69 46. 8 

: 69 47. 3 
! I -'---'----

STAUNTON, VA. 

6~-~7.3 :-106.51 56.9
1

69 107.0: 04.0 r 55.5 1 69 56.2

1 69 o3. 5 ! 105. 8 I 54. G i 6G 105.5 oo. o i 5ii. 1 i 69 55. a 
1 2 I 69 06. ,, i 77. 51 42. 0 I 69 109. 0 I 05. 5 I 57. 2 i 69 49. 6 ' 

] __ 6~0-~] __ ~02. 51 ~. 0 169 100. 0 I 04. 5 / M, 2 J : : : I 
'---~-'--~-'-~--"'-~-'-~~~ 
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Observations for Dip-Continued. 

HARRISONllURG, VA. 

Polarit,y N. Pohu·ity S. I 
Date. iNeedle.' 'Jl!eau. ' _____ --- -- 1111oau. Dip. 

Circle E. , W. CircleW. 
___ l ___ i __ 

I 187:J. I 0 , 

1

1' 

, Sept. 2, p. m. l 1 ,, 611 46. 8 135, o 

!, 3,a.m. ( 69 47.0' 130.5 

0 

9U. 9 69 133. 7 

88. 7 69 129. 5 

88. 9 69 131. 5 ; 90. 0 
87.3 69 129. 5 ' 47. 5 88. 5 3, a. ru. I 69 45. O j 129. 5 ' 

I

I 2, p. fi].1 2 ; 6!J 44. 8 i J3J. Q 

-' _____ ._! ------ .. -·---'-----------~-----C-----·-----

1873. 

OBSEHV A'J:'IONS F'OR HOFUZON'1-'AL IN'l.'ENSI'J.'Y. 

Martinsburg, W. Va. 
Strasburg, Va. 
Culpeper, Va. 
Oharlottesville, Va. 
Lynchburg, Va. 
Burkesville, Va. 

S'.1.'A'.1.'lONS. 

Danvillt·, Va. 
Gree11sborongh, }; . C. 
Salisbury, N. U. 
Charlotte, N. U. 
Morganton, N. U. 
A:slJevi.lle, N. U. 

K11ox\-ille, Tenu. 
Williaui:slmrg, Ky. 
lfogern\"ille, Teu 11. 

Bristol, Tenn. 
l\1onut Air,y, Va. 

Observer, F. K IlILGARD. 

Ulirii;tianslmrg, Va. 
Natural Bridge, Va. 
Covingtou, Va. 
Staunton, Va. 
Harrisonburg, Va. 

The absolute horizoutal force ii,; obt.aiuetl by compal'isoll with \\·ashington iu the followiug 
manner: 

By observation March 30, 1K7:.l, 1.he mag11et urnde 1'.!0 vihrationi; in 470•.51 at a temperature 
of 60o, and on September 8 in 47:!•.77. lutt'rpolating iu prnportion to the time, we form the tahle 
which follows Urn last of tlle stations matle in 187:), vir., lfarriHonburg, Ya., from which the time 
of 120 vibrations of the magnet at Washington is derived. for any iutermediate date of obser­
vation. 

Moreover, the absolute horizontal force at. Washington for that periml beiug- found H = 4.345 
by the observations made for the Ooast Survey by 0. A. Schott, each station is computed by the 
formula 

'.1_"12 

Il1 =--xll. 
Ti 

The table gives tlie values oflog T2 ll for the several dates. 

REDUCTION l•'OR TE.MPERA'.l'URE. 

T .. Red.UC· I 
tiou fol' ! 

JO. I 

437 .• ·---·-·--···---··--··· 0.061: 
I 

444-·-------····--·····---·. 0.062 i 
451........................ 0.063 i 
459 .••.....••..... ---····-- 0.06': 

466 .• --------···---········ 0.06.'i ! 
473.---··-···------·-· ·- - 0.066 l 
480........................ 0.067 l 
~~=~~==-~ 



 

376 UNITED STATBS COAST A ND GEODE'l'IC SURVEY. 

])"tu. 

1873. 

'July 

i July 11 

12 

12 

: 

1') I 

~----------

.Tuly 14 I 

14 I 

14 : 

,July 16 

16 
16 

16 

' 

Titnt 1
• 

h.m. 
9 lil 

10 56 

6 12 

7 o:l 
6 :m 
7 51 

B 09 

D ~5 

6 42 

7 00 

7 10 i 
I 

j '.!!J: 
5 40 l 
6 121 

OBHF:RVATIONR FOR. INTENSITY. 

MAGNETIC SURVEY, 187~. 

MARTINSBURG, W. VA. 

83.5' 
83. 5 : 
76.5 l 

STRASBURG, VA. 
-- ------ -------··-------------

75 473. 4 o. 990 472.41 I 66 471. 3 0. H!l6 470. 90 

78 470. 7 1.18 459. 52 I 471. 93 4.3751 
82 472. 0 1. 4.0 470. 55 ! j 

---! 
470. 84 I ... _______________ , ________ 

92 

Ba 
81 

75 

78 

84 
86 

CULPEPER, VA. 

' 
2. 08 465. 6.1 ! 467. 7 

46:i. 3 
464. 4 

]. 49 463.€0 i 471. 93 ....... 

1. 3G ; 46il. 04 ; 
:--1 
: 464.16 ! 

CILH:LOTTESVILLE, VA. 

470. 4 0. 99 

470. 4 I.18 
466.1 i 1. 56 

46!!. 6 1. 69 

469. 41 I 
I 

469. 22 i 
I 464. 54 I 
j~~I 

-----, -, 
471. 93 i ....... , 

: 467. s2 I 
' --- - L ______ ___1_ 

LYNCHBURG, VA. 

I 
4.4281 

t 

-.;:~.~-;r--;, 25,-85 1-4-58-. 5--~. 60 --:---~~- ~ I I I 1 
19 ' 6 40 ! 84 : 457. 9 1. 53 I 456. 40 : I 
21 i 6 35 69 I 456. 4 o. s1 I 455. s3 r i I 
21 6 51 70 I' 456.6 0.00 I 456.54 i 472.07 !········i 4.646: 
21 6 30 81. 5 458. 6 l. 37 457. 23 I II i 

21 6 46 1 n I 457. 4 1. 15 456. 25 ! ___________ 

1

1 

I r 45a _s2 I .~--'--- _ 
BURKESVILLE, VA. 

I~;- ! 
4 241 

I I i 458. 021 23 I 102 I 400. 7 I :!. 68 
23 ! 4 40 I 98 I 461. 1 ! 2.43 I 458. 67 I 

4 551 I 
I 458. 50 I 23 ! :·I 460. 9 i 2.40 472. 07 ··-···· 4.009 

24 i 
6 051 400.1 I l. 79 I 458. 31 I 

I 
I 
I i 
I 

I 458. a1 

' 
DANVILLE, VA. 

! July 6 so I I ! I I 

472.071 ••••••.. 

26 85 454.D 1.57 453. aa I i 
I 

I I i 26 7 05 I Ba 452.8 1.44 451. 361 
4. 7271 I 26 412 j 94 

I 

454.6 I 2.14 452. 46 

I 
I 

26 4281 89 455. 3 

I 
1.82 ~I 

452.661 I 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Observatfons for Intensity-Continued. 

GREENSBOROUGH, N. C. 

,-·--i-- r-- -~~.e~:~-i:~\lCT - T H 
I Date. Time. I Temp. : ttm~ 0.f tion to 1-- · , - -- -- -

I 

i 1_ 1\"1bia- 600. 'j Cor- [Washing- Rela- •. Abs_o· 

-----__ j __ 11:_~! ____ 
1 

rected. -!~-: tive. :~•:___ 
1873. h. m. j o s. : •· I •· I •· i : 

f July 28 6 05 ?6 \ 445. 1 , 0. 99 
1 

444.11 ) I I/ 

' 28 6 19 76 ' 445. 5 0. 99 444. 51 i I 

: : :: ~: :::: ~:: :~:~~: 472.071 .. 

28 7 31 80 446.1 1.24 .~: I 
! 444. 56 ! 

4. 901 

-~·------- --------------- ··--~-~·-----~----

SAT.ISBURY, X. C. 

July 30 6 08 86. 5 i 440. 8 1. 61 439.19 : I 
30 6 39 88. 5 i 440. 5 1. 73 438. 7i ' 472. 07 ,- ....... 

1 

5. 021 

30 5 00 442. 3 2. 48 439. 82 100.0 i 
439~ ______ L __ 

' 
CHARLOTTE, N. C. 

Ang. 1 6 04 80 4H5. R 1. 22 434. 08 ! 

6 27 97 437. 3 2. 25 435. 05 472. 22 ······· 5. 089 

4 26 104 440.4 2. 68 4:l7. 72 : 
4 40 104 441. 2 2. 72 438.48 ' 

1---: 
1 

436. 33 I 
:MORGANTON, N. 0. 

-,:~-

1
! 4-;---~-~--75 r~;~ 

5 4 34 80 I 439.40 i 1.22 

6 6 04 66 437. 40 0. 36 

a~a! I II 

~~~:: 472. 22 11 ....... · 1 5. 007 ' 
6 ! 6 49 74 437. 50 o. 85 

I I 
i-- I 

----~--- J ___ 437. 34 _' __ _J __ J _____ J ! ____ ____. _____ . ~-. --

Aug. 7 
7 

7 

7 

A.ug.14 

14 

14 

14 

ASHEVILLE, N. C . 

. ,~--';- -i--~~8. 401~1 436. 88 
6 51 85 439. 85 1. 52 438. 33 

s a5 1• 437. oo I o. 85 436. 15 , 

I 
\ 

5 50 73 I 437. 00 i 0. 79 I 436. 21 i 
i i43a89! 

G 45 

1 05 

I 4 20 

"33 

I 

I 

KNOXVILLE, TENN. 

I~= 
1.58 

i r· 436. 1s I 

I 
437.56 ' 

435. 76 i 
I 431.021 

1. 436. 78 

WILLIA.llSBURG, KY. 

I 

\ 

I 
77.51 444.2 1.08 443.121 
75 #4.8 0. 92 443. 88 
75 444. 3· ll. ll'l I 4l3. 38 

443.s 74 

l o. Sf! I 442. 941 im:as 
S. Ex. 71-48 

m.aol ........ l s.09al 

l I I 

472.361 ....... 4.~31 
\ \ 

377 



 

378 UNITED STATES COAST .AND.GEODETIC SURVEY. 

Observations for Intensity-Continued. 

Date. : Time. 

1873. h.m.: 

.Aug. ts 6 05 : 

18 6 17 
: 

18 4 05 

18 4 20 ' 

_______ !, __ 

Aug. 20 

20 

21 

21 

) _____ _ 

Ang. 21, p. m .. 

21,p.m.) 
22,a.m. 
22,s.m. 

Aug.23 

23 

23 

23 
23 

---·--- -----

Ang.26 
26 

26 

26 

2il 

Au!l;.30 

30 

30 

30 

I 

I 

4 49 i 
5 0.5 

6 10 : 

6 23 I 
i. 

4 05 I 

4 451 
6 19 I 
6 31 . 

ti 20 i 
6 321 
6 40 

H55 I 

410 I 

I 

6 051 
6 17 

6 5-0 r 

: :: I 

I 
6 :io I 
6 451 
1 05 I 
4 as I 

' J 

6 351 
6 5<J I 

' 4 25 

4 40 

IWGERSVILLE, TENN. 

73 

74 

83 

83 

~1. 5 : 
78. 5 ' 

75 

80 

85 

80 

71 

74 

.. .. .. 
441. :15 I 0. 80 440. 55 

441. 60 I 0. 86 440. 74 I 
443. 20 i 1. 42 441. 78 ' 

I 441. 68 i 443. 10 I 1. 42 
---! 

441.19 I I i 

·IlRISTOL, TENN. 

Wi.8 I 1. 33 444. 47 

445. I I. 14 443. 96 

447. 3 0. 93 446. 37 

446.1 1.24 444. 86 

444. 91 

MOUNT AIRY, VA. 

453. 7 

450. 0 

449.8 

450. 8 

1. 57 

1. 26 

0.69 

o. 87 

45:!.13 i 

I 
448. a4 I 

_ 449. u I 
I 449.93 I 

/-wi~/ 

.. 
! 

472.361 

I 

4. 982 

I 

I 

--/- I 
472. 50 , ...... "I 4. 900 I 

I 1 
; 

l __ J __ \ 

I 

472. 50 4.793 I 

I 
CHRISTIANSBURG, VA. 

I i 64 450.10 I 0. 25 I 452. 85 

65 452. S5 0. 31 i 452. 54 
65.5: 453. 00 0.34 452.66 

84.5; 456. 30 1. 56 i 454. 74 472. 50 .. ~ .. 4, 717 

87 456. 50 I. 72 
I 

454. 78 I ---
I 450. 51 

---~ -------

NATURAL BRIDGE, VA. 

76 i 
89. 5 ! 
91. 5 i 
811 

80 

62 
63. s I 
sa. 5 : 

90 

82. 5 i 
SB. 5 1 

so I 

~ I 

I 4~.78 I I 
459. 8 1. 02 I 
461.4 1. 88 I 459.57 

I 

462. l 2.01 460. 09 I I 
I 

46V.O 1. 28 I 458. 72 l 472.00 ; •••. 4.60 

460.0 1.28 ~~\ 
_J_~9.18 J ______ ---- -

COVINGTON, VA.. 
----·------~----·· 

458. 4 
458. l 

463.4 
464. 5 

0.12 
0.19 

1.52 

1.95 

I
' 458. 28 I I l 

457.91 l I . 

! 461. SB I_ 472. 641· ...... I 4.5841 
I 462.551 : 
--- I I 460. 15 r i I I 
' I -------'--·-----------

STA.UNTON, VA. 

466. 6 

467. 3 

465. 8 

(65,D 

1.35 

1. 75 

1.32 

1.32 

I 
465.25) 
.f.tt"t.55 j 

464. 48 I 
464. ss I 

:---1 
: 464.961 

4.489 



 

UNITED STATES COAST AND GEUDETIU SU:HVEY. 

Martinsburg, W. Va. 
Strasburg, Va. 
Culpeper, Va. 
Charlottesville, Va. 
Lynchburg, Va. 
Burkevilh;, Va. 

Obser1Jations for Intensity-Conti uued. 

HARIUSONBURG, VA. 

Dat<o. Time. 
- O~serv<'-01 Red c-·1 - T JI 

Temp. time of , tion\o ---------. -- - ---- -
12~i~;~:.a~ i 600, I Cor· ·wa::ihin:r· l~t'Ja. .Al1so-

recte<1. ton. tin•. lute. 

1873. h.m. 8. .. s. .. 
Sept. 2 4 20 90. 0 471. 8 l. 98 469. 82 : 

4 35 91. 0 
' 

471. 8 2. 04 469. 76 
' 6 30 73 465. 9 0.84 465. 06 ! 472. 64 

1···· 
4. 437 

6 45 80 467.4 1.30 466.10 I I 

467. 68 
., 

I --·------- - .. -----.----~. 

WASHINGTON HORIZONTAL FORCE. 

---i -----~---1is~r ~;~11·---···--i--- ii 

tions. 1 i 
-------1--.. - --1---1---l-------1 

Dat<o. 

July 1 

11 
21 

Aug. 1 
11 

21 
31 

Sept. 8 

........ ········i 471.79 ,--······'1 5.98549 i 

.....•.. ........ 471.93 :········i 575 I 

I 

....... ········' 

:::::::. ::::::::1 
:::::::. ::::::::1 

472. 07 1..... ... 601 ' 

472. 2'J .... . : 627 ! 

472. 36 : ........ 

1 
653 I 

472.64 :........ 705 

472. 11 I·....... 1w 
I 

472. 50 : .•.••• ··1 6791 

--'------'--'---

Increase per d1y, 0'.014. Per day+ 26. 

1873. 

GENERAL RESULTS. 

STATIONS. 

Danville, Va. 
Greeusborough, N. C. 
Salisbury, N. C. 
Charlotte, N. 0. 
Morganton, N. C. 
Asheville, N. C. 

Knoxville, Tenn. 
'i:Villiamsburg, K,L 
R,)gersville, Tenu. 
Bristol, Tenn. 
Mount Airy, Va. 

Chief of party, F. E. HILG.A.RD. 

Observers, F. E. HILGARD, J. M. Poor,E. 

GENERAL RESULTS. 

MAGNETIC SURVEY, 1873. 

:MABTlNSBURG, W. VA. 

'1 I n~~-l-ln-~----Tl;-e of 120 vibra- i , 
~ ~ tmns. ! Horizon- ' 

I 
Date I ti Dip. \ 'tal in ten·' 

' , on. .A.t At WMh· 1 sity. I ---1 ----~ -~~o_n_. 1_ ---1 
I 11!'13. I 0 I 0 ' •• I •. I I 

j 

July lO 2 5().5 w. 7127.9 477.93 \ I \ 

1

1
253.o w. \I 20.s 477.93 i m.79: I 

85. 2 478. 76 ' : 
I I 71-16.9 , ______ i ___ j 

M-s.12 111. 7 w. j 71 25. L f 478.20 i···· ...... 1 •· 231 \ 

Christiansburg, Va. 
Natural Bridge, Va. 
Covington, Va. 
Staunton, Va. 
Harrisonburg, Va. 



 

380 UNITED STATES COAST AND GEODETIC SURVEY. 

Date. 

General Re.mlt~-Oontinued. 

Declina­
tion. 

STRASBURG, VA. 

Time of 120 vibra- I I 
1 

tions. l Horizon- i 
Dip. ----------1 tal inten-1-

, At-. -A,tWash-

1 

sity. 
mgton. ) 

18
"3 ------1--1 
J - B. I ll. I i 

: July 12 2 10. 4 w. 10 54. s 472. 41.: I 
2 22. 4 w. i 60. s r 410. oo I I i 

: i 55.7 469.521 471.93: 1 
i ___ ' ___ :~,~~l ___ l ___ j 

' Means : 2 16.4 W.' 70 5:·~~84, l··----=i __ 4.3~i 
CULPEPER, VA. 

i July 14: 2 21.1 w.: 70 42.7 i 465.~~-l ____ l _____ I 

I
i I I 40.0) 463.801 I I 

_ i . i 
10 

:!: : I 463; 04 i 471. 93 I . 
1-----------------1 ___ 1 

[ Me~n~J2~.1W. 7042.0: 464.16!~:~-_:_j_ ~~921 

CHARLOTTESVILLE, VA. 

July 16 1 11. 3 w. j 10 23.-~. --~69.4~; _____ I ___ 11 

116.SW., 17.6 469.22 I 
18. B 464. 54 471. 93 I II 

, / 70 19.5 466.91 1 I 

Mea~/117.0'W.)-----;;o2o. OJ 467. 52_1~:-:--:-:-I~) 

LYNCHBURG, VA. 

i I I I I 
July20_0ll8.1W.

1 
6944.6j 456.90\ II 

1

029.aw.

1 

45.ol 456.40/ 
46.4 I 455.!l:J 

' ' 69 45. 1 - 456. 54 ' 472. 07 : 

.

1

- I : 457. 23 : : 
1 --------!~=.: __ ! __ ! 

--~-":·_:L°_a~:~w J~ 45. ~56-~~L=J~646 
BURKEVILLE, VA. 

I i 
July 2a I 1 55. 9 w. 69 20. 1 I' 458. 02 i 

I
. 2 0$. 4 W. ,• 2

20
0 •. 2

7 
' 408. D7 ! 

458. 50 i 472. 07 
I 1 69 20.2 i 458.31 i 

~~~~L~ 59.7 ~·!_6~20.4 i458:37i==i4.609c 
DANVILLE, YA. 

!--;~1;-;--;~~9 w. r-;5;_--2~ 45$.33 ! --------, 
117.BW.' 56.6 451.36\ I 

I I 52.8 452.46 I 472.071 -

i--------~~f ___ r ____ I 
L.M'eans. ~3 W. i 68 54.8 452.661----------/ 4.7ZT i 

GREENSllOROUGR, N. C. 

II July 28 l: :::! i 68 ::: Ill :~~I I 
I 

1
1 

as. o 444. 41 / 472. 01 j 
. 683U 444.87

1

1 

I I _ ~1 ___ , ___ 

1 
J_ :Means.I 0 411.0 E. J~ 444.661 .......... 1 4.901 



 

UNI'l'ED STA'fES COAST AND GEOlHJTIC SURVEY. 

General Results-Uontinued. 

Dedina­
tion. 

1873. : 0 ' 

1 
July 30 ! 0 53.4 E. 

i . o 50.9 E. 
, I 
! ' 
' ' 

SALISBURY. N. C. 

Time of 120 vibra- I' : 

· t10ns. . Horizon. 
Dip. 

Q ' 

67 44.2 ' 

47.0 '1 

45.6 

67 47.1 

· -- - ta! in ten. 
At \AtWash· sity. 
-. ! ington .. 

•. l •. 
439. 19 

438. 77 

439. 82 472. 07 I 
I 

-------------------
Means . : o 52. 1 E. 67 46. o 439.26 .......... · 5.02! ' 

I I 

CHARLOTTE. :l<. C. 

I( .Aug. 1 I 1 00. 9 E. 67 08. 3 

I 
. 1 06.9 E. 07.3 435.05 I 

. I , 07.1 437. 72 ' 472. 22 

I 
6'i 07. 2 438. 4~ 

Means. 1 03. 9 E. 67 07. 5 436. 33 . . .. . . .. . 5. 089 
I : ' --------

MORGANTON, N. C. 

II Aug. 5 / 1 02. 5 E. I 67 14 4 1 437. 48 
1 

I 1 19. 5 E. 14. 6 . 438.18 I 

I 
[ I 16. 0 I 437. 04 472. 22 [ 
I I 67 16 2 I 436 65 , 

I Means j_l_l_l-. O-E-.-i-67-15-. -31-4:J-7-.-34_f _____ .-.. - --5. 067 

ASHEVILLE, N. C. 

I Aug. 711 58. 2 E. 67 29. 1 i 436. 88 : 

I 24.6: 438.33 j . 
! 

1

, 21. 7 I 436. 15 ! 472. 22 t 

\ 67 25.o \ 4so.21 •. 1 I 
----.----1-------.------l 

Meaus .: 1 58.2 E. 1 67 26. 7 i oi36. 89 .. ........ 5. 078 i 
I ' l __ !___ _ _J 

KNOXVILLE, TENN. 

I 
Ang. 11 1 1 50. 6 I!.. 66 55. 6 \ 436. 78 \ ---,-, --~-

l 1 54. 6 E. 54. 3 I 437. 56 ; I 
I I 56. l I 435. 76 ! 472. 36 . 

I I 6655.4", 437.02' 

\_~_::s i 1 52. 6 E-·~_oo_s_5_. a_l _4a_11_. 78 r:::::=15.'093': 
WILLI.A.ll!SBURG, KY. 

I. Aug. 14 2 01.8 E. 
2 06. 3 E. I

. 68 20.s ( «a.12 I , 
27. 2 I 443. 88 i I 

I 29.9 I 443.38 \ 472.36 l 
___ ! ____ \~~~~1------1 

Means.: 2 04.0 E. ( 68 25. 71 #3.33 l ......... L_~~; 

ROGERSVILLE, TENN'. 

I~~~;~ 47. ~-;: I 08 26. 1 I 44-0. 551 I 

1

1 50. 5 E. 26. 3 440. 74 i 
25. 6 , 441. 78 I 472. 36

1 
68 26.D I 44l68 ( . --1-----:--1----1 

Means. HO. OE:. 68 26. 2 j 441. 19 I" ........ I 4. 982 \ 

381 



 

382 UNITED STA.TES COAST A.ND GEODETIC SURVEY. 

Date, 

Oeneral Results-Continued. 

Declina· 
ti on 

BRISTOL, TENN. 

\ Time o~ 120 vib;;,J ___ ! 
! hons. ! Ho1·izon-

Dip. : . - -- -- - I talinten-
i At- :.A,tWash-1 sity. , 
': · mgton. I , 

---'---1--·· ---' 
' 1873. ' 0 ; 0 ' I B. I B. I ' 
; Au". 20 ~ 1 18. 5 E. 68 12. 9 I 444. 47 I 

, ,

1

: l 20, 5 E. IO. 2 i 443. 96 i i 

11. 2 : 446. 37 ' 472. 5() ! 

' , I 
I 68 09.9 i 444.86 \ 1 

i~lli9.5R168ii:Oi«4~i=:-:-:-l4.9001 
MOUNT AIRY, VA. 

I ' I 1,-:-;.~~lr~ :: ~ :: -1 68 :: ~ 1· ::: ~ I 
I 

55. 1 I 449. 11 '· 412. 5() 

. ___ J ___ .~54~1~~·---1---· 
~ean•-10 55.2 E. j 68 54.71 449.881········--i 4.7931 

CIIRISTIANSBURG, VA. 

i : 
69 00. 5 452. 85 I I Aug-. 231O32.0 E. 

0 37.0 E. 01. 7 452.54 

I I 
01.0 452.00 472. 50 I 

69 01.1 454. 74 
. 

I 454. 78 : 

[ Mean-;:-! 0 34. 5 E. I 69 01.1 ---i--!--1 453. 51 .......... 1 4. 717 I 
I , 

NATURAL BRlDGE, VA.. 

I 
I I ' -1 I 

Aug. 261 o 07. o W •• 

1 

69 42. 5 ./ 41iB. 78 I 
o 02.5 W. 42.2 I 459.57 

i 43. 7 : 460. 09 ! 472. 50 I 
i I 69 43. 2 , 458. 72 : : 

1 __ 1 ___ , __ 1 ~:.:i_:i __ I __ 

I 
Means.I 0 04.7 w. I 69 42.9 :, 459.18 \ .......... 1 4.602' 

~------ I _____ L _____ ) i 

COVINGTON, VA. 
1------r-----: I . 1----
i Aug. 30 j' 0 24. 9 W. ! 69 47. 7 I 458. 28 I 

I I 0 19. 4 w. I 47. 0 ! 457. 91 ' 

I ! I 47. 1 I m. ss , m. 641 

I 
I I 6!146.8; 462.551 I 

_ M-:~-:022~W.1 69 47.3 i_ 460.15r::==1~ 

STAUNTON, VA. 

,'Sept. l / 0 4'1.9 W. 69.00.21 465.25 I 
0 43.4 w. 55.3 465.551 

49. 61 464. 48 I 472. 64 

l ____ l~~~ll---1 
--~~8. 0 45.6 W. / 69 54.1 1 464.00 /······ ... 4.489 

HA.RIUSONBUBG, VA. 

\

Sept. 2 ·11 26.0 w. I 70 30.2 ·1 (69.S;r--
l 30. 0 W.1 28.21 41111.76> 

1 29.5 i 465.oo I 47:1.64 

---1---1 7027.9 l~i-1~1 
Means~. !~1-28_. o~w_.-'- 70 28. g \ 467. 68 J ... . . ... . 4. 437 I 



 

UNITED STATES OOAST AND GEODETIC SURVEY. 383 

1874. 

DESCJ/Jl'110NS OF STA 'I'JON8. 

YORK, PA.-The station was esta.blished in a fiehl belonging to J\fr. Small, hardware dea]pr 
in York. It iR on the west bank of the river, hetwrrn the first two of the three trees in the lot. 
The mark was the west corner of the cemetery chapel chimney. The character of the country is 
unfavorable, there b<)ing much iron ore. 

ALTOONA, PA.-The station is in a field belonging to the Pennsylvania Railroad Company, 
· and may be found by applying t-0 Mr. Dixon, the farmer. The mark was the east lightning-rod 

of the house on the hill. 

WrLLIAMSPOR'l', PA.-The station is in ~t field belouging to Mr. Herdic, west of Mr. Wood­
ward's house. Meridian marked for county imrvt•yor, who will endeavor to preserve it. The mark 
was the white steeple in Newberry. 

BA'l'H, N. Y.-In consequence of buildings, the station occupied in 1841 by Profes1:mr Bache 
could not be reoccupied. The station selected lly me is in a field belonging to Judge Hunsey, and 
is marked by an oak stake. The mark used is the ball on ti.Je Methodist ci.Jurch. There are two 
oak trees in the field close together. The station is 30 paces west of them. 

HocHES'l'ER, N. Y.-Tbe station was established on the campus of the university, and marked 
by a stub. It is on the grasl:! plat Routheast of the college near the hall grounds. It is 55 paces 
from the fifth tree of the east carriage road, and 31 JHWes south of the first tree 011 the path lead­
ing east from the buildiug. 'l'he dip was taken under this tree. 'l'he mark was the i;outheast 
corner of the southeast chimney of the main building. A true meridian was given. 

NIA.GARA FALLS, N. Y.-The station is in a lot belonging to G. W. Holley, adjoining his place, 
It is 20 paces west of the only tree in the lot, and 18 paces northeast of a h6le dug in search for 
gold. The mark was the cross on the steeple of the Catholic church. The azimuth station was on 
the line between the mark and the station, 15 paces from station and 10 feet east of west fence. 

MAYVILLE, CHAU'.l.'AUQUA COUNTY, NEW YoRK.-The station is marked by a peg in the 
grounds of the public school on the hill. It is between four trees near the south fence. The mark 
was the cupola of the school. The azimuth station is 50 feet from the magnetic station, in the 
line between it and the mark. A true north liile waR given. 

SHA-RPSVILLB, MERCER COUNTY, PENNSYLVANLA.-[No de::;cription given.] 

BEAVER, BEAVER COUN'.l.'Y, PENNSYLVANIA.-The station is in a field belonging to Mr. De 
Vaux, near the river. The mark is the spire of the Methodist church. 

GREENFIELD, PA. (formerly occupied as Brownsville), near Johnston's tavern. The station 
is in a field of Mr. Gregg. The mark is the Presbyterian church spire in Greenfield. 

TUSCARAWAS, Omo.-This is Trenton Station on the railroad. The station was esta.blished 
in a field of Mr. J. Blickensderfer. The mark is the south side pf the cupola of the Moravian 
church. 

CoLUM:nus, Oaro.-The station is in the grounds of the Blind Asylum. The mark is the 
north cupola of the asylum. 

FOREST, Omo.-The station was in the woods south of tµe town. 'l'he mark was the west 
<',hureh in the town. 

FORT WA. YNE, IND.-The station is in the Fair Grounds, in the western part of town, under 
the tree nearest tl1e halt:mile race course. '.!.'be mark is the tombstone on the hill southeast of 
station. 



 

384 UNITED STATES COAST AND GEODETIC SURVEY. 

REYNOLDS, IND.-The station was made in a field of Mr. Van Voerst. The mark is the point 
of the Presbyterian church. 

TERRE HAU1'E, IND.-The station is in a field in the prolongation of Fourth street, belonging 
to Mr. Whitaker. Tile mark is the cupola on a house to southeast. 

1874. 

OTISERVATIONS FOR DECLINATION. 

STATIONS. 

York, Pa. 
Altoona, Pa. 
\Villiamsport, Pa. 
Bath, N. Y. 

Rochester, N. Y. 
Niagara Fallfl, N. Y. 
Mayville, N. Y. 
Sharpsville, Pa. 

Beaver, Pa. 
Greenfield, Pa. 
Tuscarawas, Ohio. 
Columbus, Ohio. 

Forest, Ohio. 
Fort Wayne, Ind. 
Reynolds, Ind. 
Terre Haute, Ind. 

Observer, F. E. HILG-ARD. 

The following table was used in reducing the observe(l magnetic meridian to the mean of 
day: 

Time of day. Correction. Time of day. Correction. 

h.m. h.1n. 

ti. 00 a. rn. -3.0 o. 00 p. DJ. +4.5 
6. 30 a. m. -3.7 0.30 p. m. +5.0 
7. 00 a. m. -4. 5 1.00 p. m. +f;.O 
7. 30 a. m. -5.0 l.30p.m. +6.0 
8.00 a. m. -6.0 ... 2.00 p. m. +5.0 
8. 30 ... Ill. -6.0 2.30 p. m. +4.5 
9. 00 a. m. -5.0 3.00 p. m. +s.o 

4.00p. m. +l.5 
5.00p. m. +o.o 
6.00 p. m. +o.o 

TIH•se corrPetions are to he applied to the reading of the observed magnetic meridian. 
For Pxplanation of significance of the various columns, see note preceding declination observa· 

tious, 1871-'72. 

OBSERVATIONS FOR DECLINATION. 

MAGNETIC SURVEY, 1874, 

YORK, PA. 4>=3!JO 58'. 
--·-------------;----,-----,----------------~-----------

' 01 . I . Reading N th : .. i Mean I <M .. rk · 1 nec1· I E. or I Date of 
alti:~,i •. ,Azimuth. nf hor. ~e~s. 1· r~:. Azimuth azimuth • and mag. f . I· W. of J ob'Ds for 

---· ---- --.. c.irl'le. ! · oftnark. :f.:""rk. : meridian.

1 

~-. ·~· 1-
0 01 01 Ol!Ol 01 011 OJ 01 

21 01.0 81 04.9 94 18.2 i 13 IB.3 ! 339 34.0 i 326 20.7 ...... ! 330 18.0 I a 56.S w. July l.ll,a.m. 
23 10. 0 82 46. 8 95 58. l r 13 11. 3 : 339 3'f. Q : 326 22. 7 326 21. 71 330 21. o 3 mi. 3 W. 18, p.m. 

l ! 1---__ . ____ J ____ , __ 
1 

I u1. s w. l 

Date. 

1874. 

ALTOONA, PA.' </i=40o 30'.6. 

;~1~--15,p~i:.r;r-~;-~~ 1283 3;.J-~~-~2~~--~~;;r;;9 41.~:---2~6 ~~~i---~r-
15, p.m. l ql i 14 26. o : 286 20. 6 ' 289 05. 3 2 «. 7 ! 269 41. O [ 266 56. a J 266 58. o [ 273 56. o 2 47. o w. July 16, a.m. 

/ r I j + 4 11.o 
I I 1•21100.0/ 

•Azimuth determined at eccentric station. Reduction to azimuth "magDetomoter to mark" .. +•c 11'. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 385 

Observations for Declination-Continued. 

WILLIAMSPORT, PA. </>=41°15'. 

I 
aii~:i.-Azim~th .. , ... I~~;:;·-~-°;;{-~~-,~;~~-

circle. 
Date. 

-----!-------' - ! 

Azimuth -~ean --, <Mark ] IJecli I E. or I Date of 
of mark. azimuth and mag. I t" · W. of obe'o• for 

of mark. I meridian. 
1 

nu. ion. north. declination. -------- -------- _._Ii __ 
Ii 

19 00. 5 281 50. 6 : 

1874. 

25253.o! .... ~ ... : .•• I 2;74~.o :50:9! W. July18,p.ru. 
25254.4

1 
............ ! 25747.0 452.~f W. j 20,a.m. 

0 , 

18,p.m. 

=~:I ;;;;;;I "'"'l~~I: I ~ .... 

Juiy 24, p.m., rp • 
24,p.m. qi 

25,a.m. di 
25,a.m. lb I 

July 29, p.m. {jJ 

29, p.m. llJ 
29, p.m. ljl 

I 

26 35.51273 27.51 

24 30. 1 I 275 18. 1 

24 24.81 85 15.7 
26 47. 8 87 22. 1 

I 

26 36. a 211 21. 1 r 
24 17. 5 273 3.). 2 . 

21 40. 1 275 57. 0 I 

I 

BATU, N. Y. 4i=42° 21 1.5. 

161 30. 81248 03. s \ 1so oo. o 1. 291 56. 7 ii 1· 

163 21. 7 248 03. 6 i 180 00. 0 ' 291 56. 4 

aa:i 10.0 / 248 oo. a/ 1so oo. o / 291 59. 7 ............ / 

335 21. 9 247 :.9, 8 ; 180 OC. 0 292 00. 2 291 58. 2 I 
I I 

-~-----1 ----~~ -----·-·--- ~ _I 

ROCHESTER, N. Y. </>=43° 08'. 

101 37. 2 I 100 09. 5 ! 180 oo. o i · 349 50. 5 ! 
10:J48.o;rno12.B 1Rono.11 34941.21 ..... 

100 13. 6 : 190 W. 0 180 00. o 3W 44. 0 , 349 47. 2 

NIAGARA FALLS, N. Y. 4>=430 04'. 

I ' 317 01. 0 : ' 

316 59. 61 ............ 1 

316 59. 2 316 59. 9 I 

July 31, p.m., ljl 132 35. 1 1265 04. 1 I 128 03. 1 ! 222 59. 0 : 180 00. 0 I 
31, p.m. ljl 24 47. 0 272 28. 1 ! ·"135 :IB. r. : 223 00. 4 i 180 00. O . 

a1, Pm., cp 

1

, 23 28. s I 27'J a9. 2 1

1 

1~0 40. o ' 223 oo. 8 ; lso oo. o ', 

~~-~i _1~' -~~'-~·--1 
MAYVILLE, N. Y. ~=42016'. 

I I 
297 36.41 "32.2, w. [ '""u.; .• 
297 34.9 I~::: I w. 25,a.m. 

w. 

25."i 08. 3 i 5 21.1 i w. ' JL1ly 29, p.ru. 

255 01.8 i ____:'._ 14.6 I IV. 30, a.ID. 

320 32. 81 3 32. 9 i W. I J11ly 31. p.m. 
3204l.3J 341.4! W. '!Aug. l,a.m. 

1337.11 w. 

..... m. I i:b I 20 03. o I 84 jli. s I 294 28. o 
• .... m.

1 
lb I 22 37. 5 I ff/ 02. 7 I 296 46. 2 

Ang. 200 42. 2 j 180 oo. o j 330 11. s / / I 
~~:~_l_~_~.::~J~~~.:~~-1-~:~8 L~32 ~~l~-~-15.0 I w. 

I 
__ 4_, P_·m~."' _lll__,__23_aa_. 2 ~-23~ __ 122 07. o I Ang.(. 

SHARPSVILLE, PA., FmS'l' STATION. 4>=41° 17'. 

Ang. 6,p.m. qij :ioM.7126616.71 lou.1[10357.4~~~;0~-;/-,;;;-~.~T------I--- I 
6, p.m. ! 

1 

26 65.1 

1

269 07. 6 13 05. 6 1 103 58. 0 

1

180 00. O 

1 

76 02. o 

1 ___ 6._P_·m~. _.,..~_23_oo_._s_m_24_. 5~'--16_2_1_. o J 103 57.1 l~~-· 76 02. 9 76 02. s j 77 02_~_· 5-'~-1_00_. o __ w_. __ A_u_g·~-· p_.n_•· 

Aug. 7,p.m.l q> 
7,p.m. 1j) 

7.p.m.

1 

q> 

21 10.6 
18 oo. 2 
14 56.1 

273 42.1 I 
276 25. 0 

279 02. o I 

SIIARPSVILLE, PA., SECOND STATION. 
----,---- ·-- -----------

~:: :. ~ I :: :: : I ~:: :: ~ I : : ~ I ............ I 303 51. o I o 07. 2 / E. 
E. 

E. 

Aug. 7,p.m. 
8,a.m. 

155 06. I 1236 OU 1180 00. 0 I 303 55. 91 303 58. 21 303 45. 31~ ::: : I 
-----'~--~----

BEA VER, PA. .p =40" 43'.5. 

Aug. 11, a..m. tp 31 31. 11196 41. o I 245 08. o i 14ll 27. o 11180 oo. o 31 33. o j 

11, a.m. ljl 32 44. 4 1Y1 50. 0 246 H. 0 148 24. 0 180 00. 0 31 36. 0 I, 

11, a..m. qi 33 46. 3 98 50. 0 I 247 15. l 148 25.1 I 180 00. 0 31 34. 9 

11, p.m. qi 211 10. 7 270 00. 2 fill 03. 8 14il 27. 6 180 00. 0 31 32. 4 I 

11, p.m. qJ 25 46. l 1268 29. o 56 M. 5 148 2.~. 5 180 oo. o 31 34. 5 I j 

__ 1_1_, p_.m__,. '-'IJ__,_1•_65._2-'--273-22_. a.....L. __ 01_00_. 9_.L_14B_28_. o-.!.._1s_o_oo __ ._o_J ___ a_1_a_1. '-~~- a2 41. 9 J_~ os. 2_~ Ang. l~~--
S.Ex.77-49 



 

386 UNITED STATES COAST AND GEODETIC SURVEY. 

Observatwns for .Declination-Continued. 

GREENFIELD, PA. <f>=40o Oc'. 
----·-------~-------- -- -

· ' I R r ! Obs'd · . I ea( mg :~:--:ark /' Azimn~~! a;,f~~~h1a;M!~~. I DecJi. ~'.'::°r I o~~!:'f~r Date. , altitud 1 Aznunth.1 o~ hor. 

---- ~!~-·-
6

-· • ____ /_:~rcle._ reads. reads. I of ma.rk. / of mark. / meridian. I nation. north. declination. 

1874. i 
I ! 0 I I 

Aug. 13, p.m. 
13,p.m. 
13,p.m. 
13,p.m. 

14,a.m. 

<P ; 30 30. 0 263 39. 7 I 

cp ) 29 46. 5 : 264 19. 2 

qi t 24 20. l : 269 04.2 
ql I 23 OS. 5 I 270 04. 6 

di i ao &1.1 i 97 29.8, 
I I 

I ! ----

I , 
Aug. 17, p m. qi 28 32.5 ! 268 23.91 

17,p.m. qi 26 52,6) 264 54.6 '. 

17,p.m. ql 24 21.1 i 267 08.9 i 
17,p.m. ' I 

qi 18 13. o j 212 2a. o I 
18, a.m. i lb 1428.6 850B.7j 

18,a.m.I ill 16 58. 71 8714.71 

I 

I I I I Ang. 19, p.w. I q> 30 ll. 2 I 261 12. 9 

19, p.m. ! qi ! 28 57. 2 ! 262 21. 6 i 

Ang. 21, a.m. i 1.t \! 23 39. O i 04 34. 7 , 

21,a.m. I di 26 10.0 I 96 53.2 \ 

21, p. DI. I qJ I ~2 16. 7 1_, 257 30. 9 ! 

___ 21,pm.L __ ~o_47~~1~8-593 i 

I i 
Aug. 21, a.m. I dJ ,

1 
21,a.m. I dJ 

21. a.m. i di I 

Aug. 21, a.m. I Ill 
27,a.m. dJ 
21. a.m.

1 

di 

.Aug. 31, a.m. I dl I 
31,a.m. di 

I 
14 50. 5 I 
16 22. 5 

I 

19 00. 51 

811 18. 2 I 
89 38.41 

91 57. 41 

20 46. 2 'i· 94 50. ~ I 
22 17. 1 96 12. 7 

24 32.71
1 

91118.2 [ 

I 

2434.0199 07.4, 
27 40. 8 102 31. 2 I 

----1----\ I i.-----l-------
, I 0 \ I I 

01 25. z 190 45. 5 i8o oo. o I 349 14. 5 I 'i 

95 02. 7 190 43. 5 180 00. o 

1

. 349 16. 5 • 

99 50. o 190 45. 8 180 00. o 349 14. 2 I 
100 49. 0 190 44. 41' 180 00. 0 349 15. 6 i ........... . 
288 09. 9 : 190 40. l I 179 57. 0 I 349 16. 9 ' 349 15. 51 

TUSCARAWAS, OHIO. <1>=40o 24'.2. 

i 
146 38. 5 243 14. 6 180 00. 0 i 296 45. 4 

148 08. 4 I 243 13. 8 180 oo. o I 296 46. 2 
150 25. 4 ; 243 16. 5 180 00.0 i 296 43. 5 I 
155 89, 8 I 243 16. 8 I 180 00. 0 ' 296 43. 2 

328 25. 0 : 243 16. 3 180 00.0; 296 43. 7 .... ~ - - • ! 
I 

330 30. 71243 16. 0 180 Oil. 0 296 44. 0 . 296 41. 31 

COLUMBUS, OHIO. <1>=39° 57'. 
---i---i---,-

54 uo. 1 153 s1. s ! 180 oo. o i 2n 2J. 2 I 
555~.~-~~~~-_iso oo.l~22.o ! 

FOREST, OHW. <f>=4oo 50'. 

I 
2622.1) 

I i 
351 22. 0 I 2 06. 51 W. 
as1 1s. 4 : 1 57. o I w. 

!~lw. 

296 58. 9 0 14.61 w. 
I 

297 09. l 
0 24. 81 w. 
0 19. 7 w. 

i Aug. 13, p.m. 

I 

I 

14,a.m. 

Ang.17,p.m. 
18,a.m. 

2510.01 
I 

1 12.1 I E. \ Aug.19. p.m. 
I 

.. ----~·-··----~--------·---·---! --

353 IR 7 258 44. 0 , 1~0 00. 0 281 16. 0 , 

355 37. 7 258 44. 5 i 180 00. 0 ' 281 15. 5 ! 
156 16.0) 25845_1

1
' 180 00.0, 281 14.9 I I 

l~~~~~l 258 ·~ 1180 oo. o L~~- 281 14._ii__ _ 278 56. a 1 

i 

-~ l~ l--~~J~~g~2L 
J;'ORT WAYNE, IND. <t>=4lo 06'.3. 

I 
120 31. 6 i 
121 52. 2 j 
124 10. 1 I 

: ~:~ i ~!:-:-~---~r··-~-:~-4-.:-::-1.-.. -.-.. -.-.. -.--.-l -1_4_5_12-.-6-l--2:.~1--~- -I ~:;.24.~m. 
-32 13]1~ oo. o I 147 46. 71 147 46. 5 / _14_5_2_2._2_,_/ _:_:_._· :-11'--E-E_: _,_/ __ 24_, _p._m. 

I 
REYNOLDS, IND. <1>=400 i5'. 

243 25. 4 '1' 148 35. I 1180 00. 0 I 
244 47. 3 148 34. (I 180 00. 0 

246 53. o I 1411 34. 8 I 180 ()(}. o I 
!~ !!:! J ....... =~-1~28 00.0 I 3 25.21 E. l Aug.26,p.m. 

3125.21 3125.21 27 49.8 Fl =: I . 27,a.m. 

TERRE HAUTE, IND. 4>=390 28'. 

138 07.·~1 39 00. 0 F 00. 0 I 
HO 59.2 ............ E. Aug. 28, JI.DI• 
14100.0I I 

136 30. 0 l 4 29.1 l 141 32. 0 39 00. 8 I 180 00. 0 I 
31,a.m.I ~I 31 00. o I 105 49. ]_~4·4-51. 1 l~~9 I 180 00. o I 140 fi8. 1 I HO 59. 1 I 136 19. 7 J : : : I JI:. Ill, a.m. 

JI:. ,. " .. , 



 

York, Pa. 
Altoona, Pa. 
·wmiamsport, Pa. 
Bath, N. Y. 

UNITED STATES COAST AND GEODETIC SURVEY. 

1874. 

OBSERVATIONS FOR LOCAL TIME. 

STATIONS. 

Rochester, N. Y. 
Niagara Falls, N. Y. 
l\fay·ville, N. Y. 
Sharpsville, Pa. 

Ilea>er, Pa. 
Greenfield, Pa.. 
'l'm•carawa.s, Ohio. 
Columbus, Ohio. 

Observer, F. E. HrLGA.IW. 

OBSERVATIONS FOH LOCAL TIME. 

MAGNETIC SURVEY, 18i4. 

YORK, P.A . .p~:m0 .58' 

Date. Ol1~·n .'Mean time c~ii·~~f"o h~ i Chronome·) 
altitude.' ofobs'u. telr_m_·' terfast. I 

1874. 

July 23, a. m. dl 
23,a. m. i 

h.1n. s. 
21 01. 0 ' 6 SJ 36 

33 10. 0 7 02 f>4 

' 

h.n:·· s. 
6 51 34. 0 

1 02 50. o I 
----~----

AJ/l'-OONA, PA. </>=40°30'.6. 

·-- ___ I 

m. s. ] 

-002.01 
- 0 04. 0 

·July 1.), p. m. cp 17 54. 6 5 44 40. 9 5 49 22. 3 + 4 41. 4 
15, p. m. Ql 14 26. 0 6 03 40. 9 ' 6 09 I J. 0 . 4 30. 1 

WILLIAMSPOHT, PA . .P=4JO 15'. 

i 
Jul,y l~, p. m. Cj); 19 00. 5 5 38 09. g 5 38 42.1 

18, p. m. CjJ 15 !!ti. 5 5 ~7 27. 5 5 ~ 00. 0 

20, a.. m. dl ! 22 13. 8 

I 
6 55 00. 9 6 55 31. a 

20,a. m. a; I 25 19. 3 7 11 37. 5 7 12 O"l. 3 
I I 

BATH, N. Y. <1>0-0420 21'.5. 

July 24, p. m. j q> : 26 35. 5 

24. p. m.

1 

qi : 24 30. 7 

:z,o;, a. m. !l:i · 24 24. 8 
25, a. m. 1 ell 26 47. 8 

I 

4 54 09. 7 4 56 37. 5 
5 OG 28. 8 5 08 06. 6 

7 09 42. 2 i 7 12 20. 7 

7 22 30.0 7 2S 07.3 
__ _L 

ROCHESTER, N. Y. <1>=43° 08'. 

J ul.v 29, p. m. qi 

29, p. m. QJ 
29, p. m. QJ 

26 3fi. 6 4 50 18. 8 5 01 27. 8 

24 17. 5 5 03 OJ. 7 5 H 15. 2 

2140.1 5 17 28.5 5 28 43.0 

NIAGARA l''ALLS, N. Y. c/>=43° 04'. 

1

---- --------,----·---r- 1 

July31, p. m. q> ! 32 35. l [ 4 15 44.0 

1 31, p. m. QJ i 24 47. O ; 4 58 30. 4 

i 31, p. m. qi !
1 

23 28. 8 i 5 05 39. 5 
' I 

43255.7! 

5 15 49.3 '1 

52258.0i 

MAYVILLE, N. Y. f/l=42°16'. 

0 32. 2 ' 
o 32. 5 ; 

0 30. 4 ' 

0 24. 8 

2 27. 8 : 

2 37. 8 

2 38. 5 

228.3[ 

11 09. 0 

11 13. 5 
1114.5i 

I 

17 11. 7 i 
17 18. 9 

11 18.5 I 
I 

-"-·-·~----

!~u-g~ 4. a. l!l. ell ~~~~i 65352.9! 71329.o/ 1936.1 

l_·_.-._;._:_: __ : _;_;:~U_:: ::~J__!~ ~::~I __ ~:~!:: 
SH.ARPS-VILLE, PA. <1>=4lo 17·. 

I 
Aug .. 8, p~::1· ll! I 

6, p.m. Ql 

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

30 04. ;-1 -,-~. 08. 7 I' 4 48 9~-1 -24-23-. 3-

1

1 

2665.1 4•058.9 :10532.0! 2433.1 

--------' 

337· 

Forest, Ohio. 
Fort ·w a.yne, Intl. 
Reynold1:1, Ind. 



 

38'8 UNITED STATES COAST AND GEODETIC SURVEY. 

Observations for Local Time-Continued. 

BEAVER, PA • .P=40°43'.5. 

I ! O.b•'d I Mean time I 0!~~0~. J C. JJronomo-1 
Date. 

1 
\ altitude. i of obs'n. ter. j ter fast. 

1874. J-J-0--,-1 h.fn. •· 1-· h.:..-.~ 1 ·~· 
Aug.11,a..m. ljl' 3131.9• 75821.3182228.51 2407.2 

I ' I 
11, a. ru.: qi , 32 44. 4 ' 8 04 42. 618 28 43. 1 I 24 00. 5 
11, a."m. ; ljl 33 46. 3 8 10 IS. 0 8 34 20. 7 I 24 02. 7 

11,p. m. qi is 46. l 4 41 41. 3 5 05 41. 51, 24 oo. 2 
11, p. m. . qi 23 10. 7 ' 4 55 22. 3 I 5 19 23. 5 24 01. 2 

u,p.m.' (j)i 1955.21, 51237.41 53638.2! 2400.8 

GREENFIELD, PA. </>=40°06'. 

13, P· Ill. qi l 23 08. 5 I 4 53 18. 2 5 03 03. " I 

9 54. 8 

9 51. 2 

9 44. 4 

9 45. 3 

9 59.4 

Aug. 13, p. ru. , rp •

1

, 30 30. 0 I 4 14 43. 31 4 24 38. 1 I 

13, p. ru. 1 qi 29 46. 5 4 ; 8 32. 9 I 4 28 24.1 i 
13,p. m. I q> I 24 20. l I 4 47 03. 214 56 47. tl 1 

14,a.m. m
1 

30"4.ll' 759.52.1 80951.5\ 
~-~--·--~-----~-----~- I 

TUSCARA W .AS, OHIO. !/>=400 24'.2. 

Aug. 17,p. m. J-;-,~ 32. 5-1---4- 19 55. 4 4 36 os~~T 
17,p.m.

1 

qJ 26 52.6 4 28 43.9 4 44s1.o!

1 
17,p.m. ljl 24 21.11 4 42 01.5 4 58 09.0 

!7,p.m. cp \ 18 l3.0 1 4 14 17.5 
1 

5 30 23.0 I 

16 09.6 

16 07. 1 

16 07. 5 

16 05.5 
16 18. 8 

16 14. 4 

18, •· rn .. 

1

. ch 14 28. 6 : 6 36 36. 7 , 6 52 55, 5 . 
18, a. w. di Hi 58. 7 6 49 ~.2. 7 ; 7 06 07. J J 

__,_i ___ _ 

COL1~MJH'S, OllIO. </>=39° 57'. 

~-ng.19,p.m.) qi I 30 ll.2 \ 4 08 55.611 4 31 41.11 22 45.5 

-----~~~mt~ I 2s 51.2 I 4 15 211.0 _4 ~s-~~1-- 22 43.7 

J<'OHB8T, OHIO. <f>=4oo 50'. 

1
'1 Au;.; ... m. ~~~~.:~r~-;~r 24 48.5 

21, p. m. qJ z2 16. 1 ! 3 54 o5. 1 I 4 1s 56. o / u so. a 

21, p. m. !p 30 47. 61 4 02 07. 3 4 'J:/ 03. B / 24 56. 5 

FORT WAYNE, IND. <1>=41°06'.3. 

Aug. 21, "· m. dl 14 00.5 64342.6 7 15 22.0 31 39.4 
21.a.m. L1I 16 22. 5 6 51 53. 2 7 23 37. 5 31 4.4. 3 

21,a.m. ell l9 00. 5 7 05 54.2 7 37 35.6 31 41. 4 
.. 

REYNOLDS, IND. ./>=40C 45'. 

Aug.27,a.m. di 20 46. 2 71754.2 7 56 32.0 38 37,8 
27,a.m. dl :12 17. l 7 25 57. 4 8 04 30.4 3833.11 
27, a. m. di 24 32. 7 7 38 00.4 8 16 46. 0 38 44.6 



 

York, Pa. 
Altoona, Pa. 
Williamsport, Pa. 
Bath, N. Y. 

UNI'l'ED S'l'ATES COAST AND GEODETIC SU.RYEY. 389 

1874. 

OBSERVATIONS FOR DIP. 

STATIONS. 

Rochester, N. Y. Beaver, Pa. Forest, Ohio. 
Niagara Falls, N. Y. Greenfield, Pa. 
Mayville, N. Y. Tuscarawas, Ohio. 
Sharpsville, Pa. Col um bus, Ohio. 

Fort 'Vayne, Jud. 
Ueynolds, Ind. 
Terre Haute, Ind. 

Observer, W. DIEHL. 

MAG:SETIC SURVEY, 1874. 

YORK, PA. 

Polarit.y N. I Polarity S J 

Dat.e. 

CiroloE. w. I Cirolc w.1 E. 
Needle. ---; Mmn. ---------·-· ___ , -Moan_.

1

!,·----D-iJ_" ___ _ 

-~---"·--- ----- 35. 5 ~:-: --7°1-. -'..-'6-'.. 1-11 ~: 7 5;, 91 ;I 4~. 0 

32. 5 .f>4. 8 71 44. u 75. 6 5!.I. 8 l 71 57. 3 

45. o 54. o 71 :J4. 3 69. 1 51." I 71 5~. 7 I 
29. 1 53. 9 11 42. 8 

1 
63. u I 53. 2 1· 11 5:t 5 

1874. 0 ' 
July 11,a. l)'l. 71 54.7 

11,p.lll. 71 77. l 

11,a.m. 2 71 63.1 
11,p.m. 2 71 78. 8 

"·'"'. 
71 71. 8 38. J 54. 9 

13,p.m. 71 68. 6 2!1. '.2 53. 9 

13,a.m. 2 71 86. 3 27. fl 57.1 

13,Ji.m.

1 

2 71 67. 1 :l7. 6 ' 5:?. 3 1 

I 
I 

ALTOONA, PA. 

71 43. 4 : 

71 40. :1 

71 41. :1 i 
71 r.3. 7 '1 

I 

I--'] ,,;;. l I 
71.3 ;,ti.8j 115;:,,o': 

6G. 7 !'"13. f1 I 71 5:t 7 : 

Ga. o 5a. 6 , 71 55. :.t ] 

77. 7 6j_ 7 71 59. 0 :, 

7155.91 
I --------

I July 16,p.m.I 72 22.1
1
,. -~~~~-i--~~T 72 0!.7,. 43.a 23.1172 21.41 

17,a.m.! 72 30.8 04.7 11.7 I 72 OS.3 40.7 24.5 n 21.1 i 
I 16, p. Jll, i 2 72 42. 1 I 08. I I 25. 1 I 72 04. 6 i 25. 4 15. 0 I 72 20. 0 ' l ___ ~7, a. m_I _~_ 72 29. 3 '-~~u---2~ 61__72 _09 _J_ 28.4---1~~\ __ ::_:_: ~-i 

I July 18, p. m. I 
20,a. m. 

I :~:I 

I July 24,a.m. 
24,p.m. 
24,a.m. 
24,p.m. 

I July 29,p.m. 

80 a.m 
' 

211,p.m. 
80,a.m. 

I 

l 

I 2 

2 

I 
1 
1 
2 

2 

2 

2 

WILLIAMSPORT, PA. 

72 58.1 

72 60. 0 

72 77.6 

72 57. 7 

74 35. 4 

74 25. 6 

74 28. 9 

74 38.2 

35.1 46.6 I 
30. 5 45. 2 / 
32. 2 54. 9 

28. 3 
43.0 I 

.UATH, N. Y. 
----- --· 

oo.s \ 18.1 

54. 7 10.1 ---
02. 7 15. 8 

19. 7 28. 9 I 

I I 

7234.71 
72 :14. 0 

"" • 1 

72 23. 5 

--

74 

74 
73 

73 

56. 6 

54. 3 I 

I 

ROCHESTER, N. Y. 

74. 7 

64. 7 

55.6 
6'2.1 

8.'d 

BO. 7 

I 

54.7, 72 f>0.6 
49. 3 72 47. 2 

"·'I " ... , cl2. 8 72 42. 9 

72 47. 51 

70. 8 74 Ia. 3 
67. 5 74 UI. 2 

---1 
74 15. 5(;1 

74 63. 5 

74 57 8 

17.61 40.;-~~;;-,--~~~ !--~~-;,-~ ~6~~ 
16. 7 37 2 74 22 1 58 2 40 1 74 38 6 

59:61 74u:s1 74 56.5 18. 7 37. 6 37.3 74 37.4 

74 ~8 18. 5 &5: 5 74 12. 7 tl.5 27.1 74 31. 3 

I l i I 74 as. s j 



 

390 UNITE!) ST.ATES CO.AST .AND GEODETIC SURVEY. 

Observations for Di11-Uontinued. 

NIAGARA FALLS, N. Y. 

Date. Mean.' Dip. 

1874. 

I Polarity N. I 1 Polarity S. 

:Needle: ~r~~'_E~ i_Mea~! ~:~:~~i-.- ~:_ 
1 : : 
' o I 

July 31, JJ. rn. : H 55. 3 : 14. o i 34. 6 j 74 21. 2 ' 59. 5 ' 40. 3 ; 74 37. 4 

Aug. l, a. ru. 
July 31, p. m. 

Aug. 1, a.m. 

Aug. 4,p.m. 

4,a.m. 

4,p.m. 
4,a.m. 

Aug. 6, pm. 
7,a.m. 

6.p.m. 
7,a-.m. 

I 

74 49. 2 ' 19. 9 34. 5 74 25. 0 ' 63. 7 : 44. 3 ' 74 39. 4 

74 45. 1 I 25. 9 . 35. 5 ! 74 16. 8 I 55. 5 I 3&. 1 : 74 35. 8 : 

7456.8j; 20.3 38.5li, 7418.2

11 
57.sl

1 

as.ol;~::_' 
. 74 37._ 7 : 

---~---- -~--------------------··----~---------- ----
MAYVILLE, N. Y. 

I 
73 93. 2 37. 8 65. 5 73 43. 6 

: 
73 80. 5 49. 3 64. 9 73 51. 6 

73 71. u 43. 2 57. l 73 51. 8 

n 96.o 39. 5 67. 7 73 51. 0 

SIJARPSVILLE. PA. 

72 73. 0 27. 4 : 50. 2 72 41. 7 i 
72 58. 4 36.2 ' 47. 3 ' 72 38. l . 

72 66. 0 29.1 47. 6 72 29. 3 

72 66. 9 33. 2 50. 0 72 32. 6 

BEAVER, P.A.. 

86. 2 

79. 5 

80.2 

85. 8 

68. 5 

08. 8 
71. 5 

71. 5 

64. 9 

65. 5 

66. o I 

74 05. 2 
74 05. 2 

74 01. 5 i 
I 

6s. 4 I 74 08. o 

I -14 05.01 

35.1 72 52.6 

53.4 72 50. 3 

50. 4 72 49. 0 

52. 0 72 51. 0 
---

72 50. 7 

I Aug. 11, a. m. 72 43. 5 21. 2 

11, ]l. lll. l 72 40. 7 ' 15. 5 

32.3 

28. l 

29.6 

29. l 

72 13. 7 ' 

72 12. 7 : 

n 21.0 j 

12 lo. 5 I 

51. 1 I 32 1 12 32. 5 ' 

49. 5 31. 1 72 29. 6 

11, a. m. : 2 72 42. 71 16. 5 

11.p._m_l _2 __ t8~~Ll0.21 I 

51.2, au.1 72 32.8 

55. 8 , 33. l ; 72 31. l I , ___ 1 

I 12 a1. 51 

GREENFIELD, PA. 

\ Aug. -~~. p. m. J 

14, a. m.1 
13, p.m. i 
14, a. m. ! 

71 76.5 l 
71 71. 5 

n10.oi 

46. 51 
39. 0 : 

37. o·' 
37. 5 : 

61.5 i 

55. 2 

I 
7L 45. 8 i 

I 
71 37. 21' 
71 47. 0 

75. 0 

79. 5 

81. 2 

79. 7 

60.* I 71 60. 91 
58. 3 ; 71 56. 7 I 

' 2 71 76. 5 I 

53. 5 

57. 0 : n 44.o I 
04.1 71 58.81 
61.8 71 59.4 

____________ L _____ i . 
! 

I 
i ---! 

I 71 58.9 I 

I Aug. 

I 

r.A.u~. 

I 

17,a.m.! 
17, p.111. \ 

17,a.m.' 
17, p.m. 

19,p.m.1 
19,p.m.

1 

2 

2 

2 

TUSCARAWAS, OHIO. 

I 7180.Sj 
71 78. 2 i 
7181.8 i 
7180.7) 

i 
I 

52~5 I 
5D. 7 

46. 5 
43. 8 ! 

I 
66. 7 I 
68. o I 

::' 
71 ~~1· ~~~ 72 09. 0 II 

71 59. 3 ' 86. g I 73. l I 72 11. 9 

n as.11, 85.6 i 72.l 12 os.1

1 

71 52. 3 87. 6 i 69. 9 I 72 06. 1 

l !7208.5 
) j 

COLUMBUS, OHIO. 

~~ ~:~T!:::-1-~J-~::~::r~::~ -::~-;~ ~~:; 
. 1··1 111~1 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Observations for Dip-Continued. 

FOREST, OHIO. 
,-------.--~i---

! ! Polarity N. 

Date: '.·Needle.!----.--·· 

____ I ___ :~: W. 

1874. 
i 
I 

, Ang. 21, a. m. i 
21,p.m.· 
21,a.m.' 
21,p.m.! 2 

;l 9~.5 I 59. ~ 

71 8!l. 1 . 68. 5 

72 36.6 i 00. 4 
72 32.5 I 06. 2 : 

! 
'1 

Polarity S. 

Mean. ----~~-1 ~"- MPan. ! Dip. 

Circl~W. 1 E. ) ) 

0 ' 
76. l 71 42. l 73 00.3. 81. 2 I 72 18. 6 

7~. 8 71 70. 7 95. 5 83.1 72 21.0 

18. 5 72 06. l 45. 5 < 25. 8 : 72 22. l 

19.3 72 10. 0 35. 5 22. 7 i 72 21.0 

·---------L~ 
FORT WAYNE, IND. 

·----~---- ------------
I i ' I Aug. 72 02.5 i I 

12 ls. s I 24, &. m. J 7230.7! 08. 2 19.4 I 34. 2 1s. n i 

! 24,p.m.! l 7230.2'. 04. 5 ' 17. 5. 72 08.0: 39. 1 ; 23. r. 72 20.5 I 

24,a. m. ! 2 72 35.2 i oi. 1 I 18.4 I 72 01. 7 : 32. 5 ; 17. 6 j n 18.0 i 

24,p.m.; 2 i 72 35.21 53. 7 i 14.4: 7206.71 39. o I 22. s I ~I 
! 

···--1 I 
I I 12 19. o I 

I 

REYNOLDS, IND. 
··----·-----

I Aug. 26,p.m.: ' i 
59. 6 ! 72 00. 4 ' 71 80. 7 41. 7 ' 61. 2 i 71 44.8 '. 74. 5 

I 74. 0 I 27, a. m.: 71 74. 2 44. 8 ; 59. 5 ; 71 48. 7 : 61. 3 I 72 01. 3 ' 

26,p.m. 2 71 76. 0 4-0. 7 i 58. 3 ' 71 43. 0 7:~. 5 58. 2 71 r,s. 3 

27,a.m. 2 
' 

71 75. 2 38. 5 56. 8 71 48. 0 ; 77. 7 62. 8 71 59. 8 

72 00. 0 ' 

TERRE RA.UTE, nrn. 

I Aug. 28,p.m.

1 

70 54. 1 i 2ff. 5 

29, a. m. 70 51. 5 20. 2 
39. 8 70 2&. 6 I 

35. 8 70 24.0 ' 

48. 8 j 
a6. 5 I 

37.2' 7038.5, 

40. 2 70 38. 0 ' 

30. 1 ' 70 28. 8 

37.f· i 70 33.6' 

I 28,p.m. 2 70 44. 0 ' 

29,a.m. 2 70 4~. ~ 

11. 0 27. 5 

16. i i '.!9. 7 

1874. 

70 12.8 47. 5 I 

70 26. 8 48. 2 ' 

I 10 34-:-7: 
! 

391 

OBSERVATIONS FOR HORIZONTAL INTENSI'l.'Y. 

York; Pa. 
Altoona, Pa. 
Williamsport, Pa. 
Bath, N. Y. 

I Date. 

10 

10 

10 
10 

STATIONS. 

Rochester, N. Y. 
Niagara Falls, N. Y. 
Mayville, N. Y. 
Sharpsville, Pa. 

Beaver, Pa. 
Greenfield, Pa. 
'l'usearawas, Ohio. 
Colnmbus, Ohio.· 

Observer, F. E. HILGARD. 

WASHING TON, 1874. 

63.0 

!~:~! i 66.0 

69.0 477. 50 I 
85.5 480.45 i 
84. 5 480.351 

1.000 8 25 

8 4-0 
4 18 

'81 

4.349 

Forest, Ohio. 
Fort Wayne, Ind. 
Reynolds, Ohio. 
Terre Haute, Ind. 



 

392 UNITED ST.ATES COAST AND GEODETIC SURVEY. 

·Observations for Intensity-Continued. 

REDUCTIO~S FOR TEMPERATURE. 

-! ---·--1 Reduction l._T_. for lo. 

I •• I 
473 

480 ! 
486 

49;; 

500 

f>07 

514 

fi20 

527 

.. 
0.066 

0.007 

0.068 

0.009 

0. 070 

0. 071 

0.072 II 

0.073 

o. 074 

---~----

MAGNETIC 8URVRY1 1874. 

YORK, rA. 

Date. ' ·r· I I t?n~!'~r I Re.-l'n 
/ nno. I Temp. i 120vihra·: to 60°. 

T. 

·-Cor- --, _Was]~· Relative. \:bsolute. 

H. 

: , , hons. , 
. I rected. 1ngton. 

1874. 

,fnly 11 ' 

' 11 

11 

11 ' 
i 
l 

,Tuly 161 
16 I 

rn j 

16 I 16 

I 

I 

July 20 I 
20 

21 I 21 

July 24 
24 

25 

25 

July 29 
29 

30 

I 

h.m. 
7 20 80 

7 35 ~() 

,"i Oi> 76 
[i :-Jf) I if) 

n 35 7~ 

8 20 74 

9 20 80 

5 35 75 

5 50 75 

s. 
488. 43 

488. 67 
488. 6:l ' 

488. 25 ' 

··---·1· -·-·1·--,--
1.8~0 1 48;·071 •· I 
I. 36 I 487. 31 I 4"" ' I i 
i.oo I 487.54 1 "·

8
" 

1 02 : 487. 231 I I 

1-.87.29L~~--=i~1~ 
ALTOONA, PA. 

4!11. 6V 

4!12.91 

492. 42 
491.72 

491. 72 

----.--·----I---: 

I. 31 : 490. 29 

o. 96 I 49t. 95 
477. s:; 

1. 03 490. 69 
1. 03 490. 69 

1. 3811 

491. 04 

__________ .. __ J __ •oo-~ ==i····_·:····t •. 120 I 
WILLIAMSPORT, PA. 

-·- ---~-----~-~~------------· 

9 56 

10 50 

7 41 

8 09 

4 36 

5 22 

7 53 

8 09 

5 50 

6 38 
7 50 

00.5 

94. 5 

67. 0 

73.0 

99. o I 
95.5 

84.0 

85.0 

77.5 
74.5 

78.0 

500. 57 

500. 97 
4.QS. !fl 

497.117 

2.10 

2.38 
0.49 

0. 91 

498.47 L 
498. 59 477 85 
498. 48 . 

496.76 

498.08 ==1······=-uoa 
BATH, N. Y. 

MS. 80 2.85 515. 95 

519. 32 2. 64 516. 68 

518. 44 1. 75 516.69 477. 85 

518. 02 1.82 516. 20 
------------

516.38 ----····-· .............. 3. 724 

ROCHESTER, N. Y. 

524. 35 1.30 523. 05 
523. 51 1.00 522.45 477.85 
524. 55 1.33 523. 22 

---
·········+·········1--;m 522. 91 

I 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Date. 

July 31 : 

31 

Aug. 1 i 
1 

Observations for Intensity-UontinueJ. 

Time. 

NIAGARA l<'ALIB, X_ Y. 

I Obs'd 
Temp. : tim~ of 

120v1bra. 
Red'n 
to 6QO, 

T. H. 

' tions. Cor- Wa.sh-
r<•cted. iugtou. Relative. Absolute. 

h.m. 
5 50 77. f> 

6 06 77 

8 09: 70 
8 29 6H 

. .. 
523. 23 

523.15 

510.18 

500. 82 

.. 
1. 28 

1. 24 

reject.e<l 
rejected 

s. 
521. 95 I 

521. 91 

. . 
477. 85 ' 

' 

. ______ : ___ ---
521.93 ••••.•.••. ! .......... \ $.646 

! 

MAYVILLE, N. Y. 

I 
I 

Aug. 4 i 

4\ 
4! 

9 25 ' 

946; 
10 13 

10 38 
5 51 : 

75. 5 ! 
76. 5 \ 

77.0 i 
76. 5 : 

517.15 l.13: 
517.18: 1.20 l 
516. 98 1. 22 I 

516. 02 i 

515. 98 

I : I l 4 : 
6 u I I 

74.5 : 

515. 76 ' 477. 8.5 ' 
516. 77 l. 19 515. 58 ' 

516. 77 ' 1.15 515. 62 
515. 73 '. 516. 77 1. 04 ' 

I 
515. 78 ' ..... - • .. . . . . . . . . . ' 3. 733 : 

SIIAUPRVILLE, PA. 

I Aug. 6 27 
6 41 

6 57 
8 27 

74 
74 

73 
70. 5 

499. 52 
497. 27 ! 
499. 97 : 

o. 98 498. 54 

7 

7 ' 8 40 I 

Aug. 11 : 8 25 
11 8 38 

11 5 44 

11 5 57 

71.5 

86 I 
ss.s I 
86 

87 

0. 98 496. 29 

0. 91 499. 06 : 477. 8.'i 

498. 96 o. 73 498. 23 

499. 22 ! 0. 80 : • 498.42 i 
498.11 , .......... 1-- ..... . 4. 002 j 

BE.~ VER. l'A. 

:::~~II 
496. 58 
496_ 53 

I 

l.7!J1 49494 1 ! 

l.93 

l. 74 
l. 86 

494. 851 477. 85 j ! 
494. 79 I !' ,, 

494.67 I I 

/4 94.811-:-==1==14.0561 
GRl<;ENFIELD, PA. 

14 8 56 82 !Sil. 42 1. 49 I 486. 9:l 477. 85 ; I 

Ang. 13 I, 5 57 83 489. 02 l. 56 487. 4H t II 

13 i 6 11 83 488. 50 1. 56 486. 94 I 1 

14 11 os 84 488. 75 l 63 I 487.12 ' 1 i 

. I. _I . -- I ~~· 11L~~~~1-.:_~ .. -·-1 4.18~1 
I 
I Aug. 17 
I 17 

18 

18 

18 

TUSCARAWAS, OHIO. 

I 
1 l I 

6 32 82. 5

1 

490. 38 1- 55 488. 83

1

. .

1 
6 44 ' 81. 0 I 490. 07 1. 45 i 4AA. 62 
II 46 I 92. 0 492.12 2. 21 ' 489. 91 I 477. 851 ' 
11 191 oo. 5 I 491. s6 2. 10 489. 76

1

. 
1 

IH2 J 91. O i 491. 87 II 2. 14 48~---·---·---
! 489.371-·--.-- .... ,_ .......... , 4.146 

-~-----~---~!--~---
COLUMBUS, OHIO. 

-:--A-u-~-. -~:--:-2-~--=-.-5-1
1--:~-:-:-~---~·-: ~--l~I--:·-~-:-:--.,-1 _4_7"_t.-85-l _____ l ____ I 

477. ~ J=:-:-:=1==14-3591 
S. Ex. 77---00 

393 



 

394 

York, Pa. 
Altoona, Pa. . 
Williamsport, Pa. 
Ba.th, N. Y. 

UNITED STATES COAS1' AND GEODETIO SURVEY. 

Obsert•ations for lnterisit y-Oon tin ued. 

FOREST, OHIO. 
---------------------- -----· 

: 

; Ohs«! 
I I H. 

Date. : 'I'i"me. T ! time of Rt'd'n 
cmp. i 120vibra- tu 60°. 

I----- -- -- . 
I ' ' I 

Aug.'21 

21 

21 
: 

21 
: 

21 : 

21 ; 

····:I 
24 

I 
I I I Aug.~ I 
: 26' 

26 

I ' 

I 

Aug. 28 , 

28 

I :I 

' tiOJJti. I Relative. :Absolute. 

h.11 .. s. 
I 

8. s. i 
8 17 86 493. 43 I. 79 491. 64 i 
8 30 88 493. ;,;i I. 93 491. 65 ' 

8 44 90 493. 8~ 

4 54 9:1. 5 494.112 

5 09 92 i 493. 95 
I 

5 36 9-0. 5 ' 493 .. >2 

2. 07 491. 75 477. 85 ! 
2.31 491. 71 I 

2.21 ' 491.74 i i . 
2. 10 491. 42 ! I I : 

i491.65 '=~i~~l-4.108. 
~ i 

FORT w A VN:F:, nm. 
----- -------- --

8 53 
9 07 ; 

6 oo I 
6 14 ! 

I 

9 05 i 
D 19 1 

o 01 I 
6 17 

4 57 

5 09 

b 24 
9 06 

I 
I 

69 

70 

73 

73 

78. 51 
79 • I 

I 
72 ...... 

71. 5 

486. 00 

486. 07 

486.12 

0.61 I 485.39 i 1· 

Q. 68 ! 485. 49 ~ 
0. 88 I 485. 24 i 477

· 
85 

: I 

485. 62 
. , , ' I 

0.88 :~84.74 1 ___ , ___ 1 ___ 1 

1 485.21 !·----:~~:~~I 
REYNOLDS, IND. 

487. 32 

487. 13 

480. 0:\ 

4H". R:l 

I 
J. 26 : 486. 06 

1. 29 4H:.. 84 
477. 85 

0. 85 485. 20 ' 

o. 78 4f.i!1. O.J ,: • I 
4B;;. 54 --- ---4:212i 

_1 

'l'ERRE HAUTE, IND. 

70 : 470. 38 0. 66 469. 72 I i 
0.69 469.83 i 

477.
85

1 ~~- 5 i 
7:! 

470. 52 . 

470. 45 ' 

469. 63 i 

012 469.1af I 
o. 79 408. 84 1 I . 

\469:531~=1=~14.505\ 

1874. 

GENEHAL RESULTS. 

STATIONS. 

Rochester, N. Y. 
Niagara Falls, N. Y. 
Mayville, N. Y. 
Sharpsville, Pa. 

Beaver, Pa. 
Greenfield, Pa. 
Tuscarawas, Ohio. 
Columbus, Ohio. 

Forest, Ohio. 
Fort Wayne, Ind. 
Reynolds, Ind. 
Terre Haute, Ind. 

Chief of Party, F. E. HILG-ARD. 

Observers, F. E. H1LGARD, W. DIEHL. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Date. 

1874. 

Jnly 11 

GENERAL RESULTS. 

MAGNETIC SURVEY, 1874. 

YORK, PA. 

Time of 120 vibra- 1 

tiou.s. i Horizon- , 
~---------------- --- talinten-1 
At-- IA_t Wash-, sity. 

'\ mgt-0n. i 
Declination. Dip. 

----------- -----~--1-------

0 

3 56.3 w. 
3 59.3 w. 

0 

71 49. 0 

71 57. 3 

71 52. 7 

71 53. 5 ' 

71 55.8' 
71 ih~. 7 

71 55. 3 

71 59. 0 

.. ' . . 
I 

487. 071 
487. 31 

487. "41 4i7. ~m 

487. 23 

I 
I 

Menns __ :J57.8W. 71 54. 5 48i.29)·········) 4.182: 

Jul.v 16 ' 2 47. O W. 

lft•aus .. ' 2 47. U \\r. 

ALTOONA, PA. 

71 21. 4 ; •90. Z9 
7'.!. 21. 1 

72 20. 0 

';;!. 24.:.: 

i9L. 95 

491. 04 

490. 69 

490_ ijJ) 

mo_ !J:l 

477. P5 

WILLI.AMSPOltT, l'A. 

,July 2() 4 .)11. 9 "\\~. 

4 5:!. 9 \\T. 

7~ 50. 6 

i!! 47. 2 

4 46.9 w. 71 49.3' 
' 72 42. 9 ! 

72 47.51 

4:11"'. 47 

4:18. f•9 

498. 48 477. 85 

4!16. 76 i 
498. 08 1 ......... . 

llATH. N. Y. 

4_ 120 

4. 003 j 

i -·~1. --- ' · I 
July 24 I 5 32. 2 W 74 19. 3 ! 515. 95 j ' 

I 536.7W. 7411.4/ 516.68/ - I 
i · 74 rn. 3 I sis. oo 

1 
477. ss 

1 
: 

l I 74 lR 2 I 516. 20 I [ I 

Me&ns. f534:-4\V.-74J5. 5 irn::iM ==1--a. 72~ I 
_____ , __________ _____: ________ !__ -- -- -- ~ 

ROCU:ESTEll, N. Y. 

July 29 5 21. 1 w. I 74 46. 1 I 52~ 
5 14. 6 W. 1. 74 38. 6 I 522. 45 

I 74 37.4 i 523.22 477.Sll I 

\ \

I 74 31.3 i I i !. 

Means .. ~~-~~--~-38.5 [m~\~\--a-.632( 
NIAGARA FALLS, N. Y. 

July 31 a ~~9 ;-r-.;-37.4-\1-s2i.;5_j ______ \ __ 

a n. t w. \ 74 39. 4 521. a1 
74 a:i.8 1 .......... 1 477.85 I 

I 
i 74 38. 2 I I I 

Ke1111a •• S'37:Iw.[74i7.7'J~j==1-a-.M6 

395 



 

396 UNITED STATES COAST A.ND GEODETIC SURVEY. 

6eneml Results-Coutiuued. 

MAYVILLE, N. Y. 

t1011s. I Horizon. 

I 
I 

I 

Time of 120 \ ilna- I 

Date. Declination. I Dip. - - - - - - -- talinten 

I At--AtWasb s1ty. 
i . mgt-0n. I 

~1-:-,-- -;--: -~ 1--~.-:----B~ -:----1 
Ang. 4 I 2 15. 0 W. I 74 05. 2 516. 02 , i 

I 
74 05. 2 515. 98 : i 

I 74 01. 5 515. 76 I I 
I 74 08. o 515. ss I 477. as j 

I 515. 62 I I 

! I 515. 73 I 
Means .. 

1

i 2 i;;:-0-W:--j74o5.{;'j 515.78 :~-:-:-:1·--3.733 
I I I 

SHARPSVILLE, PA. 

I I 

I !i~:~.~- 11--;-~~-~-~:-1 tion. 

1 1 

Second) O 10.0 E. i 
station. I ! 

72 52. 6 
72 50. ~ 

12 49.o I 
72 51. o I 

49i<. 54 

496. 29 

499. 06 

498. 23 

498. 42 

DEAVER l'A. 

' : Aug. 11 1 <18. 2 1Y. 72 32. 5 49t. 94 ~ 

72 ~9. 6 494. 85 • 

477. 85 

72 32 g : 494. 70 47i. 85 

---- 72 3'..:...:_~~·------i 
Means_. 1 08- 2 W. 72 31. 5 ' 494. 81 1 ............. 1 

' ' 

GREENFIELD, PA. 

4.056 i 
I 

Aug. 13 ~ :: ~ ;, ,: ~~ :.~--1: -::-:·i--·---
1

,---

j I 71 58. 8 486. 93 I 477. 85 

I 171 59.41 487.12 ! I 
Means .. i2ii2.2W. 716s~ 4s7:llj .... _ ...... 4:Jsfi 

TUSCARAWAS, OHIO. 

I Ang. 17 o 14. 6 w.

1
-~2 09. 0 • 488. 83 I 

0 24. 8 w. 72 11. 0 488. 62 477. 851 
72 08. 1 ! 489. 91 
72 06. 1 I 489. 76 

, ; 489.73
1 I 

I 
! 

Means .. 1'0iiiTW.I 72 08.5 1489.371~=1·---u46 
, I ' , 

COLUMBUS, OHIO. 

I

I Aug. 19 I 1 12. l E. 71 01. 7 I 477. 49 : I 
I 70 57. 8 I 477. 06 I 477. 81> 

'-I _M_Nlll __ s._.'-i ___ 1=1=2_.-1=_E-_.-_--'--_1_o_s_9 __ 7_i'-: m._?:l 1·--:~"--L--'- 4.1159 _ 



 

UNITED STA'rES CO.AST .AND GEODKfIU SURVEY. 

General Result.~-Continued. 

l''OREST, OHIO. 
-------~-·---~~---· - ---

Date. 

1874. 

I Aug. 21 

i 

r Declinatiion. ': 
I , 
I 

2 18. 3 E. 

Dip. 

Time of 1~0 -dUra-
1ionl'l. I Ilori?ion-, 
--- ------------ italint.f•n-\ 

--. A_t Waoh-1 sity. , 

- - -=~~~~~·--1 -- ----- -i 

~~:I ~::'~ · 1 j' 

72 21. 0 491. 71 477. 85 l 
, . 49174 i I 

i :----:---!~·42 ---1---i 
' Means .. ! 2 18. 3 E. ! 72 20. 7 [ 401. 65 .......... [ 4.108 ! 
- ---- ----------. --- ---- --

l<'OitT WAYNE, Il>D. 

Aug. 24 2 3:J.9 E. 7~ 13. 8 48f•. SH ! 
2 24. 3 E. 72 20. 3 48;}. 4!l 

72 18. 0 485. 24 47i. 85 

72 lK G 484. ~ 
i :----:------------4. 218 
, Meana .. i 2 29.1 E. 72 10. O 48". 21 ......... 

1 
_ 

REYNOLDS, IND. 

Aug. 27 3 25.2 E. n oo.4 4~li. OG 

3 35.4 E. i2 OJ.;; 483. 84 

71 ;,8. :~ 41{), 20 jj7_ 8.) 

7l 5H. 8 4h:l. Qi) 

Means.. ;; 30.3 :E. 72 00.0 48:1.5! ·······--· 4.:.:u 

n~mm HXl'TE. IXD. 

Aug. 29 4 29. l E. 70 ;11'. 5 46!J. 7:.! 

4 39. 4 E. 70 as. o mo. s:i 
70 2~.o 4lW. 73 <l77. b:1 

70 :1:1. () .Jl!l-1. r:4 

:Means .. i ·I 34. 2 E. 70 .:II. 7 46V. ;);I 4. 5t.J5 
I 

1875. 

DESCRIPTIOXS OF ST..1110.XS. 

397 

FERNANDINA, FLA._:The station is located near t.l.le spot ou which the obsernttions were made 
in 1857. It is 10 paces from the southwest extremity of the lot on which Mr. Ruc's house stands. 
The mark taken is Amelia light-house. 

LAKE CITY, FLA..-The station is on the eastern extremity of triangular lot of ground in front 
of Cathey Hi.mse, about 12 paces from fence on north side of road, The mark is tile eastern end 
of Mr. Pendleton's house (owned by Smithson). 

TALLAH.A.SSEE, FLA.-The station is in vacant lot on nortlleast corner of Adams and Pensacola 
streets. It is 46 paces from Pensacola street and 15 from .Adams (from outer edge of sidewalk in 
both cases). The state-house bears northeast by east. The mark taken was the north encl of the 
state-house. 
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SAIN1' l\IARK's, FLA.-'L'hc station is in a lot iu front of the United States signal station. The 
mark taken is t.l1e, north e1lge of the sigual station lmildiug. At the station the angle between 
mark awl ceuti·e of door of .sig11al .statiou is 40 00', aud between mark and northwest eorner of 
railroad warehousti the angle is 780 3(i'. I•'rom the mark lmth angles are in tlie direction of increas­
ing azimuth. 

l'JUFAULA, ALA.-The prmm11t skttiort is on the first street west of the railroad (Forsyth street), 
arnl is nearly due we8t of the old magnetic station on Forsyth street. The latter was destro;yed 
when the railroad was rnu along Forsyth street, and the stone which marketl the spot is uow nsed 
as a doorstep IJy l\lrs. StoYeall, wbo Ii Yes 1lircctly opposite the place where it was dug up. The 
present statiou is marked h;r a stulJ driven 18 inches into the ground, iu the middle of the street in 
frout of tt IJuildiug occupied b.1' a illrs. Harden. 'L'he mark taken is the ea11t wing of tLe Presby­
terian church. 

l\ION'N1o~umY, ALA.-'I'here is no description given. 

J,,;v1mammN, A1,A.-Tlw station il'.i on a Lill ou the ea;.;t side of the railroad. It is on a lot 
next to Mr. l\I erteu':s hou:sc, allll ii'\ di:stant 15 paces from tLe feuee at tLe end of house near by. 
The mark takeu is the western ernl of Mr. G. F. l\1erte11'1:1 house. The angle between mark and the 
end of the hotel is H)O 4'.2'. 

MonnE, ALA.-The 11tation is near the city limits, iu tlw part of tlrn towu known as Summer­
ville, about two miles from the centre of the city. It i8 on the south side of the road, in an old fort 
nearly west of Saint l\Iary's church. To reach it from the citJ·, take the Saint Fmncis stI·eet cars 
and get out at Saint )fory's church, ancl the station is on left side of road. The mark taken was 
the belfry of Saint J\Iary's church. 

PASCAGOULA, Mrns.-Xo description of station is given. 

Vw1rnmma, Mrss.-The station is the same as that occupied by Dr. Hilgard in 18i2. It is 
on Castle Hill, 1>outh ewl of bluft; opposite school-house, and is marked h.r a brick-stone aud uotch. 
Referen<ws: Rev. C. IL l\1arshall; A. L. Peirce, city engineer; Mr. Max Kuner, watchmaker, and 
J. 1\1. Searles, C. E., formerly of tLe Coast Survey. The mark is the southwest edge of masonry of 
upper tier of Cathedral steeple. 

JACKSON, Mrss.-The station is ou a bald spot in rear of the free school, northeast of the state­
house. The mark is a cross on a church southwest. The same point was occupied by Dr. Hilgard 
in 1872. 

WEST l'oINT, l\l1ss.-The station is in the centre of a large vacant lot back of the ,Jackson 
Honi;e and sontb of tlie court-house. 

l\IERIDUN, Mrss.-The station is in a lot ou Main street, west of the Chattauooga railroad 
shops. It is locate1l b;1· the following angles: 

0 

Nortlwast corner J>eck and Kuuhrough's . _ ........... , . . . . . . . , . . . . . . . . . . 0 00 
Northeast corner Kenzee store .............•.•. _ ... ,....... . . . . . . . . . . . . 93 12 
Son th end l\foyer's livery stable ...............•........................... 208 47 
Chattanooga railroad shops .... _. , ....................................... 322 27 

TuscALoosA, AL.A.-The station is locatetl in the grounds of the University of Alabama, and 
is in the meridian nml 20 yards south of the trausit in the university obscrvat,ory. For references 
apply to Prof. E. A. Smith, State geologi;;t, or fa) Professor Whitfield. The mark is the chimney 
011 north end of the president's house. 

BIRMINGHAM, ALA.-The station is in a lot northeast of- the new court-house, in a northeast 
atHl southwest line from the cupola of the court-house to ridge of a house belonging to G. M. 
Cooper. The mark is the coul't-honse cupola. The angle between it and the spire of the Catholic 
church is 86° 06', the latter being southeast from the station. 
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SELMA, ALA.-Tl1e station is in a lot known as the "old arsenal lot," 011 the west side of the 
rirnr, cast of Alabama :street and south of Union street, anll 10 paces from the edge of tlrn l>luff. 
'l'he mark taken was the spire of the Methodist steeple ou Church street. 

OPELIKA, ALA.-1'hc :station is on Tallapoosa street, on a lot part of wltich is occupic<l hy the 
Presbyterian church. 'l'he station is 30 paces from the church, on a line with tlw front, parallel to 
the street. The mark is a belfry in rear of the church . 

.MAcoN, GA.-Tlte station is 12 paces west of a former Coai;t Snrn•y 8tation, marked hy a stone 
post, with the letters U. S. C. S. · 

MILLEDGEVILLE, GA.-The station is situated on the old capitol g-rom11h;, upon a mise<l terrace 
of earth upou which during the war a gun was planted. It is south of the soutlnn.•st tower OB the 
capitol. The station is in the centre of the mound. The miirk is the spire of llw soutln>~st tower, 
which has the lightning rod on it. 

LUMBER Cr'l'Y, GA.-The station is in a lot belonging to Colonel Boyd, and is about a quarter 
of a mile north of the railroad. To find it, take tlie road leading to old I.umber City. Ou crossing 
the first ditch there is a pine tree at edge of road. The station is about r.o ;rnrds due east of this 
tree. The mark is the west encl of Station No. 9. 

MILLEN, G.A..-The station is iu an 01Jeu lot 35 paces southwest of corner of lmiltling used as a 
Masonic lodge. The mark is the weRt end of wood mill belonging to tl1c Oeorgia Central Railroad. 

COLUMBIA, S. C.-The station is situated in southwest corner of Capitol Square, as near the 
location of the old station as could be (letermiued. It is abont 20 pa{ws from ihe fence. The 
mark taken is the flagstaff on the capitol. 

FLORENCE, S. C.-Tlte station is ou Coit street, about 600 yards'from the railroad, and is 25 
paces southeast of the old African church, and on a line with the sidewalk of the street. The mark 
taken is the steeple of the Colored Methodist church. 

GoLDSDOROUGII, N. C.-Tbe :station is situated on a lot on the southeast corner of .Tolm and 
Spruce street,<;. It is 30 paces from the sidewalk 011 Spmce street a)l(1 ;m paees from .John street. 
The mark taken iR the Methodist church steeple. 

WELDON, N. C.-The station is west of the Methodist church, on a lot bounded b~~ l\lrs. Allen's, 
Mrs. Brown's, and Mr. 8malley's. It is 15 paces northwest of l\frs. Alleu's fence. The mark taken 
is the Baptist church dome. 

lVILMINGTON, DEL.-The station is at the northwest corner of Fourth aml Brown streets, at 
the corner stone of the streets. The mark taken is Grace clmrcli steeple, to the northeast. 

Fernandina, Fla. 
Lake City, Fla. 

. Tallahassee, Fla. 
Saint Mark's, Fla. 
Eufaula, Ala. 
Montgomery, Ala. 
Evergreen, Ala. 

1875. 

OBSERVATIONS FOR DECI,INATION.' 

Mobile, Ala. 
Pascagoula, Miss. 
Vicksburg, Miss. 
Jackson, Miss. 
West Point, Miss. 
Meridian, Miss. 
Tuscaloosa, Ala. 

STA.'.l'IONS. 

Birmi11gliam, Ala. 
Selma, Ala. 
Opelika, Ala. 
Macon, Ga. 
Milledgeville, Ga. 
Lumber City, Ga. 

Observer, J. M. POOLE. 

•No observations for dip or intensity. 

Millen, Ga. 
Columbia, S. C . 
Florence, S. C. 
Goldsborougll, N. C. 
Weldon, N. C. 
Wilmington, Del. 
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EXPLANATION OF TABLE. 

1. The first column gives the date of the observations for azimuth and declination. 
2. The second column gives the obseiTed zenith distance of the sun's limb corrected for 

semi-1liameter, parallax, and refractiou. 
3. The third column gfres tlie azimuth of 0, corresponding to the zenith distance in the second 

column. 
4. The fourth column girns the readiug of 0 on the horizontal circle. 
5. The difference (or sum"') of the quantities in the third aml fourth columns gives those in the 

fifth column. 
6. The sixth colunm gives the reading of the magnetic meridian t corresponding to the reading 

of 0 given in coluum 4. 
7. The seventh column giYes the resulting declination. 

Dak. 

lD'il>. 

May H,a.rn. 
14, a. ru. 

OBSERVATIONS FOR DECLINATION. 

MAGNETIC SURVEY, 1875 

FERNANDINA, FLA. </>=30° 40'.6. 

Cor- ' I Readin;( i No h [ J\fag. 1 Decli ;I E. or I 
n•ctt'd ~4.zimutli.; o~ hor. I dt : moridian nation·., W. Df 
Z. D. r:; I mrclc. , rea "· i reads. 1 I north. 

"~• ~~" ,;;,,I ; ~', ;~; .{, 1; ,:, r~ ! 
(l.3 15. 2 : i-13 14. 7 160 07. 2 77 52. 5 ' 80 49. O 2 56. 5 : E. \ 

~IE. 

L,\KE CITY, l<'LA. 4>=30° ll'. 

Maylff,p.m. 77 54.1 74 57.3 ~75 4a.4 3f)() 40.G' 3[14. Ol.O 3 20.4 E. 

TALLAHASSEE, FLA. <I> =30o 25'.5. 

. . 

)fa~· 18. a. m. 72 17. 4 77 19. II :!XU 4H. 5 203 28. 9 ' 207 10. 8 i 3 41. D , E. 

1~, a. m. 60 :>6. s 78 34. o 2R~ o:t:, 2o:t 29. 5 207 11. o : 3 41. 5 '. i~. 

:May18,Jl.m 

18. p. m. 

May2'2,p.m. 
2~,p.m. 

SAINT MAJ:K'S, FLA. </>=30° 08'.l. 

65 os. 2 so r.o. s 297 40.~ 14 -a~: 6-~ 
t7 35. 7 79 35. o 297 40. 4 , 4 29. 9 , E. 

. .. iY3o.3l_~_J 
EOI•'AOLA, ALA. <f>=31o SW.7. 

"----------·---- ---

1 

57 49. 7 l>4 34. 0 . 

6110.4! 8241.61 
3 14. 9 87 48. 9 
5 07. 8 : 87 49. 4 i 

92 20 .. s I. 4 31. 91 E. I 
92 23. 6 I 4 34. 2 E. : 

-----------------------.. ----'-------~-----"--.. J 4 33.o ~I 
MONTGOMERY, ALA.. "'=320 ~2'.7. 

May24, p. m. 55 34. o 

24, p. 111. 61 00. 1 

85 39. o ;40 51. 2 1 326 33. 21. J:ll 12. 0 

1

4 38. 8
1 

,_ I 
82 32. o 244 02. o • 326 34. o i 331 12. 8 4 38. 8 i E. 

I ________ !•~-s~i 
•The "Azimuth of 0" is taken to mean t.he smaller of t.he a11gfeR formed hy the plane of the north meridian and 

the vertical plane through tl10 Q. For p. m. observations it is therefore counted from north to west, and ill additive. 
to tlw reading of 0 to get reading of true north. 

t lu all observationB in ll:l75 the reading on the magnetic meridian was taken at the same time 88 the reading on 
the ma.rk and the observations for azimuth. The reading of mark doeB not, theref9re, necllBSarily enter jnto the eom­
puta.tion. 
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Observations for Declination-Continued. 

EVERGREEN, ALA. ef>=31° 26'.0. 

Date. 
Cor. ! ' Reading ' North , M!'~· : Decli· ~- or 

, reeled Azimuth. of hor. read : menrlian. n t"o ".of : 
i Z. D.0. : circle. 8 ' ) reads. '

1 
a 1 n. north. 

!--~- ,~-·---1~----

: 
' 1875. j : 0 0 
' May 25, p. m. ' 57 16. 5 

25, p. m. 64 13. 7 

83 52. 0 219 05. 7 302 57. 7 308 32. 4 i 5 34. 7 

80 06. 8 222 50. 1 : 302 56. 9 308 26. 0 5 29. l 
1-­
: 5 31. 9 

E. 
E. 

E. 

MOBILE, ALA. </>=300 41'.4. 

\~~;~, h.-,,,, ( 56 06. O , 83 36. 4 28-;~~~6- --~ ~~~o-- 15 41. o I a 07. 0 E. 

PASCAGOULA, MISS. <1>=30' 21'. 

jMay 28,a.=i--;37,;-

' 28, p. ID. ; 78 47. 9 : 

80 59. 4 ; 93 00. 7 , 12 01. 3 : 18 25. 0 6 23. 7 : E, I 

71 30. 0 ' 120 33. 4 192 03. 4 198 18. 7 6 15. 3 E. 

_I __ _I_ -
, __ , 

6 19. 5 E. 
- -~ ___ J 

VICKSBURG, MISS. •=320 17'.3. 

--------·-

June 3, p. nt. : 
3,p.m. 
S,p.m.: 

i 
! 

!June 4,p.m.i 

I 4,p.m.: 
I 5, a. m. ~ 

I 
I 

June 7,p.m. 
7,p.m. 

I 

61 35.6 I 80 12. 7 266 ss. o I 347 os. 3 354 27. 0 

' 63 50.5' 78 58. 8 268 09. 0 ' 347 07. 8 174 27. 0 

66 19.9 i 77 36. 0 : 2ti9 31. 21347 07. 81174 27. 0 

I 
JACKSON, MlSS. 4>=32,0 17'.0. 

I 
-------··7--· 

76 18. 3 ! 71 50. 2 344 47. 5 ' 56 47. 7 64 25. 4 

78 28. 7 70 33. 2 346 05. 0 ; 56 38. 2 '1 64 25. 2 

72 42.4: 73 50. 8 ! 130 27. 2 I 56 36.4: 64 23. 2 

i I I I , 

WEST POINT, MISS. <1>=330 33'.2. 

i 18. 7 i 

7 19.2 
7 19.2 i 

i 7 19.0 ; 
I ' 

I 
7 47. 7 i 
7 47. 0 . 

' 7 46. 8 ! 
: 7 47. 2 ! 

I 

__ I ___ ·---- -!~--

57 45. 9 ! 82"28. 0 ; 289 29. 4 

62 56. 6 11' 79 26. 1 i 292 30. 2 

11 57. 4 

11 56. 3 

18 25. 0 I 6 27. 6 I 
18 19.7 6 23.4 f 

I . 
6 25.5 i 

i 

MERIDIAN, MISS. 4>=320 :W. 

E. 

E. 
E. 

E. 

E. 

E. 
E. 

E. 

E. 
E. 

E. 

I \ \ ; ~c• ----~--,~-·-~--~~-T-~-- ! 

!
June 88,,~mm .. j\ 74 09.2 [ 72 40 O • 252 49.0' 180 09.0 '186 36.0 6 27.0 I E. 

- 7212.21' 73 46.o \ 253 57.1' lBO 11.1:,186 36.o, 6 24.9 \ E. 

I ,~6260' E 
'----~-·_1 ___ ~1---~ I · 1_·_ 

TUSCALOOSA., AL.A. </>=33° 12'.1. 

June 8, p. m. ! 71 28. 0 
61 15; 2 

74 17.4 
80 05. 0 

I i I i 
31 44. 3 1106 01. 7 1 112 07. 0 i 6 05. 3 I E. 

139 11.3 I 59 06.3 I 65'10.41' 6 04.1 I E. 

I I --1 ' I 16 04.7 I E. 

BIRMINGHAM, .ALA.. 4>=33" 32'.0. 

fod"~! 59 01. 7 :::1::: 30 

10,p.m. 62 20.2 30 

5 55. 3 I 310 20. 6 
1 

4 25. 31 E. 
I · I 

5 56.4 i 310 23.4, 4 27.0 i E. 

I \426:1i E. 
. -~I __ 

13, Ex.'77-51 

' 401 
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Observaiions for .Declin11,tion-Oontinued. 

SELMA, AL.A.. </>=32° 24'.6. 

' Cor- i . r;.~-:;-ing I N=-~!'~--TDecl~-1 E. or ' 
Date. I rected :Azunuth.: o~ hor. , reads. meridl3n nation. , W. of z. D. 0- : i circle. I reads. 

1 

I north. 

1875. 1--0-, -:---:-,-1--:-~-1-o-,-· -o--, -l-0-,-1--
Junell, p. m.: 60 33. 0 ; 79 53. 0 : 267 44. 2 I 347 37. 2 352 09. 2 ' 4 32. 0 · E. 

11 p m : 64 26. 6 .

1

. 77 45. 6 II 269 50. 5 1 347 36. l 352 08. 6 ; 4 32. 5 i E. 

. . .. 1' I I i 4 32. 2 i E. 

~---- I ! I 

OPELIKA, ALA. <!>=320 39'.5: 

I 
June12, p. m. I 62 09. O ! 79 02. O 355 02. O : 74 04. 0 I 78 38. 4 

1 

4 34 4 I E. 
12,p.m. 1 6617.51 7644.7135725.li 7409.817839.0 429:21 E. 

I ·-~1--'---~·~j ------'-i----'-l-----'i-4_a1_.s~/_E__,. 
MACON, GA. +=32° 50'.4. 

: June14, p. m. : 64 20. 6 ! 77 45. 1 235 54. 6 1 313 39. 7 · 137 09. 4 ' 3 29. 7 ! 
i 14, p. m. ! 66 31. 0 76 32. 3 ' 237 OR 4 ! 313 40. 7 i 137 09. 0 , 3 28- 3 f 

L------·---· 3 29. 0 ! 

MILLEDGEVILLE, GA. +=33° 04'.2. 

E. 
E. 

E. 

1----j----,------: I i i I 
: June 15, p. m. I 64 41. O .' 77 35. 3 : 278 37. 7 .: 356 13. 0 : 360 28. 4 .I 4 15. 4

1

. E. 
f 15, p. m. I 66 53. 8 ! 76 20. 4 ' 279 58. 6 i 3li6 19. 0 , 360 31. 8 4 12. 8 E. 

L ______ I __ J _____ _I__ _____ j __ I ~14 
l4.l l __ --1:_ 

LUMBER CITY, GA. -1>=31o 57'.2. 

I 
Junel7, P- m. I 63 26. 7 . 238 22. 2 316 08- 9 319 19. 8 3 to_ 9 E. 

17, p. m.] 68 33. I i 75 03. 0 241 05. 7 j 316 08. 7 : 319 19. 4 i~'.:_:'._i E. 

, _______ J ___ l ____ • ___ I __ -'I __ ~[ _3_10_.s_,J_E. 

MILLEN, GA. </>=320 50'.5. 

i ,. 1 i 
1 Jnne2;,,a.m. 63 41. 5 · 77 54. 7 135 19.2 · 57 24. 5 1 l ___ ~·-~--m~- 61 49. 6 , 78 57. O 136 22. o ' 

5725.oi 

60 02. 4 j 2 37. 91 E. 
60 01. 8 2 36. 8 I E. ___ i 

I i 2 37.3 i E. 

COLUMBIA, S. C. <!>=34o00'.0. 

-! J_u_n_e;;, ~-. m-. I. 62 09. O : 79 15. 7 215 21. 5 i 294 37. 2 l 296 26. O l 1 48. 8 I W. 

23, p. m. , 65 33. s \ 77 15. 2 217 22. o , 294 37. 2 ; 296 27. o ; 1 49. s ! w. 

l _____ j___ ! I I 1149.31 w. 

FLORENCE, S. C. </>=34° 11'.9. 

I ' I 
101.1 I I I ! June 25, a. m. j 67 52.0; 75 59. 0 : 8300.71 814.81131.li :£. 

I ~ ... m.I 65 27. 8 ' 7724.9i 84 26.51 7 01. 61 813.0!111.41 E. 

I llii2i :£. 

GOLDSBOROUGH, N. C. </>=350 25'.1. 

1-----: 
e: •2. a i i I 

46 28.81 n•1•><• I I June28, p. m. i 79 41. 2 I 33tl 47. 6 
1 

w. 
I ~p.m.I G441.li 78 26.8, 328 OL6 I 46 28.41 4614.0 ~1 w. 

I I I I 0 15.1 w. 



 

Fernandina, Fla. 
Lake City, Fla. 
Tallahassee, Fla. 
Saint Mark's, Fla. 
Eufaula, Ala. 
Montgomery, Ala. 
Evergreen, Ala. 
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Observations for .Declination-Continued. 

WELDON, N. C. \t=3fiO 27'.2. 

,------j~i _C_o_T_·~i-.-~1-Read--~~~'Ii Nort_h_l _M_:ig_:_i_D_e_cl-i--i-E-.o-r-J 
Date. rected 1.Azimuth .. · of hor. ead ; mendian 1 t" , W. of I I Z. D. 0· i i circle. r s. 1 reads. Ina. ion. ' north. 

I : ____ / _____ . __ , ____ ,_'._ 
/ 1875, l 0 ;• l 0 I : C I j j J ) • 0 1 ! O / I j 
1June21l,a.m.' 7115.5 1 7428.3 1 12302.6! 4834.3 4653.0 141.3 W. I 

I 
29,a.m. '. 67 40.l 76 51.6 1 125 24.9 I 48 33.3, 46 53.2 140.l' W. I 

I I I . i_ 40~~--W- I 
WILMINGTON, DEL. <1>=390 46'.6. 

68 17. 5 \ 77 2i.1 i 166 -o-;-1T;;~_-s-) -~-3;:;~~~-~-
es 12. 4 

1 
79 42. o 1 168 20. 5 ' ss as. 5 i 84 31. 4 · 4 01. i w. 

/ \ !4o7.a w. 
-----~--~· 

1,a.m.

1

1 

l,a..m. 

1875. 

OBSERVATIONS FOR LOCAL TIME. 

ST.A.TIONS. 

Mobile, Ala. 
Pascagoula, Miss. 
Vicksburg, Miss. 
Jackson, Miss. 
West Point, Miss. 
Meridian, Miss. 
Tuscaloosa, Ala. 

Birmingham, Ala. 
Selma, Ala. 
Opelika, Ala. 
Macon, Ga. 
l\liliedgeville, Ga. 
Lumber City, Ga. 

Millen, Ga. 
Columbia, S. O. 
Florence, S. 0. 
Goldsborough, N. C. 
Weldon, N. C. 
Wilmington, Del. 

Observer, J. M. POOLE. 

MAGNETIC SURVEY, 1875. 

FERNANDINA, FLA.. ;=aoo 40'.6. 

Date. 
· · tion. ter. fast. 

c \ Metin I Time I Chro. ·1 rec~~d '[ time of by chro· nome· 
z D 0 observa· nome· I ter 

1---1----1----1 
1876. 0 , h. m. a. I h. m. 8. I m. 8. I 

!
May 14,a.m. 67 38. 0 6 58 09 7 20 141 22 051 

14,a.m. 65 15.2 7 09 19 7 31 31 22 12 

---~--~--~--~--~ 

LAKE CITY, FLA. 4>=300 11'.0. 

I May 15, p. m.! 77 M. 1 I 5 43 10 I 6 08 431 25 aa j 

TALLAHASSEE, FL.A.. 4>=300 25'.4. 

I 
May 18,a.m •. , 7217.!16 84 261 7 07 221 82 561 

18,a.m. 69 56.8 6 45 33 I 718 28 82 55 

SA.INT MARK'S, FL.A.. \6=30" 08'.1. 

\

May 18,p. m. 65 O&. 2 \ 4 « 10 \ 5 16 52 
18, p. m. 67 86. 7 \ 4 55 42 5 28 10 

32 42 I 
32 28 



 

404 UNITED STATES COAST AND GEODETIO SURVEY. 

Observations for Local Time-Continued. 
EUFAULA, ALA. <1>=31° 53'.7. 

,---· ----T-. --! -Mea;;-TTi;;,~-~ch..;:-1 
Date. ! r~c%d ~.I time of by cbro- ; nome· 

! z. D. 8 · ob~el'Ya- . nome- i ter 

-'i----1~~~1! fast., 
I ' , 

. 1875. ; 0 4' I h. m. s. ; h. 1n. •· ! m. •· 
May 22, p. m.' 57 49:7 / 4 12 40 4 49 15 i 36 35 

___ _2~·~~~ 6\ 10_:_L~2 -5~ 02 J 36 ao 

MONTGOMERY, ALA. </>=32022'.7. 

·Mn~ -2~~:-:T-5-5-34-. ~T~a 05 ,-~-44-19-11_4_1 -14-1 
. 24, p. m.: 01 00. l ! 4 28 58 : 5 10 07 41 09 
-----------·- ___ I ____ j_ ___ -'------' 

EVERGREEN, ALA. </>=31° 26'.0. 

i May 25, p. m. 57 16. 5 I 4 11 14 . 4 ~4 56 \ 43 421 
25, p. m.

1 
64 13 7 I 4 44 10 : 5 27 541 43 44 

I i : 

MOBILE, ALA. <f,=300 41'.4. 

·------- T -----i-----··---,- . I May 27, p. m. l 56 06. O 4 06 11 i. 4 54 38 i 48 271 

PASCAGOULA, MISS. <1>=30021'. 

. f :~-:;:~ -~~::~~=--:~ i : : :; I 
VICKSBURG, MISS. <1>=32017'.3. 

50 0611 
50 10 

i I 
i .Tune 3, p. m. 61 35. 6 i 4 36 14 ' 5 35 52 59 38 

' 3, p. ID. 63 50. 4 " 4 47 03 . 5 46 46 59 43 

--~:_P· ID. __ 66 19. ~l 4 59 ~~-----5---5-8 -50~-5-9_45_ 
JACKSON, MISS. </>=32° 17'.0. 

!June 
1 

1 1 3 I 5 48 26 6 45 10 I 56 44 4,p.m.i 6 s._ ! 
4, p. m. I 78 28. I I 55919, 656031 56 44 

5, a. m. I ~~~i 6 25 22 j 7 22 09 56 47 

WEST POINT, MISS. .p =ll:JO 38'.2. 

!June 7,p.m.

1 
5745.9J 4 20 is I 5 10 591 50 41 I 

7,p.m. 62 56.61 445291 5 36 07 50 381 

:MERIDIAN, .MISS. - = 320 20'. 

I June 

I 
s .... m. I 74 09. 2 J 6 17 58 ! 7 08 39 

1 

50 41 I 
8, a. m. ' 72 12. 2 

1 
6-~ 88_\ ~7~1~- !

1 
50 40 [ 

TUSCALOOSA, ALA. cb=33°1:i•.1. 

I JU:,~ 10, p. m.) 59 01. 714 27 37 5 10 46143 091 
I rn, p. m.

1 
62 ~-~ 43 4~ 5 26 59 43 17 

SELMA, ALA. cb=320 24'.6. 

·1;:ell,p.m.\ 6032.9

1

\ 43410) 518181 

11,p.m.) 64 26.6 41!3 14 5 37 151 44 081 u 01 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Observations for Local Time-Continued. 

Date. 

OPELIKA, .ALA. <1>=32° 39'.5. 

~--~------

1 Cor- \ :rrtean ! Time : Cbro­
' rected ! time of ; by cbro- i nome­
' z. D. G : ob~na- ; Dome· , ter 

i twn. · for. i fast. 
;-----·,---'!---:---( 
i 1875. i o , i h. m. •· 

1 
h. m. s. m. a. 

'.Tune 12, p. m.1 62 08. 9 j 4 42 42 ' 5 20 00 37 18 

, 12,p.D.i .. 6617.s s 02 s1 • 5 40 13 37 22 

MACON, GA. <1>=320 5()1.4. 

I 
I ' ---,--1·-\ 

.r UDe 14, p. ID.! 64 20. s f. 4 54 11 j. 5 24 18 I 30 07 ~ 
14,p.m.I 66 31.0 1 5 04 48 ', 5 34 56 j 30 os I 

I I · 

MILLEDGE'VILLE, GA. <!>=ll3o 04'.2. 

I 
i --j ---;--- _I ___ \ 

.Tune 15, p. m.,. M 41. 0 I 4 00 23 ' 5 25 08 ; 28 45 i 
' , I 15, p. m. 66 53. s I 5 01 14 5 35 55 j 2s 41 i 

, I , I _' 

LUMBER CITY, GA. 4>=31° 57'.2. 

I : 1---,---! 

I 

.Tune 17, p. rn.; 63 26. 7 i 4 49 46 1 5 16 14 .. i 26 28 I 
17, p. m., 68 33.1 5 14 33 5 41 01 i 26 28 : 

·----·~-------------"---------- ----- -

MILLEN, GA. <1>=320 50'.5. 

I 
June 22, a. lll. ) -63 ~1 7 10 00 I 7 34 00 ' 

, 22, a. m. I 61 49. 6 
1 

1 19 02 I 1 43 05 , 

COLUMBIA, S. C. <l>=lWP 00'.0. 

1

Jnne28,p.m.1 ~ 09.0 l~-;l 5 07 1).11 
23, p. m. I 60 33. B I 5 03 38 5 23 53 i 

~----'- - ' 

FLORENCE, S. C. <1>=34°11'.9. 

20 15 i 
20 15 i 

1

June25,a.m. I 67 51.91 6 48 5317 03 50 ! 14 57 II 

25,a.m. I 65 21.s [~~. 115 47; 14 51 

GOLDSBOROUGH, N. C. 4> =35o 25'.l. 

1

June28,p. m.i 62 42.8 l 4 51 34 I 4 59 24 \ 7 5() l 
28,p.m.j 64 41.l 5 0126 I 5 0917 7 51 / 

WELDON, N. C. 4>::36° 27'.2. 

\

June29,a.m. 1--7115.4 I 8 90 07 [ 6 36 22 I .. 
29, a. m. , 67 40. I 6'8 25 i 6 54 43 i 

I ' 

WILMINGTON, DEL. 11=300 461.6. 

615: 
I 

6 18 I 
I 

July l,a.m.\ 88 l;;-1 6 42 u:-1 640;1-1 38' 
l,a.m. 65 12.4 6 58 26 6 56 51 -1 35 i 

• 
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406 

Lebanon, Mo. 
Poplar Bluff~ Mo. 
Little Rock, .Ark. 
Memphis, Tenn. 
Corinth, Miss. 

UNITED STATES COAST AND GEODETIC SURVEY. 

1875. 

OBSERVATIONS FOR DECLINATION.• 

Florence, .Ala. 
Madison, Ala. 
Uleveland, Tenn. 
Knoxville, Tenn. 

STATIONS. 

Guthrie, Ky. 
Crofton, Ky. 
Evansville, Ind. 
Portland, Ky. 

Observer, F. E. HILG .. Um. 

MAGNETIC 8URVEY1 1875, 

LEBANON, :MO. ef>=37o 38'.0 .. 

Cave City, Ky. 
Nicholasville, Ky. 
Maysville, Ky. 
Huntingdon, W. Va. 

Co ted' Reading N rth I Mag. i D l" ' E. or 
Date. rrec ·Azimuth. of hor. . 0 meridian ~ ma- W. of 

----- Z.D.8.
1 

_____ circ~~~-' reads. I reads. _::_[~ 

1875. 0 0 0 I I' 0 I f 0 I I 0 I i 
May 12, a. m. 73 10. 7 'i 79 4Q. 3 237 01. 5 157 12. 2 I 165 113. 0 : 8 20. 8 ! E. 

12, a. m. 61 32. 0 ' 88 23. 3 245 35. 8 157 12.-5 I 165 32. 0 8 19. 5 I E. 

12, p.m. 68 45. 7 , 82 52. 0 74 21. 0 157 13. 0 f 165 26. o : 8 13. o [ E. 

12, p.m. 74 28. 1 I 78 46. 0 78 26. Q ' 157 12. 0 

1

1 165 23. 0 '~=--~_! E. 

____ _, ____________ L_________ : .s 16. l i ,~· J. 
POl:'LAR BLlTFF, MO. </>=36° 45'. 

1
i May 17, a. m. ,i 

I 

7 19.41 80 38. 7 72 50. 0 i 107 18. 0 34 28.0: 41 47. 4 • E. 
I 17,a.m.1 74 50. 7 77 oo. o I 111 26. 0 : 34 26.0: 41 41. 0 ; 1 15. o i E. 
I 

41 «. 0 i 7 17. o I 

I 
17,a.m.: 68 22. 4 81 30. 0 115 57. 0 i 34 27. 0 . E. 

I 62 52. 3 85 20. 4 m 49.1 I 3428.7! 41 45. 4 I 7 16. 7 E. 17,a.m.I 

I 
I 1---1 I 

E. I I 1 11. o I 
I I 

34 26.0 I 41 a2. o I 7 oo. o . 

I 
17,p.m. 5045.2· 94 18. 0 aoo os. o I E. 

17,p.m.[ 54 57. 0 91 00. 0 303 27. o I 34 27. 0 ' 41 37. 0 7 10. 0 E. 
I 

I I I 
7 08. 0 E. I 

I 7 12. 5 E. 

LITTLE ROCK, ARK. $=34° 46'. 

-! M-:;-1-8,-p.m. --- "'--,-- 248 33. 6 ] 334 13. 6 ) 342 26. O I 8-;2. ;j~~-

l
i 18, p.m. 256 21. 7 : 334 11. 7 : 342 25.0 8 13. 3 I E. 

60 22.5 i 85 40. 0 

72 33.2 ! 77 50. 0 

18, p.m. 258 43. o : 334 13. O ·. 342 25. 0 8 12. O I E. 
1 I ---, 

76 09.2: 75 30.0 

I I I ! B 12. 6 I 
! 20, a. m. I 60 28. o l 334 13. 3 j 342 22. O 

1

1 8 08. 7 J 58 48. 8 86 14. 7 

~---- _1________ I I 810:6/ 
i .May 24, p.m. i 

I 
I 

24,p.m. 

24,p.m. 

I • 2s.a.m. 

I 

25,a.m. 

MEMPHIS, TENN. ef>=35o 13'. 

61 os. s i--;; -~~~sT··-3;;~;,;r oo ~~-~r 67 5~. o I 6 56. s 

61 4o. a I w s5. 2 1 a41 20. 1 f oo 55. 9 ! 67 54. o 6 58 .. 1 

12 23. 6 1 76 a2. s 1 344 22. s /' 60 55. o I 67 52. a a 57 .. a 

I I I I 6 57.a 

62 08. 0 : 83 01. 7 ' 143 49. 9 00 48. 2 : 67 54. 0 7 05. 8 E.. 

E. 
E. 

E. 

56 lG. l 86 52. 6 : 147 39. 2 60 46. 6 67 54. 0 7 07. 4 

7 06.6 E. 
= 

7 01.11 E. 

*No observations for dip or intensity. 



 

UNITED STATES CO.AST .AND GEODETIO SURVEY. 

Observations for Declination-Continued. 

CORINTH, :MISS. qi =34° 57'. 

---------- -----· 

'Corrected .A · nth i ~fa~~~-g Mai;. 
meridian 

reads. 

' : i 
Dedina- ~: 0:f ' 

tion. : north. I Date. ; z. D. 121. z1m . drcle. 
North 
reads. 

: 1875. 0 

i May 27.a.m. 70 50. 9 76 56. 0 320 14. 7 243 18. 7 249 H. 0 6 25.3 E. 

27,a.m. 65 57. 5 79 56. 2 323 18. 5 243 22. 3 249 45. 6 6 23.3 E. 

27,a.m. 60 12. 6 83 40. 2 326 59. 7 243 19. 5 249 45. 4 6 25. 9 E. 

i 
i I 

27,p.m. · 60 25. 8 83 26.7: 

6 24.8 E. 

159 51. 6 243 18. 3 249 38. 0 6 19. 7 : E. 
27,p.m. 64 U6. 7 81 06.5' 16'~ 14.4 243 2Q. O , 249 3S. O 6 17.1 E. 

6 18.4 E. 

6 21. 6 ' E. 

FLORENCE, ALA. di= 34° 47'.2. 

i May 29, p. m. : 49 C9. O I 90 22. 0 · 

!,! 29, p.m. ! 58 20. 6 : 84 16. 0 
29, p.m .. 62 35. 8 i 81 34. 8 

29, p.rn. 67 o3. s I 78 47. 5 

29,p.m. 1 7141.0/ 7553_4: 

181 15. 0 l 271 37. 0 : 276 52. 5 ' 

187 19. 7 ' 271 35. 7 ' ~'76 49. 0 

190 01. 4 276 36. 2 276 50. 0 
19'2 51. 0 271 38. 5 276 53. 0 

195 45. 6 271 39. 0 276 54. 0 

5 15.5 

5 13.3 
5 13.8 
5 14. 5 

5 15.0 

E. 
E. 
E. 
E. 
E. 

! 
I 

-----~·- -----
5 14.4 

MA.DISON, ALA. <1>=34° 40'.6. 

' May 31, a. m. · 78 47. o 71 01. 1 : 
31, a. m. 66 31. 1 78 48. 7 

I 
31, p.ru. 64 W. 2 I 79 59. 2 

31, p. m. 69 54. 2 7U 37. 6 

31, p. m. f 75 03. 7 i 73 21. 7 I 

--- ------, -----,--- I 
319 52. 2 248 51.1 I 254 06. 0 I 5 14. 9 I .E. 
327 40. 5 248 51. 8 i 254 08. o i 5 16. 2 : E. 

! I i515_5 I E. 
168 52.5: 248 51.7 :, 2r.3 56.0 .-S-04.3 E. 

! ' : 
172 15. 41248 53. u' 254 02.0 i 5 09.0 1 E. 

175 32. 6 ; 248 54. 3 . 254 04. 0 I 5 09. 7 i E. 

I i I' 5 07. 7 I E. 

i I 
'--~---'-----

I I -Siu\ E. 
----

CLEVELAND, TENN. <1>=35° 09'.9. 

1 

Jnne 9, p. m. 59 19.1 83 06. 0 ! 73 30. 4 ! 156 36. 4 159 34. 5 2 58. 1 E. 
2, p. m. ' 64 03. 7 80 05. 6 [ 76 33. 2 : 156 38. 8 159 35. o 2 56. 2 

2, p.m. I 70 11. l 76 13.1 ! 80 26. 2 i 156 89. 3 , ]59 35 0 ! 2 55. 7 

E. 

2,p.m. 7549.4' 7234.o! 8403.6:15637.6.15934:0! 257.0 I I ! __ _ 

E. 
E. 

' I 256.7' E. 

Notobse,rred ..... / ........... 11563B.Oil5941.4[ 303.4[ E. . I I 1===== 
I ' I - 1 3~. E. 

48 18.21 88 40.6 5102.0i139 42.6 143 13.4: 3 30.8 i E. 
62 31. 3 ; 79 33. 3 I 60 09. 5 .

1

' 139 42. 8 143 10. 4 : 3 27. 6 

61 08. 2 !. 80 23. 7 i 220 OS. O 139 44. 3 143 Hl. O : 3 lll. 7 ' E. 

56 06. 7 j 83 32. 4 ; 223 16. 1 1139 43. 7 i 143 16. o : 3 32. 3 ' E. 
I I • I I ---
1 : I I I 3 30.6 E. 

3,a.m. 

I 
\ June 17, p.m. 
I 17,p.m. 

I is. a. m. 
' 18,a.m. i 

I 

E. 

KNOXVILLE, TENN. <1>=85° 56'.0. 

I 

1 

June 7, p.m. i-;-~~~~;j-~~-;-;~ 148 1s.a-/ 149;,~--;41~1----;:-
7, P· m. I: 60 28. 4 : 81 59. 3 I 66 18. 3 j 148 17. 6 ! 149 58. o : 1 40. 4 E. 
7, p. m. 64 10.1 i 79 3S. 5 ". 68 43.4 : 148 18. 9 : 149 57. O I, 1 88.1 . E. 
7,p.m. 68 57.8 I 76 28.4 \ 7149.5: 14817.9 i 149 56.0 i I 38.1 I E. 

7, p.m.I 73 45. 6

1

1 73 IS. 51' 75 oo. o j 148 18. 5 ] 149 58. o )~~i E. 

'--------'-----'--"-~---"'--'--' _., __ :. I I 1 39. 6 I E. 
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408 UNITED STATES COAST AND GEODETIC SURVEY. 

Observations for Declination-Continued. 

KNOXVILLE, TENN. 

I ; ! 

icorrected
1 
Azimuth.I ~·t::::~ 

' z. D. Q. ' i circle. 
Date. 

r I Mai:. [ . I E. or 
North I meridian'. Declma· 1· W. of 
reads. reads. : tmn. north. 

I 

1875. 
·:-0 -~-·---, -1 

.Tnne 14, p.m.: 58 34. 4 82 34. 0 ' 
14, p.Ill. 63 48. 1 79 10. 9 ' 

16,a.m. ! 
16,a.m. j 

16,a.m.

1 

I 

78 48. 5 

72 05.4: 

67 38.3 I 

! 

69 09. 6 

73 42. 9 

76 37. 6 r 

--- ______ t ____ _ 

. I 
0 I J 0 I ~ 0 

67 43. 0 1511 17. o ! 152 31. o i 2 14. 0 E. 

71 04. 0 150 14. 91152 31. 0 :.1~ E. 

i 215.01 E. 

219 26. 0 150 16. 4 152 30. 6 i 2 14. 2 I E. 

224 00. 5 , 150 17. 6 152 32. 5 ! 2 14. 9 E. 
E. 152 34. 0 i 2 16. 7 ' 

·---' 
226 54. 9 : 150 17. 3 

1
1~5.3: E. 

2 15.2 E. 
I i 

GUTHRIE, KY. tJo=36o 36'.0. 

i i 
1
1 June 21,p.m.1 47 47. 2 ! 90 14.0 I 54 51. 6 i 145 05. 6 : 151 45. 5 i 

59 ao. 8 ' 145 01. 2 ' 151 45. 6 I 
6 39. ~ i E. 

I 21,p.m. [ 54 16.1 I 8536.4l 6 38.4' I 
58 54. 6 82 27. 7 j 62 36. 0 

I I 
6 45.3 21,p.m. i 145 03. 7 i 151 49. 0 i 

23,a..m.j 78 48. 8 69 00. 0 164 53. 6 : 95 53. 6 i 102 41. o I 6 47. 4 

23, a.m. i 7319.71 72 50. 6 168 43. 9 95 53. a 1102 39. s 6 46. 3 

23, B.DL I 6819.1; 76 13. 4 172 08. 0 95 54. 6 ; 102 40. 0 6 45.4 

I I 64i8j 
I 

CROFTON, KY. tfi = 37° 02'.2. 

I .rune 24, a. m. I 7818.11 

- ---·--------
I ~311.4 ! 002a.o/ 69 21. 7 162 33.1 I 6 14.6 

24,a..m.! 12a2.s: 73 26.4' 166 37. 1 / 93 11.3 I 99 26. 0 I 6 14. 7 

24,a.m.[ 67 23.9' 76 58. 0 170 09.1 ; 93 11.1: 99 26.o I 6 14.9 
55 17. 8 85 13. 3 I 93 26. 4 ll9 42. 4 ! 6 16. 0 24,p.m.: 8 13.1 i 

2•.p.m.I 61 00. 7 8117.7; 12 oe. 2 I 93 26.9 
w • ., I "" 24.p.m.

1 

69 15.5 i 75 42. 7 i 1744.0I 9326.7i ll9 42. 6 __::~ 

I I I 6 15. 7 
I I 

EVANSVILLE, IND. tJo=38o IJOl.O. 

-.;:.. 25, p.:1 ·~~-!--
--

8636.51 
25, p.m. 58 27. 2 

26, a. m. 76 11. 1 

26, a.. m. ! 70 17. 7 [ 

~u1n•1 

83 34.7 I 

70 56.51 
75 12. 9 I 

79 16. 0 

337 34.8 

340 36. 6 

135 07.2 
139 22. 5 

143 25. 5 

64 n.a l 
rn •M'j 64 11.3 i 70 19.6 6 08.3 

64 10. 71 

~ 

6 08.0 

~::::I ! :::! 64 09.6 i 
64 09.5 I 10 22.o I 6 12.5 

I 
1--I 6 10. 7. 

I 6 09.4 

PORTLAND, KY. •=38" 16'.3. 

' I 141 03.6, 228 03.6 231 42. o I .Tune 30,p.m.' 5426.81 87 00. f I 3 38.4 
30,p.m.! 60 16. 1 8243.1/ us 20. 2 I 228 oa. a 231 42. 0 8 38. v 
30,p.m. 6638.9! 78 08.6 \ 149 57.0 I 228 0'5.6 231 4l. 0 3 35.4 

I 
' ---

! .Tuly· 

' I I 3 37.5 

' ---l,a.m. 7232.6· 73 li6. 5 / 301 59. 0 ' 228 02. 5 231 41. 5 3 39.0 
1,a.m. 68 03.6 

n '"'I sos 13. , I 228 02., 231 40. 0 3 37.6 
I ----

I 
3 38.3 

= s 87.9 . 

E. 
E. 
E. 
E. 
E. 

E. 
E. 
E. 
E. 
E. 
E. 

E. 

E. 
E. 

E. 

E. 
E. 

E. 

E. 

E. 

E. 
E. 

E. 

E. 

E. 
E. 

. E. 

E. 



 

Lebauou, Mo. 
J>oplar Bluff, Mo. 
Little Rock, Ark. 
Memphis, Tenn. 
Corinth, Mis&. 

UNITED STATES CO.AST A.ND GEODETIC SUl{VEY. 

Observations for De?lination-Contiuuell. 

CA VE CITY, KY. q1::=37° 10'.0. 

j

l ________ ICorrecteJ-. --T~t~-:-~~ng 
Date. z.D.G). 1

1
.Amnuth.; ofhor. 

i-- 1875.~ 1-0-1 ll_o_, I circle. 
1 

July 1, p.m. 62 20. 7 BO 51. 7 I 302 10. S 

I 1, p. m. 67 49. s 77 01. o i 305 oo. 4 : 

I I I ' 
' I i 2, u. m. Not obso

1
rved .. -- . : ......... -- . ! 

I 2, •. ID. 67 29. 9 i 77 24. 0 I 100 25. 4 

I •u. oon'I ""·' >ro.,.• 

North \ lifag. D.,~:lina- '1 ~;.';~f ' 
readM. i meridian t1on. 

j reads. i nm·th. ! 
1---1------1 
' , I 

I I 0 I II 

23 02. 5 i 29 01. 0 ' 5 58. 5 E. 

23 oa. 41 2s 53. o 5 49. tl E. : 

2s 01.1 I 
23 01.41 

28 56. 0 
29 00. 0 

5 54. l 
---

5 ll4. 9 

5 58. 0 

E. 

! E. 
E. 

23 00._7~1 ________ _ 

28 52. 0 : 5 51. 3 E. 
i---: 
I 5 54. 9 E. 
l====: 
t 5 54.51 E. 

N1CHOLASVILLE, RY. 4'=37° W.6. 

11 51. 41-1~ a-;,;-1· 2a1 15. 2 - rn6 s5.~i 160 2~~;:-·-;;9~-~T--;-:-
11 13. o 75 31. o 242 05. 4 166 34. 4 169 21. u I 2 47. 2 ' E. 

7,a.m. NotCJbse1rvotl ..... 1.-----··--·- 16(\ :35.0; 169 28.5: 2 53.5 E. 

7, p.m. 
1 

61 37. 91 8~ 23. 7 i 84 13. 3 l()(i 37. 0 169 19. 4 , 2 42. 4 E. 

7, p.r.n.' 69 30. 0 76 48. 5 ~ 89 47. 7 166 36. 2 169 25. 0 2 48. 8 i E. 

7, p. m.: 75 30. 8 I 72 28. 0 I 94 06. 511()() 34. 5 169 23.4 :_i_4'.::.:_i E. 

! I __ j ~48_. •_i __ E_. _ 

MAYSVILLE, RY. </>=38041'.0. 

i July 9, p. m. 52 42. 8 89 51. o ; 39 49. 6 ' 129 40. 6 1, 129 37. 6 l o 03. o [ W. i 

I 
9, p. rn 56 43. 1 

1 
86 43. 6 ' 42 58. 5 i 129 42. 1 ' 129 39. 4 i 0 02. 7 i W. 

I I 'i I i--" 
1 

I ! o_ir2.o_. w. 
m I Not observed .. - ........ -- . _ .. 

1

. 129 41. 3 , 129 45. 0 j O 03. 7 ; E. ! ; 1---. 
--- J - -- -- _______ I__ 000.4 E. 

HUNTINGTON, W. VA. q, =38° 27'.0. 

Ju;;~;: :.-:.1 ·-; ~~~~~~~;.-;-!-~~-;,; 1-- 9~ 34. o i 
13, a. m. i 72 29. 2 75 37. 4 ' 171 09. 4 ; 95 32. 0 · 

13. a. m.

1 

68 31. 2 i 78 32. o 
1 

174 03. 5 : 95 31. 5 

13. p.m. I 47 59. 4 I 94 24. o j 1 10. 9 I 95 34. u 

1875. 

-----·,-----!- --1 
96 24. 0 I 0 50. 0 i E. 

96 26.6 I 0 54.4 \ E. 

96 26.0 I o 54.5: E. 

[ o~.o) E. 

96 16. 0 : 0 41. 1 I E. 
1=: 
: 0 47. 0 I E. 

OBSERVATIONS FOR LOCAL TIME. 

STATIONS. 

409 

:Florence, Ala. 
Madiiwn, Ala. 
Cleveland, Tenn. 
Knoxyille, Tenn. 

Guthrie, K:y. 
Crofton, Ky. 
Evansville, lull. 
Portlanu, Ky. 

()ave City, Ky. 
Nichohtsville, Ky. 
Maysville, Ky. 
lluntingtou,.W. Va. 

S. Ex. 77----02 
Observer, F. E. HrLG.A.RD. 



 

410 UNlTI<JlJ STATEt-l COAST AND GEODETIC SUH.VEY. 

OHSERVATION8 1''0R LOCAJ, TIME . . 
MAmmTic l:'unvEY, 1875. 

LEBANON. MO. </> =:JT• 38'.0. 

Cor- Me11.n Timo h~· Ch1·ononrn. 1 

Date. ff'iCtNl time of chro- tM I 
Z.D.('). ObH'D. uometer. rorred,ion. ; 

_________ , 

1875. h.m. .. I h.1n. .. h.m. .. ! 
May 12, a. m.; 73 111.;, 6 2tl 35 7 29 39 : -1 03 04 

J2,a.m. GI ~2. 0 7 25 27 8 29 10 -1 (13 43 

12,p.m. i !IB 4:;, 7 
: 

5 03 34 ' 6 07 09 : -1 03 35 

12, p.rn. 74 23. l 5 32 20 6 ao o:i -1 03 4il 
' -------

___ ,, ________ 

l'OPLAR JILTJFF, MO. 1>=36° 45'. 

May 17,a.ru. 1 RO r<R. 7 ! fi 45 31 4 17 29 +1 28 02: 

17,p.m. 5045.2 33601 20751 +12810' 

LITTLE ROCK, ARK. </>=34° 46'. 

May 20, a. m. 58 48. 8 i 7 35 l6 
1 

7 45 57 '. -n JO 41*; 
l -~-----j 

MEMI'IIIS, 'l'E~'N. 1' =35n 13'.0. 

·-
i I 

Mar 24, p. m. : 61 06. 8 4 31 09: 4 31 02; +o 00 07 I 
I 

:.!4,p.m.' 67 40. 3 [j 03 3i ' 5 03 45 -0 00 08 

72 23. 6 ~2714~ 
! 

24, p. ru. 5 27 24 -0 00 10 

7 16 47 : 
I 

25,a..m. 62 08. ~ 7 17 M I -0 00 17 I 

! I 
---- -----· - ---·· ------·--·- -~-'-- -~-

CORINTH, MISS. q, = 340 57'. 

Mny 27, a. rn. 70 5o. 9 -I 63300! 6 27 19 f O C5 41 

27,a.m. 65 s1. 5 I 6 57 21 j f, 51 39' +o o5 42 

27, p.m. 6025.8
1 

42911/ 423301 +o 05 41 

27, p.rn. M 00. 7 ~ 4 47 19 I 4 41 35 ' +o os 44 
I I 

-· --- --- -

FJ,ORENCE, AI,A. </>=34o 47'.2. 

--- - -- ·---. 

1 
Mar:ro.p.m. 49 09. 0 : 3 35 00 3 26 DO I +00900! 

29,Ji.m. 58 20. 6 : 4 19 51 4 10 :.2 +o os r.n 
29,p.m, 62 35. 8 4 40 47 4 31 55 +o 08 .52 

~9,p. n1. G7 o:i. 8 ' 5 02 49 4 5355 : +o os 54 : 

_ ..... 

MAD180N, ALA . .P=34o 40'.6. 

May 31, a. m. ; 78 47. 0 5 52 01 
i 

5 39 2'J +o 12 39 i 
31,a.m. 66 31.1 6 5:3 50 : 6 41 08 I +o 12 32 

:n,p.m .. 64 29.2 i 4 :'j() 57 : 4 3Rl9 i -t-Q 12 ~ 

3ltp.m.: 69 54. 2 5 17 52 so:; 20 / +o 12 a~ 
j I 

CLEVELAND, TENN. <1>=35° 09'.9. 

Juno 2,p.m. · 59 W. l 

2,p.m. 64 03. 7 4- 50 11 

2, p. rn. 70 11. I 52037 1 5 00 42 +o 19 sri 
I 

17, p.m. 48 18. 2 :1 3~ 14 3 17 45 +o 20 w 
17, p. rn. 62 31. 3 4 48 15 : 4 27 44 +o 20 31 

lR, a.m. 61 08. 2 ! 7 19 49 ' 6 59 14 +o 20 35 

l~.a.m. 56 06. 7 7 44 30 7 24 01 +o 20 w 

• Cbi·onomet<ir •ct to warohmake1"e ti.mo a.t Little Book. 



 

ttNTTED STATES OOAS1' AND GEODETIC SURVEY. 

ObsenJa,tions fol' Loml Time-Oontimw<l. 

KKOXVIJ,J,E, TENN. f/>""ii!io fi6'. 

i Cor­
r('('kd 

i '/,,I>.(.\ 

1875. ! 0 

JUJIH 7, p.111. fi-l, 10 l 

7, l•- Ill. fi8 57." 
7, p. JU. 73 4~. {j 

J4, p. m. !i8 34. 4 

14, p. m. (j;:J 4H.1 

16, a.m, 7~ 48. r, 
rn, a.111. 72 O;"). 4 i 
16,a. Ill. I 67 38. 3 l 

I 

: llfo:m 
! ti111e of 

o\m'n. 

It. rn. R. 

4 :'3 40 ,, 17 ;,4 

5 42 2G 

4 28 18 
•4 M- 29 

5 48 24 
o 2a 2:1 

6 46 10 

'fiT11P hv ChrotHHIH'-
chro- · ter 

uomcter. cofl't'ction .. 

h.m. .. h.m. R. 

4 2!l :1:! rO ~4 OH 

4 ;1:1 ~>4 +o ~4 00 

~ 18 ~2 +o 24 04 

! 4 O:J 55 +o 24 23 
4 :w 1:i +o ~4 w 
[, ~4 08 +o u JG 
5 ;,9 o;; +o 24 20 

6 21 49 +o 24 :.ll 

GDTIIRIE, KY. <f> = 36° 30' .o. 

: i ,fntH• 21, p.n1. ' H ~5 O~ +o 11 :1c. 

I 

I 

21, p.ru. 3 57 :n +o 11 32 
21, p.m. ! 4 20 48 +o 11 3u 
23,a. m. ;, 48 20 5 36 34 +o u 46 

23, a. m. 6 05 28 +o 11 4H 

2'J, a. m. G 31 JU +o II 54 

CROFTON, KY. t1>=37o 02'.2 . 

• Jnne24, a.m. 78 18. 1 5 50 31 5 3D 59 +0103'2; 
24, a. m. 72 32. R 6 ~o 57 , G 10 24 +o rn s:i 
Z4, a. m.; U7 23. 9 6 47 37 

I 
6 37 00 +o 10 :17 

24.,p.m. fi!"'l 17. 8 4 14 57 4 04 34 +o 10 ~:1 

24,p.lll. I 61 00. 7 4 43 47 4 3:i 2[1 +o JO 22 : 
24, Jl.Ill: 69 15. 5 5 25 59 

I 
fi lfi 43 +o JO 1G 

EV ANS VILLE, IND. 4>=38° 00'.0 . 

• Tune 25, p. m. I I 
4 10 22 i 5417.5 1 4 00 25 i 

25,p.m. j 58 27. 2 4 a1 ar. ! 42140': 

26, a,. m.: 76 11. 1 60040
1 

55054\ 
2G, a.. ni.) 70 17. 7 6 31 56 6 2'2 04 

261 11.m. 61 34. 0 7 01 45 0 52 00 

PORTLAND, KY. 4>=380 16'.3" 

·-------· ~----
June30, p.m. 54 2ii. 8 i 41139' 3 36 2ll 

30,p.m. 60 16. 1 ' 44127i 4 06 19 

30, p.m. C638.91 5 14 26 ' 4 39 24 

July 1,a.m. 72 32.6 I G 21 26 I 5 46 11 I 

J,a.m. (l8 03. 0 H5 07 [ 6 09 46 : 
i "-----------

CAVE CITY, KY. 4>=370 10'.0. 

I 62 "0. 7 '11 July 1, p. m.; -
l,p.m.; 67 49.8 

2, a. Ill. I U7 29. 9 i 
_ _2.~:~l. L~~: 4 1 

4 lfJ 49 i 
!) lH 20 • 44 mi 
64935, 6 rn 20 I 
724091 6 49 50 1 

' +o 09 57 : 
+o 09 s; l 
+o IJ'J +u i 
-f--0 O!J 52 j 

+o 09 45) 

+o 3~ lo 
+o 35 08 

+o 35 02 
+o a; 15 

+o 35 21 

+o 33 28 

+o 33 23 

+o34lf>\ 
+o 3419 I 

NICHOLASVILLE, KY. 4>=37°00'.6. 

1 

July 7~,._--:.i:1-;~l~~ \ 
7, ... Ill. I 71 13. 0 I 
1, p.m. •

1 
61 au I 

7, p.w.

1 

00 ao. o 

1 
7, p. m. 75 30. ~ 

5 56 21 
6 31 32 :: 

5 17 21 i 
5 52 35 

4 08 54 

4 49 31 
11 21 06 

+<1 sn oo I 
+o 38 57 'i: 

+o as 58 4 47 521 
62827• 

600041 
+038561 
+o 3B 58 

411 



 

412 UNITED STATES COAST AND GEODETIO SURVEY. 

Plymouth, Mass. 
I1owell, Mass. 
Fitchburg-, Mass. 
Greenfield, MasR. 
North Adams, Mass. 

I 
Cor. I 

Date. t't•ctcid :Azinrnth. 

-----1 ~~J-·0-· I ---i 
1870. I 0 ' i 0 ' I 

July II, a.. rn. i G9 42. 9 : 78 07. 4 I 

11, a. m. ! G4 4a. 4 \ 82 19.:} 

II, a. m.1 GI 02. 71 85 26. 9 

I I 

Observations for Local .'l'-ime,-Oontinued. 

MAYSVILLE, KY. No observations for local time. 

HUNTINGTON. W. VA . .P=38° 27'.0. 

1875. h.m. •· ! h.1n. 8. 

.Tu1y 13, a. m. 7R 5'.1. 0 5 53 15 n 06 16 i +o 46 59 i 
I 

13, a. m. , 72 29. 2 : 

13,a.rn. 6R 31.2: 
i 

13, p.m.; 47 59. 4 ! 

6 27 15 ! 

6 48 04 
3 37 09 

1876. 

+o 47 OJ ! 54014i 
G 01 00 i +o 47 o4 l 
2 50 13 ! +046561 

OBSERVATIONS FOR DECLINATION. 

STATIONS. 

Bellows Fam,, Vt .. Hichmoncl Junction, Province of Quebec. 
Becancour, Provin~e of Quebec. 'Vhite Hiver Junction, Vt. 

Wdls Hiver, Vt. Saint Thomas, Produce of Quebec. 
l{i,iere-au-Loup-eu-bas, ProvinceofQuebec. Derby Line, Derby, Vt. 

191 12. 0 ' 
]!)5 2:t. 6 : 

198 29. 81 

Obscn'er, F. E. HILGA.RD. 

MAGNETIC SURVEY, 187(i. 

PLYMOUTH, MASS. •b=41°58'.0. 

North 
rnads. 

M ~·--~~ i Mean I LMark j Il l' E. or lj Date of 
~ . ar 1 zin.n~ I azimuth I aud ma~. 1 ~ l· W. of olJs'ne for 
rrnds. I of maik. I of mark. r meridian. ! n~twn. north. I declination. 

I~-, 1--
0
-, ,--

0 
,-1-

0 
-, 1--:, ~1 

113 04.6' 360 00.0 I 246 55.4 ,............ 257 52.6110 56.6 ! W. ['July 11,R.m. 
113 04.4 360 oo.o, 246 5.'i.6 1•••••••••••• 257 45.9 10 49.91 W. , 12, a.m. 
113 02. 9 360 oo. o 246 57. 1 

1

, 2'-0 56. o 257 54. o 110 _582] w. I 12, p. m. 

10 54.8
1 

w. I 
I,OWELL, MASS. <1>=42° 39'.0 

.Tuly 19, p. m, I 
20,a..m. 

20,a.m. 1 

75 01.6 I 7~· 28. 7 I 269 22. :! I 344 51. 0 I 101 44. 0 I 116 53. 0 I ' I I I 
74 02.6 

1 
76 :10.0 I 319 36.2 i 243 06.2 360 oo.o I 116 53.8 j·-·-···-·-·· 127 38.o 1 10 45.6 I W. July 19, a.m. 

iJ09.1! 7901.1! 33~~o3s3 .. o8 i,

1 

24306.3 36000.0 
1
n
1
6
6

53
5
'
2 

.. 7

61

• ... 
1
•
1
•
6 
•. 

5
•
3 
... 

3 
•• 12746.a 1063.o, w. 19,p.m. 

68 23 o : 81 20. 4 ""' 243 07. 4 1 360 oo. o \ 127 38. 3 ltl--4~1 W. I 20, "'m. 20,a.m.i 
. l _____ l ___ -'-------'-1 ___ _,__ __ --'-----'----- ·I.0--4-7._9-'-~w_.___,_I ___ _ 

FITCTIBURG, MASS. <1>=42o 35'.0 

July 21, p. m. I 70 59. 8 79 32.1 [i :,~ 02

18 

•.. 

6

s i,i 149 34.4 1~··--3-60-~~-l-21_0_25-. 6. j 
21, p.m. i 7:l 35. l 

1 
77 16.4 " 149 35.0 360 00 0 [ 210 2.5.0 

1 

22,a.m.: 7555.7 j 7522.1 I 22-155.9 14933.8

1

36000.0 21026.2 ••..••...•.. : 

22,".m-172 54.0 l,_7_8_tl_2._0..cl_2_2_7_3_5._2_,____1_49 33.2 360 00: ~0_: __ ~1~25~1 
GREENFIELD, MASS. <1>=42° 35'.0 

221 10.1 10 44. 21 
221 08.91~1· 

10 43. 6 

w. I July 22 .... 10. 

w. I 22.p.111-

w. 

·-------
,July 24. p. m. 

2',p.m. 
25,p.m. 
25,p.m.

1 

6759.1' 
70 24.1 ! 
68 17. I 
71 31. 8 

I 

83 OJ. 5 II 

80 M. 3 

83 03. 4 

80 12. 9•1 

353 53.51 
35C 01. 5 
353 49. 5 

356 41. 81 

76 55.0' 180 00.0 i 103 05.0 l·--··--··-··1: 
7655.s,I 1sooo.o: ioao4.2/···-········ 
10 52.9 180 oo.o 1 103 01.1 .......•.... 

76 54. 7 J 180 00. o _I 103 05. 3 103 05. 4 I 
113 35.8 10 29. 91 w. 
113 14. ll 10 09. 5 w. 
113 26. 8 10 21. 4 w. 
113 25. 3 10 19. 9 I' w. 

10 20.2 w. 

July 25, s. m. 
25, p. m. 
26, a.m. 
26, p.m. 



 

UNITED STATES OOAST AND GEODETIC SURVEY. 413 

I>ate. 
Cor- I I 

rected Azimuth. 
Z.D.G.• i 

- --~876. -·· -0--. -1--:-~ I 
Jnl.v 28, a. m. 82 06. 31 71 34. o i 

Aug. 

28, a. m. 77 29. 5 75 45. 6 · 

28, a. m. 75 21. 3 77 40. 0 i 

28 .... m. 72 fi7. 8 I 79 46. 9 . 

1.p.m.

1 

l,p.m. 

···1 
I 

63 31.2 i 
65 48.1 i 
. ., .. I 

su 57.s I 
87 50.3 i 
85 38.9 i 

I 

Observations for Declination-Coutii1ued. 

'Reading 
ofhor. 
circle. 

NORTH ADAMS, MASS. </>=42° 42'.0. 

Nortb 
reads. 

Mark 
reads. 

I 
i Azimuth 
1 ofmark. 

i~--i---
0 , I 

42 37. 9 i 

Mean 
aziurnth 
of mark. 

208 56. 1 i 
213 os. 2 I 
215 02." I 
217 10. 8 i 

137 22. 1 I 
137 22. 6 i 

1;0 od. o i 
180 00. 0 4237.4' ........... ... 

137 22. 5 : 180 00. 0 ' 42 37.5 : ........... . 

137 23. 9 180 00. 0 42 36. 1 : 42 37. 2 : 

------
BELLOWS l"ALLS, VT. </>=4:!0 09' . 

. ,------·---r 
232 48. 6 i 322 46. 1 ' 
234 55. 2 i 322 45. 5 : 

237 06. 51 322 45. 4 ' 

I 

360 00. 0 

360 00. 0 

360 00. o I 

I 

I 
37 13. 9 ;. 
37 H.5 · ......... . 

37 14. 6 37 14. 3 I 

I 
WHITE RIVER JUNCTIOX, VT. </> =430 41'. 

LMark \ Decli-

~~t~'i~\~~.. nation. 

E. or . 
W.of 
north. 

DRt-0 of 
o!Js'n• for 

<lecliuatiou. 

53 08. l 10 30. 9 : W. July 28, p. m. 
53 06. 3 10 29.} W. I 

53 09. 6 10 32. 4 w. 
1 10 30.H W. 

29, a.m. 
agt ]1. )lJ. 

48 23. 9 l1 09.6 i "\\-r. ; July 81, ru. 
48 24. 0 11 09. 7 : 

48 14. 7 l1 00. 4 ' 

w. 
w. 

31, J>.ru. 

i .Aug. l, a. m. 
1, p. m. 48 21. 611~7. 3 : w. 

1106.71 w. 
--~----

59 32. 0 II 

61 14. 3 

94 30. 5 i 162 16. 2 ' 256-46.7 !--;~o~:~ 103-1~.;r:~.-~.:: _: 1u rn.s: 11 oo.:i j w. !Aug. a a.m 

250 46. 8 i 360 oo. o 103 13. 2 I rn 19. 5 · l1 06. o , W. I -0: 11. m: 

Ang. 9, a. m. 

9,a.m. 
9,a.m. 
9, a. m. 

Aug. 10,p.m.I 
10,p.m. 

10,p,m. 
u .... m.

1

. 

11,a..m .. 

Aug. 16,a.m. 
16,a. m. 

16,a. m. 

H'I 
92 49. 2 ' 163 57. 6 ! 
91 04.0 i 16;; 41.9 ! 

i ! i 114 22. 8 I l1 09 3 W 

256 ~. O ,' 360 00. 0 ,' 103 14.1 

1

. 103 13. 5 , LH 19. O : 11 Oii. 5 I W. i 5, a. m. 

I I 
---~--

i ______ l ____ L _____ j____ 11 o5:a ·_w_~J--~~~~ 

57 32. 0 I 99 49. 5 
55 37. 5 101 57.1 

53 41. 91104 11. 7 
51 31. l 106 51.1 

6348.5 
66 15. 8 

68 43. 7 
68 46.6 

00 00.2 

94 22. 5 

91 51. 3 

89 22. 9 

:::I 

219 23. 4 i 
221 29. 9 I 

223 44. l ' 
226 24. 1 ·

1 
l 

262 24. 9 ! 

264 56. 0 ! 
267 25.1 ! 
266 20. o I 
Z1l9 07. 7 I 

I 

WELLS fIVEI~, VT. </>=44° 09'.0. 

119 33. 9 i 360 oo. o I 
119 32. 8 • 36(1 00. 0 i 
119 32. 41' 360 00. 0 i 
119 33. 0 360 00. 0 i 

~---1 

240 26.1 
240 27. 2 

240 27. 6 

240 27. 0 240 27. 0 

DERBY I.INE, DERBY, VT. </>=450 00'.0. 

~: :~: !T-::-:: ~ i--! ~!: ~-!- I 
356 48. o i 360 oo. o ! 3 12. o . I 
176 44. 8 I 180 00. 0 ; 3 15. 2 I .. -......... I 
176 44. " I 160 00. 0 ' 3 15. 5 i 3 13. () I 

I I I 

1 I 
252 21. 5 I 11 54. 5 1 w. I Aug. s. 

- ---- ----- - _______ 1 ____ 1 ------

I i----
16 31.<J 13 17. 4 1 W. l Ang. 12, a. m. 

16 32.G: 13 19.0 I W. J 12,p m. 

13 18. 2 j 
·---! 

I vr. 

RICHMOND JUNCTION, PROVINCE OE' QUE'UEC. </>=45°41'.j). 

78 53. 4 81 53, 4 
76 31. 6 84 16. 0 

73 51. 3 86 57.o 

333 31. 9 

335 54. 4 

338 36. 6 

I I 
30s 20. s I 16 59. s [ w. 
305 21. o I rn 59. 1 w. 

jlo 59.61 w. 

BECANCOU:R., PROVINCE OF QUEBEC. </>=460 22'.0. 

26.5 3~;-1180 -00. oT--;-7~ 28. ;r----~I I . 
265 32. 1 •180 00. 0 I 274 27. 9 i.... - .... --1 200 07. 8 I 15 40. l ! w. 
265 32.8 180 00.0 I 274 27.2 \ ............ 

1 
290 oo.o i 15 41.3 ,

1 

w. 
265 32. 6 I 180 00. 0 274 27. 4 \ 274 27. 7 \ 200 16. s I :: ::: : :: 

I 
i Ang. 15, a.m. I 15,p.m. 

I 

I 
J Ang. 17, p. m. 

I :~:= 
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UNITED STATES COAST AND GEODETIC SURVEY. 

Observations for Declination-Continued. 

SAINT THOMAS, PROVINCE OF QUEBEC, t/>=4fi0 59'.0. 

n11to. 
1
1 

Cor- I I Hnadini; North Mk T-~zimutli --~\~,~:- LMark /-·Decli j E.or I Dafoof 
1 

twted Azimuth' ofhor. 1 "'1r 1' 1. k azimuth and mag. I 
1 

t' - I \V. of obs'm1 for 
Z. D. C:). I ! circle. real 8" l'l'~U H. 0 mar - · of mark. moridiau. : Hl wn. / nortb. c1ecliuat,ion. 

1876. - -:-0-1 -: ~- ,
1

'----- - ------- 0 , I 0 , 1 ° .-=- , r---:-:--;·-1---- -
An~. 24,a.m., 7R 2!l.2 ! HG 17.0 30°7 4;,9 j 22! 28.9 

2

24

40

0 o
00
o •. 

0

o ,I 18 31.1 1·----·------ 36 24.0, 17 52.8' W. Au~. 34,p.m. 
24,a.m.I 75.M.3: 89 01.5' 310 30.4 l 2212il.9, lR 31.l : ............ ' 3r. 15.4 I '17 H 2' W. 25,a.m. 

24. a. m.11 73 10. 0 II 91 58. 3 \

11 

313 26. 9 II 221 28. 6 I 240 00. 0 

1

1 18 31. 4 18 31. 2 \ 36 24. 5 \ 17 53. 3 ' W. 25, p. m. 
I 1 

I i17so.1I w. 
I I I 

-~-----....--'---~------------------·--·----------~,---------

JU\'IERE-AU-LOUI'-EN-BAS, PROVINCE OF QUEBEC. 4>=47°51'.0. 

--~-------

67 59. 1 I 20 43. 6 1' w , I . i Aug. 28, a. m. 
I 

A n.i;t. 30, a. u1. i 
I I 

67 29. 4 I 102 11. 4 ~ 295 55. l I --193 43 ~:-~1~0. o • 47 163 

;m,a .. m.[ ,. ... , I 65 24. 3 : 104 46. 2 i 

63 19. 9 i 101 26. 6 I 
I I 

47 Jn. I • 

67 58.6; 20 42.5 i w. I 28,p.ru. 
67 47. 8 i 20 81. 71 W. 29. a. m. 

298 .la. 4 W3 H. 2 ; 241 00. 0 • 47 rn. 8 

301 10. 5 193 43. 9 j 241 00. 0 i 47 16. 1 

I 
! 

Plymouth, Masi'!. 
1,owell, 1\fass. 

-Fit.cllburg, Mass. 

I I 

67 59. 5 : 20 43. 4 j W. 29, p. m. 
67 48. 8 i 20 a2. 7 w. 3o, ... m. 

-~-----J 20 38.81 :· --------_____________ ! ______ _ 

1876. 

OHSERV A'.rIONS FOR DIP. 

STAT TONS. • 
Bellows Falll'l, Vt. Becancour, Province of Quebec. 
Whit,e Uirnr ,Junction, Vt. 
'VVlllls Hiver, Vt. 

Greenfield, Mass. 
North Adamil, Mass. 

Derby Une, Derby, Vt. 
Richu10111l Junction, P. Q. 

Saint Tbomas, Pro\·ince of Q11ehec. 
J~iviere-an-f,rmp-en-bas, Province of Quebec. 
B<lmouston, New Brunswick. 

Observer, F. E. IlILGARD. 

MAGNETIC SURVEY, ltl7(). 

PLYMOUTH, MASS. 

INoe•lle.I _ ~olarit~_n_ortb. __ -I _Polarity south. 

, j Circle E.1 W. I Mea.n. : Circle E_._ W. Mean. 
I I ' I 

1876 .. --, --· --~ -:-1-,-1~--~ 
,July 12, 11. m. : 73 44. 0 1 57. 5 1 50. 8 73 41. 0 57. 3 49. 2 

12. Jll_ I 2 73 45. o . 55. 5 1 50. 2 7:{ 45. 2 41. l 43. 1 
I 

Date. 

i 

LOWELL, MASS. 

Dip. 

73 50. 0 

73 46. 7 

73 48. 3 

i J11ly 19, ... nJ. 74 24. 5 : 14. 71 

I __ ·_11-1, -P-· •_n-'. - 2 ----~4-2~~1 ~-::J 
196 i 74 21. 71 

7425.01 

I 
13. 7 74 16. 8 ) 

22. 2 74 22. 1 I 
74 19. 3 . 

I 
! ,July 21, p. uL. 

I 22 1 a. m. 

21. 9 i 

i 
FlTCllBUUG, MASS. 

67.1 
7'..!. 5 

-:-- I I 73 !ll.O, 49.0 70.0 74 08.5 

73 81.21 58.5 69.9 I 74 11.2 

/7409.B 
·---'-----'-----· 



 

UNITED STATBS CO.AST AND GEODETIU SUIWEY. 

ObReniations for !Jip-( )ontinucd. 

GREENFIELD, MASS. 

Polarity north. 

Date. N eetlle .. 

1· l'olarit) Rottth. i 
1---~--~----- -----1 

1876. 

July 24, p. m. 
25, a. m. 

.July 28, •· m. : 

28, p.m. I 

I 

July 31, a. m. 
31, p.m. 

Circle E. 

73 74. 5 
73 7:.. 6 

w. 

45. 0 

!fea~I CirdH E. _:~ .... Mean. i_ ... 
\ 0 I I 

59. 8 i 73 82. 8 1. 57. 8 70. 3 
73 83. B M.O 68. 9 74 07. 1 . 

i14o6.l: 
' I 

NORTII ADAMS, .MASS. 

74 20. 5 ' w. () 24. 8 74 24. 8 04. 8 ! 14. 8 i 74 19. 8 ; 

7381.!J: 59.f> 70. 5: 74 22. ~ , OU. 0 11.1 i 74 10. ~ 

BELI,OWS .I>'ALLS, VT. 

74 3~. 0 
74 4~. 0 

WUITE RIVER JUNCTION, VT. 

18. 0 

18. 0 

, __ _ 
___ 1_~4 15~. 

33.8 74 29.;)' 

28. 0 74 29. ll i 

74 29. 7 

1-.. --.- .... , I 

I

• Ang. 4, a. m. i 75 21. 8 : 10. 0 : Hi. 11 , 7.5 22. o : 2n. 1 24. 4 . 75 20. 1 I 
___ 4_, _l'·_11J._ -~~~~:i 48. 2-~ 

53. 7 I 74 64. 2 : ::JO.~ 57. 3 74 55. 5 I 
: 

1
' I 75 07, 8 ! 

_...! __ _. _____ L ___ I 
WELLS RIVER, VT. 

I. Aug.-~~.-=~-!-- 75 49~-~~~i-1s 51.;i ao.s !41~aT 75110.8 1 

I I I l 

7,p.m.

1 

2 7550.5 :>o.s: 40.6, %49.5 1 34.2
1 

41.91 7541.2: 
I 8, a. m. 75 31. O 08. 5 : 19. 8 1 75 39. 8 I 12. 2 : 26. O \ 71\ 22. 91 
I 8, a.m. I 175 31.5: 10.0 I 20.sL) 75 27.8 1 u.o 19.4 i :: :~:: i 
-- --------~--~ .. -------- --- -------

DERBY LINE, DEHBY, VT . 

I I 
........ ....... 1---·----.-.. 

Aug. 11, a.. m. j 1r, r,0.2 41l. B 51. 5 75 G2. 2 4U. 0' f>fi 6 75 W.5 i 
I 

11, ... "'· 1 
7II 51. ~ ; 47. 2 49. 5 75 53. 8 

i 
49. 2 5.t. r, 7550.5i 

I 
\ : 

~ I 11, p.111. I 75 48. 5 ' 44. 0 46. 2 75 53. 0 

I 
49.0 

' 
5.1. 5 ,s 4o. s I 

11, p.m. 2 75 52. 2 46.8 i 4~. 5 7;, 53. 0 48. 0 i 50. 5; 7550.0i 

i I \ \755Lili 
---------- -

.1 .. I ' ........ ! 
.RICHMOND JUNCTION, PROVINCE OF QUEBEC. 

I Ang. 15, a. 111. 

I 
15, a. m. 

15, p.n1. 

15, p.m. 

L 
.... I 

.Aug. 17, p. m. 

17, l" m.; 
is, ... '"· I 
18 .... m. I 

2 

1 
2 

1 

2 

75 47. 0 
I 

39.0 i 43. 0 

7;, 45.0 40. 2 i 45. fl 

75 411. 5 100. r, ·120. 0 

75 47. ~ 47. 8 47. 8 

7560.21 46. 2 
75 53. 2 45.0 

76 03. ~ 133.8 
75 47. 2 43.5 

53. 2 i 75 48. 1 i 
49. 1 ! 7[l 47. ~ : 

I 
68.5! (1) i 
45. 4 , 75 46. 6 I 

17547.4 
i 

llECANCOlJH, l'ROVINCE OF QUJ<~BEC. 

I 
11 01. s j 

..T 
09. 0 l 76 53. 0 i 47. 0 ;;o. o 10.2 I 76 59. 5 

76 50.2 ! 49. 2 49.7 : 76 52.5 49.8: fil. 2 I 76 50. 5 
i I 

"~· i 
45.8 49. 4 I 76 00. 7 : 70. 21 63. 5 : 76 56. 4 

76 56. 0 48. 8 
52 41 76 54.0' 47'.5 50. s l 76 51. 6 

I 1----! 

J ___ I 76 54 5 I 
_ 1._·1 
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416 UNITED STA'rES UOAST AND GEODETIC SURVEY. 

Observations for .Dip-Continued. 

SAINT THOMAS, PROVIKCE OF QUEBEC . 

. - -----,-
1 -Polarit;-north.---1-~'~larity south. / 

Dato. Noedle.'- . , r--·---c-----------1 Dip. 

---~;~1~1 MeanJ Circle E. i ~1~[--~I 
: Aug. 23, p. m. :(,; o;, s 1 o;_ o i 03. 9 ! ;:, l~- o I 1~- 2 I 1~. 6 ! 7; o~. 71 

23,p.rn. '. 7710.0 06.3 ! 08.1 i 7711.5 07.U: Oll.3 I 77 08.7 
24, a. m. i 1 77 13. 5 JO. o i 11. 8 i 77 23. 8 19. 8 ! 21. 8 I 77 16. s 1 
24, a. m. ! 77 15. 2 I 10. 0 12 6 i 77 14. 0 11. 2 I 12. 6 1 77 12. 6 I 

I______ 1 

. I l ___ l 77 i1. 7 [ 

RIVIEitE-AD-LOlJP-EN·BAS, PROVINCE OF QUEBEC. 

I
/ Aug. 28, a. m. ------ 77 4;;-2~~~~4. 5 [i--77 ;6, Q ; RO. 2 / 33.1 I 77 33. 8 II 

28, a.. m. 1 2 I 77 35. 0 J 29. 2 ) 32. 1 I 77 31. 5 35. 2 i 33. 4 77 32. 8 

28,p.m. 7728.2\ 18.8' z3,5· 7737.5 37.2\ 37.L 7730.4/I 

I

I 28, p.ru. · 2 77 29.0 i 27.2 28.1 ! 77 32.0. 32.0 ! 32.0 / 77 30.0 / 

29, a. rn. 77 34. 8 27. 2 31. o 77 39. o 32. 8 . as. 9 : 77 33. s j 
2!1, a. m. 77 32. 8 31. 2 32. O 77 31. 5 29. 5 30. 5 j· 77 31. 2 j 
29, p. m. 1 77 35. 0 24. 0 i 29. 5 77 3<J. 0 , 34. 8 32. 4 77 31. 0 I 

2ll, p.m. 2 77 32.5 28.0 I 30.2, 77 30.8 30.0 30.41~1 

----- _______ I __ J~ ___________ l__:~i 
EDMONSTON, NEW BRUNSWICK, 

1876. 

OBSERVATIONS. FORl!HORIZON'.l'AL INTENSITY. 

STATIONS. 

Plymouth, Mass. 
Lowell, Mass. 
Fitcltlmrg, Mass. 
Greenfield, .l\lass. 
North Adams, Mass. 

Bellows Falls, Vt. 
White Itiver Junction, Vt. 
'\Velis River, Vt. 
Derby Jjne, Derby, Vt. 
Hichmond Junction, P. Q. 

Becancour, Province of Quebec. 
Saint Thomas, Province of Quebec. 
Hiviere-au-LoLip-en-bas, Province of Quebec. 
Edmonston, New Brunswick. 

Observer, F. E. H~LG.A.RD. 

Hcduction for temperature to be applied to the observed time of 120 vibrations of the eolli· 
mat-0r magnet. 

In Schott's garden, Washington, D. C., the. followiI1g observations were made: 
I. March !!5, 1873.-Mean of two observations, T=468.6155; t=370,35 F. 

II. March 30, 1873.-1\fean of two observations, T=471.4685; t=740.50 F. 
At that time the horizontal intensity was decreasing, consequently the time of 120 vibrations 

was increasing, the rate of increase being 0•.00646 per day. Referring I to the date of II .we 
ol>tain the following data for March 30: 

0 

T=468.6478; t=37.35. 
T=471.4685; t=7l.5f), 

AT= 2.8207; At=37.15. 



 

or, 

UNITED STATES COAST AND GEODETIC SUIWEY. 

The difference JT being a function of T2 and of Jt, we assnme­
JT=,JtT2, 

-=~~=0.00000034~~72; 
JT=0.00000034372 T2

, Jt being=l ° F. 

417 

By this formula the following table was computed by substituting for T the values gin•u in 
. tbe first and third coltunus. 

The correction is =AT (to-600 F.): 

Dnt.r. Tim~. 

1876. I h.f1h 

July 12 I 
I 

8 42 a.m. 
12 : 9 45 a.m. 
12 9 08 a.m. 
12 5 36p.ru. : 
IQ , 5 r~ p.m . 

' I 
''.rime of i 
120Yibra- i a l1. 

tions. 

Time of, 
12Uvibra-' J.T. I 

tions. 

-~1-- -~---~· 

~o I o. ;~59 ~s o. ;~32 
501 I o. 0884 i 555 

514 I o. 0901 :I 502 

0.1059 

0.1066 

0.1113 520 i o. 0929 i 569 

52i I o. 0955 : 576 o. 1140 

534 I 0. 0980 I 583 0. 1168 I 

541 ! 0.1006 : 590 0.1190 i 
I ' 

OBSERVATIONS FOR IN'rEXSITY. 

}iAmrnTIC SURYEY, 1876. 

PLYMOUTH, MASS. 
- -~---i --;---------i--------·----
' : ! Time of 120 vi hr a- : 
': Time of ! tions. i 

Rt·d'u to 
Temp. l:!~~~~~a-, 600 F. --------·----------

! Cor- .',v"'t"lni- . Relath~e. Absolute.' i reck<l.. i 1g o . , 

~=l'u' - ..... 
-3. 492 , 527.185 I 
-2. 352 I 527. rn1 
-3. 087 ! 5'10. 470 

H. 

0 .. 
91. 5 ', 531. 361 

! 
96.0 530. 677 

84. 5 529. 543 
91.5 533. 5fi7 I 

91. 5 533. 384 ! -a. os7 I 53o. 297 I 
... ___ J ___ _L __ --- ~18.6896_1~~828~ ~~8~~~1=~~544; 

LOWELI,, MASS. 

I July 19 [ 7 27 a.m. J 93. O [ 539. 645 -3. 300 f 536. 345 i , 

I 

19 I 7 58 a.m. [ 94. O 1 540. 078 -3.400 ; 536. 678 I 
1

• \ ' 

19 j 5 30p m I 92 O I 539 978 -3. 200 i 536. 778 1 I • 

___ J_ _____ ·_· l __ ~J __ · --- ----- ~~~~1J~io.78003i-3,(40 I 

22 i ' 
I Jnly I 

I . I 
7 42 a.m. I 

:~I 
8 02a.m. 1 

3 4Jp.m. / 
2<) i 4 16p.m. r •1 

I I 
I, 

July 251 7 23 a.m. 
25 7 46 a.m. 

261 9 46a.m. 
26 I 11) 06 ... m. 

i 
S. Ex. 77-5.3 

78. 0 
79. 0 

80.0 

80. 0 

76.0 
77.0 
84.0 
83. 5 

FITCHBURG, MASS. 

534.278 

534. 812 

534. 345 
533. 744 

' -1. 764 ! 532. 514 

-1. 862 ; 532. 950 

-1. 960 : 532. $85 I 
-1. ooo : 531. 784 1 , I 

.. 1532.408'J-\ 470.8i5:D.80iil1-3.4951 

GREENFIELD, :MA.SS. 

533. 2771 
533. 377 i 

534. 061 '1 

1534.3,5 

i 

-1.5681531.709 j ____ i __ _ 
-1. 666 I oai. 111 1· t' I 
-2. 352 \ 531. 7e9 ' \ 

-2. ooa /' 532. 042 I I I 
53L7928/476.82s;f0:-80397

1 
s. 503 _I 



 

418 UNlTEI> S'1'ATE8 UOAST AND GEODE'!'(() 8Ulfflff. 

OlJscrratfons for Intensity-Continued. 

NORTH ADAMS, MASS. 

I ' , 

I 
' Time or120 Yibr>t· i 
1 ttons. IL 

lhte. Time. ~Temp. 
Time of R•l'n to ... 

120.'tibra-, 6' 0(0 J•'. --------- I 
t10us. 1 ; 

July 21' 3 16p.m. 

July 

Ang. 

21' 3 31 p.m. 
28 :1 46p.rn. 

29 
1 

7 Hi a.m. 

29 9 41 a.m 
29 ; 10 OG a.m. 

31 3 05p.m. 

31 'W•m I I 9 05 a.m. 

-~-----· 

I
' Aug. 3, 

31 

3f 
al 
s[ 

._ ___ __J 

tJ 4j [LJU. 

7 05 a.m. 
5 05p.m. 

5 24 p.m. 

7 50 a.m. I 

l~u~. ! ,I: 0 15 a.m. / 
<" 9 35 a.nl. 

8 ~ 6 15 p.m. l 
8 

1 

6 3.5p.m.

1 

Cor- .'Va.sh- :Rel:iti,c. !..A.bsolutt•.1 
1 

rC'cted. 1ngton. : : 
___ l _____ i 

fl_ 8. 

7t.. (} 5:33. 361 -1. 764 ; 531. 597 

rn. 0 5:J3. 5H -1. 86~ 531. 68~ 
80. () 

68-0 

73. 0 

7.>. 0 

82. 0 

82. 0 

76. 0 , 

I 

53:1. 061 
fiill, 7H4 

533. :J44 

53'.!. 877 

-1. 960 5:ll. 101 

-0. 7711 531. 018 II 

-1. 274- I 53}. 070 

-1. 470: 531~---______ ! 
I 531. 3125 476. B:!S!> 0. so;>-12 
I 

BELLOWS FALLS, VT. 

538. 945 

538. 828 

538. 578 

-2. 200 i 536. 7 45 ·---i-·----,-- -1 
-2. 200 ; 536. 628 i i 
-1. 600 I 536. 978 I i I 

i 53a:78371 476:_'.1~~~ ! o. 1soo9 J _3. 43~ 
WHITE RIVER ,TGXCTION, YT. 

65. 5 ; 
~ 0 I 10. ,. 

81.0 

82. 0 i 
78. 0 i 

I 

547. 296 

548.179 : 

550. 371 i 
5.~Q. 513 I 

550. 470 ' 

' 
-0. 566 i 546. 730 

-1. 032 f 5H. l47 

-2. 18411 
548. 187 

-2. 288 548. 2'25 

-1. 872 I 54R. 607 
!---;--. -'------. 

-·-- j 547. 77~ ! 476. R~S5 0. 768!1:~ 3. ~-18 1 

WELLS RIVER, VT. 

7~~;r 554. ;;t--1. 688 i 552. 608 1---i----,------1 
78. 0 : 553. ii9 -1. 899 I 55L 880 . I 
76. 0 i 552. 946 ! -1. 680 i 551. 206 i 
74. () I 553.179 -1. 470 ! 551. 709 i I I i 

I /551:8658j 476. s~J_o. 746:J~ i _ a. 2r>11 I 
DERBY J,J>;E, DERBY, VT. 

I 
Aug. 12 i 9 4:; a.n1. I 79. O 1· 564. 080 1-2. Oil 562. 009 

12 i 10 05 a.m. I 82. 0 563. 530 -2. 398 WL 132 

121 5 05 p.m. 86. O I 56Ul80 -2. 834 56L 846 

12 5 25 p.m. 8-0. O 564. 5471-2. 834 5Gl. 713 J 
1 

___ j ________ / _______ _I 561. 6750 _ 476.~285 I ~~o~ j-=-:1. ao · 

IlICIHIOND JUNCTION, PROVINCE OF QUEBEC. 

Aug~--;.15-a.m. 74.01557.703! -1.498!556.2651 - · I 
15 / 7 35 a.m. 74. 0 ! 558. 463 I -1. 4981 556. 965 II 

1515 05 p.m. 78. 0 I 558. 3131 -1. 930 j~ -----------

·---~----~-~--'----

• ' I 556. 537i 1476. 8285 o. 73400 i 3. UIS 

IlECANCOUR STATION, PROVINCE OF QUEBEC. 

-~u;.;r 5 35p.m. 

17

1 

5 55p.m. 

18 7 05 a.m. 
18 7 25 a.m. 

I 

72.0 I 581..0151 -1.3921579.623 I -i---1~---1 
72. 0 1· 581. 081 i. -L 392 579.689 I i I 
74. o 581. 031 i -1. 624 579. 4-07 I 
78.0 581.265 f -2.088 579)77 _____ 1 ___ : 

I 579. 47«> 1476. 82851 o. 67711 I 2. 950 : 
-~-~---~ 



 

UNITED STA.TES OOAST AND GEODETlU SUHVEY. 

Observations for Intensity-Continued. 

SAINT THOMAS, PROVINCE OF Ql!IWEC. 

--- -~-i----- ·, Time of 120 T"ihra- j 
. tions. 1 

II. 
1 Tim.e of ; Retl'n to 1 i , 

Dato. '1 Time. i Temp. 120v1hra- 600 }'. · ·----,----1 
I · tions. i i Cor· : Wash- : . ~ : 
: . I I ·

1 
rected. 1 in ton. : Relative. Absolute., 

i I I i : I g I I I 
·-·-~-1-----,----- - --·---·---·----,---~~----

1876. h. m. c. I •· i I I 
Aug. 24 5 05 p.m. 

1 
75. O 589. 6:£~ i -I. 794 ! 587. 838 I 

2-i , 5 2!'1 p.m. i i5. o 589 316 1 -i. 1ss : 5s1. 52s I 
25 i 8 Of> a.m. I 70. O j 590: 349 II -1.196 : 589. 153 I 
25 . 8 25 a.m. I 71). 0 ' 590. 349 -J. 196 : 589. 153 I 

---------.---
··--------·------- ------ -~---: ~88.4180 ~76.828.5_'._~.656~1. 2.861-

I I 
' Aug. 28 j 

28 : 
I 

29 

29 I 

mvr.EitE DU-LOUP·EX·DAS, 1.PROVINCE Ol" QUEBEC. 

i 
5 25p.m. i 

545p.m.! 

7 05a.ru. : 

7 25a.m. 1 

60. 0 I 595. 767 ; 0. 000 I 595. 767 I 
5~. o i 596. 600 I +o. 122 '. s96. 122 
58. o j 595. soo • + o. 244 i 595. 834 I 

29\ U05a.m. 

5u. o 596. 350 +o. 122 ; 596. 472 .

1 

I 
02.0 I 596.117 -0.2« ! 595.s:::_. ___ 

1 
_____ _ 

----------'--! ------'----' 596.13~476. 8285 I 0. 6397~: ~ 7~8 i 

I .Aug. 31 

1 31 

EDMONSTIB<, NEW TIRL'NSWICK. 

8 15 a.m. . 60. 0 593. 510 I 0. 000 1593 510 I i I Ii 

5 05 p.m. 

1

j 64. o 594. 65o·i' -0. 486 I 594.164* , ___ : ______ I 
··----·----- -~I --~----- I 593. 7280 1476. 8285 ii 0. 644981 2. 810 I 

1876. 

GE~NJGRAL HESULTS. 

STATIONS. 
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Plymouth, Mass. 
Lowell, l\fasR. 
Fitchburg, Mass. 
Greenfield, Mass. 
North Adams, Mass. 

Bellows Falls, Vt. 
White River Junctiou~ Vt. 
\Velis Hi>er, Vt. 

Richmoud J n11ctiou, Province of Quebec. 
Becancour, Province of Quebec. 

I 
I 

Derby, Vt. 
Saint Thomas, Proviuce of Quebec. 
Riviere-du-Loup-en-bas, Province of Quebec. 
Edmonston, New Brunswick. 

Observer,];'. E. HILGARD. 

MAGN~:TIC SURVEY, 1876. 

PLYMOUTH, MASS. 

I Timc of 120 vibrations. ! . I 
Dat-0. Declina- Dip. I ~ff~~~: I tion. 

At- ~t Waah-1 sity. I 
• mgtcn. . ~-:·---·-1 11876. 0 ' 0 ' 8. 

8. I July 12 10 56. 6 w. 73 50. 0 528. 30 

10 49.9W. 73 46. 7 527.18 

10 58.0 w. \············ 527.191 476. 83 ! 
530. 47 
530. 30 

lO 54. s w. /--r.i 48:3 528. 69 i ............ ---
3.5H 

I 
*To this observation the weight l is to be given.-L, 



 

420 U.NITED STATES COAtlT AND GEODE'rlO SURVEY. 

llate. 

General Results-Continued. 

Declina­
tion. 

LOWELL, MASS. 

j Time of 120 vibrations. Horizon- ; 

I 'talillfolJ.: 
At-. i A.t Waeh- I' sity. 

Dip. 

, ________ 1 mgton. 
1 
__ , __ i 

1876. __ i_O ____ l 0 , 8. ·- I I 

Jul,· 19 10 fa 6 W. i 74 16. 6 ' 536. 34 ! 
10 53. 0 w.: 74 22. l 536. 08 

' Jn1y 22 

10 45. 0w.1 ...... ------ 536. 78 476. 83 i 
----'--------·---------' 
, 10 47. 9 w. I 74 19. 3 536.60 : ___________ _ 

FITCilllURG, MASS. 

I 
1044.2W.' 

10 43.0W. 

74 08. 5 ! 

74 11.2 i 
532. 51 

532. 91 i 
os2. 38 476. sa I 

, 531. 1s I 

3. 440 : 

______ 1~~s:~v. 74 09.s '---S32.4Ql~~l:i:4!i5 
GREENJ<'IELD, MASS. 

~-·------------ ---, 
July25 l02'J.9W .. 7405.l; 531.711 

i 10 09.5 w. 74 07.l i 531. 11 / 

1
1021.4w.f··-·······--I :3r.n

1 

476.sa: 

1 10 19. 9 W. ; ............ I 032. Oi, ------------,----
: lU 20.2W. 74 06.1 :>31.70 !··········--: 3. 503 i 

NOitTH .A.DAMS, MA.SS. 

0 !July28,l030.9W.1 7419.S 531.601 

j i lo 29. i w. I 74 10. s oa1. os I 
I 1 I I 

I
I , 0324W.'........... 531.101 47683 I 531. 02 , 

1 _____ 1 _____ _J~::~: ! ______ _ 
I 10 30. 8-W. i 74 15. 3 531. 31 i ..... ····- 3. 509 
I : ---- ---- I_ 

BELLOWS I•'AI,LS. VT. 

, July 31 ' 11 o<J. 6 w. l 74 29. 5 536. 75 
u oo. 7 w. j 74 29. 9 536. 63 . 

\ AUJ. 

I 

11 oo. 4 w.1 ..... -____ .. s;io. 98 476. ss , , 

ll 01. a w. I · · i 

--:--------1 ! u !16. 1 w_ ! 74 29. 7 536. 79 ··---- ______ 
1 

a. 438 
1 

WHITE RIVER JUNCTION, VT. 

i i 
3 I 11 00. 3 W. : 

, I 
11 00.0W.: 

75 20. 1 ' 

74 55.5 

546. 73 

547.15 

111 05. 5 w. i ... -.. •. . . .. 548. 19 476. 83 

: 1109.3 w. !...... ...... 548. 22 

i I 548.61 , .---------------------111 os. a w.
1 

75 01. R i 547. 78 ' a. 348 

---· --

WELLS RIVER, VT. 

11 54- 5 w. 75 39. 8 i 552.61 I 
75 41. 2 i 551. 88 

75 22. 1l ! 551. 27 476. SJ ' I , 
75 20. 1 i 531. 71 ! __ _ 
~3~(l_L __ 551.87 -----·······t 3.253 / 1154.5 w. 



 

UNI'l'ED STATES COAST AND GEODETIC SUH.VEY. 

General Results-Continued. 

DEltlJY LINE, DERBY, VT. 

, Time of 120 vibrations. 1

: 

Horizon-' 
Date. 

De:clina­
tion. Dip. tal inten-

A t -. AtWasb. sity. 
' ington. i 

···--- ·-----

1876. 0 , 8. 8. 

Ang. 12 13 17.4 w.' 75 53. ti 5G2. 01 

13 19.0W.', 75 50. !) 561.13 

75 49. 8 !i61. R5 I 470. ~3 

i5 50. 0 561. 71 
--------·-------------· 
l;l 18.2 w. 75 01. 0 [>61. 67 •••••••••••• 

----·-··--·------ ----------

RICHMOND JUNCTION, l'lmVINCE OF Q'(;EBEC. 
-------~-~----------

Aug. 15 16 59. 5 W. 
16 59. 7 w. 

75 4A. l 

7.5 47. 4 

556. 27 

556. 96 I 

556. 38 476. R3 

3.140 

J659.6W. 7547.7, 556.541 •••••••••••• , 3.198 
i 

l3ECANCOUR, PRO'nNCE OF QUEJ!Ec. 

Aug. 18 15 40. 1 \\'. 

1.5 41.3 w. 
76 59. 5 

76 50. 5 

579. 62 

579. 69 

' 15 49. 1 w. 76 56. 4 579. 41 : 476. 83 ' 

I 76 51.fi j 579.18 
1---------·----------

1543.5 W. 7654.5' b79.47 ······-·----' 2.950 

SAINT THOMAS, l'ltoYINCE OF QUEBEC. 

i Ang. 2\1i17 52.8 W.: 

17«.zw.: 
77 08. 7 ! i 587. 84 : 

77 08. 7 '. 587.53 ': 

17 53. 3 w. I 77 16. 8 I 5il9. 151! 
77 12. 6 589. 15 

i 

476. 83 i 

--------.---,------
17 50.1 w. 77 11. 7 '. 588.42 i ........ -. -- ', 2. 801 

! 

RIVIERE-DU-LOUP-EN-BAS, PROVINCE OF QFEBEC. 
-----------------

Au~. 28 20 43. 0 W. 
20 42.5W.' 

20 a1. 7 w.1 
20 43.4 w.: 
20a2.1 w. / 

77 3!).8 

7i 32. 8 
7i 30.4 

7i 30.0 
77 33. 5 

77 31.2 
I 77 31. 0 

____ \ __ 1_1_3_0_. a_ 

1

2038.sw.i 
'--------

77 31. 6 

595. i7 

596. 72 

5&5. 83 

596.47 

476. 83 I 

595. 87 j 

: I, I 

1

----i-- I 
596. l~L_:_:_·~~·~j__ 2. 78R J 

EllMQ,_~STON, NEW llRUNSWICK. 
. '----~-----1-·~--·--;---

: Aug. 31 j ............ i 77 2'2.6 1 5113.51: 

i 1 ; 11 10.2 i •59i1.16 476.83 i 

1

1,' 1· ' 77 20.611 : i 7713.7 ; 
----1----~------

~--~----------~~aJ ___ 593.73 ............. 2.810 

*To thio observation the wcii.:ht ! io to be given. 
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422 UNITED ST.A.TES UOA.ST AND GEODETIC sun.VEY. 

SCMM.ARY OF REST/LTS, 1871 TO 18i6. 

No. 
Station. I Lat. • Long. I oe~:~:t\'~u. I Declinat~nJ Dip. }"~i!·ity./.-----N-"o_t_e_•_•_•_to_l_oc_"_'l-it_y_,_&_-o_. ___ _ 

-----·-- i-.-.,-,---- I i 0 , I 0 , i . I 
Cu!umbus,Ohio ..•••.. :. 3958 83 ou :1871,Nov.18

1 
East 112.81;" •.....•.. I,...... Stat<!-housegrounds. 

I to 20. I I 
: J:iehmoml, Intl. ....•. I 39 50 

3 ' N•·w Albany. Ind .•.. / 38 20 

Ed;::;cfield,Tt•n1L ...... 3615 

Corinth, Miss ......... 34 :iO 

61 ' Oxfo1d 1 Miss. - ..... . 34 22 

62 ...••• tlo ............ . 34 22 

33 47 7 ' Grenada, Miss .•... 
i 
I 

Magnolia Ba...,, La ... -: 29 32 

9 New Otluans,La.: I 

10 

12 

City Park 8U\tion .. j' 29 57 
}~airGronmls stat•n' 29 57 

I 
South West Pass, La .. 28 59 

Osgood'sl~faml,La ... 
1

2011 

Avery's Island, La .... 20 55 

. I 
13 Braslwar City, La ...... 29. 41 

14 Baton Rouge. La ...... 
1 

30 26 

Grnud }~con', La ...... . 31 48 

16 Shre\'<JIOH, La ........ , 32 30 

! 
li Lm1~iew, Tex ....... ' 32 29 

.. I .... , ... ,," .......... : ,, ,, 
9 N ~tchcz, .Mios . . . • . . . . 31 34 

20 Vicksburg, MisN ........ 32 21 

21 I Monroe, I.a . .•• • .. 32 29 
2~ 1 

Jacksou, Miss ........ , 32 19 

23 Memphis, Tenu ...... -135 09 
24 Golc<mda, Ill ..•....•.. j 37 23 

...... do ............... 137 23 

25 Cairo, Ill ............... 37 00 
261 Saint Louis, lfo ..•••.. / 38 38 

8; 50 j 1871, Nov. U East 3 16. 1 / 71 26. 6 /······ ... .' In tlie garden of Dr. Plnmm 0 r, No. 31 :Front 

85 47 

1

1

11871, Nov. 28 I 70 21. 9 ! 4. 4661 o:~;ill on Paola roatl, in D<'gTO grave-yard. 

/ / / Sandstone formation. 
BG 46 11 1871, Dec. 1 East o O~. O i ITT 10. 7 ·, 4. 478 . In middle of SW. quarter of groun•ls in front 

I f I / of Settlo's estate, now St . .A.lbau's. 

88 35 ! 18'1, Dec. East 5 49. 9 i 65 M. O I 5. 248 I On low ground, in an in closed pasture N'V. 

I I / of junction, between ol<l fort•. 
89 32 f 1871, Dec. ~4 ......... · 16.'> 03. 4 5 •. 444

1 

On flat hill top (ba.e-ball grounds) son th of 
/ campue of uniYersity. 

89 3~ I 1872, May 15 65 05. 3 I o. 4()8 i Do. . 
89 50 I 1872, ~far. 20 East. 6 25. I 1

1 64 24. 0 [ 5. 510 ii NW. of t-Own, beyond sand rnvme•, SE. of 

) . ' J.S.Ladd'sproperty. 
eo 47 11872, Jan. w EaRt 6 46. s 1

1 
50 23. 51 5. 977 I '.l.'his is the Magnolia Baao of the u. s. C<last 

I 1 I Survey. 

90 03 ' 1872, ab. 12 East 6 39. 8 I ;;9 4:l 5 l 5. 959 i City Park. 
900:1J1872, Feb. H Ea•t 6 39.5 j 59 4S. 6 !----------/.Fair grounds, "Wet.fasture." 
'9 23 1872, Mar. 2 East 6 05. 4 i 58 4C.. 5 ! 6. 209 1· On islan<l west of Stake I'd, about fom feet 

I above water. [Result at sccornl station 

I 
j doubtful.] 

89 05 1872, Mar. 5 East G 10. 7 . 59 01. 2 6. 0681 Island is the-property of George Osgood, antl 
is SE. by E. of Pass a l'Ontre Ligh•.Ilousc. 

91 45 : 1872, 1Iar. 15 Ea•t 7 19. 7 / 59 26. 4 6. 012 Island is 6 or 7 miles SW. of New Iberia. 
· ! Station S.E. of mnnsion1 marked by a qunrtz 

Ul 14 1872, Mar. 23 East 6 53. 1 59 16. 3 

91 12 1872, .Apr. 4 Enat 6 59. 5 60 20 

93 01 , 1sn, A pr. Io East 7 52. 4 j 61 27. 2 

i 
I 

93 45 11872, Apr. 14 East 8 00.1 62 04.4 

! 
94 34 

1 
1872, Apr. 15 EMt 8 37. 8 61 57. 6 

92 27 1.,72, Apr. 17 East 7 43. O 60 53. 0 

91 24 1872, .A.pr. 22 

90 53 1872, Apr. 24 

92 08 1872, .A.J•t. 26 
90 12 1872, Apr. 28 

00 03 I 1872, May 21 
88 S5 

88 2:; 

89 10 
90 12 

1871, Aug. 31 
to Oct.13 . 

1872,June 6 

1872, .June 22 
1872, J'une 24 

to July 9. 

East 7 14. 8 

East 7 'l7. 2 

East 7 35.5 

East 7 20. 5 

-·-···----------
................... 

East 6 05. 8 

East 6 35. 2 

61 26. 7 

62 28. 4 

65 37. 5 

68 03.1 

67 55. 9 

67 41. a 
69 34.4 

I stone . 
6. 093 N ortb of town a few blocks above R.R. depot. 

I Station in old earthworks. 
6. 008 l Station is on a mound south of college, mar keel 

/ bJ' a marble rock. 
5. 901 i Station mark~d by a flagstone in a semieir­

l cular breast-work in front of Dr. J. S. Col­
, lier1s hotel. 

5. 800 I On river front of Jones Hill, lower end, 
i marked by a sandstone. 

5. 790 ' Jn an open space north of depot, marked b_v 

a dark-coloroo sandstone . 
5. 965 In "Irwin's pastnre," in rear of Catholic 

church, mArked by " briek stone set. into 

the levee. 
5. 874 On bluff at north end of town, opposite Jew­

ish burying ground. 
5. 749 On Castle Hill, south end of bluff. east of 

8Chool-house, and marked by a brlok stonll. 
5. 778 
5. 665 On a bald spot, in rear of Free School, NE. of 

State-house. · 
5.296 

4.885 
,_ 914 

4. 007 ' First station on the premises of Julius Pitz· 
man, 1900 S. Compton avenue . 

... . . .<lo ............................... 1872, Nov. U .. . . .. .. . . .. .. . . . . .. .. .. . . 4. 651 Do. 
2&2 

•••••• do • .. • • • • • • . • • • • • . • • • • • • . • .. • • • • . 1872, J nly 12 Ea.st 6 48. 9 . . • . • . • • • • • ••••••••• Second et-ation in street ~oining pjtcman 's 

field. In meridian of the llrst ~on. 
26' .•.•• .<lo ...... - . - . . . • . ••• • • • . . • . • • • • • • 1872, Aug. S East 6 39. 9 . • . • • . . . .. . . . . . • •••• Third station is in empty lot, ab<mt7,000 f<li!t 

to .A.ng.10. south and 5.000 feet west ofcourt-ltouee. 
NOT!!. -Slight changes hM·o been made in the geographieal positions of stations marked with an asterisk (') In <>ril<n" t<1 ....i.e them 

conform to the revised positions given in Assistant Sehott's paper, Appendix No, 13. 
t Mean of two results adopted. 
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Bunnnary of Besulls, 1871 to 1876-Coutinued. 

-·~ -~-·-·~~--~-- ·--------

Station. LBt. i Loni!- Dat<Jof 
ocett}lation. 

! 
Declination. n· I Hor. 'P· 'intensity. 

I 0 , 

27 I Duhnque1 Iowa····-··! 4~ 30" 

I I 
28 ii Wonona, Ill ..•....... 141 05 

29 ! Macou, Ill . . . .. . . . 39 42 

30 Iligliland, Ill ..... .. 38 45 

31 llcnoanu, Mo ......... ;is 4~ 

32 Sodalia, Mo ........... 138 42 

33 Kam;as.City, }lo .•...• 
1 

39 Ofi 

34 ManJ1aUau, Kans .... : 39 l~ 
35 Ellia,Kans .•.......•.. ; 38' 50 

36 Salina, K"us .......... i :m 30 
37 \\'allaeo, Kan• ........ \ 38 55 

38 Denwr, Colo ........ ·1 39 45 

39 Pue!Jlo, Colo .......... i 38 12 

40 C~eycnn~, Wyo ....... 141 05 
41 Sidney, Nebr ........ 41 08 
42 Nort.h Platt<J,Nehr ... 141 11 

43 Grand Ishmd, Nel1r ... 40 55 

44 Omaha, Nebr ......... 141 16 
45 Des Moines, Iowa. .. ··' 41 35 

I 
46 Martinshurg, W. Va .. i 30 27 

. 47 I Strasburg, Va ........ 38 58 

48'1 Cnlpeper, Va ........ 38 28 

I • 
49 I Charlott<Js'l'ille. Vn . .. 38 01 

I I 
50 

1

1 Lynchburg, Ya _____ --l 37 25 

i 
51 Burkeville, Va ........ 137 13 

52 Danville, Va .......... 36 37 

53 1 Greensboro', N.C ·---136 o4 

54• Salisbury, N. C ....... , 35 40 

55 Charlott.e, N. C ........ ! 35 l4 

I 
56* Morgl\Dton, N. C. f 35 47 

57: ·Asheville, N. C ..... ..I 35 ~5 

SS• Kno:i:ville, Tenn . •• • • • 35 57 

59 Williamsbnrg, Ky . . • . 96 47 

bll Jtogenvtlle, Tenn. . • • • 36 25 

0 ! 
00 45 1872, Aug. 24 Enst 7 33. 6 73 06. 8 

t-0 Aug. 27. 

89 26 1872, Aug. 30 East 6 06.1 71 43. 9 

89 JO 187:!, Sept. 1 Eaot 5,21. 5 70 13. 5 

89 41 ' 1872, Sept. 3: E:tst 6j34. 2 69 47. 2 

91 27 1872, Sept. 29 East 8 13. 8 69 21. 3 ! 

93 13 1872, Oct. Eruot 8 16. 9 6R 48. 5 

94 38 1872, Or.t.. Eaat JO 36.8' 6lJ 05. 3 

9£ 35 f 1H72, Oct. East 10 51. 3 ' 68 4;, 2 

99 40 j 1872, Oct. _10 i East 12 24. 9 67 51. 7 
97 39 : 1872, Oct. 9 · East 12 41. 9 

101 35 1872, Oct. 12 ' East 13 17. 9 : 67 31. 6 

105 00 ! 1872, Oct. lri Ea.t 14 44. 7 67 34. 4 

i 
104 37 I 1872, Oct. J.7 East. l3 5r,_5 66 38. 3 

104 49 1872, Oct. 22 East 15 26. 7 68 58. l 

102 55 1872, Oct 25 Ea•t 14 36. 9 6!l 23. g 

100 45 1872, Oct. ~6 Ea.st. 13 07. 5 69 41. l 

98 23 1872, Oct 27 East 13 13. fi i 70 15. 5 

95 56 18i2, Oct. 31 East 10 44. 2 7'l 06. l 

93 37 1872, Nov. 4 · Eaot 9 48. 8 ' 71 30. 4 

77 57 ! 1873,July 10 West .. 2 51. 7 71 25. ! 

78 22 ~ 1873,July 12 West 2 16.4 70 56.. 2 I . I 

I 
78 00 11873, J uh- 14 West. 2 2i.1 I 70 42. 0 

" " I "'"' "'~ ": w~• 
I 

l 17. 0 70 20. 0 

i9 00 

1

1873, July :!O 
1 

Wost 0 33. 7 ' 69 45. 3 

78 12 :·1873, Jul~· 2'J , Wost 1 59. 7 69 20. 4 

79 20 I 1873, July 2G w~et l lG.3 68 54. 8 

79 40 1873, July 28 Enet 0 43.0 68 35. 3 

80 20 1873,July 30 East 0 52.1 67 46. 0 

80 40 18731 Aug. J, East 1 03.9 67 07. 5 
I 

81 30 1873, Aui:. 5 East 1 lLO 67 15. 3 

82 30 1873,Aug. 7 East l 58.2 67 26. 7 

83 56 1!!73, Aug. 11 Ea.at 1 52. 6 66 55. 3 

84 10 1873, Aug. 14 Eaat 2 04. O 68 25. 7 

83 03 1873, Ang. 18 East 1 49. 0 68 26. 2 

3. 003 On 8~minar~~ Hill. on the C'Sttt~ of (h~o. H. 

Wood. 
4. 241 Station marked by st"me :.et on prt•mil'li(\~ <?f ,J. 

j It.Cowen, tlvel1lookswestofill.Cent.R.l~d. 
4. 47.> On granite Uoulde-r in paAtnn~ east of p1·Nn· 

' ises ofR. H. Woodcock. 

4. 626 Ou an ol<l c-0rner-stonc on c<1mmons south (l 
depot. 

4. 666 On hillt<ip SE. of d<'pot, weRI of Klink'; ant! 
aoutl:ieaat of Plnst's Hill. 

4. 780 In Geo. Ilusma.u's nursery ~ronnth. 1hrPC' 

quarters of a mile south of deJmt . 
....... : 

4. ',.j ' 
4. 773 , In Collcgo grounds (" ... 1'.'it of main h11i11liu~. 
4.934 

4. 956 
4. 945 On "G<~n'l Pierce't1 Bloek.'' owrwd hy L. F. 

5.124 

4. 70:. 

4. 640 
4. 585 

Bartt•ler1 e,'l,q. 

4. 535 ln nortl~'""est corner of Bl:1u,::ht.f'r >'n1·-L t hrer-­

qnartf'rB of a. mHt~ N \\·.of tlt•pot. 

4. 3~0 On hilltop southwtlst of Brnw1wll scl1001. 

4. 238 In lot of .rmlgn I'. M. Ca.a1lay. ou Chestnut 
AtrN~t, het.\roen 5th Rnd 6th streets. 

4. 231 : In tlle grounds of Jas. F. Ran<lolph, oast of 
the l1ouse. · 

4. 375 On the grass south si<lc of Qne<•n street, 
opposite tl.o llouso of ,f, 11[. Kelley. 

4. 492.-'. In pasture belonging to PetPI' Kelly, 42 paces 
I weat by 8onth of ct'4lar tree. 

4. 4~8 In pft.Sture belong-ing to S. Ficklin 1 17 pacf's 
SE. of first clump of cerlar trees. 

4. 646 On top ofhlulf owned hy Mr. Lynch, oppoaile 
freight. stat.ion, and ten paces east of cnhin. 

4. 609 : Station known to Mr. Bardwell, C. E. lt is 
j 18paoos NW. of Pat.rick Robinson's fenco. 

4. 727 I Marked by a Rt.uh on Clayburi,.s Ifill. on 
I north side of Dan River. 

4. 901 
1

1 In the grounds of Mr. Colwell, on Ga;,t-0n 
, street, above Green. 

a. 021 \ In tho pasture of J. K. Burk, on Main street, 
I just out of t-OWJl, going west. 

5. 089 : In front yard of Mr. R.ei<liger, NE. corner of 
: Church and 6th •treeta. 

5. 067 : In front lawn of MajorJ. W. wn.011'..ilwell· 
ing, opposite the Episcopal r·hu!'ch. 

5. 078 In grounds attached to the Eagle Hotel, 5 
paces west of east wall, nud 3 paces north 

of south wall. 
5. 093 In the grounds,pf the Asylum for the Deaf 

and Dumb, 3 paces SE. of largo trc·~ in 
front of dirootor' s hon Re. 

4. 933 :Marked by a stub 10 paces SW. of SW. cor­

ner of court-house. Known .t<> c"nnty sur. 
veyor. 

4. 982 In the ga,rden of Capt. F. A. Butler, laudlonl 

of the Roi;crYille House. 
Nl>TJl.-slight change& have boon mlMle In lite goographica.1 positions of station• marked (*) in order to ma.ke them conform to the revill<ld 

posltlous given in AMlstant Schott'• paper, Appell<li1t No. 13. • 
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No. Stntion. Lat. 

61' Bri•tol, Tenn ....... : :i6 36 

62" Mount .Airy, \a 3C. 52 

-04 : Natural Bl'idge, Va. 37 35 

65 Covington, Va. ______ 37 40 

rm·•-: Staunton, Va. 38 09 

I 

67 1 HarriRonburg, Va _____ 38 25 

GS York, Pa ..•••••.••••. 39 58 

i 

Summary of Results, 1871 to 18i6-Contiime<l. 

! Long. 
! Hor. i 

Dip. ) intm1~it_y.' Notes as t-0 locality, &c. 

_______ I ------

0 , 

82 ll 

79 06 187:{, Aug-. 21 East 

0 , 

1 19. 5 
o , I 

68 11. 0 ! 

" 68 f;J. 7: 
I 

80 18 187:5, Au:;. 23 East 0 34. :J ! 69 01. I 

79 22 1873, Aug. 26 Wt•8t O 04. 71 69 42. 9 

79 55 1873, Aug. 28 West 0 22.1 H9 47.::; 

70 04 , 1873, Sept. 

I 
78 52 1Si3, Sept. West 128.0 70 28. 9.' 

76 44 1874, July 11 West 3 57. 8 71 54.5 ! 

4. 900 : In Mr. Jame.son's lot, <m the spot occupied 

h.1· the Eclipse party. 
4. 7fl:i : In front yn.rd of Mr. Brtck's residence, l,~ 

paces from the west fen(·e; 9 pa.ce8 from 
n01·th fence. 

4. 717 Ju trout yard of Captain Schaeffer, back of 

colorell Baptist clnuch, 14 paces from west 

fonce; 8 from the north walk. 
4. 60.:! SE. 3 paces of NE. cedar tree, in t}ie g;rot"a on 

hill-si<le in front of the hotel. 
4. 514 In the garden of the McC urdy Rous~, 7 pace-a 

from tlie mst fence, and 10 from tlie lJorth 
fonee. 

4. 489 0. :5. Coast Survey station on the hill over 
the railroad. 

4. 437 In front yard of Mr. W. B. Corupton, W. 

Market Rtroet, 16 paces north of front 
ftmce, anti 12 p:tces west of east fence. 

4. 182 In field belonging to Mr. Small, on west bank 

of river, beit,veeu the first. two of the threfl 

trees in the lot. 
69 Altoona, Pa---------- 40 30.6 78 25 1874,July 16 West 2 47. 0 72 21. 7 4.120 In field belonging to the Pennsylvania R. R. 

70 'Williamsport, Pa . . .. 41 15 · ii 03 187·!, July 20 West 4 50. 2 ! '1! 47. 5 

I 
llath, K. Y ........... : 42 21 

! 

72 Rochester, N. Y .•••. -143 08 

7:J Niagar·a }"'all~, N. Y .. ~ 43 04 

i 
74 Mnyvlile, N. Y ....... ; 42 16 

41 17 

76*
1 

Ul\aYet·, }la ..••...•••• I {0 44 

I 
77 : Gt'ecufi.dd, Pa.... 40 00 

I 
78 i TnRCat'awn~, Oliiu .••.. 40 24 

' I 

70 I Columbus, Ohio ...... \ 39 57 

80 [ ]'orest, Ohio .......... j 40 50 

8l"·: F'ort '" a.ynfo, In(l . . . . . 41 06 

~2 RHynolds, ln<l .... 140 15 

S:l Terl'e Haute, Int!. ! 39 28 
I 
' 84 1'"t•11m1uli11a. J<'la ...... i 30 41 

i 
i I 

85' LakcCity, 1''18 ....... :\ 30 11 

I 
so• Tallahassee, Fla...... 30 26 

7i 21 1874, .July 24 West 

77 40 1874, .July 29 West 

79 04 1874, July 31 West 

79 40 _1874, Aug. 4 West 

80 27 1874, Ang. 

to 2. 

5 34. 4 74 15. 5 

5 17. 8 74 38. 5 

3 a•. 1 74 :n. 7 

2 J5.0 I 
I 

74 05. 0 ) 

72 5'), 7 

80 16 1874, Aug. 11 West l 08. 2 'i2 31. 5 

i9 52 18i4, Aug. 13 \V"est 

81 50 1874, Aug, 17 West 

82 59 187.J.1 Aug. 19 East 

83 28 1874, Aug. 21 East 
85 us 1874, Aug. 24 East 

86 48 1874, Aug. 27 East 
87 20 1874, Aug. 29 l<':ast. 

81 28 1875. Ma~- 14 East 

82 37 1875, May 15 East, 

84 1i 1875, May 18 East 

2 02. 2 

0 19. 7 

1 12.1 

2 JS. 3 

2 29. l 

3 30.3 
4 34.2 

2 55.3 

7158.9: 

72 08. 5 

70 59, 7 

n 20.1 

72 19,0 

72 00 
70 34_ 7 

3 20.4 ...... 

a 41. 1 ..... __ 

~- 003 

3. 724 

a. 632 

3. G-16 

3. 733 

Co., and known to Mr. Dixon, the farmer, 

In a fieltl belonging to Mr. Hertlic, west of 

Mr. Woodwanl's hou•e. 
In a field belonging to Judge Runsey, 30 

paces west of two oak trees .st.a.n1.Ung close 
together. 

In the campus of the university, on grass 

plst SE. of collei:e. 
On a lot belonging to G, W. Holley, and 20 

paces west of on)y tree in lot. 

In tlio grounds of the pnblic school on the 
bill ; beh•teen four tret•s near the south 

fence. • 
4. 00:.? [A Jargc tlisercp1uwyj not satisfactoril._r ac~ 

counted for, exists between the results for 
Declination nt tho two stntions.) 

4. 056 In field belongiug to Mr. De Vaux, nPar t1w 
riycr. 

4.185 In a field of Mr. Gregg, near Johnston'• tM·· 

ern. 

4.146 Io a field of .Mr. J. Blickensdorfer, st Tren· 
ton station, on railr~d. ., " 

4. 359 In the grounds of the blind asylum. 

4.108 In the woods south of the town. 
4. 218 In the fair groun<ls in western part of town, 

un<ler the tree nearest the lllllf,milo 0t>t1l'ffe, 
4. 212 In a field of Mr. Van Vool'St. 
4. 005 In a field belonging to Mr. Whimker, in the 

prolongation of Fourth street,. 
Near the Coast Survey station of 1857, a.nd 

lOpaoesfrom SW. extremity of lot on wl1ich 

Mr. Rne's honse smnds. 
On easoorn extremity of triangular lot in 

front of Cothey Houee; 12 paces from tenee 
on north aide of road. 

In va<JQllt lot on NE. comer of .A.U..0. and 

Pensooola stree~, 40 paces from pflll81M)Oh> 

eb""t and lS paces from .Adama street 

' . (~moor edges ofaldewallutt. 
NOTR.-Slight changes have been made in the geogrnphlcal posit.ions of stntions marked ('),in or1ler to make them conform to tbo revised 

positions given in Assistant Schott'• paper, Appendix No. 13. 
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Summary of Results, 1871 to 1876-Continued. 

No I 
--- --- -- ----~--~--~-------,------------~--

Hor. I 
Intensity. 

1 

Station. L&t. 

----
0 , 

S7 Saint Mark's, Fla .•••. 30 08 

l!8 • Eufaula, Ala ......... _ 31 54 

89 *) Montgomery, Ala_ .... 32 23 

90 I Evergreen, Ala ..••... 31 26 

Ul •1 Mobile, Ala ........... 30 42 

92 Plllltlllgoula, Miss ..... 30 21 
93 / Vic"8hurg, Miss ...... 32 ~1 

94 Jacke<>n, Mi"" ........ 32 19 

95 ' West Point, Alise .... 33 33 

96 Meridian, Mias .......... 32 20 

07 . Tusoolooa&, Ala ...... 33 12 

91 , Birmingham, Ala ..... 33 32 
00 'I"'"" A~ - --

32 25 

I 
100 • j Opelika, A.la .......... 32 40 

I 

101 .I Macon, Ga ............ il2 50 

·i ,,.,...,.m,,a •..... 102 33 04 

103 • Lumber City, Ga ..... a1 :;1 

104 • Millen, Ga ........•.• " il2 50. 5 

Columbia, S. C .••••.• i 34 00 I 106 

109" Florence, S. C ....•••. il4 12 

107• G-01.deborough, N. C •. 3525 

108* .Weldon, :N. 0 .......•. 0027 

109 Wlbnington, Del ••.•• 39 47 

uo Lebanon, M:o .•••••••• 3738 
111 Poplar :Bl~ llo •••••• B6 46 
112 Little Rock, Ark •••••• 34 46 

Long. Date of 
oocnpation. Declination. 

0 ' 0 ' 84 11 1875, :May 18 East 4 30.3 

85 08 1875, May 22 Ea et 4 33. 0 

8618 1875,May 24 East 4 38. B 
87 05 1875, May 25 E...t 5 31. 9 

88 03

1

1875, May 27 Eaat 6 07.0 

88 33 I 1875, Jrfay 28 East 
6 19. 5 r 

90 53 1875,Jnne 3 East 7 19. 0 . 

90 12 1875, June 4 East (7 47.llll 
tc 5. 

88 3811875, June 7 East 6 25.51. 

I 
8844 1876, Ang. 8 East 626.01· 

87 40 1875,June 8 East 8 M.7 

tc 9. 

86 53 11875, June 10 EMt 4 26.1 

87 06 1875, Jone 11 East 4 32. 2 

8525 1875, June 12 East 4 31.8 

83 38 1875,Jnne H East 329.01. 

• u.1 I. 83 10 1875, June 15 ERSt 

82 45 1875,June 17 Ell&t 3 10.8 

St 50 1875, Jone 22 E11<1t 2 37. 3 

1 49.a I. 81 02 1875, Jone 23 j Eaat 

I 

112. 2 I. 79 44 1875, June 25 \ :&&st 
I 
I 

77 50 1875, June:28 West 0 15.l 

'17 2li 1871),June 29 West 1 ~.7 

75 33 1875,July 1 Weat 4 07.3 

92 .co 1875, J'uly 12 East 8 18.1 
llO 22 1875, July 17 Eaat 7 12. 5 

112 16 1875, July 18 Eaat 8 10.6 

to29. 

Dip. Notes &S tc locality, &c. 

............ ·--·-··--- In lot in front of the United Stat.ls signal 

station. 

........ ··- ··-····--- On the first otreet west of th& railroad, and 
nearly due west of the old magnetic station 
on Forsyth et root. Thi• station is now 
lost. 

............. ............... 

............ ........... On a hill on east side of railroad, in a Jot ne:<t 

to Mr. Merten'• hlmee, 15 paces from the 
fence. 

............... ............... In part of city known as Smnmerville, and 
in an old fort west of Sa.int Mary's church. 

............... ............... 

........... .............. Dr. Hilg&rd'a at&tion of 1872 on Castle Hill 

reoccupied. 
......... ............. Dr. Hilgard's station of 18'72 reoccupied. 

In rear of Free School, NE. of State-houae. 
.......... .............. In center of large vacant lot biM>k of J ackoon 

Rouse, and oonth of court.house. 
.......................... In a lot on Main street, west of the Chatta-

nooga railroed shops. 

........... ............ In the grounds of tho University of AlabAilla. 

In the meridian, and 20 yards aonth of the 
observatory transit. 

............. ............ In a lot NE. of the new court-house. 

............ ........... In a lot known a.a the 11 old arsenal lot,'' on 

west side of river, east of Alaba.ma and 
south or Union streets; 10 pacea from edge 

ofbluJf . . . . . . . . . · l ·......... On lot adjoining Presbyterian church, Talia-

I poosa street, ant\ 30 paces from church, in 

I a lino with the front. 
••.••.... , .......... West 12 paces of & former Coast Survey at.a-

·········! .. ·-······ 
tion, marked by a stone post, U. S. C. S. 

In the oltl capitol grounds, in the center of a 

raised terrace of earth. 
........... ............. In & lot belon11ing to Colonel :Boyd, about 

one-fourth mile north of railroad station. 
.......... ............ In open lot, as pa.cee SW. of corner of build· 

ing used as o. Mil80nie lodge. 

·········!·········· On SW. corner of Capitol Square, about 20 

....... ..! .......... paces from fence. 
On Coit street, about 600 yards from railroad, 

25 paces SE. of old African church, ou a 
line with the aidewalk. 

-·-----·· ................. In a lot on SE. corner of John and Spruce 
streets, 30 paces from sidewalk on Spruoe 

street, and 30 paces from J" ohn etl'eet. 
............... .... .. .. . . . . ... _ In lot west of lrolethodiet church, lo paces 

......... \ .......... 
NW. of:Mrs. A.lien's fence. 

At th• NW. corner of Fourth and Brown 
atroote, at the corner-atone of the atreeta. 

........... ................ 

............. ................ 

.............. ................ 

U8 llemphie, Tenn .•••••• 36 13 90 Oii 187~:t.lay 2' BMt 7 OL9 ............... ............. 
to 211. 

l!iOTL-Sllgllt obaligea have bMa mtlde In the pographical poeitlone of atat.tena marked (*), in order tv make them conform to tho rev1H4 
'"1t!Ama given In AMlatRlt Scllott'• JAper, Appendh: No. is. 

f '.rhi9 nanh fin: declhlaUGn la aboo.\ Zl' &roaW illM ~of mt. 

s. Ex. 77---64: 
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No. Station. 

0 ' 
114 Corinth, Miss ...•.... 1 34 5ti 

us• Florence Ala ........ ' 34 47 
116* Madison, .Al&........ 34 41 
117• Cleveland, Tenn ...... 35 10 

118* Knoxville 1 Tenn 

119* Guthrie, Ky ......... 

35 56 

36 38 

120* Crofton, Ky ........... ! 37 02 
I 

121 Evo.nsville, Ind ....... : as 00 

i 
122• P~rtl1md, Ky ........ -138 16 

123* Cave City, Ky ........ j m JO 

124'1 Nichol&sville, Ky..... 87 56 

1251 Maysville, Ky . . . . . . • . 38 41 

I 
126 i Huntington, 1V. Va . .. 

1 
.18 27 

127 1 Plymoutl1, M:o.ss ...... I 41 58 
I 

1281 I Lowell, Mlt88 .. ....... 42 89 

129 Fitchburg, ll8.8S ...... 42 35 

130 I Greenfield, Mass ..... ., 42 35 

131 North Adams, Mass.· 142 42 

132 Bellows Falls, Vt .... ·143 09 

133 White River Junction, t 4;; 41 
Vt. 

134 Wells River, Vt ..••• · 1· 44 on 
135 Derby, Vt........... 45 00 

136 Richmond Junction, 45 41 
Province of Quebec. ! 

137 lleeancour, Province I 46 22 

of QnebM. J 

138 Saint Tbmnas, Prov· j' 46 59 
ince of Quebec. 

139 Rivi~re-du-Loup -en- j 47 51 

Bas, Province of\ 
I 

Quebec. [ 

140 I Edmonston, New I 47 15 
Brunswick. I 

Summary of Results, 1871 to 1876-Continued. 

Declination. . I Hor. I 
Dip. !intensity. Notes ... , to locality, &c. 

-·--- -0-----: i-- 1-- --
88 35 1875, May 27 East 6 21. 6 I [------

1 

87 46 1875, May 29 East 5 14. 4 ; .......... 

1 

........ i 
86 48 J875, May 31 loca.•t 5 u. 6 i ............. .. 
85 00 1875, Jnne 17 East 3 15. 3t ' ................ . 

83 [.6 18~~- ~;,;ne 7 ]<'~"t. 1 39. a/ ......... 1'-- ..... .. 
87 20 . 1875, June 21 East 6 43. 8 i ............... .. 

I to 23. I 
87 40 187fo,June 24 lfast 6 15. 7 

1 
.......... 1 ....... .. 

87 30 187.J,June2:> East 6 09.4 ;'______ / .•....... 

to 26. 
85 55 1875,June 30 

to July 1. 
Eaat 3 37.91 .......... 1 ....... .. 

i I 
• " • I ' ",,,..n 1···------·J······--
~ I I 

85 55 1875, July 1 East 

to 2. 
ll4 38 1875, July 7: East. " 48 3 1 

sa 41 1875,July 9 East ~ oo:~ :::::::::::J:::::·--
to JO. 

82 30 1875, J ul.v 13 Enst 0 47 

70 :rn 1876, .Jul.v 11 "?et>t 10 M. 8 

to 12. 

71 20 1876, Joly 19 We•t 10 47. 9 

to 20. 
71 48 1876, .July 22 West 10 43. 6 
72 35 1876,.Tuly 25 West 10 20. 2 

to 26. 

73 07 1876, July 28. West 10 30. 8 

i to 29. i 
72 2811876, .July 311 West. 

, toAnl(.l. 

11 00. 7 

72 u; 1876, .Aug. West ll 05.3 
t ~I f), 

73 48. 3 

74 19. a 

74 09. 8 

74 06. l 

74 15. 3 

74 29. 7 

75 O'i. "8 ' 

72 Of) I I8i'fl1 Aug. We:--it 11 54. 5 
1 

75 31. o 
'i2 12 i' l876, ..Aug.12 'VcRt 13 18. 2 / 73 51. O 

n 03 [ 1876, Aug. 15. West 16 59. fi : 75 47. 7 

71 33 ) 11376, Aug. 17 '. West, 15 43. 5 i 76 54. 5 

I '" 1s. 
70 33 i 1876, Ang. 24 I West 17 50. I 77 II. 7 

1
1 UJ ~5 / 

69 25 I 1R76, Aug. 281 West 20 38. 8 77 31.6 

: to 30. I 
68 20 11876, Aug. 31

1
... TI 18. 3 

! I 

:t 544 

3. 440 

3. 495 

3. 503 

3. 509 

3.438 

3. 348 

3. 253 

3.140 

3. l9M 

2.950 

2.861 

2.788 

2.810 

NoTE.-Slight changes have been made ;n the geogr1>phicaJ positfon• of atAtions JDMk""1 (•),Jn order to make them COD.form to the J."eviaed 
position• given in A.Mist.ant Schott'• paper, Appendix No. 13. 

t Mean of the two results given. 
t Result at tl1"11t station adoptOO. ; that at seoond ot&tion discarded aa improbable. Compare reeult at Knoxville in 1873. 



 

APPENDIX No. 15. 
COMPARISON OF THE SURVEY OF DELAWARE RIV.Im OF 1819, BETWEEN PETTYS AND TINICUM 

ISLANDS, WITH MORE RECENT SURVEYS. 

By HENRY L. 1\iARINDIN, Assistant. 

UNITED STATES COAST AND GEODETIC SURVEY, 

Bost.on, Mass., March 2, 1882. 
SIR: I have the honor to send you the following report on a comparison of a survey of the 

Delaware River of 1819 with the more recent surveys of the Coast and Geodetic Survey. 
In a report dated November 15, 1880,• I had already given a comparison of a number of cross. 

sections from the surveys of 1843 and 1878; some of these I have compared also with the plan of 
1819, and add a number of sections covering the space from the upper eud of Pettys Island (named 
Pettits Island on ihe plan of 1819) to the head of Tinicum faland. 

The survey of 1819, made by David McClure •'by order of the Councils" of the city of Phil­
adelphia, appears to be as good a survey as can be found of that date. The distances along shore, 
and the widths of stream in reaches, agree well, but the absence of meridian lines and parallels 
of latitude, and of unmistakable points on the shore line, makes the comparison a difficult one, 
and necessarily limits the points of comparison where a certainty of position can be established. 

The first section examined (see sketch 41, section .A.) lies at the upper limit of the plan of 1819 
in the north cbanne.l of Pettys Island and over" Richmond Bar," so called in my report of No­
vember 15, 1881. Maximum depth on Richmond Bar in 1819 = l!J feet at low water; in 1843 the 
same maximum depth Wa.8 fouud, and in 1878 it wa:s 17 feet. The area of cross-section was 39,020 
square foot in 1819. In 1843 the area had been reduced to 32,390 square feet, which gives a loss 
of about 17 per cent. in twenty-four years. This bar, as such, is not apparent on the plau of 1819; 
the en<iroachment up to 1843 seems to have beeu due to the building of wharves; after that date, 
although the wharves were not extended, the decrease of area continued in a lesser degree, from 
32,390 to 29,980 square feet, or only 7 per cent. in thirty-five years. This decrease of area appears 
to have been due to other causes than obtained between 18.19 and 1843. The wharves remained 
unaltered and the shore line of the island dicl not change, so that it is along the bed of the channel 
that the change must be looked for and where it is found. This shoaling, to my mind, is the in· 
direct effect of dumping dredged material in the vicinity. 

The next section examined (sketch 41, section B) is in the south channel of Pettys Island, 
near its western end. This section is also over a bar lying between the island and Cooper's Point. 
The area. of cross-section was 29,900 square feet in 18191 and in 1843 it had been reduced to 21,390 
square feet, a loss of 28 per cent. 

In 1878 the area showed a deQided increase to 24,330 square feet, or about 13 per cent., and 
the change for the better, shown as having taken place between 1843 and 1878, appears .to 
have been general throughout this channel. The width of this section, which in 1819 was about 
2,600 feet, increased to 2,850 feet in 1843, and decreased slightly between 1843 and 1878. The 
maximum depth on west-end ba.r, Pettys Island, south channel, was 20 feet at low water in 1819 ; 
in 1843 it had shoaloo to 15* feet, and in 1878 it deepened again to 16 feet. 

•.Appendix l!fo. 9', Report for 1880. 
427 
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Our next cross-section (sketch 41, section C) was taken in the main stream between a bu1khe&d 
at the foot of Callowhill street, Phi1adelphia, and a wharf at Cooper's Point, the same as section 
16 of 1878. The area of cross-section was 54,950 s11tmre feet in 1819, with a width of 3,20Q feet. In 
1843 the area had not changed materially, being 53,600 square feet, with a width of 3,100 feet, 
the decrease being only 2 per cent.; but between 1843 and 1878 the whan·es were extended on 
both sides of the river, the greatest encroachment taking place at Cooper's Point. The maximum 
depth (on section 16 of Physical Hydrography, 1878) was 44 feet in 1819; in 1843 it had deepened 
to 45 feet, and in 1878 to 47 feet in the chaunel near the Philadelphia shore. 

The area, which in 1843 was 53,600 square feet, was reduced to 48,368 square feet in 1878, a 
reduction of 10 per cent. ; but the width decreased in a larger ratio, from 3,100 to 2,320 feet, in 
1878, or about 25 per cent. 

The next cross-section examined (sketch 41, section D) is one"'across both channels of Windmill 
Island, from the foot of Almond. street, across the jetty at the south end of the island., to th@ 
Oau1den shore. 

Ila>ing been able to locate accurately the position of origin of this cross-section on the plan 
of 1819, I give a sketch of it (sketch 42). This section, which in 1819 passed across Windmill 
lslaml 700 feet above its southern extremity, giving 430 feet as the width of the islaml-f:rom low 
water on the west channel to low water on the east channel-and a width of about 125 feet above 
high water, shows the island to have been reduced to a width of 180 feet at low water in 1843, and 
to ltave disappeared entirely in 1878. In 1819 the bulkhead at tlle foot of what is now Almond 
st.reet, Philadelphia, was about 120 feet shoreward of the wharf existing there in 1878. • The area 
of cross-section of the west channel was then 33,150 square feet at low-water stage, with the 
greatest depths about midway between the wl1arf and Windmill Island. The width of channel­
way was then 1,260 feet. In 1843 the survey shows that a wharf had been bnilt on the Philadel­
phia side, extending 120 feet from the bulkhead of 1819, while the low-water line of the island had 
not changed; this reduced the channel width to 1,140 feet. The channel-way proper had, however, 
shifted towards the I)ennsylvania shore, making deeper water along the c1ity front. The ar~a of 
section decreased slightly, from 331150 to 33,034 SfJnare feet. Between 1843 aud 1878 the area of 
cross-section increased to 34,904 square feet, or 5 per cent. During this interval the southern 'end 
of Wind.mill Island disappeared, and the width of the west channel increased to 1,320 feet by 
the erosion of the island, while the wharf on the Philadelphia side remained nearly in the same 
condition. The increase of area is mainly due to the increase of channel depths, which is, to my 
mind, a consequence of restricting the widths of channel by the extension of the wharves on the 
city front, and securinir the permanency of the water line of the island by bulkheading. With 
fixed. shores, the restoration of area of cross-section can only be effected by the bottom giving way. 

On the continuation of this cross-section across the east channel we find the greatest changes. 
In 1819 the low-water line of the island lay 240 feet east of the present jetty. The navigable chan­
nel was then near the Camden shore, with a gradual slope of bottom from the island to the greatest 
depth (18 feet), 1,500 feet distant, and a width of water-way of 11900 feet, and a sectional area of 
22,200 square feet. In 1843 that part of Windmill Island ea.st of the present jetty had disappeared, 
and the water-way had become more uniform in depth, with a shoaling on the slope of the Camden 
shore and a corresponding deepening near the island. The width increased from 1,900 feet in 1819, 
to 2,010 feet in 1843, and the area also in nearly the same proportion, from 22,200 to 23,400 square 
feet, or 5 per cent., by the wearing away of the island slope and the more general distribution of 
navigable depths. 

During the thirty-five years between 1843 and 1878 the changes in this channel were more 
marked; the movement of oscillation about a common point continued, by tilting the bottom up 
on the Camden shore and depressing it towards the island. The last vestige of solid ground 
across the island had vanished, and comparatively deep water had obtained close to the now 
existing jetty off the south point of the island, and where the low-water line existed in 1819 we 

•The maximum depth in west channel of Windmill Island was 42 feet in 1819; in 1843 the depth increased io 
45 feet, and in l871:l a further inoreWle is found to a depth of 48 feet. In the east channel the maximum depth waa 
18 feet in 1819, and it had shoaled to 16 feet in 1843; in 1878 the maximum depth was 161 feet. 
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now have 15 feet of water. The decrease in the depth on the Camden side is very marked, for at 
the place where the greatest depth of chanuel (18 feet) was found in 1819, the gronud is now dry 
at low water and is 200feet:outside of the then low-water line, giving an approximate Rhoalingof 18 to 
20 feet. The area also decreased from 23,400 to 20,140 square feet, or 18 per cent., b~- tlrn pusl1iug out 
of the bank on the Camden shore, notwithstanding the large and general increase of naYigahle depths. 
'.the width of stream diminished from 2,010 to 1,430 feet at low water, which is nearly 28 per cent 
These changes in the east channel must have been induced by the extension of the Camden wharrns, 
both above and below this section, thus creating a lee under which shoaling took plaC(\ hoth during 
the flow of the flood and the ebb, and also crowding the streams against the island shore. 

The next cross-section examined (sket-0h 41, section E) lies at Kaighn's Point, beginning at the 
Philadelphia shore, about 2,500 feet below the site of the old navy-yard, and running to the upper 
corner of the Ice-boat Uornpauy's lower wharf. The best location of this cross-section on the plan 
of 1819 gives the apex of the shoal-the prolongation of t11e tail of "\Vindmill Islaml-about 400 
feet nearer the Jersey shore than in 1843. Thirty-five years later, in 1878, no change had taken 
place in the position of this shoal, which brings us to the conclusion that the entire shift took 
place from 1819 to 184:3, during a period when the regime of the stream was not disturbed by the 
occupation of the shores. This does not appear probable, and I must attribute this difference of 
position in the body of the shoal to errors in the location of the soundings of 1819. This may not 
affect seriously the area of cross-section for comparison.• In 1819 the area was approximately 
57,970 square feet, with a width of 3,700 feet at low-water stage. There wcri' then no wharves on 
either shore for some distance from the section line. In 1843 a wharfllad been built on the Phila­
delphia side, with a long bulkhead running diagonally across the end of the section line, and a 
shoaling had begun on the Jersey shore, thus reducing the low-water width to 2,980 feet, or nearly 
20 per cent., the area decreased about 4 per cent., to 55, 700 square feet, by the extension of the 
wharf and the shoaling, both of which took place in shoal ground, over flats, which did not re­
duce the area in proportion to the decrease of width. ln 1878 a large exteusion of the bank had 
taken place on the Jersey side by the erection of wharves at Kaighn's roint, some of which were 
pushed out to 19 feet depth, whereas the Philadelphia shore was not occupie<l 30 feet beyond the 
low-water line of 1843. These changes reducetl the width of water-way to 2,430 feet, or nearly 18 
per cent.; but the area of cross-section changed inversely to the width hy increasing to 60,745 
square feet, or about 8 per cent. in a general increase of depths throughout the section 7 and a maxi· 
mum increase of 43 per cent. on the apex of the middle shoal-from 14 feet in 184.3 to 20 feet in 
1878. 

The next cross-section (sk~tch 41, section F} was chosen over the Gr~enwich Point middle­
ground. The same maximum depth is found in these channels in 1878 ;is in 1819, namely, about 
!t9 feet in that near the Greenwioh Point wharves, and 34 feet in the chauuel near the Jersey shore .. 
The minimum depth on the middle-ground was about 18 feet in 1819, 18 feet in 1843, au<l 17 feet 
in 1878. The survey of 1819 shows this middle-ground-taking the 18 feet curve as the limiting 
line-as the southern end of the shoal then extending from the south end of Windmill Island, with 
very nearly the same minimum depth over it as was found in 1843 and in 1878. The width of stream 
was then 2,430 feet at low water, and the approximate area 55,600 square feet, with natural banks 
on each shore. In 1843 the width was 21560 feet, an cl the area had also increased about 2 per cent. 
to 57,200 square feet; up to that date the shores remained unoccupied. In 1878 the Greenwich 
Point coal wharves ltad been built, reducing the width of stream to 2,200 foot and the area of 
cross-section to 54,300 square feet, or about 5 per cent.; the bank of the Jersey shore seems to 
have retreated with the advance of the wharves on the opposite shore, and the bottom does not 
show any s~eial changes aside from a slight tendency to give way, which ma.yin time give better 
water on the middle-ground. 

The next comparison is that of cross-section No. 37, of the Physical Hydrograpl1y of 1878 
(sketch 41, section G) lying below Gloucester, at the upper end of the Horse-shoe Shoal. The high 
water lines do not appear to have shifted sinoo 1819, but the low-water line seems to have pushed. 
------------~-------------------------~--~---

*In thiB eros&-11ection the mmwum velooity in the channel on the Pennsylvania shore was 24 feet in 1819, 28 
feet in 1843, and 32 feet in 1878. In the channel on the Jersey shore the maximum depth was 24 feet 1n 1819, 30 feet 
in 1843, and 3f feet in 1878. On the apex of the middle shoal the maximum depth was 12 feet in 1819, 14 feet in 18431 

and lilt feet in 1878. 

• 
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out towards the center of the stream on the Pennsylvania side, and to hav~ remained very nearly 
stationary on the Gloucester shore. The bed of the stream also shows a shift towards the Penn­
sylvania shore, the largest change being noted hetween 1819 and 1843. Iu 1819 the area of cross­
section was 47,545 square feet, with a width of 2,650 feet at low water. In 1843 the width bad 
been reduced from 2,650 feet in 1819 to 2,330 feet, or 12 per cent., and the area had changed 
inversely from 47,545 square feet to 53,915, or nearly 13 per cent. The channel depth had increased 
about 9 per cent., with a shift of bed as explained above. In section G the maximum depth in 
1819 was 40 feet, in 1843 it was 43 feet, and in 1878 also 43 feet. In 1878 the width was 2,260 feet, 
and the area remained nearly the immc as in 1843, or 5a,M)0 squrtre feet, atHl the shift of bed of 
stream had continued to the westward with a corresponding advance of the eastern bank 
towardB the center of the river. It would appear that the shift of bed found here aml elsewhflre 
is th(1 effect of the unequal occupation of tl1e shores. 

The next section (sketch 41, section H) wa8 chosen over the middle of the Horse-shoe Shoal, on 
the site of section No. 40 of the l'hysical Hydrography of 1878. The high-wat~r lines do uot 
show any change since 1819. The low-water line at the mouth of the Back Channel, oft' the 
eastern end of League Island, rernaim; about in the same position in 184,3 as in 1819. Here the 
section begins. The area in 1819 was approximately 70,380 square feet, with a low-water width 
of f>,450 feet. In 1843 the area of cross-section had increased t6 74,570 square feet, or about 5 per 
cent., the width remaining nearly the same. The channel-way proper had shifted towards the 
Penm.yl vania shore, with a notable increase of maximum depth, but if. we com.pare the width of 
channel for 30 feet draught, we find a decrease of 140 feet, and if tlrn sectional area of channel­
way for 18 feet draught is observed, it is found that this area bad decreased from 42,500 square 
teet in 1819 to 37,100 square feet in 184:1, or l:l per cent., and that the width for this depth had 
t!Pcreased 300 feet, the max·imum depth showing a large increase notwithstauding. Section H, 
maximum depth in channel-way was 34 feet in 1819; in 1843 the maximum depth bad increased 
to 44 feet, aml in 1878 the maximum depth was reduced to 40~ feet. 

In 1878 the area of cross-section had diminished to 72,450 sqnare feet, or about 3 per cent., and 
the width had increased from 5,550 feet in 1843 to 5,700 feet in 1878. The channel-way remained 
essentially in the same position, with a decrease of depth in it.s deepest portion, and also over the 
shoalest part of the Horse-shoe Shoal. 

The navigable channel for a draught of 18 feet decreased both in width and iu area-in width 
from 1,200 to 1,080 feet and in area from 37,100 to 33,080 square feet, or nearly 24 per cent. 

lu the next section (sketch 41, section I) chosen in the reaeh off the front of League Island, 
near its western end _(where in 1819 the island was as yet a piece of marsh bordering on the 
Schuylkill Ri\·er, and covered at high tide), I find a great change between 1819 and 1843. The 
arPa o( cros8-section was 58,0f>O square feet at the time of the first survey, wit.h a low-water width 
of 3,820 feet. In 1843 the area had increased to 77,900 square feet, or M per cent.; this cbauge 
appears large, but might be accounted for by the artificial extension of that part of League Island, 
west of its limits of 1819, thus restricting the current of the river to narrower limits. The blind 
channel near the Jersey shore was then very shallow, and the width of the 6-fqot shoal, separating 
it from the main ship channel, was 77 5 feet against 200 feet in 1843. The water frontage of the 
island became much bolder between 1819 and 1843, and continued to deepen up to 1878. The low­
water witlth also increased to 4,080 feet. In section I, the maximum depth in the main ship chan­
nel was 30 feet m 1819; in 1843 it was 30 feet, and in 1878 28~ feet. In the blind channel on 
the Jersey shore the maximum depth was 13 feet in 1819, 23 feet in 1843, and 21 feet in 1878. 

In 1878 the area was 72,704 square feet, with a low-water width of 3,930 feet. The area hfM}. 
diminished 6 per cent. by a gradual shoaling along the bott-0m of the channel-way. The same 

.. watt1r remained 0.1 the shoal dividing the blind channel on the Jersey shore from the ma.in ship 
channel. 

The next section for comparison (sketch 41, section J) was placed at tbe southern limit of the 
survey of 1878, beginning at the low.water line near the wharf at 'Fort Miffi.in, ~nd crossing the 
pier on which Fort Miffi.in light-house stands, thence continuing to the Jersey shore. These 
points were identiiied on the plan of 1819. The outline of the fort remained unchanged in 1843. 
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The pier known as Davis' pier in 1819 does not seem to coincide with the light-house pier, but is 
close to the position of a similar pier which is shown on the survey of 1843. Whether the accu­
rate position of Davis' pier was obtained in 1819 or not, I am unable to say; but the size of this 
pier as well as its shape tends to confirm its identity. 

In 1819 the area, of cross-section was 80,230 square feet, and the low-wawr width 5,060 feet. 
The section was diYided into two channels by the sl1oal on which Fort Miffiin light-house stamls. 

In 1843 the low-water line had advanced some 70 feet at the base of' the fort. The main 
channel between the fort and the light-house had deepened somewhat. The same clepth of water 
obtained on the shoal south of the light-house an cl in tlic blind channel near the Jersey shore. The 
area of cross-section had changed but little, to 81,710 square feet, an increase of only 1 per cent. 
in twenty-four years, and the low-water width remained nearly the same with a slight increase. 

In 1878 the maximum depth in the main channel off the fort was the same as in 1843.• The 
low-water limits had not altered aml the only change to note ooourred in the blind channel, whiell 
shows a shoaling of 5 feet where the maximum depth was located in 1843, and a tendency to im­
pinge on the Jersey bank. The same depth was found on the light-house shoal as in 1819 and 
1843, which is remarkable in view of the well-attested changes on shoals located in or near mid­
stream anywhere in the Delaware River. Some changes may be noted in the immediate vicinity 
of the light-house pier. Already in 1843 the water had become very bold on all sides of the pier, 
but in 1878 still greater undermining is detected by finding 36 feet of water close to the foot of 
the pier on its southerly side, and 26 feet, close on to the opposite side. This shows the position 
of the light-house pier to be in a precarious condition, and that it is only a question of time when · 
the pier will ha:ve to giYe way. The area of cross-section increased to 851010 square feet, or about 
4 per cent., in thirty-five years, and the width increased to 5,300 feet. 

The above section concludes the comparison with the surveys of 1843 and l 878; the next 
comparisons will be made with the surveys of 181!), 1842, and 1881. 

Not having at hand the original hydrograpby of that section of the Delaware lying between 
Fort Miftlin and the upµer end of Tinicum Islancl, the space between the last cross-section com­
pared and the next will he longer than that observed uetween any two of the previous cross­
sections. 

The next section (sketch 41, section K) was drawn across the middle of Maiclen Island off the 
upper encl of Tinicum Island. (See al.so sketch 43.) 

In 1819 this cross-section, beginning at the low-water line on the Pennsylvania shore, pre. 
seuted three distinct channels; the first channel was the one back of what was then called Mar­
tin's Bar, lying below Hog Island; then came the c1haonel between Martin's Bar ancl Maiden Isl­
and, and last, the main ship channel between Maiden Island and the Jersey shore. The aggregate 
area of cross-section of the three water-ways was 811550 square feet, with a combined width of 
4,200 feet. Maiclen Island was then 11380 feet wide on the section line. 

In 1842-twenty-three years later-the channel back of Martin's Bar had closed; the channel 
between the Pennsylvania shore and Maiden Island had widened and deepened; :Maiden Islaml 
was then 1,oso feet wide as against 1,380 in 1819, and the main ship channel to the Jersey shore had 
widened and decreased in area, although maintaining the same maximum channel depth. The 
area of cross-section was 75,560 square feet, showing a decrease of 7 per cent., and the width re­
mained nearly the same at about 4,270 feet. 

From 1842 to 1881, the channeh1orth of Maiden Island continued to shoal up, retaining, how­
ever, the maximum depth of 1842 in a restricted channel-way near the Pennsylvania shore. Maiden 
Island had shifted down stream so that the section line gave 13 feet depth of water where the mid· 
dle of the island was situated in 1842. 

In the main ship channel the maximum depth was maintained as in 1819 and 1842, and the • 
area of cross-section remained nearly the same as in 1842. t The noticeable change shown by this 
comparison is the washing away of that part of Maiden lsland lying to the eastward of the section 

•In aection J the ma.ximum depth in ma.in channel wae 32 feet in 1819, 35 feet in 18431 and 35 feet again in 1878. 
In the blind channel on the Jersey shore the maximum depth was 20 feet in 1819, 21 feet in 1843, and 17i feet in 1878 

t Maiden lsland aeotion: the maximum depth remained the same at the dlll'erent datea of comparieo-18191 lati, 
Gel 1881-betwoen 42 and-43 feet. 
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line, and the continued shift to the westward, i: e., down stream. The area of cross-section was 
83,9!!0 squ:ire feet against 75,560 square feet in 1842--an increase of 11 per cent., almost entirely 
due to the erosion of Maiden Island and the substitution of comparatively deep water in its stead. 

In view of the present occupation of Maiden Island, and of the works being erected thereon in 
1881, I give below a comparison of the changes, both in surface area and in position, since 1819. 

The direction of the river at this point is, in a general way, east and west, east being the direc­
tion up stream. The cross-section liuc as given above, ran south-southeast across the widest part 
of the island of 1819. 

In 1819 the surface area of :M:aiden Island exposed at low water, was 410,491 square yards, 
and the area of marsh land was 281,634 square yards. The length of the island-up and down 
stream-was 4,000 foet, and the greatf'st width 1,900 feet. Taking the line of cross-section as the 
axis of ordinates, we find tbe upper end of this island 1,800 feet to the eastward of that line. 

In 1842 the surface area had decreased to 159,721 square yards at tbe low-water stage, or 61 
per cent. in twenty-three years; and the area of marsh bad fallen off to 125,000 square yards, or 55 
per cent. in the same period. The greatest length of the island was 2,900 feet, as against 4,000 feet 
ill 1819, and the upper point was 850 feet to the eastward of the section line, showing a movement 
down stream of 950 feet in twenty-three years, or 41! feet per annum. 

In 1881 the 1wsition of the island shows the continued motion down stream. It had passed 
across the section-line so that its upper extremity was 800 feet to the westward of that line, giving 
a rate of motion of 1,650 feet in thirty-nine years, or 42! feet per annum, which does not differ ma­
terially from the prm'iously not.eel rate between 18HJ and 1842. The surface area also continued 
to decrease largely, from 159,721 square yards in 1842 to 4:2,052 square yards in 1881, a loss of 74 
per cent. in thirty.nine years, at which rate, all things being equal, the island would disappear 
before 1895; but the works of revetment and protection begun in 1881, will doubtless effect the 
proposed reclamation aud secure it from further encroachment by the stream. The area of marsh 
land also decreased to 28,935 square yards, i. e., 76 per cent. during the same period. 

The entire loss of surface area of Maiden Island during the sixty-two years from 1819 to 1881, 
has been 368,439 square yards, which is 90 per cent. of its area in 1819. 

Ju the ahove report I have endeavored to give simply the results of comparisons of cross-sec­
tious, as obtained from the different surveys of the Delaware Hiver, and I have stated an opinion 
as to the probable causes of these changes only in cases where these seemed to me apparent. 

A.11 of wbich is respectfully submitted. 

Prof. J. E. HILGARD, 

HENRY L. MARINDIN, 
Assistdnt Ooaat and Geodetic Survey. 

Superintendent Ouast arul Geodetio Survey, Washington D. O. 
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APPENDIX No. 16. 

STUDY OF THE EH'ECT OF RIVEi{ BENV8 IN THE LO,YEH l\IISSISSIP1'1. 

In this cumumnication I purpose to exhibit the results of a stud~, which I hHY\~ 111ade for tl1e 

Mis!iissippi Riw~r Commission of a portion of the river presPntiug the lt>ast ~1110111aliPs antl uw:st 
permanent characteristics. Tllis port iou extern]:; from the 11eigh borliood of the Forts to Point 
Houmas; and <t8 it was mapped hy the Coast aml Geodetic SmTl\Y before tlw Co111111issio11 was 
instituted sou ha Ye felt justified in leudiug assh;tauce iu a tiual rellllering of the results. 1 hasteu, 
therefore, to acknowledge the :sen'ices of Messrs .• J. A. Sullinm all(l I•'. D. Gr.rnger, for rnauy 
years foll assi:stants in tl1e Coa;.;t aml Geodetic SmTey. 'l'he~;e ge11tle111e11 ha Ye 111allo Ow la!J(11·ium; 
compilations and computations npou which the brief tables of thi,; review arc hascd, autl h<ffe 
added to well-lmowu skill a great deal of puticueo in revision, &e. 

I shall uot go into details, because Ill>' results are very si111ple-afi theJ· could uot fail to be.­
for good, honest field work bears sneh Rcrutiuy mTeu if never antieipatcd by tl1e surveyors. The 
sources of my data will lJe ginm a,t t.lw close of this paper. 

The portion of the ri\•er examined covers 150~ statute rni!t~s, m1·asured along the elm11uel, or 
105 miles by ~ir-li11c. The low-stage elemeuti'l for this distance arn: 

Mean 1mrface width .... , . . . . . . . . . . . . . . . - . . .. _. . .... _feet.. :!7 333 
Mean depth .................... _ ... __ . . . . . _ . . _ ........... uo . . HO 
Mean channel deptll. . . . . .... _ ... _ . . . . . . . . . . . . . . . . . ........ do . . 9Kru 
:Mean area cros!l section ....•......................... 8qnare feet.. 140, 000 

The greatest ''characteristic depth" found wiu,; '.J:.!5 feet, the least channel depth ii! feet. 
To di8tiuguish between positive and questionahle couclm;iorn;, l shall desigrmte the former 

inductions and the latter infere1wes. 
INDUC'.l'IONt;. 

l. Bends, as iiicreasillg the depth uf the ri1:er, <>.O'er, on the whole, no atfomitage. They cau.~e a 
deprcsH-Wn of the bed at tltc turn.~, and a eorrc.~ponding eleM.t'ion at the receririonN. (See Tahle No. 1.) 

TABLE 1.-A COMPARISON OE' AIR·LINI~ AND HIVmt DISTANCES WITII llrnAN DEl;'"l'HS, :}lEAN 

WIDTHS, AND MEAN AREAS IN l\lISsISSIPPI ltIVER, Bl~GlNNING IN LAT. ;_;~o 30' 46", LONG. 

8!)0 241 15", AND ENDING IN LAT. 300 061 3!i", LONG. !JOO 5:11 47 11
• 

[The air-line• follow tho cmuw of thtJ river by a polyguu uf 6.345 mile• tu the si<lc. l 
----------· --------,----.,------c--------------·---------

Polygon River dis-1 , Menu j Mmm i Mean 1 Mean· '. 

sMes, tanoo. I Sections. ';l':~~~~lJ-~l:h~J 1l"pth~ i _area, _L Uemarks. 

j f • I 
SUJ,t. miles.. J!'ut. Feet. I Fut. ·1 Feet. [ 

····i:~·-~;- .... ~;~.-~· -··-~~~~-[ .. ···;~:~ -~;~~~~;·\ 4tmiles below FortSaintPWlip. 

8. 
00 

ii 18 to 30 101. 9 2, 815 ·

1 

58. 7 . 147, 439 
6.75 

'31 to 45 110. 0 2, 220 I 00. 9 ' 145, 26i 
~~ I 

I 
46 to 58 94. o 2, 454 I 57. 6 140, s12 

G.OO 59to 71 96.4 2,00811 57.3: 140,208 
~00 I 

12 to 83 ~.o . a, 408 1 04. 3 I iao, 392 

2 

0 

l 

3 

4 

S, }Jx. 77--5fj 433 
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TABLJ<~ 1.-A <~0111p<1rison t!t' air-line a11rl rirer distances 1cith mean ileptlts, mean width8, anil mean areas 
in ,1Jis8issippi River, ,fo,-Contiuued. 

- ------- ----~~---,-------· ----- ---------- - --.---·-- ----·--·----

P1~lyµ:on Hiq'r11i:---
Afrnm ~fN·lll :Mcau :hfr:rn 

S1'c1ion~. cl1aunel Rf-markR. 
~i(lt':-.. ta11,·1•. tlt·pth. wirlth. <ll"j>th. <ll'Nl. 

' ~''fat. wilf's. Fl'd. Faf. Pt'rf. Pef.t. 

6 G. 2.') 
~n to Oi 100.;; 2, 2711 63. 0 14".lGl 

G. 'iG 
UR to 11 t H11. 8 2. 343 55. ~ 128, 418 

R 7. (10 
112 tv 123 90. 9 2, 1s:: :i8. 7 127, 517 

H. :15 
1:!4 1o 161 H7. 0 ~. 2511 64.' 143, 30;. 

HI 18. 7;; ' 
' 

162 to 179 J02. 1 2, 43:J r.:1. 4 151, 103 
11 0. 00 

' 1~0 to 19!'i 98. 6 :?, :1f10 Li9. 3 136, 128 
12 R. 00 

196 to :!09 91. 8 ~l 3:;7 56. l 130, 200 
1:! 7. uo 

210 tn ~~:i Rt:i 2, 300 ;,0.1 115, ;1,;o ThrN· ~t:'ctioni; rejf'.df'tl. 
14 7. 25 

2:!4 to 241 92. !J ~. 371 I 5fi. 3 J:ll, 991 One ecdion rejected. 
]j K 'j'.J 

:!4:! to ~fi5 D8. I 2, ~2f~ 62.4 l:JB, 111 
16 7. 00 

2;jfi to 21W 90. 7 ~. :t-1:~ 6~.4 130. 204 
17 7. 00 

270 to 21<.1 9V. 3 2, 44;;! fJfi. ~ 133,6U2 
JR 9. 50 

2su to :m2 115.1 ' 2, 107 u:i. 4 133, 8~9 
rn i. 2i) Near Point Homua)'(. -----~------

l\Ican .. ····-···-··· . ........... 97. 8 2, 337 60. 0 138, 421 

- - ·---------~ 

'l'he lt,ugt b of river covered h,Y t be above table is 120~ miles by "polygon sides," 150~ l\~· "river 
· distauce,~' or 105 miles UJ' single air-line. 

BUPl'LE.MENTARY. 

Hi'='f'l' 
rtixtatH•n. 

26. 5 

49. 0 ' 

30. 0 

i 
l:feau ! Rivet· 

(•hanuel I , distance. 
dt-ptlJ. 

·- -- ------
i 

Feet. 

98.1 ~ i' 
J 

96.1 

91. 6 !~ Jl 
19 

Miles. 

47.0 : 

! 
46. 7 i 

Meau 
ehannt.•l 
rleptb. 

PetJt. 

97. 8 

95.3 

HRMARKA.-1'he <lata aiveu nudf'r th t1cad of •· M<'all chnnn<'l depth" correspond to the half-mile chord below the an!(le of delleetlon-
These clt~pths an~ the mean~ of all the smrnclm:.:.8 for each half mile following- the llrw of greatest depression. · 

The design of this fable i• to illustrafr the oblitl•rntion of h»nu effo<t in gronpo taken in geograpl1kal order, which inclnde l>oth bonds 
ftlltl nwPrsionti.. 

It, had been snpposrnl by many-my,;elf amon;.\" them-that, becituse a deeper channel was 
ueal'iy always found in the beml, navig-ation g-aiued some advautag-e in this one respect; but it 
will be obsern~<l from the table that l'caches in which the great hends occur have 110 greater 
average depth than others. For i.nstance, between sections 124 aud 161 of Table No. 1, the mean 
depth is 110 greater than for Home 1wal'l~· straight rer1ches, although in this case the river distance 
is nearly three times t.lrn Ieng-th of the air-line. The thalweg (channel) depth has in this case an 
average differing but one foot from the grand mean. I hatl presumed that mean depth for bends 
and reversiom; wodld balance, but I had not expected compensation in thalweg depths. 

2. The •mean depth. of crn1111-11ection and the thnlweg depth vary with inverse radius of euruatu-re, 
or, practic(l.lly, w·ith angles o/ tl~flect-ion. (See Tahle No. 2.) 
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TABI,E 2.-HEND RFFRCTS IN TUE MISSISSIPPI HIVER FROM 4~ MILES BELOW FORT SAI~'1' 

PHILIP TO NEAR l'OIN1' Hotnas, 1.50¥ ::\IlLE8. 

Limite of Rall. of : inclmle.l Mean 3152~ :\l<'!lll Me au Nun1ber CllrYC Ra1f. of M1•,m M1•1w :\"1rn11li'r 
of data. anglH~ dcftec- t mile witltll. tlep!.lt. an·a of of datn. 1·haun(:'J 

6 mile t.inn. 1'.llTY. ~e1·tio1i. (lepth. 
cbo1'd::oi. 1'110nhL 

J'f'et. Peet. Peet. Feet. J?ef'L 

l!!O 
4 5-1 23 ' 2, 8~~ ' JO. 91 2, 175 90. 9 i 11)(), 76~ : l2U.,- 3 

127 

134 
11 40 JG 3, R33 8. 22 ~' 2i3 i3. 0 162. 827 Ju 110. 4 

147 

29 
lfil! 

23 3a f:i, 4f)8 . -:1. l-tl ; 2,:mo ffi.U 15~. GOH'. 2[1 llf.. 4 
• lt}()~ 

lfJJ 
71 13 27 2. 80 2, 26'.! I 6'> •) 1:;s, 504 70 102. [, 

170 

170~ 
175 4 48 2, 375 ' 57. 6 135. 4n 17;] 92.11 

179~ 
I 

0 2, 362 i "4.1' JW, 237 H'l ., 
' -· ~l 

The variatiou of thalweg-depth with cmTature is limited. The gaiu of dt>pth nltimahis 
essentially at 230 or 2i:JO deflection for half.mile elio!'dl', an<l withia this limit is 11earl_y proportional. 
Similarly, the mean-depth increases with cmTatnm, lmt at first, mlly at. ahont half the r:ttt> fou11d 
for thalweg.depth, and, within tLe scope of our data, there is 110 limit to this increasP.* (Hee 
sketch No. 44.) 

INFEJtENCE8. 

There appears to be a decrease (comparatin~l~· small) of river widtlrn with curnttnre, a1ul also 
a decrease with distance up river; both inegular. 'fhese have been ign01·e1l i11 pre,·ious state­

ments, as if entirely elimi11ate11. 
There is a tendency at reversions, where one centrifug·al force oYerlaps the other (for oppo;:;ite 

sides of the stream), for the riv1w to <li\'ide and erode the bed near both banks. This tcndc11ey 
was represe11te<l by the third term in my formula for the cross-sectiou ill the Delaware (Appendix: 
No. 9, Anuual Heport Coast and Geodetic 8urny, 1871:'1). 

Then: appear to lie distinctive characteristics of ren•rsions au<! straight reaches; i.e., wher(' 
a decided curve is followed immediately by another similar cm·,·e i11 rewrse direction the c:barac· 
teristics of the straight reach do not appear. 

In my notes for tlie Commission some practical deductions are made whicl1 may here be left 
to implication. 

AU'.l'llORITIES l~OR DA'fA. 

The following h;vdrogrnphic sheets from our archives have been W'>ed in constructing the 
tables: 

~o. 1093. C.H. Boyd, Assistant, United States Coast and Geodetic Sur\"ey. 1871. 
No. 1153. F. D. Granger, Assistant, United States Coast aud Geodetic Sun·ey. 1872. 
No. 1154. 0. H. Boyd, Assistant, United States Coast and Geodetic Survey. 1872. 
No. 1162. C. H. Bo,yd, Assistant, United States Coast and Geodetic Survey. 1873. 
No. 1274. 0. H. Boyd, Assistant, United States Coast and Geodetic Surve~-. 1873-'74. 
No. 1307. C.H. Boyd, Assistant, United States Coast and Geodetic Survey. 1S75-'76. 
No.1343 a. C. II. Bo5·d, Assistant, United States Coast and Geodetic Sun·ey, 187G. 
No. 1343 b. C. H. Boyd, Assistant, United States Coast and Geocletic Survey. 1876-'77. 
No. 1408. Lieut. Commaniler C. M. Chester, U. S. N., Assistant, United States Coast and 

Geodetic Survey. 1879. 

•For the sharpest turns-those falling between 53° ancl 60°-the instances are so fow that the still more rapid 
increase of mean depth that they indicate must be regarded as douhtfu I. The same remark ipplies to other elements 
in this group. It was designed to group the data for every 9° of deflection, but we had not enough to warrant this 
iri every eaile. • 
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l'llessrs. Sullinrn aml Granger, assistants in the Surve,\', have reported fiyc sections r~jected 
ont of ~m~ con·red h~· the tables. One of these had "no bottom," another was at Bonnet Carre 
creYasse, arnl three fell in whirlpools, sketched h~· arrows on the field sheet. 

l~espectfully su h111itted. 
July, 1882. IlENHY MITCHET1T1, 

A.Y.~i.~tant Coa.Yt <ind Geodetic Survey. 
,l. K HILGARD1 Esq., 

8,upaintenrle11t CoaRt and Geor7eNc Surz•ey. 
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A pp END Ix No. 17. 

DISCUSSION OF 'I'HE TJDER OF THE l'ACU'JC COAl:-lT OF THE UNITED HTATEK 

COAST AND GBODETTC SURVEY OFFICE, .Tune 1, lSS:!. 

Sm: I have the hono1 to Fill hmit the fo!lo\ving report on tl1e disi~nssion of tilfoR of tl11• Pacific 
coast: The tide-stations are Port l'mvnseml, V\fash. T., Astori:1, Oreg., alJ(l San Diego, Cal. The 
data which have been used in the work are the hourI~- co-or!lina.tes nrnri,snrerl from the cun·es of 
self-registering tide-g·auges~ which have been ~tnalyze<l hy tl1e harmonic rnetliod, in prPc~isdy tlw 
same manner as those of Pulpit Co\·e, in Penobscot Hay, a report of which is r•o1Jtai11t\<l in Ap1wn· 
dix No. 11 of the Uoast aud Geodetic Snrvey H.eport for 1Ai8. 'flra1 report gfres a foll accmmt of 
the method of the analysis, with all the ueces:-mry formnlm and auxiliary tahlex 11se1l in the reduc­
tions, and was intended to he a preliminary work to all snch diRCUi\8i<>11R, done once for all, which 
need not he repeated. In the following r(~port, therefore, this has not hce11 <lone agaiu, huJ, very 
frequent references 1o equations, formula•, and tables in that preliminary work have lwen 111a~le. 
All such references, therefore, in the following report, must he 1111dt•rst.o0<l al' referring- to thP Report 
on the Tides of Penobscot Bay, unless otherwifie st.a.tee!. 

The hourly co-ordinates for three year:'! have lH~e11 wwcl in the work for Port 'rownseml and 
San Diego, and for two yr.ars and ten month;; for ARtoria, tl1t•se bring all the <'o-or4linates al-ailable. 
The whole nmnber of co-ordinateR fort.he three ,rear;; at the three ;;tations is ahout 7•1,000. A!! 
these, by the method, 11ad to be arranged into groups of about. :w;, oh:·mn·atiou,., Pacl1 twent.y-fonr 
times, once for eacb of the t.weuty-four tidtH;ompo11ent:-:; with reference to which they han\ b1w11 
analyzed, and the aver11ges thus obtained were then treated by the mctho<lH laid clown in t11e Jll't>· 

liminar,y work referred to aUove. The amount of work, therefore, is nw_y gTeat, but it makes the 
most possillle out of the observations, and tbt1 r(~snlts thus obtained arc far more accurate than 
those of the old method of analysis of the observations of high and low waters onls; and bei'iides 
this, the numerous short period inequalitie.s of quarter-diurnal, one-sixth diurnal, &c., components 
a.re obtained from the analysis, which, by the old mnthocl, are rnost.Iy, if not eutirel~·, hl!'lt.. 'l'be 
results in the following report can he used, either hy investiga.tors of tlte tidal theory or for th(\ 
practical purpose of predicting the tides for any given time. 

Very respectfu1Jy, yours, 
WM. FJ~HHEI.i. 

Prof. J. E. HILGA.RD, 
Superintendent of the Coast cmd Geodetic S1.trvey. 

{,-TIDES OF PORT TOWNSEND. 

1. Port Townsend is situated on Admiralty Inlet, Puget _Sound, in ·wa.shington Territory, fati· 
tude 48° 8' north, and longitude 1220 48' west from Greenwich. The waters adjacent, even close to 
the shore, are mostly over seven fathoms in depth, and these connect with the Prwific Ocean by 
mea.ns 9f the Strait of Juan de Fuca, which has a considerable depth. The t,ides of Port Town­
send partake of the genera.I character of those of the northern part. of the Pacific Ocean, wl1ich 

4:fi 
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mostly have a large diurnal iuequalitr, aml are analogous to those at Petropaulovsk, on the coast 
of I\.amtclmtka, loug noted for tlw rnagnitmle of its diurnal tide. 'rhe tides of l'ort Townsend 
are the mm;t remarkable in tl1is respect of any in the world where tidal observations haye been 
made, the mnge of the pri11cipal (liumal component alone being nearly six feet, as is seen from the 
following result;;, while that of the mean lnuar semidinrual compouent, which is usually by far the 
greatest of nil, is little mote tlm11 four feet. Ifouce the tidal ctuYes here are very much distorted, 
there being grmit ditl'i>rmieei-; b(\tweeu U1e 11eighti-; of the two high or the two low waters correspond· 
ing to tlrn upper and lower transit.<; of tho 1110011, and great irregularity in the intervals between 
high and low w:iters. 

2. The hourly eo-ordirnttm;, mrasnre<l from the curves of the self-registering tide-gauge for the 
years 1874-187(), iuclusive, and furnished me ll;r Mr. A very, from the records of the Tidal Divisiou, 
Coast arnl Geotletic Surn.v Office, lmv<c~ been mm<l in the discussion of these tides. Treating these 
precisely as those of J>11lpit Con~, iu Penobscot Bay, as explained in sections 21-23 of tlte report ou 
these tides, aud usiug t.lrn same notatio11s, the fr1llowi11g· resultN nave been obtaiued: 

M·TIDE. S·TIDE. 

1874. 1876. 1876. Mea.n. 1874: 1875. 1876; Mean. 

A1= .1~84 • 1504 • Oiiii.2 .H4i A1= . 08ii7 . 0717 .1024 . 0866 
e1 = 2:wo 2JOO ]fjJO ] !)!JO t1 = ll;)O. 3 1:n°.o 114°.3 llfJO, 2 
"·\,= 2. 1;~;)3 2.23013 2. l3H4 Ai= . 5567 • 558.J. . 5415 . 5522 

'2 = uo0 • 47 101-F'. 71 1070.tm E;t = 1300.0 12\J0.4 12~0.0 1:m0 .5 

.A:i= • 0205 .OHfl • 02:.n . 01!12 A:i= . 0042 . 0022 .0033 

2:1 = 410 34;3o :.!98° 347° t3 = 112° ;{1)20 301° 

A4= . 1378 • 1128 • 1354 • 1320 A•= . 006J . 0108 .0121') . 0099 

'1 = 2!.ltP. 7 :398°. 7 :.w4°. H 2!Jt1°. 7 ., = 34!1° 3lti0 316° 3270 

Ai;= . o:s2~ . 0270 .0275 . 028!J 
.tfi = 240° ~fif)O :!:~GJ 2440 

0-~'IDJ.;. K-'.l'IDB. 

A1= i. mm 1. @80 1. 7424 Ai= 2. 7!>68 2.W20 2. 1n:16 
=1 = 12no. 2!) US,.\ 24 i:n o. n:; •1 =152°. 71 1490. 97 1470. 70 

~'\2 = • 21:37 .1851 . 2Vl9 

<2 = 134::i_ G 1340.8 1350.4 

p.'J'fDR. Ii·'l'UrE. 

Ai= . 77ti4 . 7:>JO . 78H6 . 77rn Az= . 085-i .1071 . 0801 . 0911 

"' - 14-i"iO. 4 1470.4 1470.2 l4GO. 7 "2 =347°. 0 . 3u5°. 4 319°. !l 3400.s 

]'\ -'J'IJ) Ji;. p-TIDE • 

A2= .41i09 • 4657 . 43!19 • 4,)55 Ai= . 0777 . 0976 .0592 .0782 

<2 - ~\JO. H 800.8 7PP. 6 soo,4 •2 =352°.o 7°.4 3550_5 -3580, 3 

11-'l'rDF.. r-TIDE. 

A2= . 041:) . 030!1 • 0187 . 0314 Ai= .1556 . 08!ll .0289 .0912 
£2 = (10,;J :!80.iJ :..m 0.7 20.2 <2 - 750. 9 450, 5 ]360.6 8{i0. 0 

RTlDK T·TIDE. 
' 

A2= .0104 .008!.l • 0201° .0129 A2= . 0706 .0500 .1084 
£2 - 3r;20 214° 241° 26~1° r2 - 380 2390 175° 

J-'l'IDE. Q-TIDE. 

A1= . mm -0491i .1487 A1:::;1 .2973 .3148 .2949 .3023 
"1 - 3(i0 e4no ]{)70 £1 =1190. 4 1240.0 1230.5 12.20. 3 

2 SM·'l'InE. MS-TIDE • 

A2= . 011:3 • 0172 • 0180 , .0155 ~= .0024 . 0721 .0575 .OMO 
~2 = 620,3 490 ,, ... . ., 410.0 480.5 E • =3190.3 3000,5 3170, 6 ~ 3150. 5 
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'rhe amplitudes auov(~ are giveu iu feet. 'l'he vahw;,; of the amplitudes and epod18 ahove are 
not those obtained directly from the obse1Yatio11s, but they are the;,;e value:.; with the small redtw­
tions applied by (20) for the values of m. all([ n. computecl by the formula of section 13, and the 
epochs are also rednced by Table II to those which result from using the true hom of each tidal 
component, instead of assuming for convenience, in Tallie I, that the l1om of midnight prececliug 
.the 1st of January (leap-year, ,Tanuar.Y 2) ii,; ()li for eadt of th(• components. 'With these reduc­
tions the amplitudes and epochs should be equal for the ism-era! .n'ans, if all almormal irregulari­
ties could be completely eliminated, except the K allil 0 diurnal tides and the l\I and K semi-diurnal 
tides, which are affected h.'' an incqualit,r of 1011g period, depernling upon the position of the 
moon's node. A<~cordingly the mearn; for these compo11e11ts are not giYeu abon~, but are g·in-n 
aftnr the following reductions by meaus of Tables II 1-VI, iucluRive. 

3. The amplitwleR and epochs of the diurnal compo11c11t of tlw K-tide are corrected as sliowu 
in the following table: 

Years. i .\' ,\:A' A Ht'S. ,. ~' 1: ........ 

1874 - - 32-31 2. 7568 . "976-~. :J s~ i ~. 47JD-li.:,: leµ -Hi 15:!. 71 -:tt\8 1-t11. oa t-0. ;;{-: 

1875- •• - . ' 12. U7 :.!. 79:.~) . 884fJ-'..!. [i 811 ~- -lf>!lH-7. o Oµ. - ., 14!1, fl7 -1. .'."1~ HF.'" -11.~I 
: : 

1~76. - ... :~;·~- 50 :!.7!1:W . 8~:!5-!.!. 5 Jµ. :!.H:>r,::- 7. 0 J,A. -~4f1 147. 70 -+ 0. 70 14~. 4(j -0. }!I 
------

Al~an'". :.!. HW~-6. ~ l!µ ·-·-·· 1-.fK fit"> 

'rhe values of win thit-i table are take11 from 'rable 11 for the mhlclle vf each year. Tl1e mines 
of A: A' aud of Je are taken from 'rable III, with was an argume11t.. "'ith tlwse reductions it 
is seen that the amplitudes and epochs for each of' the three .F·an,; are nry nearly the sauu~, tl!e 
maximum residual, or tfoviation from t-lw nrnan, in the amplitude,.; ht•i11g only about 011e-,.;ixtee11th 
of an inch, and in the epochs only oo. ~:'\. 

In the case of the O.tide the reductions are as follows: 

A' : A:A' I A Hes. 
1 

~ 1 
_____ I __________ ·,_ 

j 

1874 : 1. 677U . 8389 ! 1. 407:i - 40 I:!ll. '.!H +5. 6(i t:n. g;; -j-{\, !lS 

1875 _____ , 1.6980 . 82:.-!t; ! 1. 3971 -1~2 128. 24 

_ 8205 i 1. 42!J6 +183 . 13L 6:J 

-----il.4m · 
I 

+ 2. 3;-; 1 :JU. [17 ---0. 4'.! 

-1. ~:~ 130. 40 ~O. 57 

---. B0.117 

The values of A: A' aml of Jo: iu this case are takcu from 'fable I\..-, with the Ha11w values of 
rofor arguments as in the preceding reductions. 'l'lte residuals here arc a little htrger thau in the 
preeeding case, but still they are very satisfactory. 

In the reductions of the semi-diurnal component of the lrrnar or l\f-t.idc, in order to pnrif~· the 
re~mlts from the effect of the component of long period depending upon the position of the moon's 
node, we have: 

!· 
Years. A-' .A:A1 A ReR. " Ae Re~. 

-421 110. 47 -l.17 109. ,.0 +0.82 
i 

+675 108. 71 -0_48 108. 23 -0.85 

-253 107. 69 +0.:.f.! 107.91 -0.57 : 

............ ·- 108. 48 

! ' 
: 1874--... 2. 1353 1. 0310 2. 2015 : 

i 1875- .... ·' 2. 3306 ; I. 0361 2. 3111 
! 1876 ...... ! 2. 1394 I 1. 0369 2. 21s;1 
! '1 ·, --

! Moons __ 
1 
.... -·. ··-i ... ___ .

1
' 2. 2436 

I -- . . : 

The values of A: A' and of tfr are taken from 'J'able V with the same arguments as above. 
The residnals in the amplitudes in this case are larger than usual, the largest being about 0.8 of 
an inch. '.['hose of- the epochs are very satisfactory. 
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Fur U1e semi-di11rw1l compoucnt of the K-tide the reunct.iorns are as follows: 

A:A'' A •' 

1~7·l - :>1:17 . 79!l~-.~t ~) Oµ . 1706--0. 80µ +100 1:11. fl 

l8i(1 .1.Stit .lt:l~.:.:oµ .14'17-0. Sop -1~9 134. 8 

lWiG. 21:;:1 i • 7';"8!1--4. 4 (,µ . 1666-V. soµ + 60 135. 4 
----

Mt·:ms .. . lUOG-0. 8 Jµ 

Ta hie v I is l(t.H•d i11 the re1l11etions ill this case, with the same value:s of kl for an argumeut as in 
tlw prcci>tli11g reductioni-;. The rPsi1lmth; arc entirely ::;a.tisfactory, those of the epochs being large 
iu compariso11 with thoi'!e of the preceding; re<luetiom;, on account of the smallne1'\s of the amplitude 
or this 1~om1umeut, which is only :diout t\n> i11dws; for the epochs Lccomc very uncertain where 
the ti<l1l-COlllIJOIIPJ1t is so s111nll. 

'l'lic mmid11ce1l amplitudes am! 1~pochs 11111:.;t bn mmd i11 p!'actice for computing ti<lei,;, in order 
to lake iu tlie etti.•ct of the lo11g petfod eornpo11e11t, 1lepe111ling npou the poi,;ition of the moon's 
uotle, l111t tlrn re1luee1l values, which are those of Urn mean tide for a loHg se.ries of _years, are 
JJl·cessary i11 corn1n1risous of IJu, results with theory, arnl in testing the accuracy of the resulti;; 
tlt·d11cc1l from tlte aualyt<is of tltc oll,.;ernition". For practical purposes the a.mplitudes awl epochs 
for :rny gin•11 yem' of the 11otlal pei'io<l can be obtained from the meau Yaluc1:1 by reductious by 
means of Ta~iles HI-VJ, inclusive, which ar•~just the reverse, of those above. 

4. Iu the M-ti11e it i.s seen that there is a cousidm·ablc diurnal component hrought out bs the 
analysis, with amplitmles anrl epocl1s A 1 antl E 1, varying from year to year.· This ariRes from t.lrn 
two rnmpo1w11ts iu Sdwdule I, llesigrmte<l by m and n, and of which the va,lnes of P arc rcspect­
iY<'l.Y .0.~1:.! arnl .011. Tl1e JH~riotls, it. i,; Reen, differ very little, the one being- a little greater au<l t.l1e 
other a little less than a lunar day. The resnltant of tlrnse two eo111ponents, with periods :so nearly 
er1nal, ~ives rise to iul'qnalit.y hronght ont in the analysis, the slowly shifting relations between 
tlie two components cansiug the gradnal change iu the values of the arnplitrules and epochs. The 
combination of tlw.•m two components, as shown in section 28, gives rise to. 't resultant component 
of the form 

ill \Yhid1 
A II cos (it t-<") 

A"=A v'l.0-!5+.4:.>.3 cos 2w 

c 11=t+~ 7t-w+o c 

The rnl11e of A is deduced frrnn the following relation, neglecting the correction for the moon'i; 
ma,~s: 

2.4698=.5306 (1+.'..!30 E) Ao 

A=.0520 (1+.002 E) Ao 

It will lie !!l1ow11 that the value of E for these tides is .fiOO. Hence we have the!IB two equa­
t.ious to determiue the ntllies ofA0 aud A, from which we get A=.2170. 

The rnlue of e i8 determiJJtid from the relation-

148.65=L0+13.18 G 

c=Lo 

The Yalue of G will be shown to be for these tid~ equal .670. With this va.lue those two 
~1uations give i:~i:J9°.82. 
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From Table II we get for the ''alue of w, for the middle of each year, the values given below. 
With these values of w, and with the values of A and c just found, the formula above gives the 
following results: 

I y~=~i WO __ -_ - ~: ·~"i ·: 1--:: I":,~., I 
I 1874 \ 16. 8 . 2564 .1884 I + 5. 7 218. 7 I 226 

1875 I 57. 5 . 2018 . l5M 
1 

+12. o 184. 3 210 
1876 98. 3 .1714 • Ooo2 ! - l. 7 129. 8 161 

... _______ !__ ____________ ...... !_____, ____ -

The agreement between the theoretical and observed values here is not very close, but it is 
seen tllat both decrease from year to year somewhat after the same law, and the agreemt'nt is 
sufficient to show that this inequality deduced from the obse.rvations arises i11 the m auner just 
explained, for it must ue borne iu mind that the relations above, from which the preceding theoreti­
cal values are deduced, are those of deep-water tideis,in which the perturuing eft'ects of the shallow­
water componentis do not enter. 

It is seen above that the value of A, and cortsequently of A", depends upon the amplitude of 
the principal diurnal component, 2.4698, which is unusually large in these tides. A very small 
inequality of the same kind was obtaiued in the analysis of the observations of Penobscot Bay, 
where tile dinri!al tide is Yery small. It is interesting to observe that this inequalit,y at Port Tow11. 
send is larger than in Penobscot Ba;y, about in the ratio of the principal diumal tide; which is 
further evidence that this inequality arises in the way explai11ed theoretically above. 

5. 'l'he ter-diurnal component of the M-tide, it is seen, is very small, and not clear)~- brought 
ont by the analyisis, a;s is seen from the scattering values of the epochs E3, and it is probable there 
is no real sensible tide of tltis sort, and that the very small values obtained are due to unelimiuatcd 
abnormal disturbances. The term iu ·the tidal forces giving rise to such a tide, is iso extremely 
small that a sensible title could scarcely be expected. 

The quarter-diurnal component of the M-tirle, though small, is Yery clearly brought out in the 
analysiis, as is seen from the regularity, from year to year, of both the amplitudes A4 and the 
epochs E4• This is purely a shallow-water tide, being the tide designated by M2 M2 in Schedule 
IV. A small part. of it may arise from the component M2 M6 of Schedule VI, since the latter has 
the same period. 
• The one-sixth diurnal shallow-water component, of the M-tirle, though Yery small, is clearly 
brought out in the analysis, as is shown by th.e nearly equal values of the amplitudes A6 and the 
epochs E6 for the several years. This is the shallow-water component, designated by Mz (M2 1\12) 

in Schedule VI. 
In the 8-tide there is also asma.U diurnal component, with amplitudes and epochs for the sev­

eral years nearly the same. There should be a theoretical component of this sort, just as in the case 
of the moon, arising from the solar elliptic and dcclinational components; but, as the solar force is 
less than half the lunar, and the ellipticity of the solar orbit only about one-third of that of the lunar, 
this inequality would have t-0 be very small in comparison with the hrnar one. This inequality, 
as brought out in the a.nalysis, seems to be too large for this theoretical ti.de, and it must be due, 
in part at leas~, to some other cause. The amplitude of the whole tide is only about au inch. 

6. The amplitudes and epochs of the L-tide, ·as usual, are irregular, since they are affected by 
a shallow-wat.er component of very nearly the same period, the etfect of which is not eliminated in 
the analysis. This is the fourth component of the second group in Schedule V, not written out, 
but the designation of it would be Mz (S.J N2), and the value of u would be 2i2+2is-2i1 =29.455626, 
which is very nearly the value of 2i4 in Schedule I, belonging to the semidiurnal component of the 
L-tide. Hence this component is always irregular, as brought out by the an'alysii,i, where there 
are sensible shallow-water tides. 

The amplitndes and epoohs of the N-tide are very regular, which shows that it is but little 
aft'oot.ed. by any shallow-water components having nearly the same period. 

The µ-tide is a.ft'ected by a shallow-water component ha.ving precisely the same period. This 
component is designated by: ~(Ms, Ma) in Schedule V. Having exactly the same period, it should 

S.-Ex.77-56 
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not derange the values of the amplitudes and epochs from year to year, but it destroys the theo­
retical relation between the forces and the corresponding com}J'Oncuts deduced from the theory of 
deep-water tides. The. amplitudes and epochs in this case, as brought out in the analysis, are as 
regular as is to be expected. 

The U- and T-tides at Port Townsend should be very small theoretically, especially the former, 
and from tlie irregularities of liotlt the amplitudes and epochs obtained from the analysis, the 
results are probably the nnelimiuated effects of shallow-water com1>onents and abnormal irregu­
larities. 

The diurnal J compouent is too small to be brought out clearly in the analysis, ancl the irregular 
results obtained are, 110 doubt, due to nuelimiuated disturbances. This tide should be only about 
one-fifth of the Q-tidc. 

The regularity of the amplitudes au<l epochs of the diurnal Q-tiUe, 110m1 of them differing 
much from the mean of the tlu>tie years, rn<licntes that tliis is the true theoretical tide with all the 
other inequalities and the abnormal clistnrbancl's almo»t completely eliminated. 

7. The quarter-diurna.1 component of the S-tide, as shown by the nearly Pl]nal values of the 
epochs <4, in this very S'nall compoueut, is fwicle.utly a real component. This is the component 
designated in Schedule lY by Si S2. The rehttiou between this aud th~1 quarter-diurnal M-tide, 
designated by M2 S2, is given by the values of U iu the second column of the Schedule, if we sup­
pose the quarter-diurnal component of the lower order in Schedule VI, lla\·ing the same period, to 
be insensible. Tllis relation make"; the amplitude8 of tile 11uarter-diurnal components lll'Oportional 
to the seconcl powers of the amplitudes of the semi-diurnal components, and hence-

in which the amplitudes ill tlie first member, distinguished by an accent, are thrn;e of the luuar 
and solar quarter-diurnal components, and t!Jose in the second member belong to the lunar and 
solar Remi-diurual components. Now, the valtrns of A.1, A 2, and A'i, as obtained from the analysis 
of tlle observations, are, respecth·ely, 2.Hi84, 0.5522, and 0.1220. Hence we have-

This value, given by theory, 11iffers only one forty-fourth ofan inch from the value .0099 ueduc@d 
from the analysis of the observations. In the same manner all the other amplitudes of the quarter­
diurnal componentR of Schedule IV can be theoretically deduced from those of the semi-diurnal coru­
poneuts. In the Port Townsend tides, however, these are all very small and of no importance. 

With regard to t,he theoretical relation of tile epochs, if we put t~e expression of these shallow­
water quarter-diurnal components ( e. fJ., 7, p. 8) into the form of each one of the components ~f the 
second memlJer of (2), which is the form under which the analysiR of the observations has been 
made, we shall haV(\--

in which, after reduction by Table II, 

Substituting the values of q in Sched.ule IV, and denoting the epochs of the quarter-diurnal 
components by an accent, we get · 

<1
1-2<1-E for the lunar tide, 

and 
e',=2<r-E for the solar tide. 

Now the values of <'1, <1, and e,, as obtained from the analysis of the observations; are, 
respectively, 296°.7, 108°.3, and 129°.5. Hence we get from the preceding expressions-

e'~e'1+2<i-2 <1=2960.7 + 259.o0-2160.6= 339.01 
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This value of •'2, deduced from the theoretical relations of the epochs, differs onl,\- 12° from .the 
value 3:fi0 , obtaiuecl from the anal~·si.'! 1 which is a very sittisfactor,Y agreement of the values, con­
sidering the smallness of the component, ttie amplitude of which is only about one-eigl1th of an inch. 

The quarter-diurnal, shallow water, component of the MS-ticfe, designated by M 2 S2 in Schedule 
IV, is a, real component, as indicateLl by the regularity from ye<tr to year of the amplitudes and epochs, 
A4 and •4• These can be deduced theoretically in the same manner as those of the S2 8 2 component 
in the preceding case. It is only necessaQ·, as l.s seen by comparing the values of H and q in 
Schedule IV iu the two cases, to use 2A1 A2 inHtead of A~, and 1:1+e2 instea.d of 2e2 in the preced­
ing equations. Hence instead of the preceding reiation of the amplitudes we get 

A' _2A2 

A.1~-A-;-

or 
?A "x 0 :--52'1 

A'= =--2 X A'1 =-----·;) ___ .:' x .1220 = .0611. 
A1 2.1684 

This theoretical value is almost precisely the same as tbe value .0640 obtained from the analy­
sis of the obsen'atiorn;;, the difforeuce being only about one-thirtieth of an inch. ln like manner, 
by putting Ei+•z for 2<2 in the expression above, we get 

E
1 = e1

1 + '2 - •1 = 2960.7 + 1290.5-1080.3 = 3170.9. 

This theoretical value of e1 rliffers onls '.!0,4 from tlrnt of 3150.5 given by the analysis of the 
observations, although tlrn amplitude of the component is only about three-fourths of an inch. 

'l'he shallow-water semi-diurnal component of the 2 SM. tide, designated by M2 (S2 S2 ) in 
Schednle V, although very small, is clearly brought ont by the analysis, as indicated hy the regu­
larity from year t-0 year of the amplitudeR and epochs. We liave uo relations for determining the 
amplitmle arnl epoch of this component theoretically. 

8. The observations were analyzed fbr each of the four principal long period components, but no 
sensible incqnalit;y was obtained, as shown by the scattering values of the amplitudes and epochs 
for the several years, except tha.t corrcspondivg to the solar elliptic declination component. This, 
however, arises from meteorological causes, the part depending upon tlie tidal fonws, as in the 
other cast's, bciug cntirdy insensible. The theoretical expression of these long-period inequalit,ies 
makes the amplitudes very small for any part of the globe, and entirely vanish in the case of an 
earth entirely covered by water, at the parallel of 350 16'. Hence we could scarcely expect a 
sensible effect, even at the latitude of Port Townsend, and none was found in the tides of Pen­
obscot Bay. 

1ror the solar elliptic declination inequality, due to meteorological causes, there has been 
obtained 

1875. 

A 1 =.229 
01 =331° 

.- Az = .158 
Ez = 2960 

1876. 

.212 
150 
.079 
95° 

The fluctuations in the zero of the tide-gauge for the year 1874 rendered it impossible to get 
any satisfactory results for that year, and the results for the othtir two years are perhaps slightly 
affected from this cause. The combined annual aud semi-annual components give an inequality 
with a maximum of nearly 4 inches above mean level, occurring in December. 

The analysis gave no sensible value for the shallow-water long period component M2S, of 
Schedule IV. 

The height& of mean level above the zero of the tide- gauge as obtained from the analysis, are 

1874. 

Ao= 10.559:ft. 
1875. 

10.966 
1876. 

10.976 
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It is seen there must have been a considerable change in the position of the zero-plane during 
the year 1874. 

II.-TIDES OF ASTORIA. 

9. Astoria is situated on t.he Columbia River, Oregon, about ten miles from its mouth, latitude 
4GO 11' 11ortl1, and longitude 1230 50' west from Greenwich. The river here is wide, but obstructed 
by bars and sand-banks, and has two principal channels, the southern one of which is the wider 
and deeper one, having a depth of about 30 feet at the entrance to the river, and extending up to 
Asto1ia, with an average depth of 40 to 50 feet. · The hourly co-ordinates of about two years and 
ten months bav-e been m;ed iu the aual,ysis of these tides, commencing with January, 1874, and 
f\Xtending to the last of October, 1876. The type of the tide differs considerably from Urnt of Port 
Townsend, the diurnal tide here being less than half as large, while the semi-diurnal is about one· 
tbird greater. Still, it partakes of the general character of the Pacific tides, and is very difierent 
from those of tho Atlantic, in which the diurnal tide is very small in comparison with the semi· 
diurnal. 

10. The analysis of the observed co-ordinates, and all the reductions of the results, having been 
matle in preciselJ' the same manner as in the case of Port Towmmnd, the following results ha,·e 
been obtained: 

M·TIDJ<~. S·TlDE. 

1~74. 1Sl5. mu. Hean. l~H. l~i5. ism. Mean. 

Ai= .1246 .1180 A1= . 0511 .0532 .0522 
fi = 23:30 .5 1850.0 E1 = 111°.9 1170. 4. 114.0.6 
Az= 2. 9()26 2.9424 2.9053 2 9368 A2= . 7782 . 7735 . 8114 . 7877 
Ei = ll0.!)6 110.iJ3 110,47 11°. 65 cz = 39°.2 380, 1 410.0 390,5 
A~= . 0214. . orn1 . 0280 .0210 A3= .0040 . 0083 . 0120 . 0081 
E3 = lOHO. 7 630.0 330, 6 67°.8 1'3 = 2690 3100 2720 28JO 
A4= . 0925 . 0952 . 1162 .1013 A4= . 0120 . 0089 .0065 .0091 
1'4 = 3200.1) :~290, 0 3280.6 3260.() E4 = 344° 341° 3480 344° 
Ae= .0332 . 02()4 . 0331 . 0309 
1'6 = 121° 115° 1110 lloO 

()TIDE. K-TIDE. 

A1= . 77~8 . 7516 . 7622 A1= 1. 2896-3.0~µl. 2884-3.2J11 1. 2896-3. lJt.i 
<1 = 1180.5 1180, 1 1180.3 1!1 = 1290.00 1290.43 1290.22 

A2= . 2326-0. 9J11. 2148-0. 911µ . 2237-0.90µ 
f2 = 240.l 210.0 250,5 

P·TIDE. L·TIDE. 

A1= . 3736 .3465 .3600 A2= .1173 .1190 .1089 .1124 
CJ= 960.43 9f)O. 91 960,17 Ez = 1970_5 2150.4 1930,1 2030,9 

N-TIDE. µ·TIDE. 

A2= .5744 . 5559 . 5427 . 5585 A2= .0163 .0298 .0400 .0287 
e, = 3510.6 3500.s 3450.2 3490,2 F2 = 1300 142° 1080 126°.7 

A-TIDE. ~-TlDE. 

A,= • 073() . 0318 .0346 .0465 Ai= .2024 .1270 .1288 .1527 
e, = 1920 2()()0 150° 1810 E2 = 3420,3 ll0.6 53°.4 150.8 

R·TIDE. T-TIDE. 

A2= .0157 • 0017 .1255 A,= .0832 .0670 • 0581 
e, = 2590 3200 148° E1 = 3070 1370 169° 
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J-TIDE. Q-'l'IDE. 

1~14. 1875. !Sill. M~an. 1'71. 11':7;;. J'\7H. \kan. 

A1= • 0673 . 0086 Ai= .17ti-1 . 1557 . Uj;)li 

'°l 172° 142° 01 = 10!)0 12os ll·P.5 

MS-Tm I<.: 2 Sl\1-TmK 

A4= .0553 . 0491 • Of;:Jfj . 052~{ Az= • 017[; . 0208 .o:w4 .02:m 
04 = 3JlO ;344o 40 ;{50" Ez = 220° 25W1 :JJ(jG :J.J.:!C1 

The year 1876 not heiug complete, it wa;; inc011\·euient to obtain correct re;;nlt;; for some of the 
components for that year, and so they have hee11 ornittecl. It was tl1onght m1m•,eersrsar~· t~) gin\ in 
detail here tl1e whole procesrs of the reductions which lrnn., l1t\e11 givPn in 11eetion 3 in tlw ca11e of 
the Port Townsend tideP, but the amplitn11es and epochs, as eorn•eted in that, way, are giw11 ahoYe. 
Where the amplitudes of the comporwuts are 80 Ht11all and the rnlue8 of tlie evoclls so scattering 
in a fow cases as to indicate that the results obtaiueil am 110L tliosp of a real ti1le, llie rnea11s, al' i11 
the case of the Port, 'l'ownseml tides, are not giYcu. 

11. It is seeu that in both the M· arnl the S-tide there is cout'liderable diurual compouent, as 
in the tide;; at Port Town;;eud, and ex11Iaiuable in the same way, and that the:s11 tide;; are less, 
somewhat in proportion to the diurnal tide;; generally at the two ports, a;; they i,;houhl he according 
to theory. 

The amplitudes a11d epochs of the semi-1liurnal compoucnt, of the M-tide, whe11 conected for 
_ the position of the moon's 11otle, are very safo;factor;r, since 11one of them differ nmch from the 

mean of the three years. The ter-diurnal component of this tide, as usual, is \'ery small, and tlle 
epoclu,; somewhat irregular, but they indicate a real compone,nt. The quarter-!liumal, sllallow­
water compouent of this tide is somewhat less tlran at Port Townsend, although the semi-diurna1 
component is considerably grt-ater. The sixth-diurnal compo11e11t, also a :shallow-watt"r component, 
fa only about one-third of that of the quarter·1liurnal, but the regularity of thl:' amplitudes a1ul 
epoch;;, as brought out in the analysis, indicates that it is a true compo1wnt. 

The regularity in tlie aniplitudes and epochs of the S-tide, from yPar to ~'ear, is Wl'Y satis­
factory, and, although the ter-diurnal ahd quarter-diurnal components of thi;; tide are very small, 
the regularity is such as t-0 indicate that tliey are real components. The tlieorctical nine of A 4 for 
thiR tirle is given hy the expreRsion of A'2, in section 7 in the Cl:lse of tl1e POl't 'l'owmiernl tideR, hy 
using the quantities in that expre8sion in this case deduced from tlie A i,;toria tides. Hence we get 

0 78772 

A',= 9 •93('S x .1013 = .0070 .., .. ) 

This differs but litt.le from the value .01)91 obtained from the analysis, for Hie whofo amplitndti 
is only one-ninth of an inch. The theoretical value of the epoch is gi\'en hy the expresi-;ion <'2 of 
that section, which, with the values of the epochs for tlle Astoria tides, gives 

c' 2 = ~~2uo + 7!Jo - 2;30 = 220 

The value given by the analysis is -:t'6o. The difference is not large, considering the small~ 
ness of the component and the uncertainty iu the epochs of such components. 

The amplitudes of the L-tide, which, for reasons given in section 6 preceding, are usually 
somewhat irregular,. happen to he in this quite regular, bnt the rnmal irregularity is seen in the 
values of the epochs. 

The wtide at Astoria is much smaller than at Port Towrnmu«l, thot1gh the semi-diurnal compo­
nents of the former are in general greater than those of the Jat.ter place. But t,his compoueut is 
affected by a sba.llow-water component of the same period, independt>nt directly of the tidal forces, 
and this seems to affect the part depending directly upon the forces •lifforently at tlie two places. 

The shallow-water MS-tide, as brought out by the analysis, seems to be a true fole, the 
amplitudes and epochs being quite regular for so small a component. The theoretical value of the 
ampl:tade of this component is given by the expression in section 7 preceding, which, with the 
values of ,the quantities in the expression belonging to the Astoria tides, gives for the amplitude 
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2 x .7877 "' . 
. A.' = •) ""GS' x .mm = .Oi>3o 

""""'') 

Th ix is almost prccisel.r the same as the Yaluc .0533 girn11 hy the analysis of the observations. 
l?or the theoretical ntltie of the epoch we likewise get from the expression of i:' iu tbe same 

section 
c1 = :t.wo.o + 3!)0,5 - lJ0,6 = 3530,!) 

wJ1ich is a satisfactory agreem<'nt with tl1e value 350° obtaiued li.r tlie analysis, since in so small 
componcnts there is great micertaint;\- in the values of the epochs. 

12. The observations were analyzed with reference to the long-period tides, but no sensible 
iueqtrnlitics were obtained, as was to he e.xpeeted, except in the case of the solar-elliptic inequality, 
produced by meteurological causes. For Astoria being still nearer the latitude where these 
inequalities should vanish than Port Townsend, where the inequalities depending upon the tidal 
forces were insensible, they shoul!l likewise be so at Astoria. 'fhe inequalitieo; depending upon 
meteorological causes were found to be 

1874. 

A1 = .28!l 
EJ = '1;30 

A2=.Hi3 
<2 = 332° 

187G. 

.1!.19 
3340 
.:~:.m 

282° 

1'Jw re1mlts for the t,wo yean; differ considerably, owiug uo doubt to irregularitieR in the zero­
pla1w of the title-gauge, lmt tbey correspond prett.r well with the results at Port Townsend, giving 
au annual inequa.lit_y witl1 a umximum above the mean toward the close of the year of about 4 
inclie1-1. 'l'he observations for 1876 not being complete, no attempt was malle t.-0 obtain this ine­
qnalit~· for t.his sear. 

The mean height of sea-level above the zero-plane of the tide-gauge for the several years, as 
obtaiue1l from the analysis, is as follows : 

1874. 

A 0 = 9.:~64 feet. 
1875. 

9.:W6 
1876. 

!J.561 

U is seen that the result for the last year is too large, indicating a lowering of the zero of the 
tide-gauge for that year. 

III.-TIDES OF' SAN DIEGO. 

1:i. San Diego is situated on Sau Diego Bay, California, latitude 320 43' north and longitude 
1170 10' west from (;}reeuwich. The connection witb tbe Pacific is by means of a channel, about 
firn rnile:s in length, and almut 50 feet in depth on the average, and having its entrance at Point 
!Joma. The hourly co-ordinates, measured from the curves of a self-registering tide-gauge for three 
years, commencing with .fauuary 1, 186!J, have been analyzed in order to obtain the constants of 
the principal components of the tide for this station. The following results have been obtained : 

M-TIDE. S-TIDE. 

J,~1111. IS70, mi. Mean. lN&ll. !870. JS7l. Jfean. 

Ai= .0850 .OGlll .OHU .Ofi32 Ai= .02:)6 .0238 .0232 .0235 

q= 347° 3330 200 3530 t1 = 540 510 12° 39° 

A2= 1.70!)7 1.7030 1.ti!J72 1.7030 Az= .7006 .6967 .7158 .7044 

<2 = 2780J)2 2wo.03 2800.11 27!)0.35 <2 = 274°.2 274P.4 2750,2 274°.6 

A1= .0077 .0118 .0050 .0082 AJ= .0060 .0061 .0058 .0060 

£3 = 320 (j'/O 480 490 C3 = 1670 1530 168° 1620.7 

At= .0254 .0264 .0303 .0274 Ai= .0064 .0048 .0056 .0056 

€4 = 200° 1930 194° 1950.7 e4 = 2210 1960 204P 2070 

As= .0104 .0106 .0087 ,(){)!)9 

•6 = 150° 118° 1100 126° 
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0-TIDE. K-Tnm. 

IMlll. 1~70. 1S71. Bean. 1S611. IS70. !Sil. Mran. 

A 1=1.009G+2.101; 1.0099+0.70µ 1.00!l5-0.51J,a 1.0097 +0.8Jµ 
•1 =96°.43 950,91 96°.27 !l0'.1.20 

A1= .6974 .6982 .7139 .7032 A2=.2073+0.4oµ .2015+0.41}µ .1943+0.5il,u .2010+0.5011 
-.1 =70°.90 71°.42 710.88 710.40 <2 =2(i70,5 2650.0 2650,j :J(j{jO .1 

P-TIDE. L-TrnE: 

A1= .3582 .3488 .3394 .3488 A 2=.0GrJ2 .0277 .0318 .0415 
<I =92°.83 910.65 940.51 9;30,00 Ez= (]20 29° 117° (i!)::> 

N-TIDE. !'-TIDE. 

A2= .4232 .4J22 .4014 .4123 A2 =.024:3 .0370 .Orn7 .02()0 
<2 =261°.9 263°.l 2G40.4 26301 ' <2 =256° 2440 258° 2t)~)O 

14. The diurnal components of the l\1- aud S-tidcs appear above as in the cases of tbe Port 
Townsend and Astoria tides, aud in about the proportion of the other dinmal components. The 
amplitudes and epochs of the diurnal componeut. of the l\1-tide are \'cry regular, differing but little 
from the mean of the three years. It is seeu tliat the amplitmle is much smaller than at ('ither 
Port Townsend or Astoria .. The t.er-tlinrnal compoue11t, is ext,remely small !mt r,learl~· brought out 
by the analysis, as sllOWll hy the epOCh8. 'J'he l]lutrter-diurnal shalJ<rw-water COllllJUllCllt of this 
tide is also small, beiug litUe more tllan one-fifth of that of Port Towuseml aud Astoria.. 'l'hc oue­
sixth diurnal shallow-water eompouent is very small, but clearly uruughL out by the analysi8. 

The amplitudes and epoclls of the semi-diurnal corn11oucnt of the S-tidc arc Vl'I'Y reg·nlar aud 
satisfactory. The shallow-water ter-diurnal and qnarteNUnrnal component, both very su1all, are 
brought out with great regularity. The value of t,l1e amplitude of the quarter-diuma.l coruponcut, 
given bj- the theoretical relation, a8 in the tides of Port Townseiul ancl Astorfa, is 

which differs but little from .0056 obtained hj: the analy8is. The theorctieal ntlue of the epoch i8 

e' =Hl50. 7+11·mo.2-l H80.7 =1860 

This is as near an agreement with the value 207° from the aual:i·sis as coultl he ex1>t~cted in so 
small a component. 

The amplitudes and epochs of the K- 0- and P-tides ai·e ver:i· regular and satisfactory. Those 
of the L-tide are somewhat irregular, a8 usual, for reasons already given in section 6 preceding, 
but those of the N-tide are very regular and satisfactory. 'l'he ,, tide, partly shallow-water, is 
very small in these tides. 

Tile other component!'! have not been obtained from the analysis, hei11g ver.r small and of little 
importauce in these tilles, in which all the components are small. They can be obtained. from the­
ory, if needed., with as much accuracy as they could be from the obser\·atious. 

The 2SM-tide, not obtained by analysis, is given by the theoretical rclatious iu section 7 pre­
ceding. For the amplitude we have 

A' = 
2-r.~i~ x .0274 = .0226 

and for the epoe}J. 
E'=J950,7 + 2740,6-2790,3= 1910 

It is seen tha.t the amplitude of this component is only about t of an inch. 
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15. The following were ohtaine<l for the annual and semi-annual components de pending upon 
tmeteorological causes: 

186!1, lt!iO, 

A 1 = .183 .279 

F1 = 289° 260° 
A 2 = .114 .125 
1'3 = ])00 52° 

1871. 

.221 
2580 

.104 
610 

Mean. 

.228 
:t()70 

.114 
740 

'fhe average height of meau leveJ above the zero-plane of the tide-gauge is, 

!M(i!I. 

A" = .:um~ ft. 
lti70. 

5.847 

um. 
5.814 

Mean. 

5.888 

The preceding amplit1Hlei; :1nd epoch8, after tJ.1e reductions 8tated iu section 8 preceding, for 
any l'lpecial year, can lie 11~ed for con11mti11g tlte tides, as in the cases of Port 'l'ownsend and 
Astoria. 

1v.-1mn~1nnNA 1'ION 01<' THE G.ENERAL CONSTAN'I'S. 

HI. Diurnal componcnt11.-Tlrn amplitudes of the fi\Te principal diurnal compoueuts, for each 
of t,he three statio11t1, shoul<l :mtisf'.y the followiug equations in the case of deep-water tides, with 
the eowstaut.~ A 0, E, aIH1 r'511.tleter111ined from any t,hree of tllem, or if' the mass of tile moon, io of 
that of the earth, is m;sunwd to be correet, they should isatisf'.y them with the constants A 0 aIHl E 
dete1·mi11ed from a.uy two of them. 'flie laist members of these equations are taken from section 31 
of Heport 011 the Tides of l'enohseot Hay, and with the results obtained from the preceding anal­
ssis for these fin~ components, we get the following three sets of equations: 

K-tidti, 
(J.fj(]p, 

P ·title, 
J-t1de, 
Q-ti<le, 

Port TownsH1Hl. 

2Ali9S - H.8 Ju 
L-Hrn 
0.111:~ 

A'toria. 

l.2890-3.l,)r, 
0.7022 
0.3600 

O.JHW 

8an Diego. 

1.00\)7 + 0,8,>1~ = (.5306-13.lDµ) (l + .230 E) Ao 
0.7030 = .3813 ( 1- .230 E) Ao 
0.3488 = (.1730-13.6,3µ) (1+196 E) Ao 

.011 (1 + .458 E) A 0 

= .052 (1+451;1 E) A 0 

The amplitudes of the .f-tide are so small that they were not brought out cle1trly in the anal­
ysis, aud 80 they are omitted above. 

l'he solution of the first thrt->e of these equations for Port Townsend gives A 0 = 4.190, E = .518 
and t'i,11= .00041i. With this \'alne of' ,;1, 'il'e get-

11 = .Ol:!iJ + .OOOJG = .01296 = __ !__ 
77.2 

\\'ith these values of Ao and B, in the last two equations, we get .1676 instead of .3023 for the 
amplitude of the (~-tidt>. 'fhis iudicates that the shallow-water component combined with this 
title produces a considerable effect upon its value. The value of the amplitude of' the J-tide, thus 
obtained, is .0:573. Hut thh; component is also affected by a shallow-water component of the same 
period. 

Tlie solution of the same equations above, with regard to Astoria, gives A0 = 2.2851 E = .529, 

a111! ''t'= .00!!174. This value of 11:1 gives p,'--=,014H74 = 6~9 . With these Yal11e~of Ao and E, we get 

for tlw amplitudes of the J. and Q-componeuts, .0310 and .0901. The amplit11de of the former was 
not obtained from the analysis, hut that of the latter, 0.1656, is larger than tl1e prooeding theoret­
ical value.· 

'J'lte solution of the same equations gives for San Diego Ao= 1.846,E=.003, and bp....:- .001142. 

Wit.l1 this value of 01i we get µ. = .Ollti6 = 85~8.. With the values of A 0 and E, the last two Qt the 

f'_,quatious give for t.lie amplitude of the ,J- and Q-components, respectively, .020 and .096. In these 
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titles tile efiect of E is sensibly nothing, so that the rcliitions between the co-efticients ill tlie ti(lal 
forces are the same as in the amplitudes of the corresponding diurnal components. 

The different values obtained for the moon's mass at the several statiops are causc<l hy the 
effect of the shallow-water components, combined with those depending directly on the force,;, and 

no snch determination can be relied upon except from the relationR of cleep-water tidef;, ill '"hich 
_the shallow-components disappear. 

li. The following are the equations for det~rruining the Yalues of r, arnl G for each of th1• 
tide stations: 

Port, Townsend. AR tori a. San Diego. 
0 0 0 0 

K-tide, 148.6 129.2 \l6.2=L+13.18(~ 

0-tide, 131-0 118.3 71.4=L-13.1SG 
P-tide, 146.7 125.4 93.0=L + ll.2~G 
J-tide, [157.3] [134.6] [108.5]= L+2fi.25G 
J:~-ti<le, 122.3 114.5 [5V.l]=L-26.25G 

'l'l1e first members of these equations for the 8e\·eral stations are the epochs obtained from the 
a11alysis of the obser>ations, except those in brackets, which were not obtained from the analysis, 
hut theoretically. The last members are taken from section 33 of the lleport ou the tides of 
Penobscot Bay. 

Using the first two of these equations, since the;y beloug to the largest components and have 
the most weight, for determining L and G, we get-

Port Townsend. A.qtoria. 
0 0 

L=139.8 123.8 
G=0.670d 0.413d 

San Diego. 
0 

83.8 
0.940d 

With these n1lues of L and G for the several stations we get, from the thinl of the precelliug 
equations, for t,Jie epochs of the P-component, 1470,3, 1280.4, and !)40,3, respcctiYel.r which agree 
Yery well with those above, obtained from the analssis. In like manuer we get from the last of 
those equations for the epochs at the i;mveral stations of the Q-tide, 1220,3, 11~0.0, ant! 5go,1 re~pect­
ively, the first. two of which agree very well with those above, obtained from tlw ob>lc>rrntions. In 
the same manner the epochs in brackets have bee.n obtained for the J-tide. 

If the values of L and G bad been obtained from all the equations hy the method of lt>ast 
squares, they would ha,·e been slightly d1fierent aml would have satisfied all the equations with 
,·ery small residuals. 

If to the values of G we add the difference of time between Washington and the seYrral 
Rtations, we get the time by which the ma.x:imum of the diurnal tide follows that of the forces, 
that is, the time that the maximum of the tide depc11ding upon declination follows the greatest 
declination, or that depending upon parallax follows the time of the greatest parallax. If in 
reducing the epochs by means of 'l'able II the values taken from this table had been reduced to 
the time of the several stations, the value of G would have been the amount of this retard, without 
being reduced for the difference of time between Washington and the several stations. 

18. Semi-diurnal components.-From the equations in sect.ion 33, of the Report on the Tides of 
Penobscot Ba)', we have the three following for the three principal semi-diurnal compo11ents for 
determining the unknown constants E, F, an<l i5µ. 

S-tide, 
K-tide, 
N-tide, 

Port 'I'owuseutl. 
.2461 
.0716-0.2.Jµ 
.2030 

Astoria. 
.2682 
.0762-0.311µ 
.1902 

· San DiBgo. 
.4154=(.4582-i6.2Jµ)(l+.4255E)F 
.1180+0.Mµ=(.1256-3.2vµ)(1+.460E)F 
.2421 = .1922(1- .228E )F 

The first members of these equations are the amplitudes of the seYeral tides, divided by tlie 
amplitude of the mean M-tide. · 

S. Ex. 77-57 
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'l'he ,·alues of the constants determi11ecl from these three sets of equations, aud the moon's 
mass are-

l';irt Tow11stmd. 

E=-0. i47 
F= 0. 903 

aµ= . 00164 
1 

Astoria. 
-0. 635 

0.865 
.000906 

1 
74.6 

Situ Diego. 

-0. 367 
1.16:?3 

.000!}36 
1 

7·4-:-4 
The values for the moon's mass given by these equations, as is usual, for reasons already given, 

are considerably too large. 
The valve of F for San Diego is greater than unity, which is the only case I know of in ans 

part of the world. For very deep-water tides F should equal unity and E should be equal 0. Tbis 
peculiar value of F must be caused by shallow-water components falling upon each of the several 
components, and thus increasing their values above what they should be with deep water. 

From section 34 of tbc report referred to above, we get for the two principal compoueuLs the 
following three sets of equations for determining L and G. 

~I-tide, 

S-tide, 

Port Townsend.• 
1080,48 

129 .47 

:From these Wl\ get-
Port Town~end. 
L=108°.48 
G= o .861d 

Aiitoria. 
ll0.65 
39 .5 

Astoria. 
110.65 
1 .141'1 

San Diego. 
27U0 .35=L. 
27J . 5::bL+:!4. 4 G 

Sau Diego. 
2790, 35 
-0 ,1!}6•1 

A<llliug to these values of G, for reasons giYen iu the case of the diurnal tides, the difi't•reuce 
of time between Washington and the seYeral stations, we get the times by which the maximum of 
the tide follows the maximum of the forces. Adding the difference of time between Washington 
and San Diego, 0. 112'\ to the preceding valne of G for San Diego, we get-0. 086d, that is, the max­
imum of the tide occurs a little before the maximum of the forces. This is anot11er peculiarity of 
the Sau Diego tides, am!, although extremely rare, is a possible case in the theory of the titles. 
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APPENDIX No. 18. 

REPORT ON THE SIEMENS ELECTRICAL DEEP-SEA THERMOMETER. 

Hy Comn1ander J, R. BARTLETT, U. S. N., Assistant Coast and Geodeti<' Sn1•,'PJ'. 

<AOOOMPANIED Br A DESCRIPTION OF THE APPARATUS, Br WERNER ST:ESS.) 

COAS'l' AND GEODETIC SURVEY STEAMER BLAKE. 

Providence, R. I., October 27, 1881. 
SIR: In obedience to instructions received from C. P. Patterson, Superintendent, to experiment 

and report on the working of the Siemeus deep-sea electrical apparatus furnislw<l to this yessel, I 
have to report as follows : 

The apparatus was set up on board the Blake, at ProYidence, in April, and several tests were 
made to see that all was in proper working order; the lower resistance coil was placed in a large 
tub of watrr at a temperature of 58° F. Water at 76° was plact>d in the copper vessel intended to 
hold the <leek resistance coil. \Vhen the pencil of light was brought to zero 011 the Reale by adding 
cold water to that ah·ead,y in the copper n'ssel, tlle attached thermometer read the same as the 
thermometer in the tub 011 1fock containi11g the resistance coil, 11amel~·, 5~0. Similar expl~rimenti,; 
were made with the same result. The arrangement of cable and con11ectio11s h:1s alre:1d;r been 
explained. My instructions for the season's work intended the use of the electrical apparatus for 
temperatures on the different lines, but owing to the non-arrival of a Carre ice machine, ordered 
from France, the apparatus was not used. My instructions were aftenrnrdR modified to limit the 
work of the season to soundings and bottom temperatures witli the l\filler-Casella. thermometers. 

Having completed the lines of soundings as laid out in instructions, I receired orders to call 
at Fortress Monroe for the ice machine, and make experiments on my way to Providence. 

I considered it very important to test the working of the apparatus in the strength of the 
cmrent of the Gulf Stream off Ohar:leston. I laid in a supply of ice at this port, and sailed on 
Augnst 41 running a line over known depths. One of the 60-pound sinkers usell in sounding was 
made fast to a becket, the latter seized to the insulated cable just above the lower resist.a.nee coil, 
and allowed to hang a short distance below. ·when well in the strength of the current, a series 
of temperatures were taken by the Miller-Casella thermometers on the sounding wire, and imme· 
!liately after the insulated cable was lowered to the surface. vVater from the surface having been 
placed around the deck resistance coil, the temperature of the attached thermometer read the 
same as that determinetl for the surface by the thermometer attached to the hydrometer ca.se. 

Under these conditions the pencil of light from mirror was on the zero of the scale. During 
the experiments the vessel was rolling from 10° to 150, and there was a moderate breeze from 
soutlleast. The lower resistance coil was lowered to 5 fathoms below tile surface, and was al­
lowed to remain five miu utes. The circuit being closed, the pencil of light remained at zero. 1'ow­
erings were made to 10, 20, and 30 fathoms. The deflection of the light was 150 at 10 fathoms. 
Temperature of attached thermometer when light was brought to zero, 76to; that by the Miller-
011seUa thermometer the same. The deflection of light at 20 fathoms (reckoning from 76zO) was 12° 
on scale. Tem1terature reduced to 70lo; by Miller-Casella, 69!0. The deflection at 30 fathoms was 
2° from 7010 temperature. Temperature by electric apparatus, 69io; by Miller-Casella thermom· 
eter, 690. 
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Five minutes were allowe<l at any depth for the resistance coil to assume the temperature of 
the water, and after reducing· the water around the deck coil this was also allowed to remain 
ffre minutes before the final reading was takeu. A. common ice-cream freezer was used to reduce 
water below the freezing poiut, or to frappe it, and this was used for reducing the temperature of 
water around the deck coil. 

The following table will girn the results of the seyeral lowerings: 

Temperatures taken with i".{icnwns electric apparatus and 11liller-Gasella tl1crm0111eters in Ou{l 8tream, 
Augu11t 5, 1881. 

Surf. 
5 

10 

20 

:JO 
30 

No. l. 

-----1 -------' 
! 

0 

0 
+15 

+12 
i- 2 

+23 

8lt 
Slt 
76i 

70i 
69! 

GSi 

Slt 
81;. 

76! 
69! 
69 

68! 

No. 2. 

Surf. 0 
30 +35 
50 + 8 

75 +14 

81t 
68! 

6~ 

60 

0 

811 

()5 I 

I 

••,••••····1•••-.···· ..... 
!--~--------·---···--------·· 

No."13. f No. 4. ! 
: I 

·--·--- --·-- --- ------1---·--·,----·-, ---·--' 

Surf. ' O ' 83! ' B:lt I Surf. ' 0 ' 841 I 84* [ 

30 +41 68 ,, 30 -12 , ~l I so : 
50 +11 65i 50 -30 :. 75§ ..•..... 

75 +13 ! G(li 75 -40 : 6li .. -···-·! 
100 +10 s6 54 200 I +oo I 49t ' 41µ, I 
150 + ZJ 51 ' I I 
200 +13 47 47 ::::::::::::::::r:::::: ::::::::1 

~---~----~-------

The deflection of light to the left of zero is represented by the sign + ; deflection to the right 
b~- the :,;ign -. 

We could not see to work the cable after dark and were obliged to give up further obserya­
tions. The~several lowerings were taken 5 miles apart on a line across the stream. 

The rolling of the vessel, which was considerable, affected the mirror so as to throw the light 
l'tbont 50 each side of the zero point when at rest, and nearly the same when the current was 
closed, but as the deflection was the same each side, it was easy to determine the middle point. 
·while at work in the cunent it was necessary to work the engine in order to keep the wire np 
a:ad down. The jar of the engine affected the mirror to such a degree that readings could only be 
taken when the engine was stopped. 

'i'he Carre ice machine having been receirnd on board at Fortress Monroe, we sailed from 
Hampton Roads August 10, steaming to the eastward until rea6hing the meridian of 74° 30' 
W., when a sound was taken giving a depth of 1,024 fathoms. A serial was taken to a depth of 
400 fathoms with the 1\Iiller-OaHella thermometers. The thermometers on hand were very care­
fully compared with the standard, and ouly two were found that would record accurately at dif­
ferent temperatures. Only these two thermometers were used in taking the serial. Immediately 
after the serial with the thermometers, the insulated cable was lowered into the sea and the tem­
perature by the galvanometer and upper resistance coil recorded. for the same depths as taken in 
the fin1t serial. Five minutes was allowed at 5 and 10 fathoms, but there was no (\eflection of the 
pencil of light. The temperature of the surface was 76ko. Having lowered to 15 fa.thorns, at the 
end of one minute the pencil of light was 9° to the left of 0 on the scale. At the end of 5 
minutes it was 22°, and a.t the end of 10 minutes stm 220. .A. number of experiments were made 
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with regard to the time necessary for the resistance coil to as:sume the temperature of the water 
at the point to wl1ich lowered. Fiye minutes was decided on as the time necessary, and this time 
was adopted for all future depths. The deflection of light cannot be used as a measure for the· 
difference in temperature, as the temperature of the deck resistance coil does not remain a cou­
stant during the loweriug of the cable, hut the temperature rises according to the elapsed time . 

. The fir8t lowering was to 400 fathoms, the temperature being at that depth 4ffJ. 'l'he cal!h· "·as 
then reeled in to 200 fathoms, when the circuit was made. The pencil of light was at zPro, tli(' 
water in the copper vessel having risen from 400 to 43£0. This temperature agreed with that at 
200 fathoms when lowering to the same depth. 

We were from 7.18 p. m. until 1.30 a. m. taking the temperatures to 400 fathoms and return. 
This wa8 a Yery long time, hut every reading was taken "\\ith the greatest possible care. l<'or a 
serial with tlie electric apparatus, fifteen minutes for each depth would he a fair awragt·. 

Following are the serials taken A.ugust 11 : 

Deflection of light: 

~ ~d 
§ -i:>. 

.::i "'" '"" ~ .. = .,.,, 

.s f g . 
~=~ '.;:: 

"' I S·~~ 
"' otll >. 
;, ; 8 

Surf. 7~ 

5 761 
JO 

15 
20 

30 

50 

75 

100 

150 

200 

300 

69 

58 

51 

46 

431! 
40~ 

" _,, 
:;:. ~ .. -.. ~ os 
•O 

"" =~ i:;;; 

76l 

76! 

<i. 

~ 
~~ 
.s 

f 
A 

30 

50 

I 

!!-i:e 
-i:>. 

"'"' f" 
=" ~= 
~ ~ rD 
~-§~ Qoo.., 
8 

54 

54! 
76 100 50§ 

~~ 
~:: ~ 
Ir~ i;; 

~~~ 
.:5u ~ e ~ g 
"'"' ~ =" $:!"""' ~ 
&;;::;i'= 
8 

68 150 46! 
58 !' 200 i 43§ 43t 

~t ll::::::::i:::::::: :::::::: 
~~! 11:::::: .. , ... ::::: ::::::: 
4Gt !\. ....... : ............... . 

!~: \11:::::::L:::::: :::::::> 
-~J--~-~~=L~ ............ . 

At 15 fa~hon1s . . . . . . . . . . . . . . . . . . . . . . ........................ . 
At 20 fathoms 
At 30 fathoms 
At 50 fathoms 
At 75 fathoms 
At 100 fathoms 
At 150 fathoms .......••.•..................................... 
At 200 fathoms . . . .. . . . . . • .. . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
At 300 fathoms . . • . . . . . . . ................................... . 

0 0 

22 from 7G~ 

27 from 60 
12 from 58 

0 from 54t 
3 from 55 
9 from 54 

29 from 54~ 
22 from 54~· 

5 from 4.3 
At 400 fathoms . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 from 42t 

At 200 fathoms there was a delay in lowering the cable, which allowed the deck water to 
assume a higher temperature. In reeling hack we stopped at 200 fathoms. 

Deflection of light: o o 
At 200 fathoms . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 fr01n 431 
At 150 fathoms . . . . . . . . . . . . . . . . • • • . . • . . . . . . . . . . . • • • . . . . ~... . 3 from 48 

While the aboye experiments were being carried on there was a light southeast l!rcezc, with a 
very smooth sea, and before morning it had become calm, and so continued during the experiments. 

Early on the morning of August 12 a serial to 600 fathoms was taken, and immediately after 
the same depths by the Siemens apparatus. 
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Tlie following am the temperatures obtained in lowering aud reeling ill: 

TLe deflection of liglit was 6° from mo at 10 fathoms. TLe deflection at 15 fathoms was 21° 
from 73~0. At 20fathoms,110 from 610. At 30fathoms,100 from 560. At 50 fatlwms, the <leek 
resistance being 51°, tlle deflection was to the right 11 o, and thi.l temperature of the water was 
found to be 53.~o, nearly 30 higher thau at 30 fathoms. At 75 fathoms the deflection was 3° froi11 
540. At 100 fathoms it was so from 53°. From 100 fathoms the cable was lowered without stop­
ping to 800 futhoms; tlle circuit being made the deflection of light was 1000, the deck resistance 
being in a temperature of 75°. At 700 fatlwms tLe tleflection was 7°, the temperature of deck 
resistauce lrnving risen to 42~0. At 500 fathoms the deflection was mo from 54°. At 400 fathoms 
the deflection ·was o, the deck resistance temperature haviug risen to 400. At 100 fathoms the 
detlection 'ms 5° to the right from 490, 

In reeling back the cable the temperature at 50 fathoms was 542° and foll to 51 p at 30 fathoms. 
Immediately after the experiments with the Siemens a11paratns, nnother serial was taken with 

the Miller.Casella tl1ermometers. In this serial the l\filler-Oasella thermometers indicated tLe same 
chauge in the wat,er from 30 to 50 fathoms. 'The Miller-Casell:t thermometers were lowered to 30 
and 50 fathoms continually, and alwa,,ys gave thb temperature at ilO fathoms higher than at .'30 
fathoms. T11c cable was lowered three separate times to 50 fatl1oms, the readings being takPn 
both when lmrnriug and reeling in, with the following results: 

20 
30 

50 
75 

571 
52! 

541 
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·while the above experiments were l.Jeing conducted the 8ea was perfectl.r smooth, with no wind. 
The ship's engine was not used at all, the \'essel IJ·ing almost motionless in the water. The tem­
perature of the deck resistance coil was redncetl by water from a carafr, the water contained 
therein having been frozen by the Uarre ice machine. Two carafes were prepared at a time, a111l 
there was plenty of time to keep one constantly at hand. 

The pencil of' light used cornred one degree of space on the scale. 
In lowering the cable with the circuit closed, the light would mon to tlie left on the scale, 111111 

at least five minutes were neccssar~· for it to become stationary. 
In order to ha\'e the Miller-Casella thermometers record the high temperature at 50 fathoms at 

the last experiments, the,\· were lowered \'Cry rapidly to that depth, and after eight minutes reeled 
back at the rate of' 200 fathoms per minute, so that the miuimum side did 11ot l1aw a dtance to 
assmne a lower temper:1ture. 

I have al ways had tron ble with tlie l\1 ill er-Casella thermometers in recording temperatures a ho Ye 
70°, but in my long experience with them hiwe al way:;; felt confi,lence in the many temperatures 
that I have obtained below 7G0 , and it is a great satisfaction Lo luwc the1>c tempera! ures co11fir111L•tl 
by the electric apparatus. 

The cable containing the insulated wire is rnry loosely laid up, and in the few loweri11g8 that we 
have made bas become long-jawed. The parceling arom11l the citblc i8 n·ry poor, a111l the slig-htpst 
chafe rubs it oft'. The apparatus could not be nsed constantly, as tl1e constant pa~·iu~ out and 
reeling in would soon part the copper wires; hut as au i111ttrm11ent of preci>don l c1111sider it a great 
success. l\'fore confidence may uow be placed in the :Millt•r-Casella thermometers, arnl at certain 
times on each line tlle elei•tric apparatus could be used to verify the temperatnre8, a111l show any 

underlying warm strata of water. All parts of' the apparatus worke'l to perfectiou, but it is 
necessarily very slow work in taking a serial to any great depth. 

The cable was led from tlle large reel through an 18-incll iron leading block, with a GO-pound 
shot as a sinker. It was lowere<l and reeletl in Yery Rlo''"IY aml without jerks. 

Hespootfully, 

Mr. J. B. IlILGARD, 

J. R. BARTLETT, 

Co11111wnder, U. S. N., Assistn11l Coast and Geodetic Sun:ey. 

Assistant in Charge of Coast and Geodetic Surrey. 

WERNEH SIEM:ENS DEEP-SEA TilEU:!'tfO-:IIE'l'ER .. 

The Yarions methods of determining the dectrical conductiYity of a metallic wire cousist essen­
tially in ascertaining what le11gth of a gfren section -0f the wire will offer the same resistance as 
that length of a rnctailic wire of a gi\'en section taken as a sta11dard of comparison. .A description 
of the principle of one of those methods, known as ·w11eatstone's balance or bridge, will giYc a 
general idea of them. 

On a base of hard wood, four stand wires are fixed, in the manner represented in the aboYe 
figure. They are provided with binding screws, .A, B, C, and D, and there are breaks at a, b, c, 
and d, also provided wi&h binding screws, so that any resistances may be introduced there. The 
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points A aud C are connected with the battery, while B and D are connected with a delicate gal­
vanometer. Now it can be shown that, if tlie resistances introduced at a, b, c, d, and which we will 
designate by these letters, hear a certain relation, no current will pass in the galvanometer. 

Suppose, first of all, that the resistances are all equal in every resµect; the current arriving at 
A w·ould 1li\'i(le, one part would tra,·er~e the galn111ometer in the direction A, c, B, G, D, and the 
other in the directiou A, b, D, G, B, and as both of them are equal and opposite in direction, no effect 
wouM be prod need on tlie gah·;mometer; hut if the resistances a and b are different, the tensions 
of ll and D will he different, and· MCOrdingly a current will tnwerse tile galvanometer either from 
D to B or from B to D, and the nccule will be deflected a~oordingly. 

The principle of the deep-sea thermometer is based upon the variation which changes of 
temperature produce iu the resistance of metals to the passage of an electrical current. 

The aJlllamtns consists of a resistance coil which is lowered into tho sea by means of a cable 
to the depth at which the temperature is to be measured. 'l'he other end of the cable is attached · 
to a \Yheatstone bridge, specially arranged for tliis purpose. Another coil, of the same material 
alHl resistance at1 that lowered into the sea, is likewise attachefl t{l the bridge, with a battery and 
g-alnmometer. By sending a current int-0 the bridge a deflection of the gah"anometer needle will 
be noticed, showing that the temperature of the comparison coil is either too high or too low, ac­
cording· to the direction of the deflection. By altering the temperature of the coil, a point must 
be reaehed when 110 deflection can be observed on the gah'auometer. The temperature then in­
dicated hy the mercurial thermometer at~ached to the coil is the same as that of the coil lowered 
into the sea,, 

FJG. ~. Pm. 3. 

c 

,I 

The galrnnomet~r userl is Thomson's reflecting marine ga.Jvanometer. It consists of a per­
forate1l coil of fine insulated wire resting in a lar~e horseshoe magnet, c, one-half of which is 
slwwn in the :wcompanying figure (Fig. 2). Into this coil is inserted a holder, D, for the frame 
carrying the reflector. This frame is shown in the other figure. It is made of brass and has a, 
broad 81it iu which the small concave mirror, or reflector, is suspended by means of a silk: :fibre; 
the spring c keeps the fibre in a stat;e of tension. The mirror has a focus of about 2 feet, so that 
the image of an illuminateu 1Slit can be thrown on a graduated scale mounted at that distance in 
front of the coil. A small magnet attached to the back of the mirror is deflected when the tem· 
pemtnre of the two re8istancc coils is unequal, and the direction and amount of the deflection is 
indicated on the graduated scale by the concave mirror. 
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The special Wheatstone bridge apparatus is connected as shown in illustratioll So. 4!1. 
The zinc pole of the battery mnst be connected to the terminal marked Z, and the carbon pole 

to the terminal C. To the terminal E is connected an iusulatiug wire leading from the testing­
room to the deck; to the otl1er end of this wire will lie attached a copper-wire rope, which mul't ue 
dropped over the ship's side into the sea. The two terminal pillars of the galvanometer, marked 
(} and C, are to be connected with the corresponding terminals of the \Vheatstorn\ bri1lgc. To the 
terminals 'f and T connect the ends of the comparison coil, which will be immersed in a copper 
Yessel containing water. The two wires of the cable, marked L C and E C, must be joined to the 
terminals similarly marked on the apparatus; the other ends are attached to the sinker. 

On lowering the sinker ornr the side an alteration in its temperature will take place, an<l if the 
key mrtrked K on the \?\7heastoue bridge apparatus be depressed, a deflection of the spot of light 
along the galvanometer scale will announce the fact, the direction of the deflection showing the 
direction of the alteration, aud the amount of deflection its extent. The key should be held uowJJ 
a few seconds, and the permanent deflection only taken into account, a1-5 on first depressing the key 
a sudden throw of tbe galYanometer needle will al ways be produced by the electro-static charge of 
the mtble. The permanent deflection remaining after the cable is charged is that due to the differ­
ence between the resistances of the comparison coil and the sinker. 

If the temperature of the comparison coil in the testing-room is too high, the deflection will 
be to the left, i. e., the 01wrator's left as he faces the scale, and in the same manner a deflection 
to the right will denote that the temperature of the coil is too low. 

Illustration No. 48 shows the connect.ion of the sillker anrl its resista11ce coil witl1 the two 
insulated wires of the callle. 'rhe wire L C is connected with the upper Plld of the resistance coil 
i nclosed in an iron tu be with flanges and caps, 'While the otlrnr eud of the coil is soldered into a slot 
in the bottom cap. The other end of the cable, which will be of course E C, is soldered ag-ainst the 
holly of the sinker, thus connecting the end of the core E C to the earth. 

S. •Ex. 77--58 
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APPENDIX No:. 1
1
9. 

RECENT DEEP-SEA SOUNDINGS OFF THE ATLANTIC COAST OF THE UNITED STA.TES. 

By Lieutenant J.E. PILLSBUR~-, U.S. N., ARsistant Coast and Geodetic Survey. 

DEAR Sm: In accordance with your request, I have to submit a general summary of the 
operations of the Coast Survey steamer Blake in the examimition of the Western Atlantic basin 
during the years 1880, 1881, 1882, and 1883. 

The cruise of the Blake, nnder Commander J. R. Bartlett, duriug tlie winter of 1879-'80, 
in the Caribbean Sea, was really the commencement of the s;ysternntic examination of the W est~rn 
Atlantic basin; for, in the development of the dividing ridge between the Atlantic and the Carib· 
hean, the soundings were carried outside sufficiently far to show the contours up t-0 2,000 fathoms 
from Barbadoes to Sau Doming·o, and, continuing, the passage between the Greater AntUles and 
the Bahamas was developed. The following year (1880) Commamler Bartlett sailed, May 27, under 
instructions dated May 12, indicating the points at which lines of souuding-R, dredging, and tern· 
Jleratures were to be ohtaineu. 

The lines were to be run about normal to the coast and extending from the vi1Ji11ity of Charles­
ton, S. C., to George's Bank. The special object of the cruise was dredging, hut serial tempeni­
tures and soundings were, of course, to be included in this work. 

A commencement was made with the line off Charleston, and this line re\'ealed at once the 
remarkable and unexpected character of the bottom. The first sounding and liaul was made in 
142 fathoms, about southeast of Cape Jwmain. Aftet4'Mtis they steamed to tl1e eastward, taking 
frequent casts to find the depth at which it was desired to dredge, but, to their astonislrn1eut, the 
water would not deepen as they expected, and they had crossed the imaginary axis of tlie Gulf 
Stream before getting 300 fathoms at any sounding. 

In his report Commamler Bartlett says: ,"The bottom was hard coral rock, but the c,ylinder 
always brought up small fragments of coral. "'e found but very few traces of animal life on this 
bottom, but made good hauls on its edge. For 15 miles or more from the 100-fathom line we found 
a very strong current setting to the southwest. When the trawl was down we tailed in that 
direction and dragged at the rate of two knots without steam. ·when in the Gulf Stream we 
found the current to the northwatd and eastward 2.6 knots per hour. The water deepened east of 
the ~xis of the stream to 382 fathoms, but shoaled again to 337 fathoms. As the instructions 
received from the Superintendent were to confine ourselves to dredging, these soundings were not 
continued, but the stream was followed along its axis to the northwar<;l, soundings beiug taken 
every five miles," with the result that no depth was obtained over 500 fathoms until the vessel hatl 
reached a point off Cape Lookout. 

The following year it was determined to develop the bed of the Gulf Stream from the poiut of 
its de11arture from Florida Straits to the northward of Cape Hatteras, and {letailed instructions 
were issued, dated April 12, 1881, to Commander Bartlett. The lines were intended to be at inter· 
vals of about 60 miles, run normal to the general trend of the coast, and to extend completel,r 
across the area. swept by the Gulf Stream. It was originally the intention to obtain serial tem­
peratures a.t certain intervals, but it was found that, in order to make perlect lines of soundiugs, 
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it was necessary to have the best of weather and to remain under the influence of the Gulf Stream 
current as short a time as })Ossible, and therefore it was unadvisable to do more than obtain 
the depth, the bottom-soil speeimen, and the temperature at the bottom and surface, and to 
leave the study of the intermediate temperatures to a future date. 

The lines run during tliis season developed a plateau extending fron1 Cape Hatteras to the 
B.ahama Banks, the depths increasing but slowly until al>out 500 fatlwms, after which the.r iucrease 
rapidly to the Great Atlantic basin, at a depth of between 2,000 and 3,000 fathoms. Commander 
Bartlett in his report of this season, after its completion, says: "The eighteen lines of soundings 
run normal to the coast from Jupiter Inlet, Florida, to Currituck, N. C., by the steamer Blake, 
and the observations taken by the hydrographic party under my command, give very interesting· 
data in regard to the physical features of the bottom of the ocean over which the Gulf Stream 
flows. Instead of a deep cbarmd, which has previously been reported, our soundings show an 
extensive ana nearly level plateau extending from a point to tlte eastward of the Bahama Banks 
to Cape Hatteras. Off Cape Canaveral it is nearly 200 miles wide, and gradually decreases in 
width to the northward until reaching H:i_ttems, where the depth is more than 1,000 fathoms 
within 30 miles of the shore. This plateau has a general depth of 400 fathoms, suddenly drop­
ping on its eastern edge to 2,000 fathoms. The· soundings in the .strength of the current were 
all taken with the 60-pound 8hot sinkers, the time allowed for the sinker to reaeh the bottom being· 
less than one miuute to each 100 fathoms in depth. Most of the soundings taken each side of the 
steamer when not in strong current were taken with a 36-pound lead on the sounding wire, the 
lead being reeled back. * * * 

It will be observed from the bottom specimens that the course of the current can almost be 
traced hy the character of the bottom soil. On each side of the stl·eam the sounding cylinder 
brought up ooze. In the strength of the current t,he bottom was washed nearly bare, the speci­
mens being small broken pieces and particles of disiutegrated coral rock. Tliis l>are portion was 
very 11ard and the sharp edge of the l>mss sounding cylinder came up very much dented and 
defaced. 

From ,Jupiter Inlet, witl.t the exception of the bare p:ut mentioneu, the specimens were a lig·ht­
colored ooze, composed of Pteropod shells with a mixture of coral sand. Off Charleston, where the 
plateau has a less depth than to the southward, the bare section extended the whole width of the 
stream. The Pteropod ooze extended onl;r to Charleston. To the northward of that point the 
specimens were of Globigerina ooze of a dark greenish tint." 

It would seem probable that the gef!eral cil·culation of the Arctic aud Equatorial currents 
might he ascertained by the character of the bottom specimens. 

In the Gulf Stream, the current was found to aYerage about 3 knots, but at times it was as 
high as 5.4 knots per hour. Temperatures were taken at the surface (the water being drawn over 
the stern) every mile, and at the bottom at nearly .every sounding. 

The surface temperature varied considerably with the weather; one day, which was calm, it 
Hen rose to g90, but the average was found to be not far from 330 between .Jupiter and Hatteras. 
The general a'"erage temperature of the hottom of the stream is 45°, and a little less on each, 
side. 

On the Charleston section it rose as high as 50° in 350 fathom~, but in a 500-fatbom bole on 
tliis section it fell as low as 38°. 

The thermometers were the :Miller-Casella self.registering pattern. The Negrette-Zambra, 
which depends upon th.e buoyancy of its wooden case to register, became so water-logged and 
crushed by tbe pressure, that it gained 10 ounces in weight; its specific gravity, therefore, being 
greater than the water, it failed to register correctly. 

During the early part Qf the following summer (1882), Commander Bartlett ran a line of sound­
ings and temperatures from Block Island to Bermuda Islands and a line of serial temperatures from 
thence to Cape Hatteras. In the deep water near the cape the temperature when in the Gulf 
Stream was about the same as at equal depths on the Chaerlston plateau or in the Gulf of Mexico 
or the Caribbean Sea, but farther to the north ward, where the stream is deflected to the eastward, 
and has room to spread out, the depths of equal temperatures approached nearer the surface. 

Lieut. Command~r W. H. Brownson succeeded Commander Bartlett in, July, and after l'lUllling 
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one or two lmes from Nantucket and from the Georges Bank across the Gulf Stream, engaged ill 
the work of developing the approaches to :N"cw York. The orders issued contemplated a surwy 
of the broad plateau of the Kew York entrance, from Block Island to Cape :'.\iay, and extcndiug 
seaward as far as deep water. One of the interesting features of the examination made during 
this season was the discovery that the spot hitherto known and shown 011 the Coast Surn~y charts 
as the 145-fatllom hole, was in reaJit,v a very much deeper spot, 474 fathoms haYing been fournl i11 
it. At this date (June, 1883) the vesRP.l is engaged in complPting tile RurVe;\-, bnt the data will 
not be ready for final examination until next month. 

This is one of the many so-called boles which are found at irregular iutervals, extending from 
Sandy Hook. 

There seems to be another hole about !:.!00 miles farther ti) the southwest; its depth j,.. m·er 3,000 
fathoms, the surrounding depth being ver;y mucll shoaler. 

During the past winter the Blake bas been engaged in developing the limit aud general char­
acter of the Great Atlantic Basin between Bermuda and the Tialiarnas, and along the outside of 
the West ~ndia Islands as far to the eastward a8 Saint Thomas. This cruise has been of great iu­
terest. The hed of the Westcm Atlantic is sl1own to have a general depth of about 2,iOO or 2,800 
fathoms, aud so abrnpt is the slope that at some places depths of over 2,000 fathoms are fon11d 
almost, if not quite, in sight of the ii.;lmids along the outside of the Bahamas, and evt'n iu tl1e uar­
row pai,;sages betwee11 them. 

In one instance the 2,000-fathom curve was found to approach the shore to within 21 miles, 
giving an inclination of the bottom for this distance of ahont 380, and for a part of the distanee 
it was found to be 450, 

Not the least gratifying point of i11terest in this crnise was the suceessfnl sounding taken 
at the depth of 4,561 fathoms, which, it is belim-ed, is the greatest cleptll from '\\]1ich bottom soil 
specimen and temperature have been obtained. The temperature was 36!c. Soil specimen, 
brown ooz 

Very respectfully, your8, 

• Prof. . E. HILGARD, 

J. E. PILLSffUI~Y, 
Lieut. U.S. N., AcUng Hydrograpllic IirnJJector . 

Superintendent U.S. Coast and Geodetic Survey, Wash·ington, D. C. 
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A PI'ENDIX No. 20. 

THE TOTAL SOLAH ECLIP:SE OF JAKUAHY 11, 1!'80, OBSERYED AT MOU!fT SAXTA LUCIA, C-\LIFOH~L\. 

Hy GRORGE DAVIDSON, Assic;tant. 

G. S. COAST AND GEODETIC St:RVE'.', 

San Francisco, Cal., Ja1111ar:11 Hl, 1880. 

DEAR Sm: After computing the r~entral line of totality of the solar eclipse of .January 11, J 
decided to occupy the triangulation station of the Coast and Geodetic Surrny, .Jlonnt Santa J,ueia, 
about 5,700 feet elevation, in latitmle 3G0 08' 2011 uol'th arnl 1011gitude 121° '.!4' ilO" Wl'8t of (.}reeu­
wich, and l;ring 35 miles southeast from Point Piuos. This station iis only 1:.? or lti mih•s from the 
coast line, but. is separated from the mountains immediately overlooking the Rhore by the dce11, 
narrow valley of the San Antm1io, which ftows southward to join the Sali1ms Rin~r tlowing to the 
northward. There is another mountain on the Coast Haug(~, lying near the path of central totality, 
about 10 miles farther to the wr>;twaril an<I i'i,ooo ft'et P1evatio11, lint it is Wt'll-11igh i11acce;;sili1e. 011 
the triangulation reeounaissauce it i;; kuow11·as Cone Peak. 

Although the ascent of Santa Lucia Mountain is somewhat !litlieult, I was ver,Y well satisfied 
with the selection and the advantages whicl1 it afforded. 

In this work the party com1isted of Assistants Gilbert and Colonna, 8ubassistant Die kins, myselt', 
my son, and fmu hands. Otu outfit was of the Rim11lest e1mmeter, although we expecte1l Hnow 
and heavy weather at that elevation and season. 

The instruments were: 
Equatorial, 6i1-6 inches (with star i;pectroscope), portable observatory, cannts dome (Ueorgc 

Davidson). 
Hassler equatorial, 3 inches, United States Coast and Geodetic Survey. 
Zenith telescope No. 1, 2i inches, United States Coast antl <leodetic Surn~y. 
Meridian instrument No. 1, 2t inches, canvas observatory, United States Coast au<l Geodetic 

Survey. 
Reconnoitering telescope No. 24, 2~ inches, United States Coast awl Geodetic Sun·ey. 
With chronometers, sextant, barometers, thermometers, solar-radiation thermometers, binocu­

lars, &c. 
Professor Frisby, from the United States Naval Observat-0ry, asketl my tt<lYice in San l~ran­

cisco about the best location, facilities, &c. I freely gave him all the information I had, and as bis 
funds were very low, and he II.ad no camp outfit whatever, I invited llim to occupy the ~ame station, 
and promised that we woul<l carry his instruments, &c., with otlrS, he bearing a proportion of the 
general expense. He aooepted the proposition. 

The Southern Pacific Railroad, through Mr. Bassett, ordererl C\'Cl'J' facilit;y to be granted my 
party in the transportation of the instruments, &c. 

Through the active kindness of H. M. Newhall, esq., of San l!'raneisco, I was enabletl to obtain 
transportation by t-Oams and animals aml the services of his ma,jordomo, Mr .. Fancher, to moYe 
from Jolon to the base of Santa Lucia. · 

Mr. Colonna, with Professor Frisby, examined the approaches to the mountain, and after a 
463 
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second examination by Mr. Colonna the best available trail was chosen. It is very steep and rough, 
and the total rise is about 4,000 feet in threi> or four miles. ·when tlle station is occupied for the 
triangulation the trail can hfl zigzagged in some of the steepest rocky places. At Camp Milpitas 
(latitude by sextant 36° 0;)' 54") which the wagons reached, we kept the pack animals, on account 
of the senrity of the weather and the necessity of getting fodder from .Jolon. 

The summit of Santa Lucia is in two peaks, about 200 yards apart, with a saddle or depression 
of :!O fret between them. The eastern one will doubtless be chosen for the triangulation; we chose 
the western one for the eclipse work as affording ns pl'Otection for the tents and a near supply of 
fire-woocl. 

Mr. Gilbert secured the ba8e for the large eq natorial, and assiste<l in mounting it. 
Mr. Colonna. with Mr. Dickins prepared the block arnl ohsening tent for the meridian instru­

ment which was used for transit ohservations and for latitmle. 
'Yith the !'mxtai1t I obsen-ed for latitude, but the heavy weather came upon us before the iu­

strnmeuts were fairly 111ountt•tl; fierce winds, rain, sleet, and snow making everything very uncom­
fortable. The temperature 1rns mostly below freezing, and upon one night, wheu Mr. Colonna was 
ollsen-ing, thetbennometer reconlell lq0 , with a bitter north wind blowing. vVhen we first reached 
the nwnntain tbe ea.rth was frozen to a depth of 6 inches, which increased before we left. But the 
weather cleared up ou the aft,eraoon of the 10th, and Stmtla;v (the l ltb) opened clear and cold, with 
the temperature at 15° and a stiff north wind. To this time Mr. Colonna had determined tlle errors 
of th•' chronometpr.s by transit observations, ancl also the latitude hy two nights' oh8ervations upon 
s(•n-11 pairs of Rtars. "'hen opportnnity afforde.d, I ha<l ohRrrve!l for time arnl latitude with the 
s1~xta11t. 

To d1eck the luugitrnle of the mouutain a:,; g·iven on the reconnaissance plan, l\'Ir. Dickins 
m:11li•. a roH1Hl of horizontal angles npou all known points. 

· Tlte \'iew from Sa11ta Lucia is n11interrnptetl: Poiut Arguellois llistfoctly visible at 90 geo­
graphit'.al miles 1listai1t. To t11c wP:-;t the ocean is Yisible except where obstructed by the summit 
of Cone Peak. 

I conhl ha n· :;eJ(•dc(l <t point in the 8alimtR Valley on the line of totality, but I was afraid of 
the Ya1Jp~· fo;:;·,;. of w!J ieh tlrnre were seyeral on da.n; when the mountains were clear . 

.\ly phrn of opemtious wa;.; to ob8erYc tlie beginning an<l ending of the eclipse, the beginning 
all(l e1Hli11g- of totality; but tlie latter by only one or two obscrver!l, whilst the rest sketched the 
eoroua aJHl lookt><l ont !'or intr,1meretuial planets. B;y rising to tltis elevation I had computed that 
the eudinp: of the eclipse would he visible. 

I ha!l intl:rPsted partiM i11 the Salinas and San Antonio Va.Jleys to note whether the eclipse 
wai' total at Soledad 011 tlie northern limit. and have verbal reports and expect others. 

Of course I dett'rrnim•(l to look fol' intra.mercurial planets, and had five star charts preparecl 
for the purpose, one for each obserYer \Tho studied the relath-e position of the probably visible 
.-.tars. The equatorial zenith telescope and meridian instrument would have given absolute 'posi· 
tions, had such ol~jects beeu detected. 

Diagrams were prepared upon which to sketch the corona, rose-colored flames, &c. 
As the computed tiuw of totality was onl;y 332 seconds, the chances for our doing much in 

either of the last two scheme8 were infinitely small; nevertheless I felt sure of doing something 
trm;tworthy. 

The obserYers were as follows: 
Assistant DaYidson: 6-f-cineh equatorial. Power estirnat.ed 300; colored glasses show sun 

g1w~nish :rellow; Herschel prism; solar eye-piece . 
. Assistant Gilbert: Uuited States Coast Survey Hassler equatorial, 3 inches. This is the in­

strnment with which I obser\ed the solar total eclipse of August 7, 1869, in A.la.ska. Direct eye-
piece, power about 100; colored glass, neutral tint. . 

Assistant Colonna: United State<> Coast Survey meridian instrument No. 1 turned out of 
the meridian. Objective 2~ ~nches; direct eye·piece with prism, power 60; colored glass shows 
sun red. 
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Snbassistant Dickins: United States Coast Snr,'ey zenith telescope No. 1. Objecti\'C 2~ 
inches; direct eye-piece with prism, power 85; colored glass shows sun greenish orange. 

George F. Davidson: United States Coast Survey reconnoitering telescope No. 24. Object­
ive 21~; direct eye.piece, power about 401 showing whole sun in the field; colored glasse.~ show 
sun greenish orange. 

I had taken with me two chronometers; obtained tb.e use of a third from Professor Frisby; used 
pocket chronometer Widenham 900, and a watch. All were compared by Mr. Colonna before, 
during, and after the eclipse. 

Mr. Colonna had good transit observations, and a good determination of the latitude 
which I had, by sextant observations, placed in 36° 08' 20", and from the reconnaissance sheet 
in 121 o 24/ 3011 • 

Sunday, January 11.-The morning was remarkably clear and the atmosphere very stearlr, 
with a cold and moderately strong wind from the north. Temperature 1:)0 • No clouds were YisilJle 
except a low bank about half a degree higher on the western horizon. The instruments were all in 
position on the western side of the summit, and protected from the wind to prernnt vibration. 

As the time of first contact approached I gave warnings at 5, 4, 3, and 2 minutes before the 
computed time. Each observer watched to see if he could percefre the moon's disk before it 
touched the sun; but it was not seen. 

The limb of the sun was not_ absolutely steady, but nearly so, and sharply defined. The 
three clusters of spots were well made out in all the telescopes, although some of the indiddnal 
spots were very minute; the penumbrm were well marked and defined; the mottled appeamnce as 
of rice grains was visible over the whole disk, and the faculre readily traced in all their irregulari­
ties. There was no spurious disk such as arises from great atmospheric disturbance, but there was 
just enough atmospheric tremor to give au occasional shivering to the border. There was no dis­
turbance of the limb at the point of first contact. 

I was using a Herschel prism solar eye-piece that permitted most of the heat and light rays to 
-pass directly through the eye-tube, whilst the eye-piece was at right angles to the optical axis. 
The position circle was not constructed to fit this solar eye-piece, and therefore I had to estimate 
tl'e position on the sun's limb where the moon would first appear. I saw the first indentation when 
it was about the apparent thickness of a coarse spider thread in the eye-piece, and noted the time, 
which was, I think, before that of anybody else. 

As the moon :\.dvanced I noticed the time of disappearance of the umbrm in each of tlie groups 
of spots. These were also observed by the others. 

As the m()on's disk advanceLl with a well-defined outline apparently broken by lunar mountains, 
the sun's cusps were very sharp and clear, but wlieuever a tremor occurrerl on account of any· slight 
atmospheric disturbance these cusps were apparently doubled. This phenomenon was also observed 
and recorded by Mr. Colonna. It was not owing to want of parallelism of the colored glasses, for 
when the atmosphere steadied the cusps were single, sharp points. llad the atmosphere been much 
more disturbed the points of the cusps would have appeared coufosecl aud bluuterl, as Assistant 
Rodgers observed them at Oakland. This duplication of the cusp is shown on an exaggerated 
scale in Fig. 1. 

During the progress towai-ds totality I called the observer's attention to the fact that there 
was a perceptible difforenoo in the darkness of the sky adjacent to the sun's disk yet unobscnred, 
at A, compared with that immediately adjacent and still coverell by the moon's adrnncing disk, 
which projected beyond the sun's disk at B. And yet none of us had been able to detect the moon's 
disk before it touched the border of the sun. 

At 50 minutes after commencement I noted the "sun much steadier, cusps sharp as knife 
point, limb of moon sharp." 

At one hour after wmmencement "the limb of the moon steady enough to see the lunar moun­
tains near apparent right cusp" (CJ, which I was then examining (Fig. 2). 

The irregularities of the lunar outline could be detected wherever an examination was made, 
the mom clearly when no shiverings or tremors affected the disk. 

Towa.rds totality a few cirrus clouds formed on the line to the sun and the atmospheric disturb. 

S. Ex. 17-59 
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ances were at times increased. As totality rapidly approached the crescent of sunlight was remark­
itbly long and narrow on account of the slight difierence of the apparent diamt>ters of the two 
disks. To illustrate this I lmYe made the accompanying sketch (Fig. 3) to reduced scale, exhibiting 
the shape of the crescent at 3 minutes 30 seconds before totality, and at 12 or 13 seconds before 
the total phase commenced. At the bottom I have exhibited the moon's disk when projected upon 
the sun about ten seconds after the commencement of the eclipse. The last line of sunlight was 
from 300 to 400 in length before it broke. But this long, .narrow crescent exhibited no distortion 
from atmospheric disturbances, and no wavy movement, except, occasionally, that slight tremor 
which I have designated as "shh·ering," and which is seen at times in geodetic observations. The 
cusps, before the crescent wa8 reduced to a line, were remarkably sharp and curved points, as if 
cut by the finest grayer. The breaking of this last line of sunlight was occasioned by the intru­
sion of tlrn lunar mountains and inequalities; and it presented the appearance of a line of dots, 
dashes, and spaces. There was no wayy motion to interfere with this exhibition; whenever a bright 
spot or dash disappeared it was gone for good. As in my observations upon similar phenomena in 
the eclipse of August 7, 1869, the atmospheric conditions were so favorable for steadiness of image 
that the "Bailey's beads" were totally and wholly wanting. 

I did not remove thi> colored glass in observing this contact, as I had done in 1869, because I 
wishe(l to preserve my e;res for any possible intra-mercurial planet. But immediately upon leaving 

·the telesco11e I saw that, on account of the small diameter of the cone of shade, the brightness 
of the corona, and probably the effect of the light cirrus cloud, the illumined atmosphere rendered 
the sky too bright to see any stars or small planets, and I fixed in my mind the position and size of 
the rose-colored flames and especially the first circle of bright light around the sun, whilst others 
sketched the outline of the corona (Fig. 4). 

There was a brilliant rose-colored flame just at the left of the sun's vertex; aud the lower part 
of the moon's disk-say, one-third of the circumference-was apparently bordered by a remarkably 
brilliant and continuous line of rose-colored flames. The upper flame was between the one-tenth 
and one-twelfth of the sun's diameter in height; and the lower border of flame was about the one­
eighth or one-twentieth of the sun's diameter in height. 

The first concentric ring of white light around tlie sun was strikingly bright and extended 
one-tenth of the diameter beyond the disk. Mr. Dickins noted this and also a second but fainter 
concentric ring. The corona had the general form of a parallelogram with the angles prolonged 
in the directiou of the longer sides, and stretched at an angle of about 350 with the vertical, from 
the upper left to the lower right. The accompanying sketch is a near copy of the sketch which 
Mr. Colonna and. m;yself made immediately after totality; the parts drawn by Mr. Colonna marked 
with a 0; those by myself with a D. The parts marked (a) were much lighter than the other 
parts of the corona. The outline and general features of the corona are quite consistent among 
the observers, wh!lst that of Dr. Gustav Eisen, near Fresno, is equally consistent. In addition to 
the originals I shall endeavor to have prepared a specially colored sketch. 

Two of the observers, Messrs. Colonna and Dickins, distinctly saw the changing appearance 
of the corona at its most extended points, which seemed to contract and lengthen rapidly; a phe­
nomenon·similar to what I observed in the comet of August, 185.3. 

Messrs. Gilbert and Colonna observed the time of the third contact, although not with con· 
fidence. 

Before totality we all saw the shadow of the total phase coming over the ocean as a brown 
area on the surface. After totality I saw the shade of the retreating cone against the eastern sky, 
but could not see the shadow upon the distant mountains, which were too dark. This shadow had 
not the density and impressiveness of the shadow coming down the valley of the Chilkaht, Alaska, 
where it was visible on the flanks of the mountains and against the snow gorges. 

After totality the sun was for some time behind a cirro-stratus cloud, and the steadiness of the 
atmosphere was disturbed. The disk of the sun only came from under this cloud a few minutes 
before the fourth contact, whilst below the sun lay the cloud bank, which had hung on the horizon 
all day. This cloud was 35' above the horizon. Here the atmosphere was in a remarkable sta.te of 
undulation, and the limbs of the sun and moon moving in great rapid waves, so that it was next 
to impossible to note in the smaller telescopes precisely when the moon left the sun. I obserVed 
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it with no satisfaction, except that the time noted was a.pproximately close. 'J'he sun set about 
ten minutes after the last contact. 

The following preliminary tabulation will give an idea of the times obHerrnd by the different 
observers. The corrections to the different time-pieces are very close to the truth, but no rigorou~ 
reduction has been made. 

1---------~----~-\ Beginning.1_E_n_d_. _1_~_~-ti._i~_'Jt~~:__1~~J:~~ 
I Predicted L fromvertex .....•..•.•• ..i -1~9 ;21 +~ ;O 1

1 

+1°6 ;O 
1 ~l~:i ;5: 

I Obserrnd (approx.) L from vertex. •.. ! -148 00 ; + 7 , +20 ..........•. 1 

) ) h. m. a. i h. m. 8. I h. m. s. h. m. s. 
\ Predicted times ...................•.. ., 2 45 4A. 9 ' 5 01 10. 5 3 56 43. 0 3 57 18. 4 

I
' Observe<l times: Geo. Davidson ...... I 2 45 42. 7 5 00 58. 7 3 56 37. 9 ........... . 

.J.J.Gilbert ........ \ 2 45 55.5 1 5 00 44.0 I 3 56 34.0 3 57 12.0'· 

I 
B. A. Colonna ••••.. \ 2 45 51. 8 f 5 00 25. 7 ! 3 56 41. 5 3 57 06. 5 ii 

E. F. Die kin• ..••.. i 2 45 58. 2 I 5 00 38. 3 I 3 56 36. 2 i .••.•••..... 
Geo.F.Davidson .. : 2 45 55.0 \ 5 00 6'l.O: 3 5tl 45.0 ............ 1 

I --~--~~--i· --''--- i 
* Uncertain. 

Equal weight cannot be given to I).avi<lson, jr., as he has not had much experience as an observer. 
Iucideutally, observations were ma(le for the temperature during the eclipse, but not at 

regular intervals. 
The following are the results, premising that the temperature was 15° at sunrise, with a 

moderately strong north wind. The wind continued all day, but with decreasing force. 

Mere. bar. 2017. I 2h p. m. t 3h o4m. i 3• 2sm.1~h 43:. 'l~~~J~~y 4h 42"'. / 5h 01m. j 5h 2sm.

1

1 

i . r---:-o-\·--o-\ 0 0 0 \-~--\:-.--

1

, Haromcter .••••.••..... -; 24on.346 I ·······1········1········ ....... ·······(········ 24'".3671 

, Attaehootbermometer .. 1 40°.2 ! ........ ;-·······li········i··········;·--·····
1 

••••••• 

1 

30°.81· 
I 

Temperaturo of air ..... ~ .......... : 28. 3 / ·.. . . . . 31. 0 , 25. 0 i 27. I ' 28. 2 27°. 2 

Solarro.diation ........•. [ ..•....... i 67.8 j 50.8 i 39.7: 28.2
1 

42.4: 39.2 .•........ 
) 1 1 , 1 : • ' \ I 

Jupiter and Mars were seen by the observers several minutes before totality. No stars were 
seen by any observer. 

At Soledad and at Oak Grove the sun was visible at the greatest obscuration; but Senor Vil­
legas informed me that where he was, about l~ or 2 miles south of Soledad, there was a point of 
the sun about as bright as Venus, visible about 300 or 400 to the right of the vertex. At Oak 
Grove, about 1! miles sonth of Soledad, there was a slight line of the sun visible. 011 the south­
ern limit, at Lowe's stage station, the sun was visible, and at Jolon a very thin line of the sun was 
visible. I have written to get nearer limits for the southern line of totality. At Fresno, I inter­
ested Dr. Gustav Eisen to go to the line of totality where it crosses the Southern I>acifi.c Railroad; 
and Dr. W. H. Harkness, of the California Academy of Sciences, reports that he went with the 
party to Sycamore and witnessed the phenomena. ·The phase of totality was not visible at Fresno 
on the southern side. 

I extract the following description from Dr. Eisen's letter to me: 
"The totality was not seen at Fresno; but following your ad vice I had gone to Borden, a 

station on the Southern Pacific Railroad about 10 miles north of Fresno. The totality here lasted 
exactly 31 seconds, and I suppose I was pretty near the central path of the shadow. 

"Shortly before totality I suddenly saw the western edge of the moon's surface lighted up by 
a reddish light, displaying the convex and mountainous surface in a most extraordinary manner. 
This vanished,however, at tot.ality. The atmosphere seemed perfectly quiet, 'and no disturbance or 
tremor of the limbs was visible. At totality the sky around the sun was entirely free from clouds, 
but so lig}J.ted up by the corona, or by somet.hing else, that there seemecl little prospect of seeing 
any intr.a.-mercurial planet. The appearance of t.otality was, to use the faintest language, grand. 

"I had my paper prepared according to ~·our instructions, and ma.de a rapid sketch which I 
inclose herewith. The second aooompa.nying drawing was made after my return home. The 
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red, rosy, and purple flames around the. lower left border of the moon, covered, at the beginning 
of totality, about one-fourth or one-fifth of the borcler, but increased rapidly, and at the end 
of totality they cove.red about one-third of the moon's circumference. Just at the apex I saw an 
immense p;yramidal flame of yellow, very brilliant light, and also a much smaller one at the right 
horizontal edge, also of brilliant white or yellow light. (Fig. 5, without color.) 

"The corona of radiated white, pale light extended from the upper left side to the lower right. 
• • • The extremities of the corona I could follow to about one diameter distance from the 
sun. Judging from the shadow of the moon, which we saw passing over the Sierra, the diameter of 
cone could not have been much more than ten miles." 

Dr. Harkness informed me that the shadow was very distinct because the Sierra was covered 
with snow, and that it passed like the shadow of a cloud. 

I. P. Moore, esq. (vice-president of the California Academy of Sciences), observing the eclipse 
at San Rafael, reports that at commencement he saw iridescent colors at the part of the sun first 
touched by the moon, but that they immediately disappeared. 

As a spectacle, this eclipse in some respects exceeded, and in others was inferior to, that which 
I observed August 7, 1869, in Alaska. Here the rose-colored flames and inner circle of white light 
were perfectly glorious, and the corona was more brilliant, but the disk of the moon did not stand 
out with that blackness and perspecti\re effect which I saw on the Chilkaht. This might be in 
part the resnlt of interference by the cirrus clouds. The sky here was much brighter on account 
of the closeness of the apparent diameters of the sun and moon. The shadow on the ocean was a 
poorly defined brown area; in the valley of the Chilkaht the coming of the shadow on the mountain 
flanks and over the snow gorges was more distinct. Near Freimo and at Millerton the shadow 
was seen coming over the San Joaquin plains, and after totality the shadow was very beautifully 
distinct on the snow-covered flanks of the Sierra Nevada. 

This eclipse affords another confirmation of the theory which I have before reported, that the 
exhibition of'' Baily's Beads," the "ligament" and "black drop" in transits of Mercury and Venus, 
the projection of a colored star on the moon's bright limb at occultation, and similar phenomena, 
are the conse"l_uences of atmospheric disturbances occasioned by irregularities of refraction, etc., 
which create spurious disks of the sun, moon, and planets. This view, when first insisted upon, 
was strongly controverted, but we have analogous phenomena exhibited almost every day in the 
geodetic obserrntions of the Survey. At high isolated elevations, and during a remarkably steady 
atmosphere, whether dry or moist, at any elevation, all these abnormal conditions vanish. 

I may mention here, that whilst at this station the zodiacal light was observed every evening 
when tlle weather was clear. It was distinctly marked, and stretched up to an elevation from 4° 
to 6° higher than Jupiter, and from 40 to 50 to the right. The base, at 6~ or 7 p. m., was about 120 
broad, and the inclination 100 from the vertfoal to the left. 

I inclose special reports of Assistants Gilbert and Colonna and Subassistant Dickins, with 
their sketches; also second sketch of Dr. Eisen (Fig. 5). 

The origin.al records for time, latitude, and the epochs of commencement, etc., together with the 
original sketches, will be duly transmitted. 

Yours respectfully, 

CARLILE P. PATTERSON, 

Superintend~t Coast and Geodetic Survey. 

GEORGE DAVIDSON, 
Assistant-Coast and Geodetic Survey. 

J.A.NUA.RY 291 1880. 
P. S.-Assistant Colonna has reduced two pairs of the latitude stars, which give the latitude 

of the station 36C 08'.40", and I have graphically located the station from Mr. Dickins's horizontal 
directions and Mr. Eimbeck's positions on his reconnaissance plan of 1873. This gives for the 
lo~itude 121° 23' 40", to which must be added 1' 02" for determination by telegraph longitudes, 
so that we may provisionally place , 

Station Santa Lucia in latitude 360 08' 40"; longitude 1210 24/ 40''. 
A closer approximation to the longitude could doubtless be made by computing the tria.nglea 

of the reconnaissance from Mr. Eimbook's measures. · G .. D. 
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NOTE TO APPENDIX N 0. 21. 

(CO.AST AND GEODETIC SURVEY REPORT FOR 1882.) 

In preparing the "New Reduction of La Caille's Observations of Fundamental Stars in the 
Southern Heavens," for publication in the Coast Survey Report, the statement was inadvertently 
omitted that the reduction was undertaken by Dr. Powalky at the charge of the "Bache Flund of 
the National Academy of Scieuces." 

This fund was bequeathed by ALEXANDER DALLAS BACHE, late superintendent of the Coast 
Survey, for purposes of scientific research. 'l'he board of direction which sauctioned the present 
iuvestigatiou consisted of Professors BENJAMIN PEIRCE, JOSEPH HENRY, and JAMES D. DANA. 

"\Yhile this paper will be publislled as a part of tlle "Bache Fund l\lemoirs," it was deemed 
desirable, in view of its importance to astronomical science, to give it the wide publication afforded 
by the Coast Survey Report. 

OCTOBER, 1883. 

J. E. HILGARD, 
Superintendent D. S. Goa.st and Geodetic Surrey. 



 

ArPENDIX No. 21. 

A NEW REDUCTION OF LA CAILLE'S OBSERVATIONS, MADE A'l' THE CAPE OF GOOD HOPE AXD AT 
PARIS BETWEEN 1749 AND 1757, AND GIVEN IN HIS "ASTRONOMIM FUNDAMENTA," TOGETHER 
WITH A COMPARISO~ OF THE RESCLTS WITH THE BRADLEY-BESSEL "FUNDAMENTA;" ALSO A 
CA'I'AJ,OGUE OF THE PLACES OF 150 STARS SOUTH OF DECLIKATION -::10°, FOR THE EPOCHS 
1750 AND 1830. . 

By C. R. PO"W" ALRY, Ph. D. 

PREFACE. 

In order to determine the proper motion of stars, a comparison of modern places with older 
ones is necessary. Bradley's observations, reduced by Bessel to the mean epoch 1755.0, have prin­
cipally been used up to this time for the proper motions of northern stars. At the instance of the 
director of the observatory at Pulkowa, and with the approval of the Russian Go\Termnent, Hr. 
Anwers has now undertaken a new reduction of these observations, and the publication of the 
results may shortly be expected. ,Jolrnson's Catalogue for1830 of St. Helena has heretofore served 
for southern stars south of declination-.,-30°, excepting for a few stars obserYed by I'iazzi up to 
-45 o and reduced in bis catalogue for 1800.0; there are also available the few but excellent 
observations made at tht~ Cape iu 1833 by Henderson, and the observations made (about 1840) at 
Madras by Taylor, which reach to declination - 70°; finally, we ha\Te La Caille's obserYations at 
the Cape, as reduced by himself to 1750.0. 

Up to the preRent time no thorough revision has appeared, although the inaccuracy of La 
Caille's reduction and the utter unreliability of :the observations have been pointed out in the 
"Viertel-Jahrschrift" of the Astronomical Association, and by Stone in the latest observations 
at the Cape. In 1845 the British Association published a catalogue of La Caille's observations of 
nearlJT 10,000 stars; the reduction was undertaken by Henderson, but was never C<?mpleted by 
him; besides, there was no account taken, in the fundamental de1:erminations, of the errors intro­
duced by La Oaille, and there was added a not inconsiderable number of new ones, as shown by 
Argelander in " Investigation of the proper motion of 250 stars," vol. 7 of the Observations at 
Bonn, pp. 6, 7. 

In judging of the value of La Caille's observations, we have to distinguish carefully between 
his '' Astronomire Fundamenta," and his "l\Iicrometrical Observations." The former are almost 
of equal accuracy with those of Bradley, as shown in my comparison of the newly reduced northern 
stars (in Table I for the right ascension, and in Table II for the declinations). 

On the other band, the micrometric observations are certainly of very much less value, since 
each star place depends only on two transits over threads, recorded to the nearest whole second, 
and in these observations many errors occur, especially in cases when many stars follow one 
another at short in1:ervals. Neverthell;lss, a new discussion of the whole material might not be 
without value, although we cannot place implicit confidence in his micrometric observations. 

The observations of the "Astronomire Fnndamenta," upon the whole, have reference only to 
400 stars, and in my opinion the declinations of the northeni stars can no longer be disregarded, 
but deserve to be placed side by side with those of Bradley. For their combination, however, to 
form a most probable result, I need more accurate information than is now in my possession. 

For the southern stars, south of declination-30°, we have no better material for the deter­
mination of the proper motions, or of a possible variability during the long interval of 125 years 
intervening between La Oa.ille and Gould (for 1875). 

469 
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INTRODUCTION. 

My object in undertaking this work was to bring to a clearer understanding the value of La 
Caille's observations as a supplement to the Bradley-Bessel results. 

I am fully aware that an intended revision of Bradley's observations will establish a newer 
and probably a better basis for the reduction of astronomical observations; it will, nevertheless, 
be an easy task to apply afterwards the necessary small corrections to my results, since thMe 
changes, not being very large, will certainly not act in opposition to the purpose I have in view. 

La Caille's determinations of right ascension at Paris by the method of equal altitudes I have 
entirely omitted, they having but little value in comparison with Bradley~s numerous transits, on 
account of the lesser inclinatio}> of the horizon to the equator. But this does not apply to south­
ern stars at the Cape, whose right ascensions were determined by the same method by La Caille, 
of which only a few were observed by Bradley, with his transit, at Greenwich (see "Table I, A. R. 
app:-Culm."). 

The small number of observed zenith distances at Klipfonteyn and Isle de France, I have 
likewise at first omitted. 

That the determinations of right ascensions and declinations of stars resulting from my revis­
ion, may have lost part of their former absoluteness by being now founded on the total number of 
Bradley synchronous observations, could hardly be considered a disadvantage of the revision, as 
the polar point deduced from La Caille's observations of upper and lower culminations of Polaris 
agrees very nearly with Bradley's, while the equinoctial point (the initial point of longitude and 
latitude), from observations of La Oaille (the sun's southern limb was observed at the Cape only 
near both equinoxes), could not be determined with sufficient accuracy. 

In consequence of the large number of comparisons of declinations with Bessel's results. of 
Bradlc;r's ohser\·ations, the liitherto undetermined errors of division of Bradley's mural quadrant 
aud La Caille's sector and sPxtant have been nearly eliminated. 

La Caille used at the Cape, for the observations of equal altitudes, an iron 3-foot quadrant in 
com1ection with a 3z-foot telescope and a clock of Le Roy. The comparison of clock corrections 
in Table I proves clearly the superiority of the instruments as well as La Caille's ability in using 
them. 

Each of La Caille's observed altitudes was taken on two parallel threads. The column in 
Table I, headed "Culm. Clock-time," contains the mean of La Caille's obsen·ed clock times, cor· 
rected for the influence of the changes of temperature, and in case of the sun for the equation of 
equal altitudes. The differences of temperature were taken from a table (Dove) of the mean daily 
temperature for the Cape. 

La Caille gave the times only to half seconds, and, although the mean error in the mean of the 
culmination times generally amounts to more than 0".1, I have retained the hundredths in the 
reduction, so that this error should not be increased by the neglect of the second decimal. Column 
Z contains the number of sets of observed equal altitudes. Under the heading "A. R. app.-Culm.," 
followed by a column containing capital letters (the initial of the authority), is shown the difference 
of apparent right ascension and the observed culmimt;tion time, computed according to the respect­
ive authors. "H. 0." indicates Hansen-Olafsen'il solar tables; "A.," Auwers; "F.," Bessel's Funda­
menta; and "T. R.," Bessel's TabulIB Regiomontanrn. From this column were deduced the clock 
correction and its hourly rate, also the corrections for apparent right ascensions of stars where no 
authority is found. The last column, headed "La Caille-N," shows the difference between the 
old and my new reduction of the observed right ascensions. 

The zenith distances given in La Caille's Fundamenta (pp. 161-209) for Paris (place of observa­
tion: College Mazarin) and at the Cape, "Distantia observata," are the results of direct measure­
ments with a 6-foot sector and a 6-foot sextant, corrected for zenith point and errors of division of 
the arc. The least recorded errors of division amount to 3".3; for the sextant they were found 
worthy of mention only on three points: by Canopus (3".3) and by~ Doradus and oo Argus (511.0). 

The sector, which comprised 51°, read, according to La Caille, in the zenith at College 
Mazarin (Paris), 26~ 23' 7".6; at Cape Town (Cape), 260 23' 10".0; at Klipfonteyn, 200 23' 1".0. . 

Every star had been observed during several days three, four, or more times with the oirole 
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east, a.nda out as many times with circle west (hence direct and reversed), and every observation 
is given in this manner. 

At _Paris the sector was connected on the left etlge with another 5-f'oot telescope, provided 
with a micrometer. ·with this telescope zenith distances could be observed. from oo to 500. 

The sextant of similar contrivance, comprising tao, and provided at the Cape with a 
smaller telescope (5-fo()t), perpendicular to the principal t.el'"scope (6-foot), was put in such a 
position that all zenith distances could be observed, either with one or the other telescope. Small 
weight is given by La Caille to those made with the smaller telescope, on account of the lesser 
power. For stars at low altitudes the refraction without special notice of temperature becomes 
somewhat uncertain; for southern stars, however, zenith distances are observed with the smaller 
telescope down to 67° 23' (/1 HJ·dri S. P.), and in general only for a few stars. 

The zenith point of the sextant, the divisions of which extended scYcral degrees lle;vond the 
zenith, was determined by reversing the instrument in the same wa~· as with the sector at the 
()ape, as well as at Paris, u:· stars near the zenith. In Tables II, II,., and IV the names of these 
stars are underlined. 

To the zenith distances given b;r La Caille for the different dates under "Distautia obgervata," 
I have applied the reduction to the mean place of 1750.0* and the refraction corrected for mean 
temperature (from Dove's tables) and barometer.t 

For the observation with the principal telescopes of the sector aml of the sectant, near the zenith 
in two directions of the circle, I have taken the mean of the means of the zenith distances for every 
star, observed east and west, correctell for refraction and reduced to the mean place of 1750.0, and 
_for the remainder only the single means were retained. The probable errors of the single means 
are generally less than 1"; the differences, however, resulting from the means of the readings on the 
sector towards both sides, according to r,a Caille's statements (to the immediate readings La Caille 
applied the zenith point correction), are generally greater, an<l amount in some cases from 6" to 
8"; these I have marked with(:) i for two 110rthern stars, where they amount to 10" with(::) i and 
isolated corrections with (r). Tb.e column in La Caille's Fundamenta, following that of "Distantia 
observata,'' contains his zenith distances corrected only for tb.e reduction to mean place and not 
for refraction, and a comparison with my compntati()n enabled me to find discrepancies of from 111 

to 2", besides some greater ones, as in case of ' Lupi and a Doradus. This comparison, therefore, 
protected me from greater errors. More considerable, however, are the differences arising from 
refraction and assumed latitude. The I'ulkowa tables,'agreeing best with the more recent deter­
minations,, give for the refraction, at 450 zenith distance, 57".9 ± i \i=correction for barometer 
and temperature), whilst La Caille, without regard to change of barometer and temperature, 
assumed for Paris 66".5, and for the Cape 64".9 (compare the table of refraction in La Caille's 
Fundameuta, p. 214). 

La Caille assumed his latitude at Paris to be +480 51' 29".2, and tb.at of the Cape - 33" 55' 
1311.3. For the place of La Oaille's observations at Paris, I used that given to me by the late 
Admiral Davis, +'18D Sl' 25".6. For the latitude of the Cape, I used -33° 55' 15".8, which value 
is derived from La Caille's newly reduced observations of upper and lower culminations with the 
sextant, from 4 stars with the principal and from 2 stars with the smaller telescope, giving the 
former double weight of the latter. 

Maclear, in 1839, found for La Caille's place of observation - 33° 551 1611.1, a difference of only 
0".3, which is of small importance. 

In Tables II to IVb, inclusive, are grouped the declinations (arranging them from north to 
south and with regard to instrument and place of observation) resulting from zenith distances, 
corrected for refraction and my assumed latitude, and reduced to the mean place of 1750.0. 

The heading gives the name of the instrument, place of observation, and a formula for the 
sum of the corrections . 

.. The constants of the day for 1749 were taken from the "Tafeln znr Reduction von Fixsternbeobachtungen 
ftir 1726-1750. Zweites Snpplementheft der astrom. Gesell., 1869 "; for 1750-1757 from the" Tahulm Quantitatnm 
Be88elianarum pro annis 1750-1840, vou O. Struve, Petersburg, 1669" and the reduction computed for every ten d1iys 
and interpolated for the intermediate days. 

't Tabulie Refraetionum i:n 1llmlil Specul111 Pnlcovenllis congestre, Petropoli, 1870. 
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The first column contains tlie name of the star, the following, the mean of the times of ob::1er­
vations, the third the mean deelinations for li50.0, without proper motion; then follows the compar­
ison with Bessel's declinations, given in his Fundamenta (=Bessel±), and finally the correction 
(derived from the above formula) to the mean declinations as given in the main column. I have uot 
given the number of observations, but have marked isolated observations ( f1 before the result). 
Those so designated show but inferior discordances from other results of La Caille or Bessel. Two 
northern stars, a and s Cygni, are ohseryed but twice, the remainder, however, with few exceptions, 
five and more times (the unknown errors of division are decidedly larger than the probable errors 
of observation). 

As La Caille discovered a change in the reading of the zenith point in 1756, April 21, and in 
consequence thereof I assumed a change in the eccentricity, those mean declinations resulting 
from the zenith distances observed with the sextant at Paris are given separately in Tables II and 
II., retaining in this case also the number of observations; Table Y contains the united results of 
those observations with regard to the number of observations. During observations at the Cape 
La Oaille records also a change in the index correction of the sextant (using the· smaller telescope), 
for which he found it sufficient to apply a constant correction, which I have retained unaltered. 
With these two exceptions the positions of the instruments at one and the same place were assumed 
to have remained the same during the entire time of observation. 

A comparison of the old and new declinations in Tables II to IV", inclusive, shows by the sum of 
the declinations, obtained from upper and lower culminations of Polaris, that each result requires 
a correction nearly equal in magnitude and 1'ign to the difterenee of La Oame's and Bradley's 
determinations. According to a comparison of '11ables II and II,. with Bradley-Bessel, all declina­
tion observed with the sextant at I>aris require for stars north of the zenith a positive, and 
south a negative correction, generally increasing from north towanls south. 

The sextant observations at the Cape show that the declinations in Table 1 V require in general 
positive corrections from 27° to -10° of declination and negative corrections for stars observed 
ii\ both culminations. 

According to the comparison with Bessel in Tables III and Illa for the sector at Paris, the 
declinations require nearly equal correct.ions, as obtained from the sextant, only somewhat larger 
for greater zenith distances both north and south. 

At the Cape the observations with the sector and sextant placed the stars north of the zenith 
Jess north, and stars south of the zenith less south. 

Thoi"e discrepancies just mentioned are in general far greater than can be attributed solely to 
errors of observation and errors of division, but they may be assumed to arise from the uncer­
tainty in the correction for eccentricity, aml perhaps ahio from flexure of the circle, and of the 
telescope. ~'111, however, become eliminated by the determination of x and y in x siu o+'IJ cos ci from 
the observations, so that they agree among themselves almost within the unavoidable errors of 
observation. 

Assuming that Bessel in his reduction of Braule;y's observations obtained these final results 
very approximately, I have determined by the method of least squares (introducing weights, 
according to the number of comparisons) the coefficients x and y from all the comparisons (Bradley. 
Bessel) in Tables II to IVb separately for the different sets of observations at Paris and at the 
Cape; at the place last mentioned, I have also introduced 4 circumpolar stars observed in both 
culminations with the principal telescope of the sextant, for a more accurate determination of the 
sine coefficient. La Caille's observations at the Cape with the smaller telescope of the sextant 
comprise an arc of 154°; the comparisons with Bessel I could unite into two groups, and a third I 
obtained from the stars near the south })Ole, by the comparisons given in Table IV,. under "P" 
with the corrected results obtained from the sextant (using the principal telescope). After the 
solution of the normal equations the results of the three groups agreed very well. 

The observations with~the sector at the Cape comprise an arc of only 460, and compariaons 
with Bessel can only be made for stars observed north of the zenith at the Cape ; south of the 
zenith I had only two comparisons with the corrected results of the sextant at the Oape, which are 
those of Canopus and 'Arre. The observations of Canopus, made with both instruments, a.re 
quite numerous; for the sector, the .reduced zenith distances, taken east and west, agree; and 
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those for the sextant are corrected for a division error by La Caille. After the application of the 
corrections the declinations of these two stars with both instruments agree very well, and lie near 
the southern limit of the arc of the sector. In fact both limits seem to be well determined. 

The more frequent and greater discordances between La Caille and Bradley, near the zenith 
at the Cape and near the horizon at Greenwich, are probably dne to the uncertaiut~· of Bessei· 
Bradley's position. 

Table V is a recapitulation of declinations of stars finally reduced from Tables II to IV b' 

inclusive. 
In the heading are found the name of the instrument and the place of obsen·ation by the 

following designations: Cri CP,, and C0 for the result of the sector observation8 at Paris and at 
the Cape, respectively (accented letters refer to the small telescope of the sector, and unaccentt:',d 
to the principal), and by X similarly for the sextant. The declination is only giYen complete in 
the first column following the name of the star, and in following columns only the seconds of arc 
are retained. Under the heading (a) are found the right ascensions in arc, to the nearest minute, for 
an easy identification. Then follows under" Bradley" Bessel's declinations for 1750.0 of Bradley's 
observations, taken from the catalogue of Bessel's Fundamenta; next, under "La Caille,'' the 
mean value of the declination as deduced with the difterent instruments at Paris and at the Cape. 
(Results obtained from an average number of observations with the principal telescope have the 
weight 2, and isolated observations with the principal telescope, or any number with the smaller 
telescope, the weight 1; I have taken this as a general rule, altl10ugh I would ham decided 
differently in some instances.) The next column gfres the magnitude of the stars, taken from 
La Caille's catalogue; then the mean yea.r of observations with regard to weights; and the last 
column contains the sum of the weights according to the above rule. 

Table VI, the catalogue of southern stars from -300 of declination to tbe south pole, is 
arranged according to right ascension, and giYen for 1750.0 as well as for 1830.0, rnsiug Bessel's 
constants of precession, without regard to proper motion. For the catalogue referred to 1750.0 I 
ha,·e given the corrections to be applied to La Caille's catalogue, and for 1830.0 the difference 
,Johnson La. Caille. The catalogue for 1830.0 ma~· also sen·e for a comparison with the catalogues 
of Henderson (few but accurate positions, and near that epoch), Brisbane, Hm11 ker (these n•duc. 
tions, I regret, are not now at my disposal), and also with Taylor and l\fa.clear. 

Even a new reduction of Bradley's observations would not materially alter the present fun. 
damental catalogue for 17 50, and therefore this catalogue may sene for a has is of a new reduc· 
tion of La Caille's micrometric measurements of numerous stars contained in "Crelum australe 
stelliferum." 

For illustration I ba_vc added a few examples of m;v reduction of sextant, and sector obser­
Yations, together with La Caille's computation. I have to remark, according to my reduction, 
the uncommonly large errors of observation a.ad the difference between the results derived from 
morning and evening observations with the sextant at the Ca.pe, by the series of a V irginis, given 
here in the examples. However, the sector observations of this star agree satisfactorily. 

S. Ex. 77-60 
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Examples. 

1. SEX'l'ANT AT PARIS. 

POLARIS IN CULM. SUPER (AT l'PPER CULMINATION). 

I 
Tempus observa.- Distantia Reduct. I Refract. i Distantia med. 

ttonis. observata. ad 1750.1.! ________ i pro 1750.0. 

I 
1755. 

+ .d'· I July 31 ••..•..••... 39 7 ll,O - 90.0 39 6 27.4 

Aug. 10 ............ 13.9 - 92.4 46.4 I 27.9 
:at ••••.••••••• :rS.2 - 95.5 

22 ••.••• ·- •••• 15.t - 95.8 

23 •••.••••••.. i8.3 - 96,1 

Nov. 14 ............ H.2 -125.7 
r5 ............ 42.7 -126.0 

20 •••. 43.8 -127.5 

Dec. 17 .. 49.2 -133.5 
18 ••.. 49.2 -•33.7 
20 .... 49· 2 -134.n 

21 ••... 55.8 -134.1 

29 ••.. 53.1 -134.9 

30 .... 56.• -135.0 

1756. 

Jan. 13 ...... 58.7 -135.3 
16 •..... 58.4 -135.2 

22 •. ' .•••. 6o.3 -134.9 

Julv :19 ............ 31.2 -:107.4 

31 .. 30.8 -rn7.o 

Aug. JO·· .......... 31.9 -n6.3 

31. ..... 34·4 . -u6.6 

Mean .... . . . . . . . . . . . . 
Latitude .. 

Corr .......................... .. 

Declination .......... .. 

La Caille's computation was: 
(Cu Im. sup.) Distautia reLlucta .. 

Refract. (pag. 214). 

46.3 j 29~0 

46.3 I 25.6 
I 

28. 5 i +6.3 I 
I' n.81 25.3 !' 

H-81 •MI 47.8 l 24.1 

48.21 23.9 i 

48.2 I •3-71 
48.2 ' 23.4 I 
48.2 : 29.9' 
+8.3 I 26.5 I 
48.3 

::1 48.3 

48.3 31.5 

48.2 33.6 ! 
46.4 ' 30.0 I 
46.41 •9·41 
46.4 . 22.0 I 

46.4 ! 24.2 ) 

I 
39 6 

4B SI 
•7·4 :1 
25.6 I 

87 57 53.0 ___ +_~I 
87 58 3.0 

0 II 

39 5 39.7 
+ 54.0 

I 

39 6 33.7 
Latitude . • . . . • . . . . 48 51 29.2 

Declination . . . . • • • 87 58 2.9 

POLARIS IN CULM. INFER (AT LOWER Cl'LM1NATION). 

--·----------~-----· -··----~--------

Tempus observa­
tionis. 

1755. 

May 25 .... 

26 .. 

27 ........... 

28 ........ 

:19 ..... 

30 •.. 

Dec. 
30. 

3r.. 

1756. 

Jan. 3. 

7-

17. 

June 5. 
6 ... 

10 ••....•••.• 

11, ••••••.... ' 

Distantia 
observata. 

43 8 0.1 

0.5 

0.5 

7 59.4 

59·4 
1.8 
8.8 

9.3 

'3·9 

14.0 ! 

14 ·1 

11.9 

42.3 

4:i.o 

.... o l 
42.6 i 

Reduct. Refract. I Distantia med. 
ad 1750.0. I •1so.o. 

+ 86.9 + 53·4 43 10 ~ .. 
+ 86.7 53.3 20.s 

+ 86.6 :i3·3 20.4 

+ 86.5 53·3 19.2 

+ 86.4 53.3 19. I 

+ 86.3 53.2 2l.3 

+134.2 55.8 i8.8 

+134.9 55.8 20.0 

+•35.0 55.8 24.7 

+135.0 55.9 24-9 

+•35·3 55.9 2 5·9 
+135.1 55·9 22.9 
+rn3.3 53.0 x8.6 

+103.3 53.o 1 7·3 
+103.I 52.g r9.9 
+ro3.o 

Mean ................... . 

Latitude ......................... .. 

Declinllion ........ . "! ... . . .......... ·1 

j 

(Culm. inf.) Distantia reducta .. 
Refract .•.••...... 

92 

0 II 

43 9 26.9 
2.4 + 1 

43 10 29.3 
Latitude .. . . • . . . . . 48 51 29.2 

Declination . . • . . . . 92 1 08.o 
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2. a VIRGINIS. 

--------.---a_s_"_XT-·AN:AT ·~RI~~- l!---------b-sK_XT_A_N_T~A_T_T_H_a_c_A~·"-·---~------
Tempus observa- Distantia I Reduct. I Refract.1.Distantia med. I!' Tempus observa- Distantia I Reduct. Distantia med. 

tlonis. observata. ad 1750.0. 1750.0. tionis. observata. ad 1750.0. Refract. 
1750.0. 

1756. iJ j---,,-1----, II ,i----,7-5-2-. ---1-----
May 2t. ........... 58 42 30.2 I -122.; I + 93.1 5B 41 6o.9 i Jan. 8. 

.----

' " I 
25.. .. .... .. :n.31-1••·3 93.1 64.1 I •7-· 
28.. .. . . .. .. 30.9 -122.2 ' 93.1 61.8 i ::a8 

30·· .. 30.9 -1:22.l 1 93.1 61.9: 2Q. 

34·9 I -122.1: 93.1 65.9 [ Feb. 3. 31. 
Dec. 12 .•.. 

13. 

14 ... . 

17 ... . 

2a., ..... . 

23 

Mean ... 
Latitude. 

corr'n .......... .. 

M.declin'n ..... . 

23.5 -121.9 g6.9 58.5 j July 23 

21.2 / -122.J ¢·9 '. 55·9 1 25, 

;::; I :::;:~ ~:: \I t: : Aug. ~: 
25.61 -123.9 97.0 1----~'. 6 .. 

. ..... .. 58 42 1.7 B 

. ... \ 48 51 25.6 

i - 9 50 36, 1 

.. ··' - 13.7 

- 9 so 49.8 

Mean. 
Latitude .. 

24 

Corr'a ........ .. 

M. declin'n .. 

3 10.8, 
5.6 

6.3 

4.6 

3.5 

9.1 

9.7 
8.6 

8.o 

t.8 

5.6 

9·7 

+ 42.1 

+ 45.0 

+ 45.2 

+ 45.4 

+ 46.3 

+ S'-7 

+ 51.6 

+ 51.5 

+SI.I 
+ 51.0 

+so.7 
+ 50.6 

+ •5·3 •4 18.2 

25.3 16.0 

25.4 16.9 

:15 ... 15·4 
25.4 J5.2 

•s.8 .6.6 

25.8 27.1 

25.8 •5·9 
•5.8 24.9 

!15.1 18.6 

25.7 2:f.0 

•5.7 26.o 

4 91'..l I •4 
.. - 33 55 i5.8 

! - 9 50 54·7 
+ 2.I 

- 9 so 5:i .6 

B\I L.'l..CAtLt.2:1
$ COMPUTATlON. 

1 
Sextant (Paris) .

1 
Sextant (Cape). ; Sector (Cape). 

~--~~----,~--~~!-~ !~~~---
~ 

12 .• ' .•.• '.''' 

08 .......... .. 

30 ........ .. 

July 4 .. .. 

1752. 

Jan. 22 .... 

1751. 

June 13. 

July '4 
16. 

17 .. 

ff .. 

2;:1 •• 

24 14.1 

12.8 

15.8 

18.0 

15.5 I 

17.5 

1.7.6 i 
! 

2.8 

u.7 

19.7 

17.7 

17·3 
17.6 

18.3 

Mean ................. .. 
Latitude .... . 

Corr,n ............... . 

M. deelin'n . 

+ 37.2 

+ 37.0 

+ J6.• 
+ 36.1 

+ 35.8 

-+ 34·7 

+ 45.0 

+ 37.0 

+ 35.2 
+ 35.1 

+ 35.0 

+ 34.6 

+ 34.5 

25.9 i 

,s.8 I 
25.9 \ 

25.B I 
•5.8 

25.7 

25.4 

•5.8 

•5·9 
•5.8 

•5.9 

•5.8 
25.8 

24 

24 

-n 

-9 

. ........ i - 9 

I 

Dist. red. 4 17.2 

15.9 

18.6 

20.1 

17.4 

19.1 

18,Q 

0 I fl I 0 I II I • I II 

ss 40 26.2 I 2• 3 ss.6 24 3 s:'l. 

+I 48.61 + 29.1 1---+ 29.1 

58 42 14,8 i 24 4 24.7 !I 24 4 21.'il' 

Latitude ........ j 48 51 "9·• I -33 ss 13.3 - J3 s~ 
1- 9 so 45.6 ' - 9 50 48.6 I - 9 so s•. 3 

Refract ....... .. 

Catalogue (Fundam. p. 235) - 9 so 50.4 

13.2 

14.5 1 0 
ao.8 ''::> 

18.6 I~ 
. 18.2 

f ~ e: 
18.o 

~ iB.6 

• 11-7 i 
SS 15.8 

\ 

so 58.1 f 

+ 7.8 i 
l 

50 50.3 
I 
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I conclude with a table giving a, comparison of my reduced apparent declinations of the sun 
with Hansen-Olufsen's solar tables. (The observed apparent zenith distances are found on page 
241 of the "Astrouomiae Fund amen ta.") 

175y. 

Sept. x. ... 

2 ... 

13 .. . 

t4 .. . 

15 .. 

30 .... 

Oct. l. 

>. 

] . 
4· 

6. 

7 .. 

S ... .. 

9· .. . 

s 
N. 
S. 

s. 
s. 
s. 
S. 

s. 
s. 
s. 
s. 
s. 
S. 
s. 
s. 
S. 

175r. 

+ 4.u ,, ){ov. 5 .. 

-16.7 S. 

+ 3.3 ;, Dec. i9 

+ 4.6 20. 

+ 3·4 : 2>. 

-+- 2.0: 22. 

+ 4-> ,,_ 

+ 8.7 25. 

+u.o: 26. 

+ 7.2 27 

+ 3.9 

~ 1.7 1752. 

+10.r : Feb. 

+ 0.3 

- 4.0; 

s. 
N. 
s. 
s. 
s. 
s. 
s. 
s. 
S. 

:s. 

:'.\. 

S. 

S. 

s 

+ 1.2 

- 4.8 

+ 9·4 
+6.t 

+ 7-5 I 
+ 7.2 1 

+ 6.4 

+ ;i.o 

+ 7.1 

+ 7.3 

+ 0.4 

+ 3.7 

Dates. 

I752. 

Feb. 9. 
Mar. 

4. 

5. 

7. 

12. 

'3. 

I4. 

28. 

30 

Apr. x 

June 15 

16. 

17 

18 . 

19 . 

Not corrected for eccentricity. 

!.-Right Ascensio11s. 

0's limb. Compar. 
C.-0. 

S. 

S. 
s. 
s. 
s. 
s. 
S. 

s. 
S. 

s. 
S. 

S. 
S. 

s. 
s. 
s. 

- 3.6 

- !J.2 

- 5.6 

- 7.4 

- 2.5 

- 2.6 

-f- I ·7 

+ 3.0 

+ 2.7 

- r.9 

+ 2.6 

- 4.0 

+ 0.5 

Dates. 

i752. 

June 20 .. 

22. 

24. 

25. 

Aug 31 

Sept. 1. 

Dec. 16. 

17. 

18 .. 

[9· 

20 .. 

21. 

23. 

'5· 
:16 .. 

~omen. Culmin. 'Num A. R app. ,\uc Red. in A. R. med. L_aN9.· 
Clock-time. ' ', -Culm. . · · 1750.0. 1750.0. 

('.) ........ .. 

Centawi .. 

('entauri 

Lupi. 

' '" Centauri 

h. m . .s. 

4.10 

I 
I ... "I 14 •5 31. 76 I 

6. + 

s. 

4.61 i H.O. 

4.9 27 51 
v 

30 -
Ill 02 

4.03 \· .... 

I Jl 
3.35 ! - 5.1 

I V ···I '4 •• 56.66 /' 

/ P Tria. a.... 15 33 29.80 6 + 5.01 I 

~ Ophiuchl. 16 56 5.04 + 6.o8 F. 

---------!---: 
I h. m. S. 

(- 6.91) 

i 
.. 9.28): 

I 
- 8.52 j 1'4- 25 27.27 o.o 

I 
{-w.u}I 

-u.86 15 33 22.95 o.o 

I Antares.. 16 '4 9.991 6 + 5.18 T.R. 

I 
J Sagitt...... 18 4 ;9.29 + 8.•• F. 

-~-~orpi~---__:_:~--''--+ __ 6_.62_,l_ .. _._._ .. _·_;__-_s_.s_s_,__1_1_:io_1_·_99_,__-_o_._'7_, 

175r, MAY 26, 

____ c:J_._ .. _______________ ~·--4~~~-~ I 31 __ + :=_-¥~--!----
--·--~- -----------------------------
/ ' Centauri .! 13 6 :;i7.32 ; 

I lJ 5 J~.21 

1] JI 5>.39 

"' 19 35.49 
14 5 26.67 

14 49 ~o. t7 

8 i + 17.49 ........ / - 6.go ! 13 6 37.91 I +0.20 

i r Hydr~ ... 
Spica .. 

q Centauri 

A Virginis. 
r Scorpii. 
c2 Librae •. 

r Libra: .. 
Scorpii .. 

OphiuchL 

·I 
.. J 

14 36 55·"9 

17 13 39.-81 

17 6 31.8t I 

8 I + 17•47 F. 
8 i + 
1 ! + 
1: + 
61 + 
91 + '7·37 

T.R. 

F. 
F. 

T.R. 
F. 

F. 

- 8.05 
i : 

14 19 4-1-·7I : +a.IQ' 

' ' 

- 8.65 ' 
i ; 

'7 lJ 41.91 I +o.n I 15 01 24.90 :' / !+ 
r Sagitt, seq. I •7 49 36.89 ; 7 1 + 16.45 F. 

--pnec ... 117 48 54-981 'I + 16.64 i"' .. - 8.o:i [ 17 '411 l·6o +o.n I 

"-----------'---~·---'--"'-----'----'-I__ -----.,,.-'-----' 

0's limb.: Compar. 
I I C.-0. 

s. 
s 
S. 

S. 
s. 
N. 
s. 
s. 
s. 
S. 
S. 

s. 
S. 

s. 
S. 
s. 

- 1.3 

+ 0.9 

+ 3·9 
+ 1.8 

+ I.2 

~12.7 

+ 5.6 

+ 4.3 

+ 8.2 

+u.7 
+10.9 

+10.8 

+ 9·3 

+ 9.5 

+ 3.1 

+ 5.6 
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!.-Right Ascensions-Continued. 

-----·--~------ -----~- ---------··----------

Nomen. 

Sirius .. 

Spica .. 
Centaur ......... . 

B Centaur ... . 
Centaur ...... . 
Lupi ... . 

r Tria. a .. . 

" Scorpii .. 
Lupi. 
Antares .. 

P Scorpii . 
r Ophluchi. .. 

Sagitt .. 
Sagitt ....... . 
Sagitt .. 

·--------- ··-----· 

0. 
Sirius .. 
Spica .. 

o• Centa.uri 
G Circini. 

T Lupi .. 
fJ Lupi .. 

Scorpii. 
: a Tria. a .. 

i Antares ... 
! f Scorpii. 
1, Scorpii 

I' Sagitt.' 

II Sagitt .. 

14> Sagitt ... 
I 

·1 
I 

cl . ' I 
u mill. i'N m I A. R. app. A 

Clock-time. u ·i -Culm. , uc. 
_____ j __ ) 

h. m. s. 

6 34 5.66 

13 12 5.66 

1:3 24 r7 .87 

13 52 7.13 

13 -10 8.75 ' 

15 s 8.23 I 

14 56 9-0( i 
IS 43 50.(io : 

15 5 54.18 ' 
16 14 u.50 

15 SI o.o8 

17 35 •5·"7 

18 7 39.90 

18 I2 )15.95 

18 0 48.04 

4 31 19.88 ! 
6 34 10.73 ; 

13 I2 10.67 

14 3J 1.01 

14 22 50.go 

IS 18 44.26 

14 •• 25.95 

'5 45 H·H 
16 22 .. 4.28 . 

16 14 z6.62 j 
16 34 10.94 

'7 '9 34·04 
17 58 58.28 

•8 39 54.67 '1 

18 30 11.59: 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

7 i + 
9 + 
8 + 
6 + 
6 + 
8 + 
6 ,' + 

+ 
y + 
8' 

9 
8 

6 
8: 

8 

8 
a: 
g, 

' 

s. 

5.62 A. 

-1.07, T. R. 

3·93 

3.<)6 '. 

3·99 I". 

3.9• 
3.73 T. R. 
3.87 F. 
3.50: F. 

3.29 i .... 
3.24 F. 

3-3• 

I.0-1 H.O. 

0.55 A. 

0.94 : T.R. 
I.OZ 

I.OQ : . 

l.031 F. 

I.42 

' T.R. 1.39 I 
1.46 

1.61 

1.53 \ 
F. 

1..91 F. 
2.27 F. 

I 
\ 0 ................. \ s 38 22.,,. \ H.0. 31 m. I ~;8 

6 ; - I 0.57 
7 - 1 0.65 F. 

Red.in A. R. med. Lac. 1 

1750.0. 1750.0. -N. 
1 

s, 

- 8.04 

- 7·39 I 

- 7.86 

i - 8.39 

-12.75 

- 8.35 

-10.09 

-10.SS 

- 8.55 

-- 8.37 ' 

-14.61 

- s . .., 
- 9.26 

- 8.71 

Ji. "1. :r, L 

13 'l4 14.n -+0.38 

13 52 3 .92 +0.38 

13 40 5.13 +o.26 

1 5 5 3-77 I +o 36 

14 56 0,25 i +o.41 
I , 

I I• 
15 5 49-.:N 

1 +<» 32 ; 

18 0 42.79 +o.•8 

14 3Z 49.9v -10,01 

+o.39 ' 14 22 39.00 

15 18 34.51 +0.30 

14 42 16.49 +0.33 

16 22 28.25 +0.51 

16 34 1.o6 +0,22 I 

17 ty <13.17 +0.027 

l " Lupi......... .
1
,: q 49 •s.86 j 

I, Scorpii........ ... '5 •• •'·'51 
· Antares 16 IS 18. 14

1 'I ",. Ane ... : •7 13 46.99 

7 : - 1 2.79 T. R. ' 

3; - J; 2.88 '""''i -10.33 I t7 u 33.78 i -o 09 II 

Scorpll.. 16 36 u."° J 

~-------~!. ' 
11 _ _..___·~·~l .:..-J __ - 8.87 '\6 3459.53 +o:•4 

------· 

I • 
I I 

4 I I 

0.651 +o.17 j 
0 ............... ·i s •• 34·77 I - I··~ l H.O. 
Cent&uri .......... 1 loj « 15.o6 : 1 l - I 6.18 i ....... - 8.23 ! Ioj 43 

1: Llbne ............ i 15 4 .S.371 ~1 - • 6.25 i F. I 

Serpentis ......... I 15 37 48.66 - I 6,"8 F. 
I i 
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478 UNITED STA.TES <JOA.ST A.ND GEODETIC SURVEY. 

!.-Right Ascensions-Continued. 

I 
Culmin. 

Clock time - I -

1--~I-h. m. s. 11 m. 
Antares .. I6 16 8 35 I 7 -I 52. 

d Ara: ······ ...... .. 17 IO 42.45 I 6 -I 53 

r Ara: .... ...... 17 6 30.01 / 7 -I 53 

fl Ara: ...... ······ 17 6 39•55 I 7 -1 53 

~ Ana ..... ....... 16 40 6.93 I 6 -1 53, .. Arre .... 11 14 31.01 I 9 ' -1 53 

" Scorpii ..... 16 56 20.6• I 4 I . -1 53 

T Sagitt "" ... 18 53 20.49 l s I -I 53· 

' Sagitt ... 18 48 43.031 7 I -1 53 

fl Capric .... ........ 20 8 57.~2 4 ~1 53· 

/Num. A. R. app. I Aue. ! Red. in / 
Culri1. J J i750.o. I 

s.1-1~$.1 
97 TR. I 

.05 ,. . . . . -12.54 

05 ..... IJ .f9 I 

.05 . -n.33 j 

oo \··· -11.20 I 

.051·· .. -10.451 
::: , · ;: . 

1

1 - 9 54

11 

3• 1 F. 

Nomen. 

Sirius. 

G .. 

fl Librre ..... 

Scorp .. 
Antares. 

. . ··11 
6 36 8.74 I 7 I -1 57.42 A. 
6 29 Il.23 I 5 I -1 57.17 H. 0. 

. . ··! 15 s 42.01 i 8 : -1 59.75 F. 

I :: ,! :: ~~ ' : : -2 :::~ / ~-
r Scorpii 
T Scorpii 

... ! 15 59 7.98 8 -2 0.19 F. 
16 22 30.50; 7. 0.56 F. 

' Scorpii .•. I6 39 I3.02 f 7 O. 50 - 9·34 
q Pavonis .. 

1. Scorpii. 
I ------·--

____ · __ .. _,_:;_:_~_~_:_.~_3_i _____ -~_,___::;: 1

1 =:1_~·~:: 

a 
9 

i I 

1.-
11 

a 
y 

r 
• • 

fl' 
flt 
• 
fl 
•' 
•• 
fl 
• 
• 
• 
• 
IJ 

• 

~~:::~ •_9th ... ! 
Antares ........ . 
Telesc. 

I Sagitt. .... ,, .. 
Pavonis .. .. ·-.1 Sagitt. ... ' .. " 

Pavonis .. I ... 
Pavonis ... ./ 
Pavonis .. ...... i 

Gruis. I ........ .... 
Capric .......... 

Pisc. aust. ······· 
0. 21st .. ········ 

-·1 
6 34 59.50 I 
7 57 58.77 

16 15 5.So i 
18 9 26.fot : 

,s sa 4"·55 I 
19 32 20.00 / 

is 55 52.16 I 

"' 6 44.o6 i 
19 45 0.95 : 

21 6 28.48 : 

•1 39 ••"1 I 
2I 34 II.14 

22 « 45.68 

8 • 5.4r 

7 -
7 -
5 -
8 -
81 -
7 i -
7 i -

I 
9' -

; I 
-
-
-

!175t, AUG. •· AT 19• 36•: 

Sirius,3d. 6 34 21.ll 6 

0. 4th ........ 8 56 20.67 5 
Antares ..... t6 1'4 23.30 8 

Sagitt ............. l9 4 54:36 7 
Sagitt ............ 19 5 23.74 
Sagitt ........... 19 6 48.20 7 
Pavonis ......... 20 •• 25.981 8 

Capric ............ 20 4 I.28 6 

Capric ............ 
1 

20 4 ••. 95 7 
Indi .............. 1 20 35 2~.64 ! 8 

Aquil.re ........... I 19 38 49.54 i 1 
Indi .............. j "° 00 9·47 I 6 
Tucanai ........... •• I 24.98 i 8 

Gruis ... .. s• 37 .07 ! 8 

Gruis ............. .. •7 52.34 
Aquarii ........... "3 I 35·95 7 
AqU&rli ........... 22 41 35·7• 8 

Sirius, 4th ......... 6 34 18.84 

:~:: I H~O-._\ __ _ 
50.51 ( T. R. i 
50.76 '······· -10.21 

50.66 I F. 

51.oS I. -18.12 

51 ,00 F. 
I 

51 .20 -11.50 l 
5r.12 ..... .. -I.;f..22 

1 

51 .42 ... -12.571 
- S.31 51 ·55 .. ····· 

5r.55 F. 
51.]6 T.R. 

I 54.44 H.O. 

Co•><'N==-7•.61+00.130 h. 

9·2 3 A. 
9.22 H.O. 
8.17 T.R. 
7.74 ........ -10.oS 

7-741·· ..... -IO.It 

7·74 ' ....... - 9.66 

7.57 -14.00 

7-27 T.R. 
7.38 T.R. 
7•54 I••···•·• -11.70 

7.6• I T. R. 
7·57 ......... -10,1-4 

7·36 i·· .... -Io.sa 

7-371 ....... - 9· 13 
7.30 ...... - 8.54 
6.¢ F. 

1·•1 F. 
6.95 A. 

A. R. med. I Lac. 
1750.0. N. 

h.m. s.1-,_ 
17 B 36.86 ,-t-o. 16 
17 4 05.53 +o.07 

17 4 35·'7 I +a.05 
16 38 •. 73 I +0.16 

l] I:Z 33•57 \ -to.12 

16 54 18.o6 I +o. II 

I 

I 
-~---~-~~ 

16 37 3.18 -t-o.u 

17 21 16 .42 +o.23 

'7 25 13.oB +o.r3 i 

18 s 25 .65 

r-
+o.e>5 

:19 31 JI,40 -j-o .... 

20 5 41.36 -c>.03 

r9 43 55.6r o.oo 
21 s 2 4·49 -0.10 

2I 38 42.41 -0.15 

I 

r9 4 36.54 -f-o.09 
19 s s-8\l +o.09 
19 6 30.Bo -h;.12 

2022 •·51 -o.or 

20 35 3·40 -t-o.03 

20 19 51.]6 -to.Of 
22 [ 7.ro -o.oz 

>I s• ""·57 -0.01 

.. 27 36,50 -0.13 

• 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

!.-Right .Ascensions-Continuell. 

I Culm\n. Norn.I A. R. app. ! ~~=:- Re:·:-1·-~~;~-med. 
1 

Clock-time. I -Culm. 1 I 1750.0. 1750.0. 
I I ' ' 

Nomen. I La,c. \ 
l N. l 
---1 

Sirius, 21st. --·-1 "~ 3:'· /~s 81 ;:· 6s~ \-A--1--,_-i --;.~ s. 
I • 2 ' • I i 

0, 22d. I IO 3 0.01 I 5 7 o8 I H. 0. I I 
Scorpii. .......... ·1 17 rs 39.68 11 8.55 ........ \ - 8.6z j 1116 3q.56 +o.3q 1 

I 

1

11 
~~~~L. · · · t : 

1
; ::::~I ~ , !: ::~ ,

1 

... F".·.. 8.67 I 17 
1
3 47.83 -t·o.30 I 

Sirius,22d.. I 6 33 1.20' 61 +1 1I.10 A. I 
[ 0,23d ·, 631.1•j sl +••I.ox H.o. 
·-----------'---------'-------'---------------

Aquilre 
ll Aqoarii. 

. ·I 
Aquarii. .. I 

~ Aquarii .. . 
Pisc. aust .... , 

r Toce.rue._ 
ll Hydri. ........... . 
a Eridani ........ . 
II Phrenicis ..... . 
o Phrenicis ... : .. 

r Phc:enicis .. 

Argus. 
Sirius. . ·1 

I 

0 ········ .... 

" Argfis ............ 
Sirius ............. 

19 3B 36.98 I 
21 18 •4.9s I 
21 52 57.671 
22 8 45.So 

22 43 48.68 ' 

23 2 42 •• p 

0 12 14.37 

I 28 :U.29 

0 54 52.37 

12047.35 

I 17 ::r7.,86 

6 18 17.45 

6 34 3-75 

12 44 1.83 

6 15 16.99 

6 JI 3·09 

8 

7 

8 

6 
8 

3 

7 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
..j.. 

7 I + 
6 ! ..j.. 

I 

4.56 
5.40 

5·73 

5.66 
6.05 

6.09 

6 .57 

7.09 
6.85 

7.03 
7.01 

9.02 ; · 

9· 11 \ 

T. R. i 

F i . I 
T. R. I 

F. 
T. R. 

A. 

-- 9.5o 

-Io.72 

- 6.28 

....... 7.00 

- 6.56 

- 6.78 

- 2.T9 

-------

4 +, ,,, ]" 0 I 
3 +3 10.31 ...... · 1 - 3.13 

8 +3 10.42 A. 

OtTOBttlt 7. AT2• lJ"'' CORR'N =+3m 1&•.u-\-<>•.3&5 h. 

0. 7th ............. .. 47 3I.54 :I +3 13.o6 H.O. 

fl Hydri ..•.......... 0 9 4.84 +3 17.63 -10.77 

II Phcenicis ......... 0 IO 4t.6o +3 17.65 - 7.68 

r Pegasi. ........... •3 57 13.45 7 3 17·7• T. R, 

• Hydri ............. I 47 40.79 8 +3 iS.27 - 6,16 I 

Fornacls ....•.... • 58 15.05 8 +3 18.72 - 6.38 I 

• Eridani ........... 2 45 34.41 7 +3 18.64 - 6.07 

" Arg11a ....••...... 6 15 7.62 6 +3 19.98 - 3.17 

Sirius ............. 6 JO 53·'5 :1 -j-3 20.39 A. 
0,8th ..... 12 SI 1.77 -j-3 02.32 H. 0. 

---i-I 
. I 

'3 2 39.00 +o. 81 
0 :l',J 10,.Z.'2 +1.So 

I :a8 22.IO -f-0.82 

0 54 52.22 +o.63 

I 20 47 .83 +o.61 
J 17 28.09 

6 18 24.28 

l 

+o.62 

-i 0. 12 

22 18 34.91 \ +1 .02 

2 17 23.52

1 

+o.2' 

. """ ,,.,,i 
O :tZ Il,7'0 +o.3z 

0 13 51.57 +o.55 

I 5" 52.90 +o.67 

3 I 27.39 +o.6r 

2 4S 46.gS f.o.57 
6 18 24.43 --0~03 

1751, OCTOBER 8. AT 1• 28•: CoRR'N =+J"' •7'·96 + o'.395 h. 

0,8th. r> 51 a.771 8 +3 22.32 H.O. 

" Aquarii •.....•.... •• 36 14.11 s +3 27.10 F. 

' Tucame .......... 0 3 33.55 4 +3 27.41 - 8.70 0 6 52.26 +o.65 

" Hydri ............ 03631.70i s +3 27.62 - 8.79 0 39 50.53 +0.84 

fl Ceti ...... ········ 0 27 41 ·40 7 +3 •7-9" F. 

fl TuQnae ." ......... 0 16 39.15 4 +3 •7·49 - 8.25 0 19 58.39 f.o.59 
Shiua ............. 6 3P 43.36 1 +J 30.21 A. 
0, 9lJi ............ •• S4 ~·" 7 +3 32 ... H.O. 
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480 UNITED STATES COAST AND GEODETIC SURVEY. 

~omen. 

Doradus 

53 Eridani. 

v' Etidani. 
Si rim; 

-··--~------- -

Sirius, 4th .. 
c:J,5th ... 
Eridani .. 

~ Phcenicis .. 

/l Hydri. 
Hy<l.ri ..... 

r Hvdri .. 
Reticuli 
Eridani 

13 Lepori•. 
Sirius, 5th. 

(.),6th 

G,3d. 

s Eridani .. 
d Mons mensre .. 

C;eli Sculp. 
Leporis. 
Sirius .... 

fl Co!umbre .. 
('),4th. 

G) ... 

fl Reticuli ... 
• Columbre. 

13 Orlonis ..... 
Leporis. 
Sirius ..... 

6 Columbre. 
~ Can.mj .. . 
T Argus .. . 

I.-Right Ascensions-Continued. 

1751. OcTOBP.:lt 26. Co:rut'w== - 56.44. 

Culmin. -;~:A~~c-·u··:lmPP_. Auc.TRed. in! A. R. tn~~. - La~.f 
, Clock-time. / 1750.0. , 1750.0. N. i 

T~~~ ·;·: : I - :-:: '; .;·.~~ ,.:, 
4 26 52.91 7 56.35 F. 1. 

6 JS 10.6o 6 -- 56.52 A. 

------------- -- -, -

6 3S 42.30 1 9 ~ -1 27.97 A. J 

14 42 28.38 7 : 

I 30 2° 29 5 . 

0 33 42.26 

2 39 22.99 

2 ~] 26.62 I 
:; 53 0.49 ' 

4 a 5'4· n 7 

.. 10 7 .02 6 

-1 29.76 H. 0. 

-I :lJ.05 

--I 32.79 

-·-I 33,38 

-1 33·3" 

-I 33.72 

-l 33.8!1 

-J 33.80 

-I 34.00 i F. 

·-1 34.33 ' A. 
s 19 13 I( 

6 35 48.6g 

14 46 34.54 7 ' - I 37 .01 : H. 0. 

- 6.69 

7.46 

- >.53 

- 1·59 

- t.98 

- 4.o6 

- 6.:i5 

r75J, DECRMRE'R J. CoRJ<'N=+.is•.90. 
-------~-

16 11 6.35 ! + 3c;.95 H.O. 

3 38 53.2+ + 35·90 - 6.38 

4 3S 5.44 + 35.QO + 2.47 
4 22 .p.g6 -+ 35.go - 5.84 

5 40 5·92 ' + 35.88 l'. 

6 33 39· 10 + 35.93 A. 
5 .C.I 40.12 + 35.90 - 6.27 

i6 ·P 27.39 + 35.72 H. 0. 

1751, DECEMBER 10. CoRR'N=+29".1.9. 

I: 4~ ::::: I + ! i 
29.6• H. 0.1 i 

+ 29.19 1'' •••••• - 4·"51 
5 30 i3.52 I + 29, IQ - 6.47 I 

5 ';I 10.791 + 39.07 T. R. l I 
5 2I 20.QI i + 28.99 F. I 

6 33 45·7" I I + "9··H A. 
i 

6.w I 6 12 36.51 6 I + 29.19 ' -
6 10 :20.86 I 9 + •9·09 F. I I 

s I I I 
6 43 19.go + 29.JQ ... .. ·1 5.38 ' 

I I 

I 2S 22.55 -to.37 

0 3• x.6o +0.63 

2 37 47.08 +0.79 

• 21 38.73 ; -to.541 

3 51 26.79 i -to.68 i 

• " 16.33 / -to 56 I 

4 s •6.97 +0.48 I 

3 39 22.76 -to.35 

4 35 43.81 ' -to.46 

4 23 12.02 +o.,s 

5 42 9.75 -i-o.35 

3 4' l<>.33 i +o.66 

5 JO 36.24 : -to.6t 

6 12 59.20 +o.57 

6 43 43. 71 
i i 
'+<>.30 ': 
I 

--------------------·· ·--------·- ___ _. 

8 
" Ceti .. 

Erldan ... 
Sirius. 

y Argus ... 

: 6 Co.n. mj .. 

I 
0 ................. : 

y Lepor ........... ··I 
II Dorad .. .. .

1 Sirius .... . 
II Can.mj .. .. 
• Equid. Pict .. 
,. Arps ........ . 

175r. DECBMBRR u. 
--~-~----· 

17 1'2 14.17 + 
• 48 S+-'S + 
3 4• 43·74 + 
6 33 47.58 + 
6 •9 45.02 + 
6 51 5 .. 83 + 

1751, DBCltM.BB.R 20. 

l I 
+ 17 5• 30.91 t 7 i 

534 5.6 .. ! s ; + I s 31 2~.07 j 5 + 
6 34 II •• s I 8 + 
6 tJ 44.68 i :1 + 
6 45 !7·s61 + 
1 8 ..... 'l + 

CoRR"N= t-27•.7,. ________ , _______ 
i 28.92 : H. 0. 

28.!>ll ! T. R. 
•7.87 j F. 
•7.6o I A. 

07.7•1'·· -5.93; 630 6.81;-to.17 
07.84 F. 

I 

CORll.'111=+•'·34· 
~-~------, ------~i-----, 

6.o61 ff. 0. i ; : ! 

4·4• i F. I 
4.34 t·....... - 4.<n 5 31 •9.39 . +o.20 

4.1_.: A. , ! 
•·45 I l". i i 
4.34 ,... . .. .. - 4·37 6 +s 37·!1 l ~ .... 

1

, 
.f.34_i ...... _. - 6.50 7 I 18.96 -j-o,IJIS 



 

UNITED STATES COAST A~']) GEODETIC SURVEY. 

!.-Right Ascensians-Oontinned. 

1751, DKCRMB~R 24. corr'n= -7•.20. 

Nomen. I 
I I ' 

Culm!n. N m i A. R. app. ! A I Red. in . 
Clock-lime. I u ·! -Culm. ! uc. [ 1750.0. J 

k. m. ,. I , •. 1---1---~-I 
Orionis......... s 23 47 56 8 'I 6.¢ l F. 

& Orionis. .. .. .. .. .. 5 •9 30:451 7 7·53 : F. I 
s Orionis........... s 2B 25.04 I 7 7.79 : F. 

Sirius ....... ,..... 6 34 22.26 8 6.89 I A. 

I
;• Doradfis ......... 1 6 10 31.75 7.00 ·.. .. .. .. - 2.95 

~ Orionis .......... · 1 s 36 9.6S 7.43 
1 

F. I 
I• Can, mj...... ..... 6 49 2.II 6.97: F. I 

): ~~:.~·'.:'.:".:::: 11 ;:::::~: ~::(.R:.I -6.24 

I 
E Argi)s..... .. . . . .. . 7 39 I.07 f 6.g8 I F. [ 

A. R. med. I La C. 
1750.0. i -N. 

h. m. s. 

1 

,_ I 
I . 

6 IO 21.00 ! +0681 

I I 

'" ... i "°" i 
I I G25th ............ 18 I4 58.781. 8.13 i H. 0. i 

-------------~ ------~---------~ 

1752, JANUARY 9. Corr'n= -47.-.. 

IA 
('.) ••.•••••.•.•.••.• ! 
Orionis ........... I 

la 
s·. I mus ............. 

1 Pisc. vol .......... , 

I: Argils ............ I 
Monocer .......... , 
Can, min .......... 

I 

810th ...... ... 1 

Sirius .. 
')' Arg. Jue .......... i 
9 Argils ........... ·I 
~ Argfis ............ 

1 >. ArgUs ............ 
1 .. Hyd= ........... 
1 0nth ............ 
1 

G22d ........ . 
Sirius .... , ... . 

Argils ........... : 
Argus ..... I 

19 21 46.78 

5 42 34.76 

6 35 2.94 

7 17 44-30 

6 44 36.55 

. 7 30 13.42 

7 •7 7.8,s 

19 26 IO.o8 i 
6 35 4.55 i 
8 • 45.85 

8 34 3.08 ; 

~ :: :!::: I! 

9 i:6 i:5.Bz i 
19 JO 33.07 I 

I 

20 18 0.32 l 

6 35 29.21 

8 18 41.01 

7 56 8.79 

11 Argfis ........... , · 7 44 58.20 
1 fl Ca.ncri. .......... ·i 8 4 19.05 

V Argfis ......... · .

1

' 9 42 tx.47 I 

Leonis............ 9 29 9.8t \ 

0 •3ct. • . . . .. . . . . . . oo •• 16. 06 I 
! 

7 I 46.51 I H. o. ! 
8 . 47."6 ' T. R. I I 
8 I 47-46 i A. I 
61 I 

47·"4 ........ 
: I 47.24 •....... , 

47-'0 I F. I 
47-15 T. R. I 

I I 

7 48.45 I H. o. I 
\ 49.o7 

I ... ~." ... I 49.51 

7 ! 49.56 I ! 

49.63 
I . 
i ........ 

49.6, 
1 
....... 

49·73 1 T. R. 

50.63 I H. 0. 

-1 12.46 H. 0. j 

9 =: :::~ .. A. I 
71 -I 13.76 ..... ,.

1

i 
-1 13.76 

7 -1 13.6g ·p::··1 
~I =: '.!:~~ .. ·p::. ·1· 

61 -1 16.03 ' H. o. 

I 
I 

- 3.g8 j 
- 5.~ I 

- 6.43 i 
- 6.37 I - s.04 I 
- 7.02 I 

I 

! 

- 5.84 I 

- 6.88 

- 6.76 

I 
I 

7 •6 53.oS ,-to.•3 
6 43 43.65 -to.36 

I 
l 

8 J 49.91 -to.63 
8 33 7.35 -to.65 

9 to 20.22 +'-46 
8 58 -18.51 -to.~ 

I : 
8 '7 ... ., /-to.o6 ~ 
7 54 48.15 +0.16 ! 

7 43 37.70 -to.13 

9 40 50.831-0-'3 

1752, FKBRUA~Y .(. AT 811 8111 : Corr'n=-t"• 47•.975-c•.090 h. 

I 
04th ............. ! 
Sirius ............. ) 

C 
• I 

" Aa;omm .......... , 
r s ........... 

" Chamrel .......... 1 .. Pisc. vol.. ....... ·I 
i~ Argfis .......... ··/ 

! « Argfis ............ 
1 : ,. Argfis ............ 
1 

1• .A.rgll.s ..........•. 
1 

p .A.rgils •.•.•...•. ··i 
r" Centaur; .......... : 

I 0 5th ............. , 

.s. Ex. 77---61 

I 
21 12 n.e7 j' 

6 36 3.25 

7 28 8.731 
8 6 .:::;,;\ 
9 0 20.83 

9 50 0.75 

9 16 18.35 I 

IO 9 42.63 
1:0 37 2:1.16 

IO 25 1·74 
:n ~ oo .. 6o 

21 Iii t5.09 

: I =·: :;:~ H~~-:----8 II ------~ 
7 -1 47.94 T. R. 

8 6 -to 9 -1-1 .02 I·· ...... - ·4 37 4 .12 i .25 
6 -1 48.00 \ ........ - 2.95 8 24 34.21 : -to.34 

7 

=::~1: I 
- 6.01 8 58 ,,/;,771 +>·35 

7 - 7.55 9 48 7.07 ! +>·43 
,1 9 14 23»5 i -to-29 
SI 

-I 48.o8 , •.... ··1 - 7.02 
-1 48.t6 

1 
........ - 7.66 IO 7 46.81 I -to.38 

91 -· 48.11<> ......... - 8.30 IO 35 25.66 l +>·JS 
8 _, 48.l8 ........ \ - 7.86 10 23 n.70 I -to.13 
1 -T 48.a7 

·ao~·1 
- 9·"9 u a4 z3.04 I +o· 39 

7 -1 49.15 j 
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482 UNITED ST.ATES CO.AST AND GEODETIC SURVEY. 

I.-Right Ascensions-Continued. 

r Culmin. Ii Num.I A. R. app. I Aue 1, Red. in I A. R. med. 
I' Clock-time. i -Culm. · / ,750«>. I750.o. 

·-----i----- --; -----i--~ 
Nomen. 

1 h. 11t, s. '· 

I ~J'.· / 
,~--1 

I s. ' 
I 
I I 

h. "'· s. I s. I 
Sirius............ 6 35 55.u B I _, 39.78 A. 

" Can. min ......... [ 7 28 0.74 8 I _, 39.96 T. R. 

' Oetantis ... ._ ..... I 9 29 5r.2s 4 i -1 39.61 
I 

- 2.J3 I 9 28 9·3' -f-<>.57 
9 4 z9.]6 +<>·13 
9 IO 2I.6I +<>·"7 

9 IO 23.83 i +<>·<j2 

G Argils ..... ._ ..... 

1

. g 6 4.81 6: -1 39.65 

fl Argfis .... .. .. . .. . 9 r2 7.2Q] 6 · -1 39.64 

ArgO.s .... ""' I 9 12 10.2' I 8 i -I 39.64 "I - 6.74 

~ 5-95 

'I Oc.tantis ...... ·. ·.·.11 " " 8.3 24 :I -I 39.44 .. I ...:12.97 
T Arg(is .. .. .. .. i:o 21 9.7 -1 39.5i: -- 8.:i.9 10 19 22.0 ! -t-o.(i4 

I
I 

1

; ~:!u~~d.:. : :1 :: :; ~::~ ! ! =: ~::!: F;, ' - 9-37 : " 55 31.03 I -J-o.38 

H 0 15.9 ! +0#9 

.! 
I o 
!J 

" i" 
' i .. 
l f 

Corvi ............. , " 59 6.6~ 7 I -1 39.24 : F. 

Sirius ............. 
1 

6 35 52.59 51 - 1 37.27 , A. 

! 
0"7th ............ , 
Sirius ............ . 

Argus ........... I 
Cbamrel .. 

Argil.s ... .. 

Chamrel .. . 

Crateris .... . 

Hyd~ .... . 
Centauri ........ . 
G)28tb ....•...... 

22 40 26.371 
6 34 47.49 

I() 34 46.0t : 

IO 43 53.12 

IO 36 44·39 

II 27 52.65 \ 

zc 48 16.68 

II 21 25.46 ] 

X2 28 32.34 ! 

22 44 5.84 : 

71 
8 '. 

4' 
' 8 : 

6 

7 i 

7' 

5 

34 48: H·. o. / 
32.26 A. I 
3"So ··I 
31.46 

3 1 ·49 

3r .28 

3t .24 

31.42 

31.04 

28.67 

F. 
Ji'. 

H. 0. i 

I 
I 

! 
-- 8.54 ; 

I i 
: I 

ro 34 5.97 I -f-<>.-16 ! 
-ro.og. co 4J rr.57 · +o.so: 

- 8.47 I IO 36 4·43 , -f-<>.'\o 
-11.54 

- 9.98. 

I 

I 
[2 21 sr.3• i +<>·39 I 

l \ 

I ----------··- -----·----------· 

---------------~---~-------- .... --------·---· 
.. I 6 32 40.94 

··I IJ 45 5.57. 

1 
IJ IO 38,50 , 

i '3 36 5 ·35 : 

7 +x 33.58 I A. 

8 +1 34.47 

I 
-13.12 [ 13 46 26.92 : -0.01 ! 

l 

+x 34.4<> T. R. I 
7

1 
+1 34.46 ; ......... -10.•4 13 37 29.57 I +o-•3. 

-------·--·· ...c._ _______ -·-------- ! 

Gsth ............ . 
Siriu$ ..... _ ....... 1 

A Chamre! .......... j 
Chamael .......... / 

; P Virgin is ..... "' .... 1 

· p CentaurL ......... ! 
r Corvl ........... ··I 

g ~~i:;:::::·::::ll 
Centauri ......... . 
0 6th ............ . 

o 59 rr.91 I 7 1 8.97 l H. 0. I j,

1 6 34 ••-so 1 8 a.oa j A. 

ll 5522.501' 4 , 7.ro;.. -ro.93 • " SS 2.3r / +0.24 
115236.41 s! 7.27 ......... -13.14· J:15216.001-+o.21 

II 37 56.86 i 7 i 7.40 : T. R. ! ! 
JI 59 0.-2-J ' 6 l 7.-25 ' ....... ·1 -10.c6 i ll 58 42.92 j +o.:15 

12 3 , 5 .21 i 7 1.oa 1 F. 
1 

13 n 19.60 i 6 6.91 T. R. f j 
13 35 !.I0.49 : 6 I 7.02 -10.38 '3 35 3·"9 I +o.7S I 

13 34 55.62) 7: 7·"' :·······! --10 •. _8_4 '.- 13 3_4._37.l!o __ ll +o~·-l! 
' • 41.s• .r __ 1_l ___ _::_1__~· o._I___ _ __ __ __ 

1752, APRIL 16. AT 15• 2o"': Corr'n=+13'.1of-c>'.073 h. 

---·------------
I Sirius r6th. . . .. . . I 6 34 1.61 I + I2.6o A. 
: /l Chama:l .......... 1 t• 4 18.8 3 . + 12.86 ........ 12 4 16.5 +o.8 

\ • Cruels ....... 12 8 0.64 3 + t:i.87 ········ 12 8 2.70 +o.55 
I {J Cruds ...... ., .... / 12 33 t6,85 8 + ·•·9" I" ...... l2 33 18. i:i +o.66 
! .. Cruels ............ \ 12 !2 53.54 + 12.81 '" ...... ' --.u.2-4 u U: 55.\7 +o.59 
:• Corvi. ............ I II 57 15.o8 + 12.49 F. 
I 
; )' Cruels ............ 12 11 ~5.37 9 + I~.S8 -r.0.17 '.1.2 J.1 27.'\8 .-J-o.53 
1 .. Virginis ........... j 13 59 3x.95 6 + 13.10 F. 

I' Lupi. ............. / I4 3 30.10 + 13.ot -n.6g '4 3 31 • .p +o-s2 
Slriut.1t.h ........ 6 33 59.97 + 1'4.22 A. 
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UNITED STATES COAST AND GEODETHJ SURVEY. 

I.-Right .Ascensions-Continued. 
1752, APRIL 22. Corr'n=+20•.03. 

Culmin. I I 

i 
Red.in Nomen. N m ' A. R. app. · Aue. Clock-time. u "i -Culm. : 1750.0. 

' I ___ , ___ 
"· m. s. i s. 

I 
s. i ! Sirius ........... 6 33 54.15 1• + Ig.~ i A. 

Crucis ....... .. I2 I 52.44 J 8 + 20.03 
i 

. ... .. 1 -10.43 
Musca> . . . . . . . . . . I2 17 46.97 i 6 + 20.03 i .... I -12.97 ··1 
Muscre ....... ... n 45 23.43 ! 7 + 20.03 I . .... I -14.16 
Muscre 12 22 26.96 ! I I ... ...... 7 + 20.03 ;. .1 -12.49 

Centauri. ........ :r3 34 31.20 I I 
7 + 20.03 ; ..... 

i 
-n .05 

Virgiois ......... I2 28 49.23 I 8 + 19.83 I F. ! 
Virginis ...... .. 13 21 47.291 8 + 20.oB i F. I 
Virginis ......... 12 56 50.87 ' 

I 
+ 

! F. I 3 20.2l ' I 
I 

I 

A. R. med. Lac., 
-N. i 1750.0. 

"· "'· s. 
---, 

s. i 
I 

i I 

12 2 2.0 4 \ +<>-<5: 
3 : -f-o.56 I 

o +o.s3 I 
0 -f-o.42 ! 
s : +o.48 I 

I2 17 54.0 

12 45 29·3 
12 22 34·5 

13 34 40.I 
! . 

----~------
______ _'.__ ____________ -

1752, APRIL 23. Corr'n=+:w'.28. 
I 

------·-
Sirius ............. , 6 33 53.86 sf + 20.23 A. I 

11 MuSClll ............ I + 20.28 -12.63· i 15- 15 i -f-o.56 12 31 7.50' 7' 12 31 .. eorvi ............. I Il 55 22.92 4 + 20.26 F. 
! 

I~ Virginis .......... 12 6 55.66 . 5 + 20.']6 F. ', 

18 Virginis .......... 12 42 49.77 i + 20.II I F. i 

18 
' Octantis .......... 13 50 12.7 I 

31 + 20.281·· .... -3I.97 ! 13 50 I.0 : + 0.9; 
! 

1752, At'N:IL 28. 

I I 
Sirius ............ .' 6 33 48.52 i 81 + 25.50 A. 
Corvi ............. ,. i6 40.991 

:1 
+ 25.23 F. 

'" Virginis .......... 13 II 46 .. p + 26.43 T.R. 
Corvi ........ .... II 55 i6.88 + 26.24 F. 

~ Virginis .......... 12 6 49.85 + 26.55 F. 
Is Virginis ..•....... 12 56 44.6r 

7 I + 26.37 F. 
I 6 

1, 
Virginis ... ...... I2 42 43.¢ 81 + 25.91 F. 
Sirius ............. 6 33 46.89 7, + 27.u I A. 

I ·----------
1752, MAY J. AT 13h T4m: Corr'n=+291 .66+o'.090 h. 

Sirius ISt ........• ·I I s! + 28.&, I A. 
II 47 37'42 i +o.461 

6 33 45.og ! 
I 

+ Chamrel ......... 

1 

II 47 20.43 ; 5 ' 29.53 ~·- ..... -12.54 
(3 Corvi ............. 12 20 57.95 ! 8 + 30.21 i F. 

" Virginis ...... ... ( 13 II 43.04 I + .9.81 I T.R. i 
Libra. •.......••.. ' I4 36 45.fo + 30.10' T.R. 

I Ophiuchi ......... 'i 16 0 55.53 + 30.10 I F. 
a Serpenlis ......... IS 3I 37·53 + 29.77 T.R. 

I Serpentis ......... 
1 

15 22 31.6g + 29.41 F. 

,.,,.,,, •........ I 15 38 I.63 + 29.65 F. 

I ' Ophiuchi ......... 16 23 5.26 + 29.6o F. .. Scorpii •........... 16 13 48.64 + 29.71 T.R. 
{J Ophiuchl ......... I7 30 46.67 + 29.91 F. I 

' Serpentis ........ · 1 17 46 56.70 ' + 29.65 F. I 

I 
Sirius 2d .•........ 6 33 43.761 + 30.20 I A. I I 

1752, JuN& n. Corr'n=+13•.¢. 
·---------

I 
I 0 ................. 5 19 31.33 i 61 + 13.64 H.O. 
I Sirius nth ........ 6 34 0.01 I 1 I + 13.47 A. 

16 Librre ............ IS 3 31 .49 81 + 13.72 F. 
! • Ophiuchi ......... 16 5 3.64 11 + I3·42 F. 

•. ,, 
Ara. .. ··········· 16 39 46.55 

:1 
+ t3.56 ........ -15.2T 16 39 44·90 +0.30 

6 Serpentis •... .... IS 34 34.75 . + 13.58 F. 

• Scorpil .........•.. 16 Tf 5·49 

:1 
+ 13·39 T.R. ., Ophiuchi ....•.... I6 56 o.68 + 13.94 F. 

' Pavoni& ...... ··-· 18 13 52.86 61 + 13.56 .. ...... -23.38 18 I3 43•04 +0.27 

' Antlnoi. ..... .... 19 23 43.n ~ I + 13.25 l". 

• Serpeotis ......... 18 8 I9.0 + 13.8 F. 
A Antinoi. .......... i8 s• ss.o • + IJ.67 F. 

' Oph.pniec ........ I8 •43 43•22 I 6 + I3-93 F. 

• Antlnol. .........• 19 39 39·7• 1 + 13.68 F. 

' Antlnoi. .......... 19 58 I9·74 8 + 13 ... F. 
Sirius ath ........ 6 34 o.68 1 + 13.07 A. 

483 



 

484 UNITED STA.TES COAST AND GEODETIO SURVEY. 

l.-Right .A.scensivns-Continued. 

1752, NovEMBER 8. Ar o".3: Con'n=+57'.53-j--<>'.o8 h. 

/ Nomen. I C!CukJ~n. INum.I A. RC. a1 pp. I Aue. I Red. in II A. R. med. I La C. f : oc -ume. • I - um. 1750.0. 1750.0. -N. 
I : l I I I 

I 
·------[-k-.-m-. -,.-i--i s. i--1-,.-.~-. m-.---; i--,-.-

A Pha>nicis ........ ·i o r8 29.75 1 1 + 57.53 j - 9.g6 I o 19 17.32 ! -j-Q.34 

I 8 Ceti ............. i l to «·70 7 I + 57.6o ·1 F. i I I Sirius........... 
1

' 6 33 18.78 ; 1 i + 58.04 
1 

A. i 
r752, NoVB'MBll:R 9. AT rb 5Sm; Corr'n=+s9'·•4+<>' 09 h. 

-----~------~-------~· 

'2.95 i-j-o.So I 
. . I I 

7 j + F. Ceti .............. ; I TO 43.13 59-'7 
x Eridani .... I 

l 45 :n.13 8 ! + 59.42 ........ - 8.50 I I 46 """I 

I " Piscium ........... ) I 48 lQ.65 I 7i + 59.02 I F. 
! i 

Eridani ........... · 3 30 27.95 : 6' + 59.45 : F. I 

a I 
2 25 52.g6 s 1, + F. 

~:.;,;i::::·.:::J 59.oB 

r 3 45 32.87 1 + 59.75 F. 
I 

i o Etidan ............ i 3 58 St.57 6 ' + 59.73 F. 
53• Eridani ........... 

1 

4 •s 54.73 71 + 59.64 F. 
54" Eridani ........... 4 28 40.66 st + 59.79 F, 
/J Eridani. .......... i 4 54 H·93 I + 59.63 F. 

/ Sirius ............. 1 6 3J l6,8o I s; + 6o.15 A. 

NovEMRER 10. 

/, 6~~·:::::::::::-::t l~ 2~ 3~::~: ~I 1: ::!~ 1 ~\t I 
Ir Ceti .............. f 22930.6o 71 ·t< 2.04 F. 

/ ' Eridani. .... ·.•. ·.·.·.·.i.' 3 2 50.50 ! l 1

1 

+1 2.25 F. 

;_, _._:_i_~_·~_:"_.i_.:_:_:_:·_._ .. _._ .. _:.1_!_:_:_:_::_:_1 ~--!~_ ::;: :: 
I I 

II. 

SEXTANT AT PARIS TILL 1756, APRIL :zi. Corr1n = +g".75 sin cJ -1'' .10 cos d. 

ti .!Li I 'i.1 ~! I 
'oo.~ M!"'n declma-, ~ l'l I Bradley,' Corr'n Names. o 5 !Mean declina- ~ g /Bradley. Corr'n 
~;: I tion 1750.0. I ~~ I I r tion 1750.0. r I I 

----- £__ l!_: ___ J __ :-----~-- .. ~--- . _________ I ___ ~--
Polaris, S. P .. j 55.7 I +:. : 4;'. 1 I u -1:'.3 I +1:'.o '. r Pegasi........... 55.9 13 47 .:'., , 1 + M - 4.6 

Polaris...... "l 55.8 87_:s7 53.1 17 - 9·51+9.6 i r .Aquilre.. ......... 55.B 10 I 26.8 .5l I: ·I 3.6 - 5·3 

Urs. min....... "i 55.5 75 IO 29.2 ! 7 -10.9 + 7.6 i ( Pegasi.... ... .. .. . 55.8 9 3'"4·8 +••·· - 5·4 

r Urs. min ......... "j 55.5 72 43 18.4 ! 6 - 2.0 + 7.2 i r Pegasi... ... ... ... 55.8 8 # 35.1 1 I + 6.9 - 5.5 

" Un. maj...... I 55.4 50 34 6.9 i u - 3.4 + 3.0 '/a AOrlq.u
0

inlre
1

·s ·....... ......... ...... 55.8 8 13 48.5 6,i + 6.6 - 5.6 
Ura. maj ......... 1 56.2 48 59 57.3 12 -10.0 + o.7[ a 56.2 7 oo 17.2 ·~ + 6.9 - $ 0 8 

• U111. ma.1 ........... \ 56.3 48 7 21.6 13 - 6.2 + 2.5 1! r Orionis........ 56.2 6 6 0.3 + •·4 - 6.o 

i Persel ............. i 56.2 46 S7 42.8 15 - l.9 + •·3 ii Pioeyon .. . . . . .. . . sfj.2 5 50 41.5 + 5·3 - 6.o 

" Aurigre ............ 
1
1 56.2 45 42 39.4 12 + l.O + 2.0 '. Ii Aquilre ........ , 55.8 s 48 10.8 5 1 + 1·5 - 6.i 

" Tauri .. . .......... 56.1 23 18 41.2 + 4.1 - 2.6 i a Ceti .. .. ... ... .. .. 56.1 3 S 37.3 

5

s 1· + •·3 - 6.5 
,. Geminorum ....... ·i 56.2 I 22 J6 55.6 + •. o' - 2.8 r! r Cetl. .......... " 56.1 I • 10 s.• + •. 6 - 6.7 
~ Geminorum.. ..i 56.2 02 33 12.8 4 + 4.8 , - 2.8 ,, a P1scium •.. ,....... 56.t J + 1 32 ..S-4 

5

3 I + 5.6 - 6.o 

Arietis ............. i 56.1 •• i6 4.6 4 + 3.1 : - 2.9 ii 8 Orioills ... .. .. .. .. s6.• I - o :io 15.5 + 6.9 - 1-• 
:I I Arietis ............ ., 56. 1 '9 34 30.2 4 + 3.0 - 3.4 !i • Orlonis........... s6·• - 1 "" 52.0 s +10.7 - 1·4 

~1 TTaauunn:-. ·. ·. •. •. ·. · ... · ...... · •· .·J, 56.1 18 36 10.8 8 + 5.2 - 3.6 11 s Orionls . .. .. .. .. .. s6.2 - 2 s 41.5 51 + 9.1 - 7.4 
v 56.2 16 .s6 s.s s + 7.s r - 3·9 !i o Celi............. 56.1 - • 7 33.i 3 ......... - 1.1 

Ii' Tauri .............. / 56.2 16 So 35·5 + 7.6 - 3.9 {i Jl Eridani ..... . ... 56.2 - 5 25 ,fB.3 51 + .... 8 - 8.o 
a Tauri .............. ' 56.1 15 59 5.1 +to.o - 4.1 1,

1

' /3 Aqua.rii............ 55.8 - 6 39 17.3 1 + 7•5 - 8 ·• 

6 Leonls.. ...... ..... 55.9 lS 58 14.6 1 I +•0.1 - 4.1 I • Aquarli... .... ..... 55.9·.\- 1 •3 23.0 3 l +9•5 - 8·3 
"I Tauri........... ... 56.1 IS o 9.8 8 \I + 6.6 - 4.3 I'• Hydne......... ... s6.2 - 7 35 "'·+ .. + 6.8 - 9.~ 

Pegasi.. 55·9 13 S• 3.9 4 +1~.1 \ - 4.5 j Rigel.............. 56.2 - 8 30 :!'·• 5 +.11.6 - 8.5 
~-~--~~__:.~~c.:__~~~~..;_~~~_J,;,~-~-~-.:__~.2......__:.:__~L...-_.:.._.___.'--~ 

Name. 

Ii 



 

UNITED STATES lJOAST AND GEODETIC SURVEY. 485 

Declinatiom. 

Ila. 

SEXTANT AT PARIS AFTER I756, APRIL 21. Corr'n=+12.2sino-11.7cosJ. 

E ~ : 11 E I II ~ 
~ g Mean declina· ~ ~ = Brad-! Corr'n ! Name. ~ g 1Mean declina- ~ a 
c-;:; tion1750.o. -o3 ley. j 'i1 'E~ ) tlon1750.o. c;·3 Name, 

i 
= Brad- j Corr'n 

s 0 ! I I~ ~ 
1 

0 
_________ _£_ _____ ~1 ___ • ___ Ji __________ , E=< -i z 

0 I fl " I IJ I I : 
~:_L 

I 

, 
" ,.. 

' ,.. 
• 
r 

fl 

y 

• 
8 

y 

" , 
r 
r 
/l 
II 
~ 

a. 

" a. 

m 

Polaris, S. P ...... . 
Polaris ............ . 
Dracosit .......... . 
Ur.r. maJ'. .....•.... 

Leonis ............ . 
Leonis ............ . 
Leonis ............ . 
Geminorum ....... . 
Geminorum ....... . 
Geminomm ....... . 
Ca.ncri ............ . 
Arietis ............ . 
Herculis., ........ . 
Leonis ............ . 
Leonis .......... .. 
Ta.Uri ...... '" .... . 
Geminorum ....... . 
Arcturus ... . 
Herculis ... . 
BoOtis ... . 

Cancri ............ . 

Arietis ............ . 
Leonis ........... . 
Leonis ............• 
Geminorum ....... . 
Serpentis .......... . 

Serpentis .......... · 1 
Leonis ............ . 
Boiitis ........... .. 

Aquila> ........... . 

Herculls .......... . 
Pegasi ............ . 
Pegas.i ............ . 
Aquila> ........... . 

Leonls .......... .. 
CIU>Cri ............. . 
Ophiu~bi. ......... . 
v1.g;nis .......... .. 
Serpentis ......... . 

II 

I J:0,5 56.4 4-92 1 #·• -13.2 : +12.S i o Leonis...... . 56.8 ' 
56.6 87 57 52.I -10.5 '+n.8 Ip Leonis.... .. ·I 56.B, Io 35 19.9 

56.7 51 31 40.8 s , - 3.8 , + 2.2 i Y Aquil:e. -. ·. ·.1 55r,6, .. s8 
s6.4 50 34 7.9 10 - 2.4 

1 
+ 2.0

1

.

1

, 13 Can. min .... . 
56.4 27 Io i9.7 6 + 5.1 , - 4 .9 a Aquil:e .... . . 1 56.8 

56.9 24 54 42.8 + 2.2 - 5.5 .: m Orionis .... , . ·1 56.B 

56.8 24 39 9.7 + 5.6 : - 5.6 Iii m Serpentis.. . . 56.4 i, 

56.8 22 36 54 .4 + o.8 : - 6.1 
1
1 Procyon.. . .. I 56.8 

56.8 22 33 •0.9 + 2.9 - 6., ii Ii Aquil:e... 56.8 I 
22 25 4.4 + 2.5 - 6,. J! • Scrpentis.. . .I 
22 20 58.2 +n.3 - 6.2 I 6 Virginis . . ..J 
22 16 6.9 2 + 5.4 ' - 6.2 Ii Opbiuchi .. . ..... I 
22 3 12.9 + 5.7 - 6.3 Ii Virginis . .. . ... / 

5 

5 
6 

+ 0.2 - 6.3 

+ 7·9 ' - 6.5 ' y 

+ o.8 - 6.6 o 
+ 3.7 - 6.6 r 

- 6.7 

- 6.9 

Ceti .. ... .. . .. j 
Ophiuchi .......... 1 

56.5 
I 

56.1 I 
56.5 ' 

56.7 I 

ro 1 28.2 

7 20 22.9 

7 14 3-3 

s 50 ojti.3 

5 15 12,I 

4 45 53.2 

4 ·41 51.2 

3 ro 3r.4 

3 5 45· 2 

2 49 35.8 

2 38 •9·5 

2 IO 15.0 

I 33 o.~ 

0 43 41.3 

56.9 
56.8 

57.0 
56.8 

56.5 

56.5 ' 
56.4 
56.8 

s6·9 
56.8 

9 

5 

1 

5 

s 
6 

+ 3.1 

+ 6.2 

+n.2 
+ 8.o ! 

+16.6 

+16.3 

+u.4 
+ 9.1 

+ 6.3 
+10.8 

+ 7·9 
+n.4 

+ 4·4 

- 6.9 

- 7.0 

Aquilre . 
Ceti .... 
Piscium. 
Virginis,. 

Virginis. 
Antinoi .. 

Virginis ............ 't 

56.4 0 41 35.6 

56.8 + 0 23 15.9 

- 7.4 

- 7.4 

- 7.7 

- 7.8 
- 7.8 

- 1·9 

- 7·9 
- 8.2 

y 

• 
Q 

r 
q 

d 

Ccti ............... ! 
Aquarii. .......... . 
Antinoi .. : ......... 

1

i 
Antinoi ........... . 
Aquarii ...........•. 
Orionis ............ J 

Ophiucbi .......... , 
Ophiuchi ......... . 

56.4 

56.9 

56.~ 

56.8 

56.8 

56.8 

56.9 
56.5 

56.5 

- 0 4 12.6 

- 0 45 39'4 

- I 31 11.9 

- I 32 22.S 

- l 48 57.2 
- 2 38 03.2 

- 2 38 52.61 
- 3 l 38.9 

- 4 3 35.2 

7 

3 

6 

7 
6 

6 

+13.S I 
+•s.5 ! 
+ 5.0 ! 
+14.6 i 
+ 7·4 i:' 

+12.6 
+1+.4 ! 

+Io.I 

+ 7·• 

+•s.9 
+10.5 

+13.5 

+10.7 
+10.2 

+ 9.S 
+•5.6 

- 9.2 

- 9.3 

- 9.4 

- 9.7 
- 9.8 
-10.0 

-10.1 

-•0.4 
-10.4 

-10.5 

-10.6 

-10.7 

-n,o 
-11.0 

-tI.l 

-11.1 

+n.4 -n.2 
+17.6 -u.4 

-11.5 

+ 8.8 

+ 9.3 
+13.4 

+10.4 

+n.a 
+•,.6 
+14.3 

+12.0 

+ 3.8 

+10.9 

+ 6.8 

-n.5 

-n.6 

-II.7 

-n.9 

-12.0 

-12.0 

-?2.I 

-12.2 

57.0 
56.8 

56.5 

56.5 

56.4 

56.4 

56.8 

56.5 

56.8 
56.8 
s6.8 

.¢.6 

.¢.8 

56.5 
.¢.7 

56.5 

21 53 19.7 

21 5 49·7 ' 

20 57 50.0 : 

20 54 45·4 

20 29 34.5 

19 45 34.6 

19 39 48.9 

1 9 3 2 1.4 ' 

18 3 40.2 '1: 

'7 58 28.5 

I6 47 37·9 
16 35 21.9 

16 19 42.0 

16 13 t:5.6 

15 58 12.4 

14 w 2.5 

14 45 I.I 

14 41 5r.2 

'3 5• 3·5 

13 47 40.• 

13 ;io 5o.5 

13 IO S7-.C. 

U -4-8 <f.t.I 

U 45 SI.I 

•• t8 39·9 

II 23 37.2 

- 8.3 
+ 8.1 - s. 3 6 Virginis . . . 56.7 - 4 11 39.0 

3

61' +u.6 
+ 9.7 - 8.5 </> Aquo.rii............ 56.8 - 7 23 22.0 +10.5 -13.2 

+ 6.4 - 8.5 Hydr:e . . . . 56.4 - 1 35 8.5 3 ! +10.7 j -•3.2 

+10.8 - 8.61 fJ Libr:e ............ " 56.5 - 8 26 18.3 6 I +14.31 -13.4 
+17.9 - 8.6 Rigel .............• 1 56.8 - s 30 27.I 21 +•3.7 -13.4 

·+· .. 
7 
... 

9 
.. = 8

8 
•• 1
1 

'II 
8
1. Aqusrii ............ , 56.8 - 8 53 50.8 s

5 
j +is.a I -13•5 

Ceti . ... .. .. .. . . .. . 56.8 - 9 23 36.5 +11.3 
1 

-13.6 

+ 8 31 8 81 ~ Erida.ni ............ ! 57.0 - 9 45 38.1 51- 7.7: -13.7 
+ 9:5 = 9:1 j' a V1rgirus ............ , 56.6 - 9 50 36.1 j n +16.2 I -13.7 

-~----~--'-----'---~--'--~'--~~-'--~-"-~---~~~---'--~-'------~-'-~--'~~~l~~-
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Declinations-Continued. 

III. 
SECTOR AT PARIS. Corr'n=+12".34 sin d-9 11.35 cosd. 

E 
~-Name. _o.~ Mean declina-
0 .....i tion, 1750.0. 

~ I 
--1--1-----

ll Cephei. ............ I 50.s \ ·f ~ •~ 52.0 

Ii Dra.conis ............ 49.8\ 671315.1 

a Draconis ........... 49·4! 653432.9 
L ... rs.mj ......... . 

Cassiopere .. 
11 Draconis ............ i 

Cephei ............ . 
Draconis ............ 

1 

y Cassiopere ...... , . . I 

9 Draconis ........... , I 
Ii Cassiopere ........ . 
Ii Urs.mj ............ . 

ll Cassiopere . 
ll Urs.mj .... . 

Vrs.mj ... . 
Urs.mj .... . 

a. Cassiopere 
y Urs.mj .. . 
9 Urs.mJ .. . 
y Persei. ........... .. 
fJ Draconis .......... . 

y Draconis .... . 
'I Urs.mj ...... . 

Urs. mj ..... . 

Persei .. 
t!rs. mj . 
Persci. .. 
Aurigre ... . 

ll Aurigre ............ . 

Cygni. .............. 1 
Cygni. ............. : 

ll Bootis ............... : 
Andromedre ........ j 

ll Persei. .............. ! 
Can. Ven ......... ··i 
~~:..:.·.··.::·.·.::::·:1 
Hercuhs ............ 

1 

49.4 i 
so.4 I 
49-5 i 
50.0' 

49.5 

50.3 

49.6 

5°·3 

49·4 
10.6 

49.3 

49.4 
49.4 i 

5o.3 

49·4 

49·4 
50.t 

49·5 

49.6 

49•4 
49.3 
50.1 

49.3 

50.1 

50.0 i 

50.0 ! 

49·71 
so.I I 
49.4 
50.6 i 
50.31' 
49·-I 

49-7 l 
49·41 
49.5 

63 5 34.6 
62 25 19.9 

62 4 59·9 
61 31 55.9 

59 50 54.3 

59 21 17.8 

59 l-4 J7.7 

58 55 27.2 

58 25 19.s 

57 46 7.1 

57 42 52.1 : 

57 19 15.4 ~ 
56 I4 12.9 

55 9 37.8 
55 5 2.0 

52 47 50.2 

52 30 14.4 

52 29 45.1 

St 3t 37.0 I 
50 34 6.3 ; 

49 0 0.61 

48 56 46.8 . 

48 7 22.3 

46 57 39·4 . 
45 42 40.1 

44 53 •5.6 

44 31 59.3 

H 23 52.5 

41 23 15.5 

40 59 13.0 

39 58 !7.2 

39 40~5.t 

39 .a 13·3 
39 24 48.91 

39 ... 46.6 ! 

-12.1 

- 6.2 

- 7.0 

- 4.x 

- 6.8 

- 7.4 

- 6.8 

- 3·3 

- 5.4 

- 9.7 

- 5.3 

- 8.r I 
- 5.6 ! 

- 4.1 
- 6.2 

- 3·5 
- 6, 3 I 

- 2.31 
- 3·9 ! 

- 2.5: 
- 3·5 
- 7.6 
- 4.0 

- 6.7 

- 3·9 

- 5.5 
- 5.3 

-t- t.9 
- 6.7 i 
- 3.8 
- 2.'I 

- 6.5 

- 3.1 

+ 0.3 

- 0.3 

t ::~I 
+3·7 

!I 

!I 

Name. 

I 
.. 

i ~ 
I ~g 
: o~ 

Mean declina­
tion~ 1750.0. 

i e 
l_E__ 

,, I ! ---0-,--,,-, 

+ a. 3 : • Pcrsei. ............. \ 50.4 +39 15 40.9 I 
I' _, 

+1.8J a Lyrre ....... c ••••••• ! 50.0 383358.9 

.+ 7.4 f Her~ulis ............ ! 49.8 37 17 55.1 

t ~: 1.
1 

: ~;;:re.:::::::::::::i :::: ~~ 3~ ::::I 
+ 6. 5 I 8 Bootis ........... ~ 49.4 34 7 5 4t.4 I 
.+ 6.4 ' fl Androm....... 50.2 34 17 17.7 
+ 6.o :1 fl Tria. bor..... . . . . 50.1 33 4' 29.3 

+ 5.9 'I fl Lyne. . . . . . . . . . . . 49.6 33 5 25.3 I 
+ 5 .9 i Cygni.... .. . . . . .. 50.0 33 2 52.0 f 

+ 5.8 :j 'l' Tria. bor.. 50.1 32 40 37.3 ! 
+ 5.6 ;11 « Geminorum... 50.0 32 24 34.0 ! 
+ 5.5 . 'l' Lyme·· 49.7 32 21 5i.5 : 

+ 5.5 '1 ' Herculis.. 49.9 32 4 18.8 \ 
+ 5.4 :

1 
Herculis. 49.8 31. 18 44.3 ! 

+ 5 r :11 i; Persei..... 50.3 31 7 3.7 
+ 4 .8 . 8 Androm.. . . . . . . . . 50.6 29 29 2i.3 

+ 4 .8 :, ' Cygni.............. 50. 3 29 r2 52.7 

+ 4.2 II ~ Pegasi.:......... 50.4 28 55 16.S 
+ 4.2 ll Geminorum....... 49.8 28 36 21.5 

+ 4.x ,i f3 Tauri b... 49.8 28 22 7.2 

+ 3 .9 !I " Tria. bor........... 50.6 j 28 21 i.2 
+ 3 .6 q 39 Ariet.. .. . . . . . . .. . 50. 7 , ~s n 32.7 

+ 3.2 ,1 Bootis....... .. . .. . . 49 .5 28 8 31.t 

+ 3 .2 .: µ. Hercu\is.... 49.6 27 53 7.2 

+ 3 .o q " Androm...... 50.• 27 42 34.5 
+ 2.6 !I µ. Cygni. 50.6 27 37 28.I 

+ 2.3 :I a Coron. bor.. 49.5 27 34 20.8 
+ 2.x 11 fJ Cygni .. . . . . .. 49.7 '27 27 x:i.5 

+ o.o i'j I' Leonis.. .. . . . . . . . . 49.6 27 io n.6 

+ 2.0 I fl Pega.si .. . . .. . . . . .. 50.6 26 43 55.3 
+ I.I \, 41 Arietis .... . . . . .. .. . 50.1 26,. 46.9 

! ::~/Is ~::i~.~~::::::::: :::; :: 2

; ~:~ 
+ o 6 

1

1 • Leonis.............. 49 .6 24 54 3s. 1 

+ 0:5 i ~ Leonis ... ... .. .. .. . . 49.3 •4 39 7·5 
+ 0.5 j 11 Tauri .. . ... .. . . . . . . . 50.4 23 18 40.3 

+o-s ,! 
Ii 

Illa. 
SECTOR AT PARIS, \VlTH ATIACHED TELESCOPE. Corr'n= +is" .o sin 0- ui" .6 cos d. 

I 
Polaris .............. j 

y Cephei.. ............ 1 

y Ca.ssiopere .......... j 
8 Cassiopere .......... ! 

A Persei ............... j 
a Lyr.e ............... j 

Andromedre , ....... j 
Arietis ............. J 

fl Herculis ........... · \ 
Arcturus .......... .. 

y Herculis ....... . 
/j Arietis ............. . 

Pegasi ............. . 
Tauri •.............. 

.. Sagittllril ........... . 
y Serpentis ........... . 

50.6 

50.6 

50.6 

50.6 

50.6 

50.6 
50.6 

50.6 

50.5 

50.5 
50.5 

50.7 
50.6 

50.7 

50.7 

50·5 

+a1 s1 48.31 
76 14 2.5 

59 2X 21.Z 

s8 55 27.8 

48 56 49·5 
38 33 56.7 
"9 29 •3·4 

.. 16 "·'I 

.. 3 9·7 I 
20 29 41.7 

19 45 32.6 

19 34 35·3 
IS 44 57.0 
18 36 16.2 

I 
11..,. 30.1 I 
16 "9 47•5 I 

:::::I 
- 2.0 

- 4.6 I 

- ••• 1 

I 
- 2.3. 

+ 1.7 I! + 9.6 

+ •·S 

+10.3' 

+ 4·• 
+ 8.t 
+ 4.8 
.+10.6 

+ 7.9 
+n.8 

+•4.5 I .. 
+n.6 y 

+ 6.5 I .. 
+ 6.31 y 
+ 3.0 I 

Tauri •.............. 1 

Delphini ............ ! 
Delphini ........... . 

Tauri •....•....... ··\ 
Aquilre ........... .. 

- 0.4 " Herculis ........... . 
- 3.5 Delphlni ........... . 
- 5.5 ·,. Pegasi ............. . 

- 5.6 ' Delphini.. ......... . 
- 6.2 y Pegui. ............ . 
- 6.5 fl Delphini ........... . 
- 6.6 ' Aqnilz •...•.. : ..•.. 
- 6.9 a. Ophiuohl.. ......... . 

- 7.0 I " ~Otis ..... , .... •• 

- 7·31 • Delphlni ........... . 
- 7.6 y Aquilie ........... .. 

::; I 
50,7 

50.6 J 

50.6 

50.7 
50.6 

50·5 
50.6 

50.7 

+•s 59 xo.x 

15 I4 :z6.l 

15 " SS·• 
rs 0 tlll.4 

14 45 o.6 
'4 4I <fll.6 
!.f :rt if.0.6 

t3 51 S9·3 
I3 49 55.6 

13 47 4"•3 
13 44 3'1:t 
J3 30 47·• 
tll 4$ Slll·$ 

II ll3 34•9 
10 38 .... 8 

10 • 31'-4 

" 0 

'.fl 

! 8 
II i---,-,-

- o.B [· + 0.5 

+:::II + ::! 
- 5.4 o.o 

t ::~I _ o.8 

+ 3·9 - o.8 

+ 2.3 I - 0.9 

T 4.61 - I.t 

+ 0.1 I - I.I 

+ 4.1 - 1.2 

+ 2.9, - I.3 

+ 5.I ' - '·4 

+ 3.81 - 1.4 
+ 5.8 i :_ 1.6 

- 2,1 

- o . .; 

+ 1.2 

+ I.8 

+ 2.3 
+ 0.9 

+ 5.8 
+ 5.t 

+I.I 

+ 8.5 

+ •.• 
+ I.5 
+ 5.6 

+ 7.3 
- 3.0 

- o.t 

+ x.4 

- 0.4 

+ 2.4 

- •·S 

+ 3·4 
+·3.• 

+Is.o 
+ 7.6 
+10.5 

+9·" 
+ 3.9 
+ 5.5 
+4.0 

+s.s 
+14.2 

+6.5 
+s.s 
+M 
+H 
+1.• 
+>0>8 

·+7·• 

- r.6 

- ~.o 

- 2.1 

- 2.2 

- 2.3 
- 2.4 

- •·4 
- 2.4 

- 2.5 

- •·5 
- •·5 
- 2.6 
- 2.6 

- 2.6 

- 2.7 
- 2.8 

- 3.0 

- 3.2 

- 3.3 

- 3.3 
- 3.4 

- 3·7 

- 7.8 
- 8.x 

- 8.2 
- s ... 
- 8.3 
- 8.3 
- 8.5 
- 8.7 
- 8.7 
- 8.t 
- 8.7 
- 8.8 

- 9•J 
- 9·4 
- 9.6 
- 9-8 



 

Name. 

Pegasi ........... . 
Pegasi ........... . 

a Aquila> ............ . 
Serpentis .......... . 
Aquilre ............. . 
Serpentis ........... . 
Ophiuchi.. ......... . 

UNITED STATES COAST AND GEODETIC SURVEY. 

Declinations-Continued. 
Illa. 

SECTOR AT PARIS, WITH ATTACHED TELESCOPE. Corr'n=+ 15".o Sin a - 12".6 COS 6, 

~ l 
g c I 
.g g ·1 M7an declina- I i;' .!2 1 Name. ~:;: t10n, x750.o. I :0 ; ~ 

1 
~ II e j e 
8 = j ~ 

_E_~ ______ 1 __ 1_1 _1_J_l'-------
I 0 I ,, I " ' ,, ' 

50.6 
1 + 9 32 8.1 I + 7.5 j -10.0 ;j a Equulei. .......... . 

50.5 8 44 36.1 + 7.9 '
1 

-10.2 .i 6' Serpentis ........ .. 
50.6 
50.5 i 
50.7 

50·5 i 
50.6 I 

+ 8.I , -10.3 :; a. Ceti ................ ' 

7 13 55.7. + 6.8: -10.7 
1

1' Aquila> ............. , 
s 48 "" +17.8 j -u.o . y Ophiuchi. .......... 1 

5 15 2.9 \ + 6.7 ;
1 

-1r.2 i1 y CetL ............. ·1 

.:, I I 

j d I Mean declina- ! ~ 
'0
°.g I u· 1 -_ J on, 1750.0. 1 ] 

s 
1 

I :xi 

f:; I I II 

I
i I II I ,, 

50.6' + 4 13 54.8 : ......... . 
50.7 : 3 54 t2.81 +17.1 I 
50.71 3 5 50.5 i +15.5 
50,7 I 2 38 31.4 I +17.5 

50.61
, ! 

2 '19 37·5 +u.5 
50.7 2 IO 19.5 ! +15.9 

487 

-u,4 

-11.5 

-II.7 

-:r:i.9 

-II.E 

-12.0 

, I li 1 4 41 44.s i +-o.s -1z.2 H l 
~----~----~~-'-~~~~~--~~'--~----'-~-~'--~~~~-~~-~~~-~-~~~~~~-~-'--~-~ 

y. H&culis. 
d Herculis .. 

I' Geminorum ... . 
" Geminorum , ...... . 
d Genunorum ....... . 
r Cancri ............ . 
a Arietis ........... . 
fl Herculis ......... .. 
6 Leonis ............ . 
y Leonis ............ . 
~ Tami ............. . 
~ Geminorum ..... . 
" Bootis ............ . 

llootis .............. ' 
fl Arletis .............. i 

Cancri ......... ,, ... ' 

Taurl ............... I 
Arietis ............. 1 

Leonis .............. ! 
~' Tauri ............... ! 

Leonis .............. 1· 

:r Gemmorum ....... . 
:r Serpentis ........... I 
fJ Serpentis ........... . 
a Ta.uri .............. . 
fl Leoois ............ .. 
:r Tauri ............. .. 

' Bootis ............. . 
a Herculis ............ ) 

a Pegasi .............. j 
:r Pegasi ............. . 
11 Leonis ............. . 
a Caned ............ .. 

Ophiuchi ......... .. 
Virglnis ........... .. 

a Serpentis .......... . 
o Leonis ..... . 

p Leonis ............ .. 
y Aquilre ........... .. 

/J Cancrl ............ .. 
fl Can. min .......... . 
• Pegasi ............ .. 
« Aquil:e ............ . 
« Orlonis ........... .. 
.. Sel]lelltis ......... .. 
Y Qriollia ............ . 

Procyon .......... .. 
fl Aqiiil;e ............ . 

Serptlntis .......... . ... ___ ..., 

52.6 : 

52. I i 

52.1 i 
52, I 

52.3 

IT.5 ! 
I 

51 ·4 i 
53.0 ; 

52.3 ; 

52.1 ! 
52· 1 I 
52.4 

52-3 

52.2 I 

52.4 
52.3 \ 

52.0 

5z.7 
52.1 

52·• 
52.2 

52.6 

s•.6 ' 
52.0 I 

5•·4 ' 

5•·3 
50.6 

5•·6 
51.8 

52.2: 

52·4 
5•·4 

52.6 I 
50.3 ' 

52.6 

52.3 
52.• 

51.9 

52.2 

52-4 
51.8 

52.1 

52.2 
52.6 
50.0 

5a.2, 

51.9 

52.6 

IV. 
SEXTANT AT THE CAPE {PRr~crPAL TELESCOPE), Corr'n+ti".9 sin J + 311 .4 cos 8. 

r25 s 55.3 i 

,. 36 47.6 

22 33 3.6 

22 24 57· I 

22 20 47·7 I 

r., rs 55 .o I 
r22 3 7 .2 ! 

21 53 16.3 i 

21 5 38.Q 

20 57 42,5 I 

20 54 34.9 ! 
20 2Q 32.4 

19 39 35.4 . 

19 34 24.3 

19 3 24.0 

18 36 4.5 

t8 3 24.7 

•7 58 8.4 
16 SS 5s.1 

r6 47 23.4 

16 35 6.5 

16 29 34·5 
16 13 5.9 

•5 58 50.3 

•5 57 57.9 

14 59 57·<> 

14 48 43.4 

14 41 34.2 

r13 51 s1.o 

13 47 25.6 

13 10 36 3 
12 ..S ~6.o 
I2 45 38.4 

u 18 25.3 

tl 23 23.4 

1I 0 49.I 

JO 34 59·3 
IO l 12.0 

9 SS 58.8 

8 46 11.7 

8 44 :I0.8 
8 13 36.0 

1 20 3·7 
7 13 43.6 

'6 s 48.3 
5 50 35.0 

s 48 l.3 

5 14 "9·3 

I 
- 4·3 I 

- 9.9 I 

- 6.o I 

- 4·4 i 
- 4.8 ! 
+ o.8 I 

- 6.51 
o.o 1 

I 
- 3.'2 

- 2.9. 

- 6.7 

- 6.8 

+ I.O 

- 2.3 

- 2.9. 

+o.6, 
- I.I 

- 3.8' 
- 2.6 

- 3.1 
- 6.3 

- I.2 

- 8.9 
- 4.8 

- 6.6 

- 6.:: 

- 7.7 

- 8.9 

- 2.8 
- 8.> 

- 3.• 
........ [ 
- 4.8. 

- 6.3 ! 

- 4.3: 
- 7.6 

- 5.1 i 

-u.• I 
- 9.91 
- .. 5 

- 7.4 
- 5.8 

- 6.6 

- 5.3 

=·:::I 
- l".O 

- 6.9 

+ 6.3 

+ 6.o 
+ 5.8 

+ 5.8 

+ 5·7 

+ 5·7 

+ 5·7 

+ 5·7 
+ 5-7 

+ 5.6 

+ 5.6 

+ 5.6 

5 

fJ 
/3 

r 
d 

r 

q 

y 

a 

Vug1ms ............ / 
Ophiuchi .......... " 
VirgWi.is ........... ! 
Ceti ... ., ........... 1 
Ophiuchi ... . ... 1 

Aquila> ....... . 
Ceti ... .. 
Virginis . • • • • i 

Virginis 

Antinoi ............. 1, 

Virginis ........... -i 
Orionis ..... _ ...... i 

+ 5.6 :: n 
\I 

Ceti. 

+ 5·5 \i E Orionis ... 

+ 5.511 4 

+ 5.5 i/ + 5.4 ,, 

Aquarii .. 
Antinoi ... 
Antinoi... .. .1 

+ 5·3 II 
+ 5.3 :1 y 

+ 5·311' 
+ 5·3' q 
+ 5.3 

Orionis .. 

Aquarii ...... , .... .. 

+ 5.2 

+ 5.2 

+ 5.1 
+ 5.1 

+ 5.1 

+ 5.1 

+ 5.1 
+ 5.0 

+ 5.0 

+ 4.9 

+ 4•9 

+ 4·9 

+ 4.8 

+ 4·7 

+· 4·7 

+4·7 

+•·6 
+ 4.6 

+ 4·5 
+M 
+ 4·4 

+ 4·3 

+H 
+ 4·• 

+ +·• 
+ •.• 
+•·· 

Serpentis .......... . 

Orionis ........... .. 
Serpentis ......... .. 
Ophiuchi .......... . 
Serpentis .......... . 
Ophiuchi ....... . 

a Ceti .............. .. 
e Virginis ... . 

Antinoi. I 
Eridani. .. . . .. : : : : 
Orionis ............. , 

Aquarii. ............ I 
Aquarii ......... __ .-, 

Eridani ............. j 
Hydrre ............. 

1 Librre ............ .. 

fJ 

0 .. 
B 

Rigel ........ . 

>. Aquarii ........... .. 
26 Monocerotis ....... . 

Virginis ........... . 
9 Ceti .............. .. 

' Erldani ........... .. 
" Orionls ........... .. 

Virginis ........... . 
Eridani. ........... .. 

I -.&ridani ............ . 
,, Cetl .............. .. 
.. Llbr:ie ............ . 

>. Can.mj ........... .. 
fl Caprlcomi ........ .. 

52.2 

52.6 

52.4 

52.z: 

52.6. 

SJ.7 

52.0 

52.3 
52.2 

51.8 

52.2 

52.0 

52.0 

52.1 

51.8 

51.8 

51 ·7 

52.0 

51.8 

52.6 

52.l 

51.7 

52.8 

5a.8 

52.6 

5a.3 

5"3 
51.7 

5z.t 
52.:r: 

51.9 ! 

5r.8 

52.0 

5•·S 
52.6 

52.0 

51.8 

52.:a 

52.i 

52.2 

52.0 

52·' 
52.3 
52.0 

52.0 

51.9 

52o4 

52.3 

5t.8 

i 
44541.3! 

4 4r 34·9 ri 

3 10 16.4 

3 5 '27.6 ! 

2 49 ... 8 I 
I 

2 38 5 .6 I 
2 9 58.3 ! 

0 43 27.6 
o .p :lI.o 

0 22 59.5 

- o 4 :oi8.o 

- 0 30 25.3 

- 045 53.1. 

1 23 9.7 

- :r: 31 3t.8 

I 32 42 .2 I 

I 49 t7.o 

- 2 5 56.8 

- 2 38 t9.o 

-23845.9 

- 2 39 3.3 

-25635.• 

- 3 I St.9 

- 3 39 0.7 

- 4- 3 41.2 

- 4 7 34·3 
-4113i.1 

- s 14 10.9 

- 5 25 54.4 

- 6 s 48.9 

- 6 39 06.5 

- 7 ., 36 .• 

- 7 30 30.6 

- 7 35 I7 •9 
- 8 26 34.7 
- 8 30 41.8 

- 8 54 15.J 

-85923.5 

- 9 s 47·• 
- 9 28 54.0 

- 9 45 S(i.o 

-9.¢45.0 

- 9 So 54·7 
-20 19 15.8 

-w 37 35.6 

-u 3" 52.4 

-14 59 8.• 
-rs 16 57.6 

-15 :13 o.g 

- 4.3 

- 7.4 

- 3.2 
- 8.3 

- 5.3 

- 5.8 

- 7.1 

- 2.0 

- 2.9 

- 3,4) 

- 7.0 i 
- 8.1 I 
- 6.$ I 

- 5.5 

- 6.2 

- 3.7 

- 1.6 

- 6.9 
- 3.4 
- 2.:r 

- o.S 

+ o.8 

- 0.3 

- 0.5 

- 4·4 

- 1.3 

-- 5.1 

- 1.7 

- 3.7' 

- o.z: 
+ 1.3' 
- 2.1 

- I.O 

- 5.5 
+ •.• 
- 7,7 
- o.:: 

-25.6 

+ 0.7 

- 2.3 
- 4.8 

- •·3 
- 1.8 

+M 
+ •.$ 

+ '·l 

+ 4.1 

+ 4.0 

+ 3.8 
+ 3.8 

+ 3,8 

+ 3.8 

+ 3·7 

+ 3·5 

+ 3·5 
+ 3.5 

+ 3·4 
+ 3·3 

+ 3.3 
+ 3.2 

+3 .. 
+ 3.2 

+ 3.1 
+ 3.1 

+ 3.0 

+ 3.0 

+ 3.0 

+ 3,0 

+ 3.0 

+ 3.0 

+ 2.8 

+ 2.8 
+ 2.8 

+ 2.7 

+ 2.7 

+ •.6 

+ .. s 
+ .. 4 

+ 2.4 

+ •·4 
+ 2.3 

+"·~ 
+2.2 
+ •.• 
+ •.• 
+ 2.2 

+-.r 
+ ... 
+ 2.[ 

+• .. 
+ o.o 
+a.o 

+ 1.5 
+ 1.5 

+ 1 •• 
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x 
~ 

~ 

>' 
>' 

' 4 

( 

' 
fl 
'I .. . 
• 
p 
/J 
y ... ... 
p 
ll .. 
/I. . .. 
/3 
/3 .. 
' .. 
a 
v 

Declinations-Continued. 

IV. 
SEXTANT AT THE CAPE (PRINCIPAL TELESCOPE). Corr'n+6".9 sin J+3".4 cos J. 

I , E 
Name. Mean declina­

tion 1750.0. 

Mean declina­
tion, 17 50.0. ::. I g ~= ~ - ·- Name. o o -

~ ~ 0.. ] 
~ ' i5 ~ 1 ~ 
II _J __ u __ [ __________ , __ f..._-__ l ______ ,, __ 1_1 _ 

,, i ! I I 
Sirius ........ .. 

Scorpii ................ :. I 
52.1 

52.6 

52.0 I 
5 .. 5 ' 

-16 23 36.9 + 2.0 j + 1,3 1 
a Hydr. med ........ :I 52.5 1 

- 0.5 + 0.9 Centaur •... ,. 1 
-27 53 45.2 

Lepor ...... .. 
Corvi ........ . 
Sagittarii ..... ' 
Scorpii ...... . 

5I.8 ! 
52.4 i 

-19 5 54·4 
-20 58 42.1 

-:n 13 45.2 

-~I 23 50.8 

-25 51 J:2.2 ' 

i 

- 2.3 + 0.7 g 
- 3.8 i + o.6 

- 6.9 i + o.6 
- 6.2 i 

I 

Centaur ......... . 
Columbre .... , .... .. 
Scorpii ...... .. 

52.5 ! 

52.5 
52.I 

52 6 

-31 44 34.2 

-33 II 28.4 

-33 '9 J6.6 
-33 48 4I.8 

CoMPARED WITH LA CAtLLE IN ms u AsrRONOMI.£ FuNDAM.&NTA." 

I E 111 I 

j $ · Meandeclina-1 ~ c I' Ii 

Name. I ~-~ tion, t750.o. I ~ i I Name. 

~ I 

t; I 
" I Mean declina-"' .g g 

j tion, 1750.0. 'O~ 

" 8 
I ~ 

- 5·7 
- 9.2 

- 3.6 

.; 
E .. 
u .. 
-< 
II ----

i 
---'---1-~_-_1 _____ 1 __ ~-- _J_li ·---.-- ·---1 

1 I . ,, I ,, II 
Cc1l"111Clr ............ 

1

' 52.s) -341323.1 -1.9' :i.x
11

.,, Pavonts ............ 1 
Eridani . . . . .. .. .. . . 52.0 I -34 25 25.2 - o.8 i.1 

1 

a Pisc. vol. ........... ! 
52.2 -64 33 23.S I + 2.4 

Sap'ttariz' ...•...... 
1

1 5~.2 -34.zS 18.7 - 2.8 x.1 I ~ Tucanre ........... : 

' Pavonis ........... ! C,ntauri, ...... , .. i 52.31 -35 23 7.I - I.9 - I.I !i 'Y 

Columh<Z .. .......... : 52.5 1 --?5 52 41.6 - 2.3 - :1:.1 , f3 Muscre ............. · 

Ccell .............. ··f 52.0 i -45 JO 9.4 + 0.1 - 2.5 I fl Pavonis ........... I 
Phc:enicis. .. .. .. .. .. 52.1 

1 

-Sou 19.5 - o.8 - 3.1 

1 

Pisc. vol ........... 

1

1 

Centauri ............ ~ 52.4 . -50 58 32.5 + o.6 - 3.• y Tria. austr .......•.. 

C...~·-· . . .. .. ". _,,,, •·• 1 - '. - ,., I' . M- ..... .. 

52.3 -65 24 6.o + 2.8 
52.2 -66 20 40.9 +I.7 
52.2 -66 :zS IJ. I + I.7 
52.3 -66 44 I.4 + 2.8 

52.0 -67 • 2.9 + 2.6 
52.3 -67 29 53.2 +3.0 

52.5 -67 43 27.8 +'a.3 
52.4 -67 "45 tr.3 + 3.9 

Eridani ............ 52 ·3 I -52 51 43.2 - 0.3 - 3·3 
I " 

Tria. austr ....... ··I 5z.5 -68 JI 20.0 + 2.5 
ArgQs ............ 52 ·3 ! -53 23 It.6 + 0.9 - 3-4 I fl Argils .............. I 5'-3 -68 4J 2I .0 + 3·7 
Arre ... ........... 52.2 -55 33 33·7 - 2.7 - 3·7 v Doradi'is ............ 52.1 -68 47 x:o.2 + 3·5 
Crucis. .......... 52.3 -ss 42 42.0 + 0.7 - 3.8 '· .. Argus .......... ····[ 52.3 -68 48 l.t + 3.6 
Ar.e .. .... .... .... 52 ·5 -56 6 18.3 + 0.2 - 3.8 8 Hydri ............. 

1 52.0 -69 48 0.5 + 5·5 
Phrenicis ........... ' 51.9 I -56 35 15.3 ..... .. - 3.9 8 Muscre ........... ··I 52.4 -70 II 32.3 + 3•4 
Crucis .............. ! 52.J -57 21 27.1 + I. I - 4.0 'Y Muscre ............. 52.3' -70 44 49.0 + 3.8 

I 
G ArgGs .............. Phrenicis ........... i 52.2 -57 52 54.3 ········· - 4.0 52.J -7I 35 44.3 ·+ 3.8 

ArgQs .............. ! 52.4 -58 14 5.3 + l.7 - 4.1 T Argil.s .•.•••• ...... 5 .. 3 -1• 45 41 ·7 + 5·4 I 

Crucis .............. I 52.4 -58 IQ 5.0 + t.3 - 4.I /I. Chamreleonis ....... 52.4 -73 58 30.5 + •·3 
ArgQs .......... ··i 52.3 ! -58 22 36.1 + z.6 - 4.1 .. Chamreleonis ....... 52.4 -74 JO 44.8 + 4·4 
Eridani •............ 

1 
52.2 -58 30 49.3 +1 2 - 4.2 " Hydri ......•....... 52.0 -74 +6 39·• + 8.o 

ArgQs .............. j 52.2 
! 

-5B 42 >j8.6 + 2.3 - 4.2 y Hydri. .............. 52.0 -74 59 49·4 + 5.0 . ' Cruc1s . . . .. . . . . . .. . I 52.4 -59 I 9.8 + 0.2 - 4.2 " Chamreleonis ....... 52.4 -75 1 4x.3t + 4·7 
Centauri ............ 52.5 -59 8 58.6 + 1.4 - 4.2 a Chamreleonis ..•.... 52.3 -~ 1 7.6 +..s 
Ind! .... ··········· : 51.8 -59 22 16.0 + z.6 - 4.3 I\ Hydri .....•....•... 51.9 -~ 17 II.7 + S·S ' TUcaJlll' .. . . . . - .... 52.1 --59 35 57.1 + t.O - 4.3 fl Chamreleonis ....... 50.4 -71 SS 13.2 + 5.2 
Centauri ............ ! 52.5 -59 47 6.2 + 1.3 -4.3 ~ Octantis ........ ... 51.8 -78 •7 55.8 ........... 
Centaurl ...........• 1 52.S -59 47 ••.• + 1.3 - 4.3 fl Hydri .... ·-········ s~.:1 -:78 39 +3.6 + 4.6 
ArgQs ············· 5 .. 3 -6o •4 18.7 + I.9 - 4.3 a Chamreleonis ...•... 52.3 -79 I3 16.0 + 5·7 
Ane ................ 5>.5 -6o 26 o.8 + I.5 - 4.3 ,,. Hydrl .. ·········· 52.0 -Bon 31.6 +•<>-4 
Tucana:: ............ 52.0 -61 29 31·3 + l.2 - 4·4 ll Montis mensre ...... 52.0 -So 46 8.3 + 6.6 
Centaur! .••.•....••• 52.I -61 38 17.2 + •·3 - 4·+ ll Octantis .••....••... 52.5 -112 29 5.0 + 4.7 
Equulei ............ 52.2 -6r 40 36.6 + 2.C> - +·S fl Octantis ..•....•••.. 52.1 -Sa 40 a.2.0 + ••• 
Crucis .......•..•... 52.3 -6s 42 43.6 + 1.8 - 4.5 " Octantis ......•..... 52.4 -83 t4 44.I +6.4 
Trla. austr ...•...... 52.5 -6a 37 30.6 + l.4 - 4.6 y Octantis .....•..••.. so.s -83 o+ n.5 +M 
DoradQs ...••....•.. 52.I -62 39 25.6 + 2.4 - •. 6 ' Octantis .••.. ..... 

52.31 
-84 31 17.4 + 7·9 

Hydri ············· 52.3 -6o 47 32·• + 0.1 - 4.6 T Octantls ........•••. 51.8 -88 49 -19.8 . .......... 
Argils ........ .... 52.2 -63 s 00.5 + •·3 - 4·1 T OctantisS. P ........ 52.4 -9• 9 $6.t ............... 
R.eticuli ..••........ 52.0 -63 6 10.I + •·9 - 4.7 ~ Octantis s. p ...•.•.. 

.52·• 1 
-95 ,.,.,...7 +io.o 

Circlni ............•. 52.5 -63 51 43.8 + 2.I - 4.8 fl Octantis S. P ........ .St.4 -M 19 31.3 +1t., 
Argfts .............. 5•·4 -63 SS •·S + •·7 - 4.B a Octantis S. P ••.•.•.. 50.5 -97 JO 31•7 +-' 

• La Callle is correct from page 195 ; the decllnation in Catalogue ill erroneous by 36". 

c 
0 

~ 
0 
u 

- 0.2 

- 0.7 

- 0.9 

- 0.9 

- 0.9 

,; 
.£ 
Q 

~ 
0 
u ----

- 4·9 

- 4.9 
- 5.0 

- 5.t 
- 5.1 

- 5.x 
- 5.2 

- 5.2 

- S·• 
- 5.3 
- 5.3 

- 5·3 
- 5.3 
- 5.4 

- 5.4 

- S•+ 

- 5.5 
- 5.6 

- 5·7 
- 5.8 

- 5.8 

- 5.8 

- 5.8 

- 5.9 

- 5.9 
- 6.1 

- 6.2 
-6.2 

- 6.3 

- 6.3 
- 6.3 
- 6.5 
- 6,5 
-6.5 

- 6.5 
- 6.6 
-6.a 
- 7,0 
-1.<• 

- 7,3 
-1.3 



 

Name. 

)' Persei .. 
13 Draconis, . 

y Draconis. 

Urs. l\!j ... 
Persei .. 
Persei ..... 
Aurigre. 

fi Aurig"' ... . 
Cygni ... .. 

Cygni .......... .. 
fl Bo1ltis ............ . 

'Y Andromed~ . , . 

Andromeda"!. 

fJ Persei. 
~2 Can. vt:n 

y Cygni 

Boiltis .... . 

UNITED STA'l'ES COAST AND GEODETIC SURVEY. 

J)ecl-ina,tion.~-Coutiuued. 

IV a. 
SEXTANT Al' THR CAPE WITH ATTACHED TELF'-.COPE. (\\RR':..:~+ gt',33 SJJ-. 8 + 4 11 .45 CO. <i. 

I 

M~an declina- I 
hon, :1750.0. ) 

i ,-----: ,, 
9,2 I - 7.7 

51.6 52 29 37.0 ! -II.6 

51.6 51 Jl 40.7 - 3.9 

51.5 

52.0 

52.0 

52 .o 

52. ! 

SI.6 

5t.6 

5J..5 

5r.8 

51.8 

52.0 

50 34 10.3 j 
48 56 3s.o 1 -12.7 

46 57 34.8 j - 9·9 

45 42' 29.0 . - 9.4 

44 53 I0.5 -TI.8 

:'44 31 55.5 - 7.6 

44 23 44 .o - :o.6 

41 2:i r2.4 - 9.6 

41 6 43.2 -r6.1 

40 59 2.6 -13._s 

T395S11.o'. 5.9 

39 +o 18.0, - 7.4 

30 28 0.3 - 7.7 

- 6.2 

+ 9 .. l 

+ 9.3 

+ q.3 

9.2 

-1- 9· 1 

+ 9.0 

,..;.- ().0 

+ 9.0 

+ 8.8 

+ 8.8 

+ 8.f 

+ 8 7 

,J_ 8. 7 

~ame. 

:\qui!"' 
Orionis ... 

Prncyon 
\-irc;inis 

Celi. 
Ophiucbi .. 

Yirg\nis. 
Yirginis.,. 

Oriouis . 
Ceti. 

Or!onis ... 

Orionis 

Ophiuchi. 

Ophiuchi. 
Ced 

\~irginis. 

51.8 

52.1 

_::1 .r. 

52. r 

52 .1 

51 .fi 

51 .CJ 

~fean declina­
tion, 1750.0. 

+81336.8 

6 5 53.8 

5 5c, 36.8. 

4 45 32.7 

3 5 23.6 

2 49 17.8 

0 c 24 .5 

-+ 0 41 19-5 

- 0 30 32. I 

o 46 o.~ 

1 23 4.2 

2 5 51 .1 

I SI .5 

1 3 ,p -S 

4 7 .34- l 

- 4 11 5::;.1 

5.0 

5.1 

~ o.6 

-ro.o 

-Il ,4 

8. 2 

7 ·3 

9, 7 

- 1.5 

- Q.I 

- ? ~ 

489 

+ 5 6 

+ 5·3 

_j. . .I· 3 

+.s.1 
~ 4.9 

.+- 4,8 

+- 4.fi 

+ 4.6 

+ 4·i 

+ 4,2 

+ 4.2 

+ 4.l 

-; 4 .0 

+ 3.8 

+ 3.8 

+ 3.8 

Persei ....... . 

St. i 

5'-5 

52.0 

51.6 

5t.6 

5r.6 

5t.6 

SI· 7 

s:z. 2 

51.6 

39 2 4 4z ·"'" 

39 15 26.6 

38 33 51:.2 

37 17 42.6 

+ 8 7 

+ 8.7 
! 8.7 

+ 8.6 

-+ 8 .5 

·+- 8.3 

+ 6.7 

+ 6.6 

+ 6.6 

+ 6.5 

+ 6.5 

+ 6.4 

CompRred \Vith the corrected v;tlues from r 4.); = p ± .. ' p. 

9 

0 

6 

y 

fi 

fi 

' Cl 

y 

Lvrre ... . 
Herculis ..... . 
Lyrre .. 
Cygni 

Leonis. 
Geminorum. 

Serpentis ............ : 
Tauri ........... . 
Leonis . .. .. .. .. .. . ' 
Bo()tis ... 

Herculis .. 
Pegnsi. 
Leonis .... 
Virginis. 

Leunis. 

Virginis. 
Ophiuchi 

Virginis .. . 
Ceti ............... , 

52 . .i 

5r.7 

51.6 

52.6 

51.8 

52.2 

51.8 

51 8 

51 .5 

51.6 

5I.5 

51.7 
ct Capricorni 5 r. 8 
y Librae . , 5 .. 6 

y Eridani....... .. .. . 52.0 

53 Eridani 52. r 

" Librre .. 51. s 
Corvi .... 

~ Ophiuchi ........ .. 
fJ Capricomi ....... . 
y Corvi .. .. ....... .. 

Sirius ............ .. 

SI .6 

51.5 

51.8 : 

51.7 
52.0 

Crateris. .. .. .. .. . 51. 7 
i Aquarii... ..... 51.8 
J Caprlcorni......... 5r.8 
r Capricorn! .. .. .. .. 51 . s 
fJ Can. Mj........ .... 52.0 

Cl Leporis · .. .. .. .. .. . 5•. 1 

T Scorpli ...... " . .. .. 51.8 
I- ~11 .............. ; s..a 

~t lh,. 11--6~ 

T36 35 30·5 

33 2 48.6 

16 47 23.5 

i6 35 8.5 

16 r3 8.6 

15 58 53-5 

15 57 59.7 

144844.1 

- 3.0 

- 4·3 

- 6.e 

- r.6 

- 4.8 

f3 1 Tucan~ 

fl Reticuli. 

~ Tucan:e .. 
Payonis. 

llydri. 
Pavonis. 

Payonis. 
Hvdri 

Chan a-le, 'ntis 

13 47 24.2 9.6 + 6.2 µ. Hydri 

13 10 33.5 6.o + 6.2 0 Octantis 

5-i:.6 - 64 20 ;7.q 

52.0 h5J:;54.4 

51.5 6fj 20 .p 

5t. 7 6Fi {(. -t.5· 

52.0 f·) 48 3.1 

144137.41 5.7 +0.4 fl llydri. 

121826.2 -5.4 +6.1 OctantisS.P.. 5:-.l.u 

! IO 3_4__5sj __ -=~~--~~-! _ __r1ydri S.~----·-51.7 

71 '.'.'5 x+.6 

73 31 i9.S 

74 46 45·~ 

76 4'} 38. 7 

75 39 4-3. J 

So 11 3;.8 

82 "9 ~- l 

97 30 43.0 

-95058.1 

J:O 2 t9.5 

12 12 26.8 

l2 56 55-4 ' 

13 18 5.4 

13 56 13.3 ' 

14 14 24.1 ~ 

14 48 46.8 

14 59 16.5 : 

15 7 2b.5 : 

15 23 30.9 

xs 33 S.o , 

16 8 14.3 

16 23 .p:.5 

16 58 30.2 

17 8 39.9 

17 14 58.6 

17 46 43.6 

17 SI 13.3 

t8 I 20.9 

18 47 u .7 

-
19 s ?1·9 

5.8 

3· 7 

3-4 

4-9 

- 9 4 

- 4,4' I 

- 8.o 

- 4·3 
- 5.0 

- 6.7 

5-7 
- 5.8 

- 5.9 
- 2.6 

- 6.5 

- I.8 

- 3.6 
- 6.1 

- 8.1 

- 5.2 

- •·1 

JYb. 

+ i·B 

+7-7 
+ 6.8 

+ 6.6 

+ 6.5 

fl <eti. 

54 Eridani . 

o Lcporis 
f3 Leporis. 
µ Sagittarii .. 

+ 6.2 

+ 6.1 y 

+.5·9 ,, d 

+ 5.8 ll 
+ 5.8 

Sagithuii 

Hydne 
Scorpii .. . 

Corvi .. . 
Sagittarii. 

+ 5.7 y Leporis .... 

+ 5.6' a 

+ 5,4 

+ S·• 

+ 5.0 
+ 5.0 

+ 4.9 

+ +-7 

+ 4.6 
+ 4.6 

+M 
+ •.• 

y 

" 
.. 
ll 

Corvi ... . 

Argus .......... . 
Argus ...... . 

Scorpii ...... . 
Ophiuchi. ....... . 
Scorpii. ......... .. 
Erid6.ni ...... .. 

Scorpii ............ . 
Sagitt&rii. .. . 

Scorpii.. .i 
C..0.MJ..... . .... \ 

:,r. 7 

52.1 

52- l 

52. J 

52.2 

52.2 

52.3 

5~.2 

5r.6 

51.5 

51.5 '. 

52.C> . 

51.6 
51.6 

51.5 ' 
52.2 

-101 19 55.5 

-r9 21 51.S 

20 ro 19.2 

20 55 16.4 

20 58 4_:;.T 

5 58. I 

21 23 48.7 

21 50 44 .. 

21~53 1E.4 

22 0 40.4 

2'.2 s 2. 7 

22 32 59·3 

23 :20 6.1 

23 36 7.9 

2+ 15 +·5 

•4 16 53.8 ' 

24 43 :ll. I 

24 58 3·3 

:J5 32 JI.I 

25 22 18.1 

25 31 5~.!.5 

25 51 8.8 
-26 0 S(i.5 

-;- 4.2 

_.. 2.S 

\- o.a) 

+ 6.7 

l+ 0.1) 

+1.4 

+ 2.0 

6.o 

s .. 
4·3 

5.3 

8.9 
- ._s 

L7 

3.4 

9. I 

- 3.7 

- 5.8 

- 6.S 

- S·• 
- 1.7 

- o.8 J 

+HI 
- 6.3 i 
- 4.1 

- S·9 

- .. s 
- 5·9. 

- 5.6 

- 5.8 

- 5.9 
- 6.o 

- 6.3 

- 6.5 

- 6.7 

- 6,9 

7.1 

7 2 

7 ·4 

7 7 

8.8 

-7- 4.t 

+ 3.7 

-+- 3·3 
+ 3.3 

+ 3·3 
+ 3.2 

+ 3.1 

+ 3.0 

+ 3.0 

+ •·9 
+ 2.7 

+ 2.4 

+ 0.3 

+ 2.0 

+ 2.0 

+ 1.8 

+ 1.7 

+ 1.6 
+ 1.6 

+ 1.5 

+ l.4 

+ i.3 
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~amc. 

Sa.gittarii. 

'/> Sagittarii 
b Can. Mj .. 
., Scorpii 

Sagittarii. 

p Scorpii ... 
Can. Mj .. 

~ Can. :'.vlj .. 
y' Sagittarii ...... . 

Name. 

8 Centauri .......... . 

UNITED STATES COAST AND GEODE'l'IC SURVEY. 

51.6 

5l .6 

Declinntion11-Continucd. 

IVb. 

SF:cTnh' 4.T THF. CAPE. CoRR.:+ 2011 .5 SIN 0 + u' 1.5 cos 0-Continued. 

!\l e:in declina­
tlon, 1750.0. 

7.8 

4.4 

- 9.2 

....L 2.2 

- 4.T 

- J.8 

:Name. 

d Sagittarii. 

' Can. Mj ... 
Fornacis .. 

Sagittarii .. 

y2 Sagittarii. 

& 
~ 

Be 
0 0 
'8 ·.:; 

" a 

Mean declina· 
tion, 175:J.o. 

~ --~~ ------- !-- -

5'-6 j 
I 

52.2 I 

52 0 I 
29 5+ :i:8.3 

29 58 11.8 

'29 59 :i:3.4 

30 12 35.8 

30 :23 53·7 

30 28 35.6 

0.3 - 0.3 

- 3.5 - 0.3 

4.9 - 0.3 

- 5.0 i - 0.4 

- 5.0 i - 0.5 

+ 1.9 i - 0.5 

5r .6 

51 .6 

5r. 5 
52_2 

52.2 

sr.6 

~26 H 5r.8 

27 r3 13.3 

27 35 45. 7 

27 40 14.9 

28 0 34.6 

28 27 '?-5. 7 

28 39 0.1 

23 49 59.4 

- 4.T 

+i5.7 

+I.I 
+ o.8 

+ 0.7 

+ o.6 

+ (l 5 

+ 0.3 

+ 0.2 

+ o.r 

Hyur., ... 

Pisc. austr ... 
v Eridani 

51.6 I 
s<.6 f 

5!.7 I 
si.8 I 

52.0 I 
sl.s I 

30 56 24.J + o.61 - 0.7 

--~~~~ ~~:~~~~1_=_~: -2(,i 33 45.7 - O.I Scorpii. ...... . 

I Yb. 

Sac-rON AT THE C.-w£ (continued!. COMPARED WITH LA CAu LE 1~ ms •~ F'L'r•m.\~tE:t\TA." 

~ 
~ 

.g C Mean declina-
'Q ·_g tion, :i:750.o. 

" 8 
~ 

Name. 

Lupi .. 

J\lean declina­
tion, 1750.0. 

j 
II 

! ----~------ -

- o.8 

Centauri. 51.5 
-35 7 35.6 

35 23 9.6 i 
36 39 45.5 

36 48 23.6 

36 53 29.9 

37 3 57.3 

37 35 20.2 

38 23 55.6 ' 

38 31 28.8 

38 52 I6.3 

39 18 40.8 i 

39 43 10.5 

39 56 36.0 

3g 59 5r.o 

40 18 6.o 

40 25 48.4 

41 2 30.5 

41 3 22.5 ! 
•P 4 46.5 

41 12 59. I 

·P 19 5.4 I 

41 54 I.6 

42 6 15.0 

42 26 4.9 

42 48 24.4 : 

42 48 26.1 ! 
42 52 40. I 

- 2.4 

4·4 

J.9 

'-9 
J.9 

'-9 

2.3 

l. 4 

2. 6 y Phc:enicis .. 
-43 45 56. t 

44 36 22.I 

44 53 28.4 

44 53 43. I 

45 14 r3.5 
46 2 38.7 
46 2 58 ·4 ~ 

46 4 16.2 : 

46 17 40.6 ! 

46 36 35.0 ' 
47 34 52.6 

48 3 4r.7 

..s 6 17.7 i 
48 8 '4·9 ! 
48 9 2~. 7 I 

48 10 52.0 i 
49 I9 39.0 ! 
49 38 3I.3 I 
so 19 35.s I 
so 22 .. p:.t I 
52 2 29.2 ) 

52 IO 53·5 I 
52 34 I .8 j 

52 44 24.4 i 
s3 .. s c.o I 
53 56 59.0 t 

SS 15 16.i: I 

- 4.0 

5.9 
6.2 

6.4 

6.4 

6.5 

6.8 
6.8 

6.8 

6.9 

7.0 

7.4 

7.5 
7.6 

7.6 
7.6 

7.6 
8.o 

8.2 

" Argfis ............... ' 5» 2 

fl 
A 

.. 
f 
y 

i 

" ll 

,. 
6 

' fl 
A 

6 
,, 

.. 

Telescopii 

Scorpil 
Scorpii. 

Scorpii .. 

Eridani. 
Grui~ 

Scorpii. ......... . 
Arglls .. . 

Lupi 
Argfis. 
Scorpii. 
Lupi 

Centauri .. . 
Centauri ... . 

Sagittarii. .... . 
Centa.uri .... . 
Centauri .. 
Eridani. 

Scorpii. .. . 

Lupi ....... . 

Argfis ............ : 
Scorpii. ....... . 

Argils ............ . 
&orpii. ..... . 
Argils ........ . 

Phamicis .... . 

5r.6 

5t.6 

51.6 

5I.6 

52.0 

5r.8 

5i .6 

5r. 3 

51.5 

52.2 

51.5 

sx.s 

5I.5 

51.5 

5t.7 

St.5 

51.5 

5r.9 ' 

51.6 ; 

5r.5 

52.3 

51.6 

5:;1.2 

- o.6 ! 

!·9 I 

t.6 ! 
I 

I.4 

1.0! 

- 2.0 

- x.9 ' 

- 0.4 i 
'-4 
I.0 

T. 2 ~ 

I.I 

I.0 : 

- o.8 

- o.8 

- I.2 

- o.6 '. 
- 1.7 . 

- I.0 ~ 

- 0.4 i 

3.r Lupi ........... . 
3.r fjl SagittariL. 

- 3. 2 fj~ Sngitta rii 

- 3.2 ~ Centauri .. 
3.4 Lupi. .... 

- 3.8 Telescopii ..... . 
- 3.8 Lupi ........... . 

- 4.0 y Arg11s ... . 
4. I y Centauri . 

4. 3 fl Phrenicis 

4.4 ,., Argu, .. 

- 4.4 lndi.. 
- 4.5 Gruis 

- 4.6 . fl Gruis .... . 
- 4. 8 Centauri .... . 

- 4.8 11 Arn2 ....... . 

- 4.8 

- 4.9 

- 4.9 

- 5.2 

- 5.2 

5 ·4 

- 5.5 

- 5.5 
- 5.6 fl 

- 5.6: ' 

- 5.9 i: a. 

Argfts ..... . 
Phrenicis .. . 

Argils .... . 

Centa.uri ... . 
Canopus ... . 
Arre 

Argfts. 

Argus. 
Ar:-e. 
Arre ... 

Doradas ..... 

52.2 

5r.5 ' 
52. t 

51.5 
52.3 

52.2 

51.6 

51.9 

52. T l 55 J3 :a6.9 I 
-ss 34 20.3 

' 

-15.7 

- 0.7 

- 0.2 

- 0.9 

- 0.7 

+ 0.5 

- 0.9' 

- 0 • .1 
o.o i 

- 0.2 

-- J ·3 

+ 0.3 

·- 0.3 

- 0.3 
o.o 

-- 0.2 

+ 0.2 I 

- I,l 

- 0.9 

+ o,6 i 
- 2.8 i 
- '-3 

+ 0.9' 

! ::~ ! 
+•-1 I 
- 5.0 I 

- 8.4 
- 8.4 

- 9.1 

- 9.1 

- 9•3 

- 9•4 

- 9.7 

- 9.8 
-10.J 
--i-0.4 

-10.4 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

v. 
MEAN DECLINATION FOR •750.o(CORRECTED) . 

Cp ............ Sector (Paris) ............ W=2. 

C'p.... . .... with telescope attached .. W =•· 
X, .......... Sextant (Paris) ........... W=2. 

Cc .. . 

Xe .. . 
. . Sector (Cape). 

Sextant. ...... 

. .. W=2. 

\\"=•. 
X'c .......... with telescope attached .. \V=J. 

Star. c. C', x, X't Bradley. · LaCaille. i }tagn. Tinle. 
1700+ 

w. 

PolarisS. P. 

Polaris .. 
y Cephei .... 
~ Urs. Min. 
")'~ Urs. }'lfin ... 

~ Cephei.. 
Draconis . 

a Draconis .. 
a {}rs. Mj ..... 

Cassiopere .. 
'1 Draconis. 

a Cephei ... 

v Draconis 

... ! 

"'I Cassiopea! . . : 
8 Draconis .. 

Cassiope;e .. 
Urs. Mj .. 

fJ Cassiope;e .. 
P Urs. Mj. 

' Urs.11-faj ........... j 

Urs.MaJ.. ·I 
a Cassiopere ... 
y Urs. Mj. 
e Urs.Maj .. 

r Persei .. 

II Drnconis. 

r Draconis 

UnMj. .. 

Urs.J:I/ .. 

a Persei .. 
tt. Vrs. Jij. 

Persei .. 

a Aurig"'. 
{J Aurigre. 

Cygni .. 

a. Cygni .. 
8 Boiitis ... 
y Andromeda> .. 

o Andrnmed;e .. 
fi Persei. 

12 Can. \ren. 
y Cy!{ni .. 

r Boiltis. 

" Herculis 

' Persei ... 
a Lyrre. 

Herculis 

Aurig"' ... 
Lyrre .. 

fl Andromeda! .. 

75 IO 

57. J 

62.8 I 63,Q 

q.r 

.. .. 36.8 

72 43 ' ..... ": 25.fi 

6Q 28 0.3 

67 1 3 '"·9 
65 34 4o.3 

63 5 41.4 

62 25 z6.5 

62 5 6.4 

6i 32 2.3 ' 

59 50 6o~3 

59 21 23.7 

59 14 23.6 

58 55 33.0 

58 25 25.t 

57 46 I2.6 

57 4 2 57.6 

57 19 20.8 

27.7 : . 

. ..... !. 

: 43.0 50.0 

.. ; 7.4 r9.6 

48 56 50.0' 52.5 

48 7 25.3 

46 57 42.0 

45 42 42 ·4 

44 SJ '7·7 
44 32 t.3 

44 23 54·5 i .. ····' 

41 23 I6.6 

41 6 

.,, 59 14.0 

39 58 17.9 

39 40 25.7 !. 
39 28 i3.8 :· 

39 24 49·4 : 

39 2f 4-7·! 

39 •s 4"4 

38 33 59.2 56.3 

37 17 55· 1 : . 

37 Q 50.6 

36 35 49·4 

34 17 17.c : 

60.0 

24. I 

45· I 43.6 

4t.4 38.1 

:19.5 

4.5 

53.0 

2I.2 

52.0 

ll. 4 ' 

19.8 

26.7 

3.1· 3 

. ·i 59.Q 

5l.2 

8 RoVtis. 34 15 40.6 , ..... . 

fl Tria. bor. 33 47 28.4 ] ..... . 

fJLyrre .............. \ 33524.2 

Cnni ............. 1, 33 2 so.9 
y Tria. bor ........... J 3• 40 36.x 

" Gemlnorum ...... ..! 32 a4 30. 7 

... / ..... 

..... \ 56.9 

.......... 1 .. 

............ 1 ...... 

•••• i 

"'f Lyne_ ............. j 32 oz 52.9 

' Hereulis.. .. ..... ! +la 4 i7.4 

I 

.. :::::::::r::.: 
i 

IO 41 

352 r9 

2'22 56 

230 20 

321 19 

288 6 

24 IO 

2.15 10 

;;18 9 

!239 IQ 

1 7 '25 
180 44 

359 0 

161: 38 

r90 44 ' 
y98 27 

6 37 

175 8 

139 0 

41 43 ; 

26r n 

267 22 

20-{ 25 ; 

130 29 i 
46 39 

131 36 

51 19 

74 34 
85 18 ! 

294 •7 : 
308 I.f. : 

223 s I 
27 1-0 

340 37 

43 0 ; 

191 4 

303 19 i 

:215 30 II 

248 35 I 
55 17 

•n 7 I 
266 55 j 
85 40 I 

::81 27 ; 

13 s1 j 
2;26 •n \ 

28 41 l 
~so 13; 

I 
309 I \ 

30 38 l 
!O<) 39 l 
st82 g4 \ 

•47 581 

62.6 
18.8 

40.1 

21.:_; 

32.4 

27.6 

12.7 

56, s 
2I ·5 

t6 . .f. 

44· r 

4·3 

54.1 

16.9 

48.6 

... 6 

ro.3 , 

67.3 : 

50.7 

27 .8 

44·7 
38.4 

22.0' 

59·3 
16.t 

16.9 

25.4 ' 
8.o 

47·4 

42.9 

4L7 

59.o 

50.8 ' 

56.0 

45· 1 

13.8 ' 

38.8 

27.0 ; 

20.7 i 
51.g ; 

33·• I 
31.I I 

:~:: j 

25.6 ~ 

0.3 i 
22,,9 ! 
40.3 

4r.4 

26. 3 

6.4 I 

2. ~ 

60.3 

25.0 

•3.6 

33.4 

25.1 

12.6 

57 .6 

20,6 

18.o 

42.6 

6.8 

54.4 

18.6 

48.3 ! 
43.6 I 
Io.8 i 
61.9 I 

49.9 

24·7 
43.6 

41.2 

18.3 

2.4 

S4.t> 

18 I 

52.0 

18.5 

26.0 

!'2.2 

49.6 

47· I 

39·4 

58.7 

53.8 

50.6 

48.9 
17.0 

40.6 

28.4 

::z4.'2 I 

5•.9 : 
36.1 i 
32.7 i 
50.9 I 

1H i 

111, ll. 

3.4 

3 

3 

3.4 

54.9 

50.6 

53.5 

53.5 

50.5 

49.8 

49.4 

.p.; 

50.4 

49.5 

50.0 

3.4 49-5 

3 50.4 

3.4 49.6 

50.4 

49.4 

:z.3 ' 50.6 

49. 3 

49·4 

49·4 

50.3 

49.4 

49·4 

50.7 

49.5 

52.0 

52,0 

52.9 

5o. 7 

3.4 ' 52.8 
52.9 

52.9 

50.3 

50.6 

50.1 

51.8 

51.0 

50.9 

50.4 

50.4 ; 

50. J 

49·5 
50.q . 

50.6 

50.4 

50.2 

50.3 

50.2 

49.4 

50.1 

49.6 

5o. 5 

50.1 

50.0 

49.7 

49·9 

2 ' 

3 i 

3 ; 

; 
2! 
2 i ., 

491 



 

492 UNITED STATES COAST A.ND GEODETIC SURVEY. 

llfean declination for 1750.0 (corrected)-Continued. 

Star. 

t Herculis. 

~ Persei . 
d Andromeda: ... 

Cygni. 

71 Pegasi. 

f3 Geminorum. 
fJ Tauri .. 

a Tria. bor .. 

39 Arietis ... 

Star. 

" Bo()tis .. 

µ. Herculis 
a A ndromedre . 

µ. Cygni. 
a Coron. bor 

fJ Cygni ... 
'µ Leonis. 

/3 Pcgasi. 
41 Arietis .. 

£ Geminorum. 

J llerculis .. 

E Leonis .... 
Leon is. 

Star. 

'l Ta.uri 
: µ Geminorum. 

.,, Gcminorum 

Geminorum. 

y Cancri. 
a Arictis. 

B l!erculis .. 

Leonis .. 
r Lconis .. 
~ Tami . 

; Geminorum. 
a BoOt1s .. 

y Herculis. 
· ~ Boiltis ... 

fl Arietis. 

J Cancri. 

e Pegasi. 
• Tauri .. 

i y Arietis .. 
: ., Leonis. 

) a Sagittarii.. 
1 &J Tauri 

62 Taun .. 

Leonis ............. 1 

y Gcminorum ...... . 
r Serpentis ..... . 
fJ Serpentis .. . 

, o. Tauri .. 

, f3 Leonis .. 
r Delphini. 

·" Delphini .. 
Ir Tauri .......•...... 

X'c: Bradley. 
1 ·Time. w. LaCaille.i Magn. : 17<><>+ 

. i---· ---.--

1 "'· 
...;_31 18 42.7 

p 7 ~.I 

29 2) IC).) z9.5 

2() 12 50.6 

zB 55 q.6 

28 36 tl,/.2 

28 2-2 4.8 

28 20 5S.S 

-+28 II 30 3 

252 41 

54 37 . 
6 30 

3r5 34 

337 5° 

lI2 30 

77 37 

24 43 

38 16 

21 .7 

515 

' 42.7 i 
2.1 i 

i:9.4 i! 

50.6 

'4·6 ' 
r9.2 

4.8 

58.8 

3o.3 

3·4 ' 

3 
2.3 

3.4 

a. 

49.8 

50.3 

50.6 ; 

50.3 

50.4 

49.8 

49.8 

50.6 

50.7 . 

2, 

3 ! 

C'p Xp X, Bradley. LaCaille. Magn. J'}!-'j: W, 

-t-2.S 8 z8.6 

27 52 64. 7 

Zj 42 32.0 

2j 37 25.5 

27 :H i8.z 

27 27 8.9 

27 JO 8.fJ 

2( 4~ 52.5 

'2fi 12 t3·9 

25 2u 5fi.7 

I\ 

218 31 

z6-t IO 

358 53 

323 15 

23r 2 

290 IO 

144 37 

342 55 

38 50 

97 8 

30.0 : 

58.7 

32.3 
26.6 

r5,2 

4.2 

14.6 

55.4 

28.6 : 

62. 7 . 
32.0 

25.5 : 
18.2 ' 

8.9 . 

n:.9 

52.5 

43·9 

58. 7 
' 

J-4 

3.4 

2.3 

49.5 

SI. I 

50.2 

50.6 

49.5 

49·7 . 

51.0 : 

50.6 ! 

50.1 

49.2 

25 'J 5.82 *1.3 256 '27 A05.·62 ; 363.·09 i,: 5493···7 Iii 

245434 ...... !37.3 14254 ' 

2 ' I 
4 ; 

2 ' 

4 : 

+-24 i9 4,1 ·i 4.l ISO 4-I 4.I 4.I i 53.0 ! 
- ---- ---------------~- Ii~-=~-~, -- -I 
C'p X', B di 'L c 'II M 'Time.: "' ' x{l ra ey. a a1 e. agn. oo+ ' n. ' x,. 

---:--- ------·--- -·:----!--'-1_7 -J--1 
" I " I "'· a. [ , 

+.23 rS 36,6 

22 36 50.6 

38.6 53 10 ' 37. I ! 37. 6 l 53. 2 ' 4 I 

53.6 I 52 .0 i 3.4 54·• ! ' .. 53.4 

22 33 7.4 

22 24 58.2 

2"'2 20 s~.2 

22 16 1.4 

,, 3 6.6 

21 53 13.4 . 

2Y 5 43.2 

9-4 
fu.8 

53,4 

44.5 
20 57 43.4 48.1 

20 54 38.8 .;0.5 

20 29 27.8 35·5 38.0 

19 45 27.7 26.1 

19 39 42.0 40.9 

'9 34 26.8 28.7 29.8 

19 3 14.4 t9.5 

18 44 . 50.1 

l8 36 7.2 l 9.::i ; 9·9 

18 3 32.8 
1 

•• •• • ·! J0.0 

17 58 2I.I -··i 13.7 

17 27 i 24.8 '· 
16 55 6i.6 i. : 6o.4 

91 57 

89 57 

1o6 17 

127 12 

28 17 : 

244 52 

165 TI 

151 :~2 

Bo 41 

102 19 : 

211 14 

241 43 I 

205 42 

25 13 

127 37 

317 37 

63 31 

24 58 

148 25 

292 14 : 

6-.i 8 

8.o j 8.4 i 3·4 54·3 
61.9 6o.5' 54-4 

46.9 : 52.8 54.6 

7. 2 

x9.5 

41.8 

49.2 

4'-7 ' 

31.4 ! 
28.4 

37. 7 : 

27.2 

13.4 '. 

52.2 

5.6 ' 

23.6: 
12.2 i 

24. 2 . 

57.7 

2.3 i 
7.6 

r.7.7 ! 

43.8 . 

45.8 ' 

39.6 ' 

33.4 

27.2 

·4Y·S 
28.4 

0.3 

3·4 

53·7 

53. 7 

54.5 i 
54.5 i 

54.5 

54.5 

53.7 

54·5 
54.4 

53.2 

17.0 54.6 

50.1 50.6 

8.7 53.; 

31.4 54.4 

17.4 54.7 ,i 

24.8 ! 50.7 

61.0 3·4 54.• 

t6 So 31.6 i.. .. 62 26 27.9 ! 3x.6 56.1 

16 47 30 .. 2 Ii.... 28.6 30.2 165 t6 26.5 ' 29.6 53.7 
16 35 1+.1 .. •. 11.8 15.r 95 ... 9 12.8 I i3.4 2.3 54.0 

16 29 34.• 39.9 i 39·7 I 236 14 35.7 i 37·5 53.7 

16 r3 17.7 1· ..••• · ll.r I...... 233 +o 5"5 .. s, , . 5,94 .. sss 534 .. 0• 

1s 5s 611 ! 62.3 55.4 I oo.o 65 •• 

xs 58 5.7 [.... 3.0 ' 6.2 '74 4 4.5 ' 4·7 53.8 i 

5 : 

•' 

5 
6 

15 14 i 18.o .... .I...... 3o8 46 l lR.5 ' 10.Q 3·4 50.7 i 

+:_: _:_~~1 ·::: L~~L~L~ 2 : i _ ~:; 1. __ \_
7

:_:_,_ __ 3_· ........ _53_so_:_;~j __ s .. 
• Only one observation. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Mean declination for 1750.0 (corrected)-Continued. 

Star. 

'~ Boiitis ... 

Aquilre 
' ~ Herculis. 

Delphini .. 

• Pegasi .. 
Delphin1 .. 

r Pegasi.. 

fl Delphini. 
, ~ Aquila'. 

i a Leonis ... 
J a Cancri .. 

a Ophiuchi . 
t! Virginis .. 

Scrpentis. 
o Leonis ... 

1 " Delphini... 
, p Leonis .. 
r Aquihe ... 

i /3 Cancri. 
,; Pegasi ... 

fl Can. Min. 
r Pegasi 

a Aquilre. 
a Orioni.s. 

a Serpentis ..... . 
r Orionis. 

Procyon. 
fl Aquilre 
'" Serpentis 
d Virginis. 

i P Ophiuchi ........ . 

a Equulei. ........ . 
6 Serpentis ..... . 

8 Virginis ... . 
• Ceti .... . 
y Ophiuchi. 

Aquilre .. 
r Ceti .. 

Pi sci um 
Yirginis ... 
Virginis. 

'1 Antinoi .. 

r Virginis. 
8 Orionis ... 

Cetl. 
Orionis .. 

Star. 

x, 

+14 48 54·3 

i 14 44 52.8 

14 41 42.9 

14 II 

t3 St 57.2 

13 49 

t3 47 33·3 

13 44 

1330 .. p.9 

13 IO 48.8 

12 48 32.4 

12 45 42.4 

I2 18 31.I 

II 23 28. I 

II 0 61 .3 

Io 28 

Io 35 10.6 

Io I 19.8 

9 56 

9 3' 69.4 

8 46 r9.2 

8 14 29.7 

8 !1 4!.5 

7 20 !2.0 

7 '3 53.2 

6 s 54-3· 

x, 

52.3 

4o.3 39·3 43.8 

32.1 

so.6 *s6.o 

46.9 

3r .6 : 30.6 30.4 

2 7 ·4 . 

38.4 .. 

41.2 39·7 

: 30.9 ' 

43 ·4 ' 43 3 ... 

30. I 

2'_).5 28, I 

53.8 

4.0 

20.6 : 16.6 

3·4 
58. I 

39.fi 40.4 

8.o 

45.0' 4-7·9 
52.5 

4.7 

59. 1 

5 50 35·7' 39.2: 42.1 

548 2.7 10.l: 5·41 .. ··· 

5 Y4 6r.6 5i-.7 ' 53·4 , 

4 45 42.6 45·4 I 37.8 

4 '\1 4o.5' 33·3 '38.9 '· 

~13 43·41 

3 54 '·3 
' 3 IO 20.4 

3 5 3r.4 : 38.8 

2 49 24.7 25.7 

23818.4 T9.5 9·4 

2 9 59·3' 67.5 62.0. 

l 32 44.6 

o 43 29.8 31.r '29.1 

o 4I 2+. ! 1 

-\-o234.3!. 

-o 4 24.3 

-o 30 22.7 

-o 45 51.3 : 

-1 22 59·4 ] .. 

x,. 

I 
-1 31 23.9 ~ 28.6 

24· 5 24, I 

3.0 ' 

r 24.6 

22.0 I 27.S 

49.8 56. 7 

Aquarii .. 

Antinoi 
Antinoi. 
Orionls. 

Aquarii 

.. ·l J 32 34.8 . 39.0 

1 49 9.3 r3.9 

Serpentis .. 
Orionis .. 
Serpentis 
Ophiucbi .. 
Serpentis .. 
Ophiuchi ... . 

"i 
... I 

,i 
Cetl ............... l 

2 s 48 ·9 

2 38 15.5 

2 ,s 
2 39 4.8 

2 56 

3 I 51.2 

3 3S 

4 3 47. 7 
• 7 40.8 

5~.o 

16.0 

47.o ..... . 

42.9 ' 

0,3 

32.2 

48.9 47·5 

57·7 

38.4 37·7 

... ,.: 

I j 

217 18 

282 4 

255 49 

307 57 

343 5 

305 54 
0 6 

3o6 27 

283 29 

148 45 

131 t'.2 

z6o 50 

192 26 

230 43 

141 57 

r54 54 

293 35 
120 44 

337 15 

to8 24 

322 5S 

2.14 39 
85 25 

233 0 

77 56 
IlT 33 

295 45 

z34 )5 

190 45 
~62 47 

3r5 50 

2So 57 

174 25 

42 19 

263 5r 

288 T3 

37 30 

z7 17 

181 47 

200 30 

294 56 

187 15 

79 49 

36 41 

328 14 

299 36 

290 57 
82 

332 II 

•34 9 

77 59 
272 6 

240 19 

066 49 

2.fl 17 

Bradley. LaCaille. l\iagn. Time. 
17oo+ 

5t.r 

56.7 

43· I 

36.6 

5?·8 

41.4 i 

3>E ! 
I 

30. 3 

39· 1 I 

39·5 

23.2 i 
8 7 : 

6o.6 ! 

Io._:: 

48.9 ' 

58.9 

36.2 I 

3·3 
56.2 

42.7 

37·7 

53.55.7 

20.7 

26.8 . 

6.6 

26.0 

JI ,5 

50.6 

r5.3 

H·3 

52.6 

.p.4 

32.1 

55.3 

46.9 

3r.6 

27 ·4 

40. 7 

43·9 

3r .6 

43.o 

~o.6 

27.6 

57.6 

15.2 : 

6.8 : 

rS 7 

3·4 
65.6 

17 ·7 

10.0 

49·4 

54.5 
38.5 

5·3 ' 

56.J 

42.8 

38.4 . 

43·4 
fir.~ 

20.3 

32.2 ' 

25.1 

15.0 ; 

62.0 

4+·6 

11z. a. 

3.4 

3·4 

3 4 

3 

54.0 

53,5 

52.2 

54· I 

54.6 

53.2 

53.8 

54.3 

53.6 

53.7 
5..J..O 

53.4 

53.7 

53.q 

53.B 

50.6 

50.7 

54. 5 

Si·3 

53·4 

53.5 

53·4 

56.4 

54• I 

5-~. 7 

54.3 

54.3 

53.7 

53·9 

53.7 

Time. 
1700+ 

a. 

zb.3 54·3 

36.9 3.4 ' 54.3 

tI.6 3.4 54.3 
50,2 I 

15.8 ' 

42.9 

62.5 

3• 2 

49.5 

57.7 
.f.'2,0 

3·4 

3 

53.7 

54·3 
52.6 

35.0 'Var. 53.7 

w. 

w. 

+ ' 

., 
5 i 
sl 

Virginis .. .. 
Antino! ........ . ·I 

I -5 •• 

3"5 30.3 ...... , 

48.3 •9·3 ....... : 

31 4t 

194 15 
083 15 . 

38 56.4 

3t.8 

49.S 

59.<; 

42.0 

34.o 

50.6 

6.5 8.o :·· . '. ./ ... . ) 

i I ,1, ---------~ 

53.9 sl 
"~-~~---~~~J-~ ~ __ _:_j 

•Only one obaervation. 
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494 UNITED STATES COAST AllD GEODETIC SURVEY. 

Mean deelination j01· 1750.0 (corrccted)-Continued. 

Star. X', C ll dl La Caille. M Time. W. ra cy. agn. 
17

oo+ 

,B Eridani. 
t Orionis 
/l Aquaril. 
q. _-\quaril 

o Eridani. 
a Hydrre . 

fl Libra>. 

Rigel .. 
A Aquarii .. 
26 Monocerotis 
tJ Ceti ... 

x \·irginis 

Eridani. 

K Orionis. 
a V'irginis. 

Star. 

Ophiuchi 
t' Eri<lani. 

Eridani 
71 Ceti. 

A. Virginis ... 
f! Ceti .... 

o. Capricorni . 
r Libra> .... 

y Eridani .. 

53 Eridani 

a Librre .. 

Corvi. 
y Can. :Mj. 

~ Ophiuchi 

f3 Capricomi 
'Y Corvi. 

Sirius .... 
a Crateris 

Aquarli 

Capricarni . 
-y Caµricorni . 

ll Can. :\tj 
a. Leporis. 

t Scorpii. 
µ Scorpii, 

/J Ceti ...... 
54 Eridani. 

o Leporis 
{!. Leporis 
µ. Sagittarii . 

" Corvi ... 
1f Sagittarii 

y Hyctrrn 
8 Scorpii. ... 
ll Corvi 
o Sagittarii. 

i y Leporis .. 
a. Corvi ........ . 

-525563 5r.7 

6 5 46.3 

6 39 25 .5 24.0 

7 23 33·3 33.8 

7 30 28.2 

7 35 21.1 15.5 

8 20 3r.7 32.4 

8 30 40.7 39·5 

t: 54 4·3 r2.9 ,. 

8 SQ ! I .. 1 

9 28 50.1 5r.8 

9 5 4:;.o : 

9 45 51 .8 53.9 

9 46 42.9 

-9 50 49.8 52 .6 

-:ro 2 n.8 

x, 

IO I9 13.7 

10 37 f 33.6 

II 30 i 50.4 

'4 56 48.8 

13 17 58.9 ' 

13 56 7. I 

14 14 r8.o . 

'4 48 40.9 

14 59 10.7 6.7 

15 7 14-7 

I5. t6 : 56.r 

59.5 

15 23 25.2 

15 32 62.4 

16 8 8.9 

16 23 3(,,3 
',·-· 

16 58 25.2 

I7 8 34 · 9 .-

17 :q 53· 7 

r7 46 38.9 

17 51 8. 7 

1$ I 16.3 

18 47 17.4 

r9 5 54 .8 53 5 
r9 2T 47·7 

20 IO 15.5 

20 55 13.t 

20 58 41.8 41.4 

2r 5 54.8 

21 r3 44.6 

21 23 45.5 50.2 

21 50 41.3 

21 53 r5.4 

'22 0 3-7-4 '. 

n 4 59.8 

22 32 56.6 

23 20 3.7 

,P Argfis ............. : 23 36 5.6 

!t 
i 
P' 
19 

Argfis ......... .. 24 IS 2.5 

Scorpii .......... . 24 16 51.S 

Ophiuchi ......... : -24 43 r9 3 .... 1 

73 54 

80 48 

319 36 

345 20 

59 55 

138 50 

225 54 

75 38 

]39 53 
112 20 

17 53 

53· I 

43.8 
,,.8 

19.2 

32.6 

40.8 

9.6 

1 4 .7 

53 .8 

209 s+ 39.5 

45 56 U1 30-4 

83 59 45.7 

IQ8 I 52.3 

Bradley. , La Caille.' Magn. 

243 51 15.8 

5018 (?)n.o 

52 49 > 33·3 

I 
1--

14 0 50.6 : 

2U 24 23.4 

36 52 ' 50.5 

300 56 56.0 

230 24 9.1 

56 36 16. l 

66 4' 42.5 

2rQ 16 IT .5 

184 15 r3.8 

103 7 60.1 

254 1 25.2 

;or 44 33 2.2 

180 45 8.4 

98 32 ;8.9 

i6x 54 2}·7 

340 20 38.1 

323 tS 55.0 

321 33 37 .5 

92 55 5 •2 
I 

Bo 26 r5.7 

2 39 :r5 17.o 

237 44 53.9 

7 45 45.8 

67 23 tI.0 

85 9 J2. I 

7Q 23 39.8 

26.:; 42 49.2 

179 20 41 .4 

283 43 43·9 

196 21 42.7 

236 24 t5 .0 

J85 20 38.7 

282 25 53.6 

83 " : 55.6 
178 54 0.3 

119 13 : 

114 42 ! 14 59·3 

2'22 23 52.1 

256 40 ~ 20,3 

12.8 z.3 

q.7 

J3.6 

48.8 
58.9 . 

7.r 
18.0 

4o.9 3·4 

8.7 2.3 

14.7 3.4 
56. I 

25.2 2.3 

8.9 

35.9 

25. 2 4 

34·9 3 

53·7 
38.9 

8.7. 2..J 

r6.3 3 

17.4 

54.1 

47·7 . " 
15.5 

IJ. I 

4r.6 

54.8 

44.6 

47.9 

4r.3 
1:5-4 

37•4 

59.8 

56.6 

3.7 

5.6 : 
62.5 

5i.8 . 

19.3 i 

3·4 

3·4 : 

3 

3 

"''· a. 

3·4 

4.5 

2 3 

I.2 

Time. 
1700+ 

51 .6 

52 .o 

52.0 

52. I 

52.0 

5r.6 ! 

,52·3 

51.5 

51 8 

51 ·7 

52.0 

51.7 
51.8 

51.8 

51.8 

52.0 

52. r 

51.8 

52.2 

5r.7 

52.I 

52. t 

52.1 f 

51.5 

52.5 

51.7 

51.7 
5r.5 

5i.7 
51.7 

52.2 

52.2: 

52.3 

52.2 

51.6 

51.5 

54.2 

52.1 

53.9: 

54»2 

52.0 

54.6 

54.6 i, 

54.2 

54.3 

52.2 

54.5 

52.4 

54.5 

53.5 

w. 

2 • 

2 I 

4 i 
• ! 

4 

6 



 

UNITED STATES COA81' AND GEODETIC SUHVEY. 

.Mean declination for 1750.0 (corrected)-Cuntinued. 

Star. 

tT Scorpii ... 

Eridani. 
tr Scorpii. 

Sagittarii. 

a Scorpii. 

Can. )Ii 

tr Sogittarii . 

!/> Sagittarii . 
~ Can. \"fj 

T Seo: pii ... 

Hydr. med 
1 Sagittarii . 
p ScorpiL 
~ Can. Mj 

Can .. Mi 
} 1 Sagittarii 

o Sagittari i 

Can. ~lj .... 

a Foruaci::; .. 

~agitt arii 

y2 Sag:ittarii .... 

Hydnr' 

a Pisc, aust ... 

v Eridani. 

'" Ce11tauri. 

~ fl Cr:ntauri 

, 0 Columba: . 

: • Scorpii. ........... . 
ct lc•luni1'cr. 

: E Erida11i .... 

€ Sagittarii ... . 

i e Ccntauri .. .. 
c. rentaur/ 

j fJ lo!umbrr. 

; 71'" ArgU-s ... 

: fJ Telscoµii 
[ A Scorpii ... 
J v Scorpii. 

µ. Scorpii. 

f Eridani .. 

r Gruis. 
" Scorpii.. 
~ Argfis .. .. 
,\ Lupi ...... . 

" Argfis .. 

·····, 

" Scorpii ....... , 
y Lupi. ...... . 
v Ccntauri ... . 

C'entauri. . 
0. Sagittarii . 

" Centauri. 
p. Centauri. 

e Eridani 

' Scorpii. 
~ Lupi .. 
). Argfis 

Scorpii .. . 

" Arg11s .. .. 

:::. ::/ 
.. 1 

I 

Co. Bradley. La Caille. :\lagn. 

-24 58 1.6 

25 2:l 9.5 

2522165 

25 3 I 57 .0 

25 51 7·4 

26 0 55.'.::' 

26 34 so.7 
27 TJ 12.5 

27 35 45.0 

27 40 14·3 

?i 53 4-5·4 

28 0 _.,.;4. I 

28 27 35·4 

,3 38 59·? 

28 49 59.3 

29 33 45.8 

29 .14 18.6 

29 58 12.J 

29 59 q.7 

241 31 

55 46 

235 Si 

273 8 

2 43 32 

104 33 

27Q 56 

277 ~J 

IOZ 5'0 

245 6 

169 59 

282 50 

235 23 

102 I2 

108 :;.; 

267 r( 

2]1 T5 

92 •P 

45 22 

30 12 36.:<: 281 40 

30 23 54.2 26; 26 

30 28 36. r !J'~' It 

30 56 24. 8 340 57 

31: s 26.5 6(; :n 

3r 44 34.9 : 204 22 
33 II 

33 19 37·5 

33 48 40.4 42 . .3 

34 13 24.2 

34 25 26.3 

34 28 19.8 

35 7 38.0 

35 23 I2.2 8.4 

35 52 •12·9 

36 39 4E. 6 

36 48 26.7 

365333.1 

37 4 0.5 

37 35 23.6 

38 23 59.4 

38 3z 32.6 

38 52 20.3 

39 18 44·9 

39 43 >4.8 ' 

39 56 40.4 

39 59 55.4 
40 18 10.5 

40 25 53.0 

41 2 35.3 

41 3 27.3 
I 

41 4 51. 3 ' ... 
: 

•P r3 4.o i·· ··· 
41 19 10.3 i ..... 
4' 54 6.8 
<f.2 6 20.2 •••••. ' 

... 2 26 I0.3 ,
1 
..•• , . 

42 48 29.9 "" ... 

-4• 48 31.6 : ...... 

203 46 

93 15 

248 30 

82 39 

62 7 

271 54 

208 I 

196 39 

85 33 

ro7 S 

270 II 

259 IO 

258 27 

2 48 45 

54 51 

324 41 

261 18 

u8 42 

226 16 

1r5 54 

262 32 

229 39 

203 39 

214 56 

286 38 

220 45 
203 40 

42 12 

2"49 16 ... '. 

220 34 

134 •42 

259 5I 

llO 20 

7.7 

14.c 

52.t. 

6.o 

.~o. 5 

.~7. 5 

5C.0 

75.1 

30.8 

1 ••••• 

T.6 

J6.::. 

5';' .(> 

q.8 

5o.7 

J2 . .) 

45.0 

q._:; 

45.4 

34.1 

35·"1 

59.9 

:;.4 

J. 4 

3.4 

3-1 

3·4 

3.4 

4,5 

3·4 

2.3 

5' .5 

51 .6 

51 ·S 

52 .2 

52 .'.! 

:;r.6 

$1.6 

52.2 

52 0 

52.0 

52 .l 

52.2 

51.6 

51,6 I 

51.6 

5t.6 ' 

52.0 i 

5i.8 : 

2.3 : ST h 

5' ·3 
3·4 ~ Sl.S 

52.2 

$L5 

5i. 5 

3.4 

3.4 

51 

51 ·5 i 

51 .7 i 
s•s \ 
51.5 ! 
51.9 i 
sr .6 j 

51.s I 
I 

52.3 1 

51 .61 
S•·• I 
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496 

Star. 
If Scorpii ... 

Argi1s. 

a Phcenicis. 

Lupi. 
r Pha:nicis .. 

Lupi 

~1 Sagittaril 

/l2 Sagittarii 
0 Cccli .. 

~ Centauri 
Lupi ... 

a Telescopii 

r 

a 

• 

• 

Lupi 

Argfls. 

(:entauri 
Phccnicis ..... 
Argfl!-.. 
Indi. 

Gruis 
Gruis 
Centauri 
Arre. 

PhCP.nicis 

Argiis. .. 

Phocnicis 
Centauri 

Argos. 
( 'entauri. 
Canopus .. 

Arre ... 

Eridani. 
~\ rgil.s . 

Argus. 

Star. 

Tucana: ..... 
Pa\'onis. 

Pi~c. t'ol 
Reticuli 

Tucana: ... 
Pa\·onis 

Muse~ 

Pa\·onis .... 

Pa\i·onis .. 
Pisc. vol. 
Tria.a ..... 
Musc:E 

Tria.a. .... . 
Argus ............ . 

Doradus ...... . 
Argfis ............ . 
Hydri. ...... . 

tJNITED STATBS COAST AND GEODETIC SURVEY. 

1lfemi decUnntion for 1750.0 ( corrected)-Continued 

-42 52 4:;.7 

47 59 ~I.3 

·!3 39 5.3. i 

·U 46 2.0 

44 36 28.3 

44 53 34. 8 

44 53 49·5 

45 14 20.0 

45 30 

46 2 45-5 

46 3 5.2 

46 4 23.0 

46 1 7 47. 5 

46 36 42.0 

47 35 0.0 

48 3 49.2 

42 6 25.3 

48 8 z2.5 

48 9 30.3 

48 '.IO 59.6 

49 19 47.0 

49 38 39·5 

Xe 

so JI 22.6 

50 19 44.2 

so 22 49·5 
50 58 35.7 

52 2 38.3 

52 T1 2.6 

52 34- 11.1 Il.J 

52 ... 33.8 

S:t 51 46.5 

53 23 15.0 

-5,J 48 9. 7 

x .. 

64 33 28.7 

65 24 10.9 

65 36 

66 20 45.9 

66 23 x8.2: 

66 4; 6.5 

66 46 

67 4 8.o 

67 29 58.4 

67.;.133o 

67 45 16.5 

68 3r 25.3 

68 41 26.3 

68 47 15.5 

68 48 6.4 

-69 48 5·9 

23.5 

47.6 

8.o 

Time. 
Mg., 17oo+ Star. i M ! Time. 

g. 17oo+ 
I 

253 35 3·4 

97 32 

3 28 2.;:-: 

226 27 J . .;. 

19 22 3·4 

210 51 4 

,86 "' 3·4 
286 16 

65 48 4·5 

205 ! 

222 4 

272 6 

120 28 

186 58 

1 3 43 

159 l 

304 58 

328 5 

336 54 

178 53 

258 8 

4 49 
IOO 56 

20 12 

T.79 ·41 

128 17 

20I 4 

94 36 

249 56 

26 33 

147 2 

129 27 

5 0 

26o 19 

134 37 

55 18 

I 43 4 

3·4 

316 21 j·4 

187 49 3.4 

295 59 3·4 

305 31 3 

109 13 

2'..!4 0 3-'4-

i&s 39 3.4 

245 37 2.3 . 

'37 35 

92 36 5.6 
1 51 57 ' 3-{ 

34 21 4.5 

----- ------ ---- -------:-·--·--.-----
5r.6 Argus ..... 

52.2 /3 Ar:r .. 
-53 57 9.0 

SS 15 26.4 

51.8 ~ Ane ..... . 

s r. 6 a Doradfis .. 
.55 33 37·3 37.4 

55 34 30. 7 '... . 
51 ·7 y Crucis ... . 5542 ;45·8~ 
51.5 >' Arre ..... . 56 6 i 22, I 

5r.7 ~ Phcenicis . 56 35 19.2 

51. 7 Crucis .. 57 2I 31. I 

52.0 Phrenicis . 57 52 58.3 

51 .5 Argfls ... 58 '4 9.4 I 

51 .5 f3 Crucis .. 58 19 

58 22 51 .7 'T Argus .. 
Eridani 58 30 

Argf1~ . . . . . . . . 58 42 

Cruds . . 59 1 

f3 Centauri . 59 9 

~ Indi. . . . . . 59 22 

y Tucana-. 59 36 

a.1 Centauri.. 59 47 

a1 Centauri. 59 1-7 

r Argus . . 60 24 

51 .6 <l Ara: . . . . . . . . 6o 26 

u Tucan::e . . . . . 61 29 
A. Centauri ... , . 6t 38 

a Equule1 p1ctorii.... tn 40 
Cruds . 6r <f.2 

fl Tria. a . . . 62 37 
f! Doradfls . fo 39 

a Hydri.... 62 47 

Argiis . . . 63 s 
a Reticuli. . .. . . . . . . . 63 6 

a Circini. . . . . , 63 5r 
Argus ............ : -63 ss 

9-' 

40.2 

53.5 

52.8 

14.0 

2.8 

20.3 

J: ~4 ' 
26.7 

zo.5 , 

! 23.0 

5• l 

' 35.7 
2:1;.6 

: 41.r 

: 48.1 

I 35.2 ' 

30.2 : 

. 36.B 

; 25.:z 

i 14 B 

i,, 48.6 
7.3 

' I 

138 36 •·3 

256 9 3.4 

:.49 31 

67 9 

184 22 ' 

256 6 ' 

14 30 

180 31 3 

7 30 ? 

137 36 
188 20 

158 51 

22 6 

r24 20 

182 I 

zo6 37 

308 46 

34S +o 
215 42 

215 42 

155 48 

257 9 

330 17 

r7r 6 

JOI 24 

183 14 

233 21 

82 52 

27 43 

158 32 i 
62 49 

215 40 ! 
145 13 ! 

3·4 

4 

4 

Time. 
l7oo+ 

Star. Xo X' ! Mg I Time. 
r. i . • 11100+ 

51.6 Muscre ..... . 
Musca: ........... . 

Pavonis ... . 

52.0 G Argt1s ... .. 

5"2.0 T ArgUs .... . 
52.2 Pavonis .......... . 

52. 3 Chamreleontis . . . . 

5r.7 " 

52.0 ! • 
52.3 r 
5z.5 

Chamreleontis .... . 

Hydri ............ . 
Hydri. 
Chamieleontis ..... 

52. 4 j A• Chama-leontis .... . 
52.5 ,I Hydri. ........... . 
5"2. 3 : t Chama:leontis .... . 
52. l i fl Chamreleontis ... . 

-:::~.l~ctantis ...... . 

--------- ---~,---i--0--,-i----i--,-, 

-70 II 37.7 ...... i 191 22 i 4 I S•·• 

10 44 54·• ... -··I ls• 29' 4 5•·3 

71 35 ! 17.2 ! 273 26 [ 4·51 51.7 

71 35 49.8 ! ...... i lJQ 5 I 4·5: S•·J 

7•4547·<'·· ···I 154511 4.5 S•·:l 

i33' : 2 '-71 
735836.2 ....•.. , 

76 7 x3.5 

76 17 17.6 

76 49 ' +!·4 
77 55 19.3 

-78 28 2.0 

I 

' .I 

I 

29" 48 i 4 51.7 

r78 46 ! 6 5•·4 
171 48 
35 •s 
sr s• 

178 4 
126 9 I 

9 58 I 

176 54 

6 

6 

3·4 
5.6 

s 
5.6 

181 4 s 
3~21 45 i 2 

I 



 

" d 
8 

ll 
'1 

y 

Star. 

Hydri. ..... 
Chamreleonis . 
Hydri. ........ . 
Montis Mcns::e .. 
Octantis .. 
Octantis .... 
Octantis .. 

Octantis .. 

UNITED STATES CO.A.ST AND GEODETIC SURVEY. 

V.-Mean Declination for 1750.0-Continued. 

X, . ' 

78 39 49.8 : 50.3 

79 13 22.5 

80 II 37.9 

3o 46 14.6 

45.2 

822911.5,11.S 20730 

82 40 28. 5 (. 334 39 

83 14- 50.6 i. . . I 165 4 

83 24 28.0 1····. 354 9 

! Mag. 

52.0 ; 

52.3 i 
52 .1 i 

sz.4 1 

52.s I 
I 

310 

s .6 

6 

r 

Star . 

Octantis ... 

Octantis S. I'. 
Octantis . 
Octantis .. 

Uctantis .. 

Octantis .. 

Bydn S. !' 

ETOILES CIRCONPOLAIRES. 

- 84 37 24.0 :. 

83 49 56.7 

91 to 3.1 

95 22 3r.9 

97 19 39.6 

X',. 

97 30 45.0 51.S 

-IOI 20 4·5 

330 

150 7 : 

l54 39 

27 30 

183 3 

497 

5I.7 

-------~~-- ··-------··-----------!~-·-----·-----
/ Declmat10n. 'Mag./ a ; T : W. Star. ~tar. Declination. 'Mag. • i T. l W. 

---'---~--~-' ! 

- ~6 :0 4:: 5 ! ~ 
- 69 48 6 .6 I 4. s 

~----1--0-,-,:-1-11-, , ..... ___ ---
fl llydri. .. . . . - 78 3, 50 9 : 3 3 3 51.9 1 ' Tucanai ... . 

0 ~ktantis ............ 
1 

82 z9 r2. ;z I, 5 1 207 30 :. 52. 3 
1 

' d II ydri. ... . 

--1---1----

l 43 i 
3'4 21 I 
35 2 5 i 
39 27 I 

52.0 

52.0 

i 
.j 
i 

fl Octant'.s ............ 
1 

- S2 40 24.5 ~ j 334 39 52.3 1 Hydri. .. 
s Octantis. ........... 

1 
- 84 37 26.0 ! 5.6 142 2 : 52.3 µ Hydri. .... . 

Octantis..... - 88 49 56.8 / ? l 3.>o 7 : 52.• i 

- 74 46 46. 9 i 6 
- 8o II 40.3 ) 

I 
52.0 

5::i.o 

T 

I 

Vl.-A catalogue of 150 fi .. red still's, .wuth of 300 Declination, from Lncaillc's obBervati.ons at the Cape 
of Good Hope, ·in Ms "Astronomia: Fundament<.i," for 1750.0 and for 1830.0, without rcga.rd to 
proper motions. 

Star. 

Tucan:c . 

fl Hydri. ..... 
Phcenicis. 

>. Pbrenicis . 
f3I Tucan~ .. 

11 Pht:eoids 

>. Hydri. .......... . 
/l Phrenicis . . ..... . 
y Phrenicis .. .. . . ...... . 

10 S Ph<Enicis • . . . • ....... . 

11 Eridani ..... . 
It. Erldani ................. . 

t3 Hydri .............. . 
•+ Hydri ................... . 
t5 Hydri .................. . 
i6 " Hydri ................... . 
17 B Eridani ................ . 
r8 

19 f 
/I 

~ ..... ornacis ...... . 

Eridani ................ . 
Reticuli .... _ 
Hydri .................. . 
Eridani ..... . 
Reticuli .............. . 
Creli ................ . 

25 Eridani .. : .............. . 

26 " Doradi\s ..... . 
27 d Montis mensre. . . . . ... . 

28 a Columbre ................ . 
29 fl Doradils . . . . ............ . 

30 fl Columbre .. • . ........... . 
31 Doradils ............... .. 
3• ~ Canis Majotis., ......... . 
33 • Columbre ............... .. 
34 Canopus ................ .. 

S. Ex. 77-63 

I ,I Corr'n to •

1

, J\lean R. A. 
1750.0. \ R. A. 

_____ l_~-

Ji. m. s. 1 

0 6 5"·:l6 '1 -0.65 

0 12 10.96 l -r.o6 
o 13 51.6o I 

0 19 17. 32 i 
0 i9 58.39 

0 32 i.60 

0 39 50.53 

0 54 52.22 

I 17 28.09 

I 20 47.83 

I 28 22.32 

I 46 :I2.95 

1 50 52.90 

2 17 23.52 

2 21 38.73 

2 37 47.oS 

2 48 47.03 

3 l: 27.39 

3 39 z2.76 

3 •P :10.33 

3 52 26.79 

4 8 z6.97 

4 l[ 16.33 

4 23 u.02 

42550.5* 

4 28 36.74 

4 35 43 81 

5 30 36.24 

5 31 29.39 

5 ... 9.75 
61021.6o 

6 IO 43.30 

6 12 59.20 

6 l& 2.4.29 

~0.52 

-0.34 

-o.59 

-0.63 

-o.S4 

-0.63 

-o.6~ 

-o.6t 

-o.00 

-o.8o 

-0.67 

-0.54 

-0.79 

-0.52 

-o.6J: 

-0.35 

-o.66 
-o.68 

-0.48 

-0.56 

-0.38 

-0.4 

-0.67 

-0.46 

-o.61 
-0.2\) 

-0.35 
-o.63 

-0.9 

-o.57 

-0.11 

Mean Declin. J Corr'n Ii Mean R. A. j John:C::,_ i Mean Dcclm.1 Tohnson-
1750.0. Ito Decl'n.lj 1830.0. LaCwlle 1 1830.0. La Cn.Jlle. 

I l I -------,~-,---------------
11 i ' It. 11[ • • ~. .r 0 ' " I ,, 

-66 20 46.5 :, 3.9 O IO 48.57 +21.2r -65 54 z.7 -t<JS.5 

78 39 so.9 I 2.7 o 15 .i.4.73 +ss.20 78 13 8.9 ! +2,. s 

43 39 ss., I - 6. 3 o 11 so.23 + I.6o 43 13 17.6 I -3r.2 

50 II 22.61 - 3.9 O 23 II.IS + 0.43 49 44 44.5 1. + 4.8 

6+ 20 23.5 ! - 4.8 0 2J 43,01 - 0.27 63 53 45.8 + 0.2 

584933tj -3.0 

76 17 i7.6 - 0.4 

48 3 49.2 

44 36 28.3 

so 22 49·5 

58 3° 53.5 

52 51 46.5 

62 47 36.8 ' 
69 48 6. 6 . 

74 46 46.9 I 

So 11 40.3 ' 

41 19 10,J I 

29 59 13.7 

38 23 59.4 

65 36 0.2 

74 59 55.2 

34 25 26.3 

63 6 14.8 

45 30 n.9 

31 5 26.5 

55 34 30.7 

80 46 14.6 

34 T3 2.f.2 

62 39 30.2 

35 5• 42.9 

68 47 15.5 

29 58 12.l 

'.l3 1 9 37.5 

-52 3'4 II.I 

- 7.7 

-10.2 1! 

- 9•5 I• 

- 3.0 :: 

- 3.6 1! 
- 2.5 !! 
- o.6 '.'. 

' ii ; 0,3 :1 
T "7 ·I 
- 5.9 ii 
- 3.0 11 

- 5.2 )j 
- 2.2 :1 

- o.8 'fl 

- 1.9 '1i 

= :·8

11 ··4 I 
=]~~: \ 
+ 0.3 ! 

=!::I 
._ 3.6 

- LB j 

= !:: J11 

- 6.5 

0 35 fl.38 

() ·42 38.90 

0 58 28.84 

I ~O 58. 11 

I 24 8.r8 

I Jl 21.60 

l 49 14.89 

I 53 ::!I.38 

2 18 4j.77 

2 21 58.90 

2 35 28.44 

2 51 49.26 ' 

3 4 49.07 ~ 

3 42 18.89 

3 42 2.76 

3 -19 57.62 

4 11 27 .66 

4 12 t4.78 

4 25 38.27 

4 28 56.8 

'1· 30 18.6i 

4 29 43.48 

5 33 29.68 

5 32 9.86 

5 44 58. 2 3 

6 9 51.7r 

6 13 47.3 

6 IS 54.63 

6 20 10.58 

- 0.26 

, ••• 1 

+ 0.31 

+ 0.42 

..+- l.i7 

+ o.93 

+ 5.47 

+ 3.65 
- o.6o 

- 0.25 

+ 2.37 

+ 0.77 

+ 3·'7 

+ 1.07 

+ 0.33 

+ 0.67 

- 0.17 

o.o 

+ t.39 

+ 0.15 

- 0.25 

+ 0.12 

+o.I 
- 0.39 

+ 0.30 

58 23 6 

75 50 58.5 

47 37 53,Q I 

44 II 1$,3 

49 57 47.3 

58 6 xo.3 

52 27 55.6 
62 24 O.I 

6g 26 4.4 

74 24 59.5 

79 50 55.6 

+o 59 28.4 

29 40 36.8 

38 8 43.7 

65 20 48.8 

74 45 36.9 

34 13 4.9 

62 54 4.6 

45 19 2t.8 

30 54 55.5 

55 24 13.Q 

So 36.17.9 

3-4- IO 8,9 

62 36 13.4 

35 50 47.9 

68 48 26.3 

29 59 37.9 
lft; 33 2I 18.6 

-s• 36 26.o 

+ 1.6 

-12.1 

+17.Q 

+ 0.4 

+•7·7 

+ 3.0 

- i.6 

+ 4·5 

+S4·9 
+ 4.0 

+r3.4 
+ 6.7 

- o.6 
o.o 

+ 2.0 

- 0.3 

+r5.S 

- :1:.5 

+ 6.8 

-f-36.• 

+ 3.• 

-0.9 

+ 5·3 
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I 
No.: Star. 

! 

: 'I RA I ~ , ~' ean . . 
1 

\_,orr n 
! 1750.0. \ to R.A. 

Mean Declin. 
1750.0. 

I 'I I Corr'n i: 
1to Decl'n.:1 

_J _______________ , _______ - --~~-- ---------
i ' 

Argus ... . 
Argfis ....... . 

Equulei pictoris 
Argus .. 

39 d Piscis vulan:.is 

40 rr Argfis .... . 
41 Argus ....... . 
42 ~ Argus ..... . 
43 y Argils . , 
44 .\rgfis ..... 
45 Cha~leonis , 

46 Argiis . , 

47 Argfis. 

48 a Piscis volantis . 

49 ~ Argus 
so G Argus. 

51 /3 Argfis., 
52 Argfis .. 

53 Argfis 

54 I 

55 i v 

56 : 4> 

57 

Octantis. 

Argus .. 
Argus. 
ArgfJs 

5S Argus 

SJ /' .-\rgl1s 

6o _\rgl't~ 

61 .-\rgils .. 
62 µ. .-\rgfis 

63 Chama:leouis . 

64 Octantis . 

65 

66 

67 

68 1 ' 
69 I 

70 

71 

72 p 

73 I ~ 
74 i fl 
75 

76 

71 
78 y 

?g 

So 

81 fl 
82 fl 

!! I ~ 
85 
86 

87 " 
88 !; 

8<) 

QO 

QI fl 
92 

93 9 

94 

95 " 
96 • 

llydra: 

Centauri. 
Chamreleonis 

Chamreleonis 
Chamreleonis 
Chamreleoms 
Centauri. 

Centauri. 
Crucis .. 

Chamreleonis . 
Cruels 

Crucis ... 

Crucis .. 
Musca:. 

~!us=. 

Centauri. 

Mus=., 
Crucis .. 
Muscae .... 
Centauri 

Centauri .. 
Centa.uri. 

Centauri. 
Cent.auri 
Centauri 
Centauri 
Ccntauri. 
Octa.ntis .. 
Centa.uri. 
Lupi ..... . 
Centauri .. 1 ••• ••.••• ~. ·~ .• 

C.irJ;ini •.••.••..• ., ...... .. 

It. nt, 

6 30 6.81 

f, 43 43.68 

Li 45 37.53 

7 8 18.96 

7 16 53.o8 

7 21 18.26 

1 n 37.70 

7 54 48 15 

8 I 49 91 

8 17 21 .. p 

8 21 34,;n 

g 33 7· 35 

-0.17 

-0.33 

-0.14 

-0.08 

-0.23 

-0.53 

-0.13 

-0.16 

-o.6::; 

-0.06 

-o.34 

-0.65 i 
8 37 48.12 -0.25 ' 

~ 58 26.77 -0.35 

8 58 48.51 -o.66 

4 19.76 : -0.43 

9 to 20-9:2 -o. 76 

(j IO 2J.8J, -0.42 

IJ 14 2] 25 -0.29 

IJ :i8 Y· 31 

q 40 50.83 i 

9 4$ ] ,07 I 

7 46.81 

;() 19 22.0~ 

F) 23 I I. ]O 

JO 34 5 97 

IO 35 25.66 

IO 36 4·4J 

IO 43 II.57 

11 0 15.9 

II 20 45.2* 

JI 24 23.0-4 

ll 27 9.83 i 

11 47 37 ... 2 

II 52 16.00 : 

11 55 2.3• 

n5531.03 

lI 58 42.92 

12 2 z.o+ 

12 4 16,50 
8 2.70 

12 12 55. 17 

12 17 '2] ... s 
12 17 54.03 

1?. 22 34.50 

I2 27 5I.J2 

12 31 15. 15 

I2 J;l 18.17 

12 45 29.30 i 
i3 6 37.91 r 

1,1 2+ 14.11 

1 3 34 37.Bo 1 

13 34 40.18 

IJ 35 3.0Q I 

13 37 29.57 I 
13 40 3.13 

13 46 26.92 

13 50 1.0 

13 52 3.92 

14 3 31 .42 

J4 19 44.71 

14,.. .19·"" 

--0.57 

+o.13 

-0.43 

-0.38 

-o (4 

-o. 13 

-0 . .]5 

-0.40 i 
-0.50 \ 

-0.Q 

-0.5 I 
-0.39 I 

r 
-0.45 

-0.46 I 

-0.21 

-0.24 ·'1 

-0.38 

-0.25 

-0.45 

-o.8 
-0.55 

-0.59 

-0.53 

-0.56 

-0,42-

-0.39 

-0.56 

-o.66 

-0.53 
-0.20 

-0.12 

-0.48 

-0.18 

-0.23 

-0.26 

-+:i.01 
-0.9 

-0.38 

-0.52 

-0.10 

-0.39 

0 I ,, I 

-42 59 31.8 ! 
50 19 44.2 I 

61 40 41.l 

36 39 48,6 

67 29 58.4 ' 

42 48 31 6 ' 

39 36 40.4 

39 18 44.9 ; 

46 36 42.0 : 

58 42 52,8 

76 7 13,5 

s2 2 38.3 

53 48 9. 7 i 

65 24 10.9 ' 

42 26 10.3 : 

71 35 49.8 
68 4r 26.3 

58 14 9.4 

53 57 9,0 I 

84 37 26.0 : 

63 55 7 3 ' 

53 23 15:0 i 

68 48 6.4 ! 
72 45 47·.3 

6o 24 23.0 

63 s :;ls 2 

58 22 40.2 . 

48 6 25 ·3 : 

79 13 22.5 

83 14 50.6 

30 28 36.1 i 

6r 38 '2I .6 

74 30 50.6 

76 49 <4,4 

75 7 -17.l 

73 58 36.2 

19 19 47.0 

50 58 35.7 

57 21 JI.I 

77 55 19.3 I 
59 I 14.0 I 

6J 42 ,.s.r 1 

55 42 15.8 : 

70 H 54·4 

67 45 16.5 

47 35 o.o 
66 H 6.5 

58 19 9.1 

70 u: 37.7 

35 23 10.3 

52 11 2.6 

40 25 53.0 

41 !3 4.0 

33 IJ 29.3 

31 44 34.9 

46 2 45·5 

59 9 2.8 

S:z 29 12.2 

35 7 38.0 

44 53 34.8 

41 2 3S•l 

-63 ~· .S-6 

- 6.6: 

8.2 :· 

2.5 : 
5.0 

2,2 

6.1 

5.4 

5· 7 

7.5 

2.3 

1,4 

IO,Q 

8.8 

2.l 

6.2 

2. l 

2.5 

l. 7 

2 ! 

I.4 

1.4 

1,3 

1.4 

8.1 

2.6 

2.9 

0.9 

4.0 

2.7 

3.1 

I.6 

'·3 

7.4 

2.3 

!I 2.8 
2.0 

5·• 

8.5 
5.0 

6.o 

3·4 

3.4 

7.7 
2.8 

2.3 

4.8 

6.2 

- 11.7 

Mean R. A. I Johnson-I Mean Declin. I Johnson-
1830.0. ILaCaille.

1 

1830.0. ! l.aCa1lle. 
, _____ , ________ _ 
i ' 

h. m. s. j s. 

6 32 33.59 II + 0.17 

6 45 42.65 i + 0.52 ' 

6 46 28,37 I - 1.72 

7 II 8. 55 ! 

7 16 54.07 lj - o.48 

7 23 51.05 I - 0.59 

7 46 22,87 ! - 0.32 

7 57 37.07 l 
8 4 I8. lJ ! 
8 19 I.51 i 
8 22 45,83 i 

I 
s 35 25.42 I 
8 40 0,94 I 

8 59 45,531 
9 1 44.89 I 

9 4 40.67 

9 lI :l0.63 

9 I2 33.02 

9 i6 51.88 

9 19 55.94 

9 42 51.74 

9 50 54·75 

10 9 42.58 

- 0.?7 

- 0.41 

- 0.12 

+ l.191 

+ O.OI I 
- o.34 

- o.68 I 
o.oo :

1 

- 1,50 ! 
- 2 39' 

0.59 

- 0.46 I 

- 0.59: 

- 0.38 i 
- 0.93 i 

10 21 0.51 - 0.03 

10 26 0.69 - o.7Q 

rn 36 55 09 

lO 38 29.35 + 0,02 

103928.03 +o.fo 

JO 44 9.85 - 3.47 

ll 0 21 .2 

II 24 40.6 

JI 27 59·35 

lI 30 22 .28 

II 51 21.77 

11 56 JI .35 

II 59 3·09 

Il 59 35·35 

12 2 49.02 

12 6 10.71 

12 8 36.47 

12 l2 16.30 

l2 17 13.99 

12 21 46.63 

12 22 26.92 

12 27 8.75 

12 32 12.34 

l2 35 57 ·49 

12 37 50.So 

I2 So 37.45 

- O.IO: 

- 0.16 

- 0.57 

- 0.43 i 

- 2.8o 

- 1 ·73 

- 1.3:2 

+ 0.84 

- 1.og 

- 0.07 

- l .. p 

- 0.33 

+ 0.40 

+ S·H 
13 11 6.12 - i.94. 

13 29 10.931 - 0.39 
13 39 z1.01 - o.n 1 

13 39 24.47 ' + 0.24 i 
13 39 J6.99 i + 0.48 •' 

13 42 3.20 I - 0.1 .. 

13 44 58.97 ! - o.~ 

:: :: ?s:~ ll = ::: 
14 8 32•¢ + 0.81 

4 24 «·69 + 0.23 
.1.4 d SJ,.OJ ,. ~-~"'.?""" ,.,. 

-43 3 10.6 

6I 46 1.4 

36 47 49·4 

67 38 46.9 

42 57 57·4 

39 31 44.3 

46 so 23.0 i 
58 58 3.0 ' 

76 22 55.1 : 

52 IQ I8,9 i 
54 5 15.5 

65 43 1.4 

42 45 6.6 

71 55 6.8 

69 I IJ.6 

58 33 59. 7 

54 17 18.5 

84 58 14.2 

64 17 9.4 

53 45 46.8 

6g II 46. 0 

73 to z.5 

6c 48 so.q 

f.3 30 22 .o 

58 47 41.0 ; 

48 31 28.1 

79 38 39·3 

83 40 41.5 

30 54 59.8 

62 4 49"2 

74 37 20. 7 

77 16 27.7 

75 34 31.6 

74 25 2J .o 

49 46 Jl.9 

51 25 20.7 

57 48 15.8 

78 22 3.7 

59 27 55·9 

62 9 29.6 

56 9 •4.9 

71 II 33.2 

68 II 52.1 

48 l 31.2 I 

67 XO 34.3 

58 45 34.8 
70 37 47.5 

35 48 43·4 

52 35 54.1 

40 59 16.4 

41 37 27.3 

33 35 51.7 

32 8 50·• 

46 "6 s•·s 
59 32 49.1 

82 s• 37.9 

35 3' 7.1 
4S i6 23.1 

41 114 sx.o 
-6- z1 UJ·1 

+ 6.g 

+ I.4 

+ I.O 

+ 2.2 

+ 2.1 

+10.0 
+ 8.9 

+ 4.7 
- 3.0 

- 7.4 

+ 7.6 
- 1.2 

+ 9.4 

. + 9.1 

+ 4-7 

+ 4.1 

+ 7.9 

+ 3.1 
- o.8 

+ 7.8 

+ 3·3 

1- 7.7 

+ 3·9 

+ 2.5 

- 3.0 

+ 3.1 

- 2.4 

+ 1.3 

+ 4.5 

+ 6.3 
- t.8 

-f-17.4 

+ 9.8 
-10.7 

- 2.4 

+ 1.6 

+ 2.0 

+ I.7 

+ 6.9 

+ 0.3 
- 2,I 

+ 1.1 

+ 5.i 

+ 4·4 
- :1.5 

+ •.• 
+ 3.0 
- 1.8 

+ 0.3 
-40.0 

+•1·5 
+0.4 
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Star. I Mean R. A. Corr'n to Mean Declin. 

________ l~-~50.~: I R. A. 1750.0. 

•' Centauri . 
Lupi. 

fl Lupi. 

"' Centauri 
Lupi. 

y Trianguli australis 
8 Lupi 

Lupi 
y Lupi 

f3 Trianguli a.ustralis . 
a. Trianguli austra.lis . 

___ , ________ ! 

I
[ It. 'In. s. •. I 

. . . . 14 22 49.90 -0.01 I 

14 zs 27.21: I 
14 42 16.49 i 

·I 
····I 

. . . . . . ! 

-0.33 

-0.17 

-o.3J 

-0.41 

-59 41 10.s I 

-46 r7 H·S 

1

1 

-4:l 6 20.2 

-41 4 s1 .3 I 
-46 3 5.2 I 
-67 43 33.0 l 

-0.36 -39 B 14.8 

-0.32 i -43 .. 6 2.0 
I 

- 0.30 : -40 18 l0.5 

0.0 -62 37 :;i5.2 1 

-0.51 -6& 31 25.3 

Corr'n 
to Decl'n 

" tf 
- 3.0 

- 7.8 

6.4 :: 

6.o 

7.5 

2 .9 

5. 7 

- 6.7 

- 6.4 

- 3.2 

- z.8 

Mean R. A. 
1830.0. 

h. Ht. s. 
14 28 45· ~l 

14 30 40.55 

14 47 26.03 

I-f -4-8 8. 14 

14 53 35.78 

rs 3 11.53 

. ' 
Johnson-; Mean Declin. 
Lacaille. 1830.0. 

.. 
-37.53 1 

- o.33 ' 

+ 0.24 i 
+ 0.20 

- o.66 

- I. IJ 

-6o 8 4'-5 

-46 39 9.0 

-42 26 27.6 

-41 24 55 3 

-46 22 44.2 

-68 2 29.9 

15 10 14.49 + o.o6 -40 I Jl.2 

+ o.r8: -44 4 r4 o 

-40 35 IS 6 

-62 53 IJ.9 

~68 ·P '-4 '. 

49~ 

Johusun­
Lacaille. 

+68 3 

- 4.6 

- 0.7 

+ o.6 
-~ o.S 

+ 1.4 103 

104 

105 

106 

107 

I08 Scorpii. 

,. Scorpii. 

14 43 0.65 . 

14 48 r4.58 

14 56 0.25 
1 5 5 3·77 ! 
15 5 49.39 i 
15 18 34.51 i 

15 33 22.95; 

16 22 28.25 ' 

16 34 t.o6 

16 34 59.53 

16 37 3.18 

16 38 2.73 

r6 39 44·90 

r6 54 r8.o6 

-0.22 i -33 4~ 4<.6 2.4 

- 5.7 

TS H 10.3 .. j 
15 :23 50.12' 

IS 40 16.97 l 

16 30 44,59 

16 39 13.n 

16 40 a2.38 

J6 42 39· 14 

It 44 35·59 

16 46 3·57 

16 59 59·45 

+ 0.49 

- 3.56' --33 58 J:;! 7 -710.7 

109 

III 

II3 

II4 

Ir5 

n6 

"7 
u8 

II9 

120 

122 

r23 ... 

{ Scorpli ... 
{ Arre .. 

Ar.e .. : 

'I Scorpii. 
y Ara; .. 

fl Ar.E .... 

d Arn= .. 
Arre ... 

Scorpii. 

>-. Scorpii .. 
9 Scorpii. 
Tf Pavonis .. 

Scorpii. 
Scorpii ... 

y 1 Sagittarii .. 
125 y'I Sagittarii. 

,.5 11 Sagittarii . 
127 J Sa.gittarii. 

128 Sa.gittarii .. 
129 i a. Telescopii 
130 Pavonis ............... . 
131 Sagittarii. .. 
132 ll' Sagittarii......... .. ... 
133 13' Sagittarii. 

134 : Sagittarii. .............. . 

135 : E 

136 I J 

137 : a 

138 l (1 

Pavonis .. 
Pavonis .. 

Pavonis .. 
lndi. .................. .. 

.:r 

Pavonis ................ . 

17435.17 

17 8 36.86 

17 12 33.78 

17 IJ H.87 

17 16 39.56 I 
171923.17, 

17 21 16.42 '1 

17 25 t3.o8 j 

17 30 7.99 ! 

17 49 3.6o : 

17 49 45· s• 
,g 0 42.79 

1 8 4 59.5"" 

18 7 34.84 

18 B 25.65 

18 13 43.04 

18 46 4r.3' 

19 4 36.54 

rg 5 5.89 

r9 6 30.So , 

19 31 11.40 

19 43 55.61 
ro 5 41.36 

zo 19 51 .76 

20 22 4.51 

-0.24 

-0.11 I 

-0.16 

-0.30 

-0.11 

-u.07 

·-0.05: 

-0.16 

+<>.og 

--o.z6 

-O . .J9 

-0.27 

-0.23 

-0.13 

+o.17 

o.o 
-o.:l8 

-0.27 

-0.05 

-0.27 

+0.3 
-0.09 

--O,O) 

-0.12 

-0.24 

0.00 

+<>.03 

-0.07 

+<>.or 139 i ll 
140 ! fJ Indi........... .• .. . . . . . . 20 35 3.40 -0.03 

qr I 'Y 
142 ")' 

14J i .. 
'Hf a 
141 I fl 
,,6 i fl 

147 i' .. 

148 y 

:~: 1· !' 
151 T 

Pavoni$................... 21 5 »4-49 +<>.10 

Gruis 21 38 42.41 -1-o 15 

Gruis~~~:~:::~:~:::~:·::~~( 21 52 20.57 +0:01 

Tucaoae, .... . . .. .... . . . 22 1 7.10 +-o.01 

Octantis ................... 

1 

22 18 34.91 ; -1.02 

Gruis..................... 22 27 36.50 ( +o.23 

Plscis australis............ 22 43 46.8* ·1 o.o 
Tucanae .. •.•. .. . . . . . . . . . . 23 2 39.00 I -0.81 

Octantis ................. ·I 23 36 34 .87 ..... .. 

=:::::::::::::::::::r:::::::::·::::/::::::::. 

-37 35 23.6 ' - 0.03 -37 44 47.8' 

-41 54 6.8 - 6.o ,. -42 3 16.7 '·· .. -

-55 33 37.4 - 6.4 o.49 

+ 0.27 i 
+ 0.>6 

-55 42 37.7 i + r.4 

-52 44 33.8 ' -10.7 -525323.6, +1.1 
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(*}signifies the R. A. not from Lacaille's observations, and (t) signifies the decli11&tion not from Lacaille'• observations. 
N. B.-The oortectlons of the declination of G Argils (50) and~ Chamreleonis (~)relate to the values used by 1..ac&ille for reduction oftbe 

Zones. In Lacaille's catalogues the declination ofthoee atars are more erroneous by about 4o'' and•' respectively. 
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REl'ORT ON THE PRECEDING REDl'CTJON OP LA CAILLE'S OBSERVATIONS. 

By Prof. C. II. F. PETERS. 

From the middle of the last ecutur.r dates the modern art of observing, which requires us to 
analyze theoreticall,Y the instruments userl, considering them as a complex of lines and circles, 
whose positions hs aa rqit arrangement of tbe observations t.11emseh·es are then referred to the 
fundamental points and planes of the heavem;. Bradley and La Caille mark this epoch. 

'l'he star place;; ohser,·e<l b~· Bradley have thus become the foundation, the terminu8 a quo, for 
comparison with the moderu observations, which the,y still to-day almost equal in rank as to 
accnrac,y. Next to Bratlle~· was La Uaille, the most skillful observer of the age. But, while the 
former disprnwd of tlre royal lllea!ls of the Greenwich Obse1Tatorr, the latter, less favored by circum­
stances, had to content l1imself with a small ohserrn.tory erected at the Collt\ge l\Iazarin. Never­
theless, with the immense imlustry be is said to ha Ye possessed, he succeeded in making star deter­
minations comparable in accuracy with Bradley's, though of conrse much fewer in number. In the 
mean time he obtained the adYantage (>Yer Bradley in one point, rntmely, wl1en the occasion was 
offered to him to examine the Southern hemisphere. Here, at the Cape of Good Hope, besides the 
measurement of an arc of the meridian, the determination of the parallax of the 2\Ioon (in con­
jullctiou with Lalaude at Berlin), the first application of a proper method for obtaining the sohtr 
parallax (hy ohservations of l\Iars in conjunction with Wargentiu's at Stockholm), the obseffation in 
zmies of 10,000 stars between the south pole and the tropic of Capricorn, La Caille determined, with 
particular care, a m1mhPr of principal stars, which to Brad le~-, on acconnt of lriio; northern position, 
were im·isihlc. These (leterminations starnl to tl1e sonthPr11 portion of the starr~· heavens in the 
same relation as llradley's to the northern, allll form tlw starti11g point for resear('hes on 11ro1wr 
motion of tile southern stars. But, t<J he \I-holly tl\'ailal1le for this 1rnrpose, a rn.redrwtion with the 
mnployment of modern constants was 11eede1l. \Yhile Bradley's ol1servations Jiave had the goorl 
fortune of being discirnsed and elaborated b~- the master-lmml of Bessel, now precisely sixty years 
ago (Bessel's :Fundameuta were ptthlished in 1818), fot Caillc's han· hitherto remained in the same 
shape to which tlie author liimsclf reduced them. The cabtlogue pnblished by Baily, in the fifth 
Yolume of the l\Iemoirs of the Royal Astronomical Societ.r, is nothing lint a rt,print of tlre catalogue 
in La Oaille's 11 Fundamenta Astronomim." 

The long-deo;ircd work of a new reduction, accomplished hy Dr. Powalky, lies now before us iu 
manuscript, together with the lahorion;; computations appertaining thereto, which allow of au 
examination of Dr. Powalky'i:; work in detail. ·From the remark8 that precede, defining La Caille's 
situation, it will l>e perceived that the principal result (though by no means the only one) of 
J>owalky's work is the new catalogue for the epoch 1750 of the stars, 150 in number, between the 
south pole and - 30° <lecliuation that were observed by La Caille repeatedly with two different 
iustr1uuents, a ().foot sector and a 6-foot sextant. For investigating the errors of these i11stru­
mcnts, for finding the pole or zenith points, for as~crtainiug the clock rate, the influence of refrac­
tion, &c., it was not sufticicut nor feasible to treat those southern stars separately; it was neces­
sary, 011 the contrary, to take up together all the stars obsen·ed in the same night. Dr. Powalky 
lias extended his enmpntation still further, upon the ohscnations made, b,v the use of the same 
instruments at tlre Uolleg(• Mazarin, so that the reduction now comprises all of La Caille's funda­
mental determinations (excepting only the few made at Klyp Fonte,yn, the northern terminus of 
l1is arc, and at the lsle de Frauce). 

The uew reduction of the northern stars, which admit of comparison, gives a favorable idea of 
La Caille's obserYations; the declinations especially appear uot inferior to Bradle_y's. 

U ufortuuately La Uaille's solw- observations are imperfect, so that the equinoctial point, when 
derh·ed therefrom, remains lH1certain, and Dr. Powalky consequently has a8sumed it, in congruity 
with Bradley'8 ob;,;enatious. This seems, under the circumstances, the best way to proceed, 
though La Caille's right ai,;ceusions thereby cease to be absolute, and may in no wise be used in a 
researcl1 :ibont the precession coustant. 

The declinations, likewise, in their final form, had to umlergo a correction in a manner 
empirical. For, after the obsen,ed zenith distances had been corrected and reduced to mean 
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declinations for the epoch (beginning of 1750), the latter, when compared with thm;e of lle::;sel\; 
Bradle~-, showed systematic deviations, which, perhaps, nmr be attributed to defeets of l,a Caille's 
instruments that cannot now be ascertained. But whate>er be the canse, whether an eccentricity, 
as Powalky inclines to think, or an irregular shape of the pi,·ots, a fiexnre of the telescope, a 
faulty length of the graduated arc::; (the errors of diYision strictly 81) called were exami11e<l by La 
Caille himself, and we find them noted in the '' J<'uml. Ast."), tlle first terms of a periodical serit·1-1 
seem to represent well the deYiations. I>r. Powalky, therefore, assnmiug the form .i: siu o + 11 
cos o, ddermined for each instrnmen t and for each series Heparatel~·, tlle coefticients ,,. and y by 
the method of least squares. For the Cape, for this purpose, tlle compariso11s witlt J:rmlley were 
nsed i11 combination either with some stars observwl both iu upper antl lower culmination, or with 
certain zenith stars ol1sen·ed in both po>iitious (face east and west) of tlie sector. The nltimatP 
instrumental col'I'ections, computed hy these formulas, iudeed bring La Cailk's tlecliuations i11 elosp 
harmony both among themselves aml with Bradley's. 

Another proof in favor of the new reduction is the value found by l'owalky for tlw latitudt> of 
La Caille's station at Cape Town. \\' e owe to the exertions of Sir Thomas ::\laclear thP discO\·ery 
of the exact spot where La Oaille's instrument had been situated, and Maclear not ouly connectPtl 
it b,y a triangulation with the Hoyal Obser>atory, but made upon the same spot (or qL1ite near it, so 
that any influence of the mass of Table Mountain upon the plumb-line was the E<ame ), two series of ob. 
sen·ations with the 12~-foot Bradley zenith sector, sent out from Greenwicli for the nritieation and 
extension of La Uaille's arc of meridian. For the latitude of La Caille's observatory thus follows: 

By geodetical connection with the Uoyal Observator,Y ................ -33 55 li.;)fr• 
By the amplitude from the Royal Obserrntory measured witli Bradley's 

sector, :m stars ............................................... -::;; 55 15.iW 
By I)oWltlky's new reduction from La, Caillc's observations ......... -3:: :;;; 1;;.s 
La Caille himself used for the catalogue in the "Fund. Ast.'' . . . . . . . . _;;3 5'1 13.;) 

The agreement between the second arnl third valnei,; is surprising, arnl. thongh, in part certainly 
accidental, speaks well for La Caille's accuracy in obserYing, as at the same time it gi,·es testirnon.'· 
in fayor of the new reduction by the improvement in representing th(\ oh:<t'n·ations. 

In the reductions of the Paris obserYatiom; Powalk.v hmi used the latitude 48'.J 51 1 25".H, as com. 
rnnnicated to him by the late Admiral DaYis. The obsen·atory of the Collt'·ge .'.\lazarin is stated 
(Conn. de Tem1is • •) to be 17 toises em;;t. aml 118!1.5 toises north of tht• "CH1serYatoin' Imperial." 
\Vith Bessel's dimensions of the ellipsoid the lcttter number equals l 1 1511 .0H. and tht> latitude of tlw 
then Imperial Obsen·atory is 430 50' 11".3::1::lV'.05 (Ast. ~:ich., No. lO!t;)J. The more correct Yalne 
for the College Mazarin, therefore, seems to be 48° ,il' 26".4. The difference, howeYer, is of little 
consequence; it is included, besides, in the ultimate empirical correction to the declinations that 
has been already referred to. 

Through the present reduction, La Caille's observations have received a treatment that they long 
deserved. The care that has been bestowed upon the work by Dr. Powalky makes it a final one· 
For it is not probable that it will ever need to be repeated for any reasons simil:u to those that have 
]eel to a re-reduction of Bradley's observations, now nearly finished by Dr. Auwers. For a discus­
sion of that character La Uaille's are not fundamentally sufficient. 

The catalogue of the 150 southern stars Powalk.r has gi,'en for two epocbs-1750 and 1830-
the places brought down to the latter epoch with Bessel's constants of precession, without reganl 
to proper motion. The difference from Jolluson's Catalogue, tllerefore, may be taken as the amount 
of proper motion in 80 years, considering- that Bessel's precession is nearly true.t As all the stars 
in question have now been reobserved at itfolbourne (Catalogue for 1870) arnl at the Cape of Good 

•I have here substituted for tho latitude of the Hoyal Obserrntory the value adopted as the lateHt, and motit prob. 
able by Mr. Stone (" Result8 of Ast. Obs. llla1le at the Cape of Good Hope, 1R74, page XIX), which iH ahont. one-quarter 
of a second greater than that used by Maclear. Also, 1 have taken for the amplitude the mean resnltin~ from all the 
at.ars observed with Bradley's sector, while Maclear BtJlects 16 of them, viz, those the propllr motion of which ho could 
derive from La Caille's (older) positions (see l'ln.cfoar's work on the Arc of Meridian, Vol. I, p. 3C, and Vol. II, l'· 438). 

t Tho extra.ordinary proper motion Powalky fimls for a Fornacis (or 12 Eridaui, as the Htar now isusnally calle<l) 
arises from a mistake of tm malle in writing the R. A. for 1830. 
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Ilope (Catalogue for lSflO, and "Observations," 1872-'7H), it would ltayc been as well, perhaps, to 
take the year 1870 for the later epoch, whereby the iuterval would ha Ye beeu increased to one hm1-
dred and twent~- yearn. 

The column of diffonmces between La Cailles Catalogue in thP "J1'nnd. Ast." and th11 new 
reduction shows that the COITPctions are cm1,;;iderable, not only those of the declinations, but also 
of the right ascensions. That tile sign of the correctiorrn in right m;cension for nearly all tlle stars 
is the same (negative, or La Caille's right ascem:ions too laq1;e) is a significant fact that has a 
hearing upon man~- reReareli!:'s. For example, tlie re:-;ult of .Mr. Gallowa,y's attempt to determine 
the motion of the solar :-;ystem in space from soutl1ern :-;tar:-; (Phil. Tran:-;., 1847) will need a 
Uiorongh modification. 

Furthermore, tlH' catalogue of La Uaille's principal t:1tart-:, as now prepared by Powalky, was a 
work necessary to pn•eede a ne'i> reduetiou of La Caille's zones, if this ever should be undertaken· 
Tlw zone catalogue of !l,7j)(i :-;tan;, e1lited hy or under the auspices of the British Asl-iociation, iH, as 
.Argela11der has already remarked, looi,;el;v prepared, and dop:-; injustice to La Uaille'8 skill as au 
observer. Since all these star8 (or rather all of them lying south of - ;);i0 ) have h!:'ell determined 
with great accurac.r in the last six years lty the }leridian ( 'ircle at the Ca11e of Good Hope umlei· .Mr. 
Stoue's direction, these recent detcrmiuatiom;, toge! her with l'owalky's Catalogue, would furnish 
the elmuent:-; to l'igoro11sl~· inve.'ltigate aml to eliminate the errors of the micrometer employed h,r 
La Caille in the zones, and hence to produce an improYed catalogue of the zone stars for 1750. 

The foregoing exposition lias made it clear, I hope, that the work of Dr. l'owalky is a \'cry 
valuable contribution to science. The cmuputations inYolve a great amount of labor. An exami­
nation of them, as far as it could bo doue, has shown that the~, are made with the author's custo· 
maQ- care and uircnmspection, and j 11;;;tifies the n1Hlersigned in recommending a remuneration from 
the National Academy. 

C. H. F. -:l'ETEHS. 
II A1\IILTON COLLEGE. Uli11to11, A. r., Marul1 :.!:.!, 1878. 



 

ERRA'fA TO APPENDIX NO. 22, COAST A:\'D GEODETIC SURVEY REPORT 
F()l{ 11'/li. 

Pag<> ;,O(i, !inf' 1', aftt-r '· affor·t<·<l." in,ert: "•rn Ml'. Schott has remarked, hy thb old 
arc of Peru, 1llf' rPal ••rror of which no doubt gn·atly exc<,l'ds tliat which the calcu­
lation attrilrntt'B to it.'" 

Pagt' f>OT, Hue Jo, for l' ~iun rf•ad "G'J. '' 
PagP GOi. li1w ;27, for" grt>ater~' read "'less.'' 
Page Gli>, last lilll', omit•· XL" 
Pai.:e 516, li1w :{, al tltl' hegiuning of the lime insert "XI." 



 

APPENDIX No. 2 ') .... 
HEl'Oiff OF A COl\TEltENCE O~ ORA YITY lJETERML\ATIU1"8, HELD AT WA:-illIX(;T(JX, ll. C., I:\ 

)l.A.Y, 18~2. 

In pursuance of a oorrespolHlence between 1\lajor (uow Lieut. Col.) J, Iforscltel, .R. E.~ arnl the 
Snperinteudent of the United States Coast and Geodetic Surrey, relatiYe to tilt' rnost adrnntagt>ons 
mode of prosecuting pendulum obserrntions and the scientific ,·alne of the sanw, tl1e following­
named gentlemen met at the Coast Sun·ey Office, :\Ia:y l:l, 1.S.Sj, for an informal co11fere11ce: The 
Superintendent of the Co:lst and Geodetic Surrny; Major Herschel, H. E.; Prof. C. S. Peirce, 
Prof. S. NmYcomh (on the part of astronom,,·), and Messrs. George J)a,·idso11 arnl C. A. ~chott (on 
the part of geode:,:y). ::\L~j. ,J, ,,., Powell, D!relltor of the C11ite1l Statt>s Gt>ologieal Slll'n·~· (on the 
part of geology), waH uua!Jle to attend. 

'l'hc proceedings of the conference \Yere as follmn.;: 

Tll'O Lie 1Tlc"llS. 

[Reacl to 1he eoufi•re1H'<' to expl:tin tlw inmu'cliatt• can"'' of tlw 111t•t'liug·.1 

Xo. 1. 

lJJ\TT'JW STATES COAST AND GEODETIC SrHYEY 0FPICE, 

ff11~hingto11, Jlay J, 1882. 

l\h~j. J. IhmscnEL, RE., Bre1•om·t House, ~Yew l'ork: 
l\fy DE.AR Sm: In ptmmance of my letter of yesforday's date, I will uow submit t-0 you tlw 

proposition that, as Superintendent, &c., I im·ite a.t once, or at ,rour earliest con\·enience, a 
eoTJfereTJce ou graYity observations, the participants in which would bt\ beside yourself and Peirce, 
Newcomb, on the part of astronomy; King· an<l Powell, on the part of geology; and DaYidson aml 
Schott, on tlie part of geodesy. During such co11terence the greatest rm1ge of discuHsion would of 
course be in pl:we, but, its outcome, I conceive, mnst necessarily be formulated in a few proposi· 
tions, some of which would be mainly mtended to recite the scientific objects arnl usefulness of such 
work, and commend it to public patrouage, others, t() 1lefine the degree of accuracy to be attaint>d 
in the observations, in order to entitle them to be rauke<l as contrilrntions to science. All neither 
;mu nor ourselves are charged with any special powers in the premises, it appears to me that no other 
useful results can be reached by a couference than some such public declamtiorn:i, the Yalue of which 
rests upon the standing of the party makiug them. If this proposition meets your viewH, I shall 
be happy to make suclt arrangements for t.he earliest lfaJ" you may fin<l counnient. I regret that 
it will be necessar~· to tax you with coming to "7a~ltington, as all other parties are lwre, arnl being 
officially engaged it won Ill he out of our power to meet you elsewhere. 

It will be well if you 1vill formulate in advance such expressions of opinion tts appear t,o )'OU 

desirable in the premises, in order that after comparing notes we may be alJle to submit propm;i. 
tions that will readily meet the a,ssent of the conference. 

Yours, ver,y truly, 
,T. E.:HIL(}ARD, 

Superintendent, 

00~ 
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No. 2. 

:N°Kw Y 01m:, llfa.IJ 5, 188~. 
l'rof. ,). E. lllLGAIW: 

)ly DEAH Sm: I am Yery gfad to learn that yon are well inclined towards the idea of a cou­
fereuce, aud that now, in fact, it rests with me to indicate when I can be in \'\ashington for the 
purpose. 

As it is uot a matter which presses until yon have is~med i11Yitations, when of course it should 
not be delayed, and as it will be "·ell to giYe a few days' notice in any case, I will not consider my­
self in any way required to hasten my departure from New York, l!ut only to giYc you as early an 
indication as I can when I can undertake to be in \Yashington. At this moment I am not in a 
position to say iireciNely, lmt it will almost certainly be within a week from this date. I shall most 
likely be able to lean this city about ·w ednesday next. 

\Yith regard to the lines of discussion, it must depend to some extent on the degree of pub­
licity which tlie proccefliug·s would h:we. It is not to be denied or concealed that there is coming 
into existence a certain rivalry betweeu what may be called the German and the English schools. 
I am anxious that the former shall not wrongly claim American adhesion on the one band, and on 
the ot!Jcr that American opinion shall not be wrongfully interpreted as favoring the German 
system. "\Vi th reference to this last, for instance, I have just recei\~ed the following from l\I. C. 
\Volf, in the course of a reply to my Washington letter: " J e vous felicite vh·emeut cle vos travaux 
sur le pendule, et surtou:; d'avoir pris une autre voie q ue celle dans laquelle les Americains se sont 
lances, {t la suite de:; Allemamls et des Suisses, .J'ai en ici de vives discussions avec l\I. Uh. Peirce 
au ;;11jet de se:s experieBces <ffec le pendule renrsible de Rcpsold, instrume1Jt qui me parait con­
struit dans de deplorahles conditions de stabilite." 

Now there is .inst enough truth in this to make Olle regret the misapprehen8ion as hi the 
American position. But so long as ;your survey uses a re,·ersible pew1ulum7 without some very 
distinct statements a8 to the principles, such misapprehensions will continue, and the Germans 
will <le11y that the Americans stand b~· the differential method. 

I hold it to he a ,·er.)' lamentable thing that men of zeal, eager to a<lYance science, should 
eontirnw to be mi1;led by the old school of physics into launching upon the difficult a11d precarious 
enterprise of absolute determinations of gra,·ity, generally in iguora1we of the real difficulties of 
the rm;earch, aud alway.~ indifferent to the ntilit,Y of such determination. The German school is 
responsible for this. 

'l'liis brings before us prominently the question of utility, a question which has a.lways been 
i:;hirked or disposed of by common-places, devoid of any real force. I know this through ha Ying 
urged (for nearly tweut~· j·ears), very much in \'ain, the views which I hold at this day, and which 
I now see gaining ground so slowly. I sum it up in the broad statement that 1l'e do actually know 
the mean figure of the earth as well as ice can know it so long as the irregularities which deform 
it remain unknown. It is not the force of gravity which we seek, but the irregularities of the 
surface. 

Now this is one of the points on which, at a conference, I should wish to find unanimity, if it 
is tn~e, or if not, theJ.t a better and more indisputable dogma to take its place. 

\Vith this as a foundation, the quei:;tion bPcomes one of ways and means to study the irregu­
larities with all \"autagc. IIere there i8 great room for difference of opinion. What can he done 
depends on the cost, in its most general sense, of doing it. Absolute measurements arc indefi­
uikl;r c()stl,Y, and may he put aside. Differential measurements, also, are frightfolly costly, if 
conducted :u; I ha\·e lwen conducting these; but I have bad in view to pro,·e incontestably that 
results of practical n1lue can be obtained with a tenth, perhaps a twentieth, the labor that I de­
Yotcll to them. All depends on the method. 

Another point involved in the question of utility is, as yon say, as to the <hlgrne of precision 
demanded. All stations of obseryation should be recognized from the first as belo11ging to one of 
two categories-either they are point.Y d'appui or they ai·e not. Iu the latter C<tse the precision de­
manded is governed by the degree of irregularity which experience teaches as governing the 
quantity measured, the distances which separate the points being taken into account. A high 

• 
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degree of llredsion is iilainly needless (for points of the second order) if tlley are widel_y scattered, 
whereas if a nnmher of snch 11oi11ts are crowded in a small area, their precision ought to be higher 
llecau8e of the information to be gainetl hy iutor<comparison. Points of the secoud order witlely 
scattered llan uo pre1>eut Yalue otlwr tlJau as indicatiug tentatiwly tile <h•gree of disturbance. 
From this point of vi<>w there would seem to be an adnrntage in placing the stations always in 
pairs so as to imlicate the Yariahility as wt•ll as tl1e nriation. 

I mmit now go further. Scientific obseffatiou 11as two distinct aspects. Viewed in one wa.r, 
it is seen as a means of Ji velihood, as an intellectual eujosment, as an employment, as a pursuit 
worthy of recognition and encouragemeut, for ernry reason except tllat of its ultimate utility. 
Viewed in the other way, it is a source of expenditure and a drain upon the arnilable power of the 
time and country, which can only be justified if it attains useful ends in a reasonably expeditious 
way. For myself, I doubt if I could couscientionsly recommend the expenditure of public money 
on pendulum observations on the ground of their utility; although 1 could and would recommend it 
for pendulum experiment~, having for their object to iucreai:;e the facility of obs~·rrntion; for I imagine, 
as things now stand, the prospect of ohtaiuiug re.snits in Rnflicient. number and frequency to enable 
us to study the irregularities snccessfnll~- j,., nry remote. You will doubtless recognize in this 
the ground of my inability to offer m>- senices, hacked b.r hopes of support from the British Go>­
ernment, for the prosecution of differential work on this continent. But I ba,-e no business to 
press such considerations on other people, nor to bring them forwaru at a conference~ except inci­
dentally in discussing the propPr distribution of stations and the degree of precision demanded. 
The same arguments and motfres liad a successful campaign in dictating my latitude work in India; 
and there is room for their application in the present C<tse. They point out the urgent need for 
t•conomy in every detail of installation and observation-in tile choice of stations and the bnihling8 
to be occupied, in the diBtrilmtion of time to be taken up b,y the observations, aud hy the calcula. 
tious respectively, RO as to get, in short, as many results of a sufficient degree of accuracy, and no 
more, as possible within the year. All this, and much more, seems to me to be im'oh·e<l in the 
uroa<l question whether or not pendulum research can lie satisfactorily carried on with a view to 
stnd_yiug- the ea rt h's irregularities. 

Another phase of this question should deal with the distinction between a study of tlrn large 
a1Hl of the small irregnlarit,ies. 'l'here is a \·ast difference between such work as that of l\Ialaspiua, 
of Preycinet, of Sabi11e, of Foster, of J,iitke, arnl of all Lhe other explorers; a!lll tllat of Kater in 
England, and of Base vi in India. 'l'he work before you here has or may have the charac1,ers of both; 
for the vastness of your disposa.ble area Jemands a large plan, while the numerous opportunities 
for prosecuting minuter internal exploration require more special consideration. The degree of 
precision to be aimed at must be gonwned partly by what we kuow of possible variiitiou aud partly 
by what the instrnments are capable of. Here, as iu other branches of reRearch, we should bear in 
mind that there is almost always a point in the Reale of precision where it becomes questionabfo 
wlietber it wonld not be wiser to change the whole system if higher precision is wanted. Below 
that point there is no difficulty. Aborn it the pric(•, to be paitl becomes onerous. 

You will readily perceive that I fully recog-nize, as one of the chief subjects upon which discus­
sion should turn, this of requisite precision. At the same time 1 doubt if it c:tn be discussed to 
much ad\'antage by those who are not intimate with the figures actually to hand. I would therefore 
avoid the ve.vata qumstio of probable errors and keep to principles. It is lly the latter alone that 
plans of operation can be goYerned reasonably. "Frequency to be preferred to acmiracy ," for ex­
ample, is a principle eass to limit or extend aR may be detiirell, and far more widely intelligible ·to 
the uninitiated than any specification in figares suited to certa,in categories of C<tses. Above all 
we should aim at being intelligible. Without that tlrere will be no outside interest a.nd no support, 

• • • • • • • • • 
Yours truly, 

J. REUSCHEL. 
S. Ex. 77-64 
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SIX REASONS FOR THE PROSECUTION OF PENDULUM EXPERIMENTS. 

By C. S. PEIRCE. 

1. The first :scientific object of a geodetical survey is unquestionably the determination of the 
earth's fig11re. Now, it appears probable that pendulum experiments afford the best method of 
determining the amonut of oblateness of the spheroid of the earth; for the calculated probable error 
in the determination of the [Jnantity iu questiou from the pendulum work already executed does not 
exceed that of the hest <letermination from triangulation and latitude observations, ancl the former 
determination will shortl,Y he co11siderabl~' improved. Besides, the measurements of astronomical 
arcs upon the smfarn\ of tlw <'arth ('over ouly limited districts, and the oblateness deduced from them 
is necessarily largely affectc(l, so tl1at we cannot really hold it probable that the error of this method. 
is so small as it is calculated hy least squares to be. On the other hand, the pendulum determina­
tions are subject to 110 great errors of a kiud which least squares cannot ascertain; they are widely 
scat.tere(l over the surface of tl1e earth; they are very numerous; they are combined to obtain the 
ellipticit.y by a simple arithmetical process; and, all things considered, the calculated probable 
error of the oblateness derluced from them is worthy of unusual confidence. In this connection it 
is very significant, as pointed out by Uolonel Clarke (Geodesy, p. ·vi), that while the value derfred 
from pendulum work has for a long time remained nearly constant, that derived from measurements 
of arcs has altered as more (Iata have been accumulated, and the change has continually heen in 
the direetion of accord with the otlwr method. It is needless to say that the eomparison of the ex­
pense of the two methods of obtaining this important quantity is immensel;y in favor of pendulum 
work. 

:!. Uecent investigatious also lead us to attach increased importance to experiments with the 
pendulum in their connection with metro logy. The plan of preserYing and transmitting to pos­
teritJ· an exact knpwledge of the leugth of the yard after the metallic bar itself ::;hould lrnve nuder· 
gone t>nch changes as the vicissitudes of time bring· to all material objects, was at one time adopted 
by the British Gonrument. lt was afterwards abandoned because pendulum operations had fallen 
into desuetude, and because doubts had been thrown upon the acc11racy of Kater's original meas­
ure of the length of the secoud'H pendulum. Yet I do not hesitate to say that this plan should 
now be revived, for the following reasons: • 

First, because measurements of the length of the second's pendulum, although formerly sub­
ject to grave uncertainties, are now secure against all but \Tery small errors. Indeed, we now know 
that the determinations by Kater and his contemporaries, after receiving certain necessary correc­
tions, are by no means so inaccurate as tlley were formerly suspected to be. Secondly, metallic 
bars ha,·e now heen prornu, by the investigations of Professor Hilgard and others, to undergo 
unexpected spontaneous alterations of their length, so that some check upon these must be resorted 
to. To this end the late Henri Ste. Claire Deville and Mascart constructed for the International 
Gcodetical AHRociation a metre ruled upon a sort of bottle of platin-iridium, with the idea that 
the cubie contents of this bottle should be determined from time to time, so as to ascertain whether 
its dimensions had undergone any change. I am myself charged with, and have nearly complet~d, 
a very exact comparison of the length of a metre bar with that of a wave of light, for the same 
purpose. X either of these two methods is infallible, however, for the platin-iridium bottle may 
change its three dimensions 1111eqnally, and the solar system may mo\Te into a region of space in 
which the luminiferons ether may have a. slightly different density (or elasticity), so that the wave 
length of the ray of light used would be different. These two methods should therefore be sup­
plemented hJ· the comparatively simple and easy one of accurately comparing the length of the 
second's pendulum with the metre or yard bar. Thirdly, I do not think it can be gainsaid by any 
one who examine::; the facts that the measurements of the length of the second's pendulum by 
Borda a.ud by Biot in Paris and b;r Bessel in Berlin do, as a matter of fact, afford us a better and 
more secure knowledge of the length of their standard bars than we can attain in any other way. 
So also I have more confidence in the value of the ratio of the yard to the metre obtained by the 
comparison of the measurements of the length of the second's pendulum at the Kew observatory 
by Hea\isicle in terms of the ~'ard and by myself in ~erms of the metre than I have in all the 



 

UNITED STATES COAST AND GEODETIC SURVEY. 507 

elaborate aud laborious comparisous of bars whieh have been directed to the same end. I will 
even go so far as to say that a physicist in any remote station could ascertain the length of the 
metre accurately to a one hundred thousandth part more safely and easily by experiments with an 

·invariable reversible pendulum than by the transportation of an ordinary metallic bar. 
A new application of the pendulum to metrology is now being put into practice by me. 

Namely, I am to oscillate simultaneously a yard reversil>le pendulum and a metre reversible pell· 
dulum. I shall thus ascertain with great precision the ratio of their lengths without. auy of thos1' 
multiform comparisons which would be necessary if this were done by tlie usual method. These 
two pendulums will be swung, the yard one iu the office of the Suryey, at a temperature ahon; 
60° F., wllich is the standard temperature of the yard, the other nearly at oo O., which is thr 
standard temperature of the metre; and thus we shall have two l>ars compared at widely differ­
ent temperatures, which, according to ordinary processes, ifl a matter of great difficulty. The 
knife-edges of the pendulums will be interchanged and the experiments repeated. Finally, the yard 
pendulum will be compared with a yard bar and the metre pendulum with a metre bar, and last 
of all the yard pendulum with its yard bar will be sent to Euglaud, the metre pendulum with its 
metre bar to France, for comparison with the primary standards; and thus it is believed the ratio 
of yard to metre will be ascertained with the highest present attainable exactitude. 

3. Geologists affirm that from the values of gravity at different points useful inferences can be 
i;Jrawn in regard to the geological constitution of the underl;ving strata. For instance, it has been 
found that when the gravity upon high lands and mountains is corrected for difference of centrifu­
gal force and distance from the earth's centre, it is very little greater than at the sea-le"Vel. Couse­
sequently it cannot be that there is an amount of extra matter under these elern.ted stations 
equal to the amount of rock which projects above the sea.level; and the inference is that tbll 
eleYations have been maiuly produced by vertieal aml not by horizontal displacements of material. 
On the other hand, Mendenhall has found that gTa,·ity 011 Fujisa11, the well-kuown volcanic cone 
of .Japan, whicl1 is about 12,000 feet high, and which i1; saiu to have been uphean~d in a single night, 
about 300 B. 0., iR as much greater than that in Tokio as if it had been wl.tolly produced by hori­
zontal transfer. This conclusion, if correct, must plainly have a decisive bearing upon certain 
theories of volcanic action. Again, it has long been known that gravity is in excess upon islands, 
and I have shown that this excess is fully equal to the attraction of the sea-water. This shows that 
the interior of the earth is not so liquid and incompressible that the weight of the sea has pressed 
away to the sides the underlying matter. But in certain seas gra\'ity is even more in excess than 
can be due to the attraction of the ocean, a8 if they had been the re1~eptacle of additional matter 
washed down from the land. It is evident that only the paucity of existing data preventR infer. 
ences like these being carried much further. On the two sides of the great fault iu the Rocky 
Mountains gravity must be very difforent, and if we knew how great this dift'ere11ce was we should 
learn something more about the geology of this region ; and many such examples might be cited. 

4. Gradty is extensively employed as a unit in the meaaurement of forces. Thus, the pres· 
sure of the atmosphere is, in the barometer, balanced against the weight of a measured column of 
mercury; the mechanical equi rn:ient of heat is measured in foot pounds, etc. All such measure­
ments refer to a standard which is different in different localities, and it becomes more and more im­
portant to determine the amounts of these difterences as the exactitude of measurement is improved. 

5. It may be hoped that as our knowledge of the constitution of the earth's crust becomes, by 
the aid of the pendulum investigations, more perfected, we shall be able to estahlish methods by 
which we can securely infer from the vertical attractions of mountains, etc., what their horizontal 
attractions and the resulting deflections of the plumb· line must be. 

6. Although in laying out the plan of a geodetical survey the relative utility of the knowl· 
edge of different quantities ought to be taken into account, and such account must be favorable to 
pendulum work, :vet it is also true that nothing appertaining to such a survey ought to be neg­
lected, and that too great stress ought uot to be put upon the demands of the practically uiseful. 
The knowledge of the force of gravity is not a mere matter of utility alone, it is also one of the 
fundameµtal kinds of quantity which it is the business of a geodetical survey to measure. Astro­
nomica.l latitudes and longitudes a.re determinations of the direction of gravity; pendulum experi -
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ments determine its amonnt. 'l'he force of gra,·ity is related in the same way to the latitude and 
longitude as the intensit~- or magnetic force is related to magnetical declination and inclination; 
and as a magnetical survey wouhl be held to be imperfect in which measurements of intensity 
were omitted, to the same extent must a geodetical survey he held to be imperfect in which the 
determinations of griwity had heen omitted; and such would lie t,Jrn universal judgment of the sci­
entific world. 

NOTES ON DETERMINATIONS OF GRAVITY. 

Br AssiRt:mt C. A. ScrrOTT. 

The conference was inYited by the Superintendent of the Coast and Geodetic Survey for the 
purpose of eliciting au interch:mge of views respecting the utility and best means of prosecuting 
pendulum research in the inten~,.;t of science in general, and with especial regard to the future work 
of' the Coast and Geodetic Suryey. 

Major Herschel, R. E .. ha Ying e:x:presse<l his willingness to favor tlte meeting with his presence 
and give it the benefit of his gTeat experience in pendulum work, the time of meeting must be 
considered extremel,y faniralile. 

The following rough notes are offered with a view of i1tYiti11g- ditlcnstlion on :some poiuts con­
sidered of importance antl interest. 

Resrwcting- the questiou of' tlte utility to geodesy and geology of pendulum work as bearing on 
the figure and density of the earth, it is fmfficieutly answered hy the resumption of this work in 
recent years in the lea<liug go\rernment surn'.rn cnrnlucted in EuropP, Asia, and America; but in 
carr,ying on these operations ditlerent opinions continue to be helcl as to 1 lir hest aml most ec0110111-
ical means both with regard to form of inf<trnnwnt and metliod of ohscn·atiou. 

It may be added that the results alrea<ly reached are in themsel\·es snflicit,nt to ;.;timulate the 
further prosecutiun of the work, since they nmder it almost certain that still more Yaluahle 
deductions may be reached. 

The pendulum work executed for some years past under the direction of the late Superintend­
ent of the Coast and Geodetic Survey had for its immediate o~ject the study, theoretical and 
practical, of the best methods available, and to gather the results at nuions important pendulum 
stations in Europe, to bring them into strict eomparability, and to form a connected system which 
may be used for combination with similar operations commenced in the United States. 

l\fr. C. S. Peirce, _Assista11t, Coast and Geodetic Survey, haYing brought this work to a close 
in Europe,• its future prosecution at borne now claims renewed attention, both with re1-1pect to the 
economy and efficiency of the plans which it may be desirable _to adopt. 

The Yalue of the pendulum results depending largely upon their direct comparabilit;y and the 
geogwphieal extent, it would in the first place appear most desirable, in order to form a second 
and independent connection of the pendulum work executed on the other side of the Atlantic, to 
swing the American pendulums at the two stations, \-Vashingtou and Hoboken, just occupied by 
:Major Herschel with the ohl pendulums belonging to the Royal Society, and to add thereto at 
least one more American station in order to secure three stations of satisfactory accord between 
these instmments. 

It is, perhaps, the general opinion that differential measures are at present more desirable than 
absolute measures, since undoubtedl.r greater accuracy can be reached in the former and a greater 
number ma~- he secured with the same expenditure; indeed, the determination of the length of a 
second's pendulum is, in geodesy, of less importance than a knowledge of ratios of times of oscilla­
tion of an inrnriahle pendnlnm swung at stations ou a line selected for investigation. 

The determination of the kugth of a second's peudulurn is quite a special operation, to be under­
taken only at a base station. 

'Vhile the mean figure of the earth may he considered as tolerably well known from the fact of 
the close approach of the rnlue of the compression as deducted from purely geodetic optJrations and 

"Mr. Pdrce remarked that that work was not yet quite completed, 
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from pendulum work, yet this may he taken only as an encouragement for the joint prosecution of 
both operations."' 

On the other hand, our knowle<ige of the magnitude of the mean figure of the earth is, in the 
opinion of some, not qui!.e as satisfactors, aud in support of this it mas be stated that the recent 
abandonment, in the Coast and Geodetic Surn"y, of the llesselian spheroid of reYolntion for that of 
Clarke, involving iu our latitude an increase of the radii Yectores between one-third and one-half of 
a statute mile, was no inconsiderable change; and though we cannot look forward to any future 
change of such a magnitude, the difference was sufficiently large to make itself felt in our ol>lique. 
arc lying along the Atlantic coast between )faine and Georgia. 

The combination of tlrn PernYian arc, the onl_y one in America as _yet worked in with the meri­
dional arcs measured in the eastern hemi8phere, with the two arcs measured by the Coast and 
Geodetic Snnrey, Yiz, tlw Nantucket arc and the Pamplico-Chesapeake arc, showed a satisfactory 
accord (that is, within limits that may lJe explained by local deflections). This seems to 1n·oye that 
tht:>. curvature of North America does not sensibly differ from the curvature in the same latitudes 
of the eastern hemisphere; yet the conclusion is weakened by the fact that the Peruvian arc is 
extremely short, and, wlrnt is worse, is supported by but two astronomical latitudes, and that in a 
region where local deflection probably exists of an excessi>e magnitude. It is true the computed 
corrections to the two latitudes are small, and this might lead to too great a confidence in the 
assigned Yalue of tll<" magnitude of the eartll's axis. A remeasure and extemiou of this arc to bP 
supplied with a considerable nnm her of astronomical latitudes would seem to be a great desideratum, 
espe.cia1ly when '\Ye consider the important }lOSition of the arc, giYing it, so to say, undue leYerage 
in comparison with the position of other ares. It is not at all unlikely that the results of its 
remeasme and extension may lrnYe au important eftect on our knowledge of tlie probable uucer­
tainty in the assigned value for the resulting· .mean figure of the earth. t 

This mean figure might he defined as that of a geometrical solid whose surface most nearly 
appreaches the equipotential surface of the mean sea lcYel, intersecting it so tbat the aggregate of 
the volumes above and below it ma,Y be equal ~1nd a minimum. It would he the o~jeet of geodes~' 
to trace out on this geometrical surface tlie boundaries of these areas, and to detRrmine their elent­
tions aboYe or depression helow it; iu fact, work out the actual irregularities with reference to this 
ideal mean figure. 

For pendulum research tlie region of the 1\iississippi Yalle.r would seem to he yery fayorable, 
both in f{~gard to its geological structure, as presenting broad features, and with respect to gradual 
changes in eleYation of surface between New Orkaus arnl our uortlteru bmmnar_y, near the forty­
nintl.J. parallel, the land rising; but, little a.hove 1,000 foet. Here a study of the Jaw of change of 
gravity with the latitude seems inviting. 

Supplementary t-0 the above line, the thirt,y-ninth parallel might be chosen for the study of 
the law of change of gravity with altitude, starting from the sea level and passing oYer the incon­
siderable elevations of about 2,500 feet on the Appalachian range and the descent. t-0 the Missis. 
sippi Valley, we haYe tlie gradual rise of the great plains up to 8,000 feet, and next the lower Rocky 
Mountain plateau, with a final return to tlrn sea leYel. While on the first named line about ti or 8 
stations might suffice, on the second from 1:2 to 15 ought·to be contemplated. 

Respecting the kind of peudulum mm1t suitable for difterential measures of gravity, there may 
be little difference in practice between the use of two invariable pendulums, the one to check the 

•Major H1mscHEL. I do uot regard the agreement of geodetic ancl gravity figures an argument for tlw latter. I 
can never regar1l the geodetic fignr<', deriv(l(l from tlrn compariRou.; of the cnrvatnrAA of cert.a.in l1111d i1ortions only, as a 
true indication of a tigure which is two-thirds sea. There is every reason to regard the land curvatures as too great. 

t Major IIEHSCHEL. I should hartlly acl voe ate a remeasurement of the Peruvian arc as a 8tep towards a better 
determina.tion of tlie *arth's figure. It has the fatal disadvantage of position in a valley between vast mountainous 
tracts. 

Mr. PEIRCE. Major Herschel's objection to the important scheme of remeastiring the Peruvian arc would apply
1 

il fortiori, against allowing tbat arc to enter into the determination of the figure. In my humble ,judgment an Ameri­
can figure of the earth, wholly from geodetic measurements on these continents, is so great.ly wantetl that it is the 
di1ty of this Survey to undertake it. Although tlte Peruvian arc is at present bad, I shonlu think that if ~ufficiently 
extended and provided with an adequate numher of latitude dot.erminations, tbe objection11 to it woul<l nearly dis­
appear. 
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other, and an unchang·eable pendulum of' a plain rod (of lenticular cross-section) having two :fixed 
knife-edges symmetrically disposed; the means for correcting for difference of temperature and for 
difference of pressure from respectfre mean quantities to be determined at a base station. Obser­
vations to be made in 4 positions (upper knife-edge, lower knife-edge, face front, and face back). 
The accord of the 4 results will fnmish a criterion for the unaltered condition of the pendulum. 

A reversible pendulum of outer symmetrical form may also be made to answer the purpose, pro­
>ided it be swung only with heavy end down (face front and back) and no change whatever is 
made in the supporting knife-edge or in any other part of the instrument. Two such pendulums 
would seem tlesirahle i11 or(ler to detect any change due to accident. "\Yith such a pendulum the 
correction for difference of i1res1:mre can be applied with gwater certainty than in one of the otlier 
forms. 

Respecting· the stand of the Repsold apparatus, experience has shown it to be unfit for the 
work, and stiffer support shoulcl be provided. 

If pendulums could be swung t11rough 24 hours the result could be made independent of varia­
tions in the clock rate due to the daily variation of temperature and presRure. The same standard 
time stars should be obsen-ed each night. For shorter durations of swing, sa,y for G hours on!~, 
this advantage might in a measure be secured either by making four fresh st.arts and thus continue 
the work during twenty-four 110urs, or if that he too laborious, to observe on the first day, say from 
6 to 12 a. m. and p. m., and on the following day from 0 to G p. m. and a. m., and unite the results 
into one, or in general, for any station by a symmetrical distributio1f, of the swings on~r the tweut~'­
four hours. 

Time furnished telegraphically by an observatory whose clock is protected from changes of 
temperature and pressure will be preferable t-0 any local determination at a field station. 

Should the duration of swing be too limited for this scheme, night work may be recommended, 
with a set of transit observations just before and another immediately after the close of a swing, 
the same two sets of stars to be used each night and for several stations as long as practicable. 

Three days successful work at any one station may suffice, and about two weeks might be 
estimated for the time required for occupation duriug the best season. The observatory to be pre­
pared by an advance party. 

The metl1od of coincidences furnishes all needful accuracy, but if, in the absence of a clock or 
otherwise, a chronometer be used (as more portable and less liable to injury), coincidences of the 
chronometer beat with the transit of the pendulum over a vertical line might be tried. 

The question whether or not it is advisable to swing in a vacuum chamber (say at a densit;y 
just below any that might naturally be expected at a place which it is proposed to visit) would 
seem to depend largely npon the time a pendulum can be made to swing advantageously. [f its 
sectional dimensions are such as to displace much air and require it to do much work against fric­
tion, the duration of swing may be so short as to demand the use of an exhausted receiver. What 
the experienct> iR with the new reversible pendulums of the pattern of the one sent last summer to 
one of the polar research stations of the Signal Corps the writer is not informed. 

The above notes are respectfully submitted. 
CHAS. A. SCHOTT. 

MAY 13, 188:!. 

COMMUYICATIONS. 

GENERAL REMARKS CPON GRAVITY DETERMINATIONS. 

By Major (now Lieut. Col.) JOHN HRRSCllJ<:r., R. E. 

The following propositions are from my point of 'IJiew, but seem likely to bey assented to in the 
main by other members of the conferenee. 

1. Figure of the earth.-By this we imply the actual (or conceivable) continuous water surface 
as exemplified by the mean sea level; which surface may be everywhere nearly, though nowhere fully, 
represented by some assumed simple geometrical figure, such as an elliptic spheroid, to be known 
ad hoc as the mmn figure. · 

2. Object of pmidulum reaearcli.-If we regard the mean figure as known, then the object of pen-
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dulum research is, in the first place, to trace out the degree of separation eYerywhere subsisting 
between the actual and the mean figures; or, if it slrnuld appear that by a change of the mean figure 
there wouhl result a less degree of separation, then to ascertain, first, wlrnt should be the amount 
of this alteration, and thfn to trace out the residual separation. Bearing in mind the large body 
of past work, which has undoubtedly sufficed to indicate >ery closely what the mean figure is, it 
should now he reG"Ognized as more particularly the object of pendulum research to enlarge our knowl· 
edge of the irregularities of.figure rather than to aim at imprm·ing the mean figure; which after all 
can never be anything more than one of refaence, by which to describe the actual figure. 

:3. Exten.~ion of re8ertrch among the irregularities.-This is prima. frwie desirable, especially when 
geodetic Slll'\'eys are iu progress, or are certain to be instituted as ci\•ilization adnnces. But 
gra>irnetrical exploration in reg-ions which can neyer be reaclied by surYeying operations is of 
scarcely less importance. 

4. As regards di.~tribution of stations of observation, there seems t-0 be nearl~· equal advantage 
in laying them out in a linenr serie11 at sufficientl,r close intervals~ or superficially scattered over a 
limited selectc'l area, with a dew to tracing ont the seetfonal or .~olid forms of the existing frregu­
larities. 

5. The absol1tte forCf~ of r1radty.-lf this also be admitted as an ultimate object of pendulum 
research, it must be remembered that it, can on!~· be determined for the wliole earth when the 
exact relation of the place of observation to tile whole snrfaee is correctly known. Jt follows that 
a precise knowledge of the absolute force of graYity for the earth as a whole is not at present 
attainable. There are, 1ieYertheless, reasons for uow determining, with all tlie prt>cision at present 
possible, the length of the seconrl'.~ pendulum at 1liffcrcnt places on the eartll's surface. 

6. Reasons for proseeuti.n,q al1solntc deterininations.-Uegarding the local force of gravity as a 
constant, the length of a pendulum is a fm1ction of its rate of oscillation; or, in other words, its 
rate is a measure of its length. From tltis it fo1Iow8 that lengths, otherwise incommensurable, 
cttll be compared through their corresponding times of oscillation, becaut:ic wc ban; meaus (in the 
pendulum itself, for instance) of comparing together, with any desired degree of precision, these 
times. Tlrns, for example, the metre and the yarrl cau be compared by this means (as I under­
stand) with greater precision than by the complicated sys~em of linear comparisons requisite to 
measure their difference in terms of each. 

7. Gomtancy of gravity tnted against constanC!f of length.-This is another reason for determiuing 
with the utmost precision the length of the second's pendulum in terms of this or that standard. For 
if, in the far distant future, there should appear a concurrence of testim011y indicating change, it 
might he brought home to either of the bars, or eren to gr::wity itself; according to the eTidence. 
The absence of the requisite evidence in the past would be a grave reproach hereafter. 

8. 'L'he inrariable pendulnm.-The impossibility of ascertaining the exact relation of any station 
to the whole surface, short of a ge.nr.ral knowledge of the latter, calls necessarily for such explora­
tions as are set forth in Article 2. It is generally acknowledged that the differential pendulum­
of which the "in variable" may be regarded as the type-is best adapted for such work. The pat­
tern known as Kater's has hitherto been without a rival; but any pattern will answer the purpose 
in which the principle of invariability-i. e., fixity of knife.edge and absence of all mornble parts­
is embodied. 

9. Tke rei•ersible penditlum is recognized as ha Ying many excellent qualities; and is capable of 
being used temporarily as an invarittble pendulum. But its proper field is the absolute measure. 
ment for which it was designed; for if its knife-edges are interchangeable it is liable at any time 
to have its invariable character destroyed, either intentionally or accidentally. 

10. With regard to the degree of precision to he aimed at, nothing very definit.e can be laid 
down, since it de1lends largely on the circumstances. A gross error in a solitar.Y arctic station, for 
instance, might be of little consequence, while an error of even a small fraction of a second in the 
difference between two central points would entail far-reaching consequences. V\Then the object 
is tentative exploration only, accuracy may well be sacrificed to expedition and frequency. And in 
general it should be remembered that the local disturbance 'laries with the change of site. What 
the rate of this change may be can only be guessed until data are obtained. A group of contiguous 
determinations of a low order of accuracy would always be more valuable than a single one of the 
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\"ery highest or(ler. A solitary station can contribute only to the gmieral problem of mean figure 
ancl will of necessity be •itiated by the amonnt of the local disturbance, as to which there is no 
evidence. lf the range of such llistnrbanee on the whole of that pamllel were knowu, it would not 
be unreasonable to take one-fourth part of that, as the ra11ge of prolmhle error pennissiulc in the 
determination itself. Eniry eousitleratiou \Yhieh takes iuto account the existence of local disturb­
ance points to the preference to lie gi\~en to frequency of distribution rather than accuracy of 
result. MoreoYer, it is uifficult, if not impossible, to estimate the probable error in any ease what­
ever. The histor,y of pendulum ouservation abounds with inexplicable contradictions and 
anomalies indicative of unknown causes of error; and hardly a single observer has ventured to 
estimate the probable error of his result. Practically, the question of precision is cut by a Yariety 
of circumsta,ntial exigencies; and it would seem best to le:ffe it at t11e discretion of the obserYer, 
or director of the work. 

11. Other mode8 <!l re,~earch. -The foregoing indicates so plainly the need of tentati\"e explora­
tion of a low order of accuracy that it is very much to be desired that some simpler means should 
be found of obtaining at least a rulle measure of the local deflection. Yarious statical modes have 
been proposeu, but none has yet shown a satisfactory test. That a "stathmomctm·"-a term 
(lesig-ned to leave nu touched the present use of'' graYimeter ''-will some day be invented is highly 
prolmllle. It might be, perhaps, the sooner if the very great need for it were more widely known, 
and if, at the same time, it were understood that its object would be served enm though it should 
fail to rival the pendulum in accuracy. 

.J. HERRCHEL. 

}fr. PEIRCE. The conception which .Major Herschel has presented for the purpose of gravity 
determinations requires thorough study. Considered from a purely mathematical point of Yicw, it 
is certain that if we know the distribution of gravity ornr the whole earth, or enm o\·er :t large 
region, we can deduce corrections of the earth's radius vector. \Vithin !!08 of the station whose 
radius •ector was to lie corrected an accurate knowledge of the residuals of gravity would be neces­
sary, while beyond that point a rougher determination would suffice. Bnt whether thiR conception 
of the nature of pendulum work could be uRefully adopted at the present time, or until two or three 
tinws the existing num her of Rtations have been occupied, is a practical question in regard to which 
there is something to be said on both sides. The Yiews of Major Herscl1el, thougL. founded on 
known vropositions of mathematics, are so novel aud so far-reaching in their consequences that 
we cannot commit ourselves to an immediate decision in regard to them. But they offer much 
food for reflection and study, and I am quite sure that apart from the important service that :Major 
Herschel has done us in connecting the .American (and through that the contimmtal European) 
system of stations directly with the great reseau of the English work by means of the Kater inva­
xfable pcuduhuus, .American geodetical science is under great obligation to him for the sugges­
tions contained in the paper he has presented to the conference. 

OPINIONS CONCERNING THE CONDUCT OF GHAVITATION WOHK. 

By C. S. PEIRCE. 

l. •r1tere are six reasons for determining gradty, which I haYe already set forth. 
II. 111 determining the compression of the earth's spheroid from the variation of gravity, it is 

bt~st, for the present, to reject all experiments not made with Kater's invariable pendulums. But 
the completion of .Major Herschel's history of pendulum determinations is greatly to be desired. 

l\Iajor Herschel thought tlrn limitation to Kater's invarial>le pendulum too narrow; and pointed 
out that it would exclude the work of Freyciuet and of Duperrey as well as a great part of that of 
Poster. 

Ill. The ordinary correction for continental attraction is vastly too great. It should be 
omitted. 

Major Herschel remarked: "Admitting this as a conclusion <lrawn from the facts, it must not 
be forgott-0n that this is nothing hut an il. posteriori dogma. I do not see how it can be lawfully 
acted upon, unless the assumption that it has a true it priori cause is kept continually in view as 
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:such." Mr. Peirce replies as follows: "In my opinion, the correction for continental attrnctiou is 
not only refuted by ohsen·atiou hut it has no 1/ prior·i ~mpport from premise:; wltid1 we haYe any 
reason to snppmm tnw. If we could make our i1e111lnlnm experiments umll'rgronrnl at the levd 
surface of which the sea-level is a part. there would he no conection to lm 111a1fo for coutiuental 
attraction. Since they mwnot be made there, tlw ohserrncl gra,·ity lrnd to lw recluced to what it 
woulcl be ut that ]eye]. The coetllcicnL of thi,; reduction depcuds c1tt.it'Ply 011 t!JP cfo:ta111ws of the 
successini level surfaccR without reference to the situation of tlte matrrial m~u;s1•8, ex<·Ppt so far 
as this situation aftt\cts tliose distances. To caleulate Hw re1ltwtio11 exaC'tly HJlOll t hb principle 
would be impos,;ihle; hut we approximate to it withi11 tltc limit;; of otlwr negledctl t1•rms if \H' use 
Yonug's rnle"' witllont the tt~r111 do1wwliug 011 ('cmtinenhtl attractio11. Stokes re.ad1es this sa111e 
rcsnlt; hut ha>ing reaclwcl it, lw remarks tliat if this tltc•oretically correct pron11l1m' wc•n' nsl'd 
the figure of tlle <'arth woul<l he less rpg·ular than in nfling tlw old rule. H1· offer" 110 proof of 
this, howtiYer; arnl tht• facts whicll lrnYt\ lw,eu a8certaiiwd ;;i11cl' hi,,; mt•1110ir wa,.; writt<'11 J>roYe 
that the contrary is trne. Yonng-'1' mle 81lpposes tliat if all tliP rock rising :1lioYt' tlw 8P:1-liiye\ 

wert\ am1ihilafr1l, the prese11t Jeye] Hnrfat',l\ wonlrl rcmai11 a h'Yel snrfac<', \dlicli is <·ertainly 1101 t rut': 
\Vlteu Major IIcrRchcl a1l111its, as lie s<•erns to <lo, that a eertaiu <'OJH;lusiou is JH'owcl h~· tltt• facts 
hut at the sarnr· time nrnintaius it nnmot lir· 'lawfully' acted upon, he sPem:-1 to lit' nsinl!.· tlw 
language of a g-ame with emwenti011al rules. 1 would propose to act upon any prnposition that, 
seem:o; to be true." J\Ir. Sd1ott agreed with :\Ir. Peirce. 

N<JTB IlY 1\1A.TOR (NOW J,IEU'l'E'.'IANI'-COLONEL) IlERSCHEL.-I should likt- tlw issm· lwt1Ye1•u 
l\I r. Peirce alHl myself, 011 the general qnp;;tiou of the reduction 011 act·ount of t·o1d i ueutal or 111ou ntain 
attracfam, to be sorncwlmt !lift'ere11tl,v Rtate!l than it appears lwrc. In tlH1 first plaN'. what I luff<' 
said abont an "II posteriori dogma'' had rcfere1we, if I remember rig"lttly, 1111! so 1111wli to tlw l't>:jec­
tion of tlw conti11entaJ rctlnctio11 i'.n toto as to its moclitir~a,tion by an :u·bitrary co11shn1L abont 
which Mr. Peirce iR now sileut. llow1•Yer, my word8 arn g<~11c>ral t'11ougl1, mi clouht, to <'On~r this 
re.iecti011 in any form, hut all I 11iai11tai11 is that the assumption on whit~h it l'(',;ts sl1all h1· plai11l.r 
prrnm11t<1d and never <lilireg·anled. Mr. Peirce coutmuls that the reductio11 for <•.011ti11P11tal attrae­
tio11 has i10 daim to auy such apologetic treatme1tt, nrgfog that, as it haR no rational ft1111ulatio11, 
it, should go; th<' displaceme11t ofmatt<>r, which appears as laml elcrntion, ht•i11g- in all prol1ability 
a merely \·ertical displace111e11t, while for tltc continental attraction to h:l\" auy jnris11iction, it 
wonld he IHlCf\88ary to show tht' existence of at l1•nRt n very cousidcrahlc lataa7 displa1·enw11t a:-; 
tlu1 cansc, or part C<tn8e, of eleYatio11. Now it is just ltere that 1 woultl step in arnl nq.;·1• tlw l'lairn 
of the latter, of whicl1 there iR a.mple proof in the PnormonK thick11Pss aml extent of st ratitk<l 
1lcposits, all of which must be 1lue to erm;ion and rern(l\'al horizoutaJl~·. Sonwthing nlso might 
he said for glacial transfer, and for lava 8treaim1.-J. n. 

,JlTJ,Y 4, 188:~. 
IV. The residuals of the difforeut stations :m1 materially !li111i11iRhe1l IJy snbtradi11g- the• entire 

downward attraction of' the 01~ea11, liberally C8timatc11. 
M:r. Peirce :ulmitte<l that thi8 wo1l11l i11\·olve a fa!Kilication of the eartli'1-; figure, so ns to g·i\'P a 

Amt of mean figure. 
Major HERSCHEL "The addition of the sPa attraction has a legitimate raison d't~irr, as it is 

reasonable to affirm that the sea matuir is added matter." · 
Mr. PEIRCE. It seems to me if the attraction of the sea is to he allowed for bPcause it il-l adtfod 

or horizontally displaced matter, then the attraction of the co11tine11tR shouhl not be allowt><l for, 
because it is not added, tllat is, is only vertically displaced matter." 

V. Tbe occupatio11 of additional arctic statiom;, if cloue well, woulll probably improve the \'al no 
of the compression. New eljn:ttorial stations are also desirable, hut new stations in middle Ja,ti­
tmles can hardly aff1~ct the value of the compression. 

Major H1ms01mL. "Tl.le actual llistrilmtiou is shown in a diagram ginm i11 m,y Appendix t.o 
Vol. V of the India Survey. Tllis diagram shows how very rcstricterl is the area actmilly occu­
pied by diflerential stations. The southern hemisphere is very poorl;1· represented." 

* This so-ealle<l rule is ideuti<ml with Bouguer·~ formula for the 8al11e. 

S. Ex. 77---65 
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VI. In middle latitudes, the main thing at present is to study the relation of gravity to geo­
graphical and geologic:~] conditions. 

:!\fajor Herschel co11Ctlrrcd. 
VII. Gravit~- determinations shoultl be made at iutervals 011 lines of geodetic lcvelR, and the 

levels be corrected acmmlingly. 
Mr. Schott concnrre(l. 
VIII. Economical qnestim1R should, as far as posRihle, he sohwl b;y the application of math­

ematics. 
IX. 'rlie i11Yariablt> rc\-Prsihle pendulum reunites the advantages of the two instruments pos­

sessing the one a11<l tltc otltcr of tliese characterH, aml is to he rt•commernled nntler the limitation 
im1ilied iu No. II ahorn. 

Mi~jor HERSCHEL. T am ohstinatdy opposed to ai1.r attempted combination of the invariable 
a11d reversible principles in 0111• i11strumeut. 'l'hey arc i11compatihle; aml tlie combination is im· 
possihlti wit.lwnt Ro 111ocli(Yi11g the inYariahle principle tl1at it is practicall>- abandoned altogether. 
It is n'ry 1111<lesirahlP. that any 11t>w element of doubt sl1ould be imported into the alread;r much 
abusell term ''invariable." It waR first used by Godin, as well as by Bougucr, and by la Conda­
rnine. 'l'lw.Y all nw:wt a rigi!l peudnlnrn with fixed lrnife-edge. Kater borrowed the word from tlw 
French, hnt as he at the same time introduced a "com'ertil1le" peudulum, with two fixed knifo­
edges, which nm1lt> a gT1,at noise abroad, Uie two got mixed up, arnl the German text-books (copy­
i11g from l\11111cke") tlagr:mtly co11fuReu tlte two. Still, tlu' C<erman use iR strict in denoting a rigid 
ptmdnlmu with Jin•1l k11ifo-e1lges. Ent; lvlr. Peirce now i11telJ(lS to upset this la:st strongholil of the 
"invariable" peml11lu111 by making it nirial>le at the will of the obserrnr. The im·ariable pendu­
lum 1n·o11er can nwlergo 110 diangt\ without Yiolatiug its name. Closely connected with the term 
"inntriahle," its desig11ati11g a particular form of coustrnctio11, iR the term "invariability" as de· 
noting a pri1wiplP i1n-olved iu its 1leRigu. I cannot possibly demnr to the construction of any form 
of peudululll whid1 may ht> tlio11gl1t desirable; but I do urgently protest against the designation 
of it in a way to crt'ate llPt\illt>ss coufmiion. Tl1e principle of the invari:tble pendulum supposes it 
to coutimw 1111clia11gP1l a:-; loug as lnunan carele:-<s11ess will permit, or longer if possible. But by 
making it>1 k11ifP.-l\!ll!'•~s interclurng(~ahlt>, with a Yiew lo giving· it a greater range of' utiltity, this 
tir.'lt chara<~teristie i:-< rnl1111ta.rily clestroye(l; arnl in hPeoming reversible in the full sense of the 
word it ceases t.o he invariable. vVhy, then, adopt a Helf-contrarlictory compound name which 
sen-<•s no purpose hut to ruin the word a8 well~ 

At the same t.ime I m1rnt :say that lvlr. Peirce seems to rend the word differently. 
Mr. Pm1um. Hy an im-aria.hlc reversible JICIHlnlum, I mean 01ie in wl1icl1 the knives remain 

i11 plam! from 011P Htation to auother. l\fojor Herschel'l'l objections seem to be directed against the 
use of tlw word invariable as applied to such an instrument; but it is not so much the word as 
Uw thing that I advoeate. The Geodeticul AsHoeiatio11 haR nuauimou:sly rccommemled tlte rever· 
ir;ihlP pe1ul 11 l11m, and I shoul!l ecrta.inly think that their opinion ougJ1t to be respected, even if I did 
not share it. ( )11 tlw othm· l1arnl, th<•1·e is nrneh to be said iu favor of difforen tial instmmeuts. I 
am 11ot awart• t.l1at, l\lajor H1;rsclwl haR hro11glit forward auy objection to rP1111iti11g the difforential 
or iurnriable aJHl tlw rtwerRihle princip](JS iu om• instrument except this, that if the knirns can be 
cl11rng·ed tlwy rnight he clianged hy carelessness. Hut it appear8 to nm that the whole weight of 
Util'l argnnwnt, .such as it is, is against tlw iuvarial1le 11emlulum. For there is no fabrication of 
l1nnurn hands that ca11not. he clrn11ged hy carelessness. Can a Kater invariable pendulum be 
safely Pxpose1l tAJ cm·pleRs treati11e11t~ The difference between t11e ordinary invariable pendulum 
a11d the inva.riahle reversible pell(lnlnm in thi:s respect is that if the former suffers injury the work 
is hopelessly vitiate1l, whilP if the latter iR injured, it is ouly necessary to fall back on the reversi­
ble princiJlle. 'I'he followiug art• t.he advautagcx which I think I see in the use of the invariable 
reversible pendulum: 

1st. It satisfies the requirements of tl1ose who advocate the reversible pendulum, who consti­
tute the greater weight of living authority. 

• Geliler'H PhyHik<il. Wvrterbuch. Ad. l'endcl. VII, pp. 304-407. J..eitlzig, 1833. Hy far the ablest treatise, his· 
torical and otherwise, of its day, and perhaps so 1>till. 
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2d. It ought to 1:mtisly those persons who ad n1catc the i1nrariable 1HJ1Hl11l11m. 
3d. It lfotermiues p;r·iwity in two m•.al"l_y iudl•.pernle11t wa)·>i, without 111ort· e:\pPrimPH\i"\ than an• 

uecessary for a singl!l determinati011. \Vlwu thP8t~ re8Ult8 a(.!'.n~t~ they rnas lw a;.;8Ullll'd to ltt· 1'.0JTl'd. 
4th. If the iustrnrneut be considered as a ditforeut ial orrn, t lit> d iffore1w1~ i 11 t l1t· rPd ucrnl tirn e 

of oscilhttiou with heavy end down all!l with hca.Yy f'IJ(l llp must remain u11chai1ged HO long as tlu~ 
instrument is invariable and mui hartll_y e.scape clrn11ge otlierwi.st~. A111l from this dia11ge Uw mwte8 
sary eorrectiou can !Je ealculatt><l and applied. If 011 the otlier 11aml the in.strurucut. lit· ('011si1lered 
as an absolute one, the same tlifferenee is tla~ he,;(. teKt of the aetlll'lH\Y of tlw Whrk. 

Mr. SCIIO'.l''.l'. For the strict intei·eomparaliility of re;;ults at two m lllOl"<' station;;, l t hi11k ii to 
be almost essential to i;;atisfact.ory work that au abi;;olutel~- iuYariabh• pe1ululum lie employ1>el. This 
couditiou would, however, uot exclude the use of a peHdnlum LaYiHg i11terelrnugeable kuifo-e1lges, 
provided that between auy two st.atious no such interchange took place, while tlw intt>rcha11ge might 
he effected after the particular eomparatiye 11waHlll"eK were sei·un•1l. 

NOTE BY MAJOR (NOW LIEU'l'ENAN'l'-DOLUNEI,) Hi.;1i:-;mrnL.-ThP ,-iew of this snl~ject l1ere 
11resent.ed by Mr. Schott, in this hu.;t paraµ;rn11h, is Ho ;;eusihly coITl'et that oul_y a t-itrung eouvictio11 
that it does not meet the whole case, and is directly opposed J.o the princitile of in\riohtbilit~· wllich 
l wish to see rccoguized, would tempt 1111~ to add to this dise11Ksio11. \Ve arc agTeetl, aud univeri:;al 
praetice shows it to have hecu widely reeoguized, tllat invariauilit:y mnst be rnaiutaiued duriug at 
leat:it the wl10le eonrse of a Reries of differential tletermiuations. [I 11 the Ea.;;t Indian series, for iu­
stauce, it was maiutainml during (light or 11i11e years, autl at more tlia11 thirty iust:tllations.] No 
one pretends to set an~· limit, either to the time 01· to the 11n111ber of station;.;, whid1 i:-; to re:-;trict a 
series of differential measttres. Hut it is said, "wltett t.lte scrim; is conq1lete1l there ii:; 110 longer <LU.Y 

need to irnard or presene the pendulum from eha11ge; ib; work is done:· B11t it is jmit at this point, 
r contend, that we ougllt, on tlle contrary,· to lie gTowing· more alHl more solici tom; for llle protee­
tion of the pemlnlnm. 'l'lw more statio111; i(, ha8 YiHitetl, the more intimate is onr kuowletlge of its 
time of vibratfou, or vibration-numher, or wlmternr he the fuuetiou we may a1lopt by wllicl.t the 
results of obi:;ervatiou are to be exprcsr;etl. Even if, at the time, only one of the stations Yii:;ited 
was a'' known" statiou, we ought yet to eontemphtt,e a,ml <H1ticip;tte the time when, by the i,mper-
11osition of later series, the fundamental vibration-number (i.e., its et1uatorial vibratio11 Xo.) shall 
rest on more thau ouc, perhaps ou mauy knmYn stations. EYen if i,mcb eomiiderations as these fail 
to eonviuce, some weight will surely lie eoucedetl to the argument that, a::; one continiwus series is 
better than two or more, .covering the same stations, and aR h.Y merely gnanlinµ: the pendulum 
stringently during the temporary pause betweeu two Reti:; of operatio11s, otherwise called series, 
these will in fact constitute one only, it is right to take the proper precautions t.o bring this about.. 
I confess I am surprised, not that this principle has not been itctml upou, iu times past, but that it 
should at this day need more than the most cursory enuncia,tioa, and that wt· are even uow 1lebat­
ing whether we shall not continue to throw away oue-half of the uet rnHulti:; of each set of observa· 
tions with invariable pendulums. We do no less, wl.tcu we l>reak off a i,;eriei,; and, b,\· interehange 
of knife-edges, interrupt the continuity of a seriei,;. 

J. H. 
JULY 4, 1883. 

X. Four classes of errors affect tbe ob::;erved period of oscillation, <ts follows: 
1st. Those which are nearly constant throughout the work at any oue station. Such arise1 for 

example, from the flexure of the support, from an error in tbc adoptHd coefficient of expansion at a 
tropical or arctic station, aml from other causes. 

2d. Those which remain nearly constant for a considerable time, say an hour or a day, but which 
vary from day to day. Such arise, for example, from the knife resting differently on the supports 
on different days, from erroneous determinations of temperature, or from similar causes. 

3d. Those which are continually varying throughout the observations. 
4th. Those which arise from errors in the comparison of the iiemlulum with the time·piece. 
The first class of errors demand the most solicitous scrutiny. The other three classes may be 

distinguished by the study of the residuals of the observations. The third class i8 the most impor­
tant of the last three. 

XI •. Further insight moo the nature of the errors is obtained by comparing the residu~ with 
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Iarg(• and with 8mall are.s, aml hy comparing the re8itlual8 of Llte re\'ensiblc pemlulnm in its two 
positions. 

Small arcs and he<t\',\ pP111lulnms an~ to be recommmuled. 
Major lf:ERSC:IIEL. ht rncommeHding- "small arc,;," :Mr. Peirce letwes us to gum;s what magui 

tudt1 he coate111platmi. 111 ;;etting out upon my rcceat experieace, I i11teaded to swing in arc8 as 
i,;mall as I eonld auyway .w,c them, eertai11ly helow :W". Bnt I foull(l that both Sir G. Air,r and Pro­
fessor Stokes were 8tro1q.:-ly oppoi,;ed to siwh a t\om·se, aml I abawlonetl the intention in fiwor of 
arc8 falling from say 70' to 71

• Tim o~jedions urged were all tlrnoretical. I sbouhl still allvocttte 
the practical trn1ti11g of the tlo11ht iu any series or ohserYation8 of an experimenta.l character. 

:\Ir. l'EIRCE. 1 fllul the errors of ohserYation are uot increased by eoutiuuing the ost:illaLiou 
1lown to ares of 11

• 

XII. The method of coi1teitle11ces as perfected by l\lajor llerscl1el is to he recommended, espe­
cially in conuectiou with a clock whose pendulum S\Yings from knives. 

Xlll. Tlie experiments should IJe continuell for 24 honrn, hcgimting· and ernliug with 1:1tar oh 
servatiorn;, when this il'i co11Yeuie11t. Hut tl1is should uot he absolutely required. 

XIY. Tile swiuging in NW1W is to be rncornmmHled. 
1\1 ajor Herschel disseuted. 
XV. The ifoxure of the sup11ort may be advantageously axoickd l>y RwiHging two pt\JHlnlnms 

si111nlt.aneously on tl1e same 8upport with oppositt· phas<'S. \\'lwn this is not cloue tlle tlc\Xtffes 
should he IllNL8nrecl, arnl in doi11g thiH the me<tHlll'CH must 1.Jc macle at Uw mitlclle of the knife-:·mp­
port or else the positioll of t11e instantaneou:> axis of motion must be 1leter111i11ed. 

XYI. The o;eparatio11 of the atmospheric effect iuto t,\vo parts is requiHite for an exact, te111pem-
t,11rn correction. 

XV 11. The iutlueuce of atmospheric moistnre ougl1t to lie stmlit•.(l. 
XVIII. The use of rollers iu place of knin~s is to be comlemned. 
XIX. 'l'he prohahle accidc11tu I errm of a determinatioa of graYit~· must not exceed i) mill­

io11ths ( ~ 0-rhi(o ), an cl tlw total which ma,v l'C:lHOna hly he fo:tn'tl 111 nst uot exceed 10 millioutlis 

(TToGoor1)• 
Profe880r ~ ewcorn ll and others agree1l to this, hut. ;\f:ljor 11 c~rschel :UHl l\ll'. Schot1 ol~j(•cted to 

any nuniericnl cl'i tcriou of this sort. 
XX. A good grm·imeter is au important desideratum. 

( 'OKCIXSIOXS l'!Wl'OSED HY PIWFEssUI{ NEWCOMB, AMENJJED ANI> Al>Ol'TED BY THE CONFEHENCE. 

I. The main object of pendulum research iR the determination of the figure of tlw earth. From 
a 8LL!licim1t mnnher of ohst.'rvations suitably <li:strihuted over Uw :surface of the earth the actual 
fignm mas he <letermined. 

:! . . A cornplutt> georl!'tic survey 1-1houhl i11clwle determinationH of the iuterniity of gravity. These 
detr·.rmi11atiomi Hhonhl he macle at as many critical points of local deflection and physical :sb·ueture 
withiu tlw area 11f tht~ snrwy as vossible; <md these 8hould he combined with others distributed 
oYcr the whole globe. 

:~ . . A minute graYimetric ;;nrvey of Home limited region i:s al prnsent of sncb interest as to 
justify its execution. 

4. Extell(led linear gravimetric~ exploration is desirable, to lm ultimately followed hy simila.r 
work distributed over large armt:s. 

ti. Eaeh series of i,;uclt 1letermi1mtio11s shoulrl he made with the same apparatus, so that the 
tlitforentfal re:sults should not he affected by constant errors peculiar to the apparatmi. 

6. While it is i11advh;able at present to strictly fix a numerical limit of the permissible probable 
error of pendulum work, yet such determinations ought commonly to be accurate to the :i ci-o~crn part. 

7. Sim~e different pendulum;; may be used in di1forent regions, all shouhl he compared at some 
central station. 

8. Determinations of al.Jsolute gravity will probably prove useful in comparing the yard and 
the metre, and they should at any rate be made in order t-0 test the constancy of gravity against 
the constancy of length of a metallic bar. 

9. In the present state Qf oqr experience1 unchanged pendulums are dooidedly to. be preferred 
for ordinary explorations, 



 

AI>J'EXlJIX No. 11. 

HESt:LTH OF THE TltANSCOl\'TINEllT,\L LEIE OF UEOHETlC l'l'li!IT-LE\'l:Lt:\1; \LAI: Till. I' 11:.ILLLL 
()!.' :l(I•". J.'JHk'l' PAHT FWD! SANI>Y ll•H>K. N .• J., 'J'n 1'.\l\T L•>l'll', ;-.111 .. EXL<TTl'.ll J:Y .ISSIST.\\T 
ANDimw HHAID. 

(\\ITH.\ .\L\l'), 

\nieu the Sm'\'t'.Y n111lmtook the geodetie eom1ectio11 of the Atla11t i(· and 1 ':wilil' !>oasts 11,r a 
chain of trirmg'ks it heca1Ue eYi1k11t that :i Ji1w of' spi~·it-lt'\'diug wonld Ill' m·edcd i11 order that 
the ,-arious ha:se lilHll'l might lw accnrat.ely refrrn'<l to ilH· sPa kn·I, tliPil' 1·011111Lo1J pb11w 01· J'dt•J'­
lJllCC. Ir t.licse oieYatiom; werP mernly known through l>arometri1: olist·n·atio11,.;, or onli11ar,\ spirit. 
levdiug, tl1e rcfr·rrcd length would 11ot po:-;se.~:-; that deg·1·t0 l' of aeeltl'a('Y \1·Jiid1 111ast b!· st'!•lll'l'<l i11 
a geodetic operatiou of reti11e11ic11t a11d of' great exknt; it \\a,.; 1·rn1~1·q1w11tly decid1•1l 10 1·a1Ty a 
liue of spirit-kveli.ug of precision from ocean to oet«lll, follo\ri11g, a:< lll'<ll' a" prndil·alil1·, tile triang-11. 
lation along the thirt~--uiutlt parallel, arnl re:,;ti11g for itH dat11111 kn·l 011 cacli ~idc 011 tidal ol1se1Ta· 
tions eoutinuetl for a series of years. 

Snell a line of levels passing el'ntrall,\· oYer the eonutry, a1Hl tl111H 1·eallily a1·.1·(·,;sibll' fro111 
phwt~s lying to thr north awl sonth of it, \rltilt• :1\·ailahl1· fol' till' II>'<' of' tlte gpograpl1PJ". the 11wte­
orologist, the engiueer, tlw geologi.,t, and others, will lian· otl11•1· i111port<111t sei1·11tilie bt\Hl'i11gH 
upon our knowle<lge of the physics oft.he glohe; it bi>:us npo11 t hl' q lll'stio11s of th<' hydro1l,r11a111 ic 
equilibrium of the ocean level at different point,; nuder tilt' action of liil'ltnrbi11g fort'.cs, ><11d1, for 
instance, as the following: fa there any diffPrenee in l11•iglt1, awl, if w, oi' 11·1iat :1111011111 (fro111 11 
priori consi11Pmtiom; it, mnst he small*) between tile lll<'all len~l of' t!Jc Gulf ol' :\!Pxico aml that of 
the A.t.lautie? Or, what difforencc in tlw result::; of pn•ds11 spirit-lcn·ling- han~ IH' to t'XpPct from 
levels between two giYCll points hy two different routes 11ot ou 1 ltl' sa11H· len·l ,s11rfa1'.e '! To a11s1rm· 
the first que::;tion, a hraueh liue from Saint Louil'l to the <inlf has hcw11 already pmtl,Y execnte1l iu 
1•onnectio11 with tlw Hnn·e.v of the l\lil'lsiHsippi l~i\'1•r, aml with reference to the ,.;et:OJJ(l, tl11• i11\·e,,;(i .. 
gatiou will bB of great importauee, im·oldng, as it 1lm·s, two 1•tll•1·ts, Yiz, that of tlw iacli11atio11 of 
two adjaeent Pqnipot1.rntia] surfaces a,; related to tlu• g•.•.m•ral ligure nf t lw 1«1rt h, a ad the other 
involving the local deliections of the w>.rticml an<l i1T1~gulariti1•s i11 tl!1\ intensity of gravity, tlt11s 
deforming t,he surfaces of level aud altering their 1lista11c1•;;. Along 0111' eai<t arnl west Jim• the 
fin;t, or more general effect will be tritliug (as it reaches it,s maximnm \':llue in a 11wridio11al llirnc­
tion), hut the 1mco11<l will enter to its full exteut. \Vlteu crossing· tlH' Allcglm11ies, we t•an a:s­
sume that, the effect of local deftectious will be small, si11cl' complete compl'n8atio11 takPl'l place 
when pa,ssing over slopes eqnal, hut, opposit .. Jy inclined, and, in general, thl' tlill'en•n1 ial c1foet may 
not he cumulative when crossing a 1mmher of para1lel ridges uule:ss th1·.r should all lie of i:;imilar 
cross-section. 'Vhen aseemling the great wc:,;tcrn pla.ius lty a long- awl gentle :slope up to tlw 
Rocky Mountain Plateau, awl then rapidly <leseen<ling w the :sea-leYel, we lrnYc cornlition;; fa\·or­
able to the <levelopment of efteet 011 the results of spirit,.Jesding due to local 1letlectio11s. i11 tl1e 
direction of the vertical and variations in tlw i11tcnsit.y of gradty. 'l'hns wo percei n• the i11t.i11mtc 
connection lletwt~en geodetic, ast,rouomical, hypsometric, and pe111lnlnm work, all of wliich will be 

•It may be mentioned in this comrnction thnt spirit-levrling iu Europe appan•11tly hronght out the n·~nlt. t.hnt 
the mean level of Ute Atlantic at Brest, l!'raurll, is higher by one 111ntre than tl1e mean ltl\·el of t11e Meditnrrnnean at 
Marseilles. 

517 



 

518 UNITED STA'fBS COAST AND GEODETIC SURVEY. 

IH'OSt~cutetl i 11 the direct ion i 1ul icatml. The effects of' local dclfoctioux mentioued cauuot he pre­
ci;;cly eYalllatctl under a11y circn111sta11cc:s so that the 1p1ci;tion of the relatiYc leyel of the Gulf 
and A tlautic might first be axcertaiued h,y a liue of spirit-levels aeroo;s tJ1e peninsula of l 1'lorida 
(Fermmdina to Cedar Keys) ai11l the result cornparc<l with that of the liuc Sandy Hook, Saint 
Louii,;, X ew Odea11s (or Mohi11• ). l'n,ciKely iu the same rdatiou as this o;hort cut stands to the 
eastern part of om· li11e of (('n•ls, t.lw cut across the Isthmus of P:mama stauds to the whole line, 
awl in bot 11 cases these c11Hsidcr:1 lions \\'ill c11 t Pl' i11 to the discussion of' tlw prulta.hle error in the 
levPli11g- ovemtion wlHJH <~umpari11g it:,; umg-nil 1ufo with t,lie a.pvanmt ad.nal resultiug ditt'erenee at 
tlte terminal sea-le\-el. 

llE'l'ElDfl1'A'l'ION <•F 'J'JIE '\IEAN 'l'lllAL LEVEL* A'l' 8ANllY llOUK, N •. J. 

The tidal ohserYations made at. bandy Hook, by means of a self-reg·istering tide-gauge, eom- · 
meuc~e<l Oet.oher ::!l, 1875, and ha\·e !J~e11 eonti11uell without interrnptio11 to the prm;ent time. 'rhe 
following- table of annual mean reading'~ (in feet) of low and of higb waturs was eommuuicated to 
me u.r Mr. A very, i11 charge of the Tidal J>ivisiou of the uftiee : 

,\fcan rca<liug o1 lnw water 

'.\lean reading- of high \Yater 

Mean range. 

l\Ican reading- pf half-tide level. 

L>ifkn:nL·cs trom the HH:illl 

r87t3. 

( .. 07 

10.(•q 

.i.fi2 

S.380 

-- .1fi8 

1:·;77. i~: 7s. 

(~. 2; ti, _./1 

IO. 88 J I.O•j 

.,.(>{ 4.73 

;;,57,:, ~;. 725 

i .0'27 .177 

1879. i 188v. 

' 

r;.H1 (,_,:;, 

'" ')" 10.87 

4. 7 1 4.72 

S.545 i 8. 510 

.. _ 
.00~ 

' 
- .038 

' 

1881. 

l 
r .. 13 j Mean. 

tD.•J7 Mean 

4.84 ! Range 

8.550 , llalf-tidc . 

j ,002 

I 

h·ct. i 
6. 193 i 

1u.yuo : 

4 .705 I 

s.548 I 

± 0.031 I 

• \ probable error of .1: 0.031 feet or ::L u.:{""" iu the starting-level is rather greater th au is 
<lc::;irable, aml it rcforn to a m<'<lll reading of th<' ,;ca-level itHclf roughly det.ermined, since the an­
nual tabular means eontaiu ji·acliu1utl piirlii of a lunation; hence r;ome eftect of the r;emi-monthly 
i11e11ua.Jity i11 height urnst. lw expeetod to enter into the resttlt. In the mmt11 time Mr. Ferrel sub_ 
mitted these tides to a dil'cussiou by the harmonic analysis (compare his Tidal Researches, Wash­
ington, 1874; also his <liscu:,;sio11 of Tides iu l'eriolm1•,ot Bay, Appendix No. 11, Coast and Geodetic 
Surn\y ]~eport f(n· l S7S). Ile communicated the following ta hie of "Tide-gauge reading of mean 
sPa·lcYcl from hourly co·ordiuate;.;" (uncorrected for sllifting of imlex of gauge between one year 
and another, the imlcx of 1881 alone being· i1le11tical with that of tlte table of low and high wateni): 

L' l : F' I .. I 
r ror.u unar, ru~u so ar, Difference.: 

l!de. ' tide. · 

------- , ____ 
-~------

' 
Fed. Fed. Fo:t. 

187(, 5·.H2 3 .').342 7 - .0004 

1877' .5-42')2 s .4283 .0004 

187~L 5 .0<)78 5·"977 + .OOOI 

1879 5.0461 I 5.0467 - .0006 

1880. 5. 3334 5 .3338 - .0004 

1881.. 8. 5703 8.5694 + .000<) 

l lcrc t.11<'· resu lt.s f'ro111 lu11ar tide are the mean of Ii vc com pommts aud the results from solar tide 
tlte meau of four components, hence the small dilforeuce in the haif-tidc level indicated. Calling 

-- ---------------- - -------- --- --· ---- ----- --- , ________________ _ 
'A slight :wqnai11t:ut1•e with the laws of the tideK i11clicate8 that tltc level of reference for SJJirit-leveling of 

pn•l'iHion <'all be 110 ot.her than the an•ragn or Ro-eitlled lmlf-ti1lo level of the ocean. This matter was also 11ractically 
l<>ef.l'<l in Ir<~~. wlt<'a 1.w1·11ty-t.wo ti<l:d Htation" were establiKlrn<l rou111l tlie coast of Irelanll and their zeros of staffs oon­
llt'Ctetl hy "Jtirit-levelK; ilu: t i1h1l ol•e<'rvatinns have heP11 tlisenRse<l by the Astrononwr Royal (Phil. Trans. Roy. Soc., 
Jr<4:"•), allll Hw n·sults \Yill he fuurnl on page ;,;,1 of the British Onhuuwc Survey, London, 1858. The spirii-leveliug 
opl'rat.iou" of th1• grl'at trigonouwtrieal Slll'\'e~· of ltHli:l., couunencc<l in 181'>8, were started from the mean (average) 
sea-lcrnl of Karachi lfarl)()r (Tahl<'s of Height in Sind, the Punjah, etc., Calcutta, 1863). In the leveling connooting 
the Baltic with th" SwisH levels the plane of rcforence is j,hc mean water at Swinemunde depending on fifty-four 
years of observations. (Leveling iu conuectiou with the measurement of arcs, by Dr. Seibt, Berlin, 1882.) 
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attention to the fact that these values for the several ~vpars ne.rnled reductimi tn the isame zero level 
before they could be used, tliese index corrections were furnished to Mr. J<'errel b~- thr Ti!lal Divi,:;­
ion, who applied them, however, to other components (thau tlw alHn-P), Yi11., to 0 (lmmr •lediHa­
tional) and to L (lunar elli)ltic) arnl to ~ (of the same type ais L ). JI is COl'l'('l't1·d hourly rc•atlingH 
gave tl1e fr,Jlowing Yalues for the mean sea-level: 

. i878. 

i 1879 

) 1880, 

1881 -

i Component· Component' Component l )iffere11L·(· 
t u. !, L. N. I 0 -- I~. 

------- -------- 1-------- - - --- -
J·>l'f. \ F1'1'f. Fni. h·d. 

8.4i33 8.42t5 I 8.421:~ 

8. 5886 ~). 5(\5 I :L5ff15 

:~. 7262 8.751(, 3.751(, - .(•'.'5·1 

8. S43S 8.55 1 5 f:.551(• 

8_ 5178 8.512.t S.51c>:> 

f,.5(192 8.5714 r;.5715 - .002'.' 

These ditforenceR :tr<' larp:e1· than thosr exl1ihitP<l ahnY<', which is a<·<·m111!1·1l for Ji~· tlH• fad tliat 
tlte results nrnler 0 and L are not nu1a11 Yalne,-; of HeYernl term.«. 

Uniting· t.lie reimlts, 1irst combining L a111l -X, tlwir 11w:tn wit11 0, aiu11.a k i11g· tlw 1111.•a11 of tlu· 
fonr Yalues of 18iH, we fiucl t.111~ following results for t.lw mea11 rc:uli11g of tlu• NPa·lt•n·I: 

1~~7(,. 

i&77. 

1h7R 

1fi7q 

1;o::80 . 

Feet. .l. 

8.417 i 

8.57p 

8. 738~1 

8.5475 

o.s150 

S.57r,l 

- .01(·~· 

-· 1770 

+ .0135 

-+- .04(io 

- .0001 ! 

M m1n, 8.f>m O :±: 0.0'.!8!) feet, ndopt1•1l for tl11• starti1q.('·lewl. From the low arnl higlt 'Yatl·rR for 
these ycarH we hall the Yalue 8'.iiJ8 ::k O'.O:{J in good aceor11 witli Ow JH'cc<'1li11g valnc rkriwd from 
the harmonic analysis. 

The ammal values for the rnc:m len~l as llt>rin~11 from t-h1· low arnl lii1.d1 wat1•1· ~ (L + 11) aJl(l aR 
1le1ltwecl from t.he l1n.rmo11ic a11alyHiR (H. :\.) 1•on11mr1• m; follow:-;: 

if.79 

rRSo. 

{ -~881. -

J : 
,.<L f- !l). H. A. 

8. 575 

8.7~.s 

S.545 

S. 510 

8.,417 

8. 57/ 

.s. i3lJ 

8. 54S 

8, 515 

s. 57" 

Difference 

-- · 0 3i 

The level a;; gfrcn h,r IL A. is fon1Hl to ht' hip;her for en•ry year,!!' and there is apparent!,,- a 
rise in the mca.11 levl\l 4lnril1g th<' yean1 187fU77-'78, a.fterw:mls a fall; hut tlii.~ as well as the appa­
rent increas<' in the annna.11,ange of tl1e thfo ma:; lw <hw to aecidm1tal cir1·11mKtaiwrs, a;; 1listurbing 
causes of the annual mean lwight of the Rea-lew•L variations in tho mea11 annual direction and force 
of the wind, and in the atmosplieric JH'Pssnrc, al'\ well as variatiouis in t.ltc 1lirecti011 and velocity of 
ocean currents are promine11t factors. Tl1erc may also be perioclic fluctuations in the sea-level 

-------------
•It is to he remm·kcd that in C01181'1(1H'HC<l of the qnitrter-<linrrni1 ti<l11 the hig-h an<l low waters shonlil both lie 

slightly higher, and consequently Riso the m1>au le•:el rlednced from t.hem. than t.lw val1w j!;inm lly the harmonic 
analysis; hut in fact we fiml the JatMr th11 higher hy O.OI:l foot or 4.0mm; Jumco it. wonltl smim that the elfoct is 
marked by some other irregularity. 
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71D~·CAUOC. 

WAT£/I L&VEL 
rloAT titlal ]\'q•], as giY1m b_y the gauge, is as followR: 

Float-line lwlow tlte 11'-f'oot mark on tape, tit'/ incheR, or .. _ .... _ .. 
fl1•11e1~, reading of tloat-li11P _. _ .... _ ................. ____ .. _ .. 
H11wliug of 111ea11 .sea-Ien1l or Iralf-tidc lcn1l (see aUO\'e) _. _ .....• 

II1·11cc, imlex or n•.adilll! mark ahon1 rnea11 sea-kvel . _.. . • • • . .. 
'I'itlt\-ho1tsn beudt-rnark ahm·e imlt~x ];11°1, inch, or .............. . 

lln11cP, hmwli-mark 'l'. JI. ahm·p Rea-lcvPI 

Feet. Ft>et. 

0. 72!! ± • (JO;') 

1S.72fJ 
S.561 ± • 02fl 

-----
10.168 
1.:mi ± . ()();) 

11. 444 ± . 030 
= 3"'. 4881 ±om. 0091 

(estimated) 

(est.i111at.e(l) 

\Ylticlt Yaltw has hPt>ll :ulopte1l for the pre>1e11t.. 'l'he oh8PITations of the tides are continued; l1e11cP 
the prohahlf' error or the mean r;ea-level ( J: orn. OOi\8) may he farther reduced hereafter. 

The li1w of spirit-Jm-ds hetween Sarnl_y Hook, N .• J., and Saint r~onis, Mo., was run by Assistant 
A rnlrt·w J;m id wit Ii l<>1•cl CoaHt awl Geo<letic Snrn~.r No. 1, a11<l the metric rods either A and B or E 
aml F. Tlw met.hod of ol>serring was the same tJmmghont. In Uoast and Geodetic Survey H.eport 
for 1:-1:-10, .Appe)l(lix ~o. 11, Mr. Hmid cxplaim1 his metl10<1 of observing (pp. 137, 138), describrs 
anti tig-meH l1i.s im;trument (Plate ~o. 4G), a11d gives a specimen of his record (p. 139), to which the 
re:uler rna~- he r1~forrc1l for detail information. 

J NSTR r:~rnNTAL coxs1'AN1'S.-:M agni(ying power of telescope 26; focal distance 41cm; aperturr 
:~:"i111111; diaphragm with 3 horizontal and nearly equidistant spider-lines; angular distance middle 
lirH• to (tnw) uppel' !inc, 101~11 • 7, aJl(l of middle line to (true} lower line !)!)511• 3. One division of 
rnieronwtm', -t.1:?11

• ,q_ ValuP of ouc diYisio11 of the level, J 11 • 3~; hut tbhi does not enter into the 
work. '!'ht' ring- inrn111alit_y wai:; 1letermined 011 ReYeral occasions. 'l'lle brass scales of the ro<l were 

·• Thn8 :Lt Bre~t. Frnne<', it. iH st.at.ml that the meitn level of tlrn ocean from 18:~4 to 1878 had snnk or the ground 
li:iil riHl'll ahont 11ulll a ~·ear. (;'\at1m-, No. G~18, .June, li"-A:l.) In his annual report of the geological survey of New 
.l<'l'"<'Y for th<' y!\ar Hl--41, Mr. 0.-nrge TL Cook, Sta.Le geologist, 1levotm1 Chapfor Ill, pp. 20-32, to fact.s allll discussion 
of 1h<' ""'"ro:wlm1m1t of th""'"' 11po11 t.lw low.J_,·ing lall(h. It wonld app<mr that the relative chm1ge of ]all(\ arnl sea 
along llu· r-oa•t of New .J..rne.'· poi11ts <'ilh1•r 1o a gradna.J ri~e of tl1e Rea-level or to 11 gr/l<lual sul1sidence of the land. 
Tl11• snhj1•d of t11P enrr"'11.H off th" 1·oas1, :t111l in ]"trtipnl:tr for that part. of it lying north of Ban1egat, is refetTe!l to 
on f>al-(" :Ill. For thl' llll'I'<' 1·li:111gP of ontli11" of Sawly Honk between tlie years In!I and 18fJ.1 due to varying currents 
:1111! Hlll\pOHPtl nnaceompanie1l li.r \'<>rt.ical ehani.:e8, the reader may he referre(l to Chart No. 8 of Coast Survey Report 
for 1~.;,:1. The permanoncy of 011r l<wol of rnference is of the utmost importance, aml if it should be found subject to 
S<'!'Hl:1r chauge it lllay be ll<Jtect.Nl hy mei1us of a branch liue of levels to some other part of the coa.st where· appar­
ently no i1ulicat.i1111s of ehan.:o l'Xist. It is the intention of the Superinten!lent of the Survey to conneet the Hagers. 
towu beuch·m:irk witJ1 the t.i11e-gange at Oh1 Point Comfort, Va., and thus secure a check upon it.s heiirht as well as 
a secoud reference to the sea-level. 
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compared with a standard metre at the office aud found of the following length: Itod ~1=3m,000105 
at 68°.0 F., and roll B = Jm.000076 at ()S0.3 F., gi,·iug the mitldle metre double woight; the lougt!t 
of the arnrage metre of the rods was im.000075 for A at. GS0.4 F. arnl 0.99999G for B at ()80,3 l•'. 
The comparL<>om; of the leugtlls of the metre marks of rods E and}' at GS0.4 F. giYe the rei5ult: 

\ FirsL 
Staff metre ......... _ .. ) Second 

! Thinl 

E }' 
P 1 .OOOO.'i2 
l'".000039 
lm,000121 

Im.000052 
()m. 999fJ59 
lm,000120 

'l'l.te eoeiticient of expansion is ai:;smuell e<1 ual . 00001 For rnmstmetiou of the st:i.e8 see .Assistant 
'l'ittmann's paper, Oomit aml Geodetic Surw.y I~eport for 1879, ..:\]Jpendix No. Hi. lu Appendix 
No. 11, Report for lStiO, l\lr. Brai<l explains the meth0<l of leYeliug followed on the Lower l\lissis­
sippi Hiver, which il"l the same as that adoptml for the trnuscontinental line (now extending tn 
Btlah, Mo.), viz: Two parallel lines are nm 1;inmlta11eo11:-;l,Y and iu the sauw tlirectio11, oue by staff 
A, the other by staff B, the rods being placed at different distances from the instrument; alternate 
parts of the line are run in opposite directions. On IPn~l ground, or where tlic i;lope is not inter­
fering, the <listance from 01taft' to 01taff (with tile instrumeut as near as ma~- be midway between) 
is, on the aYerage, 220m, l1alf that distance beiug stepped off by tl1e rodman when passing from 
tllc instrument to the prnsition of the staff. 'l'lw corresponding staffs of the simultaneous .A and 
B lines are ahout 20 metre;; apart. 

The following table giws the time of beginning and ending of field work for thP Rc,·eml sec­
tions of the line and their length : 

, ~amly l iouk 1 N. J., to 1-fag-er~town, )1 d. 

Ilagerslown, :\Id., to Grnfton. \\".\'a.. 
' Grahon, l\ .... Va., to .\.thens, Obin 

Athcn~, Ohio, to ~iitchell, lnd 

~itchcll, Ind., to Saint ! ... ouis 1 .:\lo. 

188:, July 7 iSSr, Dec. 12 

1878, May 15 d·:78, Sept. 7 

1S70, Sept. 7 i878, Dec. 14 

1879, July s; 1879, ?\ov. S 

188::!, Jul) 6: i882, Oct. 21 ; 

459 

347 ----
Total tlc\~clopmcnt 

'l'lw Ji11e of tn·l'ls gcm•rally follmrn a railrmul track, witL the exception or the space between 
Hagerstown and Uumberlaud, l\fd., where :\1r. Bl'aitl followe<l tlw turnpike for :t short di'stance and 
afterwards the caual bitnks. l'rimary beueh-marks are indicated in the record hy letters of the 
alpl1abct, secondary bench-marks by Roman 11un1m·als; tht• former consist i11 most cm-1r$ ot' a square 
cavity, tllree fourths to one inch square and about oue-fourtlt to three-eightlrn of an inch deep, with 
legend'' U.S. 0. & G. S.," and the letter assigned to it; the Sl'eon<lary bench-marks are indicat€<l in 
the same way, but with a number instead of a leth>r. 'rite Jp\·eli11g- ref"Prs to the hottom ledgc of 
the mark. There are also a 11nmber of teu1poritl)' marlrn, uot fnrtlu·r dt>seribed, .siIJct• rnost of these 
will tSoon hccome obliterateLl. A copr of the desel'iptiou of the be11ch-marks follows the results of 
ead1 section.• The following uamns of tile more p1'ominm1t place;; along tlw route will, in g(\11· 
eral, indicate sufficiently the location of the line : 

8EOTION 1.-Sandy Hook: Perth .A1uboy, SumerYille, Anuarnlale, in New .fori·;ey; Ea;;to11, 
Allentown, Reading, Harrisburg, Chambersburg, iu l'e1w.syh"a.11ia. 

SECTION ~.-Hagerstown, 'Villiamsport, Cnmllerlaud, in .Marylaud. 
8EC1'ION 3.-Grafton, Parkersburg, in \~;est Virginia. 
SECTION 4.-Atheus, Chillicothe, Cinei nna ti, iu Ohio; Lawreueehurg, North Vernon, :\1 it ch ell, 

in Indiana. 
SEC'.l'ION 5.-Vincenues, in Indi:uw; Olney, Flora, Samlon1l, i11 l1linoi<1; Saint Lon ii;, in :\li.s:;o1ui. 
The route followeLl hy the le\'eling part,Y' is shown on accomp:n1ying map No. 3:.!J!. 
'fbe office computation was made by l\iessrs. Christie awl Ji'arquhar, of the Computi11g 

Division, with temporary aitl given by Snhassist.auts \Vt>ir and Pratt. The correction for curYa­

ture and refraction, for ring inequality, for index error of rods, and variation in length of rods 

•in many ca8"s t.he recortl contains diagrams to facilitate the finding and identification of the mark, and there 
a.re also route diagrams showing the exact location of the liue. Application can be made to the office for detail 
information . 

. R li\v 77 __ AA 
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with temperature were duly made whe11 ucctled; clfocts al'isiug from change in length of uubule aml 
from collimation error are elimin:itml in the procosl'l of ohsmTing. Thn obsernir's co1111111tatillll WIH:i 

collatc1l with the otlic1• computation, and the final table of results was dmw11 up by l\Ir. Chrislip. 

PROTIATILE ERT:OH OF RESULTS FRO)! GEODETIC SPIRIT-LEVELING. 

The probable error of the operation of spirit-leveling of precision den~loped in a (fo.;tance of one 
kilometre has ge11erally beeu adopted as a ()Ol!Yeuient measure of statiug the prech,;ion readted" ai-; 
well as for comparison of the ntlnes of similar work. If, iu acconlance with the metltoil of le;tst 
squares we take the prohahle error of le,·eliug proportional to vs, or what comes to the same, the 
weight of a result to be itH'ersely proportional to the leug"th s, and it'.-
d = difference in results from two mearinres of a line of length.~, the two measures snppose1l rna1le 

preferably in opposite directions and iudependeut of each other, 
n = the number of ~melt lines of double leYeling, 
11i' = the mean e1Tor of a single leveling per kilometre, i. e., per unit of length, 

m" = tl!e same for double lcYeling; then with p = _!_ 
.~ 

m' 
a11d m" = ~2 

r" = probable error of a double leveling of a line of lengtli L = [sj; then t 
r" = o.675 m" vL 

In our case, where the marks are 11istril>ate'l over the whole line with tolcnble ni,..;-ulal'it.,y, tlw avm·­
age distance between them heiug about one km.,+ and where the weight.s become equal, the com­
putation of the probable em>r is much simplified hy the use of the formula 

11.H'i'.1 / 5/t v 4~:~ 
for the probable error in lk111., for a 1loublt1 line; hence, for the re1mlti11g dilfereuce of l!eight from a 
double leveling o-ver the whole (foitall()!' L, __ 

r11 = 0.<i7;1 -J~~-
in our ca.'!e, tlrn two exprn;;sions le:ttl to the S<tme 11nn1eric;1l value. 'rhi,.; probable error must be 
combined with that of the sea-lernl or with ± 11. lmm for the title-homm lwneh mark at Sandy Hook 
in order to obtain the probahle enor of tl1e height aborn the sea. Uollccting our resnlts for prob­
able error per kilometre from tile 'louble line oflevels and for the whole seetions, we luwe: 

-·------------ ---- --- --- ·-·--~--

I 
I ' 'Section. 1 I e~lnning and end o: l:nr. 

I 
I 

i 
, Sandy Book, N. J .1 to Hagerstown, )ld . 

II Hagerstown, l\fd., to Grafton. \\~.Va. 
111 ! Grafton, \\

7

, \"a, to . .\.thens, Ohio ... 
i IV ; Athens, Ohio, t•> ::'\litchell. lncl .. 

Y ', ~!itchell, Jn.!., to Saint Louis, Mo. 

111m. 

± i.03 

I .18 I 
I 

TerminaJ point. 

~ ~ .. ~ I 
~! Ii ~ I 
"' i, £ ~]~ 1· -

"'"'· I ,,, i/---::-
±21.6 i Hagerstown, Md.. 168.340 !! ±23.4 

29.9 i Grafton. W. Va.. 303.864 'I'! 3r.3 

.... 
1 

0.94 [ 43.0 
1 

~litchell,lnd__ ...... 209.681 · 1 

1 . 54 37.9 1 Athens, Ohio..... . ..... I """'55 .I 3

4

9

3 

•. 0

9 

_ ... 1

1 
i.05 ., 47 .2 '! Saint Louis, )fo. _. . . . 126 .go8 ·1 48 .1 

--------------------------~· - I 

"'Vit!t res111·ct. to h~vdings of prect•io11 ex.·cnt"d of late yc1trH in Europe, in the opinion of the Geo•leti•· A1111oeiatiou, 
a prnbahk error in t,Jw resulting differ1•111·c of height ai; large as::!: ;jmm per km. m:ty still Im tolerati;d, bnt 01w of 
::!: fi 1111" woul<I be con8idcrt•<1 as surpassing a11 allowal1lc limit. A value of::!: 2mm may l>c considered to rPpre~ent a fair 
measure and 0111> of :l l mm a measure of high precision. 

tThe formnL .. given by Assistant Brahl in Uoa~r, an<! G11ouetic Survey Report for ltl:'ll}, p"ge 140, viz: 

Mean error of oue kilometrP for •i11yle 11 veling = I 1[-~~J-- and for do,,bfr leveling /-r[ii;'J V II • \!l!JI R 

arc identical with the corresponding expressions m' and m,, above, since v = !!__ 
2· 

t Varying ou the avera.go between half a kilometre iu the eastern sections to 2 kilometres in the western according 
hl the uaturaJ facilities offered. ' 
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The numbers iu the last column were found lly the comuinatiou of the 1Jrece<1ing prollal>le errors 
with that of the sea-level mark ( ± !J. lmm )." 1 u.co1115equeuce or the uwtltotl adopted of ruuniug two 
parallel lines simultaneousl,v, tlw condition of the entire intlepen!leuce of the two set:-; of results, as 
supposed in the above formulm, is not satiKfied, and the com1mted prolmhle CITtWs are 11eees,mrily 
too small, since the instrumental aud atmospheric eowlitious are rwarly the S<lllH' for thr two liucR. 

Further results will he gi\·eu as the work progresses. 

'ALont !18 much woul<l lH' 1leveloJ1"'l in Je,·t•li11~ a li1w of lill kilom1\tre.s. 
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Transcontinental line of Spirit-levelll. 

SECTION I.-FROM SANDY HOOK, N. J., TO HAGERSTOWN, MD. 

1

1 

J.;:: ~= . i Difference of height of s

1

uccessive bench-marks. ~]~ 'I ~~" _ Disc~_lr:~cy.-1 
~~ ~.§~ ~~:t ~-

l = .~ ..... i:: Simultaneous lines. 
11 

Rod!i A :;Ul ~ l :] \ 
1 

t.' Bench-marks. 

''I 

.. 

--~.,u.~ ' ;OlfJ~~-; . uucl Balter- Mean. "' c 'I :C-; Partial -=:Jtal ~.: .: ... ~ Rod A. lRodB.sec-i ~ately1 ~~~ ~£ A I 
0 

. 
first line. . on<l line i third lme. o e "; l '""' I 

1-~~=~-'"-k-,-,,.~--.,,-.--< ---1--,,,-.-----=.---- __ E-<_,.-,.--1 ±:m. -,,,-m-.-' mm. I(,,,,,~, 
T. H. mark.. .I... o.ooo ........... !. .. ..... 1. + 3.4881 [ o.o !......... ...[ .. . 
T.H.toA ............. ~-j 0 . .p5 o .. p5 -0.0104: -0.0156;. -0.0130 +3-47511 ........ +s.2 +s.21 27.0 

Atoll. ······\. 0.202 0.617 - 0.6155 - 0.6114 0.6103 - 0.6124 + 2.8627 l. ..1 -4.r + 1.i: ! 16.8 

B to6. 0.235 n 85' - I.3464 - '-3473 i I.3445 - i.346! + i.5166 ·l +0.9 + 2.0 o.8 

6to9. :L4~4 3.28fi + 0.0264 + 0.0279 i + 0.0271 + 1.5437 ··1 -r.5 + 0.5 i ~.2 
9 to C.. 0.707 3.993 + 4.4090 + 4.4097 + 4·4094 -f 5.9531 2.3 I -0.7 0.5 

9 to I.. 0.575 3.861 + 3.1769 + ~.r754 + 3.1761 + •. 7198 2.41 +1.s + 2.0 2.2 

6 to5.... 3.078 3.9.10 + 0.4400 + o.43'.J5 · + 0.4430 + o.44oS + '-9574 ...... 1 

• 5 to II.. ..170 6.100 1, + 0.3589. + 0.3622 -, 0.3657 + 0.3623 + 2.3197 2.5 i 
II to4. I.DC<) 7.Io) + 0.9686 i + 0.9656 + 0.9694 + o.<]679 + 3.2876 .... ·.·1 
4 to 3. o.6ro 7.7191

1
, - 0.0462 1 - 0.0455 - 0.0458 + 3.2418 

3 toi.. 0.138 7.857 +1r.2677 I +n.2670 +IT.2673 +14.5091 j. .j 
1to2.... 0.281 8.138 !, +22.9924 1 +22.9891 +22.9908 +37·499Y 1 ••••••• 1 

2 to III. 0.288 8.426 +24.2156 +24.2136 +24.2146 ~r.7145 3.0 ! 
lll·to D. 0.038 8.464 + 1.5598 + r.5594 + r.5596 -f-63.274 1 3.0 \ 

4 to7 ... 

7 to 8 .... . 

a to IV ....... .. 

8to10 ... 

to to 11 •.. 

n to12. 

I~ to J3 ..... •• ...... ·· 

::j 

13 to v ................. . 
Y to 14 ...... . 

14to15 .. . 

15 to i6. 

16 to E. 

16 to r7 •. 

17 to 18 ... 

18 tu 19 .. 

19 to 20. 

2oto21. 

91 t02:J:. 

:nto23. 

23 to 27. 

,7 to 26. 

26 to 25. 

25to YI .. 

!!5 to 24. 

24 to 23 .. 

:i:S to 29 .. 

···i 

0.244 

l .450 

:i.268 

2.054 

::i.420 

o.goo 

1.768 

l.40:1 

:z.924 ' 

1.078 : 

1.36g 

•.338 

0.562 

0.721 

0.321 

9.00) - 0.6453 

Yo.9~ - 0.4875 

II 213 + 0.66g4 

13.522' - (1.4475 

i4.97:t \ + 2.6555 

17.240' +0.1413 

19.29+ - t.36o3 

::z3.373 + 5.7285 

25.655 + 2.5068 

27. 153 -+· 1.1852 

27.514 + i.2553 

29.149 +1.8762 

32.057 . + 2.9162 

32.957 , - S.7oo6 

34. 725 +w. 3191 

36.126 - 8.8790 

39.050 + 0.2465 

40.128 - 5.1639 

41 .497 + 2. 3214 
43.835 -n.3133 

44.397,: -t l.4o61 

45. 113 

44.718 

45. 137 

46. 345 

+ 5.0773 

- t.2507 

+ 1 .o689 

+ 6.671;. 

- 0.6432 ' - 0.6481 

- o.4R~3 - 0.4906 

+ 0.6689 : + 0.6689 

- 0.4.~48 . 

+ 2.6596 

+ 0.1456 

- I.J539 

- 2 o897 

-t s-7267 

+ 2.5021 

+ I.1854 i 

+ 1.2570: 

- 0.4384 

+ 2.6433 

i 0.1399 

I. 3567 

J _- ··"9"7( 
l 2.0854~ 
+ 5.73o8 

+ 2.4976 

+ 1.1776 

+ 7.8817 ' + 7.8851 

+ 2.9255 : + 2.9251 
- 8.6<)68 ; - 8.6884 

+20.3169 

- 8.8843 

+ o.i475 

- 5.I616 

+20.3240 

- 8.8828 

+ o.24o8 

- 5.1676 

+ "3172 I + 2.3214 

-11.3042 I -I,t.3203 

+ r.4018 I + r. 4018 
I + 5.2771 I ........ 

- I.2520 I - 1.2563 

+ i.o648 I + i.o6i.i 
+ 6.6666 + 6.6674 

-+- o (6r_p 

- 0.4436 

+ 2 6528' 

+ 0.1423 

- I .357n 

+ 2.5022 

+ r.I.827 

+ t.2561 

. + 7.8810 

+ >.9223 

- 8.1i953 

+20.3200 

- 8.8820 . + 0.2449 

- 5.r644 

+ 2.J200 

+ 2.6421 

-+- 2. 153::1 

+ 2 .8224 I 

+ l .7097 

+ 4.3625 

+ 4.5048 

+ 3"478 

+ 9.2905 

+10.473!2 

+n .7293 

+18.3542 

+01.2765 

+i;;i.5812 

+32.901:2 

+24.0192 

+24.26.p: ... 

+19.0<J97 

+21.4197 

2.8 

.I 

·! 
! 

4.3 I 

..... I ... 
. ·1 
'"1 

-II.3126 , +10.1071 

+ :a:.4032 : +1i.5103 

+ 5.2772 : +16.7885 

·-· .. :1:.2530 i 

+ l.o674 ' 

+ 6.6686 ! 

+10.2573 

+n .3•47 

+17.9933 

7-4 i 
........ 1 

··i 
I • I 

+o.s ! 

-3-3 i 

+3.o I 

-0.7 I 
+o-7 
+3·3 

-2.I 

+o.8 

+o.,;. 

-5.5 

-1.0 

-2.3 

+4.2 

-9.1 

-J-4.3 

+o.2 
+1.3 

+4·'' 

+5-· I 

+ 2.5 
- o.8 

+ 2.2 

+ '-5 
+ •. 2 

+ 5.5 

+ 7.5 

+ 7.9 

0.2 

0.5 

-t- 0,1 4.4 

+ o.o 
1 

o.6 

+ 1.4 

- r.S 7·o 
- 5·9 16.S 

-10.2 18.5 

-16.6 41.0 

-13.9 

- 7.4 

- 7.6 

- 9.3 

=;~::I 
--26.2 

-24.0 

-18.7 

-19.7 

-22.0 

-12.r 

3.~ 

22. I 

2.9 

30.2 

86.5 

I4.4 

4.8 

28.1 

5·3 

17.6 

82.8 

18-S 

o.o 

I.7 

16.S 

26.o 
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Tra.n8continental line of Spirit-levcls-Ooutiuue<l. 

SECTION !.-FROM SANDY HOOK, N. J., TO HAGERSTOWN, MD.-Coutinued. 

Bench-marks. 

29 to \"Il. ... 

VII to 30. 

30 to VIII .. 
VIII to 34. 

34 to F ..... 

F to 33. 

33 to 32 ... 

32 to 35 ... 

35 to36, .... . 

36to37 ... .. 

37 to40 ............ . 

40 to 39 •.. 

39toIX. 

IX to 38 .. 

38 to 44. 

44toX ... 

X to 45 •. 

45tOi7··· 

47 toXfI. 

XII to48 ............... . 

48 to 46 ......... .. 

46 to XI. ......... . 

XI to XIII ... 

XI to4t. .. 
41 to42 ............... . 

42 to43. . .... ······ · 

43!049 ........ 

49 to 50 ... . 

~ ~ -- --~!-. ·r;i~::~ of :e~~;:~:~essi~e he:~~-:~ks. , . ~ ] ... ~-- -- ! ~ 
~-t: ..... g~ .: I - ~..... t::'§i 
,,, ~. cn::r: (d !I Simultaneous lines. : ~-.., ;>, 0 ·u 
23-tl ;c ~ fi -----·.an~0J<~~l~er- 1 -~ - 5 ~~ 1 

c c: , ...... c u j Mean. ......... .... "" -

~~ ~~] ti~~dli~~- I Ra°:Q~i::.c-, th~-~~eifu'e. I ~ ~~ ~ £ 
0 ___ F-< ___ 11----l--------1-----1 I'-< it 

km. km. 1:
1 

111. ! m. j .,.,,, 'j nt. n1. ±mtn. 

3.556 49.901 /! -16.2916 i -16.2890 -16.2843 ' -16.2883 + '-7050 7·7 

2-'72 50.o7:,' + .. 7696 i + "77'3: + "]686 i + I.7698 + 3.4748 ... 

"458 53.531 + 0.9598 1 + o.g688 ,- ..... I' + o.g643 + 4·439' J 8.3 

0.>26 53.757 - i.8o68 I - i.8o58 .. ... - ,,8o63 + 2.6328 I 
0.748 54.505 - 0.2687 I - 0.2690 .. .... - 0.2688 + 2.3640 l 

0.754 ' 

l.694 ' 

1.751 ! 
I.4f.86 

I,958 

I .815 

0.585 

2, IIS 

2 ·954 

o.6o6 I 
2 ·907 I 
t.836 ! 
r.834" : 

1.543 

I.868 

0.362 

0.554 " 
i.46g 

I.27x 

t.62-7 

2.450 

55· 147 

55.g68 

56.722 

58 416 

6o. 167 

6,.653 

63.611 

65.426 

66.on 

68. :126 

71.o80 

71.686 

74·593 
76 .... 29 

78.263 

79.8o6 

8r.674 I 

82.036 

82 .228 

83.697 

84.968 

86.595 
Sg.045 ' 

+ 2.416o 

+ 6.3092 

+ 5.2727 

+ 8.8845 

+ 5.o6o6 
- ~.3714 

- 1.3910 

- x.0509 

- 1.:1582 

- 2.2584 

- 2.6162 

+ 0 ·H59 

- 3.3133 
- 1.6o52 

+ 2~2515 
- 4 9379 

- 2.3987 

+ 2.4151 

+ 6.3076 

+ 5.2726 

+ 8.8918 

+ 5.0082 

- 2.376~ 

- 1°3994 

- 1.0539 I 
- 1.156o 

- 2.:a615 ! ... 
- ~.6ro3 

+ O·H50 

- 3.3177 

- 1.6o39 

+ 2.2442 

- 4·94tI 

- 0.3939 

+ 0.9928 + 0.9949 

+ o.ooo6 - 0.0004 

+ o.46gg , + 0.-1731 + o 4843 

+ .... llg6! +4.I~o4 +4.I2JO 

+ 9.0III + 9.0t35 + 9.oo64 

- 5.1195 

+ 4.7795 + 2 .. ;-155 

+ 6.3o84 

+ 5.272 7 
+ 8.8881 

+JI.o879 , .... 

+16 .:ifu6 ' ..I 
+25.2487 ! . . . . ! 

+ 5·00H +30.313• 1 ..... . 

2.3738 

I ·3952 

+•7·9393 i ...... . 

1.0524 +25.4917 9.7 

l-'571 -h-4·3Jf6 

- 2. 2599 -f-22.o747 /.,. .... 

- .. 6t33 +19.4614 i lO.O 

- 0.4455 +19.9069 

- 3.3155 +10.5914 

- .. 6o46 +14.g868 

+ •·•479 ' +11 ·•347 

+ 0.0001 

+ 0.4758 

+ 4· 1210 

+ 9,0103 

- 5.1218 

+12.2952 

+ 9.8989 

+ 9.8990 

+10.3748 

+14.4958 

10.0 

10.r 

10.1 

Discrepancy. 

Partial 
~ 

-2.6 

-1.0 

+-o.r 'i 
I 

-7.3: 

- 7.6 I 

-T-+.s I 

+s-4 ! 

+3.0 ! 

+3.l' 

-5.9' 
-j-o.9: 

nun. '(mml2 

-14.7 6.8 

-16.4 2.9 

-~s-'4 8.r,o 

-26.4 I.O 

-26.1 0.I 

-25.2 o.8 

-::13.6 2.6 

-23.5 o.o 

-30.8 53.3 

-38.4 57.8 

-33.6 23.0 

-25.ia 70,{\ 

-22.2 9.0 

-24.4 +.8 

-21.3 9.6 

-27.2 34.8 

-26.3 o.8 

+~·4 ' - 2 t.9 I9•4 

-?.3 : -23.2 ; 1.7 

+1.3' -[5.9 53.3 
+3.2 . -12.7 10.2 

-4.8 - 17.5 :a3.o 

-2.r 

+1,Q I -16 5 

-3.2 -19.7 

-o.8 -20.5 

I 

1.D 

10.2 

o.6 

5.8 

20, 2 

50 to XIV .. . 
XIV to G. 

0.368 

0.036 
89.413 

Bg.449 

+ 6.55II 

+ •. 8902 

+ 6.55o6 

+ 2.8&/q i 
+ 6. 5509 

+ 2.8900 i 
+24.9352 I JO 8 +o '.5 -26 .9 l 0.2 

:::::::; 1 ... :: __ ~:: I =::.:J_:~' so to 51 ....•••........ 

Rench-marks. 

i 
"498 I 

-- -------------~! 

51 to 52 ......•.......•...........•.•• 

52toXV ............................ . 
XV to 53 ..... : . ..................... .. 

53 to 54 .............................. . 

54 to 55 ................. .. 
55to56 ............................ .. 
56to57 ............................ .. 

57to 58 ............................. . 
58 to 59 .. 

59 to 63 ......... , .................. . 

63 to 6:> .............................. ·1 
6:>to61 ............................ .. 
61 toXVI...... . ................ .. 

9"543 + 2.8214 7 2.a2u I· ..... + 2.8213 i 

-----------~-------~---------·---
VO 11 

<.>- I j Difference of height of successive ! 
~~~ f11 --------~':'.~~~~~--- -- -1 

~"i!.... I 0 .o,.c-¥] z.; Discrepancy . 

.. ~ I ;;~ ~~~ -~ 
"O~ ! I 
_.,,c 1 RodE, 'RodF,sec- Mean 
~~~ II, first line. ond line. I 

·c;c] I .!i"' I ;:: ~ J1 ~ 'B Partial 
~E'Ci; 1 ~2 A 

I I'-< !I i 
---(.-

km. I knr. ,i 
' ' 3·5•9 ! 95.072 j: + 8.5201 

J.785 I g6.857 'I - 3.8483 
>.68r 99.538 +13.o679 : 

J.370 ' 100.'}08 + 4.6154 

L985 !02.8gJ + 4.6674 

2.010 

I.472 

1.610 

1.613 

I' 59<1 
0.518 

0.131 

1.3"6 

104.903 

I<><1.375 

107.985 

"'9·598 
III. Il)2 

nr.710 

no.441 

n3.767 

+ 4·9493 

- 0.5307 

+13.8987 

+14.66•5 

+ 7.00.1 

+4-~ 

+ 1-'Z"fm 
+ 8.o8r4 

"'· 
-j- 8.51g8 I 

- 3.85+6 i 
+13.07o6 : 

+ 4.6H4·' 

+ 4.6631 

+ 4.9528 

- 0.5257 

+13.8g7• 

+14.6653 

+ 7.<>705 

+ 4.6230 

+ p689 
+ 8.o827 

f-; I ;!:: I 

l-1~-1--· 
Ill, ! ±11;1n.: 11''"· 

+ o .. l + 8.5200 I + 29.7256 1 .. 

- 3.8515 + 25.Su1 1 n .o I + 6.3 

+13.o6!J2 + 38.9433 

+ 4.6134 + 43.5567 

+ 4.6653 + 48.2320 ! . 
+ •·95Il + 53.1731 

- 0,5282 + 52.6449 

+r3.Sg79 + 66.5428 

+14.6639 + 81.2o67 

+ 7.o663 + 88.2730 

+ 4.6:n8 + 92.8g48 

+ 7-"694 +100.1642 

+ s .o82o +10s. 0462 u.8 

+ .j.O I 

+H 
- 3·5 

- 5.0 

+ t.6 
- 2.8 

- a,. 
.-L 2 .... 

+I.I 

- 1.3 

Total. 

f/l11l, 

-26.8 I 

-:io.5 

-23.2 

-19.2 

-14.9 

0.1 

39· 7 

7,3 

16.0 

18.5 

-18.4 12.2 

-23.4 25.0 

-21.s I 2.6 

-24.6 7.8 

-33.0 70.6 

-35.4 5,8 

-34.3 r.2 

-35.6 1 ·7 



 

526 UNITED STATES COAST .AND GEODETIC SURVEY. 

l'ran,ycontinental line of Hpirit-lei•els-Continued. 

S1wnoN 1.-FROM i-IANDY HOOK, N . .J., TO HAGEHSTOWN, MD.-Uuntinuetl. 

h~ 1_:scre~::~--_\-cu·z 

------~·-------------~~-- ~B /'. ~;erence of heigh: of successi\•e 1· 

~] ;~~ : bench-marks. 
~~! -OM 

: : .~::t: e : J I Hench-marks. 

XVI to6o ... 

70 to 71.. 

71 to 68 .. 

68 to 67 .. 

72 to 73·. 

73 to 74 •. 

H to 75 .. · 
15 to 76 .. 

16 to 77- .... 
77 to 78 .. 

78 to X\'Il. 
XVII to82 ... .. 

82 to 81 .... . 

81 to So ..... . 

8o to XVIII. 
X\'111 to 79 
79 to 66 ....... 

66 to XIX .. 

XIX to 65 

65 to 64 .. 

64 to XX. 
XXtoH ... 

XIX to 83 .. 
83 to 84 .. 

84 to 85 .. 

85 to 86 ... 

86 to 87 .. 

87 to 88 .. 

SS to 89 .. 

89 to 90 ..... . 

go to 91 .. . 

91 to 94 .... . 

94 to 93 

93 to g2 .. 

92 to 95 .. 

95 to g6 .... 

96 to 97 .. 

97 to L.. 

97 to XXL .. 
XX! to 102 ... 

r~ to IOl,. 

IOI to IOO •.. 

JOO to 99 ••. 

99 to 9s ..... . 
98 to 103 ... . 

103 to IO ...... . 

104 to XXII. 
XXII to >a5-- .... 

105 to ro6 .... . 
ro6 to 107 ... . 

107 to XXIII ... 
XX!Il to ru .. 

112 to u3 .... 

~~ Ip . 'I .a o I a~ra. i Total. 

:l: 

...- "O;....,C I , 
~~ -"t:lc.:i RodE, :RodF,sec- 1 M ,. = Ci) ~ c c fi r I d r l ean. ~.o ~J32 ,'/ rst me. on me. 

:s ,... I -----~'~'~ -~::::· r---=-i 
o- I 

----------
m. 

r.362 n5.129 [ 3.3481 ! 3.3541 - 3.35n I +104.8951 

±>ttl'fl.1 

2 52r 

I.6ll 

1.008 

I.777 

3. 756 

T.006 

2.03z 

2.482 

0.633 

0.723 

3.019 

1.576 

J.llJ 

1.i20 

T.2ofi 

0.(04 

0.393 

0 o68 

I.764 

:I. :t47 

2.497 

I ,267 

l .468 

I ,458 

2.039 

l .786 

1.420 

o.994 

t.131 i 
2.482 I 

2 513 I 
1.877 

2.252 

1.8o8 

2 .142 

0.3.2 

o.6o7 
2.o88 

:a.171 ! 
1.314 

3-s6• 
:i.JIQ 

l ·"90 

1.78j 

1.642 

1.266 

:a.042 

1.909 
2 .138 

u9.261 : 

120.869 : 

rz2.646 

r30.550 

13r. 397 

1 33·775 

142.664 

144.240 

147.353 

148.573 
l-t9-779 

151. ITO 

15r.6z2 

152.026 

r52.4r9 
y52.487 

152.874 

154.021 

156.5r8 

157. 785 

159.253 

16o. 711 

162.750 

164.536 

165.956 
166.950 

168.o81 

90.563 

173.0']6 

1 7-1 ·953 
177.205 

179.013 

179·347 . 
179.689 ' 

rSo-2\)li 

.s .. 384 

r84 · 555 

r85.il69 

189 .... 31 

191.550 

192.642 

194.429 

1()6.071 

197•337 

'99·379 
201.288 

204.026 

- <-<895 - 4-48H - 4.4884 i +100.4o67 

+10.3865 +10.3890 +10.3878 / +uo.7945 

~I~:~;:. ~I~~: !,:::; i !:;::::: 
+18.3370 +•B.3326 +18.3348 I +154.3770 .. 

-14.6553 -14.6470 '. -14.65n II +139.7259 

- 6.9057 - 6.\)067 I - 6.\)062 +132.8197 

_ 2.3667 _ 2.3695 _ 2.368, I +130.4516 

-10.4149 -10.41o6 -ro .. 4127 +120.0389 

- 7.4857 - 7.4779 - 7.48181 +llz.5571 

-10.5440 -xo.5,p6 -10.5428 1 +ro2.0143 

- 2.5670 - 2.5663 - 2,5667 + 99·H76 13·3 

+ 0.7122 

- 8.6542 

- o 78u 

-10.5459 

- 5·972• 
- 4.8o83 

- 4.031. 

- 2.2295 

~9-3191 

+16.4387 

+ 1.9212 

+ r.9025 

- loOl]l2 

+ 0.4223 

+ 0.3850 

+ 0.8361 

- 0.0900 

- 0.0940 

- 0.5251 

+ 2.7r45 
- o.S:240 

+ 0.3048 

+ 2-9417 

+ » 1905 

+ 0.953-1 

+ 1.5440 

+20.6964 

+12.Q821 

+ 2.56,9 

+ 5.2495 

+15.9779 

+ 5.&j36 

+10.4o85 

- 4·52 49 

-w.8775 
+ 2.2782 

+ 8.o814 

+ 9.0241 

- 4.0234 

- 0.7061 

+ 6.S.78 

+ 5.4299 

+ o. 7073 

- 8.6549 

- 0.7863 

-10.5404 

- 5.9746 
- 4.8071 

- 4.0298 

- 2.2295 

+29·3 1 95 I, 

+r6.4387 i 
+ .. 9218 I 
+ l.8970 

- 1.0958 

+ 0.4238 

+ 0.3823 

+ 0 8276 

- 0.092+ 

- 0.1007 

- o.53og 

+ 2.7!92 
- 0.5249 

+ 0.2989 

+ 2.9388 

+ 2.1868 

+ 0.9516 

+ 1.55o8 

-1-20.6\)lir 

+1>-QSos 

+ 2.5631 

+ 5.2505 
-l-15.g821 

+ 5.6993 

+10 .• 028 

- 4·52 57 
-10.8770 

+ 2.2807 

+ 8.0732 

+ 9.0265 

- ~.0215 

- 0.7073 

+ 6.84~ 
+ S•4343 

+ 0.7097 

- 8.6545 

- 0.7837 

-Jo,5431 

- 5.9735 

- 4.8o77 

- 4.03o6 

+roo.1573 

+ 91.50"..lS 

+ 9'"7191 

+ 80.<76o 

+ 74.0025 

+ &j.3948 

+ 65.3642 

- 2.2295 + 63.1347 

+29.3193 + 92.4540 ... 

+16.4387 +1o8.8927 

+ l.8J97 + 67.>639 

- r.0935 '+ 66.1704 

+ 0-4230 . + 66.5934 

+ 0.3837 + 66.9771 

+ 0.8319 + 67.Sogo 

- O,OC)l2 

- 0.0974 

- 0, 5280 

+ 2.7168 

- 0.52 45 

+ 0.3019 

+ 67.7178 

+ 67.6204 

+ 67.0924 

+ 69.8092 

+ ~.28-17 
+ 69.5866 

r3.6 

13.6 

13.6 

-+ 2.9402 + 72.5268 ....... 

+ 2, 1886 + 14.7154 

+ 0.9525 + 75.6679 

+ 1.5474 1 + 11. 2153 ....... 

+•0.6¢3 + 97.9u6 j 15.0 

+12.g813 + g<hlg<;b 15.0 

+ 2.5625 + 92.7591 

+ 5.2500 + 98.0091 

+1s.g8oo +n3.9891 

+ 5.6965 +u9.6856 

+10 .• 057 

- 4.5253 
-10.8773 

+ 2.2794 

+ 8.0773 

+ 9.0253 
- •. 0224 

- o.7o67 

+ 6.8474 

+ 5·431" 

+130.og13 

+125.5600 

+u.4.~ 
+u6.g681 15.4 

+125 . .,.541 
+134.07071·· ...... 

+130.0483 I········ 
+ .. 9.3416 l 15.7 
+1J6.t19<> ....... . 

+141.&..u ...... . 

11{1/i, 

+ 6.o 

2.5 

5.r 

7. 5 

+ ... 
- 8.3 

+ r.o 

+ 2.8 

4·~ 

- 7.8 

- ~-4 

- 0.7 

+ 4.9 

+ 0.7: 

+ 5.2 

- 5.5 

+ 2.2 
I.2 : 

- 1.6 

o.o 

- 0.4 

o.o 

- o,6 

+ 5.5 

+ 4.6 
- 1.5 

+ 2.7 

+ 8.5 

+ 2.4 

+ 6.7 

+ 5.8 

- 4.7 

+ 0.9 

+ 5.9 

+ z.9 

+ 3.7 

+ 1.8 

- 6.8 

+ 0.3 

+ i.6 
- ),:2 

- r.o 
- 41-.2 

- 5.7 

+ 5.7 

+ o.8 

- 0.5 

- 2.5 

+ 8.2 

- ... 
- I.9 

+r.2 

+ 0.9 

·- 4.4 

""". 
-29.6 

-3r.7 ! 
-34.2 

-39.3 

-46.8 

-42.4 

-50.7 

-49.7 

-46.9 

-5r.2 

-59.0 

-61.4 

-62.1 

-57.2 

-56.5 

-5r.3 

-56.8 

-54.6 

-55.8 

-57.4 

-57.4 

-57.8 

-57.8 

-58.4 

-5r.9 

-47.3 

-48.8 

-46.1 

-37.6 

-35.2 

-28.5 

-z2.7 

-:17.4 

-26.5 

-20.6 

-17.7 

-14.0 

-1a.2 

-19.C> 

-18.7 

-17.4 

-18.6 

-19.6 

-23.8 

-29.5 

-23.81 
-23.0 

-23.5 

-:z6.o 

-17.8 

-20.a 

--22.1 

--ao.o-

(mm)~ 

36.n 

4.4' 
6.2 

26.0 

56.2 

19.4 

68.9 

7.8 

18.5 

6o.8 

5.8 

0.5 

!1.f..O 

0.5 

27.0 

30.% 

4.8 

I.4 
2.6 

o.o 

0.2 

o.o 

0.4 

30.2 

~I.2 

7.3 
12.2 

5.8 

H·9 

33.6 

22.T 

o.8 

34.B 

8.4 

13.7 

3.2 
46.> 

0.[ 

2.6 

1.4 

J.0 

17.6 

32-s 

3z.5 

o.6 
o.2 

6.2 

67.• 

5.8 

3.6 

1.4 
·o.8 

t9.4 



 

UNITED STATES COAS1' AND GEODETIC SUUVEY. 527 

Transcontinental line of Spir-it-levelH-Coutinued. 

81,cnoN I.-l<'HOM SANDY HOOK, N. J., TO HAGEHS'l'OWN, MD.-Coutiuued. 

Bench-marks. 

I 
1t3 to I t4 .. 

n4 to 124 .... 

t24 to 123 .. 

123 to 122 ... 

122 to 121.. 

12l to 120 •. 

.. ... I 
.. 

I20 to IIQ •. 

119 to uB. 

118 to u7. 

u7 to 116 .. 

rt6 to II5., .. 

us to 1o8 .. . 

ro8 to r09 ... . 

IOQ to !YO .. 

JJO to II I.. 

"' to J 
J to 128. 

128 to 127. 

1z7 to 126. 

I'..26 to 125. 

125 to 129. 

129 to 130 ••..••• 

I30 to 134 ... • · 

134 to xxrv 
XXIV to 135 

135 to 141. ... 

141 to 142. 

142 to XXV. 

XXV to 143 

:r45 to IH .. 

144 to 143 

143 to 140 .... 

140 to 13Q. 

139 to 138. 

138 to 131. ••. 

131 to 132.· .. . 

132 to 133 ..... . 

1_;3 to 136 .... . 

r36 to 137 ... . 

137 to K ...... . 

r37 to XXVI .. 

137 to 148 .... .. 

148 to q1 . ... . 

147 to i.¢ ...... . 
146 to XXVII 

XXVII to 149 . 

1'49 to 150 ... 

tS'O to 151 .• 

151 to 154 .. 

•5+ to 153 ... 

153 to 152 .......... . 

is~ to r 55 ••..•.•.• , ...•.....•.. 

155 to XXVUl .......... . : .. .. 
XX:VUI to 159 ............... . 

159 to 158 ..................... : .. •.. 
1s& to .•s7 ........ .................. . 

km. 

o.934 

3.85i 

I .591 

1.269 

0.635 

0.599 

J.623 

z.327 

2.51?: 

1.86~ 

2.792 

1.842 

2.704 
I.Io6 

2.655 

1.550 

I. 243 

r.388 

3, I52 

3.292 

2.083 

2 377 

2.327 

3.384 

0.514 

2. ns 
2.175 

1.265 

1.977 

1.076 

2.479 

2.458 

0.974 

2. 174-

2.373 

>.926 

i .385 

1.321 

·-~i~ r~~n:~:efn~~~:c-::::-1-j{fT~~ .. Ii Discrep~ncy _1 
:;:_! 'I I _ I I ]ov.~ I ~_g , , . I t>' 
-;;-gg: Rod E 1 IRodF 1 sec-1 l\fcan. j ~;~ 1 ~°31 lart1al Ttal 

1 
~~~ 111 first line. ond line. I 

1 
~ 8';; I .gB A 1 0 

[ 

I b !I : I '"' I ~ I 

l~!I, 111. I nz. 1--,-,.-. · 1 m. I ±m=-1~1~1(11m1)' 
! 204.96o + ,f..6841 + 4,6841 + 4.6841 I +146,3052 :· ··1 0.0 I -24 f 0 0 

I :ioB.BJJ - Q.7298 I - 9.7229 I - 9.7264 I +136.5788 "· I - 6.9 i -31.3 I' 47.6 

I zro.402 +s .. 0+2/ +s.2053 +s.20+1!+141.78351 .. :::j -1.1/ -32.4 

211.67r - 0.7888' - o.79r8 - 0.7903 +1 ... 0.9932 + 3.0 ! -:e9.4 9.0 

"4·Jo6 - .. •477 I - 4.2485 - 4.2481 +136.7451 + o.8 -28.6 o.6 

214.905 + 4.4438 ! + 4.4472 + 4.4455 '+141.r</<)6 - 3·4 -32.0 i o.6 

or6.528 - 6.3476 i 6.3489 - 6.3482 +134.8424 + 1.3 -30.7 : 1.7 

217.85.s x.2923 I 1.2921 i.2922 +r33.5502 ! -30.9 ! 

220.367 5.2592 ! 5.2546 5.z569 +128.2933 :.. . - 4.6 . -.,5.5 ".2 
222.229 l.7003 i 1.6974 1.6988, +u6.5945 i. - 2.9 f -38.4 8.4 

.225.0:21 1.9911 \ l ·9973 i.994:z +124.6oo3 + 6.2 \ -32.2 38.4 

226.863 - 5.8094 ! 5.8086 5.8090 +JI8.7q13 - o.8 -33.0 o.6 

229.567 - ..f.9810 '. ,f.9811 4.98u +n3.8102 + 0.1 -32.9 o.o 

230.673 -10.3835 -10.3881 -10.3858 +103.424.f + 4.6 -2S.3 ::ii_2 

233. 328 

23 .. 878 

:q6.121 

237.509 

240. 661 

2.n.9s::; 

246.036 

2-48·4-IJ 

250, 740 

254.12 .. 

254.638 
2 56. 753 

258.928 

26o. 193 

262. 170 

263. 246 

265.725 

268.183 

26'J.157 

271 -3?1 

273.70+ 

276.630 

278.o:r5 

279.836 

279.908 

-21 .1712 

- T.7769 

t 2.1501 

+ J.2521 

+15.7920 

+ 3.5989 

+ 3.6567 : 

..j_ 7.03641 

+ 4.2824 

+rr.6491 

+ 2.9866 

+ 9.6631 

-21.1664 

- 1.7782 

+ 2. r528 

+ 3· 2534 
-+15.7930' 

+ 3· 5954 

+ 3.6555 

+ 7.0362 

+ 4.2766 

+n.65o6 

+ 2.9898 

+ 9.6631 

- :i.7156 ·- 3.7128 

+ 6.5025 + 6 5053 

- 8.6919 ; - 8 6<)02 

+ 2.3105 

+ 5.5321 

+ o.7733 

- 3.4426 

+ 5.8382 

+ 2.5448 

4.35r6 

- 1.9742 

- 4.1364 

- 0.3026 

+. 3091 

+ 5.5407 

+ o.77o6 

- 3.4468 

+ 5.8297 

+ 2.5427 

- •. 3578 

- 1 ·971 3 

- 4.1390 

- o,3Q21 

-21.1688 

- I. 7776 

+ :i.1515 

+ .J.2526 

+ 82.2556 

+ 80.4780 : 

+ 82.6295 : 

+ 85.8823 \ .. 
+1s 19 25 +101.6748: 
+ .:;.5971 + J05.2719 

+ 3.656. i +roS.9280 .,· 

+ 7.0363 I +ns.9643 ! .. 

+ 4.2795 ; +120.2438 . 

+rr.6498 +131.8936 

+ 2.9882 i +134.8818 

+ 9.6631 +144.5449 

- 3.7142 +140.8307 

+ 6.5039 +147.3346 : 16.7 

- 8.69ro 'i +138.~36 
+ 2. 3098 i +140. 9534 

+ 5.5364 i +146.4898 

+ 0.7120 +q7.2618 . 

- 3 4447 +143.8171 ' 

+ 5 8309 ' +'f9.65ro 

+ 2.5437 +152. 1947 

- 4.3547 +147.8400 

- x.9727 +1-15.8673 

- 4.1377 +141.7296 

- u.3023 +141 .4273 

- 4.8 

+ 1.3 
- 2.7 

- l.3 

+ 3·5 

+ I.2 i 
+ 0.21 
+ 5.8 

- 3.2 

o.o 
2.8 

- 2.8: 

- I.7 

+ r.4' 

- 8.6 

+ 2.7 

+ 4.2 

+ 8.5 

+ 2.1 I 
+ 6.2 I 
-:- 2.q '1 

T 2.6' 

-31.8 

-34.5 

-35.8 

-36.8 1.0 

-33.3 12.2 

-31.9 o.o 

-26.1 33.6 

-27.6 2.:Z 

-30.S 10.2 

-30.8 o.o 

-33.6 . 7.8 

-36.4 i 7.8 

-38.1 ! 2,9 

-36.7 ( 2.0 

-45.3 74.0 

-p.6. 7.3 

-38.4 : 17.6 

-29.9 ' 7z.~ 

-27.8 I 4.4 

-21 .6 : 38.4 

-24.5 . 8.4 

-21.9 i 6.8 

-22.4 ' 0.2 

0.190 28o.og8 + 0.5485 + 0.5468 + 0.5476 ·t-t41.9H9 

+ 3.~367 + 3.•364 + 3.z]65 +•44.6638 

17 .5 + I .7 -20.7 

0.416 280~324 

t.953 

2.965 

•·715 

2 ·OO<J 
2 .622 

1.722 

t.336 

I .6<}3 
3'.o82 

J. "86 

2.697 

0.947 

1.343 
l-li4• 
111..710 

281 .86r 

284.826 

287.6o1 

289.610 

z92.232 

•93.954 

295.290 

296.91!3 

300.005 

300.351 

305.0oj8 

307.995 

309.338 

310.96o 

3•3.750 

+ 0.1393 

- 4.9048 

- 2.9135 
-10.2271 

+ 7-4JOI 

+ 6.0924 
+ 0.<4227 

- 7·H•7 

- 9.3709 

- 0.5319 

- 6.7718 

- o.g659 

+ 5.1935 
+8.0<JOli 

+ 5.1039 

+ O.t3)i 

- 4.9057 

- 2.9r73 

-10.2192 

+ 7.4277 

+ 6.0944 

+ 0. 4•33 

- 7.7475 

- 9.3719 

- o.5J6x 

- 6.7812 

- o.g6o7 

+ 5.1901 

+ 8.0949 

+ S· no3 

+ 0.1383 +141.5656 

- 4.9053 +•36.66o3 

- 2.915<1 +'33-7449 
-10.u3r +123.5218 

+ 7.4089 +r30.9507 

+ 6 .0934 +137 .0441 

+ 0.4230 +•37.4671 

- 7.7451 +129.7220 

- Q.3714 +12o.35o6 

- 0.5340 +u9.8166 

- 6.1765 +n3.04ot 

- o.g633 +1t• .0768 

+ 5. 1918 +npi!i86 

+ B.og.8 +u5.3614 

+ 5.1071 +"80·4685 

17.5 

17 .j 

18.2 

+ 1 ·9 i 
+ 0.9: 

+ 3.8: 
- 7.9: 

·t , .. 
~:LO 

o.6 

+ 4.8 

+ l.O 

+ 4.2 

+ 9.4 

- 5.2 

+ 3.4 

- 4.3 

- 6.4 

-20.5 

-19.6; 

-15.8 

-23.7 

-13.9 
- 4.5 

- 9.7 

- 6.3 
-10.6 

-17.0 

0.t 

3.6 

o.8 

14··4 

62.4 

5.8 

4.0 

0.-1 

23.0 

•.o 
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Transcontinental line of Spirit-levels-Continued. 

81~cT10N 1.-FRO:M SANDY HOOK, N. J., TO HAGERSTOWN, M:D.-Continue<l. 

llcnch-marks. 

~ . ~s I Differenc~ of height of successive i ri!..; 
~~ c... b h k 4)0 ...... ~-;:: =OJ.i ! enc -mar s. ) ~I 0 2:d 

_g ~ ~~ ~ ' I ~~:; t•~ 

Discrepancy. 

Total. ; .U / iil •: fi~~dli~. se!~~ [;~J Mean. I i ~! f U Pa~ial 
----.-------,---------·i:,·,'~'''· ! f-<"m.) ----,,,, Ill' "'· I f-< -1~----------i--

1i; ..-.. m. I ±mm. mwr. 11t1n. i(mm)2 

157 to x62. 3.372 I 3t7.122 -16.4445 -16.4426, -16.4436 +n-1.02 . .i.9 !. - i.9 -18.q j 3.6 

,52 to f56.... 4.297 I 3"·4'9: -17.36391 -17.3619 '
1 

-•7.3629 + gi.662011

........ - ;;;i.o -:zo.g I 4.0 

150 tt) XXIX. o.6oo 1 322.019 +rz.0927 I +z2.o,136 +z2.09JI +wS.7551 r8.5 I - 0.9 -zz.8 i o.8 

XXIX to L . 0.340 1 322,359 + 3.2951 + 3.2929 + 3·.29-40 +n2.04q1 \ 18.5 ~ + 2.2 -19.6 
1 

4.8 

156 to 1Go... 0.677 322.o<j6 - 0 .. 4216 - 0.4205 - o.42n + 96.24091.... ... I.I -22.0 1.2 

16o tO 163... 0.614_ 32~.l.7IO if 5-0.5-056 i rs-0.5077' - 0.5091 + 95.7318 !·•'' + I.J. -20.7 1.7 

,11~ co.5159 !~ ,-o.516o I I 
163 to 164 .. 

164 to 165 .. . 

105 to 169 .. .. 

16<) to 166. 

166 to 167. 

167 to 168. 

168 to 170. 

170 to 171. 

i11 to i72. 

172 to 173 ..... 

113 to 174 .........•....... 

174 to 175 ................ .. 

175 to M .. . 
M to 176 •...•... 

176 lO I77 ... . 

177 to 178 ....... . 

178 to I79· · · · 

i79 to 182 .......... . 

rlfa to 181 ...... . 

181 to zBo .. 

18o to 193 ..... .. 

193 to 194 ...... . 

I94 to 188 .. . 

188 to 187 •.•• 

187 to iB6 .... . 

186 to i85 ... . 

185 tu 184 ..... . 

18.t to 183 .. 

183 lt• xxx 
183 to 19:;;;1 •.. 

192 to 191. •... 

191 to 190 ..... . 

i90 to i89. 

189 to 195 

195 to 196. 

ig6 to 197. 

191 to N .... 

197 to 11}8. 

198 to 199 

199 to 200 ..... . 

200 to 201 •••.•••.••••••••.•••••••••• 

201 to 209 ..••.....•....•••.••..••... 

•09 to 005 ........................ . 

! ' -0.5152 I • -0.5153 I 

i l -o 5040 1 t -o. 5071•' 

0.675 3•3.385 .,J{f-o.346z l{l-o.35IZ' - 0.3390 1 + 9;.3928 
I: ~ -o. 3441 -o. 3437 I 

:i -0.3329 j -o-:no6+: 
I I 

0.724 324. 109 : +13.9378 l +13.9382 

3.6o3 

2.952 

2.SS6 
2.825 l 

2.177 

1.753 
2.221 

326.66o 

330.263 

333.215 

336.TOl ; 

338.926 ' 

J.iI.103 

340.856 

345.077 

347.563 
i .820 349.383 

1.847 351.230 

3.185 354.415 

2.BQ9 357.224 

z.482 359.706 

362.347 

]65.455 

367.~ 

37o.47r 

373. :ro6 

3;>6. I10 

378.743 

38o.718 
382. 771 

385.093 

386.490 

+10.2388 ' +rn.2332 

·i 5·3357 

+ 8.1~9 .. 
- 3.46"6 

+ 1.0t~I 
+ 3.4853 

+ 4.7450 
+ 0.1045 

+ 3.7642 

- 3.3149 

+ 4.8750 

+ 0.4707 

·- 5.700' 

+15.7487 

- 3·597' 

+n.0716 

- 0.6150 

- 0.6354 

+15.6o64 

- 5.4378 

+ 7.8495 

+ r.9435 
+ 9.6,586 

+ 8 . .;885 

+ 1.3915 

+ 5.3386 

+ 8.1222 

- 3-4695 
+ x.01..,5 

+ 3.4763 

+ 4.75o8 

+ o.rn47 

+ 3.-,679 

- 2.3200 

+ 4.8740 

+ 0.470<) 

- 5·77'6 

+15.7440 

- 3·5994 

+n .o648 

- 0.6153 

- 0.6347 

+•s.6o63 

- 5.4398 

-r- 7.8514 

+ x.9497 

+ 9.6s65 

+ 8.4958 

+ '-3ll98 

+,3.9380 I +•cx;.3308 

+rn. 236o +ug. 5668 

+ 5.3372 +124.qo40 

+ 8. 1258 ' +133.02g8 

- 3•'4-66o 

+ i.0138 +130.5776 

+ 3.48o8 +,34.0584 

+ 4·7419 +138.8o63 
+ 0. 10-4-6 _;....138.910:) 

+ 3· -,66o -r-142.6769 

- 3.3175 +139.359-4 

+ 4.8745 +144.2339 I 19.4 

+ o.47o8 +144. 7047 ' 

- 5.7658 +138.9389 

+15.7464 +154.6853 

- 3.5983 

+n .o682 

- 0.6152 

- 0.6351 

+•5.6o64 

- 5.4388 

+ 7.8504 

+ 1.9466 
+ 9.6575 

+ 8.4922 

+ l ·39"7 

+15z.o870 

+162. 1552 

+161.5400 

+16o.9049 

+176.5u3 

+>71.0725 

+178.9229 

+18o.8695 

+190.5270 

+•99.0192 

+000.4099 

1.3-10 387.830 - 1.6236 - 1.628-:z - 1.6259 +1')8.7840 

0.181 388.oII + 0.5368 + 0.5365 + 0.5366 +r99.32o6 20.4 

2.339 

»76.i 

3.372 

2.o85 

3.721 

2.517 

:r.465 

0.578 

39<>.l&, 

39" .938 

3<)6.310 

398.395 

.;02.116 

404.633 

4o6.<>\)S 

400.676 

2 .687 4o8.785 

2.993 4u.778 

3.351 415.129 

1. t5;1 .p6.28o 

3.6o6 419.886 

3-'¥ 423."61 

•Weight 3. 

+13.77g6 

+17.2464 

- 6.8102 

-12.6775 

- 3.1371 

-15.8293 

+ o.Son 

- •·9933 

- 5.074.t 

+ 6.7928 

+ 0.5389 

- r.1972 
-16.0136 

+ 3-<>184 

+13.7826 

+17.2461 

- 6.818o 

-,u.6759 

- 3.1303 

-x5.8334 

+ o.8o63 

- 2.9927 

- 5.o813 

+ 6.7956 

+ 0.5378 

- 1.0003 

-16.0178 

+ 3.0158 

+13.78u ~12.5651 

+17.2462 +•29.8113 

- 6.8141 +.22.9972 

-12.6767 +210.3205 

- 3.1337 +•01.1868 

-J5.8314 +19r.3554 

+ o.8o.j3 -f-i92.t597 

- 2.9930 

- 5.0777 +•87.o820 

+ 6.794• +193.876-2 

20.8 

+ o.5Jl4 +194.4r+6 l · ...... . 
- 1.1998 +193.Z148 : ......•. 

-16.0157 +177.1991 1 •• -·•··· 

+ 3.0171 +t8o.2162 !. ....... 1 

tWeigbt a. 

+0.7 

- 0.4 

+ 5.6 

- 2.9 

+ 7.2 

+ G.9 

- 1.4 

+ 9.0 

- 5,8 
- 0.2 

- 3.7 

+ 5-' 
+ l.O 

- 0.2 

+n.5 

+ 4.7 

+ 2.3 

+ 6.8 

+ 0.3 

- 0.7 

+ O.l 

+ 2.0 

- z.9 

6.2 

+ •. 1 

- 7.3 

+ 1.7 

+ 4.6 

+ 0.3 

- 3.0 

+ 0.3 

+ 7.8 

- i.6 

- 6.8 

+ 4.1 

4.1 

o.6 

+ 7.• 
- 2.8 

+I.I 
+s.t 
+ •.• 
+ •. 6 

-:w.o 0.5 

-20.4 ! 0.2 

-14.8 : 31.4 

-17.7 8.4 

-10.5 

- 3.6 

- 5.0 

+ 4.0 

- 1.8 

- 2.0 

- 5.7 

2.0 

8.c.o 

33.6 

13.7 

- o.6 26.0 

+ 0.4 1.0 

+ 0.2 0.0 

+u.7 132.2 

+i6.4 22.t 

+,s.7 

+z5.5 
{-25.8 

+•s.1 

+•5·• 

+•1-• 
+•s,3 
+19.1 
+:n.2 

+13.9 

+15.6 

o.o 

+20.2 21.z 

+ro.5 O.I 

+17-2 

+•7·5 

+25.3 

+•3·7 
+•6.9 
+21.0 
+16.9 

+16.3 

+.a~.I 

+•'-3 
~-* 
+27.5 
+3'-1 

+3+·3 

9.0 

0.1 

6o.8 
2.6 

46.2 

t6.8 

16.8 

51.8 

7.8 
• J.2 

26.o 
17_6 

6.S 
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'J.'1·anscontinental line of Spirit-levels-Continued. 

SECTION 1.-FIWM SANDY HOOK, K. J., TO HAGEHSTOWN, .MD.-Continued. 

" "0 i ~ . v..., :( Difference of height of successh .. c ! 
!!: "" ~ ..!d • bench-marks. 
z~ ! g-c L 
.0 g .::::c E \I --
e.6 ~ ~ 11 : i 

i ~ g 'g g i Rod E, : Rod F', I M 

I 
5 ~ ] ~ e.J :.1. first line. second linc. 1 ean. 
.it.a om.a 11 ' 

0 "" 

Bench-marks. 

2.i 
~Oil 
d.1·~ .,,,, 
:;:;3 
_g c 
o-
d: 

l ; 
J Discrepnncr. I 

l~----1 \ a~ 

Partial 
A 

Total. 

I . ' -----------1--=- --;,,-: "'· I "'· ----;:-
111

• 

---~---1--

±mm. mm. j mm. ~{mm)2 

:: :: ::x.1 ::::::::::·:::::::::: ::I :::: :::::~: 
1 

= :::::' = :·:::, = :::~: ::::::::: ,,_, 
2o6 to :io7... ··J !L469 4~S.030 ji - I.4737 : - I.4709 : - i.4723 +169.6520 

ao7 to #o8.... 2.667 430.697 ~'. + 2.3448 ', + 2.3439: -f~ 2.3444 +r71.9¢i-t 

+ 2.3 i +J6.6 5·3 

+ 7.5 +•"8 56.2 

- 2.8: +39.0 7 .8 
+ 0.9 

I 
+39·9 o.8 

2o8 to :io4.... .... .............. ..... 3.177 433.874 i + 5.8335 + 5.8341 + 5.8338 i +r77.8302 , ...... .. 

204 to 003... ....... ..... ............. 1.048 434.922 p + 7.4887 + 7.4917 + 7.4902: +r85.3204 .. 

- o.6 i +39·3 0.4 

- 3.0 i +36.3 9.0 

- 8.1 i +28.2 65.~ 
i i 203 to 002............... .... . .. .. . 3.3or 438.243 ii + 9.5128 : + 9.5209 + 9.516g : +194.8373

1

• ........ 

202 to A............... ............ 3.129 441 °72 •· -26.4940 ! -26 5002 -26.4971 ! +168.3402 21.6 
------------'----'-----·-' -'-i: ___ . ____ . __ :----~I----~--· 

+ 6.2 +34·4 I 38.4 

SECTION !.-Descriptions of primary a.nd secondary bench-marks between Sandy Hook, N. J., and 
Hagerstown, Md. 

T. H.-A heavy line on the northwest corner post, inside the tide-house at Sandy Hook. Itis 
the starting-point of the line of levels. 

No. I-The centre of the inner edge of the second embrasure, southwest corner of the fort at 
Sandy Hook. 

A & B-Sarnly Hook, are cedar posts 4 feet long and S inches in diameter, snnk in the ground 
with ends projecting about 4 inches. Iu the ceutre of {.~etch pJst is a copper nail surrounded b;t· five 
others in form of a pentagon. These posts are 12 metres apart a!l(l hear east.-uortlieast from the 
steamer-landing and nearly northeast from the tide-house, and are distant from the latter about 500 
metres. They are also 95 metres northwest of the railroad red engine-house, and are in the edge of 
the cedars, where the ground is elevated a few feet above the marsh. 

0.-A cross on the head of a copper bolt inserted in the wall ot the main light-house tower at 
Sandy Hook. It is a few inches west of the northwest angle of the tower and 9! inches above the 
sloping ledge near its base. 

No. II-:--A heavy granite post which projects about 2 feet above the surface of the ground, on 
the east side of the track of the New Jersey Southern Railroad about three-fourths mile north of 
Highland Station. 

No. III-Navesink Highlands. A mark on top of a heavy granite post, 13 metres south of the 
tiouthernmost light-house tower. 

D-Navesink Highlands light-house. The bottom surface of a square cadty cut on the slop­
ing ledge at the southeast corner of the !Jase of the southernmost tower. 

No. IV-Seabright, N. J. The bottom surface of a square ca\·it,r cut on the north wing-wall 
of the west abutment of the bridge over South Shrewsbury Hiver. 

No. V-A square cavity cut on the sot1th pier of the "Oceanport Drawbridge," about 1! miles 
north of Branchport Station, New Jersey Central Railroad. 

E-Red Bank, N. J. .A marble post near the southeast corner of the house of Rev. B. F. Leipse.r. 
The house stands on southwest corner of Monmouth and Pearl streets. 

No. VI-Matawan, N. J. The centre of a triangle cut on a flagstone in front of Benjamin Tut­
tle's house, on Main street. 

No. VII-Morgan Station, New Jersey Central Railroad, N. J. The centre of a triangle cut 
on the southeast pier of the drawbridge over Cheesequake Creek. 

No. VIII-The centre of a triangle ~ut on stone wall at crossing of Camden and Amboy branch 
ot' Pennsylvania Ra.i.lroad and New Jersey Central Railroad, near South Amboy. 

s. Ex. 77-67 
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F-The bottom surface of a square ca\'ity cut ou the pier at the north cud of drawbridg.;:,, Hari­
tan Bay. It is marked thus: 

F 
BoM 

U.S. C. & G. S. 
1881 

No. IX-A i;lig'l1t eireular eo11c<n-ity, uouuded by a triangle, cut on the west end of the south 
wall of stone hrid~e near llft·tuclwu'1> Tank Station of' Lehigh Valley Bailroad. B~· means of this 
bridge tlw Penn.~yh il!lia Hailrna<l crosses the Lehigh Valley Railroad. 

No. X-A sqnarl' eayity 1nal'ke<l thnt-i: 13 o M, cut on stone abutment at the iwrthwest corner 
of a small iron raill'oad bridge, about 150 metres east of Sontli PlainfielU Statiou, Lehigh Valley 
Railroad. 

No. XI-Cut 011 rwrtheast corner of stone abntrnent of railroad bridge (New Jersey Oeutral 
Railroad) about one-fourth mile east of Bound Brook, N. J. It is marked thus: Bo l\I. 

Xo . .Xll-Uut 011 tlic ,.;nntl1 end uf a Amal! railroad bridge, abont tllree-fourthR mile west of 
'New Market Statio11, LPLig·h ·valley ltailroad. It is nrnrked thus: 

B CJ M 
XII 

No. XTU-A square caYit.y cut on top of the west end of the north abutment of road bridge 
on:•r J:aritan Jlirnr aIHl Canal at Bonud Brook: N. J. It ifl marked thUf;: Bo l\I . 

.:.\o. xn--The bottom snrface of a circnla1· cavity in top of a granite monument (Tme Meridian 
l\[onunwnt of tlie State Stirn\\') in tlie groumlR of the conrt-honse at SonwrYille, N . .J. 

G-A square cavity cut in the stone at tlw hasp of tlw 1\astpmmost pillar of tlw 1•onrt-hom'>c 
front, at SomcrYille, N. J. lt it> ruarkcd thus: 

G 
Hol\i 

U.S. U. & G. S. 
1881. 

No. XV-Cut on the southwest comer of the railroad bri<lge over the north branch of the 
Raritan RiYer, near Nortl1 Branch Station, New Jcrst~Y Central Haifroad. It is marked: 

BoM 
xv 

No. xvr-- Cut on projecting 8tone near the centre of the north abutment wall of OYerheatl 
briclge, about one mile east of Annandale, N. J. 

No . .XVII-One fourth mile west of Bloomsbury, N .• T., on the northwest corner of a stone briclge 
(New Jersey Central H<tilroad) oYer wagon road. It is marked thus: 

B o::U 
1881 

No. XVIII-Cut on coping stone at eat<t cn<l of the north parapet of New Jersey Central I~ail· 
road bridge O\rer the Delaware aud J,ackawanua Canal, 1:! mifos east of Phillipslmrg, N. ,J, It is 

·marked the 1;ame as No. XVII . 
.No. XIX-Easton, Pa. Cut 011 one of the central piers of the railroad bridge across the Lehigh 

Hiver. It is marked thus: 

U.S. 
BoM 
XIX. 

No. X:X-Cut on foundation stone at the west corner of the jail at Easton, Pa. It is marked 
thus: 

U.S. 
BoM 
xx 
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H-Easton, Pa. The sill of a blind window on flast side of the court-house. It is marked 
thus: 

H 
0. S. C. & G. S. 

BolVI 
1881. 

I-A.llentown, Pa. Ont on the sill of a basement willll<nv, 011 the south side of the front en­
trance of the jail. It is marked thus: 

I 
U. S. C. & G. S. 

Bo .M 
1881. 

No. XXI-About 1~ miles west of Allentown, Pa. It is cut 011 the nortl1east comer of a 
bridge (Philadelphia and Reading Railroad) oYer a wagon road. It. i:s marked.Bo '.\I. 

:Ko. XXII-Cnt 011 the top stone of the mid(lle of the north sirle of a bridge ( Phila(1dphia 
and Reading Railroad) over a small run, about one-half mile west of l\facm1gie Statio:1. ft. is 
marked thus: 

XXII 
Boll 
1881. 

,J-Reading,·l'a. Cut 011 tlie coping stone of the eastern ahutmeut of the 11ortheasternmost 
railroad bridge at the railroad depot. It is marked thm;: 

,J 
U. S.O. &G.S. 

BoM 
1881. 

No. XXIII-Ahout 01w-fo11rth mile ea.:st, of Shamrock Station, Phila<lelpht and Reading Hail­
ma11. Cnt. 011 the southeast cornt•r of a railroad britlge. It is markf•d thus: Ho :\L 

No. XXIV-.Aliont OlH'-cightlt mile east of Hoheso11ia Station, Philadelphia and H";uling- lfail­
r.oatl. Ct1t on a pier of a small hricl.ge. It is marked thus: 

XXIV 
Bol\J 
1881. 

No. XXV-Cut at the east end of tlw base ot the north wall of an on~rhead hridg·c, ahont l~ 
miles west of Wonwlsdorf Btation, l'ltila<lelplda a11<l ne~tdin;::: Hnilroad. Jt i>1 marke1l thus: 

xxv 
Bo1\I 

1881. 

No. XXVI-Thc centre of tlic crm1>1, 011 a white marhle hlock, hnilt into rhe front wall or 
Saint Mary's Catholic Church, at Lebauon, Pa., at the Routh sille of the southermost front entrance. 

K-The bottom of a square cavit~·, in the top of a marble poRt, in the groumls of .Mr. P. L. 
Weiner, southeast corner of Eighth and Church streets, J,ebanon, Pa. The top of the post ill 
markecl: 

and its south face bears the letter K. 

u. s. 
0 

B. M. 
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Nu. XXVII-At, the southwest corner of the bridge (Pltiladclpltia aud Reading Railroad) onll' 
"Joe Crider's Dam," about It miles west of Amffille, LPlmuon Uonuty, Peuusylnmia. It is 
marked thus: 

XXVII 
Ilol\l 

1881 

~o. XXVIlI-C11t 011 stoll(' parapet of the bridge over Swatara Hivcr aud Canal, bet.ween 
Bea\'er and Ilummelstown Stations (Philadelphia and !leading Uailrond.) It i8 marked thus: 

XX VIII 
B o:M 
1881 

No. XXIX-Harrishnrg·, Pa. Tim centre of the to1) surface of the rnonnment (in the capitol 
gron11ds) marking the astronomical l:ltation of the Coast arnl Geodetic Snn·ey. 

L-Cut at the lmsc of the pillar at the southeast corner of the capitol building, Ifarrishurg. 
Pa., and is marked thu8: 

L 
U.S.C. & G.S. 

B o~I 
18-il. 

l\1-<Jarli;;ll\, l'a. Cnt (Ill the bal'.!1· of the column, at the west side of tLe jail entrance. It iH 
1lla1·kc1l thus: 

M 
U.S.C. & G.S. 

Bol\I 
1881 

Ko. XXX-Shlppew;lmrg, Pa. Cnt on tlie water-table of the house and store of Mr. O. ,T. 
l{ed!lig, 11orthwest corner of Main aJJ<l Hnilroacl streets. lt is marked thus; Bo l\L 

N-Cnt on the iwdeHtal, at base of the northernmost plllar of the front of the court-house at 
Clmmbersburg, Pa. It is rnarke<l thus: 

N 
U.S. C. & G. S. 

Bo l\I 
1881. 

No. XXXI-Greencastle, Pa. Tl1e centre of a cross, cut in a stone in the front wall of the 
Philadelphia and Ucadiug nailroad depot. It is south of the entrance and seven inches above the 
level of the sidewalk. 

A-Hagerstown, Md. Out ou tl1c water-table of the court-Jiouse, which stands at the coruer 
of .. Washington and .Jonathan streets. The bench-mark is on the Jonathan street side. It is 
marked thus : 

A 
BoM 

u.s.o.s. 
Oct. 1877. 



 

UNITED STATES COAS1' XND GEODETIC SURVEY. 

1'Yan.~eontinc11tal line of Spirit-lei,cl8-0ontinued. 

SECTIOX II.-FllOM HAGEI{STOWK, MD., TO GRAFTON. W. VA. 

Difference of heig-ht of successive 
bench-marks. -c Discrepancy. 

, ________ _ 

A ...... 

A to i. ... 
1 to I ... 

I to 3. 
3 toll.. 

II to 4. 

4 to 5. 

s to IV. 
IV to6 .. 
6 to 7. 

7 to 8 .. 

8 to V .. 

V to 9 .. 
9to It,, 

II to 12. 

12 to 13. 

i3toll ... 

B to r4. 

14 to 15. 

15tor6. 

16 to 17. 

11to18 

18 to rg. 

IQ to 20. 

zo to 21, 

2r to ~2. 

22to23. 

23 to C. 

c t-024 

Bench-marks. 

24 to VI .................. . 
VI toos. 

25 to 26 ........ . 

26 toD .. . 

D to 27 .. . 

27 to 28 .. . 

28 to 29 .•. 

29to30 ... 

30 to 31 ...... . 

3r to VIL .. . 
VII lo 32 ... . 

30 to 33 .. -. .. . 

33to34 ... .. 
34toE ... .. 

E to35 ....................... .. 

.. I 

35 to 36 ........................... . 

)6!038 ..................... .. 

38 tOi)9 ...................... . 

J9 to .jO ....... . 

-1-oto41 ........................... . 
41to42 ...................... . 

42 to VlII .............. . 
VII!toF .... .. 
Fto43 .......... . 

43to44 ..... .. 
44 to 45 ............ . 
45 to46 ...................... . 

46 to41 ..... • :'. .............. .. 

km. ! km. 

......... 1 44"372 

0.566 ' 441.938 

I ,'198 1 

I .043 : 

0.716 

1.6231 

0.6'27 i 
0.987 ! 
0.271 I'. 

0.567 

0.585 

0.194 

1.426 

0.456 : 

0.392 

o. 137 ! 
0.248 

1.253 

I .38t i 

0.741 

1,018 I 

I.0'2[ i 
0.929 II 

r.r38 I 

l .825 

u.268 

0.764 I 
0.479 I 

0.592 I 
! 

0.3591 
1.480 

0.617 i 
l.OOo i 
0.898 : 

1.382 

444. 179 

.... 895 

446.518 

447 .145 

448.132 

448.403 

448 970 

449,555 

449.749 

4_i;t. I75 

451 .63r 

452.023 

<J52,I6o 

452. 408 

453.661 

455.042 

455.783 

456.801 

457.822 

4;8. 751 

459 889 

462 .ti14 

46:t .882 

463.646 

464,125 

464.717 

465 .076 

466.556 

467.r73 

468.233 

469.13t 

470.513 

1 .663 472. 176 

r.333 ' 473·50<) 

0.588 474.oq7 

r ·579 475.676 

r.360 477.036 

r.354 478.390 

0.8:1 479.201 

I .6gB 480.~99 

I, I05 482 .004 

r.572 ! 483 .576 

0.819 484.395 

r.947 486.342 

I .233 j 487 ·575 

r.392 488.967 

o.888 489.855 

1 • 689 491. 54-1 

o. 709 492.253 

r. 384 493 .637 

1.366 495.003 

0.917 495.920 

'·'i4 497·oS4 

i 
Rod A, : Rorl R, sec-1 

first line. end line.. l\!ean. 

m . 

. . I . . . . 
- 0.4735 I - 0.4726 

m. I 
• . I • . ' . 

m. m. ±mm. 
+168.3402 2I ,6 

~167.8672 

-1 3.9905 

+ 7.7253 

- 2.5G39 

+ 1.156.1 

-i5.64i~ 

+ 3.99r4 

+ 7.7268 

- 2 5639 

- 0.4730 

+ 3·99"9 
+ 7-7'160 

- 2.56;t9 

+ t.1599 

-r5.6463 

--1-171.8581 I 21,6 ; 

_;_179.5841 I 

-1-- i. ~6:n 

-- r5.6-t83 

.....,_177,0202 I 21,6 

1178.1801 

-,.-rfo.5338 

-II .7305 i -11.7296: -11.7300 

+ 4.0364 i + 4.0367 

- 5. 1403 - 5. 1408 

-7-150. 8038 ::n. 7 : 
-l-J:54.8405 I + 4.037t 

- 5.1413 

- 5.1227 

- 8.r843 

- 5· 1230 : - 5. 1228 

-8.1822 -8.1833 

j 
+149· 6997 · .. "I 
~144.5769 ,.... I 
~136.3936 21.7 i 

- 4.8648 - 4.866r - 4.8654 -+131.528~ .... j 

- 7.0137 - 7.oi22 - 7.or30 +124.5152 ... ! 
- 9.5686 - q.568y - 9.s687 : +n4.q46; 

- 5.72.H - 5.7248 - 5 7246 --1 109.2219 

- 0.1036 - 0. 1035 - 0. 1036 +109. u83 21 .8 

+ 0.1406 

- 0.1286 

- 0.0574 

-t 0.1353 +0.1380 

- 0.1283 - 0.!285 

- o 0551 - o.05fo 

- 0.0035 ' - 0.0034 - 0.0035 

- o.~:206r 1 - o.~110 : - 0.2085 

+ O.OO<Jo I + 0.0129 I + 0.0109 

+ 0.2207: + o.218i + 0.2197 

+ro9»563 I. 
+109.1278 '. 

+109.0716 

+w9.o681 :. 

+ro8.8596 

+108. 8705 .,_" 

+rn;.0902 i. 
-- 0.0592 

+ 0.1171 ! + 0.1172 

+ 0.4856 + 0.4868 

+ 3.7106 ' + 3.7075 

- o.058r 

+ 0.1172 

+ 0 4862 

+ 3.7090 

- 'l .0874 

+ r.0042 

+109.0321 1 · ..... . 

- i.0881 

+ 1.0021 

+ 0.3310 

- 0.4139 

+ro.1046 

- 0.0404 

+ o.r46o 

+ 0.0525 

- o.2555 

·+- 0.2285 

+ 0.2449 

- 1.0867 

+ 1.oo63 

+ o.3307 

- 0.4121 

-+-10.1033 

- 0.0375 

+ 0.1436 

+ 0.0502 

- 0.2389 

+ o.z326 

+ 0.2443 

+ o.33oq 

- o.4no 

+10.1040 

- 0.0390 

+ 0.1448 

+ 0.0514 

+roo.1493 ' 

+109.6355 I. 

+113. 3445 22 .o 

+n2.2571 

+n3.2613 22.D 

-f r13.592:l 

+u3.1792 

+123.2S32 22.1 

+123.2.pi 

..+-123.3870 

+123._4384 

- 0.2572 -+ 123.18u 

+ Q 2305 +123,4n7 I,••••""'' 

+ 0.2446 +123.656~ 22.2 

- 0.0172 ~ O.OI6Q - 0,0170 +123.6393 

- o.o6}5 :: - 0_0714 

- o.1o80 - 0.1073 

- o.o682 j - 0.0642 

+ 0.2246 . + 0.2192 

+ o.orzS + 0.0135 

- 0.2338 

+ 0.2057 

- 0.5674 

+ 0.5719 
- 0,07&4 

+ 4.0097 

+ 0.7553 

+ 0.0319 

+ o.r647 

- 1.2581 

+ r.•So. 
+ 0.1621 

- 0.231-5 

+ 0.2095 

- 0.5704 

+ 0,5744 
- o.oS.42 

+ 4.0078 

+ o.76r5 

+ 0.0356 

+ 0.1654 

- I.26og 

+ t.2794 

..... 0.1586 

- 0.0705 

- 0.1076 

- 0.0662 

+ o.22tg 

+ 0.0131 

- 0.2326 

+ 0.2076 

- 0.5689 

+ o.573r 

- o.o813 

+ 4.oo88 

+ 0.7584 

+ o.0337 

+ o.165t 

+ro3.5688 

+123.4612 

+12~.3050 

+I23.t169 

+123.6300 

+ "3·3974 

+r23.6o50 

+123.036? 

+123.6og2 

+123.5279 

+127.5367 

+u8.095r 

+128.3288 

+r28.4939 

- r .2595 +i27 • 2344 

+ •. 2798 +us. 5r42 

+ o.16o3 +ua.6Hs 

22.2 

22 .5 

::a.6 

Partial 
~. 

nun. 

- 0.9 

- 0.9 

- 1.5 

\ 

- 6.9' 

+ 4·' 
- 0.9 

+ 0.7 \ 

- 1.0 I 
+ 0.3 j 
- 2,l I 

+ I.3) 
- i.5 

+ O.'.;, 

+ 0.4 

- 0.I 

+ 5.3 

- 0.1 

+ 4.9 

- 3.9 

+ 2.0 

- 2.3 

- O.I 

- 1,2 

+ 3.1 
- i.4 

- 4.2 

+ 0.3 

- 1.8 

+ 1.3 

- 2.9 

+ '.l.4 

+ 2,3 

+ 3.4 

- 4.1 

+ o.6 

+ LQ 

- 0.7 

- 4.0 

+ 5.4 

- 0.7 

- 2.3 

- 3.8 

+ 3.0 

- 0.5 
+ 5.8 

+ '·9 
- 6.• 

- 3.7 
- 0.7 

+ 2.8 
+ o.8 

+ 3.5 

To•al. 

mm. (ntm.)' 

+:;J.5 , o.8 
+32.6; o.8 

+JI.I 2.2 

+z4 2 I 47.6 
+28,3 ' 16.8 

+27.4 o.8 

+28.'l 0.5 

+27 I 

+27.4 o.r 

+:z5.3 1: 4·4 

+•6.6: 1.7 

+'5" i "3 
-+ 25.4 i Q, l 

~-25 8 I 

-i- 2 s 71 
+3LO 

+Jo.7 

+28.4 

+zs.3 

+33 2 

+29.3 

--f-31. 3 I 

+•9.0 

+z8.9 

+•7.7 

+:io.S 

+:z9.4 

-+ 25.2 

+•5·5 

+•3·7 
+25.0 

+n.I 

+•6.1 

+•6.7 

+•G.4 

+28.3 

+27.6 

+•3.6 

+•9.0 

+08.3 
+06.0 

+02.2 

+25.0 

+22.7 
+28.5 

+30.4 

+••·· 
+•0.5 
+r9.8 

+20.6 

+•:J.4 

+.6.9 

o.o 

o.r 

5·3 
o.o 

15. 2 

(.0 

5.3 

o.o 

1.4 

9.6 

O.r 

'7 

8.4 

5.8 

5·3 
II .6 

16.8 

0.4 

o.r 

,.6 

0.5 

16.0 

29. 2 

0.5 

5.3 

'• ·• 
9.0 

6.o 

33· 6 

3.6 

38.4 

13. 7 
0.5 

7.8 

o.6 



 

534 UNITED STATES COAST AND GBODETIC SURVEY. 

Transcontinental line of Spirit-levels-Continued. 

SECTIO"I II.-FROM HAGERSTOWN, MD., TO GRAFTON, W. VA.-Contiuned. 

47 to 48. 

48to49. 

49 to IX 
IX to so .. 

5oto 51. 

51 to 52. 

Hench-marks. 

52 to 51·. . ......... · ... . 

• •• I 

53 to G ........................... . 
G to54 •............................ 

54 to 55· .................. . 

55 toX .................. . 

X to56 ........ . 

56 to 57 ...... . 

~7 to 58. 

58 to XI ...... . 

XI to 59 ... . 
59toXrI ...... . 

XII to6o. 
6o to61 ........ . 

61 to XIII. ...... . 

XIII to 62 .............. . 

62 to 63 .............. .. 

63 to 64 ............................ . 

64 to 65 ............ . 

65 to66. 

66 to67 ........ . 

67 to 68 .... . 

68 to 69. 

6')toH .. 

H to70. 

70 to ]L 

. . . . . . . . . I 
......... ·······I 

. . . . . I 

7I to 72, 

72 to XIV. 
XIV to 73 .. 

73 to 7<- .•.•.. 

7+ to 75 .... 

75 to 76. 

76to77 .••........ 

77 to 78 ..••. 

78 lo 79. 

79toX\'. ..... 

XV to So .. 

So to 81 ......... . 

81 to 8• .......... . 

82 to 83 ............... . 

8.i to s._ 
84 to 85. 

85 to 86. 

86 to 87. 

87 to 88 .............. . 

88 to 89 ...... . 

89 to qo ........ . 

90 to 91 .•.......... 

91 to 92 .......... . 

..... 1 

9• to 93· ......................... .. 

93 to XVI. ............. . 
}J:V! 1094., ...••. , • ., ........... .. 

I.803 

:r:.203 

1.634 

2.045 ,' 

1.308 i 

1.718 

I .570 

520.033 I 

521 .667 

523.7r2 

525.020 

5>6.738 

528.3o8 

2.055 530.363 

l .622 531.985 

r.529 533.5r4 

l.9Il 535.425 

1 ·5'7 536.942 

:c.334 i 53~Lz76 
I ·9•4 I, 540.220 

0.414 i 540.634 

o.8g6 54:.530 

0.099 541.629 

0.957 542. >86 

i.452 s+4.03S 

t.671 545,709 

t.587 ; 547.2g6 

I.315 543.6u 

t.S95 ! 550.5o6 

0.307 

'.336 ' 

1.689 i 
I.86_; [ 

I .513 ' 

2.044 

:r: ·33 1 

2. 749 '; 

(), 564 ! 

Lo69 ! 

l.657 

r .487 

T ,764 

l.504 

0.256 

0.676 : 

.o.is5 I 

550.813 

552.149 

553.838 

555.703 

557.016 

559.26o 

500.591 

563.340 

563.904 

565 .B49 

566.918 

568.575 

570.ofo 

571 .826 

573 .330 

573.586 

574.062 

5.74·4H 

- 0.3178 - 0.3157 

+ 0.0029 ! + 0.0024 

+ o. 7359 ' + o. 7370 

+ 1.6695 + x.6699 

- 0.0249 

+ 0.4618 

+ 2.0753 

+ 0.3511 

- 0.7265 

+ 2.9832 

+ 0.2570 

- 0,22IO 

+ 2.3656 

+ 3.3000 

+ 4.7588 

+ 4.7058 

- 0.556-t 

+ 0.5349 

- o.3372 

- 0.1526 

+ 0.3824 

- 0.1780 

- 0.2396 

- 0.0254 I 
+ 0.4592 

+ 2.0755 ! 
+ 0.3524 

- 0.7283 

+ 2.98:is 

+ 0.2524 

- 0.2229 

+ 2.3686 

+ 3.2970 

+ 4.7567 

+ 4.7025 

- 0.5568 

+ 0.5349 

- 0 ·3357 
..... 0.1503 

+ 0.3809 

- 0.1764 

- 0.2376 

+ 0.4425 

+ t.9<9•9 i 

- 0.3168 j +140.1501 

+ 0.0027 I +J.40. 1_:;28 

+ 0.7364 j +r40.8892 
1 
........ : 

+ r.6697 -f-r42.5589 ' 23.0' 

- 0.0251 I +140.5338 
1 
..... . 

+ 0.4005 +142.9943 ! ...... . 

+ 2.0754 . +145.0097 I 

+ o. 3517 +145. 4214 

- 0.7274 +144.6q40 

+ z.Q834 +147.6774 

+- 0.2547 +147.9321 

- 0.2220 +147.7101 

+ 2.3671 +150.0772 i 23.:i: 

+ 3.29Bs I +•53·3757 '. · 

+ 4.7577: +158.1334 :. 

+ 4. 7042 +162.8376 i. 
- 0.5566 +162.2810' 23.I 

+ 0.5349 -l-162.8159 '. 

- 0.3365 +-162.4794 ' 

- o. 1514 +162.3200 1 · .... . 

+ 0.3816 +160.7096 ..... . 

- 0.1772 

- 0.2386 

+ 0.4423 

+ t.9<954 23.3 
+o.H21 

+ r.98B9 

+ 0.2443 

+ r.o625 

+ I.:ZOl9 

+ 0.0104 

+ 5.1768 

+ 0.3589 

+ 0.2499 : + 0.2471 

+ r.05go ' + 1.o6oS 

+ 1.1gg6 + 1.2<J07 

+162.5324 

+r62.293S 

+162.736r 

+164.7215 

+r64.g686 

+166.0294 

+167,2301 

- 0,0092 

- 0.1307 

·+ 0.1057 

+ 0.0200 

- 0.1989 

+ 0.1927 

+ 2.7870 \: 
- o.r348 

+ 1.7o64 

+ •. 807'0 

+ 0.0139 

+ 5.1729 

+ >.3615 

- o.oo8o 

- 0.1268 

+ 0.1074 

"+ 0.0203 

- 0.2052 

+ 0.1905 

+ 2.7887 

- o.135t 

+ 1.7042 

+ i.8o57 

+ 0.0122 +167.2423 

+ 5.1748 +172.4171 

+ 2.300. +174.7773 

- o.oo86 +174.7687 

- o.n87 +rH.6400 · ..... · i 
+ 0.1005 +174.7465 

+ 0.0202 : +•74. 7667 

- 0.202.[ I +:r74,5646 

+ o.r916 • +174.7562 

+ 2.7879 +177 . .5+11 

- o.r350 , +177.4091 
+ i.7053 : +119.114'1 23.7 

+ 2 .i!QI;? I +r8i.92n 

Discrepancy. 

- 2.[ 

+ 0.5 

- I.I 

- 0.4 

+ 0.5 

+ 2.6 

- 0.2 

- r.3 

+ x.8 

- 0,3 

+ 4.6 

+ 1.9 
- 3.0 

+ 3.0 

+ 2.1 

+ 3.3 
+0.4 

o.o 

- 1.5 

- 2.3 

+ 1.5 
- I,6 

- 2.0 

- 0.4 

+ 7.0 

- 5.6 

+ 3.5 

+ .. 3 

- 3.5 

+ 3.9 
- 2,6 

I 
- 1.2; 

- 3-9 i 
- 2.71 
- 0.3' 
+ 6.3 I 

+ 2.2 

- 1.7 

+ 0.3 

+ •.• 
+ x.9 

+J1.9 

+3•·4 

+JI·3 

+Jo.9 

+3T 0 4 

+J4.o 

+J3.8 

+J2.5 

+34·3 

+34·0 
·hS.6 

+40.5 

+37·5 

+40.5 

+42.6 

+45·9 

+16.3 

+46.3 

+H.8 

+42·5 
+44.0 

+42·4 

+40.4 

+40.0 

+41,0 

+4"4 

+44·9 

-f 47.2 

+43·1 

+-11·6 

+45·0 

+13.8 

+39-9 / 
+37·• 
+36.9 

+4J·• 

+-15·4 

+<3·7 

+«·o 
+,6.2 
ti8.1 

A' 

4.4 

1.2 

0.2 

6.8 

o.o 

I .7 

3.2 

O. l 

~I .2 

3.6 

9.0 

9.0 

4.4 

10.9 

0.2 

o.o 
2.2 

5·3 
2.3 

2.6 

4.0 

0.2 

5.3 

12.3 

'5·' 
6.8 

0.1 

39·1 
4.8 

2.9 

0.1 

4.8 
J.6 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Transcontinental line of Spirit-level.s-Continued. 

SECTION 11.-FllO:M HAGERSTOWN, .\ID., TO GRAFTON, W. VA.-Continued. 

------- ----· 
Difference of height of successive I 

bench~marks. Discrepancy. 

94 to 95. 

95 to 96 

¢to 97. 

97 to 98 

Rench-marks. 

98 to 99 ..... 

99 to 100 .. 

100 to IQ(,, 

lOt to IC2. . ..•..•••...... 

1oa to I ................. . 
I to 103 ................. . 

103 to 104 •...••...•. 

lOf. 10 105, •• , •••. , ••• , . , 

105 to 1o6 ....... . 

1o6 to Jo7 .... . 

101 to xVn . 
XVII to 108 .. 
108 to Jog .. _ 

109 to 110 ..••.•••.•••....• 

110 to III ...•.•. 

111 to 1.1.2 .•••••••.•••••••• 

n2 to 113 ........... . 
113 to XVIII .. .. . .. . . . . . . . .. . .. 

XVIII to us ................ · 

115 to u:6 .................... . 

116 to 117 .•••.•.•...•...••. 

117 to u8 .... 
uB to tr9. 
u9 to 120 .••• 

12..> to 121 ...• 

121 to XIX ........................ ! 
XIX to I22 ....................... : 

122 to 123. • . . . . • • • • • • • . • • . • . • • . ..• · 

123 to 124 ..••.....•••..•...•••.•.• 

r24 to r25.. .. ............... . 

125 to J .......................... . 
J to n6 ...................... .. 
1z6 to :i27 •••••••..•••••.•••. 

127 to 128 .......... .. 

128 to 129 .•••..••...• 

129 to 130 ............... . 

130 to 133 .••..•. , ....... . 

133 to , 34 ................... . 

::; :: ~~::: .......... :::::::::::1 
XX to 136... . ......... 1 
136 ta :s:37 .....•........•........• i 
137 to r38 ........... . 

138 to 139 ..................... .. 

t39 to l.fO ••• ,,,,,.,,,.,., ••• •• •••• 

14oto 1+1 ...........••............• 

141 to 142 ...••••••••••••••••.••••••• 

142 to lfJ, ........... , ............. . 

143 to lH ......................... . 

144 to q5 .......................... . 

•4s to 1+6 ......................... . 
1¢to147 ......................... . 

t47 to148 ......................... .. 

km. 

0.107 

2 ·JJl 
0.848 

2.424 

0.570 

I .875 : 

km. 

574-55+ 

576.88; 

577,733 

580, 157 : 

580. 727 1! 
582.602 i 

0.317 ; 582,919 

I •-482 584 .401 

i.133 585.534 : 

t.247 586 .781 

0.267 587.048 

z.637 589.685 

<.GS2 59I.367 

I.734 593.101 

l .422 594.523 

1.156 595.679 

t.538 597.'it.17 ' 

1.358 598.575 i 

600.001 1.426 : 

601 .625 

603.077 

003.802 

I. 624 ~ 

l.452 I 
O.J:ls I 
2.288 ' 006.090 

0.963 6o7.053 

0.390 · 6o7.H3 

1.565 l 6o9.008 

l.910 

I.688 

I. 153 

1.862 ' 

J.408 

2.317 

1.542 

0.327 

0.215 

1 ·793 
r.6o7 

1.647 

1.753 

1.670 

I.531 

0.676 

o.7o6 

o. 139 

1,026 

0.243 

0.133 

0.8~1 

0.765 

0.879 

0.504 

0.228 

0.774 

0.79• 

0.77• 
0.910 

0.63'1 

6ro.918 

612.6o6 

613.759 

615.621 

617 .029 

6r9.346 

620.888 

6:.u.~15 

621 .430 

623.~23 

624.830 

626.477 

628 .230 

629.900 

631.431 
632.107 

632.813 

632.952 

633.978 

634.~21 

634. 354 
635.245 

636.010 

636.889 

6:J7·393 

637.621 

638.395 

630.187 

63().959 

640.869 

641.503 

i ' RodA, 1Rodll,sec-
first lint=. ond line, Mean. Partial 

A 

m. 11!. m. nt. ±mm., ·mm. 

- 0.1740: 

+ 0.0072 Ii 

- 0.0724 i 
+ o.0743 ' 

+ 0,0513 i 
+ 1,5330 

+ 2.1457 

+ 2.8642 

- r:.6519 

+ I .5553 

.,. t.9943 

+ »94C>.J + 2.9.14 

+ x.6788 + I.6790 

- 0. 1727 - 0.1733 

+ 0.<>074 + 0.0073 

- 0.0780 I - n.0752 

+ 0.0744 \ + 0.0743 

+ o.os15 I + 0.0514 

+ I.53·;y i + l.5330 

+ 2.1469 ! + 2.1463 

+ 2.8002 \ + :l.8622 

- 1.6484 1 - 1.6502 

+ i.5572 i + 1.5563 

+ I .9951 + I.9947 

, +184.SG2.i ..... 

+186.5.p.1 

+•86.3682 

+186.3755 

+186.3003 

-l-186.3746 
I········ 

-'-186.426o 

+187.9590 !· 
+190.1053 23.8 : 

+192.9675 

+19r.3173 

+19 .. 8736 

+194.8683 

+ 2.8240 I + 2.8214; + 2.8227 +197,69!0 .' .. , ..... : 

- 0.3732 - 0.3735: - 0.3734 +197.3176 j 23.9 

+ 3.9592 + 3.9567 + 3.9580 1 +20<.2756 \ ..... 

+ 0.6931 I -"- 0.6951 + o.6')44 . +20I.9700 1. 

+ ;.0048 : + 5.0077 ' + 5.oo62 +2o6.9762 

- o.7u84 - 0.7126 - 0.7105 +206.2657 

+ 0.0020 + o.oor9 + 0.0000 +200.:2677 .... ! 
+ 2.736o i + 2.1347 + 2.7353 +209.0030 

+ 2,5289 + 2.5291 + 2.5290 +211.5320 23.9 

-t 3.4t40 + 3.4rr7 · + 3·4"9 +214.9449 

+ 2,3r47 + 2,3147 I -L 2,3147 -f-217.25()6 

+ 0.3438 + 0.3432 + 0.3435 +z17.6o31 

+ 2.o632 i + 2.o652 I + 2.o6.i.2 +2r9.66n 

+ 5.7194 + 5.7180 J + 5.7187 +225<~86u 

+ 3.1739' + 3.1'099 i, + 3.1719 +228.5579 

+. t.o672 I 

+ 4.2780 

+ 2.9328 

+ 4.9722 

+ 2.2.438 

+ o.6686 

+ 0.0113 

+ 7.9878 

+ 3.4980 

+ 6.3315 

+ 7.6956 

+ 8.6g68 

+ 8.78¢ 

+ 5.5492 
+11.2106 

+ »9403 

+22.2756 

+ 5.5416 

+ 2.8546 

+19.9130 

+17.2142 

+18.8744 

+ro.9713 

+ 5.4681 
+16.7073 

+17.5417 

+•1.a.13 
+.o.r918 

+•3.7728 

+ 1.o616 

·+ 4.2736 

+ 2 9267 

+ 4.9725 

+ 1.0644 

+ 4.2758 

+ 2.9297 

+ 4 .9724 

-t-229.6223 

+z33.B9B1 

+.36.82i8 i. 

+24r.Soo2 ' 
+ 2.2436 + 2.2437 +z44.0439 

+ o.66&) , + 0.6687 +244.7126 

+ 0.0138: + 0.0126 +z,H.7252 

+ 7.9937' + 7.9907 -i--252.7159 

+ 3.5094 ' 

- 6.3356 i 

+ 7.6894 

+ 8.6go6 

+ 3.5037 

+ 6.3336 

+ 7.6925 

+s.&m 
+ 8.7914 i + 8.7905 

+256.2196 

+262 .5532 

+270.2457 

-f-278.9394 

+z87.7299 

+ 5.5466 : + 5.5479 +"93.2778 

+n.209B' +n.2102, +304.4880 

+ 2.9416 + 2.9409 +307.4289 

+22.2779 

+ 5·5H3 

+ 2.8547 

+19.9181 

+17.2153 

+18.8775 

+10.9630 

+ 5,4720 

+16.7043 

+17.5463 

+17.2176 

-b<J.19;'() 

+13.7715 

+22.2768 +329. 7057 

+ 5. 54•9 ·hJs. 2486 

+ 2. 8547 +338. 1033 

+•9.9155 +358.0188 

+r7.2t48 + 375.•336 

+18.8759 +394-'095 

+10.9672 +405.0767 

+ 5.o17<>0 +4><,.5467 

+16.7058 +4•7.2525 

+•1· 5440 +444·7¢5 

+•7·"95 +46:z.or6a 

-ho.1947 +<!82.2107 

+•3· 7721 +4954128 

+ l.O 

+ 0.5 

- I.3 

- 0.2 

+ 5.6 
- O.I 

- 0.2 

+ 0.l 

- t.2 

+ 4.0 

- 3.5 

- I.9 
- o.8 

+ 2.6 

+ 2.5 

- 1.4 

- 2.9 

~ 4.2 

+ 0.I 

+ l.; 
- o.z 

+ 2.3 

+ 0.6 

+ I.4 

+ 4.0 

+ 5 . .f 

+ 4.4 

+0.1 
- 0.3 

+ 0,:;.! 

- 0.3' 

- 2.5 

- 5.9 

+ 6.2 

+ 6.2' 

- t.8' 

+ 2.6' 
+ o.8 

- 2.3 

- ~-7 

- 0.1 

- 5.1: 

- 1.1 

- 3.1 

+ 8.3 

- 3·9 

+ 3.0 
- ... 6 

+ 3.7 
- 5.8 

+ 1.3 

Tota.I. ; 

+49-l 

+.9.6: 

+48.3 
+48.r 

+s3.7 

+53.6 

+s3.4. 

+s_;;.5 
+s2.3 
+56.3 

+5•·8 

+5°·9 
-f-.'>0.I 

+s2.7 
+sJ.O 
+s5.5 

+s..i r 

+st.2 

+ss.4 

+55·5 

+s6.B 
-l-56.6 

.J...58.9 

-'-58.9 ', 

+59·5 

+57·5 

·+58.9 

-j-62.9 

-t6S. 5 

+77 ·9 

+19.0 

+78.7 i 
+78.9 ! 
+18.6' 

+16.1 

+10.2 

+5s.s 

+s4.7 
-l-6o.9 

+67.1 

-j-65.3 

-!-67·9 
+6S_7 

+67.4 
+6;.t 

+62.4 

-f-62.3 

+57.2 

+s6.1 

+s3.o 

+6r.3 

+s1.4 
+00.4 

+ss.s 
+s9.5 
+53·7 

+ss.o 

535 

A' 

I .D 

0.2 

o.o 

0.0 

0.0 

t.{ 

16.o 

12.2 

3.6 

o.6 

6.8 

0.1 

6.3 

o.o 

5,3 

o.o 

O.I 

o.o 

o.o 
6.2 

14.8 

130.0 

16.8 

38 ·• 
38.4 

3.2 

6.8 

o.6 

I.7 

5 .3 

7 .3 

0.0 

26.0 

I.2 

9.6 

68.9 

13.7 

33.6 

I.7 



 

586 UNITED STATES COAST AND GEODETIU SURVEY. 

l'rmuicontinental line of Spirit-level8-Contiuuetl. 

SECTION Il.-FH0:-1 HAGERSTO\YN, MD., TO GIL\FTOJ'\, W. VA.-Coutiuued. 

Hench-marks. 

14S to q9 ... 

149 to 150 •.. 

150 to r51 •.. 

151 to 152 .•. 

152 to 153 

153 to rs-~-. 

i54to155. 

155tu156 .... 

r56 to 153 •..... .. 

158to159 ... . 

159 to 160 .. . 

16o to 161 ... 

161 to 176 ... 

176 lo XXV 

XX\' to 177 

177 to t7S. 

t78 tO IJ9· · 

l79 to 180. 

180 to 181. 

J8r to 182. 

182 to 183 .. 

183 to 184 ... 

i84 to i8;. 

185 tP 186 .. 

186 to 171. 

171 to XX III. 
XX III to 170 .... 

170 to 169 ... 

•qtoXXll. 

XXll to 168 .. 

:rr,s to 167 . ..•. 

167 to r6z .. 

162 to XXI .. 

XXJ to K. 

K to 163. 

16.i to i64 ............ . 

164 to 165. 

if..5 to 166. 

166 to 172. 

x72 lo 173. 

173 to 174 ... 

174 to 175 .. 

r75 to XX!V .. 
XX!\" to 187 .. 

187 to xxn 
XX\'! to 188 .. 

188 to 189. 

t89 to 190. 

190 ~o 191. 

19r to XX\'11 
XX\'Il to 192 

192 to 193 

193 to 194. 

194 to 195 .... 

I '.JS to ry6. 

t95 to IQ7, ..... 

197 to 198. 

' ., 
I 

... ,, 

.. ! 

"~ u~ 

~-"' . 
« ~~ 
~c~ 

.~=s 
-cl;;..,.:'.: 
-'"Cu 
dCC 

...... ~CJ 
oc.n .n 

t-< 

km. l.:m. 

O.II8 6.p.621 

o. 103 641. 72+ 

o.S12 : 6.p.536 

0.787 6.13.323 

0. 898 644. 221 

0.884 645,105 

0. 124 645. 229 

0.1 IO 645 <U9 

1.136; 646.+75 

I.234 647. 709 

1.048 ! 
o. t38 ; 

0.932 

0.773 

0.434 

I .074 

0.996 i 
0.702 

0.842 

0.998 

I. 353 

1.254 

I.46R I 
0.21.:; ! 

1.7.:/.5 

0.528 ! 
.. ,021 
I .781 

r.566 J 

t.6I8 

t.662 

648.757 

6.18. 895 

649. 827 

650.600 

05'- 0 34 
652. Io8 

t53.104 

653. 8o6 

65;.648 

655.646 

656. 99c1 

658.253 11 

65g · 7zr 

659.956 
66T.691 

66z.n9 

663.521 

665.302 

666. 868 

668 .486 

670.14R 

Difference of height of sut-ct:s~i\Te 
bench-marks. 

' Rod A, 1 Rod B ,sec~ 
first line. ond line . 

;;1. '"· 

+ 2.8569 ~ ...J-. 2.8570 

+ 2.3830 i + 2.3828 

+r7.4878 : -f-x7.492 '4 

+I7.r792 1 +17.1813 

+;9.48.7 ; +1,J.4816 

--r19.0520 +19.0573 

+ :z.33S1 + 2.3374 

+ z.36'..!6 + 2.a66G 

+z4.7405 +24.7_1.87 

+25. 8738 +•s. S784 , 

+23. :169 

+ 3.024(, 

+zo.5837 

+16.33n 

+ 4.5086 

+16.4486 

~f-17. 1726 

+q. 1850 

+16.(,639 

+17.42g2 

-r-20. 7280 

-12.7362 

-r4.6r86 

- ~.5130 

+23. i828 I 

+ 3.0234 i 
+20.5867 

+i6.3247 I 
+ 4.5052 i 
+16.4541 

+li.1690 

+1+.1880 

+16.6678 

+n. 4.252 

+zo. 7305 

-12.7351 

-14,6LI7 : 

- 2.5r45 ! 
-17.056_:;, ! 

Mean. 

111. 111. 

+ 2.8_)70 I +4yS.8398 

+ 2.3829 
1

! +so1.2227 1 

+:r7.4901 '+518.712S i" 

+11 .1&2 +s35.89.10 ' 

+,9.4816 +sss .3746 

+19.05.;.7 +sH·4:29J 

+ 2.3377 -l-576.i67CJ \· 

+ 2.86-tG +s79.6.i16 

+24,7396 +604.3712 

+25.8761 +6]0.2473 

+23.I799 -j-653.4272 
1

• 

+ 3.02.10' +656.45:.::i 

+zo.5852 ! +677.0364 

+16.3279 ~1693.3643 

- 4.5ao9 +697.8712 

+16.4513 +114.3225 

+r7 .1708 +131 .4933 

+14.1865 +145.6798 

+16.6659 +162.3457 

+r7.42 72 +179.7729 

+20. 7292 +soo .. 5021 

- I 2' 7357 +187 16fi4 

-14.6152 +n3.15r2: 

- 2.5137 ! +no.6375 ! . 

-17.0560 1 +7s1.58r5 !. 

±If!))/, ( 

I 
.. , . • I 

- 4.9314 

- 7.J585 

- 4.9300 i - 4.9307 +148.6508 ,' 26. r j 
- 7.r65S - 7.1622 +1.p.4886 :. . ... 1 

- 5· 1 545 - 5. 1546 : - 5· r545 ' +n6.,341 
- 3.4r&, - 3.4127 ! - 3 .• p58 -t-732.9183 : 26.3 ; 

- 4.4137 ~ 4.4204 4.4170 +128.50r3 

- 2.8081 - 2.82'4 - 2.8158 ' +125.6855 1. 

I.563 67l.i1I - J.2918 - I. 2934 - r.2926 +124. 3929 

i.724 6iJ·435 + 0.6201 

0.475 j 673.910 i' - 0.8695 

r,4o6 I 675.316 

1.596 i 676.912 

0.2 48 I 677 :100 

o.3o6 677. 466 I 

I.176 678.642 

I .418 ; 68o.o6o 

l.744 681.So.1 

0. 26o 632. o64 

0.270 ! 682. 3-;~ 
1.454 ! 683.788 

o.<)OI) · 684.6q4 

0.796 J 685.490 

I. 16; 686.657 

0.297 

2.08~ 

I .034 

0.849 . 

o.370: 

0.897 

o.888 

0.481 

0.5<\o 

686.954 

689.036 

690 036 

691 .070 

Gqr.919 

692.289 

693. 186 

694.074 

694. 555 

6q5.II5 

+ro.6557 

+•0.4175 

+ o.2q86 

- 0.2969 

+ 7.Cx'76 

+ 2.9448 

-12.735.;. 

- 0.2658 

- 0.082::? 

+n .1691 

+ 3.0095 

+ 7.6488 

+ 6-:1244 

+ t.3364 

- 0,8092 

-'23.1014 

-22.0227 

-r8.9775 

- 7.8838 

-19.7166 

-tg.4975 

-10.9016 

-ro.3929 

+ 0.6215 

- 0.8649 

+10.6503 

+10.4090 

+ 0.2980 

- 0.2978 

+ 7.0!15 

+ 2 .9467 

-12.7339 

- 0.:-.-:-556 

- 0.0816 

+IT .1639 

+ 3.0029 

+ 7.6509 

+ 6.3257 

+ t.3336 

- o.8o68 

-22.or70 

-18.9674 

- 7.8839 

-19.7'it7 

-r9 .• 96o 

-10,905z 

-10.3944 

+ 0.6208 

- 0.8672 

+10.6530 

+10.4132 

+ 0.2983 

- 0.2973 

+ 7.00\)5 

+ 2.9458 

-12.7347 

+125.0137 : ..... 

+124. r465 26.9 

+13;.7995 

+145.2127 

+74S·5JI0 11 

+115.2137 I··••· 

-t-752.2232 

+155. 1 69<1 i· 
+142.4343 ' 

- 0. 2657 : +74• .1686 

- o.o819 +142.0867 

+11. 1665 · +153 .0532 

+ 3.oofo I +156.2191 

+ 7. 6499 i +;63. 90//3 

+ 6.325< +110.2314 

+ 1. 3350 i +n• .5694 

- o.8oSo i +110.7614 

-22.0199 ' +125.6409 

27.2 

. . . . . . i 
27.3 ! 

-18.9724 +1o6.66S5 : .. 

- 7.8839 +6<)8.7846 1-.. 
-19.7191 +679.0055 f ... . 

-rg 4g68 '+659.56871 ..... ·· 
-10.Q034 I +648 6653 ... -

-10.3936 I -\-638.0717 ... 

Disc1epancy. 

Partial 
.l. 

JJ!}Jl.. 

+ 0.2 

+ O.T 

- 5.3 

+ 0.7 

- 4.0 

+ 1.8 

- 4.6 

- 5.9 

+ 1.Z 

- _j.(J 

+ 6.4 

+H 
~ 5·'.i 

+ 3 6 

- 3.0 

- 3 9 

+ 4.0 I 

- 2.5 ' 

- !.1 ! 
- 6.q I 
+ I.5 i 

+ o.6 I 
- I .. ·f 

+ 7.3 

+ O.T I 

- 6.2 

+ 6 7 

+rs-' i 
+ i.6. 
- 1.4 

- 4.6 

+ 5-4 

+ 8.5 
+ o.6 

+ 0.9 

- 3.9 

- l.9 
- I.5 

- 0.2 

- o.6 

+ 5.2 

+ 6.6 

- 2.I 

- 1.3 

+ 2.8 

•·4 
- t.6 

- 5.7 
-10.1 

+a.I 
+ 5.1 

- •·5. 
+ 3.6 

+ 1.5 

Total 

111111. 

+.::4·9 

+ss.1 
+so.5 
+48.4· 

+4s.s 
+43·'.i 

+13·9 

+39·9 

++'-7 

+37-' 
+31.2 

+3··· 
+29-4 

+35.8 

+39·• 

+33·7 

+37·3 i 

+34·3' 
+.:io .. t 

+3<- I 

+31.9 

+30.8 

+n9 
+•5·4 
+26.o i 

+24.6 

+.-P·9 
+,2.0 

+•s.8 

+v-5 
+41-8 

+•9·4 i 
+4s.o, 
+4H 
++8.8: 

+57·3 

+57·9 I 

+ss.s 

+54-9 

+SJ•O 

+si.5 

+s"3 
+so.7 

+5s-9 
+62.5 

+60.4 

+59•1 I 

-j-{it.9 i 
+s9-5 I 
+sM I 

+5u I 
+4•·' 

+42.2 

+H-3 
+.s.s 
+¥>·4 
+so.9 

A' 

(mm.fl 

o.o 

o.o-

21.2 

4.4 
o.o 

21.2 

q.o 

47.6 
2.2 

0.4 

2.0 

5~·3 

o.o 

..0 
21.2 

0.2 

(J,0 

0.4 

27.0 

43.6 

4.4 

I .7 

7.8 

5.8 
•. 6 

32.5 
.-.o 

o.o 

.6.o 

13.0 .. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Transcontinental foie of Spirit-levels-Continued. 

SgcTION U.-FROM HAGERSTOWN, MD., TO GRAFTOX, W. VA.-Continnecl. 

198 to 199 .. 

i:99 to 200 ••••••••• 

200 to 201. 

2or to 202 .•••••••••••••.. 

202 to 203 ....••.••... 

203 to 204 •••.••••••••••. 

204 to 205 ....••••.•.•••. 

205 to 2o6 ..••.•...... 

2o6 to 207 .•••..•.•. 

207 to L ... 

L to 2o8 .. 

2oS to 209 .. 

:209 to 210 ..•...• 

2IO tO 2.U. - •.• 

2tr to XX VIII. ............. . 

XX VIII to 210. .. 

212 to 2r3 •.••••.•••...• • · · 

213 to 2q ..... . 

214 to z15 ....•••....•.. - - . 

215 to 216 ..•••....•••••••... 

u6 to XXIX ..................... . 

XXIX to 217 ............. . 

2r7 to 218 .................... . 

218 to ,,9 .............. . 
219 to 2ZO •••••••••• , •. 

220 to :oi21 .• 

221 to 222. 

222 to 223. 

223 to 224. 

••••• ! 

22+ to 225 •.•.•••••••••••• - •· · • • • · · ·: 

225to226 ... ···········-. ········\ 

226 to 227 .•............ · · . · · · · · - · · · · 

227 to 228. 

22Sto229 .................•......••. 

229 to 230 ....... . 

230 to 231 .................... . 

2JI tO 232 .... •· .. · • · · · • •• · · · · • · · · · 

232 to 233 ...••.•.•....•....•... 

233 to 2341- ••••........••.•••• 

234 to 235...... . . . . . . . . . . , 

235 to 236 ............... " ......... ', 

236 to 237 ......................... .. 

237 to 238 ......................... · 

2 3s to 2 39 .••.•.•..........•...•••... I 
239to240 .....................•.. 

240 to 241 •••...•.....•..••• · .••.•... 

241to242 .........•...........••••.. i 
242 toXXX ...................... : 
xxx 10243 ....................... : 

Difference of height of successive I 
bench-marks. ! 

Rod A, , Rod B, 1 

first line. ,second line.I 

Ion. k11t. 

0.9~0 696.035 

0.880 : 696.915 : 

0.785 i 697.700 

0.484 698.184 

698.305 

O. II6 698.421 

o. 765 I 699. 186 

o. 872 I 700.058 

0.896 ' 700.954 

o. 880 701. 834 

0.625 

0.924 

l .412 

,.669 

z.268 

0.887 

0.856 

1.124 

0.702 

:r. II$ 

0.464 

0.813 

0.872 

I, 262 

2.362 

r.700 

I .24:t : 

1.218 

1.014 

702,459 I 

7o3.383 

704. 795 

7o6.464 

707. 732 

708.619 :1 

709.475 ii 
710. 599 11 

711 .301 li 
112 •• p9 ii 
712.883 !i 
713.696 II' 
714.568 If 

715. 830 :I 
718. 192 ' 

719. 892 j, 
7'.!.1.134 :r 

i 
722.352 ' 

m. 

-17.2855 ' 

-19.o624 

- ,6.6539 

-u.1995 

- 2.3662 

- 2 .6793 . 

-16.2671 i 
I 

-x8.7509 ' 

-19.1ilo;I 
r 

-19.8225 i 

-13.6424 : 

-16.3822 

-14.2263 

-17,5770 I 

- 6.2425 

+10.,,S20 

+16.6329 

f«3.4658 

+13.7024 

f«3.1035 

+ 8.6224 

+16.8893 

+17.3817 

+ 3.8555 

- 4.8390 . 

-'3"774 
-25, I20I 

-25.3955 

-19.6401 

-22.8407 I 

-25.9283 

-16.7356 

--.S .3652 
-10.Soog : 

-.13.5412 I 

-ro.9522 

- 6.7658 

m. 
-17.2810 ! 

-19.0571 

-16.6531 

-n .1997 

- 2.3677 

- 2.679r 

-16.2654 

-18.7440: 

- 1 9.1774 

-19.8213 

-13.6.p7 

-16.3794 

-14.2155 

-17.5764 

- 6.2424 

+10.9815 

+16.63o6 

+•3·47°4 

+13.7056 

+•3.ro6o 

+ 8.6254 
+16.8865 

+17.3807 

+ 3.8533 : 

- 4.8467 

-13.2683 

-25. 1256 

-25.3917 

-x9.6434 

-22. 8468 

-25.9302 

-16.7363 

-28.3767 

-I2.8059 : 

-13.5537 

-10.9568 

- 6.7656 

l .279 

0.878 

x.419 

l .586 

t.451 

1.625 

t.644 

0.595 

0.303 

0-296 

1.947 

x.844 
0.617 ' 

:i:. 185 

0.842 

0.869 

723,366 !
1 

724,491 

725.770 : 

726.648 ' 

728.o67 

1•9.653 
73t.104 

73'-729 

734.373 

734 .968 

733 .273 

735.569 

737.516 

739.36o 

- r.9741 - 1.9741 

~.122 

1.392 

l.879 

- l. 8678 : - 1.86o6 

- 0.8823 • - 0.8814 . 

6.6o76 - 6.6•33 

3.427• - 3.4254 

739-977 L8823 

Hl.162 2.0II4 I 

74z.004 + 0.2588 

142.873 :; - i.0637 

744.995 ;l - o.8666 

746.387 !i - 0.895• 

748.>66 i: - 8.4n7 

- t.8821 I 

- 2.0099 

+ 0.2571 

- 1.o672 

- 0.8748 

- 0.8958 

- 8.418o 

Mean. 

i i i 
#1.. i m. ! ±mm.; 

-17.28331 +620.9884 i ........ ; 
-19.0597 +601.9~87 1· ...... I, 
-16.6535 I' +5ss.0752 '.. ' 
-n.1996 +s74.0756 .. 

- z.3670 I +s7r.7o86 , ... 
- 2.6792 , +sfuJ.0294 !. 

-16.2662 : +552.7632 

-18.7475 ' +534.0157 

-19 .1791 +514 .8366 

-19.8>t9 +495.0147 28.0 . 

-13.6421 +-tfh.3726 

-16.3808 +<64.9918 

-14.2209 +450.7709 

-17.5767 '+433.1942 
- 6.0424 . +4•6.9518 . 28.2 ' 

+10.9817 i +437·9335 

+16.6318 I +454.5653 

+23.468t ! +418.0334 
+13. 7040 , +491. 737{ 

+23-"'47 I +514.8421 

+ 8.6239 ! +5•3.466o 28.4 

+ 16. 8879 I +s4'" 3539 ..... . 
+11 .38,. +ss1. 7351 I ...... . 

I ' + 3.85H I +56r.5895 _. .. . 

- 4.8429 i +5s6.7466 : .... .. 

-13.2128 +s43.473B 

-25.1229 +s18.350<) 

-25.3936 +•9•·9573 

-19.6418 +.73.3155 

-22.8437 +450.47>8 

-25.9293 t424.5-125 

-16. 7359 +•07.8o66 

-28.37·0 I +:i19.4356 . "! 
-12.8o34 ! +J66.ti3'l2 

-13.5475 1' +353.0847 
- ro.9545 +342· 1302 

- 6.7657 ! +J35.3645 

- 1.9741 I +333·3904 I 

- 1.$642 I +JJI.5z62 

- 0.8818 ' +3·10.6444 ...... " 
I 

- 6.6:to5 j +324.0339 

- 3. 4263 \ +320. 6076 . . . . . \ 

- x.88~2 i +318.725-f. 

- 2.01o6 i +3'6. 7148 ....... : 

+ o.•s19 I +316.9121 

- 1.o654 i +315·9073 
- i.8707 I +3•3.0366 ' ....... . 

- 0.8955 I +Ju. qn ) 29.8 . I 
- s.4149 I +303 . 7262 :· 

Discrepancy. 

mm. 

- 4,5 

- ~·3 

- o.8 

+ 0.2 

+ I.5 

- I.7: 

- 6.9 

- 3·5 
- I.2 

- 0.7 

- 2.8 
-10.S 

- 0,6 I 

- O.l 

+ 0.5 

+ ".1 
- 4.6 

- 3.2 I 
I 

- o.s I 
I 

- 3.0 i 

+ 2.8 

+ l.O 

+ •.o 
+ 7.7 

- 9.r, 

+ 5.5 i 
- _1.8 

T 3.3 
+ 6.1 < 

+ t.9: 

+ 0.7 

+II.5 

+ 5.0" 
+12.5 

+ 4.6 
- 0,2 

o.o 

- 7.z 
- 0.9 

+ 5.7 
- 1.8 

- 1.5 

+ 1.7. 
+ 3.5. 

+ 8.2 

+ o.6 

+ 6.3 

- 1.8 

Total. ; 

mm. 

+.6.4 ~ 
+4l.,l. II 

+40.3: 

+42.0 

+41.8 

+40.I 

+33·2 

+29-7 
+28.5 

_;_.27.8 

~25.0 

+14.2 

+13.6 

+13.5 

-t-r4.o 

+16.3 

+1r.7 

+ 8.5 

+ 6.o 

+ 3.0 

+ 5.8 

+ 6.8 

+ 8.8 

+16.5 

+ 7-4 
+'2.9 

+ 9.1 

+12.4 

+18.5 

+;io.4 

+:a.1 

+3•-6 

+31.6 

+sc.i 
+s•·7 

+54·5 

+54·5 

+•7·3 
+.6.4 

+s•.1 

+so.3 

+so.1 
+4s.6 

+;0.3 

+53·8 
+02.0 

+62.6 

+;58 9 

+67.x 

537 

A' 

(mm)' 

20. 2 

28, 1 

o.6 

o.o 

z .2 

o.o 

2.9 

47 .6 

I2.:;i 

I.4 

0.5 
7.8 

u6.6 

0.4 

0.2 

5·3 
21.2 

IO.a 

l,O 

4.0 

59.3 
82.8 

30.2 

2I.2: 

o.o 

5L3 
o.8 

32. s 
3.2 

z.2 

2.9 

12.2 

243 toM ............ _,,_ .......... ··[ 1.6to 749.876 ii + 0.1371 + o.r389 + 0.138-0) +303.8642 I 29.9: 
·~-'-~~~--'-~~~;.......~~~~~~--~~~ 

S. Ex. 77-68 
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SECTION IL-Description of primary and secondary bench-m.arks between Hagerstown, Md., and 
Grafton, lV. Va. 

A-Hagerstown, )ftl. Already described. 
Nos. I, II, IV, aml Y-Cut on top of mile-posts 1, 2, 4, and 5 on the turnpike between Hagers­

town and v\Tilliamsport. These probably cannot be depended upon as permanent. 
B-The bottom surface of a square cavity, cut on the top surface of the stone on the west 

side of the aqueduct of Chesapeake and Ohio Canal over the Oonococheague River at Williams­
port, Md. It is marked thus: 

B 
Bo M 

u.s.c.s. 
Nov. 1877 

C-About 7 miles west of Williamsport, Md. Cut on the coping-stone of Dam No. 5, Potomac 
River. It is marked thus: 

c 
BoM 

u.s.c.s. 
1877 

No. VI-About 7i miles west of Williamsport, Md. Cut on top la~·er of stone <>f the second 
canal-lock (Chesapeake and Ohio Canal), aborn Dam No. 5. 

D-Nine and one-fourth miles west of Williamsport, Md. Cat on the top layer of stone at 
west end of the sixth lock above Dam No. 5. 

No. VII-Ont on the coping-stone ot the upper end of" overfiow" at" Big Pool," Chesapeake 
and Ohio Canal. It is about 1.3~ miles west of ·wmiamsport, Md., and uearl~' opposite Cherry 
Run Station of Baltimore and Ohio Hailroad. 

E-Cut on the coping-stone of the aqueduct (Chesapeake and Ohio Canal) over Licking Ureek, 
about 8 mile., ea.st of Haucock, Md. It is marked thus: 

E 
BoM 

u.s.c.s. 
1877. 

No. VIII-Cut on the coping-stone at the southeast end of Lock No. 52, Chesapeake and Ohio 
Canal, and is about 1 mile east of Hancock, Md. 

F-Cut on the coping-stone on the middle of the north side of the Chesa1leake and Ohio 
Canal aqueduct at Hancock, Md. It is marked thus: 

I<' 
BoM 

u.s.c.s. 
1878. 

No. IX-Out on the coping-stone of Lock No. 531 Chesapeake and Ohio Canal, and is about 6 
miles west of Han<',ock, Md. 

G-Cut on the coping-stone of Lock No. 55, Chesapeake and Ohio Canal, at Dam No. 6, and 
about 10 miles west of Hancock, Md. It is marked thus: 

G 
BDM 

U.S. C.S. 
1878. 

No. X-Cut on the coping-stone at the north end of Look No. 56, Che.sapeak.e and Ohlo Cana1, 
about 12! miles west of Hancook, Md. 

No. XI-Out on the top of the wing-wall l't the south.side and east end of Lock No. 57, Ches· 
apeake and Ohio Canal. It is about 15i miles west of Hancock and 4f miles east of Little Orleans, 
l\ld. 
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No. XII-Little Orlenas, Md. Cut on the coping-stone of the aqueduct (Chesapeake and 
Ohio Oanal) over Fifteen-mile Creek. 

No. XIII-About 3 miles west of Little Orleans, Md. Cut on the coping of Lock No. 58, 
Chesapeake and Ohio Canal. 

H-About"'12 miles west of Little Orleans, Md., and 2 miles east of the canal tunnel. It is 
cut on the coping of Lock No. 61, and is marked thus: 

B 
BoM 

u.s.c.s. 
1878 

No. XIV-At the north end of the canal tunnel. It is cut on the stone' foundation, a short 
distance below the level of the tow-path. 

No. XV-Cut on the coping-stone of Lock No. 67, Chesapeake and Ohio Canal, and is about 5 
miles east of Oldtown, Md. 

No. XVI-Cut on the coping-stone of Lock No. 72, Chesapeake and Ohio Caual, and is about 
9i miles east of Cumberland, Md. 

I-Cumberland, Md. Cut on the coping stone of the feed-lock, at the western terminus of 
the Chesapeake and Ohio Canal. It is marked thus : 

I 
BoM 

u.s.c.s. 
1878 

No. XVII-Cut on the abutment of a small drain on the Baltimore and Ohio Railroad, about 
5~ miles west of Cnmherlaud, Md. It is marked thus: Bo M. 

No. XVIII-Cut on the foundation-stone, at the southwest angle of a drain on the Baltimore 
and Ohio Railroad, about 12 miles west of Cumberland, Md. It is marked thus: Bo M. 

J-Cut on the top of the middle pier of Baltimore and Ohio Railroad bridge, over a small 
drain about one-fourth of a mile east of Keyser, W. Va. It is marked thus: 

J 
BoM 

u.s.c.s. 
1878. 

No. XX-Out on the top step at the northwest corner of the Baltimore and Ohio Railroad 
bridge over the Potomac River at Bloomington, Garrett County, Maryland. It is also about 2 
miles west of Piedmont, W. Va., and is marked thus: B o M. 

No. XXI-About 1 mile west of Oakland, Md. Cut on a large rock beside the track of the 
Baltimore and Ohio Railroad. 

No. XXII-About 3 miles east of Oakland, Md. Cut on the west abutment of a small bridge, 
Baltimore and Ohio Railroad, aml is marked thus: B o M. 

No. XXIII-,-Cut on top stone of a "cattle guard," a short distance north of Deer Park, Garrett 
County, Maryland. It is marked thus: Bo M. 

No. XXIV-Near Hnttou's Switch Station, Md. (Baltimore and Ohio Railroad). Cut on the 
abutment of a bridge over a small run. 

No. XXV-Out on the abutment of a small bridge (Baltimore and Ohio Railroad) about 10~ 
miles west of Bloomington, Md. It is marked B o M. 

K-Cut on the abutment, southwest corner of Baltimore and Ohio Railroatl bridge over the 
Youghiogheny River. It is about 1! miles west of Oakland, Md., and is marked thus: 

K 
BoM 

u.s.o.s. 
1878 

:No. XXVI-Two miles east of Cranberry Summit Station of Baltimore and Ohio Railroad, 
Preston Oounty, West Virginia. Out on southeast corner of railroad bridge over a small stream. 
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No. XXVII-Cut on the coping-stone, near the middle of the "slide-wall" (Baltimore and Ohio 
Railroad), about 1~ miles west of Cranberry Summit, and is marked thus: Bo M. 

L-Cut on the coping-stone of abutment at northwest corner of the Baltimore and Ohio Rail­
road bridge over Salt Lick Creek, 4 miles east of Rowlesburg, "\V. Va. It is marke~ thus: 

L 
B Cl M 

u. s.c. s. 
1878 

No. XXVIII-Rowleslmrg, W. Ya. Cut at the base of the centre pillar at the west end of 
Baltimore and Ohio Railroad bridge o¥er Uheat Ri>er. It is marked thus: B D M. 

No. XXIX-Cu,t on top of the" Buckhorn Wall," about 40 metres from its eastern end. It is 
about 3,l miles west of Rowlesburg, W. Va., and is marked thus: B D M. 

No. XXX-Cut on corner-stone of abutment of a small bridge, Baltimore and Ohio Railroa1I, 
about 2 miles east of Grafton, W. Va. 

Transcontinental line of Spirit-levels-Continued. 

SECTION Ill.-J<'ROM GRAFTON, W. VA., TO ATHENS, OHIO. 
- -------~------~--- -- --- -----------;;-- ~~---.-,· 

~ . ~ S 1'. Difference of height of successive 

Bench-irarks. 

M. 

~1 toa44................. ..! 
244 to 245 .. . ................. I 
245 to 246 ... . 

246 to 247 .. . 

:;q. 7 to 24S.. • . . . .............. . 

248 to 24q ............ . 

249 to XXXI .... . 
XXXI to 250 ......... .. 

250 to 251 •........ 

251 to 252 ••.•. 

252 to 253 ... . 

25> to 254 ... . 

254 to 255 .... . 

255 to 256 •.•.• ,. 

256 to 057 ... 

257 to •58 .......... . 

258 to 259 .......... . 

259 to 26o .••........ 

26o to 261 .............. . 

I 
········1 

a61 to 262,, , .•..•. , •...•.•. , ...... . 

:Wz to 263 ........... .. 

263 to xxxn ...... '. 
XX XII to 264 .... , .. . 

•64 to 265 ............... . 

•65 to 266 ................ . 

266 to 267 •...........•.....•. 

267 to 268 ......... .. 

268 to 269 .......... . 

269 to ~70 .. ... . 

270 to 271 •.•.... 

271 to274 .... 

•74 to 273....... .. .......... ·1 

:;: ~: :~:: :: : :: :: :: . : :: :: : : :: :: ::::I 
•75 to •;76 .......................... j 
•r6 to 277 ........................... ! 

:~: ~: :~::: ::::: ::: : :: : ::::::::::::I 

~ -E ;~.!:ii bench-marks. 
'1> OS -' 0...., 

·CS .~::r::~ I 
§~ ~~ i' ~ •. "'"" ' Rod A, Rod B, M 
~ i 0 J3 ~ first line. second line. ean. 

0 E-

km. 

l .582 

t,5921' 753.050 ' 

l,004 I 754,054 

0.566 ' 754.620 

o.z37 754.857 

1,901 756.758 

"'· 

+ o.6J17 ' 

+ 0.5691 

+ z.5745 

+ 0.3852 

+ o.19r8 

+ 5. 1765 

JU, 111. 

+303.8642 

+ o.6o21 : -7- u.6019 +304.4661 

+ o.566o ' -1- 0.5676 [ +Jos.0337 

+ :z.58r5 
1 + 2.5780 +307.6rr7 

+ o. 3836 : -:- 0. 3844 +307 .9961 

+ Q.1930 ! + Q,t9:.i4 -f-308.1885 I 

+ 5.r757' + 5.1761 I +313.3646 

1.699 758.457 

76o. 179 

760.875 

761.077 . 

7fo.651 
1 

763' 719 

765.nr \\ 

165.631 Ii 
766.152 11'; 

767.820 i 
769.513 I[ 

771.371 Ii 
773.257 1: 
774· 2 53 :: 
775.85• :' 
717 .419 i[ 
779.oo6 i 
n9.938 

+16.6513 +16.6410 +16.6461 . -i-330.0107 

+17.6430, +17.6348. +r7.631l<). +347.6496 

0.20:.i 

I. 574 

I.o68 

! ·392 

0.520 

0 521 

1.668 

I .6g3 

l.858 

1.886 

o.995 

l.OOo 

x.567 

t.587 

0.932 

0.982 

1. lt2 

0.823 

r .982 

2.161 

r.180 

l.501 

>.618 

0.993 

x.562 

1.004 

- 2.48o6 - 2.4899 - 2.4852 +345.z644 

- 2.3r32 ' - 2.3025 - 2.3079 '. +342.8565 

-15.5557 

-10.4566 

- •.8579 
- I.2810 

+ 2.13•6 

- 7·474° 
- 1.9129 

+ 0.4836 

- 0.1704 

+ 3.r43x 
-10.1136 

- 0.1590 

+10.o635 

+ 8.9285 

78o.920 +10.1u7 

782.032 :i + 5.6101 

': 5 -16.4038 
783.817 i' l A and B 

784.640 i' - 2.0214 

786.622 ll -11.98¢ 

788.783 .! -tr.4046 

789.!)63 t: + 4.7982 

792.167 11 + 4.750" 

793.663 ti + 7 • .,.00 

795.16.f ll +15.0037 

797.782 J +22.0<)95 

798.775 I! ·- 9.8501 

Boo.337 ti -15.\1.472 

8o1.341 l1 - 0.7555 

-15.5574 I -15.5565 +327.JIX>O 

-10.4612 -10.4589 , +J16.84II 

- 2.8662 I - 2.8fo1 i +313.9790 

- 1.2852 i - x.283r +312.6959 

+ •. 1284 i + 2.1305 . +314.8264 

- 7.4682 ' - 7.4711 '+307.3553 

- 1.9045 1 - 2.9087 +305,4466 

+ o.48o7 ' + 0.4822 +305. 9288 

- 0.1749 i - 0.1727 +305.756' 

+ 3· 1H7 : + 3"434 +Jo8.8995 
-10.1137; -10.n36 +298.7859 

- 0.1564 ! - 0.1577' +•98.6282 

+I0.0514 I +10.0575 : +3o8.6lls1 
+ s.93o6 I + s.9095 +311.615• 

+10.t186 I +•0.115, +327.7303 
+ 5.foIO ; + 5.6157 +J33.346o 
-16.4t8o(! 
-16.398711 -16.4o68 +316.9392 

- 2.0180 I - 2.0197 +314.9195 

-n.9995 ! -n.9945 +JO!l.9250 

-11.3g85 ! -lt.4016 +•9r.5234 

+ 4.7868 ~ + 4.7905 +•96.3159 

: 4.7484 i + 4·H94 +3<>t.o653 
-;- 7.4173 i + 7.4216 +Jo8.<18fi9 
+.r5.0012 

-h•.ogn 
- 9.BscS 
-rs.64:ro 
- 0.7617 

+15.ocn5 +3•3·4894 

+02.0953 +345.5847 

- 9.8505 +335·734• 
-15.6141 +320.0901 

- o.7s&> +3'9·33'5 

±11lJIZ.' 

.. I 

. i 

Discrepancy. 

P~ial ! Total. 

mm. 1 (mm)'l 

+ 67.1 ... 

- 0.4 , + 66.7 o·~ 

+ 3.t : + 6q.8 i 9.6 

- 7.0 1' + 62.8 49-0 

+ 1.6 + 64.4 ' ,.6 

+ 63.2 ,.4 

+ o.8 ; + 64.0 o·6 

+rn.3 
+ 8.2 

+ 9.3 
-10.7 

+ 1.7; 

+ 4.6: 
+ 8.3 

+ 74·3 
+ 82.5 
+ 9i.8 . 

+ 81.l i 

+ 82.8; 

+ 87.41 

+ 95.7' 

106-l 

67.2 

86.5 

114.5 

•·9 

68.9 

+ 4.2 : + 99.9 17.6 

+ 4.2 , +104.I 17.6 

- s-8 1 + <)8.3 33.6 
- 8.4 I + 89.9 70.6 

+ 2.9 I + 92.8 8.4 

+ 4.5. + 97.3 20.2 

- o,6 '. + 9~.7 0.4 

+ 0.1 I + ¢.8 o.o 

- 2.6 + 94.2 6.8 

+12.1 : +1o6.3 r46« 
- 2.I I 

- 6.9 
-Il~l: 

- 3.4 

+ 9.9 
- 6.1 

+n.~ 

+ 2.0 

+ 8.7 

+ 2,5 

+s .• 
+ 0.7 
- 6 ... 
+6.2 

+104.2 

+ 97·3 
+ 86.2 

+100.4 

+ 97.0 
+1o6.9 

+100.8 

+n2.2 

+114.• 
+n2.9 

+zzs.4 
+133.8 
+•34·5 
+t..S.3 

+•34·5 

:ior.6 

u.6 
98.0 

37·• 
r30.o 

+·o 
75.7 
6.• 

70.6 
0.5 

38.4 

38 •• 
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Transcontinental line of Spirit-levels-Continued. 

SECTION lll.-FROM GRAFTON, W. VA., TO ATHENS, OHIO-Continued. 

" "0 !I D'ff I "Ol . -t . u...., ! i erence of height of successive I 5 >~ 0 

!-E ;~~ ! bench-marks. ..c.£ 0 E~ 

I Jl~ .~:i~ 11--------!·----T----I ~J:;, :;.~ 
1 ~~ ~]i I! Rod A, 1 Rod B, ! Mean. I ] ;~ ~3 Partial I Total 

I 
~.8 ..... ~ 4> j first line. :second line.f '3 ~8 ..... -g.B ~ 
.... ocr...c I o s i ""' I 

Bench-marks. 

Discrepancy. 

l~_l_°"'--11--- _' 1--"'---1-=-· __ : __ 1 __ 

! km. : k~n. Ii m. m. I m. m. ±mm. 
1 

mnz. I mm. l (mm)2 

•19 to 280.. .. .... • .. .... .. .. .. .. . 0.732 • 8o2.073 j' + 6.3633 + 6.3567 
1 

+ 6.36oo I +3•5.6015 : ........ : + 6.6 : + .... , ; 4 .. 6 

28oto 281.......................... 1.873 8o3.946 I -13.1677 -13.1589 
1 

-13.1633 +312.5282 !.... ... - 8.8 +IJ2.3 1 77.4 

281to282....... .. ...... .. .. .... ... x.754 8o5.700 Ii + 2.fu49 + 2.625:a !~ + 2.6251 +315.1533 !· , - 0.3 1 +132.0 
1 

o.o 

282 to 283.......................... l.oo6 800.706 ii + i.8837 1 + 1.8787 + i.8812 +3•7.0345 <........ + 5.0 +137.0 25.0 

283 to 284...... .... .. . . . . . .. ... . . . 8o8.716 !j + 6.4001 + 6.416t + 6.4111 +323.4456 1· ... . . .. -IO.O +127.0 100.0 

284 to 285 ...................... '. i.916 810.632 !I - 7.1256 i - 7.1202 - 7.1229 +J16.3za7 \..... .... - 5.4; +I21.6 29.2 

285 to 286 

286 to 287 ................... . 

287 to 288 .. .. 

288 to 289 ........................ .. 

•89 to 290 .......................... . 
290 to 29:r .••.•..••....••......• · · · · · 

291 to 292 •..••..•.••••••••••••.•.... 

•9• to 293 ........................... I • 

293 to XXXIII.. .................. 1 

XXX!II to 294 ............. . 

294 to N .................... . 

N to 295 ..................... .. 

295 to 296 ........................... · 

~g6 to 297 .•.•••••...........•....•.. 

297 to 298 ......................... .. 

298 to 299 ....... . 

299 to 300 ..... .. 

300 to 301 .. 

301 to 302...... . ................ . 

302 to XXXIV 

XXXIV to 303 .................... . 
303 to 304 ......................... .. 

30'4- to 305. 

305 to 3o6 ......................... .. 

3o6 to 307 ........................ -.· .: 

307 to 3o8 ......................... .. 

3o8 to 309 .............. · .......... · · 

309 to 310 ......•..•.•.•...•..•••.•.. j 

31oto3u ........................... : 

311 to 3 12 •••••••••• ················' 

312 to 313 .......................... ' 

313 to 314 .......................... 1 
314 to 315 .......................... 1 

315 toXXXV ... . 
XXXVto 316 ..................... . 

3'6 to XXXVI .. 
xxxvr to 3, 7 ................... . 

317 to 325 ....................... . 

325 to 324 ......................... . 

324 to 323 ......................... .. 

323 to 322 ......................... .. 

322 to 320 ......................... . 
3ao to 319 ...................... · ·· · 

3'9 to 318 ........................ .. 

3•8 to xxxvn .................. .. 
XXXVII to XXXVIII ............ ! 
XXXVIII to 3u .................. 

1 

3u to :¢i ......................... . 

326 to 327 .......................... ' 

301 to 3..8 .......................... ; 
I 

x.513 812.145 !: -15.2583 1 -J5.2626 _:-r5.26o5 j +301.<>622 ! ...... -! + 4.3 ' +125,9 18.5 

I.482 813.627 ,! -14,7049 -14.7004 -14.7026: ~86.35¢ : .. •• ••••
1 

- 4•5 +121.4 ~ 
1.728 815.355 I -16.7947 -16.7967 -16.7957 I +,69.5639 ! ........ ' + 2.0: +123.4' 

2.3o6 817.661 !i -10.4547 -10.4515 -10.4531 i +259.uo8 ;. .. . . . . . - 3.2 ! +120.2 ' 

0.334 817.995 ii - o.6o52 - o.6o8o - o.6o66 +258.5042 : ........ ' + 2.8 , +123.0, 

I.856 819.85i: ii -i:o,:i455 -10.14o6 -IO.I-431 +248.36n ;....... - 4.9 +118,t 

4.0 

10.2 

5.B 1.819 821.670 ii + 0.2335 + 0.2359 + 0.2347 +248.5958 i· . . .. .. - 2.4 +II5.7 

:::: ::::::ill = !:::;~ = !::::: = !·::: !::;::: :···;~:~· :'.:l!:~. !:::::' I~::~ 
i.502 827.694 I - 4.3221 - 4.3198 - 4.3209 +239.6395 j. - 2.3 : +122.2 : 5.3 

i.948 829.642 /
1 

+ 5.7485 + 5.7469 + 5.7477 ! +245.3872 l 34.0 + 1.6 : +I23.8 , 2. G 

1.666 8°1 3o8 I -t-14.9851 +14.98m +1 .. 9826 +•6o.36g8 1... ... + 5.0 I +128.8 2s.o 

2.105 8;3:4131!! - 1.>4x7 - i.2410 - x.241.;: +259.1284 I...... - 0.7 +128.1 
1 .238 834.651 -rn.6765 -10.6727 -rn.6746 I +•48.4538 .. . . . . - 3.8 +l24.3 

2.333 836.984 , +15.8253 +15.8310 +15.8282 +2G4.2820 ]. .. ... - 5.7 +nS.6 . 

i.332 838.316 I! +x3.519s +13.5161 +13.5781 +2n.86o1 1....... + 2.8 -i-121.4 

2.134 840.450 ill + 2.1549 + 2.1594 + 2.1571 i +28o.0172 - 4.5 -f-u6.9' 

l.6o6 8.;2.056 i -15.9740 -15.9759 -15.9749 +264.0423 . .. .. ... + i.9 +us.a ' 

1.373 843."29 :I -13.7521 -13.7452 -13.7487 +250.2936 - 6.9 +1n.9 

1.838 845.267 I - 5.5182 - 5.5239 - 5.52rn +244.7726 , 34.3 + 5.7 +n7.6 

0.541 845.8o8 I + 5.31>6 + 5.3100 + 5. 3!13 +250.o839 :........ + 2.6 +uo.• 

1.920 847.7281 +18.9970 +19.0022 +r8.99g6 , +26g.o835 1... ... . . - 5.2. +us.a 

1.626 849.354 - I.:1946 - 1.1908 - x.1927 ..J.__267.8908' - 3.8 +r11.2 

I, S" - 4.4404 - 4.422ot 
2.272 85I.6:z6 i l dB \ - 4.4334 +z63.4574 -UL2 + 99.0 

J A an - 4·4379 
1 

1.667 853.293 ' + 8.6697 + 8.6719 ] + 8.67o8 +272. u82 

1.867 855.16o -18.3885 -18.3940 I -18. 3913 : +.53.7369 

2.414 857.574 -'2.6726 -12.66g5 I 
1.338 858.912 - 2.5662 - 2.56o5 I 

-12.67n 

- 0.5633 

+•41.o658 

+238.5025 .... 

2.115 861.027 - 7.0902 - 7.o8g2 - 7.o897 

1.3o8 862.335 - 6 .• 530 - 6.x541 I - 6. 1536 +225.2592 ...... . 
' I 

x.997 864.332 , -n.4254 -n.4221 I -n.4237 

o.4g6 864.828 I + 2.x633 + 0.15791 + 2.16o6 

+•13.8355 ; ....... -: 

+215.gq61 ! .. 
o.866 865.6<}4 1

1 

- 4.2949 - 4.2945 ! - 4.2947 +•n.7014 

o.16o 865.854 - o.'252 - 0.1266 I - 0.1259 +2n.5755 

i.886 867.740 t'. _ 2.5&)5 _ •. 5872 I _ 2.5883 +208.!)872 
i.6o5 86g.345 +0.1770' +o.x797 +0.1783 +209.1655 

1.412 870.757 - 3.oa78 - 3.0272 - 3.0275 +2o6.138o 

o.00. 871.359 I + 5.456g i + 5 4558 + 5.4564 +on.5944 

1.6:ii12 872.981 

874.8•7 

875.g6o 

+18.6473 +18.6424 

+10.5281 +10.5251 

+15.8681 

+18.6449 

+10.5•66 

+227.4625 

+246.xo74 

+•56.6340 

34·9 i 

- 3.2 + 96.8 

+ 5.5 j +1oz.3 

- 3.1 l + 99.2: 

- 5.7 ' + 93.5 ' 

+ 92.5 ! 

+ I.l + 93.6 ' 

- 3.3 -j 90·3' 

+ 5'4 + 95'7 I 
-- 0.4 

- 2.7 ! 

- Q,6 I 

+1.1 

- 5.5 

+ 4.9 

+ 3.0 

+ 95·3 
+ Q6.7. 

+ 94.4' 

+ 9I.7 ! 

+ 91.1 

+ 92.2 

+ 86.7 I 

T 91 .6 I 

+ 94,6 
i.846 i 
t.133 i 
1.464 

I

! +15.865<1 +15:8709 

877.4241 -14.1583 -I4.I585 -14.1584 +242.4756 ......... ; + 0.2 + 94.6 
0.457 877.881 - 4.1323 - 4.x118 - 4.1321 +238.3435 - o.5 + 94.3' 

::!: ::::!; I =2::~::: =2::::;! =2::~! 1 !::~:~: · 35.0 ~ ! : ! :!:: • 
•• 7;i6 883.675 I - 1.1464 - 1.1452 - 1.r458 +>n.3732 35.0 I 1 " + 95·• 

••• 16 sss.ss• I +13.36s• +13.37•8 +13.36go +.24.742• ....... i. - 7.6 + a7.s 

I { 
+14 ·3394 +14.3597 ~ 

t.6g5 887.546 AandB +14•3445 i+1+·3479 

0.655 888.00I I _ 5 •• 051 _ 5.4010 -:- 5.4031 +.33.6870 

{
-13.x363 -13.1499 l 

'·"99 889.500 _
13

.,
452 

_ 13_.425 5 -13.1435 +ao.5o135 

+ 70.2 

-13.5 + 74.3 

- ... 1 

+ 5.4 

0.5 

20.2 

32.5 

6.S 

14.4 

30.2 

9.6 

32.5 

10.9 

2.0 

7. 3 

I.Z 

30.2 

:z •. o 

9.0 

o.o 

o.z 
1 3·7 
z.o 

57.8 

18:z.2 

x6.8 

29·• 
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Transcontinpntal line of Spirit-level'8-Continued. 

SECTION III.-FROM GRAFTON, W. YA., TO ATHENS, OHIO-Continued. 

Bench-marks. 

328 to 329 .......... . 

329 to 330 ........ .. 

330 to 331 .......... .. 

331 to 33•· · · · · · .. 
332 to 333 ........ .. 

133 to 334 · 

334 to 335· .... · .. · 
335 to 336 .... .. 

336 to 337 ....... . 

337 to 338 .... . 

338 to 339 .... .. 
339 to 340 ..... . 

340 to 34:1: .•...•.•..•.•........... 

341 to 342 ....................... . 

342 to XXXIX ................ .. 

X4XIX to 343 .............. .. 

343 to 344 .. · · ............ .. 

344 to 0 ................. .. 
0 to 345 ..................... . 

345 to 346 ....................... . 
346 to XL ..................... .. 

XL to 347 ...... . 

347 to 348 ............ .. 

349 to 350 ...................... . 

350 to 351 ..................... .. 

351 to 352 ..•....... , ..........•. 

352 to 353·· ...................... .. 

353 to XL! ..................... . 

XLI to 354 ....................... : 

354 to 355 ........................ . 

355 to 356 ...................... . 

356 to 357 ...................... .. 
357 to XLII ..... . 
XLII to 358 ................... . 

358 to 359 ............ . 

! 
I 
I 
I 
I 

359 to 36o. • .. ·• · .. · · · · .... · · · · · · • · i 
36o to XLIII .. .. .. .. . .. .. I 
XLIII to 361 ...................... 1 

361 to 362 ....................... .. 

362 to 367 ........................ .. 

367 to XL VIII .......... . 
XL \'III to 366 .......... .. 
366 to XLVII............. .

1 

XLVII to 363 ........... .. 

)63 to XLIV........... .... .. . 
XLIV to XLV ................... [ 

XLV to 364 ....................... i 
364 to XLVI ...................... I 
XLVI to 365 ................... ( 
365 to XLJX .. .. ................ ,. 
XLIX to 368 ..................... . 

368 to 3~ ......................... .. 

369 to 370 ....................... --1 
370 to L (so) ..................... .. 

L (So) to P .". ...................... 
1 

Discrepancy. ~ ~ B Difference of height of successive / ~~..!Ii 'O 
~~ ;~.!Ii bench-marks. j _g~ g e~ 
] ~ ,;.e =e~ 

1 

! ~= S·~ 
i::2 _...... l I ~Ul~ u..= 

g.e "Cl~ Rod A1 ! Rod ~' ] ; ; :g3 Partial 
~-~ Cd~~ ·'·· first line. 

1
1second lme.

1 
r.fean. Qi 4.ICll .o o a Tota.I. 

~, O~~ Sd o~ 

i5 . _£-<__ i ' ~ ~1---!------
km. m. i m. 111. I i ±mm. nim. j mm. (mm,)' 

r.013 890.5q' - 9.5916 I - 9.5949 - 9.5932 i +210.9503 j. .. .. .. + 3.31 + 78.9. 10.9 

" 447 s9r. 96o -13. 5856 I -13.5916 -13.5886 I +197.3617 ~.... .... - 3.0 i + 75.9 i 9.0 

km. 

..447 894.407 - 4.9181 i - 4.9131 - 4.9156 
1 

+192.4461 : ........ 
1 

- 5.0 I + 70.9 ': •s.o 
1.302, 895.709 - l.2374 I - 1~2275 - 1.2325 +191.2136 1 •••••.... - 9.9 I + 61.0 i 98.0 

r.923 s97 .632 - 5 5999 - 5.0036 - s.0011 +1s5.6u9 i ........ I + 3.1 1 + 64.1 13.7 
t.848 899.480 + 0.0093 + 0.0129 + O.OIII +185.6230 ' - 3.6 I + 6t.1 13.0 

t.778 901.258 , - 0.5651 - 0.5659 - 0.5655 +185.0575 + o.8 f + 61.9 o.6 

I.222 902.48o !. + 0.8127 + 0.8093 + 0.8IIO +185.8685 + 3·4 i + 65.3 JI.6 

2.052 904.532 f, - o.o8go - 0.0798 - o.o8+t +185.7841 - 9.2 I + 56.1 , 84.6 

2.415 !)06.947 ·1 - 0.3896 - 0.3939 - 0.3917 : +185.3924 + 4·3 J + 6o.4 :' 18.5 
2.210 909.157 > + o.46u + 2.4662 + 0.4636: +187.856o - 5.1 + 55.3 ' 26.0 

;; 
1.121 910.2781.I +6.uos +6.u38 +6.u22 +193.9682 -3.31 +52.0: 10.9 
2.231 912. 509 I - 8. 3.,3 - 8. 3265 - 8. 3239 +185.6443 + 5.2

1 

+ 5?" ] 27.0 

l.953 914.~62 I/ + 0.0448 + o.038o, + 0.0414 +185.6857 + 6.8 + 64.0 46.2 
0.789 915.251 : - 0.4247 - 0.4193 - 0.4220 +185.2637 36.1 - 5.4 + 58.6 29.2 

..194 917.445 I + 9.5731 + 9.5744, + 9.5737 +194.8374 1.3 i + 57-3 x.1 
o.oj62 917.807 · - 7.0733 - 7.0705 - 7.0719 +•87.7655 ·::::.:1 - 2.8 l + 54.5 7.8 

O.t66 i 917.973 [! + 0.0451 + 0.0452 + 0.0452 I +187.8107 36 21 - 0.1 I + 54·4 o.o 

0.725 I 918.6981 - 6.9335 - 6.9356 - 6.9346 f +180.8761 .... :. + .. 1 + 56.5 I 4·4 

0.254 i 918.952 I - 0.5732 - 0.5790: - 0.5761 I +18o.3000 .. ····I + 5.8 + 62.3 I 33.6 
0.439 , 919.391 

1

1, + 9.x618 + 9.1619 + 9.1619; +189.4619 36.2 . - 0.1 + 6:1:.2 ' o.o 

0.821 i 920.212 
11 

+ 3.5356 + 3.5290: + 3.5323 r +192.9942 ........ 1 + 6.6 + 68.8 43.6 

2.518 i 920.730 :1· + 5.3259 + 5.3177 ; + 5.32I81' +1g8.316o ........ , + 8.2 + 77.0 67.• 

I . J - 3.61)13 - 3-7097 , t 
2.412 925.142 n A and B 3.7098 f- 3.7036 i +194.6124 ........ ., +12.3 + 89.3 151.3 

0.292 925.434 I{~ :~~3~ - :::::~ }- 1.4247 ! +193-1877 ........ \ + o.s + 91.8 6.9 

"093 927.527 'I - 3·993' - 3.9846 - 3.9889 I +189.1g8a ....... 1 - 8.5 + 83.3 1•-• 
2.004 929.591 :! - 2.g637 - 2.¢95 - 2.9666 ! +186.2322 ........ , + 5.8' + 59.1 33.6 

0.676 930.267 i' + 1.3612 + 1,3625 + 1.3619 I +187.5941 J ....... ' - J.3 + 87.8 1.7 

0.909 931.176 I, + 2.s886 + 2.5915 + 2.5900 +190.1841 I 36.8 - 3.1 + 84.7 9.6 

•. 633 933.Sog I + 9.43fu + 9.43•7 + 9·4344 +199.6185 .. .. .. • . + 3.5 + ss.. 12.2 

x.792 935.6o1 +ro._5093 +I0-4992 +ro.5043 +•ro. 1228 +10. 1 + 91!.3 102.0 

2.452 938.053 - 0.1382 - 0.1324 - O.I353 +009.9875 - 5.8 + 92•5 33.6 

0.693 938.746 - 7.3025 - 7.3040 - 7.3033 +202.6842 + 1.5 + 94.0 •.• 

o.994 939.740 ~ 9.4945 - 9.4863 - 9-4904 +193.1938 37.0 - s.. + 85.8 67.2 

0.958 940.6()8 - 8.0547 - s.0021 - s.0584 +•85.1354 
1
.... .... + 7·4 + 93.2 54.8 

2.180 942.878 + 0.2132 + o.2xn + o.~ll22' +185.3476 .• .. •. .. + 2.1 + 95.3 4·'4 

1.230 944.1o8 + 0.7471 + 0.7501 -!- 0.7486 +186.0Q6• - 3.0 + 92•3 9.0 

l.667 945.775 - 1.1685 - 1.1675 - 1.1680 

2.092 947.867 + x.o665 + l.o66o + l.o662 
1.669 
1.700 

2.862 

I.Soll 
1.441 

2.187 

1.846 

2.031 

0.862 

J".916 

1.876 

1.578 

1.896 
2.044 

2.434 
1.718 

0.1471 

949.536 
951. 236 

954.098 

955.600 

957.047 

959.234 

¢1.o8o 

¢3.n1 

g63.973 

965.889 
<ft7.'J6s 
¢9.343 

971.239 

973.283 

975.717 

917.435 II 

917.5&1 

- 0.2520 

+ 0.3892 

- 0.2438 

+ 0.3803 

+ 1.6oo2 

- 0.0775 

+ 0.4000 

+ 0.5199 

+ 1.5988 ; + 1.5995 

- 0.0739 

+ 0.4053 

+ 0.5185 

- o.24o8 I - 0.2336 
+ 1.3835 + 1.3871 

+ 0.1374 + 0.1323 

+ 0.4416 
+ 1,018o 

+ 0.9850 
+ 0.5598 
+ o.828I 

- o.1!6a4 
+ 5·""'8 
+ a.U.f• 

+ 0.4341 
+ 1.0150 

+ 0.97¢ 
+ 0.5592 
+ o.So8o 

- 0.8671 

+ 5.2t82 

+ .a.1142 

- 0.0757 

+ 0.4007 

+ 0.5192 

- 0.2372 

+ 1.3853 

+ 0.1348 

+ 0.4379 
+ 1.0165 

+ 0.9803 

+ 0.5595 
+ o.828o 

- 0.8637 

+ 5·•""° + 2.u.p 

+184.9282 

+185.9944 
37·3 

+185.7465 ! ....... I 

+186.1313 i ....... · l 
+187.73o81

1 
37-S I 

+187 .6551 ....... · 1 

+188.0578 37·5 

+188.5770 , ........ 

+188.3398 37.6 

+i&J. 7•51 I 37.6 ! 
+18().85991 ........ 
+190.2978 37.8 

+191.3143 

+192.>¢6 

+192.8561 

+193.6841 

+192.820.4 

+•98-~ 
+too.15-¢ 

- 1.0 

+ 0.5 
+ 8.2 

- 8.9 

+ 1.4 

- 3.6 

- S.3 
+ 1.4 

- 7.2 

- 3.6 

+ 5.1 

+ 7.5 
+ 3.0 

+ 5·4 
+o.6 

+ 0.1 

+ 6.7 
+ 3.6 

o.o 

+ 91.3 
+ 91.8 

!l::;r 
+ 92.5 

+ 88.9 

+ 83.6 

+ 85.0 i 
+ 77.8 I 
+74-"'j 
+ 79·3' 
+ 86.8 

+ 119.8 
+ 95.• 
+ 95.8 

+ 95.9 
+xos.6 

+1o6.• 

+ic6·• 

t.o 

79.2 
2.0 

13.0 
.a.1 
2.0 

51.8 

13.0 

26.o 
$6-<• 
9.0 

99.2 
0.4 
o.O 
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SECTION III.-Description of primary and secondary bench-marks between Grafton, lV. Va., and 
Athens, Ohio. 

M-Grafton, W. Va. Cut ou top of the north side of the central pier of the Baltimore and Ohio 
Railroad bridge over Taggart's Valley Creek, a branch of the Monongahela River. It is marked 
thus: 

M 
Bo M 

u.s.c.s. 
1878 

No. XXXI-About 5Z miles west of Grafton, W. Va. Cut on col,'ner-stone of the east end of 
a trestle which is 1mmbered 2~ (Baltimore and Ohio Railroad, Parkersburg branch). It is marked 
thus: Bo M. 

No. XX.XII-Cut on corner-stone of the west abutment of the Baltimore and Ohio Railroad 
bridge east of Bridgeport, Harrison County, "West Virginia. It fs marked thus: Bo l\f. 

No. XXXIII-Abd'ut 2 miles east of West Union, Doddridge County, West \Tirginia. Cut on 
top of the pier at the west end of Baltimore and Ohio Railroad bridge :Ko. 21 1 over Middle Island 
Creek. It is marked thus: Bo l\f. 

N-About one-fourth mile east of West Union, W. Va., and is cut on the top oftlrn southwest 
corner of the pier of Baltimore and Ohio Railroad bridge No. 23, over Middle Island Creek. It is 
marked thus: 

N 
BaM 

U. S. C. & G. S. 
1878 

No. XXXIV-Cut on tlle southeast corner stone of the pier of bridge No. 26 (Baltimore and 
Ohio Railroad), about 10 miles west of West Union, "\V. Va., and is marked thus: Bo l\I, 

No. XXXV -Cut on the coping-stone of the eastern abutment of Baltimore and Ohio Railroad 
bridge No. 31, over Bond's Creek, about one-fourth mile east of Cornwall Station. It is marked 
thus: Bo M. 

No. XXXVI-Cut on the eastern abutment of Baltimore and Ohio Hailroad bridge No. 35, 
over Bond's Creek, 1 mile east of Cairo, Rit-0bie County, West Virginia. It is marked thus: Bo l\f. 

No. XXXVII-Out on the west abutment of Baltimore and Ohio Railroad bridge over Goose 
Creek, about 200 metres ea.st of Petroleum, W. Va. It is marked thus: B o l\f. 

No. XXXVIII-Cut on the northeast corner-stone of abutment of Baltimore and Ohio Railroad 
bridge No. 44, about 1 mile west of Petroleum, W. Va. It is marked thus: Bo M. 

No. XXXIX-Cut on the foundation at northwest corner of Baltimore and Ohio Railroad 
bridge No. 52, 2 miles east of Parkersburg, W. Va. 

0-At Parkersburg, W. Va. Cut on the water-table, south front, near western corner, of the 
post-office and court-house. It is marked thus: 

0 
BoM 

U.S. C. & G. S. 
1878 

No. XL-Belpre, Ohio. Cut on the wing-wall of the second pier from west end of Baltimore 
and Ohio Railroad bridge, which crosses the Ohio River at this point. It is marked thus: n o M. 

No. XLI-Cut on southwest corner of abutment of Marietta and Cincinnati Railroad bridge 
over Little Hocking Creek, near its junction with the Ohio River, and at Little Hocking Station. 
It is marked thus: B o M. 

No. XLII-About one-half mile east of OoolviJle Station, Marietta and Cincinnati Railroad. 
Out on coping of abutment of a railroad bridge, and is marked thus: B o M. 

No. XLill-Abont 3f miles west of Coolville, Athens County, Ohio. Cut on east abutment of 
a small railroad bridge, and is mark~ thllil: B o M. 



 

544 UNITED STATES COAST .AND GEODETIC SURVEY. 

No. XLIV-About 1 mile west of Guysville, Ohio, and is eut on the eastern abutment of Marietta 
and Cincinnati Railroad bridge, and marked thus: B o M. 

No. XL V-Cut on the west abutment of Marietta and Cincinnati Railroad bridge over Little 
Hocking River, about 2;l miles west of Guysville, Ohio, and is marked thus : B o M. 

No. XLVI-Cut on the west abutment of a small bridge (Marietta and Cincinnati Railroad), 
about 150 metres east of" Canaan Chapel," Oanaanvilie, Athens County, Ohio. It is marked thus: 
BoM. 

No. XL VII-About three-fourths of a mile west of Stewart, Athens County, Ohio. Cut on the 
west abutment of Marietta and Cincinnati Railroad bridge over Little Hocking River. It is 
marked thus: B o l\I. , 

No. XL VIII-One and one-fourth miles east of Stewart, Athens County, Ohio. Cut on top of 
the wall of the west abutment of Marietta and Cincinnati Railroad bridge, and is marked thus : 
B D l\I. 

No. XLIX-Uut on the coping of a railroad culvert, about 1~ miles west of Canaan ville, Athens 
Connt.y, Ohio, and is marked thllfi: Bo l\I. 

Nn. L-Cut on the south abutment (east side and fourth step from tqp) of road bridge over 
~Iariett.a and Cincinnati Railroad and the Hockhocking River at Athens, Ohio. It is marked thus : 
BoM. 

P-.Athens, Ohio. Cut on top of the pier of the bridge over the Marietta and Cincinnati Rail­
road and the Hockhocking River, and is marked thus: 

p 
Bol\f 

u. s.c. s. 
1878 

Transcontinental line of Spirit-levels-Continued. 

SECTION IV.-FROM ATJIENS, OHIO, TO MITCHELL, IND. 

1~ I ~!~ 1: Differenceb:n~h~~!rk~.successive I H~ I t~ Discr~-,-p-anc_y_,_'1 
Cl ;i:S i ... 0:; i.'1i I ! ~:r: ! .,"".~ I -·- - -
.0 E I .~:t E ' -"" >. ' ~ 

I u).: i -c ~ :: I .~rn"O I Q)..c:: . I A2 

i 1!" 1--0" 11 
Rod A, ! Rod B, ~ ~~ I j~ 1

1 
Pa~ial j Total. 

----\ :~ . ~.~j i' "·:~ 1-.. ~~-M-~-.·---1--+.-~-~-:-:-,--, «::;/ ~~ I ~~ (••>' 

Bench-marks. 

~~;' J:~ §§ 1 !:§1!:~ t;~ ES I ~:: !~: ::: 
::~~'.::::.::·::::,:::::<:::::J :':E ~!:;:: ~,:::: ~I:::; ~,::::: E::;;: ~ ~:; ! E! :::~ 
6!07 ..... ,,,,,, ,,,,,,,,,,,,,, ..... 1 2.5•7 9&p66 +z5,4324 +z5,4386 +z5.4355 +•47,4057 -6,2 +78.r 38,4 
7 to 8,,,, .. , - 0.595 9B9,761 + 1.1!oo4 + 1,8o35 + 1,8020 +z49,0077 

"::::11 8 to 10,, ,, ,, ,, ,, ,, • ,, .. ,, ,, ,, • .. .. 3,366 993, 127 -27.3858 -27,3919 -27.3889 ' +.21.8188 

10to9 ...... , ...... ,,, ....... ,, 1,185 994,312 - 3,3943 - 3,3957 - 3.3950 +.18.4238 ...... 
gton ...... "" """""''"" 1.470 995.762 +0.9569 +0.9564 +0,9567 +z19,38o5 
uton................ ..... .... 2,332 gg8.u4 - 5.1541 - 5,1547 - 5,15+1 +•14,2261 

n to LI ........ ,.... .. . .. . ... . . .. 2.405 """"5'9 + 3.0152 + 3.0146 
LI to 13 ............. ,, .. ,, .. ,, . 2. 194 1002, 713 - 3 .0828 - 3 .0782 

13to14,, .. , ... ,, .. ,,,,_,,,,,, .. ,,, ,,.,,. 1004.915; + o • .OOS + 0.3994 

14!015 ........ , """""""""' 3.136 1oo8.051 + 1,9142 + 1.9123 

+ 3,0149 -j-217.2410 

- 3,28o5 +z13.glios 

+ 0,4031 +z14,36J6 

+ 1,9132 +.16.2768 . ""i 
+•17.8948 i 38.5 ! 15 to Lil.,,. ""'""""""""" 2.9591 lOJl,OIO + 1.6>57 +I.Moo 

LIIto17 .. ,,,, .. ,, .... ,, .. ,,,,.,, 1,884 1 1012.894 I + 7·7•H + 7.7185 + 7,7164 
17 to 16.. .. . ... . .. . .. . . .. . .. . . . . 2.BoB 1 1015.702 'j -10.8643 -10.8697 -10.8670 

:::~:::::::::::::::::::·::·:, -·--· ;::~I::~:~:~ ·1, ~·::~3: ~·:::;~ ~'::~: 
19 to 20 ........................ ••. 2.652 I 1023.997 ; - >.7417 - 2.7361 - 2.738g 

2otoLIII .... , ... , , ....... , .. , ... 3.>02!1027,199/ -8,4o63 -8.4o66 -8 . ..,6.i 

LIU to 21.... ... ... .. ... . •.• .. .. .. 1.157 I 10.S.356: + 1.9727 + t.9742 + 1.9734 

+ 1.618o 
,.,..5.6112 j .... ,, .. 

1 +••4· 7442 ....... ' 

+zag.2776 , .. , .... 1 

+•.ti.5~5 1--······1 
-f-u3.8.J061· ..... ·i 
+a15.4,... 38.7 I 
+z17,3976 •••••·•· 

- 3-' 
+ 6,1 

+ x,4 

+ 0.5 
+ o,6 

+o,6 

- 4,6 
+ 7,4 

+ 1,9 
- 4,5 

- 4,0 

+ 5,4 

- 4,9 
- 4,3 

- 5,6 

+0.3 
- t.5 

+ 75,0 
+BI.I 

+ 82.5 

+ 83.0 

+ 83.6 

+ 84.• 

+ 79,6 

+ 87.0 
+ 88,9 
+ 84.4 

+ So,2 

+ 85.6 

+ 8o.7 
+ 76.4 

+ 70.8 

+ 1'" 
+:69.6 

9.6 

31" 

0.2 



 

UNITED STATES COAST AND GEOUHTIC SUH.VEY. 

Transcontinental line of Spirit.levels-Oontiuueu. 

S~:CTION IY.-FROM ATHENS, OHIO, TO MITCHELL, IND.-Contimwd. 

Bench-marks. 

21 to 22 .••• 

22 to 23 ••..•..... 

23 to z4 •. 

24 to 25 .... 

25 to 26 .. 

261027 .... :. 

27 to2S .... . 

28 to 29 .•.....•. 

29 to 30. 

30 to 31 ....... . 

31to32 ... . 

30 to LIV .. 

LIV to 33 

33 to 36 ... 

36 to 35 ... 

35toLV. 

LY lo 34 .. 

34 to 37· 

37 to 38. 

38 to4t .. 

.p to,..o. 

4ot03'/· 

39 to4 .... 

40 to Q. 

42 to 43. 

43 10 44• 

4-4 to45,. 
45 to 46. 

46to47. 
47 to48. .. ................ . 

48toLVI ..................... .. 

LVI to L\'Il ............. .. 
LVII to 49 ................ .. 

49 to 50 .......... .. 

50 lo 51 ...............•... ·· ....... . 

51 to52 ...................... ······ 

5oto53 ........................ . 

53 to 54 .......................... . 

54 to 55 ......................... · 

s's to LVIII ..................... . 

LVlll to 56 ...................... . 

56 to57 ............... · ...... .. 

!'!' to58 ............ .. 

58 to 59 .... · .. · · .. · · .......... .. 

591065 ....... .. 

65 1064 ... .. 

64 to63 ....... . 

63 to6• ......................... . 
62to61 ............................ . 

61 to6o .......................... .. 

6oto66 ........................ .. 

66 to67 .......................... .. 
67 to68 ........................... . 
68 to71 ..................... .. 

71 l07l1 ........................... . 

1' t073 ........................... . 

~. lijx, 77-69 

::z.023 

>.868 

::z.o61 
o.66<) 

l.368 

3.862 

::z. 950 1046. 158 

0.631 . 1046.789 

3. 135 1049. ~24 

2' 584 1052. 5o8 

2.027 1054.535 

~L4T8 i T056.953 

o.S:n 1057·774 

2.2 .. l 1o6o.015 

1.570 i 1o61 .585 

o.;8o i 1o64. 165 

2.777 ~ lo66.942 

2.463 i 1"69.405 

1.343 ~ 1070.j48 

2.76o; 1073.508 

2.757 I J:076.265 

.1.040 1077.305 

O. IIJ 1077. 418 

0.574 

1.898 

2.370 

l.318 

3.048 

:r.273 

3·447 

2.658 

r.642 

2.215 

2.037 

2.235 

'2.3i:5 

o.593 

1.821 

1.317 

1.9i:4 

1.904 
2.2:o17 

0.532 

1077 .879 

1079.777 

to82.147 

lo83.465 

lo86.513 

lo87. 786 

1091.233 

1093.891 

1095.533 

1097 .748 

"'99· 785 
Il02 .020 

II04.335 

uo4.928 
uo6. 7'19 

no8.o66 

i:109.980 

IIIJ .884 

111.f. Ill 

1II4.643 

1.929 1116.572 

2.676 1II9.248 

1.t84 1121.032 

t.91!7 Il23,019 

0.767 n23.786 

•• 183 l12! .96<) 

t.758 1127.727 

1.7~5 1109.452 
I,JI2 1130.¢.I 

2.017 1132. 581 

0.611 n33.193 
I.6s6 1l3'f.&i9 

Difference of height of successive 
bench-marks. 

Rod A, Rod B, Mean. first line. ,second line. 

"'· + 9·3 1 09 

+10.4o67 

- 8.&xp 

-14 .7564 

- 3.7108 

- 5.7052 

-q.4579 

- 2.2281 

- 1.88o1 

- 2.0535 

+ o.68r7 

- 1.1455 

+ 3_5396 

+ 6.4447 

+oo. r473 

-12.7770 

+ 1.9054 :, 

- 3.9738 

- 5.3983 

11!. 

+ 9.3o82 

+10 .. 158 

- 8.6161 

-14.7486 

- 3.p36 

- 5.7o49 

-1-i..46~n 

- 2.2323 

- i:.8770 

- 2.0462 

+ o.678o 

- I.1484 

+ 3.5403 

+ 6.4433 
+20.1504 

-12.78o3 

+ 1.9007 

3.9741 

5. 3976 

'1t. 111. 

-+ 9.3096 +226.7072 

+10.4112 +237.u84 

- 8.6126 +228.5058 

-14.7525 +:113.7531 

- 3.7u2 +:210.04rr 

- 5.705I +204.33fo 

-14.46oo +1a9 .876o 

2. 2302 +r87. 6458 

- ;.8784 +r85.7674 

- 2.0499 ' +183.7175 

+ 0. 6799 ' +184. 3974 

- 1.1470 +183.2504 39.2 

+ 3.5400 +186.7904 ' 

+ 6.4440 +193.2344 .. _, 

+zo.q.89 -T-213.3833 

-12.7787 . +zuo.6046' 39.2 

+ 1 .9031 ' +zo2.5077 

3.9740 < +198.5337 ~--
5.3979 . +193. 1358 .. 

- 7.5024 7.5o67 

+ o. 2594 : + 0.2587 

7 .5046 

+ 0.2591 

+185.6312 

+185.8903 j ........ 

+ 5· 21 73 

+ 2.9375 

·- 0.5028 

+ 3.0179 

+r4.5n9 
1 

+1j.3850 i 

-1i.4466 ' 
- 1.2272: 

-I 1.6395 . 

+ 3.8251 

+ 3·3990 

+ 7.9542 

+15.9381 

+2i.3782 

+17.7174 

+ 2.6o32 

- 3-9766 

- 4.2102 l 

- 2.0490 i 
+ s.3•0• I 
-10.7835 ~ 

- 5.3906 
+11.21'37 

113. 30>42 

+ 4.5r79' 

-17.4191! i 
+ 7.3481 

+ 6.3334 ' 

- t.94¢ 

+ 7.3610 

+10.9462 

+ 6.9469 

+ 3-387.j 
+ 8.ot93 

+ 5.2i:92, + 5.2183 i +r9r.1o86 : .... 

+ 0.9418 + z.9396 ' +194.0482 : ... 

39.3 

- 0.503~ - 0.5031 +193.5513 i···· 
+ 3.0146 : + 3.0.63 +196.5676 

+i4.51o8 i +q.5n3 i +zII.0789,. 

+r3.3831 +13.3841 ! +224.4630 

-11.4530 

- 1.2315 

+ I.6427 

+ 3.8176 

+ 3·3~7: 
+ 7-95741 
+15.9358 

+21.3784 

+i:7.7n9 

+ 2.6o20 

- 3·97H 

- 4.2107 

- 2.0H4 

+ 8.3100 

-10.7824 

- 5.3922 

+n.2017 

+r3.0940 

+ 4.5104 

-17 .4r49 

+ 7.348o 

-+ 6.3264 

- 1.94q5 

+ 7.3642 

+10.94•8 

+ 6.9<194 

+ 3.3874 
+ 8.0203 

-n.4498 +213.0132 

- 1.2294: +21L7838 '" ...... 

+ r.64u ,I +z13.4249 ' 39·4 

+ 3. 8214 +>r7. 2463 30. 4 

+ 3.39j8 +220.644r 

+ 7 .9558 ' +.28.5999 

+15.937o +244.5369 

+01 .3783 +•65.9152 

+r7.7q6 , +•83.6298 

+ 2.0026 I +•86.232+ ' .. -.... 
! I 

- 3.9770 i +•Sz.2554 I" ...... 
- 4.2'0+ i +•78.0450 ' 39.6 

- 2.0467 i +•75.9983 

+ 8.3151 ' +•84.3134 

-10.7829 ' +•73.5305 : . 

- 5.3914' +•68.1391 ' 

+11.2027 

+13.0991 

+ 4.5141 

+•79.3418 

+z90.6409 

+.97.1550 

-17 .. p73 +279.7377 

+ 7.3480 +•87.o857 

+ 6.3299 +•93.4156 

- 1.94~ : +•9r.46fu 

+ 7.3626 +•98.8286 

+10.9445 +309·773' 

+ 6.9<18• +316.72r3 

+ 3.3874 +320.1o87 
+ 8.otgl! ; +J28.r285 

Discrepancy. 

Partial 
t. 

111111. 

+ 2.7 

- 9.1 

+ 6.y 

- 7.E 

+ 2.8 

+ 4.2 

- 3.1 

- 7.3 

+ 3.7 
+ 2., 
- 0.7 

+ 1.4 

- :1·l i 
+ 3·3 

+ 4.7 

+ 0.3 

- 0.7 

+ 4.3 

+ 0.7' 
- 1.7 

- 4·3 

Total. 

tnnz. 

+ 7~.3 
+ 63.2 

+ 7"" 
+ fo.3 

+ 65.1 

+ 64.8 

+ 69.0 

+ 73-' 
+ 70.1 

-+- 62.8 

+ 66.5 

+ 69.4 

+ 68.7 

+ 70.1 

+ 6i,O: 

+ 70.3 i 

+ 75.0 

+ 75·3 I 

+ 74.6 I 

+ 78.9 

+ 79.6' 
+ 77·9. 

+ 73.6 

- 1.6 i + 72.0 

+ o.6 

+ 3·3 
+ I.I 

+ 1.9 

+ 6.4 
+ 4.3 

+ 7.5 

+ 2.3 

- 3.2 

+ 2.3 
- 0.2 

_L 5·5 : 

+ l.2 

+ o.8 

+ 0.5 

- 4.6 

+ 9.9 

+ I.6 ! 

+ ,,0 

+10.2 l 
+ 7·5 
- 4.9 

+o.r 

+ 7.0 

·- o.r 

- 3.2 

+ 3·4 
- 2.5 

o.o 

- 1.0 

+ 72.6 

+ iH 
-!- 77 .0 ~ 

+ 78_9 

+ 85.3 

+ 89.6 

+ 86.4 

+ 93.9 

+ 96.2 

+ 9,.0. 

+ 95·3 

+ 95.1 

+100.6' 

+101.8 

+102.6 

+103.1 

+ 98.5 

+108.4 

+107.3 

+108.9 

+uo.9 

+121.'1 

+r28.6 

-j-123.7 

·f-1:23.8 

+ r30.B ; 

+130.7 

+127.3 

+130.9 

+128.4' 

+,,8.4 .;..,.,.. I 

f>45 

(mm.) 2 

7.' 

82.8 

47.6 

6o.8 

7.8 

o.r 

10.9 

22, I 

0.5 

18.5 

0.5 

2.9 

18.5 

2.~ 

0.4 

3.6 

41.0 

18.5 

I0,2 

56.5 

5.3 

10.2 

5·3 
o.o 

30.2 

I.4 
o.6 

0.3 

21.:t 

98.0 

I.2 

2.6 

4.0 

2-4.0 

o.o 

49.0 

o.o 
10.2 

Jl .6 

6.2 
o.o 

I.O 



 

546 UNITED STATES COAST AND GEODETIO SURVEY. 

Transcontin~ntal line of 8pirit-le11els-Uontinned. 

SECTION IV.-FROM ATHENS, OHIO, TO MITCHELL, IND.-Continned. 

Bench-marks. 

73 lo 75· ...... 

75 to 76 .. 

'f> to 77 .... . 

17 to 69 .. . 
69 to 70 .. 

70 to 74 .. 

H to So .. 

80 to 79 .. 

79 to 78 .. 

78 to LIX ...... 
L!X to 81. 

81 to 82. 

82 to 83. 

83 to LX .. 
LX !084. 

84 to 85 •. 

Bs to 86 ......... .. 
86 to 87 ........ : .. 

87 to 88 ....... .. 
88 to 89 ........... .. 

89 to 93 ......... .. 

93 to 94· .......... .. 

94 to 95 .................. . 

ts to 96 •...... ,.,, .... , ... , . , . , . , . 

96 to 97........... .. ........ .. 

97 to 98 ........... .. 

98 to 99 ..... .. 

99 to 100 .• 

100 to LXI ........... .. 

LXI to 10::a. 

102 to 103 •.... 

103 to 92 .. . 

92 to R .. .. 
R to91. 

91 to 90 •. 

90 to 104 .... 

104 to LXII .... 

LXII to 1o6 .. 

1o6 to w7 •.. 

107 to 1o8. 

10S to 109 ... 

IOCj to l IO •. 

lIO to tll .... . 

II I tO 112 .. .. 

i12 to 11 -~· ...• 

ll3 to n4 ..... 

114 to n5 •...... 

n5 to LXIII .. 
LXIII to 116 ... 

116 to LXIV 

LXIV toS .... 

S to 122 ........... . 

1:1~ to T ................... . 

S to 121., •.••.•••.•.•. , ••...•.•••. 

121 to I:IO .•.•••. , • , •• , , .••.••• , • , , 

12oto 119 ............................ 1 

km. 

I .731 

2.758 

i.893 

1.773 

I .814 

2.132 

2. II5 

2.o89 

1. 5 '4 

2.223 

1.717 

1.776 

2.254 

t.749 

2.570 

0.565 

•· ng 
l.O<JO 

2.377 

t.349 

0.429 

::Lo32 

1.727 

2.0()4 

•.J9B 

km. 

n36. 598 

n38.358 

1139·~77 

II41.~ 

u44.09:t 

u46.155 

u47 .886 

II50.644 

IT 52. 537 

rr54.3ro 

rr56. 124 

rr58. 256 

u6o.371 

1162. 460 

1163.974 

II65. 771 

rr67.6o2 

II69.371 

t171 .2:r:7 

1173.:oJ48 

II75.r24 

u77.347 

u79.o64 

1180.840 

u83.094 

n84.843 

1187.413 

u87.978 

1190.097 

rr91.187 

u93.564 

"94·913 

"95·342 

1197.374 

1199.101 

1201.195 

1203,393 

1.973 1205.366 

1.58') 1206.955 

2.641 II 1209.596 
0.800 . 1:;no.396 

' 3.259 i 1213.655 

:z.566 I 1:;u6.22:1 

2.511 I 1218.738 

3.176 ' 1221.914 

0,885 

1.958 

2.4x9 

1.490 

3.622 

0.3~ 

2.505 

0.681 

1222.799 

1224. 757 

1227. 176 

naS.666 

n32.288 

1232.590 > 

2.o83 : 1234.673 

2.686 : 1237.359 

;J, 861 ! 1239· Ra<> 

Difference of height of successive ~ ~~~ '; 
bench-marks. \ .c ,.2 o ~ i :: ~= t:bn 

i ~~~ :] 
Rod A, I Rod B, i 1i ; :i ~ « 

first line. \!second line.
11

i Mean. I ~ E~ , 8 £ 
·E-4 !. p.. 

-----1--~~-1--1--:-~"'"'· 
+ 8.9500 ' + 8.9521 I + 8.9510 I +337.0195 

+ 0.7337 ! + 0.1371 + Q.7354 i +JJ7.8149 I 

+10.8o87 : +10.8073 \ +rn.8o8o ', +348.6229 

+ 2.8393 + 2.8386 I + 2.By;o i -f-351.4619 

-10.8359 

- 5.3463 

-I4.6184 

+ 2.9832 

+ 9.6357 

-IT .0715 

- 10.3902 

- 3.6095 

- 2.0586 I 

- 4·23II ! 

+ I.4515 i 
+~.0840 i 
- 2.4145 l 
- 9.1419 ! 
- 6.8339 I 

+ 1.1142: 

- 8.5435 i 

- 5.7499 

- 6.0326 

+ 2.7743 

- 7.o677 

-14.9108 

-20.3289 

- 4.So.3 

-12. 1865 

-10.0242 

-16.1987 

- 6.678t 

- 0.9451 

- 0.3825 

- 2.4133 

+ 3.8305 

+ t.7034 

+19.9105 

+16.u68 

+ 3.926o 

- 7.5684 

-32.6422 

+ 7.13o6 

- I.7t78 

-16.3Z09 

- 5. 1658 

-12.1350 

+ 2 .7153 
- 3·~9 

+ o.o633 

- O.To39 

+17.1825 

- t.3158 

- •·54•9 

+ o.24g6 

- o.•426 

-10.8339 

- 5.3438 

-q..6204 

+ 2.9824 

+ 9.6328 

-Ir .0705 

-10.3892 

- 3.6o48 

- 2.o617 

- 4.2363 

+ T •4534 

+ 2.0850 

- 2.4122 

- 9. i369 

- 6.83r5 

+ l.lll3 

- 8.5.,3 

- 5.7478 

- 6.0312 

+ 2.7748 

- 7.o61t 

-r4.go32 

-20.3290 

- 4.Sm!2 

-12.18o8 

-IO.OJll 

-16.1969 

- 6.6735 

- 0.9471 

- 0.3889 

- 2.4073 

+ 3.8232 

+ I.7035 

+19.9117 

+ru. "99 

+ 3.9296 

- 7.5679 

-32.6371 

+ 7· 1 343 
- t.7168 

-16.3233 

- 5.1688 

-12. u.92 

+ 2.7125 

- 3.6o49 

+ o.c671 

- 0.1015 

- •. 5441 

+ o.•476 

- o.1150t 

+rn.8349 +340.6270 

- 5.3451 +335.2819 

-14.6194 +320.6625 

+ 2.()828 +323.6453 

+ 9.6343 +333.2796 

-11.0710 +:122.2o86 l 40.2 

-rn.3897 bn .8189 ' 

- 3.6o72 +308.2n7 

2.0601 +3o6.1516 

- 4.2337 +JOI.9179 40.3 

+ I. 4524 +303. 37°3 

+ 2.0845 +305.4548 

2.4133 +,303.0415 

9· r394 +293.9021 

6.8327 +287.~4 

+ I. 1127 ~88.1821 

8.5424 +•19.6397 

- 5·7488 +273,8909 

- 6.03r9 +267.85!)0 

+ 2.7745 +270.6335 

=- 7.o654 +263.5681 

-I4.9070 +248.6611 

-20.3289 +:228.3322 

- 4.So.3 +223.5299 

-12.t836 +21t.3463 

-10.0277 +201.3186 ' ... . 

-16.1978 +1B5.12o8 1 ..... . 

- 6.6758 +r78.4450 

- o.9461 +r77.4<)89 40.6 

- 0.3857 +177.1132 

- 2.4103 +174.7029 

+ 3.8269 +•78.5298 

+ l.7034 +18o.2332 

+19.9rn +zoo. 1443 

+16. ll84 +216.2627 

+ 3.9278 +•20.1905 

- 7.5682 +212.6223 

-32.63g6 +179.9827 

+ 7.1324 +187.I15t 

- l.7173 +r85.3978 

-16.3221 +169.0757 

- 5. 1673 +163.9084 

-U.1321' +151.7763 

+ 2.7139 +154.4902 41.0 

- 3.6o49 +150.8853 

+ o.c652 +150.9505 41.0 

- O. 1027 +t,S0.8•n8 -t.I.O 

+•7.1848 +r68.0326 

- T • 3159 +166. 7167 

- •·5435 +148.3"13 

+ 0.2486 +148. SS"9 

- o.lt.¢4 +x48.3065 

41.0 

Discrepancy. 

---------

Partial 
ii. 

~ 

Total. 

~-- 1 ___ _ 

ntm. n1l'n. 

- 2.I ~125.3 

- 1·4 +121.9 ' 

+ ; ·4 : +123.3 

+ 0.7 ' +124.0 

- 2.0 +122.0 

- 2.5 i +ug.5 

-!- 2.0: +121.5 

+ o.8 +1» .. ~ ' 

+ 2.9 +.-5.2' 

- 1.0 

~ r.o 

- 4·7 

+ 3.1 

+ 5.2 

- 1.9 

- I.O 

- 2.3 

- 5.0 

- ~.4 

+ 2.9 ... 
- ~.I I 

- 1.4 i 
- 0.5 i 
- 4.6 i 
- 776 I 
+o.x' 

- 0.1 

- 5.7 
+ 6.9 

- 1.B 

- 4.6 

+ •. o 

+ 6.4 

- 6.o 

+ 7.3 

+ 0.1 

t.• 

- 0.5 

- 5.1 

- 3·7 

- 1.0 

+ 2.4 

+ 3.0 

- 5.8 

+ 2.8 

o.o 

- 3.8 
- a . .J 

- 4·5 

+ O.I 

+ 1.• 
+ •. o 

+7.6 

+124.2 

-f-123.2 

+us.5 1 

+1:n.6 

+126.8 

+124.9 

+123.9 

+12I.6 

+r16.6 

+114 .. 2 

+u7.1 
+!14·9 

+112.8 

+rn.4 

+uo.9 

+1o6.3 

+ 98.7 

+ g8.8 
+ 98. 7 

+ 93.0 

+ 99·9 
+ 98.1 

+ 93.5 

+ 95-5 
+ror.9 

+ 95.9 
+103.2 

+103.1 

+n1.9 

+roB.8 

+rn5.• 

+•04.7 

+ 99.6 

+ 95.9 

+ 94.9 

+ 97.3 

-!-100.3 

+ 9<!·5 

+ 97-3 
+ 91·3 
+ 93,5 

+ 91.• 

+ 86.6 

+ 86.7 

+ 9"·3 
+ 9-1.3 

+1oi.9 

4.4 
n.6 

a.a 

I.O 

I.0 

:12. J 

9.6 

27.0 

3.6 

1.0 

o.o 

21.2 

57.8 

o.o 
o.o 

.p.o 

,36.o. 

53.3 

o.o 

I.4 

9.6 

13.0 

0.2 

26.0 

13i 
1,0 

5.8 

9.0 

33.6 

7.8 
o.o 

20.3 

o.o 



 

Bench-marks. 

trNITED STATES COAST AND GEODETIC SURVEY. 

Tmnseontinental line of Spirit-l1mels-Continued. 

SECTION IV.-J<'ROM ATHENS, OHIO, TO MITCHELL, IN'D.-Continuetl. 

I § 

'i H 
e.i: 

I
I B 5 

15.0 
1~--

Difference of height of successive j 
bench-marks. ! 

Rod A, 1 · Ro-:-B~-
Mean. 

~~.!4 0 
_g~ g 2~ 
! e:s~ ""'bD 

:;~~ ~] 
~~ ~ ~g 

~a~ -~2 
.... I 1 

Discrepaney. 

Partial 
..'>. Total. 

'---~1----, ~-----------

547 

u9 to 118 ....... . 
1 km. km. 

3.013 1242.233 

.. / 3.II7 1 1245,350 

11!. : m. I ~mm. ' (mm.)2 

-o.1o88'+148.1977 ....... ;. 3 + 90.6 20.r 

~·'.:"' .. 1-•: >;0< 

o. llr5 I - o.1o62 

u8 to 117 ......... . 

117 to LXV ........... . 
LXV lo 123 .......... .. 

t23 to 124 .. - . 

u4 to 1:15 ......... . 

125 to 126 ....••. 

126 to i27 ..... . 

127 to LXVI .. 
LXVI to 128 

uB to q5 .... . 

135 to U ..... .. 

135 to 134 .. . 

134 to t33 .. . 

133 to 132 ..... ,. 

132 to 131 •... 

131to130 ... 

1:30 to 129 .. 

129 to LXVII ................. .. 
LXVII to 136. 

136 to 137 .. 

137 to 141. 

14r to 14a •. 

14• to 143 

143 to 144 .. 

IO to 145 .. 
145 to 146 •.•••.•••.......••...... 

146 to 147.. . .................... . 

147 to LXVIII .............. .. 
LXVIII to 138 ................... . 

138 to 139. 
139 to 140 .. 

140 to 148 •................••...... 

• 148 to 150 •..........•..•..•...... 

i50 to r49 ..........•.•..... · ..•.... 

149 to 151. 

15I to 152. 

15• to 153 ..................... .. 

153 to 154 .. 

154 to 155 ....................... .. 

155 to 156 ............. . 

156 to 157 ...... · .......... .. 

157 to 158 ............. .. 

158 to 159· ...................... .. 

159 to 16o ...................... .. 

16oto LXIX .................. .. 

LXIX to 16! ................... . 
161 to 162: •...•.•••...•...••..••.... 

162 to r63 ....................... .. 
163 to 164 ....................... " 

164 to 174 ...................... . 

174 to 16&.. ... ".. .. . • .. . . . . ... .. 

168 to 167 ........................ . 

i67 to 166 ..................... .. 

166 to 165 ....................... . 

16s to r73. 

•n to 17 .............. , ......... . 

2.226 ! 1247.576 

2.546 r250.122 

!Lf9J i:252.6r5 

3.713 1256.32~ 
'2.297 1258.625 

3.403 1260.028 

0. 706 1262. 734 

3.120 1265.854 

0.478 1266.332 

o. n7 1266.449 

2.330 

2.075 

2.310 

x.218 

I .913 

2.133 

3.654 

1.483 

!2.o87 

3."66 

i.957 
3.082 

3.827 

o.957 

2.169 

3·990 
2.q42 

3·'39 
0.572 

1268.662 

1270.737 

u72.66r 

1274.971 

1276. 189 

1278. I02 

1280.235 

1283.889 

1285.372 

1287.459 i 

1290. 725 

1292 .682 

1295. 764 

n99.59I 

1300• 548 

t302.717 

13o6.707 

1309.649 

1312. 788 

1313.36o 

2.521 1315.881 

2.862 1318.743 

2.937 1:321.680 

2.466 1324. 146 

2.794 ' 1326.940 

2.077 I 1329 .o,7 

1.879 1JJ0.8g6 

3.293 1334· 189 

1.959' i336.148 

2. 539 1338.687 

0.685 : 1339.372 

2. 157 : 1341. 529 

2.790 I 1344.319 
2.993 lJ47•JI:l 

r.462 t348. 774 

2.630 I351.404 ,i 

3.o87 : 1354.491 'i 
3·4<>i 1357·895 '! 
3. 123 1J6i.018 

3.887 1J64.905 

2.212 1367.n7 

•·S39 1;!6g.656 

3.c>0• 1372.658 

1.847 1374.505 

2.617 1377.1•• 

- 0.1981 I 
+ 0.8732 : 

~ ::;:;; I' 

- 0.3951 

+ 1.6776 I 
- I.6373 i 
- 0.8103: 

- i.6681 

- 0.2048 

+ 0.8773 

+ 0.2056 

- o.7r31 

- 0.3921 : 

- o.2or8 +147.9959 j. 
+ 0.8753 

+ 0.2063 

- 0.71,Ps 
- 0.3936 

+148.8712 I 41.2 

+149.07751'' 
+r48.36w . 

+147.9674 . 

+ <.6751 -'- r.6764 I 149.6438 

- 1.6339 : - r.6356 : +q8.oo82 

- o.8o85 - o.8og4' -t147.1g88 

- l .668g - 1.6685 +145.5303 I : 

I 

+ 6.J --+102.7 

4.1 --t- 9:::1.6 

-+ 1.5 -+-rno.1 

6.8 i' 93·3 

3.0 + 90-3 

2 .5 ·7- 9z.S 

+ 89.4 

i.S --t- 87.6 

+ o.8 ·r- 88.4 

2.9 + 91.3 

4t.3 i + o.s + 9r.s 

- 0, 7465 : 

+ o.2904 ' 
+ 5.9936 ' 

- 3.5296 i 

+ 0.6357 

- 0.7447 

+ 0.2953 

+ _;.9946 

- 3·5334 
+ 0.6386 

- 0.7456 

+ 0.2928 

+ 5,9941 

- 3.5315 

+ 0.6372 

+r45.44n 

+145.7349 

+1sz.1290 

+148.1975 

+148.8347 

- o.6o46 : - o.6o13 - o.6o30 +148.2317 

+ 2.3783 I + 2.3730, + 2.3757 +150.0074 

i 
...• I 

! 

+21,0770 I +2I .0774 

+12.50.16 : +12.4974 

+18.5276 : +18.5314 

+Ji.9681 -f-31.9720 

+•8.6616 , +1S.66o8 

-f-26.3473 : -f-26.3462 

+21.0772 -f-171.6846 

+12.5010 : +184.1856 

+18.5295 : ~02.7151: 

+J1.9700 i +234.6851 

+1B.66r2 i +253.3463 

+"6.3468 i +279.6931 
+2r. 4470 ; +301. 1401 

+ 3.4657 i +304.0058 

+ 0.4099 : +305.0157 
-21.9788 : +•83.0369 

. • . • • • ! 

+!.H ·4459 
1 

+ 3.4677 

+ o.4o87 

-21.9792 

-16.0553 

+rn. 1448 

+ 5.2413 
+20.o879 

- 4.9439 

- 4.6357 

-14.9216 

+·21 .4482 

+ 3.4636 

+ 0.41!2 

-21.9785 

-16.0566 

+10.1497 

+ 5.2416 
·-bo.o867 

- 4.9462 

.,6357 

-1 .. 9136 

-16.056o II +266.9809 

+10.1473 I +z77.128~ 

+ 5.24!.4 I +282.3696 

+zo.0873 +3a.L4569 

- 4.9450 i-o97.5u9 
- 4.6357 +•92.8762 

-14.9176 i-277.9586 

- 1.3745 - 1.3781 - J. 3763 +>16. 5823 

-16.n73 -r6.1229 -16.r2or +200.4622 

- 7-3-4-02 - 7.3321 - 7.3361 ~53 .1261 
+ 0.8370 + 0.8386 + 0.8378 i-253.9639 

- 6.0793 + 247.8846 - 6."77• - 6.o813 

- 0.7785 

- 2.00.fI 

-u.8845 

- 6.6481 

-17.5961 

+u.6155 i 

+ 1 ·3430 
-14.6662 

-a.x.7044 

+ 1.8883 

- 8.8481 

- 3.4400 

+ 7.2820 

+ 2.9072 
-n.6258 

- w.~76 

- 0.7764 - 0.7774 

- 2.0072 - 2.0057 

-11.8824 -u.8835 

- 6.6523 ' - 6.6502 

-17.5888 -17.5924 

-j-11.6J32 I +u.6143 

+ 1.3448 ' + 1.3439 

-14.6597 
-21.1099 

+ 1.8850 

- 8.B490 

- 3.4499 

+ 7.2851 

+ 2.9131 
-11.6271 

- ··•113 

-14.6629 

-:ir.7072 

+ t.8867 

- 8.8486 

- 3.4449 

+ 7.2835 

+ 2.9102 
-u .6265 

- 2.2774 

+•47.1072 

i-245.1015 

i-233.>rBo 
i-226.5678 1 ........ 

i-208.9754 : 42.0 

+220.5897 

+ .. 1.9336 

+007.2707 

+185.5635 

+187. 4502 1 ..... .. 

+178.6ot6 ! ...... . 
+175.1567 i .... .. 
+•82.4402 J .. .. 

+r85. 3504 f .... .. 

!:;:::~: 1:::::: 

i.S + 89.5 

i-9 + 84.6 

- 1.0 + 83.6 

+ 3.8 I + 87.4 
- 2.9 : + 84.5 

- 3.3 · + 8r.2 

+ 5.3 + 86.5 

- 0.4 + 86.r 

+ 7.2 + 93.3 

3.8 ' + 89.s 

- 3.9 + 85.6 

j o.8 + 86.4 

+ 1.r + 87.5 

- 2.3 + 85.2 

·t- 4.1 + 89.3 

- 2.5 + 86.8 

-0.7 -j-86.• 

+ '-3 + 87.4 

- 4·9 + 82.5 

- 0.3 + 82.7 

+ 1.2 + 83.4 

+•.3] +8s.1 

- 8.o 

+ 3.6 

+ 5.6 
- 8.1 

- 1.6 

+ •" 
- !LI 

+ 3.1 
- 'Z.t 

+ 4.2 

- 7·J 

+ ~.3' 
- i.S • 

- 6.5 ' 

+ 5·5 i 
+ 3.3 

+ 0.9 

+ 9.9 
- 3.1 

- 5·9 
+ 1.3 

+ 85.7 

+ 77'7 
+ s,.3 
+ 86 9 

+ 78.8 

+ 77.2 

+ 81.3 

+ 79· 2 

+ 81.3 

-+- 80.2 

+ 84.; 

+ 77.1 

+ 79·4 
+ 77.6 

+ 7t.1 
+ 76.6 

+ 79 9 
+ 80.8 

+ 90·7 

+ 87.6 

+ 81.7 

+ 83.0 

+ 82.7 

37.2 

16.8 

3.2 

o.6 

8.4 

0.2 

3.2 

:24.0 

1.0 

5t.8 
1 4·4 

15.2 

o.6 

I .2 

5-3 

lG.8 

6.2 

I. 7 

24.0 

0,l 

5.3 



 

548 UNITED STATES OOAST AND GEODETIO SURVEY. 

Transcontinental line of Spirit-levels-Continued. 

SECTION IV.-FROM ATHENS, OHIO, TO MITCHELL, IND.-Oontinued. 

~ 0 2 1 Difference of height of successive 1 ~ ~ Jiii 'O 
. ~~ !;~~ bench-marks. ' 2-2 g E....; 
-- ..... 0... ~~:r: ""'~ d>ei::I fll....,l'd ..c::QJ S·c.3 ·---~------

~ ! :o:j .ac"'€ '1~ 1 ~2 
g] -;-g g Rod A, Rod B.sec-: Mean. ~~;I ~~ Partial ! Total. 1 

~~ ccili! first line. ondline., ~=~ :;~ "'· I : 

Discrepancy . 

Bem.:h-marks. 

km. f-km. m. m. ·1 '",,, , :.,,,,,-,-=--1-- mm. - : (mm.)• 

r72 to l/I.. 2.26r r379.383 + 0.6674 + 0.6664 
1 

+ o.666<) +r72.n34 ,....... + r.o +83.7 r.o 

r7r to r70.. 2. 145 i38r.528 - I.5725 - .1.5666 - r.561)6 ! +170.5438 
1
•. - 5.9 ; +11.8 J4.8 

170 to 169.. :.1.039 1383.567 - i.42o6: - 1..4175 - L.4190 +169.1248 :···· - 3.1 I +74·7 , 9.6. 

r69 to 175. 2.076 1385.643 + 0.3842 1 + 0.3857 · + 0.3849 +r69.5097 1. - I.5 i +73-• '1 •-• 

t75 tO 176.. 4.129 1389.772 - l.1201 +168.38¢ I - 0.2 +73•0 Q,0 

r76 to 177.. 2.4r5 IJ92.1§7 + 0.3636 + 0.3678 · + 0.3657 i +168.7553 - 4.2; +68.8 i 17.6 

t77 to '178.. i.708 1393.895 - 4.4726 - 4.4721 ; - 4. 4723 I +164.2830 - o.s ~ +68.3 0.2 

178 to 179· I.703 r395.598 - 0.7329 - 0.7390 - 0.7359 l +163.5471 + 6.1,' +14.4' 37.2 

179 to 180.. ::i.n7 1397.715 - "J..2777 ! - l.2797 - 1.2787 i +r62.2684 + 2.0: +16.4 i 4.0 

180 to Y. · r.333 r399.048 + 0.7653 ; + 0.7673 + 0.7663 ! +r63.0347 - 2.0 i +74·4 ! 4,0 

\' to 18i. :~-217 1400.265 - 2.2499 · - 2.2518 - 2.2509 ! +160.7838 + x.9 j +16.3 3.6 

181 to 182.. .. 0.961 1403.226 + 0.5668 + 0.5685' + 0.5677] +16r.3515 - I.7 +14.6: 0.9 

182 to 185.. 2.87r 14o6.og7 - I.1o87: - I.1143 ! - r.n15 ! +16o.2400 + 5.6 i +So.2 31.,,.. 

185 to 184.. 2.276 qo8.373 + 0.4700 ! + 0.4662 : + 0.4681 j +16o.7o81 + 3.8 j +84.0 ; r4.4 

r84 to 18J.. 2.090 '4I0 .. 163 - I.3920; - I.3854 - r.3887 '+159.3194 - 6.6 ! +11.4 : 43.6 

18.1 to 186.. 3.024 1413.487 + 0.2435 f + 0.2462 + 0.2448 +rs9.5642 - 2.7 1 +74·1 / 7.3 

18(. to LXX .. 2.142 1415.629 - 0.2619: - 0.2643 - 0.2631 +159.3on + 2.41 +11.1' 5.8 

LXX to 187 0.594 r41c.223 ' - o.41U3 - 0.4820 - 0.4816 ·b58.8195 + 0.7 +11.8 1 0,5 

187 to 188. 2.418 1418.64r + 5.4594 , + 5.4563 ! + 5-4578 +16._2773 + 3.1 +80.9: 9.6 

188 to 18g.. 2.741 1421.382 - 6.7784 ' - 6.7826 ! - 6.78o5 +157.4¢8 + 4.2: +ss.1 : r7.6 

189 to 190.,. 1.921 q23.303 + o.46o5 + 0.4525 1 + 0.4565 +157.9533 + 8.o +g3.1 ! 64.0 

190 to 191... 1.882 1425.185 - 0.8013 - 0.7944' - 0.7978 +r57.r555 - 6.9 +06.2: 47.6 

19' to W.... r.6oo 1426.785 + 0.2032 + 0.2074 : + 0.2053 +157.36o8 - 4.2 +8t.o ' 17.6 

\\?to 19'2 0.365 1427.150 - o.16oo - 0.1571: - 0.1586 +157.2022 - 2.9 +19.1 8.<f. 

192 to 196... 2.845 1429.995 +14.1549 +14.1562 +14.1556: +171.3578 - r.3 +11.8 t.7 

r96 to r9;. 1.6rn x431.6o5 +17.40-48 ' +17.4085 
1 

+17.4o66' +rB8.7644 - 3.7 \ +1<-1 13.7 

197 to 195 i.122 1432.727 +12.1813 +12.1871, +12.1842; +200.9486 - 5.8 ! +68.3 33,6 

195 to .19-1.. '-"5 1433.842 + 2.7457 + 2.7490, + 2.7474 
1 

+203.6<j)o - 6.3 +62.o ! 39.7 

19i to 193····. 2.3o8 1436.150 + 3-4879 + 3.4869 i + 3.4874: +zo7.1834 + r.o +63.0: I.O 

193 to X ....... · .. 0.500 1436.650 + 2.49Bo + 2.4971 
1 

+ 2-4975' +209.6809 i 43.0 + 0.9 +63.9 [1 o.8 

193 to 200.. .. . . 1.756 1437.<)06 + 9.8940 + 9.8989 : + 9.8¢4 : +•17.07!)8 - 4.9 +ss.' , 24.0 

200 to 199·· .. 4.288 1442.194 - 7.9892 - 7.9875 1 - 7.9883 +209.09r5 1.. - I.7, +56.4 I 2.9 

199 t~~~-~~------·----~~'__'~4~~~--=-5~-- 5.n41 - 5.1142 +203:~::J~_=__'.'_:_2_L_:'.::~i ___ ~:o 
SIWTION IV.-Descriptiou of primary and secondary beuch-marks between Athens, Ohio, and. 

11litahell, Ind, 
!'-Athens, Ohio. Already described. 
No. LI-At l\foouville, 011io. Out on the eastern abutment of Marietta and Oincirmati Rail· 

road bridge over Raccoon Creek, and is marked thus: B o M. 
No. LU-One mile south of Zaleski, Ohio. Ont on the south abutment of Marietta and Cin­

eirrnati Railroad bridge over Raccoon Creek, and is marked thus: B o M. 
No. LIII-Cut on the eoping of a small drain,or eulvert, about one-half mile east of Hamden 

Station, Marietta anrl Oiucinnati Railroad. It is marked thus: B o M. 
No. LIV -Cut on the east abutment of Marlett.a and Cincinnati Railroad bridge over Big Salt 

Creek, about lt miles east of Londonderry Station, and is marked: B o M. 
No. LY-One and one-half miles east of Schooley's Station, Marietta and Cincinnati Railroad 

Out on the eastern abutment of railroad bridge over Walnut Oreek, a11d is marked thus: B o M. 
Q-Cut 011 the pedestal of the lamp-post which stands on the north side of the steps of the 

front entranee of the court-house at Chillicothe, Ohio. It is marked thus: 
Q 

BoM 
U. S. C. & G. S. 

Aug. 51 1879. 
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No. LVI-Cut on the west abutment of Marietta aml Ci11ci11nati Railroad bridge on•r branch 
of Paint Creek, about lt miles east of Musselrnau's Juuction, R.oRs County, Ohio. It is marked 
thus: Bo M. 

No. LVII-Cut on the east abutment of Marietta and Cincinnati Railroad bridge over branch 
of Paint Creek, about one-fourth mile west of Musselman's Junction, Ross County, Ohio. It is 

_ marked thus: B o M. . 
No. L VIII-Cut on the eastern abutment of Marietta and Cincinnati Railroad bridge, about 

1 mile east of Lyndon Station, and is marked thus: B o M. 
No. LIX-Cut on the eastern abutment of Marietta and Cincinuati Hailroad bridge, at Mar­

tinsville, Olinto11 County, Ohio. It is marked thus: B o M. 
No. l1X-Cut on the east almtment of Marietta. and Cincin11ati Railroad bridge, about threP 

tenths mile east of Clinton Valley Station, and is marked thus: B o M. 
No. LXI-Cut on the west almtmeut of Marietta and Ciucinuati Railrond bridge, about 31 

miles east of LovPland, Ohio, aud ii; marked thus: B o M. 
R-IJovelaml, Obio. Cut on the east abutment of l\Iarietta a1Hl Ci11ci11nati Railroad hritlg'P­

over the Little Miami Uiver. It is marked thus: 

R. 
BoM 

U. S. C. & G. S. 
1879. 

No. LXII-Uut on tlie pier of tlie l\farietta a11d Cincin11ati Hailroa11 hridge over 8J·camorP 
Creek, a short distance west of Hemingto11 Station, and is marked thus: B o 1\1. 

No. LXIII-Cut on tl!e west a butmen(, of Ma.rietta and Ci11eimiati Hail road bridge, a short 
distance west of Uurnmiugsville, Ilamilton Count.r, Ohio. IL i:s marked thus: B o l\f. 

No. LXIV-Cut 011 the south ahutmeut of l\larietta aud Cincinnati Railroad bridge over Gest 
street, suburb of Cincinnati, Ohio. It is marked thus: B o M. 

S-Cut. on the west abutment of Marietta and Cincinnati l{.ailroad bridge over Mill Orel•k, at 
Eightl1 StrC>C>t Station, Cincinnati, Ohio. It is marked tlnu1: 

s 
BoM 

U.S. U. & G. S. 
1879. 

T-fs bench-mark No. 1 of the Cincinnati eity engineer, and is on the front water-table of the 
court-house. It is the centre of the top of a hexagonal copper bolt inserted in the :stone. 

No. LXY-A square cavity cut in top of a stoue monument, about 46 metres west of Delhi 
Station of Ohio and Mississippi Railroad (Hamilton Uounty, Ohio). 

No. LXVI-Hamilton County, Ohio. Cut ou a pier (first pier from Obio side of rh-er) of Oltio 
and Mississippi Railroad bridge over .Miami River, near it'l junction with the Ohio mver. Jt is 
about 2 miles rast of J,awrencebnrg, Ind., and is marked thuR: B o 111. 

U-Lawreuceburg, Ind. Ont on the water-table of tile court-house front. It is marked thus: 

1879 
U.S. C. & G.S. 

BoM 
u 

No. LXVII-Unt on the east abutment of Ohio and l\Iississi11pi Railro:ill bridge No. Il, over 
South Hogan Creek, about 3~ miles west of CoclJrau Station, Dearborn Uonuty, Indiana. It is 
marked thus: B o M • 

. No. LXVIII-Cut 011 the east abutment of Ohio and MissiRsippi H.ailroad bridge over Greasy 
Run, a short distance east of Delaware, Hipley County, Indiana. It i8 marked thus : B o }f. 

No. LXIX-Cut on the east abutment of Ohio and Mississippi Hailroa1l bridge, over north fork 
of Vernon River, about three-fourths mile east of :N"orth Vernon, Jemlings Count;y, Iu<liana. It is 
marked thus: B o M. 
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V -Cut on the west abutment of Ohio and Mississippi Railroad bridge over east fork of' White 
Hint', about:! miles east of l\Iedora, .Jackson County, Indiana. It is marked thus: 

v 
BoM 

U. S. C. & G. S. 
1879. 

No. l,XX-Ont 011 the coping stone of arch (Ohio and Mississippi Railroad) over wagon-road, 
ahout 200 metres east of Fort Rituer Station, Lawrence County, Indiana. It is marked thus: 
Bo .:\L 

\V-Cut on the eastern abutment of Ohio and l\fo;sissippi Railroad bridge over east fork of 
\\'hittdtiY('r, ahont oue-thinl mile Past of Scottville, Lawrence County, Indiana. It is marked tbm;:, 

V\' 
BoM 

U. S.C. & G. S. 
18i9. 

X-Cut 011 the sill of window ne:tr the west corner of the south face of M. N. Moore's store, at 
Mitcl1ell, l11d. lt is marked thm;: 

x 
BoM 

U. S. 0. & G. S. 
Nov. 19, 1879. 

Transcontinental line of Spirit-lei,els-Oontinned. 

SECTION V.-FRO:M MITCHELL, IND., TO SAINT LOUIS, MO. 

Bench-marks. 

x .......... .,, .... , 
X to52 .. ,, .... .. 

52to51. ... . 

5r to 50, ........ . 

so to 49 •......... 

49 to 48,.,. 

48 to 58,, ....... , 

58 to 59. 

59 to 6o .. " .... , ... , " .... , .. 

6o to 57 .... ,, 

57 to 56 •. 

56 to SS ...... , 

55 to 54 

54 to53 ........ . 

53 to 43 ............. . 

43to44 .................... .. 

Hto+5, ........ , ........ ,,. 

45 to39 ..................... . 

39 to ~o ....... . 
40 to 4l ...................•. 

41 to 4'2. 

pto34 ................. , ........ .. 

34 toy .... .. 

34 ta35 .... , 

35 to 36 ......................... . 

;~ :: ;: : : : : --.. -: : : : . : : : . : : : : : : : : : : : I 

0.805 q54.920 

1.512 1456.432 

2.0-32 ! 14sS.464 

2,3o6 146o.770 

1.623 '1462,393 

1.936 1404.329 
i.652 1465.981 

1.252 1467.233 

1.512 1468.745 

1.584 1470,329 

I .0$0 14']1 ·319 

2.681 i474.o6o 

0.436 1474.4\jS 

2.462 14?6.g6o 

1.634 1478.5Q4 

2.336 qSo.930 

t.391 14811.3'21 

+ 0,0505 

+ r,5765 
- 9.8100 

- 5.8564 

- 0.5716 

- 1.8103 

- 2.5557 

- i,0008 

- o.613;t. 

-- 0.9310 

+ 0,3445 

+ 2.1296 

+u.1637 

- 2 ·9209 

- 0.2067 
- 0.4¢1 

- 0,2105 

+ 0.2502 

+ r.57II 

- 9.8124 

- 5.8521 

- 0,5669 

- 1.8o68 

- •·5547 

- x.oo61 

- 0.6226 

- 0.9383 

+ 0.3518 

+ z.132i: 

+ 0.2504 +x67.4rr2 

+ 1.5738 +168,9850 

- 9.8u2 +x59,1738 

- 5.8543 +153,3195 

- 0.5692 +152,7503 

- 1.8o86 +150.9417 

- 2.5552 +148.3865 

- i.0044 +147.3821 

- o.618o +146.7641 

- 0.9347 +145.tl•94 

+ o. 3482 +146. 1776 

+ 2.1JOll +148.3084 

...... 
. . . . . . . I 

+u.1625 +n.1631 +159.4715 43·5 

- 2,9241 - •·9f'•S +145.3859 

- 0.202• - o,'204<1 +145.1815 
0.49141 - 0.4938 +144.6877 

- 0.0142 - 0.2104 +144.4753 .. ' 

- 4.1 

~!:!I 
- 3.7 
+ 0.3 

+ 5·4 

+ •.• 
- 4·3 

- 4,7 

- 3·5 
- t.o 

+n 
+9-• 
+ 1·3 

- 7.3 

- •·S 

+ •.• 
+ 3·• 

- 4.5 
- 4,7 

+ 3·7 

-f-65.0 

+7•.61 
+1•.9 I 
-f-68.8 I 
+J2,6 I 

+1•-4 
+68-1 
+69.0 

+74·4 
+76.8 

+1•·5 
-f-67.8 

+64.3 

-f-63,3 

-f-66.6 
+75.8 
+s3.~ 
+J5.8 

1-73-3 

+14.5 

+76.s 
+72.0 
+67·3 
+7x.o 

II .6 

57.B 
o.t 

16.8 

14.4 

o.o 

13.7 

12.2 

x.o 

l0.9 

14.6 
53·3 

53·3 
6.• 

••• 
10.4 

"°'' 
13.7 
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'J.1ranscontinental line of Spirit-levels-Coutinue<l. 

SECTION V.-FROM MITCHELL, IKD., TO SAINT LOl:IS, MO.-Cont.iuuc•l. 

Hench-marks. 

38 to 46 ........ . 

46 to 47 .•.... 

H to33 .... . 

33 to 32 .... . 

32 to31 .... . 

I 3' to 30 .... . ., 
JO to 22 .. 

22 tu 23 ••••. 

23 to :24 .... 

2-4 to :z5 •.... 

•s to 26 ........ . 
:26to29 ...... . 

29 to 28. 

28to 27 .. 

27 to 21. 

., to Z, ................ . 

WI to 20, ..• , •.••.••••••.•••• , .•..... 

•o to 19 ...•..............•......... 

19to16 ......................... .. 

I6 to 17 .... ·,. · ..• · .....• •. ·• ·. ·· 

17 to i8 .......................... .. 
18 to 8. 

8 to9 ............................. . 

9 to JO. 

10 to II, , ..•.•.. 

II to 12 ..•...... 

ia to 13 •.••...... 

13 to 14 .......................... . 

14 to 15 ....................... .. 

13 to 7 .......................... . 

7 to 6 .......................... . 

6 to 5 ........................... . 

!t to I •••••••••••• ,.,., •... ,,., ... . 

I lo I. ................. .. 
I to A1 .......................... . 

A 1 to 2 ......•....... 

m to 3 ........•••..•••••...•••.•.• 

3 to 62 ........................... . 

62 to 61 ......................... . 

61 to 64 ..... ................... .. 

64 to 67. 

67 to 66 .... ............... . 

66 to 65 ............. . 

65 to 82 ................... . 

82 to 83 ................... . 

83 to 84 ......................... . 

84 to 8g .......................... . 

8g to 9'":·· ...................... . 

: :::::::::::::.:::.:::::·:·::.::! 

::::::::::::~::::::::::::::::::/ 
i;., to 70 ••••.•••••.•...••....•... ··\ 

"JO to 71. .......................... . 

~=;:::::::::·::.::::::::::::::::/ 

km. 

2.oSS 

r.353 

x.794 
0.848 

km. 

1484.409 

1485' 762 
1 487 .556 

1488.404 

1.948 1490. 352 

2 .856 ' 1493' 2o8 

2.710 1495.918 

t.056 1496.974 
2 . 97° i.499 944 

2 .674 r502 .618 

o.9ro 1503.528 

2.352 1505.880 

:3.484 1508 .36.i 

2.036 1510.-t-oo: 

I .074 15T I ·474 

Difference of height of succcssi\·c 
bench-marks. 

-0 

RodE, . Rod F. 
first line. [second line. 

I 

111. 

- o.o640 

+ 2.9001 I 

+ 8.6598 

+ 8.2677 

111. 

- o.o603 

+ 2.8981 

+ 8.6459 

+ 8.2733 

- 3.7156 : - .3-TWl 

- 4.9627 - 4.958-1 

+ 4.5787 : + 4.5746 

- 8.0543 

+1~.:ll40 i 

- 8.0267 

+ 0.8670 : 

- 2.1918 

+ 1.8463 

+a.1554 

- 7.3365 

- 8.0187 

+ o.8ir4 
- 2.198{· 

+ I.8381 

+ o.1474 

- 7.3341 

Mean. 

n:, 

- o..o621 -'.-144.4132 

+ 2.89Qt I jl47•312J 

+ 8.6528 ---155.9651 

+ 8.2705 +164.2356 

- 3.7178 +160.5178 

- 4.96o6 I -.+-155.5572 

-l 4. 5767 ;160. 1339 

+ 8.0541 +152.0793 

+12.2139 --:-164.2937 

- 8.0227 +r,s<i.2710 

+ 0.8692 

- 2.1932 

+ 1.8.p2 

+ 0.1514 

- 7.3353 

~157.1402 ... 

+154.9450 

+156.7872 

+156.938il 

+149.0033 

+ 5.98ro + 5.9783 + 5.9796 +1s5.5829 
1 

H-4 

2 ·444 

2.6t2 

0.788 

2.16o 

2.048 

I .224 

2.766 

t.338 

1.884 

1.1o6 

n.970 

1.19'3 

1515.428 

1518.040 

1518.828 

r520.988 

1521.036 

1524.260 

1527 .026 

1528.364 

1530.248 

1531 ·354 

1532.324 

1533.522 

- 4.3996 - 4.3942 - 4.396') +145.2<'64 

- 6.3593 - 6.3592 

- 3.og63 - 3.og62 

+ '-4418 + l.4445 

+ll.1$II +11.148; 

+ t.1512 j 1.1~~05 

- 4.0379 : - 4.0364 

- 6.9323 

+3.1842: 
- r.8~n6 

+ 4.3563 
-1- 9.8m9 ' 

+ 9.7299 

- 6.9276 

+ 3.1856 ; 
- I.8158 i 

+ 4.3523 

+ 9.8oog 

+ 9.7334 

- 6.359" +138.8472 

- 3.0963 +13,.7509 

+ 1.4432 +137.194r 

+u.1499 +148.34;0 

+ 1.15o8 ' +t49.4948 

- 4.0371 +145.4577 

- 6.9300 +138. 5277 

+ 3.1849 +14r.7126 

- 1.8187 . +1:;;9.89:39 

+ 4.3543 +144.2482 

+ 9.8014 +154.0496 

+ 9.7317 +103.7813 

2 •• p7 1 X535·9."'.J9 

r.537 1537.476 

- 3.6oo3 - 3.6148 - 3.6176 +i6o .. 637 

- 0.9891 - 0.9851 - 0.9871 +159. t766 

2.074 

2.564 

I -~3'2 

0.090 

0.953 

0.192 

2.826 : 

i·HO 1 

5-HO I 
2.32'6 

3.034 

lL5JJ 

1.984 

I .78t 

1.984 
1.636 

1.726 
2.58o 

2.16g 

•. 616 

1 539·550 

1542.114 

1543 .346 

I543,436 

1544.389 

-17.411s 1 

-12.49281 

+ 2.2!5Q ! 
+ 1.1951 

- 2.2227 ·, 

-17.4725 

-12.4946 i 
+ 2.2141: 

+ Lt951 I 
- 2.2245 ; 

-17.4720 

-12.4937 

+ 2.2150 

+ I.H)5I 

- 2.2236 

+q• 7046 

-t-129.2109 

+r314259 
+132.62ro 

+130.3974 

154 .... 581 - 0.4059 - 0.4051 - 0.4055 +l29,9919 

1547.407 - 4.4135 - 4.4o80 I - 4.4107 +125.58i2 

1551.847 + 1.1834 + 1.1837 i + 1,1835 ; +u6.7647 

1557.587 + 3.6275 + 3.6248 + 3.6262 i +130.3909 i ....... . 
1559·9'3 + 3.B7o6 , + 3.8724 + 3,8715 +134.2624 

1562.947 - 0.5495 - 0.5421 - 0.5458 +133.7166 

1565.-180 + 1.¢32 + 1.¢76 ' + 1.<j654 +135.6820 

1567.-16.i + 7.9713 + 7.9780 + 7.9;46 +143.6566 

156<}.245 "' + 9·.5233 + 9.5033 + 9.5233 + 153. 1799 

1571.229 :· + 4.7647 + 4.7717 ; + 4.7682 +157.948t 

ls12.86s I - s.64s3 - s.642s, - s.1439 +149.3042 

1574.591 - 9.4631 . - 9.4598 i - 9.4614 +139_.8428 I 

1577.17T. +11.1975 +n.2026 +n.2000 +151.0428 : .. 

'579·340 + 5.9209: + 5.9165 + 5.9187 +r56.g615 :······· 

1581.956 + 7.7484 + 7.7441 + 7.7463 +164.7078 ; ...... . 

2.461 l,584.417 

2.658 1587.075 

- 9· 2658 ' - 9.2718 

+ .,o827 + 4.o850 

- 9.2688 +155.4390 : . 

+ 4.o838 +159.5228 

158g.1:zo 

1591.104 

•• 346 1593. 450 

0.925 r594.375 

- 5·5777 

+ 0.7068 

- 2.7253 . - 2.7214 

- 6.2...u I - 6.a539 

- 5.5767 +•53.9461 

+ 0.7053 +154 65r4 

- 2.7233 +xsr .9281 

- 6.2517 +1-15.6764 

Discrepancy. 

Partial 
,:,. 

- 3.7 

+ 2.0 

+13.9' 
- 5.6 

+ 4·5 

- 4.3 

+ 4.1 

- 0.5 

+ 0.3 

- 8.o 

- 4.4 

+ 6.8 

+ 8.2 

+ 8.o 

- 2.4 

Total. 

+67.3 

+69.3 

+s3.2 

+n 6 

+s2.1 

+11.8 

+si. 9 

+8r4 

+s1.7 

+13.7 

+69.3 

+16.1 

+24.3 

+r:i2.3 

+&9.9 

+ 2.7 +92 6 

- 5.4 . +84.5 

- 0.1 

- 2.7 

+ 2.4 

+ 0.7 

-· 4.7 

- 1.4 

.- 5.8 

+ 4.0 

+ I.O 

- 5 5 

- 4.0 

+ T.0 

-j- l.8 

+ 1.8 

+ l.8 

- o.8 

+ 4.5 
-"'0.3 

+ 2.7 
- 1.8 

- 7.4 

- 7.0 

2.8 

- 3.3 

- 5.1 

+ 4·-1 

+ 4.3 

-f 6.o 

- 2.3 

- 1.9 

+ 2.9 
- 3·9 

+ 4.5 I 

+84.4 

+84.3 

+s1.6 

+84.0 

+s4 1 

+s~.2 

+18.5 

+11.1 

+7'-3 

+1s.3 

+76.3 

+12.8. 
-j-.67.3 

+63.3 

+64.3 

+<56.1 

+67.9 

+f7.9 

+69-7 

+-68.9 

+n• 
+73· 1 

+15.8 

-f i4 .o 

+66.6 

+62.2 

+55·5 

+55·5 

+-1s 5 

+45·7' 
+.c.2.4 

+37·3' 

+41.7 

+46.o 
_;_52.0 

-j-49.7 

-i-47.B 

-+-50.7 

+46.8 

+5'"3 

551 

(mm.)2 

13.7 

4.0 

193,'.jjj 

31.4 

18 ·5 

16.8 

0.2 

7.3 

o.o 

7•.) 

.1.8 
0.5 

2.2 

22, I 

2.0 

33.6 
16.0 

1.0 

~0.2 

16.0 

1.0 

3.2 

o.6 

20.2 

0.1 

7.3 
3.2 

54.8 

0.0 

4y.o 

7.8 

19.4 

18.5 

36.0 

5.3 

3.6 

8.4 
15.2 

""·' 
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'fraJtsc01itinental line of Spirit-levels-Ooutinued. 

Sv.cTJON V.-FROl\I MITCHELL, IND., TO SAINT LOUIS, MO.-Contiuued. 

-·-~-~-·----------------

' Difference Of height of successjve ! e ~ ~ 

Bench-marks. 

73 to II.. 
II to H, .... 

73 to 74-

74 to 75. 

75 to 81. 

81 to 79. 

79 to 78 .. 

78 to 17 

77 to 76 ... 

76 to So. 

8o to 85. 

8.1 to 86 .... 

86 to 87. 

87 to Ill.. 
lllto94. 

94 to 96. 

96 to 97 .. . 

97 to 98 ... . 

98 to 99 .. . 

99 to ioo ... . 
ron to 101 

IOI to 102 .. 

102 tu ('3 . 

C3 to 103 

103 to 104. 

104 LO lII. 

III tO 110 .. 

ilO tO 10() 

1~ to 1o8 .. 

to8 to 107 .• 

107 to lv6, 

1o6 to 105. 

105 to 121. 

I21 to 120. 

IlO tO 119. 

lT9 to 118 .. 

n8 to n·. 
lV to 117 •. 

117 to 116. 

it6 to 115 

II5 tO 114. 

114 to 113 

IIJ (0 112 .. 

II:l to 1'22 ..• ,. 

12:.Z to 122!. 

rzz~ to 12'3 ..•.•••• 

u3 to n4. 

124 to D1. 

134 to 128 

128 to u7 ..... 
i27 to t:oi6 .•.••.••••...•••••. 

126 to Hl5 ..•••. ·• •·•·. · •· •·· · 

125 to V ..................... . 

V to 129 ................. ···· ·· 

129 to 1:30 ....••••..•. 

:::.1 

130 to 13r. ..................... . 

km. 

0.346 

0.;176 

' 

km. 

i594.721 

1595.c97 

0.965 1597.5o6 

3.000 ' 16oo.5o6 

1 .3o6 

1.690 

J .729 

i.779 

r.627 

2.2o6 

2.8o6 

1.16fi 

0.858 

l .932 

2.877 

16o1 .812 

1603.502 

1605.231" 

1(5o7 .OIO 

1608 .637 

r6ro.843 

1613.651 

1614.817 

1615 .675 

y_fo7.6o7 

1620. 484 

r.56o · z622.044 

1.441 1623.485 

r. sCJ6 1625 .081 

J .2~8 1626.309 

tfo7.96r 

1629. 223 

0.346 1629.569 

bench-marks. ! .2 .! 8 
i :; ~::c 
\ ~~~ 

Rod E 1 Rod F, Mean. j J5 ~~ 
first line. second line.: ) '3 a ':ii 

i I 0 

i-----!~~----
m. nr. m. : m . ±nzm. 

..,.. 1.o858 ' + 1.0839 ; + 1.0849 i +•46.7613 

-7- i.7302 + L7412 ; + I.7402 i, +148.5<n5 

-14.1528 i 
....!__. 3. H>o6 

- 1.2031 

-:- 6.0955 

- 0.9105 

-L 4.9426 

-'- 0.2799 

- 3.4410 

- to.2226 

- 2.06!5 

+ 1.0662 

+ 0.0422 

- 0.6800 

+ 8.8059 

+ 4.2585 

- 2.7038 

-14.1514. 

·!3.0997 

- I.2043 I 

+ 6.0999 
1
· 

+ 0.()063 

+ 4.9365 
+ 0.2841 

- 3.4375 ' 

-ro.:zr54 

· 2.o66s 

+ 1.0647 

+ 0.0422 

- 0.678~ 

+ 8.8074 

+ 4.263r 

- 2.7094 

- 0.2468 - 0.2+47 

- 3.0926 - 3.0914 

+ 5.36&3 , + 5.3N• 

+ 3.4517 + 3.4474 

+ 3-5"94 ' + 3.5o83 

-14. 1521 1 +131.5243 

-1- 3.1002 f I34.6245 

- 1.2037 +133.42o8 

+ 6.0977 : +139.5185 '. 

+ 0.9084 I +140.426<) 

+ 4.9395 : +145.3664 

+ 0.2820 ! +•45.6484 . I 
- 3.4392 ; +142.2og2 

. ~ J0.2!90 : -t-13z.9902 

- 2.o640 : +129.926:2 

+ I .0055 : +130.9917 

+ 0.0422 +131.0339 

- o.679r +130.3548 

+ 8.8o66 

+ 4.<6o8 

- 0.7006 

+139.1614 

+x43 .4222 .. , 

+140.7156 

- 0.2457 +140.4699 

- 3.0920' +137.3779 

45.3 

I.804 1631.373 - 0.7167 - 0.7165 

+ 3.0947: 
+ 0.855• . 

-- 5.4388 

+ 5.3712 i +142.7'491 

+ 3.4495 . +146.1986 

+ 3.5089 ' +1 49.7075 

- 0.7166 ; +148.9909 

I .019 I 163•.l.392 + 3.0946 

1.477 1633.869 ·' + 0.8545 

T .732 

• J .g74 

2.392 

I .460 

2.366 

r.996 
1.640 

1.800 

1.188 

2.010 

0.938 

1.334 

1,536 16_17.446 

0.676 : 1638.122 ' 

1639.854 ' 

1641. 828-: 
1644. 220 

1645.68o . 

1648.o.i6 

1650.042 ' 

1651.682 ' 

1653.482 

x654.670 

1656.680 

1657.6r8 

1658.952 

- 5.4351 

+ 5.744o 

+ 0.5277 

~ ~:~~~ i 
+r3.6425 

- 6.4476 

·+ 5.-644 

.... 7.<6o7 

- 3.7410 

-ro.8356 

+ 8.76og 

+ •. ssoo 
1

1 

+ 2.5645 I 

+ r.3386 ' 
+ 6.0187 

- 5·4'94 I 
- 3· rn88 1

1 

+ 1.0567 

+ 1>.4204 

+ 3.0214 

-l- B.0946 +152.0855 

+ 0.8549 ' +150.9404 i 

- 5.4365 ·, +147.5039 ',. 

+ 5-7409 i + 5.7425 '+153.2464 i .... 
+ 0.5274 i + 0.5276 +•53.7740 . 

+ 3.3885 + 3.3888 +•57.1628 

- 3.7927 - 3. 7916 +153.3712 

+13.6493 ! +13.6459 +•67.0171 

- 6_.480 . - 6.4478 +16o.5693 

+ 5.27>2 

- 7.1647' 

- 3-7387 i 

-10.8323 

+ 8.75g6 

+ 2.8559 

+ 2.5727 

+ 1.3404 

+ 6.2085 

- 5.4288 

- 3.1047 

+ 1.0577 
+ 2.4222 

+ 3.0171 

+ 5.2678 : +165.8371 

- 7.1627 +158.6744 , .. 

- 3-7399 +•54.9345 

-10.8339 

+ 8.76o2 

+ 2.8529 
+ 2.5686 

+ r.3395 

+r44. roo6 

+rs»86o8 

+155.7137 j ••..•. 

+•58.2823 ! ....•• 
+•59.fuu8 

+ 6.2136 +•65.8354 : 

- 5.4291 +16o.4o63 

- 3.1o67 +157.2996 '. ...•. 

+ 1.0572 +•58.3;68 

+ •·i•13 +roo. 778z 

+ 3.0192 +163.7973 

2.022 166o. 974 

3·009 1663.983 

1.990 1665 973 

r.901 1667.874 

r.90<'l: tMg.782 

1.916 . 1671.6g8 

o.z26 . 1672.424 + 2.6139 ! + 2.61"6 + 2.6133 +166.41o6 46.0 

I, 326 i:673.0'l4 ' 

2.?.17 1675.241 

I· 785 16]7 .026 

2.026 ' i&,9.052 

t. 778 r68o. 830 

2.172 1683.00!! 

.. 388 1685. 39" 

r. 776 : 1687. r66 

+ 1.7n6 

- 0.0387 

+ 1.0158 

- 4.4n1 

- o.7r93 

- 1.4676 
- 2.7825 

- r.3279 

+ 1.7109 

- 0.0~2 

+ 1,0190 

- 4.4153 

+ I.7113 +165.5o86 

- 0.0385 +165.4701 ..... 

+ 1.0IJ'4 +166.4875 

- 4.4187 +162.0088 

- 0.723• - 0.7212 +r61•3'\76 46.0 

- I.4739 - t.4708 +159.8768 

- 2.7850 - 2.7837 +157.093~ 
- I.3338 ' - 1.3308 +155.7623 

Discrepancy. 

Partial 
.:. 

mm. 

+ 1.9 i 
- 2.0 

- 1.4 

+ 0.9 

+ l.2 

- 4'4 

+ 4.2 i 

+ 6.1; 

- 4.2 

- 3.5: 
- 7.2 

+ 5.0 

+ 1.5 
o.o' 

- J.8 

- 1.5 

- 4.6 

+ 5·6 

- 1.2 

- 5·9 

+ 4.3 i 

+I.I 
- 0.2 

- 0.7 

+ 3.7 

+ 3.1 

+ 0.3 

+ o.6 1 

+ 2.2 

- 6.8 

....i. 0.4 

- 6.8 

+ 4.0 
- . ., 
- 3.3 

+ 1.3 

- 5.9 
- 8.2 

- 1.8 

+10.2 

- o.6 

- 4.1 

- 1.0 

- z.8 

+ 4·3 i 
+ 1.3 

+0.7 

- 0.5 

- 3·• 
- 6.8 

+ 3·9 
+ 6.3 

+ •·S 
+ 5-!I 

Total. 

mm. 
+s3.2 

+s1.• 

+•9·9 
+so.8 

+s•.o 
+47·6 

+s1.8 

+s7·9 

+53·7 i 
+so.2 

+43· 0 

+48.o 
-f-49.5 . 

+49-5 

+47·7 

+.6.2 
+41.6 

+47.2 

+45· 1 

+43·9 

-1-JS.o: 

++2.3' 
++3·4: 

+43·• 1 

+43·' 

+42-4 

+46.1 

+49·2 

+49·5 

+sa.1 

+s•-3 

+45·5 

+45-9 

+39-' 

+0.1 

++o.8 

+37·5 
+38.8 

+3•·9 
+•<-7 
+22.9 

+33·' 

+3•·5 
+.s.4 

+•7·4 
-f-<i5.6 

+29.9 

+Jt.2 

+30.6 

+30.1 

+.0.9 

~-1 

-f-24.o 
+ao.3 

+31.8 

.+3'·f 

(m.,1)1• 

3.6 

.... o. 

o.o 

3"' ... 
21 .. 2 

1 •• 

o.o 
o.o 

0.1 

0.2 

46.2 

16.0 

5·3 
10·9 

1·7 

34.8 

67.2 

3·• 
l0-4-0 

0.4 

16.8 

l•O 

3.2 

18.5 

1.7 

0.5 
Q.2 

10.• 

46.2 

15.:• 

39.7 
6 •• 

14.8 
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1'ran,~continenta1 line <(t' Spirit-lerels-Coutinned. 

SECTIOl\ V.-FR0.!\1 .!\IITCHELL, IND., TO SAIXT I.ours, 1\10.-Continnetl. 

Hench-marks. 

I 

I 
------------~·I---~-

131 to 134 .... 

134 to VI. 

VI to 133· .. 

133 to 132. 

132 to 13;. 

135 to 136. 

136 to VI!. 
VII to 138 

138 to 13g. 

139 to E,. 
Es to 137. 

137 to FJ. 

137 to 147. 

Y47 to 146. 

146 to 145. 

145 to 144. 

144 to 143· 

143 to :r42. 

142 to 141. 

,q.1 to 1 40. 

140 to 148 .. . 

14.8 to 149 .. . 

149 to 150 ... . 

150 to 151 ... . 

151 to VIII 
VIII to 153-

tS;t to 152 ..... 

152 to 154. 

154 to 155 .... 

155 to 156 .. 

156toG.A.F 

156 to 157 ... 

157 to 158 .. 

:r5B to 159 ••. 

159 to G1 •.••• 

159 to i66 ..... 

166 to 165 •... 

165 to 164 .. 

164 to 163. 

163 to 162. 

i6~ to 161., 

161 to 16o. 

16o to 167 .. 

167 to 168 .. 

i68 to 169 •... 

169 to IX ......... . 
IX to 170 .. 

170 to 172 .. 

17• to 171 .. 

171 to H, ........... . 

r;o to 178 ... . 

178 to 177 ... .. 

171 to rrfi ....... . 
176 to r75 ....... .. 

175 to 174 ....................... .. 

174 to 173.. ... .. .. .. .. .. .... . 

S.Ex.77-70 

i km. 

2.192 1689.358 

l · 740 j t6qr .098 I 

0,525 169r .626 

2.235 1693.86i 

3.176' 1697.037 

2.266 J699.~03 

2.285 l/UI .588 

2.347 1703.935 

z.472 r7o6.407 

i .340 1707.947 

0.936 17o8.883 

2 .• p2 1711.295 

2.278 1713.573 

1.946 i 1715.51,; 

2.442 l717.96r 

r.931 1719.892 

o.6o6 1720,498 

1.892 1722.;i90 

0.554 1722.944 

2.324 1725.268 

I. 756 1727 .024 

~!.037 1729.o61 

0.652 1729.713 

2.4o6 1732.119 

2.522 1734.641 

1,818 1736.459 

2.134 t738.593 

2.173 1740.766 

::1.038 t742.804 

o. 194 1742.998 

r.641 1744.445 

2.136 1746.581 

o.<)00 1747.487 

0.818 

2.597 

2.o6o 

2.o:i2 

2.712 

l.077 

1. 777 

2.288 

2.153 

1.577 

1.922 

t.430 

0-497 

o.006 

i.944 

1.005 

1750.084 

1752. 144 

1754. 166 

1756.878 

1757·955 

1759.732 

176z.020 

1764. 173 

1765.750 

1767 .672 

1769. 102 

1769.599 

1770 .. 05 

t772.149 

1773.15-1 

1. n6 1770. 715 

2.514 1773.229 

•.1ot5 1775·335 

t. 854 1777 .18<j 

2.846 l78o.035 

2. us 178 .. 153 

Difference of height of successive 
bench-marks. 

RodE, 
1 

Rod F, , 
first line. :second line. 

- l .6774 - l .6774 

4.6074 4.6038 

...... t.1486 1.1485 

- 5.6072 5.6tr5 

+ 0.0099 + 0.0116 

- .i.7711 - 4.7757 

- I.2ll3 - 1.2152 

+ 5.6171 + 5.6199 

+ l.IJ595 + 1.9626 

- 9 95r4 · - 9.9558 

+ 4.o.~o6 . ;'- 4.0326 

+ 4.9910 ; + 4.9902 

2.3521 

i .8960 

3.0026 I 

i.9395 ; 

+ o.769r 

+ 4 .o52 5 

+ 0.6659 

+ 4.2323 

- 2.3477 

- 0.5254 

+ 2.3568 

- 3.8148 I 

+ 5.7657; 

+ 7-4267 

+ 6.5333 

+ 7.66f>7 

- 4.1831 

+ 1.9902 

2.3571 

- I. 8918 

-- 2.9973 

- 1.9432 

+ 0.7699 

+ 4.o5 2 5 

+ 0.6680 

+ 4.2287 

- 2.3465 

- 0.5248 

- '·3547 
- 3,8230 

+ 5.7723 

+ 7.4269 

+ 6.5368 

- 7.66r4 

- 4· 1793 

+ r.9894 

1\lean. 

1.6774 i +154.0849 

- 4.6o56 , -i- 1 49 4NJ 

- I. 1486 +148 · 3J07 : 

- 5.&x)3 +q2.72I..j. 

+ 0.0107 +q2.7321 

- 4-7734 +137.9587 

- i .2132 +136.7455 

+ 5.6185 i +142.3640 

+ I .9610 +144. J:l50 

- 9.9536 ' +134.3714 '. 

+ 4.0316 -+-138.4030 

+ 4.9906 ! + .. 3.3936 t 

- 2.3546 +140.0437 

- r.8939 +138.1498 

- 2.9999 +135.1499 

- I.941+ +133 .2085 

+ 0.7695 + 133.9780 

+ 4.0543 ..+-138.0323 

+ 0.6670 +138 .6993 

+ 4 .2305 +142 .9298 

- 2.3471 +140.5827 

- 0.5251 +140.0576 

+ 2.3557 +742.4133 

- 3.8189 +138.5944 

+ 5.76go +144.3634 

+ 7.4268 +15r.7go2 

+ 6.535t +158.3253 

-- 7.66.p +1so.66x2 

- 4.1812 +146.48oo 

_.__ 1.9898 -t-148.4698 

+ o. 1797 + 0.1751 -,- o. 1774 -t-146.6574 

-12.1447 -12.l<f21 -12.1434 +T34·5f40 

+ 0.94<)6 + 0.9525 + 0.9511 -t-135.4651 

- 2.3251 

+10.9278 

-t-15.4386 

+ 8.8780 

- 1.5163 

+ 2.0339 

+ 3·4454 

- 5.3718 

-12.1110 

-ri.5356 

-· 5.528<> 

- 2.81113 

- 3.0494 

- 2 o654 

-t-29.8292 

- 5.1441 

- 0.7519 

- o.oxo6 
- 0.3143 

+ 0.9271 

- 2.3301 

+ 4.6344 

- 2.33o6 

+10.Q236 

-t-15.4455 

+ 8.8775 

- 1.516o 

+ 2 .0298 

+ 3.4400 

- 5.3712 

-I2.Ill3 

-1t.5273 

5. 5336 

- 2.8126 

- 3.0471 

- 2.o632 

+•9.8278 

- 5.14o8 

- 0.7585 

- 0.0073 

- 0.3094 

+ 0.9238 

- 2.3265 

+ 4.6330 +140.0981 

- 2.3279 +133.1372 

+10.9257 +144.o629 

+rs.4421 +•59.5050 

+ 8.8777 +168.3827 

- i .516t +166.8666 

_)__ 2.0318 ! +168.8984 

+ 3.4427 · +172.34n 

- 5.3715 -t-166.96g6 

--r2.rrr1 +154.8585 

-11.5315. +143.3270 

- 5.5308 +137.7962 

2.8r24 +134.9838 

3.0483 -t-13•.9355 

2.o643 +129.8712 

-t-29.8285 -t-159.6997 

- 5.1425 +•29.8413 

- 0.7552 +129.o861 

- o.ooS<J +n9.0772 

- O.JI!9 +128.7653 

+ 0.9255 +u9."9o8 

- •. 3233 -f't27 .3675 

±1nn:. 

46. 7 

Discrepancy, 

Partial 
~ 

-- 3.6 ; 

- I.7 i 

+ 4.6. 

+ 3.9 
- 2.8 

- 3.1 

+ 4-4 

-j- o.G 

4-9 

+ 5.0 

5.3 

+ 3-7 
o.8 

- 3.6 

- 2.r 

+ 3.6 
- 1.2 

- o.6 

+ 2.1 

+ 8.2 

- 6.6 

- 0.2 

3· 5 

- 5.3 
- 3.8 

+ o.8 

+ 4.6 
2.6 

- 2.9 

- 2.8 

+ 5.5 

+ 4.2 

- 6.9 

+ 0.5 

- 0.3 

+ 4.1 

+ 5·4 
- o.6 

+ 0.3 

- 8.3 

+ 5.6 

+ 0.3 

- 2.3 

- 2.2 

+ I.i 
- 3-3 

+ 6.6 

- 3·3 

- 4-9 

+ 3·3 
+ 6.4 

Total. 

mnt. ! (nt1n.)' 

+38.7. 

-+ 35.1 

+15.0" 

+39·.1 

-t-37.6 ! 
+42.2 ! 
+46.1 

+43·3. 
+40.2 

+.4.6 
-f-42.6 

+•3·4 

-'-38.5 ; 

--!-43·5 : 

......:....39.3 i 

+34-0 

+37·7 
+J6.9 I 

-33.3 
........ 31,2 I 

+34.B' 

-l-33.6 

-;-33.0 

.....-35. I 

..;..43.3 

~36.7 

-t-36.5 

-t-33.0 

-t-27.7 

+23.9 

+•4.7 

+•B.5 

+•s 9 · 

+23.0: 

+zu.2 

+28.5 

+.12.7 

+23.8 

+26.3 
-f-26.0 . 

-t-30.t 

-t-35.5 

+34·9 
+1s.2 

-t-26.9' 

+32.5 
-t-32.8 

-t-30.5 

+•8.3 

+29.7 

-t-•9·5 
-t-36.1 

+3•·8 

+•7-9 
+31-2 

-t-37.6 

o.o 

13.0 

o.o 

18. 5 

z.9 

21.2 

25 .o 

17 .6 

28. l 

1 3·7 

o.6 

13 0 

4-4 
13.0 

I.4 

0-4 

4.4 

67.2 

43.6 
o.o 

21.2 

6.8 

8.4 

7.8 

0.2 

16.8 

0.1 

5·3 
4.8 

2.0 

10.9 

43.6 
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Transcontinental Une of Spirit-levels-Continued. 

SECTION IV.-FROM MITCHELL, IND., TO SAIXT LOUIS, 1\10.-Conelulled. 

E i ~ E Difference of height of successive ! ~"E..:.ii 
~~ ~~.!1:1 bench-marks. ! 22 g 2E Discrepancy. 

Q); .., O ~ --------· ~~:I: ~ M 
.OE .~:ta I '§.~~ ~] 
8.i. "d~ ' ! ·- "O 
i::u -"Ou RodE, RodF, i ~;$, ~'_5 

i ~ ~ !: ; 5 first line. second line.I l\1ean. ~ ~ '::! ..=ip 2 

Hench-marks. 

j .:!:..c:: o:n.a :: I ! '""'f;.< '" .... 

-------------------- 1--
0
---'"--::----- -----\------!--'"--- ____:-. __ _ 

) km. ! km. ! m. '"· j 111, j : :111:11t. 

173 to 179 .. 

179 to r •. -
179 to 183 .. 

183 to 182 

182 to 184 .. 
184 to 180 .. 

r85toE.T.G 

185 to 186 ... 

186 to W.T.G _ 

186 to 180,. 

i8o., 

180 to J, 

180 to K3 ..... 

.. i 1.202 ' 1783.355 - I.2296 l !.2340 1 - 1.2318: +126.1357 
! ' I I 
I 0.059 1783.414 + 0.7713 + o.77o6 I + 0.7709 1 +126.()066 

-·,I I 
0.025 ' 1783.38u I +22.449..i. +22.4489 I +22.44'.)I '+148.5848 

''! 0.62.i- 1784.00.j. I - 0.7478 - 0.7-142 ! - O.H6o I -+-147.8388 

0.000 1784.00.j. -19.8287 -H.).828i I -19.8287 '+128.0101 .· 

0.020: 1784,024: - 1,2238 i - I.2233 ! - I.2235 +126.7866 

0.05::1 1783.407 - 0.7328 - 0.7329 - 0.7329 +125.4028 i. 

0.374 j 1783.78r - 5.7827 - 5.7801 - 5.7814 +u9.6214 

0.590 ! 1783.997 - 0.1599 -f-12s.2429 

0.116 t784. TlJ - 5.6:r64 - 5.fH6o - 5.6rfo +119.6'267 

0.058 1784.055 + I.S3'H + i.5383 + I.5391 +i26.7820 

············ +126.7843 

+ 0.1234 + 0, 1234 + o. 1234 +126.9077 47,2 

-+- 0.1230 + 0.1239 + 0.1235 +126.9078 47.2 

Partial 
<lo 

7lll11. 

4. 4 

--,- c.7 

+ .0.5 

- 3.6 

o.o 

- 0.5 

·I··· 
I 
I 

Total. 

1 "'"'· 
+42.0 

+42.7 

-+-.p.5 

-1 .~s. 9 

-;-38. ~} 

-f-38.4 

+-12.1 

-f-39.5 

-!-42.J 

-f-41,7 

-f-42.7 

40.6 

+40.6 

39.7 

(mm.)2 

19.4 

0.5 

0.2 

13.0 

0.0 

6,8 

o. 2 

0.4 

0.0 

o.8 

SIWTION V.-Description of primary and secondary bench-marks between _,_lfitc!tell, I1id., and Saint 
Louis, Mo. 

X-Mitchell, Ind.; already descril1ml. 
Y-Thc centre of a cross, cnt on the face of the i,;tone cap of a ha1-m111e11t window, m1 Uie north· 

west side of tlrn court-house at 'Vest Shoals~ ~Iartin County, I1u)iaua. It ii,; marked thus: 

y 
B + 1\1 

Z-Cut on the sill of a b:iscrnent window, at southeast corner of court-house_ at Washington, 
Dadcss County, Indiana. It is marked thus: 

z 
Bo l\f 

U.S. 0. & G. S. 
1882. 

A.3-Cnt on the stone ledge on the northwest front of tlm cuurt-houi,;e at Vincennes, Ind. It 
is marked th us: 

A3 
BoM 

U. S. C. & G. S. 
1882. 

No. I-The ceutre of the tAJp stuface of the easternmost stm1e pier of the Ooast all(l Geodetic 
SmTt\r ast,ro110111ieal observator,Y, in tlw gronuil:,; of Um Viuucnnt'8 court·homm. 

B3-0nt at tlrn base of oue of the columns of the north face of the court-house at Olney, Rich­
laud Count~·, Illinois. It is marked thus: 

B3 
B o·M 

U. s.:o. & G. S. 
1882. 
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No. II-Near the southeast corner of the gTuumls of' the public school at Olney, Ill., on tile 
monument marking the end of the U. S. E. base· line. 

The top of the monument bears the inscription "U. S.," and the bencli-mark is tbe centre of the 
space inclosed by the lower curve of the S. 

No. HI-Cut on the eastern abutment of Ohio and .Mississippi Railroad bridµ-e over Little 
"''abash River, about l~ miles east of Clay City, III., and is markell thus: B o 1\f. 

0 3-Cnt on a front basement window, near southeast corner of the public school building at 
Flora, Olay County, Illinois, and is marked thus: 

Ca 
Bo!lf 

U. S. U. & G. S. 
1882. 

No. IV-Out on the west abutment of Ohio and Mississi)lpi miilroa•l trestle over Skillet Fork of 
Little Wabash River, about 2~ miles east of Iuka, Ill. It is marked tllus: 

BoM 
IV 

D 3--The centre of a cross, cut on the southwest corner of the court-honse at Salem, Ill. It is 
marked thus : 

D3 
B o l\f 

U. S. C. & G. S. 
1882. 

No. V -Cut on tl1e coping stone, at the east end of a long arch eel cul ,-ert, at Odin Station of 
Ohio and Mississippi Umlroad. It is markecl thus: 

B.M. V. 
0 

No. VI-Cut on tlw west ahutment of Ohio and Mississippi Rftilroad tre>stle ahont 22 miles 
west of Sandoval, Ill. It is marked thus : 

u. s. 
BoM 

VI. 

No. VII-Uut on the west abutment of Ohio arnl l\fississippi Railroad cnh·r,rt ahont mw-fonrth 
mile east of Oollius Station, and is markecl thus: 

B o J\1. 
VII 

E:r-Ahout one.fourth mile east of Carlyle, Ill. Out ou a pier of tlie Ohio and MissisRippi 
Railroad. britlge over the Kaskaskia River. It is marked thus: 

E:i 
Bo M" 

U. S. C. & G. S. 
1882. 

F;i-Cnt on the station ledge, under the windows of the east face of the court-house at Carlyle, 
Ill. It is marked thus: 

BoM 
Fs 

U. S. 0. & G. S. 
1882. 

No. VIII-Cut on west abutment of Ohio and Mississippi Raih'oad briclge over Sugar Creek, 
about 1 mile west of Ariston, Ill. lt is marked thus : 

U.S. 
BoM 
VIII. 
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G,-Cnt on the sill of a basement window on the east face of the public school building at 
• Lebanon, Saint Clair County, Illinois. It is marked thus : 

1882 
U. S. 0. & G. S. 

G3 
B oM. 

No. IX-Out on the east abutment of Ohio and Mississippi Railroad bridge, about one-fourth 
mile east of Uase~-ville, Saint Clair County, Illinois. It is marked thus: 

BoM 
IX. 

H:r-Thc centre of the head of the copper bolt inserted in the stone monument marking the 
north end of the "American Bottom Base." 

Ia-A mark on a large bronze plate i1'serted in the south face of the eastern land pier of 'the 
"Great Bridge" at East Saint Louis, Ill. 

The plate bears the inscription-

fl U.S. 
l'----i 11 

lic,0 ;-.:- ~ 

II BENC1~ 8~ARK 
J ,-A similar plate inserted in the western land pier of the "Great Bridge" at Saint Louis. 

Rench-marks 13 and J 3 were placetl aio; near as poio;sihle on the same level as the Saint Louis (so­
called) "City Directrix" described below. 

K3-Known at Saint Louis as the "Uity Directrix." It lrns been in use for many year8, and 
was originally the top si1rface of tbe pedestal of a monument which stood on Front street near 
:Market. The mu11u111ent shaft was destroyed at the time of the great fire in that locality, but the 
pedestal remained. It is now level with the curbstone .and forms a part thereof. A T mark has 
since been cut to indicate the point used for a bench·mark. 
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APPENDIX No. 23. 

EXP~RIMENTAL RESEARCHES ON THE FORCE OF GRAVITY. 

By CHARLES S. PEIRCE, Assistant. 

Owing to the already bulky proportions of this volume, Appendix No. 23 has been transferred 
to, and will appear in, the Annual Report of the ~uperintendent for the year 1883. 
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APPENDIX No. 24. 

TRlllUTE TO THE MEMORY OF CARLILE I'. PATTERSON, SUPERINTENDENT OF TUE COAST AND 
GEODETIC SlJlffEY FROM 1874 TO 1881. 

CARLILE I'. PAT'l:'ERSON. 

IN MEMORIAM.. 

OFFICIAL ANNOVNCEJlENT OF THE DEATH OF THE SUJ'ERISTESDEST OF THE 
COAST AND GEODETIC sn:T'EY. 

The Department mourns, iu the sudden death of Carlile P. Patterson, Superintendent of the 
United States Coast and Geodetic Survey, the loss of one of its most emineut and valuable ofliccrn. 
Mr. Patterson's death took place at his re.sidence, near ·washington, on l\Iouda;v, the 15th of 
.August. His efforts have been so earnest in the performance of the various dutiei; which have 
devolved upon him, that to his uutiriug prosecution of them the immediate loss of his life is to 
he attributed. With unbounded zeal and ceaseless energy, he pressed on without taking the 
relaxation which nature demanded. 

Carlile P. Patterson was born at Shieldsboro, Bay of Saint Louis, Miss., August 24, 1816. 
Ile was appointed a midshipman in the United States ~avy in 1830; served in the l\Iediterraneau 
Squadron, and in 1836 returned home, and graduated from Georgetown College, Kentucky, iu 
1838. Having served as passed midshipman on the Coast Survey until 1841, he was again on 
naval sea service until 1844, and subsequently, as lieutenant, United States Nayy, bad cliarge of 
a bydrographic party on the Coast Survey for four years. In 1850 he took command of a Pacific 
mail steamship, and continued in that and other private business until 1861. He then returned 
to the Coast Survey as Inspector of Hydrography, and so remained until he was appointed Super. 
intendent of that work in February, 1874. 

Combining wide experience with great judgment, be was eminently successful in the conduct 
of the great national work under bis charge, and in bis hands its scope was greatly enlarged, anti 
its character as a general geodetic survey became fully recognized. That the iuterests of scieucc, 
which had been so carefully fostered by his predecessor, so far as compatiule with the objects of 
the work, were not neglected by Mr. Patterson, is attested by the fact that be received the hon­
orary ,degree of LL.D., and was elected to membership in several leading scientific societies. Of 
the Light-House Board he was an honored and useful member, bringing into its discussions not 
only ripe experience, but particular and intimate knowledge of the points to be decided. 

Mr. Patterson was chairman of a commission appointed by Secretary Boutwell, in 1869, to 
examine into the condition of the Revenue Cutter SerYice, the report of which commission, made 
after some two years of patient investigation, was adopted, aud resulted iu a large saving of 
expense, and in a fourfold increase of efficiency. He was also a member of the commission, cre­
ated in 1872, to examine and test life-saving apparatus. The report made by this commission was 
carried into effect with excellent results t-0 the Life-Saving Service. 

The personal character of ilte late Superintendent was such as to attract friendship and com­
mand esteem. Frank and truthful, full of g~nerous impulse, ardent in the cause he represented, 
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strict in the administration of his trusts, he secured the entire confidence of this Department and 
of the represeutatiYes of tlle Nation iu Congress. 

As a tribute to his memory, the office of the Coast and Geodetic Survey will be draped in 
black, and will be closed on the day of the funeral. 

TREASURY DEPA.RT)IENT, August 17, 1881. 

WILLIAM WINDOM, 
Secretary. 

.ACTIOK OF TIIE OFFICERS OF THE TREASURY DEPARTMEST. 

At a meeting of the officers of the Treasury Department, held in the office of the Secretary, 
August lG, 1881, the following preamble and resolutions were adopted: 

·whereas it has pleased an all-wise ProYidence to remove from our midst by death Carlile P." 
Patterson, Superintendent of the Coast and Geodetic Survey of the United States, and a member 
of the Light-House Board: Therefore, 

Resolt-cd, That in the death of Superintendent Patterson tho whole country has sustained the 
loss of an honest, able, efficient, and valuable oflieer, who combined great judgment with large 
experience, firmness witlt courtesy; ardent in the performa11ce of duty, wise in council, strict and 
faithful in the administration of his trusts. DenJted as he 'ms to the advancerneut of the public 
interests, he ever sought to perfect the work of which he had eharge. 

Resolved, That, as a citizen, in all tlie relations of life, lie justly shared the confidence and 
esteem of all who knew him. 

Resolved, That the condolence and sympathy of this meeting are hereb.r tendered t,o the 
bereaved wife and family of the deceased. 

WILLIAM WJNDOJ\f, 
Ohafrman. 

JOHN UODGERS, 
WILLIAM LA vVUENCE, 
J. E. HILGAUD, 

Committee. 

ACTION TAKEN Al' THE OFFICE OF THE COAST ANJJ GEODETIC .SUJU'EY. 

At a meeting of the Assistants and other persons employed in the Coast and Geodetie Sur­
vey, held at the Office of the Survey, on the 17th of August, upon the oecasion of the death of 
the Superintendent of the Survey, remarks were made by Assistants Hilgard, Cutts, Boutelle, 
l\Iitchell, Whiting, and Goodfellow, by Commander C. l\L Chester, United States Navy, Hydro­
graphic Inspector, and by Samuel Hein, esq. 

The following preamble and resolutions were then unanimously adopted: 

''The officers and members of the Coast and Geodetic Surve;y, assembled here to-day, desire 
to express their sense of the loss the work has met with in the death of Carlile Pollock Patterson, 
its Superintendent for the pltst seven years. 

"Mr. Patterson's appointment to the work as Superintendent was in recognition of his emi­
nent ability and efficienc,y as Hydrograpl1ic Inspector, his deep and almost life-long interest in all 
that pertained to the service, his readiness and fertility of resource both in council and in action, 
and bis constant effort to uphold a high standard of honorable ambition among his associates. 

"These qualities were at once manifested when he assumed the great responsibilities of his 
position as the successor of Benjamin Peirce in the superintendency. It was a time of general 
commercial depression, when all appropriations were cut down close to, and often below, the point 
of efficiency. This was the case with the appropriations for the Coast and Geodetic Survey, and 
the full powers of the new Superintendent were put forth to keep unbroken the organization of 
the work, knowing well that once seriot!Sly impaired it could with 'difficulty be restored. 

"This struggle the late Superintendent successfully maintained, despite every obstacle, to the 
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close of his adrni11iKtrat,ion, and his !leath took place at a time whm1 a brightt•r lll'o8ped appeared 
in view. 

"To put upou record their sense of his public snvieeK, the officers anrl mern hers of tlw Sun-py 
have adopted the following resolutions: 

"I. That in the death of Mr. C. P. Patt'lrson, Superintendent of the Coast aud Geodetic Sur­
vey, they deplore the loss of an upright man: an able aud energetic officer, and a sincere friernl. 

':Ir. That they extend to the family of the latP Snpcrintendcnt their profomul f;yrnpath,\· iu 
the great calamity that has overtaken them.'' 

Mr. Hn,GARD said: 
We meet to gfre expression to our deep 1Semie of the great loss which we our1Selves ha\·e Ku::;­

tained, no less than Urn public service, by the sudden death of our late chief, Carlile P. Patten•on, 
Superintendent of the Coast an<l Geodetic Survey. There are few among us who can feel rnort' 
deeply than myself this unexpected severance of official and penmnal relation::'. My a1uiociatio11 
with Mr. Patterson on this Survey began thirty-five yt•ars ago, wben I sailed with him from :Kew 
York to Mobile in a small schooner of which he was lieutenant commanding-both about to colll­
mence work in the Gulf of Mexico. That Yoyage aud subsequeut co-operation in the work of tlw 
Coast Survey eRtahlisl1ed intimate relations of personal friend shill, which werP sm;peruletl 011]~- u,v 
wide <livergence in the field of our operations. 

In the days of peace, when no opportunity of distinction appeared open to a lientPn:rnt in the 
Navy, the ardent enterprise of Patterson led him to cast his lot, during the great material den•l­
opment of our country consequent upon the addition of California to tl1e national domain, a,t; a 
commander of stearnship8 carrying that great tide of emigration; and subseqneutl,v, while i>en·ing· 
on the North Pacific line, in extending tbe new civilization to the shores of Columbia River a111l 
Puget Sound. After taking a prominent part in the great moYemeut of our population to the 
Golden State, be was recalled to his home by family ties, and, on the outbreak of the ci\"il war, 
found a worthy field for his varied professional acquirements in the direction of the h~·rlrograpldc 
work of the Uoast 8urvey unrler our former lamented chief, Professor Bache. Those wlw kuew 
Patterson well cannot doubt that, bad be remained in the service, opportunities for distinction 
then offered would have found him at the close of the war among the foremoHt officers of the Nav~-. 

Of Mr. Patterson's services to the Coast Survey, the occasion permits only the briefe:o;t recital­
his biographer must do him the full justice which his great merits demaIHl. While acting as 
Chief of H,vdrography he entirely remodeled that service by adapting the charader of the \·esscls 
and tl1e organization of parties to their special euds, thereby largely reducing expenditure. Ualled 
to the superintendency on the retirement of Professor Peirce in 1874, be was met b~· the ver5· diffi­
cult situation of having to maintain an organization which had gradually grown up out of the 
requirements of the. country against a g1·eat contraction of public expenditures. 'l'his condiliou 
of affairs has, however, happily proved to be only temporary. His success in rnaintai11i11g the 
scale of the Coast 8urvey under these adverse circmnstances, and in expanding the scope of the 
work according to the policy laid down by his predecesl!mr, so as to embrace a general geodetic 
survey of the country, will ever mark his administrative ability. 

During the }last eighteen years I have. been in almost daily association with our late chief, 
either as co-adviser with him of the Superintendent, or during the past seven years, siuce be him­
self 'b.eld that office, as his immediate executive officer. Ilis death, by none dreamed of as HO 11ear 

at hand, is a great shock to me, and in my estimation, is a loss to the Coast 8uryey and pnblic 
Rervice, which can be realized only upon a review of the influence which h(• has Pxercised 011 all 
public matters with which he was connected. But his death is too recent-my emotiou too deep-to 
permit me to say. more in appreciation of his career. His penmnal character always lixcited my 
admiration. Full of ardor and generous impulses, frank and truthful, rigorous iu t.lie pert'or111mme 
of duty, ~trict iu the administration of i1is trusts, wise in council, combiuing good judgment with 
wide experience, he was, truly, a great man. 

Mr. CUTTS sai4 : 
Thirty hours ago, while on duty at the far north, I received, at t.he same time, a letter and a 

telegram-the one informing me of a proposed visit on the part of the Snperi11ternfo11t, and the 
S.Ex. 77-71 
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other aunounciug his death. No previous warning of danger had reached the field-officers of the 
Sun-ey. Hasteuing on, with others who received the sad news in time, we have now each to 
express our personal and profound grief at the loss we have sustained. 

His previous experience in the working of the Survey, especially of one of its most important 
branches; hi;,; ability as an executive officer, and his sound judgment in all matters pertaining to 
the interest and progress of the great work under his charge, have been tested and proved hy 
i;e\ren years of successful administration. Those, however, more intimate!~' connected with his 
Qfficial life, can rel! of the neYer-e111ling interest and oversight which he gave to every detail, and 
with an intensity wllich, no douht, laid tlte foundation of the malady of which he so suddenly 
died. He was a faithful friend, a mau of the kiudest and most generous impuhms, gTeat decisinn 
of character, and full of energy aml lifo. 1'1.s such I have known him from early manhood, under 
tQ-ing circumstances in tl1e- early <lays of California, and as Superintf'ndent of the Survey. I 
deeply deplore his death. 

l{emarks of :\Ir. B01;TELLE: 

To all th~tt haR been said hen·, and to all that is stated in the resolutions offered, I most 
heartily subscrilJe. 1n addition, I desire to say a word on tlic personal qualities of the friend so 
suddenly taken from us. I sa.\· friend in the full meaning of the term. During my service of 
nearly forty ;years in the Uoast and Ueodetic Survey, we have had three most eminent, noble, and 
generous men to preside over its destinies. In every noble quf>lity, in his knightly scorn of sub­
terfuge and meauuess, opeu or implied, in his kindly appreciation of every good thought or actio11, 
:Ylr. Patterson was ti.le full peer of hi:; great predecessors, Bache and Peirce. For his devotion to 
the best interests of the great work we all have at heart, we owe him a debt of gratituue, and we 
cherish his memory a8 we lament his loss. 

Mr. MITCHELL said: 
Seventeen year8 ago, wlteu Professor Bache was suddenly seize<l with the disease which caused 

his death, he cried, in his au~uish of mind, "Sentl for Captain l>atterson, that I may lean upon a 
strong man!'' .This call echoed along· our ranks most heartily, and we all felt that the man who 
could be depended np011 to support our great chief's failiug footsteps was l\Ir. Patterson. And 
wheu, ten years later, our much-loYed Peirce, wearied of the burden that had crushed his predc­
ecssor, proposed to throw up his commission, Presicleut Grant sent for that same strong man that 
Bache l1a1l designated. 

The retirement of Professor Peirce was a serious disappointment to us all, for he ha<l filled us 
with the euthusiasm of his own genius am! widened all our paths. But we soon discovered that 
umler the changed conditions consequent upon the undiscriminating SJlirit of retrenchment that 
appeared in Congress, we were entering upon a troubled sea, where the peculiar strength of our 
new chief was required at the helm. . 

Mr. Patterson was strong in intellectual resource, aud strong in will; but, most of all, he was 
.vtrong in honest.I/. He believed that we should lirn and work in the light of day, and he felt con­
fident that Congrei;s would support the Coast au<l Geodetic Sufrey, if it could see entirely through 
all it11 aims and all its purposes, and recognize that these were all genuiue and practically useful. 

He wa.s strotig in honesty, aud that strength had its base iu religious faith. He believed in God, 
and, therefore, in the ultimate triumph of good effort. More than this, he love<l his God, and was 
ready to abide His will. In any doubtful case, he used to say, "We must use no specious argu­
ment; we must never fight/or vict-Ory." 

To say that he was pure in life and pure in speech, repelling indelicacy by his own attitude, 
and prompting good thought and good action hy instinctive sympatl1y, is onl.v to repeat that Ji,e 
ioM strong in lwne.sty. 

But he, too, bas been crushed at the wheel, and some of us, who knew him best and loved him 
most, are full of remorse t()·day, remembering that even we, thougl1Uessly, suffered him to carry 
our burdens. 
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Mr. l'EIRCE said: 

lt is difficult to add to the words which han~ already hee11 spoken, or to charaet1•rizc rno1·e 
justly the administration of the chief whom we are all so smltlenly ''allP<l to 1110111·11. 011L• thi11g· 1 
feel most keenly: It is that American science loses a great support arnl friend. 

l'erhaps this is hardly known to thmie who were not near him. His supninte11ue11e~· wa~ 
marked hy such great practical achieYetuen ts as the production of the Coast Pilot, aml by imp rm e­
ments i!J innumerable details of the organization and running of the Survey. Yet, although he 
was not professedly a scientific man, under none of the eminent geodesists who had preceded hi111, 
was more stress laid upon the scientific branches of the work-to their extension, all(] to the pre 
cision of their execution. No one was 80 earnest as he to secure to the Survey the labors of me11 
of purely scientific, and especially mathematical, attainments and abilities. 

It was not very loug ago that, in speaking to me of a nrnthPmatical discover~, by a ~·mrng- 111a11 
whom he bad appointed to a position on the Snryey, he exprPssed his conviction of the importauee 
of having such minds ready at hand in the Survey to solve any problem which might arise. He 
had often said that; lint on this occasion he added, that nothing about the office which he held 
gave him such real gratification as the opportunity it afforded him to aid iu the development ot 
that kind of genius. For such rea8ons I feel t.hat in Pa.tt.erson's death the sci~nce of the "Otmtry 
has lost a staunch ally. 

I will not trouble you with my personal atllietion at the loss of him-a() et prwsidium et dulce 
deCY.s mewn." Never can I hope to find again so true a friend and so just a chief! 

Mr. GOODFELLOW said: 

Those of us uow present who knew Mr. Patterson as Hsdrographic luspector of the Coast 
Survey, and then as its Superintendent, can bear fnll witness to his zeal for the work, to his 
uuflaggiug energy, and to his persistent and untiring efforts for its advancement. 

Trained early iu the l1abit of command, a strict disciplinarian according tu naval methods, an 
advocate rather of the "fortiter in re" than of tlle "suaviter ·in modo" in his ideas of government, 
he strove to impress 11is strong personality upon every hranch of the service; and whereYer he 
saw his way clearly he hesitated not to take the responsibilit;y of action. 

The successive steps of his career are known to nearly all of us, aud we all kuow the high and 
exacting standard of personal service and devotion t-0 duty which hf' upheld, and to which be 
himself became at last a martyr. 

Be did not live, as doubtlesr; he would have desired to live, to see that da;y, 11ow, a8 we trust., 
not far distant in the progress of the Survey, when the gradual extension of its work ovel' the 
whole of the territor~' of the United Stater;, and itR stead~· advance to completion, shall be fostered 
by a hearty executive support, and sustaine<l by a, wise and liberal legislative policy. But he 
died, as perhaps he might have wished to die, hs a swift and sudden stroke, in the ver~· midst of 
his labors. 

Licutenant·Uomman<ler C. M. CIIES'l'ER, U. 8. N., aud H~·drographic Inspector Coast at1(l 
Geodetic Survey, said: 

Professor Rilgard bas spoken of our lamented chief' in his connection with the Uoaflt and Geo· 
detic Survey. I, as a representative of a large number of tl1e service who are necessaril;y ahsent, 
desire to express their full sympathy with the members of this meeting in their Aorrow at thi:s 
great loss. 

While only temporarily attached to the Survey, ~·et we of the NaYy, being impressed with 
Mr. Patterson's uniform kindness, consideration, and great assistance rendered n8, feel his loss in 
his double capacity of Superintendent and brother officer. Originally belonging to us, always con. 
nected with us by ties of loYe and friendship, he has ever tak~u the deepest interest in our welfare, 
and, as I have lon.g maintained, done more for our naval service than almost any man in it. We 
have lost a friend indeed. 
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