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JN Tirn SENATE OF TUE UNITED STATEfl1 

May 14, 1872. 

The following resolution, origiuatiug in the Senate Febrnary 12, 1872, was concurred in liy the House of Repre­
sentatives l\Iay 14, 1872: 

Beeol,.ed by Ute Senate, (the Houee of l!epreBc11tatire• co11cu1Ting,) That there bo priuted thirty-five hundred extrn 
copies of the lieport of the Superinkn<leut of the Gnited States Coast Survey for 1871, of which fifteen hundred shall 
be for the use of the Honse of Heprcscutatives, one thousand for tho use of the Senate, an<l onll thousand for the 11se 
of the Superintendent. 

Attest: 
GEO. C. GORHAM, 

Seael<ffN. 



 

LETTEH 

FilO~! 

THE SECRET""~llY OF TI-IE TREAsrnY, 
TRANS~HTTIXG 

THE ANNUAL REPORT OF THE SUPERIXTENDENT OF TIIE U. 8. COAST SURVEr FDH 13i l. 

F1~BHUARY 9, 18i2.-Referred to tl!e Committee on Commerce and ordered to lw print eel. 

TREASURY DEPA.RT:\IENT, Pebruary u, 1872. 

SIR: I have the honor to transmit, for the informatiou of the Ilonse of Representati n.>l', a 
report made to this Department b.:r Prof. Beujamin Peirce, Superintendent of the Coast :5urn'y, 
stating the operations and progress in the survey of tlie Atlantic, Gulf, and Pacific coasts of tile 
United States during the year ending Novembei· 1, 1871. 

I have the honor to be, very 1·espectfully, 

Hon. JAMES G. BLAINE, 
Speaker of the House of Representatfres. 

GEO. S. BOUTWELL, 
Secretary of tlte Treas1t1·!.f· 
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};g~ Harbor, S .• T., 11. :ia. 

B_\.CHE, G. :M., (~f'hnorwr.) Scryice~. p. 41. 
JHCIIE, :S!"BASSTt'TA~T JI. W. ~en ices iu ,;eerion ll, J•· 3:!. 
JL\.CIIL~ ASSIST.\.XT 1!. \L Topo_!!.Taphs 1war ~11~ HnveIJ, Couu .. 

p. 20. 
JL\.HIA O~ A. CAL. T1·hrn.!.:.111qtiun nn1l topo_f!r:q)h~·, JI· !""1:> • 

TL\ !LEY, (sc11ooner.) SerYict~~ of, pp. 3:l, 34. 
JI.\ rTTE, H.F. S('f'Vice' in <'ll<rr"'·inl'( <li1·i,ion, JL Gl'­
lt \.IL . .\ TAJ:I,__\. (~mall ternkr.) Sen·icc:;;of, p.50. 
]~.\.ffXA Till. A. P. Sr_•n-iN:>~ h1 SPctiou I, p. 21); in Sf>ni .. m I\~, JI- 3!1. 
]L\HXAllD. II. 8. 8Prdcf's. in en,2raving didsio-n, p. Dt"L 
IL\UO:\CETHIC.AL UBSEitVA'rlOXS at lk'1dt1ga !leatl aml J~(1"'·"' 

l!onnt.aiu, Cal. Heport of, pp. l:H--liO. 
R.\SE-LlXE. l\fr:is11remf'nt of, R.t Saint Jo~H·ph".s Ba_,., J<~la .. JL 1:1: 

prclimhiar.r measurement of a has('.Jinc nf'ar Kt·.~.~ler~, in ~hi::.l:lfHui. 
p. :12: at Xanirro Riilg;Po, 1war San Luis Obi fl.po, Cnl., ll· 5t'. 

B.\.SSET'.r, 1-~. 'l'. 11itlal ohs.:>rY{'r, 8«diou ll, p. :l-t. 
lL\. TH. N. C. Historical \"illn.gt\ p. 3~•. 
IU l'EltNFEIND, DR, p.160. 
HEACOX HILL. Ttiangulation station, p. 171. 
IlEHN, }"'. W. AR~ii5tance renilt"red, p. 10. 
BENNER, F. "--r. 8erYice,s in engraving dhh~ion, p. fi1;. 
BIRH! (steamer.~ Rervkes, pp.10, 4..1, 44. 
JHSSELL. G. \V. rnited Stat.t•s Coa~r:. Sun-ry, p. l.J; ::it·niL"l'l'i 111 

Section \"II. p. 4·1. 
J!I,AKE, Jit., SITBASSISl'ANT F. J,atitrnle ur Clark'" Alo11utai11. 

Ya." ll('.Jl!' Jtapidan, p. 37'. 
BLASEH.XA, member of Italian Cmnmh~tiion. OhserYatiou~ of ~mlar 

eclipse, 1870, p.181. 
TII .. OSSOM ROCK, San J'rancisco, Cal. ll_nlrn.!!T1lJPliic t'llrn•.\·o1, p .. -.~ . 

Bl .. l"NT, MJ{. J:elatiYe t-0 )o;t~,i,.- Yo1·k Jlat·bor, p. J !Q_ 

BOD.BG.A HEAD, CAL. Ol>ser-ration for (ldcrrni11il1~ Ld;.:lit •if, ltv-
]>Qrt, pp.154-170. 

BODELL. ,V. J. Tidal <>user.-cr, Section III. p. n. 
BOGUE IXLl;r, l'i. C. Topography of. p. 40. 
BONA~iNO. DP~ As.sista.nco rend-erotl to .Arncrh;an oilkct'H of tb 

Svlar Eclipse l;x:pcdition, 1870. p. l~.:!. 
BOND, PROJi'ESSOlt GEOitGE P. J>('nduhuu observation~, P- :..hi. 
BOUTELLE, C. U., aid. Re.rvices, p. :n. 
BOUTELLE, ASSIST.\J\o"'T C. 0. Primary triani:ulation in \"ir. 

ginia, p. 37; examination ot' navigable ri\'tT~ iu ,-icinit_y of th•• :tt·a 
islands, S. C., p. 74. 

BOWillTCH, (•ehooner.) 8"nke•, I'· 31. 
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BO"\\'EX, rn0mUer of Ill'itbl1 Comrnis~ion. OL&·n·atiun of solar 
eelipse, l8i'O, p, 182. 

BOYD. ASSIST.ANT C. ll. Topograpl1y uml h.1.l1I'(1;;:._•Ta11l1y of the 
.Audroscog~in arn.1 Catlrnuce HiVt:'l'8, itle., pp. 21, 22; topograpb~- of 
Chaudeleur Sound, I~a., Jl. DO; triangulation, topog;raplty1 arnl hyUro­
graphy of .hllhrnissippi ltiY£'I\ p. ;JO, 

DltADliLRY, ,J1t., UIO:X. Service in St-ction I, p. 26; in Section 1"I, 1 

Jl. 42. 
DHADFOitll, SUB-ASSISTANT GEitSIIO~L SnrvrJ of entrance 

and hay of Mag'tlalcna, coast of Lower California, J•. 3'.~; search for 
rcporte·a dange1· of J:<"'almouth Shoal, or Ueod Itocli:s, 800 miles wcs.t 
of tlw Gohlon Gate, p. 57 i hydrography of San Francisco Bay aud 
approaches, p. 58; hy<lrography of Orford Reef, coast of Oregon, p. 
61. 

IH:ADFORD. ASSISTANT ,J. S. Sailing directions for the coast of 
New Eag:land, p. 22; h~·llrography of Lake Pontclwrtrain, p. 50; deep· 
fl.Pa soumlings of the Mississippi Delta, La., Jl· M; bytlrograph,'.~ of 
'Trinity Shoal, La., p. 51. 

BRAID, .AXlll~E1Y. HerYiCl!S in SPdion IL p. 31; h.:r•1rogrnphy, 
Section YI, p. 43. 

BRETT, membP.r of British Comrnisl-lion. Oh.~pn·ation~ of solar 
f'(•lip~'\ 1870, p.182. 

BIUGIIT, W. T. In chnrgr of drawing division, p. 65. 
llROAD\Y .ATEit, coast of Virgiuia. Topography and by<lrography, 

p.34. 
llltOTIIEJ\.S, member of Ill'itish Commission. Observations of solar 

••clipse, 1810, p. 182. 
BRYANT, CAI'TAI.'< CIIAitI,ES. Meteorolo)(ical obsen·ations, 

Section XII, p. 64; meteorological rngi~:'iter for Saint J>aul 'Ii Iis.laml 
Alaska, Pl" 100-108. 

Bl~LL HFX MOUNT.A.TN, VA. Occupation for primary triangula· 
tion, p.37. 

BIJHGESS, MR. Services r<.:ndcrctl to Solar Edipsl~ Expo<lition 1 

1870, p. lJ. 
JH""J{TON, m<·mber of Tiritish Commission. Observations of solar 

''-Cli]H30, 1Ff70, p.18~. 
BUTTERMILK CIIANNEL, New York Harbor. Changes in, p. 11'3, 

c. 
C clCCI...i TORE, director of the oL&•r\"atory at Palermo nncl vice· 

presi<leut <Jf the Italian .commission to obsen·e the solar eclipse of 
l>HU, p. leL 

C..l.l'}; lllE~DOCINO, C.\L. Triangulation arnl topugraphy, Routh 
of, p. ~>9. 

CAPE l' ..l.SSARO, SICILY, p. 181. 
C.\ItCAl{AZZI, Yilla, Sicily, p. 18~. 
CAitL·.E~TlSI, station for observing t}J(' Aolar eclipse of JSIO, p. 18-2. 
C.\:U INULESE, MOFKT Kl'NA, p. 181. 
C.\.l:L\ '.l'EHENTIN.i DEL llOSCO, ohseniug swtion uf the solar 

cclip~e of 1B70, I•· 182. 
CA8INO DIS. OT:ILNOANO, CATANIA, station for obsen·ing the 

Kolar eclipst1 of 1870, p.1~:.!. 
C\SI1'10 I GAllINETTO LETTER.l..RIO, hospitality shown to 

.Amerfoan Oornruisision of ~olar Bdi1's~ Expedition of 1870, p. 1B·1. 
CAT .\.Nl..l., SICILY, station for ol>scn iug the solar eclipse of lti7U 

p. l&i. 

CATHANCJ<; RI'l'"EH, NE. 'l'opo~'l'aphy and liydroi.;raphy of, p. 21. 
C .. \TTANEO, SR.., ltaliau consul, as8i~tauce rcmlcn•d

1 
p. 10. 

CI~DA.R Kl~YS, :FL.!... Hy<lr-0graph~· of, p. ·H. 
CH.1NDELEUH SOUND, LA. To1>0;.;rapby, p. 50. 
CHANGES in Now York Harbor, pp. lJ0-11:1; of the Jetsey :Flat•, 

pp. 111, 112 ~ in Buttormilk Channe>l1 p. 113; in tho vicinH:y of Mid, 
dle Ground Shoal .and Go\\·anus Bay, p. 113; at and near 8and:r· 
Hook ent~ance, }lp. 113, 114; of Cliatham Bench, in detail, }lp.140-
143. 

CHA ]lfX, H. ::\f. 1'f.entio11etl in pp.139-143. 

CH.\l'MAN, D. C. Pbotugrapher to Solar Eclipse E:<pedition of 
1870, serviceR, p. 11. 

C!IASE,SUBASSISTANT A. \V. Services in S..ction X,pp. 55,56; 
triangulation and topcgraphy from Crescent City, Cal., south to 
:False Klamath, Cal.1 p. 59; fliscovery and survey ~fa rock in Cres­
cent City llns, Cal., p. UO: triangnlatinu and topograpby of Chetko 
J:h·er entrance, coast of Orogon, p. 61. 

CH,\ TllAM. Physical history of the neighborhood of, pp. 134-HO. 
CHATHAM 1lEACll. :Recent movements of, pp.140-143. 
CHESAPEAKE ESTU.AlUES. Ilydrography of, p. 36. 
CHETKO BIVER. ENTRANCE, coast of Oregon. Triangulation 

an<l top<>graphy, p. 61. 

CHEW, L. F. Rervices iu Stet.ion II, pp. :H-33. 
CLANCY, F. \Y. Assistant to chief clerk, p. Gr. 
ULARK, JOHN. Sapervis1uu of rcpaiTing a.nd recon&tructiuµ; in­

struments. p. 60, 
CLARK·s MOUNT~\..I~, \A., near Ilap-itlau. Occupied for 1u'iwary 

triangulation, p. 37. 
CLI~\ELAND, O!IIO. Latitncle and longitude of, p. '49. 
CLIFFORD, member of Dritisb Commission. OlJser'\'ations of the 

solnr eclipse of 1870, p. 182. 
CO ... \ST of California, including hays, harbors, &c., p. 53; of Oregon 

and 'Vashington Territory, inclu<ling bays, ports, &c., p. 61. 
COLONNA.,13. A. Reconna.issancf' of the east arm of Lake Cham­

plain, p. 29; services in Section II, p. 32; in Section III, p. 37; in 
Section II, p.171. 

COLUMEIA RIYER, OREG. Triangulation and topography of, p. 
62. 

COL'CMBUS, OHIO. La ti tulle and longitude of, p. 49. 
COMP __,_\!USO~ OF 1.-IE'l'HODS, &c., by George Dav-il1son au<l 

Charles A. Schott, Assistants, pp.154-170. 1. Results of the lo\·e]. 
ing operations, pp.154, 155. 2. RElsultH of ht'>urly obser'\'atio11s, &c., 
Jlll· 15S-lli!. 3. Results of hourly obseryations of atmospheric 
pr0ssare, &c., pp. 165-170. 

COMPUTING DIVISIO::>. Summary of work, p. 65. 
COOPER, W.W. Chief clerk in oftice of the Superintendent, p. 67. 
Cllf:RTENA.Y, E. H. :Services in Computing Division, p. 65; serv-

ice~ on contract in Engra\'"ing Dh·faion, p. G6. 
CHESCEKT CITY" ll.AY, CAL. l{ock (''Chase ledge") in, discovery 

and survey, p. 60. 
CL"::UMJKG. member of Briti3h Commission. Observations of the 

solar eclipse of 1870, p. 182. 
CL"TTS, ASSIST.A:l\T lUCIL\RD D. In charge of secondary tri­

angulation, pp.17, 171; of work at Lake Charu}llain, p. 29; triangu­
lation near Barnegat, :N. J., p. 32; inspection of trianA:ulation at, 
James Ilivcr, p. 37; recounaissauce into Illinois and Mi.ssuuri fur 
gernlctic points, p. 51. 

D. 

Dc\NA, PHOFESSOR JAMES D., <>f Yale College, p. 28. 
Il .. \.NA, (schooner.) Ser~ices, p.32. 
DALL, ACTD.'G ASSISTANT W. II. Magnetic observations of 

the coast of .Alaska, p. 15; in <iharge of aun·e;ys of tlio T'acitic 
coaRt·, .Alaska Territory, p. 64. 

DAit\VIX, member of British Commission. OLscr;ntionsof the solar 
eclipse of 18701 p. 152. 

D..A VIS, W. II. Ser\iccs in Enj!raviug Db;ision~ p. GC. 
DA VIS, R. II., AND l~ROTHBR. t'crvicea rendered to the Solar 

Eclipse Expedition of 1870, ]>p.12, 178, 
DAY, LIEUTENAXT :MUIUtAY S., U.S. N.,on board of Coast. 
~urvey steamer Hassler, p. 5; Dl[l.gnetic observa,tions, p. 15. 

DBAX, .ASSISTANT G. ,V. Services l<> Solar Eclipw Expedition of 
18i0, pp. 12--14; observations for longitude of Cleveland, Ohio, from 
Cambri(l:.re, p. 48; lon"itrnlc of Columbus, Obio1 front Cambridge, 
p. 49; longUnde observations at Shelbyville, Ky., p. 49; observa~ 
tions of total solar eclipse in Spa.in in 1870, pp. 176-179. 

DEEP-SE.A SOFRDINGS OFF THE :MISSISSIPPI DELTA, p. 51. 
DEER ISLE THOROL"G ID'ARE. Topography of, p. 20. 
DH LIS~\, memher of Ita.Jian C()rumission. Observations of the solar 

ec\ipw of 1870, p.181. 
DENXIS, .ASSISTAKT W. II. Top<>graphy of lleer 1"1e Thorough­

fare, p. 19 : topography of Musr.le Ridge lslands completed, p. 19 ; 
topography of Na.osau Sound, l<'la., p. 42. 

DESCRIPTIO:N"OF A NEW l<URM OF MF.IWURIAL IIOBIZO:l', 
&c., by J. H. Lane. Appendix No.16, pp. IB!l-192. 

DETACHED SURVEYS, mentioned on p. 17; Edgartown, Nan. 
tuckot, aud Vineyard Haven, Mass., p. 24 ; city of Providence, 1t. 
I., p. 2S;::t\ewark Bay, N. J., p.32; Horse-Shore (Delaware River) 
and tho SdrnylkiU, near l'hiladelphia, Pa., p. 33; Bay ofMagdolena, 
I.ower California, p. 53; Table Mountain and wharf.Jinee at Oak· 
land, Cal., p. 57: of Pacific coast of Alaska Terr!t.ory, p. 64. 

DE WEES, SrBASSlSTANT H. llf. Servioos in Section I. pp. 19, 
20; Section VII, p. 46; top<>graphy of Saint Andrew's Ray, Fla., p. 46. 

DICKINS, E. F. Services in Section X, pp. 58, S9. 
DIGGS, JOII~ II. Colored me•senger, p. 15. 
DILJ,AWAY, C. l'. Services in Section U, p. 32: in Section YIU, 

p.51. 

DISBOROUG H, N. J. Triangnl.at!on Station, p.171. 
DISTRIBUTION of surveying parties up0n the Atlantic, G~ and 
l Pacific cooota of the United States, &c., in_1870, pp, 7l-77. 
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DIVISION OF CHARTS XC-;D IXSTffQMEXTS. Summary of 
work, p.G6. 

llO:NATI, rneml~er of Italian Commission. Ollservatiow°' of tlit· solar 
e<'.lipse of 1R70, p. 181. 

DOJS"N, ASSISTANT J. W. Topography and bydro;:;:rapby of 
Somes'!~ Sound, (:Uonnt Desort Island,) p. 19; topograPhy an<l 
hydrop;raphy of the Broadwater, Ya., p. 34. 

DOJa{, ASSISTAXT F. •v: Topography of PenobRcot Ilay, ore., up 
to Knight's Point, p. 20; topo,g-ravh:r of ramplico Rin•r up to 
Wasbiugton, N. C., p. 39. 

DOW, MP.. Relati'l"o to New York Harhor, p. 110. 
DOWNES, J. Services in 'l'idal DiYision, p. 65. 
DRAWING DIYISION. Hummary of work, p. 65; charts •·ornplete<l 

or in progrc.ss during the year ending October 31, 1871, Jllt 80, til. 
DRA lVING. General Index, .Appendix 171 p. 207. 
DURIIAM, T. Y. Scryices in the Division of Chart::i, p. CG. 

E. 

EASTMAX. Sen·ices to Solar Ecli1>sc Expedition of 1870. p. 18:l. 
E..t.\ST.M.A1'-, MRS. Ser'\"ices. to So1ar Eclipse :Expedition of l~iO, p. 

182. 
EAST AXD IlDDSOX HI\.EI~S. Ti<lal currcut computation~, 

p.117. 

}~DG.ARTOWX H.AHBOIL Resur\""ey and elrn.11gP!3, p. 1B. 

EIMBECK, SUBASSIST,\_l\T \\T. SPrvices to Solar J~dipse E:xlll'­
dition of 1870, pp. 11, 12, J 8:l, 183; serYices in Section VIII, l" ol ; 
corresponding observations fur loJJ~ilu<le uf Clteto1Ja1 Kansas, 
made at Saint Louis, Mo., p. 53. 

ELECTROTYPIXGAND PliOTOGRAPIIIXG I>I\"lSIOX. Sum­
mary of work, pp. 66, 207. 

ELLICOTT, SGBASSIST.L~T EUGEXE. Services in Section I\". 
p. 40; topography of Straits of :F'uea., ,,~aRhington Territor~-. p. U:-l. 

EXCROACHMEXTS ON THE CH..;.XXELS, part of Mitchell'• re­
port on .harbor-lines, pp. 147, 148. 

EX DEA VOR, (steamer.) Services of, 11p. 41, 4:l. 
F.NGRA\TI_Nft DIVISION. Summary of work, p. ()6; platrs COlll· 

pleted, continued, or commenced, pp. 82, 83. 
ENTHOFFER, J. Services in EngraYiu~ Divisio11~ p. 05. 
ERNST, O. H., Capt.ain of :Engineers, U. S. ~\_. Serlices to Solar 

Eclipse Expedition of 1870, pp. 12-24. 
ELSHEMAN, R. Services in Division of Instruments, p. 66. 
ESPIRITG SANTO BAY, TEX. Ilydrograpl1y of, p. 52. 
ESTIMATES IN DETAIL, pp. 6--9. 
ESTIMATES OF WORK, pp. 5-9. 
ETN~\, SLOPE OF :MOUNT. Station for ol1serving sola1· ""lipse of 

1870, p.181. 
EV .A.l<S, J. J. Sel"l"ices in Section II, p. 33; in Section I\", p. 40. 

F. 

:PAIRF .AX, F. &rvicee in Drawing DiYision, p. 65. 
F .A Jltli'.AX1 \V. Services in Drawing Division, p. 65. 
FAIRFIELD, ASSISTA.N'l' G . .A.. Triangulation of l>oth si<l<s of 

Lake Champlain, p. 29; triangalation of Pa.mplico Sonucl1N.G.1 p.38. 
FARLEY, ASSISTA:NT JOHN. Inspection of station·marks iu 

Section II, p. 27. 
}'ARQUHAR,SUB·ASSISTANT GEORGE. Services in Section X, 

p.5it 
l'ALMUL'TH SHOAL OR REED ROCKS, I'ACU'IC OCF~\K, p. 

57. 
FALSE KLAMATH, CAL. Ti.-iang11Iation and topography of the 

coast north of; p. 59. 
F .A. THOMER, (small •teamer.) Service•, p. 31. 
FERGOLA, SR. Observa.tions, Capo rli l:Ioutr., NaJlles; services, 

p.12. 
FERGUSON, SUB·ASSIST.ANT CHARLES. Keniceo in Section 

II, p.171. 
FERNEY, CAPTAIN THOMAS H. SeITiccs in Section II, p. 40. 
FERREL, "'WILLIAM. Report of meteorological effects, &c., b)·, pp. 

9:1-99. 
FITZ, H.J. Services to the Solar Eclipse Expedition of la70, p. 11. 
FOERSTER. Services rendered, p. 11. 
FOLLER, J, Serncea In Division of Instruments, p. 66. 
FOR.NEY, SUBA.SSISTA.NT S. Services in Section X, pp. 55, 51>. 

FOUNTLEROY, E. H. Observations at Bodega Head, Ca.I., p. l!'i.'\. 

G. 

GANNET, HEWEY. Scrvio£JB to the Solar Eclipse Expedition of 
1870, pp. 13, 177. 

GARDEX OF THE BEXEDICTIXES. Ol"<'n·inir station of tlw 
~olar EelipsR Rx11etlition of JF:70, p-. 181. 

GAIUJ);J,R, ClIAl(LES L. Scryic«s iu S .. •<:tion YI, Jl. 41 Section 
n·, p. n. 

GASP ARIS, PROFESSOR DE. Director of the obs<:natory at Capo 
di Monte1 asshota.nce reucler1·d, Jl. 12. 

GEllELLA..H.0, lJR. HI US.E.Pr.E. Gi'\·in~ meteorologic-al informa· 
tion, p. lt:2. 

GEXEI\AL IXDEX OF PROFESSIOXAL ,\XI> SCIEXTH'!f; 
rAPEUS,&c. App~:ndi:x: 17,p.lHa. 

GEODESY'. ..A.ppeudix 17, General Imlex, p. l!l3. 
GE01JETIC 1'01.XTS, New lla.mpshire, p. 2:l; lllinoiH antl .Missouri, 

p. 51. 
GEOGlc.A.PllICALRECOXXAISSAXCE IlETWEEX SAX DIE• ;o 

AXD PAX AMA, p. 5:J. 
GEHDJ:S, ASSISTANT!!'. H. Survey of Xe-wark Bay, X .• J., p. 3'!. 
GILBERT, SC BASSIST.A.NT .f. J. Triangulation aml topography 

of Shoal water Bay, Wa.sbington Territory, p. 62; mentionttl ill 
Mitchetrs "R€port 011 Physfral Hist-0ry of Chatham, p. 13[1. 

GLt:-CK1 Ml!.. :Mentioned in Mitchdl's report on Physical Ili8tory 
of Chatham, p. 130. 

GLOrCESTER CITY, N.oJ. Termiims of lfl·eli.ng--Jinl', lJ. lil. 
GOLDK:> G.A. TE, San Francisco I~ay, Cal. IJ~·drogravlly of, JJ. ''"· 
GOODI•.ELLOW, ASSISTANT ED1VARD. Triangulation iu Kar· 

ragansctt .Eay,p.26; triang-ulatio11 nearNewHa,·en, Conn .. p ::!i; 

latitmle observations nt Cleveland, OLio, p. 4~; magnetic ohsern1.­
tions a.t Cley·eland, Ohio, p. 48. 

GOTTIH:TL, A. SPrYice8 in Ti1lnl Divisiou, p. C3. 
GOVERNORS ISLAKD, li'ew York Harbor. Tidal ol>serrntio11,, 

1'· 3;. 
GHAKGEil, SGD.A.SSISTAli'T F. D. Hy<lrogra1>hy of Lake Clrnni­

plain, p. 31; l1:;·t1rogn1pl1:v of ~!atap:nrda B.ay and i;spiritn 8anto 
l~a_\". Texas, p. 5!!; mentioned in l\-fitcht.>l[A r~port on Chatham 
Beaeh, p. 14~. 

GTIAI'HIC REPRESEXTA..TION of n~lath·e amounts and 1lirectio11 
of the wind, &c., at Bost,on. :Mass., p. 97. 

G HE.A. T DA. Y AND LITTLE EGG IIARBOll. Topogra11l1y, p. 33; 
h:vclrogrn.vhy, p. 33. 

nHEKN'\V1'3LL, ASSISTAXT ''· E. Ser\·icrs in Section X, p. ;i6. 
GlUFFITilS. :Mcrnllcr of British Commission on uln:ierYatiuns of 

the solar eclips(\ of 1870, p. 18-2. 
Gt:ADALUPE, ISLAXD DE, locate<! and elnntion detormined, 

Jl. 53. 
Gl"L~' COAST AND SOt:XDS. W~stcrn Florida, &c., l'· 44; W<·•t 

em Louisiana and Texas, ll. 52. 
GLL}.""" STHEA..M. Temperatur<", l'· 37, 

H. 

ITACKEXSACK, N. J. Sonndin!(s, p. 32. 
H...i.LL, PROI-"'ESSOR .A. 8~rvices in Solar Ecllpsc Expedition of 

1370, Jl· 182. 
HALL, (schooner.) Services of, p. 50. 
HALTER, AH;;IST.A.l<T R. E. Triangulation of Jam<•• Jti\·pr, p. ;17; 

establishment of goodetie points for triangulation of llliuoi~ a1ul 
MiMsouri, p . .51. 

IlARK...~EHS. Member of .American Commiaaion on 0Uscrvatic.1llH of 
the Solar Eclipse Expedition of 1870, p. 18'2. 

IIARDIXG, SUBAl:iSlSTA:NT W. V,T, Died, p.15 : hplrography or 
Lit.tie Egg Harbor, Grsat Bay, and Absccom Inlet, N. J., JI· 33; 
11ydrography of Chesapeake estuarie•, p. 36. 

II.A.RRING'I'O:N, JII. 'V. Services in Section XII, J>. 77. 
Il.A.l{.RlS. Member of Ill'itish Commission on obser~ations of Solar 

Eclipse Expedition of JF,70, p. 18-2. 
ll.A.RltISON, ASSISTAXT A. M. City of Proyidene<• ia&rt.>d on 
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COAS'l' SURYEY OFFICE, 

lrasliiugton, D. C., December 1:2, 1871. 

Sm: I hiwe the honor to present this detailed report, showing the opcratious of the parties allot· 
ted for tbe snrwy of the coast during the year ending with the month of October, auu incltHling 
in a few cases mention of work carried on until this date. 

It is a distiuguishing feature of the serdce under my charge, that while it has a specific and 
tlirect object i11 its hearing· on the interesfa of commerce aml navigation, 1he performance iII>ohe,; 
operations and inYestigations which almo::;t riyal in Yalue the primary function of the surwy. The 
methods and processes used ha\·e been at all times the be::;t afforded by science and art, and the 
form of publication bas gained in accuracy and beauty, so that our ebarts from the first llaYe been 
unsurpassed lJy any wllich haYe been elsewhere produced. The metllods of astronomical obsen·n. 
tion employed in tlle snrYey are now nnh"ersally adopted, and ha,-e greatly increased the precision 
with which elements of the relatiYe position of placeR upon il1e Par1l1 are determined. Our cleep-:sea 
explorations ha Ye incidentally opened new worlds of discoyei·5· to the naturalist and the physicist 
'.rlie laws of the tides and of the distribution of magnetism have been traced with increased distinct­
ness, ~tnd have lJeen made more intelligible lJy the obsen·ations made in tile progress of the sun·ey. 
And, in tbe general mention of incidental advantages, it may be added tllat the necessary connection 
betwceu the geodetic operations upon the two sides of the continent giYes opportnnity, the sugges­
tion of wliich cannot he justly ornittt>d, to take stPps for the gemle.tic sune_y of the connt.r,r as the 
essential foundation of all local sun·eys, topographical or geological. It opens, moreon'r, the op­
portunit.Y of extending to the States of the interior benefits similar to those which haYe already 
been afforded to States on the sea-uoard. The interest manifested in a few determinations of geo­
graphical position within the yt•:u in the 'Yesteru States shows a full appreciation or' the ltthan­
tage that must inure from extendc1l operations similar in kind, in the local t1e\·elopment of that 
great re.gion. The few points at the west wrn- in geodetic relation with 8Ueh a>; ba\·e lwen <lctc>r· 
mined in the progress of the surYeJ of the cowst will lm mentioned in the followi11g general sum­
mary, whichi s given in accordance with the usage in previous reports. It will be seen tlrnt, wit11 
the exception of Delaware and Alabama, the survey lrns been in progress in all the sea-board and 
Gulf States, and that determinations lia\·e been made of latitude aud longitude at c.0veral l>Oints 
in the interior. In corn•spondeuce witll the order gi\'Cn in this brief statt•nwut, tlte hocl.r of the 
1·eport will contain sl10rt abstracts of the operations in each site of work. 

On the coast of 1\Iaiue the topographical suryeys inclnde Somes Sound and South west. Harbor; 
several of the Fox Islands which lJound Seal Harbor, and others at the entrance of Penobscot Ba.r; the 
western sliore of that bay between Camden and Belfast and Isleboro', near the entrance to 11elfast. Bay ; 
the shores of Andr-0scoggi11 and Cathauce Hivers between Brunswick and llowdoinllam; tl1c shore:; 
of the Saco; and the coast northward to Spurwink l{irer. 'l'he bydrography has developed J>rospect, 
Harbor, and the ledges in tbe vicinity of l\loose-a-bec Heach; Somes Sound inclndiug 1:-\onthwest Har­
bor; Seal Ea.y and the western channel of Peuobscot Bay between Camden aud Belfast; Gilki·~-'s Har­
bor at Isleboro'; ledges near the Fox Islands; the lower part>i of the Androscoggin and Catha1:ce 
UiYers; the Yicinity of Cape Porp-0ise and Stage Island; Winter Harbor; the approaches to Saco 
River; and the-present condition of harbors ge11erally between Cape Small Point and lfol:lton, with 
reference to accuracy in the sailing directions. Tidal observations ha\·e been continued at ~orth 
Haven in Penobscot Bay, and at the Boston 11ary-yard. Points !Jaye been determined by triangula­
tion on the Androscoggin and Cathance Rivers ; aml others in geodetic connection with primary 
stations in New Hampshire. At Oambridge, Mass., astronomical observations were made to <lder-
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mine longitutle at Be\'Cral points in the "restern States. Special examinations at Edgartown, fine­
yard Hiwen, antl Nantucket Harbor, were conducted with a view to determine the causes which 
afiect the ltarhor facilities. Plane-table work done in Rhode Island completes the detailed surniy 
of Narragansett Bay,inc1udiug the coast in the vicinity of l'oint Judith. l'oints have been deter­
mined for exteuding- the topography •n•stward. Station-marks along the coast of Connecticut and 
J,ong lslaud lmni beeu examiued with l'eference to their 1nesernttion. Tlie triangnlatiou and topog­
raphy in this section include work near New Haven; the shore-line surTey of the greater part of 
Lake (]hamplaiu, aJHl the den>lopment of its channels between Burlington, Yt., and Plattsburgh, 
~. Y. Special 11.r<lrogrnpliic operations have been conducted in Hudson l{,iver, and in New York 
Harbor, including tidal ohsenations; and the survey of Newark Hay has lleen extended to include 
tile mtrigable rfrers which enter it. In New Jersey the field·work comprise<! operations in the 
vicinity of 1\Iount Holly, Great Bay, and Httle Egg Ilarhor. In Delaware Hiver a close hydro· 
graphic surwy develops the vicinity of League Island, and the lower part of the Schuylkill. The 
sites of work in l\Iaryland and Vi1ginia are the Broadwater on the Atlantic coast, Calvert Stat.ion, 
Tangier Island, aud ·wolf Trap, i11 Ul1esapcake Bay; the Severn, Chester, and Choptank Uivers; 
,James BiYer, au<l tidal observatiom;, as herntofore, at Old Point Comfort. The main triangulation 
has been continued along the Illuenidge, and magnetic observations have been recorded at Wash­
iugton, D. C. On the coast of Nol'tlt Ca.roliua the survey hati been a~lYanced by additional work 
i11 the waters of Pamr1lico Sound; latitude, azimuth and magnetic observations near Portsmouth, 
N. C.; the de\•elopment of Pamplico Hh·er to the vicinity of '\Yashington; soundings on Uie Hat­
teras Shoal, antl the plaue·tahle suryey of Bogue Sound and the a1ljacent coast. Progress has heen 
made OH the coast of South Carolina by the development of parts of the Corubahee, Chechesse, and 
·wright's Bircr, with ot!Jcrs in the system of inside sea-water channels. On the coast of Georgia 
and I<'lorida, t}ie work of the year includes Amelia and Talbot Islaml, the shores and approaches 
from sea,nird of Nassau Sound, the sea-water channels between the Saint Mary's and Saint John's 
Jti,·ers, and l\Iatanzas Hi\·er below Saint Augustine. Further dernlopment lias been made by hydro­
graphic operations in the yicinity of the Tortugas. On the Gulf coast the principal channel at 
Cedru: Keys was sounded, as also the uufinished part of Saint George's Sound ; other operations 
were conducted at Saint Joseph's Bay and Saint Andrew's Bay. Farther westward the Gulf coast,, 
including Santa Rosa Sound, was de\"'eloped from Cboctawhatchee entrance to the entrance of Pen­
sacola llay. l u the interior of tltis section, latitude, longitude, and the magnetic elements were 
deterrninetl at Clendand aml Columbus in Ohio, and at Falmouth, Oakland, and Shelbyville in Ken­
tucl•y. On the Gulf coast the eastern part of I,ake Pontchartrain was sounded. Operations on the 
coast of Louisiana include part of the Chandelenr Islands, the l\Iississippi Ufrer to Point La Hache, 
the Gulf approaches to the llelta of that river, and h;ydrographic work in the vfoinity of Trinity 
Shoal. ln the interior of this sectiou poiuts have l>eeu determined by triangulation across the Mis­
sissippi HiYer in the vicinity of Saint Louis. On the coast of Texas the hydrographic work has 
been completed in ~fatagon1a Bay and its branches, and soundings have been extended southwanl 
iu its c01mecti11g waters. In the interior of this section observations were made for latitude and 
longitude at Chetopa, in Karnms. 

On the coast of J,mver California some positions have been determined in advance of the hytho­
graphic reconnaissance, which is int.ended for developing the dangers in navigation between 
Panama aud San Diego. A special survey has been made within the year at Magdalena Bay. 
Operations north of Sau Dit•go include in triangulation, topography, or hydrograpby the coast of 
California, at Bahia Oua, and a stretch in tbe Yicinity of Point Conception; Santa Barbara Island; 
San Miguel Island; the Yicinity of San Luis Obhipo, am} San Simeon; soundings in the approaches 
of San J<'rancisco Bay, aud oLhers by the same party in the neighborhood of a reported shoal in the 
Pacilic; bydrogTaphic dtwelopments insi<le of San Francisco Bay; the survey of the north side of 
tlie entrance; additional work at Oakland; and tidal observations at San Diego and San Fran­
cisco. }forth of that port the field-work bas been continued near l\iendocino Bay and near Shelter 
CO\·e; in the vicinity of the False Klamath, and at Crescent City; and astronomical and magnetic 
ohserrntions have been made at San Diego, San Francisco, Eureka, and Crescent City. At the 
request of the Department, special tests were made of the coin weights in use at the branch mint 
in San Francisco. 
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Ou tlie coast of Oregon aml \'(asbington Territory progress has heen m~ule in thr snr\"eY 11ear 

Cape San Sebastiau, and tl1e Orfonl Reef has been de\elopeu. l'ield operations iudnde als<~ part;; 
of the Columbia River, Shoal water Ba~·, tidal ollserYations at Astoria, aud work in the \·icinit:> of 
Seattle. The triangulation, topography, and hsdrography haye beeu adYanoed also in the Strnit 
of Fuca,, and in Admiralt_y Inlet, and several local Sllr\'eys l1ave beeu made in those waterR. 

On tbe western coast the season was generally unfa,·orable for fielu 01wratio11s on account of 
higli winds, bea>y fogs, and the smoke from bnming foresLs iu Oregon anti in \\'ashington Teni­
tory. Nevertheless, the work done is beyond the aYerage of past seasons. Long·itude ha8 been 
determined within the year at San Dit.>go and at Seattle, so tlmt the most re mot(• detache<l trianp:n­
lations on the racific Uoast are now in kuown geographical rplation. ~\storia a1Hl Em·t•kt will lw 
ascertained in longitude when telegraphic facilities permit. 

There is now a large extent of well-defined shore-line ready for tlw operati011s of the hy1lrn­
graphic party, which is at present on the passage to Sau Francisco, arnl prnd<letl with an amplt· 
outfit for. off-shore soundings. 

"\Vben the appropriation for the present fiscal year tecame available, a party, prp\·ionsly orga11-
izecl, was sent from San Fraucisco, without delay, to make such uerelopment in hy<lrog-raphy: and 
such other observations of interest and value as may be practicable in the vicinity of tlte Aleutian 
Islands, off the coast of Alaska. The party sailed in .August, !mt there is yet no a1hice of tht> 
arrkal of the vessel at her destination. 

Within the year laborious computations ha\'e been completed, giYing fiual Yaltws for the long·i­
tude of points intermediate between the Atlantic and tl1e l'aeitic Coasts. Of theRe, tl1<" principal 
ones are OmalJa, Salt Lake City, and San :Francisco. 

Computations are in progress for ueterrnining the transathtntic longit1uk, which <kllClltlil upon 
the observations made last year at Brest and Duxbury. 

The discussion is continued, of full series of ti1lal obsen·ations, with refere11cc to th<' com;t.rnc­
tion of tables of prediction. 

In the Coast-SurveJ· Office the operations of the sm·er:tl !li dsions luwe kept pace with the lit•lil­
work. Twenty new charts have been published, incltulinv, three new editions of charts made uee<l­
fnl by extensive changes. Fifty-eight charts have l>een in hand in the drawing tliYision, of which 
nine were commenced within the year. Of the various engraYetl charts, about ten thousand copic" 
have be~n printed, and an eqnal number of copies <listrillntecl from the Oflict>. Of tllc manuscript 
maps on file in the archives, sixty-six have been copied or tracetl withi1t the ~-ear, to meet call;; for 
information from various branches of the public service. 

Tide-tables for the ports of the United States, for the ,year 1872, haye l>een computed and 
issued from the Office. 

In the hydrographic division, special care has been taken in regard to the marked places of 
buoys on the published charts. Most of the sea-mttrks liable to shift !Jave beeu carefull;y deter­
mined in position, aml marked on the charts which atlmitted of such changes without (1etrimeut 
to the sailing directions. 

Specifications for the construction of several steam-vessels and schoone.rs, to replace 1mch as 
had been worn out in the service, were carefully 0.rawu up by the hydrogrnphic inspector, wlleu 
means became available under the appropriation for that object. The smaller vessels were com­
pleted first, and went iuto service in the winter of 1870. "\Vithin the present year two steam-n~ssels 
were fitted out, and are now emplo.yed in the duty for which they were internle(l. 

The iuterual aITangements of all the new nissels are mlmirallly adapted to the 1le111a11ds of tl1c 
service. Their qualities as sea-boats and fa.'lt sailers Juwe testilieil t,o t.he PxcPllencP of their mmlt•ls 
and to the ability of Captain Patterson as a naval constructor. 

The iron steamer Hassler, intended for hydrographic serYice on the Pacific coast of the United 
States, was launched at Kaighn's Point, N. J., on the l~th of Septemller of' the present year. 
"Wbile the hull of the "\essel was under construction, the officer detailed by the honorable Secretary 
of the Navy for the command of the hydrographic party gave personal attention to the detail;; 
specified in the plan of the hydrographic inspector. As soon as possible the steampr was rigged 
for sea, and at the encl of October trial was made of the engine in a run from I'hiladelphia to 
BostQn. Commander Johnson was entirely satisfied with the performance of the Yessd as a sea-
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boat, and with special gratification reported tlrnt a rate of about seYen aml a half knots was main­
tained during tlic day by the consumption of only two and a 1ia1f tons of coal. This unequaled 
econom.r in fnel desen·es attention, which will donbtless be mor1• closely attracted hy the worki11g 
of' other engines similar to that now in the steamer Hassler. 

The riggi11g, outfit, an1l final adjustment of the machinery of the skamer fur a long ,-oyage · 
were completed at the Charlestown navy-yard, where also the magnetic condition of the ship was 
1inally tested, with reference to the use of compasses in steering at sea. This important service 
was performed by Assistant Charles A. Schott, ai<led by Dr. Thomas Hill, of 'Valtham, Mass. The 
oflic<'rs of the vessel are fully informed in regard to tlie means requisite for maintaining the effect­
il·e nse of tbe C()lll passes. 

The steamer Ilassler is a three-ma.stetl screw-propeller of three hundred and fifty tons, aud is 
helievcd to he in all respects admirably designed for gent'ral bydrographic sen'ice. Incidental 
duty, in which tl1e Yei'isel is now employed, will be briefly mentioned under the next head. 

The secoml steamer, buil.t arnl fitted out under the snpen·ision of the h~·drographic inspector, 
and 1lesignr<l ~or liydrographic work o.n the coast of the Atlantic and1 yJ1)f of :Mexico, is of two 
hundred arnl e1gl1ty tons burthen. This \essel was launched in Aogusti..~tn<l was named after the 
late Superintendent A. D. Baclie. The hytlrographic party now on board, under Lieutenant Com­
mander .Tobu A. Howell, U. S. X., is engaged in running Jines of soundings aml noting tempera­
tures with a ,·iew of deYelopi11g the characteristics of the Gulf StrParn. In general the yesRcl will 
hn employed for oIT-shore h,ydrography, in gathering material for the Iargpr sailing charts. 

VOYAGE OF THE COAS'l'·SCRVEY Sl'BA}lE!t HASSLER. 

As already me11tioued, the Hassler was plannml and. built for hytlrngrapbic sen-ice on the west­
ern coast of the United States. In her transfer from tlie Atlantic side the intelligent and en er_ 
getic officers detailed hy the honornble Secretary of the K avy for duty in that vessel would un. 
tlonbtedly lmye made valuable observations; they wonld have continued the researches which were 
commenced by officers of the Uoast Survey upon the phenomena of the ocean, and which haw• 
become the stimulus to general scientific inquiry. The deep-sea soundings bayc suggested tlw 
existence of intimate rclatious between the currents anll natural channels of tlie ocean; the dre<lg·­
ingR have brought to light new fauna peculiarly related to the natural history of the globe; and 
<o>Yen the temperatures arnl clensities of the ocean at various depths, and in c1iiierent localities, 
appear to be subject to laws worthy of the most carcfal investigatio11. Other nations ham recog­
nized the significance of the facts first developed by the Coast Survey, and have pursued corr<>-
8ponding inquiries under conditions much lesfl opportune than those presented by tlJC incidental ,·o.Y­
agc of the steamer IIassler around Cape Horn. But it is evident that wliate\·er general intereRt 
may be felt b.r the Na,·y officers on board, aIHl howen•r anxious they may be to colleet data, their 
labors mm~t he greatly facHitated by the assistance of those who have advanced, through years of 
patient study and comparison, towanl the end sought in such im·estigatious. 'Vithout the co-ope· 
ration of men eminent i11 science, the •o;rage would he much restricted in time, and correspondiugl_y 
rPstricted in special results. I therefore felt it to be a dut,y not to limit this voyage to the lem~t 
requirements of rntYigation, lint to take advantage of the occa,sion for the solution of momentous 
questions, or at least to a1ld somet11ing to the knowledge 110\f generall~· admitted to lle of special 
consequence by its direct bearing upon important unsolved inquiries. The wfah toward that end 
has been nohl_y met by the men of Rcience and their friends. At my indtation the direction of the 
tfosired scientific researches has been undertaken by Professor J_,ouis Agassiz, and be has been 
assisted with lnrge means furnished by enlightened men of fortune. He has undertaken the expe· 
dition in the spirit which has perrntlml his life-with intense devotion to the interests of bis adoptetl 
country, and with increasing desire that its scientific fame may be commensurate with the ra.nk 
\Vhich we otherwise bold amongst the nations of the civilized world. The departure from sight and 
daily intimacy of that eminent man, upon a long and, it may be, perilous voyage, leiwes a void 
which cannot be filled. But while the exploration intended is a consummation worthy of his great 
life, he alone is equal to the grandeur of the enterprise. \Ve hope to meet him on the shores of the 
Pacific Ocean in the vigor of his pristine strengt,lt. 



 

THE UNITED STATES COAST SUR\~EY. 5 

I'rofessor Agassiz is accompau ied hy Thomas Hill, l,L. D., ex-president of Harvard U ui Yer8it~·; 
l.i. I<'. Ponrtales, esq., Assistant in the Coast Surn·~·; aIHl Dr. l'ram; Steindachuer, all of them expe­
rienced observers. 

Commander Philip C. Jollnson, U. S. N., now in command of the steamer Hassler, is assistetl 
in ihe hyurogmphic serYice hy Lieut. Comman1ler Ch::nles W. Kenne11,r, Lieut. JUunay S. Day, and 
l\fasters Henry B. l\lansfield and 1;;dward \Y. Heme~» \Vitti an outfit sufficient for all the obserrn­
tions that will he practicable within tile period allotte1l for researches, the Yessel started on lier 
voyage from Bmiton on tlJC 4th of tlie present month. 

ESTHIATES. 

In some general remarks which accompanied my estimates in Septemuer last for the wmk of the 
nPXt fiscal year, and of which a copy will be included with tbis report, attention was called to the 
interest now alive in the interior States in regard to accuracy in geographical positions. A few 
additional remarks are suggested by incidents which have since transpired. 

By means of a limited number of well-ascertained iioints in each State, the existing maps 
mig·ht be corrected by State authorities, and useu in the impro,·ed form, as they are used now, for 
general purposes. Special needs will in time Jll'CSS for the minute survey, first of one part and then 
another, until the whole area of each State is correctly mapped. If, therefore, positions are deter­
mined in a<l'\a.nce, and sufficient in number for the area, more or less, after sen·ing for the partial 
correction of State maps, the same points a\·ail for the State authorities in making fnture topo­
grapl1ical and geological surveys. Secured for identification by marks set iu the ground below the 
reacli of' neeuful operations in tillage, a1111 protected from willful displacement hy State law, the 
points at places not to he speedily developed may await for years the occasion for reference to them. 
Instances of the recoyery of old stations will he mentioned in this report under the head of station­
marks, in Section II. But, to be in true relation, points must be determined in reference to their 
conueetion with each other, and economy in fixi11g tbem is in proportion to their number. One only, 
8ett1t>d in latitude and longitmle, iuvolves far greater cost than the :werage of ten or more brought 
into connection with it by angular measurement. It need not be here explained that the longitU(lt• 
of any one in a series of points determines all adjacent positions that h:n·e been properly joined l>,y 
triangulation. ·within the year, a few geographical positions have been in this way determined in 
the •icinity of Saint Louis, and others in the States of Ohio, Illiuois, and Kentucky, under a pro­
Yiso in the last appropriation bill which allotted a small sum for snch purposes. The results wr~· 
forcibly illustrate the wisdom and expediency of giving without delay, as can he done at small cost, 
a sure basis for surveys that may be undertaken at the West by State authorities. Last ~-ear the 
longitude of Saint Louis was well ascertained, a station there being of importance as one of S('Y· 

eral at wliich obsen·ations were made on the solar eclipse of 1869. 
At the state-house in Columbus, Ohio, the longitude deduced from obserrntions made iu Octo· 

ber last by oue of our most experienced assistants, proves that the previous!~· accepted position is 
in error·by as much as three miles. This discrepancy was not known when the govo.>rnor of Ohio 
applied for the benefit of the i>ro\·isiou made by Congress. 

Tlie poiuts proposeu for determinatiou in the vicinity of the Mississippi are from ten to eighteen 
miles apart. It is intended to connect all of them with the nearest section corner of the surveys 
made for the General Land-Office. Hence the work done by the Government in tbe geodetic co11-
nection of the Atlantic with the Pacific Coast, as proposed in the estimates, incidentally a mils for 
the geograpliical adjustment of large and populous areas at the ·west, and presents a motirn for 
early action in regard to correct State maps, in the issue of which the Goyernmeut has coJ!aternl 
interest, through the requirements of tile postal service. 

Early in the present season, aid given for the direct uses of the Department of the Iuterior, 
has added a point still further westward to our list of well-ascertained positions. At the request 
of the Commissioner of the General Land-Office, latitude and longitude were determined at a sta­
tion on the southern boundary of Kansas, near the ninety-fifth meritlian, as will be noticed under 
the head of Section JX in the body of this report. 

Telegraphic facilities now extending iuto the interior afford remly means foreorrecting longitude 
by the process first used and now mainly depende<l upon in the survey of the coast. Many points 
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along the sea-board, and several in the middle of the continent have been already fixed by the appli­
cation of that method. 

A copy of the detailed estimates for continuing the work of the survey d1uing the fiscal year 
1872-'73, which were submitted in September last, is liere subjoined : 
For general expenses of all tlie sections, namely: Rent, fuel, materials for drawing, en­

graYing and printing, anu for transportation of instruments, maps, aml charts; for 
miscellaneous office expenses, and for the purcllase of new instruments, book, maps, 
and charts, will :require...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $25, 000 

SECTION I. Coast of .lllaine, 1'.'e1c Hampshire, 1lla-ssachusetts, and Rhode Island. FIELD 

WORK.-To continue the triangulation of the branches of Passamaquoddy Bay, and 
to extend the work so as to include the northeastern boundary along the Saint Croix 
River; to determine subsidiary points on the coast of l\Iaine for the use of plane­
table parties; to continue the topography of the western shore of Passamaquoddy 
Bay, the estuaries of Frenchman's Bay, that of Mount Desert Island, and of the 
islands and sllores of the Penobscot aml of Isle an Hnut Bffy, an cl that north of Saco 
Bay; to continue off-shore soundings along the coast of Maine, antl the hyclro­
grapby of JI'rcnchman's Bay, Goldsborough Bay, Penobscot Bay, and Isle au H1wt Bay; 
to continue tidal and magnetic observations, and to make such astronomical obser­
vations as may he requisite in the section. OFFICl:-woRK.-To make the com­
putations from field observations; to continue the drawing and engraving of General 
Uoast ChartNo.1, ((!lwddy Read to C((:pe Cod;) to continue the drawing aud engraving 
of Coast Chart No. 4, (Xaskeag Point to 1V!tite Read Lig7it, i1icluding Penobscot B((,y ;) 
to complete No. 6, (Kennebec ent1wicc to lVood Islana Light;) No. 7, (Seguin Light to 
Cape P0t'Poise Light;) and Coast Chart No. 13, (from Cuttylmnk to Point ,Tuditll, 
including Karragansctt Bay;) to draw and engrave preliminary charts of So1tth West 
Jlarbor and Somes Sound, (lllount Dese1·t Isl<mrI;) to continue the drawing and en­
graving of the harbor and river charts of the coast of 1J1aine, aml complete charts 
of Karragansett Bay and Lake Champlain, will require . . . . . . • . . . . . . . . . . . . . . . . . 80, 000 

SECTION II. Coast of Connecticut, Kew Yoi·k, New Jersey, Pennsylrnnia, and part of Del­
au:are. FIEL-O·WORK.-To make supplementary astronomical observations; to con­
tinue the triangulation of Conneetfout Uit·er, and plane-table work near New Haven; 
to complete the triangulation between Jllount Holly and Barnegat Light-lwuse, Neu: 
Jeruy; t<? continue the detailell topography of the coast of Kew ,Jersey below 
Uttle Egg Harbor and that of the shores of the Hurlson River, above Ilaverstraw ; 
to execute such supplementary hy1lrograpl1y as may be required in the vicinity of 
.. Yew York Bay ancl Dela1Care Bay; to continue the tidal observations. OFFICE· 

WORK.-To make the computations anll rednction8 of fi.eltl· work; to continue the 
drawing aml engraving of Coast Charts Nos. 21, 22, and 23, (from Sanily Hook to 
Cape .lllay,) will require . . . ....................... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . I ;i, 000 

8EC1'10N III. Coaxt of part of J>elnware, anc1 that of Maryland mul pnrt of Virginia. 
FIEL-O·WOitK.-To make the requisite aio;tronomical ancl magnetic observatious in 
this section ; to connect the outer coast triangulation with that of Chesapeake Bliy, 
across the Peninsula; to continue the primary triangulation parallel to the coast 
southward along the Blue Ridge in Virginia and North Carolina; to connect with 
the primary, the triangulation of the Upper Potomac; to continue the topography 
of t.he sea-coast ancl bays of Virginia, north of the Broarl lVate1·; a111l that of the 
shores of the James River, including the requisite triangulation ; to complete the 
shore-line survey ancl hydrograpl1y of bays and inlets remaining unsurY-eyed in 
this section; to continue tidal observations. OFFICE-WORK.-To make the Mtn­
putations from field-work; to complete the drawing ancl engraving of Coast Uharts 
Nos. 29 and 30, (from Oltinaoteague Inlet to Oape Henry,) and of General Coast Uhart 
No. 4, (approaches to Del<Iware and Chesapeake Bay;) to continue work on a chart of 
the lower part of James River, and to draw and engrave the supplementary surveys 
of the ('Stnaries of Chesapeake Bay, will reqnire • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • 38, 600 
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SECTION nT. Coast of part(~( rirginia and part of Korth C<o·olhw. .FIELD-WORIL-To 
cou tin ue the triangulation of l'amplieo Sound, anu to make the requisite astronomical 
aml maguctic ousernitions; to continue the topography of the western shores of 
Pamplico Sounil, anu complete that between Xcuse Rii,er entrance and Coi-c ,-:ound; 
to continue the off-shore hyurography of the section ancl tllat of C111Titucl,, anu 
Pamplico Sounds, awl their estuaries; and to coutiuue obsen·ations on the titles 
and currents. 0.FFICE-\YOIUL-To make computations aud reductions; to draw and 
engra,·e Coast Charts No. 38 and No. 39, (Sag's Head to Cape Hatteras;) to 
continue the drawing all(l eugraYing of Charts Nos. 43, 43, atul 41, (Pamplico Souw7 
and estuariesj) to complete Xo. GO, (Cape Fear IU17lT and approaches to lril-
miugton;) and to continue work on the chart of Pain11lico Ricer, will req11ire .... _. _ $38, 000 

SECTION V. Coast of South Carolin(( and Georgia. FIELD·WORIL-To make the reqnisite 
astronomical and magnetic obseryations, and the triaugulatiou between Little Rit'u 
and Winyah Bay, South Carolina; to continue the topography between lrinyalt 
Bay and Cape Romain; to complete the topography and sound the inland water· 
passages between Charleston Ha1·bor and Sav(mnah Rii'cr j to continue the off-shore 
hydrography of the section and tidal observations. OFJ<'ICE-WORK.-To make tlie 
computations; to continue the drawing and engraving of General Coast Chart No. 
VII, (from Cape Romain to Saint Mary's Rire1· ;) complete Coast Charts No. 56 and 
5i, (from Sarnnnah River to &tint 1Uary's Rifer;) and charts of ])oboy and Altamaha 
/:iounds, Saint Andl'e1r's Sound, and the inland tide-water communicatiou along the 
coast of Georgia, will require -.. - - - ... - . - - - - - - - - - . - - - - -.. - - . __ - _ .. __ .. __ .... __ . 40, 000 

SECTION YI. Coast, Heys, antl Reefs of Plori11a. 1''mLD·WORK.-To determiue the lougi­
tude of points ou the western coast of Florida; to continue the triangulation and 
topography from illatrmzas Inlet south warJ towards lJlosgnito Inlet; to continue the 
surYey of Tampa Bay; to complete the hytlrography of the Floridri Beef, aud that 
of the bay of :Florida; to make explorations in the Gulf 8trwm, and the tidal and 
magnetic observations. OFFICE-WORK.-To make the computations from field 
ouservations; tu draw and engrave additions to off-shoni Chart No. X, (Plori'.da 
Stmits,) and No. XI, (Key nrcst to Tampci Bay;) and engrave Coast Clmrts ~o. 70 
and No. 7J, (Key West to Tortugas,) will require ......... _ ..... _ ..... _. __ ......... -10, 000 

Sr.;CTION VII. Gulf Coast of the Florida Peninsula north of Tampa Bay and coast of 
West Florida. :E'lELD·WORK.-To coutiuue the triangulation and topograpl1y ·of 
Chattahoochee Bay, and of the Gulf Coa~t eastward and westward from it; to meas­
ure a base of verification, aml to make such astronomical and magnetic obser.-ations 
as may be requisite in the sechon ; to survey and sound the entrance to the Su1canee 
River; to complete the hydrography of Saint George's Sound; and to continue the 
tidal observations. OFFICE-WORK.-To make the computations from field-work; to 
continue the drawing and engraving of Coast Charts No. 82 and No. 83, (from 
Ocilla River f;o Gape San Blas;) of General Coast Chart No. XIII, (Gape Sa.n Blas 
to Mobile enfrance,) and of Coast Charts No. 86 and No. 87, ( Ckoctawha.tchce en-
trance to Mobile Bay,) will require .................... _ . . • . . . . . . . . • . • . . . • . . . . . . 30, 000 

SECTION VIII. Coast of Alabama, lllissis,~ippi, a.nd part of Lottisiana. FIELD-WOltK.­

To extend the triangulation westward from the Mississippi Delta, along the Gulj' 
Coast, and to make the astronomical and magnetic observations required in this 
section; to continue the survey of the .lllississippi River, and determine points iu 
the vicinity of Saint Louis and Cincinnati; to continue the hydrography of the 
.Mississippi between the head of the l"'asses and Kew Or-leans; to complete the sur­
vey to the northward of Isle au Bret.on Sound, and to make the tidal observations. 
0FFICE-WORK.-To make the computations pertaining to fieltl-work; t-0 continue 
the drawing and engraving of the General Chart No. XIV, (G1ilf Coast bctu:een jllo­
bile Point and Vennilion Bay;) to complete Coast Chart No. 91, (Lake Borgne and 
Lake Pontckartrain ;) continue No. 92 and No. 93, (Ckandele1tr Islands to Southwest 
Pass;) and complete No. 9!, .(Mississippi Delta and River,) will require . . . . . . . . . . . 50, 000 
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SECTION IX. Coast of part of Louisiana mul Coast of Texas. FIELD-WORI>:.-'l'o meas­
ure a base-line for verification; to continue the triangolation and topography of 
Madre Lagoon, from Co11Jus Christi Bay southwaru; to complete tlie hydrograpby of 
San Antonio and Espiritu Santo Bays; to continue the off-shore l1ydrography, and 
to make the requisite tidal observations. OI•'FICE·WORK.-To make the office com­
putations; to continue tho dra"ing and engraving of General Cllart No. XYI, (Gulf 
Coast from Galt•e8ton to the Rio Grande,) aud to engrave charts of Corptt8 Clii-fati 
J>a8.~, .Llransmi Pass, and l'a1Js Gai·allo, 'rill require . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $:.l:J, 000 

Total for the Atlantic Coas(, ant1 Gulf of l\fexico.. . . . . . . . . . . . . . . . . . . . . . . . . $391, 000 

Tim estimate for the "Testeru Coast of tile United States is intended to provide for the follow­
ing progress in the snrve,y: 

SECTION X. Coast of California. FIELD·WORK.-To make the requisite olJsernltions 
for latitude, longitude, and azimuth, at stations on the coast; to extend the trian­
gulation and topography from Gariota, to Point Conception and Point .Arguello, and 
tlrn son'ey north and south of Shelter Cove; for tile topograph,Y of Ta111al Pais, and 
of the southeast Farallon; to extend the topograplJy between San Gabriel River and 
San Jiur-n Capistrano; to continue tlJat of the coast south of 8an Simeon, and from 
San Luis Obispo to Point Sal; also from Gi~ffee's Cove towards Jlfondoeino Bay; to 
continue the plane-table sun·ey of the Santa Barbara Islamds, and make the requi­
site triar1gnlation; to continue the L,rdrographic reconnaissance between Sari Diego 
alll1 Pmwma., aml soundings i11 the western part of the Sanf£i Bnrbara, Channel; to 
extend the coast bydrography from False J[[amath northward to the upper limit of 
the section; to continue tidal obserrntions. OFFICE-WORK.-To compute results 
from the fteld. records; to draw and engraYe preliminary charts of the coast from 
Point 1'inccntc to l'ohit Conception, including Santft Barbara Channel, anrl of the 
coast from H1tmboldt Bay to Trinidad Ilmd; to make additions to tlle General 
Cl1art, i;howing the coast l>etween San Diego and Cape Jlendocino, aml for the issue 
of a chart of tlJe vicinity of Point Saint Grorge, inclnding Crescent City Harbor; 
also for operations in-

SEUTION XL Coast of Oregon and of Wa~~ltingtmi Territory. FrnLD·WORK.-For the 
determination of latitude, longitude, and azimuth, at stations in the section; to 
continue the triangulation am~ topogra1>hy from Cape Sa.ii Sebastian towards Port 
fhjord, and include the hsdrography of the Orford Reef; to extend tlJe detailed 
suryey of Slwalwater Bay southward; to continue the topography of the shores of 
Colwnbia Rirer; to extend the hydrography of the coast of Oregon south ward from 
Cape San Sebastian; to continue the topography and requisite triangulation of 
islands in lfoshington Sound; to extend the hydrography in their vicinit,Y, and the 
survey in Puget's Bound; to make tidal obsen'ations. OFFICE-WORK.-To make 
computations; to draw and engra\'C charts of Orford Ree;; Port Discovery, and 
W ashingwn Ba,·bor; and to make additions to the charts of Washington Sound, 
Puget's Sound, and of the coast from Cape 1lfendochw to Vancouver Islnnil; and for 
operations in-

SECTION XU. Coa,st of Alaska.-To continue the bydrographic reconnaissance in the 
vicinity of the .Aleutian islands, with observations on the tides and currents; to 
draw and. engrave the results of the explorations; and to make additions to the 
three J1ydrographic sheets of the coast of Alaska, will require .. , . . . . • . . . • • . . . . . . $24.0, 000 

]<'or extending the triangulation of the coast survey so as to form a geodetic connection 
between the Atlantic and Pacific Coast.'! of the United States, including compensa­
tion of civilians engaged in the work, per act of March 3, 1871: Provided, That the 
triangulation sl1all determine points in each State of tile Union which shall make 
requisite provision for its _own topographical and geological surveys. • . . • . . . . • . . • . 30, 000 
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For im.r and rations of eng·ineers for the skamers used iu the const Sllr\e.'·, no longer 
supplied b;y tue Navy Departnwnt, per act of J mie 12, 1858 ............... _ ... _ .. 

For continuiug the publication of the ohi-::ervations made ia the vrogress of the ('.Oaf<t 

sm·,·e;y, includiug compensation of ciYiliam; engag·ed in the worl·, per ad of ~fardt 
3, 18-13, the publication to he made at !iw Gon•rnmeut l'l'inting Oftie~·- .. 

For repairs and maiute1rnnce of the compleme11t of ves8el8 u"ed in tl1e cua;;t "mTe,Y, pee 
act of March ~, 1853 ..... - ........ __ .... _ ....... _ ............................ . 

Eno, ooo 

10,000 

4:1, ouo 

The annexed table shows in parallel columns the appropriations made for tlw fbcal :year 
1871-'7:J, and the estimates now Stlbmitted for the fiscal sear 187:!-'73: 

-------------~~-~----- -------·-

Fnr eont.inni11;::' t11e l'illl'Y<'>. of tlw A tbntic and(; nJf ('oa~tl-' 0f the Pnit<'tl Stntct". aw1 Lal-.<' C'lmnq11nin. iudrn1· 

ing- compt:'llflatio11 of <·h·ilirms C't1g:.ag·ed in Uu Wol'k, Hild .--x-d111liu:.?.· pay amI t·nwl1t111(~11t:-< of o1lij•H·:4 of tht 

Arm.y aml N.n-,v. a.Jll1 pdty ofiit·•·rH an<l nwn oft he Kaxy l·rnplo.n·tl ill t1H' wo1·k~ pei· Hl't of :\Lth•h 3, ])-14:1. _ .. 

For continni11µ. tii<t· t:nnTe,\ of t)w \Yt•:..;tu·n coa:-1t of 1.IH, l'ui1Hl f-:rtat«t-i. iUt·l11~Jii1~ tonq1<'11~utio11 of dYilian:-i 

cnAage11iu the work~ peraetot' ~qttemlwr:J(), JE;,() ............................. -···-···-·-----------

For exteuilin~ th(· trian;rnlatiun <if tLl' Ccm:st :-:.ur·vc:'-· ~o a~ i,1 form a ;.;t'tHldi<· <'ouncct ion h!'twt·t'll t 1w Atlautfr 

antl rudtic coa~tA •1f 11w Cnitf'tl f;tatt·:;... arnl n~~i~ting i11 th(· :-itatt' SHl'Y<',\"S. iudaclin;,;- compn::-;atinn of 1 

ciYiliarn" eugaged iu tlw wnrk1 )WI" ad 11f Mareh :!, 1871 .. __ ........ ·--- .. __ -- . _ .... __ .. --· - .. --- _________ . 

For pa.'· aml rations of PIJ;.!im:cT:-; for tl1e l'lli':-t1111.:Tti u~ed hi tlw Coa:-l Snn·t·y, uo 1011.:;(·J" Htppli1'il h.\ th1• N.·n·.' 
Department, per ad <1f Jmw 12, 1-'3.:J8 .... 

For contiuni11~ the pulJlicatiun of Liu~ observatiun8 ma.di• in thP. prngrest" of t}ie Con~t Snn···.Y. indntliI1~ com­

peuiial.iou of civilians c•11µ:agt·d in the "01k, per act of 1lnn:h :~. lt--l:l, the puLlieatiu11 to be m;:ule- at tlte 

GoYPrmuc•nt I>i·iuting (H\kt~ ......• ·-- _ .. -----. ___ ... ---· ______ . -·--· ...•. i. •• ---- •••••• -- •••• --·-----·--· •• ' 

For repairs and maiu1e11ance o1' t}J(': compk·rncnt of vesfiel~ lll:Wd in tl1l· Coar-l Sun f'.', iwi· act of ~lan.:h 2. lt','J;L · 

Total. ..................... ·················· · · · · · · · · · · .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. · · · · · · · 

SOLAR EOLil'SE OF DECE:ilIIlETI :.!:.!, 1870. 

EHtinrnted for ApproprLtt(•d 

fiscal y('ar for 1ist•al 

t::J!!l. oon ~3rit.ono 

~-10. ooo 2-l!i. 000 

30,-000 l:J. uno 

HJ, 000 ' C.,Ofl<J 

](J, 000 10, 000 
4,-) 000 4,·}. ono 

72G. 000 , 70G, COO 

Certain astronomical phenomena of rare occurrence ai1d high importan!'e for the a(l\-ancemeut 
of human knowledge, ha Ye, in all civilized conntrimi, since modern science has been eultfrate<1, 
been deeme<l matters of national importance. Amo11g these are total eelipsP8 of the snn, m11l for 
many years it has been customary for the great nations to orgauize expeditious for tlte.ob::;erYation 
of them. The first total eclipse Yisible in this country siuce the formation of the GoYerumeut was 
that of Jnue, 180G. ThiR was accurakly obsen'ed at several points, and a valuable pai11ti11g· was 
made of it. \Ve were not fiwore<l with anotlier uutil .Xm·ember ;-)(), 18:>±, when the moon's ><lrndow 
passed o\·er the contment from northwest to southeast. Ti.Jis eelipse was ousened by B. T. Paine, 
esq., of Boston, at Beaufort, S. C. A third eclipse did not Yi sit our country until 18GO; hence, at 
that time this wonderful phenomenon was for most Americtin astronomers a matter o~ hearsa,Y."' 

The path of the eclipse of July 18, 1860, was from Washington Territory to the northern ::;!Jore 
of Labrador, and thence across the ocean to Spain. This ecli1>se was observed by expeditions 
organized under the Superintendent of the Coast Sm·n·y, and the re~mlts are publisl1ed in the report 
fort.bat year. It was also obsen·ed by tile astronomers of several governments abroad, and was 
the first tot.al eclipse which was photographed. In 1868, British, French, and Germa11 expt>ditious 
were fitted out for the observation of a total eclipse in India. On tl1is occasion brilliant discornries 
were made in regat·<l to the spectrum of certain rose-colored promi1ienccs seen about the sun at s1Id1 
timeFq and these discoveries baYe been increasing in interest ever since. In 186\) another total 
eclipse was visible in the United States. It was observed by parties orgmiized hr the Coast 
Survey and other Government bureaus. The results were of high importanet>. Photogniphs of 
the whole corona were taken for the first time; the first observations were made npou the spPc­
trum of the corona; the radial polari~ation of the corona was first observed 'Yith care, wl1ile 
the former knowledge of the subject was advanced in every direction. The results of these two 
----------------·---- ·---------------· 

• Mr. G. I'. Bond hnd ol>served the eclipse of 1851, in SwetleIJ. 
2cs 
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eclipses were of such importancf' in regar<1 to one of the chief scientific problems of our time, the 
constitution of the snu, as to exeite the profoundest interPst throughout the world. It was felt by 
ever,Yhod,Y, evPn cmmalJ~~ iutere;.;t1~<1 in science, that, the eelipsf' of 1870 affon1e1l au opportm1ity for 
removing the last ollsuuity from the sn bject of the corona, snch a8 oui;:·ht not to lie let slip, the more 
so as no other eclipse wai'i exp1rnted to be obserYed during this century.* In acconlauce with these 
views the Hou. Johu A. Bingham, of Ohio, introtlnced a joint resoluti:::u, which was approved b;y 
Uongress aud tlie Ext•cnti n~, authorizing the fitting out of an American expedition, such as were 
to be sent out by Germany, hy l<'rnuce, by Great Britain, hy Italy, a11d by Spaiu, to study the 
pheuornena of this eclipsP. The late unhappy war prevented the first two nations from spating 
a11y of their enetgy for this peaceful emulation, but extensive preparations were made by all the 
others. The Ameriean and E11glish parties were in co-operation and alfonfod each other mutual 
aid. It is hoped that the good feeling thus engendered was not without influence beyond the circle 
of science. The ousern1ti011s of this eclipse had for their genrral result tlrn triumphant vindica­
tion of the American obi-ien'ations of the year befon·, the 11ovelty of wl1ich had made them some­
what suspected in Enrope; a8 well as the establishment of the supPrior acenracy of the American 
lunar predictions. Home uew features were obserYed in the corona and in the chromosphere, and 
other obsurvatious were multiplied. This is, however, not the place for entering upon the details 
of scientific proceedings, which will be given with all desirable fulness in the appendix. 

"\Vith a view of selecting localities where astronomical eorulitions, as well as those of the 
weather, might be expe<:ted to be favorable for observing, Mr. Charles S. Peirce proceeded to 
Europe in advance nlll1er my direction, a111l after visiting Ital~-, Spain, and European-Turkey, recorn­
ruended the occupation of statious in Southern Spain aml in Si.eily. The conntry east of ltaly over 
wltich tl1e track of the tota1it,y passed had the strn too low for photographic purposes. Considering 
the probable distribution along the line of totality of the European astronomers, I decided finally 
t:i dispatch two parties, one to ue stationed in the vicinity of Xeres, in Spain ; the other under my 
immediate personal direction, to occupy positions on the island of Sicily, in the neighbnrhood of 
Catauia. In selectiug observers I availed myself of such as had pl'e.vions experience, which, in 
matters pertaiui11g to solar eclipses, is of much importance, and whose former serdees i11 the special 
lines of duty assigned gave full assun111ce that no fact that could possibly be lloted under the cir­
cumi;tances 'vould be lost. 

The party orga.uizecl for service in Sicily ha.cl the threefold dut~, assigned of making measures 
of precision, includiJJg the determination of the geographical position, aml local time of contact; 
of getting photographic impressions of the various phases of the eclipse and of the corona; and of 
analyzing the corona l.J~- means of the polariscope and spectroscope. Accompanying phenomena 
wPrti :ihm to be reconletl. To i1nprrwe, a.s much as possible, the chances of the weather, the party 
was sprearl over as large an area as could conveniently be included, a precaution which proved of 
great ,·alue, as may l.Je gathere<l from the account of the labors of the party. 

A most cordial co-opc>ratio11 with the party of British observers, several members of which took 
position at Catania, was maintained throughout our sta;y. While in England and on the continent, 
on my way to the place of oLsernttion, the opportunity was taken to procure additional instru­
ments required for our purpose. 

The party is indebted to Mr. "\Yildiug, our vice-consul at Liverpool, and to Signor Cattaneo, 
Italian consul at that port, for affordiug facilities to pass our instruments th1'ough the l\Iessina 
custom-house. Our thank;; are especially due for most effective assistance re11dered in receiYing, 
storing, and forwarding our instruments, and reshipping them for New York, to our consul, Mr. F. 
W. Behn, at Messiua, and the vice-consul, Mr. Aug. Peratouer, at Catania. 1Ye were indebted also 
to Professor Lorenzo Madden and Professor Orazio Silvestri, of Catania, fol' assistance, and to the 
municipal anthol'ities for permission to use the grounds occupied by the ohserrnrs. 

The distribution of the party in tlie vicinity of Catania, and the naturn of the results secured, 
will be briefly mentioned. 

Our principal station was in the gardt>u of tlte Benedictine convent of Saint Nicola, in the 

~Nevertheless, the British government bas sent ont l'arties to another eclipse in 1871, in India and Australia, and 
three .American astronomers baYC Leen invited, through the Superintendent of the Coast Survey, to join the expedition. 
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western part of the city-a position selected hy As8iRtant Charle!'\ A. Sehott, who tleterrniued earl)' 
in December the latitude and longitude, an<l also the local time. L. 2\I. Hntl1erfnnl, esq., of :Xew 
York, JffOYided photographic a]lparatus for USP lJ_v Mr. H. G. Fitz, optician, who was sent in charge 
of the equatorial, and was assiHted by Mr. D. C. Chapman aml !\Ir. Bnrfress, puotograpllers. I<or 
determining time and latitude, Mr. Schott nse<l the portable meridian te]p;;co1H1 C. S. No. 9, ancl 
sidereal chronometer Ke,;sel, 1287, ,,·hieh was rated at \Yashiugton, am1 eheck<'d at I~oudon, Berlin, 
J\l1111id.1, a11d NaplPs. For local ti111e comparisons tl1e party is indebted tP Dr. Fiirster, director of 
the Berlin obsen-atory; to Dr. Lamont, director of the :\lunich obserYator~- ; and to Professor· de 
Gasparis, director, and l\lr. Fergola, assistant of the obseryatory at Capo di }loute at :'.'>aples. 

Transits were recorded on fhe nights, and thirteen pairs of stars were observed for latitude; the 
longitude <lepends upon that of ~aples au1l :\Iunich. Iu order to secure accurac.Y, l\fr. li. H. D. 
Peirce compared chronometer times at Ssracnsc with the party of ohs<'n·ers from the rnit<'.d States 
Naval Obsenatory, thus ;-erifying the determinatiou fo1· longitude of the respectiYe statiom;. A 
number of chrnnonwten; were in all\·ance rate1l for the nse of the ollserYers, and a small triangulation 
was made uniting the eclipse statiom; in the garden with the triangulation b~· Dr. Peters and Barnn 
"\Valtershamien, who sun·eyell that Yicinity predous to tlie year 1841. It j,.; g;rntifying to note the 
very cloRe aecon1auc11 betwc•c11 the earlier astronomical determinations aml those taken thirty years 
afterward. Time-,.;ignals, by hcliotroves, were sent aud recei\·ed by the observers at Catania and 
at the 2\fonte-Rossi station. 1\lr. Schott included in his series of geographical positions the three 
11laces occupied in the garden of the convent, two by the English party in charge of l\Ir. J. Sorman 
Lockyer, and the other by l\lr. J. H. 1,:rne, of the oftice of United States 'Yeights and l\Ieasnres, who, 
though fully in·epare<l for spectroscopic 01HmrYatio11s, was lWP\·ented by nnfaYorabk weather from re­
cording special results. The photographic part;\· secured f'ort_y-fi\·e 1wgatin's of the sun, se,~entPPu 
dming the eclipse and lwfore totalit,,-, and fourtl'l'll n fter it, at irreg11lar int t•nals, taking achantage of 
lweaks in the donds. Tiu• 1liredim1 of a prualld of <lPcliuation was indicated by the image of a thread 
so ailjn~te<l before the Pclipsr that a solar spot mig-lit lw st•en as moying- along· tbe thread during the 
transit. }fr. Fitz operated the <'qnatmial and timed the pictures. Au attempt was made by means of 

. an ordinary camera to spcure au impre:-;Rion dul'i ng tile momentary appearance of a portion of the co­
roua. 'J'hc time of the tirst coutact was notl'd by :\fr. Schott, who wm; apprisNl hy a pistol tired h;-.· a 
mem berofthe English part~-, (the report by pre-concert,) indicating that :\lr. Lock~·er had already spec· 
troscopically noted the approach of the moon's limb oyer tlle solar chromosphere. The dense clouds 
which came from the direction of l\Iount Btna and to the we,,;t of it defeated all attempts at obsen·. 
ing the times of the inner contacts, aud of the last contact. l\lr. Hchott, hmveYer, sa:w through a 
rift in the clouds a part of tlrn corona to the northward and eastward of the sun's center for about 
three seconds. It appeared in sharp outline, nearly concentric with the moon's limb, of white, si!Yery 
iight, extending, by estimation, to about one-third of the moon's radius. The light tint of ora11ge­
yellow, usually accompanying total eclipses, was seen about the southern and eastern llorizou. The 
first contact, or beginning of the eclipsl', as prndicted from data in the American I<Jphemeris, was 
only three and nine-tenths seconds earlier than tl.JC time actually noted in observing at Catania. 

~Iy own station was about three miles uortli of Catania, at the villa of the l\Iarqnis di San 
Giuliano, whose obliging courtesy is a subject of grntef'nl remembrance. There the weathPr was 
more favorable than at t.he cits, and afforded a full Yiew of the corona, the studs of whch was 
made a special object. l\Ir. C. S. Peirce obsen-ed with a polariscope aud obtained good results. 
l\frs. 0. S. Peirce was successful in drawing the corona, antl distinctly recognize<l the dark rifts 
which have become the subject of discussion, and which were photographed by !\Ir. Brothern, of 
the British party, at another station. Farther north were stationed BYt. Brig. Gen. H. L. Abbott, 
United States Engineers, Professor Roscoe, of England, and Signor Anwrigo de Scl1io, Dr. Yogd, of 
Berlin, and others. Their object was t-0 observe tile phenomena of the eclipse at the greatest possible 
height on the soutllC'rn slope of Mount Etna, for comparison with similar obs!\n«ltions taken at 
8tations near t,be sea-level. It is much to be regretted that this party wa,s overt.aken by a snow­
storm, which obscured the sky, and obliged them to descend during tbe time of the eclipse. 

A few miles to the westward and northward of Catania, at one.; of the trigonometrical signals 
on the western peak of Monte l::.Os8i, Dr. C. H. I<'. l'eters, of Hamilton College, Ulinton, :N. Y., 
and Sub-Assistant ·w. Eimbeck, ;;elected a position for obsening the eclipse. DL Peters lrnd a 
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spectroscopic apparatm;, and l\lr. Eimbeck a comet-seeker. Tllis party, also, had unf::worable 
weather, but snccet>tletl in uotiug the ti1ues of tho ilr,.;t coutact autl of the last cm1tact-the last 
through thick lwzt:>. The i11tnior contact" were lost ou acconut of a passing hail-storm. ::\lr . 
.Eimbt•ck also ui-;sisted Mr. 1'dwlt i11 recordi11g tran:>it::; aud other ol.J::<e1·yatiom; at Oata111a. 

I>rofessor .J. C. "\Yatso11, of Aun Arbor, l\lieh., oeenpied a statiou ou the liigh gT0111Hl uenr 
Carleutmi. The weather thPre was f;woraule during the time of totality. Profestmr \Yatson 
made ohsern1tious which resulted in two colored drawing8 of tht• corom1, of unriYalcd fullnesR of 
drtail aml acenracy. Dr. T. \Y. l'an;ons, at 8yracuS(', also made an elaborate colored represe11ta­
tion of the eclipse. 

It will thus he seen that my part)- in Sicily were <1istribntecl to the north of the track of total 
ecli1ise, while ;;tations to the south of it were occupied by the party from tlic· United Statt's Naval 
Obse1Tah1r)·. Statious on the central liue wern oeetqiietl h.r the ltaliau astronomers, including the 
Padre Secelii, l'roft>ssor Cacciatore, a1Hl others. 

A 1letailed account of the n~:mlt8 of ulnwrntlio118 will be found in the Appendix No. 16 of the 
report of 1870. 

l take this opportuuity to meution the kindness of lfrnry Suter, esq., lfrr Britannic Majesty's 
>ice-consul at Laris::;a aud Volo, who, whPu it was contemplated to send a party to Larissa, 
nft'ortkd en•ry facility fur the prosecution of inquiries; ancl was in reatliuess to assist furtlier, if 
it had been expedient to occnpy a station near that city. 

The general cliargc of tlte ol>::;ervations to be made ill Spain was assigiwd to Professor Joseph 
"\Yiulock, director of Harn1nl College OlJst>rvator.r, Cambridge, .!\lass., with AsRistaut George W. 
Dean, of tile Coast Snn·e,\·, as executive oi'fieer. 

The party of elevPH ver:so11s from the l!11ite1l States vrns orgnnized early in OctoU€1" 1870. 
Nearly all were scie11tific ouservers, and La(l been so engaged tluriug- the total eclipse in August, 
18@. 

Two English and one Spanish ohsen·er joineil the expedition at Jerez, and it is highly gratifY­
i11g that 11otwitilstall(li11g tlie uufavoraule weather 011 the 11a..r of the eclipse, most ot' tlie observers 
\Yere <Juite ;;ucces:sful. 

It l.Jeiug llesiral.Jle to obtain ns far as practicable in mh'ance, information in regard to the 
meteorological cow.litious of the winter climate of SouthPru Spa.in, .Assistant Dean, before leaving 
Euglaml, colleclell statistic;; wltieh proved oi' much valne in selecting the locality ju Spain for 
oh,;ervi11g the edip:;e. l\1r. Dean was cordially assisted iu his inquiries l>y the .A.strouomer Hoyal, 
aud by several members of the l:Oyal Astronomical Soeiety. 

Profe::;sor \Yinlock, Ca)Jt. 0. ll. Ernst, of tLe United States Engineers, P1·ofessor C, A. Young, 
Profe;;isor 8. P. Laugley, Professor Edwaru U. Picl,eriug, aull seYeral other nwmbers of the expedi­
tion, sailed f'nrn1 ~ ew Ymk fol' Lin~rpool early in November aud reached J ... oudou about the n1id1lle 
of tlrnt mouth. J\1ost of the in8trurneuts and equipments were reshipped at Liverpool for Gibrnl· 
tar, arriYing at the latter port near the close of Novembe1·, aud from thence were forwarded hy 
1>teauwr to Calliz. 

The iuformation ol>taine<l from commanders aml chief officers of steamers plying bPtween 
Englauci autl ~'\kditernuwan pOl'ts, in regiud to prnbabilities of weather, was confirmed l>y the 
olJservatious of other gcntlemeu, who had long resided in Soutllern Spaiu. Comparison of state­
ments showed that the prospect for fair weather on the day of the eclipse might IJe hoped for at 
poiuts OH or uear the Atlantic CoaRt. 

Tue geogruphieal position of Jerez being favorable; with good facilities for transportation by 
railroad from Cadiz, Professor "\Viulock decided to make the necessary arrangements for observing 
the eclipse near tliat place. 

The principal station was located about a mile northeasterly from the city, in an olive grove 
helongiug to Messrs. l{ichard H. Davit's and brother. These gentlemen placed their grouncl8 and 
huildi11gs nt the disposal of the expNli ti on, and their cons taut aid and generous hospitality to all 
the olJ;;ernr~ during their stay at JNez is gratefully acknowledged. 

Some dela,y was experienced in obtaining lumher and other materials, but all difficulties were 
readily met. Ou the 16th of' December the instruments were in 1iosiLiun, and good ~bservations 
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for time and latitu<le were made by Assistant De~111 and Captain Emst, assist.ell liy :\fr. Henry 
Garn1ett, of Harntnl Cul!t,ge Oh;,:crn1tory. 

ThCSl' obserYat1011s w<>re n•p\•att•d on ;;e\·e1·al fanirable niµ;ht;,:, in:11l('diatel,\· pl'l'eeding tlw dny 
of the edipi;e, at which rlate the latitmll' aurl ll>cal titne at tlll' eclipse station h~Hl lweu W•~ll 

<letermi11l·d, completi11g the 1wcPssary arra11gernl'Hts for olrnen·i11g· the plH'IWnwna. 
The day precl•rling the eclipse was unusually pleasant, lint a bout 111idnig·ltt dondl' bpga11 to 

coyer the 1-'ky, and iu a few 110urs the min fell rapirlly, with R strong wi11tl from tlll' sonthwt·~t. 

'Ihe JH'08\iects for success 011 the m01·11ing of the '.!:.M of Ueceu1 ber were l'Xcet•<li11gly donl1tfnl; 
1u•Yertl1ell'!'s, ead1 ohspryei· couti11ued to perl'eet lib arnnq.:·\~111e11ts, l10ping· that hefore tlw lwgim1i11g 
of the (•clipKP the clorn]I' woul\l ope11, and gin• an opportuuity to all to <:otupletl' tlw ol1>"Pn·:1tim1s 
RO earnestly desired. Tllf'~it' hopes \n~n~ iu tlw 11Jaiu realizPd. Tlw ti111e of tlw ';.first c111i/a!'I·' \Yas 
suecessfully rt>conle<l b~· ..AtisiHta11t Dea11, aud a fe\\' l:\l't'.Olldt:i later tlH' pliotogTapher of tlie expptli­

tiou, :\Ir. 0. JI. \Yillm:d, of l'hiladel11hi:1, ohtailll'll a goo•l photograph of tlI•' ,;1111. T>ming the 
progres::; of tlie eclipRe Air. \\"illan1, with the assi;.;;tallce of :\Ir. ,1. ::\Jaltoiwy, took fo111tet·11 11hoto­
gTapLs of the <'elipse, one of tuem exhibiting· Yery RatisfactoriJ,,- t11c coronal structun, dm·i11g· 
totality. Tlic equa!orial tclest.:011e used by tlic photograplwr lial' a focal lengtli of al)()ut HP\·e11 

fret, with au aperture ot' six mHl a lialf illclws, correctP<l for netiuic ra,YS. Tlti;;; .in,;tl'lllllPIJt antl 
se.-eral others for th(' Re1Tiee were fm'11ishe1l h,Y Prnft>ssor \Yi11l<ll'k. ThP photographic teles('O]W 
11sed hy J'llr. Cmrnl'tt had a focal h•11gth of about thirty-fh·e fi,et, "·it11 :rn ape1·tm·t• of four iuche,;. 
Tlth; telPscope was firmly a<ljn,.;tell iu a ltorizontal pusiti011, TeCl'iYing tlw ;;olar m:-;s frnm a 11Hl\'ahle 
heliostat near the ol~jectiYe. l\Ir. Gam1ett obtained fi H' photogTaph i-; iu the courde of the eclipse, 
but owing to partial obscuration h~~ c1011tls tlley \\'l•n• uot entirely 8afo.:factory. 

The time at whit:l1 eal\h plwtog-raplt was take11 \\:ts rpconled by the ehrn11ograph. 
Spectroscopic obst•rvatiom; upon the sun were n1adt• by l'rofessor \\'inlock with two prisms, 

att:whe<l to a tin~ aml a lrnlf inch acluomatie telescope. l'rofcssor \Viulock h:ul <le,·i::;ed a Yer.r 
complete apparatus for recording the positioui:; of the li11es ;.:ec11 ill the 1-'pectro,;cope m; rapidly as 
the observer could point upou them, aud \Yith a precision equal to me:umrements with a microaw­
ter. Jlefore leaYiug America,·each s1>cctro:scope for use in t:\pain was proYided with thi8 apparatn8, 
which consi;;tpd essentially of a steel point or g1·aver, movuhi(~ by a rnicrnmetL•r-scrl'\\·, so that in 
pointing npou any line iseen iu the ispectroscope the exact position of the line would l.Jt:> reconleu 
upon a small siher plate, when tlJc ollser ... cr pressed the grayer ke~·. l'rofe8sor \Yiulod;;. observed 
a faint contiuuon8 1-<pectrnm, without dark lines. Of the bright lines, the most conspicnous was 
Kirchoff, 1474, which was seen in all the spectroscopes. 

l'rofessor Young, of Hanover, N. II., used a new spectroscope, recently designed hy him, a11d 
constructed by Messrs. Akan Clark & Sons, ofCambridgeport, .Jlass. It Las a train of six prisms of 
heaYy fii11t glass, each two and oue-fourth inches !Jigh, and having a rf'fractiug m1gle oftift,\·-fiye de­
grees. AR e\·enth lw!fpriRm follows, on the hack of which is cemented n righ t-a11gh·d prisrn, b,Y which, 
after t\vo totul retlections, the Jig Lt is seu t baek through the npprr part of tlH' t1ame train of prit1ms 
until it reael1Ps tl!e obsen-iug telescope. A descri11tiou of this i11.;trnme11t bas hel'll publislied liy 
Professor Yonug in our sci en tifie jonruals. 

\Vith this spectroscope attac!Jed to the Dartmouth College e11natorial, hadng a foc;:il length of 
nine feet, and aperture of six and a half inches, l'rofe;.;;::;or Young was enabled to watch the oecnl­
tations of the protuberances, and announce the approach of the moon seYernl ;,;ecoucls before the 
".first contact." \\'ith the slit of the spectroscope p]acecl tangentially at the moment of ohscurn· 
tion, t.he field of the iustnuuent was filled 1«itli urifjltt line.~. 

Mr. J.>;ye, a young gentleman who assisted Professor Young, saw tllis '"ith a spectroscope of 
one prism. 

Mr. Abbay, of 1Yadham College, Oxford, also obse1Te<l with a spectroscopr, mid his results 
were soon after published in the English journals. 

Professor La11gley, of Allegheny, Pa., obseryed the structure of the corona. with a grnnd 
achromati~ of four i.ncbes aperture, and a power of allont 011e ltn11dred and fifty. Il1' reports that, 
on the cfosest scrutiny of the llart nearest. the sun, uothing· was seell hut a nearl.'· uniform diffnse<l 
light, except that 011e dark ra,y in the field was noticed to l.Je al.Jsolntely straight, aml nearl.r radi<d. 
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The outline of the corona was rougbly qnadrangular, the larger diagonal making an angle of nearly 
forty-fi,·e 1legrees with the vertical. Professor hrngle.r also used a SanHt's polariscope, which was 
attached to a ;;mall tele;;cope of one and a lialf inclies aperture. During totality the bands were 
distinctly seen on the corona, and were brightest where normal and tangeut to it. As the polari­
scope was slowly rotated, no marked cba11ge of tbeir brightnes:;; was seen during the whole rm·o­
lution, and the,y prese11te1l the appearance and characteristics of radial polarization. 

Captnin Ernst occupied au elem ted station about half a mile northwest of the principal 
eclipst'·!'tation. His obsen·ations \H're npon the general appearance of the corona and landscape 
during totality. :Vfr. Gordon, who resides in the Yicinit,r, was at the same station, and made an 
excellent sketch of the corona. 

J>rofrssor l'iekering, of Boston, also occnpied the station last mentioned, and successively 
used an Arago polariRcope, one of the Pro:ymowski form, and a Savart, and ol>tained similar results 
'rith each, \1·hich ilJ(licated the radial polarization of the corona. 

The light covering· the moon's dilic was ol>sern•<l to be polarized tlnoug·liont in the same plane, 
and the OOSl'fYatiOllS showed tlJat the .Arago aud otht>l' poJariseopes dependent Oll color, Were Sllfil· 

dentl;r lh•licate to determine the pla11e witl1 accuracy. 
l\Jr. P.oHs, at the same station, used a moditlcation of the Bunsen photometer, and obtained 

sen>ral accorrlant measnremeuts. showing that the light was about eqnal to that of a candle burn­
ing at a distance of two feet. 

\Yhile the prelimiuary ol.JseTYations at the "Olfrar station," at .Terez, were in progress, a meridian­
line, one lmndn'd and forty·six metres in length, was establi~hed and carefully marked with stone 
posts us Assistant Dean. 

\Yitl1 tlw frit0 11dly co-operation of Captain Pujazen, director of the San Fernamlo Ouservatory, 
arrange111e11ts wel'e alRo made for excha11g·ing clock-signals by telegraph, for the purpose of deter· 
mining tbe longitude of the Olivor station, but the continual storm;y weather preYented the execu­
tio11 of t11i,,; work. As,;istant Dean acknowledges tile valuable assistance rendered by Uapt. Jose 
S. Montop~ chief of the :Spanish Coast-:SmTl\\·, "·ho, in addition to other data furni,,;hed, kindly 
offered to com1ect the ..c\merican eclip~e·statiou uy triaugulation with the. Spanish suney. 

Captain l\loutop's observations place the longitude of our eclipse-station, at Jerez, 4' 55".3, or 
HI•. i, ea.~t of the ol.Jsenator.r at San Fernando, which would give for the Olivar station a11proxi­
matPly 41o 4am 4'.l'.1 east of \\-ashington. 

The expedition was succet-;sful, aud results of great value have been ohbtine(l. In the appendix 
(~o. Hi of tl.Je report of 1870) will be found the details noted by the several obserYers. 

J\lAG-NETISJ\I. 

Obsen·ations made b_y the. field-parties for determining the magnetic declination, dip, and borL 
zontal intt•nsity will be meutiorwd i11 connection with other iirocesses of the suney, to which the 
obser\'atious were incident in several of the coast.sections. 

At the mag1wtic station on Capitol Hill, i11 \Vashington City, Assistant Charles A. Schott 
recorded, in ,June, n compkte series, and from his ol>scrnltions deduce<l the declination, dip, and 
inte11sit.y. His succe!-lsive ;yearly Tesults make parts in the discussion of t,IJe secnlaT variation at 
'Yashington City. 

ln seYeral iustances, "'itbiu tbe year, ob servers not connected with the survey have availed 
tl1eirn;elves of the means afforded at the standard station for testing and comparing their mag­
netic instrumeuts. Those now in use in the Arctic expedition, nuder Captain Hall~ were adjusted 
b,Y the assistance of Mr. Schott. The instrnments nsed by the exploring party of Lit>utenant 
\\'heeler, in tl1e rt'gion of the Uolorado River, were tested at, the same station. Assistant W. H. 
Dall, uow on the coast of .A.la;;ka, is provided with the means of making reliable magnetic observa­
tions; all the instruments for use under liis direction having been compared at the station on Capi­
tol llill just lll'Cvious to his departure for the Aleutian Islands. 

Late in N o\·ember, when tlle iro11 stPamer Hassler was about to sail from Boston, Assistant 
Schott, at lllJ re<1nest, made elaborate observations for testing the magnetie condition of the vessel, 
and for determi11ing the heeling error, and such other d11ta as might be requisite for the effective 
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use of the compasse8 in steering. The applirn1tio11 of i11strm11e11ts provi11e<l as tests, and \Yhich 
were left on hoard, was fully explained uy l\Ir. t-ld10tt. A:;; practical illnstrntio11s he measure11 tlw 
dip, the ratios of the horizontal and Yertical intensities, on shore and on the n•:>scl, au<l the dcYia. 
tiou of the standard compass for the hencliug of the Yessel at the time. l.1ieutenaut .:.\lmTa~- D. Da~-, 
of the llmssler, assisted iu these ohs1~rn1tirrns. 'l'ht> records arnl i11a11uab 011 the deviation of 1·01n­
passes ou board of iron ship8 were left in the charge of Dl'. Hill, "·lio HJ:(;ompauied tl1e hsdro­
grapbie part~· iu the Hassler. 

Oill'lTARIES. 

'l'he year 1871 has been nnnsnally marked with sadness to us by the prematttn• deHth of five 
of the younger men attaclied to the Stun•y, each of whom "·as known amo11g his associates arHI to 
myself as uf the most actin· a11!l 11:o;eful in hi!' grade. 

To the hy<lrographic division the chauge tlms wrought has lweu csp0cially severe. Tht' reconl 
of deaths iuclu<les one of its most trusted members. tind tw·o thoronghly-trai11t:d aids, 1Yl10 had gi n•n 
great promise of cftlciency in hydrographic punmits. 

Bub-A.~s·ista11t TI'illiam 11". Hanliuv tlicd of typhoid fen•r at l'hiladelpltia on the '.2."ith of SPp­
tembcr, suddenly closing, iu the midst of special a<laptatiou and earuest11ess in dut~·, a period Of 
twelve ~-ears of sen·ice. .At the <late mentioned hi8 part,v was eugage1l in hydrographic work on 
the coast of New .Jersey. Summer and winter, for sen~ral years predous, he had n11remitti11gly 
imshed similar duty to complete the su1TPy of tl1e brnU!'.hPs of the Cl1t>sapt>ake Ha~-, himself traei11g 
the shore-lines, aud in large result!,; giviug 8ure evidence of patience, energy, and skill. IIe had 
in full measure all the qualities desirable iu his profession. Iu him a enltin1tcd miud was rl'ad,v 
at any time to be enforcell lly a strong will, and the utmost which could thus lle done in auy direc­
tion he had of himself subordinated to the interest;; of tltl• work cummitt1•d to his charge. 

The social qualities of Sub-Assistant Ila1·diug cmleared him to all in the SnrH•y, aud to a large 
circle of friends outside of its meUJ hL~rt>hip. 

Arthur F. I'earl and Georr1e lC Bissell, two bydrographic aid,; of great mPrit, were drowned 
near Apalachicola, Fla., on the 2lith of February, together with four meu of the party on 8('n·iee 
in tliat vicinity. The disaster resulted from the upsettiug of their sail· boat iu rt very smldl'll squall 
of wind on their return to the anchorage of tile schoime1· Silliman, which was auout four rnileoi off, 
after having attended church at Apalachicola. 

These aid!! were young men liighly valued for their confirmed moral worth, and for iudustry 
and attention in the performance of duty. Both were good sailors, aud, uesides being wl'll quali­
fied in other respects, they had evinced strong inclinati01m toward the hydrogTapliic se1Ticc. 111 
that branch their tl10rough training had been strongly seconded by their own natin• e11ergy and 
readiness to encounter any dangers incident to tlie course of 1lnty. 

During several seasons the senior aid sen·ed in Ulwsapeake Ray, in the parts of Sub-A:ssistant 
Harding, whose subsequent untimely death has been already mentioued. For the wiuter sen-fre 
of 1870, Mr. Pearl, at his own request, was transferred to the warmer air of a station ou the Gulf 
coast, his over-exertion in the Chesapeake llydrograph;y having brought 011 hemorrhage of the 
lungs. His amiable companion, :Mr. Bissel, bad IJeen previously associated with scn~ral h.}dro­
graphic parties in different secdonoi of the Atlantic coast. 

Harry S. Hein, jnnior clerk in the office of the disbursing agent, died at his home iu George­
town, D. C. on the 17th of September, baying jnst passed the twenty-first ~·ear of his age. 

Under the eye of his father, and by implicit filial obedience greatly endeared, tl11s estimahle 
young man recently entered npon the discharge of (luties pertaining tot.he acconut;; of tl1c Sun·er. 
He was then robust and without any symptom of the ra.pill decline which, after a 8hnrt ill11P,;s, ter­
minated in death. The break thus made in a loving family.circle strongly moYes onr 8_rmpathie;;, 

.and our regTet for the loss to the service of so much promise. In the short period of his senice, 
Mr. Hein had won regard b_y his amiable deportment and IJy reacliuess in lmoii11ess. 

John H. Diggs, colored messenger, die<l of consumption, at his own honSl' in \Vashillgto11, 011 tli•~ 
12th of Jul_y, aged thirty-six years. Before the close of boyhood he ca.me iuto service in the CoasL 
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SurY{',Y Oft.ice, and his intelligenc(' and tact, shown in years of 1iersonal attendance on the Superin­
tendent, kept for him the uuyaryiag esteem of tile late Professor Ilache. The same qualities soon 
won my 1wrsoual regard. I Yalnetl him also as a man wllo lmd ripeuell iu kuo\\"ledge by constant 
de\·otiou to the iuterests of his otlicial superior. 

A few years ago, when stricken with pulmonary weakness, John 1Yas assigned to such service at 
the 01lice as least taxed his vi ta! strength. The progress of disease was not le8se1rnd, ;yet his 
duties wen' performed with but fmy intermissions until a few weeks Lefore Lis death. 

PART JI. 
In this part of the 1·eport will he giYen short abstracts of the work done by the se.-eral parties. 

The notiet'.S will be, as 11eretofore, arra11ge<l irt" geographical or<ler, liegim1ing ou the Atlantic with 
tile coast of .:Uaiue, autl clo:sing· with 1Jw11tiou of \\'Ork doue on the coast of Texa,.;. Ou tlle Pacific 
side, tlw most sonthem site of work will he me11tiouetl first, and others in geogra1,hical order 
going umtli\1anl, the uotiees closing 1Yith mention of al"nwgemcnts made for h;rtlrographic serYicti 
on the coa:st of Alaska. Field-work at point:-; intermediate between the .. A.tlautie aml l'acific will 
be placed in conformity wit-h the longitude of th(• sites. 

He1we rt'pmts ou the determiuation of geographical positions in Ohio, Illinois, Kentueky, aud 
J\Iii;souri will lie classed with abstracls of" work dn11e on tlw coa:st of th1• Gtilf of l\:Iexico. Tlte 
statements, concise as possible, will he limite(I g·euerally to meution of the sites, names of the 
assistants l'mployed, aud brief nwntion of statistics. llefore entering npou these details, a tew re­
marks are <lue to the distincti,·e l.Jrauches of tlle work. 

Tlie prng1·pss of tl1e triangulation 011 the Atlantic ancl Gulf coast.s during the past ,yea.r has 
fully realized the views whicl1 were embo<lie<l in my estimates of September, 1870. No plan, how­
en·r, in regard to special localities, made out a year in adnwce, can he adhered to in en;ry <letail. 
U11foreReeu emergeueies arise, a11d calls are made for special information. 'ro such contingencies 
the exte11JeJ operations of the sm·n•y have hee11 sul\jeet during recent ,yt'aJ'S in the interests ot' com­
merce aud for other pul.Jlic mws. IIenee, wLile the triangulatiou has not Leen contiuued at every 
localit,Y propo~ed in the estimate reterred to, ot!Jer sites, and sometimes other duties, have been 
substituted, aceording to t!Je uecessities of the service. In some cases, parties liave been concen­
trateLl, \Yh<·n· immeuiatl' results were advisable. 

I11clntli11g- the mmal n•co1rnaissauce and astronomical work inseparably connecte<l with the tri­
a11gnlation, thirte{'ll parties have been eug·aged in the course of the year at twenty-seven sites on 
the Atlantic coast and Gulf of :!\Irxico. This is exclusi,·e of otller branches, in oue or other of which 
parties lun-e operated wit!Ji11 the ;rear on the borders of all the seaboard States of the Union, 
excepting- Delaware and Alabama. 

In acconlauce with the recommeudation contained in my preliminary re1wrt of September, 1870, 
a smaJI approvriatioll was made by Congress; at its last sf':ssion, for counnenciug the geodetic con­
nection bet,ween the Atlantic all(l Pacific coat;ts, aud for the deter11ii11ation of poiuts in any of 
the interior States which may require them as the basis for State smTeys, or for the constr11ctiun 
of State maps. The expenditure of part of that small sum has already rtwealed a considerable 
error in the hitherto accepted geographical position of so pron1iueut a point as Oolumlms, Ohio. 
It is certain that any expenditure which may be m:-ule for this purpose will soon be repaid to the 
General Government by the more acc,urate iuformat.iou thus acquired in regard Lo dist-.tuces, or the 
Ieugth of post-routes, upon which coutracts for the postal service are vrim:i1ially based. By the 
1st of July, at which date the appropriation became available, applicatious liacl been made by the 
governors of New Hampshire, Ohio, In<liaua, a11d .Missouri for tlie determination of geographical 
positions withi11 the limits of their respective States. Acconlil-1gly .stin~ral part.ies were agsigned, 
and have ueen engaged in this duty and in ti.Jc g·eodetic counectiou during the past five months. 
Statements in detail of tLeir labors aud results will bJ:J found further on iu this report. Near the 
end of Nuvemberlast, the governor of" Califoruia made a similar re11uest. 
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011 1lw lst of Uer·P111hPr, lSiO, a «om111mlicatinn w:is rt•c"iYPil from t];(' II011. (;. C. "'alkP1·, 

g'f>Yt'l'llor of Yirginia, <ipplying, iu l'Olifurmity with a jni11t nsoh1tim1 of tiH· ~f'lll'l'<ll ;1":-n11hl~- ot' tlt;1t 
State, "for !ht• ns,.:ignt1l('JJt of a ('.Oll1pPlt>11t ('.Orps ot ,,;mTe~·ors to tlii· dut.\· of a,.:t·e1tai 11 ing· ;rntl 
locating the tnw hcm11<1nry-li11es hPtWP<·ti tlH' ::ltl1tt• of Yirµi11ia a11il tit\• Stair•..; of )lal',\-l<llHI, );orth 
Caro]iua, and Temll'Sliee.~· O!i tilt' l.'ith of ,fonuary hrnt a 1'0lllt'1Yliat si111ilar applit:ation "a" matll' 
by th<' Hnn. Oih·11 Howie. g0Yer11or of :;\[ai ylan<1, in tPrmR a,,; follo1Ys: ·' Il.Y an ad of tl1t~ ge1H'ra l 
asRelllhly of :\fa1·yla11<l, of' ]1-ili:-i, a eo111missim1 was aJipointNl to m"<'t a <·ou1111is,.;iou to lw appoinktl 
uy tile State of Yirg·iuia, to spttlc and adjust tliP bn11ml:1r,\·-]iJJ(' Oil tht• (';t..;tprn shore of tl1e Cl1t'i·;;\­

}leake B;1y, hehn~Pn tlH• :::Hates of Yirginia and :1Iarylanrl. It is partit'.nlarJ.\- <k'-irt>d tLat thr~ 

l:'\Ul .. l"'t:'Y req ni!'ed in th is wol'k Rlimtld l1l' ma<1<· liy t lw most co1t1 ii<'te11 t ;111<1 t•xperiPll«<·<l eorp:- of 
snrYe,\·ors. 1, tiH'l'(•for(', 011 tilt• part of =\Iar,YLuid, apply to yon for tit<' a.~sl.i!,'llllll'llt of snch a corps 
from those t•11g·age1l iu tlii• Coast Snn·<',\'·'' 

Tltes<· <1pJ1lieatim1s wt•n· refrrred to 111(· 1kpann1ent, with a n•comm('IH1ation that tlH•y sl1onlll 
be fanm1lil~· <·on,;itkrt>ll. Th\' :tp\H't1\·al of tile b('erl'lars of till: Trvasn1·y \Yas gin•Jl in Fehrum~·, 
witll lite mHh•r;;tauding that t!te operations of tlll' pany detailt'il ;;lwnitl he <·onliued to tlH' '\York of 
ascei·tainin;.r anrl loc;1ti11g- tli(~ '' tl'lt<' liom1da1'.\'-li11t>s lwty,·een Yfrgiuia HlJll :'IIarylaJl(1." au<l "that all 
proper expellt>L'S itH'll!Tl'd lw pai(1 by tlH• States intereM<·<l." 111 pnr,.;uaHt'(' ot tlii,; authorit,\, Hid1-
anl D. Cutts, Psq., tiw assistallt in clial'ge of till' 1wco1Hlary tri;rng-ulation, wm; n•q1wsted to take 
gt•ueral clrneg·t· of thl' proposell smT<';r:,;; to meet tlw Joint <·0111mi,;,,iou, a!ltl, after consttltation, to 
makP tl1n JH•ct>;;sar.r arra11gP11wnts for tht• prompt l'XPCntion ol' thP 11ork. It was 11ot, lio\re\·er, 
until the 17th of );'oyemlwr last tlrnt a 111L'etiug of the t·omu1is,;ion wa,.; t:1llt>d at Crisfield, :\l1l., to 
wltieh point :\Jr. Uutts 1n·oe<'l'<lt'<l ;1 fow day..; a!tPnYnr<l. A 111:i,Jority of tl:t· :\L1rylall<l <'Olllllli,;,;iou­
ers not 1Jl'i11g in attt>11d:un:f', a]](l the st•:1;.011 for fiPl<l operatiiJ11:-; lwi11g- n11Lt\·n1ablP, cu11;;idt'ri11g the 
delay that lllltSI. ()('i~nt· lwf'ore a SlllTe~·irig 1iart.Y, at the i-<ltort lllltice gi1 ('ll or !ht• lll<'l'tiu;.r. 1·011ld LH' 
org-;wized, tlil· Slll'\'\'.\'S were postpOlll'<1. Tlle eommission ail.ionn1ed to Ill('!'( i11 .:\Lty next. 

lu a general r·e,·i1~w prPsentc•<I hy A8t;istaut Cntt;.;, I n•cognize tlH' ,;ppcial a<hantag-e of his 
sen·ices iu tl1e study of tletail" couneeted with tlH~ :sf'eonilar,\' tl'i:11ii.;mhltion. To him is <llll' also the 
recog1Jitio11 of n1l11:1hle snggPs1 ion,.; for commP11ci11g tliP <h'lPr111i11atioll of points i11 the interior, 
the plan for whid1 wa:s Sl'ttled earl~- in tlw s111nme1· lJ~· a ret•ou11ai,;,;a1H·e iu the "~e:stt•rn tltatt·s, in 
wllieh l was ~wcompanied b~- ::\Ir. Cntts. l'reYion,;l.Y hp had cumplPted ::he <;0111putations resnltiug 
from au exten<led series of nhsl'rnltious a11d mi>ao:nn•nwnts for li<'tl•rtlii11i11g ihP hl'igl1t,.; ol gNuldic 
Kl:itiur1s in St•ction II. J,a1e in ,l1111P, A,.;,;ist<rnt Cnttfi organiz<·tl ltis part.\· a ntl 1n·osPr'.nh'd flpltl ,;er­

Yice near :\Ionut Holly, lllPntion of wltidt will lw math• in it" pJa,~t· in th.> lu:!y of this 1·epcH't. In 
tlrn eonrse of the sea:-;011 he rn·iewe1l the progrnss of 1-'P\'eral of tlw t1ia11g·nlation parties in tho 
:field, including thosp engagPd ou J,ake Clrnrnplain, nml there rnaU(' :UT<lllg<'ltl<'nts for ext<'Jtding the 
triaugulatio11 11orthward t,o tlrn U11ite1l St.ate:; boumlar.r, bJ~ parlies nxnilul1le for that 8('JTic1~ from 
other sPctiom; after rni<l-sumrner. 

In iielll topography, under tlw g0nernl charge of Assistant U. L. \Yhiting, satisfactor~· 

progres,,; lrns l.Jeen maintaiuetl. 
As most. of the important points aloug the Atla11tie coast. han• b(•e11 cnyen•tl by lm~:tl snrve.1·s, 

the basis is \YP1l laid for systematic operntious i11 tlw execution of gem'rnl progre;;;;; work. Special 
attention has also been giYen and Rpe<'ial fore<' assig·ued to the filling up and completion of nll'ious 
gaps in work which earlier demands for the survey of particular lo(~alities made m1aniidable. 
Duriug the eurre11t sm'H\'l'i11g y1•ar 1ldached sm·n·.n; ha\e hecu nuitet1 on the coast,,; of Florhla, 
South Carolina, Virgi11ia, Ithotle Island, mid :\lainc, so that the eoast topogmplly i;:, now eontiuu­
ous from below 8niut .Aug-nstiue, I,'lorida, to Broad Hh·er, South Carolina; aJHl from Beaufort Har. 
bor, North Uaroliua, to Penobscot Bay, on the coast of' 1\laiue. The partil'nlar gap . .;; in forrnt•r \H1l'k 

which lmYe bt'en closed during tlw cnrreut yC'ar are as follows: ~assau Inlt•t, 1,'lori<la, between 
8an1uuah Hi Yer and Broad HiYer, South Carolina; 011 the sea-co:1st of Virginia ll<'ar Cape 
Charles; on the lower islands in Narmgansett Bas, Jlhode Island; betweeu 8aco I{i 1·pr and Hichmou<l 

Island, aud in the upper reaches of the Kennebee Rh·er, .:\Iaiue. 
In general 11rogress work tlie coast topograpl1.'· has beeu can-ied forward on the Gnlf coast of 

Florida and Louisiana, on the interior shores of Pamplico Sound, ~orth Carnli11n, and in the resnrvPy 

3cs 
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of thP l'('a-const of :Xl'w .JPl'S('~~, mr1<h' llPcessary by tlw chang·es in its saudy inlets and beach 
for111atio11. 011 tlH' (•oast of ::\t>W E11glau<l llt'l~tlfnl n•stUT<',\'1' h;1\·e hPen 111adt' 011 t,lie ontsi1lp coast, 
ot' Hilod(• lsl:uitl; a 11d :11~t i\·p opl~l'atious ltaYe l>el'll eoutinttetl iu PP11obscut Hay and :\lon11t Desl"l't 
Ha,\', 011 t!H• <·oast of :\laint•. 

'l'iw sm·1·1·y of tlil' top11grnpliy oft h<· 1101"thern part of' Lake Champlain has been completed un<1er 
tim g1·11t•rnl tlin~l'.I i()lJ or Assistctllt \Vliitiug·. 011 llOtice allll application from t,hc State board of 
harbor co111111issiouern of }[aossachn:,;1•tts, in rcfere1we to cert:iin chang«~s on the St'a-coast of the 
Stak, s1wc:ial snrYeys han• bPell 1wHlt' of' tl1e lwrborR of Edgartown, Yineyanl Ha,·en, (formerly 
Holllws' l:fole,) and ~autncket. The resrn·\·ey at Edgartown Harbor l'PYeals one of the most_ 
importaut 11hy;;;ieal diangt·,,; \l·JJi1·!J lrnB oec111n•tl on tllii-; spetion of the coast for rnauy years, and' 
tl1t• eha11gc ill\·oln·;; tlit- !lt•strnc1iou (nnles8 111eal'nres are t:1lier1 to preserve it) of one of the must. 
Y<1l11al)h• J1:1rl111r . ..; of n·f11µ·e 011 the Atlautic Sl'fl·boan1. The snh,it·ct of thl,st' elnmges, 1Yith t1w 
dt•tail~ of n.,.;1ilts, 11·i]] \Jp tn·:llt'.d in n•ports from tlrt• oflkers "·ho 111:11le tht:> spPeial r<lllTP,Hi. 

Hesidl'r< tilt• dwr·!-!P or delnils fo1· pl;ua•-tablt• 11ork :JIJ(l the inr<pPctio11 of such field-sheets as 
n•qnil't'd H'\ isioll, c\ssi:,<t;11Jt \\"Iiiti11g l1:rn J'l'taill!'d hi:·" adYisory COllJ!e!'.tion witl1.the State Loai·d of 
l1arl1or 1·0111111 issi1111t'I'" for }fas:,<al'lmst'tts. 'l'liis, altlwugh iuculental, has become a11 in1J1ortaut. HIJ(l 
ard1w11s :-;f'!Ti1:e. a11tl has 1m1i11tai11l'd a (lesirn ltle. relatioll lietwee11 tlw Ge11ernl Govcr11111ent ancl the 
C\J1111Hu11wealth of .'.\Ias,;ach11,-t•tts ili tire i111pron•rne11t allll prt~sen·atiou \lf harbors on the extem;ive 
natl i111port:rnt sea·lioanl of this State. 

'l.'he liy1lrngrnpliie i11,;pector, Capt. C. l'. l'attL•rnon, lrns Jll'O\'i(]r(l as mmal for tho transportation 
of the iidd partil'::; m•ed iug n•ssl'ls, antl for the Sl'tTicc a ti oat. Tlw relation is direct bet \\'('ell tlie 
1ield-wo1·k a11tl !Jydrograpli,,·, allll both, for tl1P ea1·liest prodncth·e ns;es, are llepen<lent ou tlw con1li­

tim1 of work i11 tl1(' drawiug and eugrayiug dh·isions of tlie oiliee. Hence the allotments for 
li~·dmgrapliie serTice ane made to supplement tlw tieltl-work, arnl, when practicablt>, to complete 
t!Je drnrt;; tliat may be fnrt.Jwst a1ln11H:Pt! to>n1nl publication, Among tlle details in the care of 
tlw li.1tlrogrnpliic i11t'l1wctor an· tlw notes of dnugers, and sailing directions for charts, the correct 
m:ukrng 011 the111 of lrno;n,; ali(l other aids to rnffigati011; im;pectio11 of' the sheets when marked 
with somHli11g·i:', and tlit~ ,.;election from all tl1e l'Ot111di11g" of :sucl1 as "·ill re11re,,ent without need.less 
repetition the hydrogT:1phic fratnres of place:-; where suryeys haye Leen made. 

To tl1c o:·dinary duties awJ re1:>pou::;ibilities of t!Je hy<lrographic inspector haYe beeu added 
wit!tin tl1e ,H'ar others growrng ont or tlle 11ecessity for replacing ves;;els that have woru out in the 
serYice. 

Th1' <ktails of work ou the Pac•ific coast 1vill he gi\,en itr tile bo(ly of the report, nllder the head 
of tleetions X a111l XL I am specially iutlebte(l to .Assistant George Davidson, who makes his ]n. 

timatl' kuowle<lge or tliat c" 8t pffo..ri\·e by snggestio11s, for placiug the sm·eral parties to the hest 
a'1Y:t11tage for thP p11iili1'. :,;en·iee. Tlil' 011eratio11R of his owu field party will lJc stated in gcogrnph­
fral onlPr i11 tlw t1Yo :;e!"tions. ~'\.s8istaut DaYidso1t made aYailablP at the earliest moment the 
frl!'graphic liues recently passed aloug· tlie "·estt>rn coast, for the determination of longitude, and 
ha" tlms, a11tl by latittHle ohspn·atious, largely added to our list of reliable geographical }lO:Sitions. 
'flie 1req1wnt recmTellcl' of 11is uame in Appendix ~o. 1, which shows the distribution of )larties 
duriug the year, is endeucc of elmracte1·istic energy and devotion to 1'lrn public welfare. For the 
Coast l'ilut of Cal!foruia, Uregm1, and vVashi11gto11 Territor,r, written b,Y Assistant Davitlsou, and 
already puhli::;he<l iu s1weral editions, he collectl.'tl further material;; while passi11g to and fro within 
the pn'H1•nt year betwee11 Sau Diego aud Olympia. 

111 addition to regular duties JHr. J>aYidsou made a thorough compm'ison of the working 
weights a1Hl coiu Wt>iglits, autl teist.1•tl the hala11ees no\\' i11 n,1>e in the branch mint at 8au Francisco. 
This ('Xnminatiou was mllll'rtakl•n at the :speeial rt>quest of tlie Treasury Department. The lJeees­
sit\· for such accuracy ai,; cau be maintained oulY li:r rib«itl t>xamination, re1ieated from time to time ' ~ . . , ' 
·will lw undt'n1tood 011 nwution of the amount coined, wbicb, at Sau Fraucisco, rise8 to nearly thirty 
millions of dollars in a single year. 

l'11dpr tlit• !ll'atl of Sections, ht•ginning at the 110rtlwastern bouu<lary ou t!Je coast of Maine, 
will rnrn· lJe giY<'ll lirit:f n·portli of cad1 of th(• se]Jarnte operations of the year. A condensed view 
of the fidd sen·ice, conformaule in arrangement to the i;everal abstracts, is shown in the Appendix 
No.1. 



 

THE L\' !TED S'l'ATEM COA:-iT tWHYEY. 

SECTlO~ I. 

ATLAJ\'TIC ('(HST OF )L\IXE. XE\\' lLDll'SHrnE. ::.u.<;:-:.\('fll"SErT,.;, .\~;[) I!lfOl!J: ISL\\'J), 1:\( [,l'fli\'!. 

SE.\.-J'()JtTS. B.\ YS, A:'ilJ Ja\TH:'. rSK l:lTll '.\11. ::. I 

Hydrograpl1y :w11tl1M.~t <!f J/or;s1·-a-l11'1' Itn1r11, .lfr.-~0111Hli11gs '\Yl1i1·1! Wl'I<' 111;1<le last yPar 

deYeloped the roatlskad known a,; '.\Ioo,;e-a·l1e(' Headi, and alo<o tlit' 11y1lrogTapliy of tl1t> 11ppr••:11·li1·,: 
to it east :tJl(l wpst. 111 on!P1· tu eowpletp tlw 1'lllTP,Y of tlw Yil'illit~· a party \\'a>' >'Pllt ill .Inly iu 
char{:?.'<~ of Snl1-Assistai1t IIoraeP A11denm11, witll th1• M:l10011Pr Silii1111rn. Tl11· ont1·1· lt·dg1·,., i11 the 
southern mid Hmtlwash'nt approm:b WPrt) deti1wtl by sou11<li11g,; i11 tlw eom·,;;p of tl11• 1t1P11tlt of 
August. l\Ir. Anc11Tso11 then eompletPtl the l1y1lrogrnpliy Ill tli1• Yici11ity oi' tlw lar;rl'r i"bnd,;, 
aud addlit1 ,;neh detail,; as Wl'l'l' 1ie<•ded to the thn•p sh(•t•ts of tlw ,;un·py of last yt'<ll'. :\Lt11~· 

da11gprons ;.;m1kp11 lt•1Jgp,; w1•rp 1l1•y1•lopl'd h,\- thP snpp1Pnwntary sonnrli11g·.~. Till' "tatbtic" of tlii" 
work, which wm; <:losl'd on tl1e Hitl1 of SepH·mli('1·, \Yill 111• i11dude(l nrnkr tlw iwxt lwad. 

Hydroyl'(tjlh!J 1if' Prospect llarlwr, .JU.-Tlii:-: liydrogTapliic "tnY1'.'. 01·1·upit·d tlit• 11:1rt,\· of 

Snb-Assistant Amlerson from tile 18th of Sq1temher nutil the :!0th "of Octolwr. A11 a1Tide11t to 
the boiler of tile s1u;tll stcam-Jau11d1 S11r;ada!we, whi1·lt \l'<l1' in tl1t• i'l'rl'it'.l' of thl' party, 01TmTL'tl a. 
fow 11a,\'S after tl11• som1ili11gs wen• takPIJ u11, aIHl n•111l1•n•1l ti1e YC'1'Sl'! m;ek,;~ for tit!' n·1u;li11d1·1· o!' 
the Hensou. The hydrog·1·aphy was of llPCl't'tiity pro,;1·1·t1tPll with the sd1001H·1· Sil/i1111111. A111011g 

the de\·plopu1e11t;.; at ProspP1:t H;11l1or \Yere i1H:lmh•tl tl1e d:111gNons l1·d;!.'PS \Yltich lie a110111 a 111ilt• 

south of the eutra11ee. ~ub-As:si,.;L111t AIH1Prson was ai1kd in this st•t:tion by .:\lt•,;:-:.r,;. C. 11. Yau 
Onlen and E . .8. l'lea;.;ants. The Btatil'ties Blll\joi11Nl inl'lncle tile work (loll<' i11 the approaelit'" tu 
)1oose-a .. 1Jec Heacll : 

Miles run iu son nding. . ........... _ ............... __ . . . . . . . . . _ . _ . ___ . ~l-!11 

Angles measm·ed ....... _ .....•...•......... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . -!. ;:07 
~tun ber of souudings ............... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J s, S'.!I 

In the early p:nt uf the year JI.Ir. Am1enson conducted a hy1lrngraphic party in SPctiou \-II, 
as will he further mentioned nuder that head. Ile i::; now rnaki11g· p1·pparntio11 to return to tlte 
same site of "ork. 

Topography and hydrugmphy of 80111c8' Souna, (Jlo1111t Desert I.~lani7,) Jlc.-Tlte stnTP,\' of 
this harlHH' wa;,; matfo in tlw eonrse of tlie su111mer ll,\ ... A.s;.;istant J. '"· Donn \rith a ]Jarty in tl1e 
scl10011cr SeureNb,11. South we:-;t. Harbor, au ilnk11tatio11 ou tile we:-;t(·n1 sitl1> of Somes· Soaud. a11d 
all tLe is lauds iu the Yicini ty m:re i 11 clndeu, a nLI ar(' represe11 tell on tlw n•st11ting clia rt. U"l'e 
sketd1 :No. 18 in report for 1810.) Tlw topugmphical 11Ptail;.;, as u;;ual in tliis section, are iut1il-ate, 
but. permanent in character. Hence the plall("table sheet,;, whidi year by ye<11· pa,;s iutl> the 
ai·cbi,·es, may bp expected to 1·e1n·est>nt fbr a long time to couw the surfact' fratnri'" of 1his part of 
the eoast of l\laim•. The detaili> presented by .Mr. Donu truly depict the gronml 1111s,;ed oYcr lly 
his pmty. Statistics arc subjoiued uf tLe lidd-work and somH1ings whid1 \Yerc completed iu 
October: 

Miles of sbore-liue surn•ye1l . . . . . . ...•..•. ____ . _ ........................ . 

l\liles of rmulR .......... _.. . ....... . 
Area of topography, (square miles) ...................... - . _ ...... - ..... . 
Miles run in sonndiug _ _ ... _ .. _. _ . . . . ................... _ ........... . 
Augles metumretl. . . . . . . . . . . . . . .......... - ................. - ........... . 
Casts of the lead ........ - . . . . . . . . . . . . ........ __ .. - - .. - ...... _ .. - ..... . 

.rn; 
:i. SH 
~0.583 

Tidal obsen·ations were carefnlly recorded as mmal whil<• t.lie sonudi11g;;; WPI'(' in 11rogTe~s. 
Sub-Asi,;i;;;ta11t I~. B. ·wright was attachC'd to the party iu the 81'0/'(wb,11. Jlp had pre\'iou><ly 

assisted iu tile party in ·sl'ct.iou HI, where J\Ir. Donn is uow in n•acli1wss to H'sm1w iield-work. 

M,i:, "'rigl1t is nmkr instructiom; to co11tluct a hydrographie party iu t:lPctiuu IX. 
Topo,r;raph!J '~f 8()(1{ Harbor, ,lfr.-This harbo1· of l'<'fng·e 'is a 1·eees.~ iu tlJP sonthpai;tern part 

of the Fox Island group at tlw en tntll<'l' of Pc110b1S('Ot Huy. The pla 1w-ta hit• work reccn t ly ttune<l 
in by Sub-Assistant H . .M. De W<•cs completes the topographical surn',Y of the islands, inclndiug 
the shores of the harbor, of wllich tLe area is about three aml a half square milei,;. The water-



 

20 HEl'OH'I OV THE Sl'PE!nXTE~HE:::ST OF 

space is greatly <~rmHlt>d "itlJ small i~lanf1s a11d ledgt•R, arnl tht>sf' arP snch that tlw lrnrhor i::-; not 
uavigahle at low water. 

l\lr. Ik \Yt•ps n'8Hll1Pd tiPlll-work iu thi>' seetion ou tlw ;ith of Augn:-;t·, :tlJ(l elo:-<ed tlw sm·vey 
ou the 1!lth of :-\Ppt(•mlwr. lk lim1 hPl'll J>l'l'YiousJ~· e1111ilo:-·t·<l iu Section YlI. Tlw stati11t.iei:; of 
the shet't slwwiug thl• ,·i•·i11ity of ::;••al Harlior ;ire a.-> foliows: 

11iles of sbore-li11e tl'at·1_;d _ .... _ .... _.. . . . . . . . . . .. .. . . . . . . . . . . ............. _. . . . . .. :!7 
.l\li!es of roads ...... . 
Arca of topogrnph_\·, ("'Jllill'e mile:;) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;) 

A tracing from the pLme-tabl'' shed was fnrni:-<hed tn L'\.ssistant \Vehher, 1Yl10, being then • 
engaged iu the ge11Pral hy•1roQTaphy of T'e11obscot Hay, iueith•ntall,\· tlt'\'PlnpP<l t.lw letlgt>:-; in Se~1l 
Harbor. Suh-Assistant De Wees lrns teen a::;;-;igned to serYiee for the wi11tl'l' Oll the t~t1lf of 
J\Iexit~o. 

1'0J>O(Jrrt]Jh,1; 11!' /)err lsl1 T/1om1111l(forl'.-Tlw plma·-table sun·l',\' of this pa.~s 1'l'twt•P11 tiw large 
islm11b wlticl1 houll(l b;k an Hant Ba~· on fop enst\1·ard, has beeu made by ,\ssista11t \Y. H. De1rnis. 
As n:-:nal iu tlH• \York of tlii.;•yiciuit,Y, tlic slime;.; of all tlrn ad.iaceut small isla11l1'i were trncctl at. 
low water, and many lc!lges \Yen~ ddined. Fidd-work for thP seaso11 was doi4e<1 ou tlHl :Jd or 
No Yem b(•r. 

Oil tlw western :;idt• of l'enoh::;cot Ila:•>, Assistant Denni:;; comp1Pte<1 the topographical fllll'\'C:V 

of the 1\lusdP Hidg<· blaiid,.i, wlien• tilt· work ,)f Iii,-., party was <·ornlllPllec>d on thP 10th of .Tul.r· 
He wa,.; aide<] ill thP sPni<'l' iu tl1i;; sPdiou b.Y :Hr. A. P. Banrnnl. 

The .-tatistic:,; of tlt<· t11·0 plaue-talile sheets are 1-mhjui11e1l: 

)Jiles or tilion'-1 i11e trac1·<1 ... - ............... - .... . ............ - ........ 43 
J\Iiles of roads ... 
Area of topograph_,., (sq1rnre miles) ..... - ........ - .............. - .......... _. 18 

Field-work preYiously done h,\· the 1rnrt.Y of .'.'.h. De1mis will lw mentioned mHler tile head of 
8ectiou VI. He is i1ow completing anm1ge111ents to resume vlane-taule (1ut_y 011 thP coast of 
South Oorolina. 

Top()[fraphy r(f l'enoh.w·ot lJa,11, "lfr.-In tilt• rnid1lle of .luly ~\.ssistant P. \V. Dorr l'f'Rllll!Nl 

I>lm1e-tal1le work near Ca111di•11, Ilk., a111l extended the topogT<lp\Jy of the west.ern side of Penob­
scot Bay toward l~elfu:-<t. ~\ssi:-<tant C. 'l'. lardella at tile sauw tillle worked on the shores of Bel­
fast llay with a separnt1· pl:rnt'-tal>l('. 1lr. Dorr·s ;.;lied at its upper limit iuclll(les Knight's Poiut 
and the <ldails :southward to 8pring Brook in the Yicinit~- of Ca11J(len. \\'t>stward it take,,; in p;irt 
of :;\I<>guaticook, oue of tl1!' Carn<1eu Hill,;, and sho1\·s tluc; snrfac<~ foature:,.; to <lll an•rnge iJreadth 
of ahont tW(J milex i11 g·omg· Jl(lltl1ward. Knig·lit'H Point on this ;.;htct is un im1•ortaut ll!11dmark 
for ,-es,;els hournl up l'enob:-;eot Hay. Tho harbors or road,;t,•a<h> of IAncolllYille mal Duck Trap, 
whid1 are slight indentatitlus, appear on the lower sheet of this snrTey. 'l'liese ha Ye no protection 
from ta~· willds, but t11e mouth of Duek Hin~r otfon;; a i;m:1ll i11uer harbor at liigh tide ti.Jr vessels 
or light dranght. At 1<111 tilfo the clnnmel is uem·Jy drs. 

Along this part of Pt,11ob:-:eot lfa:-· thll topography is much broken. The c1eYatious are hig·h, 
aml heing i,;hore eharactp1·istic,; tht'.Y will be repreRen tl'tl upo11 the final chart~. On the topograph­
ical sheet of Assist.mt Dnn h<'ights arn shown ranging· from four ltun<lred and fifty to about foUl'· 

teeu hnudrl~d feet. l'11r thP tt•1·tiary triangulation 11et•dp(] in this part of the work, signals were 
set up under the direction of .:\Ir. Dorr by the Aid, J\Ir. \Y. E. JlcClintock, who subsequeutly 
occupied the stations with a tlleodolite. 1-'.lome points thus detel'miuefl had teen predousl;j· fixed 
lJ.r means of tbe plane-table, nud JH'O\'Cd to he clo::;ely coincident, 8howing the completeness of the 
prqjections st>nt from t.he ofrice for J)laue-table work. AbO\·e Kuiglit't< Point AssiRiaut Dorr traced 
the shom-liuc on a l';ecoJ](l slwet, to pro,·ide for the <tdnuwe of the liydrogmphic vart.Y of Assistant 
\\' eblwr, leaving the dt>tails Jur completion in ::rnothel' season. 

From the northern limit of the plane-tahle ;.;hcet last mentioned, Ai,;sistant lardella extended 
the 1mrvey northward to include the shores of Belfast Bay. B.r the close of September he had 
completed the topography near the town, arnl then extellded tlie sul'\'C.Y eastward around Moose 
Point, makiug the work conformable with that of Assistant Dorr. By means of points already 



 

THE l'N!TED i:iTATEi:l l'OAi:lT ~UltYEY. 21 

rletermiue<l the snrn•.r about B(•Jfast ean lw reatlily joi11ecl 11ext s(•a,;cm with the lletaikd topogr;qih~­
Iwar CauHlP11. The ;;tati:-;tic.s of tl1e two imrtieR ;11·p. a:-; follo1Ys: 

J\'Iill'S of :-<]10I'l'-]iJH' ;;111·1-('_Yl'tl . . • • • • . . • . . . . . • . _. ')••1 
' - - • . . • - •••• - • • - - • • ~ • ')· •.J 

J\Iile:-; or rh·<'rs and ;;tn»ulls . __ . . . _ ... __ . _ .... _ ... __ . ___ . __ . _ . _ .. _ .... _ . _. _ , ... 
,-.~ ) 

J\Iile,; of ro:Hh . __ . ___ . _. __ . __ .. _. _. 

Art>a of topograplly, (square rnilPH) . _ .. _ _ _ _ .. __ ... _ ... _ ... _. . . ;;:c 

The fi(•l<l-work of :\Ir. Horr, lwn• dp,;erilletl, was '3llti)leutkd on tit(• 1::t1t of 01·tolwr. "\ YN;-.· 

large an•;1 was mappe<l by the satJw JHnty i11 the v1·t·ecding \\'it1k1·, meutiou oi' 1Yhid1 \\·iii lll' madi> 
umler the head of Seetion II-~. Asi>istauts Dorr a11tl Ianklln arc now rnaki11g· pn•par;1tio11,; to re­
snUie tiehl-;se1·,·iee iu that section. 

I \'isited the camp of lllr. Don, 11ear J,i11col111'illP, }le., iu Anµ:nBt la,,t, aud tnok plL·;isnn· in 
noticing· its nratne . .::s <111(1 et·011<m1:;. Ik is enl•rg·Ptie iu tl1t· Jil'l<l aull hy fon•ca,.;t Bil\'(•s titlll'. I couhl 
n~adily itle11titY th<' detail;; of' his \\·ork as fait!Jful represt•utations of tlH' fratm·p;; alo11g thl' l'v11oli­
SC'.ot Hay. 'l'hc tlel:1ils tl11•1J Oil tlw pl:llH'-talile sllel't or A,.;,.;i,.;t:lllt Ianlella >-<hOW(•(l al,;o u11tiring 
paticJH'.!' tn ,;et•.1u·e aec•nr:w~-. :\Ir. Ian1Plla kqit thP. fa•kl until tlH' ll!id1ll1~ of :-;-o\·ea1lwr, a11d tlie11, 

tugetlu~r with Assi,.;t:111t DoJT, p1·oet'l'lled to topographi!'al duty in :--e<:tio11 JY. 
Tupo,qraph,IJ t!/ IsTr:lwro, ( 1'1:110/1.w·,,f n11y,) Jh.-Tlte ,;1uTey of last ,H'<ll' b.\· As,.:i,.;taut _\. \Y. 

[;011gfdlow iI1clud1•tl tlw isla1H1s ill thn \\'P,;t1•n1 part oi' PP11olisl'oL Bay, lit>lo11 lsl,,lwro, au•l :1bo 
the lower part. of that isJau1l, of \\hid1 tllP total 11•11gtlt is ahollt 1']1•\t'll miles. J lJ tlH• latter p;11·t of 
::\lay vlanc-table work \\'<li"i ]'('l'\llllle<l Ht the limit reac]l('d Ja,.,t <'Pa"Oll. r10111 tht•rn·e :\Ir. L()Jlg'fdiow 
contiuned the detnilell ;.;m·yey 1101·tli\Yan1, and i1u:lndPd tlte eutin, :H1'a of hll'hurn. As usual. 
all the i:olet,; :111d rock:-; in Yie'Y are represented ou the topo~rnpbil~al sht>("t". Tlw liel1l-\\ork 1ra,; 
eomp:etcd on thc> Hith of October. 

111 .c\ ng·ust I witucHsl'd wit lJ great. Rat isfHl'l io11 the ea ri1est11ess of Assistant Long·fellow in the 
prosecution or tlli,.; sun·ey. Ile was cilieicntly nitlc<I by .'\Ir. ,Jo::;cplt Hl'l-gl'shl'imer, ol! whom de­
Yoh-ell, towanl tlw end of the :-;ea sou, till' cornplPtio11 of the work, iu cou::;u1m·11(·(' of the H\'1 ions 
illness of tlw chief of the p:uty. :\Ir. Hcrg-cshcimer is tto\1· on ltnt.v in i:'cetion \"lll, ,\'ll('re hewn:-; 
abo enp;agt>d diniug tlte preceding winter. 

HydrOf/l'Oph!J <~f' l'e11ol;seot ]Joy. Jfr.-Tht> hydrograph;<i· of Pt•.n<1h,.:eot Ba~· h:ui l>ee11 exte1ulP11 
uorthwanl from it:-; prp\·ious lituit by the part,\' of ~-l..ssistant F. P. \\"pbl>l'r, \Ym·kiug with tlLP 
steamer EudeaYor. Sountli11gs "·ere taken np in Jnly at tlw t'Ontheru l'rnl of hll'born. Iu tile 
eoursp of the Kmnmer the work was PXteu<le<l to tlH• northnu •'llll ot that i:;l;iut!, dt'H'loping 
Gilke,\··s H>1rhor, Bom1ty Con•, thp eLanul'l lietwe<•u Isleboro and the main, aml-the eastt>rn 
parL of Penobscot Bay to Cape Hosier. 

On a second 11.nlrogrnpllic sLeet ""\ssist:rnt 'Yeblwr ploltell sou11dii1g,,; mad(' b,\- lti,:; party in 
Seal Bay, a harl1or of refnge to the eastward of Long falaud, in the Fox Island grnnp, at the 
entram:e of PenobscoL Bay. A i'imall ruck, H'TY tlai1gerous to Yt>ssels enteriug frolil the ea,,;twanl, 
wa,; 11eier111iiw<1 in po,;itio11 1war tliP I''ox hlaml thoroug·hf:11·e. 

Before trtking up \rork nortl1 of Ca1rn1Pn, :\11'. 'Vd1he1· examined the liar. at T1•1Pnrnt's Harbor, 
and forwariled to the ollice some ad1li1io11al sotnL<liug,;. 

The statistics of the hydrogrnphic work are suhjoi11etl: 

l\liles rnu iu sonndiug ...... _.. . . . . . . . . . . . . . . . . • . . . . .............. _ .. _. 
Anglc>s measured ... _ ..... _ ......... _ .......... -- ....... - .............. . 
Number of souudings ..............•........................... , ........ . 

1, Oil:! 
7, 18!} 

54,881 

Messrs. D. B. \-Vainwright, S. X. Og<lcu, and C. S. F. Hoffman were attael1C'd to th;• party in 
the Endcaro1·. Undpr Sections VI :rnd \~II refore11ce. will be mad(• to the pre\·ions operntious of 
Assistant "'ebber. Ile is 11ow- proseeutiug llydrog-raphic 11uty iu Section \-. 

The arrangements for work in the party of ;\lr. \Veblwr. au<! the jtH!guwut slwwn in Jll'ORl'Cnt­

ing the hsdrography, W('l'e sulijects of spPcial gratiJicatinn wlieu I visitt'll his party iu August iu 
Penobscot Bay. Operations 1\-ere coutiuued until the 17th of OctohPl". 

Topogroph,IJ and l1_1;drograph!J of tltc Androscog,qin Ri1:a and C:atltancc Hirff, JJc.-Thc snrn',y 
by Assistant O. H. Boy<l in this Sectiou develops the watp1·-co111111u11icatiu11 between Brun1-1wiek, oil 
the Androscoggin, and Bowdoinllam, at the head of uavigatiou on the Catlmnee lfrrnr. Plane-
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table work wns commenceu 011 the 24th of July. Some additional points ueedful in extending the 
snn·l'.Y 011 thP wPsfpru side of J\Ierr_\·-l\Ieetiug Bay were determined by triaugulatiou. In that 
se1Tice Mr. Boyd ocr~npie<l 8ix staticrns with tlw tl1eodolite. The topography includes both shores 
of the A1Hlro,.;coggfo up to BrnuRwick, and the neck of laud between l\lerry.J\Iectiilg Bay and Bo\Y­
doi11ha111, the road ,ioiniug the two to\Yns, and, i11termediate lit>tween them, tlHl course of J\Iuddy 
Hin•r. A.s nsual, \Yllere tlw water-level i8 snltject to co11si11L•rable chai1ge, the plaue-tahle sheets 
are mark{~tl with high-water aud low-water sl1ore-Ii11es. Current obserYations were made iu tbe 
rin•ri;. and the tides were 1.:arefully recorded. 'l'he soundings in the t'i\·o rivers iuclude the uaviga­
ule pnrts aud join witlI work preYiously completed in .!Herry-~Ieetiug Bay. A summary of the 
statisties is appended: 

8ig·11als erected. . ... ___ . . - _ . - _ . . - - ..... - - ............. - .. - .. - - .... - . . ~I 

I)oints <lett11-rni11Pd. ______ . _____ .. _ - . ___ .......... __ .. - . _ ... __ . ___ .. . . . . .. . 7 
}[ilps of ,.;hore-line trnee11, (lo\\- water). - ...... __ - ... _ ........... - . - - ..• - - - . 48 
.:\lileii of roads __ ...... __ . - ... _ ... ___ .. _ . _ - _. _ ........ - - _ . _ ... _. _.. - .. - . 31 
Area of topography, (SCJnnre miles) .. - . _ ... - . - . - - - _ .. - .. - - - - - - - - . . . . . . . . . . Hi 
Casts of the lead . ____ ..... _ . __ .... __ ... , - .. __ .. _ ...... - - - . - . - - - - - .. - . - 12, 377 

The two tidal stntions were eight miles a1mrt. Between them a line was rtm with the level to 
determine tlw plane of refonrnee for tlw t·wo tiU('-gnnges. Mr. '\Y. I. Vinal aided in tlrn field-work 
until tlH• 4tlr of Oetolier, wl1en he took charge of a hytlrographic party, tl1e operations of wlriclr 
will be rneutiorwd iu the uext sectiou of this revort. 

Assi8tant Boyd completed tlie field-work near Brnnswiek in the latter part of October and then 
made prPparatious to re8ume fil'ld-senice in Section VIII, \There hi8 part~· had been eJJgaged iu 
the preceding "·inter. 

8aili11fJ diredivn.~ for the eonst <!f ·snc Englirnrl.-The <luts of preparing sailing <lirectiom for 
the coasts of :Maiue, :Xew llampsl1ire, aud J\IassacLusetts has been continued by Assistant J. S. 
Bradford. In addition to tliis '\\-or-k, Mr. Bradford \ms directed to make a tin:tl examination of 
C<1sco Bay, including th•• approachNi to Portland, in adYance of tlie intended iHsue of a chart wliicll 
will e>wlJraee tl1(• waters betweeu Cape Small Point aud Cape Elizabeth. The examiuation was 
lahorimrn, owing to t11e gTeat unmher of ledges and sl10als to be exarniued, but :Mr. Bradford suc­
cessfull_y YPrifie<l the hsdrography between the two points n:unell. 

Tile party in the schooner Jm;eph Henry also sun·t>yed the apJ>roacbe'!I! to Saco Ri\·er, iucludiug 
V\'intPr Harbor and tire Pool, mid resurYeyecl tlie harbors of Cape Porpoise aml Stage Islau<\,c 
Tl1e sailing tlirt"<:tio11s lwretofore used IYPre rel'isecl aud such additions and alternti<ms were made 
as had h('<'.ome 11ec(•ssary. Tliesl' were due, iu some cases, to changes in the buoys, and in others 
to <.leveloprneuts mn<l<• hy the sonn<lings of this season. 

J\l uch of ilw ser\'icP ();\. this party was necessaril,y office-work. Fort,y-three ledges were exam-
ined, i11cl1111i11g fifteen wliid1 1iad uot lieeu predonsl,r described. The statistics are as follows: 

l\liles run in sounlliug. ___ . _. _ . __ .... __ .... ____ ...... _ .. ___ ... _ .. ____ . . • . . . G3 
A11glt•s. __ . __ -'· .... _. _ .. - _. _. __ .. _ •. __ . ______ . _ . __ . _ _ _ _ _ _ .. ___ .. _. _ _ _ _ _ _ 288 
-X um her of somHl iugi; ... __ . . - - ... _ ...... __ ............... __ .. _ . . ___ ..... _ G, 571 

The n•port of As8istaut .Bradford was accompauied b,y sailing diredio11s for all the harbors 
between the Damariscotta and Bostou. 

Operations on the coast of :Xew England were closed on the lst of November. The vessel 
was tlren laid up at Cousin's Island in Casco Bay. l\fr. E. H. Ki11g served as aid in the h\"dro­
grapliic party i11 tliis 1wctiou. Assistant Hnulford batl heen previously engaged in Sectiou VIII, as 
will be furthn mentioned under tliat head. 

'l'ojmgraphy of Saco B11.11, Jl/e.-The plane-table work required to fill a g·ap in this part of 
the snrn•y of the coast of Maille was resumprl l>y AssiRtant Hull ..'ulams in ,July at a )loiut about 
tbrt'P miles Horth of Siwo l~iYPl' e11trance. Going northward and east\l'ard the topography was 
co11tin1w<l to Spnrwi11k Hher, wlwrP it now joins with the detailed snrnw of the -ricinity of Cape 
I<Jlizabt:'th. Last season the month ouly of Saco Uh-er was iucluded in the plaue-taule suney. ln 
the work of this year the topography of the hanks of that river was mapped, and also the vicinity 
of Saco and Biddeford. The field-work closed there on the 20th of November. To the north­
ward tLe details include the roads along Old Orchard Beach, the lower reaches of Little River, and 
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Scarborough RiYer; Prout's Neck and the beach beyond; and the ii'ilauds and roelrn in tl1c Yicinity 
of Saco Ba:r . 

.Assistant Adams "·ns aided b:v IIIr. J. N . .:\IcCliutock nutil Octolwr, wlwu tlw 8e1Yicns of tlie 
aiu were required in Section II. He rejoined the party, lioweYer, at the end of' that month aud 
completed the surYc~ of the Saco UiYer. 

Tlw statistics of tl1c t<eason are as follow:-;: 

.Miles of sl1orc-line isuneyed .. - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
l\Iiles of outline of shoals and man;h ..... _. . .......................... _ ...... :27 
Miles of roads ................ __ ........... _ .. _. . . __ . _ .. _ .. __ ..... _ .. _.. 40 

~-\.rea of topography, (r,;quare miles) ....................... _ ........... _ .. _. 18 

.After turniug in tl1e plane-tahle sheet of the \ieinity of Saco, Snb-Ai;;sistant l\lcC!intoek was 
assigned to dut,y in Secti(ln YJI. 

GeorletiG poinlx in Xnc Hamjisltire.-Ju compliance with the applicatio11 of' tlie g·o.-ernor of Xl'\Y 

Hampsliire for the determination of points for the topographical and geological sm·,·eys in that 
State, nuder authority gh·en to the Superintendent by the prm·iso attaclietl to au itPm of tlic last 
appropriation by Congress, instructions were gil'toll authorizing- P1·of. E.T. Qllimhy, of Dartmouth 
College, to commeuce the work iu Jul,\-, when the npprop1fatio11 be.:::ime aYailable. The operatium; 
were arranged to accomplis11 the particular object desired, as well as to facilitate tbe progress of 
the geodetic work for the Slll'\'ey of the coast, and for that of Lake CLamp1aiu. \\"itil this 1lo11ble 
object in Yiew, lie \Yas direct.eel lo start from tlw eslalJlislwd lJas1., Jlr11wd1wck-L-11/;11n1111n11c, to hiy 
out a scheme of seeondar,"1· trinnp;lcs in th<' direction of the lake; to determine :rnd1 tertiary points 
as might be most :t\'ailable aud useful for local surve,\-s; and to prodde proper bases for tit(" eou­
tfouation of the triaJJgnlation to the nortliwal'd aud soutlnrnrcl wh!'lleYer needed, tlie whole to 
constitute a thorough reconnaissaucf' for tlie cxtern;iou of the primal".\· tri<lllgulation to <nu· frontier 
011 Lake Champlain. 

ln ac~conlauce with his instructions, Professor Quimby took tlie field 011 tlJe lst of July aud 
spent that month in recommissanee and in the ert'ctiou of sig11als at the points to he ocenpied as 
secondary statious. These stations were ten in uumber, as follows: Stoddar1l Heights, l'ollanl's 
Mount. Hartwell Hill, Lon>ll's ..'llonut, :\fount Keanmrge, Ste\\ art';; Pt>ak, Snnnapee }IounL Rattle­
suake Hill, Crotchet l\:lount, and }lason'is Hill. Signals were also set on .:\lonadnock and 
Unko110011uc. 

On the 1st of .August the observing party was organized and the measurf'ment of horiwntal 
a1ld vertical angles was commenced at Crotcliet llount, in llillsllorough Count~-. · Dming the 
nwntli of .Angnst the aid an<l one mirn were employed in pn•cting tertiary signals at J,yndeborough 
Pinnacle, Paek, l\fonadnock, Bamett Mount, Duncan Hill, Hald Hill, ..'.'\elson PinuaclP, Jfacon Ledge, -
Tuttle Hill, Hedgehog Hill, Deering Pimrncle, Cran,\· Hill, Cochran Ilill, amt :\Iiue Hill. Bet ween 
tl1e 1st ancl 18th of the mouth obr,;ervati011s were made on the sceoudar,Y and tertiar~- signals Yi<:liolc 
from Crotchet .Mount, as well as upon a nnrnber of church-spires aud other 1iromi11ent ol~jectl'. 

Professor Qt1imby reports that during this time only six days of good \\'Cather permittetl obserrn­
tions. 

On the l!)th the party moved to J\Iason's Hill for the purpose of 111aki11p: at that 8tation the 
observations required to complete tlJe parnll(•logra.m with .:\1ouadnock, Urotclwt, and U11ko11oomw. 
This wns accomplished h~- the 29th, not, lrnweYcr, without the same experit>nce or ha7.P, do1Hl8, aml 
fog, as a.t Crotchet. 

011 the 29th of August the station on Stoddard's Heights, in Clwshia• Conuty, 'Yas oecnJiicu. 
Professol' Quimby succeeded by the eud of the month in measuring- the angles at that J)()int l>elo11g­
ing to the triangles around CrotclJet, and in thus obtaiuiug the latitudes and longi trnles of se,·eral 
new points. 

The period having arrived for tlie ret.uru of Professor Quimby to his duties as J>rofi·ssor of 
mathematics aucl astronomy at Da rtmoutlt Collf'gc, the party was discharge<l on tl1e fat of 
September, The instrumeuts and camp equipage were thcu stored at llauover. 

During the short season of two months signal,,; were Cl'PCtP!l aml obsened U]lOll in nineteen 
townships of the St:ite. The statistics of the work executed arc as follow:,;: 
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Sf'cotHlary angk's observed... _ .......................................... . 1" ,, 
'Tertiar,\· a11gles ol>,.;erTt•d _ ..... __ - .................. - . - .. __ . . . . . . . . . . 58 
Yerti<'al anglPs ohHPrved .. _ ................... - ..... - - . - . . . . . . . . . . . . . . . . . . 12 
NnmlH•r of llH'm•nremP11ts .. _ .......... _____ ............. -......•......... 1,(i3'i' 

In n•frrence to the determi11atiou of iioints for the special hcuetit of the State, Professor 
(,lnimby suggests ~t plan for the el'ectiou of tertiary signals which would re<lnee the expensP, an<1, at 
the 1mme time, iuten·st the people in thL' work. 

He proposPs to iss1w, i11 tlie form (If a printed cirenlar, a minute description of tlte signal, of 
tl1e method of ;;etti11g· it, and a form for clei,;cribing the statiou, and to sernl these circnlars to the 
authorit.ieA of the ditforeut town>', with a Yiew to induce them, at the expeuse of the t0\n1, to erect, 
mHfor the snpen·ision of thP assist:rnt condnding tlrn oh:st>n•atio11;.;, ;.;uch tl;rl.iar.y siguals, aucl at 
such points as lw ma~- think a<hisal1le. 

Lougitud,, obserrntions at Uambrid[/C, Jiass.-U11ller separate heads in Sectioll Yll of thi;.; re­
port, wentiou "-ill be n1ade of lon!-(itmlr determinations at CleYclantl ancl <Jolumbu:o, in the State 
of Oilio; ancl at l•':ll111outi.J, Oaklallll, and Shelhyville, in the State of Kc11t.uel;.}', "-hue stations 
were 01'.l'.U}lie11 for obsen·i11g the total solar eclipse which occurre11 in August, 18G:J. 

Dul'iug a utum u of the 111 ese11t ,year, l'rof .• Joseph \Viulock, director of the Cam lJI'idge ObserY­
ator.r, \\'ax i11 eommuuieatiou with the obsen·en; in OLio aml Keutt1ck.r, and exchang·ed time­
signalR with them se\-rrnlly hy telegraph for the respective longitude lleterminatious. It is 
grati1yiug to refer to tile steacly aml usefnl co-01.ieration of the vVt'l'itPTU Uuiou Telegraph Company 
iu affurdiug, free of ('.Ost, the faeilities for excilaugiug· dock-signals Let,Ycen distant stations. Tlie 
work is done at uigltt, aJl(J afa·r the telegraph-otlices are elosell for business. Ne\·ertlwless, much 
or tl1e succe:o:s n~corL!t-d in our longitude determiuatioui-; has been due, he:y01al the use of the liue1:1, 
to the ass1st::mce dieerfully gh·eu by the otiicers and operators of tile telegntph company. :For the 
ohsernttious required at the western statious tile wires iu each case were conuected with Cam­
bridge Obsernttory, so that time-sig·uals might 1mss directly between Professor \Viulock and each 
of tlw ollserYer;; in Ohio and Kentucky. 

Edgarto1ni, Xcinfzlckct, and Vi1te.lfard Ha.i·en, Ma.~8.-Early in the summer application was made 
to me by tlw .:Hassaclrnsetts Board of Harbor Commissiouns for i11fornmtiou wllicit should aid 
them in the com;ideration of cntain petitions from citizens of :\fartha's Vineyard and Nantncket, 
rclath·e to the proposetl opening of passage-ways tlu-ough the beaches of Edgartown auu Nan­
tucket llarbors, an!l the closing of the i1ilt>t at t11t1 lago011 of VinPyard Hiffen. In respo11se to tl1is 
application, partial snn·eys were made by Assistants H. I ... \Vhiting and Henry J\Iitchell, in order to 
furnish for the desirecl conclusions data drawn from the p1·eseut condition of the places in questiou. 

The coast sectio11, iu which the1:1e lrnrl.Jors lie, is of special interest because of the wasting of its 
headlands, tile shifting of iti.; beacl1es, aud the singular tidal phenomena in tile approaches b,r 
souml and sea. 

AR loug ago as 184Ci, Lieutenant Commanding (now Hear-Admiral} Davis first called attention 
to the ph_ysical chauges that were in progress aloug this part of the coast of Massachusetts, and 
in tlw same .,Year .Mr. \\"hitiug made l1is first surn'y of the special locality iii question. My owu 
co1111ectio11 with these st1Hlies dates back to 1855, \Ylien the problems arising from l\Ir. J\litcilell's 
tidal inqnirini were referred to me for solution by my predecessor. 

Aside, howen•r, from these circumstance,.;, which give to the neighborhood a scieutific interest, 
tbe m1tional importatH'.ll of tlw two ports of ilfartlia's Virwyanl t·utitles tlwn1 to watchfuluess ou 
the part of the Coast Surn·y, especially when feari-i for their utility and permanence are reflected 
in the petitions of int<>lligent citizens. Tu calling npou :Mr. Whiting and Mr. 1\Iitchell for reports 
coucer11iug the dia11ges, I instructed them to make sucL su1·yeys, each iu his own field, as might 
seem to them c1e8ira hie. 

It appears from tile:-e n'ports that the southern orening of Edgartown Harbor through Cot­
Hlll.Y lkacli has been clo::;ed upward or two ~-ears, am! thi!' closure has greatly ernbarrm;sed the 
fishi11g i11tN<>sts of tlw pla<'.e, aJH1 g·i\·en rise to npprPhensi011s th:it the main entrance from the 
uorth may fill up because of the loss of hdal circulatiou. ~\~o .~!waling of the main entrance has, !tow­
e1•er, yet oceurrnl. lu the channel-was ovee the Lai· the depth has i11crea,sed one f'o,)t within the 
last twenty.fin• .rears, arnl h; now 11ixteen feet at meau low water; hut within Chappaquhldick. 
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Point a shoaling has taken place opposite the town wbar\·es. This shoaling extends !}Uite ac1·oss 
the channel, but has not seriously dirninislled the deptll. Tl.mt the apprehensions referred to an• 
groundless I would by no m«:>ans impl,y, but that the harbor, in its principal points of excellenc(•, 
remains unclrnnged after two years of closure, at the sonth beach, is heyonu quei;tion. 

·There haYe heen seyeral clmmres of the Cotamy Beach since the settlement of the ii,;lallll, 
ancl each new inlet has repeated essentially the history of its predecessor. It lla8 first lmrst 
through the western portion of the beach, then worked to the eastward, till in comse of tilur it 
reached the firm land at Wa,;que, where it made a stand, and finally succumbed. after a 8omewliat 
protracted struggle for existence. 

'l'hc leveliugs over the beach brought into sharp contrast. the wirnl-woru and 'i'l·ater-1rnm se<> 
tions. The first gives for contours a congeries of cur>es; the second two systctn8 of nearly 
straight lines. The beach where subject to the action of the wind is coYere<l with irregular sancl­
hills, while that portion which is still under the occasional control of the sea presents two smooth 
surfaces declining in opposite directions from a crest-line. The sand-hills scarce1y reach the dig. 
nity of dunes, but each water-worn section fa in form and function a dike, differing, boweYer, from 
the artificial structure as usually built in the order of its slopes. 

These natural dikes appear to hiwe the same form of cross.section and nearly the samr alti­
tude of crest above the tide, whether obsen·ed upon the south shore of ::\Iartha's Yiue~·anl or the 
east sl1ore of Nantucket, as if the dircctimi of exposure made no difference. 

The suryey of the interference tides of the sound and its approachet-1, made in 18.14, becomes 
peculiarly valuable in connection with the schemes for opening the heacheR T luffe referred to, 
8ince we are able to give rules showing at what age of tl1e moon, and at what hour of the foLtl 
<las, the greatest difference of leYel between the lagoon an(l the sea may be expected. 

Although the tide8 of this neighborllood are small, there is a great proportional llitforence be­
tween the morning and evening ti(les, between neaps and springs, and between consecutive springs. 
l\loreover, the winds from different directions are u r1equal in theil' effects upon the absolute and 
rnlatiYe elevations of the lagoon and the sea; so tlrnt the engineer cannot dispense witll tlte tables 
deduced from the obsen·ations of Ai,;sistant Mitchell, and which are now on file in the Coa,;t Sm­
vey Office. 

After parts of the shore-line had been traced, h,ydrographic suneys were 1uade in the course 
of the summer at Vineyard Haven aJHl Edgartown Harbor; aud, in atldition, the ti!les and 
currents were carefully studied. 

The charts were made by Sub-Assistant H, L. Marindi11. Upon Uwm are plotted it1 tlie aggre­
gate 139 linear miles of sounding lines, a111l depths selected from 20,1547 recorded easts of the lead, 
the positions of which were determined by 2,016 angles. 

The tides were observed at three statious and the currer.ts at ten. Particular attention was 
paid to movements along the be<l of tht- sea, and the record shows about one thonsan\l obserrn· 
tions. 

In the report. of Assistant Mitcl1ell special mention is made of the energy and skill shown b:-· 
Mr. Matindiu. 'l'he party was also assisted by students from the Rensselaer Iustitute of Troy, X. 
Y., and from the lustitute of Technology of Boston, who volunteered in their yacations to take 
part in this instructive work. 

Providence, R. I.-In order to provide for the insertion of the city of Proddence in the usual 
generalized form on the chart of Narragansett Bay, a compilation from his own and other data 
was made by Assistant A. l\I. Harrison in August. Se\·eral ~·ears ago he surl'eJ·ed the wharf-li11es 
at Providence, and in so doing determined a few triangulation points in the ,·icinity. The data 
then gathered was applied to the existing city map fo1· the compilation referred to, the object 
being to show in a general wa.y the principal streets in their relation to the water-line. This work 
was done at an interval during which ]\fr. Harrison tmnsferred his party for service that will l~e 
referred.to under the next head. _ 

Topvgraphy of Narragansett Bag, Rhode I11land.-At the date of my report last year the detailed 
survey of NarragansetJ:; Bay was nearly complete. What then remained was mapped at intervalR 
duri11g the winter by Assistant Harrison, under whose charge the entire survey has advanced from 
the tracing of the ahore·hnes at the commencement of the work. 

4: cs 
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Sub-Assistant H. G. Ogden, after closing work last winter at the south end of Rhode Island, 
aud before taking up duty iu Section YTI, joined Assistant Harrison at ·wickford, on the west side 
of the bay, and assisted in a<l<ling some details to the survey in tliat vicinity. Mr. Harrison, in De­
cember, resumed the outstanding work in the neighborhood of Newport, and by the end of March 
completed the detailed survey. In the course of the winter be ran lines with the level, to an 
aggregate length of twenty-three miles. The harbor commissioners of Newport haviug previously 
assigned means for a minute survey of tlie wharf-lines, on a scale larger than that needed for the 
chart, Assistant llarrison was authorized, in April, to comply with their wishes. The requisite 
triangulation was made by Assistant Edward Goodfellow. From the twelve points thus given,. 
}fr. Harrison traced and mapped the entire city front, and the shore-line for some distance above ' 
aml below the city limits, on a scale sufficient for all legal requirements. This work was closed in 
)lay. Soon after, bis party was organized for the summer, and, resuming the topographical survey 
at Narragansett Pier, extended it around Point Judith. For its progress to the westward, points 
were furnished b_r a party fa charge of Assistant Sullivan. As in other parts of the sun-ey of 
~arragansett Bay, the work along the north shore of Long Island Sound is intricate, the surface 
presenting topographical details of all kinds . 

.'.\fr. Ilion Bradbury,jr., served as aid in this party during the season, and Mr. Stearns from the 
10th until tlie end of August, when he was assigi;ied to field duty in Lake Champlain. Both are 
now under instructions to accompany Assistant Harrison for serYice during the winter in Section 
YI. The plane-table survey going west of Point Judith was suspended early in November, when 
the following return was made in statistics: 

;\files of shore-line surveyed-_ ..... _ .. _ _ __ .. - . _ .. - - - - .. __ ....... _ - ___ . ___ .... 70 
l\Iiles of creeks and marsh-line surveyed- .... _ ........... _ .................... 76 
:\liles of roads sur,'°e,yed . ........................... ~ .. . .. . .. .. . - ..... _ ...... _ .. _ ~ _ .. .. .. .. .. .. .. .. .. ... .. . .. 7~ 

Area of topography, (square miles) ................ - ......................... 20~ 

Tidal obsen;ationH.-The self-registering tide-gauge established la.st year wt North Haven, on 
the :Fox Islands, as the principal tidal station and point of reference for that part of the coast of 
:Vlaine, a general account of which was given in the report for 1870, has been kept running continu­
ously. Its record is as nearly perfect as could have been anticipated. The apparatus for prevent­
ing the formation of ice around the moving parts of the tide gauge has worked admirably, so that 
no tides have been lost from this cause. This station, judging from the curves traced by the gauge, 
appears to be well suited to the purpose for which it was selected. Mr. J. G. Spaulding, a very 
attentive ohser•er, has been in charge, and has also kept up a regular series of meteorological 
observations. 

l\Ir. Howland has continued the series of tidal aud meteorological observations at the Boston 
mwy-yard. The gauge there has failed to record tides during the coldest parts of winter, owing to 
frequent .stoppages by ice. To supply the deficiencies in the record, parts have been added from the 
CLir\'e traced by the experimental glycerine-gauge working beside it. This last, however, has never 
;yielded a perfect eurn, but generally gives a close approximation. Short series of tidal observa­
tions ham been made at seYeral other places in this section by hydrographio- parties as usual. 
These arc primarily for the purpose of reducing soundings, but the·registers lead to valuable results 
when studied in connection with those made at the permanent stations. 

SECTIO:N II. 

ATLAX1'IC COAST, AXD SEA-PORTS OF COXNECTICUT, NEW YORK, NEW JERSEY, PENNl:lYLVANIA, AND 
DELAWARE, INCLUDING BAYS ~DRIVERS. (SKErcH No. 3.) 

Tria11gulatio11froni I'oint Judith icestward.-In order to provide for the extension of the plane· 
talile survey in this quarter, so as to complete a chart of the western a1>proaeh to Narragansett 
Ba:y, thirteen points were determined bY. Assistant J. A. Sullhran in the latter part of July. Four 
stations were occupied with the theodolite, the last being in the vicinity of Charlestown, R. L, a.nd 
about eight miles west of Point Judith. 

l\Ir. w·. H. Stearns aided in the triangulation, and made the field computations. The records 
of the work, with descriptions of the !'ltations, have been filed with similar data pertaining to this 
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section. Assistant Sullivan communicated the results of llis measurements to Assistant Harri"o11. 
and the plane-table survey, which was tlien in hand, went forward without delay. l~nder the lwa1l 
of Section YI mention will be made of the previous occupation of ::\Ir. Sullirnn. His aid, .Mr. 
Stearns, was on service in that section, and later in the season reporte!l to AsRistan t Cutts for dut~· 
on Lake Champlain, respecting whicll further remarks will be made before closing the notices of 
work in Section II. 

Station marks.-From the earliest period of the surH',Y marks !Jan~ lwP11 ;;l't i u the ground 
immediately under the position occupied by the theodolite at each point <letermiHed in the triangu­
lation of the coast. Of themselves the marks are indestructible, aud they are so placed as not to 
interfere with tillage, or, except where excavation ma:'-' be needful, with any re.quircmcnt iu tlw 
advance of settlements. The stations have been selected generally with a view to tl1eir prrscn:i­
tion. Nevertheless, some marks set for future reference may be distnrbecl by natural changes. 
From wi1lful derangement, or removal, tlley are protcctet1 as far as possible b,Y State laws, thP 
importance being olr..-ious of having at all times the mcaus for fixing geographical positio1Js lw~·01ul 
dispute. 

Vfithin the present year the examinations of Assistant .Johu Farlpy at some of the principal 
stations ou both shores of Long Island Sound confirm what was previously knom1 in regard to the 
necessity of positive means for preserving tlle ground-marks. At 1\Iontank Point the depression 
was found which indicated the place once occupied by the signal-pole, lmt the earthen cone buried 
at the foot of the pole had been dng out and destroyed. J\fr. J?arley took bearings aull mensure­
ments sufficient for illenti(ving the station. The marks on Shelter Island, being in a mort> se(]ne~­
tered place, had not been disturl>ed. Ordinary search for the exact point occupied at .Friar\; Head, 
on Long Island, was unavailing. The vicinity being now a deserted waste that was formerly well 
settled and cultivated, the reference marks could not readEy be identified, but, in the absence of 
other than natural causes, tlw cone buried wlien horizontal angles were measm·t>d from that point may 
be regarded as in position. .Farther westward ou Long Island the small marble post set at Clarke 
station, in 1865, was readily found. This point is near 1\Ianhasset, an<l will be carefully preserve<l 
by the present proprietor, J.M. Clarke, esq. Three stations on the coast of Rhode Island. '\\erP 
Yisited. Watch Hill station has not been distnrbed, but l\Ir, Fadey took additional ranges and 
views for ideutif.ving the point. The cone is probably in place on Champlin Hill, the outside refer­
ence marks being found as they were left. Such i11dications were wanting at Lantern Hill, hut tlw 
cone was found in position. 

Nickerson station, on the coast of Connecticut, is on an unfrequented bill. The· signal-pole 
originally used was set betweeu two large rocks, and these yet correspond to descriptious filed with 
records of the triangulation. At Williams's Hill, also in Connecticut, evidence gathered by Assist­
ant Farley was satisfactory in regard to the security of the station. Sugar-Loaf Hill, farther west­
ward, in the vicinity of New Haven, sllows in the circlet of stones and a slight mouud, the imli­
cations which were left by the triangulation part~·. 

Evidence of the vicil'lsitudes to which ground-marks are subject was revealed in the examina­
tion made by Mr. Farley of " Yard" station, near Philadelphia. Several years a.go h::i was at the 
place, and recorded the position in which were fouud two pieces of the original earthen cone. 
The proprietor of the place, l\Ir. William Q. Baxter, with commendable iutercst, marked the posi­
tion of the fragments by burying a granite bowlder, in which was previOL1sl~- fixed a leaden plate 
duly inscribed. Some time afterward, having occasion to move the ground iu the Yicinity, Mr. 
Baxter found the true cone. Assistant Farley visited the station in Nonm1ber, a111l, by additional 
measures and ranges related to the present surroundings, has recorded anew the exact position 
which was occupied by the theodolite while the triangulation was in progress near l~hiladclphil1. 

The results of his inspection were embodied by l\Ir. :Farley in a special report, accompanied 
by sketches showing the vertical and horizontal contour of the ground at each station. 

Triangulation and t<>pograpky near New Haven, Oon.n.-The work of this ;.·par near New 
Haven was'begnn by determining points for the plane-table surYey from two stations of the early 
trianglllation. Monnt Carmel was occupied to the northward of the city1 and :Milford station on 
the western side of the entrance to New Haven Harbor. For this service Assistant Edward Good­
fellow t.ook the field in June and closed in July. He occupied, in addition to the stations alrea,dy 
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mentioned, three others in the immediate >ieinity of the city. .After turning in the records of his 
triangulation l\lr. Goodfellow was assigned to duty, which will be further noticed under the head 
of St1<~tion VII. 

As 80011 as possible after the prelimiuary triangulation was finished, Assistant R lVL Bache 
took up the topographical snrn•y. This rPgion comprises about a lmudred square miles, and 
geologically com<i:;;ts of four ridges of trap and sand-stone, trending in a general north and south 
dirt>ction, bou11c1ed on the north by a trausverse ridge of trap, the heights, a;, distingnisl!ed from 
the New Haven plain, Yarying from about two hundred to upward of seven hundred feet. It i8 
!lraiued through \·alleys, which are here a hroad marsh, there a narrow seam, and again, a central 
rising plain diYersifit>d liy rolling laud. The Yicinity is of singular topograpl!ical and geological 
interest. Jn his report .Assistant Bache remarks: ''.All the various features conduci\-e to beauty 
in map delineation are here present, aud here, too, plainly legible, is a volume of the ancient physi_ 
cal history of the globe, in which, amid the work of the uphca·dog, depositing, and denudiug 
forces through long ages, is seen the rude inscription of the great northern glacier, which molded 
these sand-stone hills, groO\·ed and abraded the trap-rocks, and scooped out the Yalleys.'' 

The map of a region containing one of the chief seats of learning in our country should 
include all the surface-features of special interest. vVhen this work is clone I>rofessor James D. 
Dana, of Yale College, will represent upon copies of tlie p1ane-tab1e sheets the results of his clm;e 
stnily of formations, and th us meet all future inquiry hy an examvle of the best method of geologi­
cal delineation, applied to a miuute topographical suney. .Assistant Bache employe!l as aids in 
his party members of the scientific school of the college, who sought the incidental advantage of 
instruction in the use of tl1e plane-table. In the recurrence of such iustances the country at large, 
which, in its rapid development, is beginning to offer to skilled topograpbers a field of labor great 
fo inoportion to the number fitted to occupy it, will he benefited to the extent to which school8 
along the sea-board may avail themselves of proper opportunities . 

.Assb;tant Bache commenced the survey by running a number of liues of level, the two priuci­
pal being up the central valley north of New Haven. This is a sloping plain nine miles loug', 
which starts from the height of about thirty feet at the harbor, and attains an elevation of ninet~· 
feet at the base of Mount Carmel, the transverse ridge of trap before mentioned. Ile says: ~'Much 
curiosity being excited in regard to some of the chief heights, they were, by request, and with 
your special permission, published, dispelling long-cherished illusion on tlie subject. Mount Cm­
mel, commonly reputed to l>c on•r nine hundred feet in height, is not much oYer seven hunch'ed. 
East !tock, in the very outskirts of New Haven, once underwent a similar diminution of its 
grandeur ; for, as we lea.ru from one of a series of articles published in journal form in the 
Atlantic Monthly, entitled, 'A Virginian in New England thirty-fi,-e years ago,' East Hock was 
then reputed to be fi\·c hundred foet in height, but long since it has been known not to exceed 
three hundred and sixty. Tlle popular tendency to exaggeration, growing out of the delight of 
wonder, is obserYable everywhere before the taking of accurate observation, no height or depth 
ever being underrated. The effect of special mental training in producing accuracy is perceptib)(1 
even iu guesswork.'' 

The season was generally unf1womble for fielll-work, but, besides lines of level aggregating 
thirty.fl ve miles, and plaue-table triangulation giving points within an area of thirty square miles, 
.Assistant Bache completed o-ver six square miles of the most intricate of the topogra.phy. This 
area comprises the Quinnipiac Hiyer, all(l its branches and marsb, for two miles and a half from 
the mouth ; the country eastward to the first mairr road, and the southern half of Quinnipiac 
Ridge, lying to the west ot the river. The length of shore-line of rivers and other water courses sur­
n~yed was thirts-three miles, and of roads twenty-live miles. "Vith the early spring, operations 
will lJe resumed hy the party of A11sistant Bache. 

Survey of Lake Ohamplain.-The &urvey of Lake Champlain was resumed in July, and was 
continued untiLthe close of the season in November. Two triangulation parties, two topographi­
cal, and one hy1Jrographic party have been employed on the lake, some for the season and others 
for part ouly, according to the date of their return from the duties assigned on the southern coast. 
'L'be triangulation now extends from Juniper Island north ward to the boundary·line between the 
united States and Canada, and covers more than half and the most important part of the lake. 
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Two short bases for the verification of the work on the east and west arms were measured near 
the boundary. The triangulation was connected with and closed upon the astronomical station in 
New York, occupied in 1845 by Maj. J. D. Graham, United States commissioner for the determi· 
nation of the boundary-line, and upon three of the iron monuments marking that line on the 
frontier of Vermont. The snrvey of the shore-line was continued as rapiclly as the points required 
for its execution were furnishecl, and the number of parties specially detailetl for this duty would 
permit, arnl embraces, with the except.ion of the northern part of the eai.;t arm, the entire field 
coYered by the triangulation. The Lydrograpl1y was carried on whene,'er the weather was at all 
favorable, the party in charge tlevoting the season to the broadest part of the lake, l;yi11g between 
Burlington, the Four Brothers, and ... ,, alcour Islantl, and to a close suryey of such shoals and 
dangers to navigation as were found to exist. 'l'he i.;everal b1'anehes of work will be briefly men­
tioned in separnte notices. 

The early date of the appropriation by Congress, occurring at every alternate year or session 
enabled the parties at the soutll to continue in the field somewhat beyond the end of the ftscai 
;vear in sections where tl1e weather was fayorable, and it was not, therefore, until the middle ot 
.August that such of the returning assistants as were M-ailable could be assigned to the operations 
contemplated on the lake. 

Ju the mean time, a1Hl with a Yiew to hasten the progress of the work, Assistant U. D. Cutts, 
then engaged in the triangulation across New Jerser, detailed llis aid, l\Ir. B . .A. Colonna, to pro­
ceed to Bnrlingtou, Yt., and, with such assistance and means of transportation as could be found, 
to make a reconmiissauce of the east arm ; to l:ly out a scl1eme of triangulation with the usual 
quadrilaterals autl cbecks, and to erect the necessary signals. l\lr. Colouna reached Burlington on 
tbe 15th of .August; was at work on the 19th, and before tlie close of September the signab, 
forty-two in number, were erected at intervals between Kibbe's Point and the boundary, includiug 
two or three ou the Uanndian shore, required for the determination of points on l\rissisquoi Bay, 
in Vermont. The energy aud goocl judgment diRplaycd in the execution of this lluty received tile 
comrut>ntlation of the assistants whose future movements depended on his progress and success. 

On the 28th of August .Assistant Cutts finished the observations at 1\lount Holly, and starte1l 
for Lake Champlain to ta.ke general charge of the checks and verification required at tht> closing 
of the work on the frontier. After visiting the different parties and making such arrangement:'i 
as were deemed necessary, he proceetle1l to Alburgh Springs, near the boundary, expecting to ti11d 
on the neigh boring peninsula a site for a common base of ,-erification for the two parallel series of 
triangles co\·ering the east and west arms. Not succeeding in this, owing to the brokeu and rolling 
character of tlie country, he selected two sites, one on a level beach in the vicinity of Uouse':; 
Point, and the other on the railroau britlge and track over the east arm, for tlle verification, 
respectively, of each series. .At the same time a triangulation station, >isible from both arms, was 
selected for the comparison of azimuth. The work of measuring tlie two bases was assigneu to 
Snb-.Assistant Perkins. 

Triangulation of Lake Champla.in.-In continuation of the sun·ey of Lake Champlain, .Assist­
ant Charles Hosmer, after returning from work on the coast of South Carolina, took the field in 
July in the vicinity of Colchester Point. Signals were set up along the 1:1hores of the eastern 
channel of the lake as far north as Kibbe's Point, and intervening stations were occupied with tbe 
theodolite for the measurement of horizontal angles. Points having been thus determined, l\Ir. 
Hosmer resumed the shore-line survey with the plane-table. Separate mention will be made of 
the prosecution of that service. .At Kibbe's Point the triangulation was taken up by Suh-Assistant 
F. W. Perkini.;, an1l was pushed northward as far as Ball's faland, to provide 11oints in advance for 
the plane-table parties and for the soundings. ~~ssistant G . .A. Fairfield, after closing the season 
in Section IV, was instructed to co-operate in the determination of points on both shores of the 
eastern channel of the lake above Ball's Island. He commenced angular measurements on the 
1st of September, signals for the purpose htwing been previously set up untler the immediate 
direction of .Assistant Cutts, by the .Aid, l\Ir. B. .A. Colonna, as alreads statetl. Sub-Assistant 
Perkins having brought up the triangulation to Ball's Island, joined Assistant Fairfield, and, in. 
going farther northward, stations on both sides of the channel were occupied at the same time. 
By this arrangement favorable intervals of weather, in a season which proved to be genera11y 
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unsuitable for such work, were improved to the utmost. The triangulation was extenued north­
ward through )<lcQuam Bay, and beyond it through the eastern channel to the end of the lake, in 
Missisquoi Bay. Two stations of the triangulation done by this party are north of the United 
States boundary. l\lr. Fairfield closed the triangulation of the eastern part of fhe Jake on the 8th 
of October. 

}'or veri(ying the triangulation which had been brought from the vicinity of Burlington, a 
base-line was measured by Sub-Assistant Perkins on the railroad bridge near Alburgh, Vt. This 
is about three miles south of the United States boundary. The measurement of the line, which is 
more than three-quarters of a mile, differs from the computed length by less than one inch and n -, 
third. In order to verify the triangulation, which at the same time was extended through th(• 
western channel of the lake above I'lattsburgh, Mr. Perkins measured a base-line at 'Vindmill 
Point, on the eastern side of that channel and opposite to Rouse's Point. The comparison between 
the computed and the measured length of the line is satisfactory. The triaugnlation of this 8ea · 
Ron from Coleliester Point nortliward into :Missisquoi Bay, including the operations of Assistm1t 
Hosmer, Sub-Assistant Perkins, aml Assistant Fairfield, is represented h,v the following statistics: 

Stations oceupiet1 . _ .. __ . _ ... ___ .. _ .... _ .. _ ... _ .. - .. __ ... _. _ .. - .. - - ... - - . . 4fl 
Angles measured . __ . _ .. _ ............. _ .. ___ .......... _. _ ........ __ .. - .. - 313 
Points determined .. __ .. _ .... ___ .. __ .. __ ........ ____ ...... _ . - ..... - .... - . 50 
Xumber of observations __ ......... _ .. __ .. __ . - ... _ .. - . _ .... - ... - .. - ..... - . 7, 472 

Assistant Fairfield is now engaged in tria1igulation wmk in Section I\~~ and Sub-Assista11t 
I'erkins in siQlilar :field-serYice in Sectiou VIL 

On the 10th of July Assistant S. C. :M cCorkle commenced the triangulation of the west arm 
of the lake, and the reconnaissance for a scheme of secondary triangles. Owing, howeYer, to the 
urgent necessity of points for tbe plane-table party ordered to that locality, the latter duty was 
discontiuned, and he dernted his entire time and attention to the progress of the tertiary work. 
Tlie triangulation was taken up at the line Crab Island-North Sawye1·'s Point, and by the 22d of 
October it was connected with the base of verification an<l with a mark of the boundary-line near 
Rouse's Point. The preliminary computations show a satisfactory agreement between the length 
of the line as obtaiued by direct measurement, and its length as deduced from the Plattsburgh 
base. 

In consequence of the ill-health of l\Ir. l\IcUorkle, which he reported toward the close of ,July, 
:Mr. William II. Stearns was detailed for duty, and on 1 he lstof Septem bet' was assigned as aid. In his 
report Assistant ::\IcCorkle states that after the 5th of September Mr. Steams erected six signals 
and made all the field observations up to the close of the season, and his zeal and attention to 
dut,y are commended. 

'l'he followiJJg statistics show the work executed by this part~·, in additiou to which it may be 
me11tioned tliat the computations were kept up witll the obsen·ations in the field : 

Signals erected .. _. . ...... _ - . _ ... _ .... _. _.. . ..... _ .. _ .. _ .. _ ... _ ... _ .. _. 2G 
Stations occupied . - .. _ .. _ ............. _ ..... _. __ . _. _ .... ___ .. _ .. __ . _ . _ . . 33 
Angles measured .... - _ .. _ .. _ ...... _. ___ ..... __ .. _ .. _ .... _. _ ...... _. _ ... _. 202 
Observations . - . - __ . - . _ .. _ . _ .... __ .... __ . _ .. _ . _ .... __ ... ___ .. _ ....... ___ . 5, 250 

Shore-line sune,11 of Lake Champla,in.-Two parties being available after midsumrm~r for tracing 
the shores of J,ake Champlain, the triangulation was urged so as to provide points for the com1>le. 
tion of the field-work north of Burlington before the close of the season. This purpm1e has becu 
aceom plished. 

Assistant Charles Hosmer resumed with tbe plane-table on the 1st of September at Colchester 
Point, and ke1lt the field until the 25th of October. .Fi\·c topographical sheets were projected, 
which he bas returned to the office marked to represent the shore-line of the lake on the eastern 
side, from Uolchester Point northward to Butler's Island. These comprise in the aggregate one 
hundred and one miles of the lake shore. In this survey Assistant Ilo<Jrner was aided by Mr. R. 
B. Palfrey. 

At Shanty Point the work was taken up by l\lr. J. N. McClintock, and extended northward to 
Ste~enson's Point., the sheet of work comprising both shores of the eastern channel of the lake, 
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and at the nonhern extremity takiug iu the shore of McQnam Bay. .:iir. ::UcC!iniock traced 
twenty-four miles of shore-line, au<l at tlte end of Oetolier returned to fiehl-serYice near Saco, )le. 

Sub-Assistant 11. CL Ogden took the field early in August to trace the shore-line of the west­
ern passages of the lake, with fiyc sheets projected for the purpose. These he filled, and returue(l 
to the office at the end of October. Commencing at Cumberland Island light-house, ::\Ir. Og1le11 
llefined the western shore of tlrn lake, and the western sides of South lkro and Korth Hero 
Islands, and the entire sl10re-Iiue of Isle la Motte, and from thence, northward to the l~nited States 
boundar,y, both shores of Lake Champlain. l\Ir. Andrew Brai<l aicle<l iu tliis surn\Y, and in N 0 . 

,-ember extended the topography of the eastern branch of the lake from the heall of :\kQuam Ba,\­
uorth ward, taking within the limits of two plaue-table sheets the boundary of V ermout and the 
southern shores of l\li>1sisqnoi Bay. The shore-line traced by the party of Su b-Assista11t Ogtlen 
amounts to one hu11dred and fifty-two mile8. These senm shcC'h; rt'Jnese11t also thirty miles of 
road. 

Of the topographers employt'u in the surve,y of Lake Champlain, .As>1h;tant Hosmer l!a<l ueen 
previously engaged in Section V, and is now about to resume field-duty there. The previous work 
of Sub-Assistant Ogtlen will be mentioned under tl1e head of Sedion YlI, where his party is now 
ready to resume operations. 

North of a line joining Ligouier l'oiut 011 the western side with Shelburn l'oint on the eastern 
sitle, below Burlington, Vt., the shore-line and islands of Lake Champlain lta\·e been accurately 
traced and mapped. Sonth of that liue, tlie cour;.;e being unhrokeu by islands, it is prollable that 
tlic field-work may be adYanced rapidly. 

Hydrogmphy of T,akc Champlain.-Iu thi:,; work soumlings ha\-e beell extended from Bluff 
Point and the lower end of South Ilero Island sontliward to Ligonier Point, in the vicinity of the 
Four Brothers, the space included coincidiug in limit8 with the shore-line snrvey of last seasou. 
:Xo means being available on the lake for liydrographic work, the small steamer Fathomer was 
transferred through the Erie and Oswego Ca11al into Lake Ontario, and thrnce hy the 8aint l.aw­
rence and tlirongh the Saint John's Canal into the northern end of Lake Champlain. Sub-Assist­
:wt F. D. Grang·er joined the steamer at Plattsburgh on the 27th of .Jnly. Soumlings were taken 
np in the course of a few days, and were prosecuted without interruption 1111til the 1st of October. 
The party remained in readiness to imprO\'e every opportunity, hut stormy weather continued for 
several weeks. Hydrographic operations were closed at the end of October. lUauy reefs W<'rc 
developed, some of which were unknown to the boatmen of the lake. Wllile the soundings were 
in progress the level of water was carefully noted at Burlington and at Plattsburgh by simult.R­
neous observations. Tbe recorued depths were atljusted by reference to a bench-mark at Yalcour 
Island. 

Messrs. F. \V. Uing and L. F. Chew served as aids in the hsurographic party, the former ahm 
iu Section IX, where Sub-Assistant Gmnger was employed tlnring the preceding winter and 
spriug. 

A synopsis is subjoined of the statistics of h~'drographic WOl'k in Lake Champlain: 

Miles run in sounding .. _ .....•........... _ ...... _ ... _ . . . . . . . . . . . . . . . . • . . fH;J 
Angles measured ...... _ ...... __ ................ _ ..................... : . 3, 915 
Oasts of the lead ••..... _ ....•..... _ ...... _ .... _ .... _ . . . . . . . . . . . . . . . . . . . . 14, 131 

The work is comprised on two bydrographic sheets. After turn iug them in at the office: Sub­
Assistant Granger was assigned to duty in Section VIII. 

Huds<>n Bivm·, New York.-In the courE:e of the season Assistant Heury Mitchell couuuctnl 
observations with reference to a physical survey of the Hudson. His study of the slopes of the 
rh·er presents points of special ii1terest. One of tl1ese deYeloped iu bis preliminary report indi­
cates that a line of inquiry bas been opened promising direct results in regard to Hudson Hiver. 
The criticism subjoined to the description of the method of determining elevatious along the course 
of a tidal riYer is by a distinguished Belgian hydrograplier, who has been many years engaged in a 
physical survey of the Scheldt, and who now proposes to take up the problem iu the form to which 
it has been brought by the researches of the Coast Survey. Exclusive of many notes relati,·e to 
temperature, density of water, and character of bottom, the record of work in the Hudsou shows 
over seven thousand observations on the currents. Under the direction of Assistant Mitchell, the 
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details of the surve;y were prosecuteu by Sub-Assistant H. L. Marindiu, aided by a few stu<lenb; 
from the Rensselaer and Technological Institutes, who engage1l in the serdce with enthusiasm 
during their vacation. 

\Vith the same party, aided also by Messrs. North and "Wier, about thirteen soundings were 
made in the course of the season on the fiats in New York Harbor, and in Buttermilk Channel. 
The plotting of this hydrographic work is now in hand, with a view to determine the cause of the 
changes that may be in progr·ess. 

B11ri:ey of Newark Bay, New Jersey.-The party of Assistant F. H. Gerdes was employed 
during the summer and autumn in shore-line surveys and hydrography in the vicinity of New. 
York Harbor. Along the Passaic River the shore-line survey was revised and extended aboYe 
Newark, and the survey of the banks of the Hackensack was continued to the point where it is 
crossed by the Erie Railroad. l'ortions of the Jersey Central, the Xewark and New York, and 
the Boynton Branch Railroads coming within the limits of the survey were traced. 

Assistant Gerdes, aided by ]lfr. C. P. Dillaway, sounded the rivers within the limits just men­
tioned, and also Newark Bay, reYising, when needful, the sheets which represented the previous 
shore-line surYey. On the bay and riYers this revision included an aggregate of about sixty mile1'. 
Tidal observations were commenced by the party of .Mr. Gerdes iu July and were continued until 
Noyember. The schooner Dana was used in the soundings. 

A synopsis of statistics is subjoined: 
.Miles of shore-line surveyed . , . .. . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . .. . . . • ~8 
:Miles rnn in sounding .................. : ........... - - .. - .. - - - - ...... - ...... - . ll:ii 
Casts of the le~ul . . . .... _ ........ - .... - .... - ........... - - ..... - ... - .............. 11, 88L 

.Assistant Gerdes is now engaged in inking the sheets resulting from lhe field-work of his 
part.y. In the preceding winter Mr. Dillawa.~· had been employetl in Section VIII, and is at pres­
ent on hydrographic serdce in Section IV. 

Trirmgiilatfon netir Barnegat, X. J.-Iu my last report it w·as stated that a reconnaissauce had 
been made across New Jersey and a scheme found iwacticahle for the connection of the primary 
triangulation on the Delaware with tbe coast series near l3arnegat light-house. This scheme was 
commenced by .Assistant R. D. Cutts toward the close of June. The level character of the country 
between :\lount Holly and the coast rendered it advisable to erect high tripods and scaffolds for the 
ele".ation of the theodolite to secure the proposed leugtb of triangle sides, and to save the expense 
in labor and damages that must otherwise have been incurred by cutting lines of sight through 
timber-Jaud. Mr. B. A. CoJonna, the aid in the party, put U[> suitable structures at }fount Holly, 
and at four otl,ier statious, being those immediately required for the proposed triangnlatiou. Tlrn 
instruments were mounted at the .Mount Holly station early i11 August, and the observations re­
quired there were completed before the end of that month. 

'Vhile the observatories were under construction in .July, 1\ir. Cutts accompanied me on a visit 
of inspection in Section I. During August and September be directed the preliminary field-work 
on Lake Champlain, as already mentioned elsewhere. 

On the 4th of October Assistant Cutts returned to New Jersey and reorganized his part,y at 
Stony Hill, with the hope of completing angular measurements at that station before the close of 
the season. Tb.e underground marks of the olcl point occupied by Superintendent Hassler having 
been found by Mr. Colonna just previous to his departure for Lake Champlain, the tripod was 
moved from the eccentric to the true station, the distance to which was about eight meters. The 
theodolite was adjusted in its place, but in the middle of the month the smoke which generally 
hangs over the charcoal-burning district so thfokenetl as to prevent observations. Soon after, Mr. 
Cutts being called away by other duties, the triangulation party was discharged for the season . 

.Altitude of stations.-The determination of the heights above mean tide of the primary sta­
tions has been continued, under the direction of Assistant Cutts, by a line of spirit-levels from 
Gloucest~r City, on the Delaware River, t<> Pine Ilill station, and by others to Mount Holly. This 
duty was executed by Mr. Colonna during the month of June and the latter part of October, and 
according to the metho<l described in my last report. The entire distance leveled, forward and 
back, was seventy-five miles. Bench-marks were established at the villages through which th~ 
lines passed, for the use of locl:\1 Qr :State authorities~ 
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Assistant Cutts makes special mention of the energy and efficiency of bis aid, :\lr. Colonna, 
anu commends also Mr. Louis F. Chew, who wa8 temporarily attachefl to bis party. 

Topography of Great Ba.y ao1ul Little Egg Harbor, N . • T.-The topography of tireat Bay was 
taken up in the middle of May by a party in charge of Assistant C. ::\I. Bache. After tracing the 
shore-lines, the surface featLlres adjoining the water-line were carefully mapped. Tilci;e incluue tile 
small branches, and at the head of the bay several miles of the course of l\Iullica River. Tile 
entrance of the bay, known as little Egg Harbor, is comprised in this s11rYe,y. The statistics of 
work are snhjoiued: 

Miles of shore-line traced .. _ ... _ . ___ ....... _ ............................ _ .. _ 337 
Miles of roads ....... _ . . . . . . .... ___ ... ___ ... ______ ...... __ . . . . . . . . . . . . . . . . . 24 
Area of topography, (square miles).......................................... 60 

Sub-Assistant H. ,V, Bache assisted in this survey. The party is now engaged in Section IV. 
Hydrography of J,ittle Egg Harbor, (freat Ra.y, and Absecom Inlet, N. J.-A party was organ­

ized to work in this section with the schooner Bailey during the summer and autumn under the 
charge of Sub-Asoiistant W. W. Harding. The bar of New Inlet, at Little Egg Harbot, was 
sounded, and also Great Bay. In August the progress made and circumstances attending the work 
gave hope for the completion of the survey allotted to the party. At this juncture J\Ir. Harding was 
taken with fever. Ile died on the 25th of Sept.ember. The care of the schooner Bailey devol\ed 
on the aid, .Mr. J .• T. Evans, until the arrival of Sub-Assistant ,.V. I. Vinal, who was then in service 
ou the coast of Maine. Mr. Vinal reached Atlantic City on the 14th of October. Signals were set 
up and tidal observations commenced without delay-. At favorable inten'als until tile 1st of No­
vember soundings were made outside and through Absecorn Inlet, and iuside of the inlet so as to 
develop all the water-passag~s within three miles of the coast-line. A \)ench-mark was established 
at Atlantic City and others at Kew Inlet and Great Bay, where tile tides had been observed during 
the summer by Mr. Harding. For the determination of positions twe!Ye stations were occnyied 
with the theodolite on shore while the soumlings were in progress. TL1e statistics of tile hydro· 
graphic work are as follows : 

Miles run in sounding .....• __ . __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 313 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 825 
Numberofsoundings ...........•..............••................•....... 17,320 

After the return of the schooner Bailey to Baltimore for repairs l\Ir. Vinal completed and turned 
in the records of the work on the coast of New Jersey, and is now making prepara~ions for hydro­
graphic service in Section V. 

Survey of the "Horse-Shoe," (Delaware River,) and of the Schuylkill ne<ir Pltiladelphia.-Tbis 
work was undertaken at the request of the delegation in Congress from the city of Pililadelphia, 
the object being to determine the practicability of expedients for keeping t11e channel of the Dela· 
ware from being gorged with ice in the vicinity of the Horse-Shoe. In order tllat the question 
might be met with reference to the probable limits within which the observed elfects were wrought, 
a close survey of the banks of the Delaware was made from the vicinity of the mwy-yard to the 
lower end of League Island. Subsequently, at the instance of the delegation, the survey was made 
to include the lower part of the Schuylkill. 

In December, 1876, Mr. A. Hndenkohl traced the shore-line of the Delaware from the navy-yard 
to a point opposite to the middle of. League Island, and the opposite or New Jersey side from 
Kaighn's Point to Red Bank. The dikes remain as shown by the old survey, but 1\'lt'. Lindenkohl 
found that the river at two places bas been very much narrowed by artificial structures. Below 
the na.vy•yard these extend into the river from both sides, so that the breadth across to Kaighn's 
Point is five hundred· metres less than it was twenty-five years ago. At Gloucester, about two miles 
down the rh'er, large factories stand where the old river-fiats were, and two hundred metres out­
side of the former shore-line. The ferry· wharf at Gloucester is about a hundred metres beyond the 
old shore. On the opposite si<ll' "Broad Marsh" seems to be washing away between Greenwich 
Point and League Island, the last survey showing the loss of a strip about seventy metres in width· 

By reason of the severity of the season and prevalence of ice in the river it was found im· 
5cs 
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practicable to make the soundin~s during winter. Assistant Charles Junkeu, however, observed 
while ice was forming on the shoals at and near the Hor~e-Sboe, and also the conditions under 
which the ice gave way aud its course iu drifting after a thaw or freshet. Such suggestions as 
seemed to bear upon the (\uestiLn of lessening the tendency of the ice to drift into Ladd's Cove 
were embodied in notes aml placed on file in the hydrographic division. 

In August, of the present year, the desired soundings were made hy Assistant F. F. Nes. Two 
sheets were projected to represent the results on a scale sufficiently large for any ulterior purpose. 
In the Delaware numerous and careful soundings were taken between Point Airy, at the lower end 
of "'\Vindmill Island, aud the light-honse abreast of Fort :Mifflin. The Horse-Shoe Shoal was -, 
specially developed, and also the Back Channel as far as the bridge, between League Island and 
Philadelphia. 

Subsequently, Assistant N es sounded out the Schuylkill from its mouth, near League Island, 
upward to Fairmount, completing the survey on the 2d of December. 

The statistics are subjoined : 
}Jiles rnn in sounding __ .. _. _. _ - _. ____ . _ - _ - _ - . _ - _ - _ - . _ - _ - - .. _ .... __ . _ - __ . 255 
Angles nwaimred __________________ . __ .. _____ . _____ . _. ___ , __ . _ .. _ . _ . ___ .. 6, 412 
Number of soundings .. _________________ . __ ._ .. _. ___ .. ___ ._._ .. ______ .. _. 21, 295 

Two tide-gauge:s were kept iu operation by the hydrographic party, one at the Philadelphia 
navy-yard and the other at League Island. 

M:r. T. J. I1owry aided iu this work and in similar duty in Section VIII. The previous Rervice 
of the party of Assistant Nes will be mentioned under the hea(l of Section IV. 

1"idal ob1<eri:ation11.-Mr. R. 'l'. BaHsett, an experienced tidal observer, has continued the series 
of tidal obserYations at GoYernor's falaud, in New York Harbor, with a self-registering gauge, 
occasionall.r uotiug the reading of a box-gauge at the Hamilton-avenue ferry in Brooklyn for 
comparison with the other. This series, though at times somewhat broken, has furnit1hed data for 
many purpo:ses. Indeed, no improvement can be made along the shores of the harbor or of its 
c01mected waters, nor can any costly structure be properl.Y erected near the water-line without 
resort to the tide-levels which may be deduced from t.his series of observations. 

SECTION III. 

ATLANTIC COAST, AND BAYS OF MARYLAND AND VIRGINIA, INCLUDING SEA-PORTS AND RIVERS 

(SKETCH ~o. 4.) 

Topography and hydrography of the Broadicater, Va.-The name Broadwater which has been 
given to a marshy expanse of the coast of Virginia, north of Cape Charles, is somewhat applicable 
at high tide. At other times only the numerous channels are seen that meander through the marsh. 
The lower part of the Broadwater was surveyed and sounded last year. In December, 1870, 
Assistant J. 'VV. Donn resumed the work, and by the end of the season developed the coast region 
extending to tl1e northward as far as Metompkin Inlet. Sub-Assistant L. B. Wright was attached 
to his party. The schooner Bailey was used for transportation. With the plane-table Mr. Donn 
mapped the details of the mainland, prosecuting the survtiy there when the weather was unfavor­
able for souuding in the channels of the Broadwater. As before stated, much of the area to be 
passed over was a grassy marsh at low tide ; hence ordinary methods for topographical delineation 
were of no avail. Some of tbe channels which traverse these extensive fl11.ts are of local impor­
tance. The Great Machipongo flows for fifteen miles through a marsh so wide that the river course 
is visible only at low water. In making his survey A11sistant Donn determined first, and mapped 
the high-water lines alc.ng the mainland, and with them the hummocks, islands, and inlets as they 
appeared at that stage of the water. Next, the line of grassy marsh was traced, with the intersect­
ing channels. Lastly, the creeks and chA.nnels were surveyed, to show their true courses, a.nd the 
depth at low tide. In the hydrographic survey, Hues of soundings were run with a view to develop 
the channels alone, the depth elsewhere being often insufficient to fl.oat the sounding-boat. 

This work, prosecuted with great patience and energy by Assistant Donn and Sub-Assistant 
Wright, completes the survey of the outer C',oastof Virginia between the head of Magothy Bay and 
Metompkin Inlet .. 
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A synopsis of statistics is appended: 

Miles of shore-line traced................................................ 475 
Miles of roads ...................................... _ . _ ................ _ . 112 
Arca, (Rqnare miles) ....... - _ ..................... _ ... _ ....... _ .. _ 18S 
Miles run in sounding .•....... _. ___ .. _ .. __ ...... _ ....... _ . _ ....... _.. . . . 302 
Angles measured ... _ ...... _ ...............•..... _ ............ __ . __ ..... 4, 09! 

Numberofsoundiogs ......... ·-··---·····-·-·---·-·······--········ ... 22,019 

After turning in the sheets of this work, the party of Assistant Dorm went on field-service in 
Section I. He is now makiug preparation to extend the surrn.r of the James Uh·er, Ya. Sub. 
Assistant \'\'right, will conduct a party during the coming '"inter in Section IX. 

Latitude, azimuth, a-nd magnetic nbservatinn.~ at stations nn Chesapenke B11y.-The operations of the 
party of Assistant A. T. :Mosman in thiR and in other southern sections, extt>nding through twelve 
consecutive mouths, will be mentioned in the mmal geographical order, and uot in the nJer in 
which his nine dista1it sites ot work were suecessivel,Y ocl~upieu. Duriog the indement months of 
the season, which would not have permitted field-work in this section, the party was engaged on 
the Gulf coast, and afterward in Section IV, as will be stated hert•after. 

:Mr. Mosman aud his aid, :\fr. Ed win Smith, jr.: landed on the 19th of .Tu1y at Cove Point, Mary. 
Jaml, and as soon as possible mounted the astronomical instruments in a temporary obsen·atory 
at Calvert station, one of the poi11ts iu the primary triangulation which passes south~ard through 
Chesapeake Bay. At favorable intervals preceding the '..!Ot.lJ. of August ten nights were employed 
in obserYing twenty-four pairs of stars for latitude, one hundred and thirty-nine measurements 
'being recorded. Two sets of observations Wf're made for tbe micrometer value. Time was de­
termined in the course of thirteen nights by forty-nine observations ou eighteen stars; and for 
azimuth of the line to M.eekin's N eek, two b UIJ(Jred and· sixteen obsen·ations wert> recorded on five 
nights in A.ugnst and September with theodolite Ko. 16. 

At Calvert station the ma.gnetic declin:ttion was derirnd from ohsen~ations continued through 
three days ; fivt' sets of experimentR were made for ,-ihratirn1, and eiglit sets for deflection on two 
days. The dip of the magnetic needle was ascertained in the usual way. 

The observations for azimuth were close1l 011 tile (ith of Septemuer. M.r. Mosman soon after­
ward turned in at the office an aggregate of tweut_y-three Yolt1mes, with duplicates of the same, 
comprising the records of the stations previously occupied, and all the computatwus due from his 
party. He passed the remainder of the season in fixing the latitude and long1tudc of points in 
Ohio and Keutuck,y, mention of which will be made nuder the head of Section VIL 

At 'Iangier Island, in Chesapeake Bay, Virginia, observations were commenced by Assi:;;tant 
Mosman on the 16th of .Tune, a11d were closed by the middle of July. Latitude obsen·ations were 
made during nine nights on twenty-three pairs of stars by one hundred and forty-four obsen·atious 
with meridian telescope No. 7. The micrometer value was acertaiued as usual. Time was de­
termi11ed by eighty measurements with twenty-nine stars on twel\'e nights, and three other nights 
were employed in observations for azimuth of the line to ·watts' lslaud light-house. This is not one 
of the principal stations in the triangulation of Chesapeake Bay, aud the geodetic station at 
Smith's Point light house could not be seen from the ground at tlie azimuth station. To avoid loss 
of time and the expense in.cident to building a platform which must needs be forty feet high to 
bring into view Smith's Point, Mr. Mosman occupied as an eccentric statfon a chimney of tbe old 
Beach Bouse on Tangier faland. At this point were recorded by the aid seven hundred measure­
ments of the horizontal angles made by lines joining the chimney with the. two light-houses and 
the azimuth station. The azimuth was observed at the eccentric station on six nights by six hun­
dred and twelve measurements with the theodolite. 

Magnetic declination at Tangier Islaml was determined on three days, and the dip and hori· 
zontal intensity were ascertaine(l in the usual manner. 

Woif·Tmp, Va., a primary station on the west side of Chesapeake Bay, below the month of 
the Rappahannock, was occupied by Assistant Mosman from the middle ot' .April until the 7th of 
June. A signal was erected at New Point Comfort, primary station, and the angle 'between it and 
the light-bouse at New Point Comfort was determined from Wolf-Trap by one hundred and forty 
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four measurements with the theodolite signals were also set up for determining the. position of 
Wolf-Trap-Spit light and York-Spit light, one buudred and ninety-two meusurements being 
recorded for that purpose. Hoth light-houses were occupied with the theo1lolite as statious. 

:For the latitude of 'V'olf-Trap station Mr. Mosman and bis ahl, l\lr_ Smith, observed and re­
corded, during sixteen nights, an aggregate of two hundred and ninety results from forty-five pairs 
of stars. Sixteen stars were observed on ten nights, for time and instrumental corrections, by fifty­
four measurements. The value of the divisions on the level anrl of the micrometer were carefully 
ascertained. For azimuth two hundred and seventy-six measures were made, on six nigbts, of the 
angle between Polaris and New l'oint Comfort light, which, not beiug coincident with the primary 
station, is referred to it by the angular mea:rnrelllents already mentioned. 

At \Volf-'l'rap a complete sflt of observations wa,; made by Assistant Mosman for the magnetic 
decliuatiou, dip, aud borizoutal intensity; aml a full set by his aicl, Mr. Smith, who also took part 
in tbe observations for latitude, azimuth, and triangulation. 

Further mention will be made of the operation of this party under Sectiqn IV. 
~Magnetic obserrntions.-A t the station near his own dwelling, on Capitol Hill, \Vasbington City, 

the usual annual series of obsen"ations were made in June by Assistant Charles A. Sehott, chief 
of the computiug· division. From these were determined t,he magnetic declination, dip, and hori­
zontal iuteusity. The results serve as a cheek upon conclusions heretofore drawn in regard to the 
secular variation of the magnetic elements. 

Pendulmn obserl'ations.-Among the instruments deeme<l useful in the outfit of the expedi­
tion now in the arctic region;;, uuder Captain Ball, was included the penclulum belonging to Dr. 
I. I. Hayes, aud which bad been used by i\fr. Sonntag in a previous expedition to Smitll's Sound. 
Careful experiments were made with that bar some years ago by Prof'. George P. Boud, at Cam­
bridge Observatory, l\lassachusetts. As:sistant Schott made a new series of observations with the 
pemlulum in the early part of summer, and.recorded the results. The instrument was tl1en packed 
at the office, aud deli Yered to Captain Hall, with full information in regard to the experim en ts 
needful for purposes of comparison. 

Hydrogrnpliy of the Clu:8apeake estuaries.-The descriptions in my rep01t of last year included 
mention of the work done by the party of Sub-.A.ssistaut ,V. \V. Hardiug previous to December 
1870. Soundings and tidal obsen'ations were completed on Urn branches of Chester River on the 
10th of that month, and similar work was commenced a few days after iu the upver waters of the 
Severn River, aucl in tl1e branches adjoining Annapolis Barbor, where ~oundings were prosecuted 
until the chanuels were closed by iee. This occurre1l near the. end of the year. The party in the 
schooner Hassler returned by the 1st of March, and completed the hydrography of the vicinity of 
Annapolis. .Before the close of that mouth a number of small branches of the bay along the east· 
ern shore were sounded out, Sub-Assistant Harding, as in other case;;, tracing the shore.line. In 
the course of te"n days, preceding the 5th of April, the several branches of the Big Choptauk were 
traced and sounded, ancl, subsequently, the arms and creeks that make into the Little Choptank, 
also on the eastern shore of Chesapeake Bay. Twenty-six of the smaller branches of Chesapeake 
:Bay were traced ancl sounded out. hy the party during the winter aud spring in addition to the work 
done in the head-waters of the Se''ern above Annapolis, and in the body of the bay between Thom­
as' J>oint and 'l'ally's Point. 

During much of the time the })arty was of necessity under way in the vessel, the sites of work 
not being continuous, but, as before ex1>lained, limited to the small brauches and estuaries which 
were passed by in the first issue of the chart of Chesapeake Bay for the general purposes of com­
merce. 

In the aggregate, thirt:,·-nine miles of shore-line were traced by Mr. Harding; the lines of 
soundings were in all about one hundred miles, and are represented iu the reeord-books by depths 
found with tifty-seven hundred casts of the lead. 

Lat.e in April Sub-Assistant Harding was assigned to service in Section IV, and but for severe 
lameness, which disabled him temporarily, he wouhl have conducted a party for the survey of the 
channels of Cape Fear River. Ou bis recovery he organized a pa1·ty'for hydrograpbic duty in the 
schooner Bailey, in Section 11, and bad well advanced the work under his charge when he was 
seized with illness, which c:am1ed b!s d,e,a~, ,as mentioned iu the obituary noti~.eli in t.11~ jµtroduc-
t:on tc:t thi:;; r£>port. · · 
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'Iharigulation of the Jame.~ Rfrer, Va.-Tbis work has been carried on by Assistant H. E. 
Balter, with but slight interruption, from its commcncemcut in October, 18CiU, until .May last, when 
it closed at stations near City 11oint. At tbe date of my last report the triangulation bad ad Ya need 
as far aR the line, Cypress Shields, and from this haRe it was continued up the river uutil tlie close 
of December, 1870, when the running ice compelled l\lr. Hnlter, for the safety of the schooner Bow­
ditch, to seek an anchorage in Elizabeth River. Ou the 6th of January he returned to the field, 
and althoug·h still, at times, delayed by ice and bad weather, was enabled to continue the triangu­
lation with advantage tl1rougho1Jt the winter and spring. 

On the 5th of April his work and scheme of triangles were inspected by Assistant RD. Cutts, 
in charge of the secondary triangulation. An examination was at the same. time made i11 regard 
t-0 the practicabilit.v of enlarging the scheme with a view of connecting with the primary triangu­
lation coming down, parallel with the coast, through the eastern valley of Virginia. For this veri­
fication, howeYer, ou the seal!': desired, the character of the country offers few natural facilities. 
It was, therefore, deemed advisable to suspend the triangulation for the present at City Point. The 
party was disbanded early in May. Assistant Halter, after finishing his computations, was as1>igned 
to duty in Section VIII. The statistics of the season on James Hi ver are subjoined: 

Signals erected ___ ..... _ . _ ..•...... _ ....... _ ................. _. . . . • . . . . . . 32 
Stations occupied . . _ ................ _ ... __ ....... _ - .. _ ........... - . - . . . . 21 
Number of observations ........•....................................... - 8, 546 

Assistant Halter was aided in this section by l\lr. R. A. Colonna. 
Primary triangulation in Virginia.-For continuing the main triangulation southward along 

the Blue Ridge, Assistant C. 0. Boutelle made a reconnaissance early in the summer, aud selectt'd 
stations for extendiug tlte work to the Yicinity of L.rnchburgh. Of t11ese he subsequently occupied 
two, and completed at them the usual series of geodetic ousen,ations, closing operations at thP first, 
(Clark's 1\1ouutaiu,) near Rapidan, on the 8th of September. At this station a;;tronomical and 
magnetic observations were recorded, those for latitude and for time from measurements by Sub­
Assistant F. Blake, and for the magnetic elements from obseryatious by ~fessrs. A. H. Scott aml 
C. B. Boutelle, aids in the geodetic party. 

The sides of the primai:y triangles, in this part of the series, range from twt>nt.y-t.ltree to 8ixty­
four miles in length. From Clark's Mountain the signals at nine stations \"ICre observed on, inclml­
ing one near Fredericksburg taken in for connecting with the main work the secondary triangu­
lation, which passes up the lfappahannock RiYer. At Bull Run Mountain, subseqrn;rntly occupied, 
the junction of the river survey with the primary work was completed. Assista.nt Boutelle made 
tbe measurements for horizontal and Yertical angles, and determined the azimuth, using an arti­
ficial horizon of mercury without any glas8 roof, and obsen·iug within two hours of the elongation 
of the pole-star. Special care was bestowed on the determinations for azimuth. 

Gu(( Stream.-,1\"hile crossing the Gulf Stream, on the 8tlt of December instant, in the steamer 
Hassler, Assistant L. I•'. Pourtales rec_orded the temperature of the water at the surface. A tran­
script of the observations forwarded on the arrival of the steamer at St. Thomas shows that the 
warm water, which is characteristic of the Gulf Stream, was, early in this mouth, more than half a 
degree farther south than it was in the year 1860, and that the band of warm water was somewhat 
broader. A c-0lder band was crossed in going farther southward, but 110 other alternations of cold 
and warm water. The observations were made in the latitude of Cape Henry. 

Tida.l obsen,ations.-At Old Point Comfort the series of observations with a self-regh1teri11g 
gauge bas been continued by Mr. vV. J. Bodell. The record includes curves for many ,rears, but 
the series has been often interrupted by storms, the situation being of necessity expo;;ed to the 
force of the sea. The infiltruments are now in good condition, and the fixtures at the station have 
been strengthened. A new box-gauge and a porcelain staff were rece.ntly set up for comparisons. 
Valuable results are expected from the discussion of this series of tidal observations. Several 
short series of tides have been recorded in the course of the season by the hydrogra.phic party 
engaged in the waters connected with the Chesapeake, and these have materially added to our 
knowledge of the tides in this section. 
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SECTION IV. 

ATLANTIC COAST AND SOUNDS or NORTH CAROLINA, INCLUDING SEA-PORTS AND RIVERS. 

(SKETCH No. 6.) 

Triangulation of Pamplico Somid, N. C.-The work of this year, hy Assistant G. A. Fairfield, 
includes also the triangulation of Puugo River, the third in order of the large brnuches of Pamp­
lico Sound. 

The steamer Hitchcock, one of the new vessels, was expected to be in readiness for service 
about tbe middle of Januar,y, but some chauges needed in the machinery delayed the delivery of 
the vessel. Mr. Fairfield joined the steamer, at ~orfolk on the 27th of February, and reached New 
Berne on the 6th of March. A few days after, the party, having taken in Assistant Mosman and 
his aid, as stated elsewhere, landed at Port!imouth. There Mr. Fairfield set up a tripod and ob­
sen·ing scaffold, and, while Mr. Mosman was engaged in astronomical work, the requisite angular 
measurements were made for connecting the base-line with the triangulation of Pamplico Sound. 
A granite post was set by the triangulation party to mark the northeast end of the base-line, which 
is coincident with the statiou occcupie<l uy Assistant Mosman. 

Early in April the triangulation of Pungo River was taken up, and by the end of May that 
work was completed, making full provision for t,he plane-table sun·ey in the course of tht> corning 
winter. l'oints wt>re determined on the shores to a distance of twelve miles above the mouth of 
the·ri ver. Hetnrning to Ocracoke Inlet Assistant Fairfield occupied, in succession, as primary 
stations the three light-houses in that Yiciuity, and also the southwest end of the Portsmouth base­
liue, and was ei1gaged with the theo(lolite in this part of the triangulation until the end of July. 
The general statistics of the field-work are as follows: 

Signals erected_ ...... _ . __ . _ ... __ . _ .... ___ ..... _ .. _ . __ .... _ .... - - . - ... - - . 14 
Stations occupied _ .. - _ .•. - _ . - . - - .. - - ... - - .. - ......... - ... - - - . , - ..•. - ... - .. • 18 
Angles measured ___ -·- .. ·-- .... _.·-._-· __ ·---_ ... __ ....... - -- . - . -· ... - . . .. 107 
Number of olisen·atious . _ ..... _ ... __ ....... __ . . . _ . _ . _ ..... - . . . . . . - ... - - - 5, 484 

Suh-Assii\tant F. W. Perkim; rendered effective service in this party, and was also asso.ciated 
with Assistant Fairfield in duty which waio; prosecuted during the summer, as has been stated 
under Section II. The triangulation of Pungo River is already connected with that of Pamplico 
Sound. Angular measurements are yet to be made at Swan Quarter Island, after which the lines 
in the scheme of triangles iuerease to an average length of about twenty miles. The work is about 
to be resumed by .Assistaut Fairfield. 

Latitttde, azinuttk, mid magnetic observations at Portsmouth, N. 0.-Assistant A. T. :Mosman 
reached New Berne late in February after completing field duty, which will be mentioned under 
the bead of Section VII. The triangulation party, in charge of Assistant Fairfi.el<i, arrived in 
Pamplico Sound a few days after, in the steamer Hitchcock, and, before taking up routine work, 
landed the astronomical party and instruments at Portsmou~h, on the south side of Ocracoke Inlet, 
and assisted in setting up the temporary observatory needed at the northeast end of the base-line, 
which had ueen measured by Assistant Fairfield near Portsmouth. The astronomical instruments 
were in place by the 16th of March, but unfavorable weather permitted only occasioual observa­
tions until the 27th of that month. Clear nights following until the 5th of April, Mr. Mosman and 
his aid, Mr. Edwin Smith, jr., completed the needful observations. Twenty-four pairs of stars were 
observed on for latitude, and in the 0'<>urse of ten nights one hundred and thil"ty-seven results were 
recorded. For value of the micrometer in the meridian telesco11e No. 7, five sets were observed on 
four nights; and as many sets on two days for the value of the level divisions. Time and instru­
mental corrections were ascertained from forty-nine observations on eighteen stars, tests for the 
purpose being made on thirte011 nights. The azimuth of tbe line to Ocraooke light-house was de­
termined from one hundred and forty-four measurements on fi".e nights. The magnetic declination, 
dip, and horizontal intensity were ascertained from observations continued through four days at 
the station nt>ar Port-l'lmonth. 

Assistant Fairfield received the astronomical party on boq,rcl of his vessel on the 7th of .April, 
and next day returned to :tJew Berne. From thence the iusti:uments to be used by Mr. Mosman, iu 
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Section III, were sent by rail to Norfolk. His operations in tbat section bave been already 
described. 

The computed results and records pertaining to the observations made by Assistant l\Iosman 
in this section have been received, and placed in the office. Under the bead of Section VII men­
tion will be made of the previous occupation of the astronomical party. 

Topography of Pamplico Rii,er, N. 0.-The survey made by Assistant F. W. Dorr in this sec­
tion comprises the torogra.phy of the shores of Pamplico River above Lee':;; Creek, arnl extending 
to the immerliate vicinity of ·washingtou, N. C. With the addition of some few details to 
represent the town outlines the survey of the river will be complete. All the important creeks or 
branches of the Pamplico are represented on the plane-table sberts, and, in order to include them, 
the survey necessarily was carried back more than the usual distance from the shore-line of the 
river. Its branches mapped this year are Durham's Creek, Bath Creek, Blount's Creek, with the 
expanse known as Blount's Bay, Cbockowinity Bay, Broad Creek, and many of less note. The 
roads traversing both sides of Pamplico River were traced, and in other particulars the survey of 
this year was made conformable to that of the lower part of tlie river. 

This work was taken up -on the 6th of December, 18i0, Mr. Dorr usiug, as heretofore, the bull 
of the steamer Hetzel for quarters, and as means for moving from place to place in going up the 
river. The·season was marked by unusual cold, and in consequence the vessel was blocked in ice 
for several days. Party operations were much impeded from this cause during three weeks. 

A little village called Bath, marked on the lower of the two plane-table sheets of this season, 
is of interest by reason of its historical associations, that being, in the colonial period, the official 
residence of the chief magistrate. At present the channel which leads up to the village has ouly 
seven feet of water at t.he ordinary stage. 

Durham's Creek aflbrds eight feet of water through a narrow, winding channel as far as the 
steam saw-mill, just inside of the entrance. Another mill about a mile farther up the creek meets 
large orders from northern factories for spindles and spools, which are made of dogwood, persim­
mon, and other suitable wood found in the vicinity. 

The shores of Pamplico River alternate between sand and a narrow fringe of marsh, with 
occasional bluffs and some high land. On the south shore near Ne-dll's Creek (Sketch No. 32) the 
bank is forty feet high. 

At Bill's Point, six miles below the town of \Vashington, the river is only one mile wide, and 
1'bere, during the war, two rows of piles were set quite across the channel to obstruct, the upward 
passage of the United States gun-boats. Many of the piles remain in place and the passage throngli. 
is at present quite narrow. 

Assistant C. T. Iardella ably co-operated in the survey of Pamplico River. Mr. A. P. Barnard 
served as aid in the plane.table party. The statistics of work are as follows: 

Miles of shore-line, river, and branches-. ____ .... _ - .... _ ... - . - - . - .. - - - .. - . - - .. 163 
Miles of streams _ - .... __ . __ .. _. _ - - _ . - - •... - - .. - ... _. - ... - .. - - - - - . - ...... - .. 431 
Miles of roads __ . _ ..•.. ____ ... _: ___ . __ . _ .. __ ... ____ . ___ - - - - - . - - - . - - . - - .. - - . 415 

Area, (square miles) _ ...... _ .......... - .•. _ - .. _ - - - - . - - - . - - - - . - - - .. - - ... - - - .. 194 

The very large area developed with a single plane·table gives evidence of close and conscien· 
tious application to duty by the members of the party. In the course of the present winter 
Assistant Dorr will map the vicinity of Washington, N. C., and then continue plane-table work along 
the western shore of Pamplico Sound; and include the survey of Pun go l~iver. In conjunction with 
Assistant lardella he prosecuted field-work during the summer, as stated under the bead of 
Section I. 

On the 24th of May the steamer Hetzel was laid up at Washington to be in readiness for the 
completion of the survey at the head of Pamplico River. · 
. Hydrography of Pamplico River, N. 0.-In its progress from the southward the bydro_grap~y of 

Pamplico Sound rested, at the opening of the present s£>-ason, at the entrance of Pamphoo Rn-er. 
Soundings in the lower part developed the channels of that river as far upward as Indian Island. 
Assistant F. F. Nes made preparations in December, 1870, for completing the hydrography of 
Pamplico River, with a party in the l!Chooner Arago, Assistant. Dorr having previously advanced 
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the plane-table survey from the entrance as far up as Lee's Creek. The vessel, needing extensive 
repairs, was placed in charge of the senior aid, ~Ir. "'··I. Vinal, at New Berne. Other pre.parations 
being made in the same interval, the party took up soundings in Pam1'1ico River on the 23d of 
February. Assistant Nes had been eutirely disabled by rheumati8m, which seizeu hirn at the 
approach of winter, while closing bydrographic work on the coast of Maine. Be was in comiequence 
unable to join his party in Section IV. Under his general direction, however, the operations were 
carried forward with success by Mr. Vinal. The work is comprised on three sheets, taking in all 
the shore-line which has been traced by the plane-table party. Mr. Vinal recorded tidal observa­
tions at four stations in Pamplico River. In going up the channel sextant angles were measured. 
at forty-fi:ve stations. Fourteen buoys were determined in position by occupying forty-three points' 
along the banks of tbe river. For the adjustment of soundings the party in the Arago set up sixty­
one signals. Mr. Vinal was aided by Mr. R. B. Palfrey until the 17th of March, and until the close 
of work, near the end of May, by Mr. J. J. Evans. The sailing-master of tlle Arago, Capt. Thomas 
H. Ferney, besides bis care of the vessel, rendered important service in this hydrograpbic survey. 
The general statistics are: 

Miles run in sounding -_____ - . - . - . - - ... - - - . - - - . - .• - - _ ... - - .. - . _ .•• _ .•. - - . . 665 
Angles. __ ._ - - - .. - .. _ - . - - . - . - - - - . - _ .•.. - . - - .... - - - _ .. - . - ....... _. _ - . - - . _ 1, 927 
Number of soundings._._ - .. _ .. - . - __ . _ - .. - . - .. - - •. - __ . - . - - _ - - - . _. ___ - - - - _ 49, 704 

The depths, tides, and angles are registered in twenty-four volumes. 
At the approach of spring Assistant Nes was able to resume duty afloat. Bis occupation 

during the summer and autumn bas been mentioned under the head of Section IT. l\Ir. Vinal was 
at the same time on dut.r in a party in Section I, but was sent to the coast of New Jersey in October 
to contiuufl hydrographic work which bad been s11spended by the death o( Sub-Assistant Harding . 
.A like distress occasioned the transf(lr of the aid, l\Ir. Palfrey, to Section VII, as will he noticed 
under that head. 

H_1Jdr<>gmphy <>f Hatteras Shoal.s, N. C.-Under the expectation of favorable weather in July, 
Acting ~laster Hobert Platt, United States Navy, Assistant Coast Survey, sailed early in that 
month from Norfolk with bis party in the steamer Bibb, and set signals along the beach of Pamp­
lico Sound, the intention being to run lines of soundings to seaward and develop the depth now to 
be founu in prossing the Hatteras Shoals. Several lines were successfully run before the end of 
July. Bad weather then set in. Ten times duriug the month of August the steamer was on the 
~hoals, but no weather suitahle for completing the survey at that season presented itself. The work 
was subsequently accomplished and the results will be marked on the general sailing chart of 
this section. 

The hydrographic party in the steamer Bibb was previously engaged in Section VI. 
Topography of Bogue Inlet, K. C.-East and west of Bogue Inlet, at the opening of the winter 

season, an interval was outstanding in the topography of the coast of North Carolina. Assistant 
Hull Adams reached Swansboro on the 19th of Decembn, 1870, and organized a party for 
plane-table service, the intention being to make the belt of topography in that vicinity conformable 
to the survey of the shores of Bogue Sound, where the coast topography was suspended in 1868. 
When the party arrived the cold was severe '.md the sound was soou after frozen over. The sand­
hills, moreover, ball so changed that none of the points marked in the triangulation which was 
made previous to the war could be identified. Assistant Adams, in consequence, started from sta­
tions marked on the shores of Bogue Sound in 1868, and going westward renewed the triangulation 
by means of the plane-table, tracing at. the same time the outside shore-line as far in that direction 
as New River Inlet. This is about twenty-five miles from the point at which he started. His work 
completes the survey of Bogue Sound, including also the inlet of that name, and the mouth of 
'Vhite Oak River in the immediate vicinity of Swansboro. Farther westward the outside 
shore-line was traced, including the openings known as Bear's Inlet and Brown's Inlet. The 
details inside of. the shore-line will be mapped in the course of the present winter. Before leaving 
the section, at the end of May, Mr. Adams antl Sub-Assistant Eugene Ellicott, who was attached 
to his party, found the marks of eight. of the stations occupied some years ago in making the tri­
angulation between Swansborough and New River Inlet. These will aid much in the early comple-
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tion of the detailed survey on this part of the coagt of North Carolina. Bngne Sollnd, toward its 
western end, terminates in marsb at a point about four mileR from Swm11:1boro, and the 111ar:sh 
continues ·westward as far as New Rh-er Inlet. There are, howe\·er, two channels extendiug 
through the mansh to Swansboro. Bogue Sound is there about four miles wide, but less to the 
eastward where the water deepens. The detailed survey was suspended at a point about three 
miles west of Swansboro, where it is now about to be taken up for early completion by Assist­
ant 0. M. Bache. 

The statistics of the work, as far as yet accorr.plishe<l, are as follows: 

Miles of shore-line surve_yed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198 
Miles of inner marsh-line. . . . . . ... _ . _ . __ .. _ ................. _ . ___ ... _ ... __ . _ 28 
1\liles of shoals. . . . . . . . . . . . . . . . . . . . ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
1\liles of roads ............ _ .... _ ........... _ .. __ .. _ . _ ... _ .... _ . __ . _ .. ___ . . . 27 
Area, (square miles)........................................................ 7:> 

Snb-ARsist:rnt Ellicott continued in service with this party until the 13th of May, when he was 
assigned to duty of which mention will be made under the head of Section XL 

Assistant Adams passed the working season at the North in Section I, as already mentioned. 

SECTION V. 

ATLANTIC COAST AND SEA-WATER CHANNELS OF SOUTH CAROLINA AND GEORGIA, INCLUDING 
SOUNDS, HARBORS, AND RIVERS. 

Topography and hydmgraphy of tlte .~e.a-islmid clwnnel11 of 8outli Carolina.-The survey in this 
section bas been advanced to include two of the branches of Coosaw River, near the bead of Saint 
Helena Sound, and also tbe upper waters of Port Royal Sound, and of Calibogue Sound. 

Having refitted his vessel, the schooner G. l\l. Bache, at Sa\·anr1ah, Assistant Charles Hosmer 
resumed work on the sea-islands on the 12th of December, 1870, aided by .Mr. J. N. 1\lcC!intock. 
Joining with plane.-table details which were mapped in the spring of 1870, on the north shore of 
Savannah River, the survey was continued northward and eastward, and included in its course the 
upper part of Wright's River, and all the water-passages between it and Broad River. The pas­
sages were sounded, and some additional triangulation needed for plane-table work near the Savan­
nah, and. also for the extension of the survey so as to take in Uhechessee River, was made by the 
party. Twelve stations were occupied witb the theodolite for this purpose. The detailed sun·ey 
is comprised on two sheets. 

Later in the season the party developed by a shore-line survey and soundings a stretch of six 
miles in Bull Rh·er, aud in the same region about four miles of the course of the Oombahee River. 
The parts surveyed include the phosphate deposits, so valuable for the fertilizing properties of the 
material which is largely taken from the beds of the rivers. 

At the end of April the schooner Bache was laid up at Savannah. The following is a synop-
sis of the field-work by this party: 

Miles of shore-line of rivers surveyed - ............... _ . . . . . . . . . . . . . . . . . . . . 155 
Miles of creeks and marsh surveyed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 192 
Miles of roads surveyed . . . . . . . . . . . . . . . . . .......... _ ... _ .......... _ ... _ . 40 
Area of topography, (square miles) ............. - . . . . . .. . . . . . . . . . . . . .. . . . . 78 
Miles run in. sounding . _ .•........ _. _ ..........•.... - . . . • . . . . . . . . . . . . . . . . 326 
Angles measured . . . . . . ....... _ ..... _ . _ •. _ .. _ ... _. . . . . . . . . . . . . . . . . . . . . . 1, 031 
Casts of the lead ..................................................... _ . . . 32, 309 

The :field-work subsequently done by Assistant Hosmer has been described under Section II, 
where Mr. McClintock was also employed after several months of service in Section I. 
· In the course of the winter, while engaged in bringing up computations resulting from his 
field-work in this section, Assistant C. 0. Boutelle at intervals examined the navigable rivers in 
the vicinity of the sea-islands of South Carolina, and noted such peculiarities as must be of 
account in deciding upon the method proper for the survey of these channels of communication 

6 c s 
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with the upland district. His obserq1tions were communicated in the form of a comprehensive 
report. Thl' fad,; elllhodil•ll an• of mtwh valne, aud lwar directl~· on the futme developmt'nt of 
this interestiug rPgion of the southern <~oast. Mr. C. B. Boutelle served as aid in this section, and 
1mhseqne1Jtl,Y \"l'ith the party in Section Ill. 

SRCTION VI. 

ATLA~'l'IC' AND GULF COAST OF THE FLOltIDA PENIKSULA, INCLt:DING THE REEFS AND KEYS, AND 
THI<: SEA-PORTS AND IUYERS. (SKETCH No. 7.) 

Topography of NaS8(1U 8oitnrl, Fla.-Tlie work to be noticed undN' this head completes the 
survey of the inland water-passages betweeu Saint l\far;v's River, at the boundary of Georgia, and 
Saint ,loltn'8 Rin·r, Flmida. The vassages, as mentioned in preYious reports, permit a water com­
munication along a route generally parallel with the outer coast.!i.ne of the Southern States, but 
free from the rb;k of Rea rntYigation. 

A,,;sistant \Y. IL Dennis eornrnenced operations this year on the 3d of Jan nary. After tracing 
the sbondirw of Aml•lia h;larn1 be detnmined the posi tious of signals for the use of the. by<1ro­
graphic party of A:;si:;taut "' ehller, aud tbeu proceeded witb the plane-table snney of Nassau 
Souud. The t-<lieet rpt urned shO\n; the outliul's of that body of Wftter aud its tributaries, tile prin­
cipal ones being South Amelia RiYer and ~assau Ri\'er. Of these streams the former makes part 
of the iulaucl water communication before mentioned. 

The work done by :\fr. Dennis repn·sents the ground surface from the coast-line to a distance 
of se\·en mile8 Wt<Stward. It cornpri1'eS Nas;;;a11 So111Hl, with the lower part of Amelia faland on 
the uortl1 sid.,, aud Talbot Island on the south side of the entrance. The surfaee features are like 
those of the soutbem corrnt generally, there being a great deal of marsh traversed in all directions 
h,r 1in•rs or 1·reeks. On the n1aiu, pi11e barrens are common, bat the sandy coast hilands bear, 
l.Jesi<1e8 pinP, also a growth of oak, with much underbrush. 

Mr. Bion Bradlmry, jr., sen·ed as aid in the plane-table party. Field-work was closed on the 
2ild of MH~·. Alter layiug up the schooner Caswell at JacksouYille, Assistant Dennis returned to 
the 1wrth, and duriug the summer was engaged in Section l. On tbe coast of Florida his work 
was fmtbered by occasioual aid from the bydrographic party of Assistant Webber. The statistics 
of the plaue-table sun·ey of Nasi;;au Sound are as follows: 

Miles of shore-line traced ............... - . - ................................. 137 
Miles of roads s11rveyed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . 52 
Miles of marsh-line surveyed..... . . . . . . ................... _ ..... _ .......... 103 
Miles ot' cr~ks surve:yetl .......... _ .... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 
Area of topography, (square miles) .................................... _ ..... 104 

Excepting some few water-passages between the sea-islands of South Carolina, tbe plane-table 
sur\Cey is now complet€ from Charleston southward to Saint Augustine, on the com;t of Plorida. 
Assistant Dennis i:s now organizing a party for plane-table duty near Winyah Bay, in Section V. 

Hydrography ~f Nassatl Sound, Fla.-ln connection with soundings which develop the inland 
water communication between Saiut Mary's, Ga., and Fort George Inlet, near the entrance of Saint 
John's River, .As:sistant F. P. Webber has complewd the in-shore byclrograpby of the vicinity, so 
that tlrn work is now continuous to the southward as far as the arproaches to the Saint John's. 
This service was perfo1med with a party in the steamer Endeavor, which reached Fernandina on 
the 27th of December, 18i0. Tidal observations were commenced immediately ~t Fernandina and 
near Nassau Bar, and w<>re continued as usual for the adjustment of soundings. Many of the 
points determined in this section previous to the war, along the Saint Mary's, having been destroyed, 
Mr. Webber was under the necessity of renewing the triangulation partially, so as to join with the 
southern limit of preYious work. South of the Saint Mary's the points were found as they had 
been left by the triangulation party. Sncb additional ones as were needed about Amelia Island were 
furnished by the plane-table party of Assistant Dennis. 

Favorable weather was employed in running lines of soundings off-shore from .Amelia faland. 
At intermls unsuitable for such a purpose the boats of the JiJ-ndeu-vor were occupied in developing 
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N a8san Sound, and the channels which connect it "1'th Saint :'lfary's Rh·er and Saint .John's Ri'"er. 
North and south tl1e inshore so111Hli11gs deselnp th!" coast approaches for tWPnty millc',.;. Tl1e 
depth seaward was determined to a distance of ahont :>even miles. 

Mr. Andrew Brai(f was attached to the party iu the Enrle<t11or, and (•.orHluuted the hydrog·­
raphy, during the temporary absence of .. Assistant \Vebber, at Cedar Keys, where he made a sur­
vey which will be mferre1l to more particularly under the llead of Section VII. 

Ou Nassau Bar the depth, as given by this imrvey, is about eight feet at mean low water. Tl1e 
channel is narrow, and by sailing ,-essels the bar can be safely crossed onl_y with a fair wind. 

Messrs. Dallas B. Wainwright and ,V, E. :'.\IcUli11tock sernd as aid,.; i11 the hydrographic 
party. By their close application the large amount of office-work re;;ulti11g from the operations 
aftoat was closed at the encl of Uay, when the steamer returned to Baltituore. The statb;tics of 
the hydrograph,y near N~rnsau Sound are as follows: 

Miles run in sounding ...... ___ . _. _ ... _ ... _ .... _. _ .. ___ ..... __ . . . . . _ ... . 
Angles measured . _ ..... _____ . __ . _ ... _ . _ .. __ . __ .. _____ .... _ .. _. _______ . _ . 
Number of soundings ....... _ . . . . ___ .. _ ... _ .. _ ............ _ . _ . _ . _ . . __ . 

1, j;");j 

10, (iUl 
98,051 

The hydrographic party erected twent.v-eight siA'rntls, and (}etermilled fort,\·-seven poiuts by 
obserYatious 011 shore. Under Section I refere11c1> bas hPen made to the O('.cnpation of the purty 
of Assistant Webber during the summer seasolJ. His preparations are HO\\ in band for an early 
return to hydrographic sen·iee 011 the southern coast. 

Tr·ian.gulation. south of ,1Jatanzas Inlet, Fkl.-For the extension of the sm»ey south of Saint 
Augut-1tiue, along the ea.stern sitle of the Florida Penimmla, a 1lat-hottomed Yesspl was }H'tffided 
last winter by the h.rdrographic inspect.or, but it was unfortunately clextroyP1l hy the burning of a 
ship-yard at Baltimore, while being fitted out for sen-ice. Tlms deprh·ed of tbe means for insur­
ing the wished-for progress, Assistant J. A. ~ullivan proceeded to Saint Augustine iu ,Jauuary, 
and with a small open boat took up the triangulation below Matanzas Inlet. J.'rom stations at 
which the work had been suspemletl, be advanced the triangulation sonthwanl to Brnddoek's 
Point by occupying alternate stations on the 8luwPx of Mar1ta11zas Rin•r. Six poiuls were deter­
mined by eight hundred measnrement8 with the theodolite. The work 1lo1w by Axsistant l:fallh-an 
and his aid, Mr. V\'. H. Stearns, terminates at a station near which the iu11er sea-w1tte1· ella1111el, 
which is so distincth·e a feature of the coast aboYe Saiut Augustine, is iuterruptl;<l b~· about twel\·e 
miles of swamp and hammock. Difficulties tit us presented i11 the progn•ss oft.be smTey it is hoped 
may be O\:ercome by pt1shing in at high water with a fiat-bottomed \'essel, nnw ready fur the 
service, and so a<hancing as far as practicable by the northern end of the swamp; entering after­
ward at .Mosquito Inlet, and making the survey from the southward to join witll work at the 
swampy barrier. Assistant A. l\I. Harrison is now pre1Jaring to take np plaue-tal>le work l>elow 
Saint Augustine, and to extend the tletailed surYey southward. l\1r. Sullinm returned from this 
section in April. Hi:s party was s11bseque11tly eugaged in Section I. 

Hydrograplty near the Tort11glfo8.-With the steamer Bibb, which was rPlittPd in the course of 
the winter, Acting Master Holwrt Pfatt, D.S. N., Assistant Coast Suney, set sail in January, 
to complete soundings to the northward of the Tortugas, in the Hulf of :'llex.ico. Signals liad 
been left standing for the purpose, bnt thej' bad all gone down in the hurricane of Odoller, 18iU. 
Some daj'R were occupied in estaulishing the requisite poiuts of refere11ce, and in restoriug the 
signals. The hydrography was then eontinued north of the Tortugas aud Quicksands, the lines 
run being extended to dist,ances of twenty.five miles beyoml the ten-fathom cm·n~. This work mis 
!aid aside in May for special service, which will be referred to presently. Actiug- ~faster Platt was 
again on the working ground before tbe end of that month. After completing tbe hydrogTapli.r 
of the Quicksands, he made a close survey of a large bank about lour miles to the north ward. 
This, which is imrallel with the Qu\eksauds, he has called tbe Ke1c Ground. Sernrul spots were 
found on it with oul,y eight feet of water, and on the north side of the l>ank the water shoalt:< ver.r 
suddenly from ten fathoms to less tllan ten feet. The New Ground is composed of large coral 
rocks, sand, and grass. Iron buoys, lent by the light-house inspector at Key West, were tempo­
rarily useu as reference-marks while soundings were in progress in the dciuity of the Quicksands. 
The statistics of that work are as follows: 



 

44 REPOI!T OF THE SUPERrnTENDl<:NT OF 

Miles run in sonn1liug . _ _ _ _ _ _ _ _______ - ___ . __ .... __ .. __ . - _ - - _. _. . . . . . . 74-G 
Angles------·------- _________ _. _____________________ .................. 1,695 
Number of soundings .................... _ ...... _ .... - ... _. _ ............. 6, 950 

Uuder irnstructions given on the 1st of' May, Acting Master Platt took in tow the ship Ra.le(qh, 
theu at Ke;r 'Vest, having on board the cable of the Intematioual Ocean Telegraph Company. 
The Raltigh, drawing eighteen aml one-half feet, and consequently unable to pas8 by t.lie North­
west Channel from Key West, was towed by the steamer BiblJ around the Quicksanlls, and 
through the Rebecca Channel. On the passage to Punt~1 Rasa, (Charlotte Harbor, Fla.,) the ves­
i;els met strong head-winds and a hea>y sea. Fortunately the weather changed. Under very·· 
favorable conditions the cable was started at Punta Rasa, and successfully laid in a straight course 
southward and by the shortest route to Key \Yest. Ou the night of the arrival of the Bibb, with 
the telegraph.,·pssel in tow, (20th of l\Iay,) the Gnitecl States gun-boat Nipsic parted her chains in 
a heavy squall and went a;;bore. Receiving notice of the disaster at midnight, Acting l\laster 
Platt bad the steamer Bibb in readiness, and when the morning tide served, towed off the Nipsic. 
into deep water. As before stated, the hydrographic work was then re8umed and was completed 
near the Quicksanch; by the end of May. The Ribb reached Norfolk on the 11th of .June, and was 
subsequently on sen-icP in S.-ctiun IV. 

l\Iessrs. J. B. Adamson aml C. L. Gardner served efficieutl;y as aids in this hydr·ographic 
party. 

The h,vdrographic party of Lieut. Commander John A. Howell, U. S. N., Assistant in the 
Coast Sun·ey, is now org·a11ized for service with the steamer A. D. Baehe, one of' the new ,-essels 
completed witliiu the year. After some trial to determine the working qualities of the steamer 
the party will run in tbe course of the winter, lines of deep sea sou!ldings in the Gulf of Mexico, 
within the limits of this section. The officers detailed for duty in the part.y of Lieutenant Com­
mander Howell are Masters W. H. Jaques, E. S. Jacob, Richard Hush, and W. L. Field. 

SECTION VII. 

GULF COAST AND l'\OUNDS OF WERTERK :FLORIDA, INCLrDING THE FOR.TS AND RIVERS. (8KF.TCH No. il.) 

BJ/droffraph,I/ of Cedar Keys, .Fla.-Iu March Assistant F. P. Webber left his h;ydrograpbic party, 
then at work uear Nassau Inlet, on the eastern coast. of .Florida, under charge of the senior aid, 
ancl crossing the bead of the peninsula by railroad, accompanied by Mr. D. B. Wainwright, he made 
au examination of the prt'sent capacity of the. principal channel at Cedar Keys. Finding the 
marked ends of the hase, but none of the adjacent stati.:ins, Mr. Webber determined eight addi­
tional points with the theodolite, and then sounded from the railroad-wharf through to a poiut 
about a mile below Sea-Horse Key. He found ten and twelve feet in the middle of the channel at 
mean low water. The channel is narrow, and needs permanent marks, those now in place being 
liable to destruction in every gale. The hydrographic work at Cedar Kess is represented by the 
following statistics: 

.l\liles run in imunding . . . . . . . _ . _ . _ . _ .. __ . . _ .... _ .. _ .... _ •. _ _ _ ... __ .. _ . . 55 
Angles measured. - . _........ . . ..... _ ..... _. _ ... _. _. __ ...... __ .. __ .... _. 740 
Number of sounuings .....•...... - . - .. - .. _ .. _ ... _ ................... _ ..•. 7. 477 

'!'he subsequent operations of the i11uty of Assistant Webber have been dcscl'ibed. under the 
bead of Section l. 

Hydrograpliy of Saint Georg,'s Sound., Fla.-For the b~·drographic wmk required in Saint 
George's Sound a party was organized nuder charge of Sub-Assistant Horace Anderson, and sailed 
from Baltimore, in the schooner Rilli11ian, on the 16th of ,January. The vessel was delayed on ·the 
passage southward. In a heavy sea off the Frying-Pan Shoals, the shackles at the mast-head gaYe 
way, aucl the standing gear came down on deck; but by great exertions the masts were saved, and 
the schooner safely reachml Savannah, where she took on board the working-boat intended for ser­
vice in the Gulf. By reason of light winds after leaving that port the party did not land at Apa­
lachicola until the 13th of February. \Vork was commenced without delay. The chief of the party 
and his two aids, Arthur F. Pearl and George W. Bissell, wet·e young, st1·ong, and active, and the 
c1·tiw was thoroughly efficient. Under these and other favorable conditions work was continued 
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until the evening of Saturday the 25th of Fehrnary. Next day the aid8, at the clo8e of churcb­
service, left Apalachicola in the sail-boat, with four men, to return to the scl1ooner Silliman, which 
was at anchor about four miles from the town. By a very sudden squall of wind at 1 p. m. tl.Je 
boat was upset, and all on board were drowned. The bodies of the aids, and of two of the crew, 
were found in the course of the week following, and were buried at Apalachicola. ~Iy sense of tlie 
loss sustained by tl1e snrwy in the death of the two hydrographic aids has been expre.,sed elsl!where 
in this report. Of the boat's crew that perishea with them, James Scott was shipp!!d at Balti­
more; the other three, Henry Austin, Joseph P. Ridley, and James Anderson, belonged to Apa­
lachicola. 

Sub-Assistant Anderson, having discharged the sad duties which devolved upou him by 
this disaster, resumed work, and extended the hyllrngra.phy of the sound from Bulk-head l'oint 
eastward to Royal B1uff. His survey deYelops many sand-bars and oyster-he1ls in the eastern 
approach to Apalachicola. There is, however, a three-fathom channel from the eastward as far iu 
as the bulk-head, where the depth on the bar, which extends aeross the sound to Cat Point, h•Rsens 
to seven feet, and where it is frequently less than six feet. The tidal observations made in April 
and l\fay showed the effect of winds, and that a. rise and fall of about eighteen inches miglit be 
regarded as the average. 

Mr. H. B. Palfrey joined the party as aid on the 1st of Aprit and is warmly commended in 
the report of Sub-Assistant Anderson for untiring eft'orts to repair, as far as po::,sible, the untoward 
circumstances that marked the early progress of the work. The following is a synopsis of sta­
tistics: 

Miles run in sounding . . ... - ... - .. - . - - - - ...•. - .. - ..... - - - . - . _ .. _ .. ___ . . . 310 
Angles measured._ ..... __ ..... - - - - - - ... - . - ..... - ..... _ ........ _ .. _ _ _ _ _ _ 1, 090 
Number of soundings .. - .. - _ - _ - - - - .. - . - ..... - - . - . - - - . _ .... - -.. _ ...... _. __ 25, 048 

On the 22d of l\fay the hydrograpl1ic party left Apalachicola in the schooner Silliman. Duri11g 
the summer Mr. Anderson was engaged in service in Section L :Mr. Palfrey was at the same 
time on field-duty iu Section II. The vessel is now in readiness to continue the hJ·dro­
graphic survey near Apalachicola . 

. Jfeas1trement of base.line and azim1tth at Saint.Toseph's Bay, Fla.-Under the next bead menti.on 
will be made of the general occupation of the party of As8istant S. C. l\IcCorkle during the winter 
of 1870-'71 in this section. Azim nth determinatious beiug needful at two sites on the Gulf 
coast, the Yessel to be use<l in triangulation was relied on to afford also tranRportation for the 
party and instrument., of AssiRtant Mosman. In February, when the observer~ ~err re~1dy fo1· 
service at Eagle Harbor, Assistant McCorkle made his arrangements conformablt• to the rerJ11ire­
·ments of the astronomical party, and at the same time measured the base upon which his triangu­
lation of Saint Joseph's Bay dtopends. The ends of the line were connected in the usual \rny with 
the adjacent triangulation points by the measurement of horizontal angles. The position of the 
base-line is shown on the progress sketch of the section. Sub-Assh;tant H. l\L De Wees assisted in 
the measurement. 

- Assistant A. T. Mosman, under arraugcments made with Assistant Mccorkle, was landed from 
the scl1ooner Torre,11 at Eagle Harbor, on the 5th of February. All needful aid was given by the 
triangulation party in mounting the astronomical instruments, and in erecti11g a sbeltPr to prntPct 
them from injury. With theodolite No. 16 Mr. 1\Iosman and his aid, 1\fr. Edwin Smith, obserwd for 
azimuth on four favorable nights preceding the 14th of the month, and recorded sewnteen sets of 
observations. In order to connect the azimuth-station with points in the triaugulation of Saint 
Joseph's Bay1 horizontal angles were me:isurell by twelve sets on three days. The time was deter­
mined hy se,·euteen sets of observations made 011 five days with the sextant and artificial hol'izon. 

T11is work is noticed in its proper geograpl1ical order, hut was preceded by similar dut,Y at 
. Saint Andrew's Bay, as will be mentioned presently. 

Triangulation of liaint Andrew's Bay, Fla.-Last year the eastern and northern arms of tbis bay 
were included in the operations of Assistant l\lcCorkle. In order to complete the triangnlation, 
he returned to Apalachicola early in December, 1870, expecting to move irnnwlliatel.v west1Yard 
with the schooner Torrey, which was under his charge for the use of his party. But prepara­
tions for sailing bad been delayed by the sudden death of the sbip-keeper. The >elisel of nPct>!'tsity 
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was refitted under the immediate supen7 ision of Assistant McCorkle, and could not reach the 
workiug grouu<l in Saint Andrew's Bay until the night of tbe ~Gth of December. On the passage 
Assistant .Mosman was landed at DaYis' Point, (Sketch No. 8,) the placP of work for the season in­
clm.ling also the determination of azimuth. Sub-Assistant H. l\L De \Vees accompanied the party 
into \Ve;;t Bay for topographical service. 

After erecting signals on the shores of the ba.y, horizoutal angles wern measured as usual with 
the theodolitt•. Four of the lines of sight required to be opened by cutting through the woods, in 
order to bring the signals into Yiew. Sketch No. 8 shows the scheme of triangulation. 

The field statistics are : 
Signals erected . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 97 
Number of observations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 872 

As;;istant l\lcOorkle co-operated in the work assigned to Assistant Mosman by transferring his 
party when needful, aud affordi11g help in procuring lumber at Apalachicola. His party aided 
also in tlie erection of the camp, and in mounting the astronomical instruments.at Da,'is' Point. 

The latter part of the season in this section w_as employed by Mr. l\IcCorkle in a reconnaissance 
along the coast toward Cboetawhatchee Bay. Beyond Saint Andrew's Bay to the westwaru the 
country i;; heavily wooued. l\Iauy swamps were passed making in at right angles to the shore of 
the Gulf of l\Iexico. The uifiiculty of extending the tria11gulation is great, but possibly the 
obstacles presented in this stretch of about forty miles may be lessened by examining the ground 
which in ten·enes betweeu the upper waters of Saint Andrew's Bas and those that enter into Choc­
tawhatchee Bay. As yet no well-defined roatls are laid ont, but a party has been organized for such 
senice as may Le practicable in the de,-elopment of this region. 

Late in April the schoont>r Torrey was laid up at Apalachicola in the charge of a ship-keeper. 
Assistant l\lcOorkle then passed northward, and during tlle summer and fall was occupied in field­
work in Section IL 

Before leaYing Saint Andrew's Bay the base-line upon which the triangulation depends was 
carefully rernemmred, as al;;o the anglt>s connecting it with the triangulation. Sub-Assistant De 
'Vees co-operated in this service. 

Lat'itudc and azimuth at Saint Aiidrew's Bay, Fla.-At DaYis' Point the astronomical instru­
ments intended for the determination of latitude and azimuth were landed from the schooner 
1'orrey lat.e in December, 1870. Before leaving for the prosecution of routine work, aid was given 
by tlle triangulation party in the schooner for setting up tents am] securing the iustruments in 
their places. Ever;ything being in readiness, Assistant Mosman commenced astronomical observa­
tions on the 4th of ,January, and employed every clear night until the 17th, seYen bciug occupied. 
in observing on twenty pairs of stars with zenith telescope No. 6 for latitude. 'l'ime was deter. 
mined ou nine nights by observations on sixt;y-four stars with transit No. 12. Twenty-four sets of 
observations were made on six uights for azimuth with theodolite No. 16; and by measnring hori­
zoutal auglP8 011 five days, the azimuth-station was connected with the triangulation of Saint 
Andrew's Bay. 

Mr. Edwin Smith Rervetl af.'1 aid and recorder in the astronomical operations. .Assistant 
Mosman left Apalachicola on the 20th of February, for sel'Yice in Section IV. He was afterward 
engaged in Section I II, and toward the end of the season co-operated in astronomical work in Ohio 
and Kentucky, further mention of which will be made before closing notices of work in Section 
VII. Dnplicates of all the records kept by Assistant Mosman on the Atlantic and Gulf coasts 
have been deposited in the office, together with the field computations for latitude, azimuth, and 
maguetic observations. 

Topography of Saint Andrew's Bay, Fla.-The plane-table work outstanding at Saint Andrew's 
l~ay when the season opened included some.details additional to the survey which had been made, 
in the preceding year, of the eastern and northern arm, and the survey of the western part of the 
bay. A8 alrrady mentioned, the triangulation tl1ere was taken up by Assistant McUorkle e~rly in 
,January. Following in order as pointR were fnrnislied, Sub-Assistant De Wees, after filling in 
supplementary details to tbe ca..~tward, traced the shore-line of the western arm, including the 
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bayous aud creeks which empty into it; and thus made the field-work at Saint Andrew's Bay 
complete. TlJe plane-table sb(•ct represents \Vest Bay as bounded by mar:;h gPuerally, in some 
places quite narrow, but in others ha,·iug a width of a quarter of a mile. Tlle man;b is oacked 
by pines aml uuderbrusb with a few live-oaks and some 1mhnetto. Light.draught vessel!-; cau pass 
throngh the western arm of Saint Andrew'8 Bay. The sbores, lJowe.-er, with the exception of 
occasional hummocks, are so low aud swampy for some distauce iuland as to be impassable. Sub­
Assistant De ·wees closed work in Ma.r, with the following return in statistics for tbis section : 

Miles of shore-lines surveyed ............ - . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 4i" 2 
Miles of bayous and creeks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 108 
Area, (8qnare miles) ....... - ................ - ...................... - - . . . . . . 47 

After discharging the plane-table party Mr. De 'Nees returned to the office and was assigned 
to duty on the coast of Maine, as ruentioued under St:lction I. He is now under instructions for 
service in Section IV. 

Triangulaiion, topography, and hydrography of Santa Ro8a Sowul, Fla.-The Gulf coast between 
Uhoctawhatchee Bay and Pensacola Ba;r, a distance east and west of about forty-fiye miles, has 
been thoroughly surTe,ved by a party under the charge of Sub-Assistant H. G. Ogdeu. Santa 
Rosa Sound connects the waters of the two bays, and is separated from the Gulf by a low saml.r 
island fifty miles long. The width of this barrier at the average is fibout a quarter of a mile. 
Santa Rosa Sound itself, stretching east and west, varies in breadth, being two miles across toward 
the western eml, where it joins Pensacola Bay, hut is less than three hundred yards wide nt~ar 

its entrauce into Choctawbatchee Bay. Field operations were commenced. late in December, 18i0, 
and dosed on the 16th of the following :\fay. 

Sub-Assistant 0. H. Tittmann, who was attached to this party, made. the needful triangulation, 
starting from two stations, (Fort Pickens and the navy-yard,) wl.iich had been occnviecl 11reYiously 
in the survey of Pensacola Bay. Going eastward be set up siguals, and occupied alternately 
many stations 011 the north and along the south shore of the sountl, and extendetl liis triangulation 
into Clioctawhatchee Bay. The western part of tlJat body of water was also included iu the sur­
vey of this year, aud also East Pass, which is an outlet from Choctawhatchcc Bay into the Gulf 
of :Mexico. 

The conditions being unfavorable in some places along the so1rncl for extemled lines in the 
triangulation by reason of tlie inter.vention of trees and sand-hills, great care was taken in the 
determination of horizontal angles, thirty six measurements being recorded for each angle. Addi­
tional to tbe arrangement in quadrilaterals, angles were measured from their stations to couuect 
with them any signals that might be visiLle in the adjoining quadrilaterals. Tlle scheme of 
triangles sbown in the progress sketch, and the statistics of tht:' work, are cYidcneeR of untiring 
patience, and the results are highly creditable to the members of the party. 

The topogrnph_y of Santa Rosa Sound was commenced by Sub-Assistant Ogden early in Feb­
ruary, at a point eleven miles from Fort Pickens. Three sheets were filled in going eastward, tbe 
last taking in the western part of Choctawbatcbee Bay with Garnier Bayou, FiYe-J\Jile Bayou, and 
the shores of East Pass, which connects the ba.y with the Gulf of Mexico. Santa Rusa Island, as 
represented on the plane-iable sheets, is covered in spots with grass and pine trees. Patches of 
marsh are met in a few places along the inside shore. The sand-hills on the island are generally 
isolated, but in a few instances they occur as ridges. Along the Gulf Shore, howHer, a nearly 
continuous ridge of sand from five to ten feet hig-h, aud covered with grass, presents a barrier so 
effectual that the island has nowhere been cut through by the waters oft.he Gulf. In mauy places 
the ridge shows like an artificial structure, so regular are the slopes. The topographical survey 
shows but one break in tbfl entire length of this peculiar sand-barrier. 

The mainland, or north shore of Santa Rosa Souud, is mostly swampy to the distance of a 
quart~r of a mile from the water-line, and is coYered with a growth of pines, among which are a few 
live-oak t.rees. At a few places bard land skirts the sound, but firm ground is contiuuous along the 
Narrows and eastward to (]hoctawbatchee Bay. As far as yet surnyed the bay-shores are dry, 
and ha\·e elevations of tweuty or thirty feet .. 

Soundings were commenced at Deer Point, the eastern limit of Pensacola. Bay, and from 
thence eastward the channel of Santa Rosa Sound was thoroughly dC\·eloped to its com1ectio11 with 
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Choetawhatchee Bay, the western part of which and its ba;yous, as well as East Pass, were included 
in the hydrogmphic operations. 

Oft' Deer Point, at the western end of the sound, Sub-Assistant Ogden found a depth of twenty­
five feet. Ten miles eastward the depth in Santa Rosa Souull is no more than eighteen feet. 
Twenty miles east of Deer Point t-he depth is only twelve feet-, and there occurs the first bar across 
the souml, the least depth being eight feet. Going farther eastward and through the Narrows the 
channel is tortuous, with frequent bars, four of which are used as crossing-places, the depth being 
only four or five feet, but there are intervening depths of more than twenty feet. 

On the bar of East Pass the sounding party found a depth of about eight feet, and somewhat 
more through the pass into Choctawhatchee Bay. The current was very strong through the pass.·· 

Tides were observed at the places on the shores of Santa Rosa Sound by the party of Mr. 
Ogden, and for mean low water all results were referred by simultaneous obsen·ations to the old 
tidiil station at the wharf of' Fort Pickens. In the sound the observed tide is very small, and Mr. 
Ogden states that in Choctlclwlrntchee Bay the water-level seems to be governed entirely by the 
wind. 

Before leaving this section the party remeasured the angles of the triangulation g.)ing west­
ward across Pensacola entrance, and from Fort Pickens verified the measurements which deter­
mine the positions of .F'ort l\lcRae; those of the beacons, inside and outside of the entrance to the 
bay; the position of the light-honse, and that of the navy-yard wharf. 

Sub-Assistant Ogden comme1HlS for energy, care, aml precision, the work of his associate 
Sub-Assistant Tittmann, and al>:o the services of his aid, Mr. S. N. Ogden, and of the sailing­
master of the schoouer Agassiz, wliich was used in the surveying operations. Afield and afloat 
the party developed an aggregate area of one hundred and ten square miles. The particulars of 
work are as follows : 

Signals erected • • • . . . . . . . . . ................... _ .. _ - .. _ .... - .... - . __ .. - . -
Stations occupied . . . . . . . . . . . . . . . . . . ......................... - .....•.... 
Augles measured .. _. _ .. _.. . . .... _ .. _ ................... _ .. - . . . . . • . • . .• 
Number of angular measurements ..•......•............................ - . 
Miles of shore-line traced ......... _ ..................................... . 
:Miles of roads .. _ . - .. _ ...... __ ... __ .... _ ..... _ . _ . . . . . . . . • . . . . ......... . 

63 
52 

~93 

9,568 
150 
13 

1\Iiles run in sounding . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • . • . . . . . . . 439 
Sextant angles ..................•...•........ _ .... ."....... . . . . . . . . . . . . . . 3, 501 
Casts of the lead ........................ _ ... _ . __ ... - ............. - . . . . . . 32, 993 

The records connected with this work have been duplicated as usual. During the summer Mr. 
Ogden was engaged in Section II, and Mr. Tittmann at the same time in Section VIII. The 
schooner A.ga.ssiz was laid up at Mobile, to be in readiness for service in the prosecution of the 
survey of the Gulf coast eastward of Uhocta whatchee Bay. If the present "inter proves favorable 
it is hoped that the survey westward of Saint Andrew's Bay may be joined with the work here 
descl'ibed. 

Latitude and longitude of Clei•elatid, Ohio.-In accordance with the proviso in the appl'opriation 
bill authorizing determinations of latitude and longitude in the interior States of the Union, Assist­
ant George W. Dean was directed in the latter part of .Tuly to make arrangements for occupying 
important points in Obio and Kentucky. He was joined on the 10th of August by Assistant 
Edward Goodfollow, who proceeded with suitable instruments to Cleveland, and there established 
a temporary astronomical station near the :Marine Hospital. Unfavorable weather in September 
made it impracticable t-0 determine the longitude, but 'in the course of the following month clock­
signals were successfully exchanged on five nights with an observer at Cambridge observatory for 
longitude. 

Assistant Goodfellow determined the latitude of the station at (]leveland by 126 observations 
on thirty pairs of stars; and the local time and instrumental corrections by 204 observations on 
thirty-six stars. 

The magnetic declination was determined by Mr. Goodfellow from observations on three days; 
and the int-ensi ty from three sets of vibrations and two sets of defiection. Four days were employed 
in ascertaining the magnetic dip. 
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ObserYations \Yere complPted at Clcn,la11d on the lGtl1 of Xo,'ernlwr. :\rr. Goodfellow then 
trm1sfo.1T('d tll(J i11strnme11ts to I<'al111onth, orw ot the stations occupied i11 Kentucky, in "''icngnst, 
1869, for ohst>n'i11g· tlw total Rolar eC'lip;:;f', 

Latit11dl' an(] /0119iturle of Co7umlms, Oltio.-R_y 1wrmissio11 of Governot' Il:l.''PS, the astrnnomi<·al 
station was estaulislied u<•ar the ('.onrt-hnnse at Col11rnl1us. A:-sista11t Dean pxchaug1«l clock-l"i;.:11als 
with Cambridge on six nights between tlie :?;{d of St'ptem\Jer aml the mid< lie of tlw following· uw11th, 
record1ug in that period l:.!J olrneryatio11;:; 011 :.!G :wuith aud dnm111polal' stars. Tlw t1t•termi11atio1rn 
were made with a 4G-iucli tmusit, (Xo. 1\) a llreak:circuit chrouometer, arnl the spril1g goYernor­
chronograpb No. 2. :Mr. neau·s eomputati011 gin•s for the State-huu,;e at Cr1\u111llm; a po,;itiou 
nearly fourteen seconds i11 time, corre,;pcmdiug to more thau three statue miles, fartl1cr em;t tlian 
former determinations. 

Obsenatimrn for lntitmle were made at ColmnbnR uy A1'sista11t A. T. )Josman on Rix uiµ;ltts, 
clmdng with tl1l· Htb of Oetollt•r. The rPeonl slJO\YS lli.:> me;1surelllPnts 011 :!D pair,: of stars. T\n1 
sets of ohsern1tio11s were rnacle for tile rnicro111l'ter \·alue. 

The astrn11omieal statio11 at Col11111bus was referred \Jy gemletic measurements to foe center of 
the dome of the State-lionse. 

Prof. Joseph \\'iulutk, director of the Harrn]'(l College obse1Tatory, Camllri(lge, l\Ll,;s., 
co-operated with the part.ies in the dt>termiuations for lougit11de at points in (Jhio :rnrl Kentucky. 
The president of the \Vesteru Union Telegn.ph Company, Hon. \'>illiam Orton, ex.tended as here­
tofore all the facilities needful in tlle tel<>grapb-work for lou gitude. 

Latitude and lon!filude <!f Oakland, lly.-A slalion was occupied at Oakland duri11g the soLu· 
eclipse which was total in tbat Yidnity in August, 1869. At that time the teleg1·aph-lit1e uow iu 
use liad not been established. As se,·eral other points were to be occupierl in the collrse of the 
present Sf'ason iu the \Vesteru States, tlie opportu11ity was taken to detcrmi1rn tile longitude and 
latitude of the eclipse statiou, near Oakland. \Vhe11 the purpose was made lrnowu the office1· in 
charge of the Vl"estern Uuion Telegraph Company's line pass1:cl a loop to the obserd11g l'itation at the 
request of Assistant Mosman, an cl placed at his dispmml the facilitit>s needful fol' exdiauging clock­
siguals with au observer at, Cambridge observatory, in '..\Iassaclrnsetts. Signah; were ::mccessfully 
obsen·ed on foe uights of the 4th, 5th, Gth, aud 11th of November. 

At intcn-als on the same nights ou which ollsernttions were l'ecordt•rl for lo11gitnli<', )fr. l\Imrnrnn 
determined the latitude of the eclipse-station, msing !!-1 pail's of stars and uotiug IOH obsen·atious. 

At the same station .c\Rsistant .l\losmau occnpil'd tllree da.rs iu ohserdng tlie mag1wtic deciiua­
tion, dip, an<l borizo11tal iuteusity. Hayiug completed the work required at Oaklauu, the iustrn­
ments were packed on the 14th of November a11d <lispatchecl to Shelbyville. 

Latitude and longitude of Shclbyl'ille, Ky.-Late in ,July, 18GU, the latitude was determined at 
Shelbyville, at. a station selected for use in the following month by one of tlie parties nuder m;y 
direction for obserYiug the solar eclipse, which was total in tlwt Yiciuit~-. At that ti1ue telegraph. 
wires had not been extended so as to admit of s1wcial olJ;;erYat ions for lougitnde; ht>nce the statim1 
was marked and the uesired lll'ter111i11ati011 was held in reserYe until the i1res1·11t flt>aso11, when 
similar sen·ice was to be nudertaken at otlier places iu the sectiuu. Telegraphic faL;ilitie::; rncau-
wbifo had been extended to the neighborhood of Shelbyville. 1 

Assistant Mosman ltaviug made arrangements at Slwlbyville in the latter part of Noveml11•r, was 
joined by Assistant Deau. Clock-signals were exchanged, on Rix nights, with au uhsen-er at liar· 
va.rd College observatory, under circumstances fan>rab]e for Llett>rminiug the difference of lougi­
tnde. Ohservations were made in tbe usual way between the observers for ascertaining pert>onal 
equation. · 

After completing tbe work at the station near Sltelb~·ville, Assistant Dean took charge of the 
records for computation. Assistant Mosman and. liis aid., l\lr. Smith, are now makiug arr:11Jgeweuts 
for astronomical dnt,Y iu Section V. 

At all the statious occupied in Ohio and Kentucky, tlte magnetic elements were determined. 
Field-work was dosed at Sbelhyville ou the lltb of December. 

7cs 
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8ECTION VIII. 

GULF COAST AND BAYS OF ALABA~IA AND THE SOCNDS OF MISSISSIPPI AND OF LOUISIANA TO VER-
1\IJLION BAY, INCLUDHW THE PORTS AND HIVEitS. (SKETCH No. 9.) 

Topography of Chandeleur Sound, La.-ln l\laj', after closiug operations which will be described 
under the next bead, Assistant C.H. Boyd made a plane-table survey along the west siue of Chan­
delem Sound, continuous with his work of last year, which terminated in the upper part of Isle au 
Breton Sound. This sun·ey defines the broken ground and patelles lying about ten miles north 
and south in the vicinity of I~ive-Oak Bayon. The statistics will be included with details whicll·, 
occupied the party during the preceding month of the working-season in this section. l\'Iessrs. 
Joseph Hcrgesheimcr and C. H. Van Unkn aided in the topographical survey. 

Triangulation, topography, anil hydrography of Mississ·ippi Rii•er, La.-Assistant Boyd resumed 
work at Grand Priiiri(·, alJoni Fort Jackson, late in December, 1870, witb a l)arty in the schoouer 
Hall. Twenty miles of the course of the Mississippi are included in the operations of this season. 
The survey was suspeudcd on the last of April at Point La Bache, which is about sixty miles from 
the light-house at South Pass, on tile Gulf of l\fexico. In selecting stations for carr;ying the trian­
gulation up the river, l\Ir. Boyd met many difficultieR, lines of sight to points othe1·wise favoraule 
for the work being intercepted by buildings or by c1umps Of trees. The theodolite, moreover, at 
nearly every point was, of necessity, placed on a platform of timber, to give stability on the soft 
prairie and to insure the line of sight. Another disadvantage was that arh;ing from the fogs that 
prevail morning and ernning during the greater part of the ;year. These are attributable to the 
meeting of tl1e belt of cool air along the river with the warmer air of the Gulf coast. Without a 
more expensive outfit the currents, as observed at two stations in the river, must also be impedi­
ments in field-work, which includes both banks, the current at one place being five miles per hour. 

The topographical snrrny by Assistant Boyd and his aids, Messrs. Hergesheimer and Van 
Orden, includes both banks of the Mississippi within the limits of the triangulation, and such 
bayous as were found within three miles of the river. On the eastern side the bayous were traced 
to their connections with Isle au Breton Sound. 

In prosecuting the hydrography Mr. Bo;fd found the depth in the Mississippi much less than 
is usually repo1 ted, averaging at the most about twenty fathoms, instead of thirty, in the stretch 
between Point La Hache and Fort Jackson. Before leavmg the section arrangements were made 
for keeping up, (luring the ~·ear, a series of tidal observations at the quarantine-station. Near the 
upper limit of his work Assistant Boyd selected and marked tbe ends of a base-line, about two and 
a quarter miles in length. This will lJe measured by bis party in the coming winter. The statistics 
of the survey of this ;year on the Mississippi. are as follows: 

Signals erected .. _ .. _ ...... ____ . . . .. ___ . ___ . _ .. _ . _ ... _______ . __ . _ .. _ .. __ . 30 
Stations occupied _ .. _ _ _ __ . ____ . ___ . __ . _ . __ . _ ... __ . __ . _ . _ .. _ ... _ .. __ . . . . . 25 
Points <letermined . _ .. _. __ .. _ . . ____ . ___ . _. ___ .. _. ___ ... __ .. __ . _ .. ______ . 36 
Horizontal angles measured .. __ .... _. _. _ . __ .. __ .. __ . _ ... ____ .. _ _ _ . _ . _ . __ _ 
Number of observations ..... ___ . __ . _ ... _ _ _ _ _ _ ... __ . _____ . _ . __ . _. _ . _____ . 
Miles of shore-line trAced _ .. - __ . __ .. _ . _ . ___ . ___ .... ___ ... __ . __ .... ___ . __ .. 
Miles of roads traced._ .. ____ .. - . __ . _____ . _. ___ ... - _ .. _ ........ __ . _. _ ... __ 
Area of topography, (square miles)._ ... __ ... ____ . _ .. __ •. ___ •. _ .... __ .. _. _ 

199 
4,008 

2.58 
39 

118 
Fifteen hundred :o;oundings were made within the topographical limits. The tidal record was 

kept up during four months. All the registers of observations and the resulting sheets of work 
have been received at the office . 

..Assistant Bo,yd, during summer and autumn, conducted a field-party in Section I, and is now 
on his way to resume the survey of the Mississippi. 

Hydrography of Lake Pontchartrain, La.-Assistant J. S. Bradford reached New Orleans on the 
10th of December, 1870. He at once took charge of the schooner Var-,ina and a small tender, the 
Barataria, which had bee11 laid up at the end of the previous season in Pearl River. The vessels 
were refitted without delay, and the party was in working order early in January. Thence onward 
soundings were prosecuted in Lake Pontchartrain until the 8th of April, when the limits of the 
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sl10re-Jine surve,v were filled. The hydrography comprises the eastern IJart of the lake ;;;omewhat 
beyond Ragged Point, on the north shore. On the south shle soundings Pxtend as far a;; the light­
house which stands 011 the lake-sllore north of New Orleans. In this and other service in the 
section, mention of which will be made under separate heads, Assistant Bradford was aided uy 
Mr. C. P. Dillaway. The statistics of work in Lake Pontchartmin are: 

1\iiles run in sounding .... _ ......................... _ . . . . . . . . . . . . . . . . . . . . 571 
Angles measured ... - ....... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 056 
Nnmberofsoundings ................................................. 41,753 

Deep-sea soundings o:ff the Mississippi delta, La.-A.ssistant Bradford, after closing work in Lake 
Pontehartlain, laid up the launch Baratarin at Fort Pike and reached Pass a Loutre with the 
scllooner Ynrina on the 2~d of' April. Stormy weather pre•-ailed until the end of that month, but 
as soon as practicable deep-sea soundings were begun near South west Pass and South Pass, and 
lines were run at all favorable intervals until the 18th of May, wheu the Varina, was required for 
special h,ydrographic work in the Gulf of l\fexico, westward of tue llelta, as will he further mentioned 
under a separate head. The Jines run iu the Gulf, near the delta, make an aggregate of a hundred 
and seventy-five miles, and depths were determined at six hundred and eight positions. l\Ir. Dilla­
way efficiently aided in tllis and in the sulJsequent operations of the party. ::\Ir. T . .J. Lowry, the 
junior aid, lrnYing n•coYered from illness which seized him on his arrh·al in the section, also sen·ed 
acceptably. 

Hydro_qraplty of Trinity &hoal.-This was the concluding work of Assistant Bradford in this 
section. The shoal lies in tile Gulf of Mexico, about oHe hundred and fift;r miles westward of the 
Mississippi <lf'Ha. In order to determine the proper site for a light-house the dcinit,r was sounded by 
the bydrographic party in the schooner Varina iu the latter part of ~fay. Mr. Bradford de>eloped 
the ground in question by upward of a thousand casts of the lead, and sent to the office a chart 
sufficient for the present requirements by the Light-House Board. 

Earl,\- in June the schooner Varina was laid up in the Mississippi, at the head of the passes. 
Assistant Bradford then reported at Washington, and subsequently prosecuted hydrographic duty 
in Section I. 

Geodetic points in Illinois and Missouri.-In further application of the snm voted for deter· 
mining points in the interior, to serve as the bases of surveys that, when made by the several 'V'est­
ern States, will be in true geographical relation to the coast, I made a reconnaissance in June last 
of the region about Saint Louis, in Missouri. Assistant Richard D. Cutts accompanied. me in this 
service, and to bis large experience in field operations I am indebted for an early decision on the 
feasibility of occupying interdsible stations for triangulation within au area of about a thousand 
square miles in Illinois and Missouri. Late in June Mr. Cutts returned to the Atlantic coast to 
conduct the operations of his own field-party in Section II, mention of which bas been made under 
that head. 

The locality having been selected for the determination of geodetic points, instructions were 
given to Assistant R. E. Halter to organize his party and to lay out a scheme of t;:iangulation 
across the Mississippi River extending to the westward in Missouri and to the eastward in Illinois, 
keeping in view the determination of spires and other prominent olJjeets as additional points for 
the use of the local authorities. The determination of an astronomical azimuth and the selection 
of a· site for a base and its prelirnina1·y measurement were also included among his duties. Sub­
.Assistants William Eimbeck and 0. H. Tittmann, both residents of Saint Louis, and possessing 
servfoeable information of tbe country in its vicinity, were detailed to assist in the field. 

Mr. Halter reached Saint Lonis on the 7th of .July. ·with the necessary outfit and means of 
transportation the selection of stations was commenced, and was continued until the end of 
August, when it was deemed advisable to divide the part.y. Assistant Halter, with l\fr_ Tittmann, 
took charge of the work on the Illinois side, and Mr. Eimbeck of the operations in Missouri. The 
examination was somewhat retarded by excessive heat and haze in July and An~ust, aud later in 
the season by the sickness of each member of the party. 

The scheme for the triangulation so far laid out extends, north and south, from a station below 
Saint Louis to Alton, a distance of thirty miles, and about the same distance, east and west, from 
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Sugar Loaf, in Illiuois, to Kessler's, in l\lissouri. A site for a base, (see Sketch No. 9,) five miles 
in kngth, was sekcted IH'ar tlrn station last me11tio11e<l. The longe::;t liue is eighteen miles, and 
the a ,·erage of the tri:mgle sides about ten miles iu length. 

Assistant Halter reports that, aftel' reaching the J\lis,:issippi Bluff,;, in Illinois, llis farther pro­
gress to the Pastwanl, in the axh; of the selwme nlrea<ly established, '"as impeded by a heavy 
growth of timber, exte11di11g four or five miles before tlle open country could be agai11 reached; 
and that he had examined this tract for alH>nt twent,r-fh·e miles, iiortlt aml south, without finding 
auy practicable opening. If lines of _sight cnt through this lwlt of timber will entail cousideral:Jle 
expense, the alternatiYe will be to pxtend tlle scheme of triangles down the river to the high lands . 
which overlook it. 

Ou the 2\lissonri side the countrs w:is found more broken; and although considerahle cuttiug 
had to he dmn~, a selwme of ti-ia11gle-s was l'ountl prncticahlP. ·"' 

.After seledillg the :,;tations aut! erecting Plenm signals, the ml'mmretnent of horizontal angles 
was commeueed by Assistant Haiter aud 8u b-Assi::;ta11t I<Jirnbeck. The former occupied and 
observed the angles at the statious of Dryer and Ulark's Mourn1, in llliuoi::;, and ·the latter at one 
of the stations iu :Mi::;souri. 

The prelimiuary measurement of the base was made by J\fr. II alter late in X ovem ber. Mr. 
Eim beck deterrnine<l the azimuth, closing operations for the season on the 1st of tlle prescn t 
month. The winter bt~ing very unfaYoralile for field-work in .Mist:louri, the different members of 
the party Wl;l'C assig-11ed to duty on the lower sectious of thi; coast. 

"-ith a view to make the work 11ow in progr·est:l in Illinois mHl 2\li;;sonri inure as eal'ly as 
possible to the adn1ntage of the States, the poiuts determined by tlte triangulation party will be 
connected with adjacent section-corners of the ::;urveys which lrnve been already made by the 
General Land-Office. 

SECTION IX. 

GCLF COAST OF WESTERN LOGISIANA AND OF TEXAS, INCLUDING BAYS AND RIVEHS. (SKETCH No. 9.) 

Hyllro9i·apliy of Jfalagorr1a Bay and Espiritu 8anto Bay, Te.x.-The parts of Snh-Assistant 1~. 
D. Granger reaehcd Iudianola on the :!0th of December, 1870, and before the close of that mouth 
commt>nced the bydrography of LaYaca Bay. Tlie schooner Steven.~ was used in this service. By 
tbe end of .Jamrnry following, soundings were completed iu the bay, inclmling altio its branchts, 
known as Keller'::i BRy, Cox's Bay, and Chocohtte Bay, the last in the immediate Yicinity of the 
town of Lavaca. l;'i\·e other sheets were Jillcd in the connie of the season. Trespalacios Bay was 
sounded out thoroughly iu Ft~brnary. The resultiJ1g i-;lteet shows that the course of the channel 
has changed in recent years, and that tlie depth has decreased to five feet. In Oarankaway Bay, 
whiell is another of the branclies of Matagorda Bay, soundings were complete<l on tl1e 23d of 
l\Iarch. Among the clrnug!'s at the head ot this bay, J\Ir. Granger notes the washiug away of a 
small island at the month of Caraulrnway Hiver. l~rom the careful soundings made helow Pala­
cios Point in the latter part of ~larch aml earls in April, it is shown that Ilalf-l\loon Iteef is gm.d­
ually prqjectiug into the body of 1\fatagonla Bay. Tlte liglit-house is now in four feet water, 
but the extremity of the shoal, which wa.:s at the light when erected, is uow one hundred and fifty 
metres beyond the light-house. After soun<liug at the entrance to :Matagorda Bay, in the vicinity 
of Decros Point, the party moyed into Espiritu Santo Bay, au(l there continued sounr1iugs until 
the 6th of May, when work was suspended. At that date the h_ydrography of the bay had been 
extended to Vaudcn·eer'::; Island. Careful tidal olJservations were made during the entire season 
b~· Suh-Assistant Granger and Ins uid, Mr . .F. \V. Ring. The record shows the tides of ,January 
at Lavaca, day and night tides for February and J\larch at H1tlf-Moon Heef, aud a series observed 
at Saluria Bayou while the work was in prog1'ess at Matagorda entrance and iu Espiritu Santo 
Bay. Comparisons were taken by simultanPous observations at the several stations, the plane of 
reference used for the reduction of soundings beiug deduced from observations at Ilalf-l\foon Reef. 
The general statistics of work are as follows: 

Mi!t•s run h1 sounding ............. _ ... _ ...... ___ . __ ..... ___ . __ .. _ ..... _. _ 
.Aug·Jcs measured _ .......... - .......... _ .......... __ .. _ .. _. _ ..... __ .... . 
Number of soundings ....•.•........... _ ........ _ .. _ ... _. _ .... ___ .... . 

1,256 
6,993 

72,433 
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The six hyclrographic sheets containing tllis work ha,-e been tleposite<l in the office. 
Sull-Assistaut Graug·t'l' a11tl :'.lr. Hing: were on ser\'ice <lnri11g- 1->nmmer aud autumn in Section 

Il, aud are now in readiness for resuming hydrograpl1ie tlnty 011 tlw eoa,;t of Lonisiaua. 
Latitmlc and longitude <!l Cltetopa, J(au.~.-Barly iu the summer collateral service iu the Depart­

ment of the Interior called for the determination of the lougitude of a poiut 011 the sontllern 1Jouml­
ar5· of Kansas near tlle ~ltith meridian, west, for the purposes of the Fnited States Jand-sm·,-t',Ys. 
Coutractors wl10 bad eug>1ge1l to subdivide parts of Kansas a.11(1 I11dia11 'l'erritor_y int-o land-sections 
wern reqniretl by the Department to make the intersection of tlrnt rncridiau with the State l.Jouml­
ary a point of dqmrture, antl l.Jy adYice of the Uommis8ioner of the Geueml Larnl-Ollice the tem­
porary ser\'ice of oue of our olJseners was requested. The coutrnetors for tht• lantl-snrn•ys 
having engaged to defray tl:Je i11cide11t ex}lenses, tlrn a:-;sista11t iu clrnrge of tlte otli<'P pi·oyit]e(l 
i11strumt>"1't.8 immediately, and tlw longitude obi\erYations were committed to l'rof. IL Keith, then 
in serYice as a compnte1· for the Coast Surn•y Office. 

The determination '\\·as made 1Jy exelrnugiug tinw signals from the nearest telegrapl1-8tation 
with au observer at Saint Louis, the longitude of a station there ha1·i11g been aecnratel,Y a,;cer­
taiiwd in prrvious operations. B.r obserd11g transits antl compariug cllrouometers b_\- telegraph 
on three nights, the longitude of Chetopa, Kansas, was determiue<l to be Jh ]:!"' l'..!-'.~17, west of 
"'\Va!"hiugton, with an uncertainty of 0'.07. At Saint r_,onis the requisite ohsernttious were made 
ll.r Suh-Assistant \V. I~imlwck. These inc~luiled the dPtermination for personal er1natio11 lwtween 
the ohsen·eTs, w11ich was found to be 0'.lu. Each obserTer uotell time by his O\YU dnouometcr on 
the same night while obsen·ing stars of about the same dc'clinatinu, the chronometer" being at the 
same time comiwrrd by coincitknce of l.Jcat8. 'l'he whole RPries of obsernltions was formed iuto 
equations of couditiou, assuming two chro11oml'ter corrections, one for e<1ch o\Jsc~1Tt>r. 

B,Y obRerYing transits in the prime yertical, Profe:,;sor Keith foirnd for tLc latitude of his 
station at Chetopa 37° 02' 13".0, uorth. 

This work was greatly facilitated by the conrtesy of the railroad and telPgrapll officials. The 
\-\Testt•ru Uniou Tclt•graph Company, with accustomed lil>erality, gaYe tlte use of tlH' line for deter­
mining the lougituae. 

SECTION X. 

COAST OF UALU'ORNIA, INCLUDING THE BA.YR, HARBOHS, AX]) RIYEHS. (:SKETCH :N"o. 10.) 

Geographical reconnaiN.rnncc bet1cccn San Diego and I'miama.-Preparator,v to the untlertaking of 
the hydrogniphic recounaiss;rnce for wllich the steamer Hassler is 11ow iu transit by the wa~- of 
Cape Horn, Assistant George D(tvi(lson lrns con necte1l Sau Dit•go with San Franci:-11·0 by a full 
series of telegraphic obserYatious for longitude, thus giYing a well-dett•rminNl stmting point for 
the reconuaist:iauce. Frm11 his triaugulatiou-statiom; i11 Sau Diego Ba~· !Jp has also dt•termiued the 
vosition and eleYatio11 of rea<lily-recognize<l mountains 011 the coast of .:lll'xico. 

In l\I;trch Sub-Assistant Gershom Brallt'ord w:ts iustruete1l to make a s11rn•r of the entrance 
an<l ba;y of l'IIagdalena, on the cnast of Lower Ca,Jifornia, aml for this duty the sm·vt•yi•1g sd1001wr 
~llfarcy was assigned to him. On his passage frnm San Fra11ci:-1co :\[r. Hrn-tlf'o1·1l stoppetl at the 
island of Guadalupe, ,~erified its position, auu deterllliued its eltwation. The height was t'ouutl to 
be 2,570 feet. 

The triangulation of the bay of Magdalena. was foundecl on a JU\easnred base of 4,41± metres. 
Points on the shores were detel'mi11fHl hy l'lextant-angles with sntiicient accuracy for the bydro­
grapbic work. The lougitwle of a station was dett•rmined by d1ronorneters brought from Sau 
Francisco, and the azimuth of one of the lines of the triangulation hy ollsen·ations on Polaris. 
Loug and continuo11s series of titlaJ ol>sen·atinn,; were made at two Rtations, and so111e cuncu t 
data obtained. The bydrngrnphy was carefully Pxecnted, aud great changes are iudica ted l'.f 
co_mpari.son with pre>ious sun'eys. Special examination was made for a rPportt'd rock off the 
south point of the entrance to the bay, but nothing appeared to indicate its existe11ce. 

The following statistics exhibit the work executed between March fl and June 30: 
Signals erected . _ ....... - . - . - - .. - .. , . - - - ... - . - ... - . - . - - - - - - - - · · - - - - - · · · - 52 

Stations occupied ...... - . . . . . . . . . . . " - . - .. - . - - .. - - - - · · · · · · · · · · - · · - · · · ·, 33 
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Number of observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 601 
Miles of shore-line surveyed .. __ ... _. . . . .... _ ....... _ ................ __ . 90 
Miles run iu sounding . _. . _ .. _ ..... _ .. _ ............ _ ..... _ ........... _ _ 1, 020 
.Angles mea1mred . _ .... _ .. _ . _. _ ... _ ........ __ . . . . . . . . . . . _. . . . . . . . . . . . . . 7, 470 
Sum her of soundings . _ .. __ . _ ...... _ ..... __ ....... __ .................. 31, 719 

The records of the work are comprised in twenty volumes. Charti\ resulting from the hydro­
graphic work bave been received at the office. 

Sub .A.ssistant Bradford wa8 aided. in this special service by ~Ir. Westdahl, the sailing-master 
of the schooner Marcy. After retnrning to 8an Fraucisco the party sailed to make search for the 
Falmouth Shoal, as will lrn hereafter lH)ticed. 

l\Ir. Din·idson has fnruished a Yiew of the entrance and approaches to lVIagdalena Bay. Be­
fore lea\·ing that vicinity he determined the elevation of several of the mountains of :Margarita 
Islanll, which forms the south side of the entrance. 

The bay of .l\Iagdalena, as described by .Assistant Davidson, is one of the most spacious on 
the Pacific coast, rh'aling the Gulf of Fon see a and tbe bay of San Francisco. , The entrance is 
three miles iu width, has no bar, carries a depth of twenty fathoms, aml has bold headlands rising 
from deep water to a height of about one lmndred feet. The height increases as they recede. 
The northern head is marked by two rocks like beacons, the onter one being much the larger. On 
making thr entrance the conical peak of l\Iount Isabel is seen as a prominent landmark, and is 
easily recognized. l\largarita Island, forming the south point of the entrance, is very bold, high, 
and broken. In tlie clear weather which prevails on this part of the coast there is no difficulty in 
making the entrance. The pre\·ai.ling wind is from the westward, and blows directly in, but not 
too strong for a good working breeze in going out. There is another entrance to the bay at the 
southern extremity of Margarita Island, but it is long and made tortuous by sand-shoals, and has 
lt'ss than thren fathoms of water. This channel is never used. The drawback to Magdalena Bay 
is its large expanse and regular form, which ol>lige vessels to shift 1,heir anchorage with changes 
of the wind. On the west side tlle shores fire bold, rngg ed, and covered with cacti. Deep water 
is found close un1ler the shores. Tbe eastern shores are sandy dunes, in part covered with cacti. 
Extensive margins of shoal water mark that sicle of the bay. Tbere is an absence of fresh water 
on the sl10res generally, aml a very scant supply of wood. 

op:slwre hydrography-The steam-vessel requisite for prosecuting off-shore soundings in this 
section sailed from Boston on the 4th of December instant, and is now on her course toward San 
Francisco by the way of Cape llorn. Commander Philip 0. Johnson, U. S. N., assistant in the 
Coast Sur-my, and chief of the b:ydrographic party in the Hassle1·, is authorized to make incidental 
researches during the Yoyage by deep-sea soundings, and other observations, which will postpone 
for a short period the commencement of regular service on the coa11t of Ualiforuia. It is expected, 
however, that some advance may be made before the close of the present fi:,ical year in the develop­
ment of dangen; in the na>igation of the Pacific coast between San Diego and Panama. This will 
be the first service of the party in the steamer Hassler after reaching the section. 

Commander ,fob11son is assh-ited l>y Lieut. Commander C. VY. Kennedy, Lieut. M. S. Day, and 
Masters H. B. Mansfield and E. W. Remey. 

In the introduction of this report I have explained the general character of the marine 
researches which will be made by the officers of the party while the steamer is in the course of 
transfer to !Jer del':ltine<l station for general hydrographie duty. 

Longitude and triangulati<>n of San Diego, Cal.-For tlle determination of the difference of 
longitude between 8an Fmncisco and San Diego, Assistant Davidson occupied an astronomical 
station at San Diego, and b_y the hbera.lit.y of the Western Union Telegraph Company, had a loop 
of their main line to San Francisco carried to tlle temporary observatory. Mr. S. R. Throckmorto11 1 

jr., aid, at tbe·same time occupiecl the station in Washington Square, in the last-named city. This 
work was successfully accompli,:;hed during tile month of May. Assistant Davidson's observations 
embrace twelve double altitudes of the sun, two hundred and ninety-five transits of sevent.y-eight 
stars 011 nineteen nights, and the exchange of clock-signals on eleven nights. The meridian instru­
ment No. 1, Frodsham break-circuit chronometer, 3±79, and the Hipp cht•onograph, 3753, were 
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nsf'll fo1· this determination. Records of the observations in duplicate, and the chronograph-fillets, 
hano Ll'rn received at the office. .l\Ir. DaYidsou was aided by 1\fr. II. I. "'illey. 

At thl' rt'(] nest of the trnstees of the cit.\ of Sau Diego, Assista11t I>a ,-id son establisl1t•d a 
meridian-line 011 the peninsula, four miles Routh of the astronomical statiou, as a permanent mark 
of reference for the determination of the maguctic dccliuatiou, and for tlw use of the city and 
county surveyors. 

After C()IUpletiug the obserTations for longitude at San Diego, the obse1TN'S met at San Fran­
cisco, and, for personal equation, recorded seventy transits, on three nights, with six chronogravh­
sheets. 

At " 7ashington Square, in San I•'rancisco, .l\Ir. Throckmorton ohsen-Nl four lirnHll'l'd and 
twenty-four tmnsits of niuety-fh·e stars, on tweuty-five nig·hts, and sent cloek-sig'lials on tweh·e 
nights. His reconls, indudi11g sevent,y-one chronograph·sheets, ha ye heen duvlicated, and are now 
at the office. 

At two of the triangulation-stations, of 18Jl, in San Diego Day, angular measurements were 
made to connect the astronomical station occnvied in .May, mul also t!Je ligllt-lwuse, with the sd1eme. 
The priucipal line of the triangulation Mr. DaYidson transferred to two statious not liallle to ue 
disturhed by improyements for many years. All the stations were carefully marked. The statis­
tics of this work are subjoined : 

Signals erected . _ .. , _ .. _ - . _____ . _ ... _. . . . . . .. - ...... - .... , .... - .. _.. . _... 7 
Statiorns occupied. __ . _. _.... - _______ .... _.. . . . _ . _ ... - ... _ ..... _... . _ _. ;:; 
Angles obsen'ed . __ . __ . ____________ . . ........ __ . - . __ - - - ...... ____ . _ .... __ . 34 

Observations _ .... _ . - _ ................... _ .. - - . _ - - - .. - . _ ........ _ .... - . - . . G:.!l 

Vel'tical angles were measured to determine the elenttiou of the stations; of t!Je Corouados 
Islands, and of Table Mountain and others, in the vi·eiuity of San Dieg·o. 

Near the astronomical station at San Diego, l\lr. Da\idson dt'ter111i11ed the magnetic declination, 
dip, and horizontal intensit,y by ubsen·ations co11tirine1l through three days. 

Triangulation nnd tupography of Bahia Ona, Oal.-Assistant DaYi<lson erectNl three signals on 
the shores of Bahia Ona, and occu1iied the stations San Pedro Hill and Poiut Duma. After con­
necting the latter with the main triangulation, he determ iued the position of a station Oil Sau ta 
Barbara Island, where a signal has been erected by Sub-Assistnut Chase. At the comH·ctiug sta­
tions Mr. Davidson olJserved on five signals by one hundred and fift.Y observittions of six angles; 
and also recorded twenty double altitudes of' eight objects for elerntion. 

San l\figncl Island will be joined in the triaugulatiou ne.s:t semwu. To that end a signal was put 
up at the principal station by Sul.J-Assistant Forney. The local surw:y on that islan<l will be men­
tioned in a subsequent uotice. 

Before returning to Sau Francisco Mr. Davidson examined the coast from Point Duma to San 
Diego with reference to facilities for the development and pl'Ogress of the triangulation. Besides 
the surveys of ranchos bordering the coast which were collecte<l in the jomneJ-, be added details 
obtained by special examiu::i.tion. Mr. H. I. Willey aided in the work. on the shores Jf the Sau ta 
Barbara Channel. 

Early in the winter of 18i0 Suh-Assistant A. W. Chase forwarded to tLe office the records 
and computations connected with his work of the preceding season near Point Saint George. Ile 
then l'esumed the triangulation and topography from his predous limit of work near Point Vin­
cente, and carried the survey to the main station, West Beach. Part of the topography represents 
the western end of San Pedro Mountain; other details iuclude the rolling hills which border tlie 
coast of the Santa Barbara Chamu~l. The old sea-benches that mark San Pedro .l\lountaiu are wen 
exhibited on the topographical sheet. 

The following statistics show the work done before l\Ir. Chase transforred his party to the 
vicinity of Crescent City for the survey iu that quarter, which will be noticed iu rl'guhr order. 

Miles of shore-line traced , ... _ .... __ ..... _ ... - - _ .. - . - - . . _ .. - - - .... - - . · - · · · 11 
Area, (square miles) .............. _ ..... ___ ..... _ ... - - - - . _ ...... - ... - ... · · · · 18 

Triangul,atwn and wpography of the Sa1ita Barbara Channel and Islands, Cal.-The work near 
Point Vincente was prosecuted during the winter by the aid of the party. l\Ieanwhile :Mr. Chase 
proceeded to Sa.nta Barbara Island, measured a base of six hundred metres, and covered t!Je island 
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with a small triangulation for the plane-table snn·ey, which he carried on at such intervals as the 
generally unfavorable season would permit. Tb.e original sheet lrns beeu received at the office. 
Statistics of tlle work are sul\joiued: 

Signals erected ___ .. _. _ . . . . .. _ ..... _ . _ ... _ .......... _ ... ___ .. . . . . - ___ . _ - 10 
Angles measured .. _._.......... . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 32 
Observations . . . . .. _ ...................................................... Hl2 

'fhe topography represeuts a fringe along the shore-line, of whid1 fiye mile.I'> are n•preseuted on 
the plane-table slwet. l\lr. Chase has g·h·en a full description of the outlying daugers, auchorages, 
&c., of Santa Barbara Islaml. After closing this duty he retnmed to Lis parts at Point Yincente. 

Assistant DaYi1lso11 prm-idPl1 a camp fo1· the part.r of Suh-Assistant Stelmmn Forney, wlwwas 
instructed to commence tht> topography and necessary trianp1lation of San }Iig;uel Island, tlie 
wel:lternmost of tl1e Santa Barbara group. This \Vind ward h;Jand is peculiarly exposed to c011tinu­
ous fogs and ltt->aYy 11ortl1west wiuds, tile prtwalence of which has marked the preo;ent season. 
Nevertheless, a good return has been made by tlte party of }lr. Fonwy. Some of the triangnlatio11-
stations were recon~rt>d, and a scheme of tertiar.r triangles was (levclope(l to make a goo~l trigono­
metric connection with the snrH\Y of Santa Ho;;a h;lan<l. A wlrnle-boat w:ts e1u ployed for this diffi­
cult duty. There is no watm· 011 San )Jignel Island; e\·eu the ftrnl needed had to be brought from 
the maiuland. 'l'he following are statistics of work executed by this party: 

Signals erectetl .. _ . _ ... _ . __ . _ . . . . . . . _ . _ . . . . . . ___ ... _. _ .... _ . ___ . __ .. _ . . 17 

Srntions occupied ..................... - . - .. - ....................... - ... _ 8 
Signals observed._... . .. _ ...... - . . . . ... _..... . . . . . . . . . . . . . . . . . .. . . . . . . . . 14 
Nnmber of observatio11s . . . . • . . . • ......... _ .............................. 1, 910 
J\liles of sl.Jore-line snrn1yell ........... _____ . _ .. _. _ .............. __ .. _. _ .. _ 17 
l\Iiles of bluff outline - ..................... - .................... - . . . . • . . . . 10 
Square miles of topography . . . . . . . . . . . • ............................... _. 24 
Topographical signals erected . . . . . . . . . . . . . . . . . . . . _ ......... _.... . . . . . . . . . 14 

The i1ositions of dangerous rocks lying off San Miguel Island were determined, and marked on 
the sun·ey. Mr. Forney will contiuue iu the field until he finishes the work on San l\Iiguel Island. 
His rrport i 11cludes a full description of Cuyler';; Harhor. 

Assistant \V. E. Greemvell has contiuned the survey of the coast of California westward from 
Point Pelican, near Sa11t:L Barbara, and has reached a point midway between Santa Barbara and 
Poiut Collception. The season was uufa\·orable there, as elsewhere on the western coast. At the 
end of August ::\Ir. Greenwell was taken dangerom;l,y ill, and, after much sufl'erillg, was constrained 
to discharge his p<trty for the season. 

The topography is based upon the tertiary triangulation of previous years, and has been car­
ried to the limit of the preliminary work near Gaviota Pass. lt is comprised on two sheets, show­
ing details along the southern flank of the mountain range, which here crowds down clo11e to the 
shores of the channel. The country is rolling, partly wooded, and in some localities settled and 
improved. The following statistics show the work executed by this party : 

Miles of shore-line traced . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . • . , . . . . . . . . . . . . . . . 24~ 

.Miles of uluff outline .................................... _ ....... _. . . . . . . . . . . 14 
)Jiles of creeks snrn~yed ........... - . . . . . _. . . . . . .... _ ........ __ ... . . . . . . . . . 9 
l\liles of roads surveyed .•..........••............... _ . _ .... _ ... _ ... _ ..... _ . . 32 
Area, (square 1uiles) ........•...•...•..........•......................... __ .. 33 

In the course of the season Assistant Greeuwell inked and forwardeu to the office tl1ree other 
sheets of topography and one sheet of hydrography. 

'.friang1tlat·ion anrl topography of 8an Luis Obispo Bay.-Sub-Assistant L. A. Sengteller, after 
inking his topogritphical sheets of last year, sent tracings to the office, and forwarded, also, the 
computations resulting from the triangulation of the season. He then made arrangements for 
resuming field operations. 

In January his party was organized at San Luis Obispo Bay. After measuring a line of nine 
hundred and fifty-five metres with the subsidiars base apparatns a tertiary triangulation was 
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extended for the topographical work. Mr. Rengteller also observed a preliminary azimuth for his 
triangulation. 

Part of the topography is carried over a ve1·y difficult and wild country, forming the southern 
tlank of Mount Buchon, the base of which terminates in abrupt rocky cliffs bordering the sea. The 
mountain is covered with dense chaparral, through which it was necessar_y to open trails. The 
survey embraces the shores and approaches of the bay, the outlying rocks, aud the eastern landing. 
A tracing of the uniuked sheet was forwarded to the office with the records of the triangulation. 
The following are statistics of the work : 

Signals erected . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 10 
Stations occupied . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 1:1 
Angles measured ............................... _ .. _ . . . . . . . . . . . . . . . . . . . . . J3 
Stations determined. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lU 
Obser,·ations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 1, Ul7 
Miles of shore-line traced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6! 
Miles of streams surveyed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4~ 

Miles of roads surveyed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Area, (square miles)... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 5 

In April Mr. Sengteller transferred his party to Point Arena. 
Triangulation a.nd topography of San Simeon Bay.-Assistaut Cleveland Rockwell completed, in 

the course of the winter of 1870, the office-work on bis three sheets of the Columbia Ri,·er topogra­
phy. In January he transferred his party to San Simeon Bay, measured a line of eight hundred 
and sixteen metres with the subshliary-base apparatus, and extended a tertiary triangulation 
therefrom for bis topography, which now includes the bay of San Simeon and the shore to the 
westward. The country is a moderately elevated series of roiling hills, mostly covered with grass, 
and offering facilities for the work. The statistics are annexed: 

Signals erected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Stations occupied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... - - - . 
Angles measured .•....... - .................................... , .......... . 
Observations .........................................................•... 
Miles of shore-line traced ................................................... . 
Miles of roads surveyed ......... , . . . . . ........................... - .... - - - .. 
Area, (square miles).... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... : 

The duplicate of the triangulation record has been received at the office. 

9 
47 

969 
8 

131: 
10 

Assistant Rockwell was aided by Mr. George H. Wilson. At the end of March be transferred 
his party to the northern coast for service, which will be mentioned under the head of Section XI· 

Falmouth Skoal or Reed Roeks.-In July last, aft€r closing work at Magdalena, in Lower Cali­
fornia, and before the return of the schooner Marcy to San Francisco, Sub-Assistant Gershom 
Bradford made prolonged search i11 the Pacific about eight hundred miles west of the Golden Gat.e, 
in the vicinity of a reported danger. The authorities are positive in regard to the existence of the 
rock or shoal, but discordant, as might be expected, in reference to the geographical position. The 
assigned latitudes of the place range as much as a quart.er of a degree. 

During this examination the vessel ran over one thousand miles. Fifty-nine positions were 
determined in the vicinity. Soundings were frequently tried, but no bottom was found even with 
the deep-sea line of 1,8-00 fathoms. The weather was favorable. 

In the opinion of Assistant Davidson, who collated the authorities and conferred personally 
with the navigators who report the d'lnger, the rocks are probably isolated points coming from a 
great depth. The deep blue water of the vicinity, smooth when the weather is fair, and the absence 
of.U-gulls and seals, that harbor in the vicinity of certain shoals, make the position difficult 
t-0 ftnd. 

· Another examination will be conducted with a view to the hydrographic development of the 
vicinity in which the reported danger exists. 

(See Sketch No. 34.) 
Survey of Table Mountain and of wharf-lines at Oakland, Cal.-Assistant A. F. Rodgers passed 

8 c s 
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the winter of 1870 at San Francisco, in computing and duplicating his triangulation records of the 
previous season. He also inked the plane-table sheets of last year, and made a comparative map 
to show changes at Eel River entrance. Tracings of his survey of the vicinity of Trinidad Head 
were made for the Light House Board. 

After tracing on the proper topographical sheet the wharves and improvements recently made 
at Oakland Point, Mr. Rodgers took up the survey of Table Mountain, the well-known headland 
north of the entrance to San Francisco Bay. The triangulation made as a basis for the topography 
connects with that of the vicinity of Sau Francisco. Before completing the survey of the land­
mark, the time arrived for resuming field-work near Cape Mendocino, to which reference will be 
made under a separate head. 

Assistant l~odgers was aided in the work near San Francisco by Mr. E. F.·Dickins. The 
detailed surrny of Table Mountain will be completed after the return of the party from the upper 
p:ut of the ;;ectiou. 

Blossom Rock, San F;·ancisoo Ba,y, Oal.-After the close of operations by the United States 
engineers for the remo,·al of Blossom Rock, a bydrographic survey was ma<le under the direction 
of Assistant George Davidson. Great care was exercised in the determination of the depth, and 
in fixing the position or eaeh sounding, as well as in the reduetion of the soundings to the datum of 
mean low water. This detailed survey was made by Sub-Assistant G. Farquhar. On account of the 
strong and irl'egular currents, the time for sounding was limited to one hour at each tide on fair 
days, and easts were recorded ouly when made in smooth water. An aggregate of about one thou­
sand soundiup-s were plotte,d from over two thousand angular measurements with the theodolite. 
The resulting chart, on a large scale, is now at the office. As shown by the soundings, the opera­
tions of the engineers have increased the depth of water on Blossom Rock to twent.v-four feet. 

Sub-Assistant Farquhar has made in general the pl'ojections needed for the bydrographic work 
011 the western coast, though suffering much during the season from disease incurred in the pros. 
ecution of previous duty afloat. He is now in service in the party of Assistant Davidson. 

Rooks fo ]fission Bay, (San Francisco Harbor.)- \Vhilc Assistant Davidson was at San Fran­
cisco, a small rock was reported as having been found in Mission Bay to the southward of the city. 
Going at once to the vicinity with his aid, Mr. S. R. Throckrnortmt, two small heads of rock were 
found, having only tweh·e and a half feet on them at mean low water, the depth around the rocks 
being five and six fathoms. Mr. Davidson, after determining the position, published a notice con­
taining the ranges for avoiding the rocks. Subsequently the Light-House Board placed a buoy on 
this danger to the navigation of Mission Bay. 

San Francisco Bay and approaches.-Sorne progress bas been made at intervals by the hydro­
graphic party of Sub-Assistant Gershorn Bradford, with the schooner Marcy, in the minute hydro­
graphic survey of the Golden Gate and its approaches, the object being to determine what changes 
are going on, and to establish a basis for future comparisons. The work has been subject to the 
requirements of the service in other quarters; hence it was d iscoutinued when call was made for 
the hydrographic development at Magdalena Bay, which was mentioned in a preceding notice. 
The party resumed work near the Golden Gate in Oct.ober, aft,er completing the survey of the 
Orford Reef, of which mention will be made under a se1>arate head. Observations made in regard 
to the currents have already afforded matter of great interest. Nearly three thousand soundings 
were recorded by the party in the vicinity of the entrance to Sau Francisco Bay. 

Tr,iangulation and topography north Qf PQint Arena, Oal.-As soon as the season would permit, 
Sub-Assistant L. A. Sengteller transferred his party to Cuffey's Cove, deferring until winter the 
continuance of work near San Luis Obispo, of which mention has already been made. Having 
measured a base-line of 1,075 meters at Navarro Ridge, north of Point Arena, the triangulation was 
brought up to that limit and connected with the base. Mr. Sengteller, before returning the. tpp&" 
ratus to San Francisco, also measured the base which bad been laid out at the commencemM' of 
the triangulation at Point Arena. This work is now connected with the astronomical station occu­
pied by Assistant Davidson in 1852. 

Bad weather prevailed in this section during the year. The topographical survey, however, 
was extended to Mendocino Bay. The following 11yno1lsis comprises the statistics of field-work: 
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Signals erected . . . . • .••...............•................................. 
Stations occupied ................... _ .............................. _ .... . 
Angles measured. . . . . .................................................. . 
Number of observations ...............•............................ _ ... . 
Miles of shore-line surveyed ............................................. . 
Miles of roads surveyed .................................................. . 
Area, (square miles) ... -. . . ...... _.. . . . . . . ......................... _ .. __ . 

3:) 
30 

293 
5, 810 

rn 
.'.!l 

5g 

The smoke ot great fires in the forest north of Point Arena conjoined with dense fogs and 
strong winds to retard the progress of this party. In the course of the season ;\<fr. Seugteller com­
pleted the records of his previous work, and transmitted results to the office. He is now making 
arrangements 'to resumti field-duty on the coast south of Monterey. 

Triangulation and topography south of Cape 1lien11ocino, Oal.-'\IYhen the season opened for :field­
work north of San Francisco, Assistant A. :E'. Rodgers resumed his surve~· ot the coast south of 
Cape M1mdocino. His party is yet on the coast uear Shelter Cove, the triangnlatfon ha,·ing ueen 
extended south ward from the cape. The region is difficult of access, rugged mountains corning 
down quite to the coast-line. Ten of the stations used for the triangulation are at ele,·ations of 
more than two thousand feet, and in order to reach them trails were cut through the chaparral. 
As the party remained at work after the setting in of the wet season, the following synopsis repre­
sents only part of the results of the year: 

Stations occupied . . _ ................................................... . 
Positions determined . . . ................................................ . 
Number of observations ................................................ . 
Area, (square miles) .................................................... . 

59 
75 

1,000 
80 

While Assistant Rodgers carried forward the triangulation, his aid, l\Ir. E. F. Dickins, mapped 
the coast southward of Cape Mendocino. A few miles south of Shelt.er Cove the t.opography will 
be taken up witlt two plane-tables. Great energy has lwen manifested in the prosecution of this 
work under many natural difficulties. Some of the signals were destroyed by forest-fires, the 
smoke from which also retarded operations. At fhis time the survey in charge of Assistant Rodgers 
comprises three sheets of detailed topography below Ca.pe Mendocino, aud four others on which 
shore-line bas been traced to a point several miles south of Shelter Cove, where the party is yet at 
work. 

Views drawn by Assistant Davidson were received at the office in January, repre.senting the 
appearance from sea of Cape Mendocino and Cape Fortuuas. The drawings were accompanied by 
special view:s of the rocks adjacent to the two capes. These, with others furnished by l\fr. Davidson, 
will be engraved for the general charts of the coast. 

Sunken rockJJ south of Punta Gorda, Oal.-While prosecuting the coast topography south of 
Pnuta Gorda, Assistant Rodgers noticed a ,·ery heavy, but not frequent, break ia the water about 
one mile off shore, caused evidently b~· a sunken rock. The tide was low, and the water, at the 
time, was smooth, but a heavy swell was coming iu from the eastward. Mr. l~odgero determined 
the position of the sirnken rock. It is generally known that such dangen; exist on parts of the 
coast not yet reached by the hydrographic operations. Where, as in the present case, the danger 
lies near the coast·liue, the practice of steamers in making their courses quite near to the shore 
cannot be justifled. ln ordinary weather, during which the sea in the viciuity of Punta Gorda is 
marked by ''white-caps," it is probable that this danger would be overlooked bj" passing vessels. 

Triangulation and topography of the coast north of the False Klamath, Oal.-1\.fention has been 
made, under another head, of the occupation of the party of Sub-Assistant .I\. W. Chase during tlie 
winter. At the opening of the season he resumed work near Crescent City, and extended the 
triangulation southward as far as the False Klamath. This part of the coast of California is high 
and rough. The ocean-front of the mountains is about twelve huudred feet higli at the distance 
of' a mile from the water-line, and, being forest-clad, the region presents many obstacles to the 
progress of the triangulation. 

After completing the angular measurements, .Mr, Ohase e.x;tendell the plane-table survey so as to 
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include ten miles of the coast north of the False Klamath. His party was then transferred to a 
site of work which will be referred to in the next section. 

In his general report Assistant Davidson makes fa\Torable mention -0f the expedients used for 
carrying on the work below Crescent City, after having personally examined that stretch of coast 
with reference to the means proper for its development. 

A synopsis of the statistics of work north of the False Klamath is subjoined: 

Signals erected ...................................... ·. . . . . . . . . . . . . . . . . . . . . . . 22 
Stations occupied ......................................................... : . 20 
Angles measured ... ·. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 79 
Number of obiiernttions . . . . ............................................... 83!! 
Miles of shore-line surveyed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10~ 
Area of topography, (square miles) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8J! 

The outlying rocks along the coast were carefully marked in position and appear on the plane­
:.able sheet. 

Rock in Crescmit City Bay, Cal.-In the course of the season in this section Sub-Assistant Chase 
discoYered and surveyed a dangerous ledge lying directly in the was of steamers entering Crescent 
City Harbor from the southward. In ordinary winds from the northwest, the wat.er does not 
break on the ledge, but doubtless does in heavy southwest weather. The rock is several hundred 
yards in extent, and is not well marked by kelp. The depth on it, as determined by 165 casts 
of the lead, is 4 fathoms at mean low water, with 13 to 15 fathoms all around the ledge. This 
danger, which I have named "Chase Ledge," is less than two miles from Crescent City light-house. 
A description has been published iu the usual form as a notice to mariners. 

Azimuth at Eureka a.nd Gre1;cent City, Gal.-Iu the course of the season Assistant George 
Davidson occupied a station of the triangulation near Crescent City, and observed for azimuth 
with the twelw-inch theodolite No. 37. The record includes 54 observations on the sun and Polaris. 
A second 1:1tation of the triangulation being used as an azimuth-mark, the connection is direct and 
complete. For this work the transit instrument was put in the meridian, and eight transits were 
recorded for time, in addition to twelve double altitudes of the sun. Mr. navidson made 108 
measures of thread intervals with the micrometer. The transcripts of the work have been reooived 
at the office. Messrs. 8. H. Throckmorton and H. I. Willey aided in the observations. 

The station Eureka, in Humboldt Bay, was occupied by Mr. Davidson for azimuth, with 
theodolite No. 37, by means of which he recorded 42 observations on Polaris. The connection was 
made direct, as at Crescent City, by using one of the stations of the triangulation as an azimuth. 
mark. With the transit instrument in the meridian, 25 passages of 18 stars were observed on 2 
nights. The record in duplicate is now on file in the office. 

Observations for the value of the level scale were made by 24 repetitions with the vertical circle 
of theodolite No. 57. 

Assistant Davidson has computed a table of the azimuths and appal'ent altitudes of Polaris 
for varying latitudes and bour-angles, to assist in placing the instrument in the plane of the 
meridian. As a result, the time occupied in adjusting the new meridian instrument is less than 
half an hour. 

At the astr-011omical station near Eureka, observations were made to determine the magnetic 
declination. 

Before leaving this section, Mr. Davidson made a careful view from sea, showing Orford Reef 
aud the neighboring coast-features. The drawing is now on file in the office. 

Aids. to naviga.tion.-ln furtherance of the general interests of navigation, several communica­
tions from the Assistants in this seetion and Section XI have been transmitted to the Light-Bouse 
Boal'd within the year. Assi$tant Davidson reports that in heavy north west weather a good lee 
and safe anchorage can be. had at Dume Oove, two miles east of Point Dume. At present., vesst>ols 
under stress of weather usually run for Sau Pedro. Assistant Greenwell several years ago called 
attention to the shelter afforded at Dume Cove. 

In other reports Mr. Davidson recommends the placing of lights -0n Point Hueneme and 
.Anacapa lsland, and buoys for the bar, entrance and harbor of San Francisco. He specifies also 
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the dangers to Tiavigation off Point Ano Nuevo. Special attention was given in the course of the 
year to exactness in the assigu<>d geographical positions of the lights. After verifyiug the record, 
Mr. Davidson furnished a complete list for the use of the J,ight-House Board. 

Assistant Rodgers recommends the erection of a light at· Shelter Cove, and, in specifying the 
dangers between that anchorage and Cape l\Iendocino, calls attention to the risk incurred by 
steamers in passing northward too near to the ishore. 

At Crescent City Bay, buoys to serve as aids in navigation are recommended in the report of 
Assistant Da>idson. 

Tidal obseri•ations.-The stations on the Pacific coast have remained under the very efficient 
supervision of Bvt. OoL G. H. Mendell, U. S. A., who has ahly met every requisition from the 
office in Washington. The ohservations at these stations are generally excellent, and the 
observers experienced and attentive. Mr. William Knapp ha..<; remained in charge of the sclf­
registering gauge at San Diego, and Mr. F. P. Thompson in charge of the one at Fort Point. Each 
observer bas also kt>pt up a good series of meteorological observations, and tabulated the readings 
of high and low waters taken from the tide-rolls by using the improved graduated glass scales 
furnished from the office for this purpose. 

SECTION XI. 

COAST OF OREGON AND OF WASHINGTON TERRITORY, DICLUDING THE INTERIOR BAYS, PORTS, AND 
RIVERS. (SKETCHES Nos. 11and12.) 

Triangufation and topography north of Olwtko Riner entrance, coast of Oregon.-After completing 
a plane-table sheet of the upper part of the coast of California, Sub-Assistant A. W. Chase mo\·ed 
his camp and party to the coast of Oregon, and took up the triangulation north of Chetko Rh·cr, 
where he bad discontinued work last sear. From that limit he extended the triangulation north ward 
and westward toward Cape San Seha8tian. Land opcrat.ion8 on thi8 part of the coast are almost 
impracticable. There being no roads, Mr. Chase was able to occupy his stations oul_y b;y cutting 
trails through chaparral from one point to another. 'l'wo of the station8 are on larg·e outlying 
rocks, one of which was occupied with the theodolite. About eight miles of the coaist are 
represented on plane-table sheet. The general statistic8 of the work am: 

Signals erected ..... - ...... - .... - .. - - .... - - .. - .... - - ... - - - - ... - - .. - ... - - .. 
Stations occupied. _ .... _ ... _ ... _ .. _ .... _ . __ .. ___ .. _ ...... _ ..... _ . - . - _. _ . 
Angles measured . __ .. _ ....... _ . __ .... _ . __ ....... __ ............. _ ...... _ . 
Number of observations .. - . _ .... __ - ...... _ ..... - . - - .... - .. - ... - - . - .... - .. 
Miles of shore-line surveyed.. . . . . . - . . . . - . - ..... - - - ...... - - .. - - . _ - - _ .... . 
Area of topography, (square miles) ...... __ ..... - ... _ ...•....... __ ....... _ 

20 
rn 

106 

This field-work was closed late in October. Progress was much hindered b:r strong winds, ancl 
during August and Septe1nber by smoke from the burning forests to the northward of Cape Sau 
Sebastian. 

Sub-Assistant Chase is now engaged with a part,y at San Pedro Ba~y. 
Rydrography of Or.ford Reef, coast of Oregon.-This WOI'k was taken up by Sub-Assistant 

Gershorn Bradford, after the return of his party in the schooner Marcy from the vicinity of 
Falmouth Shoal, which was the su~ject of a preceding notice. Unfavorable weather interrupted 
the operations generallJ· on the coast of Oregon, but Mr. Bradford succeeded in sounding out the 
ship-channel between the main shore and the reef, and partly developed the reef and islets. On 
the_ plotted chart the limits of safe navigation are well marked, and also the approaches from the 
southward. The following is an abstract of statistics: 

Signals erected . __ .. _ .... __ ·- _ ... __ . . .. _ . _ ...... - ..... _ - - ...... - -.... - • • . 7 
MiJes run in sounding . _ ........ _ .. _ . _ ..• _ .. _ . ___ .......... _ ........ - - - . . . 140 

Angles of position·-········-··········--· ...........•..... : .... ----·-- 1,040 
Number of soundings .. _. __ - ... __ ... ___ ... __ .. __ .. __ .. __ - . ____ ........ - . - 2, 533 

The party returned to San Francisco late in October, and before laying up the vessel made 
adrlitiona,l soundings in the vicinity of the Golden Gate, as already stated. 
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Orford Reef and the coast-features adjacent to it are well represented by a drawing, which was 
furnished in January last, by Assistant Davidson. 

Triangulation and topography of Columbia River, Oreg01i.-Assistant Cleveland Rockwell re­
sumed the survey of the Columbia Rlver in May. Many difficulties were encountered in advancing 
the triaugnlation. The shore:s are covered with heavy timber, through which at high points lines 
of ,sight were required to bring stations into view that otherwise would be hill by the dense growth 
of timber on the islands iu the river. By well-conditioned triangles, however, Mr. Rockwell suc­
ceeded in extending the preliminary work to Westport, which by the river course is about twelve 
miles above Cathlamet Point. 

The topography wa:s taken up at Three Tree Point, on a sheet projected by Mr. Rockwell to 
take in the river shores as far as tbe lower end of Puget Island. His plane-table survey includes 
hoth banks of the Columbia, which, between the limits stated, is nearly three miles wide. All the 
islanda between Uathlamet Point and Puget Island are represented on the sheet. The river banks 
are shown as being high, abrupt, and broken; densely timbered and covered with thick underbrush. 
In the site of work o~cupied by the party this year there is no river valley; the shores have a steep 
pitch at the water-line. The basin of the Columbia is from two to five miles wide, and the area 
between the shores is filled with an intricacy of low marshy islands, which are covered with 
spruce, cotton-wood, and alder. The islands are overflowed by freshets and by high tides. 

·while carrying on the triangulation, Assistant Rockwell determined the positions of notable 
mountain peaks and ridges that were in view from the stations occupied for his work. A synopsis 
of the stati:sties is subjoined: 

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

13 
13 
39 

Number of observations _ ................................................. 1 7 461 
Miles of :shore-line surveyed ........ _ ... __ ..... _ .. _ ........ _ ......... _ ... . 71 
Area of topography, (square miles) .... _ .................................. _ 13 

The operatiom; of this party, as of the parties geuerall~- on the western coast, were retarded 
by dense smoke from the burning woods of Oregon and \Vashington Territory. 

Mr. G. H. Wilson aided in the fteld-work on the shores of the Columbia. 
Assistant Rockwell is now in service near San Simeon Bay, iu Section X. 
Triangulatfon and topograpliy of Shoalwater Bay, lFash.-For the service in Shoalwater Bay, 

Assistant Davidson provided a suitable outfit of tents and instruments, and at his suggestion the 
work was intru:sted to Sub-Assistant J. J. Gilbert. Field operations were commeuced in the 
spring with a view to connect this survey with that of the Columbia River, and to join it at the 
north with the survey of Gray's Harbor. 

Shoal water Bay, as the name implies, is filled with great shoals; the channels are tortuous, 
and the low shores are covered with timber and underbrush. Notwithstanding the disadvantages 
tor JJrogress, Mr. Gilbert established a good triangulation, and determined also a series of points 
along the low wo0tled peninsula which separates the body of the bay from the ocean. Among the 
points is included the light-house on Cape Shoal water. 

Sub-Assistant Gilbert surveyed the shore-line and mapped the topography within the limits of 
his triangulation. The following are statistics of the field-work : 

Signals erected . - ... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... _. 45 
Stations occupied .. - ....... - . - . : .. - . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 29 
Angles n1easnred ... - ...... - ...•....................... _ .. _ ..... _ ... _.... 279 
Number of observations .............. - . --- ................................ I, 980 
Miles of shore-liue traced ........ - •.. - - ...................... _. _. . . . . . . . . . 73 
Area, (square miles) ...... - ........... -.. - ..................... _ ......... _. 23 

At the entrance of the bay extensfre changes have taken place within recent years. Where a 
lar~e island existed in 1854, the water is now ten feet deep. Leadbetter Point and Cape Shoal water 
have increased rapidly. Buth are marked by loose sand-dunes that change in form and position 
with every wiud. lVlr. Gilbert traced the shore-lines of 8hoalwater Bay separately at high and 
at low water. His party is yet at work, a.nd will continue in the field as long as the season will 
permit. 
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L0rtgitude of Seattle, ·w. T.-While Assistant George Davidson was engaged in special exam­
inations at the United States branch mint in San Francisco, his party was at Seattle in charge of 
the aid, Mr. S. R. Throckmorton, jr., to occupy an astronomical station there for the determination 
of longitude by telegraph from Sau Francisco, where Mr. Davidson directed operations from the 
station in Washington Square. By the usual liberality of the "\Yesteru Union Telegraph Company, 
this work was successfully accompli8bed, althongh the condition of the line w'as much disturbed 
by great fires in the forests of Oregon and \Vashington Territory, which sometimes destroyed the 
conlil\ctions. At the Washington Square station, .Mr. Davidson observed 602 transits of 81 
stars on 38 nights, and transmitted clock-signals on 12 nights. After the return of ]\fr. Throck­
morton, observations were made, as customary, for personal equation. These inclucled 92 transits 
of 54 stars on 4 nights. This longitude-work, in 4 volumes and _61 chronograph sheets, has been 
duplicated. No aid being available at San Francisco, Mr. Davidson, under the necessity, conducted 
the mint comparisons while the operations for longitude were in progress. 

Before leaving Seattle, Mr. Throckmorton, aided by Mr. Il. I. Willey, determined the magnetic 
declination, dip, and horizontal intensity at the astronomical station. 

Triangulation and topography of the Strait of J!'uca, W. T.-Assistant James S. Lawson was 
engaged during the winter of 1870 in computations resulting from his field-work of the previous 
season, and in inking plane-table sheets. Eight in all were forwarded to the office, with twenty­
five records containing the observations and results. ·when the season opened for fidd-work, 
his party was organized and operations resumed near Nisqiially. A base of 900 meters was 
measured in May on the plains, and the line was connected by angular measurements with the 
triangulation made last year between Puget Sound and Muck Prairie. On the completion of this 
work the party, ]n the brig Fauntleroy, sailed for the Strait of Fuca. Arrangements were made 
without delay for connecting the triangulation of Admiralty Inlet. with the stations which bad 
been occupied on the shores of Rosario Strait aud the Canal de Haro, but the smoky atmosphere 
made the continuance of the work impracticable at that time. 

Sub-Assistant Eugene Bllicott joined the party in June, and was assigned to Rerdce with the 
plane-table on the west side of Whidbey Island. For the extension of his work, points were deter­
mined by Assist.ant Lawson from Deception Pass to the southward, the stations having been pre. 
viously selected. Stations were also occupied to embrace the eastern end of the Strait of Fuca in 
the general triangulation, aud, by a series of smaller triangles, the upper part of Admiralty Inlet 
and Kilisnt Harbor were included. 

The topography was c1ommenced at.Deception Pass. After tracing the shore-lines the survey 
was extended northward to Sares Head, on Fidalgo Island. Southward of the pass the plane-table 
work was continued, and finally joined with previous work near the light-house on Almiralty Head. 
The western part of Penn~s Cove, a harbor of Whidbey Island, is included in the st1rvey made by 
Sub-Assistant Ellicott. He completed also the topography of Kilisut Harbor, \Yliich had been 
commenced by Mr. Lawson, who found a good depth and safe anchorage while engaged in the sur· 
vey. The aggregate statistics of field-work are as follows: 

Signals erected ......••.. - .. - .. - . -.........• · - ......... - .. - . - - .. - . · - · . - - · 
Stations occupied ...... _ .. - .. _ .......... - .. - . - - . . . . . . . . . . . . . ..... - . - .. . 
Angles measured ...... __ . . . . . . . . . . . . . . . . . ..... - ................... - - .. - . 
Number of observations ............................................ - ... . 

18 

178 
5,936 

Miles of shore-line surveyed ............ - - .. - .........•.... - ........ - - . . . . . 71 
Miles of road surveyed . ~ .......................................... - . - - - .. - . .. . .. .. .. . .. .. . .. .. .. .. . . 22 
Area. of t-Opography, (square miles) ....... : . . . . . . .. . . . .. . . .. .. . • .. . . . .. . .. . 40 

Hydrography of Partridge Bank, Lawson Reef, and Belle Rock.-Heavy westerly winds pre­
vailed in July and August, while Assistant Lawson was engaged in the development of Partridge 
Bank, and these, conjoined with the irregular currents in the vi cinty, made the prosecution of 
s0undings a work of great difficulty. The survey, however, was successfully made. It shows that 
between the ten-fathom curves the bank is three miles long and a mile and a ha.If wide, aml that the 
eastern end is within four miles of the shore of Whidbey Island. The soundings have developed 
a very dangerous rocky ledge, on which the depth of the lowest tide is oul,y fourteen foet. By the 
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very strong and iITegular currents, the kelp, which would otherwise be a warning, is sometimes 
torn off1 or run under, so that vessels on the lookout cannot make sure of the position to be 
avoided. On the recommendation of Assistant Lawson, a buoy was placed on the bank by direc­
tion of the Light-House Board. Lawson Reef was discovered by the party in the brig Fauntleroy 
last year. Mr. Lawson made the bydrographic development in the steam-launch Lively, in the 
course of the present season, while conducting other operations in the field, and under circum_ 
stances of weather very unfavorable. The least depth found was twenty feet. Being compelled 
by stress of weather to seek a barb-Or, the party found good anchorage at the south end of Bur­
row's Bay, in a position which heretofore has had no repute as a harhor. 

Aesistant Lawson noticed, while sounding in the vicinity of the reef, that the tides were very' 
irregular, there being for several days only oue high and one low water each day. In one case the 
ebb continued to run for a period of fourteen hours. 

Belle Rock was sounded and determined in position. The least depth found by Mr. Lawson 
was eighty fathoms. The following is a synopsis of the statistics: 

Miles run in sounding .. - ........ - - ....... - .. - .......... - ... _ ... - . _. _. . . . . 209 
Angles measured ... - .. _ ..... - - ... _ ...... _ . _ .. - - _ .... _ .. _ .....•... - .... , . I, 594 
Number of soundings .. - . - ...... - - .. - -•. - - .. - ., . - - - • _ - _ ........... _. __ .... 3, 739 

Mr. F. A. Lawson served as aid in the hydrographic party, and also in th_e field operations. 
Assistants Davidson and Law&on united in the recommendation for placing buoys on Itsami 

Shoal and Tolirn Shoal, as aids in the navigation of Puget Sound. 
'Tidal observationB.-The station at Astoria, with the others on the western coast, has remained 

under the able supervision of G. H. Mendell, major engineers, brevet colonel, United States Army. 
The self-registering gauge is attended by Mr. L. Wilson, who bas for many years kept up an ex­
cellent series of both tidal and meteorological observations at this station. He also tabulates the 
readings of high and low waters, taken from the tide-rolls, with a graduated glass scale. 

SECTION XII. 

PACIFIC COAST, ALASKA TERRITORY. 

A iiarty in charge of Assistant W. H. Dall is now in the vicinity of the Aleutian Islands, with 
the schooner Humboldt. 'fhe equipment for service included means for making hydrographic sur­
veys, recording tidal observaticms, and for increasing generally our information in regard to the 
coast of Alaska. 

Before leaving San Francisco in August, 1\ir. Dall conferred freely with .Assistant Davidson, 
who had collected many particulars of interest and importance in his reconnaissances of the coast 
of Alaska in 1867, and during his visit to the ~River for observing the solar eclipse of 1869. 1,, 

No returns have been received as yet from the party of Mr. Dall, but report of the safe arrival 
of the Humboldt at Kodiak is hoped for daily. A self-registering tide-gauge, carefully adjusted at 
the Coast Su:r-vey Office, was sent in the vessel, to be set up at Iliouliouk, near the eastern end of 
the Aleutians. At Saint Paul's Island, about two hundred and fifty miles northwest from the pro· 
posed tidal station, my friend, Capt. Charles Bryant, recorded meteorological observations continu­
ously for a period of eight months, beginning with November, 1870. By his kindness I am enabled 
to include a copy of the record, which will be found in Appendix No. 7. 

<JO.A.ST SURVEY OFFICE. 

The operations of the Coast Survey Office have been conducted, as heretofore, by Assistant 
J. E. Hilgard. 

The inconvenient and insecure condition of the buildings oocnpied by the office had long 
o<icasioned apprehension as to the safety of the valuable records accumulat;ed d1iring wally years, 
besides invoh-ing much loss of time, from the fact that the houses occupied were scattered at 
different points within a square of the city. In order to correct these disadvantages, a.n arrange­
ment was entered into with Messrs. T. and A. T. Richards for the constrnetion of a. suitable build­
ing, situated between the Capitol and the former site of the office, which was ready for ooou.pation 
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011 tlte 1st of .January, 1871. By tlie 1st of :\larch all tlJe <li1fort-ut departmcuts of tlJe offi<.:e hatl 
Ileen moved into it. Besides the security of tlJe records hy the fire-proof character of the building, 
great advantage has been experienced from haviHg all the operatiow,; of the oflice under the same 
roof. · 

The following statement gives a succinct accouut of the operations of thf' office during tlle 
past year, which have folly kept pace with the atkauce of operations iu the fi(•ld. 

Hydrographic dfrision.-The pla11ning and verit\ing of the work of the o;ounding parties io; 
under the immediate direction of Capt. C. P. Patterson, inspector of hydrngTaph,\·, who also 
has charge of tile construction, repairs, aud disposition of the Ye8sel,;; belougiug to the Coast Sur\·ey 
setTice. The ofiice-work under his uirediou lias beeu performed by Mr. E. "rilleubiidier, as 
principal hy<lrographic 'draughtsman, who lias plotted sixteen original hydrogTaplii<' sliePts, in 
addition to making the verification of sheet,;; drawn by others, hesides drawing nn11wrous projedious, 
n~ductions, tracings, and performing othPr miscellaneous wor·k relating to lights, bno,Ys, and smli11g­
dirPctions. ::\Ir .• T. Sprandel, as assi1'tant draughtsmau, has equally performed a creditable amount 
of work. 

CoinpuNng <lil'isfo11.-Assista11t Charle,; A. SclJott coutinned iu charge of this <li\·ision duriug· 
the past year. The for<'e of perm111JP1tt computer,;, con,.;isting· of )frss1% T. '\Y. V\rerner, .James 
Main, G. Hnmpf, and E. Conrteuay, ha;; remained the same, iu addition to whom the a.~,;;i,:;tauee of 
Messrs. F. Hudson and l{. KeitlJ was occasional!;; m-ied, in order to kt>ep up witlJ the ravidly-inereas­
iug· amount of field·work, hoth iu triangulation and astrono1111eal obserrnti011s. 

Asl'iistaut Schott serYed as a member of the party of the Snperiutend<·nt for obsen·iug tlw 
solar eclipse of Deeemlw.r 2'.!, 1870. His se1Tices as an ohsen·er at Catauia, Ital,Y, are notieecl i11 
Appendix: No. Hi to the report of 1870. 

l\-fagnetie obser\'atio11s for declination, dip, and inteusity were made by him in ,Ju11e, at \Vash­
ington, in contiunation of the regular series obse1·n'd by llim. Among the gTeat uum ller of reports 
sulm1itted hy him as chi<.f of the computing- division, the following may be 8pecially mentioued: 
On the results from pendulum obsern1tions, made at the Coast 8uney Offi<'e; on the pre.Rent state 
of the qtH'Htion of pendulum obRen·ations in <~om1t·ct.ion with geodetic sur.-eys; on the c01rnectio11 
of' the primar,r base-lines of Kent I.slaIHl, lUd., aud Cram\,- Island, Va., aud on the degree of 
accuracy of the inter.-euing triangulation; a new im,estigation of the seeular changes in tlw 
maguetie de-cLlnntiou, dip, an<l intensity of the magnetic force at 'Yashington, D. C.; re,,ulis of 
eclipse obsen'atious at Catania, aud on the result of the micrometer mpasures of the nt•gatives of 
the eclipse of the sun, taken at Sp1·ingtield, Ill., August, 186U. He also im·estigated two receut 
hypRometrical formulre, one relating to trigonometrical, the other to bnrometricnl measurt>s, 
besides furnishing unmerous reports on the routine work of the division, and 1iromptly meeting all 
calls upon him for data, needed in othPr branehes of the survey. 

1'idat divi.~ion.-The duties of this diYision, consisting of the re<luctiou of the tidal anti 
111eteorologieal observations taken at the several established stations on the Atlantic and l'acitic 
coasts, correspondence with olisen·ers, inspection of new apparatus, and 8nperYi1'ion of repairs to 
those in senice, ha,'e been directed b;y :Mr. R. S. AYery, assistpd hy .Mr. A. Gottlteil, Mr. J. Dow11es, 
aud l\'.liss M. Thomas. The tables of predictions of tides for the principal ports for the year 18i:! 
have been computed and published. Various improvements luwe been introduced in the method 
of prediction by the comparison of predictions with obsernitions in eaeh succeeding year. All 
information for use in office and field-work, and in reply to ai)plications for informittion relative to 
tides, has been promptly furuishe<l. The particulars relating- to the se\'eral permanent tillal 
stations have been mentioned under the heads of the respectiYe sections in which tJw.y are sit1rnted. 

Drawing d-i·vision.-The operations of this branch of tbe office have been conducted nuder the 
immediate direction of the assistant in charge, Mr. W. T. Bright assistiug in charge of the 
details. The following draughtsmen, comprising the pflrmanent force of tile division, ha.Ye executed 
the.drawings for engraved charts: Mr. A. Lindenkohl, chief draughtsman, and Messrs. H. Linden· 
kohl, L. Karcher, 1''. Smith, and F. Fairfax. Mr. ·w. Fairfax made traced copies of maps as they 
were required for office and field purposes. Mr. \V. McMurtrie was eugaged <luring the year in 
taking views of headlands and approaches to harbors. A list of the manuscript maps and charts 
f'urnittlled to other brauche8 of the public service and to private persons, the cost thereof being 
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paid hy the lattt>r, is gi\'eu in Appe11dix No.:!. A. tabular i:;tatement of the charts completed or 
in prop:re1's during tbe year, with the names of tl1e draug·htsmen eugageu upon them, is shown hy 
Appendix No. ;), 

Engrarin(J rlirixio11.-This dh·ision ha" remained under the charge of Assistant E. Hergesheimer, 
whose ex(•eutiYe ability, iw less than his profes8ioual lrnowleuge and culthated taste, has done mnch 
to atha11ce the etlicie11cy of the work under hi'I charge and to improve the perspicuity of the chart8, 
while urnintaiuiug their arti1'tic character. l\Ir. Ilergesheimer reports the completion of twenty­
t :1rPe cliarts, eugran'U un copper, the commencement of work on seYen new plates, and the advance­
ment of the eugraviug upou tweuty-eight, :some of them fuliy up to the field-work. 

Duri11g the scar the cu,;tody of' tile "altos,'· 01· electrotype r1:lief-mouhl8, has been transferred 
from the eledrotype to the t>ngraYing division. They lrnve all been examined and astiorted. Such 
ati had served a temporar~· purpose hi the coustrnctiou of new "bassos'' have been condernued, the 
remai11der ha,·iug Leen registernd and t'itoretl in convenient cases in the [)asement of tlle office. 

The 1>11gran•tl autl t>lt'<'.tl'otype plates have ht>retofore Leeu stored together in the order of their 
accnmnlatio11. Tlie remonll to tlie new ofiice has afforded an opportunity to make a careful exam­
ination of the sanw aud a separatiou of the istandard am! printing-plates, with a selection of the 
most i111portaut of the former for Rtoragc by themselves. Some standards that have become obso­
lete will he boxetl for preservatiou. The priuting·plates occupy a room separate from the stand­
ards, and conwnient to tlie printing-office. 

'l'he force of engravers has remained the same as last year: J\te>;srs. J. Entholfor, H. U. Evans, 
A. Sengteller, aud A~. 1\1. ;\Jaedel, topographical engravers; .John Knight, R A. l\Iaedel, and A. l'e· 
tersen, letter eugravPr8; H. S. Barnard, J. U. Kondrup, H. F. Bartle, '.V. A. Thompson, H. M. 
Knight, J. G. Thompson, F. '.V. Benner, E. H. Sipe, und \V. H. Davis, miscellaneous engravprs. 
Dnriug part of the .Year Mr. F. Courteua.y lias engrased lettering am.1 Mr. George MeUoy views, 
both on contract. 1\Ir. K Molkow bas conti11ued the ufle of the Jlantograph, aml .Mr. George A. 
l\lorriisou has performed the clerical duties of the division. 

A tabnlar Htatement of the charts worked upon during the year, with the uame;;rof engmvPrs 
t>ngagNl upon them, iH given iu Appendix ~o. 4. The system anu st.rles of lettering used on the 
CoaRt Survey chart:; arlc' exhibited by Sketch No. 31. 

Blectrotyping <mil p/wfo!Jrnphing.-The operntion1' of this division of the office during the. ;year, 
continued by l\lr. Geo1·ge Mathiot, with Mr. F. Ober as a;,isistant, embrace tl1e production of thirts­
two electrotypes of the engraved plates of the 11urvey, the reduction of sixteen topographical field­
shects by photography for engraving on the scale of the coast chart. series, furnishing the requisite 
positives on glass for the direct use of the engraver, anll reduced prints on paper for the elabora­
tion of details by the draugl1tsman. 

Dil'ision <>f charts anrl instrumcnts.-Mr. Jolln T. Hoover has directed, with his accustomed 
z<>al and energy, tbe duties of this division, which compri11e the safe-keeping of records and maps, 
lH'inting and tlistribution of charts, and work of the mechanician's and carpenter's shops, including 
the dispatch of instruments for field-parties. The registering and filing the origiual map8 and 
chartR, aud record8 of observations made in the field, has continued with Mr. A. Zumbrock. 

\Vithiu the year 8,931 copies of charts and sketches have lleen pri11ted from the copper-plate 
press, worked by Mr. T. V. Durham. 

The preparation of backetl sheets of drawing-paper for field and oUice use, and the miscfllla­
neons dutieR pertaining: to the bindery and folding-rooi;u, have been very satisfactorily pe.rformed 
by Mr. U. Nissen. 

Mr. T. l\foDonnell has remained in charge of the map room. There haYe been issued during 
the year au aggregate of 10,2tl:3 copies of charts, and a distribution of 1;970 copies of the annual 
reports of Yarious years has been made. 

The work of repairing and reconstructing instruments was done under the supervision of l\tir. 
John Clal'k, by J. Foller, \V .• Jacobi, C. F. Wurdemann,and apprentice, E. Eshleman. 

The wood.work of instruments, tbeir packing for transportation, and all carpentry-work 
required in and about tlw office, was done by Mr. A. Yeatman, assisted by Mr. F. E. Lackey. 

The duties of c!Jief clerk of the office, the charge of the general conespoudence, and the office 
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aecouuts have, ns heretofon', bPen 1wrformetl hy :\Ir. Y. E. Kiug, aRsii-;ted, si11e\• ~\pi·il I. li.Y :\lr. F. 
\.V. Clancy. :Mr. C. A. Hoove1· acted as writer iu the liytll'Ograpliie diYision d111·ing thP Pntin, ~··ar 
Mr. R. L Hawkius has discharged the duties of principal accountant a11d hook·kt>PJW!' iu the otlic1'. 
of the geueral diisbur;;;ing agent of the Corno;t Survt•y, Samuel Hein, es(1., Hlltl the clerical duties nr 
that office h~we beP11 1wrformed hy ':\fr. \\T. A. Herbert, a8siRte<l by :\Ir. H. JIPi11 al' writer. 

<'ONCLUSJOX. 

Pre\·ious tot.he eompletiou of tlie edilice mm· occupied hy t!Jp oflic·;·, t.lw :1,,si,;blllt in t•hargP, .1. 
E. Ililgard, esq., had, in the plan of the bnildi111.r, marked out tlll' quarters to lw allotted to th(' 
several didsi011s. Aft<~r the remo\·al I made a carPfnl inspection of c•ach of tlw otlfre c1iYisiou,;, 
aud was gratified hy the goo(l ju<lgment i;;hown iu their new arrangement. \\-hi le bri11gi11g tog-t>thn, 
as was desiralile, the lm111cl1es of work most 11earl.;- relatecl, it was horue i11 mind t.ltat tl.11'y i11clnch1 
many members with special talent au<l decided iwliYiduality. Hence the adjn:;;tment with refer­
ence t.o unity and effectin~11e,.;,.; wa8 uot an easy ta;;;k, hut. it has been accompli8he<l to m.\· eutire 
:-;athifactio11. .My tl1auks are <lne al,.;o for the earnest co-operation of .l\Ir. Hilg:ird in eomlneti11g th(• 
work of the prei;eut year. 

Samupl Hein, esq., c011tiuueR in ehargC' of thP finauces of the snn·ey, and it is kno'lln at tht• 
Department that hb aeconut8 are preHcnted iu,·nriahly in lucid form. "'\.s lli;,;lmrsing ag-ent, hi,; 
8crnpnlon8 1·eg·anl to ecoJ1on1_v a1Hl 1iromptncs8 iu stating the mea11s ~n-ailablP for i:;en·iee at an,v 
period of the s~·a80ll h:l\'P bPen indispensahlP adjut1et" in the proper eontrnl of tlie obserndio11i'i of 
the sun·ey. 'J'lw PxperiPll('.I' of Asi:;istant '"· "·· C'onpf'r in official details Jrns al,;o fnrtbt>red, as 
heretofore, t.he disclwrg·e of the admi1Jistrath·e tlutiei,; whid1 de,·oln· on the Snperintendent. 

It isjirnt to a1lll, in co11ch10<i<rn, that. the conli;d assistam:e of able oflitwr'3 has lil1erat(•d me from 
much labor in the routiu(• of the service. Ti11w is thns afforded for eo11si<INillp: "11g-g1•,;tim1s that 
hm'e bearing upon the g(•m•ral i11terests of th1• \1·t1rk aml its rdntioris, as Wl'll to tlw l'NJHirernPnts of 
oHr commeree, rn1Yigntion, all(! uati011al reputation, as to the demands of :>('ic11cC'. In au age so 
practical as the present tbese seYeral ob,iects may be regarded as co111me11snrntt·. 

Hespectfnlly ,.;uhmitt1·d, 

Hon. GEOTWE 8. HOU1'WELL, 

8frretm·v 1~( tlir Trn1s1irJf· 

lmX.J.UfIX PEII:CE, 
811pcri11trnd1mt l-11 iterl St11tei; ('1111.1·1 ,'i111"rey. 
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APP:ENDIX Ko. 1. 

l>istribution of .gun•cying partie.~ upon the At/anti", Ou{f, and Pae(fie coiuds of the ['uitcd States dur­
ing the snrveyiug .ffwwn of 1870-'I 1. 

Coast sectiotu:i. Pal'ties.: 

·--1-·~--

Operatio11s. 

--~~i-
Persons cornluctiiiµ: operations. Loealitit·R nf ·wurk. 

SI<:CTIO~ I . I 
.Atlantic coaRt of Maine:, Xo. 1 Hy<lrography - .... 1 Horace .. A._nderson, snb-aBBistant;: Sonndi11gs dfl·dopiug: outn lt«l;..::t'I'- in tlw a11· 

New Ha.m1lshire,:Mai"il'.'a­

ch11RettH, aud ]~hod e 

J~laml, inclutlin~ Bt~.a­

ports, haysi aIHl ri yers. 
i 
I 

., 1 Topography and 

· 1 "'''"'""' 

C. H. \~au Onlen, aitl; E. TI. 

Pleasants, aid. 

J. \V·. Do11n 1 aRfii~tant; L. B. 

'Vright. suL-assistant; F. C. 
l)onn. aid. 

3 f Topo,grapby ...... II. M.De \\'ee.s, sulHlssi1dant 

4 J Topography .... W. H. Denni!'l., assistant~ A. P. 

I 
I 

~I 

I 

Earnard, ai(l. 

I 
Topograph;'i· ...... j F. \Y. J)on, a~sistant; C. T. lar-

1 della, m~1'istant. 

proiH·he~ to ::hl.oose-a-lwc· lteach. II:-.·dn1g-1 a11l1~" 

of Prui'lped Harbor, coast of Maiue. (Sel" al::;o 

S•,ctioa YII.) 

PlauE>.taLlt~ snrvP:'T of the shore!i and ad.iaf'~·nt 

iHlancls, arnl bydr(l!!1'apl1y of Sonu·:.;;' l-'rnrnd, 

incJmliu~ Southw.eRt Iladmr, M1iunt Dl'Aert 

Island. :lle. (See also Section Ill./ 

1 Tcipo~raphical fmrn",Y or J .. ong and other ik'lawls 

l>onndiug St>al JlarlJor', in tht• Fox I~darnl grnuJJ, 

at l'r-ncb!:'cot eutrance, coast of Maine. (St~l' 

also Section Yll.) 

Plam1 -tablf' f'UT\l'Y of DPPr Islt, T110rou_ghfare, aud 
of ad,lace11t i:o.Jarnls arnl h:·d,gf'f' on th t:' ea~t r-id-e 

of Isle an Haut Ba_y. (See a11'!o Sectio11 VI.) 

Topog-raphy o.f thf' westerll Rliore of P(:nol1s(~<lt 

Ba:v. ahovc Camden, Mt .. inclmllng Ow slwT(·::; 

of ]klfast Ba3·, aud 11ccffl,Y f•ornpktiug the iutPr­

mediat(' details. (Si'.t· altw :Secticm IY.J 

G Topography . __ . A.\'\ .... J,onµ;ft'l1ow. nsAistant; So- Completiou 0-f tlw (lPtaile1l plant'-tn.hl'" f.l.nrYf'Y of 

10 

11 

Hydr-ography ... F. Jl_ 1.v f'hlwr, n~s.h:.tant ; n. Jt 

'Vainwright, S. :X. Ogrleni C. S. 

F. Hoffman, aitlis. 

Topograph_y and C.H. Bo_ycl, assistant; -n·.1. Yinal, 
]J_ydrography. su!J.assistant. 

1Iydrogra11hy -• . J. S. Bra<lford, as•i•tant: E. II. 

'rriangulation 

King. aid. 

Hull .Atlnmf<', 1 assistant; J. N . .Mc­

Cliuto~k, aid. 

E. T. Quimby, acting assistant .... 

lr.;lehoro, ill Pe1wh~cnt J~ay, lll'., l>Ptwena Cam­
d('11 awl l~elfa!->t HaJ. 

Hy{lro~aph>- of J>pnohscot Ba~-, cast an ct Wf'St of 
lsh'lJoro, :n.re., arnl 1rom Cam<len uort1rwan1 

to BPlfa1't Hn:v, indnding Gilk1>y·l'3 Harl1or. Dt-­

Yelopme11t of .llratl1:3t1·c·t·t"s J:oek, TH·ar the.. Fox 

lslawl T1HH'onghfart'. S<madi11~-" in ::-;eal B.a.\·, 
compl~1iug" h3-·dro~raphy in th-e Ticinity of tlw 
Fox ]F;}ancl:-;,. (SPf~ also 8et•tion~ Y 1 a.ml \"11.J 

Topo~rap11y of tlie slwn•:i aml ~omHliug~ iu t11E' 
.Androscoggin and Cath::mr(• JUn:rl', betweeu 

Brunswick and Ilowdoi111.J-am. Mc. (Sec also 
Section YI 11. l 

Soun(1ings in tht.• approacbP~ of Saco River. ill· 

eluding: \Yintcr Harbor, :!..H'. Hydr·ograpl11e 
{lcn-elopmcnts D('ar Cap(• Porpoil'1~ and Dta/!l' 

Isla.ml, lh» 1 and r~vh~i11n of the sailiug-dire('tion..-. 

for lia1·horR li<"tween Capf' ~mall I,uint and Bo:s­

ton. (Set3 also ::~wet ion VIII.) 

Dctniled 11lun1?-tahle surn'y of tlrn ~lrnrc:-1 of S<i:co 

Rh·-er, Mc., ineJuding Rncn anil RhMrford, nnd 

the coast nvrthvrn.rd to Spurwiuk River. 1:-:iee 

al•<> &ct ion IY .) 

G.Podetic positi.ons ddf'rminf'd in thf' State of 

N-0w Hampsliirei hy sP.cmHlar.v triangulation ex­

tenclerl from the primary Hta.1ions .. Uonndnock 

and Cn'konoonu-e. 

12 Astronomical ob- Prof. Joseph Winlock, direct.or of Exchanges of time-sig:nalR at CambI"idgeOliserva-
sen .. ations. Cambridge Obsert"atory. tory, MRSA., for lon~itude determinations at 

Clei;·eJaml and ·culumlms. in Ohio, and at FaI-

mouth, Oaklarnl, a.ml Shelb.-yvill<\ in Kentucky. 

tSee al.-.;o Section Yll.J 



 

7 :2 HEPOHT OF THE SUPI<:IUNTirnDB~T OF 

Distribntion of snn1e.1;ing ]Jarties upon tlw Atlantic, Gu~f, and l'1wijic coa&ts, d:c.-Uoutiuued. 

_______ {:(,ast section~----JPartiPs. 
SE<-'Tlo:--.· I-Cuntinuell .... j No~~ 

Opcn1t.iuus. I rersom~ •·.omluctiu~ opuratiuns. l I.ocalitiC'~ of ,.,·ork. 

------ ------ -------------------!---------- -- --- ----- ------ ---

Topograplly an<l j H. L. \V"hiting, assi8tant: 11.11 
Shore-line survey a.ml hydro):{raplls, with record 

h:ydrography. [ Mitchell, a8!'li~tant: H. L. llarin- of changt•s ati't,ctiup: the harhor facilitie8 at i 

I 

I 
I 

SE<-'TJO:S IT. 

Atlantic coast and sea· I 

ports of Comwcticut. j 
NPw Y01·k, K<1w.Jer~e;v, 

PenuMyhania, antl Dd· 

awar1~. including" lHtp1 

a.ml ri n~r~. a.ml also 

Lake Champlaiu. 

! diu, suli-assi8taut. ] F.dgartowu, Vint';yarll Haven, an<l Xantnt.'.ket. 

j I! MaRR. (SQr. also Seetion II.) 

Topography _____ . j ..... ~- ll. Harri~on, as.si8.hmt; Eion 'l'opo:irapbical survey ot' the shores of 1\ nrragnu­

! :Rradlmry,jr .. aitl; \Y-.ll.t-iteai·ns, Rett Hay completed, aIHl dctail8 cxtf'ntlc<l we8t-

I aid, (part of i~wason.) I wsn·i'l of J'«)int .Judith to the vicinity of Vr ... akl_,-

1

1 I field, R. 1. Surv('.y of wh.arf-line~ f.or th<J harbol' 

i comm istiioncrs of N ewpott. 

Thia! obsrrrntious.I .r. G. Spaulding. IJ. Howlaml. I Series of obsen-atiou" continue<! with sdf-1·egis­
I t~ring tide-~auges at North Haveu, in Penobscot 

I Bay1 Me., arnl at1 Charlestown na\·y-yard, in 

i Euston Flnrhor, 1tia~R-

Triau)(nlatiuu .....• J. L\, SulliYan, assi"tant; \\'. II.1

1 

Points1lekrmiuellfromPoiutJudith westward to 
~te::uns, aid. the -vicinit:'\ of Chnrlestown 1 lL J., on tlw north 

shore of Long Islaud Sount.1. (Sec also Section 

of Jolm .Farlt·y, asRistant __ Examination of st;it,ion-nrn .. rkR form~rly placerl at 

I 
VI.J 

statious. 

Trian~ulatiou. _. Ed,,·ard Goo,lfrllo'.-~ asisistaul. 

Montauk Poiut, Shelter Iclarnl, Frinr,t) Hca.tl, 

i and Clarkn Station, on Long Islautl; at " ... akh 
i lli11, Champlin Hill, and Lnntern Hill, on the 

I 
I 

coa:'lt of Hho1le Islmul: at Xickcrson, 'Villia.m ·s 

Hill, and 8n!!:ar Loaf Hill, on the coast of Con-

I 
necticut, aml :nt Y:tl'tl Statitm, m~ar l)b iladelphin.. 

Dcterwina.tion of points for the surn~y of S cw 

flaYt'll Harbf~r. (Sec also Sectiuu VII.) 

Topo,L.,rraph.Y .. ___ . IL M. BachP, assit-.!tant ..... _. _ .. _ ... · !Jetailed topn:;!raphical sun·~·:-i·, i11clmling- the 

HeconuaiAsanct•. _ 

[ Quinnipiac Uh·cr and its bran(jhcs, in the vicin­

ity of ~ew Haven, Conn. 

Ridun·il ll. Cutt~, assistant; n._ A. j Reconnai.ssnm·e arnl sPlef'tion of sitt•H for veritica-

Colonua, aid. j f,ion baAcR n.ea1· the north en!\ uf Lake Cham· 

plain; sii!nals crtjcted for the lake trian~ulatinn 

lwtwef',JJ Kib\Je"s I•oint and the Uuited States 

I bon1.dary. 

H Trinngulatiou. :F. '"· Pcrkiu1:1, snb·a~Kista.ut .•.••. Triangulation nfthe eastern brauch of Lake Cha.m-

l
·, plain, from Kihb(~·!i: I)oint i1orthward to D.all's 

I~la11d, and measurement of YeriticatimJ ha::ws. 

(See also Section IV.) 

Triangulation G-. A. Yairfielll, assi1'ta11t; } ... _ 1\..... Tl'ian,gulation of the <:-astern chaD11d of Lnke 

Perkins, suU-a.at-1istant. 

8 Triangulation. - - __ 

1 

S. C. McCorklt>, n.~8istaut; Vr. H. 

! 8tearns, aid, (part of ::ica~on.) 

11 

Triangulation and i CharleH Hu!:'mlet", ttssistant; R. n. 
topography. ] Palfrey, ai<l. 

J. N. McCliutock, ai<l. 

H. G. Ogden, ~uh-assistant; Au­
drew Braid, aid. 

12 Hydrography .. .It. n. Oranw~r, sub·aasigt:ant; F. 

'V. Riug, airl i L. F. Chew, aid. 

Champlain, from Ball's Island northwartl into 

M.isshH1noi Bay. {St;e also Section IV.) 

Triangulation of the west.ern channel of Lake 

Champlain, fromPlatt<Bhurµ;h north to tho I;uitNl 

Statt~s L>oumlary. (Soo also Sections l, YI, an~l 
VIL) 

Shore-line snrvo~· of the caster11 put of Lake 
Champlain, from Colchester Pnint uorthwar<l to 
Butler's Island. (St>e also Section V.) 

Sh!)rcs of tho eastern branch of Lake Champlain 

h·uc.;-,<1 from Bntler'slslanil northward, to include 
McQuam Bay. (See al•o Sections I ,.llfl V.) 

Western shore• of Lake Champlain traced, and 
if~.Jam1s intervening, het.wetm CnmbP.rJa.ml He.ad 
and the tTuite<l States l>onndary, includiug the 
southern shore of M.is.sisquoi Bay. (See also 
Sections VI and VU.) 

Soundfogs in Lake Champlain, froru the upper end 
nf Valf'm.tt· Island southwurrl to Ligonier Point 
and Sht.•lhurnt~ PuinL (Seealac Section IX.) 



 

THE U~ITED ST~\TES CO.AST Sl'lffEY. 

Di8tril111tion of xurreying parties iipon tltc Atlantic, OuU', and PtH·Uic COfl8lx, (tc.-Conli11ned. 

Coast se-ctions. )Partfr•F>.; Operations. P<\rsons coJHI nctiuµ: (l}H~l"ations. LocalitieR of W<ll'k. ---------- ---------------1---- ·--
SECTlrn:; II-Couti11uell .. 

1 
No. 13 i Ph;n•ical h~·dr-og-­

raphs. 

n. :Mitclwll, asl:li."'ltaut: H. L. Mar- : J>J1,vsfoal f>llr\"C.\ of Hudson l\.h('l', x. Y.; HOlllHl-

8ECT10X III. 

Atlantic co-aFJt1 and hays 

of Maryland aud Vir­

ginia, indwling· ~t·a­

purt~ aml ri vens. 

Sl!CTION IV. 

Atlantic coast and •<muds 
of North Carolina, in­
cludiug sea-port., and 
rivers. 

10 n s 

indin, sulH1s~il')tant; F. li. 

.North, aid. 

ing:;. 1111 tlu- Ha1s a1~1l i11 Bu1tcnuilk Cha11ucl l~• 41P . 

1errni1w h.\lln1graphic altt•ratiorn,. i11 ~t'W YorJ.. 

Fat lior. (He£- ali-;o St:etiur1 I. J 

14 Hytlro;:rraphy ... F. H. Gerdt•H, assif'3tant: C. IJ. Dil- Rhore-lirn_• 1-mrw·~- awl :-.omttlingr.. in X1'w~rk Ha.v. 

lawa;v, aid. includir,g afao 1 h<, nat'i~aiik partfoio of tlw Pa:RRail' 

arnl H~1ckensad'- ltin·1·'"'· (St'"t' ahm 8<·ctio11 

\'!Il.) 

IJ 
1 

Triftng;ulatiou ... Ridmrcl D. Cutt~. at'j:si:staIJt; B. A. Station ncc·npit~tl 1w:u· :\.fn11ni Holly, X. ,J .. n.rnl 

! 

17 

Colonna. aitl. otlwr statimlR r_·~talilishc>cl for tr~mn.!nlatil)tl tn· 

wanl Har1u:>p:at light-lunuw. ])i'tP:rmin;itinn o t 

altitudes. at thf> primBI",Y statim1s iu New Jersf'>". 

Topo~raphy C l\f Baelie :rn!ii~tant · H. \.Y. i Plane-table• sm·\·e_,- of GrPa1 Bar. inclmling- tlle 
..... ·· 1

1 

·E~c~If', snb-~.ss~~t~ut. . lower JUI.rt of ::i.tulli(':l Rh·er aucl Littlt' J<:~c: Har­

l>or, 011 the <'.AJast of ~ ew .r f'T fW\._ 

Hydrogrnpl1y - - . \Y. '\V. Hartlitig-, F!llh-aHsistant, 8ountlinj;!:S COlll]Jlefrcl in Grf'at Ua)·. x .. J .. aUtl on 

(pm·t of Heason ;J W. I. Tinal. the liar of Little Egg- H:uhor. B.nlrograp11y o 

h< I Topni:mph)· an1l 

hydrography. 

I 

t-;uh-asaiBtant, (par1 of ~(·m~on :) 

.T. ,J. Evan:-.. airl. 

\ .A. Llrnlt..•nkohl m1<1 CharJe5=1 Juu-

l keu. (part of Rt~ason :) I'. I;'. ;.\(•s, 

Ah:·wnnn ln1f't, inc1mlin.i:: partz<. of tlw ad,iaet.'11 

...,,·a ten;,. (~c alfm 8,·('tiou:-:; I, III, and l Y.) 

Shm·t:--li.n.f' KUJ'\'<'.V aud sonmling:s iu llelaware 

River. frmn tht' Phil:u1elphi:1 Xa,·~--.,·arll to 

Luague lslarnl. and stirn•y of tlw Sclw;dkil l 

I!iyr•r lwlow lj'airmmmt. (SP1~ also Section I'\. 

2 

I assistun t , T, .J. Lowry, ai<l. 

Tirla.loUsrnrations.( Jt T. HttR8ett ..... . 
I 

! 
Topography and I .J.·\\~. Dmrn, ap,~i1:-1t;rnt L. H.V\'Il!!M 

h.\llrograph~, I snu-a••ist.rnt. 

Astr()nomical oh I A. T. Mosmau. a~l'iidt:mt, Edwi11 

scrYntious. Smith, aid. 

j 
I Charlrt-. . .:\.Schott, aRSistaut ..... . 

H:l'<lrograpl1y .. _..I W.W. Bartlin!!, oub-3'sista11t .. 

I 

~erh.'R contilllll'll \•dt.h sPlf·rt:•gil"tl-ring h1h·-~aug ,. 

at (i-oYernoT.8le.land, in Ne·w York 11arhor. 

SHI Tl'.\ of thP slinn•i-. a.ml dt•ndopmt_'ntof thr di1111 

Jlt•ls of the Uro:ul \\'att•r.~1H tht• l'-m1"t of \'ir· 

ginia. ~8eP also fo\(·~limt 1..) 

Latitnclc-. azimntl1, nrnl tlw ma~netic eh•1ncnts de 
tt·rmjn{'cl at Cove Point, Tangier J5Jm1tl 1 and 

\Volf Trap. p1·irnar;-.· stations ou Ch('HapPakl' 

Bay. (Set' also Scdion:-:. TY natl YU.) 

Ma}!netic nhFW:"natiom~ 011 C!lpit.ol Hill, 'Yat<.hing 

t.ou, D. C. J>endnlum ntljn.~t<>«t for ollP.Prd ng i 11 

the Ardito regions. 

Shon'-lin<' AnrYP~· and ~urnling~ in th1· bra11clH• 

n.f thf' St•vt1rn,Che!iiter. and Chopta11k ltiYerH 

and ill Chf'sapcakc Ha~-, lK'.-tween Thomas· Poiu 
aml Tally'H l'olut. (Sf>t' ahm l"it·etion JI., 

Tria11g11lation -- .. It E. Ha1tf:'r, af"RiMtant i lt A. Co- Trian~nlation of tlamez.;; lUl"cr. Ya., from Jam P t 

louua, aid. to-wn Islaml i1pwan1 tu City Point. (S1·t' a ls ( 

Section YIU,) 

~l '. Gt>od•·tic op c r a- C. O. Bout.f'll<', aR8ifitant,; Ji'. Blake, Geoclctic ohEwr'\·ations at ClaTk's Mouutain a11 1l 
tioue. jr., suh-a~ist.ant.; A.H. Scot.t, .Hull Rnn Mountnin. \a. 1 inclmling <lt-t.el'mi· 

aid; C. ll. llvutulle, a.hl. nationR for latitude, az:imnth, and tlw mag-
ut'tic element~. (Se-.- alAo S<"et,ion \.} 

Tidal ohservatious.' "T· J. Bodell. •................... ~E"Tif'R contintwd with the 1-wlf-rP~iRterinl! 'Lilh'­

gan~l' at 01rl Poiut Comfort, \-a. 

! Tria.ngnlR.tion. 

I 

G. _A. Fairfie.J<l. asRistant; Ji~. W. 
Perkins, Rnh--HRSitott.ant. 

~tntious occupied at Ocrat~oke Inlt'f, N. C._ joini11,i: 

the PorU;mouth ba.se-Hne and ext{'mling Hw tri· 
augnlation of Pa~p1ico8ound. TriauJ!nlatiuoof 

Pnugo Hi\'f'T complPh~rl. (Sec also &-ct ion IL) 

2 1 AAtronomical ob- : A. T. ·Mo~man. a.ssfat.aut; Edwin Lat.itude, azimuU.i, and the maJrll<.~ti<· cJpment~ tfo· 

termined near l"orti'imoutL, .X. C. (8t'-e also S("e­

tlnnR III a.ml YII.) 
Rervat-ions. Smith, airl. 

Ji'.,\" .. Do1T, assistant; C. '!'. laY· Planf'-tablt' snrw·~- of the R110re1; and hranches of 
d4:"Jla, a.saistant i A.., I,. Barnard, PamplicoRin"r, from LN~'HCrPP.k upward to tho 
aid. "'frimt~~ of ""a1'hin;:tm~. N .. C. (SPP .qJ~o &c-

twn 1. I 



 

74 HEPOJ~l' OF THE SUPEIUN1'ENOENT OF 

Distrilmtio11 1~( su1·i•eyinf/ partie11 upon the Atlantic, Uulj~ anc7 Pacific coa.sts, <fc.-Uontintwcl. 

Com;t ~rrti011 ~. 
i : 
i Part it>~. 
I 

()pL'l'<ltinns. P<'rsnns conducting opt~t'atiow.i. L(lCaJities of worlr. 

SEcTIOl"\ lY-(:1~illnf'd. 
1 

No~---:- ~~drogrnphy -- ~-j -J.._ J:.'~~~B, a~~i~;·u1t; \.V. I. Yin11l, ! -;~ro~raph:-~1nv~.~~1f Pamlic:~~vor fr::~: 
· 1 i snb-as.sistant. II entran('t' upwal'd to C<~tlar Grove. uea.r "\\.,.ash-

8KCTIOX T. 

At1~rntici coast an<l rwa­
watf'rt·ltanneh+ofSuntb 

Cat·olina and GPJorgi1t. 

ineludin~ sutwds, lmr- ~ 

lJors, a.ml ri n~n~. 

8e.r:no" YI. 

Atlauti~ anrl G-ulf C(la~t 

offl'lorida peniwmla, in­

cluding tb~ 1'€Ct"1i .nn(1 

ke;\'s. antl tllP- ~ea-ports 

aml i;iyei& 

15F,('TIOX Vil. 

Gnlf coast and fil.Ollntls of 
1\" catern Florida, in­

c·lnding the porh arnl 
yj\'f"tS. 

\ iBgton, X. C. (SN• also SectionH I ancl II.) 

H:ydrography .... [ Acting mast~r Rol1ert. IJlatt, l'. S. ~ Sounding~ tlAn~lopingtho characteroftheHatteraR 

6 TopograJlhY . - .. 

Topography -nrnl 
hydrography. 

K .. assh~tant.; J. B . ..:\damsQn, Shoals: off ti1(1 coa~t of North Carolina. (See 

ai<l.; C. L. Gardnt-r, ait1. afao St>ction YI.) 
' Rull Adams, assi8tant,; F.ngenP. Plane-table i;mn·cy (•n.st a11d we~t. of Swansbor-

Ellicott, sub-assistant. flugh, N. C., completing the topography of Bogue 

Sound and Inlet; antl shore-liue isur\t'-.Y west· 
ward to N(jw Rin•r l11let (See also Sections I 

and XI.) 

Charles llosmer, a~sistant, .J. ~. ! Topographical slnTey aIHl "ou:udin~s. developing 

}1cCliutock, aid. part~ of thA Cornbahee River· and llul1 River, 

S. C.; also, partl"l of the CliecchPssf"e, Colleton, 

and May Rivers; anti the head-waters of Cooper 
Rh-er nnd \'Trigllt's River. (See a.l~o Sectio11s I 

and II.) 
i 

2 J:,Cconnaiasrrncc. (.;. 0. Bo11tdle, astii~famt Recm111ah~sanct:i of the nayj~al>le rirer-s of South 

Carolina. with l'Aference t-0 met.hods of connect. 

ing their snrve;v wit11 that of tl1e s~a hlamh1. 

(Sec also 8ection II l.l 
! 
i 

Topo:rraph,,· ___ . _. 1 ,V. 11. Denni,;, a~siRtaut; Eion , '1.'opnb~aphical sur,-c:r of Na..~sau S(rnutl, Fla .. , in­

clu<liug the atljaeeut inside wateT-pa~sages along 
tl1e coast, and also pa1·tA of Talbot aml Amelia 

Isla1ub. (See ahw Sectiou I.) 

If y1hogrnph;· .... 

3 ' 'l'l-ian1t11lation. 

4 i Ry!lrngraph~~ ..•. 

u~'tlrogrnph~- -. - . 

H~·fb•o_waplly 

2 Hy1\rography .... 

Hra1lhnr_yjr.~ aid. 

F. I,_ Wehber, as:--iRtant: Andrew 
Braid. D. B. Wai11w!'ight, ancl 

W. E. MeC!intook, aids. 

Sonnding8 to aeawartl of NasRa.u l~a..r allll Amelia 
Islarnl, Fla., and hydrography ot' NaSAau Sound 

and of the inside wat-tjr-chaunels between Saint 
Mary's Ri YCJ' a.ml Sail~t. .Johll~s Riv~r. {SfiP. al-to 

Sections 1 and VIL) 

J. A. Sullivnu, assiatant \ W. JI. Triangnlation below Matanzas Inlet alon~ the 
Stearns, aid. 

Acting ?\laRter HolJet·t Platt, D. 8. 
N., nssistant; J. B . .._..\damson, 
aid , C. L. Gardner, aid. 

J,ieut. Comnrnmler ,Joln1 A. liow­

oll, U.S. N., as~i:-3ta11t; Mastt'-rA 
\\". H.Jaques,E. S.J:icoh, Rich· 
ard ltusl1, and \\r. L. l•'icld. 

eastern coast of FloridFt to Bracldock'R Point. 
{See also Sections I and IL) 

Hy~lrographic development of the'' New Ground 1' 

near the quick8amls, an{l soundings in the Gulf 

of Mexico near the Tortu.gas. (See also Sec­
tion IV.) 

Ilydro;,!;raphic part.y orgauized for soundings in 
the Gulf of :Mexico. 

}'. r. Wf'bb-Or, asshitaut; D. H. Soundings at Cedar Keys, OU the Gulf coaAt of 
'Vainwright, aid. 

11. Anderson, tiuh-ac;sis.tant; Ar­
thur F. l)e.arl ancl G-. \-V. RiBsell, 
aids, {part of sea•on ;) R. II. Pal· 
frey, aitl, (part of sea.sou.) 

l"lorida., d•weloping the <'hannel from Sea~Rorae 
Key t<> the railroad wharf. {Sec also Sectione 
I and VI.) 

Hydrogra-phy of Saint GeorgA'.K &lund, Fla., from 
Bulkhead Point eastward to Royal liluft: (See 

also Section I.) 

3 Astronomic~} ob- A. 't. Mosman, assistant; Edwin Ar.imnt.h rlet.ermim~dntlfagloHa.rbor,in Sai11tJo-
servations. Stnith, ai<l. ••ph's Bay, Fla. (See al•o Section• Ill and IV.) 

Triangulation o.ncl 
topograpl1y. 

S. C. 1\fcCorkle, o.'!Bistant. ; H. M. 
De \Vees, sub-assistant. 

'l'riangulation and topography of the weauim arm 
of Saint Andrew's Bay, Fla. Me08111'1>n1ent of 
base-lines at &int J'oeeph's Bay and Sa.Int .A.n· 
drew's llay. (See aho Sections I and II.) 

5 Astronomical oh· A. T. Mosrnau, rn•sistant; Edwin La.tituile and azimntb determined at Davia Point, 
sen-atious. Smith, aid. Saint Andrew's Bay, Fl&. iSee aloo Se<>t.i<Jos 

III and JV.) 
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D-islributio11 of surreyin!J zwrficN 1q1u11 fhl' A tluntic, Oul}; am! I't1f'Uie c1Jr1.~t;;, (h~.-Coutimwd. 

CoaAt s4:'ctions. Parth•s.: Ohs(' I ni.tionH. l'rr;;.ons cou(luctinp; op(:rntion8. Luc.,tlitit•i-> of work. 

------~--- -·-·-·-'.----------1--·--------

S1W1'IOS VII-Co11ti11uec1.: No. ti' Tl'i;rnguhnion, to- j H.n-.Og1lPn. ~mhal"s:.istant.: 0. JI., Compl1·tl- .-.ur·H·~- llf Sant:t Ho"'a ~onrnl. :Ffo .. iu-

SECTIVX YIU. 

Gulf co-ast, au<l Oay:i of 

AlaLama, and tht> 

1.mumls of ~lississi]lpi : 

aml Louisiana, to V <-·r- , 

rnilio11 :Bax~ including ; 
tl.le ports arnl ri yers. · 

S>:cTIOX IX. 

Gulf coast nf '\'\r estern i 
Louisiauaand of Texas, j 
including bass ~md riv· j 
Cl'Q. 

8KCTlON' X. 

P;:u..:itfo coai:;t ofCn.lifornitt, 

i11clmling the bays, hill'· 
bot.ij, Rud 1iver~. 

I 

9 

po.r::rrqihy, and I Tittuuurn. suh-AA1>iHtant.; S. N. ! dudi11,:.::th('(~nlfl·oat-itfr.~mCl1oclawliatt'ht:e«11-

l1y1lrography. O;rtl('u,aicl. 

Astt-onomical nl>· E1lwartl Goo1lft.·llow. a,11;."li.,tant ... 

t-if'r\'ati1m1-1. 

AstronomicRI ob- (i-. 'V. Dea,11, a.asiMt ant ; A. T. Jlfo•· 

seJ'\'ations. JUJU!, a.MSi8tant; Edwin Smith. 
ai1l. 

..i.\.stronomicnl oU. A. T. M()snian, Msistant; Edwiu 
Sl'l'\'flti0118, SmitL, aitt 

tra11ct· "\\·t•J-;tw;-tr1l t(1 Peu~acola .liay. (Se1· c.tll"o 

~ee1 iuus I. 11. anti Y Il1.l 

Lat.itudP. 1011~1tudt-, a111l tlw ll1;1;:_!t1Pti1· t>ll'nH•nts 

di:•t~·rmi1w1l at Clt.•\·d:rnd. i11 01.iiu. awl 11t }'al­

rnout11. i11 I\:n1tncky. (8•·1' all"o :-:.i·l'twu II.l 

Latihuh·. Jonµ:it1ttl<·. aml tht" nia;.:m·lil'. f-'lt'ments 

dt~t,et·mh1f'tl a.t Cnlurnlrnt;, Ohio. (Set.' al~() Rt>c· 

tions III mid lY .) 

Latitude. ]ou~itwk. :rnd thP 111a,L,'1Jt•tic elern,•ut~ 

<lctt·1·mille1l a.t Oal.:1aml arnl at Sl1dhyvilk, Ks. 
(Soe ahm ;-;Pl'tiou8 l[l anll I\ .. 1 

1 ! 'I'1·ia11g:ul.atim1, to· ' C.H. lk,yd, af-lsi~tant: .Jose11h Her~ To1l0,\!Taphyof tlw Wf'St 8ide of Clw11d('lenr Smmd, 

iudrnling Lin·-Oak Ua:vou. Complete f'IUJ'Y(·~· of 

tlw :llit'lsis:dpµi ltiYer. cxtenUt>tl from Graud 
Prairie upwnrtl to Pojut La H.ad1t.'. (St>t• a]~o 

]JO).!T;tp11J, autl gt·~lici1uer, aid; C. U, Yan Or-

hych·l1~ra11hy. dt•11. aitl. 

8(.>.Ctiou I.) 

~ ll;vdrop·aph;'I· .....• r. & 1kmlfortl, a~Rh~umt; C. P. J}i}. Hsdrography o.f t11e i:asteru part of Lake Pout-

laway, Aid: I. ,r. Lowry, aid. ('bartraiu : deep·sl'a smmc.liDJ.!'fi in thP appro:-tl·.lwri 

of tlw :Mis...,issippi Delta: f'onndingr.. nn Trinity 

8lwa1. in tht' Gulf of M(•xico. 1.St•c all"'lo St·(~· 

tio11 l.) 

3 Tdaugulatiou ..... ' It. E. Ualte1, assi~tant: ·wmfam 

li:imhPt•k, s1:1b-af:lsistm1t: 0. H. 

Tittrnaiin, sub-assi~:Hru1t. 

Ttfaugnlation an·o~:-; tht• 31.bsi~Bippi IU,·er from 

stations in llliuoiR and Mis."ouri, inclmlin~ the 

,·icinit;v of 8:\iHt Louii'>. {Sev a.lsn St•ctio.us Ill, 

Yll, arnl IX.J 

H,Hko-_1..'Tnpl1;\· -·-·· }~. D. C1·nnge-r, suh-n~si.,tmit; l". Sonn1ling!-l.t'nrnplP1inµ: tl.ie h~·dro~1T1ph~· of Mahi-

"~- Riu~, ahl ,l!t)rda aiul Liwacn Tu:i:vs. nnll in duding the upper 
part of Espiritu Santo Bay, Tex. (Ste also St>t· 

tiou IL) 

~ Astrouomicn! ob. R. Keith. ob8el-Y<'T; William Eim- 1 l,atitudP and lon::ritudtk detern~ined at Clwtopa, 

S('l''·atious. be-t:k, sulM1i..ai~tauL Kaus., by trarn;.its iu t]w pi-imf> vertical nml t•:x. 

dwuge of timc-si_E!nalt'i b~· telq,rt·ol}ih from SaiLt· 

Lonis. ~o. (See. nlso Re-etion YIII.J 

1 j Astronomkal oL- George J)avidMJI, aAAi~tant .. --· .. _ Ucterminati.oii o-f posit iorn:i frn· a hydrogrriphic 

eer·nttious. ITcouuaiH~ance'of the eoa8t approadu·~ n01·th of 
Panama.. Obsen~ntio11:-; for longitndt~ aml for 

the ma~net.fr e-h•mPnts nt San Dieg-o, Cal. (!St>c 

also ~ctio11 XI.) 

2 Ilydrograpby . G-ershom Bl'a<lf'ord, sub-assistant: Sllore-li.Iw s111Tr:'>· aJ.111 L_,·thograph~· of Magdalena 
F. \\-... estdahL Ba,\·. ill Lower Caliwrma. (Sec al5>0 :s(~ction XJ.) 

Hytlrogrnphy ---· Commander Philip C. Johnson,{). ! Hydrog1·cq•hic1iart;r01·g:aniztd tot.w11tinneo:tf-shoreo 

T1·itrnµ11lation ... 

'L'ri.in~ulation and 
top,..graphy. 

8. N., asHi~tant; Lieut. Com- sonrnlings al(lng tht! coast of C:1lifol'l1ia. 

manclerC, 'II'. Kennedy; Lieut. 
]IL S. Day; lfast.ors H. B. Man•· 
tie-l<l and .FJ. ,V. Rerney. 

Geoq:!;e Davitllo\0111 aAAistant ; II. I. 
wm~y,aitl. 

Triau,enlal ion nt Rnhia Oun. llllll detl'r111i11ation of 

t]1e position of Santa ]~nrbnl'a ] i-;h.rn1I iu rt'lutiou 

t(• t11l' c:ow;;t. ot ( ~aJitorn in. J:n~o1111ai::>~anel'of the 

P:on.~t fro111 Som Dlr•go1ior·thwanl to Point 1>11mc. 

1St'c al~or;.·etion Xl.) 

A~ \Y, Chas1>., snlnis.~h~tu1t. _ ...•.. ! I,J~uP·tahl.- f;Ur\'t'r <if tlu· ~iwrP of B11liia Oua uorth 
of }Joint Vincl'11tt·. mid of part c.lf'.Santa Barbara 

l8lmul, C :al. (See also St·etioa XL) 

'l'l'iaugnlotiou an<l Stt>hruan Fo1·1ws, sul.M1.e8istant.... To1u1;:!raphical s111·"·t>y of San Miguel I~Janrl, in 

toyogrfiJ-i-1.iy. Saiata B:al1ar:t Ch:mm .. ,l, C11L 
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Distribution oj sun·eying partie8 itpon the Atlantic, Gu{r, and Pacific coa.~ts, &c.-Continued. 

Coast scctim1.;;. Opera1io118. Per~ons conUuctin~ U}Jt'raiim1s. i Lo(:alities of work 

------ - --! -------
I 
I 
I 

SF.cTIO~ X-Cotitinni'tL 

SllCTION XI. 

Pacific coaat of Oregon 
andof\\--.-ashington Ter­

ritory, including the 

interior bays, ports, 
aod riv~rs. 

Xo. 7 ~ Topog:raphy '\. E. Gre~n w1~ll. a.ssiRtant ........ ; Ur tailed i:mf'Vf-;Y of th1+ coast of Ca1fornia from 

l'oiut Pelican, rn~:tr Santa Barham. Wf'!itwanl 

t~nval'il Point Coucl•ption. 

1~opograph:--.· .... - . L. A. St_·u~tdler, ~nl1-a.s:sistaut ·! Plane-t,able &UJ'\'PY of tlw Rhore~ of farn Lid~ 

Ohispu Buy, Cal. 

Clf'Yelm1:l Hock well, a:'l~i:--taut; (i. 

JI. '\"il~m. nid. 

Topo;,!ra.11l1y of t.lw ~horeli of San Sinwou lkty, Cal:l 
and a1ljao1.'P11t l'O;tHt to. the \Vt.':stw:i.rc.l. (St:'t~ fll~n 

Sectiou XI.~ 

(lf-.r.-.hmn l~rmlfol'(l, ~nl1-aF18isl:rnt. ll:nlro~raphic t•x11lon1tion to <lt'tt>rmine tht' po~i-

tion of I~'ahnnuth Kho.al, or Heed Ho«h:-i, 11ffthn 

coa ... t or Californi~l- Cmnpat·ntin•. NOlllH1iHg:~ 

a.ml ob.~1·rvation8 on current.s uear U>e Goldt_>.n 

( ~.:ltt•. (t";t'I' :-tl~o 8l'~tilHI X_ { .) 

Aug. F. R-0dgtJ1'8, asf'Jist.ant: E.T. 1 Top(•J.!;rapliienl RHt'Y(':;.· of TalJle l\tountaiu 1 011 t11e 
Diekin,s, :lid. north Miele of San 1,--'rancisco entrance. 'Yharf­

12 ' Astronomical ob~ 1 Georg:e Dadtl~nn, a8-siRtaut . 

sel'vatious. 

linf'.R traeeLl aH nffW existing at Oakland I>oint. 

Station iu San Frandseu occupietl fur excliange of 
dock-sigmtls, t.o deh~rmine tlie longitmle of 

Seat.tlr, W.1'. 
Special t'ompnri~on of ooin weight~ at the Cnit8{l 

8t~1te:-i. l>ranell mint in Sau }'rauci.'ico. 

t:{ Hydroµ;raphy ---- tfoorge Dadtlsou, assistnnt; G. , llydrographic surv~';)' of Bloss<n11 H()('k, in San 

'Farquhar. ~mb·at"lsistant; 8. R. Ji'nwcisco Ba.y. Rocks determined in position 
Throckmorton and H. I. '\Tilley, in MiHsio11 Bay, anrl tho poBit.ions of huo~·s off 

ahls. the Gohl-en Gate. {~~>e also 8t'Ction XI.) 

14 ' Triangulation ancl: L.A. Senp:teller, sub-assistant ... 
tapog-raphy. 

' . 
15 ; Triangnlntion and! Aug. F_ ]{.odg-en-1, afi.8iatant; E. J!'. 

topogi-a.phy. Dickiua, ctirl. 

16 ' Trian~ula;tion and A. ,Y, Chase) snb-assistant. _. 
topot.{raphy. 

17 ' A8tronomical ob-: George David1iOTI 1 assistant; S. R. 

wrvations. Throckmorton, aid ; H. I. Wil­
ley, aid. 

1~ Ticlalob•ervations.f Maj. G. H. Mendell, lfoitedStates 
Engineers ; William Knapp ; F­
p. Thompson. 

' Triangulation and A. W. Chase, sub . ....,istant .. _. ..... 
topography. 

Jlf~t.aill')tl ~m·v~\\~ of tho co:u~t. of California from 

Cnflf>.~·':;; Gove uurthwanl to }iit•mlocino Ras. 

Topo~raphical ~nrvt>y from Cape Mendocino south­

ward lic:roml Shelter Cove, Cal. Pusitiou l1eter· 
mined of a sunk.en J"ock south of IJunta Gorda. 

Topographical survey of; the coast of Valifor· 
uia from the 1''a1se Klamath north to the 

"'ii'icinity of Crescent City. Diirno,·f>TY and de­
velopment of a rock iu Vrescc11t City Ba.y. {See 
also Section XL) 

Azimntl1 and magnetic elements determiniet.l at 

Eureka1 and azimntl1 at Crescent City, Cal. 
Views of Capo Menrlocino and Cape Fortunas, 

and of Orford Il.eef, with the aUjacen t coa•t. 
(See also Section XL) 

Series of observations continued with tbe self· 
regi•tering tide.gauges a.t San Diego an<l at 
Fort Point, near Ran Francisoo, Cal. (Sec 11lso 
Section XL) 

2 I Rydrography ... 

Detailed survey of the coast of Oregon between 
I Chetko River and Cape San Sebastian. (See 

I also Section X.) 

G<ll"Shom "Bradford, sub-assistant._\ Hydrography of the Orford Reef, off the coast of 

:l Topography . )

' Oregon. (See also Section X.) 

Clev·ela.nd Rockwell, UHSistant; Topo~raphical snrvey t1f the ahores an£1 islands 

G. H. Wilson, aid. I of. the Columbia River, between Catbfamet 
Point and Pugt>t Island. (Soo also Section X.) 

Trian11;ulation ancl 1 J, J. Gilbert. sub-assistant .. _ .... ·1 Detailed survey of the entra.noo and northern 
topogr11pby. shores of Shoalwat.er Bay, W. T. 

5 A•tronomical ob· Georl(e Davicloou, ....,istant; S. R. I Longitude of Seattle, W. T., asoort.a.ined by ex-· 
servations. Throckmorron, aid ; .H. I. Wil- cha.nge of cloek-sigaaJs wlt.b S&n Franci8".o. 

ley, aid. Magnetic elements d1'tennined. (See al111> Soo-
tion X.) . 
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Distribution of 81lrl'e!Jing partie.~ upon the A.tl<rntic, Gulf, and Pacific coa~ts, ,{:c.-Co11ti1111e(l. 

Coast sccti()US. PartieB. 011eratious. Pt>rsonA <:onclucti11g opcra,tious. 

---- ------·-··---- ------------

SECTIO~ XI-Continuocl. Xo. 6 

SECTIOX XII. 

Coast of Alaska Terri­

tory, iudu,ling1he Aleu­

tiau lRlamh1. 

Triangulation, to· 
1•ogTaphy, and 

l1ydrograp11_y. 

James S. Lawfion, niisistant; Eu­

gene Ellicott, sub-assistant ; F. 

A. Lawson, aicl. 

'I'iaalobservatious., Maj. G. IL Mendell, United States 

Engineers; L. Wilsou. 

Astronomical oh- j \V. H. Dall, acting assistmit: M. 
i 

servations an<l W. Ifo.rt·iugton. 

h~vdrograpl1y. 

'I'i1lal oh~ern1tion8.'. "\V. II. Dall ..................... . 

Localitici::. of w11rk. 

Triangulation of the eastern part of tlu' Strait of 

l<'nca. iuclmling the cntranc1· to Admiralty In· 
let aml K1li:.;nt Harbor, \'f"ash. .AIPa8unrncnt 

of base-Hue 011 XiHqually Plain~. Topography 

of the weHt (:'Ild of 'Whhllw:\' ll'lland, including­

part of Penn·~ Cove. H.Ydro~rapliy of Partritl~e 
Bank, Lawson Reef. and Bl'lk Rock. (See also 
Section IV.) 

Series continue<l with the ::i.eH-red:-;t(•ring- ti1l1'­

ga.ngt at Aetoria. Ort·g. (8(•p ttlsfl 81·ctl~m X. t 

i P:nt.Y organizNl to (l<•tf'rmirn- p::t'o.~Taphit·al posi­

i tion~, aurl tfl niakf' local snn·py~ along tlH' coast 

and h~lantls of Ala:i:;ka T<'rritory. 

! Serie8 of ticlal ohsen·ati<ll1H conmif'need with a 

:•wlf-re~iRteriug; gan::n' at Ilimtliouk, on tlw 

Aleutiau lslaud8, Alaska. 



 

78 ItEPOHT OF 'J'BE SUPEIHN'J'ENOENT O.F 

APPEKDIX No. 2. 

hrformativn juril'islwd from the Ooast Survey Office, by tracings from original sheets, &c., in reply to 
SJJecfol calls, d.urillg the year ending N0Nm1ber, 1871. 

Date. 

1871. 

January 

February 

March 

April 

May 

June 
July 

.A 11g11st 

----
Kame. I Data fnrnislled. , 

---1, . . .. 
5 Col. J. II. Simpson, Corps of Eugiuecra .. --- ........ ·I 'Iopograph1cal survey of the western coast of Florida, from ~a1nt Vm-

1 

cent'ti lBlaml t,o Saint. Joseph'~ Point, iucluding: the shores of Saint 

Jose11h"s Bay. 

6 Maj. T.tf. Treadwell, United States Army .......... Topographical survey of Frankford arsenal anti vicinitJ, Delawarr= 
Ri\ ... et. 

1:3 Cul. Thomati L. Casey, Corps of Engineers........ Topographical survey of tl1e west ei1le of the Narra,ga.nsctt Bay, from 
Sm1tlt Ferry to Na1Tagansett J>ier. 

10 'l'liomaa A. Scott, flHq .•. - ••• ---· •.••• -· ••• -- •. - -- - Topographii::.al survey coast of' California, from the Santa. Clara. ~i"ver 
to Pui11t Mugu. 

4 Col. \\ .... P. Cratghill, Corps of Engineers ...... - .. Hy1lrograpbic ~urvey <>f the Itappahannock Rh .. er, from Farleyvak- to 

Castle's Ferr:r1 together with the survey of the bats, vicinity of 
Millbank anil Tobago Bay. 

4 .. do ..... ··-···--·· ......... do ............. . TiUa.l information of the Rappahannock Ri,·er, Va. 
.f Ron. Hamilton Fish, Secretary of Stafo _ ... _. _. Topographical aucl hytlrograpbic i:i.nt>ve;y of tl1fl Hnchrnn Rh .. eT, fr()m 

Anthony's Nose to Phillipse's PoLnt. 
Capt. C. 1\ .... Hm\·el1, Corps of Engiut~ers __ .. -· .... 

7 Hon. Janies Buffin ton, Mass --- .... ·- ......... ---

Hydrognt11hic survey uf Pas.s Ca.\""allo ;;:tntl .Aransas Pass, Tex. 
Topogmphical au<l by<lrographic sm·ve:y of Fall River, Mass. 
Latest information about Little Egg Harhor\ N. J. 
Topographical survey of Point Reyes, Ual. 

25 A.H. HichardR, ~•'I ....•.... ··--· ....... ·-· ..... . 
27 Light-House Board ......... --- .....•.............. 

11 P~P.Panl. e•'I ····--·-·-·····················-···· Hydrographic survey of part of the Dnrien River and Catfish 'Bar. Ga. 
11 eol. Thomas L. Casey, Corps of Engineers .... ·-· Topographical RUTYf"J' of thn ""est side of Narragansett llay, frorn ~outl1 

Ferry to Big Hock I>oint. 

11 Lieut.-Col. J. G. F<>ster, Corps of En11:ineers...... Hydrographk survey of Wellfteet Harbor, :M""8. 
11 .. _ ..... do ......••............. -- .do ......•.......... Projection, scale :iu~uu, an<l points of \\.,.cllftect Harbol'1 MaSH. 
61 Col. J. H. Simpson, Corps of Engineei·s .... _ ... _ .... Hydrograpbic 8UI'Vey of part of Tampa Bay, Fla .. 

!J7 Col. George Thom, Corps of Engineers ............... Hydrograpbic survey of the Kenuol>ec- River, from Richmonll to Gardi-
ner, Me. 

8 

1J 

11 

11 

11 

17 

2"2 

15 

10 

11 

11 

11 

Departmentofl>ocks, N. Y ·-·- •........ ·-·... .•. . . Shore.line surveys of Sandy Hook of 1855 and 1862. 
Maj. G. K. WaITeu, Cm·v~ of Engiueers .......•..... H,rdrograpbic survey of' Norwalk Harbor, Conn. 
Providence Dail~- Journal, R. I. .. _._ ... _._ .... _.. . . . Distances and geographical positions in Narragansett Bay, It I. 
Providence Evening Bulletin ........... __ . . . . . . . . Do. Do. 

NewportM~rcury ----····---· ··-···-·-·--------·---:' Do. Do. 
NewportDRilyNews ................................ I De>. Do. 
Maj. G. K. Warren, Corps of Engineers ...... __ ..... Pl'ojections, scale n1u-r11 of Port J"e:tferson Barbor and mouth of t.lm 

1 Housatonic River, Conn. 
Col. George Thom, Corp• of Engineers .... - ...... · 1 Topographical snrvey coast of :Malne, vicinlt.y of Well'• Harbor. 
Professor N. S. Shaler, State geologist of M.aos.. .•.. Entire topo;;,mpbical survey of the island of Rllode Ieland. 

Captain C. F. Hall. -.............. - ..•....•.... _ ..... , Sketcl1 of the Polar regions. 
Lieut.-Col. J. D. Xurtz, Corps of En~ineers ......• _., Hydrtlp;rapbie and topographic.al survey of the DelawaTe Rh .. er, from 

Fort Mifilin tO Cooper's Point,, from surveys of 1843. 
_ ... _ ... do, ...... -- ....... ---·. -....... do .... ~---- Compiled map of I.engne Island and v'i.ciuity. 

....... do .......•..... -- .....•.•...... d<J .•....... ·-· Shore-line survey of the Dela.ware River, from Red Bank to Kaighn'• 
Point, 1870. 

11 •....••. clo ............................. do .•..•.••. Bydrogrnphic survey of the Delaware River, from Fm·t M.iftlin to Red 
Bauk, survey of 1861-'02. 

11 Appointment office, Treasury Department.... Charts of the Atlantic, Gulf, and llacifi.e coasts, with lighte ooloretl. 

lfl Col. Goorg~ 'fborn, Corpti of Engineers .. -- .. --- ... --! 'l.'o])Ogra.pbioal @urvey coast of Maiu-e, ""'"ebbannet River &nd vicinity. 
24 Maj. G. K. Warren, Corps of Engineers ........ - .... ·1 Bydrographic and topographical survey of Huntington Harbor, N. Y. 

:s _ ...••. do .••....••.•.•.......•... du ................. Shore·linc survey of Bridge11ort Harbor 1md Pequanok Rlve1· to paper 

10 John Halliday, esq., civil engineer ..•........•..... 

19 E. A. Marsball, esq ....... ; . . . . . •. .. ... _ ..... .. 

23 Board of trust....s, town of San Diego, Cal ... 

30 Capt. A. N. .Damrell, Corps of Eorloee111 .•• 

I factory. 

Hydrogra}>hic sun·ey of Col'}HlB Christi Pass. Tex. 
Topographical and by•l'n>graphic survey of entrance to Bull and (Jom­

babee RiYers, S. C. 

Hydrograpl1ic: and topographical •urvey of So;n Diego Bay. 
Sbore~lin~ Rurvt"y of St. George's Sound awl ttij'Ollomettieal points, Fla. 



 

Date. 

1S71. 

.August 

Oct.ob er 
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b!/(1r11111tion furnished from the Ooaxt Survey O.ffice, by tracings, ,f;c.-Oontinned. 

Namn. Data furniBhed, 

I i 
31 , T. S. Hardee, State enginc:>er of Jrlississippi _ . _. _. _. ! Hydrographic surv-ey of lslt1 au Hreton Sound and appronchf's, La . 

~1 1· ....... (lo .. - --- --- . - . - . -.... -- - - ---- - .do. --- -- .. -- ... ,
1 

Sb ore-line survey of the Missis~ippi River, from 6 Point Tiger to /lJ. 
Point Bohemia. 

4 1 Daniel T. Van Buren, New York .................. --1 Topography of the weateru shore of the Iludson IUver, from Whiskey 
I Point tu Kingston Point. 

11 Light.-House lloard .... _. _ ....... _ ...... _ .......... , Topographical survey of Point San Pablo, Cal. 
11 Col George Thom, CtrrpR of EntrinPf\rs .. _ ......... _ . 1 Hsdrographic sun"ey of Dux:l>ur,Y Bay, ".Mass. 

26 Department of Docks, Kew York _. __ . -- _ -- . _. ___ . ·! Top-ographical survl'y of the nppcr pnrt of !Ianhattan Island. N. Y. 
W 8. T. Williams, N-t•w York--·- ........ _--· ____ .... _.! Force of current off Catharine an cl '17all Street forriHs, N. Y. 

30 James F. Stuart, esq .. California __ ......•........... ! Topog-raphic.al surv<'·Y of th(~ ooMt of California, from near San Bu('na­
il Yentura to Point M:ugu. 

Novemlier 6 Col. George Thom, Corps of Engineers .•.•....... _ ·1' Hyclrograpbic approaches to Seal Harbor, coast of Maine, showing 
sooth breaker. 
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APPENDIX No. 3. 

DHAWING DIVISIO::S. 

ChartJ> completei/ or in p1·ogre.~.~ during the year ending Octol1er 31, 1871. 

1. Hydrograpl1y. 2. Topograph_y. 3, J)t'awinir for 11hotographic reduction. 4. Details on Jlhotographic outlines. 5. Verifiea.tiou. 6. Letterhig-. 

Title of cha.rt. ----1 Scale. D1·nught&nwn. Remarks. 

General coaj;Jt clutrt No. I, Quod<ly Ile:i.d, :Me., to Ca}>e Cnd, Mass. 

DamariRcott.a and :MN1omak Rivers. Me ...................... . 
Cou~t chart No. 4, Nar;keag }Joint t.o White Head li~ht, indnd· 

ing Pt>nohseot Hax, 1\.ft•. 

Casco Bay, Mt' .•.................................•..•......... 
Voaf'!.t chart :Ko. ti, f't..·guin I~land light to '\ood 1Hlaucl 1ight, :M€ 

Coai;t chart Xo. '7, St•gniu Island li{rht toCttpe Porpoise Jig;ht, Jd(_• 

l")oortland Ifarbor, Mc ......... -· ... - ·- - · · · --- · · · · ·· - - · ·-· · - - · · - · 1 

:::: :::: :: :,·:::,:::::.":~"~fo:~••"' Il :""' M~" •
1 

Pl,vmonth llarbnr, Mass ..... - ···· - - · ·· · · · · ·· · · · · · ··· · · ··· ··' · · · · 1 

flt·m ra1 ('03l"f chart No. 11, Capp Aim to GaJ IlPHd, Mm•~- 1 

Cnast chart Ko.1:1, Km·1·a~:in•Pt Ilay, Tl. T -·-····--·· --- ___ ::·1 
1\n.rrag:in!o;d Ba;·, I{. I., (up1wr sl:1rf'tJ •..•..••. 

:X at:rag:ansM Bay, "R. I., {lowf't' s,l1P~t) ••... _ •.•...•••..••.. _ ..... 

~it·" Ut,<lfc.ml llarb01·. MaHe ..•......••..•...•......•.....•....•. 

); t>W York Hay and Hu·lloi-, (UPfM.'t' sl1t>Pt) •• _ .•.......••••.••.••. 

Coast chnrt No. 21, Sarn1y Bool. to Bat'liep:a:t light, N. J ....... . 
Coast !.'.hart No. 29, Chiut·otf'aguc lnkt to Hog:: Ishn<l light, Va 
Voast thart No. 30, Hog: lHland light to CaJH' Ht·m·s, -Va ..•.... 

1-400, 000 I 1, 2. A. Lindenkobl. 2. H. Linde11kohl.. Ad11itions. 

1-40, 000 1. L. Karcher ........................... Complet.e<l. 
1-tW, 000 

1 

3. F. Smitlt. 4. H. LinclenkohL 

1-401 000 j 1. A. Lindenkohl. 2. JI. Lindenkobl. .Adllitions; com11leted. 
1-:-41, (){10 ' I. A. LindenkohL 3 . .F. Smith. 4. l'. 

1-80, U-00 

1-2ll, 000 

1-;,o, ooo 

1-80, coo 

1-20, noo 
1-400, 000 

1-P0,000 

1-40, 000 

1-40, 000 

1-40,Jl-OO 
1-40, 000 

1-80, 000 

1-EO, 000 

1--8(1,000 

Erichsen. 5. P. Erichsen. 
3. :F'. Smith. 3. F .. Fair-fax. 4. P. Erichsen. Additions;: completed. 

2. 11.Lindenkohl.................. Ad.ditions; completed. 
1. A. Lindenkobl. 3, 11'. Smith. 4. P. Alhlitions; completed. 

Ericlisen. 

I. A. Lin,Jenkohl.. .•...... __ ....... . 

11 2. R. Lin1len 1rnl11. ...........••.... 

1. A. Limlenkohl. 2. H. I~inde11kohl 

3. F. Smith. 4. H. Lindenkohl. 

]~1·icl1sen. 

Nc~w e(lition ofbydrog­
raphy; completed. 

Adrlitions. • 
Nf>:w edition ofhytlrog. 

rap1iy; completed. 

2. " 7

• Kilp. ~1. }'. Sniit11. 2. Jf. }~airfax. I ..A.(}<litions: oomplete(L 

2. P. J:rich~en. 
2. 11.LindenkohL..................... Complete<l. 
2. H. Liudeukohl. ..•.. ··-··· ..••.. Additions; completed. 
1, A. Lin,leukohl. 2. L. Karcher. 2, ·.F. Completed. 

Fairfax. 2. l,, Erichs(•n. 2. F. Smitli. 
2. H. Lindeukohl. 

1,2. H.I~ill(Ieukohl. ................ . Completed. 

1, 2. H. Lindcnkohl. 
General coast ('1la1·t Ko. IY, Capt• J\,fRy to Ca1w Ht>lll'? ... _ .. _. 1-400, UOO 1, 2 . .A. LindenkohL ___ ·-- _ A(Mitions. 

Coaatcllart- :So, 34, Clw~ap<~akcBn,v, Potomac Ri,Tr t.oCboptank I 1-tO, 0-00 

Rh:t•r,Mrl. / 
Platt RJ1oals, N. C ........•. ---- ...................•.......... ··I 1-P0,000 

(;Poer.al coast char·t No. Y, CaJIP Charles to Cape Lookout, N. c. r 1-400, O()O 

CoaMt c)rnrt. No. :-i01 Cnpe "Fear Rh('t, Ji'r:'!·it1;!!-Pan 8hoa1tS, N. C __ j 1-eo, O~O 
Atlantic coast No. III, Capt' Hattt~rn~ to M<)i-;quito lnl•~t. •.... -1t~1, 200, 000 

Coast ehal't. No. 54, Long I::slaud to Huntiug lRht1Hl, inclucling 1-00,000 
Chm·h•sto1: lforhol', S. C. 

2. JI. Lindenkohl. .. _ ............... . 

I. L.Karcber ............... . 
1.2. A.Lindenkohl. ........ . 
I, 2. A. l,imlenkohl. 
1. A. Li11tknkohl. .............. . 

2 H. Lirnleulmhl .... 

Coast c11art No. a:;, Hunt.inglslaml to0KKalmw f'ouml, including 
8asannah lUvt·1-, Ua. 

1-~0,000 1,2. H. Linflenko11J .. 

Additinna; complc.te<l. 

Complekt1. 
Additions. 

.A<ld~tio::B > oompleterl • 
A(lditions; completed. 

..A(lditions; completed. 

Saint Hc•lr-na MmHl. S. C ..... _ ............................... _. 

Insidr Passa~c betw~en Saiut EdPna Hound am1 Port lloyal 
&mnd,S.C. 

1-40,00U 1,~. ll.Limlenkohl .•.......•..•.......•. .A1l(litionH; eom11lotctl. 

1-40, 000 2. W. Kil1> ....•.•.••••.••..••.•...••.••• Com11lete<l. 

Entrance to "Bull an(l Combahet: RiYf'r~1 S. C ... ··-···········-· 1-40, 000 1. 2. F. SmitJ1. ____ ..............•....... Complett,C. 
Sava.nnahRiY(\T :uul WaS8aw8-ouad,Ga....................... 1-40,000 2. F.Fai·r"fax. 
AtlauticcoastNo.IV,Mo8<JuitoinlettoKey Wc•t,Fla .•...... 1-1,200,(\1)() 1. A.Lin<lenkobl. ____ _ A•\clitlons; completed, 
Coast chart No. 56, Sa,·annah I:ive.r tD Uoboy li~ht, Ga ...•. -~ .. 
Doboy a11d Altamalut Sounds, Ga. ... ·-· -- ..•..•.•.••...•••..... 
8-nint An<h-ew's Sound. Gn ...........•...........• --··· •...•..•. 
GPn<>ral coast chnTt )lo. VII, Cape Roman t-0 Saint Mary's 

Rivf'r, }'la. 
Coast rhart No. 57, Doboy Son))(] to Fernalldina, Fla._ .. 

gaint ltlal"s·s RiY~r ruad Feruandioa Harbor. Pia. -- ...........• 
Ke:y \\"'"er;.t lfa:rhor, F~- ........................ : .............. . 
Coast rhart No. fi9, Newfound Harbor· Kt>~- tu Boca Gnrntle 

KPy,F!a. 
Gt-nPra1 t•oa~t d1ar: X<1. X, ~t1'aitA of Jtlori<la .. 

1-80, 000 

1-40, 000 

1-40, Oro 

1-400, 000 

I. A. Lindeukobl. 1. ll. Limlenkobl.... Gomplet-ed. 
I. JI. Lindenkohl. 2. ]'.Fairfax. 
1, 2. ~F~ FAirfax. 

1. A. Limfonkohl. .......... ··-··· 

1-80, 000 I. A. L\ndeukobl. 2. H. Lindenkobl. 

1-20,000 I. A.L!ndenkohL._ ··-··-···-··· 
1-50,000 2.P.El"ichseu. 
1-W, 000 2. J>. Eridisen~ 

l-4on, nu 1. A. Lind~ukohl 

Additions; eompletcn. 

.Ad<litions; completed. 

.Additions; completed. 

.Additions; eompletoo. 

A<lditiono; completed 
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Chari8 completed or ht progrc88 (7uri119 tlt1' year, &-c.-Ooutintwtl. 

Title of ch~ut. ~kall'. Drau;rht!-mH•n. 

i- ---- - -- ----- -- -------- -
Gulf of :Mexico, (<•astPrn part> . _ ..................... . 1-1,200,000; 1. A.Lincknkol1L.- ............ . 
CoaRt <'hart Ko. ~G, Chof'ta whatch1 1e .Entrance to l'C'IlSacola 1-t'O, 000 1 1. li. Lindeukobl. 2. P. J:rich~t·11. 

Ilay, Fla. [ 
Cuast ('hart No. 91, La.kj•~ Unrj!n~ nrul Pontr.hnrtr.,.in, La. 

Coast chert Xo. \l-l, ~Jissi~Hippi Rin·r J)1-4}ta 

Coast chart No. lOi, 11at.a,::rorda and LaYacn Ba~·s. Tex 
Corpus Christi Pas~. '!'ex ... 

Sant.-'"l Barbara Chmmd, chart No. 2 

San Francisco Penin1'.ula.,Ca1. 

I 1-80, 000 .

1

1. 11. 1Jindf'11knhl. 

1-~0. 000 2. A. IJinflenk11l1L 

1-l"O, 000 11. A. JjIHlPilkohl 2. L. Kart'. her 
1-40. 000 1. L. Km·dwr 

l-20U, OCIO I, 2. A. Li11d1•11kolil arnl Il. Linclt>nkohl. 

1-40, 000 I ~- H. Lindeukohl. 2. J' Fairfax. 2. P. 

1

1 
EriehsPn. 

EntraucPtoSau FranciSf'O Ba,y,Cal. 1-50.000 1. L.Karelwr .... _ ... . 

Suisnn Bay. Cal.._._ .•. _._ ... _ ... _... 1-40, OClO I :t H. Lin<lenkohL. _ ..... _ ... . 

Saint George's Reef aud Crt•sc<'ut City, Cal _ .... _ 1-40. 000 I 1, 2. H. l.inllenkohl. 2 . .A. Ltn<le;nkohL 
Colnmliia Ri H'r Entrancf• .. ____ ...... ___ ... ____ ... __ . .. . . . . . . . . 1-40, 000 I 2. F. Fairfax ............ _ ..... __ ..... . 

CoJum\)ia River, (R-hPet Xo. 2) ...•.••...•....... -·....... . . . . . 1--40, 000 11. I~. Karcher. 

'Yashin:?:ton Sonrnl, ~·1ww edition) .. _ ......................... ·I 1-200, 000 I 2. A. Lirnlt•nkohl. ..................... . 

NorthtH'St chart No. II, J)ixou EutratH't• to Capt' Saint Elias .. -:1-1, :wo, 000 11 1 2. A. Lind(•nkohl. 

81 

Af1ilition~ curnplt->tt·~l. 

Comt)fett·tl. 

ComplPt1•d. 

Com11ldP1l. 

Ad1liti()n~; eompleted. 

Compll•ted. 

UornplPtcd. 

.AdUiti()]tS; completetl. 

Nortbw(~st elm.rt Nu. III, Icy Ba~- to Seven Islan<ls . - . - ... - ... - 1-1, 200, 000 I ~~~· a. Lindeukol.tl. 
~~~~--~~~~~~~~~~~~~-

11 c s 



 

82 HEPOltT OF THE SUPERIXTENDENT OF 

APPE~DIX No. 4 

E~GltA Yl~O DIYISlOX. 

Plates eumpleted, 1•ontin11cd, m· conimenccd llitril!U the yulr 187 l. 

1. Ontliues. 2. Topog-ravl1,Y. :-L Sawling. 4. Lntt.rring. 

Tidl· uf iilate. Snt1e. Engravers. 

co:;ift'LETEll. 

Xorth,vt~st coai-:t of -1.mPrit•a ~o. 2, (Tm~Jim. t>ll.). 

Xortlnve~t ~oa.'-'t of ~\ tiu~rk.t Xo. :3, (prl'lim. cl1.)-

Cnast chart .:Xo. ~- \\"t·ll'." to C.apc Arm. - - . ___ . _ - . 

. !1-J, i?CJO, UOD 4. }~. Conrteuay. 

. )1-1, ;.mo, (JOO , -1. }~. Com·tena:-·. 

·I 1-:30, 000 ' 2. A. :;t'H:;!;telle1:. 3. H. S. Barnard. 4 .. J.Kni;.!'ltt. 
I 

Coa"t d1urt So.~:-:<., !Mh• of \\"i;.dit to Chi1wotengne I 
Coa:--t d1ait ~o . .14, Lou'.! J,.Jaud, S. C .. lo Htmtin~ 1H111ml.. l 

('0:1,.;t (•b:irt Xo. Hr). G:drei.,tc•u to U:, swr H:1~· 

l<'ux 1:--land:<. Thrwo11:.:-hf;1n'. . 

Ca ~·wo Bit.'" 

P1:rtla111i lla.rli~ir. \1w~Y t'[l.) 

Bnstoll 1Iill'l101, (lH~\V t•1l.f 

\\" 1d •. fonl Hat 1101· 

l-}ata[H"iC1) Uin"l·, (1ww e:l.) 

]•otmnac Uh·t~l" ); o. :! . 
~a int Cntharl1H.'s Sound .. _ .. _. 

l)lalt ~l1oal~ .. _ .. 

Saint ~lary :-; l~h·t·r and f"t•I'IJ:tlHlina 1~111I':tll('\~. (Ill'W ed.) .. ·) 

Cu1·p11,. Cht·i:<ti Pa~s 

:S:u1 }'ra11cii:1'l'O Pt'ni11:mla .. _. _ .. _ ... __ . 

Raiut Gt·org(:~ Hcd' arnl Cr1~~t·llt City, (pn·lin1. ed.). 

C1l}W Orford arnl rf'l~f, (pl'elim_ ed.) 

Yaquina lti'\Tf' }~ntranc1·, (pl'c~lirn. <·1!.). 

CfJhnubia Hiver .::S--o. 1, (}ll'('lif11. t>d.) 

cn~TlXl'Ell. 

(~enPrnl ccia8t (:hHl't ~ u. I. Quod41,\' Ut•:Hl to Capf' Corl 

GenPral coast. chart No. I\-, Cuµt· .:\las to Cape lh~n1 _v 

GPnernl coaRt chart ~\1. Y, Capt' }l(·m·y to ('apt• Lookout 

GPnPrnl C<last chart ::N<l. Yll, Capn Hon.um to ~aint ~1ary's 

llher. 
Geueral coa.st chart No. X. !-;tr;1it~ of FlorMa _ ......... _ .. 

<1t!Ill~tal (·uast chart No . .Xlll, Capt• ~an Blnl"I t-0 :ilif'tii~~i111Ji 
I>eltJl. 

('o:u~t ('ha.rt :\" o. 4, Pt•nohs1~ot Bay, ... _ ... _ .... 

CoaMt diar1 .Xo :-,, \Yhit,t•l1l~ad Ligl1t to :-;eg-nin Lig:l.Jt 

Coa8t chnrt No. 6, S<>µuiit Light. to J<'leteher".s Neck .. 

Coast cha-rt No. 7, Capt~ 8mal1 to KNrnt~hnnkport ..... 
CoARt cliart 1'o. l0. Capt> Cod Hny 

Co.a.st cliart ~ o. 13, ~ ffrr~ gan~et Bay. &c ....... . 
Coast chnTt No. ao. entrauce to Chesa})\•ake Jfay ...•....... 

Coast chart No. 31, Chesapeake Jfay ~n.1 .... -·. ---- ..... . 
Coast chart No. 32, Chesapeake Jlay "So. 2 .... . - ..•.•.••.. 

ConRt cliart No. JC)~ Ca.pf- }~Par .ancl approad1rs .... __ .. 

Coaatcl1art No. 55, Bnntiniz; Isl u<l to OR~al•aw. 
Coast chart. No. 56, Savannah to lJoboy Lig:11t ........... __ . 
Con~t <'hnrt No. 75, Charlotte Harbor1 &c ··-· ...•.......... 
CoaMt chart Nu. 94, ~is!'h"sippi River :Entrauoo ..... _. 
Const chart No. l07, Matagorda Ha~- ... _ .. 

Saint Gf!org-o'R ltin~r antl lrlusl'fo Ritlj,!;e Channel ... 

Damariscot.ta and 1\ledomak Hin'rl'!. _ .... 

1-KO, 00() : \'it>w:-1, GPorgc> :.\l<'Coy. 4.1£, A.. Maeclel. 

1-80, 000 ! <:!. J. Knight. 

1-t0,000, 1 aml2 . .A.Keu).!tl'ller. :~.H.S.Barnard. 

1--t"O, O(J!J 4. ~\.. Peters~·n. 

1-:w. DOC• : 4 .• J. (}. Thompsmi. 

1-.tO. oon i 2. \\·.A. Thomp.-;011. 4 . .A. Peh•hH'lL 

1-20, 00f) , 1 A.1u1 ~- ..1.\. ~I. ~1a,etle1. :!. II. :ll. E:ni~ht. 4. \V. H. Da'\·is. 

J-40, (){)(! :~. r. \\-. Ht'IlllCl'. '1. F. Coul'tPnay. Vit~WR, fi-l~m-~\' Me-Cny 

1-~0. 000 :1. l'. ,,._ 1~1·1rnr•r. -t-•• J. G. Th11111p~ou nml .E. H. SipP. 

1-t>O. OOLI 

J-1~0, OL\O 

1-tO, 000 

1-""0. ocn 

4 .• J. G. Tlrnmp~uu. 

::! . .. A . .lL .:\la(•1h·l. 4 .. \. P1·h 1l'!·Wll. 

~- "\\".A. Thomp:=mn. 

l, :1, m\11 4. E. II. Slp1~. 

J-~.?O, ()0 i 1 an•1 :t II. M.1-\.tdght. ·1. \\'.JI. D1n·i:-.. 

1-·l!l, OOt) 1 ;11111 •L \\", 11. l>avi:s. 

1-·W, OOIJ l. J.C. Kondrup ru11l E. Molk•nv. :!. "~-A. Thornp~on. 4. A. Pdf'rscn 

and F. Courtt·1m;v. 
1-tO. OOCl l am1 4 .• T. G. Tlunup;,on. a. V. \V. TI?m1er. 

1--1.0, OOll 1 and~-\\-. A. 'l'hnmp8on. a . .F. W'. Ucuuer, 4. J-. G. Th()m}l&HI. 

1-40, 00() a. IL ~I. Knight. 4 ,J. fl. Thornps.ou and E. H. Sipe. 

1-40. 000 :L F. \\'. l~cmwr. 4 . . T. (;. Thompimn alHl E. H. Sipe. 

1-400, 000 1 arnl ~- ,J. Entlwffrr. 

1-400, 000 '. 1 a1Hl 2. A. )f. Mae1kl. 

1-400, 000 ' 1 and 2. A. -:\I. M:w.11(>1. :1. H . .8. Bar11arll. 4. A. Peter!'len. 

J-JOO, 000 ' 2. A. )J. Maedel. 

! • 
1-4(.0, 000 j 2 . • 1. C. h .. ondru11. 

1-400, 000 : 1 and:.!. A. l\1. ~luedel. 3. H. M. Kmg11 . 

1-80.0CYl 1and2.!J. Entbotfrr. 

I-ell, IJIJ(} 4. E. A. llfaedl'I. 

1-80, 000 ; 1 auc1 ~- J. Enthoflh·. 

1-80, 000 : I arnl 2. J. Entlwffer. 

1-SO, 000 4. 1''. ()out'tenay. Views, G. McCoy. 

1-80, 000 1 a11d 2. J. Entboffer. 

1-~0, 000 1 antl ~-IL C. EYans. 

1-80, 000 J m1112. H. C. Evans. 

I-80, 000 1 i.UJd 2. H:C. J;vans. a. J?, ,Y. Ileunrr. 4. J. Knight. 
1-80, 000 1 and 2. A. U. Maedcl. 4. J. Knight. 

1-80, 000 : I awl 2. A. Sengtcller. :1. H. S. BarmmL 
1-811, 000 ! 2. ,;., Sengteller. 4. E. A. Mnedel. 
1-80, 000 ; 3. H. M. Knight. 4. ,J. Knight, 

1-80, 000 : I and 2. A. M. ::\laerleL 3. H. M. Knight. 4..J. Knight. 
1-80, 000 : I :tml 2. J, C. Kondrup. 4. A. Petersen. 

1-4U, 000 l. i-:. "Molkow aud J, C. Koudru[>. 
1-411, 000 ] 4. A. Peterson. 
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Plat1;s eompleterl, eontinued, or crn111nenced, d:c.-Co11ti11ue1l. 

TitJt:- of 11lak. Scalf'. Engraver . ..,. 

I-JO, 000 :.!. H. C. E-vans. 3. F. \"\-. Ut·1111er. t. _'\.. I'~·t l·r.:·wu. Narragam~et Bay. (upper) 

N arraganset Hay, {lower) 1-40, 000 1. E. l'\1olkow, J. C. Kornfrup. autl W ... ..._\. Tllum1)~uu. :.!. If. C. l~\·au'!. 

4. A. Peterst>n aud E. A. hlacdel. 

N AW York Ray and Tia.rbnr, (npper) 

New York Bay and Harbor, (lower) 

1-40, 000 2. R. P. Bartle. 4. E. A. ~nedd. 

l-40, 000 I ~- n. :F. Burtle. a. H. )1. Kuig.ht. 1. E . .A. ~Ll•·dd. 

Inside passage between llort R.oyal and Saint HelPn:t ;;;oun<l.R: 1-10, 000 1 .• J. G-. Thompson. 

Coast chart No. 57. Dolmy Ligl1t to Jl'errnuuliu:t 

Penobscot Bay, (west) .............. __ .... -- ... . 

Platt Shoals ............. ---- - .... - ................ -- ---- .. 
Doboy and Altamaha Sounds--· ............... -- ....... . 

Corpus Christi Pass .......... -- .... -- ---- -- ---- -- ---- -- - - .. I 
Sa.int Geor;w's Reef and Crescent Cit~- ...................... : 
Cape; Orford aud reef ...................................... . 

i-FO, 000 1. A. Scngtdl(.'r. 

J-40, 000 1. E. ~Iolkow. 

1-~o. 000 1, 3, and 4. E. H. Sipe. 

1-40. ouo 
1-40, 00(1 

1-40, uoo 
1-40, 000 

1 aud 4. E. II. Sipe. 

I and 4. W. II. Da.-io. 

l and 4 .• T. G-. TbomMpou. 

1 arnl 2. W"'". A. Thompsou. 4 • • J. G. Thomp~on. 



 

84 m~PORT OF THE SUPEIUNTR~Dl'1~T OF 

A PJ>BNDIX Xo. D. 

Lilit of original topographical sheets YeftistCl'e<l iu the arcltfre.s o{ the United f'3tafc8 Coast Su1·N'Y jhmi 
Ja1111ar111, 1806, to December :n, 1871. 

Localities. 

Letite Pas~agP arnl vicinity ___ _ 

Saint ('r-oix ]{1''f'l', (C~ilais mul Saint :-.;tt•ph1·n·~) 

]..fomw-n-bt>l' lh·adt, (mitltllt• HheetJ. 

MoosP-n-lH'<' Hl'ndL (upJ•er slu•et) _ 

}foaRf•-n-br·c l~l'a<-h. {lowcr:-:1hect) ................. . 

Goulclshorouµ;h Bay .............................. . 

Statt·. 

:iS't-'=w Unrn~wit·'k 

Mai11P arnl J\t'W 

BnmHwick. 

~Iain(~ .. - - -- - . - .. 
... do 

.. do 

do ........... . 

tlo 

,\~inte1· HarllOI' to IJonltl~horough IL'lj'-. ..tlo 

Nu·th Havt.•u IisJaud, iucltHHug Ledg('H and Island north of' .do 

Main au1l Littlt· Thol'onghf;nc1:1. 

Korthcn1 pa1·t of Yiual liaYen Island, 'vith Stimp~o11·8, Calde1·- .do 

Wt~otl'~, ond lhilibHgl' fa1arnls. 

l'<'nobsc<lt lb~-; i,!:,ht1Hls soutL ol Iidc•horo ..... . 

}'Qx I~landt', W'l'stern part of ................. ····--
J'ox Islnud~. AOut11f-ai:;t 1i:ut of._ .. __ ._. 

Fox I!ilmals, southeast pa:rt of, arnl Smitl1, S:uhllelJack, and 

Brimstone IslandtJ. 

do··-----·---· 
.. tlv ........... . 

. do.·---···---· 
.. tlo 

l:\()cklantl Harliur and ·yfrfoits ...... __ . -- .......... -- - ..... - -· i .do ... . 

Jo'1·ieIHlship .••... ----·· ....•.•...•..••......... ·······-··· 1·-··rlo. 
~:;::t ~::~;:.:· ~·t~~-~ ~~~~::.:o Harbors. . . . . -- -- -_ -- -- -- -- __ -- -_ -- _- -- \:_ :_ : __ :1:1~0> -

Saint George's IUver.: .................. . 
\Ve:skea,g RiY<·1· :n11l \·it•i11ity _. I' tlo 

M.Prr;n11C't~ti11g Bay, iuclmling A..ndrrnwoggin, .M1Hlcly:·-n·1~<~- ,~~~.do·----· ...... 
Cathanct· River!:\. 

Musconµ;u~ Bay, iKlamh and ledges .. ___ ._ ............. _... I __ •• tln 

}lni;;;rnugusH~::i1,~outtwrnpaTt ... - ··-· ....... ___ ······--·I·-· do 

ll11e;co11gus UaJ: from Round Pon(l tn Hocamoc ... --- ..... - .... ·1· -- .clo .....•.•.• --
Pmnmaquid Ne<'k, i11cludingJohn 1

t'! Bay aml Pcrnmaquid Hi Yer. .•. du ..... __ .. __ _ 

Pemmaquitl Point, including New Harbor nnrl west. shor~~ of' 1ln. ····-····-· 

Mui--cong:us Eny. ' 
Medomak River ................................ ·----
Linckiu'is l3ay aud blands at mouth uf Darnaris~utta RiYie1· .. 
l~enneUt•c River, head of. __ ............... _ ...... __ . ___ ... _ 

K~nnebec River. from Ahagn.!ln!-;~f"t. ]>oiut to Richmond .... . 

:Kennebec River, from H.iclnnond to Gard.inf'r .... __ ... . 

NPw .hl€atlo'v Rh·er. from Fol'ster's Point to New Meadmv 

.tlo ........... . 

.«lo 

.do ....... . 
1lo 

tlo 

Bridge. I 
Casco Bny, fron1 :\Iiddle Ilny to New Mca(low RiYer) inc111Ui11g . __ .<lo ..... -· _ .... 

u01th end of SuhaRkahegan I~land. 

Cal'!co Day. 8Pl)a~knlu·gan nn<l Orr'R IalrtnclR ...... ··-·--··· d11 

Cnsco Ra~·, ski•tt'l• of Hnlf. '\' "-.Y H.o-ck •..•.. .do.---·-···--· 
Port.land Hm·L-or, w}iurr, aml s.hure-line ...................... _ .. do ....•••....• 

J>ortlarnl City nml Harben·, SJH~cial sm·,·~y, i.d1eet No. 1. : .... do ..... ___ .. _. 

P-0rtlaml City nml Harbor, spP<'ia.1 survey, Rh<':et No. 2 .......... i· ... do 

Portlautl City and Ilarhor! special Run·ey, 1-1beet Xo. 3. ' _. do .....•... 

J>-0rtlam.1 City aud Ilarhor. r-;pecial ~1trVl'Y, 8.heet No. 4 .••........ _ .. do 
J•ortJa.ucl City a.ml IIa.rhor, spe-cial sun•t>y, s11twt, No. 5 .. _ .... _. . _ .. do ... _ .... 

J•ortlaml Cit;r and Harl>or, special .s1n,·-cy, :-1hcPt No. 6 _ .. ,1.. . .. ___ .. _. 
Port1and City antl Harbor1 special su rvc.r, Rhect, Nu. 7... . . . . ... do .....•.. _ .. . 
11011.lawl City antl H&rbor1 Rpe<'ia] snrvn;r, slwet No. rl .. do ........... . 

J>ortlnml City nml Ha.rl)or, spodal .Stlt'vey, sheet .Xo. U.... .•. I do ....•....... 

Portlru:ul City and Harhor, A-percial Rnrvt·y1 ahoet .Xo. 10 I: .!lo 
:Month of Raco River m1d Bid<l<•iord Pool_ .. _ ... ·- ....... __ . do 

Kenuebunk Port and Cape P01·pois.e t{) Hoyt's Neek...... .. .. .. .do 

Scak. 

1-10, iJOJ 

1-111. 0l!O 

1-10, Olm 

1-10, ouo 
1-10, 000 

1-10, 000 

1-lH, OUO 

1-10, nuo 
1-10, OO:J 

1-10, 000 

1-10, ODO 

1-10. 00'.I 

1-10, 000 

1-10, ouo 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, ooc 
1-10, 000 

1-10, OOQ 

1-10, 000 

1-10, 000 

1-10, O<KJ 

1-10, 0011 

1-10, 000 

1-10, OOQ 

1-10, oco 

1-10, 000 

1-10, 000 

1-10,U.U 

1-10, 000 

1-10, 000 

1-~2, 000 

1-5, 00-0 

Date. Topo:.;.raplicr. 

lr-'6;i ,V. H. Dt·n11i:::i 

ltotl\~f do 

..do 

1F7() ,T. \\~. Donn 

.do 

...•.. tln 

C.Huckwdl 
Jt'!ti;i ... _ .. do. 

) tW7 F. \\''. Don 

186e _____ .do ........ . 

1~7() .A.\\". Long-ft•llow 

1 r:titl _F. \\T. Dorr ... 

!BiU I-L ;\!, lJ~ W"es . 

187(1 . - .• - .tll' 

1~7(l "'· H. Dennis . 
lt:ti'i' Cl1al'lt~s H mnncr ... 

1861' I W. 11. llenuiH --·-. 
1~6~ F. ·w. !Jon __________ _ 

lt-16~ Cl1at·lf'8 Hostnf•r .. 

1869 \·r-. H. J)(•rn1fa .. _ .. 

11!7 l I C. H. Ilo)·d __ . _ 

18fi5 j J', \\'. Uort· ..... 

lHi'i 1--· __ clo ··- __ _ 
18!_;6 c. lhx.:101 <t'1l •.. 

lt'tili 1 F. W. Doi!' ..•. 
IH66 1

1 

__ .. _ .clo ..... _. __ 

l8ti7-'ti8 Cl1arlt•R TI mrn1cr .. 

1sv;~ i r. ,\ .. vm·r 

011 R.M Ihu·1w 

lbG:I I C. JI. llo) d 

1870 ..... .do __ 

1866 .J. w_ llm111. - - --- . - --

18G7, ·m1 A. W. Lo1Jgfe1low ..... 

1865 ••.••• do ..•...•...•.•. 

1867j<J.li.Bnyd ····-·-···· 
1867 A. W. LongfPllow and 

H. \V.Uuche. 

1-1, 20-0 11-!G:-i-'ttD A.. LiI1tlculwhl _ ..... . 

1-1,200 lHGti-·1m ••.••. do .•........•.. 
1-1, 20\l 

1-1, 200 

1-1, 200 

1-1.~ 

1-1,200 

1-1, 200 

1-1, 200 

1-l, 200 

1-10, 000 

1-10,000 

l~ i·-flfl .... 1lo _ 

l~tHt I CLml<•fi HoH-t11t·r ... 
HW~J •.. <lo •........ 
1~6~1 J. \Y Donn 

1~69 ! ..•.. tlu ..... . 

1?6!'! Cliarh:a Hu.smer .. ~ .•.. 

1869 .T.\V.Dmm ......... . 
li'69 ,J. X. llcClintoeJ.: 
18;0 ll.Adanis ________ _ 

!<370 I ••.••• do ..•..• ---- ___ _ 

Re~h..ter 

nmnlwr. 

~)80 

1171 

1172 

11;:1 

10:19 

IMO 

1072 

107;) 

11fi7 

IU9:1 

l 157fl. 
tt:-)7/J 

llliO 

10:>~ 

1081 

1117 

l llfi 

1151 

1~14 

JOOl 

1002 

1(128 

j()",j;l 

IU3:l 

1071) 

1000 

1061 

111:; 

1158 

IU~I 

1129 

1012 

1()5{) 

1111 

114Ua 

lHOb 

lHI« 

114lb 

1H2a 

1M2/J 

1143" 

l143b 

11Ha 

lJHb 

1188 

1159 



 

'l'rIE U~ITED STATES COAST SUHYEY. 

List '!t' original topographical .~l1e1:t.~ re,qi.vtered iu the an•llfre11, <l'c.-< '011tinne<l. 

Lol'a1itie1'. 

Coast fwm Ognn(]nit, iu \Yell.:-. tu Mousam Hhi;r 

Com"t from Kitt.cr-y to Yot·k _. __ ...... . 
Coast from Boa1··s. lkad to J:~-p Harho1w 

Coast from U:i;·p Ha:d1or t() nt.•ar Port~rnonth 

8tntP. 

~Iainc ... 

... tiu 

"'.\" t>w Ila m111;lti1·p 

... do 

Cape Cod Bay, ''"ester11 shore~ fron1 Rhip Point to \\''ef't Sa11dwich Mnsso.l·lrnsetts ... 

Cape Cud Bay, tn:Hfrn1 ::-iliorl', from Ed Hin»l' to Ship Point .. : .... do 

('ape Cod Bay, HotJtlu·n1 ~lwre. from Odcaus to l3rcwsH•r . . . . . ... llo ........... . 

l:apf• Cod Ha;\·, r.orth f-1.horc, from :Kortlt 1'l'lllli~ to Brt'" ~ter... . . llo 

Capt~ Corl Eay. easten1 sl1orP,from Ph·asant lia;y to .Kausettll arbor tlo 

Cape Cod, soutliN·u extr<•mity. inclmti11g Yill}lg:f• of Clrntlinm. . . - do 

Cape Cod, from Pk·asm1l Point 10 Mouomoy }$land 110. ···-······· 

:}louomoy l'i.iiut ............ .... ·-.do .. 

Cit.v of }l"all Hi Yer and vid1dt_y. . . _.do .. 
rrnwn (If Hcl!-\l Ure~nwic]J mH1 viCilliT,Y lthwlt· hil:rntl 

Mount Hope 1fa;'o·, uorthern }}art....... . .. (lo 

Cit~· of Pr1..n·1clcuec, wharf-liue;.. .. . . . . . . . . .. . . . . .. . . . . . . tlo .. 

1)1ut1('11c0 I 1-ila1ul. . • do 

N111Tag-a11set Pier to fr,111tl1 Feny ....... .. .. . ... . .. .. . .. llo .. 

Sl·<w.omwt JU Yer. eastl·ru i,an ............ ·--··· ...... ...... . ... do-···---·--·· 
Seaconnet, Point........... . ... tlo ....•...••... 1 

Island of Ubode I~lan<l. from Ulack P11iut to Easton Point .... do-----· ...... . 

Island of Rhude lt'lla1al 1 uortl1crn part._ .. _ .....•. - . __ ....... do ............. ; 

Newport and vid11itJ ............... ___ ... . 

Cunauicut, Dutch, aml Gould Islands .................... . 

:NnYy-yard near :\'cw Loudon ............ . 
Lake Champlain, from 'Vhite"s J~antiiug to .ApplE:tree Point. .. 

Lake Champl:tiu 1 fr·om .Appletl'et· Point to HugLack Island ... 

d() ..... . 

.llo ........•... 
Connectit::nt ..... . 
Yl'rmont ........ . 

do ........•.•. 

La..kc Champlain, from Tr"1.1mblrntn Point to Port .Jackson - . - . . . ._ -.. c,1
1

<

0

• - •. · .• _ ·_ • .. - .·--·. ·_-.. i 
Laku Champlain, from 'l'remUlea11 Point to Liguuier Puiut. . ... : . 

Lake Clrnm1)laiu, vicinity of 1 1latt~lmrgh .......... __ ........... , J\"pw York ..... -·. 

Lak'~ Champlain, vicinity of l'latb.hurgh ...... _____ . VPt'mont. ....• 

Lake Champlain, dcinit.)· of .MHlh~tt·s I~ay .... __ ..... __ .. __ .... . .do .. ___ .. 

Ln.keChamplain, t:ihorP·line su1Teys............................ ..do ..... . 

La.keCbat:u11la.in, 8hore-liue cm·ye;'!·s ...•.. ·····-·----··--···-··· .. do ..... . 
LakcChan1plaiu. shore-liuc survc_y8 .••.•....•..••.•............ 1 .... do ..... . 

Lnke ChatuJ)la..ln, shor·e-li11C' surveys .... _ ... , ........ _ ........ _ ! .... do .•.•.. 

Lake Ch.amplain, from Cnmherlarnl Hea<l Poiut to Poiut-au-RocLe. New York. 

I.ake Cham111ain, tht~ Gut and Poiut-an-Roclw ........•.......... ] . _ .. do ..... . 

Lake Champlain, from Point-au·RocLc to I~oug Point ..•....... ( .... do ..... . 

Lako Champlaiu, La .Motte nu<l All.mrgh Pw~sages ...•......... -~ .... do .... __ 

Lake Champlain, from Isle La .Motte to lmuudar.v-liue ........ _ .j. _ .. do. __ ... . 

Lake Cham1~laln, part of MiSMisquoi Bay .... -· ...... __ ._ ........ : \·ermont .... __ ... . 
Lnke Champlain, l\.iissisquoi Bas· south of houmlary-liue.. .. . . ... <lo ........... __ 

Budsoij Rh·er, from .Anthony's No~e to Cold Spri11g....... .. . .. Kew York - ...... ·i 
liud~on Ith·er, frDm Cold Sining to NewlmrglI ...... __ .•...... ..do------. 
Nol'th and South Sbrewsl.mr~· Uivers ...•............... 
Shrewsbur:v River, south ...........•.. ·-- ............. _ 

New JerAf'Y·····--] 
I·· .. do .••••.. 

Coast lle.tween Deal aud Squan Ueach .. ___ ...... _ ....... _. __ . _ 1--· do ..... . 
Coast between Sq nan villn:;ro and Barnegat. Bay .•. · ..•.•...•... ! .... do·-·-·-- ..... . 
Ba1·ncgat Inlet ................•......•........................ t .... do.·---- ...... . 

Absecnm lulet and Yicinit.y .••....•.... ·-- .•.•..•.........•.... 
1
1 .... 1lu ....••...•••. 

I}otomac Rin~r. from Saiut Grorg-t1 ·s Ri\-el' to Higgins' Point._ .. I .Maryland ........ . 
Potomac H.in•r, :tTom Clement's Bay to Swan l)oint ............. I .... do ..... _ ...... . 
Patnpsco H.iYer, northshw·e, fr.om Jfort MarHhall to Be-arCre-ek .. 1 .... do ...•......... 

~'or,A Chaplin, MaLa11, Rn.I Sedgwiuk .....•...•..........•...... : District Columbia.. 

.A..tlingtou, part of, sheet No. 1. .•.............•...... " .....•.. , Yir~i.llia ··-··--··· 

.Arlin~ton, part of, sheet No. 2 .•........ _ -··-·· ..................... do ... _ ... _ ..... ; 
Uppt:>I' Putmna.e, from Lock No. :i6 to High Knob ............... j Marylandarnl Yir-

Upper Potomac, from Hi1:h Knob 1<> Shcp!Jerdstown .......•.... [ ... ~;::ia:_ .... _ .. _ .. ' 
Yeocomico antl Coan Hfre1s ............ __ ............•...•.... J Yfrgiufa ....... __ . 

Non1ini and Currimmrn B:tys ..•.......•.. ····-·····-···--·-·· . .l. ... do ..•.••••.... 

Mattox Creek and jlart of Nomiui C1·eck ·--· -· _ ..... ·····-·-·-··I .. do.·-··-· .... . 
l)ifrnkatauk River·---···-··················---· ··I·-· do ........... . 

8calf•. Date. To1111gritph<.·r. 

1-10, 000 lt!G!I H. Atlmm; 

1-10, OUU 1~ti"7 do 

1-10, 0()0 lF-ltiG 
1 

••• tlo 

1-10, 000 ' 18fi7 ... du 

1-10, 000 

1-W, QUO 

1-llJ. uoo 
1-!U. uuo 

1-IU, OOll 

1-!U. 0 (I 

1-HI, 000 

1-2<1. Oull 

1-10,UllO 

I-HI. CHiii 

l-10,0lll1 

1-:., 000 

1-10,CIJO 

1-10. 000 

1-10. GO(< 

1-10,0011 

1-10. O<l<I 

1-10, 000 

l~G7 • P. C. l'. \\-Pst 

lt<fai I ·•••••<lo 
1~il~ 1 H. AdamH 

kti~ P. C. l''. \\-\·.·t 

1_,.,fi,.;i H. A1l'lm~ 

l~G~ II. \Y. 13adw 

Ietlri C. II. Ho;vtl 

]ttj~ ' P. c. F. "·~Ci-it -- . 

lbt17 A. )t1. Harri.so11 

1~6)-( ... 110 

181.i:) ... tlo 

lBGi ...... do 

186."i , •...• do. 

lt"G9 
1 

...... Uo 

1870 Charlt\S Hosr.lCr 
1~70 .... llo ... __ . 

187{} I H. (;. Og4lt->H ... - ....... . 

1870 .A. ).1. Harrison 

1-lo.ooo 'leio-·71 ...... do ...... . 

1-10,000 1~m1 •••••• clo ...... . 
1-1, ~oo I l~'IJ~) H. <J. Ogtl~n .. . 

1-10.000 1870 l•'. "V\~. Dorr. 

1-10,00(1; !~70 ..•... do ..... . 

1-10,000; lF'i'O' ...... tlo ..... . 

1-10, 000 187Q F. \\ .... Dun& Ch.Rmm1er 

1-10,0tW ltfrO i Charles Hosmer ..... . 

1-10, ()()(I . lt-70 ..•... do 

1-10. 000 : 1~71 .tfo 

1-101 000 lb":"l ...... <lo 

1-10,000 1871 ...... <lo ...... . 

. ..... do .......... . 

. ..... do·-··-·· 
II. G. 0;.rdon. -· 

. ..... do·--·-·· 

. ..... du ...... . 

•..... do ...... . 

.•.••. do ....••. 

_ .•... tlo .....•..... 

ltq.d~tf'l 

1111111\ier 

U2l 

10511 

10'2:1 

JO.ti' 

106:.! 

10ii3 

10t-':1n 

JO~.~li 

lOHfl 

lff1:~ 

HJ:9 

10'..!-l 

104 I 

10.)4 

1111:' 

ll.">(i 

lWI 

l IUJ 

1-10, oro 
1-10. 000 

1-10. 0011 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10. uou 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, O(JO 

1-IO, 000 

1-10,000 

1Bil 

1871 

1871 

1871 

1871 

1871 

1911 

1871 

1871 

18()1 

1eu1 

]t'fi.') 

. ~~1;~·~7.~;,;,~:::::::.: \ 
' ______ (]() ......... ·--. 

12'2:.i 

lUlO 

1011 

lOO:l 

1022 

101'3 

10<'4 

1015 

llt·;f) 

llO:l 

JIQ;i 

mH 
JO:lli 

lO:l:i 

10~(i 

um ti 
1~61 

1s6e 

C. JI!. Bache ......•..... 

...... do······-·--· 
... do 

.•••.. clo .•...•.... 
1-10, 000 1866 · C. I<'endall _ .. __ . _ 

1-20, 000 1869-'70' C. M. Bucl.Je ... - ..... - . 

1-20. 000 

1-20, 00:1 

1-10, 1:00 

1-lO, 000 

1-1, 200 

1-1, 200 

I-IO, 000 

11'68 ,J. W.Donn .. -····-··-
l>:l6i' .••••. do. 
18~)6, C.T.larclella. ...... . 

lt<ti.l ' C. lr. Badie .. 

lt'ti4 . .E. Hcrgcsheinwr .... -

18ii4 ...... dtl 

lFllti .J. "\~.Donn .••.. - .. -· .. 

1-10,0CO l86:i-'66 ...... do-·····-·······--
1-20, oco 
1-20, 000 

1-20. ouo 
1-20. 000 

181.it! 

180:< 

186" 
1~,;g 

.<lo ......••.••.••. 

do 

do 

. .tlo 

1013 

!OJ.I 

11(.d 

11U4 

HOG 

1WU 



 

86 lUWOHT OF THE SUPERINTENDiiJNT OF 

Li8t of origiiwl topographical sheets registered in the archives, ilic.-Uoutinued. 

Localitic::!. 

~robjack Bay, ~orth, \Yare, and Se,·eru l{h·er·s_ --·. _ 

State. 

:-;irgiu:~~~-~I 
Newport Xt-w8 Poiut. ·----- .. ----- ................ . ........... ' .... tlo ............ . 
E:rnt 8horf' <if Yirgiuia. Broad wa.ter, sheet .!'o. :~ ... do ____ _ 

Ealjt short1 of Yirgiuia, Broad water, sheet No. 4 .....•.....•.... i ..•. <lu ---- ... 

Eaist shore of Yirginia-1 Broad wa.te.r, sheet ~o. ~ ..•.... --- .... --1 ... llo •...... --- ... 1 

Eac-,t shore of Virginia, Broad watt.T, t:iheet Nu.1 ...••...••...•.. r ... .<lo ........•.... :' 
}!~ai:,t sJ1or0 of Yir~iuia, head of Macl1ipon~o ltivBr ...•.......... _:. •• .{lo ....... ---- .. ,. 

Pamplico l?hcr, from Rumley Man;hesto R:tggell Point. .... ··-; North Carolina __ 
Pmnplii:o River, from l\lauls' Point to H.odrnau·A Point_ ........ !_ - - .do ---- _ ...•.. 

Pamplico Rh-eT, from .A1lam8' Poiut to Rurnles ~farshes ....... ;. - .. do ___ ....... _. 

Pampl~co Hi\·er, fi:oin Light-house to Indian Islaml. .. - ........ --i .. -.do . --- . - - ···· - - : 

Bay RH·er, Pamplico Sonn<l .... -- .. - ............ -- - .....•.. - -· -1- .•. <lo . ---- · - · •· · - · 1 
8hore-line from Buy River to l'amplicn Snn1ul .... _ ...••.. , .•. --1- ... do _ ....... . 

Neuse Hiver, from :Xew Berne to Johnson·H Point .. _ ... _ ...... .,: .... <lo ......... _. - . 
Xelrne HiveT, fron1 .Jolrn~on'a Point to Beard'~ Creole .......... - . - .d-0 ...........• -

~emw Hi Yer, t'rom Bear1l's Creek to \Vilkiusou Poi11t ...•. _ ....••. do .... --- ... _. _ 
Sense H.ivt>r, from \Vilkinson P!>int to Cedar Point .......•.... i ••• d-0 ......•....•. 

Neuse River, fron1 Cedar Poiut to llrowu's Creek .............. :_ ... do ............. , 

Neuse R1v€1-, from Brown's Cret~k to Point of Marsh ...... _ .... :-_ .. do ......... ·---; 

J>ortsmouth Island anti part of Core Beach ........... -- ....... -I· ... do - ............ ; 
Core Sonud1 northeast part of_ .............. _ ............ _. ...... · __ .. do . . . . 1 

Core Ronrnl, Aontl1west part of ' .•.. c1o ---··· 
Rogue Souml, from nroad Ct·eek to Queen's Creek ...•... ·--- .. · ..•. do ...... _ ..... - , 

Rogue Sound, part of_ , ... do . 

New Iulet 1 inclmling Ft,,lleral Poiut, Zeek's and 8mith's Islands ! _ ••• do ---·-- ....... ! 

Parrvaml Cane's Islands ..................... ··-------------- 1 South Carolina. .... ; 

~;~:"~~;:~~.~::~~:~~~~t~~~~-~;: :: ::: :: : :: : : : : ::: :::::::::: :::: :!: : : ::: :::: :: : ...... ' 
Ile tween lhoad and May Hh·ers. containin~ L:ydrogra1ihy .••••. i. ... do ·--- ........ . 
SaYanuah Hivif'r to Co.opel' Rh·er, west of Dauf11@.ki0 Islet, I ___ .do .•...•. 

I 
containing ltytlrogra1~hy. 

1 

Savannah River, ·Ports Jackson and Lee~ Batteries Tatnall · .... do ...... . 

aud Barnwell. i 

~:::~::e~r::i:::::~~~~;-~~~~~ -~ ~~~ ~ ~ ~~~~~~ ~~~~~ ~ ~~~~~~~ ~: :::~ :i. ~~:b~~: ~~~~ ~ ~ ... 
I 

SaintCatha1iae's Island aml vicinity ...•............•....... -· 1· ··.do·············, 

Between the MNlway :i.nd tTulienton Rivers ..•....••• -· ...•..•. 

1
1_ ... do .•••......•.. : 

Dolmy Sound and viciuity ................ _ ..... ~ ...•.....•.... 
1 

•••• do ........ ----. 

~~~::~·~~t~·~~:~ -~nd-~-~~in'.t.~: :· ::: :::·.::::: ::::::: ::::: ::::: :t:: ::: :: :: :: . :::::. 
2::~~~:~;;;::::~;;~0;:~~;~)~: ::: :: : :: ::::: ::: :::::::::::~I:::·:: :::::: · ·::::. 
<.;umherla.nd Is1and, part of. - ........ ---- -- ..... - .... - - - ...... -i- .. do----- .. ·--- .. 

"\\--rester~ a~ ~f Saint An~rew's BaJ ..•.•.. ·~---. ··---- ......• ·\ Floricla .......... . 
C-0ast. trorn Sa.tnt Augustme to Matansas Inlet. - --- ........ -- - ·1· ... do------···---· 

:::!:!:::~:~s;;~:c~~~~-;c~~::: :: :::~:: ~:::. :~::: ::~ ::~: ~: ~ ~ ~: ~:~ :::::~. ~:::~ ~ 
Barnes1 Sound ...•....•..................•....•.......•....... - ..... do .•..•. _ 

Pine Island Sound, Charlotte Harbor . . . • . . . . . . . . ..•.............. do .••••.. 

SaintJosepH's Day, CapH San BlaR anc1 vicinity •.....•............. do .•..... 
Saint Joseph's Bay to Saint Andrew's Point . _ .... _ ............ , ... do·----·. 

Saint Andrew's Bay, eastern and western branches ................ do .•..... 
Saint .Andre-v,r's Bn~-. northern branch .......... __ .................. do ............ . 

SaintAudrew'l:)BaJ1 t'-H.Stern branch .........•..........•.......... do .........•... 
Cboctawhatchoo Bay and Santa HosaSound ••...•••.............. do .......•.•... 
Santa Rosa Sound, from lonp;itude 86° 43' to 86° 581 

••••••••••• _ ••••• do ...... _ ..... _ 
Santa Rosa Sound, from lou~-.itmle 860 581 to 87n 71 • - - •••• _ ••••••• _ •• do ............ . 
Com~t lletween Pensacola to Mobile1 west, part of Big Lagoon . _ .... do ___ .. 

Coast ootweeu l'en....,..la, from lagoon to moutb of Perdido Inlet Florida and Ala· 
barna. 

Ccmst bctwe"n Pen ... cola, from Perdido Entrance to eaet Gulf .•. do ............ . 
Al1ore. 

Scale. 

t-20, oon 
1-10, DOU 

1-2U, OUU 

1-20, 001 

1-2(1, 0:10 

1-20, 000 

1-20, ODO 

·1-20, 000 

1-20, DUO 

1-20, 000 

1-20, ODO 

1-20, DOo 

1·-20, ODO 

1-IO, 000 

1~20, 000 

1-20, 000 

1~!.1.0, 000 

1-20. 000 

1-20, 000 

1-20, coo 
1-20, 000 

1-20, oou 
1-20, DOO 

1-10, uoo 
1-10, 000 

1-20, 000 

1-20, 000 

1-20, 000 

'-~ate. I Topogra1iher. i =~;:~~:. 
1860, '681 ~- D~~-i•e &J.W. Don11I~ 

1865 : E. llergesl1eimer .•..• ·I 1008 

1871 I J. W. Donn ...•..... 1 1200 

1869-"7D .•••.. do . .. . .. . .. --1 1201 
1~6l}-'7oj .... do........ 1202 

1869-'"lD I .•••.• <lo • . . • . . • . 1 1203 
I I 

1871 .••... do ••.••••.. ·.·.··_-_.

1 
le71 F. W.Dorr ..... . 
1871 do ' ltl71 ::::::du:::::::::::::: 

1

1 

1871 ..•... do ..•.•••....... 

1869 ...... do ............. . 
lBCO .••... do ......•..•.... I 
1866 ..... ,.do ........ ·······/ 

~::~ ::::::~:·:::::::::::::I 
1867 

186~ 

1868 

...... do.··----·····--·! 

.. _ ... do ---~- _ 

•..... do ..•..•.••...•. ! 
1866 -C. "F'endall I 
1866 W. Il. Dennis .......... i 
Ui6(;1 ..... do....... ·I 

~:~~ ~: ~vd7o:·~~1~;,~::::: 11 

1863 J. S. Bradford ...••.... 
1868 C. H0-smer .. _ ....• 

186~ W. Il. De11ui• ....•..... 

1865 R. E. Halter ........... . 

1204 

12lo 
1211. 

121~ 

1213 

1094 

109:; 

10;!1 

1Dl8 

1051 

1D52 

107~ 

1074 

1016 

102D 

1-017 

1215 

1110 

999 

1070 

1000 

998 

1-2D, 000 1870-'71 C. Ho•mer . .••. .• ••.• .. 1195 

1-20,000 1870-'71 ....•• do···--···--····· 1196 

1-5, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 ' 

1-20, 000 II 

1-20, too , 
1-20, 000 

1-20, 000 

1-20. 000 

1-20,000 

1-20, 000 

1-20, 000 

1-20, 000 
1-30, 000 

181i6 C. 0. Boutelle and H. L. 

1869 

1869 

1867 

1869 

1868 

1869 

1E'09 

1869 

1869 

1870 

1871 

1867 

1867 

1B68 

Ma1·indin. 

C.Hos1ner -·····-·····-
...•.. do ............. . 

C. :Rockwell and J . .A. 'I 

Sullivan. 

C.Hosmer ............ . 
W. H .. Dennis ....... _ .. 
. ..... do .............. . 
...... tlo .............. . 

C. T. Iardella .....•..... 
W. H.Hennis ........ . 

C. M. :Bache ....•....•.. 
W.Il.Dennis , ••....... 

B. M. De Wees ...... ··· 1 
C. M. Bache ....... , ... . 
C. T. Iardella ...•....... 
.•.••. clo .•.•••••••.•••• 

1 

1--40, 000 1870 

1-20, 000 1866-'67 

1-20. 000 1868 

J. G. Oltmanns ... _____ I 

C. T, Iardella. ...•....... 1 

Il. M. De Wees ......... 1 

1-20, 000 

1-20, OOD 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

l-1!0, 000 

1-10, 000 

1-10. ooo I' 

1-10, 000 

[ 

1869 •••••. do .......•...•••. ' 
1870 I C. T. Tardella ...•. . : .. .. j 
1870 I ...•. do······------···\ 
181"0 ..•... do .....•••..•... 

1871 H. G. Ogden ........... ·1 
18'71 ••.•.. do ..••.••..•••••. 
lt!'ll .•.... do .............. . 

~=~ ~:~--~~:'11"~~-~::::::::·.1 
1867 .•.... do ..•.••...•..•.. 

1 
I 

10\l'l 

1089 

1109 

1060 

1155 
1080 

1114 
lll4bi8 

1108 

1113 

1H5 

1152 

1187 

1082 
1049 

1071 

1154 

1048 

1065 

1091 
1146 

1147a 

1147b 

1191 

1192 

1193 

10:14 
1()35 
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List of original topographical sheets registered in the archive.~, d:c.-Continueil. 

Localities. State. 
-----------·---~------·-------

Entrance to Mobile Ray ...... ----. __ ._ ..... _._ ... _ .........•... f .Alabama .......... : 
Chandelcnr So11nt1, "\'O·est side, from Morgan llarbc.r to Indian ' Louisiana ... . 

:Mounclllay. 

Isle au Breton Sound, Deep Water t.o California Point. .do ............. : 

Isle an Ilreton Round, Califoruia Poi11t to ~lozambirpu~ Point. ..do ...... . 

l:-ile au Breton Sounc11 California Point ...................... . .do ............. · 
lf.!k au Breton Sournl. ~outh 8i<le .. __ .•. ___ .•.•••.•. ----- •...•.. , . _ .• do _ ..... _ ..... . 

Isle au Breton Sound, Gardener'R to Otter Ila.you .... __ .......... _ .. do ..... _ ...... . 
Isle au Bi eton Souud, Otter nayou to Point Comfort _. _ .. _____ , ___ .do _. _ 

Isle au Bruton :-;ouud, Errol Island ....... ------ ___ -----··----·-'--_ .do ....... ------
Mississippi Delta~ SouthwPBt ]>ass, part. uf Hoatl1 PasM, Ea.st, ..•.. do-·-----

"'\Yf•.,st.1 and Ganle11 Islm1d J~ays. 

:\:tisHiRsi1JJJi Delt~, South Pass, Bayou Grand. arn.l F.ast Pa-sR __ . ____ .do _____ . _ 

MiBsi8sippi RiYer, from Cubit CreYaSSl' to the :forts and Birtl .... clo -·-···-
Islan<l Sound. 

Mississippi H.iver, from the forts to Grand Prairie. --- _ .. _ .. ___ . __ .do _ ... _. _ ..... . 

Mississippi Ri Yer, from Grand Prairie to Point. a. la Hae he . - . . . . . _ . do ..... - .. _ ... -1 
Jilatagortla lHland ................. _ .............. --------·····- Texas ............ ] 
Co11ms Christi Uay, Corpua Christi to lfrGloin's Bluff' .•..... _ ..... do ........... ---! 
Gorpus Christi Bay, ~cGloin·s Blutr to Mm,tang l::;lantl ......... _ .. do ....... ·-·-··: 
Laguna M.adre, eastern shore . __ ......... _ .... ___ ....... __ . __ ....... do .... _ .. _____ _ 
Laguna Madre, western shore . __ ... ·--·. __ .... _______ . _ ....... ' .... llo . ___ .... _____ ' 

Point San Pedro to Pillar l)oint. _ ..... __ •.... ___ .•. _. _. -- .. _ .•. 1 California ...... . 
Point Fermin to Point Saint, Yiuceut .....•... _ ... __ ...... _ .... . 
Santa Barbarn to ~and I .. oiut .. __ ................... ___ ........ . 
Sand Point. to Gorda Point .................... __ .... ___ ...... . 
Punta Gorda to\varll Bnena\'CDtnra . __ ............... ___ .. ___ .. . 
To\vn of Uucua.ventura and 'Ticinity ... _ .. _. ____ . 

Santa Crnz and Santa Barbara Channel. .. __ 
Santa Ba.J'harn Island ....... _ ......... _ .. . 
l'oint Con<'.Pption and Yidnit.y, two slH>iets. 

Point. Sal, 1rnn1hern Ahon~ . __ 

C()ast from Tunitm~ Crer-k north\.\o·ard _ 
lAmrl approaches to San .F'ranciseo 

.App1·oachr.~ to San Fraucisco 

.A. pp!oaches t.o :San Francisco .... _. 

Suisun Bay _ .. . --- . _. --- ...... -- . -----·-· 

do ....•.. ·-·-·· 
do ....•........ ,' 

do.····-· ..... . 
do.--···· ...... : 

.do.-----·------
110 

11o -

do 

... do 

tlo 

110 - •• 

do_ 

lfom holclt Ba.y to Table Bluff .................... _ ... _ . _ ... _ ... : .. do 

Humboldt Ila,y, three shet!ts ............... ___ . _ ................ : · ... do .... _ ....... _ 
I 

Con.st n{n·th of Humboldt Bay. __ .................. _ ..... -·-. -·' ·-. tlo _ ......•. _ .. -[ 

C()a.st south of 'l'riniditd Bend................ . . . . . . .. : .... •lo 

Coa.st.n()rth of Trinidad Head ........................•........ ; .... 11.o ........... . 

Centrev·ille to False Uape- .......... __ .............. ·-·· .. ···-- _ ... do 
:Fuhw Ca.pc to Cape h{cntlociuo ........... -- ..........•.... --- __ ..... tlo ..........•.. 

Ed River and vicinity .............................. ----- .......... <lo ......... . 

Eel Ith-er changes from 1869to 1870. """. _ ............... ·····-· .... _ .tlo ............. . 

I)()iut Saint Gt\orge and C1~ac,f\nt, Cit.y Re.cf._ .... -· ........•. _ ..... •lo 

]i'J'om Point Saint. Geor.g-e northward. (I .. akc Ear]) ... _ .... _ ...... 1 

•• (lo ... _ ....•.••. 

Jrrom Cone Station to near Oregon boundary ..... __ ....... _ .. ... do ........... . 

Coast of ~regon, near Port Orford, reconnaissance .. __ . __ .. . 

Orford l~eef ... ··-· ...... -· ................... ---·----··-- ·· · 
Ore~ou ······-·-·· 
... do .......... . 

Cape :Blauoo .•..••. -· .......................... ·- · · · - ·· · · .. ·· · · · . . .. do ......... . 

Cape Foulweather and entrance to Ynqnina Ba_y .......•..•. ·--/- ... do ........... . 
Columhia Riv-er, from Point .A.dams to YounJ:'B Bay ... __ ....... i. _ .. <lo ..•....••... 

~olumbia Rh·er, from Young's Bay 00 John Da;v's River ........ \ .... -do _ ........... . 
Culumbia River, from Cape Disappointment to Chin0<1k Point .. i .... do .......... _ .. 
Columbia River, from Chinook Point to Gray's Point ....... ·-. _J ... do ........•.... 
Columbia River, Salldy Islantl and Chinook Spit ......... __ .-·./ .... do ............ . 
Washington HarJJQr, Strait of .Tuan de Fuca ........•.. -· ....... i Wa.•!Jington Ter .. 

NewDungeoess, part_ of···-·· ... ··············-··············l····do ............. , 
Protection Island to New Dungeness ...... ·- ..•.•...•.......... 1 •••• do ............. I 

~:l~~~:~-::::::::::::::::::::::: :::: :: :: :::: :::::: :::::: :J:::::: :::::: ::::::/ 

Scale. 

1-20, 000 

1-20, Ol·O 

Dnte. 

1.E6~ , J. G. 01tmauns ..... . 
lb71 : C.H.Boyd ........... . 

1-20, 000 ll'G8-'GO : tlo .. . 
1-20, 000 

1-20, 000 

1-20, 000 

1-20, ()()() 

l-2U. 000 

1-20, ow 
1-20, 000 

1-20, 000 

1-20. 000 

186H 

!~GO 

186>1 

do .. . 

•••... <lo 

...... do 
186~1- ·10 ! ...... do 

1870 

1.86~1 

1-EG7 

..... du ........... . 

...... do .............. . 
J. ,,~. Do11u 

18G7 •..... do 

1668 
1 

C. ll. Bo>·d 

1:370 I ...... do_ .........•.... 

106fj 

1198 

109fi 

L098a 

109~0 

IOH7 

lll!~J 

1141' 

lOH:! 

IO:n 

1-20, 000 

1-20, 000 

J-20, ow 
1-20, 000 ' 

1-20, 000 

1-20, 000 

1-~0. OOl) 

1-10, Ol'O 

1-10, 000 

1-10, 0-00 

1-10, OOd 

1-10, 000 

1-10.00ll 

1-10, ()fl() 

1-10. noo 
1-10, OOIJ 

1871 i ...... do ............... : 

11-1~ 

11~17 

lll:JO 

1043 

lOH 

104;, 

1046 

1019 

11;.1 

185!1 "\V. ff. Dennis . _ ........ , 

1-!i, (100 

1-10. 001f 

1-10, om 

1867 C. Hosmer ...... . 
18G7 - ..... <lo ....... .. 
1867 C. H. Boyd .... .. 
1K(i7 •..••. do ..... . 

181ili ; A.. 1". Rodgers ... . 

1870 : A. "·· CJrnsP _ 
1869 ' "-· E. G-rt>enwt•Il 

186!1 ....•• du ..... 

1870 

187l1 

Jil1iti 

. ..... do .......... . 

.•.... do------ .......•. 
'\' . .M .• Tohmw11 

1871 A..'\'. rtrnsn 
1Bli!I i C'.. H•wkwPll 

18Gi \\. E. GrPPnw40>ll 

1et3t.i .A_ T. Hrnlg•·n 

l ~(j"';' I .. A .. \Y. Ch:UH" . 

1-10, 000 1867 C. Roc.k,v-ell 

1-10. 000 ' 1868 .do 

1-20. 000 

1-20,_000 

l-I0,000 I 

1-10, 000 

186(1 j A. F. l~odf:'ers. 
1869 ______ do .. 

11?70 .•.••. do 

1870 do 

112t" 

11::?7 

lltlH 

11!10 

100:1 

11~11 

~ 1122a d·b 

10.);, 

IOlJ'J 

1039 

10ff7 

l0fi8 

10'.]!) 

1 J:l; 

1-10, ()OO ! 1870 do ... 

1-IO,O()(l' 1870 do 

!ll7-1, 117.), 

1171). 

1177 

J 17B 

117!} .i 
1-10, 0-00 186~ ..... .tlo 

1-10, ouo 186H . ...•. (lo ... _ ...• - - ..... 

1-IO, 000 1869 ..... do 

1-10. 000 1869 . ."iO i ...... do ............. . 

.18()!) i ..A. \\F. CIHJ~(~ 

1~70 ' ...... do .. . 

1870 •..... do . _ .. . 

11:1:; 

113·1 

ll:J6a 

11:3ii/J 

11:3:J 

11!111 

121ii 

1-10, 000 

1-10, 000 

1-10, 000 

1-20, 000 

1-10, 0()0 

1-10, 000 

1-10, 0-00 

1-10, 000 

1-JO, 000 

1-1(), 000 ; 

1-10, 000 

1-10, 000 : 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 ; 

1-10, 000 

lllU!l 

1"69 

1~m 

. ..••. <lo .•.••.......•.. ! 113:l 

11:n 

11:10 

...... do .... . 

...... do ..... . 

18fiS •.•.•• do - . --- •.•....... ' 

1868 ; C. Hochn•ll ........... . 

186~ •..... do .............. . 

1869 ••.. _.do ........... _ •.. 

1869 •. - ... do···-······· .... 
1869 ______ (lo---··--····----

18i0 J. S. La 'non ....... _ .. . 

18i0 ..... do ......... -·-··· 

1870 ..••.. do ---···--------- 1 

1870 •. _ •.. do ...•.... ···-···; 

1868 ··-··.<lo ........... - .. . 

l()t"d 

111~ 

1123 

1138 

ll39a 

1139b 

1165 

1168 

116!t 

1170 

101:1 7 
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Lfat of original topographical sheets registered in the arckive.~, d:c.-Co11ti11ued. 

Localities. Tt1]logTapl1er. \ Rc~iRter 
_____ _ ------- ,___ __ _ ____ 

11 

_n_u_m_lJ_~_:_ 

.AJlmiralty Eay, Puget Soun<l.... j Washingtou Te1 1-10, 000 i 1868 -J. S. Law~o11 ...•.. _.... 1164 
Shilshol<' Bay. Arlmiralty Inlrt.... . ... l .... do ....•...... .. 1-10,000 I 18G7 ...... du............... 1064 

!:;~ ~::~:::;~,c.~:;:;:~s:e~~- ~o. I.:::::::::::::::: ......... -1: · .. · · .. c~J1,:, ·. · ............ ',: ~_:_:_:_:_ :_·_.·_. ·_.:_:_:_ i 
11:."6~9~;,~0 ~ ~_:_:_:_:_:,:l~o> ~: ~: ~: :_:_:_:_:_:_ :_:_:_II ~J:l:2~fi', 

State . Scale. T Dat-:-

Port Discovery, sbed Nu. 3 .................................. -\· c 

List of Tq1drogmphic sheets registereil in tltc arckfoes of the United States Coast 8-urrny from ,Tanum'y 
1, 18G6, to December 31, 1871. 

------- -·~----·~------------------ - ---------- - ·---·------ -- ! ·-· -·---~- - -l l{egis1:~ 
\ 

1 I 
State. Scale. j 

-------------- ·---- ~--~-------------------! ----~-- ·------I 

LoralitieR. 
llatc. 1- Hy-•h:grapher._ II nurn\l{ff. 

Coa't from )!osquitu Harbor to Srnl llarhor ................... 1 ::lfJlille ............ ) l-10, 000 I 

~'.~~::'.;:n
1

'..':~·:.:,:'.:.d:r~'.'.:~-~;i;;e~;;~,;~~:::: :: ::: :: : :::::::: ::: : : :/::: ,~; : :: : :: . . . .. .. ~=:~: ~~~ I 
1866 1 R. E. Halter............ 907 

1866 B. T.'. Mal'intHn......... 8n5 

Moui'le-u-lJr-1· 1~1·ach ... - .. ------··- I: .. "<]l',', -------.·.·.· .. ·.··.1 1-10,000 ! 
lmliau J\.ln·r ---·······-- ....... 1-Hl,OOO i 
Wintt-r llarhol' antl apprNtclll'i-' .. '10 1-10, 000 I 

1-20, ooo I 
1-20, ooo I 
1-10, 000 i 
1-10,000: 

1-10, 000 i 
J-I0, 1-00 ,i 

lfl"iO "}".}<'.Ne~ . _. _·I lOfiO 

:~~~ ...... ~: ... . . . . : .1 ~~~~ 
113G'i Anderson ..••..•... ·\ !138 

J~mr:mrt• to l~le au Ilaut Bay 

lsk an Hant Hay -----········ 
11111 ticant' hlmul Sonnd ~nd vicinit:; 

The lfaHiD, 011 Yinal llan'u lslalH1 ...... 

Fox lHlaud u~.'l mid Yidnit.y --- - .. 

l'ox fa1ar1t1."l Tli<1ronj.!]1forC", t•astrrn 1~art 

1: .. ~:. ···--· --·--·' 
.) .... do ..... . 

I· .<10 .... .. 

·I-- ."1" ..... . 
'10 

1

1 

••• do ..... . Ft1x I~1untls Tl:wrouµ:lifar<", 'Ycsteru pnrt .... 
PP1101Jsl'ot Ha~-, appnmdw .. -<; to . - .. : .... llo ..... . 
Pc1a1hst·ot Ha), rnt~HllC1~ to __ . _ - .. _ - ] ... tlo ...... . 

Pt•t}(Jl1s('nt J!.:iy, from Owl'}-\ Ueatl to Emii~H 1-RbrnL ..... 

l'rH'llln·,('ot Ilay. '.Jt·twPt'll Owl'~ Head and i:ox l!-!htUflR 

J1rnwlis<.'ut J~a~·, j:.;lantll-l i-;onth ()f IslcGboro. __ 

··i ... do-----·.··----

<:a1nli<'n a11t1 lt0<:l-i:port Harl)Ol'P.. 

Pt 11t1h~('Ot ltin·r, from H<lll~or to Uainpdf'n 

~1118tl1· Hiilg:i• Chaunel. 

l\ltt$Clt.> RiclJ!CI li-,land~ .. 

Saint (h~or~t::'s ltin•rl~utrnn1·c .. 

l\iu~rong:as Ba.\· ... 
::\fn15congtm Ha,v •. 
:Mt>flnn!'onk lfrn'!t· aud Point Pl(.3asaut Gnt .......•........... 

l\lctlomak lti'""er .•. ·. ----··· ....•.... ___ ...................•... 
ll1·tlomak 1th-er, from Br0n1£'11 to Haveut·r·H Lcd~tJ-- __ ........ . 

Johu's l$a;.· ..... __ ........ --- ........... ·----. 
Datn11rii:cotta RhTt"r, fhm1 Nt•w Castfo Bridg:" to Clark's Cove 
She1~pscot B:i:v, beh\"et:~n Griffith'8 H(•ttd and Kemieh('c lh'\'e1·. 

J;:lwul'coClk llarllor, To-wn'fj End Gut, Back River ....... -·-··. 
HPll Gat4>, Hack Rh-~1· .....•.........•.... _ ..•..........•... 

Ure.it. autl I ... ittl1: IlclJ Oak~ an cl Gons~-ltock Paslillgu ···--·. 

_.11n 

llo ------. 
. (10 ·----· 

tlo .. __ .•. 

. _.do··----

. . do·-----
. flo . 

... do-·--· 

.. do------

... do·-·--·. 
... tlo ...•......... 

. .. do···--· ..... . 
__ do ..... 

... do ...•.. 

... do ..•.....••.•. ! 

... do ...•.. 
••. 110 ••••••••••••. 

__ .tlo ··--··. 

Hockomock arnl Knuhble Ba.~·s, Sasanoa Hiv~r.... .. . . . . . .•. . . _.Ao ...•... 

Kenn~bccltivt'r,from Swan Island toltit·hmoml..... __ .do···--· ] 

Kcuucbt•c River, f"rt.nn Hichmond t.o Gttr<linet' ....••....•.•..•.... _ .tlo .............. 1 

Yh•inity of Cape Small Point·-· ......................•......... clo ............ . 

Ne"'~ Meadow ltiver ........................... --·--- ............ _ .. rlo ·----· -------

Hent1 ofMaq11oit1 lliddk,andQuohog BayR, amlilaqunvellSound ... do ·-----
Off-shurt> soum1in~8 from St~guin hland to Cape Elizal1eth ... _ ..... 110 ••. __ . 

Porlland Harbor ................................. - . . .. .. • • . . . . . ... do ••••.. 

l'ort.lan1l City and Harl)(}r, sbeet No. I ............................. do ••.... 

Portland (~ity ao(l Harbor, slieets Nms. :! nml 3 ....................... do -----. 
Portland Cit·.Y and Harbor, sheets Nos. 4 and 5 ............... __ ..... do··-~·. 
Saco River ...... _ ........ -·.-· .... --··--·- ..... -· .... __ .... --- ... _.do ..... . 
Saoo River, fwin1 Sue(~ t-0 C)landler1a Point. ... __ -·- ..........•.. !-· .. do ...... . 

Saco Rh·er, 1111 to Chandler's Jloint ... - ... --- ... --- ... -· --- · -- .

1 

... - .<lo··--··· 
Coast of New Hampshire, frotu Pulpit Rock to Gn1at Ho;tr"s New Hampshire 

Head. I 
(;oast uf Nt:'W Ilam11~l1in» from fheat Hoa1··H Heatl to 8ali..,hm ~: j 

1870 F, P. W ehber .......... 1 1074 

:::~ ~.''.~~l-~~l,Tu'.1~.en ...... · ! :~~ 
1870 

1e;o 
18fi8 

I-HI, 000 1' 11'68 
1-20 000 . '66 '7 '8 

1-~.m'. 00(1 1
1

1si;6_:fi7 
1-20, ouo ' J 869 

1-20, OfJO j 18fiP 

1-10, 000 i lSGn 

1-10, 000 l 1263 

1-10,000 1867 
I 

1-10, 000 j18f>G-16"i 
'r 

~'. P. W'f:'lihn. 

·---·-41() ·-··· 
Charln'! Juuken. 

.do ...... . 

...... do. 

..... <lo··- ... ·--··. 
F.P. Webbu- . ._ ...... 

CharleA .rnuketL .. 
F. P. \Yehber . ., __ _ 

JI . .A JHlersou. _ .• __ ... 

J. A. 8ullinm 
R. E. lfolfrr nn<l Ch. 

.lnnken. 

1-10,000 \ 18G':' 1LE.Haltc1'. ......•.. 

1-10, 000 j 18U:l lt. IL. Ilalte1·mulC. FetJ-

l
l <lall. 

1-10,000 1~67 RE.Halter ......... . 

1-10, 000 ! 1868 ...... do ... . 

1-10,100 (t,66-"67 ...... <lo ............. . 
1-10,oc.o j tf"'.f1fi H.Andenon .. ____ ··-

1-5, 000 186G ..... do .............. . 

1-10, 000 1867 R :i;;. Halter ......... .. 

1-10, 000 1866 E. He1·gesheimer ....•.. 
1-10, ooo 186e J. S. Bl'adford ...•.. 

1-10, 000 

1-10, 000 
1-5, 000 

1-10, ooo I 

186() E. Her-gcRheirner .. _ .. _ . 
1865 II. Anderson ......... .. 

18fi7 J. S.Bradfonl. -----·· •. 

1867 ...... do .............. . 

1869 C.H. Boyd ............ . 

107:1 

1073 

!183 

982 

1051 

94:J 

1086 

1030 

1087 
873 

934 

952 

9!'i3 

872 

950 

986 

951 

960 

9fl0 bis. 
9'20 

903 

971 

891 

893 

930 

929 

1064 1-10, 000 

1-10, 000 

1-10,000 

1-10, 000 

1-10, 000 I 

1-40, 000 

1-5, 000 

1-1, 200 

1-2, 400 

1-2, 400 

1-5, 000 

1-5, 000 

1-51 000 

1-10, 000 

1870 ...... do . . . .. . .. . . . . . . 1065 

1-10, 00-0 

1868 J. S. Bradfonl .•.•.... _. 972 
1866 J. W. llonn .. • . . . . . . • • . 899 

1869 Il, Anderson........... 1008 

1867 R Platt, U. S . .N. . . . . • • . 933 

18671 •••.. .tlo .............. I 94U 

1868 H. AnderMn . _. . ...••. I 1032 

1869 .•.•.. do .. . . . • . .. . . •• • . · 1033 a, b 
18f'9 ••••.. do............... 1034a, b 
1866 G. Da.-idoon... .• • .. • •• . 882 
1867 F. F. Nes............... 941 

1867 ...... do............... 942 
187U : H. Anderson ... . 1068 

1870 I ...... do ...... .. 1069 
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List of ltydrograpltic .~heets regi11terul in tlte arch·izoeg, &c.-Continued. 

LocnlitiP,;. State. 

Tmvn, F'ore and .Back IUvers, \Ye_ymonth 1tlar;;sachnse1t."\. 

Duxbury Ba.Y ..•..•••...••••.•.......••...•.•...•.....••...••...•.. tlo ...... . 

Pl_ymoutl1 llarlJor .•. _. _ .... ·-- ............•....•.•........ ··-.. du ..... . 

Monomay Shoal~, reconnaissanr.e ............................•...... tlo --···· 

Vineyanl Ilcffen Harbor .......... -·--- ........................ ! .... do ..... . 

}:litclrnll"s Fall~. Merrimack Hher. .......•..................... : .... tlo ..... . 
:Narraganse.tt .Hay, :from Quonset. Point to Jlnkh J,:.;hmcL . . JGw(lC> h.lmid ... . 

:S-un-a;::ansctt Bay. from I101)l~ lBlaud to Pati<'U<'t' l~laull... .. .. . do ........... . 

Greenwicl1 Jhy ..... _ ........... . . -·· .........•.........••....•. 1lo 
Narraga.Ul'IP.tt J$ay, hPml of~ aml ProYi<lence RiYer .. _ ... __ ....... , ... rlo 

l)roYi<1Pll{'t' Hi n!'I', from cit~- of Pro...-illPllce to Star:zut Island .... ... do_ ..•....... -
'\\r-arr•·n 1!1,·er .............. ___ ............• _. . .. do 

Thames Hiver, near New I.. .. ondon .......... _ Com: f•ctil'nt ..•.. 

Frying Pan and Pot Rock....................... ..... ... . .. . XPw York ...... . 
Wallabout Eay .......... __ .......... , --·. ____ . tlo 

Off the B~ttm·y. - .................... __ .................... __ .. _ rlo 

N0w York Ua:y 1 lH:-tween Ciov£•rnor·1":1 l1'lhu1d and Rol•liin's l{eef. _ do _ .......•.... 

Swash Cham1l•l, examination of .. -;.·. _ ............. _. do 

l\-1ain channel between Sandy Hook and Flynn·~ Knoll and do 
Scotburl Shoal. 

:Rondout, .Harbor, from entranC<' t.o Sleight'~ Ft:rr,1 ............ . .do 

l~ontlout Harbor, from Sk·igbt"s I,""'err,Y to entrance of Dcla:rrarr do 
and Hudson Caual. 

Lak(~ Cbamplniu, from Cumlwrl:rnd Hcacl to Valcour IH-laml... do 
B11r\ington Harbor Y ermont. ___ _ 

Barnc:;;at lnfrt.... ~n\· J ('TtV',Y .•••• 

Delaware RiY('r, from Hhllt>y's CrePk tu 'Vuhh Strv.el. Wharf. .. J>€'1rnHylr-ania .... 
ll0lawan· ltiver, from "\\-:--alsl1 Street 'Vlm1·f to Carson's lV harf. . _ .. tlo .. _____ .. _ 

SurHJUehauna Rin'r. month cf. ...... _ .............•.. --- . . . . . . Mar~·larnl 

Sa .... ~afras ltiver _ .... _ ........ _ ...... - ........ - . - ........ . . •.. do ....... --·· 
J{omney, Farll'y's, 8tillpo1Hl, Chur11, am:l Lln:yd'R Crt•Pkf-1 tlo 

Chester Hi...-cr, No. 1, and .Mor,gan'i:o Creek ..............•...... -1. do . ~ ..... ·-·. 
Chester Uh·er, Nu. 2 ............................... ·---·······- do .•......... 
Langford Creek ... __ . ____ ..•. _ ..•.. ---- ... - .. - . ---- - .. ·--. do·------·--
Pa.tapsco Hiver, mouth of··-· ... ·-- ......•......................•.. do .... _ ..... . 

Pataps~o IUver, l~rews,ter"F. Channel. •.......................... j_ ... do . _ ........ . 
.Pata11sro Rh-er, llrewst<•r's Channel, enlarg(•d fron1 1\"o. 91 :L _'. __ .do 

l)atapsco l~in•r, crcr-kl-) empt.ving- into .... _ ......•..• - .. - .. -- - .. , . _ .. do 

Trilmt.adt•8 ui' ScYern o.r.al South Riven;. --- . ---- _ ·- .............. _ .. do 
Head of St•vPrn River .... ______ . _. ___ . ___ . _. __ .. __ . ---- .... _. _: __ .do 

Tributaries of SVye River .. -· ............. ___ ....••.. --· - ....•.. : ... -do 
Tril.mtarieB of Saint 1\fichacrl:) Hh·er. .... _ .. __ .. _ .... ___ ... ·- ...... do .......... _ 
Heatls of HmTi~. Hroail, and P'1rtpr'1-1 Crt>P"ks ....... ··-·-·. •. . . _.do 

Tribntarirri of TrellhaYC'll Creek ...... - .. ·- .. - . - . --- - . - .... --- · - . _ .. do ...... - -- .... \ 
ChotJta.uk ltin·r. from \Ving·K Lauding to Deutou .... --· .......... du-_ ............ 

1 
Pot.oniac Hi Yer, from A.na.lostal.1 lslan{l to Long: Brit.lg{'._ .... _. -j llistrict ColumlJia. i 
Wfooruico RiYcr, Saint ClmtHlllt's and llrctou'" Bay ........ --- .. 

1 

:M.ru.,-land .. -·. - ... [ 

Nomini llay, Lower Machodoc and Mattox: Cre.,ks ......... _. \ Virginia. ./ 

Yeocomico au<l CoanC1ccks ········-···--····-······-·········1-··<lo -------·-····! 
Smith's, Goose, and ]<'ox Islands, Tangier Sound - -... -- ... -- -- do -• - -- · - --- .. -1 
Littlc.AnnemessexRkm· _______ .... ····---- _ ..... do--·--·------· 

Pocomoke Sound, creeks from ::Messongo Cr.:wk to Onancock 

1 

.... tlo --····- ...... ,
1 Creek. 

~:~::::: ~~~:::,~~:::;o~~;- ~~-d~-~~~ -~~~~ ~ ~~: ~ ~~ ~ ~~~ ~:: ~~~: ~1 : :::: . :: :: : : ::: : :: I 
Pocomoke Hiver, sheets Nos. 3 and 4 _ .. ., __ ... ----- .. ·--- ....... ___ do ............ -/ 
Pooomoko Hh·-er 1 sh<'ets Nos. 51 6, and 7 ....... - .. - ... - - -- - - - - . -1· ... do - - ·- - - · ·- - - · 
Occoha.nuock, Craddock, and Nandua Cre<~ks ........ ··-- ... - ... _ .. do ............. f 

;~~!:~:~=~:~~-~~ ::: : : : :: : : : : : ::: : : : : :·: :: . : : : : : : :: : : :: : : :_ j::: -~: : : :: : : : : : : : : : i 
Littl" Bay, Nantepoison, Tap11's, Dimer's, Indian, Dividing, 1·--·tlu ...... -.... --; 

and Mill Crooks. , i 

12 c s 

Srnle. l)att>. llydmgrnplwr 

- J-IO~ ---;.:-1.r. f' ~r~dtor~- .. 

1-10, 0()(1 :. 18G7, ·.-;o I Il. Andf'n-wu ... - - .. - - -

1-10,000, h;'j(l .•.••• rlo ·------·-···---' 

1-10,000' lo6f: F.r.Xr·s .............. : 

1-10,000: 1.s71I11.}Jikheu --···--· ... : 

200ft.tulin. lt::6i [····--do .............. . 

1-10, OOu J~U" i F. l'. >Yehbn 
1-10. 0011 : 1BG:-·•l2 j_ __ ... do 

1-5.001) i lt-:fJ7 !---- .. do 

1-10,000 ! 1803._~~n /------do 
1-.'.J. IJOIJ : J.-.6.'.'1 i _ _ _ . .<lo 

I-:J,o01) i 1ec:1 ; ...... do 

1-1, 2or1 11 18Ufl · CharlP~: ,funkin. 

1-1, ~,OU , 

1-1,~}() 
i 

1-2. :mo r 

1-10, 0110 ! 
1-201 000 

1-20, 000 

1-2. !';00 

1-20, 000 
I 

J-10, 000 ~ 

1-10, DUO j 
1-1. ~00 l 
1-11 200 J 

1-10, 000 

1-10, nuo 
1-lU, 000 

1-5,000 

J8j1(; \\". S. Fdwurds .•.... 

1,-:<(i~1 r. r. XP~- _ .•.••. 

1i3ffi i '' S. Edwnnls .. 
1368 F. ll. (i-Pl"flf'S ... 

lBfJC : \Y. S, Edw-:u·ds .. 

18(i!l F. F.Xe~ ............. . 

l~t38 J'. H. Gerdes aIJd J.', F. 

:K~·=-· 

... do ... 

1E<10 Clrn.rle::. Junkf'n 
1~71 : F. D. Graugl'l'. ... 

1 t<f.ti C. l~t,ndall ... 

11370 Clwrks Jnnl>:t·11 .... 

1.s-;o .... do ..... . 

1e6i F. 11
• 1\ebbf'1· 

1870 \Y. \Y. Hardin~ . p ••••• , 

I~-:-o !--·· .. do ...... . 
186!1-·j(I .••... •lo 

1-5. 000 , 1CG9-'70 , ... - .. do .... ~- · 

1-10. OllO 

1-20, 000 

1-10, 000 

1-LO, 0l)(J 

1-20, UUIJ 

1-20, 000 

1-20, 000 

1-10, (\fl() 

1-10, 000 

1-10 000 

1-10, 000 

1-10, OllO 

1-5. 000 

1-20, 000 

lt?70 : -- ... do 

le6G , F. l'. We\J\Jer 

1P6fi 1 ...... do .••.•.. 

I~flfi --·. __ do ...•......•... 

F6H J. \\ ..... Doi:n 

h370-·71 "' .... · \). Hardiug ..... . 

l~iO --·· .. dl) 

18";(1 .••... do. ---- ---~-~--

1870 ' .•.... do 

lf."70 .. do .. . 

lSiO , ...... dn .... .. 

lf7(1 .••... do 

lt't)'; , C. Ji"emlall ........... . 

1860, ·fr:) : \\ ..... T. :.\lUS('. F. K 1' .• 

~rnd ,T. \V. Donn. 

J~t ';.!"il-lt{•l 

nnml1PI". 

YIO 

Efl7 

!Ol! 

9i0 

978 

1058 

J]();, 

8i\1 

l-037a 

1057b 

&lF! 

1071 

10i2 

102tin, fi 

10:27 

10<8 

~Jl:{ 

91-:1. 

Hl;J 

l()ll; 

1077a 

1077b 

lo5oa 
10'.0b 

10-l!lf; 

1048a 

1048 

101".l 

!Hl!* 

1-20, 000 

1-20, 000 

1-20, 000 

1-10, ()(l{l 

1-20, 000 

186f: . J. Vi". Douu ... - •.•.. - . !IG7 

1-ltl, 000 

1-5, OtlO 

1-;;, coo 
1--!>, 000 

1-20, 000 

1-20, 000 

1-20, 000 

J-20, Ollfl 

1-20, 00-0 

1868, •.... tlo ~t(J8 

11369 : ,V. "·· Hardiug. .. . . . . 997 

186~--69 .. do............... Ht:.; 

•. Llo 

.. do-···-····-··-·-

.. do 

1004 

102-:!a .. b 

102~ia, b 

1L"l6~1 .. Uo ·-·······-····· Hl~.Ma,b,r. 
ttW~ C. J<'pndall .•.... - .•• ~. H7fia 

1st•:: ...•.. do ..... - . 

li"l1:3 ; •..• -.do ...••.. 

18fi!J 1 ,J, \Y. Donn 

18u9 j-- .... d" .............. . 

100:1 

wu:; 
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List of hydrographie sheets registered in the archives, &c.-Continued. 

I
' I I 1 

Rcg10t<>r 
Localities. Stat<•. , Scale. Date. I H)•orgraplier. i number. 

' I ' '. 1---~--I ,-
Estuar~es of the Corrotomnn Rive~ ....••........•........... --· V1rgrnm ......... ·1 1-10, 000 1869 1 J'. ,V. Donn ..•.....•. · \ 1002 

Bowlpr'saudC:or1u>,r}{ock,Rappabannock.Ri'\""er ··------------ --- do 1-2,500 1R671 ..... do .........• \ 937 

Estuaries of the Rappaliannock Rner .............•............ 

1 

... do. ... .. .. . .. 1-20, 000 1869 I ...... do . . .... ......... 1001 

PiankatankRiver ..•....•..................•....•.................. do ............. ! 1-20,000 1869 f ...... do. ··········! 988 
Milford Haven, (alS(} topography) ......•.......... , ................ do ...........• r 1-20, 000 l&i8-'G9 : ..•... do ............... , 987 

EstuariesofMobjack Bay .•...........•...••.................. 1 .... do ............. : 1-20,000 1868' .. do............... 984 

Back and l'ocosen Rivers ...•..........•....................... i •••. do ............. I 1-20, 000 lt<68 C. Fcndt<ll and l''. W. I 97] 

j l Harding. I 

Magotliy Bay ......•..................... , ..................... : .... do ........... - -I 1-20, 000 1869 W. W. Hardin~ ....... I 
Broadwater, from ~hip S~ioa.l Inlet to Saml Shoal Inlet ...•. - . ·I· ... do ........... - .1 1-20, 000 1870 .do . . ... .• . . j 
Broaclwater, from San<! :-ihoal Inlet to Hng l~land Inlet ......... 1 ••.. do . . .. .. . . . . . . 1-20, 000 18o0 J. W ... dDoo:n_n:. _: __ · ·_·_·_·_· __ :_: -.. i,, 

Broadwater, Grent Machipongo River, a.nll branches ......... --·!- ... do . ----·. -- . __ . j 1-20, ODO 1871 
Little Machipongo, tu lrnau uf Broadwater .. _ ................•.. j .•.. uu . • .. . .. •.•••. 1-20, cOO 1871 .. <lo ...... __ ....... I 
N~\\·port~e.wHI>oint . __________________________ . ______ ---- L ... do ------------, 1-10,000 1865 E.Hcrge8heimer .•.... J 

Elizabeth River, froru Vla.shington Point to na·vy-yar<L ....... J ... <lo .........•.. -! 1-21 500 1866 R. PlnU, 1!. S. N ...•.. -J 
Off-•hore soundings from Sheephouse Hill to Killdcvil II ills . _ .. ! Virginia an cl i 1-40, 000 1868 do ; 

. . , . 1' 'N ortl'. Car_oliua. I ... ·. ·.·.do ·. ·. · .. · ·_ -. ·. -. ·. ·. -. · .• · ·. ·. '

1

1' 

Oft-shore from ~1lldev1l Hills to J,oggcrhea<l Inlet ....... ---··· North Carohna .... I 1-40, 000 1870 

Off-shoTO soundings from Loggerh6ad Inlet to Cape Hatteras ... 
1 

.... c1o ............. 1 1-40, oon 1869-"70 ....•• do . ·-··- ......... i 
Off..sliore soun<liugs from Ca-pe Hatteras to }""ederal Point .......... _.do _ .•.• __ ·-- •.. I 1-240, OUO 1865-'66 --· ..• do ..••. _. __ • _. _ .. ! 
Lookout Shoals ..............................•....•........... j .... do ............. 1

1 

1-40,000 1265--'66, R.Platt:mdC.Junken,1 
I.rm~ Shoal, Pamplico Sound, recounaissance of. .... _ .... _ ......... do . __ . _.. .. . . . 1-101 000 1866 J. K I~radford ......... \ 

:::::::: :::::: :::~:::::.~~al·t·o· ~~a~~-Isl-~~d: :·:::: ·:.: .: : . :·:: ::::::. ::::: ·1 ~~::: :: 1866~:~~' ! :.~~~::.f~.r~~~-~:~-.1 
~:~~~~;~rRi~~;.~;r~~~-~;a·~:l~l-i~~-~i~~~-~-~l~~~ -~~ ~::tii-~~ I~l~~~- ~: I : ::~: :: : :: :: : :: :::! ~=:: :~ ~::~ l::: ::::~:. ::: ::: : : ::·:. ·\ 
Pamplico River, from .Adame Point to Rumley Marsl1es ...... 

1 

.... do ............. 

1 

1-20, 000 1868, '71 I R~~~!~:~rand F. D. 

PamplicoR1ver,fromRumlf'y~iarshestoRaggerll'oint . .. . .. do ............. 

1 

1-20,000 1871) .F.F.Nes ............ . 

Pamplico River, from Raggc(l Point to city nf "rashin;zton . . . . ... tlo. .. .. .. ... . . . 1-20, 000 1871 i ...••. do ........ _ ... . 

\Jedarlslaml,bay,andvkimt~ ...•......................... \ ••. uo ...•.•....... 
1 

1-20,000 1870 \ ...••. do ............ . 
Neu8eRive:- 1 fromI>oint.ofMarshtoCedarPoint ..... do. ____________ 

1 

1-20,000 1868/J.S.BradfordandF. 

j F. Nes. 
Neuse River, from Cedar Pointto,Vilkinson'sPoint ............... do ....••....... 1 1-20,000' 1668. J. S. Bradford ..... . 

Neuse River. from Cherry Point t.o Jol>nso11'• Point .•••.•.•.....••. uo ... -·· .. -- .. -1 1-20, 000 1867-'68 I ...... do .•.••••.••...•. ' 

Neuse Iliver, from Johnson'~ Point to Fort AntlenroIJ .....••.•...•. do . . . .•• . . .. . .• 1-10, 000 1866 , ...•.. Uo .. ·-·- ...•..... I 
South River, Turnagain Bay, and oth(lr tl'ibntaries to Neuse .... do···-·-·-·-··· 1-20,000 1868-169 J. S. Bra.dford and F. 

River. 

Ent.ranee to Cape Fear River, the bars uf Oak Island, nml Bald . ·-.do ............ . 
Head Channel. 

Entrance to Cape Fear River ......... -· ....•...... - . .• . . •. .. . . •.. do ..•........ __ 
Entrance to Cape Fear River, New Iulet ..... ~- ... ·- .... -- .... ___ do ..... __ ·--- .. 
Cape ~,ear Ri\"er, bctwt1cn l<..,orts Caswell and Johnson._ ..•..... I .••. do .....••.•.••. 

Capo Fear ltiver, inner bar ... _ .......... _ ........•............. j .... tlo , .... _ .... _ .. 

Main Channel over Cliarle•tnn ~ar. _ .... _. ·-·· ...... -·- ...... --1 South Carolina .... 

1 §ff:~:.;; > - : ·1 i!• _>-1 
J ert_cho, Chowan, and IlalL"lAt Creeks, tributaries of Beaufort 1 · ... do ........... -1 

River. 
Off-shore soundings from Port Ifo:yaJ Entrance to Wassaw ! South Carolina ! 

Sonnd; GeMkin and Joiner·~ Ranks. I Jt.11(1 Georgia. ) 

Savannah River Entrance ..••...........•.•.. -·· ....•.... -·· ... \ Georgia.-·-._.,_ .. ! 

Savrumuh R~ver, from Tybeti Light to ~Iba l•land. ---·· .... ·-- ·j··· .do. ···········'I 
Sav11.Dnab River, from Ell>« Island to Fig Islnrnl. ....•......... · 1· ... do .......••.... 

~::::::: :i;~:: :::I~~~~:~~::~:~~~~:::~::::~~:::~~~~:::~::/:~:_·::~~~:~~:~~~~~: i 
S1>int Catliarine's Sound a.nd estuaries .....••...•....•.......... i .... do ....•...•.... 
Saint Catharin(-1's Entrance ...... -- ......................... - ...... 

1 

•••• do ...... -- ...... . 
Inlaud passages between Sapelo an<l Doboy Sound• ......•... -- .\ .... <lo ......••..••. 
Doboy I11let and approaches._ ....•...•...•.. -•.•......••.•.••.. i .... do .••.•..•••••• 

Doboy Sound, with Darien and North River, and adjacent creeks.I .... do . - - . -· ....... r 
Saint .Andrew's and Jekyl Sound• .............•...•.•.......•• ·i· ... do .•..•.•.••. -· 
Coast from Saint.Andrew'• llar to Saint :Mary's Bar .•...•...•...... clo .•••••••••••. 

1-5, 000 

1-10, 000 

1-10, 000 
1-W, 000 

1-10, 000 

1-20,000 

1-20,000 

1-10, 000 
1-10, 000 

1-10, 000 
1-10, ouo 

1-40,000 

1-20,000 

1-10, 000 

1-10, 000 

1-5, 000 

1-20,000 

1-20, 000 

1-20, 000 

1-10, 000 

1-20, 000 

1-10, 000 

1-20, 000 

1-20, 000 

111. Nca. 
1871 Charle• ,Junken. 

1865 J. S. Bradford.·--····· 
1865 ...•.. do···-··-····---· 
1866 ..••.. do ....•........•. 
1870 I F. F. Nes ...•...•..... 
1869 R. E. Halter .........•. 
1Br>5 c. o. Boutelle ......•.. 

1865 ...•.. do···-·····-····· 
1871 Charles Hosmer ..•... 

1865 R. E. Halter., .....•... 
1868 Charles Hosmer ..• __ . 

18G6 C. 0. Boutelle .. _ ..•. _ 

1866 .••... do ···---······-·· 
1R66 ...... do ····-----------

1865-'66 .•.... do ··-----·-······ 
1865-'jj{j ...... do ····-······---· 
1864, '66 .•.... do ·--·-·······-·· 

1007 Char <S Junken ...••.. 
1Rti7 ...... do ·-----···-···-· 
1008 .•.... do ··············· 
1868 ...... do .................. 
1868 ••..•. <lo ··-···········-
1870 R. E. Halter .....•••..• 
1870 Charl"8 Junken .... _ .. 

1013 

1070a 

1070b 

1103 
1104 

877 

894 

965 

1053 
1056 

8e4 

885 

887 

1083 

1010 

1009 

1088 

1099 

1100 

1101 
1079 

974 

963 

956 

975 

1089 

~70 

875 

876 
1014 

981 

874 

881 

1084 

869 

962 

944 

945 

946 

947 

OOt 
916 

WB 

959 
957 

964 

1~ 

10611 
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List of hydrograpkic sheets registe·reil in the archives, &c.-Continued. 

Localities. State. I 
Florida Passage, from Saint Andrew's Sound to Cumberland 

1

! Georgia .. _ .. _ ... _ .1 
Island. 

M~in ship-ch~nel ove_r .S~int Mary's River Dar ............. -··j Florida .....•..... 

::~~ ~:~~::::~~'":!;;~~~)~~ ~ ~:: :: ~ :~ ~ ~ ~: :: :: ~~ ~~ ::~: :: : : :: :: l :::~: : :::: :: : : :: : : 
Matanz;as River .........•.•...••.. __ .......•....................... do _ ........•... 

Off-shore soundings from Sombrero tu Sand Keys .................. do ...•......... 
Off-shore soundings, Straits uf Florida westward ................... do ........... . 

Off-shorn soundings, Straits of Florida east ward. . . . . . . . . . . . . . . . . . _.do ... _ ..... _ .. . 
Off-Rhore soundings from Key WeMt. to Clmrlutte Harbor .. _ ....... _ . do . _ .. __ . _ .. __ _ 
Off-shon1 soundingM from Sand Key to ].-larqnesas K<·.v~ .......... _.do ...•. ___ .•. __ 

Off-shon.11:-Jouudiug-s from :Marquesas l{cys to Itebecca Shoals .... __ .do ...•. _ ...... . 
Off-Khore soundings1 approaches to Dry Tortugas Keys ........... _ .tlo . _ ·-- _. ____ .. 
Florida Reefs, from Marquesas to Dry Tortugas Keys. . . . _. __ ...•. do . _. ___ . _ .. _ .. 
~~lorid.a Reefs, western end .Marqne~as to Dry TortugaB Keys ... __ .do . _ .•... ____ .. 
El Moro to Playa de Marianao, north coast of Cuba............ Cuba ... _ ... _. ___ . 
San Carlos Bay and Caloosa Entrance ......... _ .. _ ............ ! Florida ..... _ ... _. 
Pine I81and Sound, part of, and approaches totlie Caloosahatchee.! .... do ............ . 

l:edar Keys, main channel. ........... ·-··-- ............. -----·- .... do .. ·-··-- .... . 
Saint George's Sound ......................... ·-·--- ................ <lo ............ . 

Santa ltosa Sounc1, the Narrows, an<l west end of Choctaw· .... do·····--··-··· 
bacllee llay. 

Santa Rosa Sound, from Deer Point to Long Pritch~u·tl J)oint_ .... do ....... . 
The Rigolets ........... ----- __ . ---- _______ .. ___ __ f,ouisinna ... _ 
Lake Borgne ............................... _____ ·--- ... ... do 

:Ea~tern p:nt of Lako Pontchartrain .. --- .... __ .... _ .. ... ... ·- do 

I1de an :Broton Eay. ·--- .. ---- -·.·-- .. ---- .... _ . -----·-----·i .. do 
IRfo au Ereton Sound, sontlw.ast part, -·-- .......... __ . .. . .

1 

. - .tlo 

Passe a Loutre and Southeast Pass.--·-·. -- --- . --·-· - ... - ...... 

1 

· · .clo · - ·-- ·· .... - · 
Passe .a Loutre nnd Bar ... --- ... - .. --- --- -----. ------ ...•...•... -- .do .. --- .... __ .. 
Northeast and Southeast Passe..q ... --- . -- . --- - .. -- .•.... _ - ...•.. 1- -- .do ....... - --- .. 
West, East, and Garden Island Bays ......•.• ---- .•. --- .•...... i .... do . ---- .• _ --- _. 
South Pass ..................................................... f .... do ............ . 

E~~~::::·;:~~~~;-:::::::::_::::::::::::::::::::::::::::::1.::::: ::::::::::::: 
Mississippi River1 part of . - - · -· · - · - -- · ·· - -- · --- -- ·- · --- -- · · -- · -1- · -.<lo ·· --- · · ·--·-·I 
Jt.fiasissivpi River1 from Grand Prairie to Bohemia. __ ............... do .. -- ....... __ 

~~:::: ~:T:::::~l:~:~~: :: : ::: :: :: : : :: : ::::::::::: :: ::::::!: ~:~~:·:: :: :: : ::::::; 
Galveston Ila1·bor1 comparat:h:e chart showing chang-cs from .... do ............. 1 

~m~ ! 

Galveston Bay, western entrance ...... ----- .... -- .•...•.. ----·· .... do ........ --- __ 

West Galveston Bay ....................... ·-···-·-·---·-···-·· .... do ............. , 

::a:a~::o~::~p;~~~·~;::::-:::::::::.::::::::::::::::::::.·: :::::: ::::.::::::::! 
I:::E;~~o::-~;~~~t;;: :: : ::: :: : ::: :: :::: :: :: :: :::::::::::: :: 1

::: :~: :::::::::::::I 
Espiritu Santo Bay···--· •..••. ···-·- .............................. do ........ --·-· 
Aransas Pass .............................. - ....................... do ............. j 
Aransas Bay·--·-·········-·-·· .................................... do ............ . 
Corpus Christi Pass .............................. -· ................ do ...... . 
Corpus Christi Bay.-· ...... --· ......... ·- ................... - ...... do ............ . 
Entrance to Ilrazos Santiai:o and J,aguna .Madre .. -· .. _ ..... - ... - . do ............ . 
San!" Barbara Channel, in-shore sounding, No.1 ........ ·---·- .• C:ilifonii1> ........ . 

Santa. Ba.rha.ra Cba.n11el1 in-Rbore sounding, No. 2 .. __ .............•.. do ..... - ...•... 

Santa Ra:rbara. Channel, in-shore sournling, No. 3 .. ---- ----·-. - ... - .. do .. -- .... -- - .. 
Santa Barbara Channel, in-shore sounding, No.4 ...... ···--· ....... do ............. 

1

1 

Santa Barbara Channel, in-shore soumling, No. 5 ............. - ...... do .. -......... . 
Santa Ba.1·bara Channel, in-shore sounding, No. 6 ...... -·-- ....... - .. do ........ -- ... ! 

Sca.lt._·. 

------; 

1-20, 000 

1-20, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-Jf.0, 000 

1-400, 000 

1-400, 000 

1-400, 000 

1-40, 000 

1-40, 000 

1-40, uuu 
1-80, 00() 

1-80, 000 

1-10. 000 

1-20, 000 

1-20, 000 

1-10, 000 

1-20, 000 

1-20, 000 

1-20. 000 

l-20, 000 

1-40, 000 

1-40. 000 

1-40, 000 

1-40, 000 

1-20, 000 

1-10, 000 

1-10. 000 

1-40, 000 

1-20, 000 

1-10, 000 

1-20, 000 

1-10, 000 

1-10, 000 

1-20, 000 

1-10, 000 

1-2{), 000 

1-10, 000 

1-10 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20. 000 

1-10, 000 

1-20, 000 

1-lU, OOIJ 

1-20, 000 

1-20, 000 

1-10, 000 

1-10, 000 

1-JU, 000 

1-10, 000 

1-10, 000 

1-10, oou 

Da.k. Ilydrographer. 

1870 Cl.t.Jm1ken ........... : 

1869 R. E. Halter .... _ ... .. 
1870 Il. Anderson .. _ .. .. 
1870 ...... do ........... .. 
1870 ...... do ..•.•.......... · 

1868 Hoh. Platt, LS. ~ .... 1 

l'.'.!69 .••••• do_ .•. _____ •..•. 

186!} .••••. dO .••.•..•....•. 1 

18fJ7 .••.•• do ..•..•.... 

18li7 ...... do ........ 
11:1'70 . -- - •• <lo - .•.•.. 

1867-'68 ...... do ....... 

1867-'68 ...... do 

1871 ...... do .. _,_., ... 

18fl7 W. S. Edwards .. 
1866, 'fi7 

1 
.....• do 

1866 C. 1'. Tardolla. 

1871 F.P.WebUer ..... . 
1871 Il. Anderson ____ .. ___ . 

1871 H.G.Ogden .......... . 

1871 
1 
.... _.do ............. _.; 

1870 F. I'. Webber ......... / 
1870 ' ..••.• d-0 .••..••••.•• ···i 
1870 •.... do ............... ! 
186(} I ••••• do•••••••••••••••: 

1869 ...... do ............... : 
1H67 F. B. Gerdes .....•.•.. : 
18G7 •.••• do ... -- .•.•..•••• 

1867 1 •••••• d(l ··----·········: 
18-fit< ::E'. Jl \Vebber .••.•.•.. 1 

1807 : :F. H. Ge-rdes .......... : 

1867 •.... do .............. . 
l~fi7 ..... .do .............. . 

1267 : ...•.• do 

186G •.... do 

1871 
1~().7 

lt!67 

18"7 

C. II. Boy<! ............ : 
F. F. Ncs .............. . 

••... d-o ·---·-··-··· .. j 

C. B. Boyd ... ·-- ...... ! 
1867 .....• do ....•...•.•.... , 

1867 ':F. F. Xes .............. 1 

1867 .•.•.• do ............... ! 
1866, ·71 F. P.,\~chberan<l F. D. \ 

Granger. J 

1871 F.D.Grauger ..•.•.••. / 

1871 .•.••• do ............... : 
1871 ...•.. do ............... ' 
1871 ...... do ............... · 

18711·-·- .. do ............... ' 
1868 F.1''.Ncs .............. / 
1869 H.Anclerson ·---·-·- .. 
186, 1 ...... do ............. . 

1868 
1 

F. F. Xe, .. , ......... .. 
18fi7 ! C.H.Ilopl.. ........ .. 

lt69 / E. Cordell and G. Far-

18691 · · ·~-u~: ............... . 
1869 ... _ .. <ln .............. . 

18691 ·• .. _.do ........... , __ . 
l>l69 ...... do .............. . 
1869 ...... do ............. .. 

91 

Reghjter 
number·. 

1063 

9b0 

10~6 

1046 

1047 

lOlili 

1000 

1091 

911 

!112 

10:-i:! 

fl:'j;) 

fl:i4 

107(i 

\lOO 

917 

908 

lOSO 

1092 

1107 

1108 

1054 

1055a 

10S5b 

999 

1000 

989 

027 

!l'i6 

901 

990 

925 

923 

924 

922 

1093 

906 

918 

919 
919bis 

931 

932 

1031 

1094 

1095 

1097 

1098 

1096 

99-0 

995 

994 

9i.S 

909 

1038 

1039 

1040 

1041 

1042 

1043 
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List of hydrogra:phie sheets registered in the archives, &c.-Oontinned. 

1.-ocalitics. 

Saula Uarlmra Cbannd. in-shore sounding, 5o. ";'. ___ .. _ California. 

Santa Barliara Clmuuel, ufi'-shorc sonmling:-; __ ......... --- ----- ..... llo ••... - ...... . 

Santa UarbaraChannt•l: entrance Coxo anchorage ..... ----- ........ do ............ . 
Roadistead uuder Point Sal. .... _. ___ ... ____ .. _____ ............ _ ... 11o ••••••• 

Ha1·hor of Hnenaventura .............. _ .... _ .................. . 
Off-shore soundings, Point PPdro. Santa Crnz 

Suisun Bay, Cortlclia 1 Snhnm, an<l Montt>zuma Creekr; ..•...... 

Suisun nay, with {'OUti11m1cP of SacTamento 
Rivers. 

Sacramrnto and Snn Joaquin Hi\'Crs ..... 
Uarq uines Strait.a, part of _. _ . _ ..... _. 

..•. do .•.. --- ..... . 

:::::: :::.::.:::.::11 
... do-------------

... do. 

... do .... 
Off-sborC' soundings from l'oiut Rt~yes t{) Bodl•ga Ileatl ____ . . . . ... do .. __ .. 

Off.1ghore soumlings from I'nint I:cyes to Tom ales J>oint. - ...... j .... do •... - ..•..... 

Crescent Cit.)· l{t-f'f ................................. _ ... ---- ....... :- ... clo ............ . 

~:::: ~:; :::::: :: ::-: :::::. :::::: :::::::: :::: :::: :: :::::: :::::: 1-~-r~~~~:::: :: :::::: 
Yaq11inaBay ........................................................ tlo ...... . 

Neha.l~m Uiver Ent1·ancc ... ___ ......... ·- •................. _... . .llo ... _ .. 

Tillaino-ok Bay .••.•. ···-- ....•...............•.......•...•.....•.. do .....• 

Culuml.Jia River, from Threi: Treu Point to Gray's Eay ........ __ .. _ .. do ........ ·---· 
1 

Columbia River, from Cathlamet Ilcad to Settler's I>oint ........ ~ ~ ::~~ ~ ~ ~ ~ ~ ~.~~~~~~I 
Columbia lth·cr, from S(•ttlPr·~ Point to Ton~ne Point.. 

1 
Columbia :River, from Tongue Point to Cape Disappointment ....... do ..........•.. ! 
Co1umliia lth·er I~ntrancf' ...... ·---- .. ____ .. _____ . __ .do _. ____ . _. _. · 1 

~:;:1~:~~~:~s~~:1_c~ ~~~~ :~i_c_i~i~~·. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~: ~ ~ ~ ~ ~ ~ ~ ~ .... _ ........ _ ~ ~<~i-~~~~~- ~·~~ ~ ~ 

1-10, 000 i 
! 

1-rno, ooo 
1-10, 000 

1-:J, 000 

1-10, 000 

1-Hlll, 000 

1-20, 000 

l~tm ) E. Conldl aml G-. Far· 

! ip1har. 

1~69 _.,10 ·--··· ···-· ..•. 

186~ .. <lo·--·····-······ 
18ffj" 

1870 

1Bfi:l 

1867 ..Uo ..... . 
J-20, 000 : 18fiU-'G7 do 

1-10, uoo 
1-10, 000 

1-100, 000 

l-'20, 000 

l-'20, 000 

1-10, 000 ' 

1-10, 000 ; 

1;~~' ~~~ ! 
, I 

! 

U{ii 

1866 

186fi 

1866 
186(1 

1863 

1865 

<lo 

--do ... ··-········· 
.. do 

..do .............. . 

•. llO ..•••••••.••. -· 

1R6R / L\.\Y.Clmsf' ····--··-· 
1868 ! ll. Cordell anil G. Fur­

q_uhar. 

1-10, 000 , 18Glr-'67 I J. :Kincheloe ......... . 

1-10,000. 1807-"fiP I E.Conlell._ ...•. -··-· 

1-10,000 lBGS ···---do-······--······ 
1-10, 000 

H!O, 000 

l-:.?0, -000 

1-10, 000 

1-10. 000 

18fi~ do·-· ... ---------

1868 .•.... (10-········--··-­

l~G~ .... _.do-·-·····-····-· 

~:~~ J~_s._~:'~"~" ::::::::::i 

1044 

1045 

1037 

921 

lOel 

871-, 

948 

HO~ 

935 

8<9 

8~9 

8!50 
1025 

901 

90'2 

998 

973 

936 

1015 

1016 

1011 

1018 

1019 

8:!6 

1102 
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APPENDIX No. 6. 

REPORT OF :METEOROLOGICAL EFFJ<~CTS ON TIDES, FROM onSERYATJOXS BY PROF. \VM. l"ERREL. 

CAllrnRIDGE, }\lAss., .May ~a, 1813. 
DEAR SIR: I have the ho11or to submit the follmdng fiual report on tlie discussions of the 

tidal observations of Boston Harbor, pertaining to tlie rneteorolog-ical (•fll•l'.t H of t11e "imlH aml 
the cha11ges of barometric pres~mre npou the heights of tlie tides. The heights of high and low 
wattirs for six years, from 1856 to 1861, inclusive, were computed by the formulas allll tables giveu 
in a previous report and the results compared with the titlal observations and the residuals noted. 
From the manuscript-records of the olrnerrntory of Harvard College, which were permitted b;v tlie 
director to he used for the purpose, the corresponding barometric pressures and forces and llirec­
tions of the wind "·ere obtained and collated witu the residuals. Tue range of the barom(•ter was 
then divided into seven parts, a-ud all the pressures belouging to each one of these dh·isions were 
grouperl together, and also t1ie correspomling resiiluals bl'lougi11 g to both the high and the low water,;, 
and the averages of the residuals compared with those of the barometric pressures. The observations 
when the barometer was rising wern kept separate from thm;e when it was falling, in order to deter­
mine whether there is any sensible difference on account of the iuertia or the friction of the water 
preventing it from assuming at c:wh instant the cornlition of ::;tatic equilibrium. The fo!lowiug 
results were obtained 

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

I 
I I Rif~ing lrn..rometer. Falling lJarom(1 h'l'. .A vera~t·s. 

I 
I 

I 
i Barometric I No. of 

' I 

No. of Tidal : Bar om r•tTic \ Titial ~o. t1f : J:aromPtt'i<; Tiilul 

obs. pressure. ' resi<lunls. ! ohs. pressure'. resi1luals. obs. i pn·$~ure,. r~·$i,lua~s. 

I I I-I --------

II 

I ln1•he1-i·. Feet. I InchP.s. P<'et. I1tcheR. Feet. i 
r1 92 29. ~.05 1-0. 250 171 ~.w. 473 +o. 243 2Gil :w. 403 +0.~48 

I JI 
180 20. 710 0. l!O 31!1 2!J. 7ZO O. lt'O 4D9 29. 71:> (J.';}21 

I 
Ili~11 waters._ ... ~ i 

22;) 29. 84:\ +o. OJ!:i zeo 2H. ~40 +O.OJO 50.J :!9. 843 
' 

,-ll.'04il : 

313 2!1. 940 -0.100 :~3G ~n. o:t.:-1 -0.010 ti49 29.!Utl -0.(l:J:\ 

Ii 4;)7 30. 050 0. lilO 408 30. 050 0. OtlO 865 ilO. 030 0.107 

I 4eo 30.193 0. l(i:i 402 30. 190 0. 190 882 30. Ul7 O. t!l:i l' 30:1 30. 415 -0. 330 214 30. 410 -0. 3211 ,)l!I 30. 417 -0.32() I I I 
I (· 6t) 29. 4113 +o. 39J 108 29. 48:1 +o 39;; 174 29. 4t'~ +o. 39:> 

I 

I 
11 

183 29. 705 0. 19:> 25() ~:m. 714 0.245 43:1 29. 710 0. 147 

224 29. 840 o. 065 23:1 2!l. P4;J 0. 11:; 4Ci3 2!>.BH o.os;, 
Low wator<l ..... , I 349 29. 945 0. 040 359 2!1, H4.) 0. OEO 708 29. 945 0. 061) 

I /1 
4;10 30. 055 +o. oo~-> 412 30. 0.)(1 +n.010 f-14:2 29. O;>:J +o. oos 
482 30. 200 --0. 06;; 443 30. 190 --0. 060 [)2;) 30. lU,) -0.06:! 

I ll 323 30. 425 -0.190 '.::5t) 30. 420 -0.165 ~bl 30. 423 -0.178 

.,. __ ) l:i8 29. 502 +o. au7 27il 2!1. 480 +u. 320 437 29. J9l -tO. ~lG 

i 36:! 29. 708 0.1.52 fl6fl 29. 717 o. 212 932 29. 71:? 0.1:"4 

449 29. 842 0. 050 519 21!. S!:l 0. 08:-2 96.' 29. 842 0. Oo4 

I 
f'62 29. 943 -0. 030 695 2!1. 940 +o. oa;; 1, :15i ~9. f142 +o.om 

l 
887 Jo. o;,1 o. 062 820 :10. o.;o -O.Oil5 1, 707 30. 052 -0. 04H 

I 
962 30. 197 0.115 845 30. mo o. i2r> i 1, 1'07 30.19~ o. 124 

I 
628 30. 422 -0.26-0 472 3-0. 415 -0. 24~ 1, l-00 30. 419 -0.251 I 

If the tables from which the heights of the tides were computed were correct, the algebraic 
suin of all the tidal residuals iu the last column of tbc preceding table for the high waters, and 
likewise for the low waters, should be o. Tile average of the former for the sm'en groups of 
observations, giving each equal weight, is -0.024 feet, and that of the latter, 0.065 feet. This 
indicates an error, -0.020 feet for the mean level, and of 0.044 feet for tbe mean amplitude, of the 



 

94 REPORT OF THE SUPERINTENDENT OF 

tide from thP tables. The former mas be regarded as falling within the limits of the errors or' 
obsen-ation in a series of six years only, or it may be due to a small change of the zero of the tide­
gauge during the full series. Tlrn discrepanc.r in the amplitude, being about a half-inch, cannot 
be regarded as falling· within the limits of the errors of observation, and must be due, at least in 
part, to a small error in tl1e tables. 

The average atmospliel'ic pressure at the observatory, as deduced from all the observations, is 
30.007 inches. If we, therefore, put p for this pressure at any time expressed in inches, we have, 
for the expression of' the correction of the heights of the tide due to changes in the barometer, 
(30i".007 -JJ) C, in which C is a constant, to be determined from observation. This expression pu~ 
equal to each of the tidal resid1rnls expressed in inches in the lower right.hand column of averages. 
in the preceding table, using the cc1rresponding values of barometric pressure for the values of p, 
we get se,·en equations for determining the most probable value of C. Giving the equations 
weight according to the number of observations, we thus get-

C=7.33 ± 0.05 

The theoretical value of this constant is 13.56, this being the ratio between the dellsities of 
water and mercury. I am nu able to explain why its value in Boston Harbor is little more than 
half as much. The value of this constant also, as uetermined from observation for several other 
ports, is much greater. 1\1. Daussy found that at Brest the ocean rises 0.2::!3 of a meter for a depres­
sion of 0.0158 of a meter in the mercury, ( Comwissance du temps, 1834.) This gives 14.11 for the value 
of the constant at that port, wl1ich is a little greater than the theoretical value. Lubbock obtained 
11.1 for the value of this c01rntant at Liverpool; but at Loudon he found that the water rises 6.3 
inches for a depression of 0.90 of an inch of the mercury, (Phil. Trans., 1836, p. Ul.) This gives 
ouly 7.0 for tlrn value of the constant at Lonllon, which is less than the value obtained for Boston 
Harbor. The value of this constant, then, seems to differ very much for some reason in different 
ports. 

By comparing the tidal residuals of rising barometer with those of falling barometer at the 
bottom of the preceding tahle of results, it is seen that there is a percepti(Jle difference near mean 
barometer, and that the sea-Im-el is a little lower when the barometer is at the mean anll rising 
than it is when the barometer is at the mean and falling. It was overlooked in my preliminary 
report, which has been published in Silliman's Journal, that this difference is exactly contrary to 
what we would suppose it would be, and seems to indicate that the changes of sea-level anticipate 
the forces upon which they depend. When tlle barometer is rising, the sea-level is falling; and 
when the former has arrfred at the mean, the laHer, if the changes are retarded by inertia or fric­
tion, should be still a little above the mean, whereas the residuals in the preceding table, whether 
we consider t110se belonging to high and low waters separately, or the averages of the two, clearly 
inllicate that the sea-level is already below the ruean. And almost every individual result belong­
ing to the different groups of observations gives the same result. We cannot, therefore, suppose 
that it may be an accidental result falling within the limits of the possible errors. of observation. 
I think it may be satisfactorily explained in this way: When the barometer is rising, we usually 
have clearing-off weather, with west or southwest winds, which tend to lower the sea-level, and con­
sequently they more than counteract, the effect of inertia or of friction, if these latter effects are 
at all sensible; when the ba.rometer is falling, we usually have east winds, or at least an 
absence of west winds, and hence the sea-level at this time is a little above the mean level from 
this cause. 

In orde1· to obtain the effect of the winds from the different points of the compass upon the 
heights of the tides, all the tidal residuals for tbe six years belonging to the winds from each of 
the eight principal points of the compass were grouped together, and. the averages taken, and also 
the corresponding average forces of the winds and of the barometric pressures. The forces of the 
winds in the record of the observations were denoted_ by the numbers o, 1, 2, 3, and 4 ; O denoting 
a calm and 4. the strongest winds recorded. 
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The following results were thus obtained: 

I , 
Uarometri(~ A "\'eragf•, force ! A YPT3,!!f"' tidal CorrN'.tNl 
pressure. of wind. 1 residuals i residuals. 

--- -----------1-------I----: 
\Vind. 

I 

: No. of oliserva~ 
1 tions. 

Inches. Feet. Feet. 

N. 244 30. 007 +. 005 ], 6 +0.::!1 +o. 21 

N.E. 317 +.009 1. 7 +U.23 +o. 21 

K ~7-t +.05~ 1.3 +U.\14 +o. 01 

S.E. 131 +.033 1. 5 +o.o:i +o. os 
s. 165 -.074 1. 8 -0.03 -0.07 

s.w. 796 -.021 1. 5 -0.10 -0.11 

\Y. 677 -.073 1. 0 -0.18 -0.2:.:! 

N.W. 527 +.001 l. 6 -0.10 -0.11 

Calm. ~J4fi +.O;-Jl 0. 0 -0.Ul +0.02 

--------

The number of observations in the second column denotes the relatin frequency of tlie winds 
from the several different points of the compass. From tl.te column of barometric pressures it is 
seen that with winds from NVV. around by N. to SE. tbe barometer stands above the mean, but tllat 
with winds from SE. around by S. to NW. tlle Larometer stands below tbe mean. Tlie U\·erage 
tidal residuals foHow very nearly the same law. The full effect of tlie wind, tlierefore, is 11ot shown 
by the fifth column, since the tidal residuals are always ttffected by tt correspondiug chauge in the 
barometer, and require to be corrected by tile preceding expression of the correction with tlie value 
of the constant 0 as determined. The last column, containing the residuals thus corrected, incli­
cates the effect of a wind from each of tl.te several points of the compass haYiug the average force 
of the wind from that 1ioint. 

It is pretty generally thought that the 'rinds cause Yery considerable changes of sea-lernl, hut 
it is seen from the last column of the t.able al.Jove that an awrage NE. wind rai8es the sea-lenl 
only about three inches, and that a SW. wind depresses it not quite so much. If t11e numbers in 
the scale of forces represent the velocities of the winds, the elevating and depressing eftect of tl.te 
winds may not be proportional to the forces, so that a strong wiud denoted by 4 in the scale may 
raise or depress tbe sea-leve.I three or four times as much as a wind of a1erage force., this depending 
upon the law of friction between the wind and the water. Very strong winds, therefore, may 
change the sea-level in Boston Harbor a foot or more; and this agrees well with indfridual obser­
vations. Of about 700 tidal residuals of 11igh water throughout the year 1859, ol1tained from a com­
parison of computation by the formulas and tables with observations, only ten amount to as much 
as one foot. If, therefore., we suppose that these residuals are due to the effects of the winds only, 
and no part of them to other disturbing causes,. and to errors of the tidal formulas all(} talJles, 
even· upon this supposition we know by actual measurements with the tide-gauge that in the 
course of a whole year, the sea-level of' Boston Harbor is not often changed by the winds as much 
as one foot. 

An important meteorological result is shown in the fourth column of the preceding table, which 
is that the barometer during calms stands very near the maximum of all tlJe averages of the winds 
from the different quarters. This indicates that the winds are genernl1y of a c~·clonic character, pre­
vailing mostly in the interior of the cyclones where there is harometric depression, and that the 
calms are mostly in the external part where there is higll barometer. 

The followrng table of results brought out in the dii<cmsion shows the annual chnngcs of tlle 
barometer. As the unreduced observations were used, a correction for temperature in this case I.las 
to be applied, to reduce the barometer to the mean of the year to correspond with the preceding 
results, in which tlte average corresponds to the mean temperature of the year, or to reduce them, 
as usual, to the temperature of freezing. 
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In the following table the reduction is to freezing and for capillarity: 

I 
1l ~{umber <lf · i Red nerd to 3:2° 1 

~louth. 1. oli8eITH· Barornder.; uudfoi·ca1•il- Uorrt:cte1lliaro-
tiom~. ! larit;y. mt~ter. 

1--- - -- - l-------I-11c-J1-e~-:-.---I-n-r.h.-eg-_ ---JJ-rn-.h-e ... ·-.--_,I 
! .. Tanuar,Y----·-1 3-;]4 2!l !1!)5 -0.004- 29.fl34 . ..:.. .o:-)7 

i }"'elJl'UUry .••. -1 310 30. 007 0. 020 °f • 05:) j 

I 
J\farch .. _ ..... 

1 

3G3 2fl. eeG o. 043 - . 001 

11.prH . - ....•. -I 317 2D. 9;;7 0. OGG - . 043 

May .......... ! 3"4 :lO.Ol:l O.OUO - .011 

I
J1rne .......... j 3!il 29.Dtil 0.110 -.083 
.1uly __________ i 3;-j<i :~O.O::!l 0.121 -.0:1;;. 

August ______ '. 377 3.0. 0:!3 0.11!1 - . 0:-101 
! sc1)tcmhcr. _. -! :HiO :rn. 104 o. 104 -I . Ofiii t' 

/ (_~ctuber ...... -i 3;i8 30. O.l8 CJ. 07G . 0-tB 

11\oycmber . . . . 335 29. fl47 0. 04G + . OG7, 

I December ..... / 3~il 30.0:i:i -0.020 + .001/ 

The mean barometer at the height of 71 feet above mean sea-le,·el, and reduce<l to the tempera­
ture of 3:!:>, is :!9.!)3-! iuches. Addiug 0.08:! iuch for the reduction to meau sea-level, we get30.Ul6 
iuches for the mean heig·ht of the barometer at mean sea-level in Boston Harbor. 

The last column in tlw table shows thal there is a -ver_y small ineqnalit,y, with an annual argu­
ment, and a co-eftict>nt of about 0.05 inch, making the h;trometric pressure a minimum about May 
and a maximum in November. The numl.Jer of observations was not sufficient to eliminate the 
accidental irregularities, aud to determine tliis small arrnual ine<1uality very accurately; but it is 
e\'ideutly too small to account. for much of the obserYcd annual iuequalit.Y hi the mean sea-level. 

The following table of results is obtained from classifying the observations of the winds 
accordiug to their dinmtions for each of the four seasons and for the whole year: 

Season. 
N. N.E. _ _1"'_ __ _8~~: _____ s~ ___ I ~---- w. \: __ N_._w_. __ 

-· I I I I I I I • I 
_________ : i I I I I ' I I 

Oh,. S 'f' Ohs. I S F Obs. ; 8 .. I". 01.Js. 1 S F. Ohs. 8. F. / Obs. 
1

1 S. F. Obs. 
1 

S. F. I' Obs. i S. l<'. 

Wlntcr............... !J2 ~ 1;,:1 
1 

~1--- 7J I 2-21-;- 1 ~-;- 1~ 3~I -~1-~·1!- -;~ j~:~l ;---;;- 193 ~ 
Spring............... 6~ I 117 

1 

120 : 183 i 106 I 137 4:i 63 57 1
1 

109 183 293 : 181 1 3231 1!3 ' 210 
I I I I ' I I I 

8nmmer......... . 34 I [1~ 8.:i 'I 149 ~ 101 ~ 14:1' :n Ul: 50 j (i7 269 ! 41G i 150 i 238 104 176 

.Autumn ........... , f;oj fl7, 7:!! 129[ !lt) 82! 31,i 481 43/ 75/ 1881 3on: Hi7' 275! 15tii 264 

\YholP >·par .•.... ] ".!54 ;-mi :{:.Ni ;;::Hi;- 2~0; arn1 
1 

32D: 208 .-18G i
1
-3rn i[-tl~9 '.1.Wfil-1w J,214 

1
[-56fi - 9137 

I \ \ ! : i. : I , I 

The num b<'r of obsen·ations denotes~ also, the Telative frequenc:y of the winds from the different 
poiuts of tlw compass. It is seen ti.mt the predominating winds are from '\V, aud SW. during all 
seasons of the ;year. The numbers headed S. F. are the sums of the numbers in the obsen·ations 
denoting the forces of the wiutl. There is some uncertainty with regard to the ;male used b.r Pro­
fessor Doud in denoting the forces, but it is supposed to be tlrn scale from 0 to 6, in which 0 denotes 
a calm and 6 a velocity of eighty-five miles per hour, the numbers representing the ~rces being 
very ucarly proportional to the velocities. At any rate, the sums of the forces above may be 
regarded as repTesenting the relati-ve snms of the distances passed over witLiu the limits of the 
errors of snch obser\'atious. With a tallle of latitude 1tnd departure, therefore, we readily determine 
the relati,·e distances passed over and the directious for eacil season of tbe year and for the whole 
year. We thus get the following table of directions from which the wind blows, and the relative 
distances traveled over : 

Winter. . . . . . . N. 780 W. 126 
Spriug ...... _ . N. 85 W. 386 
Summer ...... S. 71 W. 383 
Autumn ..•.. N. 8-! '\V. 498 
Whole _year . . N. 87 'V. 1,020 

It is seen th~it during the winter the wind IJlows from a point on the average 120 }il'. of W., but 
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i11 tlJe summer from a poiut rn° S. of \V. Thi:; <lifferenceiscaused lly t\uqlifferPnce in the relati\'e 
temperatures of the lan<l and sea in thl' two seasons, and sbows that the winds b:n·l' slightly a monsoon 
character. During the spring and fall, when the relative temperatures are ahont the same, the 
winds blow \'ery nearly from the :same point, which nearly corresponds with that of the resultant 
of the whole rear, tlie directio11 of whicl1 is from a point 3° X. of \\T. The atmosphere iu the 
course of the whole year mo\·es a little more south thau north. 1Jividi11g l ,~)20 hy {l,29!J, the whole 
uuml>er of ousern1tior11;, ·we get 0.58 for the average force iu the direction of the resultant. This, 
by the supposed scale used, corresponds to a velocity of about eight miles per hour, in a direction a 
little south of east. 

The accompanying· ;:;ketch ccrntai11s a g-rapbic representation of the relath'e amounts of wind or 
. 1listauces traveledo\·er, from the tliffere11t points of the compass during tlH' eom·se of the year, aud 

S. 
OrapMc repre.se11tatio11 of the 1·elati1•1' m1wu1its <rnd dil'ectio118 of 1111· wi"'I Jin· 

ear•ll of tlw .fom· R<'llROllR fm· thr 11•llf)/e :•1rm· at Rnnto11. 

N. 

Whole Year 

s 
of ·the effects of the windfl npon the sea-level and the height of the barometer. The ordinates in 
the inner circle, determined for the eight principal points only, represent the relative amounts of 
wind daring the year and not the average force of the wind, the center of the circle heing in the 
direction in which the wind blows. The ordinates upon the circmnforeuce of the middle circle 

rn c s 
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represent the effect of the aYerage force of the wind from the different points of the compass upon 
the sea-leYel, the onlinates within the circnmfere11ce lie noting depression of the sea-level, and those 
on the outside of it denoting eleYatiou of sea-level. The scale is oue foot to the inch. The effect 
of the winds upon the barometer, if it is nn effect, and the winds and the changes of barometer do 
not belong to some common cause, is indicated by the ordinates upon the circumference of the outer 
circle. These onlinate;; repn'sent thl' absolute amount of change in the height of tlle mercurial 
columu. 

It also contaiui:, a representation of the relative amounts and of the directio11s of the wind for 
each of the four seasous and for the whole ,vear. lt is re;ulily seen from tllh; that the resultants 
are mostly in au easter!~- direction, and that the motion east, during the winter is nearly twice mo/ 
much as it is <luring tlle summer. The effect of the east winds upon the resultant for the spring­
Hf'ason is also seen. 

8ketch No. :18 contains a graphic rl"ln'esentation of the heights of the tides and of the lnnitidal 
intervals given l>y the tables arnl h_y observations, and of the effects of the win<ls and changes of 
atmosvheric pressure, for the month of Julr, 1858. This is the time when the obliquity of the 
Ill•)on's m·bit to the equator is greater than in any other part of the whole series, and, consequently, 
when the dinrnal tide is the greatest. This causes the alternate heights of high and low waters to 
be greater and less, as represented in the sketch, near the times of the greatest declinations of the 
moon, the maximum of the luuar and principal part of this effect occnrring two da;fs after the 
greatest declination. At this time, also, the moon's perigee occurs near the time of one syzigy and 
its apogi;e n<'ar the time of the other. Hence the predominating influence of the lunar parallactic ine· 
quality oYer that of the solar, or l1alf-mout.hl:y, is well represented by the sketch. At the time of the 
new moon and the moon's perigee these two iuequali ties com Line and make the tides unusually large, 
but at the time of full moon and the moon's apogee the parallactic inequality more than counteracts 
the ltalf-mouthl_y inPqnality, so that when in European ports there h; a second maximum, though 
smaller, in Boston Harbor tlihi seco1Hl maximum is eutirel,y destro,Yed b,y the predominating effect 
of the lunar purallactic iueqnulity, and the magnitmle of the tides do not coaie up to the mean tide. 

'fhe augnlar points in the sketch represent computation, a11d the dots ohservatiou uncorrected 
for the d'feets of uwteorological changes. After correcting the observatio11s for ntri-1tious of 
barometric pressure uy the formula which has been giH•n with the value of tile constant U, as 
determined from olJsen·atio11, and also for the effects of the winds as determined in the preceding 
discussion, the ob;;ervntiom; thus corrected are represented by the dash. Jn general, this correctic•n 
of the observations improves the agreement with theory, bnt it sometimes happens that it is the 
reYerse. Of course, this correction for the rneteorological effects is only partial and very imperfect. 
\Vbile, perhaps, the principal effects depeud uvon the local state of the lJarometer and of the winds, 
yet a YPr_y great part, nn doubt, depends upon tile meteorological coIHlitiou:; iu distant parts of the 
ocean; fo1· if the barometer and the winds iu Boiston Harbor, aud for a c011isiderahle di:stance around, 
were to remain the same, _yet the meteorological clrnuges in distant parts of the. ocean would still 
cause consideralJle chauges in the sett-level, as well as other oscillations, independent of any astro­
nomical forces. The corrected residuals, represented by the spaces lJetweeH the angular points and 
tlu~ dashes, deveud upon the imperfection of the conections for the meteorological effects, upon 
errors of the tables, and of theory. It is not claimed, of eourse, that the theory is perfect, aud 
the tables do not represent ttccurately the theory. To attempt to represent accurately the theory 
would require Yery complex formulas and tables, which would increase very much the labor of com­
puting the tides; and since no accurate comparisons can he made between theory and individual 
olJservations, imch accuracy was thought of too little importance to make these tallies very complex, 
aud thus to increat-ie the lalJOr of computatio11; for if we had a theory a11d tables allsolntely 
perfect, so great are. the various a.bnormal effect:-; which cannot he taken iuto the tlrnol'y that there 
would scarcel,v be au~- perceptible decrease of the residuals. 

No attempt has been mmle to deterrniue tlie meteorological eftect upo11 tlie times of the 
tides. 'fhese are, no doubt, very great in individual cases, !Jut it is doubtful whether mucb 
of these effecti,i could he represented by auy argurnent8. The times, therefore, as represented in 
the sketch, are entirely uncorrected for a.uy of these effects. Tue very natm·e, n.lso, of such obser­
vat.iou1' l'e1ute1"R tlw.m inaccurate; for ver.v Ritmll errorl'I change considerably the mere time of the 



 

maximum or minimum. Ver:y ismall abnormal effrct;; also, abont these ti111e:-;, may <1fft'd very rn11d1 
the obsen-<>d tinrn of the maximum or minimum. If the general sea-](•yeJ iR risi11g about the time 
of high water from a change of barometric pressm·e or the winds, tile time of the maximum it-1 
Jater, aud tlrn reverse, if it is fallin,g· at that time. The ahnorrual oscillatio11s of various periods, 
which are always oliserve1i more or less, ma,y ahm affect VPry much the ti11w-oliservatfom;. In 
forming the tal>le8, also, it was seen that the effect of the lunar a111l solar Lliurnal tide8 in all their 
various rclativ~ phases upon the mere times of high and low water could not he accurately repre­
sented in all iudivi.-Jual cases without making the tables very complex. 

The averag·e of an the re:siduals, uncorrected for an_y meteorological effects, belonging to the 
six years, are as foJlows : 

YL·ar. Il. 1\', J,. y;··. ),feau. 

Fc('f. Feet. Fl'ef .. 

lr-<,.)fi. - •. o. 44 0. 4:l ()_ 44 

18.";7 o.:m 0. 4~ o. :m 
Jt-::-1,>-: u. :w 0.3;, u. :.Jti 

1Rl9 ()_ :ll 0. :3;"1 ()_ :1:1 
1~60 .... o.:{1; 0. :-~5 u. :l(; 

1e1;L. ... o.:ti 0. :i-;· 0. ;~;-I 

The 1·esi<luals of the first t.wo ;yt>ars are geuerall,y much larger titan those of the followi11g 
~-ears, au<l tlie eftect is seen in the averages. There was a change of observer in August, 1857. 

By taking the monthly a,-erages of the residuals in the heights for the last four years, and of 
the residuals in the times for the ,year 1858 only, we get-

F,..et. J.fin. 
.January ...... 0. 52 i'.-1 

Ft~ bnmr.v .... .0. 44 5. :.! 

Maruh ·--·--- 0.40 li.ti 

.April ........ 0. 30 :-i.(l 

Ma~· .... .. u. 30 4. 5 
~Junl' ............. 0. 21 3_ ~ 

Jul,\ .. ·········· 0.27 ·t:! 
..AU~U8t ••...•.•.. 0.31 ·l. ' Se11tember 0. 32 5. ll 

l OctobPT ___ 0. 31} 6 " 
No-Yember o. 37 8. 0 

llecomber ---· 0. 44 8. G 

·-----· -------- ------

It is seen that in both the heights and the times the residnals are only about half as great, in 
summer as in winter. This shows that the residuals are due mostly to meteorological effects, and 
that they are least in summer, because the meteorological changes are then least. If, then, these 
effects were entirely absent., the residuals would be still much more reduced. 

The computations of the tides from the formulas and tables were made mostl~· by Mr .• T. G-. 
Spaulding, aid in the Coast Survey, and they i;emn to have been made with great accuracy aml 
faithfulness throughout. 

Very respectful1y, ~·our:;, 
\Y:\1. }'ERREL. 

Prof. BENJAMIN PEIRCE, 

Ruperintendent United 8tH-fe1< Coast 8urup. 
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API'ENDIX Nu. 7. 
)JETEOl:WLOGICAL REGISTER, ALASKA TERRITOHY, 1"70-'il. 

Saint l'aul'!! L~land.-Latitude, 570 K.; longitude, 170° lV. of Greenif'ielt.-Obi;erver, Capt. Charles 
Bryant. 

[Tlte statiou is fort.y feet above tide-level.] 

FAIRHAVEN, 1\IASEt, Octo/jer 2, 1871. 
SIR: I bave tlw bonor to transmit the indosed copies of a meteorological record kept by 

myself while on official duty at Saint Paul's Island, Alaska Territory, from November, 1870, to, 
July, 1871, iuclusiYe. This being the first winter record kept at that point si11ce the cession of the 
Territory to tlte Uuitccl States hy Hussia, it is proper to state that the cold during February, 
March, aucl April, 1871, .was considered unusually severe Ly the oldest nati\·e inbahitants. 

Yoms, truly, 
UHAm~Es BRYANT, 

/Special Agent 'Treasury Department. 
Prof. BENJAMIN PEIRCE, 

Superinlcnde·nt United J:)tateg Coast Survey. 

illetcorologfoal register for Saint Paul.'s Island, Alai;ka Territory. 
[Latitude, 57° nortl1 ; longitude, 170° west; height of baronrnter above tide-level, 40 feet. l 

NOTEMBER, 1870. 

Thermome- ! .Amount of : .Barometer and therrnom-1 
I t.cr. MoYcments of atmosphere. I cloudinesa. ! eter attached. I 
1--- ----------------;---! '---------[ 
! i 7 I " " i I ' 7 a i "pm 9J> 1 Da.te. 1 ; a. n1. ( ,. JI· m. v p. m. i / , . m. - . . . n. : 

~ I---~ .:...: I I'- I ... I ·~ ! ii I{-~-~ \) ~ i 
: \ "-.--indt;. I ~ ,$ Windli. I ~ ,$ Winds. j c ,5 ~ , ~ I~ ~ ~ ~ ~I 
i ;:i a ei ---' _§ ;l 1--,-1.g E ---1 § g Ei ei ei ": E If' E § E §. 

Remarks. 

'\ \1----l ..... - ...,.._ ,.:. el~\tti E ~ 8 rul' 
i " I "' "- : D. F.1.;; 0 I D. ,F. ~ " I D. F.: .; ~ oi ii - " . " -" " ~' " .e i-~10'.l ,~ 11"4 ),..., r- oo:~~i:AH~H 1 ---rno.-1---1-:-.--r-----1·- I -1---:-I- -i--1-1-----1 ,-------

NOV. I J 30 l 40 1 34 15.W. llN.E. S.W.:.1

1

.N.E.;., S.W.111 E. 4

1

1 31,09[ ...... / .. i 29.7835 29.721401 Snow and rain. 

I! j 32 37131 1~· w. 61 s. E. 1:· w.: 4, S, E. :~. '':" ~I s. ~- 8 ' 74 1 I '121 29. 68133 2~. 72 37: 29. so!34i Snow. 
3 ! 31 32 31 11'. W. 11· S. E. N. W. 3 S. E, tN. '\\. 3 S. E. 4 i 3 "061 29. 84134129. 68 36

1 
29. 68\35\ Sq nails of snow. 

4]29 32
1

31;x.·w. 1 E. w. i:s.w.'s.E. 4iN.W. 4 B;.O:!j30.0P4 3U.1234 29.90i32j8nowi11squalls. 

5 ! 34 39 34 f S. E. 4 X. W. S.W., 31 E. 
1 

S. W. 21 E. 4 ' 4 . 15/ 29. 10134120. 12!38. 29. 281
1

34[ Dming tlrn night a fierce 
6 35 32 29! N. lJ s. N. 1 2is.E.N.w.2[s.E· s s .03:29.094029.223629.5036 galewithwind. 

7 28 :i:i ~ 1 o 01 • o \ .N. 1 I , s. IN. w. i [ s. E. s . 00
1 

29. s2 34 29. 75 :i6' 29. 12\1a;1 
35 35 3:> I S.E. 3lis.w.

1

s.E. i\N.W., E. 61 S.E. 8 1 .24\ 29.1237 26.5~3B1 
21.ssd Rain. Twelve hours after 

9 32 30 27 N. 4! S. N. W. a: S. E. 1 N. W.

1

2j S. E. 8 2 . 07j 28. 3837 28. 7536) 29.00301 the sudden fall of the ba-

10 ~ 32 33 j~ W. 1/ ~-~·IN;~" i[ S. E. ' -;'· 11 S. O 7 6 . oo; 29. 44 26 29. 4B 35 29. 44133 rometer a fierce gale blew 

11 31 35 33 ;:N.E. !IS.~. IN.E. 11 s.w., N.E.
1 
51 S.W. 8 . I0( 29.2434 29.0839 llB.87135 fromsoutheast,raisingthe 

12 3li 37 33 \ S. E. 3 N. W. S. E. 3
1
N. W.' N. E.' 5 S.W. . 02[ 28. 84 37 28. 94 441 29.1836 sea on that side six feet 

13 29 32 37 N. 1, S. N. E. 11S.W. 1 N. Ii S. 4 3 . 02, 29. 38 34 29. 3434' 29. 20133 above the ordinary level, 
14 31 34 34 N.E. 21S.W. N.E. i I S.W.1N.E. a1 S.W. 4: 8 .ooj 28.9534 29.ooWj 28.9542 flooding;theflatsiufront<lf 
15 32 31 at N. I S. N. I 1/ S. ' :X. ii S. 2' .ooi 29.05

1

36 29.0838
1 

29.0534 tbevillage. The11ameoo-
l6 35 34 31 N. W. 1, S. E. N. w.: 1 8. E. '.N. W. 2 S. E. 8 . 00: 29. 02 37 Q9. 0-0 37 29. 1037 curred at the same date in 
17 31 32 29 N. 1[ S. N. i ij S. ' N. 1, S. 5 .ool 29.1434 29.2334 29.!2831 1869, doing;nmohdamage. 

18 29 33 34 I N. l \ s _ N. E. l 21· s.w. ' E. II 2 S ! ;, ] 8 . Ill [ 29. 21 :i.1 29. 11 37' 29. oo 36 Rainy. 
111 34 38 a6 ·N.E. a1 N. /N.E._ 2 s.w.,x.E., 11s.w.: .001 2s.i,1a12e.s.H528.1213 
20 33 34 31 N.E. JIS.W. N.E. 21s.w.·N.E.:a1s.w., 8 .03:28.6(143 28.6142 28.5034 
21 31 ao 29 N .. E. 1Js.w.N.w.:2Js.E.iN.w.·:1

1

s.E.t 1 .0212s.1oa:i 2s.6B'.H
1

2s.1233 

!I'~ 28 30 29 N.W, 11s.E. N.w.: 111s.E.iN.w.[ 11s.E. 8: .ooj 28.8431 2S.943:l 26.86321 
23 28 30 29 0 ~1 0 w. 1 E. ! S.E. llN.w.: 6 3 .01: 28.86131 28.8e33 28.95:111 

~4 31 I 32 29 s.w. 1,11·<.:K s.w. 111 N. E. ! s. w. 21 N. E. I i; . 04, 29. 04132 29. 06 33 !l!J. 1231. 
2.'i 32 31 27 S.E. 11N.W. S.E. IN.W.: O 0. O .05 29.241:r.l 2924:J:l 29.2l30j 
26 29 :JO :1111 W. 31 E. i W. 2 E. O oi 0 6 .U7.29.Ml31 2!l6H312976:111 

27 31 38 :l5 IN. w. J[ s. E, I s.w. I N. E.; s.w. ti N. E. 8 6 . 151 29. 12!33 29. 6640 29. 76 40 

2ll 34 38 371'N.E. :;11s.w.N.E. 3S.w.; E. 2jw, 1 '8;1 .~;29.jl(jl4628.9847~.78421Rain~. 
29 31 33 ll'l 18.W. 2

1

N.E. S. l N. ;s.w. 5iN.E.] 1: e, 8 .00129.10132 290034' !l8.9 31 Ra.inandonow. 

30 29 32 35 : w. 11 E. Is. w. 21 N. E. I s.w. 11 N. E. 4 4 I 4 . II: 2!1. 43132 29. 64 a.l, ~9. 80136 
Average daily mean. thermometer, 32°.1:1; wa.rm"~t. day, (12th,) mf'an, :15°.33: colde-et day, (10th,) mean, 29c'.00; clondin688, o.~~; rain.fall, 

'nehes. 1.91. 
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Meteorological register for Saint Pait7's Island, Alw1ka Territory-Continued. 

[Latitude, 57u north; Jongitude, 170° west; height of barometer above tide-level. 40 feet.J 

J)ECEMBEH, li370. 
----, --------- ----- ---~------

[ Therillorne- 'i 

·~---------- _______ .. ___________ ----------
i ' i .Amount. of 1 

ter. 

i 
Date. 

I 
I 

I 
E I ~ I s 
,; I ;:.,. ' <=i. 

"' 

I clou<liuesl:l. I 
I I 

I 
9p.m. I 

i ~ 
Winds. 0o-;1-V>-'-in_t_ls_._!_'c_,,;_l_\\_'_in_d_s ___ [_'c_ 1 ·§ 

---i-1 ~ ~ ~i~.:.l j 1 i H. IF.!~ ~ 

:Mov~menLs of atmosphere. 

7a.m. 2p.m. 

;:j e ~ 
~ 

<=i. g 
rI; 

: Barometer and thermom­
eter attached. 

Ht:markl". 

------ D. )~·:_~- ~ 1--i-i~:--l-i-~ 
1870. 

Dec. l ] 36 ' 37 33 
i ] .,'i _ \ Ii ! ,.- ! 

S.E. i 2[N.w., S.E.: -,N.w., S.E. i 2:N. w. 
2 t 34 

:i I as 
4 I 32 
fi ! 34 

Ii 34 

28 

8 22 

D 32 

10 32 

11 34 

HI 34 

33 32 w. ,1:, E. 'w. 2•,s.E.iS.E.:1iN.w. 
s. E. i 2

1
N. w.: s. E. 3jN. w.

1

' s. E. ' 3:x. w.; 
S. W.! 5: XE.' S. ·w,. 5! N. K N. W.: 4j S. E.: 

w.i 1' f;. I~. W. 1 E. i W. I W. ' 

N.E.11's.W.N.E. 2:s.E. i E. 
I I ' I 

s. w. K. E.' 31 s. ""IN. E. I 3 1 s. w " 
241 S. J\. K 1! S. W.i E. ' .o; 0 

32 30 N. s. : 2/ N. I s. 3] K. 
31 1· 32 S. W.i 1; N. E. S. W.I !:. N. E.: S. 1: N. E. 
34 :J6 E. ! 1! W. E. ! 1

1 
W. i E. 31 W. , 

I 
0 ' .14 29. 56;36i 2!J. 5'3

1
42'; 20. 58 35, Light rain. 

. oi 29. M,34
1 

2u. 72\34<, 29. 73.34 
. 70' 29. 2.5140j 29.10140· 28. 92.411 Rail!. 

8 i 7 . 33: 29 10132
1 

29. 62134' 30. 10 341 

8 ' 2 06 30. 26:3&( 30. 32144, 30. 30,42 

6 
1 

. 00
1 

29. 96j3Bi 29. 74!44: 29. 58:37, 

J 4 . 00 29. 30;35i 29. 231341 29. 23;25 

8 8 . Oo, 29. 2'2:21 i 29. 1y6! 2t!.1!4 30: 

8 2 . 03· 28. a:i:34i 28. 94:33: 28.9832
1 

Light fall of snow. 
3 

8, 

. u, 29.14,331 29. 36135 29. 40341 

101 

18 34 

31 j 32 s. E.13IN. w.' s. E. i 5\N. w.l E. 1! w. I 1 

36 j 32 E.

1

1
1 

w. I E. ! 4: w. iN.E. 1js.w.j s 
IJO 129 i, N. E. II s. w. i:· E. Ii~- "·1' N. E. 11 0 i 

. 20 29. 40.37i 29. 341371, 29. 04,3i:'i Squa.JJ).-. with snow. 

. 02 28. 65;:Hi 28. 75;33[ 2~. 96
1

:i3: 
8 .05

1 
29. OS!37i 28. 91iJ3Bj 29.0536] Dnringthenightsnowfell to 

1 . 05 29. 1.5,35: 29. 2tlj35, 2H. 30 34f the depth of two inches. 14 30 

l.'i 32 

JU 32 

17 34 

181 Jj 
19 34 

20 34 

21 30 

2'.J 2a 
~ 22 

24 16 

25 20 

2ti 20 

~1 I rn 
28118 
29 10 

30 j 11 

~IJ_'3_ 

33 
1 

32, N. E. 2
1 

s. w. N. E. 1
1 
s. w.

1 
N.E. 21 s. ''·: s 

34 I 341 s. E. \I 1:N.W. s. Ii 0 ;N. K 4iS. W.! 0 
31 [ ao ,N.E. 1:s.w.; ~- 2i. s. \N.E. 4:s.w.: 
34: 36 ]N.E. 11 s. w.:N. E. 21'S.W.1N.K i's. w.; 

I I ' I I ' 
3fi I 36 i N.E. i 11 s. w .. N. E.' 11 s. W.[N.E. 3i s. "·1 
32130 ! N. E.' 3' s. w.1 N. :K j 318. w.p•>.E. j 2: 8. W.1 F 

2s I 2e I o \ oj o N.E. 2s.w.1s.w.1 1:N.E.i 

2s 2r. 'Is. w.
1

1i N. E. o , o\ o IN. w.; 1!N. w.1 
21 19 N. W.1 11 0 N. w., 21 s. E. [N. w., 61 s. E. I 
16 f 17 .N. w.17' s. E. !N. w.: 6 S.K fN. w.i 4i s. E.: 8 

21 , 2'! IN. w. 6[ s. E. IN. w.;. 6

1

. s. E. N. w./ 6,l' s. E. i s 
20 I 11 N, "..-.I 5

1 
S. E. X. i a S. N. ! 6, S. i 4 i 

14 \ 11 )N: w.j 6\ s. E. IN. w.i ~! s. E. ~- w.j 6\ ~- ~- l s 
19120 N.E.111 S. ,N.W12i s. N.W.,4:S.E.I R 
10 10 

1

N. w. 1: s. N. w.! 1
1 

s. 

1

N. w.i 1f s. s 
10' 7 N. w.: 1: s. :N. w.; 41 S.E. N. w.; s: S.E. j 7 

8J~O ,N. ~t fi.E~!~_:_~J_51 S.E_:_i~~~·lJ~~J_6 

7 : 6 . oa 29. 2J::is: 29. rn;37 29. 20.a4' 

8 . U'i 2lJ. 42!:~41 29. 461a6: 29. 45;371 

8 i . 12 29. 40 40\' 29. 43'38. 29. 42,41 ! Light min. 

8 ' . 13 29. 66 461· 29. 48
146! 29. 8~,44: 

6 s . 0-0 29. so!12, 29. so[4s! 29. 75 143 1 

8 8 • Uo, 29. 491
1
41: 29. 29]35: 2'!. i;;i33j 

l I I I 

7 . 05' ~). 32:321 29. 48~32: 2'J. 88301 Raiu aml !!-UOW. 

. oo ao. rn'::!oi :m. 14!w'
1 

:.10. 14'28; 

e 2 . 00 29. 96,271 29. f:lt3i25\1 29. 75,22 Snow. 
I I I , · ! 

8 . 01 29. 36?01 29. 26!2"; 29. 29.24; 

1' i • 01 29.1512-21 29. 15:24: 29. 2-2;27 

2 I . 01 29. 2s:2s1 20. 2ei2a' 20. 32:22 

fJ ; • 00 29. 42]18! 29. 48: 16': 29. 02!t6i Snow. 

ti .02 ~.58,,12lj 29.50/22[ 29.5821i 
' 29. 10;13! 29. w!20' 2ll. Bsf11 

2,.1), 02:16: ~9. 92!15: 29. 94~11 
29. 08:12! 30.12:11; 30. 20

1

14 7 
I I I_' ! 

AYerage daily ruNm, tlJ.ermometert 27°.39; coldest day, (31st 1} wean, fP,66; Cloudiness, O.i2; rain-fall, incht~S, ~- 3(). 



 

102 lrnPORT OP 'l'Hl<~ SUPEL{lNTBNDHN'J' OF 

3feteorological register for Safot Paul's Island, Alaska Territory-Coutiuued. 

I 
I
. Thermome-
, ter. : 

llatc. 

[Latitude, 57° north; longitude, 170° west: height of baromder above tidf'-lRYe1 1 40 foe-t.] 

J ANU.ARY, 1871. 

:Movements of atmosphere. 
~ Amount of j 

! cloudiness. / 

I : 
1 Barometel' anrl thnmom- 1 

! eter attached. 

I i- -i----i-----
-~~-I 2p.m. I -~~ \ 7a.m.

1
2p.ru, i 9p.rn. 

l\.(•nutrk~. 

Wmds. \ ~ ~ \ ""mds I "C al I Wmds. I "O ,;, i / ~ 1- ~ 1·~) fI~I ~ .ii 
~ s 

1 
s 1---1.~ g 1--- .§ g -~I.~ g 1 E s 1 ~ 1 s a~ s rE1 s '~: 

1--,...... I -- ,._, I ~ - I . r 0 I E it.if E ~I e t: --- ~ i: i ! _n_._1~.I~~\ n._ I~·-~-~- __ D_._/~1-~_~_i_:__I-~-' ~:_! ~ 1~-J ~ 1~!1' _!__ ~: --·"--------- -·---
1871. I • ' I I ! ' ' 

Jan. 1 10 8 ! N. w.1 
sj S, E. iK w./ s. E. /N. w.) 2

1 

S. E. 8 ) • ooi 30. 20lt:l) ao. 20;11f :JO. 2013: Very fine wcathn. 

2 12 12112 .~.w.: :i/s.E.,N.w. IN.w.111 o o o .00130.2>1.WI' 30.1R11RI :io.1R.15; 
14 21 : 20 'N. W.1 l. O ii N. , 1

1
, N. 11: O ' ; . 001 30.17118 30.16)26i 30, 2224[ Clear anu tine. 

1 
, ' 

1 1' o 1 o , o·. u ' I · 1 0 • 1• JG I 20 I l'l ' N 0 u K E I I 0 : . 001 30. 3512'.!/ 30. 401:61 30. 33::"1: . . .. ' . 
28 j 29 I 2~ -0· 01

1' 0 . . 01' 0 0 I 0 0 8 7 , . OOi 30. 35j30/· :JO. 35/'"li 30. 3\l;lll Large bodies ot <\nit.ice 111 

<i;J 1 31 : 31 ; S. :E. 11N. W I N. W. S. E. ljN. W.: f B I . ooj 30. 2-231
1 

30. l~i?l! 30. 08'32[ sight to northeast. 

:14 
1 

33 [ 26 ' S. E. !,,i 
0
o 11 0 O I o

1 
o 1 O 1 • 00

1 
30. 00135

1 
30. oai371 30. 15,31 • 

8 ' 25 30 31 '. N. E. • 3' o N. E. 3' S. E. i e , . Olj 30.12 27 30. 09[35
1 

29. 78135\ Light snow. 

9 33 ! 33 II 31 E. 11 O 31 O I W. 2\ E. 11 • 061 29. 571371 Qll. 47

1

37129. 42,,35, L;ght rain. 

10, 24 i 24122 :N.W.i 5/·S.E. sj E. 1

1 
w. j "I E. 

1 
.01) 29.4~25'! 29.5637 29.72:251 

11 I 21 21 I 20 iK. "'": I s. E. Ii w. 0 I 01 0 . 001 29. 84 25 29. Bli241 29. 80
1
24[ Snow ill squall•, \mt YCl'Y 

12 , 21 26 I 26 'N. E. J 2i s. w. 5 s. w. N. E. 01 o s , . ool 29. 55 261 29. 3s,211 29. os,30. light. 

13 31 33 l :l3 E. i 5'1 w. I E. 41 w. s. E.161:'.'i". w 8 . 03128. 74 :J6, 28, 751361 28. 88)3•: 
14 32 31 ! 30 'N.E.[ 3

1 

i S.E. 11 W. 0 I 0 0 .07129.0235! 29.08/33! 29,18.37: Llghtrai11. 

15 21 32 j 29 ?'· w.! 1
1 

o ol s.111 o 2 2 .oo[· 29.5029
1
. 29.4s

1

:ia1 ;J!l.50;35
1 

Rainy. 
16 31 32 ,

1 

29 i N. E. ( 31 N. E. 3 N E T 8 8 : . 03 29. 30 33 29. 16 35 2il. 98136· 
17 30 i 3~ :JO w. i 1J 0 • 

0

0 . ~I 0 4 : . OOi 2f<. ll6 331 28. 981!33 29. 09 32' 

I I I I I' ' I I I ' i is 211 
1 

30 
1 

2:i N. 1 1

1

. R.w. 1 o I o o o I • oo• 29. 29 a2, 29. 45\33! 29. so?o, 

19 , 26 i 32 I 2s ~ o I o s.w. 
1 

1 o o 01 o o 1 · ool 29. 57 33: 29. 54
1
35

1 
;w. 35:30: 

20 29127 ! 28 l'>.E.j s1 ,N.E.i:; s.w. N.R s\:s.w.!I 81.05128.98:!3128.861371 28.78134, S11ow. 
2L 28: 34128 :N.E.i 11 0 ,N.E.' 1! 0 0 01 0 0 .. 02: 28.6032 28.60

1
39 28.8634' 

,,., '28 \ 30 I 30 ,N.E.i 1 0 iN.E.i 1! X.W.15 S.E. i 7 e 1.02128.94321il8.9332]2s.64:35' 

2:1 33 '1 33 
1

1 30 , E. 'i 41 s.w. ls. E.: 4'
1
N. w. s. E. 1 o i e 4 1 i . oo: 28. 50 35, llB. 83!a•1 2u. 0M::12, 

24 33
11:rJ,:io, N. 11

1 0 \N.E.',1218.W. E. \11 0 'i 8 3', o[.00'129.0038
1

,29.251,34
1

29,12',J<i" 

25 29 I l!\l I 32 ' E. I' 11 w. : E. I ~ s.w. s .E. 1 0 I 6 8 I . 001 29.10'.l31 28. 95b6i 28. 94[36 

26 31i30 ! 26 :N.E. 11w. 1 N.E.I' I w. 0 0 0 I 7 ! fi I ·Ol/ 29.86:16] 28.78:331, 28.601
1

36, 
2·1 20 I 34 I 30 : o I o s. w. , o 

1 
-0 1 o N. E. 1 s w.: 6 i a ! . 00

1 
28. 64 36j 28. 68!'34 2e. 74 35 

2s 2\l I :16 \ 31 o '. ol o , N. E. ! 11 s.w. N. E. 1 s.w. i 6 1 ! • 001 28. 74 32I 28. 77 38128. 88138 

29 31I32 1 25 N.E.l 1\s.w.,N.E.\ 1ls.w. N. I S, i fj I s I .00128.8636
1 

ll8.86i3: 28.~\30,.· Afiercegalefromnorthwest, 
30: 28 i 281' 25 0 Io! O IN w.; 7! S.E. N.W. 7 S.E.

1

1 8, 81 ..... 28.903lt 28.78

1

3.>I 28,5,
1

29\ withdrhiugsnow; estlmat. 

31' 28128 
1

21 :K. W.1
1
6\8.E. 1N. W.1_41_ ~LN. 4 o 8 i 8 i .. _. 28.2931, 2H.3235J 2s.s~121 1 leddepth<>ffall, Sinches. 

-----~-----~~~--~-~~~~--~----~~---

Average daily meau, tbel'mometer, 21° .66 ~ colUest day, (1st,) 90.00; cloudiness, 0.6.1; rain.fa.11 1 inch 1 0.25. 
During the afternoon of the 5th, largr. bodies of drift-ice were seen a.pproaebing the island from northtiast; dividing on the east end, a. portion 

passed on the southeast sicle. On the night of tbe 7th, the sonth"8l!t wind drove it to the north, anu it passed th~ island. Thi• ice contained 
saml and gravel: and some o!' the hi:;:: her portions were coated with sand, as if it formed nt:-.ar a ebore, and the dirt was blown on it by the 
wind. .Aftel' the 7th no more of it was seen. 



 

'l'IIB UNITED STATES COAST SCff\ EY. 

11letcorolog'ieul regL~tcrjor Saint Paul'R I.sland, Alaska Tcrritory-<..:ontinned. 

Thermornt'· 
tL·r. 

fLatitndc. 57° nurth: longitude, 17tJ0 wf•st: }wight of harollll't61' aLoye ti<l~-kn·l. 40 fr't'.t.) 

MoYeiw-mts of atmosphf'rt'. 

7 a. 111. 2 p.m. 8 p. Ill. 

Amount of 
cloml1ue8s. 

Bar<Jtnekr arnl tbrtrmoUl· 
etn· attachPtl. 

7 a. m. 2.f_). ll!. ,, 
)I). 

103 

Date. 
p. 

1 '"' 'Vind~- " .; \\"inds. 

s s ~ "' 
: 

~ 

" ~ 
-~~-----

~ "" 
:;. n. :F ·: ~ D. :f'. 

---~·--·~ 

l~l. 

Feb. 1 2~ 21 J9 w. 
' 

5 !~- ,v. 5 0 :x.w. :; 
., l!J I~ 17 fl IJ 

', 
0 :l'i. w. I 0 0 0 

3 17 ~o 22 0 0 I X.E. 1 s.w l'i. E. 2 S.W.' 
! 

4 ~ ~l!22iN.\V.j1iRE.:X-"'"·i 0 0 0 
5 i :ll 28 i 24 [l'i. W i I o 

1
x. W" S. 

1 n: 
i; I 2:i '22 21 I x. i 1 s. w, N. :i

1 s. is. w .. 
1 J 22 31 :JO : N. I S. E.' l'i. ! I : N. E., 
BI :12 32, :i3 :N.E. :i's. w.: N.K! a S.'\\'.' E. 

!I 133 I 34 32 I E. : 5' w. E. I 4! w. E. 

10 3~ 31 I :Jl i 1r. .E. : ~· S. w,. X. E. 1 :i S. ·w .. X. E.' 

11j3'2!34 30!X.E. 1.s.w.:N.E.i1'1s.w.:N.W. 
33 31 i W. O W ' l• E IS E · 3 N. 

30 34 ! S. E. l W. S. ~T.: 31 K. ~- ! ~: ;, l N. 

=:~ 1:N'_E. ~'~.:.·!N;.~·:~ ~ :N~~-~~I ~ 
~:I' :~ 
14 32 

15' 28 

8 

7 

p 

4 

p 

16129 
17 ; 1:; 

18 i 

2l i 15. N. 
1 

1
1 

(J 'N. V>.! :J 0 1'. J·S. W. 

17' six. W.• 2, 0 ::s-. w.1 
1, S.E. 'N. W.: I ~ 

rn ~IN. w 1: s.E. !N. w.11 t<.:E 'N. w. 1. s. E. 3 
19 

i 
~0 1

1 

Ji 
I 

2L ! 11 
I 

2Z ! 11 

2:1 I 2 

24 I 8 
25 i 8 

20 I 6 

:; I 
I 

9 -6 :s-. w 1' s. E. [ N. ! a 1N. ,\"".! 2· o 

13 lG I N. , " 0 N. 71 0 N. :;I 0 

17 ! 11 I N 
1 

61 0 .~· W.l 3 ~- 1:. .K. ~ 6 
9 ' :1 iN. 1~- • •: 8. E. ,N_ w. 4 s. E. lN. w.! r o , u 

21N.W.'2S.E !N.w.:i!s.E N.W.418.K: 2 

4 /N. W.: 2_ S. E. N. W.! a, S. E. iN. W .• I S. E. 
12 O i N. 1. E. ;N. W.' 11 S.E. ! O 1 0 
12 41N.E. 1 J:S.E.'N.W.12S.E. N. 

13: 2 'IN. w·.: 1: s.E. 
1 

K. i 1j s.E. 
1
N.W. 

12 !-1 N. W.j 1: S. E. jN. W.! Ii S. E. !N. "-· 
I I 

0 

11 0 i 
1! S.E. i 

2 

: 

-~ 

~ 

e! 

- -----

t !ti ! :2 
"- i; ...... : :, 
= - § § 1r ~ : "' ~ !f-: E. ;... 

~ it: 
i ~ " ~ '1 

~ 
;..:. 
;t--" 

I I 

29.02j2.'.i: Z9.14j24. Squall:-ifJf \Vind and i-;now . 

29. 2"..!j:u; 2R 2Cl,125, Jc·t- in r;ight to 11m·thPn8t. 

29. 20[t:i! 2!1. :rn 271 Lnr~e ~ bodkPR of tlrit't-kt• 

. : 28. 95i~7 
! 29.~4!·M 
I ~1. Jt-<it:l 

; : ; : .nlo11g tlw southea~ . .ihrn·t•. 

. i 29. 441:lO 2'J. 30!28! :"!R :iii2E'. l)etached hPlts uf poni·tl~e-
2r1. :34:3:; 29. 3..Ji:rnj 29. 35!35' ice passing with thP ticl~~. 

2H. 40'.30 2D. j(l:l::J~: 29. 30:40: Slhrn ... 

~9. 36'2i::i 2!1. :ls1a5: 2\J. 24
1
35' 

29. 00!~-H> 2r:. S4ia4; 28. 80,,15; 

2~. 78.3J 2d. ~uboi 2~. H6:35! Li glit raiu. 

28. 9fi':J5 2~. H ... Jw! 2tl. 61 :;J;~: Sn~w mixetl with rain. 
28. 70':;}7 28. 14j36i 21'.i. 83':34, 

(j I 26. ?9 34 29. 24!39! 2D. 24:34' 

~ I 29. 3C·.33 Z!i. 4Ub.s: 29. 51[:H
1 

B ll f . l "t1 
8 1

1 29. 4e'.33 ~9. 28,'34 29. 05!32' eaYy squa ~ 0 
wmt wJ 

1 

snow. 
8 ' i .•• i 29. 041:12 29.14.:-!21 29. 34!

1
351 

3 i . -i 29. 56 32 29. 62,32' 29. 6-:1[2.3 

7 I 8 ; . . ; 29. 50'22 29. 46,2.i: 29. 54;i>O 

2 I 2n. 6.3 ie 29. 68:20'. 29. ae!t5: 
4 I 3 ] . : 2t•. 85·~3 2~l. 96j 13 :!9. m~i 10

1 
bland entir('l.v ~mTom11lP1l 

i ,
1 

j 
1 

b_y drjft.jep, 

8 l 8 29. 70 10 29. 60· 15! 2H. 39!2'.2 Li~ht ~DOW. 
1 -

1 

.. , 2e.. i8.1n: ~8. 12:20! 29. 14bo Hno\11·. 

.i : ~ · i 29. 51.:H: 2u. 65:~ol 29. •oi'23: 
I i ,_ ___ i 29. 46.:10 29. 31'25J 29.31ij~;; 
1 I O .. ---i 2U.44

1
19 2u.5g,;4j 2'J.68i25: 'Very clea1-. 

5 I 4 .
1

• ___ ; ~!J.74:15 20.82i2'2j 29.1t<!1a; Veryde,ar. 

I I , I i 
4 I 8 j·-··i 2Y.ti1l 9: 29.b~:2"2j 29.68j23! Clear. 
5 4 i · .. -j 29. 75:2{)· 29. s2\26i 2!l. ss

1
2-2; HazJ. 

2
1
1 4

1
1.---1 .. :.i\J ~~t:l 2!1.es12oj 29.88122; Veryolem" 

1 ' I \ 

Average daily mC'a11. thrrmometrr, J80.fifl: ~oMP.At <lay. {Hltl1,) nwan. 20_66: domlines~. 0.68: i;:inow, iJJ<'lH'A, 2-1. 



 

10! HEPOH'l' OF THE SUPERTNTEXDBNT OF 

,H.eteorofogical reg,ister for S<l'int Paul's Island, Alaska Territory-Uoutiuned. 

DiltC. 

f Latitude. 570 nortb; longitude, 1700 west: height of baronH.•ter above tide-level, 40 feet.l 

MA n.CJI, 1a11. 

i T11l'rmmni'>-
J ter. 

Mo.-emf•11ts of'.at.n101-tpherr. 
AmoulJt of I 
cloudiness. ' 

1-----

! 1 a. m. 2p.m. r.p.m. 

I' \Viudt'-. 1 ~ rf. 1 Wind~. 

EurouH·to· :iml tliL·Tmum-
1 

1 P.ter attachell. 
11 l ---·-·-

I 7 a 111. '.! p. n1. U p. m. 1 

i~--:-::-z--:\~--~-- ~~I 
I <!.> :,) i ~ I~ I '-' ! • .§ ~ 

RemarkH. 

~ J jj ! l i 1 j i ~I 
~ !~i ~ ~\ ~ !~] __________ _ --, 

1~ ~ ~' '~~; I .... ~' D. :F., ~ - D. 

Ml. i , , , , i 
lt:far. 1 ~ 2: 2 /N.W.' 1

1 
0 r~.\\'".~ 1[ 8.E..x.·w_, 29.88!1:~l 29.8613i 29.82! !.Ii 

~ \-2 '.-2 -5 N.W.'1 Ji S.E.:N. \V. 1~ 1\ 8.E.) 0 Qlt.8~ll3) 29.801;-1: 2<J,b2', 1; 

:1 j-a ' 6 I ;; N, 1 o N. i 11 1 N. ! 1' o ' 29. 7Q! oj 29. G.>, llj 2V. G4,13i Very clear an<1 •ere1w 
4 ! 5 I 10 1 X. 1 :N. , J, N. ~ 1 8. 29 .• x-,: 14: 29. ;1:1 ;Hi 29 .. i;!:lt!::. ·weather; the~ h;la,111\ eu-

0 , 0 'N. 'Y-: KE. JN. W .j 1: S. E. JN. \V ·, 11 S. E. 29. 5€ 9 2!>. 70 Yj 29. 73:l:l; tirPly surro1m<led Uy lar~e 
'~. W. 1: H. E. ·K. W.! 1! S. E. !N. 'V. 1 l, S. E. 4 29. ;,;it 9: 29. 4<J.la' 2D. 4!fl9] bodies of ice, about three 

'.N. w.i 21 R.E.[~. "\V.i 218.E.>N. w. 2, 8.E. G I 29.4~1[rni 20.5~,ir! 29 so:11i feet in thickneasl ap-

1 ;N. W.
1 

li 0 ''· I! 0 0 oi 0 0 .; 29.t\lill) 29.68
1
,20' 29.69iL9! }Jloacllingfrom northeaRt, 

7 : N. : 1( O ll , N. 1: 29. 60j 12 29. 58191 29. 55lt21 and slowly <\rifting pa•t 
' ' I ' I ' ' ' 

12 , N, ! lj S. E. I l] S. E. ! N. 1: S. E.' 29. 40jl2
1 

29. 4ll 122 :!'J. 48J13j with the title to the sout,h· 
iN. W.1 31 S.E. ii S.E.iN.W. if S.E. 29.50:.i2: 29.7.529! i!9.84!26j west. 

7, N. i 11 O i! O j N. 1: O ! o O 29.71'!221 29.e232 29.85i:Jll 
10 N ' 1 Ii s. E. I N. 1: s. E. , o s " 29. 80 20[ 29. ss 2s! 29, e,ho: 

1 , , 
1 

, I 1 I r i 

N. 1 lj 0 i 0 O: 0 1 O ·I 29 871191 211. 92,:12, 29. 90!251 
N. 1 II N. Ji 0 IN. E. i 21 s. W.

1 
3 '··· I 29. ss\1•! 29.84•25, 29. 74\151 Thedriftiiagicestaiued with 

11 N. •j S.E.'IN.E. 3!8,W.IN.E.: 3[s.w.: 3 29.6~Jl3:1 29.fil!23 29.48117i romlandgravel. 
11 N. E. 31 s. w. E. 3 s. w.

1 

N, 318. w.i 1 2t•. 26118 29. 16·21129. 14 191 

16 ' N. E. 21 s. w.! N. 2, s. E. I~- E. li s. w.; 4 29. 25[231 29. :io,29 29, 54,311 

6 1 N.E.' llS.W.iN.E. 1,S,W.,:N.E. \• 0 I : 29.64125/ 29.74;29129.72121'/ 

12 : N. E. ! 2i S. W, 1 N. 3i S. i N. 1 f S. 1 : 29. 501131 29. 46:29129. 52 31! 

13 • N : 11 0 I N. 1, 0 I 0 i o: 0 : 8 ,. ! 29. 52/~'llj 29. 51:20129. 421301 
22 i 12 i 16 1~ :N. W.[ \, s. IN. w.i l[ s. E. ! 0 I ol 0 : .' 29.161~><1 29. 06!36i 28. 9412()1 

23 1 17 : 26 20 , N i 2" 8. KIN. w.j 2! s. E. IN. E.: 3\ s. w,I 1 1. j zs. 91[2si 2s. 9a13s
1

2s.95138\ 
24 1, 17 I 22 9 ',N.W.': 2, S.E.'IN.W. 31, S.E.1N· W.'1 4'; E. '1 8 '28.94'1:l51 28.911:J8i 2B.89138j 

25 j sf u s :N. w.1 3! s.E. N. w.i 31 S.E./N. w.: a) s.E.J e 2s.90/2•/ 2e.9s,:l6] 2s,oo/ao! 
2r.1111 7 4JN.w.12,s.E.::<".W. 2,S.E.N.w.;21s.E.1 :J 29.0521129.2025129.28l8/ 
0 7 ' 5 ',' 18 I w I ' s ' ' I ' ~ o N. ·: 11 8. E. [N. w. 1/ . E. 

1 
o i o o I 2 a o 29. 36, 18' 29. 48 2.'> 29. 49~24! 

281 s\13 BlN.w.111 0 ,N.E 21s.W.fN.E.)21SW,1 :1 8 7 29.4511sl211.urn29.4:il26! 

w ! lB i 18 1s i Io, o IN.w. 1j o fN.w.: 1, s.E./ , 1 2 29.:i2
1
21j 29.29:14 29.241~1 

30 ' 22 ' 26 20 i 0 ' 0' 0 1X w.11' 0 I (I I 0 0 " I 8 29. il0j24[ 29. 24,33 29. 9li :15 The weather for the •mtire 

___ 31-~( 2_s_1_s_f _:r.;_-_·_i _•1_:1' .• E. [N. w. 2: S.E. 
1
N. w.j 21 S.E. _s_( _s_1_s_1,_. __ 2_9._3~-.2_sf_29_._4_6 ~2_9_.6_o_l3_ol __ m_on_t_h_:r~~:~_:1.~l:'. 

0 

5 

2 

10 Ii 
]] 1;? [t' 

12 : 7 12 

1a I 8 10 

14 il 
15 7 i 12 

16 B f 12 

17 17 ' 1>< 

18 21 l 26 

19 15 ! 14 

20 10 '1 12 
21 I 12 , 2.1 

' 

AYPrage daily mean, tl1f'nuomoter, ~0.80; coldefl.t ,ln.y. (2it,) 3° bulnw zero: cloudineRs, oo.44; snow, in<'hes, 40. 



 

THE UNITED STATES COAST SURVEY. 105 

J(eteorological register for Sailit Pa1tl's I>iland, Alaska Territory-Continued. 

{Latitude, 57° north; lougitndt,, 171Jet west; height of barometer nbove tide-h•,,el, 4.0 fp~t.] 

APRIL,11'1'1. 

I
i Tltermomc- : I: Barorup,t t!f ana thermorn- i 

Mov-ementt; of atm.o.spl1ere. , 
t-er. I cl-oudiucss. / i eter 11ttaellPd. , 

I , 1------

Date. II I I j 7 am. 2p.m. 9p.m. 117 a.m .. 1 ~:J.9p.m. f Remarks.. 

[winds. 1 ~.; llWinda.!'2,,; Winds./~,,; I ::= Z lt1• ~ /ti t sl 
I ~ '?: ! c: "d I :=:i "Cl .s ' l) l~ :::: 1-:::1 ~ :!-': 

I s s 1' s 1---'_g § i:--,-1·" s: --,-1'·" ~ '1 s s s "'I e ,·:::1 "' iF1 ~ ... ~ '!~,, - I ..... .... ..., - ~ 0 Q;l I f 11]: -
~ ;:i.. I ::i. D. F. ~ "Z I D. F.I ~ "Z D. F.lf .9 ~ ! ci ~ I ~ I ~ ' ~ I~ ~ I~-- I = ~I I t- ~ I e;. I ~ ' ..., l"'1 i r- l Cl 0. - : "'""1 t--1 i;.i; ::--i i::i .~ 

~1-1-1-1---,--i--,ll !----1-r-1-1-,-!-1--1-:--:-i--1-,------
April 1112 17110,N.W.1 3S.E.1N.W. 2'SE. O Jo, 0 I 8, 8 s

1 
.... '29.85.!28,29.98,29!30.052:;Vendea.r; iecwnlieaYy 

I
' [ I 1 1

1
. I I ' i l : ! \ i , :, drlftio"' past. • • • 

I I I : I I ! • i : I i ' ~ 
2 20 28 I a2 \ K 1 :l~ 0 E. 1 6 1 W. E. i 5, U 1 t i o I· 071' 29. 6t'..i:::!:l 2~1. 06::n: 28. 76,:l3. Snow and rain~ 
:J ! 34 43 ! 29 I s. : Ii S, I 11 () s. i l!X. w.: B ! l i--··1 2~.D5:3:.! 29.0536 29.10_37: 
4/32 36132lS.E.11; S, 

1

1
1 

O ,s.E.11,X.W.; 7) 1[ .... 2'J.3B34
1

29.45
1

:ffl,29.44:l6' 

,, I :t2 :HI 20' K i LS. K 'I, 0 X.. Kl llS. w .. •I HI 2!1.34::12 2!1.40:14 29.38il~ 
.i , 31 3& · 31 ( E. 11: o E. 11 o Is. E. i:s. w. 2 : • --·i 29. 4Si36, 20. 55'32 2J..>6 :1•

1 
1 31 32 w 

1 
E. 1

1 

l ;s. w N. E.; 1
1

s. w. x. E. 11 o o i 1 , .. ·: 29_ 5~;:13 20. ;;1134; 29_ ~0;02: 
ll 2r1 2s 2> \ x. ?;· 3: o :· E. I 2\ o 

1 
o o

1 
o H 11 11 1 . _ . 1 29. 2ti\~2, 20. :J41,J~i 29. 2-2\40\ 

9 22 21 191' N. 11 0 ;N.W. lj 0 IN. 18.E. 6: 
1
81 .. ·.·.·1:;:_-~~,,[33:!:.- 4I9H!:~i::_·:~::, !~, :! : ~~ \w·1 ~(~E.IS.EW.[ :11-~E.! ~- ~ 1 

o ~I l I , ;_;53;, ;;_b111;~, ;;_;~·~1 
12 30 30 28 N. E. I 4jS. W.i N .. 41 S. N. E. tj S. 8 I 8 . , 29. 50!33' 29. !d34I 29. 1231

1 
13 30 34 29 N. E., 3IS. W. N. E. I a1

1

s. W.I N. 3 o 8 \ 8 1 ', 29.16;:ut 29. 24'.36! 29. 50,35: The lee a.pp<>ars to b< not 
14 33 :16 28 N. E. j II O II N. E. 1

1 
0 : N. E. 3i 8 I 8 81 .... i 29. 74,:l5 29. 84j:li<, 29. 74 34 much broken up. 

I~ 32 33 30 E .. 
1

2 W. E. , 21 W. 1 E. 2: 0 8 ! 8 i 1 ,·---129.5034
1
, 29.5.5,!lf: 29.2934

1 

16133 31 30 N. i II S. W. :

1

4IS.E. :N.w.! 4] S.E.
1 41 E 1----i 29.1635' 29.043if 29.lll40 B~lt• or openwaterinsig;ht 

17 28 29 22 !N. w.I' 21 s. E. \N. w. 111 s. E. iN. w.' 1! s. E. p I 8 ! 8 I· ... ! 29, 21,37, ~UB,36, 29. 22,27, to eastward. 
1s 21 34. 2s jN. w. 2• s. E. IN. w.: 1

1 
11 IN. w.! 1: o I s [ s 1 .... 1 29. 20.:l6 29. 24·40 29. 2sa5 

19 29 32 2s IN. w. 21 o 
1

N. w.
1 

2; s. E. 1N. w.I 2i s. E. , s , s .... j 29. 2s
1
a5

1 

29. •2[as, 29. 50:401, 
20 2s 34 !18 IN- w. 21s. w. N. w.: 21 s. E. N. w.j 31 s. E. ~ s I 1 1 ... _, 211. 5S,3S 29. 56142 29. so.•2 

21 28 30 24 \N. w. s. E. N. w.I 31 S.E. IN. w. 'Is. E. 8 I 7 81 .... I 29. 1o'r 29. 661461 29. 59i451 

22 20 35 30 jN. W. 3 o N. W. 1 G • o I 0
1 

o 8 i 8 8 .... : 29.10,3'2! 2\1.00144 1 28. 98 .. 42' Ice closed In solid in all 
' : I -1 I ' , I 

23 34 26 ~6 N.E. 0 E. 1 0 E. 1 0 

0

8
1 
I 1 1----' 28.94f3a

1 
29.00i36' ;J!l.0930j d;rections. 

24 34 38 27 E. o ~- I 11

1

. o ! o o
1 

o o ..•. ! 29. 21t:a51 29. 46142: 29. 541:•7: Very fine w~ther. 
2:1 J.'i :1s a2 o o s. E. j 1 11 , 11 ! 01 o 1 .... 129. 14/40; 29. s4l421. 2!1. ss'35 

\ I l i 1 
1 I : 

00 32 36 30 E. w. E. I 21 w. E- I 31 w. I 4 7 ! 8 : .. . 29. 82:3412\1. 66137, 29. 30!3-1 

27 33 36 31 s. E. I 0 NE. E. _ 1 11 "·ow_ N.OE. 20!1"· ow_: • 1' .... 29. 02:34 2\t. 05:37
1 

29. 11b1 Snow. 
28 33 :Iii l!9 N. K 11 o ~ ~ 8 .. .. 29. 22 41

1 
29. 3:l:4o 29. 40137 J:o'oggy. 

29 27 28 ~· N. 2, s. N. ! 2 s. N. I 111 s. ! 6 I 8 ' 8 ... I 29. 49,32 29. 56140 29. 53,38 

3G 22 28121 ~~J~L~ N. 12 S. N. i 1 S. I 8 I 7 i 71 .. -129- 72[1 2!1. 76

1

35! 29. 90
1
31

1 

S~~e:~1~c~=:~~~~;e:U~7:.:t 
Averal?,'edailyruean, the1·morneter, 290.33; coldest day, (ls~) 130.00; warmest day, (3d,) 350,3.3; cloudinCB~ 0.75; raiu-.frJ.11 inch, 0.07; 

anow, ineh1 0.08. 

14 c s 



 

106 11RPORT OP THB 1:3TiPERINTENDENT OF 

]Uetern-olog1cal register for Saint Paul's Isla.nil, Ala.~ka Territory-Continued. 

[l,atitmk, 57=, north~ lonp;itrnlt', 170·::.i west; hei~~;l1t oi' llarometcr aboYP thk·h·vel, 40-fe~.] 

.MA¥, 1871. 

·

1

1

1

-- ;~-1:i~~:~~~- --- -~-- -~-,"-0-,1:1-~=~ 0~~t~:~s~~-1=-------A_m_o_u_n_t ~0

1
1 ·------ l~~~~-ru-e~:. ~:i-~~('rn~-m-n.-i1 -eter. f cloudiness. oi<"r, attached. 

i--.-:.-:-r 2 ~.-=- ----;;,-:-. -·----,-- '~a.:~- 2 j~~J[;;~~l.1 
1--,:-1 - ·1- ._ ~ .. l! ·~; t ..;i 
! "'\Vlmls. [ c tf:i "\\,..irnls. 0 ~ I "\\rmds 0 a-: ~ :~ 1 ~ \ "!; .:; , 

i ·~g .§])---- ~~ EI a s ~ i ~ ~I ~ :;1 ~ .·~11 
~-~ D. F-i~"51 D. iF.~~:~ ;- ~ ~! ~ .~i ~·.~I~ !~r 

--;;:;-l-:--·- I l---1•--1--.---i-1--:-i-l-:-1---i-------
May 1 2.5 1: o IN.W. 1

1 
S.E.) S.E.; l[S.W.

1 

s 1

1

7 .ooj 29.94;29, 29.99'.3Gj 29.95
1 

•• 32! Heavyiccpacketlallarouml 

2 31 34 , 30 1': o / S. i 11 o i N. E.! Ij S.W. 1 8 8 . ooi 29. 90 32 \l!J. 76'361 2~. 74'34 th" island. 

:n 29 ' ~4 N. ' 1 S. IN. E.' 31 S~W-1 N. 2 s~ . 8 81 . 02 29. 6~33 29. 80:3j; 30. OO:•oi To-day, for tbr· first. tim<> 
2.~ 3t' 28 S.\\1 , i 1 N. ! W. l;J.:;.E., W. 1 JS. 8 8 .00 30.01::ri 30.00:JG1 30.06:331 sinceFPh.5,thPreisopen 

3.1 :12 29 s."'.! I X.E.'K.W.; 1i E. I w. 1: E. s I 5 8 .00 30.01:!4 30.06'39: 30.03:35! watcrinsigbttoeastw'd. 

6 30 34 31 E. 11 ·w. i. E. 'Ji w.: E. i' w.' RI 8 i 1-0~ 29.11431
1 

29.8635'1· 2!!.75:.3:l; Rain. 
34 :l4 33 ; o: o I S. E. 2;N. w.: S. E .. 2!N. W. 8

1

1 8 1 . 07• 20. 64 35i 29. 54·351 29. 44;34[ Rain. 

;q ' 40 ' :i2 s. E. 2 'Ii. w. 8. E. l .. 'N. "·.I s. E. I 1 N. w. 8 3 . 00 29. 32.35 29. 32,3ij 29. 34,3411 

9 38 38 : 20 : s.w. 1 N. E. '\Y. 1\ E. )K. w. 1 1 s. E. 1 I 8 j . oo 29. 50,3s. 29. 62,3B' :J.9. 101 

10 2;-. 28 : 24 :N. w .. l: s. E. ;N. w. t; s. E. \N. w. 1, s. E., e I 1 . oo 20. s1:
1

31: 29. e•;:Hj 29. so135i 
11 w 42' 2G ! w. 1 l; o : s. 

1

1

1

1 N. 

1

. o o ' 1 [ s . oo' 29. 7G31 29. 14·3s 1 29.1~·32\ 
12 29 8.E.: lN.w.! s.E. i o o o' o s' .oo' 29.7033 29.71:3a\ 29.68,31\ 

13 33: N .•. 1: s. I N. I 1 s. I' N. I s. 8 8 .00, 2!t.74.~:J 29.i638, 21 751341 Largehod10soficeins1gbt 
H 32 ;N.E.' 1!s.w., E. , li W. N.E.; 2 S.W. B 8 .05 2D.6634 29.563512!l.46:!41 onbothsid<'softbcislanrl. 

15 31 ! N. ; 1! s. : N. 1i s. O · o; o 8 .oo: 29.1634 29.0034129 00
1

33 Jcealluriftedtosouthwest. 

rn 34 i N. ·. l': o o :, o\ o I o 1 o• o 1 s s 1

1 
.oo'

1 
29.94:1;,' 2s.9641129.00':1611 

17 34 37 34 N. : Ii o O 0\ I 0 i o1 0 8 : . Otl, 29. 06,36 29. 24,38 29. 24l;i,;i Foggy. 
18 37 38 34 N. '11 o N. 1• N. 1 o 8 s I .oo: 29.3"38 29.3~4o! 29,44:41. 

1!) 3~ 41: 33 N. 1! 0 N. I 1( 0 : N. E.' 1 s.w. ij 7 i. 00: 29.50;38: 29. 54;43129· 46:as: R"ill. 

20 33 ' 34 1

1 
34 N. E.1 11 s.w. E. 2: w. I s. K : 31N. w.: s s , . 03. 2\1. 3e::is

1 
29. 2o;Js 2J. rn,:iol 

21 JG , 38 36 :i;-.. 1: s. o\ 1 o : o. o ' s e ·
1 

• oo· 29.oG,37 1 29. lHI\ 29. rn.aej 
ZJ 39 38 i 3ti o ; o; o 8. 1 i N. ! s.w. i i: N. 1:. s s R . oo 29. 26'39: 29. 35

1

45\ 29. 40 4UI 
23 40 : 48 '.!4 s. II 0 s. 11 N. I s.,v-. 1 N. E.: 8 8 . 00, 29. 56 40 29. 64'48129. 78:36 

24 :14 38 ! 3;; E. ! 2i 0 s. E. ! 1\ 0 I s.w. I N. E.' 8 8 I . 09
1 

29. 0;;:3;! 28. 90,401 28. so::l9 
25 :l6 51 ' 34 o i 0,1 o s. · li N. J s.w. 1' N. E· 8 5 1 .13. 28. 70 1 ~•; 2~ m:4'.I' 29.1; 4~I Rn.in. 

2G 35 i 3G 1 3G S. 
1 

1: N. S. 2] N. I s. E. 2
1
N. ":·I 8 s I .10 ZlJ.15.l<'. 28. 93i4b 28. 7.,,3~ 1 Ram. 

27 36 40 34 E. : 21 W. S. E.: 1
1

N. '\V.; S.W:: I N. E. 8 8 I . 071 2H. !153~ 2K. 71141 29. g;, 38 Rain. 

2s 36 40 34 s. • 1 N. s. 1
1 

w. I s.w., 1: N. n.; s 
8
s /' . 04

1 

28.1>5
1
42; 29. 06'401 29.10a7i Rain. 

29 35 ; 40 3·1 S. E. :' Ii 0 , 01 0 ! S. E. 1 t; H 8 . 101 29.18138
1 

29. 28 42129. 30 371 Su ow and rain in sqnalls. 

30 36 41 i 34 N. E.> I; 0 N. 1\ S. I X. 
1
1 I; S. 8 

1
, 81 8 . Oi; 29. 34!37,. 29. 28'42 29. 28 37J Rain. 

31 37 '· 42 , 36 II ', oi o o', · 1 ' 
.. _____ i _____ , o . __ l_o~L__o_i _ _E'_\_~-- .13 29.42;3s1_29.5243 29.5\4°1.~~iI~--------

llatt•. 

1-----

1, " ' 
R<·marks. 

ci.: 

3:1 34 

31 38 

33 33: 

:1~ 
: 

33 

3.1 41 

A:vera.ge daily mcau, tlll'rmomPtt•r, 34°.2n: warmrRt da.y, (25th,) 410_3a; clomliue8R, 0.93; rain-fall, inrh 1 O.!lA. 



 

'fHE UNITED STATES COAS'f SUl~VBY. 107 

.Alctcorological i·cgiliforfor Sa.int Paul's I.~land, Alaska Territory Continued. 

f Latit111lt_>, 570 nor1li: longitndP. l 70u we.st; l.Jeight of barorndPr n hOYl' tille-le:i:el, 40 feet.] 

JUKE, 1871. 

I Tilel'momt'- I 
1 ter. ~ Movements of atlllO:Jpherc. 

l-i-1-
, 1 1 ' 7 a.m. 2 p.m. 9 p.1n. 

I ' I ,1 1 Date. j 
I I ! r;inds. ' 'C ,; i "~:ids. Winds. i 'C ,; 
I I " I 1--- .§ g '~ g 
i ~ ¢_ : ~ j D. F. ~ ~ D. I - ~ 
I ·- I ,,.. ! &o : "" '·i ::'l " 

Amom1t of i 
cloudlriess. ' 

- - c 
d - I "" ' 

Gl 

~ 
.;:: 
~ 

i Baromett:r mal tlH'riliorn­
ctcr attacl1ed. 

Ucniarks 

Jn~~:\ l2sT:o 36 lx.w. 1
1 

s.E. N.E.f

1

1
1 s.w. X.E ~'s~w. ~1-~! s 

I I 1 :: l 
2 I 3fJ ,, 38 3J •N.W. 3i S.E. 1-'.W. 3, S.E. N.E. 2; S. e j 

:J I :t'l . 3f' i 34 i W. : 2' E. w. : 2: E. w. 1 I•' 8 I :1 

j ; : i 

. 00 29. 40:401 2g, 36!40, 29. 2e:3~ 7 a. m .. light i·ain: 2 p. ru., 

' 1 i deaT i fl p. 111., cleaL 

.13 29. 25 136! 29. 34131'.1 29. 50'35 7 a. m., raiu; 211. m., rain . 
. 10! ~!J. 78;35j 2U. fUii:JF';' ~U. OG,34 Cleal'. 

4 i' 38 ) H ! 3:! ) W. Jr o S. E. f 11 o E. 1
1 

\\'. 8 i 8 0 

5 32iaG!3Jl:S".E. 11 s. N.E./2 0 K.E. 0 sl 

I I I : 
. 00, 30. 20,38 30. 22 41 30 HJ 33 

. 07 2f~. 9~1321 29. B-zl:l61 ~!). 74 33 

. oo: 29. 59!33 29. 4fl
1
35 20. 3C 34 

Foggy . 

Clear. 
Clear. til33133:34iK.E. 2: o X.E.13 O K.E. 31 O 81 o 

1 [ 10 I 43 
1

1

3.o' x. ~ 1 s. x. a s. N.E. 1( s:'~· 1 1 

8i3fl149 :JS K.W. JI S.E. K.EJ 1 S:\\:. K.W. J, S.E. 

lt I 45' 43135 X.W. Jj N.W.11 S.E. N. I' 
10 3!t 55 I 37 N.W. 1! S.E. N.W. 2 O 'o' 

11 41 j 42 ': 46 K.W. 1] S.E. N.E. Ii S.\I'". K.E. 11 0 
12 44 I 52 i 38 II 0 ' o. 0 0 ' Oi 0 0 : o, 0 

i:i1a~_·.421'3'21' N. 1 1: 0 Jox.E. N.E.'l'S.W". 
' .' ol. 14 , 45 '. 47138 ', N. E., f o o I o o 0 

rnl41 47 38[.K.E. 1! E.111 O E, '1: 

rnll41'41,38;S.E. Jf S.E.j1
1 

0 E. ll 
11 451 48 I 36 ! w. i 1

1 
E. 'N.w.1 1 o N.w., o1 

lei I 48 54 i 38 I N.W., 11 s. E.: w. f 1: () 0 I 0 

rn / 41 j' 411 

1 

:18 I s. E. 1 I o [ s. E. 
1 

1 i o o : o! 
20 I 40 H 40 I s. E. Qi 0 I s. E. I 21 0 s. E. i 2: 
21 1 an 39 38 : s. Ql N. ·

1 
s. 3! K. , s. 3'

1 

2'2)40 J<ll39/S.W.1li1'._·E-is.w. 21K.E. s.w. I. 
23J40 46:40 s.w.11:li.E.1 s. 1

1 
o s.w. 11 

2411 38 46 ! 35 '. w. i 11 E. I s. I II 0 W. If 
I!;) 40 45 \ 37 ! N. : ti 0 I N. 1, 0 K. 1' 

2u 41 50 I 37 1 N. 111 o I N. 1j o o o' 

0 

0 

0 

0 

0 

0 

N". 
N. 

0 

0 

0 

0 

S.E. 

4 

8 

8 B I 
s! 2i 
8 8 : 

8 

8 

8 

8 8 

8 . 00 29. 26;40; 29. 24ji3; 2l). 24,35 Clear. 

8 'j • oo: 29. 28iJ9] 2~. 36:4il1 2!). 36'38 Clellr. 

8 I • 00 2f). a.)~·15 2!_.I. 3:2!43! 29. 28,36, Clear. 

. oo· 2!1. 301:>9: 2'J. 3tji5:r 29. :1137 Clem·. 
8 ', • 00 2H. 38i41~ 2~. 70j42; 2µ. 76 3fi Clea.1·. 

s : . oo· 29. 713!44i 29. 8£1[521 2!). 84,3~ Clear. 

8 ,i . 00
1 

2!J. 77i3€1 29. 72[421 2!J. <i83,1 Clear. 

. oo: 2!J. G4i4:i/ 29. 70:471 2!.I. 70 3~ 
1 

Cl~ar. 
, . oo, 29. 78~42! 29. -;-4J47, 2tl. 7:i J6' Clear and light ~howl'!' of 

I ' 
04

1 
2fl. ~>of41 '. 29. 84,41: 2!1. 72 :~~ rain. 

8 I , 001 29. 82]45,' 20. 84j4~I i.>11. 88 36
1 

8 . 00 29. 95i4Bi 30. OO':i41 ::!9. 94 32 Light rain. 
e ; . 10: 29. 99141' ~9. ~4!40

1 

29. 84 a;; Light rain. 
8 .11

1 

20. 82\.tt;! 29. 72!44[ :lfL t)fi 40, Lip:ht1·ain. 

.18 29. 501:39' 2H. !:l<i:39· 2t'. 24 :!ti, Rainy. 

. 04: 29. 66j40 1 w. •c:.10 29. s4,39' 

. 00 '29. 7.si.:ioi 29. 7flrtit>1 29. 74 65 Fog. 

. OD 29. 7.JjGOi 2H. 74j74 2D. 74 70 Clear. 
I ' • O.J 2!L 70iG41 29. i:Hi-5; 2'J. 72 65 Pleasant. 

. o-o: 2tJ. 7~164: ~fl. 73j67: 2[1. 74 G4: 

27 ,
1

· 39144 i 371 K.W.l 3

1

! O 1 N.W. 
1
3,i S. E. N.W. 2: 

2s 40 41137/N.w.11 o 111.w. o s. 1. s/" 8 
1?0 I 40 42 [ aa N.E.1 1 s.w. IN. E. 1! s.w. K. J<:. 21 s.w. s ' s 

30[42/4u,3a1' N. iii s. (N.W. 2:s.E. N. li 0 611 5 

. oo: ~1. eoi""! 29. e:i;a4i 29. e1·65 

.10! 2!J. ~4103'. 2lJ. 84!Ci712\J. FU ttJ 

. oo' 29. s~i6"' 29. s316s 29. e:. :x; 

.11: 29. 661,5~: 29. 87i57: 2H. tG60 

Li~bt 1·ai11. 

I I ' i ' I I I I . ' ' 

Awragc daily mean, thcrmometor, 40°.20; colclest da~-, (Gtb,) 340,00; warmest day, (letb,) 44-'.116: cloudiness, 0.l'll: raic-fall, iud1es, 1.03. 
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Meteorological register for Sa·int Paul's Island, Alaska Territory~Coutinned. 

[Latitudei 57° north;. longitude, 1700 west; height o.f barometer above tide-level, 40 feet.} 

NOVEMBER, 18il. 

Tbermom- \, Amount of Barometer and therrnoru- ; 
Mo~Fml0nts 0£ atmosphere. 

, __ e_-_· __ , ------,-------,------\ clou1liness. eter attached. I 

I :, w •. :.:~~ W 2p.~~ -1;91p.-~~ 7:.n) 2~m~ 9:.m[J 
~ indR. .,; 1 inc~-! ~ :::: 1;: '~ i E [.8 !: .t; 

oi I s i s --·-( .§ 1i :---- .s "g , ___ I 1 ~ s ,; 8 ~ 2 i; s ,·;; S 1·1' 
ei i ~ ! ::::... D .:FI ~ -5 I' D F ~ ~ D 111' ! ~ ~ cl ~ . ~ .; 5 I~' E II ~ ~ ,] 
,_ ' °" . : ·1 ,.., . . .:_j . ' 'I "" ,.. °' I "' ;z &: ''"': ~ ~ P'.i '""' 

-1-~7-1.--- 1- -i-i--1--1 i .. .1--:-----·'-1--1--1·1 .. ~-,-··--1--- ....... 
July 45 ! 45 38 N. i 1! S. N. i 1 S.W. 'i N. E. [ 1[' s.w. 611 2 [ . ooll 29. sf57

1 

29. 84!ml 29. e6:60, Cl<iar. 
2 44 I 44 37 N. : i[ o N. 1

1 

s.w.,x.E./ 1 s.w. ~ 1 B e .Ol• 211.Hn:>l 2n.ssM' 29.e61601 
3 42 54 ; H O I o) 0 O j O O 1 W. j lj E. 6 I tl 8 . 01) 29. 86 5B, 29. 861Gf; 29. 861651 Light rain. 

4 43,52142 s.w.'1;N.E. s.w .. 2X.E. S.E.[1iN.E.l 81 8 ~ .00129.8657 29.B1"i0 29.8664 Clear. 
!> 43 l 5~ 40 0 -0! 0 I W. ; 1 E. W. 11 Fo,i!. 8 ' . 00 29. 8660 29. ~6f>O 29.86 162 Fu11-

41 I 42 41 0 011
1 

0 ' E. i 1' w. E. 1i w. 8 . 00 29. E4 57 2!1. 79
1
64 29. 76611 

:!9 41 :19 N. E. 1 o j Ji. I 2, s. N. 21 s. 8 8 . l8 29. 75 5(l 29. 68151> 29. Ge 60 Ralu. 
39 40 40 S. 1( N. l S. I 1, N. , S. JI W. 8 . 07 2!1 69 57 29.12'65 29. 7663\ Foggy. 

40 s. 1
1 

o , s. 11 1 o I s. J o 8 s . 29.9062 29.91160
1 

29.90631 
39 s.w. 1'[ .1!'1>g. (s.w.\ 11 o , s. 11 o 8 s 8 .oo 29.920.>

1

1 29.92'6J' 29.9-.:',ool Clear. 
40 S.W. l,.l!'og.\ S. i1IFog.jS.W. lg 8 8 8 .00l!D.9-26329.9216329.\f.!ti5Clear. 

41 S.W. 11 Fog. I S. 1

1

1 Fog. S. 11 Fog. 8 8 .o 29.9060 29.91>167 29.9067 Clear. 
40 S. 1

1 
Fog.

1

1 s. 1 N,E. N. 1! S.E. s 4 s .oo 29.76
1

&2 29.6!<16.'> 1 29.1063: Clear. 
38 N.W. 11S.E.

1
S.W.!1 N.E. S.W. l,N.E. 3 3 8 .oo IJ'J.7567l 29.77\68 29.80:611 Clear. 

44 w. 11 E. J o 10 ,o s.w. 1
1
:N.E.

1 
5 5 s

1
.oo 29.so~ 29.s2I~ ~.s-::!6~jClear. 

39 S.E. 1
1
N.W.

1

•S.E. llS.W.S.E.,1,N.E. 8 7 oo,29.80
1
1ial29.90fo1 illl.88161 

41 N. l'i S. N. 11 S. N. '', 1 S. 8 .oo '.!9.7055
1

29.7060 29.7561 
I I I I I 

42 0 Oj 0 i S. , I N. E. ; Ii W. 8 8 8 . 00
1 

29. ~'55, 29. 8362
1 

29. 82165 

41 o c' o I 5. j 1 N. s. , lj N. s s 1 s .oo 29.85561 29.8566 29.8516 

-ri o o o IN.W.' 1 s.E. jS.w. I] s.E. 
8
s 5

8 
i, ~ .oo 29,s;;:oo[ 29.8458 29.85 

41 \N.W. ~ 
431 N. 1 s. E. I l 0 I N. I l' s. 8 6 I 8 .15129. 83,55 29.83:66: 29.8367 
43 \ o o o o j o o ls.w. I 11 o s 6 [ s .ooi 29.s.1joo 29.63:62' 29.B46n 
42 1' 0 0 0 E. I w. ! N. E. I 1 8.W. 8 7 Ii 8 . IJO, 29. 83160 2<J. s3!ool 29. 83 64 

I I 
! _, . 

41 ;N.E. s.w. N.E .. 2 s.w. N.E. 1, s.w. 8 s 1 8 .05 211.7753 29.70641 29.7464 Rain. 

421' N. 1 S. N. I 1 S. ) O I 01
1 

o 8 8 1 8 . 18: 29. 75)54129.14:60! 29. 70 6; Rain. 
42 I 0 0 0 s. E. I 1 0 i s. E. l 0 88 I 8 I 8 . 001 !29. 7C[57 2<J. 71i65: 29. 70 62 Fog. 

38 ! S.E. 1iN.W.1 ~.E! l N.W., o . o. o s ! 4 .ooi 29.70!56i 29.74!67: 2'J.8~6'.i Clear. 
41: S.E., Ji S. S.E. 'I s. o o

1 
o 8 [ 51 8 .rn; 29.Ss160l 29.e665i 29.8.16,1, Clear. 

421N.E-111s.w.!N.E.' I s.w. N.E., 118.W. 8 I 8 I 8 .20: 29.86j64 29.'54:671 29.7fli67! Clear. 

44 w.\j s.E.\1~nv. 1 s.E. N. w_.111( s:._~-~L~-~1

1 29.101021~9.701 6-0.c.: _29_._•2.c\6_1.c..[,_F_o_g,,_"Y_" ______ _ 

i>ate. :Bemarks1 

9 41 41 
10 41 41 

11 42 43 

12 41 44 

13 40 52 

14 4e 1 4~) 
15 4;; I 56 

16 46 1 49 

17142150 
J8 ' 44 : 47 

19 40 45 

~ 45 48 
!II 44 46 

~ 44 48 

~ 44 62 
~ 4J 44 

25 
·~ 42 

26 41 4:l 

il7 43 45 
28 43 44 

w 41 51 

ao 47 46 

:11 47 46 

A vc1·age dall)~ mcan 1 tbci·mom~ter, 43°.90 ~ chrudiucss, 0.92; rain•fall, inches, 1.18. 
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APPENDIX No. 8. 

THE HARBOit 01<' NEW YOHK: ITS CONDI'fIOX, MAY, 1873. 

Letter of Prof. Benjamin Peirce, 81tperinten1lmit United States Coast Sun•ey, to the Chaml>er r1f Cmn­
meree of Ne1<' York, u:ith the report of Pn~f. Henry Jfitcliel/ 011 tlw physic1tl .rnrre!f 1~f the harbor. 

CA-:1rn1unnE, l\IAss., May :;o, 1Si:>. 

DEAR Sru: The resolution passed in the chamber of commerce 'l\larch 4, 1869. has beeu 
umler careful cousidemtiou during tile inten•al which has elapsed, and a continu,ous in~·el'tigation 
of all the phenomena of New York Harbor has been conductcu unuer the directiou of Prof. lleury 
Mitchell, to whom the physical hydmgraphy of tbe 8LUTey has been especially intrusted. - ' 

The inclosed report frnw Professor :\Iitchell illustrates the character anu progre:ss of the 1mn1·y 
up to tbe present time. In it import:rnt m1merical data are skillfully arrangetl, and iu many casPs 
exhibited in the forms of diagrnws. All these data ma,y be regarded a;; iiual as far as they go, 
aud it sboulu be especially consillereu that nothing iu the report is speculative or merely thcuret. 
ical. Tlle paper is an emuouimeut of facts awl ousern1tiou. rt is ssstematic ex:periencP, which b 
the most valuable as it is the most fruitful experience. The deductions are not from pr('.judice or 
unfounded fancy; they result from careful stuu.r and inquiry by men who are familiar 'dtl1 :New 
York Harbor, aud with the general laws of the dynamic action of waves, tilles, aml currents. The 
observers ha\'e sought the opinions of pilots, 8hip-captains, and eng·itwers, am! hm'e rwglected 
nothing which coufd conduce to a jmlieious conclusion. \\iherever, tllerefore, iujury to the harbor 
is specified, there can be no doubt tlmt the proper reme(ly siloulu be applied \Yithout uuueees:,mt-y 
delay, and no undertaking can wisely be presseu in reference to the hal'lJOr that is manifestly oppo­
site to the teachings of obsen'atioa develope(l in tllis report of Professor :\Iitehell. 

It will be observed tltat the Jersey Flats no longer recei\'e t!Je deposits formerl;1 canied by 
currents upon its interior space. The extension of wharYes, &;c., at Jersey City have placed the 
flats under the lee, and the deposits now accumulate on the fore 8lope of the bank, so t!Jat the tlats 
are rapidly growing out into the main cha,nnel. In large measure, tbei:;e deposits are dredg-iug-s 
brought down from the city-<locks and elsewhere, but some of tile material fou ud on thew is 8tilt 
to be accounted for. Auy scheme of occupation for the:;e tlats should proYide spl\cially for keeping­
the frontage bold, and the harbor-line should not lie far back from the present frout of the tlats. 

In the vicinity of Middle Ground Shoal and of Gowauus a simila1· movement outward seems 
to have resulted from the artificial eucroachrnents at Hed Hook, but there the accumnhtion from 
foreign sources is small, and the changes ousernid have not been permanent. 

There is no indication that the bar-channels have declined in au.r way. These will be reached 
by the survey last of all, unless something should appear to attract attention to them in a<h-auce. 

The Lower Bay anchorage has changed, and this bas been examined, but a further extension 
of work and close soundings are desirable there before results can be declared. 

Mr. Mitchell's observations relative to the sub-current up the HL1dson IUver develop the inter­
esting fact that the flood i1redominates below six fathoms. 

The depth on the bar is about equal to the seaward scour through the harbor, namely, twenty­
two feet at low water; but this does not depend upon density, nor has it directiy to do with dead 
augle. 

·Professor Mitchell gives good reai;;ons for preferring middle time iu the East Ilirnr to the time 
of high or low water as that to be giyen to navigators: first, because it is less liaUle to fluctuation 
from accidental causes; and, then, it fa uea.rer the tilllC of the most rapi(l rnlocity, which is e8pe­
cia!ly of im1Jorta.nce to the sailor. 
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The whole amount of water which flo'ls info New York Harbor in the course of each tide 
through the East Hiver is sufficient of it,.;clf to raise tlrn water of the harbor by one foot and oue­
tcuth. If this flow from the East River iuto the haruor occupied the whole of eob-time, it would 
increase by just this amount tile outer flow through the Narrows and over the bar, and the ratio 
which this water bears to the whole outer fiow would exactly represent the benefit of the East 
Ri\er in prescn-ing the depth of water over the bar of the harbor. Bnt this coinciuence does not 
exactly occur. The ebb commences two hours before the turu of the tide in the East Ri\'er, anu 
dnring these two hours the flow is towards the East I~h-er instead of from it. Hence the amount 
of flow into the harbor must be proportionall,y diminished, and reduced to nine-tenths (0.9) of a 
foot. Sow, the harhor at high tide has four and two-tenths (4.2) feet more of water in it than at 
low title, which runs out during the ebb, together with the flow from tile Hudson, whid1 is about 
the same as that of East River. The whole of the flow, then, througll the Narrows, which is inde­
pendent of East Itiver, corresponds to five and three-tenths (:3.3) feet iu elevation of the surface of 
tbe harbor, and this is the amount which wonlu mn if East l{i\-er were to be cnt off. The 
additional uine-tentbs (O.!l) of a foot which arises from East Hiver gives a total of six anu two­
tenths (G.'.!) feet as rPpresenting the flow through the Narrows and °''er tile bar. If the .East 
River were cnt off, tbe corresponding decrease in the flow of water would inYolve a proportionate 
decrease in the water-space oYer the har, or a reduction of the depth of water upon the bar of 
about three feet and a half.* Such is tlle measure of the importance of East J{irnr to the preser­
\':ttiou of the entl-ance to New York Harbor. The loss of this river would iuvoh·e a fatal injury to 
the l1arbor, and auy obstnlCtion to its flow or recluetiou of its capacity must be proportionally 
iujurious. 

Believing that the accompanying report emuraces the pl'incipal points which uesene imme­
diate attention, it is respectfully presented for the consideration of the chamber of commerce, and 
I ho11e that it will be considered to deserve immediate publication. 

Yours, respectfully, 

GEORGE \Y. Dow, }ji;:q., Chairnrnn. 

BENJ Al\1IN PEilWE, 
S1q1crintenacnt United State.~ Coa.~t Survey. 

REPOl~T OF PltoF. HENRY .l\HTUIIELL. 

MAY 6, 1873. 
DEAR Srn: The physical survey of New York Harbor and its approaches was resumed in 

1 S71, and has made, <luring the past two years, considerable progress, so that some results can be 
stated quite safely. The immediate occasion of the resumption of these, inquiries was a rel:lolution 
of the New York Chamber of Uomm,erce, elated March 4, 1869, calling upon you to consider "an 
apparent change going on in the formation of the harbor of New York and its entrance, which, if 
not soon attended to and corrected, threatens to be productive of very great injury." You, iu reply, 
named Capt. C. P. Patterson and myself as your associates in the study suggested, and asked for a. 
committee of conference, which was at once appointed by the chamber, and has been retained up to 
this time. This arrangement has been a great advantage to me, siuce it bas given me, in field­
operations, a claim upon your special inkrest and the co-operation of Captain Patterson. I have 
also felt free to consult Mr. Dow aml l\Ir. Blunt (of t.lie committe.e) from time to time, aud thus 
the work has been more closely confi-ned to practical objects and wants than it was iu our first 
attempt fifteen ;years ago. 

You will not, of course, expect, in this progress-report, any general discussion; I am, in fact., not 
Jll'epared for this, but I t:1liall take up certain shoals and channels arnl state facts regarding their 
chauge:-; m1d conditions of existeuce as far as we have leameu. 

"This is a re•uH of a Rimple appliC',ation of the rnle of t!Jrec, The reduction of the depth upon the bar must bear 
the s;uuc pro}lortiou to the mean tle11th of 24.2 foct which the diminution of tlrn Jluw uf water represented l>y 0.9 bears 
tu the whole tlow represented hy li.2; i.e., the reduction mnst he a little mom tl1an one-seventh part, or, more exactly, 
:{;! feet, for tLc water-way must evidently correspond in magnitude to the amouut of water which fiows through it.-
13. P. 
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Changes for the worse lieing the most important, I shall comme.nce with them; but in onler 
that our facts may not produce an exaggerated impres:sion, I feel that it is 11ece~i<ar.'- to 8ay uefore-

band that no eddence of DI A GRAM A __> 
a _qeneral deterioration of 

theporthasyetappeared, -- ~~~~p,;~:~Yd.-~ 
and that we need appre- ~ :;;1 vr1---·,---\-
l1end nothing of the kind ) xv\ - ---- --
if wise counsels preYail ELLl~.R~~-1-, - -\--1 

in future. :zx-0ftr---1----\--
xr'Jll\---\---~\--

INCREASE OF JERSEY t ;a:xi\--j--~ -
FL.A.TS. I xxxl---"·---u1J-

In the antnmn of 1872, 
the survey of .Jen;eyFlats 
was completed hy l\Ir. 
Marindin and his party, 
and the figures given in 
the appended tables are 
those resulting- from a 
comparison of the recent 
stuYey with that of 1855, 
which has been replotted 
at \.Yashington nuder the 
special care of Captain 
Patterson, who l1as ad­
Yised with us in thesp, 
snrvcys from the first. 

The plan of com11ari· 
son we have pursued has 
been as follows: • A line 
has been drawn upon our 
field-sheet from l~o!Jhin's 
Heef ligl1t-honse to Bed­
loe's Island Jlag - staff, 
thence (slightly deflect­
ing) through Eilis's Is­
land flag-staff to tile ~ew 
Jersey Cenrtai Railroad 
wharf. This datum-line 
lies above. all marked 
changes, and is so placed 
as to fall nearly parallel 
to the border of the fiats, 
so that ordinates from it 
are essentially normals t-0 
the characteristic con­
t-Ours upon the bank of 
the main channel. We 
have drawn 38 of these 
nor'lnals between Rob­
bin's Reef light and the 
Central Railroad, at dis­
tances of 500 feet; and at 
the turn into the channel 

, tj __ _ t'-.\~-

1 XXlX\--~ 1 :!./}__ 
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, BED\..Ot~v'i-~.' -/---:IJ\'---
:xxVt'-:---lr-­
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ending to the kills we ha.Ye constructed radii from tl11-l Iigbt-lwnse as a 
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center. Upon these normals we have measured the changes in the positions of the 6, 12, 18, 24, and 
30 feet curves since 1855, and stated our results numerically upon Table 1. This first table shows 
the advance or retreat of tlie contours at the points where they are intersected by the normals. 
You will observe tl1a.t all the cnn·es ha'\'e been pushed outward since 1855, but most conspicuously 
the 24-feet currn, which in the m·erage lias moved out 303 feet, and at tlie maximum 825 feet. By 
jnst so much the main channel of the harbor, for l1eay_y ships, has been reduced in wiflth. The 
extreme reduction stated, bowernr, equals only one-sixth part of the former width of the channel. 

Iu this neighborhood deposits of material dredged from the city-docks and elsewhere had been 
deposited for many years previous to 1871, when, at our suggestion, the Pilot Commission declined 
to grant the privelege of further deposits. As I understand the matter, this commission had 
designated, as a site for deposits, the deep waters of the main channel off Oyster Island, where our 
printed map showed depU1s of over l 0 fathoms. Whether or not the parties who dumped the 
material were careless of their whereabouts, and found it more convenient to drop their loads on 
the border of tbe flats, we are not a1llised ; but we feel pretty sure from the aspect of the case 
that the great shoaling in this place is artificial. The greatest elevation of deposit since our 
survey of 1855 is 31,! feet, reducing to 4 feet depth a portio11 of the main ship-channel where some 
seventeen years before the Great Eastern could ban~ passed with ~50 feet between her and the 30-
feet curve. The foreg·oing is an extreme case, of course, but we are able to state that the flats, 
throughout the entire distance from Robbin's Reef to normal XXXIII, a distance of over three 
statute-miles, have grown out into the main channel to the injury of navigation. Some excavations, 
and deposits incidental to these excavations, seem to have disturbed the order of things between 
Eilis's Island and the Central Railroad wharf, so that no general statement can be safely made 
concerning the change in the area, of the flats in this neighborhood. If we regard the 24-feet 
contour as being the true border of the flats on the side toward the main channel, we may state the 
incrrasc of the shoal-gTound to be 129 acres. 

);ext in magnitude of change, and most important from a commercial point of view, is the 
outward movement of the 18-feet ctuve, which amounts in the average to 211 feet, and represents 
over 92 acres. Upon normal XVII, (the dumping-ground above referred to,) the maximum move­
ment outwards is 930 feet, and upon adjacent normals, 011 either hand, 710 feet. The 12-feet curve 
haR advanced to a still greater extent on normal XVII, where it is found to be over a thousand feet 
farther out than in 1855 ! 

'The 6-foot curve is so near the general plane of tlie surface of the flats that its movements are 
on the whole uncertain and insignificant. All the mm·ements stated aboYe are those which have 
taken place outside (seawaru) of the axial line from which our normals arc drawn; within this line 
the nearly horizontal surface of the flats has remained essentially the same where unoccupied. 

At the point of the flats near Robbin's Reef, the border of the shoal-ground has retreated over 
a hundred feet, except along the 12-feet curve, where little change has occurred. (See Table No. 2.) 

In Table No. 3 I have furnished in detail the areas of change upon planes of 6, 12, 18, 24, and 
30 feet depths at low water. 

Finally, in Tahle No. 4, I furnh.;h the volumes which have been added since 1855. You will 
observe that nowhere along the front of the flats has there been any lo1ts, but in every reach of a 
thousand feet a considerable gain-not less than 1,540,000 cubic feet anywhere. 

The total deposit upon the border of the main channel, since 1855, is 76,859,250 cubic feet, or 
2,846,640 cubic yards. To dig out tliis mud again, and carry it where it could be of no possible harm, 
would cost nearly a million of dollars. This is rather a startling disclosure when you consider 
the narrow belt that our fi.gures cover. It is, however, less alarming than the result of the previous 
comparison made by the advisory council to the New York Commissioners on Barbor Encroach­
ments, in 1855-'57; but it is more certa.in, because we have the survey of that council for our ba.sis, 
and have proceeded as carefully ourselves in repeating the survey. 

That council pointed out as a cause of deposits the nu wise extension of piers at Jersey City, 
but their warning voices were unheard or unheeded. .A.s I have stated, much of the recent deposit 
appears to have been artificial, but there is enough u11accounted for to warrant an appeal to tlle 
State of New Jersey to adopt measures for preventing unwise encroachments hereafter. 
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CIIANGES IN BUTTERMILK CHANNEL, 

In my report of last year, printed by the Pilot Commissioners, as an appendix to your letter 
to the president of the boa.rel, bearing date of February 16, 1872, I described the results from a 
comparison of surveys made in Buttermilk Channel, and over the shallow ground southward of 
Governor's Island. The only striking point stated was the diminution of depth on the summit of 
the shoal at the eastern entrance of this channel. Captain Patterson has disco"Vered, in overhauling 
the records, that a sounding of 9~ feet was made on. this very spot in 185:J, and omitted from the 
plotting, perhaps intentionally, after diligent search for the place had failed to repeat the obserYa­
tion. It is a very small knoll, and ther<;lfore difficult to find. 

CHANGES IN THE VICINITY OF MIDDLE GROUND SHOAL Al\""D GOW ANUS BAY. 

The eastern side of the harbor, below the Atlantic Docks, was resurv-eyed during the past 
season by Mr. F. F. ~es, and his party of the steamer Arago. The funds for this work were mostly 
supplied by the Commission on Pier-Lines, for whose use our chart was made; but we ha Ye insti­
tuted a close comparison between this survey and the one of 1855, The methou of comparison 
which I have adopted in this case, and shall describe below, differs from that employed for Jersey 
Flats, you will perceive, and yo_u will easily see that in each case it is intended to make prominent 
the character of the change. In one instance a flat is growing out into a deep channel; in the other 
the bottom is shifting. In the former the horizontal area and the volume are most important; in 
the latter the vertical changes of depth attract our attention. 

Upon our field-sheet we have drawn a straight line from the city-hall, tangent to Rerl Hook, 
which terminates at Bay Ridge flag-staff. This line, which we may consider the outer chord of 
Gowanus Bay, we have made our axis of ordinate3, and drawn these ordinates at intervals of 500 
feet. ".,.e have also drawn. parallels to our chord at distances of 250 feet, and at the points where 
these cross the ordinates we have determinerl the changes of depth, and stated the same in Table 
No. 7, and Diagram B. It was only by thus cutting up the groun.d into equal spaces that we could 
ascertain with any certainty the total deposit from foreign sources, and distinguish between accu­
mulation and shifting. The general result is a shoaling, which, on the harbor-side of our chord, is 
in the average only a quarter of a foot, and in Gowanus Bay, exclusive of the Erie Basin, less 
than a half.foot. The Erie Basin itself, notwithstanding considerable dredging, is in the average 
0.61 foot shoaler now than in 1855. . 

Referring to this diagram you will discover that there has been a deepening off Red Hook, which 
we follow along the chord of the bay, and down two parallels ou either side of this chord, as ~fa 
stream had swept rouna Red Hook and across tke opening of tlie bay, 'washing away the bottoni ii-regularly. 
It may be that the completion of wharves, extending from Red Hook, has quickened the stream from 
above a little, and changed somewhat its direction. You will remember that I reported to you 
some time since the causes of the Middle Ground as observell, and predicted that if Red Hook were 
extended this shoal would move out. I had not then made the comparison, and was not aware that 
any movement of importance had really taken place. You may trace in the groups of figures out· 
side of the shoal upon our diagram a decided movement towards the main channel, and at the foot 
of the shoal the growth to the southwestward is striking. 

The lower mouth of the Middle Ground Channel, off Bay Ridge, seems to have had a shifting 
bottom, but no harmful change has taken place in this neighborhood. The bar of this channel, 
which lies between normals XVII and XXII, and between parallels 500 and 2000, (see Diagram 
B,) has shoaled nearly a foot in the average, aml there are places upon it which have 3 an 4 feet 
less water than formerly. . 

Within the Erie Basin, and at its northern entrance, artificial changes appear; and notwith 
standing that much dredging has been done, the shoaling is in decided excess of deepening. 

CHA..NGES AT AND NEAR THE SANDY HOOK ENTRANCE. 

Our resurveys have been confined thus far to localities where changes are reported or sus­
pectied.1 and the Sandy Hook Basin has been under examination with some interesting results, 

15-c s 
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b11t m1til we can so extend the work as to comprise a wider range than that covered by the bydrog­
raphy of Mr. Nes last autumn, I do not feel ready to discuss this part of my subject. 

I presume }\fr. N es will join me again the coming season, and complete this work. The west 
side of the Lower Bay, as far as examined in our surveys for the Department of Docks, had under­
gone no change worth mentioning. 

TIDES A.ND CURRENTS. 

Although I have not yet made all the observations requisite for a complete -view of the tidal 
phenomena in the harbor and approaches of New York, I have reached that point where I cait 
exhibit my results in tables complete as far as they go, and therefore I have thought best to ask 
you to accept these data, and have them printed, that they may be accessible to those persons 
whose public or private interests lead them to follow us in these inquiries. 

I shall commence by introducing tables showing at what inter-val after the transit of the moon 
the strength of the current occurs; I call this the lunar-tidal interval of middle time, hccause I do 
not use the time of the highest velocity recorded, but the middle of tbe curve (for flood or for ebb) 
given by all the velocities carefully plotted. This plan suggested itself to me when working on 
the cnrreuts of San Francisco, where the diurnal irregularities are very large and the effects of 
freshets and prevailing winds yery considerable. I concluded that, because the diurnal irregu­
larities in the intervals of high and low water have different signs, the time of any intermediate 
phenomenon (like maximum velocity) must be more or less free of this inequality. Moreover, I 
conclmle<l that the maximum velocity would occur at the same time whatever constants might 
enter, so that in great measure this ti me would be unaffected by regular winds or continued ;river­
fioods. Jn the case of San Francisco, my computations came out indifferently, but in treating New 
York the adrnntage of using middle time instead of slack-water is very decided. My method is 
illustrated in Fig. 1 of Diagram C, in which the observed curve is plotted in full line, while the 
chords and the axis are given in dotted lines. 

The mean time of the axis (which is a line drawn downward so as to bisect aII the chords) is 
what we call the" middle time." You will observe that this element is dependent upon all the 
obserYations, and not n110u one or two, which might be the very ones affected by irregular causes. 
Table No. 8 contains the numerical data from which the first figure upon our sketch is plotted; 
and Tables Nos. 9, 10, 11 furnish all the principal elements of the tides and tidal cmrents. Tables 
Nos. 9 and 11 furnish the results from act11al observations, while Table No. 10 is a recapitulation of 
Tallle No. 9, lf,iijusted and extended. This adjustment is effected by plotting the observed results, 
and drawing through the figures smooth curves, which are supposed to strike out only those irregu­
larities which have been d 11e to strictly local peculiarities and errors of observation. The vertical 
tides, i.e., the rise and fall, have required very little adjustment, because, being observed for long 
series, they give, from averages, a smooth curve. Our manner of observing the vertical tide by 
recording the times of high and low water, and referring these to the moon's transit, is far less 
certain of giving the truth from short series of observations than our method of using middle 
time in the case of currents, or even the use of slack-water intervals; but tbt' convenience with 
which the rise and fall of the tide can be observell enables us to repeat observations till the mean 
results come very near to the truth. 

To the adjusted table (10) we have added columns of deflections, depths, sections, perimeters, 
mean radius, &c., all the elemeli"ts which might be expected to vary the tidal phenomena. 

Speaking in a general way, the delay of tidal epochs from point to point may be said to 
increase slowly as we go up the river, while the delay of the current epochs decreases rapidly. 

PHENOMENA IN THE PATHWAY OF THE HUDSON. 

In Table No. 12 we have given the velocities of the currents at different depths below the 
surface at our principal stations in the pathway of the Hudson River; and in Diagram O we have 
plotted the results for alternate lunar hours, so as to exhibit the changes from the Narrows to 
Forty-first street. 
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You will ol.Jsen'e from this table (12) and Diagram 0 that over the bar the greatest n~locities 
near the bottom are reached during the ebb, but that at and above tile Narrows the flood seems to 
predominate oYer the ehb aJnnu tlie channel-bed.~ whererer the depth c.reeeds si.r. fathoms. 

In reports some years ago, I called your attention to the fact that for scYeral consecutiYe 
hours we have at the mouth of the Hudsoa a comparati\•el.r fresli stream running seaward upon 
the surface, and a salt stream taking the opposite course below. I conceived that in the months of 
summer, the season of our work, the bead of the river so declines that it cannot balance the sea­
"'ater, which consequently flows in along the bed. During the past two seasons we luwe taken 
pains to measure densities, and have traced the sea-water along the channel-bed as l1igh up as 
Carthage, seventy miles from Sandy Hook; but the surface-water was found essentially fresh at 
Teller's Point, forty-three miles from Sandy Hook. 

There is a native oyster found in the Tappan Sea, which is too small for the market, but is a 
favorite for planting elsewhere, and it was reported to us that oysters had also been found in 
Haverstraw Bay, and sea-crabs as high up as Carthage, ten miles below Poughkeepsie. 

In Table No. 13 we give the specific graYities, ol.Jservecl at the different stations, corrected for 
temperature l>y Hiilstrom's rule. These data were collected by Mr. Marindin, while our current 
ol.Jsen·ations were in progress in the year 1871. The water was pumped up through pipes, so that 
no mixtures of different strata affect our table. 

The density of the sea on the chord of the great bay, which lies between Nantucket and the 
capes of the Delaware, was observed by me in 1867, and found to be 1.024 at the temperature of 600. 
This may be set down as the normal density of the Atlantic in the approach to our coast, while yet 
beyond the direct influence of our rivers. In the year 1865 we made some observations upo11 tem­
})erature and density between New York and Cape Cod by the inland route, finding in the lface a 
~lensity of' 1.0224, and outside 1.0233, which density was carried through the Yineyard and Nantucket 
Sounds. Observations of 1871, in the Race, gave us a density of 1.024. 

It appears from our table (No. 13) that in the portion of the Hudson bordering on Xew York 
City there is no great contrast of' densities between the top and bottom of the sea, although it is 
decidedly marked at Twentieth street at the close of the ebb-current. Abo,·e this point there is a 
rapidly-increasing variation of density with the de1lth for the close of the flood-current; but the 
close of the ebb-current presents little contrast of densities until we get above Dobb's I~erry, or well 
into the Tappan Sea. ~l\.t Teller's Point, which lies between the Tappan Sea and Haverstraw Bay, 
the difterences of d1~nsity between surface and bottom are Yery great. H would seem.that these 
great basins store up the sea-water somewhat, as does the Mystic Pond, at the head of' l\fystic 
River, above Boston. (See special report of United States·commissioners on Boston Harbor, pub­
lishecJ in 1861.) The great basins terminate, essentially, at Verplanck's Point, where the difference 
between surface and deep waters is conspicuous only on the tlood. Above this point all contrast 
declines, and, finally, at Barnegat, seventy-five miles from Sandy Hook, the river is of uniform 
density at all depths, being essentially fresh. 

Although no critical comparison can be made between the different stations repi:esente«l in 
Table No. 12, because the observations were not simultaneous, and haYc not been corrected for 
half-monthly inequalities, yet we may venture to suggest that at the depth of 22 feet at low 
water-which is that of the bar-channel-there is still ample seaward scouring-force all along the 
line; that the bar does not lie in the dead angle between the salt and fresh water, but,, in its gen­
eral character, belongs to the same class as those at our southern inlets; in other words, it is a 
broken part of the littoral cordon of sand that skirts the coast, and is kept open in this case by tlie 
tidal circulation, which I have referred to in previous reports as the" life-blood of the harbor." 

MOVEMENTS THROUGH 'l'HE EAST RIVER • 

. In Table No. 11 we have given the tidal elements of the East River and its approaches. These 
elements are from actual observations, which we have not attempted to "a<ljmit/ as in the previous 
tables. The currents of the East River, from the southern entrance of Buttermilk Channel to 
Throg's Neck, belong to the interference system, which I have discussed in my report-On Hell Gate, 
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Appen(lix No. 13 of the Coast Survey Report, published separately in 1869. I find it necessary to 
quote a few paragraphs from this report,, in order to illustrate my subject, and explain in what 
manner this table (No. 11) differs from those previously given for the Hudson: 

"New York Harbor is visited by two derivations from the tide-wave of the ocean, one of 
which approaches by way of Long Island Sound, the other b;y way of Sandy Hook Entrance. 
These two tides meet and cross, or overlap, each other at Hell Gate; and since they differ from 
each other in times and heights, they cause contrasts of water-elevations between the Sound and 
tlie harbor, which call into existence the.violent currents that trayerse the East River. 

"In the course of our laborious tabulations of the data from m,y physical surveys of 1857 ant~ 
1858, it has become apparent that the general order or scheme of the tidal interference is very 
simple, and that the. apparent complications result from the mingling of local peculiarities; for 
this reason I deem it essential to offer a general view of the scheme, denuded of all its details, 
before inviting you to follow through tables and diagram to the phenomena actually observed. 

"If the entrance from the Sound were closed at Throg's Neck, the tide which comes in over 
the bar would prevail all over New York Harbor, and we should have on the west side of Hell 
Gate a tide of 4~ feet range, with its time of high water about one-half hour later than at Sandy 
Hook; i. e., eight and a half hours after the southing of the moon. In passing through the gate 
and SJJreading out upon the broader spaces beyond, this tide would essentially lose its wave 
character, and become very much reduced in range, so that at the Brothers Islands it would 
be scarcely sensible. 

" If, on the other hand, the Sound entrance were to remain open and the Sandy Hook Entrance 
be closed, a very different order of tides would prevail. On the east side of Hell Gate the tide 
would have a range of about seven feet, and high water would occur there about twelve hours after 
the moon's transit. In passing the gate, it would suffer degradation, but not very rapidly, till it 
had advanced beyond the Blackwell's Island channels. In the basin of the upper harbor, however, 
it would become very small, and essentially waste itself and (lisappear in the lower harbor. If 
these two suppositions are correct, we ought, with both entrances open, to find at Hell Gate a tide, 
whose times and heights are intermediate between those now observed at Sandy Hook on the one­
band, and Throg's Neck upon the other; while at other points the proportions would be unequal, 
accordiog as our place of observation was more distant from the meeting-point on either side. 

• • • * .. .. .. • .. 
"Premising that all currents are caused by disturbances of the surface-level, we may see, without 

effort, that in harbors visited by a single tide-wave, (not materially distorted in its figure from 
point to point,) slack current must follow the stand of the tide, since at this time the surface-level 
is restored. Again, for this single tide, the maximum velocity must occur near the time of half. 
tide, because at this time the greatest rise or fall, and consequently the greatest filling or drain­
ing, is taking place. In the neighborhood of S1tndy Hook, or at Throg's Neck, the currents do 
follow, in the manner we have stated, the local title; but in the East River, where two tide-waves 
approach from opposite directions, the changes of surface-level, and consequently the currents 
bear no direct relation to either tide-wave considered by itseif, but depend upon the nature of the 
'interference,' as it is called. • • • • • * • • • • • • 

"These tlifferences of surface-level are the vertical measures of the slopes-tidal heads, if we 
may use this term so loosely-and they increase from zero to maximum ( 4.87 feet) in about three 
hours, then decline to zero in about the same time. • * • • • • • • 

"The following summary of the leading points which I have attempted to illustrate will serve 
as my guide in the arrangement of my observed data : 

"First. Two tide-waves visit New York Harbor, meeting and overlapping at Rell Gate. 
•' Second. Near the meeting-point of these two tides, the observed heights and times of the 

compound tide are intermediate. 
"Third. The currents of Hell Gate are called into existence by the variations in the relative 

heights of the Sound and harbor; their epochs have no direct relations with those of the local tide 
or its components, and their velocities do not depend upon the local rat.es of rise or fall of tide. 

" Fourth. The current· flowing westward through Hell Gate occupies a greater section than 
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that fl.owing to the eastward, because the former prevails during higher stages of tbe local tide 
than the latter." 

The third point made in the above quotation seems to be con1imied, becauoo we find that sub­
tracting the observed tides on the east side of the gate from those observed upon the west side, we 
have maximum differences of level at 6h 41 ru and 12i. 13m after the transit, and the maximum velocity 
of the tidal currents at the north end of Biackwe!Fs Island (see Table 11) at 6" 30m and 12h 38m. 
When we consider that these differences of level and times of maximum velocity are modified by 
so many local circumstances, the reaction of numerous reefs, the passing of great fleets of vessels, 
the winds, &c., I think the above agreements are about as near as we could expect from short 
series. If we had observed long series of tides at Throg's Neck and Governor's Island, which we 
did not, I have no doubt we should have come much clost>r. Mr. Striediuger, an assistant to Major­
General Newton, who has leveled very closely through the gate, tells me that the local disturbances 
are very considerable as reflected in the varying slopes. 

We may, without material error, use the following rule for the East 'l~iver current: The 
strength of the flood-current occurs sfa; ltoun; and a half after tlie transit of the moon, and tlte strength 
of the ebb-current at twelve ltoul"s and a lialf after the same trans,it, (or about twent,y minutes after 
the immediately preceding transit.) 

The above rule at neap-tides will cover the axis of the entire channel from Atlantic Dock to 
Tbrog's Neck, but at spring-tides would extend easterly only as far as Old Ferry Point. 

Current observations at the Race were made, but under circumstances not altogether favorable, 
and those for points below the surface I have rejected as far as velocities are concerned, because I 
am convinced that the stray-line (whose out-run is designed to permit the lower log to sink to the 
full length of the conne,cting wire, before the observer begins to count) was not in this case long 
enough, so that added to the real velocity is the descent of the log in part. Our vessel was 
anchored in 40 fathoms of water. Concerning the tides and currents of Long Island Sound, Mr. 
Schott has written a paper in the Coast Surrny Report of 1854. 

In Table No. 14 we furnish the observations made at several stations simultaneously in a line 
across the East River at Wall street. The velocities given are those obserYed at the surface, but 
a pretty thorough examination was made of those below the surface without reYealin g a uy changes 
which we could connect with the lunar hours. 

By reason of the delay of the tide through the East River, the relations of fiowage to section 
differ from point to point. While at Hell Gate the greater section is that of ebb, (westerly flow,) 
the greater section at Wall street oecurs during the flood, (easterly flow.) You will iearn from 
Table No. 15, which is made out from very careful data-comprising velocities at different depths, 
at different distances across the stream, and at different times-that the section during the flood is 
91,560 against 86,960 square feet during the ebb. The volumes passing in the two directions aTe 
much the same. The small difference which appears in the table is probably due to errors in 
reduction. The mean movement is that of 4,362,300,000 cubic feet in either direction. If a canal 
·of the same width and section as the East River at this point were extended without limit, and visited, 
like the Hudson, by one tide only, no such movement as this could be generated-this is a matter 
of computation-so that the phenomena we have observed are those peculiar to the co-existence 
of two inlet8 traversed by diferent tidt>,s. The strong currents in the pass between Martha's Vine­
yard and the ma.in-land in the neighborhood of Vineyard Haven, where the channel is over threu 
miles wide, and more than 60 feet deep in the average, are due entirely to the interference of two 
tides di1fering, like those that visit New York Harbor, both in time and range. 

EAST RIVER AND HUDSON TIDAL CURRENTS COMPARED. 

Table No. 16 gives in detail the soundings and positions of stations in two cross-sections, one 
of which was in the East River, and has been commented upon, the other in the North River at 
i.'orty-seoond street. 

Table No. 17 contains our observations at Forty-second street in full, together with a recapitu­
lation of the velocities arranged according to lunar hours, and corresponding to table No. 14. 
These observations are illustrated upon Diagram D, in explanation of which I shall offer a few com­
ment.s. The curves are those for surface-velocities, and do not represent the movements for all 
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depths. Those above the axis are plotted from flood-velocities, which take a northwardl;y direction 
in the Hudson, and an easterly direction in the East River; while those below the axis are reverse 
courses. In the first figure of this diagram the abscissas are hours of civil time, but in all the others 
they measure distances from the west shore. In Fig. 1 it will be observed that the ebb is every­
where in excess of the flood, but most conspicuously so in the middle of the river, and least so 
upon the western shore, where the two drifts approach equality. These curves iudicate that middle 
time as well as all other elements vary in the transverse section, and that some of the irregularities 
which appear in Tables 9 and 10 are dne to the circumstance that our stations were not always 
located in the axis of the stream. 

' Passing on to the transverse cun·es you will observe that for nearly three hourn, between HI 
and VI hours, after the transit the ebb of the Hudson may be supposed in part to flow towards the 
Sound; while the East River ebb is a tributary of the Hudson flood for scarcely two hours, between 
IX and IX hours. You will bear in mind that the terms "flood" and "ebb" as a1>plied to the East 
River streams are ~erely used in their popular eense. The general inference from the above state­
ments would be that the East River is an outlet and feeder of the Hudson for several hours of each 
day. 

RELATIONS OF EAST RIVER MOVEMENTS '1'0 THOSE OVER THE BAR. 

Computations made upon the observations at different depths in 1858 gave for the discharge 
of the Hudson at the close of the wet season, (1st June,) 6,038,000,000 of cubic feet, and at the close 
of the dry season, (September,) 3,360,000,000. Our more extended observations of 1872 (October) 
give nearly equal inflows and outflows, amounting to 4,511,000,000, which is aboutthe mean of the two 
gaugings of 1858. Now, this added to the ebb-volume of the East River, which was 4,383,000,000, 
gives 8,894,000,000. If to this we add the harbor tidal prism, 17,862,000,000, (which inclu.des 
Newark and Raritan Bays and the Kills,) we have 26,756,000,000 of cubic feet. The gauging across 
the mouth of the harbor from Sandy Hook to Coney Island gave, from observations of 1858, an out­
flow of 27,663,000,000 of cubic feet, which is only about 2;! per cent. more than the preceding com­
putation. Perhaps this little excess is due to the discharges of Mreams and creeks not considerecl 
in the previous computation, because not gauged. I confess that I had expected a much greater 
excess, because I had not counted in the Passaic, Hackensack, Raritan, and Shrewsbury Rivers, 
from which considerable volumes, even in the dry season, must escape by way of Sandy Hook 
and b,y wa~· of Hell Gate. Without claiming that all the water that comes in through the }jast 

River goes out over the bar, and aids in the scour of its channel, I think this computation author­
izes us to regard the East-River stream as too important to be treated lightly. 

I think you have fully explained the entire discrepancy between the views expressed by Mr. 
Dow and those which we have l>ased upon our observations, in pointing out that Mr. Dow is reason­
ing upon the supposition of a harbor visited by a single tide entering simultaneously by two mouths. 
1f this supposition were correct, i.e., if the same tidal undulation came up from Throg's Neck and 
in over the bar at the same time, the office of draining and 1illing the harbor and river with tide­
water would be divided between the two outlets, and the currents of flood and ebb would be 
much weaker than now through these outlets-much weaker, in such a case, with two outlets than 
with one, of course. But as a matter of fact, the order of things is quite different from these supposed 
cases. The tide coming in at Sandy Hook not only has to feed New York Harbor, but for a while the 
Sound ~lso; and, vice versa, the water flowing in from the East River not only has to feed the harbor 
and it.s rivers, but the ocean outside of Sandy Hook (being for several hours at a lower level than 
-the East River) receives the drainage of the Sound in addition to that of the harbor. In this way 
New York Bar is crossed in either direction by a volume of water considerably greater than the 
simple :filling and emptying of New York Harbor and its rivers would demand. If yQu were to 
close the ~t River by a dam, you would reduce both flood and ebb currents on the bar very 
sensibly, because, as we have seen, several millions of cubic feet would be cut off', which now tra­
verse the seaward channels four times a day. 

I must add one general statement concerning a harbor with two or more outlets. It does not 
follow, even when such a harbor is visited by only one tide, that there is a.disadvantage in having more 
than one pathway to the sea. On the contrary, a majority of the :first-class harbors of the world 
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have several. Among sands it is not wholly upon the strength of the current that effective scour 
depends, but upon the power of these to dispose of the material advantageous1y. Equal and oppo­
site tidal currents, however strong, cannot remove the bars of our southern inlets, because in the 
short period of six hours the very slow dune-like movement of the sand has not carried it beyond 
the influence of the adverse stream with which it works back to its old place; but where the eblJ 
and flood are unequal, the material is swept entirely away from the mouth of the harbor- Now, 
with harbors of two outlets, it often happens (and I speak here with plenty of obsen-ed data at my 
command) that one channel is more favorably situated for discharge than the other, so that, in 
effect, there is a circulation in at one door and out at the oilier. It is precisely for tlie sake of inducing 
such a circulation that a secoml outlet is now being constructed from a sandy harbor on the west 
coaRt of Denmark. 

One ma,y presume that if there were no tides at all in New York Harbor, the two openings 
would be of advantage to each other. In a northeast gale, for instance, the Sound waters, driYen 
before the wind, mount up seYeral feet at Hell Gate, and would rise much higher exce1lt that they 
escape through the harbor of New York, aud out to sea over the bar. In this case the entire 
Sound is mmf'ul, because it is a shallow sea in which the effect of the wind is largely translation 
instead of osC'illatfon, (as ht the ocean.) The wind cannot blow from any quarter without disturbing 
the balance of the two outlets, and thi'S disturbance is represented in effective scour at the bar. 

Very respectfully, yours, 
HENRY MITCHELL. 

Prof. BENJAMIN PEIRCE, 
Superi1itendent United States Coast Survey. 

List of tables accompanying report of Prof. H. A1itcltell on Ne1c York Harb01., 1873. 
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the Central Railroad wharf. 
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I 

No. 2. Same round the point of the ttatf;. 
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)- Changes on the Jersey Flats. 
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No. 5. Depth of water in 1855. } · 
No. 6. Depth of water in 1872. Cllanges in the vicinity of Go\\-anus Bay. 
No. 7. Changes of depth between 1855 and 1872. 
No. 8. Currents of Gedney's channel. 
No. 9. Tides and currents in Hudson River and approaches. 
No. 10. Tidal elements of Iludson River, adjusted. 
No. 11. Tides and currents in East River and approaches. 
No.12. Currents at different depths in the Hudson and New York Harbor. 
No. 13. Specific gravities of water in the Hudson. 
No. I!. Currents of East River at Wall street. 
No. 15. Volumes passing through East River at ·wan strce . 
No. 16. Mean low-water sections at Forty-second and Wall streets. 
No. 17. Currents of Hudson River off Forty-second street. 
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C. Showing vertical-current curves; also method of computing "middle time.'' 
D. Transverse curves of velocities in the Hudson and East Rivers. 
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TABLE No. 1.-0ltanges Mi the Jersey Flats, New York Harbor, as shown by t11e su~veys of 1855 

mid 1871-'72. 

I 
Di•tances from the datum-lines of the 6, 12, 18, 24, and 3().feet curves. I 

Depths along the !--------!-------------------------------- datnm-lines. 

N:::i~~f;:~~ · tr.feet cnlrve. 12.feet curve. 18-feet c~rve. 
1 

24-lfeet culrve. 31J-feet c~rrn. 

bin'sReef + 11 + I+ I -~Ii 1+ I ,,; 
light. • ~ ~ • d;> ~ • ~ ~ I • ~ d .. ep ~ • g 

1855. ~ 
1 

iS ~ ~ 1855. (! ~ ~ ~ 1e55 f:! ~ ~ f 1855. f.! I ~ ~ ~ 1~55. ~ ~ ~ ~ 1855. f! ~ 
~ ~ ~ ~ ~ ~ j, ~ ~ I~ ~ 1)' ~ ~ ~1 ~ ~ 
,.. I"= .... ,.. "" ~ ,.. I""' .... ,.. /"" .... I ,.. 1"" ... ,.. -~ 

\ 
Feet~ F:-:1 ~eet. Feet. ~t. ~eet. Feet. F:t.-1 ~r,eL 

1 

Feet. :et \ "'1Fut. : Fe.t. F:t. "'il''eet. I Feet. F:t. :.t. 
0 ................................... 495 630 t- 135 825 9051+ 80\ 9301,0651+.13511,1601,1651+ 5 0 0 ±0 

l. ... ····· ............. "'•··I·....... 290 515 + 225 570 8:iO + 280 I 650 970 + 320 :L, 115 1, 075 i - 40 81 8 
IL ........................ _, _ .. - .. .. 175 335 + 160 3EO 750 + 370 585 880 -l 295 I 975 1, ()1!0 I + 45 10 9~ 
Ill ......................... !........ 90 165 + 75 275 520 I + :l45: 550 850 I + 300 ,_! 850 935 I + 85 10 10~ + • 
IV ......................... -...... - 0 40 + 40 200 :l85 I + 85 410 700 I + 290 I 800 900 -+ 100 12 lli ~ 

;~::::::::::::: :::::: ::::::j:::::::: :::::: :::::: :::::::: ~: ~~~ i: : ::~ ~~~I:~~~')• : : ! : i~ ~: ~: := ~ 
vn ........................ 

1

........ ...... .••... ........ 60 115
1

+115 315 575

1

1 + 2so 820 740 I - so I 16 14! - 10 

;~~::::::::::: :::::: ::::::<:::::: :::::: :::::: :::::::: ~ :~' : : : =-~ : :: i : ~: ! - :~ i ~: ~~! = ~. 
X.............. ..•••. ...... .•....•. ...... ...... ........ 0 3:.lO + 320 165 500 I+ 315 73U 76.'i -+ 35 ! 18 16 - 2 

XI. ............ -·····.................................. 0 ~ -+ 325 II 150 500 I + 350 700 785 + 85' 18 15 - 3 

XII.................................................... 15 225 + 210 190 5151+325 625 810 + 1851 17 14 - 3 
XIII................................................... 50 125 + 75' 185 600 + 415 590 833 + !!45 

1 

16 14 - 2 
XIV................................................... 00 110 + 50 175 625 + 450 575 875 + 300 i 17t Ht - 3 
XV...................................... 0 ± 0 70 2"25 -+ 155 275 800 + 525 575 9;;() + 375 I lG 12 - 4 
XVI __ ......... . .. • • . .. • • • • . • • . . • • . . • . • .. :i:;o + 350 i 110 820 + 710 320 1, 050 + 730 585 1, 220 + 635 lG 9t - 6i 

XVII.............................. 40 1.075 +1,035 ! 215 /l,145 + 930 450 1,275 + 825 590 1,375 + 785 10 9t - ; 
XVIII. ............................ l:JO 800 + 670 l :l65 975 + 710 490 1,190 + 700 I 640 1,300 + 6fi0 6! 71 + f 
XIX........... 40 40 235 440 + 205 1 330 615 -+ 345 550 985 + 435 I 660 1, 180 I -+ 520 5 6l + H 

xx .......... -. 160 120 40 310 260 50 I 465 400 65 575 875 + 300 690 1, 185 i + 495 4 3 - I 

XXL.......... 13:. 210 + 75 3'.l:\ 285 40 I 445 500 + 55 
1 

625 850 + l!'l5 725 l, 150 -+ 42.'i a 3 - 2 

XXJI..... ••• • . 65 110 + 45 355 325 30 : 475 440 35 1 620 890 + 270 775 l, 160 + 385 5§ 5J; ± O 

XXITI......... 80 135 + 55 I 375 350 25 I 5.10 525 5 i 650 965 + 315 860 1,270 + 410 5 3l - 11 

XXIV......... 230 230 ± 0 I 400 380 20 \ 475 I 900 + 425 ' 735 1, 285 + 550 950 1, 400 -+ 450 5j 4~ - 1 

xxv.. ........ 330 3-00 + 30 420 365 55 I 480 \ 575 -'- 95 I 750 1, 17;; + 425 985 1, 400 + 415 5lt 3i - 2 

XXVI... ... • • . 375 345 30 465 410 55 I 575 i 430 .:. 145 i 8:.l5 I, 200 + 37511, 075 1, 425 + 350 0 0 ±- 0 

XXVII... .. ... 370 370 ± 0 635 575 60 i 840 it, 120 + 280 [1, 180 I, 37~ + 195 1, :i:;o 1, 500 + 150 3 3 ± o 
XXVIII....... 340 365 + 25 820 675 145 [1, 11511, 160 + 45 ,1, 210 I, 515 + 305

1

1,430 1, 635 -+ 205, 3 3~ + ~ 
XXIX.... •• • • . 375 400 -1- 25 900 725 175 11, 200 1, 270 -+ 70 'l, 450 1, 580 + 130 1, 570 1, 770 + 200 I 5 4l - i 
XXX .......•.. 4la 4W + 4:-; 915 765 13011,17511,290 + 115 11,375 1,650 + 275 1,625 1,870 -+ !1451 5 5 ± 0 

XXXL •.•..• - ' 450 450 I 0 840 780 60 11 C20 1, 260 + 240 1, 150 1, 700 + 550 1, 720 1, 910 + 190 5 41 - l 
XXXII. .••. •. . 500 430 70 7.50 710 40 I '875 1, 270 + 395 l, 525 l, 710 + 185 I, 91D 2, O:l5 + 105 4l; 4t ± o 

xxxrn.. ... .. 550 487 63 no 645 65 : l335 1, 285 + 450 11, 475 1, 725 + 2so 2, loo 2. oso - 20 I 41 4i ± o 

XXXIV ....... 
0

470 5:.lS + 55 665 800 + 135' 190 l,2ll0 ! + 490 lt,100 1,650 50 2,175 2,ll5 60 O ± o 

~~~~::::::~ ~~ : : : ~: : : ~~I~::~:: ~ 1: 1~:: ~:: + ~ ~= ::~: = 1~: ., : !l ~ ot 
XXXVII ...... --·-·· !;40 + 540 42.'\ 850-+ 425 11,050 <t,100 -+ 50 1,550 1,470 80 2,140 2,075 - 65, 6 4l I! 

• • I - I 
XXXVIII ..... =::.:..:.::.:..:.=:..:.:.: 3(.0 ~~1~1~-=-..:'.'...1,610 1,41" -=-~1,910 1,9:.lO ...:'.:_~-7-~-~ 

:Mean .................. + 641 ............ + 100 )·--··· ...... + 211 J ............ + :l03 ............ + llOl j ................. .. 

NoTE.-The normals, which are 500 feet apart, are drawn towarrls tbe channel from twodi&tom-liocs, the first running from Robbin's 
~!~f~r;:,:i ~~~··Island flag.stall"; the seoond, from Bedloe'• Isla.nd flag-staff, through Elli•'• Island ftag-otatf, to the New .rersey 

ED. B. FOOTE, Oomputer, 
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TABLE No. 2.-Clumges on the point of Jersey Flats, as shou:n by the sun:eys of 18.'ifi and 18il-'i2. 

Distances from Rol>biu's Reef light of the v, 12, 18, 24, au<l 30 feet cur1·es. 

~ 6-feet curve. 12-feet cune. 18-feet cnrrc. 2-l·fe€t CUTY(.•. 

:a 

i 185.5. ?! II ir, ] 1855.1 f.! ! i 25 g ! 18jj fi I i 1') 1 1855. 7.! 

+ 

3Q-feet curve. 

+ 
~ ~ 

e ~ ~ 
~ ~ ~1 ~ ~~ l~l.;~j ~~~I ~ z .-I I~ - l<f ' ..... < I oc. 

-- Feel Feet. /~I Feel I Feet. ~! Peet. Peet. - ;J'eel~-,-~:-;:--;,~-;I, -Feel I Fe.l.1·-;:::-;::: 
o..... 150 210 

1 
+ 50 , 4951 630 + 13:; i &:?-5 nos 1 ~ so 030 1, 063 + 133 

1 
1, 160 1, 1c:; + 5 

I. .... 240 2001 - 40! 53,,, 7.>oi +115! 1,110 910\ -140 1,200 t.150 5011.330

1

1.280: - ro 

II.... 325 16.'\ - 160 : 9'251 925 : ± 0 ! 1, 39:; 1, 180 ' - 215 1, 540 1, 400 50 I 1, 875 1, 673 - 200 

III .. 1 375 175 I - 200 I 1, 030 095 I ;15 I 1, 615 1, 5:;5 i - GO 2, 030 i 1, 970 00 I 2. 500 2, 2.iO - 250 

IV ... 

1

1 400 190i -210 1 1,040

1 

970t 70i 1,640 1,470! -1711 1,980! 2,o;-,o
1 

+ 70j 2,800i 2,7301 - 70 

1---1 1--- I ---: I 
.Meau

1 

............... 1 - 118 i ........ i + 28 
1
........ - 115 '. .............. 1 14 i ........ I - 133 

NOTE.-The radii arc drmvn 22° 30' apm·t1 from Rolibin's Reef light nt; .i cc·iitc_.r. nnml1er 0 11(•]11~ perpC'ndicuhr ton line from thf' light-
house to the tlag·staft on Bt•tllo<· 'K lAlanll. , · 

ED. IJ. FOOTE, Co111puler. 

TABLE No. 3.-Cltaiigcs on tlte Jersey Flats, as shown by suruys of 18J;j and 18'1-'i2. 

.Between normals. 

Increase or decrease of horizontal area . 

i i : I I 
f 6-fect plane. 12.feet 1>lanc.j 18-feet plane. 24-fcct planc.i 30·fect plane. I 

-------------1 Sqtlare feet. Sqnare feet~- ) Square fe.et. : ~quare feet. I Square feet. 

+ ~il2, 500 : ·t- 7. 500 

+ 2:J6, 250 : + -I 78, 500 

+ 68, 750 i ,. 8~, ~.00 

+ 131, 250 i + 61, :!.")() 

+ 278, 750 + 3(), 0-00 

+ 29.3, 000 U'i, 500 

+ 102, 500 + + 243, 750 
267, 500 + + 421, 250 

l
ixviandXVIll.................. + 7i2.500

1 + e20,ooo + 770,000 -+ 7Hl,~ 
I XVIII and X.'C. ................. 1 + 162, 50(1 + ;JJ;J, 750 + 467,;ioo i + 541', ·~)<) 
1 XX and XXIL ................... i 38, 750 4G, 000 2, 500 

1 
+ 2.J5, O()O 1· 43~, 500 i XXII aud XXIY ................. i ~, 38, 750 25, 0011 + 95, 000 ' 362. 500 + 413, 7:.0 

i XXIV and XX:VI. ............... : 7,500 46,2.'>0 + 117,500 + 443,~50 i + 407,50() 

i XXVI and XX:VlIL ............. : - l, 2:i0 80, 000 + 165. 000 + 267, 500 i + 213, 750 
1xxvIIIandXXX ............... 1 +w,ooo Hl,250 75000 + H2,:-,00 1 + 212.500 

I 
:xxx and XXXII ................ : 6, 250 77, :;oo + 247, 500 + :m, 500 I + 187, 500 

xxxrr and xxxrv. .. . .. . .. . .. I - 35, 250 - 8, 1,,0 + 446, 250 + L'il',7:>0 ; ., l, 250 

XXXIV and XXXVI .. . .. . .. . .. I -278, 750 + 236, 750 + sa, 750 
1 

- 30, 000 \ - 8E, 750 

XXXVI and XXXVU ......... 1

1

........... + 281l, ooo -1. 33 750 - 83. 750 , - 46, 2.".0 

) Tota1.............. ... . .. . . . ~1,000 -+l.286.75of=4.~f-:;5,'~iioof-:;3.~5-0-0/ 

:ED. II. J<'OUTE, Compu!a. 

16 c s 
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TABLE No. 4.-Cltanges on the Jersey Flatc, ltew York Hafbor, as shou:n by surveys of 1855 and 
1871-'72. 

Increase or decrease of volume between depths of-

Datnrn*Hne 
and 6 feet. 

6 and 12 feet.1.12 and 18 feet. 

Cubie feet. Cubic feet. Cum< feet. 
+ 1, 316, 250 

+ 971, 250 ~ra::dr~:;::: :: : : : : :: : : : : : : : : :.·::::. :: : : : ::: ::r:: :: : : : :::::::: :: 5:: ~~~ 
+ 270, 000 

+ 271, 250 

+ 342, 500 

434, 000 

IVa1ul YI..- ... ··-···-·················· .. 1'. •••••••••• 

VI and VIII ............. ··-·· ............... ! .....•..•.... .' ...... ····-· ... . 
, I 

~I~~,;~:.::::::::::::::::::::·::::::·::::::1::::::::::::::•:::::::::::::::: 
XII and XIV .•.. - ......................... ··'·--·· ......... r ••••..••••••...• + 267, 250 
XIV and XVI. ............ __ .............................. 1 

•••••••••••••••• + 1, 196, 750 
XVI and XVIII ............................. ! ......••.....• 1 •+1, 078, 000 ' + 4, 836, 250 

+ 1, 777, 500 

112, 500 

+ 460, 000 

+ 463, 750 

+ 105, 000 

XVIlland XX .........••..........•....... ! .••.••..••• ___ ; + 542,000 

XX and xxtr ............................... I +132,000. 3,500 

XXllandXXIV ····················-·······I + 96,000 + 41,250 
XXIVandXXVI. ............•....... ·····-· -1190, 000 116,250 

xXt'l and xxvm .•••..•.••.....•.•. ···--· f - 48,000 231, 250 

l!58, 750 

+ 510, 000 

+ 1, 312, 500 

+ 960, 000 

+ 941, 250 

+16 1 OG4, 250 

XXYIII and XX."'>: .••••.••••.••••.••...... ··! + 40, 000 393, 750 

XXX andXXXII ·························-·1 + 48,000 - 251,250 XXXII and XXXIV ....•.....•......... ··-· + 3, 000 132,000 
XXXIV and XXXVI. ...•.. ··•··.. ...... ... . +341,000 +l,54:;,ooo 

XXX::;:'~ ~~~V~~I:: ::: . : ::: . ·: :: : .:: :: r· -~~~~~ I~:::::::: 1 

I 

18 and 24 feet. i 24 and 30 feet. 

Cttbic fee~. I 
-;- 1, 556, oOO 

1 
+ 1, 597, 500 

+ 120,000 I 
+ 1. 121. 250 I 
+ 1, 698, 750 I 

+ 1, 887, soo I 
+ 1, 511, 250 I 
+ 2. 475, 000 I 
+ 4, 770,000 

+ 2,403, 750 

+ 772, 500 ' 

+ 1. 372, 500 I 
+ 1, 683, 750 

+ 1.u1.500 I 
+ 885,000 I 
+ 1. 912. 500 I 
+ 1, su;,ooo 

+ 161,250 I 
- 150,000 I 

+29, 141, 500 I 

Cltbic feet. 1' 

+ 765, 000 

+ 1, 125, 000 

+ 776, 250 

+ 543, 750 

+ 772, 500 

+ 1, 297, 500 I 
+ 1, 435, ooo I 
-!: 1, 936, 250 I 
+ 3, 458, 750 

+ 3, os1, 250 I 

+ 2, 062, 500 i 
+ 2, 328, 750 ' 

+ 2, 5.53, 750 

+ 1. 443, 750 I 
+ i, 267, soo I 
+ 1, 717, 500 

+ 480, 000 

356, 250 

390, 000 

+26, "68, 750 I 
NoT1<.-Tbose volumes marketl witb an asterisk(') are between the datmu line and the 12-feet line. 

Total. 

Cubic feet. 

+ 4, 162, 759 

+ 3, 775, 75(\ 

+ 1, 766, 250 

+ 1, 936, 250 

+ 2, 813, 750 

+ 3, 619, 000 

+ 3, 213, 500 

+ 5,608,000 

+ 14, 143, 000 

+ 7, 774, 500 

+ 2, 851,0CO 

+ 4, 298, 500 

+ 4. 775,000 

+ 2,397,000 

+ l, 540,000 

+ 3, 936, 750 

+ 3, •78, 500 

+ 2, 651,000 

+ 2, 318, 750 

+ 76, 859, 250 

ED. ll. FOOTE, Computer. 



 

TABLE No. 5.-Changes iii t1ie bottom of New York Harbor, in the vicinity of the Middle Ground Shoal, Jroin a com1Jarison of the sun:eys of 1855 
and 187:!. 

a . 
0 if 
of::"' lJltl''l'HS IN FEE't ON TUE NOHMALS1 AT l'OISTS 250 FEET .Al'AHT, E.\CU WAY1 FIWll THE AXlS, I~ 1853. 

1 I Distances from the axis toward the main channel. 

~ ,...!;:! • --------------- ··-------~- ··--

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

Dil:ltanceli from the axis towartl the shore. 

~ >U ~ I i § I :i! S1 ii S1 8 o I :i! g :i! S1 I ~ g ~ S1 I ? I g o I o o -~ I ~ I e o I g I o I g ~ I g I ~ g ~ I g I :;; I g ~ I g I "' I g ~ lg l;r lg ~ "' ,_ ;;s at 0 ,.. !':< "' 0 
.- i1'i o i- '1S :;'.l "' •O . c .,., ..- ' o •o I c I :;i "' 1- '-' "' •O <- o "' 10 <- o :fl •o ,._ I'° :fl 1.o ~ 1Q """ "!ti ..... ""' er) M ~ "' ct G'l Q( 1""I ,.... ""' "" f"O 1.'°) OI '1 L') ,.... ,..-! "" ,-.I M C! .. 1 Cl Cl M M M M '!fl ..,. ~ ~ L1' ~ L') 

~~J~~[1 m-;-;,·~~-;; 231-;-20-·-;-; 221-; 35 -:;-;~-:1·2~ 6 ~1~.T~··-·I·~ ~[.~~--~ ~~~~1~1~.1~~1~-.1~[~·~1~1~1~ 
I.·-···-·· ........ 30 28 261; 25 24 2:1 22 21 20 19 18t 22 25t 28 3:; 41 42 38 28 9 0 1 •••••• ····1··· ... I ......... l .................................... ····1··'·· .. 
IL ••.•• _ •.••• 33 29 21t 26 23 24 2:1 122 20t 20 rn 1et 22 26 28 35 41 42 421 2s i2 io I o \ ··· ... ... . .. 1 ... 

1 

.. ···· ···· ... ··· ··· 1 ••• ••• ••• >

1

. ··· 1 •·• ···· ··1··1
1 
.. 

Ill.. ...•.... 30 28: 27 25 22 23 21! 21 20 20 171 18 20 22 26 30 40 39 40 37 20 18 
1

12 5 .......... 1 ... 1 ···1···· ....... ····1··· 1'···· .............. 1 ........ 1 .... . 

IV .•......... 30 28 27 26 25 22t 20~, 25 21 18 17t 16 17 18 20 21 23 1 30 38 35 28 19 16 9 5 ··· ···i ··· ... 
1 
.... •• •••• •••• ••• •••• •••• .... ••• ••• ! ··· ····1·· ·r 

v ........ 31 211 21 I 2a 26 25 2'~ 21t1 21 19 18 11 !U! rn rn 11 22 20 29 34 33 ao 2:i 1s 101 11 4i ••••••• :---· .

1 

... ---r· 1····\···· ---
1 

.... -- 1···· -··· ··11
•• -

YI. .•..•. 30! 30 29 i 28 26 24 23t 23 22 21 18 17 16 15 14t 19 20 20 23 30 32 33 27121 16! 14~ 9 4! ........ ····I··· .. . .. ····I ··· .. .. I .. "" .... "" .J. 
YII ••..•• 31i 2Bf 28 I 26! 26 24 23 2'2 2.1 20 18 10 15 14 18! lBt 191- 20 23 26 30 31 :10 I 25 18 161 l'li 71 4 "" .... "" ... ... .... .... ... ·· 1····1""1"""' ... 1- ··I·· 
Vlll. ..•. 31 29 28! 29 26 26 23 23 ~l 20 17i 16 15 15 13~ 16 17jc lB~ 18! 21 21 30 31 30 25 17 11 12 6 ................. .1. ............... '. ....... 

1

1.J .. 
IX .••..•• 32 29 28 27~ 26 2~ 23 22! 22 22 17! 16t 15! 1: 15 16 16 17 20 2~' 2~ 21 30127 ~4 !8 Ill 1~ I 11! 5 ····1··· I ....... ····I··· ........ , .... 11··· I···· ····,··I·· .. 
x ........ 31 29t 28 . 21t 26 2a 25 2a 20 rn 1s rnt 10 i, Ht Ht 14 1:it 19 mt 1,~ 11t 24, 2~ .o .1 1s l.i n 10 1 .... 

1 

··r·· .... 
1 

.... ···· .... 1··· -···.-··· ·· .. 1·-i·· ·· 

XI. ...... 1-··· 30 29, 28 26 25 25 24 2'2!.21 20 mt 16 15 15 15t Hi 14 14 18118 20 2.i 23~ 28 22 20 17 14

1 

llt 6 ····· --··1···· .... ···· ···· ···· ····1··· [ .... I ... I ·· · 
XII .••.••.••. 30 2!1Jr 2S *' 22 221- 23 Ill} 20 20 171 16 16 15 14 14 14 H 1:11; 15 1" 10121 24 24 24 20 lG 14 111 5 ........ ····1····"··· ····1···· ... : ···1····1·· 
XIII ...•...•. 31 29 27 26 25 24 23 22 21! 21 18 lG~ 16 15 14~ 14 14 13~11411;. J:l 17 19 2l 24 ·127 ;w 1s 11:; 13' 11 fj 11 ........ ····11 

.... 1 ... -0••1 "" i···· ..... . 
XIV ..........••. 30 29 28 21 25 23 22 22 211 19 17! 111 16 14 n H 14 14 11~ 13 H; n 18 2u 22~ 24 2:i 17 14 1 121 n 1; ····I·-· ....... 

1

_ .. 1. ... 1 .......... ., ... . 

xv .............. 33 29! 27 2s 27 24 2'! ;w 21 19~ 17! 11 11 1s 15 14k H 1:1!! 14113\! 1s i 11 rn~- 1s rn 20 rn 18 rn ·114. 12 I !I 6 ........ 1 .. ,. ..... l····l···-1 !.1. 
XVI. ................ 30 2Slt 21 24 24! 23 22 21~ 1 21 1s 17!· 11 16~ 16! rn~! 1:; 1s I l4 141 I:J!, i:; 17 11111 rn rn 18 I IG. n rn 101 10 r, ••••.••. 1 ...... II ... 1 .... ··1..1.. 
xvn ................ 31l! 29 29 26! 20 23 22 21 22 1s~ 1s I 11 rn 1:; 1s I 111 14\' 1:111 131 1 rn~l111 1 1;; 10 rn 11~ If! 1ai rn · 11 12110! 11 ' ' 4 ........ ···I···! .. ' .. 
XVIII ................... 31 27 26 25 Zl 23 21 2-l 20 !Ba 17& 18 mo 15&116 13111~1l'l\112 l 101 13 l1 1:i 1H [(;' 17~11. 13 11 111 \I H 8 8 7 t; ....... I·· 1 l··1" 
XIX ..................... 31 ·i 29 27! 25 2:1 2'J 22 22 201 rn1 1~1 17! n 17~ rn11 rn1 rn 1:1~111 1

1

rni:11 u 11:; 1;,! rn I rn u 101, 9 G! 7 1 7 1 j 71 G 1... i. 
xx ...... ····11 ···I···· ........ 30 29 28 24 24 ~3 22 21 20 Hl!l 18 17. l!lj 1911711'!112! 10} 101110 1211:1! 14! 15 H 11:1 9 71 6 1; ti 16 G! •11 111 7 If> I '" 
XXL ......•................. 30 30 28 25 22 22 22! 23 19 19 tn 17! l!J 18. JG 

1

15 l'l!l 11 10! 101 12 H 14 1:; li\ 11 9 ti 5 5 O < G\1 6!1 7 (;~! ri
1 

•• 

XXII ........ 
1 

.... ).... .... .. . .. 30 29 27 25 24 24 24 24 22! 20~120~ 20 19
1 

ltl 13 1 12 10;111 10 l:J H 1;, Hh/ 14113 10 7 Ii 6 Ii Ii 7 711 71 71'7 I (ii · 
XXIII. .......... _.1··-· ·-·· ... . 31 2!l 28 27 25 25 25 21!1 24! 21 21 22 18!: JR 14111 110~ ll IO! ml 1l l:i 11112\1 11 r; Ii 5 '1 ti 7 7 

1 
7 7171 fi 

xxrv .. .1. .. .1. ... ····'··-- ........ 
1 
.... 30 20 2n 26 21 28 2u112:1 2-1 21 20 20 1111 111 12 10 11 101 13~ 1 rn rn 11 rn 10 1 1 r.'. ni • 1 I 1 \ 6\B!1 fi' .. x~v····\····l····i ... .i.. .. \ ....... .i ••. :H ao 2n 2e~ 2fl 29 zi 2s 29 211 22 1a w 111 12i 1~ Ill 12i 111~ 1 1i:1 j w i l'J! 11 I ~' 1 o I "11i I "li .. : .. , ... I )- I __ 

XXVI... ···l"··l·-··1···-.···· .... 1
1 
........ :JO 30 30 :11 31! 32 31 29 27 24 20 Jfi 15 151ll~i14 lfi 22 11115 12110\1 .. ... .. ·· 1··· 1 .. I .. 

1 

• .J. 
xxvn . .,. ... 

1 
........ ····[··· .... .... .... .... .... .... ... . ..... ···- 33 'lH 21 n lTJ-' 16! 1e I 20121 2H 22 rn 1:1 iql o ·--1-- 1 .. . ~ . .I. . 

XXVIU ...... ····\····,···· .... 1.... ... . ........................ :J:J 2g 23 18 18 2:\ 27 2:1 1~! IV U ! . . .... l ... i ... ·i··· ···· ··· 1· .. .1..1 .. ! .. 
XXIX ... I ....... .1.. .. 1·--·I ....... 1 .... ,. . ...... ····I " ................ :11 2!1 I 2f> I 2-1 2!.I 2.; ! 20. fl .... ,. •.. 1·· I ... . ···[·· ·' .. I ... I.. . -·I l·. 
xx~·--1···· ··· \····1 .. \ ·· ···j···· ... · .... ····1····1··· ............ :io :1•j 2:111;1 12~ I '. ....... 1... .. . ...... I ··1··..I. .. I ···1··1··1--
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TABLE ~o. 6.-Clianges in the bottom of Ke11· York Harbor, in the ricinity o,f the J1Iiddle Ground '9/wal,from a compari.~on of the 8urre.1fl!of 1855 
a 111Z 187~. 
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TABLE No. 7.-Cltanges in tlte bottom of New York Harbor, in the t'icinity of the Jlliddl'3 Ground Shoal,froin a comparison of the suri•eys of 1855 
and 1872. 

J l ISCREASE (+) OR DECREASE(-) OF DEPTHS IN FEET ON NO!UfALS, AT l'Ol:1TS 250 FEET APART, EAC[[ WAY FllOl! 'l'HE AXIS. 

~ " -~ ~ 

~ Distances from the axis toward the main channel. 0 
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1 

1 n t - i ~ - i I + 1 - 1 o 1 1 !· 1 

xxru .. . . . . . . .. ... . . ... . . . . . . . . . . . . . . . . . . . . . . . .. . . .. _... u - ~ fl + 1 i 11 - i ! 1 2 + ! -- 1 1- 2.; <1 
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TABLE No. 7.-Changes in the bottom of lYem rorh' Harbor, cf:c.-Continued. 

J:\"CUE.\.SE (--HOR DEL'lrEA~E (~) OF DEl'TIIS IX FEET O~ NOH'.\L\L:-41 AT 1'0T;.;'T8 250 lo'El-:T .Al'AHT, E.\Cll )VAT FHOM Tlfl~ AXIR. 

Distance~ from the axi~ towanl the 8hon~. 
~ ~,,; 
'a I», 
0 i:1l "' z 

0 ..•..... I ~ .. -.. i ~ro .I.'~r·oo.1. ·J ~1,,·- 1 :· .. 2;):i0 I 2500 I ~1:.o_ ]_3~0~-1 ~50 _ ~~l~-1 3750 4000 4300 4750 5000 520>0·1 !ii>OO I ~fcnns. 
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...... 1... + 0.11 
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xvn r . . . + ! + 1 ! - 1 - t - 1 - 1 - Jt - :i - 3 - 1 i -- 1 o -- 1 - I! I t- 2 o _ _ _ I . _ _ _ _ _ . _ _ _ - u. 3.> 

XIX-·-·- + 1 - ! - I~ - l~ - li - 2 - 2~ - 1 - 3 - :11 - ~ _, t I - 1 I - 1 I 0 0 0 0 I······· ...... -- ............ - 0.40 
XX • . . . . . + a I 1 0 - t - ~ - 1 - a + 1 - 2l - l - I~ - l - ! I l -I l J - o 0 - l - 1 . . . . . . . - 0. 42 

-,----~-1---XXI ..... -!- ~ - t - 1 - 1 0 - 1 - ~ - 2t 0 - 2 - 1 + l -!- 1 -!- I t 1 - l l I 1 t I· ! 0 JI -------- + 0.11 
J! ~------- ' ' -
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XXIII • . . o + 1! - t - 1 o ...±,.LI - ?} - 4t - 4 - 21 - ! - 1 - 1 1 .,. t o o + I -1 3 - I - ! I I . . . . . . . - o. ~o 
xxrv ... -1 1 + 1~ o o ...±2-1 - 9 - 1 - 4 - 4 - 3 - 2i - 1 o i o + 1 1-- 1 o + l ; :iJ 1 ~! tJ ........ - o.35 
xxv .... o + 2i + 2; o I -14 - 1~ - 3! - i o _ 1.1 - 1 o o 1------ ............................................................. __ o.9s 
xxvr ... + 1 + n + t 1""+"4r + u I + 6 + 1 + r,i ·----- .......... ... . ............... ;....... ..... ........ ........ ...... ..1 ............... ··---··- J Q.11 

~~~;: ~ :· ·----~ :::::::: ::::::: ::::::: :::::::: :::::: .. _:::::: :::::::: :::::: ...... :::::::. :::::::i:::::: ........ ::1:::::::1 ::::::: :::::: -I-·-··- ::::::.: :::::::: : ::~: 

:: : ,~444; ~, :.~~,~ ~ '°' ::,,, ~L{,O< ~~" ~ 1~>c.< L.,{.;1~ .. ~ ~ .. ~ ~·'" ~.~ 1~-0~~ 
NOTE,-llea.n depth, shoreward, of axis= - OA7; mean <le}lth in Gowann!'I Bay, cxcim;iYc of Eric Basin-= - OA3 i mean <lcpth in l:rie BaHin ·.:.::: - 0.61. 
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'.l'HE U.XITED STATES COAST SUH.YEY. 

T.AilLE No. 8.-CwTents of Gedney's Channel, 18.18. 
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ED. II. FOOTE, Cump1tter. 

TABLE :No. fJ.-Tides and c111·1·ents observed in the II1ulso1i Rit'cr and seaward approaches. 

FLOOD·Cl:fiRE~T. EHB·CUUlENT. 

---~------- .---·-- -- ··-------·-· 

l.or,alitif'S. 

h. m. 
Forty miles south of Fire 

Island Light* ............ i 1 41 S. W. 0. iO 

SandyHookligbt.ship* ____ 5 18 N.W.: 0.57 
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Off Forty-second street, I 
IIudaonRiver .•...•.•...• 8 :;;::; N. ! 1.41 ...... 

1

14 55 S. 2.7~ j···· ......................... \ 

O~u:~:e~:~~--·~t-~e-~t:. s 37 N. 11.17 15 S. 1.851 "' ................................. : .•..•. / 

OffDobb'sFerry ..••....... !I 32 N. f 1.35 16 23 s. 0i._:,~ :
1 

IX v1n x_-_,_-_r __ ."_x_·_x_·~_x_·,_·_r_r __ · 3
3

._u_:, i: 
Off Tarrytown •.•.....••... 10 12 N. I 1.00 IJ 51 S. " 
Off Teller's Point .......................... !...... 11 2 S. 0. 70: 2 .......... -. I 
OffVerplank's Point ....................... 

1

1...... 16 5U s. o. 70 f 2 x r.nr XVIII v 3.1 I 
Offionaisland............. ..... ... ........ ...... 17 3 S. 1.10 i 1 ' / 
OffDenning's Landing ..... 10 37 N. 0.60 l 'j' 17 3 S. 1.60 i 2 j. ........... . .... . 
WestPoint 1 •••••• j ...... ! :XI L XIX YI ...... 1 

OffColdSpr;~~·:::::::::::: -~~--~~- ···; ... ·~:~;- ···~l;; .. ~; S. 4 · I 2 ~ J 

Oll"NewWindsor .•..•..... 10 48 N. 1.10 ~ 1........ S. ~:4~ i ~ !:::::::::::::::::: :::::::::::::: ..... ::::~: 

Off Poughkeepsie . .• . . . . •. . 11 6 N. 0. 90 1 . . . .. .. . S. - . . _,..~ • 

127 

-W 
-G ;J..l 

-3 

13 1-6 

It 1-~ 

2() 5·i' 

34 ).4 

3B 1.4 

43 l·:J 

4n i.2 

53 J.4 
56 3.4 

59 1-~ 

c1 
t35 

70 1-4 

75 

791-4 
~:;::.~;!:::::::::::::::: ~~ 1~ ;: ~:: ; 1:::::::: ~: -~·.:~_/

1 

.... : .. l:::x::I:I:I:::x::x:x::::I:X:: :~;~;::::L:I::v:::: .... --3·.·:·1 
·----------'----'-----'----'---'---~~~~:......~~~----~~~~~~ 

•Feeble and irregular. 



 

128 REPORT OF THE SUPERINTENDENT OF 

TABLE :Xo. 10.-Tidal elements of Hudson River adjusted. 

... I : ~ : ~ ~ I '\Fr.oon. Etm. TIDES. c:; ! :g,, 1 ~ \changes 
~ ~ ! ______ , _________________ J:l .g i ~ I of 

~ - , . . lnterrnls. i [ ~ ~ [ ~ ~ I 1 
e<>urse. 

~ ] I' ~ ~ ~ ~ --- I .. ;: ! :;; -~ I ~ I ' 
~ .. ~-- : :E ·s __ ~ ~ 1

1 
:5 ._,,_a_· ~ ~ ! ~ ! ~ ~ '1 ~ ~ i ~ ~ .§ 

1 ~ c \ 

General locality. 

-:....: ~- - ,_ ...... ~ :;:.. l~,i::..~,~:::1.;:; ~ 8 . ..., =1 - - [ .s ; e: 1 .::: i .; r o : ..a "' 1 f:: 1 w ; ~ i e = 
;; -~ 1' ::: - ~ ;§ - '"' " I " I " : .. ' " I " : " I " ' "' l ·= . 

..... ~ Q.l...:;. "" --"'- :.-- 1 <:.J,d:,~ ~ .,~1 ~ 1~'~1~[s =· .. I ; ' 2 I ~. ~ 0 I IT.I I c,; ~ ~ I Q) ' ...,:. 4' I <:l' ' ~ = ""'_ - - -· ;=, ""' ..:: I~ : ;;; , r7.: I;::; ' :;;1 i ~ ' ::<I , :;;1 I;::; w 
----- ------1-:- ~!-- /--,---/--,--;--,-

,, "' I h m h rn. h. "'- 1\ Ft. ' Ft. Ft.' Ft. I l:'t. ; Sq.ft. Ft 
1 

Ft. I 0 
1. 

0 

o ri 2' \\rd. i2 1~· E'd. u · o 
1 

fl o 4.~ L S.l' I I 'I SarnlyRook. 
10 7 31! , N'd ·113 32 S cL. XXV : O X:S:1V I 4. 41 { ~2 5. ·I , , I Quarantine, New York 

I I j i 59 j / I Bay. 
20 8 4° N"<l ' r 3 S' l LIX VIII I 4. 2: ( 50 : : ' ' I Eighty-sixth street. 

. . · 1 J •. ' l " ' t' i - 5. I: 23 I 4, 870 112, 000' 4, 925, 22. 74 10 I 10 : s 
30 9 27 1:\"<l . 15 57 S'tl.. XXXIII XXXIX ! 3. 9

1 
(\ 43 4 6! 1G E, 800: 139, ooo' S, 894' IS. 63: 15 I 15 ' Y

81
onkersH, 'l'llappanR ea. 

40 10 5 .N'<J. 1 163:; S'd .. n IX ,II xx·vr i 3.5( 42 ,_ 
4
: 61 lG 110, 970 j 177,ooo:l1,l33 15_901

501
1 S!l eepy o ow, avcr-

50 I 10 33 X'd .j li O ' S'd .. II XL HI X:S:YII 1 3.1, .i 1 I I I : straw Bay. 
! !( : I ' ' i I Verplanck's Point . 

60 10 50 
jQ 11 4 

~o 11 12 

.N'<l.:,1 1710 S'<l .. 1,III xx:s: ,,IV X:S:II I '\106 7.3' Hi 2,740 121,000, 2,893: 41.82 73 :288 
I 

23.' 
0
8 (GO :-.. 5' 26 j 5, OHO~ 134, 000: 5, 125, 2G. 14'. 40 1

1 
87 Highlands. 

Yil ! IV XXVI V VII 1 I ' I , , Carthage. 
I i v L VI I 3. 2 ·i 68 5, g, 38 I 3, 140:1120, 000! 3, 220 37. 27: 331 Bl N'd .:
1 
....• _.: ______ V XXTI I 

1 

, i ! ! Poughkeepsie. 

o~---~--~-~-----'----~-~-~ 

NoTE.-fo plultiul': the courses we have drawn tho longest possible lines within tho channel boumlml hy the IS·feet cun-es; each line 
he ginning and emliug in the milh.lll' of the channe1 as thns bournled. 

ED. H. FOOTE, Computer. 

TATILE No. ll.-Tides and currents observed in the East River aiid its approaches. 

Ellll·Cl"RREXT. TIDES, 

L.W. II.W. 

~ :grr.1!·§ s: :~~ ·-="'~ 1' 
e: 5~.k; ~ j'-'w_ --s(+> ~~ 
~ -.3 ~ - I, ..ij ~ IP....; ~ ~ ~ i'--------~-----
.§ ·~ ~ I r... 8 s ·;; I "a ...... 0 
..,i! e_ E:P o:;= ~E ~ i§~ ~~ 
~ ...... ~ Sp zd .......... i c:::i ~~ 

~ ·~ ].~,!ft"~ .§ -~.; ~ 
f"1 I "'1 r'l i"'i ~ .:I i ;:;j ~ _________ , __ i-_---i--,--:-- ----,----· 

h. m. I c i I / h. m. [ 0 I h. m. h. m. Ft. 
Maincliunnel(otfS1rn<lyI1ook)! 5 0 70,2.031 3111151 274 2.17 2 VII XX.IX ..................... . 

:1-iarrows ....................... ; u ;,7 148!1.10 8

1 

Ia 10 \ aao I.GO 7 .......... · .......... ···--··-· .. ··- .. ·····-1 
BnttermilkCliairncl.. __________ ; C. 33 IXorth"tl; 1.43 !······ 12 38 jSouth'd· 1.77 ...... VIII XIII XIV XXIX 4.l!4 

East ofWallstrcetfcrry .•..... I -0 39 ... do ··,'······1:······1 rn 28 :, ... do .. ···-········ ......................................... . 
Soutl1 end of Illa.ck,•rnll's Is- 1 ( 

K~:~~:~n:~l•~;~~~~~ii~·~JI 6 :l2 \···do. i 2.401

1 

...... 
1 

12 40 i ... flo .. 2.90 ·-·-·· ·············-····-· .................... . 

land channole.. .. . . ... . . . . . . . 6 30 ' .. .<lo .. J 4. 20 ..•. ·/ 12 313 ... do .. 4. 20 X VI XVI XX 4. 45 

HallctsPoint .......•................. Ea•t"•l 18.301 ...... 1 ....... /\Veot'<l 4.4 XI VII ..•.•....•.•..• 

I ,ocali ties. 

1-5 

7t 
12 

HI 

18t 

~~~h~:=~~~~~-~~"r:~~-;~~~~·~:~ ···~-~~ ::::: ::l·;:;~·l::::J·~;·;;·il::.~: :: ·;:~· ...... ·-~~----~-~-1-~ ..... ~~~- .. ~~~- -~·-~~. 
Th 

, N k \ t-0 33 .•. do .. 'I 0.75 [' ..... 112 43 .•. do .. 0.70 ...... ~XI XX 
rog• ec ................ l ;4t:> ... do .• 1.50 ...... 102:;,, •. do .. 0.80 ..... .,5 ······················ l!o~ 

~~~~~:i:; :.:::::::::::::::::: *~ ~ :::~~.:·1.~--~.1::::::1 .. ~~-~~- ::.~~-:. -~--~- :::::: :::::::::::::::.:::: :::::::::::::::: :::::: ·---~~ .. 
Race ........................... 

1 
2 Eaat'd I···-·+·····[ 9 6 We•t'dJ···· ........ IX x.xxvm ................ ...... 110t 

• Computed from Mr. Sehott's tahle, page 170, of Annual Report of Uoast Snn-ey for 1854, !Neaps. t Springs. 



 

THE UNITED ST.ATES COAST SURVEY. 

TABLE No. 12.-Currents at different depth.~ in the Hndson Rit'er mid New York Harbol', from obserra­
tion8 of 1858 and 1859. 

Station in Getlm·y·K Chauucl, Au::. 7, 11358. 

Lunar hours. 

0 

I.. 
II ... 

III. 

X. 
XI 

I i~ I 1 
I
. " '" I ·'=_ > A 
·---,-----

; 1. 6!-l / EaRtward. 

1.26 , .... do ..... 

0. 30 

0. 7P 

1. 35 

1. 5U 

1. '.!2 

1. 0:1 

0. Oti 

0. 7() 

1. 7~ 

J· ... rlo ...•. 
J \Vestwar<l. 

1 .... do 

I::: :~ 
!. ... do ...•. 

i Eastward. 

/ .... dn 

! - <lo 

2. OS .. do 

1. 79 

1. 32 

o. 13 

0. 9.'i 

1. 57 

l. 77 

1. 5i! 

1. 10 

0. 11 

0. 73 

1. ;,;:; 

1. !lJ 

: Tff i -1---~-:-,--~--- h -----i ! 1 
-i__::__-J ;:; -- .::: -- __ -___ ~-----· 

l~aRtward 1 ,')::J i :Eastward ';.l. 13 Eastward 

.. ~:: 0. 94 i-:::'.l:'...... ~. ~~ : :::~:'. : . I ~,: ~:: .. ~:: ~- ~~ i ~::. 
\\re.stward.: 0, 61 II \)t'Stward (). 87 WestwanU 0. !17 "-T(''l.fwanl 0. 61" i Wel'ltw:ird. 

! .... do 
1 

0.68 . .du .. 1.irn .... tlo .... i J.t<I .tlo O . .'Jf1 Do. 

... do 0. f<:J • do l. 89 ... do ·I 2. J!J ... do . __ .] 0. J7 Do. 

1--.tlo. _I 0.7:~ 1lo 1.5G ... do .. _._._\, 1.7:l !lfl 0.50 U1l. 

: .... do -- . ' 0.68 1.··--do ..... 0.6:.! .... do. o.~-i ... ao 0.69 nu. 

·--do--~-~! -----··----i 0.9fi I-!:astwa1·<l n.7~ Eastw~1nl 
Eastward 1.... 1 1. 62 

I 0. 40 1· -~~~t.~T;l:l~. I. ~12 .. , 

··I 1.:H 1 .. ao ... ':.!.1.1 

.do 
.... do 

. dn 

.. Clo . 

.do 

Eastward 

1. 6:! I . do_ . 

1()4 Ea~tward. 

. do 

::.:il do 

0. fi7 Ea~tward . 
0. 84- D1i • 

o. o7 Do. 

. Station bctw·ee11 na.st and west banks, Ju1H' 24, 25, 18.>!l. 8t~'ltfon i11 ~arro\\""· .Tnly :H and Aug. 1, 185-R . 

Lunar hours. 
~ ~ -~ Ii 

I ] ~ ~ 
______ l_i__"_ I i5i I 

I I ' 
~ ··::::::::::::i ~ ~: I Southward! 

II.. ......... ··i 1.76 !::::::: :: I 
III ............. l l.4:l i····<lo • 

~v ............ ·1 o. !>4 1.·. ·. ·_·_d,1',', ·. _·_· ·1· 
v ·····--- ...... 0. 40 

VI ·-----·---·· O.JG I );orthwanl1 

i : : ::: : :::1 
VII............ 0. 75 

VIII........... 0. 71 

IX 0. 50 

X. 
XI 

0.51 

0. 88 
I ~~,~:~; .. d1 

1. 07 

J. 17 

1. Oo 

(J.8l3 

0. ::>O 

0. f)] 

: Southward 

..... do 

1--- .tlo 

I ... do 
.... do 

Northward 
n. fi-4 .. <lo 

0. 94 r··· .do 
0. 6~(?) .... cio 

0. 61 i ... tlo 

o. 40 \ Southward 
0. 8!1(1)1 do 

0. 02 

0. 07 

0. ~-'"i 

0. 3~ 

0. 3'" 

0. 20 

0. 49 

0. 41 

~ ~- ~ 

~ 1JLJ 
Northward! 1 . .J(; Southward 

f;outlnvardi 1. 48 _ .. _ilu . 

Nortl1wart1' 

.... do. 

.... do 

do 

... do. 

do. 

1. ;.1 

1. 02 

0. lf, 

0. 5~ 

0. f!6 

1. 0:1 

.... fln 

' .... do 

... do . 

Xort11wanl 

'·. - .lfo 
.... flo 

O.OG{?f .•. clo 0. ;)j .... do .. 

0. O::i . _ •. (lo . 0. :JO 8outh•var1l 

O. OR ... do 0. ~1 _ .•. do 

O. tll Southward I. ~;3 1 ••• du 

I ~ 
I 1° ~ i ,_--_! __ -_ 

1. -i.-. 
1. 7tl 

0. ti.) 

0. 4~ 

0. 7.! 

1. Or' 

o. ~n 
0. :JO 

Sont1iv . .-ard
1 

. ... du .. ··i 

.••. t1o 

... tlo ..•.. j 
X11rthw,nd' 

• 1\11 

.. tlo 

.. tln 

.do 

. . <lo 

. r L. 5~ 
I 0 . .J~ 

0. 7L) ~outhwanli O. 1!) 

1.~;i _ .. d~i .•. 1 O.Ofi 

~orthwar<l, 

.l)O . 

Dn . 
Ho. 
Do . 
Do . 
Jlu, 
Do . 
IJo. 

lJo . 

Soutl'ward. 
Du. 

Station off Rohhi11'g Reef .• Jul;· 7, 8, 1859. Station lwtwtw·u ti-m·erww·I'! antl BedloP·sI8lamls.Sept. 1, 2, 1858. 

!---------------------------

" II Lunar bl)nra. 

_____ , ___ - .. 

0 .............. . 

I .. 

II ..... - ....... . 

III ............ . 

IV····---·--·--
V ............ . 

VI-------·--··· 
vu ........... . 
vnr .......... . 
IX·--·---·--··· 
X ..... - ....... . 
XI ........... .. 

0. 87 

1. 24 

1.26 

o. 86 

o.~a 

0. 40 

0. 47 

o. 06 

0.25 

0.32 
O.lll 

0.24 

Sout.hwar1!
1 

.. do ..... : 
' ... do ..... 1 

. ... do. 

... do .. 

. ... <lo. 
do. 

N1frthwurrl: 
..do .... . 

... do ..... ' 

Southward 
. .. d-0 ..... I 

i 

0. D7 

1. 43 

1. 52 

1. 10 

0.55 

0.32 

0. 

·1 1' f ! II ~ ~ ~ ~ 
I 1---,---~-· 

1 &)~::,~~\--~I:(~~ ~: !~ jl ~~~:::w~~dl 
.tlo 0. 41 __ do ·-· 

. '10 . . 0. 29 do ... 

... do .. _. o. 08 ! Nnrthward· 

... do .... 0.70 \ .... 1lu ..... 1 

~o:;,:'~~~'~t ~:~~ 1·::~:~:: ··:~:11 
... do ..... / 1.05 .... do ..••. 

.. <lo ··--·i 0. 75 l .... do. ·--·1 
.!10 ..... 1 0.15 .... do.--· 

Sont.hwardj 0. 12 ! Southward; 

----------'--------~---------·-------··· 

·17 c s 

1. 4io Southward, 

1. 45 ..•. do 

J. 45 .... do 

1. 26 .... do . 

0. ~1 .... do 

o 3o(') ... do 

o. 31(?) North want" 
0. G:l .... do .. 

0. 48 .... do 

0.12 .... d<> 

0. 41 Southward: 
0.8!1 .... do ..... i 

J.f,4 

SontlHvar<l, 

.d(J 

L 4.1 ... do 

1.01 ... do 

0. 4B ... du 

o.oneJ ~orthwa.rd 

0. 03(!1 ... du 

0. ~4 ... d() 

O. 81 ... do 

0. :1:5 . __ .tlo 

0. !""il : Southward 

l.~4 ..... do. 

€1 
0 7J 

.-_:-; c.:; ! 
;.-

0. 31 

o. 54 

o. 53 

o. 53 

I. 66 

Southward. 

J)o. 

I 1>0. 

1~Northward. 
J)o. 

1. 09(1)_ Do. 
1. 3:J(?) Do. 

t. 41 I I>o. 

1. 35 J)o. 

I. 4~(~) lJll . 

O. 2'l(h' lJo. 

O. 39 Sm1t.bward. 
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TABLE No. l:!.-Currcut8 at d~{l'ercnt depth.~ in the ll1dxun Rii•er and "Jli·ew York Harbor, &c.-Cont'd. 

Lunar hours. 

0 -- -- - ---- ---- -­

I - - ----·-· ---- -­
II-------·---- --
III - ----- - ---- --
IV--·---·-----­
V -------------­

'"I - - ---- - --- - --
YU---·----

1. 20 

1. 7;j 

1. 7.l 

L tHJ 

L 11 

0. !I~ 

o. 6:! 

0.:20 

-Vllf 0.11 

IX------------ 0.17 

x ·-·---·· ...... ! 0. 41 

XI_-··········· I. 20 

Soutl1wartl

1

. 

, ___ .do ... 

.... tlo. 

.•.. du 
1 

•••• t.10 

.du 

.... do 

.du 

.. do 

.do 

o. ,,; 
1. 2.1 

1. ()3 

I. 00 

(I_ 37 

o. -1;) 

1. 17 

1. 4~ 

I. lG 

.... do . i 0. :17 

.... tlo .. 0. 7;2 

Southwan1, 

... do 

.. do 

do 

do 

.du . 

Sort hwaril 

.do 

u. 4;; 

o. tm 
0. ]J 

0.'N 

0. J:l 

0. 41 

0. 47 

u. ;")[) 
110 

t1u 

I 0. !l(t 

0. t::-} 
I·-· do 
' South,....-anl 

0. :10 

o. rn 

8tatio11 off Forts-tin-it :-;ttt:et, llUtbou River, Sept. 4, 5, 185~. 

--~·--- -------~--,-·-···--~---,----- ----------

~ ~ ! 
-f ~ I 

i ~ ~ ~ 

Su111hwanl: 

l = . ,_ 
:.-

0. 7J 

l.li:.! 110 - ·­

dn 

do. 
. ! 2. 15 

1. HG 

);orlhwanl! 

.. do 

- -- 410 

' .... do 

1 •. 1;-) 

0. 3S 

0. tiO 

U. UI 

.. do .t 1.1':2 

do ! 
d11 

Sonth"\\·a.nl! 
I 

1. 10 

0. H• 

0. 2:4 

I . 1------
: Southwarll, 0. 71 Southwanlt 0. 40 1 Houth-ward. 

.do J. 60 __ .. <lo . i 0. 91' I Do. 

i 2. 18 

.. <lo i 2. 04 

do 

i ... lln 

; Sortliwarll, 
.<lo 

l.:JO 

o. 3t'. 

0. 74 

0. 7L 

do 
d() 

... 1lu 

... do ..... 

1. 52 

J. .·rn 
J. <JG 

o. 22 

tlo __ .. I 1. 44 ]Jo. 
I 

. ... clo ··i 0.66 Do. 
___ .do --i 0.07 

-- (10 .••. ·i 
KoTthwa,nl1 

!--- .tlo _ ·---! 
do 

.do-··. 
... do 

.clo ..• 

-o.m:i 
0. 86 

1 l9 

l.02 

0. 65 

0. 04 

Northwnnl. 

nu. 
Do. 

Korthw.artl. 

Do. 
Do . 

Do . 

ED. ll. FOOTE. Computer. 

TABLE No. l.3.-&pccijie grarities <~f' watel' in the JI1ulson Rii;er at and below the smface, rerluccd to 
frmperatitre of Ci0° Pultrt:11lwit. 

l~Vantiral 
i miles. 

i l7ii 

i 

I 

5G~ 

f)l 

fi5 

70! 
75 

Statio11. 

Off 'l'w~nti1~th strf·1·t 

Off Dobli"iw. 'Ferry 
Off Tarrytown .. ______ _ 

Off Tdkr·l'i Point..--· 

Off Verplauck·~ I'oint ·--- .. : 
Off Iona 1"laml _ .. . .... _ .. 

Off DP1ming'i-1 Lauding. ___ . 

Off Col~l SJ)rinf' .. __ . _ .. 
Oft' Nc'\-V \'\indsor. _. _ .. ___ . 
Off Cartlrn~(~. __ . ___ .. _. _ 

Off BR.rnega.t. -.. __ •.. __ 

Off Po11gl1 k~f'IH;iio 

SEl'TE,\lBEH. 1~7l. 

Ernl of floorl-cnrrPnt. 1-- - -~~:.:~~c~-:=r-e::.--

Surface. B_e_lo_w_. ---, Surface. Below. 

!----~---

' I ~pe<:i(~l' J!raT-\ DcJith. Sped~c ~Tt·aY-l8pt'ci_fic g;rav- \ Dl•ptli !-:pecifi<> grn;\--

___ _i1~_ - 1-p-,., ,, L ~ -1,,.. '" I 

1.0l!IR ;.7 1. 020fi (1J:i~) Lfl141 5'.J 1.0181 · 

1. 0112-1 :JO 1. 0114 1. OOl:l 1· 30 ], Otl22 Ii .. 

J. 0021 ao 1. i:osa i. oorn 30 1. 0016 

;~H : 1 ~~ rn:i 1.:... J~ I 
·--·-~:-~~:· \1,- :~ II ~:~~~~ ~-= II_ ... :~· ······~:·~~iq, 

I. 0007 4;; l. 0007 1. 0006 48 1. 0005 

~~--~~---~-[ 
H. L. MARINDIN. Oomput,,,. 



 

THE UXITED STATES COAST SUHYEY. UH 

TABLE No. 14.-Cttrrents of Ea.~t lliPtr, at .nral/ 8trcet, grouped according to lnnar hourN, not con·eetc1l 
fm· tirlc. 

-------1-·-- ·------------
Lunar J<:a1'kl'11 ::i.ua~Hi· ; "\Ye:-;tt:r11 

Ul 
JY 

' n 
YU 

; VIII 
TX 

x 
XI 

Hlation. Htation. :station. 

lfautical 
1 

...:Yauffoat Sautiral 
1ii ileu. 

l. 07 

-0. :it 

+II. :~ti 

+o. 511 

+1. 15 

+L 70 

+2. 10 

+1. :o 

111ik1:>. 

·--:J. 40 

-3.20 

-~-~{) 

+0.10 

+I. 25 
~ 1. 9.) 

+:!. 2~ 

! 

milr.<;. 
-a. tjO 

-:3. .~,() 

-:..!. 7.J 

-0. 30 

+o. "o 
+l.JO 

-'-!. 30 

il. ()() 

+l. ::.?O 

-~.tiOr!) 

Di~taHCPR nt' stations from · 

Ilnrheck',..; wharf: 

t:a:-.Hrn !"tatioll, :};)U ft•t~t. 

)fid~Ui· statiuIL <~i:l ft.pt, 

,\-1· ... tt'rn i-itatfr,l!. i.a:.iu fr{'1. 

Gig 1-;tati1m, 1, 7{J0 fret. 

T11 pier Xo. lti. ~ew York, 

2,IJOU t\•f't. 

"\,..t·locity Gn frd fr·ou1Jiier16, TY h XXX'11 =:=- (U'O uautic1.l mik. 
Ydocit.r at <Jig- ~t.1tiot1. 0 1

' = 3.00 nanti<·a] mil Pd. 
Yel1H'.ity 40 frt•l from ])k-I' 11;, at 11i ~~ 1.45 uautintl miles. 
Ycloe-ity 60 fr(•t from pier ltl. at Ih _:__: L?O uautll'al JHill'H. 

11. I~. ~L\.JU~DIX. Cumputer. 

TABLE No. Iii.- Yo/11111cs passing thm11ph East Rin:r nt T\711/l-slrcd set:fiun. 

2 

~ ~ .§ ~ s_· e ~ ~ -
I ~; ~ ~ iii 
I 

~ ~ ~ g; " 

Yolnuw. 

----------~ iS ~ - "-~- _;::_' _J_!"_ ! ___ --

i Pt'et. : Peet. !S'q .. frd. Peet. I !1. UL! Oid>icfat. 

I•~lood-eastwardly drit'l 

Ebb-west ward!>· drift .. 

Mean of flood an<l ~bb. 

( o to 400 <t;~. {i 17, 440 4, :!liO I 7 15 ! 5~~-t<, LIOU, 000 
I i 

'I 

400 to sno . 4.J.. fl 1-;, !lli-0 I:', J~(' i 7 1:--f : l, 10~•. ~0(), ooo 
eoo 101, 200 4~ :3 1q a211 fl 12q I 7 n , 1, 2:H. uou, ooo 

1
1 

20(1to1, 600 51 7 2l< I t'O ';, 912 1

1 

ti 45 I l, 104, 500. (100 

'i .,': 1, 600 to 2, 000 40. 4 10, ](;() 3, G:.12 ti 0 ! 334, (100 OOH 

l 43 t< rn ;)00 Ci, ()!l;i I n ,)1 1~100~ 

li Oto 400 1:~:=~:::=1~~:;1~ :1=~;:~:: 
400 to fOO ! 42. 5 17 000 1 7, 3041' (] o I 74;) uoo QUO 
eootf) 1.~00: 4;> 't 11'< :1no 1

11 t:i26 ti to i L.ao ooo ft~JO 
1,200to 1,600, 49 . .t 17 7fi0 ll,BH81(110 l 1, 44-ti 000 Otlll 

1, 600 t.o ~. 000 ! :k~. 0 lJ. 200 71 7:30 ti 10 1 i~4 fiOO, (it\O 

I .ia . .J fifl. ntm ·-;0711 .1 ;14 i4.:1ea. ~>oo. OtiO 

... -·--.. --. f _. -. '~~~--~[~~-~11 ·. --·11 ~~~~=o::·:~~'~ 
! I j 

-·--··----·-

Ratios of .~cow·, (rarying u·ith Y
2
.) 

Extrem~ ______ . __ ... _______ . 1 against 1.7. 

Moau -··-··············· .... 

Il. MITCRELL, Ovrnt'"ter. 
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TABLE No. 16.-Menn lnw-1rater sectfons, (2.~1 on staff at Governor'B Island.) 

1872. 

I
I North River, at Forty-second otreet, gas-house pier- , East River, at Wall street. end of Harl.eek'• wharf', 

end. Brooklyn. 

I 

I 

I 

~~ ~ I :~:: ~ 
~:I:. ~ ~Q ~ 
=~<t-< d ~~ c:! 

-~-i=-~ s~ 1-~~ s~ 
~ S ~ ...... = Remarks. , ~ ....-i ....:> el 

Remarks. 
~r-i ... ~~ ~~~ ~~ 

_g_~_~ ___ !_· - ---·----------'!, ~ ~ ~ g --------------··--
0 18.5 

100 20.0 

200 2-2. 0 

300 24.0 

400 20. 7 

500 32.5 

600 34. 7 

'400 35.5 

8-00 36.2 

900 36.0 

J,000 35.5 

1, 100 35.5 

1,200 35.G 

I, 300 35. 7 

1, 400 35. 7 

1, 500 ~5. 7 

1, 600 36. 0 

1, 700 36. 2 

1, 800 36. 2 

1, 900 37. 5 

2, 000 37. 7 

2, 100 38. 0 

2, 200 39. D 

2, 300 41. 0 

2, 400 44.0 

2, 500 45.2 

2, 600 45. 7 

2, 700 46. 5 

2,800 47. 2 

2, 900 47. 5 

3,000 47. 2 

3, 100 46.0 

3, 200 44. 5 

3, 300 38-0 

3, 400 32.!J 
3, 500 26. 5 

3, 600 24.0 

3, 700 20.0 

3, 800 14. () 

3, 900 10. 0 

4, 000 5. 7 

4,100 4. 0 

4,200 2.0 

4,300 I 1. 2 

4,400 I 0.5 

4,SOO 0.0 

---
Mean .. 30.34 

Bowditch gig, 95 feet from l!'orty- JI O 22. 0 Harbeck's wharf. 
SAC<md Rtreet wharf. , 100 47. 2 

'· I 

/1 

Schooner Bowditch, 800 feet from :: 

:lO(l 

300 

400 

500 

600 

700 

BOO 

Forty-second street wharf. Ii 900 
!I 
i 1, 000 

Ii 1. ioo 
)I, 1, 200 

i l, 300 
1, 400 

I 
11 

l, 500 

11 1, 600 

1: 1, 700 

:: 1, 8()0 

i' 1, 000 

i: 2,000 

ii 
Steamer Arago, 2.200 feet from I: 

FQrty-..,cond street wharf. Ii 

Mean .. 

1, 

1! 
I. 
I 

Ii 
1: 
11 
Ii 
il 

Schooner Hasslet, 3,700 feet from II 
Forty-second street wharf. I 

Ha.osier's gig, 3,900 feet from For-1jl 
ty-seccnd street wharf. I 

1111 

End of line at .r ersey shore. 

11 

45.5 
42. 7 Schoouer Hassler, 350 feet from 
40. 5 Harbeck's wharf. 

40. 0 

41. 0 

42.3 
43. O Steamer Arago, 842 feet from Har-
44. 4 beck's wharf. 

43. 5 

45. 3 

48. 0 

48. 6 &wditch gig, l,320feetfrom Har-
48. 0 beck's wharf. 

48. 4 

47. 5 

42. 5 Gig station1 1~ 700 feet from Har-

l 
!~: ~ I beck's wharf. 

~ Endofpierl6,NewYork. 

41. 6 I 

I 

:Mean rise ••••.• _ ... ____ ...... 4.3 

H. L. M.ilUNDIN, Computer. 
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TABLE No. 17.-Currents of Hudson Rfoer off Forty-second street, September 13 and 14, 1872. 
---·-------------------

Civilt.irue. 

11 Eastern Middle : Wester11 'I 

I station. station. : station. : 

1; elocity. Velocity. 'Y elocity. , I 
OiYil tiwe. 

Ea<tern i ~!itldlr- ! w·e•tern I 
_"_'_a_ti .. on __ · ~ _:_tu-ti_o_n. _ i station. I 

l----h.-m-.-1------1~--['----h.-n-i. 
Yelocity. Yelocity. Velocity. i 

Sept. 13 13 30_. _. • . •• . . . .. . . . • .. . . O. 15 I Sept. 13 3 - 0. i'O 0. ~O - IJ. 1;, 

14 o .. _.i - 0.20 i· 1 o.55 I a 30. - 0. 47 0. 47 + 0. 02 I 

14 30 ..•. 1, + 0.15 + 0.10 i + 0.75 ! 4 0. .. 0. 20 - o. 20 -t 0. J7 

15 o .... + 0.45 + 0.62 + 0.95 30. 

15 30.... + 0. i<O + 1. 00 i -t 1. 10 0. 
--1-- 0. 13 o. 1,') -t 0. 4:::! 

16 o .. __ , + 1.~2 + !.6Q, + 1.25 5 30. 

16 30 ..•. + l.60 I + l.90 i 'T J.17 ,; 0. 

+ 0.37 

+ 0.47 

+ 0.;)0 

--t 0. 47 

0. 37 + 0. 70 

+ 0.60 + 1.00 I 
+0.90: +1.0()! 

17 0 ..•. + 1.65 + 2.00 + 1.10 30 

17 30.... + 1. :;o + I. 92 + 1. 05 0. 

18 0.. - 1.:121 + 1.1-10 + 1.05 30. 
18 30 .... 1 + 1.05 + l.65 + 0.95 0 

19 0 ..•. + 0.70 - 1.40 + 0.52 30. 

19 30. , 0.05 + 0.92 + 0.20 U. 

20 0. 0.40 j + 0.45 - O. I;i 9 30 .... 

20 30. - 0.7:-i i - 0.27l. - O.fi2 10 fL_ •. : 

21 o.... - 1. osl I - Los : - o. 9o 10 30. _ .. 

21 30 .... - 1.65 - 1.6.3 1.25 11 o. 
22 o.... 2.00 I _ 2.00 1.45 11 30. 

2-2 :10. - ~.3.') - 2.:J.5 1.50 12 u. 
2l 0 .... - 2.651 - 2.63 !.N 12 30. 

2l 30 .... - 2.571' - 2.90 1.35 13 0. 
0 o .... - 2.40 - 2.831 1.37 13 30. 

0 30 ~ 30 - 2. 47 I L ~5 H 

0 ·: = ;:251 - 2.25; LIO 14 30. 

30. ... - 2.00 - S!.00 I 0. G7 15 0. 

0... - 1.65' - 1.6311 0.45 15 30. 

---·---·--30 ... " _ 1.30 I _ 1.30 0.30 

Skdeh D illustrates these tableo. 
Di:::.tances of stations from GM-liuu~e wharf: 

0. 23 

o.oo 
0.1!) 

- 0.30 

- 0. 7.J 

1.20 

1. ti5 

2. 00 

:!. 42 

2. 60 

2. t.i5 

2. 5j 

2.30 I 

2. 00 i 
1. 5~ i 

1.()0 l 
0. :l5 1 

+ o.3(1 I 

I 

Gil{ station.---¥-- __ . __ .·--............... 9:J feet. 
Eastern station . . . . . . • .•. . . . . .• •• . . . . . . . . 800 fet~t. 
Mid<lle station . . . . . • • . . . . .. . . . • • • • . . .. . • . 2, 200 fret. 
Western station .... ~ .•........ _.. . . . . . . . . 3, 700 feet. 
Gi_gst.a.tiun ................................ 3,900feet. 

Grouped, accordin.q to lunar hours. 

T l. 05 

.. 0. ~10 I 

+ 0. 63 j 

7 0. 40 I 

0.10 i 

0. 7.J ' 

1. 20 ! 

1. G:i 

2. 00 

2. 42 

2. GO 

~- 05 

!.!. 57 

~- 30 j 

~- Ofl I 

1. 5~ 

1.00 

0. '.l5 ( 

+ 0. 30 

-+- 0. it2 : 

+ 0. 77 i 
+ 0. 48 ! 

+ o. 1s I 
- 0.17 ! 
- 0. !;3 I 

], 00 

1.'25' 

1.-!5 

1 .• 12 I 

1. 45 

1. 2;') 

1. 05 

0. ~!) 

- 0. :i7 

0.38 

0.20 

---t o. ~o 
-+- (), .55 

I : I ,. I ' I 

I 
Eastern i Mirlrlle \Western !i Eastern Middle "rf'F.trn1 1 

Lunar hours. LunaT hours. 
station. I, sta,tiou, station. 1.', !I station. station. .E.<tation. 1' 

/
Velocity.' Velocit~. Velocity.:: , Velocity. Velocity.' Velocit,)" t 

1--------,:----:--------1'--------'--- ·----· -----\ 
- 1. 37 i - 1. 39 1. 10 VI. .•..........•. · I - 0. 09 + 0. 14 ' 

- 2. 32 
1 

- 2. 15 1. 47 vn...... : + o. 74 + u. H11 

-:1.63[ -2.72 1.35 VIII. ............ / +l.05; +1.24, 

0 .......... - ..... .. 

! ............... - .. 

II. ········-·····. 
III. .............. . - 2. 35 I - 2. 46 1. 12 n:: ................ 1 + o. 85 ; + 1. 3;; 

- I. B2 I' 1. 8~ 0. 40 X .•• _ ............. f "- O. 22 : + 0. 98 

- o. 93 - 0. 83 - 0. 01 XL .. " ........... I - u. 5U ' 0. U4 I 
IV .............. .. 
v ................ . 

+ 0.3:11' 

+ 0 8~ i 
t 1. Oa I 

+ 1.00 I 
+ 0.36 i 
_ 0.411 I 

Velocities: 
.At Gig st.,tion, 95 feet from what'f! 

AtVIIlh .................................. + 0.55 
At!• .............. _....................... 1.25 
Atil' ... - .................. -.- ........ _ ... - 1.10 

Gig station, 3, 900 feet: 
At VIII• .......... _ ..•... _, __ ..•.......... + 0.67 

AtIX•·-······-······· .. ·-···--·--········ + 0.50 
.Atllh ..•..• _ .............................. - 0.70 

ll. L MARINDIN, Computer. 
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APPENDIX No. 9. 

REPORT TO PROF. BEN.JAMIN PEIRCE, SUPERINTENDENT UNITED STATES COAST SURVEY, CONCERN­
IKG NAUSETT BEACH AND THE PENINSULA OP !110NOMOY. 

In the autumn of 1870, (faring a violent easterly g~tlc, a breach wa.s made by the sea through 
tlie Nam.;ett Beach, nearly opposite the Uhatham south light, and the sea, driving through, 
attacked the water-front of the town. A short time after thit:1 eveut I recei,·etl notice to join you 
iu a vit:1it to Hie neighborl10otl, accompanied b,y Rear.Admiral Charles H. Davis, and Prof. H. r,. 
\Yhitiug; aud after reaching Chatham, we held a consultation with a view to nutking a little investi­
gation into the tcndeucies of these changes ~tlong this portion of the coast. The result of our con­
ferenee was, that you ordered me to 11rnk11 surveys from time to time, auu report. 

\\'ith this order I haYe complied, as well a8 I could with 80 many other unties, and this is my 
first report, in which l shall deal with facts only, lea dug all disc1rnsiou of causes till we learn morn 
a bout them. 

PHYSICAL HISTOHY (U<' 'l'HE l'\EIGIIBOHHOOD OF CHATIIAlVI. 

The history of this portion of our coast really beg·ins with C:q>tain Champlain's narratives, 
(lGOG.) It is true that we find some confused references to it in Archer's account of Gasnol<l's voy­
ag·e, rnade some three or four Jt'ars earli<'r, lmt there is i11 this account nothing shi1n;Juq1e; and I 
arn e01JYi11cP<l that Archer formed no conception of the lay of the land. 

1 t is po,,t:1il.Jle that the expedition ma.v have approached and left "Eliza he th falc '' hy <lifferent 
rontl"s; iu oue cai,;e, pa»siug through tbe sounds; in the other, goiug round the ,;eaward islands and 
shoals, aml tlmt the narrator cunfonmls the oujects seen in these two 'Toyage:,;. For instance, on the 
21st of :May they seem to have entered Nantucket Sound from the eastward, anll SJH'ttk of the main­
hmd a8 treudiug southwestward; on the same day they fell in with No-Man's Land, which they call 
l\Lar! ha's Vine.yard-a '' 1li.~i11lwbited ''island, where they saw "fast runuing thirteen savages appar­
e11ed as afore:;aid," and aftt'r lying three days iu a tilace tlrnt I know from experie11ce to be a very 
rough and <fangerously exposed anchorage, they entered Vineyard Sound from the westimrd! 

The parties of Ulrnmplain made two visits to Cape Cod, in the first of which they ran across 
froru Port St,. J,ouis, (Plymouth,) aud in Lhe secouu from "Cap St. Louis," described as lying two 
leagues from the afort'said port. In both trips they double.d tlie cape, and rau down the outer 
eoa,;t, but in the first oul~· ai,; far as )falle Barre, (Nausett Inlet,) wliere they fonnd a bad bar at the 
entrance just as at the present day. 

From the narratfre of the second trip I quote tlle following passages:* 
* * * '"The last of September we left Beauport, passed Cap St. Louis, and ran all 

night for Cap Blauc. In tlie moruiug, au hour before d;ty, we found our8elves to leeward of Uap 
Blauc, i;t the Hay Blanche, in eight feet of water, one league from the shore, where we came to anchor 
in order uot to get too near while waiting for daylight, and to see how the tides were. N everthe-
1esR, we seut out our boat to sound, and found uo more thau eight feet of water, so that it was neces­
sarr to consider beforn daylight what we ought to do. 1.'he water diminished even to five.feet, and 
the heel of the YeRiml touched the sands, albeit without doing herself injury; for the sea was smootb, 
aud uot less than threP. feet deep ueueath us, when the title began to rise, which g1cwe us good hope." 

"At daybreak we perceived a very low sandy shore, toward which \."l'e dragged further down 
to leeward, whence we sent a boat to sound towards a prettj· high knoll, where they judged there 
would be pl en tJ of •vater, and in fact they found there seven fathoms. 'Ve anchored there, and at once 
et1uipped the boat with nine or ten men to go on shore to see a place where they judged they should 
ban a good shelter, if the wind t:1ho11W blow up stronger than it was. The search being successful 
wt> rn1rl"iPtl i11 t\yo, three, and four fathoms of water, and found fi rn or six fathoms after ,\,e got in. 

• Frnm "(Envres du Cliampl:tiu, publieeSBou s le patmnage de l'Universite LavaJ, par I' Abbe C.H. Laverdiere, M. 
A., Prufoslieur d'Histoire," &c. 
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There were plm1ty of o,Ystns, \Yliid1 wen~ ver,\· good, whiel1 we had uot obsern:-11 lwl'orl'. a1111 WP 

named tile place Oyster Harbor, and it i,; in 4:.!::i of latitude. 'l'lwre came to u.;; tlin·1· c<11w1·" of 
savages. The "·ind ca11w out fair in the courKe of the 1foy, wl1id1 i1ulun•tl 11,; to r1uit onr <11ll'lwrage 
and to go to Cap Blanc, (]i:-;tnut from t11i,.; place five lf'agueK to the 11ortb ;i q11<1rtPl' 111n·tl11·ast, antl 
we doubled it." 

"The JH'Xt day, '..!tl Ol'tohPr. we wen• off .:\Ialle Ban'(', where \H' wen• <ktaiue11 son11'ti111r• hy 
head wiu(li,;, during which Mr. l'ritriucourt, with the bo;it and t11e)Yl' lo fii'lPPB 111pu, visii1•d tl11• 

harhor, where tht•re ca1111• hniiirf' them om" huudn~cl autl fift~· santges, si11;.dng and clam'.ing in tlie 
usual \\·ay. After ha Ying S('f'll t.his place, we retun1eu to our Ye:;:;el, and tit<· wiud comiug fair we 
sailed along shorn runui11g· :southward." 

HaYiug come to the close of the anthor's elmpter, I will pause iu my tj110tatio11 to <1i:scu:-;s a little 
the narrative tlrn;-; fat'. 

B1'anport, from whieh thP,V started, was Gloncc•:ste1\ of \Yltieh a pretty good cl1art is g·in•n. '>'·itb 
the depths the same as 11011'.. ();tp St. I~oui:s was possibly L:oltns>'Pt. lrnt m01·1.~ likd~· ( ~wm·t l 'oint, 
which is a pro11101itory, apparcnlf.IJ pn~jeeti11g· far lwyond tlie adjaC'ent Llllll. \Yllich is lo\L Thi,.; 
point (as I lllake it) was tlw of tile Xortlnuen, a11d "J'oynt GeorgP ·•of ();1pt .. Johll S111itii. 

Tlwy nm t.lmmg'lt the night for Capp Cod, \Y!Jid1 hail n•.eeino1l the 11a.11w of Cap Bla111· in tlw 
pre\~ions voyage," hy reason ot' its whitl' !lnnl'"," whieh ;ire Yer,Y remarlrnule iu thl' Pnffill('•· L;mrls. 
The,v did not fetch :-;o far to wiuclwanl as tlwy <·xpectecl, aml ;;o got down 011 the Billiiq.:·Rgatc~ ~hoals, 
where they found eight fret of water at low tide--:iuRt as now. 

After daylig·ht they worked their way to tht· northward into sen~n fathom,; watPr, otr HrPat 
Island, perhaps; whence tht>y Sl'Ut a soumli11g part_> into 'YpJlfieet, tlw eut1·:11H·•' to \1·!1ir·!J i;;; just 
abont ti q• le:c1.g11es from the extremity of the cape, although in Irrn·(•r latitatk (,.;01t1t• 1(1') than gin•n 
in the 11arrati \·e. 

The depths m•'lltiom,cl am nmch tlw s:une as onr JH't·seut chart,; givP. 111 thP prc1·io11s Yoyage 
tl1ey bad got, <lown into. the hight of the bay much in the same way, lint tl1t·11 it wa" lw1·an:-;1· (H8 

they stak) they tl10ug·ht the forearm of Cape Uod was au i81arn1. It l1as that appP:t!'Hll<"•'- and, I 
think, the Northmen, six hlllHll'ed years before, nuull· Jll'l'Ci,.;ely t.110 S:\llH' misL\kl', :111<1 that the 
"i;,land lying north <!{the ·111ai11-/rmd,'' seen hy J,pif, \\·as tlw same. 'Jhortilm Kal'bet'1u., t·11111i11g :tftl'r­
wards from the north, fell to the sonth\Yard of the eud of the eape (,utsilh•, l111l 11Plil'"~i11g 1t to lw au 
islaud lie attempted to go aronu<l the soutli t'ml. These Xmth111e11 callP<l the ca1w Kiarl11t·s,;. aftPr 
the laud-mark (the old kct'I of hi1-1 i-;hip) set np by Tlwrwalu Ericsm1. Capt .• Jolin bmith rnmied the 
same poi11t Cape ,J amei-\; some ,Years after Gosnold had µ:i\·e11 it tl1(· uarne it uow lJeal'S, <: clJ>l' Cud. 

'fhe editor of this Quebec edition of Champlain makes tilt' port, n·;i.cht•d ou the 1st of Odollt'r, 
Bnrustaule, perhapR because it. better snit;; the prest'nt beari 11;..:· of Cape Cod, and he :11l!ls that '·it 
see1us to have bPqtieatlwd its aneient name to a portion ot tile present port, wliil'l1 i>< eallPd O,rstPr 

Ba,y." Ba.r11stable is in .uo 431, and distant from the extremity of the ''apt· ahu11t t 111•11t,\ ·<ml' 11au. 
tical miles. Our ()oast.-Survey ehart of Barm;tahlP 11w11tio1Ls no O;y;;ter Bay, lmt 1 1H·1·Ll 11ot gn far 
off iu au." direction to fi111l tlH• word o~·Kter applied in Yarious wa.Ys. 

J\Ialle Barre was sketehell on the pnwious Yoyage, so that wt' nwy he Jll't·tt,r 1<nre tlrnt it was 
the prese11t Na11sett. ThP opl'tiing amlmg thl' hills Rt·ems to pro;nis<•, a:< :-;et•n fro111 :<ea, a good port; 
bnt, on near approach, tlie mouth of the bay is nearly close1l by a .-;a11d-bead1, through '\\·lilc!t there 
have nm·er been safe iuletR. 

Jt, was into thiK place, I think, that Thorfi1rn Karlsefue Yeutnred in tlw hopl' or gl'tti11g tlll'lrngli 
to Vi11land. He KeemR to lHn-e suhu~quently gone np to .Xautucket Sound, and, :ts he srar<•.-;, firnrnl 
himself to tlie southward of Viulancl, which (:rn I make it; l:iy Oil tile west sbore of C;qie Cod Bay, 
where the "hiqlt Ude.~" were rouml. 

As far as I know, this 1La111t'; l\Ialle Ban:e, is the onlr one frn111 Cha111plain that has sm·yin'1l in 
Mas;;achusetts; and even tlii,. showed at 01w time a. dispo,,ition to slip off. A~ early as lljW it had 
left.Nausett, and appears in the Atlas Novn.-; (a book.of Dutch map,;, HCCOlll[Hllli<>tl liy Lati1.1 t(•xt) 
at the elbow of the cape in copartner:-;hip with Uiackehoek.* 'l'he old 11:1111<' ha~ µ'<m1• out o! popu­
lar use, but still appears on Ollr latest Ooast-Sur-vey chart attached to .i\Iouomo,Y lsla11d, 

"Upon this map Nant,1.eket is called Yli<'lantl, arnl i8 joi11ml to J\fartha'x Yiue~-:tl'll. wlii..t1 is ""ll"'l To•xo·I. l'l:t11. 

tuckct Sonnd i• c1tlkd Znytfor z,,," 
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" Continuation of <~foreMid di8coverie.~, and wha,t they noticed rema,rka1Jle. Ohapter XIX.-As we 
got some six leagues from J\ialle Iktrr€, we let go the ancllor near tlle coast, because we had no 
wiud. Along these parts we descried the smoke which tlw s~wages made, which made us think of 
going to see them; so to this end we equipped the boat. But when we canw near the shore, which 
is arenaceous, we could not land becamie the breakers were too higl1. The sayages, !'leeiug this, 
launched a canoe, and came to Ul'l, eight or nine of tbem, singing and making signs of joy that they 
felt at seeing us, and showed us that lower down there wa8 a port where we could tiud safety for 
our Yessel. Not lleiug able to land, the boat returned to the vessel, and tile savages, who had 
been treated humanely, returned on short>. 

"The twxt da_y, the wirnl bei11g fan1rable, we contiuuetl our route to the north (Y) five leagues, 
and had no sooner made th is distance than we fonrnl three and four fathoms of water, being a league 
and <L half from thl' tihore. Chii11g on a little farther the bottom ro8e suddenly to a fathom and a half 
and two fathonrn, which frighteued 11s, seeing that the sea broke everywhere without our seeing 
any pas~mge by which we c~ould return upon our road, because the wind was contrary. We were 
involved in such fashion among the breakPrs and sand-bauks that it was necessary to pass at all 
hazards, according as one might, judge of where lay the best water for our vessel, which was only 
four feet at most, aud \Ye came arnougtlte breakers up to four and one-half feet. 

"Fiuall.v we succeeded, hy the grace of God, in passiug over a point of sand which juts out 
three leagues to the snuth-sontheast, a \·ery dangerous place. 

"Douuliug this cape, that we uamed Cap Batttuier, which is tweke to tllirteen leagues from Malle 
Barre, we came to allchor in two and one-half fathoms, iuasmuch as we saw around us every\vlrnre 
breakers and shoals, except in so1111e pla1:e~;, whPI'f\ the sea was not, breaking very lPllCh. We sent a 
boat to find a channel, in order to go to the place that wejudg·eil to be tlte place that the savages 
had told us about, ancl belicYed that there was a river wl1cre we could be in safety. 

"Our boat arriving there, otu nwn we11t a::;hore, and considered the place, and then returned 
with a san1ge, that they brought off, wllo told us tllat at high water we could get in, which we 
resolved to llo, and immediately got np anchoe, and were coruluc ted by tht'. siwage, who piloted us 
to cast anchor in a roadsteml in front of the port, lia Ying G f<ttLoms of water and good bottom, for 
we conld not get inside, lwcanse O\'ertaken by the night. 

''The uext da;y we sent and put marks on the end of a bank of sand, which iR at the embon­
clrnre of the port, aull thPn high tide coming on we ran in with two fathoms of water. 

"HaYing got there, we praist>d God tlmt, we were in a place of safety. Our rudder had been 
brokP11, a]l(l tied up with co!'ds, aud we teared that among the shallows and stroug tides it would 
be broken agaiu, which wonltl han~ cau:o;ed our loss. 

"Withiu this port theJ'e, is 011ly one fathom at low water, and two fathoms at high water. To 
the eastward there is a bay whieh runs up to the northward some three leagues, iu which there is 
an island and two other little bay,.,, which diversity th<.• countr_y, where there is a good deal of' 
cleare1l land aud many s1rn1ll hills, where the,\· cultivate corn and other grair1s, upon which they 
live. Tht•,r have aliso \'(•!',\' fine gnqws, quantities of hickor.r, oaks, cypress, and a few pines. All 
the people in this vlace are very fond of agriculture, and make provision of ludian corn for the 
winter. • • • This would be a ver.) proper place to found a republi.c if the port was a little 
deeper nncl the e11tra111~e more sure than it is. 

• "' • "Ne\·ertlleh•ss, we sm1t a boat with Jive or six men aud a savage to see if they could 
find a lwttl'l' passage to go out than that b.Y which we 11ad come. Having made five or six leagues 
and lauded, the savage ran away. * • • \Vhen the_y· n~turr1ed they reported to us that as far 
as the.Y had been there was at lea;;t three fathoms of water, and that be~·ontl there were neither 
banks nor shallows. • • • 'l'he 16tl1 of tlw month we left Port Fortuue, which we had so 
named for the nu happy circumst auces which had b.efallen us there. It is in latitude 41!o, and 
some twelve or thirteen leagues from Malle Barre." 

F'rom tile first clause of the foregoing cha1)ter, it would appear that aft-er passing Nausett they 
made another landing on the opt>n coast before getNng beymid the limUs of culti,vated lands. The 
distance given is evidently au overestimate, siuce so long a run directly south would have taken 
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them to Monomos Island, wliich is only a strip of beach sand. l\foreoYer, when we considPr that 
in the earls part of the das, w-hile '' dfitaiued some time by head winds,'' the~· had as~ist<•d at a 
dance on shore, and in the latter part of tbe day had come to anchor in a calm and gone in tlwir 
boat to meet the Ra vage8 again, there would not seem to be nmcll time left, in the light of a11 
autumn day, to make all these leagues. So I conclude that night fonud them at auehor alio1·p 
Chatham, and that the next day's run was to the .~onthu·anl oYer the Pollock Hips, SiioYelfnll, a1Hl 
other shoals of .'.\Ionomoy, and northward up the west shore of ;\Iouomo." iuto the rnatlsteau of Old 
Stag-e Harbor. The distance is again overestimated, but not more so tha11 I haq' ofteu liePn [l!'One 

to myself when running along a beach which offered to tlie eye 110 o~jects l>y which to marl;: our 
progress. The sudden coming upon slioals wide out from a Rhore that everywhere ahon• h:Hl 
prm·ed quite bold and free is narrated qnite graphically, and a.uy sailor who has been s~> unl'urrn­
nate as to get among th(~ JVfonomoy Shoals will appreeiat(• the lrnzanl of attPmptiug to duuhlP tit(• 
point within the banks. 

Of course, the shoals and beaches have shifted very 111iwlt a11d often siIJC('- tlii1' strang<> littl!' 
•·essel of four foet draught braved tlicir dangers, hut we know from onr studie,.; of sudi shoals that 
the relative oruer of bariks and beaches remains about thesame, !Jowe\·er the system as a wltolP 
may change its location. 

The estimated leugth of the point of sand which he ealls Cap Ifattnri<•r, (Cape Shallow,) 1d1ich 
is, of course, our l\Iouomoy, proYes quite correct; but I ,.;hall here<tfter show th<tt this is prodng a 
little too much, because this feature in tile pllysieal g-eography of onr coast has been rather steadily 
growing since we have knowu it intimately by the lig-ht of good ;mn'e,y,.;. 

The editor of the wirmti\'e nuder review iuterpretR Cap Battnrier to be Sankat~- Head, Xan· 
tuekct, in ordfn·, I suppose, to accommodate the distances 8tated. Sankat,\· Ilea<! is no morP 1•11ti­
tled to be called a "point<!{ sand:' than Bunker Hill, which is geologically of the 1'amc formation; 
and how a Yessel corning from the north can doullle Saukaty Head au(l reach ULatlJa 111 Hoatlsr«a1l 
the sttme day, via Muskegat Channel or round the Vi11eyar1l, I cannot see. 

Chatham Roarlstead, called on our Coast-Sttr\'PY maps Ohl Stage Harbor, is a goo1l phwc i11 
northerly and easterly gales, bnt with Yery strong sonth1H\8terl,\' wind,; it is not saf'1• l'Yeu for able 
and well found vPssels. 

T(1e ancient and recent charts of Chatham, which "·11 h:we gh·en side l>y side i 11 tlw skdch 
that accompanies this papPr, resemble each other sufficiently to Je(WO no tfonbt of id!'11tity; hnt 
still, by reason of very recent changes in the saml beach (the Lillo in fro11t of tlw prorr1011tnr,\· of 
Chatham) the likeness is not now so striking ns it would hani been if \Ye had compared tlie auciPut 
map with one of our previous surveys. 

It will be observed that the ancient map is not iiropcrly orientetl; it is, in fiwt, swm1g our to 
the westward some 200 from the true meridian. I am surprised at this, because Oil the predous 
vo_yage the variation of the compass had been determin<><l at l\falle l~arre, and found to l>e IS0 .10' 
W. Subsequent observations have shown that the declination <leelinecl througit tlw whole of tht> 
eighteenth century, falling as low as 6° 30' W. at Ca,mbridge Univer1'ity, while the !H'f1stmt cen­
tury shows a steady increase, so that now the declination at U1tpe Cntl is ubont 11::; "r· Cham -
plain has a good deal to say about the Yariation of the compass, aucl explains with a dia.grnm his 
manner of laying out a meridian line, which is good. 

The latitude given in the narrative for Port Fortune," forty.one au<l one-third degrees,'' iH too low 
by about twenty minntes, while that given for "Beau port,"" forty-thret'," is about as much too high. 
The distances measm·ed by its run scale of toi.~es upon the map of Port Fortune. arc very \vi)1l; the 
map has a twist. showing that it is, in great measure, prospective, corrected l>.v estimated diRtances. 

Notwithsta~Hling all these defects, there is something very re1il about the pictUC"e as it appears 
in itsoriginalform, with its hills and fields-more real, in fact, than our modern map. I haw~ often 
thought, when looking at Chinese, ,Japanese, and old Dutch maps, in which appmtr tlw likt>nesses 
of real hills and trees upon the land and fishm1 in the sea~ that I should much more easily recognize 
the 8cenes if I were to 'visit them, after seeing such representations, thau by the nse of om· modern 
to1iographfoal maps; and I believe that if the officers of Champlain, while at Port Fortune, hall in 
prophetic vision seeu onr Coast-Survey plane-table sheet of Chatllam, with all its com·entional, if 
not arbitrary, signs, they never would have dreamed what it meant. Bu tour m:tps are uot designed 
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to furnish simply the means of recognition, or even a guide to navigation only. The~' are required 
to supply some of the wants of civil and military engineers, of geologists, agriculturists, &c., &c. 
To meet these wantR, with the requisite ecouomy of space, a technical language has been resorted 
to, which is not so artificial as the signs of mathematics, and almost as universal. 

This !Jrings me to the consideration of the popular legend concerning a lost island which lay 
wide out to sea off Uliatlmm. As far as I can learn, tlrn story first appeared in print in the Ma!isa­
chusetts Magazine, aud bears the date of December 1, 1790. H runs thus: 

"When the English first settled upon the cape, there was an island off Chatham, three leagues 
distance, called \Vebb's Islaud, containing twenty acres, covered with reel cedar or saviu. The inha"Qit­
ants of Nantucket use1l to carry wood from it. This islarnl has been wholly washed away for 
almost a century. A large rock that was upon the island, and which settled as the earth washed 
awa~·, now marks the plaee. It rises ms much alJOve the bottom of the sea as it used to rise above 
the surface of tl1e ground. The wate1· is six fathoms deep on this spot." 

l\Ir. Chapin, to whose report I shall refer more particularly hereafter, mentions that "stumps 
bearing the marks of the axe still come on shore at Chatham." 

The English Coast Pilot, 1707, has a map of Nantucket Sound and shoals, which contains the 
name "\Ve lib's Islaml," extenlling from the fiats below Chatham. ~o island is represented, or an~· 
shoal ground, except the fiats aforesaid. No mention is made of it in the sailing directions. 
There are tllree other islands off the poi11t of l\louomoy, called Seale Isles on this chart, which do 
not exist, but whose sites are daugcrous shoals to.day, which ru11 dry in spots. 

Let us agree that a '' \Vebb's Island" did exist; it remainR to inquire whether it was a pro­
jecting part of the cape or really a separate land. The tradition says there was a rock on it, so we. 
may conclude that it wai; uplaucl (drift formation) and not a oroken piece of beach. If the distance; 
"tlHee leagues," is correct, it was separate, because at tllis distance from the land (whether we 
take Chatham of Hi06 or 1872) there are 35 to 40 fathoms of water. If this distance was wroug 
(as such measures on the sea usual!~· are in such traditions) but the depth (G fathoms) correct, we 
may plot the island within 3,000 feet of points in Chatham which have remained permanent since 
the <liscornr,v of the continent. 'l'he six-fathom line hugs the shore 110w within 2,000 feet at many 
points. 

Champlain's map of w~rouvelle Franse" does not give this island, although his officers made 
two trip" down the coast of Cape Cod, and, on the second, passed this place a league and a half off 
shon·. These oflicerR speak of l\fonomoy and the shoals, but do not mention an object which, if it 
bad existed, would h~w<> beeu represented bs them as a terror. 

Ag·ain, it is said that the Nantucket people took wood from this island. ls it at all likely that 
they would ban• gone out, passed the Handkerchief, Shovelful, Stone Horse, and the Pollock Rips, 
to an unsheltered island i11 the ocean, thirty-fiYe miles from home, when they could haye got all 
the~· wanted from Uotuit, Hyannis, and other points, from which they have orought wood within 
my knowledge~ They had, in the early part of the eighteenth century, as also in the larger part 
of this, a passageway inside of tht~ beach from Nantucket Sound all the way up to Pleasant Bay, 
abo\·e Ul1atham and some i~lancl accessible from this inside passage may have been visited for 
wood. Nantucket was settle<l in 1660, aml the town of Sherburne incorporated 1687; at which 
time accounts state that the placP was wooded, so we may presume that they were not driven to 
importing fuel till one generation at least had 11assed, before which time the strange island had 
gone clown like the Royal George-nor do we find the stone that marks its grave. 

Of course, I do 1lot deny that great encroachments are being made by the sea wherever the 
uplands are exposed to the attacks of the waves. I say upland, because wherever a skirting of 
alluvial beach is found the work of destruction becomes intermittent or ceases. .And by upland I 
mean the glacial drift, (so called,) which, if we may judge from 'the underlying beds of shells in 
some cases, is itself an intruder upon the original domaiu of the sea.* 

The very locality now under special examination affords a striking case of very recent 

*The above had been written before I knew of Mr. Otis's account of the discov~ry of an ancient ship on the eastern 
shore of Cape Cod, which I have read with great interest and some dissent. As the looality of the wrook is above the 
reach of our present surveys, I propose to reserve all comment on this matter till I can sound along the shore very care­
fully next sea.sou. 
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encroachment by the sea. Upon our two little maps of Chatham (see Sketch No. :r;) .mu 11ill 

observe that the letter G iu oue case stands for an "isle rempli11 r1e lmi.s," and in the othl'r fo1· the 
site of Ram Ishrn1, (wash{,U awa;y.) It is difficult to determine how much of an islantl this was in 
1606, because the Champlain map will not bear nice applicatiou of its 01n1 l'cale, but it ma~· haYe 
been a l:mndred acres. It WftS at that time 1irotecte<l from the ,;ea by the heacl!. Upon our fh·"t 
t-0pographical map, that of Mr. Gliick, in 184i, this islaml h; still fonm1, i,dth au arpa of thirte.eu 
acres, an elevation of twenty feet at several points, and a house or buil<ling- or sonw kind upon it. Its 
situation relative to the ocean liacl changed; a broad iulct I.mu opened direct!~- Lefore it, and 
exposed it to the fury of the storm-waves. .:\fr . .:.\Iariudin, from recent iuquiry at Chath;un, learns 
that this is\a11d had been used as a pastllre down to 18f>1, when the remarkable :\Ii not'" gale cs~en­
tiall.r closed its bistor_r. Traces of it remained for sernral years, but :\fo,;sr,;. Atlam.-; aud :\farindin, 
wl10 made a topograpliical smTC\Y therPahout. in 18G8, saw nothing of it. 

But the neighborlwod of Chatham has not hee11, generall)·, 01ie of great change sinm· the time 
of Uhampiain, except in the continual shiftiugs of tlm littoralcor(l01~ of saud which skirts the shore. 
Upon each of our little clingrarm; of Chatham (see Sketch X(). 3.'J) you will obsen·t· a pond mal'ked 
E. It is a fresh pond in a hollow of the upland, and i8 no nearer tlw u:ater ·now titan it-n•as t11•0 lwndred 
arid sixty-.~·iaJ years ago, although the ocean has l>WPpt away and re-formed the beaeh in front repeatetll,,-. 

This strip of beach is familiar as a phssical feature, and falls nuder tile general designation of 
the littoral cordon, a name wbicll was applied to it by .M. Elie de Beaumont in his Geologic pratiquc. 

upon tile New England coast it appears only here arnl there in a sporadic way, hut be\01Y 
·Mont.auk Point, Long Island, it is the characteristic feature all the way to Yucatan. 

I have discussed this formation somewhat at length in my article ou the "Reclamation of ti(le­
lands," antl shown in what manner it appears as the residual deposit after the siftrng of tile mate­
rial torn from the coal-it b,r the waYes . 

.Although it. is prom~ to shift, its position aud change its form, its presence, ou the whole, 
betokens a check iu the conquest of lantl hy the sea. In the iustauce hefor<> us there wou!tl seem 
to have been a general falliug hack of the cordon si1we luOli, but if we compare the two charts by 
using the distance from the pond H to the south eud of l\Iorris Islawl as a l.Ja;,;e, the ellauge is not 
large. I see no positive iudicatio11 that the cordon is undergoing final destn1cti011, although I CiUI­

not find that at any previous period its area llas beeu so ;,;mall as no1Y. 
The map of Hi06 shows a passageway between J\Iorris Island and the maiu-l:md, and I find 

that the closure of this strait occurretl between li5:l and 1772.* This "it;laud" is nplallll (drift) 
and is conneeted uow hy a sanely cordon with the adjacent; uplands of the 111ain-land. Tliis i;andy 
cordon has blown np into dunes, and a salt-marsh has formed in the rear of it, o,·cr a channel 
which used to be navigable. Mr. Marindin leclrnetl, ll'hile recently i11 Cba.tham, t.Imt trnditiorn; of 
this strait were quite familiar among the people, aml that the last yessel that attempted the 1m,.,.age 
was a pinkey schooner. Thl~ elosure resulted from the falling back of the he:tch; antl npou Des 
Barres' map of 1764 fffouomos appears as a peninsula extending sonthward from :\Ioni" Islam! aud 
the maiu-land. 

Monomoy is a projection of the littoral cordon, and has cyidently been built of mnterials torn 
from the cape-shore, anu its sea ward aproning, under the attacks of a northeast 8ea, and is, therefore, 
very modern in a geological sense, but not recent, I think, from a historical point of new, as rny 
accomplished young friend, H. N. Chapin, has presumed it to be in :t reeent communicati()IJ. It 
appears as a triangular shoal or dry flat upon Champlain's maps, and was referred to in tlw narrative 
quoted above quite distinctly. .A century later it appears upon the chart of the English Coast 
Pilot as a large and broad island, and in the sailing· directions it is said to lie "from the tail of the 
Horse Shoe about niue leagues ENE.11 Its point now lies NE. by :K :! E .. (true,) eleven and t!Jree­
fourths miles from the same place . 

.As no part of Monomoy conld be seen from t.he Ilorse Shoe, and as th{'! distance was a matter 
of lo.ngitude, it is uot remarkable that the estimate i;;hon!tl be very wild. If we suppose the 
sailing-course correct hy cornpas,.,, (of whic11 the Yariation is stated to be 10'.\) .:\lonomo.r was abont 
a 111ile and a quarter shorlt'r i11 1707 tha.11 it appears upon onl' firsL surn·y by ;\h. (;ill1Nt, (185a.) 

'l\fas;;<lchu&'t.ts Hist.orieal Collection. 



 

140 l{EPORT OI,' THE SUPJ<JRINTEXDENT 01<' 

In the "Descriptiou of Barnstable,'' (1802,) published in the Massachusetts Historical Collec­
tion, the locatiou of a h umaue house is carefully stated to be "fonr miles from the end of Mono111oy 
Point. and six mile:;; frorn Chatham flrrat Hill, winch bore N. by vV." Plotting this upon our chart, 
with iJearing correeted for variation, it appears that the liouse was situated clo"e to the present 
outside shorc-liue near \\'reek Cove. J'>Ionomo_.,- Island, and that the point of the beach lacked but 
a quarter of a mile of being as far out in 1802 as in 1853, (the date of our first Coa:;;t Survey 
topographical sheet.) In thi" paper of 1802 it is stated that the bl'ach has been "continually 
gaining during the past fifty years." 

Of conrst', there are tileuty of maps extant which give different testimony, some of them pnb­
lishl:'d this ,-ery year; hnt all eYideuce i::.; ruled out which is uot from sources the mariner would 
respect, because to him ;mu his protectors only llad this worthless strip of heach t,he slightest 
significance. It \\·as to him ct terror, allll chart-maker8 as well a8 ltu11uwe societiei:; made themselves 
familiar \Yitll its locatio11. 

Sine(• 1830, l\:Ionomoy ilaR llecn ad\·ancing with great rapidity into Nantucket Sound, the point 
moviug' out, at the rate of J;~,-; feet per annnm bet,wceu 1833 arnl 185G, and 157 fret per annum 
hdween JS;ifi all(! 1SH8. Like Sandy Hook, a similar fonmition at the mouth of Xew York Harbor, 
tliis peninsnl:t of ::\louomoy seemti to have made alternately loug pauses and n1pid strides in its 
prog-retis ~eaward. 

If thit-i movcme11t should contimrn till it paHses on to the Handkerchief Shoal, a grand harbor 
of incalculalllc value may be created in place of the little Pow<ler Hole, which lms recently ceased 
to be. A movement similar to tlii~, no doubt, fornwd the graml harbor of Provincetown at the 
extremity of the cape, and l refer yon to Prof. H. L. vVuiting's report of 18G7 for very interesting 
remarks coucerning· it. 

The tirnt mention of a harbor in the peninsula of ~Ionomo~- that I find is in the "Description of 
Barm;ta hle" beforn mentioned. It is c;tlled ' 1 Stewart's Bend," and is said to afford 1Safe shelter in 
tluee or four fatl1oms. Tlte "\Yord "bcnd'1 indicates that it received its name before it was actually a 
harbor-while it was only a hook. In my boyhoml the 1,owder Hole was considered avers Yaluable 
harbor of refuge, but wlien I ran into it with the Coast-Surrny schooner Bowditch in 1856, forty 
tisbi11gYP»sehi, which lay there at anchor, packed it nearly full. Three fathom:;; at low water could 
be can'ie<l into thiR snug· little pface when our chart of 1854 was issued, but Mr. Chapin found but 
two feet at the time of biH recent visit. 

UECEN'l' l¥10VEMEN'l'S OF CHATHAM BEACH IN DETAIL. 

::liucc the consnlt;1tio11 held at Olmtham in the ant,umn of 1872, 1\ir. Marimlin has made mw 
reg·nlar plaue-table snney in Jannar,y, and a compa81:'-sun~ey duriug the present month. I quote 
the following clauses from llis report to me of December 10: 

"::li11ce our Hurn•y of Chatham Beach in January, 187'.2, many changes have occurred, which I 
ban' noted in my last, Yisit to tl1is place ou the 6tl1 of December, 1872." 

"The two iulets, one known as the~ ortll Inlet, into what was called Old Ha1·bor, at the southern 
extremity of Plea:mnt Bay, antl the iulet which was made November 15, 1871, during au easterly 
gale, nearly op11osite Chatham lights, still exist. The former does not appear to have changed, 
but the latter has altered materially. The south end of the beach, (north end of opening of 
No\'ernher 13, 1871,) which in January last had been thrown nearly midway into the harbor, has 
gradually extended in a southwesterly direction, and, curving to the westward, has joined on the 
main land near Chatham lights. The height of the beach, where last winter there could be found two 
fathoms of water, is nearly three foet above high water, with a width Yar;yiug from 100 to 135 feet. 
The whole beach as far as the inlet of 1851, to the north, is gradually weakening and must finally 
be beaten in 011 the Uhatham shore." 

"The north cud of the beach at this opening (now Monomoy Beach, since it is connected with 
Monomoy Island) bas retreated to the southward, ruaking the beach wider, as the opposite beach 
(at the north side of the inlet) does not seem to have followed the same course, but has turned off 
towards the main to the westwar·d; and during the latter part of October last, when the north end 
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was uearly opposite Chatham lights, tlie sea a1rnin broke through this part of the lleach, cnttiug· 
off the end into a Rrua11 islaml, as showu in the sketch. This island iH lleiug worn off by the Rea 
and tidal currents, and contiuualls thrown f:-uther jnto tile harbor, so tliat in a few "·eeks it mas 
no long••r exist." 

"There seems to be no distinct channel through tlle inll't into the harlmr, t!Je whole distance 
across beiug a continuous line of breakers when Yisited 011 Decteml>el' 7, 1:-17:!." 

"Siuce the formation of tlie i11let, (Non•mlH'r 1::>, 1871,) the rnai11 sl1on· 11ear Clrntltam lights 
bas bceu exposed to the sea, and conHe<11wntly mud1 worn, Ho that frar,.; 1ven• Putertaiuetl h,v :;\lr. 
C. II. Smith, keeper of the lights, from whom most of my information wa:-; obtainell, of the safety of 
the light-honses. The line of the bluff rm wltich the lights stand haR l'<'treated 11early out• hullllre(l 
feet siucc the new opening of last year. At the present time, hmYever, the new positiu11 of OIL' soutl1 
end of the nortl! beach, resting· as it does on the sh or(; near the light-Louses, has strengthe11ed tl1e 

sl10re, so that filling in is going on at the foot of the bluffs.'' 
"From information gatllered among the old inhabitants of Cliatliam, we find that great d1m1ges 

have taken plaee in the shores of this part of the cape. 'l'wo hundred years ago the ueck of lautl 
uow connecting Morris Island with the main did not exist excevt as a shoaliug· up of the passagl', aml 
sine<" that time tradition says that tlle last vessel which tried the passage wa::; of tile class k110\\'ll 

as'' Pinkey," aud t!Jat she grounlled aml failed to pass through.'' 
'\Ve ha1·e been very much struck witlt the tliminution in the area of tlw beach shown by tl1e 

topographical maps since 18.!7, hut we do uot know whether this ehangc is wholl,,· snperticial or 
uot. I hope next season to lrn\·e tlie opportunity to run a fe1y uorma11i11cs of souudiugs for future 
comparisons. JUr. ~larindiu's comparisons of areas tu11l tlistances gi1·e the following: 

No. 1.-Tablc of areas of Clwtlwm Beach, between latitude ·110 3!)1 a11d 41° 42'. 

.Jl'. 3\l' an<l 41°40' ................ . 

4 lc ..j0' and 41''.J 41'. - - - . - _ - . _ ..... . 

41c 41' aml 41° 42' .•....•... 

Acr(8. 

18G 

174 

1'.Hi 

Los:< of 
ar(':t. 11?47' 1S72. !arlc'a, l~f;.S 

to186b. : to1~2. 

Acres. An"f8. 

:J~ ll:l 

10:1 Jj 3G 

flj 31' 10 

---, 

From inspectio11 of the aliove table we fiu<l the loss of art.>a of the bea<'.11 l1pt1n•(•u .J.l 8 3!!' aml 
410 ·1:.!', from 1847 to 187:.!, to be ;nu acres, or 63 per cent. of the area iu 1847. From 1.'i47 to lti(i8, 
the loss was 239 acres, or 47 per cent. of the area in 1847. From 1868 to V~7:.?, the loss was 80 
acres, or 30 per cent. of the art>a in 1868. 
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No. 2.-Table of distances of easforn shm·e of Chatham Beach, west.from meridian 69° 55'. 

i 
Dil'lhwr.m west of meridian in the years- j 

On latitude- \- i l{C'trea~-, -i-~--; l{c:::;~-1 

i .JlO 3!l' l;j 11 --· _ 

1B47. 

Feet. 
ti,475 

5,f>2:l 

IBO!:. i 1841to1s6s. 187 ~· i 1~613to187:.J., 

Peet. '--;;-:,--'~et. Fe~~\i 
6. 075 + 400 G, 150 - 4il 

5, 650 - 125 3, t!O'.! -1 ;):.; 

410 :vv 3(1"------·-·-······-·--· 4,U25 5,275 - :330 5,~)!);) -320 i 
•Ho 3~ 1 4;)11 •••••••••••••••••••• 

1 

4,550 5. 00!3 - 4S.'.) 5,403 ; --400 , 

'.11o 40' O' ..•..••••••. 4,2:\5 4. 795 - :Ho 5,093 i -300 I 
410 40' 15''- :1,fl75 4,570 ~ ;;B:1 l11lct,(lrl71)1·---·-------

-H-· 40 1 :10'' - 3, G25 4, 225 - 660 4, 635 ! -350 I 
41 Cl 40' 43

11 2, 870 i' :.· 16~: .! - 757 3: 8D5 I -268 
4P4l' 0"·-···-·---- ·1 2,050 ""' -1,067 3,127 i ± 0' 

410 •ll' 15'· ... ·-·-······---·-·1 1,s-20 ' 3,?s~ I -1,!26~ ' ~·o~~ ! +. 2.'°• I 
4!0 41' 30"--·---·---···-·--· .. i 1,520 I 4 35" -~,d3o o,fa,, I -eoo 
410 41' 4a" ................... i 1,360 (xorthiuletl ........... Nor!hlukt.

1 

........... 
1 I 4P 421 011

__ ---·j fnlPt. _____ ~ luleL.---·i-· Inlct .. ~-~~~~-~~J 

NOTE.-"\Vidth of heach on latitn<le 41° 41' in 1847 . ___ . _____ .•.. 1, 700 feet. 

\Vidth of beach on latitude 41c 41' iu 1868 .••..•. _. -- . . . 590 feet. 
Width of beach on latitude 41° 41' in 1872 ..... _.. .. . . . . 5~0 feet. 

Th(~ testimony of the preceding tables must not be understood as extending beyond the 
districts stared, because a large part of the littoral cordon on this part of the Cape Cod sl10n1 
has remained unchanged since 1847. · 

I have already referred to a report from Mr. Chapin, aid i11 Mr. Granger's Coast-Survey part.r, 
touching· this portion of Cape Cod. He was sent hy my request to in11uire into the circumstances 
under which the Powd1"r Hole had been lost. He takes one of the interpretations of Archer;R 
11arratiYe, and giYes to :l\Ionornoy a brief existence. I have no confidence in the narrath'e, but the 
physical history of .Mouomoy is au open <1uestio11. lf during the past two or three centuries the 
rate of growth southward has been as rapid as it has been since our sun·ess, there could not ha\'e 
been much of it in existence at the time of Gosnold's voyage. In my discussion of the case from 
old maps, I ham concluded for myse(f that this pe11insula is much older tha11 our knowledge of 
the coast; perhaps not as dr]/ lanrl, however. 

I do 11ot regard the sliore-line of these beaches as an important contour from <i ph!fsical po-int 
of dew,_ but would rather take submerged curves, for instance, the outline of the base of such a 
sl10al upon the floor of the ocean. In the instance of Sand.r Hook, New York, or BrewRter Spit, 
in Boston Harbor, the arh-"ance is like that of a great mole building out into the sea, and it h; more 
easily traced near the bottom, w!Jere it is not modified by causes so irregular as those near the 
surfaee. I think Mr. Granger's h_plrographic sun·ey, now in progress, will throw more light on 
this queRtion which Mr. Chapin has raised. He preimmes that tlrn mat,erial which is adding to the 
point is from the waste of the Cha.tham Beach, &c. In the case of Sandy Hook, I was able by 
depositing materials of different specific weigbt.s, at different depths along the coast, to determine 
precisely whenee the building materials came, (1857-'58.J I found the source of supply in the neigh­
borhood of Loug Brauch, twelve miles below the point of tlie Hook, where tho upland has no 
protecting· cordon of sand. I shall ask Mr. Chapin to make similar experiments ou the Monomoy 
shore. · 

Mr. Chapin learned that seventy-five years ago, before Monomoy extended as far as now, there 
were islands on the shoal beyond, aud, as we knew from our charts, very shallow spots exi.sted off 
the point before the recent advanee. In the grnwth of the point, an apparent acceleration would 
take place on falling in with these. Thern are still some outlying dr:y spots, mentioned by Mr. 
Gra ngPr from lii s past s11 m nier's ohsmTationi-.. 

There is a portion of Mr. UhaJJiu'R n•port coueerning tht> n·cl•nt dianges mnoug the .sboalis, 
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which I should like to quote in full, lJecause it is interesting; but as be does not gfrc hb anthori. 
ties, and some of tue old charts contradict him, I shall refer the matter io him again for l't'Yit•1L 

When Mr. Grang-er's h,rdrographic survey iR completml, these uotes of 1\fr. Clrnpin's \\"ill furni;\11 
again valuable hints for the proper direction in which to make comparisons, and I ex1wct to ho 
indebted to him for further obserYations by that, time. 

Ycry respectfully, yours, 
HEXlff ::\IITCIIELL, 

Cnitcll Statcli Ooa8t SwTcy. 
BROOKLINE, MASS., December 22, 1872. 
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APPENDIX No. 10. 
HINTS AND SUGGESTIONS UPON THE LOCATION OF HARBOR-LINES, BY HE;l/RY MITCHELL, UNITED 

STATES COAST SCRVEY. 

Although we have, from time to time, through many ye~us, been calleu upon to advise in fixing 
the safe and commodious Jimits of encroaclmrnnt upon the harbors along onr coast, we should 
find ourselves greatl,v em harrassed in the attempt to la;r down rules for future guidance, because 
in· almost every case that has arisen occupatiou· of the water-front has already taken place in an 
irregular and iujurions manner, and experts hase been called iii not so much. to undo the wrong as 
to stay its further progress. Nevertheless, there arc certain elements that enter into the 1lis­
cnssion.,of all cases, and other elements that always appear in specific classes of cases, which we 
propose to make the subject of this unambitious paper. 

Our harbors ,qcnerally.-If we nm over a list of those sheltered indentations of the coast which 
ha \"e served us fol' harbors of trade or refnge we distinguish •ery readily two grand clidsions, into 
whicll they cau be more or lesr-: accurately grasped. These are inlets, i. e., breaks through the 
littoral cordon of Sftnd that skirts tlJe com;t, aml arms of the sea, or .fiord.~. Sharply-defined instances 
of the ftrst class are quite numerous along our southern coast, and Port Hoyal, S. C., ma,y be taken 
as a type. So of the f!ecoml cla1<R we haYe many examples, especially along the sea-board of New 
England, where we may select Portsmouth, N. B., or Casco Bay as a type. 

Most of our riYers tind their way to the ocean tbrouqh inlets and fiords. It ill true that the 
Mississippi, scorning alike assistance and restraint, makes its way to the sea with no obstruction 
uut its own debris; but this is exceptional. Many of our great ri\"ers, like the Rio Grande, Alabama, 
Savaimah, and Cape Fear, arc pooled near the 1<ea-board within barriers of sallll mtst up by the 
waves, through which the~- with difficulty maiutain passes with the help of the tides; others, like 

·the Saint Lawrence, Penobscot, Kennebec, Delaware, and Susquehannah, find their way through 
depressions more ancient than their action; while, in the case of the Hudson, we have a stream 
whicu empties its waters through a fiord in one direction aucl an inlet in the other. 

These considcratiuus, aud the fact that rivers, Lowevei· great iu volume, effect but small changes 
at the sea-board by reason of the superficial flow of their light waters over the more dense waters 
of the sea, seem to warrant our ignoring the rizier-mmitli as a distinct form of harbor, and make 
our two grand divisions all-sufficient. 

The principal points of distinction between inlets and fiords are as follows : The inlet has a 
depression between the chops, indicating that the waters escape under restraint, and the material 
missing from tho depression is piled up by the sea outside as a bar. There is usually an inside bar 
also. The fiord has no depressiou at its mouth, and no bar outside or inside. 

Both of these great classes are sul~ject to interior obstructions from accumulations of sand and 
m Lid, aud present in their sheltered portions similar characteristics; they differ usually in the amount 
of material supplied for shoal formations, although they often agree in their dependence upon the 
working-power of currents for the maintenance of their principal avenues. 

The fiord in its natural state, if not the recipient of fresh-water streams; is usually slow to· 
change along its deep-water ways. The dash of the waves may wear its shores and extend its 
superficial area, but little of this material finds its way into the deep water. The small depth. of 
silt on the bottoms of our great ponds in New England illustrates the slow progress of accumula­
tion in still water. Dead angles along shore and abrupt <lepre8sions in the bottoms of the fiords 
of Maine are often found to be filled up with mud and sand ; and if these are not imshed out by 
artificial chaugc of regimen, the more central channel-ways fill up very slowly. If strong tidal 
currents occur in the fiord, the ch:mnel-ways they traverse arc maintained; but the flats and dead 
angles receive deposits in greater ratio than they would if the fiord were tideless, because the 
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tides not only asRist in washiug away the banks, but they bring· in from outside materiaJ snpplie(l 
by the break of the sea along the coast, and tliis is in excess of \Yhat is carrie'1 off by the same 
ageucies. 

'fhe considerations to be entertained in locating harbor-lines may be arranged under the 
following heads : 

1st. No 1mrroaclwwnt should be su:ffered that will materially reduce the tidal rnlume, and by this 
means lessen the scour of the cu1-rents that maintain the channel" belo1c. 

2d. Xo encmach111eut i;lwuld be s1~(fered that 1dll [1reat7.11 augment the scour in th<' le8s important 
portions ol the harbor, if the material of the bottom is yielding and likely to be swept do1rn into more 
valuable parts of the port. · 

3d. Artificial striwtures .should be cm·ried out to a regular line 80 a.'{ to !tai•c a w1ifiwni or 
wiiforml.lJ 'W.rying floic of the cwTent along the frontage. 

4th. IYo encroachments should be sujl'ered tltat i1!juriously reduce the cmchoragc-basins 01· the winding­
rumn near the commercial u•aterjl"ont. 

5th. The hcn"bor-line must not be so drawn as to dep}·ive any slwrc-01t11ci· of hi.~ frontage. 
6tlt. lt.ro riparian proprietor should be permitttd to c.rte1ul his u·lw.rrc8 or lands to suclt a ;le_rp·ee or in 

1mch manner ai; to obstruct or lengthen the patlt1ca.1JH of 1:1w11cls bound in or out fm111 other u·ater:fro11ts. 
7th. The 1charve.~ should be carriecl out to 1cater llcr:p enough to ffoat the elms:; of rnsscl11 likely to 

l'isit the portfiir p11rpo11cs of trade. 
8th. ffnfficient room should be left 1l'ithin tlte harbor·line for slips 01· docks of sufficient length to 

accommodate tltc longest t•esscl likely to demand a berth. 
9th. 'l'hc law .fixing the ltarbor-linc 8lt0uld be e.:rplicit rega.rcling -it.¥ location: 
Recalling what. we 1H1YC said in the opening· clause of tl1is paper, the above list of points 

to be cousidereu will not be regarded as rule.~, aml will not be sn1iposed. as a whole, to apply 
in any particular case. "'e shall proceed to take up these propositions in detail, and discuss their 
application. 

VALUE OF TIDAL VOLU::lfE. 

That in most of our tidal harbors the maintenance of the channels depends npou the preser­
vation of the iuterior rese.n-oirs with which tlte-y communieLte is a gerwral proposition so readil,y 
admitted by all who are coll\'ersant \vit.lt the subject that we need not discuss the gmieral case. 
But since the only purpose that a comnmnity can have in 1n·otecting a 11ort. against ii1jur.r is to 
make the most of it, now and hereafte1·, for commercial u.'>es, it behooYes us to stud.\- the degree of 
harm which encroachments at any desirable iioint may effect, and to draw the line carefully between 
use and abuse. 

If we compare di;ffer nt harbors \Yith eacll other, we discover that. tlieir ua>i~able facilities do 
not vary in the ratio of their tides, whether we regard rise or vo1nme. If, however, we compare 
repeated surveys of the sa.nie port, we fiml that a loss of tidal volume, by the filling up of a reser­
voir, has been, as a general rule, followed b,Y a decline of section in the elrnnnel which formerly 
served as a conduit for filling and drainiug this basin. 

The first comparisou teaches that upon the arrangement and relatfre location of the resenoirs, 
as much as upon their tidal capacity, depends the existence of channels suited to our uses; while 
the second comparison shows that a tidal reservoir is worth preserYing ouly in the proportion that 
its filling and draining tends to presel've the particulal' channels useful to commerce_ 

Compensation in kind.-It bas many times been proposed by harbor-authorities to establish a 
law in each port that "for all encroacl1111ent.~ i1pon tide-icatCI', restitution in kind Nltould be made clsc-
1cl1ere." If by "elsewhere" is meant i'.n adjacent portion8 of the same basin, this would be a safe rule 
of conrse; but if a transfer to another basin, or even to quite another part ·of the same basin, is 
within the meaning of the rule, it is a dangerous one, for it proposes to change the order of the 
tidal volumes upon which the channels, as we find them, <lepend. .All this has bee11 so fairly 
discussed in the n~ports of the councils an<l commissioners OU Boston arn1 Port.laud that further 
comment is unnecessarv. Suffice it to say tlmt with the same tidal •olume- not one in a hundred 
of the indenfotions np~n our coast is a harbor suitable for our use, and t!Jis consideration alone 

19 cs 
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should warn us of the delicacy of any experiment which proposes to dh7 ert great forces like the 
tides from tlieir natural course with the hope of making them. serve equally well or better in 
another way. 

Of course, where it has been ascertained that the tidal volume of a basin is essential to the 
maintenance of an important channel below, every endeavor should be made to prevent a reduc­
tion of this Yolume, and to this end it may be necessary to draw the harbor-line well up on the 
strand above low water, so that the dredging which will become necessary to conYert this line into 
a proiler commercial front will add as much tidal volume outside of the line as the occupation of 
the space within may displace."' 

On the other hand, rather than exercise a false economy by restricting in any degree the com· 
mercial progress of a port, it is often the best and wisest policy to draw the harbor-line well out 
from the shore, and provide fo1· repairing the damage that occupation out to this line may eil'ect 
by charging ri1larian owners for the space thus granted to them, and reserving this sum to defray 
expenses in dredging the channel. The State of Massachusetts has adopted this policy in its treat. 
ment of the upper harbor of Boston, where the occupant of tenitor.y wit[iin the harbor-line is 
charged for ~very cubic ;yard of tide-water displaced a sum equal to that required for excavating 
the same amount. The board of harbor commissioners, nevertheless, make the explicit statement 
that "this compensation-fm1d is accumulated, not because Boston Harbor can be better preserved 
by dredging-machines than by maintaining the natural scour caused by the tidal reservoirs, whose 
action is independent of human effort and human supervisions, and costs nothing; it is accumu­
lated to remedy the injury that is necessarily done in adapting a water.front to commercial uses, 
because this is the best that can be done to preserve the harbor, and at tlie sa_me time use it." 

Since it never happens, pe1·haps, that all the 8conr inuuced by the filling and draining of a 
basin i8 exercised to the best advantage as far as our wants are concerned, the cost of repail'ing 
the inunediate injury done by displacement is hardly likely to exceed the cost of au equal amount of 
dredging, executed under the most ordinary conditions of depth and character of materials. The 
objections, however, to making, once for all, an assessment at a fixed rate, irrespective of the value 
of the territory, are obvious when it is considered that the burden falls unequally, that the repairs 
cannot be made once for all, and that money changes its value as represented in labor; and this 
suggests that the State would better collect a rental or tax as they do in providing for the repairs 
of other highways on shore. 

There is one type-case to be mentioned where no indirect compensation for encroachment cau 
avail; it is that of a lagoon, where the channel over a sandy bar, upon the outside coast, depends 
upon the filling and draining of this reservoir. The several attempts which our Government has 
made to deepen the channels over the outside bars of lagoon-inlets have been unsuccessful. "As a 
general rule," said the late Professor Bache, "you may as well attempt to bail ont the sea as to 
dredge a channel throngh an inlet-bar." 

Relations subsisting between tlie channels and the tides that traverse them.-The first step to be 
taken to determine in what rnauner a channel is formed or maintained by the tides is to compare 
velocities with depths at several cross-sections. Wherever the bed of the stream is alluvial, this 
comparison discovers to us, usually, that ebb and flood currents take very unequal shares in the 
work. 

In the diagram which acoompanies this paper, we have given in a sub-sketch such a com­
parison as that we have indicated in a characteristic case where the ebb is the principal working 
agent. 

Where the bottom is sandy, there is, under ordinary circumstances, no suspension of the ma­
teria11 but the grains are rolled a little way by each stream, and the journey eventually made by 
these grains lies in the direction of and in proportion to the resultant of the forces precisely as if 
these forces were simultaneous.t 

"This precaution has been taken with regard to the Charles River Basfo above Boston, in the mann~r recommended 
in a report of Prof. H. L. Whiting, Seventh Report MMSachusetts Board of Harbor Commissioners. 

tThis was first shown to be the case in ()Ur work on New Y()rk Bar. See Annual Report of the Coast Survey for 
1859, Appendix 26. 
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In examil1ing a case of this sort1 we should take ohsen'ations every fifteen minutes fol' a tidal 
clay, at each of three or more ;;tatiom; in the cross-section, a111l work up the ollsen·atious at each 
station by composition of forces, and then, instead of plotting maximum ebb and maximum flood 
as in our sketch, we should compare tl1e transverse curve of resultants witll tile 11rofile of section, 
and expect to find that it only requires a co-efficient to make the two ctir\·es agret~ closely. 

Scour is a frictional action dependent directly upon velocity and iudependent of tile weight 
of the superimmmbent water. N1:wertheless, since the Yelocit,y would depend upon the n>lnme 
passing a given section at different stages of the tide, it will be found that a tidal channel, through 
alluvia, enlarges its section as it nears the sea, aud this must not be lost sight of iu locatiug lrnrllor­
lines. 

If we were to construct an artificial channel leading from a deep ha.sin to the sea, we should 
proYide for a gradual enlargemeut of the cLannel-sections in the ratio of the tidal volumes at tlle 
stage of greatest fall-mmally immediately after half-tide. 

Comparisons like those we have indicated are useful in det.ermiuing the relativP> Yalues of 
difl:erent reservoirs, and also in ascertaining the probable effect of encroachments upon the width 
of the main chmmel. If the material prone to enenrnbe.r t,iie channel is sarnl, a \"ery dist.aut. reser­
voir is ofteu much more useful than one nearer the scene of trouble. A distant reservoir, being 
filled late and drained late, tends to quicken the .flood-current in the channel below when the latter 
is nearly full, and the ebb when the channel is quite low. The flood-Yelocity is augmented but 
little, while the ebb-Yelocity is iucreased very much. Such a resen·oir llerforms a great service, aml 
should be preserved. Of c-0urse, a reservoir may be so distant as to send it.s waters down the 
channel after the 1lood-current has commenced to run in at the mouth of the harbor. In this case 
it would be of no use, or even injurious. Of coun;e, as we have selected for harbors tho;;e iuden. 
tations of the coast which have good channels, we rarely find in the cases brought before us, natural 
reservoirs that do not pla;r some useful part in the scour of the cllannels below them. 

One of the greatest objections to compensation in kind is that by expending money in enlarg­
ing reservoirs, rather than by directly deepening the main channels with the dredge, we do not get 
our money's worth of practical adYantage. 'Ye increase the scour through the whole length of the 
channel when much of it is deep euough already. 

ENCRO.A.CIIMENTS ON THE CII.A.NNELS. 

The comparisons made between the transyerse curves of velocity and the profile of tl~e section 
often disclose the fact tl!at there is a resultant, because the two streams differ in the positions of 
their maximum velocities, (as in our sketcli.) Sometimes, in such a case, we find that two deep 
channels lie nearly parallel to each otber with a hank between; in one channel, the resultant 
takes the direction of ebb; in the other, that of flood. If both streams were crowded into the 
same path, under snch circumstances, we might have a channel much more shallow tllan either of 
tbose we had before, l.Jecause the ebh and flood might counteract each other. \Ve h:we often seen 
inside-bars at our southern inlets very silallow, although traverned by Yiol(111t currents, hec:rnse the 
outflow and the in.flow were equal and opposite; such a bar is alwa,ys in motion, but only moves to 
and fro. 

Practically, we rarely find at a contraction an equality of ebb and flood currreuts, not only 
because these two drifts prevail at different average heights of the tide, hut also because they are 
differently converged or gathered in as they 3Jlproach the narrow pass. But just aboYe or below 
they balance each other, and siloaler water is found. 

Where the bed and banks of a channel are of mud or other suspcnsil>le material, encroach­
ments upon either side tend to deepen it, aud this brings us to the q Lrnstion, how shall harl}()r-Iines 
be drawn so as to proYide, as far as possible, against disturoiug the regimen of the streams. 
Before entering upon this question, we would repeat that we ha ye. selected our harbor from among 
the ·mauy indentations of the coast, because its channels are the most fiworahle as regards uni­
formity of good depth. If, then, we would maintain these advantages, we must guard against 
encroachments that will disturb the order of tbe scouring forces. The most ordinary cause of 
trouble in our harbors is the irregular encroachments upon the borders of the channel, which 
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quicken the stream at one point, and retard it at another, the effects of which are excavations at 
one point, and shoal-bnil<ling at another. 

Tlle harbor-line, on either side of a channel, shoulu follow as uearly as practicable the same 
isod11namic cw·vc, a term which we introduce because it covers two kinds of scouring action, one of 
which is due to the simple velocity of ebh or floo!l, the other to the resultant of these two. 

DJodynamic lines.-If the channel-bell awl lJanks :ire composed of soft material, liable to be. 
stirred up and suspended by any increase of velocity in the stream, our custom has been to draw 
lines of equal veloeity for flood ancl for ebb, aml in locating the harbor-line.~ make the best com­
promise possible between these two sets, or give the greater weight to the stream (ebh OT :lloocl) 
which has the greater velocity. In using the simple velocities we select the m1tximum flow, which 
occurs about the middle time of ebb or flood currents. 

If the bed and banks of the channel are sandy, the resultants of the moYements of ebb and 
flood are to be use<l instea<l of the simple velocities, because sand, as we have before stated, is 
prone to move in the direction of these resultants. 

The difficulty in prol'erly drawing these isodynamic lines lies in their Tetluction to the mean. 
The difl:'erent transverse curves of velocity cannot be simultaneously measured, and the observa. 
tions are, therefore, affected by the diurual and half-monthl.r changes in the duration and magni­
tude of tlie tide. To meet this difficulty we proceed as follows: 

Upon one of the lines crossing the channel at right angles to the flow, make observations 
enough at different points along the line, and at different depths below the surface, to ascertain 
the volume passing in either direction, selecting a clay when the tides are about at their average, 
and correcting by simple proportions. If the basin to be filled, and the channel communicating 
with it, bad vertical walls, it woulcl be nearly conect to assume that the velocities are in propor­
tiou to the duration and height of the tide; but, as the bauks are sloping irregularly, we can only 
make this assumption when the observed tide is very ueaT the average. 

Having carefully determined the mean volume at one cross-section, we asceTtain what it would 
be for the next by adding or subtracting the ticlal volume for the space between, which tidal vol­
ume is simply the aTea multiplied by the rise or fall for the unit of time for which our velocities 
are stated. Knowing, then, what volume should pass an.v section under average conditions, we 
correct our transveI"se curve by applying such i1 co-efficient as sllall make the velocities multiplied 
into the depths give this standard volume. 

In our sketch the transverse curves given in light, full lines, having been each of them cor­
rected in the nianuer above clesCTibecl, represent the mean velocities in the cross-section under the 
same average tidal conditions. As we may not have made this matt.er sufficiently plain, we give 
below an example from one of the curves given in our sketch. 
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Determination of the transver8e curve of velocitie8 for section AB, cit mhldlc time of e11b, lit. 43m. 
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REH.UlK!'.'.-The distances jn the second colutnu are those of statiOll8 sin1u1ta­
neously occupied, and ate measured from the rig-ht hank of the strram. 

The data in the fourtl1 cohuuu arc~oULaiued from a llluUiug: UJ)Oll profile-paper 
of tho actual velocities obsern~d--gi,Ten in the-"t,binl colmu11. 

Tlw dept1u1 given in th<' fifth column arc· from sonndiuga corrf'cted for t11e 
hci~ht 0-ftido at the timo when th<' vclocitieR were obserYcU. 

'l'hc corre(}tctl vdocticti given in tlic ltlst column are obtainctl by applsini::; thl· 
co-eftieicnt ( 1.111) to the data gi>·en in the fourth column. 

Our first attempt at determining transverse curves of velocity, with the >icw of ascerta.iuiug 
the proper limits of encroachments, was made in San Francisco in 1870 ; but full applications of our 
method were first made at New York and Portland in 1872-'73. 

In the case of Portland we had a hydrogrnphic survey of the channel a11d rese1Toir,* in which 
the slopes of the shore were given up to the plane of mean high water, so that, with the recorded 
heights of the tide before us, we could measure the volume drained or tilled for eYery hour, and 
deduce the mean velocity that should obtain in each section of the channel. This lll'ocess is more 
accurate than the one illustrated by our numerical example given above, provided tin~ distance or 
extent of the reservoir is not so great as to im'olrn large variations in the times ot' the tide. But 
under the most favorable circumstances likely to be met with in nature, the calculations for vol­
ume from the best survey of a tidal basin, are laborious and liable to errors. It must be remem­
bered that an error in our standard volume neither affects the courses of our isod,Ynarnic lines nor 
their relative positions, bt1t simply shifts tl.te whole system a little too far out or in. 

•Made by Horace Anue1·sou, assistant, Coast Survey. 
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It is impossible to prescribe, in any general way, which of the isodynamic curves the harbor­
line should follow, because this must depend upon the character of the bottom, &c. Snfl:ice it to 
say that we consider three-tenths of a nautical mile per hour as the minimum limit of scouring­
velocity, and in composing the observed velocities to ascertain the resultant we reject all those 
wllich fall below this limit. 

ANCHORAGE SP ACE Al'iD WINDI:N'G R00;\1, 

The popular rule for anchorage is, "Run out a scope of chain equal to three times the depth." 
Accepting this rnle as applicable under ordinary circumstance8, we find the swing-room at ancli.or 
(making due allowance for the slant of the chain, supposed to be taut) is a circle of which the 
ratlim; is the length of the vessel added to :.l.8:.l tillles the depth. If we take, as an example, a 
schooner 100 feet long, anchored in :m feet of water, we make her allowance of swing-room a circle 
of 185 feet radius, havi11g au area of two and a half acres. 

In determining the aucltoi·ag·e capacity of a harbor, we plot upon the chart circles of different 
diameters corresponding to the tliffereut classes of \'essels likely t.o visit tlie port, and mingle tliese 
in proportion to tlie number of each class, h~wing due regard to draught. 

\Ve may conveniently divide vessels into four categories: 
First-clas8 ships, (including ocean-steamers,) 200 to 430 feet long, with 18 to 25 feet draught. 
Ordinary barks, 130 feet long, ·with 15 feet draught. 
Ordinary brigs, 103 feet long, with 10 feet draught. 
Onliuary schooners, 93 feet long, with 10 feet draught. 
As n·gards numbers of vessels in each of these categories, returns from our principal commer­

cial ports give the ratios 1: 2: li\-: 2rr.* 
PracticallJ·, vessels, under ordinary circumstances, do not swiug over the whole circle we have 

iirodded, but simply over opposite quadrants i more.over, they swing together with the same wind 
or tide. Nevertheless, since vessels cannot be packed into an anchorage as economically as we can 
plot their circles upon the chart, our rule for measuring the anchorage-capacity of a basin will be 
found just and convenient. Take, for instance, Vineyard Haven, the most frequented refug·e on 
our coast. Our rule gives for this port 174 miscellaneous merchant-vessels, (barks, brigs, and 
schooners, measuring in the average 260 tons.) The port is sometimes so full that many vessels 
are prevented from entering, and thoi;e at anchor injure each other; yet the largest number ever 
c01mted was 200, with an average of 200 tons each-a very large proportion being schooners. The 
area of the auchorage-ground beyond the 18.foot curve is 544- acres; from which we may infer that, 
in square measure, 2.7 acres is the best average that can serve a coasting-fleet in that roa<lstead. 

The popular rule we have quoted above is not applicable to very large vessels, which generally 
require more scope. In ordinary roausteads, of less than tAn fathoms, a man-of-war requires 32 
acres of swing-room; and the Spanish frigate Numancia, which lay in the lower bay of New York in 
the summer of 1872, cruised over a space of 44 acres; altllough, as it proved, her scope of chain was 
not sufficient to prevent her from dragging a little. \Ve mention this vessel, because she drew more 
water than was ever before brought over the bar.t 

In locating harbor-lines we have not only to provide against undue encroachment upon the 
anchorage-ground, hut to take into consideration the wants of vessels under way, and those haul­
ing in ot out of the slips. If the channel has no abrupt turn in its course, steamers and ,-essels in 
tow of steam-tugs may be accommodated with a fairway of orte hundred feet, but sailing-vessels 
require room enough to go about. Vessels vary so much in their maneuvering qualities that no 
close rule can be laid down for the width of a convenient sailing-channel. A first-class ship 
requires a half-mile of sea room, and a medium schooner 600 feet, when beating to windward und4.'r 
ordinary circumstances. 

To get in or out of a slip a vessel should be allowed three times her length beyond tlte pier· 
11eads. 

w Computed from Lloyds. 
tThis muy be considered a proper limiting illnstration, the Groat Eastern being anomalous. 
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REQV-ISITE DEPTHS OF FRONT AGE. 

The Government, in remoYing 01Jstructio11s in New York Ilarbor, has adopted 2;; feet at mean 
low water as the maximum depth required, and in Bm;ton 23 feet. The former g·irns 2; feet from 
the mean level of the seu, the latter 28 feet. 

Of the sailing-ships registered at Lloyds, only one-third draw OYer 20 feet, while 9.'J per cent. 
draw over 10 feet. Of the barks only a per cent. draw over 20 feet, and 27 per ceut. oYer 1G feet. 
Of the brigs onl.r 3 per cent. draw over 1G feet. Coastwise coal-loaded steamers usually draw 15 
feet, and coal-loaded schooners 12 feet; the average draught of merchant-schooners is, howeve1·, 
only 10 feet, and fishing-vessels less. 

The contours of the natural frontage, where the bed and bank of the stream are of ~-ielding 
material, will nsually be found parallel to the isodynamic lines commented upon ahon•, but uot 
necessaril,y so to the dircctiun of the current. 

REQl"ISITE LENGTH OF SLirs, ETC. 

vVe lrn.ve already spoken of the lengths of vessel8, bnt 11ot of their willths. Iu the following 
table we give these and other details. 

J>imen.~ions of t•csscls, (mostly from Lloyd'8 Ber1istcr.) 

,i Tonnug-e.! Lc-ngth. l~eam. Urm1µ:ht. 1~erna1·ks. 

-------- --·---'·-~--------------------
i i [ Feet. 

I Lar~c ocen.n-stcmuers ....•. __ . ! 4, 000 I 4:30 

La.rl!esailinf!"·Sllips .....•..•.•.. ! 1,701)

111 

210 

I 
Ordina.ry sllips............. 1,000 17~ 
Smallshi1,. ................... , 400 140 

: SomHl stea.me-rs ....••....••... ; 3 1 000 37:l 

I Larue eoa?.twitw t'oal·ste_mncn:i- 1, 500 200 
I ~ I 
/Laq:<'liarke ................. ! [150 i 164 

Small ba~·ks ----·:·--··--·--·- '- .. ---:---1 10" l Larp;e hngs ...... ....... ..... 4J0 125 

I
' Ordiuary brigs _ ... ______ .... __ . !_ .. ___ .... HJ'" 

Larp;e l5Choom'lr8 ..•..•....•..•. ! 400 ! 130 

r Ordinary- scbuoners - - - . - - . - - - - . ! 133 I 9:J 
i Special coal·sch0<>ners .......... /.......... 130 i 
/ Stonc-aloope. - --- ......•...... _ ·j· ....... "T ___ ...... 

1 

.Feet. Feet. 
4il 2.J. AY-0idiu.~ extr~nw ca8l'8. 

41 1 22 lti iwr cc>nt. of 8nch ship!« draw :!4feet a11d over. , 
3;) 20 

~7 lG 

83 1~ : '' Ilristol ,, ana ,, PrnYidPnce,·· (hea.m Q\Cr all.) 

:37 15 Ht•1u1inl! l\ailruad Compauy. 

36 1!1 .. \ ·niidiu.(!: ('xtrenH_' cast.'S, 

m lH llo. 
29 13 I Do. 

~5 12 
30 13 A voidinz extr-(>.nH' casl~S. 

24 10 

30 12 Hcadin:::; P..ailroacl Company. 

26 Pigeon Co\~p fi-ranitP Com1mn~-. 

In the foregoing table no projections beyond the hulls of the vessels am eountetl. 
In order to furnish fair berths for two ships, the water-space between wharves sl10uld be about 

100 feet wide, 250 foet long, and 20 feet deep as far up the slip as the 8hips' keels extend. These 
dimensions cO\·er all nooessary projections of bead-gear, &c.; they also admit of the two ships 
being replaced b~· fonr ordinary schooners, leav~ng ample space for passage-way between those 
on opposite sides. 

Although the water-fronts in most of our ports are now occnpi<'d only by whanes, them are 
places where continuous quays would be much more economical, and other pl<lces where docks 
with open gateways would be safer and more convenient. In great estuarirs, like Delaware Bay, 
where the alluvia along shore is liable to shift, and is prone to do so immediate];\- after the erection 
of projections at right angles to the flow, a continuous qna;y, protected b;y ice-break.en;, i:-; the 
best and most permanently useful improvement of the water-front. Onr harbor-lines mmally 
indicate simply the outer limits of pile or crib piers extending from tbe sllore. 

Riparian rights"-Under the general tlrincipal that each shore-oirner has a right of !l'ay out to sea 
from every part of his frontage, it would seem just that when he chooses to extend bis wharf to the 
harbor-line be should be entitled to his proportional share of said line. Where the harbor-line is 
parallel to the shore, his proportion is secured by extending the sifl.e-lines of his lot in directions 
normal to said harbor-line; but in the case where his estate lies upon the shores of a shallow con, 
within which it is inexpedient to draw a harbor-line parallel to the shore, a special method of 
division must be resorted t-0, in order to secure to each riparian owner llis due proportion of the 
harbor-line adopted. 
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Before referring to the methods of division he.retofore adopted or proposed, we shall offer a 
rule, which seems to us of Yery general application. 

Ifa...-ing plotted the harbor-liue, which may either pass wholly outside of the month of ihe 
co'>e or bend into it, draw a 8weepiug-line through three or more salient points in the high-water 
rnargiu of the co\·e in such manner as to present townnls the liarbor a divergent curve, and extend 
the side lines of the riparian estates out to this line of rectification in directions normal to said 
line. Then (premising that the lmrbur-liue has been parceled out to the owners above aml below the 
cove) clivide the unallotted portion of the line in front of the coYe into parts proportional to the 
diYisions of tlw line of rectification already referred to, and extend the est~ttes hy straight lines to 
em brace these parts. 

One ma;\' easily SC(' tllat if the harbor-line is drawn with no reference to the form of the co,,e, 
cases ma;y arise where an aprlicatiou of this rule wonld be iueqnitable; but since the main purpose 
of the harbor-line is mmally to secure to each his due share of tlie frontage, no such difficulty may 
be expected to arise. "\Yhere a harbor-improvement, beneficial to tlie many and detrimental to 
the few, is contemplated, the location of the lrnrhor-line may be made regardless of the interest of 
some individuals

1 
but in such cases the injured should be made whole from the " betterments " 

elsewhere. 
Tile rule ..-e have giyeu is based upon certain decisions of the conrt in l\lassachusetts, and its 

slight departure from tlle actual usage will be appreciated by the followiug very interesting discus­
sion, which we quote from Allen's Report of Cases Argued and Determined in the Supreme Judicial 
Court of Massachusetts, volume XIX. The court appointed commissioners to tlivide the flats of a 
coYe in Gloucester, and this commission seemed to ha,-e assumed that this dfrision was to be in 
proportional areas. 

"No rule, to our knowledge, lrnving heen estalilishcd for tlrn division of flats in a cove of this description, out of 

1diic11 the tide never entirely Phhs, nor any rule of dh·ision in any case alloptc<l which is capable of a general applica­
tion to shores of diffe1·cnt 8hapes, it was suggested to us that the mode her!'toforo adopted fa some cases, claimed to 
]H, analogon~ to the 11rescnt, of deep coves, out of which the tide entirely ebbs, to wit, hy drawing a line across the 
month of tlin f\ove between the headlands, and gh·ing to each shore-owner Lis prnportiouate leugtl1 of flats on that line, 
sl1on1<1 he followed i11 this. Bnt we were of opinion that this mode was not properly to be applied to this case, or to 
caHc~ of ,,o,·es from which the tidP <1oeR not wlrnlly ebb at the lowest tide, inasmuch as t11e lmse-line upon which the 
division would be rnade must pass outside of tlw limits of the ownership of Urn parties, anrl where no actual nteasnre-
meutR or monuments eonld he had. " " 

"Aud we ha Ye adopted the followiug mode r)f division as one fair aud proper in this case, to wit, we fix the houud­
aries by !livision-lines drnwn througl1 a seriee of points or lines between the established limits of the cove, equillistan t 
from the line of high water, which points are found by diYiding S<tid equidistaut lines in the ratio as the lengths of the 
Jines of upland own(l(l by the parties on saill high-water line, giving to each shore-owner 11is proportiouat-e share of the 
area of each belt of flats thns formc<l around the cove, until tl.Je limit of his ownership in the direction of low water 
is reached, the said belts as represented upon tl1e plan being tm1 feet in width; the division-Ji nos so asccrtained being 
rcpreseutcil upon the plan by the irregular an<l curved lines from the hound mark.~ on high-wg,ter line to low-water 
line," (and marked, on the plan, ante, 7!1, a 1, h 1, c 1.) "It was objected to this mode that it gives division-lines of 
boundary curved aud irregnlar, and not adapted to the construction of wharnis upon the premises. 

"Ut;t' we have couHidered that the use for constrnction of whan'es is not the sole purpose for which the premises 
are valuable, uor the purpose for which snch property is alway" of the mo:;t value, aud that by law the right of occupa­
tion of flats atljoiuing the npl:tlHl is not co-extensive with the ownership, since it cannot stop or hinder the passage of 
boats or ves8el,; to other men's hou•es or lands; aud further, that the conro;es of these lines will not be more irregular 
than the shore-lines npou which they depend, uor than the line of low water, nor than natural lines of boumlary 
geuerally ; and that tllcy mark a division fair and proper in the premises, which gives to each owner bis <luc propor­
tion; and that the rule by which they are run is capable of a general application to coves of all shapes, and to head­
lands and shores of the 011eu sea as well, giving to the shore-owners in all cases their proportionate shares of the area 
of the adjoining flats, marked by boundary-lines in ti.Jc dircctiou of low water upon the courses indicated by nature in 
the forrnation of the shore. 11'- 'It * * * ii ~ 1. 

11 * .,. * 
"The petitioners objected to .indgnwnt upon the report of the commissioners for the following reasons: 1st. That 

the divi8 ion reported by the comrnissi~ners is not the true an•l legal method for dividing the flats in said cove and deter­
mining the boundary-lines of said petitioners. 2d. That the true method of division is in the ratio of tho length of 
owuershi}I of the petitioners respecfrrnly on high-wat.:r line, upon the line of lowest low water between the establishecl 
limit" of tl1e cove as clctcrmiiw<l in said report, or upon the taugent-linc between headland ancl hea<llancl, as these 
two methods of <liv18ion are inrlicated upon the plans returnetl hy snid commissioners. 3d. That said commissioners 
shonlcl han• dh·iderl the flats in said cove, and determined the bonnrl:trieR of the petitioners by Retting off to tl1e peti­
tioners the flats a11pnrteuant to their upland respectively, without reference to any wharves or structures npon the 
surnc. " " 
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"The court is clearly of opinion that the mode preforrecl alHl selected h~· the commis~ioners is erronenus. It is novel 
and unprecedented, utter!~· different from and inconsistent with any of the principlos au1l mies which ba,·e lieen bid 
down or sngge8ted i11 tlrn adjnclged ca•es, and e\·iuces nwr<' scientiiic ingenuity than practical wi,;tlom. It is artifidai 
aud uum11licatcd, requiring much mathematical skill, minute survey~. and elaborate ealcnlario11~. to apply it tu particular 
cases. It does not giYe to each proprietor a width on hiH outer line uither equal or propCJrtional to that wliicli he lias at 
high-water mark. It determines the. widt,11 of each parcel of flats, arnl t.h<' clirrn\tio11 of th+< side-li11e.s t.hereof, neither by 
tbe natural line of low-water mark, nor l1y a lmse~liue drawn lJetween tlw natnral rnonurnents at the headlands 
of the cove, nor by the outer line of proprietorship ; but by a series of arLitrary line", mai1,- of "'h ich fall prLrtly within 
and partly without the fiats to be divided, and whid1 in th<· deeiwst parts of this cove lose C\'ell flw apptu<•nt. cnusistency 
aud approximation to a series of parallels \Yith which they begin at liigh-water mark. Tbe <livi1ling-lines do not rim 
iu the straightest and most direct course to auy points 011 low-waler mark, or the seawar<l Emit of propri1·torsbip; hnt. 
are uurvell aud serpentine, making eacli lot of a shape Jleculiarly inconvenient for tlw lmilding am\ use of wharves, while 
the fiats continue to be appropriated to the purposes of eonunerce and 11avigatiou, and equally ditlicnlt of sale or improve­
m"nt aft.er the fiat8 shall haYe been filled up." 

LAWS ESTABLISHING HARBOR-LINES. 

The legislative act establishing a llarbor-line usuall,y takes the form of a prohibition, tlm:,;: 
"No wharf, pier, or otlier structure in the harbor of --- shall ever hereafter be extended into 
and over the tide-water of said lrnrbor, beyond the line hereinafter de8cribPtl."* 

In nearl.v all cases that have come before us for reYision, there ba\'e been found serious faults 
in the description of the lines, especiall~· as regards the deflecting-points whose exact position8 are 
not carefully fixed, as they should be, by stated courses and distances from known and permanent 
objects. What we mean by known and permanent objects may be seen in the following quotation 
from a description of proposed harbor.Jines recently drawn up l.J.'· the Coast Surn•y at the request 
of the harbor commission of ~ew Castle, Del.: "The quay-line, beginning at a point in the center_ 
line of North street extended 790 feet seaward from the initial stone at the intersection of the center­
lines of Market and North streets, runs southwesterly in a straight line to a point in the center-line 
of Uhestnnt street extended 882 feet from the initial stone at the intersectiou of the center.lines of 
Chestnut and Market streets; thence south westerly in a straight line to the east corner of the rectan­
gular icepier off Truss's wharf; thence along the outer face of said pier to tlie south corner of the 
same; thence southwesterly in a straight line to a point in the extended line of the west side of 
the old icepfor (forming now a part of Holmes's wharf) 57;! feet from the south corner of said 
pier; thence westerly in a straight line to a point in the center-line of Delaware street extended 
464 feet from the initial sfone at the intersection of the center·lines of Delaware and Front streets ; 
thence in a straight line to a point in the center.line of South street. extended t,oo~ feet from the 
initial stone at the intersection of the center-lines of Pearl and South streets ; thence westerly in a 
straight line to a point in the center-line of J ohuson street extended 846 feet from the init'ial stone 
at the intersection of the center.lines of ,Johnson and South streets." 

The above is, perhaps, as simple a case as could well be found, but the description might be 
improved by stating the true course of each line. It is customar,y to refer to ligllt-houses, churches, 
and other public buildings, and to corners of street-blocks where no initial stones exist. It has 
also been customary to refer to corners of wharves, but this is not advisable unless the wharves 
are of stone already extending to the line. 

Harbor·liues when fixed by the legislature are intended to be permanent, but the same 
authority can change them, and few old cases that have come to our knowledge have escaped some 
change. Therefore, when a scheme of Jines is presented to the legislature, it should be accom· 
panied by a detailed report setting forth the reasons for the location of each section, in order that, if 
at any future time the exigencies of commerce may seem to demand some changes, all the original 
augments may be duly considered. Most of' the old harbor-lines rest only upon tile authority of the 
names of the experts who made up the commissions recommending them. In our own experience 
we have never made up a scheme of lines in which the different sections were equally well based, 
and in some cases we have felt obliged to state that this section or that was entirely arbitrary, and 
simply introduced as a connecting-link in the chain. 

· The foregoing is, as far as we know, the first attempt at a general essay upon harbor-lines, and 
this must be our apology for its faults. 

Submitted to Prof. Benjamin Peirce, Superintendent of the Coast Survey, November, 1873. 

• First section of the act entitled "Au act to establish harbor-lines in Cape Cod Harbor in Provincetown,'' passed 
by the general court of Massachusett~ in the year 1867. 

!!O cs 
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APPENDIX No. 11. 

COMPARISON OF THE METHODS OF DETE!{)IINING HEIGHTS BY MJ.;ANS Ol' LEVELING, VERTICAL 
ANGLES AND BARO:\IETRIC :\rnASUHES, FROM OBSERVATIONS AT BODEGA HEAD AND ROSS MOUNT­
AIN, CAL., BY GEORGE DAVIDSON AND CHARLES A. SCHOTT, ASSISTANTS, UNITED STATES COAST 
SCRVEY. 

In the spring of 1860, Assistant George Davidson organized a ssstem of observations of 
heights with a \'iew of determining the refraction of the atmosphere ht the climate of California, 
and to give data for relative values of heights determined from levelin~ operations, from measures 
of zenith-distances, and from readings of the atmospheric pressure. The stations selected were 
Bodega Head, on the sea-coast, about fifty statute-miles northwesterly of Sau Francisco, and Ross 
Mountain, about fourteen miles to the northward of Bodega Head. The "head" i::; about 240 feet 
and the "mountain" about 2210 feet above the level of the ocean. Starting from Bodega Head, 
the line passes for about one-third of its length close to the coast-line, and at two-thirds it crosses 
the deep valley of the Russian l{iver. Local currents of the atmosphere, due to this valley, ma:y 
possibly cause disturbances in the normal refraction. 

The two stations were occupied iu l\1arcb, 1860, and between tlie 20th and 27th hourly obser­
vations (from 7 a. m. to 5 p. m.) were made of reciprocal and simultaneous zenith-distances, and of 
the pressure, temperature, and moisture of the atmosphere. 

The height of Bodega Head was determined by leveli.ug in August, 1860, but it was 11ot till 
1872 that an opportunity offered for carr;yiug the levels up to Ross Mountain. The results of this 
paper will be given under the three divisions of the subject stated in the title. 

1.-THE RESUI.TS OF THE LEVELING OPERATIONS. 

These operations being well understood, and presenting nothing new or of special interest, the 
following brief statement will suffice: 

The elevation of Bodega Head was determined by spirit.level, by Assistant George David-
son, August 20, 1860. The staff could be read by means of a vernier to 0.001 of a foot. He found­

Bodega Head mark above bench-mark near tidal station . _ . . . . 234.6 feet. 
Reduction to grounil, or top of copper bolt ... _ ... _ ...•• _ . . • . . - 0.1 
Reduction to half-tide level of ocean .............. _... . . . + 6.6 

Bence, Bodega Read, ground, above ocean ...... _ ... __ .. __ . 241.1 foet = 73m.49 

By direction of Assistant Davidson the elevation of Ross Mountain was obtained by spirit­
level in January, February, and March, 1872, by Mr. S. R. Throgmorton, aid, United States Coast 
Survey, assisted by Mr. H.J. Willey. The lm·elings commenced at Bodega Head, and re.ceived a 
rough check by striking high-water mark at Salmon Creek; from here the line of le•el crosses a 
ridge of about 250 feet, and descends again at the Russian River to tide-water level; the ascent 
of Ross Mountain was retarded by wet and windy weather, and in returning the work had to be 
abandoned after descending about 1,350 feet, on account of the wet and spongy ground. The 
check.levels during the descent were satisfact-0ry. The leveling-instrument, by Stackpole & Bro., 
of New York, was borrowed from General Alexander, United States Engineers. The rod was com­
pared with the standard steel-yard, at 620 Fahrenheit, and the extreme length and intermediate 
graduation were found to agree with the standard. 
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The resulting difference of level is as follows: 
Ross Mountain, stone mark a hove ground, Bodega Head .......... . 
Heduction of mark to ground at Ross }fountain. . _.. . ............. . 

Ft'et. 

IU63.55 
+ 0.85 

Hoss Mountain, ground, abo\·e Bodega Head ................... _... I!Hi4. 40 
Aud by preceding; result, Bodega Head, gTotmd, aho,·e half-tide Jen·! 

of ocean ...... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241. JO 

Hence, Ifoss Mountain, ground, aboYe half tide of ocean ............. 220ii. iiO feet, 
or 6i2.23 rnetrPs, and the tliffert>nee of hPigl1t of the gronnd at Pach station 5!)8.i 4 metres, 
with an estimated probable error of ± om.06 

2.-RESUL'.l'S OF HOFRL Y OllSERVA.'l'IONS OF RECIPROCAL A.ND SDIUL'.l'A.NEOUS ZENITH-DISTANCES 

FOR DIFFEiiENCE OF HEIGHT OF THE '.l'WO STA'l'ION"5. 

'l'he obsen·atious at Botlega Head, between March 20 and l\Iarch 2i, 1860, were made h,v I~. 

H. Fauntleroy, aid, United States Coast Surny. He used the 10-inch Yertical circle Xo. 80; it is 
graduated to 5', and rea<ls by 4 verniers to 3" each. Its optical power W;ts ratller wt>ak fol' tile 
work required. One di\·ision of the le,·el equals ii".ii3, as determined. by Assistant Da\·iusou iu 
1859. The axis of tlle vertical circle was 6!!.5 iuehes (l.ii8i metre;,;) aboYe ground, allll the elt1 Ya­
tiou of the heliotrope .shown to Hoss Mountain was the same. The zenith-distauces of the H.oss 
Mountain heliotrope were measured on five days at e\-ery full hour, (excepting one on the first day,) 
between 7 a. m. and 5 p. m. inclusive. Each meastue consists of six repetitions of the double 
zenith-distance, and was corrected for defect of verticality of axis as imlicated by the le\'CI. 
Immediately before and after each measure the barometer, with atta.ched t,hermometer, and the 
dry and wet bulb thermometers, were read, arnl the state of the weatller note(l generally, including 
direction and velocity of wind. The cistern of the mercurial barometer, Greeu No. 13!3, was 
0.336 metre above ground. Its imlPx-correctio11, when eomp-arecl with Green's mercurial bar­
ometer No. 1347, which was stated to he corred, was -0.010 inch, whir,h eorrnction was applied 
to the tabular results, as well as the graduation-corrections of the tlrnrmometers, No. lG, used as 
dry and wet bulb, and of No. 3, nsed as dry bulb, after the accidental breakage of wet bulb No. 16. 
These corrections are given further on. 

The observations at Itmss Mountain, between )farch 20 and Marcl1 27, 18GO, were mitde h.r 
Assistant George Davidson. He used the 10-iuch Gambey vertical circle No. 28; it is graduate1l 
to 5', and reatls by 4 \'erniers to 3" each. Its optical power was consitleretl weak. One division 
of the level equals 6".29, as determined by Assistant Davidson. The axis of the vertical circle 
was 61 inches ( 1.5-!B metre) abo,·e the ground; the heliotrope shown to Boi.lega Head was on a 
level with the vertical circle. Double zenith-distances of the Bodega Ilead heliotrope were 
measure<! 110urly, between 7 a. m. and 5 p. m. inclusive, on five days, aud at four morning-hours 
on the Gth day, when t~he observations lmd to be discontinued on account of wet atHl stormy 
weather. The measurement of the six repetitions of the double zenith-distance wa8 commenced 
exactly at the full hour, and the average time occnpiml in making them was about tlve minutes. 
The level was rea<l twice before and twice after reversal of the circle, and the resitlts were corrected 
for defect, in verticality of axis. The barometer and attached thel'mometer and the dry and wet 
bulb t.hermometers were observed as at Bodega Head ; the st<tte of the weather was carefully 
noted ever_y hour. The cistern of mercurial barometer, Green Xo. 1347, which was borrowed 
from Lient. R S. Williamson, United States Topographical Engineers, was 0.378 metre abo\'e 
grountl. 'l'he instrument b:1 of the Smithsonian pattern. The tllermometers were, No. 8, dry bulb, 
No. 13, wet bulb, and the comparisons by l\'lcAllister & Rros. with a staudanl, and again by 
AssistantDavidsou, garn tbe followiugindex-correctious to the thermometers used at the two stations: 

0 

To No. 8 .. __ . _ .... _ ..... _ - . - . . . . . . . . . . . 0. 0 
To No. 13 . _ ........ _. _. - - .. - ..... - .. - . +o. G 
To No. 16, dry ...... - ....... - ..... - ... . 
To No. 16, wet ..... ____ . _ ... - . - ... - . 
To No. 3 .. - ... - .. , . - . - .. - - ....... . 

All the tbermometeri-; ha\·e Fahrenheit's scale. 

+o. ll 
+1.2 
+1.1 
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TABLE l.-Rest1lti·11g zcnith-distance8, measurell at Bodega Head, of the heliotrope at Ross 2l:lountain 
March, 1860. 

---------~~-~· 

Honr of day. 

7 a. m ...... . 
8 a.111. 

D a. m. 

' 

20th, 

('I 

2f<. 4 

1["15.:l] 

21st. 

~ ... 
14. n 
:!H.;, 

83° 331 + 

~4th. 

:.?2.n 

20. 4 

:J8.] 

I 

25th. 

8,0 

6. 6 

[2:-1. HJ 

f[ll. !I] :~I. 7 w•.'!J 
23. :~ :33. ~ 7 

;wLm ~9 
I 11 a. nL lfl. 1 31. 

:..!4. u [:17. 7] :1:1. -1 

:rn." 12."i.:i 2i-·. (i 

1:).:i :t1.2 :J:J.,j I 

Noun .......... : 1.·1.M 

1 p. m ......... , 11.;. 

2 p. HL . . • . . • . • 20. !) 

22. 4 2[1. R 27. :J 

24. (j 2n. 6 20. 0 I

I ::J p. Ill. 18.H 

4p.m. JU.!\ 

2fith. 27th. 

f.. ,") 

ltl. 2 :11.;; 

JH. 9 33, :l 

17. 7 3!!. Ii 

[20, 3j 

1~. 7 

1:1. !I 

i4. !) 

l·t ~ 

14. 9 

j Resulting 
mea11 from 
fiw~ lla;'-·8. 

12.1 

17. 3 

2f~. 4 

[:lO. 41 

25. 6 

25. a 
22. 4 

23. :J 
21. 7 

'21.1 

i 5 p. m .. 2:i. 3 I 24. G 11. o - 9. 2 10. 5 12. 4 

\Resulting daily .---,---------~----------\ 
J mean . . . . .. 1 25. 3 2U. 7 2~. 5 14·-~--~--- ~~-·-" -~~~~-- 21. 9 _ 

The Jast column contaius the hourly means from five days of observatfons, r~jectiug the values 
of the 27th, as a broken day. The maximum value on each day is indicated by an inclosure in brackets. 

The probable error of any one mean zenith-distance, from five days of observation, is about 
+ 2 11.1. 

TABLE 2.-Resulting zenith-distances, measured at Ross Jlountain, of the heliotrope at Bodega Head, 
March, 1860. 

9JC :!5' + 

1::, of day.-
1
\, - 20:h- ::~--:- 2~t:.-- 1-- 25t~·-·-:t:.---- -:::l[~!~:i1~i~-1 

[ I I , ft ve days. 
I ·- --------/------- ______ 1 ___ - / 

I I a i " 

· 7 a. m....... . .. 44. 9 , 63. 4 J 87. 3 79. 4 U!l. 9 82. O 91 36 10. O 

I

I 8a,m ......... , r>H.5 ti.5.9: 91.2 81.B 6F.:l U0.2 17.1 

9 a. rn...... .. . 79. 4 90. 2 93. 5 86. 2 81. 3 95. a 26. l 

J IOa,m.......... 84.9 87.6 [98.4]: [87.51, 77.1 96.1 27.1 

1 1
11 a. m.......... 81. 0 90. 2 96. 8 84.1 ' [~7. 2] , [27. 9] 

Noon [Bfl.71 : BB.~ 92. O 77. 6 g:1. 2 26. 3 ' 

I .1 p. ~:::::::: :: s1. 6 [90.6] 1 94. 4 11. 2 , 11.a ........ 1 2:; .• 

I 2p.m........ 82.6 B!l.4 I ~9.8 77.9 66.2 ·······--·1 21.2 

1

1 3 p, m......... 87.7 8'2.4 j 93.0 7~ .. ; 73.!J ....... 2.1. l 

4 p rn..... . 89. 4 86. 1 I 90. 7 
1 

82. 4 79. 4 . . . • . • . . . . 2.o, 6 

sp.~=---8-6~~~,~~1~~'.~~=~I 21.3 

I Re;:~~n~-~~~1~. 913619.3 i 25.5 
1 

32.4 I 21.2 15 .• , : .•••.•••.. 1 ____ ~-~-
The observations on the :!7th are omitted from the mean. The daily ma.xima are indicated by 

brackets. It will be noticed that these maxima of measured zenith-distlinccs all occur in the fore­
noon, and that they appear to connect themseh·es with the time of the daily maxima of the 
atmospherfo pressure, (for which see tables further on.) The average hour i8 near 10 a. m. Thi8 
may possibly be quite local, and may be connected with the setting in of the sea-breeze about that 
time-a phenomenon which renders the daily fluctuation of temperature at San Francisco so 
different from the ordinary occurrence. The Bodega Head station seems to be slightly more 
exposed to this infiuence, as might be conjectured from its position close to the sea-coast. 

*To complete the table, the value 15".5 was liere interpolated; it was found by comparing the observed zenith dis­
tance at 7 a. m. on each day witli the mean of tbe 10 observed zenith-distances of the day respectively. This difference is 
101'.7, which, subtracted from 26".2, or the mean of the 10 observations on the 20th, givea 1511.5. 

tMeaeures unreliable owing to high wind; the mean, or 3:J".6, will hereafter be 1mlJ11tituted in tbe place of these 
measnrPs. 
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The probable error of a11y 011e mean zenith-distance from five days of observation is ahnnt 
:!: 1".9. 

The heliotrope aml instrument being om.038 higlier a hove ground at Bodega Head than at Ross 
Mountain, the angle 0".3 subtended by this difference will be sul1tractive to the resulting tabular 
zenith-distances at Bodega Head and additive to those at Ross :Wo11ntaiu, in order that the com­
puted differences of altitude may at once refer to the gTou1Hl at each station. 

TADLE 3.-Resulting atmospheric pressures observed at Bodega Head, the height of the mercurial 
column being cori·ected for inrle.r-en·o1· a.nrl its temperature reduced to that of freezing water. 

MAUCH, 1860. 

' n~:,.-~;:,--,' 20th. ·-,--~1:- 11 ~th.--1 ~='~ !. 26th. ~7th. -!::~~~:,---
s days. 

1-----·---1---i~ --j------ ---- --- ---- ----· 
1 : Inches. 1

1 

Inche«?. 1 Inc-liu. In.dies. Inches. Inch.CJ. Jn..ches. 

I 7 a. m ......... ! (''") 2B. 715 ! 30. 03ti 29. !120 2). tli 29. 833 

' 8 a. m .•...... · 1 29. 689 I . 715 . 038 . (fJO) . f27 29. iG~ . 8f0 

fl a. m. _ ....... , . 731 . 734 ) . 042 • 022 . E32J • 779 1 . B.32 

JO a. m .......•. ! .749) ! l .739) ! .049] .i~23 .e32] .i80 .EJ8]: 

11 a. m ........ ·l . 749J f . 732 I .048 . 925 . 823- . 85fi 

~o;~~---.-.-.·.~ ~~ :1 ~ ~~~ ~ : ~~ ! :~~: : ~I~ :~~~ : ::~ 
2 p. m ......... I . 741 l . 10-2 30. ooo . ~78 .774 . em 
3 ]). lU ..• - .•.•. : • 7::l3 I! . G7fl 29. 9E'7 . 871 . 7nl . F(}(j 

!p.m ......... i .733 .008 .~05 .8GO .747 .795 

~ p. m ...•.... 'i~~l-·-6~--!--·95-g __ · 83_:_
1 
__ ·_732 ,=~!--~~: 

Mean .....•.. ! 29. 728 l 29. 70": ; 30. 011 29. 8913 ! 29. 79:J. ..•. _ ...... I 29. 6·!H 
I ! ! i I I 

~ Interpolated value f<ir this hour 2g,674 incheR, usiug: the observed ditff'.reuee at 7 autl 8 at. 
Ross Munnta.in. 

Inclosed values indicate the daily maxima of pressure. 
The readings on the 27th are uot used in the means. The surface of the mercury in the cistern, 

in contact with the index-point, was om.336 above ground; hence, to reduce the obsen'ed pressure 
to the ground, 0.001 i11ch is to be added. 

TABLE 4.-Resultiug atmospltcric pressures obseri-ed at Ross Mountain, the lieigltt of tlte mercurial 
colu1nn being referred to the temperature offreezing water. 

::11.,\.llCH. 1860. 

00". . .. • •. - "'". I- ~'" Hour of day. 
J{.esnlting i 

26th. 27th. lllt'Rll from I 
5 da~T~• 

·--·-----------1--.. --- -·1·---- --~~~ --~~-· 

Inches. Inch.e8. Incite~. Inc:hes. Inc/ws. Inches. Inclu,s. 

7 a. m ........ 27. 618 27.Gl7 27. 930 27. 8-14 27. 737 27.676 27. 749 

8 a. ru ........ . 633 i .624 • 834 . 846 . 745 • 691 . 756 

9a.m ........ . 647 .635 . 94~ . t'48 .154 . tj99 . 705 

lC!n.m ........ . 651 .6:l6 . 948 . 869) . 758] 
' 

. 713 . i7"l 
11 a. m ........ . 656) i .642] . 949] . 852 . 754 . 771 

Noon ···-·· ··-· . 650 .6:1~ • 947 '840 • 744 . 764 

1 p. Ill ....... -- . . 931 . 821 . 732 • 7:>0 . Ci-15 .621 

. tt:n ·
1

1. • 6112 . 91!1 . 803 . 72 l . 1:1G 

• 6:.-JO . 5\fi . 898 . 793 . 701 . 724 

21).UL .....•.. 

. 626 i . 576 . 13~4 . 7~~ ' . 693 . - ... · f • 712 ' 

... .622 I .572 .877 . n:i .67~ .!----·---·-: . 10., 1 

3 p.ru ... . 
4p.ru ... . 
5 p. m .... . 

I ' 

Mea.n .... .. 1
1 

27. 6;-1 27. 615 , 27. 9;:;--;_-;;2,'. · 27. 7:!!1 ,~==1--;.;. 746 I 
~-~--~'---~~-'----'-~~-'--- I ' 

The readi1igs on the 27th are not. used in the means. 
To redi1ce the observed pressure to what it would have been on the ground, add 0.001 inch. 
The next following tables contain tbe obserYed temperatures of the air and of eYaporation; 

all the readings were corrected for iudex-errors of thermometers. The remling:s 011 the 27th are 
omitted, maxima art' initicated by brackt>ts. 



 

158 REPORT OF THE SUPERINTENDENT OF 

TABLE 5.-0bserved temperature of the air an<l nf evnporation at Bodega Head, ill arch, 1860. 

___":____.Doi woe : Do ":'_w., I D~ Two<~I Oo ~i'W•'_i_D_r_y_.-21t-h_.w_et ___ ~:~j~::~ 
*48. 0 ,I *46. 1 43. 4 42. 8 I 46. 7 fa 6 48. 4 ! 46. 8 49. ;) II 48. 5 4~. 2 F. I 46. 0 F 

49. 4 I 46. 7 50. o 46. o 48. 4 47. o s2. 9 49. 3 50. ~ 49. 5 50. 3 47. 7 

50. 5 47. 3 52. 3 47. 2 53.1 49. ti 55. 9 51. 2 52. 3 50. 6 .'>2. 8 49. 2 

7 ............ .. 

8 ............. .. 

~~ .. -.. -... -. -... 
10 .•...•..•••• 50.8 47.9 55.4 49.7 58.5 ~i.1.2 [57.9] 5:to a:t!'i 51.0 :.5.2 ~i.,0 

11 ............... !"">0.8 47.9 [57.9) 51.0 59.4 52.4 56.1 51.5 54.8 51.7 55.8 50.9 

Noon ..••..••.... 50.6 46.8 57.0 50.5 60.5 53.3 5~.9 51.3 56.1 53.8 56.0 51.1 

1............... (50.91 47.:l ! ;,1.5 50.7 [60.7] 54.5 55.2 51.5 56.9 54.2 I [56.2] 51.fi 

2 ..•............ 1 50.0 4(i,;) 53.:J 48.4 5ti.fJ !">4.2 55.5 53.1 [58.4J t56.4 55.3 ~1.7 

~::::::::::::::I :~:~ I ~:~ ~~:: ' :~:~ ~~:~ ~::~ ~~:~ i ~~:~ . ~~:~ I :,!:~ I ~::~ i ~~:~ 
L ...... - .... [_48.7 l~~~~-47.7 '~~ 52~-52.6 i_51.1 .~~l~~I '•2·~;~-2 

Menn I 49. 9 j 46. 8 I 52. 8 , 48. 2 i 56. 3 ; 51. 7 I 54. 3 i 51. 1 ! 54. 6 : 52. 7 . 53. 56 I 50. 10 

------·"------·-·--- ----.--- . . ------ -------'---
* These two valnes are interpolated. t This value is interpolatect. 

TABLE G.-Observed tempemtures of the air and of evaporation at Ross .Mountain, JJforch, 1860. 
~~~----------------------,.-·------~-----------------------

-----~'.st. __ _1 ___ 2_4~tl-'.___ 25th. i 26th. : Mean of fi\•e days. 

--H=- -~~l_:et. _I nry .. ~-~_:t~- --~~Y~ ' wet. --;·;.Y~r;-e~.-, Dry. wet. -~-~;:--

7 4:. 0 I 3;. 3 44. 0 36. 7 40. j -=~ --4:-·-:-

1

---:- ---:-

1 

45. 5 F.· 39. 5 F. 

20th. 

8 .. .. . .. . . . .. • .. 45. o I 36. 6 43. 6 36. 6 43. 1 40. 2 48. 7 43. 6 51. 6 44. 7 46. 4 40. 3 

9 .. .. . .. .. .. .. .. 48. 5 :J9. 7 45. 3 3~. 7 45. 1 41. 6 54. 4 48. 6 50. 5 50. 2 50. 0 43. 8 

10............... 49.7 II 42.~ 47.7 41.1 48.2 II 43.0 55.2 47.8 51.5 49.5 51.7 44.7 

11 ........... 51.3 44.9 4~).3 42.7 51.0 45.6 56.5 50.6 60.0 52.5 53.6 47.:~ 

Noon.-.......... [52.2] \ 44.8 50.7 42.3 53.7 [ 48.5 57.0 50.8 i 62.6 54.8 55.2 48.3 

1.......... .... 32.1 I 43.6 [32.0] 43.3 [56.9] 1 50.3 57.3 50.5 [fl3.4] 55.6 [56.3] 48.7 

2 - . - . - - - - . - .. - - . 51. 9 , 43. l 49. 5 42.. 3 5:J. 4 4tJ. 6 57. 2 4R B 6L. 8 5.1. 7 55. 2 47. 5 

3 .. .. . • . . . . .. . . 51. 0 I 44. 2 50. 7 42. 9 54. 2 48. 0 [ 58. 4] 52. I 59. g 52. 8 54. 8 48. 0 

4 . . .. .. . . .. .. . .. 47. 7 42. 7 i 46. 9 40. 4 52. 8 ! 47. l [ 58. 4] 52. 1 50. 2 52. 3 : 53. 0 46. 9 

5 .. .. . . .. . .. 43. 3 4o. o I 45. o : 3s. 1 :;o. o ~ 1s. i 54. s 48. 9 57. s 47. , : 50. 1 44. o 

11 ... ,a.11 --;;~:l: __ 4_1~i~~ :-:o::,---~;;-r-:-; ss~ ~;-'11 sa~l-;~j1--;;::;-j~~ 
' ' ' I I ! ' 

Collecting our preceding mean result11, we have the following data for computation: 
:March 20, 21, 24, 2fi, 213, 1860. 

I i I 
Obserud z<~nith distance j AtmoHpheric pressure j .Atmospheric- tem- I Temperature of 

at- I at- I perature at- evaporation at-
Ilour of day. ' '--------- ------.,---- ----.------\ 

Ross Moun- \
1 

Uo1lega : Ross Moun-1 BoclPga l Ross l B()(lega I Ross 
Bodega Hea(l. - 1 I I tain. ' Head. : tain. 

1 
~cad. Mountain· -~ 0a1I. ~lountain 

1

1

' 7 a.n1........ 88 33 11.8 91 36 10.3 In:~~41 In~~~-!10 47.

0
21''.' 45: F. 1

1 

46 °o F.1 3:.51•', 

8 a. nL 17. 0 I 17. 4 . 1'41 \ . 757 50. 3 46. 4 47. 7 40. 3 

I !I 11. Jll. . • .. . . .. 20. I I 26. 4 . 853 i . 700 52. 8 50. 0 49. 2 43. 8 

r 10 a. m .. - .. .. . :JO. 1 . 27. 4 • 859 i • 773 55. 2 51. 7 bl. O 44. 7 

: 11 a.m-....... 25.3 28.2 .857. .772 55.H 53.6 50.9 47.3 

I N OOD 2..'1. 0 26. 6 ' . 847 : . '765 56. 0 55. 2 51. 1 48. 3 

[ 1 p. m .. • • .. ::·. 
0
t i 25. 7 ' . 833 . 751 :--0. 2 56. :i 51. 6 48. 7 

! 2 p. m.... ... .. ~' 21. 5 . 8'.IO . 737 o5. 3 55. 2 51. 7 47. 5 

3 p. m... 21.1 23. 4 I . so" . 7!l5 54. 2 54. s si. i •e. o 
i 4 p. m ...... - .. . 20. 8 

1

. 25. 9 I . 796 [ • 713 , 5~. 5 53. o I ;;o. r, f6. 9 • 

5 l'· m .......... 1 12. 1 21. 6 , . 7a4 ! • 706 I 52. 7 50. l I fril. 2 f4. o 1---; ___ '. __ • __ 1 ___________ _ 

Mean.. 88 ~1 __ 21.-~/-9~ 36 23.11 29.830 -=7~~4~J __ 53.~ ~~·-9e_l~_tMl·_10_ f5.36 
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Notes respecting state of the weather at the two stations : 

l\IARCH 20, 1860. 

Bodega Head.-At 71t wind stroug, WNW.; atmosphere hazy. At 1111 wind blowing a gale. 
Ross Mountain.-At 7h moderate]~- clear, sky 0.3 covered with cirrus and cirro-stratus; wind 

moderate, NXW.; fog to seaward and in Russiau River. At Sh fog disappeared in Russian River 
Valley. At lQh fog forming along the coast south of Bodega; appears to blow fresh on the water. 
At 11 h wind north, light, weather getting a little thick. At noon, somewhat clearer. At l1' wind 
moderately strong, NNW. At 311 atmosphere very hazy. At 51t wind moderately strong, :X. 

:MARCH 21, 1860. 

Bodega Head.-At 7h weather clear, wind light, E. At 1111 wind light, SE. At 211 wind fresh, 
SW. At 3h horse tail clouds. At 5h thick clouds overheat!. 

Ross Mounta.in.-At 71i weather clear, calm. At 91i wind very light, VlSW., cirro-stratus to 
northward. At lP wind light, S. by W. At l11 light wind, SSW. At 411 sky 0.9 covererl, threaten­
ing to the northwestward, wind SS,V. increasing. At 51t wind S., light. At 511 15m parhelia formed, 
showing three-fourths of a circle, lower part not visible; two ver,r bright prismatic images Of the 
sun, and a faint une at vertex. 

MARCH 22 AND 23, 1860. 

'\Veather quite stormy. At 8 a. m., on the 22d, most severe squalls of wind, with rain, from the 
SSW. On the 23d occasional squalls; wind SSW. 

l\IAR.CH 2±, 1860. 

Bodega Head.-At 711 clear; wind light, SSE.. At noon wind light, S\\·~.; atmosphere clear. 
Ross Jllountain.-At 711 clear, wind yc1·y light, ESE.; snow on all the mountains eastward. At 

811 wind light, E. by N. At 9h wind light, ESE. At noon sky half covered with cumulus, wind light, 
S. At l11 wind light, WSW., and S. for the rest of the day. 

MARCH 25, 1860. 

Bodega Head.-At 711 weather clear; wind very light from E. At 101i wind light, SW. At noon 
fresh from W. At 2i. fog forming rapidly in line to Hoss Mountain At 311 heliotrope seen O\'er the 
line of fog; scud flying over station. . 

Ro.~s Mounta:in.-At 711 clear, wind S., light; sky 0. At lh wind light, SW. At 21' fog forming 
rapidly over water, and coming in. At 3h fog just inside our line, heliotrope seen over edge of fog­
cloud. At 411 and 511 wind light, "\Y. and NW.; clear. 

MARCH 26, 1860. 

Bodega Hewl.-At 71' clear, light wind, WNW.; atmosphere hazy. At 311 wind fresll from SW. 
Ross Jl1ountain.-At 7h clear, wind moderate, N.; atmosphere haz.r to S.. At !l11 wind very 

light, S'\\'.; haze on line of sight. At 1011 almost calm, clear. At uoou wiud very light, E:NE. lh 
to 3h wind light, S. 411 to 511 wind very light, SSW.; clear. 

MARCH 27, 1860. 

Weather cloudy, sky covered with cirro-stratus and cumulo-stratus; valleys covered with 
fog. Wind light ESE., between 711 and 101i. After lOh rain in NW'., working toward SE. ; wet and 
stormy, with heavy gales from SE. round to SW. For the six succeeding days the fall of rain was 
registered 9~ inches. 

The direction of wind given in the above notes refers to the true meridian. These notes are 
extracts from the more copious record. 

Plte goographical positions of tke stations are as follows : 
Bodega Head.-Geodetic latitude, 330 18' 18".7; longitude, 123° 3' 49".2 west of Greenwich. 
RoBs Mountain.-Astronomical latitude, 330 30' 10''.0; longitude, 123° 71 13".1 west of 

Greenwich. 
Geodetic dhitauce of statfons 22482.2 metres, and azimuth of line from Bodega Head 1670 18' 
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35", and reverse azimuth from Ross Mountain 3470 Hi' 2U", counted from the south point around 
by west. 

We have also the radius of curvature,• to the earth's surface, in latitude rp and in azimuth a 

_ a (1- e2) 
-(l-e2TC2-cos2-p cos2 ~f(l-1Ffiln~~ 

where-
az- bz 

ct=-r 
and the semi-axes, according to Clarke, 

hence-

a= 6 378 206 metres; 
b = 6 356 584 metres ; 

radius of curvature to our line = 6 361215 metres . 
.Reduction of observations of zenith-d·istances.-For reducing these observations we shall make 

use of Dr. Bauernfeind's investigations, as presented in Nos. 1478-1480 and in Nos. 1587-1590 of 
the Astronomische Nachrichten, (1866.) These developments are preferred to others on account of 
complet.eness, and for the reason tliat the simple fundamental assumptions made respecting the 
physical constitution of the atmosphere apparently lead to results in tolerably close conformity 
with experience. 

Terrestria,J refraction uetwe.eu a,ny two stations is conceived as the difference. of the astronom­
ical refractions of a ray of light pa,ssing uetween them, and the equation to the refracted ray is 
determined with consideration of the particular circumstances of atmospheric pressure and tem-
11erature, as noted at. the intersecting stations. 

Let-
ao = 0.00027895, a mean value for constant of refraction, at 
fro=29.6 inches (75l"'m.S3) of atmospheric pressure., and 
00 = 507°.7 Fahr., counted from the absolute zero; 
f1 = ohserved atmospheric pressure, the mercurial column being at the temperature of 

freezmg water; 
o =observed temperature= 45U0 + .,., where .,- must be expressed in degrees of Fahren­

heit's scale; 
00 i3 [7.67983] /1 

a= -r.- ao = - " --- the rectangnLtr brackets, i1>.clnding a logarithm and fl to be 
0 /fo 4.19 +-,, 

expresSBd iu inches; t 
ro =the radius of curvature to the earth's surface in the latitude of' the middle point of 

the arc joining the stations and in the azimuth of the line; 
mo= a second constant (for a given latitude and elevation) depending on the refraction, 

and = 0.007464 for the latitude of Konigsberg; its values for various latitudes 
are gi ve.n in the following table: 

Lat. I 
! 

log 1m0 
! I ' 'I I ·1 ' Lat. nte j log m0 \ Lat. tno ] log tn0 

1 

Q 0. 00e300 7.!l1907 

. 91666 

-~- 1---1---1-D----1---1 
41 I o. 007740 I 7. 88875 ' 51 0. 007547 ! 7. 87782 I 

10 

20 

:rn 
35 
36 

37 

38 

39 

40 I 

825.1 

8135 

7930 

7857 

7839 

7818 

7800 i 

~~~I 

• 91040 

.89917 

. 89531 

1

1 

. B!l426 

. 89310 i 

• 89214 : 

. 8009-J :1 

. 88984 i1 

42 719 i 8756 i 52 5281' 7668 ·1' 

431 697 Ii 863'1 i 53 510 7564 ' 
44 , 675 8508 I 54 491 7454 i 
"· 655 i e395 ' 55 473 7351 I 
46 63" i 8'"9'l ! 60 388 6856 

47 619 i 8100 I 65 303 6352 I 

48 602 I 8093 i 70 262 U109 

49 aS.51 W96 i 80 185 5646 

50 567 78~ ! 90 161 5499 
i I 

•A. table giving the Iogarif.hm of the radius for various latit~des and azimuths is appended to this paper. The 
uncertainties in the figure of the eartli make the sixtli place of the logarithms unreliable. 

tFor the centigrade sea.le and millimetres of 1>resaure-
,, _ nono 1 II- 2700 8 [6.01981] (3 
vo- '°°''" - •~ . + T and a= 2'72.S + T·-
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h =elevation of observing-station above the se:i-level; 

. h (l-y)6 a 0 5a 
y = ----- and m = . - . m0 • also v =-m- ; mo ro 1 + ni0 y a ' 

p =ro+ h; 

d =horizontal linear distance between the two stations at the sea-le•el, ex:prcssctl in metres; 

a u· t . t f _,. r5.31442511 a . 1 f 
I/' = r;; = is ance in par s o raums or ro in secorH s o arc; 

.J h =difference of l1eight; 

t; =observed zenith-distance; and 

m (cos2 t; + l -1·) 
P = cos2 t; 

{ 
cos2 t; + 1 - v 2 v cot : • 

.J Ii = p ifJ cot t; + ., . 2 ,. 1p + 3 · 2 ,. 1/1. + 
.,, Sin ,, 1n Sill ,, 

t' (p - 3) cot2 : 
13 

ti m2 sin2 t; ~- + 
Il = eleYation of observed station = Ti + .J h 

.Applying these formulm to the hourly observ-atious of zenith-distances, we obtain ti.le follow­
ing resulting values for difference of height: 

Ilour. 

Ah from observa­
tions at-

-----------

11 I ~ 
~ ~ 

Mean Ah 

-m. l-rn 'Im. I 
7 a. m ...... +600. 365 -596. 374 591'. 370 \ 

B a. m. .... . 599. 881 597. 1\16 • 503 , 

9 a. m...... 598. 623 598. OH I . 318 ; 

lOa.m •.•••. S9B.~i8 598.081 1 .329: 

11 ... m...... 599.119 598. 1151 . 617 

Noon....... 599.161 597. 896 , • 528 

1 p. m..... . 599. 489 sn1. w2 I . 623 

2 p. m...... 59!1. 37 4 S97. 3251 . 330 

3 p. m .. _... 599 . .525 597. 538 I . 531 

4 p. m...... 599. 576 597. 851 1 • 1a I 
5 p. m...... GOO. 508 597. 458 I . 983 ; 

------•----! m. 
Means ...... +f>99. 473 

1

-597. 595 f 598. 533 I ±0. 041 
' ! 

These results are shown graphically on the accompanying diagram, which also girns a repre­
sentation of the observed pressure and temperature of the air at the two stations. 

It will be seen that the accord with the result from the leveling-operation is quite close, the 
difference only amounting to om.21; but if we compare the results derived from the two statious 
separately, we have a difference of 1m.ss, which reduces to 1m.3u if we confine onrsel,·es to the 
hours between 9 and 4, botll inclush'e, This would indicate that the adopted constant of refrac· 
tion requires a small change to suit the particular circumstances. The obserrntions at Bodega 
Head give too much difference of height, and the observations at Ross Mountain too little differ­
ence of height. In either caoe, the constant employed makes the ray of light pass above the true 
height, which indicates that the adopted radii of curvature of the ray are too great, or tlmt the 
assumed refraction is too sma1l. If we increase a0 or v by one-ninth of its Yaluc, we find results 
which, in their mean values, are almost identical, viz, from observations at Bodega Reau, 598"'.69; 
from Ross Mountain, 59gm,35; mean, 59gm,52; anu after omitting results for the hours 7 and 8 a. m. 
and 5 p. m., when the atmosphere is too much agitated by currents, from observations at Bodega 
Read, 593m,40; from Ross Mountain, 5!)8m.58; mean, 5!)8m.49. The character of tlie cun-es, as gi.en 

21 c s 
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on the diagram, remains the same for any small change in a 0, but the investigation of the angles 
of refraction makes the desirability of any such change a matter of doubt. 

Let-
Z and Z' =the true zenith-distances at the lower and upper stations, refraction having no 

existence·; 
Hand H' =the known (by level) elerntions of the two stations; also Ho = ~ (H + H'); and 

d ~1 r 0 =the same quantities as before. 
Then the values of Z and Z' can be found from the expressions-

rr ( Z' + Z) = 90° + ~ •11 

2 (Z' - Z) = tan-1 
{ H' d II ( 1 - ~0 -1:1-~2)} 

And the angles of refraction becomc-

J \: = ' - Z; also the total refraction r = A \: + J '' 
J ~' = 1:1 - Z' = '/! + 1300 - (\: + C') 

In our case Z = 330 34' 32".9 and Z' = 91° 37' 3611.l. 

The following table contains the resulting refraction for the hourly measures: 

1
1 Observed angle of 

~·=r·:-1800 I .,;; ·a 
Hour. -(sl {'i 

1 

r ~ ~ 

g'. I ;:;! 
~ I ~ 

I ill I ~ ·-, -,,-1-,-,,- --/-,,- --,-,,-

1 7a.m ...... -9 22.1 I 2 46.9 121.1

1 

125.8 
S a. m. .. . . . 34. 4 j 31. 6 15. 9 18. 7 

i 
9 a. m ..•... 

1 

55. 5 ' 13. 5 3. 8 9. 7 

lOa.m...... 57.5 I 11.5 2.8 8.7 

11 a.m .•.... t 53.5 I 15.~ 'i.6 '1.9 

! ~oon ....... ) 51.U I 17.4 J 7.9 9.5 

~ ;,: :::::::I :~: ~ I :~:~ 1~:: i ~~:: 
3 ~- m ...... I H. e 1 24. 2 11. 5 I 12. 7 

4 p. ni. ... --1 46. 7 I 2'2. 3 U 1 I 10. 2 
5 p. m...... 33. 7 : 35. 3 20. 8 14. 5 

I 

The values for the total refraction, r, show the ordinary diurnal variation, the refraction 
being least soon after 10 a. m., as exhibited in the second figure of the accompanying diagram, 
where, however, the value of ~ r is represented. 

These results from the observeu refractions present the anomaly of the refraction at the 
upper station being greater than the simultaneous refraction at the lower station, except at the 
afternoon-hours 1, 4, and 5, when the reverse takes place. 

Owing to this fact, we do not think it advisable to make any change in the value of a0• 

The angle of refraction for any particular state of the atmosphere with respect to pressure 
and temperature may be found from the following expressions given by Bauernfeind: 

{ 
4 v - m (5 - 6 v) l 

A : = 2- v '/' 1 - 3 v Po'/' - (! p + 1) Po2 iµ2 - ••••• t 

{ 
8 v + m (5 - 6 v) t 

d C' = ~ v '/' 1 - 3 v Po I/' - (P - 5) Po2 y,2 - •••••• j 

for the lower and upper stations; also the difference of refraction: 

.4 : - .:1 C' = k Po l/,z { 2 v + m (5 - 6 V) + v (p - 9) .Po tp + ........ } 
where po= cot C andp = m (cosz \: "t 1 - 7') as before. 

m cos i: 
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.Applying these formulae, the angles of refraction at the lower station should be greater by 
1".1 than the corresponding angles at the upper station. 

The cause of the apparent anomaly of au observed greater refraction at the upper than at the 
lower station may be due to difference of station-errors or of that part of the deviation of the plumll­
line which is effective in the vertical planes passing through the two stations. This cause ·would 
be a constant one. Or it may be due to a difference in the law of decrease of temperature with 
increase of hcigllt. Thus, the more rapid the decrease of temperature, the smaller the refract10n, 
and,· on the contrary, the slower the decrease of temperature, the greater the refraction. With a 
sufficiently rapid decrease of temperature the refraction may become zero, (and e\en be negative;) 
with no decrease, or for a constant temperature, the refraction is Yery large, and will yet increase 
should tbe temperature increase (\Yith the height) instead of decrease. \Yinds at different alti­
tudes, the currents haviug different temperature, sufficiently explain such occurrences. 

Sma.11 defects in the absolute value of the atmospheric temperature are of little consequence 
with regard to measures of height; thus an increase or decrease of rn::i J"ahrenheit would only prod nee 
an increase or decrease of om.14 in the difference of height of BodC'ga Head and Hoss :.'\fountaiu. 

In using the ordinary simple expressions for difference of height, taking the ray of light to lie 
part of an arc of a circle, or the refractions equal at the two stations, which answer "·ell enough 
for short distances and small heights, a knowledge of the so-calletl co-efficient of refraction (k) 

may often be desirable; it is nearly~ i·, and may be found for any particular pressure and tempe­

rature of the atmosphere by-
? 

2 k = V (l - 2 ]Jo'/!+ (2 - g p)J!o2 I! 2 .••••••••. _ ••• ) 

the letters having the same signification as lJefore. Jn tl1e present case we can find for 0 a_ m., at 
the Bodega Head station, k = 0.088, whereas for that hour tlie reciprocal and simultaneous zenith· 
distances* give k = 0.092, as found by-

1 180 - (~ + ~') 
k· == ~> + ---.-, ~--

- .... t 

The following table contains the values of ~ i' for latitude 38'=' and for Yarious atmospheric 

pressures and temperatures: 

Press11re. 130° F. 

i 30 inches ...... 1 O. 094 

1

28 inches ...... j 0. 088 

26 inches ...... i 0. 082 
I I I 24 inehea. -- . - O. 076 

I I ' 
500 }', I 70° F. I ~100 F. 

o. 090 ! 0. 0871 0. 084 

0. OS4 .! 0. Oi'. l I o. O~i' 
o. 01s I o. 075 o. 013 

I 
o, o•J I o. o:o o. or.1 

Further and more extended observations for the daily Yariation of refraction haYe been 
authorized by the Superintendent, and it is to be hoped tllat tllese may soon be made. 

--------------- -- -· -- ----------- -·-· ------

table: 

"The values of k for each hour and the Yalues of JJ.71 fonml by tl sill_~(;'.' - :) are containeil in the following 
cos t ( ;' - ; + ~') 

, I ; 
1 

Hour. / k I llh 
------ --- ----

I 
f m. 

7 a. m ...... : 0.114 sue. 48 

8 a.m ...... j .106 .5~1 
9 a.m .. ·-··i ,092 .42 

!Oa.m.-····: ,090 .42 
11 a m \ . 093 . 7;.! 

12 a:m::::::1 .094 .G> 

1p. m·-·-··I .091 .16 

I 2 p. m •.•• •· 1 . 099 . 48 
3 p. m.. .. .. • 099 . 67 

t p. m . . . • . . • 098 598. 84 

~p. m.·-···I • lOG 599. 081 , ____ _ 
:M:ean·-··i 0.0091 598.64 ± 0 ... 04 
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a.m.. }J772· 
7 8 9 10 11 NO on 1 2 3 4 fJ Hvnv observe& 

ze ni.tlv' durtancc.-; 
at BodegaHeaL't. soom·k I I I I I I I I ;_,J 

I ·1\, I I I _J ___ L--P r 
599 "L I ,..~· ff:=+=+1 ~vean fJwn· 
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598 i I f---.J---r--.. I I 1 I -! 
I I ,/ / I / -1-+F--1 

-..... / _ -+--f-:. ~ - .Fm:n ob~ervecl· . 
597 , J' ' I -..I Jn-I :eniLkdlstance~ 

I / I I , I I -i-- ai Ross ... l:foun.t.aJJv. 

596_ ( I I l__L , __ J_ 0 illdicales height: 

/ I ! j j I l l l t.piri~ie.11eZ 
1' 24'.' I I 

20 i, I I I . --r-
1

. ',_1_ I 1 1--
1 
--- --- One haZl'o/'t/ze 

16 '1, I I ___ , ____ 1 -/~___0fal obsen'iilnl'raclion, 
12 I I '· I .I I l _j_ i / l at t!ze two ataU-0/ZG. 
08 I \I I _J/---1· 1, I ·1F----,1 --
04 I 'i---1-- -r L_J 1 

T I I I I :--r-1-1~1 

2~ra60 1 1· 1 I aso_J ,..;,--- ! -r,_ ! I I I I 
~a .. 840 1 .J7 1 1 I r- .. 1 _._1 _1 . 1__L . 
. s ~l .s30 8P 1 1,...,----t---r---.. I :q: ! !J __ /._2111'.-'710 
.§ ~~ .. 820 I l /i I I 't~- I "'- j I I I .760 
~ s ~-s10 l_-----r I I I I ",L 1~1 I I .7so 
§~~-8001 f I I I I I~~ I .740 
~ i~ -790_\_J ___ i I _J ___ _r_.___.;__1_;~ I . 130 
~~~~1so-1 I I I I ~ I .120 
El~ I I I I I I I '~ . 710 
~'" I I I l_l_I I ' 1 R~M .. 700 

I I I I f I I I 

56°F~. f I _I --~-;ri:::. I I 
5 5 I i )/ I ,V -I ·-,..;....~--"-1 _ __,__r-
54 I I / I I ,/ I I I '=--f' 
53 I I / I ,.f I I 1'-··~ -+--+-

52 I /1 I / -1 .H. 

51 / l__,Li+I_ -~-;---l--~~>-----+--'-'-....l-: 
50 I/ I R.M. 

49.~_/---L I 4 8 I I L--=-i~----1--ti I =:II_:_ -+--J_-~-t-1 I 
45 .__l_·-+---1---+-I . ] I r--/--1---

I 1 1 1 1 1 1-r-·i---l--
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3.-HESULTS OF IIOURL Y ODSERVATIONS OF THE ATMOSPHERIC PRESSURE FOR DIFFERE~CE 

OF HEIGHTS OF TIIE STATIONS. 

In the present state of barometric hypsometry it is most desirable to make and discuss 
barometric observations specially undertaken with a view of contributing information respecting 
the daily and the annual Yariation in deduced heights. It is only by means of such observations, 
made in difforent climates and under different circumstances, that we can secure the foundation for 
corrections to be applied to computed~differcnces of height!' measured barometrically at any hour 
of the day and any season of the year. 

Uamond, about 1810, appears to barn been the first to notice tlie relation between llarometric­
ally-deduced heights and the time of the day when these measures were taken. The annual 
variation was also indicated by his results. Kreil proprn;ecl the use of annual means of pressure 
and temperature to secure reliable results, especially for the case when the two stations lie 
horizontally a great distance apart. 

Among those who l1aye more recently occupied themselves with this subject may be mentioned 
Professor Plantamour, Dr. Bauernfeind, Dr. Riihlmann, and l\Iajor -n·miamson, U. S. A. Planta­
mour's Tables of Corrections baYe been reproduced in thfl Meteorological and Physical Tables, pub­
lished by the Smithsonian Institution, (third edition, 1859.) Further information will be found in 
Ri.ihlmann's small but valuable work: "The Barometric Measurements of Heights and their Relation 
to the Constitution of the .Atmosphere," Leipzig, 1870.* 

Among the conclusions reached are the following: Differences of heights, barometrically deter­
mined, appear to attain their maximum value shortly before the time of greatest heat of the day; they 
decrease rapidly during the afternoon, and slowly during the night, reaching their minimum about 
one or two hours before sunrise. From the least to the greatest yaJue the rise is rapid. This dail.r 
variation in the computed heights appears fully dm·eloped only for those days on which the inso­
lation of the ground is complete under a clear sky, and the loss of heat during the night by radia­
tion is not interrupted. On cloudy or windy days the amplitude of the variation is much dimin. 
ished,. without, however, totally disappearing. The magnitude of the daily yariation, llesides being 
dependent on the season of the year, is affected b.r local circumstances, connected with the capacity 
of the ground for absorption and radiation of 11eat. Resulting heights, determined from daily or 
monthly means, also show an annual period; they are found too small in winter and too great in 
summer. The amplitude of the annual variation is less than that of the daily Yariation. Heights 
determined from annual means generally give results differing little from the truth. · 

Observations are recommended to be made at the following houn;, when the daily and annual 
Yariations are supposed- to pass through zero-Yalue: 

In January, at 1-p. m. 
In February, at 10 a. m.-and 4 p. m. 
In March, at 8 a. m. and 6 p. m. 
In .Apt'il, at 7i a. m and 7 p. m. 
In May, at 7 a. m: and 7 p. m. 
In~June, at 6:} a. m. and 9~ p. m. 
In July, at 6~ a. m. and 9! p. m. 
In~August, at 7 a. m. and 7:} p. m. 
In_ September, at 8 a. m. and 6 p. m. 
In October, at 10 a. m. and 3t p. m. 
In November, at 10! a. m. and 21 p. m. 
In December, at no time. 

These hours refer to the middle of each month and to an average state of, the atmosphere, and 
must be considered as correct only for the actual circumstances under which they were obtained; 
how far they apply to our various climatic conditions remains to be ascertained experimentally. 

Thc:recognized ca.use of the daily variation in the computed differences of heights is the defect 

*This pamphlet contains a historical sketch of the development of barometric hypsometry, and includes a compila­
tion of the principal barometric formulae offered by various writers, chronologically arranged; 11olso a table of the htera· 

t~ of this branch of meteorology. 
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ive mean temperature introduced by the supposition that the mean of the observed temperatures 
at the two stations equals that of the intervening stratum of air. The daily variation of tern pera­
ture, under a clear sky, is less the higher we rise above the surface, and is very small in the higher 
strata. The thermomet~rs, which cannot be elevated sufficiently to place them abo"·e the influence 
of the radiation and conduction of the soil, can, therefore, give but very defectirn information 
respecting the temperature of the ele,·ated strata of air, except in the citse of an oYercast sky. The 
problem of barometric measures has, therefore, been inverted, and the mean temperature of the 
air bas been computed from the observed pressures, and the difference of altitudes otherwise known. 
or determined. This process leads to a system of corrections to the observed temperatures to be 
applied in the computation of ordinary hypsometric measures by means of the barometer. 

It matters comparatively little which of the generally-recognized barometric formulae is used; 
or the case in hand we select from the class of formulae which introduce a distinct term for 
observed humidity, that given by Dr. Riihlmaun, for which see his work on Barometric :Measure­
ments of Heights, (Leipzig, 1870,) or Astronomical Tables aml Formulae, by Dr.C. F. ,Y. Peters, (Ham­
burg, 1871.) Plantamou.r's and Bauernfeind's formulae give almost identical results, which, in the 
present case, are about three-fourths of a metre in excess; on the other hand, Laplace's, Baily's, 
and Loomis' formulae, all based upon an average degree of humidity, gh·e results about one and 
one-half metre in defect of the result by Riihlmann's formula. The effect ou the calculated height 
of the term, mvolving the hygrometric state of the air, is comparatively small; in the present case 
the result for complete saturation being 2m. 7 greater than the results supposing absolute dryness. 

Let-
h = difference in height, expressed in metres ; 

b', b" =atmospheric pressure at the lower and upper stations, both readings reduced to refer the 
temperature of the mercury to that of freezing water; in the term involving the 
vapor pressure b' and b" should be expressed in millimetres; 

t', t" = atmospheric temperature, expressed in centigrade scale, at the lower au cl upper stations ; 
<11

, r;11 =the vapor-pressure, expressed in millimetres, at the lower and upper stations; 
z =height of lower station above the sea-le>el; and 
'f = mean latitude of the stations : 

then-

( 
t' + t") ( 11

!+ 1r") h = 18400.2 1.00157 + 0.003675 -.::i- 1+0.378 b' 2 b" 

x (1+0.002623 cos 2 '!) (1+ 2 z + h) log!!'. 
6378150 b" 

The logarithms of these terms are tabulated,• aml putting for convenience-

log { 18400.2 ( 1.00157 + 0.003675 t' t t") } A 

~t~~-~~} =B 

log { 1 + 0.3;8 (~ + ~:~)} - () 
log { 1 + 0.002623 cos 2 'f } = D 

log { 1 + ~;7t1: } = E 

we have-
log h = A+ B + C + D + E 

If T and T' =temperature of dry and wet bulb, e =maximum vapor-tension at T'; then 
11 = e - 0.0008 (T - T') b 

and in case the wet bulb is coated with ice, 
(f = e - 0.00069 (T - T') b 

"Riiblmann's Tallie I (al!!o that given in Peters' tables) requires a small correction, easi.lya.pplied, in the la.st place 
of decimals, to produce perfect acwrd with the numbers in the formula. It hall been supplied in the present application. 
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~+~ ~+~ The mean value of /7' or -~- and the mean pressure b = - , - form the arguments for 
~ 2 

the table giving the value of C with sufficient approximation. 
The following table contains the resulting differences of height between Bodega Head and Ross 

Mountain for each of the observing-hours, and their excess (indicated by a minus sign) over the 
true difference, as found by the spirit-level: 

[ Hour. I k 
I 

5!l8.74-k 

1----

I 7 a.m .•••.. 1 59·:-so I m. 
- 0.06 I 8 a.m ....... 600. 981 - 2.24 I 9 a.m ...... i 605. 52 6. 78 

10 a.m ...•.. , 607. 65 - 8.91 

f 11 a.m ..••.. 608. 84 ! - 10.10 

Noon ..•.•.. 609. 171 - 10. 43 

I 
1 p.m .•.•.. mo. 34 - ll.GO 
2 p.ru .•.•.. IJ09. 13 I - 10.99 

I 

3 p.m .•.••. GOB. 94 ! - 10.20 

4 p.m .•.••. l -001. 98 I 9.24 

5 p.m .••••. 604. 32 I 5.58 

' I 

The small effect of variations in moisture in these results has already been stated; to ascertain 
effects of small changes in Jlressure and in temperature we have-

where­

dlt-h {-.!!rZ~ :M: clb' (! ~)} - l+ a-:-+ logb'-logb" b' + b" 

' = il (t' + t"); 
a = 0.003675; 
M = modulus of common logarithms; 
db"= - db'. 

ancl 

Supposing an error in the reading of the barometers of 0.004 inch, or O.l millimetre nearly, to 
have been committed at each of the stations, (but of opposite signs,) we find dh = 2.3 metres; hence, 
in the mean value from five days of observations we may expect a remaining uncertainty of nearly 
one metre. 

Supposing an error in the reading of the thermometer of i-° Fahrenheit, nearly0°.2 centigrade, 
we have dh = 0.4 metre, showing that the uncertainty in any one of the above hourly results arising 
from imperfect readings of instruments may be taken as 6 !-LJ of the height nearly. 

The computed difforences of height for each hour are shown in the accompanying diagram, 
to which has been added the resulting vapor-pressure at the two stations, as computed from Major 
Williamson's table.* The deduced vapor-pressures, as well as the observed temperaLures at the 
two stations, are strictly local results, and give no trtie indication of the humidity and temperature 
of the intervening stratum of air. 

The true difference of height and the pressure at the two stations being known, we fiml the 
mean temperature of the air depending upon these data by-

r = ~ ck (log li'~Iog~b") - 1) 
where k represents the constant in the approximate expression­

b' 
li = k (l + a •) log b" 

Ba.tit is more convenient and accurate to make use of the tables, forming the values B + J~ ~ + E, 

and entering the first table, which gives the value of 2-:- directly. Converting the hourly values of 

• Profe88i.onal Papers of the Corps of Engineers, United States Army, No. 15, New York, 1868. 
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T" so found into their equivalents in Fahrenheit degrees, we obtain the following numbers: 

Hour. 

7 a.m ..•.•. 
8 a.m ...... . 
9 a. m _____ _ 

10 a.m ..•••. 
11 a. m •••••. 

Noou ...... . 
1 p. m .... .. 

I 
2 p. m .... .. 
3 p.m ...... . 

I : ~:::::::: 

0 

46. 4 F. 

48. 4 
;)1.4 

53. 4 

54. 7 

55. 6 

56.3 

SS. 2 

5'1. 5 

53. 2 
51. 4 

46.4 F. 

46. 4 

4~). 6 

46. 0 

46. 2 

40. 8 

4U. 4 

46. 0 

4.5. 0 

45. 7 

46. 6 

0 

0.0 F. 
-2.0 

-5.8 

-7. 4 
-8.5 

-8.8 

-9.!J 

-9. Q 

-8.6 

-7. 5 

-4.8 

+1.0F. 
-0.6 

-2.6 

-4.2 

-5.1 

-5.8 
-fi.O 

-5.5 

-4.6 

-3. 3 

-2.0 

The numbers in the last column are interpolations from Piantamour's Table XI, p. D. 82, of third 
edition of the Smithsonian Meteorological aml Physical Tables; they refer to March 24, and were 
converted into degrees of Fahrenheit. 

We thus arrive at the remarkable result that the temperature of the intervening stratum of 
air is nearly constant, viz, 46°.2, and shows apparently no trace of a daily variation, the rays of the 
sun passing through without sensibly heating it. The daily variation of temperature, therefore, 
would seem to be confined mainly to the layer of air in contact and close proximity to the earth's 
surface. The corrections derived from Plantamour's table (deduced from observations at Geneva 
and the great Sltint Bernard) are smaller than those deduced from our observations, but the latter 
refer to a clear sky, (the heliotropes having been seen every honr.) To make Plantamour's corrections 
answer for our case, they require to be increaseu by two thirds of their amount; for tlrn case of an 
o,·ercast sky they must be diminished possibly by one-half or more. The one-third of the total 
Rolar radiation, which may be absorbed by the atmosphere, is probably consumed by the processes 
of expansion and evaporation, and thus gives no sensible heat. In the present case, however, the 
daily variation of temperature is very small, owing to the proximity of the ocean, and different and 
apparently less anomalous results may be expected for stations farther removed from the coast. 

To estimate the effect of a small error in the observed pressure on the deduced mean tempera­
ture, and supposing, as before, db"= - db', we have from-

M (1 + a T) cl 1) 
d !'=~log v-=-1og 511) -;J+v1 db' 

the relation d T = 10.8 db'; hence, for d b' = 0.1 millimetre, d T" = 1°.1 centrigade, or nearly 20 
Fahrenheit, which shows the extreme sensitiveness of the operation. 

If the harometric observations alone had been available, the safest result that might haye 
been deduced from them would have been that interpolated for the epoch 7~ a. m., which is 600m.5, 
and 1m.s in excess of the true value. . ' 
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1'able of logarithms of ra,dius of curvature to the erutlt's su1/aec, for 'Ntrious latit111lc,1· al!f/ rcin111ths, 
bm1ed ttpon Clarke's ellipsoiil of rotation (18fi6), rrnd Jin· metric unit. 

LATI'JTI>J:. 

2,jC i!fr'..J 2~' 3W 3~-, ::1 :ic 
---·---· 

l:1oridia11 .. G. &025D7 6. 802722 ti. 80:lt;:l:! 0. ~'O~t1e:-: G. l".031~!1 fi. ~(13::27-1 

~498 261;) 27~{9 :ltit:o 3004 31-1."1 :1~i:'~ l ' 

IQ 25,;:1 :?Cli!l 27il1 291!1 ao;-;z :JJ!JO :i:nc 
15 ~(i4·1 ~7:J(j 2t;j,j 3(100 :!130 :.i:!liJ :14111 

20 !!71iC '!li:i7.) 2fl!)(I 3111 :1·:?:!(i :l:3ti!i :J:-•Oi1 

30 ~mo:_; ~H!l;J a:w1; :Ho;; ~~.). l .S a1~:~<i :i;: •• 
40 :-J4fl(j :J.ii:O aGil :i7(i0 : ~l"\)4 :~!lli7 ,I ~ f: :.; 
;.o :J~l23 :J994 40Jt.1 .f 1.)(1 4:.t:~:J -til!I ·HIJ7 i 

60 43Q3 4384 ' 44-Hi 431~ ·fi~fl -HJ::>O 4::!:~ 

70 465:! 470:2 47j:3 ;ao< 4t(l:J 4f.12t 4'.1,-<ti 

7;) 477(; 4i:i~ 4!36H 4flJ~ 4!Jti!J .)0:.!'..! ;"iffili 

80 48G7 4009 49S3 4gg9 504i !:.OU7 tit~~ 

B5 4!!2;J 49G:J 500G .504~' :10:1.ti .Jl·tl .i 1 ! ~::! 
i Jl~1Jle1ulicnlar 90 6. 804942 fl. 804!J81 G. E:U:-10:i.!;~ I (J. ~O."i0ti6 fl 1'"03112 fl. f'0::-11.)!I G. eo.:i::.o: 
i 

I 38° 40:· 4'2' 44" 

--------·---
4{i:- jfC :w-~ 

I 
- --·---- ----

I ~Ieritlian 
0 6, 803422 G. B0:~;-17:1 G. t0372tf ! G. ~031-:'80 u. t·o.io:~..""i G. ~O-lh9 n. tJlU-J:! 

5 :i;:m 3,-l1"!i :n:m :11'"'\t~ 40-l:i 41 ~I n,;1 

I JO :M7l" :w:.w :r:·75 :3!l:.?ti 407~ 4:1'2~ ·l:fi:--' 

I 15 :}54G am10 ;Jt(J.) :msz ' 41~1) 4:.!77 4,1:.!:J 

20 

I 
3637 :n7,; .:_wt7 40.)f) 4~0j •134:1 44'·1 

:io 38>1() 4006 4133 42G;? 43H1 45lfl 4()47 

40 I 4179 42o9 4400 45ll 4ti:.!:J i 47:!.i 41"41i i 
50 44% 4590 46~;! 4"'177 4'71 4tlfi.-J ;,(l;-J .... 

60 4797 487:1 49"1!1 502;) 5104 ;;1s1 :1:t:i7 

iO 50Jl 5104 51fai ;i:.!2!l 5~!)~{ ~),),j' 51:.!ll 

75 513:l Cil90 524t. J~l07 j::Jfl-l 34~ :Hd 

~o 5~01 ~254 530t' 5;·u1a 5~1"1 ~1.t~:! ;),-~':,!Ii 

85 5242 5:W.J 53·13 t>39':' SL"iO J;iO:.! ;i,-.:1-t 

l'erpendicu}aT PO G. 80.32jfi 6, 8()5307 (l. 80.335t; G. B();)40!I I G. t'O.~~Hifl G. f.:0.j51::! 1i. t-o.-,,-,r,;) 
I ----

22 c s 
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7 8 10 H "!'loon 1 2 
p1111. 

L_j. 5 

m-. ' ' I I ' I ' j 
G ' i ~ I l-1 0 -- _J - ---+ --,- . . __L;-· _,-~----+--l----l----9 : , 1-~i---r _~ .... I ~......... _ 

8 i I .. ..-· 1 -H--i---+ ... _ .... _ ... .::.+----4---

~ I. - I -1 / /i -+--+---t . \ \ OIFFERE"":ffo:! HEIGHT 

5 ~~ -~r-- '1 -~=1-1=~-- ' OB&£RV£D ATMOSPHE:PJ.IC 
A. I i '.jPRESSLIR£.S AT THF T"''O 

~=-==--i Ip 1-- J : STATIONS. "" ,,, 

--tf--+---t----+--+----f---+--+---1--+-----
1 : I i I I 

60 0-- -t-~-f--~---t------t----t-~-f---+----+------+1--. 

9 ----;i/=7-==+==-=c-1=·~::4~'--f------i=----!----1---- A=-;;;~~V£L/NG OPERA TJON, 

598 -~ I 
i 

in. ! ) I I _ - -.. _I j
1 

VAPOR PRES SUR£ Ar 

o~i ~ _-_ -_---'-, --+~---_+_--=,,..+--1 -4~-+-~"'°---l------+----.l-----!r~-- BODEGA H£AO. 

. 2 a ___ t::___,__-----.l..-~-~----+----"--+---+--1 ---+-------1---

. 2 s I I 

.24 ! _," 

.22 I _ .... .-f--

. 2 0 - ~~---!-_---+---+-----1--1------l---i--f---~ 

_.lS ! I I i 

-, --- ' ' 
' . VAPOR PR£SSVR£ AT 

I i RO$S MOUNTAIN. 

i . I I I 



 

THE UNITED ST.ATES COAST SURVEY. 171 

APPENDIX No. 12. 

REPORT ON THE LEVELING OPERATIOXS BET\YEEN KEYPORT, ON RARITAN BAY, AND GLOl'Cl:STER, 
ON THE DELAWARE RIYER, TO DETElUIINE THE HEIGHT ABOYE ~IEAN TIDE OF THE PHDIARY 
STATIONS BEACON HILL. IJISBOlWUGH, STONY HILL, MOUXT HOLLY, A::'\D PINE HILL, BY InCH­
ARD D. CGTTS, ASSISTA.i...._T, COAST SlTRYEY, I!'\ CHAHGE or SECONDARY TRIAKGCLATIO::\. 

HEIGHTS .ABOVE MEAN TIDE DETEHl\HNED BY THE SPIRIT-LEVEL. 

The leveling was executed in 1870 by Charles .Ferguson, esq., Sub-assistant, Unite<l States 
Coast Survey. 

The line started from mean· tide at Ke~·port, on Raritan Bay, and, following the route most con­
venient for determining the height of the primary stations, ended at mean tide of the Delaware 
Rfrer at Gloucester City. The route pursued was not, therefore, the most direct,; the one preferred 
being that on which the longest extent of turnpike and railroad-track cotild be made aYailable. 
Tue length of the main line was sm·enty-seven miles, and of the of:faet;;, thirteen miles; the total 
distance leveled and releveled, one section after the other, being one lmndred and eighty miles. 

The observations are contained in ten volumes. These latter will show the <lilferent sections 
into which tlle main line was divided; the offsets to the triangulation-stations Beacon Hill, Dis­
borongh, Stony Hill, and Mount Holl;y; also, the offsets to the barometer-stations; and, finall;1-, 
the height above mean tide of the bench-marks established at the villages throug·h which the line 
pai>sed • 

.An additional line of levels was run in 1871 by Mr. B. A. Colonna, aid United States Coast 
Survey, to connect the triangulation and barometer station Pine Hill with the bencll-mark at 
Gloucester City. 

1'IDAL STATIONS . 

.A tide-staff was set up at Keyport and another at Gloucester City, and the tides were obsen'ed 
at each station during a half-lunation for the purpose of determining the level of mean tide. This 
level, or t,he computed balf-tide mark on the staff, was then transferred to a permanent bench-mark 
established in the vicinity of each tide-gauge; these two bench-marks being the termini of the 
liue of levels. 

INS'.l'RUM:EN'l'S. 

The instrument used was rt pivot-level made by \Vi.irdemann. The telescope possessed a mag­
nif.yiug·power of 30, was proYided with a reticule of three fixed horizontal wires about 41 apa1t, 
and of two vertical wires, and with a ridiug-level, a di\'ision of whicli represented 3" in arc at tbe 
average temperature at which the instrument would be used in the field. 

The leveling-rod was made of seasoned Honduras mahogany and painted white; was 3m.2 in 
length by om.06 in width aud om.04 in thickness; and was PJ'O\'irlecl with a WOO<len handle attached 
to the back part, about 5.6 feet above the bottom, and by means of which the rod could be carried 
and held in position, and, with two small levels, fixed at right angles, to secure its verticality. To 
prevent displacement, or change of level, when the ro<l was tm·1w<l round for the back :;ight, the 
foot of the rod, incased in brass, terminated in a cylindt"ical button, fitted to and modug freely in 
the socket of the iron foot-plate on which it rested. This plate, six inches in diameter, was armed 
underneath witb sharp pointed legs, so that when it was dropµell by the rod-mau on reaching his 
station, it could be firml~· planted in the ground by a stamp or two of the foot. A li~ht chain, 
with u. ring 88 I\ handle, waR attncherl to the plate, by whfoh the latter coul<l he readily taken np 
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and carried: forward by tlte rod-rnau. Tllree of such rods and foot-plates accompanied the leveling­
instrument, two sets for e1111sta11t, 11se anrl the otl1er l1el<l as a reserve. 

Tlte mus \Yere didded to centimeters, the divisions aud comparisons haying been made at the 
Coast Snr\·ey Office in \Yashiugton. 

:FIELD OBSERVA'.rIONS AND RECORDS. 

TLe first operatio11 consisted in (letermi11ing the Yalues of the instrumental constants, viz: 
1. Of a diYisiou of the lewl; 
2. Of tbc angular distance between the horizontal wires; and 
3. Of the reduction of the mean of the three wires to the middle wire. 
By means of these constants, tables were made out, which gaYe, by inspection, 
A. The distanee of the instrument to the rod; 
B. The correction to reduce tlie mean of the three wires to the middle wire; 
0. The correction on account of the want of level at the momeut of observation, aud of the 

daily recorded instrumental errors; and 
D. The correction for difference of distance between the back and fore sights. 
Tl!e order in which th<> observations were made aml recorded, and the directions followed in 

conducting the operation, ma,y be stated as follows: 
L An adjustment of the instrument, eit,her complete or closely approximate, with all the details 

duly entered in the record. 
This adjustment was made at the commencement and end of each day's work, and consisted-
a. In making the axis of the level parallel with the optical axis of the telescope; 
b. In making the axis of the level perpendicular to the vertical axis of the instrument; and 
c. In bringing the middle horizontal wire and tl!e midule of the two vertical wires in the 

optical axis of the telescope. 
vYhen this adjustment was approximate only, Tables E and C enabled the computer to apply 

the necessary corrections to the results of the day's lei;·eling. 
II. The placing of the instrument midway, and, if possible, in line between the two rods. In 

cases where the distance between the back and fore sights was necessarily or by accident unequal, 
as shown by the recorded differences between the extreme wires, Table D supplied the correction 
to be applied. on account of the resulting inequality of curvature and refraction. 

III. The protection of the instrument from the direct rays of the sun by a cap when carried 
and au umbrella when in use. 

IV. The adjustment for verticality of axis; of the foens for distinct vision; of the bubble to 
the middle of the tu be and the recording of the divisions as shown by the eye and object ends; the 
reading of the heights on the rod crossed by the three wires, and the second reading and recording 
of the le\'el-bubble. Table U supplied the correction for the difference between the readings of the 
two endR of ti.le lmbble. 

V. Bench-mark8 were established at the end of each day's work, at the different villages 
through which the line was canied, and whenever from an~T cause the leveling was suspended. 

The details of the work were carried out in conformity with the order and principles contained 
in instructions specially prepared for the instrument used and the object in view, under the four 
following headings: 

1. Tide-gauge, records, and tidal-station or bench-mark. 
2. Adjustment of the instrument. 
3. Formnlro, constants, and corrections. 
4. General tlirections for running a line of levels. 
The releveling was require<l, not merely for the sake of verificatiou, hut for precision, as it is a 

well-established fact that there will be always a differeuce, irrespeetive of instrumental and 
personal errors, betweeu the results obtained by the leYPling of a line in one direction, and then 
hack ngnin to the starting-point. 
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The heights will be given in all cases above the mean tide of Haritau Bay; the description of 
the principal bench-marks is given in the records. 

Since the Annual Report of 1870 was published, in which the precediug part of the report of 
.Assistant Richard D. Cutt;; appeared, one of the sectious of the main line aml 011t~ of the olf.-;ets, in 
each of which there was a discrepancy between tlie forward and back measurements, han• ueeu 
releveled by Sub-assistant John N l\foClintock, and a redsion made at tbc office of tlie results as 
well from the barometric as from the spirit-leveling observations. 

The following table contains the heights, above the half-tide level, of tbc different bench-marks 
which were established on the main line from Keyport, on lfaritan Bay, to the Delaware Hh-er, at 
Gloucester City, three miles below Philadelphia: 

TABLE I. 

~lain line henclHnnrks. 

Tb(' J:i-foot mark (Jn staff above half-tide 

Th<mcc to bench-mo.Tl\, ~Ionh; House, K<'.\"llOrt. __ ..... . 
Thf'.uce to lwuch-mark, Tnttle·s gate, Mattt~awau. 

Thence to beucl1-mark, Clarke's hons<~, hlnrµ;ansYill(' . 

1'11Nice to bench-mark, FraziC:"l'
0

8 hon~f:', .Mcwgawwi1lf• 

'l'hencc. to bench-rum k, Hohndt>l Cross-Roads ....... _ ..... . 

Thcncf'. to IJench-mark, Rol:'>sell, Frel'holtl ................. . 
The11cC' to bench-mark, Mount:s Corne!', \Yest Frt.•(•}Johl 

Thence to bPnch-marh, rarkcr's old house ... - - .. - - .... - . - . 

Theuce to bench-mark, Burnt T.rn-ern Cro8s-l~oa~ls ....... . 

~lfetiTS. 

-+- ~. 27-l 

___: 11. ~J(l( 

-;-34. 2..)0 

+ 1. 4til 

11. 1G1 

+ !1,0lJ 

+ 5. 129 

- :J,;j(;,) 

-,-11. 617 

Thence t.o bench-mark, .Alle11 1 Clarks burgh._ ........•..... - 0. ';71 
Tlieuct: to hl'nch-rnark, Tuui:-;, lmla_ytuwn ... _ ........... . 
ThC>nec to benel1-111ark, Giberson, Iwlnytown. __ 

The11ce to bt:-uch-mark, IIurnerntowu ... __ ... _ ... _ ........ . 

Thence to bench-mark, Cookstown. ___ . ___ ._ ............. . 

I 
Then~e to beur:h-mark, "'iYri,µ;htstown .. _ . _ .......... , .... . 
Thence to hcnch-rnark, L('-wiRwn ....... -·- ... _ ...•••.•.... 
Thence to bench-mark, Pernht>rton . __ . 

+ -1.ffi4 

+11. 411 
-15. ';':2j 

Thence to heuch-mark, :Mount Holly railrl)ad-hridgt"' . . - t3. 2{16 

Thenep to bench-mark, Hocl~ers's house, Hartford ..... _. -!-10. 028 
Thence to bench.mark, llunter, lloore~town ........... _.. + (i. 32:1 

Thence to beuch-mark, Camden conrt-houl:it\ Camden ..... ' -11. ';"t!l 

Thence to lmnch-mark, Bneun Yist.n Hom;ie, filoncf•Rter. _. - :J. 725 

Thence to 12.1-foot mark on tide-g-auge. Dela.ware l'!h•er ... - 0. GOO 

J Thenc<Jtohalf-ti<lo, DdawareRirnr ·-·--·-·-····--·--···· - 1.770. 

~ 

~ -E -
"" ·• :::; 

]frfl'Y8. 

:!. ;Jifi 

11. !JIG 

34. 21~ 

]. 4ti0 

11. -40G 

tl.iJJ:I 

5.157 

3. :it! 

11. ~l~I 

0. 71'.J 

fl. 4!l7 

~n. G~~r. 

:.22. 4!10 

4. 72t 

11. 407 

15. 051 

12. BG:i 

tl. 29.-, 

10. 0;1.-. 

6. 30' 

11. 791 

5. 754 

0. 600 

1. 778 

Ht•ight abOY(' half-
title. 

-- -- -----
Jfrter.~'. Fret. 

~. 311"! e.:;W 
4. ~ ~)~l LI. 7:t 

lti. i::iO ;J;), o.-) 
.'>1.oll 1fi7. :lG 

?i~. 4'72 17:.2. Hi 

n. 001 l:H .• 34 

;iO. ti42 Hili. 1:-1 

5.J-. 7t:i 18:!. O:.! 

G::!. ~H:J 171. i>:l 

fJJ. -;:~n 20~'- O!l 

6:2', ~l~t- 20G. 1iti 

(}!}. ;);2(, :2:2-:. 11 

47. ~..::'.1 1!)~- 1~ 

23. 40ll Kl. :~.J 

30. !Oi l/'5. 78 

41.5Hi 1:~6. :21 

2;1, 82i' 84. 7:i 

l~. ,'-'.!17 42. :H 

4.602 15. IU 

l·l.6'.H 4t. 01 

:20. BM> 6i. 7'.l 

~I. lj\~ :3o. n.-. 
:J. 4~0 11. 22 

2. 8-.:W fl.:rl 

l.OJ2 3. 4~ 

The leveling shows that the half-tide level of tl1e Delaware River at Gloucester City is J rn.oJ, or 
3 feet 5 inches, above the balt'.tidc le\·cl of tl.w ocean, supposing that tlrn k\·cl of l~aritan Ba_,- it; the 
same as that of the ocean, aud tha,t; the tides in Delaware ltiver were in tlieir normal state, as be­
lieved to have been. 

-. 
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The next table contains the heights above half-tide of the primary stations of Beacon Hill, Dis­
borongh, Stony Hill, Mount Holly, and Pine Hill, determined by offsets from the main line. 

TABLE II. 
~~~~~~~~~~~---~~~~~~~~~~.---~~~~~--~~--~ 

I Forwarcl !Back n1eas-; IIeigbt, above half-
rrimar_y-t.rian~ulatiou statiuus. 

) measurement. nrcmeni. : tide. 

I 1---' I : . I Meters_ .lfewrs. i ~ct":"-
Jlench-mark, MorgansY1lle. __ . __ .......•....•. ·1 · ............... 1 •••••••••••• : Lt2. 4i2 

ThencP to bench-mark, Bea.eon Hill. Rtat.ion. ___ .. __ .. .. +fit. 257 ·1 6.1. 2:lfi ' 113. 713 

Bench-mark, Barnt TuNcrn ........... --- ....................•...••...•... "'. 63. 730 

Thence to bench-~ark, Disborough station ........... ! - 13.620 / 13.674. ! ~~-083 
liench-ma1k, Hornerstown ...... _ ............. j ... __ ............ _ ... _____ .. , ~. 40G 

Thenc~t.obeuch-mar·k 1 Stonyllills~tion .. _.--·-··---·j +4G.342 46.023 ! 7l.!:i83 
l3ench-mark, Mount llolly ra1lroad-bndge .. ___ · l-·---. ·---- ____ ........ ___ .. 4. 602 

Thence to bench-mark. Sharpe's Comer.:·· .. _ ..... __ · I + 9. 034 9. 045 13. 641 
Thence to bench-mark, ]\fount Holly station._ ......• - . I + 41. 614 41. 716 55. 306 

l~enc11-mark, llucna Vista llouBC, Gloucester. .. f- .. _ .... _ .. -- . _. . 3. 4-:?0 

Thenc~tohench-mur·k,Eweu's house-_ ....... --------·i + 10.367 10.327 13.767 

The11cbtobench-mar-k,liaddonstield---·-··------·---·! + 8.784 8.816 22.567 

I'llencoto Uench-mark, "\"'Vhitchorse station .. ---·----\ - 2.892 2.912 ! 19.66.> 

Tbeuc~ tu h~u-ch-mar~, ~~·g~a~'s lwu~l', Clemonton _ .. 
1
1 + 3. 504 :t 492 23. 163 

Thcnct: to h1J11ch-mark, l 1nt· ll1Il station . ___ ..... _ _ _ . ! + 38. 291 38. 241 6L 429 

Feet. 
172. IG 

373. 08 

209. 09 

164. 3'2 

H~t 3.'J 

234. 87 
. 15.10 

44. 7;; 

181.45 

11.22 

45.17 

74. 04 

64. 52 

75. 99 

201.54 

Table III gives the heights above half-tide of the surface of the mercury in the cisterns of the 
barometers used in the hypsometric operations referred to in Appendix 8 of the Annual Report for 
1870, so far as those heights were determined, as in the previous cases, by the spirit-level. 

TABLE III. 

-----------------------------·---- -·11'1i n_1_c_aJ\Isu"raennc1>efn--t-~.1.'. i:jgbtstiauboe. ve half-I ~aromet::.-
1lench-mark~ and Uarometer-cistcrns. 

station. 

! 1-----~---- ----c------- ------1 

l Tl1ence to bench-mark, ".-oodward's house.-----·-·---~ -14. 210 

j , _ _ . . l Mete.rs~ \ Met.ers. Feet. 1· 

1 J,en<'h-marl,Stcm:i: Hill Rtahon ··-----·-·--·-····, 71 . .,8:8 I 
! 'I'hencc)·tocisternofbaromete1· .................... __ ! + 5.1921 fi2.5701 205.29' StonyHill. 
! Eench·m:nk, Sharp(>'~ Corner . ··--· .. -·· ...... --- J 13. 641 
j 'I'hPucetohcuclI-mal'l .. ,Rhec'sllonse ...•....•..... , ... i - 1.980 j 
I Thencf' to cistf~rn of harorn~ter .. - . - .• - • - . - - - ... - . - - · ! + 4. 360 11(), om 1 52. 56 ~Mount Holly. 
. Heuch-mark 1 Uuena Vista House, Gloucester .. ---! 3. 420 

Tlicncr-tocistern of barometer······-·--·-··--·-----·( + 7.802 11.222 ;' 36.e2 I' Gloucester. 
Bench-mark. Taggart's house, Clcruonton . __ .. __ _. 23. 163 

1'henc0toeisternofharometer ······-·-· -----------·! -+ 4.~ ! 27.492 j 90.:!0 I Pinc Hill. 
·~~~~~~~~-~-

The lines of level were not extended to the triangulation and barometer stations of Mount 
Rose, N ewtowu, ·wmow Grove, Yard, Bethel, and Lippincott, as it was intended to measure the alti­
tude of these ~tationR by the barometer; and with this view, the differe1-1ce in heigbt between the 
bench-mark at· eacl1 i-;tatiou and the cistern of the barometer observed near it, was determined by 
the 8pirit-lcvel, and, aH usual, by two distinct mcmmrcments. 

Bench-mark, Mount l{ose station, above cistern of barometer. __ ._. 
Bench-mark, Newtown station, above cistern of barometer ___ .. __ .. 
Bench-mark, Willow Grove station, above cistern of barometer ... . 
Bench-mark, Yard station, above cistern of barometer ..... _ .. __ .. . 
Bench-mark, Bethel st.at.ion, ahove cistern of barometer ... _ .. _ ... . 
Bench-mark, Lippincott station, above cistern of baromete1· ....... _ 
Bench-mark, Stony Hill station, al.love cistern of barometer ..... _ .. 
Bench-mark, Mount Rolls station, above cistern of barometer .... . 
Bench-mark, Piue Hill statiou, above cistern of barometer .. _ .. _._. 
Beuch-mnrk, Bneoa Vista House station, above lmlf-tide ..... __ ... 
GloncPst.er riFltem of hn.romet,(Jr, nhovP hn,\f-U<le . _ •.............• 

'leters. 

15.639 
12. 237 

4-. 876 
41. 874 
12.674 

8.019 
9.018 

39.285 
33.937 
;J.420 

11. 222 
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In the fo1lowing table the differences in height determined rcspecth·el.Y hy the spirit-lewl and 
by the barometer are brougl1t togethe1· and compared. The barometric·. re>inlts; are slightly llifferent 
from those gh·eu in Appendix X o. 8, Annual Heport of 1870, for the n•asou that the :ti('ld-obserYatious 
taken at 2 p. m. have been excluded, and the differences of height compute<! from tl10HP taken for the 
middle of July at 6~ a. m. and D! p. m.; for the middle of August at 'i ~ a. m. aml 71 p. m.; and 
for the middle of September, those taken at 8 a. m. and 6 p. m. Thl· oht<erYatiou>: at the above 
epochs of the day-the latter changing with the month-are now hf•lil'\'Ptl to repre,;eut the atmos­
pheric pressure, with a close approach to its real value. 

The maximum difference between the results now girnn and those pnl1lished iu 1870 is O.~: of a 
meter. 

TABLE IY. 

I 
Differ-enc('" in lwi,:.!.ht. 

llarometer-stations. ------ Jljfi(_'l:'L'Il<'l·. 

I lkiromPter. Spirit·h~vd. j 

1-S-_ t-o-n;,-· -TI-i-ll_a_n_•l_}_lo_1_tn_t_H_<_>ll-y: , 

I Yount Holh- and Glrnu:e~tc-1 i 
I G1ouceskr~utl Pin('Ilill ................ i 

_JJJeter~. _JfrfRrs. I Jletcr.". 
47. JG 4U. 55 I -0. Gl 

7. 06 ,l. to ' --2. ~f, ' 
17. 3U lG. ::27 -1.32 

Mount Iloll~· aud Piue Ilill . . . . . . . . . . ; l(J. :33 11. 47 i-1. 14 

From the abm·e comparh~ons it would appear that the diffenmces gi\·en h~- the barometer may 
be assumed to be about orn.75 greater than by the spirit-level. Hence, iu the CH8l~R wlwn~ tlrn alti­
tudes of the stations depencl entirely on the barometric difference:-;, it would be lout proper to 
clecrea8e the latter IJ_y an amount of at least om.;;., aud it is \\'itli tliis correctio11 that tbe following· 
:final table is made ont. 

The table shows the result.ing heights, abow tlie half-tide of Raritau Bay, or all the triangula­
tion-stations embraced in the hJpsomctrical campaign. 

TABLE V. 

;,:: i I f ~ ~ II . 1 j' t t' b ... - - _ ~ eig it. o s a 10rn=; ,-i ove 
·a E' " 0 

.:. ·;:;, half-tide. 1 

~i 11 Hi1. Triangulation-stations. 

Mean. 

----.---~I Ii-------
Meters. ! Meters. Met<rs. I Meters. 

IlCM<lll Hill. ---·----------·--............ 113.73 ; ........................ 1 ........... . 

Disborough Hill ................••. --- ..... 
1 

50.08 : ...•.•.........•...•.•.. ! ...•...•.... 
I Stony Hill ............ - .... ----- .. ·------- 71.m ,._ ...... -........ - ... ·-·:·· ......... . 

Mount Rolly* .....................•...•.. \ 55.31 . ----- ·----- ------ ------ ,. _____ -
Pine Rill.............. .................. 61.43 ! ....................... + .......... . 
MountRoae,fromStonyHill............... ·········i • 49.10 78.21 i 127.31 
Mount Rose, from MountIIolly ............ 

1 

............ ' 96.35 31. 6G I 128. 01 
Newtown,fromStonyIIilJ.._ .............. :............ 24.27 H.El I 99.08 

Newtown,fromMouutllolly ....... ---·--·' .......... - 71.55 2'3.20 I 99.~l 
Willow Grove, from :Mount.Jlolly .......... : ............ 1 1m. ~3 ~lO. 90 130. s:1 
Willow Grove, from Gloucester ...... -~·-·-~- ..•.....•. -1 117. 37 lG.10 j 133. 47 

YnTd, from Glonc-0ster . ·--· ........ -- ..•.. !· .... -... --·: 
Bethel, from Gloucester ... _.-- .. - ..... ____ , ___ ......... ; 

Lippincott, from Gloucester -............. ; .... - - · - .. - · I 
. ; I 

\Villow Grove, from Pine 1-till ...... --·. - .. : .....•... - -·, 99. JG az. a7 i 131. tia , 
97. 27 ih~. OH f 150. 3G 

101. 24 23. SD I 12.~. 1:1 

24. 15 19. 24 ' 43. 39 ' 
! 

1 

l 

Meters. 
113. 7:3 

50. 08 ' 
71. ;,!I i 

~);). :u 
61.43 

1SJ7. 6(; 

99.4;) 

131. 94 

150. 3tl 

125.13 I 

43.39 ' 

•The dift'erencc of hei.ghts, .Mount Holly-Stony Hill, was also determined by m<' l>y means of zeniih­
distances a.t Mount Holly. From these we find for height of Stony Hill, 5.5m.31 + 16m,43 = 7lm.74. 
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APPENDIX No. 13. 

REPORT OP OBSERVATIONS OF THE TOTAL SOLAR ECLIPSE OF DECEMBER 22, 1870, BY GEORGE W. 
DEA::\', ASSISTANT UNITED STATES COAST SURVEY. 

FALL RIVER, MASS., ]lfarch 20, 1871. 
DEAR SIR: A.bout tbe list of September last I was informe(l b.Y Professor Peirce, Superin­

temlent of the United States Coast Survey, that my services would be required in making arrange­
ments fur obserdng tlrn total eclipse, in Spain, in December. 

The special observations assigned to me were those of precision, and, so far as practicable, 
the determination of the geographical po::;ition from principal eclipse-stations in Spain. 

As the expedition was to be under your general directions, I improved an early opportunity of 
conferring with you in regard to its organization and plans of operation. 

Our information relating to the meteorological conditions of the winter-climate of Southern 
Spaiu being quite limited, it was deemed advisable that I should, a.t an early date, proceed to 
Englam.1, and them obtain such information on tbis subject as might be practicable, and which 
would prove of great sen·ice in selecting the most favorable localities for observing the different 
phases of the ecli1rne. 

During· my stay in England, from the 1st until the 19th of No,-ember, I obtained much infor­
mation in regard to the climate of Southem Spain from the astronomer-royal at Greenwich, Louis 
P. Cassella, esq., and several other scientific gentlemen in I,ondon, to all of whom I was indebted 
for mau,v courteous attentions. 

This iuformation seemed to indicate that the probabilities for fair weather in Southern Spain 
were more promising near the Atlantic coast than upon tile shores of the Mediterranean, from the 
fact that most of the storms in tbat section came from the soutb and east. 

Information on this point was sought from the commanders and chief officers of the steamers 
plying betweeu Sonthamptou and ports in the Mediterranean, and also from gentlemen who, for 
many years, had resided at Gibraltar, all of whom confirmed tbe information previously obtained, 
and which I am gratified to state was also the opinion of Capt. Cecilio Pujazon, director of the 
obser..-atory at San Fernando, and Capt. Jose S. Montop, chief of the Spanish Coast Survey, 
whom we bad the pleasure of meeting at San Fernando early in December. 

As the center of the pa.th of the tota.l phase "Would fall near the city of Jerez, which is 
located about twent.y miles nertheasterly from Cadiz and ten or fifteen miles from the sea-coast, 
that point appeared to he one of the most favorable in Spain for observing the eclipse, and accord­
ingly yon gave directions that all the instruments and equipments of our expedition should be 
forwarded from Cadiz to .Jerez. 

The principal eclipse-station was located about a mile northeasterly from the city, in an oli.ve­
grove belonging to Messrs. Davies, who placed their grounds and buildings at the disposal of our 
party without compensation, and rendered most valuable assistance to all the members of the 
expedition during our sojourn at Jerez. 

The requisite lumber for constructing the small observatory, photographic room, &c., could 
not at once be obtained, and it was found necessary to have all our boards and scantlings cut from 
three-inch planks by manual labor. This, with much stormy weather, greatly retarded our 
preliminary preparations; nevertheless, the work wa8 pressed forward as rapidly as possihle, and, 
at the urgent solicitation of Mr. Willard, the photographic room, and other preparations required 
by th~ photographic department, were first completed. 
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Ou the Hillt of Deeem ber our small field-oln,;ern•tol',Y ll'a" 11eal'l,Y; comp I Pt l'd, and 011 tl1a1 
evening good obsern1tions for ai'lbel'taining tl1e time :rnd latitnde:were matle. 

The weather on the two following crenings proved imfayorable; but Oil tlw eveniugs of tin· 
19th, 20th, and 21st, observations for time ·wc1·0 01.Jtaine1T, and thr co1TPetiorrn nn<l lbily rates or 
the several chronometers were satisfactorily determined. 

It may be remarked that the instrmuents nsed iu aseertaiuiug t lw local time w1·re a 4(j.jucll 
transit, with an aperture of 2~ inches, (CT. S. Coast ~urny Xo. 5.) a cl11·01H>gl'apl1-rPgister. (C. :-;, 
Coast Survey Xo. :!,) a11d two brei1k-circuit ehro11orn<>1erB, (Frml;;ham.1 

The transit-instrument was firmly adju:;;;ted upou two pine post,;, ('a1·Ji ~ ii) !:..'. i11d11·" and:;~ 
feet. in length, which were sunk about ;1 feet into the gronntl. 

Jlferidian-line.-vVhile the preJimiual'y astronomical ohserrntiu11s a1 the Olirnl' statiuu \l'Prt' 

being made, a rneridiau-line was established from a series of oh,wn·atio111< npon Zf'nith rmd Pircnm­
polar stars with tbe 41i-iuch transit, (G. S. Coa;;t 8urHy );o. 5.) 

The length of this line was LiG.:l rnch'rR, autl t:ile tnmiui w1•rp nrnrkl'tl Ii~· ;;toue posts, wliicl1 
were r.unk about '..li\ feet into the gro11ud, aml iu the top of wlikh small copper uolti> wcrt:i insl•rted. 

Eclipse-ohsen:ations.-On tlle <lay prece<liug th1· eclipse, all the)nstrnmeut;; antl telegraph­
apparatus were a<ljustcll in good \Yorking order, aud a dondle,,;s s'.ly giwc tlattering promises for 
the following day; but about midnight clouds bcgau to come from the southwest, and at 2 a. m. 
the sky was entirely c0Yere1l, and at intcrn1ls tile raill frll nqiiilly irntil r. o'••lock, "·Jwn tliP cl01Hl~ 
broke up a little, :yet witll no positi rn sigus ot' deariug. 

Tims the da:y opened with gfoomy prospects; .-:till, each oh,q·n·t>r 111•nt 011 perft•(·tiug· !tis 
arrangements, meauwhile watc!Ji11g paticutly for Yiewi:; of tl.tc suu. 

At lialf past 9 o'clock onr hope:,; O't' t'illCCl'Ss were well-nigh exhausted, "IH~n tlw rniu again 
began to fall rapidl.r; fortunately, ho1'·1wcr, the shower mis of ;;hort dnratio11, mul at 10 a. m. thP 
sky in the immediate vicinity of tlrn snu became 11uite dear. "\s till~ time for the first. contact 
drew near, the rccording-a1lparatus was 1daced in workiug· order, nutl I obtainrd a good observa­
tion of the beginning- or the eclip;;e, and a few "e1·1m1l,.; later ;1 plwt•)gn1ph of the -:1rn wns ohtaine1l 
hy 1\fr. \Yillanl. 

At favorahle opportuuities d uriug tiJe progres." oJ' t lie t.!clipse, wl.Jic!J eoutiuue<l for two hour;; 
and fifty minutes, pllotograph8 of the different phases were taken by l\lessrs. \Villard and Gannett, 
the exact instant of the exposure of each picturn being reconkd b,y the chronograpl1. As these 
gentlemen will probabl;r present to ,you a full report of tht:iir pllotographic operations, it is onl~­
necessary for me to give tlw cllronogr:1pltie rccor1l of tile »e1·cral phot11g-raph8. an ahstract of 
which is herewith appended. 

The instrument used by me iu obse1Ti11g Llw tilst contact was a telescope (cornet-seeker) c11trn 
torially monuted, having a foeal lengtlt of 33 iuchel'I, with an a1wrtur·p of 8~1 iuche;; nnd power of' 
:i2, for the use of which I was indebted to l'rnf. C. A. Youug. 

During the progress of the eclipse, the sun, most of the time, wtu; obsc111·<>d b,r clouds, and, a8 
the chronographic record of the photograph rcqnired mnch of my attl'ntion, I wa:-; unal1le to uote 
many of the interesting phases ot' tile eclipse. 

Two first-class thermometers (made b,y Cas8ella, uf Loullou) \rere :su.~pemled iu the shade upon 
the north side of our field-obscrvat01',Y, and tile t-0mperaturc was noted ernry fifteen minutes 
<luring \be eclipse. At half past U a. m. the tliermometcr;; indicated G(j8 , aud at 30 minutes 
past 10, or about five minutes aftee tltc beginning 11f the Pclipsc, the temperature was GfJO. ~.\s tlw 
eclipse Jlrogresscd the temperattire foll slowl,1· for au lwnr, aull at the time of totality it \Yas :JH0 , 

and so continued until tl1c close of the eclipse. Hall tlic wcatller l.lt•e11 elem·. th<' temperatun• 
would in all probability have fallen three or four degrees during the eclipsc. 

Just before the beginning of the total phase, a!1 01ieui11g through the cloud,; enabled me to 
obtain a good obsern1tiou of tlw firM i111wr cmitad, or time or total imnwr . .;m1. "·hicl1 wa~ recor<led 
hy the chronograph. 

The formation ancl rapid tliiiap1waranco of what are 11ow geucrnll,y k11c11rn a:s '·Bail.Y's bead:;,. 
were noted, ancl the effect was exceedingly brilliant and startling. Thesfl oliscrrntion8 were 111adc• 
with a Clark telescope, (cmnet-~eeker,) wl1ieh was eqnatoifall,'I" monnted. It.~ foeal lcugtlt \\'af' 

23'c s 
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about :.Ju iucheH, the aperture 3 inclies, aml tlic magnifying power wall !.!:J. '.l'his instrument, is tlrn 
property of the llar'\'ard College observatory, and l was indebted to•you for its use on this occasion. 

In wakhing the different phases of the eclipse, my eyes were protected uy colored glasses of 
different slrndes, ·now generall,Y known as " London smoke;" but no shade-glass was used in 
obsen·ing tile beginning of totality. 

A few minutes preceding the total phase, the force of the wind increased a little and lJlew in 
gusts, followed by brief lnlls, which at once reminded me that I had before seen a similar phenom· 
enon during the total eclipse whidt I had the pleasure of obRerving in Kentnck;\· on the 7th of 
August, 1869. 

Several large glass lanterns had ueen specially pruYilleu for use by the photographers and 
myself during the totality; but ::\fr. YYillard i1referretl coal-oil lamps, wb ic111 ver.Y nnfortuuatel_y, were 
not sufficiently protected from the wind, and all his lights were quickly blown ont, wlien a messenger 
was dispatched for my lantern, wliich I promptly sent to l\ir. \'i~illard. "~bile I was engagc<l 
in procuring another light for th<' purpose of in~pcctiug the chronographic record, the cmersion 
occurred; and, to my great disappointment, I failed to obserYe the second inner contact, or the 
ending of the total phase. From this time until the close of the eclipse tlw suu was seldom . 
visible, on account of den~e cnmnl118 aml 11imh1rn clont1,., ·which Jll"en~ntetl us from ubsPrYing thP 
fourth, or last, contact. 

The day closed with a Yiolent storm of wind auu rai11; but, foriunatcJ~·. all om instrnment11 
were quickly dismounted and plauell under shelter without serious damage. 

Observations for ascertaining the latitude of the eclipse-station were made by Capt. 0. H. 
Ernst, United States Engineers; and with the cheerful co-operation of Capt. Cecilio J>ujazon, 
director of the Sau Fernando observatory, arrangemeub; wi're made for determining the longitn1le 
of the Olh-ar station, by exchanging time-signals by telegraph, bnt the nnfayornble weather 
pren:nted tlte successful execntiou of these operations. 

Capt. Jos~ S. l\1ontop, chief of the Spanish Coast 8tn·yey, \-er,\ kiudly offered to cmrnect our 
eclipse-station witli the triangulation of the Spanish surn'~-s; and, iu a letter which I lla\·e 
1.'eeeind since I returned to the rniteu States, dated at Sau l?ernando, January 2G, Captain Montop 
informs me that t·he proposed obserYations had been completed, and, from his determinations, the 
geographical position of our eclipse-statiou, Olivar do Bneria Vista, h; as follows: Latituue 
:w0 411 36'1.4; longitude east of tlle observatory at San Fernando, 41 55{(.3, or, in time, HI'. 7. 

In the American Nautical .A.lmanac for 1870, tlte longitude of the Sau Fernando obserrntor~· 
is assumed to be 4i. 43rn 22".42 east of the meridian of 'Vashington, which loc·ates the Olivar 
eclipse-station 41' 43m 42'.l, east of the obsern1tory at 'Yasbington. 

In closing this official report, I again desire to express my sincere thauks to l\Iessrs. Davies, 
at Jerez, for tlJC many civilities rccei>ed from them; anti to Capt. Cecilio l'ujazon, director of the 
San Feruaudo olJscrYatorJ·, also to Capt. Jose S. Montop, chief of tl1e Spanish Coast Survey, my 
hearty acknowledgments are hereby presented for the official co-operation anti friendly attentions 
which they extended to tbe American Eclipse l~xpmlition in Spain. 

Yours, veQ· rei;pectfull,Y, 

Prof. JOSEPH \\'1:NLO<]K, 

Chief of American E<'lipse E.rpeditioii in Spaiu. 

GEO. W. DEAN, 
E;recntfrc ()_tf oc:-. 
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THE UNITED STATES COAST SClffEY. 

Pl1otogr.aplls.. 

i Dean 
I 

Willard .... 
... do ··---
... do ··---·-·····-
... do -----····------
Gannett --······---· 
Willard ............. 

.... do ............... 
... do ................ 
Gannett ····-······· 
Willard ______ 

__ .do -·-·····--·-··-
... do ··---------··-
Gannett ······------
Willard ............. 
Gannett. ---·····----
Willard ............. 

Uannett ·-·····----· 
Willartl ............. 

Dean ··----········ ' 

Willaru ....... 
Close of Ko.1-1 (') .... 

Lnknown ........... 

,, .... •lo -·-·-·········· 
Willard ............. 

,i bstract of the chronog1·a1Jltic rec01·d . 

.JEilEZ, 8P.u~, Decembm· 2'2, 1870. 

l{ercn'tlt~d t i11w~. 
CltronomPter. 

J~oral tinw. corri-ctionN . 

. --· ~--- ~--·-

h. m. 8. 1ll. '· '" ·111. 

10 48 42. 80 .,., jfi. 90 IO 2.:J 4;,i.!W 

48 16. 2-0 :;r.. 90 ~:; .rn. 30 

4!• 54. 45 .iG. 90 2~i :>7. 53 

jl 51. 30 .J(L 8\J 213 :;4, 41 

.)3 ''°· 1'0 
;)6. 8!} :io 5::1. !jl 

35 58. 9;; 36. 89 il:l O:?. !~Ii 

36 22. 05 :>G. 6~ :!'.\ 2.">.17 

11 00 51. 00 :>G. 8t5 :t7 !)4.12 

OS 5.1. 40 :>6. 86 4~, !)(i. ~.4 

10 07. 70 .56.~8.") 47 10. s.1 

11 13. 70 ;)ti. 85 fo Hi.1·.:J 

17 59. 30 5". 81 ;);) o~ .. 11; 

22 27. 00 i 5ti. 84 5U 30. 16 

22 29. GO .)(j. e:4 5!1 a2. 7ti 

~6 3:i.OO ~ti. i'3 11 0'.l :5C".1"7 

30 16. 30 56. e:J 07 1!1. 48 

:n 42. 55 ::>6. 81 12 45. 7-.t 

12 OU 
31. ''° 56. 75 46 37. 7.J 

10 OJ. GO .50. 7.j 47 O~- 2:1 

H 02. 30 t;ti. 7-t ;a 03. 5() 

14 03. rn !">fi. 74 .)1 OG. »<i 

11' 01. 60 :iti. i4 .-.:~ (U .. Ffi 

16 o;. 40 ··----······· ;):~ 10. 6E1 

w n.ao :)li. j 1 5;-1 21. Oli 

31 37. 30 5fi. ';0 ];.! H 40. ()U 

l~Pmarl:--. 

At 1/1(' tin1« 11f ul1~('1'\'i11g the 
firHt t:ont<-o1ct I P"timatell ihat 

the ti ml' ree-ol'ded 0111he chm-
no.~raplt wa~ tlm·1 :-)t'COIH1:'. 

late-(;. \Y. D. 

Fir:-;! iu11cr l"IH1tctn '""""' \\t•]] 

olis1•rn·d.-G. "·· ]l, 

------------ -------- -- -~-- ---· ---·----
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APPENDIX No. 14. 

HEPOHT OF OBt>EJffATJOS OF 'l'llE ECLIPSE OF nm SCN or l>ECElllBEH ~:l, ld70, JJY DR. c. 11'. F. 
PETERS, DIHECTOI1 OF THE LITCHFIELD OBSERYATOHY OF HA'\1ILTON C'OLLEGE. 

DEAR Sui: I havf' the 11ouor to repol'l upon my participation in tlw olisernitious of tlJC solar 
eclipse of 22d December, 18i0. vYhen, on !Jeing appointed a member of the United States Eclipse 
Expedition to the Mediterranean, I recei\'ed tl1e gratifying order to accompany the party that, under 
,\,our pen;onal leadership, was to lw stationt>!l iu Sicil,'I·, I bel1ehl tliat, besitlt>s co11trilrnting my share 
in the astronomical obseryatiom:, the particular dnty eamr necessarily to me to bring to hear wlrnt 
lmowlellge of the eonntry. acqnire<l thn<> l>.r a longrr sojourn in former years, might he furthering 
the 1mrposl' of th<' expedition. It is ronso1iug· to me that while, in the former, the scientific 
iurnstigation, by a freak of the weather only a very partial sm·c<'ss foll to my lot, for the rest, my 
company at least indirectly has l>een, as I ho1w, of some usefnlne8s. This, ho\rnYer, for a great 
part, is owiug to the characteristic hospitality and n~adiuess to assist of th~ citizens of Catania. 
The names of some of the gentlernf'n \\'110 1hns lrnn• l11•pn of speeial help to ns I shall take the 
pleasure to mention below. 

In the preliminary prcpamtimrn at lwuw l <lirreted my attention to Jit my apparatus with the 
purpose to permit case anti effectiveness for inYestigating the solar a1)pendages by direct vision. 
The eclipse of August, 18G9, as ohser\"cd by myself and the members of my party at Des Moines, Iowa, 
had intimated so clearly a certain structural arrangement, both in protuberances and in corona, 
that a closer scrutiny of these phenomena seemed to me particularly desirable. I bad at my 
position an excellent tele1'co11e of Steinheil, of four inches aperture, five feet focal leng·th, the gift of 
~fr. Litchfield on occasion of tbe prece1ling eclipse. Its ohject-glass is of exquisite perfectiou; it has 
powers ranging from 40 to 300, and is et1natorially mounted, with setting-circles aml tangent-screw 
for rigbt-ascensional motion. I ha1l uow made, in addition, (hy l\Ir. Ch nhbnck, of Utica,) a slid(', 
which holds simultaneously U1ree of the rye-pieces, so that, by the touch a Rpring, the power may 
be changed from the lowest to the hig·hest almost without loss of time and without fear of 
deranging the position of the telescope. Thus, when all the three eye-pieces are adjusted to focns, 
and an object is seen near the center of field through the lowest power, in less than a second the 
11ighest magnifying-power may be brought to bear upon it. The consideration that nebnloo and 
gaseous bodies like comets usually reveal their various features only when viewed anti examined 
under varied proportions between light and power, led me to expect much of the described 
arrangement in scrutinizing the luminous appendages of the sun. 

:Moreo\"er, near to and at the side of the ordinary small seeker carried by the tube, (magnifying 
about nine times,) I had attached one of those beautiful little instruments called "band comet­
seekers" by Steinbeil. The one in ruy possession, only six inches long, magnifying two and a ha.If 
times, with an aperture of one incb, lms a field rather more than 170, which enables the observer to 
take in at one glance the whole of the eclipse-phenomena, eYen to the remotest rays of the corona. 

These together, therefore, may be said to represent, upon one and the same equatorial stand, 
tiv~. separate telescopes, differing in power and extem•ion of :field. 'J'he small seeker alone had a 
sun-glass; a wedge of neutral tint could be applied to either of the three eye-pieces of the large 
tube for graduating the light according to circumstances. 

The instruments were packed in four boxes, and went~ with the other instruments of' the 
expedition, from Liverpool by sea directly to Messina. As it was your wish that I might be early 
in Sicily to reconnoiter for the observing-stations, I left Clinton on October 29, and arrived at 
Linrpool on No-vember 14. Then, after a few days' sojourn in London, where we conferred with 
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~Ir. Lockyer aml !:!Ollie of t!te otl1er English ohserHrs, l;y t lie was of 8ontLarn1Jton, Gibr·altal', 
aud Malta, I reached Catania ou Decemher 7. Here I had tlie pleasure of meeting l\fr. Charles.\. 
Schott, alreads arriled two <lass before; also tlw Italian obser•ers were already on the spot, 
centered at Angosta, an<l Professor Cacciatore, director of the obseiTator,y of Palermo, and \'i('c­
presiclent of tlie Italian commission, uirected a gre(•ting dispatch of welC'Ollli' to thr .\ merica ns ou 
Sicilian soil, which was duly respoudeu to in J\fr. Schott's au<l my uamf'. 

The following dnys were Rpent in looking· at localities in tlie ueighLmhornl of Catauia: wl1ere 
the instruments of the various observers might be established, aud 1 extewletl my reconnoitering 
trips o>er the slope of l\Iount Etna, and as far as Lentini anu Carlentini. The zone of totality 
(as indicated also 011 the accompanying sketch) covered tlrn whole sontlieast corner of the island 
of Sicily, including Cape Passaro, its nmiheru limit iuter:-;ecting the east shore of the island a fe\\· 
miles umth of 'l'aormiua. It woultl have been of some interest if obser•ers coul<l have been 
stationed along the wholP coa1't :from Cape Passaro to Taorrninn, forming- a line nearly at right 
angle to tlie patlr of the nroon~s shadow, and exten<ling nearly across the whole width of it. 
Yarious circumsbmce81 however, combiued to pre,·eut this scheme. Transportation, especial!~· i11 
the southern part of the island, is still n:-ry difficult, no carriage-mad leadiug to Cape Passaro or 
its surrouncli11J!,·s. Already, for this reason, the more ponderons inRtruments were necessarily 
restricted to the neighborllooll of the largPr tmYllfi. ::\forc•on'r, tlie photographic and spectroscopic 
a1lparatus, besides 11eeding a longer accurate preparation nml nl,justmeut in a firm position, were 
to be stationed not too far from thP. central line of totality, in order 11ot to ha\·e too much curtailed 
the duration of two minntes iu maximnm. Fortunately, there were the three towns of Angosta, 
situated Yery near the central line, anu Syracuse aml Catania, about l1alf way :from it to the 
southern and northern limits respectively. Tile Italian astronomers hall establif;hed themseh·es at 
Angosta; at S,yracuse was tlw party of tlle United States Sa\·al O!Jserrntory; for our photog­
rapherB, ancl as hca!lquarters for timP a1Hl latitmlP ohserrntions, the hrst opportnuity was pre 
sented at Catania. 

There remainrtl the distribution of the portable telescover; fur ui1·ect e~-e-olJsei·,·atiou, which, 
supplementing tile spectroscopic investigation in this <"Clipse7 it was hoped would essentially 
eontribnte to solY'1 the enigma of the natnre of the corona. Between English and Americans now 
united, t11ere wPre 011 ha11d, rnepared for tllis purpose, obsen·ers suffi<:ient in number to attack thr 
corona from stations situated more or less rccentrically across the whole zone of totality. A still 
more promiRing arrangement, howm·cr, seemed to l>t> offered spontaneously hy .Mount Etna. 
Usually7 this mountain becomes snow-co,·ered, and ceaHes to be accessible beyornl the" regioue 
nemoroi::a" in the latter half of October. 'l'his year the mountain was quite exceptionally free of 
snow. I saw distinctly the Casa Inglese entirely free only iwo days before the eclipse. It seeme1l 
as if thus the mountain itself invited the obserYers. The idea of haYing a series of stations with 
lesser and lesser uensities of atmosphere (at the Casa In!lese the barometric pre::isurc is only 
54.011n 11 , or two-thirds of that on the Jeyel of the sea) was too tempting; it would put decisively at 
rest tbe question whether the corona is simply an effect of our atmoBphere. Conseque•itly, a num­
ber of forces were dispatched for the slope of Mount Etna, arranged, so to say, upon the thin! 
co-ordinate-that of altitude. The llighest point w:-is reached by General Abbot, t:'nited StateR 
Engineers. 

I have trietl to represent in one \'iew upon tlie accompauyiug sketch the final disposition or 
all the stations in Sicily as tlley were occupied by parties of the various 11ations co-operating. 
'!'here ma;y be placed on record yet, as near as I <~ould ascertain, the names of the obser•ers ot' 
each station. 

I. l'l'ALIA.NS : 

.. 111gosta.-Oacciatore, Secchi, Donati, Blaserua, Agnello, De Lisa, Pltotograplrer Tagliarini. 
Te~·1·a ..\"':uora.-P. Tacchini, Lorenzoni, Legnazzi, Nobile, A. Taccllini, Diamilla :\IiUJer, Serra. 
Slope of llfmmt Etna, (in about 8,000 feet eleMtio11.)-Count Scbio. 

II. AMERWANS: 

Catania,, (Garden of the Benedicti11es.)-Schott, Lane, Photographers Fitz, Uhapman, Burg·ess. 
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Catcnia, (cas,i1w di St. Gi1tliano, elevation about 500 fect.)-B. Pefrce, Superintendent, Cbarles 
Peirce, with Mrs. C. Peirce and Mrs. Parsons. 

Oarlentini.-Watson. 
·lllonte Rossi, (elevation 3,120 jeet.)-Peters, Eim beck. 
Slope of Mount Etna, (elevation 8,000 /eet.)-General Abbot. 
Syraeuse.-Tbc party of the United States Naval Observatory, Harkness, Hall, Eastman, and l\Irs. 

Eastman. 
III. ENGLISII: 

Catania, (Garden of tl1e Renetlfrtintw.)-X. Locl\,rei- and Mm. J,ock,rer, Heahroke, ()umming, 
Thorpe, Pedlar. 

Angosta.-A.dams, Burton, Clifford. 
Near Villasmunda.-Ranyard, Samuelson, Brett. 
Syra.C"Use.-Brotlters, Fryer, Griffiths. 
Slope of Jtfouut Etna, (Casa Terentina del Bosco, elemt-ion 5,500 feet.;-Uoscoe, Bowen, Harrii;;, 

Darwin, P!1otographer Dr. Vogel, and Professor Silvestri of Catinia. 
I come now to report on my part taken in observing the eclipse. With your conseut I located 

my station on the western top of the Monte Rossi di Nicolosi, on the identical spot that had formed 
a point in the triangulation of Mount Etna made years ago lly Baron Sartorius von Waltersbausen 
and myself. The immortal Gauss himself, for his own pleasure, in a leisure hour, had submitted 
our triangles to hiR theory of cornpenRation, and derived the most prolmble vahies for the signal 
on l\fonte Rosi;;i: 

- 12776111 .051 north; 
+ c;o9om.214 west; 

conntcd from center of dome of the 111011astery of S. ~icola de' PI>. Beneuettini at UataDiH. 
The geographical position of the latter place was ascertained by myself at the time, aud lmi; 

lJeen redetermined by Jnr. Schott on this occasion. The co-ordinates stated, when reduced iuto arc 
b.Y meaus of Bessel's constants for the dimensions of the earth, will he-

ll' 54".45 north, and 
4' 811 .lS=lG•.r,45 west of Catania; 

and the elevation above the leyel of the sea we ha<l determined trigonornetrically at 94Sm.7. 
You allowed me the assistance of Mr. Eimbeck. We started from Catania early on Deccrul.Jer 

< 21, and completed the last preparations at Nicolosi that same aftei·noon; in which_ was of much 
use to us the :young Doctor Bonanno, a native of the place, who also gave us his company upon 
the mountain the following day. Nicolosi is the last village on the southern slope of Mount Etna. 
707m above the sea, whence to the top of Monte Rossi is about an hour's walk. 

Mr. Eimbeck was provided with.one of the Munich portable spy-glasses, (12 lines aperture, 
magnifying from five to six times,) and I used the telescope described above. Mr. Scbott had given 
us one of the Coast Survey chronometers, (Sid. Cbron. Hutton, No. 208,) which was compared at 
Catania immediately before and after the journey. Besides, in order to be independent of any 
change of rate the chronometer might suffer by transportation, it had been concerted between Mr. 
Scliott and myself to exchange signals by flashes of light, as a sort of heliotropes, using a couple 
of common mirrors that were brought to reflect the sun's rays in the direction of our stations. The 
moments when the light was withdrawn by a sudden turn of the mirror were noted with om 
respective chronometers. The signals were given before the beginning of the eclipse. Though but 
few of them, as was found afterward, could be made use of, either on account of indistinctness or 
from uncertainty of identifying them or from want of correspondency, still, the precaution of a 
check proved of some "\"alue, as the rate of the chronometer of Monte Rossi really appears to haxc 
changed considerably. 

The weather on the day of December 21 was fair, and promised a good success. In the after· 
noon, bowe-ver, I was forewarned by my old friend, the venerable Dr. Giuseppe Gemellaro, the 
"guardian" of Mount Etna at Nicolosi, that the ·barometer was going down; and, indeed, toward 
e"\"ening cloucls arose, the sky became overcast, and later it began to rain, storming during the night 
pretty heaviJy. The rain lasted still at 7 o'clock in the morning of the momentous day; but then 
it ceased, tbe clouds broke, the veil lifted itself, and Mount Etna stood there in glorious and 
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beautiful cleamess-suow-clail uow, as if it had exehauged its dark hue of yestenla,y for a \YLite. 
holiday dress to honor the occasion. Quickly the mules, that had been kept in readiness with their 
pack-saddles, were loaded with the instrnmeuts, and gay-hearted we ascended to the top of l\lontc 
Rossi; for the weather seemed to I.Jave exhausted its wrath, :rnd everything went 011 prornising 
beyond all expectations. Signals for time were exchaugetl with Mr. Schott, the sun shining lnight 
through the purest sk~-. Hy the Yillage-carpenter, whom I hacl hired to assist, the parallactic top· 
piece of the telescope was mounted on a wooden base. The axis I adjusted approximately to tlie 
meridian, pointing it by the eye a little east of the :Moutagnuola, (an eruption-crater of 1 rn::,) when' 
from "\Yaltershausen's chart I judged the meridian of Monte Rossi to pas:-;. 

The beginning of the eclipse was not•~d at-
1si. 4om 50• chronometel'-tilllP: 

= 18 :~rn ii3 .!J sidereal time ; 
= 0 36 36 .4 mean time. 

I am not sure, however, I.mt that this was too late b,y some seconds; for the strong umlnlatious 
which agitated the sun's lirn b may have concealed the real indentatiou of the UJOOJJ upon the dbsk 
:'>everal seconds before I became aware of it. Besides, though the instrument was placed on tl1e 
side sheltere(l by the top, it was not quite exempt from being shaken hy curn'nts of wind, tu which 
that rather isolated peak il'.l freely exposed. l\fr. Eimbeck, with his smaller glass, obserY('<l tl1P 
firflt co11tact at-

181' JOm 02'.5 chronometer-time: 
=18 39 56 .4 sidereal time; 
= 0 36 38 .9 mean time ; 

and estimates that the true coutact may have occurred about two Ol' three seconds earlier. 
During the partial eclipse, while smaller and smaller was growing the solar crescent, tile moou'15 

edge was always .-ery steady ancl sharply defined. A great many people hy and by had gathered 
around ns-one might almost say the whole male population of :N"icolosi had climbed the mountain· 
They were most order]~- and respectfnl, howevPr, and remained modestly at the distance, beyond 
the-limits marked off by two American flags; so that there was hanlly need of the guard of three 
gensdarmes, whom the hitenr7rnte of the province of Catania kindly hail had the foresight to order 
to accompany us. 

Mean while a Yery suspicious-looking cloud came crcepiug around the northwest corner along thl' 
slope of l\Iount Etna, drawing alarmiug·ly nearer and nearer in proportion as the sun's sickle be­
came narrower. It was a quarter of an hour yet until totality; already I saw our companions at 
the Terentina enn:loped in dense mist; five minutes later, and witlt a gush of wind, down came 
upon us rain-drops with hail and sleet, so that for protecting the object-glass I had to put the cap 
on. This hail-storm had the effect of dridng the crowd of people precipitomil,y 1lown-l1ill towarJ 
home. The mi1mte for the commencement of total eclipse was fast approaclliug-; those were 
moments of great auxiet~'· There is hope yet! I see the eud of the clond ; there is clear sk;\- below 
it, on the horizon in the northwest How slow the cloud moves! hut the cle:ir spot iR widening. 
"Tirue is up!'' But,, perlrn1ls, there is a11 error in the computation, for the darkness is no 
greater yet than any thick dense cloud alone would produce; we can read the chronometer all th!' 
time with the greatest ease. Throwing our e,re;; again upon that clear opening iu the nortl1we . .;t, 
\Ve behold it considerallly enlarged, but shiniug now witil a peculiar sombre, greenish-gray tiut, 

that casts oYer the whole landscape a certain awe. It"is the tinge produced by the shadow. There 
can be no doubt the tohl eelipse bas begun. The cloudy vail is rapidly gliding away: its follow­
iug edge is a1lproaching the place wliere the star of the day must stand. ". e are read,v- with our 
telescopes. Now, on the clou(ly rim, it briglitcus. '' Yenus ! " my assistant eaUeu out. ~'-las! it 
was not Ven~is, but a small crescent of the re-appearing sun; my more powerftll magnifying-glass at 
the same instant revealed it too clearly. Totality was passed. With a disappointment, made only 
more_pa.inful by the thought that three minutes earlier would have sufficed for witnessing the entire 
phenomenon in a cloudless sky, I rcsigncu myself to dismount the instrument. l\Ir. Eimheck noted 
yet the end of the eclipse at-

21h 24m 4•.o chronometer-time: 
=21 23 7 .5 sidereal time; 
= 3 19 23 .2 mean time. . 

1'he correction and rate of chronometer have been adopted as comput~d by Mr. Schott. 
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At Nicolosi we joiueu our compauious from the higher stations on ::\fount Et11a, who, equally 
unfortunate, moreover had had to sustain a greater degree of inclenwncy of the "Weather. Late 
in the evening "\'fe reached Catania. 

It may not seem amiss here to touch shortly upon the h;\1)othesi8 ail nrncPtl h,y some at tlw 
time, that the clornl interfering- with onr observations in Sicily just at the critical moment, cominµ: 
and passing by almost as rapidly as the obscuration of the o;un, possibly might ha Ye been prodnce1l 
by the eclipse itself. The moon, it was argued, interposing herself before tbe sun, hence Rhntting· 
off the solar heat, effected a cooling of the particles of air: aml comlenserl the Yapors in the line of 
the shadow. lndl1erl, if we incline to adopt the explanati011 advanced hJ· a tlistingnished pll,rsipist 
of tl1e origin of tlte solar spots, arnl in particular of the formation of tl1c nuclei of the same, 'we 
might here find au analogon. But if such was the case, if an eclipse was capable of producing its 
own cloud, why is it that a total eclipse ba!' ever been seen at all? In the present instance, the 
data are at hand for subYerting that hypothesis. The Yarious series of meteorological obserYatio11s 
since published show unmistakably tllat the atmospheric presi-;ure oyer almost the eutire lmsiu of 
the :\Iediterranean hegau to diminish already on the day before the eclipse, the barometer thereupou 
contiuui11g to fall steaclily. The cloudy aud stormy weather experienced, therefore, was preparing 
long before the Pclipse began, aml we can see nothing extraordinary in their coincidence. The same 
may be said likewise in regard to the yariatio11 of tlw magnPtic necdlP o!Jserve<l h,r the Italian 
party at Terra Xuova. 

In concluding this report I think it my duty to record the name::> of the gentlcrne11 who, with so 
much kindness and disinterestedneso;, furthered our untlertaking in Sicily, and who therefore have 
a just cl aim npon science for gratitude. 1n· the first place, among these I must mention the l\Iarqnis 
di San Giulia110, who, besi<les endeavoring in many ways to make the sojourn at Catania personally · 
pleasant to the members of the expedition, offered liberally, if desired as obserriug-stations, the 
comfort of bis villas at Yiagrande, at Yil!asmuuda, and at the Oarcarazzi aboye Catania. Of 
these, the last one now lias a place in science throngh the obsernltions made there by the Super· 
i11tendent's party. The aid of Mr. A. Peratoner, commlar agent of the United State8 at Catania, 
was frt-quently called into re11uisition, too often pei·haps in quite trivial matters. He gaYe his assist­
ance assiduously; for this and for his other acts of kindness, a grateful memory remains with 
e>ery one of us. l'rof. 0. Silvestri, whose zeal and interest in the good success of the obser­
Yations may be inferred froru his imrticipating in the hardships of one of the Etna parties, gave 
important assistance to our photographers by the use of his chemical laboratory. To my tried 
friend, Prof. G. Zurria, I owe much Yaluahle information about loca1ities; he contributed to 
Professor "'atson's good success by procuring a letter of 1ntrotlnetion to the hospitable J'vlessr8. 
:Modica, at Carlentini. Many other gentlemen aided us in Yarious ways, to name all of whom singly 
would be impossible. Our thanks are due for a standing inYitation to visit the rooms of the Casino 
aml of the Gahinetto letterario Gioeui. The cindario of the city of Catania, Signor )farchese di 
Casalotto, to whose antl10rity the abolished convent S. Nicola of tllc Benedictines now is subject, 
was alwa~·s anxious with prompt m·ders to satisfy our wislies. From the Sicilian custom­
house officen11 wc experienced the greatest politenesi:;. The Italian g0Yen11ne11t, as is known to 
~·ou, liad giYen direction for the uudistnrbed entry of oar instrument-boxes. The same liberal 
spirit pervaded the intenilente of the province in provi1ling that we might do our work unmo 
Jested. And, in thanking you, dear Rir, for ha\:ing offere<l me the occasion of seeing again a country 
that I had once seen sobbing under political absolutism, I may not omit to mention-if it does not 
seem impro1)cr in this place to speak of one's sentimc11ts-how, in looking clown from the top of 
)fonte Hossi over tlle plains, I could not help feeling with joy that we, from t!Je lanu of freedom, 
had come to a country not only blessed by nature in every re8pe<'t, bnt, 11ow, free too! 

Yours, very respeetfnlly and trnly, 
C. H. F. l'l<J'l'EU8. 

Prof. BENJAMIN PEIRCE, 

Superintendent U. 8. CoaM Surrey, Cltirf of U. S. Eclip.~e E,1:pedition. 
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APPENDIX No. 1 5. 

ON THE ADAPTATION OF TRIANGULATICN8 TO THE VARIOl'8 COND1TIONS OF CONFIW"RATIOC\ AX]) 
CHARACTEH OF TIIE SlTIU'ACE OF COUNTHY AND OTIIEH CAUSES.-HEPOHT TO l'HOF. IlEN.JA~llN 
PETUCE, SUPEIUNTENDENT, FEBRUAHY 20, lil7:l, BY CHARLES A. f'CHOTT, Ai-iSlSTAXT l'XITEU 
STATES COAST SUlffEY. 

\Vhate>er may be the design of an~· g·eodctic operation, wliether to sun·e;y a portion of the 
entire surface of a country, or onl,y its coast or boundaries; or whetLer its purpose is to rnemm1·e 
arcs of the meridian, of tlie parallel, or inclinations in any azimuth, (as a contribution to the data 
for ascertaining the figure of the earth,) it mnst be based upon a triangulation, the gTeater or le><s 
complexity of which will depend chictly and necessarily on the bypsometrie features of the 
country and on the nature of its S'.Jrface. 

The adaptation of a triangulation to these Yal'ious conditions~ aud, at the same time, payiug 
proper atteution to accuracy, economy, aud rapidity of execution, requires special consideration in 
each case. Before discussing these conditions more closely, howoycr, it will be advantagcons to 
refer briefly to the different kinds of triangulation. For the sake of convenience they ha\~e been 
classified under the heads primarj·, secondary, and tertiary. These may be defined as follows: 

Primary triangulation is cl.Jaracterized by the maximum deYelopmcnt wllich tlw configuration of 
the country admits of. Its sides, tlterefore, may frequently exc:eed 160 kilometers (about 100 
statute.miles) in length, while they ramly des.ceud below 30 kilometers (about rn miles) for sligltUy 
undulating i;;nrfaces, and never below :!O or j.'J kilometers (about 1j or li:i miles) in perlh~Uy leYt'l 
countries. Primary work is executed with the greatest possible accurac.Y, mid tlw uncertainty iu 
its resulting linear measures should he less than iio.'.uo of the lengLlt, (which represents au error 
of about one inch to the mile.) To reach a higher staudard of excellence, as for instance ziiiluiii•, 

or eveu a smaller fraction, requires the application of the most refined means at our djsposal. 
'l'ertiary iriangulatiou, wliich should ue accommodated to the wants of the topographer an!l 

the 11ydrographer, practically brings its sides down to the minimum length demanded for pla111·· 
table work on a large scale, (about 7,- 1,100 to Ht-crn ;) tl1ey may be as short as 1 ~ or :!~ kilomett•rs, 
(1 or l~ miles;) ordinarily the sides vary between 5 and S kilometers, (about a and 5 mi!N;.) 111 
this work an uncertainty of r.tliiii in the rcsultiug distances is not commonly considere<l ex:cessin1, 

Secondary, or tbe intermccliutc, triangulation simply effeets a connection between the aho\·e 
extremes. 

Any one of these classes of triangulation may form a distinct 01· separate series, :mil tli1• 
primary class always docs so; or tbe secondary and tertiary may cover the same area as the 
primary, in which case they are directly checked by it. Any series of triangles (or corn bi nations of 
triangles) designed to connect t1vo distant positions, such as opposite boundaries, terminal points 
of an arc, or separate branches of a triangulation-for instancn, those running aloug a coast or up a 
river-shoul<l he constructed as a main or prillcipal series, aloug which dil'itauceR and azimuths an• 
carried forward in the most accurate (relatfrely) aud expeditions manner. 'l'hc terminatioH tJf 
such branclies is usually strengthened by the measure of a check-base and of au astronomical 
azimuth. 

If a country is to be cov('red wit11 a net-work of triangles, (or combination of triangles,) the 
question will arise how to aITange these in the most eftecth-e manner; we may, for instance, 
gradually cover the whole area with mntiguous triangles, (arnl combinations,) all measured with 
equal care, taking advantage of the surface-irregularities to expand to the greatest scale practicable. 

24 cs 
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This s~-stem has the disadvantage of leading rapidly into an unmanageable number of conditions 
to be satisfied in the adjustment of the parts, and this necessitates the parceling out of the net­
work into certain connected, yet in a measure arbitrary, figures, not too extern;ive to be separately 
adjustable; and the further gradual adjustment necessary to remove the discrepancies along the 
junction or boundary-lines of the contiguous figures. On the other hand, we may first surround the 
surface by a connected series of triangulation to sene as a frame-work in which other primary 
traiierse serieR may be inserted, and after adjusting this figurell ma.y introduce a second system of 
parallel series of triangulation intersected by others (best at right angles to the former) in order 
to cut or sulJtlivide the intcrjacent (rectangularly-shaped) areas left by the preceding system, ~nd 
to continue such subdiyision of areas until tlle whole surface is covered sufficiently with trigono­
metrical stations. In adjusting any system, the preceding one upon which it depends is taken as 
not subject to any farther correction. As in the first method, every adYantage must be taken of 
the natural facilities offered by the ground, and sometimes diagonal or tie series may be more 
advantageoi!s than rectangular connections. For the survey of a coast-line or boundary we may 
run a main series parallel to the general direction of the lines, and select for it the most suitable 
ground; ltttcral branches at intcn-als will connect t.lie main series witll the coast or boundary. A 
series of triangles following a mountain-range, or axis of elevation, may advantageously rest with 
one side on the crest or slope and with the other on the plane at the foot of the eleYation; but the 
most fayorable case is that of a Yalle;y, of the proper width in comparison with the relative eleva­
tions, and a well-shaped triangulation resting on the crest of the ranges or hills on each side. The 
most difficult ground to traverse for primary triangulation are heavily-wooded parallel ridges, closely 
packed, and of nearly equal height, running at right augles to the direction of the triangulation. 

The general direction and character of a triangulation having been decided on, we haYe next 
to consider its composition. A series may be formed of a single string of triangles, of a double 
string, or hexagons, (or of other polygonal figures,) of quadrilaterals, or it may be composed of any 
combination of triangles. Since any of these systems may find its llroper application, according 
to circumstances, a somewllat closer examination of their relative merits seems to be demanded. 

The plainest form is that of a single string of equilateral triangles, and is the one to be adopted 
when economy and rapidity of execution are the first requisites; the hexagons (connected either 
axially or binged) commend themselves when a large area is to be covered; aml a third form, that 
of quadrilaterals, offers itself as the one possessing greatest strength or admitting of the greatest 
accuracy. The relative value of the usually mixed systems may be judged from their characteristics 
when compared with the three simple systems just mentioned. 
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If we take for the unit of length the maximum distance at which it is advisable to place two 
stations for observation, in conformity to the nature of the ground, the efficiency of the instruments, 

•In general, to close any circuit, four equations must l!e satiMfied, which may be considered a.s arising from the 
following causes: first, the length of the connecting siclo must be tho same, whether we arrive at it from one direction 
or from the oppOf!ite one; secon11ly, the direction or azimttth of this line must be the same; thirdly and fourthly, the 
lati11ufr and the fongitrule of one of the end-points of the line must come out the same respectively. In the c&lle of 
primary trav rses, the circuits are mutually dependent, and require to be treated collectively. 
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and means at our disposal, we may estimate the relative value of the t11ree :-;ystcms nuder yariom; 
aspect by examining their re:-;11lts fur :a gfre11 er1ual ,length. Since nine eq11ilatPral triaHgles, 
reaching to fh'e units, carry us 1warly as far as three hexagons, (3 vJ = ::i.20 m·arly,)and slightly 
surpass seven quadrilaterals, lmdug (liagonals of unit-length, (7 -11=4.9.:i ucarly,) a length of fiw 
may be taken as a convenient mea.'lnre of comparison for efficiency. ' 

The following table exhilJits such numbers as are required for comparison : 

., ---·------· - ---·---------------~----··-
I 

I 
System .. 

I I. I 
I 

II. I 

llf. 

! 
I 

'·---------------·I ___ _ 

I 
Tr-iangles, c?nilatc>raL ......... I 
Hexagons, hmgnll. --- . ------- .. .! 

_:_~inmlril~erals, S<Juares ,._ ...... ·I 
·--------------" 

Composition. X'L <Jf 
I Total No. of I~ngc. I lenath of 

I_ Area. --statious. i e-ides. oornlili1m~. 

I 
11 19 I '1.5 

5.2 17 34 

I 
21 

4. 95 10 20. () 3.:-i 21-· 

-----------· 

\Vith respect to the number of stations to be lJuilt up or occupied, system I is the most f:woralJlt', 
aud II and III are almost equal; with respect to length of sides, of special importance when lines luwe 
to be cut through l1eav,\· woods or bm:sh, system 1 is least unfa,·orahle and SJ·stc-m III s]jghtly better 
than s~·stem II; with respect to area cm·ered, system II is by far the most ad>antageous, the otlier 
systems showiug hut 011e-l1alf and less, than tlie hexagonal; this s_ystcm appears, therefore, best 
adapted when sprea1l of triangulation ii' most desirable; !Jut if axially arranged, the hexagon sare 
lt>ss favorably dii;posed, lJeiug IHtrrower and lacking the salient poiuts of the ordinary eounecti011. 
·with respect to the n um bcr of gc.ometrical conditions, •system Ill is tlie most fa\'orable, and, with 
tliesc conditions sntisfied, will couscqueutly be capa!Jle of giYing the greatest relative accuracy. 
Strength, however, is here gained at the expense of area. Generally, for comparatively flat stu­
faces, the hexagonal, and for cou11trieil tra>ersed by mom1tain-ranges, the quadrilateral system, may 
be employed with ad\Tantage, while for rapidit,\- of work and cheapness a string of single triangles 
is unsurpassed; yet, howeyer complicated, mixrn1, st.retched, or distorted the actual scheme may 
be, we alwa~'S keep in view that the greatest care is to be giyen to the measures connected with 
this main series, while at Uie same time due attention is paid to the secondary objects, thus saYing 
re-occupation of the primary stations in connection with subordinate oJ)erations.t 

Two other systems of survey may here be noticed, designed to meet the special diflicult~- where 
want of breadth makes the ordinary methods ina})l)Jicablc. Their use a11plies to the. case of a 
narrow sea-beach fringed with woods which it may be undesirable or impracticable to penetrate. 
The system first to he described, and which has been successfully employed on certain parts of onr 
southern coast, consists in actually measuring a series of connected lines, as in base-measures, 
either with rods or wires, the termini of each line being at the nia.rimum distance admitting of 
intervisibility, aml in measuring the angle or difference of azimuths at each junction. Each one 
of such lines may be composed of a number of broken lines, but the parts are referred to the single 
straight line at which angles are measured. Owing to the expense of line-measures, the application 
of this method is limited. Iu the secoml auxiliary method, due to Strnve,t this objection is met hy 
the substitution of a number of small base-lines-that is, one for each long line-and located so as 
to be at right angles aml bisect each other as nearly as may be, thus forming a series of greatly 
drawn-out quadrilaterals. The horizontal angles are then measured at the ends of the little base, 
also at the terminal points of the long line, the length of which thus becomes known. The base 
may be from one hundred to several hundred meters iu lengtb, and that of the long line or diagonal 

*If in system I, n =number of stations, not less tlmn 3, the;_;~umb;-~£-;;;;;;diti-;_;-ns ~11 - 2; for Bystc;-Il, 
. . 711-14 

n = number of stations, not less than 7, and forming complete hexagons, numhcr of conditions= --f-, -; for system 
III, n =number of stations, not less than 4, and forming complete quadrilaterals, number of conditions= 2" - 4 . 

• t Jn the measures of directions at a primary station, should a line offer ~pecial difficulties from its great length or 
want of trnnsparency of the atmosphere, the expodient may be adopted of erecting a signal at a moderate distance in 
the directi<>n and measuring micrometi~cally the angular diifcrtince of the two objects untfor favorable circumstances. 
The use of so-called referring-objects is not recommended, us it unnecessarily increases by onti the number of directions 
to be fixed. 

t Astronomische Nachrichtcn, No. 3:16, (1837.) 
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may be from ten to fifteen time;; that of the base. Azimuthal differences are measured as before, 
and the computation of tlle latitude and longitude of the t>0i11t8 is effected as in ordinary triangula­
tion. TLis last expedient may lJe of occa;;ional help when 011erating on shores obstructed by water­
courses, lagoons, or swamps. Islands or rocks, lying oft' shore at no great distance, frequently 
sn1iply tlte means of carrying a subordinate series of triangulation along shore. 

The following remarks on the leugth of primary lJase-lines, and on their mutual distances, ma:y 
find a proper place at the conclusion of this paper. In the present state· of practical geodesy, 
primar,y base-lines of a length of about 10 or 11 kilometers (nearly G:\ statute-miles) represent a 
fair aYerage.* The intervening triangulation varies greatly in length. This depends principally 
on the size of the triangles and on the accuracy of the measures; ;yet ordinarily any two primary 
lJasc-lines may be found separated 'by a distance from fort~' to eighty or e\"en one hundred times 
the average length of a base; that is, from about 400 to 900 kilometers, (about 250 to 560 miles.) 
Tertiary base-lines are usually between i and 1~ kilometers (about:! and 1~ statute-miles) in length, 
and in a chain of tertiary triangulation not other'i\"ise checked may follow at intervalH of about 
!O or 70 kilometers, (nearly 25 or 44 miles.) 

The properties of a base-line, or, more strictly, of its theoretical eqnivnleut, have been but little 
investigated, and a few remarks respecting its definition may not here be deemed out of place. 

A base-measure may be conceived to proceed from· the starting-point A, on tho snrface of a 
8plteroi<l, in a plane containing both its vertical and the terminal poiut n, and to be continued so 
that at any point of it its linear element be situated in tlle plane passing through its uorma.l and 
through the termini A and B. A curye so traced will in general be of double curvature, and lie 
lJetween (excepting the case of A aml B lying on the same parallel) tbe two plane elliptic arcs a 
aud b, which result, the first from the intersection of the spheroid by the vertical plane containing 
the normal of A and the point B; the second from the intersection of the plane containing the 
normal of Band the point A. Tbe element of the curve at. A will necessarily coincide with the 
arc a, and at B with the arc b, and the cune will be similarly related to these arcs; that is, the 
8ame curve will be traced out whether we start from A toward B or from B toward A. It bas, 
from its definition, the property that for any point in it the forward and backward azimuths diifor 
180°; and since the terminal points A and .B lie in the plane of its normal, the azimuthal plane 
must contain the chord or straight line joining A and B. The curve will also be marked out by 
the junction of the foot-points of normals let fall from every point of the chord to the surface of 
the spheroid. The curve, being situated apparently in a direct line between the terminal points, 
may be distinguished by the name" direction-line," the name base-line liaving been given to the line 
actually measuretl, and which is composed of a number of straight lines. Doctor Bremikert per­
tinently remarks that the name "geodetic line" should properly have been gi \'en to this curve, since 
it actually enters into the two fundamental geodetic operations, viz, the linear and angular meas­
ures; the latter on account of the tangency of the curve to the plane of the arc a in which the line 
of collimation of a theodolite stationed at A is situated. The name "geodetic line," however, is 
already appropriated for the shortest line (and which does not always lie between the arcs a and b) 
that can be drawn between two points on the surface of the spheroid, and which differs in direc­
tion from the curve here considered. 

• Tliirteen lines of the Coast Survey average 6.2 statute-miles; ten of the Indian trigonometrical survey, 6.6; and 
seven of the English ordnance survey, 5.9 miles. 

t Stndicn Uber huhere .Geodii.sie, Berlin, 1869. The name "field-line" is suggested by Doctor Bremiker, who gives 
the e<1nation to the curve on page 66 of his pamphlet. 
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APPENDIX No. 16. 

DESCIUPTION OF A NEW FORl\f OF ::\fERCTJRJAL Homzo~, IN WHICH YlBRATIQ~tj Al:E ~l'EEJllLY 

EXTIKGUISHED, llY J. li0)1ER LANE, OF WASHINGTOK, D. C. 

In the operations of the Office of Weights aud :Measures, occasi.rn bas ariseu for the nse of tlw 
collimating mercurial horizon. This is not the place to report upon the special use to he ma(lc• of 
it iu this office; but an improvemeBt has been made in the mercurial horizon itself, which is likl"l~· 
to prove valuable for tbe purposes of practical astronomy. At the united request, therefore, of tlle 
Superintendent and Assistant Superintendent of the Office of \Yeights and ::\Ieasures, I here com­
municate a description of it for the American Associatiou. 

'l'he improvement consists simply in reduciug the depth of mercury in the trough to a nrs 
small quantity. This extinguishes the oscillations or wa,·es, which otherwise, upon tlie slightest 
causes, disturb the reflection >Yhcn the horizon is used with a telescope. Tbe least (foptl1 with 
which pure mercury will o\·ertlow a horizontal non-metallic plane surface is a little O\'er one-eighth 
of an inch. If, bowe.-er, tile mercurial lake be left of this full depth, at au<l near its boundary, 
with room for the capillary cun·e, then, inside of this encircling space, the bottom of the trongh nw~ 
rise as near as we please to the level surface of the liquid. 

The first trough which we haye tried on this plau is the only one that lias licL'll used prim to 
this current week of the present meeting of the association. It was a woode11 trough, fornw11 i11 
the lathe, with a horizoutal circular plane or plateau, of six inches diameter, 011 n IPn:l so11wthi11g 
like one-sixth of an inch higher than the bottom of the deepest part of a margin of t,,.o ind1es wi1k 
all around it. The deepest part of this depressed margin was in the middle of its wi<lth, the ol•ject 
being to soften the horizontal shocks which may be commnnicate1l to the mercury; but I thi11k 
this is of little importance or value, since the capillary boundary will still he the origin of ripples 
produced by vertical shocks. The ripples of the surface of a mass of mercur_y produce<l bj· trewors 
are observed, in fact, to have their origin mainly at the borders; and this is the reason why the 
central fl.at plateau of the trough was made so large. as six inches in diameter, while the clear aper­
ture of the telescope collimatetl over it was only from two to two and one-half inches in diameter. 

In preparing the horizon, the trough was first set very near1y horizontal by a spirit·lm·el. A 
sufficient quantity of mercury was then })Oured iu to oYerflow the whole bottom of the trough, at 
least with the aid of a little displacement. 'l'he large excess of mercury was then llrawn off through 
a small hole which had been made at the deepest part of the deepmwd margin, and elosed by a 
little plug. The mercury was allowed to flow until the level of its stufacc sank to the indicatiou of 
a gauge laid across the top of the trough, leaviug a YeQ· thin layer only on the plateau. The efiect 
of this artifice in curing the disturbance produced hy tremors was charming and complete. 

But to secure this effect, care must be taken that the depth of mercury on the plateau be 
reduced sufficiently. It is quite surprising to notice lww small a depth ii-; still sufficient to transmit 
across the plateau the little ripples that mar the sharpness of the retlection. I made no determina­
tion of the thickness used, lJut I think one-hundredth of an inch. is small enough. It is easy, hy 
gentle taps upon the trough as the mercury flows off, to notice when the ripples, with. the ilimiu. 
isbing depth, begin to grow sluggish, anu wlieu the point is reacllell at which tlw:r quickly die out 
on the Jllateau . 

.Although the depth is so small when this effect is thoroughly secured, it _yet Yery greatly trau­
imends the thickness of a mere bubble or film of capillarit.r, and, therefore, there il'l no room to 
anticipate that the surface of the plateau will haYe any influence upon the horizontality of the 
upper surface of the mercury. In point of fact7 the horizon above described has been nuder the 
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scyerest telescopic test, and yet the irregularities of the plateau were not sufficiently copied by the 
mercurial surface to mar tile definition of the object-glass. To the same purpose, I will state that 
on one occasion the trough was tilted slightly by pressme made on one side of it with a staff. 
l\lomentarily the mercurial surface tilted with the plateau by a large quantity, aR seen in the 
telescope; but the changed inclination of the plateau being maintained by continuance of the 
pressure, the mercurial surface soon settled, upon the inclined plateau, into its original position of 
110rizontality, any difference being at all eyents quite insensible in this imperfect experiment. We 
shall now, however, have opportunity to put this question to a more rigorous test with a cast-iron 
trough, which has just been completed, aml which, by the kind11ess of rrofessor Hilgard, Lam 
permitted to submit, through him, to the inspection of the association. ' 

'.rhis iron.trough has a circular plateau of about six inches in diameter. Tlte deepened margi11 
around the plateau increases the diameter to six and one-half inches. This deepened margin, at its 
nnter boumlar,y, is extended downward all around in a very narrow annular passage, to the depth 
of tl1ree-fourths of an inch below the level of the plateau, where it opens horizontally outward into 
au annular reservoir, oue-half inch wide, which surrounds the tilateau, and rises a fraction of an 
inch abo\·e it. Tl.tis an11ular resen·oir is closed air-tight aboYe, but is provided with a screw-vahe 
to coutrol the passage of air. 'Vheu this screw-val ye is opened, and air forced in through a flexible 
tulle with the n1011th or othcrwiflc, the mercury in the annular reservoir is forced through the 
auunlar pm;sage :,ind tlows over the plateau, and is snflicicnt in quantity to flood it throughout. 
Tlie~coutiuuit_y of surface over tlte plateau having been secured, the mercury is allowed to flow back 
into the mrnnlar resen·oir; and the whole quantity of mercury may be adjusted so as to settle to 
the depth that is desired ou the plateau. The rapitlity of this return-tlow of the mercury may be 
coutrolled by checking the escape of air through the screw-vah'e. Should any accident cause the 
breaking of tlw film of mercury, the arraugement here described affords the means of its convenient 
and speedy renewal. The film will uever break except by accident. 

'l'he screw-YalYe: can also he used to suspenrl the return-flow until the trough, which is furnished 
with loYelinµ;-screw,.;, can be 11wele1l hy the surface of the mercnry. 

'£he plateau should he IIHHlc of a material pervious to air, so as to allow of the escape through 
it of the small bubble of air which the mercury imprisous in completing its continuity at.the first 
tloodiug. '.rhe bubble docs indeed flatten out a good deal under the capillary curve, but the condi­
tions of the currnture fix a definite limit to tile diameter of the bubble, aud so to the smallness of 
its depth. Accordingly, in ex11erimenting with the cast-iron horizon described, it was found that 
tl10 tbin film frequently broke over this air-bubble. This drawhack was not encountered in the 
use of the wooden horizon fir>it made, although that had, I belieye, been varnished. The remedy 
proposed, yiz, the:use~of a material pervious to air, is more simple and satisfactory than any method 
which has occurred. to me of making the completion of' continuity take place oft of the plateau. 
Though cast iron is, in a degree, porous, it is doubtful whether it can be made sufficiently pervious, 
tJ10ugl1 this may yet be tried by removing .the outer film of the casting from the under surface as 
well as the upper, and avoiding all use of lacquer. 

'l'he objection to wood as the material of the plateau is the difficulty or trouble of conquering 
its rnriability of form. A plate of plaster of Paris can easily be substituted for the cast iron in 
that part. wltich forms the plateau, aud a little of the deprP,ssed border around it. Its comparative 
fragility will hardly be a Rerious objection in a fixed observatory. If plaster be the material chosen, 
the plaster plate wouhi rest upon an annular shelf formed in the iron skeleton by the lathe, and 
may be cast in its place by inverting the iron skeleton upon a mold or former. The skeleton may 
be at a relatively low temperature at the moment of forming the plaster cast, or other means taken 
to gu:wd against possible distortion by unequal expansion and contraction. 

The accorn1>anying wood-cut shows a vertical section through the center of the iron trough as 
it has been made. A A is the plateau, cut clown around the border so as to le.ave space for the 
cun·e of capillarity, and for a considerable mass of mercury beneath this curve. The falling away 
of the plateau shoulcl,.begin at a distance of not less than four-tenths of an inch within the wall 
that confines the mercury. BC is the narrow annular passage through which, by forcing in air at 
the air-tube D, the mercury contained in the annular reservoir E may be driven until it .floods the 
plateau. After the mercury has been drawn down again under check of the screw-valve F, this 
screw-rnlve must be leftJully open in:order to avoid all risk of confining the air in the upper part 
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of the reservoir. \\~hen it is necessary to remo\'C the mercury from tl1e trough, thP last portions 
are drawn out at tl1e screw-plug G. A much surnller screw-plug, II, 1rn1j· he m;ed, when cliargi11g 

the trough with mercnr.r, to adjust the quantity of mercury which is to he k<'pt in the trongh, and 
which will fix the thickness of the film on tile plateau. Tile piece in which the reserrnir E is 
formed is titted at K tight e11ongh to retain the mercnr~-, and it is atl\'isable to"mak<• it take off for 
cleaning. 

DIRECTIONS FOR SETTING tTP AND TTSING TIIE HORIZON. 

Place the trough upon a firm support. Level it 1ly means of its three foot-screws, ke<•ping 
these screws always secure from shake b.r means of their tightening-nuts. The lcYel or want of 
lenil is ascertained by lasing a spirit-leYel across the top of the trough along two (liametcn;, :tlJ(l 
turning it end for end on each diameter. If, however, the trough bas not been made with tlw plan<• 
of its top truly parallel to the plane of the plateau, it should be furuished with a spirit,-len·l sl1ort 
enough to rest upon the plateau itself. But care muHt he taken to avoi<l abrasion of the platean, 
especially if it be formed of plaster of paris. Across the top of the trough lay the straight bar J, I,, 
or gauge-bar, in which works, near its front surface, a vertical screw of steel, fiuish<•d ,~·ith a flat 
face at the lower eud to form the gauge-point 1\1. Take care that this gauge-point is at tirst 8<'t 
sufficiently higll not to strike and injure tlie surface of the plateau. Then screw it, downwanl till 
it will begin to pinch a thickness or two of common writing-paper laid upon the plateftu. This 
adjustment being made, lay aside the gauge-bar for after use. Now pour upon the plat(•an as 11mcl1 
thoroughly purified and cleau mercury as is judged to be a slight oyercharge, fin;t takinl! care tltat 
the screw-valYe F is fully open for the free passage of air. It will make its way tbroug-h the 
annular passage B 0 into the annular reserYoir E, driving before it the air of the l'escn·oir, and 
none will be left on the plateau unless the charge of mercury is considerably too large. For other­
wise, the rapid tlow, with the screw-valve F fully open, will break the film over the edg-e of tlw 
plateau while yet the small excess of mercury remains accumulated upon tl1e central parts. See 
that the whole plateau, togetl1er with the higher part of its depressed border, is free from particle,.; 
of dust or dirt, going over it if necessary with a soft brush or a linen rag. Being provided witli a 
piece of quarter-inch India-rubber tnb(l three or four feet in length, slip one end of it upon the air-tulJc 
D, and apply the month to the other end. Force in air by the action of the muscles of the mouth, 
as in using a blowpipe. In this way a steadily-sustained pneumatic pressure is brought to bear 
upo~ the surface of the mercury in the reservoir E. Under this the mercury is forced back through 
BC, and overflows the lllateau. Shoul<l the volume of mercury be somewhat largely deficient, it 
may happen that an insular patch of the plateau is left unco-'l"ered after the mercury has been alJ 
expelled from the reservoir E.' More mercury must then be adde<l; and if in makiug this addition 
fresh specks of dirt should come into contact with the plateau, the mercury is allowed to flow back 
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again into the reservoir. This flow being unchecked, the plateau will be left uncovered, unless the 
addition of mercury has been considerably too large. Otherwise, break the remaining la~cer of 
mercury with a piece of clean paper, when it will all retire, at least with a little aid from a soft 
brush, into the space formed by the depression of the 1>lateau along its border. The uncovered 
plateau is then freed from the added specks of dirt, and the operation of flooding it with mercury 
is repeated as before. .A certain volume will suffice to extinguish the insular patch of uncovered 
plateau, and form an unbroken lake of mercury. On then removing the mouth from the India-rubber 
tnhe, the lake of mercury will begin flowing freely back into the annular reservoir. But before the 
surface of the lake bas had time, in its descent, to break upon the border of the elcvatetl plateau, 
the screw-valve Fis promptly closed. The flo" of mercury from the lake into the annular reservoir 
then ceases, and the surface of the lake quickly becomes level throughout,, The screw-valve F is 
then thrown open for a moment, and instantly closed again. The momentary renewal of the flow 
will produee a flow-wave, which will be seen by the eye to start at the border of the lake and end 
at its center. .As rapidly as the level of the lake approximately renews itself, the momentary 
opening of the valrn is repeated, until it is seen that no further flow takes place, and the mercury 
in lake and reservoir bas settled to a common level. The valye is then left fully open. .All this is 
quickly done after a little practice. If there be a deficiency of mercury, the film on the plateau will 
break before this stage is reached, and another addition of mercury must be made. If' there be an 
excess of mercury, the film on the plateau is not only unbroken but may be too deep. The depth is 
ascPrtainetl by applying the gauge-bar with its previously-acljusted gauge-point J\f. .Auy excesR of 
mercury is drawn off little by little at the screw-plug H till the film is reduced to the prescribed 
thickness shown by the gauge-point, or till the ripples produceu by gentle taps made on the trough 
die sluggishly out "Without traveling half.way from border to center. .After the charge of mercmy 
has been once adjustecl, nothing more is necessary than to keep it unchanged. 

At the first flooding of the plateau it may happen that a speck of dirt is picked up by the 
mercury, borne on its surface, carried over the rolling and advancing edge of the moving fluid 
stratum, and so becomes buried beneath the mercury and in contact with the plateau. In this 
situation it will remain if not removed, and will, if thick enough, break the thin film of mercury to 
be formed. 

If, in consequence of stancling for a length of time unrenewed, the surface of the reflecting film 
becomes tarnished or dirty, a fresh clean surface can be reproduced in a minute or two hy breaking 
the old film, brushing it from the plateau if time has caused adhesion,* and repeating the process 
above described for flooding the plateau and forming the film anew. 

A caution of general application to any mercurial horizon may here be addeu. For accurate 
astronomical purposes care should be taken not to use the re:fiectiug surface too near the edge. 
The deflection of the surface from horizontality by the force of capillarit;r may amount to 111 .0 at 
but little less than an inch from the extreme border of the mercurial lake, and increases very rapidly 
on any nearer approach to the border. 

'Vhen for transportation it becomes necessary to remove the mercury from the trough, most of 
it can be poured out as from a plain trough, but a little will remain in the annular reservoir. This 
is readily removed at the screw-plug G. If care be taken to avoid loss of the mercury, and to store 
it in a bottle b.r itself, this ·wm save the trouble of repeating the process of adjusting the quantity 
when the trough is rechargell, arnl the weight of the charge may also be record eel on the trongh. 

•Adhesion, if it takes place, cannot be sup11osed to affect the horizontality of the rellcetiug surf.wo, since it does 
not iuterfe.re with the absolnt<i Jlnitlity of tile stratum of mercury. It only ta.kes eftect at the surface of contact between 
the llni<l stmtum and tho plateau. 
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A P P E N D IX N o . 1 7. 

GENERAL I.KDEX OF PROFESSIONAL A.KD SCIENTIFIC PAPERS CO~'TAINED IN THE L'.KITED STATES 
COAET SURYEY REPORTS FRO.M 1851 TO 1870. 

KEY TO IXDEX. 

GEOI•ESY: Sn~VEYING: 

Latitudf'. 
Longitude and Tim<'.'. 
Azimuth. 
Base-Ii nes. 
Geographical Positions. 

Triangulation. 
Topography. 
Hydrography. 
Reconnaissances. 

ASTRONO:\IL 

!lhTHEl\lATIC~. 

l'IIYSICAL liYDROGRAPHY. 

TERRESTRIAL MAGNETIS!ll. 

DRA WI1'G, ENGilA VING, A..."D ELECTROTYPING. 

l\IISCELLA...'\'EOrs, TECHNICAL, .ASD OTHER SeBJECTS. 

GEODESY. 

LATITUDE. 

------~~-----~----------

Year. Pait~•. Title of papers. 

1H57 3'1:4-334 J_..~\TIJTDE.-On tlt(' nwtl1rnl of t.lBtermination with the zenith;,teleseope.-C. A.. Scbott.-Principle of the method; determina-
tion of value of micrometer-examples; deterrnimttion of '\'alne of leTel--ex.amplP; correction for refraction-example; 
reduction to m<'ridian-tables; selection of st.ars i sources of error in tho dote-rmination .of the va]ncof ruicroruc-t.cr; method 
of rorrecting Yalue from the lat.itude-obseri.-ation:s thcru~eh·efl; discussion of the results of ob~erYation-exarnple. 

1E~8 18J-1"6 l'i;;1tso:o<AL EQCATIOK.-A. D. Bache.-On the use uf the zenith-tele•cupe for determiniug latitude by Talcott<• metlwd-tablo 
showing resnlts~of ohservations for personal eq_uatiou. 

186\i 72-8J 
1 

LATITUDE HY THE ZEl\TrH<TELESCOPE.-C. A. Scliott.-1, general remarks on Talcott<s method: 2, modification of instrument ; 
3, desC'ription; 4, adjustment: 5, selection of stars for ollserYation; 6, dir('-ctions for obserdn.ir; i, off thA meridian; .t!, 

gen Pr.al expression for thC' latitude; P, determination of th<~ Yalue of a didsion of micrometer; 101 of level; 11, correc· 

tion for differential refraction; 12, rf'dnction to the meridian ; 13, record of the obserration~; 14, reduction of th{') obser· 
vations; 15, dh~cussion of the rPsults: 16, combination of the t1:'s11lts by wcight.-Exam1lles to articles 9, 10, 131 and 14.­
rsketch 28.] 

186!1 lfiO-lfij REPOln ON THE LATITVDE OF CLOVERJlOX STATION IX CAMBRJDGE.-B. A. Gould.-)1icrcme.tcr-"\"'alues: reduction of star· 

1853 I ·SS-·89 

1854 !*138-*142 

185.'i 1!75-276 
- I 

I 
11!:16 ! 182-191 

1857 i 314-324 

I 
I 

observations-tablM; discrP-pancie..s with un~orrACted catalogue,..places-taOle; resultar1t mean plac€s of stare, &.c.-table; 

deduced places for Cloverdon station-ta hie; mean error; other determinations. 

LONGITUDE AND TT.ME. 

CAMBRIDGE ..L'rn Ln"Elll'OOL CHRONOMETER-EXPEDITIONS L .. 1849, 1850, AND 1851.-G. P. Bond.-Computations of results for 
determining difference of longitude. 

ClIRONOMl!TRIC LONGlTUDE·EXPEDITIONS, (C.UWRIDGE-Ll\'ERl'OOL<)-G. P. Bond.-Results of the expeditions or 180, 1850. and 

11351, and on the method of computation.-(Errata, HO ; 1855, p. xrx.] 
CaRONOUTRlC LONGtTunru;.-W. C. :Bond.-On moon-culminations observed by him, and the cbronoruetric expedition for 

determining the longitude·dilference between Cambrid~e. Mass<, and Liver1HJul, En!(lan<l<-(Errata. 275; 1B5a, P< :-<Xlll.) 
C!IRONO>IETRIC RESULTS.-G. P. Bond.-Result.s of the chronometric expeditious of 1849, 1850, IB:il, anol lei•5 for difference o!' 

longitude between Cambridge, Ma.ss., and Liverpool, Englm1tl-table of longitude" by voyag«•s of 1855. 

CHRONOMETRIC DETRRM'.IN.lTION OF THE DIFFERENCE OF I OIWITullE BETWEEN S.l V.lKN.lH, G.A., .lXD F&R..,.A!'(DL.,.A, FLA., .A."D DIS· 

CU86ION OF THE HETllOD.-A. D. Bache and C . .A... Schott.-Chronometers used; persona.I equation; temperature-<JomIJ"n· 
&atlon; ehronometer,compariS<Jns-table; stationary and traveling ratee-tables of comparie<>n, and dilJCuseion. 
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1831 480-481 
1866 I 99-100 

I I 

1H66 I 102-lm i 

1866 ' 111-ll'l 

l{EPORT OF THE SUPERINTENDENT OF 

GEODESY-1,0XGITl:DE A~'n TIME-Contiuned. 

Title of papers. 

LO"!\GITUDE OF IlARYAit11 OH8Eln'.ATOBY.-K C. "\\,.alker.-I~y moon-cnlmiuation8, uclipRes, transit~. oC<'nltatinns, and telrgra,ph. 

LO!WITlflJE.-[From Ikport for 1846.j-S. C. ''""alker.-DiffercncP oflongitudc hetwecn Philadelphia and Gl'('C'llWich by r<'dnc­

tion of Cambridge (Mass.) obs•rvations. 
J,ONGITHDE.-[From Report for 1848.J-S. C. 'Yalk(•r.-I>itforpncenf Jongitnfle betwf'en 1'-HW York, Camhridge, and Greenwk11. 

LONCITL"'DES.-[From l~eport for 1851.)-0. L. ''nJker.-HarYanl obscrvator;y, west of Greenwich; by moon 1 eclip.ses, transits, 
and oecultations; result. 

1861 57-13:J J,OXfiITTJDE, TRAXSATLANTIC.-ll. A.. GoulcL-1, Origin of the Coast Sun'f'Y ex:pedit ion in J Hifi: 2, prfwionR tlt>tPrmiuations of 

1o3;;t 47f>-4i'9 

1866 10(;-108 

180f) 109-111 

18611 205 

1864 211-~;JO 

1851 462-4G3 

11"53 "'85-*88 

le54 •rns-•131 

1855 I 286-295 
I 
I 

1856 167-181 

1856 16.1-166 

1857 ~05-310 

1861 221-2.12 

lrq)2 158-160 i 
i ! 

1863 i 154-l:W 

1864 I 1!5-116 

1865 : 150-151 

1~66 100-102 
1870 100 
1870 : 101-106 

1856 203-208 

1855 267-274 I 

1€56 191-107 

B57 311-314 

1861 196-221 

transatlantic l<>ngitudes from eclips-f'S aml occultatiorrn, from nioon-culmin.atio1rn; fro-m chronometers trau:>.portell 
1

frorn 

BostiOn to Liverpool; 3, history of tl1e expedition; pro~Tamme of transatlantic-longitude campaign ; 4, observations at. 

Yaleucia; table of equatorial intervals; table of observations, October '25 to Nov-C'mbrr 16. 18fi6; 5, observations at New­
fonndland, October 25 to December 16, 18tl6; 6, observ·ations at Cala.i.s1 December 11 to le, 186ti; 1, longitndt,-signals 

between Foilhommerum and Heart's Contont; clock-C-OITections; transatlantic longitrnle aIHl transmission-time, Odober 

2:.i to November 9, 1866; 8, longitmltH:si_gna.ls between Heart's ContPnt am.1 Calais; ta.Mes uf ~m:•;foun<liand and Calaii'\ 

Hignals; tables of longitude and times of tra,nstnission ; 9, personal error in noting si,(;IU~ls; 10, pe1·14onal e41Uat-ion deter-
mining- time; 11, finii.l results for longitude; 12, velocity of transmission ; calJl<~s of 1860 and 1865; tablf•s of t:ompari~on. 

~tF.ASUR.ES OF WAVE·TDIE, MADE FltOlI 1649 TO lB:Jl.-S. c. Walker.-Specifications and tables of reBnlt: ... 

Lo~GnTDE8.-f From Report for 1850.]-S. C.Walker.-1, experiments for gah-anic-wa.Y(' time Uetwer.n "\\ashingtou, D. C .. an cl 
Saint Louis, Mo.; 2, attempted experiments un wave.time through different comluctors; :{: exp~riments with the cbemiC'al­

tolcgraph. line; 4, progress of the researches on the velocity of the galvanic current. 
GALYAXIC·WAVE TIML-fFrom Report for 18:H.]-C. S. Walker.-On measurements from 1"4!l to 1831. with taiJks. 
lKDLCTIOX-TUIE L" RELAY- MAGNETS.-G. W. Dean.-Report on ex1>e-riments mail(• to determine their relativt~ pmn'r. 
EDUCTlON-TIXE OF RELAY-MAG~'"ETSi DEDL""CED FROlI E::S:PERDIE~Ts.-G:. w. Dean. 
TELEGRAPHIC ARRAXGEMEST TO DF.TERMIXE l'HE DffFERE.NCH 01•' LOXOITUlH~ BE'L'Wbi<:'.\ CAlUHUlll1E A~ll HAL[FAX.-S. c. \lalkcr. 

TELEGHAPHlC LONGITIJHR OF CHA.RLEST0'.1;, s. C.-B. A. Gonl<L-Results of observations fot· tile determiuati.on ()f difft'l'P.llt'.C 

of longitude by telegraph bet,veen Seaton station ( Wi18hiugton, D. C.) and Charleston, S. C. 
TELEGRA.PUIC LQXGITUDE.-B ..... 4... Gould.-On tde-grapbic ob1'!en~atfon~ foz.- the diffen»ncc of lun~itrule between Raleigh, N. C., 

and Columbia, S. C. 
TELEGRAPHIC LOXGITUDES.-R. A. Gonld.-Rcport on tclegrupbic operations for dlfftirence of .longitude between Columbia., 

S. C., and Macon, Ga.; programme of telegraphic campaig-n ; for instrumental correctio11s and lougitndc-reductione. ; 
battery-memoranda; to put up Kessers clock.-[ Errata, 2~8: 1555, p. xvrn] 

TH.LE.GRAPHIC MF.THOD.-G. W. Dea.n.-Details of the metLud uHed in the Coast SnrTB:y for tel<'graphic-determinations of differ 
ence of longitude; transit-instrument; astronomical clock; cltronographic re~ister; hatterie@i; list of s~arA arranged 
from the British Association Catalogue for determining the difference of longitude between Macon, G-a. 1 and Montgomery, 
Ala., :March~ 1850; exr.ha.nge of star-signals; re.ading off tbe- chronographic eheets; exaruple of reduction; obsPrvationR 
for det€rmining the ine(prnlity of th1~ I>h~otB of Coa11t. 811rrc·)- trn.n"lit ~ o. 8: pcr~oual c11 tw.tions.-[Skdd1 66 J-l Errata. 
l69-17U: 1856, p. XX. J 

TEI...EGBA.l'IIIC.-B. A. Gould.-Operations for diffe:wence of longitull1· lidwPeu "\Yilmin~ton, 1\. C.: arnl .OMontgomcry, .A.la., witl1 

list of stars for observation. 

TELEGRAPHIC LOKGITl?DRs.-On tbe progress made in the different campaigns.-B. A. GoulU.-List of time-stars adopted 
difficulties arnl discrepancies of transmission for sjgnals bet.ween 1VilmiI1gton, N. G.,, and C()lmnbia, S. C. 

LONGITUDE OF AT.BA!<Y, N. Y.-B. A. Gould.-Abstract of a report on the determination by telegraph of the difference of 

longitude between N oew York City and Albany ; table oi h1t1trumental corrections ; collimation and azimnth-correction, 
and hourly clock-rate; personal equations: comparative t11ble of clock-values gained at opposite •tations. 

LONGITUDES I~ lfAl~fF.7 ALABAMA, .AND FLOUIDA.-B. A. Gould.-On progress in computi11g fl'SUlts from telf'graphie ohSC'r-
''ations. 

LoNGITUJ>E.-B. A. Gould.-On computation• connected witb the telegraphic metho<I. 
Ox RESULTS IJY TELEGRAPHIC ME1'HOD.-B. A.Gould. 
REPOUT ON THI£ RESULTS OF DETERMINING I..OSOITCDE HY 'l"ELEGUAPlllC MEiHOD.-B. A. Gonhl. 
LONGITUDE.-[Report for 1846.J-S. C. Walker. 
Results of the telegraphic determination of tbe longitn<le of Saa Franci•r.o. Ca I. 
Abstracts of results for differenceoflongitude between Harvard observatory, Massachusett•, the Coast Survey station Sea· 

ton, and tho Na val Oboervat-0ry. Washington, D. C., by Prof: J o•eph Winlock, of Harv!ird observatory, and Commodore 
ll. F. Sands, L". S. N. 

OCC'ULTATIO~s ox THE WESTERN coAsT.-G. DaYidson.-Observations made at l'ort Townshend, Washington TerritorJ, .April 
and May1 1856; tables and remarks. 

LONGITODEs.-P.eport on tlie method of determinltJg longitudes by occultations of the l'lehules.-llenjamln Peircc.-[Errat•, 
268, 269, 270, 2'r2, 273 : 183.5, p. :l.'"Ill.] 

PLEIADEs.-:Renjamin PPircc.-Oa the determination of longitude by occultaiiono; formula.5 for the correction of the co·ordi" 
nates of the stars; tahle for 1840: table oflogaritbms for hand k for the principal observatories. 

LONGITUDE~METlfoDS.-Ben"iamin Peirce.-Ou the relative precision of deter~liaa.tions by occnltations and solar cclip~h 1 
upon the use of the solar eclip•es J upon the occultations of the Pleiades. 

Lo1mrrcni;;.-13enjamln Peirce.-Report on the determination of longltmle hr occuJtations of the Pleiades, with ar. exaroplt• 
showing the mode of computation; Greenwich, Cambridge, (Engla~d,) .Aahuret, Wa.shington City, Philadelphia, am> 
:Bo•t-On obaervatorles computed 1 •<>lution of the "q nation• for the oorrelation of the moon's place and of tho longitud~. 
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liE0DE:'il."-LOXliIT"C'DE AXD TIME-Contiimeu. 

;::I Pug~~~ ;-- -------- ___ 1_:i_t1_e_o_r_1_1a_r_e_.,._•·-------------------

1862 .. 
1 

155-156 LOXblTUDE OF AMERIC'A FUO:!!I :Et:norE.-Benjamin I~circc.-On the result from occu)tation of tlie Pleia<les. 

1862. ·1 l~n-158 I LONAU 'IAULES 1J6ED rn REr•rCINCf OH.SEHY.-\TIOXS OF THE J>LEL\.llEb F"OR LO:\'GITUDE.-lieujaruin PcirCt!.-Ou their }H'O· 

i / gressive improvements. 
1Mfi3 .. i HH-1:54 'OcCt:LTATIO~s OF THE PLEIAnE::-. IX lt-:41-'42.-lW·ujamin l-'drce.-U11 computations for long:itulle, Xo::;. I, II, and Y: records of 

Edinlnirp.:b, \\_,.a~hingt()n, rrnd CnmLridge- ohservati-0n8; ephenieris; stereogra11ilic co-onliuates of the moon refr·rred to 

Ak~·one; equations for the correction of t11e moon's place and of the longitude; solutious. 
1864. 114 ! LONGITellE.-On the method of determining by occnltat,ionB of the Ploiadcs.-Benja.min Peiree. 
1B65. 

1~65. 

138:-146 i RKPOltT OX 'IIIE PUOGltER8 OF DETER::'lrl~l:"\G LOXGITUDE FROM 0CCULT.ATION5 OF TIIE rLEIADE:::., CO~TI.\TEll FHu.\l l'HEYlOl'I'." 

! JLEl'OHTR.-Belljamin Peirce.-YaltrnH of l:1-p for 18:18-'42 arn.l 1857-'til. 

Hfi-149 )[RT!IOD OF llETJ.:RMIXI:"\G LONGITCDE FllU~I THE OCCVLTATl0-"8 OF THE PLmADEt--, COYlT\l"lW FRO:\! l'l'1:SIUL1~ ltEt'UltT~.­

Htmjamin Peirce.-CoITt:ctions of lunar semi-diameter, mean place, elliplicity or orbit, lougitm.lt_· of p(ffihdion, cu·etticie11 t 
of annual parallax, and longitude of Europe and Amel'iea.; exam111e. 

'e!4 O:-; LOKUlTUlJE F1W:M MOOX-CC'DID'ATIO.Xs.-Benjarnin Peirce.-Ou the determination of longitndP from oho;:,l~r";atlom. of mDon­

culruinati<JnR; sta.ndar<l. probaUle error of <Jbscrv-atiOJJ of intcrpo1atctl lunar transits: conl':>tant el'rorR of €poeh aud peri­
odical oue of lmlf.Iunatious. 

11353.. "'~4-*t1fj Os ~1001\·CULlUX.ATIOS (Jlk;J:RVEll Br TllE "A~\IEHlCA:\ MErHOfJ,'' WITH HEMAUKS ox THE PEHFOllllANCE OF Ho::-;-11'~ "f".'rm::w,. 

GOYERSOR."- '""· C. Boud.-Comparison of recordR made by two spring-governors ditlerin~ oue·tentll of a sec:oud in tillit' 
of pt>rnlnlar ,·ihration;: table of star·tran~itB: amount of prolJalJle errors. 

1M.)4 Hltl.-1::?0 : LO.XGITI:DR JJY ~wox Cl'LMI?\~\.TIG~:l".l.-Ben.iamin Peirce.-Genera] considerationf'l; conRtant errorR and p{~l'sonal f'qnation . .;. 

185; "120 

J,i;,4 "1!!0 
Jt:!.;i(i ldl 

lt-/5{j WP-203 

Ir<:Jt le'ti-IH~I 

,1 correction of the lunar ephemeris; standard probable error of obs(•rva.tion of a lnnar trarn;it; limit of aceura('y attain. 
alJle 1 longitude of the Na.tional Observatory, 1\~aabington, D. C,; three formi:;. of corre<'tin~ lunnr epbem€rit< a1h] tht: 

modtis of computatiuu.-[Errata, 112. 113. 114, 115, 117: 18.35, p. XIX.] 

M{JO);·CCL~Il!\ATIO)l;t'.-W. C. EonU.-OhserYed hx the ..:lmerican met bod: chronometrk lonµ;itmle of Cambridu:e allll 1•rnba-

hl1~ error. 

)-foo'\'·Cl'L~IJ-:\_\TIO:\"~.-F... 0. Kenrlall-Ohst'l'YP:li at. Hi~h ~chool ulJst>n·aFor,\·. Jlhila1lelphia. 
. <.:rnw:-.oMETmc L\::\'Ji .A~Tl{O~•'>.mC.\L.-W. C. Bond.-On J-0ngitrnlc.computation~ and occ.11ltat.i(rll~ ohRFT'Vt~tl: lmmr.):{pot tr:m~itri. 

i Lf''.';.\1M'1'0T THA~r:;JTr.-C.JI. J~'. Pcb'l'A.-On thfl substitution of lunar spotA for the moon's limb in obserdug culminations. 

: I~n:'.'t;l'ITllE~.-Mutho<l of computing from HHXlll·culminaHon~ i notf's on observations of moon-culminations;: forms :md 

example. 
J8jl" rnn i ~fOllX·ClT~IlXATIO~~. F.'ff.-0. lI. llitchel.-XumlJPr of observations made by him for the Co:u;i,t Sur"Vey, 

1857 :no 311 )Jnnx.cTL)fl:SATJOX~-\\·. C.1tonrl.-On the numher ohsPrved duri11g: the year at Cambridge, co-operativ(• with those on tlie 

1~59 ! 

Pacific side; "'t.ar.<)ccnltation photo~-raph~; connection with Quebec. 
278 ' Ml10-s--cn,ll1SAI'IO~:-;.~O. ll . .Mitc11el.-01J.ser>atious made fo1· t.he Coast Sur~ey at th~ Ciucinnati obsen·ator.\· for longitmle. 

purpoi;i(•s. 

18til 1e2-19."> Lo'.'<\(;J1TIJE.-llt~nja1uin l'eirce.-Uisrui:.Riou of observations of the solar etlipsc of Jul:•, 18.Jl; obRrrvationi:. of t1a' total 

i 
18541 

ld:i5 I' 1866 

l>l67 

IH68 I 
1869 

ll]Ja~e; F.tno111•an obKerTations, of which the bt'ginning antl the end, bothobsc1·ved at t.Le Manw place 1 haYe be-en admit.tt·d 

·1 into t.hn c.:1mpntation; Amf'rican olJspn·ations; method of corup-utation. · 
121 I Discussion of prol>ablr>- error of ob~en·ation at °"iirdetnann·s (2G·inch) portable transit; from olJspn·ationg lir G. DavhliWn 

1 
in 185~. [Report of 1866, Sketch 29.]-By J.E. Hilgard. 

271l-278 ~ Description of '\\Tiird-emann's zenit.h-tclescope of H?55, used at J)ixmont, Me.-By G. "''- Dcian. 

55-71 I Thu t.ransit-iJJs.trument-, dftscriptioni nse, adjmH-mf'nt, and method of observation.-By C. A. Schott. 

138 139 I Meridian an<l Pqnel-aJlitmlf' il1strume11tl'l.-By George })a,·idRou.-[Sketeh 28.J 
154-157 1

1 

A<l<len~la to Appendix No. 9, Coast Stirvey Pi.eport for 1866, on the (leterminatiuu of time by mt:'alls of tht· trausit iustruuwut.­

B_y C. A. Schott. 
2-26--232 i On the use of the zeuith.tefoscopf'. for obserYations of time, with.an example of obser-vation.-l3y .J.E. Hilgat"'l. 

AZTMlTTH. 

1856 OOB-209 .Azl:MlJTH.--J. E. Ililgnrd.-l.IL•thod of using thfl trn.nRit-in~trnment for azimnth-obsC'rvations; resi1lual errors of ie-raduatiun 

and readings. 
1866 86-99 .AsTUONOMICAL A.Zl~UTH.-C ..... \. Schott.-1 1 pliul'ipal methods; ~' astronomical azimuth; 3, J!P-Odetic azimuth ; 4, primary 

and secondary azimuths; 5, time; 6, inatrumeutt" used; 7, azimuth-marks; 8, errors climinatecl; 9, circumpolar still'S U8t>d. 

1868 157-165 [SUPPLEMENT, 1808, p, 157.-S{)ecimen.tablt'uf local times of elongations &nd culminations of four circumpolar stars for 1873. 

latitude 400, lougitude Uh. we!Jt of Gret>nwicli; t'orn">Ction for altered dates and latitudcs.]-·10, high stars ; 11, st'ts of obfk"r 
vntions; i2, methotl of rf>eording and rt<clncillg; la, observatiODE\ of il- c1ose circumpolar star ucar i~ elougatio11.­

l~UPPLEMENT, -p. 1.:iS.-Iu vertical of star; c>xample of record antl 1'Acl1rntion; mfrrometer-Yaltws; <lt•lludiou of azimnth.J-

14, at any hour-angle.; 15, computation by fuu<lnmuntal triµ-onometriea] formu1a; 16. hy Napier· Ii! analogies; 17. Uy a d('. 

ycloprnent into a s~ries; 18, at equal int0rvals before andaf'ter culmina.tion.-(SePI'LEMES1', p. lfiO.-(a,) near culmination; 

t .. x:a.mp](_\ of reeorll and compntation; eye·piece mkrometer, Talues determined aud applied to leYel-l'orrection; (b,) pivot. 
micromete-r,ditto, with example and reconl of reduction; singlo micrometer·turn, diUo; cliRCuesion of set of four- stnr~: 

centering of inRtrument for eonnet'.f.ion with tl'iangulatious.J-19, oliservation of sun for ,uzimnth; 20. ex..'lruplPs nf 

1·ecords and reductions to articles 11, 13, 14, 15, 17, lB, and 19.-[Sket<>bes 26 antl 27.] 
1870 • 178-179 CHANGES OF ELEVATION ASD A2lllUTH ca.used by the action of the sun at station Domingufz. Cal.-Dy Gt!OTgt' Davi.hIDD. 

1870 l!26-227 AzIKVTR AND APPARENT ALTITUDE OF POLARIS.-lly George Davidson. 
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Year. I Pages. 
r-------

'Title of papers. 
__ I ___ _ 

1865 i 187-203 j REsVLTS OF THE PHDL\R\" 'l'RIANnl'LATIOS OF THE COAST OF ~EW EXGLAND, from the northeastM'n boundary to the vicinity 

j of Xew York; lengtb and accuracy of tlJe :F'ire I~land base-line; lengtll and accuracy of the M.assaehusetts base-line; 
length .and accuracy of Epping basc-lin<1 ; gcod.ctic connection of the three primary baee-linea in :Maine, Massachusetts, 
and :New York, their degree of a<".cordanef'i aml r~snlting a~r,m·ac~y of the primary triangulation intf'<rvening: resulting 
angles a.llll distances of the primary triangulation betwt-eu thr Epping (Mass.) an{l Fir~ lslanc1 base·lines.-[E1Tata, 

1866 ' 

198: 1866, p. 141. j 
49-54 : PRUIARl" TRIA..'"'iGtrLATIO'S OF TEE ATLAXTIC C0.\.:3T.-C ...... 4. SchutL.-Geodt\li1· 001medion of the two primars base-lines in, New 

York and Maryland, their degree of accor<lanc(• an1l accnra('y of the primary triangulation invervening1 witb the result­
ing: an)?;lcs a.nd di8tances a.a finally ac1just€ll. 

1869 105-112 Co~XECTION OF THE PRIMARY BASE·LINE8 of Kent Island, Mtl .. and Oil Crall(jY Island! Va., and on the degree of aeeurae.y 

of the intervening primary and subprimary trianµ;ulatilms.-C. A. Schott.-Statistics of conditiunH; liuear discrepancies 
in the base-lines; degree of accuracy; :final correction of tlirl'Ctious; a11jnstmcnt of the snbprimary stn.tio-ns ; Cape 
Charles. height and n01·th ~ml of mea~urement; at1jnRttnPnt of tlw ~econdal'y statim1, Hawpton Seminary;: table of 

Atlantic series of primary trian~les continued. 
1867 134-137 CoMPARJSO'S" OF lfRTERS.-F. A. P. Rarnar•l and M. Tresch.-Comr)aI"ison of an il'on meter forwa.r•1Et1 to Fr~.nce by the Gov. 

ernrnent of the United States of .America; Table I, the "C"nited States meter upon the coru1>arator; 11, the Couservatoire 
~tandard npon the comparator; lII, the "Gnlted States meter upon the comparator; I\1 results. 

186B 147-153 RRsrLT"3 OF THE llEASVHEME'XT OF A'X ARC OF TllE MERJDIA..'"i.-C. A. Schott.-Length of the arc by four methocls j accuracy 
of the precedin~ results ; table antl diagram ; determination of thei astronomical latitudes : recapitulation of results. 

1854- i~1o:J-*l08 ' BASE·lIEASUlUNG API'AltATl'tl, description of, as U('!ed in the Coast Survey.-Lieut. E. n. Hunt, L. s. Eng'rs.-[~ketch !i4.J 
1855 I 264-2137 ! PRELBH'1ARY BASE·Al'l',\RA'!Ts.-C. 0. B0t1telle.-[Sketch 5:l.J 

1~56 i 308-310 ~ St:"m::lUJIARY BA8E-.. \l'l'AHATrs.-Dcscription of a motli:fication tlevisell fur ascertaiuing the frtnpPt·atuw uf rOih in US",­

[Sketch 64.] 
1Hj7 I 395-3!18 J~ASE-API'ARATiiS for llH:"lasm·in~ 811bsi11iary line!;; dt~scriptio11.-J. 1':. Hilgard.-[~keteh ti!J.) 
1862 : 248-2:i5 BABR-MEASl7H.rso APPAltATr:s.-J. E. HilgaTtl.-A.batract of cxperimeuts for determining tho length and c'.\pau~iou hy ll1:at 

of the stanclarrl bar. with tablfl of r.ompariE\ODR of st.anilard har with 6 meters.-[Sketch 49.] 
1857 302-305 ' El'PING BASE. MAI!"-'"E.-A. D. Bache.-Notes on the preparation of site, measurement of line, anti pr.ogress, na compa:red with 

other measurements of the Coaat Survey.-(Sketch 3.] 
ISGt 120-144 . El'PI:>G BASE·Ll:>E.-C. A. Schott.-Report on the method of computation and resulting connection with the primary triangu-

! lation.-1. gP.nera.l remarks on the meth<ld of' reduction; ~1 instruments antl methods of' hol'izontal measures emp1oyed in 

Urn trianJ,!ulation near the Eppin:1r base; 3, determination of probable errur and wei,glJt to Pac11 llirectiQn ol1senred witl1 
U1e 30-inch tbe()(}{Jlite; station Howard; abstract of remaining differences; abstract of rerurtining errm·s-tahle; 41 deter­

mination of prol1alilP. error and wci~ht to each angle aml direction frmn o1.Jscrvatiuu8 'villi a rep1~atinK-circle: :i. rel'!ult· 
ing horizontal angles from the ohserYations at ea.ch etation 1 with their prohabl(.I error; ti, efff?ct~ upon tlw horizontal 
angles of a dift'tffeoce of level bi:>tweeu the stati()ns oocupitill aml o\J13erved upon; ';', :111htric;\l t'XCP118 of triangles; t', 

residuals in the sum of angles -0f each tt·iang1c, a.n(l their dhrnussion; 91 final determination of' 1)robalile errors {and 
Wf'ight~) to each rlirec1ion; 10, relative value of rermlts from the :rn-inch and thf> 10-iuch repAating-the.o,lolites; n, forma. 

tion of the conditional equation of the noHagon around the Epping baae; 12, equation of correlatives and normal 
eqna.tionA; 13, resulting correction to the observed directions; 14., complete a<ljustment of the nonagon and final direc­

tions; 151 trianp;le Mide-computations; 16i resulting distances from Mount Desert to Ilumpback; 17, connection of the. 

1868 i 
1866 ! I 

azimuth·tnark with the adjusted directions.-( Errata, 143 , 186fi, p. HI.] 
133-139 Full explanation of the different successive o)lfjrations connected with the measurement of a subsidiary ba.se-line. 

140 Length -Of the Kent Island baso-line.-[Snpplement to C. A. Schott's report on primary triang11lation of the sa.me year.] 

GEOtrRAPHICAJ, POSITI0:-18. 

-~8~1 1, 162-442 
1 

LIST. OF GEOGltAl'HIC.AL I'OSITIONS determine<l hy the Coast Snrve;y; s~etions; method of triangulation and verification i 
averagt>- error; assumed size and form of the g:lohe; station-errors; checking of ge-o<letic Jongitudes by telegraph ; 
longitmle of Cam bridge froru Green..-icb ; explanation of ta bl es; list.-[ Errata, I 68, 109, 218, 304, 324, 3i2, 374, 3W, ;J76: 11\51, 
p. VIII; Errata, 163: 169, 189, 190, 191, UH, 217, 21~, 220, 258, 271, 276, 286, 3241 360, 372, 374, :1.75, 378, 400, 402, 4-04, 409, 416, 4:!5, 480: 

1853 *14-"'42 

1855 119-148 

1~57 264-301 

1859 211H!'77 
1864 144-182 

18G5 99-136 
1865 137 

i 
186ll ' 171-!242 

IR5:J, p. •1s1; Errata, 185, 252: 18"4, p. xu; Errata, 192, 225, 340, 341, 342, 344, 346, 411: 1855, p. xvm.J 
LiRt -of goog1'aphica1 positions.-[Erra.ta, *15, * 161 et ae.q., *17, *20, *28, *29, *31, *3f2 1 "'33, *34, *361 *42: 1854, p. xrr; Errs.ta, *191 

•20: 1855,p.xvm.J 
Lisi of googmphicol p-0aitions.-[Errata, 138-140: JS!Ki, p. xx.] 
J_,.ist of geographical positions. 
List of geogmphical positions. 
List of geograpbieal positions. 
Lil!t of geographical positions in Sections V, VI, Vll, and IX. 
Liet of geographical positions determined approximately in West Virginia, Kent11oky, Tenn<l480c, Alabama, 'Mi&8ie&ippi, and 

lCluouri. 
Liet of geograpllical positions determined by tl1e CoMt Snrny. 
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GEODE:-iY-GEOCRAPIIICAL POSITlOXS-TOl'OGRAl'HlCA.L AXD HYDllOGlL\Pllll' t;JIEEI:'. 

------------------------------ -
Year. Pages. Title oI 11apel'S. 

1857 22.'l--26-1 LIST OF TOl'GGH \Pll!CAL A'<ll IIYIHWGJLH'lllC oJJEET6, showing tlieir titles, 1lates, scak Ull\l I'L'~i>tel'·lllllUUer, as tile1l ill the 

1859 212-216 

lStll 176-IRO 

1863 143-146 

lHti~ 50-9H 

186i : 2K)-27.t 

office. 

List of t(}pogr'a})hical anU liytlrographic sheets coutim.wd. 

List of fopographi~al a11d h;pfrographic sheets continued. 

List of topographical anll bydrographic sheets continue(!. 

Lil"lt of topogra1~hi<•al and hydrographic sheets 1Jontinued. 

Lh!t of topog-ra.phical aud h.Ydrographio sheets of Alaska, Uy Rlt~siau allth1Jrit,\·. 
1860 3til-391 I }~onnulas for computing Iatitutlcs. lon~itJdos, and azimuth~, witli a1~~<;~mn1Jle a..~ usvil iu tlll' Coast Srn·vry OlliL(', awl tables 

fm· each miuute of latitmk from :.?3'' to .)(P. 

-- --- ·-- -- ----------------·- -~- - ------ -

ASTilOXCnrY. 

Year. PagrJL Title of paperd. 
-- ____ : _____ ~--

11334 *122-.. 1~7 Sor.Au ECLIPtiE, :MAY 20.1854.-0hser\'"ations made at llrooklyu. Long Island, reported ll,fE. Illuut; at, Seaton station, '\Taah­
iugt.on, D. C., lJy C. 0. Boutelle; at Roi:;.Jyn stat,ion, m~ar Pt:t.erslJur~h, Ya, hy L. F. Pourt.ales; JJ1ac.k :llouutaiu istatiou, 

Gal. 1 by R. D. Cutts; Ilenicia1 Cal., by lt. D. Catts; Rumhol<lt Bay, Cal., hy G. DaYidson. 

1~.> .. '"i ~7?-28ll Sl'AH·CATALOGeEs.-C. ""\. Schott.-Cumparison of star.places p;iveu in Ri.imker':-<: and the Twehe Year Cata1o~lws.-Tal•lt' 

I, corupariHon of ri~ht ascensions; II, of north 110lar distances. 
H:Wt1 ~:2~-~7;, 8DL~"-H ECLirt'E1 JEI.r lt, 1860.-rruf. Sleph. A1examkr.-He!'iulttt of tlw 1.·xpetlitiun to ..Anlezadk l:;lawl1 I .. ctbratlor: t.t1 

1860 27J-~9:] 

1861 232-230 

l~t1l ~tl-~-11 

l~tll ~41-::l4!! 

l~i() 11;}-177 

1H70 ~:JO 

1869 I 111l--19ti 

1~69 113--115 

1~51 137--145 ' 

I 
1i;1a 25tl-251 

18ii2 231-2.32 

l>lf>5 152--154 

1865 155--159 

oh1:1er·n· the edipi.;e of ihe ltitl1 uf ,Tuly 1 18t:i0: tahu1ar comparir;on uf 1.:hronomcters; arran,l!emc~n1 and progrHmmP; 

de.s<'ription of the tt>le~cope ernplo~yt'd; s.nlO]J:Sb of the ohservatiou~; times of {'OUtads: same in luca1 me.an timt.\ 

(<'iYil reckonin~ ;) other observatiom~: reports from special parties; earth-temiterature. (A.ulezavik ;) atmospllerkJ.l 
t>ll'otril'it.\-: i('elWr;J~; mira;.rfl. S: "· : tripk· rainbow: aurora~; table of met-em·olo~ical olJservatious madt.J (luring- the bonr8 

corresponding to tlw eelip~P. at .. A. n1PzaYil\, from ,T nly H to July 2.J; during the continuance of auroras pa,ssini; observa. 

tions 'Yith Arago·s polariEl-<'OPf': report. ot pltotog:rapllert'>: changes. of illuminatio11; seamen's observations; windli; 
magnetic rlrrn<'nts: longttrnfo h,Y chronomf't,(\r,-t ~kl'td.i 3~1.J-LErrata 239, 27~l: ldtiO. p. xx. J 

SOLAR El'Lll'SR-J. M. GillL8.-0n the resnltN of oLst'l'Yation~ made 11ea1· Fort Stt•ilacoo-m, ".,.ashiu;rron Terri tor~-. 011 tltt> solar 
P.clipst" of ,fnly 18. l~flO: prPliminary: tahlr of nwtPorological oh.s.en.,.atious on Un('k I>rairic: ht.titnde-ol)~erT"ations; tinW· 

olll-'er\atimrn; chronomefor Prrors and rat~'"'R; lon.~:dtmlP; the Pdipi;;f': rt•ports from .s.pecial parties. 
SOLAR F.r,up:;:iE OP ,JrLY. };;:ftO.-.\. H. lfa~lw.-Ahstrart of nh~Prv::itionR ma.lie at finni:.tork Mountain. :X. li. · l. di:;;· 

po~ition~; 2, firr::t contflC'J: :t poNiUnn~ of ~rot~; I. t.nhlP of oh~t•ryafions, ,July 17; II, ~July 18, before. Ill. fluting; l \", 

af1t'T' t11€' PC'lipsl:': .J, occnltfltinn of sp:lts: ;".'1, last 1•ontad fi. i1h+>nnme1rn.-LSkf't<'h 2!l ]-[Errata. 232: 1Af:i2. fnm~ lt'af.J 

SOI.AH ECLTPS.E OF ,TL1LY, 18b0.-C. A.. St•lwtt.-.\ hstraet of ohserYationR ma(l(' at tlH· Coa~t Snr,Te~: OtlkP, " ... aRhingtou, 11. C. ; 

first contal't ; l~rnt contact.; aftet' tl1f• eclipse: lwliographic J>Osition of U.ie s;pots. 

SOI.AH ECT.IP:-o.E OF ,Jm .. Y, 1~60,~ B. A. Gonld.-.A bstract ()f obse1Ta.tious mad<~ at Camhdtl~i..·, :l!a;;;s. 
ReportH of oh:o:;ervation8 n1wn the solat eeli})8(' of Dt•<•em her 22, 1~70; extent of tht' corona 3S. in :licah.~.l b.\· th,, spBl'tn1gcopP. 

p. 150; nature of th(i. coronal ~11yelope ;ind it~ rdation tv thf' suu, p. 15-:2: constitiltion of tht' solaT atmo'<phen" p. 

i:-,:~; s11~~estiou~ with reft•reucc> to t11t' ob&t>r,~atiou of futurP edipl'1l·s, pp. l:l4-15S. 

Report on thl' :::;olar ec1ipse <1f DccembL•r ~~. 18';0.~Uy Prof. Bt~njnmin Peirce. LL. I>.-[From rt·port .fo1· 1~"7l.J 

Soi.An RCLil'!:"'I:. ..!.t·c;e~T 7, 18G!J.-Rcports of ob:irrvntions of the f'Clipse of the Rnu on A. Hg-11.st i. 18G!i. ID.'ttle hy p:trtie~ of th•• 

Coast Siirve.y a,t the following .Atations: lh'ish•l, T<,nn., in ehingo of R. D. Cntts; Shelh,n:ille, K:v ... J. "\Yiulock a1Hl G. ''· 

Dean; Spriug-fie11l. Ill., C. A. Sd1ott; Dt~ MoiuPs, Iowa, J.E. Hil~:ud; antl Kvhklux, Chilkaht RiYOI',Ala.°"'ka. G. Davidson -

Geucra.1 path of the eelipSl' ; colltact~: oh:5curatiou of ~mlar sp{lts; breaking of ::mu ':-i limh hy luuar aapcrltic$: t'ft\•cts-of optical 
imwcuracieB : totality; J>rotubentnt·es; corona: emerg:cnc-c; northern arnl south~ru limitR of totality a.~ert .... uied: spectrt:•­

sc.upic ubiservatiou~; photogra11hic records; rechJC',tion of microwct,ric photo,f!raph~rueasures ~ deviatiun -of Jlhotograph1•tl 

snu's outline from a drnle1 after correctionR; com1mtations of :r-esnHs.-[Sket.cl1es 24. 25, and 26.l-LErrata Hl:>.) 

LOCAL DEFLECTIO.SB of the zenith in the Yicinity of Washing-ton City.-Report by-Charles A. Schott. 
PROF. O. M. MITCHEL.-RPport on a new metllotl of rrcortling di:tferences of nortli pola.r di;'ltc1nc€"s, or <loclinatlou, hy i:lcictr1•" 

magnetism. 
SOLAR sroTs.-C. A. Schott.-... .\ hstnw.t of olH;Prvations made at tho Coast Surv<'S Oflicc, 1\1 ashiugtou, D. C.; table from 

Angast, 1860, to Decemb('r, l~l, antl monthly rf>:lntive nnmherr;, compared with Wulf"s nwbetl umuhcrs; s1)otle8ti da.y1:1.­

[Sketch 29. ] 

SOLAR sroTs.-ContinnatioTI ()f precerlin~ papPr. 
REPORT A.ND TADLES on the dee1inations of standard time.stars.-B. A. G-0uhl. 

UEPORT AND TABJ .. Es <lll ~he positions ant.1 proper motions of the fonr polar stars.-B. A. Uoultl. 
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Year. Pages. Tit le uf papn'i;. 

ti<;).! I 
I 

i.~54 

1~5ti 

1 .... 70 

1855 

1~60 

ii'•i-1 
l!!t;fl 

c:s..-7C Cu:..nTTXIIO".\ OF Tltl.i..::"rn n.ATlO:\.-Cumpart~ou of the re'1nd,ion of horizontal an~les hy the mctbod~ of "dependent <lirec* 
timrn' :lnrl of •· '1epPrn1~nt augular q11n.ntitte!i" hy the nwthrnl of lPas.t sqnal'f''>.-Pror. A. U. U:wltt·.-[S.ketC'l1 58. l-tErrata, 
fJ.:J, 70 1 7i!1 7.J 1 iBi 7!), !H 1 fM: 12~5. p. xrx.j 

iO-:-.:ti AIJ.ff:-iT:\-U:ST OF HORIZOXT.\f, AXUL'Es-Clim·lt·~ A.. Sdtott. 

8t)-9:i PHOllAllLE EllHOJl or OllSElff.\.TlOX. dnri\·(•d from o!J&cn·ation;-; of hurizo11tal :rnglt·~ ,l\ <111,Y ."'iug!t) 1'tatio11 anti tl(•pt>Utliug uu 

1:n-1:ii< 

'.Wi-'.JO~ 

200-2"24 

25.:r-264 

3H2-3fi6 

llti-119 

2:!3 

(!ir1·ction::-.-Charks A. Schott. 

HF'.\.IA~IIX }>EmcE's CRlTEHIO~ fo1· tliv n·j,~ctiou of 1louhtful oh~·wrvatiuu . .-.-B. A. <ioultl.-[Errattl. p. ,,-u~.] 

PHoHAllLF. EHROH .. -.Artif'l(' from 1 ~A...stronomi~che Xuchrichh•n, "Xo. lO:H,'' h·auslatell hy Charh1s A. Schott.-Het(!rnliuatiou 

of tl1e pr()babJt, enor of an ohi..ervation hy the dift'..::rcuee~ of tlwir obKet·vatifJ!JE; from tl1('i1· :nithmetiral mean. 

0~ 'l'IIE TflEOID'. OF EHltOH~ of ohservatiuns.-C. S. PPil'CC. 

:Soll.MAL :EQL'.A'l'IOKS.-Cllarles .A.. Sd10tt..-Solution of normal e<prn1iun~ 11_y indirect dimiu:Ltion. 

CAccny'13 IS'rERl'OLATIO~·FGRllVLAH; with remarks by Charles .A. fid1ott. 

l'JW13LK'II rn GEOD.1<;sY.-Detcrmining a position lJy augles ol.J~ern~d from it on any unrnber of stati11us. 
Sor.CTIOX OP THE THI!El.:OPOL\'"T l'ROBLEM, by determh1ing the })Dint of i11h·r~1-·dion of a Side-of thlf' giYCll triall~:le with a liue 

:frorn the 011pcsite point. to th1· unknown point.-..A. Lindenkobl. 

8UiffEYING. 

TiaANG"CL.ATION. 

Yt•ar. Pa~<·!-<. Title of papers. 

Jf,),") 3tl:1-:iM l''.'1HLE1·'.s s11,~AL.--.:r. J'artt~y.-J)e~cripriu11 alll1 clrawiug of a conYen~ent signal for ob88l'Ying on Ac·coIHlary stations.-

I<-·;,;, 3iH 

l~,j:1 JHl-3~:! 

lr':-1ti ~IL-ilil2 

l~.-1(; :no-aw 

li:oliO J,'"">':'~301 

lt-lJ'; : 140-lH 

1Ni7 i 14:1 

l"ti~ 1011-139 

lRG~ I H0-146 

1854 *95-*103 

11'60 397 

1~7U 75-76 

lti70 i 77-8!i 

1870) 90-91 

[ Sketch 5:J.] 

"1A.i-.:vs'~ HEI.IOTlWl'E.-1t F. San<l~.-D1·scription aud drawiI1f! of a convenh·nt. signal for obserying ou SUi'ODtlars Rtationti.­

[Sketch 55.J 

llot:TELLF.'s THIPOD AXU ~CA.FI<'Ol,D.-C. O. BouteU1 .. -Desrri11tion of, as constr1wtt'd aiul used by bim at the station::i -of the 

primary triangulation iu Section Y.-f'Skt:tch 3:.!.J 
.J\II:<-M18Sll'PI Soe:--;11.-J. E. llilgartl.-Detn.ilR oft.he work of triant-,111latiou; signals and i;tation-mnrks. 

~l'nEODOLI'fB,TEs1·.-J. E. Hilga1·tl.-Examination and trials ma.de- of a ten-inch theodolite, applicable-tu the teHtiug of inatru 

men ts of like construction.-Table 11 n~atliugl'-l of cyery 10 deg,1ee8 on tlte circle, a1Hl detcrrninatiu11 of a,ugular tlh~tauct: of 
vcrnier8; II, determination of eccentritily; III, residual errors of gr:ld.uation antl readings; figure of pivots. 

HEI'EATl.XG-THEODOLITE.-SnpplBment to tlit· nwthod of te~ting (tl(•i-.crilH~d in the preceding paper.)-rrablo I, readiuµ:s uf 

t>very 10 tkgrees on the circle1 and «.lt:terruination of angular di.sta11·-·1~ of verniers i II1 decermination of e<:centricity; 
II I, residual Brrorl!t of grail nation and readings. 

ltAil,WAYS, on the use of, fur geo(letiB snrvP:ys.-J. E. HHgar<l.-'\Vheel-rccords; linc!B.1· measurement; rectification of 

curnm.; 1·ctludion of the mtmsured lineti arnl auglth~ to H isimpl-er system.-[Skctch 26.J 
HEFLECTOR.-.T. E. Hilganl.-DeS!:cription of a 1ww form of gpoiJetic signals.-lSketch 25.f 

; MKMORA~IM HELATlXG TO THE FlELll-'''{ORK Of' .A 6ECONDAH.Y TUIANGULATlON.-R. D. Cutts.-Sdnction of stations; names of 

stations; signals; tripQ<l~ and scaffolds; underground statiuu-ruarks; surfac~ stat.ion-marks; obimrvations and Tecords; 
uumberof obser't"a.tions; limit of (•rrot; proUable error; recluction to center; correction for phase; corr£ction foreceentricity; 

sphetical excess; tliatrilmtion of enm·; tri~onometrical lt"Vcliugi oo-efficientof refraction; three-point problem; rectangular 
co~ortlinates; measurements of subsidiary hase.liues; reeort1H, duplica.t,es, and computations. 

11.KTHOD OF APJUSTMENT OF 'fllE SECO~DAHY TlllL'\lGULATION OF LOXG ISLAND SOUND.-C. A. Scbott.-Example of rc«.luctio-n 
of angular meaRnr<· oi' Shelter Isla.ml: -final computation and proof of correctness. 

TOPOGltAPilY. 

MEA~URE>IE"T OF HEWHTs.-T. ,l. Cram.-Experinicnta.l comparison of the methods of meaauriug hei11:hw by leveling, by 
vertical angles, Uy the ba.romt>tt·r, and by tht=· l1oiling-point apparatus.-[Erra.ta, 102: 1855, p. XIX.] 

'l'Alll.E OF HEIGHTS FOU. TEE USE OF 'IOl-'OGll.Al'HERS.:._c;. A. Scbott.-Heigbt in feet OQrreaponding to a given angle of elevation 
and a gh-en distance in meter::i 1 fur use iu the construction of oontour-l:in.eM by plane~tables. 

REPORT ON THE 1.&VEI,I~G-OrEHATJO!i:'S between Kr.-yport, on R."'lrita.n Bay, and Gloucester, on the Delaware Rivet\ to deter· 

mine the heights above mean tide of tlw primary stations Beacon Hill, Disborough, Stony Hill, Yount Holly, a.nd Pino 
Ilill.-By Aosiatant Richard D. Cutts.-IldgblB .. l>ove mean-title, determined by the spirit.level, p. 75; tidal stations, p. 75; 
instruments, p. 75; tidal observations and records, p. 76. 

TIEl'ORT ON TUE REAUJ,TS OF nARO>IETRICAL OllSERVATJONS made iu connection with the line of spirit-leveling from Raritan 
:Bay to the Delaware River to determine the heights, &c.-By Assistant Riehard D. Cutts.-Compa.TiBOn of instruments, 
and the determination of personal errors, pp. 77-81; the eompnta,tions, pp. 81-89. 

List of height.., above the half.tide level of tlrn ocean, of trigonometrical station~ <leterminoo l1y the 1Tnit<>.<1 State• Coa~t 
Survey. 
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Sl'J{\-E l'.ING-TOPOG l{Al'H ¥-Continued. 

;ear.1· Pag:~- Title of;:;::- -

---i--- - -·- - ------ -- . --------- -

1R65 j 003-2.11 TREATISE ox TUE l'L.A.:SE-1.'ABLE AXD ITb L"bl-:, with diagrams.-...!.. M. llarrison.-J)t>l'!criptiun: ail,instmeuts; pr1pt'r; S<'~llN: 

/ pntiections fur tie.Id-work; tltret~·puiut problem; practicable modes of tlrterminiug tl1e poRitiou of a fourth imint h}' r('8eC-

' tion upon three fixed points; Lehmanu's metliod; Xetto's method; EeitFl(•l"s mP.thotlll: hni-point problem; field-work: 

] contours; example; taUle of ht-iµ;hb i c11ain: tt·krnckr: tahlc for retluetiou of h~·pntlwmi.~e tr• ktRf' · n~t~nunaiRRaiwt•: 
I ottice.work.-1 Sketches 30, 31, 3:!.] 

18.);, II lfi2-Hi3 NEW YonK CuL.-Report of F. B. Gerdes on his to110aTaphica1 :surre~- of Manhattan 1MLwtl. 
1B5.t; 164-1651 HEPORT ON TOPOGHAl'HY executetl b~y the party of A!!sistant A .. M. Harrison Oil the {'O:lAt of l'ew .JeJ'~l'.V". 

1855 Hi4 , REPOll.T ON TOPOGltAPHY executed by tht: part;\- of .Assistant S. A. Gilbert on tlw \Yt·slt'Hl and i:ilmtherH ~i1lt':-< of L(rng; bb.rntl. 

1~~1 _ _2~1-282 __ ! CO>IPAH':: MAP:~~£~':_~:'~ ~A~rno:~-A lloschke.-~ctiJ~~1_°f_ •:r~·e.'. 
IlYDROGRA.PIIY. 

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

1859 : 311 ..... 317 i PlLE FOR 8ECURL'\'G TlllR-GAL'tH<:~. llitchelrs.-lSketch 40.]-(..See :n1-:.n"i'. Ken-- York lTarlJor.) 

1853 ' "'94-"'96 : SJ{Lf'·RECHSTEJtISG TIDE-GAUGE, Saxt-0n's.-E. B. IIunt.-fSketch 54.J 
1854 ]"100"'-191 , SBA-COAST Tin.E-G.:cGt:.-H. ).fitchell -Deseription nf bi..,_ tide-gm1go ust>d :1t stationR on t]rn op,en .seJI-r11m;;t arnl in "'ituatim1:-< 

exposed to ;i;stoTmy currents -[Sketch 57. ]-(Sc~'. ol-•o. "':l::!- :;1:,-[Erratft. for Sketch K rt"a<l Sk('tch i.'7.} 

18;}7 402-4-03 THHC-GArGE, Trf<11chanl's.-fSketeh 72.] 

1857 40:l-404 TWE-GAGl'E FOR l~EEl' WATER1 ~Iitcheffa.-t Sketch";':.!.] 

J~5~ 247-248 i Soi:-xm~G-Al'l'AUATl':-' AXD 'fIDE<UETRIL pro1-.ol'!t·d by J~. B. Ilunt.-:\otf's on its prineipl.-s and applicatio1i.-,T. M. H:1t<'lwl1Jc.1. 

1A57 3!l8-401 : Sou:sr.HNr:-APPAHATes.-Ne.w met-hod propos-t:'tl h.v E. B. Jlnnt for F-onmling- iu modt>rate depths. 
l859 3fi5-3Gfi TIDE-~rn1·r,:H.-l~eRnUR of experinH'Ilt·S maclt>. with tlw a.vpar,1111~ dp\·L~~ell by J:. B. Hunt.-,J. M. Batclielflt'l'. 

1857 : 398 ; DJmP-f'IEA-soesuew AI,l'AHATU.S.-Deseriptiou of a. form proihlA('\l aud tu'!ed h~· H. }', Saml~.~r:·.;keteh 70,J 

JE57 401-402 Ex.PERDIEXTAL t'OLTXUIXG:5 made witll Hunt's sou111Ung.apparatns.~ "\Y. G. Tt•mplP. 

1~5"; 

1~)9 3Ml-:i(l4 DEEP·SEA-80t~DLXG AI'J'AHATL"i.-Description Qf a form dt•-ri~ecl hy \\', P. Trowhrid!!t. arn1 p:q1lauation nt' it~ m1'tl1n•I a11d 

usfl.-[Rketch 3!Lj-[ E.rrato, 3."i!l, 1R60, p. xx.] 

1861 13.5-139 SoCNDJNG-API'ARA1CF A.XO LOG.-"~. P. Trov; l1ridge.-Hc~mlt1"- ohtaiued with au in:-4trumeut lleYiSt>1l hy him. 

1866 139 BERRYMAN .AP!'.ARATU~; rateM of outrun of linc.-(See 1857, Specimen sounding: Skekh ':'1.) 

1854 "191-*102 i CRAVEK's 8l'EC!'1EX·U<'X for deep-sea bottom•.-T. A. CraYen.-[Skctch 56.] 
1855 :lot S11 ECJ:MEN-BOX.-lt F. Santls.-Instrumeut for procuriug specimen.c; of bottom:" in :::.on1111i11µ:. - [Skekh 5:i.1 

lHt:iO 398 (Specimen) Sut:SUI!\l«Al'i'Ali.\'ITS, l\:[itcllelrl"l, for shallow water.-r~kPtl'h 40. l 
1854 CRA\"EX1S Ct:RRENT-INllJCL\TOR.-[Sketch 5;"i.] 

1855 363-3rni SAXn&'s llYDRQGRAl'HIC 8Jfi~.\L.-J~. F. ~aLHl:->.-l>1•"'{Tiptinn mul ,1r;n\i11g: of lti.'I ga:•»piJlf' :-;i)!'ual ll:-01?"11 in the hre-;ih1·r~ on nfl.~' 

1f!J2 f!7-9ti 

1855 t~~-160 

1053 "'93-""94 

1857 150-151 

Jli60 : Hi5-17G 

18,)G 1:1:1-137 

18:-17 178--184 

1~59 168-171 

li<62 86--P2 

Island Bar.-[Skctch 54. I 
Bcm·:W-I'ILE fm_;~~\I.:; alou~ Florida Hi.•rr.~Jame~ T11ttt·1t. 

l'LOHinA lt.EEF ~CHEW-l'ILE HE_\('Q\~.-De~f't'iptinu of si!.!'nal~.--.r :l?IH'~ 'l'o1tPll . 

.ALWX'IXG UEI'LECHJl~ 01 i11h-rntu;,!'e1·, llunt's.-E. ]:. Hu11t. 

METITOD OF i:;w1:EPIXG.-(See I>e11ths at Hell-Gat1~ 1 S.-1·.) 

HYPHO(;RAl'HICAL EXl'LOUATIOJ\.-i"lcc G1df Rt rnarn; .:!'~iu·ral a1 count ui the m1•tl10.J,.., Ui"lt'll in dt>YelopiIJg it ..... liyjlr.);,:Ltph,\. 

&c.-[Sketches lfl-2'!.J 

f)ppths in diann·e1·cntranc(':-i uf harbors, ri n·i s. pnrt ..;, an 1 ;tnd101·;1,::e .... on tllf' ''oa .... tri of the 1:--nitetl State~. 

Tli-c samr:.-(Ei.rata, lt":!, 1r-::_~. J::-'..17 p. :'\\'!JI.! 

The samf'. 
The saruP. 

l:ECUX:\ AISSANCE:< 

1855 171-176 i FLORID.A KE'is.-Sn:rv<'y fol' tlw (°l('HPml Land.()ffire, inclniiing rP-ports; on the gPneral to11ography and tl'iaugulati011, on tlit' 

determination oft.lie sl.tore·line, and rcconnaisaat1ce of Harnt:1''s Sonn<l, Florida. 
1 Fl.S6 286-~Sflo FLORJHA KEYS.-Report of the. Superintendent to tlw Commisi;;ioner of tlrn Genf'ral I .. nnd-Oriice on progress nHtdt- in th<t' imr· 

vey aml marking in quartcr·aections. 
1857 ! 379-382 FLORIDA PEXINSULA .A.IR-LIXE.-Report of a rcconuaissaucP mmle hPtWN'll Ft~rnandina and Cedar Ke;rs.-Dy Capt .• T.11. 

I Simpson, United States Topographical Enp:incers. 
1857 382-.190 ! FLORIDA KEYS.-Snpt>rinten1lent's report. t-0 Commissi0111'r of nt·nf't·al Lant1·0ffict> on progress made in 15Urvey and marfriug-

of the Keys. 
1858 2~5-~7 FLORIDA KEYs.-Snperinte.ndent's l'('port to C<lmmissioaer of fl-enP.ral I .. and-Oftice on progrt"SS malle in ::mrw•y and ma1 king 

of the Keys-Continncd. 
18.18 2"24 EASTERN COAST OF FLORID.\, south of Sa.illt John's Rh'er.-I~eport of Sul1·ass1st.ant J. ~foclwn ou local characfrristic.s. 

1854 11:28-*30 Extractn from the report of F. H. Gerdc..~ on tbc rcc-cmna.issnnce of tbe- coast of Louisiana in 1854i (Mississippi Delta.) 
18~ 87-!14 Extra-ets from the report of .Assistant F. H. Gerdei; ou a reconnai:i;sanoe from Su wa.uuee Bhrer, Florida, to Delta. of Mississippi. 

1852 104-107 "Report of Lieut. Commander Ja~es Alden, r. S. N., on the reconnaissance frow San Frs.ocisco to San Diego, including Sa11tn. 

Barbara Islands. 
1857 390-391 CoAST OF S.U."TA BARBAR.• C!IA~-XEL.-Report of Sub-assistant W. M. .Johnson on its topographiMI cbaraderistics. 
tS57 391~195 S.u-rA BARRlRA IsL.•!ms ANI' MAJ".-Reportou the chaTacter and prozreaa of the work.-Jly .A.06iotant W. E. Gr..,nwoll. 
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TUI'OG lt~l'H Y-RECONN AISSA.NCES-Conthmcd. 

Y·Par. I Pages. Title of papers. ___ _ 

-11'.1.H i~0-*31 -;:~:cts f~:u~-~-:i:~~o~-~\. E. G;~euw~~~~lie geueral fea.hnes and 11ecnliarities of the coast of Lower Texas, with sug-
1 gestion~ in regurd to facilities for uaYi~ation, from the harlJor of the Jlrazos de Santiago to the mouth of the llio Grande. 

183~ 

1

: 3'24-328 CoAs'!' OF TEXAS, embraell1g tLe :;l10Tl'f!. of l~s11i1~itu :-5anto. SanAntouiu. and Arana.a~ Bays.-Report ou a Tecommissance.-Ilr 

Assistant S. A. Gill>crt. 
1E160 1 356-35i COIU'l:6 CHHISTI DAY ANU L~\li-C::\".\ ::\LuJJm, TEXAS.-Geueial description of chnracteristics.-Uy ABRistant R. A. Gil1 1crt. 

1861 I >!63-264 COJ.ET OF TEXAS abo,·e Gah·eston Bay.-Extracts from a descriptive report.-Jly Capt. Geori:e Bell, L. 8. A. 
1867 ! 14D-157 ' rROYlNCETOW~ IlAHBOH, MAf'S.'\..CllUSETTS.-Spccial Stln'ey.-Rcport by Assistant n. L. Whitil1g. 

PHYSICAL HYDROGRAPHY. 

:;::.._ /;,;ges. : - - -~ -- ~ ~- Title of papers. 

-:8561 249-251 ! PREDICTrox T ABLES.-Note• on the proill"ess made in thdr pr~parn~ion w~~~-;.:-~enc~~tfos o;-BoH!<=-;~~hor:.:...~. D. Dach: 

18GB j ~1-10~ I TIDAL El'HEMEllIS; nnd COMPVTATIO:NS.-(See LDCAL Tums.) 

18681103-lOC : MonE OF FOIDUSG A ElUEF TIDE·TABLE FOH A CHART, witli e:H\lll])le.-H.. s. AYery.·.-[Sketcb 29.] 

lt!iO 6fi-1.H 'Tabufar statr-ments of resnltR of computed tide-tahlf's for chart~ of the wrstern coast of the rnitet1 State:).-Bs R. S. A very. 

1870 l 70-74 MODE OF FOIDUNG DllIEP PREDICTIOX TlVE·TABLEs.-By l!. S. A_ 'm'y. 

1:'.169 j 7.)-104 RECI.A:MA'IIO)I OF TIDE·LA.i."\Dfi, A::\D ITS RELATJOl'\ TO I"AVIG.\TIO:S.-IL :Mitehdl.-1. _general discu~~iou; SC'Ollr of tidal and 

I river currents; general rule of lmr-sconring; paralld work~; tr:1nsvp1·~t· works : physical history- of sail-marshes; shingfo­
levees; other natural levee:"; I)eircc·s criterion; 21 £eld-work; Greon Harbor ltiV'er; North River; tabular sections of 

shingle·levces; sand beach; sectlon of slue way formed by Minot ·s gale; ~eneral risf"; local changes of heights of tide­
taUles i effect of a dam; general conclm~iou~ re laiiv1• to th('; projert"' of r~clarnati011 · shore of Nahant: ta'!:mlar sectionH: 

1~3~ 

lt<5S 

1;.,,4 

i 
I 

1i-:::m 

213--21U 

210-213 

l·ti-"152 

'25~-260 

maps antl rliagrallls1 (in text.) 
DY~AMIC8 Ot' OCEAN-CURH.EXT8.-E. TI. Hunt. 

CO·TID.AI. LI~£.;; of an inc1oS<;d sea, as deriYed from the t·quililn·ium-thttw~-.-Beu,iamin Pf·ircP.-1 ;:?;eneral theors; '..!,its motl· 

ification b:y the incompleteness of the inclosurc. 
CO-TIDAL LT'iM, A.tirultic.-.A.. D. Bache.-Prelim.inar:c determinations of cu· tidal lines ou the Atlantic ooast of the Uni tell 

Statcs
1 

from Coaat Sur~ey obser~ations..-Tahk I, o1rnervations for co tidal hours; II, co-tidal hours of ports on the At· 
lautic cuaot; III, rate allll trend of co·tidal lines.-[Skctch 26.l-[Errata, 151; 1855, p. XIX.] 

Co-TrnAJ, UXEb, Gulf of :::Mexico.-A. D. Bacbf\.-DiRc11ssion and preliminary determiriation.-Tab1e I, diurnal ·wave; II, sta­
tions, &c.; III, diurnal iutervalf;; IY, tide-elements of the stations; V, seu1i·diurual tides; \I, comparison of esta,blish­

ments of diurnal and scmi·(liur1..1al thleB in tile Gulf of :Mexico.-[ Sketches 35 and 36. l 
186:! 126-128 i Co-Tm AL LIXES OF nm GLLF (1r :\IE -.;::1co, d1,·1hWP1l from recent ol>scrvations.--l. I>. Bachc.-T1tbles of diurnal am1 semi-

' diurnal tidcs.-[Sketch 46.] 
18.):l 338-3-12 P .~CIFtc cO-TIDAT. LJ:XEs.-.A.. D. Ha.che.-Tidal ob.~erYations.-Table I, ti(le-8tation.:- on the ''1:(."steru coaHt of th~ LuiteLl State~: 

11, datn for co.tidal lines of thfl l'aC"ific coast of tlJe. l!nited States; co-tiilal honrA; co-tilfa.l gi·onp1'; III, disCUHsiou of thl' 
middle group bctwceiu Cape )..lernlocino and Point Concoption.-Chart of co-tillal lines.-[ Sketch 4\l.) 

18.57 · ~~2-:Hi ATLANTIC cO.A8I TUJEs.-Generalizntion of liei~ltts relatinJ to the coufignration of the coa.st.-A. D. Bache.-Tahle I {Al, 

11eights of tides on the Atlantic l'Oast of tlrn F.nitt~d State~: II (H). on the co1ast of Cupe Breton and Kf1w Ilnmswick.­
[Sketch 6:;.] 

11-if•e ; 51-10'.? D18Ct:ss1o:s OF TUE nnr:t~ rx no:-;To;.; 1-IAunon.-\Y'. Ferr-el.-Tbe obserr11tious autl the locality; expresMiou of the disturbing 

18:;.'i 1\· 3-Ul-347 

1856 00-0-()61 

I 

fol'ees; titlal expressions; ob,kt•t and plan of di~cnssion.-Tables I, JI, III, aud 11'"", of a\-erage normal values; V, thei 
constant or mean tide; the scnd·rnontl1ly inf"qnali(Yi VI, inequality dt>pentlingupon the moon's mean anomaly;. Vll1 in 
f',•1ualit.y depending upon the moon's longitude; VII bis~ ine11ualit.y depending upon the sun's anomaly and longitude; 
YlII, ineqna1ity depending upon the moon's nodC'; IX, in~qnalities tlt-,,pending npon '1ei and '19 ; diurna.1 tide; recapitula­
tion of result~; compati~on~ with the ecluilibrium theor~,_; determination of the general constant~; comparisons witlt 
tl1e dynamic theory; IJrerli~tion formulas and T:=t11lcs I-XI; computation of a tidnl epherueri~i oouclusion; examplP of the 
coroputati-0n of a titla.l ephemeriH, 

Gu1~F OF MEXICO 'flDl!'.5.-A. D. Ilache.-Oll:°'crYations aml t:nw-rnrY1,:s at the several stations, showiu~ their llecornpositinn 
into diurn.al and scmi~cliurnal ti1l11!-l. 

TYPE-CUR\~Es1 Gulf of Mexico.-Dr-scripti-rc J'Cfcrenccs to Sketch No. 38, rl·pcrc.seutinµ: th" (lec<n111losiUon of curves of obs-l'l'· 

ntions.-[Sketch 38.] 

1854 1*152-*155 Dn~UYAJ. L~~QLALITY, WESTERN·f'O.'L~T TWES.-A. D. Bacbe.-Comparison of the diurnal inequality -Of the tilles a.t San 

. Diego. San Francisc.o, and A.storia, with tablt'•.-[Sket.ch 49.J-[Errata, 153; 1855, p. xrx.] 

18ti.'i 
1
1 13~ , ExPL.<.l<ATIO>: OF DIAm<AM OF TYPE-Ct:RYES of the tides on the Pacific CoMt.-[Sketch 2ii] 

1856 271-272; W1"v" OF .Ar.BE>IARLE Socxn.-lliscussion of their effect upon the tides.-L. F. Pourtales.-[Sketch 16.] 
lS:l!i 1!7fj-278 : "'IXD6 AXD TIVES IX CAT lsJ,ED HARBOR.-ltesults deduced from oboerrntions made by G. w. Dt,an.-[Sketch 39.J 
18.i:;6 27~27G 1 

'\rINI>S IX THE GCLF OF MEXICO.-A. D. Bache.-Discussion relative to the di&turbance .caused in the intervals of sncc-f'Mi'\""B 

tid"" at several stations on the Gulf coa.st; Table I, quantity aud <lirection of wind at Key Weat, Fla., 1351-'52; JI, at 
Fort Morgan, Ala., 1847-'49; III, at Galv<lllton, Tex. 

18~7 3.'\4-358 i W'ums OF T!IE WESTER!\'. COAST.-Discusoion by Prof. A.. D. Bache. 
18Mi 279-280 I C.rnns FROl4 ccnn&xT-DOTTLES.-Picked up on the &hore of Loggerhead Koy, Fla., and on the North Caicoe, Dabamas. 
1859 3'l0-31ll . CrnREXT-~ARllR thrown from the survPyin1:-steamer Corwin, and found on thP ea.•tcm coast of filorida. 
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1854 ',*U3!J-*190 ; C~UltuE:-;T·BOTTLf:s.-One from ~-folnle Ba.r to Xto~quit<1 111lt't ~ arnl onA from Cape Florida to ,Jupitin· Inlet. 
1854 ' "'35-,..37 ' ~XXTt:CRRT A~H VJXEYAI!fJ Soex11 'l'f11£;-..-H. Alitd.icll.-lfet1wd of securing ~fitch<•ffs tit.fo.<rawre · r~warkr><.m swellt..-

[ [Sketch 57.] , I"> 1"l ' 

18j5 222-22:! 

lil56 261-263 I 

1866 44-46 i 

1867 1:>8-169 

NA~TCCKET Sor~o.-II. l-Iitchell.-Tidal o"Lservations; iuterforC'nee-phcnomeua. 

I:.'fl'ERPEHEXCE·TIDEE.-H. Mitcbell.-On ohRC'rvatious made in Xantucket and :Martha·~ \iw·yar<l fiournls. 
HELL G -\TE (East l{iver, X. Y.) TJDRS.-Il. lfitehelL-Prelirninary report on the interfi._•rence-tide.s of H('ll G-atr-. with diT'P<'­

tionr: for I'educiJJg the soundiug.-Table of relative elevations of tidal iilanes from hii; observation.-;; tides antl current~ of 

Ilell Gate, from ohi'iervatious of 18j7, 

Trui<:o A~D cc1urn!"l'I8 O.F H~:LL GATE, X. Y.-II. llitcllell.-General seherne of tides aml cutTent~: L ~·.::rwral scheme of 

tidal interfeI'ence: oh~er'"ationR anrl resnlts; cun~es; 2, tides from Rtatlon8 ,_,_.lf•C'tt"d as d1aracb·risti1• for )\°C'w Y"m·k 

llarUor autl its approach€s, 18:>i'-.58, with dia.grarn; 3, intervals and heip.;hts of tidel-l- from simultaneouti ob~f'rYa tious. ".\.ia~· 

an<l .Junc, 1857, arranged accordiup: fo hour of transit; curves of Lalf·mouthlr inequalities; 4, restoration of }eye] ht't\Vt:'Ul 

~aug-e1' at Ildl Gate Ferry an<l l'ot. Coye, 18.37; diagram; 5, currcHLl:i of Xmv Yurh. H.arbur; ge11tTal scliern~ of curre111s, 

grapliic. 

18.l:.I *il-*ifi NOTES o.x ·r1n~~ AT JGIY \\.,..ERT.-A.. D. Bache.-TablP I, Lalt'-monthly inequality oftid("s, OD(· ,rf>ar·i;i ohsen·atiom;; II, 1linrnal 

iucquality, with forwnla; Lfrcornposition of the· eur~cs of obscrYation; somi-diurunl tides; III, fir~t Mix month.;;~ I"'\, RC<> 

ond six: months; Y, the whole ,\'l:'>ar; f1iurua] titles; YI, tlifect of uwon·is decliuat.iou; YII, moon·!'. agt': ehan;.:e8 pf lll("<ll! 

fovtl; "VIII, ht·ight. of lli)!h wat,er referred to moo11·s a~e, first and st•co1Hl montlls: IX, monthly mean lev(•] -fSk(:kh1·8 

27, (F, No. 4,) aliu 2t<, {F, Xo. 5.)J 

1851 i 127-136 :K°OTEb o~ CAT 181.A_Xli TIDRS.-A.. D. B:i.che.-Discussion: t.able-0f diurnn.1 and s..•mi-diurna1 cnrveK-[Sketeh ~."i. (H, Xo~. 2-G.)] 

Id.i2 : 111-12:1 D1scrssION OF CAT IsLA~D TlllllS.-.A. J). liache.-TaUle I. Sketch 1, diurDal and ~ctui·<linrual cun·e.s t!eU.uc<'d froni oh..;en·a· 

tions, with cur'f'es of sines: (A,) diurnal wa-re; lieights antl timPs: II, Skl'tcli 2, maximum or(liuatk'fi of diurnal curn·. 
&e.; III, Sketch 3, r1ff'ct of snn·B declinatior.. on lwight; IV. ~·fft•<·t nf nwon'H parallax; V :ind YI. cu-••ftif'it'nh-: Yll. 

computed diurnal ordinateB comparl:'<l with observations; YIII, Sketch 81 r••siduals classed by ruoon·~ ag-e;o:;: IX, sauw. 

C'mTt·cttJd h_y change of <:osincs; X, diffcrc11c1._' of diurnal mn:ximum ordinates. frolll hist a.n<l from firBt rul•t.l101l8 of µ-r(1n11~­

:-1emi.<linrual cff,~ct; XL correction to max.imnm dinrnal ordinate for ]1igh~watcr onliuatc: XII to XY, further re:oidual 

corrections: comparison with hypothesh:.;; (TI,) semi-rliurual cnrv<:; X\I, half-monthly illl''IUalit~Y in hdµJ1t; XYII. dis. 
crcpauciei" betwern obsf'rrationH an•l fru-nrnla.-[Sketch 2."J, (II, :Ko~. [>-9.)J-!Err.ata. p. 115, 119, 1:!1: 18.rl~l, p. 1F12.] 

lefi6 ll:J-lW TIDAL OllSEUYA.TlO!'\i'i AT CAT lsLA:S-11, G L'LF OF Ml:XICO; notes of a disem;sion, by .A..D.Bachc..-{lteport forl8.":il.)--[::'.ikNcb30.} 

1~~)3 *77-*81 ! NOTEh O~ Tllll'OE AT R1,;co:< PoJ:<T, C.•L.-A. ll. Bache.-[Tables I to l\.j-[Sketch 48, (J, No. 7.)J 

1~33 *81-*82 

1>134 *37-".40 

l~G4 !H-9~ 

1860 3!:19-*"402 I 

lr-!70 92-97 
: 

1870 190-19!) 

IeGT 170-175 

lB:il 555-558 : 

~OTES ON THE TIDKS AT SAN FnA~CISC'O, CAL.-A.. D. Bache. 

\VE:-:::.TERS: COA:ST TIIlAL .\Xll MAff\'"RTIC OJJSEHYA.TIOS'~.-"\V. P. Trowlwitlge.. 

TIDES AT 'I'AIIITJ, SoeTn I)~\CJF(' OC'EA ..... ~.-Their genera] chara.ct.er.-J. no<lgers.-[Sket<1 h 40.] 
L.tunAnOH E:Xl'Enrnox.-A. Mnrray.-Report of a voyage of steamer Bibb. atHl remarks on tho wimlfl aud ti~ks. 
DE~CH.U'TJOX OF tiEA{'H·M.\.HK~ at tillal-stations. 

Ox THM M.oo~·s ~fARR, aFi ~1Nlu<'.P.t1 from a tli~cnssion of thr tirfos of Ro~t .. on Harhor.-By \.\illiam Ferrel. est1. 

~IERRil!.IACK RIYRH, MAsS.\CHl':.:rnTTs.-IL Mitchell.-Surve_yH respectin-" its navi~ation, with tablei:;.-[Sketd1 2.J 
llEJ.I. GATE C!L\Xl\EI •. -'V ... .:.\ .. l!artlt,tt .-l~xamiuation of reefs and changet-i prod need Uy blasting.-! Sketch tl, (B. X o. 4 ) .:-

[Errata, p. 1x.] 

185~ I 84 ON Por HOCK, HE!.J. GATE.-W. A. llartleit. 
1857 i 150--151 ! DEl'TH5 .!..T HELL GATE OX THE SEYRNAI~ ROCKS.-1\.-. G. Templt~.-:ll"J?tLod of ' 1 swe<'ping." 

1854 !*166-*1613 :M.LTSKEnET CIIA.SNE]. AND :l\iAHTHA.
0R VrsEYAlm CCRTIEXTS.-DiseUSSl'd by c. A. Sehott.-TaLle sLowiug tllt' rnrrent:-< aud ratt> 

I 
1854 1*161-*166 

18691 

I 
! 

236-259 

I 

of f·un·ent in Mnskegct. Cbannd and oft.be northeast coast of ]l1irtha'~ Vineyard; velocit.Y (lf curnnt; dnratitln of ehh, 

tlood, arnlsla-0kwnter: curreut-establishments.-1Sketch14,{A, No. 13 :! also.185>.Sketch 6.J-[Errata. p. lG7.168: 1t;;;.p.x1x.J 
NANTtrCKET SHOALS cnrnE~T.-C. A. Sd10tt.-On the curreutR of .Nantnckf'.t Shoal~. from C0-as:t Survey rc1n-enr obse1Ta­

tions.-Tahle I, ruen.n direction; II, maximum velocity; Ill, gr-onps of l11ni-current_iutt-r\'ab.-[8kekh 13. ~A, Xo.1:.:!.)]­

[Errata, p. 165, 166: 1855, p. XIX. j 

REl'OUTS CONCERS:JNG 'MARTIL\'r; YIXEYAHH .A~Il N.A.'.\lCCKIH.-H. L. \Ybitiug- and H. Mitchell.-(..A.,) Edg-artowu liarhor, 

changes; Vinf';yard HaYeu. its c.haracter a!-1 R port of refugt1 and ih:i present condition; TalJle I, exposure of auchuraj!oes 

in Provincetown Ilarbor; II, in Vineyard HaYeV; IIIi in Great Wood's Holt·; IV, in 'l'arpa111in Cm·e; \. 1n Etlg11rt.own 

:Roadstcad; VI, in Old Stage Har\)OI"; Yll, in New Bedford lla.t·bor and Quirk's Holl~; VIII, in l!lymouth Harbor; IX, in 

:Bost-on Harbor and Nantasket Roads; X, in Boston Harbor and Hull Eay; XI, in Boston Ilarbor and Pr-esi1fonfs Roatlf' 

and Gf>orge.'s Roads; Xl I, in -:\1arblPhf'.ad Rarhol'; XIII, a.t Salem Harl.tor; XI\, at Ghmcester Harbor; X\, in lAlw-er 

Bay, New York Harbor; XVI, in T'"p}H'r Hay, New York Harbor; XVII1 anchorage-room aud a''Prage expo~ure ill the 

respectiYe harbora.-(B,) snr,·eys of sumrucr, 1871: 1, physical aspect. and peculiaritie,..,; 2, Edgartown tides, differenet• of 

heights; 3, Nantucket title-table.; 4, clements of the field-work. 

1854 l'l6S-*179 I 
• ~ I 

Tnrn.s, I .. ONG I~LAND Sov-x» A-SD .Al'l'HOACIIRR.-C. A. f;chott.-TalJle r, ran_gf" or we-an 1·ise and fall of tides, to April, l~f>3; II, 

e..orrect-0tl or mean establishments, to A1nil, tsr-.:1; Ill, s~t an<l maximum rates of e1Jll aind ffoVll streams; IV, ]uni-current 

interval for beginning of' outgoing Atreams; eastern part of the soum1~ 1846-'47; western part of ~ew Y<lrk Bar a1Hl 
(;hannel, 1~44; Ne" 'Lurk Harbor, 1844-'4.>: Hell Gate, 1845; Hell Gate and Throg"s Neck, 1846; 1--_ meau dum!.ion of 
shwk·w!lters and of respective ebb and tlood streams, from the middle (time) of one slack-water periorl to that of the 
next i Vl

1 
irregularity ofhmi-cnrrentinterYalsof8UC.cessivetides.-[Sketch 16, (B, No. 2.)]-[E:rrata,p. 17:.!, 174: 1~55, P· xix.) 

18;1 i 3:.0-3o4 
I I, TIDES AND CUHREXTS in the :Nantucket an<l Vineyard Sonnds and in East Riv-er.-H. Mitchell.-llell Gate a.n(l vicinity! tidet1 

and currents; II1ulson River lc,•clingg; Nantucket and lfart1w s Vi11e-sar<l Soumls1 ti(le.~ antl rnrrPnts. 

26 c s 
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1851 136-137 I GRA-:IICAL METHOT) o;-representing C"Ur=~.ohsPr~::~-.-, _a_B_u_s-~<-l_it_1_t_h_e_()_'o_as_.-t.-S-u-r'O'-o-y-.-_-A.-. l-J-. -ll-a-ch_e_. ___ [_S_'k .. e-.t-cl_1_3_, (_A_,_1"_'_o_. 3-.)] 

1853 169 SA,,DY HOOK CHANGl's.-[Sketcl1 8, (B, No. 3.)] 

1855 1G4t 165 SA~DY IlOOK CIIA-XGES.-(See NE'Y JERSEY, etc.)-A. M. Ilarl'ison.-[Skttch No. 9.l 

1855 170--171 REMARKS llY Mu. Bosen>: o,; "l!RYE" made at different periods in :Yew York Harbor. 
18.56 263-264 TIDAL Cl'HRENTS AT SAXDY HooK.-Xotes. on the cau;;:.es of nortbwardly increase of the 11eniusula,-A. D. Bache.-[E1Tatar 

1856 

1858 

l85j 

1858 

1859 

1856 

1851 

1E54 

1857 

li'64 
' 1857 I 

1F58 

18!i5 

1~51 

1851 

1853 i 
l~GO 

I 

264-266 

l!.17-203 

358-'.173 

!!04-:::!07 

311-317 

260-2G7 

482-484 

*21-~23 

152-153 
57 

153-155 

p. 254, 1856, l'· xx.) 
NEW YORK HARBOR A-XD llErE.~nrnxcn;;;.-H. Mitchell.-Ou tidal aml cnl'l'eut. uhstrTatious matle in ~ ew York Harbor,-!city 

dooks, Newark Bay, and tbe Kills. 
XEw YORK BAY A~D S,\~DY HooK. -A. D. Bi1clw.-On the charactel' of the tidal currents in the-vicinity of tlrn bar: 1, nor· 

mal currcntA at tbu entrance to Ne.w Yr,rk Bay; SJ, l'a1se Hook Channel and the approaches; 3, currents of' Sandy Hook 
Bay.-Table 1 to IV, lunar time~ duration1 velocity, anll tlircction of currents: V ancl VI, velocities corrected for dinrnal 

and half-monthly inequalities.-[ Sketch 39. l 
Nr:w YORK HARBOR.: report <Jf advisory council.-Physh)al eau:-;es of cbaug:es: 1, cha.nges at Sandy Hook; 2, northern 

side of entrance, Coney Isla.rnl an<l south shore of Long Tuland; 31 Xew York bar; 4, New York Upper Bay; 51 Newark 
Bay; 6, Hutl8on River; 7~ East Hi ... ·er to Throi,(s Neck; statiistic extracts.·-[Err•a, p. 272: 1858, p. xx.] 

.EAST RIYEH AXU NEW YORK B_\Y.-IJ. Mitcliell.-On the obser,atio11~ of surfa(W and sub currents. 
NRW YOHK HAUBOH .. --H. llitchell.-On its 11bysical sun·ny, "·ith description of .npparatus fo1• obserYing the currents.­

[Sketch 40.]-[ Errata, p. 317: 1B6V, p. xx.] 
Jlr~uso~ U.IYEn..-G. Wi.i.rdemann.-On tidal oU~erYations made between Alban) and New York City.-fSketch 6.] 

: BEAt:-FOHT H.AR1JOH, NollTII CAnOLINA..-R. L. Wltiting.-Operative causes of itA iihysical pern1anfmcy.-{Sketc11 17, (D, 
No. 5.)] 

BE~-\"VFORT HARHOH., NonTu C.AltOLIN.1...-J. X. :lln.ffit.-lt~ capadty 1 changf':s1 and improvements.-LSketch 23.] 

BEAU»Oin HAm101:, Nomn CAJ<OLL'<A.-C. R. P. P..odgers.-Present condition of bar and anch<>ra~e.-[Sketches 29 and 30.] 
l1E~UJFORT HAHBDR.-E. CordC'lL-De""\·elopment of chauges ::it tht~ bar an<l in the channel.-[Skf~t<i,h 26.} 
CArE FEAR E~KAXCES, NORTH CARO~.A.-S. N. 'Maffit.-Elewents of physical clmnges wronght.-[Skekb aa; also, 185:l, 

Sketch 16] 
150-15L CAPE F.E_i\.n; EXTlL\XCE:,.-T. B. Huger.-Reeeut cllang•·H iu 1ts bydrography.-[Sketches 12 anll l:J.} 

45 E~TIU .. X-CE TO C_,\PE J:o'EAl-t HJYEH, NORTJ! CA.ROLl~.A.-J. ;.;. BJ'a.tlford.-Il~·tlrogr-aphic changes.-l8ketcb 13.J 

4t<8-401 I l<'LOHIPA COAST RECONNAISBASC'E -:E'. n. Oerdes.-..:i._, dNKTiption j 13, stfrv<·y j C, tidcA and currC'nts; n, ~ailroad RCff)88 tho 

peninsula; E 1 light..bouseis and bu(1ys: r, ~eneral remarks 011 Cedar Keys Harlmr.-[SheLd..1es 27. 28, and 29. I 
52t-.--r):30 l SA.!\ DIEGO RIVFU E:S'IRA~C'E.-i.Sketc11(':i, G and 7.]-(..8ee C, statistics; a, coast, we~teru.) 

GFJ,F t'TREAM. 

4!l-<il (Report.)-fSketcbes lo am\ 16.]-Gulf Stream expl<>rations. 
l (i5-176 ; GCLF STIIBA::tt.-A.. D. Bache.-Geucral account of tbe methods n~ed in devdopiug; its liydrugl'a.phy, arn1 summary of results 

' obtained; 1. instruments for temperatures: for d('pth .: for obtaining 1'l;pecimens of the hotton1 ; 2. plan of the work; 3, 
method of discussion of results : 4, results; t.ype-cnrves of law of temperature with depth at the most characteristic posi· 

tions; t_ypc-cUt'V(~S of law of distribution of temperature across the stream; <:mrvcs of doptha of equal temperatares.-Table 
I, distance of the cold wall from the shore, and widths of tlie several bands of cold and warm water of the Gulf Stream, 
measured on the line.s of the sections; 5, limit of accuracy of the determinations; II, probablo uncertainty in the deter-
mination of maximum and minimum points by running tb.e, same sections over in different yea.rs, by different observers; 
III, value of probable error of tleterruination of the bands for each section and the avera~e of the whole; 6, figure of the 
butt-0m of the sea below Um l}ulf Stream ; 7, genoral features of the Gulf Stream.-[Sketches 19 to 22.] 

1"58 217-222 FLORIDA GrrL~' STRRAM.-E. ll. llunt.-NotiCP:S of certain anomalies; changes of current depending upon the winds and 
sea.sons. ! 

1854 1'156-*161 GULF·STHEAM TE:\II"ERATURES.-.A. D. Bach·e,-On the distribut.ion of temperatures on and near the Gulf St.ream: 1, at differ~ 
eut dept!J"; 2, at the same depths on seotions across the axis of the Gulf Stream.-Table I, probable uncertainty in deter­
mination of the ma.ximuru and minimum point.\\; 3, connection of the figure of the sea-bottom with the distribution of 
temperature: 4, the 11 cold wall;"' 5, referenc(' to t'hifting; G, chart of Gulf Stream.-[ Sketches 24 a.nd 25.)-[Errata, p. t:rn, 
159, 160; 1855, XIX.) 

1~~ 53-55 GuL>" STREAM EXPLORATIOx.-I'rogramme, Craven's Cape Florida section; Sands's soundings along the GnlfStream axi•; 
1!Apt.11s; bottom-oontlguration, temperatures, e.nd bottoms. 

18:.5 359 BOTTLE·P . ..rEa.-Current-bottle card thrown over near Sandy Hook and picked up at the bar at Santa Cruz, one of the West-
ern Islands. 

1855 84 (Report.J-[Gulf_Stream deep-sea soundings.-[Sketch 38, (H, No. 3.)] 

1859 306-.11V GULF STREAM; distribution of temperature in tbe water of tbe Florida channel and strait'8.-.A.. D. Bache.-Form of bottom; 
ch&nge of temperature with depth; temperature in a direction across the stream; bands of warm and cold wtter; the 
"cold wall;" longitudina!)iection; effects of pressure on Saxton's <loop-Ma thermometer, under pressure and free from 
pressure; thermometers Nos. 5 and 10.-[Sketch 35.) 

1868 166, 167 NOTE ON GULF-STREAM OBSERVATIONS.-H. Mitcbell.-Decrea•• of bottom-temperature in still-water ch1Wnels.-(Sequel to 
1867, J>. 179, h~low.) 



 

1866 35-44 

lfl66 139 

1867 176-179 

1853 i."82-"'83 

185:-~ 360 

1858 248-250 

1867 180-182 

1868 168-170 

1869 208-~19 
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Title of papers. 

FLORlDA STRAITS.-H. Alitcht:ll.-Repo1t on f\ountlin~s; J.Wri..hern approach; southern ap]fruatL; dillkulties in the way of 

laying ft. te1Pgraph-cable; remark~ upon linr~s ~rn,1 l~atl~; t11IJfo uf 8011n11ings)tcros8 tho Straits of Florida, from SaJHl Key 

tD El :Moro, 1866.-[Sketch 17.] 

Supplement, p.139: Uiagram of rates of outruu of line, Berryman apparatus. 
SOUNDIXGS 1:'\ THE GULF STHE.Uf BE'IW.EEX KEY '\EST (FLORIIJ,\) AXD IlAVAXA.-Il. lfitclwll.-Table I1 soundings in the 

Gulf Stream near the coast of Cuba, 1267; II, current obserrations.-[8ketch :.:!5.J-(SnpJJlemeut, l~tit3, pp. 166-107.) 

EXA}!I!'(AT10X OF BPECIMRXS Of<~ BOTTOM ollt:i.ined in Gnlf Stream.-1 •. F. Ponrtalcs. 
Gt:r,F Srnli::All IlOTTOUs.----J. \\-.... nailey.-On the charactc-ristics of some bottoms from tho Cape Florida Gulf Stre.am section. 
ANALY~IS, MICROSCOPlCAL, of specimens of hoUom taken iu souIHling.- L. F. Pourtalc::;.-Gr~en urnl ochraccuus iucrustation 

of Foraminifera, and jet tint of speeltnen.s. 
FALNA OP THE GcLF STREA:\I.-L, F. Pourtalea.-Hredgings in the Straits of Florida. 

REPOHT Uf'O~ DHEDGI~GS NEAR THE FLORil IA REEF.-I •. F. rourtales.-Orf!;anic specimens: coral1'.\, echinoderms. bradJiu. 

pods, &c. 

REPORT Ul'OX DEEP·SEA DREDGIXCiS IX THE GCLF STREA;".1 DL-.RIXG THE THil~fl CHL'.ISE OF THE °'CXlTED STATES fJTEA'.'.\fEH BIBI~.­

L. Agazziz.-Faunm of the submarine zones; reef-zone; sedimentary zone; coral slope of living cr·etaccan tnms; floor nf 
fora.miniforine mud; geological infcrencfs ; inclination of the reefs; pot-holes; formation of oOlithic, amorphous, an(_1 
compact limestones; the Jurassic snbruarint scam; cmhr;yolo,,\!,r of t_•.orals and formation of colonies by disk·embranchmi:iut 
extinct forms representing modern <levelopmcntal transitions: lines to be dredgnd. 

1&69 2lll-2'~ THE Guw STREA:ll.-Characteristics of the .Atlantic •ea.bottom on the coast of the L'nitc<l States.-L. F. Poartales.-~Iauner 
of dre<lging; siliceous formation; green-sane} formation. 

1858 228-246 DEEP-SEA SOUNDINGs.-W. P. TrowlJrid;!'c.-Invcstigation of the lnws of Il1()tion g:oYcrniug the des~eni of the weight and linr; 
formulre of velocity ofdcscent.-Table I. ratc:s of descent an<l resistance, in pounds, upon the sinker and line, with one and 
with two 32-pouud shott 0.07 of an incb in diameter; l[, same, with 96 an<l 126 pound weights-deep-sen line; III, influ­
ence of different lengths of line mo' iug with the !!Ullle- velocity: ratios of lengths to ratio of resi!itauccli ; TII, comparison 
ofresistanees upon the same lengths of lines of rliffi..'Tent 1liamet.Bn~~ moving at the same velocity; TI, influence of lengths 
at different depths; VIII, saml\ continued; IX, rates of desce.nt, velocity, resistance to sinker ancl line. anll weight of 
line in water, from observations made by Jo8. Day man ;-diameter of line, 2 inches; weight,, 96 pouuds; specific graYity 1 

1.3.-[Sketch 38.J-[Errata. p. 235: 1858, p. XX!.] 

, TIDE· TABLES for naYigators1 with tlescri1>tion of bench-marks. cxplanations 1 and examples for nse.-A. D. Bache. 
1853 •01-•10 I 
1854 [*180-'189 : [Errata, 181, 182, 183, 185: 1855, p. xx.] 
1855 347-359 J [Errata, 349, 3;";1. 353, 35J, 358: 1"57. p. xvw.] 
1856 120-133 ; [Errata, 130 : 1856, p. xx.] 
1857 157-178 i 
1858 275-297 1 [Errata, 279: 1859, p. xn.j 

1859 136-167 [Errata, 143: 1860, p. xx.] 

1860 131-164 [Errata, 161: 1860, t>. x:-..1 
1861 98-131 

1862 93-126 

1863 84-117 
1864 58--90 

1866 j 47-49 Predktiona for Eastport, as a specimen. ___ , __ 
TEHRESTRIAL MAGXETISM. 

--~.----1--------:ear.I Pages. I Title of papers, 

1856 t26 I MAGNETIC OBSERYATIO!'!S.-C. A. Schott.-Methods uRetl iu hiR ob•enations of the 1iresent ye_1r; magnet H. 
1862 232-235 BESSEL'S J>ERIODlC FUNCTIONS dovelopo(i. for p('riods frequently oeeurring in magnetic and met(}Orolngical i1n·e:stigationl'!; 

with examplea.-C . .A.. Schott. 
1864 20.'\...2061 GIRARD COLLIWE OBSRRVATIONS.-Iudex t-0 <liscns•ion l1y A. D. Rach. e.-(See Magnetic elemeut•; tlisrnssecl.) 
1860 31".0-351 EASTPORT STATION, YA!NE.-General ilcscription of magnetic atation.-L. F. Pourtalee. 
1860 326-349 KEY WK8T STATION.-Deseription of instruments and plan of magnetic observatory; with resulta.-W. P. Trowbridge.-

I 
Declinometer, rooording cylinder, a.ud cloe-k; vertical-force magnetometer; adjustments: mean daily rang-e of tempera· 
ture for e&ch month, 18J1, 1852, and monthly range for four years; mean monthly temperature for fourteen yea.rs; 

: lampg; IJ('.ale.measurementsi temperature co-efficients of the horiz-ontal and vertical forces of magnets; photographic 

/ arr&ngements; magnet H-a.x.is ~nd intonsi~y; dip; sca.le-value-s f~r intensity-magm:t.s-tables and computation; ex-
' periments for temperature co-effimeuts of honzontal-force magnet,, with hot water and 1ce.-[Sketches 23 and 24 l 

1862 236-238 DIPPING·NEEDLE.-Description of a new form of axi•, changeabl~ in:rosition.-J. E. Hilgard. 
11!54 *142-*145 (1844-'45.)-TABLF. OF MAGNETIC DECLL'!ATIO,.-,-G. w. DMn.-Resnlts of Coast Sun·cy magnetic obserYation~ at 13£ 

stations along the coast of the Uniooa States.-[Errata, p 144, 145: 1855, p. xix.] 
1855 1195-306 (1644-'55.)-TABLE OF MAGNETIC DECLINATION, in geographical oriler, from Coast SurYAY observatiOU3; with note• b_y 

A. D. Bache and J.E. Hllgard.-Di.scussion ?f' magnetic declination; 1, nortliem part of Gulf of Me:<ieo; 2, Atlanti~ 

coast; 3. Pacific coast.-[Sketcll 5!LJ 
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1850 

1863 

lNfl 

1858 

! 

1870 : 

1859 

1861 

i 
18Hl I 

1856 
l 

1256 

11357 

letll 

186'1 

1854 

185.'.i 

H<;\6 

18:;8 

1859 

1860 

186Q 

1862 

1863 

1856 

172-175 I (18~)B )--VAmATIOX OJ.' THE. co~11·A~8.-Gem·ral tallle for the use: of navigators.-fSketch 3f.1 

174-176 (1865.}-REPORT on the distribution of the magnetic declinatiou on the coast and parts nf tllt' interior o-f the l~uitetl States.­

C. A. Schott.-Isog:onic chart for 1870.-fSkekhes 27 atHl D8.] 
30G-3:l7 (1711-18JJ.)-SECl!LAR VARJA.TIOX 01• rtL\U:NETIC llECLl~.ATIO:-IH.-C • .A. fkbott.-Discn~sion of the secular cbang~ in the 

magnet.ir, flf'elinationsi on tho .Atlantic and part of the Gulf coa8ts of the Pni·wtl Statt'~.-rro-viclPnr:l' 1 R. I.; Ilatborough, 
Pa.; Philatlelphia, Pa.; Boston, Ma.ss.; Carnhriilg£', .:\1as~.: )\pw IIaYPll, CfJilll.; Xew York, X. Y.; Charleston, S. C.; 
llohi1e, Ala.; Havana, Cuba; Burlington, Vt.; Chesh•rfid1l N. Il.; Sa.l0m, :Mass.; X~mtnckct, YasH.; _>\ll•any, Y. Y.; 

\V'ashington, D. C.; Pensacola, Fla.-[Rketch 51.~-[Erratai 1). :JI 4, 33.); 18G5i p. xnn.1 
22F-23:'i (1792-1855.)-SECl:LAH CHA::\liE OF DECLINATIOX; 'Vl'estern coa:sL-C. A. Sclrntt.-I.ist of magn('tic declinations oUserved on 

the westf'rn coast from the earliest to the present ones, a1Tanged in order of geographi.cal latitmfo~.-Ann11al dtan~e: 
1, San Diego; 2, MontcTey; 3, San Francisco; 4. Capt· Menllocino; 5, CapP Disappointment.-Recapitulatl.on of results 

for secular cbang-c. 
111-114 REr;ULTS of obserrations for daily 1)ariation o,f the magnetic declination, n1ade at Ji'ort Htcila.coom. "\\Tnshington 'l'erritory, 

i11 1866, and at Camp Date Creek, Arizona, in 1.eu;. Uy David "1Yalke1·, aetiug a:ssi:-taut' sllrg-eon "G. S . .A .. aud disem~sed 
and rPported by .Assistant Cha'tles A. Schott. 

192-19'.'i (1630-1E50.)-SECL"LAR VAHL\.TION OF MAGNETIC UKCLl~ATlO:X A.T HATIJOROt:'GJl, p .A..-C. A.. Scbott.-l)iscussion and devc~lop. 

mcnt of an intermediate iieriod.-Ta.ble of ·dt>clinations from 16t10 to lB.50.-Dia~rnm.-[Errata, p.193: 1858, p. xx1.] 

19.J-197 (113{,19-1E."J1.)-SECC'LAR YATIIATIO~ A"l· WASHI:XGTOX, U. C.-C. A. Schott.-Decli11ation from l!:!OH t-0 le."J7.-Dill from 1839 to 

1858. 
107-110 New investigation of tl1e secular changes in the declination, dip and t"11te11sity of tlu? magnetic f'o1·ce at '\ashington, D. C.­

By Assistant Charles A. Schott. 
296-305 ' (HiS0-1860.)-SECL'LAR CHA:::\GE IN DECLI~ATIO~.-C. A. St~hott..-\ariation of' the needle on the coasts of the United States 

for e'\'"'ery tenth year since 1680; formulas Pxpressing secular chang1..', used for calculating the talJular Yalues for Group 
I, stations hr:tween Portland. MP.., antl \\"illiamsburgh, Yn., with inbk of olH3C'TYat.ious made between lfi80 anc11860; for 
Gronp TI, southern stations and western coast.-RecoI'd of all obscrveJ decliuations ruade use Df in the alm'\"e paper, not 

heretofore pu blishe<l in the Coast Survey Reports. 
2:H-2:J6 New tlbcusMion of the ilistrilmtion of the magnetic llcclinatiou un t.lw ('Oaist of the Gulf of Mexico) vdtb a (..'hart of the iaogonic 

[ curves, for 1860.-By Assistant Charles A.. Schott. 
256-259 \ Kew discussion of the distribution of the magnetic declination on th(~ coast of "Virginia, Son th l'arulina; and Georgia, witlt a 

! 

24r,_24!1 

3:!4-342 

242-251 

207-210 

*a7-"'40 

337 

227 

191-19-2 

2H6 

351-352 

352 

230:-231 

204 

209-225 

chart of the isogonic curves, for 1860.-By .Assistant Charles~ Schott. 
(1780-1855.)-SECLLAU CIIA'XGE OF JXCI.11"'ATIOX; .Atlantic coast.-C. A. Schott.--Toronto, Canada; Albau:v and Greenbur;li, 

N. Y.; CamlJritlge, Mas~.; Providence, H. I.; 'Vest Poi11tam1 Cold Spring, N. Y.; Xew Ilnven, Conn.; New York,N. Y.; 
Philadelphia, ra.; \.\~asl1ing;t-0n. l>. C.; l~altimore~ M.d.; recapitulation of resultr:1.-Table I, ~eograpbical positionH and 
nnruher of dip-obserYations; II, forrnula for each station ; III 1 p1·1)haLh~ Pnm', f'pocli (Jf minimum dip and annual YQJ'ia· 

tion in current year ,-[~ketch 63.] 

(1790-18.55.)-SncrLAR CHAXC;E OF L"XCI,INATIO~; Wcsteru coast.-...t.\1)pl'ux.imate tktermiuation of the secular change ofincli­

nation.-C. A. Scbott.-Table of observations made UJl to tlw present tim<' ; deductions therefrom.-!, San Diego; 2, San 
Pedro; 5, Montere;y ; 6, San :Francisco ; 8, i~ort Vancouvoer; 10, CnpP Disappointment. 

MAGNETISM.-Grallual loss of magnetic momentum in the CoaRt 8nrY(":;· magnets.-C. A. Rcltott..-.Aecouut of magnets: S 8, 
C 32, C 9, n, C 6, II, and Smithsonian magnet used iu 185j.-Tablc: recapitulation of yalueB for magnets severally, and dis· 
cmsshm.-fSketch 68. l 

SECLL·AH CIIA~nE Ol" I~1'F .... ""S11T.-C. A. 8chott.-DiRcnR~ion of ob:RerYa.tions ma1le on the Atlmrtic, Gulf, anrl Padfic coaets of' 
the 'C"nited St.ate~; intensity-Atatistics; not€s; table of annual cbang€i for Atlantic and Pacitlc. groups. 

(1832-'36.)-UE.cLIXATION, lJII\ A~u lN'l'E~SITY, as deriyed from observations made by J. N. Nicollet in tlie S<mthern States. 
(1853-'54.)-J>age 3ft; Referf'nce to instruments used. &c., in California.-W. P. Trowbridge. 

(18J.5.}-MAGKETIC OU8EllYATIOKS.-C. A. Schott.-B.esnlts for declinatfon, dip, anrl hori:r.m1tal intensity, on sixteen eastern 
stat.ions, .July to Sept.emhe,r, 18Z5. 

(1856.)-MAGNETIC ELEMENTs.-C. A. Schott.LReoults of hi• observations for decliuation, dip, and Intensity at stations in 
Delaware, :Maryland, and Virginia. 

(18.;)()...1~58.)-1ifAGX&Til: ELE}Il~XTS.-Continnation. 

(1~59.)-DECLINATJON, llIP. AND INTRNRITY.-C. A. Scbott.-Resnlts of observations made by him in Canada, Maine, New 
llarn11shir", Vermont, Massachusetts, and Connecticut.-Foot-note on disturbances. 

{1859; also, 1855.)-DECLINATIO!'\, DlP, AND INTENSITY at TBrlous etations j (supplementary to 185(), p. 227, and 1858, p.191.) 

i186Q.)-DECLlXATION, tlll', AND IXTENOITY, determined iu 1860 on tlie coaets of Massachusetts, Long Island, 3.lld New Jeraey.­
C. A. Schott. 

(I 86fl-1861.)-llRCLINATION, DJ!', Alm V:Tl!NSrTY at ·mrious otations; (supplementary to liot, 1860, pp. 3.~1-352.) 
(1863.)-DECLINATION, DIP, .AND INTENSITY, from observations, by C. A, Schott and G. W. Dean, Jn Maiue, C01mecticut, and 

the Di.strict of Columbia-disou.s8ed. 

(1~39-lf5.>.)-TERREBTIUAI, ~IAGNEl0IR>I.-Disc1L•sion relative to ifa distribution fa the United States.-A. D. Bache and J. E. 
Hilga.r(l.-Methods and sources nsed ; corl'e-Otions for eecufo.r variations; constniction of maps, (Sketches 61 and 62 ;) 
comparison of maps for dcclinat.ion, dip, and intensity; enpplen1cntary note, (Mexican observations i) Table 1

1 
Atlantic, 

Gulf, and Paciftc sections; II, near parallel 35°, by J. C. Ives, Whipple's expedition; III, from various mw eouro....­
lakes, territories, Panama; IV, residual ditferenoe between the Coast Survey observations, reduced to 1S50, and the values 
olitained from the aeeompa.nying map.-[Sketchos 61 and 62.) 
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Year. ! Page•. i Title of papers. 

---1---- --~---------~---
' ' 1862 ! 212-2-l!) \ (1834-1862.) MAG!\'F..TlC' srRYEYof Pennf:l.ylvania aw1:pal'ts of adjacent States from 1834 to 1EG2 -Dil'!cu~sion by A. D. Bache.-

Dedinations observed by him in 1840 arnl 1841 : tabula1· conrp.arison of secular cha11~1~l"\ in l~·IO, 1~·11, and 1136:i; chronometric 

results for Ion;.dtude; geographical position~ ; Uistribution of declination for 184!.?.0; ~eneral talJ!e of results referred to 

common epocb, 184~.0; comparison of ob8ervell aud computed ~alueR; dip, Uii:;t1'ilmtion of. uutl boclinal liues for 1842, 

g-roups 1 to 4; correction to epoch; comparison of observed and computed tlip; horizontal intensity uud isodynamic lines 
for 1842; tabular formation of groups for t1Jf'I analytical ff-.;:-pression of tltf~ 1\istrilmtion of borizontal forcr- r~ferr ... d to 1842.0; 

c-omp.arison of observe<l and hypothetical computed Yalues; representation of the total force.-[Ske-tch 4~.] 

GutAitD Cor.LEGE ol>:;ervatiunF, 1840 to le40. Index of dis-eussion, by .A. D. Bache. 

Section 1.-l)ECLJXATIOX. 

11.\RT !.--(Sketch 3'1.j-[Errata, p. 279, '280, 29:~: 18GO. p. xx.J 

1~;.H 278 Introduction. 

li'60 

1860 

1862 I 

279 ! Separation of disturbances and esta'Llishment of normal rea<lings of tLe decliuoml'ter. 

285 ! Analytical exprN1sions of the regular solar diurnal Tariation of the declination. 
28G Inequality of ilm amplitude due to the Plei:eu (or tt:11) _year perio<l. 

2~7 Discussion of the number of disturbances of tlie declination; their annual inequality. 
290 Dinrn.a.I inequality of the nnmhc>r of diF<tnrhances ot' thf' declination. 

~lO Deflections by disturliances; thPir mean animal amount; efft:ict of the df'YCD (or teu} ~·ea1· perioLl. 

292 , Deflections hr distui-bances; their mean diurnal amount. 

2?,) Conne-ction of the freqneuc~· of the solar t']>Oh• with the change~ in t1ic amplitmh.· of the di11rnal "\"""ariation of thr <lc<'lination. 

I P.rnr II. 

293 · Invcstig-ation of the solar <liurnnl Yaria.tion of the declination. 
3-02 i Its semi-annual inequality. 
303 

307 

Analytical aml b'Taphic.aJ. exhibit.ion of tlle solar diurnal \'ariat.iou fur ea.ch wont11, ~nmrn<•r, \Yinter, and :·ear. 

Maxima antl minima, and times of averag-(• value of tht' declination: diurnal rau;re. 
30!J .A.nnnal variation of the dnclina.ticrn. 

1'-'RT III. 

312 : Lunar influence on the magnetic declination: tabulation of resnlts acc:ordiug to thl' moon's hour-angle. 
318 ( Comparison of lnnar diurna1 Ya.riation for thrPt' epod1;;;. 

319 j Resulting lunar diurnal variation. 
321 · Iuequality in thei lunar diurnal varintlon. 

324 : Investi~ation of aef!ections llepemling upon lunar phases; Yariation in declination and in parallax. 

161 

162 

169 

17'1 

174 

175 

178 

180 

182 

185 

~ection lI.-Ilo1nzoxT.\I. 1-·oncE • .. 
l'.AHT 1,~.-1~1idcl1 48.]-[:Errntol p. l~t-', 18~! 1802. p. IY.] 

Instrumental notice. 

Correction of readin~s for changes of tcmpcTature: scale-•al ucs. 
Correction for progressh·-t· instnunt·ntal change: honr1y normahi for ea('h month. 

Ho1izontal intensity, absolute valne; f'ffrct of the loss (1f nrn_~neti.sm of the har: secular ch:mg-1." 
Separation of the larger distnrhrmees. 
Corrected normalS!. 
lnT"esti~ation of the elf'ven (or ten) yenr pcriotl, from clian.;.res in thP amplitude of the solar clinrual varh1iion. 
Eleven (or ten) yeaT inequality, as intlicated by the dist11rhancC's. 

Analysis of the disturbances.: annual and diurnal variatiou. 
{)lasi;;i1ication of tlisturbanres aecortliup; to their maJYnitnde. 

J>.AHT T.-lSkctch 4i3. l . 
1862 186 Preparation of hourly n01·mals for each month. 

193 Regular solar diurnal variation. 
194 Semi.annual inequality in the diurnal "Variation. 
195 .An•.l~·sis of the solar dioTnal variat.ion. 
198 Epochs of max.ima and minima; amplitndei epocl1s of ayt•ragf' Yala<'· 

200 Annual variation of the forL-e. 

l>AUT YI. 

1862 202 Number of observations for lunar discussion and their di.strib11tion according to W<"steru aml p.,,a.~tern hour-angles of the 

moon; differences from monthly normals, arranged for moou'::1 hour-a.ng-lcs. 

206 Lunar diurnal variation for two periods. 
207 Lunar dinrnal variation in summer and winter. 
1!09 .Analysis of the lunar dinrnal variatim1. 
210 Inveotigation of thG horizontnl force in reference t-0 lunar phases. 

211 Inftuenc.e of the moon'• changes of dedination. 

212 Influence of the mooll'R cbauges of parallax. 
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------------------· -·~·-~·--
Year. i Pnges. t Title of papers. 
__ , ____ ! _____________________________________________ _ 

1863 ' 

8f'dion III.-VEHTIC.AJ, Po11c1:. 

l'ART YII.-[Sketcli 30.] 

156 Instrumental notice. 
157 Determination of the effect of cliangeB of 1Pmpf'ratnre: s.calf'-values: reduction of obsernl.tiuns to a uniform temperature. 
164 Recognition and separation of the larger disturbances. 
lti8 Investigation of the eleven (or ten) year peri0<l, in t!Je amplitude of the diurnal yariation. 
171 Investigation of the eleven (or ten) year period in the disturbances, and their general anal.rsis. 
172 Annual inp,qualit.y in tlu~ 11nrnl1er and nmonnt of dh:i,turl,ances.. 

174 Diurnal inBIJnality of the disturbances. 
177 ClasRification of the disturbances according t.o tlu-·ir mag:nituf1o. 

178-183 Appendix: effec·t of the aurora borealis on the d.edinatiml, the lwr-izcinta1 nnll vel'iicnl foree. 

PART \JII.-[Sketch 30.] 

186:3 133 Preparation of hourly normals for each month and ~-ear. 

1863 

I 
1864 i 

189 Hegular solar diurnal variation. 
190 Semi-annual inequality of the diurnal variation. 
190 Ar:alysis of the diurnal variation. 
193 Maxima and minima; ranges; epochs of aT"er.H~f' fon~~·. 
19.J Annual ineqnality of the vertical force. 

PART IX. 

196 j Nn:::;h~~ :~:::~i:~:a!;e~u:o:r:~:~:~::;.!;~:~~ntion according to enstm1 and ""''tern hour-angles; <lilferences from 

261 Lunar diurnal variation in summer and winter. 
202 .Analysis of the lunar- diurnal variation of the -v-erticn.l force. 
204 Lunar effect upou inclinatiou and total force. 

8ection IY.-Du· AND TOTAL FORCE. 

PART X. 

183 Formation of tal>le of disturbanee.a of the two component parts and their combination for dip a.ud total force. 
184 Analysii:t of disturbances of the inclination. 
185 Their annual inequality in amount and number; eleven (or ten) yenr inequality. 
186 Diurnal inequality, in amount and number. 
187 Classification vf disturbances in dip, aceording to their magnitude. 
te7 .Analysis of disturbances of the total force. 
188 Their annual inequality, in amount and numhcr; eleYen (or tc11) year il1c11u.ality. 

189 Diurnal inequality, in amount and number. 
190 Classification of disturbances in t<>ial force. 

PAHT XI.-[Sketch 38.J 

1864 193 Combination of the diurnal nonnals of the two C'omponents for clip nnd t-0ta1 forrP. 

193 Solar diurnal variation of the inclination. 

i 
1864 j 

I 

I 
1865 : 

! 

1869 

194 j Its semi.a.nnnal inequality. 

194 i AnitlysiR of the wlar diurnal variation of the <lip. 
195 ! Maxima a.nd minima; ranges and epochs of avera.go value. 
196 Solar diurnal variation of the total force. 
196 i Its semi-annual inequality. 
197 J Analysis of the solar diurnal variation of the fotal force. 
198 : Annual inoqnalit.y of the <lip and total force .• 

199 

200 

203 

20.1-204 

166-174 

199-207 

I'AllT XII. 

Discussion -0f the magnetic inclination: introductory notice. 

Abstract of observations of dip; monthly means. 
Collection of dip·observations at Philadelphia. 
Analytical expression of secular change of rlip.normal; absolute values of the magnetic deelination 1 dip1 horizontal, vertical, 
~ and total force for five epocbs, and the mean epocb, January, 1843. 

<1860-1864,)-REsn.Ts of magnetic obsenations made at Eastport, Me .• uetwcen 1860 and 186t.-Declination; diurnal 
range of; annual inequality, (diagram;) epochs of grAatest diurnal deJlAction; mean monthly values nf declination 
between Augn,.t, 1860, and July, 1864; annual eftectof the Jlecnlar ch .. uge; annual inequality of the declination; same 
at Toronto: comparative cnrve.-·[Sketch 29, (theodolite magnetometer.)] 

(1867-·1869.)-REro&T on the results from the observations made at the magnetic obaervatory on Capitol Rill, Washington, 
D. C., between 1867 and 1869.-C . .A. Schott.-Magnetic instruments; scheme of observing; instrnmenta.l constants; 
results; declination on Capitol Hill; turning-opod1~; dip; horizontal force; tabular eyoopeis -of magnetic elements 
obserw<l in tho Diskict of Columbia. 
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Year. I Pag:-1----- -
Title of papers. 

--i----i--0-th_e_r_i_n_fi_u_e_n_ce_s_:------------------------------

1~ I 269-274 (1860.)-ECLII'SE at AuleziaYik: ouspension of Yihration• <lurinl' tofalit,. 
18;>4 I ~146

1 
.MERIDlA~-LI~Es.-Heport of .Assistant G. W. D. ean on tlw est.ablit1hment of meridian-lines at Petersbnrgb, \a.i antl Raleigh 

\ and Wilmington, N. u. 
1860 324-3~ I bOLAR SPOTB.-Report of Assistant C. A. Schott on th(: results of observations mad£' 'luring the first se,0n months of the 

I ~·car 11'60. 

1861 259-261 j SOLAR SPOTs.-Abstract of observations rna4le at the Coast SurYey Office, b;\· C . .A.. Schott. 

1Bti2 2!H-~3: j S~LAR SPOTs.-Al>stract of obs~rvationsmade at the l:oast SnrYeyOfficc, by(). A. Schott, supplcmcntar~·to thf' precedin~ report. 

1863 20., bmucTIOX-TIME IX HEL.AY-MAGX.ETS.-Report on expe-rments made hy AssiAtant G. '\V. Dca.u, to (lctcrmiuC' tbC'ir rdative power. 
1864 211-220 [ ELHiCTION·TmK OF RELAY ·MAGNETS, deduced from experiments.-lly .Assistant G. W. llcau. 

DHA WI:NG, ENG RA YING, AND ELECTHOTYPING. 
------ ·---··-

Year.· Pages. Title of pa11er8. 

--i----i------·-----·-----

1853 *96-*lfi:l ; TABLES FOH PROJECTIXG MAPS. with notes on map-p~jections.-C . .A. Schott an<l E. B. Hunt.-Map-projections classified 
I 
f and definetl; Bonn€'s orruoditietl Flamstea.d'sprojection; the polyconic, its properties and "Varieties; formulas used for tlrn 

computation of projection-tablC's in use at the Coast Survey Office; graphic constrnction of polyconic projt".ctions-Coa.st 

Survey methods; reetangular polyconic method; Ta bk I. relation between tlw measures of len~th used in different. 
countries; II1 for converting (A.) meters into statute miles: (B,) e.tatut.e miles into meters; ,C,) meters into yanls: (D.) 

yards into meters; (E,) yards into miles; III, length of a de~ree of the meridian in nautical and statute miles for each 
fifth degree of latitude between 2QD and 50°; IY1 (.A.) length of a (legree of longitude between the parallels of 170 aIJd 

50°1 for each degree of latitud(~1 €xpressed in nautiral mileK; (B,) length of a degree of longitude bet.ween the parallds ot 

17c- and 50° for each degree of latitude, pxpresf'c•d iu statute· miles: \t (.A,) length in meterig of JO of latitude and lougi­

t.mle- for ea.ch degrt·e of la.titUtlf' 1Jehvee11 17° and 50°; (B,) eo-ordinates of curvature for each degree of longitude frum 
1° to 33c, betwt~l{'ln latitudes 1 j:) and ;'JO('; VI, projection-tahlt~s. gh-ing latitudf'i and long-itude arcis, and co-(lnlina.tet-t of 

cmTature, from latitude 24~ tu 50c.-{Errata, "'ilO, *9i) ~!IB. ··102, *l~H; 1853. {J.182: Errata, *101, *113, *114, *11..i 1 ..-116, *UO, 

*159: 1854, p. xn; Errat.a, *132 1 '*137: 113561 p . .:\.X.] -

18-56 29ti-307 P1t0JE{'TJON-TABLES.--J. E. Ililgard.-Tables applicable to tlw fll'Ojectiou of mail~ of large extent. and minimum dist.Qrtion 

Ie5~ , 32~-358 

186:> 176-186 

1860 i 2rn-m 
i 
I 

1863 '1 20<'~207 
1800 398-399 

1861 I 1so-1s1 

1~621 255 

18521108-111 
1853 •00-•93 

;;G~ 
1851 I 541-553 

I 

1854 \'193-*201 
1855 366-368 

1855 369 

1~55 ' !170-373 

in represent.ed area; metbotl; ea.rt.h's dimensions: Table I, of CCHJrdinate~ for prqjecting- the }loints of intersection of 

rnel'itlians and parallels; II. leugth, in ruettrs, of one degree of latitude and longitude from latitude 20:; to 54:; ; va1ues of the 

corresponding radii of the dcvelopetl parallel, and anglrs at each pole for 10° of longitude: III, tables for conYer!ing meas­
ures, (A,) of meters.j,nto statute mile~: (13.} of statute miles into meters; {C,) of meters into yards: (D,) of yardA into 

nieter~: (E,) of yards into mill's: IY. l<'ngth of a dl'g:r-ec of the nwridian in nautical an<l statute- mile8 for each fifth 
t.1egref" of latitmle between ~'tF' and 50°; Y, leugth of a degree of longitutie for eatb degree of latitmle from u1:-: t{l 54~', 

expressed in nautical and statute miles: \'I, radii and polyconic <lPl"elopment flf a aphrrf' with r:ulini;; =-1. 

PRO.lRCTIO~-TADLE8 for maps of Iargt• extent .-J.E. llilganl.-Table I, length in u1eten; of 10 of latitnrlf' and ]ougituclt•. 

i Yalues of the correi=:.ponding radii of the. clt'\elnrwcl para1li~1, and ang1es at .each pole for 100 of 1ongibHh': TT, co.ordi­

nates of curvature. 

1 PROJE{'TJO~-TABLES for a mnp of Xorth Americn.-lliagra.m: tabh:.> of lengths, in rneters 1 0-f 50 of lntitmlr on th•' ~traight 
nwridian: table of the radii of the- paraHels, and 5:: of lonp;itude ou ea(·h parallel~ I, table of co-ordillates, latitude. 5::i 

to 950; II, co-or<linates of cur\'"atnre8, latitu<le 5.:;.o to R90; III, length, in meters, of 10 of latitnde and longitmlt- 55° to 890. 

TOPOGltAPIIIC.\L AND UYDROGRAI'HICAL HELI~EATIO~s.-R. L. Wbiting.-Ou the contouring and reduction of maps~ on the 

scale of aha.des, and on the application of phot.og-rophy in prf'paring tlbtails for the engraver; 1, g-eneraliz~ ~ion of contour 
a11d of,her natural features for r€duction to 1-80,000 contour; salt-marsh ; sa.nd-beoohes and sand~hills; woods i fresh marsh; 
shore-lint~; low water; 2, h;ydroe,'Taphic reductions~ 3, reductions by phot.ograph,Y; 4r scale of shades; report of E. Herges­

bcimcr. 
HAlUtIBON GLODE·LENs..-J. E. Iiilgard.-On test~ ma(le at tl1e Coast Snr'V°e~r Office. 
DIYIDRRS FOn TIDAL cunvEs.-Descrjption of f-orm invented by J. R. Gillis, tor grap]1ical d<"composition. fSkctcli 40.l 
DRA WJNG·rAPER.-Results of experiments ma<le on the relatiYe expansion and coutraction 1 under atmospheric d1a.ngt',s, of 

parchment paper antl back ml antiquarian paper.-[Skekh 31.J 
DH.A.WlNG·FAPEK. tested with reference to expansion and cuntrnctiou under atmoS]Jhedc changee. 
ON LlTllOGRAl'IlIC4 'l'KANSFKR rmNTING.--tT. J. Stevens. 
NOTES ON LITHOGRAPHY and litllographic. transfer.-E. ll. flnnt. 
.ART AND rRACTICE OF ESGRATJNG.-E • .B. Ilnnt.-Coast 8tirl"P:f eu~radug; its oflic<', o-rganfaation, antl histor:r--/ Errata,]). 

204 ; see Index of errata.] 
THE l"A:STOGRAPH; its use in engra"Ving.-E. Ilcrgesheimer.-fSketclt 27.] 
ON li:LF.CTROTYPE OPERATIONS AND CHEMIGJ..Yl'IllC EXl'KlllMENTS.-G. ::Mathiot. 

ELECTROTYPING OPRRATIONS OF THE COAST SURYEY.-G. Matbiot.-Adbesioll of depo~it to matrh; actions hi the electro· 

Jytic solution; laboratory appi>ratns; manipnlation.-[Skctch 58.] 
:MA1'11IOT'S SELF-SUSTAINING BATTERY.-G. Mathiot.-ItB principles and workings.-[Errata, p.194, 198: 185;;, p. XJX.] 
GALVANIC EXPERl>lENT.-G. Mathlot.-Time required to produce the maximum intensity of a Yoltaic current. 

ELllCTROTYPE ABT.-G. lfathiot.-lmproved meth~ for joining detached plates by electrotyping. 
lL\TllIOT's BRANCH crncurr GALY.A:SOMETEl!.-G. Mathiot.-On a method of measuring galvanic currents ol' great quantity. 



 

208 

Year. 

1856 .. 
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HEPORT OF THE SUPERINTENDENT OF 

DHAWING, ENGRAVDm, .A.ND ELECTROTYPING-Continued. 

J>a~£·s. j Title: of pa}JcrR. 

---: --~-----

316-317 ) ELECTUOTYI'ES:-G. ~Iathiot.-On the result of experimc•nts made in 1n·iuting from tllin plates. 
130-138 : ELECTROTYPINU Ol'EIU •. T1oxs,-G. Ma.t.hiot.-Historical; atlhosion of deµo15it. to matrix; t.ime and expense of electro-ca.stiug; 

\ actiou~ in the electrolytic solution; laboratory a11paratus; manipulation. 

--~---~-

MISCELLANEOUS, TECHNICAL, AND OTHER SUBJECTS. 

Year_ I Pages. i __ ; ___ ( _____ _ TiUe of papers, 

1851 
!1145-l60 (I FL.OUIDA HEEFS, KEY:-:.1 AXD C'OAST.-L. Agassiz.-Topography of Florida; mode of forrnation of the reef; animal lifo; tho 

lB6ti ! 
120

_
130 

·i' k~,vs: coral 1·e'!fa; ship·cliannel; tlie main.land; coast survey; physical chauges in the G-ulf Stn~aru; chang"cs W ages to 
come. 

1853 WJ-0-"'51 CLIMATE, SOIL, A~l_J GE~EH.AL CHAl,ACTElt 01• l"'LOHIVA KEY~.-._J. Totteu. 
241-248 .l<'LORil•A REEi<': its origin, growth, substructure, and chronology. By Capt. E. H. lluut, e .' S. Eng.rs. 

342-34B I EARTHQt.:AKE-WAVE, l 1ACIFIC OCEA:':'i.-.A.. D. Eachc.-Notice of earthquake-waYeaon the westeri1 coast of the United States, 
J)eceml)er 2:1 and 2;\ 1854; computation of ocean 1foptl1.-[Sketeh :ttJ, (J, No. 9.)]-lErrata, p. 342. :-J45: 1s;1.), p. X\'III.] 

238--241 EAUTHQUAKE·WAYES.-.A. D. Ilaohc.-Ueprint of a paper <leducin,!!; t1ie depth of the Pacific Ocoan from the cifcct of the 

Sim.oda earthquake on tlle tille-gauges in California and Ore~on in lE':J-4.-tSkPtdi JO.] 

1869 : 233-234 .ABSTRACT of a paper read before tl1e S'ational .Academy of 8eiencert. April 16, 1869, on the earthquake-wan:" of .August 18, 

1368; waYe-table.-J. E. Ililgaril. I 
lt!U8 243-25!) GEOGllAPHll'.\.L XA.MES on the coast of :Maiue.-Ed. U:illanl. 

lt35~ ! 2.Jl-270 :Fon.EIG~ GEODETIC SUU.YEYS.-W. r. Trowbrhlge.-Jtcyiew Mht"\.'ing thdr cust. and progrt<j-1.:-), and other data, for cmuvarison 
with tlH' results of the l'.nit.ed States CoaRt SmTt>y; trigonometrical sm·ycys of £ng1a11rl,lrelRull, a.nd Scotland; byiirography 

of :England; anal~·sis of tho report of tlie sdt'Ct cornmitt,ee appoinfod to consider the or<lnauce survej· of' Scotland, &c., 
1856; France; India; 1-tnssia: l'rnRRia; t.alilP· of st,atii::.tics of topographical ma11s in Em·opc: recapitulation; rnal'inn 
disa~ters---Unit-Od States Ycasels, 1805, 18:J6, and 1851; imports, exports, t-0nnagc, &-c. i Great Brita.in, 1852 to 1855; Gulf of 
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270-273 

180-181 

tl~-9B 
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399-402 

402-408 

~l-290 

~99-317 

182-189 

183-186 

'M€Xico shipping; Florida reef. 
I•n.oGRESS OJ? THE t"!'iiIT.EU STA .. T£i:: COA~T ~t·Hn~Y.-'V. P.1'1·0\.";hridgo.-Hatio of result~ for comiecntin~ periods of twelve 

years. 
011 the probable effPct of extended piers in IllOllifylug the cliannel-facilities of San Praucisco Ba~\ near Yerba nuena 

lsland.-By .A~sistaut Henry Mltchcll. 
Extra.rt from a t'P.port relative to a method .. of determining eleYationg along th'!; course of a tidal ri'\'"er, without tlrn aid of a 

kV"cling-instrnrucnt 1 hy setting up gra(luatNl staves at auch di1:1tances apart, that the alaC',ks of th{) tidal currentti extem.l 

from one to anotber.-Ru1e: the different,(' in the oleYati011s of the zeros of the'"g~mges is equal to one· half the aunt of the 
<lifforences of their readings at tbc h\""O slack wnters.-By Assist.ant Henry Mitchell. 

Cu~uEx151m ACCOl'"::\"'r OF M. liELLEtrr's EX.l'LUHAT10xs 011 thf' Isthmus of Panama; including his special explorations on 

the Isthmus of Dariell, with Augge~tions for contlucting a f11turtJ survey.-G. DaYidson.-Explorations; plan for exploraio­
tion of the rh·er I.>aritiu; outfit and dutit-1!:! of uugineers; instrumental outfit; mse of the heliotrope for communicating: 

messages; form of record of le:velin~s, course~, aud dist.."tnces; ro<l for leveling, diatance, a.ntl station-mark for cottrseA; to 

pack, unpack, aucl refill steel barometer; methods of asoertaining the discharge of water in any stream. 
LAURA.DOH. EXl'RIH'l'IOS.-A. ~urray.-IV•port of a Yo.;rage of .steamer llihb, and rema.rks on the wintls arul tides, &.c.-(Sec 

Longitude by wlipae.) 
G~OLOGY 01<' TUE COAST OF T.,ARlt.\DOR.-Xot.P~ b:_v 0. )[. T~foher. 

ALASKA TERRITORY, OEOLOGY OF.-Th. A. lllake.-Tbid. 
ALASKA TEliRITOBY, METF.OHOLOC:Y OF.-A. Kellog .. 

On the phospbate beds of South C:.:nrolina.-B,v Pro[ N. S. Shaler. 
GEOLOGICAL AND ZOOLOGICAL RE8EARCUES i their relation anti general intcre~t~ in the development of coast·fea.tures.-L. 

.A.gassiz.-(See, also, Coasts.) 
200-292 ZOOLOGY OF .A.I.ASKA TERRITORY.-W. G. ·w. Ilarfonl. 

318-324 BOTANY OF ALASKA TERRITORY .-A. Kellog. 
$3-298 VocAB~LAJUES of the Kodia.c) Unalaska, Kenai, and Sitka languages. 
315-:129 i VOCABULARY, Alaskan. 
319-~ i ANNALS OF DISCOVEltY 0" THE ATLA>i'flC <:<)A8T.-J. G. Kohl-Abstract of a history of' the progres• of discovery on the 

.AUantic o.o..,,t of tbe Unit<l<i States. 

~4 

414-433 

374-375 

2'20-222 
il23 

33:'>-340 
40~414 

325-330 

ANNA.LB OF DISCOVERY, GULF OF lt:EXICO.-J. G. Kohl.-Abstro.ct of a memoir on the discovery and geographical devolop· 
meut of the sh01'es of the Gulr of Mexico within the limits of the United States. 

WESTE&N COAST ANNALS of maritime discovery and exploration.-J. G. Kohl.-Rcport oft.he mothod &nd scope of a memoir on. 

Alll'ITRACT of a complete historical account of the progress of discovery on the western coast of the United States from Ute 
earliest period; compile<l, un<lor the direction of the Superin tondcnt, by Dr. J'. G. Kohl. 

TRAJKcTORY OF 1Ucoc11Er·s110T, notes on.-C. A. Schott. 

RANGES OF SHOT from heavy ordnance, remarks on.-C. A. Schott. 

COAST SURVEY STEAMER HETZEL.-Report on cause of builer-explusion.-[Skctch 67.] 
INDEX OF SCIENTIFIC RRFl<RF-'ICES.-E. B. Hnut.-Repo•t on progress ma<le toward completion. 
lNDEX O>' SCI1'STU-:tC REFEl\ENCEs.-E. B. Hnnt.-Ou the plan atloptcd aml progress ma(le ln ite preparation. 
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THE UNITED STA.TES COAST SURVEY. 

MISCELLA.NEOUS, TECH1GC.A.L, .A.ND OTHER SGBJECTS-Continued. 

Title of papers. 

.ABDREVJATIOYS FOR SGlEXIIFIC llEFEREXCEs.-E. :B Hunt.-Sngzestions for securing uniformity of tlesiguation. 
TITLES OF SCIENTIFIC PAPERS.-By the late Maj. E, B. Hunt, u. S. Engtrs. 
COLUMBIA RIVER COMM.EilCE.-W. A. Bartlett. 
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TlilliIDAD, HUMllOLL>T, AND SAN Drnoo BAY.-.A.. D. Bache.-Changes of current, and sailing.directions for San Diego.­
I Sketches 6 and 7.] 

BLAK.E'6 GEOLOGICAL REPORT, WESTERN COAST.-W. P. Blake.-Observations on the phyRical geography and ~eology of the 
coast of CaHfurnia, from Bodega Bay to San Diego; physical geography of the :mount.atn.r.a,ngPs a.djoinin~ the coast; 

geology of tho P!incipal bays and ports from Point Reyes w San Diego.-[Errata, p. 379, 380, 382, 3Bi, 36~, 39:J, 394, :195, 396: 

1857, p. XVUI.] 

WINDS OX THR WESTRRN COA8T.-.A. ]). J{ache.-Talile for rledncing from thA three d'!.ily observationA thr. mean of thf> day; 

quantities of wiud; tables for .Astoria, San .E~rnncisco, and Sau Diego, and special wind-statistics.-[Sketeh G6.] 

ALASKA TERH.ITOBY; coast-features and resource~.-G. Davidsou.-Director.r uf the coast, 2.?0-264; list <)f geogra1•hkal posi· 
tions, 265-274; aids to na.zigation, 274-~0.-«.reology, by Tbeod. A. Blake, ~Bl-290.-.Zoology, by ,V_ G. \\ ... Harford, 2Y0-2()2.­

Vocabulary of the Kodiac, 'Gnalaska, Kenai, and Sitka languages, 293-29i:i.-Meteorology, 299-317.-Botany, by .A. Kel­
logg, 318-324.-.A.laskan vocabulary, 325-329.-[Sketcbes Zl to 23.]-fErmm, 2.~9, ~from bottom read Escholtz Bay.] 

Ilon.En..INCH.US1'..A.TIO:S.-J. Hewston,jr.-..A.nalysis of two specimens of -deposit from the boile1· of the Coa..st Survey steamer 

Detzel. 
SEA-WATER ACTION ON METALS.-J. E. Hilgard.-On the action of sea-water on metals used in the construction of instru. 

ments, and on magnetic needles; Pheni:s: disaster.-(See, al.8'-0, 'l'errestrial magnetism.)-fEr.rata, p. *19~ 5 from bottom, 

word 9, read presence.J 
.ASALYSIS OF SEA-WATER.-Chemical analysis of the water of New York Harbor.-Wolcott Gibhs. 

ANALYSIS OF SEA·LAND.-Wolcott Gibbs.-Examination of specimens of sea-soil taken from the ba.sc.sitca at Cape Florida 
and Cape Sable. 

CURRENT-NOTATIONS. 

COAST SURVEY SAILI:N"G-DIRECTIONS, CATALOGUE. 

ENTRANCE OF COLUMBIA RIYER TO ASTORIA, sailing-direction•.-W. P. McArthur. 
DIRECTORY FOR THE PACIFIC COAST of the United States.-G. Davidson.-Sai1ing-directiona; geographical positions; tide. 

establishments for San Francisco; rain-fall; temperature.s; commerce.; magnetics; meteorological obaen~ations in the 
Strait of Juan de Fuca, &c.; and geographical pn•itions.-[Errata, p. 359, 381, 429, 442: 1858, p. xx1.] 

DIUECTORY FOJt Tl1E PAClFJC COAST OF TUE UNITED STATEb.-G. Davidson.-lntroduction and cxplanator:rremarks; Mexico; 
California.; Oregon; Waohington Territory and Vancouver's Island; British Columbia; Puget Souml.-Tide-taules for 
San Francisco1 311 J commercial ~tatistics; meteorological observations, \Vashington Territory. 416; geo:zraphical ptlRi .. 

tions, 418; tide-tables for San Diego, 421 ; for Astoria, 424; for Port Townshend, 427 ;-.-Of magnetic declination, 1863, 

430.-[Errata, 272, 275, 2S5, 286, 288, 290, 291l, 296, 297, 299, 301, 302, 303, 304, 307, 316, 323, 325, 327, 328, 329, 344, 355, 359, :16r, 362, 363, 

364, 365, 367, 3W, 371, 376, 379, 383, 387, 389, 392, 396, 399, 402, 404, 408; 1866, p.141.] 
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et .. q. 
•17 
'19 

u IL __ __ 
} .... ---··-

15 ·--· .. 
s 1 ...... 

ERRATA, 1853. 

[LI::.,:~~:::~~'.:'. :.".~i~~~~~-'.1 .... _ .......... ___ ...... I elcctroma1!1Jctic • -- .. -- - -- -- -- -- ---- - - -- - .. -- -- -- -- --- _ j 
. ! .· I 

[Heading of first column,] NamB or station .......... j Name of statrnn ........................ -----------------1 

:8~, 7:::~~-~~ :: :: :: ::: : ::::::::::::: :: :: ::: : : :: : :: I ~:e4~: ;~~~~;: ~~;:; :: ::::: ::::::::: :::: ::: ::: :: :: :: ::: :: :::1 

lf~>4 

185:? 

1852 

11352 

]b52 

1t!52 

18:12: 

18.!:J~ 

1832 

18J2 

1854 

1854 

]1-{)4 

]f-05 
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ERRAT.A., 1853-Continued. 

Line from-

I 
l 
~ 

~~~~~~i~[L-,-.• -t-o_f_g_eo~gr-a_p_h_i_cal~po-M-.-:-:-~-·:-:-~-C-·_on_t_l_n_a_ed_.~~~~~1~~~~~~~~~-C-o_r:r_e_c_t_e_d.~~~~~~~~~-i--~-~~ 
*20 27 --···· 15721.9.17193.0, 9.77 .. ·-·. -- . ·-···- ·-·· ............... f 1::i771.9, 17247.7, 9.80 ·-- ··- ............................... . 1854 

1854 
18.'\4 

1854 

1854 

1854 

1854 

1854 

1854 

1854 

1854 

18:>4 

1854 

1854 
1854 

1854 

18:\4 

1854 
1857 

1853 

1857 

1854 

"28 ~ •••••· ~~~:.:~-~~~:: :: : : : : : : :: : : :: : :: : : ::: : : : : :: : : :: : ::::::::I ::::.:2'_ ~~:': :.-:: :: : : :: : :: : : :: : ::: : : :: : : : : ::· ::: : : :: :: : : : : , 
3.93 ................................................. ·I 3.!•s .................................................... . 

Beaufort, oommandant'e bontJ.e _ --·--- ........•....... Con1mandant's hou8C ...................................... . 

:35° 05' 3811.32 ------ .• -- ................................ ---· 32° 051 3811 .32 .•••. --- -- .. -- ·------ •• -- • - ••.•.. --- --- -----. 

:~ 1---~-
*3~ 5 

*32 ,···--· 

14 

14 

•33 ' 1~ Sl19.2 )ards .......................................... 5379.2 yards ............................................ . 

•34 10 189° 25
1 

1511
• ---- --- ···-. ------ ---- ·---. - -· -- - ·- ------- 189° 2.'l' 151

' ----. - • ----. ·------ - -----· •• ····-- ------·-·-·. 

~~lil;:~~~ :: : : :: : : :: : :: :: :: : ::: : :: : : : : : : : : :::::::: :1 ~':7~::~~:::: :: : : :: : ::: : :::::::: :: : : : : : :: : ::: : :: : : : : : : 
[Projection tables,] sin t 8 30n sin L sin I"_ .............. t 8= 30n •in L sin!" ................................... . 

•36 16 

""42 13 

*101 28 

~~=::~b:o~?;:~.~;'. ~ :: : :::~:::: :::::::::: :::: ::::::: :1 ~~~4;·.·_·_·_-_-_-_-.-:.'.'.'.'.':.':.' ::.'.".":::::.::::::::: ::::::: ::: : .' 

l~~~~~.~~;J ~~-~:: ~:~~:-~:_:_:_:_ :_:_:_:_:_:.:_:_:_:_::::::: :: ::: : ::J ~~~~-~:: :: : : :: :::.::::: ::: : :: : :~:: ::: .: ::: : : :: : :: : : : : : ::: : : 
*101 -----· ....... 
*113 15 

*113 5 

'114 17 

*115 5 

~~~~;¥~~};•;;;;;:;;;• :•;• ;;;_;;•;;•;;;; • I ~s :.~~+.~••;;;;;;; ••••;;;; ••••••:•;;;;;;;; 
*116 5 

*130 5 

*132 5 

*134 5 ·-----
*137 5 
*159 4 ---··· 

ERRA'.rA, 1854. 

9 

34 

35 

36 

36 

40 

40 

40 

41 

43 

49 

27 ······1 Appendix No.1 ....................................... .. 
1fi De Barres .............................................. . 

19 ...... uncertainty ............................................ . 

Appendix No. 43 ...................................... .. 

Des Barres. -- ·-- .. ------· --- -- .. -·-------- ..... -- -- .. -- . 
indefinite ............................................... . 

1854 

1854 

1854 

1854 

1854 

1855 
1854 

1855 
1855 

1854 

1854 

16 

9 

2 

14 

3 

Succnnne-sset ..................................................... Succonesa-0t ....................................................... . 
3 Sketch No, 26 ............................................ Sketch No. 34 .......................................... . 

sites ................ : ................................... sights .................................................. . 
20 Barley's···------- .•...•.. ------- ............•........ _._ Baily's ...... ____ ...•.........•.... ------ -----· ......... . 

6QSO ...................................................... 62!13 .................................................... . 

impro\"es .......................................................... impaiTS ........................................................... . 
Versalina .......................................................... Venre.lin:s ........................................................... . 
New Point c.,mfort ..................................... .New Port News ....................................... .. 

1N ArPENDICES. 

·19 m} .......................................................... . .At very low water of spring·tldes .. .. • • ••• • . • . • . . . .. . • .. 1855 

*117 Zl Kays .................................................... Cayo.................................................... 1855 
*51 [List No.2,No.56,] 1·10000 .............................. 1-80000 .................................................. 1855 
•52 fLi•t No. 3, No. 21,] 1·30000 .............................. 1·20000 ..................................... •••• ••••••••• 1855 
•ru .......... ....... [List No.5,No.15,) l-30000 .............................. 1·20000 .................................................. 1855 
*65 6 Sin C. Agamenticus ..................................... m.... .................... ....... ............... ... ...... 1855 
*65 7 Ag ...................................................... Unk....... ....••..•.......•• .... ••••••••••...•• .••• .... 1855 
*65 8 Unkonoon•ic ........................................... Thompson ............................................... 1855 
*65 9 m •.••••••••••.•.••••.•••••.••••••••••••.••.•••.••..••••. Sin C. Thompson........................................ 1855 
•70 9.905 .................................................... 9.925 .................................................... 1sri5 
•70 22 are eqn.eJ.ly ..................... '" ....................... are nearly equally....................................... 1855 
•72 10 "'• B ..................................................... "'' -B ................................................... 1855 

•121 ...... 16 1> '" m"'---·--- ·--- ·------ ---- -- . --· ...... ·-··-- .. --.... --· P "' m"' ------- .. ·- -. - ------- --- . ------ ........... -· .... -- . Is:i5 
Ill Ill IJ 11 -

•751 17 
•79 4 

= + [xnl]. ............................................. =- [<tnJ ............................................... 1855 
5 ........................................................ + 5....... ............................................ ... 1855 

*79 1 •••••• but may.. . . • . • • • • • • • . • • • . • • . .. • . • • . • • • • • • • • • • • • • • • • • . ... but the accuracy may....... • • • • •• • . • • • • • • • • • • • • • • • .. • • • 1B55 
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ERRa.TA, lil54-Continned. 

---~----~----------------- ----- --------------------------------
Line from-

Misprinted. Corr-e~ted. 

---- --l-----------------------1-------------~----~----1--­
o.o ....•...•............ ·••····•·•·• .................•.... / *91 4 [Third column,] 0.9 .................................... . 

*94 23 ....... 0.667 ·····--····----- ------------··-····"'···--·---------- :o~~5:~:::: :: : : : : : :::::: :: : : ::: : : :: : : : :: : ::: : ::: : : : : : : : :: I •102 

*112 

•112 

*112 

*112 

*114 

*115 
•117 

*131 
*131 

4 + 102.0 .••.•• ••·•••••••••···••·••·••••·•··•·•·•···••···· 
0'1.061, -0''.100. - - • ··-· - -- • - • ·- ..•..•. --·. ~· .•. - - .• -· .• ~- •.. 

011 .104 - -- .. --- -- --· - ... - . ·-. - .. -- ·---. ----. --- • - ..•• --- .. 

0".139 ------·--· ---·· ····--- .••.. -------- .. ------- ·---- .. 

Os.061, 0•.105 ••.•••••••••••••.•••••••• , • -- . • ........... ·.·I 
os.104. _____ •••.•. ______ . ___ .... _. ~ _ ••..••..•. _ .• __ .•...• _·I 
Os.139 .• _ •..•• __ ••• ----- ___________ •• _ •••. ___ .••. _ .••. _ ··! 

24 2".734 ................................................... 2s.734 ................................................... . 

12 i······ accordiug ·····-··-················-····- .. ······-······· recording ............................................... ., 
24 

1 
...... 5h. 8m. 21l8- ..•...••..••••••••.••...•...•..•..•.•.••.•.... 5h. 8m. lls ___ ............... _. -----·-. ____ ···-- ------- _ 

10 I······ L ........................................................ L1 ...................................................... , 

G 1---··· Germanyand __________ .................................. Germany ................................................ [ 

and Brussels. 
8 

1

1 .•••.....••••••.•••.•..•...•.........••.•••...••..•.•.•••..•.... Cambridge (England) and Greenwich, and Greenwich .

1

. 

•;1•:3•i l ; :=~'.':~~-" : .:· :: : : :: :: : : : ~::'~ ;;_:_:_:_:_:_:_:_:_:_:_:_:_~:_:_:_:_:_~~~:_:_:_:_~:_:_:_:_:_ . JI 
• 4 ·•••·· ••••••·••·•••••••••••••··•••·••••••• ••·•••••·•••••·•••·•·· J"' ~~ 

Expre~aion "(!~)"should read "R= • i (x' - l) o/.z:" .•••.• 1 *132 
•132 

*132 
*133 
*133 

*133 

•133 

*133 

*133 
*134 

*134 
*135 

•13G 

*140 

•144 

•144 

•144 

•145 

*145 

•145 

'145 

the third contam• ..................................... ··I 
.......... 15 onlyinveryr.arecases ...................................... . in-very rare cases only .......................... ·---· -- - --( 

~ ::: ~:1 · ·-~- . ~~~~~. ~~~~~i~---_·:.·::.·.·_·::::_·_-_._._::: ::~: ~:~: ~ ~ ~:: ~ :~ ~ ~ ~:~~ ~ 
6,7 .•••.. (A.J.,Il,162) ..•..•...••......•.•••....••••.•.•..•..•.... (Ast. Jour., II, 162) ..•••..••..•.•.•....••...••. ·••·· •· •·· [ 

reliable .••••••....•.•••••.....•....•...•.•.•••..•••.•.•.. trustworthy .....•................•....•.. ···············\ 

22 

·-·· ... 

2 

16 
16 
21 

23 .......................................................... .J:t 2e ; .. t'dt .............. •••·••·••• ··················! 
I 

21 ef.2a.nd ,-e:i ......................•........•............ efJ'and .-f.!l ............................................ ! 
{J .••••••••••••••••••••••••••••••••••••••.•••••••••••••••. B ....................................................... .! 

semi-diameter of Yenas ...•.................. , ....... - . ·I 
9.522 ·-·-·· ......... ·--·- ................... ··•·· ....• ·--

12 

9 

-·-··-
semi-diameter ...........••.••••.•.••.........••...•..•.. 

8.522 ............ -·················-····················· 
12 1.015 .••••••••••••••••••.•••••••.•.••••. ··-·············· 1.007 ·············-···-·········· ························! 

......... [Opposite 22, in first colum11,J 5.066 .•..••.•.•••..•.•.•••. 5.068 ·••••• ··-······ --··--· .............. ·················-! 
4 [Column 7,J -3.3Gl. .................................... . 3.360 ............................................. '. ...... i 

......... u4 -u,-f b(t"+ t') .. =-#!-,- ............................................ . <t= U4;; U, _ ~ b (t" +I') ................................ I 
20 7 3G.7 •••••• ·••••••••• •• •••••••••• ••••••. -········ •••.•••. i 36.7 ••••••.••••..•••••••••.•.••.••••..••••.••. ··········I 
19 7 39.6 ............•........•••..••..•.•..•...•....•...•... 

18 2 05.9 ••••••.••••••••.•••.••••••.••.•••..•••.••...•..••••. 

2 11.3 ...... •••••• ............................ ··••• .•••. 
35 51.8 .................................................. . 

75 3-4.2 ..••. ·•••••••••·••·••••·••••• ••••••••·••••·••••·••· 
Drum1e .................................................................. . 

*145 45 84 10.6 .................................................. . 

~~~L ~ :: ~:~ :~~: ~~~:: ~~~~: ~~ ~: ~ ~::: ~: .. :::: ~~~:: :: :~:] 
~:r;;~~::: ::: ::: : ::::: :::::::: :: :::::::: :: : : ::: : :: : : :: : : :\ 

•145 38 89 54.5 ..•.•.••••..•.•.•••••••..••...••....•...•..•...•••. 
*151 3 Fourchno· ..•....••...••..•••.••...•••..•.•..•...•.•.•••. 
•151 3 •..••.....••........••...........•..............•... ······ ..... . 
•irt a oz •••••••••••••••••••••••.••••••••••••••••••••••••••••••• 

•153 .•••.. ..•••. [Large table, column 8, line 2,] 1.6"J .................... . 

*153 

*158 
*159 

!Ill •••••• colors····-··-·····--··························-----··-·· 
. ••••• •. •••• (Table No. 1, under eooond maximum :lbr Sandy Hook,] 

1.00. 

~o=~~~~~-;~l~~~: ::::: ::: :: : :: :::: :::::: :::: ::::::: ::::::1 
[In heading of column 7,] GeographiCal miles ........... i 
of z ..................................................... [ 

1.03 ..•...•....•...•••...•..•. ·····--··················-··[ 
[Sa.met.able, column 1, sc.oond argument of ru{l-()n's decJi· ( 

u::.~~·-~~~~-~~~-~~ ~-~-'.~~-~~~ -1- ~'.~~-: ... - ••.. - . - . - - . -I 
0.00 ..•.•.••••.•••••••••.••.•••..••..••..••....•.. ··•····· 

*1511 ......... 
•159 .......... 

........... 

......... 
[Table No.1,nnder 4th ma:dmnmforCape Henry,] 4.~2 .. 3.42 .••••..•.•.•...... -··························· ··•·•··· 
[Table No. I, under l!OOOnd ma.ximum for final valne,J 4,!Jl. 4.00 ..•.....••.•.•..•...••.. · •• · · · · .. · · · · •· .. -- - · - - - - - - - · · 

*160 51 
*160 512 ......... ~~~!~~- ::: : :::::: ::: :: :::: ::: :: :: : ::::: ::::: :: : : : :: :::::I :::::..-: :: : : ::: : ::: : :·. ::: : : :: : : : : : : :: : : : :: : ::: : : : : : : : : : : : 
*165 28 
*165 24 
*165 3 

.................................................................................. I Wind light and variable ............. - --- - - ---· · -- · ·· ·· · 

·:;·.-.-.~-.-.-.-.-.-.-. :::: ::: : : : ::: : ::: : ::: : : :: :: : ::: : :: ::::::::::I ~~~~~~ -~~~-~ ~r~~-~: ~: :: : :: : : : :: : : ::: : : : :: : : :: :: : : : : ! 
a *138. 

1855 
1855 

1~5.5 

lf!55 

1e55 

1855 

1855 

1855 

1855 

11:!55 

le.54 

1854 

1854 

1854 

1854 

1854 

1854 

1854 
1S:i4 

1854 

1854 

1854 

1854 

1854 
ltl.54 

1355 

18.54 

1854 

ltl.55 

18.55 

1855 

1855 

18J5 

1855 

1855 

1855 
1855 

1855 

1855 

1855 

1855 

1855 

1855 

1855 

1855 

1855 

1855 

18..55 

1855 

18.55 

1855 

185.J 
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ERRaTA, 1854-Continuetl. 

,,; 
j Line from-· ~ 

L ~ 

I
I Misprinted. Corrected. rJ 

E e 
Qj • ~ ~ 

'SI:§ ~ 
~~~,~-l~~-1-~~~~~~~~~~~~~~~~~~~~~~11~~---~~~~~~~~~~~~~~~~~~~-!-~p~ 
*166 i 11 ...... 66 ....................................................... 166 ..................................................... . 

•rn1 i ...... J 11 7° s. (70 W.) ............................................ 
1

1° (S. 7°W.) ........................................... .. 

~1~ ,···;:1 ·: ~r:• .: .••.•. ••••.. . ••······· .••.•• 11. ~~~i:;.~~~ ,;;;L, ~;~~L,•.~ .. 
*18~ 61··--·· [Column4,] W ....................................... 27 ............................................ . 
*l>l'-l C. [ ...... [Colnmn9,] 16 ........................................... 113 ..................................................... .. 
~is~ ti 1---·-- [Column 10,] 18 .......................................... i 13 .......................................................... . 
*183 ...... , ...... [In heading of Table II,] Smith,ille, 13. C ................ /Smithville, N. C ........................................ . 
*185 ............ [Upper table, last line, oolnmn 3,] 5.3 .................... 158 ...................................................... . 

::E :: I : : ~~~ ~"'"• :::2::; ::'~~:~:0 ~.I "". ... I ~~... • •.• : ·•. •. :.: ............ : • . ••• . ••• 
:;~: ~ ... ~:r ::~: :::·.~~~::::::::::::: :: ::::: :::: ::::::: :: ::::::::::: ::J ~:::~~~~-:::·_:·. ::::::: ·.:·.:::::·. ·_-_:·.-_-_:·.: :: :::: ::::·_ :·_:::: 

.;; .51:1 ~~i~~"··•••••••···••·•.:···•.•:.j2:~:;L~L .• ." ... ::··· :•· 
ERRATA, 1855. 

2~ . · - • ~~1-_~: \ :~:;: ~~~~ :~~: ::: :·:: :: : : :: : : : : : :::·: :: : : : :: : ::::: :: : :::::I·~~:~~~;:·~;~·:·:·:·:·:·:·:·:·:·:·::::::::::::::::::::::::::::::::::: 
41 ...... [ 18 1 ........................................................... With three buoys to mark its outline, tbis channel, &c .. 

1381 I I {Under heading, Winyah Bay, iucreas" all longitudes by 
to I ······!····-- ....... ........................ ............................ :l' 56".7. The correction does not affect azimuth or 

140 J \ distances ............................................ . 
2G6 22 ! ...... + ....................................................... . ..................................................... . 
266 ...••. i..... . . . . . . .. . . . . . . . . . . .. . . .. . . . . . .. . .. . . . . . . . . .. . .. .. .. .. . . . . . .. .A.t bottom insert "-'' before numerator of fraction .... . 
2(19 --·-·. ;

1
• •• •• • [In first and second equations,] K _. _ ... ___ ·------ _______ k ________ ... _____ . _______ . ____ . ___ ..... ___ ......... _____ _ 

2f!J ~1 ... -- . i· .•••.•.••••.• ----·-·· ............................................ 
1 
~Xui, the correction of tho moon"s co-ordinate in right a.s-

j I ceusiou for the rnstant denoted by t . ................... . 
2(lD 23 ......................................... ··········-----·---··-- .;x. 1 t11A r,{)rrect1-0n of the stJtr's. co-ordinate in right as. 

I cension for the year 1840 ............................. _. 

2~~,; ------1 61 Jp ...................................................... r~~~-i~~~~~~-~~~~~-~~~~~-~;~-~~~?~~-~;t~~~~~:· 
to, ...... , ..... i····· .. ···· .............................................. ) wh1cbw1llreq111rethattbeyberepnntedmthenext 

27:1 J J J l report of tho survey ............................... . 
2W ...... i····· · [· .......................................................... [Line 9 of table, (column y.,)] 1861.69 ................... . 
27:J ...... i--· ·· · 1...... ... . .... ....... ......... .. ........ ..... .... ....... .. LLine 24 from bottom of table, (column /1',)J 240 9' 22".00. 
27:~ ....... \ ....... 1• ___ • ·---- ___ • ·------ •• __ •• --- . --· .••• ----. ···-· _____ .••••. [Line 17 from bottom of table, (column :x:!

1
)] 596,85 ... --· 

27!3 ··· ·· -]--- -- · - ..... -- ............... -- . -· .. - ..... - -- . .. ...... ...... .... . ..... ........ [Line 19 from bottom of table, (column a:s,)] + 127."6 ... .. . 
273 ,. .....•..•. · .......................................................... [Line 3 from bottom of table, (column y.,)J - 869.00 ...•. 
275 

288 

314 
3:J5 

351 

21 was ................................................... .. 

4 •••••• .................................................... . 

............ (Line9of Appendix No.51,J has ...................... .. 

·:::::l::::: .:~~~l-~~~-~l-~~-~.~·-~:~~~'.~~-~~~~~~~-~ .. ~-1-~~~~~::: 
.... .. 5 II 9h. 42m ................................................ .. 

3Jl ...... ) ...... i [Table3,column4,line4,]10.0 ................ ~ .................. . 
351 ...... .1. ••.. .1. ........................................... ··········-···· 

wp,re ....... ···-------····· ...... ---···--------------·--· 
[Lines 21 and 22 of table,] Insert~ and a. at beginning; 

a.1¥1 [of last four lines,]<, a, a. andµ. ••••••••••••••••••. 
Insert •y in middle of heading ..•••..••.••.•••••..•..... 
[Second table,] Insert din beading of fifth column .••.•. 
had .................................................... . 

7h. 49m ................................................. . 

12k. 6m .. ............................. ····-·· .••..•••.••. 

[Table II, last oolumn,] HnbtT&ct 6m. from quantities In 
last oolumu. 

11.0 ..................................................... . 

[Line 6,1 Strike out{line 6 ............................... . 

1855 
1855 
1855 
1855 
1855 
1855 

1855 
1855 

1855 

1855 
1855 
1855 
1855 

1855 
1855 

1855 

185li 

1855 
1855 
1855 

1855 

1855 

1855 
1855 
1855 

1855 
1855 
1855 
1855 

1855 

1855 

1855 

1855 

1855 
1855 

,855 
1855 
1855 

18.'i5 

1855 
1855 

1855 

1855 
1855 
1857 
1857 

1857 

18!>7 



 

THE UNITED STATES COAST SURVEY. 215 

EHHAT.A, 1835--Uontinue-d. 

Lino from-

:~n~printe<l. Correclf·1l. 

~ 

.= 

--------------------!-~ 
·----- ····--······-····-········- .. ········ .. ··············-······- [Tables IV and \,J Subtract 6 m. from all thP qn:mti- i 1~;)7 

I ties in the columns headed from Oto 7. 
10 13h.3m ....•••..••..•••.••..••....•..•..•.•.••.••••.•.•.. 12h. 57m .•.•.•.•..••..•..••••••••...... ··················! 

25h. Om .........•••.•...•••.......•.....•••...•..•....... 24h. J47n ..•••..••.••..••••.....••.......•........... 
354 

3()4 
lh. Om ................................................. 1 Oh. Hm ....•..•.....•.•••.•....•....•..•..•.......... 

20m ·-------------·······- -----------·------------·--- 141n. -----------------------------·······-·-······· ... 

~~~:j~~~~i:~·~\ -~~;1-~";I ~-~· :::~~: ~ ~ ~~:~:~~~ :: ~~~~:~~:~ ~ ~~~-;~:Ji~-~~~-~~1•5• ~ :: ~~:~~ ~: ~-: • ~~ :~:: ~ ~ ~:~ ~ ~~ :~~~ • ~ ~ • • •• 
Jan Jose ................................................. [ San Jose ......••...........•.......•.................. 

:: Ill::::: 5 

354 ··-··· 4 

358 ·••••• •••••• 
:179 13 ..... . 

3791 18 that mountai11. __ --- . _ .. ___ . _ -· .. -·-·- -- •.•.. ---- ·--·. -- _II Mount Diablo . ----- ....... -· .. -·-- --- . - ............... . 

--- .... ~~~~~~~. ·_-.-_-_._-_·_-_-_-_·_-_ ~ -_·_-_-_-_·_· ~ ~ ~ ~ ~~ ~ ~~ ~~ ~ ~~ ~ ~ ~~: ~ ~~ ~ ~~~ ~ ~ ;::;:::· ~~~::~~. ~;~~;-:. ~i~~-t~~~-.~ ~ ~~ ~ ~ ~~ ~ ~ ~~ ~ ~ ~~ ~ ~:.: 380 9 

380 10 
387 

388 

17 

25 

pr-acticall.Y .. __ ..•... -- . _ ••.......... - .. ---·- -- •••••. --- .j economically ..••••..•. ·-·-·- ..••••....••...... ____ . __ 

1857 

1857 

lt".57 

18.17 

1257 

1837 

8ancelito ____ ... __ ... __ ....... ____ .......•.. __ .. ---·. -- -! SaucGlito. ___ ··---· .... __ . ___ .. ___ . ___ . ______ .. ____ ..... . 

E 1 ... ~. fil ~;::D~""'EH<::••••••·:::•••••••••••i ~:z· ::•::•••:••••••::••••••••••••••••· 
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11"37 

hfi7 

1~57 

11::57 

lb.J7 

1~57 

1857 

1':157 

1~51 

lt>57 

1~)7 

1857 
~ 1 ·: •••••• g:,;~~~~~·~ :: . . :: ... ·· 1 ~~;:;'. . . • :: •. : . j 
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59 

65 

65 

130 
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169 
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170 
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170 
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170 
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25 \ ea.st,ern, ---- .. ------ ---------- ---- ·--------·------- --·---- ?J.Jesterri- .. •..•.... ··---·· _______ --·----. ------- ______ _ 

11 ¥:.:;:;;,;,~~·~·· .. :··:·••·:: ·:·•·• I 11 ••·· :•••••• • ·_ ·-••-··· :_·····••:•••:• 1 iE 
..•••..••••• [Tahlo IX, 3d hour of col. 5, "from small low water to i 3.3 ···························•··················'········ lt!56 

large high,"] 3.0. I _ " •• _ 
.•••.•.•. ··- ••.•••.•••••••.•.•.•••••••••••.......•••••.•..•.• ···' [IX. fjth hour of columns 1 M> 7, small ebll, <lw.] 0.3, 0 . .J, li\36 

I 
0.8, 1.2, 1.7, 2.4, 3.0. 

5 ...... drawing B •••••. ....•.. ..•... ... ... .. .. . . ........ ... . .. drawing. B. &c ......................................... : 1856 

17 ................................ •·-·-····--·······················I [After "sih-er frame,"j Insert "the pivot-holclj hciug 18.56 

5 
6 

7 

15 
19 

24 

25 

I bushed wi~hplat.inum." 
4 chronographic recording in Bond's Chronographic Reg-

1

: recording on a -chronogr.aphlc regist€r regulated hy i 1856 
ister. Ilond'a spring-governor. 

1850 Band B' .••.••..•........•.••.....•.•...•••...•...•..•.. ! B' and ll" ..••..••.••..........•...•...•............. 
b~' intervening thin plateR uf ivory, (not r13preRente(l in 

1

1 by an intervening plate of ivory-------.-----··--··........ 1i:56 
the figure.) · 

Band B' .••.••.•••••.•••••...••.••..•..•••••••••.••...•. , B' and B" ..•.••...•.......•...•••..••..••..••.•.•.•..... : 185G 
slips ..••..........••......•...••.....•..•...•.•••.••..•.. \ drops.................................................. IN<J 

~i:.l. ~ ~-f-~l~~ -~~~~-~i-~~:'.t~·r· ~-~-~~-~::: ::: ::: : : :: : : :: 1-~-r~;~.--·_-.... .-.-.-.·.·.·.·.·.·.·.·.·.·.·.:::: :: : : : : : :: : : :: : :: : : :: : : :: : : :: ::: 
B ..•....•••••.•....•......•...•..•...•.•.•.••.•••••..•... 1 B' ..•.......•...•..•••..•...........•..............•.... .; 1856 

-21 .•••.• ______ .. ____ •...... _ .............. ---· __ .. ---.- ....... ; (After" regh:;ter
1
"'J Insert" of which the regulatorwa13·· .. 

11 ......................................................................... 1 [After "pentlnlums,''J Insert "thedevieuofMr. Kl!t'· 

I riso11, of Philadelphia." 
2l ..................................... , ..................................... 1 wit1tiuaceutur.rit has increased nearlyaruile,an\1.nt 

about the rate of one-sixteeuth of a mile on tlio an!r· 

1;;56 

1B::i6 

1856 

1s l ..... . ::~a~io~··:·:· -~~~~;~!~~: :: ::::::: ::: ::::::::::::I ~:::::::t~:·t:~;'.~~-~:a~:~;~~;:::::·.·.·.:: :::: ::::: :: : :::·. j 1857 

1857 ..... ·t !IO 
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i g. ~ 
p., .... ~ 

11~ ~[::::::I ~:a~[~~-::::::::::::::::::::::::::::·_:·.::::::::::::::::::: 
~~ .. -~~-1:: :::: 1

1

, ~~~~;·-~:~;;~;-~~~;;,~~~;·a·~,;.:~·~;~~·;::·:.·;,~~-
water of spriDg-tidcs,"] 17.7 .. 

183 ...... -····-1 ["Santa Cruz Harbor-anchorage," infiftheolumnoffig-

I 

r:2=~~ :-:·:-::_:_:_:_:_:_:_:_:~-: ::: : ::: : :: ::: : : : ::: ::: ::: : :: : :: : : :1 

' 11.7 ..••••••.•.•••..••...••.•.....•••••.••..•.••••••.•• ··1 
25.7 ......•.••• •••••••·•••·•••••••• ••••••••••.••.•••••••. ' 

1857 

1858 

1857 

1857 

1857 

183 

183 

190 

226 

272 

272 

' ...... ·-····I 

I 

ures,] 26.6. 
["San Francisco Harbor-on the bar~" in six.th column 

of figures,] 3(J.4 . 

. . .. .. ·-----1 ["A.t best wharves," sixth column,} 23.4 .............. __ .. 

2ti --·---i oovered ------··-···-···········--·-···-·····-··········· 

19,:. ::::::I ~:':: ~~:.:~~---_-::::: :: : :: : :: ::: : :: : : :: :: : :: : : : : ::: ::: : : : : 
8) 400 51' ()9".44 ·--·----·-···-··············-------···-····· 

37.4 ••••.••• ·-· •••••• .••.••••••••.••••• ·····- ·····- •••••• 

24.4 ..••••.••• ····-·-· .•••••••.•••.••••••••••..••••••.••.. 

CUT\""ed . ............................ •• • • •• ................ • ... • •• 

Lyme .........•••.•..•...•.....•.•.•••.•..••.•....•..... 
40° 561 06'1.38 . .. ··- ............................................ . 

40° 51' 0711.44 ... - - .... - - - ·- ............... --· .... -· .. -· .... . 

ERRATA, 1858. 

1857 

1857 

1857 

1858 

1858 
1858 

~~: :: !::.c:~;,;,~·-·_:·.·_-_-_·_ ::::::: :·.---.-.-.-.·.:::: :: :::: :::::::::::I ::!:::;~h~h~;~~~: ::: :::::: ::::::::::::::::::: :: :: : : : 
122 : .••.•..•••.• [After "tidalobservations," delel "with the self'regis- .............•.•...••..•..••....•..•.•.........•.......... 

1859 

1859 

1859 

i tering tide-gauge." 
193 I 10 .•.•.• <& •••••••••••••••••••••••••••••••••••••••••••••••••••••••• a, ...................................................... . 

~ \• • ·~· 1~ [[\ ~~.7 i\X Y ;;··· ;; •••• •••; ••;• :•;:;;•; . ~:></;}\ ((!) [[ ::: ••••••;:• ;; •• ;; •;• •: 

1858 

1858 

1858 

1858 

1858 

1858 

1858 

1858 
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73 

98 

98 
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238 
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280 

293 
317 
336 

359 

I!) 

54 
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239 

275 

275 

275 

275 
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1 ·-----
11 

7 ·----
1 

15 

......... ·-·-·· 
1~ 

10 

18 

19 

...... ......... 

....... ........ 

ERRATA, 1859. 

Insert "0" before "Ursro minoris 11 
.............................. . 

western ............... ................................................. eastern .................................................................................. .. 
1859 

1860 

frustrum ................................................ frustum................................................. 1860 

reading .................•.......•............•.....•..... va.lue................ .••..•.••..• ...•.•.•••.•.••......... 1860 

JThunderholt ......•..........•.........•...•.••.••.•••. Humboldt............................................... 1860 

4()0 50'. ····················-······························ 40 54l'.................................................... 1860 
for ..........•.....•..........••.............•.....•.... from.................................................... 1860 
1840 .........................................•........... in 1840 .••••••••••••••••••••••.•••••••••••••••••••••••••• 1860 
frnstrnms ............................................... frustums ................................................ 1860 
[Co-ordinates of curvatures; latitude 90, oolumn 4, longi- 600. ..••.•.••••••• .•• .. •. .. . .••.•. •••••••••... .. ••. ••• .. !l1866 

tu de 2°,] 400. 
[ln title,] Sketch No. 40 ..••..•....•••.•.•••••••••••••••• Sketch No. 39...... ••.••. .•.• .. ••••••••.•••••••••••.•••.. 1860 

a Page 141. 

ERRATA, 1860. 

23 :: : :: :I ::::i~:-~~~-~~~~~·::::::: ::: :: :: :: :: ::: : :: ::: : :: : :: : : :::::: Commander .•...•.•.....•..••.••••••••.•••••••••.••.•••. 
inside shore .••..•.••.••..•.......••..•..••••••..••••••.• 
leaving ..•..••.•.•...•...••••.....•..••.•.•••..•...•.•.•. 

1860 
1860 
1860 
1800 
1860 
1860 
1860 
1860 
1860 
1860 
1860 

12 I having .•.•.•••.•.•.•.•......••.••.••.••••••.•.•.••..••.. 
10 ZJ8 •••••••••••••••••••••••••••••••••.••••••••••••••••••• 28 s ........................... ·-·················----- .. 

4 •••••• 25.18 •.••.••• ·······-················ .••.•••••.•..••.••.. 23.22 ...•••••.•••.••••.••..••••• ···-··············· .••••.• 51······ 24.36 ··••·••··•·•·••• ..•..............••.•••••.•.•.•...•. 23.87 ...•.••••••.•..•••.••••••••••.••••••••••.•.•..••.•••• 
7 .•.••. 0.96 .••.••••••.•.•••.•.•••.••..•...•••.••.••••••••.••.•••. 0.37 •••••••••.•••••••••••••••••.••••••••••••••••••.••.•••. 

S I .253 .•. •• . . .. •• . ••• •• . •• • . • .•• . • . . . . . • •• • •• . •••••• ••. •• . . .240 .•••.•••••.•••••.•••.•••.•••.••••••. : • ••••••••••.•... 

9 lBa. 76.. .. .. . . .• . ••. .• . ••. .•. .• . . • . . • . . •• . •• . ••.•••••..••. 17s.52 .••••••••••••••••••••••••••••••••••••••••.••••••••.. 

101······ 20..................................................... 121 ...................................................... . 
14 !······ 18.76 .••.•••.•••••.••••••••.••••••.•••••••••••••••••••••• 17.5j! ················································-··· 



 

273 

27:-:i 

TIIE UNITED STATES COAST SUiffEY. 

Linc from-! 

~Iispriutt>tl. 

15 2it.30 ---- -- ---- ---

1~ ·----.; :io.7 .•••. --· --- -- - --- -- - --------·······-··· 
21 ----·. ! ~Jl.8 ----. -- . -- . -- - . - .. - - - - . - ... 
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303 
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4t ··--· --- ..•......... ··-· ...... -- . ·-· ..... --· ..•. ··-··. 3\ ··-··· -·--· ..... ··-· -· ....... -- ... ·----- ....... ·- .. . 
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- ----------- -------------·-

::\Ii,.. printed. 

hank---- .. 

l•auk. --· .. -- ---· .... -··· -- ·--- ·········· · ····-·-

j.., •••••••••••••••••••••••••••••••·•··•••••••• 

hauk ..... . 

Columbia ..... . 

\Yhielt .... ------ ·-----···· 
:r77 . _ 

i~. - -· - . -- - - -- . - - - - - - ' -- -- - . - -- . ·-. -- - -- . - - - . -- - -- - . ·-

O\\ .• fiwll ...........•. 

Correr.t.cJ.. 

8.hoa~ _ ........ __ .. __ ..... __ . ------ ____ .... ___ ... ___ ---- .. 

shoal.··-------·· ...... --------·-·· ..................... . 

arc .......... ············------------·········--· .•...•.. 

18C2 

1Sb2 

1862 

isl1oal •.••..•••..•.••...•.•....•..•..•••••.••••••.••••••. -_. 18()2 

Columbia's ...........•...............•... -·---··--------
..tl.dd: '"from the south bar'' ......••••.•...•..••••.•.... 

it .. -- .. -- - - - ·--- - - - . - ... -- - .. - .. - - -- . - ·- - --- . -·. -- . --- . -
110. ---· -· ....... -- .. ··-. -·-. -- .. -- ·-- ··--- -----·-----

:lf(~. - - .. -- - - - - . - - . -- - - -- . - - - - - - . --- • -- - -·. --- - -- - --- - ·--. 

[In tlw Lla11kJ Insert 11 110 · 1 
_ •••••••••• _ ••• _ •• ·---. _ ••• _ 

]ov.· •• .tinll .•......•. ·- ..• -••.•..•••..•.... ·-----······ 

r~rittL'd their .8hjps lien~ ...... -· ..... _ -· .. -· ....... , ·wt!IT~ rcJHted lwrc ....... --- ..•..... - ------·-- ......•.•.. 

1862 
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1862 

1862 

1862 

1R62 

le62 

1862 

1862 aml------- -------- ·-----·-·---. __ ·----- ·---·----· 136-Ht<. --·---·-----_,-------·-----· --- ·---·- ------·------
for g-omrwitll 110l1U11g- _ .. __ .•.•.•........ with good holding.--·---· . --··-··--- .. -- ... ----- ------- 1~62 
northwest.. __ . ___ . ___ . __ .. _. __ _ nortl1PaHt .•.. ---- •...... __ ...•.....•.•.•... _ ... ---- _ .•. _ 

[Btl'ikt' out~ first ............. _ ......... . 

[l111Jlank.s11acc 1] Insert i.distant" --·--··-···-----------
(~ordowa ........... -----· ·-·- .......... -- ·--- ......... . (:ordo\·a .. --·, .... -·----· ..............•.. ---·-···-- ·--·. 

...... , 1~ AWl'.i'}):-: .••••••••• ------ ·----------· •••••••••••••••••••••• 
1 
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LIS':r OF SICETCHES. 

PHOG RESS-SKETUIIES. 

1. General Progress. 
'..l. Section I, npper. 
3. Section II, Lake Champlaiu. 
4. Section III. 
5. Section III, Primary Triangulation of the Alleghauies, (upper sheet.) 
G. Section IV, lower. 
7. Section VI, upper. 
8. Section YII, (part of.) 
!J. Sections VIII and IX, (parts of.) 

10. Section X, lower. 
11. Section X, upper, anJ XI, lower. 
1::!. Section XII, upper. 

GENERAL CO.AST-CIIAitTS. 

n. Gcneml Coast-Chart IY. 
U. General Coast-Chart YU. 

13. Coast-Chart 11. 
Hi. Coast-Chart 12. 
17. Coast-Chart 13. 

CO.AST-CILAI~l'H. 

IffV.El~ A2'D II.ARBOR CIIA.RTS. 

18. Saint George's ltin•r auJ l\Inscle RicJge Channel. 
rn. Plattsburgh. 
20. Burlington. 
21. New Haven. 
22. New York Bay and Ilarbor, (1.) 
23. :Xew York Bay and HarbOl', (2.) 
!.!!. Delaware River, from navy-;yanl to Fort :Mifflin light-house. 
2;;. N ense River. 
21l. Passes of the l\Iissis>dppi. 
27. Falmouth Shoal, search for. 
28. Puget Sound. 

lLLUSTRA.TIONS. 

29. Styles of lettering. 
30. Diagram B of New York Harbor. 
31. Diagram C of New York Harbor. 
32. Diagram D of New York Harbor. 
33. l\fonomoy. 
84. Tides of Boston Harbor. 
:1;;. Diagram to illustrate Appendix No. 10. 
36. Edgartown Harbor, to accompany Appendix No. u; of Coast Survey Report for 1869. 
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