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OF TUE 

SECRETARY OF THE TREASURY, 
TRAXS~llTTlNG 

Report of the Superintendent of the Coast and Geodetie Survey, for thr year ending Jmw 30, 1880. 

DECEMm:R 21, 18130.-0rderetl to lie on the tauk a]](l he printPd. 

TREASURY DEPARTMENT, December 17, 1880. 

SIR: In accordance with section 4690, United States Revfaed Statutes, I ha Ye the honor to 
transmit herewith, for the information of the Senat~, a report addressed to this department hy Car· 
lile P. Patterson, Superint~ndent of the United States Coast and Geodetic Suffc~·, showmg the 
progres8 made in that work during the year ending Juue 30, 1880, and also an cngraYed sketch 
illustrating the general advance in the operations of the survey. 

V ecy respectfully, 

Hou. \VILLIA.M A. WHEELER, 

Vice-President of tlte United States, President of the Senate. 

JOHN SHERMA~, 
Secreta.ry. 
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bs George Little, Ph.D., Appendix No. 12, pp.145-171. 
BLUE HILL BAY, ME. Progress of hy<lrograpby of, pp. 3, 11, 
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p. 7. 
BODEGA HEAD, CAL. Progreso of hydrography near, pp. 4, 42. 
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prediction of tide• for harbor of, p. 56. 
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23, 24. :Report on geodetic night-signal• by, Append'lx No. 8, 
pp. lffi.-109. 

BOUTELLE, J. B., AID. Services in Se-Otion III, p. 24. 
BOWSER, PROF. E. A. Geodetic operation• in New Jeney, p. 

19; computation of triangulation of, p. 54. 
BOYD, C. H., ASSISTANT. Triangulation of the Mi!slssippi 

River, p. 31. 
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CAPE MAY, N. J. Coast topography in minity of, pp. 3, 2tl, 21; 
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CAPE MENDOClNO. Triaugnlation near, soundings off, and gen-

eral chart of, reference to, in estimates, p. 7. 
CAPE ROMAIN. Reference M>, in eatimatca, p. 6. 
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CASCO BAY. Progrc88 of development of Johnston's l:Ock 111, 
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CHRISTIAN, YO. Station, p. 50. 
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COUJ{TENAY,. HDWARD H. Computing Division, Coast and 

Geodetic Survey Office, p. 54. 
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DANA PASSAGli;, PUGET SOl1"ND, WASH. TER., p. 45. 
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i.o, i.uestimates1 p. 5; of coaet of Ca.lifo~ pp. 3,4; re-ferenoo to, in 
eatimate•, pp. '· 5; of 1''renchman's B1>y, Fh1nders Bay, and of the 
•vproacheo to Blne Ilill Bay, Me., p. 11; of the middle part of 
Blue Dill Bay, :Me., p. 12; east and west of Mount Dt>.sert Island, 
ooa.st of Me., p. 12; of Hcmpsi:ead Bay, Long Island, N. Y., p. 16; 
coost of North Carolina., p. 24; of the Lower Mississippi, p. 34: of 
tlrn Santa Ba.ibara Island• an,\ &djaoont coast of Cal., p. 36; north 
of Bod"l!" B<llld, Cl\l,, p. 42; betwo<ln BO<l~ga llerul and l'olnt Are· 
nae, Cal., p. 42; of Puget Sound, p. 45. 

•• 
ILLINOIS. For oontinning trinngnlat!on a<ross tho State of, rd. 

erenoe in estimatee1 p. 5; ~ood.etic opemtions in, p. 47. 
lMPRO'VEMENTS IN SECOND.ARY JlASE .APPARATUS. Ap· 

pendii No. 17, pp. 3U-345. 
lNAGU.A. ISLAND. Soundings near, l'· 'rt. 
lNDEPEll'DENCE LA.KE. Magnetic oboervations at, pp. 38, 39. 
!NOIA. ll'nmber of !'I>""'"" emplnyoo nn too su•v<1y <lf, compa1·vd 

with thoae on eame work in the United Stat¥s, pp. I, 2. 

INDIAN.A. Trian_znl:ttion acrosgj pp. 46. 47. 49: rcfrrenrt• to. in p,.;. 
timatcs, P- fi; ht->1wb-markA in. Jl. 48; refcreuce to Profrssor Col
lett, Cllief of :Bureau of Statistics and Geology of Stat<> of, p. 49. 

INDIANAPOLIS, nm., p. 49. 
INDIAN IUVER, :i;·LA. T1>pograpby ant\ hytlrography. referenrn 

to, in estimates, p. 5; ma.i;!,"11cticu}Jservationsou1 p.27i computatiuu 
of triani;:;ulation of, p. G4. 

INDIA~ TERRITORY. Meridian arc passing throul'l1, p. 2. 
INFORMATION FURNISHED FROM THE COAST AND GEO· 

DETIC SCRVEY OFFICE IN REPLY TO SPECIAL CALLS 
DURING TIIE FISCAL YEAR ENDING WITH JUNE, 1880. 
Appendix No. 3, pp. 70-72. 

INGLEFIELJ), ADMIRAL, OF THE ROYAL NA VY. llefermco 
to, p.15. 

IXSPECTION OF LIFE.SA. VING STATIONS EY ..A.SSIST.A.:l>:T 
F. H. GERJ)ES, p. 21. 

INSTRUMENT. Dl\vidson meridian, Teference to, l'P· 3Q, 40. 
INSTRUMEXT ROOM, COAST AND GEODETIC SUHVEY 

OFFICE, p. 59. 

INTERNAL HEVENUE BUREAU. Exporime11ts for tht', p 52. 
IRELAND, GREAT BRITAIN .AND. Nnmller of persons em

ployed on tlle t,op.ograph~~ o.f, compared with th()se on same wurk 
in thA United States, p. l. 

1R1S (ligbt.fionso tender), Reference to commantlcr of the, p. 41. 
ISLE OF PINES. Soundings off, p. 28. 

J. 
JACKSON llUTTE, p.39. 
JACKSON POI~T. MI&S.,p.54. 

1 JACKSONVILLE, FLA. Magnetic obserrntions at, pp. ~. 2tt, 27; 
reference to. in estimat.ea, p. 6. 

JACOBI, ,V, Instrument room, Coast and Gco<ldie S11rny Office, 
p.59. 

JACOBY, R. M., MASTER, U.S. N. Servic<•s in Srction VI,}'· 28. 
.TAMAIC.A, W. I. Soundings off, pp. 27, 28. 
JAMRS RIVER, VA. Detailed surYey of, p. 22, reforre<l to in e•ti. 

mate,s, p. 5; chart of, referred to in estimates, p. 6. 
J .AMES UIVER IMPROVEMEXT COMP ANY. Reference to, 

pp. 22, 23. 
1 JAMESl'OW'.li, U.S. S. ReferencetoCommamle1· Beartlsl1'e of, p. 

46. 
J .\.PONSKI ISLAND, ALA.SKA, p. 46. 
,JARBOE, C. W., LIEGTENANT, U. S. N. Sen-ires in Srcli• n 

X,p.42. 
JEJ<'FERSON CITY, MO. Reconnai8sanco for geodetic work near, 

p. 4;. triangulation be'.;oud, pp. 49, 50; observations for JaUt 1u\e al, 
p.50. 

JEFFERSONVILLE, MADISON AND INDUNAI'OLIS RAIL· 
ROAD. Reference t-0, p. 49. 

JOHNS HOPKINS UNIVERSITY. Reference to Prof. W. K. 
Brookes of, p. 28. 

JOHNSON, E. w .. MASTER OF THE LIGRT·IIOUSE TE::rn1m 
IRIS. Reference to rock in Casco Bay reportml by, p. 11, 

JOHNSTON'S 1'.0CK, CASCO EA.Y. De•elopmentof, p.3. 
JOINT COMMISSION ON THE Nl:W YORK .AND PENNSYL

y ANIA BOUNDARY LrNE. R<lfurencc to, p.18. 
JORDAN'S IUVER, ME., p.11. 
JUNKEN, CHAilLES, ASSISTANT. Son-ices in S<ictivn IT, p. 

Hi; soundings in Pata..psco River, Md., p. 21 ;~J>rn,wing DiYisiou, 
(Joaat and Geodetic Surycy Ollie'<, p. 56. 

JUPITER INLET, FL.A. :Magnetic •tation, p. 27, 
JUPITER LIGHT-HOUSE, }'LA., p. 21. 

K. 

KADI.AK, COAST OF ALASKA, p. 4; tidal ohserrntions al, p. 4G. 
KALA.'!dA, Ol,tKG., pp. 4, 44. 
KALAMA Rinm, p. 44. 
lCANSA S. Meridian arc passing tbrongb, p. 2; triangulation aernMs 

the Stat.e uf, refercnoo to, iu estimates, I• 5. 
KARCHER, L. Drawing JJivision, Coast and Geodetic Surn•y 

Office, p. 56. 
KIWGE'S STRAIT, p. 22. 
KENNEDY, MO. Station, p. 50. 
KENTUCKY. Geodetic aurv<'y of, and triangulation aeross, J•P· 4, 

46. 47; reference t!l, in estimates, p. 5. LougitmlL~s iu, p. 47. 
KERR, LEEUS C. En!l:ra·dng DiYision, (;oa.st and Geodetic Sur· 

ny Office, p. ;,7, 
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KEW, ST.ANDAlm THERMOMETER, p.:i2, 
KEY lVEST. Chart of eoast nea1·, referrnce to, in estimates, p. 6. 
KILBURN, W[LLIAM, MAST.Elt, U.S. N. Services in Rection 

YIIr, p. 31; Ily<lrographfo Dhitiiun, Coaat and Gootletic Sarvey 
Office, p. 52. 

KILLlNGTO-:'f PEAK, NEAR RUTLAND, \'T. Primm·.\' tri:m· 
nulation station, rd'erence to, pp. i:1, 14. 

KINCIIELOE (sloop). U •c of, in Sootion XI, l'· 44. 
!{LAMA.TH lU YEH. Soundings near1 refe.tred to in C'stimat~e, p. 

7. 
KNIGilT, R.11. Engmving l>iYision, Coast an<l Gcodctfo 8urn·:r 

Offioe1 p. 57. 
KNIGHT'S FERRY. C.AI,., p.41. 
KNOX COUSTY, OHtO. 'Irian_gulation tliron~h, p. 49. 
KURO-SIWO CURHENT, CALIFORNIA BR.ASCH OF. Hefer-

cuco to, in estimates, J>. 7. 

L. 
!,ACOSTA ISLAND, p. 28. 
I,AFAYETTE SQOARE, }rEW ORLEANS, LA. Transfer of 

longitude statio~, to. p. 2!.l. 
LAG ONA .MADRE, TEX., p. ~. Coaot ch1'rt of, referem·e to, in 

e~tima.tca, p. 6; tricm;:ruJJ:ltinn !tlH} .slwre ]jnp 8UJYe_y of, pp. 34, :!J. 
LAGUNAS, GCLF OF MEXICO. Magnetic ot.servations at, pp. 

3,35. 
LAKE TIORGNE. Reference to, in estimotr,~. p. 5. 
LAKE CHAMPLAIN. Triangulation near, pp. 1, 3, H, rcfoITr.d to 

in e13tima.t«"s, p. 5; Tticonnaissance west ot: JlP- 17, 18. 
l,AKE INDEPEXDE\TE, pp.37,39. 
LAKE ONTARIO. Triangulation near, p.18. 
J,AKE POXTCHARTlt.UN. Reference to, in estimates, p. 5; 

le\•e] of, p. 33. 
J,AKE J>ROl'IDENCE, p11.:i.:i2. 
LAKE TAHOE, l'ARTI,Y IN CALU'ORXI.il, PAI:TLY IN 

:XE\.HJA, p.41. 
LUWINE, MK, p.11. 
J,AXCASn:R COUNTY, PA., p.~o. 
LANJJOX, VT. Station,p. D. 
J,ANla,EI", l'ROF. S. l'., JJIJ>ECTOR OF Al,LEGHE:;tY Oil· 

SE!:\'ATOHY, PI1TSJ3URGII. I'A. Ollllervationo in EurnJ>tl on 
astronomical •ision by, p. 9. 

LASSK>·s BUT1'K CAL., p. 37. 
LATITUDE STAJ:S ... Reference to comparison of Coa5t Survey 

li•t with other lists. )l. 52. 
LATITUDE OBSEHI ATIONS. At stations on JJotLhern bonnol· 

ary of Penn~ylvania, 11. 3; at Atlanta, Ga., p. 3; at Lonitwillc1 
Ky., p. 4; at Sugar Lo:.if Muuntain 1 M.d., pp. 23, 24; in California, 
pJI. 38, 39. 

LA WREXCEllORG, nm .. p. 48. 
L,I, WRENCEYILLE. Station occupied by Joint Commission on 

Pennsylvania and New Yotk honn1lary, p. 18. 
J,A. WSON, ,r, S., ASSfSTAN1'. Heeonnaisaancc for continuing 

triangulation of Pu~et Sound and Columbia IU-...~cr, p. 45. 
LAWTON, GA.. Now known as Du Pont, p. 26. 
LAZ.ARETTO POINT, P.ATAPSCO IUVER, l:lD.,pp. 3, 2l. 
LEAGUE ISLAND, DELAW . .Urn IUVER, p. 3. 
LEBANON BASE LINE, pp. 4, 48. 
J,EBANON, TENN. f'.r1lodetic operatiollf! near, p.48. 
LEDGES DEVELOPED, pp. 3, 11, 12, 16, 3&, 36. 
LEU1'Zlt, Jt H. C., LIEUTEK.ANT, U.S. N. Ser"ices in snrvey 

of San Nicolas Island, Co!., p. 35; in Section X, p. 36. 
LEVEI,INH. Report on the geodesic, of the lli•si••ippi Rh-er, by 

Andrew Brn.i<l, Assistant, Appendix No.11, pp.135-U4. 
Ll<~WES, DEL. Relnti"l"t> to point near, at which the tr<msit of 

Venus wns obser~cfl in 1769, p. 21. 
UBRARY 01'' COAST AND GEODETJC St:"RVEY OFI<'ICE, 

p. 59. 

LIFE-SAVING STATIONS O'l'' TIIE UNITED STATES. l'ooi. 
tions detenninecl. pp. 3, 15, 16, 21. 

LIGHT-BOUSE BOAitD. Printed lists of ligl1ts corrected at th<> 
Coast and Geodetic SurYey Office for the, p. 10. 

J,IMESTONE. Station occupied by Joint Commi.,,ion on Penns:vl· 
Yania.antlNcwYork bounUary, p.18. ~ 

LINDENKOHL . .A. Dra"·ing Di>ision, Coast and Geodetic Surve.r 
Office. p. 56. 

LIN DEN KOIIL, H. Drawing l>i visiun, Coast an<l Geodetic Survey 
Oftic(', l)· 56. 

LlNES OF LEVEL. Mississippi Rivrr, p. 33; report on the gro
deaic loveling of tho Misaissippi Uivcr, Appendix No. 11, pp. 135-
144. 

LITTLE, GEORGE, PH. D. Report on the blue clay of the Mis
sissippi River, by, Appendix No. 12, pp. u:;...171. 

LITTLE ANNEMESS.EX IUVER. 0,1-.•ter beds of, p. 22. 
LITTLE MEADOWS. Station occupied by Joint Commission on 

Pennsylvania. and New York boumlary, p. 18. 
LITTLE RIVER INI,ET. Reference to, in estimates, p. 6. 
LOBOS CAY LIGHT, p. 27. 
LOLA-SHASTA, HELENA, p. 38. 
LOLA MOUNTAIN. Geodetic operations ut stations on, pp. 4, 

37, 40, 43, 44, 51. 
LOMPOC I,A.NDING, CAL .. p. 37. 
LONG RAY. Reference to, in estimat~s, p. 6. 
LONG .BEA CJJ. Referrod to in, rstimatrs. p. 6. 
LON"G FELI,OW, A. W., ASSISTANT. Topography of .Ellsworth 

and vicinlty, coast, of Maine, p. 11. 
LONG ISLAND, l'T. Y. 'l'opo1'rnt>hY antl hydrography of coast of, 

pp. 3, 12, 16, 2.1; referre<l to in e•timatrs, p. 5 ;coast chart of, referred 
•to in eRtima.tes, p. 6; life-saving station on, p. 16. 

LONGITUDE DETERMINATIONS, pp. 3, 4, 19, 20, 29, 30; in Ken
tucky and Tennessee, p. 47; computation of dilfrrene•s of, p. 53. 

LOXGITUDE. Of Atlanta, pp. 3, 25, 26; of Louisville, pp. 4, 47. 

LONGITUDES, TELEGRAPHIC. Report on, by Charles A. 
Sehott, Assistant, Appendix No. 6, pp. 81-92: explanation of appa· 
ratns for obsl."rvations of, by E<lwin Smith, Assistant, Appendix. 
No. 7, pp. 9:J-95. 

L01:I'5IAN A. HydrnJ,'Tltphy of coast, referred to in estimates, p. 
5; longitudes :in. pp. 29, 30. 

LOL"ISVILLE, KY. Triangulation antl base line near, pp. 4,46, 47; 
computation of length of line near, p. 54. 

LOL"lSVILLE UNIVERSITY. .Astronomical observations in 
grounds of. p. 47. 

LOVEJ,AND, OIIIO, p. 48. 
LOWER MISSISSIPPL Hynroi:mphy of, p 34. 
LULI,, EDWARD l'., COMMANDER, U.S. N. Hydrogmphic 

Inspector, Coast and Geodetic Survey Offi.cei j)p. 10, 52. 
LUM'S POINT, pp. 3, 32. 

M. 

:MACHIAS BAY. Const oho.rt of, reference to, in estimates, p. G. 
MADISON, WI8. .Magnetic observations at, p. 49; magnetic ob

Rcf"at<>ry at, pp. 53, 55. 
MA EDEL, E. A. Engraving Division, Coast and Geodetic Survey 

Office, p. 5i. 
:MAGNETIC OBSERVATIONS, p.3. AlongconsteofNewEnl'lsnd 

States. and in Canada.1 pp.14, 1fi1 17, 24; at Capitol Hill, Washing
ton, D. C., p. 22; in Georgia, p. 26; in Jflorida, pp. 26, 27; at 
:Kew Orleans1 La.., p. 40 i in Mexico and Yucatan, p. 35; at Matli
son, Wia., pp. 49, 53, 55. 

MAIN, JAMES. Computing Dh-islon, Coast and Geodetic Snr. 
vey Office, p. 54. 

MAINE. Tide• on coast of, pp. 2, 12; progreos of work on CoW1t of, 
pp. 3, 11; referred to in estimates, p. 4. 

:M.A.INE, GUI,F OF. Observatiollf! on sea ant! tidal currents iu, 
referred to in estimates, p. 4. 

:MANCHESTER, .TAMES RIVER, YA., p. 22. 
ll.A.RlETTA AND CINCINNATI :R.ilLROAD, p. 48. 
lU.RINDIN, H. L., ASSISTANT. H~rography of Urn Lower 

M:lssis8ippi, p. 34; compari8'ln of the surveys of the Dolawar" 
River in front of Philadelphia, by, .A.pp~ndlx No. 9, pp. 110-12.'i; 
eomp,.rioon of surveys of the Miseisaipp! River near Cubitt's Ga!>, • 
by, Appendix No. 10, pp. 126-134. 

M.Alt.'!H, HON. GEORGE P., .A.MERIC.AN MJNISTER AT 
ROME. Reference to, p. 9. 

MARTHA'S V !NEY ARD. PreMrvation of et&tion marks at, p. 1:J. 
MARTHA'S 'VINEYARD SOUND, p. 3. 
lilARY LAND. Determination of poeitions of life-savinp; stations on 

coast of, pp. 3, 21; to oonnoot Atlantic coa.at trlangulation near 
boundary of, and Yirltinla, i-eferenc<> to, in estimat..., p. 5. 

MARYSYILLE BUTTE, CAL., p. 37. 
M.ASON, DAVID. Magnetio obftervations at Madison, Wis., p. 

49; oompntation ofm&gnetfo 01Mlervatio1111, p. 54. 
MATA.G-OIUlA ISLAND, TE,X;,, pp. 3, a4. 
MATERNILLOS LIGBT, p. 27. 
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MATTACHA PASS. FLA., p. 28. 
MAYO, HENRY T., ENSWN, tr. S. N. Scnicos in Section XI, 

f· 4-.1:. 

MAZATLAN, MEXICO. Ticl:il o~srn-ations at, pp. 4, 35. 
McARTHl'IC (steamer). l'•c of~ in SHlion X, pp. 35-37. 
.lltrCOJ\KLE, S. C .. ASSIST.\ l\'T. J{econnai•s:mce wt•st of Lake 

Champlain, pp. 17, JK 

M"OANrEL, MO .. STATION, I'· fll. 
M<"DONNELf., THOMAS. 1n clrnr::e of chart room of Coast and 

Geodftk Sur~PY 011iec•, JI. f18. 
}IC'GRATH, J, E. t:omputiug lh-.iRit111, CoaHt antl Geodetic 8111·vt:>y 

OITh\(~, JI• 50. . 
MEDLOCK RTATIOX, l\10., Jl. iiQ. 

MEDORA, IND., 11. 4~. 

MEMPHIS, TENN. To continue trianj!11lation for ,\!Jania ha••' at, 
or near, reft>l'l'e(l to in estimate~. p. 5; n•frrt•ncP to. p. 9. 

J.rnNTZ, G. W., lltAS'l'f:R, TT. S. N. &•tTices in R.•t•lion Vl JI. ~8. 
MERIDIANTNH'l'Rf'MEN'.l', HYGJ-:ORGE DAVIDSON, ASf'IST· 

A NT. r.o vf. in Section X, 1'1" 39, 40. 
.l\IRl'JmJtOLOOICALREf>EAl{CHES FOit l'f:'EOF TRt<; COA:5T 

PILOT. Reference t.01 p. 2. 
MEXICO. Southern terminus of lar.':'est pm;silile mPritiian arc of 

t.he North Amt>rinm eontin('Jtf f nfert'nee to, p. ~; tfrlal ob~.-n·a· 
tionR on Wt>Rt COHfilt of, pp. 41 a:;; magm=-t ir ol1Hnvatiq,ns in, p. ~5. 

MEXICO, Gr'"LF O~~. Sottmlin~s in. pp. I, :!1 :t4: ma~1u·tic oh~t>r· 
vations in, J>, 3 i rt>ft'rence to. in t~stimnks, p. 5; temperature ol>
~crvationa in, p. 28; lt--wel of, p. 33 i tidnl ohHervations in, p. s:.; 
distribution of RUrvf'_ving rartiei;i upon the Atluntic, Rnd Pacific 
coasts and interior of the rnited States during the fhwal ;yea,r 
187!1-'8-0, Appenclix No. 1, pp. 63-67. 

Jl[IJ,LIKEN'S HENIJ, MISSISSIPPI R!YEH, pp. 3, 31, 33, 34. 
MIRAPROVOS ISLA NII, p. 27. 
MISCE!,LANF;ors DIVIS!ON, C(L\ST AND GEOD:ET!C sn:. 

VF:Y OFF'IC.F;, p. 57. 

l\.IISSISSlPP[ DELTA. RPfrrence to, in Potimal~•, pp .. >, 6. 
ll!ISSISS!PPI PAS8E:5, HeferPnce to, in estinrnt••, l'· 6; n>lerPuc• 

to tht'< p. 9. 

Ml:j::'ISf.ilPPI RI 'VEIL Tri.an~ulation of, pJl. :), :!H. :;o, 31; rf'lf:>n~nce 

(o. in eHt.imatc~. p. 5: to continue trian:;?:nlatum of Atl:-rnt~, bas..- to. 
rf'ff't1"nce to, in t"8timatf'~. p. 5; Hm·n·~· of, p. 8: lm~w linAA a.mt 
nzimutb, p. a:!; h•n'.h1, 11. 3:J. S('t' report 011 the g:t>oth•sic ]P\'t'Jin~ of 
the, l1y Andrew Bmhl, .Assi~tant" App~·wlix :No. 11. pp. l:!.'l-144; 
c"'omputation of trian;::,-u1ntion, p. 54: comparison of ~urvPy!' of tht\ 
uear Cnbitt's Gap, 'L.\ H. L. \I.ai·indin, A~~istant, Appendix No. 
10, pp. 126-134; I'f'Jlort on the ltlnt> eLty of the, by George Little, 
J>b. D., Appendix No. 12, PJl. 145-171. 

MISSISSIPPI RIVER COMMISSION. Reference to, pp. 8, 30-34. 
MISSOURI. Triangulation aero••, pp. 49, 50; reforence to, in esti

matM, p. 5; organization of t.riangulation part.v at Cottonwood 
Point in, p. 32. 

MIS'fERIOSA BANK, p. 28. 
MITCHELL, IND., pp. 4, 48. 
MOB!LE, ALA., p, 8. 
MOBILE BAY. Roforence tr>, in estimates, p. 6. 
MOXELUMNE RIVER, CAL., p. fO. 

.MOLKOW, E. Drawing Division, Coaat an<! Geotletic Survey Of. 
flee, p. 56. 

MONOHAN, ll. T., LIEUTENANT, U.S. N. Services in :5ection 
11, p. 16; in Sootion IX, p. 35. 

MONITEAU COUNTY, MO,, p. 50. 
YONTARA MOUNTAIN', CAL., p. 41. 
MONT.A lJ'K POINT, N. Y. Sea-current ob .. rvations oft', pp. 15, 16. 
MONTEREY BAY, CAL. !Wferell<!e t-0, in estimaks, p. 7. 
MONTGOMERY COUNTY, MD. OLservittiona on Sug1.r Lo1>f 

Mountain in, p. 24. 
MON1'REAL, CANAnA. Magnetic oboervations at, pp .. 1, 15. 
MOORE, E. K., LIIW'J'ENANT, U. S. N. Services in ·St-ction 

X,p.37. 
MOORE, FRANK. Mioeell.Blleou• Division, Coast and Geodetic 

SurvAy OftlM, p. 59. 
MOORE'S LEOOE. Development uf, p. 11. 
MORP;Au, MO, Station. p. 50. 
MORGAN COUNTY, MO. Proposed site fOr baee IinA in, p. 50. 
MORGAN'S BAY, ME. Hydrogmpbyof. p. 3. 
HORRELL, HENRY, ENSIGN, U. S. N. S..rrtt.et1 in Settitm I, 
· p. 1%; in l!etltion VI, p, 29. 
:MOBltlS ROCK, 'N. H. Soundings on, p. 3. 
MORSE, F.REM:Oh'T, AtD. &rvlcea In Section X. p. 42. 

S. Ex. 12--iii 

MORSE REI~A YS. CompariAfm of Farnl('r n·Ja~ tS and, l'· 2H. 
MOS.ER. .J. F' .. LIF.DTENANT. P. S. N. ll.nlro~rap!.y of Frend1 

man's }!Ry, Flander> Bit)'. and of th<' approaches to ll111e Hill llnJ, 
Me., p.11. 

MOSMAN. A. T .. ASSIST AXT. Primar~ triangulathm iu \'ir . 
giuia, p. 2:1. 

MtlS(~UITO BANK. Soundinirs off, I'·~~. 
MOSt.}UITO I.SI.ET. ]{(•ft•n•llt:t' to, in t"'sthn;ltf':;i., p. ti. 
MOFNT l'Ol\NESS,pp.41,51. 
MO("NT HANA, 11· 40. 
MO!' N'I' JlA Vl!JSO:"f, NEV., l'· .'Jt. 
MOl::ST DESERT HiLAXIJ. MK 11_\clro~rnph,r n!, Jll' :1. 1~. 

1vkreuc~ to, in estimates, p. !. 
MOCNT IHABLO, !'AI,., 1111. ;H,40. 
11!0l'NT EQl'INOX. l'ignal Rtal.ion, p. 1a. 
MOt1 NT ETX A, SICILY. Oboerntti"ns on astronomical vi•i<•u 

hr Prof, Langley, of .A H('~ilt·ny Ol>senatory at, p. 9. 
lit< IFNT lL<DlII/J'O N, I" 40. 
:MOl'NT llELENA. CAL .. 1111,:J7, 1a, H • 
.l\IO!TNT BOFF:llAN, p.10. 
MOUNT HOUEB. N, J. G~,tl~th: olu;,·r-va.tfo115 fJofll, p.19. 
MOUNT LINN, CAL., p. 37. 
llO(TNT LOLA, CAL. l,rimar.r triflu~nlation ~tation, pp. 4, :;i-to, 

4:~, 44, fil. 
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MOl'NT MORIAH. COOS COl'NTi, .N. JI. Geocletfr. obsen·n· 

tions1 p. 13. 

MOUNT OLIVE, N . .J., p.19, 
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N. 
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cmrront ob~ert'ntions. p. 3 i rd'(•rr·.Jd t!) in t•Htimnt\·~, p. ti. 
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naissanc-e for geodetic work in no:rtht•tn part 01: p. 3; proposed 
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and, refennce to. in tt8tinrnte~. p. 4i positions of li~ht-Lm18('8 and 
life-saving: staUous Il<"·Ml', p. 5; the Endeavor refitted at, l'· 11; the 
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16: r11 ff'Tf.11<~t, to, p. ;,~. 

NOTT, G, W. 1''acilities atfortlf•<I m~p:netic obserwr at New Or· 
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OlllT{'._.\ RY. GEORGY. .•'A'RQFIJA H, I" 40. 
01\KEl\YATIUliS 1''01~ LATlTITDE AND LONGITCDE, l'I•· 3, 
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sp~ciel scientific inv()stigations in office of Asaistant in Char~f';1 
p. 52. 
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l'AGE, l'ROF. WlLLLUt JlYIW. Ila•ll line near Louisville, K.Y., 
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10, 20; determinations of latitude on north boundary of, p. 3 ; 
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POINT ARENA. CAL. Triangi1l;ition and t<>1JOl(rnphy near, pp. 

4, 4~ i refenonce ~>i in estimater,, p. 7; d1art of coast nea.r1 r('fort f'.<l 
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in eR,imnh--~. -p. 7. 
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p.21. 

PORTI~R, DR. JERMAIN G. Computiug Divbion, Coa:'.lt and 
(ielHletiu Run-t•y Ollkt>, p. ~>4-. 
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57, fill. 

PUGET SOT'ND, WASH. TER. Soundin!'• and topogn>\>hy near. 
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~ l'°"' HnmpRhirt\ pp. 13, 14. 

QL:OLH>Y llEAD. lU•forene<> lo, in estimaws, p. 6. 
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REPORT. 

UNITED STATES COAST AND GEODETIC SURVEY 0FFWE, 

Ww1hington, D. 0., December 16~ 1880. 

Sm: I have the honor to trausmit herewith a detailed report showing the progress made i11 
the work of the United States Coast and Geodetic Surve.v <luring the year ending .June 30, 1880. 

The system pursued during the year in carrying forward the operations of the Survey has 
been, as heretofore, designed to secure uniform development in the different classes of work. 
With limited appropriations the progress in each branch can be made to correspond, but, as before 
stated, the cost; of indfridnal results is increased by limitation in means. The drawing and 
engraving of charts must be kept eyen with the progress of work iu the field and afloat, else in 
many cases results would become obsolete b;r changes in shore lines, depths, antl channel courses. 
In order to furnish points for the topograph:r and bydrograph:r, the triangulation must be duly 
advanced, and the requisite computations must be made in the office before triangulation points 
can be available for such uses. The same is trtw of other hranches of the service. Moreover. the 
scope of the Survey has been enlarged b;v the necessit;v for geodetic work in the interior. Geoiogi.
cal surveys in progress in most of the Statf'!il now demaud precise determinations of position for 
t.he correction of State maps, and this requirement has been met as far as appropriations would 
allow. 

In submitting estimates for the ensuing fiscal ~·ear the attention of the department was called 
to theRe facts, and suggestions were repeated for prosecuting the work on the basis most conducive 
to economy. 

Soundings in the Gulf of Mexico and Caribbean Sea have flernlopetl uew and interesting 
facts in regard to the physical formation of the basins of those waters and the flow of the Gulf 
Stream. That work will be noticed under the head of Section YI in the body of this report. 

Near the close of the fiscal year a part.y was sent to the coast of Alaska to make surveys aud 
examinations of the shore8 of that 'l'e.rritory, and in particular to gain information in regard to 
the variation of the compass. This party bas instructions to extend its work along the coast to 
Point Barrow, in the Arctic Ocean, the most northern point of land of the American continent. 
It is confidently expected that the results will greatly improve the charts and sailing directions 
now depended on for navigating the waters itdjacent to that Territory. 

The constantly growing importance t-0 the country, of the triangulation of the States, the 
measurement of the arc of' the parallel of thirty-nine degrees between the Atlantic and the Pacilic 
coasts, and early arrangements for measuring an arc on the meridian of uinety-nine degrees west 
of Greenwich (the longest available meridian arc on the American continent), require increased 
facilities to meet the urgent needs of our wondrously developing territory. In the several States 
geological and other sttrvt'ys are now i11 progress in accordance with their increasing industries, 
all demanding accurate maps that ea11 be obtained only by triangulation couducted under one 
sy11tem. The whole, when completed, will form true bases for maps of the se,·eral States as well as 
for the whole country. For want of appropriations sufficient to keep pace in geodetic work, these 
geological surveys and other development8 in the States are much in advance of the triangulation, 
and this relation between public work and Joe.al requirements is greatly t-0 the disadvantage of 
the States. From State authorities aJlplications are frequent to advance the triangulation more 
rapidly in order to meet urgent wants, but the appropriations have been insufficient to meet such 
requisitions. 

In Great Brita.in and Ireland, with an aggregate area less than one-half the State of Texas, 
there a.re now employed on the topography alone twenty-two hundred persons, and in Hindosta.n 

S.Ex.12-1 
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(Iudia), containing but one-half the area of this country, there are at present employed fifty-seven 
bnmlred versons on triangulation aml topography alone; but the largest number eYer employed 
at an;v one time on the triangulation and topography of the Coast and Geodetic 8urYe~- lias been 
le8s than four hnntlred. It i8 therefore apparent, that the amounts appropriated are inadequate 
for prosecuting in this country the class of work deemed requisite by enlightened Jleople of other 
nations. 

The measurement of the largest possible meridian arc on the North .A.merican continent is 
imperatfrel~- demanded, not only hy the science of the day, but by ernry material interest of the 
States thro11gl1 wliich it will pass. This meridian is the ninety-ninth west from Greenwich, and, 
fortunately for the purpose, passes tlirough the States of Texas, Kansas, Nebraska, Indian Terri
tory, and the Territory of Dakota, including twenty-three degrees of latitude =thirteen hundred 
and eights geographical and nearly sixteen hundred statute miles, and so lies that it can be 
extended through the British possessions on the north and J[exico on the south, with a 1iossible 
length of m'er 500 = tl1ree tl1011sa11d geographical or nearly thirt.y-five hundred statute miles. 
Striking, as this meridian arc does, through the middle of the am of the thirty-nintb para1lel, 
the two will form the grandest work of the kind that can be attempted by any single govern
ment, and will be the most Yaluable contribution yet made to our knowledge of the form of the 
earth. 

I dwell on this snllject with urgency on account. of its importane!e, and because of the length 
of time 11ccessary for the completion of tbe work under the most favorable auspices. Hence, it 
shonhl be continued with steady energy and sufficient means. 

The inYestigatiou of the "Gulf Stream" and the laws controlling its action progresses slowly 
for want of fouds. But this problem invol\·es resear<;hes in regard fo the circulation of nearly the 
whole :North Atlantic Ocean, including the Caribbean Sea and Gulf of Mexico, for its due solu
tion. Only one small steamer can, with our present appropriation, be employed on this work, and 
for but one-half the ;year. Thus, it is evident that progress must be slow in the collection of facts 
of every character relating to the physical condition of so vast an area. 

The facts obtained during the past three years tend greatly to modify the views formerly 
entertaiued in regard to the Gulf Stream, notably in reference to the quantity of water passing 
iuto the Uaribbeau hetween Cuba and San Domingo, and the development of the plateau off 
CharlPston over which the stream runs. No conclusions even of a general nature can be arrived 
at until all the waters of the Gulf Stream are tract'd from their sources throughout their circula
tion, and the whole of the sea bottom over which the stream ftows can be de\·eloped. To accorn
Jllish these result<.:: within any reasonable time. would require the use of not less than three 
steamPrs to be employed during at least nine u.onths in each year. For a due adrnnce in this 
important problem, 1irobably the most important to the commercial world of all ocean problems, 
nothing less can be asked. To illustrate the importance of t11e deep-sea soundings with reference 
to this investigation, it may be stated that during t.he past year, in a portion of the Gulf Stream 
flowing through the Caribbean Sea, where a depth of not more than one thousand fathoms was 
expected, an a<!tual depth of thirty-four hundred and fifty fathoms or nearly twenty-one thousand 
feet was found, and n.Jong our southern Atlantic coast, in a locality where a depth of not less than 
one thonsaml fathoms was expected, a depth of but two hundred and seventy fathoms was found. 

The necessity for the rapid prosecution of this important work is most urgent at present on 
account of the benefits that may be expected to accrue to commerce, not only along our own coasts, 
but between this country and Europe. 

Part III of Mr. William Ferrel's Meteorological Researches for the Coast Pilot has been in 
progress during the year. This will contain a thorough iuvestigation of the bypsometrical for
mula, t1specially with reference to the effect of temperature and barometric gradients; and also 
the dism1ssion of various observations obtained for verif_ying the principal constant of the formula. 
A set of tables in English measure will be given, based upon the most recent and convenient for
mula, and with constants derived from Regnault's determinations of the densities of mercury and 
air, and the constant of expansibility of air by beat. Mr. Ferrel has made a full discussion of the 
six years' observations of tides at Pulpit Cove, coast of Maine, by the harmonic analysis, and also 
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designed a tide-computing machine that promises to save the immense labor iu-rnlved in the com
putations for vredicted tides. 

The following synopsis of the tielcl and office operations of the year euding June 30, 1880, 
corresponds in character with items included in the detailed estimates submitted for the work of 
the fiscal year ending June 30, 188:.!. As heretofore, the work done will be recapitulated in 
geographical order, beginning with the coast of Maine and closing with the coast o.f Alaska and 
points in the geodetic survey. My annual report will show in detail the prosecution of topograpliy 
at the head of Frenchman's Bay, coast of Maine; hydrography of rnion RiYer and l\lorgan's Bay; 
also, of Blue Hill Bay aud of the southeastern approaches to .l\lount De8ett Island; soundings in 
Frenchman's Bay and Flanders Bay; development of the vicinity of ,Johnston's l{oek in Casco 
Ba;y, and of outer Green Island Ledge; soundings on .Morris Rock near the coast of New Hamp
shire; tidal obserrntions at ~orth Haven in Penobscot entrance; triangulation for the g·eodetic 
connectiou in .Sorthern New Hampshire; recouuaissance fur gemletie work in V ermout; triangu
lation in that State; magnetic declination, dip, and intensity <letermi11ed at Eastport and Bangor, 
Me.; at Portsmouth au<l llanornr, N. H.; at Cambridge and Nantucket, Mass.; at Rutland, Vt.; 
at Halifax (Nova Scotia); and at <~uebcc arnl Montreal, in Canada; examination and securing 
marks at stations of the primary triangulation along the sho1·es of Buzzard's Bay and Martlia's 
Vine.yard Sound; and tidal obser\Tations at Providence, R. I.; sea currents ohserrnd at stations 
between Nantucket and the entrance of Dt>laware Ba;r; tidal observations at the Block Island 
Breakwater; ground marks renewed at stations of the primary triangulation in New York, Connec
ticnt, and Delaware; topography and hydrography of the coast of Long Island eastward of Rock. 
away, N. Y.; detailed survey of the shores of Hudson River below \Yest Point; magnetic declina· 
tion, dip, and iuteusit,y tletermiued at Rouse's Point and at Albany, N. Y., at SandJ· Hook, N. J., and 
at Hartford, Conn.; reconnaissance for geodetic work in .:Northern New York; pendulum observa
tions at Brooklyn, N. Y., and at stations in Penns.dvania; tidal observations at Sandy Hook; 
coast topography of the vicinity of Cape May; geodetic operations in Northern New .Jerspy; 
determinations of latitude at stations along the northern boundary of Penusyl,'ania; triangulation 
of the Delaware RiYer from League Island downward to Tonkin's Island; life-s~n-iug stations 
determined in position on the coast of Delaware, :Maryland, and Virginia; geodetic operations 
continued west of the Blue Ridge in West Virginia; hydrographic survey of I1atapsco Ri,-er. 
:Md., from Lazaretto l'oint to Ha wkius' J>oint; special hydrographic examination of the vicinity 
of oyster beds in ChesapPake Bay; deep-sea soundings, dredgingll, and records of ternperatnre 
on sections across the Gulf 1::3tream at int(lrvals between George's Bank and Charleston, S. C.; 
magnetic deC!ination, dip, and intensitj· determined at Beaufort, N. C.; h~·drography of the coast 
of North Carolina from Ocracoke Inlet to Oaile Lookout, and from Barren Inlet to Xew Inlet; 
magnetic declination, dip, arnl intensity determined at Charleston, S. 0. ; astronomical obserrn
tions and exchange of telegraphic signals there for determining the longitude of Atlauta, Ga.; 
determination of the latitude of Atlanta; magnetic declination, dip, and intensity determined at 
Jacksonville, Saint Augustine, Enterprise, Eau Gallie, Saint Lucie, and Fort Jupiter, Fla.; l1yllrog
ra11hy of Charlotte Harbor and approaches, Fla.; astronomical ohsenations an<l exchange of tele
graphic signals at New Orleans for determiniug longitude at Baton Houge, La.; obserYations for 
latit.ude at the last-named station; topography of the vicinity, and measurement of base line; 
magnetic declination, dip, and intensity determined at New Orleans, and line of lewls from that 
city upward to Fort Adams; triangulation of the :Mississippi River from Donaldsonville upward to 
Baton. Rouge, a~d from Bayou Sara upward to stations above Milliken's Bend; topograph;y of the 
vicinity of Donaldsonville, Baton Rouge, and Grand Gulf; soundings in the Mississippi at Grand 
Gulf; and lines of level from the last-nameil point upward to Millikcn's Ben<l; secondary base 
lines measured at J;nm's Point and Lake Providence; hydrography of the coast of Texas south
ward and westward of Matagor<la Island; triangulation of the southern part of Laguna l\fadre 
and adjacent coast of Texas; magnetic declination, dip, and intensity at Tortng-a..<>, Alacran 
Reef, Cay Arenas, Vera Cruz, Coatz,aooalcos, Lagunas, Campeche, and Progressa, in the Gulf 
of Mexico; deep-sea soundings, dredgings, and record of temperatures in the easte,rn part of 
the Caribbean Sea and adjacent waters; detailed survey of San Nicolas Island off the coast of 
California.; hydrography of that vicinity, and soundings near San Clemente Island and Santa 
Barbara. Island; also along the coast south of San Luis Obispo and north of Point Sal ; tidal 
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observations inside of San Francisco Ba;y, at Saucelito; geodetic opera1ions at primary stations on 
Mount J .. ola and Ronnd Top for extending the main triangulation eastwanl across the State or 
California; reconnaissance from the same poiuts for additional stations to the sunthward; develop
ment of topographical peculiarities in the region adjacent to Fallen Leaf Lake, Eastern California; 
triangulation and topography between Walalla and Point Aren~, and coast hydrography between 
J>oint Arena and Bodega Head; topography of the shores of Columbia Hiver, Oreg., exteuded 
from Kalama to Columbia City; reconnaissance for connecting the survey of that river with Puget 
Sound; soundings in the southern part, and topography of the shores of Puget Sound in the 
Yicinity of Hammersleyis folet; triangulation of the shores of that inlet; astronomical and magnetic 
observations at points between Chilkaht and Sitka, ai1d tidal observations commenced at Kadiak, 
coast of Alaska; tidal observations at )fazatlan, west coast of Mexico, and at the entrance of the 
harbor of Honolulu, Sandwich Islands; measurement of base line near JJouisville, and triangu
lation for the geodetic survey of Kentucky; similar work extended westward t-0 NashYille; Tenn., 
from the J .. ebanou llase line and stations occupied northward and eastward of J .. ebauon; longitude 
determined by exchange of telegraphic Rignals at Louisville~ Ky., and .Nashville, Tenn., and 
observations for latitude at J .. ouisville; geodetic levels run from Athens in Ohio, to l\iitchell in 
Indiana; triangulation continued in tbe last-named State, and in Wisconsin; reconnaissance for 
geodetic work we8tward of .Je1forson City, Mo., and eastward from stations in Colorado; and 
stations occupied for the geodetic connection eastward from points in Nevada. 

Progress commensurate with that of the field work has been made in the course of the fiscal 
;year in the Coast and Geodetic Survey Office. Details comprise the reduction ancl discussion of all 
observations, inch1ding the arrangement for publication of the records and results; the drawing 
of hydrographic charts from the original note books; reductions to various scales of original 
topographical and hydrographic maps for publication; the engraving, electrotyping, printing, 
photolithographing, and issue of the same, and maintenance of instruments used in the survey. 
Tide tables of the principal ports of the United States for the year 1881 have been computed and 
published; the drawings of sixty-three charts have been in progress, and of this number twenty
five haye been complete<l, including kn charts for publication by photolithography; fourteen small 
harbor charts were also drawn for the Alaska Coast Pilot. Six copper-plate engravings of charts 
have been hegun ; one hundred and sixty-eight engraved plates have received additions1 and 
twenty plates have been finished. 

An aggregate of twenty-seven thousand eight hundred and sixty-six copie;.; of eharts has been· 
issued to 1o1ale agents and others; upwards of four hundred copies of the Annual Reports and one 
thousand and ninety-two copies of the Coast Pilot have been distributed, including tlie several 
subdivisions descriptive of the coast between Ea8tport and New York ; and a third volume of 
the work is now in hand for rmblieation. 

ESTIMATES IN DETAIL. 

The estimates for continuing work in the eastern division of the Coast an<l Geodetic Survey 
during the year ending June 30, 1882, are intended to provide for the following progress: 

FIELD WORK.-To continue the topography of the coast of Maine east of Mount Desert; to 
determine heights at geodetic points between Boston and the Saint Croix, and coefficient of refrac
tion; to complete the hydrography between Penobscot Bay and N arraguagus Ray, and continue 
soundings in the coast approaches eastward of Petit Manan Island; to continue a topographical 
and hydrographic survey of Portsmouth Harbor, and make such additional triangulation as may 
be requisite for that and other surveys on the eiistern coast; to continue the triangulation of New 
Hampshire, determine the position of new light-houses between Eastport, Me., and New York; to 
continue the triangulation of Vermont; to continue soundings along the coast of Maine, and other 
offshore hydrography between Cape Uod and Manan, and make special examination for the sailing 
lines for charts; to continue the observations of se,a and tidal currents in the Gulf of Maine ; to 
continue tidal obS('rvations and to make such astronomical and magnetJc observations as may be 
required; to continue the survey of the Connecticut River from ib! mouth to Hartford; to make 
such examinations as may be required in New York Harbor, and such surveys in its vicinity as 
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may be necessary, including tl1e continuation of the topographical and hydrographic surve;v of the 
south coast of J,ong Island; to make, along this part of tlte coast, observations on tides and 
currents; to continue the plane-table sun·ey of the west shore of Hudson River al1ov1' Ha.nr
straw; to continue triangulation between Hudson River and the north end of Lake Champlain, 
and between Lake Ohamplain and Lake Ontario; to make the requisite astronomical obscrvutiorn;; 
to continue the topographical and hydrographic surveys of the coast of New ,Jersey; to continue 
the triangulation of New ,Jersey and Pennsylvania; to connect the Atlantic coast triangulatio11 
with that of Chesapeake Bay near the boundary line between Maryland and Virginia; to complete 
the detailed survey of Jam es River, Va., including the hydrography; and continue the plane
tahle survey of the Potomac ltiver; to continue westward the main triangulation from the 
Atlanta base to the Mississippi River, at or near Memphis, including astronomical and magnetic 
observations; to continue the supplementary hydrography between Cape Henlopen and CapP 
Henry, and the tidal observations, including also such as may he required in Chesapeake Bay; to 
continue westward the triangulation in West Virginia along the thirt;v-nin th parallel ; to measure 
base lines of verification and determine azimuths for the coast triangulation sonth of Cape 
Lookout; to make the astronomical and magnetic observations requisitt1; t-0 continue the offshore 
hydrography between Cape Henry and Cape Fear; to complete the h,ydrography of Pamplico 
Sound and its rirnrs; to sound the entrance to Cape Fear mver; to continu<' the t-0pographical 
and hydrographic survey of ri>ers on the coast of South Carolina and Georgia,; to determine 
azimuths for the triangulation of the coast of South Carolina and Georgia; to continue the detailed 
survey of sea islands and water passages north and south of Sayanuah l~iver entrance and make 
tidal observations; to continue the offshore hydrography between Cape Fear and the Saint John's 
River, Fla.; to continue southward from Cape Malabar, near latitude 2so north, the triangulation, 
topography, and hydrography of the eastern coast of Florida, including Indian River; to con
tinue the triangnlation, topography, and hydrography of Saint ,John's m.-er; to make the requi· 
site astronomical observations; t-0 continue hydrography oft' the eastern coast of Florida from Cape 
Canaveral to the southward; to continue soundings aml observations for deep-sea temperatures, 
currents, and tlredgings in such parts of the Gulf Stream northward of the latitude and eastward 
of the meridian of Cape Florida as may be deemed advisable, allll also in the Caribbean Sea; and 
within the same limits such as may be considered advantageous in conjunction with the United 
States Commission on Fish and Fisheries; to continue the a.stronomical and magnetic obsena· 
tions requisite throughout the Gulf of Mexico; to complete the hydrography of Charlotte Harbor, 
.Fla., and continue the triangulation, topography, and hydrography of the western coast of Florida 
between Cedar Keys and Tampa Bay, and between Tampa Bay and Charlotte Harbor; t-0 
continue the same classes of work to the southward of Charlotte Harbor; to run lines of soundings 
and dredging and make observations of sea temperatures in the Gulf of Mexico, and develop the 
hydrography of the Gulf coast included in field operations; to connect the trigonometrical surve~· 
of the Mississippi l{.iver at New Orleans with that of Lake Borgne, Lake Pontchartrain, and 
Maurepas ; to continue the triangulation, t-Opography, and hydrography of the Mississippi Hiver 
above New Orleans to the head of ship navigation; to determine geographical positions and make 
the astronomical and magnetic observations requisite; to extend the triangulation, topography, 
and hydrography of the coast of Lonisiana westward of the Mississippi Delta, and continue the 
hydrography of the Gulf of Mexico between the mouths of the Mississippi and Galveston, Tex.; to 
continue the triangulation, topogmphy, and hydrography of the coast of Texas westward between 
Sabine Pass and Galveston, and between Corpus Christi and the Rio Grande; to measure a base 
line of verification and make the astronomical and magnetic observationi; requisite between Sabine 
Pass and the Rio Grande; to continue the hydrography of the approaches to the coast of Texas; 
and triangulation across the States of Ohio, Indiana, lliinois, Missouri, and Kansas to connect the 
surveys of the Atlantic and Pacific coasts, and continue triangulation in Kentucky, Tennessee, and 
Wisconsin to furnish points for State surveys ; to continue the determination of the positions ot 
new light-houses and life-saving stations along the coast between New York and the Hio Grandej 
to continue field work for the verification of data for the Coalit l'ilot; to continue the organized 
system of magnetic observations required for a complete magnetic ~urvey, and to run lines of 
levels connecting points in the main tria.ngulation with the sea level. 
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OFFICE WORK.-To continue the deduction of results by computation from the field operations 
along the Atlantic and Uulf coasts, and in connection with interior geodetic surveys, including 
astronomical, geographic, magnetic, hypsometric, and tidal work; to advance the publication of 
the Coast Pilot for the Atlantic and Gulf coasts, and to complete tidal predictions for the ytiar 
1882 for those coasts; to continue the publication of topographical and hydrographic maps and 
charts and reductions thereof, aml to plot the hydrographic surveys; to continue the drawings of 
sailing chart A, Uape Sable to Cape Hatteras, and of :N"o. 1 and No. 2, Cape Sable to Sandy Hook 
and ~antucket to Cape Hatteras; to continue the drawing and engraving of the general chart of 
the Atlantic coast from Quoddy Head to Cape Cod; to begin the drawing and engraYing of coast 
chart Ko. 2, Machias Bay to Prospect Harbor, and to continue that of coast chart No. 3, French
man's aml Blue Hill Bays; to finish the engraving of the harbor charts of Frenchman's Bay and 
Somes' Sound, Blue Hill and Union River Bays, and approaches to Blue Hill Bay and Eggemoggin 
Reach, and the engraving of the chart of Carver's Harbor; to begin the drawing of the cliart of 
Burnt Uoat Harbor; to continue the drawing of the coast chart of Great South Bay, Fire Island, 
and J,ong Beaches (new edition); t-0 begin the engraving of the new edition of the chart of 
Hudson HiYer from HaYerstraw to Poughkeepsie, and the drawing and engraving of new topog
raphy for coast chart No. 23, Absecom Inlet to Cape May; to commence the drawings of new 
hydrograpby for coast charts Nos. 24 and 25, Delaware Bay and River; to begin the drawing of 
the chart of James mver from City Point to Richmond, and to complete the engraving of the 
charts of James River, Kos. 1, 2, ancl .~,from Newport News \o City Point; to continue the drawing 
of sailing cl1art B, from Uape Hatteras to Key West, and the drawings of sailing charts Nos. 3 
aml 4, Cape Hatteras to Mosquito Inlet, and Mosquito Inlet to Key West; to continue the 
drawing and engraving of coast chart No. 45, Cape Hatteras to Ocracoke Inlet; to continue the 
drawings of coast charts Nos. 46, 47, 48, and 49, Ocracoke Inlet to Cape Lookout, Uape Lookout 
to Hogue Inlet, Bogue Inlet to New Topsail Inlet, and New Topsail Inlet to Cape Clear, and to 
begin the engraving of these charts; to continue the drawing and engraving of coast chart No. 501 

Cape .Fear Hh-er and approaches; to begin the drawing of the new edition of the chart of Uape 
Fear Uiwr; to complete the drawing and to commence the engraving of coast chart No. 51, part 
of Long Bay, including, Little River Inlet; to complete the drawing and engraving of coast chart 
No. 52, Win:vah Bay, Cape Romain, &c.; to finish the engraving of coast chart No. 53, Winyah 
1~ay to Long Island; to complete the drawing of general coast chart from Saint Mary's River to 
Cape Caflan~ral, and to continue that of Saint John's River south of JacksonYille; to continue the 
drawing aml engraving of the general chart of the coast from Cape Cafiaveral to Ol'lpe Florida, 
and to begin the drawing of the chart of Oape Canaveral Shoals; to commence the drawing and 
engraving of tbe general chart of the coast from Key West to Tampa Bay, and to continue the draw
ing and engrnving of the general coast chart from Tampa Bay to Cape San Blas; to complete the 
engraving of the coast chart, Charlotte Harbor; to begin the drawings of coast charts Nos. 76 and 
71'1, Sarasota Bay and Bayport to Anclote Keys; to continue the engraving of the coast chart, Ubas
sahowitzka niver to Uedar Keys; t-0 begin the engraving of the chart of Saint Mark's Rh·er (new 
edition), and the drawing of the chart of Urooked River; to complete tJ'le engraving of the coast 
charts, Apalachee Bay and Apalacbee Bay to Apalachicola Bay; to continue the engraving of 
coast chart, Saint Joseph's Bay to Saint Andrews Bay, and to complete that of coast chart, Saint 
Andrews Bay to Choctawhatchee Inlet; to begin the drawing of the harbor chart, Saint Andrews 
Bay; to complete the engraving of the general chart of the coast, Cape San Blas to Mississippi 
Passes; to continue the drawing and to begin the engraving of general chart of tile coast, Mobile 
Bay to Atchafalaya Bay; to continue the drawing and engraving of coast chart No. 92, Uhandeleur 
and Breton Sounds, and to complete the engraving of coast chart No. 931 approaches to Mississippi 
Delta; to begin the drawing of coast chart No. 96, Barataria Bay, &c., and to continue the 
engraving of coast chart ~o. 99, Point au Fer to Cote Blanche, including Atchafalaya Bay; to 
commence the drawing and engraving of the general chart of the coast, Atchafalaya Bay to 
Galveston; t-0 finish the engraving of coast chart No. 108, Pass Cavallo and San Antonio Bays, 
and to continue that of coast chart No. 109, Aransas and Copa.no Bays; to continue the drawing 
and engraving of the general chart of the coast, Galveston to the Rio <xrande, and to commence 
that of coast chart. No. 112, Rio Grande, Brazos Santiago, a.nd part of Laguna Madre; for material 
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for drawing, engraving, map printing, for electrotyping and photographing, an<l for iu:-;trmuents 
and apparatus. 

Total for the Eastern Division, including the Atlantic and Gulf coasts, and invoh'ing work in 
thirty-two States and three Territorif's, will re11uire $371,000. 

J~or the continuation of the resurvey of Delaware Bay and RiYer, $10,000. 
The estimates for continuing work in the \\. estern DiYision of the Coast antl Geodetic Survey 

of the United States are intended to provide for the following progress: 
FIELD WORK.-To make the requi11ite observations for latitude, longitude, azimuth, aud the 

magnetic elements at stations along the Padfic coast of the United States; to continue offshon• 
soundings along the coast of California, Oregon, and Washington Territory, and tidal obsern1tfo11s 
at Sau Francisco and such other localities 11s may be necessary; to continue tlw main coast 
triangulation from Monterey Bay to the southward, and from Point Concepcion to the northward, 
and from Sau 1'edro toward San Diego; to co11ti11ue the main triangulatiou of the coast from 8m1 
Pedro to Point Concepcion; from Cape Mendocino to the northward; from Columbia River north 
to Puget Sound, and south up the ·wmamette \'alley; to continue tbe main triangulation through 
the Sacramento and San ,Joaquin Valleys, and measure base lines in the \V-estem Di\'ision of the 
survey; to continue the coast triangulation and topography from Newport, Los Angeles County, 
Cal., towards San Diego; to continue the tertiary triangulation and topography from Point 
Bucbon toward San Simeon, and bydrogra.pl1y between San Diego and Monterey Bay; to 1len~lop 
hydrogra1lhic changes in San Francisco Bay and its approaches ; to continue triangulation Mross 
the States of California, Nevada, Colorado, and the Territory of Utah, along the tbirty-uinth 
parallel, to connect the survey of the Pacific coast with that of the Atla11tic, and fnruisl1 points for 
the survey of the States named; to complete the secondary and tertiary triangulation and topog
raphy of the coast between Bodega Bay and Point Arella; to continue soundings between Cape 
Mendocino and the Klamath River; and between Cape Sebastian and Point Orford; U> observe 
currents along the coast, and take soundings and temperature observations in the California branch 
of the Kuro Siwo current; and execute such other hydrographic work as local demands may 
require; to continue tidal and current obsenations at the Golden Gate, and ol.JserTations on ocean 
currents along the coast of California.; to continue the triangulation, topography, and bydrog
rapby of the Columbia River; to complete the detailed survey between Uape Sebastian and 
Crescent City and offshore hydrograph.Y at Crescent City Reef; to measure a base line an<l 
continue the triangulation of the Strait of :Puca, and the topograph~· and bydrograpby of Puget 
Sound and the adjacent waters; to continue the reconnaissance surn•y of the coast and islands of 
Alaska, with observations of the tides and currents and the requisite astronomical aud magnetic 
observations; to continue field work for description of the coast and verification of the Coast Pilot 
of the coasts of California, Oregon, Washingto11 Territory, and Alaska Territory; to continue the 
organized system of magnetic observations required for a complete magnetic survey; aud to run 
lines of leYe!s connecting points in the main triangulation with the sea level. 

OFFICE WORK.-To make computations of the field obserYations, inclmliug astl'OnomicaL 
geodetic, magnetic, and tidal work; to continue the compilation of the Coast Pilot of the coasts of 
California, Oregon, Washington Territory, and Alaska Territory; to prepare tidal predictions for 
the year 1882; to continue the publication of topographic and bydl'Ographic maps and charts and 
the reductions thereof, and to plot the hydrographic surveys; to continue the drawing and eugriff· 
ing of the general chart of the coast, Sau Dieg-o to Santa Monica; to continue the engraYing of 
the general chart of the coast, Point Vincent to Point Concepcion; to continue the drawhii.: aml tu 
begin the engraving of the general chart of the coast, Point Conc\'11cion to San fo1i;; O\Jispo; to 
begin the drawing of the chart of Wilmington Harbor, and to complete the engraving of the 
chart of Sau Luis Obispo Bay and approaches, and the engraving of the chart of Sau Francisco 
Bay entrance (new edition); to continue the 'lrawiug and to begin the engraving of the general 
chart of the c,-oast, Point Reyes to Mendocino Uit.Y; to continue the drawing aud engraving of the 
general chart of the coast, Point .Arena t,o Cape Mendocino; to begin tlie drawings and engravings 
of charts of the harbors of Puget Sound; for materials for drawing, engraving, and map printing, 
for eleetrotyping and photographing, and for instmrnents and apparatus. 
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Total for the Wesf;ern Division, including the Pacific coasts, and involving work in four States 
and eight Territories, will require $246,000. 

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

For continuing the publication of obsen'ations made in the progress of the Coast and Geodetic 
Survey will require $8,000. 

For general expenses of all the work, rent, fuel, for transportation of instruments, maps, and 
charts, miscellaneous office expenses, and for the purchase of books, maps, and charts will require 
$30,900. 

MISSISSIPPI RIVER SURVEY. 

For the uses of the Mississippi Rfrer Commission, the survey of that river was of nece8sity 
adavt(id to the physical features to be traversed in a limited period of time. To that end· small 
triangles were laid ont so as to avoid expense and delay in cutting lines for sight, and in general 
the bends of the river were followed with triangle sides forming 11arts of quadrilaterals. At the 
same time advantage was taken of openings or clearings back of the levees. Shortening the sides 
to a range of between one and three miles made it requisite to measure base lines at short intervals 
iu the triangulation. 1t will be noticed under the head of Section VIII in this report that five 
lines were measured in the course of the sea.son, and these corresponding in length with the aver
age of the triangle sides, their lengths are assured with an accuracy ordinarily varying betwt.en 
~-1fv 1, and Tofroo of the distances between the stations. 

To keep in perfect check the direction of the triangulation, astronomical azimuths were 
measured in connection with each of the base lines; and at well-distributed stations along the 
courRe of the Mississippi provision was made, in advance, for determining astronomical latitudes 
awl telegraphic longitudes. 

In the calculations, if the records of a station show angles of repetition, whatever may be the 
conditions between resulting angles1 the conditions are satisfied in the Computing Division by 
simple adjustment. But if the record contains directU>ns, they are treaf;ed in the ordinary way, 
quadrilaterals or other figures being adjusted by the methotl of least squares, figure after figure. 
This involrns generally four equations for any one case. Next the triangle sides are computed, 
starting from one of the measured base lines. On reaching the next base of course a small dis
crepancy appears between the computed and measured length. So also when computation of the 
latitu<les, longitudes, and azimuths is carried over the triangulation, a small difference is found 
between the computed a:nd observed azimuth as each base line is reached. The computer then 
selects from the quadrilaterals and other figures treated, the triangles that are best conditioned in 
regard to shape, between the two base lines; establishes two conditional equations, and by one 
of these he brings into accord the lengths of the base lines; by the other the two astronomical 
azimuths. Experience has shown that two equations of this kind should go together, else the 
adjustment may bring into accord base-lengths at the expense of the direction of the triangula
tfo11. At the same time the conditions of the sums of the angles of each triangle are kept, so that 
the number of equations )Ilay rise to forty, fifty, or more, but their solution presents no particular 
difficulty. 

The triangles and positions being recomputed, the base lines and azimuths as well as the 
angleto> of the principal triangles will be found in accord, and the latter will satisfy their theoretical 
values. The sccondar.v and subordinate points of the tria,ngulation are next computed upon tbti 
basis of the preceding adjusted values. This process supposes differences of local deflections of 
the plumb line in azimuth to be small in comparison with errors in observation, or else the triangu
lation is made to conform to the astronomical azimuth. 

Should the umnller of co111Utions between any two b~ lines become inconveniently great, 
the computations may be started from both base lines and join about midway between them, 
adopting in that case a mean length and mean azimuth for the junction line, and finally making 
two adjustments, one from each base to the junction. 

The geodetic latitudes and longitudes are those adopted for the triangulation between Mobile 
and New Orleans. When the work on the Mississippi is completed it will have the support of an 
a.stronomical latitudes and all telegraphic longitudes measured in that region. Though the dis· 
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ta.nee in a general line between :Memphis and the Passes is about five hundred miles, the appar· 
ently slender series of triangles will have considerable strength. As to latitude and longitude, 
the series will be correctly located, and so also in respect of direct;on. The length will be true, 
and in the extension to Saint Louis, the river triangulation will be powerfully supported hy junc. 
tion with the transcontinental arc of the parallel, a1oug wl1ich geodetic work has been extended 
east and west of that city. 

ASTRO:zrn:mCAL VISION. 

Prof. S. P. Langley, director of the Allegheny Obserrntory, near Pittsburgh, Pa., having 
occa1>ion to visit Europe in December, 1878, made at my request on Mount Etna (Sicily) some 
observations relative to astronomical vision, for comparison with others taken within the Terri
tories of the United States. The telescope used was furnished from the United States Na>al 
Observat,ory by the Superintendent, Admiral Jolm Rodgers, U. S. N., and in addition the instru· 
mental outfit included only a spectroscope from tl1e Allegheny Obser,·ator~·, provided with a 
Rutherford speculum metal gTati11g of seventeen thousand two humlred and ninety.six lines to the 
iuch, and with collimating and olmerving telescopes of 1.1 inch aperture. Although bandit ti do not 
infost the region around Mount Etna as they do the we1.>tcrn end of Sicily, it was deemed advisable 
by the American minister at l{ome, Hon. George J>. l\farslt, that the obserYer should be provided 
with an escort. On his application to the prefect of Catania, a native guide and two soldiers were 
assigned to accompan.Y Professor Langley. · 

The observing station has an elevation of about forty-two hundred feet, the lmt occupied 
being on the southeastern side of the mountain. The telescope used has a full aperture of three 
and a quarter inches, but in experimenting the aperture was reduced, a11d the following is an 
abstract of the results, taken from the report of Professor J,angleJ·. Respecting Polaris he thus 
records: 

Polaris.-The companion (position preYiom;ly unknown) recognized with 1.6 inch aperture. 
Rigcl.-Tbe companion steadily seen with 1.6 inch aperture; not seen witl! 1.4 inch. 
fi LepM'is.-Companion (mag11itud0 11) seen with full aperture. 
Aldebaran.-Companion (magnitude 11.:!) an eas:; object with full aperture. 
H Orioni11.-Fifth star in Trapezium seen when nebula was about 400 high. l~ull aperture. 
i Orionis.-Third star (magnitude 11) seen with full aperture, in moonlight. 
Star pr. u Orionis.-Magnitnde 11, seen with fnll aperture. 
''The observations for stars included mauy others, but this short list is selected as fairly typical, 

with the remark that while obse1Ting the wind was an almost constant obstacle to steady vision. 
Considering the distinctness with which stars of the 11th and 11.2 magnitude were observed under 
unfavorable circumstances, a.ml in moouliµht, we shall probably be justified in stating the limit 
for an aperture emplo~·ed ancl an ordinary eye at this altitude on Etna, t-0 lie near the 11.5 magni· 
tude of the Bedford Catalogue, or the 10.2 magnitude of Struve.'' 

At any station in America Professor Langley has been able to see only six stars in Pleiades, 
but, even while the moon was shining, he rendily recognized nine, from the station at Casa del 
Bosco, on Etna. His report of observations at that station is quite full in detail. Atter noting 
that under an apparently clear sky the definition was less clear than that in previous observatious, 
J1e thus concludes: 

"Upon the whole, though the ideal station where atmos1iheric tremor does uot exist, and the 
astronomer pursues his observations in au even, transparent 1.>ky, is not to be found on any part of 
the earth's surface yet examined, we find within our own territory, in the dry and elcnitcd table
lands of Colorado and New Mexico or CaUornia, every condition which experience points out as 
favorable, united in a degree which 110 part of the earth, so far as we cau jndgt~, surpasses." 

S. Ex.12--2 
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PART JI. 
The progress 111a<le in the Coast aud Geodetic Survey in the course of the fifmal year ending 

June 30, 1880, will he stated in detail in the abstracts which follow. In geographical order going 
south on the Atlantic coast of the e11ited States and nortli on the Pacific coast, notice will he 
taken of the 01>eratio11s in each locality, and in accorrlance with that arrangement the work done 
will be stated as usual in tabular form in Appcn<l.ix No. 1. 

As heretofore, brief mention will be made of the work done iu the office in a concluding chap
t,er of thi!i report. In th-tails pertaining to the condition of wssels m;ed in the surwy, and repairs 
and ontfit8, [ haw had the intelligent and read.r assistance of Cormnmuler l~d wanl I'. foil!, U. S. 
N., 11ydrographic iuspcdor. All the hydrographic 1;Jweb'l receirn<l within the year hare been 
examined as heretofore b.r that able ofiieer, in adrnuce of beiug <lrawu and engrarntl as charts. 

Lieut. H. E. Nichol8, l.J. S. X., remained 011 <luty iu the ollice of the hydrographic inspector 
until .June, 18801 when he was assigned for seryice afloat to the (',harge of the hydrographio party 
in the 11teamer Hm1sler, as will be fmther mentioned in this report under the head of Section X. 
Ill' was replaced by Lieut. C. T. Ilutchins, U. S. N., an officer well informed in practical hydrog
raphy and earnest in the application of l1is knowledge in details. 

::lfauy call8 for information, chiefly in regard to nautical dista1wes, are ma<le from year to year, 
aml .in order to rne1•t them in future a general table of ocean distanees has been taken in band for 
1'.ompilation. To meet anothrr class of inquiries a tahlt• showing· the depths that can be carried 
oYer the bars of the harbors of the United States is also in preparation. 

The Lig'ltt-Hon.-e Board from the outset has amrnally referred the priuted list8 of lights for 
thP <'Orrcdio 1 of g~ogtaphieal positiom;, and tliw; tlie n'1;ult8 fouud i11 the Computing Division 
of the 8mTl•,v in-ail as preeise determillatious aeenmulate. As hm'etofore, Assistaut Charles A. 
Schott fnruisllPLl corrections for t!Je list referred in the comse of tl1e fiscal year. Assistant J. S. 
Bradford rm-isc<l the li:st in regard to the orthograpl1~· of' proper names, and checked the bearings 
of aids to mwigatiou hy his owu observations preYionsly recorded for the Atlantic Coast I>ilot. 

Within the year, faeut. Commander Charles D. Sig:>bcc, U. S. N., completed his description of 
the methods u;1ed for deep-sea sonudiug autl dredging while he was in eharge of the ltydrographic 
part~- iu the Coast arnl Geodetic Surrey steamer Blake. His \\'Ork has beHJJ published with illus
trations, aud lias been much called for as contaiuing the best, expositfon of the processes followed 
in dee1l·sea researches at the present time. To mJ regret the editiou printed 11as been quite inad
equate to meet the dema111l for the work. 

SECTION I. 

MAINE, NEW HA::\IPSHIRJ.:, VER~IO~T, ::\lASSACHUSETTS, A:\D RHODE lSLAND.-(SKETCHEs Nos. 31 4, 
A:\"D 5,) 

T1pograpliy of Frenchman's Bay, Mf'.-In pre\~ious seasons the plane-table snn·ey of the 11bores 
of Frenchman's Bay was W("ll adYance<l in the direction of the headwaters. For the extension of 
the work, Assistant H. G. Ogden took the field, and resumed opemtions on the 22d of July, 1879. 
Between that date and the close of October the detailed 1:mrrny was advanced from Ash Point, 
in Flanders Ba.r, northward and westward into Franklin Bay, a few miles above the Narrows. 
Waukeag Neek appears on the 11hme-table sheet and the surface details of the northwest part of 
Frenclnnan's Bay, corresponding to the limit reached b~' tbe party in mapping the east shore of 
Franklin Bay. :Further westward Mr. Ogden filled in details requisite for completing the topo
graphical survey of Skilling's River. The villages of Sullivan, East Sullivan, West Sullivan, aqd 
Hancock, with part of Crabtree Neck, are shown on the map. 

The additional points of triangulation needed at the bead waters of Frenchman's Bay were 
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furnishecl in August ancl September uy Suuas8istant ·w. I. Yinal. Twent.r-twc positions "llere 
determined for the use of the plane-table party, and all requisite dafa were supplied for pro"een
ting the hydrography of the waters within the limits of field 01wrations. The stati;;tics of the 
topography are: 

Shore line surYe,Yed, miles ... _ . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . ii02 
Creeks and ponds, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Roads, miles . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 402 
Area of topography, square miles ••.•..•.................................... 21 

Hydrography of Frenchman's Bay, Flanders Bay, and of the approaches to Blue Hill Bay, JJe.
With his party in the steamer Endeayor, Lieut .• l. F. l\loscr, G. S. N., Assistant in the Coast and 
Geocletic Sun·ey, left New York 011tbe1st of July, rnrn, and after a rnn of two tla,p; was at l,ort
land, Me. Before proceeding farther eastward, search wa'! ma(le for a rock in O<tsco Ila~-, the 
existence of which was made known by ::\faster E. \Y .• Tolmson, of the liglit -house teuder Iris. The 
rock was found au<l its vieiuity de,'elopecl by soundings. On the '.liitlt of July all the partienlars 
in regard to it were published from the office as a Notice to 1\Iariuers. 

Soundings were commenced in the approaches to Blue Hill I~a~' on the 7th of July. As 
heretofore, all means were taken for procuring information in regard to sunken ledges. The lines 
were run with great care, and close examination was made if tlie depth or character of tlie bottom 
changed. In the difficult and tedious ltydrograph,y of Blue Hill Bay the party was engaged until 
the 19th of September. That site of work is open to the sea and has many sunken ledges with 
deep water around them. 

For the hydrography of Frenchman\; Bay, Assistant Ogden fnrnisl1ed a tracing from the plane
table sheet. The space sounded was between Crabtree Xeck and Starn Island. East of Waukeag 
Neck, Flanders Bay was sounded. In this quarter the hydrography was completed on the 18th of 
October, 1879. Tlte steamer then proceeded to Portsmouth, X. II., and in that Yicinity Moore's 
Ledge was deYeloped. The slioalest part ga,·e a 1lepth of about eight feet, but the ledge lies well 
inshore and out of the usual track of vessels. · 

Lieutenant Moser was assisted in the work here noticetl by Masters .T. Il. :Murdock: A. C· 
Dillingham, and F. E. Greene, U.S. N. T1Je steamer Endearnr reached ~ew York 011 the 2fit\r 
of October, and was refitted for serYiee ""hich wi:l be referre1l to nmlf'l' the head of Section IV. 
The statistics of work done L,y the part,y on the c•oast of ::\fainP arP: 

Miles run in sounding. . . . . . ................................. _ . . . . . . . . . . 920 
Angles measured ........................................•...........•.. 11, 47G 
Number of soundings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3ii, 7 43 

Tupograph,11 of Ells1rortlt and ricinity, coast of .ilfoinc.-Between the 9th of July, 18i9, and 
November 24, of the same ~·ear, the topographical snr\·ey of the vicinity of Ellsworth, Me., wa8 
continued by Assistant ..A.. "\V. Lo11gfellow. Of the two sheets taken into the field one contained 
the previously traced shore-line surrny of Union Rirnr aud Bay. On tlie other liad been traced 
the shores of Jordan's River. Mr. Longfellow extended on the first-mentioned sheet tlie surn•y of 
Union River to the northward and mapped the town of Ellsworth with its wharf lines and street~. 
The party was employed in that work until the 2tl of September, when the instruments were trans
ferred to West Trenton. There the t-Opographical survey was caITied from Oak Point to the west 
bank of Jordan's River, where a junction was made with a predous survey of Assistant Ogden in 
the middle of October. A.ssistant J,orrgfellow continnecl the detailed survey of both sides of 
Jordan's River until the work was stopped by repeat<>-0. falls of snow. The statistics are: 

Shore line surveyed (high water), miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 9 
Shore line surveyed (low wat.er), miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 3~ 
Streams and ponds, miles •............•................................... 19~ 
Roads, miles. • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . 4i 
Area of topography, square miles ........................................... 20~ 

In the coming season the topographical surve,y will be continued in the Yieinity of Lamoine, 
and at the upper branches of Frenchman's Bay. 
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Hydrography of the middle part of Blue Hill Bay, jJfr.-Tbe bydrograpbic party of Lieut. 
Uriel Sebree, U. S. N., Assistant in the Coast and Geodetic Survey, reached Blue Hill Bay in the 
schooner Silliman on tlte li:ith of July, 1879, and Ilrosecuted soundings until the close of September. 
Two projections were filled comprising the waters of the main body of the bay, in. which lines of 
soundings were run about an eighth of a mile apart, crossed by others about the same distance 
asunder. Where shoals or ledges were found or suspected additional lines were run for developing 
the cbamcter of the bottom. 

Two tidal stations were occupied while soundings were in progress, and as usual the results 
of the gauges were checked by simultaneous obsen·ations. By a short series of observations the 
current in the hay at maximum was found to he a little more than one knot. 

Lieutenant Sebree was assisted in this section by Ensigns J. W. Stewart and J.C. Colwell, 
U. 8. N., and in the fatter part of the working season by Lieut. Perry Garst, U. S. N. The last
named officer has since been assigned to conduct a hydrographic party in the waters of Puget 
Sound in Section XI. 

To the report of Lieuteua11t Sebree was appended a list of the dangers to navigation in the 
waters in which his work was prosecuted, together with mention of suitable anchorages and sail
ing directions. The work done is represented by the following statistics: 

]\files run in sounding ..................................................• 
Angles measured .. _ .......................•....•.....•........••........ 
Number of soundings ................................................•... 

387 
4,511 

16,648 

The tides were recorded by upwards of four thousand obserrntiorn;;. Thirty.eight signals were 
erected for hydrographic purposes, and forty-nine positions were occupied on shore for adjusting 
the soundings. 

Hydrograpliy east and west of Jllount Desert Isl.and, coast of Jlfaine.-'Vith tour projections, 
Lieut. Commander C. M. Chester, U. S. N., Assistant in the Coast and Geodetic Survey, reached 
Southwest Ilarbor at the end of l\fay, 187!!, with his party in the steamer A. D. Bache. The 
hydrography of the Yicinity of ]\fount Desert Island was immediately resumed and steadily prose
cuted until the mid(lle of October, anrl soon after the four sheets were returned to the office with 
data sufficient to fill them with soundings. In the southeastern approach to Mount Desert Island 
the work done joins outside witb two hydrographic sheets wh.ich were completed by other 1iarties 
in previous rears. The seciond bydrogmpltic sheet of Lieutenant.Commander Chester represents 
soundings made in the development of what is known as Goose Cove, an indentation of the main 
coast north of Bartlett's Island. The third sheet represents the hydrography of Union River 
Bay to the northward and westward of Mount Desert, and the fourth continuea the hydrography 
of the same quarter to the westward of Long Island. In the course of the season the party in 
the steamer erected one hundred and sixty.five signals, and occupied a hundred and seventy-one 
stations on shore for verifying the courses of the lines of soundings. Forty.five specimens of bot
tom were procured and carefully marked with notes of the localities from which they were taken. 

Lieutenant-Commander Chester was ably assisted by Master T. G. O. Salter, U.S. N., and by 
Ensigns Henry .Morrell, H. F. Reich, and Charles H . .Amsden, U. S. N. 

The aggregate statistics of the four hydrographic sheets are: 

Miles run in sounding ............................................ , . . . . . . 966 
Angles measured. . . . . . . . . . . . . . . . . . . . . . . . • • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • 13, 206 
Number of soundings .................................................. 43, 000 

As usual, the tides were recorded in each of the localities while soundings were in progress. 
At the close of the season in thi8 section the steamer Bache was laid up for repairs. 

Tidal observati-On.~.-The series commenced in January, 1870, at North Haven, on the ooastof 
.Maine, has been continued to the present time by Mr. J. G. Spaulding. By the skill and attention 
of the obseryer the record of observations has been sent in nearly perfect. The self-registering 
guage is of the best construction, and is provided with means for heating to protect the action of 
the apparatus from ice in winter. From the beginning a careful series of meteorological ob11erva· 
tious baa been recorded. When occasional short stoppages were needful for the adjustment or 
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tepairs of the tide guage, frequent staff readings were taken and entered to preserYe the continuity 
of f,he regisror. 

Geodetic 011eratio11s.-Prof'. E. 'I'. Quimhy took the field in the middle of .July, 187f!: for con
tinuing the work of triangulation in the northern part of New Hampshire. Mount l\loriah, in 
Coos County, was first occupied. Thl-lt summit was reached after trM·ersing a course of seven 
miles through a heavy growth of timber. Observations were made both for horizontal and yerti
cal angles upon eight outlying stations, two of which are in the State of l\Iaiue. On account of 
the wild nature of the <~onntry only a limited number of tertiary or subsidiary points e,ould he 
observed on, but the directions of many summits were recorded approximately. The erection of 
definite signals in that r(!gion would have entailed much labor and expense. As many of the 
summits were unknown to Professor Quimby, an eye sketch was taken and marked with numuens, 
to give means for identif~·ing the mountains in future for mapping that region. Obser<;ations at 
Mount Moriah wPre completed on the l:!th of September. After removing the camp and instru
ments from the summit of the mountain, a reconnaissance was made at the expense of the StatB 

. for the remainder of Northern New Hampshire. The geodetic observations are represented by tlrn 
following statistics in the field report: 

Horizontal angles measured . . . . . . . . . . . . • . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . • 104 
V ertieal angles ........ _ ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Number of obserrntiom; .... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ 3, 604 

Mr. Walter Aiken, resident at Franklin Falls, N. H., aud chiefly int~rested in the tenure of 
the summit of l\Iount ·washington, while projecting the erection of a tower for g·eneral obsernt
tions by tourists, obligingly arranged for its construction over the point used by obsen·ers of thl' 
survey in geodetic measurements. The foundation was so made that instruments may be isolated 
from the main tower. l<'or this great advantage, the additional outla,\" for which was considerable, 
Mr. Aiken genel'Ously declined any remuneration. 

Geodetic operations.-For continuing the triangulation in Yermont, Prof. V. G. Barbour took 
the field on the 1st of July, 1879, and after consultation with Assistant Richard D. Uutts erected 
signals at several points 'isible from the 1nimar,v statiour-; which haYe already been occupied. In 
August the reconnai8sance was continued in the "'l"icinit,v of Brandon, and subsequently uear 
Goshen and Bethel, in which places additional points were selected so as to be in view from adja
cent stations of the primary work. For the triangulation north of Killington, Professor Barbour 
set up signals on hills at Landon, Goshen, Rochester, and Colton. Proceeding northward other 
points were examined, and when suitable for geodetic connection sigqals were set up for perfect
ing the scheme of triangulation. All the points selected are carefully <lescribed in the report on 
field work. 

While Assistant Cutts was at Killington and engaged in tlte measurement of horizontal angles, 
Professor Barbour ,·isited that station and employed ten days in practice with the theodolite, 
observing, as weather permitted, between the 9th and 18th of September, 1879. The remainder of 
the season was passed in opening lines when requisite to remler the stations iutervisible. Four
teen in all were selectecl and described in the record. 

Pri11uiry f)·iangulation.-In the scheme of geodetic operations for connecting the survey of 
Lake Champlain with the in·imary triangulation of the coast of New England, Killington Peak, 
near Rutland, Vt., was indicated, and at the opening of the fiscal year that station was occupied 
by Assistant Hichard D. Cutts. It connects directl,r with several primary points of the Coast and 
Geodetic Sm·vey, and with numerous positions which will be used by Prof. V. G. Barbour for 
triangulation on account of the geological survey of Vermont. Assistant Cutts left W ashingtoii 
late in June, 1879, and in the course of a few days traced out a sled road for transporting instru
ments and equipage to the summit of Killington. At the same time he suggested the desirability 
for public usea of a wagon road to enable citizens and sojourners at Rutland to enjoy the magnifi
cent view from Killington Peak. The citizens responded promptly, subscribed a sum sufficient for 
the work, and, although hands were scarce and the ground very rough, the road to the summit was 
practieable for wheeled vehicles on the 14th of July. 

Meanwhile, Mr. 0. H. Sinclair, aid in the party, had aqjusted the signal on Mount Equinox to 
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the southward aud westward of Killington, and stationed heliotropers at l'rospect ~fountain and 
Blueberry Hill to the northward and westward. Northeast of Killington the summit of Mount 
W.ashington was seen on favorable days at a distance of about eig'lity·eight, miles. 

The plan of work, as laid out in advance, was to connect with and verify the New Hampshire 
triangulation; t-0 commence observations for the Vermont seriei;;, assisted by Professor Barbour, 
and to take measures for connecting Lake Champlain with the main triangulation. In pursuance 
of the general scheme, heliotropers were stationed at Mount Mansfield, Mount Washington, and 
Gunstock Mountain. When arrangements were complete for the measurement of horizontal angles 
at Killington, the triangles meeting there as a septagon coyere!l an area of ten tbousand six 
hundred square miles. 

The reconnaissance of the southern part of Vermont by Professor Barbour resulted in tl1e 
selection of many points in sight of Killingtou, arnl hence iL was 1lesirahle that the signals at all 
such 11tations should be promptly erected so as to be obsened on by Assistant Cutts. This was 
done to amid the necessity of reoccupying that station (forty.two hundred and thirty.nine feet 
high) in the field operations of Professor Barbour. After placing the signals he joined :Mr. Cutts 
and assisted in the observations at Killington for the practice needflll with field instruments. 

As triangulation adrnnced in the State of New Hampshire, Professor Quimby selected and 
observed upon stations in the Green :Mountains, and these are included in the scheme laid out by 
Assistant Cutts. Intermediate points in Vermont, selected by the observer in New Hampshire, 
will be embra1~ed in the series of triangles laid out by Professor Barbour. 

At Killington observations with the theodolite were commenced ou the 24th of July, and 
wez·e completed on the 27th of September. The journal shows that on twenty-four mornings and 
eighteen afternoons no observations could be recorded. Amongst other obstacles t-0 progress the 
field report mentions the fog or low clouds present at the high summit generally in the morning. 
Assistant Outts remarks: "They frequently bang on during the day, while fifteen hundred or two 
thousand feet below the summit it is all sunshine.'~ 

An unusual number of stations were observed on from Killington Peak. Of these, eleven 
were primar~· points at distances varying between fifty and seventy miles, the longest line (88.54 
miles) being that to Mount Wa8hington. Elernn signals of the Vermont series were also observed 
on, and seven bnbsidiary directions were measured on objects in Rutland and in the Adirondacks. 
'rhe statistics are thus gi\·e11 in the field report: 

Directions obser\•ed ...•...................•......... , . . . . . . . . . . . . . . . . . . . 2\J 
Number of pointings ...•.... , ••.......................................... 1, 320 
Stations for dift'erences of altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Zenith distances ............ .'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255 

Before leaving the field in September, 1879, Assistant Cutts arranged with Professor Barbour 
for reconnaissance to the northward of the present site of work, and under direction the professor 
visited and marked "Bigelow" as a station. In the latter part of December he dsited and care
fully examined a number of elevations in Vermont and ~ew York, and carefully reported on the 
M•ailability of the positions for purposes of triangulation. · 

J<~arly in June of the present year (1880) Assistant Cutts again took tl1e field and occupied a 
primary station to the northward of Killingt-011. At the clmie of the fiscal year the prospects were 
good for success in his field operations. The station referred to is upwards of four thousand feet 
high. 

Magnetw observations.-The plan of operations for the year included a careful study in regard 
'to points at which magnetic observations wouJd most effectively supplement our previous knowl
edge respecting the variation of the compass, and magnetic dip and intensity along the coast of 
New England and the Middle States. In accordance with that view all positions occupied in recent 
years have been selected in advance. Fourteen additional points were designated in the prospect
ive operations of the season, and as heretofore Suba.ssistant J. B. Baylor was assigned to make 
the observations. Before taking the field the instrument.s were tested at the station on Capitol 
HilJ. The stations were occupied in the order in which they were reached in going northward and 
eastward, but for the sake of convenience the usual geographical ord!:r will be observed in men-
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Honing tlie work. In geneml eacb station was occupied on two consecutfre da~·s. Two sets ot 
observations for azimuth were recorded at the same place, one set in the morning and one in the 
:tfternoon. For the dip of the magnetic needle two sets of observations were mad<· each day, and 
for the declination one set was recorded daily. Detlectiom; and oscillations were obsen·ed by one 
series of obsermtions daily at each of tlw st~tious. • 

.Mr. Baylor took_ the field early iu JnlJ·· Iu this 8ectiou he deterrniue<l tL1~ mag11Ptic <ledi11a
tion, dip, and intensity in August at Eastport a111l Bangor, Me.; at Portsmouth, :X. II.; anll at 
Cambridge and Nantucket, l\laiss. Iu October the magnetic elements were determined hy the same 
obserYer at Hanoyer, N. II., and at Bntland, Yt., on his return from Canada. Prncecdiug beyond 
the f10rtheastern boundary in Sept~m ber, .Mr. Baylor occupied a station at Halifax in :N" o\·a Scotia, 
and in the same month determined the magnetie elements at Quebec and .Montreal in Canada. 
Other points occupied in the course of the season will he mentioned under the lie.ad of Section II 
in this report. 

By the courtesy of the G11itt>1l States comml at, Halifax, l\lr. Baylol' was mneh aided in iurnnge
ments for ohl'mrving at tba.t place. A<lmiral Inglefield, of the Royal Xa,·y, took special interest in 
the obsernitious, and ast'lig1H·•l a <lepository in his own quart.m's for the safe keeping of the instru
ments when tlH'Y were not in use. 

Tlie mayor of Quebec wais <~1prnlly oLliging when tl1e ol~iect sought was Lrougbt to his notice 
bJ our consul, )laj. ,John X. \Yas~ou. 

At Montreal al111eedfnl f'adlitieis were ac1~onled hy tlH' ma,..·or at the instance of onr consul
general, Hon. ,John Quincy Smith. 

Pn;.~errntion <~( 11fafion m111·kR.-Assistant F. II. Gerdes too!r the field in July, 18rn, and h,r tbe 
close of October personall,Y examined a 11nmher of positiou8 at which ground marks had been phiced 
when the poiut;, wen; occnpit1<l for the primarytriangulation of the coast between Cape Cod and 
New York. Two of tlle hills oce11pi1'd in former years with the theodolite haYe hcen so washed hy 
storms as to obliterate the ground marks, hut at all otherf\ the cones were identified. Fourteen 
stations were found from the oftice dPSCriptions. 'rl1est1 at the outset of the sun'e~· were occupied 
without the necessity of cleari11g lines of sight, but all are 1ww sequestered in woods or surrounded 
by a dense growth of bushes. All the copper holts were found in place at Falmouth station, on 
Cape Cod peninsula i at Pine Hill, uear Pocasset, Mass.; at Sampson's Hill and Prospect Bill on 
Martha's Vineyard ; and at Spencer Ifill and Broad Hill near Point .T udith, R. I. The other sta
tions visited being in Section II will he referred to under that head. In that section and also in 
Section III Mr. Gerdes determined in position several of the i·ecently established lite-saving sta
tions. From data thus gained the stations are marked on the engraved coast charts. 

Tida.l obserrntions.-The self-registering tide gauge lent to the city authorities of Pro,·idcuce, 
R. I., in 1872 is still kept in operation by the local engineers for the adjustmeut of surveys which 
are yet in progress. Records have been received at the office representing six ;years of the series, 
and these have yielded valuable results. The final discussion will be made when the series is com· 
plete, for developing the law which governs the tides in Narragansett Bay. 

SECTION ll. 

CONNECTICUT, NEW YORK, NEW JERSEY, PENNSYLVANIA, AND DELAWARE.-(SKETCIIEi» No!<. 5, Li, A:\D 7.) 

Sea ourrents.-In previom; reports the successful progress made in determining the character 
of sea currents off the coast. of New England has heen recorded. As therein stated, the. observations 
were conducted on boar<l a yessel anchored in positions at which a knowledge of the character of 
the currents was desirable, the depths being in some cases upwards of one hundred fathoms. Tile • 
satisfactory issue of observations previously made suggested that the methods adopted should be 
applied in the sea approaches of New York Bay, and arrangements were made accordingly. 

Lieut. S. M. Ackley, U. S. N., Assistant in the Coast and Geodetic Suryey, with his party in 
the schooner Eagre, and pro-rided with -the means for observing and recording currents at sea, pro· 
eooded on the 6th of August, 1879, and occupied a station about thirty-seven miles south of Martha's 
Vineyard.. The record at that position was continued during thirty-six hours, in which interval it 
wa~ observed that the current swung entirely around the compass. To the southward of Montauk 
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Point, and distant forty-six miles, the same result was found on the 21st of that month by observa
tions continued for twenty-seven hours; and also at a third station to the southward and westward 
off Fire Island beach, where the currents were observed on the last day of August and during a 
period of twent~·-six hours. To the southward and eastward of the last-mentioned position a. station 
was occupied in ninety-nine fathoms during twenty-three l10urs on the 1st of September. There the 
current was noticed as vibrating between south, east, and west, as was also found at a fifth station 
in twenty-nine fathoms off the coast of New Jersey, about forty-eight miles southeast of Absecon 
Inlet. For the work here under notice the weather was very unfavorable previous to the elose of 
August, but was less so in the following month. 

After closing the observations off the coast of New Jersey, Lieutenant AckleJ- returned to New 
York, and after refitting the schooner Eagre sailed to the Gulf of :Mexic~ for service, of which furtl1er 
mention will be made in Section IX of this report. Ile was assisted in both sections by Lieut. H. 
T. Mouahon, U.S. N., l\Iaster Frank E. Sawyer, U.S. N., and Ensign \Varner H. Nostrand; U.S. N. 

Rock off' Sakonnet Point, R. I.-With bis party in the schooner Silliman, Lieut. Uriel Sebree, 
·u. S. N., Assistant in the Coast and Geodetic Survey, reached Newport on the 11th of Oct,ober. 
Bad weather coming on immediately after that date deferred the intended search for. a rock off 
Sakonnet Point, but the vicinity was carefully examined, and soundings were completed by the 2d 
of Nowmber, 1879. The rock was found very nearly in its reported JlOSitiou, and bas on it at one 
point only eight feet at mean low water, but the general depth is twelve feet on the ledge, which is 
about seventy-fiye yards long and thirt.y yards wide. All particulars in regard to this danger to 
navigation were published in a Notice to Mariners ou the 15th of Nm-ember. 

Preservatfon of station rnarks.-As already mentioned unuer the hea!l of Section I, Assistant 
F. H. Gerdes passed the summer and autumn of 1879 in examining the ground marks placed in 
former years at the primary stations when they were occupied. with the theodolite for the triangu. 
lation eastward of New York. In this section he visited Beacon Hill on Block Island; ~Yhiteman's 
Hill and Watch Hill station in Connecticut; and Osborn, Terry, and Shinnicock in New York. At 
all, the marks were found undisturued, and where it seemed desirable additional marks were set for 
identification in future. The station mark at Buttermilk Hill, near Tarrytown on the Hudson, was 
examined in October and made secure by suitable points of reference. 

In this section Mr. Gerdes visited the life-saving stations nt vVatch Hill on the coast of Con
necticut and at. Short Beach on the coast of Long Island, N. Y. Both were determined in position 
and marked on the topographical sheet of the vicinity. With as little delay as possible the positions 
of tht~ life-sayiug stations are marked on the engraved plates of the coast charts. 

Ti1lnl obserrntions.-As stated in my last annual re1iort, :Mr. C. H. Van Orden made a series of 
observations at several places on the shores of Buzzard's Bay. In the middle of July, 1879, he 
established a· self registering tide gauge at the Block Island breakwater, and instructed the 
observer, M:r. J. :\I. Conley, by whom the record was kept up until the 1st of Deeemher. 

Topograplly and hydrography of He11tp11tead Bay, Long Island, N. r.-J<rom positions near Far 
Rockaway the detailed survey of the south side of' Lollg Island has been extended eastward eight 
miles and inland about four miles from the shore line. Within the limits just described Assistant 
J. \V. Donn traced the shores of Hempstead Bay, including its numerous islands and the adjacent 
water passages. In reference to the vicinity, the following remarks are made in the field report: 

"A very marked change has taken place in the bay of Fa.r Hockaway, and apparently caused 
by the closing of the small inlet near life.-saving station No. 34. The bay in consequence became 
very shallow, and near the small inlet was entirely hare at half tide. Excepting at high tide, even 
light-draft boats could not pass from Far Rockaway to Hempstead Bay. The beach from Far ltock
away to East Rockaway Inlet is rapidly receding, and the conditions that existed during the survey 
of 1845 are apparently about to be repeated. At that time there was uo outlying beach or island 
between East Rockaway Inlet and l!'ar Rookaway." 

Assistant Charles Junken co-operated in the prosecutior1 of plane-table work and bydrograpby. 
Because of the necessity of sounding at high water, boat work was practicable only three or four 
boars in the course of the day. At other intervals the topography was advanced, and the unnsua 
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freedom from high wind and l'ains so fa>ored the work that 1\Ir. Donn's projections were completed 
in detail by the lo.th of October, 1879. The following are statistics of the field work: 

Shore line surveyed, miles .......... _ ............... , ................... . 
Roads and streets, miles . . . . . . . • . . . . . . . . . ... - ........•..•............. 
Area of topography, square miles, ........................... , ........ . 
_Miles run in sounding ................................................ , 
~\ngles n1easured .................................. _ ................... . 
Number of soundings ........................... - ___ ...... . 

As heretofore, Assistant Donn used the schooner Scoresby for transportation. 

~27t 
45 
3a~ 

123 
2,453 

17,358 

Tidal obsermttions.-The self-registering tide gauge, started in October, 18i5, at the depot of 
the New Jersey Southern Railroad on Sandy Hook, has been kept in operation by :Mr. J. W. Ban
ford. Oenerally the cur>es obtained are good, but as the water is often rough there has been con
siderable friction and wear of the working part;.>; of the tidal apparatus. Frequent repairs have 
been necessary, but considering the impediments due to the exposure of the station t-0 the effect of 
storms the record has been well maintained. , 

Topograpl1y of Hutl.wn R-iver, N. 1:-The detailed plane-table SlllTey of tlle east bauk of the 
Hudson was extendetl in the course of the season ending with November, 1879, by Assistant II. L. 
\Ylliting to points about two miles aboYe Cold Spring. In i·cyiewing the character of the field 
work abon1 Croton, Mr. \Vhiting thus remarks: 

"Back of Verplank's Point, and along the central part of, the region mapped by the party, the 
country is broken and irregular, and the numerous copses and rows of shade trees made the deter· 
mination of contour slow and difficult." 

Throughout, tile detached hills and knolls are represented IJy the mmal signs and contour 
curves, and these, although the larger features of the Highlands, form striking details on the map. 

The extenl:!ion of this survey uorthward has necessitated ti.le erection and determination of 
signals, many of which were Illaced on the highest peaks of th.e Highlands. All the trigonome
trical stations were identified, and subsidiary points were determined with special care. Difficulties 
of unusual character are presented by the surface features, hut these are admirably delineated on 
the topographical sheets. The statistics of work done in the present season arc: 

Shore line surveyed, mileH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Creeks and ponds, miles . . . . . ........•..............•.••.•..............•.. , :r1 
Roads, miles. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6fi 
Area of topography, square miles ........... - . -- .•................ - ........... lOz 

Assistant Whiting was aided in the work here noticed by Mr. W. C. Hodgkins. 
Jfagnetic observations.-Under the heacl of Section I, mention has been made of the plan of 

operations adopted at the outset of the fiscal yea.1· for gaining data in regar(l to the distribution of 
magnetism along the coast of New England. 

In this section, and after closing his operations in Se-0tiou I and in Canada, Snuassi,,;taut J. IL 
Baylor occupied a station at Rouse's Point, N. Y., in September, 187!1, and there determined thP 
magnetic declination, d!p, and intensity. As usual, the operations were repeated on two consecu -
tive days, l:lud two sets of observations for azimuth were recorded at the same station. 

At Albany similar series of observations were made in Oct-0ber. On his way northward at the 
outset of the season in July, Mr. Ba.ylor determined the magnetic elements at Sandy Hook, N. J., 
antl at Hartford, Conn. Fourteen stations in all were occupied in the course of the season for work 
in uorthem sections. Later in the fiscal year determinations were made at points near the 8outberu 
seaboard, as will be stated under the heads of Sections IV, v, and VI. · 

Before taking the field the magnetic instruments were carefully tested by observing with them 
at the standard magnetic station on Capitol Hill, Washington, D. C., arnl after the return of ~Ir. 
Baylor in ()(ltober the observations were repeated there. 

Reconuaissance west of Lake Champlain.-ln July, Assistant S. 0. ~IcCorkle conferred with 
Assistant Cutts, at Rutland, Vt., and then visited Prospect Mountain, one of the primary points 
in the vicinity of Lake Champlain. That station has a height of twenty-three hundred and 

S. Ex. 12----.3 
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sixty feet, and nearly due north of it is .Mount )farcy, a summit about fifty-four hundred feet 
high. The length of the line joining them is upwards of fifty miles. Proceeding westward from 
this line as a base, ~Ir. McCorkle passed on to Lake Ontario, and at interTals selected points 
for continuing a system of triangulation. His reports contain information in regard to the topog
raphy of the wild region through which he passed. Assistant McCorkle trayeled alone and relied 
only for help in climbing mountains or trees on the inhabitants of the cabins nearest to the place 
of ascent. The project was extended westward to Oswego, bnt on account of many hindrances the 
interyisihility of some of the points renrnins uucertain. In another season the scheme of triangu
lation will be perfected. 

Before entering upon the reconnaisi;ance, Mr. lfcUorkle had a personal conference with the 
director of the New York State survey, Mr. James T. Gardner, who communicated notes respecting 
the region. The printed reports of the survey by Mr. Verplanck Colvin were also found useful in 
traversiug the country westward of the line selected as a base for joining with the primary 
triangulation of New England. The reconnaissance was elosed at the end of October, 18i9. 

Pennsyfrania and Xew Ym·k boundary line.-For the determination of additional points desire<! 
by the Joint Commission on the New York and Pennsylvania boundary, Assistant Edwin Smith 
resumed field work a.t Waverly, N. Y., on the 2iJth of August, 1879. There an ohi'lerdug station 
was occupied and connected by measurement with a monument which stands a few hundred feet 
cast of the sixtieth milestone of the boundary. For the latitude of the station at Waverly, twenty 
pairs of stars. were observed during four nights cloRing with the 2<1 of September, and fifty-two 
observations were recorded. 

At Little Meadows a station was locater! midway between the thirty-ninth and fortieth mile
stones, arid fifty observations were ma<le between the 3tl and 7th of Septemher. Next, day tlie 
party moved to J,awrenccville and occupied a station a fow feet north of the ninetieth mileshme. 
lu observing the same stars for latitude, forty-uine obserrntions were recorded by the middle of 
the month. 

At Austiubnrgh the position chosen was a fow feet south of the old fifth-latitude stone of the 
year 1787, which is between the one hundred and ninth and one hundred and tenth milestones of 
the boundary. During three nights fifty-eight observations were made for latitude on twenty stars. 
Near Shongo, in Genesee Valley, a station was occupied adjacent to the one hundred and twenty
ninth milestone, and, using the same list of stars, fifty-eight observations were recorded for the 
determination of latitude. On the 23d of September tlie party moved to Ceres and made tbe same 
number of observations during three nights. In Tnna Yalley a position was chosen near Limestone, 
arnl after the close of cloudy weather the instrument was set np a few feet north of the old seventh
latitmle station of 1787, which is between the one hundred and sixty-seventli and one hundred and 
sixty-eighth milestones of the boundary. With duly selected pairs of stars sixty-three observations 
were made for latitll(le, and on the nights of September 30 and October 1 one hundred and sixty 
obsen-ations were taken to determine the angular value of one revolution of the micrometer screw 
of meridian telescope So. 13. 

At Corydon tbe instrument was set up a few feet north of the one hundred antl eighty-fourth 
milestone, and the latitude of the place was ascertained by sixty-two ohsen·ations recorded during 
two nights of the first week of October. 

The last station occupied by Assistant Smith was at Sugar Grove, nearly midway between the 
two hundred and third and two hundred and fourth milestones, where fifty-uine observations were 
recorded for latitude, and work was closed on the night of the 10th of October. 

At the nine stations an aggregate of five hundred and nine observations were recorded for 
latitude o.n thirty-one pairs of stars. The field computation gives as the mean probable error of 
one observation on a pair of stars :!:: 011.33, a result that would be considered good from rooords of 
observations with either of the large zenith telescopes. 

In turning over the reductions of his observations along the forty-second parallel .Assistant 
Smith thus remarks: "They show a surprising degree of accuracy in the survey of the line by 
Uittenhouse in 1787. Bis party must have cut their way through the woods. The line was run 
with a compass, and the instruments used to det-0rmfoe latitudes must have been inferior in con
struction, as compared with tbose ~ow employed." Of ihe nine latitude statjons 9f 1787, Mr. 
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Smith's results show that at five the error in position was less than one second. At Tuna Valll:'y 
the error was about four seconds; and at Genesee Yalley somewhat le11s than two and a half :sec
onds. At the two other stations occupied tlie error found was less than one second and a half. 

Assistallt Smith ·was aidecl in the field by Mr. F. H. Parsons. 
The work was specially facilitated hy tl\e personal co-operation of fi1r. C. M:. Gere, a memher of 

the Pennsylvania Commission. Ha,·ing previously passed along tl1e boundarj·, that gentleman 
preceded the J)arty of Mr. Smith, and set up piers and 1loors at all the station!'. The difficultie8, 
oelays, and expense thus aYoided were ...-ery considerable. Mr. Gere, by reason of weather suitable 
for the astronomical work, was unable t.o keep more than one station ahead of the obserrnr. In
cludiug tbe time needful in tlie transfn and adjustment of instruments at the nine stations, all the 
work was accom1)lished in forty-four (lays. 

Oeorletic npe1Ydiot18 iii Kew Jersey.-ln }fay, 1819, Prof. Edward A. Bowser readjusted tlie sig
nals at l\Iount Rost>, Pickles, Mount Olive, and Bald Hill, and then resumed the measurement of 
horizontal angles at Mount Horeb, where lie had closetl for the season at the end of October iu the 
preceding ;rear. IJ_y the transfer of a heliotrope from one to another of the outlying stations~ the 
""ork at Horeb Station was tmccessfully continued. Early in July a tripod was built at .l\Iount 
Olive, and that station was occupied with the theodolite in the latter part of the month after the 
completion of augular roe\tsurements at Mount Horeb. At intervals in August and September 
reconnaissance was extelHled northward and two points of the Blue ~fountain ridge were added to 
tlw scheme of triangulatiou. One of thPse (High Point) is near ihe northwestern cOrnt'.r of the 
State, and adjaci:nt to the ~ew York boundary line. In that quarter the scheme was perfected b~
the selection of a third point to the eastward and not far from the State bouudary. 

From Mount Horeb six primary signals were observed upon, and as many subsidiary points . 
.At Mount Olive angular measurements were reconled on five outlying primary stations, and on six 
snbsi<liary objects. The statistics of the field W<:!rk are: 

Stations occnpie(i _ . . . . . ............•.• ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 2 
.Angles measured. . . . . . . . . . . . . . . . . . . . . . . . . . • • . . • . . . . . . . . • . . • . . . . . . • • . . . • . • . • :!O 
N nm her of o bser,·ations ........••.•....••....•..••............ , . . • . • • • • . . . • 399 

The triangulation was closed for the season on the 19th of September, 187!1. 
Triangulation of tlte I>elam1re Ri111~r below Pkiladelpltia.-After the completion of the special 

survey of the Delaware at Philadelphia, of which mention was made in my last annual report, th(• 
triangulation of the rirnr was extended below the city, and as far as Chester, by .Assistant R. :M. 
Bache. His party was employed in that ser,·ice during the autumn of 187f). 

In prosecuting this work along the Delaware, all the difficulties incident to the occupation of 
the banks by structures put up in recent years were encountered. Se\en platform signals from 
forty to fifty feet high were found necessary to hring into view the points needful for defining shore 
Jines the directions and relations of which have been sensibly changed in the march of improYe
ment. One point only of the original triangulatfon of this part of tile Delaware could be ide.ntified, 
and with that the work here under notice was only connected. In addition to a system of quadri
laterals restricted to points along the water lines, four stations were occupied at distances averaging 
a mile and a ha.If from the banks. These positions will serve future uses in topowa,phical surveying, 
and for such purposes the triangulation is ample, as will be seen by the following synopsis of sta
tistics: 

Stations occupied ..... , ... _ ....... _ . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • • . 2:~ 
.Angles measured _ •..•...... _ .. _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • • . . . . . • . . 125 
Points determined . . . . • . . . . . . . . . .. . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
Number of observations .................................................. 11, 484 

Pendulum observa.HQns.-The pendulum operations instituted for ascertaining vertical attrac
tion near the Allegheuy Mount:ains, and commenced in 1878 by Assistant C. S. Peirce at Allegheny 
Observatory, have. been completed by occupying a sta.tiou at Ebensburg in Cambria County, Penn
sylvania., and a station at York in the same State. In careful determinations of the difforence of 
longitnde between Ebensburg and .Allegheny, .Assistant Peirce was aided by an observer who acted 
at the last-named phice un<ler the supervision of Prof. S. P. Langley, director of the Observatory. 
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For the purposes of the pendulum experiments, time was telegraphed daii.r, and thus the obser
vations made for time at Ebensburg were supplemented. The latitude of the station there was 
determined by observations with a sextant. At that station Mr. Peirce was aided by Messrs. Henr~· 
ll'arquhar and )farcus Baker. The first-named aid made the observations at York under the super
vision of Assistant Peirce. 

At both of the stations in Pennsylvania extensive series of obserrntions were recorded for the 
purpose of studying the statical and dynamical flexure of variously mollified pendulum supports, 
and the influence of these modifications upon the period of oscillation of the pendulum. The results 
will be given hereafter in a se11arate paper by Assistant Peirce. In the course of tbe season exper
iments were made by substih1ting for the ordinary knife edge of the pendulum small steel cylinders. 
This method, proposed in a pre'\ious report by Assistant Peirce, had been independently recom· 
mended by l\f. Yvon Villerceau, but the trials made h~· l\fr. Peirce prmTed that the friction was 
increased by that method of swinging the pendulum. · 

The measurement of the acceleration of gra~it.r made by Assistant l'eirce at Paris, France, 
revealed a disagreement with the measures obtained by Borda and Biot. Por the investigation of 
the discrepancy, )fr. Peirce again visited Paris, with the sanction of the honorable Secretary of tlie 
Treasury, and by theoretical and experimental studies demonstrated from principles not known in 
their times that the results obtained by the two cefobrated physicists were subject to certain very 
large corrections. These, when properly applied, brought their ret'lults into perfect accord with 
results alreatly reported by Assistant Peirce, who read a memoir upon the subject before the 
Academy of Science of the Institute of France. The paper w<is printed in the Comptes Rendus 
for the 14th of June, 1880, and on its reference to a committee the conclusions of Assistant Peircci 
received the approval of the Academy. 

Operations for the com1mrison of the meter with a wave length of light ba,,e heen provisionally 
completed, ~'et certain parts of the work require verification-in particular the comparison of deci
meters with the meter has beeu only partly made. In connection with this subject Assistant Peirce 
has published, with my approval, in the American Journal of l\fathematics, a memoir upon certain 
apparitions which appear in diffraction spectm. These were shown to be consequences of eccen
tricity in the screw used in ruling the diffraction plates. By another obsel'Yer the subject was 
treatetl in a paper presented to the American ,'\ssociation for the Adrnncmnent of Science at their 
lai::t meeting in Boston. 

· Geodetic operations in Pennsylvania.-Prof. I..ewis M. Haupt at the opening of the fiscal ;rear 
employed his field party in the erection of signals and in examining and permanently marking the 
stations to be observed on in the course of the season. Near Reading, in Berks County, a station 
was occnpied, and from it angular measurements were made on three points previousl~· occupied 
to the northward. 

To the southward and west\mrd four other positions were completed in angular measurements 
so as to extend the work through Lancaster County to the immediate vicinity of the Susquehanna 
Rh-er. At Uawlinsville, in the lower part of the last-named county, a junction was made with 
stations of the coast triangulation near the head of Chesapeake Bay. From the records of the 
field work whieh closed in September, 1849, the Computing Division of the office has added five 
a.dditional entries ia the register of geographical positions. 

In J n1y the weather was unf~worable, but was much more satifactory in August and September. 
The statistics of the work are : 

Stations occupied .... _. . . . . . . . . . . . . .. _ ......... _ . . . . . . . • . ...... _ ..... _ . 4 
Signals observed on ......................... , ... , ..... , .. _ . . . . . • . . . . . . • 24 
Directions to subsidiary o~jects _ ............. _ ................ _ .......... _ 133 
Number of observations .......... , ............ _ ... __ .... _ ...... _ .... __ . 3, 010 

The field report of Professor Haupt was accompanied by complete descriptions of the stations, 
sketches of the horizon at each, record of the results of obserted angles, and topographical 
sketches of the sites occupied by the theodolite. 

Topography of Cape May, N. J.-This work was taken up at the opening of tile fiscal year by 
Assistant C. M. Bache, who remained in the field until the 20th of November. 
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About the cape the topographical features are in close detail. The vicinity of Sea GroYe was 
mapped; also Cape Island, the intervening roads, and the >icinity of Cold Spring Inlet. In the 
same direction the sur>ey was pushed two miles farther to the northward and eastward. Special 
care was taken to secure accuracy throughout, and in order to meet the requirements of public 
interests which have rapidly de,cloped in this quarter the map was womptly published by photo
lithograpby. 

In moving from place to i1lace as~ the work ad va11ced, Assis tu nt Baclie used the barge which 
has long been in service on this coast.· The statistics of the plane-table sur>ey are: 

Shore line surve;veu, miles ____ .. ____ ..... _ .. ____ .. _ .. _ .. _ ... __ .. _ . ___ . _____ . 1rn 
Roads, miles . . . . . . . . . . . . . . . • . . . . . . . _ ... _ ..... _ .. _ . . . . . . . . . . . . . • . . . . . . . . . '18 
Area of topography, square miles ......•.. _ ............ _ . . . . . . . . . . . . . 15! 

SECTIOK III. 

MAHYLA:ND, YIRGINlA, AND WEST VIRGI:NIA.-(SKETCJU:~ No,, 7, e, A;\')) JO.) 

Life-saving stations.-Before taking up duty which has been mentioned under preceding heads, 
Assistant F. H. Gerdes passed along the coasts of Delaware, :Mar_yland, and Virginia, and deter
minecl the positions of three life-saving stations. These ha Ye heen recently established, one at 

Uehoboth Beach, one at Ocean City, and the third at l'ope's faland, on the coast of Virginia. 
Good observations were recorded at each of the stations, aml their plitces are careful!~· marke<l ou 
the plane-table sheets. .As heretofore, the positions will be inserted on the engrayed charts. 

While )fr. Gerdes was ou the roast of Delaware, in July, he made thorough inquiry in regar1l 
to the point near Ijewe.'! at whiclt the Trausit of Yen us was obserYed in the year 1769. The site 
probably occupied was iu that ;rna.r au open common, but the ground is now laid out in gardens 
attached to the dwellings of residents, and a church has been erected within the century, and near 
the church there is a burial-grouncl. As late as 1842 tradition pointed to this locality as the place 
at which the Transit was observed, but no one now living at Lewes was able to gi>e definite infor
mation in regard to the spot occupied by the observer. 

Assistant Gerdes kept the fielil until the middle of October, engaged in service in other 
sections. 

Hydi·ographi.c i·ecomiai .. ~sance of Chi1wotengue Inlet and approachCJ!.-lu the vicinity of the 
boundary line between Maryland and Virginia, a careful hydrographic examination was made by 
Mr. J. W. Parsons <luring a week in tlle latter part of NoYeni.ber, 1879. Serial lines of soumlings 
were run across the bar. Descriptin~ notes of the seaward approaches and posit.ions of buo~·s, with 
correct courses for entering tlie inlet, make parts of the record, and in it attention is called to the 
excellent shelter afforded during easterly gales or head winds by what is local!.' known as "Chinco· 
teague anchorage," which is a short 11istanre northeast of the bar, and under the southern side of 
th~ extensiYe Chincoteague Shoals. 

The channel leading across Chincoteague Bar was found to be nearly as it wa.':l thirty .Years ago, 
an apparent permanence that may be due to the closing in that interYal of Geeen Run Inlet, which 
was formerly a much-used thoroughfare at the northern en1l of Chincoteague Island. 

l\lr. Parsons, on his return to tlle office, embollied bis notes and ohserrntions in the mannscript 
of the third volume of the Atlantic Coast Pilot. 

Soundings in Patapsoo River, .ilfd.-At the request of l\lr . .X. H. Hutt-0n, engineei· to the Harbor 
Board of Baltimore, the Patapsco was sounded in February last between Lazaretto Puint and 
HawJdns' Point. This work was done by Assistant Charles ,J unken, aided by 1Iessrs. r. A.Welker 
and G. F. Bird, and rests on the triangulation made in previous smTers. Five additional points 
were occupied, after the erection of signals by the party. The shore line of the rh·er was then 
traced by means of the plane table. St-0rmy weather interrnpt~d the 1kld operations, but the 
requisite details were completed by the end of Februa1·J·. 

Early in March Mr. Jnnken returned to tbe office and tbere completecl the chart of his survey. 
In April the sheet was transmitted to Mr. Hutton, aft~r the completion of a tracing for deposit in 
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the archives of the Snrrny. The map represents eight miles of shore line. A synopsis of hydro. 
graphic statistics appended to the report shows : 

)files run in soundings ....................... , ••........... , . . . . . . . . . . . . . 118 
Angles measuretl. . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84:~ 

Number of soundings ...................•......•.......................... 7, 680 

Jiagnetic obseri:ations.-At the standard ol>servatory on Capitol Hill, where observations for 
magnetic declination, dip, and intensity have been repeated yearly, the customary series was 
recorded on the 12th, 11th, and 17th of June, 1880. 

Assistant Charles A. Schott has usually made the ol>servations in person, but this year they 
were recordcll under his immediate direction by Subassistant J. B. Baylor, mention of whom will 
be found as concerned in magnetic observations in all the sections of the Atlantic coast. After his 
return from the south, in April last, be tested, at the 1Yashington station, the instruments used at 
various places along the coast. 

Special hydm{Jraphic nperations.-Earl~ in Jnly, 1879, J\laster :Francis '\Yimslow, U. S. N., Assil;t
ant in the Coast and Geodetic Survey, again rbaclied Crisfield, Md.1 with his party, in the schooner 
Palinurus. He had previously developed the positions and areas of oyster beds in Tangier Sound 
and Pocomoke Sound, and in continuing researches the beds in the Nanticoke and Little Anne
messex Rivers and in Hooper's Strait and Kedge's Strait were surveyed. The intercourse of 
Master 'Yinslow last year with persons engaged in the oyster trarle enabled that officer to prepare 
a list of questions for collecting all the information possible in regard to the subject. Printed 
copies of queries were judiciously distribute.I, and many have been returned with answers sl10wing 
that the questions were not new in the minds of the persons to whom the lists were sent. Much 
information has been gathered in that way in the course of the year. 

In connection with his surveys Master Winslow gave much attention to the determination of 
temperatures in the water over oyster beds, and also recorded observations for ascertaining the 
density. 

Before leaving the section, hurdles were placed on ijie beds in Tangier Sound and Pocomoke 
Sound, but most of these could not be found later in the month. (Three only remained; the otherR 
were doubtless taken away by those who coveted the rope by which .all the hurdles were moored.) 
Thirteen sections Wt're run across the sounds for the determination of densities . 

.:\laster Winslow conferred freely with Prof. ,Y. :K. Brookes, of the .Tohns Hopkins University, 
and interchanged views and suggestions in regard to the object of the researches. 

The work afloat was suspended by the detachment from sen'ice of l'!faster Winslow in Decem· 
ber, 1879. The judicious arrangement of details made by that officer for continuing the investiga· 
tions will greatly facilitate the prosecution of the work herellfter. Until the 10th of December, 
Master Winslow was assisted hy !I-laster H. H. Barron, U. S. N. 

Suri1ey of ,Jame.~ Ri1•er, Va.-In previous years the detailed survey of James River had been 
advanced to stations above City Point by Assistant J. '\"l\r. Donn with a party working in the 
schooner Scoresby. The work was resumed-in December, 187!}

1 
and by the close of the first week 

of March, 1880, the topog-raphical work was completed as far up as the Falls at Richmond and 
Manchester. 

A resurvey of the jetties and wing walls erected by the James River Improvement Company 
was made to include the structures added within the year. Dutch Oap Canal was also retraced to 
show the result of cutting on the east side since the survey of 1877. 

To facilitate the hydrographic work, the shore lines of the rh-er from Graveyard Reach to City 
Point were tra-versed with the plane table, for the pnrpose of locating points to be used by the 
sounding party. About two hundred signals were set up, and three hundred points were deter
mined in position. In the course of l\farch, April, and part of May the hydrography of the river 
was pushed from Warwick Bar down to City Point, where a junction was u,.ade with the sheet of 
soundings previously complet,ed. Above Warwick Bar the soundings will be made by Assistant 
Engineer H. D. Whitcomb, of the James River Improvement C<>mpa.ny. Data for that work were 
furnished by Assistant Donn with the understanding that the results should be sent to this office. 

I~or the bydrography temporary tidal stations were occupied at Falling Creek and at Cori's 
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N eek wharf'. The former was referred to the gauge at Rockett's, of the .Tames River l mprowmeu t 
Company, and the Uurl's Neck Station to that at Shil'ley wharf, where 1\Ir. Donn recorded a series 
of tidal observations through twenty-ft ,-e days. 

The following details are statistics of the work of this senson : 

Stations occupied with theodolite . -. _. . . . . . . . . . ...... _ ........ . 
. Angles measured .•............................. _ ........ · ............... . 
Shore line surveyed of' river and branches, miles...... . . . . . . . . . . . . . _ ... . 
Shore line of streams, miles.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . 
Roads, miles ......••.... , •............. , . . . . . . . .... , ............... _ .. 
Area of topography, square mile1-1.............. . . . . . . . . . . . . . . . . . . . . . . .. .. 
Miles run in soundings ......................................... , •. , ..... . 
.A.ugles measured ................•......................•................ 
N um her of soundings.. . . . . . . . . . . . . . ................................... . 
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After closing work in the vicinity of l~ichmond, As;,;istant Donn transferred his party for work 
on the south shore of Long Island, in Section IL 

Prirnary triang1tlati01i in Virginia.-ln pre\'ious seasons progress bas been made in the J·cco11-
naissance for points of triangulation westward of the Blne Ridge, ~mch as to warrant the occu
pation of stations for conducting the work westward towards the Ohio Ri\-er. Ju accordance, 
therefore, with previous arrangements, Assistaut A. T. :Mosman organized a J>arty early in July at 
Gordonsville, and went in camp at the foot of Fork ~fountain. The instruments were taken to the 
summit, the height of whic!J. is thirt;v-eight hundred aml fifty feet, and by the middle of ,July, 187fl, 
all preparations were complete for the 111Pasnrement of horizontal angles. The weatller was oft1•Jt 
nnf:-worable, being alternatdy lwz_y arnl rai11y, lrnt 011 1lie flth of Augni-;t tile record of needful 
observations was dosed, ancl the instruments were transferred to Humpback J\Ionutain, 1he heig'l1t 
of which is thirty-six hundred and forty-five feet. Bad weather was frequent, but by occn1\ying all 
favorable interrnls the work at the summit was completed by the 28th of August. 

Early in September the instruments were in position at Tobacco Row (twenty-nine hundred 
and thirty-six feet high), another of the stations pre\'iously occnpied for the triangulation which 
has been extended southward and westward along the Blue Ridge. In the conrse of four days 
Assistant Mosman recorded observations on signals to the westward, as at tlie other two stations, 
for pushing field work in that direction. Thus the chain of triang·Ies in advancing towards the 
Ohio will be joined on two lines of the excellent triangulation which has been conducted through 
the Shenandoah Valley and southward to the base line near Atlanta in Georgia. 

In the middle of September l\Ir. Mosman transferred his party to Bald Mountain, a station 
about fifty-six miles 1:o the westwa.rd of Tobacco Row, and in the course of a few days following a 
period of cloudy weather the requisite angular measures were reconled there. Tlte camp equipa.ge 
and instruments were then stored at Healing Springs, to be in readiness for future operations after 
perfecting the scheme of triangnlation by further reconnaissance. 

After forwarding to the office his original records and duplicates of the same, .Assistant Mos
man stiarted westward on the 1st of October, and by the 8th of December >isited many summits in 
pa.rssing through West Virginia. The heights were ascertained approximately by the barometer, 
and all were kept in geodetic connection with the two western lines of the chain of triangulation 
going southward. The report from the field was accompanied by a sketch showing a practicable 
scheme of work as far as the Ohio River. Many of the stations chosen are upwards of three thou
sand feet in height. 

Primary triangulation, latituile, and azimuth.-It has long been desirable to extend the time 
during which in the course of twenty-four hours observations ma.y be recorded for horizontal direc
tions. Genera.lly the period is limited to a short interval after sunrise and another before sunset 
when exhalations occ~ioned by the sun's action have been sufficiently quieted t-0 allow distinct 
vimon on lines of .sight ranging from twenty to eighty miles. 

Since the year 1871, Assistant C. 0. Boutelle has esperimented occasionally u1>on methods for 
rendering signals ~isible ,at night upon long lines. In my annual report for 1878 mention was made 
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of his results obtained by means of magnesinm riubou while the primary triangulation was in 
progress in North Carolina. 

At Sugar Loaf, a primary station in Montgomery Count~', Maryland, a series of obsen·ations 
were instituted by :l\Ir. Boutelle, and experiments were continued between July and November, 
1879. The results as set forth in his report (Appendix No. 8) seem to promise an extension of 
three or more hours of successful observation after sunset on each clear night. 

The experimental observations were made with a twenty-inch theodolite, and with reference to 
the relative cost of angular measurements by day and at night. 

While the party was at the station on Sugar Loaf, observations for latitude and local time 
were made by Assistant F. D. Granger aud Mr. J. B. Boutelle. Azimuth was also determined hy 
the same observers from obser,·ations on Polaris. 

SECTio~· IY. 

NOl{TH CAIWLI.l'iA.-(SKEl'CfIE8 .l'ivs. \l, 10, A.:Sl! ll.) 

Jllagnetie ob11en,atfons.-lTnder Sections I and II mention has been made of the determination 
of magnetic elements by Srrbassistant J.B. Baylor at points in "New England and Canada. For 
continuing that special serviee the requisite instruments an<l outfit were proYided at the end of the 
year 18iH, and early in ,January following .Mr. Baylor occupied a station at Beaufort, N. C. After 
determining approximately the latitude, longitude, and azimuth, the iustruments were placed in 
position in the rear of a lot bounded by Ann street and Front street, an1l observations were recorded 
for magnetic declination, dip, and intensitJ·. On the completion of the series in the record, :Mr. 
Uaylor moved southward. 1\Iention of his progress in the work will be made nuder sul>sequent 
heads in this report. 

Hydrography, coa~t of Korth Oarolina.-'fbe inshore ,soundings along the coast of North Caro
lina have been completed within the season at two localities by Lieut. Eugene B. Thomas, U. S. N., 
Assistant in the Coast and Geodetic Survey, with a part.y working in the steamer Endeavor. One 
of the projections represents the hydrograpby between Ocracoke Inlet and a point on the coast a 
short distance abore Cape Lookout. The seeornl sheet contain8 the re8ults of soundings made 
from New River Inlet southward and westward to Barren Inlet. Both of the sheets join with 
hydrographic work previously completed, and in conformity with usage depths are shown on them 
to an a>erage distance of about twelYe miles se.awarcl. The inshore hydrography of the coast of 
North Caroliua is now continuous from the northern to the southern bouutlary. 

The steamer Endeavor left New York for this section on the 26th of December, 1870, and again 
reached that port on the 2!Jth of the following May. Lieutenant Thomas thus refers to the char
acter of the hydrography in his concluding report: 

"No shoals were discovered, nor any noticeable irregularity in the soundings; but Ocracoke 
Bar has shifted to the southward several hundred yards since the date of the last suney. A new 
inlet, called Sadbury's Iulet, has broken ont between Old Inlet and Rich Inlet, with very little 
water on the bar. 

"New Topsail Inlet sometimes has as much as eight foet of water at high tide, hut after a 
southerly gale it was found to be shoaled up to three feet." . 

"Stump Inlet is closed up, and the bar off it has disappemwl. 
"New Uiver Inlet is not known to have more than se\'en f€et of water. 'l'he general (lepth 

is about five foet." 
During the temporary illness of Lieutenant Thomas, the opemtions of the party were con

ducted with judgment and energy by Lieut. Hugo Osterhans, U. S. N. Master Francis E. Greene, 
and Ensign William H. Allen, U. S. N., also serred efficiently in tlie hydrographic part~·. The 
statistics of the work are : 

Miles run in sounding ....•....................... : • . . . . . . . . . . . . . . . . . . . . 642 
Angles measured.................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 771 
Number of soundings. . . . . • . . . . . . . . .. .. . . . . . . . . . . .. . • . . . . . . . . . . .. . . . . . . . 10, 032 

At the close of the fiscal year Lieutenant Thomas made preparation for taking up hydro
graphic work in Section II. This will be further noticed in my next annual report. 



 

UNITED STATES COAST AND GEODETI<J SURVEY. 25 

SECTION Y. 

SOl'TH CAHOLI:'\A ANll GEOHGlA.-(SKETCHES J'."o;;. 11AXll12.) 

Longitude uf Atlanta, Ga.-'l'he longitude of NashYille, 'l'enn., in Section XIII, basing b~n 
previously established, it will be noticed u11der that he.ad aud under Section YIU that Assistant8 
G. W. Dea11 and Edwin Smith were U8signed in ~oYcmbcr. 1879, to exchange signals between that 
station and se,·eral points in the South for lougitmle determinations. Betweeu the 26th of Decem
ber and the l 4U1 of .1 anuary, 11':-iO, obsernttions wen: 1'.<Uecessfully exchanged on five nights between 
.Assistant Dean at Atlanta, Ga., aud Assistant Smith at NasliYille. As usual, the observers then 
exchanged I>laces, and 1luring five nights longitude signals were reeorcled between the 20th and 
27th of January. 

For the final determination of longitude at a point in Charleston, S. C., Assistant Dea,n started 
for that city on the 1st of l\far, 1880, and with the permission of the city authorities marked with 
two granite blocks a station on the highest part of Citatlel Square. On ten nights, between tbe 
13th and 24-th of May, signals were exchanged with A8sistant Smith, who remained at Atlanta. 
The mayor of Chadcstou Yisited the statiou while observations wert' in progress, and made arrange
ments for the protection of the granite blocks that mark the station. 

Observations for latitude were recorded at Atlanta, and tlw computations from them were made 
h;r C. H. Sinclair, the aitl attached to the part.)· of .Assistant Smith. 

The two longitmle partfos of Assista11t Dean all(] Assistant Smitll were proYided with astronom
ical and telegraphic instruments similar in constrnction and so far as possible alike in all essential 
p1trticu1arn. The trausit telescopes were forty·fl.Ye iul°lH'R focal leul!th. and were used with a mag· 
nitying power of about 011e lumdred. A thin glass diapuragm having thirteen Yertical hues cut in 
it was used with the tele.scope. EacL star was generally olJ;;erved iu its passage across the eleYen 
mi(1tlle liues forming- the three rniddle groups, tlte equa.torial inten'als of a. gronp being about two 
seconds of time. 

''So far as practicable tlrn same twenty 8tars were obsPrved each night by both obseners. 
The stars were seleett'1l from the stamlard li><t, aud arrauged in four groups with special reforern:e 
to the stations and times at whiell tlley were to be ollserved. Each group had one circumpolar and 
four zenith starf:, and after recordiug observations on n group the t€lescope was carefultv reversed 
iu position for obsening 011 a ser·oml group. Tl.ten followed the exdiauge of longitude signals, 
after which two more 11et8 of starn were obsen-ed, completing operations for the 11igllt. 

"Arraugemcnts were made for carefully meaRnriug· the armature times of the polarized and 
Farmer relays, and the following plan was adopted : The polarized relays were first adjusted to the 
standard tension of the current as indicated upon the scale of a tangent galr-anorneter {forty-eight 
divisions), ancl the positions of those adjusted were marked upon each relay. For convenience, tbc 
standard reading on the galvanometer (forty-eight divisions) was made ten or more divisions le~s 
than the galvanometer would indicate when connected in the ordinary telegraph circuit. 

"At each station the rclar magnets were arranged to pass the entire current of the main cir
cuit through the Farmer relay, but when the polarized relay was adjusted for exchanging long-itu<le 
signals (by connecting the rheostat in its omnch c\rc11it) only a portion of the main current was 
allowed through the polarized r\~la.y. Of course when the rheostat is connected in its hranch circuit 
witlwut resistance the main current will be uearl~· equall~- diyi1le<l, one-lialf or less passing through 
the galvanometer and polarized relay, causing the reading of the tangent scale of the galrnnometer 
to be less than forty-eight diYisions. Hence, by increasing the resistance through the rheostat, the 
current passing through the polarized relay is adjusted to the standard tension, when the gal van om· 
eter is rr.ade to indicate forty-eight on the tangent scale." 

The Farmer relays were made with special reference to the reduction of armature time, and as 
far as rracticable to insure an equality in the measurements of these times at two or more stations. 
The results of the season indicate that adrnnce has been made in the right direction. Assistant 
Dean, umler whose supervision the relays were constructed, says: 

"The soft iron cores of this relay are tlat bars one and seven eighths inches in length, fifteen
sixteenllis of an inch in width, and one-eighth of an inch in thickness. The oores were made fiat 
to secure a prompt response of the armature when making or breaking the main circuit. A similar 

S.Ex.12-4 
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effect upon the armature of the main relay may be produced by making a slit lengthwise and to 
the center of the round iron cores. 

"Each coil of the llelix is one and three-quarter inclles in length, and made of silk-covered 
copper wire No. 367 special care being taken to immre the most perfect insulation at each layer of 
the wire when placed in the coil. l•'or convenience in adjusting one pole of the magnet at the max
imum distance from the armature axis, the ends of the helix were placed one above the other upon 
the movable slide. The armature lever is about three inches in length, the weight of the armature 
being as little as the stability of the instrument would permit. 

"To obtain a high tension upon the armature u.r means of sligl1t adjustments of the armature 
spring, the spring is attached as near to the eutl of the armature lever as practicable. The helix is 
securerl to a slide, by which it may be conveniently adjusted at any require(l distance from the arma
ture, thereby increasing or diminishing tension upon the armature in accordance with requirement.'' 

l\fr. F. H. Parsons served as aid in the party of Assistant Dean and made part of the compu
tations for longitude. In the course of the season, between tbe 25th of November, 1879, and the 
24th of May, 1880, the passage of each of nine hundred and fifty stars across the meridian was 
observed upon eleven lines of the transit diaphragm. 

As in past years, thf'> \Yet-1tern Union Telegraph Company, by its president, Hou. Norvin Green, 
accorded all facilities requisite for the longitude operations, and all connected with the company 
along the lines upon which exehanges of signals were made co-operated to secure the results 
Rought by the observers. 

In telegraphic exchanges between tlte obsen'ers at Charleston, S. C., and Atlanta, Ga., an 
aggregate of oue hundred and eighty-nine observ~tions on twenty stars were recorded in the 
course of fiye nighti;. The latitude of Atlanta was determinetl by ni'nety-three observations ou 
nineteen pairs of stars recorded in the course of nine nights . 

.i1lagnetic ob.~crratiou.~.-After completing his observations at Beaufort, N. C., of which mention 
waR made in the prece(liug section, Snbassistant .T. B. Ba,ylor proceeded to Charleston, S. C. At 
Breach Iulet, on Sullivan's Island, the rnag11etic iustrunwuts were mounted near the "Truesdale 
House,'' and as near to the point occupied in 1849 as the drifted sand would allow. 'fbcre the 
usual series of obsernitions were recorded for magnetic declination, dip, an(l horizontal intensity. 
The geographical position of the place in respect of latitude and longitude was determined approx
imately. This station was oecuph•d on the 20th, 21st, and 22d of January, 1880. Without delay 
:Mr. Baylor went southward to occupy a point in Georgia. Tbe station i.;eledt'd was in Lawton, 
now known as Du Pont, a village in the southern part of Georgia, and about a hundred and thirty 
miles from Savannah. Tl1e place of observation is not far from the depot, but as in all other cases 
care was taken in regard to the possibiJit,y of local attraction. After recording observations on the 
28th and 29th of January, the observer proceeded to .Jacksonville. His operations there will be 
again referred to under the head of Section VI. 

Atlantic Coast Pilot.-At the close of February last, Lieut. Frederick Collins, U.S. N., Assistant 
in the Coast and Geodetic Survey, completed and deposited in the office seven volumes in manu
script containiug r11ltailed descriptions of parts of the southern coast of the United States and 
adjacent islands, with sailing directions for the harbors and navigable waters. The localities 
described range from Cape Henry, Va., to Winyah Bay, S. C.; from Wassaw Sound to Altamaha 
Sound, Ga.; from Saint Simon's Sound, Ga., to Dry Tortugas, Fla.; the Bahama Bank, Siilt Key 
Bank, and the uorth coast of Cuba; Providence Channel; and the interior waters of North Carolina 
and Virginia. In forwarding the volumes, Lieutenant Collins remarks: "While preparing thls 
matter for publication 1 have studied to condense it as much as possible, but nothing is omitted 
that seems to be calle1l for to carry out tile general plan and SCOJIB of the work as shown in the 
portions already published." · 

SECTION VI. 

EAST FLORIDA, SAI:sT MARY'S RIVEU TO ANCLOTE KEYS ON WEST COAST.-(SK~~'fCHES Nos. :3, 14, 15, 
.A:N'D 16.) 

.lfagnetic observations.-Iu precediug sections of this report notice has been taken of the prog
ress ma.de in the course of the year by additional determinations of the magnetic declination, dip, 
and horizontal intensity. Subassistant J. B. Baylor closed observations on the 29th of January, 
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1880, at a station in Clinch Oounty, Georgia, and without dela~· proceeded to JacksonYille, Fla. 
There he recorded ohservations for the magnetic elements at a station about an eighth of a mile 
from the water works, on a hill north of the city. This series was closed on the 3d of Febi·uar~·· 
At Saint Augustine a station was occupied on the government reservation. 'l'lrn magnetom
eter tent was set up in the grass plot northwest of the old fort and north of tLe old gates. As 
at other places, the declination, dip, and magnetic intensity werf' determined in the usual wa.;r. 
The records needful at Saint Augustine were completed on the 11th of February. Proceeding to 
the southward, the instruments were set up at Enterprisf'. The station is in the rear of the >illage 
on the road to New Smyrna. Uare was taken, al'\ in all other car.;es, to guard against the effect of 
local influence on the magnet. After l'l~con1ing the usual series for declination, dip, and intensi(y, 
Mr. Baylor moved to Ean Gallie, in Ilre>ard County, Floricla. Ohsernitions were recorded there 
at a station two hundred and sixteen feet north of the old "Agricultural College,'' and the series 
was completed on the 25th of the month. 

The next position selected was at Saint Lucie, on Indian Rin•r. Ou tile beach the obse1Ting 
tent was set up two hundred and ninety-five yards south of Paine's wharf, and there the customary 
observations were recorded for declination, dip, and intensity . 

.At Jupiter Inlet, a station was occupied on the sand beach about three-quarters of a mile south
east of ,Jupiter light-homie. The position of the instruments was ten feet from the mean low-water 
line, and a little castwar<l of the thicket on the north side of the inlet. There the requisite meas
ures for magnetic declination, dip, and intensity were completed on the 8th of l\Iarch. l\[r. Ilaylor 
then started for New Orleam1. His operations there will be stated under the head of Section VIII. 

At Saint Angnstiue, all facilities needful in tlw operatiouil of the ohi<Prwr were courteously 
supplied by Heutenant-Colonel Dent, TT. S. A. 

Deep-sea c.r-pfora-tion.~ in the vieinity of Cuba.-The steamer Rlake, wit11 tlJP bydrographfo part~· 
of Commander .J. H. Bartlett, U. S. N., Assistant in the Cm1st anrl Geodetic Surve.>, left. Xmv York 
on the 20th of Deeember, 187fl, to continue the inn~stigationR which were begun last year iu the 
waters of the Caribbean Sea. 

On the north sille of CulJa, lines of soundings were rnn at different point~ across the Bahama 
Channel, and these were traversed b~· diagonal lines for yerif~·ing the depths. Tlte least water 
(two hundred and eighty-four fatqoms) was found a!Jreast of Paradise Light, but tlie clepth increases 
to five hundred fathoms abreast of Lobos Ca.r Light, aIHl going southeasterly to twehe hundre1l 
and fifty-five fathoms off Maternillos Light. 

A line run from the coast of Cuba across to Cay Saint Domingo, and from thence by Brmrn 
Shoal, Mira1>rovos Island, and Cay Verde, gave an average depth of fourteen hundred fathoms, 
and the same depth was found on a line from Castle Island to lnagna Island. Earnest effort1; 
were made to procure additional 1mundings for developing the ridge betweeu Cuba and Hayti, 
but owing t-0 the strength of the trade winds onl~· a few soundings werP snee,es8fnlly recorded 011 

the ridge. These, however, accord well with the <lepths foun<l in the preceding season. From a 
depth of seven hundred fathoms, the dredge brought up a quantity of crust from the bottom com
posed of coral sandstone; the specimens of life were a few small fiat sea urchins, spiral 11hells, 
small sponges, and one little fish. The only other haul made directly on the ridge (in sen•n lrn11-
dred and seventy.two fathoms) brought up the same kiml of coral rock and a large quantity of 
the shell of Scalpclliim regium1 a sort of barnacle, apparently Yery old and 1liscolored. Commauder 
Bartlett noticed that the sea bottom on the south si<le of the ridge yielded more Ptcropod Rbells 
than the bottom on the 01iposite side. Serial temperatureR were taken, and are in agreement with 
those recorded in the last cruise of the steamer Blake. In general, the data ohtained tends to 
establish the theory put forward last year by Commander Bartlett, that mneh of the supply for the 
Gulf Stream passes near to the eastern end of Cuba. 

Soundings run by the party, between Hayti and Jamaica, developed an aYerage depth of eight 
hundred fathoms, except in a remarkably deep channel leading from the main Caribbean south of 
Saint Domingo, to the waters north of Jamaica. This channel runs close to Hltyti, with a maxi
mum depth of twelve hundred fathoms, but its mean depth is about a thousand fathoms. Its course 
is northerly along the western end of Hayti, where it does not exceed a width of five or six miles; 
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thence westerly below :Navass~t Island, with a tongue to the northward, between Navassa and For
migas lfank. Another tongue passe1; to the westward between Forrnigas Bank and ,Jamaica. 

From Saint Iago de Ou ha a line was ru11 to the east end of Jamaica, where the depth of water 
wa8 three thou8and fatl10m8 at a position twenty-five miles south of Cuba. B~· subsequent sound
ings this was found to be the emitern end of an immense valley in the sea bottom, beginning between 
Cuba aud Jamaica, and extending below the Cayman Islands well into the Ba.y of Hornlnra!'I. The 
Cayman Islands aud l\Iisteriosa Bank appear to be snrnmib,; lmlongfog to a submarine extension of 
the ra11g·e nmuing alo11g the southeastern side of Cuba. At its eastern end the valley is quite 
narrow, but widens between the western end of ,Jamaica and Cape Cruz. On that line the depth 
was three t.hommml fathoms within fif°tt'en milc8 of Cuba, and twenty-eight lrnndred fathoms 
within twenty-five miles of ,Jamaica. Xear Grand Cayman the valley narrows again, and within 
twenty miles of that island a depth was found of thirty-four hundred and twenty-eight fathoms. 
Deep water was traced westward into the Hay of Honduras as far as a line joining :Misteriosa 
Bank arnl tl1e Swan Islaiulf.;, with three thousand and ten fathoms within fifteen miles of the 
islands. On a line betwee11 Misteriosa Bank and Bona~ca Island was found a general depth of 
twenty-seven lmmlred fatl1oms, and a depth of o\-er two thousand fathoms extended to the 
westward. 

8oundi11gs were regular at twenty-five hundred fathoms between :\Iisteriosa Hank and Chin· 
chorro Bauk, and the same general depth was found north of -:\fisteriosa and Grand Cayman as 
far as the l,,;Jp of Pine:-; and Cape Sau Antouio. 

Between Jamaica and Mosquito Bank a few lines of soundiug·s were ruu by Comma11der Bart
lett, and serial temperatures were recorded. Below seven hundred fathoms the temperature at all 
depths was 302°. At eight hundred fathoms on the ridge in the 'Vimlward Passage between Cuba 
and lfa~·ti tbe temperature aATeecl with tl1at of the imme c1npth in the Cnrihbean Sea and Gulf of 
l\Ie:xico. 

Soundings and serial t.emperatures being special o~jects of the cruise, dredgings were made 
onl_y for purpo;;eH of comparison. It was fon11d that t.he area ll<!Rsed over this season was not rich 
in specimenH of animal life, as was the sea bottom under the lee of the Windward Islall(ls, where 
tbe dredge was m~ed last year. 

(]onsidered merely as a pb,rsical feature, the developmeut of the submarine valler in the western 
part of the Caribbean Sea is of much interest. After completing the work prQjected at the outset 
of the season, Commander Ba,rtlett retumed to the north and reached New York in the steamer 
Blake on the 19th of l\lay. He was assisted in the work near Cuba by Lieut. W. 0. Sharrar, U. S. 
N.; by Masters H. M. Jacoh,v and G. ~W. Mentz, U. S. N.; and by l~nsigns G. H. Peters and E. L. 
Reynol<l8, U. S. N. 

The lines on which deep-sea soundings were recorded make an aggregate of more thau four 
thousand nautical miles. Four huJl(lred and sen•nteen depths were determined, and nearly four 
hundred ohsernitiom; were recorded for estahfo;hing the positious of the soundings. At five posi
tions the depth fouml was greater than three thousand fathoms. Specimens of the sea bottom w<we 
procured at two hundred and fifty-one positions, and at all, the water densities were observed. 

On the 1st of Jnne, 1880, tlie Rtf'amer reached Providence, H. I., where the engine an<l boiler 
were thoroughly repaired, preparatory to a cruise along the axis of the Gulf Stream north of 
Charleston, S. C. That interesting work i,; fortunately in the hands of an officer of great sagacity, 
and much may he expected when Commander Bartlett returns from the cruise upon which be will 
enter in July. Tl1e details will be given in my next annual report. 

ll.tfdroyra11hy of Oharwttc Harbor and approache11, Fla..-For completing the soundings requisite 
for the chart of Charlotte Ilarhor, Lieut,. Commander U. M. Chester, U. s. N., Assistant in the Coast 
and Geodetic Survey, with his party in the steamer .A. D. Bache, reached anchorage undPr the lee 
of Pine Island Shoal on the 30th of .Tannar;y. A. sheet partly done last year was first taken up 
and completed by filling in soundings in the waters east of Gasparilla Island. For another, soull!l· 
ings were finished for developing Mattacha Pass. The bydrography of Pine Island Sound was 
then taken up, and, in connection with it, boat work along the Gnlf sbore of Lacosta Island and 
Captiva Island. Outside, to the northward and southward of Boca Grande, soundings were earried 
into the Gulf to distances of about a mile and a half off sllfre. The work inside of Charlotte Har· 
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bor was completed on the 14th of May. I,ientcnaut-Commarnler Chester then examined the Gulf 
shore in the steamer and erecte<l sip:nals for sounding ahont ten miles of the approaches, but a few 
days after the work was interrupted hy a slight break in thr 111ad1i11er.r of the vessel, allll, wlH'll 
that was repaired, by strong wi!l(ls all!l lwa\',Y seas, which made it impracticable to continue the 
hydrogra.phy in the offing. The party wai'i 1.lierefore recalled, and left for Baltimore on the :!Gth of 
May. 

In the aggregate eighteen hundred mul fift;v nautical miles of soundings were run. The 
soundings have not yet been plotted, hence the mention of statistics must be reserYed for the next 
report. 

J,ieutenant.-Co111111amler Chester" as assisted in this section by l\Iaster T. G. C. Ralter, U. S. X., 
and by Ensigns Henry Morrell, Henry F. Reich, aml Charles IL Amsrleu, U.S. N. 

Under the head of Section I, mention waR made of the preyions work of the partj' in the 
steamer Bache. 

SECTION YIII. 

ALAl:lA111A, MISSISSIPPI, LOl'.JSIANA, Al'iD AHKANSAS.-(S1n:1cm:,; Xos. li, k, ANll 19.) 

Longitude.~ £n Loui11ia11a.-On his arrirnl at ~ew Orleans, on tile 30th of January, 1880, Assist
ant Edwin Smith noticed that the astronomical station formerly occnpietl in that cit;y was no long(~r 
desirable, street cars now passing on soft ground witl!in a f('W foet of t'ttP place at which his instru
ment" must rest. Heuce, with permission of tlie autl1oritie1;, a station was i'iclected in Lafa,wtfr 
Square, aml, hy reference to a point on Saint Patrick'R d1nrd1, the new statiou was eonnected with 
the former one on Basin street. Assistant Smith had bt·«n pr('Yimrnly engaged at NashYillP. as 
will lie mentioned hereafter under the head of Section XI I 1. After the n•qnisite exchanges therr, 
Assistant G. W. Dean proceeder] to Kash\'ille, aml ou tl1e 11igl1ts of Yebr1rnrj' HL l!l, 21, and'.,?;) 
excbauged signals for lougitude with Assistant Smitl1 at °XPw Orleans. TltP two obsenerR th1·11 
exchanged places, arnl similar ohsenations were recorded for longitude on the 2d, 17th, 2:M. 24th, 
and 27th of March, dnriug \Yltich mouth the intern~etliate night~ were u11fan1rnble for astronomical 
work. Between ~ew Orleans aml Atlanta, Ua., signal~ for lougitude "'ere exchanged on the last 
two days of March and on the 5th and 6th of April, the obseryers changing pla(!es as mmal. In 
the last week of April, Assistant Smith occnpie<l an a.'ltronomical station at JJaton J:nuge, in the 
grounds of the United States barracks. The point there selectal for ob!'errntim1s was connecteu 
hy Assistant :B'. D. Granger with the triangulation of the Mississippi Hi Yer. Signals for longitude 
were exchanged on the nights of April 24, 26, 2U, and 30, and at the same time observations for 
latitude were made b;y Mr. Sinclair. 

Of the relays used in the exchange of signals for lougitu<le, Assistant Smith thus remarks: 
"The Farmer relays suggested by Assistant Dean are simply Morse reln~'S with flat cores 

iusteall of round ones, and are for use with the highest aujmitment possiule, the oltject beinl!," to 
attain a discharge so rapid that discrepancies in observations on different nights shall be insig
nificant. * * * Both chronometer and arbitrary signals were always well receiYe<l with tlw 
Farmer relays. ·with the polarized relays arbitrary signals were also well re.ceivecl, but in SPn>ral 
cases the chronometer signals failed. In such cases the time required for the polarized relay to 
act was longer than the duration of the signal. * * * TI1e Farmer relays have gh'en superior 
results, and the manner of using them is so simple that I am in fa,vor of allamloning the plan of 
permanent adjustment and suhstitutfog Farmer relays or some other rapidly discharging rl'lays 
for the polarized ones. The rheostats and galvanometers will he used for teRt i11g the circuits, and, 
if desired, for equalizing currents through the relays at two stations." 

Assistant Smith closes his report with the suggestion that vrry rapidly discharging relayR can 
be made of c~·lindrical cores one :ind one-fourth inches in length, with a slot cut the entire length 
and filled with some insulating material, the resistance of the coih' for such rclayR to he three hun
dred and fifty to four hundred ohms. 

J<~or the longitude at Raton Rouge, sixty-seYtm observations were recorded during four nights 
on twenty stars. ·The latitude was determined by forty-seYen observations on seventeen pairs of 
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stars observed during four nights. The geographical position of New Orleans had been previously 
determined. 

JJfagnetic obsen•ation8.-Snbassistaut .r. B. Baylor, after occupying points in six of the Atlantic 
coast sections, reached New Orleans on tile 21st of l\farch. 1880. Instruments were immediatcl,y 
set up in the Fair Grounds in tlrn center of what is known as the "wet pasture," and the ordinary 
series of obser\atious were recorded for magnetic declination, dip, and horizontal intensity. This 
work was closed on the 25th of March. 

Subassistant Baylor makes special mention of the courteous offer of facilities made at New 
Orleans by Mr. G. W. Nott for the furtherance of the magnetic observations. 

Triangulation of the JJfississippi Rii•er.-At tlie re1piest of the Mississippi River Commission 
additional parties were detailed in the course of tlie fiscal year for determining points sufficient for 
the delineation of the riYt>r shore-lines. As stated in my last annual report, one of the parties, in 
charge of lu;sistant F. "\Y. Perkins, with the schooner' Research, continued at work through the 
last half of tlw previoufi fisc:1l year, and when the present year opened was engaged at stations 
above Doual<lsom·ille. The work advauced slowly in that vicinity, owing to the necessity of 
clearing lines of sight. In the aggregate, one hundred miles were opened by tedious cutting 
through light growth entangled witb vines and briers. AboYe the limit to which the triangulation 
was carried by Mr. Perkins, tbe lines were restricted in length, and consequently longer reaches of 
the river were passed over in the time employed by his party. The statistics of bis work are: 

Signals erected ........................................................... . 
Stations occupied ........................................................ . 
Poi11ts determined ...........................•............•................ 
Angles measured. _ ..... _ ...... _ .........••........•............••••...... 
N uni her of o hservatio n s ...........................•............•....•...•.. 

2.'i 
li 
70 

266 
6,828 

On the 28th of Xonm1ber, 18711, the party i11 the sc:hooner ReRearch was transferred at Plaque
miue to tlrn charge of Assistant F. D. Granger. Work was taken np at the last two points selected 
by Mr. l'erkins~ aml the triangulation was steadily pushed until the 30th of April, 1880. In 
atlYancing upwards, forty miles of the course of the river were defined by points, generally chosen 
in the immediate vicinity of the banks. ·when, of necessity, signals were Ret up on or outside of 
the levees special reference marks were placed on the land side to facilitate future identification. 

In January, fog and mist prevailed to the delay of obsen·ations, but after tlie close of that 
month the weather was favorable. "Thile conducting the work in the vicinity of Baton Rouge 
Assistant Gra11ger connected hiR triangulation with the base line measured there in a previous 
season. Aboye Baton Houge wooded swamps occur, and as it was found impracticable to continue 
along tlic hankR the chain of triangl<lR was carried across the western side of the neck to Bellevale. 
In the aggregate, twenty miles of lines of sight were opened hy entting RO as to admit of observing 
with the theodoliti'. The statistics of the triangulation are: 

Signals erected... . •..............................•..••....•......•....• 
Stations occupied ....................................................... . 
Angles measured ........................................................ . 
N nm ber of observations ............................. _ ...................• 

39 
41 

459 
14, 80G 

The remainder of tlie fiscal year was employed by ]\fr. Granger in office work connected with 
his triangulation. 

The second party assigned to service on the Mississippi started wo1·k from a chained base at 
Bayou Sara, La., ancl included the river course for a distance of sixty-three miles above that place. 
Assistant. Vv. H. Dennis commenced field operations on the 3d of December, 1879, aml at the end 
of March of the following ye.ar effected a junction with the triangulation party which had worked 
down the river from Natchez. Jn general, the stations were confined to the river shores and so dis· 
posed as to for.Ql a chain of quadrilaterals throughout. 

During February and .March the work was impeded by high water in the river, but the weather 
at the same time was very good. 
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Assistant Dennis used the steamer Barataria for the transportation of his party. Mr. C. H. 
Van Orden rendered efficient service as aid. The statistics of the triangulation are : 

Signals erected ........................ _ ...... _ ........................ _ . . 73 
Stations occupier! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . 73 
Points determined and located . . .. . .. . .. .. . . .. .. .. . . . .. . .. . . . . . . .. .. .. . . .. 93 
Number of observations .................................. . 7,008 

In opening lines of sight, an aggregate length of twenty-nine miles was cut to admit of 
observing upon signals with the theodolite. 

In thfl middle of April, Assistant Dennis commenced a topographical survey of the vicinit,\· of 
Donaldsonville. The plane-table sheet includes a large amount, of detail on hoth shores of the 
river. This work was somewhat retarded by the adrnnced state of the crops of rice ancl sugar, 
but the survey was completed on the 31st of Ma,Y. The following are statistics: 

Shore line surveyed, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Roads, miles ........... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 
.Area of topography, square miles... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

The party of Assistant C. H. Boyd was organized on board the steamer Baton l~ouge on the 
15th of November, 1879, and soon after commenced work in the viciuity of Natchez. Subassist
ant W. I. Vinal preceded the chief of the party and conducted work from the Vidalia base south
ward during the temporary illness of Mr. Boyd, who joined the vessel on the 23d of January. The 
work was pushed southward steadily, and on the 29th of March a junction was made with the tri
angulation of Assistant Dennis, mention of which has been already ma<le. The triangulation by 
the party of Assistant Boyd develops about thirty-seven miles of the course of the Mississippi. 

In the middle of April the party was transferred to Baton Rouge. Topogmphical work was 
commenced there without delay, and by the 24th of May two sheets were completed as far as the 
high stage of the river would then allow. These include the city of Baton Rouge and town of 
West Baton Rouge, and details along the banks are represented to distances of betweeu three and 
four miles above and below the towns. Of necessity, the sheets remain at present without the low
water shore line, and are wanting in some details that were covered by back water when the survey 
was made. Master William Kilburn, U. S .. N., was attached to the party and conducted the move
ments of the vessel. The statistics of work are: 

Signals erected. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . • • • . • 4 7 
Stations occupied ...........................•... ·. . . . . . . • . • . . . . . . . . . . . .. . . 50 
.Angles measured, second and third order . . . . • • . . . . . . . . . . . . . . . . . • . . . . . • . . 735 
Number of observations .. . . . .. .. . .. . . . .. .. .. . . . .. . . .. . . . .. . . . . . . .. ..... 11, 087 

In clearing lines to bring signals into view, about fifty miles of cutting were done by the part,r. 
The results of the triangulation furnished sixty-seven geographical positions. In the topographical 
survey the statistics are: 

Shore lines surveyed, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 18 
Roads, miles ........ ~ ....... ~ . . . . . . . . . .. . . . . .. . .. . .. .. .. . . . . . . . ............. , . . . . . . . 52 
.Area of topography, square miles .. . .. . .. ... . . . . . .. .. . . .................... 20 

The detailed plane-table 'York represents seven miles of the banks of the river, and all featnrPs 
within a mile and a half of the water lines in the vicinity of Baton Rouge. 

The revised computations for the latitude of Natchez show very good results from the ohserrn
tioWI recorded there by Assistant Edwin Smith. 

By the party of Assistant Charles Hosmer the triangulation of the river was extended from 
Grand Gull' upwa.rds to Vicksburg. He moved with the steamer Hitchcock on the 13th da,Y of 
November, 18711, from Saint Louis, but the vessel met with an accident a short dist:mwe below that 
cit, and was compelled to return for repairs. In consequence, tield work was not lwgnn nntil the 
lst ill' ~mber. Triangulation was continued in the vicinity of M.illiken's Bend until the 3d of 
January, when General Gillmore, president of the Mississippi River Commission, requested the 
.tmDafer of t.he pa.rty for rooonna.i888ince in the neighborhood of Grand Gulf. .After tmcing the 
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shore lines and sounding at Grand Gulf, in which work Mr. Hosmer was engaged until the 19th of 
January, he commenced the river triangulation at stations a few miles above that place, and con
tinued up the river until the 17th of April, when a junction was made with the previous work at· 
Vicksburg. The extreme high water greatlJ· retarded the triangulation. 

After completing \rnrk to the limit just stated, the steamer Hitchcock was moved to Baton 
Rouge, and there a topographical Hurve.r was nuule b,v Snbassistant Joseph Hergesheimer, to 
include the town and rfrer shore and the village on tlie weRt hauk of the river. 

Master H. H. Barron, U. S. N., was attached to the party and directed the movements of the 
steamer. The statistics of the triangulation are: 

Signals erected . . . . . . . . . . . . . . . . . . . ......•.......... _ . . . . . . . . . . . . . . . . . . . . . 45 
Stations occupied .................... _ .. _ . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . 46 
Angles measured...... . . _ .......•..... _.... _ ..... __ . . . . . . . . . . . . . . . . . . . 213 
Number of observations............ . . . • . . . . . ••..•......... _ ..•......... 4, 041" 

Fifty-two points were determined in geographical position by the work of this party. The 
topographical statistics, including the work doue at Grand Gulf and Baton Rogue, are: 

Shore line surYeyed1 miles. . . . . . . . . . . . . . . . .................. - . . . . . . . . . . . . . . . . 19 
Roads, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Area of t-0pography, square miles ............. _ .... - . . . . . . . . . . . . . . . . . . . . . . . . . 4 

At Grand Gulf .Assistant Hrnmier ran twenty-two miles of soundings, measured one hundred 
and fifty-two angles, anrl recorded nine hundred and three casts of the lead. The field work of this 
party was continued until the 10th of May. Mr. Hosmer then took up his office work, and on its 
completion will resume the survey of the Mississippi. 

Base lineg and azimtith, .il'f.ississippi Rii'er.-For the ndjustment of work done by the several 
parties whose operations lmve heen already noticed in this section, Assistant H. G. Ogden was 
assigned to service in November, 1879, provided with means for measuring base lines at intervals 
in the river triangulation, and also for determining azimuth. His part;v was organized at Cotton
wood Point in )'Iissouri, on tbe 8th of December, 1879, at the request of the l'tlississippi River 
Commission, for the measurement of a line to be connected with the triangulation conducted by 
the United States l<Jngineers. After the completion of work at the Cottonwood base, Mr. Ogden 
occupied iu succession stations near Ba~'ou Sara, Baton Rouge, Lum's Point, and Lake Providence, 
and closed work on the 16th of May, 1880. 

All the sites for measurement were selected with a view to the least probability of encroach
ment from the river, and the lines were marked in a substantial manner with stone piers set in 
concrete. 

The base lines at Cottonwood Point, Ba.ton Rouge, and Lum's Point are somewhat more than 
a mile in length. The line measured at Point Coupee, opposite to Bayou Sara, is fourteen hundred 
and thirty-four meters, and that measured at Lake Providence is fifteen hundred and fifty-six 
meters in length. All were measured twice . 

.Azimuth observations at Cottonwood Point, Lum's Point, and Lake Providence were referred 
directly to stations at the respective bases, but at Bayou Sara and Baton Rouge it was found more 
convenient to use lines of the triangulation for the determination of azimuth. 

For reducing the azimuth observations, approximate latitudes were determined by zenith dis
tances. At Cottonwood Point and Bayou Sara time was obtained by observing on two stars near 
the prime vertical; at other stations by the passage of time stars over a small transit set in the 
plane of the meridian. In observing for azimuth, the instrument was used in seven positions, two 
or more sets being recorded iu each, with six to eight pointings on the star in each set. 

Assistant Ogden was aided in the field by Messrs. Carlisle Terry and Isaac Winston. In 
measuring the azimuth and observing for time and approximate latitude, nearly one thousand 
pointings on stars were recorded. For connecting the bases with the adjacent triangulations, 
seventeen horizontal angles were measured by se,'en hundred and ninety-two repetitions. 

Good results are reported from the Computing Division from the observations recorded at 
these five stations. 
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Missis11ippi Niur le1.•els.-To fortl1er tlte Jiurposes of the Mississippi Hin•r Cornmissiou two 
parties were sent to tbis .section to rnn lines with the spirit leYel. 

Snliassistant .Andrew Braid was at New Orleans, La., earl;v in Deeeml er, !Sill. A ftt>r Htti11g 
out the schooner Quick, he had the ve:,;:,;el towed to Carrollton aud commenced work there on the 
27th of tlle same month. Tbe bench-mark established in 187;) on the iron step of the Carrollton 
Railro:-id depot was ado11ted as the ha:,;i:,; for leyeling operations, hut a:,; tile Hampson bench-mark 
has been u:,;e.d for l!nited States eugineer sunep; since 1S50, awl is the base of the grades of the 
town of Carrollton, tlte aclopted beud1-rnark was can;fully refr1Ted, am! pnncell to bP 11'".~0;'J~l 

higher thau the Ilampsou mark. Concerning that- mark tlie followin,!.!- mformation was comnm
nicatcd hy .!\Ir. W. \V. \Villiams, assistant t:'nited States engi1wcr at Carrollton: 

"Yfl1en the gauge at Hampson wa1; first established the zero was placed as nearl~T as could be 
judged at the lowest wakr mark, au<l it was fonnd that the bench-mark read 7 .92 feet on tbe gauµ·e 
as set. Tiu· gauge was used for many yPitrs at that adjustment, aml though it \Yas nfterwards 
found that the zero was not down to the lowest water leYel by seren-tenths of a fool, t lie gauge ha;; 
been kept unaltered, that fat-er ohserrntioim might he more readily compared with those of earlier 
date. 

"There seems to be no well-ascertained relation between the Hampsou bench-mark aud sea 
level. The supposition that the zero of the gauge was sea h·Yel ltas been disprmTed. Now it is 
believed that the leYel of the Oulf of J\Iexico is from nine to twdn' inches below the zero of' the 
gauge, but in that couclnsion the Jeyel of r,ake Poutchartrnin was assumed to lH~ tlw same ai'i tltat 
of the Gulf.'' 

The line of hweJs run b,Y 3lr. Hraill follow;; tlie l'ast bank or the :\lissiil8ip1ii from Carrollton to 
Baton l~ouge; then, crossing to the west hank, tlw line follows the course of the riYer to Red l\frer 
Landing, wlwre the tlooderl cornlition of the country compi:lled another cros~iug. Along the east 
bank the line was continued np to Fort, Adams, passing oYer the hills iu that Yicinity. 

Permanent ben<"h-marks wNe established along tlw limo at intenTals of from three to si:x milel'. 
and oecasiona1ly at shorter distance:,;. Between the primarJ markc; i-;ubsidiar.v mark~ were placed, 
but these being temporary probably cannot lrn found after any t•onsirlerable lapse of time. Granite 
posts were used for the permauent marks after Suhassistant Braid found that lt_ydraulic cement 
was not suitable for the purpose desired. 

Thr method of ob:serYing i:,; that 11l~retofore described. Two lines are rnu simultaneousl,y with 
the rods place(l at different distances from the irnstrumcut,; and alternate sections of the line were 
run in opposite directions in order to neutralize accumulatiou from any tell(lcnc.r t-0 con:stant error. 
The report of l\fr. Braid shows that there mts such tendency in the 1•ourse of forty-fire miles. Then 
the two lines coincide in results and alternately separate and approaeh until, at the twenty-sl~venth 
bench-mark, the,y differ by onl.r four millimeters; and at the forty-fourth hy onl,y one milliuwtt>r 
and seven-tenths. As determined hy computation, the probable error for the distance run (upwards 
of two hundred and three miles) is 18.2 millimet-0rs. 

During the latter part of the season the progress of work was much retarded by the tlomle1l 
condition of the countr~-. 1'revailing calm:s also caused delay, as the •essHl could not. when desir_ 
able, be moved against the strong current of the river. l\1r. W. O. Ilodgkius was attached to th" 
party as aid, and served efficiently in the fiel(l and in office work. 

Forty-nine primary bench·marks were established and one hundred and forty-fonr suhsidiar,Y 
marks. ')'hf' work was continued until the end of l\Iay. Mr. Braid then reported at the office and 
engaged in computing the results of field observatious. The proba!Jle error for the entire distance 
run is less than one inch. 

Subassistant Braid bad been previousl;y emploJ·etl in Section XIY, and mentiou of' his serdces 
in the field will be stated nuder that bead. 

Between J\lilliken's Bend and Greenville, lines of Im·el were run by .Assistant 0. II. Tittma mt 
and Subassistant .T. B. ·weir. This work was begun in ,Tauuary and closed in 1\la~·, 11-!SO. The 
distance traversed with the instrument is one hundred and four miles, and in tllat- rnnge one hun
dred aud eighty-eight bench-marks were set. 

Inspection of the records in the Computing Division re,Tealed a sr.steimttic Yariation in the 
apparent height of bench-marks in obser.-ations made between two o'clock and tlll'ee o'clock in the 

S. Ex. 12-5 
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afternoon; the report from tl1at Division adds: "There is strong reason to support the belief that 
refraction ii; very great in observing along lines that cross water near its surface.'' The computa
tions produced a probable uncertai11ty in the resulting difterence of height between the first bench
mark and the lai:;t of 188 of± Orn.0'.!1 1 or somewhat less than seven-eighths of an inch. 

The sc110ouer Brisk was employed for transportation by the party working between 7'lilliken\1 
Bend and Greemillc. 

Hydrograpliy of the Lmccr J1Jiil,\'i.~.~ipp1'.,-fo April last, Assistant H. L. l\larin<lin made a oompar
ison of recent i'lUrYl•)'."l of that reach of the Mississippi which is comprised between the Head of the 
Passes and a line across the river about four thousand feet above the north point of Cnbitt's Gap. 
The comparison reveabi that ghoaling had occurred on both banki> within tlie limits stated, between 
1872 and 187", and that there was a marked deepening along the center of the ri\•er and towarcls 
the right bank or west r-;hore. 

Below CubiU\i Gap the comprehensive report of .Mt. l\iariudin contrasts the suryeys made 
between 1866 and 18ii. All changes are carefully noted, and illustrating tables are appended to 
the paper, a copy of which will be found in the Appendix No. 10. The information contained in 
the report was promptl.r furnished for the use of the Mississippi River Commission. 

SECTION IX. 

TEXAS AND ThDIAN TERRITORY.-(SKETCII Nn. 20.) 

Hydroyraphy, coast of Te.ra8.-In December, 18i9. Lieut. Uriel Sehree, U.S. N., AssiHt.aut in the 
Coast and Geodetic Sur,'ey, took charge of the steamer Gedney, and after refitting the rnssel left 
New· York iiro,-ided with prctlections for prosecuting ~;oundings along the coast of the Gulf of Mexico 
in the vicinity of Corpus Christi. After settfog up siguals the hyrlrograph,y was taken up at a point' 
teu mih~s west of Cavallo Pass) lJLLt by reason of bad weather sounding·s advance<l slowly. .A.t such 
intervals signals were erected on the sand hills of Matagorda Island, Saint Joseph:s lslantl, ~1us 
tang h1aml. arnl Pa.dre Ishrnd; but by the 2:{d of .June the Gulf shore was sounded to a poiut eight 
mileR t-1onth of Corpus Christi Pass. In general, the signals were YisiJJle at distances of from seven 
to ten miles oft' shore. He~1ornl, ancl out to an average distance of fifteen wiles from the beach, tlte 
lines were run uy eourses aucl disfances. From the three-fathom cun-e inward short lines about 
three miles apart were rnn iu boatR to tl1e edge of the breakers. .A line parallel to the beach was 
run h,r the steamer iu from two and a half to three fathoms of water, in·oving, as has been found 
heretofo1·c, that the bottom slopes grad11ally to a depth of about fifteen fathoms at :fifteen miles 
from the beach. 

Two lines of soundings run across the bar at Corpus Christi Pass showed a depth of five feet 
at mean low water. The channel is about two hundred yards wide. 

While sounding" were in progre:;;s tl1e tides were recorded at De<;ros }loint, inside of Oava1lo 
Pass. The ri:-1e and fall is less than one foot, ancl the water level, as at other places on the coast 
of Tex.as, is greatly afi'ectecl by win<ls. 

Lieutenant Selm:>A~ says in regard to tl1e currents: "At times the current would oo iu one 
!lirection close inshore, and three hours afterward, in the opposite direction, at the end of a line 
of soundings. After a strong northeast or easterly blow the current sometimes sets for days at a 
time to the southwest at a rate of one to two knots per hour." 

The statistics of the h,Ydrograpby are : 

l\Iiles run in sounding .......... ~ ... ,. ...................... :.. . . ... .. .. . . .. .. . .. .. .. .. . . . . . . .. .. t;92 
Angles measured ......••.•.•..•••.••........••••.••..••......•...... - .... 1, 271 
Number of soundings ....................... _ ...••••..... - . . . . . . . . . . . . . • . . 5, 613 

Under the head of Section I, mention has been made of hydr·ographic work prosecuted by Lieu
tenant Sebree in tlte selwoner Silliman. On tl1e coast of Texas he was assisted in the sf,eamer 
Gedney h~' Hcut. PeHy Garst, U.S. N., and by Ensigns J. W. Stewart, J.C. Colwell, and M. L. 
Wood) U.S. N. Lieutenant Garst was detaehe<l from the party on the 8th of June and assignOO. 
to take charge of a hydrographic party in the schooner Earnest on the Paeific coast. 

Trian9ulat·ion and .~hore-Une sul'vey of Laguna 11fadre, Tex.-The fteld work in Laguna Madre 
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was resumed at the opening of the foical year hy .Assistant R. E. Halter, who extended the trian
gulation southward to a junction with work done predom1l.r. This 1•.ompletPs t.lt<• triangulation to 
the Rio Grande boundary of the United States. 

The shore lines of the lagoon 11ad in a former ~-ear heeu traced to points about eighteen mile:; 
north of the mouth of the Hio Grande. There the topographil'al surve.y was taken up by )lr. 
Halter iu August, and was pushe<l northward forty-fh·e miles along the mainland and about thirty 
three miles on the Gulf side of tbe lagoon. ·when the work was t1o~ed for the season on the 
23d of February the statisticH were : 

Signals erectl•d . _ .. _ ...•. __ .. - .... - _ . • ...... _ .......... - .... - . - ......... . 
Stations occupied. _ ..... _ . . . . . . . . . . .. _ ... __ ........ - .... _ .... -... _ ..• _ ... . 
~"-ngles measured. __ .. _ ... ___ ........ __ ................. - ................ . 
Number of obseryations .... _ ... - ..... _ ...... - ... _ ....................... . 
Shore lines traced, miles ......................... - - ........... - .......... . 

" ,, 
5 

:384 
4,612 

399 

]fagnetic observations.-With the steamer Eagre. foeut. S. :\I. A1·kle.), F. S. X, .Assistant in 
the Coast and Geodetic Snrve.y, sailed in I>ecember, i8i9, to continue the series of magnetic obser
vations which had been projected at the oflice, and partly completed in the preceding :-;eason, as 
mentioned in my last :wmml report. Early in .fannary, Lieutenant Ackley reaehcfl the Tortugas, 
and there passed thref' days in recording magnetic ohsernttiow:.. Passing on westwanl, he made 
similar records at Alacrau Reef, arnl a partial series at Cay Arenas. On read.ting Tampico the 
weather and coudition of the bar were such tlrnt, the n~ssel could not enter, aud tl1e same uufayor
able circumstances made it impracticable t<i reconl ohserrn,tious, a11 intended, at Santander and 
Tuxp:m. Proel'eding to Yera Cruz, a full series of ohRern1tions was ma,de, and subsequently at 
Coatzacoalcos, Lagm1as, C:1m1wclrn, and Progresso, the last-named r;tations heiug 011 the north 
side of Yueatan. 

At all the point." rn·cupietl 011 the :\1exiea11 coast, Lientenaut .\d;.le~- was met conrte·JU:,;ly b,Y 
the authorities, and. any assista11ce needful in the ohserYatiom; was freely tenden•d. 

This season's work, like that of last year, estahli.~hes the facl. tli:1t thf· annnal change of varia
tion in the. magnetic declinatiou has increased in the lower part of tltr ( :ulf of )fexico, but the 
variation or deflecticm of the needle is diminishing. ·with one exception (Cay Arenas, wlw1·e the 
anchorage is bad), obserrntious were made for declination, dip, and intensity on three da~~s. 

For the epoch 1880 the isogonic li1rns ham been drawn in the Computing Di\'ision of the office, 
and the variation of the compass, as derived from the latest obsenations, is now marked on cltarts 
as they are issued. . 

Lieutenant Ackley was assisted in this section by Lieut. H. T. :Monalwn, r. S. N.; h,> Master 
F. E. Sawyer, U.S. N. j antl by Ensign W. H. Nostrand, U.S. N. 

SECTION X. 

CALIFORNIA.-(SKETCIIES Xos. 22, 23, A'ill 24.) 

Tidal observatfons.-With ~1 self.registering tide gauge furnished from the office in 'Yasllingt-On, 
a series of observations was commenced at l\fazatlan, on the west coast of Mexico, in .Tnly. 1819. 
The records since that time have been regularly receirnd from 11Ir. Fiacro Quijano~ cidl engineer, 
by whose aids the results have been tab11lated monthl,r. The records give promise of speeial YalnP. 

Suri•ey of Sati Nicola,s Island, Cal.-For the survey of this island, the party of ,\Ksistant. 
Stehman Forney was organized on the 1st of July, 1879, at Santa Barbara. Lieut. E. H. C. J,cutze 
received the party and instruments on board the steamer }foArtlrnr nnd without delay reached 
Corral Harbor, a small indentation on the north side of San Nicolas. 

After landing, Mr. Forney commenced the topographical sun·ey, and prosecuted the supple
mentary triangulation needful in that work. He also erected and determined in position all the 
signals required by the hydrographic party, and reset the ground marks at the triangulation points 
occupied some years ago. In the course of the season, as opportunity offered, angular measure
ments were reoorded at two stations for determining the position of Begg Rock, which lies about 
nine miles westward of the island. The roek is frequently obscured by fog, and unfortunately was 



 

36 REPORT OF THE SUPERINTENDENT OF THE 

so at times when tlw signal on Sanbi Barbara Island came into view; the position of the rock, 
howe,·er, was well checked by additional measurements in the course of tlie plane-table survey. 

Tlw detailed topographical work on San Nicolas was completed ou the rnth of September. A 
few days after thP party was lauded at Santa Barbara by the steamer McArthur. The island is 
thus rpferred to in the field report: 

"Sau Xieolas is the most distant of the channel islands from thfl coast. It is nearl,y nine 
milel' long, averages two and a half miles in widtl1, aud is eight hundred and eighty feet high, flat 
on top, with precipitous sides composed of coarse sandstone. About two-thirds of the surface is 
eowred with Raud, and the remainder with wild gTasses like the vegetation of the mainland. 
Small patches of seruh oak are found in a few remote parts of tl1e island. 

''San Nieolas, like San Miguel, is coYered with Indian graveR and shell mounds. It is well 
supplied with springR of slightly hrackish water. The onl~· good boat landing is at Corral Harbor, 
a little hasio with sixty feet of water at the northwest en<l of tl1e island.'' 

.For use in the plane-table sun~ and the adjacent hydrography, Astdstaut Forney erected 
and determined in position seveaty-seven signals, exclusive of thirteen used in his triangulation. 
All the pointR oecupied hy his own and preceding parties were securely marked. The ordinary 
statistics of tl1e work of this season are: 

Stations occupied . __ .... _________ .. __ .. _ .. _ . _________ - . _ . - - . - . - . - . - - .. 
Signals obserYed on _ .. __ ..... _ . _ ... ___ .. _ . . . . . . . _ ............... _ .. 

9 
14 

A.ngular measurements _..... . . . . . • . . . . . .... _... . . . . • . . . . . . • . . . . . . . 1, 248 
l\Iiles of sborr line surves·ed ........ ___ ..... .... . . . . . .. .. . .. .. . . .. .. . .. .. .. .. . . . . .. . . . . .. .. .. .. 25 
Area of topograplly

1 
square mile,; ... _._ .. _. _ ... _ .... _ ... __ . _ .. _....... .. . 22! 

Mr. Forney rPporteil iu person at "\Yashington on the 20th of October, and after turning in the 
plane-table sheet and records of hiR work engaged in dnt,\· in Uw office. 

Hy<lmgra11h.V of the Santa Barhar·a, l11land8 1111d aiVacent comd of Cal~fornia.-ln preYious seasons 
tlrn coast 11,Ydrog-raphy was cornplch~d between Newport Hay an<l Point Arguello, and the ap
proaches to the Santa Barbara Islands that border the channel were thoroughly sounded. Of the 
outlying island81 all the appro.lChel-l to Santa Catalina aml the south approach to Sau Clemente 
were sounded by Commander Cofliu, at state1l in my last annual report. 

At the opening of the fiscal year the work requisite for completing the b;plrography of the 
vicinity of the outlying iRlarnh1 was assigned to Lieut. E. H. 0. Leutze, U. S. N., Assistant in the 
Coast and Geodetic Sur\·ey. LeaYing Santa Barbara with his patty in tht> steamer Mc.Arthur ou 
tlte 6tl1 of .Tuly, 187!J1 weatlter so bad was uuexpectedl,y encountered in the offing that the vessel 
was detained tllI'ee da.rs in the Yicinity of San Xicolas, where it was inteucled to land the party of 
Assistant Forney for the topographical survey mentioned under a separate head. 

As soon as practicable, Lieutenant Leutze set up four signals on the north sidP of San Clemente, 
located two points carefully, and had tidal observations recorded at Catalina Harbor. Soundings 
along tlle north side of San Clemente were completed by tbe 23ll of Jul.r. The resultiug sheet 
shows depths ranging from six feet to six hundred and forty-five fathoms. 

For the adjustment of soundings in the vicinity of &n Nicolas Islaml, the tides were obsen·ed 
at Corral Harbor while hydrographic operations were in progress. Tbe projection which takes in 
Begg'is Rock was filled witb soundings by the 18th of September, and the development shows 
depths rang'ing from two feet to three hundred and forty fathoms. Assistant Forney having com
pleted the plane-table survey, his party was again received on board the l\fcArthur and retumed 
to the mainland. 

For the hydrography around Santa Barbara Island seven signals were erecred and as many 
points determined in geographical position. The tides were observed at a station in Prisoner's 
Harbor on Santa Cruz faland, and soundings in all tlte approaches to Santa Barbara Island were 
completed hy the middle of October. On the resulting chart the depths range from thirteen feet 
to one hundred and seventy-eight fathoirns. 

Next in orrler of date, work was taken up along the eoast south of San Luis Obispo. Ten 
signals were set up and determined in position; tides were recorded at Gaviota wharf, and b.r the 
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11th of December tlie chart was filled with sonudings rauging between nine feet aml twenty-three 
fathoms. 

Iu order to joiu with the inshore soumliugs last mentioned, a. fifth i-;heet was proje<:te<l for 
extending the h,Ydrography southward to I'oint Sal, wliern operations W<'re elosN1 for the ;;;emmn 
on the 11th of December. Tlw aggn•gat<~ statistics rm~: 

Miles run in soumli11g • . . . . . _ _ _ _. _. __ .... _......... . . . . . . . . . . . . . . . . . . ti42 

Ang let' mea.sured ...... , . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . • . . . . . . . . . • • . . . . 1. 8311 
Number of soundings .................................................. 7. G'il.i 

1.1icuts. E. K .. '.Hoorp nu<l I.1. C. Heilner, L S. X., and .M.nster8 ". l'. Elliot antl R. H. Galt, 
U. S. N., were attached to the liydrog-rnpbic parts in the steanwr l\JcArthur. 

Topography north of l'oiut Arguello, CaL-Atfrr completing the tertiar~- triangulation of the 
coast of California between Point Arguello and Poi11t Sal. as i'<tateil in my report of la.st ,Yt\ar, 
Assistant W. E. Ureenwell closed that 11easou hy a detailed topographical survey of the middle 
stret<;h of coast inclnded in the triangulation. The sl1eet returned to tlw olliM repreReuti-; all tlie 
topographical features ad,jacent to Point I'urissinrn. Of three other pr~jections filled in the conr;;e 
of the present fiscal year one shows the shore liue and surfarl' details along the coast from Arroyo 
Hondo to Lompoc Landing, which i» a short <listam·<· south of Point l'missima. The sheet of last 
year including tlmt point delineates nine miles of tl1e coast nor! hwartl to Shnman's Calion. There 
the plane-table survey was resumed, and during September, October, and November, 18i9, wai" 
prosecuted llorthward around Point Sal to the entrance of ~anta l\1arfa Hi Yer. Later in tl1e year a 
third sheet was filled with <ll'tails extending tbe topograpltical RU1Tey to ,\ rroyo 0-mnde, wheJ'P a 
.inaction was mfl1le with the plane-table work former]~- done on tlie slim·rs of the San Luis Obispo 
Bay. The three she~ts turned ill by ~\ssi><tant Ort>mnwll n•prest•11t thP gTmrn1l fpa!nrt>s to a distance 
of about two miles from the coast line. A synopsis of tlw gr11Pral statistir.'I is appP11di>1l: 

Shore Hue surve,Yed~ 1nilf•s .. _.. . .. . . . . . . . .. . . . .. .. . . . . .. .. .. .. . . . .. . .. ...... _ .. .. .. .. .. . .. .. . .. . ~tl.t 

Hoads, miles........ . ................ , .................................. 55 
Area of topograph,Y, square miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . r1:"i 

PrimAtr.lf trian.qulatio11.-For compll'ting ohservation8 at the t\astcrn lc'tHl of tbe great quarlri
Jateral which so appropriately bears his name, J>rof. Heorgl' DaYi<lson 1 Assistant. iu the Coast aud 
Geodetic Surycy, organized liis party and took tlte field U<3ar the end of )lay. 187fl, after arranging 
t-0 occupy first .Mount Lola (ninety-two hundred ;111d eighty feet higl1) and next Uoun<l l'op. the 
summit of which is ten thousand six hundred aud forty-firn foet above the sea le1el. The route to 
the la.11t-named station was greatly impeded by snow until late in June. 

"l\fount J;ola is about tweke mill's north-northeast of Summit Station, on the Central Pacific 
Railroad, and is not specially di><tinguishahle for ele•ation. It is on the main crest line of the 
Sierra Nevada, antl ma.,y be n~ached from the ea"tward hy several ways; but going b;y wa.,r of LakP 
lndependen~ the party had only fourteen miles of teaming in a rise of tweke hundred feet. The 
summit was reached by packing and sledding fiye miles and a half O\'Cl' sno1v-, with a rise of about 
twenty-eight hundred feet.'' 

Much difficulty was encountered in consequenmi of drift:;;, but the party was thoroughly efti. 
cient and met all impediments successfully. 'Yhile .Assistant ,l. ,J. Gilbert and Subassista11t E. .F. 
Dickins advanced towards the 8tation with tbe. instruments and needful equipage, Assistaut B. A. 
Colonna was detailed hy Professor Davidson t-0 post heliotropers at Mount Helena, Snow .'.\fount. 
Mount Linn, and Marysville Butte. At the same time, Subassistant J. F. Pratt was Acnt to Atatio11 
heliotropers at Mount Diablo, Pine Hill, and faissen's Butte. Near the last-name<l Htation the snow 
was very deep, but Mr. Pratt succeeded in reaching it and posting the 11and engaµl~11 as heliotroper. 

Much hardship was incurred in reaching Mount Lola, on account of snow and eold air. ( lflkers, 
men, and animals sank in the snow to their knees, and all were seyerel,r trie1l in the ascent, 
which of necessity was done afoot in a rare atmosphere. Assistant. Dan<lson went to the summit 
on the 9th of June, and then encountered a flurry of snow and found the tcmpemture below the 
freezing point. As soon as possible, a space was cleared by the remo1al of detached rocks, and a 
pier was constructed by using cement. This was properly capped to receive the theodolit.e, and 
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was marked for identifying the station point. Jn lieu of a wooden observatory, Assistant Davidson 
trusted to his canvas tent, aml protecterl it by a heavy dry wall of stone which broke the force of 
mauy fierce winds in tlrn course of tlw season. \Vhen the pier was read,y, Suliassistant Dickins 
was sent to post 11eliotropcrs at, Chm1011 Cone arnl Pah-Rah. Snhassistant Pratt wail detailed to 
proceed to Hound Top and report upon the best 111eans of reaching that summit and in regard to 
the subsist(•11ce of tlw party whilt> there. ProfessOl' Drwillson sclecterl an azimuth mark somewhat 
more th~m frw• miles distant from :Mount Lohl. and in 80 doing guarded as far as possible against 
the effect of hori:wntal n~fractiou. 

After mounting the tlrnorlolire, observations for horizontal tlirections were commenced without 
1lela.v, am1 while thn:;e "nrP coutlticted by Assistant Davidson hrn piers were built by Assistants 
Colonna and Gilbert for 1he transit and zenith telescope. The foundations were 9f rock laiu in 
cement; the superstrueture of lirick capped with a fiat stone. The vertical circle was monnt~d on 
a very heavy block of pine. and another block was arrangetl to receive the magnetometer .. For 
horizontal directions alHl :tziumth, the twenty-inch theodolite No.115 was mount,ed 011 tl1e ca8t-iron 
repeatiug st:md devhwd h,Y A>lsistaut Davidson in 1870. Observations were recorded in twenty. 
three position:;; of the limb of tl1e in;;trument, and the readings were made by three micrometer 
microscope;; with eirele, direct aud ren:r:sed, upon two hnndi:ed and seventy-six different g·radua
tions (of fin: minutes each) npou the limb. 

Assistant ua,·idson, having stationetl Assifltant Colonna at Mount Shasta, succeeded in meas
uring two angles in the great triangle J,ola-Shasta-Helena, having sides of one hundred ancl thirty
six, one hnmlred and sixty-niw~, and mw lrnmlred aml ninety-two miles. Under a subsequent 
heading, mention will be made of tlw operations upon Sha;;ta. On the :!fltlt of ,July, l\Ir. Davidson 
saw the heliotrope shown from 1hat station, and obse1Tcd npou it in Ji ye po;:;itiom1 of the theodolitf~ 
at Lola. Vurtlter te1<ts Wc>l'f' rnarle there for the determination of azimuth hy the use of a collima
tor, but the results sern~d only to establish the conclusion reach eel preyioni;;l~·, and reported by 
Professor Davidson, "tl1nt the eollima1or, to hP effi>ctin\ m11st he upon the same rock, or upon a 
pier conneeted in solirlit,v with tl1c> pier· of the tl1em1olit1»'' 'l'hel'\e conditions were impracticable at 
Mount Lola. 

For ~Lzimuth, As;;i:;tant I»lYidso11 observed ou tl1e two sbm.;, " L'rsa· .Minoris at miste.rn elonga
tion, and upon 13. A. C. 416i"i at western elongation, in the twenty-three positions of the instrument. 
The observations were referred to the azimuth mark and also to the eollimntor. 'Vhile this work 
was in progress Suhassistant Dickins kept tbe record. 

The latitmfo ohsen·ations, and partly those for time, were made by Assistant Colonna, with 
zenith telescope No. 3. Twent~·-five 1)airs of stars were obserYed through seven nights, ancl the 
usual reconl >vas made for determining the value of the micronwter screw, and for measuring the 
irregularity of each turn. 

Aft-0r tlie departure of l\fr. Colonna for }fount Shasta, time observations with the transit were 
continued by l\lr. Gilbert. In the measurement of vertical augles fnll seriel-l were recorded at 
:Mount Lola upon all the signals in view, one of them being one hundred and sixty· nine miles 
distant. 

Jfaguetic observations were made at tlte summit, but, as remarked in the field report, they are 
to be con8iderell only a tentative for absolute measures. Later in the season, Professor Davidson 
set up the theodolite magnetometer at I,ake Itulependence, whieh is tweuty.011e hundred feet below 
the summit of Mount l.1ola, and there l\lr. Dickins observed for the magnetic declination during 
one da~·, while Assistaut Davidson ohsern•tl for time and azimuth. Dense smoke in the Sacra· 
ment,o \'alley rntardcd operation:s at l\1ount Lola~ but, pending the delay, a topographical recon
naiKsance of the mountain was made by Subassista.ut Dickins. :For tlte resulting map, Assistant 
Davidson selected and measured a base, and made sketches of the characteristic features. Subse
quently photographic views were semll"ed of important points to the southward and eastward, in 
which directions smoke 1litl T1ot interfere as it did in other tlirectiomi. :Meteorological observations 
were recordetl at I1ola in ,July, and in Augn11t and September at Round Toil. As before stated, 
tlie heliotrope on Mount Shasta was seen on the 29th of July, when all the baggage on Lola was 
already packed for the transfer to Round Top. There llr. Pratt provided huts by the 9th of 
August, and had located a wagon road to the lower camp, as also a trail to the observing point 
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near the summit of the mountain. Lumber, carnp equipage, instruments, wood, water, au<l pro
visions were of necessit,Y el1rried up to the statiou. There the 11ier for tlrn large t11eodolite was 
built by Subassistant l'ratt himself, of loose rocks at th(• ;mrnmit, which he laid in ce1rn~ut. As 
before, tl1e instrument was motrnteil on Mr. DaYidsou's east-iron '' poRition circle." The litth· 
wooden observatory, eight feet sqnare, was protected from l1lmri11g away by a hea\). dry wall of 
rocks, and holes; with iili<les were cut in the li11es leadiu~ to the different RtMions. Assi:-;taut 
Colonna lmilt tlw pier.-; fol' tl1c r.enith telescope autl transit. \Yliorerer iwedful, dr,r "alls were 
put up for securing what had bet•n taken to the summit, tlw ele,·ation being ten l.hou,;arnl six 111111-

dred aml forty-tiYe feet, allll the peak of the mouutaiu swept by fierce wi11d11 • 
. As at IJolci, horizo11La.l i111gles were measured at Hound Top nuder all cir<•uau-:tane<·s of \Yeatltr~r. 

Referring to the eondi ti on of the at1110Rphcre htte in September, Assistant DaYi<lson sa.vs: 
"I ha\'e stood hours at the irn,trument to gP.t twenty miuutes' work, and sometimes to get 

nothiug. The cold was seV('l'C, and iu the last sno1r, wl1ich 1rns fifteen feet de1•p ou the trail, we 
pulled ourselves up to tlw statio11 llj· meam; of a life-liHe through Rnow breast high when tlle air 
temperature was 1war zrru. 

"In order to use at Hound Top 1 he same stars that hall l1eeu olJ8erYe\l on at Lola, the azimutli 
mark was set up by i:\uba:>::.h;tant Pratt at a point about six miles north-northwest of the station 
and seven hundred feet le;-;,,; in elerntion." 

Professor Davi<l;;on made the ohserYationl', aud at tlte dose a:>siRte<l ::lleRl'II'li. <iilhert arnl 
Dickins in pra.r.tie1' for obsen-i11g i1zim.utl1. 

}'or latitude, Assist.ant Colomm ohs1•rYell twe11t,,·.th·e pair,.; of :,;tar,:; 011 s<.:ven night:;, mul, a11 
before, determi1wll tlw \·allw of the 111icrn111t<ter fur an en tin• turn of' tlw Sl'l'l'\\. ai; well as for irreg
ularity at each turn. Jfo also made tl1<· trau:-;it ohsenations. usi11g t11e J.hwid:,:011 meridian ilrntrn· 
ment, tlle rl'eonls heiug· made by .'.\Ir. Dicki1t::., wl10. aftt-r their ('.0111 pldiou, l'Y.l't'Ull'll a topop;raphi\•al 
sur\·ey of the \'ieinity of the st:cttion mi I<ouull Top. .\Lt11y 1ldiirnlt il',; Wl're ow1Trn11e i11 sp(•nring 
11hotographic Yie1rn. 

Ifrorn l\lount, Lola, lhP length-; of tl1<~ lirw;; oh,;en·ed 011 an~ fifty fom. tifty.;;eYeu, Jifly-eig-111, 
sixty-one, eight.v-one, nitwty-:-;ix, lllle humln·d arnl thirt~·-one, one lnmtltt>d all\l 1llirty-six, mw 
hundred and tbirt~·-eight, one hnmlreu aud forty-one, one lmrnlretl arnl sixt~ -11ine, and 01w hundred 
and ninety-two mile:>, the last being to l\lount Shasta.. From lfoutHl Top the line1' of triaugnlatiou 
range at thirty-eight, fifty-four, lift.y eight, sixty-senn, sixty-eig·h1, sixty-eight, forty-fin~, orw 
hundred aud sen•n, oue hundred aud twenty, one ltuudrcd au<l tweuty, on<· hundred and fort~·-six. 
and one hundred mul 11ixt,1· mileH. At the two statious thirt y-mie hundred awl forty-eight obserrn
tions were rcconle1l for determining the azimuth. 

r,atitude was determined at Mount Lola awl Honn<l Top h~· au aggregate of sixt~n hundred 

and forty-four observations. 
The meteorological reeords include upwards of two thousand ent.rieR. 
At Lola, fourteen da~·s and three nights W\'l'e given to determine the coe1ticicut of n•fractio11, 

and sixt,een days "·itl1 two uigltt.s for the same purpose at Uoun(l rrop. A 11 ag~regate of tweut.r
two hundred au<l ninety-thn•e obsenatio11s wf're tlrnH recorded; and eighteCll hundrPd awl fort.Y-six 
observations for the measurement of vertical angles. At T1ola. and at Inde1lemlencc Lake, l'rofessor 
Davidson made about four hurnlr1•d observations for determiniug the nmguetic elcme11ts. Tlw 
ordinary statistics for the measurement of horizontal angles at the two stations are: 

Horizontal measures in twenty-three positions .•.........................• 
Pointiugs of ocular micrometer .•.. __ . . . . • • . . . . . . . . • . . . .•..........••.... 
Primary signals observed on ....•..•.. , , .•...•............•............•. 
Secondary signals obserYed on .......... _ ............. -................. . 

3,310 
1!!, 770 

2;~ 

40 

At Jackson Butte, about forty-six miles southwest of R-0uud Top, ·.\ssistaut Da' it1~011 recorded 
about eleven hundred obserYations for determining the coefiicieut of refractiou, and measured hori· 
zontal angles on two primary stations. Incidentally, Profossor Davidson examined tho region about 
Truckee, ou the Central Pacific Hailroat!, with reference to the practicability of determining, by 
means of the spirit level, the difference in height between that point and the station on Mount Lola. 

The report of Assistu.nt Davidson givrn> the results of hi!l observatious on heliotrope spectra 
in remarks of special interest: 
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''At Lol:i, with thP unassiste(l eyl·, the l>laut•t Y1•11ns wa.f\ visilllP at a11y time in tlw day. Sirius 
could be fWPll at uoon in thf' Da'.'idson nwridiau instrument of two aud fi\'e-<'ighths inches aper
ture, and app1'an·1l a;; hrigl1t ;is Polaris dt•es at night. Polaris was ,-isiblt· iu the same telescope, 
at a11y honr of the day, and the daytime oh;;prYatio11s for nilne of the mierometn, from 10 to 11 
a. m., nn· as ;.:·ood as tlll' 11ight ohserYatious. 

"A11y tin;t-maguitndP star <•ould be ob1o;en1•'1 throughout the day; and sPcond and third mag-
11it1ules hefore 01· at'tPr noontime." 

Anticipating the iwee;;sity for atfaptiug the siz1• of heliotrnp1·;; to the long lines of hil:l triangu
lation, J\fr. Da,·i1fau11 111aile a thorough ;;tutly of the reqnisit.es, and emhodietl in his re]lort the. 
111iuimnm retlt'cti11g surface for all practil'alile distaneei;. Ji'or the longest lines :rn ,\·et obs{~rved by 
liim (1011ger than any liue obsnYed in Europe or l'lsewhere ), he practically found tllat a heliotrope 
with a reflecting surfacp of EWYe11ty-sen~n and om'-lrnlf sqnare inelu·s suff1ced for a li11e of one lrnn
dre<l au1l nir1Pty-t\ro mili>s. At that dist:mc1·. 111· saw a lwliotropt> of twehe inches square with a 
small tl•lesco1w. Uh; 1liscussion in n•gartl to heliotropes ends in the presentation of a sim1)le for
mula, haseil u11011 a ~eneral law of optics, for dekrmi11ing the area of the square refiecting surface 
proper for auy ~iYe11 dif>faw:e. 

Assistant DaYidsou compared the observed and l'Omputed latitudes at Monut Lola, and found 
au apparent attraetiou of the plumb line to the nortlt arnonuting to .'i" . .S. This he attributes to 
irregularity in thP configuration of tl1e uw11ntain, co11joi11e4J with differences in geological structure. 
In reference to Rori ml Top, Mr. Diwidson SH.JS: 

"'l'he ;;tatiou is 011 a l'lharp bnckhoue lyiug eaP>t and we;,t. To th« f\Onth is t1w llm']) trauswrse 
caiiou of the hcadw;1ter14 of ttw l\JokPl11m11e Hh'er, twent~'-l'ight lmmlred and fiftr fi'ct h(i]ow the 
station, and the mafl.~ of rock forming the fllrthn side of the cai1ou i;; grauite. l~ouncl Top ridge 
if:; iti:;elf pluto11i!' reek. with granite at tlw north lia;;p exte11ili11g north ward to the Carson road; 
tht•JH'l! serli111rnt:1rr rocks 11pl1t>an•Ll h.> 11lntonic rock.s, and reaching nearly the elerntiou of Hound 
'l'op in tlw 1·011r;;I' of ;;ix rnilPR. Tlw attraction f011ml at the Rtation was 4"..1 to tlw north.'1 

The party of l'rofr.,;:·mr Havid:-;011 renched San Franeil'lco' at tlie. elo~e of OctohPr, and there 
Pngaged in the re(lnction of the fidd wor·k and dupli<:atiuµ; the rPt~ords. In the coming sea1><on, the 
opPra.tionR needful for conuecti11g the Yolo l1ase line witlt the great triangnlatiou will be perfectecl, 
aud, if practicahlt•, the li11e will he measnred. For this pnrpoRe, improYetl apparatus has be{·n 
devisc1l, after carcfnl stnd,r, by Assistaut Charles A. Schott, of the Uompnting Di,·ision. The bars 
will he co11structed i11 the course of the autumn of 1880 and completed i11 time for the measm'<'.
ment of the line in thP sprin~ of 181'.Sl. In regard to some of tlw details of arrangement in the 
apparatus, jmlidous s<<ggestious were made by Assi;;ta.nt DaYid!'lon, and these will be adopted in 
its fabrication. 

}fr. George Farquhar, long attached to the service, aud iu latter years ou duty in the sub-office 
at San Francisco, died in that city on the 26th of .April, 1880, in the sixty-fifth year of his age. 
He was entered at the office of the Survey in 18ii0 as hydrographic draughtsman, and the many 
maum1cript charts completed by him eviuce skill and nicety in details. After serving in a hydro
~raphic party on the coast of North Carolina, Mr. l<~arqulrnr wat-1 transferred to the Pacific coa;;t in 
1853, and was there in service with several 11arties. He was conscientious in the performance of 
duty afloat and in the sub-office, fo which, within the last few years, his labors were restricted in 
consequence of failing health. During his last illness the unselfish care and constant sympathy of 
Assistant Colonna did all that was possible to mitigate the circumstances that attended the last 
hours of the 11eccasetl. 

Reoonnaissance.-In order to perfect the plan of triangulation to go north and south of the 
llavidson quadrilate.ral, AsRistant L. A. Sengteller was <tssigned to the field early in the fiscal year 
for examiniug the region south of Mount Diablo ancl Round Top. In succession he visited theftrst
named statiou, and also l\Iount Hamilton, Mount Macho, and other peaks in that vicinity. Subse. 
quently l\Ir. Sengteller passed . a day on. the summit of Round Top with a view of identifying 
points to the southward. Ile reached the summit of l\lount Dana on the morning of the 3d of 
Angust, 1879,· and imsserl the day iu transmitting signals towards Round Top, but received none 
in return. His si[,,rnals from Mount Hoffman were seen at Round Top, but the view to the south
ward and westward was obstructed by high neighboring mountains. 
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In the middle of .August, l\fr. Sengteller conferred personally with Assistant Davidson at 
Round Top, and started immediately to post lteliotropers at )fount :Macho and Mount Conness. 
Signals from the last named station were first seen at Round Top on the 4th of September. A 
week later Mr. Sengteller conferred with .Assistant Jfonheck, who was then working at a primary 
station to the eastward, in regard to the connection of Cory's Peak with stations to the southward. 
It is confidently believe<l that the difficulties met in laying out a 1-lclrnme of triangles with long lines 
in that direction will soon be overcome. 

'.l'he work done by Assistant 8engteller after closing the reconnaissance will be stated under a 
separate head. 

Sper:ial topof!raphy.-In pursuance of the arraugement me11tioned in my report of last year for 
procuring types on or near the Pacific coast of the United States for the manual of topography, 
Assistant Edwin Hergesheimer commenced a plane·table survey of the moraines of :Fallen Leaf 
Lake on the 20th of .July, 1879. His t-Opographical sheet, completed early in Oetober, shows in 
elaborate detail about twenty square miles, and is aecompanied by views. Fallen Leaf Lake is iu 
California, and about two miles south of Lake Tahoe, whicll lies partly in tl1a,t State and iiartly in 
Nevada. In allusion to the surface contours of tlte region, Mr. Hergesheimer remarks: 

"Perhaps nowhere on t.he American continent are topographical features determined on so 
grand a scale by glacial drift as at the south end of Lake Tahoe, which is near the summit of the 
Sierra Nevada. Here at the confluence of four streams of the glacial period are found lateral and 
medial moraines four and fi\'C miles in length, a thousand feet lligh, and apparently undisturbed 
since the- moving ice-streams deposited their cargoes of drift. The conditions tSeem to have been 
favorable for preserving them in their original forms. Precipitation of moisture is nearly all in 
winter as snow, which disappears gradually under the action of t11e snn as summer adyauces. 
Hence no torrents are formed greater than can be readily absorbed by the porous structure of the 
bowlder-built moraines.'' 

Ou the completion of the survey before mentioned, Mr. Hergesheimer crossed the Sierra 
Nevada range by way of Silver Mountain Pass to Tnble J\lou11tai11, ll('ar Sonora, where i8 found orw 
of the finest samples of deep placer formation known 011 the Pacific slope. Of tl1at he sa;\-s: 

"By successin.• lam overflow and erosion the entire western slope of the Sierra Nerndas has 
undergone radical topographical changes. The beds of former streams are 110\Y filled wiU1 lava, 
which from it~ greater thickness in the deepest Yalleys longest resists erosion; and, finall_r, after 
the degradation of early summits these beds become the mountain t-0ps. This sho\\s plainly in a 
basaltic table about thirty miles long (from Columbia to Knight's Ferr~-) known as 'ftthle ~fountain, 
under the lavn of which is found, in the former river bed, anriferous gravel, often very rich.'' 

At a point ahont three miles west of Sonora, Mr. Hergeshcimer .selected a section of Tabfo 
Mountain including about two square miles as characteristic of the deep placer formation, and 
made a minute survey wit.h a view to accompany the 111ap. ThiR work was completed on the 8th 
of November. 

The next locality mapped was the headland of Montara Mountain, on the coast below San Fran -
cisco, which affords a subject of marine erosion. A view drawn to illustrate the topography of the 
headland proved that the survey by Assistant A. F. Rodgers truly delineated the characteristics 
of the place. 

The tables along the coast near Santa Cruz, supposed t-0 be former sea leYels, were next exam
ined, and views were drawn. "\"Vhile in that vicinity, Mr. Hcrgesheimcr made a careful snrwy of 
the peculiar aIToyo character of the erosion of the soft sedimentary strata. of that region with 
accompanying views. Late in Deeember he examined the supposed former sea levels or beaches at 
Point San Pedro, determined their height, and took views of the locality. 

In January, 18801 Mr. Hergesheimer returned to Washington to resunw office work upon maps 
and views for the topographical manual. 

Tidal observations.-In J<'ebruary, 1877, Prof. George Davidson, .Assistant in the Coast and 
Geodetic Survey, established at Saucelito the self-registering tide gauge, which has since that date 
been kept in operation by Mr. E. Gray. The indications are that the series will be one of the best 
as yet recorded on the Pacific Mast. 

S. E:x:.12---6 
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Hydrography north of Bodefla Head, Cal.-The inshore soundings from Bodega Head north
ward to Timber Creek, a distance of about twenty two miles, were made between the 5th of Sep
tember and the middle of Xovember, 1879, by Commander G. "T· Coffin, U. S. N., Assistant in the 
Coast and Geodetic Sm·\·e~-, with his pnrt.y in tlie steamer Hassler. The work contained on three 
sheets showing sounding;; to an average distance of three milt•s from the coast line re11resents the 
following statistics: 

Miles ruu in sounding _ .............. , . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 330 
Anglei'i mea:surell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 3, 360 
Numberofi-;ournlings ................................................. 7,70!1 

During partR of the seasm1 I~ie11tH. W. H. Drigg8, W. T. Swinburne, and 0. 'iY. Jarboe, U.S. N., 
and Ensigm; C. F. Putnam, C. F. Poud, and W. D. Rm•e, U.S. N., were uttarhed to the hydro. 
graphic party. 

'l.'riangulation and topography from Walalla R·ii1er to Po·i11t Arena, Cal.-After closing the recon
naissance, of which mention hm; heeu already made, AsHistant Sengteller prompt!.)' completed his 
arrangements for resuming thf' dPta.iled snrny of the coaRt of Oalifoniia between 'i'Valalla River 
and Point Arena. Early in Octobex~ 1879, a camp was established about midway in the range of 
the work, and from that station points were in succesHion determined to perfect the tertiar'J' trian
gulation bdween Bodega Bay an<l the 11orth limit of the work of tlw ~eason. The junction was 
effected at W alalla River. 

On tlw nth of Sonmiher, .Assh;tnnt SengtellN rt>snmeil plane-talJJe work upon the topograph
ieal sheet wlticli he had comrneneed iu the preceding season. 

"In the topography den•lope1l are inc1uclPd three landings, namely, Bourn, Collins, and the 
landing at HaYen'R anchoragt•., >vh1cl1 is loca1ly known as 'Fiflh Rock.' All of the.He are expose.tl t-0 
·the Houthea:st and i'iOHthwe;;t l.'wells of winter. The la;;t uaml'd afforll;; fair shelter against the 
northwest wind.-:, hnt the others ma:r hP t•ousidered as entire}~· expo~wd. These 'landings,' a11 well 
a11 all others preyiously marked on the slieetl'I of the surYe_y from Bodega northward, are merely 
«hnteH suspPuth•d from the np1wr line of tlw bluff' :md llrl!iected into deep water. Under the 
apron of each vessels HI'!' moored, and directly recein• or discliarge freight. 

"'l'he shore line of the sheet worked ou thiH season consists of precipitous hluffs ranging in 
eleY:ttion from forty to one hundred feet; much distorted and bordered by numerous outlying 
rocks t-0 au aYerag·e distance of a quarter of a mile from the shore." 

One of these, irnlicated hy breakers, is represente1l on the i>heet as being about half a mile 
south by W('St of Bourn J,andiug. 

The shore line is backed by a rapidly rii-;ing country, which is densely timbcre<l aud traversed 
l1~· many roads for conveying lumber to different landing8. .Field work was closed in February, 
1880, with the following results in statistics: 

Signals erected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ . 
Stations occupie(l . . • . . . . . . . . . . . . . . . ........ , ........................ _ .. 
Angles measu1·ed . . • • • . . . . . . . . . • . . . . . . . . . . . . . . ....•...••......••....... 
Number of observations ... , ............................................ . 
Shore line surveyed, miles .......•......••............................... 
!~ads and trails, miles .................... , ............................ . 
Area of topography (square miles) ... , .................................. . 

Assistant SengtellPr was aided iD this work by Mr. Fremont. Morse. 

8 
14 

186 
4,188 

10£ 
24: 
6~ 

Hydrography between Bodega Head and Point Arena, Oal.-After the detachment of Commander 
Coffin, U. 8. N., the cl1arge of the party in the steamer Hassler was assigned to Heut. H. E. Nichols, 
U. S. N., who made preparation to resume work earlj· in June, 1880. On the 12th of that. ID(Jnth, 
he left San l<'rancisco with a projootion, to include Roundings within the limits mentioned, and, as 
weather permitted, the hydrography was prosecuted until the close of the fiscal year. Lieutenant 
Nichols will be assisted in the work of the coming season by Lieut. W. T. Swinburne, U. S. N.; 
Mast~r C. F. Putnam, U.S. N.; and Ensigns .P. W. Coffin, W. D. Rose, and C. F. Pond, U. S. N. 

Primary triangulation north of San Francisco, Oal.-In previous seasons, points bad been 



 

UNITED STATES COAST AND GEODETIC SURVEY. 43 

selected for comluctiug the primary triaugulatiou of the coast of California from foruier limits as 
far northward as Point Gorda. At tl.Je opening of the pre&ent fiscal year the work had been 
advanced about one hnnrlreu awl fifty miles, as reckone1l hy the coast line, above the entrance to 
San Francisco Bay. For it:s coutiuuatiou, Assistant A. F. Uodgers, in th•' course of the :-;ea.son, 
occupied :first tl1e U reat Caspar statiou near the coast, and sn hsefprnntly Two Hock Peak. From 
these points uiue signals were ob;;erved ou, awl from the last named yertical angles were merisnred 
for determining tiYe elevations. Eight Yolnmes, containing records of Orn horizontal :rnd vt>rtical 
angles observed at the two primary stations, ham been receivell at the office. At tlie close of the 
fiscal year Assistant Rodgers was preparing to occupy Mount Sanhedrin for angular measurements 
to the northward. The statistics of the work done are: 

Primary stations occupied.. . . . . . • . . • • . . . . . • . . . . . • . . . . . . • . . . . • . . . . . . . . . . . . 2 
Angles measured... • . • • • • • • . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . • . . • . . . . . • . . . 7 
Number of observations...... . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 6,8i6 

Subassistaut D. B. \\'ainwrigllt was attached to thi;; field party, and also as1;iste1l in the 
computatious. 

},fount Shasta ,geodetic station.-Urnler a preceding head it was stated that a signal on l\Iouut 
Slmsta bad heeu obserred ou from two stations of the great quadrilateral that crosses the Stat<· of 
California along the thirt;r-ninth parallel of latitulle. From thl' two statious the distances to 
Shasta were approximately one hundred anu sixty-nine aml one lmndred and ninet.r-two miles. 
The liue joining the two stations was one hundred and thirty-six miles in length. 

The de:;irahle result just 111entio11ed was effectell by the stt•a11y 1·1Hlurauc1~ of Assistant B. A. 
Colonna, who passed uiue days arnl aights on the summit of Shasta, the eleYatiou of whieh is 
fourteen thousand four hundred fet>t ahorn the sea lewl. Dnring th(• ascent, and while cin tlw 
summit, many collateral ohserrntions of interest were reconlml and returned in the field report. 
At an eleYation of about ten thousand feet, 1mow, white at the surface, was fonnd to he rl'<l at a 
depth of two inches. The coloring matter ex:tendNl to a depth of three inches, and a haudful of 
the fungi, after 1n·a.porati11g thP sumY, had a decidedly fruity taste. .From this elcvatiou l\Ir. 
Colonna, accompanied hy two men, starteil for the top of the mountain on tlie 25th of ,Jnl;r. 187tl. 
The instruments and requisite provisions were taken up iu parcels h;y Indians hired for tl.ie occ!l· 
sion. Loose howlrlers that wonlil start down with a mere touch made the steep asce11t somewhat 
d:mgerous, hut accidents from such causes were carefully aYoHled. Under a steep wall of pumice, 
called ''Red Bluff," as seen from the \'alley, the party, at the height of thirteen thousaud feet, 
passed over a snow drift, part of whieh adjacent to the rock had melted, lea,·ing a narrow chasm 
of which no bottom could be seen. There the rarefied air affected respiration, lmt br frequent halts 
this part of the journey was passed in safety, and at noon the partj reached the hot springs, two 
hundred and fifteen feet below the summit of Shasta. All the carriers returned immediately to tlw 
valley. The two men retained by Assistant Colonna aided him in pitching a tent, but before night 
one of the men was taken ill and next morning went down the mountain and did not return. Tile 
record sliows that after dark tl1e thermomlc'ter stood at 30°. 

As described by l\fr. Colonna, the summit of Shasta consists of two peaks, about two hn11dre1l 
yards apart, one of them towards the northeast 1Jeing ·about fifty feet higher than the other. Tlw 
hot springs are in the valley between the two peaks, dotted over an area of nearl,\· twpnty ,Ynnhi 
square, and they constantly emit steam impregnated with sulphnrete.d hydrogen and other gases. 
Assistant Colonna found the tempera.ture of the water 1840, which, considering th(• C'lcrntioni i8 
perhaps equal t-0 the normal boiling point at sea level. The adjacent surface is a crust made up of 
loose earth and small stones cemented with sulphur, alum, and other substances. At one Jllaee 
the crust when broken through disclosed a cavern from which steam came out iu great rnlumes; 
and from another break the steam was emitted as a small jet with a hissing sound like that cau;;etl 
by a locomotive. It was noticed that, although the temperature did not cha11ge, itll the springs 
were ::::J.ore active on some days than on others. 

Assistant Davidson had arranged for showing heliotropes, from the two stations Helena and 
Lola, of the great quadrilateral, but inteneniug smoke hid them from view at Shasta until the 29th 
of July, when, at 5h 45m a. m., Mr. Colonna "saw the Lola heliotrope for a secoud or tvo dark red, 
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but it went before a pointing could be recorded. Helena was not seen until the 1st of August, and 
then four sets of six repetitious were measured. The same measures were repeated next day, but 
on the 3d Helena was not visible.'' The line from Helena to Shasta (one hundred and ninety-two 
miles) is the longest yet included in geodet,ic work. As before stated, Assistant Davidson observed 
on the Shasta heliotrope both from Mount Lola and Helena. 

'rhe experience of many tourists who have ascended Mount Shasta proves that few men could 
endure even the temporary sqjourn of nine days and nights at SUl'.h elevation. Assistant Colonna 
retained bis appetite and wa>: amply supplied with provisions, yet ltis weight was lessened fifteen 
pounds hy the sta,v on the mountain. He experienced no difficuh;y in breathing, but noticed that 
by a little exertiou tl1e pulse rapidly increased, going as high as one hundred anrl twenty, though 
in repose at the summit it ranged from ninety to one hundred. 

During his stay the highest temperature olJser\'ed was fi7°, when at the same time the ther
mometer in tlic valley marked 1000 in the shade. At four o'clock in the afternoon ice would form 
in the sun, anrl at sundown the thermometer was generally at 250. The coldest temperature 
recorded at the summit wai; 180. With strong winds the temperature inmeaserl as though warm 
air bad been thereby forced up the side of the mountain. 

After visiting the Whitney glacier and making many collateral obserrntions at other points 
on Shasta, Assistant Colonna left the station and reached San Francisco on the 9th of August. 

Tidal observations.-The series of tidal observations commenced in .June, 1877, near the entrance 
to the harbor of Honolulu, urnler the direction of Mr. W. D. Alexander, superintendent of the surrny 
of tlie Sand wicb I.~lands~ has been conti11ued. Records from the beginning aml 1lown to the 18th 
of February, J8SO, have bt>en received and filed at the office in \Vashiugtou. As ht>retofore men
tioned, the gauge in use at Elouolulu was lent from this office on condition that the registers should 
be furnished for comparison between the tides there and the tides of the Pacific coast of the United 
States. 

SECTION XI. 

OREGON AKD "WASHINGTON TERRITORY.-(8KE1'CHES Nos. 24 and 2.~.) 

'1.'opograpli,IJ of Columlifr1 River.-At the opening of the fiscal year, Assistant Cleveland Rockwell 
was again assigned to continue th(• Rnrvey of the banks of the Columbia. The sheet projected 
includes the course of the river between Kalama and Columbia City, and as returned to the office 
shows more than tlic usual proportion of intricate details within a sketch of rather more than eight 
miles. Both banks of the river were carefully mapped in contour, and an the islands are repre
sented, as well as the streams that make into the Columbia . 

. Field work by this party was continued until the 8th of December, 1879, when the sloop 
Kincheloe, which had served for transportation and quarters, was moored for the winter at the 
mouth of Kalama River in a position secure from floating ice. The party was then discharged and 
Mr. Rockwell engaged in office work. A synopsis appended to the field report shows in statistics: 

Shore line surveyed, miles _ . . . . . • . . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Sloughs and ponds, miles . . • . . . • • . . • . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 44 
Roads, miles ••••••••.••••••..•.........•....•.•.. _ • . . . • • • • • . . . . . . . . . . . . . . . • 38 
Area of topography, square miles.................. .. .. • . .. .• • . . . • • . • . . . . . . . 24 

By the work here noticed the detailed survey of the Columbia has been extended to a point 
about seventy.five miles above the mouth of the river. 

Triangulation mid topography, Puget Bound, W. T.-At the opening of the fiscal year, Sub
assistant Eugene Ellicott entered u1•on the triangulation of Hamrnersley's Inlet, and completed 
that work early in August, 1879. In August, the shore lines were traced of the lower part of Hart. 
stein's Island, the shores of Squaxin Island, part of the shores of Totten Inlet, and the cast side 
of the north end of Case's Inlet. The shores of llammersley's Inlet and Skookum Inlet were 
surveyed in September, and l\Ir. Ellicott furnished tracings of the sheets to Lieuoonant Wyckoff, 
whose party was then engaged in sounding the upper waters of Puget Sound. 

The topographical work was much retarded by high tides. It :frequently happened that 
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operations with the plane-table were pradicable only four or five hours a day, aml then at great 
disadvantage, as it was difficult to get far enough from the bluff;; and hilltops for the me'lstuement 
of angles of elevation. In October and November, plane-table work was completed at the head of 
Totten's Inlet, and along the west side of Pit~kf'ring';; PasHagP. 'rLc oppoHite side or "estern shorn 
of Hartstein's Island lmd been pre.viom;ly surveyed. 111 lhe triangulation and topography forty 
points were determiued in g:eographical position, and au aggregate of nine miles were run with the 
spirit-level. The general statisti<>s are: 

Signals erected ... _ ...... _ ...... __ . _ .... _ ............. _ . _ ......... _ . _ .. _ - . 
Stations occupied -. • . . ...• ___ . __ .. - -.. __ .... _ - .. - - __ .. ___ . _ .. ___ - .... - _ .. 
Angles measured .... __ ........ -..... _ . _ ................ __ .. __ .. _ ... _ .•. 
Number of observations ..... _ .. - ... _ . _ _ .. _ .... _ .. ___ . _ . - __ .. __ ...... __ . 
Shore line sun·eyed, miles . . . . . ____ . __ . _ ... _ _ . . . . _ . __ . ___ . _ . _ - __ . . _ . __ . 
Roads, miles _ ... _ .... __ .. _____ . ___ .. ____ . __ . ___ . . . . . . . . . . . . . _ .. __ . _ . __ .. 
Area of topography, square miles.. . . . . . . . . . . . ......................•.. - .. 

40 
37 

:!16 
a, 7ti6 

lO(j 

10 

The industry of th£~ party in charge of Snbassisb111t Bllicott is eYiilenet>cl h.r results reported 
from U1e Computfog DiYisiou. "\Yithin the last three y1,ars the recorrls of that party ltan~ furni8hed 
data from which two lumdred and thirty-one entries have been a(lded to the list of g·eographical 
positions. 

Reco1111ai811anee.-For co1111edi11g the triangulation of Png·et Souwl witli that of Columbia 
Hiver b;y the shorte:-lt rontP, As:-listaut .T. S. Law;.;011 wa:-l a.ssig11e1l to field 1lnt,\· ai the opPning of 
thr fiscal ye.ar, awl prn(·eedPd so11th\\·an1 from :N"i:;r11ially 1111 J'ug··~t Sound. At iutrn-als in tlw 
rlirection towards tlw Columbia, statio118 werl' sel1'dt>1l, "ome thirty mil1·s apart, lmt in parts of 
the region the scheme was of necessity restrid1·1l tn liucs of i;en·n a111l kn mile,; iu h•ug-th. Ifo, 
report ma{le in NoYember deserihes tlw gTom11l pa~>:Pd o\'PI\ a11d e:wli of thl' ridg·e,; or hill,; in
cluded in the proposed plan of triangulation. The alt it Lall•,.: "·er1· 1leh'rmi1w1l approximatt·l~·, a111l 
record wa.s made of all parti1·ulars that 1·1mlcl he_ nsPfnl ht~rPllffrr i11 tlw deti11itc sPt1le1111•11t of a 
plan for measuri11g the horizontal a111dt•:-l. 

Hydrography of Puget S01mrl, W. T.-Iu order to gain as much as po:-;,.-;ible in tht• nst· of sig11als 
set up for the triangulation and topography, pr0Yisio11 \ra.s m:11le fo1· proHt••·uting the sonndi11g·s 
without 1folay. Tlte schooner Earnest, aln•ad~- at Olympia, was place1l in 1•harge of Lil.'ut. .A. B. 
Wyckoff, U. S. N., Asshitant in the Coast and Gl.'odPtic Sm·ye~-. aud four projection>: were for
warded to receiYe the plotted soundings. Tht•se 11ow rnpre~wnl tin• h;plrograpb,v of Carr's Inlet, 
Hale's Passage, Pitl's Passage, th(• lower part of Case's Inlet. Dana Passage, Ehl Iulet, TottPn 
Inlet, and Peale's Passage. A third sheet containH the soundings reeordell in the n1•pcr part of 
Case;s Inlet, and also those in Pickering's Passage. "Thi.' fourth sheet t>xhihit8 tile h.nlrography of 
Hammersley's Inld, iu reference .to whi<'h Lieutt•nant "\V:wkoff says: ''The tidal current is so 
strong, and no slack water at. the ehaugt>s, that sonmlings can be taken oul~· ahont eight da~-s iu 
each month during favorable quarters of the moon when the tides are small. Jn other pnssnges 
of Puget Sound we have met with the same difficult;'>·, hut in 8omewhat less degree." 

In November, when work was closed for the season, Lieutenant W:vckoff reported thf• follow-
ing statistics while forwarding the hydrographic sheets : 

Miles run in sounding . . _ .. _ ... __ .......•. _ .. _. . __ . _ .... _ .. _ .. __ .. _ . __ . 7;)(j 

Angles measured . . . . . . . . • • • • . . . • . . . . . . . . . . . - .....•••... - . . . . . . . • . . . . . H, 380 
Number of soundings ...•••........ _ ............•..•.. _ .........•....... 19, HU 

Ensigns S. J. Browne and Henry T. Mayo, U.S. N., were attached to the party of Lieutenant 
Wyckoff. 

SECTION XII. 

ALASKA TERRITORY. 

Ooa$t of Alaska.-.A.fter completing for the Coast Pilot of Alaska an elaborate report on mete
orology, and also :i compilation including tlie titles of all known charts, books, 1rnmphlets, and 
other prinmd matter refelTing to that Territory, Assistant W. H. Dall malle arrangements for 
resuming observations on the coast north of Sitka. 
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In the middle of June he estaulished a station near the old Hussian obserrntory on Japonski 
Island, and connected thP point b,\· angular measurements with tlw station former]~· occupied by 
himself and h.Y Professor DaYidson on the parade ground in Sitka. 

Comuwuller Bllardslee, of the U. S. S. Jamcstowu, had beeu adfre ill hydrographic work, and 
under his direction a good chart was made in aceordancc with methods employed in the survey of 
the Atlanti<' coast. Two of th1· officers of the Jamcstowu (Lieutenant Symonds and. Master 
Hanns) had rernlerPd dlicieut 8Pl'Yil-e wheu attaehed to tlrn Coast and Geodetic Survey, and were 
well acquainted with the proccsst~I' for Se('uring accurate results. For tlieir chart Mr. Dall fur
uished positions for :some of thP outer reefs and a transcript of the tide table which had been com
puted for the Uoast 1'ilot. 

Mr. Marcus Baker, who ac<·ompanied AsRistant Dall, made nu ex11editio11 wit.Ii the steam
launch of th1~ Jamestown, and between Sitka and Chilkaht made obserYations at a number of 
stations for detPrminiug the magnetic declination. The opportunity wmi improved for marking 
the ehart where it needed c01Tt'ctfon. \Yhen th<• fiscal year closed, the schooner Yukon was at 
Sitka iu eomplete onlf'r for t1H~ u:se of Assi:staut Vall, and all arrangement:s had been completed 
for active service. The results will Le noticed in my 11ext an11ual report. 

Tidal obserration8.-Iu :\Iard1, 1880, a self-regi:4ering tide g«mge, well 8UJIJ1lil'd with requisites 
for r1m11i1Jg two ~·ears, was put in ol'df'l' and furni8hed to Assistant Dall, who was then about to 
start for the coast of Ala:-;ka. The apparatus at thi:s time is donhtless iu operation at Kadiak, but, 
owing to tlw dPlay in c0111mnuieatio11, no rneonls l1ave ,yet heen receiYed from tlte station. 

SECTIOX XllI. 

KENTl'Cl\Y AXll TENNESSEE.-(8KETCHES No~. 2ti an<l 27.) 

Base line near Louisril/11, liy.-Beforn retiriug· from U1e charge of geodetie operations in Ken
tuck~·, Prof. Wm. Byrd Page selected a site for a base line, the north en<l of which is abont four 
miles southwe8t, of Loni:wille. From that euJ the liIJe extends southward, and, as marked in the 
reconnaissance, was about six miles iu length. From Cumberland Gap the triangulation had been 
previously extended across the State of Kentucks towards Louis,·me, and in Indiana a scllerne has 
been since laid out t-0 pa8:s :southward towards the same point. The base line and triangles in 
immetliate connection with it were therefore adjusted so as to meet geodetic requirements in the 
two States. 

At the opening of the present fiscal year Assistant G. A. !<'airfield was directed to proceed to 
Louisville and measure the. base line. After full examination it was found that better connections 
could he made h~· shortening the site, and as Ihuch of it passed over cultivated ground, Mr. Fair
fielll arnided the expense aml labor of grading the site by using trestles for sustaining the measur
ing bars. As shortened, the line is rather more than five miles long, the final record of measure
ment giving for its length 8,188.055 meters. 

Jn measuring, the tripods belonging t.-0 the apparatus were employed where the ground was 
nearly level, hnt on approaching a slope trestles were brought into requisition. These were placed 
four feet apart, and were continued down the slope until they were high enough from the ground 
to admit of the bars being run from them again to tlie ordinary tripods used with the measuring 
bars. The trestles were made by planks sixteen feet long resting on stubs driven firmly into the 
ground and adjusted in height so as to maintain continuity in the slope. Ditches and small creeks 
were crossed by driving in and bracing longer stubs to secure their stability, but in no case was it 
found necessary to use more than four of the plank trestles in succession. The mea.~urement of 
the line was begun on the 15th of September, 1879, and was completed in ten consecutive working 
days. Remeasurement of the line early in October proved to be in close accord with the result 
first obtained. 

After erecting signals in geodetic connection with the base, Assistant Fairfield occupied the 
stations at both ends of the base line. He was aided during the season by Messrs. Carlisle Terry, 
jr., and Isaac Winst.-Ou. 

At the opening of the season the geodetic work was placed in charge of Prof. J. B. Hoeing1 
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but that obsen·er was constrained by illness to leave the field early iu July, 1879. His knowledge 
of tlie region in the vicinity of Iiouisville had been previously communicated t-0 Assistant Fairfield. 

At all favorable intenalR between the 2;111 of October and the 2801 of N ovem her, the measure
ment of horizontal and Yertical angles was carried on, rt':;;ulting in tlie completion of the first 
quadrilateral connecting with the base line, and partial ohservation:;; in the Sf>(•.ornl and third 
quadrilaterals. 

On the 1st of September, 1879, l\ir. Carl Schenk reported to Assistaut Fairfield to take the 
place made vacant by the resignation of Professor Hoeing·. ~fr. Schenk took charge of details 
pertaining to the adjustment of the trestles nsed in measuring the base li1w, and subsPqnPntly 
assisted iu observing for horizontal and wrtical angles. To him A::1sistant Fairfield turned oYer 
the sketches requisite for a fnll understandiug of the scheme of triangulation so far as laid out and 
completed between Cumberland Gap and Louisville across the State of Kentuek,Y. 

All the field notes, original and dnplicate, haYe been placed in the office, with transcripts of 
the computat.ions malle in the field. The statistics of triangulation arc : 

Signals erected. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Stations occupied....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . 4 
Points determined.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 8 
Angles measured. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Observations of horizontal angles.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 400 
Observations of n~rtical angles.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 206 

In the course of the season, l\fr. Fairfield communicated with Professors Devol and Campbell, 
respectirnly, in charge of the geodetic work in Ohio and Indiana, and conferred with them in 
reference to the feasibility of connecting· the triungulatiou of tlw two ~tatPR with the hasc near 
Louisville. 

Afror completing his oftlce work, Assistant I•'airfielcl made arrangemeut;; for resuming geodetic 
operations in Illinois. AR the work in that qm1r~er will occurn· the snmrner nf the coming fiscal 
year the not.ice of it will be resen·ed for my next annual report. 

Longitudes in Kentucky and 1'ennes,'lee.- Early in ~ovem ber, 187!!, arraugementR having been 
completed for field work, Assistant <L W. Dean proceeded witll Lii:; party to Nm;h,·ilJe, Teuu. As
sistant Edwin Smith, 011the18th of that month, started for Washington, and as soon as practicable 
estahlished au astronomical station at Louis\'ille, Ky. At the two stations details were adjusted 
as soon as possible, and longitude signals were exchanged between the observers on the night of 
the 29th of November. Signals were repeated on the 1st and on the 6th of December, intervening 
nights not being favorable for the exchanges. In order to eliminate personal errors of observation 
as far as possible, Messrs. Dean and Smith then exchanged places, the first passing fa) J,ouisville 
and the latter to NashYille. Between the 11th and 15th of December longitude signals were 
passed between the observers for completing the observations requisite for dete.rmining tlw Iongi 
tude of l1ouisville. Two days after closing at that station, Assistant Dean transferred his party 
to Atlanta, Ga., and there received signals from Assistant tlmith, who remained at NashYille. 
Successful observations were recorded on five nights lwtween the :!6th of December and the 1-!th 
of January. The subsequent operations of the party haYe been mentioned under the head::; of 
Section V and Section VIII. 

Observations for latitude were made by Mr. C.H. Sinclair, aid iu the part,Y of Assistant Smith, 
at the astronomical station in the grounds of the Louisville Unfrersitr. 

For longitude, sixty observations were recorded on 20 stars during the course of three nights, 
and at Nashville fifty-nine ohservat.ions in three nights in exchanges with Louisville, and eighty· 
six observations in exchangi11g with the observer at Athmta. Two sets of obserYations were 
recorder'! at Louisville for value of the micromet.er, and for latitude Rixty-two observations were 
recorded on seventeen pairs of stars in the course of six nights. 

At Louisville, in exchanging signals with the observer at Nashville, sixty observations were 
lnade on twenty stars during three nights, and in the same period fifty-nine observations were 
recorded at Nashville. Computations for the longitude of the station in that citr were made by 
Mr. F. R. Parsons. 
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Geodetic operaiion.~.-In coutiuuatiou of the triangulation of Tennessee, Prof. A. H. Buchanan 
took the field at tlie opening of the fiscal year, and in July, 1879, occupied a station six miles south 
of the Lebanon base line. The position was chosen so as to admit of angular measurements on 
nine out-l~·ing stations. Northwartl of the base another station was occupied in the same month 
and from it horizoutal angles were measured on six other signals. In August an additional point 
was oceupied fo the westward of the base, and in connection with stations predously eccnpied and 
also with the capitol at Nashville. Twelve signals were observed on in the course of that month. 
A station on the State capitol was occupied in September, and angular measurements were 
recorded to connect that point with others in the vicinity of Lebanon base. About six: miles east
ward of the line a station was occupied in October and during part of November. In the month 
last mentioned Professor Buchanan moved to a point a few miles westward of Lebanon, and con
tinuecl the measurement of horizontal angles until the 29th of December. He resumed field work 
on the 14th of June, 1880, at the northern end of the Lehanon base, and when the :fiscal year closed 
he was engagt•d in perfecting the connection of the line with well chosen quadrilaterals. An 
abstract of the sfatistics is here given, as taken from the field report: 

Signal erected ... _ ....••.................. _ . _ .... __ ... _ ..•••.. _ . . . . • . . • • . 1 
Stations occupied ... - __ - . _ ..... __ .. _ . _ .... __ .... _ .• _ . ___ .... _ ... _ .. __ .... _ 7 
Horizontal angles measured _ .. _ .... ____ .... ___ . _ . __ ...... _ . _ ... ____ . __ . . . . 53 
Vertical angles measured.... . . . .... _ ... _ ....... __ .... _. _. . • . . . . . . .• . . . . 36 
Number of observations ••................ - ...................•......•... 4, 832 

SECTION XIV. 

OHIO, INDIANA, ILLINOIS, WISCO"SSIN, AND MICHIGAN.-(SKE1'('HES Nos. 2G, 28, and 29.) 

Geodetic levels.-The line of geodetic levels going westward in the vicinity of the thirty-ninth 
parallel was extended last season to a bench-mark at Athens, in Ohio, and there the work was 
resumed at the opening of the fiscal year by Subassistant Andrew Braiu. Following the Marietta 
and Cincinnati Railroad to Cincinnati, and then the Ohio and Mississippi Railroad, the party 
reaclled Mitchell, in Indiana, b~' the 10th of Novemher, and was there dh;banded. After his return 
to the office Mr. Braid was assigned t<J duty, of which mention will be made under the head of Sec
tion VIII in this report. 

In advancing the work to Athens, two lines were run simultaneously with the same instrument 
by observing on two sets of rods placed at different distances from the instrument. The two lines 
were brought together at each bench.mark so as to afford frequent comparison of results. In the 
operations of the present year the method was slight!J· changed. Instead of two lines observed at 
very nearly the same time and consequently under the same atmospheric conditions, alternate 
sections of the work were rnn by two lines in a forward or westerly direction, the intermediate sec
tions being run also by two lines in the opposite direction. In this way two hundred and ninety 
miles of double line were run in the course of the present season, closing on a benci1-mark at 
l\litchell, similar to bench-marks placed at Athens, Chillicotlle, Loveland, Cincinnati, in Ohio, and 
at Lawrenceburg and Medora, in Indiana. At these places the marks were set with special care, 
and in all cases where practicable were placed on government or other public buildings. The sec
ondary beucll-marks are more numerous, hut are also well marked, aud in addition many tempo
rary bench-marks were set. All are described in the records turned in by Subassistant Braid. 
The notes of the field work of this season are comprised in thirty.four volumeio. 

Geodetfo operntiomJ iii Ohio.-Uooonnaissance for triangulation statiom1 in Ohio was resumed 
by Prof. It. S. Devol on the 1st of July, 18\9, and was prosecuted continuously until the 4th of 
October. The scheme of last year was first reviewed, resulting in improvement by the substitution 
of several points for others which had l>een provisionally selected. After careful examination it 
was found that in order to obtain lines averaging twelve miles in length tripods for elevating the 
theodolite would be requisite at eleven stations, and that in some instances lines of sight could 
not be had without cutting avenues through timber on hill tops or ridges near the stations most 
available for the extension of geodetic work. The scheme of work presented by Professor Devol 
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provides for triangulation tl1rongh Knox and Hichlarnl CounticH, and is believed to lie aH good a:-; 
the nature of the region covered by it will admit. 

"rhile the reco1maissance wa:; in progress Assistant Hichanl D. CuttH coutinue<l in (lire<·t cor 
rcspomkncc with l'rofessor Deyo!, and, as l1eretofore, made suggestions in regard to the viau of 
triangulation. • 

Geodetic operations.-For perfecting the iichrmc of triangulation in Im1iana from the Ohio 
HiYer at New Albany northward to IrnliaHapolis, ProJ: ,J. L. Campbell took the field iu Jul~·, l8i!I, 
and reYised the system of quadrilaterals between the stations just nametl. Xorth of lmliauapofo; 
the country was examim·d for a distance of thirt~· miles for extending the S!'heme of triangulation. 
In referring to the difficulty of fi11dil1g poiuts at distances s11fticicut for geodrtic imrposes, Professol' 
Campbell says: 

"The general leYel charnder of the countr.r i,.; broken only by "~att•r action; so that ewn the 
fine range of hills along· the we,.;tern border of the Relteme prc,.;ents snd1 uniformity in height that 
little relief is obtained from tlw timber obstrnctiorn; on lines which rnn with the range. '.l'ht\ broad 
level section along· the general line of the Jefti.~r,.;oudlle, 31allisou arnl Indianapolis Hailroml, "·itlt 
the lower range of hills east, make the opening of the cross li1ws co1111.iaratiwJ~- easy:: 

ThP field report sent in at the end of O!'tober co11tai11s a list giYing the approxirnat!' ch•\ atioll 
ot'caclt of tlw stations propose1l i11 the sc!tcrne of triangulation. Separate}~- the quadrilaterals are 
describl•1l i11 n•spPct of linf's to form the si,1ei'i aud also tht• diago11als, with mcntiou of thl' height:,; 
ot'iripo,ls wht•n needful to briug into Yil'\Y t !tt· adjacent stations. 

Assistant Cutt~ atlYised from tinw to tinw in reg1tl'll to the W(Wk while it was in progn'si;. 
Profl•ssor Campbell co111Crred also with ~\ ssista nt Fairiiehl, a ntl in tlll' den·lopmcnt ot' tlw pl:lll 
for future operntions ltnd the cordial eo-operatiou of tlte State oflh·ers: iuelmliug GoYernor \Yilliams 
aud Professor Colle1 t, Chief' of the Bnreau of Statistim1 mul Geolog,' oft ht' State of 111(lia11a. 

Ocudctic operations in lri~consin.-Prof. John E. l>ayies, Jrnyiug preYiousl)· compldl'd arrnn.~c
ments, took the field at the opening of the fiscal ~-t·ar for co11tim1i11g the friaugulation in \Viscou
sin. At Highland Station a l'igual wal:' !:'et HJ> oYer a tripo•l mHl oh~wrdng :-;caffoltl, a111l ,.;tatious 
to the northward at Qnany Bluff alHl Poi11t Ju11a~ wt•n• YisitPtl to iwtk•.' snr1· that tl11•n• lt:lll l1eP11 
no displaecme11t of the marks alread,\· sd. To the eastwanl and sonth\\·anl, at ll:lrkPr a11.t Plat ti· 
1\lonrnl, signals h:ttl lwen a11cl1ored to solitl J'O<'.k below tlw gTOHml surface in t lw COlllN' of t ht· 
rcc01maissm1cc. '\Vestwanl the station Fl•tmirnore wa~ sel(•dt•(1. 'l'liis point i,.; about tl'n·nty-two 
miles from rrairie <In Chi<'u, a11d fanJrable for the exknsion of work i11 that tlire~·tio11 as well as 
to the northward. Having adjusted tlw s('ltcme "·ith 1·pfere11ct• to cht>eks within the n·gim1 co\'<'l'<'(l 

by the triangulatio11, anll for contiuuiug- it, he;foHd the prPst·nt limits, Profr,;sor DadPs m·,·upil•tl 
Highlaml Station and there .completetl the meal'inrement of horizo11tal and Yertiml a11g:les 011 tltc 
l:.!th of .JnJ,,-, 18i(). The iustmrnc11ts "«'re tht'Jt transferre<l to Fe1111i111ore, where il1e requi,.;itc 
measures were obtained hy the 5th of Angmit. rlatte lllouml was Hcxt oecupied, awl tlH're the 
field opemtioHs were dost•d on the 13th of St'ptcmher. The statistil's of the work are: 

Stations Ol'cupied. .•••.•....•...............•••••..•••••....•••..•.....•.• 
.Angles n1casnred •.....••...............•.. _ .••....•...•..•.•.....•.•.•.• 

.. 
d 

Nu111ber of obserYations •...•••••••••••....•..•..........•••••••••••••..•. 4, 2\1\i 

In the course of the yeM" six signals were erected hj· t11t• party. 
Jfagnetic observations.-At l\ladisou, '\Vis., magnetic oh,;ern1tio111:; were c011ti1111t••l tltro11gllo11t 

the yt•ar hy Mr. David Mason. The self-recortling in!'<trunw11ts there h:tYe hPell i11 operation rn•arly 
three years aurl a half, arnl, if practi.cahfo, the series will b(~ cxt<•nded bPyoml l'ix ~l'<1rs, ,.;o a:-; to 
inelmk more than lrnlf of a sun-s11ot cyde. Tl1e a1111nal ohsc1Tations for a lJ,.;olnk Yil ltws of tlw 
tlt'cli11a.tion, 11 ip, aml horizontal iutensit~- will be made l>.Y }Ir. 1\fa ... -;011 i11 Sl'ptemher of tl1i,.; year, al 
Uw istatiou near the nrnguetic ol1servatory, <t11d also at the Uniyersity, wl1ie!t is :1bont a mi!t1 \l'l'St 

of the magnetic observatory. All precautions have hcc11 taken to gmml against local distnrbauet•s. 

SECTlO~ XV. 

MISSOURI, KANSAS, NEBRASKA, MINNESOTA, A:Nll JlAKOTA.-(SKETCll No. :!'J.) 

Triangulation in MUisouri.-l•'or contiliuing this work west of .Jpfferson City, Assistaut J. _\.. 
Sullivan took the fieltl on the 1st of July, um1, aml nrn•k arrnngenwnts for tl1e erection of signab 

S.Ex.12-7 
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as far wet1twanl as St>dalia. By the middle of October tripods were built at ten stations; from the 
most weskrn tlw town of 8e1lalia is Yisible. The points are well choseu, bnt, owing to the charac
kr of the rt'gion, Htmctnrt's of co1rni<lera lile eleYation will be n•quired at :·;everal_-of them in onfor 
to bring into Yit•w the atl,i:H'ent signals_ 

At Pilot Kuoh, a station 8onthmml and PashYard of Jefferson City, Suhas:-dstant II. ,V. Blair 
n·snnwd the nwasurt·nu·nt of horizontal angle' t~arly in July, and in 1:1ucce88ion, going westward, 
ocn1pi1·d th1• ;;tations "McDaniel, Bradford, CNlar, Kenrn•dy, Befalte, ~Ioreau, Medlock, Christian, 
aud tinnily tlie at1tronomical station at J effersou Cit~-, west of which the triangulation was closed 
at a station nPar tlH' town of Ualifornia. 

In the mithllt' of ~oyembt•r, observations for latitmlo were hegun at Jeffen;on City. The 
rPcord was dost•d ou the :!!)th of that mouth, and olu'\ernitions for azimuth on the 1st of December. 
At'kr tht'ir compll'!iou, Suha,.,;;iHtant Blair, accompanied hy the aid in his party, Mr.11

• A. "\Yelker, 
examined the site which had hem propof\ed for a base liue in Morgan Uonnt~., The report made 
as to the pradicahility of smoothing the ground at little expense is satisfactor~-. 

l\Ir. G. ]<',Bird accompanied At1sistant Sullivan as aid at the outst•t of the season, but on the 1st 
of Nm·emlwr, 187!), ""is tran.ilferretl to the iwrty of Subm1sistant Blair. While mgaged at the sev
eral primaiy stations iu measming horizo11tal angles, the opportunity was taken to observe on 
promineut ol~jccts of permanent character. Amongst these were two church spires in Osage 
Uon11ty; one in Cole Conuty; tltt• dome of the State capitol in Jeffor8011 Uity; and two clmrch 
spire,., in l\louiteau County. The following summary shows the progress made iu the courHe of the 
spa sou in )fo.;souri: 

Stations oceupied . __ - - .. - - - - - .. - - -... _. -- .. - - -.. - •. - ..• - ..•.....•• - ••.... 
Points determined .. _ - - .. - - -- . - - - . - .••• -•. - . - - -.. - - . -- . - - - - - . - •. - . - . - .. - - · 
Signals obserYed on . - . - .... - ....•.... - - .... -••.•......... -.•. - -••..•. - - - . 
N um her of o bscr,·a ti ous . __ .. ______ .. _____ . _ . ___ •. ____ ... _ _ _ _ _____ . _ . ___ . _ 

The obseITations inclmled the measmement of Yertical angles. 

SECTION XVI. 

NE\' AllA, l:TA H, l'OLORADO, ARIZONA, AND NEW MEXICO.-(SKETCII No. 30.) 

10 
11 
rn 

6,448 

Primar.11 triw1gulatio11.-For continuing the primary triangulation in Colorado, .Assistant 0. 
II. Tit,trnann took tl.Je fiPld :1t tl.Je opening of the fiscal ~-ear, and, as soon as practicable, established 
his party near the eastern entl of the site seleeted for a base line. Until August 5, the time was 
occupied in tracing the proposed base line on the ground between the eastern and western ends, 
and in making prelimiuary measurements with a wire of known length. The contour of the ground 
was determined by meaus of the spirit-level, and ~nonuments were set up at the termini finally 
tlccidell upon. The line thus marked for measurement is somewhat more than seven miles in 
length. ". ork at the base site was completed on the 5th of September. In order to lessen the 
i1wouye11ie11ce arising from changes of temperature in the course of the day, Mr. Tittmann experi
mented hy measuring at uight, hut, after trial with the hands on two consecutive nights, he found 
no advantage as compared with tlw measurements by daylight. The length of the base was deter
mined hy steel rods, and in their use due account was taken of temperature. Two measurements 
were made tmdPr dift'ereut conditions, yet tlie difference in length as thus determined proved to be 
Yery little more tlmn one inch. 

After completing the base measurement, signals were erected at the outlying stations on the 
plains by .Assistant Tittmaun, aided by Mr. J.B. Weir. At the eastern end of the Colorado base 
observations were recordell for latitude and azimuth. 

The astronomical station at Colorado Springs, and also the station at which the obserrntions 
were made b~' the United States Engineers, were connected with the triangulation previously laid 
out by l\lr. Tittmann. 

Later in the seasou the we.stem end of the base was occupied, and in November the station 
Corral Blu:tf in immediate connection from the southwar(l with the base. Two signals were erected 
west of Colorado Springs for connecting the astronomical station with the work now in progress .. 
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The station "Di.-ide," north of the base and in immediate connection with it waf> last occupied, 
and there the operations for the season were closed in December. The statisticH of work are: 

Primary stations erected ......•...........••.......... , . . . . . . . . . . . . . . . . . . . . . . 4 

Secondary stations erected . . . . . . . . . . . . . . . . . . . . ....................... _ . . . . . 4 
Signals erected . . . . . . . ............................................. _ . . . . . . . 10 
Subsidiary objects determined .........•....••.................. _............. ;; 

.An aggregate of forty miles was run by this party witli the spirit-hffel. 
Under the head of Section YIII mention has been made of the subsequent work of Assi~bmt 

Tittmann. 
Triangulation in Nevada.-Eastward of the D<n-itfaou quadrilateral, the great triangulation has 

been extended hy .Assistant \Villiam Eimbeck. • The station ''Genoa Cove," occupied 11.r his party, 
i!; almost exactlj on the thirt.)'-1tiuU1 parallel oflatitude, aml in immediate C(mnectiou with Rtation:; 
"Lola" and "Hound Top/' operations at which were the subject of mention under the head of Sec
tion X. 

Besides the primary work carried on at Genoa Corn, l\Ir. Eimheck determined several secoml
ary and tertiar~- points, and made additional measurements of angles for cmmecting the State 
capitol in Carson Cit.)· with the triangulation. The subsidiary obserrntions i11elnde all the princi
pal mountain peaks in Yiew, and theRe lie within a belt about one hundred and fifty miles wide 
along the thirty-ninth parallel. 

In the comse of the season .Mount DaYidson, near Yirginia City, was determined in positio11, 
having been obseryed on in the previous season at Pal1-Rah, a primary statio11 to the northward 
of Genoa Corn. 

Cor~·'s Peak was next occnpiecl by _.\ssistant Eimlwck. At thiR station ::\Iou11t Conness, a 
station to the southward and wt•stwanl, was ohserrnd on, as it was also from the most eastern sta
tion of the DaYitlson quadrilateral. In lieu of a _!.ieliotrope at Mount Conness, the ohscrvatimrn 
were matlc upon a larg·c cairn covered with black muslin on the side next to the obserV\'r. 

Vertical angles were measured on the outl_ying primary station8 a11d al8o on a uumher of tlw 
more prominent mountains in view from Cory's Peak. 

In .Tune, 1880, .Assista.nt Eimheck rnoYed his part~- to the primary statfon "Carson Sink," and 
was there e11gagecl at the close of the fiscal ~·car. The statistics of' the> work will he giwu in my 
next annual report. 

00.AST .AND GEODETIC SURVEY OFI<'ICE. 

The charge of the Coast and Geodetic Surrny Offiee continued with Assistant .J. E. Hilganl 
tl1roughout tlte year, a standard of eftlciency being maintained not less high than that of for111Pr 
years. \Vith the extension of the territory Pmbra.ced in thP operation:.;; of tl1e snrn\y l1ave comr 
large accessions to the data and material available for maps, charts, aud other pnblicatimrn. A11 
increase commensurate with this has taken l)faCe in the correspondence of the office to nwet tlw 
calls for information and transcripts from topogr:1pliic and llJ·drograpltic records. 

In tltis coITespornlence, uml in the details of exeenth·e dntJ·, together with the work iurnht•d 
in the preparation for publication of the reports and appendices, .Assistant Ililgard had tht' aid of 
.Assistant Edward Goodfellow. 

Special attention was giYen during the ;year to the arrangement, classification, aud catalog11i11g 
of duplicate hydrographic records; to the publication of an edition of the catalogue of the cl1artl:' 

embod;ying a number of improvements, and to a study of the forms lwst adapte<l to securP di>ar 
and concise expression in the titles of publications. 

Much time was also tlevoted to the development of improvements in the instnunents and 
methods of the survey to meet the requirements of exact processes in geodesy, combined with in
creased rapidity and economy in the execution of field work. A new iwimary base apparatn,._ was 
designed by .Assistant Schott, as referred to later in this 1-teport, ancl was partlJ· eonstructed during 
the year. An aooonnt of this apparatus will be girnn aft~r its completion and trial in the field. 
Improvements in the circular graduating engine designed to secure the automatic correction of its 
residual errors ar~ in progress. 
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With the aid of field officers temporarily assignetl to oftice dnt.v, a 1rnmher of iuvestigatiom; 
relating to the instruments aml apparatus for field worl' \Yere prosecuted under the direction of the 
as8istant in charge. 

Assh;tant IL G. Ogden, for a short time on office duty in Decemlwr, compared the six.meter 
lmrs, Nos.:! a1Hl :;, intemled for the measurement of secondary ha.sc lines. 

Assistant Stelunan Forne~· reported for oftice work in December, aml aided Assistant Ogden 
in compariiso11;; of the six-metrr base bars. He took part in thP imqrnction, pre1mratory to measure
ment, of tlw Fort ·Whipple trial base, made t.l'sts of the graduation of theodolik No. 118, and aftrr 
completing thr l'l'C<mh; of his work on the coast of California, made an examination of rrpeating 
circle :Xo. \13, arnl of geollesic Jeyels Xos. 2 and 3G. HaYing familiarized himself with the rnetl1ods 
and Pomputations of ob:;;en·atio11s for tiin~, latitude, an<l azimuth, prepimitor.r to a resmnptfon of 
1ielll duty on the Pacitir coast., Mr. Forney was diracted to take elmrgc of the preliminary measurt'· 
ment of tlw kilometer base line near Fort "nipple, and, ha Ying completed this work satisfactoril_r 
and tlcpositetl the records in the office, he was relieYed from ofiice duty early in June. 

Subassist:int H. \V. Blair, upon l1is assignment to tl1e ofticr in l~ellruar~·, waR tlirecte1l to aid 
Assif.1tant ForneJ· in the examination of geodesic level No. 2. Ile then l1eg:m a compilation of 
matter for the \V eights and :Measures Report, attending to tltis in the iutenals of time not occn· 
piPd hy other duties. These were chiefly as follows: An <•xamination of the limb of the twe11t:v
inch theodolite No. 3; a determi1rntion of the n1lues of the subdivisions of a new stand:t1'cl foot· 
scale of brass, :tntl of the errors of it set of rmh an cl gang·e'R for the Bureau of Ordnance; tests for 
:-tm1dard thermomrtern; a series of experime11ts for the Intemal Hevenue nurean as to the proof" 
strength of certain alcohols, mul an examination of the limb of theodolites Nos. 3 aml !1. Ill' also 
<!OlllJlarrtl Arago platinum meter with the Berlin hrass meter No. 4!l, and 1.Jegan the preparation of 
n report upon the tests of graduation of three twenty-inch theodoliteH. Tmrnnls the close of l\fa~· 
Mr. Rlair was assigned to fieM duty. 

Snhassistant C. 11. Yan Or<len reportrd for office dnt,Y in September, and after mnking himself 
familiar with the methods of testing instruments, was directed t<l make an ex:imination of the lim h 
of theodolite ::So. 17. He also took part in field work incident to the occnp:ition of Sugar-loaf Sta· 
ti on, and to t hr propose(l measurement of the :Fort ~Whipple kilometer base line. Early in N ovem
her he was ordered to field service. 

Mr. F. H. Parsons, during his temporary assignment to office duty in July and August, tested 
tl1e graduation of theodolite No. 108 nuder my immediate direction; made comparisons of sev-eral 
thermometers with the Kew starnlanl; compared the star pl:ices of the Coast and Geodetic SnrYeJ 
J,atitmle List with those of the ·wheeler Star J,ist arnl those of the Northrrn Ilonndar;y SnrvtiJ· 
J,ist, aud ltrought up to 1880 the mean places of two hundred and fifty 8tars obserYed in 1878 at. 
the HarYanl College ObserYatory, these being starn of the Coast and Heodetic Surve,>' List. for 
which better determinations of position were desirable. 

Towards the end of August l\Ir. !'arsons was assigned to field service, and upon his return 
from tlie fieltl in Juue following wag occupied iu comparisons of the secondary 1.Jase hars Nos. ;) 
and 4. 

No important change was made in the organization of the office <luring the ,\'ear, and the full 
statement given in my last year's report of the functions of the seyeml diYisions renders it nnMc· 
c;;sary now to do more than to recite in detail the work performed by each. The system of daily 
reports to each chief of division of the occupation of each employe, and of monthly reports hy each 
chief to the assistant in chargr, aml b.>· him to the Superintendent, is fouml effective in securing 
due responsibility for the amount and quality of work done. 

Jlydrograpltic Hii:i.~ion.-lu addition to duties as hydrographic iuspector, relating to the care 
mHl outfitting of the Yessels and 11ydrographic parties of the survey as elsewhere referred to, Com
mander B. P. I.,un, U. S. N., has snperYisml thr labors of the l1ydrographic drangl1tsmen in the 
Coast arnl Geodetic Suryey Oftice. He was aided by the following named officers, acting as as..'list· 
ant hydrog-raphic inspect.ors: J,ieut. IL E. Nichols, U. S. N., from July 1 to I•'ebruary 12, and 
Lieut. C. T. Hutchins, U.S. N., from April 24 to the close of the fiscal year. Master"\\~. Kilburn, 
e. S. N., was also on <lnt,y a portion of the year. 
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The oftic<> work done in the 11ydrographic (liYi8iOll may he stated briefly as follows: 
Jifr. B. \Villenlmcher, hydrographic draughtsman, protracted, plottNl, or drPw fourteen h,\·dro

graphic sheets, compile(] a chart of the Ci~ribbeaIL Sea from the be;;t authorities, aml 11Jott('d upo11 
it tile deep-sea soundings taken between the"' est India l slam ls and the Florida coast; tr:m>'frrrPd 
and reduced the deep-sea soundings of 1878 and 1879. 'ff est India lRlamls, upon hydrographic ollicr 
charts; made .protiles of deep-sea. sounding lines, aml made a nmnher of prqjectio11s for hydro
graphic parties, ancl >eriilcations of h,ydrographJ- upon (lrawing;;; for charts. 

Mr. "\Y, C. "\Villenhucher, ltydrographic draughtsman, plotted and drew fifteen h,\·dro;.:raphic 
sheeti:;, Yerified, inked, and finished three 11;n1roµ;rapliic sheets, aidrd in the transfer ancl rlrawiug· 
of profile lines for deep-se:i soundings, an<l made rnisccllar1eous tracings aurl pr~jectious for the nse 
of the office antl for h,\·drographic parties. He also plotted upon a 1mmhcr of' charts tlw eorre1•
tions or :ulditions needed to make the aids to 1iaYigation conform to the latest arnilalile clnta. 

J\Ir. F. C. Uouu, h,rclrographic draugbtsnmn, Yerifil'<l, inkf•ll, alld finished 1ii1l'en 11)-drograpl1ic 
sheets, plotted two sheet,;, aud made a number of tracings t-0 meet call:-; upon the oflic(• fot' informa
tion. 

Computing lJirision.-Tlw charge of the computing diYisio11 was. a,; hcretHfore for man~- ~-ear;;, 

with Assistant Charles A. Schott, and the work executed was made to keep pace with tlte progTess 
of the field work of triangulation. Mr. Schott statrs that additional co1npnters are 11eed(•1l for the 
astronomical reductions, tbe temporary assignments ma1le to t.Jw division not heing e11on~-1i to 
a<l>ance tl1e computations of 1 clegra11hic longitudes as rapidly as dt>simble. 

In addition to directi11g tlw preparation, 1listriimtio11, exarninatio11, and revision of the work of 
the computers, tlie furuishing of geodetic and other professioual infor111atio11 to 1ield parties arnl to 
office diYisiom1, a,)]{l t.lle prrparation of data to meet calls for i11fonnation upon the oflicc, l\fr. Schott 
gave special attention to the following subjects: 1n the department of terrestrial magnetism, atltli
tiorml discussio11s were made of tile seeular changt• of tlediwttion, and a- third edition of a pamphlet 
bearing that title "·as produced aml pnhli:-;lwrl; o])seiTations were ma1le a.t the magul'tic ohserrn
tory in this city; this oliservator,v wai; also used 11.r C:tptnin Sampson. U. S. N.~ h,v Lienteu:rnt 
Aekley, lJ. S. N., lJy Assistant Dall, aml h,v the How gate l'olar Expedition for testing magnetic 
instruments; a general collection of magnetic results, comprising declination, tli11, and intpnsity, 
was made, comprising the whole of the United States and parts of adjacent conutries, arranged hr 
States and Territories, and extending from the earliest to the prese.nt time; this collection contairn; 
more than forty-five hundred entries. Tlw magnetic observatory at ~Ir1,.iliflo11, ·wis., has rcmaincil 
in charge of Mr. Schott. ln tl~! .. .f'~()~!~t.i()_ '!()~~of the survey an important cliange was nmdt' by 
the substitu~iol!. o!_t.I1() _ _9l~rke Bj)]ieroid (()f 1866Lfox !A~)3e_ssel s_pheroi1l of rcferenct>, which lattPr 
had been used for the deYelopment of om triangulations since 18441 but from our work \rns fomul 
a.ft:erwar<lS 'fo-oe-foo'sn1iil[ .Thfa change was.dirt~ctccl_, iJ,S reco111111\;~cledjn a report entitled ''Com-

- pariw1s oTfoc~J:liefiectioilS of the i)Jnmb Iiuein latitude,_ 1011gitude, and azimuth of tlie ohliquc 
arc ;tl@.~L2~£.AtJa!Jttc ~Qa~tJ :±S dernlone<l on Be$$gFs _and Clru:k~'s _fli>heroids." An examiuation 
was iustituted of the I'ecords and computations of the differences of longitude determin1~d h:r tlw 
electric telegraph since 184-H; the results of sixt,y-nine principal deterrniuations aud of some i'ecoJHl
aries were critically examined, com uined, and collated, aml the "hole put in systematic form for 
use; a new longitude register was prepared contaiuiug these results arranged clironologicallr for 
each State and Territor;y; no recomputation was attempted for want of com1mting force. In Fell· 
ruary, 1880, Mr. Schott was ehnrged by tbe Superintendent with the dut~· of designing a new pri 
mary base apparatus, one that should lw lei;s cumbrous to nse tlmu the old apparatus awl he 11ot 
less perfect in accuracy. With the assistance of ~Ir. vV. SnesH, mechanician of the Coast and 
Geodetic Survey, to whom he furnished plans for the details of the apparatus, the new dt>l'lign wa" 
made, and, after minor modifications, was finall.r ado1)ted in June aml its constrnction ordered. lt 
embodies the principle of eompensation for chnuges of temperature, the bar being 11evertl1PlCl'lH 
rigid and without any leYers or joints, makes use of the Borda <litforeutia.l scale, of the .MudgP 
contact slide, and in general embodies all irnproYements made in the ('0:1;.;t Sun·ey priuiar,,- and 
secondary apparatus up to date. 

Two brass decimeters and two brass centimeters were standanled. 
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The following is a summary of the work performed by each computer during the fiscal ;rear: 
Mr. James Main compute1l the astronomical latitudes of Mount Helena, Cal., 1876, and reYised 

seYer:tl latitude computatimrn; computed the astronomical azimuths of Lieutemwt Ackley':s mag
netic stations, Gulf of l\1exieo, 187!1 aml 1880; of Berger, 1\Io., lt>78; of Hopefiel<l, Ark., 18'i9; of 
Sugar Loaf, 1\Id., 187!l; of 'L'anyard, Ala., 1878; and of Cottonwood, 1880; aJHl revised Reveral 
azimuth computations; computed telegraphic difforence oflongitude, -Washington and Cambridge, 
18i:.!, and \Yashingtou and St. ficrre, 187:!, and rm·isetl several longitude computatious. Ile also 
furui:sl1ed mean places of stars for field parties. On account of infirm health, Mr. 1\Iain is rn1t 
re<Juire.<l to eompute for more than fi"rn hours a d(l,y. 

Dr. Gottlieb Humpf computed the following secondary or tertiary triangulations: Snpple
meulary work, Delaware Day, 18i7; Indian Hiver, Fla., 1879; Sarasota Bay and south of it, Fla., 
1878; between Horseshoe aud Daughtry bases, I•'la., 18i7; l\lississippi I~iver from :Natchez north
ward, 18i8-'i9; Mississippi l/frcr between Helena, Ark., and Bennett's Landing, ~fiss., 1878; 
J'rornontory Point to Poiut Sal, Cal., 1878-'7!l; Catalina Island, Cal., 1877; Puget Sound, Wat1h. 
T., 1871; l100t1's Canal alld other waters couuected with the sound, basing the new positions upon 
Clarke's spheroid of referenCf1. 

Mr. }Jdward II. Courtenay had charge of the geographical registers, both of the computing and 
drawing division, and chiefly attended to the preparation of geodetic data required by field parties; 
collected and rm-iRetl magnetic constants for the several magnetometers; arr:mged a new register 
of the duplicate astronomical, geodetic, and magnetic records of the survey under bis charge; 
computed magnetic ohsen'ations made by l\Ir. Baylor iu 187H, and hy l\Ir. l\Iason at l\Iadisou in 
187!J; assisted in the preparation of the annual statistics; completed the a<ljustment of the trian
p;i:lation of the rpper Potomac, 1865, and adjusted the main series of triangles, Puget\; Souml and 
Ad111iralt~- Inlet, haHing thP results on Clarke's spberoid, and furnishing the needed baseR for the 
work executed in 1878 an<l rnrn aud computed hy Dr. Humpf. 

:Mr. Myrick JI. Doolittle computed the adjustment of the primary triangulation between 
Charleston, S. C., and Savannah, Ga., 18G8-18i0; completed the computations of primary and 
SPCOndary heights of the mue l{idge tl'iangulation, Maryland to Georgia; prepared abstracts of 
directions and adjusted prima~· triangnlation vicinity of Staunton, Va., 1878 and 187!); computed 
tri:mgnlation of Pennsylrnnia, 1875-'76-'78-'79, executed by Professor Haupt, and of New Jersey, 
1876-'77-'it·>-'rn, i>,xecutcd by Professor Bowser; computed the triangulation :Mississippi RivPr, 
1\lcmphi" to J~cunett's l .. anding, 187!l, an1l b(~tween Helena, Ark., and Bennett's Lauding, 1878; 
<"omputo1l arnl atljirnte<l the principal triangulation of tlie region horderiug on tlie States of New 
York, 1\Iassadnu;etts, -:'\cw Ilampshire, au<l Yermont, lS74 to 1879; and computed the length of 
the El Paso baSl', Colo., 187!l. 

Hr .• Jermain G. l'orter completed abstract of horizontal directions of stations near Santa 
Bar barn Clianucl, Oal., 187M; at Starr King arnl Gunstock, N. H., 1878; at Pah-Uah, Nev., 1878; 
computed the length of four base lineR Mississippi Uiver triangulation, 1878-'79; adjusted the 
primary a11d compnkd the sccomlary triangulation of the sun·ey of \Visconsin, 1875-'76-'78; com
puted gt•ographieal positions San Nieolas and San Clemente Islands, Cal.; computed the main 
series of triangles 1\lississippi Itiwr, 1\fagnolia to Donaldsonville base, La., and the ohl primaQ" 
triangulation l\lississippi Sound, basing them on Clarke's spheroid; comput~d the triangulation 
Mississippi J~iYc;r above Donaldsonville, J,a., 1879, between Vicksburg and Omega, Miss., 1879, and 
between Natchez and Jackson Point, lVIiss., 1879-'80. Ile also computed the length of the Louis
ville base, Ky., 1870. 

Mr. Marcus Baker eomplet.etl the computation of telegraphic difference oflongitude Washing
ton aHd Atlanta, Ga., l8ill, and collected some magnetic results Alaska Territory. Ile gave five 
hours work a tla:r to the computing division. 

Mr. Alexander S. Christie completed the _computations of astronomical latitude of Nashville, 
Tenn., 1877; Cairo, lll., 1877; Clark, Pa., 1877; Travis, N. Y., 1877; Burt, Pa., 1877; Padncah, 
Ky., 1877; Pinn, N. Y., 1877; Memphis, Tenn., 1877; Hickman, Ky., 1877; and nine stations on 
tl1e boundary of New York aml Pennsylvania, 1879; of Helena, Ark., 1878; Natchez, Miss., 1878; 
1:1 arrishurg, Pa., 1877; J~ola, Cal., 18i!l; computed the astronomical azimuth Mount Prospect, N. Y., 
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1878, and made progress with t!te computation of the spirit leYeling, Mississippi lti\·er, Greem·ille 
to Yickslmrg, l\liss., 1880. 

~Ir. Erasmus D. Preston completed the telegraphic difterl'JJCC of longitu1lc "'ashington and 
Statesville, N. U., 1878-''ill; assisted :!\fr. Eaker in the compntatiou fiJr l011git.mll' of Atl:mta, na., 
187!!, and attended to some misccllaucous work, sucl1 as testing tlicodolitcs, measure of deeimekr 
aml centimeter scales, and copying afo;tracts of longitude results. 

Temporary assistance was giYen to the computing division ti:v the followi11g·11:tm1•d iwrso11s: 
J\lr. J.E. McGrath, who continued the reading oft' and tabulation of the magnetic arnl ther. 

mometric traces at the :Madison magnetic observator~·, kt't'piug this work up to date. lit• also 
attended to clerical aml computing work in connection with tile g1•ogmvhical n·g·i8tcr8. 

l\Ir. f'. A. Saw,rer, who was e11gagetl in reYisiug computation of spirit leYcling iu \Yest \'ir
giuia and Ohio, 18i8. 

Mr. T. B. Norelius, who was reading off chronograph sheets in connection with tram;its at 
Statesville, 1878-'7U, and making tradngs of topographical sketches. 

J\Ir. Carlisle Terry, jr., who was engaged on miscellaneous geo!letit'. work. 
Mr. 'Yillis C. Ames, who was engaged in clPrical work principally, prepari11g sketches a1Hl 

geographical positions for tit~ltl partier:;, duplicating records aml making sowe plain compntatiolls. 
:Mr. G. J<'. J~irtl, who was engaged in indexing dnplieate record:>, mii:;cellaueom; copJing, and 

i111serting geognq1hical potiitio11s in reg·istcrs. 
'l'idal 1Jfrisio11.-~ll'. U. S. AYery remained in cbnrg·e of tlw tidal !li\·ii'iiou 1lnrillg the .n·ar. 

Iu lti8 report ou the fiehl a111l oftlce work l'l'lating to 1 id1>s, lllr ... :\xery renews his recomrnemlation 
for the estalJlisbmeut of a tidal station at the Bermuda lslamli:;, arnl another at some point 011 the 
southern Athmtic coast, to obtain by a simultaneous series of obscrYations lhtta for a more com
rilete im·estigation of the Atlantic coast tides, and suggests also that series of tidal obsen-ations 
with self·regi:stcring gauges at some ports of the Culf of J\foxico are \'er.r desirable. Having 
obserYed that the tidal curves antl tide tables deduced from the ns11al1~· tihort l'ierics of staff ohser· 
Yationti by hydrograpbic parties gi\·c data more or less imperfect for the reduction of soundings, 
especially where single day tider; prevail, as in the Onlf of :Mexico, or where there arc large irregu
larities in the heights of hig-h and low waters, as on the Pacific coast, l\[r •. Axery was iudnced to 
prepare a set of working drawings for a self-registering gauge, which slwuld he easily put up 011 

any firm support, and used without a house. One of these gauges is now in course of eonstruetion, 
and its working will be tested as soon as practicable. 

The following tahle girns a list of statiorni at which self.registering gauges were in operation 
during the fiscal year, indicating those where long series of olJserYatious arc in progress as ''per
manent." 

Section. Name of station. Xame of obscrYer. Kind of gaut::e. j i~t'.rmanent or 
1 temporary. 

Time of occupation. 

}'rom- I To-

--I-1·~orthllii:::~~:~.\ ;;.-·~~auld~=-1 Sdf.regiHt~t:ing 1 PL•t~na-:;~~.~~ .. ~~~~;;.~~~.~~-! ~pril 25, 1880 .•••. 36li 

I Pro,·idence, R. ! ... .\ ...................... -- do-----······ Teru11orars ........... .: ............. : ............................ . 
I IBlookislaml,R.I .. [J.M.Conl~y ...... _., ..• do ........... · .•.. <lo.-·-···--- Juhl41879 ..•• _.ineoen1lwrl,lFi!I 141 
II SandyJlook,N.J ... J.\\r.Banfortl .•.......•. tlo .......... I Pt'rmancnt ...•.. ~Junll,1879 ....... Junel,lShO .... i :um 1 

X~I ~=~:o~~:~~::::: .~'.·.~~·~:::::::::::: :. : ::::::: ::::·:::::.· ,·~-~~~";;~~~: :::::! .~.''.~'.'_~·- ~~~~::::::: .~.''.'.'~.~'_ ~~~~::::::: :. -··HiG-. 

Mazatlan, Mex ...... FiacroQnijano ............ do .•......... ' Pt.~rmanent. ..... : .ltt11nar,rl. I880 .•. .April3o, rnr.;o ..... i 121 

Honolulu, S. I ...... J. S. Emerson ............ do ..•...•..•. : Temporary ..... , June li, lSiS ... ·-· I-'ebrnar~· l~, l"'8fl i 61~ 

In the office work of the dh-ision, Mr. Avery ga\'e his personal attention to the preparatio11 of 
information needed t-0 meet inquiries from officers of the sur,·ey and others in relation to tidal 
results and bench-marks; he prepared tide tables for charts, and dirccte1l tlte computation of' the 
tide tables oontaining the predictions of tides for the principal ports of' the Atlantic anll Pacific 
coasts of tbe United States for 1881. These tables were ready for publication hefore the close of 
the fiscal yea.r. 

Mr. L. P. Shidy was chiefiJ occupied in the reductions of tidal observations rcceiYed from 
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bydrographic parties; in the predictions for ports wltere large diurnal inequality prevailed, and in 
the miscellaneous work of the di\·isiou. 

Dr. T. Uraig was assigned to duty in connection with tidal i1IYestigations an<l kindred re
searches in Jnl.r, aml, after :some practice in tidal reductions, entered upon a discussion of the 
theory of projections, and the laws goYeming ilte tides on a Yiscous spheroid; studied the rela
tio11s of lines on the general ellipsoid to those on certain spheroids wbieh are analogous to the 
parallels und meridians on the sphere; investigated the various problems presented by a heaY.)' 
har supported at two or more points symmetrically or non-symmetrically situated with respect to 
tlw center; discussed the effect of ice-caps at the pole;.; on tlw ocean level and on tlw form of the 
soliu nucleus; iuvestigatml the formuhe representing the tlow of water in a curved and in a straight 
channel, aud began the application of some principles of nntex: motion to tidal equations. 

S11ecial work on predictions was done by contract by l\fr. Johu Dmrnes. The predictions for 
Boston Iforbor were l'omputed by .l\Ir. J. G. Spaulding. :Miss :u. Thomas assisted in the rc1foctions 
and rniscdlancous work. :\fo;s C. Tnmbull attended to some of the minor tabulations a111l reduc
tious, awl to rnii;eella11eous copying and tracing. 

0. D. White and J. \Y. Butler were temporarily attache1l to the tlidsion; the former to learn 
tl1c management of a self.registering gauge, the latter for miscPllaneous work. 

J>r11tci11g l>i i:i.~ivn.-The immediate snpervi:,;io11 of the work of this diYision was coutinuctl 
witli :Jlr. ~W. T. Bright. The dranghtsmeu employed during the year were as follows: 

l\lr. A. Lirn.le11kohl, was cug·agcd in making tlw fiuer class of hydrog;raphic and topographic 
redndious, aud iu c011.stmcti11!-!: the 1mml11Sca1e charts. He kept the in-inci1mI 1iuisllcd g·l'ltel'al a1Hl 
coast charts up to 1late, as also the a1mnal progrP,-;s sketclte,-; which accornpilll.)' tlJC ,rearly reports, 
aud made 1m1iections ou cop11cr for tlte charts to be engra\'ed thereon. Ju September, J\lr. L. was 
cngagc1l in tiehl duty, and miLde a survey of the site of \Y;\sbiugton's birth-place. 

l\lr. Il. Lindenkohl was employed in many different ways requiring skill aml judgment; i11 
reducing various classes of charts, preparing drawing>' for reproduction by the photolithographic 
process, and in m1gravi11g 011 copper and stone. 

l\fr. L. Karcher made, with celerity, most of the 1mmerom; field pr(\jections, besides a great 
trnmy diagrams, prQjects, and tracings; reduced for c11gntYing topography aud hydrography, and 
im•paretl drawings of the sketches illustrating progress of the geodetic work. 

l\Ir. l'. l~ri('hsen executed the iuechanical and perspcctiYe plan-drawings of instrume1Jts or 
pn•1·isio11; filled i11 to1>ographical details upon photographed outlines of seYeral coast charts, antl 
rc1luced shore lines tor :fidd pr(\jections. 

l\Ir. C. Junken was employed chietl,\- iu re<lncing l1,rclrngntpl1y for coast arnl harbor charts, and 
111a1h• ~·opper-platc aml field pr~jections. lie w;i.s absent from the rliYision from ,July 16 to Noyem
hcr l~~ makiug a topogra.phical surYey of Hoclrnway, L. I., and was from January 29 t-0 May 11 
engaged in sune~·iug and plotting the h~·drography of the upper part of the l'atapsco Uirnr, Md., 
for the Board of Harbor Cmnmissiouers of Baltimore. 

l\fr. l~. ,J. Sommer has continued upon miscellaneous work, making proj(~ctions and tracingi;, 
antl inking topographic sheets; much of his time has hl'e11 girnn to the drawing of iihotolitho
grapltic harbor charts. 

Mr. T . • T. ()'~nllivan was employed in enlargiug the topography amt bydrograpby of the Mis
sissip1ii Rh'er from a seale of :r 0 fi,, u to 1 <lt,0 ,1 ; in Yerifying culargcd cl1arts; making diagrams 
illnstratiYe of the annual reports and appendices; drawings for photolithographing; lettering and 
inking plane-table sheets, tracing, aull other misccllanmms work. 

}fr. H. Eichholtz added corrections and colored the lmo~-s and light-houses upon the pnb
lislwd charts. ]Hr. E. Molkow was employed, also, in correcting ligl1ts and buoys, hesides perform
ing other work in tr:wing, and doiug <lnty in the archives. 

The followiug genflemcn were employed in the division from .July 10 to Dcccmlicr 31, quality. 
iug theuumlves, hy practiee-work, for the pm,ition of (hanghtsmeu, viz: \V. H .. Uandolph, W. E. 
Ames, A. E. Burton, E. U. Fowler, U. K Peary, an<l A. B. Graham. Since the 1st of January, the 
four latter b~we been regularly employed, and engaged upon the lettering aml inking of the topo
graphical i:iheets which are turued in by the iicld officers in penoil. Mr. Burton was sent to Mem· 



 

U~ITED STATES COAST A~D GEODETIC SUHYEY. 57 

phis, Tenn., April !J, iu the eapadtj· of drangl1Li;ma11 to the :Xatioual Bor1nl of Health. :mu n·maiued 
there until June, wheu·!Je returned to his duties iu tlie diYisiou. 

:Mr. ,J. C. 13arr acted as clerk to the divisiou since J uue 14, the date of l1is assigurnoat. 
A general summar_y of the '\Ork commenced, completc(l, or iu progress in the dra,Ying· uiYisin11 

during· the year will be found iu Appendix :Xo. 4, wllile a list of information furuiRhc<l to tlw oflk•'., 
by tracings and otl1erwise, in reply tn special callR, is giYen in Appendix :Xo. 3. 

Engra1•ing 1Jirlsio11.-Thr: operations in detail_ of this diYiRio11, in drnrge of Assistant .1. :-\. 
Bradford, may be summarized as follows: 

T\rnnt;y cliart 1)Jati>s were completet1; six W<'re begun, alHl work upon thirteen l1as llec11 con· 
famed (the most of tlwm almost to romplHim1); corrections arnl athlitions were rna<h· 11pou m11· 
hundred an!l F>ixty-eight plates, inchu1ing Atlanti(• Coast Pilot charts and viewR, besides two 11ew 
Atlantic Coast Pilot charts, and Rixteeu Yiew platf'R, contai11ing- forty-five vi!ms. Tlie progreRs 
sketches (twenty in numherl wer<' t•xarni1w<1 nwl eorrN;tNl tD 1latr, anr1 a large (jlHllltity of misr~Pl · 
l:meous work wa>i done. 

The force of the dh·ision ltas remained aliout the sam11 as last year: 1\leRRrs. A. Sengteller awl 
\V. A. Thompson ha Ying heen eontiunetl as topographical engravers; E. A. :.\Iaedel, A. P<·terse11, 
H. M. Knigllt, ,J. G. Thompson, and P. Conrteua,v, as letter cngra\-er!l; K H. Sipe anrl ·w. II. 
Davis, as miscellaneous engraYers, and Themlore .\\-asserltad1 and A. <'. Hnehsiun, emplo~·e<l on 
miscellaneous corrections arnl allditiom>. 

Besides tile above-mentioned persons, l\Icssr:-:. J. Entho:ffer, Tl.('. Eva11s, mul H. F. Hartle haw 
heen employed on contra(•t as topograpllical engTa\·ers. 

Since tlie <leatlt of ::\Ir .• r. ,T. Yo1111g·, 1Ir . . 1. R Barker lrns heen em11loye<l in etching t.'onst Pilot 
views. 

The clerical duties of the division, inclndiug tlte Ycriftcatiou of lettering a111l geueral eugraYing. 
have been very satisfactorily performed hy ~Iessrs. Leed" C. Keer and .Tolin II. Smoot. 

In Appendix :X o. 5 is giwn a list Of plates completed, contimwd, or commenced <luring the ~·l'lll' 
Jillcrfrotypi11u Hllll P!totor1mplifr !Ji1•isim1.-Dr . .Znmllrock, in charg(' of this division, nm(le thirty

onc altoR from engra\·ed plates, and t.11-e11t,\·-1ii11e ha!'sos, tlw total weight of which was one tlt0lllli!lld 
aJHl fifty five pom11ls, allll the wholt· snrfaee fort~-.six t.lionsarnl 01111 lmndrrrl awl s1•w>ntr-1h-e i11cl1es. 
Ile also ma(le 01w alto antl twt·lve hasso,,; from the 1;mnll plate of the offic1·. sral, aml stPel fac(•1l 
twent~·.eigbt plates. J.'or tlw use of tl1c 1lrn11g;hts111e11 a1ul cn::;niYers, forty-eight lll'~ati,·cR, thr<>P 
positin!;;, aml two lt11111lr<'tl :I.lid t\\'(•] 1·t, prillt,.; \\'t'l'C takPH. Upon him 1hwoh·ril ali;o the cam of th1· 
galYanic batteries, h~· nwa11s of \rhi<•h tl1t! nt1icP '-'.\111patl1<~ti<' <'lo('l;s are rPgnlnte1l and th1~ (•all lwlb 
kept in working order. 

Dr. Zumhmek had tlic aid ol' 1\1 r. li'rar1k <her. 
Jfi.~<~eua,111,011,~ J)iri8i1111.-The work of thi,-; diYi11io11 lw.;; hcen pnforme1l by 1\fr. ::\J. "'· "-i11N:. 

l t inclrnles tlw enr<' of tlrn stationory. and its distrilmt ion l(n· Hit• requiremont,; of the ofticr~ a111l 
fielcl parties, tliP snp11ryision aml <'al'e of tht~ otlice hnildings aml fnrnitnrc, the tlistrihntion of lhP 
annual reports anll other pnhlications, and the eorres1l01H1r1irf' with Ralr agentR r<>lating· to Ow 
sn})llly and sale of charts, Coast Pilots, arnl Ti1le Tahlcs-

During t.lw fiscal y('lll' there wrre rrcf'in•d from tht• Puhlil' l'rinte1· tlie tiillowi11g;.11ri111Ptl 1rnli. 
licntiomi: 

One 1lJ011s:u1d eo1•ies Ti(le TableH for Hw Piv·iJic roast. fol' 1880. 
Fift.e.e11 lrnmlretl copiN1 'ride 'fa.Ole;; fol' the A tlantie coast for 1880. 
Five hnnrlred and tift~· copiPs Atlantic Coal't l'ilot, Hiyisio11 A.-Eastport to Hostou: l'lrrornl 

edition. 
Two hurnlre(l, copies AtJa,Jttil' Local Coa:st. l'ilot, Huhdivision 1.-Pnssamnquod<l,r J:ay to 

Scl1oodic. 
Two 1m11dred copies A tlantit' Local Coast Pilot, Suhdiri:sion 2.-Freuchnrnn':s BaJ· to Isle an 

Hant. 
Two hundred copies Atlantic Local Coast Pilot, Subdivision :t-l'enohsent Hay mul tl'ihutari(•s. 
'l'wo hundred c-0pie1i Atlantic r,otml Const Pilot, f3nhdi,'ision 4.-Whitt> Hern! l:sland to Capt> 

Small Point. · 
Two hundred copies Atlantif'. Lo1·al Coast Pilot, S11l111idsiou ti.-( 'ap1• Small Poi11f. to< 'apt' Ann, 

S. Ex.12--S 
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Two hundred copies Atlantic Local Coast I>ilot, Subdivision 6.-Cape Ann to Cohasset. 
Two hundretl and fif't;\· copies Pacific Coast Pilot, Appendix 1.-Meteorology and Bihliography 

of Alaska. 
One thommnd copies Secular cliaugef.l of ~fagnetic Decliuati011 iu the United States aud at 

some Foreign Stations: third ecliti011. 
One lrnmlrcd copies Appeudix Xo. 9, Heport for 1876.-Uhauges in the Harbor of Plymouth, 

1\faR.~. 

One hundred copirfl Appendix ~o. 11, Heport for 1876.-Proposed location of a Pier-Line for 
the improvement of naYigation near t11e United States fowy-Yarrl at, New York. 

Two lrnndred copie~ Appernlix Xo. U, Ueport for 1876.-Note 011 the Theory of th1· Hco110111y 

of Heseareh. 
Two hnndrPd and tifty copies Appendix Xo. 15, Report for 187G.-l\1Pmmrrments of Gravity at 

initial stationl'i in America and Europe. · 
Five hundred copies Appendix :Xo. :m, Heport for 1876.-0n the adaptation of TriangulationR 

to various conditions, witl1 ~otes on Method~ of observing Horizontal Angles. 
fiyc hnndreu copies Appendix Xn. 21, He1iort for 1876.-0n a dmrt of the Jlagnetic Declina· 

tion iu tlte United Statel'i. 
FiYc hundred copies Appendix :Xo. :.):!, Report for 187fi.-8tandardi; of }[ea8urP of the Unite<l 

State~:;; cornparP.d witl1 those of t;reat Hritain an<l France . 
. Five hundre<l copies Appendi<'PR lG, 17, 18, antl HI (hou111l togptJwr), ]{nport fin· 187H.-Contri

lmtions to Hypsornetry. 
Five hnnrlred copies NotiN• to ~la1i11<·r:-;, No. J8.-Deptlt of water 1n-p1· th<> h;n at <i11tm11re or 

""ilrningtou Ilarhor, California. 
Pin; lnuulred copies Notice to ;\liwi111'rN, No. 1 n.-Lonatio11 or Keo11 Hod•, iu the mi<l11le passage 

to Sitka Harhor, Alaska. 
Ji'ive huwlretl eopie8 XotfoP 1o :\lari11ers, ~o. 20.-Ulosiug- of :Xew Inlet, month of Cape Vear 

Hiver, North Carolina. 
Fiw hundred copies N otic(· to l\I ariners, No. 21.-Increasell llcpth of water at e11t ra11ce of Cape 

Fear Hiver1 North Carolina. 
Five lmnclred copies Notice to 1\Iariners~ No. 22.-Hunken wnwk in the track of Y<'ssels running 

a 1011g tlw New Jersey coast. 
Se\ en hundred a1ul titly 1·opies ~ oti<:t' to Arari111•1·s, No. 2;~.-De\·elopmeut of ,Johrnso11';: RoC'k, 

Caseo Bay, }Iaine. 
JCive hundred (·ovie;; Notiu· to "'larineni, Xo. 24.-Dangcrous wreck near Isle of Wight Shoal, 

c·oast of 1\Iaryland. 
Five hundred copies Soti<·e to 2\lariners, Xo. :?:-!.-Development of S1·lrnyler's Le1lge off Sakon· 

net J>oint, Rhorle Islaud. 
Fh'e hundred eopies Notice to :\lnriuers, No. '..W.-Dcrnlopment of tlaugerous rocks near Fort, 

Ross, California. 
Due distribution haYing been made to the departments of the government, (•opies of the 

Atlantic Coast Pilot and of its subdidsions, with the Tide Tables for the Atlantic arnl Pacific eoast8, 
were placed on sale at the agencies on both coast"!. The appendices to the Reports, of which extra 
eopies were supplied, as enumerate<! aboYe, are for free distribntirn1 to all imitable applicantl'l; the 
"Notices to Mariners" were gh·en a wide circulation through the press, and were sent to all the 
agencies in t11e l'hief seaports, rrganl being had to the snl:\iect of the noti<~c and tlw locality 
referred to. 

Four hundred and ninety-two copies of the Annual Reports of the Superintendent were dis 
tributed; also ten hundred and ninet;r-two diYisions of the Coast Pilot, including subdivisions. A 
second edition, re\'ised and enlarged, of Division A, ;East1)ort to Rost<m, was published. 

There were received i11 t!ie chart room during the year, for distribution under the immediate 
snpenision of Mr. Thomas McDonnell, thirty-three thousand seYen hundred and twenty sheets of 
charts, of which number eight thousaml six hundred and thirty-four sheets were printed from 
stone. Of these charts there were required for the use of the several departments of the govern
ment ni11e thousand four hundred and nineteen copies, and to meet the demands of sale agents 
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fift11en thousarnl font ht111tlred aml twenl.r co11ies. The total 1fodrihutio11 of cliarl" tluri11g th1' year 
wa;; 1 w1mty-se\·e11 lhou,.,aml ei;dti lumdretl antl sixty-six 11opit•,;, a11 irn·1·casc ot' ll!Ol'i' tlta11 foul' 
thousarnl copies over that of the preYiou,; .'·ear. 

The ofike priuti11g wm; 1lo1w by ::\Ir. l<'l'ank l\loore, aidPil l~.' JJ. ~. Jlom·cr a111l ,J. S. Hi·t·k. aud 
1lrn'iug part of the J·ear hJ· .l. 8. Heill~-. The hacking- of ehal't8, the preparation of ha1·ketl drawing 
paper for tidd use, and the \rtn·J; of the foltliHg-ruom was a.tte111lcd to hy IL Si1-1sc11. aided h~- H. T. 
Basl'lett. 

In the archin:s, undt·r the care of )fr. G. A. Stnvart, there were recei,·etl arnl regi,;teretl 
during the year nine lmndred rmd sevcuty-sPrnu origiual and ti w· huudred aud fifteen tlnplicat\• 
volumes of records, four topographit- and forty-one hydrographh· slleets1 with oue humlre1l and 
thirty-one sptwimens of sea-bottom. The whole number of topograpllic slleets n·gi:-;tned to .Time 
30, 1880, is fourtee11 humln•d aml 1-;ixt,r-fiw, n111l of hy1lrogrnphi1· sheds fomfrt'll humln·tl aml 
th irt.~· -two. 

Addition I" were mad1· to the IiLrnry. miller the clwrge of- M1·. Sm11uel Uei11, H-" follO\rn. dul'ing 
the fiscal ~-ear: Volume,;. tw<> 1111111lred aml sixtee11; pei·i0<li1·als, the hmHlrNl a111l eight,\-four, 
l~xtrn copi(~s of perimlicah; swelled this 1111111hel' to six hundred and 11i11ery nine. The freque11t rnw 
made of puhli1'.atio11s ou tilt> i;: slio\1·11 li,y t111• relathel,,· larg .. 1mmlJt>r ot' ,·olu111e" a111l J1Priodical8 

gh·1•11 out during the fist><tl year, 1mmely, t-\\eh e lrn11dre1l arnl thrPP. 

The dire1•tion of w01·k in the instrument shop autl the ehargi' of the 111sl rnnw111 mom n'mai111·1l 
with l\Ir. 0. N. Saegnrnllcr, diief 111ccha11icia11. Ik was ai1led l1y ,Jol111 Ularl,, \\". ,laeolii, B. E1-1hle· 
man, a11d I'. YitTlmche11. 

:\Ir. 8acgmulk1· g·a,·e 111ueh of his time d1tl'i11g the ,n•aJ' to i111p1·11\ e!IH'lllS i.11 Ull' gTaduatiug
e11gim1, a11!l llis sue<"ess in cx(•e11ti11g ihe.-;p was Yl'I'~- 111arke!l, a 1rn111hel' of thPO(lolites ha\·i11g h1•e11 
regT~liluat<>,(l \Yith n•sult,.; of an excl't'1li11gly "a.tisfadrn',\' char.wter. ,\.111011;.: the,..1· \\'lll'P. Hw circks 
ofTro11ghtm1 a111l Sim111s' 11Jcod11lile ~o . .J.. a1ul th11se ol'tite t\\o t\\1•11t.1-i11di tlll'odolites h,1 \Y1mle
rna11n, ~os. ;; aud 5. 

Expcrime11tt1 witl1 tliriiliug 011 ;.:'la,;8 aho engag·l'll .:\lr. ::-\ae;.:·rnuller·,_ attention. this lllillerial 
pre:,;Emting certain a,d\'aatages O\'e1· met.al for use i11 eo11structi11g thP cil'dt•,; of theodolite:; . 

.All 'Of the earpeutr,\' work of the ofiicc, i11dnding the wootl-\York of in8tr11meuts and tlwir 
pad;:i11g for transportation, \\':ts dOlle by ::\Ir. A. Yeat111a11, wit!J thP assistanct• ot' ,J, \Y. Clanol', 
and during part of the ,rear ol' C. \\' ehstt>r irnd Heorge i>orn. 

The clerical work in the ofike was performed h~· l\res:-;rs. "" n. Fn·11d1, \\'.A. Ht•J'lint, aml 
h~- l\Ir. C. ]), Gedney as ste11og'l'apher. 

Expemlitures fol' the wol'k of tl11· Sun·1\\ arP autlwrizt•1l ouly 011 detailed t•stimates rna<k in 

advance and approwll hy the Superintt•1Hle11t. The llislmrsing agrnt, ~Ir. ,l. "·· Portrr, ai'i usual, 
has carefully examinetl tlll' aeeouuts of field partiei'i, arnl coududetl rhe 11eccsi;ary corn·spDmh•111·e 
with Ow DPpartment aml c111plo.re" of the Surwy iu fiscal 111attern. 

In detail;.; pertaiuiug to my c01T1•spoude11ee with parties iu tlw Ht•ltl am! alioat, a11d the 1m'pam

tiou of an abstmct of operntio11:-; tlnri11g the year, A,.;i:;il'ltaut "·· \\', Coop<'r l1a.~ n~ntlnt•1l aC('('jll<thle 
i,;en·ice, as ltPretofore. 

Hcspcdfull~- s11h111it letl. 
C. r. P.ATTEHSOX. 

R11peri11ten1frn t. 
Hon. ,ToHN SHER3IAN, 

Necrcfarg of lhe 1'1'easur.1f. 
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APPENDIX No. 1 . 

Dist1'"ibuti:m of .9111·veying parties 1tpon the Atlantic, Gulf of Me.ri<'o, and Pac(fie coasts an1l interior 
of the United State8 during the .fiscal year 187!1-'80. 

SECTION I. 

Maine, NPw Hamp&hire, 

Vermont,Mfl.Ma('hnsett.s. 

andRhodeialanrl, inclml

ing coast au<l Btlaports, 

bay• anti ri..-er•. 

HJtCTION If. 

Connecticut, New York, 
New J"el'l!ey, Pennsylva
ni&, and Delltware, in
cluding eoast, liays, and 
river& 

PartieA. ()p1-,,rations. l\·ri-;tmri coutlucting· OJh~rationR. 

No. l Topogra1:i1l,V ...... i H. G. Ogtlt"JJ, as1'liHtant: '\\'. 1. 

Yinal. suhassi•tant. ' ' 

Lor.aliilrs uf wm·k. 

Topol{raphical Rm·vcy, iucludiug the ~bon"~ of 

the hoadwat<>r• or FrmH·hman's llay. Me. 
, Limt. ,T. 1<'. Moser, U_ S. X., as- i HydrographyofFrenclnunn'•R~y. l"landersBa,,-, 

Rist.ant: M3.Stem.J. B. Murdock, I antl of thp, OJiprnachef't t.o Bhw Hill Bay, coa~t 
.A.. c. Dillingharu, an(l l<'. I~. of Maine. n~vie:lopmeut of a rm·k iu Ca8CO 

Greene. r. 8. ~~. Bay, aml of a ledge otf tlu• coast of Nf'w1Jamp 

shire. 
A. W. Longfellow, asMi!-!t.ant. •.••. Plane-tab]~~ ~nt'Vfl~· of tlw vicinit~· of Ell~"·orth, 

and adJa<'ent. CQAst <1f }Iaine. 
Hyrlrngrnph~ lAeut. -Cd~l f'Wbree1 U, 8. N., rtS· , flyllrUgTaphy of th~ mi1lUle part of Hhw Hill 

Hh~tanL: Lieut.. l'cny (iarst, r' 
S. N.; Eusigu• ,J. 1~'- Stewart 
and ,T. C. Colwell, 'CT. S. X. 

Jly1h·ogT'nph~· ... -· Lif'nt. Comman<l<'rC. :M. Chestt>r, 

U. S. N., assistant: M....,,. 'I'. 

G. C. Halter, r. 8. N.: EnR.ign~ 

H. Morrell, H.F. Reioh, an•l<'. 

H. Amsden, \_T. 8. X. 

Bay, Mc. De\ rlopnwut of a l'llf'k otr Salrn1mf't 
J'oint, R. I. 

Ronrnling11 i11 tlw flonthea~t approad1 to ::llo1mt 

DeNert h1hmd. aml hydrHJ,.:TtlJ>)ry of the uprwr 

part of lll 11c Hill lln~. ~h-. 

6 Thlal ol1Rer'Yations J, C. Spanldiug .•...•..•••••..••.. 8.;riPf'. of t:iaal ol1scn·atio11;-;; rontinned '~ ith Melf. 
rt>:g-li;tit~ring ga,ugt·, and met.enrologin1l ollser\'a· 

tions recorded at North Haven. ~ntran<'» of 

Geotletic· u1wrll· Prof.E.T.Qnimhy ..... . 
tiQIJB. 

Geodetic Prof. Y. G. Barhonr .......... . 

9 Triang11la1io11 ,. .. : Riehm_ D, _C11tts. aosiAtanl; C. 
f IT. Sinclait·

1 
ah1. 

i 
10 }fn.grl'flofi('oh~Pr\~fi. i J". n. Ilflyfor. l'ml10~Ai~hmt 

tfona. 

11 Spreial np1·1·aUons F, 11. (:flird~·P.. n ............. . 

I 
12 'l'i•lal ohsc-rvation~: .......... --.---·-··--····----. I 

l 

No. 1 Hy<lrograpl1y Lieut. S. M. Aekley, t'. S. N., 
aaai•ta.nt; Lieut. H. T. Mona. 
hon, U. S. N, : Master F. E. 
Sawyer, U. S. N. ; Eusigu W. 

H. N<>Btnmd, U. S. N. 
2 Spooialo1wratlon•. F. H. Gerdes, a. .. istant I ; 
i I 

Penohscot Bay, Me. 
Triangulation oontltmNl in the nol'theni part of 

New Ham1>shin:. 
Reconnais~a.nct> and selection of points in eon. 

nection with occupied primary stations for the 

triangulation of Vermont. 

Primary triangulation contimied at- Killingt<JU 
Peak, and that station connect.id br angnlar 
measnrement<R with nnmerrm~ pointA iu NPw 
Harnp•hirP n.ud V erruont.. 

){agu<'tic fleclination, <lipl ancl int.f'>ll~ity ackr· 

mined at Eastport anfl BHJlA'<ff1 .Me.; at ror18· 

month and Hanorer, N. H.: at Cambridge. autl 
Nd.nt.uc.ket1 Ma~u~.; at Hntland1 Yt.: at Hali· 

fax, N. S.; a.ndatQuPbecand:Montrt'l>I, Canada. 
Securing ground mark•at Atl\tionsof1.he primary 

triaugnlat.ion along the euast of M•••ar.llu•et t8 

and Rhode Isbuld. 
Observations continnedatProddeneP, R. I. with 

the eelf-wgistering tide ~An~c }('nt to th~ ei(\ 

t>ngineer. 

8ea. currents obRerYM at ~tat.ion~ b(lfWN'U Nan

tucket alld t.he entrance of D~laware Ra,v. 

. 
Seen ring primary gl'Ound marb at t.riangi1Iation 

pointR, a.nd determining the })()Sitions of life. 
saving stations along the coast of Connecticu. t 

and New York. 
(63) 
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. -----'----------------!- --------------
No. 3 Titlal ohset~a,t.i1m~i C. Il. Vtrn Orclen: J.M. Conle:v ... i ObserYationlo\ with seJf.rt>giKtf'rj11g f,i4h: gnngt' 

! recorded brtwet~n J mw aud Dt-cem her, l 87lJ, at 

I 
Topng1·aphy awl 1 J. W. Donn, as.si>lton1 : Charlt>.'1 

bydrography. j
1 

Jnnkcn. 

Tidal obR4'1'VU.tiousi J. ''""· Danfi)l'tl .•.........•..•..... 

(; 'l'opograph\ ...... 1 ILL. "'\Yhiting·. as:-\iHtRnt: ,,., G. 

Rmlgkins, ni1l. 

J\13~1lPtil'nhKt1r\'fl·: ,f. U. nH.dor, :•mhns~il"h"llli 

tiOllR. 

Hie Jlloek I.laud broakwnkr. J.on11 l•larnl 
Sournl. 

Plane-tn.l1]r SlU'Yf':V of the vil'init_y of ne-mpst('acl 

Rily, L. L, and its tlP\'l•lopment by sonntlingl".i. 

Helf-registering titfo gauj:!;~ conthmt>tl iu n1wrn

tion '-'t, 8audy Hook, N. J. 
Detai1etl topo~ra11bicul ~1un':r of tlw f-'<.1stt>111 

Hidr• of HUtl~mn J:ivPt' PXt.f'rnl1•jl to point-; u.hoy~ 

Uol•l Spring,N. Y. 
' }iagnet.ic dtwlination, ~lip, uml i11tf.'n;.1it,r 11.-•ff•r

minetl ai Rouse's Point ancl at Allnrny, N. Y.; 
R.t Sa1uly Hook, N. ,T.; aml at IlarH01·•l1 (

1
011u. 

~ ' ]{N•mmmH~flfll't>. S. ('. !foC01·klP, ns~istant ....... _ . j Reconnai:-i.~nne'~ across the northern part ol' tl1e 
1 Rtate of N f'W York for triangulation hetwet-'Tl 

Lake Champlain nncl Lake Ontario. 

Al'ltronornical oh. · Eflwin H1nit11. as~i~tant: 1''. H. Df':tenninatioms oflatitudeat nint:1>ointM ncarthf' 

i-lervations. hnnnda.ry lint1 hetwee.u Pennsy1vauiu aud Nrw 

York. 
10 Gcodetir .......... l 1rof.E..A.BowE;er .•...•..••....• 'rria11gulntim1 (·outinm:•ll in tbfl nm·thf'rn 11art or 

Xflw Jersey. 
11 : Tri:rng11Jation R. 'M. nnchP, nRsiAt:lnt ..... ~ ....... I>oints detl'rmined in 11ositiiml along the }rn.111'~ for 

tlu>, f.l:UTvc~~~ of Delaware River from J .. Pa14111· 

Islawl downward to Touldn's I~lflnd. 

1~ 1 Special ol1~t:rva- • C. S. Peirce, aBsistn.nt; Ilcnr:r Far-
i tirrns. qnhar; Marcus Baker. 

Pendulum obscrvnti<ms completetl ntEbl'llRhnrg 

and York, Pa. 
l~ Gernletir• .. --··--: Prof. L!'Wi• )[.Haupt Triangulation in tbc 1-1011lht"iH'lten1 part of l)Pnn

syknnin, {'On11er,tiUJ! with primar.\ Rtation:'!i 

near the bend of ChP!:HlJWakP 1~a.v. 

H Topography ...... 

4 llag1u~ti4~ ol1H.-1><:a

tions. 

5 Specinl 11ytlrnt-,'1"n

phy. 

ti Tt'i'lngnlatiou. t-o· 

Jiogmpby, an<! · 

hydrography. 
7 t Triangulation an.cl 

reconnaiRARn•'e. 

8 Sp<'cial ohset-va-

1 tiODft, 

No.1 Magnetk ohl'lf'l'\'"1\· 

t.ionH. 

Hydro1ii-apb ~- _ .. - . 

.lohn \\/. Pat·.<~ilTI~ " ______ .••.••. 

<~Irnrles Junkeu, a~~il'Jtant: P . .A. 

WelkM nnd 1;_ F. llird. ai1k 

Topographical f.l.nrn~y (lr tl1e Yi<'i11it·r ol Capi• 

lfay, N .• T. 

uu tlic l'OH:'\t or Ut<htwal'f\ .:\ln.1",vlamll and Yil'

giniu. 
SonndingB in t.IJt• appl'O~H'lwii awl aero~:-> th~7 har 

of Chinc.otf'a!SnP lnlt4, roa8t ,,f Mary1arn] and 

-Virginia. 

801mdiug:; iu J->aia11Mo Riv.::r1 .Mtl.1 hf'twrcn L:irn~ 

1·etto Point aml Hawkin•' Point, 1;,r the Ifar

hor CommisAion of B.'\1timol't~. 

Cl1al"lt"H A. Sdwtl, a~:-1iRhmt : ,J. lt. , Ma1o.."netic <lt~clinntion, dip, ancl iuteusity 41t·t~1'· 

lfa,v1or, imbas~i.~tant.. n1ined at the Rtanc1ard f\taHon on Capitol Hill, 

Washington, l>. C. 
Master Fr:tucfa \\~ins1ow. U. 8.1\ .. , Dc"\'"elopm-ent in positi011 ancl art'll of oyMt.or beds 

11ssist11ut; ltfo,ter H. Il. Rorroll 
t'. ::;, N. 

in Hooper's ~trait, KNlge'i:;i. Strait, Nantiroli.t' 

1li"<er, an<l Lit.tic .\.nmmessex Ri"l'er, M•l. 

J. W. Tlonn. a'"ist:1ut ........ _ .. __ , Drt.aile•l smTey of .famek 1tiver, Ya., <·omplt'lt·tl 

A. T. l\fosnw11. nR;;hdnnt ....... .. 

C. 0. Bout;,lle, 9.88iAtaut: F. D. 

Gro.nger, assistant; J. n. Ilou
telle. 

.T. B. Baylor, •n l>as.•istnnt _ ...... _ 

Lient.EageueB.Thoma•, U.S.N., 
assistant; Lieut. Hugo Oster· 
ban•, CT. S. N. : Mader F _ E. 

Greene, U.S. N.; Ensign W. H. 
.Allen, U. S. N. 

hl1twPtm l'it~· Point nud Hidnuontl. 

~t.ationaon tlrn WN~t siileolthe Bhw Ridgf\ Ya., 

occnpi~a for ext.ending triang11l:ltion WM1wnr1l 

1(lwnnb t11e Ohi-0 River. 

ObMIN&tions at Sugar U>af Mounta.iu, llt:<L, for 
determining the relative cost Md precision of 
<lay and night measurements In geodeay. 

lfagi.>ctic tleelination, dip, and lnt<»usity 11--frr
mined a.ta station in Beaufort, N. C. 

lnl!hore sonn<linp ~ong the coast of North Car
olina completed between Ocracoke Inlet and 

Ca.pe Lookottt, and between New River Iulet 

and Barren Inlet_ 
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SRCTJO:S V. 

South Carolina and fl-oor- 1\-o.1 Astronomical oh- G-. W. Dean, aRsistant; Edwill Lougitmlecletermined hyexchangeoftt>Jegra.phi'' 
gill, inclodinJ?; coa~t, Sf'H~ Sf'TVat.ions. Smith, assistant: C.H. Sinclair sigua1s at Charlest-011, S. C., and AUauta, Ga. 
water channels, sounds, 

harbors, and rivers. 

SECTIOl! VI. 

and :F. H. Parsons, aids. and determination of the latitude of Atlanta. 
Magncticohi;wrva ~T. B. Ba,vlor. suhassiRtant ........ Magnetic dPc1huition, clip, and int.e1u~ity detei·-

timu;. mined at Breach Inlet. uear Charleston, S. C., 

an4l at Lawton (Du Pont.) 1 Ga. 

East Florida, frow Saint No.1 Magueticobserva- J. R. Ba)·lor, snbassi~tant ........ Magnetic cleclination, dip. and intensity deter· 
.Mary's River to Anclote tiull8. mined at .Jacksonville1 Saint An,;rnstine, Enter-

Keye on the west. coMt. 
in<',luding eonat np
proaoheei, ref"..:fs, keys, St>a- j 

portR. and rivers. 

SECl'!ON YIII. 

2 llydro!!raph,-. 

priHe, };an Gallie, 8aint Lucit'. anfl }'ort Jupi

tff. in Florida. 
Commander J. R. Bartlett. C S. Det'p-sea sounding• iu Hie Bahama Channel on 

N., ru.sistant, Lient. W. 0. Shar- the northllast side of Cuba, anrl southward of 

rl'r, I:. S. X.; Ma.tors 11. M. that island in th<' C11ribhean Sea, with dredg. 

Jacoby and G. W. M.ent•. U.S. 
N. : Ensigns G. H. Peter• an1l 
E. L. RernoldR. F S. N. 

ingR aml srrial temperatnreR. 

a : Tiydrogi:aph~· .. -- . : Lieut. Commander C. M. Chester, i Soundings completed inside of Charlotte Harbor. 

U. S. N., aosiotant; M.a.ter T. }'la., and h~·droi:rapb)· of the approaches eon. 

G. C. Salter, r. S. N.; Ensigns , tiuu11d. 

H. MotTell, H. l!'. Reich. aml C. ' 
H. Amsden, I:. S. N. 

Alabama, Mi•sissippi. Lou- i No. 1 Astronomical 011- ; G. W. Dean, 11.<sistant: Edwin , Luni:itudedetermined byexrhange .,ftelegrnphic 

isiana, and .Arkansas, in· ! 

cludingGulfc{)ast, port~, ' 
and riverR. 

SllCTIOll IX. 

Texas and Indian Tern- I 
tory, including Gulf I 
coast, bays, &nd rivers. J 

I 

servs.tions. Smith, assi•tant: C. H. Sincl•ir 
and F. H. Parst1ns. aids. 

Magn.,.tic obRerva- .J. U. Baylor. Muba.ssistant 

tions 

Triangulation . _ .. , :F. W. Perkins, assistant (part of 

season); F. D. Granger, assistant. 

Triangulation an!l C. Il. Doyd. Msistant; W. I. Vwal. 
sulla~sistant.. 

signal• at New Orleans and Baton Rouge, La., 
and obse-rYations for tlie latit11d1• of a point at 
Baton Rouge. 

Ma~etk declina.tion. dip, and intensity deter
mined at New Orleans, La. 

Triaugnlationof the Mississippi Ri\"erfrum Don 
aldsouville upward to Bell1•valf'. 

Trianguhtion of ihe Mississippi Rh-er from 

points abon Fort Adams continued upward to 
Natchez. and plane-tab!• snrvcyuf tlrn vicinity 
of Baton Rouge, La. 

5 Gf>odf'tic .•••••. Andrew Braid, aubassistant; W .. Lines of levl'l ntn along the hankA of' the Missie. 

C. Hodgkins, aid. sippi River from Carrollton upward t-0 Fort 

Tri:wgulationand 1.V. H. llennis. AA•iRtant; C. H. 

topo!!°J-aph~·· Yau Onlen, aid. 

'l'riAngnliltion. to. Charle11 Hosmer, assi,tant; Ju· 
pography, and RE>ph Hergeslieimr,r, Anbassi~t-

hydrogmphy. ant. 

8 Geodetic.......... 0. H. Tittman, assistant; J. Jl. 
Woir, subAASistant. 

9 Astronomical oh- R. G. Ogdon, ""8istant; C. Terry 
serv-ations. and Isaac Win•t-On. aidH. 

No. 1 Hydrography..... Lieut. Uriel Sebree, U. S. N., 118· 
sistant; Lieut. Perry Garst, U. 
S. N.; Ell.Signs J. W. Stewart, 
J.C. Colwell, and M. L. Wood, 

i ; U.S.N. ; 

Adams. 

Triangulation of the M:i~issipµj River from 

Ba,you Sara upward to J><>ints above Fort 

Adams; and <!~tailed topographical survey of 
the vicinity of Donaldoonville. La. 

Trillugulation of the .Mis•isoippi River from 
Grand Gulf to Vicksburg. To110grapliy and 
b~·drography of the vicinit.v of Gran<l Gulf; 
and plane-table !!.Urve~· of the vicinity Of 

llaton Rouge. La. 
Lines of ltrvel run on the banks Clf the llisldia· 

aippi River between Milliken's Bend. La., and 

Greenville, Mis.~. 
M688urement of biIBe linrs aud azimuth for the 

trim1Jt;ulation of the Mississippi River at Lake 
Providence, Lum·s Point, Baton Rouge, Bayou 
Sara. and Cotwnwoo<I Point. 

IIydrogrnphy of the Gulf coMt in the vicinity of 
Corpn• Christi an<l Copano ~la~·s, Tex. 

a I Triangulation and I R. E. Halter, r.seistant ............ , Triangulation of Laguna Madre completed, 

1 
topo~phy. i and topography extended northward from 

I i : station• above Point Isabel. 
S. Ex.12-9 
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SitCTJOX IX--Continued. 

SECI'I0'1" X. 

Cnlifornfa, including: t11t.1 

eonat, bayR, harbors. an<l 
rivets. 

8Y.('TION XI 

Oregon and \Yashington 

Te nit or y, including 
coast, interio1· bays, 
portat nnd rivere. 

\ 
No. 3 Mai:n•·ticobserva-: Lieut. S. M. Ackley, U. 8. N., \ Magnetic declination, rlip, and Intensity deter-

tions. assistant: Lieut. H. T. Mona. milled at Tortuga.s, .JJacran Reef, Cay 
hon, U. S. N.: Mast<>r F. E. \ Arenas, Vera Cruz. Lagunas, Campeche, an<l 
SawyeT, U. S. N.; Ensign W. ' Progresso, in the southwestern part of the 
H. ~""ustraud, r. S. N. Gnlf of Mexico. 

I 
No. Ti1l:ll observations Fiaexo Qnij:11101 civil t>-n~neer .... 1 Observations wHh self-reglsteriu~ tide j!"auge 

2 ; TopowaJ1l1y . 
, at :Mazatlan, western coast of Mexico. 

Stelnnan Forney, assistant ........ l Detailed topographical survey of San Nicola• 
1
, Ialand, off the eoust of California. · 

Lieut. E. H. C. Lentze, U. S. N.1 
1 Inshore soundings alon~ the coast of California 

assit<ta.nt; Licuts. E. K. Moort:1 

and C. L. Heilner, U. S. N. i 

~rasters W. P. Elliott an1l It. 
1-l. Halt n. s. N. 

cmnpl"ted between San Lnis Obispo and Point 
Sal; also hydrography of the approaches to 
San Clemente Islanrl, San Nicolas, and Santa 
Ea.rbara Island. 

' 'l'opogrnphy ...... W. E. Gi·eenwell, a•siafant _ ...... Topogra,phy of the coast of California eom-

' :i i J>rima.ry trfan~ru· 

Jation. 

plete1l between Point .Arguello and Point 
Sal. 

George DaVidson. assistant; B. I Geodetic operations: including latitude, azi. 

A. Colonna, assistant; J. J. l muth, and magnetic observations at Mount 

Gilbert, "'lsistant; E. F. Dick- · Lola and Round Top for the great trian· 
ino, subaBSistant: an<l J. F. gulatiou across thti Sierra Nevada in Cali-
l'ratt, subassistant'. fornia. Angular measurements ma<Ie at two 

stations to det.>.rmine the position of Mount 

/ Shasta. 
6 lteconnah~sancc ... L.A. Sengtdler, assistant ......•. ! Examination of the Sierra Nevada region for 

! lines of triangulation southward of Mount 
i Diablo, Round Top, and Cory PMk . 

l 'l'opo:_.,,.ll.·aphy ··---- Edwin Hergesheimer, assistant . . j Minute surveys of special topographical features 
· at Fallen Leaf Lake, at Table Mountain, and 

Montara Mountain, and of supposed sea
beuches near Santa Cruz au<l Point San Pedro, 
Cal. 

r; 
1 

Tidal observations E. Grt!Y· ••••••.......•.........••. ~ Oh.!iervations continued with the se}f.regi.sterlllg 
tide gauge at Saucellto, inside of Son Francieco 

9 ll;rdrogrnph.' 

10 Triangulat.jon aml 
topography. 

CommandcrG. ~T. Coffin, t.fi.N., 

assifltant; Licuts. 'V.H.Dri:.:;g:s, 
W. T. Swinburne, an<l C. W. 

Jarb"'-, F. 8. X; Ensigns C. F. 

Pntn•m, C. F. Pond, and W. D. 
Rose, t:. S. N. 

L. A. Senl'(tcller, assi•tant; Fre· 
mont Morse, aid. 

11 Hplrograpl1,r ..... Li~ut .. R. R Nichols, U. S. N., 
ar;diistanti Lie\lt. W. '!'. Swin· 

burne, U. S. N.: Master C. J<'. 
Putnam, n. s. N. ; Ensign• F. i 

W. Coffin, W. D. Rose, and C. 
F. Porn!, U. 8. N. 

12 Triangulation ..... Aug. F. Rodgers. aM\stant. 

l:l Geo<letic .......... B. A. Colonna, assistant .. .. 

Bay. 

Inolwre h.r<lmgrapby of the coast of California 
extende<l from Bodl!ll:a H",aii nM'thwatd to 
Timber Creek. 

Triangulation a.ml topography of the eOA8t of 
California continne<l betw€<ln W alalla :River 
and Point Arena. 

Hydrop-aphy in progress betwee11 Bodega HlllMI 
and Point Arena, coast of lJalifornia. 

Primary triangulation of the ooast of California 
Continued northward towards Point Gorda. 

Mount Shaata, Cal., occupied and it. position de
termined by ang..i.,. measurement. at Mount 
Helena and llfount Lola . 

14 Tidal observations ....................... . . •• . • . •• •• .. Tidal oboervatious continued with self-reg18ter
ing tide gauge at the entranoo of Honolulu 
Harbor, Sandwieh Islands. 

No. 1 Topography ...... Cleveland Rockwell, Mllistant .••. Detailed plane-table survey of the banks of Co· 
lumbia River, Oregon, t1xtended from Kalama 
upward to Columbia City. 
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Tl'inngula.tionand Eugene Ellieott, subasHistant. 

topography. 

Hydroi:raphy ..••. : Lieut. A. Jl. Wyckoff, U. S. N., 
asRiKtant; Ji~nsig:n~ ~- .r. Browne 
and Il. T. Mayo, U. S. N. 

4 Ueconnaissa.uce. J. S. Law sou, a1:1.si~tanL 

Xo. 1 ; Astronomiral, . '"'· U. Dall, a.qsistanL :Marco& 
. IDnf,'l>etlc, and I :Baker, aid. 

tidal ohserva- 1 

tions. 

Localities uf work. 

Triaugulation aud topo~aph~- of llamnwrsl~·~-·i"i 

lnlet1 ~md 1"\hQre-lint' s11n l'Y uf a-1ljal·r·ut \\"aWr~ 

at tbr head of Pugt>t ~mmtl 1 Wal'ilL Ter 

Hydrogra})hy com1•lf1tf·d in tilt-' hea.llwatt~rs of 
Puj:!(1t Round, \rash. Tt"'r .. indud.iug Carr't:i 

Inlet, ( 'i.H''l(:H Inld, Hanunrrsley's Inlet., and 

Uw pa.81".agv1-1 in that vkiuity. 
Reconnaissanct:' for conne-'.'.tiug the- trianguhtio11 

of Puj!et 8ouml with that of the· Columbi:i 

River. 

Astrm1omical autl mngudfr ohsf'n·ati.mz:.; at sta ... 

tions betwee-u Ritka and Chilkaht., coast of 
Alaska. Self-reJ,,risterin~ tid{• gangH p,staL

li•lied at liadiak. 

Kentucky and Tennessee.. 1\u_ 1 GeodetiC'. opera. George A. ffair1irld, assiRtnnt: :Measurement of hase line nrnr Louia,·ille, nud 

SECTION XIV. 

tions. Prof. J.B. Hoein,g- {part of sea
son); Carl Schenk. acting assist. 
aut; Carlislt• Terry. jr., and 

Isaac Winston, aids . 
.Astronomical oh- G. ",.· Doan, assistant; Ed-wiu 

sen~ations. Smith, assistant; C.H. Sinclair1 

a.i<l; Y. H. Paroons, aid. 

Geodetic opera. Prof. A. II. Buchanan .... _ ... 
tion~. 

triangulation a<ljaecnt t-0 the base, foT tht gco~ 
~letk surn~y of Kt•ntuc'ky. 

Lougitu(k dt'-termine<l, hy exchan~e of tele

graphie signal~, at Lonisvillt'.1 Ky., and Na:-lh· 

Yille, Tenn .. and tletenninatiou of lbe latitude 
of LonisYille. 

Triangulation rx1Pniled Wt•f4tward t.u ~a8h,·ille, 

Tenn., from the Leta.non hase line, and Rtatioua 

oc<'upiB•l northwan1 and castwarcl of Lf',banon. 

Ohio, Indiana, Illinois, 1 No. l Geodetic .......... Alldrew Braid, sub..,,,istant ....... Geoo•ticlevel:; run from Athens, Obio, Wtl<!tward 

Wiaoonsin, and Miohl- to Mit<-hell, in Indiana. 

gan. 

SECTIO~ xv. 
?rU.68-0uri, Kansas1 Iowa, 

Neb1'88ka, Minnesota, 
Md Dakota. 

SECTIO." XVI. 

Geodctfo. -- ......... Prof. R. S, DC'V-oL ... - ............. Rt"connaiHsam._..t for the schemt:> of triangulation 

, Geodetic 
Geodetic. 

in Ohio. 
Prof. J. L. Campliell.......... ... . Selection of station• for triau:.rul11tion in Indiann. 
Prof. John E. Da'l'ies _ ... _ ........ 

5 Ma~'lleticobser·va- . David Mason ................... .. 

Triangn1ation t•ontittuetl in Wisl'.'onsiu at 8b.tious 

southwnr1l and Pa.stwa.r<l uf Prairie tlu Clricn. 

}ifal!ndi•· ob~crvatioaa continued with sdf

rnl'ortling in~truuH!llh> at .l\1adi~on, "\Vi~. ti one. 

No. 1 : Triangulatiim .. ··: J. A. Snlli'l'an, assistant: H. Triangnllltion in MiSRouri extemli;d west,,.at'<l of 
W. J!Iair, snbassistaitt: P. A. Jefferson Cit.v to stations in the viciuitr of 

Welk~r and G. F. llirtl, aids. Sedalia. 

Nevada, Utah, Colorado, No.1 Triangulation ..... 
1 

0. H. Tittmann, llSsistant; J. B. Mea•urement ofba•e !in" i11 Colurad<J, and trian· 
Arizon~ and New Mex- 'Veir, subassistant. gulatiou a~]jacf'nt to tlw c•utb oftlw l1w~t-. 

ioo. 2 , Triangulation ...•. , William Eimbeck1 assistant: H. 
· A. Marr, aid. 

Triangu1atirn1 4·011tiuued in :'.\1•-vadu t•a • ..;itward 

along the thirty-ninth para11cl oflatitttt.k. 
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Stati<Jtics of field and office 1rork of the United States OoMt and Geodetic Survey to the close of the 
year 187V. 

·----·- -------~--- ---T--
Total to De- I Total to De-

Description. cem ber a1, i 

1878. I 

-------·----------·- -----: 
RECONNAISSANCE. 

A.re11. in S<JUare sta.tnro miles .. . 
Parties, number of, in year ........... . 

BASE LL~ES. 
Primary, number of .......................................................................... _---- ....... __ . 

Subsidiary, number of 
Primary, length of, in fl.tatute miles ......................... - .................. --- .................... . 
Anbsidiary and line mea;mres, length of, in statute miles ......... . 

TRIAN'GV"UTIO~. 

Area in sr1nare statute miles ..................................... . 

St.ations ocenpied for horizontal ang'IPR, nnmher of ..... _ ........... . 
Geogra11hical p-0sitions det.ermined, number of .................... -·. 
Rtations occupit"<l for vertical angles, number of .................. .. 

265, 974 

13 

111 ' 
79 : 

•• 1 I .o I 

116. 353 i 
9,238 1 

17, 226 ! 
5361 

Elevatiom1 determined, number of....................................... . ·--..... .. . .. . . ... . 1,419 1 

Lines of spirit-Je,·elin;r. length of. .. _ ...... _... .. .. .. .. .. . .. .. .. . . ....................... , 1, 0641 
Parties, triangulation and leveling-. number of, in year_·-·--·.--·.--·....... . ........ _... --··· ...... - .. 1 

Azimuth stations. ni1mber of ........... ~-s~~~~~~'.~·~~- -~~~~: ..... · · · ...... · · -· ...... · · · · .......... · .. , HS I 
Latitude stations. numher of. ........................................ -................................. 

1 
246 

Longitude stations (telegraphic), number of ........................................................... : 97 \ 
Longitude stations (chronometric and lunar). number of.. ..... _ ................. _ .................... , 110 I 

~~~~~~~~~i~~~~¢¢~Ht > > [.:;:;j 
TOPOGRAPBY. • I 

Area surveyed in "lJUare miles ••••••• _ ••••. - _ ...... _. _ ................................ _ ................ i 26, 496 I 
Length of general coast, in miles ........................... _ ...... _...... .. .......... _ ........ ' 6, 0131 

Length of short> line, in miles (in<>lnding river@, creeks, and ponds). . . ........... _.. 74-, 408 
Length of roads, in miles ........................... _ .................. _ .. .. . • • .. .. . .. .. .. . .. .. .. 38, 849 

Topographica} parties, number of, in yeaJ.· .......................... -........................ - -.......••.••......•••.. -•.. 

HYDROGRArHY. 
Parties. number of. in year ............. . ·····························l··············' 
Nnmber of miles run while sounding......... ....•....... ... ..•.... . ...................... , 

Area wnnded, in square miles ..................................................................... . 
Miles run, additional. of outside or ueep·•ea soanclings .................................. __ ........... . 
Number of soundings ............................................... - ................................. ' 

323, 253 i 
77, 342 I 

60, 546 ' 
14, 981, 340 ' 

Deep-Bea soundings, number of, in year .•• _ ................................................ _ ........ _ ..... _ .. _ ........ ' 
Doop-sea temperature observations, number of, in year ..•.. _ _ . _. 
Tidal stations1 pf'lrmanent ..................................................... - ...... - ......... -- ........ , 233 

Tidal stations occupied temporarily .................................................................... ' I, 713 
Tidal parties, nwnber of, in year ............................... - ....................................... •,. ........... . 

Current stations occupied............................................................................... 49i 
Cnmmt parties, number of, in yMr .......... _.. . .. .. .. . .. .. .. .. .. .. .. .. ................. _.. · 
Specimens of bottom, nwnber of ....................................... : ...... - ........................ i 10, 868 

RECORDS. 1 

Triangul&tion, origina.ls, number of volumes ........................................................... : Z, 522 
A•tronomical observationa, origlnala, number of volumes ...... _ ... _ ............................ _ ...... : 1, 355 
Magnetic obeervationa, originals, number of volumes ............ _ .............. _ ... _ ................. .! 398 

Duplicate& of the above, nwnber of volumes ........................................................... j 2, 647 
Computations, nwnber of volwnes .... _ •••• , ............................... _ ·- ........................ _I 2, 763 

1879. i cember31, 
i 1879. 
-~---~ 

3, 976 ! 269, 950 
I 1--···· ·····-
I 

I 
13 

5 116 

0 i w 
Ht! 265i 

22, 040 138, 393 
317 I 9, 555 

593 I 17, 819 
25 561 
64 1, 483 

292 l, 356 

35 

154 

15 261 

4 101 

0 110 
12 

8 440 

2 

2 

603 27, Oll9 
86 6, Oll9 

1, 752 76, Jl!(J 

779 
! 

39, 628 
15 1 ............ 

I 
18 i'"·-·· ....... 

6,381 ' 329, 834 

l, 857 79, 191) 
5, 520 66, 066 

200, 986 15, 182, 32il 
1164 

1, U!l! 
8 24J 

38 1, 751 

7 

24 518 

3 ........... 
244 ll, 102 

286 2,808 
42 1, 397 

66 4M 

320 2,867 
190 2, 9611 
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Description. 

RErc1nns-Cont.inued. 

Hydrographi('al sou11diugA and angles, originals, number of Tolumes 

Ilydrographfoal soundings an<l angles, duplicateA, numbor of volumes .• _ ... _. _ . 

Tidal aml current, ob~ervatious, original81 number of volumes . __ . . . .......... __ .. . . . . . 

Tidal and current ob3ervations, duplicates. number or volumes ......... . 
Sheets from self-registering tide.gauges. numlit'r of 

I I Total ro ne. 
· cember 31, 

1878. 

7. 707 

1. Of<2 

a. IBG 

~, 070 

2, 6H9 

Tidal reductions, nnmber of volumes .... ------: I, 721 

Total number of volumef'I of record~ 25, 451 

MA1'B AND CII.ARTb'. 
Topographit~nl map~. originali;. ................ __ ... _ .. . 1, 573 

Hydrographic charts, originals 1, 511< 

Reductions from original sheefa:,_..... .••. .. ............ . ................... ___ .. . 846 

'total nuniber of manm~eri1lt maps and charts 1 to and inclmlio~ 1879 ~l f)07 

:Vumber of sketcl11's made iu lielu aml oftice .......................................................... . 3, U44 

F.~GRA YIN<, .\Nil 1'.ttl~'l'J~<_;. 

Engra,·ed pla.t.cR of fini~hed <>hart.s. nnmlwr of ............ _ .. _ ......... ·--._ ...••. ~'.23 

Engraved plates of preliminary charts, sketches, a11<l diagrams for thP Coast and Heodetic Surve;\· 

Reports, number of...................................................... . ......... ___ . 5/jl 

Electrotype plate• made . .. .. . . .. .. . . . . • . . .. . . .. . . ................................... . ], 362 

Finished charts published (includini;- reissue•) .............................. . :.!75 

Preliminary cb>trts and hyrlrographical Kketches publisl1e.d, number of. ..... . :;oo 
Engraved plates of Coast Pilot charts . . .......... . 19 
En17and plates of Coast Pilot vi<'WS • - ............. - ..••..•• _ ..•.. 46 
Printed sheets of maps and charf.K distributed .......•................. - .. · ................. . 

Printed sheets of maps and charts deposited with sale ag-ent.a ........••. 
406. 752 
146, 098 : 

LlllHAilY. 
Number of volames .... 6,654 

1879. 

11'! 

12:.! 

68 

45 

58 

:J7 
1, 359 

5 

48 

22 

2'2 

30 

92 

1U 

22 

24. 450 
12, 946 

257 

69 

Tot.11 to De. 
cember 31, 
1879. 

7, ~Ho 

1, 204 

:1. 2&! 

:!, 115 

~- 697 
1, 758 

26, 8JO 

1, 578 

1, 566 

868 

~162!1 

J, 074 

2'.!7 

5!K) 

1. 454 

294 

i\(14 

n 
ii.1 

431. 211 
150, 044 

6, 911 
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Informatlon furn-ished ji·orn the Ooa11t and Geodetic Survey Office, by tracings from m·iginal 8Mets, 
cf:(:., in repl!J to special calls, d1tring the fiscal year ending with Jimc, 1880. 

~------·-- -- --- ~---~---- -- - -- -------- ------------- - ----------------·----------------

Date. Namt', J)ata furnished. 

1879. 
Ju1y 29 Lieut. l'. 11. 'Se,vcomb, Unitetl Stak8 rc\-emw 81oop Charts of Pamplico Sound, N. C., hrought, up by band. 

f4a:vi11e. 

Aug. 1-l · Mr .. J. R. McClintock. Xl"w OrlPims. La Unfinished proof of coast <hart No. 90, scale 1-80,000. brought np by 
hand, J .. akes Borgno and Jlontehartrain. 

SPpt. 

19 

2;~ 

25 
29 

11 

E. C. Court, 1·11ginee1· of a ship-canal betwf"e.u Nrw Orlean1' 

ant! .r ackHOU r ilk 
, E. II. Ludlow & Co .. New York Cit,\' 

JI on. Da¥id Ynlee, ]'loridit. .... ____ .. _. 

Geol'ge !L Hoot.t New York City...... .. . ........ . 

Prof. G. H. Cook, State geo1ogh-.t of N AW Je.rsey. 

11 Capt. A. N. llamrell. U r.itetl States Corps of Engineers ... 

Tracings of t-0pogmphioo.I sheets between A.pala;:hioola and Mobile. 

Hyrlrogra1ihy of the lower prrrt of ~ewark Ray, N . .r. 
Tracing of coast of Florida, from Apalachicola to Cedar Key•. 
Skf'.td1 showing changes in ~hore-lim' of Stat-en Island. 
Two projections, upon a Hca.Ie of two miles tQ the incll, covering the 

entire Statti of New Jerse.Y, with all trigonometrical point<i, deter· 
mined within the 8ta.t.e, plot.teil thereon. 

F nfinished proofs of coast <'harts of Charlotte Harbor and Cedar Keys 

hro,,ght UJl by hand. 
1~ Col. R. T. Abert., Pnit.ed State" ciYil engineer .........•.... : Tracing of topograpby of Hampton Crook, Va. 
23 CommamlerGeorge Dewey, l'nited8tates Nazv, secretary : Proof of general chart of the coast. No. Vlll, Cumberland I•land to 

Light-Hou•n lloard. Cape Cafiaveml, Fla., sealf• l-400,000, brought up by h~nd. 
25 MR.Cla5" & DM"il'.8. ci't"il euginee1·s, New York.... Topographical survey of the beaches along the southern coast of 

29 I United States Light-House BoaNl. .............. . 

I 
29 ' Prof. G. H. Cook1 St.ate ge.ologist of New .Jort.-<ey .. 

Long Island. between Fire Isl .. ml and Rockaway Inlet, from the 
Hurvey of 1835. 

· Proof of general chart of the coast No. VIII, Cumberland loland to 
Cape Cafiaveml, Fla., •ca le 1-400,000, brought up by hand. 

Shore-line snITey of Sandy Hook and Sandy Hook Head of 1836 and 
1862, scalea l-10,000 and 1-5,000. 

Oct. ~ Prof. W. C. Kerr, State geologist of North Carolina ......•. Proof of triangulation in North Carolina, showing all snbordinate 
points determinecl. 

Mr. William Forsyth, Wa.l1ington City ....... ___ ......... !, Topographical survej· of 1865, of the Eastern Bmnch of the Potomac 

13 Mr. B.M. Harrod ................................ : .... . 
River, vicinity of Bonning\:; Brid~"C. 

Hydrographic survey of the Mis•issippi River, from Carrollton to 
Twelve mile Point. 

15 .A.G. Menocal, civil engineer. United Sta.f.eR Navy · J..at,~st hydrograpl1ic eurve~', with resurveyed wharf line, vicinity of 
' Fulton Ferry, East River, N. Y. 

22 Philadelphia an<l Reading Railroad Company ..•••••...... Hydrographio reonrve.y of 1878, of the Delaware River, Philadelphia 
City front, from P1•.tt.y's falaml to Fort Milllin, scale 1-4,800. 

30 Gen. ,J. N. 1\faoomb, UD.ited States Corps of Engineers. Hydrographic resurvey of 1878, of the Delnwar11 River, Philadelphia 
City front, from Brlde•hurg to Fort Mifflin, scale 1-4,800. 

30 ...... do .................................................. Copies of the dynamic charts of the Delaware River, Philadelphia 
City front., from .Bridesbnrg to Fort 'Milllin. 

Nov. 7 · S. 1. Kim hall, general superintentlent Fniwr1 States Life ' Coast cbar\8 Nos. 27, 28, 29. and 30 (Cape Henlopen to Cape Chllrl6"), 
Saving Service. 

12; Mr.N.H.Bishop,l..akeGeorge,N.Y ..................... . 

12 Hon. William M. Evarts, S..cretary of St.a.te ............•.. 
18 , .fudge G. W. Dohbin.Baltimore,:Md ...................... . 

22 ; l'rot'. J. ll. C. Coffin, United States Navv ................. . 

2S :Robert S. Forbes, agent and attorney for the city of Mon
terey, Cal. 

25 Miesisaippi River Commi.asion ......•••.•.•......••••• , ... 

with position of life-lla,ring stations Bhown thereon. 

Unfiniahed proof, brought up by hand, of general chart of the coa&t 
No. V'III, Cumberland Island to Cape Caii.averal, Fla., soalel-400,000. 

Copy of the topographical survey of the Birth Plaoo of WMhlngtou. 

Unfiniahed pooof of coai<t eh11.rt. No. !19, Sa.int A.Uj(ll8tine ro HAlifax 
River, Fla., scale 1--80, 000, brought up by hand. 

Topographical survey of the sbor<JB of the Sltoopecot River, :U:e., 

vicinity of Wisca88et. 
Topographical survey of the •bore of Monterey Bay, Cal., from uear 

the month of Pa,jaro River to one mile below Salinas G-t ~d. 
Sketch of triAugnlation or t-he Misei.&Bippi River, v!oiDity of Helima, 

1878. 
26 Mr. ThomlW! C.Cla.rke, New York .•..•....•••.••••.••..••. Hudson RIVllr, vicinity of Ball's Ferry. 
26 Yr.Franlli.a Boyd, Boston, Mass.......................... Topography of the shores ofWeatBa.y, Go'llJdshoro', lie. 
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Date. NmtH', Data furnlBhetl. 
I 
~ -- -

1879. 

Dec. 6 I Mr. J. Herbert Shedd, Pmvidcnw, R. I ................... : Shore line of part of 1\ arrairansett Ba~· and Pmvidence Wr<'r, from 

30 Richmond IJispatcli. .................................. . 

S() \V-illiam Hamilton Hall, State euginf'er of' California 
1880 

\Varre.n Neck tu 8assafra-A J•oint. with positiou of liJ?:ht-l1ouses. 
hea<>.ons1 and triangulation point~ shown. 

Dh11tance in nautica1 and sth.tut.e miks from Cap(' Henr;~ to IUchmouc!
1 

Va. 

Hydrogrn11hic re1:3urvey of Suisun Hay, Cal.. 1878; comparatin·, (•hart,!'< 

of the surveys of Suisun Ba.r. Cal., of 1867 and 1861'. 

Jan. 2 Jo~eph H. Curths, civil enginet·1-. Roston. Mass. Topog:raphical snrve~· of Graves' Islarnl and a<ljaceut conRt, townsl1ip 

of ManchMt<>r, Mass. 

Fell. 

15 Senat-0r Samuel B. Maxe-.r1 of '.l'exa.fi - .....•... --· •...... - -· 

20 Hon. R. H. M. Dnvi<lson, Florida ......... . 

21 Mr, IIenrJ A<ltlix,llmnowick County, N. G ............... . 

23 Hon.Nelson W. Aldrich, of Rhode hlan<l .. , 

26 Mr. J. Herbert 8lwdd. Providmee, R. 1. .... 
26 Lieut. Euirene Griftlu, United States Corps of Engineer• .. 
29 Hon. C. P. Berry, Hou~P of Rc•prt>fl.fll1fatlv(lls ... _ ·-· ••.. 

Mr. E. l!'. Daly, No.170 Broadwa,·, New York ...... . 

Topop-aphi<·al survey of t,hr ear,t ~Me vf ~fount Desert Island. lie .. 

from The Bowl to Anemone Ca\e, 
Unfinished proof of coast c·hart Xo. lM-, G-ah:eHton Bay: of No. lOR 

part of ~Matagorda Bay. LaYaca, F..8piritu, :rnd San ..Anto11io I»i,vs; 

and 109, Aransas. Copan<>. and Corpus Chrittti BaJ~, Tex .. r:srale 
1-8(),000. 

Measured co""t line of the State of Florida. 
Tra.cing of the topog:rapliiral smTPf of the ern-t.i;t of North Carolina, 

between Davis Creek and Elizabeth Rtver, e-ntranN' t.o Cap1' rear 
ltivAr. 

Unfinished proofs of coast cl1arh; ~08. 4:2 aml 43. midQI~ alUl easte-ru 
part.a of Pamplico Sound, N. C., scale l-80.00U. 

Il;ydrographic survey ofnisspffs t'o"V"e, :Xarragansett Bay. 

f'omparnti"e mapH of 8andr Hook hPtWe(:n th{· ~-oars 1835 and 18():!. 

Comparative chart of Suitmn Bay-, Cal. 1 showing changeig lJetwePn tlw 

~urveys Qf 186lf-'67 and 1878, 

To1m11;raphical snrw.y of Yar Rockawai· au<l >icinity. f1·om the sheets 
of 1855 an<l 186!1. 

Mr. E. L. Corthell, r~sident ~ngineer South PaRR jeU,ee ToJlOgmpbical surY~y of the ~lissiHsi1111i River. vfrinit~· of The J'urnp. 

works.La. 

10 Gen. F . .A.. Walker, Superintendent L'nit.,11 States Census. Fnflnished proof of l'(eneral coa~t chart No. VIU, scale 1-4-00,0-00, from 

Cumberland Island t-0 Cape CaftaTeral, ];'la. 

10 :Mr.J. Herbert Shedd, Providt·nce, R. I .................. .. Hytlrogra.phic Aurrey of \\ralTe.n and Kickamuit Rivers1 Narragan::td,t 

Bay, R. I. 
12 Gen. Q . .A. Gillmol'f', United ktateA Corps of Enginf>e-rs ' Map of roconnaiaBance, hy Afisifd.ant C. Hosrurr, of Grand Gulf, 

and president. Mississippi Rh ... er Commission. MissisBippi Rivt1r, mad~ in Janmu·y aml F'ehrnary, 1880. 

12 :Mr.E.F.Daly,170Ilroadway, New York...... 'Copy of topographical snrves of l'Rl' RO<'ka.wa~· ant! vieinit)-. Lon~ 
Island. made in 18.15. 

14 Mr. Moody Boynton............... . ' Hydrographic Msm•vey of mouth of thr Merrimac River. mtral!t:t• to 

i NewLur~1>0rt Harbor, Mass., ma<le in 1878. 

18 M'r. Thomas Ben1ard, city engineer, Norfolk. Va .......... I Topographical survey of th~ city of Norfolk, Va., suCT"t\VAd in 1874. 

I S<Jal• i-10.000. 
19 Prof. George II. Cook, Stat<J g:eo!ogist of New .Tersey ...... ! Topographical survey of Princet-On and vicinity, X. J., of 1840. 

19 . . . . . . . . . . . . . . .. . . . . . . ................ -1 Topographical survey ofll!H, of portions of Middlesex aml Mcmmouth 

'1 Cottnties, N.J. 
21 Mr. J, Il, St-0ne, civil engintICr New York and Long Beach Topographirn•I and hydrographic snrvey of l<'Jl•t. Rockaway Inlet 

Railroad, L. I. I entrane~ to Hemp.t<>a.d Bay, J,. I.; snne~· of 1879. 
26 Mr. R. E. Earll, United Stat<lA Fish C<>mmis~ion .......... l Unfinished proofs of c-0a0t cl1arts No•. 42 and 43, middle aud '''"tern 

I pa.rt of Pamplico Sound; No. 50, Cape Fear Rivc.r &ml vicinit,\-; and 

58, Cumberland Island to ne.ar SaiutAugnstinc, Fla., brouµ:l!t up h:Y 
hand. 

2tl 1' Mr. Charles G. Atkin•, Unit<>d Stat<1s Fish Commission.... Shore-line t.racing•, from the plane-table shoots of tlie Kenuebm: River, 
. I Me., from Brick Island (Mcrrym<"rtinl( Bay) to Gn"'n l'oint ·. from 
' \ Gro<m Point t-0 Gardiner; and of the Anllro~croggin, M lllldy. and 

I Cathance Rivers. from Brunswick to Bowdoinham. 

:Mar. · Col. George H. Men116U, United 8tate8 Corps of Engineers. I Topographical sun·ey of Port Orford, Cal., made iu 1851. and c-01•Y of 

I reconnaissADce, made in 1869. 
2 Capt. Lemuel Mitchell, Ann•.polis, Md ......•...•..••... ·I Cho.rt of Chesapeake Bay, with boundary line shoWll a.s asccrtainetl 

' and determined by arbitrators between 1ifaryland and Virginia, in 

1877. 
2 Mr. David V. Whiting, 8505 Race street, l'hJladelpbia . • . . . Cho.rt of the southwestern part of the Gulf of Mexico. 
8 Yr. F. Richard&-0n, Norfolk, \a........................... Photographic prints, acale 1-80,00Q, of topographical work between 

Norfolk and Cape Henry, Va 
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Date. Name. Data furnished. 

1880. 

:Mar. MaJ. F. U. Farquhar. United States Corps of Engineer•, Hydrographic rosnr.,e.y, made in 1878, of entrance to the Merrimac 

Apr. 

May 

J'nne 

ongineer secretary Light.House Board. .River, Masi". 
Hon. r:. !.L ~lie!lry, House of Represm1tat.ives .......... ·-·i f'nfini•hed proof, brongbt up by hand, of coast ehn.rt No. 109, Ara.nsllB 

I Bay and ~art. of Corpus Christi Jlay, Te.x. . 
I!! CPill'illlS Bureau._ ...... _ ......................................... , Chart, of J\i ew York I:fay and Harbor, w1t11 40 and 80 feet. curvert of 

elevation shown in red ink. 

1:1 Strong&. Spear, lawyers, New York Cit.)•-. Hydrographic snrvcy of Port J'efferson, Long Island, added to a tr•"-
ing of the topography sm1t to the firm in November, 1878. 

18 Lieut. G<•orge C. Reiter, United States Nav.v, light-hon•c Hyt!roirraphil' survey of Wnlker's !slant! Channel, Columbia River. 
inspector 1 thirtf'enth distlict. 

22 Mr. J. ll. 8tuue, ciY!I engineer New York and J.ong Reaclt Tupowapby of Hempstead Bay, including Far Rockaway, 4wronce, 
Railroatl. Woodburgh, and East Rockaway to Christian Hook. with the by<lrog· 

ra.phy uf the bay, frum the snrveyl'I marl e in 1819. 

24 HArman Ruge & Sons, Apalaol1kola1 Pl.'t .. . .. . . ... . Unfinished proof of coast chart _No. 821 scale 1-80100()1 including Saint. 
Heorge's Sound and part of Apala.chee Bay, Fla., and ono of coast 
chart No. 83, Apalachicola Bay aud ooust, to Saint J' 0>iepb '• Bay, 

Fla., brought np !ly hand. 
25 N'.IL Hutt-On, engine<>r har\>0r board, Baltimore . . . Tra<Jing from the 1845 bydrographic surv~y of the Patapaeo Rivor, 

between the Lazaretto and Hawkins Point. 
2~ Mr. O. H. Tripp, B!ut• Hill, Me .. _ .................. - - . . 1'apograpliica1 •nrve,r of tho western shore of Blue 1Iill .Bay, showing· 

the location of Salt Pond, Me. 
30 C.1'. Huntington, pr1••ident Soutlrnrn Pacilie Railroad Unfinished proof of coast chart No. 108, San Antonio, Espiritu, and 

30 Hon. Daniel O'Reill,v, lionse of Representatives .. - . 
Mrs. Gocorge T. Vingut, No. 58 WeRt 34th street. New 
York~ 

l'rof, V. C. llarhonr, Vermont .... -- .... -- ·- ........ -..... . 

R Mr.George S.nreen, Jr., department of docks, New York 
City. 

' Commodore .r. M. B. Clitz, United States Navy, light
houS<J inApP-etor, third <li•trict. 

12 · E. R.Lmllow, No.1130 Bros.dway, Xew 'lork ........ _ ... 

14 ' lion. Hamilton ]'isb, New York-----····· ··- .. ·--- ,. ___ _ 

Lan•m Bays. and part of Mat.agorila Jlay, Tex. 
Hydrographic survey ofGowanus Bay, Loug I~land, N. Y. 
Ilydrographic survey of Setauket llarbor, Port ,Jefferson, Long Islantl1 

N.Y. 
Projections for a map of t.heState of Vermont.upon~ seale of l-20-0,000, 

in two parts. 
Hydrography of the upper part of B11zzards llay, vicinit.v of ll!ack 

River Harbor, Mass. 
Hydrographic survey of Ma.maronec k Harbor, north side of Long 

Island So11nd, N. Y. 
Hytlrography an<l Rhor<1 line of the west side of tho Narrows, from 

Clifton to New Brighton Landing, N, Y. 

Topographioal •arvey of the east si<le of the Hudson River, Yicinity of 
Garrison's Landing. 

15 Rear.Admiral J olm Rodgers, superintendent Nava.I Ob- Maps of tlie District of Columbia, with ~very hundred.feet curves of 
set'Vatory. devation. 

21 : G. W. McGinntll!6, superinlemlent Gram! Gulf nnil Port '· Survey of Grand Gulf, Mississippi lUver, ma.de in 1880. 

Gibson Railroad. 
22 Hon. H. H. Bingham, Hons~ of J::.epresenta.tiT"eB. .. . • .• Tulaw&re .River1 vicinity of .Bordentown, N .. T. 1 from the surveys of 

1844. 

22 Navy Department, ................ ,,_,, __ ,........... Rydrographic •llrvey of the Thames River, Conn., from Winthrop 

Point to southern boundary of naval station, from the ch11rt of 1839, 

sea.le 1-10,000. 

29 N. II. Hatt.on, engineer h!'t"bor board, Baltimore ...... , .. Hydrographir resurvey of the Patapsoo River, between L,.zaretto 

Point s.nd Hs.wldns Point, Md. 
3 Hon. Van H.Manning, Holl!leofRepl'0S<lnratives ...... .. Charts of Saint ~imon's ~und, Brunswick Harbor. &e.1 Ga., brought 

up by hand, 
:n Hon. Charles O'Neill, Philadelphia. __ .................... Chart. of the Del&waro .Bay and River, colored by hand. 

11 I Col.John Newt.in, United State• Corps of Engineers . Topographical •uney of the north shore of East ]l.iver, from Hunt's 
i ' Point to Randal.l's Island, including the Two Brothers, N. Y. 

11 i Mr. S. R. Throokuwrton ........ - -............... _... Topvgr&pbica.1 survey of part of Table Mountain, Marin County, Cal. 

25 [ S. T . .Abert, United. States civil engineer .... - .. -- .......... Shore line aml hydrographio rnrvey of York River, vicinity ofWeat 

' Point, Va. 
! ------------- -- ~-~---- ----------'---------
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DRAWING DIYISION. 

Charts completed or in progress during the fiscal year end,ing June 30, 1880. 

1. Topography. 2. Hydrography. a. Drawing for pbotolithographic reproduction, 
6, Topographical details upon pantographic outlines, 

4, Inking aml letwriug plane-tal>le sheet,s. 
5. Engravi11g topography. 7. New longitmles. 8. Verifying. 

----------------------·-
Titles of charts. 

Sailing cbartB, Atlantic CoaBt: 
No. I, Cape Sable to Sandy Hook .................... .. 
:No. ID, Cape Hattera.s t.o Mosquito Inlet ............. ; 

No. IV, Moeqnito Inlet to Key West ................. . 
No, V, GulfofMexico ................................. ' 

General coll!!t charts, Atlantic and Gnlf Coasts : I 

Nn. I, Quoddy Head, Me., to Ca.pa Cod, lfuss .......... 
1 

No. VI, C"P• Hatteras to Cape Romain ............•... · 
No. XIII, New Orleans to Cape Sau Blas .............. j 

Salling chart.., Pacific Coast: ! 
No. l, San Diego to Sant,a. Monica, Cal. ................ \ 
No. 2, Santa. Monica to Point Conception ...... , ..... ..! 

! 
CO.AST CH.AllTS. I 

No. a, PetitMllnan Light to N'askeagPoint, Me ........... i 
No. 4, Penobscot Bay and appr00<>h61l, Me ..•..•. , •.•.••••• 1, 

No. 14, Eaiitern entrance to Lona; Ialand Sonnd-Poim : 
.Tndith and 1llook Island to Plum Illla.nd. 

No. 15, Lonit Island Sound, middle sheet._ ................. 
1 

No. 20, New York llay and Harbor ................. _ ...... , 

No. 21, Sandy Hook to :Barnegat light-house .............. . 
No. 31, Eutnw.ce toCheaapeake Bay, Rampton Roads, &c .. 
No. 39, Oregoo Inlet to Cape Hatteras ........ _. _ ........ .. 
No. 42, Pamplico Sound, eastom part .... - ........ _ ...... .. 
No. 43, Pamplico Sound, middle part ....................... , 
No. 61, C,.pe Ca1iavt1ral &nd 008<lt 80nth, Fla ..•. _ .......... : 
No. 70, Key West t-0 Marquesas and Rebecc& Shaals, Fla .. : 
No. 71, R.ebeMa.Shoals to the Dry Tortngaa, Fla .. ·- ....... ' 
No. 77, Tampa Bay, Fla- .............................. - .••.. 
No. 80, CedarXeys to Sleinh&tohee River, Fla ............ . 
No. 82, Saint Mark'• to Saint George's Island, Fla ........ . 

No. 83, Cape San Blas to Saint J'oseph'•, Fla .............. . 

No. 84, Saint Andrew's Bay, Fla - .. - ...................... . 

No. 88, llobile llay, Ala ••.•.•.••. ·········-····--··--·--··; 
No. 106, from Oyeter Bay to Matagorda Bay, Tex .......... , 
No. 107, :Matagorda Bay, Tex ....... _ ............. _ ....... . 
Barbor charts and topographical oheeh : : 

Belfast Bay a.nd Penobscot River, lile .. _ ............... ! 
Isle au Baut Bay Md Eggemogghl Reach, Xe ........ · I · 

ApproMJhea to Blue ;Hill Bay and Eggemoggin Rea.eh, , 
Me. 

Blue Hilland Uiiion River Bays, Me ................... : 
Camden and :&ookport Harbors, Jde ....•..•......•..... i 
Dath to Booth Bay, :Me ..................... _ •••••••••. \ 
Entraooe to Connecticut River ........................ i 
New York Bay and Ba.rbor ... :._ ...................... \ 

I 
Budeon River (in three aheetll) ........................ ! f 
Bari.WI :Rl.nr, N. J. (in two eheeta) •••••••..•.•••••••. / 

S.Ex,12-10 

Sea.le. Draughtsmen. RemarkM. 

j 
1-1, 200, 000 j 2. A. Lindeukohl ....................... , Additions. 
1-1, 200, 000 

1

, 2. A. Limleukohl ... • • • . .. . . . . . . . . . . • • · Do. 
1-1, 200, 000 2. A. Lmdenkohl .... .• ................ Do. 
1-1, 200, 000 1 1, 2. A. Lindenkohl. 2. H. Liuclenlr.ohl. llo. 

1-400,000 2. C.Junken. 8. A.Lindenkobl.--..... n.,. 
1-400, 000 2. A. Lindeukohl. 7. C. Junken. - ...... i llo. 
l-40Q,()OO I. A. Linclenkohl. ........ -.... -......... ll<1. 

1-200, 000 1, 2 . .A.. Lindenkohl. J, 5. II. Lindenkohl. 
1 

Do. 

1-200, 000 1, 2. A. Lindeukohl. I. 5. H. Liudenkohl. '. Comp!Ptoo. 

1--80, 000 1, 2. A. Lindenkobl. 2. H. Lindenkoltl.. Iu pro!!,'reSS. 
1-80,000 2. A.Lindenkohl. 1, 7. L.Karcher. .... 

1 
Completed. 

1-80, 000 2. A. Lindenkohl ........ _ .............. ' Ad<litions . 

1-80, 000 2. L. Karcher .......... ., ............... I Do. 
1-BO, 000 6. P. Erich.,.n. 8. T. J. O'Sullivan ...... 1 Du. 
1-80, OOll , 8. H. Lindenkohl ................ - ...... : ComJ•letRd. 
J-80, OIJO j 1. R. E. Peary; A. E. Burton .... - -.. -.. -] Additions. 
l-Stl,000 1 2 . .A..L!udenkohl; L.Karcher .......... j Complet-O<l. 
I-80, 000 1 2, L. Karo her ........................... 1 Do. 
1-80, 000 2. L. Karoher ........................... [ Do. 
1-80, 000 1. H. Lindenkohl ............... ........ : In progrARs. 
I-80, 000 2. L Karcher ............... - ........ - .. 1 Completed. 
1-80, 000 2. L. K1>rcher ........................... ! Do. 
1-80, 000 , 8. P. Erichsen. 7. A. Lindenkohl .••.•• , Do. 

I , 

1-80, 000 : 1. P. Erichsen. 2. L. Karcher ......... ., Do. 

1-80,00011,2. E.J.Sommer ... ___ ,, ............... : llo. 

1-80,000 2. C.Junken ................. _ ...•..•••• ; IuproitOSR. 
1-l!V, 000 ' 1. H. Lindookobl. 2. A. Lindenkobl .... ! Do. 
1-80, 000 2 . .A.. Lindenkobl • • . . • .. •• • • •• . • • . . • . . .. Addition•, 
l-S0,000 2. C.Junken .•.••.....••••......••..•••• 1 In pro~•· 
J-80,000 2. C.Junken ............................ I Im. 

I 
1-4-0, 000 1, 6. P. Erichsen ........................ ' Complete<!. 
1-4-0, 000 2. C. Junken; A. Lindenlwbl ..•••.•.•. ·! In progre••· 
1-40,000: 2. E.J'.Sommer .. _ ....... - .............. ' Do. 

i 
J-4-0, 000 6. P. Erichsen .......................... ! Do. 
I-40, 000 2. L Karcher • . • • . • . •• • • •• .. • . . . . .. .. . .. .A.dditim>S. 
1-40, 000 7. L. Karcher........................... llo. 
1-20,000 2. L.Karcher .... _ ..................... .' Do. 
1_.0, 000 l. A.. Lindenkohl; B. Lindenkohl; P. llo. 

Erichson. :=::: ;J7. C.Jnnken........................... Du 

1-15, 000 I 1. H. Lindenkohl ......... .• • .. .. . . . .. • . Pbotolithogmph; ad<li· 
i ti~ 
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-·-··-----.. ·----.... ·-·-·-------------------------------------
Titles of chart;. 

Harbor charts anu topographical sh~etd-Continned. 
Cape May City aml vicinity, N.J ...................... : 

Norfolk Harbor, Elizal"'th River and branches (new : 
edition). . 

James River, from Sloop Point to City Point ......... _: 
Potomac River No. 4, Indian Head to Goorgetown .... -i 
North Landing, Va. and N. C. (new edition) ............ j 
Goorgetown Harbor, S. C ............................... i 

I 
llull's Bay, S.C. (new edition) ......... , ............... .. 
&vallllllh River, Gu. (resurvc.n ........................ i 

Florida Passage: 
llanan& Creek and Banana River to Home Point. 

Banana River, Hotne Point to Black Point ....•.. 
Indian River, Andrew's to Fisherman's Point .......... · 
Indian River, }'isherman·s Point to Elbow Creek. ___ ._ 

Tampa Bay, Fla ........................................... ' 
Saint Mark's River, Fla. (new edition) ..... ~ ........................ 

1 

ll!ia•iasippi Rh-er, from Grnudview Re.ach to near Don- , 

aldsonville. 

l'&n Diego Bay, Cal ........................................ ' 
8an Diego Bay, Cal. (reanrvey) .......................... .. 

~:: ~:=:~:;.~:;: -~-0~ .!.:: ::: : :: : ::: ::::: :: : : ::::::: ::: ::: 1 

Aloeya Harbor and Bar, Oreg .... ., ........................ [ 

Columbia River, No. 4, Oreg ............................... i 
Port Madison, W. T ........................................ i 
Symonds B1>y, Alaska Ter ........................... , ..... . 

Alaska harbor charts: 
No. J, Cape Madge to Nalmitti Bay ................. . 

i 
No. 2, Queen CblU'lotte and Fitzhngl1 Sound .......... -I 

No. 3, Point Walker to Swanson Bay .................. I 
No. 4, Wake Ialand to Chatham Sonnd .............. .. 

No. 5, Dixon entrance and vicinity ......... -·.--·· .......... . 

No.< P""'""'°"'"""Q'-"'"Y"°"' ··········/ 
N<>. 7, llebm Canal t-0 Clarence Strait. ................. 

1 
No. 8, Wolf Rock to Cape Decision ................... ! 

No. 9, Summer Strait and vicinity .................... · I 
N<>. 10, Frederick Sound, Stephen's Pa88age, &< ••••••• 

No.11, Sandllay t-0 Cape Edward ................... .. 

No. 12, Northern border of the Alexa.111ler A.relllpelago. 

:No.13, Lynn Canal and Chilkabt'.ruver.. ............ .. 

No. 14, Lituya Bay to Yakutat Bay .................. .. 

H•ad of Union River Bay, Me ............................. . 

Scale. Draughtsmen. Remarks. 

-----· --------~---------- -------------

1-10, 000 3. T. J. O'Sullivan ...................... l'hoti>lithograph; com· 
plet~d. 

1-20 000 1, 2. T. J-. O'Sullivan .................... Photolithograph: a.tdi· 
tions. 

l-40, 000 1. H. Lindenkohl . . . .. .. . .. . •• .. . . .. . • . • Complet.,d. 
1--W, 000 1. .A. Lindenkohl ...................... .' Addition•. 
1-40, 000 2. H. Lindenkohl : L. Karcher . . . . . . . . . . Completed. 
1-S, 000 3. E. J. Sommer .................. _ ...... · Photolithograph; eom

f pleted. 
1-40, 000 1, 2. A. Lindenkohl ..................... Completed. 
1-40,000 2. C.Junken ........................ _ •• .Additions. 

1-25, 000 ' 3. H. Lindenkobl ...... Photolithograph; eom 

plete<l. 
1-25, 000 3. H. Lindenkohl ..................... .' llo, 

1-25,000 3. H.Lindenkohl ....................... : Do. 

1-25,000 3. H.Lindenkohl ·····------·---·------- Do. 
l-40,000 7. A.Lindenkohl ....................... :.Additions. 
1-20, 000 1, 2 . .A. Lindenkohl .................... . ! Completed. 
1-JO, 000 J, 2. T. J. O'Sullivan. 1. L. Karcher •••. l Special map; eular;:-e•l 

' from 1-20,000 scale; in 

1 
progress. 

l-40, 000 
1 

2. C. Junken ............................ i .Additi?ns. 
1-20,000: J, 2. E.J.Sommer. 2. C.Junken ....... , Photolithograph; com· 

i pleted. 
1-40,000 I. P. F;rfohs~n ......................... ! Inprogre88. 
1-50, 000 2. C, Junken ........................... ., Additions. 

1-<l, 000 1, 2. E.J. Sommer ....................... 
1 

Pht>tollthograph; inprog-
rtll!l!. 

1-40, 000 2. L. Karcher ........................... [ Completed. 
1-20, 000 7. H. Un1lenkohl ....................... [ A.dditiclns. 
1-7, 200 1, 2. E. J. Sommer. 8. T .• T. O'Sullivan.: Phooolithograph; com

pleted. 

1-510, 720 1,2. A.Lindenkohl; H.Lindenkobl; L. Completed. 
Karcher. 

1-510, 720 1, 2 . .A. Lindenkohl; H. Lindenkohl; L. I Do. 
Karcher. 

1-510, 720 1, 2. A.. Lindenkohl; H. Llndenkobl; L. Do. 
Ka.roher. 

1-510, 720 1, 2 . .A.. Lindenkohl ; H. Lindenkohl; L. llo. 

Xaroher. 
1-510, 720 1, 2 • .A.. Lindenhohl; H. Lindenkohl; L. Iffl. 

Ka.roher. 
1-510, 720 1, 2. A. Lindenkohl; H. Lindenkohl; L. Ho. 

Karcher. 
1-510, 720 l, 2. A. Lindenkohl; R. Lindenkohl; L. Do. 

Karcher. 
1--510, 720 1, 2 . .A. Lindenkohl: H. Lindenkohl; L. Do. 

Xaroher. 
1-lilO, 720 1, 2. A. Lind011kohl; It Llndeukohl; L. Do. 

Karcher. 
1-510, 720 1,2. A.Lindenkohl; H.Lindenkohl; L. Do. 

Karcher. 
1-510, 720 1, 2. A. Lindenkohl; R. Lindenkohl ; L. Do. 

Karcher. 
1-510, 720 1, 2. A. Lindenkohl: R. Llndenkohl; L. Do. 

Karcher. 
1-510, 720 1, 2. A. Llndenkohl; H. Llndenkohl; L. Do. 

Karcher. 
1-510 720 1, 2. A. Lindenkohl; H. Lindenkohl; L. I Do. 

Karcher. I 

1-10, 000 4. P. Erichftell .......................... ! 
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Titles of cha1t,s. l~t>niarks. 

Blue Hill Bay, Me., ea.st side Long Island ............... . 1-10, 000 4. lL E. Peary .......................... , 

Blue Hill Bay, Me., west side Long Island .••.•............ 1-10, OOfl 4. A. B. Graham ....................... . 
Blue Hill Bay, Me., Bartlett's Island ...................... : l-10, 00-0 4. E. H. Fowler ..••......... 
Porcupine group of Islands, Me ............................ i 1-10, 000 4. T. J. O'Sullivan ..................... . 
Babylon and vicinity, Long Island, N. Y ................. . 1-10, 000 4. E. H. Fowler ......................... ' 
Hempstead and vicinity, Long Island, N. Y ................. ; 1-10, 000 4. E. J. Sommer ................••...•.. _. 
Hempstead Bay, Long Island, N. Y ........................ " 1-10, 000 4. E. H. Fowler ......................... ' 
Croton!<> Peekskill, Hudson River, ~- Y .........•••... 1-10,000 4. H.Lindeukohl .... . 
Philadelphia city front, Delaware ltivPr (resnn·•~') ....... . 1-4, 800 4. R. Lindenkohl; E. J. Sommer ..... . 
W a.shillgtcn ·s Birth Place, Va ..............••.............. 1-10, 0-00 4. A. Lilldenkohl; R. ],indenkohl. ..... -' 
Cape Hatteras, :N". C ........••.•••......................... 1-20, 00-0 , 4, A. E. Burton ........................ ,' 
Cape }'ear River, :>. C ................................... . 

I 
1-10,000 i 4. P.Ericbsen .•.....................•. 

llarataria Bay, La ......... . 1-10,00-0' 4. E.J. Somnwr ....... . 
l:t:ississippi River a.hove city ofXew Orlea1rn .. ........... . 1-20, 000 4. E. J. S.-.mm<'r ...................... .. 
:Mississippi River, Point Houmas and vicinit~- - ......... _ .. 1-20, 0-00 4. T .. T. O'Sullivan ..................... . 
Mississippi River, reconnaissan('e of Graml Gulf ..... _ .. . 1-10,000 4. T.J. O"Sullivan ..................... . 
-~forth of Point Arguello, Cal. ............................. . 1-10, 000 4. K J. Sommer ............... . 
Point Sal and vicinity, Cal ................................ . 1-10, 000 , 4. E. J. Sommer ........................ . 
Columbia River above Kalama ............................ . 1-10, 000 i 4. A. E. Burt-0n ....................... .. 
Puget Sound, W. T. (part" of) ............................. . 1-20, 000 i 4, T. J, O'Sullinn; It E. PearJ ....... .. 
l'at.&psco River, Md., hydrographic 1·esun~· between 

Forts McHenry and Carroll. 
1-10, 000 i 2. C. Junken (plotting, &c.) .. 

MISCEJ,LANEOUS. 
i' 

llaseruap of the l:nited St.ates ........... . 

Annual progress sketch work ............................ .. 

1-r, 000, 000 i .A.. Lindenkohl (compiling): JI. Lindt•IJ. 
! kohl (engraving on •tone) . 

. . . . . . . . ••• • • • 1 .A.. Lindenkohl; L. Karcher ...... . 
Drawings illustrating meteorological reseanhes. - . - .... - .. ; .............. , T. J. O'Sullh~an .. _ ............ . 

~;:::: f~: ~: :~jn:,>~~~-:::::::::::::: :: : :: ::::::1: ::: : : : : : ::::: :.·.~i~~:~:~~·::::::: :: ::: : :::::.: .:::: 
Diagrams of oyst<ir explorations . .. . . . . . . . . . . . . I . . . . . . . . . R. Lindenkohl ................ . 

Dia.gram• for 1876 report (on 5tone) ....................... ·I ·............. ll. Lindenkohl ......................... . 

l'lanofopticalsalinometer .............................................. P.Erichi;en ............................ . 
l'lanoflmprovedplanett.ble .............................. , .............. P.Ericbsen ............................. ' 
Plan or Borda thermometer for subsidiary base rods...... . ............ P. ErichSt'n. - ........... . 
Plan of Erichsen planimeter ............ : .................. \ .. . . . . . . . . . . . . P. Erichsen ............•................ 
Plan of line and end oomparillg apparatus .. ".. . . . . .I . . . . . . . . . .. • • • P. Erich8<'n ............................. · 

Plan ofba.se apparatus................................ . .1[ ..... ·.·· .. · _· -.. · _ .. _._·_·_,: P. Erichaeu ............................. ! 
Plan of screw pile..................................... P. Erichsen ............................. ' 

l'!an of tidal machine................................. . ! •••••••.•...•. .A.. E. Burton ...............•........... 
I Wreck charts of the Pa-cifio Coast .......................... 
1 

• •• .. . • . • .. .. . E. J. Sommer ......................... .. 

----------------- ··-----------------------------
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Arr END 1 x No. 5. 
KKGR.A YING l>IYISION. 

I'lateJJ completed, continued, and commen-0ed during the jiiwal year ending zril/1 June, 1880. 

1. Outlines. 2. Topography. 3. Saud. 4. Lttteiing. 

Cata· 
logue 
Nu. 

Title of' plates. 

CO~IPLETEJl. 

13 Sailing chart B, Cape Hatteras l<> Ke~· Weet (upper) 

Scale. Engm'<'ol'l'. 

' 1-l. 200, 000 : 1. .A. Petersen. 2 and 3. W . .A. Thompson. 4. A. Petersen and 
J. G. Thompson. 

n Sailing chart ll, Ca.pe Hattrms to Key WeRt (lower) ... : 1-1. 200, 000 land 2. H. :M. Knight, A. l'etersen. 3. J. G. Thompson, H. M. 
Knight. 4. J. G. Thompson. 

C ' Sailing chart Gulf of Mexi«o, west part, 2 plate"....... 1-1, 200, 000 1. W. A. Thompson. 2. J. G. Thompson. 3. W. A. Thompson. 

13 

139 

G\~n~ral \'Oast chart No. 8, Saint ].:fars·~ River to Cave 
Canaveral. 

Coast chart No. 4. Pf'.nohHrot Ba;v. __ . __ . -~- .... _. _ 

Coast chart X o. 2'.l. A h@econ Inlet t-0 Cape Ma:· 
C<>Mt chart :So. 39. Ori,go11 Inlet t-0 Cape Hatteras ..•... 

158 Coast chart-;.;,._ "8. from Saint Mary's entrance south-
ward t-0 30C north. 

159 . Coast chart No. 59, Snint . .August.in• Inlet t.o Halifax ' 
Rivt't'-

li7 , Coast-chartNo. 77, Tampa Ruy ..................... o••· 

1R3 i Co<i.t. chart No. s;1, Apalaehirola Bas to Cape San Blas.· 

191 Cvu"l chart No. 91, Lakes Borg1rn aJ><I PontclJartrain •••. 
~07 Coa~t chart No. 107, Matagorda Bay ................... . 

311 · Jlarhor chart, Penohs<,ot River am! .Belfa•t Bay ....... . 
347 Harbor c11art, Vineyard Haven ........................ . 

aoo : Harbor chart, montb of Connedlcut River (<~lition of 
1880). 

!)55 
1 

Harbor chart, Lake ChamJ>lain, No. 3, Burlington to 
Cole's Bay. 

506 : Harbor chart, Lake Champlain, No. 4, Cole" llay to 
· Whitehall. 

406 ' Harbor d1art, North I,auding River .................. . 
421 Harbor chart. Coro Sound and Straits ..... . 
471 lla1bor chart. Tortugas llarbor and approaehes .... 

COSl'ISt:ltD. 

1¥2: Coast clui.rt "No. 42. J>amplieo Sound, ea.stein shet•f,, Ito-

anoke Island t.o Hatteras Inlet. 
143 Coast chart No. 43, P&mplko Sound, middle sheet, Oc:ra-

coke Inlet to mouth of Pamplico l~h"er. 
1 

153 ; Coast cbart, No. 53, Winyah Bay ro Long Island ........ ! 
171 I Coa•t chart No. 71, Marqu688.ll Keys t.o Tortug311 ....... ! 
181 
182 

307 

308 

40111 

Coit.st el1Mt No. 81, Apalacboo Bay, Fla ................. \ 
Coast ehart No. 82, Se.int Mark's Rh-er to head of Apa- j 

Jachioola Bay. . I 
Harbor chart, Blue Hill and U ni<>n River Bays .••...... -1 
Harbor obart, approaches to Blue Hill .Bay aud Egge- , 

mog~Rwlh. I 
Harbor chart, !8le an Haut Bay and Eggemoggin Reack. I 
Barbor chart, Jamee :River, No. l, Newport News to I 

Deep Wat.er Light. 

4. J. G. ThompMn and A. Petersen. 
1-400, 000 1 and 2. R. F. Ba:rtle. 3. W. A. Thompson. 4. R A. Maedel 

aud J. G. Tho11111son. 
J-lj(). O\JO 3. H. lf. Knight. 4. J; ,\. Maedel and A. Peter•en. 
1-80. O()(l 

1-80. 000 

3. W. A. Thompson. 4. Jo:. A. Mae<lel and .r. G. Thompson. 
2 and :1. W. A. Thompson. :J. F. W. Benner. 1, 2, and 4. H. M. 

Kni!-(ht. 

1-~o. 000 , 1 and 2. A.. Sengkller. a. W • .A. l'hum1n!0n. 4. F. Courtena)· 
aud E. .A. :Maedel. 

1-80. 000 1 and 2. A. &ngt,;ller. 3. F. W. Benner. · l. F. Courtenay, E. 
A.. Maedel, and J. G. Thompson. 

1-80, 000 l, 2; and 3. lt.1''. Bartle. 4. ,J. G. Thompllon. 

1-80. 000 I 1 and 2. A. Sengt.eller. 3. 1''. W. Bennet. 4. E. A. Maedel, ,J, 
j G. Thompson. 

1-80, 000 ! I and 2. W . .A.. Thompaon. 4. J. G. Thompson. 

1-80. 000 1 3. W. A. Thompson, II. M. Knight. 4. A. Petersen 1111d Will.. 
ia.m Smith. 

1-40, 000 1, 2, aml a. R. F. Bartle. 4. J. G. TbOIDjlllOn. 
1-15, 000 l 1tnd 4. JBmell Longhl'8.Il. 3. F. W. I3enner. 

1-20, 000 a. l". W. llenner. 4. Jam<ll! Loughran. 

1-40, 000 1, 2, 3, and 4. H. M. Knight. 4. E. A. Maedel. 

1-40. 000 1, 2, a, IU!d 4. w. A. Thompson. 4. E . .A. Ma;>del. 

1--40. 000 ! 4. J. G. Thompson and William Smith. 
1-40, 000 3 and 4. E. H. Sipe. 
1-40, 000 1, 2, and 4. William Smith: 

1-80, 000 1, 2, aml 4. H. M. Knight. 3. W. A. Thom]Jl!On. 4 J. G. Thom11-
sou. 

1-80, 000 3. W. A. Thompson. 4. J. G. Thompson. 

1-80, 000 1 and 2. A. &ngt<Jller. 

1-80, 000 4. E. A. Miwldel. 
1-80, ooo l a.nd 2. H. C. Evans. 4. W. B. Davis. 
1-88, 000 4. F. Courtenay. 

1-40, 000 1 and 2. W. A. Thompson. 
l-40, 000 l. J. G. Th<>Ji>piron. 

l-tO, 000 1 and 2. W. A. Tkompson. 4. E. A. lllaedel and A. Peterien. 
l-ii-0, 000 land 2. J. EnthoJl'er. 4. F. Courtenay. 
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Sr ale. Eu~ravers. 
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40lb I Harbor chart, James River, Xo. 2, l'oint of Slioals Light 

I to Sloop Point. 
672 \ General ooaat chart, Point Vincent to Poiut CoJJceptiuu. 
b"!lla I IIarbw chart, San Fnwcisco :Bay entrance .•.. _ ......••. 

I C'OMMRYC£J). ' 

1-30, 000 1 aml 2. J. Entl10tfrr. 

1-~<JO, 000 1 am! 2. IL Lindenkuhl. 4. A. l'et;mwn aull K cl. Mat"lel. 
1-40, 000 1 and~. J, Enthofl'er. 4. J. G. Thumpson. 

77 

160 I Coast chart Xo. 6-0, Hnlifax River I<> MoS<)uito Lagoon .. • 1-80, 000 , 1 awl 2. B. C. Emus. 4. F. Cuurteuny, E. A. lll:aedel. J G 

185 I c ..... t chart No. 85, Saint .Andrew's Bar to Choctaw
hatchee Bay. 

192 I Coast chart No. 92, Chandt•leur aml Isle au Breton 
Sounds. · 

40lc : Harbor cllart, James River, Xo. 3, Sloop Point to City 
, Point. 

671 : GenereJ r,oa.st chart, San Diego to Point Vincent ....... . 
Mlb Harbor chltrt, Columbia Ri-.cr, Xo. 4 .................. . 

LIST OF COA!;T PlJ,OT ('HARTS _.\~TI nEWS RNlrn_\YED DeU

ING THE YEAR. 

1:;~,9 i .Atlantic Coast Pilot cliart, volnmr ~. Xantudrnt. an<! 
Vinf?yard Sounds, Cross Rip to }\Toh~ka, Point. 

1557 , ..A.l~ka.Coast Pilot, Seymour Narrow~ ....... , ...... . 

1500 , Atlnntio Coaat l'ilot Yiew, K1·nt Point. north entrance 

tu Eastern Bay, &c. 
1518 Atlantic Coast Pilot view, eity Of Ralt.imore. Lazarett-0 

Point, &e. 
1520 · Atlantic CoaBt Pilot view, Potomac River, :Breton &nd 

Saint Clement's !Jays. 
i,·,21 Atlantic Coaat Pilot view, Potomac River. Point Look. 

1522 

1521 

1528 

out, Smith·~ Point, &c. 

, Atlantic Coast Pilot view, entrance to Patnx1•nt Rivr1· 

I from southward, &o. 
! Atlantic COMt Pilot view, Port Jwyal €ntrance, Broad 
I River, &c. 

Thompson. 

1-80, 000 1 antl 2. R. l'. Bartk 4. J. G. Thowpiruu. 

1-50, 000 I and~- J, Entl1ofl'er. 4. E. A. ~fa,.del. 

1-200, OOll 1 and 2. H. Lindenkohl. 4. A. Pet""""' a111l J, G Thumpsou. 
1-40,ooo 1, s, and4. n.~.Kuiµ;ht. 

1-80. ·~10 

,J.,J. Ymmg 3Il(l W'.H. Dnis. 

J. R. llarker and W. H. Davi•. 

.T. 11. Uarker and \V. Il. Dads. 

J.J. Young Bllll WR. Da,is, 

J.J. Ymmg 

.. ........... ' J. R. Barker and W Il. Davis. 

1529 

Atlantic OOMt Pilot view, Priest's Point. Saint Inigoea 
Crook, Saint Mary's liiver, &c. 

Atlantic0o8"tPilotvicw,eutmncctoSe"l'"<>rn River from 1 
............. 

1 

J.R. :Barker and W. H. llaxi•. 
J 

1538 

1539 

1510 

1562 

1593 

1594 

lSllD 

1596 
1604 

the northward, &c. 
Atlantic Gout Pilot view. Potomac River looking up, 

Maryland Point, &c. 
Atlantic Ci>ast Pilot view, Potomac R.iver, oft' Quantico, 

&c. 
Atlantic Coast Pilot view, Potoma.c River, Nornini Cliffs, 

off BJackistone Island, &r. 
Atlantic Coast Pilot view; W aohington Cit_\· front off 

Giesboro Point, &o . 
.Atlantic Co8"t Pilot view, approaches to New Bedford, 

&c. 
Atlantic Coa.at Pilot ~iew, west entrance to Vineyard 

I Sound, kc. ' 
. Atlantic Coaet Pilot view, approaches to Flslier's Is!Jmd ............. . 
I Sound from eastward. 
I .A.tllilltic Coast Pilot ·dew, Plnm Gut from eastward ..•....•••....... 

I
' .A.tlluitic Coast Pilot view, approach"8 t-0 Narraga.uset.t ~- .......... .. 

llay from eastward and .. .,..tward, &c. 
I 

J, R. Bark<>r and W, H. Daris. 

J. R. Barker llll<l W. IL Dni•. 

J. R IJarker an<l W. H. DM-is. 

J. R. Darker ltlld W. H. Daris. 

J. R. Barker and W, R. Davis, 

J. ll.. Barker and W. II. Da.,-i8_ 

J.R.&rker. 

J. It Bark1·r. 
J. R. Berka. 
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GEXERAL CORRECTIOXS AND ADDITIOXS. 

LiBt of plates liaviny rffcircd additions and corrections j}·mn July 1, 1879, to June 30, 1880. 

. ' 

Cata. ! Plat<·' 
loguc. y 

No. t •'
0

' 

Title of plates. 8rale. 

1

Datesof corrections and 
additions. 

977 ! Sailing chart Nu. 3, Cape Ha!tera• to M08lJUi(u Iulel ......................... ·---~---·---1-1--1-,-20_0_,_l)O(_J ~c-t-ob_e_r_22_,-1-87-9-.--· 
989 . Sailing chart ii o. 4, Mosquit<> Inlet to Key West. .. -- -- -- -- -- .... -- .... -- .. - .... _ ... _ ..... j 1-1, 200, 000 June 1, 1880 . 

. 1453 , Sailing chart X o. [1, Ke~ \Vest to the Rio Gram1e. east part_~ ..... - ....••.•....... : 1-1, 2001 090 April 31 1880, 

1451 : Sailing chart No. r~. J~ey "~est to tlw Rio (~rarnlr-~ west part ... • .... . ............. _______ ! 1-1,200,900 .April27,1880. 

124~ 
1 

Gt'neral coast chart No. 2, Cape Ann to Gtl)" Ilcad . - -- .... - ... . 

1392 ' General coast ehart :N"o. 3, Gay Ileail t-0 Cape Henlopen ....... . 

: 118.~ General coast r,ha1t Xo. 4, ('ap<\ ]-fay to Capl:i. HEmry _____ _ 

10 ll4i ' General coru.t chart Xo. 5, Cape Henry to Cape J,ookout. -- ------- .••••... --- - ........ .. 

11 1429 General coa..c;t chart No. 6, Cnpe Hn.tkrn-R to Cape Romain - .. - _. - - ...... __ ..... _ .••.... 

12 1350 ' General coast chart No. 71 Cape Rornaiu to Haint Mar;v'R entrancP . - .. _ ... _ ............ _. 

],) 1081 ' General coast chart :Xo. 10, Straits of Florida ... - ... -- ... - .. -- .. - ... - ..... -- -- .......... --

:JU 97 Harbor chart, G·nlvest-011 Blly, 1851 . 

10.j 1 1249 ' Coast chart No. 5, PNiohacot Bay to Kennebec rntrum·l~ ..... _ ............... _ ...•..... _ .. 

1(lfi JOG.'1 : Coast chart X o. 0, Kennebec entran<'c to Saco Riv(:r .•.••. - ... -.... - .........••..••....... 

107 
lllM 

110 
l]] 

112 

11;: 

114 
115 

116 

117 

lJ~ 

trn 
120 

121 

1271 

1201 
1199 

H02 

(Joa~t chart No. 71 Seguin1Hlam1 to Keunelmnkpurt .......... . 
Coast chart :!\"o. 8, Wells t.o Cape Ann ....... 

Coast chart :"io. 10, C•Jle Co<l l\ay ___ _ 

Coast ehal't Xo. 11. Xautueket ShoalR to Mtt,keget Channel 

1054 Coast chart No. 1~, Muskcget Channel to Buzzard'K Bay ... - . _ .................... _ ...... . 

13il '. Coa•t chart Xo. 13. Cuttylmnk to Jllock falanil .................. - .. -.................... .. 
136:{ Coa,'\t cb;Jrt: Xo. l.t, J'oiut .Jmlit11 a11d Rlock Island °U) Plnm Island --· .. , ____ .••... 

14-19 ! Coa"'t chart:No.l:i, PlumlslanlltoWekh'sPoh1t. ____ ------··-········--·--·-········ 
1473' Coast chart No.161 I..onglafand Sournl, Welch'8 Point to :\cw York ..........••. - ...... .. 

979 · Coast rhart No. li, southern coast of Long ll'\laml1 l31ock hland; Montauk Pojnt, &.c .. 
86J : Coast chart No. 18, s<iuthern coa~ of Long falancl, Najlcagne Beach to Torge Riwr ...... 
R66 Coa.st rhart Xo. 19, Great Sonth lllly, J•'il'H Island arnl Long R"'iches 

1404 C0Mte}1art Ko. 20, Xew York Day awl Hurl)or .......................................... . 
!f,;J,; ' Coast chart No. 21, Sandy Ifo>k to Ilarnegat Inl .. t .... - .......... - ....................... . 

122 153{) Coast chart Nu. 22, Barnegat Inlel to Abseeo11 Iule-t. ... _ ............. - . _ .......... _. _ ....• 

1~4 118~ Coast. chart No. 24. Delaware 13ny and River, Delaware entrance- ... -... -.... - .... . 
121; 

12i 

128 

1~9 

];ll) 

l:ll 

13:.? 

1a:1 

l:l-1 

1:!5 

13tl 

1:17 

]:J8 

J;l9 

140 

HI 

142 

14-1 

1~>4 

]~;; 

156 

J.;7 

166 

!6i' 

169 

170 

183 

123!J , ('onst c;ba.rt. No. 26
1 

De1aware Bay aud River, Port Penn to Trenton_ 

1200 , Coast cha.rt No. 27, Cape May t-0 Isle of Wight ................................... . 

1230 . CnaRt chart No. 28, IRie of 'Vight t.o Chincot.iague .... . • .... . • .. ... .. ........... .. 

128fJ ': Cua•t d.mrt So. 29. Chincoteagne Inlet to Hog IElanil Light. ................. .. 

1287 ; Coast chart X o. 30, Hog I •la.nil Light to Cape "Y ay .. - .. -- .. _ .. _ ...... -.... - .. .. 
12]9 : Coast chart Xo. 31 1 CheRRp(",a,ke Ifay, sheet 1, entrance t-0 CheAApeakt!, &c ...... -
1211 , Coa.Bt rhart :No. 32, York River to Pocomoke Sound ... __ .. __ ..••••••••••.•••••....•••.. 

1222 Coast chart No. 33, Chf'sapeake Bay, shed 3, Pocomoke Sound to Potomac River ..... . 

1227 Cuasf, chart. No. 34, Chesapeake Bay, Potomac River to Choptank River---- ........•..... ! 
12:!2 i Coast clmrt So. 35, Chesajleake Bay, Chop!ank River w Yagothy River .............. ---- ! 

. 1235 ' Coast chart No. 36, Chesapeake Bay, Magothy I:iver t.o hea<l of bay ...................... : 

, 1444 i c .. a11t chart No. 37, Cape Henry to Currituck Light ....................... _ .. _ .. _ ........ -! 
· 1435 j Coast chart No. 38, CurrituckLighttoOregonlnlet ...................................... , 
I 1449 ' Coast chart No. 39, Oregon Inlet to Cape HatteraH ........... __ .. -........ _ ....... ____ ----i 
! 890 '. Coa•t cl1art No. 40, .A.tlantie Ocean to Pa•quotank Rinr .. _ .. ___ .. - .. -.... -- __ .... ___ .. - .. j 
i 1377 , Coast chart No. 41, .A.lbemarle Sonni!, western sheot, Pasquotank to Roanoko an<l Chowan : 
I • j 

1272 

Rivers. 1 

Coast chart Xo. 4-2, l'loamplico Sound, Roanoke lt1laml to Hatteras Inlet, 9ast part ...... ~ .. j1 

1263 Co&St chart No. 44, PamJlliC<> Sonnd, sheet 2, Nease Rivei· _ .................... __ • ______ .. 

1176 Coast chart No. 54, J,ong Islanil w Hunting Island .... -- .......... __ ..................... . 

1353 Coaat chart No. 55, Hunting Island to Ossabaw Islam] . -- .. __ .......................... --- . 

1341 Coast chart No. 56, Savannah to S..pelo Sonni! -- .. - -- -- .. -- -- .... - ...... -- ........ __ ...... ' 

1346 Coast chart No. 57, Sape!o lsl1111il to Amelia Islan:i .... -- .............. - ............ __ .. .. 

884 Coast chart No. 66, Key Biscayne to Cary•fort Reef._ .... _ ......... ---- .. . 

1100 Coast chart No. 68, J,ong Koy to Newfound Harbor K•y. - .. ---- .......................... '. 

1125 C0&8t chart No. 00, Newfound .Harbor Key to Boca Gran1lc Key ............... ----·······: 

1375 

1347 

Goa.st chart No. 70, Koy WCllt, llfarquesas Keys, &.c •••••••••. ------ -·-- -- ...... -··-------
1 Coast ohart No, 83, .Apalachicola Bay to Cape San Illllfl ..... ··--- .... -- ................. __ " 

1-400, 900 Decemhe1· Ji. 1819. 

l-400, 000 Dec em her 18. J srn. 
1-400, ooo .June 9, 1880. 

1-100, 000 December 12, 1879. 

1-400, 000 May 12, 1880. 

1-400, 000 ! In hanil for correction. 
1-400, 000 : March 20, 1880. 

1-80, 000 
1-80, 000 

February 11, 1880. 

May 24, 1880. 

Jannary 21, 1880. 

1-80, 000 November 6, 1879. 
1-80, 000 May 26, 1880. 

1-80, 000 Deeember 23, 1879. 

1-80, 000 October 11, 1879. 

1-80. 000 March 17, 1880. 

l-80, 000 March 15, 1880. 

1-80, 000 May 5, 1880. 

1-80, 000 May 26, 1880. 

1-80, 000 May 28, 1880. 
1-80, ooo :May 22, 1880. 
1..)\(), 000 May l, 1880. 

l-80, 000 September 12, 1879. 

1-80, 000 May a, 1880. 

1-80, 000 .Apiil 28, 1880. 

l-80, 000 .April 24, 1880. 

1-80, 000 .April 16, 1880. 

1-80, 000 Apiil 26, 1880. 

1-80, 000 December 3, 1870. 

1-80, 000 May 27, 1880. 

1-80, 000 Febmary 17, 1880. 

1-80, 000 December 9, 1879. 
1-80, 000 April 21, 1880. 

1-80, 000 November 9, 1879. 
1-80, 000 Jnne 1, 1880. 
l-80, 000 November 28, 1879. 

1-80, 000 October 17, 1879. 
1-80, 000 October 2, 1879. 
1-80, 000 November 4, 1879. 

1-80, 000 November 12, 1879. 
l-80, 000 May S, 1880. 

1-80, 000 October 30, 1879. 
1-80, 000 April 22, 1880. 

1-80, 000 Febrnary 4, 1880. 

1-80, 000 October 30, 1879. 
1-80, 000 October 15, 1879. 
1-80, 000 February 11, 1880. 
1-80, 000 Aprll 12, 1880. 
1-80, 000 April 12, 1880. 
1-80, 000 October 17, 1870. 
1-80, 000 October 16, 1879. 
1-80,000 October 25, 1879. 
1-80, 000 Ma.y 10, 1880. 

1-80,000 June 4, 1880. 
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Cati.-: i 
1 :Plate' o;:e; No. ' 

189 842 ' 
191 I 906 

101 . 1483 

194 128() 

195 1314 
204 1316 
205 1216 
206 1210 
302a 10()8 

304a: 1203 

291 : 1191 
310 1354 
~lla: 1128 
312 115-0 

API'ENDI.X: ~o. 5-Uontinued. 

Title of plates. 

Coast chart Ko. 89, Mississippi Ri>er. a11proacbcs fo Kew Or!Hm" . .l.:c .......•••••. 
Coll8t chart No. 91, LAkes Borgue and l'ontchartraiu ..................................... . 
Coast chart No. 91, Lake~ Burgue aml Pontchartrain. --- ... --·- .....•••................... 
COW3t cha1t No. 94, Mississippi River. pasa,es to Grarnl Prairie .......................•.•.. 
Coast chart Ko. 951 M.iasissiJlpi River, forts tD ~ e,,. Orh_•.aus ....... __ 

Coast chart No. 104, Galveston Bay ...................................................... . 

Coast chart No. 105, Galwston Bay to O;>ster Ila~· ....................................... . 

Coast chart Nu. 106, Oyster Bay to Malagon.la Bay ....................................... . 
Harbor chart, Eastport Harbor .......................................................... . 
Harbor nhart, Moo•e-a.bec Reach 
Hnrbor chart1 :Monnt DeAert: ~outhweRt Ha.rLor. and Som.c1' Sound ...................... . 
Ile.rbor ch.art, l,enobRcot Bay ............................................................ . 

Harbor chart, Fox Islaud Thurunl.!,"hfare ........•.........•..•............... __ ...•..•..... 

Harbor chart, SaintGeorge'sRiverand:Musch~RidgeCJrnm"·1 ............ ------·-- .. . 
1114 1112 Harbor chart, Kennebec and Sheepscot Rh-er< ........................................... . 

315 1204 Harbor chart, Casco Jlay ....................................................... · . · ....... . 

315a 1065 , Ilarbor chart, Inside Paosaµ;e, Bath tu Booth Bay ........................................ . 
321 ! 1015 Harbor chart, Rockport aml Camden Harbor• ........................................... . 

327 '13,j2 Harbor chart, Richmond bland Harbor...... ..... ---··-------····------------------
;12s 527 Harbor chart, York River Harbor ...................................................... .. 
329 1379 Harbor chart, Portsmouth. Harbor. X. H ................................................ .. 

330 1016 IIarbor ch.art, Isles of Sboab ............................................................. . 

~32 i 782 Harbor chart, Ipswich and Aunisquam Harbors ....................................... ·-· 
335 ] 1328 Harbor chart, Salem Harbor ............................................................. . 
337 i 1184 Harbor chart, Boston Harbor ............................................................ . 

338 
1 

1326 , Harbor chart, Plymouth, King•ton. and Duxbury Harbor. ............................... . 
341 1025 ' Harbor chart, Provincetown Ha.rbor ........................ . 

353 1240 · Harbor chart, :N'arragansett Bay, Lower ...................... . 
362 1311 
36, 173 

366 832 
369 1200 

369a 1304 

370 1034 

371 888 

372 ll1IQ 

376 403 

Harbor chart., New Haven Harbor._ .................. _ .................................. . 
Harbor chart, Sheffield's Island and Caw kins' lslaud Harbors ........................... . 

Harbor chart, Hempstead Harbor ....................................................... .. 
Harbor chart, New York Bay aml Harbor, Lower ....................................... .. 
Harbor chart, New York ent.rance . ~ 
Harbor chart, Hudson River, No. 1, New York to Haverstraw ............................ ~. 

Harbor chart, Hudson River, No. 2, HaYcrstraw to Pougltkeepaic ..... ········--···-··---· 
Harbor chart, Hudson River, No. a, Poughkeep•ie to 'l'l11y .............................. . 
Harbor chart, Delaware and Chesapeake Bay• ....................................... _ .. _. 

385 1452 Harborr.bstTt, .Annapolis Harbor ....................................................... . 
386 784 Harbor ch.art, Patuxent River, Lower .................................................. .. 
388 1135 Harbor chart, Potomac River, No. 1, entrance up to Piney t•oint ..... _ ................. _ .. 
389 1171 Harbor chart, Potomac River. No. 2, Piney Point to J,ower Cedar Point ................. . 
300 1148 Harbor chart, Potomac River, No. 3, Lower Cedar Point to Indian Herul 
391 1319 Harbor chart, Potomac PJver, No. 4, Iudian Head to Georgetown ........................ . 
399 775 Harbor chart, York River, 'Va., No. 2, King' a Creek to W cat l'oint ...................... . 
408 1415 Harbor chart, Albemarle Sound .......................................................... . 

409 983 Harbor chart., mouth of Roanoke River ................................................. _. 
416 1223 Harbor chart, Hatteras Shoals ........ _ ................................................. .. 

419 1023 Harbor chart, Cape Lookout Shoals ...................................................... . 
424 1161 Harbor chart, Cape Fear River cnkance ................................................. . 
430 811 Harbor chart, Jlull's Bay ................................................. _ ................ . 
431 1192 Harbor chart, Charleston Harbor ........................ -....... -..................... . 

434 8e8 Harbor chart, North Edisto River .................................................... , ••. 
435 ; 1173 Harbor chart, Bull and Comb&bee Rh·era ................................................. . 

439 940 Harbor chart, Ca.libogue Soumlatld Skull Creek .......................................... · 
44'0 1W70 Harbor chart, Savannah Rh·er and W ar11Rlv Sound .....•.. _ .. _ ............... . 
441 IMS Harbor chart, Oseabaw Sound ............................................................ ' 
4« 946 Harbor chart, Sapelo Sound ............................................................ _ .. ' 

447 llli5 Harbor chart, Saint Simon's Sound, Brunswick Harbor, aud Turtle River ................. ' 
453 1288 Harbor chart, Saint :Mary's River and Fernandlna lla.rbor ............................... . 
454 6113 Harbor chart, Saint .John'• River, No. l, from entrance to Brown's Creek ................ . 

4.'iii i 1191 Harbor chart., Saint John's River, No. 2, from Brown's Creek to Jacksomille ............ . 
469 i 1170 Harbor ohart, Key West Harbor .......................................................... : 

Beak 
Dat-t:>~ of corn·d.ions aIUl 

adilitious. 

----- -~~ --··---· - -

1-80, 000 X OYember 10, 187!1. 
1-80, (100 December 9. 187!1. 

1-8t), ooo December 9. l,.."i!I. 

1-80, ooo · March 4. li!8<). 

1-81), 000 . September 24, li'7!l. 

1-80, 000 .August 19r lt\711. 

1-80, 000 . March 24, 18>10. 

HlO, ooo , August. 28, 1~7». 
l-40, 000 }"ebruary 7, 1880. 

l-40. 000 December 16, 187!1. 
l-40, 000 J anuaQ· 6. 1880. 

l-4U, 000 Ap1il 6, 1880. 
1-:lO, 000 February 2, 18.'<0. 

1-4-0, 000 August :!O, 107\l. 

1-40, 000 , 1farcb 16, li'1'tl 

1-40, 000: November 12. 187!1. 

l-20, 000 ' May 1, 18&1. 
l-20, 000 April 9, 1880. 

1-~o. 000 · No..-ember ~o. H7!1. 

J-2U, 000 
1 

Nove.mhe1· 2t'i. 1K7!1. 

1-20, 000 : Novemb~r 7, 1Ri9. 

1-20. 000 , June 11. 1880. 
l-20, 000 April 7, 18>10. 

l-2•">i 000 1 DecerubPr 181 18i!). 

1-4-0, 000 Fel.Jmary 11, 18~11. 

1-4-0, 000 Odober 20, 187(1. 
1-;)0, 000 April 26. 188lJ. 

1-40, 000 Angust 7. 1879. 
l-20, 000 Sept<lmber 17, 1879. 

1-20, 000 August 9, 187!1. 

1-20, 000 ' ,July 16. 1879 

1-40, OOU April 22. 188-0. 
1-40, 000 April 19. 1880. 

1-6(1, 000 September 27, 1879. 

1-00, 000 September 30, 1~79. 
1-00, 000 September 29, 187!1. 

1-400, 000 June 1. 188-0. 
1-60,000 November25, 187H. 

1-6-0, 000 January 13. 18t<O. 

1-6-0, 000 April 12, 180-0. 
1-60,000: April 12.1880. 
1...00, 000 ' August 23, 1879. 

l-40, 000 August 23. 1879. 

1-00, 000 ' December 12, 187!1. 
1-200, 01)(• I June fi, 1880. 

l-30, 000 i .August 5, 187!1. 

J-80, 000 ' :May 31, 1880. 
1-80, 000 i :May 31, 1880. 
1-30, ooo : February 10. Joxo. 
l-601 000 , December 11 1 If{7!J. 

1-30, 000 · :May 31, 1880. 
1-5-0, 000 .A.ugust.4, J~;u. 

1-40, 000 May 3, 1880. 
1-40, ooo January 26. 1880. 
1-40, 000 February 24. !>'HO. 

1-30, 000 July 12, 187fl. 
1-30, 000 July 16, 1870. 
1-40, 000 Februar)· 14, !SRO. 

1-20, 000 April 10, 1880. 
1-25, 000 January 28, 1880. 

1-25, 000 November 18, 1879. 

1-50, 000 Xonmbe-r 18, 1879. 
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APPENDIX No. 5-Continned. 

J 

'l'itle of plates. Scale. Dates of corrections and 
additions. 

Cata-I i 
logue ' Plate 

::S-o I No. • . I 
------------- ----- ______ , ______ _ 

474 

477 

497 

52Q 

6Ql 

002 
6()3 

700 
701 
675 

600 

11121 ( Harbor chart, Charlotte Harbor .......................................................... " 

i :~~ 1 ::;~::::: E~:~::iEE~~~-::~~~:::::::::::.:::::::::::::::::::::::::::.·::::::. 
I 1036 [ Sa.iling chart, San Diego t-0 s..n Francisco .............................................. .. 

435 Sailing chart, San Francisco to Umpquah River .......................................... i 
850 ' Sailing chart, Umpquah River to northwest boundary............................ . ...... ' 

1083 Sailing chart, Cape Flattery t-0 Dixon entrance ........................................... : 
1132 Sailing chart, Dixon entrance t-0 Cape Saint Elias ......................................... ! 
1064 General coast chart, Point Pinos to .Bodega Head ......................................... : 

920 Harbor chart, San Diego Bay ....................... _ ...................................... : 
618 i 670 
620 : 1142 

Harbor chart, Monterey Bay ............................................................ .. 
Harbor chart, Half-lfoon Bay ........................................................... .. 

623 1006 Harbor chart, San Pablo Bay......... . .. . . • . . . . . . . . .. . .. • • • . . • . . •• . • • . ................... ' 
637 1107 Harbor chart, Koos Bay ................................................................... · 

:~ ! ~~~ 
Harbor chart, Columbia River, No. 1. .. _______ ---· ___ ---- ___ . _ ... ·-- ..... _. --- --- ---- ---

Harbor chart, Columbia Rivei-, No. 2 ....................................................... ! 
643 j ~3! Harbor chart, Gray's Harbor ................................................................ ·: 
647 1 ,4 .. 1 Ilarb<t:r<lbart,Port ToWI1:seud ...................................................................... 1 

003 ! 1118 Ha.rborchart,Port Madison ............................................................... : 
6!i'2 

1 
1144 Harbor chart, Puget Sound.................. .. . . .. . . .. .. .. . . ........................... .. 

IF,,/ 1104 Harbor chArt, Washington Sound and approaches ......................................... i 
.. .. .. 

1 15-05 .Atlantic Coast Pilot chart. entrance to East Penobscot Bay .............................. .' 
• • .. • • ! 1492 .Atlantic Coast Pilot chart, Castine Harbor ........................ : ....................... ' 
. . . . . . ! 1506 Atlantic Coast Pilot chart, Penobscot Bay, nort.hern pert .............•.................•.. ' 
...... i 1504 .Atlantic Coa"t Pilot ch•nt, entrance to West Penobscot Bay .....•. 
...... i 1374 Atlantic Coast Pilot chart, Boot.on Bay and Harbor ........................................ ' 
•••••• / 1878 Atlantfo GoMt Pilot chart, Provincetown Harbor ......................................... i 
...... 1 1380 Atlantic Coast Pilot chart, 'Vineyard Sound, Wood's Role to Cuttyhunk ................... j 
...... i 1442 Atlantic Coast Pilot chart., ent.mnce to Nant.ncket &mml ................................. 1 

...... : 1382 .Atlantic Coast Pilot cb»rt, Buzzards Bay ................................................. ! 

...... i 1384, Atlantic Coast Pilot chart, Cuttyhnnk to Point J nditb. .................................... 
1 

...... '. 1:158 Atlantic Coast Pilot chart, Blook Island Sou,.J., Point J11dith t-0 Narragansett Beach ...... 1 

..... -: 1439 .Atlantic Coast Pilot chart, Long Island Sound, Plmn l3land t-0 Falkner's Island .......... . 

1-40, 000 March 4, 1880. 
1-40, 000 December 11, 1879. 

1-40, 000 January 30,1880. 

1-40, 000 lfarch 23, 1880. 
1-1, 200, 000 May 1, 1880. 
1-1, 200, 000 Jnne 4, 1880. 
1-1, 200, 000 .April 26, 1880. 
l-1, 200, 000 In hand Jun~ 30, 1880. 

1-1, 200, 000 J anuBry 8, 1880. 
1-200, 000 March o, 1880, 
1-40, 000 May 3, 1880. 
l-60, 000 May 25, 1880. 
1-20, 000 November 18, 1879. 
1-50, 000 Oct-Ober 1, 187P. 
1-20, 000 Oct-Ober 14, le-79. 
1-40, uoo Febn1ary 27, 1880. 
1-40, 000 February 28, 1880. 
1-40, 000 February 25, 188(1, 

1-40, 000 .April 24, 1880. 
1-20, 000 , Angu•t 22, 1879. 

1-200. 000 I May 20. 1880. 
1-200, 000 lfay 18, 1880 . 
1-80, 000 August 15, 1R7D • 

l-80. 000 A ugn•t 11, lll79 . 
1-80, 000 August 15, 1879 . 

1-80, 000 August 13, 1879. 

1-80, 000 Jannary 26, 1880. 

1-80,000 March 12, 1880. 

l-80, 000 Match 11, 1880. 
1-80, 000 March 12, 1880. 
1-80, 000 March 12, 1880. 
1-80, 000 Mu.rch 16, 1880. 
1-80, 000 .April 24, 1880. 
1-80, 000 May 22, 1880 . 

• 
1 1438 .Atlantic COQ!lt Pilot chart, Long IBJand Sound, Falkner'• Island to Stratford Point....... 1-80, 000 April 1, 1880. 

1437 Atlantic Coast Pilot chart, L<mg l8land Sound, Stratford Point t-0 Norwalk Riv-er . . . . . . • . . . 1-80, 000 :March 11, 1880 . 

•••••. 1406 Atlantic Coast Pilot chart, Long Ioland Sound, Norwalk River t<> Throg's Neck.......... l-80, 000 March 10, 1880. 

1386 .A.tlantic Coast Pilot chart, eastern entrance to Long Island Sound . .. . . . . .. • . .. . . . . . .. •• . . 1-80, 000 I May 13, 1880 • 
••.•• ., 1431 

1 

Atlantic CMst Pilot chart, Fi1-e faland Inlet ............................................... , 1-80, 000 'I March 7, 1880. 
14.'!3 '. Atlantfo Coast Pifotchart, southern COABtof Long Island, MontankPolntt-OEast Hampton. l-80, 000 April 1, 1880. 
1li60 : Atlantic C°""'t Pilot cbart, entrance to New York Bay .................................... ' 1-8C, 000 · :May 22, 1880. 

1446 1 Atlantic C°""'t Pilot chart., Gulf of Maine, cnrrent chart .•• . .. . .. . . . .. .... •• . . .. . . . . . .. . .. 1-80, 000 i .Ta.nuary lfl, 1880. 
1457 Atlantic Coast Pilot views, entrance to Choptank: River, &c ............................... : .............. 1 January 21, 1880. 
1470 , Atlantic Coast Pilot views, entrance to Elk Riv-er, &c ..................................... ' .............. ! Janna.ry 21, 1880. 

1487 ' .A.tla.nti<i Coast P'.lot v'.ews, Capel! May '."1'1 Henlopen ...................................... : .............. I January 6, 1880. 
1488 .Atlantic COOBt Pilot views, Delaware River, Cohanlley light-honoe, &c .................... : . .. . . • . . . . • • •• January 30, 1880, 
1494 Atlantio Co ... t Pilot views, Delaware lUver,looking up from below IW"'ly I.oland, &c ...... 1.. ............ f November 12, 1879. 
1502 Atlantic Coast Pilot views, Weskeag River from near Garden Island Ledge, Mnscls Ridge I .............. i July 19, 1879. 

Channel. . . i I 
lf>OS Atlantic Coast Pilot view•, entrance to Casco Bay from eastward &c ..................... 1 .............. 

1

July25, 18'79. 
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AJ>PENDIX No. 6. 

REPORT ON THE RE8l'L TS OF THE LONGITUDES OF THF. COAST AND GEODETIC Sl'RVEY DETER
MINED UP TO THE PREHEl\'T TIME BY ~fEANS OP THE ELECTRIC TELEGHAPH, TOGETHER WITH 
THEIR PHELBIJNARY ADJl:ST.MENT BY THE 1.fETHOD OF LEAST SQl'ARES. 

COMPUTING DIVISION, ,June 30, 1880. 

DEAR Srn: In eomplia1we with your direction1-J of September, 1878, placing the computations 
of telegraphic longitudes in charge of the Computing Division of the office, I ha>e the honor to 
present a report 011 the present state of the computations and the aecnrary of the work, togrtl1er 
witl.t a tabular statement of tlH• results. 

As a fit'st step, it llecarue necessary to collect aud scrutinize the existing computations and 
talmlate tlie rrsnlts, rnnking, wliere necessary or desiraLle, new comhiuatious, and supplying as 
far as possible any neetlfnl i11formaliou for greater completeue;;s of statement which the ca::ie srcrnetl 
to demand. Next, complete ahstracts of the indiYidual results of each determinatiou were made. 
'fltes(, are lH'Cl•ss:trily din•1·,.;iliPd iu Uwir statements, depending maiul;y on the tt>legrapbic method 
employ et.I and tlte greater or lei>S refinements introduced by th<.'. observers. The1'e a hstracts were, 
for the sake of convenienre, dh-ided into two groups: the first comprising tl1e more important, 
the second the subordinate. stl1tions. Of the former there are SO, antl of the latter 47, determina
tions of differences of longitnde, nlltaiued hy means of the electric telegraph. The following will 
serve as a specimen of abstract of the tirst class, though man~~ are of a more elahoratP character: 

J>(tfcre11ce of telrgrapltic longit111fr bt'i11'ee11 Atlanta, City Hall squal'e, Ua., and Was!ii11gto11 (wou111IN 
U. S. XaMl Ob.¥e1·NdorJ1), ]). l'., .from c.rd1a11pes of autumatic and <ffliitrary cltrono111cter-break1J i11 

Jamwry, Pcbnwry, and Jlfarch, 11'\iH. 

8ta.tionif'------ .. Atlanta. 

Observers.... (i. W. De.~n anti E. Smith. 
ln•trmnenta Trouglito11 A Simm.• transit, C. S., No. G. 

' 

I 
Washington. 

. ~.' 8m.itll llllt!G. ~". D~au., 
! Simms transit. C. S., ;';o. ~ 

, Magnify hi~ p4lwe1', ne-w tliagonal e.y, .. })i.f',f't), 90. j Magnifying power, 00. 

' New gla.sw diaphragm of ta lines, 11 generally US(>(l. j New glass diaphragm of 13 linea, 11 generally used. 

Value of one division oflot'el B ~ 0".839. / Value of one dhisiou uf len.,l B ::::7-· 1''.17. 
l,ivutiueqnaHty, siucel~69.clamp W, p ~ t·.0~8 .i-: •.001. ! Pivot inequality, clamp W-1, p =-· - •.0~7 J •.00~., 

8itl. ln·pak·cil't'uit cbronometer, ~"'rodsbam a477. I Sid. hreak.eireuit chronomt>ter, .Frotl~ha.ni :~-t6'...'. 

lfiJlI• ".l Ji11dt'r dmmogmpli. /_ Bond spring goYernor cbro1wi:n1~~~,~:_Nu~~-

*Time.determinations were hntl hoth hefo1·e and 1tftp.1· the exchange of signal~: At 'Va.shiugton, pier of tra11sit 14t~.7 fret Wt·1'i ol' t't'ntt•i· 

of dome; reductiou to <lome + 0:•.124; at Atlanta, stat.ion the same as in 1874. Reductiou t.o ('npola of Uit.y Hall - ".Uii. 
tBoth pivots at"e p~l'fotnt.t>tl (Aince 1867}, and clamp °'V abff't't' eot'l'C8)1ouds to lamp E iu formt'r timet\ . . 

Personal equation: special observations were made in No\'ember awl December 1878; ag-aiu in 
:March 1879. In 18i8 from five nights we have D-S=-".088; in 187!l wt> I.Jaw D-8=
•.109; the longitude work through exchange of observers gin~s D - S = - •.040 

Time signals consisted of breaks of seconds by eastern chronometer fol' 4 minutes, followeu by 
arbitrary breaks during one minute; next of breaks of secoml!,; b.Y western clironometer during 
4, and of' arbitrary breaks <luring 1 minute. 

S. Ex. 12-11 
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ATLANTA AND WASHINGTON. 

Results for 1l(fference of longitude. 

Observer ii .A ntomuti<' signals. 
at-

·---1---------- -------------------~·- ------
: 01! ! : ' ! i \ 

~ • -~ • ;

1 From wrHt or :wrum P.aflt or From wed or :From east or t , 

~ · ~] i ~:;:uta eig j ;;;,,8:i~ugtou W-E ~~l:.nta •ig· ! .::,~~\~ngton 

1 

W-E 

A:rhitr-a1 y signals. 
1 Mean auto-
r matic and , 

arbitrar~y. : 
~ Mean of' west 
=:>ii amt east or 'i 

~ AA I 
-------- __ ,. --·-----··----· -- ------~- ---~ 

1Si9. 'Ill. 1n . .. .. m . .. 'Jtl. .. i .. 'Ill • .. .. 
! Ja11. 2;i D, s. 29 21. 08 211 20. g;:-i 0. 13 29 ~1. 05 2!J 20. 97 0. 08 4 29 21. 01 

21.1 D. s. ~1. 09 20. 96 .13 21.09 20. 99 .10 2 2l. 04 

FeL. l IJ. s. ~]. lfi 21.00 .lfi 21.15 21. o:~ .12 21.08 

7 D. S. ! W.9>i 20.81 .li' 20. o:. 20. 81 .H 2 20. 89 

~ : D. s. 21. 1a 20. 98 . ]5 21.11 21. 02 . 09 21.06 

I 
---- ----

15 s. IJ. 2Y :!1. 37 29 21. 23 .12 29 2l. :14 29 21. 26 . 08 29 21. ao 
28 s. D. 21. 2:1 21. 09 .14 21.21 21. 11 .10 4 2l. !6 

I 1 " D. 21. 17 21. (Jl .16 2!.14 21. 04 • JO 4 2L09 \ .Yal. 
s i lJ. 21.14 ! 21. 00 . 14 2i.1:1 21. 03 • JO 21. 07 

7 S. D. 21. 10 20. 97 .I:! 21. 07 20. 08 • 09 4 21. 04 

s. D. 21.12 2!. 00 .12 2l.10 21. 02 . 06 i 4 21.06 
-------------------:--'------

Means. !W 21.142 2!l 21. 00:.? .140 29 21. 122 29 21. 024 i . 098 --------------I I ! 

Applying the col'l'eetion for personal e'Jnation + •.O! and - •.04, respectively, we have 
?It. 8. m. '· 

'Yt>igbted mean, tirst position of observers ..... . 
\Yeigbted meau, secon~I position of ohservers ... . 

29 21.0tifi l ') ) 
29 21.

051 
j .. 9 !.LOGO ± o•.01;> 

Hediwed to center of dome of Naval Obserratory. dJ. = ~9 21.1 IH ± 0'.013 

These abstracts may lte made the hasis for a future publication of our i·es111ts, but they are too 
bulky to be appended t-0 this report; therefore the results onl,r of the determinations are herewith 
gi\reu. They are arrauged in cllrouological order. It has been tl10ught best, for a complete under
standing and as a matt<>r of inten-,st from a historical point of view, to preface the table of resulting 
longitudes with a brief review of certain facts bearing on the gradual de,·elopment in our survey 
of tlrn use of tht· telegraph for purposes of lougitudes, and to indicate under whose charge the work 
has been carried on since its first conception and the demonstration of' its practical feasilJillty. 

fo the autumn of 184h, Hnperintendent Alexander l>. Bache issued instructions to Assistant 
Sears C. \\'alker for the purpose of determining geographical longitudes by means of the electric 
telegraph. Tlw first published notice bJ· the Supt>rinteudent for the use of the electric telegraph for 
gemletic pmposes is found in Coast Survey Report of 18461 p. 32; also in Appendix No. 11, p. 72. 
The first. difference of longitude actually determined, and comparing in accuracy with astronomical 
methods then in use, was on October 10, 1840, between \Yashington and Philadelphia. The co-oper
ation of tht• Supnintendent of thr United Stat.es Naval Observatory having been secured, the 
Coast Survey built a telegraphic line connecting the telegraph office in thil'! city with the Naval 
OLservatory; also caused a connection to be made at Philadelphia with the (old) High School 
Obserrntorr. I•'or the histor.' of the .'luhject, see Astronomische Nachrichteu, No. 632, letter by A. 
D. Bache, of }'t:ibruary 7, 1848, pp. 119-12fi, and No. 666, letter by A. D. Bache, of December 26, 
1848, pp. 27:~27tl. 

The field antl office work connectt-d with the determination of longitudes hy the electric telegraph 
was placed by Snperintt>ndeut A. D. Bache under the especial charge of Prof. S. C. Walker, 
Assistant in tlw Coast Survey from 1845 t-0 1852, when illness compelled him to 1·etire from active 
work• (see Coast Survey H<jport of 18.J:~, p. IHG, also earlier reports). In Decemher, 1852, Dr. 
Benjamin A. Gould, jr., assistant, was appointed to take charge of the telegraphic Iongitmles, and 
continued till 18ffi, when he resigned { Sf>e Coast Survey Report of 18537 p. 86, and of 1867, Appendix 
No. 6, pp. 57-133). Prom 1867 to 1874, inclusive, Assistant Oeorge W. Dean was principally in 

•He died in February, 1853. 
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nhargeofthis work, under the immediate instructions of the Supcri11te111leul. After tlw ~·t•ar 1844 
no special appointment was made; the field work wai,; done and the record,; were deposited i11 the 
Coast Sun·ey archiYes, and computations madP h,,. special tlirectio11 of the Sn1wri11tendt·11t. Ju 
September, 1878, the computations for telegraphic longitudel' were directrnl to h!• made in the Com
puting DiYision as part of tlw regular duty of this branel1 of lhe offiee. Owing, howHer, in part 
to lack of sufficient means, only temporary and inaderiuate aid in computillg· forl'e eould bP ginn. 
and tlierefore the work made but slow progress. 

·with regard to the publication of our telegraphic lougitudc n~1,mlt.~, comparati,·eJy fr1y Lam 
been presented in the annual reports of the Snn-ey; tlw priueipal pulllicatio1rn, ltmrp\·er, will lw 
found as follows: 
Report of 1851, Appendix Xo. 26. Oollectiou of Assistant Walker'l'i n·snlts, in wbicL arr giwn 

the results of all bis reports on longitude made to September 30, rn:>l,* hut without specifying 
tl1e particular differencefi of longitude observed b.r meant< of the telegraph. 

Report of 1861, Appendix No. 18. Dr. Gould~s report on longitude of Alhan_v, X. T. 
Heport of 1863, Appendix No. 18. First colleetiou of Dr. Gould',.; reimlts. Be giye,; twelw difie1· 

ences of longitude, though without detail and witl1ont assigHing proba lilt• errors. 
Report of 18u4, Appendix No. 12. St'concl collection of Dr. Gould'r; results. Four a1lditional lon

gitudes are giYen, completing the work done up to that pniod, with the exct>ption of two 
determinations (whil'b were left ill rnanm;cript). Th(' l'('Bnlti:; nrP not ~wco1111ianiPd hy their 
probable errors. 

Report of JSHi, AJ>peJl(liX No. 6. Dr. Gould 011 tbe lo11g·itmle 111't1Yet>r1 Amt•ri('a and Europt>. 
Report of 1870, Appendix .Xo. 1:!. Loug·itu<le lwtwcen Cambridge, )la;.;i-;., ;rn1l Sau Francii:;co, Cal. 
Report of 1870, Appendix Xo. 13, .Ai:;Ristaut S<:hott on the lougitmle between Cambrid~I:', ~lass., 

and \Yashington, D. C. 
Report of 1874, Appendix No. 18. AsRistant llilgartl on Transatlantic longitudeR. 
Report of 1875, Appendix No. 9. Al'llilistaut Schott on the longitude of Ke~· "est, Fla. 

Of results published outside our reports, the following may be mentioned: Report on the differ· 
ence of Iongitnile between \Vasl!ington, D. C., and Saint Louis, l\Io., hy Prof'. \Y. Harkness, in 
Washington Observations, United Stat..s Naval ObserYatory, 1870 [work done with co.operati1111 of 
the Survey]; Longitude determinations across the continent, by G. \Y. Deau, Proceedings of tlw 
American Association for the Aclnincement of Seienee, Indianapolis, mertiug 1871; Trausathmtic 
longitude, by Dr. Gould, Smithsonian Contrilmtions to Knowlerl~e, No. 2'..!3, 18(.i\I; Deknniuation 
of Trausatlantic longitudes by means of the telegraph ca bl es, h,r Prof . . 1. LoYering, l\Iemoirs of 
the American Academy, January, 1873. A complete exposition of our telegraphic uwthod, as prac
ticed at the time, is contained in Ohau1enet's Manual of Spherical and Practical Astronom~-, Vol. r, 
Pl1iladel1)hia, 1863. In preparing the abstract of results, the above publications ha Ye been consulted. 

Respecting the r;pecial methods employed in the tdegrapbic longitude work and the combina· 
tion of results, I beg leave to Eoinhmit the following remarks: In bis report to the Superintendent, of 
November 10, 1847, Professor Walker points out that the alternation of obse1Ters 1ft, the stationfi 
would eliminate from the result the effect of their personal equation (provirled the same remained 
constant during the operation). This important suggestion, however, was not put in practirn until 
1854. This apparent tardiuesR may he explained by the fact that in the t·ar1ier years of the appli
cation of the telegraph t-0 longitudes the difficulties to he oYercome in exehangi11g signal" wpre 
very great, the length of time required for completing a difte.rence of longitude was gn'at and 
extremely uncertain, and the cost proportionally large; hence the dirPct determiuation of the 1wr
sonal equation betwern the observers was preferred to their exchauge of stations. lit the infancy 
of the telegraphic method the chief difficulty and consequent loss of time had its origin in thP nry 
imperfect insulation of the line-wires, combined with a hwk of scnsitfrenesR of the telegraphic 
receiving iustruments. 

We -can also readily aecount for the circumstance that in tbe earlier operations for telegraphic 
longitudes there are so fow independent checks. At that period, when t!tc purel;\· astronomical non
telegraphic longitudes, eYen of principal placeis, were wry uueertain, it was ohYiously of more 

•In this report the following typographical errors should be corrected: p. 4~0, bottom line, for 29".05 read 29•.50, 
a.nd p. 481, line9from top, for 11•.206 read U•.006 
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immediat1» importau<'e to determine ao; speedil,\· as possible as man,\· pl11.c1•R as could lw reached hy 
means of the new arnl predse nwthorl, than to Imm time by applying che1·kH fa) pm1it.ions already 
newly fixNL This cause, howeYer, no longer exists, and check.- are at present of prim(• importance, 
hotlt on acconut of tl1c s<>curi(Y of the results and as a means of satisfactory ntlnation of the 
degree of accnmc)· reached. 

lu combining the seYeral result!\ for 1lifference of longitudt> of any two 111aces, compnten; haYe 
nRecl Yariom; rnethmls, acconliug to eircumstances; in rn:· reYision, when there were uo special rea· 
sons to do otherwise, I lrnn generall.v preferred the indiscriminate mean "by nights'' to any other 
cornbinatioH, for the following reasons: The value of a result depends fundamentally upon the accu
racy of the transitR or upon the local time, hence on a knowledge of the instrumental deviations; 
second]~-, on the state of adjustment of the telegraphic instruments, as determiued or influenced by 
the electric cornlition of the line; and, thirdly, on t.he perimrml equation or eouclitio11 of the olu~t>n: · 
ers, all factors which are more or less constant during a night's work, hut whieh Yar,y from night 
to night. J\lodifications and weightH were introduced to snit Hpecial circmuHtauces. In many 
instances tlw resulting probable error rests necessaril~- (either from the want of sufticient <lata, or 
in unimportant cases even from want of any) on a ver~· slender basis. 

Tlte theoreticall_v perfect but practically hea\·y metlwtl, both as regards obseniug awl com· 
puti11g, of t•xchange of indhidnal star transits, which was used almost from the begiuuing, was ~mp· 
plemente1l in April, 1860, by the equally precise and short method of automatic exchangeis of clock· 
beatH (hreak,.;): this ekgant method t soon supplanted the older methodR, a.nd bas only of late (in 
187!1) uuderg'OlH' a further simplification hJ· lesse11il1p; the number of threads or, rather, lines on the 
transit telescopf', gfass diaphragms of 11 lines being now cousiilen·d as eftectin1 as the 25 (and 
more receutl,Y Li) threads of former ;yea.rs. This nrnteria11~· diminis}ws tlw lahor of reading off the 
chronograph sheets an<l of the computation. 

lH prPseuting the table of results, indeed throughout this pa]ler, the differences of longitude 
are given i11 the se.rnw of western minm; ea.~tern station; hence the JJumhers expressing- this differ
encP requirr no special sign, they being all positive, and the mere naming of the stations carries this 
informatiou with it, the one first named being always tlie icestern one. The exact point of reference1 

a yery important matter, is carefully attended to, a special column having been introduced in the 
accompanying table of resnlts. Generally the reference is to the transit instrument (tr.), but at 
iixe1l olmerrntories, where, not unfrequently, difierent localities (sometimes in the building, some
times i11 th~· grounds surrounding it) were used at difiemnt times, all positions and results were 
reforr<•d to the meridian passing through the center of the dome, the transit circlP, or other speeial 

local merhliau, as the case may be. .A star prefixed to any tnbular result indicates that a note 
referring- to it is appeutled to the table. In general where in the first table no probable errors are 
gh-en, the result depends on a first or field computation alone, and consequently is not final. The 
names of the obserYers are given; persons in special charge of' the \\'Ork or directors of obserya. 
tories, if not jftnally taking part in the obsen'ations, have their names i11closed within [ ]. 

T11/Jle of results of differences of longitude determined by tlie Coast and Geodeti'.c Survey by means of tlie 
ewctrw telegraph. 

No. "\\- t•td N'll and t'a8t ••111 !'!tat ion. ·Rd. mark. Observers. f Year. Month. J>ilf. of loug. !'::'o~~ 
I --------- -----··--

1846 : Octoher, 0 7 34, 14 

! 
I , Washingtou, 1:11\!<'d Srntos X1wal Ob· Center of S, C. Walker, M.1''. Manry, i l 

•) ll, 1 servotor~, JJ l'. i dome. J. J. Almy. : J 
Ph1l•i;lelplna. c .. ntral (ol<ll Hiµ;h School I Mer. circle, E. o. Kendall.····-· --- ..... l 

( 

1 Wa•hington, Tinited Stateo Xaval Ob·\ C. of <L.-< [:Mauryj, R. Keith.·-···-·) j 
2
1
1 servatm·~·. I I : · 1847 : ,July, August ... : 

Phila<lelphia, Central (old) Hi~h SehooLJ M. C. -- ... : Kendall, Reynolds, A. Mason J J '. 

l I'hiladelphrn,l'~otral(old1H11thSeboo\ 1 MC ... --'i Kendall,Reynolde,Mason ... l ' ' 
3 l .Tel'!lo;·City, LoomteOb•erl""atory,N.,T / Tranait •. E. LooDtis ···············-··[5 1817

1
1 

July, August ... i 
1 , w asbington, United State• N anl Ob· : C. of <l ... I [Maury], Keith · · - · .. - ...• - . ! l I 

h. m,. B. .. 

7 .13. 61 .10 

4 29. 89 . 09 

12 03. !;O .23 
41' .r.:::;a~.~;~\001111~.~-=r~~""J~.':~_J.Tr·-····"'I Loom~~·---·-··-· .. ·--···· ij 18471 July, Au~i.Lj 

-~~~~'---~~--'~~~~-

t Not applicable, however, to long submarine cal1lea, the working of which at present requires arbitrary sign~ 
alternately positive and negative. 



 

UN1TED STATES COAST A:ND GEODETIC SURVEY. 

Table of rc.mlts of differences of longitude, cf:c.-Conti11ned. 

No. "-'"1·stf'rn and eastern ~tation. Re-f. mark' ! Year. lfnutl1. Di ff. of long. 

h. td. r XewYork,Ruthrrford'flOhser\"'"ahJr.'-- -- 'l'r .....•.. 
1 

Walker, Loomis ------·-----1 
5) Camhri1lge, Hanan! Colle~e Oboena- C. of d ... W. C. Bond, J. Bornl. ..... .. 

l tm y. llas~. 1 
[ 

f Ch1t•innalL Mitd11•l'H Oh~e>r"".atnry --- . _. Tr ___ .... _ 0. M. liitcbe1, Twikhell, 

G 
11 

Tamai!. 
Philadt'l11l1ia, (\·ntral (oltl) High Rchool. l:l. C ...... Kenda]], Mason. ReynoldR_ 

' Hudsou, 1,\-eAternRetierYt>C".olh•J!t:',Ohio Tr ..•.... J_,oomis ···-····-----·----··· 
7 I l'hila<lelphin. Central ioldl High School- JIL C ...... Kendall, Mason ........... .. 

11 f 
l 

'\TaAhington. ~Paton Station. D. C Tr .... __ . 

Phill'lflt>lphia. C<'ntra1 (Clltl) High ~'·hoo] M. C ..•.. 

Cliarh•Rtou, G il,IJef! · (lh!¥'rvator~-, :-i. C . . 'l'r .. - .••• 

L. F. Ponrtah•• .• T.C. Langton 

Kendall, Mason, Rl'."ynoldR. 

L. R. Gibbe• ..... __ .. 

Washington, f'eato11 ~M.tion, U.C ........ Tr·-···--· Pourt.alf'R, Langton_ 
Sav·annah, shttion nf'ar Exchange, Ga_.. Tl_........ C. O. Buntellt' ....... _ .... -
Cba1-Ieston. Gib hes ObsPrntory. ;;_ C .. _ Tr ........ Gib bes, Langt-011_ 

C1m1lnidgt, Han-.n<l Collcgt· Ubserva- C. of d .... W. C. Bond.------

tor.\, Ma~:-<i. 

Bangor, Tllonlll.8 Ilill OlJHeTTUtory. M~. 

Buni.i;or, Tltoru<!S Hill Obsernttory. :Me. 

Halifax, :Xa-.;-al Yard Obst•r•1:ator~, S. S 

1'r -...... _I Walker, Pourtales, Langton. 

Tr .. ... . .. Walker, Pourtales, Langton. 
Tr - - -_ _ _ _ Captain Shortland. R. 'S ... _ 

Pt"terF-lmq;.;. Ho~l~·n Stntiou. Yu Tr. A. D. Bachf'. G. \\. Dean 

l\:u.:;.hi11~t011 1 ::-i.<'•llo11 ~tatiou, D.C ····--· Tr ..•••.•. Pourtales ......... . 
ItaleiglL Stat<• Unn•r grounrt,;. ::\.\. .... Tr ........ B. A.Gould,,ir ........... _ 

Washiligtnn,S\:l-lton :--::.t.~1tim1, JJ.C ...... Tr ..... · .... Ponrtales ... - ................ . 
Tr ........ GihhPR .. 

Ra1eiµ:b, St.ate 1Iomw groutHb. X. C ..... l'r. -·- .... Gould. __ ..... _ 

{Charlf'stml. Gihhes' OlJsl'rvatury; refcr-
rerl to Orphan Asylum cupola] .................. __ ...••..... _. __ .. _ ....... --·· _ 

Cohnuhia, C~1)it.c1l Squart>, ~. t ~ Tr .. --- ... Gould, Dean ... ___ ......... _ 

l 

Ralei~h. 8t.Rh.:: Hom~e ~ronnds. N. C .. _. 

\Vilmingtou, De Uo:3~wt 8tation, N. C. 
Petersburg. Roslyn Station, Va ..... _ 

Tr .... __ Dean, Gou!<\ .. ____ ·-------· \ 

18 
5 -~fac.on, A"'ademy Squar<'. Ga 
~ ; Cohm1bia. Capit••l Square, S. C _ 

l9 ~ Columbia, Capit,,J S11uar<'. S. C __ .... _ .. 

( 'Yilmin;:ton, DI."> Rosset St,a.tfon, N. C ... 

~ Montg:omcr:Y, ~tateCapitolgrouud~. Ala. 
20

l Ma,.on, Acailem,· i'\qnare.(;,L ------··---

llont~omery, StateCa11it-01 µ:roun<ls, Aln. 

~ Lower Jleal' h Tre1>, Aln . - - __ _ 
21 l 

90 
{ Mobile, Publir Square, Ala_ ... _ ........ : 

Tr ..•••. -- Dean, Badie, PourtaJes 
Tr......... Gould. J>ourtales, Dean 
Tr........ Dean, E. Goodfellow ..... .. 

Tr ........ ' f~oodfellow, Dean ......... .. 
Tr ....... 1 Dean, Goodfellow ...... __ 

Goodfellow, Dean ......... .. 
Dean, ]la,,be, Goodfellow ... 
Goodfello-..-, Dean .......... -, 

Goodfellow, Dean ......... .. 
Dean, Goodfellow ____ --·-·--

Goodfellow, Dean .•••.•••••. i ~ 
DeAn, Goodfellow .••••••.••. ' ) ·• f Lowet· Proch Tr1•e. ~\Ia _____ , ......... .. 

03 
i: Banµ-or, Thomas Hill. J\le .... __ ........ , Tr ........ llache, Goodfellow, Dean 

.. t ! Calais, .Academy grounds, Mo .......... : Tr ........ Dean, Goodfellow ...... . J 
f: NewOrleans,Basin,1warCaualst-reet,La.j 1'r .••.•... ' Goodfe11ow, Dean........ 1 

24) : Mobile, l'ublic S<iuan', Ala ............. 
11

·.i Tr ........ Dean, A. T. Mosman, Good- J 
l fellow. 

1r-4,..: Ortoher 

l~:l\I .A llffUSt _ .. - ..... 

1M9 All~hRt •..•.. 

18:-il Fehruary.:Yarch 

~ :X OYcmhel'. De
li-:jI I cemha. 

18.Sl DeL:~rnlwr .•.•.• 

1g5~: ,J11!y, AuguJ..t. __ 

18:>:1 April 

April. ".\Illy 

lt\:H < .r 01nnary. Ft•h
( ruary, ~arl'h. 

1854 ).fay .• Jun1·_ 

l?:ij ' ( J annar:, Feb- l 
i ruar~, March. , 

1856 
' ( .Tanuary, Feh- : 

5
! 

' ruary. 

1856 }larch, April .... 

i~;;; \ .April .......... _ 

lt\57 ~ Yay1 June .. -- .. 

'f 1'<•111<•mber Oc- > 1857 ' {, 
; to!tri·. l 
i ( Ja111rn.ry. "F't)h. 

185B , ll ruary, March, 
April. 

l 
1, 
I 
J 

[:N"ew Orleaue1 Basin, near Canal street; : 

1 referred t-0 t.ransit station of 1880, Ln~ \ , 

fayelte S<1nare] - - - ........... •••· •• -- !. ........... ' ..... · .. ·- -- · ·· · .... ·· · · ... · --. · · · '"· · ·--1--·-- · ------
251 New York, R11therf11rd's Obsen·atory ... f Tr ......•. Goodfellow, Dean ........... : l 

l Alhan:;,DudleyObsert·atory ............ j D ......... Dean, Goodfellow ........... '\ 
18

"
8

' May,,June. 

2 
~ Eufaula, Forsyth, near Broad 8treet, Ala.: Tr .. - ... _. Goodfellow, Dean __ .. _. -- .... , 

6 ! Apalachicofa, •tation near shore. l'll\ ... : Tr ........ Dean, Goodfellow.......... 
1860

: }'ebruan.Man·h ' i -
· \ Eufaula, }'orsyth, nea1· llroad strnet, A la. Tr . . . . . . . . Dean, Goodfellow ........... ' 

•
27

1 :Macon, Academy i'\quare. Ga •......••. .' Tr ........ Goodfellow. Dean ......••.•• 

28 
\ :Mobile. Public Square, Ala ............. ' Tr .... ____ Goodfellow, Dean ........... : 
l Pensacola, Barkley Point, Fla .....•... ., Tr • •• • • • .. Dean, Goodfellow .......... . 

1860 : April, May .... -
1 

~ Januarv. }'th-

1861 I mar,-." \ 
i . I 

11 ~6.0H 

al ~u. :i8ti 

25 o:i ti96 

j 20. 81 

11 4:i. :!7 

4- 37. lfi 

!I :!;J. 06U 

20 .. HJ .. '.">;)7 

J i).J. ~191 

t:i 3:!. H73 

" I~. Oi< 

5 l:!. ~'.'; 

9 ;i;, 86~ 

- 11.:iio 

10 22. 250 

12 21. 731 

10 41. 570 

4 :->8. i8~ 

1 ;;g_ i68 

u oo. :nc. 

!:' 07. 147 

R 06. ~~! 

:)7. 400 

3fi. 6i1 

6 !12. 986 ' 

3 ~o. 316 

29
f H=:la~:~tent, Trinity Bay, New. i 'l'r .•••.•.. Dean, Goodfellow ........... l 

1 october. Ko- ~ ' 
1866 ( vemlwr. 1 2 51 56. J56 

l Foilhommerum,Valentialsland,Irelan<I i Tr .....•.. Gould, Mosman ............. J 
r Foilhommernm, Valentialsland, Ireland. I Tr •.•..••. 

30 [ Greenwich, Royal Observatory, England. I Tr. circle . 

Gonld, :Mosman ............. } 
[G. _B. Airy, A. R.], Green- ; 

w1'1i obeervere. I 

i 
1866 i November ..... . 41 3;J, 336 

I 

85 

J>roh. 

•-
• (I_ 01~ 

.060 

. 04.~ 

. ~o 

'lU 

- II 

,{146 

. 067 

. 02~ 

.OH 

.]:J:l 

- 041 

.0:1:1 

.051 

. 028 

. 01:--. 

. om 

. om 

. 01.3 

. (12~ 

. 012 

- 010 

- 031 

o<l•) 
- "" 

• 049 
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Table of results of difference..~ of longitude, &c.-Continued. 

Month. 

1866 December ....... 

1867 , .Tune ...... 
I 
I 

·•1867 .Tune .. 

No. I w ... t.,rn aurl eask-rn station. ; Ref.~ I Observers. .l~ear. I 
~~~~~~~~~~~~~~~-! i 

'I Ca.Ia.is, Ara~emv grounds. Me ......... I Tr ....... 

1
1 fi. nandson, C O Boutelle, !} 

31 
J KC. Chandler. i 

l i Heart'• Content, Trinity Boy, New· Tr ........ [Dean], Goodfellow ' 
I I [ fonndla.nd. I I 

f 1 Washington, Seaton Station, D. C Tr ........ : Dean, Goodfellow. ...i l 
32 l 1 Cambridp;e. Harvard College Ohsel'\"a. C. of cl. ... 

1

· .r. "'inlock, G. M. Searle .. -I j' 
I tory. Mass. , I 

I·: Washington, U~ited States Na.val Ob- C. of d .... [B. F. Sand~], ~-_Newcomb, : l 
33 

: servatory,D.C. A. Hall, C. lhmon. J l: Cambrtdge. Harrn1'd College Observa. C. of d .... , Winlock, Searle ............ j f 
l ' tory. Mass. 'i '1 J 

J Diff. of Ion g. 
: 

h. "'· •. 

5> nDn 

23 28. 47' 

23 41.116 : 

I Washington. l:'nited Statee Na'l"al 01>- C. of d. 
1 

[Sa.nde]. NewromL, Hall, ! l 
34[ •en·atory, D. t:. 1 Thirion. 

1
,1 f 1867 .Junf". 12. 634 : 

W ashlngl<m, Se&ton Station. D. C .. .. Tr . . . .. .. . Dean, Goodfellow. 
Galveston, Public Square, Tex.......... Tr........ Goodfellow . . . . . . . . . . . . . i} 
NewOrlean•, Baelnstreet, near Canal, La Tr.. , Dean .................. . 

1868 Febrnars. 18 5L 85 

[New Orleans, Basin street; referred : 
to tranoit etation of 1880. Lafay~tt<; ; 

--·-·-,·-······-·······-·1 18 52. 717 

1869 F~bruar;;. 1 39 15. 065 

Square] ............................................................ . 
Omaha, Capitol Square, Nebr .......... !Tr ........ ; 6-0odfellow ................ . 
Cambridge. Harvard College Observa. i C. of d. ' Winlock, Mosman, F. Blake, f 

1869 February. 1 03 <19. lll 

\ 
1 4;, .52. 307 1869 F~bruar.1• ....... [ 

I 
1869 February, }larch

1 
42 03. 196 39 

l :, San Frandoco, Washingt.,n Square, Cal., Tr ........ , D0;vidson .................. . 
Salt Lake City, Temple lllock, Utab .... l Tr ........ Dean ...................... .. 

, jr. J 
Tr ........ l Dean ........................ : l 
Tr ........ ' Goodfellow . S 
Tr_" G. Da.vidson -·-·----.-------
Tr .. .. .. .. Goodfellow ................ . 

tory, :Mass. 

3
• l: Salt Lake City, Temple Block, Utah ... . 
' ' Omaha, Capitol Square, Nebr .......... . 

{ ! ~an Fra.nciRco, Wa.shing:ton Sqnare, Cal. 
38 

: Omaha, Capitol Square, Nebr .......... . 

f Salt Lake City, Temple Block, 'Utah .... j Tr ........ , D\l?i.annlo. ~,k ... ·M--~.-m .. ~~.· B .. J::k·~.-.. · .· .· } 
(0) Camhridge, Harvard College Observa. i, C. of d .... , " v ~ a " 

l j tory, M ... s. i 
JR69 2 43 lM.177 . 

f San Francisco, W ... bington Square, Cal.\ Tr ......... Davi<lson ................... ) 
41 l Cambridge, Harvard College Observa- .

1 

C. of d . ..:, Winlock, Mosman, Blak" .•.. , > 
. tory, Mass. J 

1869 February.Marc!1
1 

3 25 07. 372 

\ 

j, Cambridge, Hal'\"ard College Observa.: C. of ti. ... : Winlock, E. P. A.notin ...... l 
42) i tory, lfass. / / 186P... '7V 

l! Dnxbnry,nearcablebon!le.Mass ....... j Tr ........ 1 Goodfellow........ J 

f Decemb<>r1 Jan-· t 
l 

uary, Fearn· 1 J l S0.191 

ar_r. [ 

4:i~, Duxbury. near cable house, lll:IW! ....... 1
1 

Tr ........ : Goodfellow ................ . 
Rr~&t, Towerof8t. Lonie, France ....... , ......... ,Dean ...................... , 

1810 I January, Fell· I 4 •14 4· ".7 
, ) ruary. 5 " .l." 

6 
, r SaintLouie,WMhingt<mUnivereity,Mo.: Tr ........ 

1 
W.Eimbeck ............... . 

44'}; Washington, United Stat•& Naval Ob· [ C. of d .... , [Sands], W. Harkness, E. ~ 1870 
l i servatory, D. C. ! i Frisby. J 

April.. 

•
45

{ San Francisco, Washington Square, Cal. Tr ........ ' S. R. Throckmorton ....... . 
San Diego, Newtown, Cal. .............. Tr ........ Davidson ................... ' 

(G { San Francifl<lo, Washington Square, Cal Tr........ Davidson .................. . 
Sea.ttle, Duwami•h Bay, Wash .......... Tr .. , ..... Throckmorton ............. . 

r Columbus, Capitol Square, Ohio ......... ' Tr ........ Dean ........................ l 
'7): Cambridge. Hlln-ard Coll•ge Ob&er\"a· C. of d .... [Winlookj, H. Gannett ...... :} 

l I tory, MM8. J l' Columbus, Capitol Square, Ohio ........ Tr ........ : Dean ........................ ' J 
'iB ; Cleveland, Marine Hospital, Ohio ...... ., Tr ........ , Goodfello"· ................ . 

( Cleveland, Marine Hospital, Ohio ....... : Tr........ Goodfellow ............... ., l 
49) ' Cambridge, Harvard College Ob11erva. C. of d.... [Winlock], Gannett ......... J 

! tory, Mase. I : 
I , : 

00 
S San i:ancioco, W a..hington Square, Cal., Tr . . . . • • . . Davidson ..•................ 
! i Verdi, East Base, Nev .................. Tr ........ Throckmorton .. . 

1871 M•,y ....... 

{ 
Sept£m her, Oc· 

1871 
tober. 

1871 
: 5 September, (Jc. 

i tuber. 

i 
J 871 .. October ... 

J87l: October ...... 

I 
1812: June ........ . 

I 

• 5 St. Pforre Island, Gulf of St. LaW1'611ce.
1 

Tr ........ ' G<lodfellow .................. ~ 
ol l B T f , Lo , ..__ , I J S 1872 J nly ........... . 

• rest, ower o :st. m•, .rrance ....... 
1 

4' ........ ·, [ . E. Bilgard), :Blake ...... , 

r ·, w .... hington, Unlt<ld States Naval Ob- I' c. of d .... ,I [Sands], Harknes•, J, R. '.] 

52 i ""rvatory, I>. C. ' .Ea.tman, Frioby. 1 . 1872 July, August ... 1 Cambridge, Harvard Colle!(e Observa· i C. of d .... , [Winlook], E. S1uith ..... _,_ J 
1 

I [C~:~~:: of the dewrminations of !.. ........ J ........................... J ....... J ................ . 
! 18f!7 and 1872. J I I 

*'See sooond det<lrmination in lS'n. 

[j2 36. 901 : 

20 59. 64 

18.42 

} 47 27. 77i 

5 13. 00 
i 
i 

42 14. 882 : 

9 47. 333 

3 26 44. 816 

I 
23 4Q.1!67 

23 41.6'1 

Prob. 
error. 

.. 
i;.066 

. 023 

. 031 

. 015 

. 037 

. 02a 

.009 

.OU 

.011 

.02l 

. 022 

. 022 

. 047 

.026 

. 032 

. 018 

• 034 

.08 

. 020 

• 025 

.027 

.019 

.018 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Table of results of differences of longitude, &c.-Continued. 

Year. i Month. i Dill'. oflong. I Ref. mark. II Ouoen ers 

f 
i Washington, Cnited State_s_)\ ___ a'<"_a_l_O_b __ 'C. of tl... [Sands],Hatkness,Eastm::. 1 

No. Western arnl eastern station. 

h. 1'Jl. I. 
i 
I 1872 July, .Augu•t. 

·1 
s;i .

1
, aervat-0ry, D. C. i Frisby. . 

St. Pierre Island, Gulf' of St .. Lawrence .. : Tr........ Goodfellow .......... 'J 
r Brest, Tower of St Louil!, France ....... i a......... [Hilgard], lllake ............ l 

54 Greenwich, RoyalObsen-ahiry, England. I Tr. cirde. [Airy], G. S. Criswick, and j 
11 i 

1 1 others. 
' I 

1872 : July ........... . 

(] Brest, Tower of St. Loui•, Frauc.e ....... ~ A ......... [Hilgard], Blake....... l 
55~ i Paris,AdronomicalOUservafory,France:' Mer. of [De1auney, LoewyL L. }', 

I i I ]'ranee. J<'olaiu. J 
(;Cambridge, Harvard Colle~e Obser"<"a- IC. of LI .... W'iulocli, Smith ............. ' l 

56i I tory, :Ma88. I 
(: St.Pierrelsland,GulfofSt. Lawrence .. ! Tr ........ Goodfellow............ J 

1872 July_ I 

1872 Jul.v, .August J 
I · j ! Greenwich, RoyalObservatury, England. I Tr. circle. (Airy, Hilgard], Blake .. 

~ 'p . I 1872 I August, Sep· I I 
I tember. ii i ari•, .Astronomical Observatory, France1 M. of F .•. [LoewyJ, Folain ..... .. 

f Carpenter's Point, Port Jervis, N. Y .... I Tr........ Smith ....................... l 
58)' Cambridge, Harvard College Obsef\·a- I C. of d. [Winlock I. W. A. Rogers._ .. J 

I tory, Ma••· I 
! 

1873 May, June ....... 
i 

: ; 
59

1 : Omaha, Capitol Square, Nebr ........... ! Tr .. . .. . Goodfellow ............... .. 
t · Madisou, Vniversity of "'isconsin, Wis.i Tr .......... ' Blake. __ ..... -- ............. . 

j ! Denver, near D. and R G. Railroad de.

1

1 Tr;...... Smit.h.............. J. 
1873 : July ..... _ ..... · I 

I 1 

*60 1 i pot, Colo. 

[: Omal1a, Capitol Square, Xebr ........... Tr...... Goodf'cllow ................. J 
18n July . .August. i 

.. I 
f. Colorado Springs, Experimental Gar- I Tr...... , Swith ....... - l 

*61 ~ ; den, Colo. 1 

[' Omaha, Capitol Square, Nebr..... 1 Tr Gooc\follol'I' J 
( Omaha, Capitol Square, Nebr. Tr. 

62 i i Minneapolis, Unh·ersity of Minnesota. 

t) Minn. 

Tr 

\ i Kala.ma1 .Astronomical Station, "rash __ Tr 
63 

( ] San :Francisco, Washington Square, Cal. Tr. 

Tr. 
Tr ... 

l i Omaha, Capitol Square, N ehr .......... _ 
64 

l i La Crosse, Court House Square, Wis ... . 
1 I Trinidad, near jnil, Colo ............... . Tr ....... 

GooUt'dlow 
lllake ......... .. 

Eiruheck ........... . 
Da'\""idson 

Goodfellow ............... .. 

Blake ..................... .. 

Smith ..................... .. 
*
65 ~ 1 Omaha1 Capitol Square, Nebr ... - - . -- - . - Tr _ Goodfellow ..... 

l 
I 

1873 Auguot ......... 

1~73 August 

1873 September .••... 

1873 September ...... 

1873 September ...... 

f Key West, Clinton Place, Fla........... Tr. . .. • . .. Smith..... l 1 

66 W&shington, United States Narnl Ou- C. of' d .... · (Bands],llarkness, Eastman, 18i3-"i4 '5 Tucember, Jan· 
1 j ~ uary. l servatory, D. C. Frisby . 

.. 
67

5 1 Punt&Rasa,CharlotteHarbor
1 

}'la Tr ........ Smith ........•••...•.....••. 

l I Savannah, near E:s.change, Ga....... , Tr ........ Blake .......... __ .......... . 
18H Febru~ry ....... 

{ 

Savannah, near Exchange, Ga ... __ ... .' Tr ....•••. : Blake ........ -............. 
1 
l 

68 Washington. United States Naval Ob. 1 C. uf d .... [C. II. llanB], Harkness, i 1 187' February, March 

serTI>.tory, D. C. i I Ea~tmau. / J 
Cedar Keys, nenr railroad and el'. press j Tr ____ -- _ . 1 Smitll ---- -- -- -- ..... ---- ... I l 

*09l Sa-:..::·a!,l:ear Exch~n11;e, Ga .......... \ Tr ........ I Blake .............. -- .... ..l J 1874 March ........ .. 

70 1 .Atlanta, City Hall Square, Ga .......... 1
1

, Tr ........ · Smith ..••..•. ··•···· ........ \ l 18741 
, 

1 

l March ...... .. 
' Savannah, near Exchange, Ga .......... i 'l'r .. .. Blake ...................... · I 

"71 l • ~7h'"~1"• ~~~n · ..... ·· ·•• · · · · ........ ·! ~r ·••·· .. j ~~a:e- ··· ... · .... · ......... [ l 1877 I ·Tnly, August 

i c:1:b:::oh:::::::::::::::::::::::::::1 T;:::.:::· l,;:rni:;~:::::::::::::::::Jl \ 
"72lf: Washington, Unite.t States Niwa! Ob- II C. of 11.. •. [J. Rodgersl, Eastman, 1

1 
1877; August ........ 

! aervatory, D. C. }'rishy, A. N. Skinner. I I 
f N88hville, Tenn ........................ ! Tr ........ Dean.................... I 

! 

i 
i• 

•73ll Washington, Uu:ted State" Na.al Ob.: C. of d... ill.od.gero],Ell8tman,Fnsby. ! 
1
. 1877

1

. October ........ 

l servatory, D. C. I Skrnner. I : 

f I' Statesville, N. C .••••• ............ Tr ...... Smith, Dean ................ l_ D b J 
7 W h' U ted S N 1 h ' C f d "- ' · 1878-'-9: j ecern er, au- l 4ll 88 ington, m tatcs. am U .

1 

. o .••. .uoan, Smith ................ IJ ' I nary. . ) 
l servatory, D. C. I I 

{I
Atlanta,CityHaUSquare,Ga .......... 1 Tr ........ Dean,Smith ................ 

1l . Januo. Feb-! 

75 WR&hingf.on, United States Naval Ob- C. of 11. ••. Smith, Dean .. · -.. - ·· • .... --1 J 1879
1' { ro.ary~ ~iucb. , 

avvatory, D. C. , 
,
76 

5 Nashville, State House Square, Tenn . •. Tr ........ Dean, Smith ............... -, ( 1879 , 5 November, De-
1 ~. LouieV1lle, Univeroitygroundll,Ky .•••. Tr ........ Smitb,Dean ................ ') 1{ cemher. 

1 23 29. 553 

17 57. &9ti I 

27 18. 512 

59 48. 6081 

9 21000 : 

14 15. 67 

26 09. 849 

36 12. 07 

35 30. 35 

10 49. 567 

1 4:l. 88 

18 46. 850 

34 14. 3'.! 

19 01. S54 

3 41. 45 

16 09. 30 

; 45. 97 

13 11. 9ll 

15 09. ]~ 

~a 46. 89 

3H 5H. 17 

1:; 22.599 

29 21.184 

4 04.i9 

87 

Prob. 
en·or. 

.. 
027 

. 0~7 

.021 

. 038 

. JU 

. 024 

. 0~3 

'028 

. 063 

. 026 

. 021 

. 052 

. 017 

Oi 

'046 

. 014 

• 013 

.015 
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Table of results of differences of longitude, d;o.-ContiuuecL 

No. I \V t-st~rn aui.l casteru stat.ion. Rof. mark. Ohaerv-ers. Year. Month. Diff. of foug;. 

I 
,, ..... ~' KashYille, Tt>nn Tr Smith, Dean.-.~······-·-···: 
"I Atlantn, Cit~· Jfall Square, Ga .......... Tr. Dean. Smith .............. .. 

h. ·1n. " ~ 
187

9-'RO: ,. December, Jun-, 
9 :u. 74 

j \ UM'y. ] 

,,,
78 

\ 
1 

New Orlrjaw.;, Lafayftfr Square. La ..... Tr. Smith, D6an ............... . 
l Nn•b,·il!e, Tem1 ........................ Tr ........ Dean, Smith ................ 1 

l 1880 , }'eht·unry, ~larch l:J OR. 68 l 
( l'iJcw Orleans, Lafa:yette Square, La .. ~.. 'rr ...... ,.! Dean, Smith ............... . 

• 7~ i Atlanta, City Hall Squal'e, Ga. Tr ' Smith, Dean .... .. ! 1880 March, A {JTil. 12 4:J. ;ri 

c Atlantu,CitJ·Hal1S<1nnro,Ga .......... Tr ........ Smitb,lJean ....... . 
*H(l l 

: Charl~:itOn, Cita1lt.1 Squarf', S. C . . . Or. as. c . . . Dean, Sruith ................ : 
t l8RO !fay·----- 17 4t\. <1:. 
> 

·- ·-··-- --··-·---~ -··~--·-·- --·- - --'-·---- .L_ ___ . __ ---·--·~---

Table of nfmlts of dUf'ere11oes of longitude 1leten11ining M1bor11inate statimtl!. 

No.\ 
I 

I 
\Vt~tern an<l eastern statiou. Uef. mark. Obserrers. 

r Cambridge, Jlarrnrd College Ob•elTU- C. of d. W. C. Bond ................. I 
1l 1) 1 tory, Ma~~. 

l: Halifax, Naval Yttrd Observatory, N. S .. 

(Calais, Academy grounds. Mt• ...••..... 

2 i \ Fretlerkton, Toldt-rvy'~Olu\l"r\'atury ,"N. B 

Tr ..... Captain Sbortland .......... i J 

Tr ... 

Tr .... 

I NewOrleanij,Basil1,nearCanalstreet,1858 Tr. 
3 l l Head of' Passes,. M.issi!'l8ippi Delta., La. Tr 

E. Goodfellow .......... . 
Dr. J. Tuldervy, Dr. W. 

Jack. 
floodfellow 
[F. H. Gerdes}, J. G. 

manna. 

rl I Uarl<"b\ll'g. n"ar Academy, W.Ya.. A. st. .... I A. T. Yusmau ......... . 

!' Grafton, near uilrorul depot,\\. Va. ... .A, st ...... : A. T. M:mma.n ···--·· ... . 
,1 I 

I
! Camemn,m:Ht1'1.·hurd1, \\.\"a ...• __ :A st -, A. T. Mosman 
: Wheclin~. irnar Spri~g HouAe 1 ~r. Vn. ... A. st .... - . .A. T. Mosman. 

4-13,l Parker.burg, on bluff,'\\. Ya ........... A.st ...... A. T. Mosman 

Pomt PleM•nt, near bank, W.'Va .•.••. A.at ...... A. T. Mosman ............ i 
'SouthPoint,topofbluff,Ohio ........... i A.st ...... A.T. Mosman .......... ---1 

Ga.11le_yUrhlg"f'\, nt>.;;1,1·B:il~'tibumu~. \V. Va. A. ~t ···-·· A. 't. Mm1mau .. c•· __ ••••• J 
Cnmberland,Decaturstreet,Md ........ A.st ...... A.T.Moeman....... i 

Year. .i Yuntb. 

18.'jl December-·-·· 

18jj (JclolJtT 

i 
1858 I~ Janna.r~1 

i ruan·. I • 
1803-'64- i l>ecembPr, 

\ uary 

Ja11-

1864 ,JnntU\1"~ ••• , 

,January .•.. 1864 

18\)4 

18G4 
1864 

1864 

186! 

Ja1rna.r,\- __ _ 

Martiuebnt!(, nearrailroadotatiou,W. Ya.I .A. et. ..... , A. T. Moamau ........ .. 
Witl1 Washington, Uniteil State• NavHl C. ol' <l... <;, W. Deau, [J.M. (;illissl, 1863-'64 

Ohse1·vatory, II.(). I , J. R. Efl8tmau. ! 

.Junuar~ ·-·· 
Ft'.lirnar,\ 

lfebruar~' 

Fehruary 

Mar1·b ··
M:nch _ . _ .... , 

Dect~m her, tl an-

{ Allel(beny, Observatory, ]'a----····----! C. of <l. R. P. ~,angley ............. , .. 1 / 

H Cambridge, Ilarvanl College Ubserrn- : C. of •L J. Wmlock, M<>sman, F. ; 
1
. 

[ t-0ry, Ma••· i Blate, jr. i 
( Staunton, near Dr. Sears1 house, Ya ..... '. 'l'r.. ... Mosman ............. H •••• - •

1

1) 

15·

1 
WRSl1ingt<m, Uuite.d States Nani Ob-1

1 
C of <I ' (B. I'. Sanil•l, C. Thhfou .. 

1 

Jl 
Rt'ITS.tory, D. C. 

Omoba,CapitolSqu:<re,Nebr ........... Tr.... Goodfellow ................. , 
' With I I 

16 ~.Mattoon, near srbool-house, Ill ......... 1
1 
Tr E. P. Au~tin ................ j 

17 !Springfitlld1 ntl1nNpwStateffouse,TIL. 'l'r.... E.P.Austin.·-··· 

18 
1 

Ilurlington, Sout11 Hill, Public Squat·"· 

1 

Tr.... E. P. Austin .•••••. 

I Iowa. 
19 ; ~ Moin..,e, Court-House groun(lH, Iowa.! Tr 

20 { : Bm1bnell, rail~a.d ~tati~n1 ~ ebr · ....... · l ;·r . 
21 I Julesburg, ra.1\road •tatton, Coln ....... -! fr. 

I with Omaha, Capit-01 Square, Nebr ..... \ Tr ........ Goodfellow ............... .. 

{/

/ B~::~~-enn., or Goodson, Va., Eclip•e I Tr ........ R. D. Cutte, Mosman ....... l 
22 

Waahlngton, t:'nited States Naval Ob-! C. of d .... [Sands], and vlll'i<>us ........ J 
eeJ"Vatory, D. C. I' c..aar Falls, rs.ilroail @tlltion, lowa ... ". Tr. .... -- . [J.E. Hllg&.rd], BIAke .•••. - ( 

23 
I' Chicago, Univeraity Observatory, lll .••• Tr ........ 'l:.H. Salford, A. N, Skinner. ) 

~ SanFrauclsco,WHBhlngtonS<jullre,Cal. Tr ........ G.Davldoon ................ ( 
24 

, .Bnooa Vistl>, Loa Angeles, Cal .......... , Tr ........ S. R. Throokmorton,jr ..... > 

E. P. Au•tin ............. .. 
O. N. Chaft'ee .............. . 

O. N. Chaft'eo ....... . 

1869 

1869 

1869 

1869 
1869 

1869 

1BfJ9 
1869 

1869 

1869 

lH-09 

1R69 

1870 

ua.ry, Fe.b1·u

ary. March. 

Murch 

April 

.April, May. 
Juuc, J1ily. 

Apri1 1 M~y .. _. 

May, June.----· 
June ............. 

July ............ 

,July---------··· 
July ............ 
Jn\~ ..... ,. ..... 

.July, August ... 

Octuber .... ... 

April, May .... 

Ditr. nf loug. 

h. tu. s. 
IJ 30 09. 442 

" 34. 73 

3 ]~. 74 

13 09. 4:l 

11 54. OK 
14 05. ,H_) 

1-1- 4~. 40 

l~ 04. G~ 

~o :!'.:!. 91'! 

~~ 09. iO 

rn :w. rn 
6 40. Ti'i 

;} :r;·. 4tJ 

:\,'i 31. R8 

8 04. 9~ 

i 
I 

30 I~. r,4 
~5 08. 70 

HI 20. 38 

9 16.96 

31 45. 75 

'..!5 39_ 3~ 

20 3~. ~4 

111 20. ~ 

16 39.62 

ProL. 
error. 

'· 

l'rou. 
error. 

s. 
±0.13 

• ~I 

.10 

. 04 

.10 

.11 

.10 

l"' 

. 00 

,5 

.12 



 

UNITED STATES COAST AND GEODETIC SUR'i~EY. 

Table '!f reNiilts rif d~fl'amwex rtf lrmgitude rleterm ining .rnlmnlinate st11tio11x-Co11ti1J11Pll. 

No. \T°t'stt·ru aml ~Hl':ltern statiou. Uef. rnarh.. 

( Burlington, Vt ••. . ........... .. .. .. . .. . Tr ........ llean. Mo"man ............. . 
,.."'5): Cam!Jritlge, Har'fan1 l'ollegL• Oh!!wrnt· C of d. 
- l : tory, ::Mtrns. 

~ "\Viulock I . .Au:•1,tiu. ___ ..... 1 

. i 
!.!6\ ! Chetopah, r~ilroa<l depot, Rans ........... , '.l'r ........ R. K("ith ................. . 

( SaintLouh:i, 'Vashingtlm t•nht.•rHity. Mu. Tr ........ \V. Eimbecl\. ............ . 
fl"" f ..A.Jlegheny, ObsrrYfitor_y, 1'a ............. ' C. of tl .... Langlt>y ................ _ ... . .. 
1 

Camhl'idge, llar\·ard Collet.re OLsen·ri- l'. of 11 .... ['Yinlo<>k]. JI. (;:mnt<tt. __ 

tory, Mass. 

[Mean of the <lt'fermination8of18G9aml , ....•..........••.••..•..•••........ 

18il.] i 
llosman .......... . 
[Wiulorl;]. UmrnetL 

( Oakland, urar Ecl!p•e Station, Ky..... I Tr ..•..... 

·~~~ . Cambridge, lfarYa1d Collt•l(e Ol1serrn-1 C. ot <l . 
l tory, M"ss. 
( ShelbyYille, Collegt grounds, K~ ....•. 1 T1 .... 

~;;9.ll . CambriUge. HaITanl College OlJsPrva-
1 

C. of tL 
tory, Mass. 

n('an, ~[o~ma11 .... ··-. .. . . . i 
iWiuloek], Gannett.... ' 

; i 
{ Falmouth, ColPman':-. }--.arm Kv .....•. 'l'r .•...•.. G:oodfellrrv.- .......... . 

~ao 1
1 Cambridge, HarvaHl C'ollq:?;e Observa- {',of .l ... ['VinloC'h:]. Gannett 

l tor~-, Mas~. 

31 
5 .Austin, Public Reserration. Tex ....... · Tr ........ EimbPck ............ . 
l .Allegheny, ObsPrrntnr:--. Pn ............ C. of ti. ... · Lan:rler .................. .. f SaltLakeCit~·,TempleSquareOl><ern-: ~·r ........ 1 :llosmau .................... j 

:12): tor~-, L1"tah. 
l Slierman, near railroad :;,tatiou) 'Y.ro .... Tr.... CuttA ..................•.... j 

'V:u.;hingtou, Uni tell Rtates Kaval Oh- · C. oi ~l fJ. Rod~er1' ], variou,-.. 
ReITOtory, D. C .. with 

a:~ r; 'rra-vis, Delaware Connt~·1 N. r ..... _.. Tr 

:a~) i Burt. Brn<lford Couut~-, ra.............. Tr 
~.i» l }"'in. BrounwConnty, N. Y ................ Tr 

E. Smith .................. .. 

E. Smith ................... . 

E. Smith .................... . 

. . 

f' Wnshiu!ltou. rnited i<fah-" Nam I Ou- . C. of d .... [Rodgers]. \•nrions ......... l 

··:ir,.li· sermtm·)-,D.C. :l 
Harrisburg, near Ca11it(ll. Pa ............ ~·r ........ ; Smith ....................... j 

*;r/l' Paducah.Ky ............................. Tr..... Ein1heck ..................... . 

Naabville, Tt>m1 ·-·-···-····· Tr ........ De.an······---·-·······-·-·· 

3
gf Cairn, 111............. ... ............ ... T1· ........ Eimbeck .................. .. 

< NaehTilk, Tenn ........................ Tr ........ D(·<tn ...................... . 
Hickman, Ky ............................ Tr ........ , Bimbeck .................... . 
Kashville, Tenu .. .. .. .. .. .. .... .. . .. .. . Tr ........ · Denn ..................... .. 

• 
40

ll Memphis, Tmn ......................... Tr ........ 1 Eiml>eck. 

Naahville, Tt>nu ················-······- 'l'l' ........ : Dean················-
(.Summit t-itation, Central Pacifit Uai1- Tr ........ \ B. A. Colonna .............. . 

41 
j : road, Cal. I 
) I Washington, United !itat<>R NaYal Q!J. C. of cl. ... ! [C.H. Dn•i,I. nri"u' ...... 
\I servarory, D. C. 

1 

,
42

51 Helen~, Ark ............................ Tr ........ i Smith ..................... .. 
l 1 l'fashv1lle, Tenn . ... .. .... . .. .. .. .. ... .. Tr ........ I Dean ..................... .. 

{
i San Fraucisco, Washington Sqnar·c. Cal. Tr ........ , J. 1''. Pratt ................ .. 

4.'1 j Rnrnmit Station, Central Pacific l~ail- Tr.. Colonna······-~······--···· \ 
j roa<l, Cal. 

•
44 

5 j Natchez, Miss .......................... Tr ........ : Smith ..................... .. 
l Nashville, Tt"nn ......................... •rr ........ : Dean···-··-·········~····~· 

Greenville, Miss ...................... .. Tr ........ i Smith ..................... .. 
Tr ........ · Dean .................... .. 
Tr ........ : 8mit.h ....................... · 
Tr ........ 

1 
Dean ...................... . 

Nashville, Tenn ................. _ ......... _ 

Vicksburg, Miss ....................... . 
Nashville, Tenn ...................... .. 
Baton Rouge, La ....................... . Tr ........ : Smith ..................... .. 
AtJauta, City Ball Square, Ga ........ .. 'l'r ........ /Dean ..................... .. 

• Jlr;fereuc;w lo preceding 1·e•11ltB. 

Year. ~1olltlJ. 

l~iO ~ Septt>llllH·r. ()('. 
l toh~·r. 

1~71 .Tuly ............ . 

1 ~71 5 Sc•ptemher. Oc . 
( toht'l'. 

l>iff. of lrnq.:.. 

h. m. s. 
8 11-l. ,),.: 

] ll(l :w. ::o 

1871 . De<'t•mlwr .••••. ri:: 3E 4 

lflll ,fu1y. ..A ngust. 

&·11tt:lllhf'l'. 

l~i';", Jnly............ (i Hi.~;1 

1S'i7 .Angtu:1t ·-····-· 117.1-t 

lBii ..c\ugust, ~eptt•m- :".i O!l. il'I 

lit'!'. 

187i Septe111hP1' 411. 7 . .:..:~ 

1r:-;1 ~"'pfomlit•r 7 ff,.8f, 
; 

1877 OctohC't !I 3~. n:: 

1877 (kt11lw1 fl ::r-. (it' 

18i7 !\°oYi'llllwr •. _ •.. ]ii tlft,(l,i 

1~7k Mny, Juue...... .I.! Hl. 01 

18il-I 'JmH'............ Jl' ::;-.~~ 

ig;s · ,Jul~ .... .. ...... 17 117. 41 
I 

1878 • Jnl.Y ............ i JI; :!l. 1ll 

l880 April 27 11. ~6 

To No. 1.-Thl& result is now only of historical iutereMt, ae tlw finst obtained by the Coaaf, Snn-ey. 
8.-A weak reault, resting on one night's work. 

8B 

l'rnh. 
l'lTlll". 

.JI 

.o.·. 

. oi 

i tl l ~; 

.UC 

9.-.A preliminary &djuatmeDt showed the result to be in error about o~.2:;; it hai·du con~t.'(}lH'"H(>t>- he~n ahm1clonNL Ohi;i.~rn,tions WPrt» 
made only on one night, and uo personal e•1uatfo11 wae (fofrrmiuetl. 

S. Ex. 12--1:! 
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It thus appears that of a total nmnber of 127 telPgrapl1ic iliff1·rences of longitudes, 14 of the 
more important determinations require au office computation to he ma.le, aJl(l lG of the :mhordiuate 
cleterminatio11s likewise n·qnire a secoml or check <>omputation. Of the nearly 100 results, which 
at present may be accepted as final, there ma;y be somc> which it would seem desirable to re-examine 
or re-deduce, yet the clurnge "-oulrl 1wobalJly be so small that we would hanll,Y lw wanan tcd in 
1•xpendi11g the labor. 

TELEGRAPHIC LONGI1TUEs-co:mnNATIO:'.'l AND AD.H~ST::\IE~'l' (J}' 011SERVED DIFFERENCES OF 

LONGilTDBS. 

For the direct and imnwdiatP use of the Surn·y we rwctl to combine the preceding results, and 
to disperse hy the method ofleast. 11quares all discrepancies existing between the results by Yarious 
eombinations. Two different solutions are open for mm, t leading· of course to the same results. 
"Whether one or the other is more a<lvantageous will mainly depe]l(l on the relatiYe proportion of tLr 
numberii of differences of longitude, arnl the number of combinations or conditions between them. 

Let l =number of determinations of differences of longitude; .~ = 1rnmher of longitmle statious 
i1n-oh'etl; c = uumher of conditional equatiorn; lletween them, then 

t=l-s+l. 
'The introduction of proper weights is of prime importance; otherwise tltern is danger of good 

work being injuriously am·cted by the influence of less aecurate determinations. The probable> 
errorll ~were made out whene,·er·J>OSsiblc and are g;in~u in the preeeding tables. The weight w is 
founcl h,v w = , - 2 • 

This being the first time 011 the imrvcy of the presentation of a longitude adjustment (beyornl 
that of a single triangular circuit), I give the stPp8 a little more fully than would otherwise he 
necessary, in order to show the arrangeme11t. Tlw first acljm;trneut herewith presented contains 
all stations at present available for this purpost; hut as uew work and verification work is adderl, 
larg·er and each time more complex fignreR will have to be treated; yet the resulting longitudes of 
the older work will he aflected but very little, if at all, by the addition of such later determinati011:;;, 

For figure of a<\iustment see accompanying diagram, plate ~o. :~3. 
The first column of the tallle below gin•s the year when the telegraphic longitude was exe

cuted, the second column the names of the two stations connect.ell; the letters D refer to dome, 
T. C. to Transit circle, 6 to trigonometrical stations, &c. ·when there is no designating letter 
the transit instrument is understood. The third column contains the observed difference of 
longitude, the fourth it:;; assigned probahle error, the fifth the symbolic correction, tlw Rixth its 
nlue as found by the adjustment, ancl tl1e last column the adjusted difference of longitude. 

lo:•l Cambridge (DJ-llan)!"or ................ . 
18:)1 Ban~or-Calais' ...... __ .................. . 

: 1066 Cnhtis-Heart·• Content ............... . 
1866 Ht~art· s Content-l,oilhommerntn ...•... ' 
1866 }'oilhommtrum-Gr(•cnwfoh (T. C.) ..... ' 

h.'IYl. s. 
0 9 23. 080 

6 oo. 310 

55 37. 973 

2 51 56. 3fl6 

41 33. 336 : 

s. B. h. rn. S. 

±.043 (I) -. Ol:l : 0 !I 2:1.11r.; 

.O!ii (21 -. 0()2 . 6 00. 314 

.OOfi (;J) -. 030 : 5li 37. !J43 

. 029 (4) ~ -. 006 i 2 51 uG. 35-0 . 

.oin: (;,) -. 016 ! 41 33. 320 

' -----

'References to precedi111J results-Continued. 
To No.10.-By adjustment was fonml to be about 0·1.2:i in rn-or i uo personal eiptation waA dl't.cnuinctl; tho reAttlt has hNm alurntlonNl 

i:t-Re~ult not lteretofore givP11. 
15.-Result not beretot'ore given. 
27.-A.utomatic clock-beats first tranRmitted at thi8 station. 
4ri.-A Aecond com1mtation very desirable. 
4!4.-0f YeQ- little inUepenclent Yalm~ when compared with Nos. 47 ntul 40. 
fi01 01 1 flZ.~ 67 1 691 71, 721 7:11 76, 77, 78. 79. 80.-llouglt ficltl results, oftlce compntnUonA l'Pr1nin•d, 

SIJllOirnIXATE DETERllHKATIOKS. 
T" No. 25.-A re•nlt from rough :ti.eltl work 

2H, 29, 30.-An office computation for each seernH desirahl(>. 
33. 34, 35.~An office computation for oaeh of these boundar~- •tatim1s •c<•rns desirable. 
~6.-An office reduction neetlt><I. 
37, 381 39, 40, 421 44, 4G, 46, 47.-0ftke computations ne('de-d. 

t In the }lteliminar~- n•ljustment of part of the southern combinations, an<l wl1ich rcRnlt.ed in the rrjection of the> 
'1ifft>rences of longitnile, Charlestou-\Vasl1i11gton, aml S:wannal1-Charle.~to11, the two meUtotlH wer!1 nse1l as a check. 
Of conrst' the dilforence of labor between tl1em is of lit.tie con!!fiqnt'llCP f<ll· a Rmall unmher of Rt.:i-tionR, lmt it becmmiR 
of i.:rPa1 importancr in ext<mtled amt comph·x cns1•s. 



 

UNITED STATES UOAS'f AND GEODETIU SClWEY. 

lr\GB 

18iO 

1870 

hiU7 

Breot (3)-Gr('cnwid1 (l'. C.) .......... . 

Brl'st (.'.)l-l'ari' i:ll. ofF.) ---·-·--·-·-· 
«rrenwid1 (T. C.)-l'ari• (:ll. of]') 

:-it. Pit'rre-llrrst ((!.) -·-------·--··----

CambridgP (H.)-St. Pif•ne ......•...... 

} Uambrhl/:::e {D.1-IJuxlmr~· 

Duxhm'_\·-Ih't'St t&) ••.... 

-
(\ Washi111rto11 :X.0.1 D.)-Cambrid!!e tl).). 

187~ . . 

]l'l;":.! \\"a.::ildug-tm1 X. O. (D.)-St. l'i('lTt' ..... . 

1867 Reatou-CiuuUritl~e (l>.) .•.••..•.•..... 

ltltri \Yasllin;!t011 X. 0. {D.)-;o;eato11 
1~5:.! PPtershnrg-SNttrm ..... 

1853 Halt•igh-!'.·k·aton .....•........ 

1.~:;:J Cliat lt·,.;tou (~)-Italt·ld1 .. . 

JK54 Culnmbia-1tah·igl1 ........... . 

Jtlrrt 'ril111in,gton-l'dl'tfllmrg. 

1~5ti Columhia-1Yilmi11~tou ..... . 

1Si1 Athmta-Savanmth ........... . 

lt<7H Atlant,a-\\'asbiup:ton ::\.U.(Di ....... . 

1Fi4 Savannnl1-\Yashingtou X. 0. (}>.) .••••• 

n.:;1,i ::\lat'Oll~Co1nmllin ------ .•..•..••..... _ 
18;)() }[ont,!!Omf'ry-)ht·ou ...•.. __ 

H::;-;7 I.owel' }>p:wh r_rl't\t>--ll<IJ'lfg'Ollh•l",V. 

18,j( 1\folrile--Lowl'l' P(•ach Tn:t• ·····-··--·

fo.)8 New Orleans (lr:l;U)-MolJile ····-···--·-
1~80, Xe"· Orleans 11880)-XashYille ..•....•.. 

1880 Nl'W Orlt•a11~ (18~l)-.\thmta ......••... 

lt'79 

li38U 
; NashYille-Atlauta .........•...•...•. 

ltitO, Atlanta-Chailestou 161---··-···-···-·· 

h. 11t. 

11 G'i. 59~ 

::!7 18. :>e 
!J 21, 000 

" 2ti 44. ~JU 
:;9 41'. 601' 

'._'.;~ 41. UJ] 

~:; 21:'. ·fi4 

nri;14 

1 :L"i.:lHl 

Ii 3:!. Ki:~ 

,-, ]:.!. :!;)0 

9 :lJ. 862 . 

:: 11. :!40 

13 1!. !Jt;o 

:29 ~l. 184 

10 09. ~90 

10 .n. ;i7n 

4 .~18. 78!J 

1 [>Ll. i(l~ 

r; 06. 2til 

J:l 08. fj80 

!) 34. 740 

11 4~. 5,;.j 

.1):.!:.! 

. 0:.!7 

• 1)31-) 

• 0:-'.I 

.tl:!l 

. 047 

(GI 

(i) 

('' 
(i)) 

(10) 

(ll) 

(1:21 

. 013 

+.o~:; 

- . O·HI 

+.o::o 
-.O~!l 

-.(110 

-.047 

. IJll- ! II:l! ..., . 001 

, U:.!7 ' 

. i1i:1 

• (l[,j 

. 04C 

. OJ;; 

.o;,1 

. 01-. 

. Olt: 

. 011: 

• 0:.!U 

. Olti 

. OJ~ 

. olu 

(1 li -+. Uti' 

11:;,1 --. 050 

(IOI -. Ol<J 

nn -.on~ 

11·'! - . 040 
I W~ j . 072 

1:.!()I ·~.tJH 

!211 -. 00:1 

i:.!'..!I --. 003 

(2::~ -. O~ll 

1'2-11 "t. ()()(i 

(~.-,) . (H{j 

(:.!IH -.u/.J 

(:!7) -.UOU 

(~8) - . (1(18 

(29> . uo~ 

130) -. OH 

(31) -. (l:!l 

{:t:.!) -t. O:..!J 

007 

(:J4) +. 000 

COXDITIUX.d.L EQt:.-i.TIOXS. 

0 ~ -- o. O>'ti -- (u) + 1<1 ·- 18l 

0 "" - 0. 045 - (1) - (~) ·-- (3! - (<1 - ,;,)-;- (ll) + <B) r 1101 

(I + 0.114!! - (!J) - 11111 + 1111 + (l:!) 

0- + 0.090+ (llll + (l'.l) ·- 1141 

0 "~ + O. 067 ·t (l:l) - 1n1 - •,l<l) 

It. m. 

17 57. 5~3 

:!7 18. ,137 

ti :!IJ. 9,)1 

3 ~u H. o3u 
.J!j 4f-. 5j'~ 

1 ;,o. J;.;1 

~;j 41. 04~ 

l :!:i 29. U:!I 

~3 :!!:'. 124 

1~. 61r-: 

1 ;i,· •. ;,~n 

fi 32. 83:1 

5 12. 32:2 

!.J 3Ti. ~21 

~ 1]. ;~:3j 

1'2 2J. 'i:!S 

1:: lJ. !1411 

:!O 21. l!hi 

1ll U9. 2.-~u 

10 :!:!. l{j 

10 41. 564 

4 ;'ii'. 7~1 

1 ~19. 7tio 

~ 06. 2G7 

I:! Oo.U:i» 

2:2 43. 3~H 

9 :J4. 733 

0 = + 0. :!il3 -· (JG) + 118) -- 1211) - 1:!4) -~ (:!UJ ·1 1~/J + l~·ol + (29) I 1:10) - (:J2) 

l ll "' - 0. ll:iO - 131) + 1:1::) - r3:l) 
11 cc+ u. 072 _,_ {23) - 124) + 1~;,1 

Jn - - o. o.io - (lGJ + 118) + (19) - 1~-11 + 1:H1 
l 0 ~ - 0. 073 + 117) - 11"1 - (20) + (21) + (221 

!) 1 

'Ye next express each correction in terms of the correlatin .. s an<l determine the latter from the 
following normal equation:-;: 

C1 C\ c,. ('](I 

0= - .08G I + .00265 - ,0()048 --·---·---·- ------------ ·········--- -- --··--··----

0 = - . 045 I - .00048 + . 01132 - . 00117 + . OOOH ···----··--· ·-·- ·-·----- - . -·· .... --· ...... ·--. ·-· ·-··---·· 

0 cc + .049 [····-·-- --· - .00117 + .00386 -· .0!•044 ·-··-------- ·---·--·-··- ·--···-···-· ... -·----···· 

~ ~ ~ ::~ ::::.:: .. :: ... ~.-.~~~~~-:--~-~~~~~; ~ :~~:i~~' ~ :~~~~~ ·-+-.-~~;)~;~-;:::::::::::: :::::::::· ·-~··.·,,(;~~;; :::::::::::: 
0 = ·r .205 I ____________ -·-··--···-------- ...... ••••••••••·• + .00023 _:.. .OOolO: - .001r.w +.<JOO!• + 1lo~:u 
0 = - .050 ! ............. , ............ --········-· ...................... . 
~ = ~ :~~~ 1:::::::::::: :::::::::::: :::::::::::: :::::::·:::: ··+·.-~~~;~· 
-~-=--· __ -- . 073 J.=:.=~ == .=-_:.:..:_~- =-----·----~ =~~:.:.:· 
Values of correl-1 

ativcs -• -- _.. •• . + 33. 09 + 0. 83 ! - 21. 24 - 93. 15 \ + 9:J. 2 

- . 000~6 : + -001)80 
+ .OllOli 

+ .002;14 

- .ou:io~ 

- 28. 93 + 5:J.l 

..,. . uo;rn 
+. llUllli 

Residuals all zero; the solution was rapiclly ,,lfoutcd by Gauss' imlir<:ct mcthtJtl. 

+ .(l(lt!J7 

+ .0258i"1 

. U019.J 

- . 0030:.! 

- .11019,1 

+ . 00:>97 

-4.33 



 

D2 HEPOHT OF THE SUPERINTENDENT 011' TITE 

H we sr1n:tre tlrn 3± correetious to our obserYe<l differences to get rid of the+ and - signi., 

/
''( ·orr'sf :11111 forn\ - c

3
± ' •vc haw the iwerage corrections± •.031, quite a small quantit.1, wllich eom-

pan•s f:i\'orahly \rith the a.-ernge rcsi1lnal from Dr. Albrecht's discussion of 3H telegravhic <liffer" 
1·111·1•s of longitude tlctcn11i11ed in Enrope; iu his ease 6 reach to 0'.1 or oYer, wheremi our maximum 
t·mTection iH less than 0'.0S. The corrections needed represent pure obserYing errors, the deflection 
of thP ,·ertieal not coming into cousid1'ration. * 

Onr average probable error of a 1letermination is± '.03:l; lle11ce the aYerage mean errur 
::!:: ()"') 

assigner! = . :_·•·•=:I: '.0-!!l; 110\\' if we compare tliis amount with the ayerage correction or 
.(144 

::L ;_o:n. we lin<l that tlw prohable eI'l'Ol'f\ originally assigned to the results fairl.r represent the uncer
taintJ· of the tfoterminations, and tlrnt no <·onstant error of appreciable magnitude exil'lts. The 
resulting longitudes of the European s~·stem require for the determination Greenwich-Pari~ the 
eun·edim t + •.O'.!;i, "· lwn•as t lw ahon1 adjustment requires - •.OJ\!; hence in a new adjustment we 
might "·ith adrnntage apply the mean correction - '.012. 

The resnlting longitmles are giYl'll in tlle following tallle: 

Resulting adjusted longitudes (west of Orccntrich). 

Un•enwil'h (T. C.), En;.,!laml ... Pari• (~!. ofl'.), France 

Hn·lit (I.1. ofS. I •. ). }'ra11cl~---··-··········--···-····· 
.Foi1110mmenun (T.). Ireland .......................... . 

: IIeart·s Content (T.), Xewfournlland .......... . 
Calais 1T.). Ml' .. . ............................ : 

Bnng-01· {'l'.)~ Me .................................... . 

Camliridg\' (l),)i }faRS -·-······-··············--·--···· 

~t. rit.•nc (J.). Oalfuf~t. La\\l'PllCC •••••••••.••••••• 

lluxlmrr ('l'.), l\la's . . ................. .. 
,,-:u:liiu~ton. l'ultP1l ~tnt1·:-: Xu val Ohrh'l'\'iltory (D.) ... 

\ra1::1hini:tou. SPatP11 ('l'.1 ................... ------·-···-·i 

~ ~::~::~~ ~:\~ ::. )( 11~ 0, ~T ~l• : ~ ~ : ~ ~ • : : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ : : ~ ~ ~ ~ ~. \ 

"-ilmington ('I'.). 'X. C .......••••.........•••........... 

~·;:~;;~i;'1'.:~:iG: '.~. :. : .. : ::::::.:: :: : ::: : :: :::::: :::::: r 

Charleston (0. A.), S. C. ................................ 
1 

SaYamiah (1'.). (i-a .................................... . 

lllfl•'OTI (T.), (;'1 ...................................... .. 

]tlontj!omer;v (T.). Ala······--········-··--···-···------· 
Lower Peach 1'ree- {T.~, _.\Jn .......•••••................ 

Mobile (T.) • .Ala ....................................... . 

:\ash»ilh· (T.), Tenu .................... . 

~f'-W Orh-•ans (T.1 1880), La ..... . 

h. Jll. IJ, 

0 UO OU. 000 

9 2U. 951 

+ 17 57. ,')85 

41 ;;:J. atu 
a 3a w. 010 

4 :m o7. 01a , 

4 :J:> 07. !l:.!7 I 

4 44 30. !194 ' 

:; H 4:!.41J 

-I 4:; 40. ~J:i 

5 o~ 1:!.n:m 
;j 07 ,'j9. 41~ 

5 oo 3.3. ooi 
5 14 32. 2:>1 

J 11 4H. a-t:i 
;) ~4 OK 07'.2 

j 37 33. 22G 

:; 19 44. 572 . 

5 24 21. 280 . 

5 3-l 30. 247 

"4;; 11.811 
5 50 10. 593 

3 52 10. 352 : 

5 47 07. 959 ! 

6 uo Hi. li18 ' 

0 uo uo. uo 
- :: 20 14. 2; 

-]- 4 29 2:J. 77 

1,) 23 19. fl) ' 

5;J ~:! 25. 05 : 
tii w 54. 20 ' 

68 46 58. !)() 

7lO<H.91 
;:,(; 10 ao. 2:.; 

Ill 40 12, 20 

17 0:1 tlO. ;).I 

'i!_i 5f) 51. :!7 

';i :.!3 45. 10 

71' 38 03. 7(i 

77 ;Jt; 35. l~ 

81 o~ m. os 
84 2:1 18. 39 

79 ;j() 08. 5t-i ; 

s1 o:i 19. 2u 
~:J 37 :i:t 70 

86 li 57. Hi 

87 32 38. 88 i 
ss 02 a5. 28 i 
s6 46 59. 38 I 

!IQ 114 09. t7 i 

'l'lu· ahorn results form the basis of the telegraphic longitude register kept in tbe Oom
put i11g- I>iYision. 

~\ll computations connected with the results of this report were made lJ,y m.yself. 
Yours, respectfully, 

C. I'. l'A'l''l'EH80:N"1 

Su1ierintm1d1•nt Co1111t 1111.d (fl>odetic 8nrtey. 

CHAS. A. SCHOTT, 
Assistant. 

•At a few 5tations a small geodetic retluction cntern, in wl1ich, however, no dilforontial de~ectiou of the pluml:-line 
iM apprehended. 
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UNITED STATES COAST A~D GEODETlU SUJ~YEY. 

AI1PENDIX No. 7. 

l·:\J'LA'.\,\TIO)< OF .\l'l':\HA'!T~ l''llTI (ll3f<EHYXl'IO.::-; 01·' TELE\'1C\l'lllC LO:\\;IT1"JlE>'. 
WITII l>IHECTI0.'\1:' FOH IT::i CSE. 

DESCRIPTIOX OF Al'PATIATUs. 

Tlll' ehrmiograplts, d11·011011wters, batteriel', &1'.., are to he cou11eded \Yith the bimli11~ post:-; 
a ... o. as indi('at1•1l in tliagrnm of switd1boanl, plate ~o. ~{.i. DiagT<lll!s 1, :!, ;), -1. .i. ,;ho11· tl1e posi
tion of tlw plugs to make the co1111ectious shown in 1liagTams 1, Il, Ill, I\', Y, plate Xo. ;;+, 

I, l. 

OlmTrinf/.-'l'lw eht•onomekr break:,; eireuit A aml the arrnatnrn of L'hro11ometer-relay hn•aks 
l'ire11il H-theoll,;cn·er at the trau,;it also l1reaks circuit n with the oh::;eryi11g key, a111l a n·1·onl of 
IJoth the chrouometer a11ll ohsernttion is made ou the dmmograph. 

Correszwiulcncc.-'l'lH• eorresp0111lenc1• rela~- and k1-y ouly are co1111ecte1l witli th1· main circuit. 
'l'Lte main circuit batteries are always at the main otlice of the telegraph companies. 

II, '.?. 

Cltrunonu·ta Simwls.-'l'he cltrnuomder breaks eirl'uit A atHl the arlllatnn' of tl1t• eh1·011om\'ll'l' 
relay breaks the maiu dn'.nit, arnl the anuature of the sig-nal-r\'lay hre<lks drl'nit. H, lllaki11g- <l 

renml on the chronograph. The conueetion:s are the snme at both statio11s. If the d11·0110111l't\'l'S 

110 not break at the same time the.r will reeonl altt>rriatel~- 011 the d1m11o~Taplts at both stalio11s. 
1f the brl'aks eointide, a dear rel'onl may still lw obtained if the ohKt'rYer who has the u11c-scnmd 
d1ronometer will stop the lireak that coincide:..; with the hreak of the t1cu·8('Cond chronometer, h~· 
holding the armature of hi:-; chronometer-relay. 

III, 3. 

Arbitrary Simwl..~.-The chronometer breaks eirm1it A aml the armatur<> of th<> dirouonwter
relay breaks circuit B aR in I. Tlle ohsen-er l>reaks th<• main circuit ,yith the corrPspomlP11ct• k(',\ 
or au~· otlH1r key lie urn,\· co11n11ct with main circuit, and the armal ure of tl1e signal-relay hrcak1-1 l'ir
euit B, making a record on the chronograph. The connections arc the same at both stations, so that 
the arbitrary signal is recorded on the chronographs at both stations. 

lu cases 11 aud Ill, the rheostat is })laced iu a branch eirenit n, n, y (plate ~o. 3-1-). 11~· 1·11 p;11-
lating tl1e resistan11,e in this branch h~· remoYing or replacing th'.' plng:,; of the rh,•ostat~ !Ill' 1•11rn·.111 
through the signal-rnlay may be rcgulate1l to m1y strength helow tl1t• fnll streugth in tl1C' 1·in·11il. ;i.-; 

will he iudicate<l l>,\· the galntuomcter. Tf it, i:-; 1lesireA.l to haYe the full strc11gth of cnrrent tlu~ pl11g· 
of the rheostat marked opeii is to be remO\·ed, which will open the hrnnch I>~ R Y. 

n·, J, and Y, ,'/. 

These ca1•ws are the same as 11 and Ill, except that tl1e rheostat is directly i11 tl1c main drenit. 
1u e,xcbanging signals in these cases all the plngs mu:st he in the rlwostnt. 

Resistance of uwin circuit.-To test the resistatw• of th(• main cirl'uit take caM· Y, pl11g·gi11g I l 
and I:!, so as uot to i11terfern with the local circnits. Head the galnrnomt•ter-taugP11t :scale a111l 
reduce this reading orw-half by rernoYing plugs from rheostat. 'l'hc rt>sistanec unplng·ge'l will 1Je 
the resistance of the circuit, including batteries mid instruments. 

To compare two local chronometers, take case I and rcmo,·e plug IJetweeu 13 aml 14-, which 
will put second chronometer in circuit A. 



 

94 UEI>OHT OF TllE surm~L~TE.NDE.NT 01•' THE 

ADJFSl':'.IE:.'i'l'::l. 

1'1ill:in9 A11pamt11s.-T!ii-; i:< imkpemleut of all the other imstrmueuts 011 the !Joanl. arnl may lie 
mauage1l as tlie operator wishet>. 

Cl1ro1101111·frr Rcla!J.-This may lw ad,instt·!l to gin· any length of lm•ak tlie ohsmTer may dl'sirl', 
hut 'vlwn a1ljuskd it is desirable that the position of the coils and the teni'iion of the tipring shonhl 
not be ehangetl during a night's wmk. lf in se11rli11g chronometer signals the break of the 1·.hro
uonwter rcla,r should not he Jong enough, it ma,Y be iucrcasctl l•y lengthening the pass of the arma 
tun•. Thi:-: is done by moYing the insulated point agai11st whidi the armature strikes. This does 
11ot afft'ct the im;tant of 81'paration of the eoutaet point;.;, lmt causes tliem to be separated lougcr 
a:-; tlw pass of the armature is increase1l. 

Signal Rcla,11.-This rela)· slioul!l h:l\'c a nry hi,l}h adjnstme11t; that ii:;, the coils must lw far 
from the armature and tlH' tern;iou of the spring a:< gn•at as possible. Tlie observer will fin;t 
;H1,iw;t as for corrcspornlcncP aml will tl1en inereasc the tension of the Kpring until the nrmatnrt• 
tl'emule::;; he then will ::;lowly reduce the tl•nsion until thl' signals come firmly. Thi,; adjustment is 
t>ntirely tentati,-e antl should be repeated t'Yery night. The soft iron cores of this relay are hollow 
e~·]ill(krs, 1! inches long, 11 itl1 :i slit m1t th!'ir entire leugth. The ol1ject is to obtain 1lw greafost 
pos;.;ible surface, so a/'i to gai11 a Ycr.r rapid tliseharge of the magnetism wl1cn the circuit is broken. 
'l.'lw resistanre of the coils i;.; :1;;0 ohms.1 

Galrmw111cfl'r.-Tlte galYtrnomet1·r must ur· placed HO a:-; not to 1.Je affected 1.Jy the otl1er iustru-
111e11tR, or hy tlw c~mrents on the wires within tlw obsen·atory. Set up lenl with the plaue of the 
coil iu the magnetic meridia11: the pointer shouhl l'ead zero. The plug is to be l)laced in hole 
111arked ~, \Yhich eonned:-1 the HI ohm coil; the hole markc(l 1 connects the copper lJand only. The 
tange11t s1'.ale 1;l1ould he generally wied. 

Rlteostat.-The coils of the rhco.-;tat arc so arranged that any combination from 1 ohm to 11,110 
ohms may he rnnde. The eoils are put into cireuit hy removing plugs and eut out by inserting 
plugs. The remO\·al of ping from hole marked open, hreaks the cireuit through the coils. 

INTERCHANGE OF LONGITUDE SIGNALS. 

'J'l11• nrn ;-;tations will he designated hy .. \\'(western) and E (eastern). 
1. CounectionK at hoth stationR aR in case Ill, with 11 awl 12 plugged, and the rheostat opeu. 

Oalvanorneter (tangent Heal\•) to 1.Jc read at both stati01rn. B will communicate bis reading to 
"-· If W tiit<ls Iii:-: rPalling to be greater than E's, he will close his rheostat and remove the 
proper plugs to retlm·e hi" l'Ptu1iug to E':-;, a111l tlrn11 11ot.if,y E that 11<' is rea<ly for signals. If 
""finds E's reading to he tlw greater he 1ril11'.ommimicate his reading to I~, who will reduce 
J1i.s reading, as a horn, to W's, and notify W that he is ready for signals. If the readings do not 
1lift'er more tlian 1.i di\'isions the rheostat can he left 011cu at hoth RtationR; this will usually 
he the case. z 

'Experit•ncP of the 8t'l1'<011 of l~.~1 haR shown that these n'hlys wol'k )llO$t satisfactorily when the galvm10meters 
rt>ad lwtwcl'll i<;, an<l lW <li\·iHioris ou the tangent scnles. This i111licafrs n strnngth of c1urcut C<tuivalent to that 
ol>taiue1l from 011e Pell (largo Kizt•) of graYity hatter,- of the form in general use by the Western Union Telegrapb 
Company, in 11 circnit \Yhosn l'PKistrrnce is from 4f> to 3;, ohms. The longest circuit used during the season was lietweeu 
wa~hington and Cincinnati, ;,131 miles of Nos. (i allll i galrn11iz<'<l-irou wire, with 200 cells of gravity battery. The 
llll'an tet1ding of gaJ\·:monu~tl'l'H wnK l01' 1li\-isi011s tnngent Heale, arnl tlrn resistam·c of circuit was 70f>f• ohms. In this 
l'ircuit the mean tmnsmiHsion anil armature time was 0'.017 ± 0'.0001i, am.I. the greatest tle,·iatiou from this on any of 
the nine nigbts was 0'.000. E,·cn consiLlering this 0'.\IOG as an absolute. error, it is insignificant in the result of a 

night's work. 
,Dnring the srnHon of 18t!l, owing to the tlifticulty of ohtainiug the telegmi•h lines a sufficient length of time 

before the time for excliauging "iguals, it was in many t•ascs impracticable to balance the currents through the relays 
rit the two stations, us 1lescril>!'d ahon•, awl there were hnt fow night1; on whicl1 the readings of the galvanometers at 
thl' two stations differed oo much as 1;-, diYi~ions. It."'"'" therefore deemed 11reforalile, instead of cases II and III, to 
n><ti cases JV and V, as no dmngc of tlw plugs l 1o 17 would lie re'luiretl to test the circuit. It is better to always start 
with cases IV am! V, aml if the galrnnouwt-Or rcadiugs at the two statfons should differ very widely, the change to 
cases II and III is Yery easy. 
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" Exchallge d1ronometer sigrn1ls in conformity witlt Uase 11 for t'rn minutes. 
'.I. l~xchange arbitrar.'· sign:ih; in conformity "·ith Case Ill-"\Y !'<muling first from 2.i to ;).i 1<ignal:-; 

about two sec0111ls apart. Vor this purpose AulJ11r111lalc TimPn;, rf'!-!·1ilatell to gain 1' in 1", an· 
] ll'OYided. 

4. "'communicate to E the miuntc:-; hy hi:-; d1ro11omctl'l', <luriug; which the ehr011om<"ter signal,; 
were sent, aml E gi,·e to \V like informntiou. 
This whole operation (from 1 to J) will 11ot usuall~· occnrn· more than eight or ten miuntt'S. 
If the lines can be held longer, the resista11cc of the main circuit will he dl'termiued aR lwforl' 

explaine1l, \V making the first test. 
A record will be kept of tlir. kugth of cirenit, kirnl and gauge of ''in', and amount of batkry 

irned <>ach n iglt t. 
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API'BNDIX No. 8. 

11E!'URT OX UEOVESIC NIGHT 8JUKALS. 

X ORFOLK, YA., Jllarcl1, 1880. 
(', I'. I' ATTERSOX, 

8npaintcnricnt Cnited 8f((fes Coast and Oeo<lctic Surrey, 1Vasliington, D. C.: 

JlgAR SIR: 1 n J llllf' last yon i11strnetc<l me to occupy Sng·ar I .. oaf Monntain, l\Iontgonwry 
( ~onuty, l\Iaryland, for tlil' purpose of making an c.xhaustin• s<'rieR of obser,•1itio1rn with the yarionx 
Hwthods of night sig11:1ls, with a Yiew to tlt>termine the 111ost t>ffec·tin1. metho1l to hP mw1l in tri:rngn
lation. 

I was directed to eonsider and olJsern·-
1. "The simplest aml d1c:ipest metlmd. 
~. "The our hest aclaptc<l to the intelligence of tlte class of 11w11 W(' g·enerall.r emplo.Y as lwlio

tropers. 
:~. "Tlwt em;it·st of tl'ansportation to Jwigl1ts. 
4. "That 1.d\·ing 1lw most pt>netrating light, with least difl.'raction :uul most precision of llPtini

tion, and all otlter points co\·ernd ]J~- ~-our commltations Oil fop snhject, imch a,; thP besi l1onrs for 
nhst>n-i11g during t11e night, lateral arnl Yertical refraction, a111l hmY fnr the rnss are affectecl hy 
the cl1araeter of thl' <'.Otmtry on•r whid1 they pass/' &c. 

My attention was 1irst called to the sul\ject of 11ig-ht si.l.(·nnls duriug tltP administratiou of yonr 
pre<leccs.-or in 1Sl1. 

The fin;1 nsr of all intensified light for geodPtic purposes occurred, so far as I can tliscon·r, in 
the progrrss of tlw ordnanet> surny oYer Ireland, when a" Drummmul'' or calcium light was use1l 
hy Colonel Cnlh,L llut his predecessor, Colonel Mudge, had used 10-iuch reflectors for tfo1taHces of 
:!4 statute miles (3:-1.fi lm11'.) as early as lrni. Colonel :Mudge says: "It was by the assistaHce of 
the white Jig·ht;-; on!~· that the most distant stations coulcl be rendr1·cd Yisible, and tliere cannot be n 
(loubt that in g-rcat operation::; of this sort tliey will be universally adopted hereafter." 

8igwlls of arti1i<'ial light were large!~· used iu the trigonometrical survey of ludia, after 1s:m, 
and it is of interest to note the experience gainetl there in comparison \dth our own. Lieutenant
Colouel EYeresL1 who was snp11lied by 'l'roughton and Si.mms with two dozen reverberatory lamps, 
Arg:m11 humers (,;ee engraYing;-;, Plate 21, of volume of plates), makes tl1e following statement 
(p. CXIX): "'fltc onJ~- method of oyercomiug theis.c sonrcei-; of irregularity is to await a favoral1le 
stak of the atmo:,;phere, ancl be prepared to profit 11~- ernry such opportunity which ofters itself; 
;-;nch occasious occur for day ohservations almost eyer.r sunny day, for a shorter or longer peri011, 
between 4~ o"!'.loek and snuset, and sometime:.;, but rarel;y, the lamp ifl beautifully ad:tpted t-0 inter, 
::;ection from ,;unset till past midnight or ernn later, so that the patience ha8 to be tried, though 
not to that extent ''hich was reqnisite wheu masts, flag-staves, and other opaque objects were the 
on]~- marks to be i11ter;-;ected, for then days an<l <lays often passed away without a glimpse of thP 
1listant object. 'l'lte stat11 of the atmosphere immediately after suurisr, though often highly promiR· 
ing in appearaIH'.P, is rarPl~· to be· depended on, for tlwn it would seem that lateral refraction acts 
most insidiously.·· 

In tJiese lamps tlw light was refiL•(•tetl h~· a paraboloidal mirror of plated copper, 12 inches in 
diameter and 4.!1 inches iu tlPpth. 

When greater penetrating })OWer of the light was required, En .. •rest u8cd blue lights, burned at 
i11tcrral.~, in frames of sheet-iron, accurately adjusted over the center of the station. 

The French and other continental geometers haYe uired reffectors for night observations up to 
n n:ry recent period, 'rheu they ha Ye been discartlc<l for the "01)tical collimators," introduced arnl 
uow used OJ' :l\I. M. Perrier and Bassot, of which I shall Jmve more to say furt.her 011. 

'An account of the Meridional Arc of India: London, 1847. 
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'From the conuncnccmcnt of the primary triangulation of the Coast Survey, up to he death of 
Mr. F. R. Hassler, the first Superintendent, in 1843, the Gauss heliotrope was used in primary tri. 
angulatio~ upon all long lines. 

Gradually, under the administration of his successor, Prof. A. D. Bache, the simpler forms of 
heliotrope, devised by officers and others of this Survey, were substituted arnl used extensh·ely, as 
the scope of the primary triangulation was gradually enlarged. 

In 1846, Professor Bache used, at Blue Hill, near Boston, an "optical collimator," conRislillg 
of a 10-inch object-lens, fitted in a sheet-iron tube, with a focus of about 3 feet. The lamp placed 
in its focus was made, if I remember rightly, of the Argand form, burning sperm-oil. It was 
placed at" Great Meadow" station, distaut 23.6 miles (38 kms.) from Blue Hill, and was intended for 
use in connection with azimuthal observations. 

But difficulties occurred in the way of rightly directing it and keeping it properly attended to, 
and the experiment was abandoned after a short trial. 

In the season of 1871 I occupied Rull n,nn Mountain, in .Fauquier Uounty, Yirginia, and was 
kept there more than twice the time usually required at a primar,y station, by the persistent 
''smoke" or haze which prevented vision upon long lines. This "smoke" remained during a range 
of the thermometer of 50°, and nearly two inches difference of barometric Jffessnre, with the wirnl 
blowing from every quarter, and was specially dense and persistent with a cloudless sky. But I 
noticed that during westerly wind1-1 the haze or "smoke" settled at sunset, and before twilight ended 
our stations upon the mountain peaks of the Blue Ridge would appear in sharp and bold relief 
against the western horizon. 

It naturally occurred to me that by the use of night signals the time lost from the day might 
be redeemed at night. 

On bringing the matter to the notiee of the Superintendent (Prof. Benjamin Peirce), I wal'I 
authorized to inquire into and report upon some suitable form of night signals for use in the Coast 
Snrzey. 

In 1872 and 1873 I laid out, graclcd, and measured three times the Atlanta base, and occu11icd 
seven stations of the hase connections. These labors absorbed my whole time. 

In the fall of 1874 I tried the use of two 11 German student lamps," fitted to burn kerosene oil 
in the focus of an 8-incb paraboloid reflector. 

Owing, as I now think, to some failure in obtaining the right direction, the experiment did not 
then appear to succeed, and I came t~ the conclusion that an intensified light must be used. Of 
these there were three, all well known, Yiz, (1) the electric light, (2) the calcium or oxy-hyclrogen 
light, (3) the magnesium light. 

The necessary conditions of the problem I was trying to solve in finding a light for use in 
Coast Survey geodetic operations were: 

1. That it should be cheap enough to be within our means. 
2. That it should be capable of manipulation by uneducated persons of ordinary intelligence, 

like the mountaineers, of whom we usually made heliotropers. 
3. That it should be light and small enough to be easily carried to the tops of high mountains, 

and should have simple adjustment. 
The sec.,"Ond and third of these conditions threw out both the electric and calcium lights, each 

of which requires a trained ancl educated person to manage it. 
The electric light also necessitates a battery and motive power of some sort, as well as a free 

use of water, not always easy of accesi; on mountains. The calcium light requires the transporta
tion of apparatus for generation of the gases needed in its use, but may be managed and used with 
greater ease and at less e.xpense than the other. 

In February, 1875, I found for sale in New York an apparatus for burning two magnesium 
tapes in the focus of an eight-inch reflector, the tape being \lelivered by clockwork. It was of 
English make, bearing the name of J. Solomons, Ued Lion Square, London, and its price was $35. 
Its weight was only 5 pounds, and it could be readily carried in one hand. I saw that it contained 
the elementary conditions of what was wanted, and purchased it to experiment with. 

The drawback to its use was in the cost of the magnesium tape. This, at retai~ was $3 per 
ounce of 40 yards. -

S.Ex.12-13 
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Experiment satis1ied me that one tube, burning one tape, gave all needed intensity, and, from 
correspondence with tl1e American :Magnesium Company, of Boston, I learned that it could be 
purchased by the pound for $36 or $2.25 per ounce of 40 yards. 

Continued experiment proved that a consumption of from 12 to 18 inches per minute of the 
tape, or an average of 15 inches, wouru. be required to maintain a brilliant and steady light. This at 
the above rate would make the lig11t cost 2k cents per minute, or $1.40 per hour, -to burn it steadily, 

Going back over my record of geodetic observations for two ;years, I fomid that the arnrage 
time for good seeing, when the atmosphere was snfficiently stead~' to admit of obserrntion, was, for 
morning and evening observations, rather less than two hours per day, wl1Pre the liues of bight 
averaged 25 miles ( 40.2 kms.) in length. 

Supposing the period after dark suitable for observation to be a8 long, each signal would cost 
about $3 per night, and if :five were ohRerYed, the cost would be $15 per night, au expense well 
worth incurring to insure two hours of steady observing. 

As regarded intensity, I had formPrly a large ex:perience of the intensity of the calcium light, 
during the time it was nightly burned on board the iron-clad frigate Nnw Ironsides, off Charleston, 
during the war. So far as I could compare the two, the magnesium light appeared equally bright. 
Feeling sure that the thing sought for had been found I so reported, and four more of tlie same 
lights were ordered by your direction. Delays occurred and they were not received and altered to 
adapt them for our use until too late in 1876 to enable me to test them during that season. 

On resuming wor~ in June, 1877, at. King's Mountain, in North Carolina, the 1irst practical test 
was made of the power of the light, and of the working of the machinery for deliYering the tape· 
'.l'he apparatus then appeared with the clockwork and reflector as purchased, and only changed by 
adding the reel and foot-screw, and a pointer under the middle of the reflector, to enable us to direct 
it properly. 

The light was shown by my assistant, "Mr. H. W. Blair, from the tower of Wofford College, in 
Spartanburg, S. C.1 distant 39.1 miles (6~ kms.). The night was clear and the moon about one. 
quarter full. 

The magnesium light shown by Mr. Blair was at once visible t-0 the naked eye, showing nearly 
as large as the planet Jupiter. Our light at King's Mountain was also seen at once by Mr. 
Blair, who thereupon left for Paris Mountain, South Carolina, about 65 miles distant (1041 kms.), 
where he again showed bis light to us at King's )fouut~iin. It was again visible to the naked eye, 
while our light shown in return to )fr. Blair, anrl probably not so wp,ll din•cted, was plainly visible 
in the small telescope which he had with him. 

These experiments upon three nights satisfied me as to the degree of intensity attainable, 
which I felt sure would render the light visible in the telescope o\•cr the longest side of any triangle 
which the character of the country would permit m; to obtam. 

It was not until Ocwber of the same year that I was able to carry out arrungements for obser
vation upon these light;:;, and then only for three snccrn>sive nights. 

I was then at Poore's Mountain, in North Carolina. One light was placed at King's Mountain, 
distant 58.4 miles (94 kms.), and another at Young's Mountain, distant 35.4 miles (57 kms.). My 
"initial point" or "reference mark" for all observations, at Poore's Mountain, was the spire of a 
church in Wilkesboro, distant 5 miles (8 kms.), nearly. Here I placed for night observation a 
bull's-eye lantern, showing through an anger hole Om.02 in diameter. 

The light at King's Mountain was in charge of Mr. C. A. Ives, and that at Young's Mountain 
in charge of Mr. J. M. Hill. :Each of these gentlemen had a resident of the locality with him, to 
work the light under his direction, and t.o have the capacity of that person tested for attending to 
it alone. 

I also arranged to burn the lights by a time-table, one after the other, each light being supplied 
with a clock for the purpose, and the co1Tect time being given to each by a signal from the observer 
before commencing the evening's observation. 

The time signal was made by showing a light t.o each in turn, stopping at a certain prearranged 
instant, to which each clock was set. This time-table was very successful and saved a great deal of 
the costly magnesium tape. The observations began at 6h 3om p. m. and continued to IOh 40"1 p. m., 
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or 4h iow ; but each lamp was only lmrned for P 2om of this time, at a cost of $2.40 for each light 
instead of $i.50 each, if they had IJeen steadily burned. ; 

The obr.;errntions were made on the nights of October 9, 10, and 11, 18i7. All three nights 
were clear, with a hright moo11, more tltan half full. 

Coast Surn\y theodolite No. 3 (20-inclt) was used. There was a defect iu the oqject-glass of 
the telescope of this i11strumeut, causing a bright object like a heliotrope or a star to show with 
"taih;," remleri11g accurate pointing difficult. 

The microscope~ of the theodolite were read with a lantern burning a candle, and haYing 
lilaue-glass sides. 

The method of ohser-vation in 8erier-; war-; similar to that in regular use b~- day. Three seri£\S 
were ohserYe<l in Pach positiou, iu the order, telescope direct, (1) Mark, (2) Young, (3) King; then, 
after re\·ersiug telescope, (4) King, (ii) Young, (u) Mark, completing a series. Young, being in the 
midrlle of a series, 8howPd '.!~ miuntes; King showed 5 minute1<, in order to give time to reverse 
the telescope mul point again. Each light showed 5 minutei:; in turn at the end of each position, to 
permit correction of don btful observations. 

I make the following extract8 from notes made at the time: 

"PnoRE's l\:fmr~T.A.IN, NORTH CAROLIN.A.. 

"October !!, p. 111.-Night yery elr•ar, atmosphere transparent, temperat11re :mo Fahr. Young 
aud l{iug Pael1 <·ommi>11ct~d arnl showed during whole eYeuiug precisely 011 time. Roth were Yisible 
to tlw IJaked <·~·e and showed too large am1 hrigLt for aecnra te pointiug. Each subtended near 
10" with full illn111iuatio11 of x liair~. So motion perceptible, but variation,; in readings suggested 
lateral refraction whik oh.~erYiug in tirnt poi;ition (from G11 30m to 7b '.!Om). 

"Of'fober IO, JI· 111.-~ip;ht elear and bright. Barometer 27.35, thermometer 620. Atmosphere 
uot quite so tr:rnspareut n.s last uig1it. Both lights at Young and King ishowed as per time-table 
up to ~·rnl of progr:1111ml' at 1011 -iom p. rn. They were Yisihle to tlw naked e;ye, as last night, but 
sl10wNl lel'is irra(1i:ition i11 the telescope, were round insteml of irregular, and were better objects 
to poiut upon. Ol~ects 8ie1Uly <luring whole time. The whole work for four hours moved smoothly 
and to my entfrc satisfaetion. Wiml fresh from northwest after !:I p. m. 

"October 11, p. m.-Xight clear, with some haze in eastem and southern horizou. Moon larger 
aml brighter. Ki11g not alwa_y·s visible to the naked e.ve, but i-;howerl well in the telescope. 
Machinery gan• ont at Young at 7" Hi"', a111l he stopped showing. King continued showing until 
91i 30m, when I stopped him hy signal, heing satisfied with re1mlt of experiment. The showing by 
time-ta,ble 011 the three nights has hcen sati:;factory, but the lights are too large and the 8ize of 
the reflector must be reduced on clear nights." 

The result of tltis trial was highly satisfactoQ'· Owing to tl1e defect in the telescope used, to 
which I have reft>rrcd, and to the nnexpededly great irradiation of the signals, increasing largely 
their appar.ent diameter~ the test of relative precision as between day and night obser-vations was 
not a gootl one. 

The reflectors used were each 0'".'.!03 diameter and subten<led at Young's Mountain, distant 
:55.-1 miles (57 luns. ), 011.7~~, and at King's :Mountain, diistant 58.-1 miles (9-1 kms.), 0".441 while their 
apparent diameter on the !Jth was estimated at 10" and· was ,-ery large on each night. This was 
susceptible of an ear-;y rt'medy iu future by graduating the amount of reflecting surface exposed to 
view, according to the length of the line and the clearness of the atmosphere. 

Messrs. h-es and Hill reported that the hcliotropers at both stations had been easily taught 
to manage the apparatus. Each upon the second night had taken the instrument from its box, 
pointing it carefully upon the stand, winding np the clockwork regularly, and lighting and stop
ping it at the times indicated by the time-tables. This last matter was very important on account 
of its large reduction of expense. 

But the great point ascertained, likely to be of so much futnre service, was that, on three suc
cesHive nights, thB :;lrnl·p, cli>ar, ancl steady outline of tl1e horizon, only experienci>d h;r day-light at 
or near sunset, continued uuhrokcn up to l 1 p. m.1 or for five hours longer. 

On each night the record of observation for l'ach signal was "distinct," "steady," up to the 
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end of my programme at 10.40 p. m., except that on one night my reference mark was obscured by 
mist rising from the Yadkin Hfrer about·9 p. m. 

It was also eddent by moonlight that mist from the streams which our lines crossed was rising 
each night about the time of our close of observation. I shall havl' occasion to refer again to this 
matter . 

.At your suggestion, I llirected Mr. Ives at the close of eacl1 night';; prograHime to remo\'e the 
reflector and to show the magnesium light direct for a certain specified five minutes. He did so, 
and at the time fixed I carefolly watched its appearance iu the telescope. It was only visible in a 
dark field and would uot bear illumination of the x hairs. Th's at first surprised me greatly, 
having se{•n it \"\itl10ut a telescope shortly before, but a little considm'ation satisfied me that the 
light without the reflector, being little more than a plc'ucil of rap; ha dug little or no phase, was 
dispersed upon a line of 94 kms. I remembered also a "case in point." In 18±6 I placed upon 
the dome of Cambridge observatory a hollow glass hemisphere (i inches in diameter, silvered ou 
the inside. But ouly a brilliant pencil of mys proceeded from it, m1<l I was unable to observe it 
with precii-;ion from the principal stations of tlrn secornlary triangulation of Boston Harbor and 
Yieinit~· which I was then executing. The mys were dispersed in the atmosphere. 

Bnt at a later period a similar hemisplrnre, liaving tli~ i11sille cast in facets, each about the size 
of a half dollar, and silrnred, presented a brilliant light, as the ra;vs from each facet in turn came tu 
the proper angle. The phase or reflecting surface caused the difference in this case, as it did with 
the magnesium light, nearly invisible without, but intensely brilliant with, the reflector. 

It was evident, as the result of the running of the clockwork of the lamps for three nights, 
that, as recefred from the maker, it was too weak for its object. All defects were carefully noted 
for future currectiou. But in all its main features the magnesium reflector light had i'nliiHed the 
conditions required for a geodesic night signal. It had-

1. Suffieient intensity for the longest lines. 
:.!. 1t was of light weight and simple in adjustment. 
:J. It was capable of sufiicientlJ'· accurate pointiug. 
4. It. 1·011lrl be managed h~· men of ordinary intelligence without education. 
t). By the use of time-tables the expense was hrought within a limit very small in proportion 

to the time ;;aved. 
l\Iy party left the field shortly after the close of these experiments. The necei:;sity which arose 

for my i-;peuding the season of 1878 in Alabama prernnted their continuauce until, b.Y .mm· direc
tiou, .I eunamped at Sugar Loaf Mountain, Maryland, in July, 1879, for tile special purposes 
named iu your instructions, and specified at the beginning- of thh; report. 

I have given here a history of all that had hef\n done by me from the beginning of inquiry into 
the matter iu the winter of 1871-'72 up to the first regular series of experiments, continued oYer 
;;e\'eral months. }fany details arc omitt-0d. lt was only in the intervals of coHtiuuous labor that 
I had beeu able to giYe attention to the matter, but it was never out of my thoughts, and I em
braced eYery opportunity of adding to my experience. 

I experimented upon the produetion of oxygen and hydrogen in rubber bags, with refereuce 
to the use of the calcium or oxy-hydrogen light, and at the close of the Uenteunial Exhibitiou in 
18i6 I spent part of a night with Professor Farmer, watching the operation of two electric auto
matic l~gbt.s burning- upon the t.op of "Machinery Hall." 

Being eYt'l'ywhere met by the necessity for trained labor, it became nccessar.v to concentrate 
my whole att€ntion on magnesium, as the only kind of intensified light possible for our purpose. 

I now take up the operations at Sugar Loaf Mountain in 187il. 
Assistant F. D. Granger reported to me in person at Washington on the 14th July, a.ml Mr. J. 

B. Boutelle, aid, with camp equipage, arriYed at Barnesville, Md., near Sugar Loaf Mountain, on 
the 17th. 

The rest of the month was spent by the party in repairing the mountain road up Sugar Loaf 
Mountain, in pitching camp, and p1·eparing for observations. 

The weather was intensely hot, and only one day was at all tit for obserYing bet'ifeeu the time 
of our arrival at Sugar Loaf Mountain, July 15, and the end of the month. This was the beginning, 
a month earlier than usual, of a season of very thick and smoky atmosphere. 
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On the first week in August I sent out a party to ereet signals at station;; of the primary 
triangulation from which Sugar Loaf Mountain had been observed, wbilP I put up a small build· 

-ing, nine feet square, for a geodetic observatory. 
An insulated brick pier was laid in cement around the station point, and the 20-inch theodolite, 

C. S., No. 113, was mounted upon it. -
Another insulated pier was set up inside the building for Rnpporting an artificial horizon. 
The magnesium light had been fitted at the office with new and strong clockwork, and the 

"Hipp spring" bad been attached as a regulator in delivering the tape. 
Firn pounds of magnesium tape bad been supplied hy the American Magne.-;ium Company of 

Boston. This was put UJ) in tin reels of two ounces, about eighty yards of tap1· upon each reel. 
The improvements ~mggested by our experiments of 1877 had heen made, and I had firn mag

nesium reflector lamps in order for work. They are in good order now for immediate use. Oue of 
them is represented in illustration No. 37, except that in the experiments at Sugar Loaf the reel for 
deli\'ering the tape wa.s attached to the handle. In future Uie reel will be detached, as 110w shom1 
in the illustration, as also one of the clocks use•l, aud a porte-fen for lighting tht• tape throug-h the 
bole in front of the reflector. 

Two of the" optical collimators '' usell by M. ~I. Perrier am! Bassot in the prolongations of the 
"Nouvelle Meri<lienne de la France" had been received from France, aud 1 was directed by ~·on ro 
test them at two stations. The aggregate weight of mwh, packed iu two boxes, was 380 pounds. 
These were also fitted for use as heliotropes by day, the lantern being detached and mirrors sub
stituted. 

The following- translation is gin•n of a 1lescriptio11 of these "optfoal culli111:1tors.'· in a p:1per 
by M. Perrier, printed in the "Comptes Hemlus,'' for June, 18777 Yo!. 847 pages I:H~ to IJ!ti: 

"For night signals we have gfrrn up tlle use of reflectors, which conhl not always he. exactly 
pointed, are difficult to keep in atljust111e11t, and mur;t have considerable dime11sio11s wheu the sirles 
of the triangles an~ from 40 to r;o kms. loug, aud we have adopted tht• use of optkal collimators, of 
which the first anti most hrillia11t applicatiou goer; back to the fine experiments of .M. Fizeau 011 the 
velocity of light, awl whieh have been adapted iu later <lays to tlw needr; of opti~·al telegTapl1_y by 
M. M. Murat and Cornue, aud hy M. M. Laussedat and :Mangin. 

"An a,pparatus for night Rignaling has been co11stmcti1d from tl1t1 ilesigus or M. ~Iangin. In 
each the object-glass is ow.2 in diameter and om.6 focal length; the lamp hums petroleum oil and has 
a tlat wick two millimeterR thick. The luminous rays emerging from the object-glat'ls have a rnlume 
of nearly one degree and can lw exactly directed lJy a telescope having its optical axis parallel to 
that of the collimator. 

"By the illumination of the oltject-glass of this apparatus signals are outained which in good 
weather are visible to the naked eye as far as a distance of 80 kms. The images seen in a telescope 
of a geodetic instrument appear most frequently of a red color, hut are round, of limited coutour, 
and a uniform tint, and they afford when they become steady an easy and sure bisection, like that 
Ul)Oil stars of the first or second magnitude. 

"After sunset the signals soon become visible and show the same phenomena of dilation and 
of jumping which affect signals from heliotropes before sunset. By degrees, howe\'er, tlw imagl's 
become stationary, their diameter is reduced to a convenient size, and by an hour after sunset we 
enter upon a period of calm of a variable length, but often prolonged to midnight." 

This last paragraph conforms to my description of our experience in North Carolina in 1877, 
It will be further corroborated as I go on. 

It was not until the 18th August that we obtained a view of the distant llorizon north of us. 
Meanwhile many experiments at Sugar Loaf Mountain gave an estimated relatiYe intensity of 

the French lights barning kerosene oil to the magnesium reflectors of two to five. 
These were continued in various ways so long as we kept the lights together. Pasteboard caps, 

with apelltures of om.land om.15, were fitted to cover the magnesium reflectors, diminishing the aper
ture. Of these the smaller aperture of om.1 was afterward found sufficient, and was used e,·ery
where, except at Mount Marshall, in hazy weather. 
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Our view of the horizon upon the 18th of August only lasted for a fow hours, the next morning 
being thick al:l ever, but we had data for a reconnaissance, which was made by Assistant Granger. 

I desired to place a magnesium and a Ji'rench light neiir each other, at distances of 60 to 70 kms: 
from Sugar Loaf, that 1 might ob;;erve them under the same physical and atmospheric conditions. 
I also wished to place the other I~rench light at some point upon the Potomac near Washington. 

Asi,;istant Granger made several attempts to select a point, being baffled by the thick weather, 
hut on the 28t1h Augm;t succeeded in finding a suitable place near the house of Mr. A. Strecker, on 
the Maryland side of the Potomac opposite Alexandria, from which it is distantabout3.1 miles (5 kms.). 
It could be easily reached also b~' driving about 7.5 miles ( 12 kms.) from ·w ashington. The distance 
from Sugar Loaf was fouud to be 38.8 miles (62.4 kms.), and the line of sight would run near the 
sn~'face, giring me the diversified profiles which I desired. 

The station was. adopted and a French light placerl there on the 1st of September. 
Tim month of August had giYen us only parts of two days with a clear horizon. But it had not 

been lost. B1\:perimeuts at camp ha(l deYeloped difficulties in the running of the new clockwork of 
the magnesium lamps. AssiHtant Hilgard had kindly detailed from the office Mr. Weruer Suess, to 
whom I was greatlJ· indebted for skillfnl antl ingenious alterations of various parts of the machinery, 
as also for aid in trials of the relative intensitJ· of the lights, and in posting the lights at Streeker 
aud ~lount Marshall. 

In September there were a few intermittent intervals of clear weather bet.ween the 3cl Septem· 
her and the 25th, at which elate a season of clear weather set in, lasting for five days and enabling 
us U) make i>rogress. 

A French light was 11osted by Assistaut Gra.uger on Granite Hill, in Gett:_rsbnrg, ahont ;~u 

miles (6 kms.) east northeast of that place and-!~.!) milPs (69 kms.) from Sugar Loaf Mountain. 
A nrngnesinm light was ;1lso poste1l upon \Volt' Ilill, abont 1.2 miles (2 krns.) southeast of 

Gettysburg, au<l 39.8 mileR (64 lims.) from 8ugar Loaf: 
The lines of sight to Wolf and Granite hills passed over a rolling country, nowhere approach. 

iug very cloRe t{) the surface. So far as I could see, both lines had the same physical conditions 
and were likely to be a1focted equally by any atmospheric <listLirbances. 

Our preparations for observation wPre now complete. I had e15tablished a reference mark 
near the railroad station at I3arnesYille, distant a.82 miles (6.14 knu;.) from Sugar Loaf. It was 
the usual azimuth mark of my part,y, which had been used at the experimental observations at 
Poon,'s J\.fouutaiu, in North Carolina, in 1877. It consists of a box perforated with holes for sup
plying air and closed by a slide. Iti:i front is a. hoard 31 inches (Om.8) long and 16 inches (Om.4) 
wide, painted white, with a vertical black stripe 0.H8 inch (0'".025) hroarl in its center for a day 
mark, and an auger hole 0. 75 inch (O'''.OHI in diameter) in the center of the stripe, through which a 
bull's-eye lantern in the hox shows at night.. 

It was solidly secured, with a mark in the ground to refer to in case of possible disturbance. 
The other two of my five points of comparison by .day and night were Bull Run Mountain, in 

Fauquier County, Virginia, disfant 31.1 miles (50 kms.), and Mount Marshall, in Rappahannock 
Uounty, Virginia, distant 55.0 miles (88.5 kms.). These were stations of the primary triangulation, 
and Sugar Loaf' had been observed from them. Heliotropes and magnesium lamps were placed at 
these stations, which are respecth'el~- 1,375 feet (419m) and 3,376 feet (l,029m) high. 

Besides the five stations for day and night comparison, I also observed upon the stations 
Stahler, Soldieri,;' Home, Peach Grove, and Maryland Heights, in order to close the triangles 
upon these stations from whence Su~ar Loaf Mountain had been observed. I also observed upon 
the C:lpitol at \'\Tashington and the Theological Seminary near Alexandria, as secondary points. 

These constituted an entirely distinct aml separate series of observations, called the "short 
series" by wa;r of 1lif1tinction. All were upon signal poles except at two secondary points. 

The distrilmtion and relatiYe positions of all points observed upon will be seen in sketch 
~(). 36. 

Observations upon the "short series" began on the 18th August, and were continued at times 
wlien the more distant points could 1wt be soon. They were completed on the 19th October. 

I have mentioned that an interval of clear weather began on the 25th September. Bull Run 
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and Mount Marshall were ready and at once began sllowing· heliotropes by day and magnesinm 
light at night, the latter hy a prearranged time-tahlt•. 

Bull Run being only 31.1 miles (50 knu;.) distant, exposed only the central 3.9 inches (0 111 .1) of 
the diameter of the reflector, but was always visible to the naked eye. 

1\fount Marshall also showed wit.11 U.e cap and was seen well on clear nights, but being ;;;; 
miles (88 kms.) distant, the full surface of the reflector wa8 required on hazy nights. 

Between September 25 and October 1, ten out of elenn positions were ob1-;en'ed at night, two 
positions on each for five nights. l migl1t ea1-;ily have completed the other position, but preferred 
in experimental observations to observe but two po8itions, or six series, on any one night. During 
the same time eight positions were obserYed by ua~. 

Neither Bull Run nor Mount Marshall were 8een from October 1 to 20 and 2.), when obsena
tions upon them were completed. 

Strecker did not begin to show until September :30, and Granite Hill on the next uig-ht; but 
another season of smoke set in, lasting "nearl~· three weeks, and never giYing us perfectly clear 
weather until just as we had wrung the observations out of the pPrsistent haze, ahout the middle 
ofNo"Vember. 

By dint of close watching, all observations were closrll hy the 311 November, excl'pt a fow hy 
day upon Wolf and Granite. These detained us until the 19th November. 

The following table exhibits the time of beginning and closing obserrntions 011 each station, 
and the number of days and nights on which each was obsen'ed: 

i No. of days : 
' obsen·ed. I 

I 
I -·------------.·----- --· --- . 

IletWf!Ctl-

I ' I 

I 
Eull Run ··-· ___ .. ; i September 23 aml October 2:; _____ . ·--. 

:Marshall._...... . . September 25 and October 30. __ . _ ... - . 

I Wolf ..•. --- .••••. ; ll ' October 20 and November 19 _____ _ 

I 
Granite ..••••...... 1 10 October24-andNffvernherlU ........ . 

Strecker ....... -.. i 8 l September ao and N O\"elll lier 3 . -... - - - . 

lletween-

September 25 and Oct-0ber 20. 

6 i September 25 and October 2..'i. 
~ Oetnllr:r ~O and 1\ovember 3. 

October 1 and November 1. 

S{'ptemher ao and October 2U. 

---~~- --~~ ----~~--~ ·····----- ·····- ····-·-···-·-· --·---- -·-----------··----~------,. 

Wolf was ready, but through some mistake did not show at the right time on Octohl:'r 1. '" e 
saw neither \Volf nor Granite between October 1 aml 20. 

These two stations showed the umnense a<h-autage which the magnesium light hail ovpr th<> 
French apparatus in hazy weather. ·while the maguesinm light at \\olf Hill w:18 clearly Yisihle, 
sometimes t.o the naked eye and always in the telescove, when wt• could not make out the outline 
at sunset of either Wolf or Granite, the French light at Granite Hill could barely be seen in the 
telescope with all light cut off, and it would uot bear light enough upou the cross-hairs to enable 
us to observe it. It was showing with full size of the objective of the collimator, 7.9 inches (Om • .'.!), 
Wolf showing with only 3.9-incbes (Om.I) diameter of reflector, or, in inches, the French light was 
showing with 50 square iuches of reflecting' 1mrfa.ce, and the mag11esium light with but 12 square 
inches of effective reflecting power. The French lights on clear nights made very pretty marks to 
point upon. The light was generally tinged with red, and had not intensity enough to trouble us 
with irradiation, while the white light of the magnesium would sometimes appear t-Oo large for 
delicate pointing, even when showiug with a cap. 

On all the lines and with all the lights, but Strecker, during the whole season, the same 
steadiness and clearness of outline was found that we had obsened in North Carolina. 

The line to Strecker ran near the surface, and crossed the Potomac twice. Exhalations from 
the surface and from the river caused greater irregularity in the observations upon this signal, 
both by day and night, than upon any other. 

But the irregular motion or dancing by night never equalled that of the same signal b~' day. 
I feel now sure that we may depend upon the hours from sunset t-0 midnight, on ever.r clear 

night, as good for observing; and I now fear lateral refraction at night so little that I should advise 
observation to be made as rapidly as possible, closing un the ohservations in as short a time as the 
weather will allow, instead of distributing the observations over a certain length of time to get rid 
of possible lateral refraction at any one time, as has been the general practice. 
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Lateral refmction, as a chief source of error in geodetic observations, was not suspected, so far 
as I can discover, until early iu the present century. Delambre writes (Bal'ie Metrique, vol. 1, p. 
lOfi), "S'il existe une refraction laterale, comme J'ai ete parfois, tente de le croire," &c. 

I take !ateral refraction to be due to unequal heating, causing unequal density, of the diflerent 
media through which geodetic lines of sight pass. If I am right, it follows that it is likely to he 
greatest during the day and least at night. 

·with the introduction of position-instruments with fixed circles of graduation, the signal could 
be followed, and iti; variation from its natural position noted by its different readings upon the 
limb, while, also, the phenomenon seems to be one occurring more during the day than during the 
night. 

Tbe French geometers adhered to the repeating circles long after American observers had 
given them up. English observers never used repeating circles. 

As late as 185:3, Colonel Peytier, in an elaborate description of different geodetic instruments 
then in use, gives the preference over position-instruments to repeating circles, (Memorial Du Depot 
General de la Guerre, vol. 9, pp. 398-401). I have used too many repeating circles successfully to 
say one word against them. With care and constant attention, no better instruments can be found 
of a size from 6 to 12 inches (0111.15 to orn.30) diameter, but the successful use of them depends entirely 
upon the power of the clamps and tangent-screws to maintain immovable the relation of the 
verniers to the graduations during a series of repetitions. I do not believe this fixity of tenure 
can be maintained with instruments of greater diameter than 12 inches, and even with these the 
most vigilant care is necessary. 

Position-instruments, of a size from 16 to 20 inches (Om.40 to 0'".50) diameter, must take their 
place in all great geodetic operations. Also, while the French circles by Gambey and others are 
admirably gra(luatPd and constnH'ted, t11eir tt>h·scopes are always too small, and have 1wt sufficient 
space-pe11etrating power. 

:M;v methods of ob:-;erving were those usual in my party for the vast twelve years. They are 
all directed to the i;olution of the problem" ~What are the most probable directions of certain lines'" 
which iR the question we ha'''"' to solve with all" direction" or "position'' instruments. All observa
tions are referred to the "initial point" or "reference mark," which enters into eYery series ob
serTed. 

I 11:we found hr the experience of many yearn that eleven positions, with three series in each 
p()sition, gfres a resulting relation of the station observed t-0 the mark, with a precision having a 
mean probable error of less than 0".2 to the mean, aud less than 111 for any single result. 

The 20-inch (Om.5) theodolite, No. 113, used by me has three microscopes and micrometers, 
reading to seconds. As each series consists of a pointing, telescope direct, and a pointing, telescope 
reversed, upon each signal in the series and upon the mark, twelve different graduations are read 
upon in each case. In the first position, the microscopes are set to read oo, 120°, 24-00, nearly, 
upon the· reference mark, when three series are observed, and the reading upon each signal 
recorded. 

Then the microscopes are set to read Jl.?f-0
, 320 43'.6, nearly, from the first reading, and three 

series are again observed in Position II. 
Position III and the others follow, the microscope being set at 2 (.a.l1J1.

0
), &c., upon the mark in 

each new position. 
Eleven positions are taken because it is a prime number and is not a factor of two or of three 

(tiro positions of the telescope direct or reversed and three microscopes). 
It follows that the final direction is the mean of thirty-three series, read upon one hundred and 

thirty-two different graduations, and that it has not been possible that the same graduated division 
shall have entered twice into the result. 

This method was pursued with the day and night observations, which were kept as distinct as 
if made at separate stations. The only difference was that at night the cross-hairs of the telescope 
were illuminated by a small lamp attached to one of the pillars supporting the theodolite, with a 
counterpoise weight attached to the other pillar, and the microseopes were read by a lantern with 
three square sides of plane glass anti a melial slide or door upon the fourth side. 

The method of reading with this form of lantern WM practiced by Professor Boohe aft.er 18«, 



 

UNITED STATES COAST AND GEODETIU SURVEY. 105 

and has been ~lince hy all observers taught iu his school. It throws a square light upon the 
reflector attached to the microscope aud giYe8 a minimum of heat, arnl no opportunity for possible 
side lights and shadows at irregularly cut divisions, while it has the merit of tlie greatest simplicity. 

The telescope of theodolite No. 11:.1 has good detiniug aml space penetrating IJOWer. Of its 
three eye-pieces I haNe used the lowest power of 58 as best suited for obsernitions upon poinb; in 
the horizon. With this description of the meam; employed I now giye the resulting directions 
obtained from the observations: 

I I i 

I 

Stations. i Ol>served direc- I 
[ tions, day. 1 

~~-----~·1 

I I 0 I 

:Mark ....•...•..•..... , 00000.0 ,. ................... . 

: Bull Run ............. ' 45 27 15. 642 

! llount Marshall . . . . . . 6!i 36 .50. 710 
0.52 

0.83 

0. 0!!4 

0.151 i 

Ni~ht. i r I R i ._,_!_I 
I /I \ II 

·--·-·i·······-··: ......... . 
15. 927 0. 47 0. 082 

50. 71~ • 0. 69 0. 118 

I Wolf.. .........••...•. 1. 207 4G 15. 497 i
1 

O. 77 0.133 15. 233 0. 69 0.120 

I 

Granite . . . . • • . . 209 55 11. 224 I O. 54 O. 095 11. 115 0. ,51 0. 088 

Strecker............... 338 23 34. 873 ! Q. 7:. 0. 130 . 34. 830 Q. 88 I 0. 153 ' , ______ , __________ , 
~ .................. : 0. 68 0. 121 I ............ ' o. 61 I 0. 112 i 

-- ,, I I 

All are indiscriminate means of 33 series in 11 positions. The.r are direct results from the 
observations corrected for run of the microscopes, but not combined by least squares; r and U, 
represent the probable errors of a single result and of tllc means. 

If the means and probable errors of positions are taken, tlle resulting directions will be the 
same, but the probable erron; will be as follows: 

____ s_ta-tio_n•_--··"·- Day. r' __ , __ R'__ __ N_ig-ht_·-i~-r'_l __ R_' _i 
! I J 

Bull Itun •..........•. i 15. 642 o. 41 I o'.
1

123 15. 937 o. 36 I 0.108 

Mount Maroh11ll ...... 1 50. 710 o. 57 0.181 50. 712 0. 38 I O. Wi 
Wolf ...............•. : 15. 497 o. 71 o. 213 lo. 23:! o. 58 0.174 

I 

Gr:mite ............... ; ll. 224 O. 4~ I 0.126 Jl.115 IJ.:l8 O. ll5 

Stt"ecker .............. : 34. 873 o. 65 o. 197 
1 

3-J. 830 . 0. 80 0. 2-11 
: I --.· I --------- . --~----=·~j _ 0. 55 _1_~~~_8_ i I ••••••••••• I 0. 50 I 0.151 

in which r' and H/ represent the probable errors of the mean of a position and of eleven positions 
The indiscriminate mean best represents the obserYations, but I give both for the purpose of com
parison. 

The discrepancies in the resulting directions of Bull Hun and Wolf stations by the day and 
night observations seem to be accidental at °"Volf, but at Bull Hun eight out of eleven positions 
give a larger angle with the mark by night thau by day. I am wholly unable to give any reason 
for this difference. So far as the observations are concerned, tlley are all of equal value and all 
appear good. The night results fill all triangles better than the others, but there is no other reason 
for giving them preference. 

It will be seen that the probable errors incline slightly to the side of the night obserrntions, 
but the difference is so small th1tt I am inclined to give them equal weight and to consider the 
relative precision as equal. 

I desire in this connection to repeat and emphasize the statement, that each series obser,·ed bJ· 
day has been simpl;r a duplicate of another, series ooscrved at night. 

The instrument, the observers, the methods of reading and pointing, and all conditions depend
ent upon the modes of observing have been absolutely identical. 

The only differences have been in the character of the signals observed and in the times of 
observation. 

At Granite and Strecker the heliotrope by day was also the light at night. At tlte other sta
tions the utmost care was taken that the light at night should be in the identical line of the helio
trope a.nd an eccentricity exceeding 0.39 inch (Orn.Ol) was impossible. 

I have mentioned, on page 97, that in 1874 I had fitted up two "student lamps" with refiect
S. Ex.12-14 
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ors, but that my partial trial with them was not successful. These had been set up at Sugar Loat 
Mountain for illuminatiou of our camp in observing nights. The degree of intensity of light from 
them compared so favoral1ly with that of the French apparatus that I '\Yas led to believe the trial 
in 187 4 to lrnYe been not altogether a fair one. 

On tlie 10th ~ovember, \Yl1en all obsenations were nearly completed, I sent Mr. J.B. Boutelle, 
with one of the1>e lights, to Bull Run Mountain, distant 31.1 miles (50 kms.), to test it. He arrirnd 
at the mountain 011 the 11th, at Runset. I, looking southwest, was barely able to make out the 
faiutest possible outline of Bull Hun .:\fountain, and Mr. Boutelle, looking Hortheast, could not see 
anything of Sugar Loaf. Ifat lie placed hil:l light upon the heliotrope stand aud pointed it at the 
raug·e-mark used in heliotroping. 

'I'o my gwat sur1>rise aml delight, it was at once visible in the telescope at Sugar Loaf, show
ing clear~ bright, srnall, rou11d, aud steady, bearing the full illumination of the cross-hairs, which 
11eithe1· of the French lights would bear. lfa'> brightness was about that of a fourth-magnitude star 
in the same telescope. Like the magnesium, or any other reflector lamp, the front must. be closed 
hy a plane-glass co\-er on wintly nights. A meniscus lens is best, but a box with a pane of glass in 
frout: answers ver,"1- well. 

H is elieap, simple, and easily carried. It is capable of manipulation by any person of fair 
iutelligeuce. That it can be correctl;r pointed is shown in this case. I think it max be used to 
a<lrnutage wherever the French light cm1 be, or for all distances up to 40.ri miles (70 krns.). Beyonu 
that, it will he safest and cheapest to use the magnesium reflector. 

Tlie experience of the season enables me to state with some precision the cost of the magnesium 
light, so much superior to every otller yet tried. The success, iu two instances, of burning the 

Hght by a time-table7 estab
lisl1ed that method as per
fectly practicable. It 1·educes 
the time of burning it to 20 
minutes per hour, or to 80 min
utes for 4 l10urs of observati9n. 
\Yith a delivery of ribbon of 15 
inches per miimte, the cost will 

- '\ -=~"--, he $2 per night for each light 
( /-~r .. ~ used. The average number of 
t- _ )'\ ·-. -~ primary stations observed upon 

C )L i J at any one station is six, of 
_'-::-~~-I" wl1ich three would require tile 

'( ;._!,JJ / magnesium light, ~aking the 
::::::Y expense $6 per mght. The 

Viow ofhdiotrope sland and hnt from which magnesium lil(bt was ol10wn at Mount Marshall. 11igl1ts when observation would 
be practicable and the light1S burned may be taken as averagiu three in a \Yeek, or seven nights 
at each station. 

Of course, an attendant must be paid for where any form of night-signal is used. We have 
usually paid our heliotropers $1 1wr day, without subsistence. I found no difficulty last season 
iu erriploying the same men for night duty at au additional pay of fifty cents i)er night, or $3 for 
six stations. 

The cost of putting Ull small huts at each station, like that here shown, and providing material 
needed, may be estimated at $'.!0 each. 

Apart from the first cost of apparatus, we should therefore have as the additional daily cost of 
night observation for a primary triangulation-

!. Additional })ay of six heliotropcrs ... __ . . • . . . . . . . . . . . . . • . . . . .. . . . . . . . . . . $3 00 
2. Additional cost of burning three magnesium lights every other night-. - - . . 3 00 
3. Additional cost of kerrnsene oil for three lamps .•••..•... - ........... - • . . . 20 
4 . .Additional cost of building and suppl;ying six huts, at $20 each, in a survey-

ing season of five months ....................•••••••••••.•... , ......• · 80 

Whole additional daily cost • . . • . • • • • • • • • • • • . • • • • • . . . . • . • . • • • • • •• • • 7 00 
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To offset this additional party expense there will be-
1. The shortening of time required in occupation of each station by the addition of four observ

ing hours after sunset on e:u~h clear day. The a•erngc time of ohsen-ation by day being two hours, 
this time will be tripled on each clear day and night. 

2. Necessity for encamping at many stations may he a>oided, where now the prohahilitics of 
a long detention and the lack of any decent quarters within a reasonable distance require the 
transportation and use of equipage. 

3. Assuming the present aYerage cost of each primary station to be $1,000, the occupation of 
only one more station in a season where uight si1wals are mwll would pay the a1Witional expens•~, lmt 
it is probable that at least three more stations will be occupied, and time, which iR money, sa•ed. 

l\luch of tl1is must be matter of estimate and conjecture, but I hope to demonstrate all I assert 
if I ha•e three more seasons of obsen-atious, and am supported by yon ~ith the sam(• generous 
confidence that yon gave me last year. Under any circumstances, more time is now spent at 
every primary station in 'l>aiting than in ohserYing. H is probable thi8 must ahrnys be the case. 

Colonel Peytier says (m~morial du Depot de la Guerre, Vol. 9, p. 38fl): 
"·with series observed under bad couditions, we risk altering the mean instead of bettering it. 

Geodetic stations being usnall~- in high })laces, often far from villages affording an;y resources, one 
can understand in such circumstances the impatience of obsen-ers and their desire to finish their 
stations promptly. Nevertheless, if there is any 011e q 11ality esseutial to au ohsen-er it is patience. 
With it and a good instrument he will always succeed in obtaining good results.'' 

I am obliged to <lifter -with M. }f. Perrier and Bossot iu their condemnation of reflectors and 
their substitution of ''optical collimators." They say, tts I han• quoted on page 101: "For uight 
signals we have given up the use of·refiectors, which could not always he exactly pointed, are diffi
cult to keep in adjuo;tment, arnl mui,;t hm·e considerable dimensious when the sides of triangles are 
from 40 to 50 kms. (25 to ;31 miles) long, and we ham adopted the use of optical collimators." 

These eminent obserrnrs state in reference to reflectors: 1. They cannot always be correctly 
pointed; 2. The;y are difficult to keep in adjustment; 3. They require large dimensions when show
ing upon sides of 40 to 50 kms. 

These statements are erroneous, as my experience tends to disprove them. I will, howm-er, take 
the statement in detail and give e•irlence tl1at reflectors can be corn•ctly and easily pointed; that 
they ha Ye few and simple adJustments, not easy to put out of order, and that the,y are vil"ihle to t11e 
naked eye at 37.3 miles (60 km<;.) with a diamet.er of 3.9 inch (Om.I) when the light of l\L Perrier's 
''01)tical collimator" with a diameter of 7.9 inches (Om.2) could not be seen in the telescope. 

Examining the drawing of the magnesium lamp, a pointer will he noticed under the mi~ldle of 
the reflector. A line is drawn upon tl1e top of the stand placed o\·er the station point in the 
vertical plane IMssing through that point and the station to which the lamp is to he shown. The 
foot·screw behind the clockwork and the pointer under tlw reflector are placed in this line, and 
the front face of the reflector is made vertical by the foot-screw. This is all the pointing ucccssary, 
and it has not failed to direct the light :wcnratcly and rernler it Yisible at distances from :.n.1 to 
65.2 miles (50 kms. to 105 kms.). 

None of the reflectors used are true paraboloid!'; all ha ye more or less di\-ergence of rays. So 
great is this divergence tltat the lieliotroper at Bull R.un complained that he saw the timl'-t<ig-11al 
flashed from Sugar Loaf to Mount Marshall and was coufused b~- it. Looking at the dirPctious on 
page 105, it will be seen that the angle at Sugar Loaf between Bull Run an(l l\:Iarshall is onr :!(P. 
Exact pointing with it is not, therefore, as necessary as it is with the French optical collinmtor. 

The other reflector with the "student lamp" is pointed in mi equally simple manner. That it 
is effective is shown in the account of our experiment with it preYionsl,,· gi>en. 

The only adjustments of the magnesium reflector light arc to keep it won ml up, occasionally to 
adjust the spring shown at tlrn top of the clockwork, to keep the deliven- of the tape at 15 inches 
(0.38) per minute (which is done by the otlieer posting the lteliotroper), and to keep correctly 
pointed the direction of the line upon the stand in which the foot-screw and pointer are placed. 
This can be tested on e·rnry clear day with a couple of pins. Also, to keep the time-piece wound 
up and to tiet it every night by the time-signal given from the obserrnr's station. The person in 
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charge has then simply to sit by his light and extinguish it at the time given in the time-table for 
him to "begin" and "stop." 

All tlds has been succ<>ssfully done at Bull Run, 1\fount Marshall, and Wolf Stations by 
uneducated me11 of onlinan· intelligence after a >ery short. training. The apparatus is packed in 
a box 16 b~- 14 by 16 inches, with clock, lantern, and other needed accessories, the whole weighing, 
when packed comJllete, 4.0 pounds. The "student lamp" has still simpler adjustments. It is 
aligned by placing one foot-screw and a pointer under the center of the instrument upon the line 
on the top of the stand representing the line of sigM. The front edge of the reflector is set 
parallel to the support,ing rod and perpendicular to the line of ~ight, and it is levelled by the foot
screws. It is inclosed in a box haying a plane-glass front to keep the flame steady in windy 
weather, and, being lighted at sunset, rarely requires any further attention up to midnight. Packed 
in its box for transportation, the whole weighs 25 pounds. From our test of it in very thick 
weather, at 31.1 miles ( 50 kms.) distance, I think we may rely upon it in clear weather up to 43.5 
miles (70 kms.). 

"\Yith regard to larger dimensions of reflectors, at distances from 25 to 31 miles (40 to 50 kms.), 
I have already stated that the magnesium reflector of the same size as the o~ject-glass of the col
limator, 7.9 iuches or (Om.2), was visible to the naked eye in June, 1877, at distances of 39.l and 65.2 
miles (63 and 105 kms.) in the moonlight. Again, in October, 18771 it was olnmrvecl for three suc
cessive nights at 35.4 and !i8.4 miles (fi7 and 9+ kms.), being always visible to the naked eye. 
From Sugar Loaf Mountain to Bull Run and "\Volf Stations the distances are 31.1 and 40.4 miles 
(50 and (i5 kms.). At these stations the aperture of the reflector was diminished to om.1, but the 
lights were always visible in the telescope, and often t-0 the naked eye, when the smoke was so 
deuse that the outline of tlw distant station could not be seen M sunset. 

'fhe "student lamp," with a reflector 0"'.'.211iameter, was visible in the telescope at 31.1 miles 
(50 kms.) distant, when tlie outline of the mountain was invisible at sunset, and the smoke continued 
all night. 

The French lights as received from France weiglied each, packed for transportation in two 
boxes, 280 pounds. I have already described these lights and their power as I used them. Altera
tions are now being made by which I hope largely to increase their effective power, while reducing 
the weight to about 100 pouuds, and rernlnring the:µ1 more convenient for tranl'lportation and use. 

I hope after the experience of the coming season to be able to make a decisive report on their 
mm. Any lamp burning coal-oil steadily, with cffoctive power upon long sides, whether reflector or 
collimator, will be a gain upon the magnesium in point of cost and convenience, but I very much 
doubt if it can he obtained. But some other and cheaper form of intensified light, equally capable 
of management by uneducated persons, and equally simple in its details7 may very possibly be dis
covered. 

The conclusions to which the experiments and results at Sugar Loaf 1\fountain have led me 
may be generally summed up as follows : 

1. That night observations are a little more accurate than those by day, but the difference is 
slight thus far. · · 

2. That the cost of apparatus is less than that of good heliotropes. 
3. That the ap11aratus can he manipulated by the same class of men as those who~ we employ 

as heliotropers; tliat is, ordinary residents of t.he locality, of fair intelligence without education. 
4. That the aYerage time of observing in clear weather may be more than doubled by observ

ing at nig·ht, and thus the time of occupation of a station proportionately shortened; "clear-cloudy" 
weather when heliotropes cannot show may be utilized at night. 

5. That reflector lamps, or optical collimators, burning coal-oil, as already described, may be 
used to advantage 011 lines of 43.5 miles (70 kms.) and under. But for longer lines the magnesium 
light will be best and cheapest, as being most certain. 

6. That for the present we should keep up both classes of observations, both by day and night, 
and that the observers in charge of the various triangulations should be informed of the progress 
already made, and encouraged and stimulated to improve on the methods and materials thus far 
employed in night observations. 



 

No.36 

Sketch showing relative posihons 

of' Stat.ions observed from~ 

Sugar Loaf MounJ.mn 
1879 

11
• ' ; iP I 

Stai.<LU Mika 
I J 

/Ctl.nm.A!-ter6 

' . ' 

DO{Y and .lVi:JM sb:tlkonA in full l:i.rou. 

.Dq ltalil>n8 in. h-obn li.n.u. 

Table or .Dis·tance.s 

l 8•~9ar Loof" '° B"ll RuI< r;g~ j-;;:;-\ 
I da. tn _l£arshn.1L . . I 55.Q 1· 88 51 
i .... ..do. t.o Maryland-H~f!hr.s 78.1 29.2 , 

I .... do. .. ,,, J10u:. ··-····· .. .

1
4az. 64.7 

i .de. ..... &> Gra.n;..L... -·· 43.2 16.'9.5 
..... do. ... /JO St.alil..-r ! 24. Q ,. 38. 6 

I ... dr;.. t!O Soldttrs'Horn.e 130.2 48.6 . 

I do. ,,, ns-. Ca-1•it('l .13.1. 0 I 53.1 I 
dv. tn SOYf·kr-r .:J9. 1 62.0 

du. t<J Theo.Senunary ..... . 3'.5155.6 I 
cW. to P~ru:h Grove ........ .. j 25.2 4.0.5 l 

L 

'1>Granit:R. 

Wolf't 1 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I I 
I I 

/; 
/ i 
( 

!; 
I ; 
': 

;I . / 

1Y 
'/ 
I ~ 

..... ~ ............ $._UfjarLoaf 
I "-'..__ 
,~!;, ' 

, 

\\~. -....... 
\ \ ,, ..... 
\ \ \' 
\ \ '-", 
\ \ ',' 
\ \ \ ', 

.... 

I \ \ \ 
\ \ \ 

...... 
........... 

\ \ \' 
\ \ \ \ 

\ \ \ \\ ', 
I \ ' ' 

........... ~..,,. Stnbler 

\ \ \ ' 
I \ \ '-
\ \ \ ',.Soldiers'Home 
\.. \ \ 

Pea.ch Grove \, \,,[TS. Capitol 

\ \ 
\ \ 

'A \ 
Theo. Seminar;' '),Strecker 

I 
_____ __] 



 



 

UNITED STATES COAST AND GEODETIC SURVEY. 109 

7. That to carry out (6), five more magnesium lamps and eight more student lamps be fitted 
up, giving us ten of eacb, or enough for three parties, that the method may be fairly tested. 

The estimated cost would be: 
For five magnesium lamps, including clocks, lanterns, and packing boxes.. . $250 00 
For eight student lamps, -with reflectorR aml foot-screw stands, lanterns, and 

packing-boxes complete for use. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 160 00 

Total . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 410 00 

Five pounds of magnesium tape, in tin reels of 2 ounces or 80 yards each, were purchased last 
season. Of this about two-thirds is still on !Jam!, affording a sufficient supply for two parties for 
another season. 

Yours, respectfully, 
CHAS. 0. BOT:TTELLE, 

Assistant, United States Coast and Geodetic Survey. 
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APPENDIX No. 9. 
COMPARISON OF THE SURVEYS OF DELAWARE RIVER IN FRO'\T OF PHILADELPHIA, 1843 AND 1878. 

BY H. L. J\1:ARINDIN, Assistant. 

LNITED STATES COAST AND GEODETIC SURVEY, 

Boston, 1lfass., November 15, 1880. 
DEAR Sm: In accordance with ~-our instructions, I have made a comparison of the surveys 

of the Delaware River in front of Philadelphia, one executed in 1843 by Lieut. G. S. make, U.S. N., 
and the other in 1878, by a party un<ler ill,\- cliarg-o, in steamer Fatliorner. 

The comparison extends from Bridesburg to Fort l\Iiftlin, and is contained in tlte four charts 
accompantjng this report. These charts haYe been reduce<l from the original scale of the :-mrvey of 
1878-1-4800, to a scale of 1-10000. Tracing No. 1 repreRonts the 1.:hanges iu the Delaware Uiver 
between Brideslmrg and Kensington; No. 2, from Kensington to Kaighn's Point; No. 3, from 
Kaig·lm's I>oiut to the Ilorseslioe; and No. 4, from the Horseshoe to Fort .l\Iiffiiu. (See di.arts 
accompanying this report numbered 38, 3fl, 40, aml 41). 

The charts contain the following data: 
1. The position of tbC' shore, wharf, aml low-water lines of 184-3, 
2. The position of the same lines in 1878. 
3. The differences in depth, 1843 to 1878, with the corresponding volumes shoaled or deepened. 
4. The position of the line of mid-area, which diYide8 the stream into two parts of equal cross. 

section. 
5. The position of the lines of maximum depth. 
This comparison is basrd on tlH\ divisions of 30" latitude hy 3011 longitude; these were again 

subdh'ided into ~miall rectangular figures, 2".5 longitude hy 211.0 latitude, containing 3ll,426 square 
feet.:.._something lt•ss than one acre. 'l'he mean of all the soundings within each small square was 
obtained for both surveys, and the difference noted, together with the correspomli11g volume in cubic 
yards. 

The examination of chart No. 1 shows marked changes, the most important of which is the 
extmision of the o;hoal from the north channel of Petty's Island up river to l•'ive-mile Point, where 
it connect8 with the 8hore, forming a bulkhead, with only 7 feet of water at mean low tide. Tak
ing the (i.foot curve a8 a limit for the shoal, I find the extension to have been 4,740 feet in thirty
five years; over this distance, which, in 1843, nearly represented the entrance info Petty's Island 
(north) Channel from the eastward, there was a series of depths from 6 feet, increasing to 18 and 
20 feet-this last depth where now the !Hoot limit of the shoal exists. 

There are doubtless many causes which combined to effect this change, hut I would suggest, 
as a rem;o11able one, the encroachments on the channel-way, at the lower end especially, an<l along 
Petty's Island (north) Channel. The current obsflrvatiom; of 1878 show this to be a fiood-elmnnel 
mainly; therefoni any diminution of the cross-sectfon, obstructing the free admission of the flood 
current, will have a tendency to effect the change ohscrYed. 

In sketch A (No. 42) ifl given the mean amount of shoaling or deepening over short reaches of 
the river. It will be seen that a large amount of shoaling has taken place in the eastern half of the 
north channel, and indeed as far as Five-mile Point, whereas the western half of this 1mme channel 
shows an increasP in depth; this is again the effect of the diminution of section by encroachments. 
The tendency of the current io; to restore the cross-section to its just area by deepening the channel; 
and the power of the flood current, instead of being unimpaired to keep the channel free in its 
entire length, is now spent in restoring the section to its proper dimensions in the vicinity of the 
encroachments. 

The south channel shows an increase in depth throughout, although not large. Probably the 
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gradual closing of the pasrsage into the north channel for the ebb stream must account for part of 
this amelioration of the south channel. 

The blind channel-way between the north and south ehanncl, elose fo thP poiut of marsh at the 
eastern extremity of l'etty's Island, hal'< increased both in depth aud iu width, and may in time lm
come the best outlet of the north channel to the east\yanl. 

Chart ~o. 2 (numbered 3!1) shows also l'iome change/'\, Shoaling hal'i taken place aloug the 
south side of Petty's faland, between the low-water line and the 1~-foot. eurve, an~rag-ing 
1.5 feet over this area; hut the (keper parts of thi:-; half of the south elrnnnel luiYe tleepcnc(l su 
much as to give a mean· increase of depth over the whole of O.IJ!;) foot. 

' There is a decided decrease of depth o,-er the shoal oft' the north fl1d of Smith's Islaml, with 
an extension of this :shoal trrn-anls Cooper's Point. 'l'hi:s seeim;, in a great meatoiure, a repetition of 
the working of the Five-mile l'oiut Shoal. The northern extremity of the Smit.h\; Island shoal, as 
limited b:r the 6-foot curve, was 8, 100 foet north of the i:>land in 18-h\; in 1878 1 found the north em 
extremity of this shoal :3,GOO feet from the island-au extem;iou of 500 teet in thirty five yeart>. 
The channel over the bulkhead at Cooper's Poiut has bePu m1luced iu consequenee from 840 feet 
in width and 11~ feet of water at mean low tide to 230 feet in w-illtll and 8 feet depth of water-a 
decrease of both width and depth. 

The mean change, howeYer, over this part of the river a:s far as Kaighn'1; Point has ueeu a 
general increase in depth varying from 0.-!li foot to ~.10 feet, as :,;hown iu sketch ..:\.. 

The changes to be noted over the shoal off the south end of '\Yindmill Island show an e:rnep
tion to what seemed to he a rule so far; here I find a 1ledrled increase of dPpth, awragiug ~L 7.'i ft>et 
within the 12-foot, carve as it, now stands; the maximum iuemase on~r· all,\ n11e :wm of area bdug 
9.4 feet and the minimum 0.5 foot. This shoal seems tD be effectually weariug away. 

The Jersey shore shows some shoaling for a distance off the wharf line as it now exists; hen:, 
also, I find the greatest artificial advance of the shore line into the stream, iu some cases as nmcll 
as 1,160 feet. This encroachment on the stream has probably been the meam; of deepening the 
channel-way along· its entire front from Cooper's l'oint to Kaighu's· J>oint. 

Chart No. ;) (numbered 40), from Kaiglrn's Point to the Horseshoe, containing nearly the 
whole of the last-named shoal, shows change1; over the Greem..-icl1 Point middle ground. 'l'here 
is now 17 feet of water at mean low tide ou the shoalest part of the gronml, where one sounding 
of I~ feet occurs in the survey of 18.!3. Taking the :!±-foot cun-e as the limiting line of this shoal, 
I find a mean increase of depth of 0.37 foot over the area iuclosed, with a maximum shoaliug of U.ti 
foot ou au_y oue :.wre of surface, a.nd a maximum <leepm1ing of:! t~et O\'PI' a similar arPa. The ahove
mentioued increase is deduced from a comparison of (k~ soundings found within the ~-i-foot curve. 
The shoal shows a slight elongation up and down 8tream with a decrea,se in it:s width. 

The changes on t.he Horseshoe Shoal are more marked in its shoalest parts. Taking the 6-foot 
curve as the limit, with its upper end terminating at the northern extremity of the sloug·h channel, 
I find a mean shoaling of ~.GI feet over the entire surface inclosed within the limiting currn, with 
a maximum shoaling of (i.3 feet in au~· oue acre of surface. The slough channel back of the Ilorne
shoe has deepened materially, with a maximum deepening of 5.1 feet iu any one acre of surface. 

At the lower end of the Horseshoe the shoaling is decided, and extends nearly acros:s the 
rirnr in the .direction of Eagle Point. 

Chart No. 4 (numbered 41 ), from Horseshoe to Fort l\iifiiin, gives the changes at the westeru Pllll 

of the Horseshoe, spoken of above, and such changes as ha.Ye obtained along the water-front of 
r~eague fa]and and at the mouth oft.lie Sclmylkill River. An increase of depth can be shown along 
the larger part of the south side of League Island, but the depths on the Jersey :>hore seem to have 
decreased, extending over the shoalest part of the shoal on which .Fort l\Iiftiiu light-house stands; 
in examining the depth:s within the 6-foot curve, I find an average shoaling of;) feet over the area 
inclosed. 

At the mouth of the Schuylkill River the differences in depth are Yery large, reaching in some 
.few cases 19 and 22 feet increase. These very large differences must be attributed mainly 1:-0 the 
dredging which has been resorted to, to improve this outlet. 

In sketch A ilcl given the average shoaling or deepening over .limitoo spaces of the river. 
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While explaining this sketch I will give some results taken out of tables 1and2, in which is given the 
average change in the dPpths in a uelt 400 feet wide, situated along the line of mid-area (200 feet 
on each side of the line), and along the lines of maximum depth. The position of these lines is 
given on the chart8 1 to 4, a8 al8o the }JOint of intersection witli the cross-sections, which points 
are noted in the tables for purposes of location. 

Beginning at Five-mile Point, sketch A shows an average decrease in depth of 0.993 foot as 
far llS the upper end of Petty's Islaml. Within this space section a, the belt along the line of mid
area, shows an increase of depth of 5.3 feet, and along the line of maximum depth, in the Five
mile Point channel, a decrease in depth of 1.02 feet, while the maximum depth belt i11 the ,Jersey 
shore channel gives au increase of 4.86 feet. Going down the north chaunel, section b shows an 
average shoaling of 1.017 feet in the upper half of this channel, the mid-area belt gives an increase 
of 1.2:) feet, ancl the maximum depth belt no changes. 

The western half of the north channel, section c, gives an average increase of 0.504 foot, the 
mid-area belt an increase of 1.05 feet, aml the maximum depth belt an average deepening of 1.53 feet. 

'l'he south Petty's fa land channel gfres for its upper half, section d, au average increase of 0.136 
foot, for mid-area belt au increase of 0.84 foot, aml for maximum depth belt an average deepening 
of 0.50 foot. The lower half of the channel, section e, gives au average deepening_ of 0.945 foot, 
for mid-area belt 2.3 feet increase, and for maximum depth belt an average deepening of 1.45 feet. 

Off tlle western end of Petty's Island, sketch A shows a small triangular i-;ection, f, with an 
average increase in depth equal to 1.153 feet. This section was cntofffrmn section g, the Cooper's 
Point section, in order to embrace iu t!Je latter more specifically the changes which have taken 
place at Cooper's Point and immediate Yicinity. The mid-area belt in section f shows an increase 
in depth of 2.5;'J feet, and the maximum depth belt an increase of 1.46 feet. 

Sectio11 g, at Cooper'g Point, gives an average increase of 0.468 foot, the mid-area belt one of 
1.76 feet, while the maximum depth belt on the Philadelphia si1le givns a large increase of 2.34 
feet, and the maxi11111111 de11tl1 helt oYer the bulkhead at Cooper's Point an inurease of only 0.18 foot. 
Below thi:,;, in :,;ectiou h, as far as Smith'8 faland, I find the largest average deepening of any sectiou 
of the river, equal to 2.255. fret; the mid-area oelt also gives the largest amount of change, equal 
to an aYerage deepeniug of 7.31 feet, whereas the maximum depth belt on the Philadelphia side 
shows an average i-;hoaling of 1.16 feet, and 011 tl1e Jersey side a large increase of 4.51 feet, so that, 
of the two clrn1mel-ways, the one on the Jense.r shore side has had the greatest amelioration •• 

I haYe mentioned pre\'ion8ly the marked shoaling on the Smith's Island shoal, within this sec
tion. 

The east an<l west Windmill Island channels 8how a decided average increase of depth, 
respectively, l. li'i5 feet and 1.808 feet. In the western clmuuel the mill-area helt haH deepened 2.3 
feet, aml the 11iaximum depth belt 3.44 feet. In the eastern channel the mid-area belt has deepened 
4.1 foet, and the maximum depth belt 4.72 feet. 

l<'rom the south end of \Viudmill Island to Kaighn's Point, section l, the average deepening has 
been larg·e, equal to 2.141 feet. Nearly the entire width of the river shows an improvement. In 
t!Jis section is situated the shoal off the south en<l of \Vin<lmill Island previously mentioned. The 
mid-area belt shows au increase of 4. 7 feet in deptli, and the maximum depth-belt on the Philadel
phia side girng a dnepening of 5.10 feet, and on the Jersey 8ide a similar change of ~.26 feet. 

The next section below Kaiglrn78 Point, 1n of sketch A, shows a falling off in the amount of 
change. This shows an incrcaseof 0.i17 foot, with a mid-area belt 3.50 feet deeper, and an increase 
in the maximum depth-lJelt 011 the PenusylYania side of 1.75 feet, and on the Jersey side an increase 
of 1.37 feet. 

Section n is the secolld section, which shows an average shoaling in the main stream. This 
shoaling augments as the river becomes narrower, until Gloucester is reached, when it changes 
again to an increase in the widest part of the river yet observed. In section nan average shoal
ing of 0.215 foot is obtained, while the mid-area belt still shows an increase of depth of 1.96 feet, 
with a maximum depth belt increase of 1.55 feet on the .Pennsylvania side and of 1;84 feet on the 
Jersey side. These differences show the shoaling to have taken place more particularly on the 
face of the banks of both shores, reaching in two cases a maximum change of 11.5 feet and 18.8 feet· 
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In section owe have a larger average shoaling, equal to 0.992 foot; the mid-area belt shows 
scarcely any change, while the maximum depth belt on the Penrrnylvania side haN au anmtge 
shoaling of 1.30 feet, and on the Jersey side an increase of de1)th of O.M foot. 

Section p, off Gloucester, shows a still larger average shoaling, equal tA:J 1.563 feet, with a 
shoaling in the mid-area belt equal to 0.23 foot; here the maximum depth lines, which han· ht:'en · 
separate from the starting-place at Five-mile Point, unite, and give an average shoaling of 1.:3::! 
feet in this section, so that the shoaling may be said to have been very general across the bell of 
the river. 

We now come to tlre widest part of the river, section q, witll an average increase of deptlr of 
0.543 foot; the mid-area belt, however, still gives a shoaling of 0.61 foot, and the maximum de.pth
belt also a decrease of 0.13 foot. These lines nearly coincide in tJ1is section, and run about in the 
middJe of the 24-foot channel; the shoaling within these belts, with a general increase oYer the 
whole section, shows that the channel-way has lost what the sllore depths have gained. The eaRt
ern half of the Horseshoe shoal lies in this section. 

The next section, r, as far as League Island, indicates an aYerage shoaling of 0.524 foot; the 
mid-area belt gives a very l~rge shoaling of 4.5 feet, and the maximum depth beU a decrease of 
1.17 feet. 

The mid-area line, owing to the extensive flats on the ,Jersey shore, runs almost on the edge 
of the Horseshoe shoal, where greater changes are found than obtain in the bed occupied by tho 
belt of maximum de11th. 

The next section, s, embraces about"one-third of tl1e League Island shore, and shows an anw
age increase of 0.299 foot, while the mid-area belt gives a decrease of 1.75 feet, and the maximum 
depth belt a shoaling of 0. 77 foot. 

The section off the middle of League Island gives a larger increase of depth than the previous 
one, equal to 0.491 foot, wilh a corresponding increase in the mid-area belt of 1.05 feet, and also in 
the maximum depth belt equal to 0.66 foot. 

Section 1i, the last division off the western end of League Island, once more changes fo a gen
eral shoaling of 0.233 foot,. with a 0.95-foot shoaling in the mid-area belt, and a similar cliange of 
0.35 foot in the maximum depth belt. This section includes a la.rge pill't of the shoal on which 
Fort Miffiin Light-house stands, which has previously been shown to have shoaled extensivelr. 

The average change along the entire mid.area belt, from Five-mile Point to the mouth of the 
Schuylkill River, by way of Petty's Island (north) channel and Windmill Island (west) channel, 
is an increase of depth of 1.642 feet. 

The change in the same belt by way of Petty's Island (south) channel and Windmill Island 
(east) channel is an increase of 1,759 feet. 

The changes in the maximum depth lines from Five-mile Point along the Philadelphia shoro 
to section p, in sketch A, where a junction takes place, is an increase of 1.12 feet. 

For the belt along the Jersey shore, ru:i far as section p in sketeh A, there is an increase of 
2.33 feet. 

From Gloucester, section p, the average change in the maximum depth belt, as far as the 
Schuylkill, shows aii average shoaling of 0.29 foot. 

The change in the maximum depth belt for the entire distance-Five-mile Point to the mouth 
of the Schuylkill River, on the Philadelphia shore-is an increase of depth of 0.68 foot, and br war 
of the Jersey side of the stream, an increase of depth of 1.54: feet. · 

In the foregoing comparisons I have confined myself to the present limits of the river, as 
defined by its present shore and wharf lines. 

All of which is respectfully submitted. 

Hon. CARLILE P. PATTERSON, 

HENRY L . .MARINDIN, 
Assistant, Coast and Geodetic Survey. 

Siuperintenilen,t United States Coast and Geodetic Survey, Washington, D. 0. 
S. Ex. 12-15 · 
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TABLE 1.-MID-AREA BELT. 

Average differences in depth, in belt 400 feet in width, along line of mid-area, 1843 to 1878. 
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TABLE 2.-MAXIMUM-DEPTH BELT. 

Average differences in depth, in belt 400 feet in width, along the lines of maximum depths, 184:) to 1818. 
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TABLE 2-0ontinned. 
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SUPPLEMENT TO REPORT DATED NOVEMBER 15, 1880, ON THE CHANGES IN THE DELAWARE RIVER 
IN FRONT OF PHILADELPHIA. 

BOSTON, MASS., December 9, 1880. 
In the accompanying tables, Nos. 3 t.o 10, are given, :first, in Table 3, the widths of the stream 

at high and low water for the years 18:!3 and 1878. These widths are measured on the cross-sec
tions on which current obscrvatiorni were made in 1878, and the positions of which are accurately 
descril1ml in Professor Mitchell's report, printed in Appendix No. 9 of the Coast and Geodetic 
Survey Report for 1878. Fifty-six of these cross-sections were measured between Five-mile Point 
and the mouth of the Schuylkill l{,iver, distributed as follows: Tliirty.seven sections in the main 
stream, six in Petty's Island (north) channel, seven in the south channel, and three in each of the 
Windmill Island channels.• 

Tlie mean changes in the width in certain reaches of the river, from. Table 3, and the c11rre
sponding changes of superficial area, from Table 4, are as follows-(it may be here stated that the 
areaioi giYen in Table 4 were not derived from the measurements given in Table 31 but were meas
ured wit.h a planimet.er on the original sheets of the two sun'eys): 

The three cross-sections between Five-mile Point and Petty's Island give an increase of width 
at high-water of 43 feet, and a mean increase of the same at low. water of 287 feet. This large increase 
at low-wafa:1r is mainly due to the measurement on section 1, which happens to pass over a spur of 
the low-water strand. The areas from Table 4 do not show so large an increase as the above meas
urements would call for~ the high-water stage has increased 449,600 square feet, or li per cent., 
and the low-wa!Rr only 246,400 square feet, or three-fourths of one per cent. 

In Petty's Island (north) channel there has been a diminution of width for both high and low 
water stages, respectively, 362 feet and 254 feet. The high-water area shows a loss of 11935,2011 
square feet, or 7~ per cent., and the low-water a decrease of 228,600 square feet, or Slightly in excess 
of one per cent. 

In the south channel of Petty's Island a decrease is given for both stages; 202 feet for high, 

*for position of tb.ll!W crose-11eotions1 see Sketch B (No. 43) •. 
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and 44 feet for low water width. This is deri>ed from the measurements of ten crosR-Rections. The 
high· water area has diminished 431,120 square feet, or 1~ per cent., but the low-water area i:iliows 
an increase of 36,000 square feet, or one-tenth of one per cent.; the seeming disagreement he. 
tween the measurements of the sections aud the areas as given in table 4 is owing t-0 the fact that 
the cross-sections are few in umnber, and fall, in the last case, just where a decrease of wicltll 
occurs at low-water. 

From Petty's Island to Smith's Island, the diminution of width is large and general, rnrying 
from 55 feet on cross-section 17 to 1,010 feet on cross-section ll'i, no case giving an incn•ase of 
width. Tbe a>erage from nine cross-sections gives :H5 feet decrease for high-water and ;{91 feet 
for low-water. The areas in this reach of the river show a loss for each stage--for high-water, 
2,24-7,200 squa,re feet, or 8~ per cent. of the original area, and for low-water, 11911,400 <1quare feet, 
or 7.6 per cent.; the encroachment ha8 heeu made chiefly along the New Jersey shore, at and 
l>elow Cooper's Point. 

In the west channel of Windmill Island the high-water stage shows a diminution of width of 
120 feet, with a loss of area of 208,000 square feet, or 6~ per cent. The low-water cross-sections 
give a decrease of width of 74 feet, with a loss of area of 227400 square feet, or seven-tenths of one 
per cent. of the superficial area of 1843. 

In the east channel of Windmill Island the decrease of width, from the measurement of three 
cross-sections, is 557 feet for high-water stage, with a loss of superficial area of 1,200,400 square 
feet, or 17ft per cent. The measuremeut of the same sections for low-wat€r stage girns a decrease 
of width of 450 feet, with a loss of superficial area of 897,:WO square foet, or 15~ per cent. 

From the south end of Windmill Island t-0 crosfl·section No. :n, at GloncPster, the mean width 
shows a decrease of 594 feet for high-water, and a loss of i,:;uperfkial area of 7,118,880 square feet, 
or 10¥ per cent. .At low-water the decrease in width is 280 feet, with a loss of area of 4,170,680 
square feet, or Si per cent. 

From Gloucester to the east end of League Island, comprising the whole of the Horseshoe shoal, 
aml the widest part of the river yet examined, there has not been any marked change in width at 
high-water, the area showing an increase of 4077520* square feet, or about one-half of one per 
cent. The low-water width has increased considerably, the measurements on cross-sections 38 to 
42 giving an average of 284 feet, and the superficial area an increase of 1,272,320 square feet, or 2i 
per cent . 

.Along the frontage of League Island the width has decreased 33 feet for high-water stage and 
71 feet for low-water; this is derived from the measurement of fi're cross-sections. The area at 
high-water shows a loss of 54,400 square feet or seven-tenths of one per cent., and at low-water 
the loss is 409,280 square feet or 1.3 per cent. These last measurements bring the examination 
to the mouth of the Schuylkill River at cross-section No. 47 of 1878. 

The general change over the entire distance from Five-mile Point to the mouth of the Sehu_yl
kill, embracing the channels around Petty's and Windmill Islands, as de.riYed from fifty-six cros::;
sections, is a diminution of width of 312 feet at high·water and a similar change of 155 feet at low
water. The change in superficial area is a lo8s of 12,337,080 square feet or slightly in excess of -!} 
per cent., and for low-water aJso a loss of 61079,840 square feet, or slightly in excess of 2!} per cent. 

In Table 5 will be found the changes in the volume of the tidal prism for certain diYisions of 
the river. In making the computation the strand between high and low water was regarded as an 
inclined plane with a mean depth of 3 feet, but the depth over the low.water are.a was the full rise 
of tide equal to 6 feet. The loss in the tidal prism between Five-mile Point and the mouth of the 
Schuylkill is 56,1901760 cubic feet, or 3~ per cent. 

Tables 6 to 10 gi\'e comparisons of cross-sections at five points between Brideslmrg and 
Smith's Island. They conta41 the area of cross-section in 1843 and 1878 with the position of the 
line of mid-urea. In the cross:section off Bridesburg, Table 6, the mid-are~• line indicates a, shift 
of the whole stream towards t,he Peunsylvania shore. In the Five-mile Point 1mction, 61500 feet 
below the former, the mid-area line indicates a movement of the stream in the opposite direction 
towards the New Jersey shore. 

•This area i11 a. close a.pproxima.tion, as the high-water shore-line is missing for a short distance on the Jersey 
shore, near Big Timber Creek, survey of 1843. 
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In Table 8 is a crosR-section on a bar in the north channel of Petty's Island off Richmond; the 
mid-area line inclkates a shift of the stream towards Petty's Island. 

Table 9 coutaim1 a cross-section in the south channel, also, over a bar oft' the western end of 
Petty's Island; in this section the mid-area line indicates a movement of the stream of .210 foot 
towards the Camden shore. 

Table 10 givm; a cross-section between Cooper's Point and Smith's Island; bere the mid-area 
line indicates a shift of the stream of 108 foet towards the New Jersey shore. 

Very respectfully, your obedient servant, 
HENRY L. MARINDIN, 

Assistant, Coast ana Geodetic Survey. 

TABLE 3.-Widths of the Delaware River at high and low water in 1843 and 1878, from Five-mile 
Point to the SchUiJjlkill River. 

On c.ross-soo- I
I Width st high- I D""erence . 

water. .w-• 6 
Width at low· 

water. Dilferences. 

tion No.- 1-----c---i------
1843. I 18'78. Inerease. ~ Doorea.se. 1843. 

---l------!-~--

1. ........... 1 :~ ~~ Fu~ 1---~~~'.·... ;,e~~o 
z ............ 

1 

5.910 5.960 50 
1
.......... 5,530 

3............ 6.00il 5,990 ······--··1 . 10 5,710 
4 ..........•. , 2,810 2,845 35 •••.••.••• 2,525 

:::::::::::::: ~::: I ~::~ ::::::::::1 ~ I ~~~~ 
1 .•.••..•••• ., 2,450 I 1,720 --········/ 730 1,760 
8--·--··-··--'. 2.170 I 1,350 .••••••... 

1 

820 1, 700 

:::::::::::::i-·-~-~~--1 ~: ::::::::::-····;;~-- i:~ 

:::::::::::j :::: I :::: 1: ii:::.:::::: ~:: 
7-----······· 1,945 1,510 ···----··· 435 1, 510 
8... •.. . .. . . . I, 800 2, 080 19() •••. •• . . .. 1, 270 

Q............ 3,720 2,690 1,030 2,150 

10 .•••••.••.•• •••••••••• 

11-- --······ --
12 .••••• ·---·· 

13 ...... ··--·· 
14 .•.. -...• - . -
15 ........... . 

16------ ..... -
17 ••••••.••... 

111·----- ·--. --
19 ........... . 
20 ........... . 
21 .•••••.•••.• 

22- - . -- - - .. - - . 

20-----·-----· 
:n ...... ·····-
22 .•••••.•••.• 

23 •••••.. : •••• 

24--···· ··--·-
25 ........... . 

26----------·
:n .......•.... 
!IS--- --- ·---. -

211------·----
:w ...••.••.... 
31---·--··----
32 •••••••••••• 

33----·-·----· 
84 ........... . 

4, 070 

3,380 
3,2W 

3, 370 
3, 880 

3,010 

3,840 
3, 970 

3,SlO 

1,05-0 
l, 120 
1,030 
2,240 

2,750 
2,890 
4,100 

3,800 

3,740 

4,000 
4,880 
3,950 
5, 280 
4,4611 
3,800 
3,430 

3,5i0 

3,'10 

2t D55 

3, 740 
3, 270 

2. 970 
3, 2~0 

2, 370 
2, 8'70 

a, 785 

3, 630 

3, 090 

S-OS 

J, 070 

900 
l, 500 

I, 760 
2, 800 
2, 710 
a, 740 

2,650 

2, 715 
2,005 

S,930 
4, 84o 
4, 140 
2, 000 

3,440 
a, 300 
8, 200 

l--------·-
1 ......... . 

1 ......... . 

l--·--·--··1 1··--·---··1 

l,[:.:~~~~~~11 . ........ . 

1···---·-·· 

!
·-····~~-· 

............... 

Q30 

110 
270 
130 

1, 010 
HO 
55 

340 

7211 

242 

50 
70 

650 
9ilO 
ao 

1,390 
110 

1, Ollll 

1,345 
1,975 

20 
420 
320 
84(1 

2, 7l'O 

4, 0-00 

a, 370 
3, allil 
3, 190 
3, 270 
a, om 
a, 590 

3, 600 

3,520 

1, 000 

1, 070 
990 

2, 130 
2,080 

2, 1{)5 
3, 200 

3, 000 

3, 120 

a. 080 

2,980 

3, 170 
8, 070 
2, 1170 
2, 700 
2, 780 

2,000 

2,600 

Remarl<s. 

1878. ~1Decr".""c. --------~-----------·---
Feit. Feet. I Fut. 
2,485 4rn .......... At Five-mile Point. 

5,855 32,'; ------·-·· 

5,830 120 ]---------· 

·::~~ :::::::J 1~ ) 

l, 790 180 Jn Petty's Island, north ch&nnel. 
1, 550 210 

1,200 •••.•••••• ] 000 

1,230 1---·······i 440 
1,885 .......... SS ) 

l. 740 -----· •..• 1 16() I 
1, 740 160 ,. •••••.••• 

~: ~= 
00 

' .•••• ~~~-· rln Petty's Isll>ml, south clmnnel. 

2.120 30 I 
2, 525 175 J 
3, 740 

3, 270 

2, 000 
2, 960 
2, 300 

2, 870 

3, 050 
2, 880 
3,090 

3,000 

2,600 

2, 715 

2, 840 
2, 700 
2, 700 
2,360 

2, 560 

2, 3'70 
2,530 

2,~ 

260 ) 100 

130 

23-0 I 970 
From west end of Petty'• Island to Smith's 

lW Island. 

540 
720 
1,3() 

192 } 
00 In Windmill Ialand, west channel. 
3() 

540 } 
385 In Windmill Island, east cbanneL 
425 

490 
60 ......... . 

470 
365 

HO 
470 

370 
610 
140 
410 

At old na-vy-ya.td.. 

At Kaighn'• Point. 

30 •••••••••• At Greenwich Poini tloA1 wharvee. 

Uo 
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TABLE 3.-Width of the Delaware River at high and low water, &c.-Continuecl. 

Width at high- I Differences Ii Width at low- I Ditfercn~-e-s.--1----------------
0n cross-sec- water. . water. Remarks. 

tion No.- I I I I ' I ' : 
1843. 1878. I Increase. 

1
Decreasc.

1 

1843. I 1878. I Increase Decrease.\ 
-----!------------'------------- --------- ------

1 

I I I ' 
Feet. Feet. Feet. Feet. I Fut Fttt. Feet. 1 Feet. I 

35............ 2,820 2,425 ....••..• .1 395 1' 2,600 2,25511 ...... ···I 345 I 

36.. .....•.... ! 2,410 2,425 15 i·········., 2,130 2,080 .......... ! 50 I 

37 .......•.. ··I 4, 090 4, 020 ........ •· 1 70 I 2, 320 2, 230 .•••••.... ! 90 ! At Gloucester 
6 

38 ...••..•• ••· 1 6, 675 6, 725 ' 50 . • . .. •. . . . 3, 750 4, 090 I 340 1-- ... .-.... 1, 
39 ........... .1.......... 8,860 ! .......... [.......... 4,570 5,480 920 l' .......... 1

1 

40 ............ 1 7,600 7,830 ! .......... 

1 

20 5,585 5,715 , 130 _ ...... .. 

41 .•.••. -·····1 7, 820 7, 800 1 40 ......... ; 5,585 5, 790 205 ......... . 
42....... ... . . 7, 500 7, 4.'iO i .......... I iiO 3, 880 4, 090 210 I ......... -\ Ate.wt em! of League lo land. 

43 ............ 3,275 3,320 ! 45 .......... 3,08fi 3,220 0013501·····0·:.:··\1. 
« ...... ... .. . 3, 4so a, 410 I 20 .... .. .. •. 3, 260 a, 260 v• 

:: : : I r: ~: I : :;;:: :-. ~: ~= ~:1 ~: I .. - ... ~L-·-· 
TABLE 4.-High and low water areas in the Delaware River from Five-mile Point to the Sclntylkill 

River. 

I Area at high-water m- \ Differences. I 

~:i!~le~l~:~ I 1S43. I 1878. I Increase. De~;::-1 __ ~--Re-m_a_r_k_s. _____ ~ 

I 
Square feet. Squart feeL I Square feet. Square feet.! 

1 and 2.......... 12, 7B8, 800 I 19, 048, 800 I 260, OOU ............ : At Five-mile Point. 
2 and 3.......... 19, 512, 000 ! 10, 701, 600 189, 600 ............ ' 
3 and 4.. ....... · \ 6, OH, 400 6, 203, 200 I 188, 800 ............ 

11 4 and 5...... . .. . . 6, 280, 000 6, 135, 200 \·..... ...... 144, 800 I 
5 and 6....... ... 3, 601, 600 3, 539, 200 • •••.• ... 62 400 

1 

eand 7.......... 3, 513, 600 2, 956, 800 1.: ..... :: ... , 55~ 800 :rinPetty'sisJa.ntlnorthchannei. 
' I !:: ::::::::::: ::~~:: ~:: ::::::::::::11 ::: 

3 and 4.. .. .. . .. . 5, 361, 600 5, 4-01, 600 40, ooo .. • . .. .. .. • . l 
4 and 5.......... 2, 946, 800 2, 846, 400 ............ 

1 
~~·, 4

000
00 

1 

l 
5 and 6:.. .•. .... 2, 804, 800 2, 252, 800 ...... . .. . .. """ 

6 and 7 ... .... ... 2, 944, 000 4, 136, 480 192, 480 .......... --1 1 In Petty's Island south channel. 

~=~ ::::::::::: !:::: !:::: ·--~.-~·· .... ~~~~~~ .. 1 I 
9 and 10... ....... 5, 265, 600 4, !WI, 000 ..... _ ... ___ 425. 600 ,

1 

J

1 

-
9, 10, and 11...... 3, 420, 800 3, 184, 600 . .. .... . .. .. 236, soo 

~!=~~~:::::::::: ~:~!:: i::~: :::::::::::: ~~:: II . 
13 and 14....... .. . 2, 414, 400 2, 260, 800 •• • • •• .. • . . • 153, 600 

14 and 15.......... 2, 654, 400 2, 411, 200 ............ 243, 200 ''Petty's Islarnl to 8m1t11's Island. 
15 and 16........ •. 1, 817, 600 1, 449, 600 .. .. .. . .. .. . 388, 000 

16 and 17. • • . . • • • .. s. 521, 600 3, 238. 400 • • • • • • • • • • • • 283, 200 JI 

~:=:~::::::::::1 ::::: ::~~::: 1:::::::::::: :~~:: 
20 and 21. ....... --1 I 20, 800 ............ } Windmill Is!&nd weJ1t channel. 

~:!::::::::::: :::::::::::· :!:: [}Wmdmilllslandtllllltcbannel. 

1, 192, 000 1, 060, 800 
1, 128, 000 1, 148, 800 

872, 000 774, 400 
2, 720, 000 2, 148, 800 
2, 308, 200 1, 705, 000 

21 and 22. ••• .... • • . ••• . • .. .. .. 25, 600 1, 718, 400 1,692,800 

22 and2S .••••••••. 
23and24 .••••••••• 
24 a.nd 25 .••••••••• 

25 a.nd 26. ••••••••• 
26and27 ......... . 

4, 105, 800 

4,924,800 
3,923,200 

4,820,800 

3,208, 000 

4, US, 200 
4, 300, 400 

B, 340, 000 
B, 281, 120 

1, 00!, 000 

9, 800 ........... . 

594, 400 

583, 200 
1, 539, 680 

1, 560, 000 

OffKAlgbn's Point. 
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TABLE 4.-High and Ww water areas in the Delaware River, &c.-Continued. 

Romark•. 

j Area at high-wgter in- DiJferences. 

Locality between I 
cross-Sections- I 1843. 1878. Increase. Decronse. 

Squarefeet. I Squa~efeet. [Squarefeet. Squar.feet.I 
27 and 28..... . . . . . 3, 148, 800 a, 092, 800 . . • • . • . . . . . . 56, ooo 

28 and 29.......... 6, 894, 400 
1 

6, 475, 200 . . • • . . . . . • • . 419, 200 

29and30......... 5,107,200 1 4,748,Soo ............ 358,400 

30 and 31.. .•. . . . . . 6, 470, 400 . I 5, 603, 200 . . . . . . . . . . . . 867, 200 
31and32.......... 4, 393, 600 4, 342, 400 ............ 51, 200 
32 anil 33. .•. . . . . . . 2, 976, 000 2, 907, 200 68, 800 
33 and 34.. •• . • . . . . 4, 104, 000 3, 948, 800 . • •• . . .•• . •• 155, 200 Off Greenwich Point coal wharves. 

:J4 and 35.......... a, 670, 400 i 2, 990, 400 . • •• . . . • . • . . 6$0, 000 

35and36 .......... a.486,400 I 3,462,400 ............ 24,000 

36 and 37...... .••. 4, 232, 000 . 4, 000, BOO ········----1171, 200 Off Gloucester. 

37 and 38...... .. .. 10, 219, 200 [
1 1

1
5
0 •• !

7
892,, 

8
600
00 

.•• 1. ~~·.4-·00··· • •• ·.·.·.·:: _·_· _· •·•· 1 
a8 an<t 39... •• .•• •• . ••. . •• . •. . . • . " I 
39 and 40 ..•...•••...••.••.•••••• ! 15, 182, 400 ...... '° ................ -, j' Over the Horseshoe Shoal. 
40 and 41.......... u, 096, ooo 14, 213, 120 n1, 120 •••••.....•. 

41 and 42. . . . • • • • . . 12, 139, 200 12, 25Q, 200 120, 000 .......... . 
42 and 43.... •• •• • . 7, 942, 400 7, Q82, 400 40, 000 . • . • • . . .. . • . l 
43 and 44. . . . . . . . . . 4, ooo. ooo 5, 051, 200 91, 200 'I...... . . . . . . I 
44 and 45..... •• . . . 6, 822, 400 6, 633, 600 •• •• •• ... . • • 188, 800 r Off League Island shore. 

45 and 46... •• ... • . 8, 016, 000 7, 912, 000 .•••••.... ··I 104, 000 
41; and 47.......... 4, 656, 000 4, 763, 200 107, 200 .......•..•. ) 

Area at low-water in- l, ___ Di_'ll_e-re_n_oe_s_. --

:r:r=.~ct'!:~n Remarks. 

------/--1-84_3_. __ 
1 
__ 1_878_. -I Increase. 

1
1_ D_ec_r_ea.s_e._

1 
___________ _ 

I 
Squarefut. Squarefuf. Squarefut.(squ.arefeet. 

1 and 2.. •• • • . . • . 12, 160, 000 12, 564, 000 404, 000 .j...... . . . . . . At Five-tnile l'oint. 

Zand a.......... 18,876,800 18, 719, 200 ·•••······• I 157,600 

4 and 5. __ •...••. .>, 864, 400 o, 003, 600 . . . . . . • . • . • . 300, 800 
3 and 4 ..•••..•. ·I 5, 467, 200 5, 700, 000 2il3, 800 ............. · i 
5 aml 6 ......... ·I 3, 168, 000 3, 249, 600 Bl 600 

6 and 7......... 2, 590, 400 2, 694, 000 103: 600 :::::::::::: InPetty'sislandnorthchannel. 

7 and 8... .. • • • • . 2, 392, 000 2, 304, 000 • • .. • .. .. • • • 88, 000 
8 and 9. .• •. . .... 2, 300, 400 2, 137, 600 ...... .••• •• 252, 800 
3 ll.lld 4. .. .• . ..• . 5, 109, 200 5, 156, 800 47, 000 ••••••••.•. · 1 
4 and 5.... .• . .. . 2, 492, 400 2, 307, 200 1•••• •• • ••• •• 185, 200 

6 and 7 •• • ••••••• 2, 753, 600 2, 865, 600 112, 000 .... • • • . •• . . In Petty's Island south channel. 
5 and 6....... .• . l, 931, 200 2, 008, 800 77, 600 .••••...... · 1 
7 and 8...... . . • . I, 942, 400 1, 998, 400 56, 000 .••••••••••• 

8 and 9.......... 3, 712, ooo 3, 654, 400 ••• '... •••• •• 57, 600 

9 and 10.......... 4, laQ, 200 4, 124, 800 ,....... ..... 14, 400 J 
9, 10, and 11...... a. 278, 400 a, 13!, 400 I· .......... . 

11 lllld 12... •• • . .. . 2, 753, 600 2, 635, 200 1 · ......... .. 

12 and rn. . . • . . . • . . 2, 798, 400 2, 596, 800 1 ·• ......... . 

13 and 14...... .••. 2, 844, 000 2, 235, 200 1·· ......... . 
14 and 15...... . • .. 2, 600, 000 2, 411, 200 .•.......... I 

144, 000 

118, 400 
201, 600 
108, 800 
188, 800 

~~==~!:::::::::· :::: ::::: !:::::::::::: r::: 
18 and 19...... • • • . 2, 892, 800 2, 836, 800 56,000 

Petty's Island to Smith's Island. 

19 and 20.......... 1, 107, 200 1, 000, 800 

20 and 21... •• . . • .. l, 064, 000 1, 148, 800 
2111nd 22.. . • • . . . . . 835, 200 774, 41IO 

••• -~.-~ •••••. ~-~~-. } Windmill Isi..nd we•t oltAnnel. 

............ 60,800 
19And 20... • . . . .. . 2, !IBll, 000 2, 022, 400 

20 and 21.... • • • • • • 1, 964, 200 1, 699, 000 
21 and 22..... •• • • • 1, 315, 200 I, 040, 600 
22 and 23. • • . • • • • • • 3, 278, <WO 3, 001, 800 
23 and 24. • • • • • • • • • a, ll30, 400 a, 525, 600 
24 and 25..... •• •• • 3, :1119, 600 a, 009, 600 

:: : }windmill !l!!Alld eut channel. 
2115, 600 
276,600 

lM,800 

1'0,000 
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'l'ABLE 4.-HigTi and low 1l'af!>r arum in thf Dela1c11re Rh-er, 1fr.-Couti1111e11. 

A1·,•:-1 at low wat~· in- J>iffnem·N<. 
Locality ht-'hH•t'n 

H1·markt>. m·of"s-be(\tioni.-
JRi;J. 1878. I1wn•a:-11•. Dt•cr<•<tt'it>. 

,i..,'quarcfl'd. Sq1iarc fee!. R11w ,.,.feet. St.J1UP.I"(' fePt. 
~fi rrnfl ~(i :i, ~OL (jf)[I .1. ~BJ. 120 !i~O. 41-'1) ~\ff Kai;lm·,.,, P11i11L 
20 arnl 27. l, 198, 401i 11 m~. uoo 150, 40Ll 

::7 arnl :!Ci 2, 21fl, (}f)!) :!, OOli,400 '.2-1:{, 20U 

:!R arnl 2D. 4, (•i8, f,(11) :~. !)87. ~00 46~, 400 

:::n awl ;:o ~>. 356, HOO 2. 858, 400 4Hl-i. 400 

::o :nul ;11 4, 5fl2, (I()(/ 4, lo~. 40(1 48!1, HOO 

31 nnrl 3~ 8. 400, 1.00 :1. o:rn. 400 :rn9, GOO 

32 mid .13 !!, 2.57, coo 2, 060. 800 JHti. 800 

~:1 nml 34 8, 001. 600 :!, ot:;, ~oo 41, 60() Off (~IPl'll\Yid1 Point t'Oil1 wbal'rt r.. 

;{4 and 3.i 3, 17!l, 200 2, 777, 6()() 401, 600 

3fl nnd :rn. :;, mo, 40u 3, 008, 000 10~. 400 

:rn aml :n 2. RHO, 000 '.!. 704, 000 17(\ 000 CH1' Gluun~tl't. 

:r: and :lB !>. R84, 800 6, 216, 000 ;]:-J], ~00 

I :J8 arnl 39 i-;, 4~01 400 9. O~:l, 2UO 506, 800 

3g and 40 JO, n26, 400 11, :J!J,5, !:.'00 468. ~(ll) /.(h't'l' thP Il(lr,.~·;.;hoP :-;l!u:d. 

411 arnl 41 12, l:;:I, 600 12, O;W, 5:!0 H4. o~o I 

n n.nd4:2 8, :ii2. ~00 '" :J4~. 400 ;w. 400 J 
4'..! aml 4:1 fl. ~mu, 800 6, 672, 320 ~7ii, 820 l 
;a and 44 4, 661'. 800 4, 880, 000 211, ~00 I 

I 
44 aml 4;-, fl 4~;). 000 G, 203, ~oo 222, 400 ;otr LPU!l\l(' lsbrnl shnn·. 

4.ri and 4G 7, 600, iOO 6. fllG, 800 GBfl, 600 I 
46 and 47 4 406. 400 4. 42:?, 400 16. 000 ) 

TAHLE 5.-0lwnges in the ticlal prism, 184.3 to 1878, bet1ceen Fire-mile Point and the mouth of the 
Sehu]!lkill Rfrel'. 

Position hr.tween 
<'TOl'\A SC<~ t j 0 n. ~i 
numhcrs-

Tofal tidal pri.-ni. 

1843. 

~-·-··----·--

1 antl :i.. .... l!ltl. 01~. 801) 

:J and 9 .......... 14~. :Jn~~. 200 

3 and 10 ... ~. - 150, f:.:JR 800 

9. 10. aIHl 19 J!'i!'), 410. :.!00 

19 and 22 l~. 5H:), 200 

19 and 22.~ .... :i7. 185. 000 

22 iln<l :n 340. o~~. 400 

37 llntl 42 :i:1R. :\00, 800 

42 arnl 47 185. 702, 400 

S. Ex. 12--l!i 

1~7R 

rn1. 100. ~flo 

I :J\ 8Rti. oOO 

14D, 6:',~L 441' 

] 4'.!, ~1:~-1. 400 

1 'i' 004, ()0(1 

30, fl,15, ~JOO 

306, 1.1:1, 7~0 

a+a. :;40, a~o 

18<. 311. 360 

l{emar1u'-. 

I. O~f'. 000 Five-milt> 1'oiut to Pett~··t'i hlaml 
Ii. 476, ,mo Xortl1 cbmnwl l't•tt.\·'t;; hlantl. 
1, l~!i, :mo ~outh l'hauuPl PPtty·~ J:-:;1nm1. 

12, 4iil. 800 T\·tt.,··f:' 1filaIHl to Smith':o. Island. 

691, 200 "~ t"~t channel \t iU{lmill I.-farnl. 

6, 220, 800 EaRt 1.·hnmH'l 'V'imlmill J,oi,]:rn'l. 

33, 86R1 680 \Yinrlmill lsland t(J Gloncestt>r. 

fi. o:m, 520 G1oU<'P!'l.tH· to 1~1·ag1w falanft. 

llPptl1 of ti<lnl prism. 6 fr<·t. 
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TAilLE H.-Uross-section ojf Bridesburg, 200 feet below wharf. 

-·-------- - - - -·- --------- --- ---, 
Dt .. pth at low-wate1·. DifferencPB. 

Di~t. from ---------- Rerna1·ks. lmlklJt•fltl. 
1st:J. 1878. Ilef'pcnt:><l. S11oaJe.d. 

Feet. Feet Ji'eet. Feet. Feet. 
0 ' Hir:h-1rntrr lmlkhea<l in 1878. 

48 ·--·-······· High-water in 1843. 

fU ·········-·· ------------ ·-········· J,ow-wat"r in 1843. 

100 1.0 0. 0 ····-······· 1. <) 

20(1 {j_!j it 0 (), 5 

300 9. 0 10. 5 1. 5 Area of d('ction in 184-~-= 43,710 square ft•t·.t. 
400 11. j 12. 5 0.8 Area ofKection in 1878 = H,860 oquare feet.. 
JOO 13. u Ill. 0 0. 0 0. 0 

600 1:1. u rn.:; o. 2 Iucn•tuw uf sedion = ] , li'.•O 1:1t1m1re feet. 

700 15. 0 l:i. :1 0. 5 Mitl-nrea lhrn frolll udgi11: 

800 16. 0 18. 0 2. 0 Iu 1843 ~- 1,371 feet. 
900 19. j rn. n u. 0 0. 0 In 1878 = 1,350 feet. 

1, 000 21. 5 24. (J 2. ,; 

l, 100 26. 5 ;n. o 4. 5 

1, 20{) 32. 0 30. 5 1. 5 

1,300 29. fi 30. 0 0. 5 ··--·-·-···· 
], 400 26. 0 2g, 0 2. 0 ·--···-----· 
1, 500 23. 0 25. 0 2. 0 ············ 
1, 000 18. 0 18. 0 o. 0 (/, 0 

1, iOO 13. 0 12. 0 ············ 1. 0 

1, 800 D. 2 7 5 Li 
1, 900 8.-0 5. 5 2.5 
2, 000 9. 0 u. 2 '···--····--· 3.8 

2, 100 9. 0 5. ~ 3. 8 

2, 200 9. 0 7. 0 :t. 0 

2,300 10. 0 9. 2 0. 8 

2, 400 11.5 10. 2 1. 3 

2. 500 H.O 12. 7 1. 3 

2, 600 15. 7 14. a ······-····· 1.2 
2, 700 H.O 15. 2- 1. 2 .............. 
2, 8-00 10. 5 15. Q 4«; __________ ..,._ 

2. lHJO 9. 0 12. 0 3. 0 ............ 1 

3, 000 s. 0 8. i o. 7 ····-·-····· 
3, JOO 6 0 8. 0 I 2. 0 ---···-····· 
3, 200 l. 0 6.0 I 5. 0 '···--·-····· i a, 240 o. 0 ------·\·----------- ---·-------- Low.water in 18411. 

3, 300 •"" • •••••~••I 0. 0 ! ............ ............. , Low-water in 1878. 
! 

TABLE 7.-0roBs·section at Five·tnile Point, 500 feet below Harrison's wharf 

Dist. from 
Pa.. eide. 

Depth at low•water. 1 Dllforcnoos. 

-------- ~----~---~- ----~---------
1 • • ' 

1843- 1878. Deepened. ' Shoaled. 
____ : _____ !. ______ : _______ _ 

F .. 1. 
0 

2;; 

40 
100 

200 

300 

400 

5110 

600 
700 

800 

900 
1, 000 

1, 100 

Feet. 

............ 
0.0 

2. 5 

5. 5 

10. 2 
13. 5 

13. 5 

13. 5 
13.0 

11. 5 

14. 0 
17. 0 

Feet. 

u. 0 

3. () 

9. 2 

12. 0 

11.0 

8. 5 

6. 2 

!;, 2 

5. 5 
3. 2 
2. 5 
6. 0 

l"eet. Feet. 

. ........... ············ 
:J.o ············ 
6. 7 

6.5 ............. 
0.8 ; ............ : 

5.0 

7. 3 

R3 

7. 5 
s 3 

Jl. 5 
11.0 

Remaz·ks. 
i 
I 
I 

At levee of 1878. 
High-water shoro line, 18!3. 
Low.water of 1878. 

Low-water of 1843. 

---1 

Area of OMtion Jn 1843 = 46,060 SIJU&'f' feet. 
.A.rea of section ill 1S7S = 44,460 square feet. 

Loo of ••ct.ion = 1,600 square feet. 

Mid-area line ftom origin : 
In 1843 = 1,tl!H feet. 
In 1878 = 1,780 feet. 

I 
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TABLE 7 .-Cross-section at Fit1e-tnile Point, 500 feet below Harrison's irlwi:f'.-Co11tinuell. 
------- ________ ,. _____ --

Depth at lO\Y~·water. 
I Dist from --------- -· -

Pa. side. , 
1843. 1878. 

-------- ·---~-. 

Peet. Feet. Feet. 

], 200 l7. 0 14.0 

1, 30(1 17. fl 20. 0 

l, 4011 19. 2 ~I. ll 

l, 500 22. 0 22. 2 

l, 600 28. 0 27. 0 

l, 7UO 30 0 32. 0 

1, 801) 35. 0 35. 5 

1, 900 37. 0 36. 5 

2. 000 39. 0 8fL! 

2, 100 3!.i 0 37. fl 

2. 200 20. 0 20. fl 

2, 3(111 17. 0 l9. ti 

2, 400 12. 0 15. ll 

2, :;oo 8. 5 11. ll 

2, GM 5. 0 c. 0 

2, 700 3. (l 4. 0 

::!, 800 2. 0 :J. 5 

2, !WO J.il 2 " 
2. OHi 0. 0 

2, 940 

2, 970 O. IJ 

i!, 080 

Differences. 

DePpeuec\. Shoalecl. 

Feet. 

3. 0 

1. 8 

0. 2 

~- 0 

0. [J 

:!.O 

6. ;} 

:?.(I 

:i.o 
!!. 5 

1. 0 

1 0 

l. 5 

1.2 

Feet. 

3. 0 

I. 0 

0. 5 

ii. R 

Low-watn of l~·n. 

lligh·Witf.er of 18.ta. 

J.,11w-watt•r of 1878. 

High· water of 1878. 

lli·marks. 

TABLE 8.-0ross-section on Richmond Bar, in north channel of Petty's Iii/and. 

Ih·pth ut low-water. 

J)ist. from ~ -·----------·-----
Pa. sitle. ' 

Feet. 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1, 000 

l, 100 

1, 200 

1, 300 

1,400 

1, 500 
1, 000 

1. 700 

I, ~00 

1, 900 

2, 000 

2, 100 

2,200 

2,260 

)843. 
\ __ . 

Fut. 
6. 0 

11. 0 

11. 5 

12. b 

12. 5 

10. 5 

13. 5 

16. 7 

19. 0 

IS. 5 

18. 5 

18. 0 

17. 2 

16. 5 

15. 5 

16.0 

15. 5 

14.5 

16.5 

15. 5 

14.fi 

12. 5 

4. 5 

O.Q 

1878. 

Feet. 
P. 5 

1•) •• 

12. 5 

10. 7 

10. 5 

11. 0 

H.2 
14.0 
13. 2 
13. 2 
13. 2 
14. 7 
13.5 

14. 0 

13. 2 

H.O 

14. 6 

15. 7 

16. 7 

17. 0 

16. 5 

13. 5 

7.0 

0. 0 

Dift'eTences. 

Feet. 
3.5 

l. 2 

l.O 

0.;; 

o. 7 

······ .. ······ 
1. 2 
0. 2 
1. 5 

l. 0 

2. 5 

1. 8 
2. 0 

2. 7 
5. 8 
5. 3 

5. 3 

3. 3 

3. 7 

2. 5 

2.3 

2. 0 
0. 9 

2,46-0 : ........................ 1···· ........ ·-·········· 
-------

Henrn.rks. 

.At wharf on Penrn~_ylvani:t sitlt_•, 

Area of Rection in Jf143 •- J!J,390 square fo~t. 
Area of section iu 1878 = W.980 sqmuT ft•1·1. 

Losi;i, uf area= 2,410 square fec-t. 

llid·lll'ea linr from origin: 
In 1843 = 1,132 feet. 
l11187H ·~ 1,192 feet. 

Low.wat(•r in 1.S-1:1 aml 187i'. 

Iligl1-wah•r_ 

123 
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TABLE H.-Oross-section at icest end of Petty's Island, south channel. 

Dist. from 
liulklm..! 
onPt1ttv's 
Island.' 

}'eet. 

100 

200 

300 

400 

500 

600 

700 
8(~1 

000 
1, ooo 
1, JOO 

1, ~00 

1, 300 

1, 400 

1, 500 

1, 601! 

1, 7UU 

l, 800 

l, 000 

2, 000 

2, JOU 

2. 200 

2, 3\l\\ 

2, 400 

2', 500 

2, fj()l} 

2, 700 

2, 760 

2. 800 

~. 850 

2, 950 

DeptL at low-water. 

1843-

Peet. 

-- l.i> 

-· 0. :i 
o. 5 

1.:; 

3. 0 

4-.5 

4. 7 
8. 0 

11. 'i 
14. 5 

15. 2 
14. [> 

12. 5 

12. [i 

12. 2 

1:!. 0 

11. 5 
11. ,, 

11.0 

10. !J 

8. 0 
G.5 

5. 5 

5. 5 

7. 5 

6. ij 

2. 0 

I. 0 

o_ 2 

0. () 

1878. 

Feet. 

- 2.5 

- 1. 7 
- 0.5 

+ 2. 5 

4.7 

4. 7 
4. 7 
:i. 0 

5. 7 
7. 0 

9. 5 

11. 2 
13. 5 

14. 7 

15. '; 

15. 7 

lG. f> 

lf>. f> 

15. 2 
15. 0 

13.D 

11. 5 

10. 0 

9.f) 

9. 0 

9. 5 

4. 0 

1. 0 

o. 0 

Differences. 

Remarks. 
Deepened. Shoaled, 

Feet. 

l. 0 

1. i 

o. 2 

0. 0 

1. 5 
2 ., 

3. ;) 

3. 7 

4, 0 

4. 0 
4. 2 

4. 5 
&.O 

5. 0 
4. 5 

4.0 
J. 5 

3. 0 

2. 0 

o. 0 

Feet. 
1. 0 
1 <) 

l. 0 

0. 0 

a. o 
6. 0 

7. 5 

5. 7 
B. 3 

Bulkhe!l,(1, 1878, <m Petty's Island. 

Area. of section in 1843 = 21 ,390 sq uarc feet. 

Area or 8CCtiOD in 1878 = 24,331) s~1uarc feet. 

Increase of urea=-:: 2,940 squart' feet.. 

)fM-an.>a line frow ori~·in: 

Iu 1843 = 1,386 feet. 
In 1878 = l ,.J!lu foet. 

........ :Low.water, 1878. 

--···-----i""'Hi.gh-wat~r, 1878. 
___ . __ .: Lo-w. wa.tel', 1843. 

-·-·· --·---! l!i~h-watcr, 1B4!J, .JerseJ side. 

TAnLE 10.-0ross-sectioti No. 17 of 1878, below ()ooper's Point. 

1 , De11tll at low-,rntet. 
, Dist. from 

bulkhead. 

Feet. 

100 

200 

aoo 
400 
500 

000 

700 

&10 

900 

1, oou 
l, 100 

1,200 

1, 300 
l, 400 

l, 506 

l, 60ll 

l, 700 

1,800 

1843, 

Peet. 

33. 5 

42.0 

43. 0 

59.0 

46.0 

42. 0 

27.0 

21. 5 
20.5 

16.5 

J0.5 

f.::> 

5.5 

4. 5 

>. 5 

3.0 

3. 5 

5. 0 

1878. 

Feet. 

24. 5 

55. 9 

54.4 
46. (; 
39. 6 

30.S 
25. 7 

21.1 

19. 2 

18. 9 

16.4 
7. !) 

o. 5 
o.o 
4.3 

~-4 

11.8 

Diff~rences.. 

Deepened. ! Shoaled. 

Feet. Feet. 

1

,----- -·--·-I' 17. 5 
: 12. 9 ·--- •• -··--· 
1

, ........... ! 4.6 
o,.> / ............ ' 

[···--.--- ... ; 2.4 
; 3.8 !' ........... . 

4. 2 ---------·-· 
0. 6 1. -~-. --·- -- . 

I 

::: !:::::::::::: 
8. 9 i--·---··-·-· 
2.4 • 1-----------· 

--1 4. 0 
,·--·--- .. ·-·1 3. 5 

I 1.3 1·---·--·····.· 
I 

4.9 ........... .. 
' 6.8 , ........... . 

Remarks. 

Bulkhead of 18-IB ; same in 1878. 

Above outer end of wharf of llli3. 

Origin of sect.ion No. 17 of 1878. 

Area of section hi 184.1 = 49,610 square feet. 
Area of' section in 1878 = 48, Hll "'lnare f.rt. 

Lose of a~a = 11470 square feet. 

:Mid.arf'a Jin(\ from origin: 
In 11143 ~ 648 feet. 

In 1878 ~ 756 foet. 

• 
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TABLE 10.-Cross-section No. 17 of 1878, below Cooper'.~ I'oint-Continm-\d. 

I I 
! Dist. from I Depth at low-water. 

1 lmlkbead, 
Pa. Ahle. 

Feet. 

1, 900 

2, 000 

2, 100 

2, 200 

2, 300 

2, (00 

2, 500 

2, 600 

2, 700 

2, 800 

2, 900 

3, 000 

3, JOO 

3, 200 

3, 300 

3, 400 

3, 500 

3,MO 

3, 700 

3, 770 

:l, 800 

3. 850 

1843. 

Feet. 

7. 5 

7. 5 

7. 5 

8.r. 
9. 5 

10. fi 

11. 5 

12. 5 

9. 5 
8. fl 

6. 5 

5. 5 

4.0 

3.5 

2. 5 

~- 5 

1. 3 
0.0 

1878. 

Feet. 

13. 4 

13. 9 

14.0 

12. 3 

10. 0 

8. 2 

9. 2 

0.0 

7. 9 
6.8 

a.o 
0. 0 

- 0.9 

- 2.2 

- 2. 5 
··- 2. g 

- 2.0 

- 3.2 

Differences. 

Deepened. : Sboaled. 

Feel. 

5. 9 
6. 4 

6. 5 

3. 8 

o. 5 

2. 3 

2.:i 

~. 5 

]. 6 

1. i 
3. ;> 

Remarks. 

fi. 5 , Low-water of 1878. 

'············: 

4. 9 

5. 0 

4, 7 

5. 0 

4. ~ 

2. 9 Low.water of' 1843. 

High-water of 18i8. 

High-water line of 1843. 
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APPENDIX No. 10. 

REPORT OK Co:'.llPARISON OF SCRVEYS OF MISSISSIPPI RIVER IN THE VICINITY OF CUBITT'S GAP 
BY II. L. MARINDIN, ASSISTANT. 

BOSTON, MASS., Ap1·il 22, 1880. 

Sm: A comparison of surrn~·s of that part of the Mississippi Hiver lying between the head of 
tlie l'm;se:-;, hmisiaua, aud a lin6 acrnss the rfrer ahont 4,000 feet above the north point of" Cu
bitt':-; Gap,'' has just been completed, and I have tl1e lt011or to forward it in :wcOl'dance with rour 
call of April 12, 1880. 

Begiuning at a lilw 4,000 feet above the north point of "Cubitt's Gap," to a line acros.'> the 
rh·er at the south poiut, we have two 111irveys for cornparisou, both by the Coast SurYey-one in 
1l'i2, h,Y Assistant Granger, and the other iu 18iG by a party m1der my charge. · This <'.Omparisou 
showri a shoaling· on both banki'i of the stream and a marked deepening along the center of the 
river aud toward;.; the right bank (wmit shore). Taking the whole area under consideration there 
has hePH a <leepening of 1.i feet in the four years, or OA foot per ;vear, in that part of the rivf\r 
a hove the "Gap," aud a mean shoaling of tl..'i foot in the same time, or 0.12 foot per year, iu that 
part of tlw river directly in frout of the "Gap.'' 

A noticeable foatnre in front of the "Gap,'' and one which, in a great measure, must be traced 
to it as its cause, is the formation of a fiat on the west hank, a;; showu by the deep contours-the 
2±-foot curve more especially-starting at a point on tlle west shore, 0,000 feet above the ''Gap/' 
where all the curves run parallel to the shore, and where the 24--foot cune is 260 feeL from the 
:1-foot cnr>e, which I haYe taken as thereference, for convenience, being smoother than the shore
line, although running parallel to 'it. The 24-foot curve abruptly juts out towards the center of the 
river, till, opposite the north point of the ''Gap,'' it is 820 feet from the 3-foot cmve; then, follow. 
ing down stream, and opposite the south point, it is 920 feet; then, after passing the opening of 
"Cubitt's Gap,'' it retreats towards the ;;l1ore-li11e, so that ahout ~,000 feet below the south point it 
is 760 foet, 4,000 feet below it is 7:20 feet off, alHl 8,000 feet below the "Gap" it is only 500 feet off, 
11otwithritamli11g tile gradual expansion of the .Mississippi, which at the upper limit is 3,7!.lO feet 
in width, and at the lower limit, 8,000 feet below th~ '' Gap," it is 4,815 feet in width, as measured 
lJetween the ;).foot coutour of each bank. 

:From the south point, for a distance of about 1,300 feet down stream, the two surve~'S com
pared are one of l86ti and the otller of 18i(i, which give a mean shoaling of 1.6 feet in ten years, or 
o.rn foot per year. 

From the above-mentioned limit, 1,800 feet below the south point of "Gap," to Oubitt's house, 
we haYe two imrveys for compa.ris011, one executed by Assistant Gerdes, and the other by my part~
in H!77, giving an interrnl of eleven years; over this space there has been a mean shoaling of :rn 
feet, or 0.3:l foot per year. 

From C11hitt'11 house to the Head of' the Passes, including all the sp~e now covered by the 
works for the imprevement of the channel-way into South Pass, we have two surveys again-one of 
186t>, by Assistant Gerdet-;, and one done under my direction in 18rn, hy Subassistant Braid; these 
smTeys show a decrease in depth of a.G feet in nine ;\'ears, or 0.4 foot each year. Where, however, 
the present jettietl channel into South Pass is located, there has been a. decided deepening. 

The accompanying Table 1 gfres the comparison of the different surveys in detail, by dividing 
tlw surface of the river into squares of 10" latitude by 10" longitude, and giving the mean depth in 
that area as obtained by the sum of all the Roundings over this space. 

Tahlc 2 gives the position of the flat in front of "Cubitt's Gap," as delineated by the 24-foot 
contour, with a reference also to the width of the river at that place. 

Table:~ gives a cross.flection of the rh'Pr at the south point of "Cnbitt's Gap." This section 
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begins at the west shore and follows one of the sounding-lines of the survey of 18GG, aml is com. 
pared with the survey of 1876. It lies somewhat diagonally across the stream. Tlw comparison 
sbows an a>erage shoaling of 1.2 feet in teu years, or 0.12 foot irnr ~-ear, a decrease iu depth of 
3 per cent. 

Table 4 gives a cross-section of the river about l~ miles below "Cnbitt's Gap.'' This shows a 
mean shoaling between 1866 and 1877 of ~3.4 feet, or 0.31 foot per year, a decrease of 10 per cent. 

Table 5 gives another sedion across the wide part of the river at the Head of Passes, at a 
point below "Cubitt's house." It begins at the west shore and runs on a line of soundings of the 
survey of 18GG, and is compared with the survey of 1875; the section ends at the east shore, uear tlw 
south end of the Mississippi Base. This section shows a decrease in depth of 4.4 feet iu uiue year;.;, 
or 0.4.3 foot per year, a decrease of nearly 1 'i per ceut. 

There is no change in the width of the river between "Cnbitt's Gap" and the PasseR, as shown 
b.r the 3-foot and ti-foot cnrYm1, although the bml of the stream shows a sligl1t bodily shift to tl1e 
eastward. 

In all cases, dnriug this comparison, where the souudings of the earlier surveys-which arc not 
as numerous as in the more recent smTeys-fe!l between elose liues of soundings, the cornpamtin' 
depth was obtained by grouping the surrounding somHlings of tile later surve,v. 

A sketch of the locality, showing the area8 covered by the comparison, iis ·appended. 
Respectfully suhmitte<l. 

Hon. CARLILE I'. PA.TTERSON, 

HENHY L. l'tfARINDIN, 
A11sistant, Coa11t a.iul Geodetic Burvc:y. 

SuJ>erintendent Coast anrl Geodetic Surrey, 1Vashin9ton, D. C. 

MISSISSIPPI RIVER 

TABLE l.-Oomparison of smTeys at Hca.d (!l Passes, Louisiana, of 1866, 1872, 1875, 1876, 1877 . 

.A.roa limits. . Moan depth. l.!ean amount. 
J>er ceut. of 

Remarks. ----·~-:---.----- depth. 
Lotitudes. ', Long1t.u<les. 1866. 187:1. Sboale11. DeP})enecl. 

---- ---·-- ----·- ---- ·----- --- ------· ~---~-·------~--

Feet. Feet. Feet. Feet. 
40 I lo 

29 08 50 89 14 20 2~. I 20. G -- 5.1 ······-·-·-· -· 19 At heatl of Pass:! l'Outrt>. 
40 20 

23 08 50 8.9 H :ID 25. 0 19. 7 - 5.a ...... .. -· --:!l 

40 30 
:m 08 5/J 89 14 4-0 14. 6 12. () - 2.H ...... ----- ·-11' 

40 40 
29 08 50 89 14 50 14. 7 14. 2 - o. 5 --··-··· ·-· -(IJ 

40 I 50 
29 08 50 89 15 00 12. 5 14. d -- ~. :1 +18 

40 00 
211 08 50 99 15 10 14. 0 14. () + 0. 0 +06 

40 10 
29 08 50 89 15 2U 31. 4 23. j - 7.9 --·---·--··· -2[1 

40 ~o 

29 08 :;o 89 1:; 30 ;J4. 7 33.1 - I. G ............. -04 

40 :io 
29 OS 50 89 15 40 16, 0 15. 0 - l. 0 -00 llN\d of Sunthwt~st Pa~s. Wt•:it dhon. 

29 OR 50 lll I 
09 00 89 14 20 31. 0 21. 0 -:J.ll ---09 At h"Ca{{ of Pass A l'Ontrc. 

29 o~ 5() 20 
09 QO 89 14 30 26. 0 19. 0 - 7.0 -27 

29 08 .'\() :Jo 
09 00 89 14 40 22. 6 17. 8 ·- 4. 8 --21 

29 08 50 40 
Oll 00 89 14 50 2~. 5 1(3. r; I ·- c.o ]------······· --~{) 

29 08 50 50 
09 00 89 15 00 17. 6 ............. -Oti 

29 o~ 50 00 
09 00 89 15 10 27. 0 -18 

211 08 50 JO 
09 00 89 15 20 30. 6 !••••••······ --JG 

29 OS 50 20 
og 00 89 15 30 llo.2 

' 
·----------- --07 

29 08 50 30 
og 00 89 15 4Q --·-·· ····- -----· --·-------- At wust sllor~. 
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T.A.BLE 1.-Comparison of .mneys at Hecid of Pcisses, &c.-Uontinue!l. 

An~a limits. 

00 
:::o 09 llJ 

00 
29 09 JU 

00 
29 09 lU 

00 
29 09 10 

00 
29 09 10 

IJO 
29 09 lo 

00 
29 09 lU 

00 
29 OH 10 

Oo 
29 09 10 

00 
29 09 lo 

JO 
29 Oi.I 2() 

10 
29 09 20 

10 
2!J 09 20 

10 
w 09 20 

10 
29 09 20 

10 
19 OD ~O 

20 
29 09 30 

20 
29 09 30 

20 
~!) 09 30 

10 
29 09 20 

lU 
29 og ~o 

to 
29 09 20 

JO 
~'9 09 20 

20 
29 09 30 

20 
w m1 :m 

20 
29 09 30 

20 
20 09 30 

20 
29 09 30 

20 
29 ()<J 30 

30 
29 09 40 

30 
29 09 40 

30 
29 09 40 

30 
w 09 40 

30 
w 09 40 

HI 
89 H ~V 

20 
89 14 :w 

30 
89 14 40 

40 
BO 14 ;;() 

!)O 
89 15 00 

VO 
89 1'\ 10 

JO 
89 15 20 

20 
89 13 30 

30 
89 15 40 

40 
89 15 50 

10 
89 H 20 

20 
89 14 30 

ao 
89 14 40 

40 
89 H 50 

50 
89 13 00 

00 
89 13 10 

20 
H!J H 30 

:rn 
89 H 40 

40 
89 14 50 

10 
89 15• 20 

20 
89 15 ao 

30 
89 15 40 

40 
89 15 .50 

14 50 
89 15 \)(I 

00 
89 15 10 

!(\ 

89 15 eo 
20 

so 1s ao 
.~o 

H!I 1."i 40 

40 
89 1;; so 

30 
89 14 40 

40 
89 H au 

~o 
89 15 00 

00 
89 ],>; JO 

10 
89 15 20 

)lean tlt~ptli. 

1873. 

Feet. Peet. 

26. 9 

33.1 23. 4 

!!4. 2 11'. 6 

2U. G 21. 1 

".!.7. 7 21. 7 

27. 0 22. 0 

30. 5 2i.1 

26. 8 :..!/. 0 

22. 1 21. :1 

23. 8 

29. 2 25. 8 

29.6 23. 8 

24. 3 22. (j 

29. 9 :..!3. '..! 

33. 8 2H. 7 

18. 7 17. 1 

25. 4 25, 4 

29.5 20. 0 

1866. 1877. 

33. 9 27. 6 

:n. 2 26. 5 

28. 7 26. 9 

37. 4 28. (j 

37. 0 21'.6 

33. 0 27.6 

31. G 25. 9 

16. 3 8.8 

18. 7 17. 9 

29. 0 26.6 

28. 5 27.3 

34. ·I ~9. 2 

39. 7 JJ. l 

--------·-----·------------------------------------ ----·"--------

Mean amonnt. 

~hoale!l. Deepent>d. 

Peet. Peet. 

5.;, 

-- 9. 7 

- tJ.6 

-- 4.4 

- 6. 0 

- ~- 0 

- 3. 4 

-j- 0. 2 

- 0.8 

Per ceut. of 
depth. 

-17 

--:..!9 

-27 

--17 

-21 

-18 

-11 

-j-01 

Remarks. 

At. Lcatl of Jlas6 a J'Outre. 

...... ···--···-~··'At west. shore. 

- O.G ' ............ ' At ea.t ohorn. 

- 3.4 --11 

- G.H -19 

~07 

G " --23 

~ 7.1 

-- l. 6 -O!l 
1 

.At eaRt ::-ihort'. 

- 0.0 

- 3. 5 -12 

-- G. 3 --18 

- 4.7 

.At WN;t shore. 

- 8.4 -22 

- 5.4 -16 
l 

- 5.7 
I ............ ! -18 

- 7.5 -45 · At west Khort·. 

-- 0. 8 -04 : At ooat shore. 

-- 2.4 -08 

- 1.2 

5. ~ -15 

- 8.6 -21 
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TA:BLE 1.-Comparison of surveys at Head o.f Passes, &c.-Continued. 

---------- -·------·-· 

Area limits. Mean depth. Mean amount. 
Percent.of, 

I ' depth. Remarks. 

Sho~led. I Deepened, 
1 

, 

--!---- !----------·---------------··-

::~:· ::.·:· ~-;~~ ! ... -~~~'.' .... 
1 

-22 I 

Latitudes. 'Longltudee. --1;~-1--1877. --

29 09 

29 09 

30 ! 

40 

30 
40 

30 
40 

40 
29 09 50 

40 
29 09 50 

20 
89 ](i 30 

30 
89 15 40 

40 
89 15 5•) 

30 
89 14 40 

40 
gg 14 50 

------ ••••••••••••

1

·····-------1---------·--I·------··---' 
.... ..1. ........... 1 ..... . 

.......... 1 ....... : ...... . 

i 
23. g 24. 2 + 0.3 +01 

40 50 
2909501891500 33. 2 27. 5 -17 

40 
29 09 50 

40 
29 09 50 

40 
29 09 50 

40 
29 09 50 

40 
29 09 50 

40 
29 09 50 

09 50 
29 10 00 

09 50 
29 10 OU 

09 50 
29 lU OU 

09 50 
29 10 00 

09 50 
!9 10 00 

Oil 50 
29 10 00 

09 50 
29 10 00 

00 
89 15 10 34. 9 

10 I 

89 15 20 41. 1 

20 
89 15 ao 

30 
89 15 40 

42. 7 

33. 4 

3\.2 -10 

- 6.7 -16 

32. 2 -10.5 --24 

28.3 - 5.1 -15 

40 ! 
sg 15 50 2s.4 2a.s I - 4.9 ____________ , -1; 

89 16 : '-·----······1-------·----1······ ................. .i. ........ . 
89 14 50 

89 15 : ----~~--~----1----~~--~- ---~-·;_·~--f ......... ····~06 
89 15 10 33. '; 31.~ 2.5 1....... .. - 07 

10 
89 15 ~o 

20 
89 15 30 

~o 
89 15 40 

40 
89 15 50 

43. 5 

36.o 

3fi.5 

36.4" 

27. 2 

i 
- 4.8 !·------·---- -11 

- i.1 1 ........... . -16 

............. [ .......... ' ............ ! 

..A.t weet shore. 

At east r;hore~ near CubiU'!:i hc+use, 

At west shorP. 

09 50 
29 10 OU 

50 
89 16 00 

-· 2.s .... 1· ........... 1 -09 I 
........ _ .............. ·I At west shore. 

I I j 00 
29 10 IO 

00 
29 10 10 

00 
29 10 10 

00 
29 10 10 

00 
29 10 10 

00 
29 10 10 

00 
29 10 10 

JO 
29 10 20 

10 
29 10 20 

10 
29 10 20 

10 
29 10 20 

10 
29 10 20 

10 
29 10 20 

20 
29 10 30 

20 
2il lo ao 

14 50 
89 15 00 

00 
89 15 10 

10 
89 15 20 

20 
89 15 30 

30 
89 15 4~ 

40 
89 15 50 

16 
99 16 00 

00 
89 15 10 

10 
89 15 20 

20 
89 15 30 

30 
89 15 40 

40 
89 15 50 

50 
89 16 00 

10 
811 15 20 

20 
89 15 1IO 

S.]4%.~17 

25.0 25. 0 

27. 0 27. 0 

40. 5 33. 0 

43. 7 38. 2 

45. 3 35. 3 

33.4 28. 7 

25. 5 22. 0 

28. 4 28. l 

36. 5 32. 5 

39. 2 38. 2 

40. 3 

42.0 32. 0 

32. 0 26. 4 

29.6 30.5 

40.0 88.0 

+ o. o 1--· .. ·------1 At east shore. 

=:: ~··r=:: .... 
·- 0.0 

·-10.0 I -22 
I 
i - 4.7 ............ ! --13 

- 3.5 ---13 

- 0.3 -01 

- 4.0 -11 

- 1.0 -02 

-· 6.4 1···-··-··-·- -13 

-10.0 1 ........... . -23 

- 6.6 1 ........... . -20 

+ 0.9 +03 

- 2.0 -05 

.A.t weet shore 

At east shore. 

.A.t west shore. 

At .... tehore. 
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TABLE 1.-Comparison of surveys a.t Head Df PasseJJ, &:c.-Continued. 

Area limits. 

I 
Latitudes. \ Longitudes. 

~, _________ -~-1------· -

0 I• i Q 

29 10 ~ I 89 15 !Z 
20 

29 10 30 

20 
29 10 30 

20 
~9 10 :JO 

30 
29 10 40 

30 
29 10 40 

ao 
29 10 40 

30 
29 10 40 

30 
29 10 40 

30 
29 10 40 

40 
29 10 :;o 

40 
29 10 50 

40 
~'9 10 50 

40 
29 10 50 

40 
2'J 10 :;o 

40 
29 10 fJO 

10 ;JO I 
29 11 00 

10 :;o 
29 11 00 

IO 50 
19 11 00 

40 
89 15 50 

;;o 
89 16 (10 

00 
89 16 10 

10 
89 l;j 20 

20 
89 rn ao 

30 
89 15 40 

40 
89 15 50 

50 
89 16 Q(J 

OU 
B9 16 10 

20 
89 15 30 

30 
89 15 40 

40 
89 15 5-0 

50 
89 16 00 

00 
89 16 IU 

10 
89 1G 20 

30 
89 15 40 

48 
89 i:; 50 

f.!) 
89 16 00 

1866. 1877. 

Feet. Feet. 

45. 4 42. 0 

47.0 39.0 

38. 0 30. 1 

:"!8. :! 21. 2 

Mean depth. Mean amount. ]i 

-----~--- Percent. of 
I ~ •t~pth. 

I Shoaled. , Deepened. ! 
-·\------~! ____ , 

Feet. \ Fut. ; 

- 3.4 l······---··-1 -07 

- 8.0 l ' -17 

_ 7.9 I- -20 

- 7.u i--::-- ...... 1 -24 At west shore. 

~1. 8 24. 0 I ········---- + 2.~ 1 -! 10 .At east ohore. 

33. 5 34. 6 ...... ...... + 1.1 I + o:: • 
I 

48.0 45. 3 - 2.7 - 0.5 

45. 4 36. 0 - 9.4 - 2. 0 -20 

34. g 24. l -10.8 - 3.U -30 At weet ohoro. 

~4-. 0 + 5.9 +24 At east shore. 

3Q. 0 38, 6 - 0.4 -01 

45. 6 46. 0 
I 

·-•""••·-·! + 0.4 +01 

46.] 

:!9. 6 

43.1 

29. 6 

i 
-l:.: 1::::::::::::1 =:: 

31. f, -8.6 / .......... --\ -27 

! I 

3'2.ti 34.7 ·--· __ ,, __ .] + 2.1 I +•>6 

1 

Ateastshore. 

.At west ~lior~. 

10 liO 
29 11 00 

10 &O 
29 11 00 

00 
89 1& 10 

10 
89 16 20 

::.: :::: 1::::::::::·· : ::: I :: I 
·-----······ ---·-·······\·-···-··-··· ············ ............ 1 

00 
29 11 10 

00 
29 11 10 

00 
29 11 10 

00 
29 11 10 

00 
29 11 10 

00 
29 11 10 

10 
29 11 20 

10 
29 11 20 

10 
29 u 20 

10 
211 11 20 

10 
29 11 20 

10 
29 11 20 

30 
89 15 40 

40 
89 Hi 50 

50 
89 16 00 

00 
89 16 10 

10 
89 16 20 

20 
8\1 16 30 

40 
89 15 5-0 

5-0 
89 16 00 

00 
89 16 10 

10 
89 16 20 

20 
89 16 30 

30 
89 H 40 

34. 0 

17. 7 

35. 8 

44.8 

47.6 

36. 0 

24.0 

27.5 

41.0 

44. 0 

45.6 

32.6 

26. 0 

-26 25.0 I _ 9.0 ........... . 

25.3 1--·--··--·-- + 7.6 

At west show. 

At east shore. 

38.7 i 
1 ...... -- .. -· + 2.9 
I 

47. 7 + 2.9 +06 

45.5 -2.1 -04 

25.6 -10.4 -28 

14.8 -9.2 -38 At west short. 

33.0 + 5.5 +20 At east shore. 

45.0 + 4.0 

51. 5 + 7.5 +17 

35.2 -10.4 -22 

22.5 -11.l . ···---- .. ··· -34 

15. 3 -10.7 ! ... _ ....... .! -41 At west &bore. 

Remarks. 
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TABLE !.-Comparison of.s11rveys at Head of PMses, &c.-Uontinued. 

Area lin1its. Mean depth. :Mean amount. 

---------- -1-
Latitudes. 

1 
Loni:itudes. , 1866. 

I 
IS7\i. 

··- __________ Peruent. of 
dl•pth. 

R0marks. 

8hoit\Prl. Dce]lened. 
----------- ------ ------i---- ~~~--~--~~~~~~ 

Feet. .f, Feet. I Feet. 
1 

Feet. 
20 15 5(\ 

20 11 : 
1 

89 I6 : ---·········1--··---·····i··--······--!············i····· ...... 1 At east shore. 

29 11 ~~ 8ll 16 ~~ 43 ~ I 48. 2 I . . . . -.. -. ·I i 4. 7 + 10 

29 11 :~ 89 I6 ~~ 41. l I 49.3 

1 

___ . ______ .

1 
+ 8. 2 +w 

: :: i~ :: :: ;~ ::.: :::: ' =:::: 1::::::::::.. =:: 
·1 

I .At west shore. opposite "Cubitt"s Gap." 

! 30 
29 11 40 

15 50 
89 JO 00 32. 4 33. 4 1··- ... i -r 1. 0 J<;ast shore, below south Point. of "Cubitt'• Gap.·· 

30 
29 11 40 

29 11 
30 
40 

30 
29 11 40 

29 11 
30 
40 

30 
29 11 40 

40 
29 11 50 

40 
29 11 50 

4-0 
29 11 50 

40 
29 11 50 

40 
29 11 50 

ll 50 
29 12 00 

11 00 
29 12 00 

11 50 
29 12 00 

00 
89 16 IO 

10 
89 I6 20 

20 
89 I6 30 

30 
89 16 40 

40 
89 16 50 

00 
89 16 IO 

89 16 
IO 
20 

20 
89 16 30 

30 
89 16 40 

40 
so 16 50 

10 
89 16 20 

20 
89 16 30 

1 I 

47.0 :·----·······1! +2.5 

50.3 ............ , + 7.0 

44.:; +05 

4o. 3 +16 

45. 0 
i i 

48.0 :·········-··I + 3.0 

38. 0 33.0 I _ 5.0 -lJ 
I . ....... ... ---, ...... ······1······ ... _ .. 

1 

................... , ............. 

1 

At west. shore. 

1 i i 
........... i ............ i ............ , ............ ' N.,ared11~of ··Cubitt"sGrtp.'" 

' I ': I 
·······-···· ............ , ............ :··· ·······- .. . 

. I 

3~·05 ~-4-.-~ ... I + 4. 2 , :0098 

. - 1··· ········: 
22.7 - 3.8 1 ............ , -H 

49.3 

43.~ 

26.5 
I 

- 3.:J --06 At edi;e of ··Cubitt'• Gap."' 

+ o.o 1··-~·~.o , ........... . 
48.:l .~.ti 

55.0 55.0 

89 I6 ::: ............ ········-··· ........... .!. ......... . 
11 50 

29 12 00 

11 50 
29 12 00 

00 
29 12 10 

t: 42.0 37.J i _ u [··-··--·-···! -11 I 

89 17 : ..•......... 
1 

............ 1 ............ ·····--·····\··--··--··"'i West shore, opposite north point of "Gap."' 

: ·:···--· ·--···1···--···--··l····----····/ ............ i .Above north point, of "Gap," <'ast shore. 

89 16 

00 
29 !!) 10 

'° 29 12 10 
00 

29 12 10 

10 
29 12 il 

10 
29 12 20 

10 
29 12 20 

10 
29 12 20 

89 I6 

4-0 50.4 ! 53.0 11 ............ 1' + !).6 I +05 I 
4-0 . I I 
BO ............... :---·······-·\·--··------· --·-. -----··[· -------- ···! 

89 I6 

S9 16 
50 

89 17 00 

20 
89 16 30 

30 
89 16 40 

89 16 

89 17 

•o 
50 

50 
00 

...... ...... I I : At west shore. 

::• ::-l=:: :: : M-•~~ 
48.0 47. 3 -0.7 -01 

36. 7 + 2.1 +o5 
10 00 

29 12 20• 89 17 10 

20 
!?9 12 30 

20 
29 12 30 

'30 
29 12 00 

20 
89 16 30 

30 
89 16 40 

40 
89 16 £IO 

25. 2 23. 0 

27.0 39.0 

51.0 54. 0 

58.3 

-2.2 -08 

+12.0 .At eMt shore. 

+ 3.0 +05 

+ J.7 +03 
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TABLE 1.-Comparison of surveys at Head of Passes, &c.-Continued. 

I 
Area limits. Mean depth. i Mean amount. 

Remarks. 
La.titndes. ! Longitudes. 187~. --1;;;~, Shoaled. 

!Percent.of 
·-1 depth. 

Deepened. 

-:. : .. q : r::~ ~~,-
32.8 

1 

31. s I - i. 3 . .. .. . .. . • .. . • -04 

............ : ............ [ ........... .!. ........................ ;At west shore. 

i I t I l 
............. : ............... ~- .••... -- . -· :- ............ '. ............. -~ At ea.at shore. 

' i i ' 
55.5 57.6 !···--·······! + 2.1. +03 

20 r.o 
29 12 30 89 17 ()() 

20 00 
29 l" 30 89 17 10 

w JO 
29 12 30 89 17 20 

Jfl au 
29 12 iO 89 16 40 

30 40 
2ll 12 .jQ 89 16 5{) 

TABLE 2.-0utline of flat opposite "Cubitt's Gap," as shown by the 24joot cur·ve of west shore. 

• 

Distance alon)! 
1 

Distance of 24- / 
, 3-ft. curveof: ft.curvefrom Widtbofriver.1 

west shore. : 3-ft. curve. I 
Remarks. 

Feet. 
0 

~. 000 

4. 000 

6, 000 

~.000 

IO, 000 

12, 000 

14, 000 

Feet. 
200 
aH5 

820 

920 
700 

720 

520 

500 

····1 ' 
Foot. I i 
3, 720 i 24-foot curve parallel to shore, 3,0W feet aboYe "Gap." i 

~. 810 I 
........... I Opposite to "Cubitt's Gap." 
4, 050 i Opposite to south point of "Gap," nearly. 

4, 110 l .A.bout 1, 700 feet below "Gap." 

::!~ ii 
4, 815 

NoTE.-The 3-foot curve running par&llel to the shore-line but much smoother, wae taken ll!I the bll!le 
from which the oroma.tes to the 24-foot curve were measured. 

> 

MISSISSIPPI RIVER . 

TABLE 3.-Section frorii right bank (we.st shore) to east bank below south point of" Cubitt's Gap," in 
1866 and 1876, A to B. 

----·- --------

I
i D•.pth in fe<>t. at low. .A.mt>unt shoa.led or I 

water. deepened. 
Diatanoo from' I 

shore-line. i--1-866. ____ 1_8_76-.-l In rn-ye_a.ni ___ [I -Ra-d-:p-it-ht-.o-. 
Remarks. 

Fut. 

0 

150 

350 
500 
720 
!l'20 

1,080 

1,200 

1,360 

1,530 

1,720 

1,960 
2,100 

2,23& 
2, 4,2S 

2,610 

2,810 

2,970 

Feet. 
·• 4 

11 

15 

36 
37 
,'(r 

130 
~6 .. 
'43, 

411' 
46. 

42
9 

39' 

36 

40 

401 

r:4 

i I I 

--;:~---~~ .. :-- ! Pe~~:t· l~titu~e 211" 11' 21''.7, longitude W' 16' 40".0; shore-line of 187G at west~:: 
"."_10 I ... t() I 
+ 5 II + 3:l I 

1 The section begin• at west shore and runs somewhat diag-On&lly downward 
-· 14 I - Js 

1 __ 14 1 
_ 

37 
, acr°"" the stream on a line of 8011ndings of survey of 1866, and ends about 960 

22 
23 

I -· , 2 I f.,.,t below the evuth point of "Cubitt's Gap." 

-
-161 I • 

-- 20 
25 - 9 

30 -13 

35 -11 
4() -6 
38 - 4 
48 +10 
00 +14 
51 +11 • 51 +11 
49) + 6 
47

1 + 5 

- 25 

- 29 

- 24 
-13 

-Oil 

+ 25 

+ 39 
+ 27 
+ 27 

+ ul 
+ 12 
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TABLE 3.-Section fr0tn right ba1tk (west short!) to east bank, &c.-Continued. 

-----.----------,------·-·~·-···--------

Depth in foot at low. Amnunt shnaled or 
water. · doopened. 

Distance from Remarks. 

' . 
shore-line. ,l--1::--:~7~~--· 1n i~ year~r~:~~:-=-

I ----------------~------------
Feet. Feet. 
3, 150 42 

3,340 45 
3, 470 46 
:{, ti40 45 

3, 790 32 
3, 920 39 
4, 050 34 
4, 190 30 

4,310 17 

Feet. 
49 

50 
4ti 

44 
41 
39 
38 

31 

18 

Feet. 

T7 
Tlj 

• 0 

-1 
-1 

Percent. 

+ 18 

+ 11 
± 00 

- 02 

4,425 1 

± 0 

+4 
+ 1 

+ 1 
-1 

- 02 
± 00 

+ 12 

+ 03 

+ o~ 
-100 Latitude 29° 11' 3:)-11 .l, longitude 89° 15' 5311 .6; 15hore-line of 1676 at east shore. 

MISSISSIPPI RIVER. 

TABLE 4.-Sectimi from right to left bank, about 1~ miles below "Oubitt1s Gap," La., E to F. 

I 

-- : I Ratio to 
1877. 

1
ln11 years.I depth. 

! Depth in feet. at low. Amount shoaled or 
I water. deepened. 

Distance from I' ___ ~· 
shore-line. I 

i 1S66. 

Remuks. 

--F-ee-t-. -1 Feet. ,---;.:--, Feet. I Per unt. I 
O i············!············'········· ... : ............ ' Latitude 29° 10' U" 9 fongitude 89° 16' Oa .8 

130 ' I 1 ' + 0 i ............ i 
250 5 6 .;:l i +w I 
380 ~5 22 -3 ; -12 

:11 23 540 -8 -25 

33 24 
34 26 

33 29 

39 29 

43 32 

45 33 

45 34 

46 36 

48 38 

49 39 

48 39 

46 42 

43 43 

42 41 

40 40 

39 36 

36 36 

36 34 

34 34 

33 :n 
29 29 

22 28 

13 'Z7 

- 9 

-8 
-4' 
-10 
-11 

-12 
-11 
-10 
-10 
-10 

-9 
-4 
1 0 

- 1 
± 0 

-a 
± 0 

-2 
± 0 
-2 

- 27 

- 23 
-12 
- 25 

- 25 

- ~6 

- 24 
~ 21 

- 20 

- 20 
-10 
- 08 

- 02 

- 07 

-00 

-06 
± 0 .......... .. 

+ 6 + 27 

aho1~1ine of 1877, wet1t ohore. 

770 
950 

l, 110 

1,310 

1,470 

l,620 

1,830 
l,970 
2, 170 

2,375 

2, 580 

2, 770 

2,950 

3,220 

ll,455 

3,660 

3,850 
4,070 

4,200 
4, 540 
4, 750 
4, 900 

5,100 

5,230 
5,400 

a 
0 

l4 
............... 

-----'-------'---.........:. 

+14 +108 

·--~~~·-··l····~~---1Latitude29" 10' 20".7, longitll<le 890 15' 05".5; ahore-lineof 1877, east ahore. 
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MISSISSIPPI RIVER. 

TABLE 5.-&ction at Head of Pas.~es, about 2,342 feet above Head of Pa,sses light-house, west shore to 
east shore, C to D. 

1,007 

1, 175 

1, 328 

1, 502 

1,673 

1, 847 
2,040 

2.22.4 
2, 402 

2. 575 
2, 756 

2,953 

3, 126 

.3,297 

3,477 
3, 655 

3,871 

4,052 

4,193 

4, 380 

4, 600 • 

4, 7941 

4, 973 

5, 170 
5,348 

5,521 

5, II&~ 
5,905 

6,050 

e.220 
6, 3118 
8,5'9 

6,73:1 
(1,890 

7, 038 
7, 172 
7,326 

7,529 
7, 690 

7,808 
7, 979 

$,~ 

8, 242 
8, 350 

9 

27 

31 

34 

33 

33 

34 

31 

33 

30 

31 

31 

31 

3.1 

33 

31 

30 

29 
27 

27 

27 
2B 

30 

30 

30 

30 

28 

28 
27 

26 
23 
28 

Z1 

30 
31 

31 

31 

31 
31 

27 

33 

31 

27 

1 

4 

2 
0 

12 

'l:i 

27 
28 

29 
29 

281 

28! 

28t 
27 

27i 
26 

26 

26 

27 
24 

23 

24 
22 
~2 

23 
22 

201 
21 
21 

21i 
21 

21 
2Z 

22 

22l 
23 
23 

23 

23 

25 

26 
25 

251 
251 
241 

26 

21 
H 

5 

li 
0 

- 6 

-4 
-4 

-Iii 
- 3i 
- 4i 
-3 

- 3i 
-5 
-5 
-7 
-6 
-7 
-7 
-- 5 

- i5 

-5 
-4 
-6 

- 9i 
-9 
-9 

- 8i 
-7 
-7 
-5 
..:. 4 

- Oi 
-- 4 

-5 

-7 
-8 
-6 

-5 
-6 

-Si 
- li 
-9 
-5 
-G 
+1 
+1 
- Oi 

0 

- 17 

- 12 
- 1 
- 1 

- 11 

- 13 

-10 

- 11 
- 16 
- 16 
- 21 

- 18 

-22 
-23 
- 17 

-18 

- 18 
- 15 

- 21 
- 31 
-30 

- 30 
-28 
-26 
- 26 

-18 
- 15 
- 82 
- 15 
- 18 
- 23 

- 25 

- 20 

- 16 

- 20 

-17 

- 05 
-'J!1 
-18 

-22 

+100 
+ 25 
-- 12 

Remark•. 

This section follow• one of th!' croos·oecti&n sounding linll8 of SUJ"<<ly of 1846, 

•tarting on west .shore and e11ding at eaat l!hore, near south end of lli&Sissippi 

base. 

O Latitnde 29" 09' 24".B, longitude 89" H' 18".4; abore.llDe of 1875, east shore. 
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APPENDI x No. 11. 

REPORT ON GEODESIC LEVELING ON THE MISRiflfHPPI RTYEH. 

BY ANDREW BRAID, ASSISTANT. 

UNITED STATES COAST AND GF.ODF.TIC SURVEY OFFICE, 

Wa,sltington, D. C., .'1pril G, 1881. 

DEAR SIR: In accordance with your instructions of Septemher '.!8, 1880, I proceeded to Batuu 
Rouge, where the schooner Quick was fitted out and a party organized. 

The previous season's work terminated at Fort Adams, Miss., but on account of the unsatisfac. 
tory results of the river crossing at Red River Landing, it was deemed adYisable to re-ruu the por
tion of the. work between those two places. 

Work was therefore commenced at Red River Landing Xovember 10, but instead of following 
the same course as last year, the line was continued along the west bank of the river until nearly 
opposite Fort Adams, where a hetter place for the crossing wa8 fountl. The width of the river at 
this point was 790 meters instead of 1,370 meters, as in the previous crossing. The lower stage of 
the river, moreover, giving the line of sight an elevation of O\'Pl' 1.5 feet above the surface of the 
water was highly advantageous, as was also the cloudy weather with wbich we were favored. 
Simultaneous observations were made in oppositk directions b~- l\fr. Isaae 'Yinstou and myself, and 
then the observers exchanged stations and repeated obsenatious. 

The following tabulation of results I quote from lllJ November (1880) report. Stations A aud 
B (in the accompanying illustration) are the positions of the instruments, tlw former on the west 
bank and the latter on tbe east bank: 

m. 
"Station A, Level No. 1, A. E., observer = 0.0248 mean of [i sets. 
"Station B, Level No. 36, I. ''T·, ohserver = 0.022fi mean of' 4 sets. 
"Station B, Level No. 1, A. B., observer= 0.0221 mean of 5 sets. 
"Station A, I~evel No. 3G, I. W., observer= 0.034i mt>an of 4 sets. 

"Mean = B. M. 158 higher than 157 = o.o:wo 
"The tide-gauge method on the contrary, assuming tlw water t-0 h:we tlte same level on \10th 

sides, would indicate R. 1\f. l!i7 to lm Uie l1iglter hy om.0297, a 1lifforp11ee 01' ii~ CPHtinwters from Ow 
result by spirit-leveling-. The spirit leveling result is in this case undoubted!~· correct, and the 
discrepancy, therefore, is due to the differt>.uce of lt>vel of tlte surfaces of the water at T aud T1

• 

This hecomes evident when we examine the currents and find them ro1111ing iu opposit-e directions, 
there being a strong eddy on tlie eastern side. The surface of the wat-er on that side must there
fore be the higher. An inequality of the same kind must lmve exh;ted at the erossing of la.st Ma~· 

, at Red River Landing, for upon connecting "·ith the terminal B . .M. (XT,IX) of last s<•ason, I fiud 
its height to be nearly 9 f',entimeter!'i (0. 1110893) less than then computed." (A revision of computa
tions with corre~tion for inequality of pivots applied give!'! 0"'.0907, which is practically the same.) 
"The former computation depends entirely on the tide·gauge result8 of the :May crossing, tbe spirit
leveling observations being rejected on account of tlieir wide range.'' l now find, however, tltat tbe 
latrer, notwithstanding their discordance, give a me.an result nearer the truth than the adopted one. 

If we take the observations of May 8, 10, and 11 (days on which observations in both direr
tions were obtained), we will lia\•e four !«'ts in eac11 direction, eaeh set r,ousisting of IO to 12 repe· 
titions. Their mean result is: 

m. 
B. M. a lovi,.er than 127 • • • • • • • . • • • • • • • • • • • • • • • • • • . • . . . . . . • . • . . . . . • • • . . . • • 0.0195 
'l'ide-gauge result is B. M. a higher than 127 .•••.•.•...• , . . • . . . • . . . • • • . . . . . 0.0718 

Difterence. • • • • • • • . . • • • • . • • . • • • • • • • • • • • • • • . • • • • . . . • • • • • • • • • • .. . • • 0.0913 
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This makes the result at the terminal B. M. (XLIX) agree very clearly with this se.ason's 
result, but under the circmustances I consider such close agreement acci<lental, as the means fur 
the different days are all different, and have a range of 15 centimeters. . . . . "The bench
marks of the east side of the river, from Red River to Fort Adams, can be corrected by subtracting 
+om.0907 from their computed heights, as we know their relation to B. M. XLIX, the height of 
which bas been re-determined. 

"The following is a list of the bench-marks thus aff!'cted, with their heights (as per office 
computation) and corrections applied thereto: 

B. M. XLVI = +13m.6412 - Om.0907 = +13m.5505. 
B. l\L XLVII = +i2m.3812 - om.0907 = +12m.2905. 
B. M. XLVIII = +21m.2670 - Om.0907 = +2lmJ76:':. 

B. M. XLIX = +1sm.1017 - om.0907 = +lsm.0110, result as re-determined. 

As these bench-marks now form no part of the main line, they may be treated as a branch line or 
discarded entirely." This subject was fully treated in my November report, but for ccinveniencP 
of reference I have reproduced the essential portions here. 

The weather during the season was unusually ball, and the roach; consequently very had also, 
which made the progress of the work both slow and laboriom;;. 

A junction was r1focted with l\Ir. Weir at a point about 4 miles south of Sriint JwwpL":-:i, Tensas 
Parish, Louisiana, January HI, after which, in accordance with instructions, the vessel was taken 
t,o Algien; and laid up. .Mr. C. A. Snow was left on board as ship-keept>r, he hadng sened iu the 
same capacity when the ve8se1 was laid up at Baton Rouge. 

The distance surveyed during the sea~;uu, including tl1E> branch to the Fort Adams bench
mark, is 1701 kilometers (lOG miles), aull tlte total distance ot' tlte junction B. l'tl. (LXXUJ) (exclu· 
.~foe of branch to Fort. Adams), from Carrollton, is 470.7 kilometer;.;, or 2!1'.! miles. Hs heigLt ahm·e 
B. l'tl. I at Carrollton is 181".8'.!tiO, and the final diRagrerrnent of liUPfl A au<l B = .'J.4m111

• 

A completP list of the• ben<>h-markR of thif4 !4eaflon, with their relative height>: arnl distauces, 
will a-0company this report. . 

The permanent or "primary'' be11e11-m:uks an~ indicate<] by the Boman numerals, aud the 
temporary ones by the Arabic. The primary marks are usually granite or nmrhle posts set in 
the ground, with their tops projecting tbret' or four inches abon• the surface and beariug the 
inscription-

U.S. 
B D .M 

1880 or 1. 

The instmment used is the samr as l1eretofore used· hy me on the Mississippi Rh·er work, and 
also on the trans-continental linP of levels, viz, Geodesic Micrometer-level, No. 1. 

This im1tmment, originally made by W urdemanu, bas been much improved at the Coast and 
Geodetic Survey Office. The accornpa11ying illustrations (NOR. 4G and 47) will render clear the 
following brief' description: 

Tlw t:clescope is mounted in ri.ngs, and can be turne,<l ahont it~ optical axis. A vertical 
micrometer-s<m'W is mounted !W t11at the eye-end of telescope can he elevated or depressed, thus 
measuring the small angle betwt-en the horizon and target. 'fhe center of motion is below the 
object end Y of inl'ltrument. 1'he 1•ccentricity thus produced would prevent the use of the 
micrometer for· thP measurement of angles of any eonsiderable size, on acuount of the variable 
value of a turn, but in pra-0tice. the angle measured seldom exceeds five to ten divisions (22" to 
44") of the screw, so "that the effect of the eccentricity is inappreciable. The striding lt>vel is loose 
and reversible, thus admitting of elimination of level adjustment error. 

One division of level= 511 .29; one division of micrometer screw = 4" .43; magnifying power 
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oftelescope::::;26; focal dhitance, lG inchei:!, aud aperture, 1* inches. The diaphragm.carries one 
vertical aud 4 horizontal Rpi(lfl' Jiu es anauged as iu Fig. 1, illu1;tratiou .X o. 47. 

The angular distance from ceutral line to a is lti' i'i4 11 .D1 awl from central liue to c i.-; ](i' 35".7. 
The central liue aml Iiue a only are used iu distance rea<liugs, and tlie extra Iiue h is only inserted 
as a means of dh;tinguishiug a aud c from eaeL otl1er. 

Tl1e latest 1\etermi11ation or i1rnqua.lity of piYuts from ubserntions made ill DeL:cmlwr, 1880, 
and January and :'.\larch, 1:)81, gin~s ol~ieet-end pivot larger by 1'<;.6 than eye-eml pivot. The 
linear value co1Tes]HHHliug to tin,,; (LlPpeudiug ou the distauce) is, therefon•, to' be adrkd to each 
rod reading-. 

'Vhole re\'olutiuu;; of t!ie mic'l'ullleter are sLO\\'IJ 011 the steel scale shuwu iu }'ig. :!. The hea<l 
of micronwter is graduated into 10() parts or dfri.~io11s. aml tenths of dh·isionR are read by estimation. 

Tlie whole instnum·ut is momited on a substantial tripod with "opeu-work" legs, thus com
bining stahility aud portability, two essential requirement.5 of a fiehl iu,,;t1·u111eut. The weight of 
instrument and stand, exclusi\-e of :,itridi11g level, ifl 23 pouuds. 

'I'he levclliug-ro<l><, two iu nmnher, and marke'd A and B, are of wood, and o\·er 3 meters loug. 
They are made so as to aYoid waq1iug, awl a transverse s1:>ctioIJ will be a MaltesP cro...,s. The face 
of rod is graduated to ceutinrnters, aml a brass Neale also gr<lrluaterl to !'entimeters is inserted in 
the side. The target, which i1; rectangular aud bears a white ceutrnl line bounded hy black spaces, 
and these again h,v white l"Ugt>8, moves h.\~ au e1Hlless chain, aud is secured wlwu i11 JHlSition by a 
damping snew. Tlw t~wget ClHTies 0Ye1· the brass scale au iYnr~· .-;cale gradnntell to millimeters. 
Tenths of millimeter8 al'e read hy estimation. A cil'culu r level i8 attached to each rod so that it 
may always be held iu a Yertieal po8itiou, and a t.ht>rmometer is ahm inlaid hy tlte side of the brass 
8cale, so that, t.rmperature ma~- be noted each time the rod is read. 

The rods are graduated from below uvwards, b11t the zero of scale ir< sorue distance aboye the 
foot of rod. 

The index en01· fOl' rod A i>' om.om~. 
The index <:>l'l'Ol' for rod B i>: 0"' .0801. 
The foot of rods is of hra,;s and ('0111·ex:, fittiug into t'OIH'a\·it.1· i11 fool-plates. 
The foot-platf's are of ca:st iro11 awl furnished with teeth on thPir nuder 1mrfaee .,;o that they 

may be firmly fixed to the ground. 

::lfE'I'HOD OF OB:,>EHYING. 

Various methods ha\·e heen tried, such as running the liue forward aml theu ba,ckward, read
ing the bubble oflewl instead of micrometer bead, using the latter simply as a pointer, &c.; but 
the method finally adopted all combining the greatest accuracy with the least outlay of time is ail 
follows: 

'.l'wo lines are run si111ulta11t>ouHl~·, witli tlu· rods usually at different distances from the instru
ment, aml to pl'event the gradual acnmmlation of error, supposed to be due to runuing constantly 
in one directiou, alternat,e sections are run in oppoi-lite directions. Each statiou of the instrument 
therefore contains two backsights and two for1\;;ights. In station:; 1, 3, 5, &c., rod A, backsight, 
is invariably read firnt, then rod B, bacbight, thPll rod A, foresight, and, fiually, rod B, foresight. 
Jn stations 2, 41 6, rod B takes precedellce of A i11 hoth hack and fore sights. If 4 rods !'Ould be 
used the mean time of obserrntiou of hacksights coultl lie 1uacle to agree with that of foresights 
by observing one back:sig11t, tlieu both foresights, a11d, finally, seeond back;;ight ; and at the next 
station t11e order could oe reversed so as to begin aml eud with a foresight. This would U11doubt
edly he the most perfect system: it would necessitate two extra i·odmen, hut sona>thing would 
be gained in accnracy aml also iu time. To attempt to carry this method out with 0111.'· 2 rods 
would involve a great lrn,;s of time, as the rodme11 would baye to walk over the whole distam·e seY · 
eral times. Moreover, the changes in refraction during the extra. time cornmmed at a lltatiou 
would probably introduce sufficient enur t.o 1110rP than counterbalance any benefits derived from 
the system. 

Each fore and back sight. contains four readings of" horizon," and four of "t.m·get," which 
S. Ex. 12-18 
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are derived. as follows, the instrument, of course, being first adjusted and leveled, and the target 
placed approximately in the horizontal plane of the telescope: 

1st. The eye end of bubble is brought to a given scale division (the selection of which depends 
on length of bubble, which :should be nearly central) hy means of micrometer screw, and the 
micrometer reading is recorded in column "horizon.~ 

2d. By means of micrometer, bisect central white line of target and record micrometer reading 
in column " target." 

3d. Reverse level. Repoint on target and record as before in "target" column. 
4th. By means of micrometer screw bring object end of bubble to the same scale division a!! 

before, al1d record micrometer reading in column "horizon." 
5th. Invert telescope about its optical axis and repeat step 4th. 
6th. Bisect target and record reading in "target" column. 
7th. Reverse level to original positi(Jll and repoint on target, recording as before in "target" 

column. 
8tl1. Repeat step 1st and record in "horizon" column. 
The following diagram shows graphically the order of the observations. E and I indicate 

erect and inverted positions of the telescope, and D and R direct and reverse positions of the striding 
level. 

Horizou. Target. 
E D 1 2 
E R 4 3 
I R 5 6 
I D 8 7 

The distance is derived hy observing the number of scale divisions of rod included between 
the middle and outer cross-hairs, the angular distance of said cross-hairs being known. The height 
of the target on the rod is read lly the rodman from the brass and ivory scales before mentioned, 
and bis reading checketl by tlrn obsernir or bis aid. The temperature is also noted. 

The mean of the four "target'' reading:s, minus the rneau "horizon" reading1 gives the value 
iu terms of the micrometer screw of the inclination or deviation of the target from the true hori
zontal line. This is reduced to linear measurement and appliecl as a correction to the rod reading. 
The other corrections to he applied are for inequality of pivots, curvature, and refraction and tem
perature. Resulting heights are, of course, derived by the usual formulae Backsigh~foresight. 
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The following is a specimen of the record showing the complete ohservationR at one station of 
the instrument: 

[Left-hand page.] 

DACK SIGHT. 

.Alicl'ometer. . ' 
- -------------- ---

May 22, 1880. 

Running from n. M. 137 w primar.\ B. lll. X:LIX at J<'ort.Aclams, Miss. 

Rod A. n ! E 

FOR~; SIGHT . 

Micrometer. 

I 
n 40.472 i 
I! 470: 

Rnd A .. 

40.460 .•••.• _ ... ·-----T--~ 
463 . ·--·--- -- ... ····-: 

11 I E D 40. 611 40. 600 I. 734 J.9:1 l. 9544 : I I R ! 470 j 489 o. 212 . o. 09 I 0.111• 

: RI 590 600 
1
1 I I I R I 590 .580 

.1. 98 

1 D I soo ___ s_1B ___ _ 

Means ..... 1 ___ ~1~9~ j 40. 589 ~2. 0 

--0. 6 

Jlod B. 

----·~~~ ' ------T-
11 I I ! D 

i I 

: I I I R 

i E I ~ 
40. 590 

1 
40. 590 2. 171 l. CJ25 : 

581 ., 5~1 ,. •••••• "" 1 1. 9;:; 

580 600 
1 
......... ., --· 

f--~-'~~=:.:..:..:..:..:'·-·--·-· 
Means ...••. 1 40. 585 40. 595 22. 0 I 

I - -------

1 
+I. 0 

R2' 

1. 9505 

81'·' 

D 489 i 4-90 ----·-----1 0.141 
---·----

Mean• 

1

! 11 ll 
R 

E R 
I D 

M('ans ..... . 

0. 0 

40. 520 : 

480 

480 

470 

40. 4~~ 

40. 475 : 15. 5 

--------1 

RodB. 

I 
! 

I 
40. 449 ; o. 270 0. 09 0. ll44 

491 ......... ., o. 14 

400 '. ......... !..... ... 82° 

461 ....... -- . 

40. 47~ 15. fi 

RodR on prinuny B. l-f. XLI:X: at .Fort Ada.mp;, on premises of J. R 

Mat.thews. 

PROBABLE AND MEAN ERRORS. 

'l'he probable and mean errors of the season's work hav-e been computed by the same method 
as heretofore employed. 

. The formula for mean error per kilometer for a single levelling ii:.i K = Jic~:'1 and for two 

levellings = J 1 [2-v2
J-

2 n s 

The formula for mean error for the whole distance is,,= /Er[2-v2J 
'\2n. s 

Probable error= mean error x .67 The probable error per kilometer is found to bf' omm.9, 
and for the whole distance ::!:: llmm.6 The following, from the "Pracisions-nivellement der Elbe," 
explains the derivation of the above formula~. 

''Let v, v1, Vt, ••••• Vm represent the differences between the results of a number (m) of 
separate levellings from their arithmetical mean, then 

f i•1·] The square of the mean error of a single levelling = --- - -
1
-

m -

The sq~are of the mean error of the arithmetical mean = ______ !_!!'.] -
m (m - 1) 

In the case before us we have two levellings, so that vv = v,, v1, and the above expressions will 

reduce to 2 vv and 2 ; respectively. 
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1*t ii nipresent the h•ngth of the line of levelling (expressed in kilometerR), for wbicb tbP. 
errors are sought, thPn h.r the assumption that the squares of the errots are to each other as the 
distances, we get: 

. 2m' The f"qnare of the mean error per kilometer for a single le\·ellmg = - -
.~ 

And 
') i·i· The 1<quare of the mean error per kilometer for two ltwellings =A"".___ 

- " .~ 

Let there be n distancc8 for who8e total length the erron; are to he found, and taking· the 

. 2 rr 2m' s, ·~1 •• ~2, • • •• ~" as equal, or 110 nearly equal, that the weights of the -- and! -- _ mav be taken 
8 .~ • 

as ('qnal, then the arithmetical means of all the 2 1'!' aud -.\ ~-- t~t' will give the most probable value of 
8 " ii 

the S(jnares of the mean errorr>, i. c.: The square of the meau error per kilometer, derived from- n 

d . ta ti . l l 11' l [ 2 'fVJ IS IlCCS or a smg e eYe mg = n --
8
-

The squar1· of the mean error per kilometer for the mean of two levellings = l_ [ 2 -i·i~J 
2 n .~ 

Fina1ly ai-;suming· that the errors increase as the square root of the distance, we find that the 

square of the mean error of the differenct• in height for 01,1e levelling = -- -- and for a double [sj r~ tTJ . 
n ._ s 

rneasurernt'nt = - -- -- ---[sj [:! u] 
!3 11 .~ 

The fornmhe will therefore lie exprer:-eed thus: 

_Mean error per kilometer for single levelling = ]( = { ~[2 ~] 

Mean error per kilometer for double levelling= rr-[~~J 
-,,./ 2 n s 

Mean error of mean of two levellings over whole distance= r1 = / f sJ[~~J 
\ 2 n .~ 

Abstract <>f ?Wmlts. 

___ :~ ~i1~1:.~t:rs.1 __ ~~~__1 Rod B. Mean. I Diff 

I m. I m. I -.· , l~-. -~~71 mms.·o 
RM_ J to 127 :105_ 140 : +u 0474 : +13. 0386 ··" 0 """ Q 

' - ---------.------' ----------'·-- ----~----- ---~---- ------- -
.---------~ -----·------1 -- - ___ , __ _ 

127 In HR_··-··--·-···I LU68' - 4.1266 i - 4.1231: - 413481 3.5 
148 to 147- _ .. _ _ : _ 123 __ J_ 5952 · ___ ]_ 5955 1 

_ 1: 595! I o. 3 

147 to 146-·---··------i .457, - 1.0326 i - 1.0322 -1.03~4 0.4 

146 to 145-····-·····-·j .0441 t- 1.24951 + 1.2489 + 1.2492
1 

0.6 
145 00 149 ....... ·----·i 2.1221 + 3.2480: -c 3.4267 + 3.4273 i 1.3 
149t-Ol.'o0 ...••..•. _. __ : 2.113 -0.05-07[ -0.0555· -0.01>31; 4.8 

150 00 l5L ..... ______ I 1.286: + 0.5187' 1 0.5402 i + 0.5490 I 0.5 
151 to 1s2. .••••• •.. . .. a. 081 i + i. 2950 I + 1. 2972 : 

152 to L.·---·-·······i- _2_:_~~-1--=-0.5557 i---+ 0.55831-----l---
127 to L .••...... -. ···1 12.370 ! + 0.27181 + o. 2740 I 
l to 121*. ______ --····j __ '30~l~I-····--------- ··-····--·····----·--

:,:: :rh:·:::::·::·- .. :!==!17~-::~1·~:-~~~.~~~l~-:·~.·~~ii====ol=== 
15.1 to LI.., __ .. _··--·! _____ :4~i + 0.35071 + 0.35431 
Lt<> J,L.····-···--···i 2.0D7 I + 0.0384 \ + 0.0422 

I 
I to J,·-·-··-···· -·--i •a11.510 !-·--··--····-· -···-·········, 

~Ll····-·----·~-r-3~;.w-;l--··········l·--··--·······I _____ , ___ _ 

+ l. 2961 2.2 

+ o. 5570 2.6 

+ o. 2729 2.2 

*+13. 0637 *8. 8 

+13. 3366 6:61 
-- o. 3122 0.21 
+ 0.3525 3.6 

+ 0. 0403 a.s j 
*+13. 3366 *6.6 j 

+13. 3769 2.8 

• Oftlce oomputation. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Abstraet of results-Continued. 

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

l Distancn 
\ in-kilomet.t're. Rod A. Rod B. Mean. 

- - -- -- , _________ ---------- -----

"'· m. m. 
Lltol54 ............. • 736 : + J. 0168 

I + 1. 0205 + 1. 0186 
154 to 155 .... 1. 5\14 - 0. 8590 - 0. 8603 - 0. 8.100 
155 to 156 .. __ ........ '203 ' - a. 9110 - 3. 9097 -- 3.9104 
156 to 157 ............ .077 - 4. 6428 - 4. 6428 - 4. 6428 

157 t-0 158. - .... - .. - .. . S3R + o. 0260 i + 0. 02~0 + 0. 0260 
I 158 to XLIX ........ I 1. 618 +13. 0019 I +13. 002i +13.0023 

I Ditr. 
I 

mm. 
3, 7 

I. 3 

I 1. 3 
: 0. 0 

0, 0 

0. 8 
··------- -~---. 

~~,,t~:~~~::::::.:: I '31~:: : .... ~.4--~~~.l. ... ~-~-6~~~ I '~1::~~ -~:~ 
I to XLIX ····:·· "' I- -3:~~_!!7~:~;-~::·~~E~~~-=~=-:==!18. 01_~ =l~7 
Ll fo 154 ........... " I . 736 : + 1. 0168 : + 1. 0205 + 1. 0186 3. 7 

154 to 155 ............. I 1. 594 ! - o. 8500 I - 0. R603 - 0. 8596 1. 3 \ 
155 to 159 ............. 1 1. 201 - 2. 0816 ' -- 2. 0744 - 2. 0780 7. 2 1 

159 to 160 ............. ! 2. 005 ' + 1. 1113 ' + 1.1118 + 1.1116 0. 5 ! 
160 to 161 2. 601 - 0. 4593 - 0. 4615 I - 0. 4604 2. 2 ~ 

161 to LII...... .. . 3. 180 + 2. 2651 + 2. 2669 I + 2. 2660 l. 8 i 
1- I): ------~-1 

I~:.:~~:~_::::::: .... : '3~~::~~: ---~- 1'.·.~~~~- .... ~.1.-~~~'..i -!1~:~:; I .::~I 
I to I.II ............ !=~=~~~,l~~~=~~}-··::: .. :·~·:=-=-t:_14375~i 6.91 
LII to 162 ........... · I 5. 508 I - 1. 8425 . - I. 8339 - 1. 8382 : 8. 6 I 

. ' I I 
j 162 to LUI ........... : ___ ~' + o.5752 ~-5759 _ __.:::~_:;_ ;_~ / 

I LIT to LIU .......... i 5. 649 : - 1. 2670 - I. 2581! - 1. 2627 1
; 9. 3 : 

I I to Lil*.. .. .. __ f *:!31.584 l ........................ _ '+14.3751 ( '6.911 

I I to LIII ............. r- 337.233 / .............. :-:-=~- ---:;-;3.1124 :~ 
·~~=i~=----- ~----=--=-=-~=-~--I 

LUI to 163 ........... 1 5. 606 ,

1 

- 5. 2620 - 5. 2580 ; - 5. 2000 ~- o \ 
' 163 t-0 164 ........... ._ l - 1. 611 + 1. 7394 : + I. 7401 i 

184 to 165 .... -- .. . .. .. 2. 237 + 3. 3864 I + 3. 3846 

165 to 166 ............ I '746 - o. 7938 I - 0. 7928 ' 

166 to 167 ........... _ 3. 354 - o. 35117 I + o. 3604 . 

117 to 168 ............. 1 2. 920 / -+ 1. 6530 1 + 1. 6549 1 

168 t-0 LIV -- . -- . -- ·, 1. 019 I + o. 34R7 i + 0. 3446 I 

+ 1. 7398 o_ 7 

+ 3. 3855 1.8 
- o. 7933 1.0 

-+ o. 3600 0. 7 

+ 1. 6540 1.9 

- ~ - ~- - ~--- ----- -

~~~~!~~:::::· :. j___::~~!;~'. ... ~:-~:~~~~- 1 - ... ~-~--~3~.)_:+rn.uu; •1a2 

I to LIV ............. !=- :JM. 7~6 ______ =~-===I= +_1~~~ i1 =_!~·!1 I 
LIV to 169 ........... : :uH 1 -- o. s102 - o. Bna - o. s101 I i. i 

tllll to 110 ............. / a. so6 + o. 5805 + o. 5738 + o. sn1 I 6. 7 

170 to 171 ........... "\ 1. 204 , - o. 2154 - 0.2204 -- 0. 2179 i 5. O 

i 171 ~ ], V . _ .. I 3. 038 + 0. 2667 -t 0. 2661 + 0. 2664 \ O. 6 
!-----·-- --·--·--1 - --------,·--·----

LIV to L V.. __ ...... \ 11. 495 ' - o. 2384 : - 0. 2518 - o. 2451 13. 4 

I to LIV' ........... I' *3~.726 · .............. !.............. •+14.5450: *18.6 

I to L v.............. ---3titi. 22!" ~ ... --:--:-~.~.-.T:·:-:-==-1 + H. 2999 ----;,-; 
'=-==---"-~'-" c~·'°---'---cc=,....l _____ l'~-'0.----==--1-~=' 

LV to 1;6............ .171 + 0.2787 \ + 0.2776 + 0.2781 I 1.1 

176 to 175............ ~-477 - 1.1423 ! - 1.14591 - 1.HU I 3, 6 

175 to 174.... ••• .. • .. . 1. 578 ! - o. 6933 : - o. 6894 - o. 691411 3. 9 

17' to 173 ........... _ . R88 l + O. 32.'18 + 0. 3200 1 + O. 3ZM Q.8 / 

11ato112 ............. I };4451 +0.4119 +o.•rnol +o.412li x.1 

112 to 11st ............ 
1 

2. o9'J I, + 2. 4298 ~ + 2. 4272 + 2. 4285 :1. 6 . 

,l7sttoLVI •••••••••. \ .835
1 

+0.1425: +0.1455 +0.1440 a.01 

~:~~~-~::::::::::.'-~ ·3~:::·1----~-~·--~~~-i ... -~-~~7~~- ·=1~:= .::~I 
1toLv1............. a1s.101

1 
............. .j-............. j +11.0520 5.11 

• l)lliM computation. 
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Abstract of results-Continued. 

I 
, LVJ to 178! ---~--
I 178! ts> 11s. _______ _ 

! 178 f,o 177 ........... . 

li7 t-0 LVII .•.•..... 

LVI to LVII ... 

Distance I 
1 
in kilometers.: 

Rod A. ------Rod Jl. --T- llI•an. 
DiJf. 

·---------1----------- '-I 
. 835 _ ::·1425 · _ ;,-1455 _ ::·1440 : m:~ I 

1. 183 - 0. 8995 -- 0. 9020 II - 0. 900; : 2. 51 
3. 22~ + 0. 2249 + o. 2290 + 0. 2269 i 4. 1 

.158; -0.0179 -0.0170 --0.0175; 0.91 

- -~:ii>.;'~50·· - o.83551-- o.8353 r-----o:sl 
I I I I . 

I to LVP ...... _ ..... 1 *375. 707 : ........ _ ... __ ; ... _ ... ------. *+16. 0529 I '5. 1 I 
I to I.Yll ·-----··---- -~111 ~-:-:--:-:~~-::~:-:-r~-=I +15.21761~-1 

=~=c~1=-=c"-=-=~1-----;---- -- I 

LYilto179.......... 3.1741 -0.8579i -0.8574

1

' -0.85771 0.5

1

• 

179 to 180........ .... 2.41~ ! + 2.0092: + 2.0103 + 2.0098 II 1.1 

180 to LVIII...... ... .8!7 ! - 2.6947 ,_ - 2.69.54 i __ - 2.6950 I ___ ~ 

LVII to LVIII ....... ---6-:4au!-- 1.5434 / - 1.54251 - 1.54291 0.91 
I to LVII* '381.111 '-·----------··: .............. , '+15.2176 ! *4.61 
I to LVIII .......... --38;.-550 :~::;.---~~::~:;=~--~ . J ____ :=~-674~ f= _ _"· 5 ! 

L VIII t-0 181. . . . - - . . 4. 0:;9 + 2. 9912 I + 2. 986! I + 2. 9888 I 4. 8 i 
181 to LIX .. _ L 298 - 0. 2397 ! - 0. 2442 i - 0. 2420 1 4. 5 i 

5. 357 + I. 7515 I + 2. 7422 I + 2. 7468 1-----;;-
387. 550 ___ ......... 1 

...... ______ 

1 

•+1a.e747 I *5.5 

'«LU ........... [- - ,,.:_-oo;·::·:· :··:·::·,__::::·····eel .:""°' _"" 

~~ ~~:::~::::::::::::~~~~~- ~-~~~~::·----,--~~·~~ 1-·:1~::~~: I'- ·~~: 
I to LX .............. 393.680 ------ ___ - --- I +16.7361 2.2 

LVIIl to J,IX ...... .. 

1 to LVJII- ......... . 

-~--==·=·=--- =···=~= .. ·~=~~=! '= 
LX to 182 ____________ 3~;~.-· - 0.5412 i - 0.5430 I -- 0.5421 i 1.8 

1~2 to 18~------------· 3.44G + 0.6307; + 0.62951 + 0.6301 i l" '1 

18300184 ............ , 1.544 -o.sosoi -0.8073 1 -0.8066i I.a 
)84 00 185 ...... • ••••.. i 2, 283 1 -- 0. 2041 i - 0. 2002 \ -- 0. 2022 3. 9 I 

1s5 to LXL---------· 2.650 I + 0.1101 i + 0.1129 + o.ms i 2.2 i 

I 

j ___ I 

~: ~~:~'..:::: .. :: __ i---:3~~-~~ ---~-~--~~~-1----~-0--~~~~- ·~1~:~: .~: /_ 
I to LXI.. ........... 1 406.9971--------·-·-·-\'::·-···--·--· +15.0271 0.4 

LXIto196 ........... J 1.9851 +0.6-065J +0.6-049 +0.6-057 1.6 
186 to LXII .......... · .089 - 0.0548

1 

- 0.0543 - 0.0545 0.5 

LXI to LXIL. _. ___ .1---:--2~0MI + O. 5517 + O. 5506 - --+-0: 5512 --1.l 
I to LXI*--- --------/ 406.997

1 

.............. 1·---·---·----- *+15.92711 *0.4 

::L:~: . C_•"'::=-=:~~I ::;:;;;;1 :':: :: 
I to I.XII*........... . *409.071 !--------------1-----·-·----·-i · *+16.4783 *1.5 

I oo LXIII --·------··:·-~ 410. 019 :~~~I-------·- -·-·1 ~s;;;;---;;-
LXIII to 189 .. _ ...... 

1

:=··_-- '1~(;9- = 1
0 

•• 7
65
348
26

1 • = 
0
1 .. ~~537 1

1 + 1. 7348 0.1 
189 to LXIV -··-····· 1.335 ~ - 0.6490 7. 3 

! LXIU to LXIV ••••.• : 2. 774 + L 08221 + 1. 0894 + 1.0858 7. 2 l 
I to LXIIl*-------- .. j *410.010 i·- .. ·---------i==-:_:_:__:.:_:_:_:_, *+15.8292 *2.3 i 
I to LXIV --·-·-·----: 412.7931.---------·---'-·-·---·---·--1 +16.9150 9.5, 

LXIV t-0 188 ......... :- --~3~-1 + 0.6462 i + 0.6443 i + 0.6453 --~~-1 
188 to 187. ____________ : 2.39S ! -1.2349 I . 1.2432 i -1.2391 8.3 i 
187 to LXV -·····. - - . . 221 i + 1. 675.l i + 1. 6751 I + 1. 6752 o. 3 : 

~=~v. i ·:::: ::~'7:1<~~::1 :::: :: 
• Ot!l.oe computation. 
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Abstract of results-Continued. 

Rod A.. RodB. Mean. Dift'. 

LXV to 190 ....... -2 406 - ~~SW:-- ~~833 • - ~'.·2830 I m~\ 
190 to 189j............ 1.716 + 0.2030 I + 0.2035: + 0.2033, 0.5 

18!lltol91. ••••....... ' 1.917! -0.3407, -0.3348 -0.3377! 5.9 

191 to 192....... •••. •• 1. 82s 
1 

- t. 61so I - i. 622a - 1. 6~cr2 , 4. a 

192 to 193.... .• . . .• . . . l. 0"271 + 0. 07961
1 + 0. 0838 + 0. 0817 : 4. 2 

193 to 196 .•.•••..•.••. i 1. 882 + 2. 6052 + 2. 6000 + 2. 6026 i 5. 2 

196 to LXVI . . . . ..••. .117 I -- I. 8288 i - 1. 8295 - 1. 8291 ' o. 7 

-----11----1 --- -- --~~~ :---
~~VL~,:~~~.::::::i *4~~:~: .... ~-~·-~~~3 i ... ~-1.. 1826 . *+17.9964 ! .~:~ 

I 
' '---

I to LXVI ......... j 427.646 =~~~:-:-r~:~.~-:-:--_ +16.8140 i 1.3 
-----,=-==·~--~·-·- - I= LXVI to 196 ......••. i .117 i + 1. 8288 + J. 8295 + 1. 8291 ! 0. 7 

196 to ua.. .......... · I 1. on _ o. 4446 _ o. 4430 _ o. 4438 : 1. 6 

195 to 194 ............. 1 1.597 - 1.7330 -- 1.7323 - 1.7326 i 0.7 

194 to 197 ............. ! 1. 865 + l. 9742 + l. 971i8 ' + l. 9750 . ]. 6 

197 to 198 .••••.•••• ••• 1 2. 207 + 0. •514 + o. 4443 : + 0. 4479 i 7. 1 

198 to 199 .•..•••••••• ., 2. 873 - l.:!314 - 1. 3362 I - 1. 3338 1 4. s 
199 to 212 .•.••........ 1 .78f> - 0.0666 - 0.0646 i - 0.0656 ! 2.0 

212 to LXVII .••..••. ~ . 22~ - 0.1942 -- 0. 1912 - 0, 1927 i a. O 
I ----------1--

LXVI to LXVII ..... I 10. 740 + 0 .. 4846 . -+ 0. 4823 ' -t 0. 4835 I 2. 3 

I to LXVl• ········--! *427.646 .............. :.............. *+16.8140 i '1.3 

I to LXVII ...... 4a8:386 =~-·:.·.-.. ~:j..: :.-.~~-=: -+17.297Gr---s.6 
~~~oo-=,=ec-1=.co~--~-----· ~= . 

• 224 + 0.194~ + 0. 1912 + 0. 1927 ' 3. 0 

2.1251 + 1. 37741 + 1. 3788 -t- 1. 3781 ' 1.4 
211 to 205 .... - . 1. 852 - 0. 4472 ' - 0. 4436 - 0. 4454 , 3. G 

2-05 to 204 ..••......... : 2.189 + 0.71751 "1 0.7240' -+ 0.7209: 6.8 

i, 204 to LXVIII .... __ . i, 2. 616 - u. 8380 : - 0. 8332 
1 

- O. 8356 : 4. 8 
-------- ------ --- ----·--·---i---

' LXYII to LXVIll... i 9. 006 + 1. 0039 I + 1. 0175 , + 1. 0107 i 13. 6 
'438.386 .............. ! ............•. : ·+17.2975 ! *3.6 

1---- -- --;----1---

::v:v:~o~ ....... : «:::: 11~:-_:;:i.-~~:~~~i~:~~ :1~.::: !-1:·:-i 
203 to LXIX ..••..•.. ! . 439 + o. 012s j + o. 0101 __ + o._om i~_ • 

LXVII to 212 ........ , 

212 to 211. .... 

I to LXVIP 

LXYill to LXIX ... .I 2. 023 I + 0. 7116 1

1 

+ o. 7125 + 0. 7120 I 0. 9 
I·to L:XVIII* .. _ .. --·I *447. 39ll ...... - . _ .. __ .............. : • f 18, 3082 •10. o 

I to LXIX ··--···--··I 449.415 ............. : ~-------~~~:-:-:;--+l9.020:!T~ 
,-----~==-=l~~--

LXIX to LXX....... 1.915 - 1.1632 - 1.1611 I - 1.1622 2.1 
I to LXIX• • . . . . . . . . . *449. 415 ............................ j • +19. 0202 •10. 9 

ItoLXX ........... . 451.330 +17. 8580 13. 0 

LXX to 262 ........ .. 1.2% + 1. 6265 + 1. 6278 + 1.6271 1. 3 
20i to 201. ••• ' ....... . 

201 to 200 ............ . 
2. 573 + o. 3200 + 0. 3167 
1. 798 - o. 7174 - 0. 7175 ~~:~!::I ~:: 

200 to LXXI ........ . .tl69 - 1. 4117 - 1.4117 
-1.4117 '-~ 

LXXI to 200 ........ . 

L:X:X to LDO ..... .. 
I to I.XX:• .......... . 

I tu LXXI .......... . 

6. 706 - 0.1820 - 0. 1847 
*451. 330 .................. ···--·---····· 

-------
457.oas --- ·---·------ ............... 

.069 + 1. 4117 + 1.4117 

- 0.18341 2.1 
• +11. 8580 I ·13. o 

+17.67lfl I 10. 3 i 
1==-·1 

+l.4ll7/ o.o: 
200 to 207 ........... .. 1. 666 + 1.2320 + 1. 2216 + 1. 2268 I 10.4 
2111 to 206 ............ . 

206 to LXXII ....... . 
2.279 - o. 2691 - 0.27H 
1.855 - 0. 7622 - o. 7605 

- o. 2702 : 2. 3 
-0.76141 1.7 

LXXI to LXXIL .•.. 5. 809 + 1. 6124 + l.60H + 1.6079 11.0 
I to LXXI• ......... . *'57. 095 ........................ ..................... • +17. 6746 •10. 3 

1-----1-----1----~ 
I to LXXII ......... . +19. 2815 o.7 

• Otlloe compatation. 
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.Abstract of results-Continued. 

I Distance I 
1 
in kilometers., Rod A. RodB. Mean. /_:_I ·--~---!, !I i 

m. I m. I m. mm. 1 

i LXXIl to 210 •••...•. i 2. 493 I + 1. 4229 I + 1. 4326 i + I. 4277 : 0. 3 i 

I

, 210 to 209 ............. 1 1.:;19 I + o.0347: + 0.0210 I + 0.0312 ! 7.11 
~9 to 2011.. ..•...•.••. i 1. 783 i - o. 0399 : - 0. 04791' - o. 0439 i 8. 0 . 

208 ro LXXIII ....... : L 965 I - LB719 I - i. 8712 - 1. 8715 1, o. 1 i 
i i i j I 

i LXXIl to LXXIII.. ·I 7. 760 I - 0. 4542 i - 0. 4589 ·- 0. 4565 I 4. 7 i 
jitoLXXII* ........ i *462.9041 ............. !....... f *+19.2B~i_:()~7i 

I to LX~:rn----~~ .. · 1 t 470. 6ti4 i ............. "!" ............ i + 18. 8250 I 5. • I 
'* Office computation. 1 Distance exclusive of branch ro Fort .A.dam•. 

Probable error per kilometer = 0.9 mm. 
Probable en:or for whole distance = 11.6 mm. 



 

:No.'65 

BM 

No.l 

No.2 

T j T: 
8 M. 157. ------ -----
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FIG-.No.l-.The d.ott.eiL line shows course- of' line. of' 

1.evels frorrv .Red, .Rhver -La:!J -to ..F'P. Adarn..s, ..Mqr 
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ved trom.J each· to co7f71£<'.L 8.M.s 157 & 158. 
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Fig.1 

a 

0 

SIDE VIEW OF 

GEODESIC MICROMETER LEVEL No.1 

a represenu s~ 1evwib, The darnpin,g screw:' C, the, 

~e;ru;, scre-w; ID, the -rn:icro~ screw/ d, a sc:re'W 

tor rai.sin;g telescope in,., the Ys i 0, cenur of rnotioru -irn.1-

part.eiL lo' -rnU:.rom&e"r screw, a:nd· broken- lin..e,k-d-o, 
the ra.dins r 'Yari.ahw) . The w !wk instru;m.e.n;t;, can. 

be re:voweiL aboux,. S . 'Wh.en- COITyin3 -the in.B't.runlenX, 

-from,· sta:l:i.on ro staZion,, the pressure i.s ~ re:rnoved 

from, the 'Tni.crom.eter screw oyrnea:n..s of' the 7wok h, 
whiat,-is hel.d,mpZace, by rhe sprin:J k. 
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Fig. 2 

I 
I 

: 
I l -

-~--.L.--
1 I 
I I 
I I 
I I 
: I 

,...___~ --t---l ____ .....,..__--1 
'---------t---~"7--·+----' 

I I 
I I 

' 
' I 

FRONT VIEW OF 

MICROMETER SCREW 
GEODESIC MICROMETER LEVEL No. l 

The- sfe!!L scale a is 9rad:u.cued,; to in&

ca.u -w.hol.e turns of' the micrometer; and al/ 

the sa.rn,e.- t:ime i.GS edfle serves as r~ 
mark f'or the .9rad:uated· micrometer 'head-. 

f1!J.1 
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API~ENDIX No. 12. 

REPORT ox THE BLUE CLAY OF THE MISSISSIPPI mn:u. 

By GEORGE LITTL]1-;, Ph. Il. 

ATLAXTA, GA., July 4-, 1880. 

DEAR Sm: In accordance witL ~·our letter of instructious, I ha Ye ma<le, during the months of 
February, March, and Dect>mber of last year, a ''study and report on the so-called 'Llue-cb~·' 

problem of the :Mississippi RiYcr." As you have expresst>d tbe special question to be, "fa this 
formation one antedating geologically tl1e present river, and into which the rin~r has dug a bed, 
or is it a deposit by the river itself, in which it has formed its owu b<'u, as in the case of the 
'Passes'1" I Jmye made a careful examination of the geologh:al formations from 2\[empliis to ::\e\\· 
Orleans, and present herewith sections (thirt~·-tluee in uuml.Jer) of all thP prominent exposmPs or 
outcrops either made by myself or by competent obsernrs. Yiz: 

Sir Charles Lyell; secoud visit to the lT nited States. 
David Dale Owen, State Geologist of Arkansas. 
Eugene 'Y. Hilgard, State Geologist of Mississippi. 
,Jam es l\f. Safford, State Geologist of Tennessee. 
Eugene A. Smith, State Geologist of Alabama. 
F. V. Hopkins, State Geologist of Louisiana. 
For a more thorough knowledge of the river and its 11ist-Ory, I haw studil'd tlie
Riiport on the Mississi11pi Ri\·er. Humphreys and Abbot, 18iG. 
Report on the Mississippi and Ohio Rivers. Chas. Ellet. 
Geological Description of Louisiana. \Vm. Darby. 
Geologie i~ratique de Louisiane. H. Thomass,y. 
Silliman's Journal. E. ,Y. Hilgard (March, April, l\fa~·, 1871 ). on Geology of the DPlta arnl 

Mud-Lumps of the Passes. 
Report on the Rock-Salt Deposit of Petit Ansc of the Ameriean Bureau of Mines, liy Chas. 

Goessman. · 
Smithsonian Contributions to Knowledge, No. 248; on the Geology of Lower Louisiana. 

Eugene W. Hilgard. 
Reports upon the specimens obtaiued from boringR made in 18i±, between the 2\lississippi 

River and Lake Borgne, t.-0 Engineer Department Luited States Army, h;r Prof. E. \Y. Hilganl 
and Dr. F. V. Hopkins, 1878. 

The Physics of the Gulf of l\Iexico and of its Chief Affluent, the l\Iississippi I:i,·er, b~- Caleb 
G. Forshey. New Orleans, La., 1878. 

Improvement of the Mississippi River and itf:; Alluvial I.ands. H. J\lis. Doc. :Xo. 1;), J<'ort.Y
fiftb Congress, third session. l\femorial of .John Cmnlou, January, 187!1. 

Dr. W. J. Carroll's New Theory in tliat Branch of Natural Science known as J{iYer lJy;lraulici'. 
Natchez, 1878. 

Official Register, Louisiana State University, 1870, 1871, 18i:.!, 1877, iu which r('ports are madP 
hy Profs. F. Y. Hopkins and S. H. Lockett. 

Special Re1lort of the Board of State Engineers to the Govemor of Louisiana 011 the 2\foutl1 of 
Red River and the Falls at Alexandria. January ~3, 1874; New OrlPans: by B. H. Augamar aud 
M. Jeff. Thompson. 

Reconnaissance of Mississippi River from Cairo to New Orlca1rn; to aecornpaur Thir<l Sub
division, Mississippi Route to the Seaboard. Act of Congress of June !!3, 1874-. By l\Iaj. Chas. R 
Suter. 

S. Ex.12-19 
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Map of Mississippi Hiwr betweeu mouths of the Illinois and Ohio Rivers, 1870, by Col. James 
H. Simpson, U. S. A. 

Map of l\Iississippi Rinir between Cairo and New Orleans. 
Heport on Geology of :Missouri. G. U. Swallow. 
lteport on Geology of Arkansas. D. D. Owen. 
Report on Geolog~- of Te1lllessee. ,T. 1\f. Safi:onl, 18ml. 
l{eport on Geology of :'lfissis8ippi. B. L. U. Wailes, 1854. 
Heport on Geology of Mississipvi. E. W. Ililgard, 18GO. 
]{eJJOrt on Geolog.r of J.ouisiana. F. V. Hopkins, 1870, 18il., 187:.?, 1877. 
Report on Geology of Alabama. l\I. Tuomey, 1850, 1858. 
U.eport 011 Geology of Illinois. A. C. "' orthen. 
Report on Geology of Iowa. C. A. \Yhite. 
The history of the Mississippi l{iyer affords an epitome of the history of that portion of the 

continent embraced within the United States. Its headwaters rise in the oldest Azoic rocks, 
near the line of Driti1:1h America, frorn the springs and lakes of Minnesota, and its affluents 
drnin the wcsteru slope of tile Appalachian water-shed as well as the eastern side of the Rocky 
}\fountains. 

It 11as excarnted its bed through the Paleozoic rocks of' Wisconsin, Iowa, Illinois, Missouri, 
and Kl'11tucky. Its uau"ks ill these States arc mostly composed of sandstone and limestone, which 
liaw confilwrl the waters to a comparatively narrow channel. But, below the mouth of the Ohio, 
in latitude 3fiO ~81 , and ill(leed above, at Cape Girardeau, in latitude 370 20', softer material allows 
the stream greater latitude, and we fiud that as soon as the Cretaceous and Tertiary rocks begin tu 
appear, the ri\·cr bas at dift't>rent times spread out over much wider area. 

From Cairo, in latitude 370 00', to the Gulf of l\1exico, in latitude ~9° 00', tlie successive elevations 
of tile continent have brought to the surface the rocks of different periods in Mesozoic and Caenozoic 
times in rt>gular arrangement, with the mouth of the Mississippi River as a. center, in approxi· 
matel;v coucentric circles, or perhaps more accurately stated as the sides of a triangle whose apex 
is near Cairo, in latitude 37° 00', and whose base is the Gulf shore, in about latitude·29° 00'. Thus 
we find the Ci·etaceous rocks extending from the vicinity of Cairo, southeastward to Alabama all(l 
Georgia, wiiere tlit-;y terminate on the east side of tlie Mississippi, and through Arkansas to aud 
through Texas on the west side. 

The Tertiary rncks extend next to these on both sides of the river, and border the Mississippi 
bottom or lands snhject now to overflow as far south as Chicot, La., iu latitude 33° 00' on the west, 
arul Fort Adams, Miss., in latitude ;no O.J' on the east side of the river. 

The Quaternary clays bor!ler the Gnlf from these points southward, and are said to extend some 
distance beneath the waters of the Gulf as sea bottom before the deep wate1· sets in. 

Immediatelr beneath these clays, but overlying the Cretaceous and Tertiary rocks, we find an 
extensive deposit of sand and :pebbles, extending from Cairo to the Gulf, which corresponds in geo
logical time with the great Drift period of the States north of the Ohio, and which probably resulted 
from the melting of the g·laciers which strewed the bowlders and deposited the cla;ys and sands over 
the surface of the Northern States. 

The rounded forms of these pebbles a11d sand grai11s indicate their removal by a rapidly fl.ow
i11g current. By their griHcling aetion, as ·well as the force of the current which bore tliem along, 
a deep 1msil1 11as been cut out in the rocks of Cretaceous and Tertiary age, from Cairo to th"' Gulf, 
and this basin has afterwards been filled above the gravel and pebbles which coveretl its bottom b~
two distinct materials-the lower ouc a stiff clay formed in still water, the upper a fine silt, which 
shows no eYidence of stratification, and must have been deposited from water free from any appre· 
ciable current. 

\Vhile the clay has only been recognized as far north as Uolumlms, Ky., in latitude 360 47', the 
silt or loess has been traced as far as Sioux City, Ia., in latitude 420 33', and nearly to Fort Pierre, 
I>ak., in latitude 440 23', of uniform texture aml chemical composition, and with physical features so 
similar, that specimens from Sioux City cannot be distinguished by theeye from those found in the 
bluff at Fort Adams, in latitude 31° Oi:i', or Baton Rouge, in latitude 300 27', where this stratum 
terminates to the southward. 
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·while the Mississippi Ri•er was filling up with calcareous silt, the wide hed er<1tletl by tht> 
glacial stream, there was forming around the coast of the Gulf a marshy deposit of blue cla~T' wliid1 
is now exposed at Port Hudson, on the Mississippi I:hTer, in latitude :wo 40': a]J(l eastwanl to 

l\fobile, aud west\\Tard from Chicot to Victoria, Tex. Thesi1 seem to ha>e been clost'ly relatP<l, 
though succeRsive deposits, from the fact tlrnt, at the charaeterii\tic outcrop at rnrt, Hndson, ilw 
ealcarcous silt is rcpla<·ed by a yellowish, sandy hardpan, with no 1wrceptiule liue of separation, 
while lower down, at Garig's ferry, on the Amite Hiver, near the junction of tltc Oomite, the hard
pan becomes whifoih and more clayey, and lower down agaiu passes gradually into a light blue, 
sandy cla~-, which represents the blue clay found in the banks of tlw l\Iississippi, and as far east
ward as 'roodyille, about twenty mileR from Fort .Adams. 

]n the sections made between Lake Borgne and the )Iississippi Hiwr an alternation of sa1Hls 
;111d cla;ys takes place, jm1t Ruch as we see now during a single season of high and low water 011 the 
rh'er; sands and clays deposited alternately, according to the rapidity or slowne,.;s of th(• current. 

A suhsequent elevation of the southern portion of the )fissh;sippi Yalley lla:> l'ani\ed the rin'r 
to make a new bed, en tting down into the silt, and in the cours;e of ages it ha,.; n•mon~d again th i,; 
light material, excepting a narrow strip along the bluff 11ow bonlering- tl1f' ''bottom" from )fem phis, 
in latitude 3iP O!l', along the edge of the Yazoo" bottom" to Yiek~bnrg-, ~atchez. arnl Baton B< mgl', 
in latitude :~oo 27' on the west, ancl Crowley's Hidge from the )Iissouri line, in latitude ;me 0()1 to 
Helena, in latitude 34° 32', aIJ(l some isolated spots, suf'h as Sicily J,.;larnl, ia Louisiana. The riYer 
has diminished in vohune. until at present it only occupies a betl about one rnilP iu witltli, which i::; 
constantly changing, and nrny haYe moYed its location from one side to tl1e otlwr of it;; ba;;in, ori).\"
inally forty miles in width at Memphis. The melting of the 81lOW on the It!wk,r )lmrntaiu~. togNher 
with the accumulated water from the win terrains, cause,~ it to oYerfiow its pre1'eut ha11ks, :1 wl tl1er" 
is an annual deposit of allu>ium extending from the banks across to the bluffs or hig:hlilmls, which 
border what is known as the" J\Iississippi Bottom.'' This allm·ial dqlosit Yaries with the rnatPrial' 
brought down by tlie current, but is generally sand or cla~T· The day is some.t.imes hlne, s0111eti1111·K 

green, and again, as along Hell Hiver and bt:low, it is red. 
Although there is so great a difference i11 the tenaeit~· of the clay arnl tlH' s:m1L the pti\\·er ol th1• 

current of the river is such that it seems to cnt them with equal easc, in cl1anging irs hP1l, h,\ w:1~l1-

ing out the lower strata of sand, and undermining the ha ah, so that acres often fall into th<> stream 
at once. 

Within the last twenty years, under my own obscr-vation, the rin1r has cut away a milt• of oue 
bank, and made a deposit of a mile on the opposite side, uow oYergrown with willow au!l poplar. 

At lfodne;r, in latitude 310 521, wl1ere I lautled from a steamPr hy ;1 plauk into a ,;tort> m lS<iO, 
a sand har has formed, making the lan!ling two miles from tlm ,.;ame stort~ i11 1880. ~ot man,\T ~·e;u·s 
have passed since boats landed at the foot of the bluff on which Vicksburg stands; last .n•;n tlw 
city had two miles' travel between it and the riYer landing, awl a hatture formed in front of tht• olll 
landing fully a mile in width. 

At another point I lrnve seen a small ditch dng l!cross a narrow neek of land half a mill' wide. 
which connected the points at which the river had ap11roaelled itself at tlte extremt•s of a heud 
27 miles in length, and during one ornrfiow the current lwgan passing through this ditd1, and be
fore the river fell again a passage had been forme<l large enough to carr~- the largest stPamers. 
This is now the main bed of the river, while the two euds of the bed haYc been silted np so as to 
form a. lake 25 miles in length and crescent-shaped. Similar changes haYe happened repeatedly 
within the recollection of those now liYing, so that we may easily believe tliat if tile bed bas been 
changed 9 miles from west to east in ten years it may h:we moved 40 in any half century, auu thus 
passed from one side of the "bottom" to the other. The materials of the banks from :l\Iem
phis sonthwar<l are mostly the clays and marls of the Tertiary until we reach Vicksburg, ou the 
cast.em side, where a bed of Tertiary limestone has checked the current; and again at, Grand Gulf, 
in latitutle 320 021, we find a Grand Gulf sandstone, which has camictl another curve in th<' course 
of the river. 

At Fort Adams, in latitude 310 05', a claystone has again offered an obstacle to its free flow 
and turned it westward. On the west side it has had free course, uuless tLe limestone outliers of 
the Cretaceoqs ridge extendmg from Northern Louisiana to the Five Islands on the Gulf may have 
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otferc(l au obstruction. The wlto1e l\Iississippi bottom appears at present to be uniform in its com
po,,ition. cousisting of altemati11g deposit:-; of sa11cl, where the currents were swift, aud of beds of 
day whicll lHITe filled the kny places when the current was sluggish or in eddies. The Allu dum 
in this re><pec~t rnsemble,.; the other gronps of the Quaternary period, ail may lie 8een b;r the sec-
1ions cxposetl iu Alauama, a:-; uescribed by Tuonwy; in Tennessee, a;;; described lly Saffonl, in ~'Iis
~ussippi by Hilg:ml, in ;\.rkarn;ns by Owen, and by Hopkim: in Louisiana. 

SOUTHERN DTIJFT. 

Tlit> stratum 11rnrki11;.:· tlic di,·i:-;ion bebn~e11 the m1cient history of the J\lississippi aml tbe 
modern is that cornput1(•t\ of snml <UHl pebble:,; which is found nll along the bank::; from the rnoutl1 
of tlw Ohio, where we may snppose tl1e ohl iirnr e,nt(•n•d the sea ut the close of the Carboniferous 
time to tht' mouth at the Gulf of tlil' Atdrnfala~·a, whel'(' the uew bc!l wa,.; eut out at tlw time the 
e1iast of foe Gulf or l\fexico had aequirecl 11early its present outli11e. \Yl1ile "·e find this stratum 
;dong tlw prp;;e111 e1mnw of' the rin·r, arnl along tln' honler of UH· ( 'arhouiferous rocks, both east 
a nil we1;t of the riYcr, 111adt1 1111 of pellltle8 of various sizes, the gcueral surface of Ute Creta('eous 
a111l 'frrtiars is 1·0\'erccl mostly lJy fine sand. 'Tuomey, in his first n•port on Alabama, 1s:m, 
1ll'>wl'il1ed these d<>posits on tli(' t•dµ-1· of tlt1, Carbonif1·rou8, aml sonthwanl, ai-; "Rnperfieial hells,'' :u; 
fi.illows, page l;")!I: 

•• f have in tJie prCC:f'!li11g pages referretl lo heels of }oose materials f'.Olll}IOSed of ]ldJbles, sand, 
clay, alHl loam, that are found Kcattc-red oyer tlw State, ofteu 1'011tpletel,v hiding tlrn mulerlyiug 
rot'ks. Tht>s1, may be studied to gT1•at ath·autage arouud TnHcaloosa, where they are fairly di:s
pbyed on the slope of tlH' hill towardfl tli" rh·cr, affording a Rtrikiug- illustration of the causes that 
:tre daily mo<li(ying the 1•arth'I'. ~mrfaeP. 1'he nppPr b~~d is cm11pose1l of red loam, aud is underlaid 
hy ;yellow ancl wltitl' saud, showing obli111w lamination. 'flwse heds alternate with deposits of 
coarse r1nartzosc i1eltlih18 of \·arions color:-;; among tlwlle an~ often fouml agate, j~tsper, homstone, 
imd ot11er raricties of quartz. 'L'lie largest of the pebbles rarely exceed four inches in diameter. 
Occasionally ronmled fragments of tlie sandstone of the coal measures may be detected, and, in a 
f1'W in8taueel4, l ha,·e found 11ieees of thP millstone grit much.larger tban _the pebbles. Hut the 
most interesting portiou of tlH'se materials consists in the cherty pebbles, ha\'ing an oolitic struct· 
lll'e, that )!i\·e intelli}t'miel' of the origin of the beds in wl1ich the,y are contained. I haYe stated 
that in tl1e lowc·r group of ('arltonifero11s roeks there are hells of chert that are in structure 
oolitic. It i.s the ruins of thc:-w that l1an fumisllt'd the oolitic pebbles. Ilornstoue aurl agate also 
occur i11 these hc<ls, a]l(l are 1loulitless tlw origin of the pebbles of tliesc miuerals. The <legrada
titlll of the conglomerate of the rnillsto11\' .!!.Tit of the Yallcy has also eontrilJutetl quartz and other 
siliciou,; materials. But w<e nn· iiot left altogether to infer from identity of mineral composition 
that tlw loo:,;c materials that coYPr the surface around Tuscaloosa have travelled from north to 
south from 100 to l;iO miles, for we can trace the ,-ery path they travelled by the monuments they 
han lr·ft behiud thorn on their journe~-. Along .Tones's Yalley beds of pebbles ma;r he traced in 
spots beyornl the influence of au:r c1rnse now iu operation that could place t,hem there. Auel 
almo"t i11 the strt>ets of Elyto11 Dr. Earle directed my attention to a low and narrow ridge com
posed of these materials; iHld to this that I have found at Tuscaloosa in these beds fossil corals, 
ancl amon)! tlll~m a Rpt,eie:,; of strombodc.~, a earboniferons fossil, anrl I think there can be but little 
l'isk in sbtting that tJI(~ umteri;l\,.; of thPse beds ha\·e tnrnilrnl at least from the lower edge of 
Blount County, a (listanct' of 70 miles. Within a very few years tlH•y haYe again taken up their 
line of march and are flrnt hastening· on their downward course from Tuscaloosa. Tons are trans
ported 1o the riyer by C\'ery shower of rain, and the only wonder is, that the navigation of the 

• 'Warrior has not long ago bN'll impeded by this Yast accumulation that is taking place in its bed. 
" • " 1 am obliged to condude that the beds aronud Tuscaloosa are newer than the Eoceue Ter
t ial'y of the State." 

Again, iu his second report, p. 144, 18,)8, he says: 

"They are round on the hif,!:ltest ele.nitiom;, aml are strewell along the valleys. Across the 
middle of the State awl 11orth of the Yerge of the Cretaceous rocks they are found in greatest force. 
Tuscaloosa stands upou these beds, as <lo the cities of Columbia, S. O., Peter1ilmrg and Richmond, 
Ya. Washington and Baltimore have also their foundations on these &trafa." 



 

UNITED ST.ATES CO.AST .AND GEODETIC SURVEY. 149 

The deposits everywhere show the action of water; they are often ollliqucly laminated, and 
sometimes beds of clay occur between the strata of sand and pebbles, indicating a short J•criotl of 
repose in the agitated waters. North of the paper.mill at Tuscaloosa, a bed of swamp-mull J feet 
thick outcrops at the lmse of a hank, in a raxi11e coYeretl hy a stratum 20 or 30 feet in thickness, 
of the usual material of these lleds. The remains of grass, charred wood, compressed stems of 
woody plants, and the elytne of insects, are found abundantly. I ltave elsewhere mentioned that 
these are umong the newest beds of the State, excepting the alluvial, now in process of formation, 
lint I hesitated about referring them to any particular period. I now think tltat the~- belong to the 
dr~ft, although having but few points of resemblance to that formation at. the north. There, cou. 
sitlerahle deposits are thrown together containing large, augular, and roun1led masses of rock that 
could scarcely have resultetl from the actio11 of water alone: here, the largest of the rounded frag
ments seldom, if ever, exceed 6 inches iu diameter, and there nrc llo angular masses, excepting in 
the instances that I haYe mentioned, and the action of water in motion is ever,ywhere impressecl 
upon one as tlte sole transporting force. A re111arkallle feature in the tlistrilmtion of this formation 
is its appearing in greatest force parallel with tltc Tertiary plane of the Cnited States, and cross
ing t11e ri\ers at their fall:-;. These IJeds are indeed scattered farther south, but their greatest 
accumulation takes place herr, the thicknes11 being oftm 100 feet. 

If the southern drift be at all connected with that of tlie north, it may be explained by sup. 
posing that the northern glaciers suddenly melte!l, and that the water thus liberated in immense 
,-olume took a southern direction, carr~·ing with it the d1;bris torn from the surface oYer which it 
passed, until it met the Tertiary sea, upon the shores of which its burden was deposited. It is tlif
ficult to suppose that any force acting upon harll silicious fragments for so short a time as that 
necessary for t,heir transportation from north to south would so completely round and polish them, 
and if we suppose these materials to haw~ heeu alrea<ly water-worn and scattered over the surface, 
and that they were merely brought together by thi:-; force, still one would suppose that a very con
siderable quantity of angular fragments would also be torn up and transported with the rest, 
which is not the case. But after all, we know too little of tlie grinding force that ma~- be exert('d 
u.r a mass of loosli materials 100 feet i11 tlticknesli', when in motion. This theor,Y would sufficiently 
well account for that enormously long ridge of drift exteiiding parallel with the Atlantic coast; 
for, the moment the current entered the Tertiary sea, its wlocity would he checked, and the grnatcr 
part of the transported detritus deposited. It eau be dernonstratetl that this accumulation took 
place at a time when, if our southern riYers existetl at all, they did not occupy their present beds, 
for they haTe almost all cut through the drift, after its tleposition. In supposing that the drift wal' 
11Pposited on the margin of the Terti.ir,y Rea, tl1e difficulty meets us that in the southern drift we 
have no marine remains, nor in truth organic remains of any sort beyond the silicified woo1l 
already mentioned, and yet beds of clay and fine sand are deposited in a manner that indicated a 
period of repose, and conditions favorable to the preserrntion of organic remains, if any organi::im 
existed in the sea. The only way by which I can account for this absence of every vestige of life 
i1.1. a sea that once teemed with life, is bl- supposing that, before the drift period, the bottom 
of this sea had heen elevated aml converted into dr~· land, and that at the commencement of tlw 
drift period a depression of the land took place; that the time between the influx of the sea aml 
the deposition of the drift was too short for marine animals even to have commenced a coloniza· 
tion; and that the land was again elevated into its present position and sn~jected to long-continued 
denudation, which produced its present configuration; that after this elevation the rivers exca
vated their })resent channels. It must obviously he very difficult to assign the limits of thP 
southern drift, for it is found scattered over the States, the materials becoming flmaller a:-; we pro
ceed south, till they mingle with the sands on the coast, from which they cannot he distinguished. 
The remains of the mastodon are found on the surface, or are washed out b;r the streams. 

Jn,UFF OR LOESS. .. 
Prof. G. U. Swallow, in Geological Survey of Missomi, p. GO, say;;: 
"The geological position of this formation in the series of .:\Iisisouri rocks is easily determined. 

That it is newer than the drift is satisfactorily proved by the faet that it rests upon the latfa~r for-
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mation, when both are present and ~ndisturbed. It caps nearly all the hluffs of Hie Missouri and 
)lississippi within our State, forming the very highest deposits skirting their valleys. Thus while 
the bottom prairie occupies a higher geological horizon, the bluff is usually several hundred feet 
alJoye it in the topographical. 

"This formation when well developed usually presents a fine, pnlverulent, obsolit-0ly stratified 
mass of light grayish buff, siliciou:-1, and slightly indurated marl. Its color is usually variegated 
with deeper lJrown stains of oxide of iron. 'l'he bluff formation is often penetrated by numerous 
tubes or cylinder1:1, about the size or thickness of pipe stems, some larger and others smaller. They 
are composed of cl:t,\", carbonate of lime, and oxide of iron, being argillo-calcareous oxide of iron, 
or calcareous clay ironstone.'' 

Tllese he attributes to the decayed roots of oak trees and other plants, and states further that, 
"These phenomena haYe been thus minutely i1ffestigated, uot merely as interesting scientific facts, 
but also as one of the most useful agricultural features of thiis i1re-eminently Yaluable formation; 
for upon it, and sust1tiucd by its absolutely inexhaustible fertilizing resources, rest the very best 
farms of the Mississippi and Missouri •alleys. 'l'hese tubes and holes also constitute the most 
thorough system of drainage imaginable." 

A specimen of this deposit collected at Hannibal, 1'1Io., grwe Dr. Litton, in 100 parts, dried at 
212° Falu-.; 

Silica . . . . . . . . . . . . • . . • . . • • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . 77. 02 
Alumina and peroxide of iron . . . . . . . . . . . ....................•.......•.•.... -. . . . . . • . • 12. 10 
Li me ..•..•••..••...••.....••.••••...••••.•..•..• - ••••••.••••••. - • • • . . • • • • • • • • • • • • • • • • 3. 25 
l'lfaguesia .... _ •.. _ .... _ ................... _ . . . . . . . . • . . . . . . • . . . . . . . . . • . . . . . . . . . . . . • • • • 1. 63 
Carbonic acid. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • 2. 83 
'Vater.. • . . . . . . . . . . . • • . . . . . • . . • . . . • . . . . . • ..... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 43 

Total . . . . . . . . . . . . . . . . . . • . . . . . . • • . . . . . . .•......•••....•.... _ . . . . . • . . . . . . . . . 99. 26 

According to Bischoff's Chemical Geology, the loess of the Rhine, supposed by some to be iden
tical with our bluff, giYes the following results from two anal~·ses: . 

1-~--------1 ~-1 ··· ~~ T-;::--1 
, ____ : ____ ~!---! ___ : 

Silioicacid .•••••.•...•...••. 1 58.97 i 81.04 f 62.43 ' 

1 .Alumina .................... i 9. 97 l 9. 7511 
7. 51 

: rero.tideof iron .....••..... 1 4.25 ; 6.67 5.J4 

l Jjn:m ·-------------·--------! 0.02 i·-···--·-· ........ . 
Magnesia ................... 1 0. 04 i -0. 27 

1 
0, 21 

l'otash ...................... 1 10_·!~ ~ill 2. 27 I 
; Sod~---·-- .................. ! ,,., 1. 75 
'Carbonateoflime ........... 1 20.16

1

· .......... : 17.6.g 

Carbonateofm~gnesia .••••• i 4.21 •••.•••••. 3.02 
LoAA by ignition ............ ! 1.37 ••••••.••. 1 2.31 

1--oo.w1'too.001~' 
: I ' 

" These anal~·ses show a striking coincidence in the composition of these widely separated 
formations." 

David Dale Owen, in .Arkansas Geological Report of 1860, p. 412, in the description of Phillips 
County, says: 

"Crowley's Ridge, which runs throngb Greene, Craighead~ Poinsett, and Saint Francia Counties, 
forming the divide between the waters of the Sa.int Francis and Whioo Rivers, oorminates in Phil
lips County, just below the city of Helena. The top of this ridge, throughout its entire ext.ent in 
Arkansas, is composed for the most part of silicions clay and marl of Quaternary date, usually 
resting on a bed of water-worn gravel." 

The counterplkt of Crowley's Ridge may be seen on the opposite side of the Mississippi River, 
at Memphis, thence running northward through the State of Tennessee and a part of Kentucky, 
crossing the Ohio River at Caledonia, in Illinois. In Tennessee this ridge reaches the river at 
the firet, second, third, and fourth Chickasaw Bluffs. In Kentucky, at Hickman, Columbus, and 
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Jefferson's Bluff~ The fourth Chickasaw Blnff, upon which :Memphis is lmilt, has an eleYation of 
some 70 feet abo>e low-water, and is entirely composed of yellowish marly clay, belonging t-0 the 
Quaternary. At Randolph, on the second Chickasaw Bluff, the elevation is 200 feet above low-water. 
and for the sake of comparison, the following section obtained at that pla-0c is here giYen-
Quaternary: Fe1·t. 

Sandy soil and subsoil, yellowish marly clay.... . . . . . • • . . . . . . . . ................. ·. . . . • s:. 
Tertiary: 

Purplish pink clay. . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . • . . . . • • . . . . . . . . . . . • . . . . . . . . . . . . . ~ 

Yellowish sand and grayel ..................• ,...................... .. . . . . . . . . . . . . . . 10 
Brown silicious and lignitic clay shale.. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Upper bed of lignite ..... ................................. _ .................................. ~ ................ _... . .. .. .. .. .. .. .. 2 
Ash-colored clay with fossil lea yes.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Lower bed of lignite.................... . . . . . . . . . . . . . . . . . . • . . .. . . . . . . . . • . • . . . . • .• • . • • 21 
Space-ash-colored siliciom: clay ('?), to low-water 3Iississippi lliwr.................. . 10 

Aggregate.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 201 

The yellow sand and gniYel bed at the junction of the Quaternary arnl Tertiary it:i Yery >aria
ble in its character, but marks a distinct horizon through a district of country many miles in width ; 
and, so far as known, extends in length from the southern part of Arkansas, running with a nortll· 
easterly strike througll tile eastern part of that State, tile western part of Mississippi, 'reune1'!'iee, 
Kentucky, and terminating in the southern part of Illinois. It is this mern ber, cemented into a harll 
ferruginous conglomerate, "Which crosses the Ollio Riyer at New Caledonia, in Illinois, and forms the 
Grand and Little chain on that stream. 

Prof. Il. L. C. Wailes, in his Ueport on the Geology of ~fii::sissippi in 185 !, page 213, describe>s 
the 

Loe11s or loam. 

"A prominent and interesting feature, which distinguishes the counties bordering upon the 
Mississippi below the Yazoo, is fomul in that corniiderable deposit superimposed on the diluyial 
gravel, and which enters into the more easterly range of counties only along the margins of the 
Homochitto, Big Black, and Yazoo Hivers. Its awrage width, on the east side of the Mississippi, 
does not exceed 12 miles, and it is not met with at all on the western side, at least below the high 
lands of Arkansas. In tbe escarpment of the 1\Iississippi bluffs, and in other natural sections, it 
is seen frequently of the thickness of 50 or 60 feet, thinning out as ~-ou recede from the riwr, 
until it is lost, and the red sands and pebbles on which it rests appear upon the surface. European 
geologists describe it, under the name of Loess or Lehm, as an' alluvial, tertiary, sedi mcntary deposit, 
consisting of very fine, well-washed, yellow, calcareous loam, occurring over considerable tracts, 
and found reposing on every rock from the granite of Heidelberg to the gravel on the plains of 
the Rhine.' Here it has not the character of a local alluvium, and is probabl,Y due to tlw same 
causes that have spread the gravel aml pebble deposits so widely over our surface. 

"In March, 1846, being desirous of drawing the attention of ::'II. L;rnll, then 011 a visit to tlti:;; 
State (Mississippi), to this peculiar and interesting ueposit, he accompanied me on an excursiou to 
one of the large ravines in Adams County, where it is exposed to the depth of at least 50 fret. 
Speaking of the result of this examination, in his traYels, subsequently published, he remarks that 
the 'resemblance between this loam and the fluviatile silt of the valley of the Rhine, generally 
called loess, is most perfect.' Its embedded fossils are chiefly bleached helices or snail-shell" 
together with mammalian remains. At eYery bluff on the )lississippi, from Fort .Adams to tl1e 
Yazoo, and in the hills in the rear, this loam i'l> seen, and the roads leading into the interior cut 
jnto it deeply, and expose it on every hand." 

Again, on page 283, he remarks : 
"In the lake-marl, which occupies the lacustrine beds of the Drift period, -we find a few fossil 

Testacea, such as lymnea, succinea, cyclas, two species of planorbis, and a very small paludina. 
One species 0£ the planorbis, a very minute one, aml the paludina mentioned, are not now 
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found living in our waters; the others belong to existing species. The Testacea of the loess, or 
loam, referred to the same period, are, on the contrary, all terrestrial, embracing several species of 
helices or snails, all of which, it is. believed, are yet found living in different parts of the continent, 
although some of them seem to have diRappeared, or to have now no living reprcsentati>e in the 
fauna of this region. Among the species most numerous may be enumerated the Helix albolabris, 
alternata, ·concara, elernta, fraterna, perspectiva, prof1ou7a, thyro·ides, tridentata, &c. The great 
bone-bed of the Mississippi, or the depository of the extinct mammalia, is also found in the loess, 
the limits of which ha.-e already been defined. Throughout its extent the remains of the mastodon 
haYe been disco>ered." 

Mastodon bones haye been obtained in Bayou Sara, near Pinckneyville, in Wilkinson County; 
in various localities in Adams County; in Jefferson County, uear the former town of Greenville; 
and in '\Yarren County, in the deer) cut of the railroad at Vicksburg; and in the vicinity of Big 
Black Uh-er, near the eastern line of the county. 

In a few localities, such as the accompanying Testacea woul<l indicate to have been the bedR 
of fresh-water ponds or marshes, considerable portions of the skelet-011 have been found together, 
as if the animal may have perished there, and iu such cal'ms the bones are frequently in contact 
with considerable masses of a black, fatty earth, entirely dissimilar from the surrounding marl, and 
which ma~- rea1;onably be supposed to haYe resulted from the decomposition of the viscera and thP 
othl'r perishable animal matter; but most usually the bones appear detached, as if drifted into 
their present position, and consequently it is not unusual to fin<l a tusk, or a molar, a hone of tl1e 
IPg, or a joint of the vertebra, where no other vestiges an> S!~en. 

The most prolific localit~- of these remains is in Adams County, on Pine Ridge, in townflhips 7 
and 8, range 3 west, about 6 miles north of ~atchez, where a large and deep rminc has extended 
its ramifications oyer an area of several miles, and which, iu its undermining progress of denuda
tion, has heen constantly exposing these remains for more than forty years, or from a period coeYal 
with the first cultivation of the country through which it has its course. The hones generally lie 
from 10 to 20 feet below the general surface, and in the rayiue on Pine l{idg·e, tlrn remains of other 
animals haYe been found with them. 

Among these ma~- he euumeraterl those of the mcgalonyx and the tapir. Besides tllese the 
teeth of the fossil horse and ox are frequently fonml. Those of the bos are referred by Dr. 
Leidy to the Bison latifrons (fifth volume Smithsonian ContrilJ. ). I am iudehted to Dr. Leidy for 
the following list of mammalia: 

Felis atrox. 
Ursu~ americanus (fossiU8). 
Ursus amplidens. 
Equus americanus. 
Cermi.s virginianwi. 
Bootherium cavijron8. 
Elephas primigenius. 

Tapir amerfoanus andfossilis. 
Megalonyx jeff erson ii. 
1lfagalony:c dissimilis. 
Jlfylodon harlanii. 
Erepted-0n priseus; 
JJfastodon giganteus. 

Ju the report of Captain .:Vlarcy of exploration of tlle Hed Rinff in 1852, Appendix D, page 183, 
the statement is made that "Dr. Shumard fonnd on the Red ltiYer, 26 miles from Fort Washita, a 
deposit of ash-l'olored loa.m, '.!5 feet thick, containing terrestrial and fluviatile shells of the genera 
Vgmnea, I'T1]1sa, Planorbis, Pupa, aud Heli:r, the whole resembling species found in the loam at New 
Harmony, Indiana, and elsewhere in the l\Iississippi Valley. This formation along the Mississippi 
constitutes what are known as the 1' Bluffs," and is a flu via tile accumulation laid down by the 
river when the l'egion was at a lower level. In other words, it is an ancient allm·ion. Its thick
ness and known extent along tile :Mississippi render it very probable that it will be found along 
most of the principal tributaries of that ri''er. A si;nilar deposit is found along the valley of the 
Rhine. Its thickness is from 200 to 300 feet, and it is a yellowish gray loam, consisting chiefly of 
clay, combined with sand and carbonate of lime. The same deposit is found along most of the 
principal valleys or tributaries of the Hhine, it evidently having been contemporaneously deposited. 
It is known in Germany under the name of loess. The occurrence of a formation along the Red 
RiYer similar t-0 those described leads me to believe that it will be found along most of the rivers 
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which are tributary to the ·Mississippi, a11d it i,; 11nite prolmble that i11 the environs of Preston, and 
even over broad tract:-; of that rngion, there are extem;iw superficial alluvial deposits, which afford 
a soil that can r;carcel,v be suq1assed for itr; richness and fertility. (Extracted from reports of ex
plorations and snrn>,Ys to aRcertain the most practicable and economical route for a railroad from 
the }Iissis8ippi Rirnr to tlie Pacifk 0<'ean, macle under the direction of tbe S(•cretary of War iu 
1853-'M. Yo!. JI, Thirty-third Congress, third session, Ex. Hoc. No. 91-) 

J>rof. J. 1\1. Saffonl descrihe:-; the f'OIHlition of things iu Tenues.'\ee as follows \P· nu, l{pport 
on Tennessee, 186!1): 

TUE MISSISSIPPI BOTTO:ll OR BOTTO:IIS • 

.Much of the area is cowred with Hwamps awl lakes; nmeb, too, is willl and dark with heavy 
forests, even yet the retreat of the deer and other wild animals. Other portions, confined for the 
most part to a belt bonleriug the river, are iu a good istate of eultivation. The undeveloped agri
cultural resources of the diYiision (of Urn State) m; a whole are great, and, in proportion to its area, 
may make it, some <lay when itii lands shall han been reclaimed, the wealthiest part of the State. 

This magnificent valley plain (or bottom Yalley) is altogether, including the delta of the river, 
which io; but the extension of the plain into the Gulf of '.\lexico, about 600 miles loug. :Mr. G. W. 
R. Bayley, a ci\·il engineer of Louisiana, thrn; defines it,; limits. ''The head of the alluYial plain 
or delta of the Mississippi may lw assumpd as occ1uTiug wberP rock in Nitu forms both shores, or 
at a point some 30 milPs abme the month of the Ohio, k11mn1 aR '·The Chains.'' Tlie entire allu
vion, extending theuce to the sea, comprises an area of ahout 40,000 square miles, and presents a 
front upon the Gulf of '.\lexico of 360 miles, 8ii miles north, and 17.'i milrs west of the rin~is mouth. 

Sir Charles Lyell says of the valley plain, it is \er~· niriable in width from east to west, being 
near its northern extremit~·, or at the month of the Ohio, 50 miles wide, at Memphis 30, at the 
mouth of Wllitc UiYer so, and coutraetiug again farther ;;uuth, as at Grand Gulf, to 33 mile;;. 

Taking high-watt·r lenl as that of the great plain, the latter attains at the mouth of the 
Ohio an elevation of a:.io feet above the G1llf. Considering the 1listance, the slope seaward is, there· 
fore, very gradual. The valley plain proper i1; bounded on thl' cast aud west respectiYely b~· t.wo 
ranges of highlands, approximately parallel and rising· from ;;o to 200 feet abon: the plain. These 
highlands generally present steep slopes or faces towards the plain, but JH't'Sel'\"(', for t11e uw;:;t 
part, their elevation in the opposite directiou, extending off as tahle lauds. The :l'llississippi has 
probably during past ages occupied snc1·essin~ly all parts of the area. At 011e day it may ha,-e 
washed the hase of Crowlr,Y1s Hidge. Tltc Yalley plai11 ;1,; a whole is of g-reat a11ti11nit,,-. It has 
apparently, however, been wa1>hed out of another more ancie11t aml exteusirn alltffial plain, the 
remains of wl1ich are seen at a higher ele,·atio11 iu 1 he slopes and cliffs of the highlands on ca<'h 
side (as, for example, in the bluffs of Tennessee and in the slope!:' of l'rowlPJ't' Ridge in ArkanH:rn ). 
These highlands have a C01Tespomli11g elerntion. The~- present, too, along tlieir opposing faces 
the same vertical suceessiou of formationR. The strata nf lnam, gl'aYel, sand, and da~-, whose 
edges now crop out upon their slo1ws, once extended acrm;s from side to side i11 continuous layer:-;, 
forming the more ancient and higher plain. It has been the work of the riYer to earn• out of thi,; 
greater plain its great valley of ''hottoms.'' The east{'l'll hlnff and the western ridge an' at this 
day the limits of its lateral movements; and remain, 111ore0Yer, as mo1tn1111>nts of thP g1·1•at eha11gt•s 

that have occurred. 
It is the opinion of Sir Charlt•s L,Yell that a11 extP11sin> region, int'J1111i11g tlw rnJlp~- plain of 

the Mississippi, has been subjeded to a great. oscillation of lewl. Thir; .it first tl~·prPHH<·d the re
gion, or rather the more inland portion of it, about '.!00 feet below itR present Jpwl, am! tlwn 
restored it again to its former poRition. Dnriug the fir,;( part of thil-l osciilatiou a11<1 at thr period 
of greatest depression the materials of strata, the remnants of which arc now sePn i11 tl1e hlnff,.; and 
slopes of the highlands, were deposited during O\'erflows Yery much a." all1n·ial mat1er is now. Bnt 
when the movement was reversed and the ri>gio11 wa1' slowl,v upraise,], the ri,·er carnd out its 
,.alley "through the horizontal and unconsolidated strata as tlwy rose, sweeping away the greater 
portion of them, and leaving mere fragments in the shape of tPrracel'<, i>kirting 'Hw IlPwl~- form Pd 

alluvial plain' as monuments of the changes in level.'' 
The Bluff loam (Safford), p. 433.-This, the t-0pmost of the hlutr formations, is generall~- a mass 

8. Ex. 12-20 
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of Riliciong loam, Romew hat Paleareons atHl usually of a light ashen yellowish or buff color, but 
sometimes lacking the yellow tinge. It is distinctly stratified, contains land and fresh-water shells, 
and frequently oddly shiqwd calcareous concretious. H has, in Tennessee, a mThximmn thickne11s 
of ahont 100 feet, ra11ging gPDerall,Y, liowever, from 30 to 80. In the hlnff at :Memphis it is from 
40 to flO feet thick, and presents in its lower part, along a well marked horizon, and in a Yertical 
position, earthy forrugiuou8 cai:;ts or mold8 of what ma,y haYe been the long tapering roots of 
some tree. 

The loam re8!8 directly upon the bluff graYel. 
The following sp<>cil'8 of shells ha rn been collected from this formation: 

1. Heli.r appressa, }Iemphis. 
2. Helir hfrsuta, .Memphis. 
:t llf'li.r 111ow)(1or1, )lemphi..-. 
4. Heli.r solitaria, Dyer Count,\·. 
5. Jfeli.:c profunda, Hickman, Ky. 
ti. Planorbi.Y b'icarinata, .Memphis. 
7. Gyel0117 Sp. ? Memphis 
8. Amnicola lapidaria, :Memphis. 
H. Lymnea, Sp. ! 

10. Succinea, Sp.~ 
Dr. Wyman has published a ••:Notice of fossil bones from the neighborhood of Memphis," 

which he states are representatin;s of the genera, Mastodon, l\legalonyx, Castor, and Castoroides, 
and that the.v are'' from, as is supposed, the dihffimn of the Mississi)Jpi.': The geological position 
as g'i 1"en here is n•ry indefinite. I think it7 however, more than probable that thP bones came from 
t.lw hlufl' loam. 

The blu:tf grarel (P· 43:.!).-Thii'i he<1 varies in thickness from 10 to 50 fpet. It consists gener
ally of coarse ~•ellow and orange sands, with eYerywhere more or lesR coari-;e grnvel, and has mm· 
all,\- a layer of white or variegated clay at ih; base. The gravel is generally the most conspicuous 
portion. This is sometimei-; cemented hy oxide of iro11 (occasionally b,\- calcareous matter) into great 
liloc~ks of cmu·sfl conglomerate. It eonshits of' water-wom pebbles from the size of a. man's fist 
down to that of a pigeon's egg. Tl1e peb!il .. ..- have heen derived mostly from carboniferous chert. 
The bluff grarnl iH remarkable for its extent in a general direction parallel with the river. It is seen 
along the face of the l\IissisRippi Blnfi' from the :Mississippi line to Kentucky, and both wa~-s much 
heyond these limitR. 

Its eastern outcrop ii.; uot well marked. It appears to extend from 1.'l to !!O miles eastward, 
from a straight line drawn through the most westerly parts of the bluff. 

At l\Iemphis the higheioit part of tlw bluff is about 100 feet above low water. The lower part 
of the section at this point belongs to tLe hluff grarnl1 and consists of alternating layers of yellow, 
orange, and white sands, containiug toward its base more or less gravel. It also contain8 a few 
seams of whitish cla~"· At some points also masses of ferruginous conglomerate occur, as well as 
thin plates and serons of red sandstone. In a branch back from the river a bed of coarse graYel 
w11K obser,·etl. 

I ha,rn gi veu the foregoi 11g full staternent..- of the principal observer..- of the Quaternary fornrn· 
tions to sbow in the first place the identity of the t-\Outhern drift in point of time with the northern 
drift, whi<'h nortl1 of the Ohio has hall such an important agency in modifying the surface of the 
States bordering on the Upper Mississippi. Secondly, to show that the glacial forces were suffi. 
dent. to erode the original wide bed of the Mississippi, forty miles wide between Memphis, Tenn., 
and Madison, Ark. 

The facts gh·en also show that this hed has been refilled by the loess which immediately over· 
lies the drift as far south as Memphis. We come now to consider the features of the Port Hudson 
hardpans and cla;ys. 

My attention was firF<t called to a l.Jlne clay in Cole's Creek, l\Iississippi, in 18607 underlying the 
loess and overlying the drift. 

In Hilgard's Report on t.he Geology of :Mississippi, printed in 18601 but published in 1866, I 
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found a description of blue clay on the Chickasawkay Rfrer, near \\inchester, referred by him to 
the Tertiary, which contained roots and trunks of Cnpuliferac, Coniferae: ancl l'almea. 

On examination of this stratum, and making further exploratiom; in southwest Mississippi, 
in which the same clay was found on Buffalo Creek and other creeks in that regi@, ('t111tai11iug 
bones and teetl! of the l\lastodon, and on comparing these deposits again with the expo:;ure at Port 
Hudson and its clays, I came to tlie conclusion that ther were all of the same age, aud formed a 
group wl1icl1 was intermediate between the bluff and the drift, aud that there lrnd heen a more 01· 

less continuous stratum oYer t11e whole Mississippi bottom, and iu the ya\lt',\'S of some of the riYen; 
which had been remoYed in parts of the bottom b~· the action of the river. 

Dr. E . .A. Smith, at that time my assistant in the Mississippi survey, was diredetl to examine 
the Yazoo bottom, and his observations showed that in digging well,.,, after passing through the 
alluvium, a blue clay stratum, as much as 40 feet in thickness in places, wus uniformly penetrated 
before reaching water, which was found in the underl~·ing sands and pehlJles of the drift. The 
obseI"Yations made during the last year confirm the opinion that this stratum ltas been continuou); 
from Memphis to New Orleans, but has in many portions of 1he hottom lwe11 remffrnd by the 
river, and its place supplied by the newer alluvial deposits which now, as a general thing, form 
the banks of the river, and are being constantly removed, so that the lerees, which hani been 
built at enormous expense, require constant care for their preRerYation or frequent renewal. 

PORT HFDSON. 

In a paper reatl before tl!e American Association for the .Advaneement of ~cience, at Indiau. 
apolis, in !Mil, and published in the proceedings for th::it year, Dr. E. W. Hilgard speaks thus of 
the Port Hudson group, as laid down on the accompanying map (illustratiou So. 48): 

''The next formation laid down on the map is the Port lludson group, of which, ho-wenr, tlle 
outcropping littoral portion only ifl here represented. Properly speaking, it should be showu 
as occupying also most of the space colored as allu-vial, since it uuderlies e>erywhere not 
only the marine alluyium and a portion of the Gulf itself, but also that of the 3fo;sissippi aud its 
chief tributaries, at least a8 high up as Memvhis, and on Reel Ri\·er nearlr, if not quite, up to 
Shreveport. It seems to exist equally in tbe -valleys of other large rin•rs trilmiar,r to the fTulf, 
notably in that of the Pascagoula, u11 to 100 miles, in a direct line, from the coast. 

"Ha Ying discussed this formation somewhat in detail in papers recently published, I will 
merely state that it. embraces a group of partly littoral aud e>ituarian, part]~- swamp, lagoon, aud 
fluviatile depositi;, 'rl10i;P thickness arnl location are manift•stly 111·1w111le11t npou the topographical 
foatures of the co11tiue11t, then (during the' Clmmplain 1 period) in progn•,.::s of slow depressiou-as 
shown by the nature of the deposits, and the numerous superimpost'<l gt>11eratio11s of larg1: CJ-press 
stumps, embedded in laminated clays, exhillit.ing the yearly fall of leavet;. These beds ornrlie those 
of the orange saud, or st.ratified drift, while they thcmsch·es are oYerlaiJ hy not only the riyer 
alluvium, but also by the loess or liluffs ilt, or its eqniYalents, al'3 well as, where this is abHent, by 
the yellow loam of the surface. It would se.em that here, also, tluriug the latter pl)l·tiou of tht> 
drift period, most of the larger river-channels WPre alrea.tl,y impressed upon the surfact>, though 
not always coincident with the present immediat€ valley, as Ne1ruerry lias obsen-ed in relation to 
some of the northern 1-i>ers. A depression of the land would gradually transform thest• ehannd:-; 
into inlets filled with more or less stagnant fresh water down to a greater or less distance from the 
then-existing coast-line, and thus opportunity would be afforded for the formation of the swamp 
and lagoon deposits, into which both the :Mississippi and Reil Rivers haYe subsequently cut their 
channels. The banks of the Red River, as well as-0utside the present alluvial area-those of the 
many JakeH antl bayous which border that Rtream, exhibit strata absolutel.r ideutical in clrnract(•r 
with those obse1Ted near the coast, yet, of course, totally diftereut from either the al!uyial deposits 
of the present time or the adjoining Tertiaries. The same holds trur, more or less, of the l\Iissis
sippi and its migl1ty 'bayous.' According to the ollseryations of Dr. E. A. Smith, iu the Yazoo 
bottom, and my own in that of the Tensas, not only do the clays with cakareons concretions (as 
characteristic of the Port Hudson age as they are foreign to the aJluyinm of to-da,y) frequently 
crop out in the beds of the streams, but much of the bestlamls of the 'buckshot' kind, now situated 
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above overflow, have c1earl.r been formed by simple disintegration of these strata, altogether inde
pendently of the river alluvium. 

"These results folly confirm. therefore, the statement made by General Humphreys, that the 
Mississippi does not, as a rule, flow in a bed formed from its own deposits, but has excavated it in 
an older geological formation. ~Wells exceeding Hi or 20 feet ordinarily strike these clays through
out tl1e bottom as they do in the delta, and the analogy has been completed by the repetition of 
the phenomena, observed in driven wells at New Orleans, at a point ,about 50 miles above Yicks
hnrg (General 'Ya<le Hampton's plantation), wl1ere a tube well has furnished a copious flow of com
hustiLle gas undiminiished for man~: mouths. The swamp clays form, however, only the lower 
1>ortio11 of l!he Port Hudson beds. Higher up, as shown at the Port Hudson bluff, there lie yellow 
or whitish silts, ancl 'hard pans.' These form also a level terrace some miles in wicltl1 bordering 
the Tensas bottom, while high above it on the hill-tops of Sicily Island, on the Washita, lie the 
remnants of the Loess formation, the main body of which has succumbed to the erosive influence 
of the Terrace C'poeh elevation. It lias, howeYer, left a belt a few miles wide on the eastern side 
or the nlley, a1; 8l1orn1 1m the map. It would tlrns Reem that during· the latter portion of the 
period of dt'lll'Pssion the rate of sinking became at times too rapid to allow of the accumulation of 
swamp deposit. The i1Hluratc silts are mostly deYoid of fossils of any kind, hut are occasionally 
traYersed h~- ftm·iatilP beds witlt pebbles, driftwood, &c. Then there is a recurrence of the swamp 
deposits; tlten, again, silts; aucl finally, the calcan;ons, silty loam of the bluff formation, with its 
numerous terrestrial fossils and 'loess puppets' ends the deposits clearly referable to the epoch of 
depression. 

"Tl1e loerss 11ift'ers little from its eqnivaJe,nt fort her north, saYe in being utterly devoid of strati
fieatiou as wt'll as of any ffnYiatile org·:rnisms. It is not easy to imagine the modus operandi by 
which a <leposit of this kiucl, sometimt>s 70 feet. tltick, and of (lead uniformity from top to bottom, 
could l,e produced. Its equivalents farther north exhibit Yery distinctly the structure resulting 
when deposition takes place in (gently) flowing water; at the south it was probably substantially 
stagnant, sa,·e as regards the tidal flow. Perhaps the latter may serYe to explain both the absence 
of fiuviatile aN well as mari ue life, and the uniform intermixture without any semblance of arrange· 
ment of material varying from the tiuPst silt to pebbles half an incli in diameter. A strong tidal 
waw rnnuiug np a deep inlet of thi>1 kind would naturally isweep away in its periodical rnshes 
many mernben; of the terrestrial fauna, whoise remains are in a marked degree the more abundant 
the nearer we approach to the edge of the formation. Overlying the loess we find, wherever 
op11ortnnit.) is afforded, a stratum of yellow loam or brick clay, which, near the larger valleys, is 
often as mucl1 as 15 or ~O feet in thickness. It is altogether devoid of stratified structure, as well 
as of fossils, and forms the isurface layer, and in most cast's the subsoil, of the Gulf States. If, as I 
am inclined to ht>lieve, its presence, as a connected thougl1 Yery undulating sheet on all but the 
most elevate1l uplands of these States, necessitates the asi-:umption of submergence, however brief, 
to Jhe highest level at which it occurs7 the changes of level heretofore alluded to would be shown 
to have exceeded by GOO to 700 feet tl1e estimate given above. 

"The succeeding (Terrace) epoch of elevation has not, so far as I am aware, left any marks in 
the way of beach lines or terraceR, unlesR the second bottoms or 'hommocks' be accounted as such. 
They, 110wewr, belong to a very modern epoch: for they occur on streams 110 larger than what is 
usually called a 'creek,' and are most marked on the smaller rivers while apparently absent from 
those of the largest size, such as tlie Misi-;issippi, Red, and Arkansas rivers. The elevation at 
which, on the very Gulf shorn, we find deposit<i of the Port Iludson age (180 feet at the Five Islands 
on Vermilion Ba~-) shows nevertlle1cs;; that a stnpcndons amount of erosion was accomplished dur
ing the time that the 1Iis8issippi occupied in scooping out its channel to a depth which even below 
the northern boundar_.,- of Louisiana cannot be estimated at less than 500 feet. As regards the 
modern epoch, I will remark that while in the axis of the ancient embayment the Mississippi River, 
through the singular instrumentality of mudlumps npheaYal, i8 rapidly pushing out the land into 
the Gulf waters, the latter arP neverthelPss gaining grooncl on almost the entire coast of Mississippi 
and Alabama, and the same is true of a portion of Vermilion Bay. Yet, on the whole, the coast 
of Louisiana, as well as that of Texas and Florida, is more than holding its own, and the shallow-
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ness of the water, even where encroachme11t does take place, will necessaril;y restrict the latter 
within narrow limits hereafter.'' 

At the same meeting of the association Dr. E. A. Smith, assistant in the ~Iissisi:;ippi geologieal 
survey, read the following paper: 

"It has generally lieen assumed that the formation underlyiug tht> l\lissis,.;ippi bottom was ex
clusi>ely of alluYial character. (S0e Lyell's Principles of Geology, tenth Puitiou, eh. XIX, ml. 1.) 
On the other hand, it has been snggeskd by Geucral Humphreys (Report ou the :\lississippi lti\er, 
p. 9tl), that the rh'er is flowing through it (the delta region) iu a channel belonging to a geological. 
epoch antecedent to the present. On page SJ: 'From l\Ic5 utt, in latitude ;3;p JO', to Sunflower 
Ri 1rnr, iu latitude 3JO 22', underlying the Yegetahle mohl and allnYion is a stratum of dark, beaYy 
clay, whicli, where exposed, is called ''buckshot" land by tlie settlers trom its fancietl n•semblanct' 
to leaden balls wl1en it has been baked and cracked by the sun.' 

"Dr. Hilgard remarks (American Journal of Science, January, l.SG!J), 'The 8tHm]J :-;tratum 
No. 1 (Port Hudson profile), howeYer, as appears from numerous 1lata collected b_y myself, or co11-
tained in Humphrey's and Abbot's Report, exists at alJout tlie same level (i. e., near that of tide 
wate1·), not onl~- oYer all the so-called delta plain of the Mississippi, but also higher up. perliaps 
as far as Memphis.' 

''Observations made by myself iu the Yazoo l1ottom during the last ;year le:ul to t!Je co11dn
siou tl1at the true river deposits of any considerable thickness are mostly confiueil to narrow strips 
of land, lying on each side of the .Mississippi, and of the bayous aml creeks that form a 11etwork of 
streams throughout the bottom, and to ancient channels since filled up, while a large proportion of 
the superficial area of the bottom, including some of the most fertile lands, is derin•d from the 
clays of older formations, i11to which the beds of these streams have been excan1teu. 

"The high or 'front land,' on the immediate banks of the streams, is at presellt ran•J?- on~r
flowed. It is usua11,r a sandy loam of \'arious colors, and of rnrious degrees of fertilit~-. It sup
ports a growth of sweet gum, honey locust, swnmp cbe:;;tnut, oak, water-oak, pecan, and cane. 
The growth varies with the locality and (•haracter of the loam, as may be seen better here.aft.er iu 
the remarks preceding the aual~·ses. Tht>ise 11 iglt lands seem to represent the true river allu ,-in m. 
From the •front land' there ii' a gradual slope down towards the swamp. The soil imdl'rgoes a 
transition from the sand.r loam into the tenacious clays of the middle or 'back land.' Tlw latter 
is often overflowed during the wet season, and it supports a growth of sweet gum, oHr-cup oak, 
willows, and water-oak, hackbcrr_y, pecan, and cane. 

"The clays of the 'back larnl' doubtless belong, for the greater 1iart, to the Port Ilud.-;on age 
as is iudicated by the abundance of ferrugiuom; and calcareous concretions found in tllem, unlike 
any found in the true rh·er alluvium, as well as by the great thickness of continuons clay d1\posits. 

"These chlys are generall~- of a dark gray color, sometimes nearly black; again, light gra,\. 
traversed by cracks, and full of streaks and dots of forrnginous matter. They are Yery sticky and 
tenacious, aml when exposed in large masses to the atmosphere becomc covered on the surface wit!J 
a dull red coating of bydratc1l ferric oxide. When broken up by the plow or spade the.r crum· 
ble on drying into small angular blocks, of the size of a buckshot and under, giving riHc t-0 what 
is known throughout the bottom as 'buckshot soil.' Although t!Jese clays, as Hhown by aualysis. 
are generally very rich in lime, yet caleareons concretionR, so chamcteristic of the Port Hudson 
strata, are not always to be fouml in them. Thus I haw not observed them further south t Jiau t!Je 
latitude 320 52' of Yazoo City. North of that point. l1owever, the~· are of constant occnrrencl'. 

"The uniformity of level in the bottom may very well account for the failure to ob.~errn tlicl'<> 
concretions, for anything like a fair profile iH very rarely sel~ll. Tue hanks of the creeks aiul liayonR 
are usually of such a gentle slope, and so covered with detritus in their lower parts, that littll' of 
interest can be observed without much digging. As we go from the 'haC'k laud' to tl1P cnirPss 
swamp there is frequently very little change in the nature of the clay; arnl it. is difficult, if not 
impossilJle, to distinguish between the 'buckshot' clay of tlie older formations and that of the 
recent swamp, except where the calcareom• concretions above-mentioned collie to our aid. The 
clays of both formations are usually dark gray, traverserl with cracks, and full of ferruginous 
matter; both crumble into' buckshot;' both sup11ort a similar vegetation, except where the presence 
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of more or less standing water affects it. As the swamp is under water for a large part of each 
year, there is one alternation in its deposits between clay, leaves, and sand. One of the most char
acteristic sections of the J>ort Hntlsou strata observed, is on the bank of Tchula Lake, at the head 
of Honey l!Sland. The three uppermost strata represent the allnYium, while those below are of the 
true T>ort Hndsou character (see section). On the banks of the Yazoo Rh-er, not far from where 
the aboYe section was taken, the succession of the strata was essentially the same; but the buck
shot clays, corresponding with :Sos. 4 and (i, supra,, were entire]~- full of calcareous concretions, 
while the ferruginous eoncretions oceurred at a lower lernl, uearl~- down to the water's edge, as ie 
the ease of Port Hudson. 

"On Lakt> BeulaJ1, latitude 33° 4D1, in Bolfrar County, the same strata appear; the clays, 
Nos. 4 arnl G, being full of calcart>ou::; concretions. On Panther Creek, above Yazoo City, and on a 
::mrnll bayou which empties into the river at the cit~·, the same facts may be observed. 

"Of the stump stratum, No. 1 of Dr. Hilgard's profile, I 11:we not seen any outcrop on the 
banks or bayous, &c., on account of the difficulties rnentiou~d above. Logs, however, have fre 
q uently been struck in digging wells, though the introduction of tube or driven wells has very much 
impaired this source of information regarding the strata in the bottom. 

"For instancP, in General 'Yade Hampton's Walnut Grove plantation, near Lake Washington, 
in latitude 33° 05', at a depth of about 30 feet in the blue clay, which underlies the dark-gray 
'buckshot' clay, a fragment of wood was found. On the same plantation, while driving a tube 
for obtaining \rnter, a stream of inflammable gas was observed to issue from the tube. At the 
time of m.'· visit there, the gas ltatl been burning uninterruptedly for three months. It escapes 
with considerable forl'e, and might easily be utilized on the plantation. 

"The composition of this gas is as follows: 

CH,------ - - .. -.. - - - - - .. - -... _ - -.......... - -... _ - - . - ... _ ........ 74. 30 
): ....... - - . - - . - - - - - - - . - . . . . . . • . . . . . • . . . . . • . . . • • • . . . . • . . . . . . • . . 19. 00 
H·-··-· ·-· ··-. ···-- - ........•....... ·-·· .... ·---·· ...... ·-·· ·-·· 3.20 
co~ . . . . . . . . . . . . . . . . . . . . . . . . . ..... _ .... _ . ___ ...... _ . _ ..... _ .. _ _ _ _ 3. 50 

100.00 

''The small percentage of carbonic acid found in this gas shows that it does not originate from 
wgetablt> matter in its first stages of decomposition, agreeing in this respPct with the gas obtained 
from similar Wl:'lls iu New Orleani;;, and tliffori11g from the gas of recent marshe;.;, which contain;.; 
from 8 to IO per eent. Below the stratum of blue clay, in which sticks, logs, &c., are found, there 
is a stratum of pehbles and sand, of the Orange Sand (Stratified Drift) formation. This pebble 
bed ii-; ver~- often reached in digg·ing wells. The depth varies Yery greatly; thus, at the mouth of 
a small bayou which emptiN1 into Lake Washington, on the west side, there is a bed of pebbles, as 
is also the case at Proffit's lslarnl, near Port Hudson, while in 8ome wells it il'i not reacl1ed at a 
depth of 1 '.!0 feet." 

WATER. 

Througlwut the bottom, water is obtained either from shallow dug wells, 1fi to 30 feet deep, or 
by means of iron tubes driven into the ground, as deep sometimes as 100 feet or more. The water 
always rises in the tubes to within 30 feet of the surface of the ground-in most cases to a le\'el 
higher than that of" the river and streams in the neighborhood, and i11 one instance, known to me, 
of a well on I udian Bayou, the water stood permanently in the tube 2 feet above the surface. Gen
erally, the water is of a decidedly mineral character, especially in the very deep wells. When the 
tubes have been driven no deeper than 25 or 30 feet, the water is frequently as free from a mineral 
taste a!'! river water, though always hard. I have made numerous analyses of the water from these 
driven wells, from various localities from Lower Deer Creek, in latitude 32° 401, to tlie latitude 340 
23' of Friar's Point, in Coahoma County, and the composition appears to be nearl~· the same in all. 

The following is an analysis of the water from Governor Alcorn's place, near Jonestown, Coa· 
homa County. The well is 119 feet deep. The water, when first drawn, is clear and sparkling, but 
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soon becomes turbid, and deposits a forruginous film upou all vessels in which it stand:-; for any 
length of time. 

FeO C02 l \ J. l'ii 

Cao C02 . ' . 1 - . " > .. b ' . . .. l ) HI. 5i;, 
M 0 C l Dmso 'ed m fJ ee e,1r ome aml .......... _ .....•....... , _ -•> 

g 02 I i.. 61..., 

Si02 /. 1 i. 48:.l 
CaO 803 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • 0. fHO 
Na Cl • • . . • • • . . . . • • . • . . . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 1. 7 46 

~~o }2002 .................. . 1:!.852 

~ ~ } 2 002 . . . . . . . . . . . . . . . . . . . . .... __ . . . . . . . . . . . . . . . . . . . . . . n. \16!1 

Cao l { 14. 665 
l\fgO l t:"nited with or~anic acid............ . . . . . . .. . . . . . . . . . . . . 560 

100.008 

SOILS. 

The soils of the Yazoo bottom ma~· be arranged in fiye classes, which differ materially from 
each other in fertility as well as in genern1 physical properties. Their differences in the chewical 
composition are >erJ· strikmg, as may be seen hy :i:eference to the table. 

First. A light-colored sandy clay, of close texture, with a few yPllow spots. The growth upon 
this soil is swamp chestnut-oak chiefly, with s"·et•t gum, ash, nrnple, willow oak, and an under
growth of cane. This Roil forms the white lands, whici1 are l'onsidcrell n'ry fertile. It occurs on 
Silver Creek, east of Sunflower Riwr, and on Indian Bayou, west of tlie same, and is commou in 
the vicinity of the Sunflower on lloth sirlPs, and forms most of the rnltinttcd lands on the ba11ks 
of the bayous that han~ their courses at right angles to the 81111tlowcr. 

1.-lndian Bayou,jl'Ont-land soil, S1o~tlo1rer Count,11. 

lmmluble matter .. _ .............. _ - . . . . . . . . . . . . . . . . . . ..... _ .. . 
Silica, soluble in Nao C02 .............. - ....... _ - ............. _ 
Potash .••••.... _ ......... _ ....... _ ....... _ .................. . 
Soda . . . . .. - . . . . . . . . . . .............................. _ ....... . 
Lime . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . ... _ .. . 
Magnesia .......... _ . . . . . . . . . . . . ............................ . 
Brown oxide of manganese. . . . . . . . . . . . . . . . . . . . . . . . . _ ......... . 
Peroxide of iron ............ ______ ... _ ....................... . 
Alumina ..•...•........ _ . . . ............. _ . . . . . . . . . . . . . . . . .... . 
Phosphoric acitl ............................................... . 
Sulphuric acid . . . . . .•.................... _ .. _ ................ . 

'r olatile 111atter • . . . . • . .............. · · · · · · · • · · · · · · · · · · · - - - - - -

Si. 8!18 
-!. 036 

.116 

.153 

. 2.'i6 

. 048 
1.8-!S 
:!. ;")(;;") 

. l li:.! 

.O.t'.! 
3.013 

'l'otal .....•••..•....... _ ..... _ . _ ... _ . _ . . . . . . . . . . . . . l oo. ;{63 

Second. A dark-gray sandy loam, forming the front-lands of many of the creeki-; aud basoul'. 
It is fertile and easily cultivated. The growth is hone~- locust, lrnckberry, and ~weet gnm, and. 
where entirely above overflow, dogwood is a very common tree. I may a.dd, howen•r, that the 
dogwood ridges are inferior in fertility to others, where the soil is a similar dark-gray i,;andy loam 
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11.-Dogwoorl ridge soil. J. L. Alcorn's plantation, Coahoma County. 

Insoluble n1atter ........ : ..................................... . 
Silica, soluble in NaO C02 •••••••••.••••••••.••••••••••••••• _ ••• 

Potash ......................................•... _ . . . . . . . .... . 
Soda .... _ ......... _ . ___ . . .................................. . 
Lime . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . - .... - - .. - · . - - . - · .• • · . - · · 
J\laguesia . . . . . . . . . . . . . . . . . . . . . . . . . . . • ........................• 
J.Ianganese, hrown oxide .••..•......•....... _ .......••........•. 
lrou, peroxide ........................•.. _ . _ .................. . 
.Alumina ........................................... , ......... . 
J>llosphoric acid. . . . . . . • . . . . • . . . • • . . . . . . . . . . . . • . . . . . . . . . . . . •... 
Sulphuric acid ........................•....................... 
,~ olatile matter ........... , ........................•.......... , 

s:t ss6 
7. o.:.'2 
. 392 
.086 
. 259 
.596 
. 086 

2.691 
3.593 
.H.'.l 
. 010 

2.007 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ _ _ 100. 770 

Third. A light-gray sandy loam, with yellowish and orauge streaks. The loam is sometimes 
of a light-yellow color. This forms the immediate banks of the Sunflower River, Tchula Lake, and 
is a soil of frequent oeeurrence. It support1> a growtll of sweet gum, maple, willow-oak, elm. and 
hackberr~-. 

III.-Sm~flou:er River, front-land soil, Issaquena Count.1/· 

Insoluble matter . . . . . . . • . . ......... _ .....•.....•... ·_ . . ...... . 
Silica, Rolnble in Nao C02...... . .. :- . .............. _. _. __ ...... . 
Potash .....•............................... _ ................. . 
Sodn . . . . . . . . . . . . . . . . . . . . . . . ·.: . . . . ........•... , ...... _ ...... . 
Lim1.• •....•...••..•••••.....••.••.........•.••.•••...•••.•••• 
l\'Iagnesia ............................•...........•..•......... 
J\langancse, hrown oxide ....................................... . 
Iron, peroxide ... ,, . • • . . . . . . . . . • . . • . . • . • . . . . . . . ................• 
J\lnmina .............•............................ --·· ....... . 
Phosphoric acid. . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . .....•.•...... 
Sulphuric acid ...............•.............................. _ .. 
Yolatile inatter ........................................ - ...... . 

71.164 
1:). 506 

. 401 

.191 
. JOH 
• 696 
. 011 

3.845 
fi.889 
. Hi5 
• 016 

2. 148 

Total . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100. 038 

Fonrth. A light-gray clay, traversed oy cracks, and crumbling, where exposed to the weather, 
into fragments-'' buckshot." This clay differs in color and fertility from the dark-gray "buck
shot" clay which has made Deer Creek so celebrated. The growth is the same as that of No. II; 
locality also the same. 

IV.-Light-gray buckshot clay. J. L. Alcorn's, Coahoma County. 

lusolnble n1atter • • • • • • . . . . . • . . . • • . . . . • • . • . • . . • ..•••••..••..•• 
Silica, soluble in Nao C02 ..................................... . 
Potash ................••.....•....•....•••...•••....••.....•.. 
Soda ......•.••.••...•.•.••.•••..•.••••.••••.•••.••.•.••.••••. 
Lime ..................................................•...•.. 
lVIagnesia .••..•...••......•............................•..•.... 
}langanes11, brown oxide .........................•..•.•....•.•.. 
Iron, peroxide ............................•....••.....•.....•... 
Ahrmina . . . . • . . . . . . • . • • • • • . . . . . • •......•.....•....•.....•• · .. 
I'hosphoric acid.. . . . . . . . . . . . . • • . . . . . • . . . . . .... - - ........ -.... . 
Sulphuric acid ..•••••.•..•................•.................•.• 
Volatile matter ..•.....•...................•..•...•.•.•. , ...... . 

7i"). 513 
10.895 

.606 

. 146 

.386 

.972 

.133 
2.804 
4.457 
• 278 
. 007 

4.401 

Tota.I . • • • . . . • . • • . . • • • • • • • • • . . . . . . . . • • • • • • . • . • • . • • • . . • 100. 598 
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Fifth . .A. stiff dark-gTay clay, sometimes nearly black, traversed in all directions ·by crack8, 
and full of streaks and dots of ferruginous matter. This is the "buckshot'' cla.r par excellence, 
and forms the most fertile soil in the bottom. This and the preceding are Port Hudson clays, au<l 
form the "hack-lands'' and surface-soil of most of the swamps lying· between tlte water-courses. 
They are for U1e most part subject to annual overflow, though there is usually a strip one-half to 
three-fonrtlts of a mile wide on the banks of the streams under cultivation. The growth it:i sweet 
gum, oyercup oak, willow oak, and water oak, hack berry, pecan i near the banko; of the streams an 
undergrowth of cane, hut ill the low, swampy back-lauds, no cane, but regular cypress glades. 

Y.-Deer Cteek buckshot soil. Virgin-Hardee Place, Issaquena County. 

I11soluhle rnatier ........................ , . _ .•......... _ ........ . 
Silica; soluule in NaO 002 ••••••••.••.... - - .•••• .., •••••• ____ •••• 

Potash .............•.•••.............•................•• _____ _ 
Soda ........ , ....•............................................ 
Lime ................................................... ······· 
~Iagnesia ...........................•.........................• 
Manganese~ brown oxide .•......... , .•.................••••...•• 
Iron, peroxide .. , . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . ......•.••.. 
.A.lu1uina • . • . . . . . • .••.•...•.••.......... · · • · · · · · · · · · · · · · · · · · · · · 
Phosphoric acid .. _ .... _ ...................•.................... 
Sulphuric acid .... _ ....... - ............ - - -- - .. - -- . - -- . - - - -- ... -
Yolatile matter . ___ .. ___ .. ______ .. _ . _ .. __ ............ -........ . 

51. 063 
20.70'i 

1. 104 
. 325 

1. 349 
1.665 

.119 
5.818 

10.539 
.304 
.024 

7.369 

Total ........... _ , . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • • . . . . 100. 386 

Prof. F. Y. Hopkins smm; up his deductio11s from ;,bsen·atious made in Louisiana, as f(Jllows, 
Third Report, 1872, p. 189: 

1. During a long period after the deposition of the drift, the land stood at about its present 
level, allowing the valleys to be cut in the drift that we now find covered by blufl" deposits, and the 
earth they once contained to be restratified as the foundation for the delta. This foundation 
reaches abo1·e the surface of the water in Catahoula and at Port Hudson, as far south as the Fh·e 
Islands, and was coYerecl "itlt a forest of cypress and other trees. After a time sufficient for the 
accumulation of four feet of shady leaf-bed about the roots of these trees, a depression began aml 
continued until the water leYel stood at least sixty-eight feet above its present height at Port Hud
son. This would carry the area of "dead water" 272 miles up the river valley, allowing three 
inches to the mile as the present slope of the water in the river. So small a depression left tlie 
Mississippi very much such a stream as it now is, to deposit sands and clays throughout the Port 
Hudson period, as at present. There occurred a further movement which left the head waters of the 
riYer ver,r much lower than now, while apparently not sinking Louisiana more than twenty-fin
feet further. The upper waters of the river then expanded into a lake-like estuary, almost without 
current as far as Fort Pierre, in Dakota, in latitude 44P 23', and the northwest corner of Illinois. 
The plains of the Mississippi, far and near, became the swampy homes of innumerable snails, and 
the loess was deposited. Finally, a further depression of twenty-five feet in our latitude at least, 
and as far as Northeru Mississippi, spread the area of dead water over all these swamps, and so 
tliminished the already small current that only clayey silt could be carried by the flood. This 
forms our yellow loam; a reverse motion then began, which restored the height of the continent 
above the ocean. The rivers contracted to narrow channels, and began the work of cutting out 
their beds and forming anew their flood-plains and deltas-work by no means completed. The 
remnants of the olu tlood-plains remain-a fringe of bluffs on either side, a.-. monuments of this 
''eventful history." 

Again, in regard to the alhIYium he says, p. 167: 
The alluYial deposits of the Mississippi River are already classic ground for the geologist. 

Hastily as Sir Charles Lyell examined them in 1845, he gathe1•ed facts sufficient to form the basis 
of a calculation of the number of years that it must have taken the river to make its present delta. 

S. Ex.12-21 
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He estimated the time at 67,000 years. (Second visit to the l:Jnited States, Vol. 2, p. 188.) As the 
number was too high to suit the preconceived notions of man,\"', there ha>e been various efforts to 
reduce iL 1,'oremost among these is that by General A. A. Humphreys in his report on the Missis
sippi Ri,·er (p. !19), in which he states that the river flows, even in the delta region, "in a channel 
belonging to a geological epoch antecedent to the present." As this would greatly diminish the 
1lepth tlwt he had assigned to the alluvium, Sir Charles Lyell appealeu to the testimony of the 
specimens taken from the artesian well at New Orleans in 1856. 'l'hese specimens were submitted 
to Prof. E. "r· Hilgard, of Mississippi, for examination, and his report 11pon them appeared in the 
fall of 1870. The professor therein takes the view that the alluvium proper beneath New Orleans 
is but 31 feet thick, arguing that the marine deposits below, to a depth of mm feet, are of the Port 
Hudson group. I followed him last year in this idea, and quoteu his list of shells under the head 
of the !Huff fonnation. :My obserrntious this season oblige me to modify this conclusion somewhat. 
Wishing to ascertain as accurately as possible the actual depth of the alluvium, I instituted a 
scrie;;; of experimen j s upon the wat.ers of wells dug in the Port Hudson formation and in the bott.om 
lands, respectively. I haYefouud (as indeed Professor Hilgard had told me that he should expect) 
that the former contain a considerable proportion of sulphates and carbonates, while the latter 
show au excess of chlorides. This result is uniform, excepting where the wells happen to strike 
eom;iderable beds of sand, when the waters are too pure to be distinguished. It is e-vident, there_ 
fore, tliat b~- testing the water of the deepest wells dug in the alluvium it is possible to tell whether 
tbey pass through it into the underlying- Port Hudson groups or uot. The patent wells that are 
made by 8imply driving a tube into the ground offer great facilities for this research, as the water 
that tlH'Y fnrnish comes necessarily from the bottom of the well only. On a trip that I took from 
H:1to11 llonge to the Arkansas line, I analyzed the water of yarious wells of from seventy to one 
lmnclred feet in depth, and in not a single instance found any other than the alluvial characteristics. 
The allnviurn, then, upon the upper part of the river heing deeper, as a rule, than from seventy to 
ont> hundred feet, it i;s highly improbable that it is no deeper than thirty-one at the city of New 
01foai1s. lt is true that the art-0siau well passed at that depth from swamp deposits into mariue; 
the <pwstion to l~P dt>citlt><l i><, whether such a changP is in this case a paHsage from one geological 
forrnntion to another. 

It is not necessarily su. The term alJuyium is indeed so g-cnerally confined to river formations 
that we are :ipt to forget that these are but a small part of the strata that are forming in the pres
ent era. The fine blue clay of the Mediterranean, the chalk of the "Telegraphic Platea11" of the 
:Xortli Atlantic, and the deposits now settling in tbe Gulf of Mexico from the long brown line pro
.it~Ct(•d into it by tl1e migl1ty l\Iississippi, are but marine equivalents of the alluvium proper. A vast 
lMl of 1mch marine equivalents nrrn· lie!-! i11 front of our present delta, rendering the water shallow 
for a tlistance of 10 miles from the Passes. Ilere occur1i a sudden slope that might be regarded 
as the prnprr continental slope of tl1e present era, so greatly does it exceed that at the shore of the 
<ldta itself. The whole sea bottom including this shallow margin is covered with living beings, and 
the recent beds, alluvial equivalents though they be, are full of their exnvire. Brnry advance that 
th•· delta makes iu its progr<'ss towards the sea is 11ecessarily based upon these recent beds. 
·when, therefore, we dig through tbe river deposits and come to strata with marine shell1<, it does 
not follo"· that we have reaclwd an antecedent geological formation, unless the fossils are those of 
PXiin<>t Rpecies. Xow, the shells obtained beueath New Orleans are all of recent species, as far as 
known. There is 110 inoof whatever, therefore, that the whole series of deposits may not be equiv-. 
alcuts of t11e alluYium iustead of belonging to the Port Huclson group. There are some reasons 
that lea11 to the supposition that tlwy are very recent. The first of these has been already given, 
-riz, that as I ha-ve prornd the rin'r allm·ium to be over 100 feet in depth at various points be
tween 11aton Houge and Arkansas, it ought to be even deeper at :Kew Orleans, because that city 
is nearer the fuot of the slope of the river valley. If we grant this, we are obliged to claim some 
of tlie upper marine beds as recent delta deposits, and Professor Hilgard bas himself declared that 
no line can be drawn between these and t.he others. The depth of 650 feet offers no difficulty t-0 
this supposition, hut rather aids the argument by completing the analogy between the.Bluff period 
and the present. I ha,"e already alludecl to the continental slope that occurs 10 miles south of the 
Pnsi-:es. T11is slope' follows the trrml of the Gulf shore almoRt irrespective of the protrusion of the 
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delta. It owes its formation, no doubt, to the opposition offered by the waves of the Gulf to the 
outflowing cnrre11t of the river. The sediment is not allowed to spread far over the Gulf bottAnn, 
but is beaten back near1J' to the short•. Now, this cause was in full operation during the Bluff 
period ; only, as that was the time when the riYer was broader than now, owing to the depression 
of the land, its current was less than at present, and the continental slope of that period ought to 
follow the general cnrn' of the Gulf shore 8\'en more accuratel.v than does the modern one. T11e 
land has been raised since then, and the southern edge of the prairie region and the northern 
shores of Lakei-i ::\laurepas and Pontchartrain lie in about the anticipated direction. Tht> chain of 
the Five Island;.;, howen'r, protmdes bt'yond this line, so that the slope may lie nearer the city, out 
most probably a bore it. If so, and if the Gulf of that day was as deep near the slope as at preo;ent, 
New Orleans may rest upon receut deposits as thick as the Gulf is dt>ep. 

(The Port Hudson group. Hopkins, third report, p. 18;1 :) 
The area of the Port IIndson group m Louisiana emhraces the Bayou .Ma<;on hilh;, with strips 

aloug Ba~·on Bartholomew, and tl1t> Onachita, Catahoula, IIollowelFs, and Avoyelle's prairies, with 
occasional terracel'i upon Ued River, and the prairie and short-leafed pine region of Saint Landry, 
Calcasieu, and Lafasette, upon the wei:;t of the Mississippi River. Upon the east it underlies the 
loe81' at Tnnicu Bills, and forms the bluffs upon the river below Bayou Sara Cr&k, extending
Aoutheast and east through the Felicianas, East Baton RongP, LiYingston, Tangipahoa, and Saint 
Tammany. It owrlies the drift where the two are iu contact, and is CO\'ered itself by loess, where 
that ii;: pref.:P11t, and hy tl11' yellrm loam. The delta formed hy the 1\lississippi from the end of the 
Drift pt'riml to the era of the loesR was <'omposed of its strata, which nre found also along the upper 
part of the ri \'er, at least as far as the Ohio, just aR the modern alhn-inm forms hoth the ue'l>er 
rlelta, and extends beside,.; to thr~ headwaters of tbe rher. 

(The Drift; Hopkin;:, 11. Hll :) 
The drift deposit seems once to have l'overed our whole State (Louisiana) t-0 a depth of nearly 

:!00 fetc>t. H bas lw.-n l'PlllO\'l'cl h,\· denudation along the :Ylississippi and Red RiYers and lies buried 
beueath the delta accumulations of the Bluff period, probably ex.tending far out under the Gulf. 
It remains upon the ;:urfacf:' (except for the yellow loam) over the area of the Tertiary lfoposits 
extending widcl;\' east, we,.t, and north beyond tlw limits of tbP State. Tl '\\as formed eYidently 
by running wat~r, the direction of tlw curre11t being from the northeast and north. The main con
stituents are coarse rolled sand, with fosRiliferons pt\bhlet; aIHl red a111l yellow sarnly d:iys oecur
ring in various alternatim1!-: arnl with Yery irregular stratifkation. 

Ju General Humphreys' report, p. 02, he states: 
2. That the "blue clay'' underlies the whole Yazoo bottom 1Jelo1r the grl•:tt saud stratu111. 
Dr. Smith says that the sa1Hl stratum is belozc it. 
a. Ile sap;: "In the bluff at Yickshmg it underlies tlw 1->tratum which contains marine ,-;ht>lL~, 

and which Sir Charles I1yell autl Dr. Harper both pronomwe Eocene Tertiary; that is, tht• oldest 
Tertiar~· stratum." 

There is a gray or black liguitie chi)· in the po;;itiou referred to, but it is lllHloul1te<ll~· Yiel;s. 

lmrg Eoceuc. 
4. Ile sa.vs: "It u111lerlies ~cw Orleans in ,.;trnta alternating with sand and rnarint' ,.;hPlb for 

at least 680 feet.'' 
J>r. Hopkin:-; suyr; that tlw alll1\·inm mu1e.rliP1' Nt'W Orleans for at least 100 fed in depth. :nul 

in this I agree with him. 
7. Ile quotes Lieutenant w·arren as stating that this peculiar blue clay ver~· closel~· rp;;pmllll.•i-; 

:i formation which cornrs a great area in the immediate YallPy of the )[issonri t>ast of the Black 
Hills, which Dr. Ha~·den assigns to the middle.of the Cretaceous, where tl1P Missouri da.'· nrnlon bt
edly belongs, hut has no relation whatever to the blne day of the Port Hudson period. 

On page 88, h<• sa;rs, "The bluff at Grand Gulf is similar in height and character (to that at 
Vicksburg). There is the same stratum of blue cla;r." This clay belongs to the later Graud Gulf 
period of the Tertiary. \Ve fiucl thus described as the same '·hlue clay" a clay lwlouging to thl' 
Cretaceous, one lielongiug to the Vicksburg Eocene Tertinry, one helongiug to the Grand Gulf 
Tertiary, and an alluvial clay; and he also refers to one described by Captain Pope in the Llauo 
ERtacado, which is probably cretaceous, according to Prof. W. P. Blake. 
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SlJMMARY. 

The southern drift corresponds exactly in time and cause with the northern drift. 
The Drift succeeded immediately the Tertiary, and overlies almost its entire area, as well as 

that of the Cretaceous, in the Atlantic and Gulf States. 
Its heaviest gravel beds border the Metamorphic rocks, on the Atlantic slope, and ai:; far south 

as ·w etumpka, Ala., and from there to the mouth of the Ohio border the Carboniferous. On the 
west side of the Mississippi they border the Carboniferous in Arkans'ts and extend to the Colorado 
Rfrer in Texas. There are other large deposits near the present bed of the l\Iississippi River 
extending to the mouth of the Atchafalaya, which was probably the original course of the river. 
The Drift was covered at one time in the whole delta, at least as high as Memphis, by a stratum of 
clay of Port Hudson age, which is generally blue, and is also found in riYerrs and creeks tributar,y 
to the Mississippi, in Mississippi and Louisiana. 

This has been to a large extent removed by the present .Mississippi River, at aud near its pres· 
ent course, and may have been removed over a large portion of the bottom and its place supplied 
by the alluvial deposits of the present river. The evideuce furnished by General Humphreys of 
its formiug the present bed of the river is not at all satisfactor,v or convindng, and does not agree 
with my oh1IBrrntions. In his report he speaks of blue clay of no les.s thau seve11 clistinet geolog· 
ieal periods, and classes them as one and the same. 

The observations of Dr. Hopkins were continued for yearn over the whole of Louisiana, and his 
deductions seem to accord more nearly with the facts, certainly as to the thickness of the alluvium, 
which as far as I have seen, with a few exceptions, to be mentioned hereafter, is not less than 100 
feet thick along tlte banks of the river from Memphis to New Orleans, as can be readily seen in a 
hundred places where the levees have been built, and in a few years have caved into the river 
frequently, as on th·e .A.fohafalaya, near Simmsport, acres of land having disappeared at once, 
leaving a >ertical wall 100 feet deep, from the bottom of which trees and logs that had been buried 
or ages were uncovered. 

There are a few points on the river where the Port Hudson chlyshan' resisted all the efforts of 
t lie current to dislodge them. 

At Wilton Landing-
.At a point opposite Grand Lake, near the line of .Arkansas and Louisiana
At the mouth of Red River-
At I:Argent plantation-
At Bonnet Carre-
~t ~ew Texas Landing. 
I have given above extracts from those who have made a study of these Quaternary formations, 

which I think contain substantially everything valuable that bas been written upon them having 
any bearing on the question at issue. The sections which follow ha\·e been taken with care over 
the whole area .involved, and from them you will see what value to attach to the various views 
ex1n·pssPrl hy the different distinguished scientists who han~ theorized upon this subject of such 
Yital importance, not only to the residents of the overflowed lands, but to the whole nation. They 
all agree that the loess has occupied in a past age the whole valley now covered by alluvium. 

The~· all attribute the erosion of the valley to a swiftly flowing current of the Drift period, 
which has left a continuous stratum of gravel aml pel.Jbles beneath the loess. All the later observ
ers concur in the opinion first expressed b,y myself in 1867, that between the drift and the loess 
there has been a continuous deposit of clay, similar t,o that described by Sir Charles Lyell at Port 
Hudson, not only in the Mississippi Valley, but in the smaller tributaries. All agree that the pres· 
ent river deposits annually allu\'ium ornr the whole bott,om, where it is not kept within its banks 
by le;ees, and that this alluvium is in a large part of the bottom as thick as the river is deep, say 
100 feet. 

My observatfons lead me to believe that neither the banks rwr the bed of the river consist of the blue 
clay of the Port Hudson period, but of clays and sand of allut•ial origin. 

The admirable work of General Humphreys has been a credit to the nation, and the only lack 
in it is the want of such goological surveys as would have shown the true age and relations of the 
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blue clay, which is the subject of this report. Lat.er inn11tigations hy admirable observers would 
have been rendered more valuable if they had been allowed sufficient time to stud,\· the present 
course and the recent and continual changes in the current of the river. I have gi1·en you the 
most reliable data on record, and yet this is, I fear, not what you desired, an exhaustive report ou the 
"blue clay." I have studied its relations at intervals for twenty years, and girn you the re>'nlts of 
all that I han~ heen able to gather from scientific records, or my own personal obsern1tion. 

Re&pectfully, 
GEORGE LITTLK 

Hon. CARLILE P. PATTERSON, 

Superintendent Coast and Gemletic Survey, lfoshi119ton, D. C. 

(1.) SECTIOX OJf m:rFF AT MEMPHIS. TEX::\. 

Feet. ! Character of strata. 
___ i ________ --~---·~ 

10; Yellow loam .............. : ..... .. 

40 Calcareous sUt. loess, or bluff 
10 Bluish white clay 
40 GraYel and yellow sand ..... . 

(2.) SECTION AT CROW CREEK, NEAR ML\ DISOK, SAIXT FRAXCIR COUNTY. ARK 

25 Yellow calcarMus •ilt. (Bluff) 
15 Yellow loam and clay. (Bluff) .... 

10 Gravel. (Drift) . . . . . . . . . • • . .. .. . . . . . .. . . . .. . . . . . . . .. 

lU Sand. (Drift) ................................................. . 
3 Blue clay. (Eocene). 

10 Blue mnd. (Eooon•). 

Blue clay. (Eooene) 

(:!.) 8ECTION AT IIELEXc\, ARK 

6 ' Yellow si\iciouo ola.y marl. with fossil ahellH ...... 

JO Yellow and orange sand and grnwl am! day ...................... .. 
20 Yellowish and whitish sand, with some grayeJ. 
12 Space coneealed to bed of slollgh. 

(4.) SECTION NEAR SARDIS, PANOLA COCNTY, MISS. ('.IISSIS:,\Il'I'I AND TEN)IES:'iEE RAII.ROAll). 

10 Yellow loam ......... . 
12 Calcareous silt ................................. . 

10 , Gra:'\"el and sand ------ ·-----. 

(5.) SECTIOK AT YAZOO CITY, MISF'. 

~-~:::~::11 ~:t.!:::11;: :: · -·::: :: ·: :: : :: : _ :: .. :: :::: :: : : _::: :~.: -: : ::: _ ::.: :: _ :: : : : : : . _ 
......... Bluish clay................................................ . .........•...... 

------- --- --~----- --··------------

(6.) SECTION OF THE Hl.T'FF AT VICKSBURG. MISS. (HlU<AlW.) 

I 
10 to 20 Cale&rooussilt, with snails. (Bluff)................................................................ . ......... .. 

5 to 20 Bluish and yellowish hardpan, often pAbbl~• (orange se.ml stratitit'<ll. (Drift.) .......................... . 
6{) to 65 Alternating strata, 1to6 feet thick, of limeatonf'and rruirl, eontaining th(' Viek~bur9 fossils and Ronie l.JamlH of no1H•ff1.Tn·1·wt'nt 

gray sand and clay ................................................................ · ... ······· .. ···· 
5 Black lignitic cla)· a.nd gray sand, with Ostrea giganfea, Oorbu.la al.'a, Nati-ca nu'.sfi.M~i1•pi,r,naiR. (Jytherr.a sobri11a . .Jlri.dn'iHu•ra 

milriuippiouia. .••••...............••.•....•....•.•............ ............. -·················· ·•• ..... . 
25 Gray or black lignitic clo.ye or sands, with iron pyrites ......... -· .......................... - .. · - -···· ·· · -- -- · ·· · · · · ·••·· 

3 Solid, luetrou• lignifo, with whitish cloavage planes .................... - - -· · · · · · · · · · .. · 
Unknown.............................................................................. .............. ···········-···' 

No, 
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(7.) SECTION AT GRAND GULF, CLAIBORNE COUNTY, MISS. tHILGARD.) 

-·---·-----------·--------
Feet. Charac(.f!r of strata. No. 

60 to 70 ' Calcareous silt of the Bluff formation forming the hilltops .................................................................... : 12 
H "Grand Gulf'' 83ndstone, in ledges 10 inches to two feet in tbiekness ........................................................ ·I 11 
15 : Gra,y sandy material. sometimeB eoft sandstone with an argillaceonR cement, alt4:'rnatiug with harder ledges, 6 to 10 inches i 

I thick, of friable whiti•h sandstone ........................................................................................ ' 12 

2!
1 

Solid whitish 83Ddstone of good quality ........................................... : ........................................... ! 9 
2i', GrooniRh gray clay, with white Yeins of carbonate of lime .•...•................... , .....•..............•..... ___ . ____ .... ___ .1 8 

1 Roftvvhitesandstone ................................................... ,................................ -------·····' 7 
i Grayisbyellowpipecla.v........................................ ............ ................................... 6 

J Dark gray brittle sanllstone .................................................................................................. ·I 5 
3 Gray, semi-indurate clayey sand .............................................................................................. j 4 

17 
1 

Gray and yellowish sands and cla,Ys, semi.indura.te, intn'Stratified .................................................... _ ......... 
1
: 3 

! ii ~:~~:~~~: :;.:~! ~~i·~~ ~;~~~~~~~~-~;;:,;,~::: :::::: :::: :: :: . : : : : :: : : : :::::: ::: : .: :::: :: ::: ::._::: ::::::~:_::::::: :: :::1 .... -~ 
18.) SECTION AT RODNEY, CLAIBORNE COUNTY, MISS. 

Yellow loam .......................................................................... .. 

JO(I Calcareon$ silt...... . . . . . . . • . . • . .. . . .. .. . .. ..... .. . ... , ....... -...... --
5 1 Bhtish da; ................................. . 

Ht Gra¥el mi<l Annd .. 

(9a.) SECTION AT COT.E'S CREEK, JEFFERSON COUXTY, MISS. (MRS. HUNT'S.) 

20 j J .. OE"8R .•••. ·······•·····-·-···············-····· ········••••·•···••••••••••·••··•·····•••···· 2 

5 :. Blue cla:c. with Joi;s, aml fmit, ancl lea•es . . . • • . . . . . . . •••• •. . . . . . .. .. . .. . . .. . . .. .. .• . . .•. • •• . . • . .. .. . .. . .. . .. .. .. . . .. .. . .. . 1 

(Yb.) SECTION ON BRANCH u~· COL.E'S CREEK, TWO MILES FROM MADDOX, ON F.t!. YETTE, RED LICK .ANII UNION 
CHURCH, AND RODNEY ROADS. 

2: Loa,m .... -~-.-_ =~~-~===:·.~~:==::.~:~~~:~=:·~~~~-~-----~-.:-.... ! ..... . 
10 : :~:I~~- ~l~y:.:: :: : : :: ::::::::::::: :: : :: : ::: : : ::::::: :: : ::·.::::: :::·.:: :::::·.:: :·.::: :: : ::: ::: : :::::::: ::: ::: :: ::·:: :::: ·::::::: /:::: :: 

BluecJa:r-·-···············································::_:·~=~~~~~=~~:.·_·_·_~_:_"_~=~~--~~~:~-~-·········· .. j······ 
------

i9<.) SECTION ON -- CREEK, SIX MILES FROM FAYETTE. ON NATCHEZ ROAD. 

Loamy clay.................................................................................. ...... ... ... __ ............... ',···· .. 
Jllt1e sandy cl11y, with poplar log well preserved. (Port Hudson). .. . ................................................... . 

Rlne clay, with leaveo, 11nd beech and hickory nnts. •.•••. .••• •• . .. . . .. . . . .• . •• . .. . ........................................ , .•••.• 
Pure blue clay, with whitish spots in bed of creek ..................................................................... .. 

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

(9c>,J SECOND SECTION ON SAME CREEK, BELOW TIIE ROAIJ CROSSING. 
_____ I __________ _ 

3 J J,oa.myclay. (T,oe88)...... . ............................................................................................... , ..... . 

! ! !;!~;.is~;~;~t~)h'.~ ~~~~:. _<~~~'.~:::::::::: :·.·. ::::: ::·. ::: :::: :::::::::::·. ::: : :::: :: : : :: : : :: :::::: :: : :: :· :: : ::: : :::: :: ::::::I:::::: 

: I ~~£S::Z~f.;~;···••• ;······· ~~: ~.:::.:·•.•.:.: .. ~ :········· : : :••• • • : .• t::: 
(lU.) SECTION AT DREW'S LANDING, ONE MILE ABOVE L'ARGENT LANDING, BELOW .MOU'l'H OF FA.IRCHlLD'S CREEK 

DITCH EIGHT HUNDRED YARDS ACROSS BEND. 

: ~=:; ~~i ~~~~ ~i:::: :: :: ::: ::: : :: : : : : : : :: :: : : ::: :::::::::::: :::: :: :· :: :::::::::: :::::: :::::::::::::::: :: :::: :::: :: ::::: j 2 

5 Blue clay ....................................................................................... ···········--··················/ 
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(ll.) SECTION AT NATCHEZ, MISS. 

' 
Feet. ] Charactt>r of strata. Xo. 

I 
100 ! Gray calcareous silt of the Loess or Bluff formation, with ht-lices and calcareous coneretions . -

2 I Brown loam, resembling surface soil, but calcareous...... . . . .. . . .. • • . . . . .. . . .. . .. . . . . .. . . . .. . . .. . . ............. .. 
50 to 60 

1 
Orange and yellow sands, with some gravel. Orange sand or stratified drift. .......................................... .. 

15 i Ledges of forrnginous puddingswne and coarse sandstone. Orange sand or stratified drift ................................... i 
15visible, Blue clayey sand and •andy day of the Grand Gulf group.............. .. ..................................... .. 

(12.) SECTIOK AT ELLIS CLIFFS, TWELVE MILES BELOW NATCHEZ. 

- -----------------------
30 I Loess .......................................................................................... _ .......... .. 
76 i Orange sand - .. _ -----. ------ .. -- ................ __ ............................... . 

I 

(13.) SECTION A'l' BUF1''ALO CREEK. 

20 I Loamandoilt............ ............. . . 

51 B~-·-cl-ay, :~~.-~_:-_stodon skull and teeth .. _ ..... ~~: ~~----_--_-_--_· --~-~-~---~-~~--_-____ --_· ~~ ~~~~--· ._._-_·. =-~---~ ~~ -~-~-- ._ ...... __ 
(15.) SECTION AT LOFTUS HEIGHTS, FORT ADAMS, MISS. (illLGA.RD.) 

---------·-----------------------------------
! . 

~~ J ~~~;i:~n':;":e~~::r;:;g:~~n~ :~:!:::~~~~~: :::::: ::: : : : :::. ::::::::: :: : ::: ::: : : ::: ::: : :: :: :: : : :: : : :: ::: :: :::: :: : ::: : : : : 
170 1 Argilla<i<ous oandst-000, yellowish gray in its mass, variegated with ferruginous spots and veins, and of different degree• of 

i hardness, so as to weather into rough jagged surfaces. Traceable to water'• edge ........ _ .. . 

(lr..) SECTION BELOW FORT ADAMS, AT W . .\REHOL'SE LANDING. 

I 
150 i Loess................ ...... ...... ............ ............................ 

1 40 i Orangesanil. .............. .. ................................................................... : 
40: Claystone ..................................................................................................................... 1 

____ ! __ ~---

(li.) SECTION AT BARKER'S, SEVEN MILES EAST OF FORT ADAM::!. 

----!-·-------·--------·-···-·--·-~-------- -------~-- ·1 

15 i Loe•s ....................................................................................................................... ! 
50 to 75 Orange sand .............................................................................................. ~:.·~~~~-·! 

(18.) SECTIOX FIFTEEN MILES EAST OF FORT ADAMS. 

·-~-~-~ !:!1::.1~~-::::::::::::::::::::::::::::.:::::::::::::::::::::::::::::::::::::::::::::::.:::::::::::::::::·:::::::::::::::::....!:::::: 
! 

(19.) SECTION TWENTY-mrn MJU;s EAST o~· ];'ORT ADAMS AND FOUR MILES FROM WOODTILLE, YISS. 

Yellow loam ................................................................................................................. ! 
20 Orange sand ............................................................ __ .................................................... ! 
8 Reddish hardpan and pel>bles ...................................... , . , ........................................ _ ............... :, 3 
2 Blueclay ..................................................................................................................... ' 2 

--~j Red, yellow, and white ~ardpau ............................. __ ................... _ ......... __ ....... _ .. __ .......... --_--_-_ .. _! __ 

(20.) SECTION ON THOMPSON'S CREEK, A'l' MrGEHEE'S. 

-------------------
i l: i ~cl~~·:::::::::::::::::::::::::::-.-.:::::::::::::::::::::::::::-.::::::-.::::··::·:::·.::::·::: 

(21.) SECTION AT RED RIVER LANDING. 

.A.lluvial soil ................................. - - ...... -- · ·••••• ······- -
"Buckshot" clay ..•••••••••.. ____ ....... . 

40 Rine clay, with sand and "buckohot" .................... . 
Quickaand and very little gravel. ......................... . 

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

I ····-···--·-·- ···-··--··-·:1 

:::: :: :::::: :: : :: : : ::: :. ::::::\ 
3 

2 

1 
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(22.) SECTION AT JUNCTION OF ATCHAFALAYA AND RED RIVERS. 

:Feet. Character of strut.a. No. 

!'i Gray saud 

2c• Red clay 

(~3.) SECTION AT TUNIC.A. LA. (HOPKINS). A:!\D OPPosrn: TUNICA. 

Alluvium .. • ....................... ! 

Loam ........................ . ' ••••······•·•·······················••·············••··········••·····•····•••••.,••I 
150 Loeso ........................ . 

'5 Blue clay, witb stumps .••.... 
- ---·--------------------~-

*Below surface. 

(~4.) SECTION ON TUNICA BA YOU, THREE MILES BACK 01'' Tt:NICA. 

--- ~~ ~::·~~~~=~~~·:::~~:~:~:: ::: :~~:: :::~::: :::: :::~:::::::: :::::::. :.: : :::::~:-::::::~-·::::::: :·::·::·::::: ::·: :::::::::::::! 
10 Clay ....................................................................................................................... . 

12'>.) SECTION SIX MILES FROM TUNICA AND TWO MILES FROM PINCKNEYYILLE. 

10 Loess .............................................................................................................. . 

, Red clay ............ ------ ........................................................................ ··-························· 

2 

20 Whitesaml. ........................................................................................... a 
20 Mottledclay.................................................................................................................. 2 

:Blue clay ................................................................................................................... . 
------~------------- ----~------ _____ i __ 

(2G.) SECTION AT SA~T FRANCISVILLE. 

10 Yellow loam···-··········-·········-········-······-·-···········-·-····--·············-··········-·· ......... 1 4 
9 Sand ......................................................................................................................... ' 3 

5 Sandy silt ..................................................................................................................... 1 
2 

2 lllueclay ........................................................................................................ ······ ........ ! 

(27.) SECTION AT PORT HUDSON ,(NE.A.R SAW-MlLT.). (HILGARD.) 
___ , --~---~---- -- -- ------

' 4 to 6 Yellow surfa.ce loalli ............................................................................................ . 

25 Yellowhardpan ................................. . .. ........................................................... -.......... \ 
: ; :;:~.~::'.~n~1:ia~· ;~·;·;;~~~;;;·~~~~. ·;i~~ ~;~~~-~{~~;~: -~;~~-~~~{~~. -~~;;;~~~!~ -!~~,:~~. ~~,; ·,;,;:!~~~~-~~~~.-::::::::: 

2Gvisihlel Heavy greenish and bluish masey clay, similar to No. 4 ...................................................................... ·I 
···:=r.:..:.:~~-~~:.:.::···--·· ................................................................... ~~=.:.-.:.-~=--~~~~~·_j 

{28.) SECTION AT PORT HUDSON, ALTON LANDTNG. (HOPKINS.) 

i I ~~~''-7?••·····································································:················H•.::•• 1 
I . 

3 j Whiteclay ............................................................................................................ :~-

(29.) SECTION MIDWAY BETWEEN PORT HUDSON .A.ND FONT.A.NIA. (HILG.A.RD.) 

6 

4 

3 

2 

8 
7 

6 
5 

8 to~:· ~~::.::;~~:u:~~:n·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::T:~ 
Oranire and yellow sand, &ometimett ferruginons •andstone ................................................................... \ 5 8 to 15 

7 Heavy greenish or bluish clay-··------·--.......................................................... ................. ........ 4 

18 White indur&te eilt and hardpan .••.•••••••• --··················--------- ....... ' ...................................... ---··--. 8 
so 

i to~ 

Heavy green clay, with porous calcareona concretions abon, terrnginoua ones below; aome stieke and impreuions of leavea. 2 
BroWll muck, white or blne clay, with cypress lltllmpe .............................................................. _......... 1 
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(30.) SECTION AT ALLWORTH'S, FIVE MILES NORTH OF BATON RCWGE. 

Feet. 1 Chara-0ter of strata. No. 
i ------------------- ·----

17 
1 

Hardpan. white and yellowish ............................................................................ · ... 

11 Sand ........... ~·························,,······················································-········-··········-········· 2 
24 Blue clay .................................................................................................................... . 

(31.) SECTION AT BATON ROUGE, U'NITED STATES ARSEK.\L. IIIOPKIXS.) 

' --~-------- -~---- ------------------· 

23<~ Yellow loam ...................................................................................... · · .. · · · · · ........ -.. · .. · .... 1 

_ _iqE~~: ~: . ._:~::~~::~::~·_:::::::··~~::::::~~~:::::::::::::~:::::::~:~~:~~~::::::::::::::::::::::::·::::::::.:::::· 
(32.) SECTION AN GARIG'S FERRY, AMITE RIVER, TWELVE MII.ES EAST OF BJ.TON ROUGE. 

5 Yellowhardpan. !mile11bove,IOJ1,m .......................................................................................... : 
H White hardpan ............................................................................................................. ---i 

10 Whitish hardpan. White aml ydlow sand, and 5 gravel.................. .. ............................................. : 
6 Blue clay....................................................................................... ................... .. .... . 

---- ------~-----~--~-- ----~--~------~--· ------ -------- -----------
(33.) SECTION AT BONNET CARRt CREVASSE. 

-~----------------
I 

100 
1 

Alluvium - - -. -- -. -· ... ·· .................... ···· ·· ···•·· ·· · ·· · · ·····--·--· ······ · ·· - · · ··· -- · ··---· · · · --------······--·: ..... .. 
_·_. __ .... Blue clay. dredged f1·01n river botton1 .. __ ............................................................................ _ .............. . 

(34.) SECTION AT BAYO'II MANCHAC. 

CIOJ!e stiff clay in its bed ............................................................................ . 
I ---------- ------------- -·-------·---··--- --- ----- ---·----------------· 

15 
3. 8 

10. 2 
10 

0. 7 

(35.) SECTION AT NEW ORLEANS. 

~~:;a:~u:~i!~~~~~~~~~-~~~~;~~ ~ ~-- ·_ ~ ~~ ~~ ~ ~ ~ ~ :~:::: ~~ ~~~::: ~~ ~ ~ ~ ~ ~ ~-- ·_ ~~:::: ~-- ~ ~ ~ ~ ~ ~~ ~ ·_ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~~ ~ ~~ ~ ~ ~ ~ ~:: ~ ~:::::: ~: :~::: ! 
Clay coal black, containing rootlets, woody matter, &c ..................................................................... \ 

~~: ~~:~!:~~ :~;x~.:~~~:t;:~·: ~k~:~~~:~~~~:~~:~:~~·: ~~:~~~:~'.~~i~~:~~;:~~:~~: :: : : : : : : : : : • : : : _ ::: : : : : : :: ::: : :: : : : : : ::: : . : • _.I 
1.3 Shells .. _ ....... .. 

11 

10 

9 

8 

6 

5 

33 Sand............................................................. ............................................................ 4 

G.5 Shells......................................................................................................................... 3 
29 Clay and sand ........................................................................................................... __ .. . 
34 Clay. (PortHudsonpArio<I!) .............................................................................................. .. 

(36.) SECTION AT J,AKE BORffNE. 
- ----

:I :;:~:::gi;, :~;1·.,:.x::.~~:::·::~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ............................. i ·········-············-·······1 
10 Blne clayey l!Bnd, freah water.......... . .. .. • • .. • • • • .. • • • .. . .. . . . .. ........................................... " 
17 Il?ab--Oolored sand, fresh w11wr ............................... __ ....................... ,, ............ ,. ............ .. 

::::::~~:( ~=:~:~:~7!~:~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::·::::: 

·····•:.[ Etf ~~~7i!l·····························=·····-~··•·l···~··-············•·:<~•····· 
(37.) SECTION AT .A.VERA'S BLUFF, CBICKASAWHA.Y RIVER, GREENE COUXTY, MHS. (HILGARD.) 

12 
11 

10 

8 

7 

151 Yellow sand, withei~cilied wood. (Drift) ....................... ~ .. -:~--~~-~- .............................. =~~~=---\! 2 
15 Compact bri&ht blue clay. (Grand Gulf) .................................................. · .. -· .. · .. · · ........ · · ........ · .. .. 

------------~---------""'--~ - _,_ .. ·-~·---------

S. Ex. 12--22 
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(38.) SECTION AT DWYER'S FERRY, PASCAGOULA RIVER, JACKSON COUNTY, :MISR. (HILGARD.) 

Feet. Cbal"!loter of strata. No. 

2 : Yellowish iudurate clay-(! Fla.twood's clay" ..................••.. __ ..••.•.•..••................ __ .. __ 
4 · Gray sand with yellow dots, containing particle.• oflignite and cryst.als of gypsum ..................••.............••..•..•. 

Bray san(ly clay, with lignitic layers, traces of leEn"ee, and crystals of gypsum ............................................... . 

' Blut:' massy clay, with crystals of gypsum .......... , .....................•....•.•.•...... __ .... _ ..... , ..•....•.....•••.••..••. i 

12 ' Stratified gray clayey .ands, cleaving into la) ero I to 6 inches tlliek. . . . • . . . . . . . . . ••• . . . . . . . . .. ' 
i 

(39.) SECTION AT BAYOU .BERNARD. 

I 8andL ...........................•••••..•......••......•••................•............••••..........••.........••.........••. i······ 
JJark bluish hlack clay, tenacious. fetid, antl irregularly stratified with Ostrea virgii>iea, Bala,.,,., MytitiJ.B l.armatus ..••..... :_ ..... 

I 
--------------------~------·-----

(ID.) SECTION AT SAUCIER'S WOLF RIVER, HARRISON COUNTY, MISS. (filLGARD.) 

--- ------~~-----· -----
20 Gra;v and~ t•llnw sanri, atratifit·rl mor~ ur les1' clayey, e1pedally below .•..••. -· ...•........ -•.. ·-- ...•.••.. --·· -- . - - - ... - . --- I 

~to 3 YellowU.h t.'T•Y muHoycla.v .......................•.•.......•...•.....................•............................•........... i 
I to 8 :Matrix of <lark gray or black clayey sand or muck, inclosing trunko, stumps, roots, and knees of cyprtss, with bark aud ! 

wood preservl'd; also a few pine burrs .............. ····-··············:················································ ····I 
!41.l SECTION AT MRS. McRAE'S, WEST PASCAGOULA, MISS. (HILGARD.) 

-----------·-- ------------------------------

JO to 15 
10 

Sand ......................•..•... ··--········: 
Sky-blue. cla~· .. - ......... - - .•• - ................. - •••• -•..•..•... - • - - .• " - • - - ..•.... " .............. -.............. - ••••••• - •• - ~ ...... - - - -1 2 

•. ----~-- ~~ray, c:i_:reo\l~ ::t.er-bearing .am!, oontaining llhund&nce of •hells. (Hllga~~ ·=~:== ·..-.:_-_·~----- ........ ·=:.L __ 
(42.) SEOTIOX AT SAM l'OWE'S, NEAR WINCHESTER, MISS. 

18 Yellow sand, with pehbles in its lowest portion (orange •anti). 

I~ Whitesauu, withnodulesofpipeclay ...................... .. 

l inch ... Black clay, with leave• ....... ······-···-·--· .. .. 

5 

4 

a 
3 Gra,vish white sand, with vestiges of leavetJ or stratifica.tion line$.. . ...••••• -~-. .. . . . . ....... ••••.. .•. . . . . .. . . . . . . . 2 

Bluish sandy clay, with roots aud trunks of Capuliferre, Oaniferre, Palmre ................................................. . 

(43.) SECTION AT SICILY ISLANDS, LA. 

29 Yellow loaru ....................... . 

24 Loesa................ . ................................................................................... ··········/ 

!~ ~~~:~:1:~:. :: _~:-~:::::_: ·:: ·:: ·::::::::::· ..... -............ : :~::_.~~:_: .. :::::: :: :: :::::::: :::: ::: : ::: : ::: : :: : ::: ::::::::: :1 

(44.1 SECTIONS OF CARLEY'S WELL, NEAR READ OJ<" CATAHOULA !,AKE, LA. 

----·----- ----· -~.--~·-----··---~----····--··-~-··~~- ---- --------

11 I 1ellow luftm... . . .. ... ... . ....... ........... ·······························--··················' 
7 Jt"jne yellow aantl • ... ... ..... .. ........................................................ / 

4 

3 

2 

1 

4 
3 

t inch ... Salt in crystals .:: . :::: •• : : .. : .... :::. :: : ·::: ::: . :::::::::::: ::: ••.......••.....•................ ····-- ..••.•.... ·····- •••••. 11 
381.Blne clay, with cypre~barl<.'_~':_~t~:~odu~ee, a~~l fresh.water shell~~:ent ·~~::=· .......................... __ ··_·_·_·: __ 
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Formations, and sections, and l-Ocaliti~, tabulated. 
·--·----------------· -,---

Number of section . .... . ....... ... . . . . . .. . 9 : 10 11 ' 12 13 14 15 : 16 l'i i' 18 19 20 '.!1 22 

..; 

~ a , 
" ' :z; 

Periods a1ul formationR 

QUATERNARY: 

Alluvium -··-·-···· 
Loam ..... ·-··--···-·--··--·-· 

~ ~ "' .. .: .. 
;a " 

:;;: " Cl >-. ~ .;i 
~ "' " i -~ c ! "' "" 'd ~ "" 

c ... ~ " i I ~ 

~ "' "' " ;; " ii§ ):l '. :;: ill i r/"J. 

--
i c; 

' ' !--·-.--1--:--.. --~ ~ 
10 10 5 

i ..,; 
... ~ .. 
"' 0 t'. 
:;;: 

2 
Loe••··--·-···--·····--··-······-· 40 40 6 12 20 10 mo 20 
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4b Port Hudson bh1ecltty ............ 

1 
10 10 13 
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: TEii.TiA RY: 

Grand Gulf ........... . 

7 Vicksburg ........................ 1 ... . 
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9 
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1 
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J.5 I. 
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APPENDIX No. 13. 
A TREATISE OX THE PLANE-TABLE ,\ND ITS USE IN TOPOGRAPHICAL Sl"RYEYING. 

By E. HE~RG-ESHEil\IER, Assistant. 

The representation of any portion of tbe surface of the earth in horizontal plan, as it would 
app1>ar Yit,wed from a yertical position over each pomt, is the modern form of a map, which may be 
considt•red ai> consisting of an infinite number of points, the establiishment of the iiositiohs and 
relations of so many of which as may he necessar.r to define the feature!' rm1 uired constituting the 
instrumental work of the sur•eyor. 

A point in Rpace iH the prime element of position, but is indefinite position; the addition, of 
anot11er point introduces the definite elements of direction and tfa1tance. 

Direction, as applied to terrestrial surve:l'ing, is azimuth, or deflection from tbe true north and 
south line; or compass bearing, deflection from the magnetic north and south line; or the amount 
of deflection from any giren line. 

The amount of deflection of one line from another is measured by the angle formed at tlieir 
intersection as a center. 

Distance is mea8med by any unit conventioualls cHhtblished; the most definite of which, in 
preiwut use, are tlw yard and the ID('ter. 

The, addition of a third }lOint intrndulles trigonometric functions, b;Y whieh m1y giYcn three ele
ments of a triangle, except the three angle~, serrn to determine all the others; thi:-i with the plane
tablP, in topographical surveying, is gravhically perform,ed. 

In a topographical map each l>Oint, besides being projected upon a lwrizoutal plane, has its 
height, either within, abon·, or below a Im-el surface, iu some way indicated. The representation 
of details between tbe determined point,; completes tlte surw;v, and draws upon the arfo;tie skill, 
perception, and judgment of tbe sm·n~~·or. 

ln surve;ys of such limited arna as arr generally made with the plilUe-tal.Jle, q uestious of ge-odcsy 
ma~· bt>. disregarded, except the conn·xity of the earth's surface and refraction a1' affo<iting heights. 

Our int}uiries will, therefore, he <lirected to the instrumental and personal processes necessary 
for a precise an<l intelligible representation of nature, and especially to those processes peculiar to 
the vlauc-table, and which constitute its special power, as well as to indicate, step h,v step, the pro
ceedings a11d manipulations in the use of thiR instrument, wl1ich ham generally 11eret-Ofore been 
acquired through personal in:-itructiun. 

J?or conyenicnce of deseription the 11lane-table may he dfrided into three parts: 1. Tripod he<td 
a1Hl legs. 2. Monments. 3. Tahle-top or board. 

The fogs arc made of wood as lig·ht as i11 consistent with requii>ite strength, shod with ln··.i,ss, 
awl at th(>ir jtmction with the tripod head of sufficient width to reduce the chauces of lateral mo· 
tion to tl1e minimum. The tripod head is sonwtimPs made of wood, hut in the latest instruments is 
made of brass. 

The movements of the, tH hies in usr hy Uu· Coai-;t aml Geodetic Snrvey are of different llOnstrllC
tion, but all are of brass, and look to the same ei:;seutials, viz, sufficient strength for solidity, and 
horizontal revoh·ing faces of large enough diameter and accurate fit to prevent vertfoal motion 
when clamped together, as well as sufficient room for lateral play of the axis of revolution of the 
upper plate, necessary in the different relations between the planes of the tripod head and the 
revolYing faces of tlle movements, which llltter are always required to be in a horizontal plane, 
and meami. for clamping the axis of reYolntion to t,he tripod head when the revolving faces have 
been made horizontal with the leveling screws; there being attached to the clamp of the revolv. 
ing plate the usual tangent screw for fine motiou. 

The table-top or board should Lte made of well seasoned wood: panelled with the grain at right 
angles, to counteract as much as possible the tendency to warp; its upper surface finished a-s nearly 



 
No.t,.9. (nos/ and 6tod.dir Survt,- li.tport !8!10. 

---.,._ 
- -- L,,.....__----.....: __ _____ 



 Su . .50. 

' ,_ 

~,r-- -----------~--

,,--

~-- -- ·- -- --
~ -- --- - - ----- -

----·-,~£-~3 -._ 
- - - ~ -

' 

;:) i 

- - - - -_..,. --~----- ---' 

Fig. :J 

~J)))iJ· riiW' S 



 

UNITED STATES COAST AND GEODETIC SURVEY. 173 

as possible in a plane and attached to the prqjecting arms of the monments with firmuesH: great 
care being taken that i1,s upper surface shall be parallel t<1tlw plane of revolution of the mornments 
so that the two planes shall remain parallel in all poBitionR of the board. 

As much lightness as is consi8tcut with re<1uisite strength should be sought in the cow;trnetio11 
of all the parts. 

The accompanying illustrations (Nos. 49 allll .ill, Figs. 1, 2, and 3) of what is considered tht• 
most approY&l instrument will he sufficient,, it is hoped, to show its construction without an,Y 
minute deooription of details. 

The most, approved alidade (see illustration) oonsists of a brass or steel 11de (12 ilwhes long hy 
21inches wide), nickel-plated underneath, from and perpt>ndicular to which rises a brass column(;) 
incheR high), surmounted by Ys~ receiving the tran;;;n•rse axis of tl1•~ telescope, to one end of which 
axis is firmly attached a graduated arc of 30°, eaeh !:iidc of a central O, au accom1mnying Yernier 
being attacl1erl to the lower part of the Y support. 

The telescope is fitted accurately near its center of j!.'rnYity within a clo,.el~- titting l'~·lindP1\ to 
which is Mlidl;v attached the transrnrse axi..,. The telei·wope revokes within thii- eylin1ler 180°, 
stops being fitted for that range. Thi;;; affords au ea·"Y mocle of ad,iuRting the crol's-wPhR to the 
axis of revolution, and for correction, with a 1'triding lm el, of the error:; of kwl and collimation 
and of revolution of the tele1>cope. 

Upon the tube of the telesroope are turned two ishouldt>r1<, 011 which rt>i;t;; a striding· spirit-level, 
which can readily be rewrseil or remm·e<l at pleaRnre. Tlw usnal eye- pieee and diaphrn!-(m an' 
used, but it is usual to atfach to the diaphragm a thiu glaRs plate ha,·ing two finelJ· e111.:-raved hori
zontal lines, the distance hetween whieh rPmains a eoustant chord for the 111easurPmP11t, upon a 
tlidderl staff'7 of distance; or, to attach to the e~-e-pie1~e a micrometer with one of' th(• horizontal 
wires moYahle, for meiumring the angular distance of a fixetl le11gth, on a l'O!l, which remain" a 
constant chord. 

To the rule of the alidade are attached two Rpirit levels, oue in the lougitutliual 1lirectio11 of 
the rnle and the other at right :rngles to it. · 

A decliuatoire accompanies the alida1le and is carrit•tl in its hox. It was fornwrly attadied to 
the rule of the alidade with the north anrl 1South line of tlic arcs parallel to the edgt> of the rnlc. 
It i8 fonud most c011Yc11ie11t~ howeyer, to haYe the declinat{)ire SPJHtrah; and madt' with tlw si1les 
of the hox parallel to the north and south line of the arcs, which han: u"uall~· mo on each sitle of 
the 0. This is necessary when the rule of the alidade is of stt><'l. It can he used, howf'wr, for 
directio11 of magnetic north hy placing the table i11 po,;itio11 at any poiut aml n•mod11g fhp, ali1ladt• 
a sufficient distance from the t:thlt> not to inffuenee the 1wcdle. \\'l1t•n the declinatoin· is i11 poi;i
tion, its needle pointing to the O's of the north and south arc:.;, with its e1lge on the JJOint occupied, 
it shonld he held firmly in place while the edge of the alidade rnle is applit>d to the edg-e of tl1e 
box so as to extend the dir~ction the full le11gth of the rule. 

OLD STYLE ALIDADE AND l'.1'8 ADJFSTJIKNTS. 

'l'lw old style ali<ladc still in use consists of a brnss rule a hout '.!:? inches hmg, ha Ying a circu -
lat' le\·el 011 its upper fac~>. )foar thP rnill!lh• of the mle is a 1wrp1~111licular c~·liudrieal column of 
brass called the" stamlanl," surmounted h~· two s11nare brass plates joined b.Y scrt'ws, and suppol't
i11g horizontally a conical journal, through whidi cxteml:o; a cJo:-;ely titting cone of bras:;, coming 
from and at,tacbed to the side of the telc11cope. This cone for111s the axis of the Yertical mon'm('ll t 
of the telescope, and is secnre<l at, the extremity b~- a screw which holds it iu its place. The tele
scope itself has the usnal cross.hairs aml means of focal adjustment. 

A transverse level is fastened to the ell gt• of the upper of 1 he two plates at the t•lp of the 
standard by means of adjnsting screws. 

The telP,scope is so placed that its line of collimation is aboYe and in the same ,·ertical plaue 
with the :fiducial edge of the rule. -

A vertical arc with a tangent 8crew ard clamp is attached to the telesco11ic sitle of the lower 
brass plate, and, with a vernier which moves in are as the telescopP iR raised or depressed, is used 
in the measnrement of vertical angles for heights. 

ADJUSTMENTS.-From the nature of the service in some sections of the country the i1lane. 
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table i;; often nooessaril,y subjected to rough usage, aml there is a constant liability to a llisturh 
ance of tbc adjustment><; i;till, in careful hands, a. well· made instrument may he used under ver:.· 
nnfavorabh• conditions for a long time without heing peroeptiblr affected. One should not fail, 
howp,·er, to make occaHional examinations, and whifo at work, if any difficulty be encountered 
which cannot otherwi8e he accounted for, it should lead directly to a ;;crutiny of the adjnstments. 

1. 1'lte Jidudal ei{,_qe <!f the rule.-This should be a true, 8traig-l1t etlg·e. Place the rule upon a 
flmooth i-;urface and draw a line along the edge, marking all'o the line;; at, the ends of the rule. 
Heven;e the rul!', an11 place the oppm1ite t>nds upon the marked points, antl again draw the line. lf 
the two lines ('Oincide, uo adj11stment is nece&'1ar,v; if not, the edge mul't be made true. 

There i;; m1P de,·iation froru a straight line, which, by a ver;v rare possibility, the edge of the 
ruler might assume, and .vet not be shown by the aboYe test; it is when a pa.rt is couYex, and a 
part similarl.r situated at the other eud conca,'e, in exactly the same !legree and proportion. In 
tllis case, on reversal, a line drawn along the e<lge of the rule would be coincident with the other, 
though not a true right line; this. can be tested b:v an exact straight edge. 

2. The lei•el a.tft.tched to tlie rule.-PlaeA3 the instrument in the middle of the table and hring the 
lmhule to the center uy means of the leveling screws of the table; draw line8 along the edge and 
ends of the rule upon the board to show its exact position, then reverse 180°. If the bubble remain 
central, it is in adjustment; if not, correct it one.half by means of the leveling screws of the table, 
and the otber half uy the acljustiug screws attached to the Iernl. This should be repeated until 
the lmbble keeps iti; central position, whichever way the rule may be placetl upon the table. This 
presupposes the plane of the board to be tru(;). If two levels are on the mle, they are examined 
an<l a.djnst~d in a like mauner. 

Great care sbould bt> exercised in manipulatiou, lest the table be disturbed. 
3. Parallax.-1IonJ the eye-glass until the cross-hairs are perttictly distinct, and then direct the 

tPlrseope to some distant. well·defined object. If the contact remain perfect when the position of 
thf' eye is chang-eil in an:r way, ther<' ii:i no parallax; but if i.t does not, t.lieu the focus of the o~ject 
glasi; must he chai1ged until there is no di:-\l>lacement of the contact. ·when this is the caRe, the 
cross-hairs are in the common focus of th(• ol~ject and e~·e gla;;ses. It may occur that the true focus 
of the cross-hairs ii-\ not obfained at first, iu which case a readjustment is necessary, in order to see 
both them and the ol~ject with equal distinctness and without parallax. 

4. To make tltc line of collima,f.ion perpendicular to the a.ris of 1·erolution '!t' the tde.,cope, and tlw 
a.ri.~ of revolution parallel to the pla.ne of the rule.-The instrument is set up ancl carefully leveled, 
and the eross·hairs lli1·ecte<l to a plumb or other vertical line. If the cross-hairs cover the line 
when the telei:;oope i..; elevated and depressed, the adjustments are perfect; should thes devia.te, 
howe\·er, from the Yertical line, this error may b'3 attributable to two canses: 1st, the line of colli
mation is uot 1wrpentlicular to the horizontal axis; or, 2<1, the axis is not horizontal, autl comm
quentl~· uot parallel to tl1e plane of the rule. In the first case the motion of the cross· hairs will be 
in a curn., and UJJ011 being made to cover the vertical line when the telt>,scope is horizontal, will 
deviate from it to the same side hoth upon 1.1levation and de}Jression. In t,be second case the move
ment of the cross·llairs will be in a straight line oblique to the horizon, aml when made to oover 
the ,·ertical line wht'11 the telescope is borizontal, t.he:v will, upon being elevated and depressed, 
appear upon d(Uin:11t si~lt·s of the vertical line. These two cases will be coni;iiderecl separately. 

When the construction of tbe folescope admits of it, the perpendicularit;r of the line of collimn
tiou to the transverse axiN may be examined ai,i follows: Direct t.be cross.hairs to a well,defined, dis
tant o~ject, as nearl,y upou a level with the telescope a.s may be, draw a line along the fiducial edge; 
then n•verse the rule 180°, again placing the edge along this line, revolve the telescope upon its 
axis aml again obsene the objoot; if tlm cross-hairs cover it, the adjustment is perfect; if not, one· 
half the error must he (~orrecred hy moving the cross· hairs by means of the adjusting screws of the 
diaphragm, an•l the other half with the tangent screw of the fable, and the operation should be 
rt'peat;ed until the adjustment is complefo. 

Iu using th~ method just given, it may he t;a.ken for granted tha.t t,he liue of collimation re
voh·es in the Yertical plane of the fiducial edge, as any error arising from this not being the case 
would be ina1>preciable. 

After this adjustment the horizontality of the a.xis should be examined. Direct the cross-hairs 
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to a distant, well-defined, elevated or depressed o~ject, liaving tbe table carefully lt•Yt>led; draw a 
line along the fiducial edge, reverse the rule, and again direct toward the objed; if the c•ror<s-l1airr
eover it, the axis is horizontal; if they do not, one-half of the deviation should be corrPcterl h,\· 

means of the screws attaching the upper plate to the top of the standard, or b~- rneami of the 
screws attaclling the standard to the rule. Tim level attaclu~d to the axis Hbonl<l tlwn hf' 1mull' 
central. In the alidadet\, as recently improYed, the bearings of the axis being unchang·eahle, r;aw 
by such violence <ts would destroy the instrument. for all practical pm·poses, the foregoing adjnHt. 
ment and the succeeding one are, of em1rse, unnecessnr~-, as the im;truuwnt is to he considrrNl aR 
in constant adjustment in these respecti>. 

5. To make the line of collimation parallel t-0 tlte i•ertiMl platie of the .fidttcial edgc.-The exact 
parallefom1 of these is not necessary, hut it is essential that tlie deviation should remain cou11taut. 

. This adjustment may be examined by means of two needles stuck in tl1e table. Tl1e table il'l turned 
so that the noodles Hight exactly to some distant olJject; the fidueial edg(l' is then pl:tl'.ed again1>t 
them and the teleseope directed to the o~ject. If the cross-hairs biseet it, the adjustment is <~orrect; 
but if they do not, it can he corrected by means of the screws attaching the standard to the rule. 

6. ZM·o of the vertical arc.-Whe.n the line of sight is borizonbtl, U1e \'ernier of the vertical an'. 
should read o:i, or the index: error should be known. Thi13 may be examinetl hy means of the dis
tant sea horizon, or by setting up the alidade so that the center of the telescope is in the line of 
sight of an accurately adjustt'd leveling instrument, anq then clirecting both instruments, while 
level, to a distant object; if any er1·or be discovered, it ma~· be corrected by setting the vernier at 
o0 , and adjusting the horizontal wire to the sea horizon or object . 

.. When the. above means are not aTailable, thf' following method may be used: :::let up the instru
ment at a point, measure the angle of ele>ation or depression of a distant object, remove the 
instrument to that object, and measure the angle of depression or elevation of tl1e first point. 
These angles should be equal if the adjustment be correct; and if not equal, the iudex enor will be 
one-half the difference of the two readings. 

The followiug methou of making this adjustment, where you haye ueitlter a Se]larnte Je,·el, a 
sea horizon, m· an elevation, may he employed: Set np t.lte table and len~I it carefully on ans levd 
piece of ground between two equidistant pointl3 A and B, say 600 or 800 meters apart. Det.ermine 
with the table the difforc11ce of level of these two points, and remoYe the tahle to A. Measure 
carefully the distance from the ground to the center of the axis of the telescope, and a<lrl or sub
tract this from the difference of leYel of the point B, according as it is lower or higher than A. Set 
up a target <W distinct point at this height at B, direct the cross-hairs upon it, and correct the ver
nier acconlinglr. 

FIELD WORK. 

As in all plane-table surye~·s it is important that suflicient points shilll he determine1l from a 
measured base, at such distances from each otlier that, wheu plotted on the scale of the surn~y, 
they may be reached by the rulr of the alidade from the intervening spaces, it will be presumed 
that this has heeu done, as is usually the case in the Coast and Geodetic Survey, a11d that tile 
sheet to he used mt the table lt:ts these points aceurately plotted, so that they bear tllr sauw rela
tion to one another as the corresponding points i.lf nature. 

The first proceeding is to secure the sheet to the tahle, so that it will be held finnl,\- aml eYcnl~ 
and not he disturbed in its position by tl1e frict.ion of thti alidade, nor by ordinary winds. As the 
longest side of the board is usually made e<1ual to the width of the sheet, an<l the Hhect is nsuall~' 
longer than this width, the excess of length is rolled up inward, turned uuden1eath the siill's of the 
table and fastened with a metal Hpriag-elamp, biting from the t~1p of the shed on tile table to 1he 
inside of the roll beneatll. One clamp at eaeh end of tlie roll serws to hold th1• roll-micls securelJ. 
The sides of the sheet are sometimes held tu the ta.hie h~, similar hut shorter clamps; but it is 
preferable for the free movement of the alidade, and more secure against strong winds, tllat a 
metal strip, the length of the side between the end clamps, with spring clamps fastened to the 
outer edge, and biting the under side of the table, be used for ltoltling down tlte edges of tlte paper. 
These strips have another important value-that seales of equal parts of the proportion of the sur
vey can be maxked upon them, and thus dispense with the l!cale usually carried separately. It is 



 

176 REPORT OF THE SUPERINTENDENT OF THE 

best to have all metal that comes in contact with the paper nickel-plated, as this dl)es not corrode, 
and consequently does not soil the paper. 

Sheets shoul<l never Le rolled to a diameter less tba11 three i11d1eR, aF> the compreKKion aml 
rupture of the surface fiher increase8 as the diameter decreasei,;; and probably more to this thau to 
any other cause is due the soft and 8po11g·y uatnm of the snrfare of nrnny sheets after nse in tl1e 
fif'ld. 

A signal haviug been erPcted at eacl1 triangulation point, and tlie tal1le and alidade adjnsted, 
the next procPeding will be to ocenpy one of the poiutl'I. 'I'he tahle ltadng hee11 ~mt accuratel,v 
over the point and carefully le,·eled arnl 8et in approximate poRition, set the rnle edge of the alidade 
on tl1P line connecting the point ocCHIJied "ith any other determined point, nnclam11 and 1·evolve the 
table until the latter point is within the field of the telescope, when the table should be clamped aml 
the point lns•·cted hy the vertical web witlt tlie tangent sere~ ; tlle11 take hold of the edge of the board. 
and appl~- a gentle forcf.\ in the c1irectio11 of the ren>lution to determine if all is well clamprd. Ob
ilt'JTe again tlw contact of the vertical web witlJ the ol~jpct, aml correct with tlw. tangfmt scrnw an,Y 
error of contact. The table will the11 he iu position, or, as it is 80metimes called, "oriented." Then 
set the f'dge of the alidade rnle upon the lines joining- each plott.ed point an<l the point. ot·cupied, 
8ucce:sKi \·ely. Each corresponding signal or o~ject should l.ie bisected hy the vertical web of the 
telescope. The failure to do so iudicating error of plotting or change of dimensions of the paper, 
which must be examined aml corrected. If, boweYer, the extension of the line tll each point of 
the Rheet. cuts the corresponding point of nature, the points of the sheet are correctly plotted in the 
directions ohsPrvetl, and the table is in position. 

The chief and controlling condition in work with tl1c planc·tahle, and witl1ont which no accu
rafr work can lie done, ii'! that the table shall bP hi positio11; that is, that all lineR joining points 
on thr sheet shall lie parallel to the <0orres11oudi11g lines of nature. 

Let T, T1
, T", T 111 (lllnstrat.ion iH, Fig. 4), represent the board of the plane.table, upon which is 

spread the sheet; tlw plotted triangulation point a upon tllf' sheet representing the signal A npon tl1e 
ground; b, tla~ spirP. 1~; c, the sig11al U; and p, the statio11 P; the Rmall letters 011 tlte sheet repre
seutiug tlw centers of the Rignals 011 the ground, whic·h an· referred to hy correRpomling ca.pita! 
letter1:1. 

The table is placed approximately lm·el over the oecupiecl statiou I', and put in position, also 
aJlproximatel,r, ll.Y the eye, so that the plotted points on the sheet are in approximate range with 
tlie station P and tlw signals or objects the~· represent in the field. Thell plumb the point p over the 
station I', fixing tlm ]pgs of the table firmly in the grouwl; phce the alidade upon the tahle so that 
the rule sl1all extcrnl across aml parallel with the line joining two of the }e,·eling serew1>; loosen 
the large clam}) screw nuder the tripod head, and with the leveling RcrewR hring the bnbhles of tlw 
t;,.) levels 011 the rule to the center; clamp the screw under the tripod head, and the tahle h.; h•\·el. 
Now, unclamp the reYolving plate, place the edge of the rule upon t.he plotte.d poinb.; p arnl li,_tbe 
telescope lwil1g directed toward the snire B, as shown by the arrmv.Jwad of the figure, and revolve 
tl1e tahle until B iH sef'u in the field of the telescope; clamp the revolving plate, and witb the 
tangent screw of the nwvement,fl bisect the top or center of the spire H with ·the Yertical web of the 
telescope. The table is now ·in 11osition, if the points l1ave been eorrectly plotted and the proper 
objects sighted. To Yerify thiR, place the rule upon the point p again, and upon the points a. arnl c, 
consecutively, aml if the two signals A and C are !Jiseded by the vertical weh of the telescope, the 
position is assured, and the lines connecting points of the sheet are parallel with the corresponding 
lines 011 the ground. 

The next proceeding is to 4lraw the line to tbe next point which it is desirable to occupy or 
determine, either some natuml ol~j(·1~t whicl1 can be occupied, or a tPmporary signal placed for that 
purpose, as the signal n. 

The edge of the rule is placed upon the point p, and mo\'e(l about that poiut as a center unti1 
the signal D is bisected 11y the n:wt1cal Wl'b1 and then a line, f, is drawn along the edge of the rule 
from p far enough to reach the t'stimated position on tl1e sheet of the point d, and at each end of 
the rule the short check·lines n n are drawn. These check.Jines may be marked on the sheet 
with names of objects, as in Fig. 4-ch., chimney; t., tree; cup., cupola; sp., spire; w. m., windmill; 
or numbere<l, and a record kept of their ohjects sighted, where details are complex; and they 
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always serve to reYerse the alidade upon, with the accuracy that is obtained by the greatest length 
of a range line. 

In the same iwmner, lines to he afterward intersected should he drawn to such objects as it is 
1Jesired to tletermint'. Tangent lines to prominent objects, natural and artificial, and lines to objects 
comparatin~ly near, the distances to which arf' t{1 he measured, such as frurf'-corners, houses, road
angles, and turns in creeks, &c., should be drawn. If the heig·ht of the station be important, this 
8honld he <lt'termined, both ar; a g·uirle for the lines of equal elerntion in the immediate \'icinity, aud 
as a JJOint of reforence for determination of heights from other stations. The drawing of detaihi 
is now to lw completed, it being always desirable that the work at a station he completed when 
it is first oc1~npied, so that, if possible, no return to it shall be necessary. "-' ork being completed 
at a station, the alidade is placed in its box, the table clamped and removed. tlw signal re-erected, 
and the uext station occupied. 

·while at a station the table it> shaded hy a large umbrella t<> soften the glun~ of the snn on the 
white surface, anll to ur.utralize, fts far as possible, itB effert i11 rontrncting- t!Je dimensions of the 
paper. 

The taJJle having been moved to the point observed upo1do put it in its first position, and 
having been accurate!.\· set up and leveled, set the alidade on the line connecting this point \\ith the 
first point occnpied, and rernlve the table until the signal at the first point occupied is within tlw 
field of the telescope, when clamp the movements and with the tangent screw bisect the signal 
with the vertical web. Tlle table is then in position, and the observation of each plotted point 
from this point in the same manner as at the first station will determine if each point is plotted cor
rect I~- i11 direction from this point. If the two obserwd directions of eacL signal from the two 
points oocnpied intersect in the corresponding- plotted point, the point i:s correctly plotted on the 
sheet. It is best, howe\'er, to occupy a third point, repeating the same proceeding; when the inter 
sf\ctiou of tl1P three 1lirert.ions in any plotte<l point prows its position and relation to the other 
points correct beyond doubt. 

"'hen the table is in position at an.\' determined point, an~· object in Yiew ma~· be observed 
through the telescope, and the edge of the rule being kept sharply on tile point occupied, a line 
drawn along its edge will be the direction of the ol~ject ohserrnd; and as this determines only the 
one clement of <lirection, it will b(' necessary to determint' its distanee from the point occupied 
either by mertsurf' or hy inter;;ection of this direction by u direction frorn flome other fixed point, 
which iutersects the first direction at an angle not less than 3(F' nor morr than 15fP; all acutr 
intersections should be verified by a. direction from a third point. 

(Fig. ;;, ) The table is remoYed to the station A and placed oYer tile poinL put in approximate 
position, leveled, and the axis of re>olution clamped as at station P. The rule is then set urlOn 
the line a p, the telescope directed toward the signal P, and the table put in position in the manner 
<lescribed. Then, keeping the edge of the rule upon a, direct the telescope to the signal D and draw 
the line a d, intersecting f, and determining the position of the point d upon the sheet, correspond· 
ing to D,and bearing the same relation in directions and distances from the points p, a, b, anll c as 
the signal D does from P, A, B, and C. All lines to other objects whicll wHe drawn from p, and 
which ol1jecb1 can be seen from A, are intersected and determined in the same manner. 

When a direction has been drawn from a station to any undetermined point. that ma.r IJe occu
pied, the position of the point may be determined by occup~;ing it with the table, and putting the 
table in position by the line drawn to it, and resecting upon a signal whose corresponding point 
is plotted npon the sheet. 

(Fig. 6.) The table is placed over the point D, put in approximate position, leveled, &c., as at 
the previous stations. The edge of the l'llle is then placed upon the line d p, passing through the 
point p, so that the checks n n are just Yisible along the edge, and thP ti>lescope directed toward tlw 
signal P, and the table pnt in position. The rule is then placed with its edge bisecting one of the 
plotted points, such as b, which will give a good intersection (the nearer 900 the better) with the 
line f, and is moved about that point as a center until the spire B is bisected by the rnrtical web. 
A line is now drawn along the edge of the rule accuratBly through b, crossing the lilw f. 1f tllis 
line intersects the line fat the point a., the position of the latter is assured, and a delicate holP with 

8. Ex. 12--23 
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the diddel's shoukl be pricked at the poiut, Slll'l'OntHle(l h~- n small circle in pencil. Ilcscetion upon 
an.' other determined point will \eri(y its position. 

From this point d directions arr ohsernd aml rlrawu to wrif'y thr p1·t·Yio1rn intl'l'Rl'Ctions 11po11 
<·ilunnev, free, cupola, irindinill, &c. 

Riguals sltnnld lw obserYed as nenr the hmie m:i pos;;iblt>. 
Signal poles should be fltraight and per1~ernlicnlar, the flagt> 11p011 them adapted in color to thl' 

backgTomtd against which the.r will be seen oftenest, and be secured either by brace8 or by stones 
piled or earth thrown up around their bases. PointR should also be well marked with pegs, or h~" 
measurements to neighboring permanent o1~jects, so that in case their signals are disturbed their 
positions may be fomul. 

Ou maps of a large scale it. is important to plumh the plotted point exactl.r on•rtl1e f'itation, hut 
1111 the usual Jield scaleR an approximation with the e~·e is all that is requisite. 

All liue" 8honld be drawn lightly and carefnll,\" close to the edge of the r·ule wiLli a linely
i<barpened bard prn1~il. If the table and alidade hr in 1noper condition, the contact of the edg·r of 
the rule with tile paper will be perfect throug·hout its length, anti iu elm wing a line along the edge 
•·awi must be taken to presen·e the same inclination of the pencil :tll(l to keep it sharp. If' tl1e rule 
should be raiRed from the pa})er at any part, great care is to ht' ohse1Ted that !lie pencil doe" not 
nm nncler the edge and thus deYink from a straight line. 

The instrnmcnts should be kept scrupulously cleau and free from sautl or grit, and any foreign 
:suhHtance found betwern the surfaces which play upon one another should be immecliatelyremoyeu. 

IYherc it· i;;: necessar,..- to make a topograpl1iral snn·ey in ad•ance of the determination of 
points by triangnhltiou, a reconnaissance is first mrule for thP l<w[\t ion of a h:u:ic"line and selection 
of points to lw <lclermined with the plane-table. 

The base is mea.'mred with sutlicieut accumey ~ au<.l eouwnientl.r, with a steel tape which has 
l1een compared with standard, to om' handle of wl1ieh is fixed an adjnstmeut for temperature, so 
that the dii'tauce between tl.H' ahnttiug fac<•s of the handles represents its length at the standnrd 
temperature. 11snnll.\ ii1l • "F:1l11·" On1i11ary d1ai11 \1i11s "ervc to mark the succes:sive lengths in 
measuring. 

The liasc is theu properly loeated 011 the ilhecl i11 rdel'encl' to tbe area to be embraced, and its 
length carefull;> set off. It is Wflll, at tlte same time, tA) mark in thrre or four different part:-; of 
the slleet lengths of 1,000 mcterR, for the purpose of tletermining at any time the trut> scale of the 
><hc('t Yatiablc hy the different 11ygTometrie conditions of the atmosphere. 

Rignals haYing b••en ereded al, the l'elede<l points, the extremes of the base are occupied with 
the tahl<•, antl tl1c pniuts, as far as ma~- lw l'CaclH~fl with g-ood intersections, det.erminecl from them, 
autl lines of direction drawn fo all t ht• pointil \'isible, to sery~ as checks upon their determination 
from ot.her points furnishing direetiow.; for gootl intersoctiom;. The snrn-;r then proceeds as usual. 

It is well at, the beginning of work to set off with Urn ch~clinatoire at some determine<l point 
near the midllle of the sheet, the mag11Pt ic meri<lian, for the pnrpose of putting the table in approx
imate position :it any stntion wilh 1ht• ckcli11atoi.re. 'l'hc manner of doing this is elsewhel'C de
scribed. 

Before fiaislling the field work, it is important, when the sheet has no projection, to provide 
rlata for drawing a true north and soutb'linc. This is done by drawing from a point upon the 
sheet, when the table is in positiou, a line in the vertical plane through P-0laris and the point 
occupied and recording the time of observation. The azimuth of the star at that time being 
known, a true north and south line can accordingly be set off. 

If a small transit instrument is at haml and carefully adjustecl for movement in Yertical plane, 
an assist.ant with a lantern can be locatetl where the vertical plane tl.Jrough Polaris and the point 
occupied intersects the ground, at as great a distance from the point as the ground will admit of, 
within the limit of communication b;v light signals. 1Yhen. the assistant is in position, a stake is 
there driYen, the direction to which, from the point occupied, may be determined by daylight. 

If, in the absence of a transit., the alidade has n-0t vertical mnge Stlflicient to reach Polaris, an 
illuminated plumb-line ma;r be used for the alignment. 

In a wooded country where it is impossible to find open spaces with range sufficient t-0 see 
enough points for determination of position by resection, it is necessary to make use of the roads 
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and trails for running tra,·crscs, with offset;;: to such lateral features as it nm~· be prncticablc to 
reach without the expenditure of excessive labor and time in opening lines of sight. 

For this purpose a small auxiliary plane-table, the working with which will not require more 
than two hands in addition to tl1e aid in eharge, affords the best facilit;v. For, with compasi', the 
deflections of the traYcri-;e will be ouly approximate, and with a transit instrument thr necessity 
arises for plotting with protrador on a sketch with less aecurac~· and facility than the table affords. 
Besidetl, with the table, points may be transferred from tl1e main sheet to tlJe tranrsc shect tliat 
ma~- he OC('asionall~· seen through openings for lateral check on position. 

In running tra \·erses, great care shoul1l be taken to sig·ht as low as pm-1Hihle upou the fore a111l 
back signals so as to ~noid any error of deftectiou that might arise from inclination of the signal 
poles. Fpou the distance rod there should be a mark corresponding to the average height of the 
optical axis of the telescope for ohscrrntion of difference of heig·ht by Yertical angle. 

For rugged mountain work the table and alidade of ordinary size and weight are roo heaY,\·, 
although the hea,·iest may be used b:s a mounted party with proper appliances for trausportation. 
Canvas cases for the movements and table top witli broad suspendiug shoulder i:;trap:-; "·ill rn;i hh· 
them to be carriell b;r mounted men. but sometimes under eircumstancci" where lhc bad l!ehaYior of a 
horse would make serious trouble. Besides, it is only occa,;ionally that a large table is absolutely 
necessary for rcacl.Jing· distant points, the work for a day in the majority of cases being confined to 
an area withiu the size of a small mountain tahle-top. \Yhere it may be necessar~· to establish 
additional points with the small table, these may lw i-:ubsequently determined in the general 
scheme. with the large talilt~, as thf' neeessity therefor arises. With a f'rnall table with top meas
uring 1J by 17 ind1es. and weighing 2H ponnds, and alidadc \'l'eighing with box 111 iionnds, work 
o( the Coast arnl Gt•oclcti<" SurYe,Y has been carried 011 in a bol(l'. rough, ro!'kJ" region without need 
of more than two hauds and one rodman. 

A short linen coat with large pockets. in th!-' st~ le uf a, hunting coat: is probabl~- the ber-;t means 
for eanyinµ· the 11ecessary :1ecessories for plane-table work. Yiz, cliuometer, metal scale, diYiders. 
pencils, rubber, distauce Sl'ales, tables of heights, tahlm; for frigonometric computation, note book, 
and sketch book. l'or by this means tlie weight of tlietw articles i,.; di,.;1ributed in !ieparat(· pocketi:;, 
where they are ulwa~·s reacl:r when needed. 

A metal chart case should always accompany th<• tahll' to sel'.m·e tlH'. sheet from sudden raiu aml 
other injury liable to occur in the trauspnrtntion of the sheet to aml from the fieltl of work, and for 
its safe keeping when uot iu use. ltH 1liametcr should be not less than 3 inches, for no sheet cau 
he rolled to a IPss diameter without serious rupture of the fiber of the paper. 

For topographical reconnai>:<sauce a mieromcter ('_;-e-piere in the teh'seopP for distallcP measm·e 
is probahl_y better than fixed lines in thl' diaphragm. hec:mse- in the use of tlH· former the ('hord ou 
the staff or other ohject remains constant and 1~~lll lw made longer or shorter for grt>ater or less 
1lista11res, the Yariahle aug:le beiug rpa<l with till' miiTometer. On a conspicuous tree, or 011 the 
face of a prominent rocl•, e1-q1Pciall~· wlwu on tlH' shore of a horly of water, a Yertical distance tlw 
length of the cl.Jord of thl' experimcutallJ made micromekr dit1tauec >:<eale may he markt·d with 
whitewash, so that it may be nsed for tlle observation of distauee from auy point from whicll it 
may be visible. A lone trcn 011 a di,·ide ma~· for thii:; pm·pose hP ,·alnable for a large arc of Yisibilit~·-

l•'or reconuaiRsance of a harbor, the 11eigut of thl' mast of a yessel at anchor ma,v l1P UM"d i11 
this way to ach·antage, n reeortl of tilt' time of obserrntion heing kt>pt t-0 know the Yessers position 
at the time nuder tide or etuTeut intlnenee, which \·ariation can be readil~- determine<! and ])lotted. 

The sketching of topographical details in conq1lex lo('alities should oul~- be eutrtrnted to au 
aid who bas resource enough to connect with alh·antag·e his work with the determine•l p11sitio11;. 
furnished him, and as no two topographical sul~jects will be found exactly alike, probably th<' oul>· 
suggestion that need be given t-0 goYern proceedings is to make tlttJ work as complete as po,.sible 
as it proceeds, so as to reduce the chances of omission of details likely to m:em hy h·aYi11g· ouP 
part for another before tbe details of the fin;t are exhausted. 

All the signal-tlags needed in a topographical surrn:v can he made wit.II white arnl red cottou 
cloth. A :rnrd square is a suitable size, aull couvcuiently the usual width of tlw doth. 

The table-hearer should be taught at the beginning of work the mode of setting- the talJle tffer 
a point and taking it up from the same. In the fin~t iusta1w,e to grasp firm!~· the nearest two leg:! 
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of the tripod, and with the knee to extend the third one until its foot reacl1es the ground at the 
proper distance from the point, when the other two feet are set in position. These distances from 
the point will vary as the ground may be level or sloping, the tripod head heiug kept vertically 
oYer the point and approximately horizontal ueing the essential conclitious. lu taking up the table 
the two near legs should be grasped fil'lnly and the table raised, resting npou the othn leg, upon 
which the first two are closed, when the taule is rail;ed in place upon the shoulder. 

DETEIC\IH'iATlON 0}' THE POSITION OF A::'\ l'NKNOWN POINT BY RESECTIOX L'PON THREE :FIXED 

POINTS. 

The greatest facility for the prosecution of a plane-table surrny being afforded b:y the practi
cability of setting up the table at any undetermined point, from which three fixed points can be 
seen, and determining its position by resection, a knowledge of the capabilit~' a~d relative rnlue of 
points under Yarious conditions, for this purpose, is necPssary for a reHdy use of them, and to apply 
the full graphic power of the table, with its special adrnutages. 

For a better understanding of the principles involved in the graphic constructions with the 
taule, the solutiC?ns of the ''three-point problem'' by construction and trigonometry will be giYen. 

THREE-POINT PROBLE:\I. 

By conJstriu:tion. 

Let A, B, and C \illustration .J2, Figs. 7, 8, 9, and 10) be three points the distances betwee11 
which are known. A fourth undetermined point, D, is occupied, mul the anglP8 ADB and BDC 
measured. Then, to fiud the point D by constrnction-

From lSOC' snutract '..!ADB, and from AB lay off, at A aud B, the angles ABO' ancl lL'\.O', 
each t•qual to Ltalf the remainder. I•'rorn the point 0' th111; determitte1l, aH a center, and with the 
ra<liu:- AO', de:-cribc the ~·ircumferencc BAU of a circle. The augle ADB will then he eontaiued in 
the se.gment ADE, and the point D must be soll)ewhere in the circumference BAD. In like man
ner, b~' means of the angle BDC, find another ciT·1~umt'erence, BCD, in which the point D must he 
found. The point, hei11g 011 the two cireurufen·11cPs BAD and BCD, will be found at their iuter
,;ection at D. 

The angle at d1cnmfere11c:e hcing half that at centm·, the angle. AO'B subtended hy the same 
ch01·d as AHB, will he ~A.DB, a11d angle;.; BAO' and AB01 being equal, aud together the suppl!'. 

1800-:!ADB , ,., , 
meut of AO'B, l'ach angie will lie = ., = .10, - ADil. 

TilltEE POINT PROBLE:II. 

By trigonometry. 

To .ti11d the di.~tmu•1·.~,fro111 11 !)irm point, of three oqjeets 1rho.~e clistauees frnm each other are 
kllOIC'il : 

(Figs. 11, I~, J:;, aud 14.) Let }) llc the giYc11 point, and A B C three points whose dis· 
tauces from each other arc known; it ii< required to fin<l the distances from D to the several points. 

The augles .ADB and BDC mn;.;t be measured. Then describe a circumference through the 
three points ADC: draw :AH, BC, AC, AD, BD, ( 'D; from A and C draw line8 to E, the point. 
where BH cuts the circumference. 

In the triangle A E C, the siile .AC is gfren, and all the angles are known; for ECA=EDA. 
and CAE = CDE; therefore, AE can be found. 

In the triimglc ~\ B C, the three sides ueing given~ the three angles can be found. Then in 
the triangle A B E we know the side~ AB, AE, and the included augle BAE=BAC :I: EAC and 
the angle ABE can he found. Then in the triangle ABD all the angles become known and the 
side AB is given ; therefore, AD and BD can be found; then CD can also be found. 

If the angle B is the supplement of ADC, the point B will fall on E, and BCA=BDA and 
CAB=CDB. In this case D may be auswhere in the arc ADO, and the distances AD, BD, 
CD cannot be determined from the two measured angles ADB and BDC. 
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DETER1IINATION OF J'O~ITIOX BY HEHECTIOX. 

Bl'sxel's method b.I/ inscribed q11adrilaff'ral. 

The table iK pnt at once iu position at auy unknown point from which three fix1•tl poi11h an· 
Yisil>le, except in the circumference of a <'irf'le pas1;iug through the thrPe fis<'d point~. h~· (\IP 

methods kuown as "Bcssel'i-; nwtho<lR." 
B~- one method a quadrilateral is eoni'itructeci 1Yitll all tlu• angles in the cin·n111fere11ce or a 

circle1 one diagonal of which i>asses through tLte middle one of tLte turee Jlxed poiut;.; a11d the poi11t 
sought. On thiK liue the alillade iH set, tlw teleKcope directell to the rni1l\lle point, and the table i:-; 
in position. Hesection upon the extreme points intersects in this Jiu<· and tldermi11<·~ tht• positiou 
of the point sought. 

Illustration 53 (Fig!-<. J.i, Hi, 17, allll 18.) Ll>t ll b (' h(~ the poiut>-: OU tlH' ;;bee't repn•st•IJtiug the 
signals AB C in the ground. The table i;; set np at the point to lw dl'tPnninetl (d) a111l ](•Yd1•1l. 
The alidade is !-let upon the line 1•11, and a diredt•d, b~· n,n1h i11g the talih', to its c01T1'spm11li11~ signal 
A, and the tahle clamped; t lien, with the alidadf• centering on c, the middle 8ignal H is sii.:litetl witli 
the telescope and the line ce drawn along the edge of the rule. The ctli1lutle is theu ~wt u1,ou the liur 
ac and the telescope directed to the signal C, by rernlring the table, and the tablP damped. Then. 
with the alidade centering on a~ the telesrope ii,; directed to the middle ;;ignal B, aud tlie line ae i~ 
drawn along the edge of the rule. Tue point e ithe intersection of thP;;•~ two linl:'>:I will be iu tlit lim· 
passing through the middle point and the point i,;onglit. Set tlie alitlarlP 11po11 the Jim' he. 1lin,d Ii to 
tbe signal R by rernhing the tahk, and the tablP will lw in po.~itinn. Clamp the tal•k. 1'1'11tn the 
alidade upon a. direl'! tlw tdescope to the signal A, autl dra"· alouµ: the rnle tl1c line rid. 'fliit-
will intersect thl' liuc /Ir at the point. sought. HeN1'< 0l1on 11po11 ('. 1·1'nl1'ri11;.:· tl11· ali1tule 1111c111 tlH' 
Ra me manner as 11po11 A, will Yerify it:-; prn;itiou. 

The opposite angles of the q11adrilatcral adce hei11g s11pple1m•nt:uy. 
Laa mid Lade arP sulJtemlt:>tl li~- tltl:' samP d1onl rlt', a111! Leaf aiul Lnif arP :ml111·11tlt'd 11.\ 

the same ehor1l r·e; couse11ne11tly, the intersection of ire a11tl er· at c 11111st fall on the li11P d/1; or. 
the segments of two intersecting l'lionls in a circle being n•t•i prol'ally proportional. 1 he t ria11gl1•:-; 
adj and c~f' an' similar, and tlw tria11glei-; e1{l a!Hl a~( are 1-;imilal'. autl I/~_/~ an1l e m11,:t lH0 in :1 ri1.d1t 
line passing through 11. 

llETEIDIIXATIOX Ill•' l'tl:-:l'J'll):\ BY 1a::-:E1'T111x. 

B.r the otller method two pain; of l'.'imilar triangles an• eoustrnetP(l ha Ying r·ommo11 t':11·tor;;. 
111 tlie triangll:' formed hy tuc tllrt•e tixt>tl points, Pxteml the shorter of tlw t IYO shlt•s ti'o111 tl11• 

middle point to tile extreme points. and on its extcmiiou l:1y off the lo11gcr si1lt• from tl11· 111idd\1· 
point. Ou the longer sitk, lay off tht• Nl11,rter side fro111 tlte middle p11iut. 

At the poiut oil the exteHded si(le lay oft' the a11g·l1· from tlte point sought lwf\n°L'll 1lt1· "ig·nab 
of the sliortcr side, and at the poi11t 011 the 101q.~;cr si<lc la,Y off Uw augh• from 1111· poi11t :-;rn1ght 
hetweeu the Higual;; of the 1011ger si<ll'. Thi' line~ ::;o fonud will i11tL•r;;1•ct i11 thL' !i11" p.1,,;si11g through 
the middl11 point and the point snnght. 8et the ali1ladt' on this li11P. direct it to tl11• midrl\I' signal 
and the tallle will he in position. Heseetion 11po11 tlu• Pxtn•mf' point;; i11ll•n;p1•1;; in tlii- li111• a11d 

1letcrmines the position of the point sought. 
Illustration 54 (FigH. rn, 20, 21, and :.?2.) Let ab c he thl:' points on the ,.;!wet n·pn·:-;1·11ti11g tlt1• 

signals ABC on the grouml. The table is set up at tLte poiut to he tktermined (d 1 all(! lPnkd. Ou 
ab lay off be' =he, extend be, and 011the1•xtensio11 la_y oft' ba' =ba. 8Pt t lw ali(lade oil eb, arnl dirrc1 Ii to 
the signal C and clamp tlie table. \Yitlt the alidade Cl:'1Jteri11g oIL 11 1

, 1lired it to tlw mitl1llt• sig11al B, 
and draw along the rdge of tlle rule the lille 11 1e. Theu set tile ali1lade 011 tlw lint:' ab. dirPl't /! to the 
signal A, and clamp the table, am!, with the alidade eenteriug 011 c1

, direet it to the rniddlr c,;ignal H, 
and draw along the eclge of the rule the line c'c. The intersection of a'13 aud 1'

1
1; 1Yill ue iu tbe liue 

passing through the middle point aml the point sought. Set the alitlatl<• npou the Ji11P he, dire1·1 
b to the signal B by rernlving the table, and the table will be in position. Clmup thP table. crnt< r 
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the alidade upon a, direct tht> telescope to the signal A, and draw alon~ the edge of the rule the 
line af1. Till,: -will intersect the line bf at the point sought. Hcsection upon C centering tlie 
alidade on c iu tl1e same manner as upou A will verify its position. 

}'or the purpose of demonstration call the point of i11krst•1:tion of the liue:s ale aml c1e, c1 on 
011e side of 111·, and e on the otlwr side. 

Since L lw'e= L bd1·, and L bc1t' = udb, tria11gks hrfr anti lw'c arc similar, aud triangles bda. aml 
bl" e arP similar 
the11 
a111l 

hut 

be' ; be1 
: : bd : ba 

be1 
: be : : ba1 

: btl 

1 ,_lwx1)('1 

1e - bd 

ba' X /JC be= ~----
brl 

IJll = ba' and be= /Jc' 
therefon· k = /1(' 1 and 11'e arnl e'c iuust iutPrsel't in the line brl, or-

1 Figure '..!:{): La~· off at a the angle bae = L lu1c, and at<: L bee= L bd:i, drawing the line be, 
L ebt L.al!!l aml Lelia-'- Lcbrl. Produce be to f .~o that l!f=- /la, and ora\r /fl parallel 1o ce. La~· 

l~t(1 ou bn. ,;o that f falli' on tl and g on h. 
Thell \Ye lia ,.e iu the quadrilateral ahbe and abed 

L bar= L bdc. L hue= L abc 
hb : '" : : bg : br : : f!(: Ii<' : : /)(( : lie. 

Tht' t'''' q11adl'ilat1·rnl1-, an1 therefon• sirnila.r, aml l1e11n· 

L. ebc = L hlw = L r1l11/ 
and !.. cba = L 1·/id. 

ln tlw ut<e of tlw B1\ssel metL011s for Uw determination of position, tLt> triauglc formed by tbe 
three fixt'd points can he contracted or extended as may be drsiml>le, by dra,,ing a line parallel to 
tile one joining tlw two extreme points, terminated hy those joining the extremes with the middle 
point. The linel'i laid off at, these J'epl'esentative extreme points, in the manner described for tbe 
t>xtremes, with the ali<fa1le, will intersect in tlw linP passing through i h1• mi< Idle point and the point 
~Ollf!ht. ' 

This affords tile uwans of nsiug a point m1 tlte 11hect iu Yicw, whid1 would uot be witl.iin the 
:-;iz1· of tlw tahlt• wlw11 tl1e other two points are shown, hy coutraeting tl11• trianglt• formed by the 
thre11 points uutil hoth extremes are brought within the tabh' Rize, au<l within the reach of the ali· 
1lade. A resecting line for the point off th<' table call lw (lrawn from its signal, 1war the ei;timatecl 
position of the point sought, and a line drawn t!Jroug·h tlte eorrespomling point of the sheet off the 
ta hie, parallel to this, will determine tlu• preeise posit ion of the point sought, to be yerified by 
resPctio11 011 th.t• otlH•r extreme point. 

"'lwn tht> tablP is not in position, rescetiou UJIOll auy three points, exeept from a point on tlle 
cireulllfon•m·e of a cird1• pas,,;ing through these poinhi, will form a triangle ealled the tria11gle of 
error, or two of them will be parallel) intersected by the third. 

The 1.i1sition of the true point can then be determhwd geometricall~- from these :~e,·eral inter
f'rdions, and ii; always at tbe point of iutersectio11 of arcs of circles drawn through each two 
poiuts an<l tlw point of intersection of the lines drawn from them; but the construction of these 
arcs is ineonvenieut in the tieltl. .More practicahle modes of locating the points sought will be 
gi \'Pll in their order. 

In the classification given below, base<l upon the location of the true point in relation to the 
triangle of error, the triangle formed by the three fixed points is called the groo,t triangle, and the 
drclc passing tht'ough the same points the great circle. 

Illustration 5,-, (Fig. 24), CLASS 1.-When the point sought fallR witl1in the gTeat triangle, 
t Lie true point is within the triangle of error. (Case 1.) 

CLASS 2.-When the point sought falls within either of the three segments of tbe great circle 
formed by the sidt>s of the great triangle as chords (Gase 2), or without the great circle and within 
the sector of the opposite angle of either angle of the great triangle (Ca.se 5), the true point is on 
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the side of the line from thr middle point opposit~ to the intersection of the lines from the ollter 
two points. This also includes Case~{, where the three fixed points are in a straig·ht line, in which 
case the points are consillered af:l being in the circumference of a circle of infinite diameter, and the 
true point alwa~-s lying in one of the segments of the great circle. 

CLASS :1.-When the point song·ht falls without tlie great circle and within th!~ sector of 1•it\i('J' 
a11gle of tlw gt'flLi tria.11g;le, t.he trne point is on tlw sa1111· side of th1· lirn' from th1• 111i1ldlf' poi111 a~ 

the intersection of the lines from the other two points. (Case 4.\ 
In case the point 1mught falls ou th<· range of any t\yo of the points, arnl the table is detled1•d 

from true position, the lines from the two points will lw parallel~ interKected by tlw line from tlw 
third point. But this range cau always he uet<>rmint>(l l1_y alignment, tbf' tahl•' sf't iu poi'.itio11 011 
tlie range, and the point occupied determined hy resection on the third point. (Case G.) 

In case tlie 1mint songht falls nmr the range of any iwo of thf' thrPP poiuts, the lines frorn tlw 
two points are so nearl.v parallel that their intersection fallli off the table, but tile relation of the 
trnt' point to the triangle of error i;; in no wa~· cllanged. 

TIH· accompau~·iug diagram (Fig. 24) shows the field;; embra(:ed by the clas;,;es g·i\-en abon., 
ahio tl1e location of each of tbe easel': included in thos(• classc:o;. 

A point on the circumference of tl1e great circlP being imlcterminatt·, it i» apparent that a 
determination should not be attempted in close proximity tht•reto, if better conditionecl points ~UP 
arn.ilahle. 

The follmYiug c.asPs are !1elieYed to iudml1· all possible· couditious of the rt'lation of thr JIOi'ii 
tion of an undeterminetl point to three fixed points. Thr· snneyor i,.; iHIPJ•osed to fa<"e 11 is ~ig·nals 

and the tlirectious right and left gfre11 a('COrtlingly: 
CA:lE 1. Ilhrntration 5G (Fig. ::!;\)-"'bPtl thr point sought is withi11 tl1P grPat tria11gl1'. tl1t' 

tnw point is within the triangle of t•nor. 
ab e are tlw pn1jf'r•frcl points. antl n/J 111· Ill' tl1c f:ils(' i11tf'l'Sl:'diom; fro111 thl'lll. l'ormi11g ll11· tri· 

angle of error. 
Rule.-Tf thP li1w from any one nf the point.~ fo]L.., to thr right of tht' inter:;Pt'tiou of tlw other 

two, turn the table to tl11.' left, aml if to th(' left, tum if to tlH· right. 
'Vhen the point sought is without the great triang·l" the true pniut is also "it 110111 the tria11gh· 

of error, nnd is sit11aled to the ri!fltf or frfl of it, :wc•or1lit1)!' as tl1P tahlP is m1t of position to thr lf:t'I 
or riyht. 

CASE:!. (Fig. :!li.)-"\''hen the point sought i;o; without the great triangle aud within tlw gn•at 
circle, the true point i;; wit lion! tlw triangle of error, arnl the line drawn from the middle point lie,.; 
between the tnw point awl tlw i11tcrRertion of t!Jt• otlH't' two liJH'8. ThiR all'\o includes Ca,,;e 3 (Fig-
29), which rarely occurs iu prartiC1\, wher1' the three points art> in a Ktraight line, in wlticl1 case tlrn 
diameter of the rfrck ma~· be com;idcred infinite. 

Rule.-If thP line from Uw mi<lcllp point i1' to tlw rigl1t of il11• i11tersPcti1m of thP othn 1 \Io. 
tum the table to the right, and if to the left. turn it to the left. 

CASE 4. (Fig. 27.)-·when the l>oint sought; iK without the great circle, and the middle point 
is on the far side of the line joining tl1e other two points, the true point i;; without the triangle of 
error, an<l upon the same sid<' of the Jim• from the middle point aR the intersection of tl1f• other two 
lines. 

Rule.-If the line from the middle poiut is to thl' right of Uw i11tt•rseetio11 of the other two, t nrn 
tl1e table to the left, and if to the left, turn it to thP right. 

CASE;;, (Fig. 28.)-\Yhen the point sought is without the great cfrck, and tlw mi<l<lle poiut i,; 
on the near side of the line joining the other two points, the trne point. is without tllr triauglr of 
error, and the line drawn from the middl<> point lie;; hetween the tr1w point and thr iutel'!'!ection of 
the other two lines. 

UASE 6. (Fig. 30.)-When the point sought if; on the range of either two 1wints~ and the ta"ule 
deflected from true po.'>ition, the lines drawn from these points will not intersect, hut will be par
allel, intersected by the line drawn from the thir<l point; the true point is then between the two 
parallel lines. 

Rule.-When the line from the right-llancl station is nppermo;;t, turn thr table to thP right, and 
when that from the foft l1and is nppermoi1t, turn it fo the left 
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l'racticab/1· 111o!lc8 of deter111i11inr;, from the trictngle of error, the position of a fm1»t11 point by re8ectiou 
upon three Ji.red jJOint8. 

ht. L1:/111wn11·s 111etlwtl. lllustration ;J'j (Fig. 31.)-Thi:-i method it; based upon the fact that 
the point sought is always distant from the three lines drawn from the three fixt>d point:> in propor
tiou to the dititanees of the latter from the point ocenpied. 

_ \, B, C a!'e thP projections of the three sjgnals from whid1 it is del'lircd to dPtt>rminP b~- t'PSP('

tiou tlw position of a fonrth llOint. ll. The tahle being out of pm~ition to tlle right, the triangle ot' 
error ft11·11w1l hy tlw tl1 l'el' lines from A, B, a111l f' is ab cw lw. Tht> trne point occupied lie:,; at D, lw
ing at the i11ter:'icctio11 of the cirf'les AB (lb, AC ac, BC be. '.'.°<nY, if p1;rpen<licularn be drawn from 
D to tlH; Iiut:-; drawn from A, B, and C, we shall La•·e 

Da: Db:: IL..\. : DB or D/J: De:: DB: Dl'. 
The rdatiq· distauces of the point occupied fron1 the three signals must lil' Pstimatl:'d, awl tlw 

poiut locatt>1l iu rei'ereute to ihe three lines from A, R, antl C Hccm«lingly. 
An irnportaut fa<:t., which serves as a simple guide in 10t·ating the poillt sought liy this method; 

j,; that it is alm1ys 011 the same side of the line from the most distant point as the point of intersec
tion of thP other two lines. This follows from the fad that in turning tlw table into position, the 
end of tlw longl~Si Iiue will mo•·e faster than those of the shortPr one8; consequently, to come 
together in one point of intcrs(•f'tim1, the long1•st Ji 1w mnst mrwe in tliP di re('t ion of the intersection 
of tlte two s!Jortn cmes. 

Setto\ method. (Figs. :Q, :tl, and ;~J.)-'l'hi1; mPtl101l of ddermini11g thr tme position frnrn the 
falsr intn:->e«tiou~ i:-; ingenious but r·owplicatf'd. 

Tltt tnhle Uht hPing 1n·opt>rly orientc1l, am! ha Ying n•se(•tNi 11po11 a, b, aJHl 1·, W!' ha\Te the ttfau. 
g"IP of error f f' 1 

1
1
'. XmL 11~ thf' l,eJuuaun nwthod, judge of the positio11 of d (the poiut sought). 

s(~t tile alida!l(' 011 dli arnl l'f'Yoh·e tlw table so that the li1w of sigl1t paSSPS the signal R RPse1·t 
again 011 a, Ii. ancl c, anJ 're han· tlir t.riang!t• of el'I'or !I ti' g". .Toin 1· allll ff, a111l lhrougli hotlt points 
clraw parallt·l lilws ii awl k k. Lay off ci=rf and gk=r1lt. .loin i and k aucl tltf· int.f'rst•(•tion l lies 
in thf' lim• of si.!..:;ltt froui tlw trn•· poi111 to thf' rnirlrllt- point b. Set on t.hi.s Jim·, l'P"Pct upon a and 
1·, awl d iii the point ;;ought. 

If ti"• two trim1gh•s of Pr1·01· Hl'l' sit11:1ted nu the sauw sidP of tlw trne linP of sigl1t to flw rnicl
d!P point., 1hP parallel liiws an• set otr 011 011P sicle of Cf/ onlr. 

Tlw triangles of nror c e' e11 an cl fl g' g11 are always similar Ly"= Ir', I_ r/ = L c11
, L !/= L c, am! 

as the two point:,; e a1ul [/ arc always in the drcumforence of the :,;arn1· eirde, if the table is 
cldle<'tecl eqnall.v on the opposite sides of tlie. true line of sight to the mid<lle poiut, the triang·Je of 
1•1T01' will b(\ N1ual, and l/=gh. Oil ilH· truP line of sight gli and 1/=o. 

In tlw triangl1•s gkl a111l eil, ii a!Hl kl: being parallel, L fl= Lt', LI i:-; com11wn, thm·efore i. k= 
Li, nml tlie trianglPs are similar, aml el : gl:: ei = ef: gk = gh. 

'I'hP point R011ght (d) must. lie in the cfrcle passing through 11e1·, a111l also tl1rn11gl1 "!I'" Dra\I 
the C'ircle 11 fl 1l f' r 11, join s withe antl g, then we have 

L dse = L dee and L ilsg = L <lag 
L dee= L dbe" and L dag = L dbg" 

Therefore L dse = L t1be11 and L llsg = L 11lir;'1 

also se parallel to be11 and sg parallel li!J" 
and the triangles slc antl blf are similar, 

and the triangles slg and blli are similar; 
from which we get le : lf: : ls : ll1 

and lg : lh : : ls : lb, 
H J,.;o le : if: : lg : lh and le : le - ~f: : lg : lg - lit 

that is, el : ef: : gl : gh or el : tJl: : e/: git. 
The amount of the angle at l is always an indication of the value of the determinatiou of the 

point sought. The nearer the angle is to 90°, the better the determination. 

TWO-POINT PRODLEM. 

The occasion may arise where it is desirable to place the table in position at a given point, from 
which point only two determined points are visible. This Illar be done by the following methods: 
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The first mode possesses the virtue of making no linear measurement, and demonstrates iu a very 
satisfactory manner the power of the table in determining position by resection. 

(Figs. 35, 36, 37, and 38.)-Two points, A and B, not conyeniently accesf'ilJle, heing given, by 
their pn~jections a and b, to pnt the pla.ne-tahle in position iit a third poiut, C. (Tl1e capital letter."! 
refer to points on the ground, and the small ones to their con'e8J)()ndiug prqjectious.) 

Select a fourth point, D, such that the intersections from U and D upon A and B make suffi
ciently large angles for good determinations. Put the table approximate]~· in position at D, by 
estimation or by compass, and draw the lines .Aa Bb, intersecting in d; through d draw a line 
directed to C. Then set up at C, and assuming the point con the line dC, at an estimated distance 
from d, anrl putting the table in a position parallel to that which is occupied at D, by means of the 
line cc1, draw the liues from c to A and from c to Il. These will intersect the lines dA dB at pointA 
a' and b', which form wHh c and d a quadrilateral similar to the true one, bnt erroneous in size and 
position. 

The angles which the lines ah and a'b' make with each other is the error in position. By con· 
structing now through ca line cd', making the same angle with cd as that which ab makes with 
a'll, and directing this line cd' to D, the table .will be brought into position, and the true point c 
can be found by the intersections of a.A. and bB. 

Instead of transferring the angle of enor by construction, we may conveniently proeeed as fol
lows, observing that the angle which the line a'b' makes with ab is the error in the position of the 

· table. As the table now stands, a'b' is parallel with .AB, but we want to turn it so that ab shall 
be parallel to the same. If we, therefore, place the alidade on a'b' and set up a mark in that direc
tion, then place the alidade on ab and turn the table until it again points to the mark, then ab will 
be parallel to AB, and the table is in position. 

Another method is as follows (Fig. 39): 
'.l'wo points, A and B, not conveniently accessible, being gh·en by their projections a aud b, 

to put the plane-table in position at a third (undetermined) point, C. 
Set up the table at the IJOint sought as nearly in position as can be done with the eye, aud 

resect upon A and B, intersecting the line be at c'. The angle ac'b is the true angle at the point 
occupied, subtended by .A.B, being the· angle of nature actually drawn; therefore, the true point 
must be on the circumference of the circle passing through ab<''. Construct this circle. Measure off 
a base, CD, at least half the length of UB, at right angles, 01· neal'ly so, to be, in either direction 
most convenient. Set up a·signal at D, and with the alidade draw the line c'd. Remm·e the table 
to D, and, by means of a signal at C (the point sought), and the line de', bring the table into a po
sition parallel to that which is occupied at C. 1Yith the alidade centering on d, observe the signal 
B, and draw the line db' interse()ting vb at b'. c'l/ is the distanee of the point C from B, and this 
distance laid off on the circle ac'b as a chord from b will give c", the true posit:on of the point C . 
.A fourth point may then be occu1)ied, and by resection upon A, B, aml C tlie accuracy of the deter
mination of C verified. 

Where it is possible to get the two signals .A and B in range, it is easy t.o determine the posi· 
tion ()f a third point by a mode long practiced by topographers. 

Set up the.table anywhere on the range line, and, baving i;et up a signal at the poiut sought, 
resect upon it, intersecting the range line anywhere, and by means of the range signal and the line 
to it·the table may be set in parallel position to that occupied in the range, whiPli is the true 
position, and the point sought may be determinetl lly l'esection upon the two fixed pointl'I and their 
projections. 

REPRESENTATION OF THE TERRENE. 

Since no topographical map can be complete without some systematic representation of the 
undulations and changes of slope of the surface of the ground-" terrene," as the French term it
caused by the oscillations of the earth's crust, erosion, abrasion, or artificial works, various modes 
have been devised for such representation. 

· The earliest maps gave rude views of hills, mountains, &c., in elerniion, with their bases in 
position on~, in the same manner as trees were representen. · 

Near the end of the eighteenth century Major von Muller, of the Pruslilian army, l'epresented 
S. Ex. 12-24 
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with approximate normal hachures with distinct shadings, slopes, which he called "gentle, less in
clined, inclined, steep, precipitous, and perpendicular." 

.A.bout 1815, the admirable system by Major von Lehman, of the Saxon army, was publis!Jed; 
by which hills were shaded by normals based upon the amount of reflected vertical light from planes 
inclined to the horizon, by successive steps of 5° of slope, and which, with some modifications in 
the highQr and lower slopes, remains the most approved system of to-day . 

.A. most important st~p, whose origin does not seem to be well established, but which probably 
resulted as a necessary consequence from attempts t.o represent hills in plan, had regard to the 
drawing of the lines formed by the prominent changes of slope, termed "contours," which Colonel 
Olsen, of the Danish Generalquarteermesterstab, in 1833, defines as indicating "the general 
form of the locality, the most striking changes in declivities, tops, slopes, and bases of hills, &c.,17 

and which are always the lines controlling a topographical sketch. They may be described as the 
lines bounding areas of approximately equal slope, or as lines through points where the surface 
changes in any marked degree its inclination to the horizon. 

Since the introduction in 1744, by the French geographer, Philip Buache, of the method ·of 
representiug hills by successive lines of equal elevation, the true contour system bas been ofteu 
lost sight of, and sometimes to the exclusion of the most characteristic elements of the terreue. 
Often these lines are the outcrop of rock, or the top or base of a precipitous ledge, which, in the 
directions of strike and dip, incline to the horizon, and which are but feebly represented by lines of 
equal elevation instead of contours; more attention being given to the continuity of the level ele
ment than to the striking changes of form and character of surface. It is, in fact, at this point 
where the perception of fonn and facility of drawing the same become important factors in the 
power of the topographer for accurate and characteristic representation of the peculiar type of 
form which constitutes his subject. 

As to the modes of determining and drawing Jines of equal elevation, each case will present 
some peculiarities which must be met, as they are presented, by the topographer's own resources; 
and as on the ordinary scales of topographical surveys a limit of minuteness of detail must be fixed, 
a sound management of work, established by experience, will find its strength resting upon a dis
crimination between important and trifling features, and a read~- decision of what to omit as well 
as what to include. Labor may be spent in the development of small individual features which 
are comparatively lost on the scale of the work, while the features characteristic of the forms by 
oscillation, erosion, or abrasion, indicative of the forces producing the same, and which give dis 
tinctive character to the terrene, may he lost sight of in the too careful attention to minute details. 

The characteristic features of a terrene are, perhaps, best observed from a point nearly on the 
same level, but as between drawing features from above or below for a reasonable range, drawing 
from below is probably the better, as features viewed from any considerable height above am apt 
to appear flattened and much detail of undulation lost sight of. 

It is for this reason that the views of a mountainous region, from points between base and 
summit, are usually grander than tl10se from the extreme summit. 

But, since a precise representation of the teITene requires stations for positions at int(lrvals 
not too far apart, the necessity will not arise for ohsen·ing form of surface much above or below 
the point of observation. 

In the location and drawing of cur\Tes of equal elevation, the alidade is used both as a.level 
for the observation of objects the same height as t!Je instrument and for measuring angles of 
elevation and depression to points whose distances from the instrument are known, for the dete1·
mination of their heights. Except for the questions of refraction and cur'\"ature of the earth, we 
have then the base ancl three angles of a right-angled triangle to find the perpendicular. 

The true level continuity of a curve of equal ele>ation should always be maintained and not 
deflected either above or below to include any special feature or accident of ground that may be 
found in any zone between two curves, but. touched by neither. In this case intermediate curves 
should be used in ground of regular form, and in ledges of rock and artificial works the actual con
tours should be drawn and heights determined. 

The vertical intervals at which curves should be drawn must be determined by the object and 
necessities of each case, and, in a measure, by the gentleness or abruptness of the slope. .A.s a 
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rule, with such features as prevail on the eastern coast of the United States, intervals of 20 feet 
are found to develop the form with sufficient detail on Toho scale, but, for purposes of construc
tion, intervals of 5 feet or ernn Jess are often found desirable on larger scales. 

·when the slopes are gentle, and little difference in height makes marked change in horizontal 
position, the use of the spirit Ie,·eling instrument is important and almost indispensable in locating 
curws accurately. 

In abruptly mountainous and comparatfrely inaccessible regions, where sketching must be 
relied upon, prevailing contours and 100-foot curves may silffioe to develop all necessary features. 

A level surface, having each point the same distance from the center of attraction (the center 
of the eartl1), is a spherical surface parallel to the surface of the sea. As the radii of such a sur
face are all vertical, a horizontal surface at any point ir.; tangent to the same, and while every level 
line is a curve in the spherical i;;urface1 every horizontal line is a right line in the tangent horizontal 
plane. 

Since a ra~· of' ligl1t from any object to au obsen-er does not come to the eye in a right line, but 
is refracted by the atmosphere into a curved line, with its concavity tovrnrds the earth, the object 
appears above its true position, and requires for the true height a correction of the apparent height. 
This we term refraction, which varies in amount under different conditions of the atmosphere; but 
for topographical purposes it is sufficiently exact to consider it 1 h of the angle formed by the two 
\'erticals of tl.ie. point observed and the point occupied. 

Two Yerticals forming an angle of 1 second at the center of the earth include a distance of 
about 30 meters on the earth's surface. 

The deviations of the earth's curvature and refraction from the hol'izontal being in opposite 
directions, for short llistances may be regarded as compensating one another, but for accurate de· 
termination of difference of height between two points b~- le,·eling, the instrument should be placed 
equidistant between them, so that the amount of deviation from the lewl is equal on each side, 
and therefore compensated. 

For convenience, a table of heights for different. distances aud angles is used in tbe work of the 
Coast and Geodetic Survey, in which correction is made for curvature and refraction. 

7abl!3 showing the height in feet correspmuling to a gfre11 angle of eleratlon and a gitien distance iii meters. 

--f I I 1 i : I 1 ·--·--·,- I 1 1 I 

Meters .. ! 300 400 j 500 600 I 700 : 800 i 90-0 , I, 000 ~ l, 100 , 1, 200 I, 300 1, 400 1, 500 1, 600 J 1, 700 l, 800 1, 900 2, 000 

An!]le. I Feet~ F.,,1. I Feet. : Feet. I Feet. 

1

Peet. : ~'eet, /-;'eet.-) Feet. -Feet. ' 1''ee--:' Feet. -~:t~ F«I. !_ F_u_t_. -Fo-.-.,,t-. ! Fut .. I Feel. 

1· I o. 3 o. 4 i o. e I o. a ' o. s o. o : 1. o 1. 2 ! 1. a 1. 5 1. 1 1. s : 2. o ~. 2 2. 3 ' 2. s I 2. 7 2. ~ 
" 0 6 i I I I • ! • . 0. 8 ! 1. 0 • 1. 2 I L 5 : 1. 7 · 1. 9 2. 1 2. 4 2. 6 2. 9 3. 1 3. 4 ' 3. 7 3. 9 

1 

4. 2 ; f. 5 1 4. 7 

3 o. 9 1. 2 I i. 5 1. s I 2. 2 2. 5 2. s "· 1 a. 4 a. s 4. 2 4. 4 . •. ~ "· 3 5. 6 · 5. 9 6. a 6. 6 
4 I. 2 1. 5 1 2. 0 2. 4 2. 8 3. 2 3. 6 : 4. 1 4. S 4. 9 5. 4 5. 8 l 6. 3 , 6. 8 7. 2 7. 6 ; 8. T 8. 6 

10 

11 

12 

13 

15 

16 

17 

18 
ID 

!lO 

1. & 1. 9 \ 2. 4 2. 9 , 3. 5 4. 0 4. 5 i 5. 0 5, 5 1 6. 1 6. 6 7. 1 '. 7. 7 S. 3 S. S , 9. 4 9. U , 10. !1 

I I 1. 

1. 8 2. 3 l 2. 9 3. 5 \ 4. 2 4. 8 5. 3 ' 5. 9 6. 6 7. 2 7. 9 8. 5 9. l 9. 8 ' 10. 4 11. 1 11. 7 

2. 1 2. 71 3. 4 4:1 4. 8 &. 5 6. 2 i 6. 9 7. 6 8. 4 9. 1 9. 8 10. 6 . 11. 4 ' 12. 1 i 12. 8 13. 5 : 

2. 4 3. I I 3. 9 4. 6 5. 5 6. 3 7. I i 7. g 8. 7 9. 5 IO. 4 II. l 12. 0 i 12. 9 13. 7 14. 5 15. 3 

]~.1 

14." 
16.:: 
18. J 2. 7 3. 5 i 4. 4 5. 2 6. 2 7. 0 7. D ' 8. 8 9. 7 lo. 7 11. 6 : 12. 5 13. 4 j 14. 4 15. 3 16. 2 17. 2 

2.9 3.8 i 4.9 5.8 6.8 7.8 8.8 ».8 10.8 ll.8 12.8' 13.8 14.9 l&.9 16.9 17.9 19.0 ~ll.!J 
I 

3.2 4.2 j 5.3 6.4 7.5 8.6 9.G 10.7 11.8 13.0 14.! 15.1: 16.3 17.5' 18.6 
3. 5 ~. 6 , 6. 8 6. 9 8. 2 9. 3 10. 5 Il. 7 12. 9 14.1 15. 3 16. 5 . 17. 7 19. 0 : 20. 2 

I 

19. 7 i 
I 

21. 4 ! 

20. fi 
23. R 22. 6 

3. 8 5. 0 I 6. 3 7. 5 8. 8 10. l 11. 4 : 12. 6 13. 9 15. 2 16. 6 17. 8 19. 2 I 20. 5 ' 21. 8 

4. l 5. 4 i 6. 8 8. l 9. 5 10. 9 12. 2 I 13. 6 15. 0 16. 4 17. 8 19. l 20. 6 22. 0 23. 4 
23. l : 
24. 8 ' 

2~. 5 

24. 4 
26. 2 . 
28. 0 

25. 7 
~7. 6 

4.4 5.7 7.2 8.6 10.2 11.tl 13.I ! H.5 16.0 17.5 

4.1 
4.9 
5. 2 
fi.5 

5.S 

6. 1 
6.5 

6. 9 
7. 3 
7. 7 

7. 7 9, 2 

8. 2 9. 8 
8. 7 10. 4 
9. I 10. g 
9.6 lL!j 

10.8 12.4 

11. 5 13.1 
12. 2 13. 9 
12.8 U. 7 

~3. 5 15.4 

13. 9 l:i. 5 17. I 18. 7 
14. B 16. 5 l& l 19. 8 

15. 7 17.4 19. 2 21. 0 
rn. a ; 18.4 20. 2 22.1 
11., i 19.3, 21.a 2a.a 

19. 0 20. 

20. 3 21. 8 

21. 5 23. 1 
22. 8 24. 5 
24. 0 25. 8 
25:2 27.2 

23.6 25. 0 

23.5. 25.l; 26.i, 28.2 I :.m.9 :ll.4 

24. 9 ! 26. 6 28. 3 3Q. Q i 31. 7 3:J. 4 

26. 3 ' 28. 2 29. 9 ' 31. 7 i :J:l. 5 3'. ;1 
21. 7 ' 29. 7 31. 5 i 33. 4 ) a;.. a · :n. 2 

29. 2 31. 2 33. 2 35. 1 i lj'/, l 39. l 
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Table showing the height in feet corresponding to a gfren angle of elerntion, d:c.-Continued. 

I 
Met<>r•.. 300 i 4-00 I 500 6UO 700 

' -- ---- -- ______ _ 
Angl-e. Fut. I Pett i Feet. ' Fed. }'('('f. 

1-1, ~ 

14. 9 

Feet. 
21' ' 1;, l 10. l 12. 1 16. 2 

~ 6.4 8. 4 !O. o 
8. 8 ' J LI 

12. ti 17. 0 

17. 7 23 

24 
25 

26 

2'i 
2~ 

29 

311 

40 
50 

JO 00 
1 J(J 

ti. 7 

6, 9 I 9. 2 

i. 2 9. 6 

/, (:< I 

9. 9 

10.:J 

10. 7 

11. l 

11. £) 

rn. 2 ' 15. 5 22.2 : 

ll . . i 

12. 0 

13. 8 I 16, 2 

14.4' 16.9 

18. 5 20. 8 : 

l n. 3 I 21 • ' 
" I I 

23. l i 
24_ 1 I 

! I 
l::!. a i 14. 9 : 

]3, 0 I 15, 5 

13. 4 ' 16.1 

13. 9 16. 7 

14. 4 1- .. 
I•• 

17. 5 20. 0 

18. 2 211. 8 

18. 9 ! 21. 5 

19.5: 22.3 

20. 2 : 23. l 

2'2. 5: 25.0 

23. 4 ~6. 0 

24.2 i 26.9 i 29.7 

25. 1 1 27. 9 ! 3tl 7 

26. 0 I 28. 9 : 31. 8 

i I 
11. f1 l ;,, 3 19. i 22. 9 20 {I , 31), 7 34. 6 38. 4 I 42. 3 

H. 4 19.J 23. 9 28. 7 33. 5 . 38. 3 43. 2 i 47. 9 : 52. 7 

17. ~ 22. 9 28. 7 34. 4 40. 2 46. 0 51. 7 : 57. 5 63. 3 
2C. 1 26. 7 33. f• iO. 1 ' 46. 9 53. 6 6-0. 3 67. 0 73. 8 

I, 400 : 1, soo 1, soo 1, 100 1. soo . 1, goo : 2, ooo 

.. -1--:--1--·:---;--:--
.Feet. 

1 

Peet. i Fed. 
1 

Fe.et . Feet. j Peet. i l'tet. 

28.5 1 30.6 I 32.7 I 34.8 36.8 j 3'<.9 
1 

41.0 

29. 8 i 32. 0 34. 3 i 36. 4 : 3R. 5 i 40. 7 42. 9 

ill. 2 33. 5 i 35. 8 ! 38. 0 i 40. 3 42. 5 i 44. 8 

a2. s ;J4. 9 · 31. a as. 6 I 42. o 44. 3 46. 1 

33.B 36.3 38.8 41.3' 43.7 46.2 48.6 

35.2 

36. 5 

37. 8 

39. 2 

40. 5 

37. 8 

39. 2 

40.6 

42. I 

43. 5 

40. 4 : .42. 9 ! 
41. s , 44. s I 
43. 4 I 46. l ! 

45. O I 47. 8 

46.5 I 49.4 

45. 4 

47.1 i 
48. 8 i 
50. 6 i 
52. 3 ~ 

I 

I 

48. 0 i 

49. 8 

51. 6 

53. 4 

55. 2 

50. 5 

54. 3 

56. 2 

58. 2 

46. 1 :;o. 0 ' 53. 9 57 8 61. i IJ:>.6 69. 4 ' 73. 3 ' n. 3 
57. 6 , 62. 4 67. 2 · 72: 1 I 77. 0 81. 8 86. 6 ' 91. 5 96. 3 

69 0' 74.!i I ~0.61 86.4 
1 

92.3 98.0 '104 '110 !Vi 

8lJ. 5 87. 2 93. 9 !Oil. i 107. 5 114. 3 121 12i< 134 

1 20 23. (J 30." 38. 3 4:;_ 8 53. 6 61. 2 
5]. 6 ' 60. R I 69. (l 

57. :1 ' 66. 9 76. 6 

69. o 76. 6 i 84. 2 . 91. 9 99. e 10•. a : ll5.1 123 131 138 : 146 
147 i 135 

i:;4 

Ji3 

1S2 

211 

1 30 I 25. P 34. 4 43. O 

40 28. 7 , :JK 2 47. R 

5o ~1.t1 4~.o 52.6 

2 00 

30 
B 00 

3 3U 

4 00 

34. 4 40. 8 f,j, 4 

43. 0 ' 57. 3 71. 7 
51. ij 68. 8 lltU 
60. ~ . 80. 4 JOO. 5 

68.9 91.P lU.8 

6:l. 0 i 73. 6 

68. 9 ; 80 

86. 0 i 100 

103. 2 i 120 

120. 5 : 141 

1:~7. 7 161 
I 

84. 2 

92 

JJ5 

' 138 
161 

: 1S4 

77. 7 . 86. 1 1 94. 7 1oa. 4 112. o 120. 1 : mo 138 

86. 3 ' 95. 6 i 10!\. 2 : 115 124 134 14~ 1.5:1 

94. 9 ' 105. 2 115. 7 126 1:~7 147 158 169 

103 113 126 

lW ! 144 I 158 
155 

' 181 
i 207 
! 

li2 i 190 
201 

' 230 

138 

172 

207 

241 

27fl 

149 
Je6 

224 

2til 

299 

161 

201 

241 

' 281 
:i2~ 

172 ' 184 
213 

I 2:i9 

' 302 
345 ' 368 

--~---------·----- -~--

Example of u.~e of table of lteightis. 

164 

163 : 17~ : 182 

17ll i 190 200 

244 

: 29:! 

: 342 
I 301 

: 259 
I JJO 

i 362 
414 

~18 

2i3 

32~ 

382 
i 4'J7 

Angle of elerntion from point A to point B, distant from each other 1, 7 56 meters= P 56'. 

10 [•01 
••• ••• 

1° 50' ..•... 
JO 501 •••••• 

(JO 06', ..•.. 
0° 06' ..... . 
(JO 06' • • • • • • 

Point Bis 19.i.6'..! feet abm·e point A. 

Meter~. 

1,700 
50 

6 
1,700 

.50 
6 

Feet. 
179.00 

5.26 
. 63 

10.40 
• 3'J 
.04 

195.62 

~30 

287 

345 

402 

460 

Formula for determining heights by a 1~ertical angle antl distance.-The difference of len~l eonsists 
of two parts, that which arisei,.; from the angle of eleYation above the horizontal plane of the station, 
and that which is dne to the cnrnture of the earth. The former depends upon the angle and dis· 
tance, the latter upon the distance and the earth's ra<liu:-1. if a.' be the angle of elevation in min
utes of arc, d the distance, h the height, then, as the tangent of 1' is 3Ts-7, we have for the first part 
h = 34~17a1d, if h and dare both expressed in the i;;ame units of length; but if d is expressed in 
meters and h in feet, one meter lJeing 3.28 feet, we get h = nha a'1l. For the fraction T!hs we may 
conveniently and with suffieient accuracy put 10

1
00 less •i-o of 1 a1-60, and thus firnl the nile: .Multiply 

the distance in meters with the number of minutes of m·c, point off tl1e thousandth part, and subtract the 
t1centieth part of the number thus obtained. This will give the first portion of difference of height, 
whether elevation or depression. 

The second term, depending on the curvature, varies as the square of the distance, and amounts 
to 0.22 foot in 1,000 meters, including the effect of ordinary refraction. As with the instruments 
under consideration extreme accuracy is not attainable, it is plain that for distances under 1,000 
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meters t,his term may be neglected. When the distance is greater we have the following rule: 
Take the thousandth part of the distance in meters, squa1·c the .~a.me, hai1i11g regard to the .fir.~t decimal 
figure, and m1iltiply by 0.22. This term is always positive; if the first term he an elevation, it is 
increased; if a depression, it is diminished by the second term. 

E.rample.-Distance= 5,500 meters; angle of elevation, aw. 
nfu0 d X a'= 198. 000 r<fr1rrd ;). 5 
subtract fo 9. 9 square = 30. '.J 

-- multiply liy 0. 33 
first term 188. 1 
second term 6. 6 secowl term H. 64 

sum 194. 7 =difference of eleYation in feet. 

Comparison of feet anrl meters. 

{1meter=8.280869 feet.] 

Meters. ! Feet. Feet. 

---- ----- ~-·-~- ------·--~ 

L 3. 2809 1- .. 0. 3048 

2. ---- .•.. 6. 5617 2 ....... (I, 6096 

~- ... ~ ... ". 9.~26 3 ......... o. 9144 

4 --- --·· 13.1:130 4 ......... J, 2192 

5 ......... 16. 4043 5 ......... ]. 5240 

8 ---·--- ' 19. 8852 6 ....... j_ 8288 

7. ·-···--·\ 22.11661 7 .......... ~-l:l.% 

8 ......... [ 26.U70 8 ......... 2. 43&4 

9 ......... 1 29. 5278 9 ......... 2. 743~ 

l'robably the best reference for heights of points on the earth\; smfaee is to thr mean lernl ot 
the sea, since the mean of any rise and fall of the tides is approximate\~- this h'vel. In practice, 
however, mean high water.is usually taken, as this includes all laud not coYmwl hy tlw tide rauge, 
aud is the line dividing land from water. 

It is well, in commencing the survey of a region hor<leriug on tide-water, to erect a ~igna1 at 
the assumed high water line, carefully noting the height of the t-0p of the tlag abO\·e the same, to he 
used for observing angles of depression for heights from JlOints occupied during the progress of the 
survey. As the heights of other points are determined in the course of the snrYtW, and verified h;y 
ohservations from or to two or three points, these in turn may be use-1 for the same purpose. 

It must not be forgotten, however, that the beds of rh'ers slope toward the sea, and that there 
is a gentle fall of the surface even of appa1·ent tide-le,·els towards the ocean. It is best, therefore, 
to make the O for heights at a 1>oint nearest the ocean. 

As the progress of topographical work is usually from the sJ1ore-line inward, this aft'orrhi the 
most favorable direction for drawing the curves of equal e]evatiou, and a8 it is deRirab\e that all work 
at a station shall be completed when it is first occupied, so as to aYoi1l the uecessit~· of retarni11g 
to it, the curves should be drawn by the eye from the shore-liue to the points sighted and detPr
mined for position and height, to be checked by reverse drawing from those points when in turn 
occupied; and so from station t-0 station, drawing to and from in reverse will check and ,·erifY, 
between stations not too far apart, such comparativels small errorR of position as an accuratf' t\YC 
will soon learn to estimate. The heights of sufficientl.r close points must he determined to guard 
against any wide range of estimate of height by the eye. 

In abrupt slopes of considerable extent the use of a pocket cliuomekr is of mtwll value to de· 
termine the degree of slope, and to draw accordingly the curves by the widths of their zones (the 
cosines of angles of slope) from a paper scale prepared for the purpose. (See Fig. 46.) Illustration 61. 

The use of the alidade as a level for observing determined objects of the same height as the 
insnument is a valuable aid in locating curves, as is also the nse of a rod showing marks the same 
distance apart as the nrtieaJ dista.noo between the curves, for the purpose of locating with the 
alidade, as a level, the curve or curves immediately below the station occupied. 
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The two methods of surveying curves of equal .el1wation are known as the Regular and the 
Irregular methods. 

The &gular methods include-
1. Surveying and leveling the skeleton and its traverses. 
2. Surveying and le,·eling the profile lines. 
3. Surveying and leveling the base of each level section. 
4. Surveying and leveling the parts of several level sections from one Rtation. 
5. The division of the terrene into squares, triangles, or parallelograms. 
The profile is a traverse line on which are determined the heights of the points at which the 

surface changes slope. The points where this line is intersected by the succcssin• level e(juidis
tances are with the level and rod easily determinable. 

To determine the base of each level section the table is set up in position where this level inter
sects the profile, and using the alidade as a leveling instrument, with the target fixed on the staff at the 
height of the optical axis of the telescope, the line is traced by locating the aid by successive steps 
at characteristic points of the terrene, when the target comes in the horizontal plane of the 6ptical 
axis, direction and distance of the rod being determined and drawn in each case. A line drawn 
through these points, recognizing features between the stations, locates the curve. In this opera
"tion allowance should be made for cun-ature and refraction, when the distance becomes sufficiently 
great to make it a factor. 

When parts of several level sections are run from one station, set np the table at a point in an 
equidistance curve, and observe on the staff the height of the optical axis of the alidade. Set 
the target on the staff above this height as many equidistances as its length will include. The 
aid carries the staff below the instrument and is signaled to stop when the target comes in the hori
zontal plane of the optical axis, and at successive steps traverses the lowel' curve. The target i~ 
then lowered on the staff one equidistance and the next curve above is in the same manner traced, 
continuing the proceeding until the level of the instrument is reached, when the table is moved to 
a.n upper station and the proceeding continued until the summit is reached. 

By the mode of regular division of the surface into squares, triangles, or parallelograms, pegs 
are clriven at regular intervals, and their heights determined by level in the way that may be most 
co11ve11ient, a spirit-leveling instrument being the most accurate. 

The Irregulcrr method consists in determining the positions arnl heights of a number of charac
terifitic points of the terrene, and in determining from these the tract's of tho curves. 

This is the method generally used in surveys embracing such areas as the sheets of the Coast 
ancl Geodetic Suney on scales of Toho arnl 20t,--.:rn· 

It lrns the merit that the dernlopment of the terrene proceeds with the surrny of the skeleton, 
and does not necessitate a return t-0 a station when once occupied. In connection with the deter
mination of position by resection it works harmoniously and economically, since points that would be 
selected for position as having tlie best outlook are likely to be the characteristic ones of the terrene. 

ADJ[JSTJIEKT OF THE XEW .ALIDA.DE FOR THE OBSERVATTOY OF ALTITUDES. 

The telescope can be turned about itself within the short tube on the transit-axis through which 
it passes. Two stops define the poflitions in which the wire is horizontal. In order to adjust the 
horizontal wire to the level (i.e., to have it point horizontally when the striding-level in<licates that 
the collars on which it rests are level), proceed thus: 

1. .Adjust the striding-level by reversing it end for ernl and correcting its error-half the differ
ence by its own adjustment, half by the tangent-screw of the telescope. 

2. Point the telescope to a target and note the reading, or make a mark where the wire points 
when the bubble is in the mid(Ue. 

3. Revolve the telescope about itself, put the level on again, aud note the reading, or mark the 
place where the telescope now points when the bubble is in the middle. 

4. The mean of the two pointings is the true level line, upon which tl.te wire is to be adjusted, 
which may be done in this way : point the wire to the mean of the two observations by the tangent
ecrew; then, by means of the adjusting-screws, bring it to point on the lower reading, if the second 
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reading has been higlt, and viee versa. If now brought back to the mean by the tangent screw, tl1e 
bubble should be in its place; and, when the telescope is turned back iuto its first position, tlle 
adjnstment_should verify. 

5. If it is now desired to make the vernier read zero on the vertical arc, the table nurnt Le care
fully leveled; all<l in order to do this more perfectly than can be done with the circular lew~l, it may 
be done by observing the striding-level; the telescope remaining clamped, the striding-level should 
read the same in every position of the alidade wlieu the table is perfect!~- level. (In general, tl1is 
will be found too delicate a test, as the table is not sufficiently even for so sensitiYe a level to be 
employed.) The table being leveled, move the telescope vdth the tangent-screw until tbe bubble 
is in the middle, and then set the vernier to read zero; the screw-holes in it are oblong·, so that it 
admits of being pushed either way. 

6. lt is easy to have tlie adjustmeuts near enough to serve for running curn$ of equal elen
tion, bnt in determining the heights of stations, it is best to make the oliservations complete, with 
reversals, hoth of level aml of telescope, taking the mean of the observations, by which the errors 
of adjustment are eliminated. This, in fact, is always doue with the theodolite, and should be 
equally done with the alidade when precision is required. 

The following may serYe m; an example: 

TELESCOPE DIRECT. 

Le'\"el direct, reading . ___ . _.. . . . . . . . . . . . . . + oo 1' 
Le,·el reversed, rea{ling ... _. _ ..... __ .. _ _ _ _ 0' 

l\Iean ......... _ ................. _ + 0° 0'.5 
Station, reading .......................... + 2° 17' 

Elevation (diftereuce) ...................... , . 20 lC'.5 

TELESCOPJ<-: INYEUTED. 

Level direct, reading ..........•.•... __ . _ .. 
Level reversed, reading ...... ______ ...... __ 

0° 2' 
1' 

Mean. . . . . . • • . . .. . . . . . . . . . . . . . . . . . - oo 1' .5 
Station .... _______ ......•.. -· ·-- ·-·- .... + 2° 12' 

Blcvatiou ( diilerence) ...... " . _ .............. _ '._!o 131.oi 

l\Iean .. _ . . . • • • • • • . • . . • . . . . . . . • . . . . • . . . . . . . . . 2° 15' 

It will be seen, from analyzing this observation, that the level was one-half minute out of adjust
ment, t,he horizontal wire one and one-half minutes, and that rernlving the telescope about itself' 
changed its relatfon to the index on the vernier by 1'. '!'he mean is free from all errors of adjustment. 

DU:lTAN~E. 

Distance is measured eitlter directly by successin1 contiguous units of auy conventional stand
ard, or by some instrumental process of triangulation upou a dfrided or marked staft', or from the 
two ends of a measured base, known as parallax. 

In the first case the essentials are that the measurement shall be made horizontally, or the 
inclination observed and reduced to the horizon; that a right line of direction shall be followed, 
or the deflections eurefnlly observed ancl reduced to a right line between the extreme poiuts, aIHl 
that the contact of the extremities of the successive units shall be as exact as possible. For 
precise measurement, temperature should be observed, antl all lengths reduced to one temperature, 
usually 60° Fahr. 

The instrumental methods in plane-table surveys are either witl:i two ltorizontal fixed lines on 
glass or webs in the .diaphragm of the alidade telescope, which subtend variable lengths on a 
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divided staff, in proportion to distance; the staff having been experimentally divided on measured 
distances: or a micrometer eye-piece to the telescope, with two horizontal webs in the diaphragm, 
one of which is movable by a fine1,y-cnt screw, subtending a given length distinctly marked by two 
targets on a roll. The angle, as indicated by the rack and the divisions of the screw-head, giving 
the distance from a table experimentally made, on measured <listances. In practice it l1as been 
found that an extension-rod, with targets 6 meters apart, may be used for details, to 800 meters, 
without important graphic error, on the usual scales of topographical snrvess, with a micrometer, 
whose unit of division= 2".31 of arc (see illustration 58). 

By these methods 400 meters may be measured within 1 meter, which on the usual scales of 
plane-table work is inappreciable, and within the probable changes of the dimensions of the paper 
liy l1ygrometric iuflueuces. 

l:ly the method of fixed l!nes in the diaphragm the angle remains constant and the cbortl vari
able, and hy the micrometer method the chonl remains constant and the .angle variable. 

STADIA.• 
"It is composed of-
1. A graduated statl:' from '.!to :J meters in height, with two movable targets. Sometimes one. 

of these targets is fixed at the top of the staff. 
We will first consider the use of a staff with two movable targets, and afterwards indicate the 

modifications necessary in using a staff with one fixed target. 
The face of the target is ordinarily didded into four equal rectangles. Two of these. ou the 

same diagonal, are white; the others are red. The line 1'' F' (fiducial line), resulting from the 
·opposition of colors, is visible with great distinctness. The distance between the fiducial lines of 
the targets is read on the back of the staff. 

2. A telescope to which is attached a vertical arc, for measuring the angle of the optical axis 
with the horizon, and which is supported on a tripod. 

(Illustration 59, Fig. 40.) The telescope is composed of two double convex lenses, inserted in a 
cylindrical tube blackened iusiue. The lens directed to the object is called the "object-glass"; it 
receives the rays of light coming from the object. These rays, refracted within the tube, form an 
inverted image "ab'' of the object A:B at the focus, where the diaphragm carrying the cross-hairs 
is inserted. 

The diaphragm, whieh is perpendicular to the optical axis, is fixed in a cylinder sliding in the 
principal tube with a gentle friction. It has two very fine threads crossing-at right angles, the 
point of intersection being in the optical axis. 

For measuring distance a third line (horizontal) is inserted, aud sometinws a fourth one (l10ri
zontal). It is only in this particular that ordinary telescopes differ. 

The eye-glass serves to magnify the image of the object. It is a magnifying glass placed bet\"l'eeu 
the eye and tl1e image on the diaphragm, and is adjustable according to the eye of the observer. 
The cylinder carrying the eye.glass has a small opening for the eye of the observer. 

To sight an ol\ject it is ftrst necessary to.set the eye-piece-to bring the eye-glass nearer to or 
removed from the diaphragm-until the cross-hairs are distinctly visible. Unless this is done the 
ohject sighted will be an illusive one. To verify the adjustment, let the image be viewed as obliquel;y 
as possible. It must always appear to coincide with the web8, wliatever the 1msition of the eye 
may be. The extent of the eye-piece being thus regulated, the telescope is in adjustment and· the 
diaphragm in the focus. 

The distance t1 from the image of an object to the object-glass is called the focal distance. It 
depends upon the remoteness, D, of this object. If D is infinite, it is a minimum, and is then 
named "the principal focal distance.'' 

Tl1cre (•xists between dD and the principal focal distance/ the relation 

1 1 1 
n+-a=r 

From "Traite de Topographie," par C. Maes, Capitaine au 7• regimont'tle ligne, Profeli86ur a l'ileole Hilitaire de 
Brunlles. 
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The distance/ can be determined experimentally for each object-glass. In topographical tele
scopes it never exceeds 30 to 40 centimeters. The reach of these telescopes is about 700 to 800 
meters. 

Adopting for f the "alue Qm,35, we compute "d" by the above formula, and substituting for 
D different values, we find that within the usual limits of observation, from 20 to 800 meters, the 
focal variation does not attain one centimeter, and that it is more sensible in short than in long 
distances. · 

The relations between D and d are found to be as follows : 
D= 20m d=Om.35623 
D=lOOm d=Om.35123 
D=l02W d=Om.35120 
D=200W d=Om.35061 
B=300m d=Om.35041 
D=400m d=000.35031 
D=410m d=Om.35030 
D=700ID d=Om.35017 
D=715rn d=Om.35017 

The.se results prove besides, that beginning with 100 meters, the focal variation for distances 
above 100 meters amounts only to few tenths of a millimeter, a quantit~· inappreciable in the tele
sco}le, however delicate the mechanical contrivance for setting the eye-piece. It is only by a mere 
accident that the diaphragm is at the exact focus, because its position is the result of approximations 
by which we judge whether it is in the focus, but it will still seem to be so if it is moYed slightly 
either way the fraction of a millimeter. We are setting the same not to measure the focal distance, 
but simply to view the staff distinctly, so as to set with facility and certainty the targets to the 
intended height. 

We insist.on this observation, because it does justice to the idea of measuring the focal dis
tance d, corresponding to the remoteness D, on the tube of the telescope, and of computing D by 
the formula 

1 1 1 
n+II=J 

the quantity "!" having previously been determined with great precision. 
It is proposed to measure the distance D of the object-glass from the staft· by the height" H" 

intercepted on this staff between two fixed threads of the diaphragm. Or, supposing the statf par
allel to the plane of the diaphragm, if we re1n>esent by h the interval between the two threads S 
andL. · 

(Fig. 41.) It follows from the similarity of the triangles FOF' and SOI 
D : d : : H : h, or 

d D=Hxh 
the fundamental relation of the theory of the relem~ter. 

H is read on the staff, but the ratio~ cannot, as previously shown, be obtained with precision. 

So the problem is not susceptible of an exact mathematical solution. 
The interval h being known, if we take from a table of distances, computed for a certain tele

scope, the value of d corresponding to an estimated distance, D, we obtain a Yery approximate 
solution, even if the estimate of D should contain an error of 100 meters. 

But this manner of proceeding, a very tedious one, because it would necessitate for each dis-

tance to be measured a computation of the ratio-:, would not give an idea of the obtained approxi

matfon, and would, besides, present the inconvenience of requiring the previous determination of h. 
The practical way to avoid the direct measurement of "h ", and the necessity of determining 

an approximate value of i for each of the distances D to be observed, is as follows: 

Jst. We proceed the same as if the focal distance was invariable and equal d'-a focal distance 
S, Ex. 12-25 
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corresponding to a known distance, D'. We arrive at the same supposition by substituting in the 

formula D = H x ~ for the quantity multiplying H, a constant f = C. 

Assuming this hypothesis, we conclude that the values. obtained for the distances to be meas
ured are the products of a constant coefficient, c, and the heights of the rod intercepted between 
the threads of the diaphragm called "read distances"; we designate them by 6 to distingnish 
them from the true distances, D. 

Before commencing operations with the telemeter we determine the constant coefficient, C, by 
an experimental standard reference. For this purpose we measure with a chain or rod on level 
ground a distance AB=D'. 

(Fig. 42.) Place the telescope on station A, its object-glass in the vertical plane of this poi11t, 
iiR optical axis directed horizontally to the staff held vertically by an aid in B. Having set the 
same with the utmost care, let the fiducial lines F and F' of· both targets come successiYely under 
the threads L and S of the diaphragm. N-0te the interval FF1 =H', separating both targets, viz, 
the height of the rod, and from the proportion D' : d' : : H' : h follows 

d' D' 
li=C=H1' 

Supposing D'=140 meters and ll'=Om.so, the constant coefficient will be 

C= 1~=175. 
0.80 

Repeat this operation several times, and if the values found for C differ only very little, adopt 
the arithmetical mean for the value of the coe1Hcient. 

The coefficient of the telemeter being thus known, we get the reduction to the horizon of any 
desired distance as follows: Establish the telescope on station P (Fig. 43), the object-gla&s in tbe 
vertical of tbis point, its optical axis directed to the staff kept vertically in Q; bring it carefully in 
the focus, and bring suc~vely the fiducial lines F and F' under the threads L al\(i S of the dia· 
phragm, and record the interval H=FF1• We find that the distance A for the distance D of the 
object·glass from the staff 

Li=HxO 
If H=2m.415 and 0=175, we have 6 =2m.415x175=422"'.625. 
2d. Compute the correction .2'=D- 6, t.o be applied to d, t.o obtain Dais exact as possible. 

d' 
0 being=1i 

we have· 

or 

and 

d' 
6=Hx1i 

But dis the focal distance corresponding to D, therefore 
d B=Hxh 

:D a 
c;=d' 

D=.ti x;, 
This result shows that 6 differs only very little from D. 
In reality we have 

!°=D-6=6 xi-6=6(~!) ...... 1 

Or, for a telescope whose principal focal dista.nee is om.35, the ma.xiinum of di/! iii, according to 
. 0.0062 . 

the previous table, 0.35 , or about -i0 , so that for distances of 100, 200, 300-700 meters the differ-

ence D- 6 is respectively equal to no more than 2, 4, 6, 14 meters. 
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This being established, it is easy robe satisfied, from an examination of the tal>le of focal vari
ations, that in computing the focal distance, i'J corresponding to .J, by the formula 

1 1 1 
6+~=7 

and substituting this "'alue ford in formula (1), the result 
~-d' 

1:=6d' 

will only differ from the real I by a quantity insignificant for practical purposes. 
We are then at liberty to ta.kc 

3-d' 
I=6-ay-

an equation whose second term is entirely known. 
• The relations 

and 

giving 
~-d' D'-6 
di=~ 

from which we get 
D'-6 • (") l.'=il-ur- ....•. -

and under this form is ordinarily the correction due to the focal variation presented. 
Let us have for au example D'=lOOm, and .6=500m, From the equation 

1 1 1 
500+1=0.35 

we have 

therefore, 

hence, we have in this case the real distance, D, equal the read distance minus 1m,401, or 
5oom-1 m,~01=498"1.599. -

Making the experimental standard reference for a distance, D', equal to or in excess of thl' 
mean between the greatest and least distances to be measured, we may neglect in topographical 
surveys, without an appreciable graphical error, the correction 1: and take the read distance t:::. for 
the true distance D. 

In reality, the relation (2) shows that D' having been chosen in such a manner, the numerical 
value of Z will in all cases be smaller than J, because J never exceeds from 35 t-0 40 centimeters, 

and because the scales ~ adopted for the projection are generally much smaller than :i-u\)O tho 

'J' 

quantity M will be one-eighth of a millimeter at most. 

It is well understood that in case of subsequent computations the smallest correction of J: 
should be considered. But in this case, to avoid the computation of the focal distance IJ corre
sponding to ea.eh observation, we replaee in equation (2) the variable b by the constant repre:>ent
ing the focal distance of the s~ndard reference by trial. The error resulting from this substitution 
is entirely insensible in practice, especially if the distance D' is taken between the indicated limits. 

If the line of sight is not horizontal, which happens in measuring distances on a slope, thl~ 
station is ma.de at one end of the slope and the manner of proceeding should be slightly modifte1l. 
This does net necessitate a. change in the standard reference, because the topographer can select 
the ground for this trial. 
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The constant coefficient C of the telemeter being thus known, let the reduction to the horizon 
of the distance PQ be determined from the point P. (Fig. 43.) Station the telescope in P, the 
object-glass in the vertical of this point and the optical axis directed to the fiducial line of the 
upper target, fixed at a convenient height. Then bring the fiducial line F' under the upper thread 
and note, first, the angle a which the telescope makes with the horizon, and, second, the height of 
the rod FF' =Il. 

This makes, as in the general case, the read distance = L'.\ II x U. 
It remains to determine OB=D, the reduced distance. The staff held perpendicularly is not 

parallel to the diaphragm, which, as before mentioned, is perpendicular to the optical axis; so that 
the fundamental proportion cannot be furnished by the triangles FOF1 and SOI. From F' draw 
the perpendicular F'N on the optical axis; the two triangles F'ON and SOI being similar, we are 
brought back to the general case, and we obtain · 

ON=NF1 xc+.r, 
designating by I the focal correction. 

But, 
NF'=H cos NF'F=H cos a, 

therefore, because 

rom which 

and 
OB=OF COS a= 6 COS 2a+I cos a+H sin a cos a. 

This is the formula for the reduction to th: horizon of distances observed with the telemeter. 
If we work on a small scale and have chosen the distance for standard reference, as before 

mentioned, we may neglect the last terms :E cos a and H sin a cos a. 

This is done in the war department of Belgium, where, in work projected ona scale hho is 
adopted for the read distance 6 =H x C, and for the reduced distance D= 6 cos 2a. 

It must not be forgotten that a is the ang1e which the optical axis makes with the horizon, 
and not the inclination /1 of the straight line pa8sing through the extreme ends of the distance PQ. 

To determine 6 cos 2a 7 6 and a being known, a simple computation with logarithms is suffi. 
cient, but this determination is facilitated by a table giving from degree to tlegree the reduced 

• I distance for 6 =10, 20, 30-90 meters. 

I f l Horizontal projection of- II 
I~]' lOm~~1~1~~~-1-~~_l-~J~ 
I ~ I 9. 997 J 9. 995 29. 993 89. 991 49. 988 59. 986 69. 984 79. 981 I 89. D79 I i 2 I 9. 99 19. 98 29. 97 39. 96 49. 95 SD. 94 69. 94 79. 92 
I 3 I 9. 98 I 19. 96 29. 93 39. 91 49. 88 59. 86 69. 84 79. 82 

89.91 

89.80 

I 4 I 9. 96 19. 92 29. 88 39. 84 49. 80 59. 76 69. 72 79. tl8 89. 6' 

I
I 5 I 9. 94 19. 88 29. 81 ·' 39. 75 49. 69 59. 6'J 69. 571 79. 50 89. 4A 

o sn R82 an aM •oo ~~ ~n mn I ~~ 
7 a~ ft~ aM an •~ ~~ ~~ •~ ~m 

I
I ( f:f: 2~ ~~ I ;~ g ~E ;~ ~~ I ~~ 
~ a~ ft~ •~ I aoo au ~oo I ~~ n~ ~~ 

Use of the table. 

1st 6=160.20 and a=7o 00'. 

~ 
100 ••••••••••••. -· 98. 80 

160. 2 60 .•..... - - ... - - . 59. 28 
0.2 .•••.•••.. - •. 0.1976 

D 158.2776 

2d 6 ::::98.70 and a=4.0 00. 

{ 

90 •••••.•••••••••.. 89. 64 
98. 7 8 .•....•... - . . • • • • 7. 968 

o. 7...... .• . . • • . . . o. 6972 

D= 98.3052 
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The explanations given in reference to _the case where 6 =D is greater than 8~0 can be repeated 

here. Meanwhile we have to add, other conditions being equal, that the quantity 21 - 6 cos 2a can 
be less often neglected than the quantity 6 - 6 cos a, the difference between the distance measured 
with a cha.in on the slope and the projection of this distance. 

The first one of these quantities is nearly double the second, thus : 

6- 6COS 2a = 6si11 2a and6- 6COS a=26sin2 i- a 

If we take for the sine the arc, which could be done without great error as long as a is small 
2 • 

the two quantities will be6 a.2 and6 -2 . 
In case that neither a table of logarithms nor a reduction table is at hand, the distance should 

b~ reduced graphically, thus: · 
(Fig. 45.) Supposing ab=6iil the scale of the drawing; erect in the middle of ab a perpen

dicular, cf, and from a point, O, of this perpendicular describe a circle so that ab becomes a tangent 
Construct in 0 an angle com= 2 a; through m draw a line parallel to ab1 and join a and b with/, 
which is the extreme end of the diameter through c. 

We have a'b' =ab corr a 
for 

a'I>' _Jg_ fo + og _Jo+ om oos 2 a _Jo+ Jo cos 2 a_ 1 +cos 2 a_ 2 --- ----------COS a 
ab fc 2fo 2/o 2/o 2 

All said in regard to the operation with two movable targets applies in the use of a staff whose 
upper target is fixed. 

To measure, for instance, the reduced distance of PQ (Fig. 43), select the station either at the 
foot or at the top of the slope. Suppose we station in P; establish the object-glass vertically over 
this point, direct the optical a.xis to the fiducial line F of the fixed target of the staff, kept ver
tically in Q. Let the fiducial line F' of the movable target come under the upper thread S of the 
diaphragm. 

The vertical position of the staff could be assured by means of a plumb-line attached to the 
top of the sta.ff, but this is accomplished in a more complete way through adaptation of a circular 
level, placed under the eye of the aid, who is thus enabled to correct instantly the lateral devia
tions and deviations within the plane of vision. 

Note ftNt the angle a which the optical axis makes with the horizon. Second, the height of the 
staff FF' = H, and t:!J.e computation OB is made in the same way as explained in the preceding. 

A so.called telling staff is very often used, because its division turned towards the observer is 
visible with such distinctness that the observer is enabled to read directly the height of the fixed 
target above the vision line. It is apparent that this staff does not need a movahle target. 

The work with a staff with one fixed target is done more rapidly than with a staff whose both 
targets are movable. If we try the standard reference on level grouml with the former one, we 
ought to consider iil the computation for the constant coefficient C1 the inclination a of the optical 
axis; but we avoid this complication by operating thus: 

Station the instrument, the telescope horizontal, on ground slightly inclined; the aid descend:> 
the slope and is stopped at a point where the upper target is under the thread L of the diaphragm ; 
the distance D', separating this point from the station point, is then measured by the chain horizon
tally, and the height of the staff H, intercepted between the threads L and s, determined and we 
get 

To determine with the telemeter the distance in a straight line between two points P and Q 
(Fig. 44.) 

Make either one of the two points your station, for instance P, and sight in a direction parallel 
to the ground, viz, direct the optical axis to a point, F, on the staff whose height is equal to the 
height of the rotation a.xis of the telescope aboye the ground. Bring afterwards the lower target 
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under the thread S, and H being the height of the staff FF', we find through arguments analogou8 
to those previously used. 

PQ =OF= H x cos a + l: - H sin a 

We•ha.ve enjoined, as a general rule, that the thread L be directed to the upper target and not 
the thread S', or, in other words, to use the threads Land 8 in preference to those of S and S'. 
One of the reasons by which we have boon guided is as follows: If we intersect the uppel" target 
by the threadLwhich meets the optical axis in I, we obtain besides Hand a the height at which the 
axis passes above the observed point, and we have thus all the necessary elements for the computa
tion of the difference of the height of the extreme ends of the line to be measured. 

If we do not require this difference of height, we employ the threads S and 8'. Enlarging 
thus h we diminish C, which is an advantage, considering the precision, but an inconvenience con
sidering the rapidity of operation, because the greater h is1 the shorter must be the distances to be 
obserYed.11 

PROJECTIONS FOB FIELD SHEETS. 

It is presumed that determination has been made, by triangulation, of points most suitable for the 
use of the topographer who follows with the plane-table work, and that a sketch of the same is at 
hand, giving an approximate skeleton map of the area to be surveyed. The location or orienta
tion (as it is sometimes called) of the sheet is then based upon several important considerations. 

It may be taken as a rule that the intervisibility of the points extends .across valleys, from 
summit to snmmit, or across rivers, bays, and other bodies of water. So that generally the line of 
greatest depression of the valley (Thalweg) should follow as nearly as practicable the middle of 
the sheet, regard being had for any abrupt change of direction or importance of lateral features; 
or, in other words, the subjects to be surveyed should be divided as far as possible into water 
basins, extending from divide to divide, and not center upon a ridge forming portions of two basins. 
The reason for this being, that from either slope of the basin points are visible on the opposite 
summits which will be common to the sheets which include the adjoining valleys, while from the 
middle of the valley points will be visible on both summits. 

From the written descriptions of the points determined, discrimination should be made in 
regard to their temporary or permanent character. A flag in a tree is likely to have disappeared 
soon after its ·aetiermination, and the usual cut of a triangle in its bark may have disappeared 
before the lumberman's ue, while a church spire, a light-house, a house chimney, a copper bolt in 
a rock, or a bottle buried beneath the surface of the ground, is more likely tA> be reeovered and to 
be of service to the topographer. 

Two intervisible points, one of which may be occupied, or three ina.ccessible points, &re all that 
are absolutely necessary upon a sheet for the commencement of work, for from, or upon these, al1 
other points required may be determined, and it is oftener more important, from considerations of 
economy of time and facility for work, to have more regard for comprising the topogra.phical subject 
in its entirety, where points may be determined at convenience, than to fnrnish a ltLrg8 number of 
determined points at the expense of the best orientation of the sheet in regard to topogra.phical 
details. 

In flat sections where the vertical question is scarcely a factor, the main question. i8 generally 
a plan that will comprise the area with the fewest sheets compatible with a suflieient overlap of 
common points; and where the object is a. survey of one side of a river or ether body of water, 
points on the opposite shore should be included where pogsible. 

Where it is possible, the sheet should be located by one familiar with the peculiar t.opogra,phy 
of the region to be surveyed, and with some knowledge from observation of the relative value of 
the points between which there may be any necesaity for discrimination. 

Where the surface is broken without any marked basins of large area, and when the sheet, on 
the scale determined upon, will comprise several successive baains&nddividing ridges, the consid
eration of reach from higher to highe~ summits should control as in the reach over one valley; 
thereby affording the best means for determintng position and any de.sira.ble anxilia.ry points in the 
lower i~edia.te summits and in the vCllleys. 

Points at the jwtetion of continent streams have MualJy large arcs of visibility, and are conse· 



 

No.60. 

.:'·.· 
11.10.~ 

G 

/:-~~~-~~~~~:-~~-----.-~1-:-if·;~~o~:~~· 

1B~0.5<' ' 

~)701.1 

r ·+ 

G' 
1"2LO 

--...-,---··--- '·:.~ .. -~.:.:.::..::cc....... __ .... 

K 
.. T 

68~-.J 
F'' 

' ' 

'R 
-~-.::--~·1 D--- _.., t..o·:ia 

-+---------------- __ __;__ -- ___ __j_ ___ __,a"l. 

\ 

l 

.Diagrrm1; 17/ustrniin_;; tAe 11Wd<' o!'mm1tructing 
1k CunU- Pnz;Ntion for .J'UuiL Iah!P Wm*. Sea/,. 10,WiJ 

Scale of' .Diagr.un. ~ 



 

UNITED S'rATES COAST AND GEODETIO SURVEY. 199 

quently of great value for purposes of orientation. If, therefore, such a point should be near but 
off tbe edge of a sheet of regular dimensions, and from the necessities at the opposite edge cannot 
be included by it, it is often well to extend the length of the sheet so as t;o include the point, even 
though there may be no intention to complete topographical details upon the additional piece. 

Light-houses are often of this character, the reasons governing the selection of their positions 
for light purposes having equal weight in the selection of such positions for survey signals. 

The question of the mode of seasoning paper for use on the plane-table is an important one. 
It is well known that by the exposure on the table in the :field of the usual linen paper (What· 

man's) backed with muslin, the result in most cases is a permanent contraction of its dimensions. 
The sheet while in use in the field, although shaded when the table is set up at a station, is fre· 
quently exposed t;o the direct rays of the sun while the table is m<n·ed from station to station 
This, probably, has the effect of evaporlting much of the moisture in the paper and producing per
manent contraction. 

It would, therefore, seem a reasonable proceeding to subject the paper for some time before the 
projection is made to the same conditions it is compelled to meet in tlie field, so as to reach as 
nea.T1y as possible the minimum dimension now produced by field use. Seasoning by exposure to 
the sun in the open air would, therefore, seem to afford the conditions for the desired result. 

A sketch giving the triangulation points and the approximate shore-line comprised in the area 
to be surveyed, being before the draughtsman, he proceeds as follows : 

The limits of the sheet having been determined, the middle meridian A (see illustration 60) is 
located and drawn, and its intersect.ion with the most central parallel determined, at which point 
the perpendicular B is erected. 

The number of minutes of latitude on the central meridian, above and below the central par
allel, being known, take the corresponding distance from Table VI, "Projection Tables," C. S. 
Report, 1853, Appendix No. 39, from under the head "Meridional Arcs," and lay it off (C) above 
and below the central parallel; and with the same distance as radios, strike arcs D D D D above 
and below from near the extremities of the perpendicular B. With a well-tested straight edge 
draw lines EE through the north and south minutes on the central meridian, and tangent to the 
two ares DD, t;o the right and left. This gives three parallel lines perpendicular to the central 
meridian. 

From the same Table VI, from under the heads "Lengths of Ares of the Parallels," take out 
the value corresponding to the number of minutes of lcmgitude, east and west of the central merid. 
ian, and lay off the whole distance FF'F" on each perpendicular, taking each distance from its 
appropriate latitude. Subdivide these into minutes GG'G". 

For the areas usually covered by plane·table sheets the corrections X, for determining the 
abscissas from the arcs of parallels (Table VI, head "Co.ordinates of Curvature.") are inapprecia· 
ble, and may be disregarded; the ordinates Y only being used. These give the distances to be set 
off from the lines B and E, perpendicularly toward the pole, for each minute of longitude counting 
from the central meridian. For ordinary field projections of scale 1-otn the ordinate of the extreme 
minut;e only need be used, and tbe parallel drawn a right line from the point so found t;o the cen
tral meridian. This ordinate H being set off on each of the parallels, the meridians are all drawn 
in with a, fine ruling pen, then subdivided into minutes, and the parallels carefully ruled in through 
the points of subdivision. 

The projection is verified by applying the measure of a number of minutes of latitude and 
longitude, and by a comparison of diagonal measurements on different parts of the sheet. 

All measurements should be carefully taken from the scale with a keenly pointed beam-com
pass, and the marks pricked in the paper should be as light as possible to be seen, so as to insure 
the grea.~t possible aoouracy. 

The draugbt;sman is supplied with a list of triangulation points, which gives their relative dis. 
tances, their latitudes and longitudes, and also the equivalents in meters of the seoonds of latitude 
and longitude, according to which the points are n.ow plotted on the sheet by measuring from the 
corresponding minutes. Thus in the diagram the distance J represents the seconds of latitude ; 
K, the seconds oflongitude oHhe trigonometrical point. 

The aeeu.racy of the plotting is tested by a measurement of the respective distances between 
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the points with a beam-compass, these distances being also given. The latitude and longitude are 
then plainly marked, usually on the north and east sides of the sheet, at one extremity of each 
parallel and meridian, and the pencil marks erased. 

It sometimes becomes necessary to base t-0p-0graphical work upon a detached scheme of trian
gulation, before the usual astronomical observations have been made. In this case the only 
elements given are the distances from the points to two projected arcs of rectangular co-ordinates 
(which are assumed) aud the distances between the points. The projection for plotting these con
sists simply of axes of ordinates and abscissas so laid on the sheet that it will embrace all the 
points required hy the surveyor, and in the manner most convenient for his work; and the points 
are plotted from these by the intersection of two arcs with the distances of the points from the 
axes as radii, either north or south, east or west of the axes, as the plus or minus signs given ma.y 
indicate. The only test is by the distances between the f>oints, and there should be at least two 
from each. If the work be correctly done, a regular projection can be constructed on the sheet 
after it is finished and the required astronomical work is completed. 

In case it so happens that for some special purpose it becomes urgent to undertake a piece ·of 
topography, when neither the data for projections nor co-ordinates are at hand, plotting by dis
tances is the only resource left, and, of course, great care is necessary. 

When a sheet has no projection it is advisable to draw squares of 1,000 or any specified num
ber of meters on it, by means of which the projection can ultimately be laid down correctly. 
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APPE~DIX No. 14. 

OX THE DETER.~IIXATlON OF TB1E, LONGITUDE, LATITUDE AND AZIMl"fH. 

Hy CHAI~LES A. SCI-10TT, As"istant. 

INTRO D1-7 ("1' ION. 

In the annnal reports of the Superintendent of the Coast Snffey for lSGG, 18G8, and 18i2, there 
appeared certain papers on the determination of time, latitud(', an(l azimuth, originally intended 
to form part of a proposed Coast Sun·e~· manual of field operations. Their o~ject was to facilitate 
the fielcl and office work IJ,y presenting in a concise style, methods and formnhe, references to in
struments, forms of record and arrangement of redudiuns. These papers are, therefore, of an 
entirely practical character, intended to asl5ist the obsen"er and computer and to secure as grPat. 
uniformity as possible in the treatment of the al'.'tronomical work. 

Tile titles of these papers were Uf:l follows: 
1Jeterrniuation of time by means of the trnusit instmuwnt. Appeudix No. ti, Coast Sur\'£\y 

lfoport of 186G. · 
Addenda to preceding paper. Appendix No. 10, Coast SmTl:'J' Heport of 18fkl. 
Determination of weig;hhi to be girnn to obserYations, &c. Appendix Xo. 12, Coast Surn•y 

Report of 1872. 
Determination of lntitnde by means of the zenith telescope. .Appendix No. 10, Coast Surrny 

Report of 18fiu. 
Determination of the astronomical azimuth of a direction. Appemlix .Ko. 11, Coast Survey 

Report of 1866. 
Addenda to preceding paper. Appendix No. 10, Coast Survey Report of 18G8. 
In the original compilation of the papers of 1866, the writer derived much assistance from the 

previous labors of l\Ir. James Main, connected witll the computing division, by whom the formula~ 
had been put iu a concise and systematic form. 

The supply of these amrnal reports llaving become exllansted, the papers were collecw<l and 
reprinted under one cover, nuder the title Professional Papers : "Determination of Time, Latitude, 
and Azimuth"; Washington, 1876. The demand for this edition by those officially connected with 
the Survey, as well as by others engaged on work of this character, made it desirable to issue a 
new edition, advantage of which was taken to introduce the telegraphic determination of longi
tude, and such additional matter and improvements ail had suggested themselves from experience 
during the past years; also to replace iu part older form3 of instruments by illustrations exhioiting 
some of more modern construct.ion. The separate papers on each subject are now consolidated 
and the whole is presented subdivided into four parts. 

The subject-matter of the following pages ~-ill be 8trictly confined to the expo1'ition and use 
of portable instruments, namely, the transit instrument for the determination of time and longi· 
tude, the zenith telescope for latitude, and the theodolite for azimuth, and will include the use of 
the combination or meridian tt>lescope for the first two operations, also of the transit, in an~, of its 
forms, for the last.named or azimuthal determination. 

CH.AHLES A. SCHOTT, 
Assistant, i·n·ited States Coast and Geodetic Surrey. 

DECEMBER, 1881. 
S. Ex. 12--26 
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PART I. 

Dl~TEIUlINATION OF TIME BY MEA~S OF THE TUANSIT INSTRC.MENT. 

(With four plates.) 

(l) General remark.~ on the u.~e of the transit instrument.-Tllis paper exclusi.-eJ~- refers to tile 
portable transit instrnment, in any of itR forms, as used in tlie Coast and Geotletic SnrYer and 
when mounted in the plane of the meridian for the purpose of obtaining local time from obsen·a
tiorn; of transits of' stars o\·er its threads or lines, in con11Pdion with an astronomical c loek or a chro
nometer regulated to sidereal time. The use of the instrument when mounted iu the wrtical plane 
of a close circumpolar star out of the meridian has not r;~comnwn rlcd itself on ae<'ount of its greatt'r 
complexity, both in field and office work, as compared witli the usual metl10d, espeeiall~· when con
i:;idering the ea~e with which a transit may be placed approximately in the meridian, thf' chronome
ter <;orrection being generally roughly known, or may readil,y be kncnn1 in ath-am·e of placing the 
instrument. Nor is the instmment used Oil the Snrn'y with its telescope in the iirime Ycrticalfor 
latitude purposes. The obscr'\"ations are either made by the method of" eye and ear," or hy chron{\
graphic registration-the former for nearly all purposes, excepting for tc•legraphic longitude work, 
for which latt~:ir au automatic record is always preferred. Iu using the first method the observer 
will of course mark his owu time; that is, he will pick up the beats of the chronometer and carr,v 
them forward mentally up to the time of transit of the star which he will estimate to the nearest 
tenth of a second. This method is alwa;\'S used for slow-mo,·i11g stars. 

(2) Description of the transit instrument.-'l'wo sizes of portable transits arc employed on the 
SnrYey-the larger and ohler ones made by 'froughtou antl Simms of London, almoilt exclu
sively used for the telegraphic determination of astronomical longitudes and generally for moon 
culminations before 184u, in which J·ear the telegraphic methotl came iuto rnse; the srnalle1· ones, 
marl.e by Wiifllemann and others, of "Washington, to sene for the determination of the local time 
needed for astronomical azimuths, or latitudes, or other minor purposes. In the hands of skillful 
obserYers these two classes of instrument giYc almost equally good rc·sults, and the~· compare 
favorably with the mnch larger transits usually employe(l at astrouomical observatories, whert> 
special difficulties are encountered in consequence of the greater difficulty of reversal of axis, and 
the more serious eft'ect of :fleirure. In case of necessity, and when an approximate degree of accu
racy suffices, auy ordinary astronomical theodolite or altazimuth instrument may he converted tem
porarily into aml used as a transit. The larger-sized transits ha,-e a telescope of ahont 117crn or 
forty-six inches focal length, with a clear aperture of ahout 7cm or 2~ inches, an<l magnifying pow
ers, as generally used in connection with prismatic eye-pieces, Yaryiug between 80and120 diameters. 
An instrument of this kind is shown on the first of the accompanying plates. (Illustration (i2). 

Originally they had no reversing apparatus. All of them ha,·e since b<>en proyidPd with reYersing 
apparatus, which raises, turns, and lowers tlie telm;cope by means of an eccentric cam, renderin~ 
tile former clnmRyand risky reYersal by haucl now an operation a8 expeditious as it is safe. Of late 
these instruments have also been supplied ":ith a delicate ether level and a larger circh' in the 1ilace of 
one of the old finders, for the purpose of latitude determination, and their eyP-piece micrometer can 
now be turned 90 degrees, so as to answer equally for horizontal and Yertieal differential measures. 
They also have glass diaphragms. Thus equipped, these instrumPnts can be made to do service for 
time, longitude, la.titn<le, and azimuth ohserYations, as will be shown further on. One of the srnaller
sized transit iustrnments is shown on illnstratiou No. !i3. Its clrnracteristic featm-e is the folding 
frame, which renders it exceedingly portable and handy for immediate use. These instruments haYe 

205 



 

20() REPORT OF THE SUPERINTENDENT OF THE 

folesl'opes of about GG•rn or :!Ii i11cl1es focal length, with apertures of about 5• 111 or~ inches, and are 
ordinarily used with a magnifring power of about 40 diameters. Instruments of this kind are re
Yersed hy han!l. The corn hi nation iwitrumcnt shown in illustration G4, known as David:son's tran:sit 
and equal altitndl• instrument, was deYised b~- AssiRtant George Davidson in 185~~· to answer ·both 
for determination of time arnl latitnde (and if need be for longitude and azimuth). Its chief peculi
arity is its re\·ersing frame of hroa1l hasiR, with scale and micrnmdPr attached to facilitate setting 
the telesc·ope quickly in the plaue of the meridian, arnl an improwd clamp not liable to disturb the 
horizontal axis of the telescope when the azimuth screw usually attached to oue of the y• is slightly 
mo\·ed for pnrpo.~e;; of atljm;tment.t It has all tile needed attaclunent,; for nse as a zenith telescope. 
This iustrumeut will be further referred to under the article LatitudP, or in Part II of this paper. In 
Po1111Pctio11 with this instrument Assistant Da.-idsou prepared a table gidng azimuth a11d apparent 
altitude of Polaris for field use in placing the meridian instrument in the plane nfthe meridian, which 
spe iu Coast Surwy lfoport for 1870, Appendix No. 2:!. This instrument carries a telescope of about 
i"W 111 Pl! inches) focal length, of an aperture of about (icm,7 (2~ inches), which hears a magnifying 
power of J 00 diameters, aud will permit the observation of stars of the seventh magnitude. Illustra
tion (i;"i show" a prismatic transit of tlie Steinl1eil pat.tern (as proposed b~- him iu August, 18491 in the 
:\stronornische N;whrichteu, Yol. XXJX, p. 177, with plate). It is, moreover, completely fitted for 
latitude work on tl1e princiJlle of the zenith telescope. The details of the con!ltrnction, as made by 
the firm Fauth arnl !'.o., of Wm1hi11gtou, were designed by Mr. H. N. Saegmnller, mechanician to 
the Coast and Geodetic 8nrvey. Instruments of tliis form possess great portability, and are, there
forP, specially suited for use in monntainouR (•onntries. 'l'he horizontal axis of the instrument, for 
transits in tl1e nwritlian and for latitude work on tbe principle of the zenith telescope, is adjusted to 
the phrne of the prime vertical so that by rotating it to point to the proper zeuith distance an;r star 
in the meridian may he macle to transit over the threads or lines of the diaphragm. This axis ii'i 
s1wcially gnardecl against flexure, and is really a donhle tuhe; the pivots, of 5cm diameter, are of 
phosphor-bronze. At one entl it carries the prism with which the objective is almost in contact; the 
prism by complete iutemal reflection bends the rays of light coming from the star and directs tllem 
to the focns of' the eye-lens fixed at the opposite en<l of' the axis. It has three sets of' double a-Ojnst
ing aml holding scrcwR for adjustment, and two other screws for fastening it in its cell. 'l'he aper
ture is 6°"' for the larger and 5cm for the smaller size; focal leugth, about 64cm (25 iuches). A small 
l10k in the hiwk of the cell of the prism admits of tlrn usual illumination of the field, which has 
sen!n vertical fixetl li1ws, and one movable line at right angles connected with the micrometer for 
latitude work. Tbe diameter of the wrtical circle is 15cm, and carries a delicate ether le.-el as well 
as a small rough lewl to SPTTe, when the circle is nF>Pd, as finder. A striding-level is proi;ided for 
the horizonfal; axis also a rernrsing apparatus, as shown in the plate. The clamp is applied at the 
middlt' of the axiH. 

l:'.° !iiuall,y the transit instruments are litted in their fot~al plane with 5 or i threads or lines, single 
or don hie, ruled on glass and placed vertically for the observations of tl1e transit of stars. Hesilles 
these the diaphragm generally has two close horizontal threads or lines, between which the star is 
m:ttfo to traverse Uw fiC'l<l during transit. For telegraphic· operatious and in connection with a 
l'lironograph there were formerly used diaphragms of not less than 25 threads, arranged in 5 tallies 
of ti\·e tbrnnds eaeh; these wer<' soon snpphrnted by gla8s diaphragms, hy which greater permanency 
of the liucs a11d of the intl'rvals was 1mcnrcd. Glass diaphragms, now made very thin, are little 
liable to breakage, and arc nuatfoctcd by the humidity of the atmosphere. Of late ;rears thii'i 
t>xcessiYc un11.h1•r of li1ws, as formerly used iu telegraphic longitude work, was reduce!! b,y the 
\\Titer to 11 or 13, dis] 108ed of in 5 tallies, the fir::;t awl last containing only one line each, the secoud 
aml thirll tall~· tl1ree, tile middle t.me being composed of five close lines. 'l'he five central lines Of 
the tallies are eqnidiRtant and may be used for the CJe and ear method, and the middle tally will 
1-1errn for observing the transit of a close cir<mmpolar star. To avoid error from parallax, in ease 
the eye should not be directl,\T over the thread or line when transited by the star, the fieltl of view 

•Coast Surwy Report nf ll"lii7, AJ>pen<lix No. 8, and Description of the Da\·irlson Meridian fostrument, Report of 
11'7[1, Appendix No, 7. 

t Description of an improved open vertical clamp for the ""'lesc11pes of theoclolites aucl meridian i1111truments, 
devised by George Davidson, Assistant, United Sta.tell Coast Survey. Report of 1877, Appendix No. 13. [Also Report 
nf 1874, Appendix No. ir •. ] 
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is limited by a slide with a circular opening, which is moved by the obsetTer successiwl.1 over thP 
lines as traversed u,y the star. The instruments arc supplied with prismatic p~·e-pieces, cx<'cpt 

those of the Steiubeil form, which do not require them. 
The finders of these instruments are usually about 10<"' ( 4 inches) in diameter. and rarely less 

tlian about!!""' (;~~inches). They can be read hy 11wam; of verniers to Hingle miuuteR, arnl if the 
telescope bas two finders one may he graduated to read zenith distances, the other to read altitudes: 
otherwise the olJsener's convenience may be suited .. The striding-level is filled with ethn, hermeti
cally closed, and su11plied with a chamber to regulate the length of the bubble at all temperatures. 
The sensitiveness of the level ma~· he such that a change of one second of arc is represented by a 
motion of the bubble of 011e millimeter. 'When the portable transit is used with the sole object of 
obtaiuiug local time it is 11ot customary to make au,y use of a mercurial or artificial horizon, nor is 
there any azimuth mark put up, though the latter may be conYenieut to quickly replace the instru· 
ment in the meridian in case of any disturbance. If a mercurial horizon i;; used, and the reflected 
images of stars arc observed, one of the most simple and effoeti \'e wa~·s to shelter the mercury from 
tlte direct force of the wind is to place the mercury trough at the bottom of the junction of two tubes, 
one pointed a short distance upwards towards the instrument, the other passing through a hole in 
the side of the o!J:serrntory, and protected with an outside covering of a piece of mosquito bar or 
lace. The mercurial film horizon,• in which Yibrations are speedily extinguishe(l, innlnted by J\lr . 
• T. H. Lane, of the --weights and :Measures Office, was found to require delicate handling, tlie film;; 
heing liable to fracture. 

(3) .Adjustment of the instrument.-The stone, brick or cement pier, block of woo<l, frame starnl 
or other support for the transit may lJe set approximatel,y in position with regard to the meridian h.Y 
means of a compass-needle, the magnetic declination being known and allowed for. The top of the 
pier is leveled and the frame of the instrument pla-ced in position, so that the transit axis coiucid1•,; 
as near as may be with the plane of the prime vertical; the adjusting-screws of the Y's, both for 
horizontal and wrti<ml motion, are place(l nearly in the middle of their position; the stri<ling-lrn~I 
is carefully adjusted, and the transit axis of the t{lleseope leveled. The threads are then placed in 
the focm; of the eye-piece and set vertical. The telescope is adjusted to sidereal focus with tlw 
diaphragm in the focus of the eye-piece. The adjustment for collimation may be effected by means 
of a distant object or by means of a collimating telescope, the axis being reYersed in its Y's during· 
the operation. This method suffices for the portable instrument, and gives a first approximation, 
to be afterward tested and perfected b;y means of transits of stars. 

If not otherwise known the local time may readily be obtained by the use of a sextant, with an 
accuracy within a fraction of a minute, and the latitude may be found either by a map or h~- the 
same i11strmne1it, the nearest minute of arc being 1mfficient. For the purpose of placing the transit 
in position, a small altitude and azimuth instrument may also very advantageously he used for ascer. 
taining with sufficient approximation the local time, latitude, and direction of the meridian. To 
point the telescope to a star when culminating, and supposing the finder t-0 read zenith distance!', 

we have for a star { ~ of tlle zenith : = ± 'f 'f S- r where the UJlller sign ref em to southern and 

the lower sign to northern stars with respect to the zenith; the refraction, r, may generally he 
neglected. The index error of the finder may readily be remoyed hy pointing to a known star and 
keeping it between the horizontal threads when transiting, for which position the findPr ii; to hP 
made to show the correct setting. The chronometer time of the transit of a slow-moYing (polar) 
star is next computed, the telescope pointed to it, and the star bisected with the middle thread at, 
the computed time of culmination, making use of the slow azimuth motion of the Y, or, if ueecl he, 
by shifting the frame of the instrument. The axis having been leYeled, we next set for and 
observe two close zenith·stars, one north, tlle other south of it, and one with clamp east, tlw other 
with clamp west, from which we obtain a very close approximation of the chronometer correction to 

• sidereal time. The process of bisecting a circumpolar star may then be repeated, or, if need be, a 
fast-moving star may be followeLl and bisectecl at the computed chronometer time of culmination, 
using the azimuth screw only for this adjustment, after which the telescope will generally he found 
nearly enough in the plane of the meridian to admit of commencing the regular series of observa· 

•Description of a new form of mercurial horizon. Re11ort of 1871, Appendix No. 16. 
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tions. When the frame of the instrument is in satisfactory adjustment its position on a stone or 
brick pier may be secured by embeddiug the foot-screws or bed-plate in plaster of Paris. 

( 4) ltlethod of obsen:ation.-Generally, a series of observations commences with transits of stars 
selected to furnish instrumental corrections, then follow transits of so-called time-stars; and the 
night's work is concluded by again observing stars of the character first named. 

The deviation from horizontality of the transit axis is determined by level readings for each 
star, if possible, and the inequalit~· of pivots is to he allowed for. The Yalue of a division of the 
striding.level is ascertained b~- any of the methods explained iu connection with the zenith telescope 
and the effect of 1emperature is to be allowed for, if sensible. 

The collimation is ascertained by observing one-half of the number of stars with clamp east [or 
west]; then reversing the telescope and observing the remaining half, clamp west [or east]; or we may 
specially observe for collimation, noting the transits of a close circumpolar star over one-half of the 
threads, then reversing the telescope and noting the remaining transits over the same threads now 
presented in the reverse order; it is well to note the state of the level during each transit. 

The deyiation in azimuth is obtained from observations of stars differing considerably in declina
tion (sometimes called high and low stars), but little in right ascension, or from observations of two 
close circumpolar stars, one culminating above the other below the pole, aud having a difterence of 
right ascension not differing much from 13 hours. It iR not safe to rely on the stability of the 
iJJstrumeut and the constancy of the rate of the chronometer hy obse1Ting the same star at upper 
and lower culminations next following. Knowing the reading of the azimuth-screw for any two 
states of the instrument in whiclt the azimuthal deviation has been determined, the value of one 
division of its micrometer-head becomes known. It is desirable that the sum of the azimuthal 
corrections for the circnmzenith stars nearly balance, and that for a11;r t.wo zenith stars the mean 
of' the tangents of their declinations equal the taug@t of' the latitude, or ~ (tan ,J +tan t')=tan cp, 

the deduced cltronometer-correction will then be free from any error in azimuth. 
In making up his observing programme, the observer, in the first place, may select his stars 

from the I,ist of Standard l\Iean places of Circumpolar and Time Stars, prepared for the use of the 
United States Coast Snrvey by Dr. B. A. Gould (seeond edition, Washington, 1866), or, more con
veniently, he will take them from the collections girnn in the American Ephemeris and Nautical 
Almanac (or from the English Nautical Almanac); should more stars be desirable, they may be 
selected from the fi\·e Greenwich catalogues, but, in preference to others, from the Field Catalogue 
of tl83 Transit Stars (mean places for 1870) prepared by Assistant G. Davidson in 1874; of this 

z 

eatalogue printed co11fr•s can be supplied to observers. Hespecting the selection of circumpolar 
stars for instrmnental de\·iation, it is desirable that they should not be too close to the pole; that 
is, thc·ir motion should not be inconveniently slow. 

If more than one observer eng-ages in the same series of observations, their relative personal. 
NJ nation must be ascertained by methods explained in the telegraphic determination of longitudes. 

(5) Jfetlwd andformuue of redu.ction.-Tbe usual formulm• for reduction of transit-observations 
------"-~---------··--------------

•For a full discussion of the use of the transit instrument, the reader may he referred to W. Chauvonet's Manual 
on Spherical Astronomy, Philadelphia, 1BG3, vol. ii, pp. 131-209. 
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with portable instruments are here given in a concise form; and, in order to facilitate their appli
cation, tables of transit factors accompany this paper. Tlw fornmlm are arrang1•u with n~forence to 
the mean of the threads, and not to the middle thread, whicl1 latter may bP morp conYenient in fl:xPcl 
observatories in connection with collimators, Hild where the instrument is less fre11uP11tly ren>rsccl. 

Equatoriitl intervals of threads or lines. 

To determine these, select complete transits of stars of gn·at declination. 
Let 

t1, t2, i3 , • • • ta be the obsernd times of transit O\"er the successfre threads ; 
t tlieir mean and 
i1, i 2, i 3, • • in their equatorial inten·als from the mean thread :md 
o the declination of the star : 

1 t =-(f1+f2+f3 +fu) 
n 

i1 = (t1 -t) cos ,; 
i2=(t2-t) COS IJ 

etc. 
iu=(tn-f) COS~ 

also O=i1+i'2+i3 • +in 

The interrnls of the threads j 0:1-"tt. t of the mean thread will then he .f -+ ~at upper culmination. t"es, ~ 1 

For Rtars within 10° of the llOle (as for S Urs. l\Iiu., 51 C€phei, Polaris, and;\ Urs. }.fin.), U8e 

the formulre: 
i1=(t1-t) cos o ~!cos r1 

etc. 
in=(t0 -t) COS 0 ~COS 7 0 

where r 1, r2, 7 3, r 0 the hour angles of the circumpolar star for the snecessive threads. 
""hen the chronometer has a large rate, the intenals require to be corrected for it. 

bicomplctc transits. 
When the star was not observed on some of the threads, the time of transit over the mean of 

all the threads may, by means of the known inten-als of the threads, lie found as follows: 

= an of obser\ed times sum of equatorial inte~vals -~~-!l~i~~(l!:hreads x sec o 
t me + number of obsen·ed threads 

If tile transit over one or a few threads only is observed, we may use the formula 

t=rnean of obser•ed times +sum of equatori!1:~iJ1!C~Y.itls_()f obse~ved thre~~-~ec ~ 
number of obscn·ed threads 

taking care, however, first to change the sign of the inter..-als. _ _ __ 
In reducing broken transits of a circumpolar star, use i 1 sec {I r 1, i 2 {Y sPc r2, • • i,.. ~sec r n 

in the place of the equa.torial inten~als i 1, iz, . . . in. (See accompan,ring table.) 
Apply also a correction for rate, if neceSRary. 

• \I log v•;o.~ :I. log v sec; ,:! • ! log v c~s T 
1
1og-;., sec-. ·: -.-r l~g ~(\(lg T . log v sec T i 

' ii ! : ' 1

1 i ! 
--~-~-, 11·-, . ·--------·----

1• 9.99999 0.00000 ii 16"'11 
9.99900 0.00035 ;i 31"' 9.9980i 0.00133 i.' 

5 

6 

7 

8 

9 
10 

11 
12 
13 

14 

lu 

S. Hx. 12--27 

118 

111 

95 

93 

91 

89 

86 

83 
80 

'<7 
73 

9.99969 

!) 
Ol H I 960 U4U 32 858 
ot 1s 955 ~5 aa lU9 

m 11 m - ~ M -

:: ~~ II : ::~ :: :~~ 
O'l 22 933 067 37 811 : 

09 23 927 073 il8 800 

11 U 921 07H 39 7~V 

14 25 914 086 40 

17 2'; 907 093 41 

20 27 899 I 1-01 42 

23 28 89~ 108 43 

~"7 29 i il&l 116 44 

0, 00031 30 9. ll'J876 o. 00124 45 

77i:; 

767 

736 

744 

73~ 

9, 99il9 

142 
151 

JGO 

169 

179 

189 

211 

22? 

268 

o. 00281 
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Gorrect,ion for rate of chronometer. 

A correction for rate of chronometer must he applied to the mean of the threads; it is done as 
follows: 

Let T be an assumed Ridereal time (it is convenient to have it au exact hour) near the middle 
of the interval of observing the gr0up of Htars, 

rh the honrl:,· rate of the chronometer, which is known approximately, and 
a the right ascension of the star obse1Ted: 

then 
Correction for ratc=(a-T) r 11 

the quantity a-T heing expressed in hours. 

The rate is { + } wllen the chronometer is { los_in_g g } . . - gamm 

Correction for inclination. 
Let 

• w, e be the west and east readings of the le\el, 
w', c' the west and east reatliugs of the level when re\·ersed, 
d the value of one diYision of the level, expressed in seconds of arc, 
b the level error representing the inclination of the axis of the instrument; it will be fom:d 

{ : } wllen {;,~·:;lend of axis it:1 too high: 

b=! { (1c+ir1)-(e+e')} 1~ or= { (w+ic')-(c+e')} ~t 
arnl correction for levd-error, iu sccomls of time-

b cos (~-6) sec 6 = b B 

6, when north, is to lie taken { : } for { ~~~:: } culmination; when south, it is negative. 

For a star reflected in mercury, B changes sign. The factor ll is tabulated for various values 

of 6 all(l zenith distances r; = ( rp- 6), which is { : } for a star { :1~~~~ } of the zenith. 

B will thus be found positive except for stars at lower culmination. 

Correction for inequality of pivots. 

Tlle correction for inequalitJ' of pivots, supposing them eircular, applies directly to the level 
constant. If the same V girns level reading too great (is high) both before and after reversal of 
ustrnment, half the difference of the level correction is the effect due to the difference of diameters 

of the pivots; but if the east V shows high { baeh:e } and the west V high { ba~~i~e } reversal, half 

the sum of the level corrections gives the effect. The half of the effect is the correction to the 
level constant for ine<1uality of iiivots (the transit axis passing through the centers of the pivots), 

{ +: } to { ~:.:~} pivot. (See example of recorcl and of computation for inequality of pivots 

further on. 

Correction for collimation. 

Let c = error of collimation in seconds of time. 

At upper culmination, c will be { :!:: ~ when mean of threads or lines is { :e~t } of iine of collima

tioa for any assumed position, say for clamp west. 

At lower culmination, c will l>e { + } when the mean of threads or lines is { ~:e~t } of line of col

limation. 

Correction for error of collimation= ± c sec, { :!:: } for {~~~::}culmination. 
= :l::cC 

where C =collimation fact<>r, whieh has been tabulated at the foot of tlte accompanying table. 
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0 will thus he fo11nd positive except for starR at lmrnr culmination.* 
'l'o find the error of collimation of tbe telescope l)y means of a circumpolar star: Note the 

trarn;it, of the star over the first series of threads, including or excluding tlie miudle thread 
then reverse the axis aml note the transit oYer the 1.;ame threads, uow in the rcYerse onler. Fiml 
the time of transit over the mean of all the threadH, both before and after reYersal, by the method 
already explained, and correct for rate, inclination and. iuequality of pivots, if necessar~-. The 
state of the le,-el should he noted for each thread. 

Let t =time of transit before renmml and t' after reYersa1; then for-
upper cnhniuation, c = i (t' - t) cos o, for position of axiR before reversal. 
lower culmination, c = i (t - t') cos o, for position of axis before reversal. 

To this is to be added p cos ( <p- o) if the pivots are unequal (see computation for pi>ot iue
quality further on). 

Correction for dm·iation. 

Let a= the azimuthal error in seconds of time. 

a is { + } when line of collimatiou of tcleswpe is j eas'tt, } of south. - ( wes 
The correction for azimuthal deviation is a. sin ( <p-o) sec r5=a A. 

o, when north, is f + } for {}upper} culmination; when south, it is JH',.,"'ati\'e. 
1- OWfil · -

The factor A is tabulated for various values for o aud ;. 
A will thus be found positive, except for stars between tlw zenith and pole. 
To find tlte azJnrnthal deviation from the transit of two stari-;, which differ considerably in 

declination: Let the observed times of transit hr- corrected for rnt1', iucli1mti1m, i111•11nalit,v of pi\·ots 
and collimation error; then-

a=(a'-a)=(t'=t) 
A'-A 

where a, t, A and «, t', A 1 arc the apparent right ascensions, times of trausit and azimuth factors 

respectively for the preceding and following star. It will he seen that A is { :!: } when the star 

culminates { ~~~~~~ } of the zenith and at the lower culmination it is also posith'e. 

For lower cnlminatious, the star's right ascension is to be increased o;v 1211 • It is desirable that 
the low star Rhonld diffor ornr ;,oo in declination from the high star and if two close circumpolar 
stars are observed, thefr right ascensions should differ 12 hours nearly. 

Cori·eetion for diurnal aberration. 

\Vhen great precision is rPquired, apply to the star's apparent right ascension the effect of the 

diurnal aberration = { ~ } 0•.021 cos <p sec o for { ~~:: } culmination. 

Ordinarily the correction for diurnal aberration may be include<l in that for collimation. 

Personal equation. 

Let the transits of a star over the first series of threa1ls, including or excluding the mid1lle 
thread, be noted by one observer and tlte remaining transits by the second obsen'er; reduce the 
observations of each to the mean thread by aid of the known equatorial inten·als, the difforence in 
the results will lie the personal equation. A number of stars may lie observed in this manner, with 
the obBervers leading alternately and the mean of all reisults should finally be taken. It is dcsira· 
ble that not less than twenty stars be observed. The method as described ahoYe is one of the hest 
known. Personal equation machines for either absolute or relative values may be em11loyed, pro
vided the reliability of their indications has previously been established. 

Chronometer correctfon. 

Tbe corrections to the observed time, t, of the t.ran8it of a 8tar for instrumental deviations 
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using Mayer's formulre :rn above, becomes a A+ b B + c C and consequently the chronometer cor· 
rection (on local sidereal time) 

Let 

A l=a-(t+a A+b B+c C). 

(6.) Reduction of transit observations by application of the method of leai;t sqiuires. 

L1 To=thc chronometer correction { ~ } when { ~~~~ } at an assumed middle time To; 

t 1, t2, t3 ••• =the observcrl timei-; of transit of a number of stars forming a group, corrected 
for rnte, inelination and inequality of pivots; 

ai, a 2, a 3 ••• = their right ascensions; 
A 1, A2,~'\:i .. =their azimuthal factors and 
C1, Cz, C3 • =their collimation factors; 

also let 

a1-f1=T1 
Uz-f2=T2 

IX3-t3=T3 

etc. 

and AT0 =L1T+oT, where oT is an unknown correction to an assumed chronometer correction AT; 
also let 

T1-LIT=d1 
T2-L1T=d2 

T3-LIT=d3 
etc. 

the rnlnes of a, c and OT are then to be fouml .by means of the conditional equations, which are 
f the form 

oT+a A+b n+cC+r (a-T0)=a-T-L>T 

lmt b is never aml r bnt rarely determined by means of conditional and normal equations. From 
these conditional equations we form tl1e normal equations-

;;; oT +~aA +~cC =2'd 
2,' oTA+~riA2 +~cOA=~dA 

:2 oTO +2'aAO +2ee2 =~<HJ 
It is es,;ential for the pmper use of these formulre that the instrumental deviations should not 

l!ave changed tluri11g the interrnl of ohservation of the grou1). If the equations are specially used 
for the uetermination of the instrumental constants, the stars entering into the group should differ 
widely in declination and the axis shoul<l be rernrsed near the middle of the group; stars ob
served at their lower cuhniuation answer the same purpose as a reversal and should, if possible, 
lle included. If there is w~ason to think thttt tlie azimuth of tlie instrument has changed by 
reversal, an additioual unknown azimuthal deviation a' mu~t l>e introduced into the system of 
equations. In general it is not desiraule to increase the number of unknown quantities and equa
tions for the purpose of finding from foein a most probable valne for tbe rate of the time-keeper, 
but to deduce it otherwise. 

Stars observed near and on both sides of the zenith, or between it and the equat-Or and with 
the transit axis in a direct and reversed position, may give the most accurate determination of the 
chronometer correction. 

If the eollirnation error is already known and the observed times are corrected for it, a and OT 
only require to he found; in t]lis case, the aboYe equations become-

l'oT +IaA =Id 
!'oTA+.ra.A.2=l'dA 



 

UNITED STATES COAST AND GEODETIC SUl{VEY. 213 

Probable uror of tranbit observations. 

According to (Jhauyeuet, the weight, 1l\ of a given ollservatiou with respect to the nmnher of 

threads observed may be n•presented by w=~.(S+33))' where ~=the total number of tllreads and 
-'-' (11+ 

n=1mmber of obseiTed threads. The following table coutaius the values of w fo1· the two eases 
of 5 and 7 threads in the diaphragm. 

n w w 

1 0.40 ' 0.36 
2 0.64 0.57 

3 0. 80 0. 71 
• 

4 0. !)2 0.82 

5 j 1. 00 0. !)0 

6 i 0.95 ! ............. 

7 ! j 
1.00 I ~ ,. • • • ,. • " 

Weights are introduced by multiplying the respective conditional equations with their proper 
value of ..; w before we proceed to the formation of the nornmI er11rntions. 

The probable error of the deduced chronometer correction is found as follows: Sullstitute the 
values found for the unknown quantities in the conditimial equations, au<l form the i·esiuuals [ 1·] 
and the sum of their squares [Vt']. All residuals from slow-rno,-iug stars, howeYer, are to be ex._ 
eluded. If m=tlle number of conditional and µ the number of normal equations7 com1mte tl!e 
11robable error of a single observation c by the formula 

c=0.675 / [l'V] 
\m-µ 

Next find the wcightpof the quantity oT by aid of the normal equations, as explained in works on the 
method of least squares;• the probable error <o of the chrouometm· correction J T~ will llti given l1y 

I! 
E-&-Vp 

There is, however, a limit to the mine of <o, which is soon reached, below which the probable error 
cannot be reduced by the use of any number of stars; it is perhaps not far from ±0°.02 

If we simply make use of the residuals [ v) of the mean chronometer eonectinu arnl that cle
duced from each indivhlual star, the probable error <o of the clirouometer correction LJT., may he 
found by 

.~-J [ic:i·11J 
<o=0.61 ;) (;n ~}1 ) f 

10 
J 

where m=tlw number of stars <tnd µthe number of instnuneutal constants determined. 'l'lic Yalue 
<0 is limited as above. 

The numerical values of the factors 

are given in the nppernle.t tahlt>. 

•See examplt1, iiaragra11h (7),. further on. 

A=sin (cp-o} sec a 
B=cos ( rp-o) sec <'J 

C=sec ~ 
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(7.) EXA)1PLE. 

TELJWI:.\l'II HILL, SAN Fr:ANCISCO, CAL., June 19, 1853. 
4> :.....o 370 48 1.0 >.. .,,....-122° 24'.3 west of Greenwicl1. Transit No. 7. Sidereal chronometer No. 5038. G. D.1 observer. 

Star - .. 
Appearance 

Declination 
Position, f'larn11 . 

a Virg-inis 

dif. m.-st. 
-10° 24-' 

w. 

~Urn. Maj. 
m.-st. 

+ 50° 03' 

w. 

~ Bootis 1125 T. Y. c. 1131 T. Y. c~- I 
m.-st. thr. cl 1ds m.-st. hi~h wind m.-st. high wind: 

+ i~0 os' I + (i5° 011 
- 90 aa' 

W. ! E. E. 

a. Bootis 
m.-st. flam. 

+ 19° 57' 

E. 

Level, west arnl east -
(Aft<1r ren·rsal) · 

26. 6 22. 2 

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

29. 6 20. 7 26.3 20.1 

i 
I -----i-----
i 29.3 23.7 

Threads I -

II 
III 
IV 
V
VI 
VII -

28. 0 21. 4 

h. m. s. 

17 rn. 6 

17 37. 8 

17 58. 7 

13 lo 20. a 

---~-------------

hft•an -

CorTection for rate - · · 
Correcti<m for inclination . 
CoITer.tion for collimation -
Conedion for ch~,·iati<Hi -

+ 

13 17 16. 49 

o. 01 

0.18 

0.17 

0. 27 

28.4 Zi. 6 

h. m. .. h. 1n • .. 
39 35. 6 46 23. 6 

4U 28- 2 46 45. 6 

41 OJ. 7 47 08. 3 

41 33. 5 47 30. 2 

42 06. 4 47 !>2. 2 

42 38. 2 48 1~2 

13 43 11.2 13 48 30. 2 

----~--------

' 
13 41 33. 54 I 13 47 30. Ol 

0. 01 0. 00 

+ 0. 54 I + 0. 37 

0. 27 0. 18 

+ 0.12 0.12 

29.3 23. 7 

h. m. ·-13 02 43. l 

61 53. 7 

61 02. 5 

6(1 14. 1 

59 23. 7 

58 34. 4 
:;7 44. 7 

------ --·---- --

14 00 13. 74 

0. 00 

+ 0.30 

I + 0. 40 

+ 0.38 

+ 
I + 

I 21. o 26. 3 

It. m. s. I 

14 •)5 56. 4 I 
O!> 3ti. 1 

05 13. 6 11', 

114 5~. 7 

04 31. 3 

04 10. 2 i 

os 49. 3 I -

H 04 52. 70 

o. 00 

0.10 

0.17 
(I_ 26 

-r

+ 

h. m. s. 

14 09 53. 2 

09 31. 2 

09 08. 2 

08 40. 5 

08 2l. 7 

08 02. 1 

1 .. 08 46. 38 

0. 00 

0.15 

0.18 

0.12 

--·-------- ----- ------ '----- --------- --

Retluced tTan~it. . - - . - 14 04 52. 71 14 08 46. 59 

Tabular riµ:bt 1lSl'f'.nsiou . 
13 17 16. 22 I' l:I 41 33. 92 13 47 30. 11 '1 14 00 14. 82 I 
13 li 28. 05 13 41 45. 89 13 47 42. 15 14 00 26. 76 I 14 05 Ol. 75 14 08 58. 54 i 

~~-rn-'c-·ti-on_:~~~·~~o~~= _---~J -t 11. s~_j_~-__1~~~~--I_' _+_ ~~~~-j_--~---~1.~ _ -~-- -~~ __ j__+ ___ n __ 9-5-

Interval of threads, clamp W: .. 
I. -62.80 One division of level-scale=0•.0955 

II. -42.05 Approximate hourly rate of chronomctcr=+0.602 
Ill. -20.51 
IV. + 0.01 
v. +21.0-t 

VI. +41.72 
VII. +62.02 

The reductfrm of the above transits may be proceeded with as follows : 
}{eduction of imperfect transit of a Virginis: Reduction of imperfect transit of a Ilootis: 

Sum of equatorial intervals of missed 
threads= -125• .36 
log sum 2.00816n 
log sec o 0.00719 
co-log 4 9.39794 

1.5032fln -31 • .86 

Jog interval l.79671n 
log sec o 0.02688 
co-log 6 9.22185 

1.01544n -11".10 
l\Iean of observed threads, lah 17m 48• .35 :Mean of o1lServed threads, 14h 08111 57•.48 

Time over mean threa<l, 1311 17m 16•.49 Time O\'er mean thread, 14h osm 46•.38 
Correction for inclination : 
For aVirginiR, b=+0.26; from the table, B=0.68; correction /JB=+o•.18 et-0. For r; Bootis, b 

(interpolated) =+0.37, and from 1131 T. Y. C., b=+0.15 
Azimuthal deviation from a high and low star: 
For the stars 1125 and 1131 T. Y. C., we have 
a'-a=4m 37•.99 and by the table A'=+0.74 and A=-1.08 
t' - t=4m 38•. 76 supposing for the present the collimation zero, 

a= - o•. 77: 1.82 = -0•.!2 (The value of a will be fin alls determined hy means of the 
methotl of least sqmll'eH.) 
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For this method, we assume T0 =1411 , also L1 T=+12•; 
we next form r 1=+11 •.39, etc. . . 
and di=- o•.61, etc. . 

Tr=+l'.!0 .01 
ClG=+ 0°.01 

215 

The values of A and C are taken from the table; with respect to the sign of U, it haR heeu 
assumed+ for clamp east and upper culmination. 

If we give equal weight to ·each star, the following arrangement will be found conwnicnt: 

Star. d A c dA dC 

----- ----· 

h. IJ)t. .. 
"Virf,!.inis + 0 00 11. 30 - 0.61 _ _:__ 0. 76 - 1.02 - 0. 46 I + 0.62 

.,, U rs. Majoris - 11. 82 - 0.18 - 0.33 - 1. 56 -!- O.OG + 0. 2~ 

..,, Bootis 11. 74 - 0.26 + 0. 34 - 1. 06 - 0.09 + 0. 28 

1125 T. Y. C:. 11. 7~ + u. 72 - 1.08 + 2.38 - 0. 78 + 1.71 

1131 T. Y. C. i 11. 95 - 0.05 + 0.74 + 1.02 -- 0.04 - 0.05 

a. Bootis 12. 01 I + 0. 01 + 0.33 + 1.06 0. 00 + O.ol 
~--~--~--~~--

~= ~ 0.37 + 0.76 + 0.82 !. 31 -j :!. 85 

Heiice the normal equations 
6 oT+0.76 a+ 0.82 C=-0.37 

+0.76 oT+2.64 a- 2.10 c=-1.31 
+0.82 OT-2,10 a+12.41 c=+2.85 

.A' 

0. 53 

0.11 

0.13 

L 17 

0. 55 

0.11 

2.Gt 

solving these we fiml a=-0•.35, c=+0•.17, OT=-0•.04; heuce, L1 T0 =+1l•.!lu 

AC C> 

- 0. 78 l. 04 

+ 0.51 ::. 4:i 

- o. :rn 1.12 

- 2. [1'; r..mi 
+ 0. 75 1. 04 

+ 0. 35 1. 12 

- 2.10 12.41 

----

If we introduce wPights on account of the imperfect transits, that uf the first star lrni-; ir=0.82 
and of the last 0.95, and the conditional equations of the form 

0T+aA+c0=d 
require to be multiplied by ,;-;;;; j bnt it is more con>enient, first, to form the products as usual 
and, before summing, to multiply by w j our normal equations then change to 

.5.i7 oT+0.61 a+ 0.95 c=-0.26 
+0.61 oT+2.53 a- 1.97 c=-1.23 
+o.95 oT-Ul7 a+12.17 c=+2.73 

which give a=- o•.35, c = + 0•.17, antl O'l' =-0•J)4. In this case tlte introduction of weights 
affects only the third place of decimals in the results. 

If we introduce the corrections a A and cC, and work out the chronometer corrections for each 
star, we find the quantity v as follows: -0'.l:~, +o•.01, +o•.os, -0•.02, +0".08 and -0•.01. .As-

suming an equal weight for each star, or w = 1, we find from E=J·455 
:;:- ~'2, where E =probable error 

llv-/lc 

of an obserYatiou, n0 =number of stars observed, and p0 =number of normal equations, the >alue 

_ /· 400 x u-:-015oa _ ± 0 068 E-\--3--- , , 

Next solving the weight equations 
6 Q+0.76 q+ 0.8211=1 

0.76Q+2.64q- 2.10q1=0 
0.82 Q-2.10 q+12.41 qi =0 

we have Q=.179; hence the weight of the time determination l'=(~ and the probable error of 

.6 To= E VQ=<'o=±0•.029 
In connection with the telegraphic de,terminat.ion of longitude, wliioh demands a most rigid 

method of reduct.ion of transits, the introduction of speeial weight for each star depending upon 
·its declination, as well as the weights of incomplete transits, has l>eeu made the suldect of special 
investigation and the reader maj' be referred to Part II uf this paper for its exposition and prac
tical application . 

The following obgervations at Telegraph Hill, October 26, 1863, instruments arnl observer as 
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heforr, furnish an example of the computation of the collimation constant for tmnsits of a circum
polar star: 

81l7 T. Y. C. at lower culmination. 
o=s:>:::i 001

: 

Clamp west. 
j 

Clamp eaf-it. I 

I 
I 

32.8 26.5 ! 31.0 27.2 
3''"' .-.4 26.5 

I 
30.7 27.6 

h. m. s. h. m. s. 
22 04- 25.7 IV 

00 24.8 v 08 27.G 
VI 

5!! 26.s I VII I 22 rn 22.2 
I 
i 

'Ve b:wc JT0=+::1m O'i•.9, also b=+0.30 aud +0.17 for west and east, and B=-6.22; hence 
correction bH to times, clamp west tinu east-1'.9 and-1 •.l 'Ye now refer each thread to the mean 
thread. For thread VII we luwe: 

Observed time 

Obsernil si<l. time 

lt. m. ! 

21 55.5 ] log sec o 
22 07.6 i 

I 

T • --12.1 j 

Observed time over VII corrected for inclination 
Reduction to mean thread 

Trnrn;it oyer mean thread 
l<'rom thread V we find similarly 
J<'rom thread IV we find similarly 

Ti. m. 
21 52 

. + 11 

');) ...... 04 

s. 
24.9 

0.0002 
1.7967 

1.0597 

2.8;166 

h. 
22 

58.8 i 

23.7 22 
24.3 

: 
I 
I 

23.9 I 

718•.s 

m. 8. 

16 21.1 
11 58.8 

04 22.3 
25.1 

t~4: 24.o )V-:220423-:i 
Jog (t-t') 
log cos o 
co-log 2 

log G 

9.477 
8.940 
9.mm 

8.116 e=+0".013 for clamp west. 

(8.) Preparation for observing transits.-The observer will alwa:vs find it convenient to prepare 
a workiug ephemeris tfr contain, for the locality and time propoRed for observing, the stars selected, 
their position, magnitudl', right ascension (to which the clock correction on each night can readily 
bf' applied) and settiug on the finders for illumination, west and east, according to the graduation 
of tbe circle or circles of his instrument. He will do well to start the clock at such a time as to· 
imlicate, as nearly as may be, sidereal time all!l to regulate the rate, in order to make it as small 
as possible. The following ephemeris may serve as a specimen. 
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SPRINGFIELD, ILL., Aug~t, 1869. 

<fJ =390 49' A =890 38' 
·-- - -----------~~-~---------------

Star. ~ i t i 
~ _.':'._ _!_ _____ ! _____ _ ---- -··----· 

I 

Gro~mbridge,2320 -··-··i ---·- U. 
~ Oph1uch1 ················\ S ..•.... ! 
T Herculis ................. I N. 

a Scorpii .................. ! S. 

71 Draoonis ················! N. 

5.0 

3.4 

1.2 

2.3 

h. m. s. 
16 05 58 

07 29 

15 48 

21 23 

l~~:::~~ :::::::::::::::!--~:-- --~"- ~:: 
16 22 14 

28 15 

29 57 

38 24 

41 02 

~ HerQUlis ................. 1 S. ...... 3 
ctCame.Jopardalis ....•..... '[ ...... i L. 4 

; ~~:si_::~:::::::::::::I ~: f ::~:: 3.4, 16 ~ = 
a~ ~=~~~~~illO~~~::::::::::::r-·~:--i . ;~~ 17 ~: : 

'i""" 1822 

Groombridge,986 ........ !,. ..... : L 

fJ Draconis ................. ! N. !------: 

: ~!~:~: ::::::::::::::::l .. ~: . .j"~.--: 
I IL Herculls .. .. .. ........ --1 S. j ... ---: 

i 1/11 Draconis (pr.) ................. ! U. i 

;. ~:;~!:::::::::::::::: ! :.· i::::J 
: 22 Camelopardalis . . . . . L. ' 

,.1 Sagittarii...... ......... S. . ... .. 
Etc. 

6. 7 

2.3 i 

5 

3.4 

I 

17 2'l H 
27 28 

28 Gl 

37 43 

41 19 

4. 5 1 17 44 10 
2.31 5334 

3. 4 57 23 

4.5: 18 04 24 

05 56 

I 

+68 09 

- 3 21 ' 

+46 38 

-26 08 

+61 49 
+69 03 
-10 18 

+39 10 

+66 07 

+ 9 35 

+33 46 

+82 15 

+14 32 

-24 03 

+74 57 
+52 24 
+12 39 

-t 68 49 

+27 48 

+12 13 
+51 30 
- 30 25 

+69 22 

--21 05 ! 

Settin~. 

LampW. 
Zen. dist. 

61 40 

43 10 

83 u 
65 57 

68 00 

60 4U 

511 07 

39 

15 w 

30 14 

6 03 

47 34 

25 17 

63 52 

24 46 
77 25 
27 10 

61 00 

12 01 

57 36 

78 19 

70 14 
19 11 

60 54 

LampE. 
Altitude. 

0 

28 20 

46 50 

6 49 

24 03 

22 00 

29 14 

39 53 

89 21 

74 04 

59 4G 

83 57 

42 26 

64 43 

26 08 

65 H 

12 35 

62 50 

29 00 
77 59 

~2 24 

'11 41 
19 46 
70 49 

29 06 

To ( 5.) Example of reoord and computation of inequality of pivots. 

21'7 

Let bw and b0 designate the inclination, as given by the level readings, for clamp west and east, 
respectively; flw and fie the same, when corrected for pivot inequality p; then 

=fJ.-fJ ... and { /Jw=bw+P for clamp west, 
p 4 fie= b0 -p for clamp east, 

supposing the V-bearings of instrument and level to have _the same angular opeuiug and the piYots 
to be circular in form. 

Observations for inequality of pivof'8 of Transit No. 4. 

Station, Seaton, Wuhlngton.-G. W. D., observer.-June 19, 1867. 
------~ 

I ! 

i 

~ 

i 
..c CLAMP WEST. CLAlll' KAST. .. 
"" ·--------~------

I .s Object-glass S. I Object-glass N. I ,_ 
I I " h. 11. 

" I I ~ Level. 1HZw-Ie) Level. !i-(Iw-Ie) ---4 -- ~p ... <> 

i al ! "" 
I 

b,. ~-1E.en~j b. 
! 

.§ a ., W.end. E. end . 
-"1 .., 

I E-1 
--1 ·1-------d_-, ------··--· ----~-~--~-

0 

i h. .... ! o d. d. d. d. d. d. 

55 10 30 a. m. ! 73 60.0 64.0 +o.600 59.0 65.2 -0.425 . 0. 256 

I i 65. 2 58. 8 64.0 59.5 

50 45 a. m. 
! 

72 65. 0 59.tl +0.950 64.0 59. 5 -0. 250 -0. 300 

' 61l. 8 63. 0 59.0 64.5 : 
45 50a:m. I 72. 5 60. 8 63. 0 +1. i5C 59.5 64.0 -0.125 -0. 394 i i 

66. 0 58. 0 64.0 60. 0 I 

40 11 ooa. m. 72. 8 65. 0 58. 8 +1. 050 64.0 60. 0 -0.175 -0.306 I 
61.0 63.0 59.3 64.0 

I 
35 05&. m. l 7ll 6(). 5 63. 0 +1. 200 59.2 64. 0 

i 
-0.575 -0.444 

I 65. 5 58. 2 63.0 60. 5 
I I 

S.Ex.12-28 



 

218 REPORT OF THE SUPERINTENDENT OF THE 

Observations for inequality of pivots of Transit No. 4-0ontinued. 

h. m. 
30 , 11 15 a. m. 73. 2 

i 
25 20 a. m. 73. 8 

20 30 a. m. 74 

15 40 a. m. 74. 5 

10 50 a. m. 75 

Object-glass s. 
Level. Level. 

W. end. I E. end. W. end. 
,__ __ ,i _______ , ____ , 

I 

a. I a. d. 

+1.125 

::: I ::~ 
60.5 ' 62.0 

64. 0 II 58. 0 
62. 0 57. 5 I +l. 5IJQ 

+1. 000 

60. 0 60. 0 +1.375 

d. 
63. 0 

60. 0 
59. 0 

62. 5 
62. 0 

59. 0 

58. 0 

d. 
60.5 

i 63.0 

63.0 
~9. 0 

59. 0 

63.0 

61. 0 
60.8 I 5Q.3 

I 
62. 5 I 57. o 60. 5 i 58. o 

::~ I ::~ +1-750 ::: II ::~ 
5 , 12 oom ____ 76 58.5 Ii 59.0 +1.250 58.0 60.5 

i 61.5 56.0 59.0 57.0 

d. 

- 0. 125 -0. 281 

-0. 125 -0. 312 

0. 000 .!.O. 375 

-0. 125 • -0. 375 

0. 000 -0. 437 

-0. 125 -0. 344 

0. 000 -0. 219 o ! o 10 p. m. 1 76 60. o I 57. o +o. 875 59. O I 57. o 

t ________ , __ s_s._s_ 58.o_i _____ 5~J~---~---
Value of 1 division of level~ l".05. 

Mean value ofp=-Od.337 ± Od,013 
=-o•.024 ± o•.001 

'.l.'o allow for inequality of pivots for position clamp west, the value + /3, as found by the level, must 
therefore be diminished numerically and for position clamp east, it must be numerically increased. 
Irregularities in the figure of the pivots will appear by successive level readings for every 10° of 
zenith distance north and south ancl, hy comparing with the mean of all readings, a correction 
can be deduced for any given position of the telescope and clamp. When the transit instruments 
are accompanie(l by a hanging level (as in the meridian telescope), the pivots may be tested for any 
zenith distance; instruments not provided with such a level may sometimes be tested by unscrew. 
ing the tubes car~'ing the object- and eye-lenses, after which the usual observations can be made 
as above. 

Specimen of record for value of one division of level by means of a level-trier. 
Coast Survey Office, December 8, 1868.-Determination of va.lne of 1 division of level B belonging to Transit 

No. 6.-Value ofl division of level trier= 6'1.99-A. T. M., observer. 

1 .:. I ! ~ I i I 'S 
: ~.g 1 

LevelB. I;~ J i ,;~ LevelB. i~ 
' ] ~ I - : .,.., Si ~!i ! ~ ~ 

1 I~ :n
1

L1r ;:, j R L ~ 
______ Ll _____ l_·--1--~-+---l·--------s ____ _ 
h.m. id. d./a. 0 

12 39 210 I 91.5 9.0 I 
I I 10. 75 

I I
' 220 80. 5 19. 5 

12. 00 

62.5 62. 5 

230 61l.5 ai.s I ... 
111.25 

240 57. 0 42. 5 II 

I 9.25 
250 i 47.5 51.5 

i 9. 00 
260 38. 5 60. 5 

9. 25 
69.5 

8. 75 

12 52 

I 210 29. o 

I : i :: 86.5 

8. 75 
78.0 

162.6 62. 5 

210 

220 

.230 

d. 
90.5 

d. 

6.0 

78. 0 18. 5 

I 66.0 31. 0 

d. 

12.50 

12. 25 

56.0 
110.00 

il. 0 

10.00 

250 46.0 61.0 

8.50 

260 37. 5 59. 5 
9.-00 

270 28.5 68. 5 
8.50 

280 20.0 77. 0 

9.25 

m I 11. o 86. 5 

h. m. 
1 04 

12 52 
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Specfrnen of record for tlalue of one division of level by means of a leiJel trier-Continued. 

Difference Corresponding differ- II 

by level ence of level D. 
' trier from ; 

thk~~an Forward. J 13ookward. 
I 

------------1---------------
d. d. 

40 43.25 44. 75 
30 32.50 32. 25 

1400 di'I'. = 389". 75 of B = 396" } 

20 20. 50 20. 00 

10 9.25 10. 00 

10 9.00 8. 50 I Jd of B = 111_02 on the RYerage. 

20 18.25 17. 50 

I 30 27.00 26. 00 

40 85. 75 35. 25 ! 
; 

Sum •• 200 19S.50 194. 25 

The above level is evidently irregular, its curvature being different at different parts and flat
test near the marked eml. For the portion of the scale near the middle, which is ordinarily used, 
we obtain the value l".08, derived from the four central differences corresponding to 10 whence 40 
diYiRions of trier= 36.75 div. 

The observations should bf\ made at different and extreme temperatures, in order to ascertain 
any possible effect of temperature on the curvature or level value. \Yheu the level is furnished 
with a chamber, the bubble, during ordinary observations, should he kept at nearly the same length 
that was given to it in the experiments for value of level scale. 

To (6.) Tabulation of factors. 

The reduction of transits will be facilitated by a tabulation of the factors A, B, C (for which 
see appended tables), and it will be noted that A will be + except for stars between the zenith 
and pole, B will be + except for stars at lower culmination and C will be + except for stars at 
lower culmination; or Il and 0 will have the same sign. In 187 4 the Coast Survey published, in 
pamphlet form, more extended tables (the star factors .A., B, O, for reducing transit observations) 
than those appended; they are given t-0 three places of decimals. These tables were arranged 
by Assistant George Davidson. 

Groombridge, 2320 ....... : U. l 
•owh· : ' u p UC, l ................ ······1 
T Herculls ....................... : 
Cl Seorpii .•...•. : __________ --·--·I'. 

: I 

1~ =~:~:::::::::::::::::i··n: ... 
~ Ophiuchi .................. ! ..... . 
11 Hercnlis ...•••......•.... ! .••••• 
" Camelopardlllis .•.•••..•. ; L. 

Etc. I 

Table of star factors. 

SPRINGFIELD, lLL.1 1869. 

A 

-1.27 

+0.68 
-0.18 

+1.02 

-0.80 
-1. 36 

-j°0.78 

+0.02 

+2. 37 

B 

+2.aO 
+o.73 
+1.45 
+o.45 

+l.96 
+2.44 
+o.es 
+1.29 
-·O. 68 

c 

+2.69 

+1.0U 
+1.45 
+1.11 

+2.12 
+2.79 

+1.02 

+1.29 
-·2.47 

C and A change sign by reversal of in.strmnent. 

A' c• AC 
~~-

1. 61 7. 24 -3.42 
.4-6 1. 00 +.68 
. 03 2.10 - .26 

1. 04 1. 23 +l.13 

. 64 4. 49 ' -1. 70 

1. 85 7. 78 3. 79 

• 61 1. 04 + .80 

. 00 1. 66 + .o:i 
5. 62 6.10 -·5. 8:-i 



 

UNITED STATES COAST AND GEODETIC SURVEY.-TABU: 01'' 1''ACTORS FOR REDUCTION OF TRANSIT OBSERVATIONS. 

Az1muth factor A=sin I; sec. IJ. Star's declination ± IJ. Inclinat.iou factor B=cos ~sec. o. 
-- ~-- ~----~-·-~-~-----------------

' ~ I_':"' 1 "'l~- ,-~- -"°- i "° ~o ;, "° ~ M' • ·~ - '"' I "' U' I "' 1-~- «• ii "' I ·~ 
1° . 02 I . 02 I . 02 l1· . 021 . 02 • 02 . 02 . 02 . 02 . 02 . 02 . 02 . t2 ' . 02 . o~ . 02 ) . 02 . 02 

1
.
1 

• o~ . 02 
2 • 04 , . 04 . °'.! I . 04 . 04 . ll4 • 04 . 04 . 04 . (}.I • 04 . 04 . 04 . 05 . Oo . 05 . 05 . 05 :

1 
. o~ . 05 

3 . 05 • 05 . Oo . 06 ' . 06 . 06 . 06 . 06 . 06 , 06 • 06 . 06 . 07 ! . 07 . H . 07 . 07 . 07 Ii • 07 . 07 
4 • 07 • 07 • 07 • 07 I .08 . 08 • 08 . 08 . 08 • OK • 08 . 09 . 09 ! . Oil . 09 . 09 I .10 . 10 ,, .10 .10 
5 . 09 . 09 • 09 . 091 . Oii .10 . 10 . 10 . 10 'lQ . l(l . 11 . 11 '11 . 11 .12 I .12 . 12 :I . l2 . 13 

6 '11 .11 .11 .11 I . u .11 . 12 '12 .12 .12 .13 . 13 . 13 I .14 . 14 .141! .14 .15 ~1' .15 , 15 
7 .12 .12 .13 .13 , .13 .13 . 14 , 14 !i . l4 .14 , 15 . 15 . 15 .16 .16 .16 .17 . 17 I .17 .18 
8 .141 .14 .14 .15 I .15 . 15 .16 , 16 ll . lff .16 . }7 .17 .18 . }8 .18 .19 • .19 , 19 d' . 20 , 20 
ll .16 . .16 .16 .17 : .17 . 17 . 17 .18 II .18 .18 .19 . 19 '20 . 20 . 21 . 21 . 21 . 22 I '22 '22 

10 . 17 . 18 .18 .191' .19 . 19 . 19 . 20 . 20 . 21 • 21 . 21 . 22 . 23 . 23 . 23 . 2i . 24 .i . 25 . 25 

I 1' 
11 . 10 . 19 . 20 . 20 ' '21 . 21 . 21 . 22 . 22 . :13 . 23 . 24 . 24 . 25 . 25 . 26 . 26 . 27 1) . 27 . 28 
iz . n . 21 . 22 • 22 I • 22 . :.a . 23 . 24 . 24 . 25 . 25 . 2a . 26 . 21 . 21 . 2s . 2s . 29 1

1 

. 29 . ao 
13 . 22 • 23 • 23 • 2~ I • 24 . 25 . 25 . 26 . 26 . 27 • 27 . 28 . 29 • . 20 . 30 . 30 . 31 . 31 I . 32 . 32 
14 . 24 . 25 • 2s • 2a I . 20 . 21 . 21 . 27 . 28 . 2u . 2u . 30 . 31 . a2 . a2 . 33 . 33 . 34 .. . 34 . 35 
15 . 26 . 26 • 27 . 28 ! '28 . 28 . 29 . 29 • 30 . 31 . 31 . 32 . 33 . 34 . 34 . 35 . 35 . 361'1 . 3. 7 . 37 

I I 
16 • 28 . 28 • 29 . 29 I . 30 . 30 . 31 . 31 . 32 . 33 . 33 . 34 . 35 ' . 36 . 37 . 37 . 38 . 38 'I • 39 . 40 
17 . 29 . 80 '30 . 31 • 31 . 32 '33 . 33 . 34 . 34 . 35 . 36 •. 37 • 38 . 39 . 39 . 40 . 41 "1 • 41 '42 
18 • a1 . Bl . irJ • aa . aa . 33 . 34 . 35 . 36 . 36 . 37 . 38 . au . 40 . 41 . 42 . 42 . 43 I • 44 . « 
10 . aa . 33 • 34 • a5 . ar. • 36 . 36 . 37 . 38 . 38 • 39 . 40 . 41 . 42 . 43 . 44 . 45 . 45 ii . 46 . 41 

110 . 84 . 35 . 35 . 36 • 37 . 37 . 38 . 39 . 40 . 40 . 41 . 42 . 43 . 45 . 45 . 46 . 47 . 48 ii '48 . 49 

21 . 36 . 36 . a7 . as . 39 . 39 • 40 . 41 . u . 42 • 43 . 44 . 45 . 47 . 47 • 48 . 49 . 50 I . 51 . 52 
22 . 111 • as . 39 . ,o . 40 . 41 . 42 . 42 . 43 . « . 45 . 46 .. 1s . 49 . 50 . :;o . s1 . 52 .. 

1 

. 53 . 54 

:H . 41 • 41 . 42 . 43 . 44 . 45 . 45 . 46 . 47 . 48 . 49 . 50 . 52 . 53 . 54 i . 55 . 56 . 57 ' 58 . 59 
23 . 39 . 40 • 41 . 42 • 42 . 48 • 44 . 44 . 45 . 46 '47 . 48 . 50 . 51 . 52 ' • 53 . 53 . 541' . 55 . 56 

25 • 42 . 43 • 44 . 4.6 • 46 '46 . 47 . 48 . 49 . 50 • 51 . 52 . 54 I • 55 . 56 ' . 57 . 58 . 59 'I' . 60 • 61 

26 . 44 . 45 . 45 .!7 . 47 . 48 .. 49 . 50 . 51 . 52 • 53 . 541 . 56 I • 57 . 58 I . 59 . 60 . 61 I . 62 . 63 
27 . 45 . 46 . 47 • 48 A9 • 00 . 51 . 51 . 52 . 54 • 55 . 00 . 58 ! • 59 . 00 ' . 61 . 62 . 63 i . 64. . 6fi 

28 . ,7 . 48 .49 • 50 . 51 . 51 . 52 . 53 . 54 . 55 . 57 . 58 . 60 '. '61 . 621 . 63 . 64 . 65 II' . 66 . 68 
29 .48 .49 .50 .52 .i;2 .63 .54 .55 .ae .f>7 .58 .oo .01

1 
.63 .64 .65 .66 .e11 .69 .10 

30 , 5IJ , 51 . 52 . 53 . 54 . 55 . 56 , 57 , 58 . 59 , 60 . 62 . 63 I • 65 . 66 , 67 . 68 , 69 11 , 71 , 72 

Bl 
lJ2 
3B 
84 
85 

96 
B7 
88 
80 

40 

'1 
tl! 
411 

" 46 

' I :1 
• 52 • 52 I . Gil • 55 . 00 • 56 . 57 • 58 . 59 • 61 • 62 . 64. . 65 , . 67 . 68 . 69 . 10 . 12 \I . n . 74 
. 53 . ~ I . M • 56 ... ; • 58 . 59 • 60 . &l • 63 . 64. • 65 • 67 ' . 69 . 70 • 71 . 72 . 74 . 75 . 76 
• 55 . (ll; • G6 . 58 . !19 . oo • 61 . 62 . 63 . 64 . 66 • 67 . 69 . 71 I . 72 • n . 74 . 76

11 
. 77 . 78 

· 56 • 57 • 58 • 59 . llt) . 61 · 62 . 63 . 65 , 66 • 67 , 69 . 71 , 73 . 74 . 75 , 76 . 78 I • 79 . 80 
• 57 . ss . oo • 01 • 62 • oa . 64 . 65 . oc . os . 69 . 11 . 73 ' . 75 I . 76 . 11 . 78 . so ii . 81 . sa 

. 59 . 00 . 61 . 63 • 63 • 64 . 65 • 67 . 68 . 69 . 71 . 73 . 75 . 77 . 78 • 79 . 80 . 8211 . 83 . 85 
• 60 . 61 • 62 • 64 • 05 • 66 . 117 . llS . 70 . 71 , 73 . 74 . 76 . 79 . 80 , 81 . 82 . 84 . Bo . 87 
• 112 . aa . 64 . oo . oo . 67 . 69 . 10 . 11 • n . 14 . 76 . 78 • so . 82 . sa . st . sa •

1 

. s1 I . s9 
• 6:J • 64 • 65 • 67 • 68 • 611 • 70 • 71 . 73 • 74 . 76 . 78 . 80 . 82 . 83 . 85 • 86 . 87 I . 89 I • 91 
• 6c . 65 . 67 . 68 . og . 10 . 12 . 1s . 74

1 

. 76 • 11 . 79 . 82 • B4 . a;; • 116. . ss . 89 I_ . o'. I . 93 

. oo . 01 • 68 • 10 • 11 • 12 . 1a . 74 . 76 . 11 • 79 . 81 • 83 • 86 . 87 • ss . oo . !11 :I . 9.~ . 94 

:: :: :ri :f~ :~: '.~~ :~~ :~~ :i~, :~~ :~~ :: :~ :~~ :~. :: ::~I :~; ·1 :~~ :: 
• 69 . 71 . 72 . 14 . 7; '76 . 77 • 79 I . 80 I . 82 . 84 . 86 . 88 . 91 . 92 I . 93 • 951 '97 '. • 98 1. 00 
• 71 • 12 • 1a • 75 • 1a • 11 . w . so . s2 , • sa • 85 • 81 • uo • 92 . 94 I . 95 . 97 . 98 , i. oo i. 02 

,I · I 

4P I 
. oa 
. 05 
. 08 
. JO 
.13 

.15 

. )8 

'20 
. 23 
. 2& 

. 28 

. 3tj 

. 33 

.35 

. 38 

,g 
.a 
.o 
.~ 
.w 

.n 

.u 

.n 

.oo 

.62 

H 
.ITT 
.w 
.71 
.~ 

. 75 

. 78 
.80 
. 82 
. 84 

.86 

. 88 

.90 

.92 

.94 

.96 

.98 
l. VO 
1.01! 
1.04 

48° 

. 03 

. 05 

. 08 

. 10 

. lJ 

. 16 

.18 

. 21 

. 23 

. 26 

. 28 

. at 

. 34 

. 36 
. 39 

.il 

.« .. 

.n 

.ITT 

.M 

.H 

.N 

.ITT •• 

.M .. 
-~ 
.H 
.n 

.n 

·" .fil 
.H 
-~ .. 
.00 
.~ 
.94 

··1 
i=1 L~ 
l.M 
l.~ 

I 
49° I 500 

I 
. 03 I . o~ 
. 051 . Oo . 08 • 08 

:}~ \D 

~ 
890 
88 
87 
86 
85 

.161. 161 84 .1il • rn 83 

. 21 . 22 82 

. 24 . 24 Sl 

. 26 . 27 !ilO 

.29 . 30 

.32 .32 

.34 . 35 
• 37 • 38 
. 39 • 40 

.42 . 43 

. 45 . 45 

.47 • 48 

. 50 • 51 

. 52 . 53 

. 55 • 56 

. 67 . 58 

.60 .61 

. 62 . 63 

.64 .66 

79 
78 
77 
76 
75 

74 
73 
72 
71 

'tO 

69 
68 
67 
66 
65 

.117 .661 M . 69 • 71 6ll 

. 72 . 73 62 

.74 .75 61 
• 76 . 78 60 

. 781. iO 159 . 81 • 82 58 

.@3 .85 57 

.85 .87 56 

.87 .89 ~ 

• 90 1 · 91 154 .92 .U4 53 
.94 .96 52 
. 96 . 98 51 
. 98 1. oo .IJO 

1.00 I .l.02149 1.02 1. 04 4S 
1.04 i.06 n 
L Q6 1. 08 46 
J.08 1. w 45 

~ ....., 
0 

~ 
~ 
0 
~ 

~ 
a:i 

~ 
t_!j 

~ 
~ 
t_!j 

~ 
0 
1-;j 

~ 



 

Jo 
47 
48 
49 

118 

61 
5Z 
53 
M 
M 

116 
57 
58 
511 

80 

81 
82 
ea 
64 
86 

1111 
ff7 
118 
1111 .,. 
71 
7Z 
73 
74 
75 

78 
77 
78 
79 

so 
81 
82 
83 
84 
85 

88 
87 
88 
89 

90 

oo 

• 72 
.73 
• 74 
.75 
• 77 

• 78 
• 79 
. 80 
• 81 
.82 

.88 

. 84 
• 85 
. 86 
.87 

. 87 

.88 

. 89 

.90 

. 91 

.91 

.92 

. 93 
• 93 
.94 

. 05 
• 95 
.-96 
. 96 
. 97 

100 

• 73 
. 74 
.76 
. 77 
.78 

. 79 

.80 

i 

'81 '1 .82 
. 83 I 

• 84 
.85 
.86 
. 87 
.88 

.89 

.9() 

. 91 

. Dl 

.92 

.93 

.94 

.94 

. 95 

.96 

I 

.. 
• • • wj~j• • •1~ •I• -Jw1• 

---------,------ ---·--------- ---i------

! " I 
. 74 • 77 • 78 . TD I • 80 . 82 . 83 • 85 . 87 . 89 • 91 . 941 . 95 • 97 
.76 .78 .79 .80, .81 .83 .84 .86 .88 ·"° .93 .95 .97 .98 
.77 .79 .80 .811' .83 .84 .86 .88 .90 .92 .94 .971 .98 1.00 
.~ .so .u -~ .84 .86 .n .~ .~ .~ .oo .~ t.oo i.02 
• 79 . 82 . 83 . 84 : . 85 . 87 . 89 .90 . 92 . 95 • 97 1. 00 1. 01 1. 03 

. 841 . 851 . 87 . 88 . 90 I . 92 . 94 . 00 ' . 1)9 1. 01 1. 03 1. O& I .80 
.82 
.83 

.. :,-

.86 

.87 I 

.88 I 

.89 I 

.90 I 

.01 

.91 

.92 

.oa 

.114 

.05 

.05 

.96 

.07 .97 

.83 

.84 
'85 
.86 
.87 

.88 

.89 

.90 

. 91 

.92 

. 93 

.94 
• 95 
.96 
.96 

.117 

.08 
• 99 
.99 

1. 00 

• 85 . 86 .

1 

. 88 • 89 . 91 • 93 • 95 . 97 1. ~o 1. 03 1. 04 1. 06 
.86 .87 .89 .91 .112 .M .96 .99 1.01 1.-04 1.06 1.07 
.~ .~ .00 .00 .M .M .~ 1.00 1.W l.00 IM l.00 
-~ .00 -~ .00 -~ .M .09 l.U l.N l.M 198 1.W 

-~ .~1 .92 .M, .96 .98 1.00 L~ 
.00 .112 I .93 .95: .M .99 1.01, 1.04 
. 91 . 93 i • 94 . 96 i • 98 I. 00 L 02 I 1. 05 
• 92 . 94 ' . 95 . M ' . 99 l. 01 1. 03 I 1. 06 
.93 .95' .96 .98: 1.00 1.02 1.04' 1.07 

.94 

. 95 

. 00 

.117 

.98 

.99 

.99 
1. 00 
1. 01 
1. 01 

'96 
.97 
'98 
'98 
'99 

1. 00 
1. 01 
1. 02 
1.02 
1.08 

.rn 

.98 

.99 
l, 00 
1. 01 

.99' 
1.00 
1.01 
1.02 
1.03 

1.0211.04 1. 02 1. 04 
1. 03 1.05 
1.04 l.06 
1.06 I 1.06 

1. 01 
1. 02 
1. 03 
1. 04 
1. 05 

1. 06 
1. 06 
1. 07 
1. 08 
1. 09 

1.03 1.06 1.08 
1. 04 !. 06 L 09 
1.051 1.07 1.10 
1.06 1.08 1.11 
1.07 1.09 1.12 

l. 08 
1.09 
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l<'or collimation factor C = Rec. fi see last or bottom line. 
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Azimuth factor A=siu ~sec. 8. Star's declin~tion :::!: o. 
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~ .M .~ .fil .~ .M .m LOO 
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Inclination factor B=cos ~sec. o. 
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L 22 l. 2411. 27 1. 30 1. 34 I 1. 37 1. 41 1. 44 1. 49 L 53 l. 56 : 1. 58 1. 60 1. 63 

L 23 1. 26 1. 29 L 32 1. 35 ! 1. 39 1. 43 ! 1. 47 1. 51 1. 55 1. 58 > 1. 60 1. 68 !. 66 
L 25 1. 28 , 1. 31 1. 34 1. 37 I 1. 41 1. 45 , 1.49 1. 53 1. 58 1. oo • 1. 63 1. 65 l. 68 
L 27 1. 30 i 1. sa 1. 36 L 39 I 1. 43 1. 47 1. 51 1. 55 1. 60 1. 02 : 1. 65 1. 67 1. 70 

}:~ u~ u~ t~ u~ 1 u~ 1 u~: i:~ ui Ui u~ u~ u~ Ui 
• 

L~ 1.U l.~ I.ti 1.% 1.48 Ln LOO l.fil 1.00 IM[ 1.n 1.U 1.n 
La I.$ LOO LA 1.~ LW 1.54 1.53 i.• I.~ l.W 1.rn 1.H l.U 
1. 35 1. 38 1. 41 1. 44 1. 48 1. 52 1. 00 1. 60 1. 65 1. 70 I. 72 1. 75 1.78 ]. 81 
L~ 1.~ L~ L~ l.W 1.53 L~ LB 1.00 l.71 l.H LTI 1.W I.AA 
L• 1.il L« i.n 1.M L~ LW J.ro l.~ l.n l.W LW LU 1.M 

L~1L• L~ LW LW LW Lfil LU i.m l.H Lm LW 1.N I.M 
1. 40 11. 43 1. 47 I. 50 I. 54 1. 58 1. 62 1. 67 1. 71 I. 77 !. 79 1. 82 1. 85 J. 88 
1.42 1.45 1.48 1.52 1.55 1.59 1.64 1.68 1.73 1.78 1.81 1.84 1.87 1.90 
1. 43 !. 46 1.49 J. 53 l. 57 1. 61 1. 65 1. 70 1. 75 ]. 80 l. i;.~ 1. 85 ], 88 l. 91 
1. 44 ! 1. 47 1. 51 1. 54 1. 58 1. 62 1. 66 1. 71 1. 76 l. 81 l. M 1. 87 1. 9-0 J. 93 

j 

L~ l.~ 1.R I.Y 1.W l.& 1.~ 1.H I.TI La l.~ 1.~ LU ].% 
1. 46 , 1. 50 1. 53 J. 57 l. 60 1. 65 1. 69 1. 74 J. 79 l. 84 1. 87 1. 90 l. 9il 1. 96 

i:~ t~ i:: tn i:: t~ t~ t~ t: t; t: t: t: t: 
1. 49 ' 1. 53 l. 00 1. 60 l. 64 1. 68 1. 73 ], 77 1. 82 1. 88 l. 91 !. 94 1. 97 2. 00 

L501l.M 1.M l.fil 1.55 l.00 LU l.H 1.M J.• 1.~ LM La 2M 
l.U LM 1.53 1.• LOO LW I.n l.W J.8 1.00 l.W LOO L~ 200 
1. 52 1. 55 1. 59 1. 63 1. 67 1. 71 1. 76 1. 80 J, 86 1. 91 1. 94 1. 97 2. 00 2. 04 
1. 53 1. 56 1. 60 I 1. 63 1. 68 1. 72 1. 76 1. 81 I. 87 l. 92 I. 95 1. 98 2. 01 2. 05 
1.53 1.57 1.60 1.64 1.68 1.73 1.77 1.82 1.88 1.93 J.96 1.99 2.02 2.06 

LM LU 1.m 1.65 1.00 I.m i.n L~ I.AA LN 1.M &00 2~ 2ITT 
L~ L~ 1.B L~ l.n 1.H 1.W LM l.~ LM I.• &fil &H 2ITT 
LU L~ I.~ I.M 1.n I.Th 1.W 1.M 1.00 1.00 L99 &@ 2M 2~ 
1.56 1.W l.63 LITT 1.71 l.W LW LM 1.fil 1.00 1.99 &@ 2~ 2M 
1. 56 1. 60 1. 64 l. 67 1. 72 1. 76 1. 81 I I. Sfi 1. 91 l. 97 2. 00 2. O:l 2. 06 2. 10 

1. 57 1. 60 1. 64 1. 68 l. 7a 1. 77 1, 81 
1 

1. 86 L 92 1. 98 2. 01 2. 04 2. 07 2. I 0 
1. 57 1. 61 1. 64 I. 68 1. 73 1. 77 I. 82 1. 87 1. 92 I. 98 2. 01 2. 04 2. 08 2. 11 
1. 58 1. 61 1. 65 1. 69 l. 73 1. 77 1. 82 ! 1. 87 J. 93 L 99 2. 02 2. 05 2. 08 2. 12 
1. 58 1. 62 ]. 65 1. 69 ]. 7:l 1. 78 1. 83 1. 88 I. 93 1. 99 2. 02 2. 05 ' 2. 08 2. 12 
1 58 1. 62 1. 65 I. 69 1. 74 1. 78 l. 83 1. 88 1. 93 1. 99 2. 02 2. 05 1• 2. 09 2. 12 

1. ~9 1. 62 1. 66 I. 70 l. 74 1. 78 !. 83 1. 88 1. 94 2. 00 2. 03 2. 06 : 2. 09 2. I 3 

u~ u~ ~::: ~: ~~ i: ~! u; u~ u~ U! ~: gg ~: zg u~ : §: g~ ~: :~ 
1. 59 1. 62 1. 66 I. 70 l. 74 1. 79 1. 84 1. 89 1. 94 2. 00 2. 03 2. 06 I 2. 10 2. I ;J 
1. G9 1. 62 1. 611 l. 70 1. 74 1. 79 I. 84 I. 89 1. 94 2. 00 ! 2. 03 2. 06 ! 2. 10 2. I 3 

------

0210 63° 63!0 

1. 56 l. 58 l. 61 1. 64 
1.58 1.61 1.64 1.67 
1.60 1.63 1.6A l.611. 
1. 6:J 1. 66 1. 69 ], 72 : 
1. 66 1. 69 1. 72 1. 75 i 

1. 08 1. 71 1. 74 1. 77 i 1. 80 
l.n l.M 1.n l.W LM 
1. 73 1. 76 1. 79 1. 82 : 1. 85 
1. 75 1. 78 !. 81 I. 85 ' 1. 88 
1. 77 1. 80 1. 84 1. 87 I. 90 

], 80 ]. 83 186 1. 89 
1. 82 1. 85 1. 88 1. 91 
1.84 1.87 1.90 1.93 
1. 86 I. 89 1. 92 1. 95 
1. 88 1. ~l I. 94 1. 97 

1. 89 
1. 91 
1. 93 
I. 95 
1. 96 

1. 98 i 
1. 99 
2. 01 
2. 02 I 
2. 0:1 

2. 05 
2. 06 
2. 07 
2. 08 
2. 09 

2. 10 
2. 11 
2.12 
2. 13 
2. 13 ' 

2. 14 
2. 15 
2. 15 
2. 15 
2.16 

2.16 ' 
2. 16 I 
2. 16 i 
2. 17 
2. 17 

1. 93 l. 90 ' 2. 00 
1. 94 1. 98 2. 01 
1. 96 2. 00 2. 03 ' 

~: ~~ ~:g~ ~:~~ i 
2. 01 
2. 03 
2. 04 
2. 06 
2. 07 

2. 08 
2. 09 
2. 11 
2. 12 
2. 131 
2.H I 
~: i~ i 
2. 16 
2. Ii 

2. 18 
2. 18 
2. 19 
2. 19 
2. 19 

2. 20 
2. 20 
2. 20 
2. 20 
2. 20 

2.05 
2. 06 
2.08 
2 09 
2. 11 

2.12 i 
2.13 I 
2.14' 
2.15 ' 
2. 16 

2U 
2.18 
2H 
2M 
2.~ 

2n 2• 
2• 
2H 
2D 

2U 
2U 
2.U 
2N 
2U 

&~ 
210 
&ll 
213 
214 

216 
&fl 
2~ 
&m 
2.W 

&n 
&n 
&H 
2.N 
&~ 

2. 25 ' 
2. 26 ' 
2. 26 ' 
2. 27 I 
,, 27 i 
"' ! 

~: ~~ ! 
2. 28 ' 
2, 28 I 

2'. 28 I 

I 

1. 93 
1. 95 
1. 97 
1. 991' 
2.01 ! 

2. 03 
2. 05 
2. 07 
2.09 
2.11 

2.12 
2. 14 
2.15 
2. 17 
2. 18 

~:~L1 
2 22 I 
2. 2:1 ·I 
2. 24 ,I 

2 2s ,

1

1 
2. 26 : 
2. 27 ii 
2. 28 1: 
2. 29 !I 
2. 21l 111 

2. 30 : 

~: ~} II 
2. 31 11 

ii 
~:~~Ii 
2. 32 Ii 2. 32 i 
2. R2 i 

For collimation faetor = .~ec. J se<' last or bottom line. 

650 I 65t0 

! 

660 I 
' ---1 
I 

!.ro 
i.n 
1.M 
i.m 
1.fil 

l.M 
l.M 
I.~ 
l.fil 
l.M 

LOO J.• am 
2.W 
2M 

2ITT 
2M 
211 
&13 
214 

2.16 
2.18 
2.19 
2. 21 
2. 22 

2. 24 
2. 25 
2. 26 
2. 27 
2. 29 

2. 30 
2. :u 
2. 31 I 

~: ~~ I 

2M 
2M 
2~ 
2~ 
LM 

LU 
LM 
L~ 
2~ 
2M 

1 74 1. 77 i 
1. 70 1. 80 
1.79 1.82 
I. 82 1. 86 
1. 8f, I. 88 

1. 87 1. 91 
1. 90 1. 94 
1. 9:l 1. 96 
1. 95 1. 9!~ 
1. 98 2. 01 

2. 00 2. 04 
2. 02 2. 06 
2. 05 2. 08 
2. 07 2. 11 
2.09 2.13 

2. 11 2.1:; 
2. 13 2. 17 
2. 15 2. 19 
2. 17 2. 21 
2. 19 2. 23 

2. 20 2. 2;; 
2. 22 2. 26 
2. 24 2. 28 
2. 25 2. 80 
2. 27 2. 31 

2. 28 2. 32 
2. 29 2. 34 
2. 31 2. 35 
2. 32 2. 36 
2. H3 2. 37 

2. 34 2. 39 
2. 35 2. 40 
2. 36 2. 40 
2. 37 2. 41 
2. 3~ I 2 42 

2. 38 ' 
2. :m : 
2. 39 ' 
2. 40 
2. 40 I 

2. 41 i 

Ut II 

2. 41 
2. 41 

2. 43 
2. 43 
2. 44 
2. 45 
2. 4G · 

2, 45 
~- 46 
2. 46 
2. 46 
2. 46 

66j.O I 670 

l.W I.~ 
l.~ I.~ 
1.E LOO 
1.6 LOO 
1.9~: 1.96 

i 
l.95 '11.99 
1.98 2.02 
2. 00 2. 04 
2. 03 2. 07 
2. 05 2. 10 

2. 08 2. 12 
2.10 2. 15 
2.13 2.17 
2.15 2. 19 
2.17 2. 22 

2.19 2. 24 
2. 21 2. 26 
2. 23 2. 28 
2. 25 T. 30 
2. 27 2. 32 

2. 29 2. :u 
2. 31 2. 36 
2. 32 2. 37 
2.34 2.39 
2. H6 ~. 40 

2. 37 2. 42 
2. 38 2. 43 
2. 40 2. 45 
2. 41 2. 46 
2. 42 2. 47 

2. 43 2. 48 
2. 44 2. 49 
2. 45 2. 50 
2. 46 2. 51 
2. 47 2. 5~ 

~. 48 2. 53 
2. 48 ~. 5:J 
:!. 49 2. 54 
2. 49 2. 5!i 
2. l'>O ! 3. 5!i 

2. 50 1 2. &G 
2. !iO 2. ~fl 
:2. ill :t. 511 

·:.!. :;1 2. r.o 
2. :jl 2. !'fti 

~ 
44c 
43 
42 
41 

<10 

89 
38 
37 
36 
35 

34 
33 
3? 
31 

30 

29 
28 
27 
26 
25 

24 
23 
22 
21 
~o 

19 
18 
17 
16 
15 

14 
1:i 
12 
11 

10 

!I 
8 
7 
6 
5 

I 
II 

i 
~ 
00 

~ 
00 

a 
~ 
~ 

~ 
~ 
t:i:j 
0 
~ 
trj 
~ 

t=:i 
00 

~ 
trj 

~ 

t..:i 
to.:> 
~ 



 

UNITED STATES COAST AND GEODETIC SURVEY.-TABLE OF FACTORS FOR REDUCTION OF TRANSIT OBSERVATIONS-Continued. 
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2. 2'l 
Z.24 
2. 26 

L~ 
Lfil 
L~ 
L• 
LITT 

L~ 
Ltl 
LG 
L« 
2~· 

2. 47 l 
2. 49 
2. 50 
2. 51 
2. 52 

2. 54 
2. 55 I 

2. 56 
2. 57 
2. :;7 

2. !"18 
2. fi9 
2.G9 
2. !10 
:tflO 

2. 61 
2. 61 
2. UJ 
2. fl! 
2. fJ1 

6!P 

1.!12 
1. 95 
1.98 
2. 01 
2. 04 

2. Oi 
2.10 
2.13 
2.16 
2.19 

2. 21 
2.M 
2. 26 
2. 29 
2. 31 

2. 33 
2. 36 
2.38 
2.40 
2.42 

2.44 
2.46 
~. 47 ' 
2..49 
2. 51 

2. 52 I 

2. 54 ; 
2. fi[p 
2. 57 
2. i\8 

2. 59 
2. 60 
2. 61 
2. 62 
2. 63 

:!. 64 
2. 64 
2. 65 
:!. 66 
~. 66 

2. 66 
:!. 07 
2, 67 
2. lj7 
2. 67 

68!° 

1.911 
2.00 
2. 02 
2.06 
2. 09 

2.12: 
2.15 
2.18 
2. 21 
2. 23 I 

2. 26 
2. 29 
2. 31 
2. 34 
2. :!6 

2. 3" 
2. 41 
2.43 
2. 4:i 
2. 47 

2.49 
2. 51 
2. 53 
2. 55 
2. r.o 

2. 58 
2. r.g 
2.61 
2.62 
2.64 

2. 65 
2.66 
2. 67 
2. 68 
2. 69 

2. 69 
2. 70 
2. 71 
2. 71 I 

2. 72 

2. 7:.! 
2. 72 
2. 73 
:!. 7a 
:!. 73 

690 

2.01 
2. 04 
2. 07 
2.11 
2. J4 

2.17 
2. 20 
2.23 
2. 2ff 
2.29 

2.31 
2.34 
2.37 
2.39 
2.42 

~- 4-4 
2A6 
2. 49 
2.51 
2. 53 

2. 55 
2.57 
2. 59 
2. fll 
2. 62 

2.64 
2.65 
2.67 
2.68 
2. 70 

2.71 
2. 72 
2. 73 
2.74 
2. 75 

2. 76 
:J. 76 
2. 77 
2. 78 
~. 78 

2.n 
2. 79 
2. ;n 
2. 79 
~. 7!t i 

69! 0 

2. 05 
2. 09 
2. 12 
2.16 
2. 19 

2. 2~ 
~- 25 
2. 28 
2.a1 
2. 34 

2. a1 
2.3H 
2.42 
2. 41; 
2.47 

2. 50 
~. fi2 
2. 54 
2. 57 
2. 59 

2. 61 
2.63 
265 
2. fl7 
2. 68 i 

2. 70 
2. 72 
2. 73 
2. 74 
2. 76 

2. 77 
2. 78 
2. 79 
2.80 
2.Rl 

2.8:! 
2. ~:! 
2. ~3 
2.114 
2.84 

'2. 85 
2.8fl 
2. }ol!; 
2. 86 
2. Rfi 

700 

2. 10 
2.H 
2. 17 
2. 21 
2. 24 

2. 27 i 
2. 30 
2. 33 
2. 37 
2. 40 

2. 42 
2. 45 
2. 48 
2. 51 
2. 53 

2. ;'j() 

2 .. iH 
2. 60 
2. H3 
2. 05 

2. 67 
2. 611 
2. 71 
2. 73 ' 
2. 75 

2. 77 : 
2. 78 
2. 80 
2. Rl 
2. 82 

2. 84 
2. 85 
2. 811 
2. 87 
2. 88 

:!. K9 
2. llfJ 
2. 90 
2. Ql 
:!. 91 

2. 92 
:.!. 02 
2. !12 
2.n 
2. rn 

70P 

2. 13 
2.16 
2.1!1 
2.23 
2. 27 

2. ao 
2. 33 
., as 
2: l!9 . 
2.42 

2.45 ' 
2. 48 
2. 51 
2. 54 
:!.f)!i 

~- 5!J 
2.61 
2. 64 
2. 6H 
2. HA 

70 
72 
74 
76 
78 

2. 80 
~. 81 
2. 83 
2. H4. 
2. 86 

2. 87 
2. EB . 
!!. H9 
2. 91 
2. Ill 

,, <!'> 

2: SJ~ , 
:!. 94 ' 
'.?. 04 i 
~- 9:) ; 

2. 0:j 
:!.!l:; 
•• 96 

~:~ 

70~0 

2.15 
2. 19 
:?. :!2 
2. '26 
2. 2U 

2. :1:1 
2. :HI 
2. 39 
2.42 
2.45 

2. 48 
2. 51 
'..!.f"4 
2. fi7 
'.!. :l9 

:1. 6:? 
t. 64. 
2. 67 
:!.69 
2. 71 

2. 74 
~. 70 
z. 7rl 
:!.80 
2.1-11 

2. 83 
2. 8~ 
2. 8f) 
2. RR 
2.89 

2.01 
2.9'2 
2. 93 
2. 94 
2. fill 

2. 00 
2. Y7 
2. 97 
2. 98 i 
2. 98 

:?.tm 
'.!. 9!J 
:!. nn 
:1.00 
1. 00 

Tot::. 

:!. 18 
•J <J•• 

~. 25 
2. 211 
~. 32 

z• 
BB 
z~ 
BU 
zu 

2. fil 
BN 
zm 
BM 
B~ 

2.1;.) 
2. foil 
2. 70 
2. 1:1' 
2. 75 

'2. i7 
2. 751 
2.Hl 
~. ~:1 
:!. 8fi 

2. 87 
2. 88 
~. 90 
2. 92 
2. 93 

2. 95 
2. 9r, 
2. 07 
2. 98 
2. f>f) 

aoo 
300 
an 
Ln 
an 

a~' 
L~ 
100 
L~ 
LOO 

710 

2.21 
2.25 
2. 28 
2. 32 
2. a5 

2.39 
2. 42 
2. 4r. 
2. 48 
2. 52 

2. 55 
2. r.H 
2. 61 
2. 63 
2. 06 

2. 69 
2. 71 
2.74 
2. 711 
~- 7~ 

2. Hl 
2. 83 
"2.Sfi 
2. 87 
2. 80 

2. 90 
2. 92 
2. 94 
2. 95 
2. 97 

2. !)!j: 
2. 99 
3_ 00 
3. 02 
3. 02 

a. 03 
3. 04 
:1. (}5 
3. 1)6 
3. OH 

~t 06 
~J. Oi 
3. 07 
:i. 07 
~I. ()j 

71P 

2. 24 
2. 27 
2. 31 
2. 35 
2. 38 

:!.4t 
2.45 
2. 48 
2.52 
2. r.r; 

2. 58 
z.m 
2. tJ4 i 
2. 67 
2. fi9 

2. 72 
~- 7;) 
2. 77 
2. 80 
2.82 

2. fi4 
2. 86 
2. 88 
2. uo 
'.!. 9'2 

zw 
zoo 
zm 
200 
LOO 

Lm 
Lim 
L04 
LM 
LOO 

LITT 
LM 
LOO 
LOO 
LW 

:1.10 i 
:i. 11 . 
3.11 
:1.11 
3. 11 

71~" 

2. 27 
2. :10 
2. 34 
2. :is 
2. 41 

2. 4;, 
2. 48 
2. 52 
2. ,;5 
:L i'J8 

2. f'H 
2. 64 
:l. fi7 
2. 70 
2. 73 

~. 76 ' 
2. 78 . 
2. 81 
~- 83 
2. 86 

2. 88 
~. 90 
:!. !l2 
~- 94 
2. 96 

z~ 
LOO 
3. Ill 
am 
L04 

LOO 
LITT 
LM 
L~ 
LIO 

:J. 11 
1. 12 
:i. 13 
3. 13 . 
3. 14 

:1. 14 
:J. 15 
3. lfi 
a. 1a 
3. 15 

;_uo 

~.30 
2. 3:1 
2. :17 
2.41 
2. 45 

2. 48 
2. 52 
2. 5r. , 
2.58 ' 
2. 62 

2.65 
2. 68 
~- 71 
2. 74 
~- 76 

2. 7\) 
2. 82 
2. R4 
2. 87 
2. 8!) 

2. 92 
2. 94 
2. 00 
2. 9g 
3. 00 ' 

:1. 02 
3. 04 
:i.o:; 
3. 07 
:J.08 

3. 10 
3.11 
:1.u 
:u:i 
:1.14 

:J. 1,5 
:1. 16 
a.17 
3_ 18 
a. 18 

L19 
3.1!~' 
LID 
L19 
LID 

72'0 

2. 33 
2. 37 
2.40 
2.« 
2. 48 

2. :il 
2. fl!) 
2.!)8 
~.fi2 
2.M 

2. 68 
2. 71 
~- 74 
2. 77 
2. ~o 

2. sa 
2. 86 
2.~8 
2.91 
2. 9~1 

2. 96 
2. 98 

"· 00 3. 02 
3. 04 ' 

3. 00 
:1. 08 
:1. O!I 
3. 11 
a.1a 

3. lfi 
3. }r; 
3.16 
:1.18 
3.1!1 

3.20 
3. 20 
:1. 21 
3. 22 
:1. 22 

3_ 2:1 
:1.w 
:1. 2:1 
3. 24 
:~.14 

72P 

2. 36 
2. 40 
2. 44 
2.48 
~- !)1 

2. 5.J 
2. :i8 
2. 62 
2. 65 
!:l. 6ff 

2. 72 
2. 75 
2. 7X 
2. 81 
2. 84 

2. 87 
2. !Kl 
2. 92 
2. Dfi 
:!. 97 

3. 00 
3. 02 
a. 04 
a. oo 
3. 08 

:J. to 
3.12 
3.14 
3 15 
3. 17 

3.18 
3.19 
3. 21 
8. 22 
:1 23 

~l 24 
'.l 25 

"· 26 
3. 26 
:J. 27 

:i. '17 
3. 28 
3. 2R 
:1. 28 
3. 28 

i2p 

2. :JD 
2. 4.3 
2. 47 
~- 51 
2. ;)J) 

:!. GS 
~- 62 
2. 66 i 
2. 119 
~- 72 

2. 7fl 
2. 79 
2. 82 
2. 85 
2. 88 

2. !ll 
2. 94 
2. 96 
2. 99 
:1. 01 

:1. 04 
3. 06 
3. 08 
:1. 10 
3. 12 

:1. 14 
3. 16 
:i. 18 
:1. 20 
3. 21 

3. 23 
3. 24 
3. 25 
a. 26 
:1. 27 

3. 28 
3. 29 
a. ao 
3. HI 
:1. :ii 

3. :12 
3. :i2 
3. 32 
3. 33 
a. a:1 

For l'nllinmtion f:wtnr ('=·'""· o sm• ln"t or hotto111 li111•. 

72~'~ 

42 
4i 
51 
;,~ 

;:}8 

2.02 
2.6H 
2.69 
2.n 
2. 76 

vm 
2. 83 
2. 86 
2. 89 
~- U2 ,I 

2. f-l5 
2. 98 
3. 00 
:1.o:i 
3.06 

:J.08 
3.10 
:1. 13 
:1.15 
3. 17 

:1. l9 
3. 21 
:i. 22 
3. 24 
3. 26 

3. 28 
3. 29 
3. 30 
3. 31 
3. :12 

:i. 33 
3. 34 
3. ~);) 
3. B5 
:~. 36 

3. :16 
:t a7 
:1. 37 
3. :17 
3. :17 

7:.1'~' 

:!.4.fi 
:!. :;o 
2. 54 
2. :l8 
:!. 6:! 

:!, 6-0 
2. 69 
2. 73 
2. 77 
:!. 80 

2. 84 
2. 87 
2. 90 
2. 93 
2. 90 

2. 99 
3. 02 
3. Ofi 
3. 07 
3. 10 

:1. 13 
:ll!i 
3. 17 
:1. rn 
:1. 21 

3. 24 ; 
3. 2i\ 
3. 27 
ii. 20 
:1.:w 

:1. 32 
a. a3 
3. 34 
:i. 36 
:i. 37 

:1. 3~ 
3. !~!J 
:J. 40 
:J. 40 
:i. 41 

:1. 41 
3. 42 
:t .t~ 
3. 42 
a. 4c 

73.iQ 

'.!. 49 
t. 54 
2. 58 
2. 62 
2. 61i ' 

2. 70 
:L 73 
2. 77 
~.81 
:!.84 

2. 88 
2. 91 
2. 94. 
2.97 
:1.m 

3. 04 
:i. 01; 
3. O!I 
:1. 12 
3. H 

:1. 17 
::. 20 
:i. 22 
~I. 24 
:i. 2f) 

:1. 28 
:1.30 
3.32 
3. 33 
:1. :J5 

3. :17 
a. :rn 
n.:m 
:1.41 
:-!, 42 

:i. 4:J 
:i. 44 
3. 4ij 
H. 45 
:1. 40 

:1. 40 
3. 47 
~L 4i 
:i. 4• 
:1. 47 

(:JOO 

2. ;j:~ 
2. ;j7 
2. 62 
~- 06 
2. 70 

2. 74 
2. 77 
2. 81 
2. 8rl 
2. BR 

2. 92 
2. 9~, 
2. 99 
:1. 02 
:1. OCi j 

:J. OR 
:1. 11 
:J.14 
3. lfi 
a. rn 

:~. ~~ 
3.U 
3.26 
:1. 29 
3. 31 

3. :i:1 

;:~ gi I 
3. :u~ I 
:!.40 i 

3. 4:.! 
•l.4:1 
:l.44 
:1.40 
::. 47 

:1. 48 : 
3. 49 
:J.49 
'.J.;iO 
3. l)J 

3. 51 
:J.fi~ 
:1.r.~ 

3. :;~ 
:i.;;:t 

73r''' 

:l. r;7 
2. 01 
:!. f\6 
2. 70 
~- 74 

::!. 78 
:!. ~2 
2. 85 
~- ~9 
2. H:J 

:J.96 
:1. 00 
:l.03 
:t 06 
a.o9 

:I. 13 
:1.lll 
:J. lR 
3. ~l 
3. '.!4 

:J. 27 
:1.w 
:i.:n 
3. 34 
3.:Jf; 

:1. a8 
3. 40 
~. 42 
:1. 44 
:1. 4.r. 

3. 47 
:J.48 
:1. 49 
a. !"ll 
:J. ;i2 

:1. ria 
:t ;,.i 
a. r,5 
:1. 5.'i 
:1. ~~I 

:1. r. i 
:J. 57 
~l. ;, 7 
3. :.; 
:{. ;17 

7F 

-) lH 

~: ¥fi 
:!. 74 
'.!. 78 

2. ~~ 
2. RfJ 

~:: i 
2. 97 ' 

:1. 01 
:1. 04 
:J. Oo 
:1. 11 
:1.14 

:1. li 
:t 20 
3. 2:l 
:t 2fi 
:1. 29 

a. :n 
:1. 34 
:i. :rn 
:l.:l!I 
:I. 41 

3. 4;1 
:1. 45 
a. 47 
:t 4!1 
3. l)() 

:t 5!1 
a. 54 
:i. 55 
:1. 56 
a. m 

3. ,-,s 
:1.rJ!I 
:1. 60 
:1. Bl 
:J. lil 

74-F' 

:.:!. ur, 
:L 69 
2. 74. 
2. 78 
~- x~ 

2. 80 
'..!. 90 
2. !J4 
2. !JI'\ 
a. 02 

:t 0;} 
:i. 09 
:t 12 
:t Hl 
:i. rn 

:l. Z:J 
:i. zr, 
a. 28 
:1.:11 
:1. :14 

3. 37 
3. 39 
:t 4:l 
:1.H 
:t 4U 

:J. 48 
:t 50 
3. S2 
3 .. l4 
:i. r,6 

:1. 58 
3. 5H 
3_ 60 
:I. 62 
:1. 6:1 

:J. 04 
:i. nr. 
:1. 06 
:1.nn 
:1. 67 

:t 11:.' :L fj~ 

~:: :~~ : ~: i:~ 
:1. B:l i :~. H~ 
;1. fj;\ ::. fil( 

440 
4:1 
4~ 
41 

·ID 

:m 
:lR 
~7 
:Hi 
:',:;'i 

34 
:ia 
:t2 
:n 

:io 

tu 
2!-l 
27 
:!6 
2;'i 

24 
~ii 
t2 
21 

'lO 

HI 
18 
17 
111 
1;; 

14 
1:1 
12 
II 

JO 

1 
0 

• 

~ ...... 
1-3 
:;j 
t1 
rn 
1-3 
> 
'"3 
t_zj 
rn 
a ,-.. 

> rn 
'"3 

> z 
t1 
0 
:;j 

§ 
t_zj 
1-3 ...... 
'.'.".! 
'J). 
q 
~ 
-1 
t<:i 
:-1 

t~ 
t~ 
:Ji 



 

c 
10 
2 
3 • 5 

6 
7 
a 
g 

JO 

11 
12 
13 
14 
15 

16 
17 
18 
19 
~ 

21 
22 
2:1 
24 
25 

26 
27 
28 
29 

30 

31 
32 
:13 
34 
35 

36 
3T 
38 
39 

40 

H 
42 
43 
44 
45 

UNITED STATES COAST AND GEODETIC SURVEY.-TABL8 lH' !<'ACTORS FOR RgDUCTION OF TRANSIT OBSERVATIONS-Continued. 

Azimnth faetor A = sin ~ se.c. o. 

.06 ! 

.13 ' 

.20 I 

:i~ I 
.39 
.46 
.!J2 I 

.58 

.65 

. 71 

.78' 
. 84 
.91 
.97 ' 

1. o:i 
1.09 
1. 16 
1.22 i 
1. 28 ' 

1.34 
1.40 
1.46' 
1.52' 
1.58 ' 

l.64 i 
]. 70 

U1• 
]. 87 ! 

1.93 ! 

1. 98 I 2.04 

;:r.~ I 
2.20 

2.251 2.30 
2. 35 
2.40 

I 

~:~Ii 2.55 
2.60 
2. 65 

.07 

.13 

.20 

.27 

.33 

.40 

.~6 
. 5.~ 
.50 
. 00 

• 73 
. 79 
.86 
.92 
.98 

1.05 
1.11 
1.17 
1.24 
l.30 

1.36 
1.42 
1.49 
l. li5 
1.61 

1.67 i 

1.73 
L~ 
l.~ 
1.00 

i.~1 
LU 
L07 
LIB 
L18 

2.24 
2.29 
2.34 
2.39 
2.44 

2.49 
2.54 
2. 5() 
2.M 
2.69 

750 7510 i 75\0 

.07 .07 .07 

.13 . 14 .14 

. 20 . 21 . 21 

.27 .27 .28! 

.34 .34 .951 

. 40 

. 47 

. 54 
'60 ' 
67 ! 

. 74 
'80 
'87 
. 94 

1. 00 

1. 06 
]. 13 
1.19 
l. 26 
l. :12 

1. 38 
1.45 
l. 51 ' 
l, 57 ' 
1. 63 

1.69 
1. 75 
I. 81 
1. 87 
1.93 

1. 99 
2. 05 ' 
2.10 ' 
2.16 
2. 22 : 

2. ~7 
2. 33 
2, 38 
2.43 
2.48 

. 41 ' 
• 48 
• 55 
. 61 
. 68 

. 75 
• R2 
. 88 
.90 

1. 02 

i.n 
1. 15 
1.~ 
1.n 
1.M 

LU 
1 47 ' 
LM 
L~ 
L~ 

1.n 
LH 
1.M 
1.00 
LOO 

Ln 
2.n 
LH 
an 
2.U 

2. 31 
2.M, 
2.U, 
2.47 
2.D 

2. 58 
2. 6:1 
2. 68 
2. iB 
2. 78 

. 42 

. 40 

. 56 
• 62 
. 69 

' .16: 
• 8::J ! 
. 90 
. 97 

1. 03 

l. JO . 
1. 17 
1. 23 
I. 30 
1. 3i 

l. 43 
1. 50 
1. 56 
1. 63 
1. 69 

I. 75 
1. 81 
I. 87 ' 
1.114 . 
2. 00 I 

2. 06 
2. 12 
2. 18 
2. 23 
2. 29 

2. 85 
2. 40 
2. 46 I 
2. 51 
2. 57 i 

2. 6'l 
2. 67 
2. 72 
2. 77 
2. 82 

' 
2.53 ' 
2. "~ I 
2.68 I 

2.68 I 

2. i3 l 
I -----·--- "--~-~--- .. 

75~c 

O~ i . ' 
. ]4 
. 2t 
.28 
.35 

.42 
.50 
.fi7 
.et 
.71' 

. 77 

.85 
• 91 
• 98 

1.05 

1.12 
1.19 
I. 2;; 
1.32 
I. 39 

1. 46 
1. 52 
1. 59 
1.65 
I. 72 

LIB 
Lm; 
I. 91 " 
l.W 
2.W 

2.00 
2.~ 
2.~ 
LV L• 
2.~ 
2.M 
2.00 
2.00 
2.fil 

LOO 
Lft 
an 
Lm 
Lm 

76° 

.07 

.14 

. 22 
• 2Y 
.36 

.4!l 

. 5-0 

.1>8 

.65 
7" 

• 79 
. 86 
. !13 

1.110 
1. 07 

l.H 
1. 21 
l. 28 
l, 25 
l. 41 

1. 48 
I. 55 
1. 62 
l. 68 
1. 75 

1. 81 
1. 88 
1. 94 
2. 00 
2. 07 

2.13 
:!.19 
2. 25 
2. :n 
2. 37 

2. 43 
2. 49 
2. 55 
2. 60 
2. 68 

2. 71 
2. 77 
2. 82 
2. 87 
2. 92 

761° 

.07 ! 

:~: 
.29' 
.37 

.44; 

. 51 i 

. 5!1 

.66 

. 73 

.so 

.88 

. 95 ' 
1.02 
l.09 

t. rn 
]. 23 
1.30 
1.37 
1.44 

1. 51 
I. 08 
1.64 
J. 7l 
1. 78 l 
1.84 
I. 91 
1.1!7 
2. 04 ' 
2.10 ' 

2.17 
2. 2.1 
2. 29 
2. 35 
2.41 

2. 47 . 
2. 53 . 
2. 50 . 
2.65 
2. 70 . 

2.76. 
·2.81 ' 

2. 87 ' 
2. 92 ' 
2. 97 : 

76F 

. 07 

. ]5: 

. 2'J ; 

. ~o , 

. :17 

. 45 
'52 
.00 ! 
'67 ' 
, 14 I 

82 ! 

. sn 

. 96 
], 04 
]. 11 

1. 18 
1. 25 I 
1. :12 • 
1 :m : 
1. 46 I 

I 

1. 54 : 
1. 60 
I. 67 ' 
1. 74 ! 

l. 81 

1.88 ! 

l. 95 
2. ut I 
2. 08 
2. 14 ! 

2~ 
2~ 
2~ 
2~ a• 
LH 
2M 
am 
2~ 
2n 

2ITT 
~n 
L~ 
a~ 
LOO 

Sta.r's tleclination ± o. 

76i0 

. 08 

. 15 
• 23 
. ;;o 
. 38 

. 46 
• 53 
• 6) I 

. 68 ' 
, 76 I 

. 83 

. 91 

. 98 ' 
I. OU ! 
1. 13 

1. 20 
1 "8 i: :i5 1' 

1. 42 
1. 49 i 

1. 56 I 
]. 63 
l. 70 
1. 77 
1. 84 

1. 91 
J. 9R , 
2. Ofi : 
2. 11 
2. 18 

2. 25 
" 31 2: 38 . 
•) 44 I 

2: 50 ' 

2. 56 
:!. 6~ 
2. 69 , 
2. 7i'i 
2. ~() 

2. 86 
2. 92 
~. 98 
3. 03 
3. o~ 

770 

. 08 1 

.16 

: 5~ Ii 

. 39 

. 46 

. 54 .. 
62 

. 70 

. 7i 

. 85 

. U2 
1. 00 
I. 08 
1. 15 

]. ~:1 
I. 30 
i. :n 
]. 45 
]. 52 

]. 59 
I.(}tj 

J.H 
1. 8l 
1. ~8 

1. 95 
!!. 02 
2. 09 
2. 15 
~- 2:! 

2. <!9 
2. 36 
2. 42 
2. 49 
:!. 5S 

~- 61 
'..!. 67 
~. 74 
2. 80 
:!. 8fi 

~- 92 
2. 97 
3. O:l 
3. 09 
3. H 

i7P 

. 08 

.16 

. 24 
'32 
'40 

. 47 
'55 
. 6:l ' 
. 71 
. 79 

. 86 ' 
'94 

1. 02 I 
1. 1U 
l, 17 

1. 25 
1. 32 
I. 411 
l. 47 
I. 5?i 

1. 62 
1. 7(] 
1. 77 
I. 84 
l. 91 

1. 99 
2. ()0 
2. 13 
2. 2() 
~. 27 

2.a3 I 
2. 40 ' 
2.471 
~. 53 
~- 60 ! 

~I 
w I 85 
91 ' 

2. 97 
3. oa 
3. 09 
a. 15 
a. 20 

77A'0 I 

. 08 

.16 

. Z4 

. 32 

. 4-0 

~ t: : 
. 64 
. 72 
. 80 ' 

. 88 

. !)6 

J. 04 
1. 12 
1. 20 

1. 28 
]. 35 
}. 4:1 ' 
1. 5l 
1. 58 : 

1. 65 
1. •:~ 
1. 81 ' 
1. 88 ' 
1. 95 

:2. 02 
:?. 10 
2.17 
2. 24 
2.31 

2. 38 
2. 45 
") ~J2 

2: ~~ 
2. 05 

2. 72 
2. 78 
2. 8:) 
3. 91 
2. 97 

;J, 03 
3. O!J 
3.15 
3. 21 
3. ~7 

77~0 

.08 

. 16 ' 

.25 

. 33 ' 

.41 

.49' 

. ;,7 

.66 

.u 

.H~ 

. 90 
• !.18 

1.06 
1. 14 
I. 22 

1. 30 
I. 38 
1. 46 
1. 53 
l.fll 

1.69 
1. 77 
1. 84 
1.9:! 
1.99 

2.07 
2.H 
2. 2l 
2. 2H 
2. ::16 

2U 
LM 
LM 
LM 
2Tu 

L7i 
2~ 
200 
LITT 
2ITT 

3. 09 
3.15 I 

3. :Jt .' 
3. 27 ' 
3. :J3 

78'.;) 

. 08 

. 17 
• 2a 
. 34 
.42 I 

51 
. 59 
. 67 
. 75 
. 84 

. ~2 
LOO 
!. OR 
1.16 
1. 25 I 

I. :J3 
l.40 
1.40 ' 
1.67 I 

1.65 

1. 72 
1.80 
1. 88 
1.00 
2. 0 

2.11 
2.18 
2. 26 . 
2. a~ 
2. 40 

2. 48 
2. 55 
.-:. c'> 
~: eii 
2. 76 

2. 8~! 
2. 90 
2. 96 ' 
3.0:l 
.'I_()!) 

:1.16 
3. 22 
a. 2~ 
:1.:14 
:J.40 

78l° 

. 09 

. 17 

. 26 

. 34 

. 43 

. 51 

. 60 

. 68 I 

. i7 
85 I 

. 94 
l. 02 
I. 10 
1.19 
1. 27 

1. :15 
1. 44 
l. 52 
1. 60 
1. 68 

1. 7fl 
I. 84 
). 9.! 
2. 00 ' 
2. 07 

2. 15 
2. 2:1 
2. 31 
2. 38 
2. 46 

2. 53 
2. 60 : 
2. 67 
2. i5 
2. 82 

2. 89 
2. 9;1 
3. O!l 
3. 09 
3. 16 : 

a. 22 
:1. 2U 
a. 35 
3. 41 
3. 47 

78!0 

. 09 

. 18 

. 26 . 

. 35 
• 44 

• 32 
. 61 
. 70 
• 78 
. 87 

. 96 ' 
1. 04 
1.1:1 
1. 21 
1. :JO 

]. '.18 
1. 47 
1. 55 I 
]. 63 
L 72 11 

l. 80 ' 
I. RB 
I. 96 
2. 04 
'..!. l~ 

2. 20 
2. 28 
2. 36 
2. '13 
2 .. )1 

L~ 
LM 
LO 
L~ 
Lg 

LOO 
L~ 
L• 
L16 
L~ 

LW 
LM 
a~ 
LO 
L~ 

Inclinatiuu factor B =cos' Rec. a. 

781° 

. 09 ' 

. ]8' 
• 27 i 
. 36 ' 
• 4!) I 

. 54 : 

. 62 ' 
• 71 
. 80 ' 
. 89 

.•: 
i.n1 
1.15 i 
l.U'1 
1.33 

Lni 
1.00 
La 
1.n 
].~ 

1. 84 
1. 9~ 
2.00 
2. 08 
2.17 

2. 25 
2. 33 
2.41 
2. 48 
2. 56 

2.ti4 
2. 7~ 
~- 79 
2. 87 
2.94 

:i. 01 
3. 08 
H.16 
3. ~;i 
:1.29. 

3.36 
3. 4:l 
3. 50 
:t 56 
a. 62 

79° 

I 

. 09 ' 

.18 

. Zi 

. 37 

. 4U 

.. ,~) 

.ti4 

.n 

.~ 

.ITT 

LOO 
1.00 
l.U 
l.~ 
1.n 

J.44 
l.N 
La 
!.TI 
I.Th 

1.• 
1.00 
2% 
~13 
2~ 

2~ 
2~ 
2U 
LM 
2M 

2.H 
2H 
LM 
LOOI 
&ITTi 

&~1 

aui 
&~I 
&~I 
&~ 

3.H: 
3. 51 ! 
;;, 57 
3. 64 i 
3. 71 

791° 

.09 

.19 

. 28 

. 37 

.H 

. 56 

. 65 

. 75 

. 84 

. 93 

1. 02 
J.11 ' 
]. 21 I 

1. 30 ' 
I. 39 

1. 48 
1. G7 
1. 66 
1. 75 
1. 83 

I. 92 
!?. 01 
2. 09 
2.18 
2. 27 

2. a; 
2. 43 
j. G2 
2. 60 
2. 68 

2. 761 
:!. 84 l 

2. 92 r 

a. oo 
3. OR 

3.15 
3. 2a 
3. 30 
3. Ri 
:J. 45 

3. 5~ i 

3. 59 
3. 65 ' 
:t 72 1 

3. 79 ' 

79!~ 

• JO 
.19 ' 
. 29 
. 38 
. 48 

. ;)7 ' 

. 67 ' 
• 7H i 
. 86 ' 
.95 

]. 05 
l.14 ' 
I. 23 
]. :J3 
L 42 

I. 51 
I. 60 
I. 70 
J.79 
I. 88 

1. 97 
2.06 
2.H 
:?.!W) 
2. 32 

2. 41 
2. 4H 
2. 58 
2.60 
2. 74 

L~1 
Lfil 
200: 
Lm 
LNi 

am 1 

LW 
L~ 
ae 
Lm 

LOO 
Lfil 
LM' 
an 
L~ 

791° 

'10 
'20 
. 29 
. 39 
. 49 

. 59 
'69 
. 78 
. 88 
'98 

1. 07 i 
1. 17 
1. 26 
1. 36 
I. 46 

l. 55 
l.ti4 
I. 74 
I. 83 
1. 92 

Ill 
11 
20 
29 
:is 

2U 
2M 
LM 
2ra 
2~ 

2W 
2• 
HOO 
LH 
&N 

:J. :10 i 

3. :;s 
:_:, 46 i 
3. 53 ' 
:J. 61 

:t 69 
3. 7t_i 
:1. 83 
a. 91 
:1. 97 

goo 

'10 
. 20 
30 

'40 
. 50 

'60 
. 70 
'80 
. 90 

], 00 

l. 10 
}, 20 
1. 30 
1. 39 
1. 49 

1. 59 
]. 68 
1. 78 
J. 87 
1. 97 

2. 06 
2. J6 
2. 25 
2. :14 
2. 43 

2. 52 
2. 61 
2. 70 
2. 79 
2. 88 

2. 97 
3. 05 
3.14 
3. 22 
3. 30 

~. 38 
3. 47 
3. 55 
:J. ~2 
)J. 70 

if. 7@ 
3. 85 
3. !13 
4. 00 
4. 07 

~ 
8!P 
88 
87 
86 
85 

84 
83 
82 • 
81 

so 

79 
78 
77 
76 
75 

74 
7:l 
72 
71 

?'0 

69 
68 
07 
66 
65 

64 
fJ3 
02 
61 

60 

fiO 
58 
57 
56 
:i5 

54 
5:J 
52 
51 

;JO 

49 
48 
47 
46 
45 

t.:i 
~ 
~-

~ 
M:l c 
~ 
c 
'zj 

8 
p:i 
~ 

UJ 
Li 
~ 
~ 
~ ,.... 
z 
8 
~ 
z ,.... 
t;j 
z 
8 
c 
i'zj 

8 
p:i 
~ 



 

~ 
46° 
47 
48 
49 

30 

f.il 
G2 
aa 
:a 
fi:l 

56 
57 
!)8 
59 

60 

Ill 
62 
0:1 
6~ 
U5 

66 
07 
68 
69 

'70 

71 
i'.! 
7;~ 

7t 
7ri 

70 
Ti 
;!< 
70 

l'IO 

fl 
8:? 
sa 
!<4 
Ki 

86 
87 
g~ 

89 
90 

74iG 

2. 69 
2.74 
2. 7~ 
2. 82 
2. 8i 

2.1n 
2. 95 
2. 99 
a. oa 
:J. 07 

J.10 
:J.14 
a.11 
a. 21 
a. 24 

:t 27 ' 
3, :w 
3. :rn 
3. :J6 
a. au 

:1. 42 
:1. 44 
:t ti 
:J. 49 
3. :>~ 

3. 54 
3.56 
:1. ;iR 
a. so 
3. 61 

a. 64 
:i. ti;) 
:1. f>\) 

a. U7 
a. 68 

:t 70 
!J. 71 
3. 7~ 
3. 72 ' 
3.73. 

:t 1a , 
!l.H 
3.74 
:J.H 
3. 74 

7410 ! 

2. 73 
:!. 78 
2.82 
2. 87 
2. 91 

2.n;, 
11.00 ' 
3.04 
:J.OA ! 

3.11 ' 

3, 1:; ' 
:i.rn, 
:i.22. 
:1.26 
:1. 29 

3. :1~ 
:1.:1s 
:t.39 
a.42 
:J.45 

3. 4i 
:1.50 
3.5:J 
3. 55 
a. 57 

~.110 
3. tl2 
:!.114 
:J.65 
!1.67 

:1.69 
3. 70 
3. 72 
3. 73 
:J. 74 

3. 75 
a.76 
3. 77 
a. 78 
3. 79 

3. 711 
3. 711 
3.80 
3.80 
3.80 

750 

:!. 78 
2.83 
2.8i 
2. 92 
2.!16 

:1. 00 
a. 04 
:J.119 
3.13 
:1.16 

3. 20 
:1. 24 
:1.28 
:1.:11 
3. ;35 

:1. 38 
3.41 
:1. 44 
3 47 
a. no 

:1. 53 
:1."6 
3. !'>I' 
3. 61 
:i.na 

:1. 65 
:1. 67 
:J. 69 
3. 71 
3. 73 

:J. 75 
a. 76 
3. 78 
3. 79 
3. Al 

'.l. 82 
a. 83 
:1. 84 
:i. 84 
:t 85 

:t 8~ 
3. A6 
3. 86 
a. 86 . 
3, 86 

ifllc 

2. fl2 
2. 87 
2. 9:.! 
2. 96 ; 
3. OJ ' 

:i. 05 ' 
:i. 09 
a. 14 
3. 18 
3. 2~ 

:t. 20 
:i. 29 
a. 33 
a.:17 
3.40 ' 

3. 44 
:J. 47 
:1. ;,o 
:1. 53 
a. Uli 

a. ~;0 
:i. 62 
:J. 64 
3. 67 
!l.t){) 

:1. 71 
3. 74 
:t 76 
3. 78 
:i. 79 

a. ~2 

i~:: I :l. 86 
3.87 

:i. 88 ! 

a. 89 ! 
3. 90 
:i. Pl I 
:1. 91 

a. SJ2 
:1. 92 
a. 92 
3. 93 
3. 9:i 

75& 0 

2. 87 
~- 92 
j. 97 
;;. 01 
3. 011 

:t 10 
3. lf) 
:-Ll!l 
3. 2:J 
;-l, 27 

:i. :JI 
:t 35 
o.:m 
~~- 42 
3. 46 

:<. 49 
a. r,a 
:i. 56 
:;. 59 
:). fi2 

:1.6I; 
:1. 68 
:1. 70 
:i. 7:1 

::. 78 
:1,'l() 
!l. 82 
!I. Bi ' 
3, ~6 

:;, 88 
:t H9 
;1, 91 
:1. 92 
:i. 93 

H.N 
:!96 
H.96 
H.97 
a• 

a• 
H.99 
H.99 
a• a• 

75f•J 

2. 92 
2. 97 
3. 02 
3. 07 
3. 11 

a. in 
a. 20 
3. 24 
a. 20 
3. aa 

IJ.37 
a. 41 
!l.45. 
ll. 48 
:J.5~ 

3.55 
:J. iJU 
3.t2 
a. 6!) 
:Lfi8 

:i. 71 
3. 74 
:J.77 
3. 79 
3.82 

3. 84 
3. 86 
3. A9 
3. 91 
3. fl'! 

:i. 114 
3. 96 
3.97 
a. 09 
4. 00 ; 

4. 01 
4. 02 
4. 03 
4. 04 
4.0ii 

4.05 ' 
4.06 
4. 06 I 
4. 06 ' 
4. 00 ' 

760 

2. 97 
:i. 02 
:~. 07 
:1.12 
:1. 17 

3. 21 
3. ~6 
3. 30 
:1,34 
3. 39 

3. 43 
3. 47 
3. 51 
3. 54 
~. 58 

3. 62 
3.65 
:1. 68 
a. 72 
3. 75 

3. 78 
3. Hl 
:J. 83 
3. 86 
!), 89 

3. 91 
3.Sm 
!l.95 
3. 97 
3. 99 

4. 01 
4. 03 
4.M 
4. 06 
4.07 

4.• 
~00 
~w 
4.11 
~n 

~n 
~m 
~m 
~m 
~m 

713!0 

a~ 
:l.IJ8 
&U 
&U! 
&H: 

a.ni 
a~: 
&R 
aw 
a~ 

• 3. 49 
:t 5~ : 
::), :)'j I 

t~! l 
3. 08 
3, 72 
3. 7:, 
a. 78 
:1. "I 

:J.84 
3. K7 
a. HO 
a. 9:1 
:J.!.h"', 

!l. 98 
4. 00 
4. 02 
4. 04 
4. 116 

4. 08 
4.10 
4.11 
4.1:1 
4.14 

4.16 
4.17 
4.18 
4.18 
4. :g 

4. 20 
4. 20 
4. 211 
4. 21 I 
4. 21 i 

76F> 

3. 08 
:l. l:J 
3.18 
3. 23 
3. 28 

:1.:1:1. 
:1. 38 
~J 4'} 
3:47 I 
3. 51 ! 

:1.5;) 
3. ;;9 ' 
3.63 ' 
3.67 
:i. 71 

:1. 7,j 
:J. 78 
3. 82 
:J.8ri 
:1. 88 

3. 91 
~- !J4 
:1. !J7 
4. OU 
4. o:i 

4.0:. 
4.07 
4.10 
4.12 
4.H 

4. u; 
4.17 
4.19 
4. 21 ' 
4. 22 

4. 23 ! 
4. 24 I 
4.25 I 

4. 26 
4.27 

4. 27 
4. 28 
4. 28 
4. 28 
4. 28 

711F-' 

:J.14 
:J.19; 
:J.2.j 
3. 29 ' 
3. 34 ! 

3. :m ' 
3. 44 
3.48 
a. 5.'-J I 

a. G7 

3. U2 
3. 60 
3. 70 
:::. 74' 
:t 78 

:J. 82 ' 
3.85 
3. SB 
a. O'..! 
a. 0:1 

3. 99 
4. 02 
4.05 
4. 07 
4.10 

4. 13 
4.15 
4.17 
4. 10 
4. 21 

4. 23 
4. :lfi 
4. 27 
4. 28 
4.ao 

4. 31 
4. 32 
4. 33 
4. 34 
4. 85 

4. 31i 
4. 36 
4. 30 
4. 36 
4. 86 

77'-, 

a. 20 
3. 25 
:1. 30 
a. 33 
3. 41 

a. ;,1 
I~. 50 
3. 5ii 
a. HO 
3. 64 I 

a. 68 
:J. 7:1 
:1. 77 
a. 81 
3. g;j 

a. 8'J 
:!. 9:! 
:l. 9tJ 
4. 00 
4. ll:J 

4. OU 
4. 09 
4. 12 
4. !ii ' 
4. 18 

4. 20 
4. 23 I 

4. 25 i 
4. 21 I 
4. 2H ! 

4. 31 
4. :13 
4. 3ii 
4. 36 
4. 38 

4 39 
4.40 
4. 41 
4. 42 
4. 4:1 ' 

4. 4:l : 
4 44 ' 4: 44 • 
4. 44 i 
4. 44 I 

77.F : 77~0 

a. 26 3. :12 
:1. 31 3. 38 
3. 37 :J. 1:1 
a. 42 ! 3~4g 
:tn :i. 54-

:I. f):! :1. 59-
3. 57 3. 64 
:t62 :J.691 
:i. f;7 3. 74 
a. 71 3. 7S 

:i. 76 
:1. HO 
:1. 84 
3. 88 
a. 02 

:i. 96 
4. 00 ' 
4. 04 
4. 07 : 
4. 11 

4. 14 ' 
4. 17 
4. 20 ' 
4. 2:1 
4. 2:i I 

4. 28 
4. :JI 
4. 33 
4. 36 ! 
4. !lR 

4. 411 : 
4.U' 
4. 43 
4. 4fi 
4. 46 

4. 48 
4. 41! 
4. 50 
4. 51 
4. '.ll 

4. 52 
4. 52 
4. 5:J 
4. 5H 
4. &3 

3. 83 
3. 88 
:J.92 
:i.96 
4. 00 

4. 04 • 
4. 01' 
4.12 
4. 15 
4.19 

4. 22 
4. 26 i 

4. 28 i 
4. :rn 
4. 34 

4. 37 
4. 39 
4. 42 
!.44 
4. 46 

!. 48 
4. 50 ' 
4. 52 I 

!:~I 
4. 56 ! 
4. 57 
4. 59 
4. 60 
4.60 

4. 61 
4.62 
4. 62 
4. 62 
4. 62 

7i~CJ 

!l. 39 ' 
:1.45 
3.fiO 
:i. 56 
3.61 

:1. U6 
3. 71 
a. 77 
!l. 81 
3. ~6 

:J. 91 
3. 9[.I 
4.00 
4.04 
4. 08 

4.12 
4.16 
4.20 
4.24 
4. 27 

4. !ll 
4.34 
4.:17 
4. 40 
4.43 

4. 4r; 
4. 48 i 
4.51 
4. fi:{ 
4,. 55 

4.57 
4-.fin 
4. 61 ' 
4. ua 
4. 64 

4. 65 I 
4. 67 
4. 68 
4.69 ' 
4. 69 

4. 70 
4. 71 
4. 71 
4. 71 
4. 71 

78•' 

:1, 46 
a. 52 
:1. 57 
3. 63 
:J. 68 

H. 74 
3. 7H 
3, 84 
3. 89 
:J, 04 I 

a. 99 
4. 114 
1. 08 
4.12 
4.17 

4. 21 
4. 25 
4. 29 
4. 32 . 
4, ;!6 j 

4. 40 i 

4. 4:1 
4. 46 
4. 49 
4. 5~ 

4. 5!l 
4. 57 
4. 60 
·I. 62 
4. 65 

4. 67 
4. 68 
4. 70 
4. 7i I 

4. 74 : 

4. 75' 
4. 76 
4. 7R 
4. 79 
4. 7Y 

4. 80 
4. 81 
4. 81 
4. 81 
4. 81 

78F 

a. 53 
8. ;,9 
3. 65 : 
:i. Tl 
3. 70 

a. 82 
:1. 87 
3. 92 
:i. 97 
4. O:! 

4. 07 
4.1:! 
4.16 
4. 21 
4. 25 

4. 29 
4. 34 
4. 38 
4. 41 
4. 4ft I 

4. 49 
4. 52 
4. :;5 
4. 58 
4. fj} 

4. 64 
4. 67 i 

4. 70 
4.n 
4. 74 

·t i6 
4. 78 
4. ~o 
4. H2 
4.~4 

4. ~5 
4. 86 
4. ~7 
4. 88 
4, 8!1 I 

4. !I() 
4. 90 
4. fJl 
4. 91 . 
4. 91 

For collinrntion factor C =Sile. '~ sec last or bottom Ji11c. 

7Hj" 

a. u1 
a. Oi 
3. 73 
3. 79 
3. 84 

:J.90 
3. 95 
4. 01 
4. 06 
4. ll 

4.16 
4. :!I 
4. 25 
4. 30 ' 
4. 34 

4. :m 
4. 43 
4. 47 
4. 51 
4. 5;-, 

4. GB 
4. 62 
4. 65 
4. 68 
4. 71 

4. 74 
4.77 
4. HO 
1. 82 
4. 84 

4. 87 
4. 89 
4. 91 
4. U:! . 
4. 04 

4. ~r, 
4.97 
4. 9H 
4. 90 
5. 00 

5. 00 
ri. 01 
5. 01 
; •. 01 
5.02 

7;.{\0 i 

3.69 
3. 75 
3.81 
3.87 
;1,93 

:J. 98 
4. 04 
4. 09 
4-.15 
4. 20 

~~ 
4.00 
L~ 
L~, 
4.#, 

~~ 
Lm 
LITT 
4. 61 
LOO 

4.M! 
~n1 
L~t 
LNI 
~-, 

L~: 
4.ffi1 
LOOI 
1.93 l 
LW

1 

4. 97 
4. QH I 
5. 01 
5. 03 
5. 05 

5. 06 
5.08 
5. OQ 
5.10 
a. 11 

5.11 
5. 12 
5. 12 
5.12 
5. lil 

;n·: 

a. 77 
;i, s:i 
B. 89 
3. 96 
4. 02 

4. 07 
4, l;J 
4.19 
4. 24 
4. 29 

4. :14 
4. 39 
4. 44 
4. 49 
4. ;,4 

4. 58 
4. 63 
4. 67 
4. 71 
(. 75 

4. 70 
4. 82 
4, 86 
4. 89 
4. 0:1 

4. !16 
4. 98 
5. 01 
5. 04 
5. 06 

5. 09 
5. 11 
G. l:J 
5. 14 
5. 16 

!i.lrl 
5. JO 
5. :!O 
5. 21 
!), 22 

G. 2:1 
5. 2:1 
5. 24 
5. 24 
fi. 24 

791 

:l. 86 
;1.9:! 
:.J. B8 
4. 05 
4.11 

4. 17 
4. 2~ 
4. 28 
4. :14 
4. :rn 

4.H 
4. 50 
4~ ;)!) 

4. 60 
4. li-t 

4-.1m 
4. 1:i 
4. 78 
4. 8'.! 
4. 86 

4. !10 
4. 114 
4. H7 
5. Oil 
;). 04 

ii. 01 
;). 10 
fJ. J:) 
r1, lf'l I 

:\. 18 I 

.i. 20 
!l. ~2 
ri. 2~ 
;;. 26 
r,. '.!.I-: 

;-,. :w 
;,, 31 
;J, :12 
5. 'J3 
!i. ;J4 

:). :;.) 
5.:1.1 
G.:.w 
5. 36 
5. 36 

i~1r 

::. !);) 

4. 01 
4. 118 
4. 14 
4. 20 

4. 211 
4. a2 
4. 38 
4.# 
4. 50 

4. fi5 
4. fiO 
4. H5 
4. 70 
4. 75 

4. 811 ' 
4. 8;), 
4. fill 
4. 93 ' 
4. H7 

:-1.0l 
5. 05 
;,, O!t 
ri.12 
!'i.16 

ri.l!J 
[1. 2~ 
i"1. 25 
ti. 27 
; •. :10 

i). 32 
!'i.:15 
;,, 37 
;,,;m 
fi. 40 

an 
~43 
~~ 
aw 
~.~ 

au 
an 
an 
au 
~w 

7tJJ'' 

l.M 
4.11 
4.18 
'1. 24 
4. 30 

4. 37 
4. 4:J 
4. 49 
4-. :;5 
4. 60 

4. 66 
... 72 
4. 77 
4. 82 
4. 87 

4. 92 
4.96 
G. 01 , 
;l. ();') 
.5. OU 

3.14 
:).18 
5. 21 
:-1. 25 
:), 28 

'l 3•1 
G: a4 
r,,:_n 
5.10 
fl. 4:3 

5. 4:1 
5. 4:7 
G. 50 
5. 52 
5. 54 

3. flfJ 
Ji 56 
5. 58 
5. 50 
:"i. 60 

5. Ul 
5. 61 
.s. 61 
.1. O:.! 
5. 6~ 

ilU' 

1.1! 
--i.:n 
..i. 2l-1 
4.:m 
l. 41 

4.48 
4. ;4 
4. 60 
4. 66 
4. 72 

4. 77 
4. ,;, 
4. 88 
4. 94 
4. 99 

:t. 04-

''· 08 5. lJ 
5.1~ 
;,, ~:! 

5. 2f) 
ft. 30 
5. :14 
5. :J~ 
5. 41 

5.45 
:"l. -i8 
5. ;)] 
G.fiJ 
5. !i6 

5. 51) 
5.til 
5.63 
:i. 65 
5. 67 

::-1. 69 
:,, 70 
fi. 72 
5. 73 
5.H 

5. 14 
5. 7.'i 
;,. 75 
;;. 76 
;\ 76 

I; 
4.:jJ) 

43 
42 
41 

40 

:m 
38 
37 
36 
S!i 

:11 
a:i 
a2 
31 

:10 

:m 
:.!8 
27 
26 
~;j 

:!4 
2:1 

21 
~o 

19 
18 
17 
16 
rn 

14 
1:1 
12 
11 

lO 

II 
2 
1 

0 

q 
z ..... 
1-'3 
t'llj 
Cl 
r.n 
1-'3 
~ 
8 
t_rj 
r.n 
a 
0 
p.. 
r.n 
8 

~ z 
Cl 
Q 
t'llj 
0 

~ 
8 ..... 
a 
r.n 
q 
~ 
-1 
~ 

~ 

t-..:i 
t-::i 
-l 



 
So 6:! ('uiud and rleodetic .~·urrt;r __f{qwrl /IJ8tJ 

-:.:.:==::::::::.::..--=.=·....:::=-2=__::_:::·:::::_::._.:;~:--

P.E.dd. 

FORTY- stx INCH. ( 117 CM) TRANSIT 



 

,. 
:' 

I 

PORTABLE THA:t\SIT. 



 

No.64. 

MEIUDV\.N-oR TRA .. "f\JSrf A,"l\D E(JL'\L AL'ITf' 1JDE 1.:\ STRLJM E .\T. 

Ii 
1, 
~j 
I' 

i! 
Ii 
II 

il 
11 
11 

l: 

j 
I[ 



 

~-' 

z 

z 
/ 

-
J. 

i 2 I• 

'· <' 
,, 
i! 

~,,-i! 

Ii -
I' 

11 

i) 
._; 

11 

-
< ii -·I 
~ ii 

I' -)1 



 

Blank page retained for pagination 



 

P_r\.._RT IT. 

T)ErTEl~M1NArTlC)N ()F LON(-} 1rrt·1 )}~ 

BY MEA~S (ff THE ELECTIUC TELECHAPH. 

\VITIJ T\VO PLATE~. 

lLLl'KTRATl'.'ffi: 

1. JHSPOSITIOX O.F TBLEUHAl'll lNS'rIW~IE~TS. 
:!. CHl~ONOGRAl'II. 



 

Blank page retained for pagination 



 

PAHT II. 

DETERMlXA'fION OF J,OXGI'rl"DE RY MEANS OF THE ELECTmc 'J'ELEGHAPll. 

(Witl1 two platPA.) 

In accordauec with the design of this paper the only method here considered for the determi
nation of longitude will he that using tl1e electric folegrapl1, whfrh fa now exclusively emplo.wd, 
wbe11eYer the means exist, in geodetfo operations a11d which affords a11 aeenracy i11 a rP:-:nlting 
longitude almost equal to that of a resulting latitude, lJotl.i dett>rminations being snhjf'ct to local 
deflections of thf' Yertical, whi!~h frequentls eX!'eed tl11" prol1ahle nror of a measme of eithf'r of 
these courdiuate11. 

(l.) l'elegmpltic dctennination of longitudc.-The determination of the lougitntlt• of a phtc(' or 
of its meridional distanct' from tlie 1irst or initial meridian (for which that pas;;;ing tJ.rongl1 lireen
wich is generally taken), or the proeeHs for ascertaining tlte ditlerencP of longitudr, or what is tlie 
same thing, thl' differP1we of time (l'Xpressed either in si!lereal or 111ra11 solar) rPqnireH a 111ost i11·t·11-
rate determination of time at hoth places, combined with a tlirect compari11on of th1·se tim(•s 
through the medium of the clectl'ic telegraph. Respecting time dder111inatio11 but little needs to 
h(• added to what has been giYen; the instrumental coustants are to be earcfo!ly detl>r111i11etl. the 
transit iustrnments are to be kept in close ad,iustmcnt, the stars are to he carefully selecte1l witl1 
reference to position on the sphere as well as to aecurac~· of catalogue place, the transit!' arl" re
corded automatically hy the chro11ograph and tu:o sets of time determinations are made, in the in
terval of which the exchauges of local times take phw.e between the two localitie~. The latter opera
tiou is effectf'tl either automatically h~· hreak-eirc>uit chro11ometers, or preferahl~' hy arbitrar~' sig11a Is, 
or breaks given hy the obserrnr. The parties afi' furtl1er proYi<led with rPlays, switd1-boanls, gal
vanometer, rheost::it, local hatter~· and other minor reqniHiil'I-: arnl tlit•y n:-:ually lian tlw :1ssh;t:H1('(' 
of a telegraph operator. 

Various methods haYe been mnplo,ved; the first, simple antl ohYions o!le, of ead1 ohsern•r n'gn
lating his clock or chronometer to local time and noting the time of any m·hitrar~· hreak of thl' 
connecting circuit, each observer h,y tapping gi,~ing a uumlJer of 11ucl..t :olignals. .'\s early as 11'47 tl1t• 
principle of coincidence of beats bet.ween time keepers regulated to si<lereiil and mean time 11·ai< 
used. In the following year the method of star signals* was introduced; it consists in ohsen,ing 
and recording at hoth stat,iom; the transit!-; of a star ove~ eYeQ· thread of thl' diapl1ragrn of tlw 
telescope at tlw eastem station, and again recording at both stations the passage of tl1e sa11w 
star over the sen~ral threads of the instmment at the western station. For this worl; th<' 1•!1wk 
which graduates the chronograph sheet,<> may he h•cat.e41 anywhcrt" in the circnit, hut tlw ohsp1·\·e1·,; 
will determiu(' their instrumental conf:ltants and de,·iations in the ordinar~· wa~-. • \ rm tu her of s1wl1 
so-called time or zeHith stars were thus ohsPrve(l and recorded. Howt•\·cr perfret thi.~ method wa11 
theoret.ically, it nen•rtl1ele:-;s had soon t~1 give wa~' to a le.ss cumbersome aml less tirne-(·011snmi11g
and more practical method, one equally elegant in its conception, viz, that of tl1t• automatic trani<· 
mission of clock beats first practiced in JStiO. The con11ccti11g· telegra)lh wire wa:-; now n•qni1·ed 
eacl1 night only for as many minutes as hours had been consumed hefolt'; the ohse1·vc1·s put s1w
cessivel:y their clocks in the main cire11it and allow them to gratlnatP for a ft>w minutes t11(' cl1ro110-

graph registers at both stations. Two, further im1ironments in the pmctkal telegraphic work were 

• A.vp.ry fnll account of this method is giYcn b>- "'· Chaunmet in l1is Manna] of Kplwrical nm! Prncticol Astron
omy, Yol. I, pp. :142-&>0, original t•dition of 1~6:i. See also Coast Snrnor rt•port of It<r>fi, aJ•pe111lix No. 21. Details ot 
telegraphic method for 1letermining clift'ereu<'eH of longitnd(', with tlt>"~ription of instrnnu>nts. J\y fleo. \Y. Dean, 
Assist.ant, Coa~f, Survey. 
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soon introduced-Yiz, tlie cJod was pl:iee1l ill a lornl eircuit, it haviug been found that the inten
Rity of the current in the main line was too great for tlw satisfactory and permanent action of any 
11wl'li:111ism cmplo.ve1l to effect, thP break of the circuit by t.11e motiou of the clock's pendulum. 

Next, the ehwk waR sn11ersedP<1 lly the hreak-<•ircnit chronometer, supplied with a condenser to 
pn;ypnt au~- i11jnr~· through the passagt• of sparks. Of late, two excellPnt rela,YS were introdnrtld, 
known as t.Jw polarized a11d the Farmer relay, the latter pro,·ing slightly the superior one, lmt 
hoth re<laci11g tlte armatare tinw to a nir.v small q11antit~-. Ry mea11s of the rheostat, and a,>; mfla1'
lll'Pfl hy the g·alvauouwter, the resistance of the line is kept ahout the average value and the same 
on eacl1 11igltt of exchange of signals. 'fhongh variomi apparatuK have heeu tried for the meaimre 
of a hsolutt• or relatfre personal equation~ the exchange of place of the ohservers after one-half of the 
lougitmle work hPtween two stationt> has been accomplii;;hefl and its completion with the ohse1Ters 
in their new places must be considered au essential 1·0111litio11 of success for accurate work. This, 
of conrse, became impmdicallk in the ca,.;e of crossitig the Atlantic, and the observers had t-o com
pare for personal Nprntion lJoth hefore and after the completion of the exchanges. What' now 
remains of difft>renee;; iu the ,-alues fonnd eael.1 night :u; compared with the mean value would seem 
to 1lflpe111l mainly ou 1'llriafions in the pPrsom1l equatiou of the observers, an<l they will therrfore 
try to presen·e their 0I"11i11ar~· lrnhits and conditiom; of hod~· aud mind. Yariations in the rate of 
chro110H1ctrrs probably produce discrepancies in tbe results of a smaller magnitude. For stations 
lying· appmxim11tely uortlt alld south of cad1 other, the same f.ltars may he used for determining· 
tht> loeal times, and tlH' r(•sulti11g· diffen•uce of longitude will be free from errors of catalogue star 
pla1·Ps; 011 the other hand, if tl1c stations are approximately east and west of each other, the use 
of tlw 1'<lllll' stars either becomes i11c01n-enie11t l to the Pastern obsern~r) or otherwise impral'tieable, 
HR in the ea;;e of croRsing- the .Atlantic, and we muRt either trust to the chronometer keeping itR 
ratu 1111iformJ~- during- the interrnl of longitndp 01· trust to the correctness of the right ascensions 
of :mot lier spt. of star,;.* 

For t.lte eomputation of the 1lifterencP of longitude we havt> tlle following f.limple formnlru: 
Let t,. a111l Jt,. = the chrononrnt,el' time aml the chronometer correction at the eastern station 

when sending a Higual, 
t" mul Jf,, = the chronometer time and the chronometer correction at the western ;;tatiou 

when 1·eeei,·i11g tliis signal, 
and t 1

11 awl Jt'" = tlw cl1r011omPter time mul its eorrection at tlte u:estern station upon sending or 
retnmi1ig a signal, 

i 1
,. a111l J/1

,. = the clmmometer time aurl itR conectiou at the eastern Htation wlwn ree<>h-ing 
this sigual, 

:1. = tramnnission time of the electric effect, including retardation of current flowing 
through the wire, armature and induction time, and 

i. = differencP of longitude, west Io11gitude being reckone<l positive. Then suppos
ing tl11~ chronomt•ter tinu•s free from personal equations and the transmission time between the two 
.~tations the same hoth 'rays, wt· haYe from an eastern signal 

aml from a 1r1wf1'1'11 sig11:1T 
i.-11 = f 0 + Jt0 - (tw + Jt..,.) = i ... 

i. +fl = t',. + Jf', - (t'w + Jf',J = i.w 
111• It i'l' 

1 J 
i. = 2 (i.,. + i.w) mill fl= 2 (i.w- i.,,) 

J f no correction werf' applied for personal ec}nation anrl the observers have exchanged places 
in the mi1\clle of' tlw work. tl1en t.he mean values for i., as found before and after the exchange, will 
tliffer hy twict' the amount of tl1e 1iersonal equation, and if tlie observers 11aye kept their.steady 
lmhits <1nrin~ t.l1e lon~itulle cleterminatiou tlw mean of the two values or ). will be free from per-
1mnul equation. 

• ::;,,.. OoaHt Snrv":r Iteport for 11'67, Appendix No. ft. On t.he longitmle between America and Europe from si~--
11uls th1·ongh the AtlaniiC\ cahle. H~· Dr. H. A. Gonld, jr., ARAista.nt, pJl. fi7-13.'l and Coast Survey Report for 11'!74, 

Appendix No. 18. Tmnsat.Iantfr Jongit111kR: linnl report on t-he Unit.-d 8tat<•R CoaRt Survey determinations of 1A7:l. 
ll.r ,J, E. llilg;11·1l, As,"i"taut, l'P· 16:"1-'.!42. 



 

ITKITED STATES COAST AND GEQDETIO SUHYEY. 

Ordinarily a set of time 1lett•nuinations consists of ohserYations of a circumpolar an1l of fonr 
circnmzcnith star,; (hrn north and two south of it); the transit axis is then reYcrsell aud four mor;· 
time stars and one polar star are ohserYed. Iu case of any defect additional starn ar<> ol•serw•l. 
Two :rnch 1<ets are taken <'ach night with tlie telegraphic exchange of signals bf't1reen thPm. 

"Titl1 respect to relative weights to be gfren to the individual results for longitml<' it 11ill lH• 
obsPrn~d that thP'1P nrn8t depend primarily on thP prolmhle errors of tl1e local ti111c·8 a,; 1lden11i111·1l 
at the two statio111<, next on the intenTal elapsed between these epochs of transit ohsnn1tiorn< m11l 
that of tlie nxchange of the longitude signals-that is, on the performance of the chronometers b~
which the times arc carried forward. The latter nncertaiuty may be great{•r t11an tlle foruwr. If 
the exchange took place mitlway between the two local time determinations it will l•e most fayor
al1le; but if, as is sometimes the case~ the excha11gl• took place outside of tJ1is inknal, tl11· re la tin· 
weight for that uigltt would be yer~' much weakened. Honghly we may girn relatirn wt•ights de
pending on the 1rnmlier of time-8tars observell 011 any one night at the two 8tations: RUJIJlOS!' there 

') 

be n 8nel1 starn at the first arnl n1 at the secoBd station, then th(' re.Iatin• weight 10 = ""' 11 111 
• It - n+ 111 

will be much more aecurate to make the relative weight 1c depend on tlie sum of the two weights 
of the time determinatiou resulting from the 11ormal equations of the sets, thus P =JI +)ii a1Hl 

similarly for the other station P 1, tl1en the fi•latiYe weight= JlI~'i, 1 . ~peeial c1rnsi,lnatio11R, how 

eter, mar be require1l in particular cases. 
Generall.Y exehangm; for longitudes are effected on 10 uights, tl1C ohsen·ers exchanging phlct'>' 

after fl night,; of s1wcessfnl observation. On any one workiug night two set,; of tra11s111issions ol' 
arbitrary signals or exchanges take place; the eastern station will transmit, say, 30 signals at irrf[J

u1a•r iBtern1ls of average d11ration of two seconds, and this is followed hy an eqnal unmher aml 
similar signals trarnnnitted from the western station. 

(2.) l'er.~onal eq11atio11.-As stated above, it is tl1e practice of the Surwy to try to eliminate the 
personal equation from the resulting longitude through the exchange of places of tlrn ohseiTPrs. 
mther than use ans of thP many forms of personal equation apparaLns.• 'Vhcrt' tlw PXt:hange is 
impracticable, pt>rhaps tl1e 111ost, sati8factoQT way of obtaining the personal equation is that of tap
ping transits of a star b~- the first observer over one-half of the lines of the diaphragm, and hy tlw 
secoud oh8erYer over the ren1aining half, aud to continue to obserYe a number of time stars (cir
enmzenitL stars), the observers leading alternately, in which case ai1y error in tlw li11e interrnls is 
eliminated. Such obsenations sbonld be made before beginning the lougitmle work :proper, :tilll 
again after its completion. If we write down the personal equation between two obsen·ern, E aml 
W, in tlw sense that E-\Y =e imlicat.eR for a positi,,e e that observer E it'> later than observer \Y
in other wort ls, that, B giYes for his estimate of the happening of an eYeut. more cbronomet<'l' 1 inw 
than observer W, and for a negative e that)<} gh'es less time or is earlier than 'Y-we ham statt•d 
tbe fact, in it':l most simple form,t an<l we haYe a convenient rnlc to correct a resulting l011gitud1• 
for personal equation, viz: state the personal equation for eastern minus \Wstern oh~ern•r aml 
apply the corresponding yalne of e, with its algehraic sign to 1 or the re1mlti11g llifforenee of longi 
tmle, considered as essentially poiiitfre. 

•See, for instance, "Dcscript-iou of two forms of 11ortable apparatus for the determinatiou of per"oual "'lu:itim1, 

both relative and ahsolute. in observations of stiir transits. by J.E. Hilgard, assistant, Coast Sun·c~" Appendix :\o. 
17, Coast Sm-voy RPport of 18i1. 

t Sometimes tlw personal equation is stated in terms of diffcrencll in chronometer corrections, i11 whi..J1 1·a~•' the 
sign of e would lw. rev1mw1L 

s. Ex. 12--ao 
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The following table of' reimlt.s will serYe as a specimen of presenting- the separa.t.e results in 
a concise form, and of exhibiting the effect of personal equatiou: 

Re.mlts for d(ffe:rencc of longitude, Yaslt1'ille, T1:nn., and Atlanta, aa. 
I i i 
: OhRerver ) Arbitrary sigual1'l 1hrougl1 ;l ! 
I at- I .FarnH'l' re!Ry. I 

J)ifi{wenet' of longitude il. 

!---!----···--··---·-···' 
Hatt> i ~ 1 :! f-l 01· 

i 3 ~ From we.st or }'rom eaKt, or i 
: 

!tr lll'l>M'N•ti"tl for: 
ppr:-;. et1u'11. 

, i-'" ~ Nu.sh vitle Aig- ..A t1an ht sig 

____ / _l J _ '-~~~··Aw.. - nals~c I A~-A"' 

:Re-.~ulting 
values. 

1879-'80. I •n. <. m. s. .. ?n. x . 'fit. 8. 

Dec. 

Jan. 

Jan. 

26 i s. D. 
27 

I 
tl. D. 

3 s. D. 
1:; I s. ]J. 

H i S. n. 

P :n Ror. !J 34. 777 0. 028 9 ::1. 791 

. 90;; • 873 . 032 • 88(1 

• 950 • 9~8 . 02::! • 939 

. 841 • 8~2 j . 019 . 8Jl 

___ · s1:. ___ · 784 [ __ · o:.'._ ___ ._so_H_ 

9 34. 6% 

. 793 

. 84:1 

. 73;, 

. 704-

Mean··-·····--- 9 34. 86:l 9 34. R37 . 112ti 

20 I IJ. S. . 664 ! .6:J7 O'l"" . _, ! .65U .74U 
')'I D. s. 
2~l 

! 
D. fi. 

. 7:1-9 . 738 . O~l 

. 696 .GG4 . o:i~ 
. 74" . SH 
. GHO • 776 

24 i ll. s. 
27 J). s. 

• 547 .521 . o~o 
• 693 .6:)9 I . 0;:4 

. :--,a4 . o3o 

. 676 • 772 
i--------- ----.-~ ·-----

Mean . . . . . . . . . 9 34. 672 i 9-~4~&1~-'. -~ o~~. I --~-~;~~~-- ~4. 754 

Hesulting Iongitncle, weighted mean 1 9m :.'14•.74;"i 

± 0 .014 

i :16 

I 
:J4 ; 

37 
I 
i aB 

I :IS 

I 

Difference in yalues of i\. before aud after exchange of observers=0·.19~; hence the Jlersonal 
e!ptalion for tlte first position of observers D-8= -0'.096, or for tlw Recond S-D= +0."09G; ap
plying these corrections we haYe tlw resulting Yalues for longitude in the last column bnt one of 
the table. 'L'he relati,·e weights givPn depend 011 tlw relatfre rnlnes of the transit ohserrntions at 
botl1 stations. 

The following talile slums the n1riahility of the personal e(1natio11 hrtweeu two t>xperiencril 
ohser\'ers during a period of nearly three yearfl, from which wt· may infer the amount of nnc1•r. 
tainty in any of the suhordinate longitude determinations ma4le <luring tliis time, where it was 
thought to he a uReleRs expense to have the obs(1rverR exchange places, and wlwre consequently 
au average yalne for the personal equation ltas to be appJi(•d. 

Table slwwing wrialiility -in 11cr11011al equation l>efu:een two pract-iced obsert•crs . 

December, 1877 a.ud .January, 1878 ......•....•....••...... 
November and Decemher, 1878 ........................•••• 
,January, February aml 1\Iarch, 187!1 ......•.••..........•.. 
.March, 1879 .•.......•......... --·-·· .... _ ................ _ 
November and December, 187!l . . . . . . . . . . . . ............ . 
Decemher aml ,fanuary, 1879-'80 ..............•........... 
Felirnary and March, 1880 .......................... ; •..•. 
!larch and April, 1880 ................................... . 
l\[ay, 1880 ..•......••..................................•. 
1\'lay, 1881 .•••..•..•............ _ ....................... . 
.Tune, 1881............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • .... . 
July and Augm~t, 1881. ............•...................... 
Se1>tern ber and Octolmr, 1881. . .. . . • . . . . . •....••.•......•.• 
October and November, 1881 .............•..•...••••...... 
November, 1881 ••••.••.•••••••••.••.•...••••••.•.••••..•• 

.. 
D-S=-.128* 

-.088 
-.040 
-.05G 
-.084 
-.096 
-.09!1 
-.091 
-.141 
-.tril 
-.133 
-.132 
-.147 
-.180 
-.220 

---
•The sign indicates t.hat Sis later, or gfres more time for the happening of 011 event than D; in ot11er words, D 

anticipates S. · 
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p.) Determination of wei,qhts to be gii'en to transit obserrations, recorded by tlie chronograpltic 
metlwrl.-Tltc iutroductiou of the cl1ro11ogmpltic registmtion of transits of stars has com;iderably 
i11erease!l their rm•eisiou awl remlered it desirable to discuss the relative weights of the coIHlitional 
e<1m1tiorn; 1e;;ulti11g from the treatment hy the rnetl101l of least squares. 

The general form of ttie 11robable error of a transit ohserYatiou i;; the same for the chrouo
g·ra11hic its for the ''eye arnl ear'' meth<Hl; which latter ha:4 hetm ]tlng siue1• discu:4sed hy llessel in 
the Berliner Jahrbuch for 1823 (see also Dr. Sawitsch's l'racth;ehe Astronomie, Yol. 1, pp. 128, 1:.!U, 
Hamhurg, 1850). In g·eneral, tllere is a constant ,-alne related to the p<>rsouality of the oh8cn·er 
aud a form ntriahk with Uw 1'Lar's declination, dept•rnling on the apparent motion of the f'ltar and 
affected hy tht> condition of the atmosphere and hy the ma;:nifying power of the telescope. 

Tlw clmm circumpolar stars still continue to he ohsen·ed by the e~·e awl ear method: use lieiug 
madP, !toweYPr, of the <·lid' of the armal11rt1 of tlie. n•eor1li11g niag·net. Souw obscn·crs }>refer two 
taps, <'OJTespomling· to the apparent lliseetiou of the star by tlw prcce11ing and followiug· edgrR 
of the thread or liue8. 

The rclatiw weigl1ts of i11coi11plete tn111sit~ are also slightly changed, sinee the determination 
of)11strumeutal errors is hut little irnproyed, whereas the uncertainty in noting time on each thread 
has bee11 <'Onsitlcrahly diminished by the ehronographic method. 

As alrea<l.Y t-:tatcd, iu Coast Snrvey practice two classes of portable iniltrumcuts are employed -
for the <leter1ni11atio11 of lougitmles hy means of' the electri<" telegraph: larger-sized transit" of 
ahout t1rnlrn tleei111eters focal length, formerly fit1etl with retienlt•s of twenty-fiye threads; and 
l'llllaller-sizP<l tran:sits or combination instru111tmt8 of about 0.ti decimeters focal length, generally 
provided with glas8 diaphragms of fifteen or leil8 lines. 'l'he latter inlltrnments are used in prefer. 
euce at Htatious of secondary importance. 

RELATIVE WEIG-HTS TO TlUNSI'fS DEPE.'.'\DING O.!.\ THE STAR'S DECLINATION. 

The following tables of the probable error (f) of an obserrntion of a transit of a star oYer a 
.~i119le thread hiwe been deriw•d from a discnsi,;iou of 10+7 tram;iti,; t:iken in February and l\Iarch, 
18ti!l, at San Frandsen, h~· Assista11t fl. HaYi<lson, with tlie large transit C. S. No. 3 (aperture 2~ 
inches, magnifying power 85); arnl 8j.i t.raw;its taken ahout the same time at Cambridge h,Y Assist
ant A. '11

• Mosman, indmlin;:: some obserrnti011s hy Snl1as:-;il'ta11t, F. Hlake, with tlw Jargt' tr:1111-1it 
C. t-l. No. 5 (npertnn' '.!~ inelict1, mng-11i(\'i11g ]lOWl'r 100). For tl1t' tUstUl'l'inn of ohsl'rrntious with 
a smaller i118tr11111ent, ;330 tnu1sit:4 were Uiletl, ta ken i11 Sept i>mher, October and November, IK'i 1, 
at Olen•la11tl, Ohio; and .)85 trausits, taken in Hee1"111her a111l .January, 1871-"7.'..!, at Falmoutli, Ey .• 
hy A:-.sil'hmt B. Goodfrllow, with a 111ni11iau frh,:-1.:ope C. S. No. t:~ (api>rtme ii i11die1,;, 111aguif.yiug 
power ahout 70). 

Transit Xo. a. 

I'll.~ ! (!. 74 80. !J O.G6 

i'iti. 6 o. ·rn so. 0 V. :!O 

Kl. (I o. :!8 70. :~ 0 19 

l'I. 0 o. a1 7:!. 6 ll. I~ 

bH. 4 (l. l~ 6~. ~ 0. l ! 

6:!. !t (tOS~ ;\, j O.llti6 

4Kli U. lflfi 

~~- [, 0. 0Fl8 -- - ··---·----
7.S u. ot~O I ··-···· ·---······ 

M1,ri~lian tl'lt'
~<·np~· Nu.];), 

?'l. 0 _± 0.6:.! 

7ti. H ti. Jg 

tl'i.-1 0. 11 

~i:!. 0 0. 14 

a;1. ~ 0. 09 

44. ii 0.0i'); 

::£1. 7 0. tlfil 

0. 7 0. 071 

.... -- - .... 

]f~ridiau td,•
l'('Opt· 1i o. l:l . 

.. 
76.:3 ._i_o.:w 
ti~.:.! 0. Hi 

5~·- s 0. ]:I 

48. 4 0. 1:. 
~:t 2 ti. JO:? 

20. 1 o. oRn 
l<. :1 0. IHI 

6. I 0. (IKO 

Tlie:;c tabular nLlues arc fairly rcprescntctl by till' expn•ssio11s 

Transit, No. 3, F= v' (O.O(i0)2+ (O.o:wr ta11 2 15 

Transit, No. 5, E= v' (O.Olmf + (O.O;{fif tan 2 6 

.Mcriuian tcleecope, :No. l~~. <= v((l.<ili!l) 2+(0.078)2 ta112 6 

Meridian telescope, No. 1:1, <= v'(0.08i)2+(0.055)2 tan2 c5 
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Cowbiuing these expressions for the larger and smaller instruments we obtain 

E= v' (O.Ov3)2+ (O.(i3ti)2 tan" 6 arnl <= v' (<l.0811)"+ (O.Oti:3)1 tan2 (~ 
re.sp1•ctinly," from wlticl1 the following tables of probable enors (i:) of relatiYe weiµ;l1ts (p), that of 
au 1·qnatorial ;;;tar ha dug the wf'ight nnit,y and of tl1e multipliers v'p for the conditional equations, 
!inn~ been compnt1·1l. 

10 

20 

30 

41) 

45 
50 

55 

60 

65 

70 

7E) 

80 

85 

s rrs:r Mhrnri8, .. ; 86 36 

51 Cepltei. ........ ; 87 14 
a. r rsa· M inoris . 1 88 39 

,\ TT rsa• Minori ... _ ! RS ."")6 

}'or largt' Jl(lrtahle trun~iti.;. }'or small porh-t.1'lt1 transits. 

.. 
;±(1.0fi 

.06 

.06 

. 07 

. 07 

. 07 

. 08 

. OR 

.09 

.10 

. I:! 

.l!J 

.21 

. 4~ 

(l.fn 

o. 75 

1. 5 

1. 9 

p 

0.98 
. 91 

.82 

. 76 

. 69 

.61 

.51 

• 40 

. 29 

.18 

. 09 

o·• 

0. Oll 

o. 007 

0. 002 

• 0. 001 

11' 

o. 9;, 
.ffl) 

. 87 

. 8:J 

. 7fi 

. 71 

. 63 

. 54 

. 4.! 

. ao 

. ]5 

0.103 

o. 084 

u. 041 

o. 033 

.. 
±0. Ol"! 

OB 

.Oli 

. (lg 

. JO 

. JU 

.11 

.12 

.14 

. J6 

.19 

'25 

. 37 
' 

. 7:: 

1. 1 I 
1. 3 

~. 7 

:i. 4 

J' 

0. 98 

. 9'2 

. ~:i 

. 70 

fj" 

. ri3 

. 44 

. 34 

. 2fi 

. lH 

. lO 

.05 

. OJ 

O. OO!l 

0. H04 

ll.001 

0. 001 

iP 

0. ()6 

• (11 

• 8:> 
. 7U 

.n 

.6H 

. 50 

o. O'i5 

0 001 

0.11:!!! 

o. o~; 
- --~-------- -----------

ln the appli\:ation of the multiplier VP it generally SUffilJeS to employ but OllC signifieant figure. 

HELA'l.'l\'E 'WEIGII'l.'H 'J'O INCO)fPLI~TE TRANSIT ommRVA'l'IONS. 

f,pt. 1-·=tlw prnbable error of a tram;it of au equatorial star on•r a sin[/lc th mad = ± Os.U63 an<l 
:LO".OHO for our lmxer and sriialler instruments, res11ectin'lr; c1=the probable· culmiuation-error, 
l'eferre•l to the equator, mainly due to atmospheric displacement, to outstanding instrumental rrrors, 
irregnlaritit>s in doek rate antl ehanges in the personal equation; n=number of threads obt1erve<l, 
theu 

<2 
r 2=fi2+ n 

will rqm~,.;e11t the square of the comhi1wd effect. To find r, i111liYidual (ll\termi11atfo11s of 1·ight 
ascem;iorns ol' star~, all rl'ferred to the same epoch (mean place), may \Jc compared with their 
re.spedin~ aTernge values; tlms, from ;")58 resttlt.s of 3fi stars ol.Jserve1l at the Unitetl States NaYal 
Obscrrntory with the tran11it circle (nsing a mag11ifyi11g power of 186) in 1870 aml lS'il, J fiml 
1· = ± 0".0:H. To apply thi8 value to our imitrumeuts, it must be somewhat increased, thougli not. 
in proportio11 to the respective magni(yi11g- powers, since some of the cnors inrnlrnd approach the 
diaraeter of eo11sta11ts; nmltiplyiug it by 1.5 and 1.75, the e111rntio11s 

(O.OU1)1 = t 1
2 + (U.l'?3)

2 
and (0.060)2 = t 1

2 + (0.0~0)2 

~a la 

'The follow iug forn111l,~ has h<.·1:11 pnhlisb"n hy Dr. AIIJrecht 011 p. 7 of his f'ormeln uml Hiilfstafoln, ,\· r., LPipzig, 
1.~7~;, Yiz: 

E=\I ( -v:;,;;+ (=~18)" ~(~ i 
Putting r~s;, for tlw magnifying powe1· aud changing sec into tan, this expression is er1uivalcnt to 

e;;;;v(OJJ62)"'+(o,O'J7 )• tan•o 
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for the larger ant.I 1miallm· in1-1truuwnts reHpeeth·el~; and, co11se11nP11tly, tlw W('i1d1ts lit·1·0111p 

Renee for thQ larger instruments 

and for the tirnaller instruments 

1+1.G 
N 

P=-r-6 
1+. 

n 

3.0 
1+ N 

JI=~ 
1+~· 

n 

237 

very nearl,v. From 1 lte,-,e expre.",.;iorns, the relative weigltti-; have heen computed for total 11u111 her of 
threads N =:!J, 17, 1:.) and 11 for the larger iustnuueuti-; and for~ =l:J, I~>, 11 awl \I for thl' ,;111allel' 
ones. 

8 

g 

10 

.41 

.5H 

.69 

. 76 

. 81 

• 84 

. 87 

. 89 

. go 

. 92 

v' 11 

. f..t 

. Ti 

. 83 

. 87 

• 90 

. 91 

'93 

. 94 

. 95 

Ful' largt' portal1le tnmAit-1'.. 

p 

4" 

• HJ 

. 71 

. 78 

. 83 

.80 

. 89 

. 91 

.9'.l 

.rn; 

. /!-\ 

. 84 

• $8 

'91 

• 0:3 

. 94 

.K1 

. H6 

JI 

. 43 
0•1 

.'i:l 

. 80 

.8;-, 

. B9 

. ~Ii 

.!1-t 
_!}.j 

.f-0 

. 7H 

. SG 

.90 

. 94 

. 96 

JI 

. 44 

. 64 

. i5 

8" 

'87 

• 9G 

. 93 

.llti 

. 97 

. 06 

. no 

l" )I 

. 38 '6~ 

. 86 6S" ! ,. 83 

. l)O . 75 . ~7 

'9(1 

.97 

. 9!' 

.99 

. ~2 

.Brl I • !M 

. 91 . !J.-, 

ti~ . 06 

For ~mall port.ahlt> trnn~it:-.. 

• :1x 

. r;~ 
H9 

. 77 

. R7 

. 90 

. 9:! 

v 1' 

G" 

. 70 

.Kl 

-''~ 

. 91 

• Hti 

JI 

. ~I 

• 7H 

. t4 

6'.! 

. ~4 

. S!J 

!1:2 

. 94 

.~:! !lti 

. !l;. ! . 07 

. ffi · HX 

.94 .ITT .96 .~ .99 .~ 

11 
12 

13 

14 

. 93 

. 94 

'95 

. 96 

. 96 

• 9G 

. 96 

• 97 
-~ .~ -~ .99 1.00 LOO .00 -~ -~ 99 1.00 LOO 

15 

• 97 

. 97 

. 98 

• !)() • 98 . !l9 1. 00 

.97 .99 i.eo i.oo 

. 98 . 99 

.99 1.00 

16 

17 

18 

. 97 

. 97 

. 98 

.98 1.00 LOO 

.98 1.00 LOO 

• 99 

1U .98 .99 

20 98 .99 

21 . 99 . 99 

22 '99 1. 0-0 
2:1 . D9 1. 00 

24 1.00 1.00 

25 1.00 1.00 

.97 i .99 .!)9 1.00 

.9>' .99 1.00 1.00 

. 99 l. 00 

1. 00 LOO 

JI 

.0:! 

.fl:i-. 

I. Utl 

. 9ti 

. 9i 

.H'.l 

1.Ull 

For the. larger instruments, the gai11 in ac1~unu-.,y hetwet~n 17 a111l '.!.i thread:; i:s Yery tritli11g· a11d 
it is believetl that the increased fatigue to the ob:seffer and const~J1H'11t eLa11g-1· i11 bit> p1·rno11al 
equation will more than counterlmlauce it. Seventeen threatls or line::; were recom111e111le1l iu l ST:!, 
which may conveniently be dii-;poscil in tbrec tallies; tl!e mitltlle 01w ( espt'(~ially for the ohst>1·rnt iom: 
of close circnmpolars) of 7 cqui<listaut, aml tlrn two outer tallies of ;) equidista11t tlm•atls: aho11t :!' 
apart; and for the smaller instruments, 13 insk:ul of 15 lines were recommcJJded, with 7 li11e1i iu t,he 
middle and 3 lines each in the outer tallies. l~or oct'a.s ioual ohi-;errn tioui-; by the e,Ye aml the ear, two 
outer single threads may he added, forming, with the central oneH of the tallies,;; equidistant thread.s 
(about 12• apart). If the observer prefers, he ma.r hM·e close double liue.s and tap when the star 
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is exactly hetweeu them. Glass iliaphmgrns came into regular use i:;ince 1811. 1u the glass 
<lia11bragm most i11 use we hare 13 lines disposed iu 5 tal1it'S. The outer tallies consist of one liue 
eacl1, those uext to them of 3 aud the central oue of 5 li11eH-e<1natol'ial distance of the mid11le 
lines of each tally ahout J.i•, or whole intern1l betwt>en first aml last line 1 ru i 1 Iw iulernil of the 
linPs constituting a tally is 2~ seconds. 

Jtespcctiug the probable error of the tabular right asce11sio11s of do<:k stari:;, ai:; gin'11 i11 tl1e 

Anwricau Ephemeris, we may form some jndpnent from the tahle of corre«tions gi,·en in the 
\\·ai:;ltiug·ton OlJsnrntions for 1870 ancl 1811 ('fabh, C, p. lxxxs). Taking tlw SCJmll'l' root of the 
an~ragc :-;quarc of correetious to these lHl clock ;;tars, the mean t~onectio11, n~fenetl to tlw p11uator, 
bt'comes ±0•.041 

Tile prolmlJIP Prror of a tabular rigl1t a;.;cension of a fm111a111ental star nrn,Y 1Jee;;tirnated at uot 
Jpi,:s tlmn :± 0'.03 and cornparatfrely great1~r for other ;;tars. To gin· weights for relatiYt> uneer
taint~· iu the tabular right ascenRions is generally impraetica hlP; hut we may ohtain as consistent 
a111l a<"curate a i,;et of results as the nature of the obHerYatious admits of by first mdug the colHli. 
tional equations with equal weights 1rith rn~pcct to tabular places arnl 11edudng corrcctimm to tl1e 
assuu11.•d rigb t, at<ee11sious for all stars not fuudameHtal from the ohse1T:itio11s of the sanw star 1rn 
different nights. A second formation of the numeri1·al 1111a11titics of the conditional equation;;; and 
solution of tlle normal equations will girn the final results for iustrumeutal deviations and for local 
time. 

Iu this method, the apparent right ascensious of tl1e starti are made to refer to the equinox 
belouging to the fundamental star;;. 

For the rerluction of a set of transits by application of tlle nwtlirnl of leai:;t squares (for which 
,.;ee part 1 of this paper), it if' recommernletl to introtlrice, iu the conditional equations, two azi
mnthal de\·ia.tiorn;: one to apply to the state of the inl'ltrumeut uefore, the other after, reYersal. It 
lllay ali,;o lwcome desirable to introduce a correction to the assumed honrl~· rate of the time.keeper, 
PSJH'l'i:tll~- if the ohscn-ations in a set are greatly cxtcndetl. 

The following example, showiug- the arrangemPnt of the r<'du<·tion of transit obsen·atious when 
wei;:d1b are applied, is given for the sake of completeness. The notation is the same as tlrnt pre
vionsl,r used iu part I. 

It will gN1erall~- be found preferable, ou account of the lahorio11t< 1n·occss of forming aud solv
i11g four normal equations, determining the co:Iimatiou, two azinmtlial deYiatio11s and tlw clock 
correct ion, to diYide the labor into two sets of t1rn 11ormal equation,:, one for damp eal'lt and the 
other for clamp west, proYided au indepeude11t azimuth cau he tinrn1l for eacl1. This treatment ii:; 
due to ~Ir. James J\'faiu, astronomical computer iu the ( 'oas! Surn·y. The field eompntation, or a 
first rongl1 reduction, will fnrnisl1 au approximate rn.lne for the collimation and of the homly rate 
of the clock for which the ohserrnd times of the tram;itH arc c01T1·cted, lea Ying the azimuthal deYi· 
atiou and the clock correction to be determined by two normal 1~quatious; for the seeonrl se.t, there 
result hrn similar normal equations, and the criterion for tlie cOJTPctuess of the reduction will br\ 
the tqnalify of the clock corrections, which apply to the epoch of tlw rerenwl of the in.~trumcnt. Shoulll 
tJw two YalUl'l:l for O'r differ by a foW hundredths of a RCCOHd, the prOC«'RS is easily gone O\'l'r intro
ducing an improved value of the collimation c. It will ntrt•ly he rn'cc~sary to impron~ the eorrec· 
tiOll for ]lourly rate; the latter heing referred to the epoch Of the I'l'VCl'SaJ, the p{foctou o'f bCCOrnes 
insignificant. It sometimes happens that the itrntrurncnt is n•\·ers1!1l twice ill a 11ight'8 work, iu 
wbiell case the. reduction may be made as above, determi11i11g a third value for aziumtlial tleYia. 
tiou and demanding the ideutity of three v:tlucs <le<luced for o'r. 

'rhe 1•xamplc given below is drawn from the determi11atio11 of the transatlantic l011gitude of 
1872; being the ollserrntions at Paris, France, made August 16; instrument, C. S. tram;it No. 
4; observer, J?. Blake, jr.; latitude=480 50' 11"; collimation= -o•.337 for clamp west; epocl1 To 
= 1811 .tli"'; hourly rate of c11ronometer insignificant; tranl'lits complett~; weig-hts, p 1lependiug on o 
aud taken from the table prepared for large transit instruments. The bst column, lieaded pJ, ex. 
hihits the differences, given by the individual stars on a uniform scak. 
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PARIS, AcGrsT Hi, J87;J. 

Reductions of obscrnatimis for time. 

Ep(J('h, l~li 4Gm. Co1limation "'.:'.:::-- o·.:~37 Clamp west. 

(~orn·dion 
Oh1H·rn·il Cm" :for f'nr. Cur-

:-\tnr !'l.m111. t·hronomPtt-•r ret'tion indination I't:>f't ion for ' ff'('tion for Cnrredt>d 

l.fi 1 Dr:lronifL .. 

"fJ 8t:J'llt'Illi~ ·-···· ···-·- -
1 Aqui111• .••... 

a !,yr<'' ..............•...... - . 

f3 ],,-..a- ............ . 
50 llracouis . . . . ..•......... 1 

Aq11iJ:1· .••... 

O Drac1mis 
r Dr:1cnni:·L .. . 

K Aqnilw ... . 
y Aquila· 

a .A.quilw .•.. 
t: Dr:h.·~miB ........... . 

St:il'. 

.. 

\\'. 

w. 
\Y. 

'"' w. 
\\'. 

]<;. 

E 
ll. 

1l. 
E. 
E. 
K 

time-me:rn of 
tl1t·t·:ltls. 

11. Jn. .. 
17 44 17. ~:.; 

lH 14 Li 01 

~s JK 4x 

::2 :HI.HG 

4::i 2·L9X 

' 
;~1 ;;4 i>O 

;,~ a·t 77· 

19 l~ 34. 0° 

1" o::. IO 

:w 0:1.81 

40 l::.n 
44 :l!'1. !j~, 

4>' :lX. RI 

,, 
I 

i 
I 

for aml t·ollima- diurnal 
rate. piY~)t inf'- titm. al~rratiou. 

~jU:llit.y. 

···--- --·--··-·· .. .. .. 8. 

0. 0(1 -o-o. ~:1 -1.10 -~1or, 

0. 00 -'-0.tHl -0.34 -0.0~ 

o. on +o.o~ -0.34 --o. o~ 
0. Ot1 --f-0. ~l -0.43 --0. 02 

0. Ot1 +0.17 -0.41 -o. o~ 
0. 0(1 +o.47 -1.3:! --0. 06 
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4.20 o T+l.4G a=-0.31 ~ 
1.-i6 o 'l'+2.51 a=-0.67 j h euce a= - o• .280 o T=+0•.02 and D T0 =-1".48 

For the computatiou of the iwobable errors and weights, we have for the probable error of the 
unit of weights 

<1= f.f~)~~',Jl_D~=±0.0221 
I} 11 0 -7/e 

wlwre n0=nnmber of stars obsen·ed and 170=number of unknown quantities or numbrr <1f normal 
equations. Solying the weight equations 

4.20 Q+l.4{i q=l l l { 4.20 Qi+l.46 Q1=0 
·RIH 

1.46 Q+2.r>l q=O j 1.4G q1+2.51 Q1=1 
we find Q=.2tm Q1=.499 

hence the probable enor of the time determination f&,=<1 v'i= ±0•.012 

and the probable error of the azimuth determination fa=<1 vCJ1=±0.016 

also the weights P=~=3.33 for the time determination and P.,=c~ 1 fort.he azimuth determination. 



 

240 REPOR'l' OF THE SUPEUINTENDlrnT OF THE 

o Dr:u·onit-\ ... _ .. 
.,. l)rat'Oni:-1_. 

K "'-'\JjlliJ:1· .•. 

y AqniL1· 

o.. A1p1itt· ......... . 

c J>ra~'o11 L·L .•••.•. - .••.• - - . 

Herl1u'fio11.v nf ob.~en1afio1111 for tim1~-Continned. 

H. 

-l.fl:} 

1. :.!!f 

1. :.!/ 

1. 69 

,/ 

.<. 

-0.1!3 

~o. 21 

-t·O. '.:!~l 

-0. IH 

1. :;s -·O. 08 

I. t"15 -0. o;, 
1. :::s +o. ~~ 

Cla1u1• east. ..\. 'l' - J '.fiO 

A jJ i pA 11.A.'1 ,, d I 11 ,\ti 
! 

R . )~. 

-+ o. ;;9 LOO ·I 0. S!I : 0. 3:, -ll ]" -0.0S 

-D. 83 0. ::::> -0.~9 0. :!4 -t 0. 07 -0.0fl 

-1.4~ o. ~:. --0. :15 0. 50 f 0. {lti -0.0K 

fll. 84 1.011 +ll.>i4 0. 71 -(1.l!J -0.l!i 

+.-o. f.i3 1. oo ! +o. G:1 o . .tv -O. UI'\ -O. n.-, 
-r-o. G5 i i. oo +o. Gri i o. 4!! -o. or, -O. Q:; 

-1. Oj 
1

, o. 30 , --0. :J2 I o. 33 +o. o7 -~o. o; 
1

4~;+1. 7G i~Ts·: -0. ~[, -O~j 
i i : 

(llJ.. 

--0. 11 

·IO. IC 

"--JO.~ 

-0 Hi 

-0 1~ 

-0.1~ 

1 o. ~n 

!:. g_ I It I 
-1 ~~ ~ ·f o. 01 40. 04 ', . oorn 

1. 4r, . -o. 11:1 , --o. 01 . oooa 

J.:1-! --f0.0ii
1

+o.Vl: .0009 

1.5~• -+0.0.-1 +o.o5 j .oo~:> 
1. ~6 -o. o~ -o. o~ I . 0004 

J. 43 -0. 0.) ~I. Of; !' . 00~5 

]. 48 0. Oil 0. 00 , . 0000 

!--:-0082 
I 

4.no n T+l.75 a=-0.2:1 I hence a=-O•.rno 
L>ii o T+2.n;; a=-0.5:11 <) 'f=+W.0:2 aml...", T0 =-1'.48 
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ltP111·e tl11· ,.;nm of the weig-hts for Angm1t Hi=7.1!1, a <1uantit,r which firnl;; its applif~ation in the 
comhi11atio11 or tlw ilJ(lfridual values for longitude referred to in § 2i example of results. 

(-i.) l>iNpo.~ifio11 in Ilic obscn1ator,11 of telegraphic -instru11H•1ds and tlu·ir electric conncclion.-The 
arrm1p;e111ent arnl 1dud of im;truments usetl bj· the ob;;;en·1•rs were diffenmt at. different times, aud 
although the i-lyRtmn !l(loptell in 1Sifl WHS fonucl to lJe most .'latil-lfactor~·, it is proposecl to give here 
ah;;o n 1leseri11tion of tl11• iliRposition and use or the i11strn1nentR dnrinµ; t.lrn perioil 1870 to 1878, 
indnsiw, as illnstratini:: the more Rimple arrangement Htill occasiom1lly adopted when galvan-
01uetcr aud rheostat are di."pc11flc1l witl1. .For the fo1Jowiug tll';-;criptiou of tlie nse of tlie instru
ment.-; a}l(l for the 1liagranrn illustrating it, botl1 hefore and after tl1P rearrangement of the apparatus 
in 187U, the writ!'r is inllebtc(l to Mr. Elhrin Smitli, assista11t Coast arnl Ueodetic Survey. Hefer
ring to the firi-;t appemled plate, di8jl08ifio118 of instmmen!R }1 If, Jll relate to the periOl} 1870-'787 
and n·, Y, YI t{) the Jll'f'Rfmt, time. }'or the earlier pcriO\l we liave: 

Arraug·euwut I : Circuits 1rltile obsen1i11g transits.-The chronornetN ht't'akfl circuit H, causing 
pen on armatnre of chronograph magrnit to record. Tl1e ohHen·er breakti circuit H with the ob. 
Rf'n·ing ke,r, also causing a record to be made . 

.Arrangements II and III: Circuits while e:n.:han!fi11[J chronomete1· si!J11al11.-At the sending stat-ion 
circuits are as in JI, arnl at the receirin!J statio11 as in III. \Vhen the cbrouorneh~r at the sending 
statio11 breaks circuit H, the nrmature of the cl1ronograph magnet breaks the main circuit at x in 
II arnl the armature of the signal relay at receiving station hreak:.; circnit B in III, causing the 
l'(~cortl to be m:Hle on chronogrnph. 

Arrangement IT!: <Jircuii wkile e:rcltangin{f arbitrary signal.v.-Oircnits at l)(lt]J stations as in 
III. .Arbitrary signals are made by hreakiug the main circuit witl1 the signal key and the arma
t1l1'e of the signal relays bre:tk8 circuits B, causing a record to he made at both stations.* 

The present disposition and connection of instruments, as adopted in 187!)1 is due to Assistant 
Smith, who abo arrauge1l a suitahle switch-board to effect readily the changes desired. See. 
Appendix No. 7 or Coast, and Geodetic Survey R,eport for 1880, "Explanation of Apparatus for 
obserYations of Telegraphic LougitndeR, with directions for its nse, 1881." For the period 18i9-
1880 we llave-

Arrangi:mient IY: Oircuits wliile observing transits.-The chrouomcter breaks circuit A and 
the armature of the cl1ro11ometer rnlay breaks circuit B, making tlie pen on the armature of the 
chronograph magnet record. The obserYer also breaks circuit B with ohserying key.t 

. •A "onnder was also ill circuit B, hut. when sending signals anu observing it was cut ont. This was a great 
1nconvenieucc; when the sounder was iu use the circuit B could not be u,.,cd for observing. 

t For cm·reRpQndence, the talking relay and key only are connectetl with the main circuit. The batteries of the 
main circuit ari' always at the main office of the telegraph company. 
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Arrangement V: Circuits while exchanging chronometer signals. Circuits tltc same at both sta
ti-0ns.-Tlle chronometer hreaks circuit A, the armature of tlte cl.Jronometer relay breaks the main 
circuit and the armatures of tile polarized relays [now-, in preference, the Farmer relays] break 
the circuits H at both stations; thus a record of chronometer signals sent and receirnd is made 011 

the chronographs at hotll 1'tatious. [Unless a hreak-circnit chronometer of a rate greatl.v tlifleriug 
from sidereal time, say gaining or losing one secoud in one minute, is provided, such ordinary 
chrollometer signals are now little usecl for longitude work proper, as they repeat nearly the snnw 
fraetion of a second. Still they are usefnl for identification of the minute of difference of longitmle. J 

Arrangement \~1: Circuits while e:rdwngin(J arliitrary .~ignul,~. Circuit,s tlte same at both Ma 

tion8.-The rer•m·1l of the chronometer is made as iu ngure IY, causing breaks in circuits A and H 
Arhitrar.1 signals are mad1•, b,r breaking the main circuit with the signal or talking key and tlie 
armatures of the polarized [or oft.he Farmer] relays break circuits B at both stations. 

:X OTR.-The two polarized [or Farmer) relays are to be experimentally adjust~d so as to record 
Ycry nearly alike when the galnmometers haYe deflecti01u1 of a certain number of divisions on the 
tangent i'icale. The galrnuorneters placed in branch circuits in cases V and YI are to be adjusted 
to t11i.s clctlectiuu l>y regulating the resistance in the branch D U Y br means of the rheostat. It 
is 11rop0Red to m;e each set of instrumeuh; at eaeh station during one-half the work [before ex
change of ohRerver and thus eliminate an,y consta111 tlifference in the records made hy the two 
polarized for Farmcrj relays. In the extensive longitude work of 1881 a new signal relay waH 
intr0tluee11, an irn;trument which pro\·ed superior to either the Jlolarizcd" or the Farmer relays 
ns<'<l i11 the precerli11g season. Its quickness of action depends mainly on the hollow and islit. 
cylinders which form its cmT·, on tlie shortiwss of the core au<l tbe distance of coils from the arm
ature. ~Witlt these signal relays the matter of e11ualizing the currents was found to be of less 
importance and the halancing of the current.s was not. alwass insisted on when the time during 
whieh tlll' line wires were at the disposal of the party was short; it was l1owe•·er attended to when 
tltP gah:wometer irnlicatious clilfored more from their normal indication than wai:; desirable. 
The arrangement of the telegraphic apparatus in the ohsernitories of 1881 is shown on the second 
Jllate accompanying this article, t·ide tlgnres VII and VIIr, which took the place of figures Y and 
VI of the old arrangement. 

(5.) Conclur1fog i·emarl~s.-'I'he oldest chronograpl1, kuown as Bond's spl'ing governor, thougli 
still or service, has been rirnle11 by the more portable Hipp fillet- or lmrrel·chronograph, regulate1l 
by a vibrating spring.t The uoise rnade hy these instruments is, however, \'ery ol~jectiouable. 
The new cylinder chrouograph of great accuracy, constructed by Fauth & Co., of \Yashingt.on, 
snpplied with a noil'lcless regulator, has imwed of great etticieue.y; it can be adjustetl for various 
speeds. Or<liu:1ril~", for records of transits a space of 9 millimeters(~ of an inch) represents one 
second of time, and during exchanges of signals, a double speed is given t;o the c;rlindcr, making 
18 millimeters to one :-;econ<l. These chronographs use but one, pen; tlle marking fluid is the car
mi11e ink manufactured by Thad. Davids & Co. of New York. This im;trument is illustrated on 
the secornl plate. Tlw chronograph sheet is read off to hundredths of a second. 

'This iustrnment rrr1nired more attent.ion t.!mn the other to put rtntl keep it iu proper a1ljntthnent an.J lrns le~s 
prompt. in discharging. 

!See improvem1mt of the Hipp chro11ogra11h, J,~- W. Eirnueck; report of 1872, Appendix Ko. Jf'. 
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PAHT III. 

DETER:\IINATJON OF LATITCDE BY ltIE.A~S OF THE ZESITH TELESCOPE. 

(\Vitll oue plute.) 

(1.) Orncral remrtrks on Talcott'8 111ctlwd.-Tlw method of <lPtt•rminiug the latitnd1• or the <lt>eli
uatiou of the ze11ith 1,~- llleant'i of tlie zenith telcr;cope lia1; l1cen repeat<\dly (leKcrihed ;• it was orig
inally de\-i:se(l by Ua11tai11 Andrew 'l'alcott, latt' of the Uuited 8tateK C'or11s of Eug-iueeri-: arnl was 
desig-ued al>ont the year IS;l4. H 1>honhl uowe,-<'r he mentimwtl that the instrument is figured ou 
1>lates XII and XIII to the second volume of l'earsou'i-; '· Iutrollnctil)H to l'rnctical Astrouom~ ,'' 
Loudou, 1829 and its use as a latitude instrument is d1;scrihed on pp. 549-5.5-! of Vol. II. The 
difference between this older method aml Takott'i-; c0118i1SIH in the 1mh:stitntion hy the latter of two 
stars of uearl~· equal and opposite zeuitlt dista111·e, for a :-;iugle clo:-;e zenith star. Tht> range of 
applieahility was thus greatly extended arnl the nH'thrnl :;oon lwr·ame a fayoritc one with the practical 
astronomer. lt substitutes micromdric rnpa:-;urcc; of c;mall ditrereucci-; of zenith distauces in tlw 
plaec of mea1;11rcs of large arci,; an<l it is to this impro,-em<•nt that the accuraey and f:H'ility of the 
mctl1ml arc chiefly dtw. Iu its application to latitutlcs, we 111eas11rP the :-;mall difforeuce of zenith 
distances of t\\·o stars l'.11lmi11ati11g 011 opvoi-;itP 1»i1l1•1» of the zenith, at nearly the same altitude 
am1 11ot far apart iu time. 

(~.) Since its introduction in the Cuaflt, SmTe,Y iu lS-rn, the imitrument ha;-; rcceiYcd some modi
fications to adapt it more fully to it:-; use for latitude determinatious, and it l1as now superHe<led all 
other instruments 1lesigned for the same purpose. Tlw teleRcope turniug freely through the zenith, 
and its horizontal axis heiug capahle or a<'enrate lP\'ding, it was propose1l hy the late R. II. Faunt
lero,r, assistant in the United States Coa1;t 8mTP.Y, (o 1lekrmi1ie ah<o the local time hy means of this 
instrument, aml it has been so used, giving results of snfticieut precision for the d('term ina ti on of 
the latitude. On the otlwr hand, Ai,;sh;tant Ceorg-c Da,·iclKr111,** in 18ii:\ and, ::mbsequeutly, Profes
fior C. S. Lyman, of ~ew Han•u, Rnggested and praeticall,y illnstrated t the temporar~- conYersion 
of the or1li11ar.r transit instrumeut into a zenith telescope hy attaching to tht• formt'r tl1c ilelicate 
leYel and micrometer; the great adYairtage of this cowhinatiou, both in regard to economy all(l 
facility of trausportatiou, need not here he pointP(l oul. l'rofessor Clianwuet alt-10 remarks that 
the instrument ma,v be applied for finding the long it ndc from equal zenith distances of tlH' moo11'i-; 
limh and a neighboring star. 

As the time does not require to be knowu with g-reat precision, th(I nean•st secoJHl or two lwiug
ample, it may he obtained either by a sextant, using the method of equal altitudes, h,'I· a small port
alJle trnnsit, or by the zenith telescope itself;+ in the latter casl>, a meri1lian mark, with two lamps, 

•See The Journal of the Fn1ukliu Institnte (l'bilatlt•lphia) of October, 18:lti. It coma ins rnnark8 upon 1 ht· rnut uo<l 
autl an austract of reaults, by Profossor Court,enay; 

A report hy Major Emory, Uuitetl StaM~ Topog;rapliical En;!ineers, i11 cou1wclion with tlH' northt'astern lionntlary 
survey of the United States; 

A pampblet by Captain T. J_ Lee, United States Topugra11hical E11gii1t'ern, and assi,;tant in 1111' CuiiPcl ~lntf•s 

Coast Survey, dated April, le4s; 
A pamphlet by t11e late A. D. Bache, Snperinten<leut of the L:nitNl i'it,,ites Coast- SnrH~-, Nt'w Han·n, 11'0:!, h1'i11g 

extracted from the American Journal of Scie1 ce mul Arts, n1i. xiY, ~econtl series. ThiR paper "''" rt•atl he for<' t hi' 
American Association for the Advancement of8eie11c1', at, their fifth meeting. in Ci11ei1111ati-ride ml. v, p. l~•l; 

An article in the United States Coast Survey Heport for 1857, pp. !l2t-!!:14: arnl 
An account in Chauvenet's Manual of Spherical aud Practil'al Astrono111y: Philacll'iphin. 1H6:l. voL ii. PP- ::~11-:J()[;_ 

••New Meridian Instrument for Time, Latitude, and Azimuth, hy Gt•orge J)avidH011. as"i'tm11, Coast, 8nrH~-; 
Report of 1867, appendix No. 8 • .Also, Coast and Geo(leLic Snney !Ieport of 18i9, appendix No_ 7. 

t "On the transit instrument as a substitute for the z1mitli tcleHcope iu detenniniug l:ttitndc, and on the latitude 
of New Haven." By Professor C. S. Lyman. American Journal of Science aml Arts, vol. xx_x, July, l&JO. 

tSoo Report of 1869, appendix No. U. On the use of the zenith telescope for obsen·atious of time, by J. E. Hil
ga.rd1 assistant. 
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differing from tlle mid1Ue li11P t>xadl,r by the distance of the ''ertica.l nxis or the telescope from its 
lim' of collimatirm, will br fonud couYeuient. 

(:l.) 1Jf8cription of the in8fl'Utnent.-Heferring; to the actompanyiuµ; Jilate, whid1 exhilJits the in
strument as now coustructed, a brief aml general description of it will s11ftlc1•. The telescope bas 
an aperture of ahont 9'"' (.)~ h1l'l1es), and a focal le11gtb of ahout 11-t•m (45 inches), allll :tdmits of 
ol>seiTing with com-enience 8tar.s a.-, small as the G~th or 7th magnitude. The maguit}'ing power 
used varies lwhYee11 ml awl 120. The telescope-tube turns about a horizontal axis nearly 18"01 (7 
inches) iu length, and is halancc<l by a weight iu 8uch manner as to prevent nu.equal pressure and 
flexure of the axis. This axii-; is ,;up plied with a stricliug Jm-el and when horizontal the line of colli · 
matio11 of the tdesc·opt· will mon1 in a Yertieal planP; it i8 iwrtbrat1'd ancl pDli1;lted and the light 
of a J:rnq) passes throng-It it for Ute illumination of the mino111eter aucl other tbn:adi,;. The vertical 
axis is supported l1y a column about m "10 ('.H iuches) iu height ancl at itf-i Iomw cml carries a clamp 
a 11<1 n'.rnicr iu couuection with the azimuth circle. The horizon! al cirdc is about :-;ucw (12 inches) 
i11 tliaHwter. aud ii-i gratluated to reml to half-minutes or less; two nHn-allh' stnps can be applied to 
it, detiuiug 011 the instrument the positiou of the plane of the meridian :rnd without interfering with 
the motion of the axis while re\-erisi11g. The whole ref.its npo11 thr!'c' l'oot-:snews, by meaw; of which 
the im:truuwut can he lm·ele1L 

A 1lelicate Jen~! (Yalue of one di\-i:sion about~ of a t1ecornl) at right an;;ks to the horizontal axis 
i" mnnected with the telei-;cope, aud nwoln·s ou a center so aR to ill<licate tlrn inelination of the 
tefri,;rnpe; conce11tric with the level ph-ot a11<l firmly co11m•cted with the tulle i8 a graduated ~ocm 
(l'.!-inch) semicircle, or a l;)<m (U-incl1) fnll l'in:h•, on which zenith Lli8tauces are reacl off to the near
l'st 30" by meaui-; of the arm aml vernier attached to the rnoyable leYel. 'l'he telei-;co11e can be set. 
to auy inclination and clarnpetl; for accurate pointiug, the lmbblc ii-; hrought into the middle by a 
ti1w-11111tion :-;crew. 

The minometer ;;cn·w carriet> a movable thread for the niea8lll'<' of the !litforene(J of zenitli dis
tauces; its head iti diYiclcd in 100 part8, of which tm1ths may he estimated; the "-hole number of 
tum:-1 are n•a4J oft' 11,,- mcaus of a rack, Nhown 011 the si<fo of the til'lcl of dew. The value of one 
r<•\'Olutio11 of tlH· micromdl'r ii-; about J;i". There arc al8o two fixed threalh; parallel to the microme
ter thrl'atl, ahout, l.i' or '.!O' a11art, indirnting the rauge between which the latter is ordinarily em
ployed. 'l'o imwicle for the eat.;e of trausitohseryatiorrn, there are also fi\'e eqnillistant Yertical 
thread;; ini-;erted symmetrieall:.· over the optil'.al center of the field. For eo11veuie11ce of observing, 
the telescope is f-inpplied with a prif-imatic B}l1-pieee. 

The im;tr111111~ut 111ay be monr1ted on blockt> of stone, hrick, or \I oml. ( >tlrnr forms of tlie zenith 
U•let1cope :11ul atlapiations thereto of tra11t1it im;trumentt> have already been mt•ntioned in l'art I. 

( ·t) A<U11st111c11t r>f the instrnmc11t.-Whe11 setting UJ>, it. will he fouucl eonrnnient to place two of 
the foot i'itrcws iu an cast and west line; the m\jut>t.ments of the ini-:tmmeut ma~- then be made as 
follows: The n-rlil·al axis to he matle truly Yertical hy means of a stri<ling le\-el, which should not 
ch:mge wlH'll the i11strn111e11t is made to de8crihe a complete revolution in azimuth. 'rite verticality 
i;hould ah;o be tested by tlle more ise118ith-e len\l of the 8eitiug circle, in order to avoid large level 
(•orn•cti0118 m a cha11ge in the position of the telescope. The horizonfality of the transit axis is 
testPd h~- the rcvernal of the striding lcYel. The eye-picee ii; next a<ljusteJ to sidereal focus hy 
111ca11;; of the definition of a circumpolar star, UJl(L the tltrea1ls of the tlia11l1ragm are properly focused. 
It il'l important. that tl1is adjustment should not he disturberl during the olJsermtions, and to make 
:s11n• of it a lead cu colla1· or a da.mpiug i,;crew iis soH1etimes emploJed to keep the 8li<ling tube iu posi
tion. The horizontalitx of the miemmdcr tlircacl is pron•d h;r an efJHatorial star running along the 
thrca1l, or l1y the same appearance of a polar star, when the inistrumeut is turued in azimutli, and the 
Ycrticality of the sy:4cm of transit, threads may either he iuferred from thiis la8t adjustment or may 
he tested by the bise('tiou of a 1fo;tant well-detined terrestrial ohjeet when the telescope i:s slightly 
eleYateU or defH'l'8S!'tl. 'l'he 8ame terrestrial \ll\ject rnay be used for t]1e aujustment, of the line of 
eollimation, which ma.r be etfodrnl 11_y two positions of the instrument exactly 180° apart in the read· 
ings of the azimuth circle and makiug allowance for eccentricity; thus let d =distance of vertical 
axis from the line of collimation of the tcleiscope, D ;;: distance of ot\ject, and JJ = parallux, then 

d 
P= Dsin 111 
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A perfoct a<l,im;tmcnt, howeYcr, may be 111al!c h~- rnnans of t\rn <'ollim:1t.illg telt>~(~op1•s, or by tlw 
method employed wheu 1rni11g a tm1rnit instrnmeut iu two posit.ions of'the damp for tile same lJllrpoR('. 

The re:uling, 011 Ow J1orizontal cirele, of tlH· 11Iane of tl1e meridian i.~ a.-;certained by means of 
the known chrouometcr time of tlll' culmiuation of a slow-uwyiug star, wl1ieh i,.., biseete1l at tliat 
time by the middle thread autl tlw eorrespouding r1'auing of th1: <'irclc notc1l: damp:-; are tl1e11 
applied to imlicatc tlw meridio11al po1:;itiou with the tdl:'scope poiuting north or sonth of tl1c zenith. 

(:'I.) &lert ion of stars for o/J.~crratiou.-'l'lie obsen-er will next prnpari• an oliseryiug fo;t of pairii 
of starR, coutai11iu~ the catalogue number of tlle star, its maguitndt'., the rigl1t ast·e11sion aml 
declination, t.he ~enitb distmice, north or south, awl the middle ze11itb dist<tncP of llif' pair or th•~ 
setting. The weak point of tile metholl is want. of snflicipnt accnmcy iu the e<ltaloguc star-plare:;; 
they may desiate as often ouc way as tbe other without doing more than itwre.asiug the JH'uhable 
error of a. r1·sultiug latitrnlt•, hut wlwn the errors are of' :t coustaut nature the~- seriously affect au~· 
deduced latitude which may depcud npou thern; hprn·e too 1111wli ('.an" ('auuot he l1e:-itowed upou a 
proper :sl:'iection of pair·p. from the catalogues and ouly thotie shonltl lie taken which ha,·e a sati,.:
fact,or,r or, at least, more than one i·eliaLle autl10rit~·. The catalogues mmally Pm ployed formerly 
were those of tlw J\ritisl1 Association arnl of the Grecrnriel1 Obi':crn1tor,,·; * t li«s will furnisl1, gt•u

erally, from Olli:' to three do:wn (If pairs iu onr latitmks for almost :my nigl1t in 11w year. Tliel'W 
catalognei; are IHI\\" in a great. uwasnn· snpt>rsPflt'ti h~- tl11' Coa .... t Surn'.Y catalof!ue of starn for 
observatimrn of latit111h" (Heport of 187G, Appeudix Xo. 7, \Yashington, 187!l.) 'l'l1!' programrnP 
should eomm1:•11ce with starn of tl1e earliest. i·ight ascernsious perlllitting olls1•1Tatio11 on aceonut of 
daylight uud be cm1timwd to as early a. momiug hour aH .tl1e ohl't'ITer may Jirnl r.xpPtlieuL If 
there is au ahuml:1.11<'I' of snita!Jle pail'1' for the period, two lists may he uwdt· out coyeriug the sam«c> 
time lmt ohserYahlc on ;1lter11ate uights. I u 1;electiug stal's, snital.Jle mws culminating sub polo 
should be includt·il, and catalogues should he partit~ul:1rly exa.rninetl for ;,;tar~ pasi:;ing Ro near the 
zenith ns to he within ra11ge of the micrometer with the im;tnu11e11t pointing Horth or 8outh. 

The latitude of tl1e 8tatiou requires to be known oul,r w·ithi11 011e or 1 wo mim1te8, \\·hiell 1legTee 
of approximation may be had either from a chart, Hextant ol1RerYatio11s, or hy uwam; of the tintliug
circle of the tra.1111.it i11,.:tru11wJ1t or of the zenith telescope itself. 

Tlw tw·o stars forming a pair sliould r·ulmiuat(' at uearly eqrml zenith distanceR, one north the 
othm· south of the zeuith arnl tlieir <liffcrern·e of zenith distauce shoultl, if poxsihle, uot 111ncL 
exceed one-half the breadth of the Held oft.he telescope to aYoid ohi'ieniug 1war its 11dg·p; ahout l.'1' 
(Or at most 20') is the great(•st range deHimbk for our iustnime11t:-;. 'l'lte intenal of time between 
the culmi11ation of stars fornling- a pair sliould not bt~ Je,.:8 than one miuutt•, to gin~ time to rea1l 
deliberately tlw micrometer aud t.o tt1ru tlu• illstrnment in azimuth for obs1>1·,·ing tlte l'lecmul star 
and should uot lrnually exceed 20 111ia11teR, t.o guard againRt po8sible dia11g('1' in the state of tht• 
instrument. ~Jw iuternil between au.r two pain; slionhl afford time f01· realli11g the micrometer awl 
level and for setting the instrument Jll'CJmratory to tile uext })air; for tl1is three miuntes snftict' for 
most observeri,;. If the intervals between the pairs are unavoidably l011g, they may he filled up hy 
observing transits for time. Stars as low as tlie 7th maguit.nde may he sdected ; their plan·s an•, 
however, generally 1101, well lleterwined; 011 the other hand, brighter stars are too few in uumbPL 

It is desirable to select tlie pairs with regard io their difference of zenith distances, making tl1t' 
-·----~--------------· - --- -----------~--· 

•The catalogUL• of starn of ilw British As~ociat.ion, reduced in .Jammry l, 1Sii0, by the late J<'rauei~ Baily. 

Loudon, l84f1, 
Catalogue of2I!i6 starA formed from tlw ob8en·ations made <luriug 12 ~·ears, from IS:lll to 1:-l~i. at. t.lw Royal Oh-

aervatory, Greenwich. London, 184!), 
Catalogue of 15i6 RtaIB formed from tlrn ol1serva.tious ma<le during 8iX y~ar", from 1" k< to J.''f,:l, at the Hoyal 

Observatory, Greenwich, aud i·et111ce1l to the epoch 18GO. Loudon, HW!. 
SeTen-year catalogue of 2022 st.ars reduced from obsurvation~ het.wem1 1~14 n nrl 1> liO, ll1 tlu• l~oyal Oh'<•n·:it11ry 

Greenwich, and rt>tlncecl to tlie rpoeh 1860. Volume for 1!<!62. 
New seven-year C[l.lialoguc of 2760 sfatrs for 1864 rc<lnced from observations ext.ending- from 18111 to I 'tl7. al 1 he 

Royal Ob!!erva.tory, Greenwich. Appendix TI to volume of GrPenwi<·h obser\'atious for lr'l~. 
To these may now be a.dded : 

• Nine-year catalogue ofl.1263 stars for epoch 1872 from ohsen-ations extending from lff.B to 18iti, forming AppelllliK 
I to the volume of Greenwich ohsern.tions for the ;rear lb76. 

Catalogue of stars obserw•d 11t the Ui1ited StakA Naval OhserY:ttory clnring th•~ ~·ear• l~~r. to 1877, St1Mnil etli-

tion, Washington, 1878. 
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sum of all tllc pooilire micrometer corrections equal to the sum of all the negative corrections, which 
condition leaves the final latitude free from any effect of error iu the Yaluc of the micronwter screw. 

Prom 15 to 20 pairs of stars, if well selPctecl from a modNn catalogue with reliable star-places 
and obsenetl eacl1 011, say, ~i nigllfa, \Yill ge1wrally snflke to gfrp n satisfnctOIJ' YaJue for the lati
tude of a i1lace-tlrnt is the })rolmblf' f•nor of the latitmfo 111a_y he expected to be below OJJ.1 To 
bring the probalile error down to ±0".05 or less, will require more imirs. 

No prcciHe limit c:m be give11 of the greatest zenith dista1lee <"ompatible with the require111<:ntR 
of flip method, but it may be readily extende1l to 2G0 and beyond; howeYcr, the• greater tbe inclina
tion of the telcscoiw the gr11ater the flexure, any ilwqnality of which in the two positions of the 
tuhe and which iR not sbow11 h,Y tlw len~l, wou l1l affoct t11e n•sult. In Steinbeil'H prhmiatic tranRit 
and zenith telescope there is no snch flexure, bnt the ohserwr must assure himself of the fixity in 
tht> positioll of the prism. TJ1e following' specimen of a liHt of select«d pairs of stars will serve to 
show the usual arrangement: 

Pairs <f starN proposed for ob.~ermtion <luring August and Neptc111ber, 18.'iil, 1cith 1Je11itl1 telt'sro11e 
Xo. 5, for latitude <!f station Jl!o1111t Desert, Maim·. 

- ---- ---- -

Star ·:\o. CataJuguP. :M"l(.i a 
I._ 0 -x. or ~ .. Sdting.I 

6062" n, A. C 

606R 

I Ii. 1rt. .. 
17 47 24 ' 40 (II 5! ., 

f~ i 4K 36 40 02 

I 

4 20 S. ! 
4 rn ~. I 4 ];J 

61~9 f• 5!I 2:J 4~ ~~ 4 Oi N. I 
I 

18 17 52 4!) o:~ 4 42 N. 
! 

5~ 1!J 2!J 39 20 

6 ;i3 31 39 3:l 

4 5[', S. 4 46 
I, 

4 48 :-;, 

fl :m r,o 5;, ~-t 11 o~ N. 
·l·I 47 33 l~ JI on R. 11 07 

; 
G 57 ;,:~ ;,;. ::? ]] OG N. I 

tj IO 01 59 I "" 17 

08 ;ii' 56 3i 
n o4 s. 

l~ JU 
12 lfi N. 1 

G~ lf1 :JH 62 57 

16 f•K ?;~ ft!l 

18 3G 
18 ::u 

18 :!:! 

- - - -- - --··----

Tlrn colnnrns 1wadell a, <~, ~' coutain the approximate l'iglit ascensiou, decliuation, arnl r.rnit.li 
distmwe of eacb star. 

(6.) ])freetio11s for observing.-'rhc iHstrnment being adjusted and the line of collimation of tl1c 
telei,wope placed in the mcridim1, in which position the ar.imnthnl motion is arrested b~· the stops, 
the index of tl1e Yf'rtit·al eirdr ii; 1<wt lo tlrn rn<~B!f :zr11it11 1lista11cc of the firRt pair taken from tlrn 
lil;t previouslr prepare1l, 011 which list the chrononwter time of culmination of each star for the night 
is noted. The telescope is then uirectPd to that si1le of the .zenith wliere the first star will culmi
nate and tl1e hnbhle of the ltwe] iH made to pla_y Yery nearly in the middle. As soon as t11e star 
enters the fiPld an<l when transiting on one of the vertical wires, or at any convenient number of 
seconds hefore the culmination, th(• ob,.;ernr will piek up the heat of the ehronometer and bisect 
t11e star with the micrometer thread aml kePping it 1ih•;ecte<l up to the instant of culmination; the 
lt>Yel and micrometer are thc11 read, the instrument i1' re\·olved 180° and the second star is ohse1-ved 
in the same manner. During· these obiwnations, the tangent screw of the vertical circle must not 
be toucbed, though the tangent screw whicu gives a slow motion to the telescope (and consequently 
also to the level) may be used after the re\'ersal of the instrument in the exceptional case when 
the yertical axis of the instrument is 11ot well adjusted. 

(7.) If for some reasons the meridian obserYation fails, the star may be bisected off the meridian 
and the time noted. This may be done in twq w·ays, cit.her by mo\'iug the telescope in azimuth and 
bisecting in the line of collimation, or by obsen·ing the star off the middle of the field, lea,ing the 
tele1icope undistnrbe1l in the plan~ of the meridiau. The latter method is generally the preferable 
one, particularly when the star culminates near the zenith. If, bowC\'er, the tueridionnl distance 
of the star be considerable, the first method had better be followed. 
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Though the star may be bisecte(l several times while passing throug-h the fh>ltl, in our Pxprri
ence little is gaiued in multipl.Ying obsen-ations upon the same star nudrr the Sflmc l'irc11msta11ce.~. 
The relative accuracy of a Ringle obsernttion, and of tlie position of a Rtar assig-11ed hy t!H· <·:1t:1-
lognes, points to the multiplication of stars rather than to that of repeated pointing;; on the s;rn1c 

star. 
It is not advisable to combine more than one north star with more than one south star, for thP 

rna;mn that greater accurac;v is gained by observing pairs on different nights and in case of an 
imperfection in the position assigned to any of tlte stars thus combined it wonl<l h(difficnlt to 
detect the faulty one. It is i>reforable, therefore, to break up combinations into pairs. \\' e han, 
however, m~n.r cases where ,me star enters as a component of a pair with different stars. 

Each pair is generally observed on five ors.ix nights; a greater uumhe1· of ohserrntioni:; wonM 
add hut very little to the \'alue of the mean result, as will be seen in the <liscm;sion of the relatirn 
weights. 

(d.) Genel'al expression {01· the latitude.-Let ~ and ~'equal the trne meridional zeuith distance 
of the i;outhcrn and northern star and o and o' the declination of the sanw, respecti,-ely; then the 
expression for the latitude is 

<p=Ho+o')+~(~-;') 

Now, if z, z' denote the observed zenith distance of the south and tl1e north star; n, s the north 
and the south readiug of the le>el for the south star and n', s' the same for the. north star; b the 
value of one division of level; 1- aml r' the refraction correction and in and 111 1 the retludiou to 
the meridian for the south and the north star, respectin~I,r, then 

•p=2(o+o')+2(z-z')+~ { (n+n')-(s+s')} +~(r-r')+~(111'-111) 
and if l\I and ~I' IJe the micrometer readings of the south and the north star, the micrometer being 
supposed to reatlfrom the zenith and H the Yalue of one diYision, then 

~(z-z')=1(:l'II-l\I')R 

If the micrometer reads t-0tr:ard the zenith (the direction appears, of course, iifferte<l in the astro
nomical telescope), change 1I-l\I,.into JW-1\f antl it may he remarked here that during half of the 
obserrntious at the station the instrument may be used in the reversed position of the telcoicope 
with regard to the vertical axis, thus varying the circumstances under which measures are taken. 

(!l_) Determination of the valur of a dhii.~ion of the micromcter.-Differcnt methods have been u:-;ed 
for this purpose; the one formerly most, frequently employed vrns by turning tlie rnicl'ometer at 
right angles to the position in which it is used for makiug latitude ohserrntious and noting the 
times of the passage of a close circumpolar star near culmination over tlie micrometer thread placed 
successively before the star for each turn or half-turn of the screw; now, let r=iute1Tal (connfft.ed 
into seconds of arc) from culmination, and o =the star's declination, tlwu the sine of the angular 
distance from the meridian= Hin r cos o and the differences of quantitie:-; thus computed, divide(l 
by the corresponding differences in the screw-readings, give tlw Yalue of oue <lh-ision. The treat
ment of a set of observations by application of the method of least isqnan•s is ginm by J.E. Hil
gard, assistant in the United States Coast Survey, in Gould's Astrononiic,ll Journal, So. 3<i (Cam
bridge, March 13, 1852). Another method, formerl,y employed, was to measure the angular space 
covered by a well-defined distant terrestrial object by !lleans of a suitable theodolite and also by 
means of the micrometer-screw, from whielJ. tue value of the latter will readily result. The method, 
however, introduced in 184;' by C. 0. Boutelle, assistant. in the United States Coast SmTe,r, aml uow 
almost exclusively used, consists of observing a close circumpolar star 11e<1r its elongation when 
rapidly rising or falling, accompanied with but a slight motion in azimntl1; thi;i method avoids the 
risk of a disturbance in the focal adjustments; it requires the reading of the le\'cl in order to allow 
for possible changes, and necessitates a correction for differential l'efr:wt.ioll-

By cos t.,=cot o tan <p and cos r0 =cosec o sin <p we find tLe star';i honr :rngle t0 and zenith 
distance (. at elongation; and if a= star's right ascension and .dT=chrouomcter correction, then 

{ + } f western ~ Chronometer time of elongation =a - JT :I: t,, where _ for 1 eai,;teru f elongation. 

8. Ex. 12-- 32 
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About 40 or more minutes before tl1c elongation, the tclc~ccpc is directed to the lltaT, and tran
i;its are uoted, the micl'ometer tlm'a<l being set in advance, consecutively, by whole, half, or quarter 
turns of tlie screw: tllroughont its length_ A correction for rate of chronometer should be applied, 
if s1'11i;ible_ It is well to note the tcrnperature, siucc the Yalue of the screw may Yary with a change 
of temperature. 

Lett= difference of time of olmcnatiou arnl elongation of the star, allll z" =number of second::; 
of are in tlrn direction of tlie vertical from elougntion, then 

,,, _cos o sin t 
"' - ---~ill 1" 

for which we can write 

z" = 15 co;; o t t-·/;(13 sin 1")2f'} 

where t iR eXJll'essetl in seeomls of timP. It is co11Yenie11t to apply the term i(l5 sin 1 ")2 t3 to the 
ohserYed tinw of noting, additi\'e to the obsern~d time before, aud snbtractire after, either elonga
tiou. 1'lle following tal1k gin~s the rn1ne of t(15 sin 1")2 t3, also of the a<1t1itional term 

- 1 h(lii sin 1")4 t" wl1eu sern;ihle, for enry minute of time from elongation to 6firn. 

----~--------------------------

Term. I 'ft.rm. Term. Term. 'i Term. Term. i I 

·------ - ' - ~--- -- -----
! 

-· 

I 
m. s. m. .. m. s. rn. ·- "'· .. m . 8. 

u. u Jri 0. 8 20 3. 3 36 I 18. 5 56 33. 3 
(I_[ 17 o. 9 o-

"' 3. 'j 37 19. 7 57 35, 1 

0. 1 18 1.1 28 4-:! 38 21.0 58 37. 0 I 

ll.l rn J.il ~D 4. 6 39 
' 

22. 3 59 30. 0 
]0 0. ~ ~o 1.5 BO 5.1 40 ~3. 7 60 4LO 
11 u. ~ 21 l.il 31 5. 7 41 ~ .. f} 

.;,.,) .... 61 43.1 ' 

I~ (l. ~:J 22 2. 0 :J:! 6. 2 42 26. 7 62 45. 2 

13 o. 4 ~ll :::.:i ;;;1 6. 8 43 28. 3 {)3 
1 

47.4 

14 ll.:'"i 
~· :?.H 3-! 7. 5 44 

lfi (Lti 2:1 

The correction to be applied to the observed times of noting for chauge of level is given by the 
formula 

::L f :l(n-.~)-J(llu-80)} -~ b ---
\ - la cos o 

wlH~re 11 0, s0 the north and the son th readings for a selected state of level; n, s tl.te north and the 
l-\onth readings for any other state and b the Yalue of one division of level in seconds of arc. The 
upper sign is to be nscd for western, the lower Bign for eastern elongation. 

After tliese two correction.".! lawe been ll!Jplied to tlie obsen·ed time8 of noting, we haYe in one 
column the readings of tht• micrometer aud in another the corresponding times, such as would have 
hPl'll observed if the star had moYed uniforml;y in a Ycrtical line, leaYing out of consideration, for 
the present, the change in refraction. Various methods of combination might be adopted for the 
determination of the turn of the screw; that followed in the example, where we subtract the values 
rt'i:inltingfrom the first ol>8errntion from those of the middle one, next those of the second from those 
of the middle one plmi <ine, mid 1,;o 011, recommends itself for its simplicity and is probably ouly 
il1t't-rior to that which employs 1 he metliod of least squares. '\Ve thus obtaiu a number of valneis 
for tbe time of a giYcn mnnhu of turns, half, or quart\'r-tnrns, from which we deduce the value of 
011e turn by the formula g-iYeu above; the correction for refraction (in seconds of arc) is negath"e 
for cit her eastern or west er11 elo11gatio11 and equals the change of refraction for the space equal to one 
tm·n=value of one turu times dil!erenee of refraction for 1' at star's altitude diYided by 60. The 
probable error of the resulting Yalne of one turn is readil,r found; see example appended to this 
papn. If we wish to proct'<>d witJ1 the ut,most rigor, the rnethotl of least squares should he ap11lied, 
a development of which is gi\'ell in Chanv('net's article on the zenith telescope, aboYe cited, page 
363. It is sufficiently explained hy the following statement and the example. Let Mu= the unknown 
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reading of micrometer for the time of elougation or for tLe middle time of any onr f;Ct of obsf'r\·a
tiorns near elougatio11 1 or for T0 ; also, ::\1 1 =au assumed approximate value for ::\1 0 allll 11 its corn·c
tion: also, R1 = a11 ass1mt1:1d approxirnatl~ \'ahw for l~ a]](l p itis correction; then 

1\Io = M1 + µ all(l H = R1 + p 

If we now subtract each micrometer reading .:'11 from J\I(, and each corresponding time from Tn and 
also conYert these intervals into difference>< of zenith tlil'tance, or into z-20 using the first term of 
our formula and pnt n=z-z0-(i\I1-M)H1 we ham for each obserrntiou the conditional e<juatiou 
n=R1µ+(ilI1-l\I)p from which we form the normal equationi'i in the usual wa~· aml dednce tlH' nm 
quantitiesµ ancl P- The additional labor is eon;;iderable antl since the rl'imlt <lifters only from tliat 
found hy Urn preceding method by a small fraction of the probable error of R, we may, in all ordi
nary cases, dispern;e '\\ith itoi avp!i('ation. ~ 

It is hardly necessary to remark that a 11nml1cr of s\.'ts of obserYatious, for Yalue of one turn 
of screw·, are usually taken and their resnlti,; arc comhineil to a mean. 

(10.) Determination of tile i1al11e uf one dil"ision <~/'the lael.-The yalue of one division of the 
level may be found in different ways, according to tlic meanR available. Tim temperature shou11l 
Le noted, since the result may clrnugc with a change of temperature. The value may he fonrn1 
rlirectly with a level-trier or by attaching tlw IM·el to a well-divided Yertical circle and measuring 
directly the angular ,-aJne passed ornr·by a chauge of iuclination of a gi,·en number of cliYisions in 
tlte position of the lmbhle; a distant object may be siµ:hted a:-; a mark or, lictter,.a second instru
ment ma;,- be used as ~1 collimator and in comwclion with it; the augular space is measured with 
tile micrometer screw, the value of which is alrca<ly kumn1. To employ a ,-;tar for a mark renders 
tl1e determination unnecessarily complex. I.n tlte example :1p11endetl, tlle \·alne of a di,·i:sion of lcYel 
is found in terms of the micrometer screw, the bnl1ble is ma<fo to tran'rst~ the wl1ok length of gradu
ation an cl the micrometer differences co1Tespondiug to the displa!'.etnents of the lmhulc uy a change 
of inclination are measured b~- pointing on a collimator; such ousen·ations, in particular, sltould 
iuclrnlc those di-visions of the leYel which come most commouly into use during the observations 
for latitude. 

(11.) Correction for d{fferential refraction.-The difference of refraction for any pair of stars is so 
small that we can ueglect the variation iu the state of the atmosphere at the time of the ohserrn
tion from that mean state Ru1iposed in the refraction tables. The refraction lming nearly propor
tional to the tangent of the zenith distance, tile differe11ce of' refraction for the two stars will be 
given by 

r-r' = 57".7 siu (z- z') sec2z 

and since the difference of zenith distance11 is measured by the micrometer, the following fable of 
correction to the latitude for differential refraction has been pre1mred for tlie argument t difference 
of zenith distance 01· ~ difference of micronwtl'r rea<ling at. thp, side and the argument •'Zenith 

"In case no special ohscn·ations for value of micrometer lrnYP hN'll nrnd<', we may st.ill fintl it from th1· latit1ul" 
observations themselves. Let H=npproxirnufo value of ouc turn of the rnierorneter a.~ nHed iu th<' eompnt,ation and 
dlt its correction; also, <p=thc latitmle resulting from all the pairs l1s tlw use of R, anll dip its correction. Let :\1,_}1,, 
:M3 • _ .=half the mean differ<:uce of micrometer-readings of the sonth :uul the north stars of the scwcral pairs, rp1, 
<p>,, cp;i ••• the results for latitmle by the several pairs; we then have the couditional equations 

M1dH-dcp = <p-tpi 

M2dU- dcp = cp - 'P'• 
etc. 

which gives the normal equations for finding dR and d<p 

:SM dU-.:s'dcp = :S( cp--- 'Po) 
:iM•dR- ~Md qi= ~M( tp- tpo) 

If weights arc given t-0 the several pairs d~pending upon the prol>ahle er'°r of rlecliuat.ion of starn and up•)ll th<: nnm
her of observations on a pair, they umy readily be introduced in tho ahove normal NJnatfons. To find a rrliahle valne, 
however, by t11iR methotl, it i• es«•ntial tlJnt thr• nrnrs in t.lie catalog1w-place,, of •t,ars should he as sm1tll as possihlt>. 
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distance" on the top of the table. The sign of the correction is the same as that of the micrometer 
difference. 

i <liff. iu 
ZPnith 

ditit;Jllt'.t". 

o. 5 

1. 5 

3.5 

4. 5 

!i. 5 

Zt>nith <li!-ltan<'t'. 
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• {!{) I • 00 • 00 

. 01 i . 01 . 01 

. 02 
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. 03 • 03 

. o:i . 04 
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. 06 . 07 

. 07 .08 

. 08 . 09 

.09 

. 10 

.11 

.12 

.10 

.11 

.12 

.13 

'--~ --~------···--____! __ _ 

. 02 

. 03 

. 05 

. 06 

. 08 

. 09 

.10 

.11 

.13 

.14 

.15 

le diff. in 
7.f'nith 

tliista.nce. 

! 

Zenith dlsbnce. 

'----·--· -- ----, 

6. 5 ; .11 

7. 5 

8 

8. 5 

9 

D. 5 

10 

10, 5 

11 
11. 5 

12 

12. 5 

.12 

.13 

.13 

.H 

.15 

.16 

.17 

.18 

.18 

.19 

• 20 

. 21 

.11 

.12 

.13 

.14 

.15 

.16 

.17 

.18 

.19 

.19 

.20 

.21 

.21 

.12 

.13 

.14 

.15 

. IU 

.17 

. JS 

.19 

. 20 

. 21 

-~2 

. 23 

. 24 

.14 

.J:; 

• 16 

.17 

.18 

• 20 

. 21 

. 2:! 

. 23 

. 24 

. 25 

. 26 

.15 

.-16 

.18 
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. ~4 

. 25 

• 26 

. 27 

• 28 
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.23 
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.ao 
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(12.) Reduction to the merirlian.-First, when the line of collimation of the telescope is off the 
meridian, the irrstrument haying heeu rernlrntl in azimutll and the star obserrnd at the l!our
angle r, near the micldlc thread, then 

2 sin2 ~r _cio_s_p cos o 
m =sin i;, . sin r; 

and the correction to the latitude, if the two stars are observed oft' the meridian = ~ (m' - m), as 
given in Art. (8.) The value of 

2 sin2 h 
-sinI11-

for every second of time up to two minutes (a star heing rarely observed at a greater distance than 
this from the meridian in zenith-telescope observations) is gi\'en in the following table:· 

i . ' i ' I : i I I I I 
I T 1 'l~erm.1 T 'l,crm.· T :Term., T iTerm.! 'T 1Term.] T !Term. 

:1··-.-. ii-~1-.-:,-,, -1-.. -,:-,, -·-.. -,-~- 11-.. -.-,, -j-•. -1-,-, -1 
1 QOOi n QU tt QM n 2.ro n LU Wl &561 

I J. oo 
1 

22 o. 26 i 42 ; o. oo s2 2. 10 s2 3. 67 : io2 , s. 67 

3 o. oo I 23 o. 28 i 43 ; i. 01 03 2. rn 1 83 ' a. 10 I io3 • s. 78 

4 o. 01 I 24 o. 31 ~ 441 l. 06 64 i 2. 23 ' 84 3. 85 I 104 5. !l-0 

5 o. 01 I 25 0. 34 ; 45 1. 10 65 i 2. 31 85 I 3 94 : 105 ' 6. 01 

G o. 02 ! 26 o. 37 i 46 1. 15 ' 66 2. 38 86 4. 03 i 106 I 6. 13 
7 0. 02 t 27 0. 40 I 47 J. 20 67 2. 45 87 4.12 107 I 6. 24 
s o. o;i 1 2s o. 4a ' 48 i. 26 68 , 2. 52 88 4. 22 ·1 10s 6. 36 

o. 04 I 29 0. 46 ; 40 ',, ]. 31 60 2. 60 89 4. 3~ ·, 109 i G. 48 

10 o. 05 I :10 o. 49 ' so t. 36 70 2. 67 oo 4. 42 : 110 6. 60 

11 o. 06 I ;JI ' 0. 52 51 I. 42 71 2. 75 91 4. 52 111 : 6. 72 : 

12 o.os [ 32 o.56: s2· 1.48 i n 2.83 92 4.02 112 o.B·i 

13 0. 09 i 33 0 59 ' 53 : I. 53 i 73 2. 91 93 ·, 4. 72 113 6. 96 . i . 
14 0. 11 34 , 0. 63 54 . 1. !ill : H . 2. llll 114 : 4. 82 114 7. 09 

15 0.12 : 35 ' 0. 67 55 1. 65 ! 75 : 3. 07 9;. : 4. 92 115 ; 7. 21 

16 o. 14 ' 36 o. 71 56 1. 71 ! 76 3.15 00 5. 03 116 7. 34 

17 0, 16 37 0, 7o 57 1. 77 [ 77 3. 23 97 I fi.13 lJ7 i 7. 46 

u au E Q~ ~ La H'S.~ ~i5M 118 1 ~00 
u am ~ a~ ~ i.~ n ia ~ 5M 11n ~n 
20 0. 2'2 40 0. 87 80 1. 00 80 3. 49 100 5. 45 120 7. 85 

Secomlly, when the star is observed off the liue of collimation, the instrument remaining in 
the plane of the meridian, then 

9·21 2'2.1 
m = - 810 ~· • o o m = ~~!. 1 sin 2o sin l" sm cos or sin 1" · 2 

all(l the correction to the latitude is half of this quantity, whether the star be north or 110uth and if 
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the two stars forming a pair are obserwd off the line of collimation, two such corrections, sepa
ratel,v computed, must be added to the latitude. If the stars shonlil he south of tl1t~ equator, the 
essential sign of the correction is negatiYe. The Yalue of m for eYery ;)C of declination ii; ginm in 
the following table: 

i 
i 10•. 

1--,--, -~- -·-----
(Ws., 

\ s5° \ '.'oo ( '.'01 '.'02 '.'03 . 04 '.'oo ' '.'os .10 l'' .11 .17 ~0 

I 
10 I . 01 . 02 , . 04 . oo . us . 11 . i;; . l9 • 2a • zs . 34 so 

151. 01 : . 03 ' . 05 i • 09 ' .12 .17 . 22 . 28 . 34 . 41 . 49 7ii 
i 20 . 02 : . 04 : . 07 .11 i .16 . 22 : . 28 . 26 ' . 44 . 5:l . 63 70 

I 25 , • 02 ( . o5 :, . os .13 . rn . 2s . 34 . 42 . 52 . 6a .75 65 
, so 

1 
• 02 l . o5 ! . o9 • 15 , • 21 . 29 : . ss . 48 . 5!J . n . s;, 60 . 

I 35 I . 03 I • 06 . JO ' .16 . 23 • 31 : . 41 . 53 . 64 . . 77 9" 55 

I
I 40 ' • 03 l . 06 : . 11 I .17 I • 24 . 33 I • 43 . 54 . 67 . 81 

45 .oa i .06' .11 i .17 .25 .33 .44 .55 .68 .82 
I 

. 97 

. 98 

50 

45 

(13.) Record of the obseriiations.-The observations for latitude are- recorded in a note-book, 
ruled to suit the convenience of the observer and of a form similar to the following: 

No. 

Station, ---
Instrument, ----

Catalogu<> 
star-number. 

North I 
or r 

south. i 
I 

Record Z. T. !atitu.le•. 
Date, ---- ~---. 

Obseryer1 -- ~--. 

Remarks. 

I 

! Chronomet.n 
1 1 ' time of 

Turns. I Divisions. ' North. : South. [ observation. 
I . 

Micrometer. J,.,evel. 

____ ! ___ ! ___ \ ________ _ 

! I 
i 

The first column shows the number of times each pair has been obser\'ed; the other columns 
explain themselves. (See example appended.) 

(14.) Reduction of the obsertiations.-The reduction will be facilitated by the use of ~ny con
\'enient printed form, of which the following may be taken as a Kpecimeu; 

U. S. Coast and Geodetic SurvPy. 
(Left.hand page.) 

Section--. Latitude-stat.ion ---- Srote-----. 

'I Star. Micrometer. 

- :Meridian 

Level. 

Declination. Date. I '1 i j' j I diotanCC-
1 No. ~· • Reading. Diff. Z. D. ; N. ' S. i Jl~fi~. ,i 

---___ 11_·_1,·-t.-~~1! t. d. I -.--j---1---1--.. --,-------
) i i 

, 1 I I 1 

I I I 
__ I ___ I~~-~--: ____ ~·-------·-- __ i ____ , ----~--

(Right-hand page.) 

Instrument ----
-~---------

Latitmle cotuputilti\\ll, 
'l'eleecopt1 No.~. 

I I Corrections. 

I Sum aud hall eum. -·-----·: , Latitude. Remarks. I I Microm. i J,evel. 1 · Refr. i :Merid. ·- __________ . ------

,~----·----, 1--., -I~,-. --1 i---

1 
i 

____ i -------
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For the mefm places of stars to be used in the computation the computer consults all catalogues 
of precision and in addition to those already mentioned in§ (.'>)the following: United States North
ern Boundary Commission; Declination of Fixed Stars, by Assistant Lewis Boss, director of Dm1lPy 
Ol>servatOQ"; 1877. Heale Accademia dei Lincei; Catalogo delle Declinazioni medie pel 1875; Homa, 
1880. Catalogue of 618 stars observed at the astronomical observatory of Harvard College; Cam -
bridge, 1880. Catalogue of 1098 sta11dard clock and zodiacal stars; Simon Newcomb, i~rof. U. S. 
N., Supt. Amer. Ephem. (pnhlishe<l in 1881) and other catalogues. The •alues of a star's declina
tion from all catalogues arnilable are tabulated and the most probable value is selected according 
to the weigltt to be attached to each result. The question of the effect of proper motion enters 
conspicuously into the judgment for assigning relative weights. 

(l.'i.) Discus.~ion of the results.-The weights of the result8 by each pair differ with the number 
of observations upon each pair, with the numbt'r of times a star enters into any such combinations 
and with the accuracy of the star11:1 po;;ition as found from the catalogues. 

To fiml the WEigllt due to tlie number of obserYations or the probable error of obseryation, let 
n =number of ob8ervations upon a pair, p =number of pairs, L1 =difference of latitude between 
each obserrnd re8ult and tbe mean result deduced for the respective Jlair (see example to Art. 14), 
[L12J =sum of all the L12's for an;y one pair and 21.::PJ the sum-total from all the pairs; then, if 
e = probable error of obscrn1tiou, 

0.455 ~[.:::!2 ] 
ff=~--- --

n-p 
On the a Ycr,1ge, the Yalue of e from many determinations is rather less than ± 0" .4 :uul ocea

siona lly reaches ± 0".3 and even less; the corrm;pomli11g probable error of an observed zenith 
distance equals e v!J or ± Ql'.3G 

To find the probable error eq, of a resulting lat~tndP hy auy oue pair aud the probable error e8 of 
the mean of two decliuations or of ~(o+o'), ore., , we must consider separately the errors of 

2 

obsernitiou < and the errors of declination; then 
e/ = eq,z - Ez 

The nlue of e.,2 is obtained by means of the difference c, <p of the result for Iatitnrle h.r any 
one pair and by the mean of all the pairs; then 

and the •alue of t1- is found by 

9 0.455 ~L1<p2 

Cq," = - -11:.:_i_- --

E2= p~1[;] 
The ,-alue of e6 being thus known, the probable error of a single declination becomes E0=c8 .. FJ 

and our weights will be found to differ for difforeut catalogues. If but one catalogue is used, its 
declinations may be considered as affected with the same probable error, provided the authorities 
and number of observations from which the declinations were derirnd are the same; but if different 
eatalogues are emplo:ved, the probable error and weight of any declination may be taken as fonrnl 
for the same authority by our previous experience. The aYerage probable e.rror of an;y si11glc decli
nation from the older catalogues ruay be taken as less than ± 011.5, but with the catalogues at present 
ayailable (1&~1) if may be a8 low as ±011.4 

(lG.) Gombillation of tlte results by weights.-If <a and <s1=probable errors of the declinations of 
tbc stars of a puir', and n the number of observations on the pair, then 

I~ e6=~v(<l+<a12) and e,,.=.yea+;u 

hence the weight of the result liy a pair 
n n 

ne/+ez = n( . 2+ z)+ z 4 ta fa1 e 

and for an equal probable error of the declinations the weight 
n 

11. 2 ,2 -./8 +le 
'" 
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and since the weights need only be proportional numbers, we max dfride by 4 and use the exprt>s
sions for combination-weights 

and for equal errors of declination 
n 

2n~:q .. -4e2 

In order to show how little is gained in weight after a pair has been obserYed on fin· or six: 
nights, the followiug table has beeu computed: 

n 
Suppose e=±0".50 and 1'0=±011.40, then w=1+03,, 

• -Ii 

Suppose e=±0".40 aud <3= ± 0".50, then w l=-~()4 hence the following table: 
.50+=--

n 

n = _- 1 i 2 1-~~L~!~-L--,-- _________ 10_ 

w = 0. 75 I 1. 2'2 1. 53 I 1. 76 : 1. 92 I 2. 05 2. 16 2. 2.J ~- 32 : 2. ~58 i 
WI= o. 88 I 1. 22 l, 40 I J, 52 i J, 59 !, L 65 L C9 1. 7:? 

I , '--'--

1. 75 1. 77 

Not unfrequentl:r a close zenith star may be obserYed trausitiug- within the range of the mi. 
crometer, with instrument north arnl instrument south. lu this case the pair is replaced by a single 

star and the weight formula --/+i_e_2 changes into 211_+, ,:!; also the combination weight u· becomes ne 0 ni: 0 1, 

n 
for a zenith star 4n

020
+4e2 Irrespective of error of observation the weight of a resulting latitude 

from a single zenith star necessarily ohserYed in both positions of the instrument will be ~:!that 
from a pair of stars being unity. 

To obtain the latitmle <po from the separate results cp1, <pi, rp3 ••• by each pair with their 
'l>ciglits ir1, W2, w3 ••• we haYe 

'f'o=[i[r<P]J 'With the probable error <q, =- /CLiJ:"l[lr~1Jj 
w ' V (p-l)[ic] 

It sometimes happens that, instead of the ordinary combination, one or more south stars are 
combined with one or more north stars. In this case the mean of tlw decliuations of the south 
stars may be combined wita the mean of the declinations of the north stars, the corresponding mean 
of tlie micrometer and lerel readings being also used; or else we may combine each south star, for 
instance, with each of the north stars and tlie mean of these separate results of the latter metho(l 
must equal the result by the entire combination. In general, the formation of sb1,rs into pairs is 
preferable, as defects of observation or of catalogue-place are more rea,ct'ily detected. Snpposc the 
~imple cases of one star entering into combiuation with two others, forming doublets or entering 
into com biuation with three others,form:il1g triplets, etc., and supposing the weig·ht of an ordinary pair 
=1 and disregardfog tlie observing error, the weight of each doublet will he~. and of each triplet= 

~'etc., according to the form - 2 , and our former weights w must fh'st be multiplied hv this frac-
c+l · 

tion before using them in the combination for cpo. Supposing N (north) combined with S (south) 
stars, then the weight (that of an ordinary pair being 1) of the singlP mean of this combination' 

becomes~!~· In case there are many stttrsin combination, the computation by separate pairs ma.y 

become trouolcsome, since the number of such combinations is NS. If all combinations are formed, ., 
the weight of any single one is N- ,. If the declinations of stars entering in combination have 

+:-s 
different weights, the weights of tlie separate eomhination by pain; 1~a11 readiiy be determined 
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according to the above rules and their sum will determine \Im weight of the entire combination, 
in case the latter form of computation is preferred. 

The metlwd of obsen·ing seyeral north with several south stars is not· now practiced, as 
observation b,y pairs is far preferable and doublets or triplets generallr enter now only in such 
cases where a south (or north) star is combined with a certain north (or south) star, say for a 
number of nights, but with another north (or south) star on some following nights aml perhaps 
with still another star at a later period. 

To ART. (9.)-Example of obserration and reduction of the value of one turn of the micrometer. 

STATIO'X, HAHHifi, ..August 24. 1855.-Db8ervations on Polad1:11 near eastern elongation, for value of micrometer of zenith telescope No. 2 . 
.Elon~ation hr clironometer1 I9h l&m 02". Oue divhdon of leYel ~ 111 .16 Daily rate of chronometer, 6• gaining~ Temp. 640.0 Fn.br. 
lll1server, G. W. D. 
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9 

9. 5 

10 

10. 5 

11 

11. 5 
12 
12. 5 

13 
13. 5 

14 
14. 5 

15 

15. 5 

16 

16. 5 

17 

17. 5 

18 
18. 5 

19 

19.5 

20 

20. 5 

21 

21. 5 

22 
22. 5 

23 

23. 5 

24 
24. 5 

25 

imd. end. 

h. m. s. 
18 36 11. 5 

d. 

37 09. 7 24. 9 

38 10. 0 

d. 

12. 2 

39 09. 5 25. 2 11. 6 

40 JO. 0 

41 10. 0 2;. 1 ll. 7 

42 11. 0 

43 10.0 25.2 11.6 

44 08. 4 

4;, 07. 2 25. 3 11. 5 

46 08. 0 

47 03.0 23.2 11.5 

48 04. 7 

49 03.0 25.4 11.2 

50 02. 4 

5100.0 25.6 11.l 

51 56. 0 

52 5i. 2 

53 52. 4 

04 53.0 

25. 7 

25. 7 

u. o I 

........ 1 

I ]l, 0 i 
1 55 54. J . .. 

56 50.9 -~~--7 ' 11.0 ! 

5748.o :·-······I 
ss4s.4 2s.1 11.0 r 
59 47.0 ........ i ........ ! 

19 00 H.4 ! 25. 7 i 11. 0 i 

rn l::t:~: I 
05 39.8 ,....... ·-·----1 

~ ::~ 1--:::-- --~~:>1 
09 33.0 ,. ....... 
10 31. 0 i 25. 9 

11 30. 7 i 
12. 25. 2 i 25. 9 

I 

10. 8 

10. 8 
13 27. () 

u 23.9 

15 23. 0 

·--·-·-··-····· 
i 25.9 10.7" 

1 ................ 1 

whence. the following table: 

i I I I . I Re<iuction Correction 

hwel. i -.;e 
I 

Rt>dnced 
time. 

Time.from Co~echon I tn mean forchauge' 
elongation. , fur t. I st ah~ uf 1• of le_ l. 

1 

1-----1---- -----

+£: 1--L m. 
B8. 8 

37. B 
36. 8 

33. 8 

34. 8 

33. 8 

32. 8 

3L 8 

30. 9 

20. 9 

28. 9 

2i. 9 

26. 9 

25. 9 
25. 0 
24. 0 

23.1 
22. 1 

21. l 

20. l 

19. l 

18. 2 

l'i'. 2 

lG. 2 

15. 2 

14. 3 

13. 3 

12. 3 

11. 3 

10. 4 

9.4 

B. 4 
7. 4 

6.4 

5.4 

4. 5 

8. 5 

2. 6 

l. 6 

0. 6 
-0.6 

::~ 1····~.-~~··1 

;i i:_~~I 
:: ~ ! .... ~~~~ .. / 
::.~ J .... ~~:~ __ 1 

O. a I +0,25 

~:: [····~--~~ .. 
2.3 1 ........... . 

2.0 I o.oo, 
l.8 1···--·------1 

~:: ! ...... ~:~~--! 
1.1 I o. oo 

1 

1.0 , ............ 1 

I ' 
O.R I o.oo I 
0.7 1·--···--··--, 
0.6 1 0.00 

0.5 1 ........... . 

-0.10 i 
' 

.. 
+a.o 
+3.0 

+2.3 
·11. 7 

-+2.0 

+!.7 
..:..i.5 

-r-1.2' 
+I.4 
-t-1.5 

+1.1 

+o.s 
+o.s 
+o.a 
+0.1 

0. 0 

0. 0 
0. 0 

0. 0 

0. 0 

0. 0 

0. 0 

0.0 

0.0 
-0.1 
-0.3, 

-0.2 

-0.1 
-0.3 
-0.4 
-0.4 

-0.4 

-0.5 

-0.6 
.....()_ 6 

-0, 6 

-'O, 7 

-0.8 
-0.D 

h. m. •· 
18 36 25. 5 

37 22. 9 

38 21. 7 

39 19. 9 

40 20. 0 

41 19.0 

42 19. 7 

43 17. 8 

44 15. 4 

45 13. 4 

46 13. 9 

47 08. 6 

48 09. 5 

49 07. l 

50 05. 8 

51 02. 9 

IH 58.4 
52 59. 2 

53 54. 2 

54 54. 6 

55 55. 4 

56 5:!. 0 

57 49. 0 

i>S 49.2 

59 47. 7 

19 00 45. 0 

01 44. 8 

02 42.1 
03 4~. 5 

04 40. 0 

05 39. 7 

co 36. 6 

07 38. 7 

08 34. 2 

ll9 32.5 

JO 30. 4 

11 30. l 

12 24. 6 

13 20. a 

14 2a.1 __ j1 

15 22.1 
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No. 

1 tn 21 

22 

2:~ 

24 
25 

2G 

27 

28 

29 

10 30 

:Mean time for 1 turn 

·m .• .. 
19 29. 9 2. ~ 

29. l 1. 4 

27. 3 0. 4 

2H. 3 1. 6 

27. 7 0. () 

2.). 4 2. 3 
25. l 2. 6 
24. 3 3. 4 

28. l 0. 4 

26.Ci ' 1.1 

8. 

llG.774 
cos;; 

15 

One turn 

2. 0 13 

o. 2 i:1 

'.:!.O H 
u. 0 l:l 

'5. 3 16 
6. 8 17 

11. 6 18 

0. 2 rn 
1. 2 20 

/n!JN. 

2.06735 
8.40750 
l.liG09 

l,(i;)094 

Correction for refraction 
Correction for rate 

Resultiug value 

32 
3:1 

34 
3;, 

~6 

87 

:J8 
:J!) 

40 

Time for 
10 t.Lirns. 

m. ·-10 2[,, R 

2t:. 0 

29.2 

3i.] 

~6. 7 

~7. ii 

:!I. 7 

:l:"i.4 

;;2, l 

2.S. 5 

l.41 3. r; 

o. 3 0. 1 
1. ;-, " _, 

0 (j fl_ 4 

LO 1. 0 

0. ~ (I_() 

4. ,, Hi. 0 
2. :1 [I_;: 

4. 4 19. 4 

0. ~ 0. 6 

\Y!• have for 10 turns 

J(~~t> :2::i = ± <».:n 

Probable error of 1 turn=± 011 .fll::? 

II 

=44.765 
.o:.i;; -
.003 

44.737 

N. B.-Aoother set of observations immediately follows the abon. 

257 

For the applieation of the method of least square;i to the above Rd, we prefer to take the .t 1 
original measures of half-turn;; and find tlw mean rPdn<"etl time T0 = 1811 5;;m1)4".ti aml aigsuming· 
M1= Hi aucl ~- H1 =3211 .4, the first conditional equation results as follows: }l1-l\I=+20; 1•0J'l'e· 

sponding difference in reduced t.i111c take11 from last colnnm of example above arnl couvertPtl into 
Rcconds, 116!1".1; which multiplied l1y ][i cos lJ eorrespomls to z-<:o=+HW'.17; allio (~I1 -1\1) H 1 

=448".00; hence n= +0.17 and the conditional equation be<•omes +0.17 =22.4µ +20p. Pormi11g 
in this manner the ,11 e11uations, we find the normal cquat.imrn much sin1]1litied iu co11seq111·11c1> of 
the sym1netry of the obsen'ations, and they gi\'e the nukuo\Tu quantities direetly. The mmlt i11 
the in-esent case is R=44".768, irrm~pectiYe of refraction and rate. 'l'o find the prohahle error of 
1he determination, we must substitute ll1e re:rnltiug values I' aml pin tl1e l'01tditioual e11natio11s, :111d 
procee1l hy tlte usual method. 

· S. Ex. 13---33 
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To Anr. (10).-Exmnple of the determination of tlw 1ialue of one division of the level. 
8 r AT!O", HA11u1s, Auqwt 23, 1$55.-0b•ervatfoM for value of one division oflevel D of zenith telescope No. 2. Collimator eight feet from obj cot· 

glass. Yalu~ ot' one division of micrometer screw (mean of 4 sets) =0".448 Observer, G. \V. D. 

NOTE;-Only a part of the observations made are here given. 

,-~I-- • 1 I L.vel reaJing. D~!3fi~:. of V 
1 

fl 
/ .M' 1 - a ue o I 

' No. 1 Tem}J. ! tu:~~- , ___ ____ _ ____ ---·---- 1 div. of , A 

I I 
1 1 level. 

1 

! North. i South. In micr. ! In level. 
r i I I I 
-~-·.--- --.. ---r---- --.----------~-1 

• o Pahr.) I d. / d. d. I d. d. I 
CG. 2 i 18. !M i 34. 2 I 1. 8 64 25. 2 2. 54 o. 01 . 000 

I' is. oo I u. o 
1 

21. o 
... 18.26 34.71 1.4 61 24.55 2.48 0.07 

.... 
I 

n. 65 I 10. o I 
17.641 36.0 

16. 98 I s. a 
lt). 95 ! 35. ~ ! 
16. 22 : 5. ,-, 

4 

5 66. ~) i 16. 22 34. 0 

I 15. 48 ' 5. 6 
6 : ..... 15. 43 il 34.3 

I 14. 67 ! 3. 5 

7 ..... 14. 62 : 31.0 

13. 81 i -1.(i 

~ l~. 77 33.4 

13.10 : 8.21 

9 13. Q7 3.5. 0 i 
12. 36 7. 5 I 

10 12. 33 35. 0 \ 

11. 00 9:.{J I 

11 11. 6:-i ! 30.5 
11. 05 i 8. 0 

12 l1. 00 3.'1.0 

10. 32 ! 6. 8 

25. 8 

0.Q 

27. 0 

0. 0 

30.0 

1. 5 

30. 0 

1. 2 
3~. l 

4. 8 

37. 0 

2. 2 
27. 0 

0. 2 

27. 8 

o. 6 
25. 7 

4. 8 

27. o I 
1. 9 

28. 2 

66 

74 

76 

81 

67 

71 

67 

60 

68 

27. I 2.4-4 o. 11 

I 
HO. 0 2. 43 0.12 

28.45 2. 60 I o. 05 

30.85 2. 461 o. 091 

32. 3ti 2. 50 O.Ori 

2:;.o 2. 68 0.13 

27. 55 2. 58 0. 03 

2s. a 2.65 0.10 

22. :ia 2. 68 0. 13 

26. 25 2. 59 0.04 

. 005 

. 012 

. 014 

. 002 

. 008 

. 903 

. 017 

. 001 

.010 

. 017 

. 002 

N. B.-Talne of one turn or mi~ro. 8C1'e-!lrs 41".42 and value of 1 div. of level, 0".731 Chronometer slow 30'.2J 
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To ART. (14).-Example of reduct-ion. 

(Reduction of Z. T. laf,.) 
STATION, MOLNT Uurn1n, M..AISR. 

Pair I 8141 n. A. C. or 5161 Armagl1 catalogue (Du\1liu, 1859). 
t 8188 TI. A. C. or 19tl8 G. I-year catalogue. 

S. of zenith. 
N. 

-- --- ~i~T<?'!l'r.1 Level. ! Diff. I Mer. I . , I Sum anll Corrections. ' 
Date. D1ft m 811m~. • of dist. Declinat.iou.

1

. half-sum. I .. I ; Latitude. j a 
rllildmg. I Sum S. t"ums. I Mier. Level.I Refr. 

1 
Mer. ! I , 

1856. --:--:-1--1-·-.-. I 
0 

' " I 
0 

' ~-,-.-,,---,,-i-,,-1-,,- -
0
-,-,,-i--;;-,--- ··11 

" I I I I I ! I 
Aug. 26 -1 19.0, 68.8 1+~:~· 1 ...... 

1

31 0141.13

1

88 47 08.41 I j I 
1 I 62.2 ··-----:------ 57 45 27.28 i 44 23 34.21 29.00 .+1.21 -0.05 I .... 44 21 06.37' 0.43 0.1851 

27 -7 04.U 92.71 ...... 1 ...... 1 41.40 I 09.03 I I I 
,-9.0 I ' I • I 

101.71"~·-··j······i 27.6B 34.51,-225.80 
1

-1.64.-0.0o

1

...... 07.02 1 0.22 0.048 

-mo ffiol~;;1 ·.I "ffi »mi. ! I 1 I I 
92.8

1 
..... T····· 29.76 36.36 -228.49.-0.00

1
-0.05 06.92 0.12 o.oHI 

92.0 +~.-~·i---·-- 43.221 13.34 I I I I 

Sept. 

Remarks. 

87.fi ...... 1 ...... 1 30.12' 36.67 -2 30.46 t0.80 i-0.05 OK96 I 0.1610.0261 

::: ~~;I J :: :: _, ~"t"L~ I~~ I ~" ! :J1:·~-~~~_11
81

~=r:l::~: 
Mean \ H 21 06. 811 \ Sum 0. 277 

41-725.0 
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PART IV. 

DETER~IINATION 

OF 1'HE 

ASTRONOMICAL AZIMUTH OF A DIRECTION. 

'YITH FOUH PLATES. 

ILLUSTRATING: 

1. THH{,TY-INCH (76"m) THEODOLITE. 
2. T'VENTY-INCII (50Clll) THEODOLITE. 
3. TWELYE-INCH (30°01 ) THEODOLITE. 
4. AZIMUTH MARK, FOUR-INCH (lOC111

) ALT-AZIMUTII 
INSTRUMENT AND HELIOTIWPE. 
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PART IY. 

DETERMINATION OF THE "\STROROMTCAij AZI.'.\IUTH OF A DIHECTIOR. 

(With four plates.) 

(1.) Gencrril remarks.-The metl1ods employed iu tl1e Coast aml Geodetic Sm'V('Y for 4letermiuing; 
astronomicallr, the azimuth of a triangnla.tion-line or wfait is tlw same thing, the direcfom of a 
lirw witl1 res1wct to the meridian of the place, arc Yer~- ,-arionl' and tl1ere an·, perltapll, uo other 
gemletic operations iu which tile choice of tlie method, the perfi.~ction of tlw iustrumeut and the 
skill of the ohiwrw~r entel' so directl;v into thf' Yalue of the result. It is iutcudcd to ~.d,-e lwre i11 
a. concise form an account of tlie S(Weral mPtllocls in m~e, to present the formulm as well as speci
mens of record and cxample8 of cornpntatiou. If it is IffOJlOSPil to measure a priuiar.r or subordi. 
nafo aximnth, the observer will generally haYe the choice of the mdhod most suitabli:\ aml ade-
11nate for the purpose and accordingly proYide ltimself with the proper instruuwut, yet 11ot uufre
quentl,Y he may tlnd ltinuwlf already proYidell with an instrument, in wl1icL case that method will 
have to be selected which is com11atible with the mechanical means on liaml and at the same time 
i1rnures the greatest accuracy. 

The astronomical azimuth 01· the angh· which the plane of the meridian make:'< with tlie Yer· 
tical plane passing through the o~jcct' whose direction is to be tletermined, is generallr reckoned 
f'mm the south and in the direction southwest, ete.; however, when circumpolar stars are observed, 
it will he found more com·euieut to reckon from tl1e north meridian and eastward-that i;;, in tlw 
same direction as before. 

The geodetic azimuth differs from the astronomical azimuth. The former is suppmsed free from 
local detlections of the plnmh-litw or vertical, it, being the mean of 8eYeral astronomical azimntltR, 
all referred geo<letically to one station and it may be supposed tbat in this normal aximntl1 tlw 
seyeral local deflections will Jrn,-e neutralized eaell ntlier. The astronomical azimnth is, of eourst.., 
suhject to an,y displacement of the zenith due to local attraction or deflection. 

'\\re may distinguisl1 between primary and secondary azimuths-the one fixing tbe direction of a 
side in the primary triangulation, the other having reference to sides of secondary or tertiary trian
gulations or to tlirections in connection with the measure of the magnetic declination. Por foe 
determination of a primary azimuth the local time (sidereal) must either be known

1 
as for instance, 

when a telegraphic longitude was at the same time determined or special obserYations must he 
made for it. }'or Sllbordinate azimtltlis time and azimuth obsenations may sometimes be made 
together1 as with the alt-azimuth instrnment for magnetic i1urposes, in which case tl1e sun's limbs 
are usually observed. In refined work }tnd for certain methods we need the transit instrument 
to furnish the chronometer correction; in other cases or for second-class azimuthll, lof,al time may 
be found by means of vertical circles, sextants or alt-azimuth instruments.* . 

(2.) Instruments.-First-ciass azimuths are generall,y observed with an astronomical tlwodvliteof' 
the best workmanship and of the largest portable size. In tlte practice of tlw Coast a nil Geodetic 
Survey theodolites having circles of 76 and of 5ocm diameter (or of 30 and 20 inches respectively), 
also repeating circles of 46<m (or 18 inches), and others of smaller size, arc employed, and in ca,ses 
where no greater accuracy than a quarter of a minute is needed, as in magnetic work, even a lOcm 

*That very bandy little instrument known as the chronodeik (S. C. Chandler in Science ObHerver, Vol. III, No. 
3 : Boston, Sept. 1880) may be of service in azimuth work as woll as in latitude work with zenith telescope. In prin
ciple it is an equal altitude instrument. With it the nearest whole second may be secured. 
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(or 4 inch) tlieodolite or alt-azimuth instrument will answer the purpose. The first plate appended 
to tlJis part exhil>it.~ the largest and oldest theodolite much used on tlle survey during the period 
from 1844 to 18i3; the second plate shows one of the later• tlleodolite8 of the largest size now con
sidered desirable and of the best pattern; it has been frequent]~- in use since 1874. The aperture 
of these telescopes is 7 :le"' (nearl.r 3 inches), their foc;tl length about 10-!<1

" (or 41 inches) aml tliey 
hehr a ll1agnifyi11g power of m;: A :30cni (or 1'..3-inch) astronomical theodolite is illnstrnte1l Oll the 
third plate. These instruments carry either 2 or 3 micrometer rnicro11cope:-.; their aperture is between 
6 and i ~""' (or :2~ arnl :J inches). wit}! a focal distance of U1 au<l il cm (or 24 and 28 ind1es) and they 
carr,v a rnag-ui(riJJg" JHnver of 50 (or more). The telescope can be tnrned throug-h tlw Yertical without 
taking itR axis off the V's. In this as well as in the preceding instrument t11e horizontal or azimuth 
circles a.re fnll platcl'i ( i. c.: they ha Ye no spokes), supported b~- rihR nmlpmeath and they mas he free.ly 
placed in nny position with regard to the zero of the gradnatiou. Their circles are free from any 
clamping and l'>low-rnotion screw, in fact they are only to be looked at through the reading 14icro
scopel'I, hut may be Ret to a11y position and then tightened. These irn.;trurll(•nts may carry a vertical 
cirnle 01· a fi1111er. The last plat€ (fourth) exhibits the small alt-azimuth, so nReful i11 a rnriety of 
ways. Its dimeusio11s arc, horizontal and rnrtical circles ]()cm (or 4 iuches) with two \ernier8 each, 
reading to single minutes, apertun: of telescope 3° 111 nearly (1~ incl1 ), focal lengtli 11)'"" nearly (or 7 
inches), 11rismatie eye-piece' with magnifying power ~O. The telescope can he swung through the 
Yertical when reyersing position. When the axis is not perforated tl1e focal illumination can readily 
he efti--detl hy a perforated ring reflector phtced over the ohjectire. This plafo shows also a con
n~nie11t form of an a1.i11mth mark aml a simple lldiotrope. Tmusit instrmueiits and meridian tele
Rcopcs art' llkfd lcRs frt·11nently for azimuth. Transits are mounted either in the plane of the meri
dian or iu the verti1·al plane of a circumpolar star when at or near elongation. Stability of the 
instruments being of great importance, they should he mounted on stone or masonry and in all 
eas<·s wh(•n they must he mounted at a considerable elevation itbon~ the snrfacc of the ground it is 
he:-;t to huihl a ;;tmw or briek tower, double wall8 aud hollow aml 8m·mo1111tetl hy a Rtone slah to 
recein\ tl1e iustrmnents. Heayy poles and wooden tripods, though the ohs(•ITer's l'Upport be a 
separate structure, Rlwultl be avoided. For the purpose of reference to the triangulation a11 azi111ntl1 
mark is <>Stahlis!Wcl as nettr l1fl may be in the Same horizontal level aR the observing station, hnt if 
elevated aborn or depressed below the horizon tlie angular amount must he measured. The tliRtance 
of the mark ii-; generally determined by the configuration of the ground snrronnding the station, 
hut on no ar·emmt should it he placed any nearer than about 1~km or say a igtatute mile, in order 
that the siden:al focm; of the telescope may not mquirf\ changing wlte11 poiutin~ from tlw uiark to 
tlw i:;tm 01· rite Nna, si11ee any such change i.s likely to disturb the li1w of collimation. 'Yl11•11 t,]11• 

transit is nnplo~·etl the mark must, of course, be placed in the vertimtl plane iu which the tele:scope 
moves or if thi11 he impracticable, a collimator may be resorted to. °'Vhcn using a tlwodolite the mag
nitm1e of the augle betwtien tl1e planes of the mark and star is of little consequence. The azimuth 
mark is usually a square hox about 30C"' cube (about~ cubic foot), ha,·ing in its front face a round 
hole or a,pertnre of suitable and adjustable size, through which the light of a bull's-eye lantern can 
be shown at 11ig·l1t and can he made to appear of about the apparent brilliancy and size of the star 
obser,·ed upon for azimuth. .For day observations a narrow v.erticaJ black 8tripe is painter} ou the 
white wand centrally llf\low the aperture and above it two black stri1>es on both si<leR of it. These 
stripes a1·e of the same width but wider tllan the aperture. An apertmc the diameter of which 
subtetuls au angle of 111 is considere<l rather large arnl near the superior limit, an aperture sub
tending au augle of 0.115 i;; rather small and in practice is near the inferior limit. The distance to the 
mark being measnred or known the observer may readily compute the size of tbe a.perture t retptired, 

•Fur our purpose tlte!!ll instrnment8 atl.mit of an inclination of the telescope snfticient for observing Polaris at 
11pper <'Ulmiaat.ion at any place south of !;1tit11de 50°. See" Examination of three of the new 20-indi theodolites," iu 
Report of 1877, appendix No. 11. 

t For coin-ersion of mea1mres we liavc 5 1 inch = 25.4"'"' .and tkm = 0.621 statnk mile. 
( l""" = 0.0394 mch. 
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or he may t:1ke it from the following tahle, in wllich t11e last l\Olnmn lmt one m1s1Yers for thP ('asP of 
urcliuary light and low power of telescope and the hu;t colnnm for a brilliant illuminatio11 awl liigh 
telescopic power: 

Di.'itam:r of mar],. 1>im111·V:r of ~11w1 ttllL 

.km. Rt. mileR. Max. ~liu . 

~--

1.5 0.9 7CllllL 4tn!ll 

~.o 1.2 1n 

! 
2.5 1.t1 12 

;; 1.9 };) 8 

~. 5 19 10 

::. 7 29 14 

JU 6. ~ 48 ~4 

·---·· ---·-------

Collimators in the place of marks are rarely used, but wltcr0 no suitable plurc for a mark can 
be found, as, for instance, on some of the isolated peaks of the Siena Ne\·ad:t in California, thp~· 
cannot well be dispensed witll. Their aperture should lie as large as .that of the collimati11g tt'le
scope and the greatest precaution should bf' used to gin~ tltelll the firmest gronnd con11Pdior1 :iml 
shelter them from cllanges of temperature. J\farks or collimators slionhl be counecte1l with poiuh 
of tile triangulations by horizontal angles. Rciipectiug reflex oh~wrnttions the reader 111ay lw 
referred to tL.e end of Part I, art. 2. A glass roof oYer tlie mercur,y sL.onlc1 IJe\'er he ernployl'll. 
since reversal of it does not sufficiently correct for error by refraction. 

(:.!.) General considei-ations.-Let tlie time (t), declination ( o), and latitudp ( qiJ lu• slightly iu e1Tor 
by the quantities dt, do and drp aml let dA equal their effect upon the azimuth (A); then, i11 f!"PllPral, 
it will be seen that, all other circumstances being-equal, dA increaseii as the zenith distauce (~)de· 
creases; for a star near the pole and for a latitude not too high a small error iu time and in latitu1lc 
has but a slight effect upon the azimuth, aml in the ease of a circumpolar star at the elongation (when 
the parallactic angle is 900) a small error in time, dt, will not affect the azimuth; but small errors 
in declination, do and in latitude, d<p, then attain nea.rl,r their maximum effect upon the azimuth. 
If observations are m;ule upon n circnmpular star ( o>rp) at the eastern and at the welitern elon&ra
tion, effects of do and dcp will disappear in the combination of the two results; this, therefore, 
is the most favoraule condition for observing. lu general, efieets of drS aml drp disappear in mean 
results of observations of equal and opposite azimuths. In obser\·ations of a circumpolar star in 
the meridian, the effect of a small error in time and in right asl.'emiiou may be eliminated by a emu
bination of results from upper and lower cnlminationi;;; for a Rti:tr in the mcri1lian the quantities d() 
and drp do not enter in the azimuth. If the object to be ohsmTed, star (or sun). ioi of great polar 
distance (also a< q;), and if a is positi,-e, tlte be1'1t time for obserdug is hefon• tlw eastern trm1sit, 
or, after the western transit over the prime vertical, when the change ii! azimuth with respect to 
time is a maximum; but the altitude of the star (or sun) should not approach too 1war tlle zP11itlt 
nor he so low as to be affected by changes of refractfon; if o is negative, the star (or s1111) Rlrnnld 
be observed some distance from the merillian. 

The circumpolar stars a, o, A Ursre Minoris and. 51 Oe.phei are those almost cxdnsiwl>- used; 
their position is most accurately given in the second edition of Dr. Gould's StalHlar1l l'lacPs of 
Fundamental Stars (Washingt-011, 1866), specially preparell for the use of the Saf\"(',Y, and still ad
hered to; the apparent places may be taken from the American Ephemeris. 'I'he diagram on page 
266 will assist in readily finding the t"·o faint.er stars A. U. M. and 51 C., which bare!,,- become ,·isible 
to the :naked eye under the most favorable circumstances; it also showR that when <'I L'rsm :Yiinoris 
and 51 Cephei culminate on either side of the pole, Polaris is not yet far from its elongation; and, 
on the contrary, if the pole·star culminates, the other two are on either side of the meridian, 11ot 
far from their elongations. A similar approximate relatiou exists betwee11 a am! ,\ t:rsm )finoris. 
Polaris offers the adnmtageof being observable in day.time wit11 port;1 hie instrumeuts; hence it may 
be obsen·ed at eastern and western elongations, or at upper a11d lower c11lmiuations, }lr<ffided the snn 
he not t,oo high; A, from its greater proximity to tlH' polQ,arnl its smaller Hiw, pn•sl\nt;.; to the lnrg«•r 

~. Ex. l~--:14 
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instruments a finer and steadier ohject for bisection tlrnn Polaris*; 51 Cepliei is also advanta. 
geom;ly used 011 aeeount of its small size. The star n. A. C. No. 4165 shown on the diagram was 

o.,,,_ 

proposed and used for azimuth \rnrk h.r Assistant G. Davidson. The apparent precessional mo
tion of the pole in 100 years is indicated by the direction and length of the arrow. The sun is em
ployed only to determine azimuths of inferior accuracy, generally in connection with the determina
tion of the mag-netic declination. 

For a satisfactor~- dekrmination of the azimuth from a high star, it is essential that the hori
zontal axis of the instrument be long aml its inclination be accurately measurable by a delicate 
level; a dl'forrninatiuu of the iucqnalit.r of the pivots is essential. This inclim1tion of the trnnsit
axis slwul<l be measured in the position when the telescope is })Oiuted to the star and again w!Jen 
pointed to the mark, unless the latter be in the horizon; the best results, however, are obtained by 
ob;.;erviug the star direct and also its image reflected from the surface of still mercury ; the mean 
result is free from the effect of any incliuatinn of the transit axis. The collimation error is elimi
nated from the mean msult by combining ohserrntious with telescope direct and with telescope 
reversed, the horizontal axis ha\-i11g· been turned 180° in azimuth and the telescope again pointed 
to the star (during this process tbe pivots of the transit axis remain otherwise undisturbed in 
their Y's). If the Y's are too sliort to permit the telescope to be turned through the vertical, it 
may lie carefully lifted out, swung through twice the zenith or nadir distance, aud let down again, 
the pirnts resting on the ,9ame Y's as before; tlte. azimuth circle is then turned through 1soo. 
The collimation ma,r he a(ljnstetl in the first place by reversal of the axis in the Y's as in the 
transit instrument. J<}rrors of graduation are sought to be eliminated by observing in different 
positious of the mstrument, the circle being shifted after each set of observations an equal amount 
of augular space, depending upun tbe number of positions intended to cover 8G0°, anll upou the 
nmuber of equidistant micl'oscopes or verniers, so that no one shall occupy a position previously 
occu11ied b~· another. \Vith the large theodolites, supplied witli three reading microscopes, the 
m1mhur of positions adoptc1l may he one of the 8maller prime numbers 7, 11, 13, 17, rn, 23 and for 
less perfect graduation one of the larger numbers should be taken. 

ObserYations for azimuth are gem1rally made in sets, commencing, after the instrument is 
leveled, with a number of readings on the mark (about six for primary and from t1tree tu oue for 
secondary azimuths), followed by about an equal number of readings on the star, also preceded and 

"If the imu.ge of Polarii. is too bright or diffused the placing of a cap with a central hole over the object glass 
is l'l'COlllllW!Uli•1J. 1' 
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followed l•J level readings (unless reflections in mercury are taken, when no Ien·l rea(ling-1' in con· 
nection with the star are required). The instrnmeut iR tl1t'll r(\Y('l'Setl an<l the preceding operations 
are repeated in the inverse onler, tllf' number of ohsPrYations upon the star and the mark being as 
before. Some observer" re,·erse the instrnment also upon the mark, before and after thf' reYersal 
upon the star; but as e,·ery reyerRal rernlers the instrument liable to disturbance, their number 
rniglit be reduced to three, or eyen to a single Oil(', in the mid<lle of each R.et; the number of point
ings on mark and star necesRaril,v niries with different obserrnrs and instruments. If the mark is 
not in the horizon, it;;; zeuith distance must be measured and le\'el readingR must he giYen also when 
pointing to it. Precautions should he taken to prevent the pirnt or level from becoming 11eate<l hy 
the lamp, the body, or hand of tbe ohserver. Tlw lenl value may be ascertained by a len·l trier, 
or by means of a vertical circle, or h.v a micrometer of known value. 'Yith t>maller iustrmnents, 1lie 
principle of repetition has been tried, though not alwa;vs with satisfactory rel'nlts; whether repeti. 
tions should be employed or not depen<ls upon the relafo·e value of definition of telescope and of 
accurac;y of graduation; the clamping apparatus, howe\·er. must have no tendency t,o tlisturh the 
relati\·e position of tlie circles, aud the motion of tl1e in1'trnment must he free. 'Vheu repetitions 
are used, not only the direct augle bt>tween the mark and star, lrnt also its cxplement or 3tj0C> 
minus this augle, sl1oult1 he mea1>ured, and the two re:;;nlts combined to one. 

(4.) Method.~ for lleter111ininy azimuth.s.-The method;; of recording aud reducing the different 
kinds of azimuth obserrntions will next he stated in detail, aml Rpecimens of record antl of compu· 
tation will be gfren at the end of this paper. The formuhe and method of reduction in each cat1c 
are as follows: 

(5.) Ob.~ervations of <i rloxe circumpolar star near ·its elongation.-A tahle of chronometer cor
rections and rates, covering the rn~riod lluring which azimuthal obserrntions are to be made, is 
prepared; the rc:ttlings of' the horizontal circle on the mark and star are corrected for m·er- or 
nnder,run of micrometer of reading microscope;;;, if rer111ired. 'l'he mean places of stars and their 
<"onstantR are taken from the American Ephemeri;:;, as well a;;; the app:u·pnt right ascen,;iomi (a) arnl 
declinations ( o), or they are compute1l by either of the two methods gin•11 m the .Acmerican Ephem
eris and Nautical Almanac, aml the results are tabulatl•d. 

Apparent { 8 at time aud place of' ohservation=apparcnt { ~at upper culmination at Washingtou 

(or Greenwicl1)+(difference of longitude fin hours]± honr-a11gle of*) daily ~~fference +com~c

tion for terms ofnntation mvolviug 2 ((. 
The hour angle, fe aml the azimuth Ac at elongation, for the latitmle rp, are cornputcrl by the 
formulrn 

and sin A.,=sec rp cos o 

Also, sidereal time of { ~~·elongation= a± t0 and cl1ronomcter time of { ~~· elongation=a::l:: (+cor

rection of chronometer. { ::: when chronometer iR. { ~~~~v of sidereal time. 

Let r=interval of times of elongation by chronometer and l1y ohsern:ition, theu rrn1uction to 
azimuth, for a and A Ursro l\Iinoris, within !.l."i minutes of the time of elo11gatio11, witl1 ;;nflicieut 
accuracy 

2 sin2 lr 
112.5r2 sin 1" tan A 0 or - . 

1
,2, tan .A0 

81Il 

in which formulro tau Ae may be exchauged for sin A 0 • Supposing the circle to rea1l in the tlirec
tion N., E., S., W. the reduction to elongation is applied to the reading of' the star with the sign 

{ ::: when * is { -::. of the meridian. The means of all the readings of the star, reduced to elonga

tion, for telescope "D" anti for telescope "R ", are corrected for error of inclination of axis by the 
formula 

- wir-ee'--d { ( + ') ( + ') ' sin h 
4 t cos <p 

where d=value of one division of level scale in seconds of arc, w, c and 10
1

, c' the west and east 
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I ' tii ll h t l •or -- , an <p may oe 
cos cp 

l'\'adi11g" of llH' level before a!lll after re\'ersal and h the * 's altitude. 

sah,;titutell without 8ensible error. The mean of the cofrected readings for tekscopes D and It is 
theu takt'll for tl11' rt>adiug of the titar at elongation; hence, readi11g of meridian=reading of * at 

· t·longatiou ± A,., \\'here { ~for! ~~· eloug:ation. The mean of D and H readings of the mark,• 

before and after the ohsenatious npoa the star, is taken for the reading of the mark; and, finally, 
the azimnth of mark=differeuce of readings of' meridian and mark. This result is yet to be cor
rected for effect of diurnal aberration. 

Let :;; =zcuit h distance and A= azimuth of star; then 

where 

<l A = ~" .:~os co_s 1l_ co_s_ rp_ 
siu \; 

sin :;; = siu _P sin t awl p the polar distance, t the hour angle. 
8lll A 

For elongation, tbe formula 

becomes sim1>h dA=0".31 coR A with sufficient accnrac1. This correction is I +-when mark is • • j 

{ i~~· of north and is always positin~ when applied directly to the azimuth, which, geodetically, is 

couutcd in the 8uney from south towards west to 3fi0°. The final resnlt for azimuth and its 
probable error is olitaiued by the combination of the separate results hy each star, with application 
of tlrn method of lea st squares. 

(:)b.) Obserrntions 1l'ith <i transit instrunient in the t•er·tieal of a elose circumpolar star, nem· it.s 
elongation.-If a transit instrument ou1,r is aniihhle autl a mark c:rn be phwerl in t11e vertical of 
tlw clongatirm, tlw. nwt.hml (see Coast Sun·e~· Ueport of 185u1 Appendix No. 27) of measuring the 
azimuthal angle lJCtwePn the mark alHl a close circumpolar star at elongation by means of the 
micrometer screw which mo\·es one of the V-bearings in azimuth may be applied with ~esults pos
sessing a considerahle dt'gree of accmacy. '110 secure tlliR, it is, however, essential that the sum ot 
tli(• pvsiti,-e and negative micrometer measures lJalauee (the mark beiug placed, for this reason, a 
little irnsir1e tile ,-ertical of tlw elm1g-ation), in 'rhich 1:a.~e an i111•qnality int.he value of a division at 
1lifferent part.s of thf' screw "ill not aifrct the result; further, the measures should be Rmall, since 
the V-snpportH of the axis are uot piYoted aud a11y cou::;i<leral>le motion must to some extent roll 
nrnl e!Hatc the axis, changing its hearings. The collimation ig elimiuatell b,Y reversals. The Im-el 

rorrPetion may he fonncl with sufficient precision by: [(w+w')-(e+e')] tan <p (see Art. 5); and Urn 

value of a dfrision of the pivot micrometer is found by means of successive transits of the star 
11car culminatiou over the same thread1 for equidistant micrometer diYisions, by the formula 

A=~!11.P Rec (<p±]~ sin t 
sin 1" 

where the sign ± is to he used for upper aud lower culmination; but generally the azimuthal 
,-;due, expressed in seconds of arc, may he found with sufficient precision by the formula 

1J sin p sec It . t 
where p=thc polar distance, h the altitm1e arnl t the hour angle in seconds of time. The rednc
tio11 to elongation anu the correction for uiurnal aberration are the same as in Art. 5. 

(6.) Ob.~1·rn11/ion11 11/ n close circumpula.r star at tiny hoztr anglc.-The chronometer correction aml 
rate are tahnh'\tt•d, the corrections for run of rcading·nucroscopes of azimuth circle are applied and 
the rig·ht ascension and declination of the star arc computed for the Yarious dates, as in the pre
ceding c:ti>l\ ·we may employ three difforeut methods for the computation of the azimuth, Yiz; by 
the use of the fundamental trigonometrical formula, of Napier's analogies, and of a develo1)ment 
in series. 

(7.) By means of the fundamental formula, and counting the azimuth from the north 
• sin t tan .11 = ____ -·---------·-- -· _ ----------------

cos <p tan o-sin <p cos t 
The first term of the denominator may be tabulated for slightly llifferent rnlues of o during the 

• ]f th<' t11ark i11 uot iu the horizon, its readings must. bti correct Pd for inclination of aidi;, if i;cnsible. 
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period of ohserYation; tl1e seco11d term, for a close circumpolar star, mny he comp11ted l1y Jin:· 
figure logarithms. A plus sigu of A thus imlicates star 1l'C8t awl a mi111is sigu ea8f of tlie meridian. 
Tl!e formula may lie se1iaratel_y applie<l to eaeli ol1se1Tatio1i, if m' tlt>sirc i11dh·i<lual results; bnt 
this work ma,y he much slwrtene<l by compnti11g oul,Y tlw ai:imnth c01T1'8p0Jl(li11g to tlw 111N111 hour 
angle, and appJ~·iug to it the correetion to meau ai:imnth. Let 11 lw the immlwr of obscnatious 011 

~· \_ 
the star, A tl1e azimutl1, corresponding to tlH· mean honr :rnglc autl, t•onst•queutl~·, ~1 " the mean 

azimuth; let also T=the difference• between the time of aur obsenatinn 
times; tllen for a circumpolar star 

::EA 1 '.! kiu 2 h - =A - tan A • ;E---- - -
n n sin 111 

The reading of tile meridian= rea<liug of * ±: ~n~' where { + for star 

circle being ~mpposctl to read as stated above. 

and the mean of tlie 

f w. t E. of meridian, the · 

TLe correction for level for a circumpolar Rtar ma.' be appliPd as in the preceding method, or 
by means of the general formula, which al;.;o include& tlw collimation, ::!: b cot '; ± c co,.;ec ';,where 
b the inclination of tile transit axii:; and c tile collima.tiou, lJoth expressed in arc; tlw two .-igns refer 
to tlrn position of the axis. Tile sign of the level correction in all,\' case can readil,\· be found from 
a Rpeeial consideration. The application of the correction for diurnal aberration and the mamwr 
of obtainiug tile resulting azimuth bave already been explained. In the prime vcrlical, the diurnal 
alJerration Yanishes. 

(8.) B~· Napier's analogies: Let q = parallactie ang-Je. or the angle at tlle star; then 

POH 2(6-<f!) 
tan ~(IJ.+.A) =sin 2(o+;p) cot 1f=m cot ~t 

. ___ sin ~(o-q;) _ , . 
t,m J(q-A)-- '( -~ - ) cot ~t- m eot U 

~ cos " (j + <fJ - ~ 

hence, A=3(q+A)-3(q-A), where A conntR from the north. m and m' Y:iry but slowl.Y with a 
change in o'.. If the hour auglc is reckoueu from the lower culmination, we must employ the 
fornml:e 

tan Mq+AJ=m tan 1t 
tan MIJ.-A)~~m' tm1 ~t 

The successive azimuths of tile star at the times of obser\•ation are applied to the co1Te1>p01uling 
readings of the star, thus gi Yiug, after being corrected for level, as in the precediug· ciise, a series 
of readings of the meridian, the mean of which is combined with tlie mean reading of the mark in 
order to obtain the azimutll of the mark. The latter is then to be corrected for diurnal aberration~ 
unless tile star be in the prime vertical. 

(9.) By means of a denilopmcnt in series: "\Ve have with sufficient precision 

A~ sint {P+P2 sin 111 tan q1 cost+ ~p3 siu2 l 11 [(1+4 tan" 1p) cm;2 t-tau2 q1] ~ 
COS<p ' 

where tile azimuth may he reckoned either way from the north a11d ill express<>d in secorull' of are; 
if the hour angle be reckoned from the- lower culmiuation, tile term p2 sin 1" tan q; coR t mu~t ht• 
taken with the opposite sign. The third ttwm kJ13 siuz 1" [(L + 4 tan2 cp) co152 t-tau' q1J, may lw tahtL 
lated for each polar st.ar for m·ery 10"' of llour angle, autl for ernry degree of latitntle, witl1i11 a CPr· 

tain rauge. Since p varies slightly (for :t given star) iu time, tl1e tabular qna11tities must he cor
rected accordingly; thus, in the case of Polaris, au increase or diminution of l' in p derna11ds an 
increase or diminution of tile tabular value nearl.r of it1i ;A. tll part. The reurniuiug rednetiou is as 
above. 

For the case of a close circumpolar star observed near the culmination, the general formula 
reduces to 

A= si?-_~ { p+p2 sin 1" tan rp cos t + +p3 sin2 1" (1 +~ fa.11
2 q;) } 

cosq; ·' 

•If a mean-time chronometer is used, the. Yaluc :£ 2 "in, ir~ 6hould be iucrca""l by its.~., part. 
Sill 1'1 
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1f tlw ltom angle is counted from th<~ lower culmination, change the sig·n of the srcoml term ; 
we nrn;y us<' this fo1·mul11· for Polaris to within oue bonr of culmination. For a given star, time aml 
latittHle, the expression retlncPs to 

.A=[cJ si11 t {21+c'-fc11Jcost} 

where c, c', c11 are constant..;; the rectangnlar brackets inclwle logarithms. For a yer:y small hour 
angle, the expression lwcmncs fC] sin t, where C may be taken as constant. Tile mean azimuth of 
the polar star is obtained from its azimuth computed from tlte mean hour angle by the formula 

1 ,, .. , 1 

A -A-ta1 A .,.,~ siw ~r 
m - · 

1 
• 1t ,,,;;., sin 111 

(10.) ObNcrrations of a close circumpo7ai· star at equal intc1"1ml.~ l1lfore a nil after oulmhwtion.-For 
chronometer correction and rate and corr!'ction of run of reading micros<~opes, 1:;ee first methotl. 

A }>parent tr at time and place= apparent tr at upper culmination at '\Vashington (or Greeuwicl1) 

[I .fl. f 1 . d (' 1 )] dailv <lift'erence . ,. t t' 1 . + ll erence o 011g1tn e .m 1onrs ----"'·- 2± --- -- + correctwn 1or nn awn invo nug 2 ((. 

ChrononwtPr time of {~~~~~:.·culmination= { ~+ l'.!h +correction for chronometer error. 

Reading of approximate meridian=mean of corresponding readings on the st.ar before and 
after culmination. The meanrs of these readings for telescopes D and R are separately taken, the 
instrument h;wing been reversetl at culmination. 

Correction for inclination=! { (u• + u:')-(e + c') } tan h. 

The mean!' require a further correction for error of asRumcd time of culmination by cl1ronometer. 
Let r=correct chronometer time of culmination, r'=as:,umed chronometer time fur ol>seITntions., 
dA=,motiou of the star in azimuth in one second of time, which qnantit,y is reat1il,r found from tLn 

ohl:lcrvations themselYes, then correction~'f (r-r') dA for { 1HIJJ1er culmination; the circle beiag ow er 
supposed to read in tbe direction from~- to E. 

Correction for tlinmal aberratio11 =0".3-~cos A ~°.8!!1_ 
sin\;' 

where sin;,'. =sin {~+:for { ~~S:: cnlminatiou. 'l'llc sign of this correction to the azimuth is as 

explained abon.. For interpolation, iu citse of accidental omissions, or a non-correspondence in 
time before and after culmination, or where the star is observed only on one .~ide of the meridian, 
the reading ma~' be referred to tbe meridian by means of any of the t,hree metlwds given for tLe 
case of obsenations at various lrour angles. The same formulm apply in the ca;se of one star 
obsened on one sidt1 of the meridian and another star on tlie other side and when the results of 
the two are proposed for combination. 

The effect u11011 the azimuth for a small difference in time, near lower culmination, rna;y be 
computed by the formula dA = 2( m-m') cost dt, where 1n and m' are tbe factors developed by the 
use of Napier's a11alogie8; or it may be derived from tbe obsermtkms themsehTes. Observations 
of a polar star within about 20"' of culmination may be re1luce11 l1y the formuhe 

A= cososint or A=-- sinpsint __ _ 
sin ( o T <p) sin 111 cos ( rp±p) sin 1" 

where in the latter formula the sign { ~ refers to { ftt:; culmination. We have also 

dA= ______::~ P± ___ )_ cos t dt, where cos t may be omitteid as insignificant. 
cos ( <p p 

(lOb.) O/J.~cn~ations with a transit instrument of a cloHe circumpolar star, near culuiinatio1i.-If a. 
transit instrument is fitted with an eye-piece micrometer (with mo,•able vertical thread), and if a 
meridian mark can be established, its azimuth ma.r be <let.ermined with great precision by micro
metric measures of the mark anll the star when culminating. In this case, the instrumental constants 
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and the time must be determined with precision and, as the method aclmiti; of i;lars 1H"i11g nhserYctl 
above anJ below the pole, the effect of a i,;mall error iu time or in the star's rigllt a,.;cension may ht• 
eliminated or g·reatly redncPd. The mark should lw at a distance s11tfo~ic11t to reqnirc no d1a11gt' 

in the sidereal focm; of the telescope. The chronometer-correction is found h~· the or<linar~· tra11sit 
obsernitions; in tllose for azimuth proper, tlw ,·ertical thread of the micrometer ill set in a1h:t1H'P 
of the star succef'll'i\·ely by equal divisions or tur11s of the screw, aIHl the transits are reconktl h,\· 

the eye and car or by the use of a chronograph." The value of a divbiion of the micrometer i:s 
fonml from .the azimuth obsen·ations tllemselrns. 

Let t =time of transit of a culminating polar star, corresponding to oue turn of micrometPr 
cos o sin t 

converted into arc, then 1 turn= 
811

-1-111 --. The level correction (in time) is found by tlie forrnnla 

bB, where b = 
1
\ .~ f (w+ic')-(e+e')] alHl B =cos ( cp-o) sec o. l<'orlowereulmiuation take 180°-r>, 

instead of o, or else ren•rse tlle Rign of o; if the level corn•etion, ho\n•ver, is not applit•<l to tl1e 

times prior to computing the azimuthal deviation, it may lie applied after it, m;iug the formula 

i cot :;;, where i =the inclination of tlle axi8 in Reconds of arc : ~ } for { ~~~tt ~ eIHl liig-Ji. 

If there is a sensible inequality in the pivots a correction for it mn:;t be appliPtl. 
The collimation correction is found by suMraetiug the mei111 reading of micrometer, for lamp 

west aml eal'.lt, on the mark, from the mean micrometer rea11ing 011 the Rtar and hy c01fferti11g tliis 
difiereuee i11to seconds of time. (See determination of the \'alne of micrometer.) Tlle sign of tlle 
correction follows from the appearance of the record. 

'l'o obtain tlle hour angle of the star, h~t 
T = ob8er\'e(l chronometer time + D T + level correction + collimation correction 

then tlle hour augle t is found by 
t=a-T 

hence, the azimuthal effed-
A :__ ~Il_E~<sec (qi::!:: p) sin t 

- Sill l" 
I + } for f 

1
npper ~ eulmiriation. 

I - ~ OWN' ' 

To tlie ar,imutll of the star thm; referrt>d to the line of collimation of the i11stru111eat, we add 
algebraically the difference of the micrometer readings of 01tar and mark, aml eonYt•rt the same 
into secondtl of arc. The signs are readily fouJl(l from the positions in each particular case. 

The method is much simplified by obser\'ing each star with lamp east and lamp west, reversing 
at the middle of the pointings; hence the collimation may be deduced from the ob:c;ern1tions of the 
star instead of from rernrsal on the mark. Iu the ease of irregular figure of the pivots the fornwr 
method may be preferable. To find thr, effect of a small error iu time (I) 011 t11e resulting azimuth 
(A) we differentiate tlle preceding expression, and find 

dA_ sinp s~e (p±J>) cos~ -Acot.(t) 
dt- sin 1" - · 

or expressing both A and t in secomls of are, 
dA A • 

(rt =.a. cot. f. sm l" 

(lOc.) Observations u:ith a transit instrument of a c7ose circumpolar star, near culwiu"tion.-If the 
tmusit has no eye.piece micrometer (as is usually the case witll the smaller instrnments), we may 
still accurately ohserve au azimuth hy means of the pivot (or V) mierometP1" as in the preeeding 
case of Art. lOb, bnt without moviifg the instrument much from its meridional position. "'heu 
thus observing culminations, the same precautions respecting the use of the 11iYot-rnicrometer are 
necessary, as already mentioned. 

It is desirable for these obserrntfons that a scale be applied to the micrometer to fiwilitate the 
counting of the whole turns. In counection with thii; method, and comiidering the Rpe(\ial appli
ances when the instrument 1s known as the meri(littn telescope. the transit tlurn l.wcomes of great 

-------·--·---·--------~----··--··-

* Ollservations have also been made at convenient e'lual intervals of time, tlw stttr heing followed with the 
micrJmeter bisecting it aml rea.d o1f at the proper moment. Tbe practice iudicatctl in the text sec1118 to be the better 
of the two. 
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importance in geodesy, as this single instrument permits most accurate observations for time, latL 
tmle, longittuh•, arnl azimuth. Slio11ld, for the lattPr pnrposi\ the grouml not admit of tlie loc:Ltion 
of a 1fo;ta11t mPritli:rn mark, a !'olli11rnto·r is recrm1111Pmletl, consisting of any .firmly monnte<l (<md 
collimated) tefoscope, of n,l>0nt. equal object lens awl optical power with the transit telescope. 

'l'he value of one turn of the pi,·ot micrometer is either fomul from the azimuth record or from 
special obsernttions of a close cire11mpolar star near culmination, as in preeeding Art. lOb, by the 
formula-

A= si_11p sec (<p±p)sin t 
sin 1" 

or by 15 sin p sec 7t. t and, in case of t being- too great to admit of the direct substitution of the arc 
for the siue, we can apply the correction to the observed times by means of the following table: 

-~--i~!S sin 1"~1i---~-;~-:;~~~~;-!1 

1--- ----~------ ·----- --- -------

! m. : s. m. s. 
5 I 0.02 20 1.52 

JO 

ll 

12 

13 

H 

15 

lG 

17 

i 18 

19 

0. 04 21 1 7G 

0. 07 

0.10 

0.14 

0.19 

0. 23 

0. 3.1 

0. 42 

o. 52 

O.M 

0. i8 

0 93 

1.11 

1. 3U 

26 

27 

28 

29 

30 i 
31 

32 
33 

34 

2. 03 

2. :t! 

2. 61 

2 97 

3. 34 

3. 74 

4.18 

4. ti4 

5.14 

5. G7 

6. 24 

0. 84 

7. 48 

Thr correction for level is found, as in the preceding article, = b B and the azimuth of the star 
is computed by the formula gh·en in the same article~ viz: 

A- sin p sec ( cp±p) sin t - ---sin!"~--, { ~ } for { ;~~~:I~ } culmination. 

(11.) Azimuths for tertiary triangulation, or azimuths in connection with the magnetic declina
tion, where an accuracy of a fraction of a minute suffices, may coll'veniently be obtained from observa
tions of the sun with a small altazimuth instrument (say of five or even three inches diameter). Sup. 
posing the latitude given, but the time onl.v approximately known, the sun's zenith distance and 
azimuth may be observed. as follows: reading of mark, three readings, noting the chronometer 
time at contacts of the sun's upper aml first limb; instrument reversed, three readings of the sun's 
lower and second limb, reading of mark. 

J,et h =altitude, corrected for refraction, parallax (semi-diameter an1l dip, if necessary) and 
P= the sun's or star's polar dh;tance, then counting the azimuth A from the 1wrtli 

• sin (s-cp) sin (s-lt) 
tan· zA = --cos-8-cos(s:.::..p) . . 

in which expressions= M <p + h + p). If the time should also be desired, it may be computed by 

2 cosssin(s-h) 
tan ~t=,;Iii (s..:..:cp) cos (8'...:.p) 
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tan 2t=coqA 1>in(s-~) 
COIS (N - ]l) 
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If the sun's limb i,., obsern~il, the correction to the azimuth for reduction to center is ± _}'__,where 
smt,; 

r =sun's radius; whether+ or- is to be uM<l can rea<lil~· be found in (lach particular case. 
(12.) Examples of record and reduction for the \'arious methods employed in det.ermining 

astronomical a,;imuths and specified above are herewith appended. 

To ART. (5.)-Example of record. 

STATION, .AilAllENTJcus, Yo11K Couxn. ME. 

Polaris n(}Q.r wnstern l .... lon~tlon.. Octoh•r 17 1 1847. 
Ohser,·cr, A. D. B. Instrument. 30-ineh theodolite C. S. No. I. Im fox of irra.duation, 0 upon HOO. 

Wcuther, light fog. Wini!, S. IV., modernW. Temp., 4go Fuhr. 

No.'. Object. I A ppea"' 

, I 
-l~-1~ 

1 : Mark. I m-1\. st. 
2· 

3 : I 
4 I 

I 
6 

D 

1 , Star. I m-1. m-st. : D 
2' 

3, 

4 ~ 
5! 
6' 

7 
g 

9 
lO 

Mark. 

R 

m-d.m--t1t. 

D 

h.m. • 
6 •o 

33 

34 

~7 

39 

42 

6 47 12 

49 06 

51 38 
52 12. 5 

55 55. 5 

7 00 54 

2 25. 5 
4 01.5 

5 51 I 

7 H.51 
7 16 

~: II 

23 
24 

26 I 

0 J i 
63 5;; ! 
63 55 : 

r ... 11 55 

243 55 

24.J 55 

243 55 

127 4~ 

127 42 

d. 

39. 7 
41.0 
4]. 0 

26. 2 
25. 5 

27. 0 

68. 0 

65.0 

127 42 62. 8 

127 4~ 58. 0 

117 42 56. 0 

3(17 42 ' 48. 2 

307 42 ' 48. 0 
30/ 42 I 

S07 42 

307 42 ! 

i 
I 

63 55 

63 55 

63 55 : 

243 55 !. 

243 Ii.'> ' 

213 5.5 ; 

48. 0 
49.{) 

49. 2 

40.0 

~9. 7 

88. 0 

Z6.0 

26.8 

26. 7 

Azimuth circle. 

d. 

39. 0 

39. 7 

41.0 

28. 2 

28.0 

29.0 

67.0 

66.0 

d. 

2i. 5 

27. 0 

211. 8 

16. 8 

17.0 

19. 0 

61.5 

63. 5 

£2. 8 57. 0 

58. o I 54. o 
57. 0 :il. l 
48. 1 45. 2 

40. 2 4~. 2 

48. 7 
49.0 

50. 5 

40.0 

39. 7 

39. 0 

26.5 

26.8 

27. 3 

42 0 

44.i 
44.8 

23.0 

2:1. 0 

2J. 5 

13. 7 

H. 5 

u.o 

B 

d. 
27. 0 

2~. v 
29. u 
17. 0 

17. 0 

19. 0 

63. 0 

63. 2 

59.1' 

25. 0 

23. 0 

2~. 7 

14.0 

14. 8 

13. 0 

To ART. (5.)-Exa111ple of reducti-On. 
STATION, AGAll&STICU6. 1847. 

----, Level. 
I 
I c 
!··----

d. 

27. 7 
a6.o 
26. 4 

lG. 8 

16.4 

16. 2 

64.5 

63. l 

60.0 

5.).3 

>3. o 
47. 7 

45.0 

46. 8 
47.9 

47. 2 

26.8 

23. 7 

25. 0 

15.0 

1,, 2 
H., 

26.~ I 9 
j:; 

24. 3 

26. :! 
13. :J 

15. ~ 

14. (l 

64. 3 

60. 5 
58., 

53.5 

52. 0 

4[1. 8 
44. ~ 

45, 0 

46. g 

46. 2 

2~~- '2 

21. 8 

2:J. B 

14.6 

H. 0 
13. 9 

Level C. 
E. W. 
44 62 

63 H 

43 63 

64 4~ 

46 l)2 

62 

43 

63 

o/J = 43° 13' 25''.0; A= 4• 42m 44'.8 Wt'St of Greenwich. 
Specimen or C'phemeris and uf Hnm and aiimuth at d\)ngation. 

Date. \Eh_mga-·: 
; t10n. \ 

-------
1 Sept.11, 1sn ......................... 

1 
Sept. 21, 1847............. ••• • •• . . • .. . W 
Sept. 2'1, 1847 ........................ .. 

E 

E 
Sept. 2'2, 1847 ......................... ,! w 
o(t. 11, 1847 ......................... 

1 
w 

S. }~x. 12---35 

i Sid. tiltw of i elongatitm. 

---------'-~---------I-a.::? .. 

Chron. Cln·on.1imeof 
fMt•. rifou~ation. 

k.m .. •· ! 
10528.U' 

29. 30 i 
211.wl 
20.5111 

1 05 32.96 i 

0 ' 

88 29 42. 80 
44.54 

44. 73 

44. DI 

88 29 54. 27 

h. m. 8. I h. nh 6. oi. 1. 

2 oa 54. 95 , :. M 20. s : 19 11 01. s 12. 2 

52. M i 20. 8 I 6 59 4D. 0 ~.:: ~ 
52. 31 ! 20. 6 I 19 JI OR. 8 ~ 

52. 06 i 20. 6 , 6 il!l f•O. I 33. -0 

2 oa 39. 21 _ [ ---~~-2_1_. 2_! __ e_t_•!I ~~ : ___ 1 _01_. 8-· __ . 

/1. 'tii. I. 

rn 11 rn. 8 

7 00 21.3 

19 11 42. 1 

7 (I() 2~. l 

7 OJ 46. 0 
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N I TeL 'fimc from Uetluc·~ to 1

1

1 
0

• j eloug·u. · elong n. 

1 
l I 

~! 
4/ 
51 

I 
61 

-----
m. s. 

R 

D 

PolariR near western elongation, October 17. 

Corr'd _mean : Reading reclnced I 
roadmg. [ to eJon~·n. i 

! 
Q f II i 

6J 55 :ll. 3 I 

~]. 3 i 
32. 3 : 

243 55 }{), 8 I 

19. 9 : 

20.8 

0 , 

Chronometer time uf elongation 7' 1• 46•.o 

Hea1ling of star reduced t-0 elongation. 

I 
1 i D 14 34. 0 15. 0 127 42 64. 7 

6"~. 2 i 

6{).1 

L"7 4'l 49. 7 

51. 9 

------------- ------~------

21 
31 
4/ 
s! 
61 

71 
s I 

R 

12 40. 0 

10 OS. 0 
I 

9 33.5 

7 50. 5 ; 

52. 0 

39. 5 

2 15. 5 i 

11. 3 

7. 3 
6. 5 53. 2 ! 

4. 3 53.5 

0.1 307 42 46. 7 ': 

0. 0 45. 7 ! 
0. 3 46. o I 

5~. 3 

48. 7 
49. 2 

Tel. 

D 

R 

! Menn rending. r~vf'l 
corr'n. 

-- _______ , ____ _ 

127 42 50.46 

307 42 45. 78 

-0.23 

o. 00 

Corr'd mean. 

127 42 5Q, 23 
307 42 4'5, 78 

0 , 

1: I 4 05. 0 1 ., 47. l ! 
47.] 1' 

307 42 46. 6 

45. 7 

45. 7 

45. 9 

45. 0 
Rr.ading of * at elongation . . . • • . . . . . . . . . . . 127 42 48. 00 

71 
81 

R 

5 28.5 - 2.1 
I 

63 55 30. l ! 
29.4 I 
28.5 i 

I 
243 5;; 18. 4 i 

Azimuth of * . .. . . . . . . . . . . . . . . . . . . . . . .. . . . 2 03 39. 21 
Reading of meridian....................... . 129 46 27. 21 

Reading of mark ... _........ . .. . . . . . .. . . .. 243 51> 24. 89 

oJ 
Mark east of north.................. .. . . .• 114 08 57. 68 

;~ I 
D 

Corr'n fordiur'la.ber'n...................... +o.31 

18. B ·: 
Mark E. of N .•••.•. •. .. . . .. . . .. . . . . . . . . . .. 114 08 57. 911 

12 ' 18. 3 ' 

To AR'l'. (5.)-Exampleof record and reduction. 
STA.TIO:S, POIXT AVIBAUERA, SA~ FRANCISCO :BAY, CAL. 

Polarh~ near eastern elongation, &ptem her {I, 1851. 
Obsen·er, R. D. 0.-In.trument, JO·iuch Gambey theodolite, C. S. No. 20 (graduation from right to left). 

-::---~~--Sta; ! ;~~on. time, j Reading of boriz'l ) 
0

• "· ' • , Dent.1830. j circle, mark, and*· 

Dir. 
2' Ref. 
8 J>ir. 
4 Ref. 

R Dir. 
6 Ref. 
7 Dir. 

8 Ref. 

h. m. s. 

3 42 30. 5 
44 08. 0 

45 52. 0 

47 lG. 0 
1
; 

48 :.u. 0 

50 31. ll 

52 28. 0 

:;a ;a.s. 
! 
I 
I 
I 

I 

0 

251 45 5-0. 0 

45. 0 

50. 0 
62. 5 

14915 25.6 

15. 0 ' 

25. o I 
22. ~ ' 

I 

N. B.-Severul surb sets Rl'c laken in Hncr.e.•ion. 
Dent, 1838, js n mean-time chronometer. 

---~l-;:-b._q_u_a~~ 1 · 

~· 41\ 1---63-. 7_f --

404. a I 32.5 

---1 
------, 

I 
2 20. a 1. 10. 7 1 1.g 21. 4 .. .. • • • • • • • •• 1. 4380 I 

57.a 1.8 ~log (rntio) ·~········· 0.002' j 
46. 7 l. 2 log hrn A 8. 5140 ! 

rJ> = 3io 43' 31"; l\ ==Sh 9m 2311 west of Greenwich, 
Sept. 9, at time of east elongation. 

Polaris a ~ 1• Gm 15'.33 
l)olaris i == 88P 30' 5111 .26 

t~-:= 5h 55m 24•.10 

Ac= F' 52' 42((.84. 

Sid. timo, mean noon .......•...... ·····-···--·-·······------
Sid. time1 east elongation .....•..... - - .. - - .... - -- .................. . 

Mean time, east elongation ....................................... . 

Chronometer, Dent, 1838, correction ............................... . 

c.hronometer time, 08dlt elonl{ation ............................... . 
lfoan chronometer time of ol>B<!l!Vation ........................... . 
Time f1'lm elo11gation ............................................ . 

Time from elongation_ sid. interval .............................. . 

llean angle l>ctwecn lt and mark ................................. . 
Reduction to elongation .............................. . 
lterlnctlon t-0 111ean a.zlmnth ...................................... . 

Corrected angle, elong,.tlon and mark ..•••••••• 
.Azimuth of *at eloDza.tion...... ..... .. .... . .. • • . . . .. .. .. .. .. .. . .. • . .. . .. ....... . 

lfark east of north .............................................. . 

It. tn. •. 

11 13 05. 49 

10 10 51. 23 

7 ii6 27. 47 

+35006.9:1 
4 06 20. 50 
3 48 12. 3-0 

18 08. 20 

18 11. 20 

0 , 

JJ 11 JS. 7 

-:u.a 
- 0.9 

13 10 56.5 

l S2 42.8 

2 21.71 11.0 ---\ 

415.7 3.'i.7 9.~5tl 
To which result the correction for diurnal aberralion is ;yet to be applied. 

• 5 39. 2 i 62. 8 Correction .......... -0".90 1 , _____ _ 

n• :5. tab. quan. 27. 4 

"'···----------_J 



 

UNITED ST.ATES 00.AST .AND GEODETIC SURVEY. 

To .ART. (5) b.-E.rample of re,cord and reduct•on. 

ST A TlO:'f, CAT IsLAlfD1 MISSISSIPPI. 

Polaris near western elongation, DecembAr 5, 1855. Obscrvor, J.E. lI. Instrument, 26-inch transit, by 
Wtirdemann,

0

C.:. S. No. 9. 

SET No. 4. 

J Object. I Lamp. : Chro. time. 
1
1 Microm. i Level. Remarks. 

1

j 
I I ---

1 I h. m. 1. t. d. I W. E. 1 ! 
Mark_... E. 

1 
7 16 

1 

1 86. 0 I ! Chr. time of elongation, 71'. 06m. 00•.2 J 

. I I I :: ~ !x 30. 5 : 30. 5 I :~ :: *:;::~~ 2~~;;~_:20 fast at ' 
Polans ... 1 •••••••• 1 7 18 59.51 1 77.8. 30.5, 30.5 X 

I I 19 21.5 77.2 i-······-1········: 

I 

19 47.o I 11.2 i···-···-!-·······i 
w. 72155.51 175.31·····-··!········1 

~ ~::: i ~::~ 1·--~~.·~·";~.-~) 
I ' I 

Mark .... ·1:· ... ····11:::::: ::::::i l !!: ~ 1'~ -~~:~.11.~~:~ ... I 
1 2s I 87.o .••••••• · •.•••••• ! 

i I I 
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Increase of micrometer readings corresponds to a movement of telescope from north to west 
1 div. of level=2".0 The value of 1 div. of micrometer is found from tile following record: 

Mier. ; Chro. time. Iliff from mean. Polaris near U. C. 
! 

cf>= 30° 14' 2~11 

!. d. h.m. f. h.m. B. p ;;;;.... 1° 27' 15!' 

1 30 1 04 52.0 0 02 00.7 
90 di'<"s correS!l-Ond to 439B. o 
1 div'n corresponds to 4'. 8778 

60 ! 05 39. 0 01 13. 7 

70 i 00 27. 5 00 25. 2 log t ········--·······- j). 68822 
log 15 .•.••••••••••..•• 1.17609 

so i 07 16. 5 00 23.8 log sinp .•..........•. 8. 40444 

90 OB 07. 5 01 14.8 log sec. 316 41'. ....... O. Oi009 

, 2 00 : OB 53. 5 02 00. 8 O. 33884 

1~;175·r10052.7 ~----o.719.0 Valmrnr l dlv. of pivot-micr. =2". 182 

The azimuth is deduced as follows : 
I 

Time from elong'n.\ Red'n to elong'n., llean readings. 1-------! _____ j ______________ _ 

m. s. I 
12 su. a 9. 7 i 

13 21. a J0.3 I Mark 

13 46. 8 lUI 

15 55.3 H.6 : Star 
16 16. 3 15. 3 

16 45. 3 - 16.2 I 
lleui. ,--12.85-1 

Mark: west of star 
Correction for level 
Reduction to elongation 

Mark west of star at elongation 
Azimuth of Polal'is at west elongation 

Mark west of apparent north -
Correction for diurnal aberration 

Mark we8t of north · 

t. d. mettn. 

1 Lamp E. 1 85. 97 ~ 
1 S6. 3:! 

Lamp W. 1 86.67 

iLamp E. 1 77.401 
1 76.'0 

Lamp W. 1 75.40 

Dilrerence 9. 92=21 ". 65 

+ 2111.65 
- 0".1.'I 
- 1211.85 

+ 811.6 
10 411 0011 .2 

10 41' 08".8 

- 00".3 

10 41' 08" .5 



 

276 REPOI~T OF THE SUPERINTENDENT OF TIIE 

To ARTS. (6) and (i).-Exaniple of record. 

Sl'AT!OS, DOI.I.AU POINT, GALYEHTO!'i liAY, TRXAS. 

I>ularis at rarioua hour angles. A.prn 5, 1848. 

Oll8!·rver, J.E. IL In"tr.iment, 18-ioclt :froui:hton anti Simm• U.wotlulite, C. S. No. 4. 

Pos. II, set 2. 

I 
: LC'vcl 

, Time l1y ; · 
I Oliject. I Td. , cbro1wm.:ter --· 

1 [ I i Hardy, 511. E. W. 
I ___ , - -- , -- -----

1

! I It. 'Iii. 8. 

Mark. D I 8 56 
I! 

I I 
I I 

Star. DI 90333.5 

! Mark. 

R 

D 

R 

4 ·17. 5 
6 07. 0 

90806.5 
g 24. 0 

10 23. 5 

urn 

129 

M 

120 

83 

121. 5 

80 

121. 5 

77. 5 

71. 5 

119 

74 

117 

70 

120 

78 

122 

Azimuth circle. 

A \ B i C i 
I ------------

158 50 5.5 
! 

51 20 

3ll7 18 40 

18 55 

18 75 1 

19 45 ! 
19 65 ' 
20 20 i 

I 

" I 
65 

20 

35 

55 
70 

55 
75 
Oj) I 

1ss so s5 I 65 

61 20 I 15 I 

" I 
50 I 

00 

°" 
"" 20 b 

85 II 
"Z 

55 ... 
'"' 40 ... 

55 ; 
0 

.:: 
10 ! ::; 

50 

00 

To ARTS. (6) and (7).-Example of reduction. 

STATION, DOLLAR POINT, 1848. 

! 

Specimen of ephemeri8: Polaris, at Dollar Point, mean midnight and table of chronometer correction anil nate. 

<I> "" 29" 26' 02".6 A ::i 6' 19m 32',0 west of Greenwich. 

Date. ' roal time. I ter fast. gaining. 

111~::::· 2311 
etc. 

I
I April ~ j 

h.m. 1. 

1 04 05. 51 

1 04 04. 46 

04. 70 
04. 85 

I
!:• At side· ! Cbronome· ·1: Daily rate, I 
i[ , I 

0 • ,, 11 h. ·1 m . •. 
88 30 OJ.88 I 

/r 
88 29 58. 80 ii 12. 0 

61 
el!c. I 

I 

67. 77 ll 10. 5 

57. 461. 10. 4 

Polaris at tJarious lwur cngles, April 5. 

I 
IJ..m. •· 

Mean o'. times . • . • . • . •• . • . • • • • • . 9 07 03. 7 

Correction to chronc;nneter ..... ••• 1- (ll. 8 

Sidereal time of' ouscrvatioo . • • . 9 07 01. 9 
r&Of>lt' .......................... 1 1 04 04. 7 

~ou~~:le ................. ~···! 8-~57.21120:_~~~0 
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Time from I Tabular \ 
mean. ! quantity. 1 

I ! 
m. s. I '' I 
:~~:!i :;:~ 
056.7: 1.7 

1 02.81 2.2 

2 20. 3 I 10. 7 

316.B! 21.81 

Mean.' 11.8 ! 
'---1 

J Reduction. j -0''. 30 I 

Mean reading of.i; . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . • • . • • • . . • • .. . . . • . • 337 rn 26. 40 

Level correction-----· .••.• _ ...•.••••••• •••••• .................... ~. ---01. lZ 

Reduction to mean azimutlh... ••• . ... .• •••. ••. .•...• ......... .••••••• --00. BO 

Correct<>.<l reading of* • • • •• •• • • . . . . . . . . • • . . . . • . . . . . . . . . . • . . • . . . . . . 337 19 24. 98 

.Azimuth of* ..•..................•...•.........•................. 1 28 11. 45 

Reading of meridian............................................... 338 47 36. 43 

Reading of mark .••.. ....... ... .•. ..... ... . .. .......... ...••.. .. . . 158 51 04. 6-0 

Yark west of south .................................................. . 0 03 28. 17 

(To which result the correction for diurnal aberration is yet to be applied.) 

To ART. (9).-Example of record and reduction. 

STATION, SAHA CRUZ, CALIFORNIA. 
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Polaris before upper culmination, October 30, 1854. Obsen·er, R. D. C. Instrument, l~·inch Gambey theodolite, C. S. No, 30 (graduation 
from right to left). 

~S~ ~$ I,, St•r. I Readin11 of h01·. I 
' time. ml\rk, and , 

- a Chronometer I izontal circle. I' 

~ . ~ 1 __________ 

1 

star. : 

D 

Dir. 

2 ltef. 

3 Dir. 
4 Ref. 
5 Dir. 

6 Ref. 

71 R Dir. 
81 Ref. i 
9 Dir. 

10 Ref. 
11 Dir. 
12 Ref. 

h. 'm-, 8, 0 I II 

9 51 08. 0 

52 19." I 
;;3 35. 0 

54 44.0' 
56 55. 0 

58 44. 0 

10 00 35.5; 

01 .14. 5 t 

03 07.0 I 
I 

04 21. 5 

05 29. 0 : 

06 46. 5 

37 21 21 
33 i 

27 
21 

216 lG 15 

12 . 

24 

12 

N. B.-Se,·eral such sets are taken in succession. 

'fhe chronometer used is regulated to mean time. 

m. '· 
8 00 

6 49 
5 33 

4 24 
2 13 

0 24 

1 27 

2 46 

3 59 
5 13 
6 21 

\

ID sidereal i. Tabnlar 
tune. 

1 
qua.utity. 

m. B. 

8 01 126 

6 50 92 

5 34 61 
4 25 38 

2 13 10 

0 24 0 

1 27 

2 46 15 

4 00 31 

514 54 
6 22 80 

i 

i 
I 

7 38 7391 m: ----
Mean . ·-. .•• . 52. 2 

Re<luctlon to mean 1 

azimuth ...•..... 1 -0".13 
I 

·--~ -----~-~·---·-··· 

= 3G0 58' 3211 >.. = 811 osm 09! wrst of Greenwich. 

October 30. Polaris a= 11• 00"' 54'.38 

p =::- 1:i 27' 4811.aa 

h. >n. B. 

Sa.ntaCruz1 sidereal_tirueat""mean noon ..............•...• 14 a:. 14.31 

Sidereal interval of upper culmination after mean noon.. 10 31 40. 07 

Chronometer time of observation .. -·--.·-- .....••...•.•.• 
Chronometer •low . . . . . . . . . . . . . ....................•..... 
lle.,'ln time of obsen·ation ................. u ............. . 

Sidereal interval of observation after mean noon ... -· ... . 

Sidoreal interval of upper culmination after mean noon .. 
Hour angle,+ east, - west ................... . 

We have 

p = 5'.~6W 1 .4 

second trrm = 101 11.0 

third term=- 3".l 

hence-

1=4°:!1'17', 
.A.= !i3011 .l4 

95908.29 

12 4G. 11 
10 11 54. 40 

10 13 34. 92 
10 31 40. 07 

18 05.15 

.Ani.:le, mark and star ..••...••••••..... - . . . . • . . . . . . . . • . . • • • • . . 14 54 34. 19 
Azimuth of star corrected ...••..••.•••....•••••••.••••••••••. -~ 50. 01 

-----
Mark west of north . . . . . . . . . . . . . .. . . . . . • • . . • • . . • . . . . . . . . . • • • . 14 45 44. 18 

(To which a correction for diurnal aberration is yet to be applie<l.) 



 

278 REPORT O~' THE SUPERINTENDENT Olt' THE 

To .ART. (10.)-E.rample of record. 

STATION, SEBATTIS, KENNEBEC QoUNTY, MArnE. 

l'olaris near upper culmination, July 13, 1853. Observer, .A. D. B. Instrument, 30-inch theodolite, C. S. No. 1. Position of index and 
limb, No. V. Weather, clear. ~"ind, northeast, light. 'l,emp~mture, 59c Fahrenheit. ..Assumed time of ouJminntion1 lh 05m 57•. Assumed 
chronometer error, + 17•. .Approximate chronometer time of culmination, lh 06M 141

• 

f Time bv si- ! 
J dete>alchro-

1

'---------

1

-----------

j numett;r. , A B C 

~I

I , cl 

~ . I ! ~ 
"S Object. i Appearanee. -

I I ~ ~I , E-< 
-'--------

.Azimuth circle. 

d a I 
1 : Mark. 
2: 

m·d. •t. R 
h. m. s. 
0 5 

0 8 

202 04 

202 04 

202 04 

22 04 

22 01 
22 Oi 

3') 

32. 5 
32 

26 
26 
27 

d I d d I 
30 30 28. 5 

28~~ 51
1 

31 31 

d 
34. 5 

35 

35. 5 
31 
30 

28 

32 11 diviBion of level=l".53 

~·1 a! 
4 

l Star. 
2 ! 

al 
' 41 

I 5 

lo 

D 

m.d. s.r. D 

tr. R 

m-b. B. t. 

I 7 Mark. : ft. m-st. R 

8 

0 11 
16 

0 18 30 : 

0 22 i 
o 46 14 I 

49 14 : 

0 52 14 ! 
05514' 
0 58 14 

22 09 

22 07 
2t 05 

22 04 

22 02 

.,,. 31. 5 30. 5 ' 

3L 5 31 , 

27.5 29 21 I 
27. 5 25. 5 25. 5 ' 

~~-5 ~: ~~ ~:-5 / 
44 42 4.'i 46. 5 I 

0505 06071 

25.s 24.5 l 26.s 21 I 
1 14 14 201 53 , 47. s 47. s 49. s 49. s I 
1 ~ ~: ~~~ :! , ~~ ~: ~: ~: I 
1 23 14 : 201 48 f 49 49 . 51 49 I 

47 : 10 12. 5 ' IO. 5 [2 I 
04 I ai. 5 a1 a2. s 32. s ! 

25 14 201 
i 

202 30 

39 202 04 ! 31 30 32 30 
37 202 04 : 30 29 31 30 I 

10 41 22 04 ·1' 26.5 27 30.5 30.51 

'12 45 22 04 ! 28.5 29.5 ! 31 31 

~ I 
06 06 

28. 5 27 
48 49 

OB. 5 07 

29 29 

51.5 50 

10 10. 5 

33. 5 35 

52 51 
12. 5 12 

36 34 

34. 5 33 

31 33 

32 31 

32 31 
3l. 5 33 

E.W. 

X72 75 
75 72X 

71 72. 5X 
X69 74 
X72 70 

67 74X 

X69 OS 
74 6t 
74 61 

X72 6{ 

X72 63 
73 6IX 

No correction for run of 
microscopes. 

ll 43 22 04 26 27 ~o. 5 30 I 
!--'----------~----·-'---------------'-------'----------

To .ART. (10.)-Example of reduction. 

STATION, SEBATTIS, 1853, 

</>=44° 08' 37".7 ~=4' 4om 17".5 west of Greenwich. 

Speci"""n of tab~ of liderea! time and of chronometer time of culminations. 

Date. I Culmination. 
\ Ohr<>- I Obrouometcr 

Sidereal time. 1 nometer time of cul· 
/ fast. mination. 

~I . 
h. "'· B. 

I 
.. h. m. '· July 13 I Lower ...... 13 05 57. 3 15. 7 13 06 13. 0 

July 13 \ Upper ...... 1 05 57. 7 17.9 10615.6 

,foly 14 j Lower ...... 13 05 58. 2 

I 
Z0.2 13 00 18. 2 

July 14 , Upper ...... 10558.7 22.5 l 06 21. 2 

I 
ete. I 

I 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

After upper culmination of Polaris. 

I 
Bcfo~~-:~~:_:~~ination of Pofarjs. 

! i I I . "' 
1 ~ I %" : Time from Corrected i-: ~ Time from Corre ted 
1 ~ I ~ i upper I mt>an I ~ ~ 1 upPer · me;~ 

I 
S i ~ I culmination. I reading = ""::" culmination. ! rl,..-adiug. 
~ I E-< I :Z<, ~ 1 i 
--:-~;-----1-----,--1---,-- , ____ _ 

I : m. i 0 , 

I R 1·.··············'1202 04 31.2 : 12 I D ' ........• ~" 
2 I .. ····-·······-· 33.1 11 I 

22 04 30. 9 

29.4 

29.5 3 ; .••...•.•..••. ; 32.9 109 i ~ J .............. 
1 

4 D .••..•........ 1 22 04 29.7 

8 

I ,, ...........•.. 202 04 :n.r. 

: : I :: J H :: ., I ~ i ~ ; '""' :: 
4 

5 

" I 17 I 07 27. 7 9 I .. 17 48 50. 2 

" i 14 05 45. 7 8 i 14 50 33. 7 
I 

1

! I~ : 11 04 66,4 

8 0226.9 ! " 

11 

8 ' 

52 08. 9 

53 49. 2 

Read.in,; of 
mcritlicln. 

21 58 07. 9 

08. 9 

09. 7 

07. 7 

08. 0 

279 

MPnn rending L(l'l.~«l 001 H<'ductiou to C d 
of met itlian. rection. meridian. i orrect.c mean. j Chronometer time of upper culmination ....... lb 06m 15R.6 

AsHumed time of upper culmination_·-----· __ . 14~.o 

---1, 0'" ! 
-2. 82 i -0. S5 21 58 04. 77 ! 

1 __ 22 04 30. 00 ! 
21 58 08. 44 

Reading of mark 

liark east of north o 06 25. 8:J I '', 

(To w11i<'l1 n~sult th~ correctionfordiurnnlaberrnt\on is vet 
to l>c applied.) ' 

To .A1n. (10) b.-Example of record and computation. 

STATJO!i, DE!'OT .KEY, FLA. 

March 20, IB52. /) Ursre Min. at L. C., nml 51 Ccphei at U. C. 

Observer, J. E. II. Insh·ument, the Simms Transit, C. S. No. 8. 

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

! 
Time hy I Mark. I 

I • 
Timf' h,Y Chro. time 5 Ursro Cbro. time i 51 C<'phci. I cht·o. 20~ .. chru. 202. by 20~. .Min. by 202. 

LampK i LampW.: 
1 __ ,_1 ___ I 

h. m. t. d. 

I 
t. d. h. m. h.. m. .. d. h. m . '· t. d. 

5 20 1~ 7fl. 0 12 67.0 40 18 41 18 22 6 27 34 13 22 

76 0 I 66. 5 19 11 17 72 28 08 13 i2 

75. 0 67.0 19 37. 5 17 22 28 40. 5 ' 14 22 

76. 0 66.5 20 04. 5 16 72 29 15 i 14 72 

75. 0 67. 5 20 31.5 16 22 29 48 I 15 22 

75. 0 67. 5 20 59 15 72 30 22 

i 
15 72 

75.1 67. 0 21 25. 5 r 15 22 30 M 16 22 

75.1 67. 2 21 52 14 72 31 29 I 16 72 

75. 8 67.0 22 19 l4 22 32 01.5 I, 17 22 

5 30 75. 0 66. 5 5 50 22 46 13 72 32 36 17 72 

23 13 13 22 33 10 18 22 

Lm·el. I 
1 · 

Len I. 

E.-\ i w. \I'. E. I I 
I -----

1 <lh-. of level :::: 11
' 

1· ------1 
48. l 49.8 v:i. o 38. 0 I 
63. 0 I 35. 0 4!1. 0 a:J. 5 

48. 2 

I 
5-0.8 63. 5 :rn. o 

63. 0 36. 3 49. 0 5:-J. 5 

-----------

netermination of the valne of one division of the micrometer: 
l\Iean of times, 611 30'"58•.5 for o Ursm 1\Iiuoris and (i1' ;JO'" :!l".ti for ,:;i Ccplwi. 
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Corresponding micrometer readings, 15t 72d for o Ursre Miuoris and 11:Jt 7~a for 51 Cephei. 
Hence the following differences from the mean : 

I ~ Urs. Min. 

1- I 
51 Ccphei. 

I
-

m. s. t. d. 

2 H. 5 2 50 

47.5 2 00 

21.0 1 50 
54. 0 1 00 

27. 0 0 50 

00 . .5 0 00 

27. 0 50 

53. 5 00 

l 20. 5 

l 47. 5 

2 H.5 

1 50 

00 

50 

i 
Sum 807•.5 1500diz'3.; 

m. s. t. d. 

From obs. of 8 Urs. 'Min.: 
2 13. 6 00 

I 
2 47. 6 2 50 

1 diY. corr<•spomls to Os.538J 
4

1. 
1 1 SO 

jlO!l.6 100 

::~:~::::~~::~: Ii o 33.6 o 5o 
log co•~·. 8. 77393 0 00. 4 0 00 

032.4 050 

9.6810!) 

1 div."-'0".4798 

107.4 100 
1 39. 9 

2 14. 4 
I 2 48.4 

1 50 

2 00 

2 50 

r From obs. of 51 Cepbei: 
i 1 div. corresponds to Os.6703 '. 
! logl5. ___ J.17609 

log t ••••. 9. 82627 

logcoscS .. 8.67961 

9. 681!17 

1 dh-. ~ 0" .480<3 

Mean of all measures-I division of micrometer= 0".4800 

I 
4>=29~ Oi' 3011 

MaTk 1 mean reading. 
B"'-7.30 

~ U rs re M inoris, L. C. 

I 

I 
LampE ........... 11~ 7:.·4 i Chronometer time ........ :·;; 5:.·46 
LampW .......•.. l~ 67.0;AT....................... -51.30

1 

1IAneofcollimatiun15 11.2! Ritlereal time of ohs ...... fi-;)07.lfj 
j Star, lamp "" . . . . . 15 72. O ' Corr'n for level U.42 x 7 .30= - 3. 07 
I ---: i Difference........ o. 8 , Corr'n for coll. 0.8 x 0.538= + o. 42 

I T ....................... -. fi2o04:51 
! a .......................... 6 20 05. 61 

_B_=_+_l_l._04 ___ 1

1 

~ Cephei, U. C. 

h. m. B. l 
6 30 2J. 64 I 

- -51~1 
6 29 30.1H : 

U.337,11.04= + 3.72 j 

-0.8 x 0.670= - o. 54 l 
T .••••••...... G----;;-33. 52 i 
11. ............ 6 2'~ 33. 15 ! 

I a-T ..................... --:+I:-I;. a-T .......... --=-0-.3-7 / 

!~~:~0:~.tar I ~--~~:;~... ... . .. . ... . . . . . 2' ~!'.:: ~~ ' A ............. --2'~~:: ~! I 
:!\lark E. of N I 0-0-0-2• 24". !IB o0 02' 25". 71 I 

To which Uie correction for diurnal aberration is yet to be applied. 
If we were to mm the second formula for level correction, as directly applied to the azimuth, 

the computation would staud as follows: 

I r- -~. m. '· : h. m. 1. I For 6 
Side.real tlmoofob•erva.tion.1 6 20 07.16 ! 6 29 30.34, Urs. ¥In., 

j Correction for collimation ... ! + 0. 4:2 i - O. 54 i 

/ T' .......................... / 6 2<J 07. 58 ,--6292ji:s;, For 51 

1 ........................... --·l--~~~;--~-~; Cephei, 

t~~::-~~~~~~t;~:,:~~:~:~::~::1----~;~i~ ~~~::·: 
1\!ark E. of star ........... ..! 2' 26". 02 2' 26". 02 I 

i--------------
Mark E. of N ............... : 0° 02' 21". 93 00 02' 2~". 71 

1
· 

' ' ' 

5 i= - e". ao ~ 
{ i=M0 16' 54" I 

5 i= - 5". 06 

l 5=58°081 02": 
I 

! 
i 

I 
---------' 

NoTI<::.-At this station, also, observations were made on o Ursre Minoris at npper culmination 
arnl 011 51 Cephei at lower culmination, a,ml tho results wero combined with tllose from the stars in 
the opposite position. 
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For a second illustration of the method the followiug example of the determi uatiou of the line 
of collimation h,r rei•ersal on the star llai,; l1een !!elected. 

STATlUX, Er, I'AbU, EAST RA.EE, Coto. 

Ocfobrr G, lS/9. >.. l'r8fP !lin. at r. C. Ollsrrn_ir. 0. H. T. Ins.trnmt\nt. meridian tt>les('flJll.: Xu. 3. 
Oue di\'lsion == 0.01 turn of r.n•·}lie('r_i rniCfOlllt'h'l' :-:-· 0''.G:JG9 ~ (J.001J8 Om· di\"itliOD ur lcn:-1 =- /J" ,jO[, 

l'ivot inPqualits -o·.o• fur Clamp \Y. or clamp 11ivflt th!' lar~1·r. 
¢ == aoJ fl7' 17'1 o :::, .. b1P ;,w 51" .s 

I 
lllark. · 

• ! --- ---- ~------- _____ "'";" ____________ ! ________ _ 

, ____ 1 ___ •• __ •_e_1_. __ - c~~mp w. 'Clamp "·,~~L-chr:um1·(cr.I ~~llljl E.' Sitl.~l~rononwte~.· =!aJ~~ J,cvel. 

A Grs:X' :MinoriR. 

I E. w. 
i 26.5 25. 5 : 
i 22. 5 30. 0 ' 

I 2s. s 21. o , 
I Zl. 5 29. 0 
I 
I 

!At 19h. 30m.1 

t. 
21. 53!) 

. .~no 
• 5:'.5 

I 
• 515 I 

• 53::; i 
.c>Hl I 

• 510 I 

. 520 

• (45 

t. 1t.m. s. 
24. 120 19 39 5~ 

23. 837 40 .)f) 

. 580 41 :io 

. 855 42 50 

. 120 43 50 

2~. 842 44 50 

. 580 45 50 

. 320 46 50 

. 072 47 GO 

t. h. m. .. !. 

22. 7(15 19 51 GO 2'.2. 2~;j 

. V4S 52 50 . 220 
2 '.. '2.1'2 m fiO . 2Hi E. w. 

. .f,j/ 54 50 . 21~ 27. 0 2KO 

. 7:!5 5G 50 . 218 ~ti. 5 2!l 0 

24. 003 r.o 50 • ~l{) 27. 5 :;-;. 5 

• :!G.) 57 50 .19:"t 2i. 5 :28. 0 

.Gll..t ;i8 50 . ~to 

. i8'2 59 5U • 2:1-; a1Q\1h.0.1111. 

• 540 . 2ao I : _______________ _ 
I Me1ma 21. 52:J 23. 09~ ]!} 4J 50 

i____ _____ ---· ------ --- ------· ·---· --

I~- ''· 
p:i_r; 31.0 
I I :!·t ii 2U. 5 

LPn:l , ... 1 ~ .11 0 
) ~·. ·: :, . -
l 24 • . ) _3_ J 

E. W_ 
?- - .,- ·• 1 .... 1.~ -'" ,) 

:..:!7.0 ~7.fi 

27. 0 28. 0 J' Ll'Vel 

2i.;J '..!8.U 

Determination of line of collimation uy reversal 011 star. 

Clamp W. Clamp E. 
II. Ill. K. Ii. m. .~. 

! 
', 
I 

1\lcan cltrornometer time of ohsenation . rn 4" " JO HJ ,;:; :iO ]'.'lapsed time....... ±.03:.?3:! 
Correction for level inequalit)· . _ ...... . + ~).70 + 1.88 cos 0 ....... - . . . . . . ti.30:)~)1' 

Uol'l'ected clll'ouometel' time .......... . rn 4'' c> 53.iO Hl [j.) 51.S,-; co. 1 turn of mic... 8.l!l:iH3 

Elapsed time 11 D8.18 motion of* in tnrns 
of mic.=3t.106 O.J!l223 

Elapsed time corrected for rate .••••...••• 10i'i2".ti5 11 ;;s.17 
Liue of collimation reads ~ (:J3 1 .0fl:J+231 .73..'-l-:~'.10fi)=:.?l '.8@ 
aud for comparisou, same from obsern1tion on mark, 211.871 

Tlle computation for azimuth of mark, adopting the latter Yalnc, stands a.s follows: 
11. m. s. 

l\fean chronometer time 1!) 49 50.00 1 l\Iark \V-.... 21t.5:!:~ 
D. •r or correction . . . . . E • . . 22'.:.mi l\lark \Y . . . 211.;;2;; 

Sid. time of obser'n .... 19 44 lUJ:J Co1l'u li11e. 21t.87l Coll'n line.. 21'.l'lil 

Corr'n for level im'fJ . . . . + 
Oorr'n for collimation .. 

:1.80 
1 14.10 :: ,, 

ll ----:1 

----' 
Star W ... 23! .092 tliff= - O' .:)-!8 

E .•.. 23t,733 Mark .... ast of north 
=-221'.16 

+ 4".31 

T .......•.•.. 19 43 00.G3 ., 

a······ ...... 19 44 14.22 
<lift" ·w- .. . 
Iliff E ... . 

11.2:n I to wl1idiadd the corr'u for aberration 
11.8G2' 

a-T .... ............ . 

S. Ex. 12---:J(i 

I 
l 13.59 diff .. 

lrnlf 11itf •• 
t)t.641 : 
ot.:t ... tO.'i 
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To AUT. (10) c. Example of record and reduction. 

STATIO~, 'VEST GULF SnonE, Au. (sECOND·OHDER STATION). 

51 Cephei Il('fil' uppt~r culmination and Polari~ nPnr lower culmination, January 29, 1869. Observer, J. G. O. 

Lamp. 

E. 

Jnstn1ment, the WUrUemann transit C. S. No. 10. 

SJIT 3. SET ]. --1 
~c~::~=~--- Th:<·l>vsi_d_. ,-~·--- ---, ··-M-1-.c-r:m_e_t-,,r-.-1-T-irn_e_. 1-,,-.-.i-<1-.--L-c_v_•-.J.-ll 

----------- chro11ol1wtPr: Le\""el. L!lmp. !-·~---·~---: chronu;m~ter ._, 
" k -1 C h · Deni 2l:W. ! I "ar·k .1 

o. Ursru I Vent ~126. 
j ~ar ·. ~ ep e1. I "u' · ' Miu. I 

--~.-!---:-~ --:-;:-g,-,--.;--;- --[ t. -~~'-t-. -d-. -11-h-.-m-.-.. - E. II lV. I 
15 05 w. I 15 94 . 

96 54 53 I 94 61 58.(), 
95

1942 5305 5J 

54 

I 
93 

1815.0
1
125526 

63

1

56
;.: 

60 53 47 . 18 07. 4 56 02. 5 

15 95 

96 ' 
96 : 

73 5417 \1795.0 5645 

1

. 
84 54 47 17 8!1. 0 57 26 

95 55 17 17 80.0 58 02 

20 34 

49 
63. fj 

80 

91 

56 40 

57 15 

07 47 i 
58 20." I 

58 4b I 

57 

56 

1

11 

17 59.0 12 59 49.5 I 
17 51.0.13 oo 2r.o! 

I 1742.01 0103.5
1 ! 

17 335· -01 as.of : 1 

E. 

55 1

115 :· 5 17 26: 511 02 11. 51' 61 i 50. 51 

92 59,58.5\ 

-----------------·•--~---------'---'-I -1 
l•~mther observing prevrmtcd by clouds. .After this four more Mts were takPn. 

Determination of ilte t'alue of one turn of the micrometer. 

The followiug record is a part of a set, the whole covering more than is here needed for illustration 

0 Ursa Minoria nea,. lower culmination, February 5, 1869. 

Chronometer time of lower culmination, 6h. lfim. FA. 

, I 

Mier.! CIJro. time. , Timf' from 

11 c11lmination Red'n. ! Red1d time. Time of 3 turns. 

I 

t. h. m. .. m . .. h. m .. t. t • m. 8. 

21. 0 55 57 19. 9 +1.5 55 58. 5 21 to lB 9 62. 7 

20. [) 57 40 18.1 1.1 57 41.1 20. 5 17.5 D 50. 5 

20. 0 59 23. 5 16.4 0.8 59 24.ll 20 17 9 55. 7 

lU. 5 01 02. 5 H.8 0.6 Ol 03.1 J9. 5 16. 5 9 56. 9 

I 19. 0 .02 41. 5 13.1 0.4 02 41. 9 19 16 9 57.1 

18. 5 04 21. u 11.5 0.3 04 21.3 18. 5 15. 5 9 51. 7 

18. 0 06 01. 0 9.8 0.2 06 01. 2 18 15 9 55. 8 
17. 5 07 40. 5 8.1 0.1 07 40.6 Mean 9 57. 0 
17. 0 09 20. 0 6. 5 0. 0 09 20.0 

16. 5 11 00. 0 4. 8 0. 0 11 00.0 

16. 0 12 39. 0 3. 2 o.o 12 39. 0 

15. 5 14 13. 0 1. 6 o. 0 14 13. 0 

15. 0 15 57. 0 0.1 o.o 15 57. 0 

The last column serve13 to indicate the probable uncertainty in the value. Subtracting the 
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mean of the time.s and the mean of the micrometer readings from eaell separate m1•asm1>, we ohtain 
the following table: 

(. 1lt. .. 
+3.0 +10 01. 6 

2. 5 8 19. 0 

2.0 6 35. 8 
J.5 57. 0 

1. 0 18. 2 
O~ 5 1 38. 8 
0. 0 -0 01.1 

-0.5 -1 40. 5 

LO 3 rn. o 
1. 5 4 59. 9 

2. 0 6 38. 9 
2. 5 8 12.9 

--3. 0 -9 56.9 

Hence, 21 turns correspond to 4179•.4; 1 turn corresponds to 1!)9•·0 
Time of 1 turn=199".0 log t = 2.2988iJ 
0=860 36' 12" log cos o - 8.77267 

1 turn=176".85 
h=260 50' 06" 

1 turn, in azimuth=l98".2 
<p=300 13' 54" 

log 15 = 1.17609 

log one turn = 2.24761 
log sec ( rp-p) = 0.04948 

2.29709 

Increase of micrometer reading corresponds to a westerl~- motion of the north end of the tele 
scope. 

One division of level=O". 75, B=+ll.3 for 51 Cephei and B=-20.0 for Polaris; hence, level 
corrections-0".28 and+l".81 respectively. 

SET 2. 51 Cepbei. p:=2D 451 3211 I 
!-----------------·------------------! 

t. d. I h. m. s. I 
Mean reading of m1>rk .. _ 15 95. 5 Mean of chro. times • • 6 56 00. 351 Star W. of mer'dll.. 824. 1 i 
Meanroo.dingofsto.r .•••. 20 17.15: Com>ctionfor le•eL. -00.21l i MarkE.ofstar •••. 835.7 I 

4 21.65 Chro'roorrection ..... -1 30.48 MarkE.ofmcr'dn.~I 
=8351'.7 I ---

Difference ..•...••.•. 

i 

i ~i~~:~~~~ ::::::::: : : :~:: I 

____________ l_i_._··_··_·_··_··_·_·_·_··_··_·_··_·-~~---1_5_58_"_-._1_9 _________ 11 

SRT. 1. Polaris, 

:Mean reading of mark... :~ ~· 751 Mean of chro. tiroea • -
llleanreadingofato.r .•••. 17 70.141 Correction for level •.• 

Dilforenee -- . - . . . •• • . 1 n. 39 I Chro'r correction -• - - -

h. m . •. I ,, I 
12 58 52.70 

1 
StarW.ofmer.... 335 1 1 

+1. 81 \ Mark E. of star - .•. 351 6 
--1 

-1 30.48 MarkE.ofmer'du. 16 5 

=351".6 
Sidereal time • • . . • • . • . 12 57 24. oa I' 

a-t-12' ..•..•. --····· •• 13 10 53. 85 

t...................... 3 29.821 

To connect the direction of a side of the triangulation with that of the meriomn, the theodo
lite employed for the measure of the horizontal angle subtended between the mark and signal 
must be exactly centered over the intersection of the vertical planes passing through the optical 
and the horizontal axes of the transit. This may be effected in several ways, to suit the peculiari-
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tiefi of tlie statiou mark, tlrn irrntruments and the ground. To fix thi.s place of intersection, the 
telescope ma.r he poinh~d rnrtieal hy mearn; vf its finuer aml level, after having a cylindrical piece 
of cork with a pin in its axis ;ml1stit11te1l for the eyt•-piece; the vertical, through this piu, will thus 
mark the point. Four !'!takes ma~- he driven into the ground a fow feet from the station, to admit 
of two silk threads beiug stretclietl across and to iutcnwct, nearly at right angles, exactly on the 
point of the ]lin; the tmusit may then be removed and the theodolite mounted over the vertical of 
the thread inter:,;ectiou. 

To AnT. (11.)-E.raniple of record and reduction. 

ST.ATIO~, C~\l'IT()L EAST PAHK, WASliI~G10~1 D. c. 
Sun near prime vertical, August 15, a. m. 1 lSZiC. Oh;;ervcr~ C. A. 8. Inshument, !:i-inch magnetic theodolit~. Sidereal chronometer. 

1----------------------------------------------
Hor.izont<ll cfrcle. Vertical circle. 

': Chronomf't,er I timt:. 

i 

A B A B 

I SJ~T L 
[ ____ _ G's llJlJH:r and fir.st limb. TPlo~copc D. 

--------

I h. 111. s. 
50253.0 

05 :JJ,. 0 

06 55. 5 

5 00 12. (J 

10 <l2. (I 

11 4:!. 0 

( " ( , ,, 
2;) :!4 30 I 2u:i 24 30 61 56 00 61 56 0(1 

~.J 50 45 20[1 51 30 .61 24 30 G1 25 00 

26 04 30 206 05 15 61 08 45 61 00 30 

' -~-.,-~.- -----~ -~·-·----~~ .. ·-~·~-~ -
(:.','slower and second limh. T~leRCopB IL 

203 54 15 Z5 54 00 6t 19 3Q 61 18 30 

2UG 07 l.J 26 U6 45 61 04 00 61 O:J 00 

20 1s 1s I 60 50 oo ! co 40 45 
1 

-------'-==--~---==/ 

20G 18 30 

_s_1•_:-r_1 __ 1·--:--~~:r nnd scco1H~mb._Tdes:ope R ___ j 
' 206 3;, BO I 26 35 BO i 60 30 45 : 60 30 15 i 

14 32. 0 

15 36. 5 

!\ 17 07.0 

18 16. 5 

19 10. (I 

SE'! III. 

r~ 20 ·H.<1 

22 01. ri 

25 2H. 5 

5 27 32.:> 

2S 39." 

30 01. 0 

-

· 206 47 30 , 26 47 30 I 60 17 30 ' 60 17 00 ' 

2o;; ss ao 20 58 oo · oo o5 15 oo 04 ao I 

I 
' 

------i 
I 

0'• upper and lltst limb. Telescope D. i 
-------- - -----1 

21 47 au : 201 48 15 . w 11 45 59 12 oo I 
ts 00 00 208 00 30 5<; 57 43 58 58 Of/ 

28 10 15 20/l 10 30 58 4~ 30 58 45 13 

G's upper and first limb. Teles<'Ope D. 
------ - ----~--·-· 

~8 25 oo 208 25 00 f>l-1 29 O(I 58 29 30 

28 37 45 208 38 15 58 14 45 58 14 30 

29 13 30 209 14 00 67 36 (JO 57 -35 45 

·~ - ---· - --- -------
j 0·, lower and second lirub. Telescope R. 
1-------~------- ------·------·----

209 Ol 30 ! 29 00 30 57 48 00 57 47 30 

~l)9 12 45 l 29 12 15 i 57 34 30 ! 57 34 15 

~ug 27 oo I 20 26"30 i 57 rn 15 57 is ao 
I I 
' ' 

730 Fah1·. 

(Bar. 30 in., 
assumed.) 

7go F.s.hr. 

'------ ----------·---- -------- -·-------

-------- ----------~ ---- - ·--··~--~ 
i 'H d' 'c t' • i 

1 M h 1 .in,(~au rca mg y eau reo.din (T nn·e. ~ , n t<?r par-I, 
: rnm c _ro- : horitoutal . vcrHcal circl~. allox Ul_alt.>~ude 1 Corrected'· 
, nomett>r time. ; circle. : and i-eiract1on. : 

' --~--~ ·----·---···--" ·--~...---~-1~·---- ------
h. m. •· 

SetL ...... _( 5 07 48. l 2> 56 40 

S<-t lL. ... ···1 51622.2 27 23 17 

Set UL ...... 52544.1 28 59 30 

0 , 
" 6117 02 

59 as oo 
57 50 07 

+ 1 34 
+ 1 27 

+ 1 21 

61 18 26 

59 39 27 
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Set I. Set II. Sd III. 
---~----- -- --·--·~~- -·------------

<P ·-········-· 

h ···•··••••••·••··•···· 
JI···-·················· 

0 r II 

3H W lB 

2~ 41 24 

76 04 :ZI 

A. (from north)....... 95 06 CG 

Circle rea<ln ........ 25 56 40 

South meridian readg .. ' 110 50 84 

0 I /1 

38 5;; 18 

30 20 33 

7U 04 37 

DG 32 34 

27 23 17 

110 50 43 

D I II 

38 ;,a 18 

3~ 013 3:! 
76 04 4~ 

98 08 54 

28 rn :w 
110 !JO 36 
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(13.) In planning work fOI' obserYing au azimuth according to the requirements of tltc ea,;c 
and the construction aud power of tllc irnstrnmcnt and tht' conYenienc£1 of the ohsdrnr, tltc follmr
ing tables of the times of the culminations and elongations of four cirC'.nmpolar ,;tars will be fo111Hl 
a useful :mxilian·. Thes<' tables will give the times t-0 the nearest minute for the first day ol' 1•ad1 
month and for the year 188<i, supposing the obse1Ter's position in lntitu:le 40° :X. awl in west longi
tude 611 from Greenwieh arnl h.r an t;as.r interpolation they will gh'e the times for a11y dn~- of the 
year, for an,r year (within this century), and for any north latitude between 300 and noo. The 
times given are astronomical, counting from noon of tlle ciYil da;r. 

Mean local time (astronomical) of the elongations and culminations of four circumpolar 
stars, for 1885, and lat. 40°, long. 6h•west of Greenwich. 

lst of-

1--, 
I Jan·y. , 

I 

J;'el.>'y. 

March. 
.April. 

May. 
Jtuio. 

July. 
.Aug't. 

Sept'r. 

Oct'r. 
Nov'r. 

Dec'r. 

I 
I ! 

I lstof- \ 

,_I 
I Jm.·y. I 
I Feh'y. i 
1 March. j 

.April. 

May. 
June. 
July. 
.A.ug't. 

Sept'r. 
Oct'r. 

Nov1r. 

Doo'r. 

a U rsm Minoris. 

E. E. 

22 

20 

18 36. 4 

1G 38. 6 

14 37. 0 

u.c. 

ti. m. 
6 29. 9 

4 27. 5 

2 37. l 

0 35. 0 

22 33. 3 

20 31. 7 

12 39. 5 18 34. 2 
JO 38. 1 16 32. g 

8 36. 6 14 31. 3 

4 37. 0 10 31. 7 

2 38.9 8 33.5 

W.E. L.C. 

:--;:--::-1--h~ I 
12 24. 6 : 18 28. 0 

10222;1625!11 

R 31. 8 I H 33.1 I 
6 29. 7 12 33. 1 . 

4 31. 8 I 10 35. 2 I 
230.3! 833.7! 
0 32.8 i 6 36.2 

22 27. 5 4 34 8 

20 26. 0 33. 3 

18 28.2 0 35.5 

16 26. 4 22 29. 7 

14 28. 2 20 31. 6 

6 38. 9 II - 12 33. G 

======== 
51 H. Cephei. 

E.E. U.C. ·--;.E.1 L.C. 

-;.~1-h:-~ -;:-;:-
6 08. 9 ' 11 58. 6 17 48. 3 

4 07. 0 1' 9 56. 7 15 46. 4 
16. 7 8 06. 4 13 56. 1 

14. 6 6 04. 3 11 54. 0 

22 12. 51 4 06, 2 55. 9 
20 10.5 2 04.2 53.9 

18 12. 6 0 06. 2 55. 9 

16 10. 8 22 00. 5 M. 7 

H 09.l 
12 11. 4 

10 09. 8 

8 12.0 

19 58. 8 
18 01.1 

15 59. 5 

14 Ol. B 

1 5~. 4 

23 50. 8 

21 10. 2 

19 51. 5 

h. m. 
23 56. 6 

21 54. 7 
20 04. 5 

18 O'l. 3 

16 04. 2 
14 Q'> •) 

12 04. 2 

IO 02. 4 

8 00. 8 

6 03. 1 

4 01. 5 

2 03. 7 

I 
1-~--

E.E. 

0 Un;;.a• llinoris. 

lJ.C. l W.E. L.C. 

----,------·-- -~ ----
h. m. 

17 31.3 

15 29. 5 

13 39. 6 

i h. m. h. m. 

I

I 23 rn. o s 10. 6 

21 17.2 3 08.8 
I 10 2i. 2 1 18. s 

h. ni. 
11 21. 0 

9 19.1 
7 29. 2 i .. 

11 37.9 17 25.5 23 13.2 5 27.5 

9 40.1 15 27. 7 21 15. 4 3 ~9. 7 

7 38. 3 l:l 23. fl 19 13. 6 l 27. 0 

5 40. 3 11 28. 0 17 15. 6 23 26. u 
oil 38. 3 9 26. 0 15 13. 6 ~l 24. 0 

l 36. 2 7 23. 9 13 11. 6 JU 21. ii i 

I 23 34. 2 5 25. 7 11 l:J. 4 17 23. 8 

21 32.1 2~. 7 9 11. 3 15 21. 7 

19 34. 0 25. 6 13. 2 13 23. 6 

_____ >-_rr:::.·~~n:;:.---:_~-- / 
E.E. 1· t'".C. i W.E. i L.C. I 

: 
h. m. 1~1,,-k-. -m-.- --/:-~~ 
18 52.1 ~ 6 47.1 12 49.6 

16 50. 2 ; 22 45. 7 I 4 45. 1 JO 47. 6 
15 00.3 20 55.9 2 55.!J 8 57.8 

12 59. 0 18 51. 5 0 54. 0 f, 56. 5 

11 01. 6 16 57.1 22 52. 7 I 
4 50. l 

57. i} 

0 59. 9 

00.2 

02.4 

5 OQ.4 

2 58. 0 

0 59. 5 

22 53. 0 

20 54. 4 

H 55.7 

12 57. 9 

10 55. 9 

8 53. 6 

20 51.2 

18 [J;l.4 

16 51. 4 

H 49.l 

225j~ 
20 51. 6 : 

5.J. 0 12 50. 6 18 53. I 

52.4 10 48.0 16 50.5 

53.» 8 49.4 14 51.9 
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1. To correct the tahular tiuws so as to apply to any year subseq nent to 1885 (or for a~ ear prior 
to 1K8i) ll,Y reYcrsing sign): 
Add, in the case of l'olaris 

·Subtract, in tlw cast' of ii. "Grsre :Minorh; 
A<ld, iu the case of 51 Uepl1ei -
Suutract, ill the case of o Ursru Minoris 

2. To corr<'ct the time;; for any year in a quadricnnimn: 
I"or firnt year after a leap-year the talJle is perfoct. 
For second year after a lea1i-year add 1 "'.0 
Por thiru year after a leap-year add - 211'.0 
For leap-y<•ar and before .'.\larch 1 add 3m,O 
For the remainder ofthe ye:tr subtract 1m.o 

0"'.35 for eYer~- year. 
1111 .l for m'ery year_ 
0 11'..3 for eYt>r.v year_ 
()m,35 for eYery year. 

3. To allon- for ditti•rence of latitude betwecu tlw limits of 300 aml uoo, correct the times ot 
t•lougations as follows: 

I<'or Polaris, add oui.14 I 
I•'01· ii. U. Min., iuld om.11 I ,. 

\ ior v1ch <ll'gree HOuth 
For Gl Ceph., ad1l orn.~9 l ' 
For a U. l\Iin., add 0"'.35 j 

\ sulJtrnct om.18' 
I bt t om l~ ~for each de-. su rac . u 

of 400 and ~ gree north 

l subtract om.39 I of 400. 
subtract om.48 j 
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APPENDIX No. 15. 

A COMPARISON OF THE RELATffE VALUE OF THE POLYCOXJC PRO.JECTIOK T:Sl':D O:l-1 THE CO.\ST 
AKD GEODE.TIC SURVEY, WITH SOME 01'HER PHO.JECTTOXS. 

I'reparecl hy CIIAI~LES A. SCHOTT, Ais.,;io;tant. 

(Illustrated hy t1 pltttc" and a chart.) 
8EPTE1IRER 15, 1875. 

In accordance with your direction it is proposed to present here those supposed considerations 
which appear to have led to the adoption, in the Sul'Vey, of the polycnnic projection in preference 
to other pr~je.ctions more or less adapted to the same purpm;e. To d-0 this satisfactorily it will be 
desirable to review briefly the various leading projections in use and to advert to their principal 
properties and practical advantages or com·enience8. 

It will be noticed that thi8 ground has already been gone over by the late Maj. E. B. IInnt, 
United States Engineers and Assistant Coast Survey, who gaYe an exposition of the 8nhject in 
Appendix No. 39, Coast Survey Report for 1853; but the length of time elapsed and the cm1Ref]ne11t. 
increasing difficulty of ready reference to this article renders it desirable to restate the Rn hject, at. 
the i;ame time taking a<lYantag-e of the opportunity of intnHlncing additional remarks aml athert· 
ing briefly to a historical notice of the pol;\·conic projediou. I have also thought it desirable to 
change the classification. 

The principal artifices a!loptccl hy geographers and uavigators of representing on plane maps 
and charts the whole or portions of the surface of the gfolie or of the spheroid han~ been so often 
described as to requirf, in this placf, no further detailed uotice heyoud tlw few references giYen 
below,* where the reader may find fuller descriptious, amplifications and theoretical expositionsi 
oth1w references will be given further on. 

The object of maps aml charts is to exhibit to the eye, by Rnitable representation, on a reduced 
scale aml on a plane surface, with all i!OSsible accuracy, the relatil·e position of points, lines, or 
o~jects on the earth's surface and, since such positions art~ usually defi'ned by spherical co·ordinatt·H, 
the primary object of the so.called projections is the delineation of these circles of reference accord· 
ing to certain assumed or fixed geometrical laws. Any point, line, or o~ject intended for represen· 
tation may then be laid down hy means of its known CO·ordiuates and, conYcrsely, tlte co·ordiuatc.~ 
of any plotted point may be aBcertained. 

Owi11g to the geometrical impossibility of dm'eloping a spherical or 8pheroidal surface in a 
plane, it follows that such prnjections may be as Yaried in 1heir furulamental principleR aH tlwre 
are distinct purposes for which representation may lw 11eeded. Special 11rojectio111; must he 1Hh1ptl'tl 
to special and prominent properties, features, or reqnireme11ts. 

Of true projections of the sphere or of perspectin~ prt1iectio11-;;, as they may be more propt>rly 
called, since thej· depend upon the Hnpposed position of the spectator's ej·e and 011 that of ti w 
plane of projection, three kinds lnwe ueeu t\hst i11guished, Yiz: . 

With the eye supposed at an i11finite distance and the plane of projeetion 1wrpmlllic11lar to the 
line of sight, but situated otlierwise anywhere on that line; this is known aH the orthographic pro
jection. 

• Traite de Topograpbie, etc. 1 etc. Par L. P11is.-;a11t. First edition, Pari~, 11'05; Aecom! editiou, Paris, 1820. 
Chorographie oder Anleitung zu Land, See und Himmels-Karten. J. J. Littrow, Wien, lo:l:J. 
An EncyclopwAlia of Geography, etc. By Hugh Mnrray, Louclon 1 1844. 
Practical Astronomy and G<,oclesy, illclnding the project.ion of the sphere, etc. Br John Narrien. Lo11tlo11, 1845. 
The Eucyclopredia Britannica, t;t,11 editioo, Art. Geography, Vol. X, 11'l56. [A new mlilion of thiH work ii; now 

passing through the press.] 
Trnite des l'ro,jections des Cartes Gcogmphiqncs. Par A. GPrrnain, Paris, ahout l::lw. 
Lehrbuch Iler Kartc:i.-Projt'ktionen, etc. Von Dr. H. Gretschel; Weiurnr, 187:!. 

2i<i 
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\\'ith the Pye i:;nppos('ll npon the surface of the Rpherc arnl to occupy the vole of a g-rcat circle, 
the plaiH' of whid1 is that of the 11rqjectio11; this ii-; lmmvn as the stereographic projection. 

Supposing tlie eye 1,Jac<·ll in thP center of the Rpbere aJl(l the pla11e of projection tangent to its 
i-;1nfocp; tbii; prrnlnees the g1wmo11ic or central pn~jection." 

..,\ lll'ojcction iuternH'lliate lJetwee11 the ftn;t aml secoIHl sup11oses the e,-e at a distance of j 1 • • \ '.! 

tinws ra<lins ahoYe the l'\nrfarP of tlie Hp hen•; it is known aK the glolmlar or equidistant projection, t 
aml was desig·netl tu anii<l as far as may lm thP e011traetiou of 01thograpltic and the exaggrratiou 
of the sten•ographic projeetious 11ear U1eir respectin~ ontf'r portions. 

A further motlitkation was made b~· Lieut. Col. IT .• T:une;;,i with a Yiew of representiu~ more 
than a IwmisplH•re within a bou11di11µ- circle. Al' in Lahin"s pndection, thP eye is s11pposetl abon~ 
the s1rrfoce of tlw ;.;phen•, but at a <li.~ta1;ce e11ual to h:ilf the ra1li11s; the plam• of pn~jt•dio11, how. 
e\·er, iH 11ot tbat of a ;.lTeat cirde 1mYillg thl• eye pPrpeu<licnlar oYcr its center, lmt is parallel to 
it and rcmoYe<l from it nearer to the eye b;y 23p. ·with this position of the projecti11g· plalle fully 
two·thinh; of thP Hnrface of tlw sphere c:iu be shown. 

According to the particular pla11c of prqjection adopted, that of the N11rntor, of a merillinn, or 
of the Jw1izon of a plflce, t!Jern ariHe as many l'\pecial cm.;es for each of the preceding general pro
itction:-;, which, ho\n~Yer, 11eed 11ot her<~ !>P fnrtlier specifirnl hy 11arne. 

The a bore perspeci iYe prt(jcctions, in their ap11Iicatioa to astronomy a11d geogmph,Y, nrc mmally 
confi11etl to U1e representatiou of a liemi8pliere, § aud lrnt rarely to smaller snrface8. For the 1nu
po8es of laud antl sea charts on ft large <;cale and consequently of quite limited extent, tliey are not 
we 11 suited, for one or more re a Rons: the~- arc g-cucrall~- laborious of con1>trnetio11 when em braciug 
limitP<l areas, and c:urnot he made to satisf\ any speeial conditions wllich they do uot already 
possei;R, lint wltich may be of paramount importance, or they may possess certain foatmcs whic11 are 
not dt•sirable 011 the chart. \Ye thiis come to the constrnctiou of maps aml charts by 110-calle<l 
den•lopmeut. The,;e are of comparatively mol1eru origin, "-hereas the preceding tliree principal 
prospectiTe projectiuus were all known to the ancients. 

'fo render den'lopment possible, a cylindric or conic surface is substituted in the place of the 
onlinary plane of pn(jeeti011, wl1icl1 snrface i11 afterwards deyeloped iu a plane. The eye is sup
po8t><l eitl1el' at the ce11tPr of the spl1cn• or· else its po,;itio11 is altogether arbitrnr.r. Thi.., cmiception 
gi\·es rise to two ]duds of de\-cloped projedio11s, Yiz, tl10se Pmplu,ying a c;ylim1er tange11t, gPill'r

all~-, :it tlw eq nator and thosr' employing a cone tangent, gepernll~-, at. ihe middle parnllt>l. Varion;; 
1m~j<•etions of this elass may he prodncecl by- Yarying the po::ii1.io11 of the place of tangency with 
respect to the ftrntlanwutal circles of the Hphere, aL~o h,Y snlJstitntfog for the tangent cylinder or 
cone an i11t1~rsectiug cylimler or coue to conform, for instance, to tlte euuditiou that areas of spheri
cal zones slwulJ, i.u their projection, bear the same proportiou as tile eorresponding areas on the 
spl1rre. Iutersecting snrfacei:;, iustcad of tangent smfaces, cau, in ge11eral, be made to reduce dis
tortion. 

It was found conYcnient to arrange charts <lepen<ling on development and subject to certain 
conditions iu tl1ree gronps, i. c., tho"c possessing straight meridians and parallels, those of mixed 
s~·stl•ms of straiglit and curYet1 lines of reference autl tho1:1c in which both the meridians and par
allels appPar 1·,mTPtl. To the first group belong the following: 

'l'lte sq1111n· zm!ic1,fio11, the simplest lint rnde metlw<l in wliid1 meridians and parallels nppcar 
:ts straight aH<l 1~qui1lisiaut 1i11es, forming squares. Degrees of latitude and longitude are all sup-

•It ha, lwl'n employed for the con8trnction of star-charts am\ more Mcently fot delineating the 11pparcnt track 
of shooting Htar8, on acco1111t of tlrn facility witl1 wl1ich 'the radiant poiut can he found, great arcs on tlw sphcm 
nppeal'iB~ a.s :-strai14ht li1u.:s ou tlw projection. 

t PropoH~d l>y La.hire in 1701. 
t Ordu:rnre t.rigouometric:tl survey of Great Britain and Irclaml; London, 1858. See frontispiece to volnme of 

pJat+'H. . , . . . . . . . . 
~ Ifrm1'phcn's of the followrng Himplc and efleet11-c constrnct1on are sometunes mPt with m atlruows: t.hc circnmfer-

t'UCC of a circle is clividu(l i11to er11rnl parts represeutiug degrees of la ti t11 le; the horizontal am! Yertic11l <liameteni, like
wist>, arc di,·ided into equal parts, the foruwr f<'presenting tlegrecs of longitu.111. \Ve thns h:w" gh·en three Jl<>int.; in 
('H>ry parnlkl <•f latit.mk, i. t., f,wo in the circumference and one in the central line throngh \\hi ch we can pass an a.re 
of a cirele rq1rcseutiug the parallel. 8imilarly we h:wc ginm three poiuts in every meridian, i. e., the two poles a.nd 
0111· at tlH· 1•1111ator thro11gl1 wliieh we cau pass a.11 are of a l'ircle re1>1·c•enti11g tlie meri1lia11. 
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posed equal in length. Especiall;v in an east and west direction dishtnceK and area.'\ become grossl;r 
exaggerated, though for an elementar!/ l'illrface the true proportion or a figure ii' vn·isen·ed. lt is 
occasionally used for representing small surfaces near the equator. 

'The rectaugnliir projection, a less detective delineation than the square prQjectiun, consists in 
presenting the length of dt-grees of longitude along tl1e rnfr1'lfo parallel of tlte chart iu tlwir true 
relation tu the corresponding degrees on the sphere; they will, therefore, appear ;;maller than tlw 
lengtl! of the degrees of latitude iu the proportion 1: cos rp. lu an ea.st and west direction the chart 
is unduly exp,amled a!Jove and unduly contracted below the midulc parallel. 

The rectangular equal-sw:face projection differ1S from the first in tliis, tlmt tlte distances of tlw 
parallels, instead of being equal, are now drawn parallel to the equator at distances proportional 
to the sine of the latitude. This gives it the <listiuctive property of the areas of rectangle1S•or zoues 
ou the pr(\jection, being proportional to the areas of correspouding figures ou the sphere. The 
distortion, however, becomes quite excessive in the higher latitudes. 

Gaxsini'x Jlr<?jcction.-Tl!is pr(\jectiou makes no use of the parallels of latitude, but substitutes 
for them a second syst.em of co-ordinates, namel.r, one at right angles to the priucipal or central 
meridian. It is couseqnently convenient in connection with rectangular spherical co-<;mlinates hay· 
ing their origin in the middle of the chart. The projection of Uassini's chart of France consisted of 
squares," aud hatl ueitlter mf1ridians (excepting oue) nor parallels. It would seem, howeYer, that 
in t!Jis simple form it is not the prqjcct10n generally distinguished by this name. It has been 
described as follows: t Suppose a cylindrical surface with its geuerating line at right angles to the 
central meridian and enveloping the sphere along this meridian. ThiR cylindric surface is supposed 
inter<1ected by Jllane<1 pa.rallcl to that of the central meridian and these intersections 1wocluce on the 
cliart, after development of the cylinder, the straigllt rcpresentati,·es of meridians, but are in reality 
small circles on the sphere. '.l'heir distance from each other is defined by passing them through equal 
dhisions of the prime vertical dmwn through the center of the cl!art. The central meridian hav
ing heen equally divided, the equidistant straight lines passing through these diYisions form tlio 
prime vertical system. This .projection is not now employed, as it offers no facilitit>s for 11lotti11g 
pm1itio11s hy latitude and longitude; moreov·er, the clistortion rapidly increases witlt distance from 
the center meridian of the chart. 

Projection with coiwerging meridians.-This is a modification of tlie square projection designed 
to conform nearly to the condition that arns of longitude shall appear p1:01wrtional to the 
cosines of their respective latitudes. The straight line representing the central meridian being 
properly graduated-that is, the true lengtli, by scale, of an arc of a d1•gree of latitude (or of a 
minute or a multiple thereof, as the case may be) liaving been laid off according to the scale 
adopted-two straight lines are drawu at right a11glc1S to tlie meridian to represent parallels, one 
near the bottom and the other near the top of the chart. The8e parallel,,; are next graduated, thr 
arcs representing degrees (multiples or subdidsimrn) of longitude on eacli having, by scale, the true 
length belonging to the latitmle. The corresponding points of equal nominal angular distance from 
the middle meridian thus marked on the parallels, when connected hy straight lines will produce 
the system of co11Yergent meridians. The disadrnntages of this projection are the fact<1 that but 
two of the parallels exliibit the length of arcs of longitude in their true proportion and that tlie cen
tral meridian alone is at right angles to the parallels. This projection is suitable for the repretieuta
tion of tolerably large areas, the aboYe defects not being of a serious nature within ordinary limits. 
It also recommends itself by the ease with which points can be projected or taken off tlie chart 
by reference to latitude and longitude. 

Projection by dei,elopment of an intersecting cyU1idcr.-The cylinder with its axis perpewlicular 
to the plane of the equator is supposed to intersect the middle parallel of the chart. On the c,rlin
dric surface the arcs of the meridian and of the middle parallel are duly represented in their proper 
length and the parallels and meridians are straight lines int,ersecting each other at right angles. 
Charts of this construction answer best for low latitudes. The projection is the same as the "rect
augnlar," though it may be changed by putting the sine,~ for the arcs of the degrees on the merid
ian. Its use was superseded hy the following one. 

• l'niesant's Trait<' <lfl Topogmphie. Second edition. Paris, ltl:!O. 
t Dr. C. M. Ba1wrufci111l's Elcuionl,e <lor Vcrnwssungsktu!lk.. Stntt.gart, lt<ilU. 

I:). Ex. l'.J---37 
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1lfercator's projection is generally employed for the purposes of navigation. The axis of a cylin
rler tangent at the equator i1' coincident with the axis of the sphere; and in developing the cylinder 
the projected meridians become parallel and equidistant Rtraigltt lines. These arP intersected at 
right angles hy straight lines representing parallels so dmwn tlrnt at e\-ery point of the chart the 
ratio oftl1e degree (or rather of an infinitely small part of it) of longitude to the degree of latitude 
(or infinitely small part of it) is preserved the same as on the correr;ponding point of the sphere. 
G-reat circles on the sphere will not generally appear on the diweloped cylinder as straight lines, but 
any straight !inn 011 thP chart represents a rhum h line and indicates a particular mutual hearing of 
t";o pla<"es so connected. On the sphere sud1 a line is known as a loxodromic curve arnl it posResses 
the property of cutting the meridians at equal angleR. The proportionality of the parts of infinitely 
small figures on the sphere and on the projection is preserved. In the higlier latitudes, in conse
quence of enormous exaggeration, the projection loses its value. Its want of uniformity of scale ot 
distances is its great defoet arnl renders it useless for any other than the special nautical purpose• 
for -which it was deo.igned. 

The following projections present hnt one flystem of' straight lines: 
Flamsteed's prf?je.etion.-The parallels of latitude on the sphere are here represented hy straight 

lines. Perpendicular to these is the central meridian divided into degrees (multiples or imrts of 
degrees) of latitude. The paralIPls pasAing through these points are divided, each in like manner as_ 
the corresponding parallels on the sphere; through these latter points curves are drawn, which 
represent the meridians. Its prinClipal defect is the obliquity of intersection of the project.e,d par
allels and meridians, especiaHy in the higher latitudes and at some distance from the central merid
ian. It preserves, however, the proportionality of areas of zones in the prQjection and on the 
sphere. It is moM effectively Pmployed in ma])piug equatorial countries. 

I>e Lorgna's projection.t-It prescITes the proportionality of corresponding surfaces on the 
sphere aml projection. It is mostly used as a polar prQjection, in which case the parallels of lati
tude ap11ear as concentric circles ancl the meridians a& straigl1t lines dividing the circumferences 
of the circles equally. The radius of the projection for any spherical segment is a mean propor
tional between the diameter of the sphere and the height of the spherical segment.t If the pro
jectfon be made not on the plane of the equator, but on that of the horizon of any place on the 
spliere, azimuths and altitudes will take the place of the former system of longitudes and latitudes. 

Babinet's eqMl surfa-ee or homalograpkie projection.-The distinctive character of this important 
projection§ is, as its name implies, a proportionality of areas on the sphere with the corresponding 
areas of the projection. The equator is deYeloped iuto a straight line and graduated equally from 
0° to 180° either way from the central meridian, which is perpendicular to it, and of half the length 
of the representative line of thl' equator. The parallels of latitude are all Rtraight lines, on each 
of which the degrees of longitude a"re equal, but do not bear their true proportion iu length to those 
on the sphere. Their distance from the equator is determined by the law of' equal surfaces)) and 

* It may he remarked Umt eveu as a sailing chart the coun;e iudicate.i by a straight liue betweeu two gi veu poi uts 
is not generally t11e one the navigator ougbt to follow, since it j.g neither the shortest line nor a groat circlo (the two 
being practically identical in length). Fur track-charts it seems de~irable to have constructed a series of ch/;\rts on the 
f1no11unric projection, which presents all great circles as straight lines. Taking from these the latitudes and longitudes 
of a nmnlJer of points, theRe great arcs may be transferred to any other projootfon from which bearings or distances 
may be obtainable. It should, moreover, be borne in mind that in practice it is not so much the shortest course which is 
desired, hut that along wl1ich tbe sh<>rtest passage can be made, thus making the minimum duration the criterion. Tho 
problem of finding the most advantageous course becomes complicated, since it must take into account the effect of set 
and •lrift of currents and of direction and strength of wind most probably to be expected at the time and place. The 
resolution of it, however, must set out wit.h the great circle or a number of great circles drawn from one objective 
point to the next. On the chart of Northwestern America, showing the territory ceded by Russia to the United States 
and published in May, 1867, by the Coast Survey, Prof. Benjamin Puirce, Superintendent, thertl is a sub-sketch on the 
gnomonic proj11ction, showing the great circle hetweon San Francisco aud Ha.koda.di. We refer to this chart simply to 
show t.bat the value of this }>rojection, especially for steam navigation, is duly recognized. 

t l'rincipi di Geogra.fia; Verona, 1789. 

t'Vhiclt is the same asp=2 sin (45°- ~) 
§See Nouv. Ann. des Voyages (August 18i>7), by Malt-0-Ilrun; also, A. Petermanu's Geographische Mittheilungen 

l8fi8, l" 6:l. 

II For l::ititnde r:p the distance h of a pa.mlld from tbc equator is found by the rel::ition sin q:i= ! (2 h +sin 2/i) 
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the numbers have been talmlated between the limits 0 at the equator to l for tlte pole. Tim 
meridian of 900 on each side of the centml meridian appears in the projection as a cirde arnl by 
intersection detennines the length of degrees on the paritllels; all other meridians are part,; of ellip
tical arcs. Extending the projection to embrace the whole surface of a sphere, the bom1cli11g liue 
of the projection Lecomes an dlipse, the area of the circle iucluded by the meritl}~tns of 90'.) equal" 
that of the hemisphere and the crescent-shaped areas l~ing out1;ide of this circle between ::!:: loug·i
tudes 900 and 1soo are together equal to that of the circle; also the area of the projection b'etween 
the parallels of ::!:: 30° is equal to the same. The degrees of latitude near the equator appear ex
aggemted and infinitely small surfaces on the sphere and projection are dissimilar in form, yet the 
distortion is not excessi\'e. Its chief use is fm graphical illustrations relating to area, such as the 
(listribution and den1;ity of population or the extent of forests, area covered uy coal-measures and 
the like. 

I>e l'lsle's oonie projeetion.-lf we imagine a conical surface with its apex in the axis (produced) 
of the sphere and tangent to its surface along a parallel, that parallel by development of the 
conical surface will become an arc of a circle having for its radius the slant side of the cone, which 
is equal to the cotanp;eut of the latitude. A IHUt of thii; developed arc of a circle, sufficient in 
length to include tlrn desired number of degrees of longitude, is conceived drawn through the middle 
point of the straight central meridian and parallel therewith, or from the same center other arcs 
are stn10k, passing through the points marking the degrees of la1itnde on the central meridian. To 
denne the meridians two of the parallels, one near the bottom the other near the top of the chart 
(generally at one-fourth and at three-fourths the height of the chart), are graduated-that is, the 
true length (by scale) of a degree of longitude is repeatedly laid off on each and through the cor· 
responding vair of points straight lines are drawn which represent the meridians. They interRect 
at different points and do not reter to the center from which the parallels were Rtruck. The cen
tral meridian and two paraliels only present their reRpeetiYe arcs of a length proportional to the 
corre11ponding arcs on the Rphere. 

The i;implc conic p1"</jcction.-It differs from the above in this, that tbe developed arc of the 
middle latitude (of a chart) a.lone is emplo;yed in the place of the. two extreme arcs for the gradu
ation of longitudes. .All meridians are straight lines and intersect at the center from which the 
concentric parallels were swept. On the central meridian and on tile middle iiarallel the degrees 
of latitude and of longitude, respectively, are laid off according to scale and proportional to those 

-on the sphere. Parallels and meridians intersect at right angles and infinitely small parts on the 
sphere and projection are similar in figure. The length of degrees on all the parallels, excepting 
the middle one, is but slightl.r difterent from what it would be if they were of their true length 
proportional to those on the sphe1·e. This very valuabfo pr<:\jection was specially investigated by 
L. Euler (Petersb. Comment., 1777). It may be remarked that when the planes of the parallels 
are supposed produced to intersect the cone, the resulting divisions on the meridian would become 
unequal. This source of defect is avoided by developing the meridional arc on the side of the cone, 
as stated above. 

Mwrdocli's projection"' was designed to improve a defect of the conic projection with respect to 
area and to render tile same more nearly proportional to that corresponding to it on the sphere. 
He supposed an int.ersecting cone to 11ass through points of the central meridian somewhere between 
the middle latitude and the extreme parallels of the chart, its side remaining parallel to the tan
gent at the middle latitude, while the points where the cone intersects the meridian are so selected 
as to make the whole included conic surface exactly equal to the spherical surface which it repre
sents. Otherwise the construction is similar to that of the first nametl conic prqjection. It also 
follows by principle that the degrees of longitu1le on the two parallels passiug through the inter
secting points appear of their true length. For the parallels between these the distances and areas 
are all too small; and for the parallels outside of these the distances and areas are too great when 
compared with the corresponding parts on the sphere. The meridians are straight lines perpen
dicular to the parallels, yet corresponding areas on the sphere and projection are not equal except 
for the whole zone, as by construction. 

•Phil. Trans. R. S., Vol. t>O. Part II; London, 1758. Two mmlilication~ were added. 
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A further modification is rnentione<l by l\fayer* to extend the proportionality of the whole also 
to parts of tlw zone, which, howe,'er, necessitates unequal meridional distances of the parallels 
and throws the distances further ont. 

The following pr!1jections are of the third class, i. e., have both s,ystcms of co-ordinates repre
sented hy curved line;:;. 

Lambert'.~ projection preserves the proportionality of its areas with those on the SJlhere, but 
neither its meridians nor its parallels are equally divided, and these curves must be constructed by 
the aid of tables. In the projection of a hemisphere the central meridian appears as a straight 
line and the bonn<ling meridian as a circle,-which latter is the only line equally divided. ~tarting 

from the center, the length of the degrees on the central meridian ~nd on the equator are in pro
portion of' the sine of half the arc and they crowd consequently towards the circumference of the 
cliart. It has been but little used.t 

Bonne's pr~jection.-This most nsefu1 and extensively used 1ir11jection and which is also known 
as Flamsteed's modifietl projection,t differs from the simp1e conic develor1ment in this, that. each of 
the concentric p:ua11els of latitude is divided the same as on the sphere; through these points of 
intersection the curved meridians are passed. The curvature of' tlle arcs of parallels is given as 
before. It is the same as that of the middle latitude of the chart, the radius being equal to the 
cotangent uf this latitude. We thns have the straig·ht central meridian, as well as every parallel 
of latitude, divided on the projection the same as on the sphere respectiwly; all the meridians cut 
a parallel near the middle latitude at right angles; outlines on the sphere appear in nearly similar 
outlines on the projection, and the same scale of length may be used fur all parts of tl1e chart if 
not exceeding a few degrees in extent. It also preserves the proportionate equality of the areaR 
on the s11bere and on the projection. If the middle parallel of the chart coincidel:l with the equator, 
the projection merges into that of Flamsteed. 

The step from the pure conic to the Bonne projection waR a simple yet important one. The 
propriety of aiwtlJer modification, however, becomes npparent when it is notiePd that for very 
large areas an<l particularly in the higher latitudes, the mr.ri<lians and 1iarallels intersect quite 
obliquely. Tl1is dcfoct is in a great measure removed in the following projection. Bonne's projec
tion was adopted by the Dep6t de la Guerre of France about 1803. 

'l'he polyconic§ projection employs not only one tangent cone for the development of its middle 
parallel, but also a tangent cone for every parallel (and theoretically uses an infinite number of 
them). Each parallel of latitude, therefore, is independently developed. This has the effect of 
gradu:illy increasing the length of the degrees of latitude in Jlroportiou as we recede from the cen
tral meridian, upon which only they are correct. On the other hand, the angles of intersection of 
me1'idians and parallels approach to and nowhere differ extravagantly from right angles; but those 
fadng the pole and central meridian are always in excess of it. Ou charts representing the whole 
surface of a sphere this angle when greatest is about 1200; for a hemisphere, when greatest, it is 
about 10()0 ; for smaller clrnrts the intersections are everywlrere sensibly .'tt right angles. Thus, on 
the chart representing the whole of North .America ju Const Survey Report of 1805, p. 177, tl1e 
unaided eye can barely perceive an;y defect in these intersections.I\ It foUows that the similarity 
of tlrn fig·ures on the sphere an<l the corresponding ones on the projection is very close. The exact 
proportionality of tile corresponding areas on the sphere and the projection is sacrificed. Thi8, 
however, becomes only apparent for charts of large extent. Thus, for a hemisphere ( + and - 900 
from the central meridian) the area becomes enlarged in proportion of 1 to 11 nearly. For all charts 

* Praktisehe G~ometrie, part 4. J. T. Mayer, Erlangen, 1828. Pp. 315-333. 
+See l'etermann's Geographische Mittheilungen; volume for 1858, p. 65. For other projections investigated by 

Lambert see his "Beitl'iige !lllm Gebrauche der Mathematik"; Berlin, 1772. Three 1iarts. 
! More properly Flamsteed's is a particular case of Boone's projection. 
§So named by the late Maj. E. B. Hunt, Assist.ant Coaiit Survey, in 1853. The projection seems to have been 

conceived hy F. R. Hul<Sler, Superintendent Coast Survey, between 1816 and 1820. 
ll On charts of large an<l convenient size and sufficiently extended for the delineation of the United States-say, 

between latitudes 22° aml 52° and between longitudes64° and 128° and which may be projected on !!Cales varying 
between Tuobo01T amt r,0 -crb·1nr0 -the want of perpendicularity of meridians and parallels becomes just perceptible. 
See, for inst:mCfl, the geological map accompanying Vol. III of the Ninth Census, by Francis A. Walker: Wa;;hingtnn, 
11572.lts scale is c>; Trrf, """ near]~·· It was originally proJected in the olliee of the Chief of Engineers, War l>epm'tment. 
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of limited extent the same linear scale can be applied to all parts, the same as on B01rne'8 im~jec
tion-in fact, for all ordinary charts published hy tht>. Coast SurYey (see catalo;ruc of 1875), there 
iH no appreciable difference whatever lJetween the Bonne alld tl1e pol:n~onie pr~jr.etions. It is onlr 
when they are compared on Yery lar;;e surfaces that. the dio;tiuguii:<liing fraturcs of the two lieeo1m• 
apparent. 

On the accompanying comparatiYe diagram these projections are sl1own for the whole splten•, 
the Bonne projection becoming transformed into a flamsteed projection. Besides this then' is shown 
a Bonne projection for middle latitude+ 300. The outline of the pol,rnonic pr(~jection appears as 
two lobes wit,h a cusp at each pole, noticed in Coast Surn'y Report for 18;33, p. 99, and exhibited in 
Coast Survey Heports for 1856, plate No. 65, and for 1859, plat<' No. 38. 

Respecting· the history of the Coast Sun'ey projections, I ha\'e but a fe1v remarks to offer. 'flie 
polyconic projection appears to have originated in conception -with Snperintemleut }'. H. Hassler, 
between 1816 and 1820, as may be inferred from the fol101Ying extract, taken from a series of papers 
co1mected with the early history of the united States Coast Survey and commtmicated hy him to 
the American Philosopl1ical Society, of Philadelphia, l\Iarell 3, 18:!0. On pages 406, 407 awl 40:-1 
of an article "On the mechanical organization of a large survey, etc.," in Transactions of the Ameri
can Philosophical Society, Vol. II, new series, .Philadelphia, IS:n, he sa~'S: ''The projection which 
I iutende1l to use was the development of a part of the earth's surface upon a cone, either a 
tangent to a certain latitude, or cutting two gfren parallels and two mcri(lians equidistant from the 
middle rneI"idian." This either refers to a simple conic, or to De l'Islc's or }lurdoch's projections. 
Further on (p. 407) he seems to refer to Bonne's prqjection. "The central meri1lian alone should 
become a straight line and all the other meridians and parallels broken lines, nearest the cmTe to 
which the.)' belong." The laist paragraph, hnt one, of the article refors directly, but somewhat 
vaguely, to the polycouic pr~jectio11. "This distrihntion of the prqjection in an assemblag·e of sec
tions of surfaces of successive cones, tangents to or cutting a rt\\;nlar Hnccession of parallels and 
upon regularly changing central meridians, appeared to me the ouls one appli<-ahle to the coast ot 
tl1e Unit~d States. Its direction, nearly diagonal through meridian aud parallel, wonld not a!lmit 
of any other mode founded upon a single meridian and parallel without great tledations from the 
actual magnitudes and shapes, which would have considerable disadvantages in use.'' Thl're can 
be no room to doubt that the "successive cones" refer to the parallels 011 each particular ehart aud 
not to the mi(ldle parallels of a succession of charts. 

The first detailed account of the polyconie projection was puhlished h~- lllaj. E. B. Hunt, 
United States Engineers and Asssistaut CoaHt Suncy, in Coast Survey Heport of 185:l, Appemlix 
No. 39, p. 99. 

The first large chart published by the SurYey Office is that of Xew York ha~- and harbor (since 
superseded). It is in six sheets, scale :r<i\-00• It has simpl,\' (and nece;;sarily) a rectangnlar pl'qjec
tion. It originated with Superintendent F. R. Hassler. His successor, Prof. A. D. Ilncl1e, in 181,1, 

carrie<l out the design of tlie chart of Long Island Sound, in three sheets,* scale ""J"" 0 ; also 
in 1844-'45, that of Delaware Bay and River, likewise in three sheets, t and on the same scak: 
these lrnYe conic prqjectious. The parallels of latitude are sensibly curved, but owing to their small 
latitudinal extent the meridians appear necessarily as straight lines aud consequently tl1e ehar
acter of the parti<'ular conic projection is not reYealed. There is, howeYer, reason to suppose that it 
was Bonnc's. 'l'he computations wl1ich hml been made for these charts -were exteude(i in 1BJ8t 
from latitude 4:..J~o to latitude 500, and from latitude 350 to 250. These tables wilh ml1litio11s appli
cable both to charts of large aml small ext,eut and with explanation of construd.ion (also accmu
panied by some small tables useful for the draughtsman), were published in Uoast SmTey Report 
for 1853, pp. 96-16.3, and it should be remarked that these, as well as more extended tables, subB<'
quently pnhlished, answer equally well for all kinds of conic projections. These tables take read~
account of the spheroidal shape of the earth. In the report of 18.'i6, pp. ~flll-:l07, Ai-isistant .1. E. 
Hilgard gave tables chiefly for charts of large extent. A thir<l and still mon' extended 8d of talilcs 

•Catalogue numbers 114, 11'>, !Hi. 
t Catalogue numhers 124, 125, bW. 
I Sec report of tlu1t ~-ear, p. r»9. 
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iR also given by him for the same purpose, in the report of 1859, pp. 328-3ri8. More recently taules 
for facilitating the corn-1truction of .Mercator's and of the pol.yconic projections were pulJlished in 
book form by the Buri>an of Navig·ation, :Kavy Dt,partment, vVashingtou, 1869. 

On the g·cneral coast chart series,* seak 400l,10 " (catalogue Nos. 6 to21), the meridians are still 
senRibly straight, bnt on the most cxternkd cliartR (less than 7° in latitnde and 100 in longitude, 
exee1Jting one) issued 11.v the ofiice, the sailing charts t of the catalogue (Nos. 1 to 5), on a scale of 
TTob-000, the cunature of the parallels and meridians becomes well marked, though that of the latter 
is yet extre11wly slight. On these charts the difference between the Bonne and the polyconic pro
jections just heenmeR perceptible in Nos. 1, 2, 3 and 4 (although it may be obscured by unequal 
shrinkage of the paper) and is well marked on No. 5, embracing the Gulf of l\Iexieo, extending over 
150 of' longitudes. 

In the ordinary Coast Survey practice of making projections for the use of topographic and 
hydrographic surTe,vs it is absolutely the same whether the polyconic or tlie Bonne projection be 
m;pd, si11ee the curvature of the meridians never becomes sensible and that of the parallels only 
rarely. Indeed, the two almost merge into the rectangular projection on our plane table and hydro
graphie sheets, scale To1u0 -0 or 201uo0 , their ordinary actual size being three-quarter by one and a 
third meter, :j: and at most one and a half meter square. The trigonometrical stations are plotted by 
latitudP and longitude and verified b~- means of the computed and measured distances, the scale 
being perfoet.ly applicable. -

The preceding brief review of' various pn~jections and of those depending on conic develop
ment in particular, makes it sufficiently clear that the projection used for the Coast Suryey charts 
is one well adapted to topographical as well as to haruor and coast charts in general and that it also 
fully meets the wants of the navigator in the Coast Sur,·ey salling charts.§ These last charts (scale 
T-rrot.)<>o) I propo;;e to submit to a closer scrutinywith respect to amount of distortion and for direct 
comparison with Mercator's charts. For this purpose three lines have been selected, on chart No. 
79, each of a length greater than an average day's run of a first-class ocean steamer and bearing 
(true) nearly east and west, southea;.;t aud northwest, and south and north respectively. The di;;
tances and azimuths of these lines have bern computed aud comparisons hav.e been made between 
the corresponding results for the great circle of the sphere, for the rhumb line on l\Iercator's pr~jee
tion and for the straight line ou Bonne's and on the polyeonie projections, II passing through the 
i-;ame given terminal point<>. 'l'hc formula: needed for the numerical computation have been put in 
the following form : 

1. For an ore of a great circle of the 11phcre. 

I.et cp A a =latitude, lougitmle, and azimuth (counted from south through west) of tlte eastern 
point and 

<p1 71 1 a 1 = latitmle, longitude, and azimuth of the western terminal point. 
o =length of arc, which we shall express in angular measure. 
Then from the fundamental expressions of spherical trigonometry: 

eos o =sin cp sin q11 +cos <p cos <p1 cos (A1-A.) .•...• - ... _ ... - . - _ ...••.... - ....... _. _. _. (1) 
. cos <p1 Kill (i\1-A) 

sin a= sfu <J -· . - - •• - • ••• - - - - • - - •••• - - .• - - - •••• - • - • - •••••••• - ••••• - • • • • • • • • • (2) 

. COS<psin(ll1-A) 
- 8111 a1 = --·. sfi1<J ___ . - - - - • - - - - . - - . - - . -.. - - - •. - - - - - • - - - .• - - • - .••• - .•.••• - •••••.•• (3) 

.. No 8 oft.his series was commenc••d in 1846. 
t Commenced in 1863. It would be au improYemeut to these charts if BOme of the meridional degrees were gradu-

ated (aN on No. 5) about the middle latitud&. 
t Or about :;o hy 52 inelws. 
~Chart~ pn•u so f'xtcuded as to represent the North Atlantic would stfll l>e useful. 
II The distances have heen computed, and not measured on the chart, in ordP.r to exhiliit the result free of any 

effoc•t due to dist-01·tion of' the paper. 
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2 . .Por the rhumb line on Jlfercator's projection. 

Let a= the invariable angle between the line and the meridiam;; from tlie equation to the loxo
drornic curYe 

i\.1-i\. =tan a loge tall__l(~O±_pJ,;rn find the ang·Ie a by means of 
tan~ (90+ rp) · - • 

tan a - --~M (~!:-il)_:_m ~ -~ 
· - 1 ,,t no+q11 1 t· 9o+q1 .......•...•.............. ...................... (J) 

0 0 au---2--- - og .m-~-

arlapterl to common logariLhms (log M=9.637784c:1) and il.1-il. expressed in !ninute..; 
(log arc 11 =6.46:37261) 

<J = rp1 = rp_ • - - - •.••• - - ••••••••• - •••••••••••• • • - .... • • •••••...• - ••••••••••• - • • • • . • ( 5) 
cos a 

but when a is nearly 900, or the line runs nearly east and west, we must use . 

o=\A1-il.)cosz~.:p+tp1) ······-··· ········-····················--················· (G) 
Sill rx 

3. For tlte straight line on Bonne'.~ projection. 

Let ¢' = mi•ldle latitude of chart and A = its central meridian 
a = ra•lius of sphere 
R R'P R'P, =radius of prqjected parallel¢· and of pr<?_jectcd parallels rp and tp1 respecth·ely 
w Wi =angle at apex of deve.Joped cone for 1° of lougitude cmTt•spornling to latitudes .:p 

and <p1 respectiYely, then 
R = a cot r/·, for which we take cot¢ .••••..•••••••.....••.............•..... _ .... _.. (7) 

Rep= R + lio (¢-.:p) or for ip-rp in minutes Ri> =H+ro.4637261] ('¢•-qJ) •.••. __ .. _ _ _ _ (8) 

R'i" = R + 
1

:
0 

(¢'-rp1\ or for ef'-rp1 in minutes B.p,=lt+[G.4637261] (1/-'-Pi)...... .. . . . . (!l) 

~cos q; 
tan Qi}= Ri> 

[ 8.'.Hl 8 7 7 ±] eos rp . • • • • • . • • . . • • ••••...••••••... _ .•••••...•.. _ • _ _ . __ . . ( 10) 
n;·--

7t 

Isoeos rpi [8.2±1877± J cos Pi •.•••......••..............•........... - .. _ - . __ .... (11) 
tan c.:i1 = ----= ---------------

Rq., Rq., 

1~ =::_ t-=-~} expressed in degrees ................. _ ......... _ ... _. ____ .. ____ ........ (12) 

v =angle at veitex between radii to rp and <p1 = n co+ 11 1 m1. • • • • • • • • • • • • • • • • • • • • • • (l:J) 
'\Ve thus haYe the two sides R.'P and R<P, and the included angle v of a Jil::me triangle from which 
the third side or a is readily found. It results in parts of the radius; to gi ,-e it iu minutes '1-e 
add to its logarithm 3.5362739 

4. For the straight Une on the polyconic pmjcction. 

Radius on projection for parallel <p or R'P =cot cp •••• •••••••••....•••••••••••••••.•.•• (H) 
Radius on projection for parallel <p1 or Rq>, =cot <p1 • • • • • • • • • • • • • • • • • • • • • • • • . . • • • . • • • • • • ( J.i) 

Tan ro=[S.2418~4) COS<p .......................................................... (Hi) 
'P 

Tan1 ro-[8.2418~4] C0!3 <p1 • - ••••••••••••• - - •••••••••••••••••• - •••• - • - • - • - - - - - ••• - ••• (17) 
'ill 

The perpendiculars to the central meridian of the chart from points <p ;t and <p1 .il.1 will be 
Rop, sin n ro and R'P, n w; the versed sines will be R"'-R" cos n wand U" 1-Rop, cos n1 w1; let 

6cp=<pi-cpand supposing cp1-cpe:xpressecl in minutes 6<p=[6.4H:~72Gl] (<p1-<p) .•.• (18) 
Sum of perpendiculars to meridian p=R'P sin n w+R"' sin n1 w1 •• ••••••••••••••• -- • (19) 
and meridional distance between foot points q= 6 rp-versin for rp+ versin for rp1 •••• (20) 

then by resolution of the rightangled plane triangle we fiml CJ; the solntion mnst, however, be 
adapted to the particular case in order to produce the maximum a>1:curacy iu the result. 
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Our three lines, as sl.Jow11 on tlle accompan~·ing polyconic chart, pass through the following 
JlOilltS : 

0 II 

Line I. From 7 = 0 to Cape Herir;· light liousc v { 
UJ +''~,o { <p1=+3() 5r. 2\.) 
A.=+G8° A. 1=+7G 00 33 

Lille IL Vrorn ~ <p=+3no to light-ship off ~cw York f ;1=+~c3J :u1· ~-8~ l il=+G8° \ A1=+ I D D< 

Li11e III. l'rom { <p, = +350 51 
to li 0 ·bt-sl.Jip off Nantucket { cp= +4o 55 OO 

i\.1 = + 700 "' A=+6D 50 20 
Submitting these lines to calculation by tl.Je aid of the precediug formulm, we obtain 

lowing synopsis of reimlts: 
Rc1mltiny distances, ·in na1ttical miles. 

the fol-

Lill(' I 
(1w:nly ca.at 
aml west). 

! ~in~ TI ) Lint· III 
i (rn~arl,\i 80llf.lJ. , Owar}y f'OLtt.h· 
1 t'H.fit rnH] ; and llorth). I nortlrwe~d). i 

-----1------r-----

Arc of n g-reat circle- on !:'])here .................................................................... . 38:l. 87 384 13 350.09 

JUwmh Jinn on l-lercato1··.s projPct,ion .•••••• ___ . ·----- ........ ------ ______ ----- ________ .. __ _ 383. 99 384. 19 350. 09 

8trnight line on Jfonm.• 1s projf·ction ..•.. -·- ............................ -···· - .•. - -- •.• ----· -· - - - ·i 383. 85 384. 03 350. 09 

383. 80 31'!. 20 350. 22 ~-t1-·a-ig_h_t._linoo:_1_•o_l)-'C0-~1-·c_v_rc_1.il'_\ct_iu1~-~--~~~---··-················-···-················-····~j--~--~-· ------------------

For so short a distance as three or four hundred ruile.s alHl in lat.itndes helow +507 the error 
in distance, as compared with the arc of a great circle, is generally le8s than two-tenths of a mile, 
or about -,.,1fi1,. of the length and is tlwrefore of no eonsequence to the uayigator. Ou Mercator's 
charts tl1f, diRtances (generally too great) can he measured very roughl.Y, but on Bonne's and 011 

tlm polyconic cbarts it cau be done more accurately. In general, Bonne's projection gives the dis
tance a little too short and the pol_yconic a little too long. These two projections also have the 
1n·operty of presenting very nearl;.r within the limits of our charts arcs of great circles as straigl1t 
]iJl(•s; thus the loxodromic curve (sPe chart, on which it is laid down by computation) or the rhumh 
to onr line I is fully 41 south of the great circle and of the sttaight line of our projection; for line 
11 tl.Je distance is still 2!f miles, measured near the middle of each line. 

Rcsultinfj azimuths or bearings. 

Lino I. Line II. J,i1w Ill. 

a G'1 n a, a 11'1 

135 46,4 I 312 Of. 3 I 
2GO HI. G : 134 00. 21 314 ()(). 2 : 

2 24. 2 : 1 46. 2 i 1 51. 9 1 

267 00 I 135 40 I 312 05 

I 6 I 
I 

l 17. 8 181 ll. 9 

1 14. 7 i 181 14. 7 

3.1 ! 2.8 
' 

1 25 181 10 

2 

An, of gren.t C'ird<' ou splwrt·-----· ____ _ 91 43. [J 

gg 19. 6 

23. 9 

40 
I 

91 

JUiumh line, lfcrcator'B projection ................................... __ _ 
Error ..................................... : .. ___ -----· _________ ..... : 

{
Bnnne'spro,iection ... } I 

Strnight.linc .... p 1 . . t· from chart ...•........... ! 
o ycomc pro1ec um. I 

Error----· ......................... ----·- _______ ........... __ _ 

The azimuths or lwarings as giYen hy tho straight line on Bonue's and ou the 11olycouic pro
jections are seen to accord with the corresponding computed azimuths or bearings of the arc of a 
great circle within a few minutes-an accuracy many times exceeding that required for the prac
tica.l wants of the navigator. 

In conclusion, it is believed that, with respect to projection, the above investigation tends t-0 
commend the harbor, coast an<l sailing charts of the Coast Survey to the fullest confidence of the 
geographer as well as of the mariner. ' 

Yours, very respectfnlly, 

Mr. CARJ,TLE P. P.A.'l'TERSON, 

Superi11t.endent fI1iited St<tfes Coast Survey. 

CHARI.ES A. SOIIOTT, 
Assistant. 
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ArPENDix 1 o. 
REPOI~T ON THE CCRlU:NTS A:ND TEMPERATURES OF I3ERIXG bEA "\'.\'D TIIE AD.JACE!\T WATEUS. 

Bv W1L II. DAI,L, 
ASSISTANT U.S. C. AND G. SlTHY:E:Y. 

Since 1871, when I began to carr~· on the work of the SmTey in Alaskan water:;;;, eYery oppor
tunity has been used for adding to tlle knowledge of the cmTe11ts of the sea i11 tlwt and :uljacm1t 
regions, both by directing constant observations by the party uwle1· my charge, an<l also hy obtain
ing a record of observations made b;\- others, either from the logs of vessels cmployell iu the waters 
of .Alaska or from other sources. Only ver~· recently has tile accuumlation of !"ads lwt'11 sufiicient 
to form a sound foundation for any theory of the current.'> which was entitled to eo11si<leration, allll 
even now much remains to be done; hut the material aYailahle ba,o; seemecl s11tHd1,11t to dear awa;v 
much uncertainty, and to indicate witlt some probability tlte chief Ji~·drulogical characteristics of 
the region. 

The ohservations made by our party in 1880, taken in connection with the predom;ly pu !Jlished 
clata obtained by OnatseYich, in the western part of Bering Sea, for tlle first time brought into a 
clear light sundry marked discrepancies between the commonly receiYed theory of tlle cum~nts and 
the facts ob,o;ened.1 \Vith a view of digesting all acces..,iblc material, tlle literature ha1' ht.~en care
fully examine<l aml the results of previous observations collated with morP mod1•ru data. 

1t has heen generally held that a branch of the J apancse stream or Knro Siwo pasRPd north, 
betwPen the western end of the .Aleutian chain antl the eoirnt of Kamcltat kn. c~xteuding· northwarcl 
and pastward through Bering Strait into the Arctic Ocean. A polar e111n•11t was "uppo8ed to 
extend fro!Jl the Arctic Ocean, in a son th weRterly direction, lietween tlw :i h0Ye-111entio11ed liram:h 
of tile Kuro Siwo and the Asiatic shore. Another iiolar stream has lil·t·11 ,;tatcd to C'xtcml from 
the strait southward, east of Saint Lawrence and Saint l\Iatl1ew h;la111ls, aml then southwest, toward 
the Aleutians. This has been called tlie Bering current/ while the fornw1· wa8 termed the Kam
chatka current.3 Such are in brief' the views expressed in most works 011 the navigation of tlte 
Pacific and Bering ~ea; such as" Pilots" and "Directories," as well a:s 1110re pretentious treati:se..; 
on general hydrology. 

Before procediug to discuss the observations, it may be well to Rtate the chief sources from 
which information- has been derived. They are as follows: The voyag1·~• of King and l'lerke (of 
Cook's expedition), in 1778-'794 ; of Krusensteru, in 1803-1806", and Kotzel.ne: in 1816-'lR all(l 18!.W 
-----------------

'See Coast Pilot of Alaska, Appendix I, Meteorology, p. 21, 'IT 3, 1879. 
•Lahros.'IB appears to have derived from Bcclier his authority for this snpposetl cunrnt, though hP gives i11> refer

ences. Cf. The navigation of the Padfie Ocean (etc.), translat,ed from the French cf F. Labrnsse, b~· Li•·ut. J. \\'. 
Miller, U. S. N., 8°, pp. xii, 360, Washington, United States Hydrographic Office, 18i5 (p. lil). Also B<•ehrr, Nadga. 
tion of the Pacific, S0 , London, 1860, p. 75. 

•Cf. China. Sea Directory, p. 25, et seq. Also Labrosse(original edition) pp. 6:J--08; Nocth P:witlr Pilot <'Y. RoHK<'r. 

1870), pp. 85-91; Onatsevich, Nablindenie etc. (summary of various opinions on th" Hnbject), pp.tl:l-100, etc.; 
alBO, Becher's Navigation of the Pacific Ocean, 1860, p. 73, et seq., etc. 

•Cook (James), and King (James). A voyage to the Pacific Ocean [Ptr.] in tlic years 17ii>-17i;O, 3 vole., 4' 
Atlas, folio. London, 1784-1785; original edition. 

•Krnsenstern (Adam Johann von). Reise um die welt in den jahron 180:~-l~Otl, anf bef<'hl Afoxander's I. k11i
sers von Rus.~land auf den Schiffen Nacleshda nnd Ncwa. Originalau•i.:· 3 lHfo., 4 . St. Pdcr~hnrg~ Schnoor, 1~10-'12. 

•Kotzebue (Otto von). A voyage of discovery into the South Sea aml JkPrin::(F Rlrnit" * * • iu 1.~1r,_•1,.i, &c .. 
3 v., so, Lon(lon, Longmans, 18'.U. Also, A new voyage round the world in tho years 18:l;l-'2ti. 2 v., 12v. Lour' on, 

18.10. 

S. Ex. l:!--38 
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of BeeclH\Y, in the Blossom, 182ii-'28l; of Liitkl-, in tl1e SeninYi11e, in 1828-':;~!2; Du Petit Thouars, 
in the Yenu,,, 18:l73 ; J\Ioon', in the Plo;·er, in 18·1!!'; Kdldt (and Trollo]lt'), in tlw HeraJ1l, 18505 ; 

J,ieut. (now A1lmiral) ,John Hotlgers, U. S. N., in the Yi11cem1es, i11 l~;);"'i"; Lieutenant Bullock, 
IL N., iu the Dow, in 18GF; Capt. George E. Belknap, U. S. ~ ., in the Ttrnearora, iu 1873"; 
Lieuteuaut 011atseYicl1, I. R X, iu the Vostok, in H'i5; aud the Ysaduik, 187<39; Nares, in tl1e 
Clialle11gPr, iu l8i:i1"; Bailey in the IT. S. H. S. Hush, in 18i911

; anll Hoopc1·, in the Corwin, in 
188012• All these are published data, hut of unpublished material there has been accessible the 
log-books (or transeripts from them) with temperature and current obsen·ations of the United States 
Coast and GPodetic SurYPJ' parties umler my charge, on tl1e Ilnmboldt, in 1871 and 18i213

, and 
the Yukon, in 1873 14, 1874, aml 1880; the "Hemark books" of vt>ssels commanded by Capt. L. C. 
Owen, in the whaling business, as follows: Sl1ip Contest, in 1871; ship ,Jireh PerQ-, 1872, 1873, 
:md 1874; bark Three Brothers, 1876 and 1877; hark Coral, in 1878 and 1879; all voyages from 
San Francisco or tlrn Sandwich Islands to the Arctic Ocean during the season and returning. 

Otlwr logs aff(mlin_g material are those of the China steamers between Sau.Fraucisco,·Yoko
hama, and Hong Kong; abstracts of twenty-two vo;-,·ages, during which temperatures were taken 
six or eight times a day, having been obtained h~- Prof. T. Antisell and most kindly placed at 
my tli,.;posal hy hirn.15 In addition to the above may be me11tioued 1mmerous isolated obsen·a
tions obtained from variou;,; navigators and recorded in the fiel<l books of the Unitfid States Coast 
Survey parties in ~\Jaska, as well as the indications of currents deriYed from the naYigators of the 
Hussian-American Company, arnl recorded by Tebenkoft' 011 the charts of Alaska, of which his 
atlas is composed. 

The data obtained from these yarious sources relate both to currents and to sea tempera
tlues, an1l, of course, in ma11y instances, can be regarded as of merely an approximate character. 
Iu using these materials, therefore, it must be understood that in many cases there is an uncer
tainty of, perlrnp;,;, se;·eral degrees Fahrenheit in temperature, and that t11e rates of current iu par
ticular, from tl1l•ir Yel",Y nature, are Rnbject to rather large probable error::; except when ohser·,·e<l 
from a fixed pnint, snth al'i a n·sl'lcl at anchor, or a piece of gronntletl ice, au<l in many cases are 
only mere estimates. Some of the temperature obsernttions have appeared in the Coast Pilot of 
Alaska, Appe11dix 11

", where they are summarized. 

'Bccchey (Capt. F. 'Y.). Narrative of a voyage to the l'acific and Beering's Strait (etc.), 1825-':!8. 4'~. Lon
don, 1s:n. 

"J,iitkc (Capt. F. P.) Vo~·age aniour dn momk (etc.). l'artie nantique, 4c', 8t. P6tershonrg, lS:~G. Also in 
Z:1piski H~·.tr. Di·part., t<0 , St. l'f't.,rbourg, 1"34:!-1852; 10 vols. (various articleK). Cf. vol. ii, 1'1'· 3f>3-376. 

"Du Petit Thouars (A. A.). Voyage au tour d11 moml~ snr Ia. fr~gate la Vomrn, pendant les annees, 1836-'39, 10 
,·ols., f;'°. Atla•, 4 volA., folio. Paris, Gide, 1840-'f>5. Cf. vol. vi., 1842, pp. 2ao, 280, et vol. ix, 1844, pJl. 297-tllS. 
lleHt of the early voyages. 

·1 Moore (T. E. L.). Nautical Magazine, 8°, London, 1850. Proceedings of H. M. S. Plover, pp. 176-184. 
'Trollope (Corn. IL) iu Seemarm (B.), Xanative of a voyage of If. l\L S. Herald, 1845-'51 (etc.). 2 v., 8°. Lou

don, 18f>3; Nautical Ifrmarks, vol. ii, pp. 290, et seq. Cf. also .Nauth-al Magazine, 1850. 
"Track chart puhlishcd hy the United States Hydrographk Office. No account of this expedition has appeared 

from official sourcPH. · 
'Cf. China Pilot (various editions). Loudon. Admfralty, 1864; Jlp, 449, et seq. 
•Deep sea soundings in the North l'acific Ocean (etc.). United States Hydrographic Office Nu. 54. W3Shington, 

1874, pp. [,)!, Illustratetl. 

''8obrauic nnhli1uknie (etc.), 1874-1877, 40, St. Pet!lrbomg, Admiralty, 1878; pp. 112. Many illustrations and 
maps. This work is reforred to in not.e :l of the preceding page. 

'"Thalassa, an """"Y Oil the depth, temperature, anrl currents of the ocean, by John James Wild, etc.; so, PP· 
140. London, Marcus, 'Varel & Co., 1877. Map8 and plates. 

11 Report upon AlaHka (<•tc.), by Capt. George W. Bailey, L. S. R M., 80, pp. o2. WaHhington, Government 
Printing Office, 1.'l80. M:tp aml illustration. 

HReport of the crniBe of tho F. S. R. S. Corwin (etc.), by Capt. C. L. Hooper, U. S. R. M., Novemher 1, 1880; 
so, pp. 72, and tablf's. Washington, GoYernment Printing Office, 1881. Map aucl plates. 

1"Cf. Report \;11itc<l States Coast Snrvey, 1872. Appendix :No. 10, by W. II. Dall; pp. 36, with sketch. (1~5.] 
14 Cf. Re11ort Unitc•l l:itates Coast Survey, 1873. Appendix No. 11, by W. H. Dall; pp. 12, with map. [ 1875.) 
"Thes!' ah8trncts formed the bu.sis of his valuable paper read before the Philosophical Society of Wa.shington, 

April 13, 18713, "On th<· tem1•eratnres of the Pacific Ocean,'' aud which we may hope yet to Ree published in full. 
'"Pacific Coast Pilot. Coast 'and Islands of Alaska. Second series. Appendix I, l\icteorology. 40; pp. !176. 

\V:ishingtou, Government 1'1·iutiug Uilice, 1879. Mops aud illnstrntious. l'reparecl hy W. II. Dall and Marcus Haker. 
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ON '.rIIE TE:\fPERATURE OF THE S"GRFACE OF THE SEA.1 

AR 1he rnotiou of oceanic waters is partly detnmined by their temperature. Ro their patl1s may 
often be traeed out li~· isothermal ctuves of the snrface of the sea. .As tllc motion is rnmally less 
nie}lStuable witli aecuracy, when normal, than tlw temperature, and is mud1 more rapidl,v lo~t, it 
often liappcns that tlt(l distribution of current-water' can l.Jp mnd1 more accurately determined hy 
study of its temperature tl1an in any other way, and tliat the effects of a 8pecial eurrcnt ma)· lw 
determined with certainty to exi8t oYer an area far exct•edinp; that iu which it can lie proved to 
haye a pl'rceptible constant motion in any given direction. 

Conven:ely, if a large body of water be shown to lrn ve a n<'arly uniform i-;ummer temperature, 
corresponding in general with the normal of the latitude and with the local eircumstancct" in its 
particular portions, this ill, of itself, eYide11ce that no large liody of water intrmles \Yithin its 
borders from a region of a different normal temperature. In other -words, in the general oceanic 
circulation a stI·pam of water with a temperature normal to one latitu<le eanuot moYe to a region 
where another temperature is normal without exhibiting its presence by deflection of the isotltenw;. 

A study of the sea temperatures of the Okhotsk aud Hering Sea basins develo11s the follow
ing facts: In shallow water><, that is in depths of ten fathoms or kss, during tlie long days and 
under the seorclling sun of the .Arctic summer, a higher degree of temperature i~ found thau that 
which obtains in adjacent deeper water. CJ011:-1NJIH'Utly, in the sounds, g-nlfa, arnl bass, es1wcially 
on the eastern or shoalt~r side of Bering Sea, we find a midsummer temperature which would only 
he normal to a mnch more southern latitude. 

The same is true of the Arctic basin, and when, moved by wiud, tide, and ot1H~r influences, tl1is 
warm water (as in the Yiciuity of Bering Strait) is transported into the midst of bodies of water of 
a lower tem11crature, it, for the time a11d area within "·hid1 the <'hange takes place, has an intlu
ence as great and of the 8ame nature as that which might be exPrcisPtl by u similar lwtl;- of water 
whid1, iu the course of occauic circulation, had lwe11 brought to the same locality from China or 
Japall. 

These bodies of warm water are necessaril_y rather small, and from their superficial character 
~-idd to the changeR of the :snaRon and weather much more rapitUy ti.tau the coui;t:rntly re-enforced 
:supply of a great ocean current. ITence the time of their maximum of temperature al ways accords 
witl1 tliat of the aerial maximum of their local region, while the correspomling maximum of cnrreut
wa.ter fretprnntly occurs in cold regions some time after tlw local seasonal maximum has passed. 

The presence of ice after the warm season commp11crs in the seas mentioned has less influence 
in keepiug down the surface temperature tlian miglit be expected. It is surprising, iu many 
Cltses, to note how the water retains nearly its norm,11 temperature up to v;ithin a Yery short dis
tance from a large field of' ice. The use of tlle thermollleter in dense fogs is a widely-extended prac
tice among those naYigators who have reason to think tlwnrneln:s in the vicinity of ice, and desire 
to guard against collisions. IJowm·er, iu sea1·chiug· for currents, etc., by the sea temperatures, 
espeeiall~- in the Arctic, where ice is abnndant, the 1wigliborhornl of the ice must be taken into 
account, or the concltrnious will lw imtrnstworthy. For the same reasons obseryations taken in 
Bering Sea aft.er the ice is wholly gone arc more satisfactory as a basis of discussion, and ha<;c 
iu this paper alone been used, except where otherwise stated. 

Another factor contrilmtl':,; to the condition of tlie shallows. 'When the large ifrers which 
PJttcr Bering Sea arnl the Arctic tir:st !weak up in t!Jc spring, they carry with them large quanti
ties of fresh-water ice, and hence for a fow tlays arc uot unrnh warmer than the sea into w!iielt they 
fall. Very r11pi<lly, however, their temperature rh;es, and under the continuous lmams of the hot 
Ar·ctic sun their waters become much warmer than the adjacent sea, 'vhich is yet, in most cai,;es, 
hardly free from its lioud;; of ice. In 01ieni11g passages between J.!Jc ice awl the shore, the important 
influence of the large rirnrs hits been recoguizecl by most stmleuts of the .Arctic regions, and iu 
cases of large rivers heading far to the southward of their month1', such ~s the Lena, the l\fac-
--------~-- -· ----

1 In this report all bcariugs am lr;w; all mks in knots and tl'nllu< p~r hour; all distances in nautical miles; all 
depths in six-foot fathoms; all temporatnres in the text are Fahrenheit seal<·, tliose in parentheses or tabulated in 
broad-faced type are of centigrade scale; all latit.ude~ are Horth; all longitudes west of Greenwich; except where other
wise stuted. 
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ke11zif', the Yukon, and the Amur, during the summer season, the outpouring of water, unlflss 
otht•rwisc conuteracted, is known to giYe rise to definite, though local, currcHts iu the adjacent 
sf'a. 'L'hest~ currents are g·enerally of higher temperature than the average of their vicinity would 
norrnalJ)· be. 

The diurnal >ariation of tl'mpentture of the surface amounts, in extreme casf's, to six or eight 
degTces Fahrenheit, but is generally u bout three or four degrees, and in the case of uniform con
ditions, as dnri11g calm, densely-cloudy weatl1i>r, there may be ]f'.S8 than one degree differeuce 
hetweeu the maximum mid mi11imn111. Thf' maximum usually occurs between 2 and 6 IJ. m., aud 
the minimum from ~ to 4 a. rn. 

The following table indicates the ehangt•8 of the 1mrf'ace temperature with the Yessel at anchor, 
or in nearly the same vositiou, for e\-err two liours during the da,y: 

No. Dat'" 2n.m. 4f1..m. Ca.m. 8a.m. lOa.m. 1 Soon .. 2p.m. 4p.m. Up.rn.1 8p.m. IOp.m. 12m. 

. '('. 
; ,Jul~·7,lJ.:8tl..-------·--··---lF. 

. <; (' . 

. ,JuJ.1· 9, 1'80 .....••...... ··-i F 

3 i ,foJ, rn.1&Au ..... - ..• - ...... f ~: 
JJ· 0 fl'RO \I'. ' u ,\ .. ,, /:' . - ... - ..• - - .• - - • «~- Ji' . 

u. i 
4" 

1.i" 
;:+ 

, \I'.. U. G 
6 {Tma:10.1B,:o ............. . tr .. :n 

; Sept1·mlil'rlu, 1830 ..•••.•••• fc .. 
F .. 

6. 7 
44 

11. 1 

0. 7 

M 
l.1 

;i+ 

3U 

(). 0 

3~ 

6.1 
4:l 

- - I ------ -~--

;-_ 2 8. !) 

43 48 

ll.1 13.9 

[jJ 57 

G. 7 6. 7 

4-1 u 
:!. 2 ! 1.1 

3U I :1-4 

2. 2 I 2. 2 

36 36 

0.0 0. 0 

3~ 32 

6.1 6. 7 

4'.l 41 

0. 4 

49 

1". 9 

57 

7. 2 

45 

0. 0 

a2 
2. 2 

36 

1.1 

34 
6. 7 

44 

10. 0 10. 6 

1:1. ~) ! 13. 9 

57 57 

7. 2 7, 2 

45 45 

0. 6 :i. 3 

3'! :lH 

2. 2 I 2. 2 

36 36 

1.1 3. 3 

34 38 

7, 1 7. J 

44. 7 44. 7 

11. 7 
53 

U.4 

Gd 

7. 2 

43 

3. 9 
~rn 

0 

12.2 

54 

14. 4 

8. 9 

48 

3. 3 

38 

2.2 2. 2 
3G 36 

2.2 2. 2 

3o 36 

7. 2 i 6. !J 

45 44. 5 

54 

12. 8 

55 

7. 8 

46 

3. 3 

38 

2. 2 

36 

1. 7 

3G 

fi. l 

43 

11. I 11. l 

52 5'.! 

12. 8 12. 2 

55 54 

7. 8 7. 8 

46 4r; 

2. Z I 1.1 

36 3+ 
<) 9 2. 2 

36 3() 

1.1 !. 1 

:a 34 

••••••••I·••••·•• 

! 

Nos. 1 arnl '.! are ;;cries from the log of the Corwin, in Norton Sound, at anchor, lmlf clear 
1watl1er and Jigl1t airs. No. ;1 from the same, in Kotzebue Sound, weather half clear, wiiul light, 
except from 2 to S·a. 111., w!tcu it l.ilew freRh from southeast. No. 4 from the same, near the pack, 
in t1te ,-icinity of Heral<l 1.sland, wind moderate, sky wholly cloudy; .some anomalies in the forenoon 
an• tlue to the influpnce of frag111e11ts of ice. No. 5 from the same, at anchor off Cape Sabine, heaYy 
gale l11owi11g, sky who11y c·loudy. No. G sanw, northward from Saint Paul lslam1, sky wholly cloudy, 
Wl'ather calm. No. 7 from log enited Rt ates Schooner Yukou, at the Diomedes, at anchor, fresh 
breeze blowing, sky cloudy, witli a few glimpses of the sun. The table also illustrates the differ
ence between the terrqwrature of the shallow waters of Norton and Kotzebue Souuds, Bering Strait, 
aud tllat ol the open sea, as well as the eJlect produced by cutting off the sun's rays aud stirring 
up t11e cold bottom water, as in the case of No. 5. The fo1lowing table of hourly temperatures, tnke:;. 
hy t.he Corwin wldle running into or out o± Norton Sound, after the ice had gone out, indicates very 
well the increased temperature due ehieft~· to the action of the sun on the shallow and quiet water, 
and to the warm rivei· flow: 

. (C .' 6.1 
Jul_, 7 __ ,, __ .. t F. 43 

~c .i 7.2 
Jul.vlO ... ---'LF.' 45 

September 14 ~ C .! 
tF. 

IFC September 17 l 

July rn ..••... i; 

3. 3 

3~ 

4. 4 

40 

3. 3 

38 

6. 7 

44 
8. g 

48 

4. 4 

40 

5. 6 

42 
3. 3 

38 

6. 7 

44 

8. 9 

48 

5. 6 

42 
5. 6 

42 
6, 7 

44 

llolll·ly tem11ei·atui·esfrorn ea.st to west. 

7. 2 

45 

0. 4 

4V 

4. 4 

40 

5. (j 

42 

5. G 

42 

0 

8. 3 8. 9 

47 48 

JO. 0 10. r, 
50 51 

3. 3 1 4. 4 

:is 40 
Ct 7 6. 7 

44 44 

5. 6 5. 6 

43 4!! 

9.4 

49 
9.4 

49 

5.6 

42 
6. 7 

44 

6.1 
4'' 

10. 0 

50 
10. 6 

flt 

5. 6 

42 
6. j 

44 

7. 8 

46 

IO. i 11. I 
51 52 

11. l 12. 2 
!52 54 

6. 7 6. 7 

44 44 

6. 7 6. 7 

44 44 

7. 8 7. 2 
46 I 45 

0 

11. 7 
5:1 

12.2 

r..i 

6. 7 
44 
6. 7 

44 

12.2 

54 
12.8 
,!),) 

6. 7 

44 
6. 7 

44 

7. 8 

46 

} Norton Sound. 

J Do. 

} Do. 

I no. 

} Kotzebue Sound. 

......................... '----··----~--------
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The course of September 17 was run from the south and west, the otliers from the northwest. 
The temperature in Norton Sound, July 7 to 10; varied from 52° to 58° (lF.1 to lF.4) latet in the 
season, September 1,1 to 17, it was nearly uniformly 44° (fJ0.7). 'l'be temperatUI'(• at Cliami:-;so 
Island, Kotzebue Sound. July rn, 17, varied from 440 to 480 (G0.7 to s::i.£1). Having SePn that 
the diurnal variation in the same locality may amount to eight or more degrees of l<'abren1 eit~ the 
variation in any one place <'luring the year ma;y be considered. 'l'his may be <hw to either of two 
causes, or to a combination of both of them. The first cause i;,; the normal change of the seasons. Tlte 
second is the intrusion of a current, with a temperature not normal to the sea-basin wltic h it t>nteni, 
and wllich temperature may fluctuate from the operation of causes existing in the region whern·e 
the current comes, but not existing in that region which it enters. The sea-trmperature record of 
any locality not affected by currents as aboYe should agree in general as to range and times of 
maxima and minima with the thermal characters of the ad,iacent terrestrial climate, and the differ
ences should be cbiefiy differences of retardation and more limited rauge. Thi>' follows from the 
obvious fact that the sea water recciYes and parts with iti; beat more slowl;-.- than the air, an(l sel
dom to the same extent. 

Tile following table shows the annual range of sea-temperature in a few localities ahout Bering 
Sea, and indicates in a general way the fluctuations and times of maximum aud mi1.imum tempera
ture. Except when marked with an asterisk the figures are from continuous <laily ollserrntions 
-with standard iustru JJents. 

Locality. 

IC .. : 2. 7 
SaintP.aul Islnncl ____________ ·----· / F __ , 

36
_
9 

{c ·-
SaintMichaels ......... -------··· 1 F .. ' 

(C ·-
Unalasbka ---------- ---··---------1 F .. 

(C -
Aleuti<tn Islands--------··---·----- i F .. 

i 

·o. o 
3~. O* 

l. 8 

~5. 3 
l. 9 

35. 4 

;.:, 
~ a 
;; 
"' ~ 

3. 2 

37. 7 

0. 0 

32. 0* 

1. 8 

35.3 

l. 8 

35. 3 

.g 
:; 
:.1 
-·--

1.2 

34.1 

0. 0 

32. 0"'" : 

1.4 

34. G' 

1-4 

34. 6 

------------ ". --------~---

~ ~ t 
~ ] " ~ ] d 

'-

2. ~ E ~- ;;;; ~ ~ ~ ..; ~ ~ ::'.i .... .:; -'1 ~ -'1 "' oc 0 
-------------

__ , ______ -- ---------

0. 9 1. 9 4.4 'i.1 8. 7 I 8. 8 G. 6 5.1 ~.3 

33. 7 3::;_ 5 40. 0 44. 8 4~. ~ 41. 8 4;;_ g 41. l :!IJ. l 

0. () 0. 5 1. 9 13. 3 13. 4 0. s 1. 7 0. 6 (,1, 0 

32. O* 32. :i* 3~). 5-1.. 56. 0 56.1 49. 6 3:t.W :l:l. 0'· 3:!. n~-

3. 3 I 4. 9 5. 6 ]()_ s ll.l u. 1 6. 2 J.:l 1. ~ 

3b. w- 40. 8 42. 0 ;,i. j" 5J. D* 4H. :~ 4:J.1 B4. :J 3-l. l 

.>. l ;)_j) T. J .. i 10. :.! !J. 2 7. ~ J.;J l.l 

87. 6 4~. 7 41. 7 .i:., s f>O. ~~ 48. [') 45. (I ~l. :1 34. 0 

"""- - --------~·--·------------- -

The means marked with an asterisk are. approxinrntl' only, hut are prob:ihly not far from the 
truth. In some seasons Saint l'aul would exhibit a l'onsi<ll'rably l1ighrr tPm111•1-.1tnn•, as orn· of the 
winters iIJclmled was much colder than usual and ice remained around the isla111l mitil late in ::Ia~-
a thing h:ndly known before. The means for Unalashka are made up of p:11ts of ;;rn~ral years, 
Saint Paul of a ~·ear and eleYen months, the islands of tl1e Alentiau clrnill of parts oi' SL'n•ral years. 
Saint J\fiehaels, Norton Sound, of parts of two summers oIJly.1 Parallel obsen-<ttious anw11g tlrn 
Aleutian Islands were taken for some time at fi'Te fathoms below th,. surface. 'l'he tempera 
turc averaged three or four degrees higher, except in Yer.v cold weather, and tile changPs were 
retarded from twenty-four to forty-eight hours in reaching· that depth. These olJserrntions were all 
taken in quiet, well-sheltered harbors, and the series was necessarily fragmeutary. A tteution may 
be called to the fact that in bodies of water ha Ying a nmirly equal temperature tllrongliout, tire long 
lines of temperatures which may be taken by a party on a steam-Yesscl have tlw ndrnutag<' that a 
larger number of nearly simultaneous observations are obtained. Hut in llo1lies of \Yater wltid1 are 
not homogeneous shorter lines are better, as there is less diiliculty in elimiuati11g the diurnal ''aria
tion. 

In the study of the Bering Sea temperatures, the various obsenatinns W{'r1• plattecl in their 
proper position on a base-chart, and an endeavor was made to approxirn:ite to the normal average 
summer temperature, h~' applj·ing the corrections of the following table to the ~en•ml observations 
and thus reducing them to one common stamlar<l of comparison all!l o1itain a l1a,;ic; for bothermal 
lines. 
--·--·-----~--------

IComprisiug one c011secutive scrieR for .July, Angn8t,, and September, and scattl'red obsernitions <luring another 
summer. 
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OM'rection table for Bering &a temperatures to reduce them to a mean summer ternperatu1·e. 

Date. Corr. 

! Januaryrn ...... f 
i }.'eltruu~· IL_ 

+1>-0 
+ G,l; 

+il.6 
+rn.o 

I' -r-6.1 
Yebruary-~.>- _ - - . 1 ' +IL 

0 

March 1 ......... { 

' s' +6.1 
').larch 10 •...... ( +ll.fl 

+:>.6 ApriJ6 _______ --~ 
( +10.(1 

5 +:>.o 
A11rillG -------- l + 9_ 0 

April23 -------1' !48:~ 
)!ny4-----------{ 

+3.9 
+ ~.u 

[JlegrN·s centigrade in hla<·k.) 

Date. Corr. Date. 

Mny 9 -- .•.• - __ - { 
+3.3 j, ( 
+ 6. 0 .Tuly 4 ········--1 

May 14 ......... { 
+2.8 

Julyl2 ---------f + G. o 

20 ----· •••• { 
+2.2 ' July 21 __ .. ____ Ma:_\ 
+ 4. 0 

}fay 2i ..••..... { 
+J.1 

.A.ugustl ....... 
+ 3. (I 

June 2 •••••••••. { 
+1.1 

August 16 ...... { 
+ 2- 0 

.Tmw 8 ............ f +0.6 
September 1 .... { 

+ 1. () 

JunelL--------{ 
o.o 

Septembet• 10 ... { o. 0 i 

I -0.6 
September 19 { ,Juno 20 -- .... --1 1. 0 -

June 28 ...... -- { -1.l 
Sept em her 25 ... { 

- 2. 0 

Corr. Date. Corr. I 

-1.1 

- a_ o October 2 ...... { o.o 
0. 0 

-2.2 
- 4.0 

October 7 .•••••. { 
+o.6 
+ 1. 0 

-2-8 
- 5. 0 

Octol>er 11 .•..•. i +Ll 
-j 2. 0 

-3.3 
- 6, 0 

Ocwber 16 I +l.1' 
..... , 

+ 3. 0 

-2.8 
- r..o 
-~.2 

- 4.0 

Oct,ober 22 ······ f +2.2 

I 
+ 4. 0 

i Octolwr 2G ....... { 
+2.8 
+ 5. 0 

-1.1' 
- 3.(1 

Xovember 2 ... -{ +:J.3 
+ 6. 0 

-1.1 
2. (J -

Ncrvemller 7 ..... 
+3.!I 

+ 7. 0 

--0.6 
- 1. 0 

NoYcmbcr rn .. -- f +-1.4 
+ 8. 0 

Thh tablP was cleriYed from the above-mentioned annual means and parts of other broken 
series, and has neces;;arily a merely approximate character. The corrections often reduced to 
agreeal)lt' nui,;on, ohserYations taken on different yoyages iu adjacent spots, and the table especially 
for the opeu sPa, was of much use; it was eYident, ltowever, that it did not take into account 
1mfficiently the di1fonmces which gh-e a different sunmu.>r temperature to the shallows and de_eper 
portions of the sea, and that one table could not be applied over latiturleR extending from 45° to 
c:;o without Yergiug iuto extremes in the higher and lower latitudes, which tlid not agree with 
the facts. Soine general ideas were :--:·nined from tile attempt, howeYer, and the discrepancies 
between Yarious spaso11s which 11ad hefore hl·eu noticed were more clearly brought out. It is 
<·vident from the following Pxarnples that different seasons <lifter widely in their aqueous as 
well as in their aerial temperatures, if such expressions ma~- be permitted. In running from 
U ualashka to Sa int Paul lslaml, in 187 4 (.July 21, 22), the temperatures varied from 48° to 
;;40 (SO.!) to 120.2). In 1880 (August 3-.'i), o\·er the same line, they 'varied from 440 to 430 
((P.7 to 88 .H), when liy theory they should haYe been warmer tllan the first series. Bnt 1880 
wa11 a cold and cloudy ;;eason, everywhern a month late, while 1874 was a warm and sunn,r season. 

Again, in maki11g the passage from the coast of Kamchatka toward the western end of the 
Al<·utian chain in July, 1873, Captain Belknap obtained temperatures varying from 42°.6 
(fi0 .!l) to -!i 8 .2 (8°.4). These observations agree with those of Onatsevich a year or two later. 
Ou the other liaml, the ol1servations of Du Petit 'l'honars on the Venus, in September, 1837, 
a little more soutl1erly hut in the same general region, varied from 51 o (10°.6) to 530 ( 11°.7), 
~1greeing with tlrnse made eai·lier by Beechey. These observers all worked with standard instru
ments, aud the !lifference is explained when, on referring to their logs, we find that the Venus 
and Blos;;om had fine surmy weather, while Bel}\nap and Onatsevich, for the most part, bad very 
cloudy or foggy weather. 

It is evideut, therefore, that uo system except ouc based upon a much larger series ef local 
and other obser\·atiorns can repre11ent the summer temperature of tliis region within a range of 
seYeral degrees Fahrenheit. Severtheless, the mass of observations accumulated is sufficient to 
giYC us a good general idea of the tem11eratures, subject to the uneertainty above mentioned. 

1finter teinperatnres.-The minimum sea-temperatures of the year seem to occur toward the 
end of .l\farch. At that time the ice attai11s its greatest-· extension, and exercises its maximum 
l'll\•d upon the temperature of the sea. The grn1eral oceanic circulation is then at its minimum. 
The Okhotsk Sea, from the best eyidence we can obtain, seems ordinaril,y at this time everywhere 
it1t;om111oded hy ice, either in extensi\·e solid :(ields, or more or less moving smaller floes drifted by 
the wiud. 
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In my discussion of this snl\ject in tlie )feteorological Appendix to the Coast Pilot of ldaska 
(pp. 4;)....4fi), I showPd tliat 1iaYip;ation opens on tl1c northern shore abont .June 5 aml dost>:,; about 
October 17, tltPre hPing- an annaYig·able period of some 2~)() <la:y>;; 011 tlie southern aru1 'n•stt>1·11 

shores it opens almut ,Jnne 11 and doses about NoYemlwr ;10, a))(l for thP <>asten1 ,.J1orc 110 data 
are obtain:1ble. 'flw. l'in·rs ut>nally break up in ~Iay, and close in Nm·ember, river lWYigatiou 
beiup; practicable for a somewhat longer period than tLat of the sea. 

The ice in Beri11g Sea nuiP:-; in different :p~ars in it;, exknt, <lepemling nrnd1 upon the <lire<·
tion and force of the \Yinds, aml upon the t<·mperature of the paitienlar whiter ;;1~n;;on. Tl1e h1ttPr 
itself depends greatly upon th:~ wiIHl;,, bf'illg much lower in those season,; when th<' wind>' preYail 
from the nortu for loug perhds and h1·ing loose tloc ice from the north, wlliclt i8 preYented (by tl1e 
formation of new ice north of it) from returning to its original station wlleu tlw wirnlH cli:rnµ\• to 
the south. 

It is noteworthy that a stuuy of the remark-books of nirious whalers shows tliat the ice break,.; 
up and dis1tppears much more rapidly when the wind and current pass from it thau it doe,.; wllen 
they tend toward it, if tlrn temperature be ab<ffe that re<p1ired for the formation of new ice. 

Since the first work of the wh:iler;; on arriving in Ileting Sea i8 to cruise along the e<lgc of 
the paek, seeking to get to the northward, I liave been able to tletenuh1e for each of 1-'ix or rwxen 
years, from 1870 to 1~78, the aYerage, southern limits of the pack iu April l\rnl :\ta,,.-, between the 
meridians of 1G9° and 190° west of Greenwich. T!Ie remainder is toleraoly well uwlerstood from 
reports of winter cruises by the fur.traders of the region, and from report.s a1< to tlw opt>niug and 
dosing of uavig·ation at variouR ports on thi:-; ;,ca. }'rom these sources we learn that the t>rlge of 
the ice extends from a point in about latitude 57° OH Aliaska Pcnirnmla. cnniug to the north
wanl and westward toward the Prihiloff falands, a!Hl generally passing at least a degree to the 
north from tllem, t.\it'n curYi11g again to the S{)ntllward it genernlly vr~·sents a hrn:11l tongue in 
lougitnde al1out 174°, often reaching south to the Yicinity of latitude ;J(iO, and tlien <:xtm11ling 
in au ·irregular line 1Yestwanl, mmalls between latitrnfos ;)(jO arnl ;)SC!, towarrl tla• coast of K:irn
cliatka, off which it forms a lwlt lJ to 30 miles in widtll, which is often cutirt·l~· !lisi;ipalt>tl for 
short periods b,Y wn;tPl'l,Y wiIHls. This ice disappears for the se1u;o11'usnally about tile middle or 
end of May, ancl begin:-; to form anywhere from tile entl of October to tl1e middle of Decemlier, 
according to the se~ts011. 

The following nott>s, taken from the whale1·:-;' rPmark hoolrn, will illustrate the rate of decay iu 
the ice, and progress iu opc11i11g to na\'igatio11 the waters of Dering Sea and Strait and tlic 
Arc ti<:. 

AJH'opos of this, attention ma~- be called to the fact, elsewhere 1'hown by me, that the sea 
opens to the westward of Saint Lawrence l8lantl first, it freqnentlr being navigable there allll 
north of the islanrl into Norton Sound, at a time in the season when the passage lwtween Nnnirnk 
falaml and Saint Lawrence is still blocked with decaying ice. It is noticeable that the water 
opens iirst where the i;outherly cold set away from the. i~e is strongest, according to all authoritic;;, 
and where OnatseYieh declares his co1wictfon that no warm current exists. 
· 8hip Uonrost, Jnne n, 1871, re:iched Cape Chaplin; .Tune 14, was abreast of the Dionwrles; 

June lli, passed East Cape; August ti, passed Icy Cape; September 14, beset off Waillluight 
Inlet without an.r clrnnce of escape and was abandoned. 

Ship .Tireh l'erQ", June 12, 1872, enterml Hering Strait, but lwanl that other \essels had entered 
a.8 early as J nne 1. Enter:e(l the ..:\.retie in lom;e ice June Hl1 ; saw ice aground in 14 fat horns 
between Cape Li:-;burne and Icy Cape ,J nly 27. Heaclicd Point Barrow An gust In; leil the .Arctic 
October 11, 1872. 

Ship jireh Perr.r, August l•>, 18i2, on reaching Point Barrow found large tloes gronnd(•ll 
along shore and open water 8 to 10 miles off shore. · 

Ship Jireh Perry, 1873; June 3, met the ice in latitude 5GO 30', longitude 17:>0 30', water 3::1°; 
June 15, reached Cape Chaplin, found very little ice au:;-where; Jmie 19, passe•l East Cttpe; June 
21, made the pack in latitude 670 30'; ,July 81 passed Icy Cape; July 20, reached Point Bt•lcher; July 
21l, got around Point Barrow finding a lane of open water about ten miles wide, but the shallo,ts 
anti lagoons were still ice-bound. October 14, left the Arctic. 

1 ".Enteriug Hrn Arctic" her~ n~~·a~~ l""~ing north of the ,\retie Circle in the sea of that name. 
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8hip ,Jaya, ,June 2D, 1873, reached latitude 71° 10' and longitnde rnr,o 35'. "All say a yery 
open 1<ea.~011." Bark Belen J\Iar, .Tnl,y lG, reaclrnd Herald Island. 

Hark Three Brothers, l\fa~- 1!, lSiG, off Cape Chaplin ; May 23, reached East Cape; much 
loose ice in Bering Strait; wPa1her mostly cold aud storm~._ June 1:>, entered the Arctic. July 
12, reached "\Vain wrigl1t folet; icf' 1;; mile,; off sLon• lwre, lmt fmit to the fand at the Seahorse 
IslandR. ,Ju].'- 27, reaclwd Poiut Harrow. On the li'tlt of September escaped from tbe pack with 
bark Rain how, leaying: teJJ YPssels beset to total lo;;s; aud on the 19th left the Arctic. 

Hark Three BrotherR eame up with the iC(' !Ila~' 2!l; latitude 58° 31', longitude 1890; on June 16, 
1877, reached Plover Ba.y; Jnlte '.!O, East Cape; entered the Arctic June 23; up to the time when 
tlw record ends, July 13, had uot been able to get nortb of latitude 090 on account of the ice. 

Bark Coral, in 18i8, May 1, fouml ice in latitude 5~0, longitude 1790; May 13, fast in the ice 
ill latitude uoo 40', longitude 1820; rcached l'lornr·Ba.r J11ue 10, entered the strait June 12, passed 
J~ast Cape Jmie 21, and entert>d the Arctic June 2~; in 187fl had a similar experience, but did not 
gt•t into the Arctic until ,June '27. Herwhe1l l'oint Harrow Augw;t 5 and_ got as far east as Return 
Heef, in longitrnle 14no, Augnst Hi; leaving the Arctic October 15, 1878. ln 1Si9 he reached Icy 
Cape onl,r by Augu;;;t 23, and got no farther uorth on that shore that season; such ships as got to 
the. 11orth side of the cape were heset and barely escaped by a· favorable gale. To the wefltward 
tl1ey reached 11earl.r to Herald Island by October 7, and left tbe Arctic October 20, after the hardest 
SNIHOJl Captain 0Wt'll !Jarl CYCr experiencell. 

In 1880 the bark Pacific enten'tl the .A.retie, )fa.'· 22, hnt the Corwin reached J>Jover Day ,Juue 
:27 mHl entered tlic Arctic on the following day, then fonutl tlie ice solid near Point Hope; reached 
Cape Lishurne July 20; .August 20 he was within a few miles of Iforald Isla11.d, and ou the 25th 
reached Point Barrow through a narrow lane of water. 

In nearly all these cases it is to be understood that the vessels were following up the open 
. water and advanced as fast as the breaking up of the ice would allow.-

The time of breaking np of the ice hetweeu Cape Navarin and Plover Bay varies so much witlt 
the season tuat no general rnlP can be laid do\\·11. Yessels have reached Cape Thaddemi in April; 
on other occasions thc~- ha\-e n@t gotten east, of lougitur1e 1soo in that vicinity until nearly the end 
of ,June. The whalers nm·er pass to the eastward of Saint :Mathew au<l Saint Lawrence Islaud8, 
as the ice stays d1ere later; in 1880 the Corwin found a narrow lane along the mainland shore b,\· 
which she reaehed Norton Sound .Tune 18. The earliest time at wbich Nort-0n Sound has heen 
known t-0 be accessible to vessel8 is }\fay 25 (in 1874)1 the latest, June 22. Tbe average-is ahout 
.lune 10. The Yukon breaks up in freshets Ia.sting two weeks, beginning from l\lay 15 to _June 5, 
the awrage being about .May 23. The 11igh water arising from the melting snows lasts rnm1y 
wl"ek" after the freshet wllich carries awa.\' the river ice. Tlte northwesterly current thus generated 
canies away the rotten field ice toward Bering Strait when it bas not previously dll;appeared. 
Captaiu Hooper of the Corwin saw a field of it drifting into the strait July 5 which he ba<l to go 
to the west side to avoid; but this wits a very unusually late season in all resriects. 

The southern portion of Bering Sea along the Aleutians is rarely if ever troubled by ice, and 
the northern border of the Pacific is practically always free from ice except possibly a rare frag
ment formed in some narrow passage or drifted south by some severe winter gale. The sea tem
perature is probabl_y about 40° (40.4) in winter, varying from 36° to 44° (20.2 to 6°.7) according to 
weather. None lower than 36° (20.2) has actually heen ohserved so far as is known. 

Summer temperatures.-The remarks previously made in c01111ection with the correction tallfo 
for summer temperatures indicate its merely approximate character; it will, however, be intere8ting 
to compare an actual reduction of ohser;-atious taken with the mean resulting from a computatiou 
of the theoretically corrected figures. 

The Oklrotsk Sea is practically a closed basin partaking of a continental climate, and couse
q nently might be expected to present us with a higher summer and lower winter temperature 
than an equal area of open sea in the same latitude, which being unconfined would be operat,ed 
upon h;-1- tbe general oceanic circulation. 

Again, the temperatnres taken being mostly on soundings of less than 100 fathoms, tl10 factors 
which deter-mine a greater summer temperature for shallow waters might be expected to result in 
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a more than normal warmth for the localities tested; winter ohsern1tious when tlte 1:1ea is ice 
uonnd being, of course, ;rct to be made. 

The fact agrees with the h;rpothcsi1:1, whet It er the latter be or he uot ('Orrect, sim·c the oli::;c1Ta
tio118 of one humlred and twenty different localities (due to Erman1 and Onatse.-icl1), r;mgi11g 
on·r nearly the whole summer season (July to September), theoretically correctf'd, giH'. us a mr:m 
maximum 1:1nmmer temperature for thiH sea 50°.5G (10°.31 ). The meau of the olisen-ations as th Py 
were taken is 490.26 (90,59), a difference of less than a de;...rre(• and a half. Loealizing the obserrn
hons, those of the east shore, uncorrected, taken in the earl~- part of .Tilly, average 46°.1 (1°.8), 
those of the north !'lhore, ,July and Angust, 4B0.88 (9°.38), aml thot<l' of tl1e west shore, taken i11 
S(•ptemher mostly on the shallows east :tl:om Sakalin Island, 500.4-5 (l00.2~~). If Hie temperature,.; 
of the deeper central and southern parts of the sea liad been at< thoroughly teste!l we shouhl 
prohahl,\- find that the theoretical mean summer sea-snrfac-e temperature of ahout 45°.0 (70.2) was 
uot far from the trutl1. 

It is true that some current passei,; through La Perouse Strait into the Okhotsk, especially 
toward tile end of summer; but, from Onatsevich's obsern1tions, the resulting effect on the tt•mper
atnre of the i,;ea near the strait would seem to he of a very insignificant cbaraet<Jr. 

If, then, a sea free from great oceanic warm currents rea~hes a summer rnaximmn of aliont 
:;oo.o (lOO.O), should we not expect greater things from one in the same latitude iuto which a great. 
warm current h; said to llring borrowed heat in addition to itr-; normal tem1>eratun· ? 

Bering Sea may be divided for consideration of its temperature into thr·ee di,·isions: 1. The 
shallows, snch as Bristol Bay and vicinity, Nort-0n Somul, and the region off the coast of the maiu
land wbere the depth is less than twenty-five fathoms. !.l. The moderate depths extending from the 
southern entrance of Bering Strait west of the line bouu1ling the shallows and t•xternling soutlt to 
a liue drawn from Cape Thaddeus toward Saint Mathew, the Prihiloff falands, and the peninsula 
of Ali~Jrn, following as uearl,v as we may the sevent,y-five-fathom curve. I,astl,\-, the deep watN:s 
8outh an<l west from tliis line to Kamchatka and the Aleutian Islands. 

Taking up these regions successively, we find the sliallows of Bristol Jfay and Yicinit,v ha dug 
a theoretical meau summer maximum of 540.0 (l20.2), and an obserYed maximum of 5u0.2 (130.4), 
during the unusual!,\· warm season of 1874. 

The shallow8 of Sorton Sound from actual obserYatious, by Hiedell, ha,·e for .July and August 
an average temperature of 5(lo .Oti ( 130 .36), with a maximum of 620 .0 (mo .7 ), and, including Septem
ber, haYe a mean temperature for the three summer months of 530.!l (l20.2), at least for 1812. 
These ohsen·ations were made with a sta1ulard instrument, fnrnishe!l b,\· the T;nitetl States Coast 
Hur,·ey. Captain Hooper'is observations made in a less favorable season, and covering only a ii.'w 
days, indicate a similar relation between the deeper waters and those of the sound. 

The temperature of the area of moderate depths is considerably less. Taken as a whole, they 
present a theoretical mean summer maximum of 460,2 (7°.9), and an average summer tempera
ture of 400.2 (4°.G). This is somewhat too high for the northern portion and too low for the 
southern portion, but agrees very fairly with the mean of actual observations .rno.s (S0.2) aml 
420.1 (5°.u) respectivel;r, and the conclusions from more meager evidence, published iu Appemli~ I 
to the Alaska Coast Pilot. These means are deriYell from observations taken in the open sea aml 
appear low when compared with the observations taken at Unalai,;lika, with a summer meau of 51°.1 
(too. G), and at Saint Paul Island 47°.3 Falu. or 8°.5 C.; but it must be remembered that tllc>;e 'rere 
taken in shallow water, near the shore, aml do not adequately re1)I'esent the off-shore temperatures. 
The high temperatures of Norton Sound are only comparable for tlte three months opeu-~rntPr 
period, with temperature taken farther south, for if tlle ice-bonml months of .May alHl June, a]](l 
the cold October were included (as tlie~· might be at Unalashka), the. temperature would he reduced 
to 440.s (70.1 C.) for the seaBon. For these reasons I ha\'e only considered tlie three months of .July, 
August, and September in these comparisons. The deep area of .Bering Sea is also a southern 
area, and might therefore he expected to have a higher temperature than the rest, even if it were 
uot the part which by popular hypothesis shoul!l receive a bo!ly of warm water from the .Japan 
Stream. A reduction of the aetual obserYations from one hundred and twenty-two different locali · 
ties, each representing, in general, the mean of a day's obsen·ations, shows that the maximum 
and mean summer temperatures are hut little highm• than those of the area of moderate depths, 

'Journey in Siberia, YOl. ii, Phys. Obs. 
S.Ex.12-39 
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which cowrs in part a more northern region. The figures for the ob8erYations are !1°.1 (00.4) and 
J,)=>.:! (i=>.a), and for the theoretically corrected oh,;crrntions Jj'.l.(J (80.3) and .no.o (.i=>.O), rcspectiYCly. 
~im~e the former reprcsPnt onl,Y small portiom; of dilforent seasons, it is hy no rneam; certain that 
the corrected mea,ns dedncP1l from conl inuons series !lo not more nearly indicate trne ~fft•rages. 

The region is of comse warnwr on the 1'oulh and colder on the 11orth, hnt warm1•st in the local 
sliallows, a loug th1· Karnchatlm coast, such as the Ha,r of A vatelrn. 

It is ohdous tlrnt the mean tem1wrature oYer a region partly eold aml partly warm wonhl fail 
to indicate its real character audits 11ant of uniformity. IV fire such a distrilmtion iutlientetl l>y 
the facts in this rl'gion, it1' tliscm;sion would have been the first thing in order; since that is not the 
<'.ase, a discnsi\ion of that part of the problem will appear later, in connection with a reYiew of the 
facts ki1own in regard to the Japanese Stream arnl its extension north and west. 

Since the Arctic lmsin is constantly more or less obstructed by ice, it is impracticable to apply 
<lll,Y theoretical corredioirn to irnn·s:pH'hronous ohxenations, and I hare therefore attempte<l to 
ohtain a mean summer temperature on tlrn ba;;is of the observations as they stawl. ](otr.ehnc 
Sound, wlte11 free from i<'e, hears the same relation to the rest of tlle hasin as does Xorton Ronnd 
or Bri;.;tol Bay to the basin of Bering Sea. I find from the mea11 of all acc1•ssiblP obsPnations 
(n·dnccd according to their weights), that tlie nwan temperature of Kotzebue Sonllll for .Tul,v and 
.Aul.!ust is 4!J0.8 (9C.9); for .Tnly, August, and SPptember (iuclnding one \"ery cold Septeml1er), tl.te 
rnea11 tcmpcrnttire is 440,s (18.1 ). 

Tlw mean temperature for the Arctic basin from July to September (being tLe time when the st'a 
i.- m01·e or Jes;; opeu or free from ice), rednce<l in the same way, for the regions between \\'rangdl 
Island and .Amerka, Pxclusive of Kotzebue Som11l and Bering Strait, is ·!0°.23 ( ! 8 .3t'\ ). This har1ll~-
1liffl'n; from the .Jul:i- temperature of the sea, west from Novaia Zemlia, aeconling to Petermann, or 
the l'olar lmsin, east from the Lena, along the Siberian coas_t, according to Nordeuskiold. 

The general tempcratnr<· figures may, therefore, l!c sununarized as follows: the colum11 "11wx." 
imlicatiug the greatest mean temperature for the warmest mouth of summer; the column "mean., 
iwlicati11g· the average temperature of tlHl perio1l of opcu water (•July, August, aml September') 
in the north. Except when marked b~· :m asterisk these figures arc from iwtnal obscrnitious 
reduced according to their weights. 

(Ucntigi-ade <le:,.'1'Ct'S in hlack. / 
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THE KURO SIWO AND ITS EXTENSIONS. 

.ArcLl of-

; K<,tz.c hue ~mmtl. 

; } Captain'• Bay. 

, ~ X ort DU Hound. 

: ~Bristol Hny. 

i } West bmxlcr. 

I 
1 J Jlaltic, &c. 
I 

The q nest ion of llistrilmtion of temperature in the sea is so iut.imately uni tell with that of the 
character of its curreuts, that it is impraetieal1le t-0 separate them entirel:·. Consequently, as soon 
as one Jca\•es the general 11nestion of mean tem1wrature of a given area, and desires tu decide 
whetller that temperature is uol'J11al, and if uot, from whence aud how it is tle1·iyeiJ, the features of 
oceanic circulation must at once make part of tl1e 1liseussio11. 

To reach the root of the matter it is necessary to inquire into tlle origiu, duration, aml extent 
of the Kuro Siwo, out.side of the Bering Sea region. The datlt fnrnisbc'l hy Ur. Antisell enable me 
to tlo this in a more satisfactory manner than wonlll otherwise be possible. It is true they relat6 

1 Petermann, Gulf Stream Memoir Plate I. 
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almost whol!r to its tcmperaturC", but, owing to the fog·s which cowr much of its course, tlPf Prmi11a
tions of its motion must long remain few in number nud more or less inexact in charnekr. 

\Ybile other ohserYerH haYC noticed gTrn-e irrcgnlarities aud con11ectcd tliem casually witl1 th(• 
chang·e!:'> of tlie monsoons, Ur. Antisell, iu his paper referred to, was tlw Jfrst to dmw atte11tion 
to tlie marke<l periodicit~- of the Knro Siwo mul the great extent to wliich it dcpcrn1s upon tlw 
southwest monsoon for its propagation. 

Since his (lata were derfred from t.lte record8 and experie11ce of thos1: best fitted to .indg·e (t1tt· 
f•ommanders of the China, Japan, and California mail steaim1l1ips), and coYPr a great 1rnmhPr nf 
\·oyages, liis couclusions must be considere(l as of great weight. 

The Knro Siwo is prodnceu lly the i111pi11giag of the Pacific north eqnatorial cm·11'11t on tl11· 
eastern i<hores of Pormm;a a111l a(lj:weut h.;laud:-;. \\~hile the larger part of the e<1uatorial l'nrreut 
l1asse8 i11to tlie China Seri, a portion of it is 1lctle1·ted nortlrn ar11, along the eastern coa:,;t of 
Icormosa, imtil reaching the parallel of 2fP, it liears off to the uortlnrnnl aml Past,1·m·(1. washiH!.!; 
tl1e whole sontlleastern coaio;ts of Japau, anll increasing in strength as it allYances to a limit whid1 
appears to he vnl'iable. 1 Its aYerag(• maximum temp1~rature i» 1-ili'.:..o (:m::i.01, which dim.;1'8 ahont 
tweke degree1< from that of the ocean uormal to the latitncle. Tl1e northwesteru edge of fop 
stream is strougl~- markell h;\~ a smlaen t11errnal <·lumge in tlH• water of from HF'.O to :!O::O.(l (·Y»<> 
to 110.2), bnt the southern and eastern limit i8 less (li:,;tiuctly deli11e<l, tht>l'(' lieing a gradmil 
thermal approximation of tlie air arnl 'rater. 

A brnnclt of t!Je Knro Siwo pm;ses northwarll into tlie Ydlmr Sea, arnl another throng·h tlw 
l'itraits of Korea, i11to tl1e ,Japan S(•.a, after entering wl1id1 it becomrs Yariallle :tlJ(l irregular. 
hut i:-; belieYetl t-0 ist<m' under fayorahle cireumstances from Sang·ar and La PeronHt' straits. Th<»<t' 
branches for the purpm.;es we haYe in Yiew may l>e regarded aR of little consequcllce. 

The Kmo Siwo has its origin in almost exactly the same relatini part of the Paeitic a:-i tlu' 
Gulf Stream doe:,; i11 the Atlantic, hut the parallel i:-i othenYise for from complete. The rlifli'rem·p:-; 
or volume and of tempera tnre hetwe1•11 this antl tlrn Gulf Stream will he disr·ussf'(l later: :1:-;;:1m1 ill/,:' 
an equality in the,:e resplwts there arP ::;till other important discrepaneies. 

The latter enters a deep ocean without obstructions and about seYent,v degrees of longitude in 
width. The Kuro Siwo, at its Yery outset, is obliged to force its wa~· through the barrier of the r,oochoo 
Islands, and a little later through that chain of rocks, shoals, and islets extending from Yokohama to 
the Bonin Islands. It then l1as near1~- one hundred degrees of longitude to trawrse hefol'e r<'aclli11g 
the opposite sllore of the l'acitie. \Vheu to these barriers i8 added the Rtrength of the northeast mon
soon from the enu of September to the end of Februar~-, blowing right in the teeth of the cmT1·nt 
(which is not, like the Gulf Stream, prcveukd h~· an unbroken line of coast from escapinp: i11 :1 
westerly dirt>ction), it is not a matter of surprise that its force should be checked, and iti' <'OH· 

tinuity as an eastward current be for the time almost obliterated. The reports of the llritfal1 iiaYal 
officers who luwe examiued it sLO\Y that this "curmut is much ,iuflneucml, both iu direction and 
Yelocity, by local causes.'' "It. iH sometimes entirely checked for a daJ b~~ a northeast \\'iud.'~ ;, In 
,Tm1e, 1861, the current ran 8teadily at the rate of 8eveuty miles a day toward the Gulf of Yt>(lo. 
hut, on approaching the great chain of islands south of the Gulf, it diminisht•1l in Y('locit,\· and 
curved to the sontlrn•artl. During ,July and August it was not noticed off the gnlf.'IZ This. it ma;y 
be noted, was iu the period of f(rnorable (southwest) monsoons. The remark is made iu tl1e Chirn1 
Pilot ihat the current appears to attain its greatest Yelocit,v (72 to 80 miles) Jwtweea Yau Hie11H'l1 
Strait and tile Gulf of Yedo, but wai,; on one occasion recorded for three rmccessi\·e da~·s at only 24 
to 27 miles. "It is sometimes deflected to the south by the chain of islands 1-1ontl1 off the gnlf~ or 
before reaching them. Uha11ges of the stream will probably be found depcudeut on tlle 8easomi.'· 
It is hardl;y necessary to obsen-e that in the Gulf Stream, during the equiYalent part of its conrse, 
snch violent ftuctuatioas ha,·e not yet bem1 rPcorded by scientific obserYers:' 

~--·-~ ·-------·~·- - - --- ---
l()hina Pilot, 4th e11., p. 449. "Report h,1· Lient. llnllock, H. N., 1L M. S. D<•ve, 1061. 
"lt is likely that t.l1e Hnlf Stream, aho, when mnrl\ folly in\'<'stigarn<l, will show important fluetnatfons. nspecially 

in the wint<ir months. Such J1ave already beeu reforred to by s<'n'ral writ,ers, especially Com, J. R. Bartlett., l.'.. S. ~. 
If they Wl\re as marke(l and important as those ilHlicated b~- Auti.,.,ll's <locumeuts for the Knro Siwo, it. wonla seem 
that widespread kuowkdge of them would long shwe l111'·e heeu attained hy the rnwil"ator~ directing tl1c enormous 
comme.1·ce which crosses tlie Gnlf Stream continua 11~-. Thi" rnritter iR umk1· iln-cstigatiou hy the ruitNl Stat.l's Cuast 
aud G1lodet.ic Sunr-y. 
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The course of the Knro Siwo, as indicated by >arious authorities, when in its greatest 
strength, is from 1he >icinity of Yokohama in an easterly and northerly direction toward the 
northwest coast of' America, which it reaches in about latitude 50°. For our purposes, the character 
< f that part of the stream lietween the meridians of 2200 and 1850 west from Greenwich is of more 

hwce. Liitke observes• that, in six Yoyages between Kamchatka and the south, while 
11ctween latitude 30° and 42° and longitude 214° and rns0 , a steady current, flowing eastward, eYen 
with easterly winds, was noted. Ju one southward vo;rnge, it was first met with in latitude 330, on 
a oocond at 40°. "North from the parallel of 420 in the western part of the Pacific Ocean, we 
chanced to have almost constant easterl.v winds, and with them westerly currents which, when the 
winds were Yery strong, amounted sometimes to 20 miles a day, and which, when it became calm, 
disappeared entirely. In some cases, on the contrary, when the wind blew from the northwest the 
t>nrrent then turned to tlle southeast, the direct influence of the wind herein being evident'' 
(Liitke, I. c., p. HIO). Tl1ough Llitkc reports that Mertens took observations of sea tcm11eratun·s, 
it docs not appear thlit they have anywhere been published, and the observations of Beechey are 
so much generalized in his appendix as to be untrustworthy for close comparisons. Du Petit 
'L'houars, during the vo~"agc of the Yemu;, took hourly temperatures, which have been admirably 
worked up iu tlw published records of the voyage. In latitude 30° longitude 180°, he fonml the 
temperature of the axis of the Kuro Siwo to be 81° (27°.5). The normal temperature of the Paeitic 
Ocean about latitmle 400 to 45° is about G0°.0 (15°.G). He found that the temperatures rapidly de
ereased northward, falling from 7iP (23.0) to 53° (11°.7) in only three degrees of latitude; hut of thi8 
change twel"vc degrees (71 o to 590 l•'ahr.) ocm1rred upou one day (August 17, 1837), between latitude 
400 and 410, which would place the northern edge of the Kuro Siwo at the period of its greatest 
strength about latitude 410 in longitude 197°. The observations of Belknap, taken in .lune, show 
that the isotherm of 500.0 (l.50.6) does not pass much nortll of 42° north latitude, anrl that the 
temperature then wry rapi<lly decreases northward, falling 15° Fahrenheit in 150 111iles. Tlie 
ohservations of Onatsevil\h in the same rPgion, taken at di1forent periods of the year, agree with 
those of l~elkuap. 

"\Vith reganl to tlie propagation of temperature (an<l inferentially of motion) in the waters, 
forming the supposed hed of the Knro Siwo, the data obtaiue(l by Antisell are of high importancC', 
aurl go far toward sustaining the view that the current is dependent for its existence, east of Yoko
hama, upon the southwest monsoon. In other words, that it is turned in a southeast direction 
or obliterated by the northeast rnonsoou. 

The track of the Pacific Mail Steamships, in the Yoyages referred to (leaving out of' consitlcra
tion a few tlegrees at the San Francisco end) lies almost wholly between the parallels of 30° antl 
:1.10. Between the meridians of 220° aml 190°, it cuts obliquely across the current,, an<l if it 
he true, as there is 1·eason to suspect, that tlie current has, in general, a consitlerabl.r ruore 
southern course than has been supposed, the track woultl lie in its trough for a nnwh greater 
tlistance. 

The northeast monsoon hegins to disappear in February. In March the North Pacific 
appears to ht~ in its most homogeneous condition. The means of' six or eight daily observations 
continued throughout the voyage (4, 750 miles), the diurnal fluctuations being eliminated, show 
extreme differences of only four degrees Fahrenheit. From longitude 217° to 136°, in the mean 
latitude 3;$0 03', the sea 0111~, rnried from Goo to 6-1° (15°.6 to 17°.8). It is quite evident there 
is no warm cmTent here. In April: over a course averaging a degree anti a half further nortli, 
t.he t~m1pcrature was somewhat lower and the variation a little larger (57° to 63° Fahr.), but still 
remarkably l1omogeneous. 

In May the warm water begins to creep north, along the Japanese coast. In records of three 
voyages, amid some seasonal differences tl1is change is clear. From longitude 217° to 2oso, in 
these three years the temperature has risen in the last week in May to between 64° and 68° (17°.8 
and 200.0). Thence eastward it still retains a lower and pretty uniform temperature, which is in 
tlie mean latitude 3()0 12', from 57° to 63°; fifteen days lat.er, in mean latitude 330 29', 530 to Goo, 
ancl in mean latitude 360 16', from 58° to 640 Fahrenheit. 

Iu .June the Kuro Siwo is putting forth its strength. From Yokohama eastwarcl to longitude 

• Yoy. S.Sniavine, l'artio naut., p. 189 et 8eq. 
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169° the temperature (except a cooler harnl teu (kgl'ces wide, 11ctm•cn tltl' 111eri1lia11s or rnso awl 
2080) has risen to 11ctwcou 70° arnl •:>~) 1 (2F1.l arnl :!:.!~'.8). Tl1is 1·001 l1m11l. i111licatiH· of thP 
Kamchatka stream, is also shown in tile l:hallengl'r sectioll. 

In Jul,..· (two yoyag·e;:;) we ha Ye still i111licatio11s of tltc '· c·ool hand.'' hut the te111peratun· as 
far east as 205° "-·has risen to between j.")O a111l SI (2:J 0 .!l aml '.!7°.:l), mul the1we dnrillg tlw fin;! 
half of the month to 1011g·itmle 180°, and in il1e latter half to longitwk 11:.!::> (mean latitnd1· :lti~ 

:lO'), the snrface docs not fall lu•low 7(P (:.!l ci.1 ). · 
In .August tlie temperature SCC!ll8 to reael1 its rn:1xia111111. ']'lie loealit,,- or Un· "cool barnl"' 

has rn° (2G0.1) at the surface a11tl tl1e temperature appears to <let>reasl' Yer,\· gr:ulnall~- from SF 
(meridian of 2180) to 750, (at 1G9D) an<l j(Jo (at 1:38'.)). In a yoyag(' by the ;:o-calh'd ·'nortlwm 
route," mean latitwle (440 48'), mmk in this montl1, tlte tP111per:ttnrc <)f 70° (21°.1) ]'l'OJler to tltl' 
Knro Siwo, was lost in latitude 40-::i :1<11

, longitmle :.!Oio. arnl tile ternperatm·e fell below G(P (15:~.(i) 

ahout 100 miles further nmth, in tlte Yer~- axis of the J1ypotl1l'tienl 110rtlwrn lJranch, :1rnl dill uot ri;.;(• 
alJoye 60° (l;'i0.tl) ilgaiu until the 11orthern eclg·e of tlw .Tap:111 Stn«t111 was n•ad1ed, in latitude 1;~. 
arnl longitude Hlfr'.). The •'eool hand" on this line extemh·d lictwceu the meritlia118 of JSW1 nnd 
202°, with a temperature of hetween 0(1° and .>!F. 111 8Ppternli(•r, towar1l the eml of tlie mo11tl1. 
tlle southwest 111onR0011 l1egilrn to fail amt in the record the clrnng·e i;; dear!~- reY('aled by t lll' 
changing temperatures. Off tl1e Japanese coast, for tit'te<·n degree~ of lougitu<le. the ternpPrntm·('li 
wlliclt had been 78° to 82'.) (:.!5 8 .ll to :.!7°.ci) lmYe foll en to j,)o (:.!:P.H1. "ith harnb :.! 0 to ,1::. 1·ooler. 
1'here is a trace of tltc "eold ha111l" on the 8lll'f°<H'(', in tit(' n•gi011 of :.!0.1°, with a ternpPrnt1111• of 
7:1°, hnt the water eastwan1, >d1ich in .August n1ri1•cl from 7~= to 17::i (:.!:2°.:: to :;,;: .. o), 11ow slum·,; 
temperatures of (i!)O to mo(:.!()(),(; to :.!:.!'.).8), l1et\\'Cl'll lo11; .. dtm1e 1.;so allll rn~·P. Oth1•r Hl_\'<l/,!l'S in 
this mouth are taken 011 the ''southern route'' antl sl1ow wanner temperatures 1111t arP of l'OHI'Sl' 
not properly com11aral lie with those hereiH ('Omdclerccl. 

Throughout the 11Hrnth of Octol1er watt~r "·itlt a te111per:it111·1· of 70° i;.; t'on1H1 st1·1'tdii11g a<·ros,.: 
the Pacific a8 far 1•ast as 14(P "·itlt iukncning narrow l1arnl8 of ;:Jightl,\- cookr WntPr. 

111 NoYembcr the southwest monsoon i,; at an ernl: thP tcm1wratnre,; i mmediatd.'· oft' the ,la pa 11 
1·.oast lrn' e falJpu to from (i(p to ()±'.:J; cast of 1S2'.) ( m<'<lll l;ititmle ;),'F :!0') tl1l'y \'<ti',\" from (j:,!::> to 
<l7° (1G0.7 to 19'.).4) with a di8tiuctl,\· ('Ooler band lll't\n>en 15:.!0 a11tl 170::0. T\\·o '' sonthcrH-rontl'" 
Yo.rages iu this month iu the mean latit1Hlc 30° 4:2' ,;how nothing warmer th:111 ;;p (22=.8) in tlw 
path of the Kuro Siwo, except :1 siHgb temperatun· of IP. The nnnow b:11uls of cooll'r wall'r 
become a conspicuous feature. 

In December, with the anti-mom;oon blowing from the northeast, the tt•n11wratnres lrnYe fallPn 
to 62° (ltl0 .7) on the coast of Japan and nothing warmer than 11° (:!IO.I) ca;.;t. from it eYcn 011 111P 

'~southern rontc/' The Kamchatka stream i,; i111licate<l in rns::o by a temperature of 64°. 
In ,January and the early part of February for sixteen degrees east from tl1e coast of Japan 

(mean latitude 35° 05') the water varies from 640 to 66° (liO.S to rno.!l), and Jater in Fehmar,,- from 
(>1° t.o 65° (lGD.l to 180.3) (in mean latitude 330 O:Y), whil<• t11(' eastern half of' th(• Pa<'itlc in tl1e 
same latitude during Marcl1 is wholly below Goo (J:iO.G), indicating \·ery ch,arly tliat the :o;tm11g 
warm current of August has sufterml a matn1al change. B.r the following mouth, as alrPmly 
indicated, the ocean is almost homogeneous in temperature from .Japan to Califor11ia. 

The following table is the result of a recompntation uml refcre11ce to l'Hr,\· sc"ontl meritlia11 of 
the original data, copied from the logs by Dr. A11th1ell, aml from "·liieh lie im•parPtl his profilt•i:; 
which were referred to every third meridian. 

Ii was thought adyisal>le to do this, not OJJly in order to elimiuat(' any :iedtlr·ntal e1-ro1·8 of 
computation in the first instance (though none were fonnrl ), but also to oh ta i 11 a more extend('d, :uul 
therefore, more tlwroughly representatiYe, table. The result has ht•e11 a slight rnoditieatilHI of 
some of the minor details of th<• original, but 11i.1thing in any wa.'· clia11gfog the general tcn(lr of 
the conclusions heretofore announced on the basis of these oh8l'r\'atio1rn. 

The temperatures of the table are t-0 the nearest F'ahrenlieit dt>gr('e, the variation from the 

1 Yet in this month also, Belknap passed Ute surfacu isotherm of (if,· (I~'\::) iu lat. :l!l0 , nud after escaping from tl1e 
influence of the warmer current from Saugnr Strait~, Jw found (from fat. 4:!''.:Hl) nothing warmer than !"iO' .0 (10'',0), 
while the great gap between the All'lttiaus aml Kamchatka rnried ou thP "nrfo<:C' from 40- to 4i' (4-.4 toc·-.:l), aml 
below the immelliate surface hardly ros~ a how :1:; ( 1 '.i ). 
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Table of J..Yorth Pac~fic 
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actnal being- less than th(' rnmal efrors of obserYation au<l instruments in wmk not done by trai1w(l 
ohsern:1·s mnl with stanc1anl i11stntmP11h;. The ('lllploy11wut of Celsim;' scale, as T hail at, first 
intt•ndecl, with its c·mnbersome nml ine,·itable fractions of dPgTees, \Yonltl have increased the size 
of the table (alreacl~· too larg·e for com·euieut printing) uearl~- one-tliird. The date of arri>al or 
dPp:irture from Yokohama aml San Frau<'isco is gi,·e11 mHlt~r its :1ppropriat9 heacl at either elHl of 
the table, with a ('olnnm ;;howiug the temperatnrc of the wakr in tlic harhor at the time of arriYal 
or departure. It "·ill be ohserwcl that this is almost inYariahl~· colder than the sea water outside 
ot' thP haruor, except umler the inflneuce of au Angm;t sun at Yokohama. 

The columns of mean temperatures follow m11.lcr their appropriate meridians. A few peculiar 
single ohscrYatiollS (denoting, perhaps, cool bands of surface water) are inclose<l in parentheses, 
as wortl1.r of attention, im;teatl of being iswampecl in the general mcaus. A hea,·y line separates 
tlw obserYations of the lm.;t <lay of a11~· month from those of the following da~·, so that the data 
relating to particular mouths ma~- be singled out if desired. 

The mean latitude of till' principal part of tlw <·om·se, givl'IL at the right of tlte tahle, is that 
between meridians 1400 and 210°. This was mmally run 011 a nearly east all(l west. line, and 
the means show the relatiV{' latitmle of the seYeral voj·ag·es. Two voyages hy the '' northeru 
route" are marked with an asterisk, and are not included in the mean for the year or the other 
general means. The means for the ~·ear and for ''June-Kov." and "Dec.-M:ay" show the average 
annual temperature of the North Pacific in the mean latitude for eyery second meridian, as far 
as it can be deduced from the material in hantl; also the same fC)r the 11eriods when the favorable 
(southwest) mo11soon and the (northeai'\t) anti·monsoon winds are blowhig. 
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sea temperatures. 
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The last column i11 tl1P hi hk shmYS ihc mcH11 temperatnre of thP north Padfic for tlll' lllf'llll 

latitude and season of each Yoyage. 
It must be borne in mind, in consid1'ring the table and tlle sultject to which it relatPs, that the 

Pacific, like Bering Sea and other bodies of water, as well as the atmospllere at any lonllity 011 

land, varies in different ~·ears, so that in a relatiycly small series like the present tllere ma~- 111", 
and probably are, some anomali(•s due to this cause. A Yery much Iarg·er series would be re11uirP1l 
to eliminate these and other sourceR of enor; but, notwithRtanding all this, the gl'ncral conc1nsiom; 
afforded may be safely taken m; relatfrcly correct, though the" beneh-mark'' of the series wigl1t 
he changed in absolute leYel hy the discussion of a greater amount of material. 

The general accuracy of the obsen-ations iR attested hy their agreement with thosl' takc11 hy 
the Challenger in the same region a1frl nt the same time of the year. 

It is hardly necessary to point out that the anomalies of temperature 1lne to enrre11t in :rny 
particular voyage are almost, lost in the general meaus for the ;year or half' ;rear. foformatiou on 
these points must be sought in the recor1hi of single Yoyages. 

The cooler area ahout tl1e meridian of liOO I take to he due, perhap:<, 11ot e11tirely to cold 
water from the north, lmt also in part. to the fact that here in the gfre11 latitude the axis of the 
Kuro Siwo passes nor.th of the usual track of the steamers. This, howen~r. requires further obser
vation. The fact that in the two most northern yoyag·t·s, the eoolcr area, occurs further to the 
westward (1880) tend:s rather to show that it is due t-0 the Kamchatka stream, and that that has it 

more or less· easterly tendency as it progresses southward. 
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Ju thiis connection tltl' on]~- tlata in tlw :Xorth radlic for rmhmarine temperaturei:;, except those 
of Captain Helkuap (arnl corroborat.iug his in m"er;v respect)~ arc those of the Challenger. There 
iu·e, fortunately, s1:ctions takeu l1y the Cltnlkng:er party i11 the two oceans almost exactly compar 
ahle. In the Atlantic thPir Hcdion extends between Cape May aml JHacleira, coYering about fifty· 
two degrees of longitud<' a1rd in nearly the same latitude as the Yo,rngt·s of tile Cliina steamers just 
dl'Scribe11. This sectio11 was takrn from April to .Tul,r. 1 ThP correi'ipondiug 1~acific section is that 
from Yokohama to station No. 253, in lonµ:itml1~ J ;;n'.) 2.i', 1·1n-1'l'i11g some sixty dt>grees of longitude, 
heyond whieh i'!Ollle thirty degree,.; more i11t1wYene lietween station 253 aml the California coast 
in the same latittHle. Thii'! section was made tluring- .Jm1e nrnl Jul~·. B~· 1edrawing the isotherm 
profiles, an1l ta king- off the Ya Ines for eYery two aml a half deg-n•1•s, tlte :-iectiom; lrnYe been made 
wore comparable, and an• 1n-ese11t1•d iu the fdlowing table. 

Compari.rnn of xea temperatnrf's bel1ceen latit11rle8 330 and 38° north i.n the A.tlantic and l'ae~tic Oceans, 
arra11yedfro111 oll.~rrrntions by II. ,l[. S. Challen.1er, 181:\ and 1875. 

t-1nrfact· temywratnt1·. Dt•pthiu fathot1H, of tlH· isotherm of-

C1·uti.g:raclt·. Fahrcnht'it. JO, C. ,_ .)O' F . 

..:\tlantk. rndfic. : Atl:mtic. Pacific. Atla11th'. Pal'ifil'. Atlantic. Pacifi('. ~\.tlantic. l':1cific. j._flantie. I,acitic. 

t•~.101 1~::0.a1J: lll. 0 

70. uo :Z20. 00 

tii'.30 :!li.:~tl 

63. OU '.!I~>- Oll 
~i~_:w :?1:;.;m 

tiO. tlll . '...!HJ. O!~ 
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f>:!. :JO '!02. :JO '.!I. 1 
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4i.:JO 1!)7.:W i :!:.!.~ 
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4~.3o 19~:w :!Lt 
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;r;-. ;m 11'7. Jt) :!I. 7 
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2i. 30 177. 30 :.!l. 1 

25. 00 175. 00 21. 7 
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:!l. 7 

~1. 4 
:?l.'.! 

HI. !J 

]t(, j 

],.;_ s 
:!.O, 7 

:..~.:; 

!!II. 6 

~L 1 

:!I. 7 
~l. l 

::o. !I 

:!O. ~ 

2:?. 3 

22. 8 

20. n 
1!1. 4 

11'. 6 
18. l 

:iO. 0 

6./.9 

64. 0 

7:.:. :2 

il. ~ 

"i'tl. ·~ 

iu. o 
74. u 
7~. (I 

70. :.! 

';°ti. 0 

70. {.) 

71. \) 

'il.1 

71. 1 

60. 2 

7o. o 
71.1 

71..; 

70. 8 

6Li. !l 

71. 0 

71). :J 

70. :.! 

G7. H 

iiJ.ti 

v.;. 8 

69. :1 

tit'. j 

liJJ.V 
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il. 0 

10. ,i 
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H~). .J 

i:!. :! 

73. l 

6:J. G 

67. 0 

210 

DO 
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mo 
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3JO 

:!30 

33() 

:mu 

60 

60 

;j,j 

70 

70 

JOU 

1:l7 

i:r; 

H7 

JOO 

51J 

7o 
.)0 

40 

45 

~.i 

25 

2G 
20 

40 
:;:; 

:?3 
20 

20 
].) 

30 

35 
:J;J 

~u 

15 

17 

20 

20 

jj 

15 

50 

3U 

20 

10 

15 

HI 

JO 

~'O 

10 

5 

H 

20 

5 

0 

-110. r;1 w1. 30 I~ ~;i- 7117- lil."9 --:Wo J7;;---so -:;o---1-· -j---: 
16;;.oo 1 ......... - Jb.3 64.9 mo 20 : .•••• ~ .••. 

162. 30 :-·····. ... 18. 3 U4. 9 l:~J · 
Jtl0.00 i"·--··--· 18.B 65.8 ··········i 130 
1;-,i.30 rn.s ffi.6 1 

•••• --····/ • 11{1 

________ L t:m. ~2_ ___ · ·.:__ rn. 8 ________ u1~.6-J:~~.~:.:L~ _ ___ ~----------

20 

20 
20 

1 Jam indebted for the data t~ 'Vild'8 "Thala~sn," Table JU, p. lo, Table XII, p. 114, plates 8 and 11". 



 

l'XlTED STATER COAST AXH GEODETIC SFHYEY. 813 

It Ahonl1l he not ice1l that t lie II ifferc11C('8 of ou8fl'Ya1 iou a bout eotmterbaLrn1·1· 011P anotl11·1·, 
the Atlantic sel'tion heing partly taken in a colder JIPrind of tbe j·ear, wl1ile it:-; ea.-.;frrn eJHl is 
turned somewlmt so11tl1war<l into pres1mrn.hly warnwr wah>r. On th(• otht'l' hancl. tlle Atlainit'. ,.;p1•

tion hegini-; two hnmlred miles furtltPr away from the starting- point nf thn Gulf Htrf'arn 1lia11 11111»< 
the Pacific se1·tion from the inception of tht> Kuro Siwo. On tlw "-liolf', f'Yt·rj·thing t·l~P lwi11g
equal, it would Reem a,; if tlw pfleet nf tlw diil'erenl'.e" of ohspn·ation 'l"l'nnld lw to makP the Pal'ifl<' 
section somewhat the warmrr of the two. 

For a comparison between the a,·erage temperatnre1; of the two rnasse,; nf water, I han· takrn 
the fifty degrees of longitndP hetwee11 200 and 70° "'· in thr Atlantie and J 40° and :!'.!0° "'·in the 
Pacific as comparable irnrts of tlw two sectiom;. 

One noticealile <litfrrencc in the two profileH i,; the nrn.n11cr in which, in th<' Gulf Stream, its 
western edge forms an almost perpendicular wall of water at 50° (HJO.O) or warmer, with 
colder water hetwren it and the shore, and continues east ward for some ;35o of lon1:!'itudP a rwarly 
Rolid, nnhroken mass; while, 011 the otl11;r hand, with the Japan Stream its warmest water i:< at tl1e 
coaRt, 150 east of which the Kamclwtka stream heaYes tlw isotherm of :;oo (lOC.O) within fiO fatlwms 
of the surfaee, while the whole mass of tl1e water at 50° (10°.0) or more is hard],\· morf' than half as 
much in sedional area as i11 the (}nlf Htream. Tlie Jowt>r houndary of the mass of wafrr at :;(P 

(lOO.O) reaches in the Atlantic a depth of 430~ fathoms. 'flIP following tahll' slicnYs a comparisou 
of the two oceam; fo thi>< dPpth within the boundaries a1;sig11ed: 

P::tl'ifiC. 

}'a Jn·. l'ent. 

iO. 2 21.2 

11. 5 
]~. [, 

7.;; 
40. (I 4. 4 

4H. H4 

1Je11tl1. Fah1'. 

.Feet. 

70. 8 il. ~ 

319. 2 63. fi 

765. 1 54. fj 

9UO. ;"') 

[i~i. 4 

Atlantic. 

Cent. 

~1. 8 

11. ~ 

l:!. r. 

1:!7.-; 

1, ~7~.] 

1, h~~t 2 

The temperatures are llll:'aIL tem1wrah1res for a stratum of water ext1"111li11).!.' ;;o:c of Jo11g-itnde 
east from the point of bf'gi1mi11,~ in eadt ocean, ltaYing th1· lllPilll 1lqith iudieatt'tl. 

It iK eYi1fout that tlw an•rage brat of tlw mas>< of Atlautic water iii m•ill'ly HP Falu·. g1·pafer than 
tlie :werage l1eat of the Pacific mas.'i. \Ylien \H' uear ill miml tha.t tlw l'acilic· ;;jrea111 has to JllOH' 

oyer 900 of lo11git1111t-, whiln the At.lant.ic sh'earn has hut ii~0 to cros;;, antl tl1at the Atlantic strt•;1m 
is supposed to he constant, while wc ma~· a;;1;11111e that for at least. mw-thirtl of t.l1e tinw the Paei1it
strt>am is che(·kPd or uh·erted h;y t]ie anti-monsoon, it will he e,·itleut that the proportio11al effed 
on the coasts finally rea('hPd of the two str(•a.ms will he gr(•atl~- i11 faYor of th'! Gulf Str•·am. Tl11• 
ratio between the.latter and the Knro Siwo, cmrnidering oul_y temperature and duration. wonl1l J ,.. 

as 1.0 to O.i>ii8-not far from the inn1·se ratio of thf\ di1;taiicrfl tra\·erslc'd h,\· tllrm; that is to s;1~. 

0.578 to 1.0. 
I believe tha,t thr com1rnratiYe weakne><s a rnl ineffici<•nc,\· of the Knro Si wo, as ('c1mparPtl wit 11 

foe Gulf Stream, lias 1ieyer lwfore attracted tlu· attention of h.nlrogrn]llH'ffl, nwl would su.~g<',;t 

that, so far a:;; the curn•nts of the 01w11 sea are conePnie<l, it is not improhah!P that tlH' Kum 8iwo 
may be a t;n1e of the Paciti1~ (·urrents g1•1wrally, as corn11ai·ed with tl10Rc of !Ii<' ,\1lauti1·. 'l'IH» 
Pacific is open to the inftnx of Antarctic cohl water without ;;tint, aml in it, probahl,\·, goes 011 a 
g-reat system of true O('eanic circulation, sncl1 as might occnr wen· there 110 contim·11t;;. '.l'he 111ore 

superficial c1urents, like the Gulf Stream, while not iu<lepP111leut of the ge11eral circulation, do, as 
they actual!,\· exist, form 110 1wcNisar.r 1mrt of it, except. as it. h; ang111P11tt>d, gnill"11, or co11trolle1l 
by continental sl1m·<»-lines, tratle win<lfi, tides, a11d other cmm1ic pl1e11ouw11a lt'RS powerful. C011><e. 
quent1y, it is conceivable that such curreut8 will he lei's rnarketl and. cn11sta11t (considering tl1e 
l'fiect of winds) in JlrOJJort.ion to the Rize of the oc<'ans th!',\' tr:wm·se, othe1· things ht•ing t>qual. 

S. Hx.12-40 
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It is not a matti'r of surprisr, after tlie precetliug revit>w of tJ..1e cliaracter of the Knro Siwo, 
to leam that, after reaching the nortlJ\n•st coast or America, that branel1 wl1ich turns southward 
along the coast., b,v the time it ltas re:whell the latitude of Sau Francisco, has become rather a cold 
current tban a warm om·, while that Ollf\ which tnrrn; to tbe north aml west, and finally loses ib;f\lf 
along the Aleutian chaiu, i" warm only because it. intrwle8 011 a normally cold area. Tlle fact that. 
these two branches exii,;t aud han~ the abOY(' g('IWTaJ COIU'S(I is determined ueyoml all COlltI'OYl'I'S_r, 
and it is not ne<'essar~· to go OYPr tliat gronud ag·ain. It m:iy hP ohst•rved, howen•r, that to the 
westwrud march of tlw title wbicb pre\·ails alo11g the Aleutian diaiu ii,; addt>d wbateYer of impetus 
tbis cnrrent may liave to give, so that the 1lood northward aml wrn;t"'ard througlt the passes of 
the Aleutian chain it:; rnueh i,;trougPr tlian the euh, aIHl, whell not int~)rfen•d with by wiuu, tPml"I to 
gin• the water immediuk1y north of the cbaiu a westcrl,\ Ret, especially in s1111uuer and autnmn. 

Currents of Bering Bea .. -l llaYe alrea1ly pointPcl out. t11at B1·lkuap, in croRsiuµ; U1P gap 
between KamcLat.ka ancl the Aleutian .... , fon)}(l only cornparatin·l,Y cold water, and no indications 
of au~- warm i,;tream settiug through tbis wide opening. I nia.;y recall here that he not only· fomul 
uo uorthl'l'I~- sd. of warm water, but that tbe onl,\' plact•s where 1101-theastel"ly snrfac1· currents werP 
expt•rierwed while cros1::1i11g thii,; passage wen' ol>SN'Ved to lH·, if a11~·thiug·, ratlwr colder than tlw 
rpst. The current" observed were prol>ahly due to wind and tide. Their general ternlenc~- wa" to 
the E~K, hut in two plac('8 where submarine cnrrl'uts were ol.Jser\·ed for, it wai,; found the gn•atcr 
Uw clPpth at wliich the ohse1Tations were irnulP, the mm·e uearlJ- south was tlie uin•ction of tlll' 
c·11rrP11t, arnl thl' strongi•r its flow. Thu,.;, in longitmlc l!l.>0 (approximat(;), wl1il<~ tlie surf:we current. 
r.in half a knot a. little to thP :N. of R, nt .-;o fathom.-; it ran ~K h;r E. l~ lmots, a11d at 100 fatl1orns 
~E. 1.1 k11otR. Again, iu lougitudt· l!l~G, it ran at tl1e 1::1mface a little S. ofE., at~:; fatlioms tl1rt>c
qna1t<•rn of a 1, not SE., and at 30 fathoms sen~11-cigbths of a knot S. u0 "\Y. 

It i,.; to he ob:-;t>rn>d that the line,.; nm hJ· Ca1ltai11 Belktrnp and hy t11e YPnns are uot <'xa<'t 
sedions ofthP muro\l·est part, extl'rn1ing i11 a. northwestrrly direetion from Attn Island, hnt that 
the first c·xtmul;; from about lougit 111le :!00° aml latitrnle r.o0 to Agattn Island, an<l the seeornl 
i11 a slightl.Y i1Teg11lai· li1w <•xtPrnli11g from A ,·atdrn Ba,\· tn the interRccti011 of the meri1li:111 of IS.JO 
with the parallel of 50-J. 

In the sanw 1·pgio11, all tlw CllJ'l'(•Jlt;; oh>:PfYl'tl hy 011at;;PYid1 wPre Rontherl_y, with a \n•sterl_,-
1hwiatio11; tl1mw obserYr1l 011 tl1e Yoyage of thP Ye11ns Wl're i,;1111t11erl.Y, gP11Prall,\- with au rastr·rl.\ 
hut some1imes wit11 a westnly lleYiation, with 011e exeeption of a weak enrre11t in a direction N. 5!1D 
E .. of' t11ree-te11th;; of a k11ot. lktwee11 8ai11t Paul l,.;Ja111l and Attn, Baile~-, i11 the Hush, ol1seiTl'll 
almost co11ti11uons ~- h,Y E. cU1Te11t;; ,-aryir1g· from lwlfto uiue.tPuths of a k1101 per hour. 'l'l1e cur
rents along the coast of Kamchatka obsp1·n·<l hy Liitk(• mul Ouat,.,eYieli rau iu almo.-;t all cmwPi,-
ahle directions, often, in uearl.Y the i-;anw Rpot, iu opposite 1lin•ctio11s at di1l"e1·ent times, sl10wi11g 
clear]~· the intinence of tides. 

Tim following table shows tlw ohsenations for cnrrent and temperature taken b,Y tlw two 
expeditiouR ahm·e noted, lJPlkuap"s obse1Ta1ious1 t•xteudi11g from July 7 to 14, arnl those of the 
Yenu8 from SerJtember lll to 29; tlw la1t1·1-, from the 1irnt' of .)'t'ar, should Rho1Y higher tt>mpl'ra
tnres RR a wl1ole than t.l1e former, a:; is in fact tlit> ra8P. 

1 ]lrP.p-Sea Souudings, p. 4(i. 
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Compari.~on of the obserrtrtions of tlte Tuscarora, anil the l~enus. 
-~------- --- --------·--- ---------~ ------· - -·- -------
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The po;.;itiom; i11 hral'lrnts are i11tt'l'JHllah•d (II~- nw:111I' of' tl1c houri:• 11hro;erYatim11') hehn;e11 the 
110011 po8itiow; g-in~11 i11 the orig·i11al. Helb1ap'i.; i11terpolatPtl po8itio11;.; appear ill tlm origi11al 
tahlt>. 

,\.t the time when Captain l:elknap was g-etti11g- ternpt·ratnn•I' from -t'.!o to -.l-7''.°' (5~.li to so.:1 
in tltl' pnth of the h~·pnthetical warm lmrnch of the Kmo 8iwo. the Uuite1l States Coast Snrn•y were 
ti ]I( ling between l" na i:Mlllrn aud S:lint Paul fala11d (wherP nohody has twer imag-i1wcl auy warm curre11t 
to Pxi,;t), in the ea.~tern r1art of .Beri11g Sea, temperatnre8 from -t!)O to 5.p (W\J to l:.!0,'.!), whill' thP 
me:rn for the same month, in Nortmi Sound, 80llte "''Yen hnrnlrc<l mile" further nortl1, alre:uJ~- reaclwd 
[i(jO ( 1:10.~1), \Yith a maximum of GOO ( 15°.fi,. 

011 a track chart issnctl h:v the United Stateil HydroµTnphic Offiee (at an 'nnk11own <late). of tlw 
Uuited States North Pacific Exploriug Expedition, urnler Uapt.ai11 (now Admiral) ,John Ro1lgPrt4, 
iu 1854.-'5G, on the trnck of the Fenimore Cooper, from A nikha to Attn Islam!, anowl' arc 
marked pointing· in a N"\V. aml NN\Y. tliredinn. Althongh HO explanati011 i;; appernled, 1 talrn 
these to indieate thP currents ohsC'l'YPtl, thongh tl1ey an•. witl1ont any tigurl's indicating direction or 
rnfo. A little further south is the track of tlw .John llaneock, from Paramushir faland of Hie 
Kuril group, t.owa.nl San Franch;eo. 011 this track the current arrows for tlw same meridia11s point 
l'onthward without e>xc ... ption. The fir,.;t i<eries were taken in July, tlu~ Ke('ond in September. It ii' 
much to be r<>gretted that the records of this expeclition ha,Y<' 11m·er been 1muk pnhlic. The im1·Pr

tHinty, indicated hy the two S<~ri<\S abon1 m<~ntio11ed, iu the llirPetiou of the cnrrc11ts 01Jl't'n·c1l lu·1·p, 
,;tro11gly recalls ti.Jc words of Liitk<;, heforc quote1l, iu rpg·ar1l to the same locality. 

'l'l1c accompa11Jing chart, showing tile vaiious currents oln;en·cd in Bering S<•a, will gfrt• a11 

i1le>a of their variety, which con Id Hot be attained hy any mern Yerbal descriptiou; it \\ill lw not ketl, 
110,nwe>r, that the majority of them tend southwanl. 

My own conclusion, from a, stndy of tbe data, is that the geueral temleucy of tile 1rat1·1· i11 
Hering Sea is to the southwartl, aud where deep enough, aH in the wester11 JHll't of the H'a, it forms 
a tol<'.rabl;y Wt>ll <lefined curre11t (which I shall call the Kmuchatka 1 cmTeut), whol'e outli1u· is 
clearly perceintblfl in the Challenger :-;ectiou, whose influence iH traceable iu 111auy of the l'm·itk 
J\lail yoyages hefore 1mmtiorn~1, a11t1 whose eharackr am l motion are prohal1ly n•ry co11;;(ant, if 11111 

e:-;pecially pronounced. \Vbile a certain amonnt of water euter11 Bering Sea tlu·ough tlw . .;tmit, 
under favorahle circnmstanc1•s, this amou11t is relati\·ely insignificant, and the Kamchatka cn1n111t 
ean hardly be properly termed a polar current. lt is a current proper t() thP cold, deep basin of 
that part of Bel'ing Sea west of the shoal waten;, and to a great extent re-cnforc1·<l b~- pr<•cipita
tion and the river supply from the two continents. 

--i:[li;;~h not the K~.mchatka c11n-m1t of mostl;.)-~1r;-.g~~j1bns, whid1 forms oul~· a ve~y ~mall part of tht• om• utHler 

consideration. 
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On~r tit is, a111l forming· a thin an(l m1tirely superficial stratmn, the wakrs from Uie 11orth edge of 
tlw Pw:itie and the southl'l'll border of Bering Sea, \vanned h,Y the heat of t11e snmmPr season, haYe 
a ge11nal motion of tra111'h1tion northward whl'rever u11i m p('ded, but this rnotio11 is not tb:it of a per
Nish·nt emTent, :-;tridly speaking, awl i;; liable to be at a11~- time reYers{'d h,Y wi11<11', ami near· the 
Hlwn· by tides. :\lorco,·cr, lbil' water does 11ot appear frorn ll1e e\·icle11ce to attai11 a temperature 
:-;ufticieutl.r aJ,ove tlw 1wrnial for it to haH~ a11~- excepti1mal l'ii\•(·.t 011 tlw clirnatP, and it is UIHJnes
tiouahly 1111wli 1·110ler th au the ,.rnters ol' tltl' shallows in the easteru part of the s:tme sea llnring the 
s11m1111·1'. 'l'hen· i;; 110( a partil'ie of m·ideuee. to show that a11y mas;; of warm water constituting a 
warm (•une11t, a;; tli:>tinguis1wd frolll a superfieial ;;tratnm as abon\ de8crilw(l, i;; given off in the 
din•1·tio11 of Beri11g St•a by tlw Kuro Siwo, or miters that sea from :w:y SOlll'<'l' wlrnteYer. The 
llll'l'l'I,\ ;;upt•rlidal character of the watl'r auon~ 400.0 bet1ree11 the 111el'idi:ms of 1850 and :!OUo, is 
ek·arly sl101n1 by Belkuap'.s sectiou (Profile C), wl1id1, lwiren•r, re1p1i1'1•s to ue plattc1l 011 a nwp, 
iJJ tmler that it;; relatio11s may he clearly nmlerstood. 

Bet>eh.-y 1'('111arks tlmt, ill .June, after pasi:;ing- Jatitutll- 40\ oil Jib n,yag1· from the Saudwieh 
lsl:mds to A n1 teha Ila;-, he hall no current of cout,;eq UP nee. He tween A Yatdia antl i::3aint Lawrence 
Islawl, in all, tlw current ou1.v amounted to 31 miles, in a S. 540 \\-_ diri·ctiun. Liitkt~ hai:; already 
bee11 quoted i,;o far as hi,.; remarks relate to this loeality. 

Trollope, in writing up the nautical observatious for tbt' Heraltl'r; rn,rngt~ (Kellett commanding) 
obst>rve.~ that going and returning they found, between AYaicha and Saiut Lawn~m'c Islaud, a. 
t'.ll!Tent of about 9 miles a day in a direction S. ti0° "·· 

The n:port of Brossal on the 8ca temperattuel'I of.the Yo,n1ge of the Yeuus a,,;suuws the existence 
of a warm l'lll'l'ent from the fact that tl1t',Y fo1111d the temperature falliug from 100 and 1~° C. in long
itmle 194° \Y. to s0 aud 9° C. But an examination 01' the log 8how,; this <'hange to be simultaneous 
with a cha11g1, in th(, wirnl from southerly to uorl herl~, a11tl a ret·ord of till' (•.nrrents for tl!at i:;pecial 
locality lihow;; tl1at the lower temperature was 1,oiucidP11t with hotll nortlnre1-;te1·IJ' aud .southe1'ly 
emTt·11t.s. whilt, the higher tPrnperatnres accompanied w1•ak clrifts, 1,otb easterly and wei>terly iu 
tlin~dio11. 

1'1w Yoyage of Kntse11stern (li'.OJ-1."0!i) in the :Na111'1;;lu1a 1 a.ffonl;; a few current obsmTations in 
tlw region uutler 1li,;eu1Ssio11. The tllorougb scientific method of this author rcmlers the ohsen·a
tiou;; worthy of prt>serYatiou, tl10ugh iu mo"t cases others, especially Liitke arnl OnatseYich, have 
lllore latPlJ- tmn--rs('d the :-;ame seas. 

Ou lti.s way to Kamc11atka frorn the ffashiugtou blarnt~, in July, 11'01, in latitude ;:;so 44', 
longitude lH:J'-' O:J', he encountered tlie Kuro 8iwo nmniug N .. 46° B., with a rate of half a knot 
an llOllf, 'fhCilCC to latitutlc 4\l0 and longitude UlflO 34' he CcIICOUllteretl IHOderate l'\Ol1tl1erly antl 
easterly c11rre11fa. Snb1:1equent,Jy tl1e following observations Wl're ma1le: 

II.it<-. I.at N. Lo11,W. CurT<'llt. Streug·th. ,. 

( 50 ;Jg 199 12 ~- 6:) \\r. 0. C~I 

Jul;-.1<04. 51 :.a 199 :JO N.53.E. o. 20 
· 1 

52 ~I 20-0 07 K:lfiE. 0. ~4 

~('1itt·mlicr 1 1ti:04 ~ 
50 2S 201 12 S.46W. 0. 5 
47 37 202 OtJ s. 49 E. 0.? 

I 48 24 215 "3 None. 0. 0 

I 47 ;;!J 21~ ]f, R 4;;w. 0.;, 

! 
48 18 214 08 N. 83 E. IL 7 

! Apri', H05 
48 37 212 01 X. 61 E. 0. 4 

··•·\ 
4~ 02 20i 07 8.57K (L 3 I 49 :!4 205 ~ s.nE. I 0. 9 

I 49 rn ~04 11 x.saR i 
0" 

l 50 38 20'1 03 &.nth. I o. a 

fkt.ol er, 1 ~05_. _ ~ , 50 46 197 11 s. 7;; :E. 0. :> 
( 51 :u 199 13 S. 5.2E. o. 7 

-- -----~~----.. 

I~rom latitude 4i0 :fi', longitude 2020, iu September, 1804, sailing toward Japan, to latitude 
40°, when the northern edge of the Kuro Siwo was reached, Krusenstern encountered no currents 

1 Original German edition, vul. iii, variuuij tribles, 
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or only light northerly drifts not cxcc1;<li11g three 111ikis a 1lay, or leK8 thau the onli11ar.1 nnc1•rtai11-
ties of a sea positio11. In October, 11'05, sailing from Kamchatka to China, from latitude .'iffJ JH' 

and longitude 1!17C 11', soutltwanl to the Kuro Siwo, similar cmn~uts of four milt's a da.' or there
aliouts wer1•. 1•xpl'rience1l ruunillg in a uortherl,r, 11orthwesterly, or t•:tskrl~· tlin·dio11. 1er,1 much 
as t.Jrn pnwaili11g wimls i111licate1l. 

Ou thP same sul~jcd, 011at;;e\·ich 1 (I. c., p. 10~) sa,rs tliat tlw s11rfa1·p w:t!Pr along the past 
coast of Kauwhatka. i11 spring aud Pa.rly l'Ummer ma.r han•, fro111 111elting :-;11ow, rin·r frpslJl'ts, aml 
the cold outflow from Holy Cross Da~-, a slight southel'ly set., with a tPmperatm·1• of 4P (;i~·.O), 

but later ill the snmnw1· 01· earl,Y :111t11mu this b1•1·ornes impert'('Jltihlt>, or is rt>plac1•d I·~- a norther]~· 
drift of wHrmer·water; tl1at, 111•\·ertllt'lt•""' whatl•\'t'I' <·onchlsious 111• dra\1·11 from th(• oL:-<ernttious yl't 
taken, them rPmai11:-< a certain numlJl'r which are 1~011tradit·tor~- of tl1e others. 

The followii1g· 11ott•s hy whaler" are of interel't, a111l worth reeonling-: 
Ship .Jireh Perry, l\l:ty rn, lSI±: Ship 10 111ill'8 off Capt• Xanlrin, lwcal11wtl. J'ouwl a t\rn-k11ot 

current ;;etting -west ward; this continued three (lH.rn, with ligltt wel"terly winds. 
Ship ,Jireh Perry, :\lay :!;J, 1814: lalitmle u;FJ, 1011g'itn<le Iii'~, between Cape Tlrndt!Pns allll Saint 

Lawrence falaml. .. Hr1·ezed up from t11e southward, 1't1rrc11t sl't EXE .. at l'lo,;c of daylight ho\'e 
to in loose ice.'' .May '.W: "'lee closed tigllt all day, wi11d 8hifteli to E. aml NE.: found that cur
rent changed to the we8tward; very little of it any way.'' 

Bark Three Brothers, April :!!I, 1877: h1titmk 5!)0 4.'i', lo11gitmlt' lSt;'J ;Ji', off ( ';1pt' Olintor,;k; 011 
this and the two ;.;ncct·ediuµ- days drifted :m rnih's to westward, wliik making eYPry (•1111 .. a,or to 
keep to the t>a8tward. The wind watS 11orthf'ast.erl,r. 

Bark Tllre1· BrotlIPrs, )lay ~!l, 1877: latitude ;Jso :H 1
• lougit rnle 1 s,-;0 ;ifli. m•ai· Capt> Oliutor:sk, 

came up with the ice; han• a westerl,Y set of mw-half kuot iwr hour. \\'iwl n·1·y light.. 
Bark Three Brother,., .lmre 5, 1871: latitude 5!10 '.!41

, long-itmle 1S3° 0-1-', fomHI a ,.,tnmg t:nrrellt 
1'ettiug southwf'st, with frt>Bh SE. wind. 

Bark Coral, l\Iay 13 a11d 14, 1878: latitmle (i0'J ;)0' to ull:.; 3W, longitlldt' 1s1·~ 4W to lS:!O 10' 
(1war Cape :Xa\·arin); ship ·fast iu tlw ieP; bark;; Pacific :111d HPIPll J\lar i11 <:0111pa11,\', all fast in the 
iee; wiu<l fresh to moderate, from ENE. aml NE.; drifted~;) miles SW. in twent.v-four hours. 

Bark Coral, .lmw 5, 1879: latitndt• 1;;~o '.!01
, lo11gitllll1• li!I:.; (11ear Cape Thall1kus); wiIHl light 

N~E. "Mucl1 cmTent, i,wtting S~HY.'' 
Ou the eastern side of Bering Sea, unmerous larg·e ri rnrs ponr tht' auuual pr(•dpitatiou of au 

immeuse area into tlie sea, and, in addition to the we;.;twanll.v and nort hwanlly marching tide, 
create a distinct set in tht:' Yiciuity of their moutl18. This will 111:' more or lt:'ss directed hy the local 
winds. Thus the current from the Yukon, noted by Bailey arnl Hooper, in a calm \\011111 pnwel'tl 
in a northwester!,\'· directiou,·;md with sontherl~- winds, risitig ti1le, or hotli, wonltl ht• tlHowu into 
the gap between Saint Lawr1m(•e fala11d and Cape Hrnllll',\'. I 11 timei; of 11ortherl,\· wi1al" or Pbli 
tide, or both, part of it (perhaps, in extreme cases, all) woultl.pass to th1• southward of Saint Law
rence faland, and be speut in adding to the general S"'· s1•t of the Bt'l'i11g S1•a waters. Tlte 
Km;kokwim and Bri:-<t-01 Bay ri\·ers 1liseharge more to the 8outhw[mJ, thP result heiug a:-.;\\-. or 
SE. set of the waters near them, according to the preYailiug wi111l aud titlt>. This gem•1·al soutlwrly 
set of the SE. 11art of Be1'ing Sea, obsened b,y rn.riom: na\·igators, is tht• ba~is of thp .. H1•l1J"iug 
Cnrrent" of Becher, Labross<', and other hydrographers. whil'h they (wrou;;·Jy iu my opmio11) 
derive from Beriug Strait. It occupies the region to which i<omc ha\e tt·a118frrr1·tl tl11· 1wrtlH'rly 
''branch of the Kuro Siwo," when the western passag(• hetwcPu Haint Lawrence Isla11tl aml A8ill, 
having been investigakd and found to be coltl \Yater, no longer afforded an area for the expansio11 
of that hypothesis. 

In e\ideUC(\ of tlie existt•nce of tbis tendency, the following nofrs haw bcc11 hronght tog·ethcr: 
Captain Baile~-, of the Hush (lUiport, p. ;{G, 18M)1 sayis that, oil pa;.;,;ing north from Unala,;hka 

toward the Arctic, t~astwanl of the islands (exePpt Nunivak), ""'" fonutl the µ'l\lleral ;;et of the 

'In 1878 (<Jo""t Pilot of Ala.ska, App~ 1, Meteorology~ pp~:io, 2i, :l:l), bt•_fon· n·c•·ivin~ th« eonlirmator_y observa
tions of Onatsevich, I called attention to the need of proof, before the existmu·•• of the suppost•tl nortbwartl!~· branch 
of the Kuro Siwo coul<l be safely aS11mncd. I rem1ll this at the present, time in vi<'w of KOrnP prcruatnre critids111B 
published by persons who have uot inH1stigat.Nl the hiHt.ory of t.he Hubject, and who haH assumed (without waiting 
for the promised data, or, ap1•anmtly, e,·en reading what hail already been print.ed on the subjl'<:t) that the sol1i 
relJ,80n for the views advocated here was my limited experience in Bering Strait during tile season of l!:l~. 
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current to tlie westward growing stronger from Nunivak to Saint Lawrence Island, and turning 
more to thP uortl1wanl after passing- the latter." ''"\Ve fonrnl on our return • • • about the 
sa1m~ t·urreut, or, if anything, a litth· stronger." "Here, as wrll as in other pa1't1; of Hering Sea 
(awa~· from the iutlncncc of the riYers), the cnrrent is inftm·1H'.ed a great tleal h,\· the direction antl 
force ot' the wiml.'' 

Schooner .Tolin Bright, .June, 187!?, crui:sing- north of Saint Pmil Islaml abont 80 rniks to tlie 
Ptlg't' of the pack. Captain A ri'hirmrn<1ritolf re1mrts a south cmTP11t in this ricinitx amounting to 
15 milt•" a <lar. He ·thinks tlrnt the eurrentl' in Bning Sea Yary with tlH• winds, hut in spring usn
ally te1Hl to the :-nv., rarely toward the E. 

S<:lworn•r J,izzie Sha, hecahned oft' Cape NewPnliam, .T uly, 1870; in twel n• hon rs drifted ;{;. 
111ile" in n so11tht•astl•rly din•ction, owing· to the current from thP Kn;;kokwim Hin'r. 

Lt-\. s. Corwin, .June 10, 1880, fatitn<le fitio.o;~, longittHle ](i!Jo.07. 1~1'0111 Saint Paul li-;la11d 
uortli('l'Jy to 1rno11, as ahove, experieucf'll a currt<ut of one-third of a knot S. 1 E. 

,June t;~, 110011, latitude Goo Jl' lougitmlc 16(iO 01'. The yesi-;el 11orth of X1111irnk Ji-;Jaml \rn1·k
ing- 'N. alJ{l E. thr011g·h ice; Cook Strait, hearing SB. At 11 p. m. anchored to wait for day light; 
remarked an cast{'rly current of 3 knots. The following da,\-, being kept h~- tlu• foe in nhout the 
,;arne po,.,ition, noticed that the ice mon>d with tlie tide from thn•e-<1nartPrs to two knot:-; prr hour, 
X\\'. in tlu· morning and SE. in the aftemoon. On tlw followi1rg day, tlriftiug· with the ice, in 
ahont the ~ame position, about half a knot peT hour S. and E. in the morning, N. and vY. in the 
aft1_•r110011 ; t111 1 he Hit It and 17th, much tlie sanw. 

LT. ~. S. Yllkon, whilt> nrnniug toward Plover Bay fhnn Sai11t Pan! lslaml, with strn11g 
eui-;terJ~- wi11ds, Pxperie11ce1l hetwet>n latitude fJ~0 and m;0 , an(l in ahout longitnde 1750, a set 
whid1 :1111011ub••l to ahont 50 miles in two cla;\·s iu a dirPdi011 N. 700 "\V. 

Thi' l'. ~- S. Yukon, 8t>pfomber :!O to :!3, 1880, whil<' sailing from S:iint J,:rnTt'l!Ce Isla1ul 
(South(•a:-;t (':qw) to Saint .Mathew Island, experienced on the first <la,\· with a fresh SE. to SW. 
wi11tl a R"'· <'nrre11t of three.q11art1>n• of a knot per hour, \dth a temperatnr<' of 4_10 to 4;{0 (50.0 
to W1• I). 111 the ilHIDI' Jocalit,\' thf' u. s. s. R.ul'll, Captain BailPy, lrn<l f'Xj)erienee<l a s'v h:y 
'\\'. current of :1 tltird of a knot on tlw prPYions year. On thP S('t'Ollll and third da~·,. witl1 Jl 

stron.:.:· westerly wind thP (•nrreut aYeraged two-tltirds of a knot per l1our in a R. 460 E. 1lireetio11. 
Ju tl1is Yi<'i11it~- Liitkr had ohi-;ent>tl a <1narter knot S .. 1so I<~. <'lllT<'llt many ,\'<'ars hefon>. 'fhe 
t<•mpnatme aHraged 41° to 42° (.'i0.0 to 5°.6). The following day, Septemller 23, Oil leaving 
8ah1t 2\Jathew for rnalashka, a current of S. 44° E. of more thau a knot an hour was experieuced, 
water 4l"J.5 to 4:~0.5, the wind heing strong N"'· In abont the same localit~- the Rm~h had had a 
strong Nontherly a11d eaRterJy current tlw previoull yrnr, aml 011 anothn occasion a Rontherly and 
westerly <'lllTl'llt of about a third of a knot. Yariahle aK tlwy are wh<·n acted on hy wind, it would 
>'Pt'lll <'\'i<lent that thert> il'I a Routht>rl~' frudene;\· in this part of Bering Sea, which some hy1lrograph
<'l'R ha\'1• i11dicatPd muler the name of the R1•ri11g current. Tn the saml' region, and· nearl;r at the 
samP tinw,the Corwin was running from near Cape Xmm• i11 Norton Sound to Saint· Paul fala11<l an<l 
also px1wrie11c1•<1 an easterl;.·.Ret, Otough she was not. ahJP to g1•t ohservations to exactly determine 
its amount or direction, :md found the wat1•r varying from 330 to 440 (.10.;3 to G0.7), the latter nt•ar 
Saint Paul. Knowing that SPptemher is tlie midsummer· of the Pacific1 aml et-1pecinlly of the 
Knro Siwo, if an.r :;mrh hrancb as has been asserted passed f•a;;t of Saint Lawrence Island it is 
irwredil>Ie that thefw tempcra1nres Hltould be l'lO low. The entire pnwtkahle 11ath of any i'!Uch 
hranc11 or warm t•nrrent has bf'en rro8Hed hy tht" Corwin, tlie Hush, or the Yukon, in evPrr sum
nwr montli, uml tl1<> pre1-1ence of wat~r warmer than 450 (7°.'.!) in either of the paRsagrs sepa
ratinJ,:' Saint Lawn·nce Island from America arnl Asia has uot been detected, while it lrns been 
1frmo111>tratcd tllat iu Norton SonJl(l the water exePeds 55° (l,;t0 .8) for montl1s at. a time {twen 
reachi11g ti0° ( 15°.6) on occasious), while the temperature of Kotzebue Sound and the vicinity of 
the i,;hom between tht• two sotm<ls ran~es hardly 5° less. The hypotlwsiK of a Kubmarine warlll 
<:urreut eau hartll~- be seriously held when it is known that. the total ·depth of water does not. 
exl'eed twent~·.fhe uor aYerage oyer fifteen fathoms 011 t11at side of Saint Lawrence Island. 

I,eaYiug the region of the straits for further 1li1-1cut-1sion, we may refor t-0 the general ohsena
tious on the currents of Bering Sea h~· Liitke, who remarks (p. 192) : "·we had rnry few cmTeuts 
iu this sea independent of the prevailing winds. The few exceptions to this rule seem to show 
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that south of the parallel of latitude G0° the cul'l'ent has more tendeucy to tlu· we8t'i\'ltnl tlurn to 
any other direction, for we remarked that although ea8t wi111l8 ahrn,rn prodm'.etl wellter1y cmreuts, 
westerly winds did not al ways produce eastt·rl~- currents. On the Asiatie shore th1• ll'mlt>ll('Y is 
to the S. aud S\V. parallel with the land. ]Jut, these exce.ptious, coutirrned also h.r olJsPrvations liy 
sollle of the colonial uavigaturx, were, ut>n·rt.heles!'i, too rare and indefinite to sen e as a bash; for 
any well-founded deductions; in g1~nera] the cnrrents 1·orrespond to th!' wiuils hoth iu di1·pctio11 
and in strength. 

,;"\ t Saint George l:slaml, however, a steady current of one or two knots from th1· w<>st i.i 
sometimes ohsen·ed for se\·eral days. In the <.~ulf of Auadyr we found 110 cmT1.•11t, or only a nr.'· 
feeble one, whieh followed !lo irnrticular direction. vVc exverie11ced onlJ· once th•' actiou of tliat 
uorUiel'l;v cnrreut which some nadgat()l'S ha,·e found in Bering Strait, on whil'h O<'C:tsioa it took 
UH 22 mil(•s N. 2GO E. in forty-eight hou1·s against feebk northeasterly wind!:<. \V1~ then found onr; 
SPln~s in the latitude of the entrmwe of Saint Lawrence Bay, and nearly in the mitldk of the ,o.;trait, 
hut duriug HeYeral pr!'eedi11g days we had had in the same place a feeble southPasterly cuneut. 
In,coming from the southeast toward the bay of Saint Lawreuee, we al8o experieuee<l a. half-knot 
easterly enrrcnt, wltieh may lw attrilmte1l to the freshets prorlneed by the snows then mclri11g on 
tlw 11101111tai1rn al1011t. this hay.'' • 

011atsevid1 al,;o declar1•s that between Cape Cliaplin and Saint Lawrence lslaml tl1ere is m1 
warm t'HlTPnt, mill hctwe1•u Cape Thad1lcu::; an1l Ana(lyr Gulf th1•re is no nortlterl,Y current (I. e., 

ThP remarks of these Ya.rions naYigators \\·ith regarJ to the westt>dy currPut;.: are e;.:ppeially 
applicahle to tlw sont.ltern bonler of tlie :sea along the Aleutians, where tlte westerly set, du!' to the 
11tro11ger flood-title i11 its mard1, l1as l1een 11ot.ice1l h,y near!,\ every navigator who has pnhli,;hetl 011 
thesP regions. ft ahm au plies tu the easter11 part of Bering· Sea 11ear the great rh·ers. Heeclwy 
remarks (I. c., p. G39) that from Hering Strait to the Aleutiaus (Unimak Pass) going eastward of 
Saint L~nnent'e, Saint l\Iathc,Y, and the Prihilo.ff group, wcst~rly currents prm·ailed, and near the 
islands rau strong. 

Bailey ohseneH in his rPport (PP· :m, ~17), "llere, as well as i11 oth!'r J)arts of the Bering· Seit 
(awa;y from tlle iutlueuce of the rin•rr;), the eurreut is intluenced a great deal by tl1e diredio11 awl 
force of the wiud.'' 

It is mrnecessar;y to enlarge further ou t.hiH su~jed. It will be seen that. ernry uayigator bt·ars 
about th(' same t.efitimony, arnl that, while some of them aecept the theory of a warm current from the 
1\.uro Siwo, tlic;;c do it, 11ot a,; l'::-;tahlishctl hy tlwir own observations, hut as a supposed fad~ \Yhid1 
1 liey try t,) make tlieir ob::-;l'rn1tion;,; agree with. The only exeeption tu this is tlu• dt•ductiou from 
tlie sea tcm)leraturcs of the Yenus's vo;rage, h,v Drossal, whie11, as I ha\·e showu, is not supported 
b~· the current ohsen·atious of the same expedition. 

It now remains before entering- the A retie basin to re\·iew thP observations taken 011 (•ith<'l' 
side south of Bering Sti-ait, a.nll to explain thelll, if posHihle, by a rational hypothesis. The fir;;t 
thing· whieh will attract the attention of the careful reader is the testimony of muuerous witnesses 
to a curreut southwar1l through th(• strait in tllc vcr,Y place where the warm nortlwrly c!llTl'lll 

shonl1l by hypothesis exist. Secondl,\·, that in the absence of disturbing influences t.lmrt• is n tidal 
ftow either .way, but strongt•r to the northward, as usual iu this region. 

l\fy own suggest.ions in solution of the problem will follow the evidence now qnoted or ret'ordc 11 
from the observations of my own party. 

Commander Trollope, R. N., in his nautical remarks on the rnyage of the Herald, Captai11 Kellett, 
(SeemaJJn Nar., App., I. c., p. 290), recountH that between the N,Y. end of Saint La11Tt·1we 1sland, 
apd Sledge Island, on the A.me1·kan coast, near Cape Uoduey, the Heraltl wa,s set 37 mi11•:; S.lli0 

E., in forty-eight hours. Between Cape Darby, Norton Sound, and Bering Strait, the whole amom1t 
of current experienced was to 37 miles S.58o ,V. ''Ca11tai111s King amt Bt•ed1e,Y hoth 11ieutirn1 a 
fitrong Hortherly current, particularly the former, • • • through the strait. lu our own case, lioth 
going and returuing, we found it the reverse, partieularly when leaving Kotzebue Souml for the 
southward. 011 each day the effect.was so regular that it could hardly have been the effect of aed
dent or error. It would seem from its direction to have come from tlte American. shore toicm·d the 
coast of Asia,1 where, finding itself checked, it, with increased velocit;r, found Yent between the 

''fhe it.a.licR are my own. 
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Hionwdc J1;les arnl East Cape; it was lwre IYP found it in its g-rcafrst Rtreugth. Tlw daily set is 
SPPU in tlte tabk,1 the whole amou11ti11g to S. 60° "'· HiO milt·:-;, or 9 mih's a th1y; tllC' going and 
ret,nruing pa;;1;agc gi1·i11µ: sonwwlrnt similar l'C"111lts." ii \Yhen off Saint I1awrPncf' lslarnl, return
ing from Kotzehtw 8onrnl, in October, tl1e CU1Tt•11t amount,pd to '.l~ mill's 8. s::0 E .. , arnl, as 111e11-
tionetl lwfore, in Au1 .. n1,.;t H. 7fi0 E. 37 mile,;, a sufficient rPsr·mhlance at diffl•rpnt times mu! under 
different l'ircnrnsfa1H·es to remlPr it remarlrnble. A tliserepa11cy appears, according to gem~ral 
report. in tlw cnrn•,nt,s we met witl1 in the e11tni11ce to Bering- ~trait, and also i11 one rt>spect in what 
we om·seh·es experiP1iet•1l. Caplai11s Cook, Killg, and Br•rcln•y :ill sppak of a nortl1erly current; 
Sir Johll Harrow 11w11tions it as a w1•ll-lrnow11 an<l nrnloubtecl fact, outdoes not statP Lis authority; 

· tlJP one i11sta1wt> in om· easP was in tlw boat olf Tchnkotsky (August 30), wlu•re it;:; direetion was 
ENE., true, Ollt> to two knots an l1our .. " Beel'hf'y sa,'i-,; (YO,'!'· App, pp. 637, 6:38), off Saint f,awren<'e 
If;la111l tlw em-rPnt nm SSE. st>Yl'll·Pighths of a knot an Lour, and on another trial, seYen hours 
at'fcnranl, ~K ti\"Pl'ighthR of a knot au hour, lmt lwtwPrn tl1i:-; isl:rntl anrl Bt-ring- Strait it ran to 
the 11ortlnn•st1rnr<l nhout thrP<HJmn·krs of 11 knot 1111 l!onr. To thf' nortlnnml of tlw strait it hikes 
a more 11ortl11•rly dirt•ction, a!Hl m·m· the larnl I'llll>i firRt, to tht• NE. (toward Kotzc·bnP Sound), and 
U1en N\Y. (toward Port ~ope). 

~\cconliug- to Captuin Cook (ii, p. ti:!l), ''Between Norton Sound nrnl Cllp1• Prince of\Yaleswe 
fou11d a enrrf'nt setti11g to the 11orthwcst. particularly off the cape aml within Sh•dge Islaml. But 
tl1is cm'l't'llt ext<'lllk<l 0111.1· a little way from lihe coast, nor was it consiste11t or uniform:' 

II. 1\1. 1-1. Di,.;con·l',\" and l~1'sol11tim1, llt a1whor in thP N\Y. part of Norton Sonnd, Augnst 4, 
J 77S, !I milt>.-; B. h,r S. from Slf'1lgP Islarn1, "fo1111d that tlie tloo1l ti!le came from the enst and set to 
tlw we,,L'' 'l'l1t• Phh st>t.1o the l'astwartl. "Tl1eflootl ran both stronger and longer than the ebb, 
from wlw1wc I couelmlPd that besides tl1e tide there was a westerly currPnt (Cook Yor. ii, p. 440). 
Hilling~ in 17\H, S. i5° E., \J miles from C:1pe Rodne~·, f>uconntered, according- to Saurr ~l. c., p. 243), 
an ern'1t cnrrf•nt of half :t knot ]WI' hour. 

United Statt>s steamer Corwin, ,Juno HI, 1880, stpaming into Norton Sournl, off the delta of the 
Yukon, exprrlt•11«e<l a <'HIT<•nt iu a N. by E. <lireetion. 011 tlw :!:M, going ont, of Norton Sonnd, from 
8 a. m. to 1:! m., ohserve1l a haJf.k11ot northerly set. 011 tiic following day, hPi11g under steam going 
west, off tl1e month of tile Yukon l{ivr•r, from Ga. m. to 8 p. m., "fournl a 8tr011g N\Y. 8Pt or <·nr
rent, with (Iark·<'olorPd .water,'' "Rnrfiwe 38° (:~0 .. :l) (Hooper, I. c., p. !l), 2 after which the following 
,.;ne(•ps,,iH• cm·1·e11ts W('!'e <·x1wrirnced: H to Sa. m., half knot eastnl;v; 8 a. m. to noon, a three
quartPr knot r-;d to \VN\Y.; 11oon to 8 p. m., N"'· c11rrrnt, one to one and a lrnlf kuots pPr hour. 
'l'ht•11ce oh.sen·ations WPn' impeded l1,r tlie tliick fog, hut on the 25th. at noon, it was fomid tlrnt thf' 
vt•i;;sel (as a resultant of t11e Yarious cnrn·nts she ·11ad experiPJJCPtl) foul hPPll sc•t N. 100 ,V, :l9 
miles since leavinµ: Saint Michaell'l-tlH· ge1wral trP11d of the Yukon montlrn !wing ahout N. Goo\\'., 
while the tide floods to the N. awl W. 

,TuJ~- 5 tlw Corwin passed south through· Bering Strait, on the A><iatic Ride, being eompelle1l 
to eross m·er t~• M-oid a floe of ice coming through the ,;trait from Norton Sound, on the eaRt side. 

United States· schooner Yukon, 8f'ptem her 18, 1880, whi.lc rmming from Ca1le Chnkott<ki, along 
the north shore of Saint Lawrence Island, with light southerly wiud1-1, experienced a enrrent in 
the direction of N. t>o0 B. of 11early a knot per hour. 

Ship Contest, Jnne 15, 18il, 12 mileR NW. (true) from the Diomeclcs: VesRd in a.wa!Rr-hole, 
snrrountlP<l by icP·; 1lriftf't.l NR 12 milPs in three hours, with light 88B. wind. 

Sl1ip .lire11 l'<•rry, .lnne 2, 1874: Vessel off I•lover Bay, the Heads ahout 10 miles northward; 
laying oft' and 011 under NtRy sail; much ice in sight; }lart of the time experienced a two-kJJ.ot cnr
rent to ESE; later in day it sets alo11g shore into the strait. I?ollowing day much the same; light 
airs aud calms conti1111c. I>mfog this forty-eight hours tJie ve11scl driftR 50 miles to the ea.~tward 
in the midRt of loose pack-ice. .Jnne 4 and 5, vessel in the straits, wind t4J the eastward, current 
set.ting northward. .June 7, J)a8sed Bast Cape. 

Bark Coral, ,July rn and rn, 18i8: Bast Cape hearing SSB .. 15 to 20 mil<•R; four other vessels in 
company, c~arrying all sail they could ht·ar, working sontliward against a strong S. wincl; could 

1 Unfortuuately uot puLli~hed .. 
oN. B.-Tl1ere is an error in the June table for this aud sncceet!ing dates, iu "Remarks" column of Hooper's 

Report. 
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ma __ e no headway, tlie uortherl~- <~·urreut running appai·eutly 2 or;) knoti-:; this <·urrent lash•1l 
sevual days, until, on the rnth, a nortlwrl.v wiml sprang up, after twenty-four ltour,.; of ('alms. 

Bark Coral, .1nne17 an<l 18, 1878: I,atitmle 1)40 50', longitude 171 o ::l!l'; calm or light wirnls, cur
rent setting 8\V. Same <Late, 1879: Ship in nearly same position; will(l light aud Yariahle. cmTc>ut 
setting NNE. Ro strong· that ver-;r-;els <·au make 110 headway againRt it southward. June 20, 1878: Ship 
tr.Ying to work to uort hward abrear-;t of Saint Lawretl<'e Ha~-, North Ifoad, but making hardly ~m~
progress on ae<·cmnt of S\V. current. .Tune 19, 1879: ']'he same vessel, in the same locality, after 
strong S"W. lm~PZP, worked two da;ys against northerly current, trying in vain to get to S\Y. That 
the current away from the ice opens it more than that toward the ice is shown by tlte fact that, 
under uearl,Y similar cmulitions otherwise, in 18i8, with S\V. current strongest. th1: Yesseh; 1·ntered 
the Arctic on the 221L of ,Tune; while with the NE. current strongest, in 1879, they were uua1ile to 
enter the Arctic until .June 27. 

United States schooner Yukon: At anchor SE. from the S. end of thf' Big Diomede Island. in:!:; 
fathoms, with 75 fathom:;; of haw;;;er paiu out; September rn, 1880, at 7 a. rn., wind fresh from NXE. 
to N. (true), g-rowiug stronger later in the tlay. At 7 a. m. the tide was rmming· to the ENE .. and 
holding the ve:o;8el hroathlide-on to the wind, the current makiug a nasty RhorL clwpp;r sea. At 
7.50 a. m. tlw ti1le slackened, and the \·essel swung to the wind. _u 8.10 tlw tide hPgau rnnniug 
to the ·ws\Y., aud held the port si11e to the wirnl as before it haAl held tl1e starboard; t hP sea 
smoothell down ahHo8t immediately. At noon the current was running \Y. h~- ~. at Urn snrfa<·P, 
with a rate of 1 foot per secoud, or about l.G lrnoti:; per hour. In running hence to Cap•• Chaplin, 
no marked <'nrr1'11tR were experknc('d, or, if there WN'P any, they nei1tralized ead1 other. From 
the Diornedes to Cape Chaplin, tlte r->urface tempera.tnre decreased 8° or W\ and through the 
passa:.re betweeu Saint; Lawrence Islami and Cape Clmkotski the surti1ee did not ri><e abnY(' Jff'.l 

(4°.4), being 5° or G0 eookr than the waterr-; of Norton Sound, Port ClarencP, and the east sitle 
of Bering Strait. In August (l!th to 16th), when running from Plowr Bay toward tlw DiomPdt>s, 
a similar diifr:rence was experienced. 

U. S. S. Yukon, Angnst l::i, 1880: EntNe!l Bcriug Strait; wlwu of.f Cape Chaplin it foll 
dead ('alm; tine "'eatltur: a111l so remaine<L During a part of the day drifted to the NE. ahont 
half a knot an l10nr for six hours; later, lost thi:-1, anti remained nearly Rtat.iouary. Found surfal'e 
of water :~8°.5 anll l101tom 3gc; air, 4;;0; weather, half clear. During fom days of !'xtrPnwly 
light weatlrn1·, 1mule only mm mile northing ahnve onr reckoning. On the latter part. of ilw 1:-ith, 
during the afternoon, bei11g ahont 12 miles W!•st of Cape Prim'e oC\Ya!Ps, a strong tillt> made from 
the south, wlticli: agaia;;t a mo<lerate northerly brePze, pr(l(luced quit.ea cliopp,\· sPa. The temper
ature of thi8 'Yater waR from 4:-;o,5 to .100 (!I0.2 to 100), about S p. 111. Hy 11oon of the mt h \W 
had been set 2'.l mil!•s north and ·~ miles Past by thi;;; current, whil'l1 ran about. '.! knots whih· it 
lasted. 

H. M. S. Itesolution and l>iscovery, heating- through Hering Strait A ngust !J, 17i87 against a 
fresh NE. breeze, from 10 a. 111. to 2 p. rn., were uuahlc, even with the assistance of the cnrrent, to 
make northing, and so stood to the west,ward, beyond tlte Diomedes. On tlw lltl1, 1'.l miles from 
the American coast, N. 16° E. from Ca11e Prince of \\laleR, being at the uortheru m1traU('e to Ht•r_ 
iug Strait, while auchore1l, from G to !Ip. m., "found little or no current.''; wind ligl1t, or noue. 

Captain ClerkP, .Tnl,Y 4 arnl 51 lirn, in Bering Strait, wa8 set twenty miles 110rtlmard dnriug· 
that time, aud notes that the same current had he•·n l'Xperienced the year before. 

U S. S. Corwin in Bering Strait, south of the Diomedes, August 9, ISSO, ho.-1· lo in fog, 
with ge.ntle SB. bre1•z». From 4 to 8 a. 111. Yessel driftPrl \YS'~V. half a knot an lwnr i11 the ,.;trait. 
At 12.45 p. m. auchorPd, found the current. setting NE. by N., about a knot arnl a quarter iwr hour, 
which conti11111.'<l for Hix or eight hours. These data., taken from t.lw transc1·ipt of the log, clearly 
indicate tidal action. On the 11th of Augm'lt left 1~hwer Bay for the strait toward enming, i11 
thick fog. J<'rom 8 p. m. until midnig11t, and from miduight to noon of the l'.lth, a northerly set of 
two-thinll'I to three-quarkrs of a knot was obscrvPd. Afternoon (lat. 65° l.'i'), although still som(, 
thirty-five miles son th of the Diomedt's, it was not 11ot('(l. The wind was sont lwrl.r arnl 1~ai.;terly, 
Yery light,. 

By noon of .A.ugust 13, having reache!l a.bout 100 miles north of tile Dimm:'tles, the log stat.es 
that at noon, with light SE. wind, the i0e waR drifting to the southward. In the ewui11g a sig11t 

S. Ex. 12--41 
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was foul of t11e high mouniaius, hack of Poiut II01ie 45 miles llistaut, an<l by noon of the fourtePnt.h 
of August a northerly current i-i rPcor<le<l of oyer n knot an hour for tlw prece1ling forty-eigl1t 
110nrs; but it is proba bJy estimated, Rinee 110 ohi:;ern1tions for position at noon were obtaine<l. 

U. S. S. Yukon rnrniiug from Kotzl'lmL' Sound to East Ca1le, owing to ball weatlwr conl11 
uot accuratPly determinl' currP11t experiPlle(·([, but nrrh·e1l at tlte rdge of the iee, near T•Ja;,t Ca1w, 
about 7 a. m. Septemb('r :>, 1880, t11e cape itsdf being 1·learly YiRible about fonr or th·p miles dis
tant surrounded b.Y rather closely iiack1·tl <lrift ice, in large and small pieces. The party then pro
ceedell to take ohserYations for a l1y1lrotherrnal section of Ute strait:. Th(•re was a fresh northwest
erly wind blowing, whielt increasPtl in HtrPugth gra<lually, and during the latter half of tlw ohHerva
tions pro1luce<l a rather short, d1oppy ;,ea. The depths heiug aH small, an ordinary han<l lead and line 
was usetl in somHling, ter;tL•d for correction of shrinkage or strain before and after using. Tlw 
watt•r bottler; used for obtaiuit1g water from the Revera] depths were of the ordiuary pattern and 
heltl about a gaJlou and :1 half. lnstantl,Y after being hauled up this water was allowed to flow 
ii1to and over a sper,ifi('-gravity en11 of Yery thin eoppPr, containing a fixPd thermometPr .. This 
instrnmPnt waH by Taglial11w, N. Y., metal smfo 1,,'l':ttln:ite1l to 110° Falu., with mercury colnnrn, arnl 
11avi11g a mimrn correction of 1°.5 (IP.S), the valne8 as re:ul off hPiug too great hy that amount, 
w11m1 compared with Rtamlar1l instruments usPd 11~· tlie United States Sig11al Sen-ice at Sau Fran
eisco. T11P cup held abont a pint arnl a half', aml was reatl at once, the whole thermometer lwing 
(•ovpn•1l with the water to he tet-<ted. Thi8 met110tl, h~- actual test, whPn the lleptl1s arc 11ot great, 
and the time j,., short anll tlw temperatnrc of the air uot great]~- tliffcring from that of the water, is 
far more accurah' than auy 1rhi<"l1 im·olves tiw nse of the proteckd tbermoml'tern of l\fillcr-Casdla 
pattern, whi1·h 111•1,t'SHarily must he usetl in del'p-;,ea work. The;)· take at least fifteen minute;, to 
co1111~ to tlH• te111perat111'(• of the wat1•1·, while tlw nakPd-lmlb thermometer respornlR inHtantly. 

The ti>1111wrat11re8 of tlw ~mrfiwc were t.:1k«11 ever;r ten minutes. Every four or fin, miles~ a8 
dPtt•rmiiwll hy 11atP11t Jog·, t111' Ve8sel wa;, lnff<'d to the wind, the log read, the position <letPrrni11e<l 
b.Y eom11a8.-< hearing,;, with st.arnlard Rpirit-t·ompaRs, 011 tl1c Diome1fos, East Cape, an<l Cape Pri111•p 
of ,\-alPs, arnl ot11er visiblP ol~jccts of known position. 'l'he water bottle was then sent first to thP 
bottom aud tlwn to every ,;ucePe1ling fiye fathom;, lest-<, am! finally tlte surface water and air were 
tPRted, aml tlw Yessel fillP<l away 011 ]lt'r 1·onrse. IudiYidunl ;,011111lings wern taken from 1iill(' to 
time. 'l'bc air awragPil tl:om ::s::i to .i:io (:P.:J to 11°.1 ), the sky wm; domly, thP atmosplwrP prdt.,y 
clear, Pxeept for au 01,casional spurt of fllw rain. 

Eight serial tf'mperatm·p Rtatiom; W<'l'P 01·1·tqiiPLl, ;,e\Pll in a m·arly tlirect line acrOll8 t.lte ;,tmit, 
when it hecame nec<·ssary 011 ac<•onnt. of shoal water to rn11 to the "outhward an<l ohtai11 thf' la,;! as 
11P:1r th!' A111eril'a11 HhOr«' nr; the dt>ptl1 of' watl'r wonl<l p1•n11it. 

Table of tem11cral11rcs. 
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'rlH' serial tempPratnrPs at eadt l'tation (I-YIII) w1•re taken i11 01w spot, beginning with the 
hottom temp1'rature arnl working as rapidly as iwsliihic; tlH' t i11H· emplo.Yed for Paeh full station 
bl•iuµ; al1out 11 "'.:3. The snrfac<' tempcratnrei'i were tak1\11 1•\·ery eyen k11 minutes l1etin>e11 the sta
tioirn; tlw iHfrrcalar.r ('olunrns of i'it1rfal'e tl•111perature1> alJOYe l>t>gill at 1l1e top. ThosH taken 
after leayiug Station YIU were taken en·r.r qmutt-r of au hour, rmrnrng for Port t:larem·e, aml 
terminate at it" entrance. 

The follO\riug tahle e:x:ldbits tlrn l'lllTeuts e:x:pel'iem:ed a;; shown ll,y tlle ye;;sel's drift: 

! 
Uy rcckoni11g. U.\ oh8el-ntti011. II our Ct1rff11t. 

F1·um l'it:ttioH. - Timt> or of luff. 

i nm. iu~. 
Conrse. lHot. Cl11tr8l·. lli•t. h.m. I Hr. Jfo~t. Rnte. 

Ill. !L DL 

E. ~1. 8 ;:, ···········-··- 7. O:J 

To 11 ............ _ E. 21. 8 8. E. :H.~ s. rn. ;,n 40 o.M/ 
E. 21. r s. G. ~ 3. 4 

Il1.0lll ..... - E. 21. 8 s. E. 21. ~ f;. .J-. :!O aB 8. 5l') 

Ill to IV ·--····- E. 21. 8 s. E. 10. 7 s. '.'").!';O 5o 9. 50 N. 24:. 3 w. t.5a 1. 5 

IV toV I };. 21.8 s. 
E. w. s. -----"·) s. 44. 4 s. :>. j;j 40 io. 011 28.:J 1. 72 1. 7 

};. 33.1 

V to VI. .......... R 33.1 s. 6. 75 .E. ;;.o s. 7. 73 50 11. ;;o N. :l3. 3 F:. 3.82 3.8 

VI to YII -·····-- }<' U.4 s. 6. 0 E. 57.1 .s. b. 00 !JO 12. 50 S. ],3 E. 2. ,:}~ !'!.5 

Vll to VIII s. 0. G 1:. l'l. D ~- 9 " "'· ll. 110 11 :!. ]~ i\. 3l. u x. '.:!. '.20 "., 
p.m. 

-- ---· 

Tula! -······· s. i:y:.i 41 1 1~. 40. 75 S. ,j(IO 3:,!' £. H.011 7 h.10 m. ····--· F:. 1.:15 s. 4.:.15 0. 6 

---------·--- ---------~-

The tlirectious in dPgn·es and k11th,.; t'01Ted1·d for ,-ariation of ihe 1·0111pas;;; tlw di;;ta1wPs iu 
nautical mil<:'S and tenth;;. The particular souutlinµ:s will ;ippear on the al'compauying skPkh map 
of tlw strait; the details of the tempcrattuei'i iu the 8edion and in tile 1n·ee1•di11g table. Tlw totals 
ahm·e are the resnltants of the whole nm. 

It will he observed that the drift, except that preceding Station III, is in alternate directions, 
and the seYcral drifts so compensate each othl•r that only the easter!,\· current is left. I believe tllat 
we met the falling Asiatfo tide at it;; greakst strength at East Cape; that opposit\» tho Diomec:les 
we encountered an edd;y (Station IY); tbat we then encountered the falliug tide (nearly done rnn
niug) from the American sitle (Station V); that at Station YI, or thcrcahouts, tlw rising title 
drifted us 11ortheastward; while, Oil appronchi11g tlw slioal wa(Pr near Station vn, we CllCotl1ltl·red 
anotlwr e1l1l.r; aml ti.mt the >iet encountered hetw1•eu YlI a11d Ylll W<ls tlue to the rising title com
ing around Cape Priuce of \Vale;;;. 

Too much stress must not he laid on thel'c obscrnltioBl'i, for it is e\·irlcnt, considering the short 
distance;;; run and the strong breeze, tlrnt they are liable to error both in amount and direction, arni 
consequently in rate. Their geueral teudeucy, howeyer, may ju:;;tly be 1·onsi<lered as ltaYiug some 
weight. 

1\1uch more extended observatious mu;;t be takeu aml eontinued m·er the summer mout.111;, to 
wl1ich mnst be added a better kuowlt'dge of the tides, before we can be said to Jinn• a sunicil•ut 
fuud of iuf(irmation upon the complicated current:;; of the strait.1 Ollsenatious from a tix!'tl point 
are alone satisfactory. '.l'he preceding note:;; and quotations show~ howev-er, that opposing cnrre11ts 
exist in the strait at difierent times; that. there is a gradual derrease in warmtll of watt'!' from 1war 
the American side OYer toward Asia; that the YPl'ticality of the hmtherm;;. as slwwn iu the section, 
apart from other concurring circmnstauces, iutlicafo there is 110 reason to ,.;u.-ppet a uy sul1111ari11e 
cnrreut of cold water; the strong norther!,\· m1tl sout}ierl~· eurrents l1ai-e hee11 experimwl·d on hot h 
sides of the strait h.r various mtvigators; and tlwrefore, without further 11roof, it is nusafc to 
assume, in opposition to the present evi<lenee, that a cold current rnnH iioutll on one side while a 
warm one runs north on the other. \Yhat, then, is the explanation of theHe facts! l\Iy own opinion 

1 It sho~~ldbe ~~t~d.1J.1;;i,i;;-th~ sketch ;;-rnps engrawtl fo~-th;-~,~ti;:]; i;· Pcterm:im~·s Mittlwilung.::;;~1~d-tl;~t~ in 
the Am. Journal of Science, the meridians urc luid do\\;U from the origiual compufotions baeed ou one chronometer. This 
proves, on the final revision and a11plicationof seven d1ronometers (uot then a\'ailable), to he oneminnte (approximate) 
too far east. The true me1·idian of the bounclary line bisecting the strait between the Diomedes is 168° flt)' 05" W. ± 
39", and the discussion of the data will he found in the Suppl.,nwntary Not<' to this arti<:le, 
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of tlH~m, subject to modifi•:ation with greater knowledge, is about as follmrn: A glance at the 
chart shows that the eastern coast of Asia, horderi11g on the i:;trait, is dee11ly indented by bays, 
tit .. headlands of which arP bold and projecting. The American coast, on the contrary, is smooth, 
aull the aetio11 of the <'HITPnt has ne:irly eloi;ed tlte siugle indeutatiou at Port Clarence by the 
formation of a long· and narrow gravel spit, along which the tides nm as if the em1st were cuntinu
ons. Tue opening would donhtle8S long since have been close(l were it 11ot that a considerable 
riwr discharges itself into Grantley Harbor at the head of Port Ularen<:e. Th Pre are no rivers of 
any t·ousequem·e on the Asiatic shore, antl the rocks :ire or a mnch harder nature, aml the currents 
are nJtwl1 weaker; hence the i-;pits formed on that siJe are small a111l insig-niticaut. 

'l'lie still mttPr bdwee11 the headlands of the Asiatic si1le remains iee-homul lo11g- after the 
ceuter aml Arnerinm Hide of the strait.~ an• dear, a.s there is 110 enrrent to carry away the ice, and 
it is sheltered from 11eayy winds. Even after the ict• has melted, if au.y iR brought into the strait 
from north of East Cape by northerly winds and h.Y the title, it is carrie(l into tl1esP, hays, antl may 
remain thc>re (lnring- the rnmainder of the seas01i. Tlie water iu tltest• lmys aml their Yicinity is 
thn,; ke11t cool; the air from tltc ice cools the immediately atlja1:eut :shun•; the warm water from the 
Anwrieau side, heing (as J suppose) nwYetl d1ietl.Y by the tides, ntn•ly lias pp1·si8te11<'l' e11ongh in 
rnotiou westwanl to reach these recesse8, and is repelled autl Jimiteil (as '"".']>recl1t has slwwn to 
be the case elsewliere) h.r tlie stagnant ice; the great freshets of the Yukon arnl other American 
river,: (thei-;e lasting al.lout three week:-:), which strew all these coast>' with drift-wood, are in most 
cases loug past before the ice barrier is melted, so that on this Asiatic coa8t, as compareu \rith the 
American coast ninety miles awa~·, the climate is colder, the vc~etatiou le;;s luxmiant (this also 
partl.Y ou account of difterence in soil), and tlic drift-wood is prt>nmtetl from larnliug, mul carried 
farther north or south-being found almndantly in either direction. 

"-"ham seen that the tides ou UH· American .side 111arcl1 1101tlt :tlJ(l west; that the curre111 of 
tlie \:ukou, ohse1Ted by Hooper aml othm·,., rum; in a N. l~P w·. tlircdio11; we know that the form 
of the earth and the prcYalent southerly winds of suuuncr com biue to make the northerly tendency 
stroug-er than that iu the n·vcrse direction; we know that on certain oecat;io11s the tidal How hat; 
be1•11 tlii-;t iiwtly uote•l in the strait, and that emTent8 in opposite 1lirections liave lieen there obt;crved 
liy tlitlereut navig-ators. 1 condudc from this that the current, tl1rong!J the st,rait is a resultant 
from these forces, aud that its tem1wrature. i11 its warmest i1art is due to the mo\·emm1t of Jhe warm 
watcr.s of the Yukou, of Norton and of Kotzelme Sounds oscillating back ai1d forth with the title. 
\Ve lrnYP shown definitely that the warm water camwt be traced into the hell of Bel'iug- S('a, lmt 
exist,; only in the 8hallow8, aml that it grows nq1idl.r cooler as wn pass northward, so tlrnt. <tt Point 
Beldwr we lian~, nuder or<linary circumstances, ouly the ordinar;\- Ard ii' Oel':m temperatures fur 
th1· partit-nlar season of the year. 

l e.ousi1ler, therefore, tl1at this tem1wrature of tlw w:1ter (like tlw l1igl1 rnidsmmuer temperature 
of tlw lower Yukon Valley) i8 a strietl,r lo<'al J>beuomenon, thougl1 it lt:i.-;, a.-; n-as obse1Ted in the 
Appendix I to tl1e Alaska Coast, l'ilot, as mucl1 eifoct upon the vit:iuity of its location while it lasts 
a8 if it had been gathered in the China Seas an<l transportetl thither. 

To descend to <il·tails, it is 8Upposablt~ that the rising tide and Yukon current, wheu not other· 
wise <li8tnrbetl, would 8trike the Asiatic coai<t after passing Saint Lawrenm• 18la,ntl, south autl west 
of Cap(J Chaplin, and a:,; far as <:hukotskoi X oss, and would be by that laud tume(l to the northeast
ward, thus produdng the notabJe current so otkn olJsen·ed just, off Cape Uhaplin, hut whose 
for<·e, as we ourseh·es ob8erved, does not extend Yery far from tJiat •'ape. 'l'he main part of tlrn cur
rent uortherly through the strait is produeetl by tliat part of tbe tirle which hugs the shore of the 
prn1iusula north of Norton Sound, a;; hal'< been so mauy times obl'lerved. This run8 very strong oft 
Cape Prince of 'Vales, an<l follows the shore arouml into Kotzebue Sound, arnl reappears for a 
short distance with a Rtrong Ret off nearly eYery prominent headland on the American 8ide, such 
as Cape KrusenRtern, Point Hope, Ca1le LiRburue, etc., at each of which a spit formation drifted 
two wa,n; (b.Y the tl11x and reflux) is ohNerntble, either abcn-e or below water. 

On tbe Asiatie side the fal1iug tide rmihes with great force SE., past East Ca11e. 
As has been pointed out, the form of the land interferes with the exist-0nc<' of much current 

SW. from that promontory. 
The ratio of the two cnnents around Cape Priilce of Wales is probabl~· pretty well measured 
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b;y the length of the sulnuarilw spit-shoals due to their rei,:peeti\t• :wtiou. 'I'ltl' ratio of llH· flood 
spit to the ehh spit is ai; -1;) to ~>4, or 71to5~ mil<'S. 

They are about ecpial at Poillt Hope, with a te1Hle1wy to prq1011dera11ct· of tilt· elil1. ,U Cape 
Lisburne the tlood spit is mul·Lt sl1orter than at Cape Prince of \\"ales, hut tlwrc is 110 ('IJ]) spit i11tli
cated ou the d1arts. At fry Cape tht•y are about erpial, wl1ilc at I'oiut lkleh<·1· and Poi11t Banow the 
ebb l'>pit. is almost Joi-;t sight of. These arc indeed but rough approximatio11s, sint·t· ueither the sur
veyE< nor the e0Hclw;io11s from tlwm ha Ye claims to nmcli pr•·cisiou; still they ag:ret_•, f(>r tin• most 
pnrt, with the drnludions from othc!' data. 

\Ve will now consider ob1-1en·atio111-1 heariuµ: fir:.;t ou the rt>g'ion 110rth of tht• st rnit 011 Pitlwr coast, 
tllcn on the Ardie i11 general and the Point llarrow region in partintlar, llt'forc :-;ummi11g· np thl' 
conl'lnsio11s from the invcsti).:'atious as a wlwlc. 

U. S. S. Corwin, August :JO, 1880, off U:1pe Kru;-;pustern, Kotzelme 8ou111l, at K p. 111., 
anchored and obserYell N,V, ~ ,V, cul'reut of 13 to lJ kuots lH'l' lio11r. \\'ind frp;-;]1 fn1111 EtiK 011 
the following day, a tew rnih·s east of the cape, ohl>ieITed a 1'i111il:11· current. 

U. S. S. UonYin, Jnly :.!9, iu•;u Cap<' Hlmi'io111, Kot:~l'LJ11t• 1:-\ouml, ClllTt'lll i11 a. 111. setting 
to the northwanl aloug shon~ i1ho11l 1 l>11ot 1wr hour; wiml 111111lt·ratP front 8. am]"-- Yollowi11g 
day rnnuiug to the eastward, agairn;t a fn·sh HE. gale, aloug· i-;onth ,;liort' of Ktitzeb11e 8ouutl, ett-.; 
during first hrnln~ hour,; a 1hrel·-qnarter k11ot <·urreut N:NE. wa,.; e:xperit·m~ed. On till' :n,.;t, ha\" 
iug run in a nearly northerly dirlc'ction from lat. oJc JO' to Poiut Hopl', find that iu nurniug- thi;; 100 
miles the,r had experienced a!Jo11t uitw mile.-: cnrreut iu a uortheasterly lliredio11, a ,.;trn11;.:: 8SE. 
gale blowing at the time. 

Bark \-igilant, Captaiu Switl1ers, in ,July, 1S7!), off Cape Thompson, experiern:etl a ::;trong 
SE. current for ten hours; with a fresh N'Y. wind to beat witll, l'onld makl'110 head way against it. 

U. S. S. Uorwi11, Jul,\· :!8, li\80: On arriYiug at Cape 'I'l10mpson tl1e dilkn:11t·l' of reekoni11g 
showed eoul4ideralJIL' northerly curreut, hut 1hl' a11101111t a11ll exad dirl'dio11 ar<' 1mcl'l'tai11, a,; 
Ow steamer hall twice cro8sed :i larg·e part of the "\rdic Sea l>et\ieen llCI'al<l Islaud a11d Poiut 
Hope within a week and had hall uo satisfactor~- obsl'rYatio111-1 for :-;t>nTal day,;, 

O/Jsc1·i•a.lion8 (~ft" the toaNf of A.~ia.-Shi11 ,J ireh l'nry, ,J ul.Y ::, I SI-!: la tit Utle u8", lungit ude 17tP: 
light ain; and calms; ship amoug the lom;e ice off Koli11d1i11 Bay, aml cau11ot get 0111 011 at·co1111t. of 
the strong wc:-;terly currenL 

U. S. 8. Corwiu, latitude (]8° 18', 1011gitnile 1710 '.!,"\'. Augw;t 7. ,,()miles umth of tht• A.~iatic 
shore, near Serdze Kameu. This da~· lJadug been pas:oed worl;iug to thl' t'ast1rn11l i11 tl1iek fog·, au 
E. hy N. currPnt, somewl1at ll:'ss tha11 a knot )11:'1' hour, i;; rl'cordetl, prollahJ,,- an estimate, since uo 
observations for iio;;ition hatl been had t-.iuct• leadug Bt>raltl li-;larnL Eighteeu mile:-; >'Outl1 of thi:-; 
locality Rod.gen;, in lfi;"'i;J, experienced a half-knot cmTcut ill a"'. ll,\· X. t1i1·<•ctio11. Large qnautitie,.; 
of drift-wood were seen hl'l'Pahouts b,r the Uorwiu and b.' Om1ts1'\"il'11, wl11el1 i,; wortl1y of notice, 
as it is frequently asserted rl.Jat 110 drift-w·ood is found on the Asiatic side. 011 tlH· Kt l.J t lw Cm
win steamed throngh the strait, finding a strong northerly set hctwet'Jt the Diomede1-1. Before 
reaching the strait, hs bearings on tile laud, an E. by N. set of -14 miles wa,,; found to he tlw tlitl(•r
ence between the rPckouiug and position by hl:'a.rings during the preceding 48 honrn. ;.\.s no posi
tion had heen obtain ell since lea Ying llerald Island, and the eour:-;P l.Jad been irreg·nlar a long il1e 
edge of th!' pack, uoth di1-1ta11ct' aud direction of ti.Jc ::;ct arc snbjeet. to more or Jes.~ t•rrm, a11tl, iu 
a.ny case, only represent the re:mlt.aut of cunents over a distance of '.!40 miles. 

Observations in lite ~-!retie iii gctteraZ.-<Japtaiu Clerke, .Tnl,\· 1:!, 177!!: iu latitudt• nx~ !I', lougi
tmle l70° .39', with moderate 8011tlterly lm•eze, found ClllT!'Ht :settiug NW. half a k11ot per hour. A 
W. one-half S. current is recorded hy J{odger8 iu 18.i.i in about tlw Hauw lon1Iit~. lia\·iug ahout the 
same strength. 

Bark Uoral, September 5, 1879, latitude 700 35', longitude liJo 30'. "Fiue whoh,-s:ul hrcezt> from 
NNE., and clear weather. Ship working to the north between two packs of kc., in a water-laue 
15 to 20 miles wide, "ti rn or 8ix ships in company. Saw Heral(l lsla11d hea1·i11g· N. -1:; mile14 tlistaut 
at 4 p. m. Lay hy OYer· uight nuder eas,y sail." September ti: "Fre81i Lree;i;c t'mm ::'\XE. arnl NE.; 
ship under easy sail wol'king to the northward and eastward in the h•ads of 'rater, a:-; yesterday.~' 
''Herald Island in sight, about ao miles distant. Find a current setting to the uorthwanl. 
Twenty vessels in sight. Heard that Bennett's steamer (tlw Jeannette) was seen by the Sea 
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Br·eeze three or four days ago steering to the northward. Had some fog to-da~·, but not continu
ous. Lat. 70° 4.Y at uoou.'' Tlte wca thcr of the 2d and ;id is rqiori.cd as "foggy with snow 
squalls, light arnl batiliug airs, the fleet workiug to the weshrnrtl and S,V.'' along the pack foe. 

U. S. S. Corwiir, latitude 70° 39', longitude 17i)O: Near llernltl Islaud, .T uly 2ti, 1880, wind frt>sh, 
southerly and westerlr, experienced a half knot current to southward. 

U. S. S. Corwin, latitude 6tt0 58', longitude 173° 47', ,Jul,\- 2:>. Xo time obsernttions, but a 
i,;ontherl.Y current imlicatetl h,'I· the rlifference between the ob.sen·ed latitude and the reckouiug. 

U. S. S. Corwin lying-to in thkk .fog about 3.3 milt•s southward from Herald lslaml. .Jnl,y 27 
cxpPrieucetl from 1 to 4 a. m. hal/:knot current to 81.Y., then shifted, aud from -1 to 8 a. m. ra11 to 
N\\', ; wirn1 light, Yariable. 

LS. S. Corwin, August 4, 1880, latitude 71°, longitm1e 174° JO'. Iu a. m., JO miles f:\E. from 
Herald falaud, experiencl'u a strong current setting to S. and E. 1.Yiud fresh from S. and 'IY. 

U.S. S. Corwin, from 15th to 20th of August, east from Herald Islaud, working toward it throngh 
the pack. On the Hith, 4 a. m. to 7.45 a. m., wind light NE., vessel hoYe to in the fog, drifting to 
the SE., 1iastiing through heaYy drift ice. On the 17th, 10.20 a. m., sent an officer with a boat to 
examine drift of ice along the edge of hea,·-y pack; returned at 10.30, reporting the ice to be drifting 
SSE. three-quarters of a knot per hour. At 10.45 Herald Island bore SSW. 10 miles distant; wind 
XE., light. In the evening came to anchor about 7 miles cast of Herald Island and tested tlte eur
rr·ut, which Jlro,·ed to be about SW. half a knot, the wind as lwfore, bu~ lightt•r. Ou the 19th, at 
1.~:; p. m., got out tl1e boat and found the current settiug south three-quarters of a knot per hour; 
\\iwl northl'rl.\·, light,. On the 20th, at 10 a. m., fouml same cmrcnt, with light ~\V. wind. The 
general drift uf the ice iu this Yicinity, according to Captain Hooper, is to the S()uthwanl, from oue
quart<'r to three-quarters of a knot per hour, but it is to a certain extent coutrolled b~' the wind 
(I. c., l'· :-JHi.1 

U. S. S. Corwin, from 42 miles 5\V. of Point Hope, September 9, 1880, 1;teeri11g XW., noted a 
current setting N'IY. one-third of a knot; this continued until noon of the 10tl1, 180 miles N·w. 
from l'oint Hope. 

u. S. s. Corwin, 40 miles S,V. b;y S. half S. from Heralu Isla11d. September 11, "found a strong 
l'asterly set for the first time" (Hooper, 1. c., p. 4!l). Running tltenee direct to P()int Hope in the 
atkrnoon, aud on th<• following da;v made the point at U.10 p. m., tlle landfall showing au .K by N. 
one-half X. current of 47 miles <luri11g the last thirty-three hours as the resuJtaut of the currents, 
ete., experienced in rum1ing from Point Hope toward Herald Islflnd, som(• :?50 miles and return. 

Captain Cook, August :.!1, 1778, when l:.! or li'i miles north of Cape Sabine ''se11t the master in 
a \HJat to tr;r i.f tlit•re was any current; but he found nl'ne." The weather was iwarly calm. 

Captain Cook (ii, p. 521) has the followiug remarks 011 the tides and cmreuts of this region 
south of fey Capt', which was bis farthest north in lii8; 

"The tlo0tl comes from the S. or SE., everywlwre followi11g the direction ()f the coast to the 
nortlnwstwanl." "To tlie north of Cape Prince of Wall's we fn11111l neither tide nor current either 
on tlte American or on t11e Asiatic emrnt, though se\'eral times looked for." 

Captain Clerke, on the :!0th of .July, 1779, 15 or :?O miles N. of the coast near Ca1w Lisllurne, 
with an ESE. wiud, experienced a cnrrent of a knot an honr to the E~E., which seems to have 
l'ome on !'.mdllenl,y with "the wind lesseuing." He further remarks, in regard to the currents of 
this part. of the Arctic Sea, in w·nernl, "we found them unequal, bnt never to exceed one mile an 
hour.· B,r comparing the reckoning with the obsen'ations we also founrl tlie current to set different 
wa,ys, ~-et more from the SW. tllan any other quarter; but whaternr their directions 'lnight be, 
tlieir dl(·d was so trifling that no conclusions respecting the {~xistence of any i1assage to the north
ward coultl lw dmwn from them" (l. c. iii, p. 276). 

lT. S. S. Yukon, at anchor N. of the shore some 10 milt1s ea;.;twar<l from Cape Lislmrne, August 
21 ~1wl 22, lSf'O. During the twenty-four hours passt'd at anchor here, the current ran steadil;y to 
the ,V. and S., holding the vessel broadside to fresh SSW. and SSE. breezes. Towarrl eYening an 
eddy rau in the opposite direction close in shore near the beach. 

u. S. S. Yukon, at anchor 20 miles eastward of Cape Lisburue, during a calm on the afternoon 

1 See Supplementary Note. 
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of August 22, 1880. '1.hile at anchor the ,·essel tailedto th e W". and S .• lmt the emTP11t see111ed 
>ery moderate. 

U.S. S. Yukon, at anchor i:i miles s·w. from ley Cape, from 10 a. m. to 4 p. 111., dnri11;.:· which 
time we expe1'ienced a northeasterly sPt of about three-quarter>; of a knot an honr. 

U. S. S. Yukon, at auchor off Point Belcher, August 2fi to 28, 1880, experienced a strong· 11orth. 
erly current here, especially with the title flowing. During the ebb the Yessel swm1g to 1lw. wi111l, 
wldcl1 was fresh NE.; but during the flood the emreut held lier broadside to tlw wi1111. Tl1t· ra1P 
of tl1e current seemed to Le about three-quarters of a kuot during the flood tide. 

U. S. S. Corwin: August 22, 1880, 4:; miles N\\'. from Icy Cape, set of current half a knot to tl1t• 
northwanl arn1 eastward. Wiml v:triable, easterly. On the 2~lcl, near "\\ainwright lnld, ohs1•n-p1J 
an E. hy N. current ofthree-qnartfr8 of a knot. 

Ship Contest, August;,, 18i1, :; miles S"~- from fr~- Cape. Ice drifting S\Y. auout one an1l a 
half knots per hour; strong breeze from N. and E. 

U. S. S. Corwin, between Point Belcher and Icy Cap1', Aug·ust 21, 11'80, stau1liug· to the WPSf

wnrd alo11g· sl1on•, encountered an easter]~- currt'nt of allout a knot au J1our; wind light, ca;;terly. 
Il:uk Coral, Septemb<'r 11, 187!!, latitude rnio, lougitude 1 i3° L'.V, m·ar Cap1• Li;;lmme. "'.\in; 

ligl1t and ha1lii11g;, with fallh1g l>aronwter aml SE. swPll, illul <"nrrent setting to'\\'. awl N\Y." 
U. S.S. Corwin, iwar Cape Lislmrne, ,Jul~- ;n, 1880. C ff tl11• coal mi1w at anchor; experiPneetl a 

NE. 1 X. (•urreut, of tln't'1'-quart.ern of a knot an hour in th1• morning;. Th(' followi11g day, in sai1w 

Joealit,\·, strong SSE. and S. gale, th(' current rnn two knot" t-0 northward and 1•astwar1l, aml :-<o 
co11timH'1l u11til the afternoon of August 2, wheu the wind a hated, and tlu· Con1-iu 1mi1Ptl for Heral1l 
Ji:;ln 1111. 

U. 8. S. Corwin, near Cape Lislmrne, at the coal mine, Jul_y :!3, 1880, e::q1(•rien1·ed ;;trong N. 
and \Y. cnrrcut; wirnl mostly sontherly, Yariabk. 

l!. S. 8. Yukon, ll('ar Cape Ushunw, Augnst :!l, 1880, at fl.30 a. m.~ anchorl'tl in ;;ix fothums; 
fonud tlw Rllrfaet' frrnperaturc 49°.1 (H0 .:i), arnl tlw hottom 4iP.l (8°.H); wind light, XE.; t<ky, on•r
east; air, ;;oo.o (100.0). 

U.S. S. Yul•on 1 off Point BPlcher, August 28, 1880, at 8 a. m., audmretl in !l fathrn11s: found fop 
surface tem111,ratnrt' 42°.7 (:iO.B), the bottom 41°.7 (:PA); the air 400.0 (-1°.4); i:;k_y, on•rcast; wind, 
fresh NE. 

U. S. S. Yukon, from !la. m. August 28 to 11 a. m. Angrn;t 29, 1880, in making a. :-;traight ruu 
from l'oiut Bclcl1(•r to Ca1w J.,isbur1w, with a fresh NE. wi1t1l, experimt('Nl a. s"·· s,•t ol' !l mih».; 
tlnring t.Jiat nm. Prom Cape Lislmrne to Poi11t Hope, a 11istam_~e of 40 miles as rnu, whidt took 
flYe lwurs, :i set of 7 milt•H to th1• SS'W. was experiencecl. Tlie Yukon mt•t tlw tloocl ticlP ll!'lll' 
Point Hope, wh('I'<', ag-ainM tlw NE. wind, it create<l white water aml a smart clio)lpy sea. South_ 
warcl of Point. Hope the U.S. S. Corwin and schooner Loleta, at anclwr, were tailing with the wind, 
showing that the current was J1ot wry strong there. On the 20th of Aug1rnt, running toward 
Cape Lishurne, we were set 18 miles northw{trd of our reckoning, most of which seemeil due to a 
strong current setting round J>oint Hope to the northward. Between Bering Strait and l'oiut 
Hope 110 indications of eurre11t were noticed. 

U.S. S. Corwin, at l'oint Hope, .July :!1, 1880. Fresh gale from the SSE. starts the h·1' off th1' 
shore, an<l it passes nort.Tnvarcl in a currrnt estimate<! at two knots au hour. On the following 
forenoon hea ,-.Y gales continuell. Drift-ice iiassing eastwartl north of Point Hope, along· 1'i1ore. 

IwsRer and others 11uotc some rat.her exte1uletl rcmm·ks h;r Surgeon Simpsou, of H. :\I. S. 
Plo\·er, in 18i:i2, on the <'Urrents of Bering. Strait and tlte Arctic. As the author ad;no\\"letlg-es 
"the absence of actual obse1Tations for <letermiuing the curreuts of these seas," aml proceeds to 
argue upon suppositions, n::ttUl"-tl in themselves, but which labJr inYestigation and experience haYe 
shown to be largely erroneous, tlie paper doe.s not re.quire extensive criticism. Dr. Sim11sm1 sup
poses "an almost imperceptible set" to proceed between Saint Lawrenc.e Island aud the At<iatic 
coast into Norton Sound, thence to be reflected through the strait "with lessened spe1,<l," reeeiYing 
''a further tribut.e from Kotzebue Sound, which is very palpable off Point Hope," and then exh•ml
ing in a NE. direction along the coast of Ainerica to Point Barrow, wlieuce it proceeds NE. int-0 the 
Arctic. Through all this course it is sultject t-0 retardations and accelerations from favorable and 
unfavorable winds. He notes that the current iu tlie strait between Saint LawrenC'e Island and 
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Asia "is YiuiahlP, arnl the paR:;;ag·<·· s(']1lom entirl:'l,V frl:'P from il'e until July"; also, ti.mt the coast 
XE. cnrreut in the Arctir, sontlmeRt of lc,Y CHpe, is less than tlJat sm•eping thenee to Point 
Barrow·, and t lierp i,; n•:1son to helien• tl1e iiwrea;.;c is deri,·ell from the watn>; on t.lie NE. 1•oast. of 
Ai4ia.'' .l\1 nr:h of the pn•t'l'tliug agTef's with latPr ohsen·atious, whil1• it is not JH'<'.e88ary to follow 
this author in his s11ppositio11s that tlie conl, the gnn-pl hcacl1i>8 of tl1e Arctk con st, and tltf' Arctic 
shf•lls of ky Cap<'," han· a sontlwrn origin." (~hort notes on tlw wi11<l. weathn, all(! eurrents 
• • " of tlw X. a111l R P:1eili1~, h,v \Y. H. Hosser, so, pp. l:!O: Lon<lo11, Imray, 18G8. pp. 8;';-88.) 

C;1ptain ( )wp11, of the :\lar,\· :rncl IJelPn, anil Captain .Tt•r11i11gham, of the 'rropic Bird, 8tated, as 
tin· resnlt of thPir ('XpPrit•uPt', th:i t then• wcrP tl1rN' geuPrnl 8Pt>' or tei11k11eies of t.he watl'l' in the 
Ardi1·-0Ht> 1'111111 ('apt• Lishnr11P al011g tlw coast towartl Point Barrow, u110ther N\\'. from Kotzebue 
Homu\ by Point Hope to t~{' Yicinity of Heralll l,.;land, the last along the NB. coast of Asia, from 
East OapP. north autl WPSt. 'l'hc.qe currents a1·e larg·ply affecfrd by the wiud aml ti<les, chietts by 
the. latter, while till' rnotfon of the ice depends more especially, thongh not wholly, on the wimls. 

Captain JI001wr (l. e., Jl. 41) ohst'fff'S in regard to the ice: "The i«e park 8ehlom mon~.R more 
tlia11 a fMY mil(•,.; off :-;hon', hPhH'f'll ky Cap!:' an<l Point Darrow, and is likel;r to close in at any 
tinw. A uortlu~a~t wirnl. allliongh it blow" 11iredly along sl1rn·p, keeps the fre clt>ar arnl allows 
the eurrPnt to R<'t np paRt. l'oint Barrow ( 1), Tlw ltf'av,r itT ''"hen close in shore stops tl.te 
m1r1iW(' <'lllT<'Ht <'ntircly ('.!), a11tl low!'rl'i the temperat.nre to :JG0 (28.2) or le8R, RO that a ves8el 
\\·ork i Ilg' np th i,; shore ma,r rca<lil.' tell if the iee is on the Point. h,r 1yatcliing- the set -Of the current 
and tlw t1•111perature of tlw waler. If the ic(' is clear of tlie slwre the current will lw setting to 
1101'1hwanl from 0110 to tlm~P lrnotR an honr, with a t.emperatnr1• of 400 (40.4)." 

"'itl1 all ilefrreuce to Captain Hooper, whose Yiews ar(' .-ntitll'<l to great "·eigl1t, it must he 
eoncede<l that the:-;e g-enernlizatiom; are Hot iuy:nfa lily horn<· out h,r the t•xpetiPll<'f' of otllers. 1. 'l'he 
ohscrvatiouR of Oweu an<l otlwrs reconle<l li1•rn slww clearly that at timt>R a Rtrong nortlwal'lter re· 
n·rs1·s tlH· rnrre11t at Point B:irrow iuMPfHl of l<·tting- it set up li,r tlw point. :l. Exception8 to this 
g-encr:il rnlc an-' f01111d in thP ohs1·1·,·ationR or l'nllen in the Plovt.>r',; lioat.R, and tho:;;e of Captain 
Hamill i11 18iO; the 1·11r1·pnt has been obsPrn·d hy tl.Jesi> 1rnYigatorn to nm Ht.ro11g np to and undPr 
tht· Yer,,~ 111ar;..:'in of tl1e il'e. LaRtl,r, in 1880, ..vl1en the surface watt.'r w:i,.; at 40° at J>oint Belcbt>r, 
aml rn111iing- with a good t·ate toward the NE., the ice was reported to nR ns on tlw shore both at 
the Sea-lwrse lslauds near Ii,\· aJHl al l'oi nt Barrnw, forcing tlte schoouer Ahrnka. a~rom1t1 lwtwel.'n 
these plaees, aml cowi11g- near to wred;:iJJg- her. 

ObNenY1tio118 in the t'icinity of Point Rrtrrow.-Ship Contest, August Hi, 18i1, off Point Collie, 
one mile of water bt~t11·pen th<> it•t• an<l Jami. \\'ind light S"'., current rnnning XE. 1~ Irnot8. 
AngnRt; l!l, ,;anw phH'e arnl t'lll'l'ent, with a ligl.Jt NE. wind. 

Hhip JirPh Perrr, An:.,"llst 2, 18n, latitude 70° 30', longitude 1G0° :mi, at, anchor a1 tlle hf':Hl of 
opt.>n water. J<ournl eurrcnt Hntti11g to the northward one knot., and off shore loose ict' passing with 
it. Wind, light. Houtlwrl.v. August U, 1873, 10 miles west from 'Vainwrigbt Inlet, wind strong 
sw·., ('Ul'!'(\llt Htrong 'SE. 

Ship .Jireh l'cny, ,\ugust rn, 187'.!, l!'i miles NN:K from Point narrow, at mwhor in 22 fathoms. 
Light aim ancl t'.alm. Current HPtting NE. 2~ kuotis, much Ioo8P ice with it; August 17, latitude 
7P 40', lo11git111fo 15.'JO, attempted wit.11 light ea ..... terly winds to work out of the loose iec into 
clearer water, but cun-ent rnu l'io Htroug tlia.t could make little headway· sonthwurd against it, as 
tht• wiud 'wa:;; in puff;.; anc1 otlll'rwise calm. Ha<l to make fast U) the grounded ioo. Six: or se\·eu 
other ,·essPlH w1·re fil'<'ll in the same prP.clicanwnt August l!l, beset in same situation and unable to 
gt•t out o(' the 11ack. "'ind westerly and sontherl,r, mo<lerate, ic<· drifting rapi1lly to th<~ eaRtward. 
August 2:J wP~frrly wintls, sm•ceedNl h:; light nirs and calms. J~aHterly cur.rent nearly <:eaRed and · 
bej!an iu sl1orn to nm to the westward. Later in t.lrn day had fresh easterly winds aud tlw shi11 
worlwd out of tlw ice. Se11temhm· 4, beginning 4 miles \VSW. from Point Harrow and continuing 
'luring the two following <la.rs, th«11c<• to the Sea.horRe IslautlR, wit.11 SS,V. and N,Y. winds had 
strong ENE. em·rpnt ::ilong R]IOl'e. 

Ship ,Jin•h I 1(1rry, July 20, 1873, at anchor off Point Belcher, strong Ront.1ierl.r wind and NE. 
current, which contiuned strong on the followi11g day, the wind 11auling to the westward. July 22, 
anchored elose into Sea-horee Islands, wind \V., same current; Jul~· 24, light airs from. S., and, later, 
str011g bree~w from SW., current running 2 knota to NE. 

' 
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Ship .Jireh l'('n,\·, Jul,\· 31, 1873, latitude 710 20', long·itude J,;;;:i, winds from fresh SE. awl E. 
to XK a!Hl N., light, and thr•11 cahn8, 'l'here sf'emed to he YPr.Y little curreut al all. 

Ship ,Jireh Perry, A 11gnst ·7, 1873, a11ehore1l off Point 'l';mg(•nt in ;-; fathoms; SPHt l1oats oft' 
i-;lwre into tlie loose iee for whales; found 011 tbP ice the mai11 lwtdt eoml1i11gs of Jlark Uoum11, witlt 
ofiidal tounage mark aml number cut into it. She was lost two years prm·iously in thP p:wk, off 
i<horP from the Sea-l10r8P Islands. The distanee. lwt,\\'l:'en the two points is 0111:.· 1:!11 miles. 

Ship Jireh Perry, September 2, 1873, latitude 7P 151
, longitude lt).Jc'.\ wind stron~ :~\\Y., this 

aml JH't'Yions 1fo,r gradually moderating. Cunent rum1i11g· to "'.N\Y., sliip 1;t:mdi11g off nrnl ou 
shore in about tl1is longitude all day amongst loost~ icP. 

Ship .1ireh l)erry, September 8, lHi;I, working to tlte e:uitwan.l, in about longitude J,;3:-i, :! to 
20 miles oft' shor(•, with fresh ESE. wind, whi<'h had Llowu for thirty-six hours aud gradually mod
emkd, eneount1•rell strong westerly emTent aml finally anelwn·1l in longitndc 1:1:_p 08' t-0 hoM ltrr 
ground. 

Ship Jireh l't·rry, September 14, 1873, .latitude 71° :101, lougitude L37'.), strong S. winll <'ontiuuiug 
September 15, and then cahn; encouutered a NE. current of a knot anll a half. an hour. St~ptem
Ler 17, l.J miles N\Y. from Point Barroll·, ,,·ind S. and S,V., current rnnning strong to NE. SPp· 
temher 18, sanw viciuity, Point Barro"· "'· hy S., 8 miler; distant, wind shifts to "'· and eurrcJJ1 
nms E. September 1!:>, same vicinit,y, west wind moderated and hauleu to N\Y., current changed 
to SE., one and a half kn oh;; ship at anchor. Septemher 20, winu \Y. again; got, umler way to 
work to the westward of Point Barrow, aud eonld bare]~· get around the point on ac<'ouut of tlw 
head cmTent. 

Ship Jireh Perr,y, September :!J, 1873, latitude (1!1° 481
, loug-itude lG\JO. BaYing b<'en steering 

'\Y. Ly S. {tl'ne) for forty-eight hours with moderate easterly winds, from Yicinit,r of l'oiut Harrow 
was carri(•d some GO miles southward 11.r current during that time. 

Ship Jireh l't·rry, ,Jnly 13, 1874; SE. breeze, light airs and calm; sllip near Point Belcher; a 
large floe along shore; outside, a strong current was rnnuing to the NE. "Saw one of tlw old 
wrecks of a whaler lost in 1871." July 14: "Foggy, light NE. wind; at 1 p. m., al.lout 3 miles off 
Sea-horRe Islands, current setting to NE. and E.; ship aback on both tacks, drifting; at 1 p. m .• 
• Jnly 15, w<~ather cleared up and found the ship half-way from Sea-horse Islands to Point Barrow, 
making a, NE. drift of some :m miles for the twenty-four hours." July !!.3, anchored oft' Smith Ba;-1·, 
E. from l'oint Barrow. This arnl followiHg day "found it difficult to work tlie ship in a :J or 4 
knot breeze, on account of couftictil1g currents." July '..!!I, latitude 71°, longitude Li::!O JO'; calm. 
Ship fast to the ice and drifting S,Y. Augu8t ~I, latitude 71° 10', longitude 1520 40'; worke1l to 
the N. and E. and anchored oft' shore in loose ice. A rnriety of w~ndl' nnd strong eontlictit1g 
tides; later, fell calm, with little current. 

Ship .Tireh l'erry, August 23, 1874, Point Barrow SSE., 11 miles distm1t; laid the 8hip ahacJ,. 
Driftedl.J miles SIY. during the night; wind NE.; Yessel continued in this Yicinity; wind shit°tl'(l 
to 'WNW. and NW., but the S\V. current continued until' the 28th. 

llark Three Brothers, July 12, 1876, anchored ff\V. from Point Belcher, near the land; wi111l 
had been strong from ,V, and S. for two days, and now died out. Found strong easterly current . 
• Tnly 14, strong easter!.)· wind set in, continning until the lGth, when the current was ohsern'tl 
setting to the "-s W. 11 knots. July 22, at anchor under co Yer of grounded ice, oft' l~t·fng-e 

Inlet, 8 miles SW. from Cape Smyth. Strong NW. wind, au.d current setting along the fa111l ::! 
lrnoti< to the eastward. July 29, at anchor to the eai<tward from Point. Barrow; wiml Sf't in from 
NE., and the loose ice commenced to drift with current to the westward very fast. Sanw coll· 
tinued to August 3. August 4, the wind moderated, and the current changed and co1mnt•11ce1l to 
run "to the NE. very slow." ·wind freshened the following day, and the eurrcut appareutl~· 
ceased. On the 9th it is noted, "wind finally settled at SW. The cnrreut chauged to-da~·, running· 
to the eastward, having bad it running SVI. longer t.hau I ever saw it before, 110 doubt on acoonut 
of prevailing easterly and NE. winds." August 11, after moderate N\\", winds, "wiud worked 
rouIHl t-0 the XE. anrl eastward." Ships were at anchor a little t-0 the eastward of Point Barrow, 
or cnrising east mid west of it in open water 3 or 4 miles wide, to the northward. Ice plent.)·, cur
rent running t-0 the NE. along the ice; but running to the westward sontl1 of the ice. August 11, 
" wind hauled to NE.," "current rnnuinp; :1 knots to the westward." August ~a, "wind fr<.'A':lhened to 

S. Ex.12--42 
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almost a gale from the Wt'stmw1L nml started a strong current to tlie eashrnnl." August 24, wind 
"still to the westwm'ti''; <lird out later in the day; "current running fast to the eastward.'' Next 
da;r, light airs; most of the fleet fast in the ice, drifting to the eastward witL it Yery slowl,y. On 
the 21t11, most oftltcm hnd drifted paRt Point Hanow, aml on the 28th it hree;i;etl np from the S\\'. 
and started the fleet all(} ice tlrif.t:iug quite fast to the eastward, the ships being iu great peril. 
Hcptc1uber 1, 18';6, tbt> wincl chaug(•d to tht> XE., hnt light aud hatlli11g. 011 the 5th, the loose ice 
began drifting to tlw '''- :rncl SW., nudn the iutinerwc of light NE. winds, which, 011 the 6th, 
hacked round to X\\'. aml then foll calm, hut started the current again to the eastward. On 
the 7th, the hark gol rouml l'oiut Barrow to tltP westward, and anchored in the bend west of tlie 
poi11t, clm;p to the shore. Ou the !ltu, ten ships were abandoned in the ice, abon~ 50 miles east
ward from Point Barro\\·, arnl the 111t>11 in boats passed Point Barrow, and on the 13th got out of 
1 hP ice to the bark Florence, lPaYing the Three Brothers still hemmed in. A fresh gale from ESE., 
SPptemher lfi, did uot n•lease he1\ the icP being aground outside of her, hut tlwy saw the AcorR 
Barnes (one of the abandom·d ship8) in the ice !.!.I milc8 northwar1l aud drifting wPstwah1. On 
tlie lutl1, tl1cy wt're Rtill hesPt, hut saw the abandoned .Tan1 drifting· to the westward iu the ice, 10 
or l!.! mill's uor1h of them. ~eptemhcr l'i, the Three Brothers and her companion, the Rainbow, 
p;ot out into elcar water, and hy thi,.; time the wreck of the Aeors Barnes hatl 1lrift.e1l S"'· towanl 
them, so that it, was only G or 7 miles ott; but in impenetrable pack. The hark Clam H(•ll was 
l>eset aml abanuoned al>ont the same time off Refuge Inlet. Sixty me11, mostly Kanakas, remaiiwd 
on lio:ml these YCSRPls, of whom, since that time, uothing has en•r been heard. On tl1e Hlth, tlH' 
'l'lirPe IlrothPrs sailr-cl for Saiut Lawrence Bay,"aml left the Arctic. 

Bark Coral, August 8, 1878, a frw miles eastward from Poi11t Barrow, t•xpcrie11ce1l light "'· 
aml H. winds which were nccompanietl witlt some NE. enrreut; it then fell ralrn mul hr(•(•zed up 
from XE., whereupon the current chaugcd to IYNIY. 

l~ark Coral, .Angnst 21, 1878, at auchor under kc of l'oiut Barrow, to west of it; a strong- NE. 
wind blowing. Boats off looking for whales were unaLle to n·turu 011 account of the em·rt·11t, a111l 
had fo board Yeri1-wlri lying near Uape Hmyth, 4 or u miles to the 8"'· 'l'he same c·cHHlitiom; uokll 
n11til the 24th (with tlH• n·nrnrk that the 2:1d was the 12th day); w11e11 the wirnl died ont, the cnr
l't>Ht sh1ckPrn·d 1111; ou tlw :!5th, with light SE. breezps, the emrcnt changed to nortlwrly mul tht• 
vellrJels shifted to the rast side of Poiut Barrow to get <mt of it; on the 28th tlw RR wind 1liPt1 ont 
arnl the cnrreut chaug(•11, r1Lm1i11g to the welitward, on aeemmt of which the Yeoi,;pJ,.; shiftetl again 
to the lee side west of the point. August ~!l, wind from westward and "'N\Y. 8hip at auchor we;:t 
of Poiut Barrow; "enrrt>ut Retting to the eastwartl awl ice p:ussiug tht> point all day:' 'l'ltis con-
1imwd mH·haug(•tl nntil Supteml>Pr 7, during wltieh time the shiJl was 011 the Ice (t•aist) isidt• of 
Point BmTO\Y. It tht>u fell ealm. aml, after midnight, "]ight airs Rpr:tng 111~ from the t•astw;ml . , "" 
awl incn•nsed ~lowl,y, awl at 7 a. m. the cm·rpnt chauged to the wei;tward; got undt'r way arnl 
wP11t arouml ro tlw westward of Point Ilarrow and anchored." All the fleet., which had bc<'n i11 
souw p1•1H oflwi11g hmwt, workt>d ont with this f;worablc cl1mwp aml got t-0 the southwan1. 

r. S.S. Corwia, off Point Barrow, Angnst 25, 18801 7.~0 a. m., found current settiug north· 
ward aml efu.;t wartl two knots. 

Bark Coral, Augm;t J;I, 1878. Three miles SW. from Hetum ltecf at anchor latitude 700 30', 
longitude 149° nntler the IN~ of the reef to escape a two-knot westerly current, which accompanied 
freRh :XE. wind; got thrPe boat-load8 of spruce logs from the heac11 for firewoml; there were man,r 
log!'\ mud1 decayed at ti.tis plact•. 

Capt. Charles Ha.mill, in tlw Providence Journal (qnote1l in the New York Ileraltl of April 30, 
J881}, i:;tafoi; that in latitude 7:~0 :!81

, longitude lG-1°, he came np with a huge lJOdy of unbroken ic(' 
and fonntl "a three-knot <·-nrrent rietting N. muter the iee," with no bottom at 90 fathoms. "A short 
distaiw•~ to the SIY. we fo11111l little or no ctirrent." Jn 18li7 he fourn~ the current in the vicinity 
of Jleral<l falaml "Yery irregular alHl inftnf'llCNl b~· the winds, hut hardly !"\Cr exc-l•eding two 
knots, setting northwest." 

'l'he following notes br Parry, i111·egar(l to temporary currents in the Arcqc regio11s, kindly 
comm1rnieated hy Afr. George Kennan, are of interest in this conucctiou. These obt!ervatious w<•n•. 
mallP on the sonthwest coast of l\Ielville Island in August, 1820: 

"Although tlw holes had <•rrtainly increased in size anll Pxtent., there was l'ltill not sufficient 



 

room for 011c of our l1oats to han: worked to wi1ulwartl, am! (.h1• i111pn;;:-;ihility of tl1t• ,,Jiip",.; doing 
,.;o w:111 rc11derctl morP appar<'llt on fi<'1:01mt of the c111Tt•11t whieh iti alway;-; prod1wt·d i11 tl 11•."c ,.;i•a;; 
::;oon after the Rpringing· np of a hrcczc, arnl whicl! was now rm111i11g to tilt' ea,.;twanl at tlit· rate of 
at lt'ast 011e mile Jlt'l" hour." (Parry'::; Yoyngc, 1:-ilH-':!O, p. :!~3. Loudon, .loltn :l\fmTa~·, 11'.i:!l.) 

4: \\'c fomul tlw cmT1'11t at the l'Xtn~uw poi11t r11111ii11g· at tli<' rate· of:! or :!J 111ilP;o; :111 Jiom·, ,,0 
w-; to require gTcat caution in laying ont om· warp;.; to Jll'l'\"Cllt tlH' ship lwi11g 1·:11Tietl b;wk to t Ji,, 
ea:-;tw:ml; and tl1i,; 11ot thn•c lwnrs after it tin;t 1H'ga11 to make•. Tlw fr1·1111P11t experie11n· WI' had 
ur the 1Jllil'k11c11s with "·hich t·11rre11ts arc tlm11 forme1l in co11;.;1·11m•11c1· 111erel~· of tlte wi111l 11atnrnlly 
leads to this nsefnl cautiou, that one or two trial11 of tlu• set of the stream in iey sea11 must not h(' 
too ha;.;tily as,.;nme1l in dra\Ying m1y conclusion as to it;; 1'.011sta11t or pel'iodie·al tlireetio11." (l'ari·~-. 
I. e., p. ~JS.) 

In thP foregoin,!!" series, most uf which is uow for tlH' first time pnl,Jislw(I, and has hl'l'll (leriYi·d 
from the log or ''remark Looks•• of tltP whaling \-ess<•ls, I lia n· J .. d\·en nil refere11ce to currents 
wl1ich occurred in thoRe hook,; I 11ave examined. 

I hanJ taken especial pains in this matter, since the'' opi11io11s of whah•rs"" ha Ye l1epn Iarg1·l,\
rcforre!l to in seYeral Yague dissert.ttiom; on this :,;;11l~j1•('t. \\'e wrn· ltaYe, not tlw opinio11s, J111 t 

tlie fads ollsl'lTell by thes<· hartl~- 11ayigators, as th Py were taken tlown at the ti111c of ob,,;ern1tit111. 
\\"ilh n•g:ml to Point Barrow, it woultl set'lll clear to a11 unprt:it1<li1·etl rni111l tltat, while there 

j,, a teade11ey to a 11ortherl>- :-;et off tllat point, whid1, nntler fayora!Jle circumstallt'es, t]p,·elops i11to 
a t<'lllPOrnry cnrrent of ~Teat rapidity, this is reYersible totally, <HH1 frcq11e11tly is totally re\·er;;c11 
ll.r the wiud, arnl has a temperature not gn·ater than tltc aYernge of 1·oa1;t-\rnters uot <H~ruall,Y ic1·
e11c11m hcrell, in most parts of the • \ n:tic rcgio11, hcing in no sens<' a "-arm currl•nt. \nth r1•g-a nl 
to the general currents and their direction in thi;; part of the .\retie regiou. the opinio11s preYion;;ly 
qnoted from Captain Owen >icem to fairly n•present thP fiwt.-.;. Tlw plansihilit~· of 8impso11's sug
gestion that part of the current rn•ar Poi11t Ha.rro\r may com<' from north of the A11iatie cnai:;t ma~
Le douutetl, ;ret thii'i is worth co11;;idt>ri11g, siuce thP stn:ngtl1 of tht• currents on the American eoa8t 
south of Icy Cape 1loe;.; not i;et•m s11Hicie11t to account for the phe11omena ob11crYetl occasionally at. 
Point Barrow·. There arc iudicatiorn; that the basin north of l'oint Barro\\- aud ew;t from \Vra11gell 
Island is a clo~ed basi11-,vhetlier l'losPtl lly lantl or hy hea,· . ..- ic(• tannot he UO\Y decided. Tliat 
there is uo well·marke<l cm·1·ent through Long Strait, and that the occasion of the usual ice blockade 
tllere is the met>ting of two colltrar,\· currents, either one of which may for n time be subonli11ated to 
tltc other, is also indicated by the slender data we ha\-c 011 that subjeet. That the currents in tlii,; 
paet of tlrn Ardic hani no nece:,;;sai·y eo111teetion with any mo1·crneuts of the waters south of I-faint 
Lawrence Island seems clearly estabfo;hed, and to this we may ascribe the fad that in 110 other 
vart of the ~\retie regions nuobstrncted by Iainl (except tlte belt oecupietl h;y the polar curreut or 
tile east coast of <in•t•uland) docs the perm:mcnt pack-ice retain such a low latitude. 

Ilefnn• summarizing the general conclusions, it mar be desirnhl1~, for the further eleariug up of 
this snltiect i11 the popular mirnl, to examine tile capacity of Bm·iug Strait for suppl~'i11g \rnrm 
water to the Aretit' Lmsiu, were there an opportunity for it to foltil that oflice. 

The aYerage depth of the strait uear the line of our sel'tion, about tlic 11mTowest part (rn.:;;: 
nautical miles), exeept that line passing through t lie llioml•cle,,:, is ~3~ fathoms. Tl1e highe,,;t rate 
ohserYcd while at :mchor b,v onr party was 1 foot per ;o;ceund for the Clll'l'Cut. The higl1t•,;t kill· 
pcrature obscn·ed was 48° (r; 0 J}), as will appear by a gl:rnec at the sel'tiou. 

These figures allow uothing foe tlw space ohstmetell by the Diomcdcs, 01· oceupie(l by st atio11-
ary ice ou the Asiatic side. 

The area of the section thni'i taken, redncl'tl to a rcehmgle, is ..J.2,28!l,42;'"i Eng·Jish sqnar(' kct, 
and the rate being taken as 1 foot per secoml, this umnber represent,; the 11nmber of' l'Uhk frl'I 
of water which ean pa,;s into tlic Arctic Ocean tl1ronglt th<' strait at any mw s1·to1ul of ti111e. Thi' 
amount per day is thcrcfom :-:,UJ3,riOH,3:m,oo(} cuhic foet, as:-;u111i11g thl' tlow to lw cou::;tant <lllll i11 
that single directi011. 

The basin of the Arctic i1l'lmediatdy uorth of lhe strait. Let 1n•t•11 Asia, A 11u·rica, a11tl 'Yraugcll 
}island, occupies an area cousiderahl;r ~xceeding 150,000 s~(lrnrn geographical miles, with a tll'ptlt 
aYeraging rather lesR than 2~ fathoms, so far as the <lat:t go. '!'his coutains 9;;1,:;;;:i billion8 of 
cubic feet of ice and water, which, at the opening of the st>a,•.;o11, is doubtless at a lower temperature 
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tlia11 32" (IJ0.0). Aisisumiug that halt' of it eouisiists of ice at ;~:_!o (0°.0}, which is a libt•ral c>1timate, 
we Jian~ about 466 trillions of cubic feet of ice. 1 

If the basin were llillJlty, it would take eight months HJl{l a half to fill it h.r the tlow through the 
is trait 

The period of unobstructed flow of water through the strait tlot·s not usnall_y excePd uiul't~· 

tlayg, and, when it cloe.s, the excess iR at seaRon;; when the water is cold. A ssnrniug the flow to he· 
continuous, and to be at its highest temperature (48° Fahr. or 80.9 C.), and its highest obse1Tml 
rate (1 foot per scconcl), l1cat enough would J,e carried in hy the sup11ose<l current to rP<lnce thirty
i<ix and a half trillioni< of cnhic feet of ice at 32° Fahr. to water at the same t.emperatnre, leaying 
the inflowing water ahm at 32°. It iK trne that other factors are at work, bnt what we wii<h to find 
out. is tlie valne aR an ice-melter of this particular factor. The amount of ice which would be 
mclfod hy tlie above process is a little lei<s than eight per cent. nut the weighte1l mean tempem
turc of the water ohRerved to flow through the strait i;; not 480 (SO.!J), as assumed, but 420.,j 
(5°.8). This wonl1l, therefore, reduce only :fiye and two-tenths per CPnt. of the ice to water at 3:.:0 
(UO.O). 

Bnt we know also that while the tendency of the fiow is g'l't'ater nortlnnml, it does uot tlow 
through uniformly in one 11irection, nor always with the highest rate obsernll; hence if we allow t1rn
l hinls of the time for tl1e northerly flow, and assume that this is all at the highest rate, arnl tlmt 1101w 

of thl' warm water flows baek with the fole and that it loses no heat by rndiatiou into the atmosphere, 
we get as the probabk maximum of ice melted a percentage of three and fou1·.tentlis, e1pml to an 
area of 5,100 square geographical miles, 'Or a S•]tmrc 71.4 miles ou each side, or, roughl,,-, an area 
somewhat less than half that of Kotzebue Sound." This is, of course, when the other circumstances 
are considered, almost inappreciable, and leaves Uil to conclude that, under an,v circumstances at 
all probable, the amount of warm water which conlcl pasi< tl1e throat of the strait is so small that 
it would have practically no effect on the Ar.ctic basin into which it might entPr. It seem;; some
what singular that no one has l1itherto computed the capabilities of the i-;trait with assnuwll data; 
for the publication of the figures would seem of itself to be sufficient to quench most of the theo. 
rics based upon the supposed· influx of warm water l1y this entrance. "-e may sn111 up the results 
of the investigation as follows: 

The Kuro Siwo compan•d with the Gulf Stream is cooler, hat'! a much smaller 1·olnme, and is 
suhject to serious fluctuations, which appear to be <lne to the monsoons. 

The Kuro Siwo ;;ends no recognizable branch northward, between the Aleutians antl Kamchatka, 
nor from any other direction into Bering Sea. 

The chief current of Bering Sea is a motion of cold water southward. This bas a superficial 
stratum ab<H"e it, which has, in summer when not interrupte<l by winds: a northel"l,r motion of trans
lation, hut is not snfficfont, either in mass, motion, or consistency of direction, to be Pntitled to take 
rank as an ocean current. 

The surface cnrreutl'! of Bering Sea are formed by or chiefly dependent on tides, winds, river 
flows, the southerly motion of cold water, the distribution of floating ice, anll the northerly motion 
of' slightly warmer ;;nrface water, which are em~ctfre about in the order namecl. 

Xo warm current from Bering Sea enters Bering Strait., with the exception of water from the 
neigbhoring rh'ers or the ™ljacent soun<ls. This water owes its heat directly to the local action of 
the stm's rays. 

The strait is incapable of carrying a current of warm water of sufficient magnitude tu han~ 
any marked effect on the comlition of the Polar ha.sin just north of it. · 
--- ______ ... __ ··--···---·--·------·····----·-··- -···· -- ·-·-·-- -·---·-----·-------·---~---· 

'Ice ha~ lie1•n frn1111ent.l~· n'port••d ashore in fo111teen fathoms water. Jt. is always aground on Herald 8lwal, 
where there are not le88 thau seven fathoms. The average height of the pack above the sea-le vol is from six to thirt~· 
feet., which is usually estimated as equal to one-seventh of its snhmerge•l ma88, bnt, is really somewhat ks.~. 8e.c sttb
se!]uent foot-note. 

iJf the thickness here ussurued for the iee he con.,i1lerc1l l'XC<"S1<iYe, let it. be assu111e<l to lie only one-half that 
thickne88, or seven fathom~ thick, or one-qnarll•r of t,he content,; of the b11>1i11, \Vuich can hardly bu takeu exception 
to. The area which might tlien he melted hy the indnen<'e off.his'watc.1· alone would be ahont 10,000 S(p1arc tuile11, or 
IBsA thnn s1wen per cent., whkb is still an in11ig11iticant prop•ntion of t.lie wholt•. Of course a much larger area than 
thi~ is actually melted every ~eason, lmt this i8 dne to the direct action of Ute snu anti various other ca.uses quite incle
l'en<lcnt of any warm current th'rongli the straits. 

S. J<Jx. 12--42 
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The curreuti; through the Rtrait are cool aJHl cl1ielly tidal, but with a pn•pmHkrntiug temk1w~ 
north ward, as before fully set forth. 

The currents in the .Arctic, north of the straits, are large!,\· dependent OJI the wimls, hut lnffc 
tendencies in certain recoguize1l directions. S othiug in our knowledge of th Pm offer;; any liope d 
an easier passage toward the pole, or, in general, northward through their agenc,L Nothing yet 
revealed in the iiffestigation of the isubject in the least tends to support the widely spread but 
unpl1ilosophical notion that in av.v part of the Polar Sea we m:iy look for large areas free from in•. 

l ham to thank Capt. L. C. Owen, of Yinerard HaYen; Dr. Thomas .Anti:;cll, of the United 
States Patent Office; Mr. l\IarcnR Baker, and other members of the Cuitcd l::ltatcs Coast Surw.r, 
for data and assistance of various aml most important kinds. 

\Y.A.SHIKGTO:N, June 17, 1881. 

~lTPPLEl\IENTARY NOTE. 

Ikfore the return of the Yukon party to headqnartt•rs, tl1e SnperiutemlPnt of the l'nite1l 
States Coast anil Geo1ldic Snrr<'y thonght he!'lt to puhlisl1 1 a portion of m~· preliminary re11ort ('Oil

iaiui11g some of the generalizations drawn from the factis herein enumerated. 
As some time must neces1mrily elapise after our return h1•fore the data eouhl ::t• )Hthli>ihetl in 

tluc official f',onrse,-4t was thought best to publish a portion of the data liefore that time fo1· the 
information of h.ydrogmpl1ers, tlte >iuhject being of considerable interefit. 

Ry the authority of the Superintendent, and the kind concmTence of the distingui>ihcll editm·, 
Dr. E. Behm, a large part of the foregoing matter was macfo public in the chief geographical journal 
o!' l~urorw, l'etermann'1-1 l\littheilungen, in a German translation, accompa11ied hy a map and l'lf'c
tion.2 Since this was published, a number of interesting data haYc come to band, a f(•w of wl1iclt 
haYe been incorporated in tbe preceding text, wbile som<> of 11uite recent date find a place iu tl1iis 
note. 

It is beliernd that whether the conclusions reached hy me are considered wortl1y of adoption 
or not, at least the fact" collected show a sufficient deviation from the e-0mmonl.'- rPcefretl J1n)()th
csis to render the latter no longer acceptable without question by scientific li,nlrograpJ1ers. To 
the complacent ignorance wl1ich declinefl to be movetl hy any accession of knowledge this 1Iocnnwnt 
is not addres8ed, uor is it expected to find farnr among the few remaining enthmdaets who still 
cherish a belief in an open polar sea. 

Additional obsen:atiom in. th.e Arctic Sea.-On OctolJer 10, 1879, the whaleships l\fount ·wo!lm;. 
ton, Captain Nye, aml Vigilant, Captain Smithers, were l:18t seen h,\- Captain Banldry, of the Ilekn 
}\far, in latitude 71° 50', longitude 1 i3° 4:>', in a narrow channel of open water. The lll'len J\Iar 
barely escaped being frozen iu hy crowding all sail and forcing lier way through the rapidl,r form
ing new ice. In all human probability the two vessels which did not escnpe were froze11 iu theu 
aud there antl.uever got out of the pack. 

1\fore than a month earlier the exploring steamer Jeannette, Lieutenant, De Long commamliug, 
was last seen (September 2, 1879) by Captain Barnes, of the whaler Sea Breeze, about 80 miles 
;;onth of Herald falancl. The next day her smoke is reported to have lJecn 8Cen 50 or 60 111i!1~s 
farther north, but the accuracy of this observation rcmaius to he cstabfo;hed. 

In Novemher, 1880, one of the whale.ships came ashore on the norU1em Siberian coa.st in the 
''iciuit.y of Ca.pe N urth (Swruoi), st-Ove, and only prevente1l from sinking by the kl~ which still 
cncircle,d her. Her c1·ew had tlisappeared, exce}lt a few who lay where they hall peri,.;l1l•d, aml it 
il'l probable that. the wreck was that of .the Vigilant. .Another wreck was reported hy uatiwR to 
have come ashore farther west on the same coast, hut this report does uot appt•ar to ham hce11 
definitely confirmed. 

1 AmeriC8ll Journal of Science and Arts, :ld series, XXI, February, 1&111 pp. 104-lll, with a map. HeprinM<l as an 
extract, with cover and title, "Notet1 on Ala.ska and the vicinir.y of Hering Strnit." 

•Hydrologie des Bering-Moores 1md der bena.chbarten Gewiiseer. Petermann's Ge-0graphische Mittheilungen, 
1881; Heft X, October, pp. 362-380, mit Karte, Ta.f. 17, und Ta.belle; Heft Xr, November, pp. 443-448. 
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'Ve do not know, of course, ·what had been tlw waialt•ri11gs of thi8 hulk l>ei'ln·c she was 
.~trauded, but tlie resnlta11t of her drift. for one yrar was about '.!00 miles in a southwest (true) direc
tion. This is in accorrlance with the !lirection of the prern]eut winds (NE.) of this region, which, 
as has been preYious]~- pointe1l out, gon•rn the rnotio11 of the ict• mnd1 more than the currents; 
Jmt it is also eYident that 110 such overma:>tt'ring northerly cnrreut a:> has bt'en claimed for this 
region could have been experiencell b,Y this n•ssel. 

The Jeannette appears, from tlt1· fo\\- \ro1'ds ;ref tmusruittc<l from Irkutsk, to hare go11e i11lo 
tlw ice in the ,-iduit.r of \Yraugell falawl soon aftl'r slrn was last seen, a11Ll to haye drifted at tlw 
mercy of wind and tide, solidly beset, until the mhldle of June, 1881, "-hen, in latitude 770 autl 
longitude '.!O;~o, she was crushed and abandoned.1 

It iR uncertain whether she passed north or south of "'raugell l1<land; tl1e reRultaut oftlle whole 
drift in either case would have been about northwest .'iOO miles in twenty-one months-the rate 
not greatly differing from that of the Vigilant, and tile direction partly according with the more 
easterly winds prevailing iu the higher latitude traversed hy the Jea11nettc. 'l'his would also lw in 
accortlance with data as to currents about Herald Island, which are 11ercinbeforc mallc public. 
The prol>abilit.Y is that, as in the case of the Tegethoff, of the Polaris ice-party, and the floe-party 
of the second German Polar expedition, the rate and direction of her course rnried considerably 
from tinw to time, and her track, if platted, would show an cxtremcl,y irregular line. 

A fow additional observations ham come to hand at the lm.;t. moment, coutirmator~- of the 
po>1ilio11 herein taken that the intluencc of the tides is the most import;mt factor i11 determining the 
direction ot' tltc current in this part of tl.Je .Arctic Sea, aIHl slwwiug the t:wil of too hm-1ty gem~ral
izatious. 

"A loug laue of open water, ('Xtending at least 100 miles northward from Herald Islaml, loo),. 
iug like an open river between the banks of ice, which was frozen to the ishallow lJottom. This 
1:1trca.m sets northerly at about two knots." (John Muir, in New York Herald, October'.!:!, llIBl). 

"l\Ir. l\luir l:lays that off the eastern side of \Vrange!l 1.and, and e,-idently lying het1'1'een it aud 
another undiscovered shore, is, <luring the open season, an open lane of water leatliug to the 11orth 
as far as the eye can rpaclt, through which a cmrent flows stPadily north at the rate of 20 or :.!5 
miles a day. This cmrent flows like a rh-er between two iee-honrnl hanks, the shore-ice on either 
:;ide appearing not to hase b1\en distmued for ~-cars, arnl possibly for ages. The coast-1ine of 
\Vnrngell l1and was visible as far as the e~·e could reach." (San :Francisco Bu1Ietin, Octollcr 21, 1881 ). 

"The floe outside of us (the Corwin, when at w·raugell Land) was drifting along shore to the 
northeast with a powerful current, at a speed of 50 miles a day, the majestic movement being made 
strikingl,r nianifost by large bergs that 1n~re aground in water 60 feet deep, standing like islamls, 
while the main mass of t.lm 1iack went grating past them.'' (John ~Iuir, letter of August 17, 1881, 
in San Francisco Weekly Bulletin of October :w, 1881 ). In the same letter, the writer speaks of 
ice a hunure<l feet thick near Wrangell Islaml "The ice (near Point Barrow) is of tremendous 
thickness, 100 feet or more.'' (Same, in letter of August 18, 1881, same paper.) 

The preceding obsen·ations were made and published before it was known that 'Vrangell I,and 
was a compamti\·cly small is laud, aml the danger of drawi11g generalizations from too Jim ited expe
rience is. illustrated hy a comparison of them with the following notes of investigatioms by Lieut. 
Uobt. BeITy, U. S. X., commaudiug the U. S. S. Rodgers, a little later in the same season: 

"Ensign Hunt's 11arty were • • • instructed to encircle the island if possible, for be (Lieu
tenant Berry) felt pretty certain of its insular character since making our observations from Herald 
Island of the variable changes of currents an<l ice," &c. "Your eorresponllcnt says it was surpris
ing to see the ice moving constantly to westward along the shore. • • • These rapid changes 
arc most confnRing to navigators," &c. (New York Herald, November 8, 1881. Also re11cated by 
Doctor lfosse in letter of September 121 New York Ilerald of November 18, 1881). 

"After cruising along the pack • • • we stcame1l toward Herald _Island for the purpose 
of making obseivations upon the cnrrent rnportell to flow in a northwesterly direction • • •. 
As the fog continued we drop}lell anchor iu 15 fathoms • • • on the afternoon of the 
l!Oth (September). During the following twenty-four hours the observations of the current were 
continued, which indicate a tidal current setting toward the northwest as the water is deepening 

I Later uispatches, whilll thi1:1 is passing tht·ough the press, confirm this supposition. 
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(flood), and tomml tlH' southeast wheu shoaling (Pbh), while at high and low water thert:> was no 
current perct>ptilJle. The measurt-ments were made at the snrfare and at a dPpth of 10 fathoms.'' 
(Report iu New York Herald of NoYember 18, 1881). 

Of the 6-knot nortlnresterly current disco>ered (according- to statement of Captain .Jacohson, 
lmhlishPd in New York Herald of No\•ember 5, 1881), hy Lieutenant Herr)·, near 'Vnmgrll Land. 
nothing is saitl (of any such current) in his otticial report, and the statemc>11t doubtless armw from 
some misapprehension. 

As an instance of anomalies of temperature met with in the shallows of the seas of this regio11, 
the following extract from a letter of the Ifrrald correspondent on the Corwin, datPd Septemller 7, 
1881, and published in the Herald of Non"m her :..:i, 181'il~ is of interest, "SonH· anomalies in the 
kmperature of tl1e water were notiCP(l; for instance, near Hnaltl falalHl, on July 30 it was 4SC-' 
(at the surface) and 4!)0 at tl1e bottom. A few days later, off the SilJerian coast, 100 miles south
ward, it measured 370, while later, in Bering Sea, over .600 mih,s to the southward, it frll to 3;;0, 
Similar olise1Tatious lta\e lJeeu made b,'\ seYt'ral nayigators. 

The following remarks by Captain Fisher, of the Sea Breeze (Dail~- Alta Ualiforuia, San 
J?raucisco, September 28, 1881), ha-ve had a somewhat externled publication, and may be comparPd 
with the preYiousJ~· mentioned detail!; extractetl from the "remark-books'' of sewral whale sl1ips, 
which relate to obseITations made and recorded at tlrn time of occurrence, an<l with the conclusions 
of Liitke anu Kellett. "All summer long n strong cnrrrnt sweeps northward through tlds (Bering-) 
Strait, and it is only in September or October that sh'ong northerly winds affect it. I, myself. 
have been swept many miles northward in October. • • • Oft' Point Barrow a 3 or 4 knot c111·
rent sets regularly along the laud northea8twar1l, which does uot t>xte11d 50 miles off shm·c. ln 187:! 
the Sea Breeze, while becalmed, drifted 20 miles off shore, entirely out of !light." 

It is needless to obsene that Captain Fisher llPYer 1;pe11t ''all 1;u111mer long'' in the strait, nor 
is it probabfo that he ever spent twenty-four consecutive hours in the same spot in the strait 
Don ht less lie has obsened on '·arious occasions a current similar to that experienced b,Y many otl1(•r 
nadgators in the strait. and at Point Barrow, bat there h; no doubt that he has oYerestimated tlw 
rate at tln' lattl'r point, arnl that his conclusions as to the regularity at both places are based 011 

insufficient eyidence. In thi:-;, as in man~· other cases, when ohservations are recorded b.r pt'rsons 
tmfarniliar with tlw need of exactitude in such matters, it is probable that currents were noticP1l 
only when tlwy forced themsPlves on the navigator',.; attention b~- interfering materiall~- with llis 
reckoning or progress, while the (for our purposes) Pqnall.r important, but feebler, eounter curre11ts 
passed witlwut notice. I have called attention to tlie circumstanceR of this Jlarticular ;;;tale· 
ment, not because it is more remarkable or more erroneous than man~- otlters, but because upou it 
and similar slipshod statements persons unfamiliar with the suh,iect have seen fit to base disquisi
tions on the currents of Bering Strait, aml to call in question the result of olJservations, which, 
however limited their scope, were made with care, and an• entitled, so far as they go, to thP confi
dence and 1lne consideration of 11ydrogrnphers. 

The following extracts from the report. of l\Ir. Marcus Baker, astronomer of the lluiteil States 
Coast and Geodetic Survey party on the U. S. S. Yukon, unuer my charge, will gfre a fair itlea oi 
the value of the determination, and the manner in which it was made. The full aeconnt, hr per
mission of the Superintendent of the Survey, was puLlished in the Bulletin of thl' Philosophical 
Society of Washington, vol. IV, pp. 1:!3-133, 1881, with a map. As noted imwiousJ,,-, the longi
tude of the maps aecompanying the article in the American ,Journal of Sl'iPIH'f', a111l that in Pd('r
maun's ::Uitthcilungen, was necessarily dependent upon the results b,y one chrononwter, the com
putatious not being finished then, and therefore requires a plus correction of ahont 11 w1•sterly: 

Bot1ntlaru liti.e betweett the terriwry of tlte United States and of Russia, pas,~ing tlmncglt Bel'ing Strait. 

'l'hc present boundaries of the Territory of Ala.ska were defi1wd in tlw treaty of l\Iarch :m, 
1807, whereby Itussiau America was ceded to the Unite<l States. ln thnt treaty the westPrn 
houn11a.r;y, or rather so much of it as is here consillered, was defined as follows: 

"Tlte western limit, within whielt the tl'rritories aml dominion cmn-c'ycd are contaiue(l, passes 
through a point in Dehring'8 Straits on the J>a.rallel of sixty-fiye <lt>IP'l'es t11irty minnteR north 
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latitude, at its intt-rsefltion hy the nwriflian wl1ich passes midway between the island of Krusen
Rt.ern 01· Ignalook, aml the island of' Jlatmanof'f or Xoonarbook, all(l proceeds due north without 
limitation into the same l•'rozen Ocean." 

The longitude of this meriuiau was very properl~' left out of the treatr on account. of' it,; 
uuct>rtaint,y. In order to show our knowledge of the subject at the time of' the framing of the 
treaty, the following tablt' has been prepared from all known authorities upon tl1e snltjeet down to 
the present time. 

Tht• last three determinations enteretl iu the tnhl<', it must be borne it1 mind, h:we been mach• 
sincP the trNtt.y was drawn up. 

----------··----
Date. Lungitmli:_•. Authority. 

litJl rn;; 00 !, Map pnbli~hrtl hy the ltnp. Acad. of Rcit'nrc-s of 8f .. Jlden~hnrg-. 
1778 169 5~ ! Cook's A tla~. 
lrl.O~ 168 48 : Bllliug8. 

Hl2"2 163 59 ! KotztLuc. 

18'.?7 168 55 i B!'eChPy. Br. Adm. Ch. Ko. r.9:1. 

1828 168 54 : Liitk\i's Atlas. 

H49 168 57. 5 · Tel>enkotf"s .Atlas.' 

JS~~ 168 54 l Russiuu Hydr. Chart Ko. 145:i. 

, JR55 168 48 ! ll0<lg;e1"S. U.S. N. Ily<lr. Chart No. 68, 
1874 169 tJ4 ! Russ. Hydr. Chm t.' 
1878 168 5B ) Onats('vid1. 

1880 16~ 58 ' r. ti. Coast and Geodetic Survey, 1880. 

In t li<' ('UI'<' of the two determinations marked with a • the two Diometl<' Islands are Ro rPJHC· 
seutPd 011 the chart ti.tat the boundary Iiue is tangent to each island. 

During the 1mrnmcr of lSSO an attempt was made by the party on board the Unitetl States Coast 
nllll Cleo<letfr SnrYey schooner Yukon to make a mor:e careful determination of the longitude or 
this meridian than bad been attempted hitherto. For longitude purposes the party had one pocket 
an<l six box cbronometen1. For determining time the sextant wits used, r!'conrse heing hatl to 
(•11ual altitudes wbeneYer possible. 

Plover Hay iu Eastern Siberia is about lGO miles to the southward atl(l westward from the 
Hionwde Jslamls in Bering Strait. This bay was visited by Prof. Asaph Hall, of the Fnited 
States Narnl Ol>serratory, in J809, for tl1e J>nrpose of observing the total solar eclipse of that ,re:1r, 
:111d, in connection with the eclipse work, Professor Hall ma<le a careful determination of the longi· 
tmlt• of bis station. After a careful examination of all the longitude determinations known to 
<>xist, aml l1ecausc th{• facilities for determining the longitude of this place by the Yukon party 
W(•re not sufficient to im1irove upon the determination by J>rofessor Hall, his results have b('{'n 
adopted, and the longitude of the boundary meridian 111a1lc to depend npon his determina· 
tion. • • • 

Previous to 1818, Plover Bay, ti.tough an extensive arm of' the sea running inlancl some 20 to 
25 miles, appPars not to have been known. It is not shown npon any map before 1850. In thP 
period from 1845 to 18-18 it seems t-0 haYe been Yisitetl by the whalers. The first information touch· 
iug it upon which we can lay our hamls is the report of CommancleY Moore to the Admfralty, 1rnb
lishetl in the Nautical Magazine, Marcli: 18a0. l?rom thi8 it appears that Uommander Moore first 
anchored in PloYer Ba;\· October 11, 1848. I,ater.he moved his vessel, the Plover, farther iu, ancl 
winten•d in the lrnrbor named b,v him :Brnma HarLor. He remaine1l in Emma Harbor until Jnne 
2J, 18..!!l. C'ouceruing the scientific or snne;yiug work accomplished in this i)eriod of eight months 
he says: "At interrnls Mr. Martin, assiste1l by J\lr. Hooper, made a survey of the plaee in wl1ich 
I had secured the ship for the winter; which, connected with :Mr. Martin's aml my own obserrn· 
tions on the coast to the westward, will, I l1ope, gfrc a tolerably correct representation of these 
shores, and when associated witlt magnetic obs<•r,·ation~ on e\•ery attainable point, will, I trust., 
meet their lordships' approbatiou." 

The results foreshadowed by tllis repo1·t have not come to light. No map or plan of Emma 
IIarhor or l'lornr Il:1,v lias been puhlishetl hy the Britit'lh Admiralty Office, aud no statenu~nt or 
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account of the obHervations at Plo"\"er Bay, if any were rna<le. General SalJi1w, iH llis rn11trilmtio11s 
to Terrestrial Maguetism No. XUI, giYes some results which he eretlits to a l\IS. in the .l\Iagw~tic 
Office by Oommarnler 1\loore, but uo magnetic declinaHon or inte11sitic.Y are given; whc11cc we con
clude that no oh,.;crYatirms, or at least no satisfaetory 01Jse1Tations therefor were taken. ~\few 

results for dip are g'iYcn. The g·eographical position of the station where the dip ohserYations 
were taken is ginm hy General Sabine, and this position, if due to Commander J\Ioor1·, is tht~ 

earliest determination on recor!l of a position fur Plover Bay. The position given probabl~- reft'r" 
to some point near the nortllern shore of Emma IIarbor. " " " 

A rongh sketch of Plover Bay was ma1lc in 18fifi, h~- the exploring parties of the \Yestt•rn 
Uniou T1,legraplt Company, and this sketd1 W<lS pnblishe(l in ll"G!~ hr thP Coast, SttrH'.\" Tlw 
ohserYatiom; werP made h:v Lieut. J. Da,-ison, of the Gnited States U1•Yenne J\farirn, Serdce, autl 
the resulting position is stated to depend upon nine obsernitions, refcrre1l hy a crude trim1gulation 
to tlm mountain Bald Head. " " * 

In 18i6 the hay was visited hy Lieut. J\f. h OnatseYicl1, of tl1c Hm1sian N:n-y, in the Ysadnik 
and a rongh surve~· made ol' the hay, with a somewhat detaile1l snrn~y of the anchorages. At the 
sanH~ tinu~ astronomieal and magnetic ohsl'rYatiom; were made. 

In 1H77 the Hussian Hy(lrographir~ Office pnlilisl1e(l sernral eharts embodying the results of 
Onatsevich'i,; ohsern1tions, and amoug them a chart of Port Providence, or "Plo\·er Bay," as it is 
usually ealle(l by the whalemen. • * * 

The station occupied by Lieutt•1iant Onatsedch is clearly marked upon his chart, and as wc 
liad tllis chart with us, the place was quite closely identified, probal>ly within a few feet. Tlic 
attempt was made to have our station identical with llis. • " * 

Our adopted value of the geographical position of the astronomical station of thl• L'."nited States 
Coast and Geodetic SmTc.Y at l'lo\'cr Bay, Eastern Siberia, is 

Latitude, 6! 22 00 :!: 6 .x. 
\ 170 21 0:! ± (j l . . 

lAmgitude, . 11. "'·• s. s. ( \\. Gr. 
~ 11 :1~1 26. 1 ± 0. 4 } 

Our station was marked hy drfring a }lieee of whale's rilJ into the ground and piling rock!> 
around it. Bei11g identical with the 8tation of Lientcnaut, OnatsnicL, an,y one Yisitiug till' pla('(~ 
will, by the aid of that chart, readils identif.y it. " " " 

The Yukon arrived at Plover Ba;y at ten in the eYening· of August 11, 1880. 'l'he following 
day was cloudy in the morning, afterward rained, and later partiall_y cleared n11 so that \Ye obtained 
two pairH of P(jtml altitudes of the sun for time, the interval heiug about thre<' hours. During the 
afternoon we succeeded in getting four sets of six eacli of donlJlc altitudes of the sun for time. 
From the e11ual altitudes, the time of local mean noon b~· tlie chrouomet<"r was Uh 18m 13.!I•, and 
from the double altitmles it was llh ism 14.2•, a very satisfactory agreement. B~· means of the 
intervals the probable errors of each of these determinations ha\·e bePn mad(• out. For the l'\qual 
altitudes it is ::!: 1.7•, and for the donble al ti tu des it is :I: o.:Jo•, values which lllay be takl'll as fairly 
representath·e of the different cornlitio118 u11der which the ohsen•ations were made. From th(•,;e 
observations the conections of our chronometers to Greenwich mean time 011 Augrnst 12 were 
determined. 

On August 14, we sailed from Plm·er Bay to the eastward and northwm·d, cruising· alo11g: the 
Arctic coast as far as Point Bt•lclwr, and returniug tlience }lllt'Sl'd through Ucril1µ; Strait to Port 
Clarence, aud afterwardH returning to lleriug Strait madu a lauding on the i>ontlwastcru shon• of 
}{atmauoff, or the Big Diomede hiland, on Sepkmbt•r 10. \Ye came to a11d10r at tll'\'l'll i11 the 
morning, about a mile off shore, and sailed away about three in the afternoon. Huring om· lo\ta.v 
observations were ma<le for latitude a1ul time, and all the mag·11ctic elements, dcdi1mtiou, dip, and 
intensity. Of time observatiorn;;, three 8Cts of six each of ilonble altitudl's of the sun were ohtained 
with sextant and artificial horizon. These three sets gin• as the correction of our "hack," or 
ohsening chronometer, to local mean time 

+111 o;-Im !W.\l' :lU.a:.•, 
this probable error resultiug from computing thl' eighteeu oh;,i~n·ation.s .singl,v alHl treating in the 

S. Ex. l~--43 
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usual way. The sk.r was nearl.'' covered with cumulus clouds, the wind fresh, raw, and chilly, and 
thermometer 390 Fahr. Near noou the sun appeared again for a short time, and nine pointings 
were obtained for latitude, giving the following results, each depending upon a single observation: 

c 

65 44 54 
50 
38 
54 
44 
53 
53 
60 
G5 

1\fean latitude, 65 44 51 ± l".5 N. 
I,e;,ving the Diomedes on the afternoon of September 10, we sailed directly for Plo-rnr Bay. 

That night we were st-0pped hy ice, the next day delayed hy calm1<, hut on the following day, Sep
tember 12, wc reached our anchorage in Plover Ilay a little before noon, just in time to get a good 
series-3\J observations of circummeridian altitudes of the sun for latitude. In the afternoon we 
obtained a good series of time observations, but tl1e following morning was cloudy. We succeeded, 
however, in getting four altitudes corresponding to those of the preceding day, thus enabling our 
time determination to hang upon four pairs of equal altitudes, the epoch being local mean mid
night September 12 and 13. The times of local apparent midnight from these four pairs by our 
"back" were 

li. n;. 8, 

11 09 0.2 
1 ') 
.~ 

0.3 
0.7 

from which the probable error is found to be± o.rn•. 
For the longitude of our station upon the Big Diomede Island we have, therefore, as follows: 

8. 

l'lover Bay, 1880, August 12, noon, chronometer correction determined. ______ ...... _. . . . d- 1. 7 
Big Diomede Island, 1880, September 10, Sh.9, a. m., chronometer correction determined. . :l: o. 35 
Plover Bay, 1880, September 12, midnight, chronometer correction determined ...... _... . ± o. 15 

By means of the time determinations of August 12 and September 12, the rates of the chro
nometers are determined, and then the Greenwich time determination at Big Diome,le Island, Sep
tember 10, is made to depend upon the determination at Plover Bay, Se})tember 12, and the rates 
of all the chronometers carried back to September 10, a period of 2.64 daJ·s. 

The resulting longitude by each chronometer is shown in the following table: 
Chi-onometer. k. m. B, 

214 .• _ .11 16 18.3 
866 .••• 17. 9 

1131.- - • 18.0 
1713 .• - • 19.0 
2535 .. -. 14. 7 
311. ••• 16.6 

Chronometer No. 2i~~ was our "hack," and 311 a sidereal chronometer used in making com
parisons. Each llllll ratb~r large rates, that of 25~l5 exceeding nitie seconds, and that of 311 fi·i•c 
seconds per day. The indiscriminate mean of all is llh 16"' 17.4•. Assigning only half weight to 
chronometer 253;., the longitude resulting ii; 

Uh J6m 17.7• 
The probable error of the Greenwich time at the Diome<les, based upon the agreement of the 

chronometers, is :I: 0,3&. 
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For the probable error of the longitude, therefore, we have 

Probable error of longitude of Plover Bay - - - - - - .... - _ ... _ .... - .........•.........•.. = ± 0. 3!l 
Probable error local time determination, Plover Bay, September 12 . • . • • • . • • .•....••. = ± O. 15 
Probable error local time determination2 Diomedes, September 10 .•••••••••••...•••••. = ± O. 3;'i 
Probable error Greenwich time detBrmination, Diomedes, September 10 .•......•...•.. = ± 0. 36 

Resulting longitude adopted, 11 h 16m 17".7 ± 0•.65. 
The astronomical station of the United States Coast and Geodetic Sun·ey at the month of the 

ravine, on the southeastern Rhore of the Big Diomede Island in Bering Strait i8, tberefore, in 

Latitude, 65 44 51 N. 
Longitude, Hi9 04 25 ± 10 W. Gr. 

From bearings aml angles taken from the a8tronomical station and from the schooner at 
anchor, using the distance of the schooner from the station as a base line, together with other bear
ings taken while in the vicinity of the islands, a sket-0h of the two islands has been pre1mred from 
wbich it appears that the meridian tangent to the extreme eastern edge of the larger island is 2.1 
nautical miles, and the meridian tangent to the extreme westBrn edge of the smaller island is 3.1 
nautical miles, east of the astronomical station. The boundary line is to pass midway between 
these meridians, i.e., the meridian which forms the boundary is 2.6 nautical miles east of the astro
nomical station. 

In latitude 650 451
, the latitude of the astronomical station, 2.6 nautical miles is equal to 61 2011 

of longitude, and, deducting this from the longitude of the astronomical station, the longitude of 
the boundary line is found to be 

Hi8o 581 O•"'i'' W. Gr. 
If we assume an uncertainty of one-quarter of a nautical mile, equal in this latitude to 37" of 

longitude, in thus transferring the position of the station to the boundary line, and this seems to 
be quite large enough, we have finally as the longitude of the boundaQ' line betv.-een AlaRka and 
Eastern Siberia 

1680 581 0511 ± 3811 

or, in time, 
11 h 15m 52•.3 ± 2•,5 W. Gr. 

WASHINGTON, Janua.ry 25, 1882. 
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RKFERENCES TO THE PLATES. 

1. Bering Strait. Surface and Vertical Isotherms. 

The line of the vertical section and the locality of the eight stations at w11ich serial tempera
tures were taken are shown in the upper part of the plate. 'l'he soundings from Station VII to the 
1'ltore are from the chart of Beechey, the shoal water on the bars there represented being uusafo 
for the purpo8e8 of navigation. The other soundings are from observations by the party. The 
tempera! nres are in degrees of' Fahrenheit scale. In the section the vertical isotherms of 40°, 41°, 
and 420 are somewhat dist-Orted by the eddy cam1rnl by the interruption of the current around the 
Diomede Islands. 

The shorelines of the chart are taken from the charts of Deeche~- and 'l'ebenko:ff, with some 
corrections resulting from observations by the party on the U.S. S. Yukon. 

2. Chart showing !lirectiou and strength of currents observed in Bering Sea aud adjacent 
waters by different navigators, aml also the approximate borders of the pack ice of Bm'ing Sea in 
l'<priug for various years. 

The sonr('es from which this chart has been compiled are referred to in the text. The open water 
in Hery ease is that part of the St~a south and west from the lines iudicating the margin of the ice. 

The regions usually occupied by ice during tl1e summer in the Arctic Sea, north of Bering Strait, 
are approximately indicated by the absence of current observations on the map. In case8 where 
the number of observations is too great for them all to be represented on the chart (as in Bering 
Strait itself), the selection has been determined by attempting to choose characteristic observations 
which should represent the varsiug currents reported by ditl'cront navigators. 
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APPENDIX No. 17. 

AN ACCOUNT OF A PERPECTED Fomr 01~ THE CO:\TACT-SLIDE BASE APPAUATCS USED IN TIIE COAST 
AND GEODETIC Slill\'EY. 

By J. E. HILGARD, Assistant. 

'.l'hc Coast Survey He ports for 185R, 1857, and 1870 contain acconnts of a base measnri11 g· appa
ratus, designed h;\- Assistant J. E. Hilgard and .l\Ir. ,Joseph Saxton, in consultation with Superin
tendent Bache, and intended originally for \YOrk of se1:0111lary accuracy. 

The results obtained by its use in the fiPl<l haw surpassed the expectations entertained of irs 
merits, and h::we shown that the degree of cxn,ctness of distances measured with it is as gmat as 
can be maintained in any system of triangulation has<'<l upon them. In illnstrntion, t.!ic rPccnt 
measurement made with liars of this constrnetion, hut G mcter:s iu lPllgth, hy AssiRta11t O. II. Titt
mann, of the "El Paso" base, Color.Hlo, ma;r lm citf'<L The base line, 11.3 kilometers long-, was 
measured twice, in opposite directions, in t\wnty-thrC'C' working rla~-s. It, was diYidml iuto fifry-fonr 
i,;ections, and from compnrisons hdween the two 111Pasures of each section a probable error of less 
than ffre millimeters has hPell tfodnced for t!Jc wl1ole length of the !Ja~e line, as that due to tbe 
uncertainty of nwmmri11g only. Taki11g iuto account a1so the uncertainty of the temperature COITec
tiou, the probable error assigned to the leugtL of the base is 1G.5mrn. 

As showing the capacity of Uie apparatus to oyercome grndcs, it ma:y be mentioned that the 
ditl'erence of elerntion between tl.te termini of this base is 172 meters. 

The apparatus consists of two measuring bars 4 meters long·, exact]~- alike, supported on 
trestles. The measurement is made by bringing these bars successiYely into contact. Tliis 1s 
effecte<l by means of a continuous screw motion, autl defined by the coincidence of lines on the ro<l 
and contact-slide. 

The simplicity, ease, and rapidity of this morle of making the contact left nothing to be desired, 
and was found to introduce much smaller errors tlian were caused by our imperfect knowledge of 
the temperature of the hars on which their absolute length depends. 

Ju the form of the apparatus hitherto used, the temperature was at first indicatl'd by a ml'rc11-
rial thermometer, the bulh of which touched the rod, let into the wood encasing the latter, on one 
side of the bar. Afterwards another thermometer was inserted on the oppm;ite side, hut it was 
found that the indications of the two differed considerably, particularly in the early part of the day, 
and when the direction of the measurement was such that the sun shonu on one side of the appara
tus only. 

In order to make our knowledge of the absolute lengths of the bars conform more nearly to the 
measuring power of the ap1laratus, it was decided hJ· Assistant Hilgard to combine the measuring 
rod with two zinc tubes, one on each side of the rod, into a metallic differential thermometer. It 
is the object of this paper tu show how this has been aceomplishecl without materiallr increasing 
the weight _of the apparatus, and to give an account of a new device fur ali~ning the bars and to 
describe the apparatus as now perfected by him. Originally a bar carried at each of its ends an 
aligning pin, and it was intended that the alignment should be made by s~·hting with the eye along 
the pins, but this method was found insufficient because the two bars were not always at the same 
inclination, uor were they nearl;y enough level when placed on the trestles to insure the verticality 
of the pins. It was, therefore, customary to station an obsernr behind a theodolite mounted in 
the line of measurement, at a. convenient distance in front or behind the bars. 

To simplify the procedure, a small aligning telescope has been attached to the forward en<l of 
the bar. 

The accompanying plate shows tlw 1letails of the a1iparatus. 
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Fig. 1 shows a cross-section of one of the 4-meter bars. The wooden bar is 8 centimeters wide 
and 14 centimeters deep, and is composml of two pieces firml~- held together by loug screws passing 
from the top through the upper piece into the lower. Encased in this bar is a brass frame calTy
ing tltree rollers, on the central one of which rests the steel rod, whinh is 8mm in <liamet,er. On 
each side is seen a zinc tube !),5mm in diameter. A brass plate extends across.the rod and tubes, 
holding them in place, but not in contact with them. 

The rod and tubes are supported throughout their length on 8imilar systems of rollers, at 
distances apart of about om.34, as shown in Fig. 4. 

Fig. 2 shows the rear bar on the left in contact with the forward bar on the right. It should 
be borne in mind that what will be said about the forward or rear end of one bar, applies equally 
to the corresponding ends of the other, as they are exactly alike in construction. 

In the figure the tops of the wooden bars have been taken oft' to show the details of the arrange
ment of the rod and tubes. Looking at the rear eml of the forward bar we see one of the zinc tnl.Jes 
soldered to the rod, as indicated by the discontinuation of the broken lines on the millimeter scale. 
This scale is screwed to the united end of the tube and the rod. The other zinc tube is left free to 
cxpaud at this end, and carries a vernier corresponding to the scale • 

.At the other end of the bar the arrangement is reversed, as shown on the left at the forward 
end of the rear har. To avoid a vertical disphcement of the vernier and scale plates, they are held 
in place by a bridle fastened to the vernier and overlying the scale, and carrying a spring which 
presses the latter against the former. The upper portion of the har is perforated from two sides, 
and the perforations are cl9sed by lenses having their foci in the plane of the scales. By this con
venient arrangement one of the lenses concentrates light on the graduation, while it may be read 
through the other. This arrangement is not shown in detail in the drawing, but the position of the 
lenses is shown in Fig. 5 by the little squares, near the ends of the bars. 

It ueed hardly be explained that the absolute length of the bar must be determined for any 
particular reading of the scales by comparison with a standard, and that the difference in the coef
ficients of expansion of the steel rods and tite zinc tubes will cause different scale readings, for 
differences of length due to changes of temperature. 

A mercurial thermometer is retained near the middle of the bar, as shown in Figs. 4 and 5, for 
comparisons of the bar with the standard. The thermometer can be read while it remains in posi
tion, by merely withdrawing a wooden slide which co-vers it. 

The tubular form was chosen for the zinc because of the inelasticity and brittleness of that 
metal. 

"re re\'ert to the figure. The rod and tubes fixedly united are movable lengthwise on the 
rollers by means of a milled head nut, working in threads cut on the steel rod which passes through 
a circular opening in the brass plate screwed to the wooden bar, and against which the nut presses. 
This motion is counteracted by two strong springs at the forward end of the bar, which are fast
ened at one end to the wood and at the other to a cross-piece which is firmly clamped to the rod, 
and by means of which the tension of the springs can be regulated. To prevent the twisting of the 
rod when the milled nut is turned, a brass piece is clamped to the rod and slides horizontally on two 
guide plates. The amount by which the rod may be screwed in or out is limited by four srops on 
the guide plates, between which the cross-piece slides, as shown in the figure. The rear encl of each 
rod carries the contact-slide, which has on its extremit.y an agate with a horizontal knife-edge. 
The contact-slide is a short tube which slides over the end of the rod and is pushed outward hy 
means of a spiral spring, rather more than sufficient to overcome its friction (see Fig. 3). .A slot in 
the tube shows au index plate with a line ruled on it, fastened ro the rod. The coincidence of these 
lines defines that po8ition of the slide in which the knife-edge is at a known distance from the plane 
of the agate at the other end of the rod. This plane agate i8 shown in the figure as the abutting 
surface of the rear bar. 

The contact-slide and rod are perforated with a small hole and supplied with a pin, not shown 
in the drawing, by means of which the guide lines can be fixed at coincidence for the purpose of 
making comparisons with the standard bar, or of transferring a point on the ground to the end of 
the bar. 
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When the whole bar is nice!:;· adjush~d on trm;tles or stands in elevation and alignment, aml 
within a few millimeters in distance eitlier way, the exact adjustment i;; effected hy turning the 
milled head nut which slitles tlw rotl within the bar until the lines on the index plate all(l contact
slide coincide; the knife-edge on the latter abutting meanwhile a,gainst the agate Rurface plane ot' 
the preceding bar, which suffers no pressure, exr,ept that due to the small spiral spring within the 
abutting-slide. 

In judging of the coincidence of lineR, a magnifier is made use of, which can be carried by the 
operator or be attached to the bar, as shown in Fig. 5. 

Fig. 5 shows the general appearance of the bar when on the trestles. Tlie bar is pain tetl a 
hlaish gray color, and has on it a designating umneral (not shown in the drawing). Two black 
bands a.re painted on it at a distance of one-fourth of the length of the bar from each. end, to show 
where it should be supported by tlic trestles. The level sector is also shown. By its means tile bar 
is made horizontal, or it-. incli1rntion can be read off on its scale, whieh is graduated to minutes. 

On the forward ernl the aligning telescope is shown, a side and front yiew of which is gi\·en lJy 
Figs. 6 and 7. 

The telescopro rests in wyes, in wl1ich it is rnYersible, and is mounted on a stiff Rpring, oue eutl 
of which is 1ixB4 to tlH~ bar, the other to a tangent screw, by meaus of which the axis of the tele
scope can be made horizontal, as indicated by a small Jeye] ciirried between the wye standards. As 
the bar is made very nearly horizontal IJy means of the level on the trestles, the ecccntrieity of the 
t.elescope caused by the final a(ljustment with tlte t<ingent screw i8 hllt au insignificant quantity. 

Fig. 8 shows the trestle. On :i. tripod stand witll douhle legs of the ustlal construction is 
screwed a frame cnrrying two upright guides for the two w-oocleu eross-l:!lides, Rhown in the drawing 
as sepan1ted by a wedge,, Ea.ch cross-slide is composed of two pieces of -wood, on opposite sides 
of the guides, held together b~- a clamp at each end, by means of which it can be fi.xed at any ele
vation on the guides. A sp1·i11g, whieli reacts ngainst the clamps, is introduced between the two 
pieces of wood and throwi:; them apart when the clamping screws arc looseuet1, to admit of an easy 
vertical mo,·ement along tl!e guides. For this purpose, fnrthermore, friction roller,,; are inserted in 
the ends of the crosR-slides mo\·ing between the guides. The design secures an cai;;y mo\·eme11t 
under all changes of heat and moisture. 

Tile parallelism of the two cross-slides is insured b~- their contact with the wcd~e, and their 
horizontal position is indicated by a small level affixc(l t-0 either the lower or, as in this instance, 
to the upper slide. "\Yhen the lower ont1 is fixed and the wetlgc in its :ffemge position between 
them, the upper one can be moved about 2 centimeters up or down parallel to tlie lower. 

An equable motion witlioutjarring and with certain bearing is secured for the wedge by caus
ing it t-0 move between friction rollers. As the wedge moves with great ease on the rollers and];:; 
liable to fiy out when under the pressure of the, bttr, a fiat spring is introduced betwoon the sidP of 
the wedge and the side of the cross-slide, which presses tile wedge against the guides aud cunses a 
uniform friction independent of the weight of the bar. 

The trestles are alike in construction, with the exception that the upper slide of the trestl1• 
intended for the forward end of the bar carries a, roller on which the bar rests, w-liile the otiler ha;; 
a fixed semi-cylindrical surface for tbe support of the bar. 

Befort\ beginning the measurement of a base line the itligning- telescope shoulll bB co1lirnatcll, 
the milled head nut giving the sliding motion to the rocll'! in the bars should be put at its mean 
position, and the level of the sector should be adjnsted to the zero of the arc wben the bar is horizon
tal. This is done by putting the bars on the trestles, and bringing the kuife-edge at oue eud and 
the middle of the agate at the other, into a horizontn,l plane described hy a leveling i11strurnent or 
theodolite, set up equidistant from the two ends of the bar. As thiR adjustmpnt i8 liable to a slight 
derangement, during mea,mrements, it is eustomary to test it at tbe end as well as at, the begin
ning of a day's work, and when such a derangement has occurred its ttmount as shown liy the arc 
must he recorded and a correction ap]llied to the ohscn'c<l inclinations. 

In making the measurement, the hars being- four metNs in h•11gth, tllf' Rtawls are srt up at 
distancel'l of two meters, each bar being snpporte1l at 011e fonrt 11 it~ lc11gt Ii frolil thr PJHh:, :t>' iwli
cated hy the black hin1ds. 
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The tripod legs are so placed tliat one of each stand is in the direction of the line towards the 
milllllc of the bar. 

The height of tlle ;;tands is approximately adjust£d b,\· the spreading of the legs. The proper 
distance for the stands is ascertained by a light rod of two meters laitl on the ground. 

The wedge is placell at its midway position, between tLe two cross-slides, which are clamped at 
a suitable height. This is ascertained by sighting across the tops of the slides to a bar already in 
})Osition. At the same time they are kept horizontal by means of the attadied level, which should 
be kept on the forward si1k, so as to be undt'r the eye of the person adjusting the height. 

The bar is next placed on the trm::tles in approximate alignment, for which the space between 
the uprights makes ample allowance, if the stauds are set with moderate care. n· is then adjusted 
in elevation by means of the wedges, and t•itl1er placed level or at a slight inclination, which is read 
on the sector scale. The alignment is now perfected hy means of the telescope on the top of the 
bar. The liar is Rhifted hy hand, as it is in no way clamped to its support, its weight heing sufficient 
to insure stability. At the Rame time its distance in reference to the preceding bar is.adjusted 
to tl!e range of the screw motion. 

In launching the hars backward or forward by hand, the operator should lift the contact end 
slightly off the trestle, while the assistant at the forward end, with his hand placed under the har, 
merely takes some of the weight of the bar off the trestle, leaving the operator free to move it either 
-way, in whiel1 he ma~· be assiste1l hr a slight swinging mornment of the hand. 

\Vhile it is alwa,ys preferalile to use the hars nearly level, consideraule irregularities in the 
ground may be overcome b.Y rneaus of the trestles. A verti\_:al offset with a theorlolite may he 
i·csorted to in overcoming a sudden chn11~e of grade in preference to using the bars at a considera
ble inclination. 

'fhe apparatus is prm·i<lPd with tliree vairs of stands, cme of.which is alwa,Ys ke1)t in position 
in advance of the two which support the bms. 

Two men are required to carry forward the trestles to set them and to adjust the cross.slides 
approximately. Two others are required to carry forward the bars and to assist the operator who 
makes the contact in manipulating the har for its nice adjustment. Two more for carrying forward 
tools and other appliances and nec1•somries, and a recorder whose dut.Y includes check readings of 
the temperature scale and sector arc. 

It is requisite that a standard shonltl accompany the hars into the field for the purpose of mak
ing comparisons between the former aucl the latter, since the scale readings depend, aside from the 
changes due to temperature, on the unalterable relation between the zinc and steel, and it is 
desirable to verify this frequently. A series of comparisonR between the standard and the measur
iug bars will then enable the computer to arrange a table in which the absolute length of the hars 
corresponding to the ohsen·ed scale readiug-s will he gh·en irrespective of our knowledge of the 
tempemture of the h11rs. The knowledge of the length of the standard, liowever, de1rnnds on the 
iwlications of men·urial thcrmometerR, but the time and circumstances under which the comparisons 
are 1mule may !Jc so chosen as to afford very much more favorahle conditions, as regards stabUit.1J of 
teiuperature, than could be expected during the measurement of a base-line. 

The mercurial thermometer retained in the measuring bars should, however, l.Je rea,(l not only as 
a check against gross mbreadings of the scales against which the fact that two scales must ue read 
already provides, but also to complete the record by furnishing information in regard to the vary 
iug temperatures of the day. 

The scale rl:'adings should be recorded at equal intervals of time, or if the measurement is pl'o
gn:ssing at a nearly uniform rate of spee1l, for, say, e\-ery ten bars. But the frequency should 
d<•pernl 011 the rate at which the smile readings change as shown b,Y the record. 

A form of record is appended. 
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A form of record is appended: 

!! 
" Time. ~ ... 
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96 • 
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15 ..... . 99 ' 

Sea.le readinp;s. 

Forward 
e.ud. Rear end. + 

Sector readiug~. 

Cf)rre-0tcd. 

Corrr-ction for 
inclination . ltemarks. 
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4 

Cloudy, calm. 

Light rain. 

------------- -------------------
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ArrENDIX No. 18. 
AN ATTEMPT TO SOLVE THE PROBLEM OF THE FIUST LANDIKG PLACE OF COLUMBUS IN THE NEW 

1Y0l{LD. 

By Capt. G. \..r. FOX., Ai-;~iRtant RPcr~tary of· t-bP Navy 1r•o1n 1\fay,. l8G1,. to Nove1nber, 
18UG, 1\'-1e1nber o:C the l\:Lassaehusetts I--I.:i~torical Society, etc. 

I. 

INTRODL"CTJON. 

The <liSCO\('ry of America by Christopher Colnmbns is, perhaps, the most important e\-ent 
recorded in secular history. Aucient philosophers had suggested the spltericity of the earth, the 
zone of water, and the theoretical possibility of reaching the Indies by sailing west; and Colmn
bus recalled these suggestions before the great councils that ridiculed and rejected his proposal. 

The art of navigation is as old as civilization, and the practice of it must have begun when 
bartering commenced. Its early development in .European waters was, probitbly, in the eastern 
part of the l\le!literraneau, witlJ open boats, such as Homer mentions. Vessels of this character 
coul<l not make a commercial nation like that which throye in Pluenicia. Therefore we find that 
her ships were large and that tbcy msed both sails and oars.(1) More than three thousand years 
ago the sailor:s of this little state had passed ont of' the Mediterranean, had founded Oadiz, aud 
were trafficking aloug the Atlantic shores of Europe aml Africa. 

The maritime spirit of the l'hrenicians descended upon the Oarthagenians, the Italians, and 
the Portuguese. The last named began that golden age of' geographical discovery which charac
terized the fifteenth century. 

All navigators antecedent to Columbus followed the same way in sea.rcl1i11g for new countries. 
They crept along the shores of contiguous lands making no disco\Teries beyond unless by chance, 
through the stress of storms, or by the letting loose of birds. 

The Vikings tribe of Xorway were an exception. The area of sheltered fior«ls in their fretted 
coast exceeds all the arable land in the country. Hardy ventureSQme seamen grew here from the 
law of enYironment, a11d their Yessels also were evolvt•d in a tempestuous ocean and by means of 
a business very clifferent from trade. In shape these resembled the present whale-l>oats,(2) which 
are proved to be tJrn best type for rough seas. 

A well-preserved Rpecimen, supposed to have been made about the tenth century, was dug out 
of a tumulus at Gl•g·stad, :Sorway, in the epring of 1880.(3) It is 72 feet long, 17_ wide, and it 
probably drew 5 feet of' water. There are twenty benches for rowers. Near the middle is a wooden 
step for a mast, and indications that this might have been lowered at will. The vessels of the 
Northmen were ob\·iously good sea-boats and from their light draft and the alternative of oars, 
they must ham been ,-ery handy in the neighborhood of laml, but under canvas they could make 
no headway unless hy ''sailing large." 

The Phrenician:s nsctl the Pole Star in navigating and the ancient mariners of Ceylon regu
lated their track throngh the ocean by observing the flight of the birds which they set free at 
intervals.(') In this modr, anll also from being force'1 to scud iit gales, the Nortlnnen extentlml 

( 1 ) Ezekiel xxvii, fr-i [aho11t. :>i:ld B. C.]. Probably this time wa;i tlw lwight of her power. 
(')See frontispie-0e. IJ<'11»11ll'k i11 the Rl!l·l!J Iron Age. London, 1866. C. l•;ugelbardt. 
(") ::;.,., La .\"ctture for !H<'ll. 

(') Hi•l<Jryof Mn'<·haut .~lt1p/•i11r1 a111l Ancinit Commfl'ct'. W. S. J,ilJtlsa;r; 4 vo!J:1. Lun!lon, 1874. Vol. I, Pl'· Hand :3511 



 

ERRATA TO Al'l'JUWJX No. 18-COAST AND Gl!:ODETIC SURPET REPORT FOR 1800. 

Page 347, 19th line from top: For "for," read "aud." 

Page 347, 8th line from bottom: :For "these facti<," read "this fact." 

Page 347, 2d line from bottom: Omit the second "of." 

Page 350, 3d line from lwttom: Betwemi "and" and "are," insert "they.'' 

Page 351, 2:M line from bottom: Omit, "'s landfall." 

Page 351, 8th line from bottom: Foo: "Hesselgerritz'•," rea<i "Hesael Gerritz's.'' 

Page 352, 14th line from top: ]<'or "later," read ''short!~·." 
Page 352, 13th and 14th lines from bottom: Omit, "eitistB only in manuscript bnt it has been, and is, aceeeaible 

to scholars," and insert "was printed at Ma1lrid in 5 vols. 1'v'o., in 1875-'76." 

Page 352, 12th line from boMmn: For "1559" read "1561." 

Page 374, 24th line from toi>: }'or "was" read "were." 

Page 375, 7th line from bottom: For "later" read "..oon.'' 

Page 376, 6th line from top: For "the first" read "his first." 

Page :~80, 13th line from top: After "aho'l"e'' insert "cited." 

Page a&'>, 15th line from to1.: After "Columbus" insert "was." 

Page as5, 21st line from top: J•'or "about 12," read " 12.6." 

Page 3tl6, 3d line from bottom: For "has" read " lo.ave." 

Page 386, 17th limi from top: For "all" read "fall.'' 

Page 3116, 19th line from bottom: J<'or "be" read "are.'' 

Page :1"171 top line: }'or "of" read "fro:u." 

Page :J~7, 5th line frnm bottom: After "ocean" insert "then.'' 

Page 3 ,,.., 1-lth Jin" fro111 t •P: Orn it "speed of the vessels," insert "distance sailed." 

Page 38•, 10th linl' frpm top: After "9t" insert "nautical, or Ll.3 Italian.'' 

Page 3~, 3d line from hott.om: 01111t "and ~1. Valoknaer.'' 

Page 3~8, Sth line fro111 bottot1.: .Fo1· "Nautieus'' read "Nautioae;" for" Nario" read" Navio." 

Page 393, 2d line from hoUom: Insert "moisture" between "this and "is." 

Page 39:J, 11 t.b line frow bottom: For "bevery" rea<l "be very." 

Page 394, top line: For "makes'' read" 11 a.ke.'' 

Page 3!14, 27th lint< from top: For "were" read "is.'' 

Par;e 395, >lth I ne from butt.om: Omit. "previous," ins~rt "time"; between" it" and "iht>" insert "in." 

Page 396, :.llst li11e from top: Omit "truly;" insert "truthfully" before "answered.'' 

Page 396, 8th liue from bottom: Aft.Ar "the," insert "Guanahani and.'' 

Page 397, 13th line from top: After "leagues," insert "and." 

Page 3.'17, rnth line from bottom: Omit the last ''S" in "S. W. t S. ;" insert "W." 

Page !\Si, 23d line from top: }'or "narrativo above,''. read "foregoing narrative." 

Page 3!18, 4th line from bottom: For "another," read "au other." 

Page 399, 28th line from top: For "there,'' read "here.'' 

Page 400, 12th Hue from top: .Por "was," read "is.'' 
Page 400, 4th line.from bottom: For "A. M. E. Elliott," read "A. M. Elliott." 
Pagt'. 403, 17th line from top; For "wllll," read "is." 

Page 404, bottom line: Omit "above.'' 

Page 405, top line: Insert "above," after "quoted." 

·Page 407, 3d line from top: For "above log," read "foregoing log.'' 

Page 408, 26th line from top: }'or "Joi{,'' read "log line." 

Page 410, 7th line from.top: Omit the first" and.'' 
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their discoveries until ftua.Jl,r, in a storm, they saw Greenland in the ninth eentur;r and Labrador 
in the tenth. Tliere is a sequence of larnl across, which points out tile suecessi\-e step;; they took. 
'West 180 miles from Norwa,y, are the Slletlan!ls; thence west-northwest 110, to the F<ll'Ot»"; :!!O 
miles farther, on the same course, lies keland; and uortl1wcsterly, lG.'.i more, i:-; GrePularnl. Tlw 
louge8t distance is from thi:-; to Labrador, 500 miles, whence the coast-line is continuous. 

It is indisputalJle that the Xorthmen were tlw a l.Jlest seamen and boldest mwigaton; of ancient 
times; but tliey were neitlwr traders nor colouizers. 'l'he lands which they rliscm·ere(l in the west 
were supposed to be an extension of the :European Continent. They derh·ed no advantage from 
them, neither did the world. In the graceful language of \Vashi11gto11 Irvi11g, "If the :!'lorsemen 
saw the New vYorld, it was but a trausieut glimpse, leadi11g to no certai11 or permanent knowledge, 
and in a little time lost again to mankin<l.(I) 

Columbus was an efficient seaman and he was also a religious enthusiast-a rare combination. 
In his correspondence with Toscanelli, in HI±, is tile first meution of his decision to seek the 
Indies by sailing west. Three yeitrs afterwards he Yisitetl the northern regions, foelaml probably, 
where he must ha\"e found the tradition of we:-;tcm discoveries, although the secret of the Sagas 
was not published until the last half of the sixtec>nth centm'.'"· \Vhatever he learued there had 
no influence upon his preYions resolution. He did iwt propose to hnut after the lands which the 
Northmen had discarded. Hi.;; purpose was to open a wa,v, hy water, to the rich anll llOpulous 
countries spoken of hy Marco Polo, for this was linked in his mind with the propagation of the 
Uhristian faith and tl1r re;;;c1ie of the HoJ,,- Sepulcher from the Infideh:. 

Everything essential to such a Yoyage had been ready for a long time throug·h the growth of 
navigation. In the iire\'ious centnr.r, Edward III, of England, had good, stout sailing ships and 
plenty of seamen. The marinl'r's compass was iu use as early as 1100-1'.!-iO A. D.(2) Latitude hy 
ohsef\'atfon vrns familiar to sailor.;; (see Appendix D) and dea1l reckoning of some kind llad always 
been practiced. Parallels aml meridians \Tere applied in the second century. Columlms himself 
made maps, and globes are mentioned in his jourual. 'l'his plan, and the re1tsoning hy which }re 
1mpported it, seem clear enough nO\Y; hut th·eu e>ery council n;jected it. In his lettfc'r to the King 
:tnd Queen of Spain, narrating hi.;; fourth vosage, the Admiral wrote: ';For se,-en _years was I at 
your royal court, where c\-er,r one to whom tl1e enterprise was mentione1l treated it as ridiculous; 
but now there is not a man, down to the Yery tailors, who does not beg to be allowed to become a 
discoverer."(3) 

Bis first proposal was to the Ki11g of Portugal, to steer west from Usbou. Tl1i1< would hare 
taken him to Anwrica, at a Jioiut fh-e miles south of Capp Henlopeu; dista11cP, 8,0!J5 miles. Japan 
is 9,801 miles west from Lisbon; but along the great circle, which goes through Em·o1)e and 
Siberia, it is only 5,168 miles. • 

Columbus giYes no rea8on for i::-oiug t.o the Canar,r Islands to take his final departure. lrYing 
i:;ays it was the damaged state of the Piuta'" rudder that led him to go there to exchange it;(') 
bnt on the Yer.r day lie sailed from Spain, August 3, lJ02, lie entere<l in lris journal that he was 
steering for the Canaries,(5

) arnl the mislrnp to the J>inta was not till tlie uth of Augu.;;t.(6) l'tlartm 
Behem's gloue aml Toscanelli's map agreed in placing Ci pan go (Japan) due \H'st from the Camtries. 
Columbus knew these facts, and Iris desire to steer aero»s the ocea,n, in tlic 8a111e latitude, wa;;; 
accordant to a usage of naYigators wliich has been ginm up only >1incc tire iHt1·rnlnction of ehro· 
nomrters. IIi.;; goiug to tl1e Canary Islands was proYidcmtial, because a west conrse from tlwre i:,; 
within tlte infiumice of the trade wit1d8, of which he was ignorant, and these wafted him continn· 
onsly onward: while Jiis crew were grumbling at his persistence. If he had sailed west from 
Lisbon, or from Palol'l, he v.~ould haYe: been antagonized by vnriuhle, and by westerly winds, thus 
lengthening the passage and thereby adding to the discontents of the men, all of which might 
have compelled him to abandon his Yoyage. 

( 1) Ii-d111J's Col11111l11rn. Rm·iRe(l edition, 18'14. Vol. I, Jutro<lnction, p. 2. 
(') Hallani's ,lficldlf' Ag<s. Vol. III, p. 3i!4; awl Erscll u11d Gi·ii/m·'s Eucye/. III, p. 30:!. 
( 3 ) CQ/ecx)ion de loR f'iuge• 11 1Jes1:11brimient-0s, etc. Na,,arretc. Ma<l1·i<l, 11:!:!5. Tomo 1, p. :Jll. 
{') Ii-vin!J'B Columbus. Revised edition, 11354. Vol. 1, 1'· mo. 
( 5) See Appe11dix D. 
( 0 ) See Natiarrete. 1.'omo I, p. 4, August 6; also prolo911e, Jll'· 2-3. 



 

34K REPORT OF THE SUPERt:'l'TENDENT OF TFIR 

Jn hii-; first log across the Atlantic, he likened the weather to that of Andalusia in April. It 
hi.eked 11othi11g1 he said, except the soug;; of the 11ightingales. Such it has been, where be crossed, 
for :Poni-; of time. Ou this rout fl th(' ,·essels of tl1c Urusaders might ha Ye gone t-0 .America in the 
twelfth century with Jps;.; peril tha11 they went from Englarnl to Joppa then. 

In recent years small boats from the l;uited States have anive<l safe in .England, in spite -0f 
bad weather and faulty obt'ernition1'. 

The unfolding of physieal laws has dissipated the artificial terrors of the ocean; bnt in the 
time of Columbus superstition and ignorance l:roolkd there, makiug it trul,Y a'' sea of darkness," 
whwh the imagination only ha<l pierced. 

'l'lw world is not in de ht eel to the wisdom of the learned for the en>ntfnl voyage that opened 
the oceans to commerce, and continents to trade and settlement. To Columbus belongs the merit 
of this inestnnable boon. lie i11spired the wise and go()(l Queen Isabella(1) eqnall~· with the bumble 
sailors of Palos to put their trnt-1t in his seheme. He was as persistent in maintaining it through 
the rnbnffs of eighteen ;years as he was ste;ulfasL in holding to his predetermined course across 
the Atlantic. 

It takes not a jot from the glm·.r of liis discover.)· that he underestimated the size of the earth; 
or that he died in ignorance of the transcendent importance of his deed; or that the N orthrnen 
had preceded him. The fulfilment of his design, to steer west until he reached the Indies or found 
intervening land, was thti triumph of human reasoning; it was the soul's work, into which neither 
chance nor the fickle winds intruded. 

The aim of this monograph is to try to solve the problem of the first landing-place of Colum
bus iu the New 'Vorld. It is founded, as all others are, upon Las Casas's (abridged) copy of the 
"log-book'', or journal, of Columbus. Xothing has been raked from the arcana of the past to 
impeach this; and it will continue to be used until the original journal is produced or this copy 
is shown to be F>purious. 

It is manifest th;1t no landfall, or track, can stand which is supported by assertions tl1at are 
in OJ>position to Las Casas's narrative. Knowing this to l>e true I have tested in the following 
pages every track, by placing paragra1>hs from each author and from the journal in juxtaposition 
so that any one, with the help of the correct appendix chart, shall discern the contradictions. 

The selection of a new landfall, aud track through the Bahamas, different from all hitherto 
ascribed to Uolmnbns, is the natural result of this sifting. The track which I l1ave laid down was 
chosen because it appears to be the only one that can be made to fit the courses, distances, and 
descriptions in the log-book. 

• "' ASIIINGTO:N", D. C., .Hay 31, 1881. 

(') Culumlms wrote-:'l'aiwrrete, Vol. I, p. \W6-"In the midst of the general incrednlity the Almighty infu~ed into 
the Queen, my lad~·, the spil'it of intelligence and energy, and while every one else, in his ignorance, was expatiating 
only on Uu· h1com·enience and cost, her Highness itpprovcd of it, on the contrary, and gave it all the support in her 
power." 
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NAilHATIYf; AND DI~Cr8SJOX. 

Colnmbns made four Yoya;,.:-e:; to the ~ ('W \\T orM. Tlw first war; from the Yillagc of Palos. wl1ieh 
he left on Fritla,Y, the 3d day of Angm;t, l±!t.!, with a squatlron of three small ve,;,;pls all(l about 
ninety men. The largest Yessel 'lrns hi,.; flag-ship, the Santa :Uaria; tl1e next, tlw Pinta, nrnrnia1ule1l 
hy .:\fartii1 Alouso Pinzon; and the smallest, the Niua, under command of Yiucente Yalicz Pinzon, a 
hrotlier of Martin. Ile went tlfrectly to the Cauarie8, where he arrive1l August 1:!, and he n~tittl'U 
and reprovisioned his vessels there. Thursday, the 6th of Septeml1er, he sailed from the lwrhur of 
St. Sebastian, in the island of Gomera, bnt was becalmed among the Canarie:-; nntil Saturday uig-ht, 
wl1en he met the usual northeast wind and steered west, his prc(letermine1l eourse for the lIHlit•s. 
Ile crossed the Atlantic and made the land at 2 a. rn., Friday, the l:!th of Oetoher ( olcl styll• ).( 1) .,Uter 
sunrise he laml~d and took formal possession of a small islaud of the Lucayos [Bahama;;], ca llcd lJy 
the natfres Guaualrnui, lmt named by him S;rn S;tlYador. The l;}th aud lGth of O..;to\Jer he Yisite!l 
aml named the secoud island S1mta Maria dfl la Concepdon. Tlw lith and 1tltll, and part of tluo 
19th, he was at the third, uamed by liim l"enrnndilm. Part of the l\Jth, and to thl' :!±t.h, 111· explot'L'd 
the shores of tlic fourth, "·hid1 lie thought the natil-es c;tlleJ Saometc, lmt he J,!'ano it the uanH· of 
Isabella. On the 26th he aneltore<l south of' r;en;u or eight isla111b which he called. Smid falauds. 
LeaYing these early on the 2ith he brouglit his squallrou to a11cl1or Sunda;\-, the 28th of Odober, ia 
a harbor of Cuba; thh; islaml lie Hamt>d Juaua. From this date until Decem her .i he examined 
the northeast coast, and the harbors of Cuba; then he cros,.;t'd 01cr lo Hayti, which he calh"l 
Espaliola. \Yhile exploring: the harbors aiul north shore the Sa11ta .'.\!aria was wrecked on thl' 
l'Yeniug of December 24, near the vreseut La,ycul Bay. Thi8 calamity led Columbus to ilrnke a 
settltmicnt from the crew in thi:-; bay. 

He left here ou the 4th of January, UJJ3, aud followed tlw coast to the l.Jay of Samana. Iknee, 
ou the 16th of January, he sailed for Spaiu. On tlw 18th he arri\-ed at tlli.• Azores, and left tl1cre 
the 24th. On the 4th of l\larch he was compelled by stres:-; of weather to put into Lisl.Jon. He 
sailell thence the 13tu, and ou I<'riday the 15tli of ;\larch, after an absence of two hundred aml 
twent.y-four day1-1, he returned in the Nilia, to l'alos. 

Ile sailed on his second nJyage from Cadiz, Wcdnrsday, the 25th of Sept(•mlwr, 1403, with 
1hree large vessels and fourteen small one,;, and about 1,500 men. He aiwlwre<l at tlw Canaries 
aud rernai11etl from the 1st to the 13th of Oetober; thence, stP.ering m'Jrc to the southward than 
on his first Yoyage, ou Snuday the 3u of No,-eml.Ji:ir he disc0Yere1l au island which he uauwd 
Domini!'a. From here he ste(•rcd to the northward and westward, Yisitc1l seYeral of the Caribbean 
Islands, Porto Hico, north si!le of Hayti, south side of Onha, ,Jamaica, thl· sontlt siflc of H:iyti, 
aronud the east end to the north side, thence to the islaw.l of G nadaloupe, imd ou the 10th of 
I\lareh he left there for Spain aml anchored at Cadiz .Jnne 11, 14HG. 

On hh; third Yoyage he sailed from San J .. uear May 30, 1498, with six n•ssels; he tonchetl ;it 
Porto Santo, J.\ladeira, the Ca11aries, aud auclwred June 2i at the Cape de Verd IslandOl. He left 
there Jnl,Y 5 and steered still more tu tlie soutlnn1nl, which lmmglit him Oil the 31st of ,July to 
an island whieh he named Trinidad. Tile uex:t day, while coasting tue south shore, ht~ discoYcretl 
the con"1:inent of South Amcriea. Ile c011tinuetl along the main html until Angm;t 14, when he 
stood O\'er to Jfa;yti where he was d<>tained for more than a year b.r the disorgauized couditiou of 
affairs. 

Ou the 23d of Angust, 1500, a new gm·emor-general, Dou Francisco de Bobadilla, arrh-ed. II is 
instructions were so vague that ltis wicked heart construed them to llermit him to pnt irons npo11 
the limos of the disco,·erer of the New \Vorld, and in this pitiable eomlitiou Columbus anfred at 
Cadiz on the :!;}th of Nm·em ber, 1500. 

His fourtli and last voyag·e was also from Uadiz. Leaving there on the 8th of ~Ia~-. lti02, 'l'ith 
four small vessels and 150 men he toucl1ed on the coast of ~101.'occo, saile!l from the Canaries :\I a,v 
25, and anchored at .Martinique (2 ) June 15; thence along 8auta Crnz and Porto Hico, and on tlie 2!Jth 

( 1) If the Gregotian Citlcudar of 15;l:J, but which iR rcckoncil from the Couueil of ~ice, is applied to Coltuubu"'" 
discon•ry, it will make the 1fate Frida~·, the 21st 1lay of Oct.olwr. 

(') lrrin~ and .ltajar ""Y Martini11 ne; Na~<trrelc s:1ys Sant.a Lnda. 
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of ,June he ar1fred ou the Rontlt si(lr of Hayti; left there July 14, toncl1ed at the Morant Cays, a111l 
the isl:iIHls south of Cuha wltid1 lie liatl YiHited on his second vo,vagc, aml tlwu to the small island 
of (inmw,i:i. or Bonacca, from \Yhich 011 thP JOth of ,Jul~-, 150:!, he sa1v, for tilt> firf;t tillw, the continent 
of North Atnerica. Ile 1lien follmre<l tlw com't of Central America an<l the (•oast of the hltlmrns 
of l'auama to the Gulf of Darien uutil the hit of ::\lay, UiO:J, \rhe11 ht> ilaikd for Ha~-ti, but owiug
to the strong westerly current lie brought up am<lllgUw small ii;lawls on tlie south of cuim where 
he had a11chorctl tlH• ;veal' before. Near the e11d of June lie put iuto .fanrnirn1, aml l1is WS8cb bei11g 
m1seawortb;y he rernaim·d there until .T nne 28, 150±, when lw wa:- rescne<l and tnkcn to Ifa~·ti. On 
the 12th of September he sailml for Spaiu aml arrh-ed at Sau Lucar NoYember 7, 1504. Ile died 
at Valladolid 011 the '.!0th of lVla)-, liiO(i. 

From this ln·ief sm11min·y of Columlnu;' •oyag·es to the New "\Vorld we learn that he Yisited and 
n:1111e<l ti rn islands of the J,ucayos on hiH til'St n•~-age, lint that he remaiued amo11g them only fifttx~ll 
days: all hi~ otlier Yoyagi11g was along the coasts and to tlie islands which border tlie UnrihlK'.m1 
Sea. Re 11eYPr retnrnPd tu the Lnca,vos1 1wr are they often mentioned i11 the contemporaneous 
11armtio118. ·within a few ~-ears after t]J(~ death of Colnmhns, Kiug Ferdiumul authorized tile 
tr<m~portation of laborers feom them to Hayti, to work the mines them. Iu thi:s wa,Y tl1fl whole 
1iopulation perished. In the JJalrnma;,, at tlie present time, there are no clescendunts of the simple 
natin•s descrilwd by Columlms. 

The z:,hart whid1 Colmnbus rna<le of tlw Lncaros, tbe declarations in writing wbieb siguified his 
formal possesl'iion of Hnaualiaui, tl1e jonrnal 'rhiclt he kept for "Their Highnesses;" and all the 
original docnment:s essentia 1 to authenticate this historical point, ha Ye disappeared. 

'rhe contcmpornrics a]](l aeqnaintm1cci; of Columbus, Peter ::\Iart,rr, Andres llcrnahles, G. F. de 
0Yiedo, Marco A .. ~abelico, Augustus Ginstiniani, an<l hi:- :-on Fernando, whose writi11gs. or copies 
thereof, are prescrn~11, gin~ llO information which will assist the student to determine the i:.;laud 
np011 which he first landed. TherP ar(• four that lrn \'e been pointed out alld argued for most 
earnestly, wl1ich I shall enumerate. Bcgi1mi11g at the sontheast tlie finit is Grand Turk faland 7 in 
latitmle 21° 31' uortlt, longitude 7!8 OW west from U reemrich. lt is 5~ hy 1!- milei,;, has G.81 square, 
miles, ii:! gf~nerally low, with au <'leYatioll at tl1e highest part of 70 fret; lmre of trees, and about 
oue-tbinl of the Snrfaee is salt arnl fre;.;lt water lagoons. This place is affirmed by ])1111 11[. F. 
lfa1·a1Tefr Culcccion <le lo.~ r-iag1~.~ y <lesr·ubrimi'.entos que lt'ieieron zwr 11ll0' los Espailole.~ dexrle8 .fi1w; 
del xiglo, XY, J\Iadri<l, 182i'i, Torno I, aud suppurterl b,y 8aniuel Kettell, Personal Zfarrati1..'e of the 
Pirst royagc of Colu111bu11 to America, J~ostou, 18:!7. George Gibb.~, J'rocecrlfog,~ of the Jt:ew Yurk 
JliNtorieal Society, 1846, Appendix; and R. JL .Major, /Select Lettcrx of Columbux, edition of 184i, 
r,oJHlon. 

The secornl i!'laml is that of :\lariguana. Thr' east end is latitude 220 17' north, longitude 
720 3H' west from Greenwich. It is 2:3~ miles long anrl from 2 to G1 wide; has about !16 square 
miles, and is low, with the exception of a ltill 11ear the middle 101 fret high, nud another at the east 
eu<l 90 ft·et. 'l'Lere are neitlH'l' Juke." nor lagoons on the island. This is put forwnnl h.r Pr. A_dolph 
de l'11rnha,r1en, who published in Ult iii, iu 1:-\lil, a work called La Vcrdadcra Gnmw.ha,1ii de Colon. He 
rep11blisl1ed it i11 18fi!J at Vieuua. 

The tbird is \Vatling's 1H1and. Th<' latitmle of the southeast point is 230 u.'i' north, longitude 
740 28' weM from Greenwich. Le11gth north and south 13 miles, and breadth about 5 to 1: It bas 
60 square miles. Near the center iH a hill of lJO feet. A lagoon of brackish water takes np one 
third of tl1e jsJand. Juan Bauti8ta 11111!711;: first chose ·watling in l1is Ili.vtoria <lel l{uei•o 1lfuudo, 
:Madrid, 17!J3, Torno I.. He is sustnined by Capt . .11. B. Becher, Royal Na1•y, author of Land Pall 
of Cultuulrns, Lom1on, 18iiG. O. Pe.~clwl, Geschichte der Entdvclcungcn, ~tuttgart aud Augsburg, 18Li8; 
and R. H. _llfajor, Journal of the RrJyal Geographfoal Society, vol. XLI, ::\fay s, 1871, wherein he 
recants his former apprm·al of Grand Turk and adopts tbat of Captafo Becher. 

The fourth island is tlmt known as Cat, or San Salvador. The southeast end is latitude 240 09' 
north, longitude 7iJO 18' west from -Oret•uwich. Northwest and southeast it is 4,~ miles, and the 
l1readth 2~ to 31 miles. At the southeast end a part mus west-southwest 10 miles, with a width of 
;},r. Tl1ere nre mo Rquarc miles in it. At the northwest end the bills rise to 400 feet, and are the 
llighest land i11 the Bahamas. It has neither lakes uor lagoons. Tue principal writers who have 
adopted ()at are <Jate.~by, }/afural Hi.~tor!J of Garnlfoa, 17;~1. A New Collection of Voyages and 
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TrarelN, ,J, Knox, l1ondon, 17Gi. An elaborafo note i11 the Re('onil lTolunu' of the Fren<'lt Trnnslotion of 
Jlcwa1'rete, p. 339, Paris, 18'.!8; the author of this note is Mr. De Ln RlilJUl'tfe. Ren((' 11autiq11e du 
premier rn.IJU[/I' dr: Christophe Colomb au iw111w1u nwndc par J[. le Hamn de J!ontle~1111, So1u.-clles 
Annales <leN ro.IJO[!CS et de., 8cienc1w Geo_qmphique8 J>eu.l'ihn1; Sh·h·. Tome x, Paris, 18:28, and Tome 
XII, l'aris, 18'.!U. WaNhington IrrinfJ, LUe and royages of Christopher Colnmll'll.~, Lomlon, 11':28, 
reYised edition, New York, 1848; in the third n>lnme of tl.Jis edition, appendix, Jl· 31io, ln·iug 
giYes the author8hip of his track to the late Urn11111a111lt·r All'x;rnder Slillell Mackenzif~, l'11ite1l 
Statei-; XaYy. Jfaron AIPxaw1er Yon llmnboldt arg1ws, most ably, in frwor of the route select('cl 
hy Irdng and :;\lackenzie, in Examin critif[UC df: l'ltistoi1·e de la !fCOf/mphic du uoin·cau co11ti11i:nf: 
183i. 

frying and Humboldt, as well as some othrr writers, allq:·e that Ua.t Isla ml has the sanctity of 
tradition in fanir of it. An impression to this etlect cerl ai11ly Jlren1ib, hut as those who haw 
adopted it do 110t giYe tl1err anthority, l can 0111~· offer to the reader that whieh freed my miud fro111 
its iuflnencc. The Spauimd;,; were tl.Je di8C(fferers of tlH' X\nY Worl<l; tlw.v made the fir;;t nu1ps 
of the "T c8t IndicR; for a long time tll(\y wen• the exelusi\·e explon•18 there; the~· obtainetl, aml 
h:ffe now, more of the lore of' these regio11s than eau be found a1110ng all other nations. Jf any 
tradition truly exist8 it ought to be flm111l in Spain, in the writingK of her hi:-;torianH. Xoue of those 
I hare cited mention it. Oil the contrary, '.\lnlwz and N;n"arrete, who had aceesR to th<~ document,.; 
of Uolnmbus and his c011te111poraries, arnl who each poiuted ont a lamlfnll, differ; neither sdel'ting 
Cat (anti', p. 350), whieh j,\ lll'oof thnt thore is 110 tnulitiou iu rl'lation it to in the l'ountry whid1 
alone c1mltl gin~ it leg-itimatc hirth. 

It is true tliat, l'IOllle maps can he refPrrf'1l to i11 support of a claiw foi· Cat. But. the identification 
of Guarn1ha11i, or San Saha1lor, with Cat iK not earlier than the seYcnteenth century. Perhaps 
the fast is on Atlas Jlinor, by Warn, lrc.~t 111dic8, Hi:)5, which is the 1-1ame a;; a map pnblislletl h:> 
Joanne8 de La1't, at Lec1en, Hi:!,), titled, ... \~iewc lrci·cldt. They are identical also in JJlaeu·.~ Atlas, 
Tome XII, Ameriqlfe, Am,.;tenlam, lut>I, a!Hl l>or:::ieme, Continent l'Amcriqu1', Amsterdam, lt>67. In 
tl1e eightt•emh ceutnr,\· mom maps we.re pnhlisherl, awl the itleutity of Cat. with Sau Saha1lor 
receiYed additioual support. See Jfop of Korth A merir·a by ,To/in 8cnc.r:, Clmrlc8 Trice, awl .luhn 
11/a.nccll, 1710; North ~4-mcrii:a and lrcM Indic8, b.11 Bnwn uel Bo1cen, 17;~3 ! : D'A.m·illc, Jillp of' 14 ±Ii: 
The lrc8t India Atlas, by the late Thomas J1~ffrrJ/.~, 147!"i; Laurie anrl lDittle, l4H±; a111l a Spanig/t 
Chart of the Antilles, by Langara, 179!1.) 

In ~Iajor\s larnlfall (pp. 20i-210) are collated the ancient aml modern name,; of most of tlie. 
Bahamas, ten of which he asserts cau be itleutiffrd. I cite only sucl.J as I wish to use in my 
argument: 

He says that Guanahani is the present \Yatling; Unanima the present Cat or Sau Sal·rndor; 
1\layaguana the present Mariguaua; an<l Sammrn, the preseut Samaua or Atm>llll Cay. 

He considers that the itlentifieation of ,the.i<l' four, as well as the other six, innikes the whole 
question of the landfall, and he is so .certain of it tllat he puts Senhor de Yar11liage11 ''out of court•, 
(p. 208), because his ~larignana appears on the old maps u:it11 Gnanabani • 

.Major does not furnish the eYideuce to enable us to see that (~nanalmui is \Yatling. He refers 
to Herrera's map of HHH, with the expectation that we shall be as easiI~· satisfied a>; he was. 
Looking at this map I notice three little islauds marked triangula, and northwest of them is 
Guauahani. 

Ou Nicolas Yallard',~ Nap of Kew Spain, 1547, and the 11lunicli Collection, plate x, aml plate xiii, 
1592, this Triango appears. 

On Antlw1111 ,facob8z' .Jfop of Anwricn anrl lVcNt IndicN, 1(;:!1, we tirnl Trian~nlo. 
On Hesselgeri·itz's I>utch Chart, about 1650, and Sanson IY.Alhfrillc'x ma1i of rn.:w, there is 

Triangulo. 
Ju Otten's Atla~ Jfinoi·, Vol. IV, titled Noui Tabula e.rldbenR i1mtla.~. etc., tltt>re i::; a map whid1 is 

the same as a map pnhtishetl by d'A11Yille iu Clwrforoix'I! HiMoil'e de /'isle Ex11a171wlc, Paris, 17:W. 
Ou these maps we find Tri:tngolo ou Walli11.~ I. 

On Saytr'I! Jfap, November 1, 1 W2~ and Je.ffcry'.~ A~t/aN, liDJ, there is Bl tria11g11l11, lra.tlands 
or Watliu[!. 

Thesl' diatious proYe that the old maps, a11d es11eei:tll.Y llt'rrera's, 1o wl1id1 ~la,ior c:alls a1t1·11· 
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tiou, had two islandil iilacetl Hear eac·h other which were called, respecth·ely, Guanalumi aud 
t1fango, or Triangnlo. It is the former that ·Major says is thP present "'at ling; but from these 
maps it appears tlmt triango. or Trirrnrrulo, is that now calk(l ·watling. 

Th<• earlie,;t dat~ I lian· found for Gnailima [Cat] is a map iu the Jmmml collection styled 
Nap1w ~lfo11dt1 l'<:intc sur 7ial'cltmen par ordre Henri II Roi de France (I Partic). J\I. D. Avt•z:H; 
makt>s the date of this 15:>:~. lfrre am Guanima, .Ma.rnana [l\fariguaua], aml one little islaml 
intermediak, to which al'e ilpplied th(' tii::o namn1 of'' Guanahani ", ;; Sam:ma." This i1> remarkable, 
as showing a eo1111c1·!ioll lwtwr~en them at au early date. 

A great part of the mapR of the sixteenth arnl sc,·euteenth centuries haYe Gnanima and :Maya
g-n:rna as outside islamls, with Gnanahnui l,\·ing between; antl inside of these is place(l Sarnana. 
Triangulo or triango appears, but not so othm. All thi10 indkates tliat the information tmusmittell 
to tlH· early map-makers ineltvled th<· fact that Gnauahani or San Sah·ador was an island distinct 
from !l:mmima fCat), l\fa,ragnaua plnrignana], Tria11gulo [Watling], and Sa1mrna. Thi8 last i;, 
as;;ertcd to be the present 8ama11a or Atwornl Cay hnt I hope to pron~, later, that it was the 
aneieut uamc of the Crooked falallll gl'oup, aud thus saYc my,;elf from being, as J'.lnjor saill of Yam-
hagen, ••put out of court.'' 

The Yalnable map of La Co,..a, \Yhielt I shall remark upon, fixed the position of Guanahani 
aliout the middle of the nortlieast sitle of the Bahamas. Herrera and otlins copy it. SudJ a sitml· 
j ior1 j,., so rnathernatieall~· co11spil.:111ms, :iml .so eal'iil,y fnlloweil, that WP 011gl1t to find Gua11alrn11i or 
t\a11 S<ilrndor retained here on later map8, in spite of the alterations i11Yol mil in irnproYed cartog·
mp11,-. This ha;;: been the cnse. ln the absenee of dctermi11i11g data as to which one was the true 
::\an 8a1Yatlor, tld;;; name has he(•u a1iplif~d, fortuitousl;y, to slwernl neighboring islarnls, I.mt with 
the exception of ::-rarnrrete's chart, the lrwation is where the companion of Uolumllu1> put it. 

T11e old charts call lie appeale11 to ill conohorntion of pnrts of tld1; i11n•st.ig:iti011, hut consenta
neit~- iu resvect to tl1e flrnt landfall will ne\·er be reached b,Y their eYi<lence. I~ortmrntely a copy 
of Uolumhus\; journal in the Bahamas hat; been ]JrPserved, but it has hee11 (•oustrued so differently 
that all the authors of tlie four tracks referred to found thei1· arg-uments upon this documeut. 

About 1790, :Xa·rnrrell•, a civil ofii<'er of the marine department of Sp[1iu, found in the archives 
of the Duke del lnf'antatlo a rnaunseript narrative of the first nJyagP of Columbus, ahri1lgecl from 
tlw original. It proYed to he in tlte hamhuiting of Bislrnp Las Casas, a contemporary and com
panion of Columbus, who had dsited the new world sercrnl times. He wrote a general history of 
the In<lies, in three volumes, from the <liscovery in 14.92 to 1520, which exists 011ly in manuscript, 
hnt it hm1 been, and is, acMs;,;ible to scholars. Las Casm:: was engaged u11on tllii.; history from 1527 
to 155H, arnl he had before him the original journals of Colnmbus, his map of the first discovery, 
and uum~- letters aurl clomuneuts, now lm-;t. In the year 1825 the Spani:.;h Government publi~hed 
this precious narratire, together with othei; valuable papers relating to Columbus. It is a matter 
of Rincere regTd tl1at I.as Casas abridged, in any degTee, the'' log-book" of such an eventful voyage, 
hut we are thankful that lte transcribed Columbus's words literally, from the hmtlfall at Guan~hani 
to Urn '.!t)tlt of (ktober, becmum it is this part only that is essential to proye the true landing-place. 

Kettell Jrns tr:rn::;latell into English all of Las Casa:.;'i:: abridgement of Columhus's fi1'8t wJyage, 
aml Irving, l\Jajor, and Captain Becher such parts as they considered necessary to tlieir respective 
arguments. Here ·will he found the Spanish text from the first edition of Navarrete, 1825, vol. I, 
pp. 18-4:!, in parallel colnrnnR with the Engli"lh by Mr. H. J,, Thomas, trauslat-Or of the United 
States State Hepartme11t, at \Vai;hingtou. ·with mspect to the disputed part8 of the jourJJal eitre 
lrns been takeu to Jiarn a strict remleri11g of the SlHttth.h. 
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Jlliercolr-s 10 dr, Odubre. 

Na,·pg1) al Onesntlneste, andu,·it'ron {i diez 
millas por lwr:1 y [t ratos doee ~· algun rato {1 

siete, y entrc dia y nochc cincnenta )' mwYe 
legnas: cont<> it la gentc cuarenta r cnatro 
lcguas no mas. Aqni la gf~nte ;ya no lo po<lfa 
snfrir: qucjabase <lel largo vi"age; pcro el Al
mirante los esforzo lo mejor que pu<lo Mmdoles 
bnena e<iperanza de los prorechos que podrian 
haher. Y afiadia qne por demas era qn1:iarsr, 
pnes qne Cl lrnhia Ycnido (I las JndiaR, ~- que 
asi lo hahia de proseguir 11asta hnllnrlas con el 
a;yuda de num;tro Sefior. 

Jncrcs 11 de Odulire. 

Navegti al Ouesndneste, tnYieron mncha mar 
mas que en todo el viage habian teuiclo. ·ne
ron panlel<ts ,Y llll junco >enlr jnuto {1 la uao. 
Yi~ron lofl de la carabela Pinta mia cafia ~- nn 
palo, y tomarou otro palillo lahrado {1 lo q ne 
parecia cou llierro, y nu pcdazo de cafia y o1 ra 
J'c•rha qnc nace en tierra, J' mrn tahlilla. Los 
de la caraheln :Nifia tamhic11 vieron otra8 seilale8 
de tierra y uu palillo carga<lo <lescaratn<~jos(). 
Con e:stas seiialcs rcspimroa y alegTii.roni:,c to
<los. Audu rieron en e8te dia lrn.sta puesto el 
sol veiute ~· Riete leguas. 

Despnes clel sol pnesto na;-e.g6 {t fin primer 
c:111ti110 al Oueste: an<lariau tloee rnillas catla 
horn, y lrnsta dos lrnras despnes de metlia noche 
andarian noyeuta millas, qne son veinte y <los 
lcgnas y media. Y porque la carahela Pinta 
em ma8 velem c ilm delante del Al111irante, 
hallt) tierra y hizo las 8efias quel Almirunte 
hahia mandado. Esta tierra vido primero nu 
mariuero que se decia Hodrigo <le Triana; pues
to qne el Almimnte {1 las cliez de la noche, 
cstau<lo en el castillo <le popa, vido lnmbrc, 
aunque fue cofla tan cerrada que no qui.so atir
mar que fuese tierra; 1wro llam(1 :'1. Pero Gutier
rez, repostero destra<los <lel Hey, e dijole, f]Ue 

parncia lnmbrc, que mirasc fl, y asi lo 11izo y 
vi<lola: dijolo tambieu fr Rodrigo Sanchez de 
Segm·ia quel Rey y la Reina em·ial>an en el 
armada por veedor, el cnal no vido mula porque 
no estaba en lugar do la pudiese ver. Despues 
quel Ahniraute lo dijo se vido uua vez 6 dos, y 
era como uua candelilla <le cem que se alzaba 
y lemntaba, lo cual It pocos pareciera ser in<licio 
de tierra. Pero el Almirante tuYo por cierto 
estar ju11to :'i la tierra. Por lo cual cuamlo 
dijeron la Salve, que la aemitumbran deeir c 

(l) Por de escaramujos. 

S. Ex. 12--45 

Weilnc.~rla_y Oetober 10th. 

HP saile1l m•.qt soutll\1-est, at thl' mt<' of tPn 
miles a11 hour and oecasio1ially t\q·]\·,•. aml at 

o11H·r ti me.~ seven, running lwt\H'foll d:i~- a!l(l 
night tifty nine leagues: he told the 11w11 011ly 
forty four. Here the crew could stand it no 
loug·er, they complained of tlle long Yoyag't', 
bnt the Admiral encourage<l tltem a;; hest lie 
coul<l giving tl1P111 hopl's of tlH· profits that thry 
might haYe. .c'l.ml he aclde(l that it was usl'less 
to mmrnnr hecanfie lie had come tu fin quest of: J 
the lndiPs, arnl w:rn so going to eoutiuue until 
lw found them with God',; help. 

ThurNilrt;lj October 11th. 

Ile saikd to th<' wesh;onthwest, had a high 
sea, higfaT than hitht•rto. They sa \\ panle· 
las(1) awl tloatiug b~- tl1e Y!'ssel a gn•en nrnh. 
Tltt• rncu of tlte Piuta Raw a rel'd and a stick, 
all(l got a small stick ap1iarentlr eut or work<'<l 
with an iron iustrnmeut, aucl a piece of t•.aue 

and so111e other graiis \Yltich grow::; on the laud, 
UJHl a small hoard. ThoS<' of tlle Caravel .:\ifia 
also sa \\' other i11<lieations of land and a Ji ttl1\ 
stick loaded with dog roses. In ;-iew of such 
signs they hreatlwd wore frel'l,Y mul gre\Y dll'L'l'· 

fnl. Tlle,r ran until snusct of that clay twrnty 
sm·en leagues. After snuset he Hailed 011 l1is 
firl'it courlie t.o tlie '"est: they went about 
twpl\·c mi1e8 an hour, ::md two hour" after mi<l
night they ha(l run about niuet,\· miles, that. is 
twm1t,r two and a half leagnt·.~. A,; tlw Cara
vel Pi11ta wa:s a better sailer a11d had the lead, 
she made laud and showed the signals ordered 
hy the A1lmiral. 'rlw land was fir,;t. seen by a 
1:1ailo~ cnllell Iiotlrigo de Triana:(') as the ..1'td
miral at ten o'clock at night. stamling· on thl' 
castle of the poop I-la"- a light, but so i11disti11ct. 

that hr• did not d<ll'<' to atlirm that it was larnl; 
yet he called the attention of Pero G utiern>z, a 
King·\; lmtler to it, awl told him that it ~er·11wcl 
to be a light, arnJ. told him to look, lu• did so and 
saw it,: he did the same "·ith lfodrig·o Saudwz 
de SegO\·ia, whom tho King and Qt1t•t•n had 8Pllt 
with the fleet as snpcrvil'or alJ(l 1mn·eyor, !mt 

(1) Panlelo-a, name gin11 J._y the l:'pani~h ti> a hirll 
of a grny <'olor, or \vllitc awl hlack. Jlo111i11g11cz Diclio11-
ary-M::ulrid 18i8. 

(')It wa" tirnt dis<'onred by a mari11Pr nauwtl Hotl
rigner. BetJU('jo, resich'llt of Triana: a s11h11rl1 of SPvillc, 
hut wttiYe of Akal1t de la Uuat!:tira; 1111! th•· n•wanl waH 

afLen1· anls a1ljn1lget! to 1lw A<lrnir;i I. for h:tviug prcvio11sly 
perceh·ed the light. JI'. In•i11g'H Abridged Cul11mb1is. New 
York, 184i. }'· GO, 
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cantar (l su ma11era totlos los nrnrineros y se 
halla11 t()(los, rog1) y amone:-;t{ilos d .Almirallk 
que hider;en htu•rnt guan1a al l'a,;tillo de pron. y 
rnirasen bien por Ja timTn, y <Jlll' al qne Je di,iPse 
pl'irnero qnc Yia ticrra le dat'ia lnego uu .iubo11 
de se11a, siu las otras mereerles rpw los Ht>.•es 
habian 11ro111di!lo; !JIIC crau !licz mil maran•11is 
de juro a q11icn primcro la Yic;;e. A las dos 
horm; <lcspucs de media uoche pareci(i la tierm, 
uc la cual cstarian dos lcguas. Arnafiaron( 1) 

todas las \'elns, y quedaron COil f•l tt·eo(") quc es 
la vela gramle si11 hmwtas, ,\· Jmiiifrrmse ii la ' 
conla('') temporizamlo Lasta el dia Viernes que 
lh,g·:u011 {1 uua islcta de los Lnca)·os, · q1w 8<' 

llnmalm en lengna de incJios G1w1111/ia11i(•). Lu
ego Yieron gente desnuda, ~· l\l .Almiraute salio 
{1 tierra cu la barca armada, ~) Martin Alonso 
l'inzou y Yiccr1te itrtesCJ, 1m henmrno. que era 
capita11 !le la ~illa. Saco el Almirant!• la han
dua Heal y los capitaneR con dos barnleras de 
la Cruz Y er<le, qmi lleYaha el ".\Jmil':rnte en 
tollos los lta\'lOR por seiia eon una F y uua Y: 
eudrna de calla letra su corona, uua de un calm 

de la ~ y otra uc otro. l'nestos eu ticrra 

Yieron :irholPs rnny n•r!les y agw1f.l mnchas y 
frntas (le diYerna;; malleras. Bl Almirautfi lla
m(J U los dOH CilpitallCS ;I {t los demas (}UC i;alta
l'Oll Cll ticrra, y a Hodrigo ])c:-;coYcdo, Escri
bano de to<l;i el armada, y :i Hodrigo Sa11cliez de 
SegO\ria, J' dijo que lP dieseu i)Or fo y testimonio 
eomo fl por ante todos tomaba, eo1110 de heeho 
t01rn'1, pose:o;ioll de la dicha iRla por el Hey e por la 
Iteina sus Reiiores, 11aeieudo las proteRtaciones 
qne se rcriuirian, como mas largo He contiene 
en lo;., testimouios qne alll se hicieron por es
cripto. J,uego se a;rnnt<I alli mucha gente de 
la h;Ja. 1~sto qne se signe smi palabras forum-

(') .A111aiiaro11 pur a11wi1111ro11. 

(") 11·co, wla cuadr:u1a •1ue se pouia solo cuando bahia 
mal tiempo 1•ara correr. 

(") J'Oll('1'8C a la COl'da l es ponerse ltl pairo 6 otrayesado 
para no audar ui decaer clol punto en quc sc csta. 

('') Examinado dctenidamento cstc diario, sus dcrrotas, 
recala<bs, ~l·Iiales 1lc las tierras, islas, costas y pucrtos, 
parere <JIH'. esta primera isla qne Colon clcscnbri6 y pis6, 
JlOniendole por uombre S. Salrador, debe oor la 11ue ••sta 
situada mas al Xorte de las turcas llarnada dcl Gra111'urco. 
Sus circumstanciaH cmiforman con la descripc\on que Co
lon ha~~e de dla. Su sitnacion e.~ por cl paralclo <le 21". 
:JO', al Nortl' de Ia mcdiaufa de la fala de Santo Domiu
go. 

('•) Dcbe decir ranez. 

he, uot being in a goO!l pm;ition for sering it, 
sa\Y notl1ing;. After the Admiral ;;aid tlii,; it 
was S(•e11 mice or twie(•, and it wnB like a small 
W<lX ear1dle tl1at was being hoisted al!d rai1-wd, 
which >>onlcl si>nm to few tD he an indwatioa of 
laml. The Admiral 110\H\H'l' was quite cuu
viuced of the pi:oximity of laud. Iu eonse
q neuce of that when they said the Sal1'e, which 
they used to say aud sing it in their way, uU 
the sailors ancJ all being present, the Admiral 
requested arnl admonislwd them to keep a slmrp 
look oni at tl1e castle of the how, and to look 
well for la11d, aml saill that he would giye to 
him who first saw land a silk doublet, lwsi1ks 
the other reward8 that the King arnl Queen 
had promii-;ed, uanwly an annual peni-;ion of tell 
thousarnl marawdis(1) to him who should sPe it 
flnst. Two Jiours after midnight the land ap· 
peared, about two leagues off. They lowered 
all the Hails, leaYi11g ouly a storru Hquarc sail, 
which is the mainsail without bonnets, aml lay 
to until Frida.)· when the.)· reached a Rmall isl. 
aml of the r~ucayus, called (-hwualwni by the 
nati,·es. They soon Haw people naked, and the 
Aclmiral went on slwre in tlJC armed boat, ahm 
J\fartin Alonso Piuzon and \'iueente Anes,(2) 
hi:,; brother, who was commander of the Kiiln. 
Tim Admiral took the Hoyal standard and tl1e 
c:qitaius with two baunerH of the Green Cross, 
which the .Admiral carried on all the ships as a, 

distinguishing flag haying an I<' and a Y: ea.ch 
letter surmounted by its crown, one at one arm 
of the cro1>il, aml the other at the other arm. 
As soo11 as tile.)' ltad lauded they i-;aw trees of a 
hrilliant green a1mrnlam1e of water and fruits 
of yarious kinds. The Allmirnl called the t\vo 
captains and the rest who had come on shore, 
ancJ Hodrigo De8covedo, tlie Notary of all the 
fleet, autl Uodrigo Sanchez de Segovia, and he 
called them as witnesses to certify that he in 
presence of them all, was taking, as he in fact 
took vosscssion of said island for the King and 
Queen Lis masters, making the declarations that 
were required as they will he found more fu1ly 
in the attestations then taken down in writing. 
Soon aftm· a large crowd of natfres congregate<! 
there. What follows are the Adminil's own 
words in his book on the first vosagc and dis
covery of these Indies. "In order to win the 
friendship and afiection of that people, and be. 

( 1) One cent equals 2.7Gz;; maraverlis. In•i11g'B Colum
bus revised editfon 184/:l. Ap1iendix p. 381. 

(2) It ought to lie Yaf1cz. Navarrete. 
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les del Almiruute, en sn libro de sn primera 
nan•ga<•.iou ~· 1k,;cnllrimie11to Ill\ estas lrnlias. 
,, Yo (di<"<' 1;]) pon11w. nos tlffieseu mucha ami..:. 
tad, porq ue co1111sd 1irw Pra gt•11tc fJ 1w 111<:jor se 
libmria :r counntiria it 11u1·stra 8auta Fe co11 
am or q uc 110 por fnerza; lei:; di {t alg"nnos clc 
ellos nuos honetes coloratlo,; ~· unas cuentas de 
Yirlrio qne sc ponbn al pescuezo, ~- otras cosm; 
rnnchas <le poco Yalor con qne ltobicron mucho 
placer :r qncuaron tm1to 1mcstro8 qnc era nmra· 
Yilla. Los cuaks despm•s ,·m1ia11 {i la;-; han.:as 
de los rn1Yios adoude n<is estabamos, natlarnlo 
y uos traia.n papag-oyos y hilo de alg0<lo11 en 
o\ illos >. ar.aga~·as, :i· otr:rn cosas mnchns, r nos 
las trocaban por otras cosas <Jlll' JHJtl les dalJa. 
11108, co1110 cnenteeillas de vidrio y cascalwles. 
En fm todo tomahau y dabau clc ar1ncllo 11nc 
teuian de lmeua Yol1111tad. :l\fas me pal'ecii1 qne 
era gente muy pohre dP todo. Ellos awlan to
dos <letintu]os c01110 sn madre los pari6, y t:tmbieu 
las rnugcres, auuque no Yide mas de mrn farto 
moza, y todos lm< que yo Yi eran todos maucehm;, 
•1ne ninguno vi<le de erlad <le nmi:; de treinta 
aiios: mu,y hieu lrneltos, de mu;y formosos cuer
pos, y muy lmenas caras: los cabellm; grneso8 
CltaSi COltlO iWllm; de coJ;1 t!P eahaJlos, C COI'tOS: 

los calwllos tnwn por cncima de las ccjas, salvo 
nuos pocos de tras quc tracu largos, qne jarnm; 
cortau: dellos se pin tan tlc prieto, y ello:,; :-;on 
de la color de los cauarios, ni 1wgros ni blancos, 
r dellos se pintau de blanco, ;.• tkllos de colo
rado, )~ dellos 1le lo quc follan, y 1ldlos se pin tan 
las caras, y dellos todo el cuerpo, y dcllos solus 
los ojos, y dellos solo el nariz. I~llos no trae11 
armas ui las cog-nocen, porque les amostn\ cs
patlas y Iai:; tomalian por el filo, y se cortabau 
con ignorancia. No tienen alguu fierro: sus 
azagayas son unas varas sin fierro, y algmrns 
de ellas ticnen al cabo nn dicnte de pcce, y 
otras de otras cosas. Ellos to<los {1, mm mano 
son de lmeua estatura de gramleim, y hnenos 
gestos, bion hecl10s; yo vide alguuos que teniau 
sefiales de fori<las en sui:; cnerpos, y Jes hice 
sefias qnc em aquello, ~· ellos me arnostraron 
como alli venian gcnt·C de otras islaR <Ille estaban 
acerca y Jes queriau tomar, y se tlefewlian; y yo 
crei, e creo, que aqni viencn de tierra firme fr 
tomarlos por captiYos. Ellos <leben i:;er lmenos 
serYillores y tle uiwu iugeuio, que veo que muy 
prei:;to dicen todo lo que les decia, y crco que 
ligerarnente se barian cristianos, que me pareci6 
<1110 ninguna secta fouian. Yo, pla('ieudo :I 
mie~tro Senor, levare de aqui al tiempo de mi 
partitla seis a V. A. para que tleprelldau fablar. 

canf<P I was con.-ineed that thrir conYersion 
to onr Ilol,Y Faith wonhl l1l: hdter prnmot\,1l 
tlll'ou;,d1 Ion•. tli;lll tlll'onµ:I! fon·1·: 1 pre1<P11tr1l 
,.;ome of' tliern "·ith n·tl eaps and fiOllll' ;;tri11;.:·,; 
of ~,da1;s heatls \rlrid1 tlwy phtL'Ptl arnnrnl tlteir 
neck.~, anrl witl1 other trifles of im;ig11ilicaut 
'rnrtl! that delighted them aJHl h;.· wliiclt wt· 
llaYe got a wowlerfol hold 011 tl1eir alfrl'tirn1,;, 

1 'fhe,v after11-ar1l,: eaHH' to the boat.~ of the ,.<:s
s1·ls swi111111i11g·, bri11ging us parrots cotton 
thn:ad i11 hall.~ and sprars, arnl many othPl' 
thing1', whid1 th1'_Y hartl'n·d for otlins we gani 
tlll'm, as g-las:s lirnHl:s an(l littk bells. Firn1Il,Y 
the;.- recein•<l en·r~· t!Ji1ig and gan· wliat1·,-er 
tlwy l1atl '.\ith g·oml will. Hut I thought them 
to lie a. n•1·y poor JIL'oplt'. All of them go about 
naked as when the~- camp iuto tlH· \rnrld, eYen 

the women, although I Rll\T lmt 01w n:ry yom1g· 
i.;irl, all the rc;.;t licin;r young mPn, none of them 
being onor thirty yt'ars of age : t lwir fornrn beiug· 
\·er,\- well proporti011e,l, tlH'ir botliPS! gmcefol 
allll t!Jeir foat lll'l'K ltamlsouw: their hair is as 
coarse a;.; the hair of a horse's tail and cnt short: 
tltC'y '»ear their hair owr th('ir eye bnms cx
eqlt n little' behiud \Yhicli tl1r·;.· weni· long-. a11<l 
which tlte~· 11PYer eut: ,;om(• of them paint thcm
sl'l\es l>l:wk, antl tl1ey an• of the eolm of the 
Canary islarnlcrn, ucitltcr black uor \Yh ih·. a1ul 
sonw 11aint thcrnsclYes white, aud Konie reel, 
aIH1 some with wlmten•r t!H·y Jil1d, aml some 
paint tl1t•ir faces, a11t1 8ome tlH' wliolc bo<ly, aml 
i:;ome tlwir e~·es only. and ,;omc their 110,;p,:; oul~-. 

Tht',Y do Hot carry arms arnl han~ uo lrnmdedgc 
of t.11em, for when I shmn·<l them the swords 
they took them by the edge, arnl through igno
rance, cut themseh·e:;. They ha Ye no iron: 
their spears c•onsist of staffs without iron, some 
of them llaYiug a fish's tooth at the end, and 
others other things. A:-; a body tltt·:-- are of' 
g·ood size, g·ood demeanor, and well forme1l; I 
i:;aw some with s<mrs on their bodies, and to rny 
sigw< asking them what thetJe meant, th1•y an· 
swered in the same manner, that people from 
11eighboring h;land,; wanted to capt11rl' tl1t•111, 

alltl they had defended tliPm"eln•:,;; aml l <fol 
heliew, and do beliew, that th<',r came from 
the main lantl to take them prisoners. They 
must be good servants a11ll Yery intelligent, 
bL'Cause I see that tht•y repeat Yery quid:!~· 
what I tol<l tlll'm, a1Hl it is my conYictiuu that. 
they mml<l ea . .;ily beemne Christians, for they 
seem not to lwn~ an,\· set"t. If it plpasP onr 
I,onl, I will take six of them from here to your 
IlightieStJN; 011 my departure, that the;)" may 
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Ninguua bestia de 11ingnna manera Yi<le, sah'o 1 

papap:ayos en e:,;ta isla.'' Todas son pala!Jras 
<lel AJUiiraute. 

Sabado 13 de Octulll'e. 
,, Lnego qne amaneci<I Yiuit•ron a la playa 

mncl10s dcstos hombres, todos mn11eebos. como 
dicJIO tengo, y todos dP bllPW1 estatnra1 gente 
nmy fermmm: los cahellos 110 erPspos, safro ' 
corrcdios y grm•,-;01<, como se<las 11e calmllo, y 
t<Hlos de la frente y tabcza mu.r a11dllt mas que 
otra generacion que fasta aqni Jw~·a visto, y Jos 
ojos um,.- ferrnosos r no p<·qiiefios, ~- ellos nin
gmw prit'to, salvo de la color dp los e:rnarios, ni 
se debe espl•rar otra cosa, ]mes Pshl J,esteoneiste i 

cou la isla del Hierro(') en <Jauaria ;;o nua linca. 
J,as piernas muy derechas, todos (1 una rnano, 
y 110 bitrriga, salvo muy bicn heclrn. Ello:; 
vinieron ii la nao con almadiaf(, qne son 11echas 
<kl pie de nu {irhol, corno un hareo lnengo, y 
to1lo 1lP un pedazo, J lahr:ulo rnny {1 marayilla 
segun la tierra, y gramles en q ne en algunas 
ve11iau euarenta 6 cnarenta y cinco hornl1res, y 
otras mas pcquefias, fasta ltaher della:,; en qne 
Ycnia un Rolo hombre. Hcmaban cou nua pala 
como de forncro, y anda Ct nmraYilla; y si se le 
trastorna luego se Pclrnn trn los {1 n:11lar, y la 
endcrezan y 1acian con calabazas que tracn 
cllos. 'l'raian oYillos de algo<lon filado y JHl!Ja
gayos, y azaµ-nyas, y otraR cositas quc seria 
kdio de e8crcbir, y todo <lahan por cualqnicra 
co:,;a que st• los diese. Y yo estaba atento y 
traha,iaha de saber si lrn!lia oro, r vide que al
g11no;.; dello:;; traiau nn peda.zuelo colgado en un 
agnjero qne tienen (t la nariz, y por sefias pude 
entender <)lW ycudo al Sur 6 Yolvictnlo la isla 
por Hl Snr, qne estaha alli un Hey quo tenia 
gra1ulps yasos <lello, y tenia mny mncho. Tra· 
baje que fuesen all;\, J- llPs1rne8 Yide que no 
entendian en la i<la. Determine de agnanlnr 
fasta ma Ii an a cu la tarde, y despues partir para 
el Sudueste, qne segnn nmclws dellos me cnseTia· 
ron dccian <1ue hahia ticrra al Sur~- al Sn<lueste 
y al N onwste, y qnestas <lel N orncste ks venian 
{i <mm hatir much as V<'ces, y asi ir al Smlneste a 
bnscar el oro y piedras preciosas. Esta isla e,., 
bien grandc y mny ]Jana y de arboles muy 
Yerdes, y mnebas agnas, y una lagnna en me<lio 
muy graude, sin uinguna rnontaiia, y toda ella 
verde, qnes pl:wer de mirarfa; y esta gente 
farto mansa, y por la gana de liaber de 1111estras 

cosas, y teniendo que no se Ies ha de dar sin 

(') La verdadera eituacion do i•st a isl a rcepecfo a Ia tlel 
Hiorro cs 0. f>'' S. - E. 5' N. 

learn to spt>ak. I haye Rl'l'n here no beasts 
\YhateYer, but Jlarrots only." All tbt:>se are 
the words of tl1e Admiral. 

Saturday October 13th. 

"At dawn many of these men came down to 
the sl10re, all are, as already said, youths of 
good size and yer,y handsome: their hair is not 
wooly, hnt loose aucl coarse like horse hair, tliey 
haYe broader heads and foreheatls than I have 
ewr seen in any other race of men, and the 
eyes >er:> beautiful not small, none of them arc 
black, lmt of th(' complexion of the i11liabitant8 

·of the Cannries, as it is to he expeeted, for it is 
Past [and] west with th<' i:,;land of Hierro in the 
CamHil'8 in the same line. All witlwnt, excep
tion haw n·ry straight limbs, and no bellies, 
nrnl Yery well formed. They came to the ship 
in canoes, made out of trunks of trees all in one 
piece, and. wondcrtnlly built according to the 
locality, in some of them fort;r or forty fh'e men 
came, others wPrP smaller, and in some hut a 
single man came. 'l'hey paddled with a peel 
like that of a baker, and make wonderful speed; 
and if it capsizes all begin to swim and set it 
rigllt again, and bail out tlic water with cala
bashes which thf'y carry. TIH\Y brought halls 
of spun cotton parrots, spears aml other littlr, 
things which would be tedious to describe, and 
gave them away for any thing that was girnn 
to them. I examined them closely and tried to 
m;certain if there was any gold, and noticed 
that some earried a small piece of it lrnnging 
from a little hole in their nm;e1 arn1 hy signs I 
was ahle to understand that by going to the 
south or going around the island to the south
ward, there was a king who had large gold 
vessels, and gold in almurlance. I endea\·ored 
to persuade them to go t.hern, and I afterwards 
saw that they bad no wish to go. I deter· 
mined to wait until tomorow evening, and then 
to sail for the southwest, for many of them told 
me that there was land to the south and to 
the southwest and to the northwest, and that 
those from the northwest came frequently to 
fight with them, and so go to the southwest to 
get gold and precious stones. This island is 
Ycry large and very level and has very green 
trees, and abundance of water, and a very large 
In.goon in the middle, without any mounta.iu, 
an<l all is covered with verdue, most pleasing to 
the eye; the people are remarkabls- gentle, and 
from the desire to get some of our things, an<l 
thinking that nothing will be given to them 
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1111(' den algo y no lo tieuPu, torn:m lo qne pne
den y 8e eclmu ltwgo li nadar; mat-\ to<lo lo <Jlle 
tie11eu lo dau por cual(1uiera Colla (]He les tlen; 
qne fasta los JH~Llazm; de las escmlillas, ·s de las 
taza;; de vidrio rotat1 re8cat1tba11, fasta <111e Yi 
dar diez y seis oYillos de algodou por tres ceo
tis (') de l'ortugal, IJIW es mw, lllanca <le Castilla, 
s I'll dlo,; haul'i~t ma.-; de nua arroha <le algodo11 
tihnlo. Bsto defernliera ·;.; uo dej~na tournr fr 
uatlie, ,;aJvo que yo lo maml{tra tomar tmlo para 
Y. A. t>i lrnbiera cu cm1tidad. Aqni uace en 
esta isla, ma,,; por el poco tiempo no pn<fo dar 
asi dl'l todo fe, r tam!Jieu aqni uacc el oro qnc 
tracll colg.1110 fr la uariz; mas por uo penlt•r 
tiempo (J1tiero ir {t Ycr si im<•do topar :'t la isla 
de Ci1..,mgo(2). Agora cou10 fne nodie tudos se 
fueruu {t tierra cou SU8 aluia<lias." 

Domingo 14 ilc Octubre. 

,, En amarwdendo mantle aderezar el hatel de 
la 1rno ~- las bar1'.as de las carabelas, .r foe al 
luengo de la isla, en el camino del Nomordeste, 
para Yer ht otrn parte, qne era rle la otra 1rn1'te 
dPI Le,.;te qne habia, y tamhien para ver las 
poblacione,:;, .r Yi<le lnego dos () tres y la geuh,, 
q tie yenia11 tmlos {l. ht pla,nt llamiwdonos y 
dando gracias it J> io.s; los llIJOll uos traiau agna, 
otros ot.ras cosas de comer; otros, cnando Yefon 
<pw yo no cnraba de ir {t tierra, se eelrn hau {1 Ia 
mar nadamlo y veui;tu, y enten<liamos que uos 
i1reguntabau si eramos Yenidos del eielo; y Yino 
nno Yil~jo en el batel dentro, y otros it Yoces 
gmndes llama ban todos ltom bres y mugeres: 
yenid it ver los hombres que vinierou del cielo: 
traedles de comer y de beber. Vinieron muelws 
y muchas mngerm;, calla uno con algo, damlo 
gracias a Dios, ech{tmlose al suelo, ~- levanta
lJan las mauos .al ciclo, ~· despues ;:i voees nos 
Ilamahan qne fot•semos :1. tierrn: mas yo t<lmia 
de ver una grande restinga de picdras qne cerca 
toda aquella, isla al rededor, y l'ntre medias 
qneda ·hondo y pucrto para cuantas naos hay 
en tmla la cristiandad, y la entrada <lello mny 
angosta. Es verclatl l}lle dentro desta ci11ta 

(') Por Ceuti 6 <·tpli, moneda de Ceuta quc corria en 
Portugal. 

(2) Marco Polo en el cap. cvi 1le la relaciou d!' su Ti age ; 
asegura haller vist.o esta isla, de la cual haee nna largtl 
dP.scripcion, y aiiade que estaba situatla en alt a mar, a 
distaucia de 1500 mil1a8 del coutiuento tic ht India. El 
llr. Robertson ili<11> qne probalilewcntc es d Ja1•011. Re
cherches Jiist. sur l'lnde aticieiine, sec. 3. 

unless thLT gire some thing, all{1 lwYin_Q· 11oth
i11g tlwy t;ikr· wlrnt tlw,r cau alltl s1ria1 off i to 
tlie :-;hipj; but all tlmt tlwy haw they gin• for 
aur thi11g that is offered to them: :-;u tliat tlwr 
liouglit e\·eu pieces of crockery, a111l 11i\'l:t·s of 
brokeu glass, arnl I s:rn· sixtt~en lialb of eotto11 
gin'11 for three ceotis(1) of Portugal, w!Jid1 it> 
CfJnirnleut 1.n a hla11ca of Castilt~, iiwl iu tlH•r11 
there must lia.-c l1ce11 morn than one arroba(') of 
spun eotton. I forbatl tlti,.: and allm1 Pd 110 011e 
to take ai1y uule,,;s I onlert~<l it to be take11 for 
your Higlrnes;ie,.: slwnld it lw fou11d iu almnd
ai1ce. It ;rrows in tlle islnml, altltongh on ac· 
connt of the ,.;J10rt11ess of ti1111.; I l'<Htld not as
sert it p<'sitiwl.Y, and Jil;1·1yise tl1t• gold wl1ieh 
they carr,,· Ita11giug ill their noses i:-; fouml here; 
hut in order to lose 110 time 1 am now going to 

try if I cau fiull the island of Cipaugo. At this 
moment it is dark arnl all \Yeut ou shore in their 
cauoes.'J 

R1111rlaJ/ Od"/,er 14. 
•:At dawn I ordertll the boat of the ,;hip allll 

the hoat:; of tlie Caravelt; to he got re;Hl;y, arnl 
weut alo11g tlie i8lawl, in a north-nortlicaliterly 
dirPcliou, to see tile otl1er side, wl1ich was oil 
the other side of the east, arn] also to see the 
Yillagcs, a]l(l soon tsaw two or tln·l·t• aml their 
inhabitants, eomiup: to the shore calling ns aml 
praising God; some bronght us water, so11u~ 

Patables; otlteri:i: wlteu they saw that I di1l not 
care to go 011 shore, plunged iuto tlie sea swim
min~ and eame, allll we nlHlerstoo1l th:it the.r 
asked ns if we hatl come dmrn from liea nm; 
and 01w old mau got into the boat, while nth11rs 
in lt lontl voiee cnlled both men aml women sa;1-
iug: come and see the men from heawn: bring 
tlwm foocl and drink. A l'rowd of nH'll arnl 
many women came, each bringi11g sornetl1i11g-, 
g-iYing thanks to Goel, throwing th!'llJSPln»; 
down, nnd lifting- their hands to heaye11, a1111 

entreatiug- or besel•chiug us to land tl1ere: but 
I was afraid of a reef of roeks which e11tin·ly 
smTound,.; that islaud, nltlwugh tlten• i,; within 
it depth enongh and amplt• lrnrhor fol' all the 
vessels of christendom, but tile e11t rn111·p is n·Q

rntrrow. H iti true that the interior of that belt 
contains some rocks, hut Hw sea is there as 
still as the water iu a well. Aud in order to 
see a.U this I mon•,1 this rnor1tiug·, that 1 111ig-ltt, 

(') Copp<>r eoin of the Y:tlu1; of half a marnY••1li-Span
ish J!ictiouary. 

(") Equal to 2!i.3:i;ll 45 pmnl(]~. .1fodcm Jfdl'oloyy: 
Lowiti D'A. Jackdon: Luuolun, }1. 310. 



 

358 REPORT OF THE sur1mrnTE:XDE:XT OF TITE 

lwy algnnas bajas, mas la mar no Re muerc maR 

l!ut' ilentro Cit na pozo. Y para \'CI' trnlo csto rnc 
mod t·sta mafiana, 110rqiw ,.;upil•se clar dt> todo 
relacion a Ynestras Altezas, .Y tam!Jien :i llomle 
pudiera hacer fortalt•za, y Yide nu petlazo de 
tierra quc se hace como isla, anuqne no lo es, 
en qnc ha1Jia seis casas, el cnal se p111liern ata
jar en dos dias por h;la; amHJlle yo no Yeo ser 
Il('Cesario, porque esta geutP es rnny simpiiee 
t'.ll armaR, como redn rne»tras ~\Jtpzas tle siete 
qne :vo hice tomar para le llm,ar y 1kprelHler 
1llll$tra fabla y rohellos, saln1 qnP niestras 
Altezas cnamlo maudaren ll1le1le11los toclos 
llernr {t Ca8tilla, o tc1wllos en la misma i8b 
captiYos, porqne con cincne11ta !Jombres los 
tern;'~ trnlos sqjnzgados, y lPs ltar[1 haeer todo lo ' 
que qnisiere; y 1lt~sp1ws jnnto con la diclrn isleta 
estau hncrtas de {irboles las mas hcrmosas qrn• 

yo Yi, C tau Verdes y COil SUS ho.ias COlllO las (le 
Castilla en cl mes de Abril y de J\Iayo, ;- mucha 
agua. Yo rnir1) todo aqupl p1wrto, y del41mes 
me vol\i a la nao ;y· di la YCJa, ·~( Yic1c ta11tas 
islas qne ;ro i;o 1mhia rlet.crminarme :'t cnal iria 
primero, y a11ucllos hornbres que ;rn tcuia to
maflo me <lecian por seiias que cran tautas y 
tantas 111ie no habia n(nnero, y anombranm por 
sn nombre mas de cicnto(1). Por emle yo mir0 
]JOI' la mas grawlt•("), y aquella determim\ andar, 
y asi hago ;r scrft lt;jos desta <le San Sulrador, , 
ciuco leg1rn8 y la;; otras dellas rna8, dellas 111e
nol'!: todas sou mny llanas, sin montaiias .r mny 
frrtiles, ~- to1las 1ioblallas, .Y se hace11 guerra la 
mm {i 1a otra, annque esto:;; son muy simplices 
~-mu.) liudos cuerpos de hombres." 

Luncs 15 de Octubrc. 
,, IIahia tempon:jado Psta uochc con temor de 

110 llegar {i tierra {t sorgir antes de la nrnfiana 
por no saber si la costa era limpia de bajas, y 
en amaneciernlo cargar Yelas. Y como la isla 
f'ncse mas lejos lle cinco leguas, auh~s fle.r{t 
siete, y la marea nm (let1n·o, seria rncdio dhi 
cm11Hlo llcguc a la dicha isla, y falle <1ue 
tHprnlla hat1, qnes de la partc de la isla de 8an 
8alrndor, se corre Norte Sur, y ha~' en ella 
cinco legnas, y la otra qne ~-o segui se eorria 
Iieste Oueste, y ha~- en ella mas de diez leguas. 
Y corno desta isla Yide otrn mayor al Oueste, 

( 1) La rnultitud de est mi islas indica qnc tlcbcn scr la.s 
qiw formau los Caico", /118 'l1111ymu1 cltica y grande, ,lfari-
9111111a, y dt•11u1s qne se hallan al Oei;te. 

(')Esta iKla ~1·and" debe ser la <1110 Haman Gran Caico1 

y lli;;ta de la p1·iwera ti,\ legua8. 

girn an account of everything to ~·our Iligh
nesses, m11l ;ilso to Sl'e wht>re a fort coultl be 
I.milt, aml fonwl <t piece ol' laud like au isla1ttl, 
although it iH not one, with six lwu:-;es on it, 
which in two days could easil~· lle ent off a111l 
conrertecl into an i:sland; such a work however 
is nol J1ect~ssar,\· in my opinion, because the 
people are totally mrncq1mi11tnd with arms. as 
.rnnr Ilig·Ime.sses will see by ohsen-i11g tltc 
se\-en whom I have caused to be taken in order 
to carr,y them to Casti1P to be taught our lan
guage, arnl to returu them nuless ~'Ollr High
uesses wlwn they slmll send onlers ·urny take 
them all to Ca;itile, or keep them in the siune 
isla!l(l as captiYes~ for with fifty men all can be 
kept in subjection, and made to 1lo wh..<tteYer 
~-ou desire; and near b~- the said little isla111l 
there are orchards of trees the most bn:rntifnl 
that I !Jaye seen, with leave!-i as fresh awl gTeeu 
as those of Castile in April arnl l\Iay, aml nmch 
water. l observed all that harbor, arnl after
wards I retur1w(l to the ship a11d set sail, and 
saw so many islands that I could not decide to 
which one I shonlll go first, a11d the men I had 
taken told me by signs that they were irnmm
erable, and named more than one lmndreil of 
thrm. Iu consequence I looked for the largest 
oue aml determiued to make for it, and I am so 
doi11g, a11Cl it iH probahJJ- distant firn leagues 
from this of San 8alrndor, the others some 
more, 80mc less: all are very JeyeJ, without 
mountains an<l of great fertility, and all arc in· 
lu1hitc(l, and tht;J· make war upon each other, 
althongh these are Yer,v simple I1earteu auJ. 
yery finel,r formed IIWII.'' 

JJfonday October J 5th. 

"l had been standing off and on this night 
fearing to approach the Rliore for anchorage 
before morning not knowing whether the coast 
would be clear of shoals, and iutending to clew 
up at dawn. And HR the island was over five 
leagues distant, rather seven, and the title lle
taincd me, it was about noon wl1cu I reached 
the sai<l islaml, a111l I fonnd that that side, 
which is towar<ls tl1e i"1land of San Salmdor 
runs north [and] south, and is five leagnes in 
length, aucl the other which I followed ran 
east [and] west, and contains over ten leagues. 
.And as from this island I saw another larger 
one to the we1>t, I clewed np the sails fol' I 
had gone all that day until uight, because I 
could not yet ham gone to the west,ern cape, 
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enrgm; las Yelas por arnlar todo aquel dia fasta 
la 1welw, porqnc aim no pndicra haller amlado 
al eabo dd Oueste, a. Ia eual ims\' 11ornbrc la 
is/<1 de Santo Jlaria c1e la Co111:epeio11( 1

). ~- <·nasi 
al ]Hntcr \lel sol sorgi aecrca de! diclto caho pur 
saber si lmllia alli oro, porque estos que J·o 
Jiahia hecho to!llar en la isla de S. Sahador rne 
decian (JlW ahi traian manillas de oro mny 
gramles {t las piemas y {i los hrazos. Yo bien 
el'ci qtw torlo lo qun deeian era burla 1iara sc 
fngir. non todo, mi Yohmtad era de no irnsar 
por ningmrn isb tle !lUC uo tomase post•Rion, 
}Htc•s1o 11rn· immulo !fo mm se puede dccir de 
todas; y sorgi e estuw lrnsta hoy ::\fortes qnc 
e11 amaneeiendo fuf {t tierra con las harem; ar
madas, -:;· sali, .Y ellos que eran muehos ai,;f t1cs
lllHlos, ~- de la rnism:1 condicion de la otra isla 
de Sau Sahador, Hos dejarou ir por la isla ~-nos 
11aha11 lo que les pedia. Y porque el Yie11to car
gaba {t la traYicc;a Sueste no me qnise deteuer 
y parti para la 11ao, y mm almadia gm1tde cstal1a 
aborclo de la carabcla :;-.;ilia, y mio de Joi:; hombres 
de la isla de Sau Sakador, que en ella era, se 
eel1li {1 la mar y se fne eu ella, y la uoelie de antt>s 
{i medio ed1rulo el otro(2) ;y foe air{u; la al
madiu, la cual fugi!l que jamas fue harca que le 
yrndie,.;e alcanznr, puesto que lo teuiamos grawle 
avm1te. Con todo di6 cu tierra, y tll:jaron la al
madia, y alguno de los de mi compai1fa salieron 

1 

cu tierra tras dlo,;, ;.' todos fugerou eomo galli1tas, 
y la alrnadia qnc ltabian dcjado la lleramos nhor
do de la carabda Niila, adonde ya de otro cabo 
vcnin o1;ra almadia pequefia con un 110mbrc que 
Yenia (1 reseatar un oYillo de algodon, ·;; se 
eclrnrou algunos marineros it la mar porque el 
no qneria entrar en la caral1l•la, y le tomaron; j

~,o que CStaha a la popa de la uao, que Yi<le tmlo1 

enYie por fl, .r le di mt bouete colorado y unas 
cuentas de vi<lrio Yerdes lH'qneilas que le pm;e 
al brazo, y dos cascabele8 que le puse a las orejas, 
y le manrle Yoker su almadia que tam 1Jim1 teuia 
en la barca, y ]e envi(1 ii 1ierra; y tli lnego la 
vela para ir ii la otra isla grande que yo Yia al 
Oueste, y mande largar tambicn la otra almadia 
que traia la cambda J-;ifta por popa, y Yidc des-

(1) J<:sta parece scr la 1prn hoy sc llama Cai.co del JYorte; 
aunque con el nombre de Santa Maria de la Concepcio11 
comprenrli6 t.odo cl ~rupo de las il!las immmliatas que se 
Haman fog Caicos, como se uota mas adel:rnte cu el clia 
16 de Octnhre. 

(') Con la inintPligihle cscritnra de csta palabra en 
el origiual, y el ntcio 6 htrnco qne sigue, qncda ol>scnro 
el sen ti do dcl iieriodo. Acaso quiso decir: y la nuclw de 
a11tes al medio se i'tl16 el otro ti 11ado, y Jue atnis la almadia, 
<f·c. 

to wltid1(1) I gan~ thr 11:1111e of 1 he island <!f 
1'\1111ta Jlaria de ln C1111C(]ICir111~ arnl :1ho11t ;;u11, 
set I anclrnred near :-mi!l ea]•\' in onll'l' to 
lear11 \Ylil'tlJ<•1· tlH•re wa;; g«1l1l 1 lit>n·, l11•t·a11,;e 

till· men \l·lJ0111 1 l!ad caw-wd to ln• takeu from 
San Sal nulor told me ti.mt tlie_\' thue WOJ'\' 

Ycr:r large riup; of gol1l ou tlH~ir legs aml 
arms. l "'ell s11;;1wcte!l that all they sai!l was 
deceptin~ iu order to g·et away from me. N!~Y· 

ertl!Pless, it was my desire Hot to pass m1y 
isl:mil witlwnt taki11g po,;,;pssiou of it, a,~ one 
taken possessiou of the same ma,\- lW said of all; 
and I anchored and rernai11erl 1rntil to day tm•;;. 
day wl1en at <lawn I went on ,;hort with tlte 
boats armerl, and got out, and tlW,\' wl10 Wl'l'l\ 
many in munber uakell, arnl of the sanw dispo
sition as those of' tlw other islaml of Sau Salm· 
dor, allowell us to go OYer flte island and gan• 
us "·hakYer we aske!l for. Aud becanse tlw. 
wirnl was illcreasi11g aerns:,; south east(2) I !lid 
not like to sta~· longer so I rctnmed to t1e sl1ip, 
and a large canoe was alongside the eara.\·el 
Niila, arnl 011e of tltf' me11 of ti!!• islaml of 8au 
Salva1lor, who was in it, jumped onrboanl alHl 
escaped iu it, arnl in the middle of the prccedi 11 g 
night thl1 othereJ nll(l Ile weut after tl!e 
cauof', which fi<•d so sw-iftly that tltcre was iwn•r 
a boat tltat could O\'ertakt• it, although WP lia!l 
a long start. Kewrtlwlesi-; it rPari1Ptl tlte laud, 
and they left tlte ea11oe, aml i-;orne of mJ- mt·11 

went 011 i:;hore after them, aml the~· all ran like 
hens, nrnl the !~nuoc the~- had left we took ou 
board tlle eararel ~ifrn, to whid1 from anotlwr 
r1uarter anotlwr i;mall earnw was comil1g with a 
rna11 who came to bartl'r a ball of cotto11, alHl as 
ltc refused to go on lmanl the caraYPl, somP 
sailors plunged into th!' sea and took him; all(} 

( 1) The pro1101111, whid1, isii.•mini1win Sp:m1shand c:i11-

not relate to cape which is rn:rncnline. lt is tl1trcforc 
rnanifr;;t tlia.t Columbus applied the name tu the 11hol" 
i8ltmtl.-H. L. T., translator. 

(') Tlw phrnsr. in the Spanish text i~-EI rim I~ mrgallfl 

d la trarie•a Sinsll!. I fiJul so much diwrsit~· in reg-:ml tn 
the meanillg of a la trm•ifsa, that I Y<•n1tirt· a ua11iieal 
explanation, 1n·oyidecl he was wlwr<' 1 pnt hi:n <•JJ the 
forenoon of the Hith of OctohH-N. W. t·rnl of C'rook1·tl 

falarnl.-Here the !lood tide ran mst. on th<• Wt h. from 
911 a. m. to:~h 12m Jl. rn.-sc,-, p. ;~90-Ilb ships wnc ri<ling 
at single anchor, to :1 wi111lw:ml ti<k, with tlwir ltcn1!~ to 
the westward; hut as the south east 16111/ i11creasl'il tlH'l'<' 
wa.s the risk of" breaking shear,'' whid1 the ,\1l1lliral oh
servnd from thP shor<~ ~ l1t•11ce hb auxiet~· to lH! otr. 

(') On ar:emmt of the i11"µ;ihl•· wriri11µ; of thiH \YOrd in 
the 01·igiual and t!H• hlauk Hpae« that follows, tlil· meaning 
of tltc seuJcuee remui1rn in obscurity. Per!Japs he meant: 
and h1 the middfo of th" prwiii1111 night the othc1· e1ra11i off, 
and 1tml l1ehind 1111· ca11oe, .f·c. Ca-1aR. 
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pncs en tierra al tiempo de la ]]pgada rlel otro :1 
qnie11 ~·o hallia dado las coio;aH sn,;mlicha.~, y no 
k habia 'Jnerir1o tomar d OYillo lle algodou pu
esto qnd me lo <1ncrilt d:11·; ;1 todos los oti·os 
se llegaron (t di y teuia :i f!Tan marn\·ilfa <! uien 
le pareci(1 que eramos huewi geute, r que el otro ' 
que se hahia fugido nos habia heelw algun uaiio 
~- que por esto lo lle•ubamm•, ~· {1 csta razou u11e 
esto con el de le mamlar alargar, y le di las 
dichas cosas porque nos tnvieseu eu esta esti
ma, porque otra vez cuando vnestras Altezas 
aqni tornen {t em-iar no hagm1 mala compafifa ; 
"J- totlo lo qne yo le di uo valia cuatro mara
vedis. Y asi parti, que seriau las diez horas, 
con cl vieuto Snei:;te y tocaha de Sur para 
pa.sar a estotra isla, la cnal es µ;ram1isimn, y 
adonde todos estos llombres que yo traigo ue la 
de San Salvador hacen sef1as que hay muy 
mucho oro, y <JlW lo traen en lo;; hrnzos en ma
nillas, y {1 las pieruas, y {1 las orejas, -;; al nariz, 

I who from the poop of m~- sl1ip saw all, S!'nt for 
him, alJ(J I gaH' him a re<l eap pnt around his 
arm a string of imrnll green glass lwadoi, ancl two 
little hl•lls 011 hi~ ears, aml ordered that his ca-
noe which they alw had on board of tlte ressel, 
should be returned to Jiim, and thus I sent him 
on shore; and soon after I set sail for the other 
large island tl1at appeare!l at the west, and I 
ordered lhat. tl1e other canoe that the Nifia had 
astern shouhl lie turned aclrift, wlien the man 

' to whom I made the indicated presents and from 
whom I had rcfm;ed the ball of cott-0n he offered 
to me reached the laud; he was as I snw imme
diately surrounded by those on shore, and he 
thought it a great wonder and thought. that we 
we were good people, and that the other man 
who had fled had prollahly been kept by us iu 
conscqnence of some injury doue ns, and that 
was the reao:on why l ga>e him presents and or-· 
dered his l'elease, my aim being to win thus the 
respect and esteem of all, and avoid their enmity 
to the future expedition:;; ~·our Highnesses may 
send; antl yet all I gave him was not worth four 
maravedis. And :;;o I left, at about ten o'dock, 
with a south east wind inclining to the soutll 
for the other island, a very large one, where the 
Sau Salvador men I lia,ve with me assert hy 
signs there exir;ts much gold, and that they wear 
it in rings around their arms, and legs, and in 
their ears, and noses, and rll'ouud their neek~. 
And from this island of Santa .Maria t(1 the 
other one there are nine leagues east [and] W(•st, 
autl all thil'I portion of the island ruus north Wt'st 

y al pescnezo. Y habia de esta isla de Santa ' 
l\faria {1 csta otra nuevc leguas Le11t{' Oneste, y 
se corre toda esta parte de la is la :X orum;te 
Sueste, y se parece qne bicn bahria en esta 
costa mas de ''einte y oel10 legnas(1) en esta 
faz, J' es mu~- llana sin rnontafla ninf!IJWl.1 n1>i 
como afJnellas de San SalYador y de Santa 
:\foria, y todas playas sin roqucdos, sah-o qne {1 

to(laS hay algunas JK•i1as acerca de tiena debn.io 
de! ngua, iwr doude es menester abrir el ojo 
cnan<lo se qniere surgir e uo surgfr mucho 
acerca de tif~rra, anuqne las aguas srn1 siPmIJre 
muy clllras y se >e el fondo. Y desviado 'le 
tierra dos tiros <le lombarda hay en todas estas 
Islas tanto fon<lo que no se puede llegar {1 d. 
Son estas Islas muy wrdes y li'rtiles, y de aires 
nlllJ' <lnlees, J· pnede lrnber mnchas cosas que yo 
no se, porque no me quiero detener por calar y 
anuar mucltas Islas para fallar oro. Y pue1; 
estas dan . asi estas sefias que lo traen a los 
brazos y <t las piernas~ y es oro 11orque les 
auwstrc algunos pedazos tlel que yo te11go, no 
puedo errar con el ayuda de nueRtro Sei1or que 
:yo no le falle adonde nace. Y estando a. medio 
golfo de8tas dos i8las es de saber de aqnella de 
Santa :Maria y de esta grande, a. la cual J)(mgo 
nombre la Fernandina(2), falle un hombre solo en 
una almadia que se pasaba de la isla de Santa 
Marfa {t la Fernan<lina, y traia un poco de su 
pau, que seria tanto como el 1miio, y una cala
haza de agua, r un pedazo de tierra hermc:ja 

,, [ ancl] south east, and it appearn that there are 
on this coast more than twm1ty eight leagues it 
ii:; Pven, and devoid of mou11tain8, like those of 
San Salvador aud Sau ta Maria, a.nd all its shores 
are free from reef>:, except some sunken rocks 
near the la11d which rf\qnire great watchfulness 
when one wants to anchor or makes it prudent 
to anchor some distance from land, although the 
water is renrnrkably limpid and tlte bottom can 
be i;een. An1l at the distance of two lombar<l 
shots there is in all these islands so much bot
tom that it cannot be reached. These islands 
arc very green and fertile, and have a balmy 
atmosphere, they probably contain mauy things 
which I. do not know of, for I do not wish to 
stop hut to reconnoitre many islands in search 
of gold. Aud since these tlms give these signs 
that they ,\,ear it on their arms and legR, awl it is 
real gold for I showed them some pieces of that 
which I have, I cannot fail God helping find· 

·-- -~ ~-·- -~-

( 1) Sou solo 19 lep;nas. 
(>) Cou6cese ahora con el nombre de Inagua cJiica.. 
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hecha en polvo y despues amasada, y unas hojas 
secas que debe ser cosa muy apreciada entre 
ellos, porque ya me trnjeron en San SalYador 
deJlas en prm;ente, y traia Ull cestillo a SU guisa 
en que tenia nn ramalejo de cucntecillas de 
vidrio y dos blancas, por las cuales conosci quel 
venia de la isla <le San Salvador, y habia pasado 
ft aquella de Santa Maria, y se pasaba t't la Fer
nandina, el cual se llego a la nao; yo le hice 
entrar, que asi lo demandaba el, y le hice poner 
su almadia en la nao, y guardar todo lo qirn el 
traia ; y le mande dar de comer pan y miel, j" de 
beber; y asi le pasare a la Fernandina, y le dare 
tmlo lo snyo, porqne de bnenas nueYas de nos 
para {L nuestro Seilor aplaciendo, cuando vues
tras .Altezas envien aea, que aquellos que villie
ren resciban honra, y nos Jen de todo lo que ho
biere." 

Martes 1G do Ootubre. 
,, Parti de las islas de Santa Maria de la Con

cepcion, que seria ya cerca del medio dia, para 
la is la Fernandina, la cual amuestra ser grandi
sima al Oueste, y navegue todo aquel dia eon 
calmeria; no pude llegar {L tiempo de poder ver ' 
el fondo para surgir en limpio, porque es en 
esto mucho de liaber gran diligencia porno per
der las anclas; y asi tcmporicc toda es ta noche 
hasta el dia que vine a una poblacion, adon<le yo 
surgi, e adoude habia veuido aquel hombreque yo 
halle a;yer en aquella ahnadia {t medio golfo, el 
cnal hahia dado tantas bneuas nuevas de nos 
q tie toda esta noche no falt6 almadias abordo de 
la nao, que nos traian agua y de lo que tenian. 
Yo a cada uno le mandabadar algo, es a saber al
gunas contecillas, diez 6 doce dellas de vidrio en 
un filo, y algunas sonajas de laton clestas que va
len en Castilla un maravedi cada una. y algnnas 
agujetas, de que todo tenian en grandisima 
excelencia, y tambien los mandab11 dar para 
q ue comiesen euando venian en la nao micl de 
azucar; y despues a horas de tercia e.nvie el 
batel de la nao en tierra por agua, y ellos de 
muy buena gana le ensenaban a mi geute 
adonde estaba el agua, y ellos miswos traian 

S. Ex. 12---40 

' ing the })lace whence it iR procnrNl. ~.\nd being 
in the gulf millway between the,;e two islands 
namely thut of Santa l\laria and this large one, 
to which I giYe the ua.me of la Fernandina, I 
found a man who was going from the i:,;laml of 
Santa ~Iaria to la Ftwnamlina, he had a small 
piece of his bread, about the size of 011\\'s tist, a. 
calabash of water, a lump of rell earth reduced 
to powder and afterwards kneaded, and some 
dry learns highl.Y prized no doubt among them, 
for those of San Saln11lor offered some to me as 
a present,(1) and he carried a little basket in 
tlwir fashion in which he lmd a small string of 
glass beads and two bla1ieas, by which I knew 
that he cam1~ from lhe ii<land of San SalY<ulor, 
had passed to Santa l\faria, and was now goiug 
to la l•'erna11diua, and he eame to the ship; I 
llad bim taken on board as he desired, and or
dered that his canoe and all that he had, should 
he kept in the ship; and had him treated with 
bread honeyj and drink; and I will take him to 
la .Fernandina, giving bim back what he has 
brought, in order that he may gh·e good news 
concerning us so that God willing, when j'OUr 
Highnesses shall send here, those who shall 
come may receive honor, and that theJ- may gi ,~e 
us of all that they have." 

Tuesday October 1Uth. 
".About noon I left the i.slands of Santa 1llaria 

tlc la Concepcion for the i.~land of Fernandina, 
which appears to be n~ry large to the we:;t, and 
I sailed all that day with calm weather; I could 
not arri\~e in time to see the bottom in order to 
get a clear anchorage, a thillg requiring the 
greatest care in <mler not to lose the anchors; 
ju consequence I waited until dayligllt when 
I anchorml near a village, the man whom I found 
:rcstcrday in his canoe in the gulf bad come to 
tliat village, n,nd so favorable was the ae<·otrnt 
he hacl given of us that to night tl1ey haYe 
been constantly coming to the sliip in their 
canoes, bringing us water and everythiug they 
have. I caused some things to be giYen to 
every one, sueh as small bead~, ten or twel\·e of 
them of glass on a string, i;m11e brass [tin?] 
rattles like those that in Castile can be hatl for 

~This was prolmblJ' to·bacco. Wlwn at Port Kuevi
tas del Principe, Cuba, Novemher 6th, the two mcsscngern 
he sent into tho country returned and reported, among 
other things, that the uatin'B, men aml women, fumigate<l 
themsclYes by inhaling smoke from tnbes-tabacos-made 
of dried leaves. This iA the first. reeor<l of smoking ci
gars. See Navarrete, 1st edition, p. lJl. Note hy Las 
Casas. 
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Jo:;; Larriles llenos al hatel, J. se folgaban mucho 
de 1ws !Jacer placer. Esta isla es gramlisima y 
tengo detflrminado de la rodear, porqw1 Reg1111 

pnedo entender en clla, 6 cerca dclla, hay rniua 
1le oro. Esta fola est(1 1lcRYiada de la de Santa 
J\laria ocho legnas cuasi Leste Ouestc; y cstc 
cabo adonde yo vine, y toda esta costa se corre 
N or11orne1"1te y Snnmeste, y vide hien Yeinte 
leguas de clla, mas ahi 110 acababa. Agora 
cscriLicrnlo csto di la n:la coll cl ,·ieHto Sur 
para pnjar fr roclear toila la isla1 y trabajnr 
hasta qne lmlle Sanwot, qne cs la isla 6 ciudatl 
adomlc es el oro, qnc asi lo dice>n toclos estos 
que aqni vie11en en la nao, y 1108 Jo decian los 
de la iRla 1le San Salva!lor y de Sa11ta Maria. 
Esta gente es semejante {1 aqnclla de las dichas 
islns, r una fahla y unas costumbres, sah'o 
questos ya me parecen alguu tanto mas domes. 
tica gente, y de tracto, y mas sotiles, porque 
YCO f!UC ha11 traido algo<lon aqui a la uao ">- otras 
cositas 'Jlle sahen im:ior rcfotur(1) cl pagamento 
que 110 llacian Ios otros; y auu en es ta ii-;la vi de 
pafios de algod6n feclws como mantillos, -:; la 
gcntc rnas <lispnesta, y las rnngPres traen por 
debutc su cnerpo nua cosita de uJgodou que 
N1casamente les cohija su naturn. Ella C8 isla 
rnuy Yerde y ll~ma y fertilisima, ~· 110 pougo 
duda qne to({O el afio siemhran pauizo ~- cogen, 
:r asi to<las otras cosas; y Yirle rnuclws {1rlwles 
muy <lisformes de los nuestros, y tlellos rnurhos 
qnc tenian los ramos de mncltas maneras ;y todo 
tm nu pie, y till ramito es de mm manc1·a y otro 
de otra, y tau disforme que es la mayor mara· 
villa del mnmlo tmant,a es Ia diYersidad de la 
nna manera a la otra, verbi gracia, nn ran10 
tcnia las f<~ias a mauera de caiias y otro Ile ma· 
llcra de lcntisco; y asi en un solo arbol de cinco 
(1 seis de estas maneras; y todos tan dh'ersm;: 
11i e.stos son enjeridos, porqne se pueda decir 
que el •~njcrto lo ltaee, antes son por los montes, 
11i cnra dellos esta gente. No le conozco secta 
ninguna, y crco que mny presto se tornarian 
cristianos, porquc ellos son de muy bueu enten. 
<ler. Aqni son los pcces tan disformes de los 
uucsiros ques nrnraYilla. Hay algunos hecltos 
como gallos de las mas fiuas eolores del mumlo, 
azules, amarillos, colorados y de totlas colores, 
:v otros pintados de mil mancras; y las color<~s 
son tan finas que 110 l1ay hombre qnc no se 
mamville y 110 tome grau descanso {t Yetlos. 
Tam hi Pu hay hallenas: bestias en tierra no Yide 

~ . - .. - -----~-------· ., --- - - - -- ~ 

( 1) Acaso r1fei·w1· v. a. ant. coutrndccir, repngnar, rc-
si8lir, reusar 6 regatear. 

one maraYetli a piee-0, and some leather straps, 
all of which they llelrJ. in the greatest estima
tion, and I also treated those who came to my 
ship with honey of sugar f molasses~]; aml after
wards at nine o'clock a. m. I sent the ship's 
lJoat to the shore for water, and they willingly 
showed my men where the water was aml they 
themselves brought the casks filled to the boat, 
and were yerr glad to be able to oblige us. 
This island is exceedingly large and I have de
termined to go around it, because as I can 
nnderstaud on it or near it, there is a mine of 
gold. This island lies at a distance from that 
of Santa :Maria of eigllt leagues almost east 
[and] west; aud this cape to which I have 
come, and all this coast, runt-i north·northwcst 
and south-southeast, and I saw fully twent,y 
leagues of it, bnt this was not the ernl. Soon 
after writing tltis I set sail witlt a south wind, 
inteudi11g to go around the whole island, and 
work until I should find Sainaot, which is tlw 
ii;;land or eity where the gold is, as all tlwse say 
wlw have come with us iu tlie ships, and as was 
bpfore asserted by those of the island of Sau 
Salvador and Santa l\Iaria. The people here 
are like those of tl!e said i.slamls, and speak the 
same language and have the same customs, 
but these look to me as somewhat more gentle, 
of better manners, and of keener intelligence, 
for I notice that in bartering cotton and other 
little things they knoiv how to trade, which the 
others neYer dicl; ancl also on this island I saw 
cotton cloth made like mantles, and the people 
more intelligent, and the women wear in front 
a small piece of cotton stuff which scarcely 
covers what decency requires. The island is 
ver,v green level and exceedingly fertile, and I 
donbt not that they sow aud gather paui,,,o( 1} 

and all other things, at all seasons of the year; 
and I saw many tre,es whose shape was very 
different from ours, and many of them which 
had brancbes of many kinds although growing 
from one trunk, and one branch is of one kind 
an(l another of another kind, and so different 
that the diversity of the kinds is the greatest 
wonder of the world, for instance, one branch 
bad leaves like those of ca.ue and another like 
those of a mastic; and thus on a Ringle tree 

( 1) Panic um-an ancient, Latin name of the Italian mil
let P. ltalicum (now Selaria Italica) thonglit to come from 
pa1iis, uread; ;;ome species furnishing a kind of bread 
corn. Gray'B New Le8B011B and Ma11ual of Botai1y. Boston, 
1S68. p. 645. 
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ningnna de ningnua manera, salvo papagayos 
y lagarto;;; nu mozo me <lijo qne vido nna 
grande culel.Jra. 0Yejas ni ca bras ni otrn ni11-
guna hestia Yide; aunque yo he estado aqni 
mny rioco, qne es merlio dia, mas si las hobiese 
no pndiern erra,r de vet algnna. El cerco desta 
il-ila escrilJirc dcspucs quc yo la lwbierc rodcado.'' 

11liereoles 11 de Octubre. 
,, A medio dia part.I de la poblacion adornle yo 

c!'ltaba snrgido, y adonde tome agua para ir 
rodear esta isla Feruandina, y el viento era Su
dueste y Sur; y como mi Yolnntad fuese de se
guir esta, cost.a ilcsta isla adonde yo cstaha al 
Sneste, porque asi se corre toda Noruoruestc .r 
Snrsueste, y queria llcvar el dicho Camino de 
Sur y Sneste, porque aqnella parte todos estoR 
indios que traigo .r otro de qnien hobe seiias en 
esta parte del Sur {L la isla a qne ellos Haman 
Samoet, aclomle es el oro; y :Martin Alomm 
Pinzon, capitan de la carabela Pinta, en la cual 
yo mande a trcs de estos indios, vino a mi y nie 
dijo que nno dellos muy certificadamente le 
habia dado a entemler qne por ]a. parte del 
Nornorueste muy mas presto arrodearia la isla. 
Yo vide qne el viento no me ayndaba por el 
camino que yo qucria llevar, y era lmeno por el 
otro: di la vela al N ornorueste, y cuando foe 
acerca del cabo de la isla, a, dos leguas, halle un 
muy maravilloso puerto con una lmca, aunque 
dos hocas se le puede decir, porque tiene un islco 
en medio, y son ambas muy angostas, y dentro 
muy ancho para cicn(1) mwfos si fuern fondo y 
limpio, y fondo al entracla: parcci6rne razon del ' 
ver bien y sondear, .r asi surgi fuera (161, y fni 
en 61 con todas las barcas de los navios, y vimos 
que no babia foudo. Y porque pense cuando ~·o 

(')En el origin:il dice i1arecia11; pero es error couocido. 

there were five or six of these kind,,:; and all so 
dift'ere11 t: nor ca11 it be said that tl1t'Y ha.Ye 
heen grafted, because those trees g-row wild in 
tlie. :field, and nobody cares for them.( 1) I know 
no sect among them, auu a8 tltc,Y are of n~r.r 
good unden;tam1iug, they wonlt1 in Ill.\. opinion 
soon become Oltristimrn. Tl1e ftsl11cs hen· are so 
different from ours that it is a wonder. t:lome 
look like cocks of the :finest colors in the \Yorhl, 
hlne, :yellow, red and all colors, arnl others nui
egatetl in a tlwnsaml fa;;hious; their tliffercnt 
hues being so exr1uisite that 11oboll,\· can con
template them without wondering, and feeliug 
great delight in seeing tl1em.(~) There arc also 
whale:s here: l.Jnt on shore J saw no heastK 
whate1·er, s:ffe parrots and lizzards; a young 
man told me that Le hml 1-;een a larg-c i:;uakc. 
Xo sheep nor goats uor any other beast did I 
see; although I h:we oul,)' stoppetl half a day 
I couhl not fail i11 scl•i11g sollle, l'honl<l there l.Jp 
auy. \Yhcu I shall ha,·e sailed arouud this isl
and I "·ill describe its coast." 

1l"cdnes(lny October litlt. 
At mi(lday I left the Yillage wherr I ha•l 

:md1ored and taken in wa!Pr, in or1kr to sail 
around this islau<l of Femarnlina, the wind wa~ 
sot1tbwctit and south; a1Jd a.'i my witilt wa;; to 
follow the coast of tlie i;,;larnl where J was to tlw 
sontl1cast, because it al1 rnus to the north-north
west and south-southeast, and I desired to tal'e 
tlie said ronte of south allll south-east, lJecauKc 
that part all thct>c lncliaus whom I ltaYc 
on hoard and auother from whom .I recei n·d 
signs in this part of the south on the island 
whidt th<'.Y call Samoet, [isj where tlw gold is; 
and l\Iartiti _Alornso Pinzon, captain of tlw carn
Yel Piuta, into which I sent three of tlw1'e llJ. 
dians, came to me and said that one of them 
had Yery positively gin~u him to nndPrstarnl 
that I should I'OlllHl the island much the qui1·k
est by the north-northwest. I saw that tlm 
wind wns uot f:woraLle to iny i11t.P1HlPll conrs1\ 
-------------------

(')Tho Hora whieh Colnmhns Raw ha:> prohahly disa]'
pc:ircd heforu the recklPss tiring and wastcfnl cultiv:ttiou 
which characterize-• the agriculture of t1w BalmJLias. 
There arc, howovcr, now fonrnl there, h<•sitlcs the Epi
ph~·t.is or air plants, many of a parasitic nature and tw«, 
"\Vihl fig (Ficus pcd1111c11/11ta) a1"l 1'eot ch attornoy ( dw<m 
1·Mea) which, springing from n ebanct• sec<! lodged in tlrn 
branchee of trees t Ii row tltPir roots to the ground aIHl 
join their foliage :ts if lwlonging to the same trunk. 

n This yi\-id tlt>Heriplion applit'S to the llshes whid1 
Hl"u now fouu<l OIL tlte Halrnrna hanks. 
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le vi quc era l.Joca de algnn rio hahia mandado 
llevar barriles para tomar ag·ua, y en tierra 
halle unos ocho 6 diez hombres que luego vinie- 1 

ron a noR, y uos amostraron ahf cerca la pobla
cion, adonde yo e1ffie la 1.rnnte por agua, nna 
imrw con armas otros con l)arriles, y asi la to
maron; y porquc era lejuelos me detuve por 
espacio de dos 110ras. En este tiempo anduvc 
msi por aquellos l'trboles, que era la cosa mas 
formosa de Yer que otra qne se lrnya ,-isto; 
ve:rendo tanta rerdura en tauto grado como eu 
el mes de Mayo en el Andalucia, y los :irboles 
todos estan tan disformes de los nuestros como 
el dia de la noche; y asi las frutas, y asi las 
;ycrbas y las piedraR y todas las cosas. Yerdad 
cs que algunos arboles eran de la uaturaleza de 
otros que bay en Unstilla, por emle habia rnuy 
gTan diferencia, y los otros :lrboles de otras 
maneras eran tantos que no hay persona que lo 
pueda decir ni asernejar {1 otros de Castilla. La 
gente toda era una con los otros ;rn dichos, de 
las mismas condiciones, y as! desnudos y tle la 
misma estatura, y daban <le lo que tenian por 
cualquiera cosa quc les thesen; y aqui vide que 
unos mozos de los navfos les trocaron azaga~-as 
por unos pcdazuelos de escudillas rotas :f de 
Yidrio, y los otros que fueron por el agua me 
dijcron como habian cstado en sus casas, y que 
eran de dentro muy barridas y limpias, ~· sus 
camas J paramentos de cosas que son como 
rl'des de algod011(1): ellas las easas SOii tollas {1, 

rnanera de alfaneques, y muy altas y lmena" 
cbimcneas(2) ; mas no vide entre muchas po· 
l)laciones que yo vide ninguna que pasase de 
duce liasta quince casas. Aqui fallarou que las 
mugeres casadas traian bragas de algodon, las 
mozas no, sino sah-o algunas que eran ya de 
edad de diez y ocho afios. Y ahi habia i•erros 
mastines y bra11chetes, y ahi fallaron uno quc 
habia al nariz un pedazo de oro que seria como 
la mitad de un castellano, en el cual vicron 
1etras: reiii yo con ellos porque no se lo resga
taron y dieron cuanto pedia, por vcr que era y 
cuya esta moneda era; y ellos me respoudicron 
que nm1ca se lo oso resgatar. Despues de to
mada la agua volvi {t la nao, y di la vela, y sali 
al Norueste tauto que yo descubri toda aquella 
parte de la isla hasta la costa que se corre 
Leste Oueste, y despues todos estos indios tor-

( ') Llamanse Hamacas. 
(') ENtas cbimeneas no son par11 humeroR, sino 1rna.s 

coronillas qne tienen encima las casas tle paja de los In
dios. ror csto lo dice, pucsto 11uc dejau abicrto por 
arriha a!go para qne salga el humo. Casas. 

and was to the other: so I sailed to the nortll
north west, and when I was near the end of the 
island, two leagues off, I found a very marvel
lous port with an entrance, altlwugh it may be 
said that there are two entrances, because it 
bas a rocky islet in the middle, and both are 
very narrow, but within it there is ample room 
for one hundred ships, if it bad sufficient depth 
of water, and was clear, and had also a deep 
entrance: I thought it worth while to examine 
and sound it, and so I anchored outside of jt,, 

and went in with all the boats of the ships, and 
saw that there was not bottom. Aud because 
I thought when I saw it that it was the mouth 
of some river I had the casks sent on shore for 
water, and on shore I fountl eight or ten men 
who soon approa-0hed us, and showed us the 
village near by, to which I sent my men for 
water, some armed, and others with the casks, 
and thus they got it; and because it was rather 
far I was detained for the space of two homs. 
During this time I walked among those trees, 
which were the most beautiful things that were 
ever seen; so much verdure being visible and in 
as high a degree as in the month of l\fay in An
dalncia, and all these trees as different from 
ours as day is from night; the same was the 
case with the fruits, grass stones and all things. 
It is true that some trees were of the same fam
ily as others in Castile, however there was a 
very great difference, and the other trees of 
other kinds were so many that there is no per
son that can compare them to others in Castile. 
The people were all like those aforementioned, 
they have the same dispositions, go about naked 
and are of tbe same size, and gave of what they 
had for anything that was given to them ; and 
here I saw that some young men of the vessels 
obtained spears from them for some little pieces 
of broken crockery and glass, the men I sent 
for water told us that the houses which they 
had entered were well swept and perfectly 
clean, and that their be<ls and coverings looked 
like cotton nets:(1) the houses are like tents, 
very high and have good chimneys ;(2

) but 
among the many villages which I saw none 
had over twelve or fifteen houses. Here they 
found tlu~t the married women wore cotton 
--~-------------------

(')Which they called Hama.cas. Nararrete.. This is 
the first mention of the hammock. 

(') These are not chimneys for emitting smoke but are 
crowns on top of the straw huts, he called them chim
neys because something is left open on top in order that 
the smoke m;iy get·out. Ca11as. 
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naron a rlccir qne f'8ta i8la era mas pequeiia 
que no la isla Samoet, y que seria bieu volver 
atras por ser cu elln mas presto. El viento alli 
lnego mas calm6 y comenz6 {i ventar Ouesnoru
este, el cual era contrario para doude habiamos 
venido, "5' asi tome la vue1ta y navegue toda esta 
noche pasada al Lestesueste, y cuando al Leste 
todo y cuando al Sueste; y esto para apartarmc 
de la tierra porque hacia mu;v grau cerrazon y el 
tiempo muy cargado: el era poco y no me dPj6 
llegar {i tierra {t snrgir. Asi que ct1ta nochc 
lloYi6 muy fuerte despues de media noche hasta 
cuasi cl dia, y aun esta nublado para Hover; y 
nos al cal)O de la isla de la parte del Sueste 
adonde espero surgir fastn. que aclarezca para 
ver las otras islas adomle tengo de ir; J' asi 
todos estos diaa despucs que en estas Indias 
est-Oy ha llovido poco 6 rnucho. Crean vuestras 

1 

Altezas que es esta tierra la m~jor e mas fortil, 
y temperada, y Ilana, Y, buena que haya en el 

breecl1es, the young girls uot, except a few who 
were already of tlle age of t>iglttee11 ~-1·:1rs. 

Aud th Py had there dogs matltirn's:. 1) arnl hra11-
chetes,(2) au!l here the~- found one weari11g i11 
lii8 nose a piece of gold of the sizP of lsalf a 
castillano,C') on whid1 tliey i;;aw lett1'1"~: I 
scolded them for not ltaYing got. it hy giYing 
whateYer he asked, in order to sec what it" :u.; 

an<l if coin whose coin it was; hut tliey au
swered that he 'lid not dare to barter it. After 
getting in water I returned to the ship, and ;.;pt 

sail, and sailed to the nortlmest until I tliscm-. 
ered all that part of the island as far a;;: tlw 
coast which l'llllfi eaat [and] west, mid after-· 
ward8 tl1ese }Jl(limm again said that t11i:< ii;laud 
was smaller than the island of Samoet, aml tlwt 
it wouhl he well to go hacl< as we would thm: 
reach it sooner. The wind tl1e11 ceased aml 
then sprang up from west-nortlnrnRt, whieli 
was contrary to our cour.,e, and so I turupcl 

ruundo." ! around and sailed all the past night to the east
sout.heast, and sometimes wholly east, and some
times to the southeast : this l did in order to 
keep off the land for tbe atmo:splwre was Yery 
misty and the weather threatening: it [ tl1P wi 11d I 
was light arnl <lid uot permit. me to reads the 
land in onler to anchor. So thnt thitl night it 
rained Yer,r lsanl after mi<lnig·ht until almo~t 
day, and is st-ill cloudy in onler to rain; aml we 
l are} at the southeast cape of the islaml wlwn! 
I hope to anchor until it gets clear in order to 
sec the other islands where I hiwe to go; ever 
si11ce I came to these Indies it has h1~en miuing 
much or little. I he.g ~-our Ilighnesses to be
lieve however tliat thh; land is the richeHt, the 
mildest in temp('rature, and the most le.-cl and 
wholesome in the worl<l." 

Jue1ies 18 de Octubre. 

,, Despues que a-0laresci6 segui el viento, y 
fui en derredor de la isla cuanto pu<le, y surgf 
al tiempo que ~-a no era de navegar; mas no 
fui en tierm, y en amaueciendo di la vela." 

Yiernes 19 de Octubre. 
,, En amaneciemlo lernute las anclas y en»ie 

la carabela Pinta al Leste y Sueste y la cam
bela Nifia al Sursueste, y yo con la nao fui al 
Sueste, y dado orden que llevasen a.quella 
vuelta fasta medio dia, y dcspues que am has se 
muuasen las derrotas y se recogieran pam mi; 
y luego autes que amlasemos tres horas ,·imos 

Thursday October 18171. 

"After it cleared up I followed the wiJHl, aud 
went around the island as much as I could, arnl 
I anchored when it wa,-; 110 longer po8sible to 
sail; but I did not go on 11hore, and at dawu I 
set sail." 

PridaJf, October HJth. 

"At dawu I weiglwd andior a111l sent the 
cararnl Pinta to the east. :md Routheast and 
the caravel Niiia to the south-southeaHt, and l 

(1) Mastines-mastitf. 
(') Brancl1des-prob11bly a HC'<'nting dog. 
(")One castill:rno of gold <'•1nal 1o $1.UC/;;;i. Irl'i11o's 

Columhs, revisc<l e<lition. 1e41'. Note. Vol. II, p. 4:J. 
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una isla al Leste, sohre la cual descargamos, y 
llcgamos {1. clla to<los tres na\'fos ante'> de lllPdio 
dia i1 la pm1ta del Norh', adomk lrnce nn i;;leo 
y una resting·a de piedra foera de d al Norte, y 
otro entre 61 y ht isla grarnle; la cual anomllra
ron estos homures de 811n Safoador, quc yo 
traigo, la isla Saometc, {1 la cual puse nombre 
la T.~abela(1). El vieuto em Norte, .v quedaba el 
dicho isleo en (lerrota de la isla Fernandina, de 
a<londe yo habia partido Ijeste oueste, y se cor
ria tlespnes la costa <lesde el islco al Oum;tc, y 
hahia en ella doce legnas fasta un cal)O, {t qnien 
yo llame el Oabo hermo110, que es de Ia parte 
del Oueste; y asi es fermoso, rnilomlo y muy 
fo11do, Sill bajas fnera cle eJ, ya) <"Olllit'llZO es de 
piedra. "J" bajo, y mas adentro e8 pla~·a de arena 
como cnasi ht dich:t costa es, ··s ahi snrgi esta 
11oche Viemes hasta la mafiarm. I~sta cosbt 
torla, ~- la parte tle la isla quc yo vi, es tOlh 
cuasi playa, y la isla mas formosa cosa fJHfl ,ro 
vi; fjne si las otras son mny hermosas, esta es 
mas: es de muchos {trboles y muy Yerues, y 
muy grandes; y esta tierra es mas al ta qne las 
otras islas falladas, y en ella algnn altillo, no 
qne Re le puerln Hamar montafta, mas cosa qne 
aforrnosea Jo otro, y parecc de urncl1m; aguas 
all{t al medio <le la isla; de esta parte al Xor
deste llace un:t gTande augfa, ~- lm muchos 
arholedos, y rnuy espesos y nmy grandes. Yo 
qniJ.;;e ir {1 snrgir en ella para salir :i tierra, y Yer 
tanta ferrnosura; mas era el fondo lrn,io y 110 

podia surgir salvo largo de tierra, y. el Yiento 
era mny bneno para vcnir {1 cstc cabo, adornle 
~yo Rurgi agora, al cnal puse nomhre Oabo .E'cr
moso, porque asi lo es; y asi no surgf en aquella 
angfa, r amt porque \'hie este caho de alhi tan 
venlc y tan fermoso, asi como todas las otras 
cosas y tiernt8 destas islas que yo no se adomfo 
pie vaya primero, ni me se cansar los ~jos de 
ver tan fermosas Yenluras y tan diversas de las 
uuestras, y amt creo qne ha en ellas muchas 
;yerbas y muchos .:uholes, que Yalen nmcho en 
Espafia para ti11tnras r parn rnerlicinas de es
pecerfo, mas yo 110 Ios cognozco, de que llm-o 
grandc pena. Y llegan'1o :rn aqui It este caho 
Yino el olor tau bueno y suave de ftores o iir
boles tle la tforITa que era la cosa mas dulce del 
mundo. De mafiana antes que yo de aqui va,ya 
ire en tierra {1 ver que es aqui en el cabo; no eR 
la poblacion salvo ail{t mas adentro adonde di-

(') Parece qne l:t Isa.be/a corresponde :i la. iRl:t qne n hm:t 
Si> conore con el nomhrc de Inagua grande, y los iudios 
llama han Saometo. 

'I with the ship went to the southeast, h 1vi11g 

gi \'PH onl1irs that the;y should keep tliat course 
until midday, and then that both should change 
their course and return to me; and then before 
we had gone three hours we saw an island to 

' the east, to which we directed our course, an(l 
all the three vessels reachetl it before miduay 
at its norU1er11 cxtrmnity, where there i8 a rocky 
islet and a ridge of rocks outsille it to the north, 
and another between it and the large islarnl; 
which the men of San Safra<lor, that I bronght 
with me, callell Saometo, to which I gave the 
name of la L~abela. The wind was north,.aml 
the said i8lf't lay from the it;lancl of Fernandina, 
whence I had come east [aud] west, and the 
coast afterwards ran from the rocky islet to the 
we!ltward, and them was in it twelve leagues 
as far a!\ a cape, which I called Gape Beautiful, 
which is in the west; antl so it is beautiful, 
ron1td and [the wated] very deep anrl free 
from shoals, at first it is rocky and low, but 
farther in it is a sandy beach as it is along most 
of the coast, arul it is here that I hiwe to-night 
Frirla~~, anchored until morning. This coast all, 
anrl the part. of the island that I saw, is nearl,y 
all a beach, and the island the most beautiful 
thi11g· l lHwe seen; if the others are very bean
tiful thi8 is still more so: it has many trees 
rnry green, and very large; and this larnl is 
ltigltn than that of the oUwr islands I lmve 
discovere<l, although it cannot be called moun
tainous, yet gentle hi1ls enhance with their con
trasts the llcantj· of the plain, and there appears 
to be much water in the middle of the island; 
northeast of this cape there is an extensive 
promontory, and there are many groves, very 
thick and very large. I wished to anchor off it 
in order to land, anrl visit so handsome a spot; 
but it was shallow and I couhl not anchor ex
cept far from land, and the wind was very 
favorble to come to this cape, where I have now 
anchored, and which I have called Gape Beauti
ful, because it is so; and so I did not anchor off 
that promontory, because I saw this cape so 
green and so beautiful, as are all the other 
thi11gs and lands of these islands so that I do 
not know to which to go first, nor do my eyes 
grow tired with looking at such beautiful ver(l
ure, so different from our own, and I even be
lieve that among it there are many grasses or 
herbs, ancl many trees which would be of great 
value in Spain for dyes and medicines, hut J 
clo not know them, which I greatly regret. And 
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cen estos hombres qne yo traigo, que esta el 
Hey y qne trae rnucho oro; y ;vo de rnailana 
quiero ir tanto avante quc halle la poblaciou, y , 
Yea 6 haya lengua cou este Rey, 11ue 8egnn estos 
<lan las seila8 el sefiorea todas estaf' ishts comar
muias, y va vestido, y trae sobre si mucho oro; 
aunque no doy mucba fe :i sus decires, asi por 
no Ios eutender yo bien, como en cognoseer 
qnellos son tan pobres de oro que cualquiera 
poco qne este Rey traiga Jes parece it ellos mu
cho. Este {1 quieu ;yo 11igo Oabo Fermoso creo 
qne es isla apartalla de Saometo, y mm ha.v ya 
otrn cntremedias pequefia: yo no cnro asi de 
Yer tanto por menudo, porquc no lo podia facer 
en ciucmmta afios, porque quiero very tlescuhrir 
lo mas que yo pwliere para volYer {1- n1estras 
Altezas, {1 nucstro Sefior aplaciendo, en Abril. 
V enlacl cs que fallaudo adondc haya oro 6 ospo
ccria en cantidad me dctcrnc fasta que yo haya 
dello cuanto pndicre; y por es to no fa go siuo 
andar para Yer de topar en cllo." 

Sabado 20 de Octubre. 
,, Iloy al sol salido }cyant1\ las anclas de 

<londc yo estaha con la nao snrgido en esta isla 
ll(' ~'lao111eto· al eabo del Sudueste, adonde yo 
puse nombre el Oabo de la Lagmia y {1, la isla la 
Isabcla, para navllgar al Nordeste y al Leste de 
la parte del Sueste y Sur, adonde entendi de 
estos hombres qne.ro traigo que era la poblaciou 
y el Rey de ella; y falle todo tan bajo el fondo 
que no pude entrar ni naveg-ar a ello, y vide 
que siguicndo el eamino del Sudueste era muy 
gron rodeo, y por esto determine de me volver 
por el camino que .)'U hahia traido del Nomord
este de la parte del Oueste, y rodear esbt isla 
para(1) el viento me fue tan escaso que yo no 
nnnca pude baber la tierra al longo de la costa 
salvo en la noche; y por ques peligro(2) surgir 
en estus islasJ salvo en el dia que se vea eon el 
ojo adonde se echa el ancla, Jlorque es trnlo 
manchas, una de limpio y otra de non, yo me 

( 1) Igual vaeio en el original. Parece falta reco11occrla. 
(<) Asi el original: i1arece ha de decir peligrwo. 

when I reache<l this cape the O(lor came RO 

good aud sweet from flower" or tl'l'e:-< on the 
land that it was t!Je sweetest thing in tile 
world. To-morro\I· before leaYillg here ] 1Yil1 go 
011 shore to s<~f· what th err· j,, 011 thi;, cave,: tlwrn 
is no population except farther iulan(l wher(' 
accor<ling to the information received fro111 these 
men whom l have on board, their king !i,·N; 
and has much gold ; I intend to procPe(l to-mor
row until I fiml the population, aJ!(l see or con
verse with this king, who, according to the 
signs made by these men is master of all tl1('1>(' 

neigh boriug islands, and goes clotl1Pd, aIHl 
wears much gold 011 his person; althougl1 I 
place little contidenee in their m;;;ertions, !10th 
because I do not mHler1'h111d well and because 

' I sec that tliey are so puor iu gold that any 
' small quantity worn hy this King would seNn 

to tliem to he a great deal. l believe that thh; 
Cape Beautiful is a separate island from Saomcto, 
and e\'PH that there is another small one be
tween; for that reason I do not care to examine 
so much in detail, because I could not do it in 
fifty years, because I desire to see and discoYer 
the most that I can, in order to return to your 
Highnesses, God idlli11g, i11 April. It is tnw 
that I will stop wl1ereYer 1 may find gold or 
i,;piccs in large quantities and get as mneh of 
each as possible; I am constantly sailing in 
order to fiu<l some." 

Saturday, October 20th. 
"At snmise I weighed anchor from the place 

where I was with the wsse1 auchore~l at this 
island of Saometo at the southwest cape, which 
I named the Cape of the Lagoon and I called the 
island la Isabela, in order to sail to the north
east and to the east towards the southeast and 
south, where I understood from these men whoui 
I have with me that the population and their 
king were; and so I found the bottom so shallo"' 
that I could not enter or sail to it, aml I saw 
that by following a southwestern ronlt~ it would 
he a long way around, and conseque11tly I ue
trrrnined to return hy the course I had come 
from the north-northeast toward the west, and 
to go around this island in orckr (1) The 
win<l, however, was so scant that I was nm·er 
able to have the 1ancl along the coast except at 
night; and because it i.:,; dangerous to anchor 
among these islands, san~ in the day-time when 

(1) A blank in the original, prohahly to recounoit.er it. 
Navarrete. 
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puse {t tempon:jar ii la vela toda esta noche del 
Domingo. Las carahelas o;nrgieron porque se 
liallaron eu tierra temprauo, ~· pensaron qne :I. 
sus seftas, que erau costnmbradas de haeer, iria 
:I surgiq mas no quise." 

Domingo 21 de Octubre. 

,.A las lliez horns llegue aqui {1 este cabo del 
isleo, y snrgi y asirnisrno las carabelas; y dei:;. 
pnes de haller comido fui en tierra, adonde aqui 
110 habia otm pohlacion qne una casa, en la cual 
no fallt~ {1. m11lie que creo 11ue con temor se 
11ahian fug-ido porque en rlla e11taban todos sus 
aderezof\ de mtsa. Yo no Jes d{'.je tocar nada, 
salvo qne me sali con estos capitanes y gente {t 
Yer la il'lla; que si las otras ya Yil'ltas sou muy 
formosas J' Yerdes y fertiles, esta es mucho mas 
y cle grandes arboledos y muy verdes. Aqui es 
unas grandes lagunas, y sobre ellas y it la rueda 
es el arlloledo en maravilla, :i aqni y en toda la 
is\a, Ron todos verdes s las yerbas eomo en el 
Abril en el Andalucia; y el cantar de los paja
ritos quc parece que el lwmlnc nnnca 11e qrrnrria 
partir de aqui, y las mauadas cle Ios papagayos 
11ue ascurecen el sol; y aves y pajaritos de tan
tas maneras y tan diyersas de las nuestras que 
es maravilla; y tlespues ha :'tr boles de mil ma
neras, y todos de su mauera fruto, y tmlos 
lmelen que es maravilla, que yo e;;to.r el mas 
penado de! mundo de no los cogJJoscer, porque 
soy hien cierto que todos son cosa de valia, y 
de ellos traigo ht demuestra, y asimiflmo de las 
yerbas. Andando asi en cerco de una <lestas 
lagnnas vi<le nna sierpe(1), Ia cual matamos ;y 
traigo el cucro a. \'nestras Altezas. Ella conw 
nos vido se echo en la laguna, y nos le seguimos 
dentro, porque no era mny fonda, fast.a que con 
lanzas la mafarnos; es <le siete palmos en largo; 
crco que destas scmejantes bay aqui en esta 
lagmrn muchas. .A.qui cognosci del liiialoe, y 
maiiana he determinado de hacer traer a la nao 
diez quiutales, porque me <licen que vale mucho. 
Tambien andando en busca de muy huena agua 
fuimo:s a una pohlacion aqni cerca, adonde estoy 
surto media legua; y la gente, della como nos 
si11tieron dieron todos {t fugir, y dejaron las 
casas, y escon<lieron su ropa y lo que tenian por 
cl monte; yo no deje tomar nada ni la valia de 
un altiler. · Despues se Ilegaron {i nos unos 
Jiombres clellos, y uno se llegu del todo aqui: 

( 1) Yuana (Iguana) ucuio de ser csta. CaaaB. 

one sees with the eye where the anchor is cast, 
because it is all spots, one clean the other not, 
I stoorl off and on all this 11igl1t of Sunday. 
The caravels auchctred IJecause they reached 
tile land carl.r, and thought that I would do the 
same at sight of their customary signals; but I 
did not wish to." 

Sunday October 21st. 

"At ten o'clock I arriYed here at this end of 
the rocky islet, and I anchored as did the 
car:wels; and after taking my dinner I went on 
shore, I found there only a house, iu which I 
f'onnd no person and I believe that they had 
fled throug·h fear because all their household 
goods were there. l did not allow them to 
touch anything, except that I went with the 
captains and men to see the island; if the others 
appeared beautiful, green, and fertile, this one 
with its majestic aud luxuriant forests surpasses 
them all. Here are some large lagoons, and 
around them are the trees so that it is a marvel, 
and here and throughout the island they arc 
all green and the grass is like it ifJ in April iu 
Andalucia; and the songs of the little birds so 
that it seems as if a man could never leave 
here, and the flocks of parrots which darken 
the sun; and birds and little birds of so many 
kinds and so different from ours that it is a 
marvel; and then there are trees of a thousand 
kinds, all bearing fruit of tlleir own kinds, and 
all smell so that it is a marvel, so that I felt the 
greatest regret in the world not to know them, 
because I am very certain that they are all 
things of value,· and I bring the samples of 
them, and also of the grasses. While going 
around one of these lagoons I.saw a serpent,(1) 
wllich we kille<l and I hring the skin to your 
Highnesses. Wheu it saw us it plunged into 
the lagoon, and we followed it in, b"'cause it 
was not very deep, until we killed it with our 
lances; is of seven palmos (2 ) in length; I beJicYe 

(1) This should be Yiiana (Iguana) Casas. 
(2) Library of Univcr&al Knowledge. N. Y. 1881. Vol. 

XI, p. 2::'5. Spanish Palmo Major is given as 8.3450 
inches, English. Spanish Palmo Minor is given as 2. 7817 
inches, English. Either of these dimensions might apply 
to the Iguana, lint in Columbus's letter to the King and 
Que.en concerning his fourth voyage, Navarrete, p. 4501 

he wrote of a harbor in Veragna, "bien que a la entrada 
no tenio salvo diez palmos de fondo." He used the same 
word, "palmos," for the depth of the harbor's entrance, 
as he used for the length of the Ignano. .As neither of 
the above dimensions can expreS!l his meaning in both 
quotntions I leave the original word, palmos. 
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yo di nuos cascabeles y unas cuentecillas de 
vidrio, y qued6 muy coutento y muy alegre, y 
porque la amistad creciese mas y los requiriese 
algo le hice pedir agua, y ellos despues que fui 
en la nao viuieron luego a la pla.Ya con sus cala
bazas llenas y folgaron mncho de darnosla, y 
yo les mande dar otro ramalejo de cuentecillas 
de vidrio, y dijeron que de maiiana vernian aca. 
Yo queria hinchir aqui toda la vasija de los 
navios de agua; por ende si el tienq10 me da 
lugar luego me partire a rodear esta isla fasta 
que yo haya lengua con este Rey, y ver si puedo 
haber dcl el oro que oyo quc tJ.'ac, y despues 
partir para otra isla grande mucho, que creo 
que debe ser Cipango, segun las sei1as que me 
dan estos indios que yo traigo, a la cual ellos 
Haman Oolba(1), en la cual dicen quc ha naos y 
mareantes muchos y muy grandes, y de esta 
isla otra que Haman Bosio(2) que tambien dicen 
ques muy grande, y a las otras que son entre
medio Yere asi de pasada, y segnn ro fallare 
recaudo de oro 6 cspeceria determinarc lo que 
be de facer. Mas todavia tcngo dcterminado 
de ir {t la tierra tirme ~, a la ciudad de Guisay, 
y dar las cartas de Ynestras Altezas al Gran 
Can, J' pedir respuesta y ,-enir con ella." 

L'unes 22 iUJ Octubre. 
,, Toda esta noche y hoy estuve aqui aguar

dando si el Rey de aqui 6 otras personas traerian 
oro o otra cosa <le sustancia, y vinieron muchos 
de esta gente, semejantes a los otros de las 
otras islas, asi desnudos, y asi pintados dellos 
de blanco, dellos de colorado, dellos de prieto, 

(') Parece error en cl original per Cul>a, como se com
prueba mas adelantc. 

(') Acaso Bohil!, como dice despnes. 
S. Ex. 12-47 

that there are many like tllis in this lagoon. 
Herc I found the aloe tree, and as I haYe beeu 
told tllat it is Yery ntluable I shall to-morrow, 
have ten quiutals of it brought to the ship. 
Vlhile looking for g-ood water we weut to a vil
lage, distant half a league from my anclloriug 
place; and the people fled at our approach, 
abandoning their houses, and lliding their wear
ing-apparel and what tht>y had in the woods; 
aud I did not allow them to take anything not 
even the value of a pin. Afterwards some of 
the men came to us, and one came quite up to 
us: I gave him some little bells aud some glass 
beads, whieh satisfied and gladdene!l him Yer.r 
much, and in onler that our friendship might 
increase and that I might ask something of 
them I asked for some water, which the~' after 
I had gone on board the shirr brought. to the 
beach with their calabashes filled, and were Yery 
much pleased to give it to us, I had tliem pre
sented with another small string of glaRs beads, 
and they said they would come the next da,y. 
I wanted to haYe all the casks iu the ship sup· 
plied with water; consequentlJ' the weather 
permitting I shall sail at once in order to go 
until I get an interYiew with this king, to see 
if I can get from him the gold whicll I hear that 
he wears, and afterwards to sail for another 
verJ· large island, which I think must he Oi
pango, according to the signs giyen me by those 
Indians whom I ham on board_, and which they 
milled Oolba,(1) and where tliey say there arc 
large ships and many merchants, and from it to 
another island named Bosio(2

) which the~- also 
say is very large, taking a passing notice of 
others between, and shaping my future conduct 
in accordance with the quantities of gold or 
spices that I may find. I have also decided to 
go to the mainland to the city of Guisay, pre
i:;ent there the letters of jTour Highnesses to the 
Grand Khan, ask for an answer and come away 
with it." 

Monday Octobe1· 22d. 

"All last. night and to day I have remained 
here expecting the king or other persons to 
come with gold or some other rnluable things, 
many of these people came naked, like tho8e of 
the other islands, painterl some white, some 
red, some black, and so on in many ways. They 
------- ·---~----------------

(') It seems t,o be rnist:;kcn for Cuba in the original, as 
is shown further on. Casas. 

(') Perhaps Bohio, as he oolls it afterwards. CaRa.s. 
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'J. asi de mnchas maneras. Traian azagayas y 
alg1mo1' o>illos de algodon (1 rel'gatar, el cua1 
trocaban aqui cou algnno:- mariuero8 por peda
zos de Yidrio, de tazas qnebradas, y por pedazos 
de escndillas de barro. Algnnos dellos traian 
algunos pedazos de oro colgado al nariz, el cual 
de buena gnna ilaban por un cascabel destos de 
pie 1le g1nila110 y por cnentecillas de vidrio: 
mas es tan i>oco, qne no es natla: qnc es 'erdacl 
qne cualquiera poca cosa qnc sc !cs de cllos 
tam hi en tenian :i gra11 manwilla nuestra wnida, 
J. creian que eramos ,·enidos del cielo. Toma
mos ngna }Jara los 1iayfos l'll mm lagnna 1111e 
aqui est{1 acerca del cabo del ilileo, qne asi la 
nombre; y en la dieha laguna l\Iartin Alonso 
l'inzon, capitan de la Pinta, mat6 otra sierpe 
tal eorno la otra de arer de siete palmos, ~· tice 
tornar nqui clel Jiualoe cuanto se folio." 

Martes 23 de Octubrc. 
,, Quisiera hoy 1iartir para la isla de Cuba, que 

creo qne <lebe ser Cipango segun la.s seilms que 
dan esta gente de la grandeza della y riqneza, 
y no me deterue mas aqui ui (1) es ta isla al rede
dor para ir (t la poblacion, como tenia determi
rnulo, para liaber lengua eon este Re~· 6 Seilor, 
qne es 1ior no me detener 11rncf10, pues Yeo que 
aqni 1w hay rniua <le oro, y al ro<lear de estas 
islas ha rne11e8tcr muchas maneras de viento, y 
110 Yieuta asi como los hombres querrian. Y 
pnes es tle andar adonde haya trato grande, 
digo lJUC no es rnzon rle se cleteuer salvo ir a 
camiuo, y calar mucha tierra fasta topar en 
tierra 111u.r proYechosa, annque mi euteuder cs 
<1uesta sea rnny }Jrovechosa <le cspeceria; mas 
qne yo no la cognozco qne lleYo la ma:yor pena 
del rnundo, qne Yeo mil maneras de {irboles que 
tienen eada uno su manera. <le fruta, y verde 
flgora como en Espafm en el mes de Mayo y 
,J unio, y mil maneras de ycrbas, eRo mesmo con 
tloreti, y de todo no se cognoscio salvo este Iina
loe de que 110y mamM tamhien traer a la nao 
mucho para llevar {L Yuestras Altezas. Y no he 
dado ni cloy la vela para Cuba, iiorque no hay 
viento, sa!Yo calma muerta y llueve mucho; y 
llovi6 ayer mucho sin hacer ningun frio, antes 
el dia ha{)e calor, y las noches temperadas como 
en .Mayo en Espana en el Andalucia." 

( 1) Igual Yacfo en el original. -

brought spears and some balls of cotton to 
barter, wLich they exchanged here with some 
sailors for piece!'\ of gl!tss, broken cnps, aml 
pieces of earthenware. Some of these few· wore 
pieces of gold in their noses, whieh they gladly 
garn away for a small bell such as is attaclie1l 
to the leg of a hawk: (I) but it is so little that 
it is nothing: it is true that for any little thing 
that was given them they marveled great!~" at 
our eomiug, and thought that we had come 
down from heaven. 1Ve took water for the 
vessels from a lagoon which is near to the Ciipe 
of the rocky island, so named by me; and in the 
said lagoon M.artin Alonso Pinzon, captain of 

' the Pinta, killed another serpeut like that of 
' yesterday of se>en pabnos, I caused to he taken 

on board all the aloes that could be found." 

Tvesday October 23d. 

" I should like to sail to day for the island of 
, Guba, wbiclt from the description ahout its size 

and riches girnn h,y these people I infer to be 
Oipango, I will not stop here longer nor(2) 
around this island to go t-0 the inhabited portion, 
as I ba<l determined, in order to base an intcr
Yiew with this king or lord, this is in order 
not to istop mucl1 1 because I 1See that t}1ere is IJO 

mine of gold here, and to go around these 
islands requires many different winds, and they 
do not blow as men would wish. And therefore 
the most imJlOrtant thing is to go where there 
is a great trade, I say that it is not right to 
stop, but to continue on one's course to examine 
many lands until one reaches some very profitable 
land, although my idea is that this is very rich 
in spices; but I grieve exceedingly that I have 
no knowledge of them, because I see a thousand 
kinds of trees ha>ing eaeh one its own kind of 
frnit, and green now as in Spain in the month 
of 1\fay and June, and a thousand kinds of 
herbs, with flowers, of all of which none was 
known save this aloe of which I have had 
quantities brought on hoard the ship for your 
Highnesses. And I have not sailed nor do I 
sail for Cuba, because there is no wind, but a 
dead calm and much min ; yesterday it also 
rained much_ yet it was not cold, on the contrary 
it is warm during the day, and the nights are 
as mild a.s those of Andalucia in Spain in May." 
-- ---------------

(')On the plains of Assyria. a.nd Babylonia the Arah8 
use hawks for hunting purposes, to the legs of which are, 
sometimes, fastened small bells. Layard'& Binevah and 
BabJJlon, p. 412. 

(•)Blank space in the original. Navarrete. 
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.Miercoles 24 de Octubrc. lfednes,foy Octoba 24th. 

,, Esta noche a media noche leyante las anclas 
de la h;la lsabcla del cabo dtl isleo, ques de la 
partc dcl Norte a. UOlJ(le yo estaba posado para 
ir {t la isla de Cuba, a donde oi desta gente que 
era mu;y grande y de gran trato, y habia en dla 
Ol'O y especerias y naos grandes y mcrcaderes; y 
me amostr6 que al Ouesudueste iria a clla, y yo 
asi Jo tcngo, porque creo que si es asi colllo por 
scfias quc me hicieron todos los indios de estas 
islas y aquellos que llevo ;yo en los nados, por
qne por lengua no los entiendo, es la isla de ' 
Cipango de que se cuentan cosas manwillosas, 

"At midnight I weighed anchor from tlw isl
and of l8abellt the cape of the rocky iBlct, which 
is on the northern side where I was lyiug in 
order to go to tlie islaml of Cuba, which 1 !ward 
from these peovle was \"ery large, ha Yinµ: mnd1 
trade and that there waf\ iu it g-old alHl spices 
and large ships aml merehautis; all(l the,y told 
me that I should go to it by tlie west.southwest, 
aud iso I think, because I beliern that if it is as 

all the Imlim1s of these islarnls aml those whom 
I have on board told me by sigus, uecause I do 
not understand their language, it is the island 
of Cipango of whieh man·ellous tlliugs are re· 
lated, and 011 the globes which T liaYe seen and 

y en las esperas que yo yf y cu las pinturas de 
mapanmndos es ella en esta comarca, y asi naYe
gue fasta el dia al Ouesudueste, y amaneciemlo 
cal 11u'i el vienfo .Y llovi\11 y aisi caisi toda la 
uoclte; I estuve asi con poco viento fasta qrre 
pasaba de medio dia ;r entonces torn6 {1 ventar 
muy amoroso, y llcvaba todas mis velas de la 
nao, maestra, y dos bonetas, y trinquete, ~- ce
hadera, J' rnezaHa1 y vela, de gayia, y el bate! 
por popa; asi andurn al camino faista que ano
checio y entonces rue quedaba el Oabo Verde de 
la isla Fernandina, el cual es de la parte de Sur 
a la parte de Oueste, me qnedaba al N orneste, 
y hacia de mi {t el siete leguas. Y porque YCil
taba J"<L recio y no sabia yo cuanto camino ho
biese fasta la dicha isht de Guba, y porno la ir a 
demandar de noohe, porque todas estas islas son 
muy fondas ~\ no hallar fondo todo en derredor, 
salvo a tiro de dos lombardas, y esto es todo 
manehado un pedazo de roquedo y otro de 
arena, y por esto no se puede segurameute sur
gir salvo a vista de ojo, y por tanto acorde de 
amainar las Yelas todas, salvo el trinquete, y 
andar con el, y de a un rato crecia mucho el 
viento y hacia mucho camino de que dudaha, y 
era muy gran cerrazon, y llovia: mande am:li
nar el trinquet,e y 110 awluYimos esta noche dos 
leguas &c." 

Ju.eves 25 de Octubre. 

Navego despues del sol salido al Ouestc 
Sudueste hasta las nueve boras, andarian cin- I 
co Jeguas: despues mudu el camino al Oueste: 
andaban ocbo millas por hora basta la una 
<lespues de me<lio dia, y de alli basta las tres, :r 
andarian cuarenta y cuatro millas. Eutonecs 

1 

on the maps of the worhl it is in this regfou, 
and thus I sailed until day to the wesh;outh
wei:;t, and at tla\Yll tl1e \Yiucl calmed aml it 
rained, aml so almost all niglit: and I renrniuerl 
with little wiud until after midlla~· aml then the 
wiud began to blow Yery lon~l~, awl I carried 
all the sails of the ship, the mainsail, two uon
nets, the foresail, and spritsail, and the mizzen, 
and the main-topsail, aud tlie boat astern; thus 
l followed my course until nightfall and then 
Cape Yer de of the island of Fer1umd ina, wliieh is 
towards the south towards the west, remained 
to the nortlrwest of me, and there was from me 
to it seven leagncs.( 1) The wind was hlowiug 
hard and I knew uot how far off the island of 
Cuba was, aud in order not to approach it at 
night, because all these iislallfls an• ~o dPep that 
no bottom can be found all around them, saYe 
at two lorn hard shotR, and this is all spotted, 
one piece of rock another of sand, and conse
quently it is impossible to anchor saft•ly exee11t 
wl.iere ~-ou can see, and the1·efore I determinecl 
to lower all the Hails, t>Xllept tlte foresail, and to 
sail with that, and suddenly the wind grew ven' 
strong and I made much headway of whid1 I 
was doubtfol, and it was very misty, and rained: 
I had the foresail taken in and we ditl not go 
this nigl1t two leagues, &c." 

Thurs<lay Oetober 25th. 

Ile afterwards saile1l from sunrise 1H'St-south· 
west until nine o'cloek, making about fiYe 
leugnes: afterward he clumged course to the 
west: they went eight miles an lwnr until one 

- ---· ··-

(1) That i~,CaJ"'"''nk, th•· so111ll\Yr8t c111l of I•'••rnau11i11a, 
bore uorthwe~t seHll lcn.gu<'s dislaut (2-J.:t nautk:tl miles). 
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vieron tierra, y eran siete !t ocho islus(1), en 
luengo todas de Norte {t Sur: distaban de ellas 
ciuco leguas &c. 

V icrnes 26 de Octubre. 
Estuvo de las diclias islas de la parte del Sur, 

era todo bajo cinco 6 seis Ieguas, surgio por alli. 
Dijeron Ios indios que llm·aLa que habia dellas 
it Cuba audadura de dia J medio con sus alma
dias, que son navetas de un madero adonde no 
llevan vela. Estas son las canoas. Partio de 
alli para Citba, porque por las sefias que los 
indios le daban de la grandeza y del oro y per
las della pcnsaba que era clla, conviene {t saber 
Cipango. 

Sabado 27 de Octubre. 
LeYant6 las anclas salido el sol Ile aquellas 

islas, que llarn6 las islas de Arena. por el poco 
fornlo quc tenian de la parte del Sur hasta seiR 
leguas. Anduvo ocho millas por hora hasta la 
una del dia al Sursudueste, y habrian andado 
cnarenta millas, y liasta Ia noche andarian 
veinte y ocho millas al mesmo camino, y antes 
de nochc vieron tierra. EstuYieron la noche al 
reparo con nrncha llu-ria que llovi6. AnduYi· 
eron el Sabado fasta el poner del sol diez y 
siete leguas al Sursudueste. 

Domingo 28 11e Octubre. 
Fue de alli en demanda de la h1la de Cuba al 

Sursudueste, a la tierra della mas cercana, y 
entro en un rio muy hermoso y muy sin peli
gro de bajas ui otros inconvenientes, y toda la 
costa quc anduvo por alli era mny hondo y 
rnuy limpio fasta tierra: tenia la boca del rio 
duce brazas, yes bien ancha para barloventear; 
surgio dentro, diz que a tiro de lombarda. Dice 
el Almirante que nunca ta.n hermosa cosa vido, 
Ueno de {irboles todo cercado el rio, fermosos y 
verdes y diversos de los nuestros, con flores y 
con su fruto, ca<la trno de su manera. Aves 
mnchas y pajaritos que cantaban muy dulce
mente: hahia gran cantidacl de palmas de otra 
mauera qne las de Guinea --:,·de las m1estras; de 
una estatura mediana y los pies sin aquella 

( 1) Deben ser los Cayos orientules y meridionales del 
Gra11 Banco de Bahama, que <leHpiden placer de sonda al 
Sur, y <lonclc c.~tll\'O fondc:ttlo Colon el r1ia 2(i de Octnhre, 
partiendo desde allf para dar vista Ii Cuba; como en 
t·focto la vii> cutramln cl dia. ~ en el p1wrto de Nipt'. 

o'clock p. m., and thence until three o'clock, 
and they made abont forty-four miles. At that 
time they saw land, and there were seven or 
eight islands, all extending from north to south: 
distant from them flve leagues, &c. 

Priday October 26th. 

He was on the southern side of said islands, 
all was shallow for five or six leagues, he an
chored there. The Indians he had with him 
told him that to reach Cuba with their canoes 
from those islands would take them a day and 
half, these canoes are small vessels of one piece 
of wood and have no sail. These are the canoes. 
He sailed thence for Cuba, because from the 
signs which the Indians gave him of the size 
and of its gold and pearls he thought that was 
the one, that is to say Oipango. 

Saturdfl,y October 27th. 
At sunrise he weighed anchor from those isl

ands, which he called las is"las de Arena [Sand 
Islands] on account of the little bottom they 
had for six leagues to the south. He ran south· 
southwest at. the rate of eight miles an hour 
until one o'clock in the afternoon, making about 
forty miles, and up to nightfall they had made 
about twenty-eight miles on the same course, 
and before night they saw the land. They were 
on the lookout during the night with much 
rain which it rained. They ran on Saturda,y 
until sunset seventeen leagues south-southwest. 

Sunday October 28th. 
Ile went thence in search of the island of 

Cuba to the south-southwest, to the land near
est to it (him 1], and entered a very beautiful 
rfrer very free from danger of shoals and other 
inconveniences, and all the coast that he passed 
there was very cleep and very clear as far as 
the land: the mouth of the river had twelve 
fathoms, and is very wide in order to ta-0k in; 
he anchored within, he said at the distance of a 
lorn bard shot. The Admiral says that he never 
saw such a beautiful thing, the oanks of the 
river being covered with trees, which were 

i,ill beautiful and green and different from ours, 
with flowers and with their fruit, each one after 

!I its kind. J\fany birds and little birds which saug 
I very sweetly: there was a great quantity of 

,

1

11

1' palms different from those of Guinea and from 
ours; of medium height and the feet without 
that shirt,(1) and the le,aves very Jarge1 with 

II 
( 1) He probably found a species of palm that wa.s with

out the reticnlum. 
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camisa, y las hojas muy grandes, con las cnales 
cobijan las casas; la tierra muy Hana: salt6 el 
Almirante en la barca y fue a ticrra, y lleg6 a 
dos casas qlle crey6 ser de pescadores 3' que con , 
temor se hu;reron, en una de las cuales hallo un 1 

perro que nunca ladr6, y en ambas casas hall6 , 
redes de hilo de palma y cordeles, y anzuelo de 
cuerno~ y fisgas de hueso y otros apare;jos de 
pescar, y muchos huegos dentro, y crey6 queen 
cada una casa sejuntan muchas personas: mau
d6 que no se tocase en cosa de todo ello, y asi 
se hizo. La yerba era gramle como en el An
dalucia por Abril y l\Iayo. Ilal16 verdolagas 
muchas ybledos. Torn6se a la barca y andtH'O 
por el rio arriba un buen rato, y diz que era gran 
placer rnr aquellas verduras y arboledas, y de 
htR aves que no podia dejallas para se volver. 
Dice que es aquella isla la mas hermosa que 
ojos hayan visto, llena de muy buenos puertos 
y rios hondos, y la mar que parecia que nunca 
se debia de alzar porque la yerba de la playa 
llegaba hasta cuasi el agua, la cual no suele 
llegar donde la mar es brava: hasta entonces 
no habia experimentado en todas aquellas islas 
quc la mar fuesc brava. La isla, dice, ques 
llena de montaiias muy hermosas, annque no 
son muy grandes en longura salvo altas, y toda 
la otra tierra es alta de la manera de Sicilia: 
llena es de muchas agnas, segun pudo entender 
de los indios que consigo lleva, que tom6 en la 
isla de Guanahani, los cuales le clicen por seiias 
que bay diez rios grandes, ~· que con sus canoas 
no la pueden cercar en veinte dias. Cnando 
iba a tierra con los navfos salieron dos alma
dias 6 canoas, y como vieron que los marineros 
entraban en la barca, y remaban para ir a ver 
el fondo del rio para saber doncle habian de 
surgir, huyeron las eanmis. Decian los indios 
que en aquella isla habia minas de oro y perlas, 
y vido el Almira;nte Ingar apto para ellas y 
almejas, ques senal dellas, y enrendia el Almi
rante que alli venian naos del Gran Can, y 
grandes, y que de alli {t tierra firme habia jor
nada de diez dias. Liam6 el Almirante aquel 
rio y puerto de San 8alvador(1). 

(I) Con6cese con til uombre dn Piierto. o Bahia de .Ntpe, 
a seis legnas al S.S. E. de la punta de Mulas. 

which they cover their houses ; the land is very 
le,·el: the Admiral jumped iuto the ship's lmat 
and went on shore, and came to two houses 
which he thought to be those of fisl1ermcn alJ(l 
which ran away in fear, they found in 01ie of 
them a dog which never barkeu, and in both 
houses he found nets of palm thread and con ls, 
and born fish-books, bone harpoons aud other 
fishing-geari and nnmeroUR sets within, aml he 
believed that each house was occupie1l by mm1,Y 
persons: he oruered that nothing in them 
should be touched, and nothing was. The gras.-; 
was hig·h as in Andalncia in April arnl }fa,L 

Be found much purslain and wild amarauth. 
He returned to the boat and went up the ri\·er 
for a good while, and he said that it was ~t great 
pleasure to see that verdure and those groves, 
and of the birds that he could not leave them 
in order to return. He says that that island i8 
the most beautiful that eyeB cnr beheld, full of 
good ports and deep rivers, and it seemed to 
him that the sea must nernr be high there for 
the grass of the beach almost reached the water, 
which rarely happens where the sea i:,; rough; 
until then he had not experience•l a rough sea 
in all those islands. The island, he sa.vs, is full 
of very beautiful mountains, though the.'· are 
not ve1y long but lofty, am] all the laud is high 
like that of Sicil;y: full of much water, as 'he 
could understand from the Iudians with him, 
whom he t-Ook from the island of Guanaltaui, 
who tell him that there are ten large rivers, and 
that with their canoes they cannot go around 
it in twent,y days. \Vhe11 he went to the land 
with the vessels two canoes approached, and 
when they saw that the sailors entered the boat 
and rowed in order to go to see the bottom of 
the river in order to know where they were to 
anchor, the canoes tleu. The Indians saiil that 

! in that island there were mines of gold antl 
i pearls, and the Admiral saw place suitable for 

them and shell-fish, which is a sign of them, 
i and the Admiral understood that shipci of the 

Grand Khan came there, and large ones, and 
that from there to the main land was a run of 

1 
ten days. The .Admiral called ti.mt river and 
port San Sali·<Ulor. 

Next to this text in entirety, it is indispensable to every thorough discmmion of the first land
fall that the student should have before him a correct chart, since ai1 imperfect one is inadequate 
to the settlement of a problem, tlrn proof of wbich are certain Lricf courses. Tlie chart in the 
appendix was prepared in the office of the U. S. Coa1it and Geodetic Surrny, from the English .All
miralty surveys of 183:?-1836, and such Spanish charts as were available. The Bahamas, dependent 
upou the Buglish surYeJt<, are accurate. Some of tlw harhort', aud perhapt' part of tht> coat't. li1w 
of Cu ha and Hayti, may be a little in error in lon gi tulle. 
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The fiye tracks from five different islands to Cuba arc

lHt. NaYarrcte's from the Grand Turk. 
~d. Irving's from Cat. 
3d. Captain Bee lier's from ·w atling. 
4tll. Varnhag-en's from ~Iariguana. 
5th. G. V. Fox\; from Sarnana, or Atwood Cay. 

Altl10ngh the authorities heretofore mentioned concurred on the first four il:llancls, respectirnly, 
it is onl~- those noted here that have laid down a coutinuom; track from the first landfall they claimed 
for Colnmlms, to Cuba. \Yi1b tllis authentic chart and Las Casas's copy of Columbus's journal, 
each of these tracks, and the argnmeuts of their supporters, can be tried. 

THE TR.A.CK OF NA y .A.RRETE. 

Navarrete said, 1st: Columlms sigbted the east side of the Grand Tnrk while steering a course 
\Y. hy S. ~ S. awl from there ht• weut around by the north, to the west side of the island. 

ANSWEH. The journal of October 11 says that at suns('t-on that day the sun set at 51t '1101 

apparent time-Colnmhns RtPercd west and made tlie laml at 2 a. m. the next day. On the 13th 
Columbus wrote: "I determined to wait until to morrow evening, anu then to sail for the south
WPst." On the 14th he wrote that lie went with the boats ''along the island in a north-northeasterly 
direction, to sec the ot11er 8ide," * * * 11 an<l afterwards 1 returned to the 11ltip(1) and set sail." 

Navarrete Raid, 2d; From the west side of tlw Grand Turk Columbus sailed w. by~. 2- N. rn 
miles to the Caicos falands which, to_gcther, forme<l the second, to which he gave the name of Santa 
Jforia rle la Concepcion. (Narari·ete, p. 21i, note I.) 

ANS\VER. Conceding that Colnmbus went to the north of west when be said, ou the 13th, that 
be would sail "for the southwe,;t," arnl admitting tlie prohaJ1ilit.Y that in 1492 the Caicos group 
was one island, yet it does not agree with the description of the second island lie came to, of which 
he wrote 011 the 15th: "And I foun<l that that side which is towards the islancl of San Salvador 
runs nortL [aud] south, and is five leagues [15.U nautical miles] in length, and the other whieh I 
followed ran east [and) west, and contains over ten leagues [31.8 nautical miles]. And as from this 
one I saw another larger one to the west, I clewed up the sails • * * and about sunset I 
anchored near saitl cape [the western cape]." The e;1st side of the Caicos is north and south 13 
miles, which corresponds with the journal; but the north shore is N. W. hy "\V. ! W. 38 miles and 
then S. "\V. } W. 38 miles. Or, if the N. E. side of the Caicos group be designated as the east and 
west side that Columbus followed, it agrees near euough in distance, but varies 2t points in direc
tion ; aud if we assume the journal tQ be in error in giving "east [and] west," there is still the 
insurmountable fact th~tt Columbus wrote thrne 1imeR on the 15th, and twice on the 16th, that the 
third islan<l bore west from the seconu. A Yessel anchored at the west cape of the N. E. side of 
the Caicos group has no land visible. Tl.te island of Mariguana is the nearest, and this is N. W. 
by W. i W. 43 miles distant. 

Navarrete said, 3d: From the second island Columbn-'l sailed to the southward and westward 
to Little Inagua, the third island, which he named Fernantlina. (Navarrete, p. 28, note I.) 

ANSWER. If we take Navarrete's course as it is laid down on the chart, from the west cape of 
tlle N. E. Ride of the Caicos, the course and distance to Little Iuagua are S. W. t W. 60 miles. If 
we measure from the S. vV. Caicos to Little lnagua-S. E. side-it is about W. S. W. 25 miles. 

On the 15th of October Columbus was at the west cape of his second island and he wrote in 
rf'garcl to the third island, "I saw another larger one to the west • • • and so I departed at 
about te.n o'clock witl1 a S. E. wind, inclining to the soutb, for the otlwr island, a >ery large one." 
• * • Aud when he came to the thirtl island he said: "All this portion of the island runs N. 
W. [and] S. E., ancl it appears that there are on this coast more than 28 leagues [89.1 nautical 
miles]." On the 16th, after a i:nore careful examination, he wrote: "And this cape to which I have 
come and all this coast runs N. N. W. and S. S. E. and I sa\V fully 20 leagues [63.6 nautical milesJ 
of it, bnt this wa~ not the eu<l.11 

(1) ltalios arc l1y tlw writer. 
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This il:l the description of Ferdinaud Island. It cannot be Little Inagua, as Sayarrete assertli, 
because this is ouly 7:! miles east arnl west, and the same~. N. Kand S.S. \Y. 

NaYarrern said, 4th: From the third isla!l(l, Little lnagua [Santa J\laria J, Coln111lm"' stPert•d 
to the southward anrl we:-;tward to the fourth islaIHl, Great Iuagua, which lie liallH'li ba/Jda. 
(Navarrete, p. 33, note I.) 

ANSWER. \Vhen Columbus left the third island on the rnth of October he wrotr: ,, Ai dawn I 
weighed anchor aml sent the car:wel Pinta to the east and ,youtheast, and the caraYcl ~ilia to tlie 8. 
8. E., and I with the ship icent to the S. E. * * * And then before we had gone three lwun; we 
saw an island to the ea.~t,(1) to which we directed our course, and all thrPe vessels r<~ached it before 
midday at its uorthern extremity, where there is a rocky il'ilct. • * * Aud tlte said i:-;lct la,\
from the islaud of F<·rnamlina, whence I had come, ea.~t [and J wtwt." 

XaYarrPte said, 5th: From the fourth island, Great Inag-ua [Isahellaj, Colnmlms Rteere<l :X. 
h,y E.11 miles-W. i N. 56 miles-\V. b;r N. t :X. 61 miles-and S. u:r· W. 2 \C (il miles-to l'ort 
Ni1le, in Cuba. 

ANSWER. Such courses and distances cannot be found in Columlmf;' journal. He left the 
fourth island on the 24th of October and wrote: "At mi<l11ight(2) I weighed auchor from the i8larnl 
of IsalJelhi, * * "' in order to go to the il'iland of Uulia. * * * Aud they told me that I 
should go to it by the W. S. \V., and so I think. * * * .Aud thus I sailed nutil day to the W. 
S. W., and at dawn the wincl calmed. * * * Aud I rernaiued with little wind until after mid
day and then the wind begau to blow vPry lon~ly. * * * I followed mr conro;e until nightfall, 
and the Caho V crde of the island of Fernamlina bore N. \V. 7 leagueH ['.!'.:.:J nautical mileii ]."(3

) 

On the :.!5th, still steering ~W. S. \V., Columhn" disco\'cred "scYcn or ei1.d1t i8lands, all extend
ing from north to south, db;tant from them tirn leagues [15.9 nautical mill'8].'' Ou the '..Wth the 
journal rP:uls: "He was on the southern side of said islands, all was shallow for firn or six leagues, 
he anchored there. • * * He sailed thence for Cuba." The jonmal sa,ys, Oetobcr 27: "At 
sunrise he weighed anchor from those islands, 'Yhich he called Saud islands, m1 account of the 
little bottom they had for six league8 [Hl uantical miles l to the south.'' X antrrete wrote, in a note, 
pp. 3!)-40, that Col um bus anchored on the 2Gth of OctolJer on the eastern and southern shoal of tlIC 
"Grand Hauk of Baliama," and left there for Cuba. .Although ~avarrete's track, on the chart, 
docs not rflach thi8 hank, we must admit, from t.11is note, that. he intended it. Bnt there is no part 
of "Columbus Bank" which bears ,V. S. W. from Grnat Inagua. Domiugo Cay, the most southern 
part, is \V. 2 N. from the most northeastern part of Great Inagua; and the south Hagged islan1l, 
south of which he :mcl10red, bears -w. by N. 2 N. 155 miles from the X. E. end of Great Inagua, 
aucl N. ·w. by W. ! w·. rn.:1 miles from the S. W. end. The .ionmal e,·idently omits some of the 
distances run from Isabella to the Santi Islands; but 011 the 24th Columbus giws the bearing antl 

·distance of the S. W. Cape of Fernandina, and this "departure'' is put on the chart. Afterward 
he logs 16 leagues W. S. \V., then he saw the Saud Islands 5 leaguPs cfoitant, making a total of 21 
leagues, 6(i.8 nautical miles. The true course and distance from his ''departure" to South Hagged 
are W. S. W. (i5 miles. This close agreement may he accidental; but if we omit all distances g;iYen, 
yet the course8 found in the journal are irreconcilable with any from Great Inagua to tht\ soutl1-
eastern Bahama Bank. In respect to Port Nipe, which Navarrete and Captain Be.dwr adopt for 
Columbm;'s first anchoring-place in Cuba, see the discussion of Captain Beeher's track. 

By selecting Turk for the first landfall, an extreme S. E. island of the Bahamas, Xarnrrete 
confronts Juan de la Cosa and .Antonio Herrera; for on their chart8, which will he referred to later, 
Guanahaui is an island situatcu near the middle of the N. E. side of the Bahama group. 

THE TRACK OF V ARNIIAGEN. 

Vamhagen said, 1st: Columbus made the island of l\Iarignana steering west; he roundPd the 
east end and anchored on the northeast shore. Heuce he steered W. ! N. 40 miles for Creek Point 
on Acklin Island; followed the north and south shore for 13 miles, and the east anu west shore 29 
miles, and so over to t.he south cape of I.1ong Island. 

( 1 ) Italics are by the writer. 
(')It was ol1viously the midnight which lJegan this day. 
( 3 ) How could Little Inagna bear N. W. of bim 22.:l milesf 
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ANSWER. Varnhagen, like Nannrete, ignores the assertion of Columbus of October 13: "I de
termined to wait until to-morrow evening and then to sail for the south west." He has even omitted 
tlii!; weighty sentence from bis Geschichte des Zeitalters der Entdeckung. 

Conceding that he steered to the westward from Guanahani, yet Columbus said, on the 15th of 
October, that the second island he steered for was ti over 5 leagues distant, rather 7 [l.!2.3 nautical 
miles]" but Varnhagen's second island is 40 miles from the first. A difference of 79.4 per cent. in 
such a short run, actually gone ovei'1 is not possible with so experienced a navigator. In crossing 
the Atlantic, a distance of more than 3,000 miles, be overran his log Ht per cent. only. In going 
from MMiguana to Acklin, Columbus went within 5 miles of two islands, each 70 feet high. Accord
ing to Yarnhageu, Columbus does not mention them. It is not characteristic of his journal to omit 
all notice of the first islands lie came to in the New World. He wrote on the 15th of October: 
,; Nevertheless it was m~- desire not to pass an.r island without taking possession of it, as one taken 
possession of the same may he said of all; and I anchored and remained until to-day .11 

Col um bu;i did not go along tlrn shore of the second island which runs north and south. He 
wrote on the 15th of October, "I found that that side which is towards the island of San Salvador 
runs north land J south, and is fl. ve leagues in length, and the other which 1 foll-Owed( 1) ran east [and] 
west." 

Varnhagen said, 2d: Columlms went from the south cape, around Long Island and returned 
to tlie south carie. 

~'1NSWEH. On the lGth Columbus -wrote: "This island is exceedingl,y large and I liaYe deter· 
mined to go around it • *' *' [ agaiu ]. I set sail with a south wind intending to go around the 
whole island." .. • .. 

Ou the 17th he wrote: ''The wind then ceased, and then sprang up from the ·w. N. ·w., which 
was contrary to our course, and so I turned around and sailed all the past night. • • • And 
we [are] at the S. K cape of tlie islaw.l where I ho1>e to anchor until it gets clear." 1n addition to 
these decisive words, there is the fact, shown by the chart, that between Exuma and Long Island 
the water is too shoal for such vessels ati Columbus used. This will be spoken of again in discuss
ing Irving's track. 

Varnhagen said, 3d: Columbus sailed from the south cape of Long Island .to the N. W. end of 
Crooked Island, then across the ''Columbus bank" to Port Gibara, in Cuba. 

ANSWER. This part of Varnhagen's track comes near t-0 Captain Becher's and the writer's, 
aud tberefore need not be considered here except in regard to the harbor of Gibara. In the journal 
of Oetober 28th we read: "He went thence in search of the island of' Cuba, • • • and entered 
a Yery beautiful river • • • the mouth of the river had twelve fatlwms."( 2) The port of Gibara 
is n small basin, exposed to northerly winds, and has three fathoms, only, at the entrance. 

1\7 ASHINGTON IRVING'S TRACK. 

The track of vVashington Irving is laid down from his description of the "Route of Columbus 
in his first voyage." ( frlling's Columbus, revised edition, vol. iii, appendix, pp. 366-380.) 

Irving wrote, 1st: "From Guanabani Co1nmbus saw so many islands that he was at a loss 
wbich next to visit. • • • He determined to go to the largest in sight. • • • The isla.nd 
thus selected, it is presumed, was the present island of Conception; and that the others were that 
singular belt of small islands known as La Cardena (or the chain) stretching past the island of San 
Salvador in a S. E. and N. W. direction; the nearest of the group being nearer thau Concepcion, 
while the rest are more distant. • • • We know that in all this neighborhood tbe current sets 
strongly to the W. N. W.; an<l since Columbus had the current against him he must have been 
sailing in an opposite direction, or to the E. S. E. • • • Hence it is rendered eertain that 
Columbus ditl not sail westward in going from San Salvador to Conception; for from the opposi
tion of the wind, as there could be no other cause, he could not sail toward that quarter. • • • 
Uonccption situated E. S. E. from San Salvador, and at a corresponding distance of 5 leagues 
( 15.9 nautical miles]." 

( 1) Italics are by the writer. 
(") E. :F. Q.ialtrough, Master U.S. Navy. Sailors' Ha'lldy Book, p. 192, makes the old Spanish braza equal 5.432 

English feet. Italics are l>y tlte writer. 
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ANSWER. Colnmlms wl'ote, on the 14th of Odol1<'r: "I n•t11rnp1l to th!• >;hip all(l s0t sail and 
fiaw i-;o Hurn~· islarnhi that l could 11ot decide to whidi ow· 1 slwnld go fir,.;t.'' ::\Ir. (iihh.-; 11rn1lt• Jll'l'. 

i<ona.1 ohsernltion from the sontlieas1· point of ('at i;.;laml arnl wrote: '' Xo lalld urn ht· :-;1•e11 from 
tlH• higbei'it hills, nor from tlw mast-head of a n;s,.;t·l lying at \Yiwling Hay or Colnml•ll" l'oiut, 
wliere lie is said to have laulled.(1) 

'fhP island of Co11ce11tiou is 2~ mil1•s long, lJ 11road. all(! flO fpct high. Scar h~-, on tla• p:i,;t 
side, is Boohy Cay, one-thir(l of a mile acros:s arnl 130 fed higl1. Tlw reef surrounding hoth b ti 
uy ti miies. It is possible that in 14()2 au island rnigltt ha,·e lwen tllen• of these dimensions. 

On the 15tll of October ColmnlJns deRcrihed the second islaud tllns: '·I found that that side 
whiclt is toward tile islan1l of Sa11 Sahaclor runs north [and] sontk all(l is fin~ ll'agnC':;; [ lii.!l nau 
tical milesJ in length, and the other which I follmn'.(1 ra11 east [antl] west~ aud contains OYer t<>n 
leagues"-31.8 nautical miles. La Card1~u11 (lite chain of iislaucb Rtrdcl1i11g awny to the north
ward and westward from Great Exuma) is, in the nig·hest, part. :.JG mile,; frnw Cat i.~laml, 48 from 
Colurn1ms Point, and 50 from Conception, aurl certainly inyir;i\)lt• from each. 

The currrnts in this neighborhoocl are spoken of J1y Capt. E. H~1ruet in the 1l~est India l'ilut. 
3d edition, 1876, p. 481, thus: "In the uei;.d1horhood of' Co11ceptiou I:shlJHl it i>l :sai1l g-enerall,\· to 
run strong to the N. vY. Some olJi;;ernltionR tend to show that after 11ortl11•r" or 011 th(• inerC'asP of 
the moon, as it appronches to cbange, there iR a similar set to the southward. ThPre is7 ltmH'Yer, 
110 ceitainty ill tlrn ease, and eonseqnentl~- more than ort.liuary atteution is required when ml ,-ig·a
ting l.lmoug the W'"est India islands." 

Thi>re is· no foundation that Colum hus hail ''the current againi;;t bim,'' except his remark 
of the 13th of October, "the tide cletaincd me." On the eYP of lea,·i11g Guanahm1i he wrotP, '•I 
dC'termined to wait until tomorrow eYening, and then to sail for tlte sont,hwrn1t.~ There is 110 men
tion in the journal of" the opposition of the wi11d." Uolnm hus cloes not gi\·e its direction until tl1e 
15th, when he was at the second island, thC'n he records it as hciug 8. E. Coueq)tiou lie:s S. S.E. t K, 
19 rnilt·s from the southeast point of Oat. 

lrYing wrote, 2d: "Leaving Conception 011 tht> Hith of October Colnm hns stet-re11 for a 'i'ery 
fargr island seen to the westward uiue leag'tH"S [28.G nautical miles] off, and wLicl1 ext.e]J(h•<l itsl'lf 
28 leagues (89 nautical miles] in a southeast and northwest dirediol!. * * * Ile rn1111t•d it Ft>r-
11andi11a. At uoon he rrrnde sail ngai11, with a \"it>w to run ronud it and reach another i;;lalHl callPd 
Samoet; but lite wi111l hP-i11g at S. E. hy S. the course he witilH'd to :<teer, the mitin•s signified that 
it would he easier to !'ail around the island lJ~- running to th(' N. "c· with a fair wiud. Ile there
fore bore up to tlw N. \:\c., and hadng run two Jeag11<'s (fl.4 nautical mile-"] fonrnl a lllll!Telons port 
with a narrow entrance. "' ·"' "' Sailing out of this harbor h.r tl~e op11osite entnmce at the 
nortlnrest, he lliscon•red that part of the island which runs east and west. The uatin>; signified 
to Iiim that this islaml was smaller than Samoet, all(] that it would he better to retnru tinranl1> tlw 
latter. It had now become ealm, hut short]~· after there sprung- np a hreez<' from tl1e \Y. X. \Y., 
which was ahead for tl1e course they ha<l heen steering; so the~· bore up and stood to the E. S. B. 
in ordflr to get an offing; for the weather thrnak1w<l a stm·m, which ltmn•\'e.J' dissipat(•d it,.<•lf in 
rain. The next day, being the 18th of Octoher, they auchored opposite the <'xtremity of F1•1·11:111-
dirnt. The whole of this description answern most accurately to the island of Exnmn. * * * 
The icleHtity of the island here <le1>crilwd with Exnma is irresistibl~- forced upon tl1e 111i11d." 

ANSWER. In calliugExuma Femandina, aml a11cl1oring Col um bnR ''opposite th(• extremity,'' it, 
is evident that, lrYing inclncled in this name lMtle Exunrn, which lies to the south w:ml and <>ast
ward of Great Exuma, and Hog Cay lying farther east. Tlw1<e might ha\·e for11w1l Olli' island in 
14921 for the narrow channel between Great aud Little Exuma is now almost fnrclaltle at low water. 
On- this chart Great Exmna and Hog Cay only are noted. The lancl het\\"t:'('ll is Littll' Exurna. 

From Conception Irving takes Columbus to a position, whence, by steel'ing; at least 6.4 milt's 
N. W., he came to, entered, and. paRsed through ''a man·(•llons port" (<~reat Bxmna 11arbor). It 
is obvious that the OJlposite of northwest, mf'asured H.4- miles from th<> r;ontl1Past. PntralH:e of tbis 
lrnrhor, woulclpnt a ship on shore; therefore the track on this chart ii' laid down close to the laud, 
wWwut regard to the <'-Our~ it makes. 

(')Proceedings of the New York Historical Society, lii46. Appl'lldix. 

S. Ex. 12--iS 
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From CoHCf'ption to the turning-poiI1t of Ir,·ing, G.4 miles to the eastward of Great Exnma 
liarhor, tlH· c1mn;e arnl (}istanm· are S. \V. ·~ S., a;; 1niles. \Vhile on hi:s way from the isecrH11l islarnl 
to tlie tl1ird-Conce]ltio11 to Fer11a11dim1-0doher 15th. Colnmlms wrote: "Aud from t11i1; iislaud of 
Santa }faria to the other vne tli(•ri• me U leagues [:28.G nautical miles] east [and) west." On 
the 16tl1, after arriving at Feruarnlina, he wrote: "This islaud lies at a distance from that of 
Sauta ~[aria 8 leagues [:2.j.5 nautical miles] almost east [and] west.'' 

He could not hare e11tered aml s:1iled out of this mar•ellous port hy the opposite entrance, 
becausl; on the 17th of October he said: "I found a very marvellous port. • • • \Vi thin it 
there is ample room for 100 ships if it had snfticient depth of water and was clear, aml also had a 
<leep entrance. I thought it worth while to examine and Rouml it, and so I anchored outside of it, 
and weut in with all the boats of the ships and saw there was not bottom." Neither could he ha Ye 
discovereu that part of Exnma \l"liicli runs east and west, because no part of it does. Nor could 
he ham anchoreu oppositl' the extremity of l<'ernamliua, because there is not sufficient depth of 
water. 

frviug \>Tote, ::>tl: "Ou the Hlth of October the ships left Fernandina steering S. E., with the 
wind at 11orth. Sailing three lwnr,;; on this course the,r disco\·ered Samoet to the east, and steered 
for it, arriving at its 11ortl1 point lJefm·t~ noon. Here they f0u11u a little island surrounded h,y rocks, 
with another reef of rock8 lying hetwePn it and Samoet. To Samoet Columbus gaYe the name of 
faahdla, and to tbe point of it opprnsite the little island., tJ1at of Cabo del Isleo; the cape of the 
S. \Y. point of Samoet Columbns calkd Cabo de La~una, and off tliis last his ships were brought 
to anchor. '.l'he islarnl Ja;v in the <lirection from :Fernandina to Isabella, east and west. Tile coast 
from the small island lay westerly 12 leagnes [38.2 nautical miles) to a capr. which Columbus called 
I•'onuosa, from its lieaut,y; this he Lt:1ie\'ed to he an islam1 apart. from Samoet or faahella, with 
a1101 her between them. Lmn-ing Cal.JO Laguna, where he remained until the 20th of October, 
Columhns steen:d to the N. I<J. toward Uabo del Isleo, hut meeting with shoals iuside the small 
i~lan<1, he did not come to anchor trntil the day following. * * * TLe island of Isabella, or 
Sauwet, ngrees so ncenrately in its description with Isla Larga [Long Islan<l J, which lies east of 
Exmna, tliat it is only necessary to read it with the chart unfolded to become convinced of its 
ideutity ." 

ANSWER. This is the description of that part of the Bahamas which the lVest India Pilot, vol. 
ii, p. 4H, describes thus: "The west sitle of Long lslm1<l is only navigable fOr boats and very small 
consfrrs, who manage to pick their wa~· across to the Jumento cays." The blank space 011 this 
ebart from Exnma to Long Island was pnrposely left so by the English surveyors, because it is 
1rnmffigahle. There is no gronwl for lmlie\·ing tLat the water was dee11er in 1492, for the wasting of 
these islantll'l and ca~-s tentl~ to the opposite result. 

Irving rnakes Uolumhus leave Exnma [Fernandina] in searcb of Samoet, wbicl1, he says, is 
Long faland. l\ow whc11 (;olumbus was at Conception he had Loug Island plainly in sight, for it 
is 0111.v 14 miles from therP. In fact, to g·o from Conception to Exuma, an island he could not see, 
lie had to herul llis conrse to the nortl1ward and westward to avoid an island that was visible at 
l1is start and fur whirh ue was ;:marching. 

lITi11g wrote, 4th: "lla\·ing resoked to visit the island which the natiles called Cuba, and 
described as beariug v\'. :S. W. from Isabella, Oolurnbt1s left Cabo del lsleo at midnight, the com· 
rnencement of' the 24th of October, and shaped his course accordingly to the W. S. W. • * • 
and in th<l e.Yeuiug Cap0 Verd, S. \V. point of Fer1rnndi11a [Exurua), bore K. \V. distant 7 leagues 
[22.3 nauticaJ miles]. • • • At :3 p. m. of the 25th land was discovered, com1istiug of 7 or 8 ke;ys, 
J,ring north and south, aud distant 5 leagues f15.9 nantical milesJ from the ship. Here he aucboretl 
the next day, south of these islands, which he called Islas de Arena. • • • This sum of 30 leagues 
[!)5.l'i nautical milesj is about three less than the di8tauoo from the S. W. point of :Fernantlina or 
Bxuma, whence Columbus took his departure, w the group of the Mucarras, which lie east of Cayo 
Lobo on the grand bank of Bahama, and which correspond to the description of Columbus. • * * 
The course from Exuma. to the J\.fucarras is almnt S. '\V. by W. • • • At sunrise Columbus set 
sail from the isles Arenas or Mucarras for an isliwd called Cuba, steering S. S. 1V. At dark, having 
made li leag·ues [.H.l nautical miles] on that course, he saw the: land and hove bis ship to until 
morning. On the 28th he made sail again at S. S. W. and ent€red a beautiful river with a fine 
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harbor, which he named San Salvador. * 
llO\\' kuowll as Caran~las Cira111lcs.'' 

* .. This port of San Salrndor wr· take to lie tl1e one 

A NS\Y 1<:1i. Columlnu; wrotf~ 011 tl1P ~4tl1 of October: " .. '\. t midniµht I weiglie<l a11d1or from tlte 
islaml of hn hda tlJP capP of the roek_y h;let~ whielt is ou tlie uortliern si<le wl1en· I wa1< lying ill 
order to go to the i1'laud of U11ha.'' On the l!Jtl1, whe11 he ha<l a11el10rl'd at this nll'k,r isl Pt. lw 'note: 
"The coast aft<·rwm'<lK ran from the rocky islet to the westward, and there was iu it tweln· lragnes 
as far as a cape, which I called Cape Beautiful, which is ill the west." The::;e extrads J)oint out 
tliat the rocky islet from which Columbus sailed for Cnba lia<l lancl l'trctcliing from it to the W<''il

ward, which tcrminalt~cl i11 a lwautifnl eape. 1\fnfior., In·ing, and also :\I. le Baron de :l\lo11tlez1•n, 
make this position to be the northwest end of Long- Islaml.(1) Hn1 tl1f'I1C1~ Ho land run,; to tlie · 
we1-1twar<l, nor could Uolnmbus's ,-ei:;sels gQ to Cnba from tliere, because of 1>ha.llow \Yater. 

The hearing and distance which Colnmlms gin~e; on tl1e 2-!th of Odoher, "S. ·w. cape of Fer
naudiua N. ,V. 7 leagues [22.3 nautical miles/'' Ir\'iug reckons from the soutlienst eIHl of Exuma. 
This iR markt>ll on tl1e chart "departure." Tlie comse to it from the rock~- islct-nortliwe,.;t Prnl 
of Long Island-is S. by E. \Yl1en Uolumbn" ll'ft tlm c:1p1> of the ro<'ky islet, 011 tlie 24th ot' Oc
tober, he wrote: "Aull thus I saile1l until da~- to the \Y. S. "~." A course from the nortlmest 
em1 of Long faland to lrYing's "departure" passes oYer the shallow water spoken of, aml goes 
th!'ougll the solid land which strctchet-1 from Long Island. 

I•'rom this departure, In·ing makes Columbus go s!raight to thl' "'.\lucarras Heef'. A glance nt 
the dmrt shows the impossihilit~- of s11cb a course. It runs through ea~·s, among "rock~- ltPads," 
and 0Ye1· that very shoal part of the Bahama hmik upon which the experieuced seaman hesitates 
to yentme l'Yen with a good pilot and ft eorr(•ct drnrt. 

Columbus's journa1 does not spenk of any shoal wnter from the cape of the rocky iskt to the 
"i.~/a.~ de Arena." \Yheu he arrit'1:d th1!re it reads: ;, Be w:1s ou tile sontheru sidt> of 1:;aid islnnd,,;, 
all was shallow for Jive or six leagues [15.1' to 19.1 uautical miles], he ::mehore<l tlit>rc." Aceor1liug 
to the chart, there is 110 shallow water soutl1 of tlie l\f ncarra1>; tlw d('(1 }> water of the 0111 Bahama 
channel runs close to it. 

l•'rom l\Iucarras to the port of Uarnwlas Graudes it is S. S. \\·, :\, \\'. :'.8 miles only. Ining
admits that Colnmlms ran on the 27th 17 le:ig·nes-5t.1 nant1cal miles-arnl, mi the 2.Sth. mon· 011 

the same course. Fifty-four miles from the l\lucarrm;, in a south-southwest direction. is2G miles iuto 
the iolancl of Cuba. The port of Cann-elas Grandell has G fpet of water at tlie entran(•c and the 
tiue rises 32 feet. The journal of October 28th r<'alh;: "'Tlw month ·of the riY<'r lian t1,e1Ye fath
oms." EYen if this is a clerical error it is certain tliat the ftag·ship of ('olumlms could not en1er 
so shallow a port. (See Appendix E.) 

All that Muiioz wrote in regard to the identit;r of 'Vatliug and Gnanalmni and the track of 
Colnmhns in the Bahamas is this, in Yolume 1-the only one 1mblifllrnd, owing to his death-pp. 
8ii-86: "In my opinion, Guanahani is Watliu. He lauded on the S. W. point. H.e took the boats 
and reconnoitered by way of the N. N. E. the western coast, and l1aYi11g rlonbled tlie northcm 
}JOint, he turned around by the eastern coast, which is the largest side and is eRtirnated at ha 1·iug· 
more than 15 leagues(2) [47.7 nautical milesj." 

Page 87: "Ha.Ying stayed three da~-s at San Salrndor, lie sailed to a smaller island which 
he had descried, at the distance of 7 leagues [22.3 nautical miles J; without stopping- there, he 
steered for another ancl larger one, which seemed to lie at a distance of about 10 k1:1gne,; I :n.s 
nautical miles] to the west. Here he cast anchor and took possession of the laml, calli11g it Santa, 
Maria de la Uonccpciou. * * * Hence coutinniug 8 leagues [:l5.4 nautical milel"] in a westerly 
direction, he came upon an island which was considerably larg·er, level, pleasant, and ha,·iug a 
beautiful beacl1. I thiuk it is the island which is called Gato [Cat], which he called Fernamliun." 

l'age 88: "Having turned the prows to the S. E., the fleet passt>d an ishrnd superior to 
those which the,y had seen, both in exte1it aud pleasant appearauce; it rose higher a hove the sur
face of the sea; the soil was not so uniform as in the others, but rnried, with some hills; it 
abounded in water, many lagoons, and most beautiful meadows and gron~s. He took possession 

------------·-
--(i) Accor<ling to Irving's text, ,;-,;t;~;J;j~()~liuubuis-t-;:;:ck-~~-ti~i~~l1;;~:t~th1~west side of Lollg falarnl, should be 
extended to the "1101-th point." 

(')To row around Watling islarnl, the distance is 39 nautical mileti; arountl Cat, it. itt 100. 
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and 1•h:rnged its former uame Samoeto to Isabela. 1t is probahlr that which is now called Long 
lslawl." 

l'age !JO: '·HP Rteered to the south, in q1wst of th<· larg-e laull "·hieh 'va!-l mention<>d by all the 
people of the Lneayos ishlllds nuder the name of Cuba. They referred to it with expre,,sio11s and 
gc::;tnre8 whicl1 i:-eemed to onr men to signify ahurnl:rnce of goU aml pearls, great nationt:i, power
fol kiug·s, man~- 8Llipt:i, seamen. a11d mcreltant8. Haying compared these cireum:stauces with the 
placl' wltern the map of To:-;eanclli repn!si~nted the extreme portion of India awl its adjacent isl
amls, Colnmlms aml tl1e Piuzow; su1<pected that thi:,; Unba wa:,; the famous Cipango. The,y :;ighted 
it ou the 27th of Odober, :it uightfall, on the northern coast. At dawn on the followiug day they 
Raw, i11 takiug· their iirst Yiew, a mo<'t IJeautifnl couutr,y, ver,v remarkable; beautiful risiug gromali:! 
aml mom1tai11s, wide-stretciling meadow lauds, and rivers of considerable volume. In one of these 
tlie fleet auchore(l," &c. 

1\It1iloz, probal.Jly, lmtl 110 authentic chart when ltc wrote the above. Tile east si(le of \Vatling 
is only t 1n•l rn wiles loug. If ( 'oimnl.Jrn; went from Watling to a smaller island, without stop11iug 
at the latter, it wa::; either Oorrnq~tion or Hum Cay. From neither coul<l he have saile<l t-0 the wei5t 
al.S miles and the.n taken pos>wssion of any land except-with some allowance-the northwest 
part of J .. 011g faland. From here he eoulil not continue in a icesterly direction 25.4 miles and 

·arrive at Cat, because tliis lit~H ahont north by west from that. After leaviug Cat, he turns his 
prows to the :,;ontheast, returns, mul takes posse:;;:;iou of the island he left a few tla,YS before. As 
1\:Iufioz memrn that Columlm:,; 'rent to Cuba, steering soutli from the uortliwest eml of Loug falan<l, 
see the di:;cussion of lr\·iug\; track (ante, p. 37\:l). 

CAPTAIN BECHER'S TRACK. 

Captain A. R. Becher, Ho~·al NaYy, 1mhlished in I,ornlon, in 1856, an oct~wo of 376 pages, 
calle1l tlw Lanrlfrill of Colu111l11u1 on hi8 .fir8t voyage to America.. In the preface he wrote: "The 
work has co,;t several year:; of do;;e application at frequent intervals of rest from the duties of the 
llydrog'l'aphical Office of the A(lmimlty." In 18.'iG tl1e accurate Admiralty charts used in this 
diRcussion ha<l beeu puhlishetl. The office in which Captain Becher sen·ed possessed more 
kmmledge about the Bahamao; thau i:; kuowu elsewhere, and his position gave him exceptional 
a<l rnntages in seeki11g information. ·with such facts it might be expected that his couelu:;ious 
slto11l11 lw generally accepted-

Captain Becher first makes Columbus approach "'Watling Rteering S. "r., arnl he anchors him 
on the 11ortlll'a;;t fli(le, about fonr miles east-southeast of the uortheast end, in a position from 
witch hi!' boats mn:-;t have roweu nort,hwest ''to see the other si<le." He also takes the squadron 
around \Va tliug h~- the north . 

.A.N:-<wm:. The ,ionrual of October 11 reads: "He sailed to the west-southwest. * * * After 
sunset he i,;ailcd 011 'hiH fir,.,t, course to the west; they went about 12 miles an hour (9.G nautical 
miles], and two hours after mi<111igl1t tlwy lrnd run about 90 miles, that is, 22~ leagues [71.6 
11autical miles]. " " * 'fwo hours after mitlnight the land appeared about two leagues off 
[tl.4 nautical mile.SI)." Colnmlms wrote on the 14th: "At dawn I ordered t.hc boat of the ship and 
the boats of the caranls to he got read;r, and went along the island, in a north-nortl1easterly direc
tion, t-0 see the other side, which was on tl~c other side of the east, and also to see the villages." 
After he had e:xamiuetl the island in the boats on the 14th, he wrote: "And afterward I returned 
to the ship and set sail." 

Captain Becher writes, 2ll (page 345, note, appendix) : "Rum Cay is the name of the small 
island first steered for hy Columbus after leaYing Guanalmni, and on which he not only did not 
consider it worth while to land, but eYcu not to bestow a name." 

rages 111, 112: "The distance of Rum Cay corres11onds with that given by Columbus, but lie 
was miHtaken in respect of its size, and no doubt baffled and deceived from the effects of the cur
rent. Yet no sooner does he gain it than, attracted by another large island to the westward, 
without waiting to land on this, 'the first i~dand steered for,' he continues his course toward tliat, 
making all the sail he cau, so as to reach it before night." 

rage· llU: "But wiLh res1)ect to the size of Uum Oay, it is eddently erroneously stated 
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in the jonrual; perhaps from accident, arising from the ulottPd and rottP11 cornlition of the 
papns. l~nt. Columlmi,;, sl'eiuir it was a11 unimportant blarnl, a!Hl that a nmeh laq.!Pl' 011P was 
before him, lm:;;teus off to it, au(l coulu not, tliernforP, say a11,Ythi11g for certaill ahont Hurn Cay. 
lf he really meant the length of its side next to Guanal1ani <tml that lying- east awl west to lw as 
lie g·iyes them, they are 1--(rcatly iu error. Hut this require:-; confirmation; aud it might lw asked 
11m\· he conld haYe determined the former? All this rnn>;t han~ been mere guesswork, for he 
could uot g-et to tlie sontlnvanl, beiug pren;nted hy the emT1•11t." 

ANSWER. Rum Cay is only 4~ mil{'S nortl1 HlHl south, and H~ east arnl west. If the reef aroulJ(l 
it is induded, it would measure 8 miles north and riout!t and 12& ea;;t aml west. Columlm:; wrntri 
of tile second islaud, on the 15th of October: ''Aud I fouu<l that that si1k, which is toward the 
islaud of Sau Salrndor1 runs north [awlJ south, and is five leagtws [ 15.!l nautical mill'H] i11 le11gth, 
HJl(l the otlirr which I followed ran east [and] west, and eontains O\'el' ten leagues r:n.8 u;rntir:al 
mile:;]. Aud as from this island l ;;aw auothcr larger one to the west, l elewe<l np the ;;ails for 1 .bail 
go1111 all that da,\' until uight, hccansr I eonlll uot yet liaYe go11e to tl1e western capt\ to \rhieh I 
g·a\·e tlie name of the island of Santa ]\'f<iria de la Concepcion, aml ahont snn.~et I anchored uear 
said cape in order to learn whether there was gold there.'' 

Columbm; said, in !tis letter to Lui;; de Sautaugel (Xavarrate, p. 1H7): "To the first isla11d that 
I found l giffe the name of Sau SalYador. * * * To tlw secoIHl island I gave the 11ame of Sa11ta· 
~!aria dt~ Concepcion ; the third I called Ferna1Hliua; the fourth, lsabpla; the fifth, ,J u:wa ," &c. 
These extracts from Columhn:s aml Captain Becher are contradictor,y. Captain Becher's 1:-traiu at 
an agreement is at the expense of Columbus, and his surmises show the immrrnom1ta ble ol1staele 
of selecting Rum Ca,rfor the second ishmd. The substance of Columbmi' journal is this: he s,tiled 
oYer 31-/" miles along a shore of the secoml island, which ran east aud west: tlll'n lw saw a largp1· 
islautl to the west; he took in sail; he named the secoml isla11d aull he a11el10red at tile west cape 
of it, and the next day he went on shore there. 

Captain Becher, Appendix, p. 3±5, note xxix, tram;latPs '·Cargtw las Yelas"-cro1cds all sail; 
the true 111<~a11ing is, I clmoed up the sail8. On p. llH Captain ]1<·cher again recognize;; the Jll'r
plexit,r of his situ:ition, for after saying that Columbus did not hest<rn, a name on the secoml isl:rnd 
lie writes: "B11t why sl10uld 'II-nm Ca,v' be thus left uameh•ss ~ '' Awl t11er1•npo11 he lll'OJlose:< this 
tampering- with the names girnu hy Columbus (p. 118). "The long appellation of Sau ta .Nuria dP la 
Coucepciou is, therefore, diYided behrt>.eu Rum C:L,r :tllll hmg: lslarnl; tlw name. Co11rn•pciou lH·iug 
assigned to the former, an<l to the latter, I.i011g Island, Santa, .l\fari<t, or St. :\lary." On pag-e :l'i(i he 
recalls this extraordinary dirision, and suggests that the whole of Long Island should be called 
Concepcion, and the northwest cape, Santa .l\lnria. Capt:iin Becher asks how Uolumhn:::; eonl<l 
have. lleterrniued the length of the side of the island next to Gu:mahani, as the cnrrerrt Jll'e\·eutell 
his going to tlie southward, aml he remarks that it must haYe been mere. "guet<swork.'' On the 
15th of October Columbus speaks of being late in arridng at the seeoml islapd, becan1<e .: tlw Lid1~ 
detained me." He says nothing about the "current" preYenting his course to the south. Of the 
two sides of the island he saw, he chose to follow the one t'um1ing cast and west, without g-i · iu~ 
an.r reason therefor. His estimate of the Je11gtl1 of tlte side he did not follow was " g·uesswork.'' 
Navigators of the present day Hecessari!J· enter upon their log.hooks a great deal of guei,:.~work, 
espeeiall;y in regard to new lands, and the~· will continue h.1 do so. 

Captain Becher writes, 3d (p. 118): "Columbus pas8ed along the northern shorn of Hum C:iy 
without landing on it, and coutimic.d to the west under all the sail he conl<l set for OaJie Sau ta 
Maria de la U0Bce11cion." "' "' "' 

l'ages 120, 121. "Columbus is now ltJ)proaching that port.ion of his di,.:coYeries wllcrP lie lias 
been least understood, and yet where his journal is by no means deficient in clearnPs;.; am! pt•rxpi

cuity; still his actual proceedings, and their loealities, seeme1l to have e~mqwd the penetration of 
all who have attempted to connect them. But here in fact, he was dec<•iYe!l him;.;elf', belit•Yiug 
that he was alluding to one island when he was really speaking of two, tlrerebr lmffling im·estiga
tion without intending to do so, a1lll pnzzliug effectually tlw iugeuuit~· of all geographers. Aruoug 
other reasons, such as the state of the wiud, &e., for not delaying his sta.r at Cape Santa l\Iaria, 
is tl1e appearance of another large island in the west. He, thereforn, makes sail for it, ahout 10 
a.m., with a S. E. wind, borrowi~g-,, ms semueu term it (that is edging) towanl the south, that he 
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might look down along the wrstcrn shore of the island, as he would open it when rounding Cape 
Santa :\faria." 

l'ag;es 121-122: "The wirnl, liowner, 11nes not allow of hiR makiI1g· rn111•h progress to the south. 
It falls in light airs, comes more from the south ward against him, so that his conrse becomes more 
wcRtcrl;.~, ami he approaches the southern portion of the Exuma falands." "' * * 

Png-e 122. "And before he nrrirns at it, while it is J'et before l1im, he gives it the name of l•'er-
1mmliua, 11ot llaving ginm an.r name e\'Cll to that of Ca.pc Sauta Maria.'' 

Page l~ti: "Tlie 1-;111 of Oetolwr, the Admiral is at anchor off the hilancl called Great Exum a. 
* * * The course wltid1 Culnmlmo; pursued from Guanaliani to Concepcion (com;idered here to 
lie Hum Ca.r, althmtgh not named hy the Admiral), and from tlience to Cape Santa :Maria de Cou
ePpeion (lwlieved hen• also to be t11e north extreme of Long Island), and from tllis to Exmna, wltich 
is ag-reed on as heing Feruamli11a, appears 011 the accompm1,dng chart.'' 

ANSWER. On tlw rnth of Ortolwr Uolnmbns was at the western cape of an island which he ca1letl 
Santa J\lariit de la Concepciou, con1;idered b~, Captain Becher to be the north euu of Long Islam!. 
Then, aud on that date, Colnmhm; wrote: "From thit-1 iRlaml I saw another larg·er one to the went." 
* * * "AlHl Roon after I Ret Rail for the other large island that appeared at the west." * * * 
"And so I left, at about ten o'clock, with a southeast wind i11clining to the south for the other 
island." * * • "And from this island of Santa lifaria to the other one there are nine leagues 
[28.li Jlautical milPsJ east nml west." 

Ou the Hith he wrote: ':.Abont noon I left the falluuls of Santa .iJiaria de lei Co11ceprion for the 
island '!l .Penwndina, which appears to be w~ry large to the west, and I sai]e(l all that day with 
calm weather.'' On tlrn same date, haYing arrived at Fernandina, he writes: ''This h;land lies at 
a distance from that of Santa J\faria of eight leagues (25.5 nautical miles] almost east [aud] west.71 

Assumiug tliat the mastlwad lookout of' the flag-8hip was 60 feet above the sea, the range 
of Yisibility for the horizon is 8.85 nautical milf's. There is no part of Gwat Ex11nrn O\'er 100 feet 
J1igb, tlie range of Yisihility of which i:- 11.42 nautical miles, total 20.27 miles.(1) The land whieh 
bears west from the north end of Long Island is the northwest end of Exuma, dfotant :3s miles, 
and it is, of course, inyisible. The entrance of Exuma harbor, to which Captain Becher takes Co
lnmlms (PP· 132-1:33), is S. ·w. by ·w. 24 miles from C~ipe Santa Maria, and the islarni about 2 milt'8 
farther. At the distance of 26 miles it is l1clow the horizon, but sometimes, es1iecially at night
fall, clouds form which make a strong re8emblance to land. 

Had Colmnbus meimt to go from l:-lanta ~faria to the southwartl and westward, he might be· 
licvc that he saw land there. But he did not sail in that direction; he tlid not ;, edge" to the south; 
lie <lid not "look along the western shore"; he reiterates that he saw land to the 11'C8t, and be went 
tl1Pre.. Captaiu Becher easily satisfies himself in respect to the views he holds in contradiction to 
Colnmhns, by sa_yiug that he "deceived himself"; wa:s lmftiing investigation, an<l "puzzling et: 
fectnally the ingenuity of all geographers." 

Captain Becher· writes 4th, pages 132-133, that Colnmbus sailed from Exnma harbor, "where 
Jw Jia<l now obtained water, "" * "" about noon of "\Vedncstlay, the 17th of October," and "the 
sliips all make sail on a north.northwest course.'' 

Pages 134-rn5: "vVhen they were about two leagues from the cape, or extreme of the island, 
he observes what he supposes to be the mouth of a river, and is iuducetl to anchor his ships off it. 
* • • Instead of a ri\'er they find what would be a harbor large enough to conta.in all the ships 
of Christendom (a favorite expression of Columbus), if it were not deficient in depth, a no less 
(•ssential qualit;r, indeed, than superficial exteut for the formatiou of a harbor. It is described as 
liaviug two entrances formed by au island, yet very narrow aQ<l with little water in them. 'l'be 
harbor, from this descriptiou, seems to correspond with a part of the sho1·e of the island about ten 
miles to the N. W. of the former harbor (Exuma), but is really nothing more thau the low shelving 
shore of the island CO\'erecl t.o the depth of a few feet by the sea." 

Page 137: "After staying a couple of hours at this anchorage an<l obtaining water, the boats 
return to their ships, and Columbus continues bis north-northwest course along the island. The 

(')From the table of dil!tances at which object~ cau Le i;een at sea iu nautical miles, as mm1l hy M1e U. S. Light 
lloui;c lluaru. 
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wind meanwhile seemR to have died awa~-, and the shipR no somier arrin• off the extrem<' ot' the 
isla11t1 than tlwy are becalmerl; uut, lwwen•r, ,-ery long. for soon aftenrnrds it spring"; up again 
from the west-11ortl1west, \Yltich, as Colmnlms obsenes in Lis .inurnal, wa:; fair tor \YIH•re tJ1py had 
come from, * * * ou which he cla11s liii; l1elm up and stauds away to the castwanl.'' 

A~SWER. \\'hen Columbus left 8anta 1\laria for Fernandina. ou tile lGth of October, he \HOte: 

"I could not arriYe iu time to see the bottom in order to get a clear :mchorage, a tlling- i·cr1uiri11g· 
the greatest care in order not to lose the anchors; in conse<JtHmce I \rnited until da~·light whPn I 
auchored uear a village." * * * "Aml this cape to which I lrnye come, and all this coast rnus 
northwest and southeast." October 17th he wrote: "At midday I left the village wliere I Lall 
anchored and taken iu water, in .order to sail around this isla11d of Fernandina, * • * I sailed 
to the north-northwest, and when I was near the end of the island. two leagnes off rG.4 nautical 
miles], I found a Yer;r marrnllons port with an entrance; although it ma~- he said that there are two 
entrances, hecan:-;c it has a rncky islet iu the rnitlillP, and hoth are ver.y narrow, bnt witllin it there 
is ample room for one hundred ships if it had sufficieut depth of water and was clear, and also luul 
a deep entmnce: I thought it worth while to examine and smmd it, and so I aucliored outside of 
it, and went in with all the boats of the ships, and saw· that there was uot bottom. And because I 
thought when I saw it that it was the mouth of some rh~er I had the casks sent on shore for \Yater. 
* * * After gettiug in water I returned to the ship, and set sail, and saile<l to the northwest 
until I discoYercd all that part oft he i:;laml as far as the coast which rnns east [and J west." 

Captain Becher auehors Columbus off Exnrna harbor, where his vessels take in some "\Yater. 
Ile does not say which entrance, but from his track it appears to be the southeatit one. Tbe series 
of connected harbors formed by ]J;lizabeth aud Stocking islands aud the atljaceut cays, on the 
iwrtheast sirle of Bxuma, are the best in the Bahamas. They are from ! to~ a mile wide, and 
han~ two entrances, 7 ~ miles apart. The southeast one has 18 fpet at low water and the north
west one 21 feet. The tide rises 2~ feet. Beg'inning at the R011theast is Elizahctlt harbor, with 
from 21 to 23 feet; Stoeking with rn; Conch 15 to 24, and at the northwest Exnma with ~U. 

Thest' harbors are gcuerall,y known b~- the name of "Exuma," aud they will be so called iu this 
imper. Captain Becl1er had the Admiralty plans, and the deseriptiou of each, in his office. :m!l 
therefore knew tliat Exuma coultl not he the "man·ellom; port" which Columbus exami11ed and 
found too shoal. Hitherto Columbus had been casting anchor 011 the rPefs smTomHling the 
islands, and his anxiet,y therefrom found expression in his journal of the Lith a nil Hlth of October. 
Uan anyone be made to cc>mprehend, that when he had "voyaged the unreal, vast, uubounde<l 
deep,'' and arriwd off a series of sheltered harbors, lte did not go in aml rrn<'lim·; did not 
even mention them in his jonmal; but sailed awa~' from these, whicl1 had sufficient depth, to 
the northwest 10 miles, where he found a "marvellom1 port which had nmple room for 100 sl1ips''
not "all the ships of Christeudom," as Captain Becher translates it-but was too shallow; and that 
this ''marvellous port" described so minutely by Columbus-because a lmrbQr deep enough for his 
vessels to enter was the necessity of bis situation-Captain Becher dismis1ms by saying that it eor
respoll(ls "with a part of the shore about ten miles to t,he northwest of the former harlJor [Exum a], 
hut i1o1 really nothing more than the low shelving shore of the island coYeretl to tlle depth of a fow 

feet l1y the sea." 
If Columbus's track had been along the shore of Exuma, as laid down by Captain Beeher, he 

could not have found a port with ,insuffi<Yient water to enter; he would have discm·ered thotie excellent 
harbors ample for his needs, which may be seen on the British .Admiralt.y cltarti-;-" Special pla11s 
of the Ballama Bauk" and" Harbori; of Great Exuma, uumber 3!.lO"-aud he would certaiuly have 
anchored therein. 

Captain Becher writes, 5th (pp. 13i-140): "But trouble is at hand. Colnrnbm; says, he had 
experienced rain every day more or less since he had been amoug the islands. He was now to en
dure the discomforts of a heavy gale, the first he had met with in the ~ew World. * * • The 
breeze before wl1ich the Admiral bore up soon freshens, aml he runs before it to the E. S. E., 
making good tl1is course, steering sometimes east and sometimes southeast, tlie first part of it to 
keep off the laud, the courses being 11ltered as necessary. The first part of these courses would 
take him from his position where he bore up towards aud well clear of Uape Sau ta Maria; and with 
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the southeast course 11is ships wo11ld hound along before the gale at no great distance from the 
outer shore of Long lsla1Hl (tltP wiiul 1lra wiug nortlle1·ly a,;; he p1·1.><'eetl(~d), wliile lie was under tlie 
imprPssirrn, from the din~dion iu "hicb tlw southeas.t part of Exum a 18Ltrnl lit>;s; which he had 
seen, that the soutlwru part nf 1,011g· Itiland waR tlmt same FPrnmidina hf' l1a1l left on tl1P p!'l'viom; 
day. The deception would be eompleted in the mind of Columl.Jus, firilt, by the direction in whidt 
Exuma lies, lJeing· the same as the southem vart of Long Island; and, next, b.Y losing sight of this 
islaml wben obscure(] at iuternls of the storm and by the darkness of the night, in which he was 
eitl1er lying b;r or running to the southward; for the journal tells us that, as the weather per
mitted, the ships continued run11i11,C!' before tl1e winrl towards the l'!ontlieast point of the island, 
which haYing reached they llassed round it sufficiently to find shelter, and soou found a smooth 
anchorage. This mistake of the Admiral iu believing tliat he was now at anchor off the southeast 
end of Exmna, which he had named Fernanc1iua, when he wa8 really off Long Island, is thus quite 
admissible. He had mHll'rgorn· the ordeal of a gale accompanied br heayy rain, and in the 
obscuritr of this and tlw dal'knm;s of nigllt he must frerpiently kwe lost sight of tlte laud, anxious 
as he was to keep it on board, a]](l at the same time fearful of get.ting· too near it. His coudnsiou 
was formed on fair gromt<ll-l, hut under circumstances which rendered him very liable to be deceiYcd 
as lie was; for he was now at n11cl10r 81mgly slieltered from the sea with his fleet under the sout!J
emit end of Long Island, or, as he snpposed, Fernandina, to which island the name Santa Maria 
has been assigned, as gh-en by himself to the northwest cape of it, that of Fernandina ueing left 
for l~xnma, on which isfaml it was undoubtedly lJestowed by the Admiral." 

ANSWER. The liubstancc of these extracts is, that from t.lw northwest cud of Great Exnma 
Colmnlms made good an E. tS. E. conrse to clear Uape Santa .Maria, before a wind which fresh_ 
ene(l into a gale; that during the night of October 11-18 there was a heavy gale accompanie!l 
lJy rain; that tlie sllipH rounded tlw capt> :mu "hound along· before the gale at uo great cli,.;tance 
from the outer sl1ore of Ijong lslaud ;" that sometimes the land was obscured by the storm and the 
darkness of the night.; and that tiuall~ lw anived safe at, the soutlieast ellll of tlie isht11fl, hut, for 
reason:,; given, he believed he was at anclwr at the southeast end of Exuma. 

Col11111lms, uudel' date of October 1 "i, but obviously written on the 18th, said: "And so I turned 
around and sailed all tlie past 11ight to tl1(j cast-southeast, and sometimes wholly east arnl s011w
timcs to the sontl1east; this I did in order to ke('P off the land for the atmosphere was very mhity 
and the wmtther thrnatening: it f tlw wind] ir:r111 light and did not permit me to reach the lm1d in 
order to anc11or. So that this night it rained very hard after midnight until almost da;r, and is 
still cloudy in order to rain; and we [are] at the southeast cape of the iRland where I hope to 
auchor until it gets clear in order to see the other islarnl:,; wliere I have to go." On the 18th, co11-
ti1rning· these remarks, be.wrote, "After it cleaned up I followed the wind, an<l went al'onud the 
islarnl as much as I could, and I anchored w!Jen lt wa;.; no longer possible to sail." 

From the northwest end of Great l~xnma to the northwest end of Long Island it is east 38 miles, 
11rww about S. B. b;y S. t S. 51 to the southeast cape aml 5 more to the s011th end; total 100 miles. 
The sun rose October 17 at 611 20m and set at 5h 4001 apparent time; twilight lasted 1h J9m, so that 
tl1e darkness of that night was very little more thmi 10 hours. It is essential to Captain Bechcr's 
case tliat the rnssels of Columbus slrnll be gotteu to tbe south ca1ie of Lo11g Island, but he cannot 
take them the sbortest way, between Long Island and Jo~xnma, as Irving did, because the surveys 
made since he examined the subject show this to be impo88ihle. Therefore he seeks to extricate 
hi111Relf from the dilemma by inventing a storm for the night of October 17-18. 

'fhere is not, a wor<l in the journal to authorize Captain Bechcr's assert.ion in regard to the 
wentlt<'r of this night. KettPil's translation, p. 51, is this: ''The weather being cloudy and thick 
it rained violently from midnight till near day, and the sky still remains cloudy." :Major, journal 
of the Iwyal Geographical Society1 volume xli, p. 200: "There was little wind and it di<l not allow 
me to put in to ancl1or. So it rained Yery heavily from midnight, till near daybreak." Irving, re
Yised edition, Life of Co1um hns, volume iii, avpendix: " For the we:tther threatened a storm, which, 
lioweYer, <lissipatc<l it;;,elf in rain." Columbus says of the wind," el era poco," it waF; li9ltt. All his 
otl11:1r words, and his actions, sltow the truth of this. He was among islands which he l1ad observed 
were surrounded by reefs, and at "two lomhard shots" no bottom; he had felt the influence of the 
tide;;, and no1r, at night, witl1 thick weather, bnt li.!Jht winit8, his anxiety "to reach the land in order 
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to anchor," and thus maintain his position rather than drift, was what might bf~ expected of a pru
dent aud skilful seaman. 

If Columbus had "'made good" a course E. S. E. from the northwest end of Exuma he would 
have nm on shore about 12 miles south of the northwest eud of Long Islarnl. Little Exmna, con 
sidered by Captain Becher to he also Exuma-and so allowed in this discu;.:sion-lies ,...-est-northwp,;t 
and cast-soutbeaRt, while the south piirt of Long Island is uorth-nortbwest and south-soutbea;-;t. 

In Captain Becher1s track from Rum Cay to Exuma he anchors Columbus, on the e\·cuiu~- of 
October 15, at the uorthwest end of Long Island. The next morning tbe Admiral went on shore, hut 
returned aud sailed on or hefon~ 110011. During this short Yisit lie bad no opportunitJ· to inspect 
the shore line of the island, neither could be possibly know the direction of that part whiclt lay 
beyond tbe range of visibility from his masthead, a distance only of 8.85 miles (ante, p. 3ii2). 

Although at this time Columbus had bee11 but four days among thR Bahamas, he noted iu his 
journal the dangers of the navigation and tbe care which he took to shun thew. 

Captain Becher ought to bave reaclied the conviction that such a seaman and Illffigator as 
Columbus would not start his squadron from the northwest eml of Great Exurna and steer between 
l{nm Cay and Conception on the one side, and Loug Island on tbe other, and then coast the wlioll' 
Jeugth of the latter 60 miles, 50of1chich were 11nknown to hi in, in a dark night, during a ga1e (~f irirul~ 
in thicl: rainy weather, and so near the coral reefli circling the ii;land that he .wm· the latte1· in tltc inter
vals of the storm. 

This night had ahout ten houri,; of darkness (ante, p. 384), and the distance rnn along Captain 
Becher's track is 100 nautical miles, equal to 10 nautical, or about e Italian miles, en•rr hour, au 
unprecedented speed. This might be conceded, but in no circumstances such as Captain Becher 
mentions shonl<l a seaman attempt to steer for and theu haul around Long Island, except there 
was a light on the northwest end. ::\either would n seamau coast the sho1'e of w1know11 land d1tring 
da1'kness and storm, no matter what the urgency might be. The fruit. of blundering seamanship 
like this can be found in the record of shipwrecks along the Bahama reefs.(!) 

In uaYigating among such islands a commander is sometimes cornpelled to take tlie 11reseut 
risk in order to escape an impending disaster. But Captain Becher laid no such streisl' upon 
Columbus. He "bounds him along" the reef of this coral island and into the unknown darkness~ 
as if it was :is easJ- to do as to \Hite al.lout. He makes him straddle a strange island during a 
stormy night, and anchor witlessly at the end of the wrong· one iu the moming. 

Tlw cireumstances in which St. Paul's ship approached au unknown island (luring a storm and 
darkness were difforent from those which Uolumbus found in the Bahama;;, bnt the narrative of 
St. Luke, in the twenty-seventh chapfor of the Acts, is instructi\·e, because it shows au excellent. 
piece of seamanship performed at land under great strain, by whicll, although the ship wat-1 lost, 
all hands were saved.(2) These ancient se:tmen had not learned to "bound along" the shores of 
unknown lauds in a storm~- night. Tlieir thoughts at such a time wen• bent upon saving, not 
risking. 

Captain Becher writes, Gtl1; That on the l!lth of October Columbus went from the south ernl 
of r,ong Island to the northwest end of Crooked and remained on the west side of that a1Hl For
tune, until the 24th, when he sailed to the 'V. S. 'y ., and on the 25U1 anchored, according to Captain 
Becher's chart, on the edge of "Columbus Bank," 19 miles E. ;z N. from the Sontl1 Hagg·ed. Hence, 
on the 27th, he left for Cnha, steering S.S. W., au<l on the !!8th hronght his vesseli-; to in the harbor 
ofNipe. 

Page 131: Captain Becher speaks of the efforts which Irving aud llmnholdt madt• to eistahlish 
Cat Isla.ml as the first landfall, in this way: "In reality they are so many JH'Oofs of the want of 
that patient and discrimi11ate perusal of the journal which it really required.'' 

Of his own work to the Crookt~<l Island, he writes (pp. 154-155): "Thus far, then, anw11g tht• 
islands which Columbus first discovered, he has here been tracetl by means of the conrses he ha:-1 
given, the correspondiug distllnces and relative positions of those islands from each other on the 

(I) "The nmnlmr of wrecks reported in lt<.">d-'64 was :n:1, of which z-,9 were totql losscR."-Report 011 flu' Bahania8 

for tlte year 1864, by Governor R. W. Rawson. 

(~)"Voyage and Shipwreck of St, Paul'', by James Smith London, 4th lldition, Revisel and correcte<1 by Walter 
E. Smith, 1880, pp. 134-135. 

S.Ex.12-49 
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chart, arnl the descriptions which he has left recorded concerning them with a degree of precision 
that places his position at any time beyond a doubt." 

l'ages 1!35-167: After arriving in Cuba he writes: "Seiior Niwarrete has recordell his opinion 
that this harbor is tlrnt now known as the port of :Nipe. Following the Admiral to it, as has now 
been done, it cannot be any other. His track to it from the bank on which he anchored, the 
11escription whid1 he has gin•n of it, aml tlte dee1i cluumel into it of twelrn fatliorns that 110 other 
near it imsS("SSf'~, dParly prm es t ltat. Xa n1rrete was right hNe when he declared that th(I port of 
San Salvador of Uolumlm:; in Cuba i~ in reality lhf' port ofXipe. * * ~ It was necessary, iu 
order to prow the identity of the landfall, to accompan~, Uolnmbus from one iHlaud to a11other to 
compare as he went along his journal with the chart. * • * By the route through which the 
Admiral has lleen traced, his i,;tatcments agree with tlle chart. 1'he islamls mentioned by him can 
hP 110 other tl1a11 those here pointe1l out. The track of the Admiral has !Jeen so clearlJ' designated 
h,r him1-1elf, in flirection at least, if not hy the very compass point, as well as the distances he gives, 
wl1ich (wjth slight exceptions, to be attributed to blotted pnpl'r) so f:ctirly correspond with those of 
the chart that the whole result deduced is at once conclusiye and satisfactory. * • * A chain 
of 1wi1leuce is completed from which there can he no appeal, an<l whtch establishes the real land
all beyond the reach of controversy.'' 

l~iuallr, speaking of Col nm hns's journal, Captain Becher writes (p. 17 4): "That it is not con
formable to the ancient opiuio11 of Cat falaml being the landfall, but undoubtedly shows tliat 'Yat
ling falan<l icas that landfall, and in reality the island on whieh Columbus first landed in the new 
worlll. • * * If the isla111l lm now unquestionably pointed out. "" * * If his earliest foot.
steps i11 the new worlu * * "' have now for the first time been successfully traced, t1ie difti
cnlt task il'I amp!,\- rewar1le<l by the harmony now establishe1l between the correct ehart and the 
journal of Colnmlms, and in having; tluall,\- se't at rest the que,;tion of the landfall.'' 

A~Rw.1m. From the sonth eud of Long Island to Crookeu and Fortune islamls, hence toward 
the 8an1l Islands, Captain Becher's track is near to mine and will be referred to subsequently. 
Columbus dill not anchor HI miles E. if::-<. of the Sand Islamfo (Ragged). His journal of Octoher 
:!6 reads: "He was on the southern side (1) of said islands; all was shallow for fi or G leagues 
(lfi.9 to 19.1 nautical mileR]. He anchorec1 therc.''( 1 ) 

I beliern he did not go to port Nipe for the following reasons: From the month to one mile 
inside are these soundings in mi<l-chanuel, 3!} fathoms, 3u, 17, 28, :l3, 17 and 18. See a Spanish 
plrrn published b,y tlie British .Admiralty, October 25, 1826; corrected to 18ii5. The journal of 
October :.!8 reads: "The mouth of the river had 12 fathoms." 

The course from the southern side of Saud Islands to port Nipe, is S. !I: E. If the" two points 
of westerly variation," supposed by Captain Recher, be applied to the S. S. W. course steered by 
Columbus from the Sand Islands to Cuba, he would not have fetched it by three-quarters of a 
point, and there is a westerly current also to overcome. 

The entrance to port Nipe look.s east; it cannot be seen on a .southerly course until one gets 
to it. A seaman would not nm into a lee bight unless he was pressed, or acquainted with the 
land and knew of a harbor at the bottom. Columbus was probably running before the :N. E. trades 
which maile this bight a lee shore. His journal tells us that he went "to the land nearest to it" 
[him]. Such would be the act of a discoverer now. There are two harbors west of Nipe that come 
nearer to the words of Oolmnhus's journal: Naranjo, with 13 fathoms at the entrance, and Padre 
witlt 14.. Captain Hech01· might bctt~r have taken either. 

The British Admiralty have begnn to adopt the co1'iectnres of Captain Becher ou their chart<I', 
even to dividiug the name of "Santa Maria de la Concepcion," which was given by Columbus. It 
must haye come to pass from tlie positiveness of his assertions and not on account of his argumen
tation. 

This method of applying Columbus's words in detail to refute each of the alleged tracks, and the 
study tl1at I gave to the sul~Ject in the winter of 1878-'79 in the Bahamas, which had been familiar 
cruising ground to me, has resulted in the selection of Samana or Atwood Cay for the first landing
place. It is a little island 8.8 miles east and west; 1.6 extreme breadth, and averaging 1.2 
north and south. It lu1s 8.6 square miles. Tlte east end is in latitude 23° 05' N.; longitude 730 

(')Italics are by the writer, 
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37' west of Greenwich. The reef 011 which it lies i:-; li"I hy 2~ miles. 011 the i,;ontheast this reef 
stretches half a mile from the lanu, on the em;t four mile1:1, ou the west two, alm1g till· 1111rt!t Rhmc 
one·<1narter to one-half of a mile, auu oil the soutlnrest ,;ear('ely one quarter. T11rk i" "mallt"l' 
than Samana, arnl Cat Yery much large1·. 'l'he seleetiou of t\l"O :-;o unlike i11 ,.,jzp >;hows that di111e11-
sio11 Las not been c011sitl<·rcd m;sential i11 cltnusi11g au island for tlle fir.~t laullfall.( 1) 

\Vheu Columbus discovered Guauahaui, the .ionrnal called it a "little i"laJ](l." After Lrncling 
he speaks of it as" uien gramle,'' '·yery large,'' which some tra11,,;late, tolemlily, m pretty frlrw. 
November 20, l!!J2, Navarrete, first edition (p. ()1), the jonrual refers to Isalwla, a largc·r i:slaml 
I hau Guanahani, as a "little island,'' and the .'ith of Januar,y following (p. J ~5), t-iau Dah·ado1· i,; 
again called a ••Ji tt le island.'' 

'l'he Bahamas han· au area of about 31,000 i-;qnan· mill's, G per cent. of which ma~· be land 
enumerated as :rn islands, 681 cays, and :;i,414 rocks. Tlw rmbmariue bank upon whil'li tl1est· re,;! 
urnlerlies Florida also. But this peni11snla is wan-forlHed upon liYiu~ cornl:s, wl10se growth and 
gmdual stretch towanl the south has been made known by Agassiz. 

I had an unsuccessful search for a similar story of the Hnhamas, to leam w!J.etlrnr tlwrn w<'re 
any probable l'ha11gl'S within so recent a period :is four lnrndrPd ~·ears. 

The common mind can see that all tile rock there is coral, none of which bin posithm. The 
surface, the CUYes, the chinks, and the 1rnmerous pot-hole8 arc cum11act li111l'st.1mt', often 11uite 
crystalline, while beneat,11 it i~ oolitic, either friable or hard enong!J to be used for bnildi11g-8. The 
hills are sand-blown, not upheaved. On a mnjority of the maps of the sixt(eeutli cc11tnry there 
were. islands on :l\lonclJoir, and on Sil Yer Banks, where now are rocks·• a wash"; arnl thC' Dutch and 
the Sewrn Shoals, ·which la,v to the east, ha Ye disappeared. 

It is difiicult to resist the impression that tlw sl10al bauks, aud the reefs of th(' llaliamas, were 
formerly conrcd with laud; and that for a geological age wast<• has been going mi. and, pNhaps, 
Rnbsideuce. The coral polyp seems to be doing only desultory work, a]l(l that 1110,.;tJ,, oH the north
east or Atlantic side of the islands; eYerywhcrc else it has ahaudoncd the field to the no,.;ire 
action of the waYes. 

Columlnrn said that Gmmahani had abundaucc of water and a Yer~- Iargl• lagoon in t!Je milltlh' 
of it. Ile used the wurd laguna-lagoon, not lauo-lake. llis arrirnl in tlte 1htlrnmm; was :1t the 
height of the rain,\· season. Gorernor Ra.u:son'i; Rrport m1 the Bahamas, 1864. p. !J~, Appernlix 4, 
gi\'C8 the amnml rainfall at Nassau for ten years, 1855-'G4, as 64 inche8. From .l'lla~ 1 to X0Yt\111lwr 
1 is the wet season, during which 44.7 inches fall; the. other six months l!Ul ouly. The most is iu 
L ctober, 8.5 inches. A mlros, the largest island, J ,600 square miles. i1' the only Olll' that has a 
stream of 'rnter. The subdiYision of tlw land into so many islands and ea~·s, the ab;;euce of 11101rn

tains, the sho\Yery characteristic of the rainfall, the por,9,.si · of the rock, and the great hl•at reflected 
from the white coral, arc the chief causes for.t r. I>nrillg the> min~· season 
the ''abundance of water 17 collects in the low places, rha s arnl lagoons thal afterward 
are soaked up h~- the rock and evaporated by the sun. Turk 'and "\Ya fling have lagoons of a more 
permanent condition, because they are maintained from the oeeau hy permeation. The lagoo11 
which Columbus found at Guauahaui had certain!~- undrinkable water, or lie would han· gottl•n 
some for his yesscls, instead of putting it off until lie readied the tllird b:laud. Tht>re is nothillg 
in th<' journal to indicate that tlte lagoon at Guanahani was aught lint till' Hooding of the> lo\Y 
grounds by exce:-;:-;ive rains; an!l c\·cn if it was one communicating with thP oel'all. its ali:-;e11c1' 
now may be refeued to the effect of those age11cie;.; whwh me working i11cc,;sa11tl.Y to n·1ihap1• tl1e 
i.;oft. structure of the Bahamas. 

Sama.na has <t rauge of hills on the o:onthwes;t sidr nhont 100 fpd ltigh, :11111 011 tlit• 11ortlieast 
another, lower. Between them, and also aloug the north s;lwre, the land is le)\\·, and <lnriug t11e 

(')I am imlellted to 'f. J. McLaiu,esq., t:nitcd 8tatcs cousul at Nassa.n. for tlw followi11g information gi1 .. 11 to 
!tim by t!te capt.aius of this port, who \-isit Sarnana ur Atwoo1l C:ty. TheR11li-sltt11ch on rhi>< ('Jrnrt is snhstautially cor
rect: Good water iA ohtained only by sinking wl'!Js. The two cays to the east ar<· eon•r."1 with guano: w hik hoobiee 
l1old the larger oue, and black boo hies the other; neither inkrmingle. Th" isl:md '" uow nuinhahi1<'<1, bnt an ow 
h<:'ads and 1:1tono hatehcta are sonwtimc8 found; and in places there an• pil<'il of st on<' "nJ'l""r.1 to han b"ell l)lade b~· 
the 11borigiiws. Mo:>t of the growtl1 is scrubhy, with a fow HCatt.ercd tnws. The ::\asHa11 nssPls enter an opeuiug 
through tl1e reef on the south side of the isl11ml antl lirul a Yl'r.v comfortable littll' lrnrbor witl1 from 2 to 2~ fathoms of 
water. Prom here they scud theil' boats on •lrnre to" strip'' guano, a111l Cllt satiu, •l~·c woods, mu! hark. 
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season of rains tlwrc ii,; a row of ponlls parallel to the shore. Ou the south i;id1~ a co11s11icuorn,; 
white blntf looks to the i,;ontltwanl and eastward. The two cays, lying respectfrely half a mile aml 
:J miles east of the it>laml, a111l posHibl~- the outer breaker, which is four miles. all might have been 
(:01111ected with each other, aud with the island, four hundred ;\-ears ago. In that eYent the most 
cmrrnuicnt place for Colnmlms to anchor in the strong~. E. trade-wind, \nu; whert' I haw~ put 
au anchor 011 the sn11-sketch of Samana. 

He <lid not note the direction of the wind while rurmiug for, nor when at ( hwuahani. I foel 
coniillent that it was th1• ~. E. trwle, since he giws the speed of the vessels from sunset (5h 41 '") 
until 2 a. rn. the next morniug-Octoher 11-12-ni; 22~ lcagucs-7!:l;J, nautical rniles-whicll is at the 
rate of !12 mile:; per hour, an unusual speed for his nssel, and plainly irnlicating tLat Le was 
rimning· with a strong quartering wiud under all i;ail, and Lnving fine weather. The "trades'' 
generally freshen near the islands, but they are always in tlw eastern c11rnrter. In the Bahamas 
they break up and are Yery light at east and soutlteast, hnt frequently blow strong when they 
get to the sontlmanl arnl \n>stwanl, and the circuit ends with heavy squalls from the northwar<l 
mid westward: aftenvanl uorth and uol'theast winds and fine weather prcntil. 

Colurnbm: had uone of the strong winds from a western quarter, because hl' w:1s steering west. 
If the weather had not been tine Le eould not ha\'C seen the light at 10 p. m.-" like a small wax 
cmHlle."(1) Neither could lie haYe discovered the land at 2 a. m., ~ leagnes-6.4 miles 11istant. 
i-amhagen (note I, p. Hi) say8 the •:moon shown bright, and a sailor saw by its light a white point; 
fired his lomhanl: 1·alled out land.'' I am greatly indebted to Professor 'Villiam Harknefl8, Unite(l 
f:\tates ~aYy, of the Xayal ObserYatory at Washington, for the moon's place. lt w:rn full October 
5, 0. 8., 14H~, at JOh .'IS'" p. 111., Grecuwieh mean time. It ros€· the 11th of October at 11 p. m., au<l 
at 2 a. m., when the land was sighted, it was 3!l0 high, latitude ;:;o S., longitude 106° O::l'. Tl1osP 
who were admonished by the admiral to 1:e.ep a sharp lookout from the forecastle were, of course, 
looking alwad-west-and the moon, then uearl,y at the thinl <Jnarter, was partl_y behind them aml 
shone tlirectl.\- upm1 the white bluff. 'This was most favorable for seeing the land at night, and it 
is a memorable fact that Columbus first t>aw the New \Yorld tlHongh tbe light of the moon. 

In the journal of the 14th of October the Admiral wrote that he "went along the island, in a 
north-northeasterly direction, to see the other side, which was on the otlter r-;ide of the east." The 
same date he said that iu going along in tlw boats he "foum1 a piel'.e of land, likf' an island, although 
it was not om', with six hou:ses on it, which in two days could easily he cut off and conYerted into au 
island." The first quotation is the languag·e of a scama11 who had mrnhored under a jutting point 
of land which stretched to the eastward and was in sigllt; he could see oue side as far as the east 
Pn1l, but he desired to Sl'e the 'other side of the ea8t end. Columbus was at anchor on an opeu coast; 
each vessel had but one boat, sec Appendix E 1 and he took all the boats for his e.x ploration of the 
I-1th. For this reason, aeconling to tlte usagr, of the sea, lie ought not to withdraw far from his 
ships. The second quotation coufirms the first, as to hi~ being in the neighborhood of a peninsula. 
l3otl! agree well with the east end of Samairn. The point of lantl that Columbus said could easil,\· 
lw cut off has beeu separated already by the erosion of the waYes. See sub.sketch of Sama11a. 

It seems a weighty ol~jection to Samana, that this name appears on the noted map of Juan de 
la Cosa, together 1tith Guanalrnni. La Oosa was the t•ornpanion of Colnmlms-seaman~ diart
maker, pilot, master, and he made six rnyages t-0 the New \V orld. It is said of him in Disquisi· 
eio11es _Sauticus, pnr el Capitan, Ile ll'ario, Ge1wreo Fernandez lJuro, Madrid, 1876, Tom. I, p. 59: "In 
the first voyage of Christopher Columbus, La Cosa went as master of his vessel, the same on which 
that otlicer se1Terl until it was wrecked in the Antilles: on the second he went likewise on hoflnl 
the caraYcl .Sina styling himself master of chart.making, and in returning from this latter he was 
obligl'd to undertake in the port of Santa Maria the long and mim1te labor of making the chart whieh 
wa" tinislu•d in the year 1500." In 1832 Barou de Humboldt aud M. Yalcknaer, found in the library 
of Baron de \Vakkenaer, an illuminated map skilfully drawn on an ox·hide. It measured 5 feet !I 
inches by 3 fet•t 2 inches, was ii{ good preservation, and bore the signature of La Cosa, and the 

( 1) ColnrnhnR met at (;uanahaui with cll'noes whichheltl 45 meu. The natives weut in theru as far as Cuba; they 
were tishermPn anu sailors, a111l the light of October 11 might have been in a canoe. Irving puts it ou Watling; but 
Columhus wa' steeri11g \Yest, arnl if a line is drawn east, from the southeast point of Cat, Irving's landfall, it will go 
111rongh tllr rMfa north of Watling. 
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<late 1300. }1 fac-.~imik was print.e<l without, JJotPK, i 11 Paris, from lS;'JJ-'00, for .Joma nl's 1rnrk titled 
Les i1w11u111cuts de la geo[1rapkie, &c. Copies are in the princi11al libraries of tl1P l'nitPd States. 
This map lias sustamed the scrutiny and diRputation of nearly a 11alf a centnr.Y, awl the belief 
widem; that it i,.: the geuuine work of .luau de la Uosa (1). The mo:-;t sug-gesti1·e tigure thereon is 
Gnaualiani, t'liuce it has the same relatiYe situation that Samana holds 011 modem maps: both 111'1' 

little, uarrrnc, cost-a11rl-1ce.~t, outlyiug i.~la11ds, such as cannot be found else1Yhere in the ueighliorlwod. 
lf La Uosa went with Colmnbus on the fin;t Yoyage, he lay three 1la,rs at Gmmahani, ami bPcause lie 
was" 1muner of chart-making," his i,;ketch of the first island should be true in respeet to comparatin· 
Nize arnl exeeptioual position. A line drawn 011 the .Appendix Uhart, from the east end of Cuba, 
11ortl1 a little easterly, to Samana, toucl1es only Acklin. one of the Orookt>d island gToup. A simila1· 
line draw11 ou J,a Cm;a's map, reaches Guanahani h,,- pa:-;sing through one large rom1dish isla11tl 
marked Samana. Therefore, according to La Cosa, Samana was au interior island, 11111clt lar,qa 
tli:rn Gnaualiani, unlike it in shape, situated near and in a southerly dire<.:tiou from it, abont wlierl· 
(~rooked aud Acklin now are; whereas Samana on the preseut charts is applied to the little east -
:111tl- 1n•:-;t island l;riug outside of the Crooked group. These faets and the clisappearauce of ( ~ uaw1-
hani from modern maps, led me to suspect and search for proofs of a transfer of tl1is strange name 
of 8ama11a. 

Jiap of -'-Yew Spain by Xicolaus Yallard, of Dieppe, 154-7: frepruductiou b~- J. G. Kohl, in the 
library of tlw Department of State.] "Gamana '' rsamana] is an interior islaml. 

Tlteatr11111 Otliis Tr·»mrum: Abraham Ortelins, Antwerp, 137:.!. U nauahauy is au outside islaml 
and southwest of it, among others, is Samana. 

lfo,rte Yon Thomars Hood, die Ostkilstc run Xordamerika bi.~ Ziii' Lanrlenge vun Panama, 159:.!. 
Plate XIIJ. Atlas z1ir E 11tdeckungsge.~chichte A 111erikas. A.us Handschriften dcr k. llo/ 1tnd Staaf8-
Bibliothck eto. .:Uunich. Samana an interior and Guanahaui an exterior islaml. 

Desm·iprion de lrts Iudias occi<lentales de Antonio Herrera, J:c., Madrid. 17:.!G-30, Yol. 1, 1ip. ti-7: 
Here is a map of the Bahamas of the date of lVOl, on which Guanahani is all exterior island, arnl 
to the sout.h•Yard and westward is Samana, au iuterior oue. 

11.artc dct Ostkiiste von Amerika non XeubraunscT11ceig bis zum Amazonenstromt'. Plate X of 
~ttla11 zur Entdcckuugsgesch. A.m. Munich. "Samauo" rsamana] au interior island. 

Oai·fl' du 1lli:.viquc et de la Flor-ide par Guillaume Del'Islc. Paris li03. Sa111a11a, m1 interior 
island . 

. Ma11 o.f North _flmerfoa, h,r John Sen ex, Charles Price, J oliu .Maxwell, geog-raphers, 1710: Thi· 
present gTotip of Crooked anrl Acklin is marked '' Samana or Krooked." G uauahani is a separate 
island . 

. An Accurate ,lfap of' Xorth America. * * * A.l.~r> all the We.~t 11t1li11 li;lands, liy Eman. 
Bowen, beogrnpher to His .Majesty; and John Gibson, engra,-er. 1733 ~ I Samaua, Crooketl, 
Fortune, and Acklin's form one group. Outside of these is At1cood's lfry. This map is in Yol. i 
Olil ,Uaps of America, No. 20. Ubrary of Congress. 

Atlas Historique, uar Heuri-Abrah. Chatelain, 7 ''ols. Amsterdam: In Yol. vi (1731') the 
present place of Crooked group is marked ''I Sarnaua." 

d'A11rille's .illa1111 of 1731, li46, and 1794: The present Crooked group is marked "Sarnaua 011 

Krooked." Guanahani is a separate island. 
G. Delisle and P. Buacbe. Map of the Baliamai;. 1740. In a Yolume of maps, Library of 

Congress. I Croqued, Fortune, and Acklin are strung along northwest and southeast. To th<> 
northeast of Crrn1ued is a small island marked ''I Ko•·a." It is near the present place of Sauwna. 
I ham not met this name before. On page 80 of this Yolume is a map in which Samana ap1wars 
as one of the Crooked Island group. 

Bellin. 1130. Authority J. Carson Brevoort, esq.: "Samana appears to be the northeasl 
l•art of Crooked I." 

Homann, Johannes Baptista, Atlas Geographil~llli Major. 2 Yols. Nuremberg, 1 iii!J. Yol. i, 
p. 147. The present place of Crooked group is marked Samana I. 

Tlte West-India .iltlas, by the late Thomas .Jefferys, Geographer to the King. MDCCLXXY. 

(')In Stephens's Histoi·ical a11d Geogmpliiool Notes, referred to farther on, the rea~lrr will foul tlw ohj .. ctioH~ to La 
Co8a'I! map sa1.igfactorily answered. 
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Chart 8. 'L'ltc pre1-wut Sarnarni iR marked ''fl Tcrriuo or Anrnml'8 Key, tlte Sa111a11a nf the J?rendt." 
To tile son th west is '' 8amaua or Crooked Islawl." 

Tour through t!te British 1Vest I11dim1, 1802-3, Dau'l l\lcKinneu, ],ondon, 1804. p. 14!): '' Samana, 
spell Sumana, ancient In di au name of French charts; probahly tlrn original name of Crooked island." 

These citations might he illcreased, but are the3· not enong-h to pnn-e that the name of Samana 
has heen sl1ifterl from a11 interior to an exterior island, from the present Crooked group to the 
present Atwood Cay, thni< sm·ruou11ting a scholarly obstaclt• in the wa~· of selecting Samaua for 
the first landing-place. Columbus does not use thii< name. It ap1iears first on La Cosa\., mup, 
for the isl:rnd spoken of nl>ove, and also for tlw name of a bay on the northeast part of Hayti, 
wl1ich retains it now, hnt Columbus calleu it Oolfo de las Fli'chaN: Nai·a 1Tete~ YOl. i, p. 13!1. An 
im1niry iu· 1·rganl to thic; rn1rne would be worth pursuing, but it tloes uot belong to a tliscusisimt 
of the fin;t landfall. On the 1.'ltli of October, the day before the Admiral left Gnanalmni, lie 
wrote: ''I determined to wait until to-morrow eveniug, and then to sail for the southwest.'' 'fhiR 
is all the illfol'uiation the journal giyes in respect to the course steered f1·om the first island. The 
infercrn~e iR that Le went as he said Le should go, because he uwlerstood that gold could be gotttr1 
in that diri'clfon. J~nt the woof sliall be supplied by tlw sul>sequent agreements between the journal 
and the 11hysical faetR. 

After lie liad left Gu:mahani he saw so many islands that he was undeeid!'Ll wllich to sail for 
first, hut he determined to make fol' tlte largest. A vessel that lea\'es tlte east part of Samaua aud 
steers to the southward 'Yi th Ronie wt·sting comes into view of the hillis of Plana Uays, Acklin, am1 
Crooked, on bearings from soutl1-southeast to west by south, and to a stranger these hills wonlrl 
appear like so many islands. .After Columbus anchored at the secoud island he wrote that it was 
tin~ leagues: rather senm-1.J.f) or :!~.3 nautienl miles-from the first. The northeast eud of Ack
lin hears S. TL hJ- S.;} S., 23 nautical miles from the east part of Sanrnna. For thi8 discussion l 
cousider Acklin aud Crooked to be one island, under the name of Crooked. The chnnnel wl1ich 
Sl'parates them is of modern origiu, no donhL H has the appearance of lun-ing heen made h.Y ero
sion; it is so shallow that it can be waded across, even at high water, and it is invisible to a 
passing Yessel. Sec chart and sub-sketch. 

Columbus wrote that the second island had a north-and-south side 15.U, and one cast and west 
over 31.8 miles long. Crooked has a north-and-south side 13, ~md another which runs west by 
nOl'th aml east h_y south 29 miles. A uayigator of to-day could not come nearer to the truth, in 
describing the island in like circumstances; but Columbus kept liis time with a sand-glass, and 
n·cko11ed his Rpeed by the eye. I wish the reader to take }iced that it is the second 'island, ancZ ·no 
otltei-, of wbicll the journal records th~ length and trend of two separate sides; and that Crooked is 
the onl]/ one in the Bahamas which conforllls to this description. 

A seeming objection to Crooked arises from the lauguage in the joumal of the 15th of 
Odober, that the side of the second island toward San SalYador ran uorth and south, whereas the 
side of Crooked which is in the direction of Samana runs easi aml w1~Rt. Columbus could not note 
this fact. at tile first island, because Crooked is not visible from bis anchorage there. .After lmning 
Gnanahani he saw mau~- islands, and mmle for the largest. As he stoOll off and on all uight, and 
the tide detained him on the 15th till about noon, he might have noted the side he then came to. 
't'l1is is the understaudiug of H. H. Major, who, iu the Journal of the Royal Geograp/1 ical Society, yoJ. 
xli, 11. 198, franslateR the passage thus: "I found that tbe face of it, on the side toward San Salrn
<lor [or rather, I would suggest, ou tl1e side approache(l by the ships in coming from Sau Sah'adol'J, 
ran north and south five leagues, and tile other side which I coaiited ran east and west ten leagues." 

I•roru the data kindly supplied by the officers of the Naval Obsen·atory in \Ya8hingtou, I learn 
that the moon crossed the meridian of Crooketl Island ou the 14th of October, 14U2, at 6h 3()rn a. m., 
Cid! time. The British Admiralty Tide Tables for 1881 give YII o'clock for tile "Establishment 
of tlw Port " at Crooked.· Thereforn it \\'a.S high water there on the 14th of October at 1h 3()m p. 
m.; low at 71' 48"', high at 2 a. m. on the 15th; low at Sh 12'" and high at 21o 24"' p. m. Tbe suu set 
at [ih 40"' and twilight laste,d about 11i 19'". The journal does not giw. the win(l at Guauahani, nor 
until the 16tli, at the second isla.nd, wllen it is entered as 8. E. I believe I have proyed on 1'· 388 
that Columbus made the land on the 12th of October with a strong N. E. trade; and the invariable 
circuit of willlls alluded to on that page wouhl give liglit easterly ones, sometime from the 12tb t-0 
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the 16th. During the regular" trades" the current between Samana and Crooked flow,;\\. ~. \V. 
a knot an hour; but at other times the set and drift are uncertain. On the north si<lt• of Crooked 
the flood tide runs always to the eastward and the ebb contrarily. \Yheu Columlms neared the 
second island he estimated it to be 15.9 miles from the first; but the next day he called it :!'.!.:l. In 
tl1e mean time he was detained bJ' the tide l"O that he did not reach it again until about noon. 
Captain Bed1t•r (pp. 111-:Hii) siti<l that thiH detention was "set of the current''; bnt Colnml1us 
m;ed the word maria, not corr-iente; the former siguifies ti<le, tlnx mHl l'etlux; the latter c111Tcnt, 
progressirn motion of the water; a distinction lwld iu both laugnages and especial!~, amoug ;;ca. 
men, and one of importance here. 

These facts, in connection with the journal, enable me to offer a rcasonallle theory as to the 
moyements of his Yessels 011 the 14th arnl liith of October. He left the south sicle of the Past 
part of Samana on the 14th, undoubtedly after noon; and steered to the sontlnrnr<l .and we,.;t
ward, with light easterly winds, for Crooked. itlid wa.r he found the usual westerl;\' current, arnl 
on the other side he ran into a stronger one 11etting in the same direction; but this was i11e ebb tirfr 
which fioweu west, along the north shore of Crooked, from 111 36"' to 711 48'" p. m. He did not reach 
the lautl in time to see .bis anchoring.ground before dark, and the night was moonl('SS. ln conse
quence, he began, about sunset, (•i11 40m), to stand oft' and on; that is, he beat to the ea;;tward to 
overcome this westerly set and keep his pla.ce until morning, when he intended to rnn in and nn
ehor. At 711 43m p. m. the tide turned aml flowed east until 2 a. m. 011 the ltith. 80 that in the 
darkness of the night he lmd, unknowingly, six hours and twelYe minutes of current, contrarJI to 
that for which lie was allowing. In this way he got so far to the eastward that it was noon before 
lie reached the island again; wlien he coasted the north shore and near sunset anchored at tlie 
west end. On the follo"-ing day, the lGth, he wrote his .iournal of the l:ith, by which time lie had 
obscr\'ed the di1:1tinction between the currents and tides in the neigh borl10od of Crooked, and he 
uot-0d the one whieh caused his detention. 

The second island of Columlms has bee,11 such a, stumbling-block to in>estigators that mauy 
of them assert that he sighted it, but passed on without stopping. See translation from Muuoz. 
a,nfc, p. 879, and discussion with Captain Beeher, ante, p. 380 and on. l\Iajor (p. 1\.IS) wrote: 
"Here I beg to call yoLir attention to the fact that Columbus neither lands upon nor giYes an~
name to the first island which he reaches after leaying Guanahani, a fact which argues its un
importance and sanctions our assuming it to be Rum Cay." The weight of these anthoritie:o; ma kPs 
it necessar~· for me to tr;y to answer them before I go on. The following paragrapl1 from the 
S1iauish text of tl1e journal is the authority upon which .Major and Captain IJecher fouud their 
assertion that Columbus did not land upon the second island (XaYarrete, 1st edition, p. 25, Octo
ber 15, and ante, p. 358): "Y como dcsta isla vide otra mayor al Oneste, cargue las relas por andai· torlo . 
aquel dia fasta la 1wchc, porque aun no pudicrn haber andado al ca.bo de/ Oue8te.'' Major's transla
tion (p. 198) is: "And as from this island 1 saw another larger one to the we:st, I started for the 
purpose of sailing the whole of that da.r until night, for otherwise I could not ha,·e reached the 
westernmost cape.'' Captain Recher (p. 109) renders it: ''And as from thi8 island l saw 
another larger one to the '1'estward, I made sail, continuing on until night; for a1' ;n~t I had not 
arriYed at the western cape." l\fr. Thomas's translation, which T haYe adopted, is: '' And as from 
this island I saw another larger one to the west, I c/cU"cd up tlte »ails, for I had gmw all that day 
until 11igbt, because I could not yet have gone to the western cape." The esse11tial diiil•rp11ce i,; 
with: ca.rgue hh~ velns. 1\Iajor makes it, "I started"; Captain Becher," I mad<' sail·•: aml Thomas, 
"I clewed up the sails.'' In Dfol'ionario llfaritimo Espaiiol, etc., por D. ,To.~e de Loren::o, D. flon::alo 
de Murga, y D. Mnrtin Fcrrciro, Emplcado8 en la J>ireccion de Hidrogra;tiii, l\fadrid, 18ii.J., tlw dclini
tion agrees with that giren by l\Ir. Thomas. So of all other Spanish dictionaries wliiclt I can find. 
I have also submitted the phrase to Spanish officers with like result. The signification is, to clew 
up, or brail up; that is, take in sail. A similar expression occurs in the first part of the journal 
of .October 15: ''I had been standing off and on this night fearing to approach the shore for 
anchorage hefore morning not knowing whether the coa!lt would be clear of slioals, and intending 
t-0 clew up-cargar velas-at dawn." If he had been hove to all night he migl1t have written 
"I will make sail in the morning"; but its lte was standing off and on, the two clarnws-'' Fearing 
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to approach the shore for anchorage before morning," and "Intending to clew up at dawn", are 
connected, aucl the meaning of cargar velas in the latter is obviously to take in, not to make Rail. 

The proof that he stopped at the second island does not depend upon the signification of any 
one phrase, but upon the concord existing between the journal and the cartop;raphic facts. Co
l nm bus promised in bis Prologue (see Appendix D) that he would mark "each night my progress 
<lnring the day and eal'h da~· the rnn made during the night."' But it can b(' readily un<forst.ood 
that he ha<l no regular time for writing- his journal among the Bahamas, where tlrn rnrrigatiou is llifli
cnlt and wJ1ern the ludians thronged upon him as coming fror:;1 heaven. This appears upon read
ing tlie remarks under October 11, the day before 1:1eeing Gnanahani. .All the journal of that da~-
with the exception of thl~ first forty-seven lines-refers to transactions which took place on the 
12th, a date omitted from the journal. From the closing paragraph of tlte 13th it seems that 
most of his Guauahaui log "llas written near sunset of that day. He says: "At this moment it is 
dark and all went on shore iu their canoes.'' The 14th waR written in the afternoon, during the 
leisure which came to him from bein~· at sea, clear of the laud and the inhabitant~. He wrote 
then: "I looked for the largest one and determined to make for it, a 11rl I am ,qo rloi11g.'' (1) It is 
important that 1 should call attention to the fact that all the journal of the 15th was certainl;y 
written on tlle Hith. He entered no remarks on the 15th. ruder this date, which was Monday, 
he wrote: "l anchored and rernained until to-rlay Tuesilaye) when at dawn I went on shore with 
the boats armed." Same date, farther on, 15th, he writes: "And soon after I stt sail for the other 
large island.'' He could not haYe done so except 011 the 16th, the day he wrote this. His stor.r in 
the journal of the 15th is certainly the experience of the 16th. .For example: near the close of 
the remarks of the 15th he writes: "And beiug in the Gulf midwa;y between these two islands 
rntmely that of Santa Maria and this large one, to wbich I giYe the name of la Fernandina." No 
one can fail to see that this circumstance, and tho8e irnme<liatel.r precediug it, belong to tlte Hitb, 
although fouud under date of tlie 15th. His journal of the 16th begins with tlte statement that 
he left Santa }faria for l<'ernandina about noon, an assertion repeated twice on the 15th, but which 
could not haYe been put into execution until the 16th. .A study of the jonrnal of the 15th and 
lGth shows that his first leisure was the afternoon of the 16th, in the calm weather lJetween the 
two islands, and then he wrote the journal of the rnth. That of tlie 16th wa8 not written until the 
lith, for he writes under the former date abont sending the ship's boat on shore for water at !) 
a. m.-certainly ou the 17th. A little later in the journal of the 16th he says: ''Soon after writing 
this I set sail with a south wind." .As he did not arrive at the island to which this refers until 
the morniug of the 17th, see first part of the journal of this day, it is obvious that it was of the 
llth-uot the 16th-that be was speaking. The stnd~nt who is attentive to the journal will notice 
that Columbus wrote it when he could ftnd time-to all appearance at one sitting• as a yery bmw 
sailor would do. This led him to set down often the matter of several days under one date, and 
he seems not to have oYerhauled his log to see whether it was at variance with itself. 

ltemembcring, then, that all the things done on the liith were recorded on the Hith-aftcr he 
had foft the second island-they might be put into a concise and truthful statement as follows: 
Columbus explorf•d Gnanahani in the boats before noon of the 14th, and sailed after noon to the 
southward aml we8twarcl, the direction of the gold. Many islands coming shortly into 8ight, he 
made for thf' largest, bnt did not reach it in time t-0 see the anchoring-ground before dark. 'I'he 
wind being light from the eastward, and a strong current running west, he Llecided to staml off 
and 011, or beat to the eastward, to hold bis position during the night, that lte might anchor in the 
morning at that part of tlie island which lte had seen befot·e dark. The next forenoon, the 15th, lHJ 

found himself so far to the eastward U1at it was noon before he got bacli. Be ob:s:erved l wo sides 
of the island, one nortJ1 and south, five leagues; the other, east and west, over ten. He avproached 
the first, lmt a8 it was a lee-sltore he followed the other all the afternoon, arriving at the westem 
cape about sunset, whence he saw another large island to the west. Not wishing to be under weigh 
again at night, among the tides and currents, and the wind having canted to the southward an(l 
eastward, which gave him a weather shore to anchor under, he clewed up his sails and came. to. 
On the morning of the next day, the 16th, be went on shore to explore the island, but, as the wind 
increased from the S. E., and his ships were riding to ~ weather tide, they were liable to be set 

( 1) Italics by the writer. 
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across it and foul their anchors: ante, p. 359, note 2. The Admiral observing this from the sllore. 
returned aml weighed auchor before or at noon, for tlw island in tbe west. 

Major, }J. 1!l8 (anfo, p. 3!10), ttud Captain Becher, pp. 108-11~ (ante, p. 380), adrnit, what ii-; ob
viou:~ in the journal, that Columbus steered for the secon<l islarnl mt the afternoon of the 1-1tL, stood 
off and on during the night, awl the following lla.r he was detained hy the tide or current until 
noon, when lw reached this secoml i8land, and then he followed that side of it which rnn \~m;t aml 
west over ten leagues, and came to anchor at smu,;et, 5ti 40"'. 

"\fy inti~rpretation iis that be did not go l•cyond this seeoJI(] ii,;Jaad on the 15tll, but tllat he 
anchored about sunset at. the we;.;t cape of the side be had followed. 'l'his would make bis run HJ 
leagues-:ll .8 nautical miles-iu 5i. 40"', equal to ;"i.ti miles each hour. l\11\jor aud Uaptaiu Becher 
say that, in addition to coasting thi;.; sidP, he kept on eight leagneR-25.5 nautical miles-farther, 
where he came to anchor at sunset, making a sum of 18 leagues-57.3 nautical mile8-in Jh 40'", 
which give" a ispee1l of Hl.1 nautical, or l'.!.'i Italian, miles for eYer,\- hour-greater tllan is recorded 
anywhere for llis Yessels. He must bave llad a gale of wincl all the afternoon of the l:ith to have 
been driven at such extraordiuar_y speed; but there is no meutiou of it m tlie journal. His log 
across tbe Atlantic was I05t nautical miles a day, equal to 4.4 miles eYery hour. The hest day's 
run was October 4, .:W0.5 nautical miles, an aYerage of 8.4 each hour. 

Oolmnlms wrote on the Htlt of Oct~1ber, in respect to the second islaml: •· I looked for the 
largeist one am1 determined to make for it, aml I am so doing." On the 15tll-written on the 16th 
and relating ,;olely to 1mst lWe11ts-he i:mid: "lt was about noon when I reaclletl tlte said island." 
" "' " "'fhe other !side] which l followed ran east land! Wf'ist, aud contains over ten 
leagues. And as from tllis island I saw another larger one to the west, I clewed up the sails for 
I bad gone all that day until night [noon to sunset], hecani'ie I could uot yet [otherwise] have go1w 
to the Wl'stern cape, to which I gave the name of Santa .Maria de la Concepciou, awl about sunset 
1 anchored Hear said cape in onler to learn whether tllere was gol<l there.11 This is the islarnl of' 
wliich Oolmulms wrot1·, in ltis letter to Sa11ta11~el (ante, p. ~1): '•To the t<ecoml island I gani the 
mt11w of Sauta Maria <le ConPtipcion.'' It lay in the dirPctiou of tlw gold; it was the htrgesr. in 
:sight; the Guamtbani Indians reported, "1'hat they there wore ye1-y large rings of gold on their 
legs and arms." Colmn lms wrote that one iisland taken possessiou ot~ the same may lJe said of all; 
but it was ltis dt•sire uot to pass any without taking posser<sion, and he 1lid uot. At'ter sailiny: 
from thiN island he wrote: ".And being· i11 th1· gulf mi1lway between these two islar111.~ uamely 
tllat of Santa Maria 11nd tl1is larg·e one, fo which I gave the name of f<'rrn11nrli11a.'' be found a man 
in a canoe who had couw '' fr()ln the island of San Salvador, had passed tu Hauta l\laria, aud was 
now going to la Fernandina,'' the very se11ne11ce he wais doing. All who arc mi11dfnl of tlrese facts 
fi'om the journal of tl1e 14tl1, lflth, an<l 16th of October, may group them better tltau this to suit 
their own mind, hut in every aspect they will outweigh the assertion that he did not stop at that 
stieond island which lw made for on the l4tl1, and strove for on t1ie 15th. 

Uolumhus andtored at tlw nortlrwtist cape of Orookell (Santa Maria), at sunset, Octoher 15, and 
remained until the followiug forenoon. He wrote: "An<l as from this island [ siiw another larger 
oue to the wei-;t, I clewed up the sails." It would appear from this paragrapl1 tl111t tlie island 
referred to came into view when he reached the west cape, near sunset. \Yriting of what took 
place the following fon•noon, he :said: " 1 set sail for the other large islaud that appearnd at tl1e 
west." He begins the 16th with, "About noon I left the i11lands of 8mita Jforia di' la Cmu·ep<'ion for 
the island <!t' Jilernanditta, which appears to hever;\· large to the west." l1oug lslau!l liet; :!5 miles 
west of Crooked, arnl the range of bills upon it, marked 150 feet higl1, are two miles fartlwr. The 
distance of visibility for 150 feet is H miles, aud for Columbus's lookout, of 60 feet, it is 8.8 miles; 
total, 22.8 miles. I u consequence l1011g Island cannot be seen from Crooked. 

I have alluded, on page 387, to probable physical changes among the 13ahamas in the past, but 
I shall not appeal to t.111,se here. Heamen understand very wPll that, in favorahlP circumstances, 
the appearance of land is very striking O\'er coral islands which are below the range of visibility 
from the observer. This is especially noticeable in the Bahamas, because all the necessary conditions 
are there: low islands of white coral; not enough trees or· uud.ergrnwth to hinder radiation; a lligli 
degree <>f heat,- ancl the air loadell with moisture. Wheu a faH of tempemtme l1appeus this is precip
itated into a cloud cap which often covers the island like a l>lanket, and outlines it. It is this and 

S. Ex.12-50 
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the blending of cloud and land that makes the latter appear, frequently, to he above the lwrizon 
when truly lwlow it. (1) 

Columbus sailed from the northwest end of Crooked, October 167 eitl1er at 10 a. m. or noon, for he 
gin'8 hoth times, toward the isla11d wltic11 appeared in thP \\est. Calm weatl1er retanled him uutil 
daylight of the 17th, when he anchored at a cape of au island, which he named Femandina. Here, 
he said; the coai:;t ran north-northwest and south-southeast. On the way owr he estimated the 
distmwe from the se1·ond to tllc third island at nine league8. After he had arriycd he called it 
eight league8-:!ii.5 nautical mileR. A course from Crooked \V. 1 N. :!i> miles strikes a cape of 

J,oug Island where the coast line nmf' as given by Colnmhus. See chart and the sub-sketch of 
Long Islaml, the latter on a larger scale, which shows the mwe aud trend of laud more diRtiuctly. 
The appearance of Long falaud (Fernandina) from Crooked (Santa Maria), the cours11 and dis· 

. tance hetwee11 them, the southeast cape and the trend of the coast of Long Island (:Fernandina), all 
eouforrn a<·cnratel,v to the facti; and we need not linger upon them. 

At noon of the 17th of October, Columbus sailed from tl1is southeast cawi, steering along tlte 
shore tH t lw N. N. \\'.,"the wi111l being S. W. aml 8." V\'hen ht> was 1war tb11 end of the islaml "two 
leagm~s off" he fournl a marwllous port with two entrances formed by a rock~- islet in the rnid1lle. 
Both wer1' narrow, but within was ample room for 100 isbips, if there had been sufficient depth 
free from ohRtructioui,;, with a deep entrance. He was so much impressed with this 1imrvellous 
port that llf\ anchored outside of it and went in with all the boab; and sounded it and saw that it 
wa,; too shoal. This wa.s the ftrst opening into the land that he had met with and he thought it 
11etokened a freish-water river, therefore he took in the water casks. His former visit to a tropical 
conntr.r was to Guinea (Africa) where all the openings into the shore am made hy fresh-water strearnR . 

. The wind was off the land, and he remained in this harbor with the boats, getting water, for 
two honn;, wlien be returned to the vessels anrl sailed. Colnmhns wrote that the eutrauce of this 
marvellous port was two leagues from the end of the island. The reader will observe how often 
the journal uses leagues and miles in such a wa~' that an interehange of them was possible on the 
Admiral's part and ver~- probable witl1 tlie copyist.(2) If the two leagne8 of the journal were a 
clerical error for two Italian miles, it corre8ponds with the chart. See sub-8ketcb of Clarence Har
bor, where tlw southeast entrance is two Italian mile8 (1.6 nautical mileis) from Booby Cay, the 
Yiflihle extremity of the island; and the course to the latter is X. W. He wrote that lie sailed on 
this coursP until µe discovered that part of the island which ran east and west; and afterward the 
Indians 1wrRuaderl lti111 to go back, aml because the wind ceased and then sprang up from the 
\\', X. \Y., which was contrary' t,o his course, he turned around. This aurl tlw subse<111eut courses 
point out that lie was following this east-and-west 8hore on a likely course of \V. N. \V. when the 
willd came on t aliead. After turning around be sailed all night, E. S. E., Hornet.iines H. and also S. E. 
to clear the Janel. He wrote that the atmosj)here was very misty and the weather threatening, but 
that tlw wind was li9ht and it did not permit bim to reach the land to anchor, and that it rained 
hard after midnight until almost day. He adds, "·We [are] at tbe soutlieast cape of the island 
where I hope to anchor until it gets clear." Ile closes the journal of the 17th with general remarks, 
wl1ich was l1i:o; fr<x1uent habit. It iR evident that be wrote thi8 paragraph, and the last observa
tious of tlie 17th, 011 the morniug of the 18th, at the southeast cape of the island, where, as he was 
Pxposed to rain,r weather and light winds, 'he desired to anchor. 

( 1 ) Rince I navigated among the Bahamas a light-honse has been lmilt at the N. W. ell(l of Crooked, and I wrote 
to T. J. McI,ain, <JIKJ., United States consul at Nassau, a1Jking him to inquire from officials merely whether I,011g Island 
could be seen from it. ThiK is his answer: "I saw Capt, \V. H, Stuart, who has commanded the light-house yacht 
Richmond for many years, and who is a most trustworthy 1ieraon. He agreetl to look up the matter and get me reli
able information. The Richmond returned lately from a trip to the wiudward light-houses, and th1• captain called to
day t~> l'er>ort. He says be inquired particularly of both the keepel'!I at Bird Rock Tower, aud of Mr. Aranha, who is 
clerk of the board of works at that station, and the three united in saying that Long Island iH not visible from Bir•l 
Hock ligh1.-hou"e, that, they have never seen it, even on the Clearest day. A gentleman residing near there ~ays be has 
Reen ~moke on it in a clear da~-. Aml all four say that they have frequently seen clouds settle over Long Island in 
still weather like a stretch of land. [Italic8 by G. V. F. J Captain Stuart says that all his owu observations confirm the 
fori>going statements." 

(") Narnrrl'fr, vol. i, p. 101, December 21, 149'2: On tl1is day he was at the pr<<sent bay of Acnl on the nortl1 side of 
lfayti, an•l th .. jounrnl reads: "The distancefrom the entrance to the bottom of it [Acu!J i~ about five leagues.'' This 
iR :1 clerical cnor for five miles, because the uay of Act1l is 251800 feet deep, equal to 5f Italian miles. 
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These wonls imply. that be was at the cape from which be bad sailed the day befo1\>. Iu 
other words, that he had retraced his step8 as he wag advised to do, and getting hack tu a familim· 
and1orage, with unfavorallle conditions for coasting such shores, he wished to anchor and wait for 
clear weather. 

On page 3~)2 I have asked the student to take hred in adapting the dates i11 ('nlnmlms'R journal. 
The caution is necessary here. The log of the 18th of October opens with a clause which belongs 
to the remarks quoted above; for be sa~·s: ".After it cleared up I followed the wind"; the last of 
this date is, ".At dawn l set sail.'' It is enough to read the journal of the l!lth, which wm.; written 
hi the evening of this da_y, after a.rrii·ing at the rocky islet, to see that getting under way at tlawn 
of the l8tl1 rf'ferred to the Ramt' act done at dawn of the Hltl1. What he did or1 the lf\th ic; Hot 
obscure; shitting tides and i!lconstant winds hindered him from following the coast to a faxorahle 
anchorage. ThiR appears from· his remark on the 18th, I "went around the island as much at; l 
could, and I anchored when it was no longer possible to sail.'' 

'Ve find recorded iu tht• journal certain physical characteristics concerning the second islaml 
wliich belong· tu Crooked oulJ'; aud in like manner is the tllird island estahhsllcd. This is so im
portant that I brietly recapitulate. Col nm bus ancl1ore1l at a cape of the third "'·lwre thl' coast liue 
was north-northwe~t and south-southeast. He followed it N. N. 1'', until he came to a marwllous 
11ort, two ·1cagw'fl [miles¥] from the end. He sounded it in the boats and found it cap:wious, hut 
shallow. Ile sailed N. W. until he 011eued that part of the shore which ran east and west; he 
steered along it W. N. W. till the a11proaeh of' night and the advice of the Indiam; eamwtl him to 
turn ahou t.. 

A sailor describing the strange thingR seen in new lands is likely to put int-0 his Rtory sonw of 
the warmth of his vocation, hut he does not do this in his log. "\Yhen he enters the course ste\'rnd, 
the dt'pth of wat.er, the trend of the coast, and the speed of his vessel, these are fa.cf.ti which his 
daily duty calls for, and the safety of bis ship ma~· turn upon the accuracy of the record. Columbus';,; 
description of the Rhore-liues and harbor of the third island relate to ph;n•ical fads which lie oh· 
8ervctl. The~· are his log, au cl they cannot he ignored. Jt, is essential, therntilre, that a I hird isla11d 
shall be found answering to this ile;;criptfon. The sub-skekh on the chart shmrn at a glance that 
the southeast part of Long Island is the only land and water that will fit. See uarratin of < :ap
taiu Becher 17th and 18th of October, ant.e, for the entauglemeut arising from using auotlwr islarnl 
for the track of tl1esc two days. 

There is an ele1mmt of time· here whieh is iin11ort1i11t as it limits the ground pas:sl\ll on~r on the 
afternoon of the 17th. '!.'he Admiral left the southeast cape at noon and turned around while 
heading "\V. N. W., arnl then he steered an opposite courRe during the night, t-0 clear thl' land. It 
is fair to tit~lect snnset, 511 ·tom, as the. time. of his turniug. AR long as he 1~onld Ree tlw land and 
reefs he might, keep on, hnt not aft<:r dark. He would choose thP day only to explore new shores. 
In the uight he might retrace bis stl.'ps steering well off, or anchor, or heave to, or stand off and 
on, uot.hi11g else. The distance from the southeast cape. pa.st the shallow port and around to the 
end of the east-and-west, side is 22 nautical miles. As he stopped at tbP ahow port two hours, lw 
was nuder way only 3 11 40111

• This give;,; a speed of (i miles an hour, which is fully as much ais his 
ye:.sels were likely to do. .Auy track which is longer, or which l'('(]Uirt·s more speed than this, 
must be n~r~· liablt~ to error. 

lf Columbus turned at sunset ou the 17th and rt>turned t-0 the southeast cape at. '' almo;,;t day" 
of th(' 18t.h lm Railed in a night which lmd 1fln hom·H of clarkness, 1.Jm 1lista11c1~ he went oYer in ;~i. 40"' 
of day. 'fhis is not strange. Jn addition to the various courses steered to clear the land, he Ray;;, 
of this night, that the atmosphere was misty and the weather threatening, but the wind light· 
The fact that he follow~\d this 1-1hore at all <luring such a moonless night is proof that he had gone 
along it the day previous and learned tht~ direction of the shores, so that he retraced hh; Rteps 
without much hazard prorided /11• 11tee1'ed well ojt: This he conlll <lo; for in coasting the islimd the 
afternoon before he muRt han1 obserYe.d that there was uo land ou the other side to pick him np. 

Columbus is now at anchor on the southwest side of the south end of the third, or I,ong Jslaml 
(Fernandina). He sailed from here at dawn on the 19th. Sunrise waf'l at n1i :nm~ twilight l1' lU"', 
dawn at 511 2m. The flag-ship steered S. E., the Pinta E. and S. E., and the Niiia S.S. E. Three hours 
had not elapsed when they saw an island to the east for which all the vessels headed, and before 
mid-day they arrived at the northern extremity, where there is a rocky islet. I take this to be the 
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north end of Fortune llsland. See chart and sub-sketch of Crooked Island aucl10rages. The 
Admiral givf's no diRtances in sailing across. If he was fairl,v under way at 511 ~0"' and a11chored 
at lP 30", the time was 6 hours, half of which ht• steernd S. E. and half E., making E. 8. E. if ca.ch 
three hours was equal speed. Vrom the south end of Long Island to the uorth end of Fortune the 
course and distance are E. h;r S. ~ S. 32 nautical miles. This gives a little more than 5.3 miles an 
hour, which is fair sailing for his vessels. Oolumlms wrote on the e\'ening of the 19th that ihis 
rocky islet "lay from the island of Fernandina, whence I had come east [and] west, and the coast 
afterwards ran from the rocky islet to the westward, and therp was in it twelve leagues.'' If the 
last clause is an error for 12 Italian miles, it agrees with the chart, as the coast inclines from here 
two points to the west aml measures 10.5 nautical mile8, or rn.2 lta\ian mile8. 

Long faland is iuvisihle from the rocky islet, and the line between them is not east aml west. 
In steering from I,'ernandina Columbus spread his wssels from an E. to a S.S. E. coursr, to l,!Ct hold 
of the land; then lie drew them together on one course and afterward anchored. A hearing en
tered at this time with reference to an island no longer in sight, and from which they had arrived 
by steering several eonrses, might easily he 11 pointl' in error. 

J1'ortmrn is the fourth island of Columbus'R visitation, the one he 11amed aftPr that manful aml 
lovable queen, habela, who sent him on his way when kings and councils nijectecl him. ]t, will he 
noticed that the journal mak(•s the third islautl lie west of the se1~oml, ancl the fourt.h east of tlie 
third. This brings the second an<l fourth adjacent to eacl1 otJier, a8 tlicy arc found upon the chart. 
If a landsman thinks that tlw Admiral ought to have known that the land now north of him was 
the same which lay south on tl1c ernning of the 15th, it can he arniwereil trul~', that oue of the most 
perplexing things in the Yocatiou of the sea is tl1e recoguitiou of lauds or is lauds that have uo co11-
spicuous marks. Light-houseR, beacou11, and pilotage grew out of this difficult~" Columhm; sees 
the opposite side of CrookC'd, after an interval during w hicb he was Jiarasl'!ed by navigating the shores 
of the third islaml. He comes in sight of it for the io;econd time, while skeriug a course opposite to 
that which he 1o1t€ured at first; and of all islandH to distinguii;h, one from the other, or th11 different 
sides, the Bahamas are the most puzzling, owing to their similarity. Irving, vol. i, p. 43;1, wrote 
of the Admiral: "On his second voyage returning from Ouha, he coastecl the southern side of his 
favorite island of Haiti without recognizing it until a ca.cique came off a.url addressed him hr 
his title and used several words of Castiliau. The news sprrarl joy throughout the ships.'' The 
mountains of Haiti are 9,000 feet higl1 and are easily recognized 11ow, for we know their height 
and have excellent maps; hnt Oolumlms was making discoveries where the islands seemed to be 
innumerable; he was not surveying, nor had he any instrument;; hy which he could lay down accu
rately the relative bearings of the lands. 

The first part of the journal of October 20 remark8 upon the failure of the vessels to get to the 
eastward of Isabella, either by the northeast or south, on account ofNhallow water. This agrees with 
the present eHrtography of Fortune Island. My position here derives strength from a statement 
in the journal of Non~m ber 20. NaV<irrete, p. 61: On this day the Admiral was 25 leagues-79.6 
nautical miles-N. E. ~ S. from Puerto del Principe, a<lmitted to be the present Cuban port of 
Tanamo. The appendix chart has the 20th of November laid down at 75 miles only, arisiug from 
the use of 3 as a multiplier for leaguef.\1 instead of 3.1818. The Admiral said that on this day he 
was 12 leagues-38.2 uantical miles-from Isabella. From 11ere to Fortune Island, which I call 
Isabella, the distance is a6 miles; hut to Great Jnagua, Navarrete's Isabella, there are 60 miles; to 
Long Island, Irving's lsahdla, 67, and to Crooked, selected by Captain Becher, 53. The journal 
adds that he could have anchored at Isabella, but did not wish to, for fear that the Indians he had 
brought from Guanahani migh.t!-escape, a.s the distance between these two islands was but eight 
lea.gues-25.5 nautical miles. Fortune is 36 miles from Samana; Crooked and Watling, the Isa
bella and Gnanahani of Captain Becher, are 68 miles apart; Grand Turk and Great Inagua, the 
Isabella of Navarrete, are 101. 

At the beginning of October 24 Columbus sailed from the rock_y islet, at the north end of :E'ortune, 
on a predetermined W. S. W. course. The day was eharaet.erized by rain, calms, little wind, and 
then a ''lovely" breeze. At nightfall, 5h 36m, the southwest cape of Fernandina (Long Island) 
bore N. W. distant 22.3 miles. This is known at sea as "departure." The night of the 24th-25th 
he had strong winds with rain, and being on unknown ground he first reduced, then took in all 
sail. He said he had made much headway, of which he was doubtful, but he estimated. that he 
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di1l uot go thii-; ni~ht two leagues. The direction of the wind iR not not\',d. lfo s:1ys lhat it gTl'W 

Rtroug HlHhkul.v, with mist aml rain. Such wind antl weather are well k11ow11 a111011g th<> Haharnas; 
they are the sudden rain squallH which are common from tlH~ northward and westward (ante, Jl· ;),'i8.) 
At rmnrisp on thu 2iitl1 he madr sail at 'W, S. '"·' hut at 9 a. m. he steered m•st-no «louht to mak(· 
the former !'Oursc good, which he had Jost 8omewltat in the night, by drifting nuder bare poles. 

At ~ p. m. th<' Admiral saw land. "There were 8even or eight island,;, all extending- from 
north to sontl1 ; distant, from them five leagues," 15.9 nautical miles. He anchored on the :!6th of 
Octoher in the shallow water south of these, which he called Sand Islands. The conr·Re and dis
tant from the rocky islet to the south Rand island are vY. 8. W. 82 miles. Tlw same from the 
"departur«~''-night-fall of Octoher 24th-V{. S. W. Wi miles. The journal gives tlw following 
<listanct•s between ''departure" and Sarni falands: Xight of the 24th-21jtJ1, not t\rn lcag1ws. Fi Ye 
leagues to !la. m. on tlle 25tll. From 9 to~~ p. m., 44 miles, am1 tl1cn ii leagues to the SaIJd IillC111dt'. 
Ten league.~, 4-i Italian miles, are HH.8 nautical miles. This accord between the lo;;; and the 
truth, on tlw largest nm the Admiral made in the Bahamas, is not a<'ddPntal. In tlw journal of tlu· 
2:ld-24tl1, wc 1<Pe that he iH dii;;appoi11ted with the poYert~- of the laud a1ul people, aml Jiis anlP11t 
temperament 1wizcR upon what tlie lrnlians called Cnha 1 to signi~y tl1at land of gold aml spices and 
large shi11s for which he hail saile<l from Spaiu-Cipango (.Tapan ). lle caret'ully not1'.s the dire(:tio11 
to it,, poiuted out hy tltc natfres, who would be most likely to iJHlicak the way tl1eir <'aJHl('S we11t. 
touching at intermediate lantl. He beliew~t'I this course is \Y. S. \Y ., anll to make it goo«l he would 
put forwanl ~1,lJ hii'I i-;kill. 

About ml lllilcs .K. ·~. E. of the northeast coast of Cu ha, a li1w of cays a11<l islands (·XtP11d 'N'. N. W · 
~"'·and S.S. B. ~ g, f(H' :n miles. The principal ones a.re right: NmsP. HmwYista. Hacoou, J )ouhle 
Breasted, )laycock, Hog, Great Ragged,aml l1ittle n.agge11. From the southernmost H coral bank 
strntul1es 1.'8 milm~ sonth, and 30 east, having from -t to 11 fathoms of water, i11tersper:-:ed with rocky 
heads an<l shoal spots. This is known as Hie acolnmlms Hank"; it krminates the Great Balrnma 
l~ank oll tlw sonthmst. Here, then, is the fift.h island, or ishimls, Yisite<l h~- Columhns; and it 

Rhonld be uoted tha,t this string of islands, :tnd the bank of !-\hallow water stretdii11g; from them, 
described so rorrectl.> in the journal, cannot be found anywhere el.~I' in the Balwma.~. 

He left this anchorage Saturda,v, October 27th at suurise ((ih 23m) aud stc<'red S. 8. \Y. for 
Cuba. Rr sunset (5" 37'") be had made 17 leagues-54.1 uautical miles-about 4.8 k11ots a11 hour. 
He saw tlte latHl before dark, but kept off "on the look-out during the night with mncli rain.'' 
:Sunday he resnme1l his courRe S. S. \V., striving t-0 reach the nearest land. ArriYing tlH~n' he 
entered a beautiful ri>er which had l!.! fathoms at the moutli. Tlle, courses •'loggv<l '' from tlw Sand 
Islands arP 8. S. ,,~.,and the distance J4.1 miles, whicll was madP hy sunset Satnrday. In the nig·M 
11c probably ]i(•]d lliR position. Sunday he again steererl S. S. W., hut as tlw time of anchoring ii'( 
not given, we do not know how much more was made 011 this course. Jt, is certain, only, that the 
distance from the Sa111l Islands to this Cuban port was more t.bau the run to Satnr1lay night, 54.1 
miles. lf he ancl1orecl early Sunday, which is probable from the soundings a.ml exploratio11:,; lie 
made on this 1lay, it did not exceed it but little. 

Columbus desip;natoo this beautiful river a.ml port with his faYorite title, San 8a1rador. Thi:-: 
name has not been preserved, and each investigalor points out his own choice. l ~elect J'ort 
Padre. The course and distance on this chart, from the San<l Islands, arc A."~. J H. fi:: mile.-:. 
Some authorities place Padre t,en miles farther west,, in which case it would be S. W. ,{ S. 71 miles' 
The cmTents here ace thus spoken of in the West India Pil~t, vol i, p. 6: "SouwtinH' tlH· currt>11t 
on the north coast of Cuba as far west as 1\fatanzas runs one to four knots to tht· westward." 
The vessels of Columbus were under its influence from Saturday afternoon n11til he entered tlrn 
river, and a8 l allow no variation to the compass (see Appendix 0), his true couro;e should be as 
much to the west of S.S. W. as the current drift{'d him. Port ~ilr1u1jo a11swerR the desehption 
of the journal a1' well as J'adre, but it is S. ~ ~'. 62 miles from South Ragged, aml a vessel coul<l 
not, of conrse, get to it Hteering S. S. W. with a westerly curreut. I choose Padre hecarnie it is tlw 
only port west of Naranjo that has depth of water enough at the mouth to satisfy the journal, all(l 
jn other respects is free of o~jections. See Sheet II, Harboni and anchorage~ on the rwrth coast of 
Cuba, from a, Spanish plan, U. S. Hydrographic:tl Office, 1876, which giYes the souudings of l'ort 
Padre. Outside are 81 fathoms; at the entrance, 14; then 8, 6, 10, and 9, through to the harbor. 

As a matoor of interest, I have laid down a track for the vessels of Columbus from Padre west, 
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aR far m; Hm~a tle Gna.ialm, where he probably turned. He the11 coasted the 11ortlwast shm·r, of 
Cnha, crossctl to Hayti, and follo"·ed the north side to the present hay of Samana, where his first 
vo~"ag·e in the :N cw 'Yorld ended. '!'his track eoiur.irlcs, sometimes, with the tmck of N avarrcte, 
1111t hotb are liable to he inaccurate, owing to the imperfection of the charts of the north coast 
!hie of Cu ha and Hayti. 

\Yashiugton lrYing lay; 80 much stre8s upon Herrera's description of the voyage of Ponce de 
fa,,on tlirongh the Bahamas that ram constrained to examine its merit at the hazard of making 
tbiR paper wenrisomH to tlw reader. The translation from Herrera is in his Columbus, reYised 
t><lition, ml. i, pp. :HS-379: "IAiaviug Aguada in Porto Hico they steeretl to the N. \Y. by N. and 
in five days arrived at an island ca.lied El Vie;io in latitude 220 30' ~. The next day the;v arrived 
at a small island of the Lucayos called Caycos. On tl1e eighth rlay the;\· anchored at another 
islaml called Yaguua in 24°. on the eighth day out from Porto H.ico. Thence they passed to the 
i1<laml of "'.\lauuega, in 24° a(J', and on the eleventh day they reached Guanahani, which is in 25° 40' 
~. 'rhis island of Guanahani was the first discovered by Columbus on his first yoyage an<l wl1ich 
he callefl San Salnttlor." 

11Ting remarks npon this tliat the latitudes arc placed too high, lint that the snhstance is con
(']U.'4in·ly i11 fanH' of Cat [sla.rnl. lie sa;n• Ponce 11P Le011's iirRI il'larnl, Bl ViPjo, must han~ ht,en 
Turk's Islam!. Thi:,; agreeH with the old 1m1ps. The second lie thinks 'rnH one of the Cayeos. 
'l'hpn• can he no <louht of it. 'fhe thir<l, he says, waR probably "'.\1ariguana. Bnt Herrera giYe8 
till" thinl as Yaguna; aml hy the old rnaps thii:; appears to he the present luagim. lrYing calls tlH~ 
fourth island ('roolrntl: Herrera's fourth i&i l\fannega, considered by scholars to lw that now known 
as l\farig1rn11a. The tiftli island fr\'i111:r says is Isla Larga (Long Island), and lastly Guanahani. 
'l'lii.~ woulfl malw Gnam1.hani the sixili, hnt the narrative, ahorn gin~s only five islands tonched at. 

It sPeTlll' 11101·e reaRonahl<· to belie\•e tha.t l'onf'~ de Leon left Aguado aud steered N. 49° 18' 
\\". (:!H7 11lilcs) to Bl Yiejo (Ora111l Turk). The next day he ran ovt1f to one of the southerly Oaycos 
cays 1<0111e 30 milc8 to the 1Sonthward and Wl\8tward. He arriYe<l on the eighth day at Yaguna(proh
ahly Littlt• lrntgwl), 7;; wiles to the westward of Ids last place. 'I'hence he steered to the north
ward ;;r; milpi-; to Mannega (l\fariguaua), the fourth island siuce lea ring· Purt,o Hico. Frum :M:ari
o·mum liis next stopping-placP is ntmnahaui. Herrera writes tl1at Oil the eighth day ont Ponce de 
7,pon was at Yaguna (Little lnagna), and on the ltt.h at <+uanahani, having touched at l\Ianuega 
(:'.\lariguana) on the way. This giw~s three days from Yaguna (Little lnagua) to Ouanahani, in
clrnli11g om• anchorage at .Manuega (l\tariguaua). Tile distance is ms miles from Little Inagua 
to P.arnairn, touel1ing at l\fariguarnt. The same to Watling is 176, and t-0 Cat 213. 

1'0111'e d\~ Leon was fiYe da~·:s from Porto Rico to Grand Turk, 21'ii miles, equal to 57.4 miles a 
day, 011 :1 straig'ltt counm, clear of the land and within the "tradeH ". If we use t.his distance. t><1 
rneasm·p hi.~ nm from I~ittle Inagua to Guanahani-and we have no other-then these two island8 
wPn' thrre tla.\·H apart, 112.:! mile1:1. Bnt he stopped at Mannega (Mariguana) on the way, RO we 
can only reduct> thit-i 1lit-itancP by guess. But the less the distance the greater the probability that 
Onanahaui wai-;, in the opinions of the contemporaries of Columbu8, an islarnl nQt far frQtn Manuega. 
('.\larignana). lf Ponce d<> Leou left Uttl(' Inagna, touched at Mariguana, and then anchored at 
Hamana (Gnauahani), tlw 8cqne11ce is apparent and the distance, 108 miles in three days, iucluding 
one stop, ii-; fair. Hnt. to Cat, :n:1 mileN in the same time, would be greater speed than i11 any other 
part of the YO,'\: age, aud U1ere arp st•vera.l large inten·euing islands where be was likely to anchor, 
as lrn did hetween Aguaclo anli l\fanuega (l\1arigu11na). 

Herrera was the ofticial historiographer of the lrnlies in the sixteenth century, and he had 
exclusive access to the original 1loc1tments of Columbus and other explorers. He is a good wit· 
llPss, thcrcfon·, to citfl against the asse:i:tions in favor of Grantl Tnrk and Marignana. If Por1ce de 
faion sailrd from each of these islands to Guanahani, neither can he the first landfall of Co1nmhus 
in the Yiew of this historian. 

CONCLlTSION. 

'fhere is a common bt•lief that the first landing-pla,ce iis settled hy one or another of the 
authors cited here. Nevertheless, I trust to '11ave shown, paragraph hy paragmph, wherein their 
several tracks are coutmry to thlj journal, inconsistent with the true cartography of the neighbor· 
hood, aml to t11e discre1lit, measurably, both of Columbus and of Las Casas. The obscurity and 
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the carelessness which appear in part of the diary through the Bahamm:; ofler no ohstal'IP to thii-; 
demonstration, provided that they do not exteud to the "log" or nautical part. 

Columbus went to sea when he was fourteen years of age, and s1~rn~<l tlwre almost c·o11tinnoush 
for twenty-three years. The strain of a sea-faring lifo, from so tender au age, i;; not cmulucin- to 
literary exactrn•sR. Still, for thC' very reason of this i;ea t>xperience, the "log"' slwnlcl lH• 1•01TP4't. 

Tliii< is composed of the coursP8 steered, distaJH\es 8aile1l over, bearing/'\ of islands from one auntlH;r. 
trend of 8hores, &c. 'fhe reconling of these i8 the dail;r bnl'iuesR of Hearnen, and lien; tlw e11tri1·s 
were by Columbus himself, l'hietly to enable him on his retnm to Spain to construct that mrntical 
map which is promised in the prologue of the first voyage. 

In cmssing the Atlautic the Admiral understated to the crew ea<'h day's nm, so that the~ 
should not know how far they had gone i 11to an unknown ocean. Las Casas was aware of this 
counterfeit "log," but his abridgment is from that one which Columbus kPpt for his mm nse. 

If the eomplicatsd conrx(•s aud distances iu this were oril!inally wrong-, or if tlw cop~· of tlu•111 
i!' fal>;e, it ii-; ohvions that tlwy eannot be "plotted" upou a correct chart. Converse])· if thl',Y rirt: 

made to couform to a succession of islands among whid1 lie i8 known to lwvP Hailed, ir ii; e\·ident 
that thi8 is a genuine transcript of the autbc>ntie "log" of Columlms, and, re<:iproeall~·1 tl!at we 
have the trne track, the beginniug of which is r.Jw eve11tfnl lantlfall of Octohcr 1~, l.t!l~. 

The student or critical reader, and the seaman, will have to determine wLdher tlw \ITit.er has 
e1;tal>lishPd this conformity. '.l'he public, prohably, desires to haY.e tl1e q1wstim1 :-irt.tled, hut it will 
lrnrdl:r take auy interest in a discussion that lrns no praetie;il bmiriug, all!l which for its elncidati011 
lteam: 80 m nch upon the jargon of tl!e sea. 

It is not flattering to the E11glisl1 m· Spanish 1'peakiug peoples, that tl1P fom lrnmlre<lt.11 m111i
verl'ary of thit'l great P\'ent draws uigh, aud is likel;\· to catch ns still flomHleriug, tmwhiug tlw first 
laIHling-place. 

SUM)1ARY. 

Fir8t. Thrm iR no objection to Samana in I'f\speet to Rize, pm~itiou, or shape. Thnt it i>< a 
little iRlaud, lying east and west, is iu iti-; favor. The erosion at the eaRt eud hy which islets h:n-1• 
heen formed, recalls the assertion of Columbus that there it could lw cnt off iu two da~·s arnl ma<fo 
into an island. The Nassau vessels still fiud a snug anchorage here during the N. E. rradPI'. 
'.l'heRe blew lialf a gale of wind at tile time of tl1e land-fall; yPt :XaYarrete, \'amhal-!·en, arnl 
< ~aptain Bee her unchorNl the isquadrou on the windward sides of tlw coral 1·e(•fo of their J'('liJ1t'diYt' 

islands, a ''lee shore." (See 01e eh art.) '.l'he absence of permanent lag-00118 at Sanmna r Im n' 
tried to explain on p. a87. 

Second. The course from Samana to Crooked is to the sontliwel't, which is the dirP,ctio11 t lrat 
the Admiral said be sLould steer "to-morrow eveuiug." The distance gh·eu hy him correspornls 
with the chart. 

Third. The second iisland, Santa Maria, is described as having two sides which made a rig;ltt, 
angle, and the length of each is given. 'I'!Lis points directly to Crooked and Acklin. Hoth form 
one island, so fitted to the words of the journal as cannot be done with any other larnl of tlw 
Bahamas. 

Fourth. Tlie course and di,;bmce from Crooked to Long Island is that wl1ich tlie Admiral giws 
from Santa Maria t<> Fernandina. 

Fifth. Long Island, the third, i,:; accurately described. The trentl of the i;hores "11ortli-
11orthwest and soutlt·southeast"; the" marvellous port" and" the coast which runi< east [ aml] Wl'l't," 

can nowhere be fomHl except at the southeast part of Long Island. 
Sixth. The journal is obscure in regard t-0 the fourth island. 'l'he 1.Jest wa.r to foul it, is to 

"plot" the courses foru•ard from t.be third island, and the courses and distances b1(ckward from tlw 
fifth. These lead to Fortune for tiie fourth. • 

Seventh. The Ragged Islands are the fifth. These he named las is las d<> A rena-8a111I lslarnls. 
They lie 'V· S. W. from the fourth, and thhi is the course the Admiral adhered to. Ht> did not" log" 
all the run made between these islands; in consequence the "log" falls short of the triw clistauce, 
as it ought to. These "seven or eight islandfi, all extending from uorth to sontli,'' am! having 
shoal water "six leagues to the south" of them are seen on the chart at a glance. 
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Eig·hth. The course and distance from these to Port Padre, in Cuba, is reasonable. The west
erl.r cnrnmt, tile deptll of wat~ll' at tlrn entrance of Padre, arnl tlle general description, are free of 
11ilticultiei,;. The true distance is greater than the "logged'' because Columbus again omits part of 
hil-l nm. It would he awkward if the true distances from the fourth to the fiftl1 islamls, and from 
the latter to Padre, had fallen short of the "log," since it would make the uncx:plaiuable situation 
which o(·.curs iu lrviug"s course and distance from Mucaras Heef to Boca de CaraYela (<tnfo, p. 3i:J ). 

From eiul to l'llll of the 8amana track there are but three discrcpaucics. At the third island 
(mttc, p. 3ti4) two league,.; ought to be two miles. At the fourth island (ante, p. :J6ti) tweln~ leagues 
ought to ue twelve miles. Tlle bearing between the third and fourtli islands is not quite as the chart 
has it. uor does it agTt'e with the courses he steered (anfo, p. ~66). These three are fairly explaine.l, 
and J thiuk that no otl!ers cau l>emustered to disturb the concord between this track aud the journal. ( 1) 

l u this paper I meution ouly the publications containing what was indispensable to the discus
t1ion. 'The :>tuue11t who is eager to sift the matter further will lh•rive nmch aid h,v searnhing amo11g 
the followiug: 

Bartlett, .John Hus.sell. TJibli11!1raphi1~al 1wtice.Y of rart< anrl. eurio11N /J()ol.:8 relati11I1 to A 11wrica, 
priuteu in the XVtl1 and X \'Ith Centuries (1!8'.!-1601) iu tlie library of the late .lohu Carter Brown, 
of ProYidence, R 1. Providence, printed for private distrihntiou, 1875. 

HmTis:·m, Henry. Bibliotlwca Americana VetustiB8fout: it description of works rehiting· to 
America, puulished between 14\12-1551. New York, 186ti. 

--- [idem : containing adtlitions. j Paris, 18i2. 
l:id1, Obadiah. A catalogue of books, relating pritu:ipally to A11wri1:a, arrangtld under t.Jw 

p'an; iu which they were printed. J,oudon 1 1832. 
--- Bibliofh<'ca Americana Nova; or a catalogue of books in various languages, relatiug to 

Amt•!"ica, printed smce the year 1700. Parts I, 1701-1800, and ll, 1801-1844. Loudou, 1846. 
--- Bi/lliotlteca Ame1·icana retus: Books relating to America, 14!l3-1700 [alsoJ Snpplemeut. 

Loiulon, 1 i"\.J-0. 
8kveus, Heur.Y. Historical and gi:ograpltical notes ort the earlif1st di.rn111•erie~· in A merim : 

145:J-15:m f witl1 J fa<:-similes of mauy of the earliest maps and charts of America. New Haven and 
London, l8(i!J. 

·winsor, .I nsti11. Columbus; a bibliographical note from the catalog111: of the Ticknor eollection. 
Bostou Puhlie Lilmn',\', Bulll~tin No. 10, 1876. 

I ackuowled!!;e m~· iudd1te1l11ess for intelligent help to-
Tht~ Huperi11temle11t and assi8taut'l of the Uuited 8tat.es Coast aml Gemletie 811ney. 
II. L. 'l'lro111as, esiJ., tra11:'1]ator oft.he United States Statf> Department. 
Hear~Ailmiral .Jolm Rodgers, Unite1l States Navy, Superintendent oftlw enit.·d Stat{1s Naval 

Obst•n·atory, aud his itssistant;;. 
A. It. ~potfonl, l'Sq., Ubrarian ofUongre8s . 
. l. Carson Brevoort, csq ., of Brooklyn, New York. 
T .• 1. McLain, esq., United States consul at Nassau, New PruYidencP, Hahanw.s. 
Capt .• J.C. P. de Krafft, United States Navy, hydrograpl1er to the Hurcan of Navigation, 

Xavy JJcpartment, and Iii.-; as.sista11t.s. 
Commander .Tuan N. l\fonta.jo, Hoyal Spanish Navy. 
Professor Pedro Montalllo, lmitructor in Spani!lh at the Unitetl States Naval Academy. 
"\V. H. 'Tilliughat1t, esq., graduate of Harvard University, class of 18i7. 
"\Voodlmry f,owery, esq., 1\1. A., of Harvard University, class of 18i5. 
Theodore F. Dwight, esq., of the State Department. 
l'rof. A. M. E. Elliott, of ,Johns Hopkins UniYersity. 
lam also ~'Tateful t-0 the Navy De1>artmentfor assistance, and to the following libraries for invaln

ahle facilities: the Librar~' of Congress, and oft.he State and of the Navy Department in Washington, 
the I,enox aud Astor Libraries in New York, and the Library of Harvard University in Cambridge. 

(')La Cosa'o map µrctWrves the name of Guanahani instead of San Salvador. It iK evident that this Rturdy olrl 
8P>1man was h('edful of the flxed names. ·There are obvious and strong re.asons for saving euchorial names from oblit
eration. In this case G11a11alia11i is the oldest American name we have. It is all that remains from the wreck wl1ich the 
white mau made of this gentle race. If ever there shall be any agreement upon Samaua, for the first landing-place, 
I hope that the name of Ouanahani may be restored to it. 
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AI'I'ESJJIX ,-1. 

AGE OF COLTTJ\ffiFS. 

Tl1e rang<' of years aseriued to his hirth il'I from 14'.'>5-'36 to HJG-·-r;-. 
For 1J3;1-'3G am B()}inef(m.1:, ln•inr1, Rern117'1ez, Napione, Nararrvte, Huml1olrlt, arnl L11it1i Colomho. 
For 1441, Clwrlc1·oi.r. 
J.'or 114.>, Clad1'1·11 aud Bossi. 
}'or 14411, ,l/ufioz. 

For 144'i, Sportorno and Robertson. 
].'or 1441i-'47, 1>eP Sl'i1wt ]~ctters of Col11111lnts, :!cl edition, by H. IL :!\fajor, i11trn<l1wtio11. pp. xxxii

xxxiY. 
If he waR horn in 1435 his age wa;; tifty-se:•en whe11lrn1li..,eoYPre.d the Xew World; if iii 1447 

he was fort~·-iiYe. 
·without attempting m1 i1ffestigation of tlte (jtl(~Stion, I refer to the followi11g; exploit of Col11m

lms a8 heariug npou it ( Ini11g';; reYi8t•d edition of ColnmbuH, Yol. i, pp. 21'-2!)); 

'' Tlie iirst ac1~otmt of hi,.; IH~ing engaged in a naya] expeditiou was one fittecl in H.in hy .Tolrn 
of Au,ion, Duke of' Calabria, to mak(> a dcRcent upon ~aples to rc('OYer that king·dom for his father. 
Jt, histed [tliis fitrngg-lcJ fnur sears [ n11til HG:-\]. During this expedition Colmnbus wa;; d(·ta1·l1ed on 
a perilom; cruise to cut out a gallex from U1e. harbor of 'l'nnis. Columlm" him:-;elf n'hltf';; that when 
he an'ived off ::inn Pt'(lro, in Sardinia, he beard that there \1ere t\rn ships arnl ~l (':ll'l'ael;: witll tlw 
galley, hy whi<'l1 information the crew refused to go on, allll dt>for111inc11 to go to 1\fan;eilll's fo1· re
enforcement;;. Uolnmhuo-; appa.rently acquic,;ced, hnt altering the compa:·rn-canl hr so <lcc('.in~d 
tliem a8 to arriYr off Tunis instead of J\Iarseilles.'' 

Colnmlms wrote to King J.~erdinaml (M~ijOJ', introduction, p. xxxYi): '• lt happ('rn•d to nw tliat 
Kiug Hern: (whom God has taken to himself) sent me to Tunis to capture the gaJJp~- Fernamli11a, ., 
&c. If the kiug sent him on tliis hazardous and independent. e11terpris1~ dnri11g tilt> Ja,.;t ~-(•ar of 
the cxrwdition to Napks-1111:~-he was only Rixteeu yearn of ag·e, if horn iu 14J'i. Tlw 11arnl pro
fe;;sicin will not admit that an~' authorit;1-·, citlwr ancient or modem, woulll i11tr11st to a hoy of :-;ix teen 
the cxecntimi of a deed likely to put t.o the. proof the al>ility of an ah!<• and eftieie11t searn:rn. 

If \H" take 14;)5-'::W for the year of his birtl1-aml the!'(' the weight of authority lieo-;-he wns 
twent:y-seveu to twenty-eiglit wheu he went t-0 Tunil;, aml fift~·-six to tifty-sen'B wl1en lit> landed 
on Guanahaui. It. i:; more reasonable to l>eliern that he was fifl,Y to fifty out>, rathPr than thirt.\
nine to forty, when he offcr(1d his plan to the king: and queen of Spain; and nuder all tlw rin'.1m1-

stances of his tedious solicitatiou, tlrnt lw could not han~ beeu fewer thau fifty-six to tifts-:·WYl'll 
years of age when he s:iw tlw New \Yorld. 

APPENDIX B. 

MILE AND LEAGUE Ol' CoL1rnrnn;. 

In NaMrrete, li;~ edition, Yo!. i, p. 2:-18, Columbus wrote: ".56~ miles t.o a11 NJninot'tial <lf'gree." 
Page :100, fonrtlt vo~·age: "'e!ie world is not 80 large as tlte common opinion ll!akeR it, Olli' 

degree of the equinoctial line measuring oul:y !"iii~ miles." 
l'agc 3, August 3, 14~)2: "Steered southward until sun;;et under a strong sea-breeze, making 

60 miles, which are J5 leagneR." 
On pp. 3-4 iR this note of N a\·arrete: "Col urn bus m~ed Italian mill's, which are sl1orter than 

the Spanish, thus four of the former and three of the latter make a. leagne." 

S. Ex.12--51 
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I notice that, writers multiply f.he leagues of Columbus by 3 and call the product a geograph
ical mile. :Hy search for accuracy, and to see where the multiplier 3 was obtained, is not con
clusive. Hear-Admiral ,Jolm Hodgers, superintendellt of the United States Naval Observatory, 
after gidug tht.' !'lnl~ject some investigation, is of OJ)inion that the ancient J{oman or Italian mile was 
1,GU English ;rnnls. An article in the Penny Cyclopedia (Mile and League) written by Augustus 
De :Morgan, lat!' professor of mathematics in University College, London, calls the ancient Italian 
mile 1,GH Engfo;h yards. llnrnholdt discns;,;es the subject of leagues, miles, and degrees in his 
Histor.11 of the "Kew Continent (note, vol. ii, p. 216) without bringing their leugtli tn any malispntP1l 
measnre. So with P1gafettn ( 1h1atise oii lfa~•igation, 1>· 21f>). 

1\fartin Cortes, Brevl' Compcnilio ile la "-"1J1iera, d:c., Seville, 1551, English translations, 15Gl, 
folio xix, has this table: 

4 grains of barley make a fiH{!.'er. 
4 fingers a 11aml or palm. 
4 hauds a foot .. 
5 feet a geometrical paRRU8. 
2 steps makP a passus. 

12ti pa;;Rus a fnrlong, Ol' stadium (ol<l English furlongs long)(1). 
8 forlong1-; one mile. 
1 mile is 1,000 lJaSSUS. 

3 miles one league; in Germany longer leagues; 
France, 1."i leagues to one degree; 
Spain, lGi leagues and 17~ fi1r a degree of the Great Circle. 

Pedr() Ile l\fedina, Llrte ite Ravcga, Valladolid, 1545, prefers 4 miles to a league. 
l'igafatta says, " shore leagnef\ .'.) miles; nautical, 4.'' 

011 the Hth of December, 14!J2, Columbus was at the present Bay of Acul, Hayti. The journal 
read1' (Xararretc, Yo!. i, p. 84): Estc piterto t'iene en la boca mil pa~ws, ques un cuarto de legua
" 'l'be harbor here iR about a thousand paces, or a quarter of a league wide at the rnontb." It is 
1wident that with Las Casas 4,000 "pasos" was a nautical league. By using the table above and 
tlw not<• below, this league is found to he 20000.64 En~liali feet. 

Smee the Italian mile of Admiral Rodgers and Professor De Morgan is 1,614 yards, or 4,842 
feet, a]l(l Columbus called four of these a league, this war; l!J,368 English feet, which differs 63~.64 
fed only from that derived from Las Casas's remark and Martin Cortes's table. 

In the computations of this paper I call the mile of Columbus 11614 yards or 4,842 English 
fe(•t, and his league G,45G yards or 10,368 Eng]islt feet. For the geographical or na11tical mile or 
lrnot, I have adopted Clarke's €stimate of one minute of arc on the equator, rejecting a small deci
mal. Tltis ilS '..!,O'..!!l yards or 6,087 English feet. Wherever I have omitted to designate the kind of 
mile this is the one meant. I haYe tried to prove these measures by comparing them with some 
of the dista11ee1:1 given in the journal, hut the result is unsatisfactory. .Allowing 3 leagues de
parture frorn St. Se\Jastian (Gomera), he sailed, according to his log, 1,111 leagues to Guanahani, 
= 1178.;)g of Clarke's leagues, or 3,535 nautical miles, 3,458 on a straight course. Cat Island is 
the farthest landing ascribed to him. It is 3,141 miles from Gomera, an overrun of 317 miles. 
The Grand Turk is the nearest, 2,834 miles; a difference of 624. 

In Dr. Chanca's narrative of the second voyage of Columbus (Navarrete, vol. i, p. 200)
1 

the 
distanee sailed from Ferro t-0 the first land, Dominica, h; called 800 leagues, 2545.5 nautical miles. 
The true distance is 2,520. He remarks that it is 300 more between Ferro and Cadiz, equal to 
954.G nautical miles, but the true distance is 774. 

( 1) Jiodern ,)ftJtrology1 Ly Jackson, London: 
Page 41. "The present valne of the English furlong adapted to the E11glisl1 statue mile-a modern arrangement

is 13~ paces, bnt as the old J,ondon mile of 1,000 paces was the local form of the Roman mile, its former value was 125 
paces." 

Page r.6. "OM London mile= 11000 paces=5,000 feet= .9470 mile"-of 5,280 feet. This would make the old 
London mile 5000.16 English feet. 
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December 5, 1492, the journal has 120 leagues-381.8 miles-for the distance lie coasted C11ha. 
From Boca de Gull;jaba, where he probably turned, to Cape Maysi, the coai;t line is :.!H miles. In 
giving a summary of his first voyage to Luis de Santangel, Navarrete, vol. i, p. ms,< 'olurnbm< wro1(· 
that he followed the coast of Cuba for 107 leagues-340.5 miles-and the coast of la Espaitola for 
178 "grandes leguas." If these are like the other leagues they equal 5G6.~) miles. The trur 1lista11cP, 
along the coast-line of Hayti, between St. Nicolas Mole and Samana Ba_y, is 38G miles. Arnlres 
Berna.Ides, ]}fuss. Hist. Col., vol. viii, 3d series, p. 6, said that Columbus went 8P. leagnet-i-280 mile;:;
in a straight line from west to east, along Ha.yti. The na\'igator of these shores still fi11ds the same 
currents and baffiing winds; but he is spared such crron; of distance, because of the pertecti'ou of 
chronometers and of nautical instruments. 

Uolumbus wns very correct in estimating the sl10rt runs. He called it ten leagues from 
Navidad to Isabella, on the north side of Hayti. This is the true distance. Considering tbc guess
work in the distances among the Bahamas, he was surprisingly accurat,e. aic; I have show11 in the 
discussion. 

'l'aking the mile of Columbus at 4,842 feet, his estimate of the circumference of the globe was 
Hl227.3 nautical miles. Clarke's circumforcnce, at the equator, is 21,uOO nautical milt·R, {~acl1 

6087.11 English feet. The earth was larger around by 33 per ceut. than Columbnti l1diPn•11. 

APPENDIX C. 

VARIA'.l'ION OF THE CO)IPASS IN 1492. 

Iu Captain Becher's La1idfall of Columbus, A ppcndix, ll· 331, is this: "In laying dmrn tlie 
track of Columbus from the Crooked Island group, named in the chart the Fragraut Isles, from tlu· 
journal of the .Admiral, it becomes eYident from llis courses and distances, run as far as Cuba, that 
it was necesHary to allow a considerable amount of Yariation. Iu his first n1.vage he meutiouel1 iu 
his journal tbat lte found aboye a point of wester}~· yariation, 011 a meridian a lrnudretl kagneH 
west of the .Azores, and in his third voyage, when he is on the coast of I>aria, he also meutiom; 
having fouud, to the surprise of the pilots, aboye a point and a halt A.11d now that his <·om·ses 
aml distances run tu an anchorage in the bank specified as being at the distaueP of fh-e leagues 
from the Arena isles, and from thence to Cuba, it may be safelJ said that the rnriatiou which Ile 
found there in 14\12 amounted to little 8hort of two points wester!~·.'' 

.All that Columbus wrote in re8pect to the deviation of the needles referred to his obserrntions 
on the Atlantic duriug his first Yoyage. NaDarrctt, lst edition, ml. i, p. 8: Septcwbn 13, Hn:!, 
Thuri>tlay: "On that tlay, at nightfall, the nee(lles northwestetl, and iu the morning tl1t·y uorth
wested somewhat;" page 9, September l7, 1492, Monday: "The pilots [ mat~~s J too.!;. the uot•tl! [star] 
marking it, and found that the needles northwe8ted a full point, and the Aailors feart•tl aml were 
troubled, but did not tell why. The .Admiral was aware of it, aml onfornd tl1at thl\.Y l'.ll1ould <igaiu 
mark the north [star] at dawn, and they fouutl that the needles were itll right; the cause 1rns that 
the star which appears moves and not tlle needles;" p. 15, September 30, 14!J2, SmHla)·: "~UTE.
That the stars called las guan1ias(1), at nightfall, are close to the arm in tlH• >\"(•st, aml at tlawn they 
are iu the line below the arm to the northea,st, so tl1at it seems that 1luriug the whole night the,, do 
not advance more than three lines, or nine hours, and thi8 every night: this is wl1nt tlie ~1dmiral 
says here. Also at nightfall the needles northwest one point, and at dawu tltc.Y arc with the star 
exactly; from which it a11pears that the star moves as do the other stars, and the needles always 
demand the truth;" 11. 254: in the letter of Columbus t-0 his soYereigns, giving a narratiYe of his 
third voyage: "I remarked that from north to south in traversing these hundred leagues from said 
islands [one hundred leagues west of the meridian of the .Azores], the needles of the compass, which 
had hitherto northeasted, uorthwested a full point of the compass, and this took pliice from the 
time when we reached that line;" and p. 256: "For in sailing thence one hundred leagues west of 

( 1 ) Guardias-namo given to two of the most brilliant stars of tho constellation Ursa Minor. Dominguez, Sl'an
ish. Dioti<mary. 
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the rneridian of tlrn Av,mes the 8hips go on rising smoothly toward tlrn sky, and the weather waR 
felt to lit~ milder ou tweount of whitl1 mildness the needh• shifts one point of' the compass, a111l foe 
forth er we Wt'nt the 11wr(•. tlrn needle north wested, this elevatiou prrnlucing the variation of the 
circle which the Horth star describes with las gnanlns." Thes0 last two extral'ts were writtcu 
duriug his third Yoyage, hut tbe,r refer obyiously tu what. took place on the .fil'8t. 

011 t11e nth Sep tern her, 1J!l2, Columbni,; had run 227 lcagues-422.:1 miles-due west from Go
rn era, when 1m discowretl that the compasse:;; lmd westerl~- YariaJiou. lly thP 17th he had gone 13tl 
leagno:s--t:.l2.2 111iles-mon• on tlw Harne cour.:e, when the obsern1t.io11 of tlw pilots r;howed a full 
poiut w<·,.;t n1riatio11. At dawu, ho\rnn•r; nndel' tht• dfrectiou of the Admiral, they again took the 
hPtHing of tl1e 11orth star and fo1111tl tlrnt tlw ueedlell were ''all rigliU' The ahri(lg-er does not give 
tlll· wor(ls of the Ad111iral, Jw interprets tlwrn, and they arc lumlly iuh•lligible. Couhl Colmulrns 
lrnYe tarnpe1·p1] with rlw com1ntsc;-canl to allay the foars of hiti crew, as lw llill at S:mlinhi to get, 
his vesisel to Tuuis (Appeudix A)? J:y September 30 he had sailed '..l~lu leagues-H41U rniles
additional; total nrn from Gomern of ~09+. 7 mileH \rnst1 (lm'iug which he had made but four llliles 
of l'OU1hillg. 

In the letter of Colnmbm; to hir; so\·ereign;;, quoteil above, we lrnYe lliH mru woi·•ls, clear euougll 
as to the deviatio11 of his ueedleli, hut not in regard t«> the cause. He wrote that thP,Y ehangctl from 
easti-1·1.r to wn;terly on a meridian om• hundre<l leagnes-:HS.:! miles-west of the rneriuian of the 
_'\.z01-eK, arnl thence W\'St the variatiou increased the farther he W('nt. 'I'he rnt<ridian of tlw Azore:-; 
is, prolnthly, that of Corvo, the most we'ltem one. 'f111-1 southeast end is in latitude 3tP H' 11ortl1, 
longitmk ;110 07' west from Greemvid1. 

Captaiu Hr·d11•r has <·vidently t<tkeu it for gTante<l that by the time Col111111Jm; g-ot t() the 
CrnokPd lslamh;, which am Hi:! miles west a little soutll, of the position of 8eptcmlJer ;111, the 
dfn-iatirnr lrnd goue 011 i!l('!'easiug so as to h<1 "little short of two poiut8 we,;terly." Columlms wml1 
fonr tinu:;; to the West ludies, but he ne\'er mentions auy deviatio11 there. As aln·ady stated, he 
rcfcrn to the 11orthwe8ting of the needles in the A tl1mi'iu Oc!!an after he had crossed the meridian of 
the AzoreH. 

If the variation alleged hy Captain BPchcr is applied to Columbtrn'K courses ncros.s tlw Atlantic 
his track wonltl go 1'\0uth of the Jfahamas. Captain lkelter 8teer;; Columbus S. W. from \Vatling 
to H11111 Ca,v. 'l\rn points west variation will titke it vessel, at len,'lt, six miles east of it. lfo 
steer;; liim we;;t from tho north shore of Hum Oay to the northwest end of Loug falaml. 'l'wo 
poiuts wer;t Yariation would put the vesseh; ou shorn eltweu miles southeast of the cape. }'rom 
Bird Hock to the anelwrage ou Columbus Bauk, where Captain Becl1er aud10r8 UolumbuH, the 
OOlll'fW is ~. --w. hy W. Hut Captaiu Becher, pp. mo, 161, says that Columhus steere(l W. s. w.; so 
her£' Ju· IPl lti111 lmw 011e point only of west variation, and .rot he anchorl'! him rn rnHes too far to the 
eastward. If lw hat! g·iYen him the two points he 1mys should be allowed there, the vegsels would 
haYe mmfo H. W., elmriug· the hank and going out of sigl1t of the "Sand Ji;lamls." Uolmnlms 
a11el10red ~·mth of tlwse h;lauds (Sonth Bagged). From there Port Nipe bcarr; S. ~ E.; a conr:se 
S. S. )Y ., allowiu~ two pointK We8t variation, would not fot<:h it by three-quarters of a point; and, 
in addition, them wonl(l he the strong westerly current to allow for. It is probable that Captain 
Heelrer got his variation from Ferdinand's Discovery of the lVest Indie,q by Ultristopl1er Oolumbu8. 
The original of this narrative i8 Jost, and the YariouR versions have no standing among :.,;cholars 
where the statcmenti; are unsupported. In an Euglish trmml~ition ( CoUectioii of Voyages and Trav<1l.~ 
l1y CkurekiU; I,ondon, 1732, vol. ii, p. iiR7) is tl1is: "Yet t.bc Admiral says he could not from 
thiR tinw give such an account ar,; he would wish, because through overmuch watching his eyes 
were inflamed awl therefore he was forced to t.ake most of his obserYations from the sailors aucl 
pilot8. He al:so says that this same night, being Thursday, tire 16th of Angust (149R], the e01u
pas8es wldch till uow ltatl not varied, ditl at this time, at least a point and a l1alf, and some of them 
two poiuts, wherein there could be no mi8take because sev1mtl persous hail always watched to ob_ 
serYe it. .Admiring at this and grieve1l that he had not tlie opportunity of following the course 
of tlw couti11e11t, he held on N. 'Y. till on Monday, the 20th of A.ugnst, he came to an anchor between 
Beaca aJHl Ilispafiiola." These alleged observations were taken near the island of Margarita, 
on the coast of !'aria. They are worthless on their fa-0e, because, without nwying, the variation 
went from nothing to two points. Ferdinand refers to the third voyag_e of his father; but above I 
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have quotetl Oolu111lmN's own words of U1e Name ''o_yage, from his lf'tter to the kiug aml queeu, in 
which lw is uot speaking of the variation on the coa8t (1f Farin, but of that ht'. fount! rm t!te A tla11tfr 

1\uring his .firnt roJ;age. 
The com1ms;.;-cardN mied by Columb1ts were diYicled iuto points, iusteacl of poiuts aucl quHrters, 

as now. ~ights for takiug hearings were not introduced nutil the next eentury. It appears from 
the journal, that he depended npou the north star to tiJul liis ,-ariatiou. In lJ~I:! tlw polm distau1·e 
of this l'ltar was ~p :.!8'; uow it is 1° 20'. There is uo douht 1111t that lie t18ed the astrolab<' aml t'.Olll· 

puss to get iti-; lwaring, lint the difference of 50 and 100 (Srtrnrrete, Yol. i, 11. :!:-15) prows tl1at a('.(;u
ratt- ohseryatiom; for nuiatiou we.re• impossiblf'. iu 14tl2. His eourse acros8 tl1e Atl<lutic. \l'lJrkcd 
from his Jog, ''ith 110 variatiOIJ allowe1l, is '"· 20 cl-!I' S. The eom·se from < romera to Turk lt;lalHl i,; 
\\'. HO l' H. Co11eetling that he landed at this the most soutlwm islancl aserilw<l to hiu1~ lie made 
;"jO I:.!' sout,Li11g, which might. have been due to the soutb\\·est elllTPllt, that is, is ecmst:111t hetw1•e11 
the Uawiriet> aml 'rest lndies, rather thau to wet>t Yariatiou. 'l'lw em1rn1~s from 8a111a11a or At
woo1l Cay to Cuba lmv1• no allowance for Yariation. 

'Ylwu ( 'olnmbus, on the 5th of December, 149:!, stood across from ( 'uha to Xi1·olas J\I ole, Hayti, 
}w gaY<' the cour1m S. K O,\ B. lf he started from au offing of 42 rnilet> to tlH· 11ortlt(%->t of Cuba, 
gfren on thit-i diart, tile true course is S. K ! E. If he steered 8. E. by E., hi' would h1' set aR rn1wh 
as three-11uarters of a point to the southwarcl by tlw currnut which tiow8 K. \\'. 111 th1.• "\\-i11dw:ml 
paRsage.'' 

August, J HIS-third voyagc-Oolumbm; sailed from the we8t side of l\largarita blarnl for tht• 
cits of St. 1 >omingo, in Hayti. The true coursP aud distauce are N. :Iii'.) \\' . ."il!J mile,.:, hut lw broug·h t 
UIJ aJ Beata, 110 111ile.~ west of tltis eity, N. 41iO :?±' -w. ;)58 miles from :\largarita. ll!' ascribed hit-i 
falling to leeward solely to the cmTen(,; lrviug-'s Columbus, revised edition, vol. ii, p. 1:!4. 

The e11natorial current in the Caribbean Sea sets ahrnys to tlw wrstwarcl; 011 the eoast of 
South .\.mcrica it is 11 to :J miles an hour; in mi1l-isea, about om• mile, or about an aYerag1; of mw 
rnilB each liour to a vessel stmuling across. He was five dayR rnakiug· the pas1:1age (130 honrs), 
dmiug whiel1 he was set to tht\ west 110 milei,;. On hifl last voyage lw ft>]) to leeward also iu cro,.:s
iug this I-lea, aud it was almost fatal to him. Nowhere cloes h1~ attribute his westing to ~my cansc 
but the trne 0111·.-currcnts. If the compass wa1' tl~'ing about as Ferdinand wrote, or if there was 
a11~· dtwiatiou in the "' Cl"lt Iwliell worth noticing-, a seaman as accurate as Col um h111' i11 11oti11g
ph;ndcal thing:-; should ltarn recordnd it. 

g_xpressi11g Ill,\ donhts of tlw correctnoss of Captain BPeher'i-; allowance for Yariatio11 to tlie 
8uperi11te11dent. of the Unitf'1l States Cor_111t and Geodetic SurYey, he ealletl upon l1is :H,;siKtaut, 
Mr. U. A. Schott, for a scientific examination of t.lrn snl\ject. The result \Yas a )laper written lly 
him, dated April 8, l.'181, which will appear in the report of the United StatP" Cm1r>t and (reodPtic 

Survey for l.'\SU, appendix l!J. l\lr. Schott's df'.duction8 an· that the deviatioIJ i11 l 4ll:.! i111 lw Ha lrn mas 
did not exceed one-quarter of a point west. 

For tile reasous stated here I have allowed for uo deviation of the IH'etlle on any course in 14H2. 

APPJJNIJIX D. 

'l'HE LO!i OF COLUMHU:-: ACIW~~ THE A1'LAN'l'IC OCEAN, 14!1:!. 

Las Oasas's abridgment of this is in the first volume of Jraiwrretc, pp. 1-1tlfi. Colm11b111' 1:1aid, 
in hiH prologue: "l ha':e decide.d to write daily and minutely eW\Q·thing tl1;1t during that crui;;e 

·I i;hould do and see and how much I should rnu. * * • Jn addition to tlw marking Pach 
night my progrei;is during the clay, and each da,;v tlie run mmle d11ri11g tlu'\ uig!Jt, t{) construct ll 

new chart," &c. 
Pages 3-4: "'Ve left Friclay, 3d day of August, H!t!, from the bar of Sttltes at 8 o'c:lock; m· 

steered under a strong sea-breeze until sunset to the south sixty milef.11 which arn fiftAmll leagues: 
~fterwanls southwer>t and south by west, which was the course for the Ca1rnries.'' 

I am informed that tJ1e Spanish uavaJ service r~ject days of the week, antl use those of the 
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mouth only, and that their sea day begins at noon of the eivil day. Until 1847 the English and 
United States naval service kept the usual civil day in port, but at sea the day began at noon, 
twelYe hours before the civil day. 

It is not dear what day Columbus used. His prologue seems to refer to the ancient sacred 
!lay of the ,Jews, or that of the Church, beginning at sunset. The Athenians, Chinese, Italians, 
and others reckone<l by this. Reading, carefully, all his log, I find days which might furnish argu
ments for his use of the present ciYil day, or that he might have counted either from noon to noon 
or sunset to sum;et. In this paper I shall consider that he used the present, wa;y, midnight to mid· 
nig-ht. The island of Gomera, from which Oolumbns sailed, is 14 by 11 miles, nearl;1- a round mass 
of mountain, rising to 4,400 feet. The harbor of St. Sebastian lies a little south of the east end, 
and hy "Bowditch's N avigato1'" is placed in latitude ~so 6' north, longitude i 70 8' west from Green
wich. After he had len this port he was becalmed until Saturday night, when the first course 
"loggwl" is 'W, Since some departure must be allowed to clear the land, I have put down 3 
leagues S. ·w. ;! \V., barely enough to enable him to begin a 'IV. course. I do not know whether 
he went south or north of Gomem; I make his course south, because the prevailing winds there 
are from the northward and eastward. 

Tlte most western island of the Canaries is the one called Hierro by the Spanish, and Ferro 
hy the Portugllcse. The parallel of 210 44' north, and the meridian of 180 west from Greenwich, 
pass through the middle of the island. This latter was the " prime meridian" from Ptolemy until 
the last century. Hierro is 34. miles S. \V. by "\V. ~ W. from Gomera. Columbus left St. Sebastian 
'l'lmrsda;y morning, Septem her 6, 1492. "Directing bis course for the voyage • • • he was 
bPcalme!l all day and night." * • * 

September 'i: "'l'he whole of Friday, and on Saturday until three hours after nightfall, be was 
hccalmcd." • • • 

September 8: "On Saturday three hours after nightfall it began to blow from the northeast, 
alHl he resumed his conrse to the west," &c. 

His Yoyage began three hours after sunset-about 911 36"' p. m.-Saturday, Se1)tember 8. The 
following ai e the dates, courses steered, and distances : 

l>afo. Cour13cFJ. 

.B 
8~ 

i ~~ 
I ~~ 

Remarks. 

.. .. ·- -·· ... . .. __ ··-·· ___ _________ I A=_ .. 
~cptt>mlwr 6 ti•~, allo\\'" -. -- -............ '. S. 1\r. ~ w·· ............. 1-~ ~J -- Thi:-;~~~t~ allowance for departure. 

81,pkrulwr ~ ...... ···-- ...... ······-· "· WeRt _" ...... -·" .... I lli• predetermined murse. 

, .,,,,, '"""""· . : ; : ; 1 E 

,.,.,M,, ~,··~··· jj ••..•• :: • •: •• ••••.j• •• f •:: ••• ••••• •• : •••1 ~ 
17 ··----·········· .do"""•·····"""" 50 
18 .... " .......... __ , .• "do ............... " 55 

19 .....•............ l .... do -·-······--······ 25 
. W ........ -- __ ...... ! W. by N ..... ._,...... 7. 5 Baflling win<lH and calms. 

~1---··--·---·······, West. ............. ._. 13 
2'2 -----····----····-! W.N. W ..... _________ 30 Contrary wind, 

I fN. w """""···--···· .... ----
Suuda,-,S.•ptemhn23 ·········--·--··-- < N. W.bs N ..... ._ ... ···--·--

! l WeRt .• .. . ..•.. ••..•• 22 Some caltn anrl high SAa. 

24 .................. West.·--···--··-·-- 14.5 

25 ······--·--····--· i:~~t.:::::::::::::::: 4. li 

17 Steered S. W., supposing he saw land. 
(West .... "--······--

26 ............ _ ..... l~S.W ····"-···-···--

: ::::::::::::::::::/:~:: ::::::::::::::::: 
16 

15 Same reason for going S. W, 
24 

H 

24 
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------------------------ _____ ,, _______ --- ---- -----------
.::: 

Date. Course~. Rt.~marki;;. 

_____________________ i 

Sunday, Septemher30 ···-···········'--! w •• t ·············-···I 
Odobcr ~:::.·:::::::::::::::::;::::~: ::::::::::::::::·i ~: 

: ::::.:::::_:::::::::r:::: :::::: :::::::::::! : , 

14 i 

~ ::::::: ::::::::::::::/::~~:t::::::::::.:: :::./ ~~ 
Snnday,October 7 .....•..•.. _. ........ .,~WSW \ 

L .•....•.•........ __i W.~:~ .:::::::::::::i Steered W. KW. lwcamw ffockH of birdR tlf'w in that dirf'dion. 

11. 5 

9 ············-········){S~}:~~::::::::.::::; 20.5 I JL~ffiin~wirnlA. 
JU _____________________ I W.8.W ······-·······' 59 I 
n ..................... 'Ir:~:~~-:::::::: :::::1 ~~ I Chaui:e1l hio course to west at sunset; gives no reason for it. 

. !lWest ....... ~ .......... : 5.5j 
Friday, October 12 •••••...•.••........ « i · Il" d I I 1- i· i .. do-----·-·········· 2 i iscon:ire aIH a.t2a. m., two t~aiz;ucst ietant. 

I 
,--, 
1
1,111 ; Co1umbm1's leagues. 

--------------- I , 

Allowing for the detention by calms in the Canaries, departure, and difference of time, he was 
33~ days from Gomera to Guanahani. 

In the above log I have not copied his daily remarks during the Yoyagc, for they have no bear
ing upon this discussion. I have, however, noted that he neYer deviated from his Ilreddermincd 
west course, unless constrained by head winds, baffling winds, or the strong appearance of land 
to the southward and westward. And the student will take 11otice that, notwithstanding the 
observations in regard to the westerly variation, on tlie 13th, the 17th, and the 30th of September, 
t11e Admiral did not alter his courses in order to make true west, but that he held firmly to 1f'est 

by <~01111Ja SS. 

The following is an ahl'ltraet or "traverse table" of his eonrRes and diRtm1ccs across tltr 
Atlantic: 

Conrsrn~ b,r compasses. I Columbn•'• I Naut.ical 
1

1 
! leagues. I leagues. i 

S. W. tW·······-····--·----~~~--~-~::~:~-~-:~::~: 1-- 3.2 
West. ........................... --- ·····- .. - -...... --···· .. 1 882. 5 1 936 

w. byN ·---··-·······-···········-·····················--·I 12·" I 
'Ir. N. w ......... ---··················· ················----: 02 , 

~-':.-;: ::::: :: : : :: ::: : : ::: ::: : : :: :::::::::::: ::::::::::::I 1:: 
13. 3 

55.1 

40. 3 

130. 4 

: Diff(•rf'nce of lati-

Nautic"J 
! tude. 

mileR-. •---------------

9.5 

N. 

I 
1········· I 7. 8 

R. 

Deparh1re. 

E. w. 

7. 3 

2,808 

40 

165. 5 

121 

391 

: 63. 3 --·------,----·-----

2, ~(18 

39. 2 

15:?. !) 

R5. G 

71.1 

85. G 

Hll.4 

241 

361 

If this table is worked out by "Mercator's Sailing," in "Bowditch's ~ avigator,'' which is not so 
accurate as "plottiug" each day on the chart, but il:l near enough for practical purpose;;, the11 Jiis 
course and distance, by dead reckoning, are W. 20 49' S., 3,458 nautical milel:l. 

From Gomem to Grand 'rurk the course and distance are, W. 8° 1' S., 21834 miles; 0-omera 
to Mariguana, W. 60 37' S., 3,032 miles; Gomcra to Watling, W. 4° 38' S., 3,105 mileR; Gomera 
to Cat, W. 40 20' S., 3,141 miles; and from Gomera to Samana (Atwood's Cay), ,V, 5° ;{i' S., :~,Oil 
miles. 

He overran the distance between Gomera and Grand Turk by 624 miles; Gomera arnl Mari
guana by 426 miles; Gomera and Watling by 353 miles; Gomera and Cat by ;317 miles; and Go
mera and Samana by 38i miles. These overruns might have been due to the current between the 
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Cauari1·.s a111l the W c:-;t Indies, which always sets to the southward and westward in mid-oeem1, and 
more WPsterly, near tlte \Yet<t Im lies. It Yarics from !J to 30 miles per da~,, according to tl1e force of 
the tradt>-wimh;. 

It incrP:ises our et<timatP of the determined spirit of Colmnlrns that he" logged ''-bclim;ed that 
/11· li11d aet11all!J ·11uule-:),5:_l:i milPs dire1tly iuto U1f• "Hea of darkness," exceeding hy ;iOO miles the 
distance bet"·eeu NPw York and ],iyerpool. 

1 n 14U'.! latitude wa:- fonrnl by meridian altitude of the suu, or by the nortb Mar. 
lllajoi· (introd11dion, J•. Ii) has it, tliat about 1480, '· l•y tlw joint lahorn of Martin nel1aim and 

the Prince's two ph~·sieianB, ltoderig·o and ,Josef, " " " the astrolalll' was rendered servieeahle 
for tht! pnrposes of rnwigatiou, af; b~· its use the seaman wm; euablPll to ascertain his tli:stance from 
tl1(• (•.qnator l•y the altitmle oftl1e s1111.'' 

1111111 holdt's C11Nmo.~, tram;lated h:r Otte, Loudon, 184H, vol. ii, p. H70; "Tb1· astrolabe deHcrihed 
h_y Haymond Lully. i11 his Arte de Na1!ega1·, was almost two hundred years ol1ler titan tliat of J\fartiu 
Beliaim."' 8eeoud Yolumc of Cosmos, JI· 6301 he speaks of Martin Behaim's inYention a,; "perhaps 
ouly a simplifi1·atio11 of the meteoros\'ope of hi8 friend Itegiornontannes." 

Bo.~.,r., Columbus, ~d editiou, l'ari,,, 1825, p. 151 : '' Tl1e astrolabe received iu tlw 13th c1;11tnry 
its form "hi ch 111a1lt! it. uuiYersally used. Andel one del ~ ero, of Genoa, wrote upon it, and pub
lir;hed it at Ferrara, in 1477.'' 

(Jhaucer'8 trenti.w: on the 118trolabe, 1391 (edited by \\'alter \\·. Skeat, L01Hlou, JSI'.!, p. xxiv), 
Ha.YR tlint it was well k110wn iu 1ndia aud PerRia, hy the Arahs, and ;;;poken of hy J1Iarco Polo. 011 
p. xxxiii i~ a dt~seription of its powers, among whid1 are tbe lati1.11lfo of any IJlace by two obser
\":1 tious of the polt• star. or a n.r circnmpolar 1-itar, or tmn's meridian altitude; can l w m1ed to disco Yer 
a1Jprnxi111atel,\· th1· four eanlinal point" of the compass, and in what part of tl11~ lieanim; tlrn HUii 

rises, &e. 
'l'lll' long·itmfo wa~ gotten by ''dead reckoniup;." Thi' speed of a ,-essel was estimated h,\- tlte 

C)'l'. Tlier1· i:-; no nwntiou of the "log,. nutil the uext century. 
The time was kPpt hr tlw '' saml-glasi-;.'' 

APPENDIX E. 

TUE VESHELS OF COLFMIIUS. 

Y1'1·~- little i~ lmow11 in regntd to the vessels that took thP first discm·erers to tl1e N1nr 'Yorhl. 
Clark's M11rili1111· I Ji,.,n01·crie.~, Yol. i, p. xx,·ii: "Tlw chief eliaracteriRtics of shipR of Da Gama's 
age (dos1• of tl1e fiftPentl1 and l1egiuuing of the l'lixteentl1 eentnr,y) Wl're height of poop and prow, 
~qm1re11es>i of lmn~r ~··mis, taunt masts, and small round tops." 

lu Clmrcl1ill's Colh·ctio11 of Yoynge.~ an<l Tra1,el.~, London, 1i:l2, ml. ii, is Fcrdinau<l Columlms's 
l1il'tnr~- (narratin·) of the 1fowovcry of the \Vest Indies by his fotlu>r. On p. f>SG: "Tl•e Admiml 
durst proceed no farther i11 his 8hip, wliicll required three fathorm; water, being of a hnudre1l tu'n.'' 
This refers to tl1c 1late of August 10, 1498, third Yoyage, off the coast of Paria. ln•inp'.~ Cnlurnlrus, 
revised t•ditio11, Yo!. i, p. l:!:); "Peter Martsr, co11temporary of Columlms, sa~·s; Only mw was 
dPck1•d, lJ11ilt up high at the JH'Ow a11Cl istem, witl1 forecaRtleR at the prow and cabins at the stern.'' 

Colnrnhns'.~.iourual, Octoherll: "The Admiral at 10 o'clock at night standing oH tbe castlll of 
the 11oop ;'' farther ou, lte ''requested and admonished tl1em to keep a Hharp lookout at the fore
castle." Iu tlw Hixtor.IJ of the Catholic Sot•ereigns, Pe·rdinand <tnd L~abela, b~· Bernaldez, a11 extra{)t 
of whiel1 is prinkd in the Jfu.~sa<~h11xettx Historical Collections, vol. viii, third series, pp. 52-53: 
'''l'hey found tl1emsPlves in onl;y 2 fathoms of water; " * * the vessels heiug often 
agrouurl. * " * They fonnd 2 fathoms and a cubit(1) of water and room for the caravels to 
remain, and they anchored." These extracts refer to the second voyage of the Admiral, wlteu he 
was among those many islands on the south side of Cuba, which lie called the "Queen's Oar. 
dens.': Ou this voyage he had three large ships and fourteen caravels; but in Febrnary, 1494, 

\ 1) Cu hit is geuerall)' 8tated tu lie 18 English inches-old Paris foot=l2.7tl9. l'. A. P. Barnard, in Johnson's Uni
'""'sal C)rclopedia. 
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he sent twelve back to Spain, from Navidad, and he pursued his voyage with tl1P caravels (small 
vessels), as mentioned h,v Bernaldez. A. Jal, Archeologie Xarnle, Paris, 1840, •ol. ii, p. 23i: ''Ton
nage of Yessels of the fifteenth century voyaging to the C:rnaries were \lO turn; (a hont). Rnpposrs a 
length of keel of ill to 80 (French feet)(1)." On p. 229 lte deduces tlt(' length and bremlth of Colnm
lnrn'R YCRSCls, first quoting from Las Ga8as'.~ Nm-rafirt in Katarrete, yo]. i, p. 70: '"Tncs<la,\· '.!Ith, nth 
month, 14fl2. Tltis moutl1 of a stream wa;; of the breadth of 5 (brasses French) brnzas, whicli was 
iu dimensions the length of the boat." Then he adds: "A boat of.) hraze1; would suppose a \t>-;spJ 
of :nm 77° total length, aud 8"' 12" amidships, according to Venetian 1rcatise in )Iemoir :i.'' 

011 referring to Nm1arrctc, p. 70, "Xon,mher :.!7, 14Jl2, we find the following to be t1w trne rewl
cring of the dar ,Tal speaks of: "After the Yessel had anchored the Admiral jumped into tlt<· boat 
in order to sound the port, which is like a small porringer; and when he was 011posite the mouth 
at the Routh he found an entrance to a riyer which was so wide that a galle~~ conl<l enter thrrein, 
and in such a manner that it was uot seen until it was reached, am1 enteinl into at about one boat's 
length it had il•e fathoms arn1 eight in depth.'' 

F'incham's History of Nal'o.l Architecture, p. 34, date referred to, H98: •: Caliot * "' "' was 
authorized to tak<' six ships out of any luweu in England, of the burthen of '.!00 tnIJS and nuder." 

Page 44: •' Tlle largest of Drake's vessels, 1577, was the Pelican of 100 tuns bnrthe11." 
Re1,iew of the Lau:w f!( Tonnage hy G-. J\Ioorsom, London, 1853, p. 1: "\YhateYer was origi11all~

intended b~· tounage has been, and still h.;, the 0111,v term by which we form an idea of the mag:ui
tmle~ or, rather the dimeusions of vessels. A law to be established for tounag·e admeasurct1te11t 
would have reference only to cargo, and that iu its simplest consideratiou, name!,\·, the greatt•st 
weight which a YCflRd could safol:-;· carry." 

l\Ioorsom says that the first official measurements of l.'essels were of those carrying coal, and 
the <late 14'.!:!; that in 16!14 a government official marked the draft with nails 011 tlw stern aml Rtern, h:-· 
first loading to those marks by a dead weight or tin or lead. Iu 17::!0 the Eug·lish Parliament. urnkr 
the influence of competition of tltc tounage dues being e\aded by small \essel::; bringing SJ>irit::; 
into the kingdom, passed this general law for tonnage: "The length of tbe keel (so much as sl1P 
trends on the ground) is to be multiplied hy the inside midship breadth and the wbole divided h~· 
114: the quotient is to be considered the true contents of the tonnage." B~- acts of 1773 the extrenw 
or external breadth was substituted for the internal breadth; the leHgtlt of tht> kt>el to be tbree
fifths of the extremP breadth, deducted from the length from the fro11t of thr stc>m to the aft Ride 
of the stem post. This law remained in force until the admeasurement of the cubic contentR was 
substituted, by England in 183::i-18;)5, and the United States in 1864. 

In the fifth volume of Pepys' }lfiscellany, p. 57, date 1652, the dimeusions of the Gre~Jiound 
are giYen: Length ofkeel,60 feet; breadth, 20 feet 3 inches; deptb,10 feet; burthen, l~ll tons; me11, 
80; gnus, 18. This ve8sel was in the old wai· which began in :16527 and in Pep~·s' Memoirs relat
ing to the state of the rm...-y in 1688, this Yessel was then at sea. 

If we apply the act of Parliament of 1 i20 t.o the dimensions of this vessel, subtractiug J .li5 foet 
from breadth as au allowance for thickness of sides, to obtain inside breadth, tlte n'sult is l:!O tons, 
which shows that the act of 1720 !mly cotiji1·meil the usage of 1652. 

Applying this act t-0 .Ja1's ·•essel of 27"' 77c length, aml 8"' 12< hreadtlt, we liave a Yessel 91 
foot long, 75 feet. keel, 20~f-2 beam, and 1:1 feet hold, mea.suring 2:-1-1 tmrn, manifestly too largl· for 
Columbus's flag sliip. 

Spain exported wine in the fifteenth ce11tury, as now, and the old English expression of a tuu 
of wine meant two pipes, 252 gallons, each g-allon=231 cubic inches. Taking- a gallon of wint' at 
8.3.3 pounds, this makes a ton only :?,orn1 pounds, but the difference to reach :!,240 \"l"a8 probabl,y au 
allown.nce for tbe interstiees of the casks. 

If the ship used by Columbus on his first Yoyage waR called either hy him or his contemporaries, 
in round numbers, 100 tons, it was iirohably the expression of the dimensions of Ycssf'ls which tm<lcll 
to England with wine and paid tonnage dues there, which wa8 a specifk sum for every tun of wine 
imported into the kingdom. Therefore, if the act of 1720, and Pepys' dimensions of the Greyhound, 

( 1) Cubit is generally stated to be 18 J<~ngl\sh inches; old Pa.ris foot=12.78B.-1''. A. P. I\arual'll, iu Joh11son's Uni. 
versal Cyclopwdia. 

S.Ex. 12-52 
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1652, which agree, are used to find the dimensions of the hundred-ton vessel a1;;cribed t-0 Columbrn1, 
we get: length on deck, li3 feet; length of keel, 51 feet; extreme breadth, 20 feet; inside hreadth for 
tonnage, 18 feet 6 inches: depth of hold, 10 feet, and draft of water, 10 feet 6 inches. These 
make a yessel of lOOH tons. 

Tlw rig of the Santa Maria is mentioned in the journal of October 24 (,Yal!arretc; p. 3!1, arnl 
ante, p. :n1) and this i,; all tht• information I can find hearing upon the subject. Oolum bus wrote : 
"I carried all the sails of t!IP ship, the main sail, and two bonnets, the fore sail, and sprit-sail, 
and the mizen, and the main top Rail." Tilis omission of a foretop sail seems strange to our nautical 
ideas, but vessels similarly rigged arc to be seen on the map-Ortelius, Tlieatrmn Orbis Terraruin, 
1570. Sprit-sails have been dispensed with in modern times, only since the steeve of bowsprits 
has heen lesilcned and the size of jibil increased. 

I finished a cruise around the world in the United State8 brigantine Dolphin, which had a 
length from front of thP 8tem, under bowsprit, to inside of stem post of 88 feet; breadth of beam 
outside, 25 feet; inside, 23; depth of hold, 10 feet; draft aft, 10 feet; forward 8 feet, including the 
keel, which was 1 foot() inches. B_y Pep~'s' dimensions and the act of 1720, the Dolphin woulu be 
:J05 tons. Her armament was two 9-pounders and eight 24-pound carronades. Officers and crew, 
70. Foretop masthead 71 feet fi inches above the water, and maintop masthead 81 feet 6 ind1es. 
I assume for the mastbeail lookout of the admiral's ship a height of 60 feet above the sea. 

His vessel probably carried four anchors and they all used hemp ca.bles. February 20, at the 
Azores, returning from his first voyage, he mentions that the cables were chafed off by the rocks 
and be put to sea. Fourth voyage-Major, p. 194: "l anchored at an island where I lost at one 
stroke three anchors. * * * The single(1) anchor that remained to me." 

They had pumps-M~jor, p, 195: "With three pumps, and the use of pots and kettles, we 
could scarcely, with all hands, clear the water that came into the ship." 

Rudderfi.-The ancient way to steer was with two large paddles, one thrust through a port, 
on cacil quarter. 'l'hc hinged rudder had come into use in Oolum bus's time. (See figure of a shi11 
with both, in Peregrinatio ad Terram Sanotam, of Breydenbach, Mentz, 1486.) 

Boat.s.-From a careful study of the narrative and words of Columbus I infer that his vessel 
and also the caravels each had but one boat. Oct,ober 14 (ante, p. 357): 11 At dawn I ordered the 
boat of the ship." " 7 hen his \€S8el was wrecked, on Christmas eve, 1492, the journal of December 
:!5 says that the boat was got out to lay an anchor astern, but deserted to the Nina, whose com
mander sent it back with his own to render assistance. It appears from the journal of January 
2 that the Admiral left to the colony of Navidad, among other things from the Santa Maria, "the 
boat of the ship." In the narrative of Diego Mendez-Major, p. 220-Mendez wrote with respect to 
the capture oi' the boats of the caravels in a river in Veragua, that the three vessels of thll Admiral 
were at sea without boats, which would have been unlikely if any one had carried a spare boat, 
On his fourth voyage-Jfojor, p. 177: "The ship which we had the greatest fear for had put out 
to sea for safety and rcacl1cd the island of Gallega, having lost her boat and a greater part of her 
provisions." "\Vhen he was at the Azores, February 19, on bis return voyage, the Portuguese 
governor seized the boat and half the crew of the ~ifia, who were on shore at their devotions, and 
the Admiral got under way in his vessel to open a view of the town, to see what had become of it. 

There is a decided difference of opinion in enumerating the number of persons with Columbus 
on hiR first voyage. Ferdinand Columbus wrote that 90 went in the three vessels; Peter Martyr 
and Guistiniani, 120; ,Jal, p. 228, that he left at Bohio 55 men, and returned to Spain with about 
125, making 180 in all; Las Casas, Nai•arrete, vol. i, pp. 121-122, that he left in the island of Es
panola, which the Indians called Bohio, thirty-nine men; Diego de Arana, Pedro Gutierrez, Rod
rigo Escovedo, "with all the powers he held from their Highnesses." A notary and constable, 
carpenter and caulker, gunner and machinist, cooper, physician, and tailor, "and all, he said, that 
men of the sea." 

This enumeration makes 48; but the true one is probably given in Navarrete (vol. 2, p. 19): 40 
men and the 3 lieutenants, or 43 in all. In the journal of December 26, 1492, we notice that 
after the shipwreck many of the crew asked the Admiral for permission to remain until his return 

(1) Italics by the writer. 
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from Spain, and on tlie 2d of January it is recorded tliat he left with them all the goods sent for 
trafficking, and everything belonging to the wrecked vessel, besides biscuit and wine for a year, and 
provisions. ·we learn from Jl{ajor, p. 82, that his stores comprised biRcuit, corn, wine, pork, and isalt 
beef. Bernaldez says he took ten Imlians with him to 8paiu. l\lartin Alonso Pinzon had deserted 
witl1 the Pinta before the shipwreck, and, since ColnmlluB belieYed him to be on his wa~· to 8pairh 
he acted as though be bad only the little Xiila with which tu fiuish the vo.rnge. In these circum
stances it is a reasonable belief that, on account of space, if for no other reason, he rnust June left 
at K avidad at least as many persons as composetl the crew of the wrecked vessel. 

February l!J, at the Azores, he sent half of the crew of the ~iifa on shore to perform a YOW in 
a churc!J; one boat from tlris vessel, which was the smallest of his s1prnuron, took all. This 
implies tl!at the crew must have been few. These facts versuaue me to ado1lt tlu· euumeratio11 of 
Ferdiuantl Columbus, 90 persons for the three wissels. 'rhe i11scriptio11 iu tlte pavement of the 
cathedral of Seville is: " Con tres galeras y 90 persona8." 

Neither Spain nor America has founded any enduring memorial to Christ-0plter Columbus. 
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APPENDIX No. 19. 

Al'\ H;(_Jl:IHY JNTO THE YAIUATIOll OJ:' THE COMPASS OFF THE BAHAMA ISLANDS, AT TIIE TIME OF 
THE LANDFALL OF COLC?.lllt:S n 14V-2. 

Fly CHA RI .. F:S A. SCI:-10'.l'T', As!O!istant. 
APRIL 12, 1881. 

DEAR 8m: In compliance with ~-our dfrections and at the request of the Hou. G. Y, Fox, I 
Jiaw exami1w(l i1fto the 1mbject of tlie probable amount of tile magnetic declination (comm011ly ealle<l 
"yariatiou of ctmipa . .,;;'') off the eastern coast of the Bahama Islamb, at the time of Columlms' 
approach in LHJ:!. Tbe im·cstigatiou iH based upon such extracts from Columlms' journal ar; were 
furni;;hml me hy l\Ir. Fox and iuclmle8 whatever ot1er information I could obtaiu bearing upon the 
sul\icct. In,, lnfof' interview I had with :\Ir. Fox (:\larch 31), I took occasion to expres8 my convic
tion of the impoHsillilitJ· of llrriYing at any yery definite conelu8ion, partly on account of the ex
tremely srnnty material aR to facts and partly ill comwquellce of the want of a1;sistance derfrable 
from pnrel~- theoretical grounds; the cause of the phenomenon of the secular change of t,hc rnag;1mtfo 
dl~clination being <]ltit1• 11nkno\Yll and the time comparntivel;y 8hort dur.ing whic1 to trace the law 
of clmuge as hitberto observed. It will therefore not be surprising to find my couclu;:;ion giYen iu 
tile form of a reasonable conjecture rather than as a definite result. The pret:Jent state of our knowl
edge of terrestrial magnetism (loes uot appear to admit of a definite answer; be1;itle1J, there are 
diflicultics in the admission of certaiu evidence gi.-eu lJy Feruamlo Colon. 

Before eJJtering upon the subject proper I beg to submit a fow remarks iu repl,r to a question 
hl•ariug_ upon tlie early use of the compas8 and upou navigation towards t1e close of tlie fifteenth 
ce11tury. ltespecting the ancient use of the magnetic needle or compass, on land and at sea, among 
tJ.w Chinese, with wlwrn the practice originated, accounts will be found iu Humlloldt's Cosmos, vol. 
ii (Trarnslatiou L.r Otte, Londou, 1849), and ill the Encyclopmdia Britannica (9th edition) Yo!. vi, 
IS77, art. Compa;;s; tuern is also an extended account in the E11c,yclop:edia of Experimental Plti
losopl1y, Loudon, 1848 (part of the Encycl. J\fetrop'a.). B. F. De Costa, in a paper read Lefore the 
Anwr. Geographical Society (l\Iay, 1880), aPJicars to ham made certain extracts from the al1ove 
wmks, Yiz., p. U: ·':Secker (probabl,y the same as Alexander Neckam-Sch.) abbot of Cireucester, 
who llie<l in Ul 7, was acquainted with the u8e of t1e compass. Are J<1rode, in 1068, speaking of 
the Yisit paid to Iceland b,y Flocke Vilgerderson, says in those times seamen had no loadstone in 
tl1e northern countries. ln the fourteenth century Barber (Rarllour) says of the party accompany
ing King 1'ollt\rt of S1·otland from Arrau to Carrick, 'they na nedil hatl na stane/ showing that 
these aidl'l to wi,·igation were then familiar to seafaring men." '.1.'he curious story about oue Peter 
A<18iger, of 1:.!6H, is satisfactorily disposed of in 'Yalkcr'8 'l'errestrial au<l (;osmical :Magnetism, 
Caml1ridge (Euglanrl ), 1866. lie shows that no such person lived. 

The works quoted aboYe ahm coni ain historical accounts of the compass during the middle 
ages. Flavio tlic~ja, a Neapolitan, in 1302, mounted liiH needles on a pivot an<l diYided his compass 
iuto oetautR; l10wever, needles placed on a piYot and carried on board ship were already referred 
to in tlH· twelft1 century (Alex. Seckam). In the sixteenth century compasses were divided into 
degree/'! and 1mn-i<led witlt sights (remarks of the Portuguese pilot, Alexis da l\fotta, alJont 1575), 
arnl before 1525 l•'elipe Guillen, an ingenious apotliecary of Seville, constructed tbe fust variatiou 
compa8s (Cosmo:,;, vol. ii). 

Beferring to the times of Columbus, his compasRes were probably divided into 11oi11ts of 111° 
and half poiutii (quarters could be estimated). T1e distances sailed ornr were most probably esti· 
mated by hirn, since, recording to Humboldt, the Aclmiral did not employ tl1e Jog-line; time he 
111easnrt~d by menus of 11alf-hour sancl-glasses, and for his determination of position of the ship he 
probably u.~e<l the astrolalJe, just improved by Martin Be1aim (who live<l at Lisbon, between 14-80 
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and 1484) for sea use and in connection therewith Behaim's or other talJles of the sun;s declination 
when obsen"ing tile altitude of the sun. Humboldt asserts that the Admiral certainly carried with 
him Tosrnmelli's <.'.hart, sent him in 1477. 

Tl1e following information and remarks I received from l\lr. Fox, um1er date of April 1, 1881 : 
"Personal Karrath'e of the first yo~·age of Coluwhus to America, tra1111lated by Samuel 

Kettell. Published b;y Thomas B. 'Vail & Sou, Boston; G. C. Car.-ill, K. Y. and Carey & Lea, 
l'hila., 1827. 

"Pages 18, 19: 'September 13, 149:!. At the flrnt of the evening of this day the needles rnried 
to tlte N. vV., and the next morning about as much in the same direction. 

'"September 17: The pilots took the sun's amplitude and found that the needles varied to tlw 
N. "-· a w4ole point of the compass, the seamen were terrified and disurnyed without sa~·ing wll~-· 
Tl1e Admiral discovered the cause aud ordered them to take thP amplitwle again tlie uext mom. 
iug, when the,r found that the needles were true; the cause was that tl1e star morn<l from its pl:tce 
while the ueedles remained stationary.' 

"'It seems incomprehensible that the obsen•ations of the next morning slwwed no dedi11ati011, 
uules:-; Columbus tampered with the card as he did in 1459-'63. (See lrYing's Columbus, nwised 
edition, 1854, vol. 1, p. 30.) 

"On tbe 13th of September he was 224 leagues (672 geographical miles) west of Gomera, one 
of tlrn Canaries, which Bowditch places in latitude 28° 06' north, longitude 17° 08' "·est. On the 
17tl1 be had gone 300 leagues west of Gomera, or 1 080 geographical miles. Thence he went to the 
Balrnmas, uortheast coast of Cuba, north shore of Sau Domingo (Haiti) and home without again 
mentioning the declination of the compass. 

"Thougb bt• made three more voyages to the vVest Indies, the seeoml from 14U3 to 149G, thir<l 
from 1491-i to L'iOO and last from 1502 to 1504, 11t• writes of the dt>clination of tbe compa"s 011 the 
thinl YOJ·ag·1~ only, as follows-Select letters of Uolnmbus, 2d edition, translated and editt>d 11~· H. 
H. Ma,ior, Loudon, 1870; printed for the Haklu~·t Societ~-, p. 131-' I remarked that from north to 
soutl1 i11 trarnrsing· these hundred leagues (300 geographical miles) from the said islandc; (~\.zorcs) 
tlle ueedle of the compass which hitherto had turned toward,; tlie ~. E. tnrned a full quarter of tl1e 
wind to tbe X.\Y. and this took place from the time when we reached that line . .' , 

"rage 1:1;'.i: 'For iu sailing thence (Azores) westward the ship went on rising smoothly to
wards the sky aml then the weather was felt to be milder, on account of whiel1 mildness the uee1lle 
shifted one point of the compass; the further we went the more the needle moved to the N. \Y., this 
elevation producing the variation of the circle which the north star describes with its satellites.' 

"In the I1andfall of Columbus, by A. B. Becher, captain R. ~., London, 185G, Ap,pendix, pp. 
330-337, are extended remarks about the declination. Captain BechPr claims 2 points westerly 
declination iu 149~ for the Bahama Islands. Columbus' remarks on the declination in his third 
voyage do not refer to the coast of Paria but t-0 the route west of the line of 100 leagues west of 
the Azores.'' 

Under date of April 2, Mr. Fox writes: "I have found Captain Becher's authority for saying 
that Columbus discovered 1~ points westerly variation on the 16tl1 of ~~ngust, 1498. In Collection 
of Voyages and Travels, by Churchill, London, 1732, vol. ii, p. 587, is the following extract from 
Ferdinand Columbus' life of his father: 

'"Yet the Admiral saJ'S he could not from this time give such an account of it as he would 
wish, because through overmuch watchiug his eyes were inflamed, and tlwrefore he was forced to 
take most of his observations from the sailors and pilots. He also sa~·s that this same night, hcing 
Thursday, the 16th of Aug11st, 1498, the compasses which till now had not \'aried, did at thi;.: time 
at least a point and a half aml some of them two points, wherein there could be no mistake because 
several persons had always watched to observe it. Admiring at this and grieved that he liad uot 
the opportunity of followiug the course of the continent, he held on ~. ·w. till on MomlaJ· the ::!Otli 
of Aug. he came to anchor between Beaca and Hispauiola.' 

"This declination seems to have been determined, August 16, the da;y after he left thP coast 
of Paria, at a place where the island of Margarita bore west. The east poiut of tllat island lly 
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Bowditch is in latitude mo [)91 north, longitude G4° 30' west. Ferdinand has been accused of many 
misstatements and errors of date. His history has never been found. All translation!'! are from an 
Italian cop;y. Colu111lnrn, as I luwe quotecl to ;you from his third voyage, refers, in 1-lpeaking of the 
deelination, to what lw discovered 100 leagues west of the Azores in his .find voyage. I think, 
therefore, that Ferdinand wrote from memor~~, uot lrn,\'ing hi8 father'R letter before him, which we 
have. Be was not a sailor. He sa.rs, until nmr the compasses had not varied. Uolumlms was 
about Paria from the ht of August, and yet he says they did not vary until the Hith. AR we lmve 
Colmnlms' own letters of this voyage wherein he speak;; of the declination, I thiuk we cannot sa,v 
that there was 11 pointK ("~.) declination on the coast of Paria in 1498." 

Returning to the Admiral's remarks in his first YO~'age, we rna,r he eertain of the fact that on 
September 13, 1492, he had reached far enough to the westward to come from a previously eastern 
dedinatio11 within a region of westerly declination and that on September 17 it amounted to a 
whole point (llio). 'l'his constitutes his well-known discovery of a part of a line of no-declination. 

Two hundred and twenty-four leagues, or near enough for our purpose, 672 nautical miles west 
of the island of Gomera would place him on September 13, in latitude 28° OW north and in longi
tude 130 J21 +170 08'=;29° 50', according to Rowditch, or if we take the position of the harbor of 
Sebastian near the eastern point of Gomera Islaml, according to admiralty chart No. 1873, viz, 
la~itude 21.;o 05'.5 and longitude 11° 06' .. 3 and considering that 11° 12' correspond to 12° J2' of dif
fereuce of longitude in that latitude, we have for a point in the line of no-declination the latitude 
230 05' and longitude 2!l0 18'. In E. 11\alker's treatise on Terrestrial and Cosmical Magnethsm, 
Cambridge (Eugland), 186G, }). 300, we read: ·'The history of this line dates from the 13th of Sep
tember, IJ9:.!, wlrnn Columbus obsen·ed the needle pass from the east to the west of the meri<lian 
iu latitude 28° N., longitude 28° W." (probably roughly adding 11° of difforeuce of longitude to 
170 for lougitude of Gomcra). According to my computation of the daily position of the .t.dmi
ral's tlagship and based upou his log-hook, he was on Septewber 13 in latitude 28° 21', longitude 
290 lG'. It is evident that the extrad from thP third voyage is hut an amplification of his first 
account and expresses his condction that west of the Azores, where the declination was a little 
easterly it changed to the westward, being nearly zero at Corvo and gradually increasing to one 
point or 11 o W. at a distance of 300 nautical miles ·w. of the longitude of Corvo. Tlw po8ition 
of Rosario on the S. E. part of the island of Corvo is, according to the Carta Esfcrica de las Islas 
Azores, "Iadrid, 1855, in latitude 390 41' and longituue 240 53' we8t of San Fernando, or in 310 07' 
west of Greeuwich (acconliug tu the Couu. de;; Temps), 100 leagne8 or 800 nautical miles west of 
this longitude would correspond (in btitude 28°) to 50 40' and would bring the Columbus line in 
longitude 36° 47' \V. According to my computation of the daily track, Columbus was on Septem
!Jer 17, 1492; in latitude 27°"38' and in longitude 3G0 30', when he noted 11° west declination. The 
staterueut of Humboldt, in Cosmos, Yol. ii (Otte editiou) p. G57, is that 2~0 east of Corvo the varia
tion changed from E. to ·w. on September 13, 1492, he thus appears to take the longitude uf Corvo 
as 310 and that of Columbus' position as 28~0. Though the accounts transmitted may admit of 
different interpretations there can be no question as to the fact of the discovery of a part of the 
line of no.declination passing towards the close of the fifteenth century from the vicinity of the 
Azores southward. At that time there was east declination at I>alos, Spain, also at the Canaries 
and the eastern Azores. There was at that time but a slight westerly (not more than about 1~0) 

declinatiou at Paris, France, as may he seen from m,y discussion of the observations made at Paris 
between 15!1 ancl 1869 (see" Secular ehange of the rnaguetie declination," Appentlix No. 9, Coast 
and Geodetic Survey Report of 1879, which is illustrated by a diagram herewith reproduceµ). Thus, 
the aguuic line of 14!)2 must have passed a short dii;tauce to the south of Paris, France. ln the 
Cosmos, as quoted a!Jove, Humboldt remarks: "The great Spanish navigator has not only the merit 
of having discovered a region in the Atlantic Ocean where, at that period, the magnetic meridian 
coincided with the geographical, but also that of having maJ].e the ingenious observation that mag· 
uetic ,-ariatiou might likewise serve to determine the ship's place with respect to longitude. In the 
journal of the second voyage, April, 149G (on his home voyage), we ftndltirn trying to determine his 
position by tl1e observed declination.'' Such au idea might well be entertained in an age when but 
the rudest means were available to the navigat-0r for finding his longitude and when the course of the 
itiogonic lines was but little underst-0od; this idea is well known to have been revived in later times. 
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The course of the agonic line of 1492 towards the southwest is very uncertain, aR it nm st entirely 
rest on the value we assume for Paria; and whether we accept the. above circumstantial ~ccount 
given hy Fernando in connection with Columbus' third Yoyage, or whetLer we re:ied it as .-rigne 
and nnrelfable, our conclusion as fotbe declination in the West India lslands must in a great meas
ure depeu<l on it. .Mr. Fox disposes of tlle matter in a very summary manner aud while I reach 
the sauH' conclusion, Yiz1 that in all prohability tliere waR no west declination in that part of South 
America in 1492, I Teach it on different grounds. If we accept tlie Paria observations it would 
1wcessitate a declination of not less thau '.! poinh w1•st for the Bahama Islands. Heferring to the 
accompanying chart of the N ortb At.lautic, showing the more or less probable vositiont; of the 
agonic line for different eaTly centuries. that for li>OO (answering equall:;· well for 1-Hl2) ha . ., heen 
laid down from the evidence cited in this paper, but its southwesterl,Y conrse wouhl eitlier pass 
into the region between the Orinoco and Amazon Uivers, if Fernando'8 account waR trnstworth~·, 
otherwise it would pass towar1ll' the Greater Antilles, as I conjecture it did. 

Looking oycr the records and deunctions for the secular change of the declillation iu tl1P \Yest 
Iudies, iu the fonrth edition of my paper-Appendix :So. 9, Coast and Geodetic Survey Heport of 
1879-we find there the earliest records for HaYana, Cuba, 6° E. in 1100 and 42° E. iu 17:!0 and at 
Kingston, ,Jamaica, Gk E. in 1()60 ano the same in l'iOO. The agonic line for HiOO, afl originally 
givell, I have taken from Hansteen's Erdmagnetismus (1819). This line of 1600 mainl~· depends on 
Kircher's Ars l\fagnetiea and on Purc·has' Pilgrims, hut in accordance with abO\-e facts I have ><hifted 
it towards the north, so as to traverse the northern part of the Caribbean Sea. It \rnuld set>m to me 
that the line for 1500 requires a similar correction. Considering that the analytical expressions estab
lished by me in the secu1ar change paper referred to, for all fltations in this region haw a limited 
range of change, not exceeding 50 from a supposed average position, it will be seen from the early 
ollliervatioms dted aho-re that the limit of Yariation may have approached nearly to zero and that, 
unless a total change in the law of the secular progression of the de.dinatiou took place in tlwse 
early times, the statement by Fernando Colon as to west declination off the island of Trinidad must 
be regarded as spurious. Yet, in a matter of such extreme diffieult.r in the present state of our 
knowledge of the changes in the distribution of the earth's magnetism and while admitting that 
no certain or llefmite conclusion can be reached, I may, nevertheless, state as my opinion that at 
the time of Columbu;;;' first landfall on one of the Bahama Islands the declination was i1ay .~mall 
and probably less than 1 point west .. 

RcYerting ag·ain to the chart of the positions of the agonic line of the North Atlantic, Humboldt, 
in his Examen Critique, refers to Gilbert's Pbysiologia Norn to show that in lGOO the line of no· 
declination still passed through the Azores; and it may be noted that Sir Walter Raleigh's o!Jscr
vation • on October 28, 16li, in latitude 70 N., longitude 28zo W., viz, 70, and he thinks east, 
fa1ls in well with the corrected curve on the chart. In the Azores, at Funehal Bay, the deeliMtion 
was observed 3° 05' E. in 1589 and at Santa M:aria 10 40' E. in 1610. At the Cape de Yerde 
Islands the declination was observed 3° 30' E. in 1610 (see Encyclopredia of Experimental Philoso· 
pity, London, 184B, p. 836). Tl1e line for 1700 is well founded and is taken from Halley's magnetic 
chart (Tabula Nautiea, \~ariationum Magneticarurn index, juxta observationes, anno 1100), repro
duced iu the Greenwich observations for 1869. Respecting the position of the lines for 1800 and 
1880, no further remarks are required in this place. The motion of an agonic liJie may be regarded 
as typical for tbe motion of other isomagnetie lines in itR Yicinit.,r and wl1ich mar he takeu as run
ning parallel to it within certain limits. Between 1600 and 18RO the agonic line turned in the 
direction of the handR of a watch through fully a right. angle, but between 1:--00 and 1600 the motion 
appears to have been partly retrograde. To obtain some idea as to·a scale of change for distance 
from the earlier -agonic lines, we may use the American obserYations made on our coast, (}Il or near 
the Gulf of Maine, by Hudson and Champlain, between 1604 and 1612; their average result is nearly 
iso W. \Ve can do no better than suppose the scale also to apply to distance:; from the agonic 
line of liiOO, corresponding to and, for intermediate values of west declination, proportional to tLe 
distance of our coast from the line of 1600; hut at bc1<t this would be & very rough proceeding. 

In response to a second inquiry, respecting the track of Uolumbus between Gomera and his 

*Mr. Fo:s: gives theZreference "Hakluyt," vol. iii, p. 196. 
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first landfall, I would remark that the computed latitude of the landfall depends almost entirely on 
the as~umed declination along his track (de facto, the problem might be inverted and from a known 
position of the landfaH the distribution of the magnetic declination might be inferred). In strict 
adherence to the conclusion I came to respecting the magnetic declination, I have adopted the daily 
values as given in the accompan~'ing table of resulting positions. The courses were corrected Ao 
as to represent trne conrses. The magnetic courses and distances in leagues are those gh'en in 
Columbus' log.book; the latter were converted into nautical miles roughly by taking one league 
equal to three nautical miles, or three minutes of arc of a great circle of the earth's surface consid
ered as a sphere. 

According to Clarke's fig·urc of the earth, a nautical mile is nearly 1 855.3 meters, or 6 080.3 feet. 
Fortunately the actual length of the Columbus league-that is, the league of his time, and, wha,t is 
more important, his practical conception of it, that isr his and his pilots' estimate.~ of its length ....... dues 
not seriously affect tl1e resnlt of our problem, as will appear from the consideration that the total 
distance must land him somewhere on the eastern line bounding the Bahama Islands; and if we find 
his distances to overrun this limit, which I found to be the case, all we have to do is to diminish 
them by a suitable percentage. Accepting the length of the Columbus league as given by !\fr. Fox, 
vi:z, 6 456 yards and computing the track across the Atlantic, I found it ueeessaQ', in accortlance with 
the above indispensable condition, first to reduce the dista11ce8 hy one-tenth and then by one-hun
dredth more, which lands me just inside the line of keys. Columbus, when departing from Go
mera, apparently took a northorly course in clearing it, so as to elude more easily the Portuguese, 
who were on the lookout for him at Hierro.* 

Track of Colmnbu.~ fo 1492 across the A tla.ntic,frorn the Canary blandll ( G01nera) to the Bahama Ixlan(ls. 
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•Port of Hierro (Spanish) or Ferro (Portuguese), on the northeast ooast of the island, is, according to Admiralty 
Chart No. 1873, in latitude 27° 46'.2 and longitude 170 541.2 
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The total 1l\'YPlopc(l conrl'P il'I ;; LIO nautical milt>>< and it is surprisi11g- that ~impl~- b~· clr:Hl 
rrcko11i11g·, m·rr go long· a trru·k, a rrsnlt shonltl lw ninclletl whidi eannot he far from the truth. H.' 
a(lopting- more 1rest declination along· r~Prt.ain part!' of Um track, Ray, 11 o inRtcad of 80, the lamlfall 
would be materially dcpre.~sed into a lower latitude, in fact, the result is latitmk ~p 1:11, 1011gitrnlP 
710 ~W, whicl1 would plac(~ the laiulfall in the Yicinit.;\· of the Tmk fal:mds: in this ease tlw 
denilop0cl track waf' :~ 054 nautical mlles. ThP more westt>rl,r 1kclinatio11 wr. allow, tlw more will 
the t.rack ht> del1c•ct,(1d to thP 1>onthward and this confirms the }Wl'Yio1rn c011rlusio11 of t.lw improl1a
uilit~· of nrneh westerly cfoclilia.tion in tht> 'Vel't lrnlit•s ahout tl1P tinw of ( ~olu111l111s. Making little 
or 110 allow:mce for cfoeliuation the track rna~· he carriPd to thr north arnl t]l(•rr are tl1ose who Jian· 
plaet~(l tlH· landfall as high north as Cat Island. 

'l'he above calculation terminafos the tmck near l\larigu:ma Islan1l, hut the uncertainty in thr 
magnetic data is so great that it may lH• swasl•d all along- the reg'ion between Grand 'l'nrk alHl 
Haurnna; to this uncertainty we must still add that ari;;iug from curr(~nts arnl it is not uulikl'l~· 
that betw(~en Oct-Ober !land 13 a nortlrn·p;;t. current was mPt witli. It dot's not ap1war tlrnt WP 
ha\'e :rn,y rrcord of astrolHmiical clc•termiuat.ion of Jathmle;;, l'it.her on hoard ;;l1ip or on laud, ma1l1· 
l1y the A1lmiral. There i1'l anotlwr and apparently far more promising meN1od of innRtigntion for 
th<• position of hif' first ]arnlfall than that of following- the .Admiral across tlw Atl:1111i<', ,·iz: tlH' 
inrnrse pl'Oceeding of starting· from an i1le11tified landing--place on thP Pasforn eull of Cuba nntl 
tracing his c-0ursrs and distance1>, ail 1w~ordNl, ba-<·k1Nwd1< to his first landfall. Ilt>re the yariation 
of the compasR may be taken zero. A third method may lw haspcl upon tlw pliy;;ical al'pects of 
the ifllands as clescrihed h)' liim. 

Yonri-, respectfully, 
CHAR . .A. SCilOTTi 

Assistnnt l~nitcd Staffs Coast mul Omdrtfr f\urrcy. 
Mr. CARLILE P. I'.ATTERSON, 

Supl~l"inten1frnt U,11iu~<l Btatcs Coast and Omrh·tfr 811rl'l'Y· 

S. Ex. 12--':i:~ 
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LIST OF 8KETCHER. 

No. 1. J\Iap of general progre:->1' (easteru "part). 
•) J\lap of gPneml progrpss (western part). 

S(~Ction 

SPction 
Sections 
Rrctioni'i 
Section 
Section 
S1•dio11s 
S(•1·tion 
St>etio11 

!I. 8nctio11 

I. 
I. 
I 
I 

] r. 
IT. 
II 
II. 

11 r. 
n·. 

Northern part. 
Sontlwrn p:11·t, with Lake Cltamplai11. 
awl 11. Primary triangulation hetwi:eu the H 111hw11 allll St. Cl'oix Hivers. 
and II. l'rinrnry triangulation hetwem Fire fahm<l Bm~r and Lake Ont:nio. 
Point .Tmlith to New York City (npper sheet). 
Nc\Y York (1itr to Cape Ilcnlopen. • • 
a nil JI l. l'l'i111ar.\· tri:1n~·11lation hdwepn J,O'n.!:" faL1111l a.1111 the BlnP Hi,lg·P. 
J:eeonnaissan<'P :tll(I 'l'riang-nlation in Pennsylnlllia and New JerSf"~-. 
Chl'sapeakp J:ay and trihntariPR. 
Const auil 8on11tls of Xortl1 Carolina. 

Src1iom; 111 10. all!! I Y. Primary tr·iang-nlation hetwePn the .\l:11·.\la1ul arnl (~L·org-ia hmw 
lirn•s (11ortlll'rn vart J. 

11. SPctiom; III, n-, :rn<l Y. I'rimar.r 1riangulation l>etm•t•11 1111· :\laryla1111 awl Georgia h:tl'm
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