
 

REPORT OF TH~~ SUPERINTEND_ENT 

OF THE 

U. S. COAsrr ~~ND GEODETIC SUR,TEY 

~HOWING 

THE PROGRESS OF THE "10RK 

DlTlUNG THE 

FISCAL YEAR ENDING WITH 

JUNE, 1878. 

I 

WASHINGTON: 
G<JVERN::M.EN'I' PRINTING OFF[(J E, 

18 81. 

~c&i 
~Cf{; 
'lJ5-

'81<2 



 

National Oceanic and Atmospheric Administration 

Annual Report of the Superintendent of the 
Coast Survey 

ERRATA NOTICE 

One or more conditions of the original document may affect the quality of the image, 
such as: 

Discolored pages 
Faded or light ink 
Binding intrudes into the text 

This has been a co-operative project between the NOAA Central Library, the Office of 
Coast Survey and the National Geodetic Survey. To view the original document, please 
contact the NOAA Central Library in Silver Spring, MD at (301) 713-2607 x124 or 
www.reference(mnodc.noaa.gov. 

Please Note: 
This project currently includes the imaging of the full text of each volume up to the "List 
of Sketches" (maps) at the end. Future online links, by the National Ocean Service, 
located on the Historical Map and Chart Project webpage 
(http://historicals.ncd.noaa.gov/historicals/histmap.asp) will includes these images. 

LASON 
Imaging Contractor 
12200 Kiln Court 
Beltsville, MD 20704-1387 
January 10, 2003 



 

Blank page retained for pagination 



 

l"RO~I 

THE SECRETARY OF THE TREASURY, 
COM~!llNICATJNG-, 

In obedience t-0 law, a report of the Superintende1it of the Coast and Geodetic Surrey, showing the progl'elJs 
made in the su,rvey of th.e Atrantfo, Gulf, and Pacific coasts for the year ending June 30, 18i8. 

DECEJ\IBER 17. 1871-<.-0rdered to liP on the tahl .. and he printed. 

TREASURY DEPARTMENT, J>ecember 10, 1878. 

SIR: In c-0mpliance with section 4690, United States Revised Statutes, I han~ the honor to 
tmnsmit herewith, for the information of the Senate, a i~port addressed to this department. by 
Carlile P. Patter8on, Superint,endent of t.l.1e Coast and Geodetic SurYey, showing the progres8 
made in the survey of the Atlantic, Gulf, and Pacific coasts, during thfl .war ending· .lune ao, 1878, 
and accompanied by a map illustrating the general progress made in that work. 

Very I'(',spectfully, 

Hon. WILLIAM A. 'VHEELER, 

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

JOHN SHERl\lAN, 
Recretnry. 
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43; eompot&tion of ~tic obaenatlona made by, p. ft. 
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light-house from the old: p. 2"2. 

CAPE MAY CI'J'Y, N. J., p. 2:l. 
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CAPE HAN AJ\TONIO. DrPdging in vicinit~ of, Pl'· R7, 31'. 
CAPE SAN BLAS. Reference to. in eRtimates, }t. ~-
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CASCA HE HEAD. Corud- d1nrt hwlncU11~, rt•f1•rn·tl to it1 t~~titnafPR. 

P· 9. 
CAECA.DE POllTAGE, J•· r,1. 
CAT.ALINA HAHBOR, JI· 46, 
CA.'11.ALINA 18LA'XD. ProgrcsR of top()grnphy on, pp. ;,. 4:1, 4H; 
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CHARTS, pp. 62, 63. ReferenCf'. Ul progresH of dra.wing: tturl (»ngra.v
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CHA.SE, .A. W., A.AAT8TANT, To1wgmph,v of l'oint Arguello, 
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mates, p. 8. 
CL.ALLAM 'BAY, OREG. p. r,1. 
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]tft. 25. 26; in Section VI, Pl•· 2~. 29. 
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of the RUrl'f'Y f•ugagNJ in oh~rvlug tJu~ trau~H of Mel'rur.r, Ma.~, 
lii78, p.49: AppendixNo.6,p.81. 

U ARMAN, S. W. As~istru1t, tu l'rof. Alex . .Aga!'l~i1. in t'Xt1~1litio11 

to Gulf uf Mexi<'-0, p. :l. 
(!EOIJETICAL INSTlTUTK PruRsiau, J>. 18. 

, UEOIJETW ASSOCJ.A. TION ilnl<>ruational), l'l'· ~.II'<,;,,;, 64. 
1 GEODETIC CONNECTION, Jll'· 2, 3; stations of tbt, µ. i>: JJJ'll· 

gress of, referred to in estimates, pp. 6-9, 
GEODETIC LEVELLING, HUDSON RIYEI(, p. JD; instrument 

for, dfl·iged hy .A.Militant Hilgard, p. 24. 
GEODETIC OBSERVATIONH .AT MOUNT:> IlELENA A.ND 

DU.BLO, p. 4$. 
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Gl<~ODETIC OPERATIONS. In J;;•stern Penns,·kania aml Kew 
Je™ey. p. 21; in Ohio, Tennessee, and Kentuck~·. p. 56; in Indi
ana,µµ. 56, 57; in Wisconsin, p. 57. 

(lEODETIC STATIONS, p. 3; refortlH't to. i11 Xnv lI;1111pshin·, Yf·r
ruont, and MaAM.chust1t.ts, pp. 4, 5. 

<lEODETIC SrRVEY. Office of U. 8. Coast and, t<> the "1<>._ of 
thf' tim~al year: officetl"l and office-wo1·k of. pp. !iB-64; stati~ti<'R of 
fft>M and oftfr~ work of th•·, Appendix No.?, ]lp. 7~, 74: infonna· 
tiou fnl'l1i~bcd from the:, in rt>pl~- to :iipt>dal calh during tlw tiRcal 
~·ear euiling with June, 1878, AppenUix :Xu. 3, pp. 75, i6. 

f;EODli;TJ~ SPRVEY OFFICE. Coast antl; informatinn in l'f'ply 
to 8J)0Cial calls, Appt"ndix No. 3,pp. 75, 7G. 

t:EOGRAPillCAL ENrMERATION OF COAST AND (~Eo. 

I>gTIC SFHY~;y WOHK, pp. 4-6, 11-iif'. 
!rnOliRAPHICAL PllSITIONS. OHIO, TENln:ssJ,E, KEN. 

Tl'CKY, JI. f>4. 
'(iEORGE'S RANK. CnrrPnt. nhiolf'l'vat.im1s off, p. ]fi •. 
ugOJl.GE'S SHOAL, OULF' OF MAIN~:. p.1;,. 
( rEORGETO,YN. U. C. HPight of wattff during frp~hrt in t.lif' 

l'otomat', 1~77. itt tllP Philadel}Jhia Stt,amUoat Comvany·."I wlmrf, 
Jl. 24. 

llEORGETOWN. S. C. lulets to m1tram'l· prarticnlly <'lusrd. \>. ~fi. 
<; EOR(; IA. (ieodetit- connection iu, p. a; survey of ('On~t. l't•ferrt>d 

to in estiruate81 p. 7; rf'fo1et1t't': tu n•vi:-.,ion of auu;lt'M of prima1y 
station~ in, p. 60. 

HERDES, r. H., .ABSlSTAN'l'. Examiuatiou of lit'e-Naviu_g M1a

tions, p. 20. 
(;ERLJNG'S "A l't':ULE!Clll'NOl'·RECITNl1.!>GEN" (Hamlmri; 

and Gotha, 184-3), chap. 8, refneuce to, .Appendix: :Xo. 8, p.113. 
(JERMAN METRE, COM PA Rim WJ'l'll X!lrnRICAN p~:NI>L 

LUM METRE, p. 18. 
(:lLBERT, J. J .. AS8IHTA:N'f. R111Tt',V of tht1 Colttmhia l:h· ... r, 

Oreg., p. fi-0; trian~lntion and tovoi1?raphy ot' Hood'~ Canal, \Yush. 
Tf'r ., p . .'l2 ; im4pediou of work in charge of: p. f.3. 

(;ILES. Trhm~ulatiou Mhltiou 1war Mi:-tBiA.".lippi Hin•T, v.4tl. 
••ILFOl:U. N. H. (~t.·l>tlt?tie O}){ffR.-ti011A at, p11. 4, 1-i. 

!;[Ll'ATRICK, \Y, W., LlEFTEl\,D!T, F. S. l\. 1'1m·i""'· in 
Nwtiou X, I>l>- 45, fi. 

1;1RARD COLL.El ;E, !'HILA llgLJ'HIA, I'· 22. 
HOA'l, HILL. N. ,J. 'l'riangulat.ion M1a.tion, N .• J., p. 21. 
nOLDEJS O.ATK CAL. TitJal aud currtnt oU:-tt•J'Yatious Uf'at', l'P· 

ferrf!tl t.o in esHmatt.>M. Jl. 9; tnrn~1t-r of tide-gaugt' to StHWt>Ht-o, from 
Fort Point 11ear, I'll· t7,4M. 

tJO~ZALES. FltA:S·K. Court~sfos shown to oftkt>l'fi of the Slll'V('Y 
Ur, and others I'f'~id!nl! near Grand Cbeni~TI'. µ. 44. 

GOODFELLOW, EDWARD, .ASSIST.ANT. Jn offic~ of tl1e as. 
silitanl in f'hal}!t- of fiJt:· Coast anrl (JNl4fotic !'iinr-vry Oftfrt<, p. fiH. 

( iO\' EH~OR.(; Ei\ .EJ-~A l. OF CUR~\. .Fotcilitii->.~ funlislwtl oftit"f·J-s 
of tlw "h'amer Rlake by, Jl. 34. 

fiOVIUtNOtt":-:. IKLANH, N. Y. 'l'itlal olH·lf·n·atiouM at. l•Jl. 4. JR 
I; RAND cnr;:o.i':RE, 'J'EX .. JI. 44. 
URANGElt, }"', D., ASAIH'"l'.AN'l'. Tl'ianA"nlation at Gm1te1 .. ~ 

Mountain, Ala., f'}l. 4~t4!1; l'l.t·n·it·l~~ i11 ('0111p11t.i11:;! Uivi~iu11, pJ•. 
:m, Go, 61. 

(iRAV~:SE:\'ll, N. Y.,p.IR. 
lilL\ Y, COL. GfXllWJ.;, CHHlt' ENGlNElm OF SOUTIIEHK 

PA.Clf'IC R.:.\ILHOAD. Ft·t-t" transport.atiot1 of imiltl"Umf'ntf~ fur 
ob~wn~iug fa11nRit. of lft~rcur,y f'nrnidh~d h~·, .. \]l}lt"'Udh No. 6, p. ~1. 

{~RAY, E. Tidal ol1K<~r\'a.tiona at 8aucdito. Cal., 1). 48. 
tiREAT UEN!l, Jl· 20. 
(;ltli:AT HRl'l'AlN. RefN'eJlf'{' to origlna.1 11.ntl \'Pritied ••01•if·!\ ot' 

tht> Im1•tirial yo.rd )>f<'RPnt*1'1 tlw Cuif-C(l St.at<'~ h;\·, p. f,9, 
liREAT CR.iNlllUtR\' JSL,\NJ), l-fE. RockKdt>nlope1l b"I"'""" 

Snt.t.ou l1o1larnl a1ul, 11. 1'.!. 
i :Itt:AT IS,\ AC'S KEY ANJl LI<lJlT.llllllfHl:, p. 2!l. 
<;R);AT SllllTH llAY. N. Y., p.17. 
fiREAT t':TIRHPP KEY.11.211. 
tfREENE, J!'. .E., 11....<\STEI,, lr. S. N. St>tYirw~ in lWi"t.ion I, p. J~, 

ll.D<l in Section Y. 1•· 28. 
<lREEN'S J,.ANDING. Tide.gauge plaeffi Oil, IL rn. 
HREE:\'VlLLE, l-lll'S. Suney of the MiMsi,.,.iJ>Vi RivPr at, pp. ii, 

41, 42: station at. for latitude of YkkKlmrg, !" 55. 
GREENWELL, W. E., .AS8JST.AN'f. S11t'\'ey ..Outh of Point Sal, 

Cal., p. 47. 
GREYLOCK .MOUNTAIN. Primary station and triangulation 

pobd,p._J9. 

t:Rrn'FITH, WILLIAM. Courtesies shown t-0 officers of tli• snr' 
vey hy, and others rei;dding near Gr-and Chenii>re, p. 44. 

G ROJi~~Hf:(' K 1 T.f-~X. Magnetic observat.ions at, pp. 5, 4~. 
GULF COA:ST. Sun·.,~·· of. JlJl· :1:1, 39, 43, 44; Chart of, referred to 

in e..stimak:i, J~p. 7, 8: see Appemlix No. 1, pp. fill, 70. 
G ULI~' OF MAINE. DeYelopment of sea t•nnent~ H.cro~M the, 1'11. 

4, 16: reference to, in estimates. pp. 6, 7. 
IJPL}' OF MEXICO. Reference to work in, pp.1, 4: hydrographr 

of. aud deE>p·Rf'la ~01111tlin:..::8, llJl. 3, 34-38: obst'rvatiomi for ten11wrt1-
tnn-.,, an<l denf.>it_y of wa.t~rs of, p. :i: referern·t- to, in t'Stimatel-1. 
p. 7; eailing cha1t of, refereuce to, in f'stimates, p. 8; triangulo
t.ion of Sara~ota :Bay st·p~tru.tetl by Long Key from, p. :ia; hydrog
ra1iby of Barattlria Ray awl "'hore of, J•· 39; ma~'Itel ic station~ 
near. p. 45. 

n (TLF STREAM. Dt•f'p-Rea !«ntndin;:R in. Jl· 29: rt:•fort'U('C to, in 
CAtimatcR~ p. 7. 

Gl'N KEY. pp.29,38. 
GUN8TOCK MOl'NTA !N. <:eodetie work at, pp. 4, 14. 
GFNT~:R'8 MOFNTAIN. NORTHEJDI ALABAMA, p. 42. 
nrNTJ<:llS\'ILLE, ALA.,11.42. 

II. 

TIAOUU.81'0\V .. N, Mn. T.iIH:'8 of Jcrt'} rn11 hetween Cumberland 
and 1 pp. f), 2.f. 

HALE'S J.;J)!)Y. Easteni end of lioundary line het.weeu l'enn•,\l· 
Yania and Nf'w York, v.20. 

HALIFAX RI YER. CottAt d1art from. t.oCHpe(~aiiaYernl1 1·ef~rem·t· 
to, iu estimat<~.s. p. 8. 

HALL, HgNJff C., CONf\l'L-GENEHA L OF Tlrn UNITEI> 
ST.ATER AT HA VAX A. .AsAi~tan(·etot,Jie Blake wlwn i'\trandf'd 
off Cuba, pp. 34, :J.3. 

HALTER, R. E., -~f>SISTANT. Ttfangulatio11 of I"a~>1na MaJre. 
Te:x., p.44. 

HAMILTON .A YENllE J;'gRRY WH.!Rf', BROOKLYN, N. Y. 
Tidal ohR~rvation~ at, p. 18. 

HA MMONll POI NT, i'ONN., p.16. 
HAJr!PTON ROA.UH, L~ .• Jip.~R,33. 
HA Nl :ocK, M ll., 1'· 24. 
HAN!IS, G. C., M.AS'l'J.:Jt, IT. 8. N. Se1'\·ic"" fn S,,.,lifm I, 11. 13; 

in Sootiou YI, p. 3'J. 
HARBOR OF BALTIMORE, MD. J(~•nrny 01: Jlp. '.!, 14. 
HARBOR OF NORFOLK, VA. lt<'smrny ot; 11. 2. 
H_.\.RBOR 01<' PHIL.AllELl'HIA, l' A. Kelative to "l"'"WJ snrw.' 

of, 11p. ~. 21; ,..,., al•o Appen1lix No. 9, pj1.121-173. 
HARMONIC METHOD. A p11lkat.io11 of. to di•eussion of tidal oh· 
sen·atiom~. referent.·e t,o, p. 4. 

HARRIS, U., LIEl'TEN.AXT, F. S. N. 8t'1'\·irPs in l'e<'tion XI. 
)'· 52. 

HA RRIRBlT RG, PA. Oh;wn'af..iouR for lou~if.mlt' aml latitmle mul 
mngt.tetk elcmeut'8 at., p. 4; Iatitmlc amt Jo11.14it.mlt· of, I'"· 21. 

HARRISON, '11. A. Services in Sm~tion X, p. 49. 
IIA UTFORI>, CONN. Survey of' Connecticut River up to, refern·ll 

t.o in t>-,ft,tima.t.f'S1 p. 6; oompntation of triangula.tfons tlt•ar, p. Cl. 
HA8SL.E.lt (Af-c.n.n1er). u~o of, in Section X, p. 4H; iu Stiel.ion XI, 

I'· 50. 
HATTER.AS, N. C. Inspt>ct.ion of life-saving flt.at ions al>ove. p. :..lfi. 
H • .\.l"l~Jl}RASINl.1E1', N.<!. Viewiiloft for(;,HUJt,Pilot. Jl.2'. 
HAUPT, l'ROFESSOH L. M. fleodetic ourvey in PennRylvauia, 

p.21. 
HAV.ANA, CURA. llredglng oft', pp. 34, 3~; faciliti"" offered b~· 

the Hovflt'nor-Hr.nenil, P~ 34; repair of Anhma1i1H• enhle Letwt'-en, 
n.nd K~y \\'"~st, by oflkers of the llla.ke, p. 38. 

IIA WA HAN GOVERNMENT. Tide.gauge fonnoo to, p. r>1. 
H.AWK Cll.ANNRL, COA.'ST 0}' FI,ORID.A, p. ~'9. 
HA WK.INS' POl.N'l'. N. C., p. 26. 

HAWLEY, J. M., LIJnJTENANT, U. S. N. Hydrogmpby of 
Jericl•o Bay and H-l Harbor, Me., pp. 12, 13: bydrography of 
Charlt>tt" Ha.rllor, Fl&., p. 3'1; hydmgt'KJ•hy of Saint (J.eorge's 
Smmd, l<'la., p. 33. 

HAYCOCK. Signal station, p. 21. 
HAZEL POlNT, W .ASH. TER., p. 52. 
HEAD HARBOR, :ME. Chart of, refen""1 to in estitnatll>l, p. 8; 

hydrography of, pp. 12, 13 ; tidal obsenation• at, p. 13. 
HELEN.A, ARK. Survey of :Ml .. in.lppi Biver continued to, p. 6; 

Jatltud.,_d longitude observations at, pp. 41, •2. 50; eomputatioa 
of obs«rvatlolUI for uimuth, p. GO. 
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HELENA BASE-LINE, p. 42. 
HELENA M01"'.NTAIN. Station, pp. 5. 48. 
BEMPR1'EAD, 'l'};X. l:lagneti..c, obser•ahom• at, pp. :I. 45. 
HF.RBERT. " .. _ A. In oftic~ of dii;hursing H~f'nt of CoaM :md 

Ge04letit· "fi1IrYf'Y, p. 6:!: iu oftkt> of 1hf• as.~isfant in rhargt•. p. 64. 
JJERf}}'OltD !NI.ET. T"ositiou of,light at. Pl'· 22, 2:1. 
HERGEHHETMRR, E., A8SI~TANT. .In offit'l' of f1t->~ii:-taut in 

charge of Coai,1t aml G('Odt•tic 8m'Ve~- Uflh:t·, draw inµ; uf chart!!. fol' 

photo1uaphy. P· <'9. 
IIEHGESHEIMER, oTO!iEl'll, ~WllASSISTAN'l'. Sun<')·of llm·k 

laland H11rhot'. Con.11 .. p. 16: triangulation of Satasota Thty, J<'la. 1 

fi. 33: ~urt'ey of Crooked Rin~-r. Jl. ;J~. 

HETZEL SHOAL FLA., I'· 30. 
HEYWARD, MR., OF SAHlNEnTY .. .\.St'ISl'ANT ENIHNEEJt 

AT l"NlTEDSTATESENGINEElt WOUKS. Thaukofor"l·n· 
icefl rendered by, p. 44. 

BICKM.:\.N. KY. Geodt>tic <'01111(•ctio11, pp. !"•, .-,.1. 
HICKORY IH,rFF. :FLA. Thlal obK('tTationr-. ue.ar µ. 3~. 
HIGBEE. 'l'riangulatiou ::-;tatio11, p. :!2. 
HIGH ISLANDS. COAf;T OF TJ;:>(At', l'I'· 4a, 44. 
llILUARD, .T. E., ARSI~TA:XT. In charJ!t' of Coai'lt and (u·odctil· 

Survey Offi<'<!. pp. 5S. 5U: referf'lll''" tn. ui:; nwmbel' of lnt<•rnatiom1l 
(;-eodetic ~.\ssot.'iu.tion, p. 2: refH'C>llCP to appar.atnt-1 fot· obh1;11h\f! 
:oi1wcimrm1 of wah.,r de\-ii4f•tl by. pp. 23. 39: in~tnm1tnt fur runuin~ 
lines of le,·d hy, p. 24: relatiYe to poiutt1i fot mnµ:uctic oL~cn·ation~ 
f;<•h·d~tl by. l•· 58. 

HirCHCOtjK t~teame.r). l'R(' of. iu St-•diou YT, Pl'· 30, :n. 
HODGKINS. 1V. C., Alll. SerdC'.efl. in N--t·tior1 JJ. p. 19. 

HO:SOLUl,U, ~AXH\V"ICH lSLA 'XDK. TidalohKt>rHdiomrnt. p .. ~14 
IIOOn'S CANAJ,, "~ AHil. TER. ~nne~· f)f north patl· of. p. ;,; 

triangulation anrl t.otlography of, Ffl· :\2. 53. 
HOOVER1 JJ. N; \tisceUant•othl Didsi,~n1 Cnal'.lt and G1'oth•tit' ~1u

ve.v Office1 ]l. 64. 
HOOVER, JO.RN 1'. Obit,uary. p. 10: ref1·rrm.:t- to 11a1"1(, scn·ke1:1 in 

Division of Chart.a and Inatnm1ents, p. 63. 
HOSMER, CHARLES, .~SSJSTANT. '1'opoi::ra1JhJ of Skilliu)( 

River1 lit'., p.12 i baef.-line near llississipvi River, p. 40; M.it'Ril'::'
sippi River survey at Viekslmrg, p. 41: at G1·ee1n.·illl', p. 41. 

H FHSON RIVRR. 1'opography uf s.hot'f'~ of, JlJl. 4, 19 ; :rt'ft>tTell 
to in estimates; p. 6; chart of, reforred to in estiruatt•1'. l•· 8 ; lt'n·ls, 
11p. rn. 50; primary triangulation of the valle:v of, }.L 19. 

HrGHES, ROBERT. Telegraph op(~ra1or at Summit, Cal. St>n·
iees ~"ude.~ ohi;errers of the transit nf Yereury. p. 49 : ~l'' • 

alMt, A1t1wndix, No. 6, p. 83. 
HUMBOLDT BA.Y, p. 49. 
ll'C"TTON, No. 220. Sidereal ch1·ononwter. riie of, in olJ~rvatiom~ 

of tntni-it of Mercury, May, 1878. AppPndix, :Xo. 7. ]tp. Jkl, !JI. 

llUMPBACK. Triangulation station, P·. 2n; Mountaiu, p. 25. 
l!CYTHVIU,E, ALA., p. 43. 
JIYDROGRAPIIIC DIVISION, f'N!Tlm Sl'A l'ES COAST AND 

HEODETIC SURVEY Ol!'FlCE, Jll'· 59, 60. 
HYDROOR.APHY. N eces11ity at im1•ortant ltwal itiN~ of rt:Yisiuu t>f. 

pp. 1, 2; progress of, At various points, pp. 4-6; refe,1'1'00 to in 
e!\titna~. pp. ~; of the. coa.~t. of Yaiut:>, 11. 11; of ,.Jericho Ba~· 
alltl liead Harbor. Me., l'l'· 12. l:l; coa~t, of Koutb Carnlina, p. 28; 
"8si<>rn ooaot <Jf Plo1ida, pp. :!ll, 30: of Charlotte Hnrbor, Fla., JI· 
;12; Saint G«trge·s &und. ji'la., P· 33; of the Gulf or Mexi('U. JJ. 
34; qf BarataTi• Bay. La., p. 311; of th• Sauta Ila1·ban1 Channel. 
Cal., pp. 45, 46; near Catalina l~llllul,' Cal., p. 46; of the Columbill 
ll.lver approaebes, Oreg .• p. 50; of Atlmira!ty Inli~t "~:•sh. Te1".
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1AR0£LLA, C. T., ASSISl'A.!iT. 1'upogrn1•hs of C•J"' }'.,..1· 
:Riv"1', ):i. C., l'· 211.· 

lLLINOll! (S()U'l'H~RNi .. ~phte11l J><>sitions iu, pp. 5, l5; 

~·'"·>-57 .. 
l¥P.Ell:iAL YARD; Blndanl, preaseu!><'d by n-t B1i1 .. 1u., llllll 

com~ with, J'P· qs; 511. .. 
JNllIA.. O'-'oatJ<$• 11,Y i\;lllj~~ G"°"l."' Da.·iililru1 "ll,t11<tl•><l• 

4Jfifrioiioli ~·-I!· 48. ... :' ; ' , 
IJJ)IAN:A-~ operat~h1, Pl•· 00, ;.;_ 
IlJIMA.lil~ nn:J., »· $7. . 
~~ . Silrvey ot, pp. ;;, 7, a1, -0h'.!.i:ta .,1; rere1ntl oo iu 

Il!l":Dl:t.lr :IJ:v'rm. lNLlST. Chart of, 1-..f~rreil to In eat;,;;atee. p. S. 
ni'DI.A.N 'lERBITORY. 1!4&guetUi olieervalions in, pp. 5, '5, 58. 

INFOH11Al'IOX FTRXJ:'IlE!l YHlnl THE flFFif'E tff THE 
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l."ALL" uci;J;-.;(; THE 1-'l~CAL n·:,\Jt EXIllXt: WITH 
.JT".'-XE, 18'11'. Apr\('ndix N"o. :>.pp.-;;:,, 71i. 

IX~PJ:CT10~S. OfTift'-"'~ninJ! !4f~1tlon .... h~-Al0.~1~1a111 F. H.1.;~11!f·"'-. 
p.~6; of work h1 l'uj!t>t :-.ournl awl \kiuit,,, h,, A:--,-.1J'ta.11t A . .F. 
J{,nlµ:t'rf>. p. ;.;1, 

IXTEHXATIOXAL CIJ.\I\ll~~IIJX OX W E11;HTS AXIJ .\IEA'· 
r RES. l~dt·l'('lll'f' hi ...:\ssbtnnt ~1. E. H il:.!ard H~ :.tu adi\ I' nwmlw1· 
of, p. ;y:._ 

IK'l'EltXATIO:SAJ, EXJ'Of;l'l'ION, l'AHW p.ll'. 
INTERXATIONAL (;EOTIETIC A,;f'O('IATION, Pl'·~. \H: A> 

!'listant J. :E. R1lgcud IDf'mbt•rof. p. 58: inqmtit•ll hy :Mr. l-'at",l{mnlh·r 
il•·sniht•tl iu Tra11~actionf> of tlw, for u~:;~, p. il-l. 

lXTERXATIONAL IH'EAX TEJ,Et;I;APH COMl'A'.'\Y 1'-~"-

IR.HJ1;_,AT10X. Mrtht•d;o; of, in India, rcfrn·u1._'t' to. p.4X. 

ISLE Al' HA l"T. UydrQg::raphy of \"il'luity !1f. p]J, l, 11, l:J. 
J~LE AC HA l'T THOHorGHFAlfE Tidal nb~f'n·:ltio11~. p.13. 
ISOTIIEIC\IAL AND !SOIHJ{JC CHART" OF Al..\~KA. Het' 

f>l'l'lln' to. l'· &:L 
I~Tll~ll"S 1'(1\'J·:. l'.\TAL!\,\ l>'l.AXIJ. i'.\L..p.4t;. 
!\.,.ES. t '..A .. A ID. ~fl'\ H't'!-. in St.>ction YI, pp. 30. :>:!: in Compnt ini.:: 

])iYish:rn Coast :mil Ctt•u1lctit- ~ttl'Ye~ Of1k1•, I'll. 60, ~il. 

.•. 
,fAUK>'OXVILLE. FL.I. p.ao. 
.LH'OIH. \\w. l11~tn1m~·n1 f'.!inp, ( '0;1:-<t arnl (~t udd1t: ~111'\'t'.' Othl"t' 

p. 64. 

JACOBY-. H. ~1., 1\fAS"f.EK l. l". X. :-,;t·n-1n'i- 111 ~~Ctlon Ylll. 
pp.:-ii',:19. 

.lAlfAICA 13A Y. ").;. Y. To1w~r:q1hh:al ~111 H') nf. an<l ar1proadw~. 
pp. 4. 17. IP.: d1art «•f. 1Tfnr1•1l to ln (•1:-1timatci:.. p. l'l. 

JAMES RIYER V~·\. Dt'taik·-tl t-1Ul"{'f'yof. rt•fert'{'d h1 m t·~t1matt>i:.. 
p. 6: chart of. l't•fp1·1~l to iu j'"timat1's, p. ~: •·0111l_rntatio11 of tri:m. 
;.!H1atiou of, ,Yt•an• 187:1-"jf._ '77. p. 60. 

J.AJUiOK C. 1.l" .. LIEf'TJ~"N~.\ XT, [~. 1'. ::\. Si'tvh.·t'8 in Sedfon 
X, pp. 4-5. 4i: iu S('diou Xl.1l. ;,o. 

,JERICHO RA.Y1 :Mil:. H_\·(lroJ!I'A.Ph.'· of. pp. 1'2. 1:~~ rm.·k~ ~1utl 

i'\hoH.lF> d(•YP1opp1l in. p. l:l. 
JOIIXR GA. Priuiar_y ~tatlou, Jl· 61. 
.TOLBOR ISLA ~D. Shdt('t' for 01j~ Bhllw 111';H', p. :;i, 
JOI~IET J,l..\tE~TtlNK \\"'l~. H:u:.f' lilw rnat·kt•d hy m1,11nmn11~ 

t>I: p .. 17. 
.nTXKEN. CHAJ\l,E~, AS.."'1~'J'A);'1'. Ht•htrh.t• ft• f1·t•sih't iu tht' 

l'utoma{', ~ovembn. 1877. p. ~4; :wr\'in .. 1' ID lha\\ in,:! Hi' ision 
Cutt st. and 1 ~t~Ot:lctic :-;urve.v Oftk~·, p. 6:..!. 

K. 

KA LAMA. COLl'M UL\ HIVEK OUEG . p . .j; tt'ia11_:!.ulaliuu nea1 
p. ;,o: inBpPdion n~r. p. :-1:1. 

KAXSAS. ::Magnt-.tfr ohx1·r'Valiou:-1 iH, p .. -•. 
KARCHER. L. I>rawin~ DiviRinn1 CouHt aml tlt•otldit· StH"\'f'Y 

Oftic«, V· 62. 
Kr:NT Ii;LANll ,\Nll ATLANTA RAt-:•:.LlXt:S. Jt.·fen·ueeto. 

pµ. :t, 27, 4a: h·tmrt by Clufflt'tt A. N·hott, <tssishmt;: a~\j111Hnwnt 
of the primnrs trbn,:!:nlatiou I~:tWef'll tlw, _.\111•;·1Jttix So. t', pp. 
»2-1\9. 

KENT ISLAND AND P.IUCll T!:EE llrtlGI•; IIASE-LINE:-;. 
Sf.e Ap1wndb: Nu.~. p. 92. 

Kl<~N'l'UCKY. Triangulat,\ou f'l;tatiou~ ae.lech·d iu. ti. 5; J,.:;to:,.?;rilph
ieal positionR in, p. 54; geod~tlc Mtr't"t'Y iu, p. 5ti. 

KF.OKUK, !OW A. Ma!lJ>et.i<- o~·•tiou• at. l'P· r., 38. 
.KEHR. I ... C., AID. Fo:~rdePs in Sec-tion IV. p. 26: in E11gnnfo~ 

Di vis.ion, CtnUit and ( kotlt!.tic Sllrvey. Oftice.. p. 63. 
KERR, PRO~'RSSOlt W. C. Slaw g•ol~iot of N<1ttl1 Can1lina, 

~~ . ~· 
KETRON ISLAND, '~>I.SH. TEI:., p.J.2. 
KEY WEST, i~.1. .. A .. Cl~~uf t"\J~ lM:ttwrt-n tJ¥-lntBtuu autl, rt'fo· 

f'IU.~1.''· to, -in est:Jm.a~ p. 8; tlttn-ey near. p. 29; harlwJ' ~f 1•cfu~· f~Jl· 
t.~ Ulake tlttrini a norther. 'ft· 34 ; . t•ourt-e,t1,iea t"xteudt..->d uffh:-eJ'$ of 
th<! Blake by Comnwnde..r Nlpkol•. U.S. N., light-bot...., in•Jl<•Ctor 
at, p.311; clredginic off the<""!'!· of, pp.31, 38. 

KlLBITltN, w., MASTER, u. $. N. Seni<lee iu >lectWr1 nu. p. 42. 
:KINClIELOE (ocbooaer>. 'Coe t>f, in ~etlon XI, p.00. 
KlNG'S :M:ODNT.A.IN, N. C. Primary d&tlon, p. 2fi; ~omputatious 

fur time and AZimntlt al., (18i7>. pp. 60, 61. 
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KLAMATH RIVER. H:vd1ography near. refrrred to in estin1atei:;, 
p.9. 

KNIGHT. H. M. Engraving Divi~iun, Coa8t an(l Gf-01.lt"tic ~urYt>.Y 
Office. p. 63. 

KOOS BA V. f'hal't of, refoTPJJ<'f' to, in f':-itimateH. p. O. 

Kf'RO-f'IWO CcRREXT. CALU'ORXIA BRANCH. Rdern·<l 
to in f'.stimat<>i;;. p, !J. 

... 
LACKEY. 1''. E. )iito1cf'lla11eou.s Dh-i~ion. Coai.;f 01ud llt'mletii' 

8mvey Oftit't'-1 p. 64. 
I.A. CONNJ:R. W A,;H. TER. I•· ~,1. 
LA CRUF.Sfo!~. '\18. Ma,:.rnetic elemenb <lPterminNl aL Pl'· ~1, .ii. 5r;. 
I,A GITAN A. (S11a11ir,J1 tug.boat). p. 33. 
LAGGN A. CAL., p. 61. 
LA.GDNA MA DRE, TEX. Triang-ulation ofi rp. 5, 44. 
LA.KE BORG XE. Chart of, referred to in estimateR. p.14; tri~ono

metrka1 surv~y lu:.tW"e"'n )li~'li8~iJ1pi River and. rt:·ft.'rred tu in 
P.stimate5', p. 7. 

J_,AKE CHAMPl,AI~. TriaTig11la1ion l1etwt>en Lake 1'~ri1' and. rt·~ 

ferred to in t•Mtirnates, p. 6. 
LAKE ERIE. Relativf' t-o l•oundary lint• llt•twPrH l't'mu.-~·lvania 

and "Nc>w Y-0rk. refer('n<'f' to point ucar. p. 20. 
Li\ KE MA ""f'."REP .AH. 'J'rigonornetrkal HUI"H'Y lwtwt-en 1\:liMr.ii~sippi 

River and, rrftn·m·e to. iu l'!':ltimatc-s, I•· 7; dmrl of, retf>rre<l t<J in 
eRtimates. l'· i'I. 

LAKE PONTCHAHTRAIN. Trigonometrical l'itirY('.Y bct"ceu 
~tississippi Rh-er and. referNu't• t-0. in estimatett, 11. 7 ·, chart nf, 
ref~rred t·o iu estimateR, Ji. !-\, 

LAKE WASHINGTON, WASH. Tl':R. Inspt·diun by Assistan1 
A. F. IU>tlgers of wnrk a.t> p. ;,:i. 

LA-XE. WILLI.AH. Ruperint.~ndtmt of l'nilP(l :-.ita.tf'H J·~n~inf'•·r 

workH- at Eolh·ar Point, Tex .. p. 44. 
LARIBV BT~TTE,p.4!1. 
I.AR BOLRAR, CAL Signal• eroo.teol at, 11. 4ii. 
LATITl'llE AND LONUlTl'llE OBSEl{VATIOXS. 111 l'Pnn· 

~.\'lvania, pp. 20, 21; 14._ir Harrisburg~ p. 21; in Tenn1•sHe•· :uul Al'k
an~aA, p. 41: in :llis.sisi;;.ippi, Jl. 4:!; in ':ft•nnf'MSl'fl and Ke.ntul'ky. 
11. 5;). 

LATITl" O:E-STAJ~~. u~vh;iou of catalo~nw of. A p11e11tlh No. 7. of 
RPport, of 1876. hy L\1"si~t4.rnt Tittman. p. 5!). 

I.A \\?"RENCJE. -KA~f-i. :\{a.gnt:>1i<' oht11tffT"a1iom; at. pp .. '\ 5~. 
J.,A \l"'i;O:X, J. H., AS.~IST..A NT. Rrt:onnaiswuce for station~ in 

\\'"'a~h. Tt>r., J•fl· 501 .;i. 
LEHANON

1 
TE8N .. Ast.1·onomica.l ohserva,tions at, p .• 5: ohst•n·a. 

tion~ for latitude and azimuth ut- north end of Uai-«.~·liuc a.t., p. 50: 
(·om1•1ttatioD"' fot leugU1 of baf1e·lill~' at,, p. 61. 

J.E UOV.E DA YOU. Ue<'ontuUssanet~ on i·oastof T""xa~1 1•.44. 
J,EE, THOMAS N., LTEcTEN A NT. r. s. N. Drn1th of, p. lJI. 
LETOt:RXA U. l'. G., SAIL!NU MASTER OF THE E.ARNEtiT, 

p. l~. 
J,EUTZE, E. H. C., LIEUTENANT. l'. S. N. Ser..-iees in Sect.ion 

X,J>.46. 
LEVELLING JNSTRC:MENT, DESIHNEll llY .A.SSfSTANT J. 

E. HfLGARIJ, p. 24. 
LICKING c1u~:EK. A<1n-educ:t. ovf"1\ p. 24. 
UFE-SAYING STATIONS 01'' THE f'NfTEH STATr~S. Po•i· 

tinos detennin~ p. 2t1; referred to in PStimatM, p. 7. 
LHlHT·HOl'SEfl. :Rett•l'l'nCe to, ilt e•tirnates, p. 7: positions of, 

•lewrmint"tl, p.14 : in D•lttware Bay, pp. 22, 23. 61. 
I ,JG HT.lJOn'IE l'OlNT, FLA., jlp. 5, 33. 
LINCOLN. EDW.·H.,CIVIL ENGINEER. Services in pl1y•k.il 

xurnlY or Dtilawani Ri'l"er, Appendix No. 9, p.121. 
J,INDENKOHL, A. Drawing DivMioD, C°""tand G"odetie Sur..-ey 

Ollloo,p.62. 
LINDENKOllL, Il. Drawmg DITieion, Cooou1ul Oeodctic Survey 

Otllce, p. 6:1. 
LINES OF LEVEL BETWEEN HAGBBSTOWN .AND CUM

HRLANO, 11D.,pp.4,5; on the llmh!on River, p.lD; froll>'At
lallti<> e-Out, ....,..!rtrard, p. 24. 

LlTTLE JUVER BAlt. S. c .. p. ll8. 
1.QB .. UroPP, l'. Computing DivlBic>a,Coas~and Gfl0deti<>S11r»ey 

Oflioe, PP· Be, Ill. . 
LOCICVll,LS, PO'l'()M:A.C lUffJt,ji: M. 
LONG BRIDGE OVUTBE l'OTOlfAC RITI!:lt Al' WASH

l:JS"GTON, D. C., p. 24, 

LOX<TFELLOW, A. W .. ASSISTANT. Topography of Blue Hill 
Ray . .Me .. p. 12. 

J,ONG lSLAXD. N. Y. Surny of shore• of, pp. 4, 17, lR: fopo
_grnphieal 8heet of l3llte Eil1 Bay including part of. p. 12: tidal ob
Rervation8 ne11-r. p. 19: computation of triangulation of, (1875). p. 60. 

LONH ISI..:iXD ::;orrND1 N. Y. Necesliary l'l'Yision of hydrogra
phy of1 referred tu in e~tirnat-es, p. 6. 

LUNGITtrDl<; AND LATITUDE OIISERV ATIONR Set· abow, 
T.atitmle and Longlturlt>: ob8erv-ationl'I. 

I.ONG KEY, IHVIDING S.J.lt.ASOT"\ BAY ~'ROM nn,F' OF 
:M EXTCO. P· aa. 

LONc; POINT, CATA LIN~.\ JSLAX!l, CAL, p. 4U. 
LOOKO<T 1'TATlON NF.AR MHiSISSil'PI RIVJ:R. p.40. 
J,OS A.~GELES C<.rr·N1'Y .. Estimatt> for continuin:t t.opo~raph,v 

11f.p. 9. 
LUI ·1s1 A_!\ A. ltPl'Onnais;.;rmcC' along: coa;;.t of, p. 5; refel'(\fi('t• to. in 

t•foltimatf'~. 11. 7. 

1.0!JJSVJLJ,E, KY., p. 06. 

LO\\, W. l<'.. MASTEH. F.S. X. Serdeeb in Section JI, p.17; in 
~ectiun T III. p. 40. 

J,O\YER 1\JJSSit\fifPI'l. Et'altlt oft~tlit'er,..; t•uµ:agNl ons11rn•yof
1 

p. 
J (Sf'C al~o noh' tm p. ll. 

l.OWEH ROUNll.CALLEDAl.SO l'u,;sE,;s10N SOl'XH, WASH. 
'l'Rl~., t•· :;'.:,!, 

LrLL, f:DWAIW I' .. COMMXNllER, U. ~. N. Hyclrogrn11hic in-
8pector of the Coa~t and neodetk :-;urYey, pp.11, 59. 

1.YNCIIBCTUG-. VA. Jlrimar;-;" triau~ulatiun 11ear1 p. 2.j. 
J.YNNllAYEN HAY, YA.,p.2:l. 

ltt. 

1L\('IITA:--;. BAY, HARHOJ:. Cha11~ uf, n·frrred 1o iu t.'f'timates, 
]J. 7. 

MA]) 1~1,~EIL Rl'co11n~tiss:meP uear. p.O. 
11AIHSOX, \\IS. Ma~netie obRervations at OU1:w1T:ttor,\~, pp. 3, <J7, 

5~; geoµ:raphfral po!O!iti-011~ near, p. 5; astronomkal stati<m at, p. 57. 
MAIUlEL, :E. A. J.:ngraving Divh;iou, Co:uoit amt Geodetic Snrve,Y 

Oflie<".p.6:!. 
l\JA<l-XES-IT~M LH;..HTS. rx(· of, iu obxt>rvation:; for rucas· .• riug 

a.uglt>s at. night, p. 27. 
~1.AU-NETIC OBR.fi:R\. ATrONS. Annunl a.t i<-tat.ion 011 Capitol 

lliH, pJI. ;i, :!·i. 60: at Madison Ohsf'ITatory, \\'is., p11. 3, fi7; from 
Atla11la ba"w to ltii-HisMip1~i River, reforenel! to, in eRtimaOOA, p. H; 
1o t·ontirnw orj!auized Kp4em of, l'Pfere.ncA to, in est.imatefi, JJ. 9: in 
Trxa!-i. awl h<•t Wf'('ll tiuJf of ?\f.ex:ico an<l O~rlrn, nPar Sa.it J ... ake, p. 
.J.~,: in tltt· inkrior ~tat•·l:'l and Territories, J•p. 56, 58; at Madi-
1:<m1 and I~a Croi:;Ht\ \.\-h~ .• p. 57; l't•Hult~ of. at Madison. '\Tis., 
}'.6L 

MAGNETIC OlltiElt y ATOlt'i. ::ir A msox, Wlti., 1'1'· 3. ,;7, 60, 
Ci!, 64. 

::llAUN};TIU STOIUIS, J>.i>8. 
MAI.N, .J. Gomputiug Dh·itJiou, Coa8t antl Gt:•tH.ldk SurTt•y Office, 

11. 60. 
MA £NE. Titlal obf·wn·utions in Penohscot Eay, p. 4; i«'<' Ai11wnd:ix 

Xo. 11, P!)· 268-304; f'!Oumlin~~ off coatd of, J)p. 4, 11, 12. 
lLA.lNE. <H~I ... l1" Ol'. St'a-cunents of, p. 4 ; referred t.o in f'Rti.

mateF1., p. 6; reference to rules for ~uidanue of mariners iu Cl"088· 

int:. <lf'dnced by Assi.stant Il. Mitchell, JJ.16~ 
JIIANAN, GUANO. Olf'.•h""°" hydrography n<mr, referred "tu in 

efJt,imatef!, p. 6. 

MANA TEE, FJ,A. Ikpaira t" th<' Silliman at, p. 33. 
MANHATT .AN REACH, UING ISLAND. 8urrny of, 11. l~. 
MANOMET HII.T,, p. 14. 
:M.Al'J>S, W. li. In~l"'~tlug ~ngiueer in office of hydrog.rupbic 

ins1H~ctur. 
lfARBLEIJEAD. Determination of J>08ltlunl!.of light-h<>uoes uear, 

pp.14, Ui. 
lJARE ISLA.ND, CAL. Computa.Mttn of trianllll1-titm of, p. ~-
:M!.JtlEL. Eulnmce to, p. 38: · · · · 
MARDHHli, H. L. !Wrnces inpbyelcal. intvt1yllfDe1&wat11 lll'l:er 
iu;Pbl~pltl!l.,p.n; eeeAp~:!io.t,p.121. · 

MARQUESAS 181,ANW!. Dredi:iugMl"ttbores<if,.p.117. • 
M.tfRYLANll. .i:eam1 fomb11md l>y.ilt& SiaU of, lftr reaurvey of 

Belth""re Harbur, p. 2; aro ot meridian iii, p~ s 1 ~- to 
Kent l31abd 1-e-lh>!>, p. Ii; trlangula.&itm nca.r bouudary _lbll) or 
Vil'!!inia and, refe"'lDe<> to, In ~ •. p. 6: elmibig <If cltain ~ 
quadrilaOOraJi. extending from '.Kent lslalld IMlee Ible w, t.o. aear 
Atlanta, Ga., p. 43. 
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MASONBOROUGH SOUND, N. C., p. 26. 
MASSACHUSETTS. Position of light-houses on coast of, p. 4: 

primary triangulation in. p. 4.; resurve~: of Boston Harbor hy ri.i· 
rection of logislature of, p. 14. 

M A.SSACHUSETTS BA. Y. Current station lWTn"" entrance ot 
p. 16. , 

MATAGORDA RAY. Charts of, referred t<i iu estimates, p. 8. 

MA.llRICE RIVER. l'oeition of light-house at, p. 22. 
MAY, S. H., MASTER, T:. S. N. Services in SPction Il. p.17: in 

Section "\III, p. 40. 
MAYNARD, WASHBURN, LlEt:TENANT, r. S. N. Kervke• 

in Section II, p. 17. 
McARTHUR (steamer). Cee of, in Section X, JJJI. 4~. 46. 
McCORKLE, S. C., ASSIST.ANT. Spt•cial •urve,y of Philadelphia 

Harbor, pp. 21, 22; refcreu<'e to, in Appendix No. 9, Jl. t:t6. 
McCREA, HEKRY, MASTER. U. S. N. Ser't'ices iu Section VIII, 

JJp.34,39. 
McDONNELL, THOMAS. In eha.-i:e of chart room. p. 64. 
McNIEL ISLAND, WASH. TER., l'· 52. 
MEETING HOT'.SE IHLL, NEA U WIL MINI lTON. I>EL, p. 21. 
MEMPHIS, TENN. Observations for latitucle aml longitude at. 

pp. 5, 54, 55. 
:MENDOClNO ClTY, CAL. H~~connttiMancb ut>ar, IJ. 48. 
MENUNKETESt:CK POINT. CONN. Houndinge near, p. 16. 
MERCURY, TRANSIT <W. Ob><ermtious ou, pp. 48, 49. 60, obser-

vations made at Summit Stat.ion, Central Paeifil• Railro!t.d, of 1lw, 
May, 1878; report b;v U. A. Oolouna, assfatant. ~ppend.ix No. 6. 
pp. 81-87; observationi:; of, Ma.~· 61 made at Washington. D. C., 
report by Charles A. Sr.bot.t, assistant, L\ppendix No. 7. pp. 
88-Dl. 

MERIDIAN. From Nauht<>ket I1dan~t t.o Mount Blut>, \It>., 1'<>-fer. 
enoo to arc of, p. 3. 

.MERMENTON RIVER, TEX .. p. 44. 

MERRILL'S ISLA.ND, INOIA.N Rl\ER. 1''LA . p. 31. 
MERRY.MAN, J. H., CA.PTAlN, CT. S. R. M. Inspector of lite. 

saving stations, p. 26. 
MERTZ, .A.1 ENSIGN1 lT. S. X. Serdct>JoO in Sef:'tiun I. p. 13; iu 

Section VI, p. 33, in Sect.ion VII, p. 33. 
METEOROLOGICAL RESEARCHES FOH THE FSE OF THE 

COAST PILOT. Part. II, on cyclones, tornadoes, and water· 
spouts, by William hrrel, AppAndix )l°o.10, pp, 174-267. 

:MEOTH, C. A. Drawing Division, Coaat am\ (itlodetic Surwy 
Office, P; 62. 

MEXICO. Relative to secul11r change of map:netic d~clinat.ion in. 
p. 60. 

MEXICO, GULl, OJ!. Reference to vessola rn1plo,'16'l in, IJ. 1 ; reht· 
tive to hydrography of. and doop-sea. sonndingR, pp. 3, 5, 7; 
drawing of sailing chart of~ referred to in estimates, p. 8; progress 
of work in, p. 4 ; Sarasota Bay se1)ara~ by narrow key from 1 p. 
3:J ; Hydrograpby of, p. 34, ru&gnetk observation• 11ear, p. 45. 

MICROMETERS. U"se ot; in pendulum experiments, b~· Assi.sfant 
C. S. Peirce, p. 18 

MIDDLE BASE, HELEN A, ARK. Computation of ob•ervat.ions 
for time, 1878, p. 60. 

MILL RILL, p. 14. 
MINNEA.POLIB, MlNN. Magnetic elements determined, pp. 5, 

58. 
lUNNESOTA. Magnetic observations in, p. 5. 
MINOT'S LEDGE. i•osition of light-house on, p. lii. 
MISCELLANEOUS DIVISION, COAST AND GEODETIC SUR· 

VEY OFFICE (formerly Division of Chart.. and lnstrnmonts), 
p. 63. 

:M:Ij>PILLION CREEK. I'osition of light at, p. 22. 
:M:ISSISSll'PI. Triangulation otat-io110 oelected in northorn, p. 5, 

bottom bt.uds of, 11. w. 
ll'.ISSISSIPPI RIVER. Refere11cetosnrveyoflower, p. l; rcoo1'1 

of water-le vol, p. 5; longitude of places along the, p. 5; tdangula
tmn from Atlanta b88e to, referenoo to, in cstlma.toa, pp. 6. 7 ; 
oh&rt.o or entrance to, referred to in eetimat68, p. 8 ; traJ>afer of 
the Hitohoook to service in, pp. BO, 81; triang11lation f'Nm &ra
t;arla Bay t.o, p. 39; tidal obeervations in, p. 4-0 ; ba.se-lines n<>ar, p. 
40; triaagula.tfon of; near Donaldsonville, La., pp. 4-0, 41 ; near 
Natchez, Mill&., p. 41; survey at Vicksburg, p. •1; aarve,v at GrePn
'l'illl', p. 4l; latitude and longitude oboervations along the, Pl'· U, 
M, 65 i triangubltlon or, P· 42; general rooon11al""8DCA lmtwlllln 
th<>, and Rnntsville, Ala., p. 43; computation of triangles, p. ro. 

S. Ex. 12--iii 

MISSISSIPPI RIVER DELTA. Revision of bydrogm11hy of. p. 
6 , referred to in est.imates, p. 7 ; dredging o1f, I" 37. 

MISSISSIPPI SOrND. Coast chart of, near, referred to in csti· 
mates, }J. 8. 

MITCHELL. lIENRY, ASSJ:;;TANT. Gene1i<l dlrectiou of ohser
,~ation of sea-currents off' New England c-OBHt, a.nd instn1ctions to 
mariners crossing Gulf of Maine, p. 16; in charge of physical ~Ul'· 
vey of the Delaware River in front of I 1hiladelphia, p. 22; report 
Uy, ApJJendix No. 9, pp. 121-17:t 

MITCHELL, lL. MASTER. r. S. N. Services in Section X. pJl. 
45, 47 ; in Section XI. }l. 50. 

MOLKOW, B. Drawing DiYisiou, Coast and (~eodetie Survey ()ftic.e, 
p. 62: scrvk(•s in Engraving Division, p. 63. 

MONHEflAN ISLAND. Ledite developed off, J>· 12. 
MONTANA, N . .J. Signal •ta1ion, p. 21. 
MOXTEUEY J~A Y 1 CAI~. Coast trinngulatiou m:::iar. refom._~l to in 

P-Ntimates. pp. 8, 9 : plane tahlt:> sur-vt>y ot: p. 47: computation of 
hiangulation of, 11. 60. 

MONTl;clMEHY, AI.A .. p. ;,,;_ 

MOORE. 1';. K .. l.IEl"'l'ENANT, f". S. N. Keffices in Seetiou X. 
I'· 46. 

l100RE. J<'JL.\.~K. 1\1i1wellant>ouR Division, t:oast and Heodetk 
Sur"Vey Office. p. 64. 

MOORE. X. C., l'- 61. 
MOORE, W. I., LU:UTENA.:>T. U. 8. N. Hydrogrnpby ofBara

taria. Ba~-. La., pp. 39, 40: Hydrographic DiTision, Coast and Geo
detic 8urn~y Office, p. 59. 

MOORE. W. S., PASSED A8SIHTANT ENGINEER OF THE. 
BLAKic, l'P· a~. 35, ;rn. 

"MOREHEAD CITY, N. C. \'iews of, for Coast Filot, Jl· 26. 
MORRISON, C. A. Dntwing Divisio11, Coast and G-oocletic Survey 

Offie.c, })· 62 ; iu Engt1l vin,!.!,' Division. p. 63; in office of assista.:nt i~1 
charge, p. G4 . 

MOSER,,T. F .. LIEFTEN ANT. C S. N. H.vtlrograph)-, coast of 
Maine, pp. 11, 12; of South Caroliua, p. 28. 

MOSJllAX. A. T., ASSISTANT. I'rimary triangulation in Yirginia 
a.nd West Virginia, pp. 25. 27: RCl''\"iCf's in COMt and Ciemletic Sur. 
ve~~ '•fl:icl', p. rill. 

MOSQUITO INLET, 1''f,A. Hydmgrapby near, pp. 5, 29. 30. 
MOl'NIJ PR~nn~;, TEX., p. 44. 
MOUNT BLl.: E, ME. Arc of meridian extending from Nantucket 

Island t<J, p. 3. 

MOrNT COFJ<'IN, OREG. Survey of Columbia River near, p. 5. 
MOUNT DESERT ISLA.ND. Sounding• o1f, pp. 4, 12. 
MOT'"NT DESERT ROCK. Trlan1Z11l&tion near, p. 11. 
MOUNT DIABT,O. Primary stat.ion, Pl'· 5, 48. 
MOUNT EQrINOX. Obs~rrntions from •um111it of, pp. 19, 20. 
MOU"NT HELENA. Primary station, pp. 5, 48. 
MOUNT HORED, N . .J. Sil(llal station, Jl· 21. 
MOlH .. 'T MOX ADXOCK. H<•liotro11e sfation, p. lD. 
MOUNT OLIVE, N . .J. Signal station, p. 21. 
MOT'"NT RAINCER, OREG.,!'- 52. 
MOt:NT UOSE. Geodetic mea.surements at, p. 21. 
MOUNT SHEPHERD. Signal station. p. 51. 
MOUNT TOM. Triangulation from, l" 19. 
.MOCTNT WASHINGTON, N. H. Signal point., p. 20, primary 

triangles adjust<i1l, p. 61. 
MURDOCK, .J. R., MASTER, l'. S. N. Set-Yic<is ill Section I. l" 

12' In Section \', I'· 28. 
MURRJ<;J,L'S INJ,ET, S. C. Hydrograph~·ne.ar. pp. 5, 28. 
MYRTJ,E SOlTND, N. C., JI· 26. 

N. 

NAtn; HEAD, N. C. Vh•w of, l'· 26. 
NA.NT .A.SKET .. Renewal of marks at. station, l'· 15. 
N.A.NTtTCKET ISLA.NII. Reference to arc of meridian from. to 

Mount Blue. Me., p. 3; chart from Hatteras to, referred t.o iu e~ti
ma.tes, p. 7. 

NARRAGANSETT BAY. Reference to tides in, p. H. 
NARRAfH:AGl'S BAY. Topography of, referred to in estimates, 

p. 6. 
NARROWS, :liEAR PrGET SOUND. WASH. TER., p.52. 
NASHVILLE. TENN. Ob•ervatiolld for latitude an<! lon¢tude 

at. pp. 5. 41, 42. 54, 55; magnetic ob~en·atione at, pp. 5., 41, 42, 56, 58. 
NASKEAG POINT AND NASKEAG HARBOR, p. 13. 
N.ASSAC lt.<-pllirs to the Palinum• at. p. 29. 
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NATCHEZ. Triangulation of .Yississippi Rh-er near, pp. 5, 41; 
b..'\ee-Jine measurecl at, p. 40; longitndf' signals at, pp. 411 42, 55. 

NATIONAL ROAD, MD .. p.24. 
NAVAL OBSERV A.TORY AT W ASHINfTTON, D. C .. pp. 21, 54. 
NA VY DEP ARTM:ENT. Officer. 1letaile<l from, for duty on the 

Coa.d anrl Geotletic Survey. p. 1. 

N~;BRASKA. Magnetic observations in, JI. 5. 

NEWBL'RG, N. Y .. 11. 19. 
NEWBT'RY NECK, ME., J>. 12. 
NEWlll'RYPORT H,\ RBOR. Chart of. referred to ln estim• I•~ 

p.8. 
NE\\ ... ENfH.AND. Computation and llrediction of tideB on l"Oast 

of, l1s Prott-ssor .Ft'tTf'll, p. 4: sea currt'ntH off <·oast of, p. l!i : rlc t<·r 
mination of vositiou of lift'-savin.!!" sh:11iuu~ on cuast of, p. 26. 

NEW HAMPSHIRE. Dt•h·rmination of gPoddic pointK in, J). 4 
ftianj!u lat ion in. T,· 14. 

NlnV HA VEX. CON~. Uetailt-<l snrn·y of Clpproad1t·~ to, 11. 4 
topo~raphy 1war,p11. rn, 17. 

~u;w l~LET. N. c., l'· 26. 
NE\\~ JEJ!SEY. Gcodt·ti(/ poiutl'I a~tt-rmirn_·d i11, VP· 4, 21; n·c1m·vt_\y 

of coast of, reforre<l to it1 t'stimate~. p. 6 ; tidal ohst'irvations off 
coast ot: register of tidj• gaugr at 8antl,v Hook affected by Atormti 

ou coa~t ()f, p.19; alH'ltt·ad ofl101·izontal-an1.d~·~ :-iurvc;-.~ of, 18i6-'77. 
p.60. 

NEW .JERf;EY SOl"fHEHN R.\ILROAIJ. Tidal station at one 
of the wharvt•A of, pp. 181 Ht. 

NEW T .. ONDON. Chart of rrhame-s Rh·er and, referred to in t•!iti
mafrs, p.S. 

NEWPORT. LOH _i\._'K(}ELER (~()T'"N'l'Y, C..iL. Continua.ti1m of 
<'Oast triangulation near. referred to i11 estimateR, Jl. 9. 

X}~W YORK (State). Latitmlt· aml lougitndt· 01Jser\""atio1u~ .. for 
Commis~ionerH of Jloundary-liuP. between Pt>nnsslvania aud. p. 4: 
meeting of Boundar)· Commissioners, p. 20. 

NEW YORK J~AY. Rl-'vision of hy<lrogntph,v of. referrPd to in 
estimate~, p. 6. 

NE"\\.,. YORK cr1~y_ Pendulum oforervationM. at, pJl. 4, 18: tod~t~r
mint~ po~ition of new light-houses b<'tWef'n ~~astport, M~., and, 
Tefrrred to in estimatt1S, Jl· 6: TIPW Ji~ht-honseM and life-SSViU~ 8t8· 
tion.R 1wtwt_•t•n, and Rio Grande, rrferft'd to in f'Stimates, p. 7 : chart 
oj' Hudsou H.h·er from Troy to, referrf'd to in estim8.tes, p. 8: meet
ing of Commil4sioners on PennAyh·ania and New York bonn<lnr_y
line. at, p. 20; tbt~ Endtl..avor rp,fttted at, p. 28. 

NEW YORK HARBOR Snney• lu, and vicinity, referred t<> in 
estimates, p. 6: tidnlobAerVatiouF! at Hoventor's Tslanil, 1» lfi: Hwl 
Ron River line of levels wit.h rf'ference to, p. UL 

NTCHOL.'i. HMlTH W., COMM,\NDER, U.S. N. Liglit-House IJJ. 
spector at Key. West, assistance r11nderetl the Blake, Pl'· 35, 36. 

NISQUALLY RIVJ.;Jt, WASH. TER., p. 52; computation of tri· 
anirul,.tiou near, p. 60. 

NISSEN, H. Miscellau~ous Division, Coast aud Geodetic SurYe,v 
Office,p.64. 

NORFOLK. RPS11rvey of harbor of, p. 2; topoJ1,TaJJhioal surreJ east 
of, pp. 4, 23; the Drift laid up at, , .. rn. 

NORTH AMER IC A. Magnetic <leclination observations in interior 
of, p. 58 .. 

NORTH CAROLINA. Trianpllatfon in, Pl" 26, 27, 43; compnta· 
tiou of triangles in, p. 60. 

NORTHER." ALABAMA. Triangulation in, Pl'· 5, 42, 43; platform 
for a theodolite on Wilson'• :Mountain, p. 43. 

NORTHEUN MISSISSII'PI. 'l'riangulation stations in, p. 5. 
NOUTHERN PACIFIC RAILUOAD. Chart of Commencement 

Bay furnished superilitendent ot: p. 51: ret•onnai8811nee near tt>r 
minus of, p. 53. 

NORTH HA. VEN, ME. Tidal obsen·ations, pp. 4, 13, 14. 
NORWICH, CONN. Chart of Thames River and, refetTed t-0 in 

estimates, p. 8. 

NOURSE, C. J., ASSISTAN'l' SURGEON, l:. !:I. N. Se~vi11et1 in 
Sect.Ion Vill, p. 99. 

NOYO RIVER. ReconnaiSSSllee near, p. 48. 

o. 
OAK POINT, COLUMBIA RIVER, OREG. 'l'idaJ obserYationo 

at, p. 50. 
OBITUARY OF JOHN T. HOOVER, LATE OF CO.AST A.ND 

GEODETIC SURVEY OFFICE, p.10, 

Ol!LlQl"E ,\RC OF THE PRIMARY TRlANG1JLATJON EX· 
TENDING FROM CALAIS, MK, TO ATLANTA, (}.A. Ref· 
erencf' to, p. 3. 

OB;<ERVATION,; MADE AT SCMMIT STATION, CENTRAL 
PACIFIC RAILROAD. OF THE TRANl'lIT OF MEHCT'RY. 
MAY, 1878. Report h,v RA. Colonna, A•sistant, Appendix No. 6, 
Jill· 81-87. 

OBSERVATIONS OF TU:E TRANSIT OF MERCURY, M.A. Y 6, 
MADE AT WARRINGTON, D. C. R•port b)· Cl1arles A. Schott. 
As.sist.ant, Apprnflix No. 7, pp. 88-91. 

OBSERVATIONS ON TIDAL CTTHRENTR Ol' THE SEA, pp. 
15, 16 : rt>lat.ive to, p. 4 : reoforen(';e to, in ('Rtimatt>a, p. 6. 

omrnRVATION8 ON VARIATIONS OF THE COMPASS,p.58. 
Ollf;EHVATOUT AT MADIRON. WlS. Mn!(lletic observations 

at, p. a : relative to bnildinµ and apparatus of, p. 64. 
OB8Elff.\TORY. XAV.AL. WASHINGTON, D. C. Telegrapl1k 

sign'lls vxchanµ;efl between Harrisburg an•l, p. 21 : excbangP- of 
1inw-si~'11a]s witl1, from Summit fitation, p. 49, also Appendix No. 
7, pp. 88-!H ; f'S:f'hangP of ohfff>r\-~a1ions hf>tw"en Nashville staUnn 
and, p. 54. 

OCKLOCKONY. Sun-"<',\' of Crookl;d Rh·er, 11~1a., t.o ,iunction with 
th ... p. 33. 

OCRACOKE INLET. Arc of meridian from, to bead of Chess· 
pooke Baj-.... Md., p. 3: views of. ]). 26. 

OFFICE WOUK. Enumero,tion nf, pp. 4-6; referred to in estimates 
for the Atlantic and Gulf <·oMts. pp. 7, 8; for eX}lenses of, Pacific 
COllst, p. 9. 

OFFICE WORK Ol' THI<; LJNl'l'ED STATES COAST A.ND 
GEODETIC SD'RVEY TO THg CLOSE OF THE YEAR 1877. 
Statistics ofll,.ld and, Appendix No. 2, pp. 73. 74. 

OGDEN, JI. G., ASSISTANT. Survey of Saint John's River, l1a., 
in 1877, pp. 30, 31; Uasf'*lines neat· Mississippi Ri"ver, p. 4-0; recon-
11!li~Rance, coast of TexaR, pp. 43, 44. 

OGDEN. Stat,ion near Salt Lake, p. 45. 
omo. S.>lection of g~ogTaphical pooition• in, pp. 5, 54; geO<!etlc 
o~rations in, p. 56. 

OHIO RIVER. Seledlon of triunj!ulalion station• between Cumber
lfmil Gap and. l•P· 5, 56; primary triangulation within forty miles 
of. p. 25; stations for a cbait1 of quadrilaterals extending to, p. 57. 

OLYMPIA, WASH. TER., pp.50,51. 
OMAHA, NEBR. Magnetic elements determined, p. 58. 
ON A PHYSICAL SURVEY OF THE DELAWARE RIVER IN 

FRONT OF PillLADELPHIA. lkport b)· Henry lptehell, as· 
sii•tant, Appendix No. 9, pp.121-173. 

OREGON. S.mndinit• ott of ooast of, refcl'l'ed to in estimates, p. S; 
also for Coast Pilot of, p. 9; compilation of Coast Pilot of, p. 48. 

ORTON, HON. WILLIAM, LATE PRESIDENT WESTERN 
1JNION TELEGRAPH COMPANY, p, 38. 

OVER, FRANK, Electrotype and Phot-0graphing Division, Coast 
and Goodctic Survey 01lice, p. 63. 

P. 

PACIFIC COAST. Progre .. of work on, pp. 1, !>; continuati<>n of 
triangulation <.onnectiug the Atlantic Coast and, pp, 9, 5; refer. 
enoe to, in estimates, pp. 7, 9; field and office work <>n, and tidtJ 
observatiollll, r<iferred to in estimat<is, pp. 8, 9; ti.de tablea for, pp. 

'47 1 418, 61; coal minsd near Commencement Bay, the best on the, 
p. 52; tidal ob8"rvations at Sandwich Islands for comparison with 
those of, p. 54. 

PACIFIC CO.A.ST OF THE UNITED STA.TES DURING THE 
SURVEYING SEASON OJ<' 1877-'78. Distribution of 1mrveying 
parties npon the Atlantic, Gulf, and, AppendixNo.l,pp.117-72. 

PACIFIC RAILROAD. Observations made of the tresit of Mer· 
cnry, May, 1818, at Summit Station, Central Pactdc Railroad; re-
pol't by B . .A. Colonna, a88istant, Appendix No. fl, pp. 81-87. · 

PADUCAH. KY. Latitnde and longitnde obaeTYBtioDaat, pp. 5, M. 
PAGE, PROFESSOR W. B. Geodetic survey In Kentuoky, p. 00. 
P ALINURUS. Use of, In Section ID, pp. 23, 24; In Section IV, pp. 

25, 26; In Section VI, pp. 28, 29. 
PAMPLICO SOUND. Com-pletlon of hydrogra.phy of, nferred to 

in estimates, p. 7. 
PARIS, FRANCE. Reference to the International Expo11itioo at, 

p.48. 
PARKER, W. B., LIEUTENANT, U.S. N. Allllistaut to bydro

grapbic ln•pect-0r of Coast and Geodetle Snrvey, IIJl.11, llll. 
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PARKINSON. Trian)l'ulation station in Southen1 Jllinoii.:o, p. 57. 
PARSONS, F. H., .AID. Sp,rvic-.es in Set·tion X. l'P· fi4, 55, and iu 

office of assistant in charge, V· 64. 
PARTRIDGE COVE. 'l'o)JOgraph_y of 8killin~ River nt•ar. p.12. 
PAHSAMAQFOlHlY BAY. Continuation of H.UIYt\\: of. l't>;frrred t.o 

h1 ~~timate~. Jl. 6: hat·bor <'hart of, p. 7. 
PATRICIO POINT, FLA .. J>.30. 
I' ATTERSON, C. P., Sl'PERINTENllENT OF UNITED i\'L\TES 

COAHT AND fiEODETIC 8l'RV~;y, Re1iort of 1877-'78. sub· 
mittPd t,o the Hou. ,John Sbermau, Hecretar_\· of tbe Trt_-asurr, p11. 
1-64. 

PEACH TRl.;E RIDGE BASE-LINE. Tl1e Kent l•IHml and. ref-
erence to, in A ppt>ndix No. 8, 11. 92. 

PEASE CREEK, FLA., p. 32. 
l'ECAN ISLAND. COAflr OF T1':XAS, p. 44. 
PEEKSKILI,, ::-<. Y. Topography of ll nd•ou River near. I'· 4; ref

erence to, in estimates, p. 6; continuation of survey of Hudson 
Rh'·er alx)\·c, p. 19. 

PElJl.CE. C. Ft, AS8IHTANT. Pendulum t•x1>e1·inwutR in NnY Vm·k 
City by, p. 18. 

P.EMAQt:ID l10I~T, ME. Leclµe tlevdopetl lH~ar, p. J:?. 
PENDULUM J<JXPER!MEKn; JN NEW YORK CITY lff PRO

FESSOR C. S. PEIRCE. pp. 4, IR. 
PENNSYLVANIA. Lat,itude and lon~dtude ohsf'>rvatious for com

missioners on boundary line betwerm New York and, pp. 4, 20 1 21; 
progl'esa of triangulation in eash•rn part of, p. 21: reference to 
Governor of, p. 21 .. 

P:Jo~NOBSCOT BAY, ME. Tidal ohJo1ervatiout-1 at. Pulpit Harbor. 
North Haven, pp. 4, 13 i reforencP in (_•stimatf's to com1,letion of 
topography of, .a.ud chart of, pp. 6, 7 : discussion of tides in, h.,~ 

William Ferrel, assistant, Appendix No. lJ, Pl'· 26-8-304. 
PENS.A.COL.A, }"'LA. Continuation of a~trunomical aml magnrtk 

observations near, refpren1IB to, in estimates,]). 7. 
PERKINS, l''. W., ASSISTAKT. R1ir,•ey of Saint .Jobu's Ri\•er, 

Fla., pp. 30, 3L: triangulation t•f tlw MiMsissippi RiVN' ahovf" Don· 
aldsonvill<'. J•P· 40, 41. 

PERSONAL EQUATION APPARATUS, l'P· 54, 64. 
PETERS, G. H., ENS!G:-i, l1. l'i. N. 8en·ices in Section \.Ill, p. 39. 
PETERSEN, A. gngraYing Diyh~ion, CoaMt and Gt•o(lt•t.ic Sm·n·_\· 

Office, p. 63. 
PETERSON, \Y. Machinist of 8teamer Blttk", J>- 36. 
P.F~TIT MAN AN ISLAND. Continuation of 80Uiltli11gK near, and 

chart of, referred to iu t>Ht.imates, p. 6. 
PETIT MANAN LIGHT-HOURK Chart of coa8t of Maine n~ar. 

referred t-0 in estimates. p. 7. 
PETTY'S ISLA.ND, DELAWARE RIVER, µ. 22. 
PHII,ADELPHLA, PA. ]l..,survey of harbor of, \JP· 2. 21. 22' •I>ecial 

observations of tid6K aml current.Ii in Uelaware River near. pp. 4, 
22 ; geodetic snrve:v ·nort.b uf, p. 21 ; on a physical 1'Urvey of the 
Delaware Rin~r in front of, report b;v Ilenry Mikhe11. assiahmt. 
Appendix Nu. 9, pp. 121-173. 

PHILADELPHIA STEAMBOAT COMPANYS WHARF. 
GEORGETOWN, D. C. Refrrence to, p. 21. 

PHOTOGRAPHING DIVISION (AND J.;LECTHOTYPE), Coast 
and Geodetic Sun~y Office, p. 63. 

PHOTOLITHOGRAPHY. Publication of charts b:v, p. 6~. 
PHYSICALSURVEYm' Tim m;LA.W ,;RE RIVER IN FRONT 

OF l'HILADELPHI.A. Report by Henry Mit-0hell, Assistant, 
Appendix No. 9, pp. 121-173. 

PICKLES STATlON, N.J.,p.21. 
PIL"BROCK, EDWARDS. Engineer in ch•rge of fillinl-( part. of 

South Boston Flats, p. 14. 
PILLAR POINT, p. 51. 
PINE ISL.AND. An<>horage near, p. 32. 
PINE ISLAND SHOAL, CHARLOTTE HARBOR. FLA., p. 32. 
PINE LOG, GA.. .A.cijnstment of primary triangnlatiun near, p. 61. 
PISTOR & :MARTINS, OF BERLIN. Coast Survey transit in-

etrmoont, u&ed lnob<l6rvatlon• of transit of :Mereury, made by; see 
Appendix No. 7, p. 89. 

PL.A.TES COMPLETED, CONTINUED, OR JlEGrN DURlNG 
TBE FlSC.A.L YEAR ENDING WITH JUNE, 1878. Enirraving 
Diviskm, Appendix No. 5, p. SO. 

PLATT, ROBERT, MASTER, U. S. N. Ob•er>'a.t.ions on sea-cur

--of N .. w Eagland eoaat, pp. 15, 16. 
PLYMOUTH, llASS. Position &f light-hOOHe determined, p. 15. 
POIN'l' ABEN .A.S. Selection of stations a.long C088t near, pp. 5, 

48; engru.vlng of .wart of, reference to, in estima.te8. p. 9. 

POINT ARGT'ELLO. CAL. Topograpb;· of roast nl'ar. Pl'· i•. 46, 
47; reference to. in et-~timatcs, p. 9. 

POINT AL FER. Completion or chart of coast ut>ar. retf>renee to. 
in f'StimateB. p. 8. 

POINT BUCHON. Continuation ot' triangulation nPar, rt>ferrf'd tu 
in estimates. p. 9. 

POINT CQXCEPCION. CAL. ~onncling:s iu apJJroachel'l to, pJI. !l. 

46: ret'ennce to, in eRtimatei.;. p. 8; chart of, p. 9. 
POINT ORFORD. Completion of hyclro_gTaph,,- near. refo1Tt'il 1,o in 

cstimatets, JJ. 9. 

POINT P ADERN ALES. l' AL.. p. 47. 
POINT PARTRIDGE. Reeonnaissauce tlf'ar. llJJ. 50. !Jl. 
POIN11 SAL. To1,ography of coast n••.ar, p. 5; rcforred to in e:i:;;ti· 

mates, p. 9; surYer south of. JL 47. 
POINT RUR, (}Al,. Topo~rapl1y wt1t.b of. pp. 5. 47. 
POLARIS. OhR<"rvationfl on, }l. 21. 
POORE'S MOUNTAIN. N. l'. Trianu;ulatiou station, p. 21. 
PORT AGE, WASH. TER. Jns1)eetion nenr. l'· 53. 
PORTER. ,J. '""· l>iAlmrHing ngt:'nt of r'nitt>'l StatPR Co:u.;t n11d 

Geoch•tic SurYry Otti<'t\ 11. 64. 
PORTLAND. ORJ.:G .. l'I'· 49. 50, 53. 
PORTSMOrTH HARHOR. Coutinuatiou of sm·n•y of. refereiH'l' 

to, in e.Htimates, 11. 6. 
PORT SUSAN. p. 53. 
PORT TOWNSHEND. Tidal observatious at, referred to in e!-lti. 

mates, p. 8. 
PORT WARD.EX LINE. R('foI'flH.'R to. in A!o!.~ist:mt Mit.<'lwll'R 

report on Rurvey of DelawarP Rh.-er: set• AppeIHlix Xo. 91 pp. 1!!4. 
126, 127. 

POSlTIOKS OF LIFE-SAVTX<~ l'TA.TIONS. lio•. 36 to 40 de· 
tf'rmine11, p. 23. 

POHSES8ION SOCNlJ (C.\LLED, ALSO. THE LOWER SOUND). 
Settlers on the shores of, p. 52: insp~tion of work near, p. 53. 

POTOMAC RIVER. Bench-marks alonir. near WaAhingt-0n, D. C., 
p. 4; continuation of plane-tahle survey of, referrt>d tu in estimate::s, 
p. 6; freshet of November1 1877. Jl. 24; primary triau~ulatiun ~t~· 
tion on. p. 25. 

POWDEltHOR:N HILL. Trian~'ltlatiun 8t.Mtion. Ji. H. 
PRAIRIE DU CHIEN, \VIS .. p. 37. 
PR.A. TT, ,J. F., A ID. SerYicea in S('"dion X. Pl'· 48, 491 51. 
PRIME, E. R., J,IED"TEN A.NT, L R. K. Services in Section X. 

p. 46. 
PRIMARY TRIANGI"LATIONS. In connection with ~eodetk 

l'lotations in Xew Hampshire, Yermont, awl MA.sAAclmsetts, p. 4: on 
Blue Ridge, Ya. 1 Lwtwel'u K<'nt, lslfind ba&'·line and that 1war .At
lnut~ Ga., pp. 5, 25. 43: along Pn.cifi<' <",oast1 referM to iu f:'Sti

mat.es. pp. 5, 9; hdween th~ Hudson and work on t.lu"' <'o:l.st. pp. 
19, 20; bet"'et>n the Kent lshmd and .Atlanta base-lines; adjust
ment of th<>.; l'flport by Charles ...\. Schott. ~ssistant: A 111wndix 
No. 8, pp. 92-119. 

l'RINCIPIO STATION, NEAR HEAD In' CHESAPEAKE llA Y. 
p. 21. 

PROSPECT. Triangulation station iu New H>tmpshit't'. p. 14. 
PROVIDENCE, R. L Tid1tl observations at, Jip. 4, 14. 
PROVIDENCE CHANN~;L, THROl'GH THE BAHAMA 

lSLANllS, p. W. . 
PROVINCETOWN, .MASS .. p. 14. 
PRUSSIAN GEODETICAL INSTI1TTE: Comparison of length 

of our pendulum standard with that of the, p. 18. 
PUGET SOUND, WASH. TER. Rnney of shores of, l'· 5, rc

ferre.d t,o in estima.te8, pp. 8, 9; t»llj!raving of chart of, I'i"ferrcd t-o 
in estimates, p. 9; triangulation and topography of, p. 52; inspe<'· 
tion of work on ahort>.M of, 11. !"''3. 

Pl:LPIT COVE, NORTH HA VEX, .ME. Tidal obscrYations at, 
ll. 4-: discnliSiun of, by William Ft>tTel : sec A 11peudi:x No. 10. 
pp. 268-304. 

PUYALLUP RJVER W A.Sii. TER., p. 52. 

QI'. ARTELJ,ES. Hydrography of Barataria Bay, n"" tlie, p. 39. 
QUICK (schooner). Uoe of, in Sections VI, VII, p. 33. 
QUU.IBY, PROFESSOR E. T., OF DARTMOUTH COLLEGE. 

Triangulation in New Hampshire, p. 14. 
QUODDY HE.AD. Engravingof chart of coast from, toCapeCod, 

refen<!<l to In fllltimates, p. 7. 
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RACCOON COVE, ME., p. 12. 
RACEY'S POINT. Survey of Saint .John's River, Fin., as far as, 

p. 30. 
RAHSSKOPFF, CARL, INSTHUMENT-M.AKER, SAN FRAN

CISCO, CAL. Reference Lo, Appendix No. 6. p. 81 .• 
RAINBOW MOUNTAIN, p. 49. 

RAINIER, COLl;MBIA RIVER. OREG. Tidal ob•ervations at, 
p.50. 

RATTLES~AKE. Triangulation station in New Hampshire, p.14. 
READY (schouner). Use of, in Heci.hm VIII~ p. 39. 
RECONNAISSANCE. In Easten1 Penns~vlvania. p. 21; near 

Ilagerstown, Md., p. 24; near llissh~sippi River, p. 41 ; coast of 
TexM, pp. 43, 44; in California, pp. 48, 40; in '\\';""a.shington Territor~·, 
pp. 501 51; for base-lines. p. 51: in Southern Illinois, p. ;)7. 

RED POINT. Hydrogmphy near C"taliua Islaud, Cal., p. 46. 
REEF OFF CO.A ST Ol<' Ct:BA. Steamer Blake stranded on, pp. 

3, 34-37. 
REPArRS AND MAINTENANCE 0}' VESSELK l'"SED IN 

C< >.AST RL1! VEY, referred t-o in estimates, p. O. 
REPORT OF 1876. Reference to. in Appendix No. 9, p. 12ft. 
RESEARCH (Mchooner). 1_:~-e of, in s .. ction VIII, p. 40. 
RICH:\f(>XD, VA. Chart of.Tames Rn'twaN fa.ra.s. refened to in 

ei,tiuw.tes, p. R 
RII><rn cot:NTRY. TEX .. p.44. 
RIO (I RA'NDE. Hsdroi!,Taph~' bf'tween Corpm1 Christi and; obtw-1·

vati()nM. astronomical arnl magm•tic, IJetwePu Sal.>ine Pass and: df'.· 
t..:•rmination of 1lOsitions of light-huust-s and lifl>-savin,!.{ stat.ion~ 

along coast bet wet•n New York aud, all ref~rretl to in estimate!"<, 
p. 7; :,!tmeral coast cbart from Gal' t'Ktou to, nft>rred to in t'sti
mate8, p.8. 

RII'Lr;Y, MISS., p. 43. 

ROBINSOX'R POINT, ADMIRALTY INLET, WASH. TER, p. 51. 

ROCKA '\VAY. Computation of triangulation of Long Island ncai·. 
p.60. 

ROCK.\ WAY BEACH. ltes11n·eJ of, p. 17. 
UOCKA WAY INLET. II.vdrograpby of, p. 4; completion of (}harts 

of, rt•f'erretl to in estimates. p. 8; sm·vey of, and vicinity, p. 17: 
publication of chart of, h,Y 1,hotnlithogru.phy, p. 59. 

ROCKLAND, ME .. p.11. 
RO:::KS AND DANGERS DE\'JlLOPED, pp.12, 30. 
ROCKW.ELL, CLEVELA.NU, A~SIST~\KT. ReconuaisRanct> in 

Section X, pp. 48, 49. 
ROCKY MOUNTAINS. Geodt-i1ic triangufation wt•stward from tl1P 

eastern base of the, by A!!sh~tant Titttnauu. p. 59. 
RODG·ERS, A. F., ..A$Sl8T.A.NT. 'l'opo~aphy south of 1-'oint Sur, 

Cal., p. 47; in charge of suboffict> in San Francisco, in altiit:'DCI:' of 
.Assista11t IlaYich1on, p. 48; iu~11eC"t.io11 of wot~ on. slwf(>~ of Puget 
Sound, "\Vash. Ter., p. 53. 

ROWE'& MOliNT.A.IX Trianguh1tloll nem·. p. 43. 
R FMl'l"', tiOTTLIEB. Com1mting Division, Coast aml ff~KlBtic 

S1u·ve~· Office, p. 60, 
ItFSSJi;LL, CHARI...f1;s A.. IWcorder of' olJ:\en·ations in surve~· uf 

the Delaware River in front of Philade ]J>bia. reft'I"em·.e lo, A ppeu· 
tlix No. 9, p. 121. 

.RrS8lAN RlVEJt, CAL. Continuatiou of reconmtiSMncc from, 
northwards, referred to in eKtimatt>K, p. 8. 

"'· 
SABINE CITY, TEX., Jl· U. 
SABINE PA.SS. Hydrography of eoast near, pp. 7, 44; referred to 

in estimat.t~~, p. 7. 
SACRAMENTO. Triangulation through the valley of, referred to 

in estinuttes, p. 9. 
SAEGMtl"LLER, G. N. Misc.ellanem,. I>ivision. Coostand Geodetic 

Sun-ey Office, pp. 63, 61; reference to •Undr.v imp1-o,•ementa in sci
flntitic in!4trnments l1y, p. 6.J. 

SAGA IJAHOC (steam-launcl1). Use of, in Section I, p.13. 
SAINT ANDREW'S BAY. Chart of, referred to in estimates, p.8. 
SA INT A TTGUSTINE, FLA., J>. 28. 
SA INT CROIX RIVER, ME. ReforencP to, In estimat~s, p, 6; 

chnrt. of coast near. p. 7, 
SAINT GEORGE'S REEF, CAL. Reference to, ln efitimatea, p.11. 
SAINT GEORGE'S SOUND, FLA. Hydrography of, pp. 5, 33; 

chart of, referred to in estimates. p. 8. 

SAINT HELEN'S. Tidal observations at, p. 50. 
SAINT J AMES'S ISLAND, FLA., p. 33. 
SAINT JOHN'S RIVER, FLA. S111"vey and hydrogmpby of, pp. 

5. 30, 31, 40; reference to in estimates, p. 7 ; chart of, p. 59; reference 
to, in estimates, p. 8. 

SAINT MARK'S RIVER. Completion of chart of, referred to in 
estimat~s. p. R 

SAINT MARY'S RIVER, l<'LA. Refereuoo to,.in estimates. p. 8. 
SAJ,fNOlclI<:T~;Rs. U.wi•ed bJ Assistant .J.E. Hilgar<l. Use of, 

Jl. 23; see, alw, Appenrlix No. a, of Report of 1877, pp. 187, 188. 
SALTER, T. G. C., MASTER, TT. S. N. Services in Section VI, 

p. 30. 
SAN CLEMJ;;NTE ISLAND, OFF COAST OF CALIFORNIA. 

f.i·oographical prndtionR determined on, p. 5: signal erected on sum· 
mit of, p. 45. 

SAN DIEGO, CA I,. H.rdrograpby of har anrl harbor of, pp. 5, 45; 
referred to in tIBtimates, pp. 8. 9; eontinuation of chart of, referred 
to in efJtimates, p. 9. 

SAN DIEGO RIVER, p. 45. 
SAND KEY. FLA. Dredging near. pp. 34, 38. 
SAND KEY ·LIGHT-HOUSE. Soumlin!(S Mar. p. 38. 
SANDWICH ISLANDS. Tidal ob•en-ations at, pp. 54, 00; refer-

ence to self-regulatinA" title-µ-anze loaned by tJw Coast Snrve.y to 
the Gu\'t"rnmt>nt of, Jl· 61. 

SANDY HOOK. l'itlulo\IBel'vations at, pp. 4. 18. 19; cha.rt of coast 
from Cape Sahl~ to. n:1ferretl to in estimat<·s, p. 7. 

SANEL MOt:NTAIN, J;. 48. 
SA.N FRANCISCO, CAL. Tidal ol•serrntious at l'P· 47, 48; re· 

ferrl:'d to in estimates. p. 8; longitude observations a.ti p. 49. 
SAN }'RANCI8CO BAY. Titlal observations at Sm1celito in. p. 5; 

revisiou of h.vdrography of, referretl to in e~timates, pp. 61 9. p 

RAN .TOAQl'IN. CAL. Triangulation throu!'h valley of, referred 
to in estimates. p. 9. 

SA.N MIGUEL ISLAND, SANTA BARBARA CHAN NE[ •. p. 46. 
SAN PEDRO, CAL. Reference to. in estimates, p. 8; signal• 

erected at, p. 45. 
SA.N SlMEON, CAL. Ttiangulation nncl topography near, ref..,rred 

to in estimates, p. 9. 
SANTA BAHBAP.A, CAI~. Town of. p. 47. 
SANT-\ BARBARA CH-\XNEL. CAL. Trian!fubi.tion across the, 

p. 45; hydro~1-aph~· or. pp. 45, 46: n.djustment. of quadrilaterals of 
snrve;v of. p. tH. 

SAXTA BARBAR.\ ISLANDS. Geo;..>Taphit"tl posit.ions deter. 
mined on. pp. 5, 45; computation of triangula.tions of 1871, p. 60; 
computation of positions ofprimar.r sta.tions a.bout the, p. 61. 

SANT-\ CRUZ. Sounding• near. p. 5. 
SANTA MONICA. CAL. Coa•t chart. refere-11ce to in estimates. 

p. 9: computation of 1riangulatiom:t of 1875, p. 60 . 
SANT A ROSA ISLA ND. Sonndin~• nAar, pp. 5, 41!; engraving of 

chart of, referred to in estimatei:., p. 8. 

;.:_~ RASUTA BAY, FLA. Triangulation of, pp. 5. 33. 
SAl'CELITO. Tidal observat.itms at. San Francis~o Ba~. J•p.-5, 47, 48. 
SAUNDERS POINT, N. C., p. 26. 
SAVANNAH. GA. Tide-gaage for use or engineer officers of t.be 

Army forwarded to, p. 28. 
SA VANN AH RIVER, p. 28 . 
SA VII,LE(UnitedStates!WvenueSloop). Useof, in Section IV, p. 26. 
SC.ARGO, MASS., p. 14. 
SCHOODIC POINT. ME , p. 11. 
SCHOTT, CHARLES A., ASSISTANT. In charge of Computing 

Utvi.non, Coast and Geodetic 8111"vey Offioo, p. 60; a.nm1a.I m1>gnetic 
obsef\·ations on Capitol Hill, Washington, IJ. C., pp. 3, 24; in 
charge of tbe oftlce In absence of Assistant Hflgard in Europe, pp. 
!;8, 60; relative to building and ap1•arat11• of tbc :Magnetic Observa
tory at Madison, Wis., p. 64; om,.,rvstions -0! the transit of M<>r
cury, May 6, made at WMhington, D. C .. report by, Appendix 
No. 7, Pl'· 88-91; llAl,jnstment oftbe primary tri.aJtgulation between 
the Kent Il!land and Atl•nta baee-lin.,.,, report by, AJl1"'11<1.ix 
No. 8, pp. 92-119. 

SEA CURRENTS IN GULF OF MAINE, p. 4; of ooast of New 
EnJitland, pp. 15, 16. 

SEA GROVE. N. J., p. 23. 
SEATTLE. pp. 52, 68, 
SEBREE, URIEL, LTETTTES".ANT, U. S. N. Sel"ViOOtl in SOOt.lon 

VI, p. 30. 
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SECTIONS OF WORK: AS ARRANGED IN REPORT. Section 
I, pp. 11-15: Section II, pp. 16-23; Section III. pp. 23-25: Section 
JV, pp. 26, 27; Section V, 1i. 2~; SecUon VJ, pp. 28-33; Section 
VII, p. 33; Section VIII, pp. 34-43; Section IX. pp. 43-45; Section 
X, pp. 45-49; Section XI, Jlp. 5'!--53; Section XII, pp. 53, 54; 8e<·
tion XIII, JlP· 54-56: Section XIV, pp. 56. 57; Seetion XV, p. 58. 

8ENGTELLER, A. Engraving Division. Coast and Geodetic Snr
vey Otlice, p. 63., 

SENG TELLER, L. A. In charge of Engravin)! Division, Coast and 
Gilodetic Survey Office, p. 63. 

SHARRER, W. 0,. LIEUTENANT, U.S. N. Services rendered 
during stranding of the lUak•\ p. 36: services in Section VIII, pp. 
36, 39. 

SHEE!'SHEA D BAY, L. I. Survey of shores of, pp. 4, 17. 18. 
SHELL CREEK, FLA., p. 32. 
SHELT.ER COVE. CAL., p. 49. 
SHERMAN, HON. JOHN', SECRET.ARY Ol:' THE TREASURY. 

Report of the Coast and Geodetic Survey addr<s,ed t-0, p. 64. 
SHERJUNGHAM POINT. p. 51. 
SHIDY, L. P. Tidal Di<ision, Coast and Geodetic Survey Office· 

p. 6'J. 

SHOALS DEVELOPED. In Jericho Bay, Me., p. 13; oft' coast of 
Florida, p. 30. 

SHOAL WATER llA Y. Rcferrod t.o in estimates. p. ~. 
SHOOTFLYING, MASS .. p. 14. 
SIBLEY, IOW ,:;_\. Ma.~etic clements determined at, pp. 5, 58. 
SIERRA CARON NEAR POINT SUR, CAL .. p. 47. 
SIGSBEE, e. D., LIEUTENANT COMMANDER, U.S. N. IJeep

eea 8Qundin~ in Gulf of Mexico, pp. 3. 34; stranding of Blake. off 
"°""t ofCuha, pp. 34-38. 

SIGSBEE, L. P .. AID. &>rvfo"8 in S.ction VIII, p. 39. 
SILLIMAN (SCHOONER). US< of in Section I, p. 13: in Section 

VI, pp. 32, 33; in Section VII. p. 33. 
SINCL.AIU1 C. H., AID. St>.rviees in Section II. p. 20; measure. 

ment of base lines near Missis~ippi Rivet·, p. 40: services in Se.l'.t.ion 
IX, p. 44. 

SINGLETON SW ASll, S. C .. p. 28. 
SIPE, j(~. H. Engraving Ilh'ision, Coast and Gt::.od'etic Surve~r Offire. 

]l. 60. 
SKAGIT RIVER, WASH. TER. Set.tiers arrivinl? in tlw fertilP 

regions about~ p. 52 i examination of course of the. J•. 53. 
SKILLlNG- RIVER, ME. Topography of, 11. 12. 
SLIP POINT, W. T., J>. 51. 
Sl:l ITH, EDWIN, SUBASSISTA NT. Pennsylvania and New York 

houndary line, p. 20; latitude and longitmle <Jf Harrisburg, p. 21 ; 
lines of level, p. 2~; azimuth station near Vicksburg, Miss., p. 40: 
latitude aml longitude observations along the Mississippi River, 
pp. 41, 42; gP-ogra1)hical positions determined on the Mississippi. 
p. 55; oom1iutaLion of Wa.:?Detic ubservations, p. 61. 

SMITH'S ISLAND, p. 26. 
SMITH'S MOUNTAIN, YA., p. 25. 
SMOO'.£, JOHN ll. Engra>ing Di\·isiou, Coast and Geodetic Sur-

vey Office, p. 63. 
SNOW'S MARSHES, N. C., p. 26. 
SOMBRIO RIDGE, W. T., p. 51. 
SOMES SOUND, ME. Charts of ~'renchman's Ba,y and, referred to 

in estima.tes, p. 8. 
SOMMER, E. J. Drawing Dh-isi<>n, C"""t and Goodetic Sur,-e,r 

Oiliee, p. 62. 
SOUT}l ADAMS, MASS., p. JD. 
SOUTH BOSTON, MASS. Triangulation ofnpper h&l'hor, p. H. 
SOUTH CAROLIN A. Bydrography of ooast of, pp. 5, 28; referred 

to in estimates, p. 7; computation of angles of primary stations in1 

p. 611. . 
SOUTHEAST SHOAL, FLA., p. 30. 
SOUTHERN ILLINOIS. Reconnaissance in, p. 57. 
SOUTH MOUNT.AL"< RANGE, p. ?1. 

SP A ULDING, ;J. G: Tidal obsen-atione at North Haven, Me., p. 18. 
SPECIAL OBSERV ATlONS IN CHESAPEAKE BAY, p. 23. 
SPECIAL SURVEY OF PHILADELPHU HARBOR, 1>· 21: see 

M110 A PIH'Ddix No. 9, pp. 121-173. 
SPERLIN ROCK, ME., p. 12. 
SPRANDEL, JULIUS. Hydrograpbfo DiviBion, CO!Mlt a.nd Geo

detic Survey Oftiee, until his death, p. 59. 
SPRING G~DEN, WIS., p. 57. 
STAND.A.RD YARDS. Comparh!on of Britlah wltb th°"" of Coaot 

Survey, by A.--t.r. K. Dilgard, p. 58. 

STANDISH MONUMENT, PLYMOUTH, MASK, p.15. 
STATE COMMISSIONERS. Latitutl" and longitude observations 

for, p. 4. 
STATE ROI'SE AT NASHVILLK TEN:S-., p. 4. 
STA'I'ESVJLLE, N.C .. p.27. 
STA TE UNH'ERSITY OF WISCONSil'\. Observator.1· located 

at, p. 60. 
STATIS ! ICS OJ<' FIELD AND OF~'ICE WORK OF THE 

UNITED ST~TES COAST AND GEOl>ETIC Sl'RV~:y TO 
THE CLOSE O~' THE YEAR 1877. Appendix No. 2, Jlp. 7:l, 74. 

STAUNTON, VA., p. 2J. 
STAUNTON RIVER. Trian1mlation near, p. 2!\. 
STEADFAST (sloop). Use of, in Section VI, JI. 31. 
STEILACOOM, WASH. TER., p. 52. 
STE\V ART. G. A. Miscellam~ous Division, ('oaRt and <Teodet.ic 

Sun·el' Office, p. 64. 
STRAIT OF FLOIUDA, p. 29. 
~TRAIT OF FCCA. Triangulation a-cross, pp. 5, GI; referred to 

in est.ima.teH, p. 9. 

STRANDING OF THE BLAKE OFF COAST OF CUBA. l'Jl· 
34--38. 

STRIPE LI PEAK. Siin1al on. p. 51. 
8TUYVESANT. Tidal bench-markA at, pp. 4, 19, 59. 
SUESS, WERNER. Miscellaneous Division~ CoaJ~t and Geo<letie 

f'ul'Vey officf', p. 64. 

SUGAR LOAF STATIO:N. Reconnais><anee in Southern IllinoiR. 
p. 57. 

iff'LLlV AN, .f. A., .ASSISTANT. Determination of positions of 
li~ht-hou-Re' in Delaware Bay, pp. 2.2. 23; Coruputin~ Divisiou, 
Coast and Geodetic Survey Office, pp. 59. 60~ 61. 

SUMMIT STA'.l'ION. NEAR GUNTERSYILLE. ALA .. pp.42. 43. 
SUMMIT STATION, CENTRAI, PACIFIC RAILROAD. CAL 

.Latitude and longitude ob~errations at, p . .5; observations of 
transit, of M_prcur,r at, p. 49: SN\ alMo. r<~po1t hy l~. A. Colonua, 
Assistant. Appendix No. ti. pp. !!l-ll7. 

SURVEY. Of the Delaware River. p. 20; also AppPndix No. 9, l'l'· 
121-173; of Duck Island Harhor. Comi.. Jl. !ti; of R-0.;kaway Inlet 
a.nd vicinitr, N. Y., p. 17 ~of Cone,\· hland. N. Y., p. 18; (HpecisJ) 

near Philadelphia, Pl'· 21, 2'!. Alli" n<lix No. 9. pp. 121-173: of 
Saint. ,JolJn's River, Fla ... pp. 30. 31 ; of Indian River . .!"la., p. 31, 
of' Crooked Ri\'er, Fla., p. 33; of MississiP}li River, IJ. 41; ~outl1 
of 1->oint Sul, Cal., p. 47; of the Columbia Ri'\'"er, Oreg. p. 50. 

SURVEYING PARTIES TTPON TH:E ATI,ANTIC. Gl"L1'', 
AND l'ACIFlC CO.\STS OF THE T"NlTED STA.TES Dt'R· 
ING THE SFRVEYLNG SEASON OF 1E77-'78. Distribnt.ion 
of, Appmidix No. 1. Pl•· 67-72. 

SL"Tl'ON'S !SI.AND, MK Rock d~wlopoo near. 11. 12. 
SUWANEE RIVEn. Chart of l".JJtrance antl flJJJlroaches toi re" 

ferred to in estJ.matN!, p. 8. 
SWAN ISLAND (Harl•Jrl. Chart of, referred to in estimat+s, I" 

8; cbart of Jf'richo B.a~v. iuclndiug ~hoi-e of. 1). 13. 

T. 

TACOMA, WA8H. TER., Jl. 53. 
TAMPA, FLA., p. 33. 
TAMPA BAY, FLA. To continu~ triangulation of coast near, re· 

ferred to in estimat,,s, p. 7: engraving ef roast chart of, reference 
to, in estimate~, p. 8. 

TANSEY, L. J., OF LEESBURG. TEX. Att<>ntions t.o Coasr 
Survey Officeni employed tberP, 11. 44. 

TAPPAN. C., AIU. Servic~• in &ct.ion Ylll, pp. 41. 42. 
TENNESSEE, p. 43; magnetfo observations in. p. 56 : oh.sen·aU011N 

for latitm\e and azimuth at north ~nd uf ~hauun bage·Jine. 11. 56. 
TEREDO. DestructivPncss of the, ut Nt>w Taconta, Wash. Ter., 

p. 58. 
TEXAS. Reconnaissance a.long the 001~t of, pp. 5, 431 44 ; rt"f(>rrnct> 

to, in estimate-..s, p. 7; magnetic o1n~ernations on coast. of, p. 4.5. 
TEXAS POINT. p. H. 
THAMES :RIVER, CONN. Chart ot; referred to in estimates, p. s. 
THOlC.AS, EUGENE B., LIEl'TENANT, t. S. N., COMMAND· 

ING N AV AI, DEPOT AT KEY WEST. Conrt"8ieR extende<l 
to oftlcerB of the Blake by, p. 36. 

THOMAS, ll. Tidal DiviRion, COIU3t and Good~tir Survey Office, 
p. 62. 

THOMPSON, 1. G. Engraving Division, Co..,.t antl Geodetic Snr
w.y Office, p. 63. 
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THOMPSON, W . ..1. Engravin~ Dlvision, Coast and Geotletic Sn T· 

vey Olfice, p. 6 3. 
THOMSON, SIR WILLIAM. Reference to "barmonic m•tbod . 

of analysis of tidal observations, p. 4. 
TihlRNBUSH LEDGE. Developed at entranee to Naskeag, Me., 

J>.l:l. 
THORO"CGHFARE, THE, NE AR HEAIJ HARllOR, p.13. 
TID.dJ, DIVISION, COAST .AND GEODETIC SURYEYOFFICE, 

p. 61. 

TIDAL OBSERV"c\.TlONS. Referenrt• to progre•s of, at North 
Havfu, r~nobsl·ot BaJ, Providence, Goveruor"s Island, and &udy 
Hook, p. 4; at }""ernandiua and Saucelito, J>. 5; in Gulf of Maine. 
n·ferenctl to, p. 6; rcfrrenc·e ill eBtimates to continuation of, in 
Cht·sa,peake Bay, between Charleston and Savannah, p. 7; at San 
Francisco and l'ort Townshend 1 pp. 8, 9: at Alaska, p. 9, at Head 
H~rbor, lslc an Haut Thorou~hfarc, and Green's Landing, p.13; 
atNortltHavPn, p. la; atProvideDCf', v.14; atGovernor'slslanrl, pp" 
18, 19; at· FortreRB Monroe, Va., p. 23; at Savannah 1 (ia., p. 28; at 
}~en1andina, Fla., p. 29; atNt·w Oileans, La., p. 40; transfer of, from 
·Fort Point tu Saucelito, pp. 47, 48; at the Sandwich Islands, p. 54. 

TIDE-G +\ UG ES. At Gf('cn 's Landin~, p. 13; on the Delaware River, 
JJ. 22; self-regi~terin,g;, leut. to the Hawaiian GovernmP11t 8urvt>y 
in 1~76 for use at Sandwich Islands, pp. 54, 61. 

TIDES IX PENOBSCOT BAY, ME. Discussion of, by William 
-Ferrel, App(~udix No. 11, pp. 26&-304. 

TIDE TABLES. Reference to puhliration of, for principal ports of 
the United States for 1879, pp. 3, 4, 6, 61; reft>rence in estimates for 
prevaration of, for 1880. pp. 7, 9. 

TIT'l'MANN. 0. H., ASSISTANT. Hudson J:ive1· levels, p. 19, 
special duty in oftfre of assistant in char~e, p. SO: observet· of 
transit of Mercury. A })penrlix No. 7, p. 91. 

TOCO!. Survey of Saint ,John's River, ~'la., as far as, pp. 5, 30, 31. 
TOPOGRAPHY. Progr~ss of, Skilling Riv<•r and Blue Hill Bay, 

Me., J>.12: near New Haven, Conn., J>p. 16, 17; of Hudson IUver, 
p. 19 ; east wart! from Nor folk, Va., p. 23: of Cape Fear River, N. 
C., p. 26; of Catalina Island, Cal., p. 45, of Point Arguello anti 
south of Point. Sur, Cal., 1>. 47; of Puget Sountl, Wash. Ter., p. 52, 

of Hood's Canal, Wash. Ter., pp. 52, 5:l. 
TORNADOES, CYCLONES, AKD W ATERSPOCTS. Met<ioro

logical rt"in;archtis for the use of the Coast Pilot, Pad II, by Wil
liam Perrel. Appemlix No. 10, µp. 174-267. 

TORTUG AS, p. 29; dred~'111~ near, pp. 36, 37; soundings off, p. 38. 
TORTCGAS IIARBOR. Completion of chart of, referred to in es

timat~a, p. 8 ; t 11e Dlakt3 anchored in, p. 37. 
THABUE, 1\r. Snperintt>ntl(~nt of telegraph lint>iB of Western 

rnion Compau~·\ facilities extendPd observers of the transit of 
Mercnry, by, p. 55. 

TRANS.\CTIONS OF THE INTERNATIONAL GEODETIC AS
SOCIATION }'OR 187@. Instrumentcontdved by Mr. Saegmiiller 
il1•scribf"d in, p. 64. 

TRANSIT OF MERCTTRY, MAY, 1878. Observed by SuLasoist
ant Colonna and ,J. F. Pratt, at Summit Station, Central Pacifte 
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REPORT. 

0.FFICE OF THE COAST AND GEODETIC SURVEY, 

Wasltington, December IO, 1878. 

Srn.: I have the honor to transmit this report, showing in detail the proµ,Tess made in the sur,·ey 
of the coa.<>ts of the United States and geodetic operations prosecuted in connection with that work 
in the course of the fiscal year ending June 30, 1878. 

The field parties and the vessels used for transportation are of necessit.;\· exposPd to all va
rieties of climat('. and t-0 all extremes of weather. It is therefore a subject of g-reat satisfaction to 
report that. the vicissitudes of the year, so sadly marked by unusual mortalit.v in one section of 
the TTnion and by the record of man.r st-0rrns along the coast, ba;-e entailed no disaster t-0 the serv
ice. Of several parties on the shores of the Lower Mississippi one remained at work until late 
in August. Yellow fever was then raging above and below the working ground, but the opera
tions were in no instance delayed by sickness." 

On the Atlantic, Gulf of Mexico, and Pacific coast of the L"nited States, an aggregate of 
twenty-nine Yessels has been in employ. The usual risks have been met by the parties when 
afioat, but no loss has been incurred beyond the outlay for repairing the slightly injured Yessels. 
In January last one of the steamers of the survey was in great peril during several da;rs in the 
Gulf of :Mexico, but was finally relieved by the exertions of her officers and crew. Of this inci
dent further mention will be made in connection with a notice of the work in whicli the vessel 
was at_ that time engaged. 

As heretofore the aim has been st-Oadily maintained of limiting the outlay for each party to 
the least sum consistent with its efficiency. All items in estimates for outfit and for mouthly ex
penditures in field work and hydrography have been closely scanned, and it is gratifying to add 
that the assistants have cheerfull,r sustained all arrangements for promoting economy. 

A few years ago the hydrography, for want of suitable vessels, was left behind the field work, 
but recently the adv~nce made hy the sounding parties has nearly equalized progress as between 
those branches of the service. In the course of the fiscal year ending June 30, 18i8, the ltydrog
raphy was prosecuted by fifteen parties working in twenty-four localities. Each of the Navy 
officers who have conducted work under m,v direction, and the officers associated with tl1em, will 
be named in separate notices of the work done by the several parties. It gh·es me pleasure to 
record that the officers detailell from the Navy Department have worked with energy and intelli
gence. Their efficiency in the discharge of duty is a gratifying evidence that' the present naval 
standard befits the honor of the nation, and secures the well-being of one of its most important 
interests. 

The distribution of all the parties in the course of' the year is gfren in tabular form in AJlpen
llix N<>. 1, which shows in geographical order the localities of the work. 

It will be seen that progress bas been made in t-Opographical development on parts of the coast, 
not heretofore included within the limits of operations. That the work should he advanced yearly 
over new or unsurveyed ground has been regarded as an imperative duty, but while sustaining that 
policy, some regard, of necessity bas been given t-0 calls for the revisiou of h,plrogmph~' at im
port.mt localities when the expense to be incurred was comparatively light,. 
-----·-------------·-·----·- ... -"------·----·-·-

____ .. _______ ,, -·- -·-

• The sailing master in the party working near D!>nalill!onville, La., having passed several sumu1ers in the Lower 
Missisaippi, preferred to remain in the scctiou, and volunteered to ta.kc cha.rge of the ws.~el after the close of field 
work. He continued in good health until the 25th of October, but was then seized with yellow fever and 1liell on the 
30th of that month. 

S. Ex.13--1 



 

2 REPORT OF THE SUPERINTENDENT OF THE 

At several of our principal seaports the local authorities have appropriated means for revising 
the shore line and soumli11gs of early surveys, so as to develop changes that have occuITed .and 
afford dM.a for the stay of encroachments. These in most cases have caused alterations hurtful 
to the channefo, lmt the injury done can be ascertained only by careful resmTey. \Vhen the facts 
are ascertained and proper restraining limits are pointed out, further encroachment on the water 
space is prohibited by municipal or hy legislatirn action. 

\Yith means furnished hy the State of Maryland a complete reimrvey bas been made of the 
outlines and water space of the harbor of Baltimore, and similar work is now in progress at Phil
adelphia, for wliich mcan8 were provided by the city authorities. These operations keep mainly in 
view the data requisite for answering inquirie;; as to the causes of alteration for the worse; hence 
tl1e shore-line sluvey and soundings are conjoined with elaborate observations of the cnITents, aml 
compariso11 of their courses and velocities with those of earlier periods. ~umerous observations 
are recorded, aud the is:me of their discussion is to point out restrictions needful for the preserva
tion of tlie harbor. As already said, each of the principal ports of the Atlantic seaboard <has been 
for such purposes under consideration by the local authorities, and more recently the harbor of 
Norfolk. 

Ju all tlie instances here alluded to, appeal has been made for the services of trained observers, 
and, as already intimated, such calls have been favorably met in cases in which officers of the 
government have been associated as advisory boards with harbor commissioners. Pay of hands 
and all expenses incidental to the resurveys of harbors have been borne by the local authorities. 
Arnl if we regard the pn~jeded improvements in such cases as,purely local, and leave them out of 
view, it iH neYertheless desirable that the apprOJlriations for the Coast apd Geodetic Surve~· should 
he l'Ufficient for maintaining tlue progress in the regular work, and for providing at the same time 
the means for revising hydrography in which national interests are involved, so far as related to 
general nmigation, and in which appeal cannot be made to municipalities. Cases of this kind, 
beyond the range of riparian interests or ownership, will be cited in the frtrther mention which 
will be made presently under the head of estimates. 

The geodetic work of the survey, resulting in finally-determined positions on land, of course 
suffers no change under causes that affect here aml there the shore-line surveys an<l the hydrog
raphy, nor so far as yet known any change whatever. Nevertheless, geographical points, ·whether 
determined bJ· astronomical observations or by triangulation, depend for exactness of relation 
upon prc,·ious knowledge respecting the figure of the earth. 

Dnring the last hundred years the interest manifested in geouetic operations has been steady, 
but through all the <>arlier parts of that period the interest was necessarily prospective. The 
question at i1;sue could not be solved until data hafl been accumulated by measurements made on 
the surface of the earth over wide ranges of latitude and iongitude. Europe, Asia, Africa, and 
America have contributed material, so far as geodetic work has been extended, for determining 
the figure of the earth, and at no preceding time has the interest in regard to that qtrnstion reached 
the degree of earnestness now generally manifested. In order to further in all ways possible such 
means as migl1t be taken to secure the object sought, the leading scientific men of Europe have 
instituted an International Geodetic Association. The annual meetings of that body have greatly 
enhmwBd the spirit of research, and will probably lead to renewed exertions and to the adoption 
of all expedients that the science of the present day may be able to present for an early and satis
factory settlement of the question. With the sanction of the Treasury Department our own coun
try is fitly represented in that association hy Assistant J. E. Hilgard. The methods used in the 
Coast and Geodetic Survey lrnYing been kept in a<:cord with all improvements, the geodetic work 
of the United States is properly regarded in Europe and in the Geodetic .Association as being 
fully equal in grade to any work of the kind. Our interest therefore in the question concerning 
the figure of the, earth may be considered as commensurate with the extent of our territory. 

The geodetic operations now in progress, and of which further mention will be made in the 
body of tl1is report, are so arranged as to furnish points for eoITectiug maps of the interior, and at 
the same time to add largely to the data needful for determining the magnitude and figure of the 
earth in general, and especially in regard to the figure most nearly in accord with the surface 01 

the United States. Our first contributfon in results such as have been eagerly desired by successive 
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masters of geodetic science in times past will be the computed length of the arc of the 11wrf1lia11 
extending from Nantucket Island to Mount Blue, in Maine; the length of the arc from Ocracoke 
Inlet, N. C., to the head of Chesapeake Bay, in l\far;yland; and the oblique arc upwards of twelYe 
hundred miles long, beg-inning at Calais, on the northeastern uoundary of the United States, arnl 
extending southward and westward to Atlanta, in Oeorgfa. These measureH are all dcriYed from 
the main triangulation of the Atlantic coast. 

In the course of a few years, if meanH are aYailable, data will be at hand for assigning the 
true measure of one of the longest parallels of latitude trawirsir{g the area of the United States. 
When complete the chain of great triangles for the geodetic connection betweeu the surwy of the 
Atlantic coast and that of the Pacific coast, will stretch east and west. nearly twenty-six lmndred 
miles, and the work will bind together in true geogTaphical and geodetic relation all interYening 
States along or near the 39th parallel, and indirectly all the other States and Territories of the 
Union. 

The hydrography of the Gulf of Mexico will be a subject of mention under the 11eacl of Sec
tion VIII, in Part II of this report. ·when the gulf soundings were so far a(1Ya11ced as to giYe 
certainty, and therefore special value to researches in regard to living forms that inhabit deep-sea 
bottoms, Prof. Alexander Agassiz, of Harvard, was notified that trawls and dredges would be sent 
with the vessel, and was invited to accompany her with an assistant to superintend the dredging 

" collections, take charge of and report upon such specimens of deep-sea and other ocean fauna as 
might be brought up by the hydrographic party of Lieut. Commander C. D. Sigsbee, C. S. N., 
Assistant Coast and Geodetic Survey, in t,he steamer Blake. 

Professor Agassiz promptly accepted the invitation and joined tbe part~-, with his assistant, 
l\lr. S. ,V. Garman, expecting to return after a short stay in the Gulf to hil'l duties at C'amhridge. 
But, early in the cruise, the vessel, while under charge of a Spanish pilot, v.-as stranded on a reef 
off the coast of Cuba, and was relieved from imminent peril only by the steady courage of her offi
cers. Although inconvenienced by the unexpectkld delay, Professor Agassiz remained near b,v and 
effectively aided in obtaining assistance, and when the steamer was again afloat pursued the iu
tended investigations. The results were incidentally gathered, but the)" are ample, and "·ill he 
recognized by naturalists as adding greatly to the means for investigation in conrses purs1.1ed else
where by expeditions fitted out at great cost in Europe. 

The specimens procured by deep-sea dredging in the Gulf of Mexico were assortecl b~' Pro
fesssor Agassiz, and committed for final im'estigation to naturalists severally the most eminent in 
the branches of study to which the different specimens pertain. 

In pursuance of arrangements to which reference was made in my last annual report, a num her 
of stations were occupied, in the course of the fiscal year, for g·aining needful knowledge in regard 
to the variation of the compass, or declination of the magnetic needle. ~4.long the Atlantic coast 
of the Unit,ed States the declination is well known, observations having been made iucident~lly at 
many stations, as shown on a sketch appended to this volume. But whatever the declination may be 
at any one position near the coast, a line along which the magnetic needle has the same variation 
can be well tra-0ed out to sea only by starting from points in the interior, at which points the same 
variation has been actually found. Hence the necessity of distributing obsen'ations over a large area. 
The stations included in the operations of the present year, and which have not been previously 
occupied, will be mentioned in the body of this report, and also in .Appendix No. 1. 

The discus8ion of the 8ecular change of the magnetic declination has been continued by .Assist
ant Charles A. Schott, all recent·observations being taken into account for bringing the results up 
to· the present time. In June last he repeated the determinations, which haw been heretofore 
made annually, of magnetic measures at the reference station in Washington, D. C. 

At the observatory in Madison, which was erected by the authoritie8 of the I~niversity of 
'Visconsin, magnetic observations have been kept up during the year. The instruments, furnished 
from this Office,.are self-registering, and have yielded continuous photographic traces that indicate 
even the least magnetic perturbation. The first year's records from this obserYatory have been 
discussed, and the results will soon be arranged for publication. 

From the tidal division of the Office printed tables are issued annually, predicting all the 
tides of the coming year for ports on the Atlantic and Pacific coasts of the United States. 
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The times are given with a near approach to precision at special places where long series of 
obRervations were recorded in past years, hut with somewhat less exactness for intermediate 
poRitions. l<'or some year.s the tables have been regarded as necessary aids in the navigation of our 
coasts. These tidal predictions result from the application of systems of anal,ysis and discussion 
that have been from time to time improved, but chiefly by modifications of methods formerly in 
use. The last improvement in analysis, and known as the "hrumonic method," was devisetl by Sir 
William Thorrnmn, anrl has been adopted by the tidal committee of the British Association for the 
Adrnncement of Science. By this treatment the tide is followed hourly, and is scanned in strict 
accordance with time through the entire series of observations. 

The tidal records of Pulpit Harbor, North Haven, in the Fox Island group, Penobscot Bay, 
Maine, for a period of six years, have been a11alyzed by the harmonic method and discussed by 
J\Ir. 'Yilliam Fenel of tlw Coast and Geodetic Survey. His report on the subject (Appendix No. 11) 
ex1)laim; the principles of this kintl of analysis which, in application, is not restricted to tidal 
observations, but may be used for any series of numerous observations made at equal intervals of 
time. Then follows, in the paper, the application of these principles for the determination of tidal 
constants of all the principal tide components, derived from the Pulpit Harbor observations. The 
results arc thoroughl.r di8cussed and compared with theory, and with results obtained by the 
same method in other parts of the worltl. Means are thus afforded for a careful examination of 
the tidal theory. In this connection, also, the paper shows that much study has been given to 
the character of the tides in shallow waters. l\Ir. Ferrel, in concluding, applies results for· com
puting and predicting tides along the whole coast of New England, the type of the tide appearing 
to be the same throughout, as shown by comparing results from the Pulpit Harbor series with 
those dcrh·ed from the series recordetl in Boston Harbor. 

To illustrate the nature of the work proposed in the detailed estimates which were submitted 
to the department in October last, a synopsis was given showing the field and office operations of 

. the past fiscal year. The synopsis is here inserted as usual in 1n·evions annna.l reports. It will be 
noticed that the work has been a1h·auced in upwards of one hundred localities on the Atlantic 
coast, Gulf of .'.\Iexico, and Pacific coast of the United States, including geodetic stations inter
mediate between the eastern and western coasts. For convenience, the work of the land and hydro
graphic parti{!s will be recapitulated in the usual geographical order. The work afloat and the 
g-eodetic and other operations of the fiscal year ending June 30, 1878, include-soundings in the sea· 
ward approaches of l\Iount Desert Island, off the coast of Maine; and in that vicinity topographical 
snrrn~·8 at the head of Frenchman's Bay and Blue Hill Bay; hydrography of the vicinity of Deer 
Isle and Isle au Ilaut, and tidal observations in Penobscot entrance; geodetic work at Gunstock 
Mountain and at Gilford, for determining geographical points in New Hampshire; triangulation for 
the harbor commissioner's survey of Boston upper harbor; determination of the positions of light
houses on the coast of Massachusetts; development of the action of sea currents as affecting navi
gation across the Gulf of Maine; tidal observations at Providence, R. I.; shore-line survey and 
soundings in Duck faland Harbor, Conn.; detailed topographical survey of the north and west 
approaches t-0 New Haven, Conn., and of the western shore of Jamaica Bay, including Rockaway 
Inlet; survey of Coney Island, and of the shores of Sbeepshead Bay and Gravesend Bay, Long 
Island, N. Y.; h.ydrography of Rockaway Inlet and of the adjacent parts of Jamaica Bay; pendu
lum observations at New York City; tidal observations at Governor's Island and at Snndy Hook; 
topography of the shores of Hudson River near Peeksville, N. Y.; tidal bench-marks at Stuyvesant 
and Albany, established by lines of level; primary triangulation .connected with geodetic stations 
in New Hampshire, Vermont, and Massachusetts; latitudes antl longitudes for State commissioners 
in adjustment of the boundary line between New York aml Pennsylvania; geodetic points deter
mined in the northern part of New ,Jersey and in Eastern Pennsy!vania; latitude, longitude, and 
the magnetic elements at Harrisburg; points determined and special observations of tides and 
currents in the Delaware River at and near Philadelphia; triangulation for light-house positions 
in Delaware Bay; topographical survey continued eastward of Norfolk, Va.; tfrlal observations at 
Fort Monroe; ~pecial observations in the waters of Chesapeake Bay in regard t-0 salinity and 
density; bench-marks along the Potomac near Washington, D. C., for comparing tlootl levels; mag
netic declination, dip, and intensity determined at Washington ; lines with spirit level run between 
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Hagerstown and Cumberland, Md.; primary triangulation at stations on the Bluf' Hidge, Va.; 
marine notes derived from examinations between Cape Henry and Cape Fear, f(>r the Atlantic Coa,.;t 
Pilot; positions of life-saving stations between Cape Henry and Cape Hatteras, detemlined aud 
marked on sheets of the sur\·ey; topography of the shores of Cape Fear Hiver below Wilmington, 
N. C.; primary triangulation between Kent Island base liue, l\Iaryland, and the base near Atlanta, 
Ga., closed at stations in ~orth Carolina; hydrography of the coast of South Carolina abon, l\Inr
rell's Inlet, including Little River; coast examinations between Fernandina, ICia., and the Dry 
Tortugas, and marine notes compiled for publication; tidal observatiun8 ai Fernantliua; b~·clrog
raphy of the eastern coast of Florida from "!\Iosquito Inlet southward to Cape Caiiaveral; smTey 
of the Saint .Tohu'8 River, Fla., extended southward to the \icinity of Tocoi, and of Indian River 
to the neighborhood of Cape l\Ialabar; bydrograph~- of Charlotte Harbor, and triangulation of 
Sarasota Bay on the Uulf coast of Florida; survey of Crooked River, adjacent to Saint George's 
Sound, aml supplementary Rotmdings in Dner's Channel arnl off Light Honse Point; deep-sea 
soundings "\\'ith observations for temperature and den8it,\' in the waters of the Gulf of Mexico; 
triangulation, topography, and bydrography of Barataria Bay, La., nearly eompletell; continuous 
record of the water le•:el of the Mississippi at New Orleans; sul'\-ey of tlie riwr contiuned at 
Donaldsonville, ~atehcz, Vicksburg, Greenville, arnl Helena; latitude and longitude determined at 
the same places; triangnlation continued in Nortlteru Alabama, aucl stations selected iu Northern 
Mississippi ; reconnai8sancc along the coast of Louisiana and Texas for triang·ulation between 
Vermilion Bay and Galveston Bay; triangulation of Laguna l\Iadre, Tex., extended southward of 
Baffin's Bay; magnetic declination, clip, and intensity determined at Dollar· Point, San Antonio, 
Hempstead, a,ud Groesbeck, Tex., and at Vinita, in Indian Territory. On the Pacific coa8t of the 
United States, and at points intermediate between the eastern coast and western coast, the opera
tions of the fiscal yeal' inelude-J1ydr1i1grapl1,\· of the bar, and of parts of the harbor of San Diego, 
Cal.; triangulation for 1letermini11g the geographical positions of San Ulemente Island and Santa 
Barbara Island; soundings in approache8 to the Pacific coast from Point Dume westward to Santa 
Cruz, inland; topographical survey continue1l on Catalina Island; soundings in its western ap
proaches, and between Santa Rosa Island and Point Concepcion; topography of the coast in the 
Yicinity of Point Arguello, and from Yuez Rirer northward towards Point Sal, and of the coast 
north and south of Point Snr; tidal observations at Saucelito in Sau Francisco Bay; supplementary 
observations on the horizontal angles recorded at' the primary stations on Mount Helena and Mount 
Diablo, Cal. ; selection of point,s for primary triangulation along the coast between Point Arenas 
and Cape Blanco; hydrography of tlw approaches to Columbia Hiwr, Oreg., and detailed sun·ey of 
the shores and channel between Mount Coffin and Kalama; selection of points for primary triang·u
lation in Washington Sound, and acro:,;s the Strait of Fuca,; sites for lHtse lines examined in the 
Willamette Valley, Oreg., and on Whidbey Island, vY. T.; hydrogra,pby of Admiralty Inlet; surve~
of the shores of Puget Sound from Commencement Bay to Budd's Inlet,.ancl of the northern part 
of Hood's Canal; inspection of topography in the field, in this section, compilation of the titlc8 of 
charts, &c., illustrating the coast features and hydrography of Alaska. 

At station8 of the geodetic connect.ion between the Atlantic coast triangulation and that of 
the Pacific coast, and at others occupied for the determinations of latitude, longitude, and t.lw 
magnetic declination, or variafaon of the compass, the operations include-observations for latitude 
and longitude at l\Iemphis and ~ashville, Tenn.; at Cairo, Ill.; at Hickman and Paducah, Ky.; 
and telegraphic exchange11 hy signals at Nashville for the longitude of pla-ces alQng the Mississippi 
River, as already recited; determination of the magnetic elements at NashYille, and of latitude 
and azimuth nea.r Lebanon, Tenn.; stations selected in Kentucky for the triaugulatiou between 
Cumberland Gap and the Ohio River, and in Ohio for geographical positions between Athens and 
Columbus; also in Southern Illinois, and near Madison in Wisconsin; the magnetic elements 
deoormined at the last-named place, and also at La Crosse; a.t Minneapolis in Minnesota; at Sib
ley, Des Moines, Davenport, and Keokuk, in Iowa; at Omaha in Nebraska; and at Lawrence in 
Kansas; latitude and longitude determinations at Summit Station, Central Pacific Railroad, Cal. 

Progre.<1s commensurate with the field-work has been made in the Coast and Geodetic Survey 
· Office, in which the work comprises the reduction and discussion of all observations; the preparation 
for publication of the records a,nd results; the drawing of hydrogra.phic charts from the original 
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note-hooks; and of topogTaphical and h;vdrographic sheets for pnlllication; the engraving, electro
typing, printing, and issne of the same, aud the repairs of instruments used in the survey. 

Tidt'-tn hies for tl1e principal ports of the United States for the year 1879 have been pubfo1hed; 
the drawing of sen•nty-eigLt charts has been in progress, fort.r-two have been completPd, and of 
that numher twenty-one have been i:-1sned by photolithogrnphy. 

Senm copper-plate 1'ngran>ll charts haYe been completed, and six others are in hand, exclusiYe 
of one hundred and thirty-nm plates on which adtlitions haYe been engraved. 'fwenty-one thou
sand six lm11<1l't'<l aml twent,v-three copies of charts have been issued within the year, and upwards 
of one tl1ornsa1ul copies of the annual report:;; from the office. The second volume of the Atlantic 
Coast Pilot is now in cour1:1e of publication. 

ES TIM.A.TES. 

'l'he estimate;.; for continuing the work of the Coast and Geodetic SnrYey during the fiscal year 
ending .Tmw ;{O~ lbRO, \Yere "nbmitted to the department in October last. The aggregate of esti
mates then presented, althong·h greater than the appropriation of' the current fiscal year, is much 
lt>ss thau tlie amonuts first sulnnitted iu October of the preceding ;year. In consequence of reduced 
appropriations during seYeral yea.rs, it has been impossible to revise the surveys of several impor
tant localities with 1lne regard to the prO.(..'l'CRS to be made at the same time over new ground. For 
several yean; the interests of commerce have required that the hydrography should be revisetl in 
Long Island Sonnd; in New York nay; in Delaware Bay and Hiver; at U1e Missisisippi River 
Delta; ill San .Fra1wiE:co Hay; at the Colmnbia Hiver entrance; and at other localities where 
changes Jmn• taken ph1<·e in tlw course or direction of the channels. 'rhe amounts stated in the 
estimate;.; barely snflke for rnakiug· such ad\·auces in the work as would keep pace with the rate of 
deYelopment. Along the grtat. inland waters of \Vashington Territory, all points available for 
commercial 1mrposes hnYe already attracted the attention of settlers. 

The estimates for continuing the survey of the Atlantic and Gulf coast of the Unifa~d States 
during the year ending ,fone :30, J8g0, are intended to proYide for the following progress: 

FrnuFwonK.-To continue the topography of the western fibore and islands of Passama
quoddy Ba.Y and its estuaries; to complete the topograpl1y between Penobscot Bay and Narragna
gus Hay, mid that of tlie RhorPs of the PenobRcot near Bangor; for the determination of heights 
at sonw of the prineipal trigonometrical point8 between Boston and the Saint Croix, and of coeffi
cient,. of rnfraetion; to complete the h~·drography between Penobscot Bay and Narraguagus Bay, 
and continue Houmlings iri tl11• eoaRt approaches eastward of Petit ]Hanan Island; to continue a 
topog-raphical and hydl'Ogrnphic survey of rortsmouth Harbor; to make such additional triangu
lation as may be requisite for that and other surveys on the eastern coast, and determine the posi
tion of new light-houses hetweeu Eastport, .Me., and New York; to continue soundings along tl1e 
coast of Maiue, and other~ ofi~shore b~·drography between Cape Cod and Manan, and make special 
examiuation for the sailing liues for charts; to continue the observations of sea and tidal currents 
in the Gulf of :Maine; to continue tidal observations, and to make sucl1 itstronomical and magnetic 
observations as nwy he rpqnil'ed; to continue sneh topographical and hydrographic resurveys of 
the coast between Cape Cod and New York as may he found necessary; to continue the survey of 
the Com1ectknt Hi ver from its mout11 up to Hartford; to make such examination as may be 
required in New York Harbor, an<i such surveys in its vicinity as may be found necessary, includ
ing· t.l1e continuation of the topographical and hydrograpbic resurvey of the south coast of Long 
Island; to make along this 1mrt of the coast ohservations on tides and currents ; to extend the 
11lane-tahle smTt\V of tl1e H nelson niver above PeekRkill; t,o continue the triangulation between 
the Hndson l:.iYer and Lake Champlain; to make the requisite astronomical observations; to con
tinue the topogTaJlhical and bydrographic resurYeys of the coast of New Jersey, and of Delaware 
Bay and Hiver; t-0 connect the Atlantic coast triangulation with that of Chesapeake Bay, near the 
houndary line. between l\faryland aud Virginia; to complete the detailed survey of James River, 
Va., including the h~'drography, and continue the plane-table survey of the Pot-0ma.c River; to 
coutiune souUnntrd the main triangulation from the Atlanta base to the Mississippi River at or 
near .Memphis, including astronomical and magnetic observations; to continue the su11plementary 
hydrography between Cape E:enlopen, Del., and Cape Henry, Va., and in Chesapeake Bay, and 
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also the tidal obserYations; to measure base lines of verification and determine azimuths for the 
coast triangulation south of Cape Lookout; to make the astronomical and mag11e1 il: oh"e1·\·atious 
requisite; to continue the offsl1ore hydrography between Cape Henry all(l Cape Pear; to complete 
the liydrograph,r of Pamplico Sound awl its riYers, and that of Hogue l::lournl, aud .~ouud the 
entrnnce to Cape Fear Hh·er, and continue the adjacent topograpl1y; to (·ontiunP t)l(> to1m;:;raphical 
and h;nlrograpbic surYey of rivPrH near t.he (\Oast of South Carolina anrl Georg'ia; to (letermi11e 
aziruuths for the triangulation of foe coast of South Carolina and Georgia; to em1ti11ne tlw 
detailed survey of the sea islands and water passageR between Charlec;ton anti Sanurnah, and to 
make tidal obserYations; to continue the off-shore hydrography betwc<'Il Cape Fear, ::\. C., and the 
Saint John's Hfrer, Fla.; to continue southward from Cape Jl.Ialalmr, near latitude 2"'0 nortll, tlie 
triangulation, topography, and b;ydrography of the eastem coast of Florida, indndiug Imlian 
River; to continue the triangulation, topograpliy, and hydrograph~· of the Saint ,Jolm'c; Hfrer; to 
make the requisite atltrouomical observations; to continue ltydrograph~· off the <'astern eoac;t of 
Florida from Cape Caiiaveml to tlrn southward; to continue sonuding·c; all(l obsernitions for deep. 
sea temperatures, currents, and dredgings in imch parts of the Gulf Stream nortll\rnnl of tlte lati
tude and eastward of the meridian of Cape Florida as ma.'· lw 1lt>eme1l <11his;i hle, :mf1 abo in the 
Caribbean Sea, and ·within tbe same limits such as may be considered adYantageous i11 conjnncti011 
with the United States Commission on Fish and Fisheries; to continue the astronomical and mag
netic observatious requisite between Cape Florida and Pensacola; to complete th(• h~·drogTaph~· of 
Charlotte Harbor, and continue the triangulation, topograph:y, and lJJ·drograplt~- of the western 
coMt of Florida between Cedar Kt»ys arnl Tampa Ba,Y~ a1Hl betwt'('ll 'Lnnpa Bay alHl Charlotte 
Harbor; to continue the same classes of work to the southward of Cliazfotte Harhor; to nm lines 
of soundings and dredging, aud malie observations of sea-temper11tmn; in the Gulf of l\Iexieo, 
and develop the h,vdrography of the Gulf coast iududed in field operations; to com1ect the trigo
nometrical stuYeJ· of tlie Mississippi RiYer at XmY Orleans with that of Lake Borgm• arnl Lake" 
Pontchartrain and J\Ianrt>1ias, aud nf tlte Mississippi RiYer abO\·e Kew Orleans to tl1e lwa(l of "hip 
navigation; to determine geographical positions, and make the astrcmomieal and magnetic oh,;er· 
vations requisite; to extend the triangulation, topograpl1y, and hydrography of tlie coa"t of J,onis
iarna westward of the .Mississippi Delta, and continue the li,rdrograpli,r of the Gnlf of :\lf•xico 
between tbe month of the l\Iississippi and GalYeston, Tex.; to continnP the triang11lnti011, topog
raphy, and hydrograph~· of the coast of Texas westward between Sabine Pasc; a11d nal\·pston, aud 
between Corpus Christi and the Rio Grande; to measure a base line of n:rification. aJl(l make the 
astronomical and magnetic observations requisite between l::labiue Pass awl tlw Hio Grande: to 
continue the hydrograpby of the approaches to the coast of Texas; to continue the triangulation 

. connecting tlie surve,rs of tlie Atlautic and Pacific coasts and to fomi.~h iwiuts for StatP smTt\\'S; 
to continue the determination of tht' positions of new light-hom;es arnl Iife-saYinµ: i.;tations along 
the coast between New York and the nio Gramle; to continue the fieJd work for tlw wrification of 
data for the Coast Pilot; to continue the organized system of magnetic obserrntions l'l'(jltired for 
a complete magnetic surYey, and to run lines of leyels conuecting points in the main tria11gnlati011s 
with the sea level. 

OFFICE WORK.-To coutiuue the deduction of resulti,; b~- computation from the field operntions 
along the Atlantic and Gulf coasts, and in couuection witb interior g't'odetie surwyc;, incltuliug 
astronomical, geographical, magnetic, spirit-leYeling, and tidal work; to a•kance the publication 
of the Coast Pilot for tle Atlantic and Gulf coasts; to prepare the predictions of tides for 1880 for 
the same; to continue the publication of original topographic maps aud reductions tlwreof, alHl to 
plot the hj·drographic sur,·ey;;; ;·to make additions to the drawings of sailiug· chartc; A from Cape 
Sable to Cape Hatteras, and of Nos. I and II, Cape·Sable fo Sandy Hook, and Xantuckct to {:ape Hat
teras; t-0 continue the drawing and engraYing of the general cha.rt of the coast from Quoddy Heatl 
to Cape Cod, and to com1>lete the engraving of tlie western part of this chart; to begin the <lra\riug 
of ooast charts Nos. 1 and 2 from Saint Croix Hiver to I>etit l\fanan Light-House; to continue the 
drawing and engraving of coast charts Nos. 3 and 4, including Frenchmau's Hay and Pm1oltscot 
Bay, and to finish t11e drnwiug of the first named ·of these charts; to hcgin the engraYinp; of the 
harbor charts of Passamaquoddy Bay and of Machi~ts and Englishman's lfayH; to coutirrne that of 
Eastport Harbor and Cobscook Bay; to compfote the drawing and contmue the engmYing of the 
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harbor charts of Frenchman's Bay and Somes Sound, and of the charts of Hlue Hill and Union 
Hiver Bays; to complete tl1e drawing of the harbor charts of Eggemoggin Readt, Head Harbor, 
and Swan Island Harbor; to begin the drawing and engraviug of the chart of New lmryport Harbor 
(11ew issue), and tlte drawings of the charts of Thames RiYer, New London, and Norwich; to begin 
the drawing aml engraYing of the charts of the Hudson Hiver (new isRue) from New York to Troy; 
to complete the drawings and engravings of the charts of Bockaway Inlet, Jamaica Bay, and Fire 
Island Inlet, N. Y., and of Barnegat Inlet, N. J., and the drawing and engraving of the chart of 
Delaware Rh"er, showing the hydrographic resurveys; to continue the drawing and engraving of 
1'.oa,;t. chart No. 2;~ from Abst>co11 Inlet to Cape May; to complete the engraving of tlte chart of 
.TameR Uiver from the entrance np to City Point (in three plates), and the dr:rning and engrn,ing 
of t\w chart of tlw 8ame river from City Point to Hichmond; to continue the drawing and engraving 
of sailing chart B from Cape Hattera.s to Key West; to continue the drawing and to begin the 
engraYing of coast cha1·ts :Xos. 45 and 46, from Cape Hatteras to Cape Lookout; t-0 continue the 
drawing of coast cliarb; Nos. 4fl and 50 of Cape Fear River and approaches; to begin the e11gT·,wing 
of coast c11artR No. 47 to 5a, inclnsh-e, sho"ing the· coast from Cape J,ookout to Charleston; to 
hcgiH the engraving- of the general coast charts Nos. S and 9 from Saint Mary's River to Cape 
Florida; to continue the engTaving of the chart of Saint John's River (in three plates); to com
plete the drawing and begin the eng·ra\'ing of coast charts Nos. 60 and (i1 from Halifax Hiver to 
Cape Caiian·ral; to 1h1ish tl1e drawing of the preliminary charts of the inside passage (Indian 
River) to Indian Hin•r Inlet; to begin the engraving of the general coast charts Nos. 11, 12, H, 15, 
embracing parts of the coast between Key ·west and Galveston; t-0 complete the drawing and 
engraving· of the cbart of Tortugas Harbor and to continue those of coast chart No. 75, Charlotte 
Harbor; to com11lete the drawing and engraving of coast chart No. '7, Tampa Bay anrl approaches, 
imd the engra\·iug of the harbor chart of Tampa Bay; to make additions of hydrography to the 
drawin~s of the sailing· chart of the Gulf of Mexico; to complete the engraving of coast chart No. 
79, Cedar Keys arnl vicinity; to begin the drawing and engraving of coast chart No. 80, Cedar 
Keys to Appalachee Ba;q to continue the drawing and engraving of coast charts Nos. 81 and 82, 
A ppalach1m Ba.y to A ppalacbicola Bay; to hegin the drawing of the harbor chart of approaches 
and entrance to Suwanee Hiver, and to complete the chart of Saint Mark's Hh-er (new issue); to 
make additions to the drawing of coast chart No. s:~, Saint George's Sound to Saint Jose1lh's Bay, 
aud to continue the engraving of the chart of Saint George's Sound (new issue); to complete the 
drawing of the chart of Saint Andrew's Bay (new issue); to begin the engraving of coast charts 
Nos. 84 and 85, Cape San Blas to Santa Uosa Island; to complete the engraving of coast chart No. 
91, J,akes Borgne and Pontchartrain, aml to begin that of coast charts Nos. 92 and 9a, :Mississippi 
Sound to entrance to .Mississippi l{,iver; to complete the drawing and engraving of the charts of 
Barataria Bay entrance and of Barataria Bay an<l approaches; to make such additions of 1.Jydrog
rapbj· a111l topograph,v as maj· be requiretl to the drawings of tlie general charts of the Gulf coast; to 
begin the engraving· of coast chart 96, Mississippi l{iver to Barataria Bay, and to complete tl1at of 
coast chart No. U9, Point au Fer to Atchafalaya Bay; to continue the engraving of the general coast 
chart No. 1G from Galveston to the Rio Grande, and of coast chart No.104, Galveston Bay, and coast 
charts Nos. 108, 109, llO, Matagorda, Bay to Corpus Christi Bay; for material for drawing, engraving, 
map printing, for electrotn>ing, and photographing, and for instruments and apparatus. 

'fotal for the Atlantic an1l Gulf coasts, involving work in thirt.y-two States and four Territories, 
will require $395,000. 

The estimates for continuing the survey of the Pacific coast of the United States are intended 
to provide for the following progress: 

PmLD WORK.-To make the requisite observations for latitude, longitude, and a;dmuth, and 
tl1e magnetic elements at stations :ilong the Pacific coast of the United States; to continue off
shore soundings along the coast of California, Oregon, and Washington Territ-0ry, and tidal obser-. 
vations at San Franchico, Port Townshend, and at such other localities as may be necessary; to 
continue the main coast triangulation from Montere;y Bay to the southward, or from Point Concep
cion to tl.Je northward, and from San Pedro towards San Diego, including the islands oft' that part 
of the coast; to continue reconnaissance for the main triangulation of tJ1e coast from San Pedro to 
Point Concepcion, from Russian River to the northward, from Columbia River north to Puget 
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Sound, and south up the ·wmarnette Valley; to continue the primar~- triaugnlation throu_gh the 
Sacramento arnl San Joaquin Valll'Y"' aud mcaRurc a oase line; to continue the coast triangulation 
and topograpliy from NPwport, Los Angeles County, towards San Diego, and that of the islamls 
off the coast of California; to rneasm'P a hase li11e a11d continue the tertiary triangulation and 
topography of the coaHt 110rth of Point Aq.:·uello, towards Point Sal, and the tertiar~· triangulation 
and topography from l'oiut Huchou towarcls San Simeon; to continue the hydrography between 
San Diego and l\loutere~· Bay; to tlen•lop the hydrographic chauges in San Francisco Bay and its 
approaclies; eontin ue the triangnlatiou aud topography of the eoast between Bodeg·a Bay and 
Point Arena; comvletf\ liytlrog:raphy hetween Cape l'IIendocino and the Klamath Hiver, and con
tiime that Letween Cape Sebastia11 and l'oint Orford; to obserYe currents along· tlw coaHt arnl take 
soundings a11d h'mperaturP ol>Re1Yatio11s in the California branch of the Kuro-Siwo curre11t, and 
execute such other 11ydrograpbic work a;< local demands may require; to continue tidal and current 
observations at the Golden Gate and obserYations on the ocean currents along the coast of Cali· 
fornia; to continue the triangulation, topography, and h;ydrography of the Columbia Hirnr; to 
complete the detailed snn-ey between Cape Sebastian and Crescent City and ofi'-shorP l1yrlrogra
phy at Crescent City Heef; to measure a base line and continue the triangulation of the Strait of 
Fuea and the topography and !1ydrography of Puget Souml and adjacent waters; to continue the 
triangulation eastward to connect the surve,ys of the Pacific and Atlantic coasts; to furnish points 
for State sm·veys antl measure a base line; to continue the reeonnaissanee of the coasts and islands 
of Alaska, with obscl'Yations for tide:-; and currents, aml to make the requisite astronomical and 
magnetic obserrntions; to continue the field work for the description of tl.ie coast and •erification 
of the Coast Pilot of the eoasts of California, Oregon, and V\r ashington Territory; to continue the 
organized system of magnetic observations re11uired for a eomplete magnetic survey; and to run 
lines of leYels connecting points in the main triangulations with the sea level. 

O:FFICE "'ORK.-To make thP mmpntatious of the field ohserYations, including astronomical, 
geodetic, geograpliical, magnetic, and tidal work; to continue the compilation of the Coast Pilot of 
the coasts of California, Oregon, and \\-ashington Territory, and continue the eompilation and pub
lication of tlrn 'Coast Pilot of Alaska; to prepare tidal predictions for 1880; to eontinue the publi· 
cation of the original topogTaphic maps and the reductions thereof, and to plot the h~-drogmphic 
surveys; to continue the drawir111-:· aJHl eugradng of the general coast chart No. 1 from San Diego 
to Santa Monica, and to conti11ue the drawing and engradng of No. 2 from Santa Monica to Point 
Coneepcion; to complete the drawings of the local harbor charts within these limits as the mak
rial becomes ~wailable; to contimw the drawing and engraving of the general coast chart No. 7, 
Point Arenas to Cape J\Iemlocino; to continue the engraYing of ~o. 8, Point -~renas to Saint 
George's R-eef, and to hegin that of No. 9, Saint George's Reef to Koos Ba;r; to begin the drawing 
of general coast chart No. 11, Ca.i•;cade Hea<l to Shoalwater J~ay; to continue the drawing and 
engraving of the charts of Columbht Hiver, of Puget and Washington Sounds, with their adjacent 
waters; to continue tbe drawing and e11gravi11g of the chart of the northwestern coast from the 
49th parallel to, aud including, the Alaska coast and islands in Behring Sea; for materials for 
drawing, engraving, and map printiug; for electrot,vping and photograph,y; and for instruments 
and apparatus. 

Total for the Pacifie coast, invoking work in five States and one Territory, will require $2iJ5,000. 
For repairs and maintenance of the eomplem.ent of vessels used in the Coast Suryey will 

require $50,000. 
I<'or continuing the publication of the observations made in the progress of the Coast Survey 

will require $10,000. · 
For general expenses of all the work, rent, fuel; for transportation of instruments, maps, and 

charts, miscellaneous office expenses; and for the purchase of new instruments, books, map8, and 
charts, will require $38,600. 

S. Ex.13--2 
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OBITUARY. 

One of tbe most uReful members of the Coast Survey Office, Mr. John T. Hoover, died in the 
forty-fourth year of his age of rapid pulmonary decline on the 25th of May, 1878. ·within the 
fortnight preceding that date he was at the office as usual, efficiently discharging duties to which 
be bad been long accnstmned. 

Mr. Iloover entered the senice in boyhood, and, in addition to native inllustry aud patience, 
brought a decided aptitude for method and dispatch in office details. These qualities were happily 
united with an amiable disposition and constant readiness to further the interests of the work. 
He was throughout life greatly esteemetl by a large circle of friends-in the church where he was 
active, in leading charitable societies, of which he was an officer, and in the office to the duties of 
which his energies were devoted. In each of these bis tact and facility in the discharge of business 
were cheerfully made effective for the benefit of his associates. 
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PART II. 

The distribution of the field and hydrographic parties in the course of the fiscal year ending June 
30, 1878, is shown in tabular form in Appendix So. 1. :Following the order in which the parties 
are therein mentioned, abstracts will now be given of reports on the work done in each localit,r. 

Much of the efficiency in the service depends upon mea11s of transportation and accommoda
tion. Eleve11 steamers, of from three hundred and fifty down to sixty tons burthen; eighteen 
schooners, of from one hundred and sixty.four to thirty tons burthen, and four small steam launches 
have been employed in the work of the year. In the oversight needful for keeping all the vessels 
in goo<l condition, and careful supervision of the estimates for outfit and repairs, I have been ably 
assisted by Commander Edward P. I,un, U.S. N., hydrographic inspector of the Coast and Geo
detic Surrny. The patient application of that accomplished officer, and his readiness in giving 
personal attention to the requirements of the service at points however distant, have greatly fur
thered the interests and success of the survey. 

Lieut. "rilliam H. Parker, U. S. N., assisted in the office of the hydrographic inspector from 
August 13, 1877, until the rnth of June of the present year. 

On the 28th of June, 1878, Lieut. Commander Philip H. Cooper, U.S. S., was assigned to duty 
in tlie Coast and Geodetic Sun·ey. This report was then closing, but"arrangcments were in pro
gress for the periodical examination of depth on the bars of harbors along the Atlantic coast. 
The details of this service arc in charge of Lieutenant-Commander Cooper, and will be the subject 
of mention in my next annual report. 

vV. H. Mapes, inspecting engineer, as in past ;years, remltrs, 1111der the direction of the hydro
graphic inspector, faithful serdce in the supervision of repairs and of alterations when requisite 
on the vessels of the surrny. His intelligence and care in the cxecntioJI of details committed to 
his charge e'\'ince high regard for the best interests of the work. 

The abstracts which follow are illustrated by the seveml progress sketches, as numbered in 
the heading of each of the sections. The general progress made in the sm-ve;y~s shown in Sketch 
No.1. 

SECTION I. 

MAINE, NEW HAMPSHIRE, VERMONT, ::'11ASSACHU8ETTS, AND RHODE ISLAND.-(SKETCHE;; Nos. 2 AND:!.) 

Hydrography of the coast of Maine.-The approaches of the coast of Maine in the vicinity of 
Mount Desert Island have been sounded by a party in charge of Lieut. J. F. Moser, U.S. N., As
sistant ()oast and Geodetic Survey, working with the steamer Endeavor. 1''or the erection and 
location of signals the vessel left Rockland on the 26th of June, 1877, and was employed in that 
preliminary work until the 5th of July, when soundings were begun. Tidal observations were at 
the same time mmmeuced at Bass Harbor. 

The hydrographic work was frequently interrupted by heaYy fogs, but unusually good weather 
prevailed during September and until the middle of October. A. few days of remarkably clear 
weath('r were improved by running from Mount Desert Rock three radial lines northward and west
ward to connect with the inshore hydrography, which last-mentioned work was extended by Lieu
tenant l\Ioser from the vicinity of Schoodic Point to the limit of previous operations ne.ar Isle au 
Haut. A few radial lines of soundings were 'also run to seaward from Mount Desert Rock. In 
that Yicinity the steamer Endeavor was repeatedly run in difforent directions over the Columbia 
Ledge, but no depth of less than four fathoms was found. 

Near the shore the bottom consists of rock, but further out the specimens brought up in 
sounding showed stiff, dark clay, with small broken pieces of horublendic rock. 

The work done by the party of Lieutenant Moser developed the hydrography coastwise for a 
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distance of thirty miles, and extending ten miles to seaward outside of Mount Desert Island, and 
outside of otl1ers to the eastward of Penobscot entrance. The general statistics are: 

Miles run in sounding ................... - - .. - ......... - ....... - - - - . . . .. - 1, 058 
Angles measrtred . . . . . . . . . . . . . . . . . . . . . . . ...................... - . . . . . . . . 4, 884 
Number of soundings .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. .. .. ..... 6, 410 

On the 1st of November, 1877, the steamer left the coast of Maine, and after refitting at ~or
folk was employed in hydrographic work in Section IV, as will be further mentioned under that 
head. 

Lieutenant Moser was assisted during the season by .!\faster J.B. }forelock, U.S. N., and 
Master F. E. Greene, U. S. N. 

'Yhile working southward of Mount Desert., Lieutenant Moser's attention was called to the 
site of a rock between Sutton's Island and Great Cranberry Isla11d. Aftm· due search the danger 
was found about midway in the beating channel between the two islands. The rock is small at 
the top, and has on it only seven and a half feet at mean low water. Being little known it was 
marked on the chart as Sperlin Rock, after the name of the resident of Cranberry Island who 
made known particulars which aided in the deYelopment. 

I,ate in June a ledge was developed between I'emaquid Point and Monhegan Island. The 
least water found was seventeen feet on what seemed to be the pinnacle of a rock. 

Topography of Skilling Rfoer, Jlfe.-North of the site of work mentioned under the preceding 
head, the topographical survey of the main coast has been a<lYanced in the vicinity of Skilling 
River, one of the estuaries of l•'renchman's Bay. For this work Assistant Charles Hosmer took 
the field in the middle of .Jiuly, 1877. The weather was \'ery nnfavomble, but iu the eourse of six 
weeks the usual margin of topographical details had been mapped to represent tlie sliores of Par
tridge Cove and Raccoon Cove. When the survey was well in hand with a prospect of joining to 
the westward with plane-table work, which will be notieed presently, :Mr. Hosmer was prostrated 
by a sudden attack of illness, and in consequence the field party was discharged at the end of 
August. Assistant Hosmer, as soon as possible, proceeded to his home, and by careful treatment 
was in due time restored to his accustomed health. The statistics of the work done by him in this 
sectiou are : 

]\files of sho:i;e line surveyed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281 
Hoads, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Area of topography, square miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... __ . _ 3 

In the spring of the present year Assistant Hosmer again took the field for serdce, which will 
be noticed in this report under tlie bead of Section VIII. 

Topography of Blue Hill Bay, Me.-For continuing the survey of the coast of Maine to the 
north ward and westward of Mount Desert Island, a part,y was organized to work under the charge 
of Assistant A.\\'. Longfellow, and took the field on the 22d of .June, 1877. .Toining at the western 
limit of the sheet projected for the survey of this season with plane-table details which had been 
mapped in a previous year as far eastward as Blue Rill primary station, Mr. Longfellow surveyed 
the north shore of Blue Hill Bay, and extended bis work eastward to include Newbury Neck and 
the opJiosite shore of Union River Bay. The north end of J,ong Island also appears on the topo
graphical sheet. "The general character of the topogra1>hy upon the north shore of Brue Hill Bay 
is a rough, wooded, granite hillside, the quarries of which furnish the principal industry of Blue 
Rill Village. These quarries supply to the government, and to many cities of the Uuion, an excep. 
tionally fiue quality "Of dressed stone for public buildings." The small islands and ledges in Blue 
Hill Bay are represented on the plane-table sheet. Field work was closed on the 22d of September. 
The following are the general statistics : 

. Miles of shore line surveyed . . . . . . . . . . . . . .. . .. , . . . . . . . .. __ . . . . . . . . . . . . . . 30 
Roads, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :J2 
Area of topography, square miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... , . 13 

Hyd·rography of Jericho Ba.y and Head Ha,rfJor, Me.-After the completion of repairs on the 
schooner Earnest, Lieut. J.M. Hawley, U.S. N., Assistant Coast and Geodetic Survey, sailed with 
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bis party from Belfast on the 22d of May, 1877, to continue the hy<lrographic work sout11war<l and 
eastward of Eggemoggin J{eacb, and beyond Naskeag Point, where soundings were dosed last 
year. In the course of ·a week the n•fp1isitc "ignah; were all in place, and tidal obserYation8 -were 
in progress. Soundings were then begun in .Jericho Bay, a11d the weat:ier being fayorahle, the 
pr~je.ction was filled by the end of June. The outer limit of the hydrographic sheet includefl the 
shore of Swan Island. 

Special attention was gh·en by Lieutenant Hawle_v to the dew•lopmeut of rocks aml shoals in 
Jericho Bay. "The titles iii the hay hetwt>eu Deer Isle and the mainland on the north, and Swan 
Island on tlie south, set east and west, the floo(l setting to the westward. AJ the western end of 
Swan Island it sweeps around towards the Hca, and the general direction of the set being northwest 
and southeast, the tidal current is strong in th(' narrow channels, but its force is influenced by the 
wind." Among the dangers determineu in position is Thornlmsh Ledge, at the eastern entrance of 
.N"askeng· Harbor. 

The work here nuder notice was done with the steam launch Sagadahoc, the schooner being· 
used for quarters at her anchorage in Saskeag Harbor. 

On the 1st of Jnly the Hebooner Bamest left her anchorage and proceeded to Isle au Haut, but 
on the way' a tide gauge wa8 put up at Green's Landing. The ve;,;;.;el was thPu hrought to anehor 
in the Thoroughfare, and a party was organized, in charge of Master G. U. Hanus, U. S. N., to 
make a hydrographic suney of Head Harbor. In this place, at the south end of Isle au Haut, the 
schooner Earner;t. had heen caught by a heaYy southwest. gale, and cast ashore, as mentioned in my 
report of last yeal'. 

TIH~ part~' detailed for the survey left the Tboroughfare in the steam lanuelt and cutter on the 
5th of July, aml completed tl1e Hnn111ling of Head Harbor in the course of the next nine days. 
Tidal observations were continued at Head Harbor, Isle au Hant Thoroughfare, and Green's Land· 
ing while the soundings were in progress. The work, as pro,·e<l b.'' the experience of the party in 
the preenling season, was dangerous, and f•.ould be :Hfrancecl at ra,·orahle times only by soundiug 
in the cutter, the place being too much exposed to admit of workiug with the steam launch. "'llile 
prosecuting the soun1lings, the officers and men were accommodated in houses along the shore of 
Head Harbor . 

.After completing the work last mentioned, Lieutenant Hawley commencerl on a third projection 
which had been made to include the waters between Isle au Haut and Deer Isle. This work was 
vigorously prosecuted in sections by two parties detailed from the Earnest, the anchoragP of wl1ich 
was not changed until the 7th of August., when tlw Ye!'sel was mo,·ed to Green'8 Landing. Dense 
fogs were frequent in August, aml the work during that month was mueh delayed. The southem 
half of the bydrographic sheet was however filled with soundings when it became necessary to recall 
the schooner in order to make read~· for her transfer to the I_>acific coast under preYious arrange· 
men ts. 

Deer Isle Thoroughfare and the adjacent waters were smmded by the 11th of September, when 
the work was closed. The party then proceeded to Belfast, and, after laying up the steam launch, 
sailed for Baltimore, at which port the schooner was refitted for her Yoyage to Sau Francisco. -
Lieutenant Hawley transferred the command of the Earnest to Sailing )faster P. G. Let-0urnau, and 
himself took charge of the schooner Silliman for the prosecution of work which will be rnentione(l 
under the hood of Section YI in this report. Ile was assisted on the coast of Maine h;r :Jfasters G. 
C. Hanus and A. H. Cobb, U. S. N., and by Ensign A. )fertz, U. S. N. The statistics of the work 
done by the party in Section I are : 

Miles run in soundings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... -. . . . . . . . 491 
Angles measured ..... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, ti44 
Number of soundings . . . . . . _ . . . . . . . . . . . . . . . . . . . . . .... _ . . . . . . . . . . . . . . 36, 667 

Tidal obser·vations.-The series of tidal and meteorological observations commenced at North 
Haven, in Penobscot Bay, in January, 1870, has been stea<lily maintained during the last fiscal 
year by Mr. J. G. Spaulding. The self-regh~teriug gauge is fornh;hNl with heating apparatus. 
Every precaution bas been taken to avoid breaks, and so far as the record extends, this series is one 
of the most perfect among the tidal records. OecasionallJ, when of necessity the apparatus is 
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stopped for deaning or repairs, the continuity of the record is secured by frequent staff readings, 
as at other stations. 

Since the year 18 i3 a good self-registering tide gauge has been used at Providence, R. I., by the 
city engineer in making local improvements. The records, up to the close of the year 1876, have 
been received at the Office, and in the preliminary discussion there is promise -Of good results. 
Excepting for the record paper and blank forms furnished to the observer at Providence, from time 
to time, the series of observations at that port is maintained without cost to the government. 
In due time the records \Yill pro\'e valuable for investigating the tides of Narragansett Bay. 

Tria11guluti11n in X1m· Hamp11hire.-On the 13th of May Prof. E. T. Quimby again took the field, 
and occupied the rernaiuder of that month in resetting the signals needful for the measurement of 
horizontal angles from the summit of Gunstock ~fountain. Early in June the theodolite was in 
adjustment at that station, and as soon as practicable the mea.~urernent of horizontal angles was com
pleted b,r obser,'ing on signals at stations Cardigan, Bean Hill, Prospect, "Whiteface, Tra.sk, Cata
mmmt, and 1-Gattlesnake. Sear the middle of the month the instruments were transferred to 
Gilford, and from that snmmit most of the signal!'! abo\'C mentioned were also observed on, previous 
to the :!0th of June, at which date field operations were closed for the month. 

ProfeHsor Quimby will again take up the triangulation in July, and prosecute work as hereto
fore during the summer. Purther mention of the progress made by his party will be made in my 
next annual report. 

Trfon!Julation of Boston Upper Ha.rbor.-The legislature of Massachusetts having provided for 
a resurvey, the board of Larhor commissioners of Boston made request for the detail of a Coast 
Survey obseITer to make the requisite triangulation for establishing points. Assistant I~rancis 
Blake, jr.7 was assigned for the service, and t-0ok the field in Septem Iler, 1877. 

In tl1e coast triangulation of a form~r year, one of the stations occupied was in South Boston. 
:Mr. Blake found the ground marks of that station, and established a second point on Powderhorn 
Hill, by observing with the theodolite from two of the early stations in the vicinity of Waltham. 

After couuectiug the line from ::South Boston to Powdcrhorn with the general coast triangula
ti~11, other stations were chosen fo1· the special surve.r, and were occupied in succession. Forty-one 
points in all were determined i11 position for the topographical work contemplated by the board of 
harbor counuissionert'I. Eight other positions beyond the city limits were established and marked 
with granite posts. "From these 1>0ints future changes in the harbor lines can be readily traced for 
com1Jarison with the results of the local survey _of this year. At several of the stations occupied, 
Mr. Blake observed the direction of subsidiary objects, for the use of the city engineers. 

The result;; of the work done by the triangulation party were checked by a base line measured 
by Mr. Edward S. Pilbrock, engineer in charge of the filling of part of South Bost-On Fla ti!. Assist
ant Blake's determination of the length of the line, by computing through the triangulation, agrees 
within less than half an inch with the measurement of the engineer. 

The statistics of the triangulation are: 

Signal11 erected , _ . _ , _ . __ , . ____ • _ .. ___ .. _ .. __ .. , __ ..... __ .. _ ... _ . _ . 
Stations occupied . , . . . .. _ . . _ , , . _ .. _ . _ .. ____ . __ ...... _ . _ _ _ . _ . __ .. ______ . 
Points determined .. - . . . . . . . _ . __ ... _ .. _ ......... _ .... _ . _ . __ . _ _ .. - . _ . _ .. 
.. A.ugles 1neasured . - . . .. _. _ - ___ . ____ , . . . __ .............. _ .....•. _ . . _. __ 
Number of observations .... - .. _.. . . . .. _.... . .... __ ... _ ........ ., .. . 

23 
23 
49 

225 
·5, 868 

After oompleting the computation of bis tield observations and furnishing the results to the 
liarbor commissioners of Boston, Ml'. Blake, under a necessity which then arose for close personal 
attention to private affairs, to my great regret resigned his place in the survey. He had rendered 
able and ver_y acceptable service during a period of twelve years. 

Ligltt-houses <letermine1l in position.-With the requisite instruments, Assistant G. A. Fairfield 
reached Prm·incetown, Mass., on the 20th of August, 1877, and made arrangements for determining 
in position all the light-houses between Wellfleet and }farblehead. The adjacent stations of the 
primary triangulation were visited and identified, and for the five lights on Cape Cod Peninsula, 
angular measurements were subsequently made from Mill Hill, Scargo, Shootfiying, and Manomet 
Hill. 
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At Plymouth, after determining in position the light-house, Mr. Fairtield measured horizontal 
angles for marking on charts the Standish Monument and the monument in tlle town, both of wllich 
serve as leading marks in approaching the harbor. Passing on to the .-icinit~· of Cohasset, three 
stations were occupied with the theodolite for ascertaiuing the exact relati\e position of the light
house on Minot's Ledge. The ma1·ks at the station "J1Ta.ntllsket" which ha!l been occupied in the 
survey of Boston Harbor, having been displaced, were renewed b~- Assistant Fairtield. 

Adjacent to the six lights in the neighborhood of l\farblchcad three station points \Yere iden
tified, and were occupied for the measurement of horizontal angles b~· mean8 of which five of the 
aids to navigation were determined. Marblehead light-house being \isible from only one of the 
stations was of necessity occupied, and was fixe!l in pMiition by the measurement of angles 011 a 
signal on Uoddin's Hill and Baker's Island light-house. 

Mr. Fairfield conclnded field work on the 24th of November. The statistics are: 
Signals erected _ ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Stations occupied .. _ ......... _ ......... _ . . . . . ................... _. 14 
Angles measured .... __ ....... _ .......... _ . . _ ......................... _ . 53 
Points determined ................... _ ............. __ . _ ........... _ . . . . . 17 
Number of observations_ .. _. __ ... _. . .......... _.. . ........ _ .... _ ...... l, 010 

In the latter part of the fiscal year Assistant Fairfield was as;;dgued to field sen·ice for the de
termination of points in the State of Illinois, as will be stated in further detail under Section XIY 
in this report. 

SEA CURRENTS. 

The general scope of the work intended off the coast of New England, and for which provision 
had been made in the construction of the schooner Drift, was mentioned in my last annual report. 
The work had then been commenced, and was in lll'Ogress at the cud of the fiscal year. Master 
Robert Platt, U. S. N., successfully recorded current observations at one station in June, 1877, the 
depth being sixt.y fathoms at his anchorage. 

The second position chosen for the vessel was in thirty-fi\'fl fathoms to the southward and 
westward of George's Shoal and Cultivator Shoal. Good observations were rccorclrnl, tllongh the 
weather was bad, with high winds and sea and frequent fogs. .At this station the flood-tide swell 
was particularly noticed, making up at each flood tide and running down on the ebb. X ortheast 
of the station last mentioned, Master Platt found a spot on wllich the soundi1Jgs gaYe onl.r eight 
fathoms. The shoal spot was indicated by discolored water. Between George's Shoal and Culti
vator Shoal the Drift was brought to anchor in sixteen fathoms, and cmrent observations were 
recorded. Tl1e tidal swell was perceptible at this station, and at the 8trength of the flood and ebb 
tide the schooner was surrounded with strong and well-marked tide rips. 'l'hese rips disappeared 
on the turning of the tide. · • 

The fourth current station was occupied about fifteen miles to the eastward of George's- Shoal. 
In good weather the schooner was anchored in thirty-two fathoms. arnl au excellent scrim; of ob
servations was recorded. While at this station a brig was noticed to be trying to work to the 
northward, but remained in sight during thirty-six hours, ha"\'i11g m,fortnnately tacked again and 
again to be set ha.ck by the action of the tidal current. The direction and forcp, of the current 
being knowl) on board the Drift, by the observations then in progress, the schooner was moYed 
without delay a distance of twenty-four miles to this station, although the wind was direct!~· ahead. 

Near the northeast edge of George's Bank current observations were recorded successfullJ', 
and also at a sixth station ten miles south of Brown Bank. The Drift was anchored in one lmu
dred and thirty-five fathoms, and the movement of the water at the smfacp, and as low down as 
seventy-five fathoms was noted, but after working sixteen hours with success the vessel was driven 
off by bad weather. Very heavy tide=rips were crosse<l in standing to the westward, and gales 
were frequent in the latter part of July. 

After needful repairs at Boston the Drift resumed work, and occupie(l a station iu sixt,y-five 
fathoms off Cape Sable. The operations there gave good results, and the weather was favorable. 
The last position in which the vessel anchored was on the north side of Browu Bank in fift.y-two 
fathoms. 
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A dense fog prevailed while the observations were in progress, and but little wind until the 
record was almost complete, when the work was dosed hy a 8ml<len 8outheast gale, in which l.Jy 
the parting of her hawser the anchor of the Drift was lost. 

In returninJ toward Boston, breakers were freq111•11tl,\· noticed wliere the depth was found to 
he upwanls of 011e lrnrnlred fathoms. Thelle proved to be very heavy tide rips, and so prevail 
where they wen• observed as to warrant their im;ertion on charts of the approaches to Massachu
setts Ba:v. Some of the rip8 are twenty ancl otllers as m,1cll as forty mile::; long and at least. ten 
miles wicle. Sometimes they resem.ble ;;hoal water, or breakers ahead, and tlte report of l\Iaster 
Platt states that stra11gers coming Oll them without notiee at night. wo11l1l hH grnatl.r perplexed. 
His own experience is thus expressed: ''\Ve drifted along with the current, where t.he depth was 
one hundred and sen~11teen fathoms, until we came into these breakers, and found only a very 
hcaYy tide rip; the sea so high arnl combing that we bad to reduce all sail; three reef the mainsail 
and haul tlie boom well off to keep from rolling our mast out.'' 

At intervals across the entrance of Mas8aclm8e1:ts Bay five cnrreut stations were occupied 
between Uape Ann and Cape Cod, and three other:,; to the eastward and along the south coast of 
Cape Cod. In six positions while the schooner was at anchor the force and direction of the cur
rents were determined for a depth of thirty fathoms; at fifteen stations the obsen·ations were made 
for a depth of ten fathoms, and at nine statiolls the surface currents were deterrniued. Tempera
ture obserYatiom; were recorded at the same time, aml the dernsity of the water was tested by about 
U.ree lrn11dred ohserYations. The general statistics of the work are: 

Sextant obserrntious for position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 344 
'J'emperature obser-vati.ons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84:3 
Current ohser\·ations . . . . . . . . . . . _.. . . . . . . . . . . . . . . . . . . ..... _.. . 7, 032 

This work was conelmled late in October. The .-essel then passed southward by way of New 
York, aml reached Norfolk on the 6th of No,·ember, and was laid up duriug tLe winter. Master 
Platt was assisted in the work in this Rection by Ensign J.P. Underwood, U.S. N. 

~From the observations numtioued under this head, Assistant Henry Mitchell, under whose imme
diate direction the detail!-! of the work were prosecuted, deduced general rnfos for Uie guidance of 
mari1wrs in <'rossiug the Gulf of Maine. These rules will enable 11avigators who obsen·e them to 
an>id George's Shoal, and will greatly assist them in beating· against a head wiml between Uape 
Cod and Cape 8able. 'l'he rules have been issued as a prillted notice to mariners, together witll a 
sketch showiug the positions of the extended tide rips to which reference has already been made. 

SECTION TI. 

CONMECTIC:l;T, NEW YORK, NEW JERSEY, PENNSYLVANIA .• AND DEI,A W AUE.-( SKETCHES NoH. 4 A!>'n 5.) 

8u,t•ey of l>uck Island Harbor, Conn.-This Rurve;y was made b,r Subassi,,;taut .Toseph llerges· 
heimer, who measured a suitable hase line on the bead1 and tracell the sl10re Jines in the latter 
part of June, 1877. The soundings were made in the following month, and show the character of 
bottom aud depths in the harbor betwee11 .Me11n11ketesnck Point and Hammond Point. The sta
t.istics are: 

Shore line traced, miles . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Low-wat~r line, miles .......... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Hoads, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Miles run in sountliug· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
Angles measured - - . _. - . . . . . .... _. . . . . . . .. _ . . . . . . . . . . . . . ...... _ . . . . . 1, 203 
Number of soundings ... _. . . . . . . . . . ...... _ ............... _.. . . . . . . . . . . 8, 722 

Under the head of Sections VI and VTT further mention will be made of. :field work executed 
by Mr. Hergesheimer. 

Topography near New Haven, Conn.-In order to close with proper limits the plane-table work 
near New Haven, Assistant R. M. Bache took the field in the summer of 1877 and extended the 
detailed survey north and west of the points which had been Jlr~viously occupied. To the usual 
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variety of detail found ac~jacent to the city the sheet of this year adds features rnncl1 more rugged 
than any repre>mnted by either of the preceding sheets. The statistics are: 

Shore line of streams, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... 14 
Roads, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Area of topography, square miles ............ - -.......................... _ Ti 

The subsequent field work of Assistant Bache will be mentioned under the head of Section VI 
in this report. 

Surve.IJ of Rockaway Inlet and vicinity, N. r.-A resurvey being det5irable to determine the 
nature and extent of changes in shore line at Uockaway Beach, ou the south shore of Long hlaud, 
Assistant J. W. Donn was clet.ailed for senice and took the field early in July, 1877. Along the 
beach all the triangulation points used for the early survey hau been washed awa)'. From points 
to the eastward of the inlet, determined in 1875, triangulation was therefore extended lJy Mr. Donn 
to include tile western side of Jamaica Ba~· and the ground between the bay aud Couey Island. 

As soon as practicable the shore lines were traced by meaus of the plaue taule. A;;sistant 
Donn, after comparing his results with the outline shown by the earlier sm·n·~-, tllns reniarks in l1is 
report from the field: "In the bay marshes only slight changes were obserYable, but 011 Rockaway 
Beach and at the south cud of Barren Isla,nd and the entrance of Dead Hon;e lnlet there was 
only a slight resemblance to the outlines shown by the original work. Great changes are notice
able after every hea,·y easterly storm. The extension of Itockaway Beach to the westward is at 
present rapid and unceasing. A reconnaissance of tl1e whole bead1 from the inlet to Far Hocka· 
way showed no encroachment of tile sea that might, by effecting an opening to tile eastward, check 
the westerly growth. Eastward of Far Rockaway, at the distance of two miles, an inlet has oeen 
formed, which is rapidly enlarging, aud forms an additional outlet for the waters in the western 
extremity of Great Soutll Bay. 'fhe whole configuration of the shore iu tile vidnity of Far Rock
away appears greatly changed from that shown by the early 1mrrn.r. \\'est of Hockaway Inlet 
remarkable changes !lave occurred in tile line of the islands and bays, the alterations extending 
up to Gravesend Bay. From Dead Horse Inlet an unbrokeu Leach extends to tile western extremity 
of Coney Island, and the whole shore has been thrown back towards the main lawl half the width 
of 8heepsllead Bay, whicll must soon be obliterated if tile extension of Rockaway Beach continues.'' 

The statistics of the field work are: 

Stations occupied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Horizontal angular measurements....... . . . . . . ........................... 1, 037 
Marsh line surveyed, miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Shore line, miles ................................ - ... - ... __ . . . . . . . . . . . . . . 12 
Area of topography, square miles...... . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 15 

Field work by the party of Assistant Donn was completed on the 18th of October. I-'nrther 
operations by the same party in this quarter will be mentioned presently. 

Within the shore lines traced by Assistant. Donn the hydrography was carefullJ- exccnted lJy 
Lieut. Washburn lVIaJ·11ard, U. S. N., Assistant Coast and Geodetic Survey, in Angust, September, 
and October, 1877. The work includes Rockaway Inlet and its approach from the i,;outhwanl, and 
the western part of Jamaica Bay t-0 a short distance aboYe Canarsie. Rig Fitihkill channel was 
taken as the limit of soundings to the eastward. The several channels between it and tile western 
shore of the bay were a!so developed, and are shown on the chart wllich was issm'd by photolitho
graphy as soon as practicable after. the completion of the :field work. 

In the hydrographic survl'Y, Uentenant :\Iaynard was assisted b~· }lasters \V. F. Low am] 
S. H. May. The work was done in the steamer Fathomer. In my next annual report mention will 
be made of the progress of the survey to the eastward of Rockaway Inlet. The statistics of tile 
present season are: 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . 244 
Angles measlll'ed.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t, 576 
Number of soundings . . . . . . . . . . . . . . . . . . . .. . . . . . ......... : .............. 36, 604 

The work done by the party of Lieutenant Maynard is comprised in two hydrographic sheet 

S.Ex.13-3 
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Surrey of Coney Island, N. Y.-In the field operations of last :mar the triangulation of the 
south coast of Long Island had been brought as far eastward as Manhattan Beach. One.of the 
stations was at. tlie east eml of Uonp,y Island, and another was occupied in the village of Gravesend. 
For continuing work in the present season, Assistant Donn found and reoccupied two of the sta
tions, and from them obserYed with the theodolite on a number of cupolas along the line of Coney 
Island. Three additioual stations were occupied, including Fort Tompkins, and from the angular 
measurements points were provided for the plane-table survey. The fopography was commenced 
on the 1st of :May of the present year. Interruptions were frequent by wind, rain; and fog. 

Each feature, natural or artificial, is shown in its proper position on the plane-table sheet of 
Mr. Donn, and for this part of the coast of Long Island the sheet is an excellent standard for com
parison with future surn'ys. Of the changes now going on in the vicinity, he remarks: "Sheeps
head Bay and the creek connecting it with Gravesend Ray are rapidly filling up, and it is alto
gether prolmble that Coney Island will be an island only in name at no distant day." 

:Field work in the vicinity of Coney Island was completed early in ,Tune. The following are 
statistics: 

Coast and bay shore surveyed, miles ... __ . . . . . ....... _ .. __ ........ __ . . 12 
Creeks, miles .. _ ...... - - . . .. - - .......... - ... - . - . - .. - - . . ....... _ . . . 10 
Hoacls, miles . . . . . . . . . . - _ ... _ .. _ ........... _.. . . .. - . _. _. - ... _ . . . . . . . . . 18 

During the summer, ~.\.ssistant Donn was engaged in Jamaica Bay in the prosecution of a 
survey which was commenced in the summer of 1877. Of this work mention will be made in my 
next report. 

l'endu/um c.:rperiments.-After careful preparation, Assistant C. S. Peirce arranged tlie pendu
lum, which be had previously m;ed under other conditions, to swing in vacuo, and during the month 
of September, 1877, it was swung at various pressures with the heavy end down. For these opera
tions time was defaormined before and after experiments with the pendulum. 

While abroad as a delegate to the International Geodetic Association, Mr. Peirce·at intervals 
made comparisons of the length of our pendulum standard with that of the Prussian Geodetical 
Institute. 

In November tests were made of certain scales used for the measurement to hundredths of a 
seconcl of the traces on chronograph sheets, the aim being to measure the chronograph record 
without estimations. 

The pendulum was swung in December with the heavy end up, and in the course of the winter 
Assistant Peirce compared all the micrometers which be l1ad m;ed in previous experiments. Sub
sequently a11 elahorate series of measures was made for comparing our pendulum meter with a 
German meter. 

In April and l\Iay of the present year the pendulum was swung at New York in air of which 
the tklmperature was about 100 degrees Fahrenheit. 

Among other operations conducted this season were experimtmts for the coefficients of expan
·8ion of two meter hars and micrometer tests with reference to the spectrum meter. Additional 
obsernitions were made to compare the statical and dynamical tlexures of the stand which snpport8 
the pe.ndnlnm. 'fhe records of the various experiments mentioned in this abstract are contained 
in twenty-six volumes. 

1'i<l1il ob.~erwtfons.-A.t Governor's Island, in New York Harbor, the series of observations with 
a self-regi11teri11g tide gauge has been kept up by Mr .. R. T. Bassett. In freezing weather the diffi
culty of maintaining a continuous record has been met by applying heated water to keep the work
ing parts of the apparatus free from ice. A nineteen-year cycle, including continuous observations 
during winter, will soon be completed at this station. The record, as heretofore, is frequently 
resort.eel to by local t1ngineers for adjusting the levels proper for bridges, wharveR, sewers, clikes, 
and harbor improvements generally. For comparison with the results at Governor's Island the 
same observer occasionally records day observations at Hamilton A venue Ferry w barf in Brooklyn. 

In October, 1875, a well-furnished self-registering tide gauge was establish'ed at Sandy Hook 
on one of the wharves of the New Jersey Southern Railroad, and was put in charge of Mr. J. W. 
Banford, who, having charge of the depot and the direction of the laborers employed about the 
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place, commands all the facilities requisite for keeping the apparatus in good working order. The 
chief officers of the railroad company also have been very obliging, and by their favor the opera
tions have been succcssfolly mainta,ined. Sometimes the water is quite rough, but good rt>sults 
have been secured by the selection of a screened position for the title gauge aml by carefully 
attending to its condition. 'l'he movable part:s of the apparatus wrar rapidly at this station, but 
it is doubtless the only voint at which, wit.hoot great expense, it would he practicable to reconl the 
tides in the vicinity of Sandy Hook. 'file registers show that the rise and fall are largely affected 
by winds, especially when great storms are prevailing at sea off the coast of Sew ,Jersey and Long 
Island. 

Topogrnplty of Burlson R·irer, N. Y.-The party of Assistant H. L. -Whiting wal' organized on 
the 13th of July and was at work in the field until the 21st of Xon•mber, 1877. In that interyal 
the detailed sur\·ey of the easteru side of Hudson River was adYaneed from Crot011 Landing 
upwards to Peekskill. '£he resulting map represents about nine miles 11f the rh-er 8ille as measured 
by·its general course, with the usual margin of characteristic-topography, the nmuerons intersect
ing roads, aml the surface features of the ground above and below Verplanck's Point. Between 
the limits of the work of this seasou the scenery on the west side of the riYer is among the most 
striking that the topographer is called upon to delineate. Above the somewhat ahnipt tt>rmina
tions of the highlands the rh-er yaJlp,y again assumes the softer features which are i;een about New· 
burg and Fishkill. Mr. ·w. C. Hodgkins aided in the field work on the Hudson. The statistics 
are: 

Shore line surveyed, miles _ . _ . ____ . . . . . . . . . . . . . ...•........ _ ............. _ 26 
Roads, mileR .......... _ . . __ ..... _ .. _ . __ .. _ . _ .... _ . __ ..... __ ......... _ . . . . . 5!J 
Creeks and ponds, miles. _. _ ... _ . . . . . . _ ....... , . . . . ..... __ . . . . . . . . _ .. __ . 2G 
Area of topography, square miles . . . . . . . . _. _ . _ _ _. __ ...... _ .. _. _ ... __ . . . . 8~ 

On the sheet of this work now in the office the topographical details are elaborated with great 
care. 

In the latter part of the fisc~l year the survey of the banks of the river was re8umed by this 
party. 

Hudson River levels.-The de8truction of the initial bench-mark established near Albauy,.in 
1858, in connection with a line of levels for referring the tide planes of the river at Albany to those 
of New York Harbor, made it necessary to refer the Albany station to a bench-mark below, the 
identity of which was not in doubt. This involved the necessity of running a line of levels from 
the miter sill of canal lock No. 1, at Albany, down the river t-0 a bench-mark establi,.,hed in 1858 
at Stuyvesant. The distance is about twenty miles. 

The le\'eling was intrusted to Assistant 0. H. Tittmann, who began operations on the 15th of 
December, 1877·, with instruments of greater nicety of construction than have been usually ernplo~-ed 
for such purposes. Subassistant Andrew Braid and Mr. J.B. Baylor assist€d iu the work. To 
insure accuracy, two lines were run, and both were closetl on the bench-mark at Stuyvesant Oil the 
23d of December. 

In the work here noticed, Lieut. J. H. Willard, U. S. Corps of Engineers, eft'ectfrely co-operated · 
with and assisted the party of Assistant Tittmann. 

Primary triangulation.-For connecting the triangulation of the rnlley of the Ilndson with 
the primary work of the coast, two additional sta.tion8 have been occuvied by .As1-dstant Hiebanl 
D. Cutts. Early in June, 1877, the instruments which had boon used in the pr{'{)eding season were 
transferred from South Adams, and were set np on the summit of l\Iount Tom, in l\1assaehusetts. 
Heliotropes were at the same time stationed on Grey lock Mountain, and on l\lount Monaduock. By 
the 5th of July the angular measurements needful at Mount Tom were completed, and as soon as 
practicable the party and instruments were ill readiness for observing from the summit of l\fount 
Equinox, in Vermont. That station is thirty-eight hundred and forty-three feet ahorn mean 
tide. In consequence of the decreased temperature, resulting from its height an<l latitude, the 
summit, when occupied, was enveloped in fog for nearly half the number of day11 when the air 
was clear a thousand feet below the summit. Assistant Cutts, however, succeeded in observing Oil 

the heliotropes which he had previously stationed on five outlying primar~· stations. Operations 
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on Mount Equinox were completed by the 5th of September. The camp equipage was then stored 
at Factory Point. Accompanied by Mr. C. H. Sinclair as aid, Assistant Cutts next visited Mount 
"''asltiugton, to ascertain what point on that summit had heen used as a sigual while angular meas
ire11u•.nts were in progress in the triangulation of Kew Hampsllire. As the smnmit had not been 
occupied with tlw theo<lolite by any observer of the Coast Survey, the question at issue was to 
1etermiue whether the point observed on in 1851 and 1853, from distant stations to the eastward, 
was identical with the signal used in the operations of 1876. After careful examination and due 
measurements with the theodolite, Assistant Cutts found that the object observed on in the last
meutioned year was the northeastern chimney of the new hotel, and thitt the signal formerly 
observed ou, the place of which is marked by a copper bolt, was fifty-four yards west by south 
from the chimney. Exclusive of measurements on the summit of Mount '\Vashington, tlte statistics 
of the triang1dation work are: 

Stations occupied .. - ..................... _.. . . . . . . . . . . . . . . . . . . . . . . . 2 
Angles 1_neasured ..................... , ........................ _ . . . . . . . . . . . . 9 
.Xumber of observations . . . . . . • . . . . . . . • . . . . ...... ,._... . .................... 620 

By an aggregate of two hundred observations the vertical heights of eight stations were 
determined iu the course of the season by angular measurements. 

Pennsyfra nia and Xew York boundary line.-A joint commission of three members from each 
of the two States met at Sew York City on the 29th of May, 1877, to make arrangements for 
correcting and finally marking the boundary line, which, to be exact, should, at all points between 
the Delaware HiYer and a point near Lake Erie, correspond with the 42d parallel of north latitude. 
At the conference it was agreed that the line should be traced ont by a party of surveyors in the 
employ of the joint commission, and that request should be made for the services of a Uoast Survey 
obsen·er to determine the latitude at each of four points, the extremes lming two hundred and 
fifty-three milPs apart. Snhassistant Edwin Smith was detailed for tbe work desired, and, as pre
viously arranged, he reported in person to the joint commission on the 10th of July, at Hale's 
Eddy, which is very near the eastern end of the boundary line. Mr. J.B. Baylor, of the Coast 
SurnO\y, accompanied Mr. Smith to aid in the observations for latitude, which were to be made only 
at points specified by the commission. 

At tlie eastern end the initial monuments set by the surve;yors in 1786 were carefully sought 
for, but without success. The commissioners therefore went some miles westward, traced back to 
Hale's Eddy, from known points of the old line, and erected a monument, the geographical position 
of whiell in latitude and longitude was determined by Subassistant Smith and Mr. Baylor by 
obsenations continued through ten days and nights. The subsequent computations for tlrn 
latitude of that mouumeut place it two hundred and seventy-four feet north of the 42d parallel. 
Similar observations for latitude were made at Firm's station, near Great Bend, about twenty miles 
wc8t of the eastern end of the line. The results for latitude show that the old boundary there 
passes three hundred and forty-three feet south of the 42d parallel. At this station the marked 
stone was found where it had been placed in 178u. 

l~it'ty mile" farther westward Burt Rtation was occupied near W ~llsburg. Latitude was deter
mined at a position indicated by the commission as on the old boundaryliue, and the point occupied 
by the instrument was found, by subsequent computation, to be seven hundred and ninety-one feet 
north of the 42d parallel. 

The fourth Htatiou (Clark's) is within a mile of the western end of the boundary line. Obser
vatious for latitude were made in the usual way, and from the computations it appeared that the 
boundary, as traced there in 1786, is only one hundred and forty-nine feet north of the42d parallel. 
The near agreement between determinations made with the best instruments in the summer and 
autumn of 187i, and results found in 1786 with instruments less accurate in constrm;ition, is 
remarkable. 

The four stations occupied by Subassistant Smith were all well marked by brick piers, capped 
with stones that may be easily lettered. At each of the piers a meridian line was established. 

In the interval of two months preceding the loth of September, when the field work was 
ch>sed, observations had been successfully recorded on twenty-five nights. The records of the four 
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stations contain two hundred and twenty-three obserYatiom; on sixty-sPven pairs of stars for lati
tude. Time was determiued on seyen nights by fift,1· obsen·atiom; 011 twent,1·-tl1rel' star!'; am1 
ohsen·ations were made in the usual way 011 Polaris for ntlne of the micronwter. 

At Travis, Burt, and Firm the lonl!,'itndc wai,; tleterrnined by exchangiHg' :o;i;.:·wtb.; with the 
Naval Obsen·atory at \Yashington. Due ackuowle<lgment of tl1e servieP n~n1le1·e1l for tl1e pm·1ms1>,;; 
of the joint uoundary commission was made in the report of the chairman, Col. .Tames ""orrall. 

Geodetic operations in Yew Jcr.~e:y.-At the outset of the fiscal year l'rof. E!llrnnl A. Bowsrr 
was yet engaged at )fount Rose in the meiMmrement of horizontal anp;les with the tl1emlolite. 
After completing the record at that station the iustrurnent was trausferrccl to Pickles station, where 
the measurements were resumed, arnl at interYals continued until the close of the calemhr year. 

Signals were observed on at }fount Horeli, (~oat Hill, Haycock. :\lont:urn, awl }fount Olin•; 
and ouservatiom; were at the same time rf'conled for detennining the positions of subsidiary stations. 
Field work wa.'> di.scontinued during the latter part of the winter, lmt "·as re.~umc1l iu ApriL arnl was 
prosecuted at interYals until the close of the -fiscal year. The statistics will lw gi\·en iu my next 
annual report. 

Much of the work conducted this season by Professor Bowser im·olYed tltl~ erection of ;;ignal-; 
and their ac~justment, and the posting or heli<~trope;; at stations too distant to admit of the use of 
ordinar,.1· signal poles. 

Geodetic survcy.-In previous seasons the scheme for triangulation in Eailtern Penns.dnrnia 
was brought into connection with stations of the primary work north of Pltihtdclpliia. To the 
southward and westward of tliat city reconnaissance had been made with a. Yil•w of Joi11i11g also 
with stations of the primar,y triangulation which crosses the head of ChesapPake Bay, hut for the 
present season means were not availaule for resuming· field operations until near the close of the 
:fiscal ;year. 

Prof. L. M. Haupt, of the University of Pennsylvania, reorganized his part~- early in June. 
After due anangemeuts a station Wai' seleckd in Chester Cmmt~·, and by the u~m of 11ig·ltt signals 
directions were obtained for clearing lines of sight to Principio station, near the lieatl of Cl1Psa· 
peake Bay, aud to Meeting House Hill, a poiut to the westward of \Yilmingtou, iu Delaware. ..At 
the first· named station a .structure sixty feet high was found reqnh,;ite for the measurement of hori
zontal angles. That station anJ those adjacent to it will lJe occupied in the eonrse of the s1111mwr. 
At the close of the fiscal year the party was engaged at a station on tlle south sule of the Lehigh, 
where the needful angnlar measurements were completed for joining the northern part of the st' heme 
with the triangulation of New Jerse~-. 

Latitude and longitude of Harrisburg, I'a.-A.fter completing work which has. been noticed under 
a preceding head, and before retul'lling to the office, Subassistant Smith stopped at Ilanislmrg, 
under directions to make observations there for latitude and longitude. Cohm1·l "\Y mrall im111c
diatel~' conferred with the goyernor of PennsylYania and other officials at the State capitol, and a 
point for observations was select.ell near the Ront.heaRtern gate of the capitol gromuls. 

Mr. Smitb, aided by Mr. Baylor, commenced obsern1tions for latitude on the 14th of Septem
ber, and in the course of six nights seYeuty-two entries were macle in the record on sixteen pairs 
of stars. On ft,-e nights sixty.four observations were made on thirty.three pairs of >;tar" fo1· clm>
nometer correction, and on ~ach l1igllt telegraphic signals were exclmnged with the X:n-al Ohserrn
tory at \Yashington to determine the !lifterence of longitude between that. obst>JTatmy awl the 
point of observation in Uie capitol grounds. At the same place obRernttiorns were made 011 sep· 
arate days by Mr. Baylor for magnetic declination and intensity. 

The point at which observations were made for latitude and longitude was markC>d h.'· a fine 
sandstone block, and another was set as a meridian mark two hundred mul lift~·-six foet north of 
the astronomical station. Determinations for geographical position were rpferrt•(l to tlw capitol 
dome by measuring a base line with steel tape aml tbe requisite allgle;; 1Yith a theodolite. 2\fr. 
Smith complete<l the computations at Harrisburg, and returned to the office on the 1st of October 
t-0 engage in field work in another section. 

Special snr1,ey of Philadelphia Harbor.-With means pro\•ided h~· the city authoritirn; this work 
was commenced in the latter part of October, 18i7, by Assistant S. C. McCorkle. Iu the course ?f 
a fortnight a scheme for triangulation was developed, signals were erected without delay, aud 
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observations with the theodolit'l were begun at Girard College on the Hitll of No,-ember. }from 
this statiou: Hues to the Commissioner's Hall and the United States arsenal bad been previousl,Y 
determined, aml upou tbem the work was based by the introduction of other poi11ts. These sta
tions were .occupied in succession for tl1e mea:surement of horizontal angle,,, and the weather being 
favorable, field work was prosecuted until the end of the year. Office wol'k was prosecuted during 
unfrworable weather, the party being in that inten-al disbanded. 

In :March l\Ir. l\foCorkle again took the :field, and eoutiuued tl1e determination of points until 
the 2'.M of June. The provision made by his work for tl1e special surn•J i1icl1ulPs the following 
statistics: 

8ignals erected . _ . . . . . . . . . . . . . . . .. ..... _ . . . . _ . . . . . . . . . . . . ..... 
Stations occupied ..... - .. - . . . . . . .... - . . . . . . . - ...... - - - . . . . . . - - - . . . - - . 
Positious determined . . . . .......... _ .. _ ........ - . . - . . - ....... -.. 
Angles measured ................ _ ..... _. 
Number of observations . ___ ...... . . - . . . .. - . 

35 
35 
90 

_603 
8~010 

Tile stations were marked hy sections of iron pipe upward of two feet long :wJ four and a half 
inches in diameter. After the pipe was firmly set upright the. signal pole was inserted, n,ml on that 
tlie angular measurements were made. I u the course of the summer the wharf lines of the city 
will he mapped on a large scale by Assistant R. M. Bache, hi:s stuvey being based 011 points de
termined by the• triangulation. Further notice of that work will find place iu my next annual 
report, to whicll it properly belongs. The triltngnlation iucludes points on both sides of' the Dela
ware at Philadelphia, and also stations on Windmill Island all(l Petty's Island in the river. 

The physical sun-e,\· needful at Philadelphia was plaeed in the charge of Assistant Henry 
Mitchell, and under 11is immediate direction the requisite observations were made by Assistant 
H. L. J\farindin. These were so arranged as to develop particular information in regard t-0 the 
tides arnl t:urrents of the river, especially for the western channel between Five :Mile Point and the 
south end of Petty'fl. Island, and until the end of December, 187i, the operations of this party were 
confined witl1in the limits just named. Six tide-gauges were erected and an aggregate of upwards 
of four thousand obsen·ations was recorded. Twehe bench-marks were made, and these were 
rcf'errl:'(l to the tide-stations by levelling. At five stations across the river transversl:' velocit.~·
curves were determined, and eight hundred and two obseiTations on the cnnents were recorded. 
On the same sections one thousand six hundred and twenty soundings were made. 

In work connected wilh tbe physical survey Assistant Marindin occupied eighteen stations 
with the the-0dolite and erected as many range marks. For ascertaining the position of current 
floats six hundred and forts-four angles were rneafl.ure<l and three hundred and thirt,y-nine others 
for tbe location of' eight measured base lines: which were used in deducing transverse curves of 
cnITent velocities. l'rom tlie observatli,ins here recapitulated, re:,mlt. tweuty-sen~ll transverse 
cunes and nine vertical cun·es, illustrating the ,-elocity of the water at and below the surface in 
the section of the Delaware included in the sunrey. The work was resumed in May last, and was 
yet in progresi-l at tbe end of tbe fiscal year wben this report was closed. 

Light-house.~, Dei111.rare Boy.-For determining the exact positions of the light-houses in Dela
ware Bay, A8sistant ,J. A. Sullh-au reached Uape :May in tlm middle qf' Sf\ptember, 18i7, and soon 
identitiecl the station "lligbee '' b.r the ground marks which had been placed when that point was 
occupied in the triangulation of the coast some years ago. The tower at Cape Henlopen having 
been occupied with the theodolite at tl1e same perio<l, Mr. Sullivan adopted as a base for his work 
the line which crosses the entrance of the bay. 

The observations made at "Higbee," Cape Henlopen light-house, and other stations, previous 
to the end of December, afford data for the positions of the lights at Hereford Inlet, Cape May, 
Maurice HiYer, Bgg Island, Cross Ledge, Brandywine Shoal, aud :Mispillion Creek. The distance 
and direction from the old light-house of the new light-house at Cape May were determined. Cape 
Henlopen beacon-ligltt aud Delaware Breakwater light-house were observed from Cape May and 
Cape Henlopen. The new stations" \Veek's Landing" aml "Two Mile Beach" were determined in 
order to check the position of Hereford Inlet light-house as derivetl from obserYations made there 
and at Cape May. While making this test the opportunity was taken to determine the positiom1 
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of spires in Cape }fay City and at Smt Grom and the life-saving station-houses So. 36 to So. Ml, 
inclusive. 

Between Hereford Inlet and Cape May the additional points established hy the field work of 
this season give ready means for revising the shore-line survey of that quarter, ·which a~ elsewhere 
on the coast is subject to change by the action of the sea. 

While determining anglel'I for computing tlie position8 of the light-houses mentione<l nuder tbis 
head, Mr. Snllivm1 recorded eleven hundred and fortj·-eight ohsenation8 with the theodolite. In 
the summer of the present year he was occupied in the determination of point;; west of the Mis
sissippi, of which further mention will he made in my next annual report. 

SECTIOX l II. 

MAlffL!.ND, YIIWIKIA, AND WEST VIRGINIA.-(SKETCHES Nos. fi AND~-) 

Topogmpliy eastward of No1:folk, Va.-In continuation of the survey in this quarter, AssistaJJt 
C. M. Bache resumed work on the 21st of November, 1877, and prosecuted tlie detailed plane-table 
survey until the 1st of .Tune of the present year. After joining· properly with the work of the 
previous 8eason, Assist.ant Bache mappml the ground inten·ening between it aml L~·nnhaven Bay, 
and also extended the detailed snrn-;y towards the coast in the vicinity of Cape IIeur~-. Care wa·;; 
taken to connect 11roperly with the ;;everal topographical sheets made of the adjacent features in 
former years. The statistics are: 

Shore line suryeyed, miles. . . . . . . . . . . . . . . . . . . . . . . ............. _ .... _ . . . . GO 
Hoads, iniles . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. _ . . . . . . . . . . . . . . . 14.J 
Area of topography, square miles . _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

At tlrn end of the fomal ;1·ear Assistant Bache made preparation for resuming plane-table "·ork 
in Section II. 

Tidal observations.-By the voluntary service of Mr. W". J. Bodell, wl'lo has other employment 
at l<'orh·ess Monroe, the series of tidal observations has been continued through the year at that 
station. The instrument used com hines tbe latest impro,;ements, and the clock is f'uruiHhed with 
a balance arnl lever escapement, that form liaYiug .been found less liable to derangement from 
occaHional jarring at the wharf than the pendulum clock which was at first used. 

The float boxes and other wooden fixtures at this station were rapidly destroyed hy worms, 
and when copper or zinc was substituted the corrosion was such as to render their use expeni;ive 
and inconvenient. Duriug the present year tu hes of wrought iron covered with enamel have been 
on trial at this station. 

Special obseri~atfons in Chesapeake Bay.-During the months of August, September, and October, 
1877, Lieut. Frederick Collins, U. S. N., Assistant Coast. and Geodetic Survey, with the Hchoouer 
Palinurus, was engaged in a i,ieries of obsen·ations on the deusity of the waters of Chesapeake Bay 
and its more importaut estuaries. Twenty-six sections were made between the head of the bay and 
the capes, on wl1ich an aggregate of one hundred and sixty-four stations were occupied. At each 
station specimeus of the water were obtained at intervals of two fathoms, from the surface dmn1ward 
to the bottom. Thei:;e were tested with delicate hydrometers for densit,r, and tl1e same specimens 
were sent to the office for chemical analysis. In all five hundred and sm·ent,y specimens wern thus 
obtained and tested. 

This interesting work is the ini.tial step towards the sytematfo examination of the waters of all 
the estuaries that penetrate the coc~;.;t of the Atlantic within the limits of the Unite.d States. The 
service of the party in the Palinurus has been of a preliminary nature, as it was nece;.;sary to dcyise 
apparatus suited for the purpose, and to determine practically the best methods for carrying on 
the work. The report of Lieutenant Collins (see Appendix No. 14, Coast Snryey Report for 1877) 
gives full information concerning the apparatus, which was devised by Prof. J. E. Hilgard, fbr 
obtaining specimens of water, and describes the methods of conducting the experiments. lt hi 
intended hereafter to connect obserrations of trmperature and currents with determinations of 
density, so that full data may be at hand for the solution of all questions that may arise when a 
study of the results is undertaken. 

The work of the season is satisfactory, as showing that the data desired can be obtained readilJ'· 
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Lieutenant Collius was ably asRisted in the operations of the season by l\faster Francis "Wins
low, r. S. X. Under other heads mention will be made of the subsequent work of the party in 
the Palimuns. 

Potomac Ri rer ji·e.~het.-I n order to place on record for conYenient. reference or fnture com
parisons the coll(lition of the Potomac iu the vicinity of \Yashington during the great freshet of 
N onm lwr :Jfi aml '.!(i, 1877. :'.\[r. Cliarle1' ,Tnnkeu, of the Coast aud Geodetic Snrn·s Otllce, was 
detaile(l to determine tlw l1cight of the ttood above the plane of mean high tide at points above and 
below Georgt'towu, D. C. At tlw Chain Ilridge the water reached fully up to the leYel of the top 
of the' olll pipr:-;, a11d 1Jr. ,Jnnlwn found that the rise amounted to thirty-six feet abo,·e the level of 
nwan high tit lt» At Lock mills tl1t· rise m1~ twenty-seven feet; at the Aqueduct, thirteen feet nine 
inches; at the Philadelphia Steamboat Company's wharf, Georgetown, the rise was ten feet seYen 
inches; at tlle Long Hridge it was six feet two iuclles; at the southwest comer of the Arsenal 
wharf the ri;:e wa,.: tl1e feet ,,;ix inches; and at Alexandria the water ros~ three feet al>oYe the level 
of 111ea11 liigli ti1lt>. 

Dnriug a storm which raged in Chesapeake Bay in September, 187fl, the water at Alexandria 
ro,;e four ±h·t two i11ches aboye mean high-tide le\'el. This, the greatest rise known at that port, 
was dne to the accnrnnlatiou of water in the estuary of the Potomac when there was no freshet in 
the riYer. 

-J!arrnetic o/Jsercatio11g.-i\t the mag11eUc station on Capitol Hill, 'Vashingt-011, D. C., obsen·a. 
tions for dt•cliuatiou, dip, and intensity were recon1ed by Assistant CLrirles A. S'chott on the 14th, 
1•3th, amt 17th of ,June, 1878. Similar observations haYe been recorded on Capitol Hill in June of 
each yt>ar siuce 18.)u. 

Tlw results fonwl this ~'f'ar confirm what ha(l been noticecl in regard to 
change in declination at \Yasbington and at places along the Atlantic coast. 
period the d1ange in the magnetic dip arnl intensity has berm small. 

the great annual 
During the same 

Line.y of /erel.-~·uraugcments have heen completed for running with the utmost precision a 
liue of len>Js from the AtTantic coast westward, t-0 follow as nearly as practicable along the thirty
ninth paraJlPl of latitude. Imitruments for the purpose were devised in the office by Assistant 
Bilganl, and nuder his dirf'lli"ion 1;evPral obseners lia\'e been trained for field work. Of fltese Sub
assistant l~;lwiu Smith was detailed to IJrosecnte work on the liue here under notice. In the middle 
of Octolwr, 1871, he starte1! on a reconnaissance from lfagerstown, Md., but tinding the line of the 
National Hoad not well snited for tlw intended work, ultimately decided that the line should be 
nm ou tlw tilw-path of tlte Chesapeake and Ohio Canal, which for that purpose he examined as 
far \H'St as Cum lwrlarnl. 

From a hench·mark at Hagerstown the work was started on the 22d of October towards Will
iamsport. ~Id., following of necessity the turnpike which runs 1.Jetween those towns. The country 
passed OH\l' b~· tlw levdling party is hilly, and owing to bad weather the bench-mark at the last
uamcd tow11 1ras 11ot readied until tlie 9th of November, but under more favorable conditions the 
·work was ad nweed to Cumberland in the course of tlie next. twelve days. On the 22d of that 
month th<' )Htrty was tram;ferred to Hancock, but several days of rain followed, and caused the 
almost imprt>ee(lt>nte<l fre1-1het which ha!:! been mentioned under a preceding head. 'J'he tlestrnction 
of property was great in the vicinity of Hancock, and the damage to the canal was such ii.s to 
make it impr;wticahh~ to keep on with the level operations. Mr. Smith, in consequeuce, disbanded 
his )Jarty, arnl rctumf'd to the office 011 the 1st of December, 1871. The distance run, :ts shown by 
reeords of tlw part~·, in leYelling in bot11 <lirections was upwards of twenty-Hiree miles. Throughout 
the spctio11, which is abont uinety miles between Hagerstown and Cumberland, it is Jlroposed to 
estal1li~h primar;i· h1•11clt-marks at distances averaging six miles. :Five such benches were estab
lisl1ed hy Suhassistant Smith, the first being on the foundation of the court-house iu Hagerstown. 
'l'he secoml mark is 011 the aqne(luct of the Chesapeake and Ohio Canal over Conococheague 
Creek; the thir1I, on t.lw ahntmeut of <lam No. 5, in Potomac River; the fourth, on the sixth lock 
abo>e dam No. 5; and the fifth, on t1ie aqueduct over Licking Creek. 

In May of the 1irescnt year Snbassistant Andrew Braid waB detailed to continue work with 
the level in going westward toward Cumberland. His operations, extending through the summer 
and beyond the close of the fiscal year, will be stated at length in my next annual report. 
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Primary triangulation.-Near the close of the last fiscal year A~sistaut A. T. l\Iosrna11 was at, 
work with his party on Cahas Mountain, about fifty miles southwest of Lynchburg, Ya. Tlw. 
measurements needful at that station were completed on the 18th of .July, 1877. .AR uRual, Ruh
sidiary objects were obscn·ed on in a<lditiou fo the .signals at primarr points. The lieight of tlw 
station on Cahas Mountain was found to be thirtv-five hnntlretl and seveut v feet. After care
fully marking the point which hacl been oceupied .b.Y the theodolite, l\Ir. l\los1~an transferred the 
party to Smith's Mountain, on the south side of Staunton Ri,·er, where obi.;crYatiouR were com
menced on the 6th of August. The weather following that date was rainy or foggy for weeks at 
a time, with rare int<:'.rYal8 iu which the sig-nalM coulll he seen through a hazy atmosphere. ln co11-
,-.e11ue11et•, tlH• rnqnisite ol1set·\·atious at this i-.tatio11 coultl 11ot Le eolllpleteil until the llliddle of Sl•p
tember. The sdieme of tielu work, iueludiug also suln,;i1liai',\" poiuts, ill sud1 tliat thirteen triangle;; 
converge at Smith's }\fountain, and of tllese tbe third augle iu each wtu> determined by the obsena
tions. Assistant, l\losmau had preYiousJ,,- occupied the southern 8tatiou,; of the quadrilateral; 
which was completed by the operations at Caha.s aud Smith'is ]\fountain. Further on in the direc
tion towards the .Atlanta base, work of the preseut year, which will he reft'!Tt'd to in detail prt»<
entl,\·, clost•s the cltaJ11 of qn:Hlrilat.erals t.lwt passes i::ou th ward am I west\\ anl fru111 st at ions ou !lw 
.Potomae Hfrcr, mmr "'ashi11gto11, J>. C. Aftl'r •·ompletiug· t.he oh1H•natio11s at ~with'." :\lou11tai11, 
.Assi8tant lVlos1miu sturctl his camp iixtun•s at. Afton, Ya., to hl• i11 prt'paration for dt>YPloping a 
chain of quadrilaterals westward from the line joining Humpback :md .Fork stat-ious. His party 
closed operations at Smith's 1\1.onntaiu Oil the 21st of September. The following is a Sllllllllary of 
statistics : 

I>riuia.ry :st.ation:-s uccnpi~d .......... _ . . . . .. . . .......... - . - .. - ............. - ... - . - - ~ 
.Angles measured...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • 1:1 
.:\ mn bl'.r of obsmTatiom; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . • . St\! 

For a.:;;cert.aini11g thl:' >alt1t· of tht• lcTel awl of tilt' 111i!'ro111dl:'r of tlw t\1eul.' -iud1 theodolite 
No. 114, which wa8 used i11 the work of thi::; Ke<isou, tht• 14-;nal ohst>n·atim11-; w1'n' mailc. 

'Mr. W. B. Fairfield aided in the tiel<l and in computi11g from the l'l'Corll8 of th(· tri;w;.:nl:.1ti•m. 
In October arnl NO\·ember Mr. Mmnnan Yisite<l twe\Ye pl'irnar.'· :-:tatiorn; in \'irµ:i11ia aml \\"t:st 

Yirgiuia, going we:-;twanl from ~tauntou, arnl 11ote'l i11 tlw dduit,v of <>:wl1 tlit> ret(llisilPs for tnws. 
portatiou alHI 11waus of accc::;s to the poi11t.-; which are .n~t to hn or·1•11pit>1l. llis t•l>st·n at io11,; 011 
that recounaissance ineludc preliminary uwasnres of tht' au~lcs from ::t ~eries of iutcn-isihlt• sta
tions, the most westward of wl1ich are within forty uiilefl of tlw Ohio l{.i\-pr. 111 the latter part llf 
.April, 1878, the 11art>' was a.~aiu organized for ocenpyinµ; st:ttiou Ihuuphad;. Siµ;ual,.; \n•n• l'l'ect1•(l 
for starting westward wit.Ii a chain of 1111adrilate1·aJs from a linl' of the series whi<'h has bt•tm l'Olll

pleted along the Blue Ridge. Humpback Mountain was occupied in ~la..\, and for a fow (h1y:-: tlw 
prospect wa.s fair for securing horizontal mea.st1rNt1Cnts lit another primary 11tatio11 1>re\·ions to tht1 
clo8e of the fiscal year. But suow fell ou three days of that mo11th, and this period was followNl 
by ten days, dnl'ing which the suu could not be seen. The ohservMions neellfnl :tt. H1unpb1lCk Wt'l'l', 

howe\'er, completed ou the 12tl1 of June. Ai;si8ta,ut :Mosman immediatel;\' after trausferre1l his 
party to Elliott's Knob, which has an ele,·ation of forty-four hundred and tifty feet alJoye tile sea, 
and at the eml of June the the-0<lolite au<l astronomical ini,;trnment8 were in position aud in 0om

plete readiness for L'-Ommeneing observations. 

SECTION IV. 

::-:oRTH,CAROLINA.-(SKETCHEIS Nos. 7. ~, AX!l 9.) 

Coast Pilot.-Early iu June, an<l after the oompletion of similar dut~· off the coast of Fl?rida, 
as will be stated presently under the head of Seetion VJ, Lieut. Frederick Coliius, U.S. N.7 ~ssi_stan~ 
Coast and Geodetic Survey, with his party iu the schoouer Palinurus, commenced an exammat10n of 
the entrances, inlets, coast features, and dangers to navigation between Cape Henry and Cape Fear. 
Eaeh place was visited in succession and notes were recorded for use in the compilation of the 

' I . Coast Pilot of this section. In addition, views were drawn by ~Ir . .J. R. Barker, of the fol owmg: 

S. Ex.13--4 
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-of Cape Fear RiYer and eutrauces (four \"itm.'I); of Beaufort, "X. l'., and the eutrance 1o Core 
Sound (two views); of )forehead City and the entrance to Bogue Sound; of Oape Tiookout aml of 
Ocracoke Inlet (two >iew8 each); of Hatteras Inlet; of Cape Hatteras (three Yi('Ws); of I3odie's 
faland Light-House; of Nag's Head, and of Currituck Beach and Light. 

J,ieutenant Collins was assisted in this work hy l\Iasters :Francis 'Winslow and H. H. Barroll, 
U. S. N,, and also in the preYious 8erYice of the part.y, of wl1ich uotiee will ht' matle under the head 
of Section Yl. 

After completing the examinations on tlw coast of \~irginia lHHLXorth Carolina, the l'alinurus 
sailed for Norfolk, and reached that port on the 25th of June. 

Lift:-sarin!J st1itions.-Iu predom; ;years the life-sadug stations of the coast of }'liew Englaml 
and of the Middle States have been determined in position, and marke<l in their proper places on 
the charts. 'l'he field work pertaining to this 1w1Tice has heen performed by Assistant F. H. 
Gerdes, who resumed operations at <Jape Henr.r in tlie summer of 1817. Preliminary information 
in regard to the stations, and means of passing from one to another, was furnished as·heret-0fore 
hy Captain Merryman. Above Hatteras, l\lr. Ger(fos had transportation in the Gnited States reY
enue sloop SaYille, and was otherwise aided in the work hy Lieut. ""alter \Valton. By eontmuon1' 
storms in September, the party ill that Yessel was detained se,·en days iu a small creek on Roanoke 
Island. AboYe Currituck Ligllt-House, Assistant (<enles readied the St'Yeral stations in succession 
h~· passing along the IJe:wh in carts. Owing to restriction iu the means allotted for the operations 
of the year, the work of this part,v was closeil above Hatteras Iulet, but as soou as practicable tbe 
measnremeuts will .be l'esumed at Cllickamicomico. As heretofore, the positiom; of the life-saving 
stations, al' tllt>y ha Ye bePn from time to time :rncertaine.d, art' marked 011 the original topographical 
i<l1eets . 

.Assistant Gerdes wais temporaril,\· aided iu the tiel<l by :\Ir. L ('.Kerr. 
Topourapliy of Cape Fear Rirt!r, X. 0.-The topographical snn-ey of the IJaukis of the Uape 

Fear Bfrer was 1-es1mied by Assistant C. T. Iardella, in tlie middle of .January of tlie present year. 
Pre\·ions work had brought the surn~y SQuthward to Uawkius Point and Sanmlers l'oint, and from 
those limit!; th{' plane-table work of this seai,;ou was extended along both t:1hores in the direction of 
t.he rinn· entrance. Ou the western side tlle (letailed suryey was eoutimwd ba~k to the main road, 
which, in 1101tie places, is upwards of four miles from the rin·r short>. All the details between tlw 
1•aio;t bank and )lasonhorough and l\Jyrtle Sound1-; were mapped. '1'o the tmnth ward the tiekl work 
doue hy Asi>istaut 1ardella includes tlic Capl' Fear euti-a11ce.s and Smith's falarul. All the hnmchcs 
of the riYt>r were followP<I H fpw niilf\8 from tlw main strl•am, arnl tll<'ir eonrses are i-il10wu on the 
plant>-tablc slieet. 

Tl1c outline of Snow's :\[arshes, as shown by tbili tilll'Yey, rcrnal8 1'.011sidernhle alterations, due 
probably to the effect of tlrn sea at Kew Inlet, where the stone dikl:, wl1ieh was designell to close 
that eutraueP, had sunk in the quicksand. The marslrni-;, in coJ1,;P(Jtwn1·e, hecame ex11ost>tl to the 
action of the tide and the swell of the oeean. 

As reported h.r }\fr. Iardella, Zeek's Islantl l1as i11creased tu tlw sourh ward arnl eastward. Tl1e 
strip ot' beach, on which a base line was measured some years ago for the triangulation of Cape 
Fear River, has been nearly wasl1e(l away. At the north end of the base, the shorp, line i,; now 
two hundred meters west of the point occupied, and that point is entirely covered by watl'r. Ai'1 
might ha Ye bern expected, chauges equally marked were found in tracing the shores of Smitlh 
lsla.nd. The work was ('.onclmle(l at the end of June. A synopsi8 from the fid<l report i-;hows iu 
K tat is tics : 

Signals erl~cted ........................... , •. , ...........•.••.•... , . . . . . . . . ;{~ 

8hore line surv(>~·ed, miles . . . . . ................................. , ..... , . . . . 30 

Roads, miles ..... ···-·····························.······ .......•......•. Jo7 
l\farsh and streams, &c., miles.. . . . . . . ...................... _ ....... _. . . . . . ] i8 
Area, in square miles ••••.................................... _ ........... _. 102 

J'riangulati-0n in Xorth Carolina.-Early in Jnly, 1877, the party of Assistant 0. 0. Boutelle 
was transferred from King's l\fonntain to Benn's .Mountain, in Burke County, North Varolina. 
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That primary station is twcuty-11iuc lrnmll'ed and tl1irteen feet aum·e the sea le\·el. It lil•s at 
the southeastern extremity of the South J\fonntain Range and commands the horizon in eYer;v 
tlirection. Tlw Black ]\fountains. about thirty-fin• miles di:-;tant, are the highest summits of th1· 
Appalachim1 s~·:-;tern, the most 11lf'nttf'd heing shty-sen~u lnmdre<l feet ahO\'P the sea. 

At Benn's ::\lountai11 the iustrnmeutH arnl !\amp fixture;.; W<'re take11 to a position lwlow thP 
obsen·iug ;.;tation, arnl tl!e HllBHHit was r<~:whecl h~· constl'l1cting a 11arr<rn -gauge mad, on•r whid1 
the baggage was trarn;ported in a mo1rntaiu cart. Ohsenations wer(' crnmHence!l on the 20th of 
,July, and were continued until the '..l5th of Augnst. Six primary and three secondary signals WCl'l' 

obsen·ed on in the nsm1l manner. The nearest signal 'Yas at a dir;tance of upwards of thirty-orn· 
miles; the most dista11t being r;ixty mile:-; from the observing station. Sixt:v-seYen prorniuent 
objects, mostly mountain }leaks, were ouReITed for position a111l ele,·ation. Prof. IY. C. Kerr, State 
geolog·ist of :Xorth Carolina, Yisited the part~· 011 Benn's )fon11taiu, am! as8istl•d :'\Ir. Boutelle in 
identit:ying the mountains which were ohsen·ed upn11 :is subsidiar~- stations. 

1\ir. C. A: hes joined the party at this station and sernd as aid until the clo:;e of the sea:;oH. 
Early in September Assistant Boutelle moHd the part~· to Poorc's nlonntain, in ""ilk el' Conn ty, 

.North Carolina. ~U this station, which i:-; tweut_y sii.. l11rndre•l and eighty-fin• feet aboYe the sea, 
the triang·nlation from the Atlanta base Jim• meets that whieh had been extemle!l in an opposite 
direction from the Kent Island base in Cbesapeakt> Hay. The work clone at Poore's Mountaiu 
closes a cliai11 of eontinuons qua<lrilaterals that stretc11 about six hundretl milt>f« lwtwecn Hie two 
baseR. 

As usual ju autumn in this rrgion, obRen·ations at l'oore's were (lelayed uy 1'moke; but the 
requisite measnrPmPnts were concluded b~' the l:!th of October. Fi\e primm·.r and two secomlar,\ 
stations were ob1<etTe(l in serif's as usual '"it h t It!' l1H·nty-inel1 tlieodol i te. The most distant signal 
obsen·e1l on was sixty-lhe miles dititaut from the 8\llumit of' Poon::'i Mountain. ExclusiYc of sta 
tiom; at which signals were placed, sen~nty-nine prominent objects were obsern~a for position and 
height. Tlwse were chiefly mountain peaks, iu the identifi<:ation of which Professor Kerr assisted, 
as be Im.I do1w at Benn's ]\fountain. l\la11~· hail h(•t'n ohserYed 011 from th•· stat.ion last named, and 
thus they were well determi11e(l in position. 

At l'oore's ~fonutah1 experiment:-; were made with magnesium lights as signals for the rueaf;
uremeut!i of horizontal angles at night. Two of the lights were shown from stations,-one of which 
was thirty-tin• miles and the other tilt)" eight miles •listant. Obserrntions upon them were recorded 
as in the day-time, <luring four J1olll's 011 the night of October 9, and for equal periods on tl1e two 
uig-hts following'. Tlie m:igu{•sinm tape was dPlivcred at tlw rat.!~ of tif1ep11 ind1es per minnk, aud 
hnr11cd iu the focn>l of an eight-irn·l1 parnlmloi<l refh•<·tor. Both of the uig·ht sig·nal..;; "·ere Yisihle 
to tlie 1iaked e_ye of the ob1mrn~r 011 Poon•·,. i\1om1tai11 thrnnghont the night, ;.;howiuµ; as stars of 
the first magnitude. 

After completing the 1wedful obsen·atio11s, l\fr. Boutelle disehargPd his party aml storPtl the 
instruments ~Lt HtatcS\'illr, X. C., t~i amtit the mTival of the SPason for resuming field work, of 
whicli mention will he marfo in this report nrnler the Jiead of Section YII1. 

The triangulation which wail closed at 1'oore~fl )fountain has occupied the party of Assistant 
UoutRlle for an iwerage of scYeu mo11tl1s in eadt year <luring its progress. Fm-t,v primary "tatiou,; 
haye been occupied, twenty-nine b~' )lr. Bontell(•, and eleven by Assistant Mosman. 

ln the course of the winter, computations of tlte work were made mul rf'Yisf'd, and the1w, with 
the fiel<l records of the triangulation, lmYe heP11 <1P110sitf'd in the office. 

Messrs .• J.B. Boutelle and VL :U. French were iu sen-ice with thP party while the tidd work 
was in progrc:ss in this sect iou. The Htatistics are: 

Stations occupied .... , . . . . . . . ... _. . . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . :! 

Angles measured ......................................•. _ . . . . . . . . . . . . . . . . H 'r ertical angles . . . • . • • • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 H 
Number of ohsen·ations , . _... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '..!, ~;iO 
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t-<EC'l'IOX Y. 

SOI.Tl! CAHOLI:\'A AXIJ UEOIWL\.-(SKETCH No. 10.) 

< 't11f NI lt._111lro11l'llJ!li.'I of 8out/i <111l'oli11a.-For t•x t1,rnli11g- i 11sl1ore somHlingH son th ward from the 
limit,; of 1•rl'Yiom; work, Lil.it. ,l. F. 1\loser. l~. R. N., Assistant Coast au<l Geodetic Snrv<>y, left 
Xorfolk on the 14th of .Jmmar,Y last witl1 his 1mrty iu the steamer En<lc:n-or, and, after Rome delay 
in conseqnenee of bad weather, <'.rossed the bar of Little Hiver, 011 tlw northern honmlar.Y of South 
Carolilia.. In previon!'\ seai;;ous the <>oast hy1lrograpl1.r ha<l heC'n carried as far south as Tnbhs fnlet. 
By t11e work of tlii14 seal'Oll it 11a>l hee11 (•XtE\mle1l npwanhl of forty miles southwanl an<l westward 
to :\l 1trre1l's lnlt•t, along a st.1·eteh of coast 140 littlt~ tl·ayersed that one of the ti<lal ohserYer8 on duty 
saw no pen;on pa,.:s near hhi station in 1lw ''onr:o;c of ninettwn dayi;;. Two stations wer<' occupiecl 
while :snn1111iug-." wpre in progr<>:o;s, and, for <·ompariso11, ohHern1tionR Wf\l'P rr<~or1le<l also on temporary 
ti<le ga11g1~x ,;ct as iw«r tlit· ontcr hcach as poilsihle. 

'l'h11 !'lonnding;i'I W('l'C atlju8te1l h~· meanfl of largP signals ,;et ahout four milf•s apart 011 th<' 
11ighest sand 11illH. For insltm·(• work two xmall ,;igna Is \n•n• erc!'tf11l iii the i-l]HICf•S hf"tw1wn larg<• 
ones. 

•;Tlw inli<ts hPtwt>1rn Little Hi\'er arnl 0florgetown c11ti·a11t'e are all practically clm1e1l eYen for 
t lw srna llPilt ,·psst>ls. B<\tween Littlt' Riyer .J:m aml Singleton Swa;,;li the deptl1 increases seaward 
with great regnlarity, lmt frorn Ringleton Hwa;;li to M111T1~ll':s htl1't sm·ep,;sin' ritlgf•s, with I wo to 
six fret lf'ss water ou them than 011 eitl11•1· sicle, appea1· to rnn 1warl~- parnlld to tl1e <·oaflt." 

Lieutenaiit Moser';; wm·k of' tl1e sPason is <'ontained on three hy1lrograpliif' Hl11•et.s, two of wlJi(•l1 
sl1ow the f'oast sonndings to a 1lish11w<' of auont ni1w milN! off Rltore. Little l:in•r, in<-liulir1g· tlw 
liai· aurl apJH'oaelH·8, wa,'I fllll'YPyt>d and rep1·ei;;cnted on a imparate sl1ePt . 

.:.\-fa8ten; A. C. Dillingham, .T. B. !\1ur1lor~k, aiul F. E. ClrNmP, l~. :4. X .• a:o;siste1l i11 1l1t; l1y1lrn· 
graphic work. 'l'he stntiRtieR :ll'<': 

J\lile,; 1·nu in Ronrnlin~ . . . . . . . ............. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Angles nwasnred ......................... _ ...... - ...............•..... 
Nnmher of Ronrnliug·s ...................... _ ..•............•.....•••...•. 

4<00 
1, 74H 

11, :m; 

'l'he work waR contim1rtl m1til t1l11 :!0th of April. Lirn1te11ant :'.\[oser the11 proc·.eetle1l with t.lw 
steamer to >:t•w York, where the Yessel waR refitted for ser\'ict~ on U1P 110rt.hern coast. \York pre· 
viom;ly tlo11e hj· 111<• part,\· ''"it.liin lhr; past liRcal ,\"l\:tl' liaR hecu statecl 1111der the hciul of Section I 
in thi!'l report. 

Tidal nburvati'.011.~.-For the m;e of thP e11gi11eer oftieer;i of the Army, and in regard to projected 
improvements in the channel of Hanwnah River, a 8elf.registering tide gauge was refitted -at the 
office aml forwar1le<l to RaYannah in April. Record paper and forms as usual were supplied for 
the ol1Rel'\'er. '1'}1(• rrnmlt~ will of Ponrse he a\·a.ila.lifo for the titla.1 uotes on the river chart. 

SECTION YI. 

EAST FLORIDA, SAIXT MARY'S RIYER TO ANCLOTE KEYS ON WEST COAST.-(SKF.TCHES Nos:ll, 12, AN)) 13.) 

Uoa.~t Pt'.lot.-After the prosecution of bydrographic service, which has been mentioned under 
the head of Section III, Lieut. Frederick Collins, U.S. N., Assistant Coast and Geodetic Survey, with 
his party in the schooner Palinurus, sailed from Hampton Roads on the 4th of January to resume duty 
ou the coast of Florida. The vessel passed southward without incident, and after touching at Saint 
Augustine left that port on the 2d of :March with a westerly breeze. Descriptions were made of 
the inlets north of Cape Canaveral antl other notes as material for the Atlantic Coast Pilot. After 
taking views of the vicinity of the cape, the Palinurus stood out on the evening of the 3d in order 
to pass northwar1l of the Bahamas. The wind was then fresh, but by midnight it increased to a 
gale. Next moruiug the schooner was in a heavy, confused sea, but being well managed suffered 
no damage to the hull or spars, although the sea frequently came aboard and drenched everything 
below. In the course of the day all the sails in succession were split by the force of the gale, but 
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were repaired on the instant as far as practicable. Lieutenant Collins made for a lee umle1· the 
reefs of Abaco Island, and there weathered the gale during the niglit. Unfortunately the morning 
opened with a storm from the northeast. The position of the schooner was dangerous, and to awiicl 
further risk with damaged sails the course was laid for Nassan, ·where the mainsail, fore.Rail. arnl 
jih were sent ashore for repairs. 

On presentation b,y the United States eonsnl, the govcr1ior-general of the Bahamas •err conli
all,y receh'ed IAentenant Uollim;, arnl off'rrr1l all assistarn·r tliat might he needful in refitting tlw 
sd1ooner. 

The Palinurus saih'd from X assau 011 tltP l~th of ::\larch mul Rtoppc1l at Elbow Key ( Abaco 
Island) to secure a Yiew of tl1e light-honse, iuul then returne1l and came through thf' Pr0Yide11ee 
Channel, wl1crc YiMvs werr rnadll of Great Stirrup Ke~·, Great Isaac's Kf>~·, the Bernini T sla111ls, and 
Onn Kl'Y· 

'rJw fJarty arl'in~d off Cape Flnritla on thP lGth, aml a riPW wax taken of that Yici11ity. Pa,_,.,_ 
ing srmthward throngh the Hawk Cha111wl, \Yhieh liad lweu previonsly exami1wd hy J,iputc11m1t 
Bradbury, some views of important Iarnhnm·ks alo11g the ke.n; were a<l1led, after which thr Yessel 
proceede<l to Key '''est. During a wei;tNl~· l1low, wliich made it im1micticahle to.start :ts i11t(•n<lecl 
for the Tortngas, tl1c Paliumus was injured hy thP l'Olfo;ion of a larg<; 1..tea11wr, tl1e o\nwrs of wltid1 
promptly defrayed the expenditures for rcpnirs. 

The work of tlie season comprises foll uotPs arnl 1k.,criptio11s \Jy LiPnfrrnrnt < 'ollius of' tlw l'O:ts1 
arnl lrnrbors from 1''ernandirw Ronthwanl to tl1<· Hl'y Tortugas, nrnl i11eln1l<'s nlso the resnltR or :1 
•~:~refnl examination of th« 11awk Ch:w1wl, from ('ape Floridn to !\:\•,\· "'c,.;t, insi<l<' or tlw r1•t>fa. 
Between th<· same limits viC\Vi4 ha,·r heen <ln1w11 of r•\'eJ',Y promirn'11t l:u11l111ark, aml ol' thl' t•ntrann·s 
of carlt important harlJor a11<l inlet, i11cl1uli11g thl' light-honseR in the PmYi1fo1wP Cha1111p] throng·h 
1he Bahama lslarnls, a passage mneh used hy our 1'.oast.ing· YeRsels. Yicws were ahm 111ailc of' (; r1•at 
Isaac's Light-Honse from the westward, of the Bemi11 i Islands, of G nn Kt>y, aml of Dun hie llea1l.-d 
Shot Keys, all of whiclt will be of importance to wsseh; wheu working through the Strait of :Floritla. 
The sketches, numbering one lmndrecl an1l three iu all, were drawn hy 'Mr. J. It. Barker, and arc 
vouched for hy Lieute11ant Collins as being fait.hfnl rep1-e>m11tatio11s. 

In the course of the seasou the party of Lieutenant Collin,; flaile<l 11early fin• tl1onsnrnl mill's. 
The weather tlnriug the prop.Tess of thr work wa1; mmsnall,\· kul, nrnl "'al' thP eanf!e of vex:1tions 
delays. 

:l\fasterf! Francis ~Winslow and l I. II. Hanoll, l:. S. :X., were attache1l to tlw pai·t~·, aml :u (' 
warmly commeutle<l in the report of Liente11aut. Collins for their cheerful and efficient aitl in the 
operations. 

As opportunities offered, obsern1tions were made and recorded for the temperatnre of the 
water at the surface, and also for it!> density. An aggregate of two hundred and sixty-two speci
mens were tested for specific gravit~' arnl t.emperature, and these inclnde four sections across the 
Gulf Stream off the coast of Florida. 

Having successfnlly accomplished all Urn work laid out for the party, Lieutenant Collins sailed 
northward in the Palinurus, and arrfred at .Norfolk, Va., on the !3ath of .Tune. The observations 
recorded on the coast between Cape Henry 'and Cape Fear haYe been ment.ione1l mule1· tlw hea1l of 
Section IV iu this report. 

Tidal observations-"\'Vith a self.registering gauge of the best constrnctio11, tbe series which was 
commenced at Fernandina, Fla., in March, 18i7, by Mr. H. W. Bache, was continuetl at. that statio11 
until September. The observer had been some time ill, and had not r(l{'overed when yellow ft>\'el' 
beeame prevalent at :Fernandina. He was consequently relieved, but. returned in December an<I 
resumed observations. The meteorological registers are kept up in connection with records of' the 
tides. 

Hydrograplty eastern coast of Florida.-Por continuing the inshore l1ytlrography from Mosquito 
Inlet southward and eastward towards Cape Caiia\"eral, the steamer Bache left Hampton Roads on 
the 26th of April, and, aft.er touching at Charleston, S. C., passed on without incident t-0 the inrended 
working ground., The party on board was in charge of Lieut. Commander C. M. Chester, U. 8. N., 
Assistant Coast and Geodetic Survey. .At Mosquito Inlet a boat partywas sent in to establish a tidal 
station and to put up signals along the beach to the southwar1l. While this work was in progress 
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some needful repair!\ were made to the machinery of the Ycssel. The yessel then steamed along, 
carrying soundings to her anchorage inside of Cape CafiaYeral Shoals, and the opportunity was 
taken in passing· to inspe<'t the condition of the signals which had been erected. t:;ome of these 
had gone d0\n1, and, owing to the growth of piilms uear the cape, many of the sig·11ahi conld not 
he distinguislH'tl i11 the oftiug. 'l'o overemut• the rlifficulty thns presented, Lieutenant-Cornmandrr 
Chest~r had a· few signals set up for boat work, and made a1Tm1gement;;; for occupying the light
house and an alljacent Rtatiou with the theodolite. 

Konrnliugs were con11nenced on tlw 6th of May. The steamer ran lines east, northeast, and 
011 1l1e oppoRite r·mm;e in the bay, uetween Southeast Shoal arnl the maiuland, the lines being at 
a11 a\'erage auont a mil(• and a half apart. At the same time a boat party made somH.liugs on 
tra\'ersl~ lines ornr Sontltea.it i:::ll10al early in the day when practicable, and later along the coast, 
t!te last com1ecti11g· with the lines of soundings run by the steamer. Iu this way. and by additional 
lines run at right ang'lcs to the parallel lines first mentioned, the bay was thoroughly sounded. 

Ou a Hecond projection for developing Ute outer shoals, normals to the coast were run a mile or 
rather more apart t~1 a ge11eral depth of fifteen fathoms, anrl insiue of tile outer shoals the number 
of lines was doul>led, aml these were crossed by othms rnn parallel to the coast. Between the 
light-house and each of the shoals, and between the 8eparate shoals, lines of soundings were run 
in addition to snch 1LS were recor1letl in the course of the gcueral su1Tey. Each of the shoals was 
also carefull,\· dewlopPd by radial lines run from a hnoy set prnYiously over the spot on which the 
least depth was found. But a shoal mentioned as being a mile and a half t,o t.lrn northward of the 
''Bull" was not fournl, though it was carefully sought for. ln rngartl to it, Lit'ntenant-Commantltir 
Chester remarks: •'As we ran over the plact' wheu water \Yas bre:tking heaYily on the "Hetzel," 
autl when heaTy rollern were almoRt breaking on tlw ·'Eull·· in three fatlioms, the ('.oncl11sio11 is 
that the shoal iu <1 nestion doe.'! 11ot exi-;t.'' 

l n gern'ntl outline thp. slto:1 ls we1v found by the part,y as rrpre1mnt!·tl hy tlw r1•c01ma.isKance of 
1850; but the.re i8 now a dangerons slioal uearing about north six miles from the light. Ou the 
way down the Rtcamer paRscd over that shoal, and the 8ubseqnent den•lopment pro,·ed that the 
least 1lepth 011 it is ten fop!. \\·lwu tl1e yc;;;Rel waR at a11d1or 011 pal'ts of tl1e s11oa.ls ('lll'l'Cllt ohser
yations were rN·or1letl. 

After completing t.!1e hydro1i;raphi1~ s111·n\y of the "Hetzel 8lrnal," Lieutcnant-Commamler 
Chester took 11p the inshol'e i<onnding;s along the coast arnl fille<l the prQjection which had been 
made to inclnde t.he sea rqJproaclie>i to Ea.stern Flori<la, between }fosquito Inlet and tl1e bay nuder 
Uape Cafia\'f~ral. Tlti.'I work oce11pietl the party 1111til tile middle of ,June. Lients. lTrit•l Sebree 
and A. Y. \Yadha111s, IT. S. ~.,".\faster T. 0. C. :-laltPr, U. H. ~.,and E11sig11 (~. Jl. Arns1lt~11, U. i-;, 1-.'., 
were attached to the 11,plrographic tJarty. 

Late in ,J 1111e the ste1uner Bache was <lrta.iled to meet the steamer Hitchcock at the mouth of 
Saint .Tohu's l~iver and take that \'CR8el in tow antl insnm her safot,y at sea as far as Cape floritla, 
the intention heing to trmrnfer the• Hikhcock for service in the Mississippi Hiver. After supplying 
the Yesscl with coal for the passage, Litmtt>mmt-Cmumarnlm· Chester starte1l for Xew York, anti 
reae.hed that port Oil tl1e 10th of ,Tul_y. 

Su1Te,11 of Snint ,John'is Rit1er, Plu.-Arrangements for resuming this work W<ll'C rnatle e:wly iu 
~ovemher, 18'ii, bnt as sellow fever soon after prevailed at ,Jacksonville, it was not deemed expe
dient to organize a party for iield work until late iu December. 'Without delay the steamer Hitch
cock was repaired at .Jacksonville, aud moved t-0 t,he working ground in the middle of ,January of 
the ineseut year. At Patricio Point, Assistant F. '\Y. Perkins resnm6d the Rurvey whicl1 had 
been previously con<lnctecl hy Assistant, Ogdeu. Provision was ma.de for carrying forward the 
triangulation and topography jointly. The plane-table survey was a<lvancecl hy Mr. C. A. Ives, 
aicl in the party of AssiRtaut Perkins, alHl was closed for the season at Race.Y's Point. The trian
gulation was extended southward as far as Tocoi. 

Ensign J. r. Umlerwood, U. S. N., joined the party in :M:nch, and, though unwell, he rendered 
acceptable service by his judicious care of the vessel aml crew. Early in April, Assistant Perkins 
was a.~signed to the field service in Section YlIJ. The vessel was theu transferred t-0 the charge 
of Subassistant Vinal. 
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The statistie,; of work do!Le lJ~· the part,Y of Al-isistant Perkim; on tlw Saint Johu's are: 

Sta tious occn1,ietl . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . ............ . 
A 11gles 111eas11n•d . . • . . • . . . . . . . . • • . . . . . • . . . . . • . . . . . . • . .••.•...•..•....... 
X um her of obsrrn1tiom;. . . . . . . . . . . . . . . . . . . . . . . . ....................... . 
Shore line sm·yeycd, milm;. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , ......... . 
Roads, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... . 
Xnmher of soundings .................... . 

10 
17H 

:~, 6fl7 
4n 

7, ;"'i~8 

31 

\\"hen Assi8taut l'erkius wa8 as8igued to duty on tlw :!\li8sis8ippi J~iH•r, Snha8si8taut \Y. I. 
Vinal was transferred from tlw party of Assi8tant IL l\I. Bache. with 1lirection8 for continuiug the 
,;111TP,\. of Uw Rai11t .lolrn'8. Tiu~ work waR proRernt<'tl until tilt' 9l.11 of .l111w, whe11 tlie Rteamer 
Hitchcock was :,;ent to .fackso11 ville for repair;;. Suosequently the n·ssel was transferred for RerYiet' 
in the 1\fo;sissippi Hiver as already mentioned. l\Ir. Yinal took up the hydrogrnplty at the limit to 
whid1 it had been exteude1l hy Assis taut Ogden i11 1877, and goiug Routh wanl somuled the riYer 
to a point abo11t three mile.- be,vornl Tocoi. Hefore ll~aYi11g tlw sectiou. tlw tria11g11lation was earried 
seYera.J milPR to tlw southward of the h.nlrographic limits. 'l'h(• statisties arP; 

Sig·nals f'ret,tt-'1 _ .... _.... . . . . . . . . . . . . . - . . . . - .... -... . 
Stations occu11ietl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................... . 
Angles me.asurecl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . 
Number of' observations ......................................... _ .. 
)Iiles run in son mliug . . . . . . . . . . . . . . . . . . . ..... _ . . . . . . . . ............ . 
Angles obserYed . __ . _ .. _ . __ . . . ..................................... . 
:Number of soundiugs.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . 

(i 

ti ti 
rn2 
318 

:!.04.'i 

22,491 

Eusigu .l. P. Fuderwood, l'. S. N., was attaclwd to the part,r iu tlw steamer Hitchcock, but in 
c011seque11ce of feeble health, 1lne to pnl111011ar.y 1lisonler, l1is att1•11tio11 wa,; of 11e1·essity limited to 
the citre of the yessel and crew. 

Surrey of Inclfon Ricer, Pla.-The party tletaHed for en11ti1mi11g thl' ::;nrn·~ of the• t•ai:;teru t•oast 
of Florida below Cape Caftan~ral resumed operations, under tlit' eharge of Assi1<tant H. l\I. R!lche. 
on the 12th of JannaI',\-, 1878. As heretofore, the sloop Steadfa;,t wa1' use.I fol' trn11sportatiou. 

r ntil the Ith of J'ebnmr.r tl1e plane-I.able Slll'Vl'Y a ml h~·<lrogra ph~· W('J'(' a1ha1H'1~11 (ffl\Ill.r from 
the south end of l\lerrill's Island, in Indian River, and 'rnre then 8Uspe11ded, as the preYailiug winds 
faYorcd for moYing into Banana Rinlr, of which the prQjcction mack last year 11all 11ot been filled 
with soundings. Hut, soon aft-0r, a Rncecssion of gales follo'1·ed, aml the duty thus hccame tedious 
and difficult. By tlle end of .April, howeYer, that work was completed. The partj' theu returned 
to n~sume the snrn;;r of Tmlian Hh·er, lmt found that the tide gauge 11:141 ht>en swept away from 
the sheltered place in whid1 it had been left. )Ir. Bache at once took means for tlle purpose, and 
was successful in reg·aining th<' plane of reference. Bench-marks were tbc·u establii:;hed along the 
i:;hores of the riYcr, and the marks were connecte(l by simult:rneous oll::;en·atiou::; and by liue;; of 
JeYelling. This course was made especially re11nisite hy the m111;.:11ally high watl>r maintained in 
Tudian Rh·er during· the winter. 

In May t)ie work alhauced without hindrance, aud by the middle of that mouth the triaugula· 
tion, topography, and hydrography had been adrnnced to statiolls twdw miles southwal'll of the 
mouth of Banana Rin't» 'l.'he work was there closed for the seasm1. a111l the Steadfast returned to 
her anchorage in the upper part of the river, where the n•ssel wns properly se1·nred against in,inry 
dnring the summer. 

Lieut. Thomas N. Lee, U.S. X., was attached to this part~·, but in comsequeucc of failing health 
he was constrained to lean~ the section before the close of operations. }dlcr his return from 
.Florida, Lieutenant Lee reported in person at the office, but his constitution was broken by mJJid 
consumption. He died at Ellengowan, l\ld., in July. 

The part of Indian River included in the survey here under notiee is separated from Uie 
ocean by a st.lip of land which at one point has a breadth of m1ly about two Jmmlred yards. 
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The statist,ics of the season are : 

Shore line snrn'yed, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Creeks and ponds, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
J~oads, miles ................. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . 5~ 

Area of topograph,\·, square milt·i-; ............... - . . . . . . . . . . . . . . . . . . . . . . . 18 
Miles run in sounding ............. - . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . 562 
Angles .......•......•............•..... - .......... - - .............. __ .. - 616 
Casts of the lead ............................... - ... _ .............. _. 22, 014 

l\Ir. C .. A. ln•s ai(le(l i11 tlw licltl \\ork of the party iu tl1i:-< :-1cdio11. Dnriu1•; Urn summer, 
.Asshitant Biwhe was employed iu a s}Jeuial survey iu 1:-;eetiou ll, of whieh further meution will ue 
made in my next annual report. 

lf.1Jd1"ogmpliy of Cliarl-Otte Harbor, Pl11.-After tlie completion of supplementary soundings, of 
which mention will ue made in the next section of this report, Lieut. J . .:\I. Ilawley, U.S. X., Assist
ant Coast and Geodetic Survey, with his party, in the schooner Silliman, made arrangements for the 
11~·drograpl1ie RurYey of Charlotte Ifarhor. ""ith some ditlicnlty nineteen stations, which hatl been 
occupied for the triangulation, wern ide11tifie11. .Additional to these, upward of seYent.r signals were 
erected for the adjustment of sounding;;. The details of construction were entrusted to l\Iaster 
G. C. Hanns, U.S.:;-;-,, who was attaehed to the party, and credit is due for economy in tbe requisite 
outlay. By direction of Lieutenant Hawley the signals which serrnd for soundings in one part of 
the ba.y were remond and used in other l>laces. ln reganl to the station points, l\laster Raum; 
reports: "The grass and eYen mangrove trees had o\·ergrown nrnny of the triangulation points, 
but, owing to the general accnrac;r of the topographical sun·cy, the pointR sought were nearly 
always fouud. Tlte cedar stakes set as marks some years ag·o by the triangulation party were 
well preserycd, but of the pine stakes set only one remainctl perfect.'' 

'Vhilc som1dings were in progress in Charlotte Harbor tidal obsen·ations were rceorded at a 
station near Hickory Bluff, and al8o at Cape Haze. The super\"ision of the two tide gauges was 
committed to Master A. 11. Cobb, U. S. N., and by his attention a record of the rise and fall at 
intervals of only ten minutes was Retmrell for a ealemlar month at one of the stations, and for six 
weeks at the other. It was notieed, as resulting from high winds, that the water level was raised 
b,y southerly or sonthwP8tcrly breezes, allll corrm;powlingly deprc8se<l when the wind was from the 
north. Owing to the uuustml rainfall, the waters of ~l1ell Creek were fonuLl to be sewm foet aboYe 
the ordinary lernl, and thit1 condition, eonjoinetl with l1igh winds prenileut d11ring the latter part 
of the winter, made it a matter of some difficulty to determine planes of reference for the two 
resulting hydrographic sheets. On one of them, the soundings are referred to the gauge at Hickory 
Bluff; on the other the.rare referred to the gauge at Cape Haze. Bench-marks were established 
at both localities, and these are described in the titlal record. 

Soundings were begun on the 6th of Feurnary, anti the l1ydrograpby was advanced daily while 
the weather permitted. I<'requent winds in Febmary and March made it impracticable to observe 
the-currents, but later in the season two stations were occupied, one in the channel between Pine 
Island Shoal aud Cape IJay,e Shoal, anti the other in the channel to the northward of Cape Haze. 
By the 10th of ::\fay the hydrography of Charlotte Harbor was completed from rease Creek through 
Boca Grande to the Gulf. Lieutenant Hawley reports that the channel as far in as Hickory Bluff 
ha8 nowhere less than nine foet at mean low \\•ater. Uetween Hickory Bluff and Pease Creek there 
are several hard lumps with only ftrn feet of water 011 them. 

"Tire holdiug ground in some parts of Charlot.tc Harbor is the best which we haye found at 
an;}· place in Florida; it is either very sticky mutl, or a mixture of mud, sand, and shells. In bad 
weather, fishing smacks make a harbor just inside of Boca Grande to the sout.hward, but the bottom 
there is sandy, and the place not as secure as the anchorage between l'ine Island and the shoal to 
the northward." 

The statistics of the work are: 

Miles run in sounding .....•................... - ....•. -... - ............ . 
Angles measuretl ........... _ .•......... _ . . . . . . . . . ...•.....•.•.... _ .....• 
:Sumber of soun<lings ••.. _ ... - .... -••..••....•..... - .....•••....•....•• -

722 
2,523 

29,949 
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Eighty-two signals were erected by the party in the course of the season. At Manatee some 
indispensable repairs were made, after which the Silliman sailed for New York, but off the coast 
of Virginia was struck with heavy weather and constrained to put into Hampton Roads. Subse
quently the injury to her mast was repaired at Baltimore, and the -vessel proceeded to the coast of 
Maine for service, which will be mentioned in my next annual report. -

Master Albert Mertz, U. S. N., has been on duty with this party during the season. 
Tria.ngumtion of Sarasota Bay, Fla.-This work was taken up by Subassistant Joseph Hergcs

heimer on the 9th of March, after the completion of a survey to be mentioned under the next head. 
As the result of operations, which were closed on the 15th of June, the triangulation proceeding 
southward from Tampa has been carried through Sarasota Bay, which, for the greater part of its 
lenirth, is separated from the Gulf of Mexico only by the narrow strip known as Long Key. For 
defining the shore line, points were determined at intervals on both sides of the bay quite down to 
the narrow passage which connects with the shallow inland waters leading towards Charlotte Har
bor. Much rain fell during the time employed b,y the party, and the measurement of angles was 
in consequence retarded. The statistics of the work are : 

Signals erected . . . . . . . . . . - ............... -......... - . _ ........ _ . . . .• - . . . 30 
Stations occupied ..... - _____ . _______ ... _ .... ____ .. __ .. __ . _ .. _ . _ . _ .. __ ... _ 17 
.An~les measured ...... - _ ........ - _ . _. __ .. _ -...... __ .. _ . _ .. _ ... _......... 169 
Number of obser-vations .. -............. -....... __ .. ·_. __ - -.... _. _ ... - . -.. _ 3, 270 

The schooner Quick was used for transportation by the party in Sarasota Bay. 

SECTION VII. 

WEST FLORIDA, ANCLOTE KEYS TO PERDIDO IlAY.-(SKETCil No. 14.) 

Survey of Crooked River, Fla.-This water passage bmmds the north side of Saint James's 
Island, which lies at the eastern entrance of Saint George's Sound. Its development was provided 
for in the operations of a party detailed in December, 1877, to work under the direction of Sub
assistant Hergesheimer, as already noticed under the preceding head. 

After making needful arrangements at Apalachicola the party reached Crooked River in the 
schooner Quick early in January of the present year, and as soon as practicable traced the shore 
lines of the river from its junction with the Ocklockony quite through to the western mouth of the 
river which passes into Saint George's Sound. The bar off the western entrance was sounded, and 
also the water passage throughout its entire course. This work was completed on the 23d of 
February. The statistics are: 

Shore line traced, miles ...... - . . . . - _ . - . - - ... _ .......... - . . .. - .. . . . . • . . . . . . . 58 
Miles run in sounding . - ... - . - . - - .. - . - - ........... - . . . . . . . . . . . . . . . . . . . . . . . . . 66 

-C-nder the head of Section II notice has been taken of field work done by Mr. Hergesheimer 
in the summer of 1877. 

Hydrography, Saint Georg&s Sound, Fm.-Before taking up the work of which mention has 
been made under a preceding head, Lieutenant Hawley, with his party in the schooner Silliman, 
made supplementary soundings in Duer's channel, at the eru:itern entrance to Saint George's Sound, 
and a.Iso off' Light-House Point. The aggregate statistics are: 

Miles run in sounding .... - . - - - - ..•. -..... -...................... - .... _ . . . 49 
Angles measured ..... - ....... - . . . . . . . . . . - . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . 312 
Number'of soundings . . . ....................... - . _ .••....•......•...... 21 715 

Masiiers Hanus, Cobb, and Mertz, U. S. N., assisted in this work, and also in the hydrographic 
survey of Oharlotiie Harbor. The party in the Silliman was occupied in Saint George's Sound 
during the latter part of December, 1877. 

S.Ex.13--5 
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SECTION VIII. 

ALABAMA, MISSISSIPPI, LOUISIAKA, A::SCD ARKANSAS.-(SKETCH No. 15.) 

H.lfrlrogra:phynf the Gulf of 111exico.-In December, 1877, full preparation was made for the return 
of the 11y<lrographic 11arty in charge of J,ieut. Commander C. D. Sigsbee, U. S. N., Assistant Coast 
and Geode tie Suryey, with the steamer Blake, to complete deep-sea soundings in the Gulf of Mexico . 
.A.t my request, Prof. Alexander Agassiz consented to accompan;v the party, and to direct in sucb 
operations as might yield desirable information in regard to the conditions and forms of life that 
inhabit the Gulf bottom. The steamer left :Xew York with all needful appliances for dredging and 
sounding, and was at Ha\ana at the close of the year. In the plan of work, the necessity for 
toncbing at Spanish ports was kept in Yiew; and permission to do so was cordially granted by the 
Goveruor-GPneral, who directed, also, that facilities should be furnished by the authorities of any 
port at which the Blake might have occasion to anchor. On the 2d of January the steamer stood 
off and on, dredgiug and sonrnliug iu the vicinity of the entrance to Havana, and the next two 
days iu the direction toward Sand Key. Excepting on the coral mud bottom, the dredge-tangles 
brought up many living forms. While thus engaged near Sand Key, a norther began without any 
sign ot approach, and bad weather prevailed duriug several days. To avoid its effects Lieutenant 
Commander Sigsbee took shelter at Key West, but as soon as practicable resumed opemtions with 
the vessel, and in the middle of January the party was engaged in dredgiug oft' Bahia Honda, on 
the north coast of Cuba, about sixty miles to the westward of Havana. On the 19th the Blake 
stood in toward the eutrance of the harbor merely to inquire for a pilot for t.he Colorado Reefs, and 
theu resumed work in the offing. The port official shortly afterwards visited the Blake, and took the 
opportunity to state that if the steamer bad occasion to enter, her signal for a pilot would be 
promptly answered from the fort, and it so fell out that thick weather came on a few hours after. 
That change, but more especially the wish for information concerning the intended cruising-ground 
of the steamer to the westward of Bahia Honda, inclined Lieutenant-Commander Sigsbee to enter 
the port at lea8t for the uight, and accordingly the signal was set at five o'clock in the evening for 
a pilot. A boat sent by the commander of the fort was soon alongside of the Blake, and the man, 
who profeHsed to be a pilot, was taken on boa.rd. He was closely questioned as to bearings and 
landmarkR, and both Heuteuant-Commander Sigsbee and Lieutenant Ackley checked his replies as 
the lllarks came into view. He met all inquiries with confidence, and declared that the ship was 
going- well. This was very shortly before the leadsman reported only three and a half fathoms of 
water. \Vhen sharply asked if that was sufficient, the pilot asserted that there was plenty of water, 
"and mor(I beyond," an<l ha<l scarcely done so when the steamer struck. The vessel had, in fact, 
through misdirection, been run by the force of her engines up an inclined plane, and was lying 
helplesR on hard coral rock bottom with only seven feet of water under the bow and. nine feet 
aRtern, whereas the mean draught of the steamer when afloat was over ten feet. To keep the vessel 
from being set further on the reef, Lieutenant-Commander Sigsbee immediately sent out the anchors 
to Hea,ward and their chains were hove taut, one from the stern and the other from the starboard 
bow. l\feanR were at the sa111e time taken t-0 discharge the coal overboard at a safe distance from 
the port side. :Master :McCrea had been sent to the fort and with t.be transportation there furnished 
readu·d the nearest telegraph station. The consul-general of the United States at Havana, Henry 
C. Hall, esq., acted promptl~· on the request of Lieutenant-Commander Sigsbee for assistance, and 
dispatched vessels already fit.tell, in hope that the Blake might be at once hauled off, as the steamer 
would suffpr frorn the effect of auy swell of the sea. Ever.vthing possible was got out and sent on 
shore b,y flip, Blake's company; aud the engines were backed, but all expedients failed, as did also 
the attempt to haul the vessel off hy the tow of another steamer. Soon after, on the evening of 
the 21st, a norther came up; the sea became so rough that all hands on board were in peril. Lieu
tenant-Uommauder Sigsbee felt constrained to send the crew ashore, retaining on board, besides 
himself, ouly Lieutenant Ackley, Pas8etl Assistant Bngineer W. S. Moore, two ma.chiuists, a fire
man, and fh-e seamen. l'rofessor Agassiz had taken active part iu all the means employed and 
proposed to share the danger of the situation with the commander, as did also the officers, who 
requested permission to take the place of the seamen retained on boa.rd. Lieutenant-Com-
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mander Sigsbee declined to make any change, all the persons selected at first being equally willing 
to remain. As the ship began to pound with the rising sea, the small compauy 011 board busied 
themselves about the deck and heluw in securing what w-as left, and t,o be in readiness for the w-orst; 
the joint of the Kingston valve was broken to admit of flooding the ship if necessary. At half past 
eight o'clock at night the seas were breaking along both sides, and the Yessel pounded so that those 
on board found it difficult to stand without holding fast. Tlle engine frames raised at m·ery blow, 
and the stern JlWung one point in shore. All liopes of a farnrable shift. of wind were girnn up, 
and at this juncture, all on board feeling that the vessel could not hold together for another half 
hour, Lieutenant-Commander Sigsbee gave order for hauling the fires and opening the KingRton 
valve. The vessel filled rapidly, and in a few minutes rested quietly on the bottom. A whaleboat 
had been kept nnder the lee of the port bow, and after a half hour ;;;pent in seenriug hatelles, it was 
felt that nothing more could be done for tl1e Yessel at that time, ;;;o the men were sent into tl!e 
boat and were followed by Mr. Moore, Lieutenant Ackley, and Lieutenant-Commander Sigsbee. 
With little trouble the party reached the shore shortly before ten p. rn. Toward morning the wind 
and sea went down, and the opportunity was taken to discharge the coal that yet remained on 
board. The condition of the vessel soon after striking on the reef had been made known ))~· 

Thomas Elven, seaman, an expert swimmer and diver, who went down and passed along her whole 
length under both sides. Four days later he made a second examination, and his reports were of 
great value in directing the exertions that finally restored the steamer to the service. 

On the morning of the 23d of January the light-house tender Dandelion arrived off Bahia 
Honda from Key W'est, dispatched by Commander Smith '>V. Xiehols, F. S. N., who, being light· 
house inspector there, had earnestly co-operated with Consul-General Hall in sending means for the 
relief of the Dlake. A pilot from the port came and remained 011 board the tender, but as Lieu
tenant-Commander Sigsbee soon follow-ed, his services were accepted b~· Captain Cosgro,·e to pilot 
in the Dandelion. That vessel was anchored how and stern near by, and the two eug·ineers suc
ceeded in connecting the boilers of the tender with the whistle-pipe of the Blake. Steam was thus 
applied from the Dandelion t,o work the donkey pump for clearing the grounded vessel of the water 
which had been admitted for her safety. At four p. m. of the 24th the water was so much reduced 
as to admit of lighting fires under the port boiler of tlie l)lake. The main engine was started two 
hours afterward, and by nine p. m. the steamer was free of water, but still remained aground. 
Soon after·there arrived the tug La Gitana towing a lighter containing sixty-six wine-pipes, which 
vessels and appliances had been forwarded from Havana by Consul-General Hall, on the application 
of Lieutenant-Commander Sigsbee, through telegrams, and by Profossor Agassiz in person. The 
Spanish tug co-operated w-ith the Dandelion in an attempt to haul off the Blake, but without suc
cess, though the vessel was then divested of nearl;y all that eould be moYed. Finally La Gitana 
was directed to take a hawser from the starboard bow, wl1ile the Dandelion held hanl as before tu 
the star~oard quarter, and when the Spanish tng made a surge, the lllake responded by swinging 
rapidly around, until her head was northwest instead of south, as previously, though left hard 
aground aft for about ten feet forwanl from the stern post. The haw,:mr of the Dandelion was then 
cast off from the quarter, and made fast to the foremast head of the Blake, and the tender hauled 
straight ahead to depress the bows of the Blake, which were in deep water, while J,a Gitana surged 
again with a twelve-inch hawser, but the make still remained fast astern. As the tide was then 
beginning to fall the bow was held in position by the tug while the tender planted the starboard 
bow anchor of the Blake, the other being already out in a position right ahead or northwest. Two 
heavy anchors being thus well set for the final effort, the assisting vessels were released for the 
night, with the understanding that all the force possible would be applied at high tide, which would 
not occur until the forenoon of the following day. On the morning c:if the 26th, Thoma,s Eken, sea
man, again went under the Blake, and reported that the vessel held only near the stern post. AR 
the bow was tflen floating in two and a half fathoms, the sixt,y-six empty wine-pipes brought by La 
Gitana were aITanged on the decks of the Blake, as far forward as possible, in two tiers, and were 
filled with sea-water, as were also the forward water-tanks. Some additfanal weight at the bow8 
of the Blake was ad:ied by reshipping artiell',g which had been previously transferred, and t.he 
effect of this expedient, as expected, was to relieve the pressure of the stern on the reef. When 
everything was in readiness to apply fol'OO if necessary, Lieutenant-Commander Sigsbee and Lieu-
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tenant Sharrer went over the side, into the dinghy, and sounded around the vessel. They perceived 
that the starboard chain seemed to slacken, and in a few moments were gladdened hy the certainty 
that the Blake.was afloat. The windlass was at once manned, the engines started, and the ship 
commenced swinging to the wind. Although the vessel had been slung with chains, and girdled 
by her crew, and wine-pipes provided to be used as camels or caissons, no necessity arose to employ 
them in the way which was at the outset thought requisite. The spirit, intelligence, and energy of 
the commander and officers of the steamer Blake, and the steady devotion of the cre'i well deserved 
the success that crowned their efforts. The ship struck at high water, spring tide, when the rise 
was twenty-nine inches, and when got off the rise was only eleven inches. By immense labor, in 
which all on board assisted at the outset, the draught of the vessel was speedily lessened by twenty
seven inches. ln general reference to the exertions of his associates, Lieutenant-Commander 
Sigsbee says: 

''During all our troubles Professor Agassiz did everything possible to render assistance, and 
though disappointed in the break which had occurred in the marine investigations, he made our 
affairs paramount in his endeavors. 

"To Lieut .. S. M. Ackley and Passed Assistant Engineer W. S. Moore I am indebted for 
suggestions of a number of useful expedients, for their unremitting personal labors, and for cheer
fully sharing in the risk of remaining on board on the night of the 21st. All belonging to the 
vessel worked hard, and voluntarily would have remained during that night, if permitted. To 
the officers I owe expressions of sympathy and confidence. Machinist Peterson, who worked ~ery 
hard, was the only one on board able to say, from previous observation, how the ship would be 
likely to behave when filled with water after grounding. His intdligent description confirmed 
the belief that the measure which I had under consideration tended to the ultimate safety of the 
Blake. Among the crew there was no word of complaint; all applied themselves manfully, and in 
consequence of severe labor the double ration served out was all consumed." 

The report of Lieutenant-Commander Sigsbee makes special mention of the interest manifested 
for the success of the cruise of the Blake, in many courtesies by Commander Smith W. Nichols, 
U.S. N., light-house inspector at Key West, and by Lieut. Eugene B. Thomas, U.S. N., commanding 
the naval depot at that port. Commander Nichols dispatched the Dandelion as being best :fitted 
to render effective a!"sistance. The commander of that vessel, Capt. Philip J. Cosg~ove, reached 
Bahia Honda at a most opportune moment, and though so sick as to require treatment from the 
surgeon of the Blake, the energetic direction of the Dandelion at once proved to be a gratifying 
relief. To this zealous and capable offi(',er my thanks have been expressed, as also to others whose 
activity tended to further the movements needful for the relief of the stranded vessel. 

As soon as practicable, after being floated at Bahia Honda, the steamer Blake proceeded to 
Havana, and in the course of' a few days was repaired at that port. 

Early on the 12th of February Lieutenant-Commander Sigsbee started from Key West with 
fine weather to resume work. ·when clear of the reef a course was shaped to the westward of the 
Tortngas, and in tl1at vicinity a few casts were made with the dredge, but nothing of note came up 
from moderate depths. The bottom was generally soft gray mud. At eight hundred and sixty
three fathoms the dredge came up. full of mud, and attached to the tangles brought also one star
fish. This was at a position sixty miles west of Tortugas. Bad weather followed for some hours, 
but on the 15th the trawl was worked at depths of nine hundred and fifty-five and eleven hundred 
fathoms in soft yellow mud. Of eight kinds of deep-sea fishes brought up, some were blind, and 
others remarkable in structure. A large variety Or rare living forms was there obtained, besides 
five kinds of sponges, and coral branches of great delicacy. Further westward another haul in 
nineteen hundred and twenty fathoms wa.s made with equal success. Very large carnation-colored 
shrimps, and a blind but well-shaped fish, a foot in length, were among the numerous specimens 
held by the trawl. 

Passing on southward and westward the trawl was again got overboard in fifteen hundred 
fathoms on the slope of the Bank of Campechc, where the bottom is generally soft coral mud, but 
in reeling in, it was found ·that the trawl had fouled on something at the bottom, and could not be 
cleared. This loss left only one trawl on board. The steamer passed cm westward, sounding 
along the north side of the bank. As the dredge brought up few specimens, a modification was 
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made with a ,;ew of retaining less of the mud, which seemed to be scooped up from the bottom 
and held to the exclusion of any specimens that might be near the spot where the apparatus was 
dropped. Lieutenant-Commander Sigsbee and }faster H. M. Jacoby, U.S. N., soon complPted the 
changes deemed requisite for success, and the first trial of the new dredge brought up neither mud 
nor sand, but many specimens of value; among others, five entirely new sea-urchins, eacl1 closely 
resembling, in form, color, and size, the half of a large fresh lemon. North of the bank, and in 
fifteen hundred and sixty-eight fathoms, the trawl was kept an hour on the bottom and came up 
with specimens among which was an exceedingly rare kind of stemmed polyp. Along the west 
side of the bank the dredge was cast at intervals, and generally with success. 

Passing southward to Alacran Reef on the 18th of February, the Blake was anchored in six 
fathoms on the northwest edge of the reef, and 1~rofessor Agassiz examined tlie shoal water about 
the reef; after which the vessel got under way, passed along the west and south sides of t_he 
Alacran, and steamed for the edge. of the Yucatan Bank, near the northeast point of the Yucatan 
Peninsula. The intention of Lieutenant-Commander Sigsbee, by the advice of Professor Agassiz, 
was to run a line from the one-hundred-fathom currn at that place toward Cape San Autonio; hut 
during the night of the 19th of February a southeast gale made it necessary to defer the purpose. 
When the weather cleared, the Blake was put on her course, and the trawl was used in fifteen and 
twenty fathoms, bringing up the profusion lJsually fonnd near 8hore. Keeping on, under t:;asy 
steam, in the direction towards Cape San Antonio, rough weather was again met, and the Blake 
put back and took shelter under the lee of a shore that makeR out northward of ,Jolhos Island, 
where the vessel was detained until noon of the 22d of .February. 'Ihe steamer again started enst
ward, although the weather was yet unsettled, but dredging was impracticable, and no 8top wa8 
made short of the Colorado Reefs, in tl1e vici11it,y of Cape San Antonio. Soundings Wf're recorded 
in the vicinity of the Reefs, and the dredge was about to be started when a squall came on. 
Standing again back towards the reefs, the Blake approached to within a mile and a half, and 
found three hundred and forty-six fathoms. Of the appearance of the reefs, Lieutenant Com
mander Sigsbee says: "A more dangerous-looking locality I ha,·e never seen. 'l'he white water 
was wholly within the breakers, the latter lieiug in blue water. No land was in sight." 

Preparation was made on board the Blake for casting the dredge near the Colorado Reefs, but 
at the instant of backing into the sea one of the radder chains broke adrift and got foul of the 
propeller. The sails were quickly adjusted, but the vessel did not an8wer, nor could the chain be 
relieved by a boat's crew sent astern. Lieutenant Commander Sigsbee went over the stern in a 
bow line, and seeing that. the chain cAmld be got away only h.Y breaking, g:trn onler for t~miing 
the engine at full speed. As a result the chain snapped from the rudder, but probably remaining 
in the propeller it was not deemed expedient to stay longer at the re!Jf. Standing broad off into 
deep water a cast was made in twelve hundred and twenty-two fathoms. 'l'he course was then 
changed to northward and eastward, and the trawl was used and brought up specimens from a 
depth of thirteen hundred and twenty-three fathoms. :Further on in the directiou toward Key 
West a very successful haul was made in eight hundred and sixty fathom8. Two other equally 
fortunate dredgings were made at positions south of the Tortagas. Some of the forms secured in 
these were entirely new. The steamer reached Key West on the 25th of February in time to escape 
very heavy weather that prevailed during several days. On the 1st of ::\larch the vessel again 
started, and stopped off the Marquesas for examinations deemed desirable by Professor Agassiz. 
The coral there was found to be dead. Continuing westward inside of the reef a l1ea''.Y sea was 
met, and in consequence Lieutenant-Commander Sigsbee went into Tortugas Harbor. Next day suc
cessful hauls were made with a dredge which had be-0n constructed on board, bat the sea remained 
heavy. After a cast in fifteen hundred fathoms the course was laid for the Mississippi Delta, off 
which the dredge was used in three hundred and twenty-mie and flye hundred and thirty-three 
fathoms, and finally at the one-hundred-fathom curve opposite to the entrance of South Pass. 
Near the eastern outset of this line the Blake encountered a tremendous sea, in which the sea
worthiness of the vessel after her pounding on the reef near Bahia Honda was fully proved. The 
sea continuing heavy during the entire run, and also off the mouths of the Mississippi, the Blake 
was passed between the jetties and anchored at New Orleans on tl1e 9th of March. From that. port 
Professor Agassiz pruceeded directly to Boston. Lieutenant-Commander Sigsbe,e took in a supply 
of ooa.l and refitted the vessel. 
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The only continuously good weather during the season in the Gulf happened while the steamer 
Blake was fast on the reef off Bahia Honda. This fortunately availed for the safety of the vei;;sel, 
but the results of tLe work, done for the most part duri:Ug rough weather, are nevertheless satis
factor.'-· 

Soundings and bottom temperatures were carefully recorded in connection with the dredging 
operations. 

The Blake left the Delta on the 24th of March, and in the cour.se of two days was in one hun
drt1d fathoms on thi; Florida Bank. Hauls were made with t,be dredge in cruising towards water 
of leRs depth, a111l after touching at Key West at positions off t.he coast of Cuba in the vicinity of 
IlaYana. :Much bad weather was experienced in April, but the latter part of that month was 
spent in tl1e eudeavor to repair a defect in the submarine cable between Havana and Key West. 
This service was undertaken at the request of the late president, Hon. William Orton, of the 
'Yestern 1Jnio11 Telegraph Company, to which, from its organizati9n, the survey has been contin· 
uously nuder obligations for many facilities that favored progress in the work. By the· party in 
the Blake tLe cable was at first nnderrun from the south beach at Key -west, and was buoyed at 
the edge of the reef. 'Vhen the weather sen'ed a further attempt was made to underrun to the 
yiciuity of the defect, which was judged to be about twenty-seven miles from Sand Key, but the 
cable wat-1 found to be so slack that the appliances on board the steamer became ineffoctive. The 
agent of the International Ocean 'l'elegraph Company directed and witnessed all the operations, 
and at last decided that further efforts were useless in the absence of special means for the service 
desired. 

Having rentte<l at Key West the Blake again left that port on the 2d of May, and started in 
sixteen fathoms a line of soundings just outside of Sand Key Light· House, and with good weather 
extended work towards the Yucatan Bank, but the wind and sea next day constrained a return to 
Tortngas after a run of seventy miles. On the way the Blake .was struck by a sea which broke 
seven dead-light panes in the starboard main-deck ports, though the glass was a quarter of an inch 
thick. The storm prevailed during sernra1 days, but on the 8th the vessel was got under way for 
Key ·west, seYeral of the company being ill. A few days after, Lieutenant-Commander Sigsbee 
was again off the Tortugas with the intention of sounding quitP across to the coast of Cuba. 'l'his 
line was cloRed a sllort distance east of the entrance to Mariel, where a tlepth of three hundred and 
eighty-one fathoms was recorded quite cloRe inshore. As the weather was unsettled the Blake 
laid off uear thP entrance to Havana on the night of the 12tl1, and then st;fJaming westward started 
a line off Tiahia, and carried soundiugs northward and westward to a point about forty miles west 
of the .Tortugas, where a depth of one hundred and fifty-six fathoms was recorded. The interval 
of calm that favored work on this line closed, but the vessel was moved to a position a.bout thirty 
miles further west, and tl1ere fmmd seventeen hundred and fifty-three fathoms. From t}lat station 
soundings were run to the coast of Cuba in a direction generally parallel to the line last mentioned 
aucl at nearly equal distances four other lines, the last starting near Cape San Antonio were run 
radiating from the coast of Cuba. These developed an eastern prolongation or spur of the Yucatan 
Bank, and that development was further verified by a line of soundings which crossed the radial 
lines. This final line of soundings was run northward and eastward and on the course towards 
Kej· 'Vest, where the Blake arrived on the 2Gth of May. 

At proper intervalR on all the lines of soundings, serial temperature stations were made, at 
each of which tLe temperature of the water was recorded at the surface and at va~ying depth to 
the bottom of the Gulf. Full series were registere1l at fif'ty-niue stations, the records of which will 
bear directly in the investigation of the currents that pass between Cuba and Yucatan. Of the 

· t,en lines of soundings here mentioned the greatest depth f0tmd was two thousand and sixty-four 
fathoms at a station about midway between Yucatan Bank and the Tortuga.a. At the place in 
which each of the soundings was recorded the density of the Gulf water was test.ed. 

On the passage of the Rteamer Blake northward Lieutenant-Commander Sigsboo stopped o:tl' 
Cape Florida, and ran a line of soundings with numerous temperature observations quite across 
the Gulf stream, -terminating the line at Gun Key. The depths found are greater than those here
tofore reported for that vicinity. Passing on northward from Gun Key the vessel reached New 
York on t~e 5th of June. 
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In the work of the season Lieutenant-Commander Sigsbee was ably seconded by Lieuts. S. M. 
Ackley and W. 0. Sharrer~ U. S. N.; by Masters H. l\f. Jacoby and Henry McCrea, L. S. N., and by 
Ensign G. H. Peters, U.S. N. Assist. Surgeon C. J. Nourse and L. P. Sigsbee serwd as recorders 
in the hydrographic party. 

The general statistics of the work are: 

l\files run in sounding .. _ ... _ ...... _ ..................................... . 
Number of deep-sea soundings ........................................... . 
Temperatures recorded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. . 
Water densities ........ _ ................................................ . 
Deep-sea dredgings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
Specimens of bott01n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . 

1, 316 
196 

1,oos 
207 
102 
147 

Triangulation of Barataria Bay, La.-This work was essentially complete at the close of the 
preceding season. The shore line had also been traced for the use of tlte hyurographic partJ·. It 
remained merely to extend from the head of the ba;y a short triangulation so as to connect with 
stations used in the survey of the Mississippi Rirnr. For this purpose Assistant "'· II. Dennis 
resumed operations on the 10th of D€cember, 1877, witlt a party in the steamer Barataria. A re
connaissance was made and signals were erect-0d for a set of quadrilaterals north of the work of 
last year. At Woodland a tripod sixty feet high was required in order to obtain a line of sights 
a.hove the buildings by which the station was surrounded. Between the bay and the rh'er, at the 
points of nearest approach, a ridge intervenes covered b.)· a growth of liYe oak, through which 
four aYenues, averaging nearly half a mile in length, were cleared by cutting to admit of observing 
with the \he-0dolite. 

While l\fr. Dennis was engaged in measuring angles for connecting his work with the rirnr 
survey, the shore lines of the upper branches of Barataria Bay were mapped hy l\Ir. F. C. Donn, 
the aid in the party. 

The statistics of the supplementary work of this season are: 

Shore line traced, miles .... _ . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 
Angular measurements ........ _. . ..... _ .. _ .. __ .................... _ ... _. 4, 952 

The shallow waters at the head of the hay were sounded while the topography wa8 in progress. 
This work was completed early in April. Under another head mention will be made of the subse
quent operations of the party under the direction of Assistant Dennis. 

Hydrography of Barataria Bay, La.-'l'hc part.y assigned for this work commenced operations 
on the 24th of January, 1878, under the charge of Lieut. ,~-.I. Moore, U. S. N., Assistant Coast 
and Geodetic Survey, with the schooner Ready. After esta.blishing a tide gange, tl1e souudiugs 
were prosecuted at all favorable intervals inside of the bay, and when weather permitted in the 
approaches. The resulting sheets take in the Gulf hydrography for about four mile;;; east and a;;; 
far west of the entrance, and to a distance of rather more than three miles to seaward. Inside, the 
bay was sounded to a limit about six miles from the Gulf shore. 

During March and April the work was delayed by prevalent fogs. These were constant except 
for about one hour near midday. 

The following remarks are taken from the report of Lieutmiaut Moore: 
"On approaching the entrance to Ilarataria Bay the water shoals gradually from seYen fath

oms (at three miles from the light-house) to !'!even feet on the crest of the bar. Inside the bar the 
water deepens to seven fathoms when abreast of Fort Livingston. 

"Inside the entrance no noticeable changes have taken place within the last twenty-five years. 
Thirteen feet may be carried until near the "Quartelles,'' with shell heaps on either side. A.hon· 
this the bottom seems to be flat, with six and a half feet of water np to the entrance of the bayous, 
which are invariably guarded by bars having from two to five feet of water on them. 

"There is good anchorage in th1·ee fathoms, Barataria light bearing south-soutlleast, bottom 
blaek mud." 

As might be expected the tides were found to be much affected b.Y the direction of the wind. 
It was noticed also as a peculiarity that the tide would begin to rise at the entrauce while the 
current was running out, and fall while the current was setting in. 
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The general statistics of this survey are : 

Miles run in sounding . _. _. . . . . . . . . . _ . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . 585 
Angles rneasnred ................ _. . . . . . . . . . . ... . . . . . . . . . . . . .. . . . . . . . . . . . . 3, 634 
:Number of soundings ...................................•... _ .......... 31, 458 

Lieutenant Moore was assisted in this work by Lieuts. W. F. Low and Sidney H. May, U.S. N. 
Soundings were continued in Barataria Bay until the 1st of June. 

Tirfol observation.~.-Tbe record made by means of a staff-gauge by Mr. G. Faust, at New 
Orleans, during regular intervals of six hours has heen continued. The daily or tidal fluctuation 
in the Mississippi is very small, but the annual changes, amounting to eleven or twelve feet, pro
duced by floods, are of much interest. The observations are kept up as heretofore, because these 
large changes show a tendency towards recurrence at regular periods, and hence the accumulated 
records ma;y be expected to yield a fair appro.ximation in advance in regard to the state of the river 
throughout the year. 

Base lines near 1lfississippi Rirer.-Full provision was made for the advance of the triangula
tion parties on the Mississippi l~iver, by the assignment, early in April, of Assistant H. G. Ogden, 
for the measurement of base lines at Donaldsonville, at Natchez, and at Vicksburg. 

At Donalusonville the line was located about a mile and a half below the city, and is thirty· 
three hundred and thirty meters in length. The measurement was made over a plantation road, 
and len~ls were m n 1,o reduce the mean height of the base to the top of the levee or railroad. The 
azimuth was obserYed for the base line by fifty-six measures, resulting from nine sets of observa
tions in five l)Ositions of the instrument near elongation on four nights. 

For use in the triangulation approximate computations of the base length and azimuth were 
furnished to Assistant Perkins, who was then conducting the triangulation above Donaldsonville. 

Opposite to Natchez a base line was laid out and measured of twenty-nine hundred and seventy 
meters along th€ Concordia road at Vidalia. Azimuth was measured at an adjacent point of the 
triangulation. The angle between a mark set about two miles to the northward and the line lead
ing from'' Lookout" to "Giles" was ascertained by sixty measures, which resulted from ten sets of 
observations with the instrument in five i)Ositions. Four nights were employed for determining the 
azirnn t11. 

Under circumstances which constrained Assistant Ogden to leave the field early in June, the 
charge of the party was devolved on Mr. C. H. Sinclair, who had efficiently aided in the operations 
at Donaldsonville and Natchez. Mr. ·w. B. French was attached to the party at the opening of the 
season, aud remained in the field until the close of operations. 

The base line measured by Mr. Sinclair was laid out by Assistant Hosmer, and properly con
nected with points of his triangulation of the Mississippi River, in the vicinity of Vicksburg. For 
more than half its length the line passes through the principal street of the town of Delta, La., 
the remaimler of the line ranging through adjacent cotton fields. The length, as found by Mr. Sin· 
clair's measurement, is 2715.3 meters. Inclement weather delayed the .completion of the measure
ment until the 29th of June. 

The azimuth of a line of the triangulation, leading from a station in Vicksburg across to a 
station on the island opposite to the town, was determined by twenty-one sets of observations in 
five positions of the theodolite. Four nights were occupied in that work. The latitude of the 
azimuth station wat1 determined by Subassistant Smith, of whose work mention will be made under 
another head. 

After his return to the office and completion of the computations, Mr. Sinclair was assigned to 
field duty in Section II. 

Tria,ngulation of the Jllissi~sippi Rilier near Donaldsonvilw, La.-As stated under a preceding 
head, Assistant F. W. Perkins remained until the middle of April at work in Section VI. After 
transferring his Jlarty to the charge of Subassistant Vinal, for continuing the survey of the Saint 
John's 1-tiver, Fla., ~Ir. Perkins started for New Orleans, and reached that portonthe27thof April, 
1878. The schooner Research was at once fitteU out for ext:ending the survey of the Mssif!sippi 
abo\'e Donaldsonville, to which point the triangulation had been carried in previous seasons. .As 
already mentioned under another head, a base-line was laid out on the east side of Donaldsonville. 
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This wa8 properly connectt~d with tlif' prece1li11g triangulation, an<l to the westwaril a(l<litimrn.I 
Rtatiom; were selPete<l for continuing the work np the l'i\·1•.r. ::\Ir. Perkins will remain in t11P tield 
heyonrl the clQse of the fiscal ~-ear. 

Triangulation of tlte Missi.~.~ippi Rira nt'•ll' X11tcl1ez, J/i.~".-After closing work whid1 }ms liPPll 
already meut.ione<l, ARsist.aut \Y. H. Dennis t.ransferre(1 hiR part.y to the Yicinity of Natehez, ..\Ii""· 
Opposite to-the city and near the weRt hank a short hasp was measurc•l au<l comwct.P<l with stations 
a boYe aud helow Yi<lnlia. Proceecliug up tltP riv<>r nd11itfonal poiutR wer<> selected ancl Riguals we1'P 
i;n,ete1l for iuclrnling ahont thirt;r milPl' of tl11• co11rs1• of thr .:\fiRRi,,,sippi. Thi8 work was heg·nn on 
the 22cl of April, and waR contimwd until t.IH' <'lose of 1hP 1is1·al ~-par. 

In tl1e imme!lintt' Yicinitr of Vidalia six station;;; wcrf' 0<·enpied and twentr-nine J1nrnll't"1l awl 
• eighty-two oh:;;eryati011s were rt:>corde<l in th,· mt~aRlll't'lllf'nt of horizontal augleR . 

. lllr. F. C. Do1111 S(~ITH<l a;; ai<l in th<> part.Y 011 tlw J\IisRissippi a;; W(•Jl as in Barataria Bay. 
Jlississippi Rfre1· .rn1·1•ey at nck.~b111·11.-Earl,\' in ,\pril la;;t, AsRiRt:mt Charle,,; Hmrn1er rt-:lt'hf'tl 

Yi<'kslmrg, muli>r i11structio11s for 1lPter111ini11g· J1oi11t.s h,\' triangulation for tl1f' accnratt-' 1;111Te.Y of 
the l\lissisi'iippi in the Yici11it.Y of that dty. _.\ hiti'i<' li11e waR laid out near 1lw tt-'rmiuus of tlle 
Yickslmrg and Sln·cyeport Hailrond, .and r>ig:nalc; were creet.<·•I nt t.lw em!;; or tlw li1w. TlieRe two 
stations were occnpiecl with t.J1e tbeoclolitc, and pointR WPJ'C ,_<,l!'d<•tl i11 f'm111eetion witl1 t11t>111 for 
defining; tlw lwrnl of the riyer nhm.·e arnl helow tlw <'ity. 

By. the 12tll of ::\fay the work at Yit'ki,;lmrg Lael heen 1111shn11 11Pym11l tlw limits for whid1 means 
of t.ransportation for tliis party were :wailahle. 11eul'e, wlie11 a mun her of points l1atl heeu tletf'r 
miuetil for H8P in tlw detailed smTey ue.ar Vi1'.kshnrg, the part~- was tr:msferr•"I for similar ,;erdct', 
which will he mentioned under th<• next lleal!. 

ltH11si11sip1Ji Ri1)e/' SllJ'Pey at Greeni,ille.-For defining tl1e hernl of the l\Iissis>;ippi i11 tlw ,-ici11itJ 
of Greenville, Assistant Hosmer marlrntl 0111 a hasP line OH the east side of the river below the 
town. 8ignals were erected to mark the emfa of t.lw line a1Hl to sen·e also as stations fi1r the tlleod
olite. Other points were sefocted in cmmertioH with t.hr haRe, hnt reconnaissanP.e for that. purpose 
was gTPatly impelled by t.!Je extrc1111• hig:h watPI'. Th11 work was howfln'r eoutinned until tlle 24th 
of l\lay. The i\ynopsiR of i:;tntistic·" helow im•lrnlPs 11iP work '101w in the Yieinity of Yit~1'Rl111rg- hy 
the same party: 

Signals Preeted ...... _.. .. . . . . _ . . . . ......... ___ .... _ . . . . . . - ....... _ 1 i 
Stat.io118 ocenpied .. ___ ....... ___ . _. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . ] H 
Angles mensnred ...........................•..........••.................. 1:>1 
:Xumher of ohservatiom; ... _. _ ............ _ ..•....................•........ 79;~ 

Tl.le ol1sPnations n~cortle«l at Yicl\,;hnrg a11d <ln•l'nYille tletcnninetl hYt'11t~-·RC'.vf•11 poiutR i11 
Jlo:-;ition. 

After tlw clo8<' of the fiscal ye:ir, Asi'iistant. Hosmer 1w11fo arr:rng-emeuts for resnming tleltl 
work on the con st of l\fuine, where he ha cl been pre,·ionslr Pmploy<'•l. Of that work llll'll1 io11 lias 
heen ma<le nuder tlle bend of Sectio11 l i11 tllis report. 

Latitiu1e rmtl lrmr1it1ule obscn'ationx.-Uucler the gcueral d1arge of Assistm1t G. \Y. Denn, who 
directed the 1·equisite ohserrntions at Nashvill<>, Tem1., Snhnssi8tunt Edwin Smith wa;:; dt>tail('d iu 
May last to determine geographical positions at poi11t8 along the i\lissis~ippi Riwr, tlw sur\'ey 
heiug then in progre8s. The operatio11s l'Olltlnctecl iu 1wrR011 h_v A;;si;;t:rnt Dean will he refnretl to 
under the heacl of Section XIII in t11h; report. 

At Nashville, 1\fr. Dean oliRl'.rved 1luri11g fnnr 11ig·ht:-; in l\fo;y jointly wit11 1\fr. Smith fi.>r <l1'ter
mining personal eqnati011. The last-1rnnw1l obserye.r then proceeded to Hch>na, Ark., and ot•eupietl 
a station iu the court-house groumls. The olmrn·ations tht~rr made were howt'\Ter refor1wl to the 
spire of the court-hmrne. In the lar.;t we(;k or l\fay, 1011gittHle !'lignaJis h,\' fl'IPgraph were exd1:rngt'd 

with Assistant Dean. 
Five favorable niglits were emploJetl by Subai,;sistaut Smith in rec·onli11g- o\i1;en-atio11R for the 

la t.itude of the court-lw11se at Helena. 
After determining azimuth for the triangulat.iou mentioned nuder the preceding l1ead, ;\[r. 

Smith moved to Natchez, l\liss., wllere he successfully exchanged fongitnde :-;ignal.'! with l\tr. Dean, 
who remained at Nashville. Mr. Charles Tappai1, who had been prHiously in the senice, effi-

S. Ex. 13-6 
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ciently m;sisted in the work at Nafohez. Cloudy an<l sometimet'l rniuy weat\1er dt>layed the obse1'
vatiom1, but by the 21st of ,T uue the latitmlt> obser\·ations were completed. 

At Yicksbnrg a point selech:~d by tlie triallgulation part,v for the determili;1ti011 of azimuth 
was orcnpirnl h;r Hnhassistant Smith as an ;rntro110111i(~aI Rtation. SignalR wetc cxcha11ged on tll1·f•e 
11ights prece.ling the 11th of .July for longitude. The latitude of tlie ;;;nme stntion w:rn <letermi1w1l 
h.\ ohsern1ti011s dnring four uightt-l. 

}[r. Smith, accompa11ie1l hy Mr. Tappa11, reache1l Gn•ei1ville, :'.\Iisl'., 011 tlw 1:1tlt of .Tnl_y, and 
after due mTat1geme11ts obsei·ved for latitmle at a stnti011 near t!IP Episcopal church, referring thP 
results for geographical position to the spirP a,; a.t stntions alr1'a1ly rnP11tio11ell. The latitmle of tllP 
station W:lf\ determinetl 11.v observations contimw!l throng·h tlll'ef\ 11ig;l1ts. 

],ate in ,Jnly, Mr. Smith H~tnmc<l to :\ashyille, and th(• month clm;efl while obsl'rnti0118 1i)i•' 
perR011al equation \rnre iu progress. 

The or1gnrnl and duplicate recor1ls of 1hP work of this party. togetlit\l' with tl1P field 11 0111pnta
tions. liave been received at the office. 

l•'ield work preYiousl;y conducted h~· 8nliassi,.;t;rnt Smith ]ias 1ie1·11 me11tione1l nrnler Seetim1 II 
a1ul t;f\ction nr in tl1is report. 

Trianftnlai'ion, JfissisRippi Rfrer.-A bout fift~· two mileR of the eomse of the Mh.:Ri"1si ppi, incllHl 
i11g the 1:-:tretch between the Helena liase line and Bennett's Lan<liug, hin-e been ilwludell in the 
operations of the party comlucted by Assistant C.H. Bo,\·<l. 

After Jlreparations made in ~ovember, 1877, tl1e !'teamer Baton J:oug(• wai.; lJJOYed from Kt•W 
Orleans np thP ri\'er to the Yicinit;'I' of Helrna, arnl withont. delay an examination wal'I made for tLt> 
site of a base line. The ground finally selected rauges along the west 11a11k of the riYer 1Jelow 
Helena. A base upwards of two miles in length was measured by Assistant Boyd, awl the en<l;1 
were securely marked in the usual way. Signals were erected at the a1\iaee11t statimm, arnl others 
in succession at points !Jest suited for <leiluing the course of tlw rive1· in passing· upwards. 

At Helena the shore lhw of the JHississippi was traced aml a topographical sm'H\Y was mmlP 
of the town. 

Some of the lines of sight required for the triangulation entaile1l much labor an<l occasional 
sickness in the party, the selected }10ints being aecessible ouly by clearing avenues tl1rongh swamp 
land, all of which is densely woo<lell. 

At a position near the mid<lle of the hase liue ob;;ervationR were recorded for latitude, and the 
azimuth of' the line, which in that part of the work waR of the awrage length of tlie triangle sider;, 
was determined. 

l\fasfor ,V. Kilburu, U. S. X., was attaclw1l to this part.r, and hail chargP of' the n·s1;el. He 
also aRsisted efficiently in tl1e field 01lerati01rn. 'l'lie statiRtics are: 

Stations occupied • • •.••.....................•. _..... . . . . . . . . . . . . • . . . 61. 
Angles measurell.................. . . . . . . . . . . . . . ......•... _............. 137 
Number of observations ................................................ 12, ~04 
Shore Hues traced, mile;.; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . . . 21 
Creeks and llayous, miles .................... _ .. _ . . . . . . . . . . . . . . . . . . • . . . . 34 
!toads, 1niles............ . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 69 
Area of topography, square miles .......................... _ .......... _.. 18z 

Kixty-six points were determined 11~· the triangnla.tion. 
Field work was discontinued at the eu<l of ,June. )Ir. C. JI. Yan Onle1J, who co.operated in 

the work on the Mississippi, was thrn assig-ued to serviee in Section I. Mr. Biou Bradbury served 
ns pay yeoman and reconler. 

T1·iang11hltian.-Soon after the opening of the present fiscal year, arnl while the fiel<l work was 
in progTess at Gunter's Mountain, in :Northem Alabama, A11sistant F. P. Webber died in camp of 
hilion;; remittent fonir, as mentioned in my last amrnal report. B~· this sad event the charg~ of 
the triangulation party was deni1Ye1l 011 Assi;;tant I~. I>. Granger. l'rof. A. H. Buchanan was at 
t.he i'ame time temporarily attaolwll to the p:uty, and e11gagecl in the measurement of horizontal 
angfos while meani;1 were in progress for hringing into Yicw t.lw Rignal whieh liad been set at "Snm· 
rnit," a stMion sontliwest of Gm1tcrsYi!le. 'l'he WOl'k at Gunter's was co11111lcfod on the 18th of 
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August, and without delay the instrumenti> were transferred to a i,;tation near Hnuts\'ille. Pro
fessor Buehanan soon after resumed his fiel(l work in Tennessee, leaYiug· ~Ir. Grauger at Howt·'s 
:Mountain, where the angular mea:mremeub.; reqniHite were uot com11leted tmtil tlie 9th of Odolwr, 
1877. Frequent rains and strong winds much delayed operations at that station. Of Hee.,ssit,'I.; 
the tripod for the tlteodolit(~ \\'aH sixty-se,·en fePt ahon~ tlie sumrni1 of tl11• mountain, aud hence 
reliable olist'rYatiom; could he reconled oul,'I· cluring gornl \1·eath1>,r. 

Sum111it Station wa1< occupied iu the middle of October, and the n'<JHisite oh1<en-atiow; were 
completed there near the eud of the moHth. 

To the we8twanl of Uecatur a station ha;; l1e1'H 8l'lt>de<l arnl penua11eutly 111arlwd, a11d "ill he 
oc<'n pied in the farther progres;; of the work. 

At tl1e three stations occupied hy tlw part~ iu the eonrsP of tl1l' 1;pasm1, liorizo11tal ;rnd Yt'rtil'a) 
a11gle1< were measured. The statistics are: 

8tatious ocenpied .. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J 
.Xumher of poiuti11gs for horizontal aug·lcs ......•........•.... __ ....•.•..... 1, 0-1:! 
.Xnmher of poiutiugs for \'(•1tical a11gl1.•;; ................................. __ 1, ;)-!!) 

During the winter Assistaut. (~raugc'r eo111plet1.•1l tl11~ eo111putatio11s aml other oftiet• work p1~r
taini11g to his field operations. 

1 u J\Iay of th(• present ~ear a general reeonnais::muce \Vas llegnu hy )fr. Urm1g-er of the rt•gion 
h.etw<'cn the J\fo;sissippi Hin~r aml H nutsville. I>ifticulties like those heretofore n•ported oppose 
the rapid prosecution of work. The summits are mostl:•• about eqnal in heiµht and are heaYily 
timbered, both comlitious bei ug uufavorallle fol" tlw selPdiou of 8t.at.ious. So11w iu r~OllSl'l!Henee 

will Tequire clen1trnl r1latfon11s for the thf'odolite; and at ,.;eyeral, thP requisite lines of sig·ht umst be 
opened through timber. Notwithsta111ling many impe<limeuts, the tield report gh·es vromise of the 
nltimat.e development of a scheme of triangulation 'vi th liues of the length required in ])rimar~· wol'k. 

Assistant Granger was temporarily aided in tlu_» fiehl h,Y J\'fr. A. P. Barnard. 
\\Then the fiscal year closell, Mr. Granger was engaged in selecting stations in the 1wigh bol'l10od 

of Ripley, Miss. 
Pdmar,I/ tria11gulatio11.-As alrea~ly mentioned under the head of Section lY iu this rc11o~·t, 

Assistant C. 0. lloutelle, in the conr:;e of the fiscal year, closed at a station in .:Sorth Carolina the 
chain of qna<lrilateritls tliat. stretches from the Kent lslaml base line in :\Iar_yland southward and 
westwanl to the base line near Atlanta, Ga. The winter was emplo~·1.•d iu computations pertaining 
to that work. On tlw 1st of April Mr. Boutt'lle resmne(l tieltl operations. Aft{'I' enmpletiug the 
arraugements of lii;; party for work iu Norther11 Alabama, he proceeded to the wf',.;h·ard of the 
Atlanta base line and resumed work for extewli11g the triangulation which had heen in cl1arge of 
the late Assistant'"" cbfa;r. 

Assistant Boutellu, aftt•r making a reconnaissance in l10pe of finding stations that would bl• 
intervisible from the ground, was constrained to erect a 11latform ;;eYent_y feet high for the themlo
lite. This 8trncture is ou \Vil son';; Mountain, in Nortll('rn Alabama. At the close of tLe fi«cal 
_year the twenty-inch theodolite was in position and the measurement of h01·izontal angles was in 
progress. 

S E C 'l' I 0 .N l X . 

TEXAS Ai'D INDIAll TEHRITOlff.-(SirnTcH Xo. Hi.) 

Rcconnai.ssanrc, coast of Tr.ras.-I?or cxtcmliug- the smTey hy tria11gulatio11 hetwep11 Sabilw 
l'a;;s aml the bead of Galvest-0n Bay a careful examination ha;; lleen made h~· a party under tlw. 
charge of Assistant H. G. Ogden. Tlte party left Galveston on the 27th of Deceml1er, li'\77, aml 
going northward and eastward traversed the Gulf coa8t for about fifty milt•s, noting· i11 tlw journc.·~
the features of com1try that rnight antil for the purposes of the snrve_v. This :;tretd1 of the l'Oa8t 
of Texas is marked by a Reries of lakes between which and the heach the g-ron111l is marshy a111l i11 
some places soft. f' Beginning at the High I;;htwli;; the conutr,y for twent.Y miles to the eastwanl 
iR a continuous marsh four t.o five miles wide, and at ouly two plaees i . ...; it practic:1 hit' to cros:s t.he 
marsl1 with liorses. The adjacent Gulf shore is a fiue beach, with a narrow saml and shell lev<>c 
immediately back of it, having a11 elevation of one to three feet above the high-watN line." 
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.At a point ahont twe11ty-011e mile,; e.ast of the IIig:h bl:iml,.; tlw hp;wh termi11ateR, and the 
remaining- tweln· mile,; of Gulf i-;borl', 011 approaching; l-;ahine l'ai-;s, is Noll rrn1rsh. The eonrfie of 
the part~· wafi conf!eqnentl,\· 1lefh•1•tetl lwyond the wat('l' line '1l'I'08S 'l\•xas Poi11t. o\ er "·hicl1 b;r a 
Yer~- bog'){,\' trail }[r. Og-den reached Sahi111• City. His rep01·t 011 tl1t> re1-mli,; of Jlw rf'coJ11iai:ssa11ee 
point.' 0111 1!1;.it he~·o111l tLe hro1Hl lwlt of nrnr:-.h the '' J:\Io1111d Pr;iiril' '' atfonls tirm fmrn<lation for 
the ert•dio11 of ;;ig-11al:s. The prairie <·.a11 he read11•1l through tlw 1narc:h hy tlic l\rn gaps or i11tt•r-
Yals lwfore. m.-ntioued, the g-romHl hei11g- 1-meh as t.o admit Utt• p:1s1-iag·e of hon;es. -

A,,;,.,istant Og1k11 was a1·.eompm1ietl in thb l't'l'01111ai!-!Ha11ee by }Ir. C.H. Sii1elair. ,\flt•1· 11oting 
;rn1l reportiug- what seemed pradieahle ai> t'acilii-ies for i.11e 1letPrmi11at.int1 of poi11tN by\\ hich tu 
defim• the t:ihore lille of the finlt~ a11d of the lakes aml other ft•atures i11 its immc11i;1te Yiciuity, the 
party proceeded e::istward from Sabine Pass, and i·caebcd tlte :\lerme11ton Jtiver 011 the :!1st of 
January. At the settleme11t it was ascertai11e<l that iu adYaticing towards Yerrniliou Ba,y eight 
ua,vous wonltl be encom1terPd, mnl tlrnt they coukl he cro><:-;e1l only hy swimming tlw smldl_e horses 
used in the rPeo1111aissaJH'B, Thh; wa:-; dec>nwll i11e:-q1e1lie11t, as t1rn weatuur was eohl aml forage 
too st~a11t for a11imals muler hanlship. Assi;.;tant Og;llen a11d his aid, iu co11seque11ce, left their 
horses iu pai:;ture at Grand Clwaine, arnl hired a small light :skifi' that could lw Ji:~uled up ou the 
tiulf ueaelt at the approacll of bail weatl.ter. Big Freshwater Bayon was reached 011 the '.!8tlt of 
.Tauuary, and from theuee the imrt;•;1 going eastwanl, arriYed at the westem e11tra11ee ofYermilion 
Ba_y at the 1~nd of January. After making tll<' mmal 11oks1 )Ir. Og1le11 rcturnrnl hy the sanw rontn, 
aIHl was again at Gah·estou in the rnid(lle of Pehrnars. 

The fieltl report shows that for triangulation between GalH•ston and \" ermilion Bay the main 
rdia11ce mast be on facilities afforded h~· the "Hi1lge CountQ·," the eharaderistics of which are tlrn;; 
n1ti.•rrpd to h,\· Assi,~tant OgdeD: ••The ridges con:-;ist of 11mTow strips of tirm lam! r11uni11g parallel 
to the t·oas1 allll to each otlwr, or at y1•ry slight anglPs, 11111 HOlll\' appear as ii' thrown ont of line 
in tlie dci11ity of the water courses. They are from forty to four hundr.-d meter!> wide, and have 
elm·at.ious of from three to live foet. Between the ridges th1·n~ ik alway:-: a strip of mari>h, usually 
Roft, and only pao;i:;ahle on certain trailo;. Some of these nmrt-\h strips an• senJral mileH ill wilitlt. 

"Y err few trees are found in thi..; section except on the ridgL'S iwarest. to the coitst, an<l eYen 
on those the growth is stunted and sparse as far east a.~ Le Bon: Bayon, which is six miles wer;J 
of l\Iermentou Rinir. At that bayon a growth of large Jiye oakl'l comrnences aud continne8 ea:;;t· 
ward o\·er Grand Cheniere and Peean Island.'' 

The report of ~Ir. Ogden was accompanic1l liy copious notes :1111l lly a t-\kekh shn\\·ing :t schemt> 
of tria11gulat.iou. The residents along the route. followt•ll rn:rnifo,.,tell uniform kindness to the party. 
Thanks an· 11tm ah;o for the attentions girnu hy )fr. \Yilliam Lane, :sn1wrinten1ll'ut of the U11itt.•1l 
f'tates engineer works a.t J{oli,·ar Point, and b.1· th<' assi1-1taut e1Jg-ine<·r, "l\lr. Il1·.rwanl, at Sabine 
City. Jlr. Frauk Oommlei;, .Jiulge llemy, aud L .J. TaHKP.f, of J,oeHbm·g·, )Ir. W11Jiam <:rillith, and 
otlwr residents to the eastward of Gmud ClwuiPre showpd "Pcd:tl conl'tesies to the pa.rty i11 fur
therance of the ol\jl'cts of the reeormais,;ance. 

Tritlll[/l!folion t?f/,a[/llll(I .lfo.dte, 1'e.r.-At tho O)ll'Hi11g or !ht• tilinll ,rear this work wa,., J'l~HlllllCd 
by As1<istant RE. Balter. In extending thl' triangulation HOttth of lk-ttliu\; Ba~·, the on!~· 1<nitahle 
placP fo11111l for the camp was npwanh; of senm miles from a11,v ];rndi11~ h.r which t.he party could 
n•ceirn supplies. Tlw regfou is \'er.r sa11dy and a1•ct•ss 1lillfrult. Among other hi111ler:mccs are 
pat1•lm-; of i:;alt, hogg_\. slnsl1, in pas:-.iug which the rneu of tlw pal'tJ sunk half-knee det'Jl while 
c<trQ·i11g l11mhm· for the erection of signals. Very little water was fomul in tht\ lagmm, and in 
solllt' place;; there was noue during the stay of tl1e party. A::; lJeforn remarked, the depth 1lcpends 
ahnoxt flltimly upon the wiud, the shallow wakr in considerable stretclies being forct~d soutlnvard 
by 11orthm·s that while the wind preyaiJs leavei:; the hottom of the fagnua hate. At timei,; the 
places t h11s left clry are iimlahle where the hottom is not bog~·. T!Je s-tatistics of work done by 
the party iu the course of t.he :liscal year are: 

Signals erected . . . . . . . . . . . . . . • • • . • . . . . . . . . . . . . . . • . . . . . . ..... _ . _ ... _. . 17 
Station . .;; occupied ..•..........••..............•.......•........... _ . . . . 1:3 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • • . . . . . . . • . . . • . . . . . . 169 
Number of observations ......•.. - - ........•..•...........•..••.......... 12, 244 
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In the course of tlte 8eai-;on now entered upon it i;; hoped that tht• Jri;111g·ulatio11 ma,\ lw com
pleted to t11e Rio <+ramle honmlar~-. 

JJfagndfr o/1Nerrntio11s,-Iu accordance with the s.yst\•111 arnrngt'cl last .n«1r by which ohsen-a
tiom; for the magnetic declination. dip, and int.,nsity will he re;;tri1·ted to .~tations that most reaclll~
comhine in l'eimlts with the re-snits already ohtaint'd, a iWriei; of points ''as marked in :\fay la,.;t 
for occupation in tlw COlll'Se of the l'<tlPmhir ,n>ar. Th<• lil'hl 'Yol'k was iutruslt'tl to Mr. ,Jame;; B. 
Ua.-·Jm. At the end of :\fay~ Dollar Point, on the coast of Texas, 1Ya;; on·upit>tl. m1rl in the follow· 
ing month ~\nsti11, Hemvsteacl, and Groesbeck, iu the interior, a11<l ;il;;o a potiitio11 at \'i11it<1, in 
Indian Territory. (floe .-<lrntt'h Ko. 2.-1.) 

At the drnw of the fiseal ;\·ear, Mr. B:1,vlor was at Fort \\'ol'th. wliid1 ;.;tatio11 with otht1r1', 
rnakiug in the aggregatfl ahont tltirt.y positions hetweeu the Unlf of :\lexi1·0 a1ul Og:den, 11ear Salt 
Ltkfl, will he inelt11h1rl iu tbt' work of the seat-1on. The statistics of the work arnl 11articulars in 
rq:;;ml to the stations will be g-iwu in my nt•xt. ammal report. 

SECT10.:\ X. 

('ALJFOHNL\.-(S1rnTCllE~ Nu~. 17. 11'.', A'.\ll 1'.I. \ 

8u11 Dieyo Harbor, Cal.-To meet inquiries, which were fre1111e11t i11 Utt· 1·011r1<1• of the winter, 
<·oncerning tlll' }H'Ci:lent l'ouditiou of the harbor at Sau Di(•go, tht• party of Li1•11t. ('ommander G. 
"··Collin, t·. 8. X., Assista11t Coast aml GeodPtic Snrn·,\·, was 1h•tailt>ll at the <'IHl of .lamrnr,\·, 
1818, to makP a partial 1mrn•y of tltt' har and part,; of tlw hay. So11111li11gs \\ t>l'P 1•011ti11m•1l i11 that 
locality nntil tlw c11tl of J\larnh, 1878, wl1en the steamer n•tnn1ed to the ,-i1·i11ity of Catalina f1<lawl, 
wlwre tlw part.y hail lweu JHT\·ionsly engaged. The work dotle tl1cn· will hl' tht• 1<uJ.jel't of me11-
tio11 umler a subsequent head. 

The sm'Yey rnatlc by LiPuk11au1 Co11111w11tler C'ofiiu at 8an UiPgo .~hu11·,_ that tlw 1·urvps of 
diftereut depths have not mat(.'ria1JJ· ch:rngl'd \\·itbiu thl' last ;;ix yt>an;. It i;; alsu 11otii·etl iu his 
report. that freshets in San Diego Rh·er seem not to lia.n· afteete1l the harbor or tlie outside bar. 
The soundings were made duri11g a very l'icvere wiukr, in the cottrt'il' oi' whid1 the h,y!lrographic 
party had reason to note the drnra.cter of' the place as a harhor of refngl'. Svccial mm1tion iu 
n·ganl tQ safety and smoothne:-;s is ma Ile i11 the report of Lieutenaut ·Commautler Collin. 'l'IH' 
statistics of the work are: 

l\Iiles tun in sonuding· ..................... , .. ~ ..... _ ....... ~ ..................... _ ::>5!! 
..Augles measuretl...... . . . . . . _ ........ , •........... - ..... _... . . . . . . .. _ :!. -l'.!·1 
Nnmber of somalings ................ _ ..... __ .. _ ..... __ . . . . .... 10, :!O:! 

Lieutenant-Commautler Coffin was assiHtcd in the sun·ey at Sau Dil•go h~· Lients. \\'. ,, .. t;il
patrick, J?, J. Drake, C. '"'·Jarboe, arnl '\Y. H. Driggo;, U.S. X, arnl h~· .l\lastl'I' H.. :'.\litchell, U.S. 
:N'. In this aud other localities in which the party worked in Utt> conrt-1·~ of the ~·par. ui11et,\· ;;ig11al1< 
were erected for the al\justment of soumliugs. 

Triti1igulation acrm1s the Nan ta Barbara Ghannel.-ln order to com11ktc tl1e g1•011t.>tie cou11edim1 
between the Santa Barbara Islands and stations of the iirimal'.\· triaug-11lation along the adjaee11t 
coast of California, a.rrangements were made in the spring of the prei:;l'llt ,\·car for 1)Ccnp~·ing a poi11t 
on Santa. Barbara Island. 

1\lr. D. U. 'Vainwright, to whom this work was conunittP<l, \'rectml siguals at San l'etlrn, and 
I.,as Bolsas on tlte main. A third was pnt up on Catalina Peak, and the fourth on the summit of 
San Clemente Island. 

In June, after closing the angular measurements at Sm1ta Barhar:1 lslau1l, )Ir. \\'ai11wrig:l1t 
moYed to the i:;tation ou San Clemente, aml was there engaged at thl• elose of' the fh,cal ,\-car to 
which thii,i report corresponds in time. 

Catalina Peak will he oernqiiecl, if practicable, iu the comsc of the sea-sou. At< u;;ual, the fog,.; 
ha,-e been heavy and so continuous as to afford only occasional opportunity fol' the mc~tsm·tm1eut of 
angles. The work now in progress it is hopeil will i;erve for •letNmining in rPlatiYe poi,;ition all tht• 
islands in the vicinity of the Santa Barbara Channel. 

Hydrography of the Santa Barbara Channel, Cal.~With ltiis imrt;\·, iu tlie sl••1uner ::UcArthur, 
Lieut. Frank Courtii:;, U. S. N., Assistant Coast and Geodetic Survey, fillecl fiye sheets \'l'ith sound
ings between the opening of the fiscal :year and the end of December, 18i7. Two of these rcpre-
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sent the inshore hydrograph,\' to the eastwanl of Point Concepeiou, aud a third shows the charac
ter of the Ranta Ilarhara Channel hdwf•en tlw main awl San :\lignel and Santa Hosa 1slarnls. On 
the fourth sheet the h,ydrograplt_y of the Yieiniiy of Poiut Arguello is deYeloped, and the space 
bctw<·cn that 81ll"l'PY aml Point Conl'cpeion i1; represeutetl hy the tifth Kheet of somuli11gs. 'l'ideR 
were obi:;ern•<l at Oa\·iota wl1ile U1e hyllrography wai:; ill progTess. Lieutenant Conrtis was m;sisted 
by Lieuts. E. H. C. Leutze and R K. JHoorc, r. S. N., and by :\la;;tcrs ,J. Il. Hull aml R Il. Galt, 
u. s. N. 

At till' t•astcrn crnl of Santa Barbara ( 'h:11111cl the hyrlrograpli,\' was n•summl earl,v in April, 
with the same party, in charge of Lie11te11ai1t J,eut;1e, an<! the work was <;ontiuued through the 
tiscal ;mar. Sonnding1; insitle of the Santa .Barbara Islands are 11ow continuous between Point 
Dume and Point Concepcion. During the present season the ti1les hani ueeu obsern~tl at Point 
Hueneme. In addition to the ofli1~er;; alreaily mentionell as attaelwd to the l\foArthnr, foenttmaut 
Leutze has been m1;.;isted hy l,iPnt. E. ~- J>rime, U.S. N., who joirw!l the party in 1\Iarch last. 

'l'wo hydrographic sheetH ha \T ucen tilled with sounding" by tlll' work done between l\larch 
aud .July of the 11rcsc11t ,rear. A third sheet of work is in Jlrogress to repre;,;eut so1mtliugs to the 
{1a.•4twartl of Anacapa Islarnl. The aggregate statii-;tics of work <lone under the tlirection of Lieu
teuantl-1 Uourtis aml I,cutze are: 

.Miles ruu in soumliug...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 1, .J.JO 
A.ngles uwasurcll .... , ............ , . . . . . , .. , . . . . . . . . . . . . . . . . . . . . . . . . • . . J, HI'.! 
Numuer of sou111li11gr< ............................................... ,. . u, '.!H 

1'opo_qr<1phy of Ca,talina I11l<1nr1, Cal.-The detailrnl :-;m·wy of this islaml wai:; resn1111~1l by As1;i1'it
a.nt Stt·lrniau Fonte,\·, Oll the !lth of April, and was continued !luring l\Ia.y a ml June. Operatious 
haYe been much retanle<l by fo~ and rain, lmt the work will :t<lvauee tlul'i11g the :-;nmmer. At the 
opening of the present fiscal ~car it waH t>stimatetl that the pla11e-tahl11 work could he fiuishrnl h,v 
tlie 1~.;t of 8eptembm-. 'l'his re1nnt, as u:snal, take;; account of work done pnwions t-0 tlrn 1st of 
,July; hence, the detailti prosecuted aft.er that <late \\"ill lJe the su~ject of notice ill my next. auuual 
rnport. At the end of .J mw, of the pre;;eut year, the stati8tieti of work done ill the smvey of 
Catalina Island were: 

Signals ereeted . . . . . . . . . . . . . ........... - . . . . ...... - . . . . . . . . . . . • . . . • . . . . • 64 
~Iiles of shore line surveyed . . . • . . . . . . . • . . . . . . . . . . . . • . . . • . . . . . . . . • . . . . • • . • . • () 
Square miles of topography........ . . . . . . . . . . . . . . . . . . . . . ......••....• _ •.•• 18~ 

Contour lines on the plane-table sheet of thi>; :sea,,011 represent elC\·atiom; of ai-> much as isixkc11 
hmulred and seventy fleet. 

llydrot1rn11lt.11 IU'ar Catalina I1Sland, Cal.-111 t-\epkmher, 1.Sll, aftpr the completion of work, 
which will he me'r1tione1l u111kr a separate head iu the 11ext r<el"tiou, the Ktemucr Uas::;ler rctnrne<l 
to San Frauci:-;co awl underwent needfnl repair~. Lientenant-Com11mn1ler Coffin, with l1is part~· iu 
that Yessel, left port 011 the ::ith of December, a11d comme11ced sounding;; iu the approache1:1 to 
Catalina IslaJHl. The work there was contirnwd trntil the :!:!d of .January, when the part,v was 
assigned to HerYice at San Diego, "'" alrea<l.Y stated in a preceding item in this report. 

At the eml of :March, 1878, the Hassler l'etnrned to Catalina, and rmmmed the hydrogra.phy of 
the approaehe1:1 to that island. lly the close of .Jnrw the work done lmd included the western 
approach, aml l-\Olllldings along the north and south sides, to poiutis about midway in the length of' 
the island. 

·while working 011 the 1wrth si(le the Has11lcr was anchort"d e\·er.r night eiUier in Isthums Con~ 
or Dakiu's Cove. Respectiug tliese, as places of shelter, Licntenaut-Commandcr Coffin remarks : 
'' Ye:-;sels will thul in either a good lee with comparatively smooth water. As the ii-;land is high, 
and the approadws hold, \·es:-;els may with safrty g-et. close in where they will fin<l the wind very 
much hroke11. These are excellent stmuuer anchorages, a:-; Long l'oiut autl lfotl Point 11roject sufti
cient.1~· to tum aside the strougest uortlrweo;t wiuds, alHl in neither of the;;e two covei> is there ever 
much swell. 

"On tlw north side of tlie i.-Iau<l only one anchorage ea11 be used (Catalina Harbor), and that, 
in my opiniou, is not so goo<l a southeast 01· nm·thwei:;t anchorage as Isthmus Cove, in which there 
is more room for veex'ing. There are m:m,Y good boat landings on the north side of Cataltna Island, 
but only two ou the south side." 
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At the eull of the fiscal ;rear for wl1icl1 this rPport is m:ult• up, the statistics of h,\·<lrogrnphic 
wm·k in the vici11ity of tlw islaml wPre: 

l\I iles ruu in sounding •...........••...•.................................. 
Angles measured ....................................................... . 
Number of soundings •..•........•............•.•.....•..•..........•.... 

2.19 

2, Of.Ii 

I,4~i 

Lieuts. "T· "r· Gilpatrick, F .• T. DrakP, C. ,Y .. Tarl10c, and \Y. Jl. llrig·gs, U.S. N., a111l J\Ta,..H•1· 
H. ;\fitchell, r. s. x., were attad1e<l to t11e hy<lrographie part,\· in the stPamer Ila8sler. 

Topowaphy of Point A1·g11ello, Caf.-At the opening of the foical year which began July 1, rn;; 
AsRistant A. "'· Chase wai'i advancing the topograplii<·al HUl'\"e:•• of the coa,st of Califomia in th:• 
Yiciuity of Point Arguello, a>< statrnl iu lll;\" last mrnnal l'<'port. The <1etailed work was eontinue1~ 
northward to a st.ation seyera.l miles ahoY<~ J'oint Pa.1lernales. I 11 g·eneral all th<~ featnrPs of gronrnl 
witliin two miles of the coast line are represented on the plane-table sl1eets. For t,he ust' of tlie 
light-house Reryiee, tmciugs have lH'en fumislH•1l to Lh·ntPnaut,-Colm1el ""illiam,..on, eng-il1t•er of the 
twelfth district. The topographical 8urn\r was do:-wil at t11e eml of Augnst. 

S1tn•ey south of I>nint Sal.-For defining the mast nortliwar<l of the limits readw<l in tl1e work 
mentioned nn<ler the last l!ead, A.Rsistant ""· E. Ureenwell took the 1iel<l in April lal-it. His own 
triangulation of a previous year lwd reached to statio11s above Point Arg·twllo. Others Wt're occ11-
pie(l to the north-ward as far as Point ~al. The plauP-tablc Rnn·ey lia<l hcen previously a1h'anc(•d 
as far as the Ynez Ri\'er, wl1ere the topograph,v waR taken up hy :;\Ir, <+reenwell and ext.emletl 
nortliward witllin tlie limits of his triangulatio11. Tlw work was in progress at the close of tltf' 

fisc:il year, and will he the snhjeet of further mention iu my next auuual report. The earl;y part 
of the fiscal year was passed by ARsistant Greenwell in the vicinity of J,08 Angeles, in tlle endeavor 
to advance the coast tria11gnli1tion, bnt coutinned 11azy w.-atlll'r ma.Ile it inexpedient to c011tiuue at 
that site of work. 

Jn the course of the autumn :md winter a detailed Slll'\'(\Y was 111:t1lc' of the vidnity of the town 
of Sauta Barbara. All the artificial features wltich were 1m1ppe1l at that tinw h~we heen marketl 
on the original Rlieet of the neighborhood of the town. 

Topography .~outh nf Point Sur, Cal.-The to11ograpl1y of the coaRt of California., in the Yicin'.ty 
of Point Sm·, was resumed by .AssiRtant A. F. Jfoclgers earl_y in ~ovPmher, 18ii. Along the entim 
region the coast is a suceessiou of heights separated by deep and narrow gorges. These are filled 
with a growth of timber, aucl the si1les of tlie gorges are t.110 steep to admit of the use of inRtrn
ments for delineating U1e adjacent featnre11 of t.opograph,y. 

In previous seasons the plane-table survey of the coaRt had been extended from Jionterey Bay 
to a point about four miles uorth of Point Sur. ]~or continui11g the work, 1\fr. H,odg·ers mTanged 
a temporar;y camp to the northward of the point and mapped in the gronml southward of Sierra 
Canon, at whicl1 the previous detailed surn>y Juul been suspended. Jn the latter part of January 
he joined with the local survey of Poi nL Sur, arnl t.hP11 cont.i1111etl son th ward a.ml east.w:u·1l of Coop
er's l'oiut, which is about six miles distant from the first-named heatllaud. The plane-tahlc sh<>et. 
representR the coast fcaturcR, the outlying rocki-;, aud the contour;; found within about a mile alHl a 
quarter of the shore line. 

Until the clo8e of the fiscal ~'ear, .1\1 I'. n. B. vVainwrigl1t SC'l'\"Ctl as aid ill tl1is party. He was 
then assigned to the charge of' work which will lw tla~ su l~jt>et of i1otieP in my next annual report . 
.Assistant Rodgers at the same time resumed the reconnail'isancP for traus-couti11e11tal triangulation. 
The statistic;; of tllf\ topogra.phica l work uear Point Hnr art•: 

Shore line snr>eyed, mile8 ....••.....•.•......•••.............•............• 14~ 
Creeks, n1iles . . . . . . . • . . • • . . . . . . . . . . . .. . . . . • • . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . • 8 
Roads, n1iles. • • . • • • • . • . . . • . . . • . . . . . . . . . . . . . • • . • . . • • • . . • . • • • . • . . . . . . • • • . . . . . 5 
Area of topography, square, miles .............. _ .......................•..... 1:! 

Tidal observations.-Details pe.rtainiug to the tidal rt'~ords of the J'adli<1 eoast haw heeu 
directed for some time by Prof. George Dayidson, Assistant Coast and Geodetic Sm'Yey. Among 
these was a plan for the transfer of the tide gauge from Fort Point, ou the south side of the Golden 
Gate, to Sau.celito, which is inside of San Francisco Bay, and not far from tbe north side of the 
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BntranrP. \Yhen the self-rt'gistering ti(le gauge was started at Sancelito a temporm·~- ol1sr1Ter wai:; 
stationed at I•'ort Point fbr tl1e purpose of establislting goocl title lm,els betwN·n the two plnres. 
Tlw ol~jecJ wa;, 1"111ti1"factorily ;1rcomplishetl in No"\Cernber, 1877, when the Fort Point rpronl was 
rlosp(l. Tlw title girnge at Sancelito is now "°orking well 1mder tlte care of Mr. E. Gray. 

'.l'rinnt11datio11.-A!'.Ristant George DaYi<lson, while ocenp,dBg 1\Imrnt Helena and Mom1t Dial1!0, 
ohsPn·Pc.l 011 sig-1rnl"' OYP!' lines ranging in leugU1 from one 1nmdrec1 and twenty to one lmmlretl 
m11\ forty-1wo 111ilP8. Tia· liori:r.oubil linf'R werB measuretl with a twm1t;>-incl1 theodolite, in wliich, 
as t lte work iuha11ct•a, I'l'ofos::;or Da Yic.ll'mu noticed certain peenliaritif·~ of the microscope microme
ters, :rnu i11 <mlnr to YNify the l'Nmlt.s ohtai11ed with tl1e i11stru111e11t, a eare.fnl f'Xamination was 
irn.;titnted. For tPstiiig tlie gr:1U.m1tio11, upw:mls of fift,\·-two th011.s[11Hl reatling.s with the mieronw
tprs wer(•, r£>cortle'1. Jn a spedal rpport, A;;sist;111t Ha ,-idl'Oll fil111i;;Jwtl data which will not onl,\
lie a pp lied i11 Uw n><1 uction of tlie angulnr mea,,mrements aud tl1c azirnut h determi1rn tio1rn, but 
airoru mem1s for g,11i1lmwe i11 tl1P ron,.;h11c1i011 of m•w infltnrnwnt>1, aml point mi't thf' elass of e11·01·s 
to he looke1l for iu all theodolik,,,, 

The tiel<l rl'c<m11'l of w01·k <lmw i11 the Davidsou qnadriJaten1l lian~ bemi ilnplif'<ltt'd aml plact•d 
in tlw office. ThesP emnprise i11 twPnty-sPven vo1nme8 the obsen-.1tiom; for horizoutal HJHl Yerticul 
augle,s, aml for time, J;1titude, and azimntlt; ah;o descriptions of the stations. 

Ju presious report:-; me11t.io11 I.as he<>u mru1e of the necessity for irrigation in some of tlle rnl
leys of Califoruia, nrnl of tlw part t:1l;Pn hy Mr. DaYidson in deYelopiug rnetl1rnls for tlm pnr}lose. 
His n•,111a,1·ks 011 tl1e ;.;ystem\o\ 1111w i11 111·aetiet•, in Europe and lrnlili, wh<·n pnhlishl•d, ll'd to a11 official 
request, whil'l1 wa"' 11wt l•j· a11 ornl :111<11·ess l11~fore tlw legislitture of Oalifor11i11. Jn this, A;;;sistant 
l>avidl'lon hrought l>tdi11'e tlie pul>li!' :1 r·o111prehe11Rive revi<·w of the ::;11ldect :rn applicable to the 
great va,lley11 of that State. 

Undcl' the direction of 1\lr. H:n-idson the <~0111i1ilatiou of material for tlie Coast Pilot of Oregon, 
\Vasbiugtou Territory, and Califon1ia has been c011ti11necl L,y Assistallt Oer»l1om Bradfortl. 'l'he 
s1uf:we n ud ,;ulwm·1·put8 of ~a 11 l<'ra ucifmo Ba_y have heen }llotted fo1· each quarter of the tlood and 
ehh tid1~s; and to aicl ill the Rtndy of the currents, ARRist1mt Davitfaon lH'Ojf'eted a cltart ou wbicb 
tl1e bottom or tlie l1ay is slwwn hy lines of eontonrs derived from tlie 11yclrogra1lhie sheets. 

S11hasHi8ta11t B. A. Colmma aJHl )[r .• T. F. l'rntt aide1l i11 the 011erations eomluetecl hy ARl>\ista11t 
lfavid.'\011 in this section and ali'iO ill S1•ctio11 XI. l\Ir. H.B. '''ainwrigltt, dmiug: rm-t oft,Jw 8C:lSOll~ 
was m11plo~·c<1 in the s11h·oftice at San l~rancisco. 

011 111e Hth nf l\fay last, :Mr. Colomm oliserv1~1l t11c tra11sit of Mercury aerosi:; tl1e mrn'i:; 1lii'\k 
from a i'\tatio11 near t.he Uentml Pacific llf~ailrn:tcl. ::\Ir. Pratt ohs<wved the transit witl1 a sep:u·at1 .. 
im;trnnieut. 'l'he stiitiou occnpicd lias an elm·ntio11 of r:1ther more than seYcu tlwusarnl foet, almn' 
tilt> ocfi:w fovel. Assist:wt n:i vidsou lia1l previously arranged for thpse ohscrvations, bnt was at 
1hat !lat{• 011 his W<l,Y to atfoud the foternational Expositio11 at Paris, wlicrc he will in;:;1wet and 
report upou instrnmentH intended for geo<letic purpol'ies aml pradieal astronomy, 11y<lrogmpl1,r, 
a11t1 otl1er lmrnc11e,., of work cognate to the operation" of the 1mrvey. 

Tlw, field work <•,011ch1<·tl•,<l l1;y Assistant D:t\·itlson in the autumn of 1877 will he me11t.io11t'd in 
the lll'Xt cliapter. n11rit1g ltilol a.l1;;ence iu l~lll'O{le, tlie office det<lil.~ ill Sall l<'rmicisco were tlirectecl 
hy Assist1111t- Hmlgt,1·s. 'l'he call1> for i11formation contained iu tl1e l't'C-Or1ls arnl 01·igi11al sheets of tlie 
:smTey, inYol VP m; lterdofor(~ a wide range in sul~ject:;;, aTHl m1wh ea re und attm1tio11 a<Mitional to 
the work of' the assistaut. who m1~cts tlw itHJnirieH. 

Reemwai.Y.~flllce.-\\'lum rny l'PJ•ort of last ;rear c~lose<l, Assistm1t. ClcwclalJ(l Rockwell waR 
engaged iu RelecHU).!; point" fm tl1e main fria11gulation wl1ich i:,; to 11ass uorthwanl from t11e vicinity 
of Point A r1:mas. n1~gi1ud11g at. 8a11el 1\fom1tai11 and "\\'ala Ila, hotl1 of whk~h had hcen oltse1·v~d 
upon from primar~' stations to the sonthwar1l, tlw country wac; closely exami1wd to the noiihwar<l, 
aud two points wm·e d1osen for completing the 11ua<lrilateral. While passing on fowards l\fendo
cino City S(~vera.l subsidiary 1waks were visited as alternative points in the scheme, but stations 
beyond were fiually cl1osen. Jn this l'egion it wa.s timml extremel;ir difficult to obsm-ve ou tlistant 
poiuts hecanse nf tlw 1lemiity nf the re1lwood fo1·est. Nort-h of the Noyo ltiver the Ualito range of 
mountains cro8sed the direction of the iutem.le(l chain of quadrilaterals. Of necessity a 1miut of 
that range was Relected, aud t-0 regain the scale desirable in regard t.o length of lines, a lateral sta
tion was added on the eastern side of the scheme, by means of which suitable lines were projected 



 

I'XJ'l'ED HT.ATES COAST .\XD (~EODRTIC RFHYEY. 4~1 

to the vieiuity of SheltN CnY<' arnl to a peak at thf' so11tl1 fork of Eel Hi\'(•1·. Bo1!1 of tlH•sf' las1. 
named poin!.s liwl lie(•Jl mu1('1' (~011si(lf'rati011 wlifli "\;.:sif;t:rnt Rol'l;:wpll Yisitl'tl fop saml' regi1111 last 
yea1·. 

Ahoyp Slteltnr l'<n-e a g·oo1l tignl'e 1Yas 01Jtai11etl by inclu1ling- as stations of tlH• sd1l<J11(• Ha i11-
bow l\fouutai11 and Larib,'I· llnttt•, lint with n disa(l\·n11tagc· i11 reRpr,f't of 1liiita.1wP from tlw r·o;1s1. 
At Ilumbolllt Ifay a statio11 w:1s iuclndl'tl, awl in r·ot111(~C·tio11 witl1 it a Rummit 011 tile Past sidl' of 
Mml Hfrcr. Xmtl1 of tlieRe points <~arefnl seard1 was cxteutled, but witlwut snceess in tl1e ad1lition 
of qua<lrilatcrnls. 111 ge111~ral, tl11•rpfill'P. after 111arki11p; two s11111111its to the 11ortliwar1l, :\It'. Hcwk
Wf'll Wf'ut !Jack aml O(•t•upiml an interior point at which four 1riauglei-; wonhl co11\'crgt•. '!'he last 
figure :uhlec:l to tlte 8<:l1t>It1P f\mTi<'s the pl au of tri:n1gulation to tl1e Yicinity of <'apt> Blan<'o. 8ome 
oft he poi11ts from which ollsflTatio11s W(']'e iwttl<· an· 1'l11n1r<ls of four 1 housarnl f°f'et aho\·e the lt>\'1•] 
of tLe sea. During tlii> s11111111Pr tlw 111•at of tl1e rocks in tlH• <tS('f'llt wa" fo11111l very opprPssiYP hy 
t ht-\ party. ~I ud1 of the region travcrs1•t1 is rx t rernel,r r011gl1 a ml tle,.;t itu te of t rn ils. 

011 the !>th of Odoher, wliile l\Ir. Hod~well was yet in the tiPlc:l, t.lw rains set iu atHl t lie streams 
\\'Pre quickly tillt•d Ho that~rossillg· l11wa11w dangProus. "\" it was adjudged cxpPdif'11t to th•fp1· 
operations, tlie party n~tlll'HP<l 11,y way of Portland arnl Astoria to Sa11 Franci,:ieo. 

From the rPeonls kept h_y Assist:111t l:od;:1n•ll a fnll report wa" made ,.;bowing· tlw <·on1litio11.'-' 
of Pad1 of tht· f\1~lec1t>tl stations \Yitli n•ganl to acel's,.;ihility, fo<'ilitie:-; for wornl arnl wakr, autl thr· 
amount of cntting- IH'P<ifol to open the se\'t·ral li1ws of sight. SomP of tlw points im·lrnletl in tlw 
.-.;d1P111e art• bare of tn~0s, otlier sm11111it:-1 art• <·o\·m·c11 by hrn><h, arnl some of' them liy lwayy tirnl1t•r . 

. Of upwartl of fifty statious, from wliid1 a11g·lp,.: w1\n• lll(•asm't•tl with a .~mall tl1eo1lolit••, 11i11e1t>PH 
"·ere iuclmh•1l i11 tlH• plan for friangnlation. 1111'.itkntal 1leterminatio11s were also matlP, for wlti(•lt 
Mr. Hockwell plotted seye11ty otl1er l•oi11t:s :i11 av1iroximatc positions . 

.Trau.~it of 1ller·c1U'.lf.-As already rnc11tio11ed, 1l1e tran:<it of lht< GtJ1 of ::\fay was successfully ob
sen·e(l liy Asiiistaut Colomrn and Mr. Pratt at Summit, a i:dation on the Coutml l'acifie Raih-oatl. 
'J'lrn iwsiiion sehwt1•d for the ilrntrnu1e11t,-; is S('Ye11ty-one h1rnd1·etl and fourteen ii•et ah<we t lw 
Rtm lPvel, atul 0111.\· a.\1out otw lnrnllrl'1l frd ahoYP the railroad traek. A hill 11P:u· h.Y would lrn\·p 
hf•cn occ1111ied in preference 011 acemmt of t.l1c greater p]pyation, hnt as tlw s11ow was fiYt' f'ePI det>p 
in that flltire n·giou on tlw ht of May, it was fouml impradicable t.o n~ad1 the smnmit of the hill 
with tl1c r•'tJnisik M'1strnmmits. Jle11cl' tht' transit i11str11111<mt was 111011111et1 011 a pi('r near tlil' ta11k
l1om;e on the north side of the ruilroad. Ti11w was ohs<"lTetl 011 the nig-ht of tlw bt, and on the '.M 
of l\iay,:telegraplt wil'eR from the "'1•stcr11 l 'uion oftlce were iu (•ornwdio11 with tlw <:hronograph at 
tlw ohserving station. J<'or this es;;ential of t.he operations special tlil'Pction had l11•1m gin~n h~~ 

.James Gamhlt>, esq., general snperi11te1Hleui of the PaciJic DiYision of tlte Te.lt·~·Tapl1 Cmll]Hlll)'. 
On tlte rith of l\fa.r all the instrmiwuts were i11 rea(li11t•sR, and time sig·11al,; m·n· Pxchan:,:·ptl 

between Mr. Colonna and the Uuik<l States )farnl Oh,;errntory at Washington. 
The morning· of the Gtlt opened clornlleRs; the temperature in tliP obRerYing te>nts was onl,'I' '.!I: 

Fallr., and the clironograpl1 ink was frm:e11 liar(l. All tlw applia11N•s WPrt', 110\\'('H'l', camfull,\· an1l 
g-mduall.r w:trmed and a<ljm<ted for final use. 

At noon A~istaut Colmma ob;;;ervctl the sm1's limhs and the planet as they croRfi(•d thP mi<ltll<· 
wires of tl1e tra11sit instrument. Mr. l'ratt at the .-;a111e time recordf\(l aud attflHled to the rhrono
g-mph. The day remained cloudless, arnl the aft.<•rnoon ohst>rvati011s W('l'C ff'C(lrtled urnler n·1·y 

favorable eo11ditio11s. At 11iA·ht, obspn·atio11s for time were repeate<l. '!'he exchanges hy t1•](" 
graph witll tlm Obii<'ITatory at '\Ya:<liingtou wt>rt•. 111ainta.i1wtl uutil t.l1l' 10tl1 of l\fay. 811h8Pqm•11tly 
the lougitudfc> was determiue(l hy telt>graphic Pxclmnges hetwC'en Mr. Pratt., who n·t111·1w1l to San 
:Franci1>co fo1· that purpose, arnl l\fr. Col111ma, wl10 n·maiued at the transit statio11 1war Sm11111it. 
Mr. Pratt also made time observations at the Coast~ Snrvey statio11 iu ~au Frmwis1·0, and th er,. 
was efticieutl.r assisted in the seycral 01wrations hy ~lesRrR. B. l~. DiPld11s aml '.r. A. Harri;.;011, w!JO 
cheerfullj· volunt.Pcre<l tlieir servieeR. · 

Assistant Colonna at all fa\·orahle intervals recortl(•tl ol1scrvat.ions for th<• latitmll' of tlw 
transit st.atiou, a.ml co11duderl that work on tlte night of the 13th of' .J ml!'. l\l r. Hobert II nghes, 
telegraph operator at ~ununit., served a,<> reconlt:>r of the ohservations ma<lt> h,v l\Ir. Colouua for 
latitutle and longitude. The com1mtations were made witltout <lclaj' at San Franeisco aml for
warded to the office. 

S. Ex.13-7 
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HJ1ilro[/r<1ph.11 '!f the Columbia Ril'er approaehe~, Orry.-This work was JH·osecnted during· tl1e 
summer of 18i7 hy Lieut. Commander U. \Y. Uotliu, U.S. X, AR:;;istant Coast and Geodetic SmTe~·, 
wit.b a party in the stemner Hassler. Cntil A ugnst of that yrar, hravy rains and dernm fogs retarded 
the progress of the h~·1lrograph~·, but the weather was unnsnnll.v good during the month preceding 
tlw lst of :'i-Pptt>mlier whPll tl1e ;;omuling;; were compl()h~rl. This smTey has been much in l'eqnest, 
1lu· n11kw1w11 l'l1:1rad1·r of thro dianges lu•.ing s(•1fon,.; hi1i.lra11<•.t•s to the shipping interest of Astoria 
:11ul 1'ortla11tl. Fnr 1<01111• time yps;;;p],; .li:in• lil'1'll Y1·1·~· 1·:1rPt'11l 110t 1o approach the ha!' dosp to, and 
,.,111st•q11PJ1tl~ 1·0111.1 not aYail tl11•m1'Pln·s of opportnniti1•s l'or 1·11tP.ring, thP 1·hai1g·1·" of ;;ome year;; 
1101 ht•i11g th'\'i•lopl'<l p1·pyim1,; to thl' t"\l'('llti011 nl' tht• wol'l; 110\Y 11rnlPr 110tit,e. Tl11' L11<t t•tlitio11 of 
llu· 1·lu1rt ,.;limy,; that th<' 1·lt:1r:1c!Pr nf th<' hotto111 :it tl11· har t·h:rngP~ ah11p;;t 1111ifor111l,\- ll'itli the 
1·nrw»• of P11u:1l tlPptl1s, m11l tlrnt lhp,;p l'lll'\'Ps 1·011li1r111 11em·l.\ to 1111· outli11P of tltc coa,,;t. Ht>11ce 
1 ht> ha1· 111n;> 1w approat·.11rnl t•\'Pll in t1iit·l; \n•:1tlt1·r if tlul' 1n·e1-.:mtio11 i:-; ol>;;;en·ed in Ronrnling. The 
~tatisth·,.; of th1• l'Pf'rmt >'111'\'I'~· :1r1·: 

:\lih·s 1'1\ll in 1'01111di11g.... •. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . fi07 
AnglPs 111easnrl'd ••.•.. .. . .. .. .. ......... . .. .... . .. . .. .. .. .. . 1, 'i07 
N 11111 ht·1· of 1<01111<lings . . . . . . . . . . . . • . . . . . . • • . . . . . • . . . • • . . . . . . . . . . . . . . . . . '.?, 7!l l 

Lieutenant-Commander Coffin was assisted in work at. the Colnmhia. HiYer approaches by 
Lieuts. Ricllardson Clo1l'r, F. J. Drake, C. ·w. ,farhtw, aml ,V. H. Drig-g·;;;, G. S. ~-, and uy Master 
R ~Htehell, {~. S. X. 

Sun•ey of tllc Columbia Rfoer, Oreg.-At the opening of thr fiscal year to which thiR report 
corresponds in time, .Assistant J. ,J. Gilbert was engaged in proseenting the hydrogrn.phy of the 
Columbia River. In July and August, 187i, the work stea1lily adyanced, and early in September 
of that ;mar the soundings were completed from 'Monnt Coffin to a point 011e mile above Kalama. 
At the same period the topography of the shorer; was brought to Kalmna fr,pm the Yieinity of 
Cottonwood Island. During Heptt>mber a,11(1 October ]\fr. <-Hll1Prt was engnged in erecting flignals 
and preparing line.i of sight for the triangulation ahoye Kalama. Ti1les for half a lunation wer1• 
recorded simultaueonsly at <'atl1lanwt, Oak Point, H.itiuier, Saint Helen's, Yanconyer, arnl "'arren
dale for determining a plane of referP111•.e for the 11ydrogmphic Hlteets of tlw Colnml1ia. 

l~ieM work was coutinnetl mitil U1e f'lHl of Odober, wheu tln• Hchoouer Ki11eheloe was lai1l up 
fol"'th1~ winter. Assistant Gilbeit then ret.m1rn1l t.o Olympia aud compl<'t<•d the rcconls and com
putations. The hydrography is reprt•sente\l on two sheet"; a thinl shows tlie topog-raphical feat~ 
ures between Cottouwood Island anrl Kalama. The general RtatiRtics art•: 

Signals erected . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Miles of shore line traced...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . • . l!:l 
Sloughs, outline, in mileR . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Miles of road . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Area of topography, square miles ............................ _. . . . . . . . . .. 15 
Miles run iu sounding . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . 16G 
Angles measured • • • • • . . . . . . . . . . . . . . • . . . . . .. . . . . . • . . . . . . . . . . . . . . . . . . . . 2, 22G 
Number of sounding!'! •.•..•...•...................•........... , ......... 13, ;~83 

The subsequent operations of the party of Assistant Gilbert will be tletaile<l muler anotbel' 
J1ead in this >1ection. 

&c.onnai8sanee.-At the opening of the fiscal year, Assistant J. S. Lawson was yet in tJrn field 
engaged in selecting stations for primary triangulation to include the great inland waterl'l of WMh
ington Territory. In July of the 11t·esent year, ::\Ir, J,awson retur1w~l t,o i~oint l'artridge, aml from 
thence commenced opening a line of sight towards ·watmough Head. The only anchorage avail· 
able for the brig Fauntleroy being affocfod hy irregular currents aml title rips, it proved to be 
impracticable to work from tlie Yessel. Mr. Lawson was in consequence constrained to pitch a 
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camp on the west side of Whidbey Island at a point about midway in the an~1111e whic·ll n·quin•tl 
opening. :\lea.mdtile the n~ssPl w;is taken to a 8lwnre a11d10rage in Port Townshend. 

The primar~· stat.ion on Discovery bland wa8 next examined, aud avenues were opeurnl for 
olmerdng from that point on Hignals at l'oint l'artridge, :Xew Dnugeness, and Striped J'eak. 
~Ionnt Shepherd ht•ing iu view, a :-;ig-ual was put np 011 that summit to he obserYec1 on from the 
stat.ion at l>isco\·er,y Island. 

Proceeding wm;twanl, .\st;i:-:Lmt J,;nnm11 mel awl oye1Ta111c rnauy ohi;taele:-; i11 hri11gi11g iuto 
,-iew a :-;ignal 011 Slwrringham Poiut. From the la,.;t-nw11tioued po,.;itio11 the mo,.;t di,.;tant html i11 
view to the "·e:-;twartl W:t>:! the Somhrio Hitlg·e, which heiug l'Yculy woo1led ofl:i.•re<l no particular site 
for a triangalation point. After UHffiug; tlrn vessel into I 'lalhtm Hay, :\Ir. Lawson chose the highegt 
part of the ritlgt~, and l>s oh,.;e1·,·ation founil it to hl• 11t•;uly midway lil'twe1•11 Pillar Point and Slip 
PoinL There the part~- \rnrked from a camp, awl deare.tl a 1 emm:-; uf sigl1t to the adjace11t sta
tio11s. 

111 the Strait of Fuca 14:1g,.; wen· 1n·1·vale11t and penmt1w11t tl11ri11g .July and ,\11g;usi, 1817. 111 
the following rnou th:.; raim; ·were frequent, am1 a,.; a n•c;nlt m•arly all the hands 1>f the party w1J1·1~. 

Hick. Field operation,.; were di,.;eont.innetl on the tjtb of ( ldoher. A few tlayi,; aftPI', the Yes,.;el '"a" 
laid up for the wintt>r at Olympia am! the erew wa,.; tlisdmrged. 

Asi,;ii,;tant Law,;011 re:mmecl thf' re.eomwi,.;:.;auee for primary station;• early in April of the present 
year, itml occupied Point I'ar'lritlge with the theodolite, hut Leeallse of hazp or mist the Hignals 
a1\jacent t-0 that station "'t'rc 1·arely 1;ec11 d11ri11;.:· that and tlH· following month. In ,Jmw a few 
ol>scrnttious were recorded in tlJp measuremt>ut. of horizontal angles. 

The result:-; gained by continuing tielll work during tltp :-;ummcr will he a i;ul~jeet of Illention in 
my next annual report. 

Reconnaissance for base lines.-1\lauy of the known :-;ites iu Washington Territory had been 
under consideration when Assistaut George DaYidson was continuously engaged in carrying on 
the triangulation over the waterH of '\'\' asltingtou Sound, but difficulties more or less serious ap
peared in each case when the gronn!l wai,; examined. Of the i,;ites cieemerl 1iraeticable one on 
\Vhidbey faland was rese1Ted for final examination, and t.o that end l\Ir. DaYidson took the field 
in August, 1877, attended by SnLassistant B. A. Colonna and l\Ir. J. F. Pratt. In Septembel' a 
trial base was opened through timber 011 the northwest part. of \Yhidbey li,;laud. The line ex
teuds from a point on Deception Pas:.; to the wooded ridge due south, ancl is nearly five and a Lalf 
miles in length. 1t open:s ln·oalli,Y upon thP ~t.rait of Fuea. and connecti> well with tl1f' triangula
tion, hut the site presents man.\· difficult.ie:.; that cnnhl bP Hurmount,ed only by great: labor and 
correspondiug outlay in mean:<. 

In the Upper '\Villamettc Yalle,1 the coutlitiou,.; found wel'e far more f;n-orab1e. Early iu O\'
tober, AsRi:>taut DaYi<hion established the general location of a lm:se line about fifteen miles in 
IPngth, and from whiC'h the deYelopment of the main triangulation would be raphl and satisfactory. 
The lateness of the Heason precluded the detiuitiw• location of tlw liuP. and of t11e sonthwei,;t sta· 
tion of the Jirst quatlrilateral, h11t a 1letailed report lia.s beeu madt~ in regard to tlw Hite ancl its 
a1hantage,.;. 

Hydrograplly '!l Admil'aUy Inld, W<1slt. l't:l'.-For the work in tbii:; quart Pr a part~· wa:-; orgauizPd 
at the outset of the fii,;cal yeur, and place1l under the charge of Lieut. rnchanl M. Cutts, L S. X, 
Assistant Coast aml Geodetic Sun-e~-. As soon as practicable, soundings were lJegnn in Commence
ment Bay, and that branch of the inlet was thoroughly developed. After furnishing a tracing of 
t.he resulting chart to Urn general superintendent of the Northern Pacific Railroad, tlw party iu the 
8Chooner Yukon resnme!l 011eratious at the uortltern end of .Admiralty Inlet, where some progn•ss 
batl btWu made in June, 1877. Tlte Yessel was laid up at the end of Xovember, after being at work 
afloat durin~ 4Wer,y day available for soundings. In the eomse of the seai,;cm, iht> hyrhography of 
the inlet was a.dyanc{•d southward from Battery Point to the eutmnce of Colvos Pas:sagc, and soutl1 
of Dolphin I'oint ten lines of soundings were run at about equal interval:; quite acro:-;s the iulet. 
Soundings ·were recorded along the east, and west shores, between Brace Poiut a11d .llohinson·~ 

Point, and also to the eastward of Dash Point. 
In Apri1 of the present year 80trn<lings we1·e resumed in Admiralt,Y Inlet, and wcr(• co11ti1tnl'tl 

tlm'ing the su11rn1er. · 
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The statititi<'IS of the hy1lrogTaphit· sl1t~t'tc, \\"ltid1 han· hec11 compldt••l an1l tlll'I11c•d ill are: 

~lile;o; run m :,;omHlings ...... _. . ..... . -Hi4 
A11glt>smemmrL•1l .... -··- ·······--······--·--·-· ·-·-····----···-······ 3,0R6 
.X11111h1•r of sonnding·s...... . . _ ... ___ .......... _ _ ...... _ ........... _ .. J'.!, '.!-!7 

At the dww of Hit• fitical yea1· lAe11te1tani ( 'uttK tramiferred J1is part~ to i 111•. :-.chom1cr Earnest, 
for 1·ontinuing the hydrogrnph_Y. lll tlrc operatio11s of th<' ~ear he lmR heen assisted hy Lieutis. A. 
B. Wy<"koff aml U. Hr;rrii:;, U.S. N. 

Trio11.r111lation and topo,<Jraph!J oj1'uget Sound, l1'1rnh. 1'er.-~°"'t tl11• ont:-<etof (Jw liiscal ,n•ar \Yhielt 
heµ;an on tltP 1st of .Jnl;y, 1S77, S11l1aissista11t Engelli> Ellicott WHl'i pro1<ee11t.i11g tlu• topographical f;U!'· 

,-e_y of tlre ;;hores of Commencemeut Bay, including the ti<fo 1fatf' at the mouth of I'u;yallnp HiYer, 
which is navigalile through eight or tell mile;.; of the lower pal't of it,; eom·se. Tl!is Rtream emerg<;.; 
from tlw glacier;; of 1\fount lfaiuier, and ernptie.-.; into the :mutheaRtern extremity of Co111me11ccme11t 
Bay. Tht> rPg'iou i,..; fertile, am] tlie coal milll'll withi11 U1irty rniles of the ba~· i:,; said to be the best 
yet found on the l 'acific cmu;t. 

Aftfi' completing tbe work la:st meHtio111·ll, J.lr. Ellicott rnoYell lib party to A111kn;o11 Island, 
aud l-\tartini(at a line of the triangulation in that Yidnity extew1e<l the triangulation uf the tiontlt
t'l'II extremit~· of l'nget Sound quite into Hn<ld'K lulet. 

At the saim' time the shore line,; of tlw ::\arrows wern trace<l, awl going southward that. 'rnrk 
wa.-.; prosecuted as far a:,; Ketron Isl:111d, belo11· Steil:woom. 'l'hl~ to1Y11 aud it;.; (\llYirm1s arn i11cl11ded 
in thiR>nrn•_y. 

\Vhen the \Yorkillg seat-ion clo1:le1l in tlti.-< ,iediou, ::\[r. Ellicott ;.;ton·tl hi,; i.:amp equipage at 
t-'>l'attlc, aml was e111plo~·e1l ilm'ing th1• wiukr in com pk.ting hi;.; oftiee work, arnl inki11g the sheets 
of tlw s1u·n•y. Eady in April, 1S7s, the party was reorg·a11iz1•tl, :111.t took tl1e fif•ld for the triaug·u
latiou of'Carr"s Iule.(, 011e of thP largL' i11ll'rior lira11d11~i'i of J'ngd Hoirnd. The work 1\1!.~ extn1dea 
to 1lw Lieatl of the inlet, aml also through the narrow p;issage wel<twanl of ;\11·Xi1'l ].~land. 'l'Le 
topogTaphical HlllTey was then resumed at the month of Xis<111all.v HiYer, a11d carried weRtwar<l to 
Budd's Inlet. By this lai4-mentioned work the triaugnlatio11 aml topogrnpl1y of the mai11 pas!'age 
have l)emt matle continnous between Seattle <Llld Olympia. 

At tbe close of the fiscal yea.r l\fr. Ellicott was ci1gagP11 in p11slii11g 1l1e tletaill'1l 1>1U'\e~- so as 
to incltuk the remaining hrauches at the south west end of Pn get. Son1ul. The :statistics of wmk 
reporh>tl at the l'nd of J 1111e of the preseut year arc: 

Si~mtls erected ....... - ...... - - .. - .............. - . . . . . . . . . . . . . . . . . . . . . . i!J 
Statiorn-; occupied - ... - . . . . . . - ...... - .... - - . . . . . . . . . . .... _ . . . li!.I 
Ol~jed.o; obi;ern;tl 011 . . . • • . ... _ . . . - ... - .• - • . • . - . - • • •.•...•. - . • • . . . . • • ,"\.) 

Anglt•s mp;umre1l ..... - .... - . . . . . . . ... - . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . iiUO 
~umber of ohsenatious _ ... - ..•.•....... - . -......... -................. 14, ttl:.! 
Sbore line trace(}, miles ...•..... - - ............ - ........ - - ....... - ...... - . HO 
Hirnrn and tidal creeks, mile,; ........ - .. - .. - .. - . - - .. - ....... - . . - . . . . . . . . 5'.! 
Hoads, miles . - .. - •. - - ..•... - - ... - . . . ... - .•...... - - . - .. _ . . .... _ . . . _ . . . :JJ 
Area of topography, .square miles .... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 

. The progTess made duriup; the last fiscal year in deli ning the tSho1·es of the upper part of Pnget 
Sm11Hl giyes promise of t,lte completion oft.hat work in the couri;c of tlie present year. 'l'lte :,;I.tore;.; 
of Po.'lst>Hsion Sonnd (called also the LowN' Sound) are now attrnetinl-{ settleri;, especially in the 
f\_•rtile region about Skagit Hinir. As soon as practicable the work of the smTl',Y will he extcmled 
to that qnarteT. 

1'ri1rngulation 1f.1t(l topo11rapltg 1{ Hood's Ca.1wl, ll'«.~h. Tcr.-Barly in .'.\fo~· of the present year 
..-\1'si:-ta11t .J. J. H.ilbert reorganjzetl his field party, and with a suitable outfit proceeded to tbe 
entraucc of Hood'ti ()anal. A steam launch had been pre,'iomi1y provfrlod for the transportation of 
the part_y. Near the eutrauet> of the canal, stat.ions occupied in a preYiomi year were identified. 
Points adjn1•f.mt were selected, aml a(hlitional stations on both shles of the canal, in going south
ward or -wel'.ltward towanl Hazel Point. During :May and .Ju11e the triangulation was extended 
uhont fourteen miles. The topography of the shores was commenced in the latter part of May, aml 
when the fiscal year clo:;{id six miles of the course of tlte canal had been surveyed. • 
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The statistics of the field work are: 

Signals erected _____ . _____ . ___________ . __ ... - . . . . . . . . . ................ _ 20 
Stations occupied _ _ - . . . - - .. ___ . _ . __ . _ - _ ... _ - _ ... _ ... - . _ .. _ .. __ . 16 
Objects observed ou . - .. - .... - _ .. __ - . . . . . . . . . . . . . . . ........... - ... - . . . . . 87 
.Angles measured. . . . . . . .... __ ... _...... . ............... _.. 115 
Number of observations _... . . . . . .. _. . .. ___ ... . . . . . . . . . ... _ ... _ .... G, 942 
Shore line sun-eyed, miles . _.. _.. . . . . _. - - - .. _ . - - ... _ - _ ... __ . ___ .. - _ 17 
.Area of topograpL,r, square miles .. _ .. _ .. __ .... ____ . _ .... _. _ ....... _ .. _ .. _ ::! 

When tue last report wa;; received from the field, th<:>. prospect was good for progress during 
the summer and autumn. 

Inspect-ion.-Under special directions Assistant A. F. Jtodgers proceeded from San Francisco 
early in September, 187i, and visited the sewral parties at work on tile Rhores of Puget Sound, 
WaRh. Ter. The work of triangulation and topogra.}lb;y in progress between Battery Point arnl Nis
qnally Uiver was carefnll;r examiued, as were also the records. Budd's Inlet was Yisited, and others 
in that vicinity, with a view of deciding: 011 the practicability of extending the triangulation of the 
sound from its present southern limit across tl.te laud known as the" I'ortaµ.-e/' lietween the waters 
of the inlet and Hood's Canal. Tbe Nisq1ially wa.s fountl t{1 be n'ry 11ar-rmi-, ,,-ith se,·eral outlets 
opening upon extensiYe fiats covered with <lrift timber aml tmags. Lea \·ing this quarter, ~Ir. 
Rodgers next mm·ed to Commencement Ba.v, and examinecl the ground bor<leriug: the terminus of 
the Northern Pacific Hailroa<l at New Tacoma. 111 the construction of tlie wharf there, piles one 
burnlred feet in length were used, but, as on tue coast of California, it. was noticed that the teredo 
is very destructiYe. Piles are eat.en away in limits of time Yarying from six months to as much a8 
six years. The railroad company's Iat(~St strncture at Xew· Tacoma re.~ts upon coppered piles. 

From Seattle l\Jr. RodgerR went nort.h, through Possession Sonmli aucl noted the character of 
the streams that empt.y int-0 it. The slloreR of J,ake 'Yashingtou were examined, and the course 
of the Skagit River, which, it is said, waR once. navigable b,y light-thanght steamboat.s upwards ot 
thirty miles above its moutlt. From the Skagit the recomrnissauce was eontiuned north ward to 
La Conner on the southern ext.remity of }'idalgo Isla111l, and from t.ltcuce .Mr.1-to<lgers returned t.o 
Seattle and Tacoma by way of Port Susan and Possession l::iouud. Subsequently lrn met .Assistant 
J. J. Gilbert, l>y appointment, at Kala.ma, on the Columbia ]{h'er, and examined the details of the 
plane-table work then in progreRs. Proceeding 11Pxt hy way of Portland, Mr. Rodgers went u11 the 
river to Dallas City, and duriug the delay incident to the t-ram1for of freight from the upper river 
walked over the Cascalle Portage 011 his returu. This is a stretch of 1-1ix miles in which the transfer 
of an euormous yield of grain is greatly interrupted in itK passage to the coast. 

Early in October Assistant Jtodgers returne.rl to Kahuna alJ(l examined tile riYer shores as far 
up as Columbia City, at which point he took passage for Portland, and from tllence returned to 
San Francisco. His field operatious on the coast of California ha \'e been described iu the preceding 
chapter. 

SECTION XII. 

ALASKA TERRITORY. 

Ooast of .Alaska.-The compilation of material for the Coast Pilot of Alaska has been continued 
by .Assistant W. H. Dall. Hydrographic notes, and others pertaining to navigation, have been 
completed for the coast and channels sout.h of' Cape Spencer. The 1neteorologica.1 appendix contains 
an exhaustive summary of' all observations recorded in Ala.ska, and a general discussion of the 
weather, cuITents, and periods of navigation pertaining to that region, illustrated by cha-rts of 
Isothermal and Isobaric lines, profiles, &c. This paper embodies much interesting matter heret.Q
fore unpublished. 

Further progress has been mitdt> by Mr. Dall in collecting the titles of ma.ps, eharts, aud pub
lications descriptive of the hydrogl"'ctpby of that coast. Some twelve hnnllreAJ titles hai·e been 
collected. Most of the works cited have been examined aud notes taken of su~h of the coutenti-; 
as bear upon navigation. In addition to matters of general interest, Mr. Dall has in recent years 
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contributed for public Ul'le several papers of value beariug on the scientific results of explorations 
in Alm;ka. Among these are notes descripti\·e of tlie human remains found in the caves of the 
Catharina A.rchipelag:o and of the Aleutian Islands. 

'Tfdal ol>scrm.fions.-Tbe self-registering tide gauge lent to the Hawaiian Government survey 
in the summer of 187li for use at the Sandwich Islands, in the Pacific Ocean, reached Honolulu in 
good order, and as soon as praeticable was set up in that l!arbor by the Superintendent of the 
Survey, "\V. D. Alexauder, esy_. It is known tllat the apparatus worked well during the past ;year, 
although at the end of June, 1878, the tidal rolls from the gauge hi11I not reached the Coast Survey 
Office. They are doubtless on the way to \Vashiugton, and will be expected at t!Je office hefore 
the close of the year. 

Data famished by the recmd;:: of the Honolulu station will give ready means for investigating 
the relations of our "Ve8tern coast tides to tho8e of the open sea in the Pacific Ocean. 

SECTION XIII. 

KENTUCKY AND TENNESSEE.-(SKETCHES Nos. 23 AND 24.) 

Geo.11raphical positions.-I<'or the determi1iation of latitude and longitude at several points in 
the viciuit.y of the ~Iissifisippi IUver, a party was organized early in ,July, 1877, to work under the 
direction of Assistant G. vV. Dean .. Tlle requisite instruments were sent from the office, and As
si8tant William Eimbeck placed in position at Columbus, Ohio, stich as were intended for use at 
that station. A secnud set of instruments in charge of the aid, Mr. H. v\T. Blair, was set iu place 
at Nash,·ille, Tenn. To facilitate in longitude determinations, i'resident Orton, of the ·western 
Union Telegraph Company, afforded the use of the lines and tlte transmission of messages free of 
charges as hel'etofore; and by the kindneRs of Colonel Van Horne, general superintendent of the 
Southern Division, a wire was promptly run from the telegraph office to the astronomical station. 
All the inl-ltruments were adjusted and ohRen"ations commenced by the 27th of ,July. On the first 
clear night after that date, clock signals were exchanged between the observers at Columbus and 
Nashville. In the course of_ the month of August, signals were exchanged also between the same 
observers and an observer at the United States )fa.val Observatory in Washington City. 

Early in Se1ltember, Assistant Eimbeck, aided b;\' :Vlr. I•'. H. Parsons, removed the instraments 
from Columbus and adjusted them at Paducah, K;\'., from which point he exchanged time signals 
with the Nashville station on three succesKive uightK precediug the middle of the month. The 
latitude observations at Paducah were completed in the week following; and a few days after, the 
instruments there in use were transterred and set up at Cairo, rn. Until the 11th of October, the 
weather was uufavorable for longitude exchanges, but in clear intervals preceding the middle of 
tliat month the requisite observations were recorded. "Meanwhile, Assistant Dea.n and Mr. Blair, 
at Nashville, successfully observed several series of star transits for determining their personal 
equation ; and subsequently several sets of observations were obtained with the Personal Equation 
apparatus. At tbe same time a second series of longitude signals was satisfactorily exchanged 
between the Nashville station and the Naval Obsen-atory at Washington. 

,lfter completing the records at Cairo, Assistant Eimbeck occupied a station at Hickman, Ky., 
aml during three nights, closing wit.h the 27th of October, successfully exchanged time signals 
with the obKCITer"' at XaslH"ille. Uemoving rn>.xt to Memphis, Tenn., signals were well exchanged 
during five nigl1t.s with the :Nashville station. Mr. Eimheck, aft,er closing work at Memphhi, re
paired to .Nash\·ille to obl-lerve for personal equation, but, as in a previous attempt for-the same 
purpose, continuous bad weather made it inexpedient to wait there for the desired opportunity. 

Late in November the astronomical instruments and telegraph apparatus were stored in a 
room of the State House at Nashville. When the weather permitted, the observations needful 
there for the determination of latitude were made by Mr. Blair. The record at Nashville was com· 
pleted on the 2d of December. Between that date and the previous July, longitude signals were 
exchanged with the Naval Observatory on thirteen nights, and between Nashville and Columbus 
011 fourteen nights. Cniro, Paducah, and Hickman were determined by signals exchanged between 
each Jloint and the observer at Nashville on three nights, and in like manner the position of the 
observing point. at Mem111Iis was nxed by exchanging siguaJs on ftve nights. 
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The c'ock null hmtrmnental c01Tections W<'l'e detf'rminell from six hnudred am1 ninPty-f'om 
transits of twenty-one cir(•umpolar aud seventy-three sta111hml stars near tlw zenith, each stal' 
being mmally oh8etTPd 011 flftpe11 01· twenty-Jin; tl1reaib. 'l'he micronwter nlluc wa" tested hy ob
serving on circmnpolar stars llnring :-;eycral Hiµ:bts. l1'or latitude, 1\11'. Blair reconleil uiuety-eig·ht 
obsernttiom; 011 twou1y-three pairs of RtarR. Thf' original re1·ords and duplicates, iudtuliug also 
eighty chronograph slwets 1w1·lai1iiug to the 01wratio11s for detcrmiI1iJJg 1ong-itude, lm\-p !Jeeu d1•
positf1d in tbe office. 

At Memphis, Assist:wt Eimbeck 1•staLlisli•·cl tl1f' a1-:trn11rn11ieal station ill tlw yar1l of the cus
tom house. Goo(] ohserYatious for l:ttitmh• 11po11 sP\'f'llte1•u pairs of star,,; were n•<'.or!led 011 fout 

nights preceding the middle of XoYemller, and otliers were at tl1t> ,.;a111e time made for <ll·termi11i11g 
the micrometer value. 

During the winter }fr. Eimheek was employrd iu the office, but when mean" lrncame antilahle 
fol' fort.her field work lte was assigned to duty iu the seliectiou of poiuts for the trans-co11ti11ental 
triangulation, as will he rnent inned 1111der a separate l1ead in thi:-: report. 

As already mentione1l under the heail of Hedion YIII in t11is report, thP ast.ronomical ohserYa
tions needful for determining· gt-ographical positions along tht- l\fississippi wert> n>.~1m1etl at Xash
ville, Tenn., in ;\lay, 1878. Asi;;i1"<taut De:m a1Hl Hnhat'lsistaut Edwin 8mitli, who liad het-11 <letailPd 
for the work in Section YIU, matle st-parate 1letnmi11ations of the local tinw hy ohser\'iug; tlw 
same star8 tffer the :;a.me meridian on the same 11igl1ts. 'l'lte·instrumeuts u>:i•1l in tllese trial:-; were 
employed by the same observers for tlH' snbsPf[HPllt lougitrnle d1·tp1·minatious. Four 11iglits WPrP 

occupied in obser;-ing at Nal:'hYill<' for pnso11al Pqnatio11. ::\tr. Smith tlw11 11rrn·pp1le1l to HPleua, 
Ark., as already :-;tate1l urnfor another h1•a11. J\lr. Deau n•maiue1l a.t Nashville, and exeLaugPll 
telegraphic siguals for dift'ere1we of lougitndt• tlnriug tlll'e1~ 1•011>:eP1ttive nights. 'l'lw win»; l'lll

ploye<l gave a c~ontinuous Ii11e of th1·pe bnrnlrP<I arnl fort~ ->:e\'Cn mill•.s, arnl 110 telegraph if' rf'JWlltl'rs 
were used in the circuit.. 

The month of ,June opened with cloudy wt-at her at N aslffille, hut on tLrf'e 11igltts prrceding 
the 21st Assistant. Dean 1•xchanged 1·lock si_g'rni.J,.; .h.v tf'1egraph with Snbassistant Smit.h, who was 
then at Natchez, Miss. The distance being a11ont six hnrnlrPd and 11i net.Y milf'R, a tf'leg-raphi<' !"(" 

}H~ater was fouml ne1·essary at Montgomery, .Aht. 
Bady in ,July excha11gps nf sig1fals wern ol1ta.ilw<l during three nights for 1](~ter111i11i11g· t11t' 

longitn<le of Yickslmrg. The ~m.rnc tPkgraphic reppatm- was usPtl at :\lontgomer_v, the linP to 
Vicksburg being about six Jm11<lrecl miles i11 leugth. 

SnhaHsistaut Smit.Ii OCf1UJ>if'll a stMio11 at Uree11\'ilfo, Miss., ilr the mit11lle of' ,Tnl_y. The liuP 
from Na.slJYille hf\i11g SCYCll lrnmlretl a11<l Jift,r mile:;; Jong, allll part or it. imperfoctls i11sulatPtl, l't'

peaters were foun<l to hP n•1111bdt.e :tt Montg'omery :UHl Yickshurg-. The llRnal exdianges Wf'l'P 
recorded during tlll'ee nigl1ts. Sncces8 in ow·rcoming Uie 11it11Pu1ties on tl1is li1w Wf'l'P due t-0 tlw 
personal exertions a111l courtei-;y of :.'\Ir. James Co111ptm1, 1listrict i-;uperiuternlent of tl1e "'e~tPrn 
Union Telegraph Compa,11y. The condition or the Iiue hf'tween Yicksbnrg and GreeuYille was such 
that aJtliough ordinary messages could he tramm1ittetl tlle line eouM uot, lmre serw•<l for longitmlt· 
detenninatiou without, the improvements made hy J\fr. Compton. Ahout twenty miles of the li1w 
passes over the l\iississi11pi "hottorn lauds,'' the tleptl1 of water on which is frequently as 11nH!h as 
thirty foct, and along that stretch ma11s of the i11s11lat.ors are of nl'eessity secm·ml to trt•Ps. 

At the (\Ud of July~lr. Smitli rt•joine<l Assistant Dean at Nashville, and m11eated ohRerrntions 
for personal equation. 

The telegraph lines of tlie '\\~C'stem Union Comp:my we.re a.<: usual at tlw sf'n'i('e or the ob
servers when needed for longitude determi11atious, and all messages relating to the details of t.lw 
work were sent and received without charge. "\Vitlr uniform lihuralit.y all facilities were afforded 
to the observers by Superintendent Trabue aml his asRist.a.nts at Nashville, allll by operators at 
the stations at which longitmles were tleterminetl. 

The personal equation between A.ssista.nt Dean an<l Sulla.ssista.nt ~mith was ascertaiue<l from 
the record of eighty-eight star transits observed jointly 011 ~enm 11igl1ts. Mr. F. H. l'ar:-;011s .~f'rve<l 
as rooorder in the astronomical 11art.v at l'lasltdlle. 

Assistant Dean is uow completing arrangcment.s for lire ilel.ermination of 1011git.u11P at points 
intermediate lJetween Washington and Atlanta, Ga.. 
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1lfagnetiC' ob8Ci'1Y1tio11s.-Snb:i;;;1;i,;tn11t Awlrew Brai(l obRPrVPd for thP magncti(• d<'clination, dip, 
alHI intensity at <•h•Yt>ll stations in tlw intPrior States and 'l'enitoriek. As only one station of tlie 
seriPR orf•11piP(1, falls i11 111is st>dirm, the ohs<•rn1riom; at Naslrdlle, Te1111., will he notiee<l m1tler Sec
tioi1 XV, in whicli uwNt of the Kh1tio11s Wf're sPlected. At the outsd of the season tlie points to llt' 
ocwnpie(l were d1oscn so that tlw r<',;nlts might he most effpetfrP wl1t·11 ('OllaU·d with results prPYi
on»ly found at otl1er statio11s. 

f/eo1lefi<; .~11rre,11.-E:1rl.v i11 th<> spri111.i; of the Jn'rsent year, Prof._\. II. Hnchamm eommeured 
ohRernitio11s for latit.mle and azimntlt at thr north end of the Lelm11011 hase liue in Tenm•ss(W. 
The 1·ou1pntatiom1 of tlw work W{'I'l' cm11pleted au<l r;cut t-0 the otnce at tlie end of 1\lay. l:'rofeRsor 
Bndrnmm thn11 took tltP Jidtl m1<l ered.(\t] ni1w signals Rnit:ahly rt-late11 to tlw base iu posit~io11. The 
linl:'I' of tria11gnhltin11 tl111-" jll'O\'i<le1l !'or will average ahont twe11ty-firn mile;; iu lei1gth. J•'rom most 
of thP statious the capital at :\asl1Yille is in viPw. At the eiul of' tlit• fiscal yt•;u' arrraugeme11ts 
wert' in progTPSR for lwgi1111i11µ; tlH• measnreme1it. of horizontal a11glf's at stat.ions iu tl1P \'icinit.v of 
the ha,;p lirn•. 

Assistrn1t ltidtanl n. Cutts, as lterntofore, lias a.1h·isl'll in 1·eg:u·ll to the tli•tails mu! progress 
of tlii.-- woi·k. A:s the .-.;elwJJw of triangi1latiou has hem1 well 1·onsid<·n'tl, it il'i (~x1u·dpt\ 11mL a goOll 
at\ Yance will he made in tlw ('om·se of tl1e RHinlll(•T. 'l'\w. Rtatistics of work (lone after the l st of' 
.July will he gin·n i11 rny uc:xt anmml report. 

Oeo11t:ti1· ;;m·try iu l{r'11t111·l.',1J.-For co11ti1111ing the l'P<'.01111aissai1ce for points in tlw State or 
Keutut'l,y, l'l'Of. \\·. B. l'agP took thP fit•l<l pm·ly in l\fa,\·, arnl ~oi11g 11ort.hwar1l arnl westward, 
extended tl1t· S(·liP1111· of triang11latio11. ~\t tlie e11<1 of .Jn11e of tl1<'. p11•1'e11t y1~ar, statiou.-i i11 tlw 
\'iciuit.r of the Ohio Hin•1· lia<l lweu selectc<l :tJl(l the work wa,'I co11tin11ell during· tlie xummer. The 
progress made after tlH· 1st of .July will he the sul~ject of mentiou in my next annual report. 

The rt•giou tmYPTSPtl thiR sem.;on hy Profossor !'age is heayily wooded, arnl in general the sum
mits an• flat. ThPsP 1·0111lit.io11s lian» ueressitated thP erection of scaffolds of eo11sider:~l1le 1•levatio11 
so tl1at liues or sight may pass nn'.r tl1c ti111hPr. 111 general tlw seaffohl:s liaye hPt'.ll attached to t.hl:' 
tmnkr; of Iarg11 hw's at tlw 11cedfol t•.hwation, and the struetnres are ]JUt up at. :t tritli11g expense. 

In approachi11g· tlw Oliio lti rnr, iu the viei11ity of Lonisrille, carefol examination wi1l be matlt· 
for tlw sifo of a bmw Ji1w. 'l'lie hottom la1Hls along tlic rh·cr readily aff()rd lines of su1licie11t length 
that woulll a1lmit of Pas;y m<•asnr1 .. 11wnt, 1mt the a<\jaceut Rtations (lecided upon fol' tlw tl'iangula
tio11 ue1~Ps-.;itate tl1 P tl ired ion ol' t h11 hase fill' its JH'OJWl' comwetiou with the sd1PlllP of work. A 1 
the close• of tlw ll,;1·al y<·ar tlu» pro,;pp1·t \\':IS g'o(J(l for t111' lm-.atio11 of a sni1ahl1• li1w 111•ai· thP Ohio. 

HEC'rJON X1\'. 

OHIO. TXDIA:'>A, lLLl:'>Oli', WlliCOXiiIN. Axn :\lJ(:JllfL\1'.-(SKETCm~' Xo~. 21, '.!'!, A'>h :!:1.) 

Oeodeti<· op1'r11ti1mg in Ol1io.-Prof. H. S. Devol, of fhP University of Ohio, having b1wn jointly 
re(•omnwwlerl for the charge of' the geodPtic work il1 that St:Lte hy the gon,ruor and hy t1ie anthor
it.ies of the unin~rRit~·, was a11tl101·ize1l in May last to 11mke arra11gt\111ents for the S<\leet.ion of stat.ions 
for snch triaug·11 Jat.io11 as might at the· 011 t.s('t ])(1 of most :ul n1n I a.gt> i 11 tlm ern1str11f'tion of rnaJlS to 
re11r<·sent the g'('(>logical imn'e_y. 

Asr;i.stm1t H.ieh:ml n. Cutts l'Ollform1l }H'l'SO!Htlly with PmfrAHOl' J)pyoJ, a,t At.hmi.'l. A l~areful 

examinatiou of th1• tlilforPnt :-ltafo maps of Oltio, showetl that tht>: Rontlrnrn Reetiou offorf'1l ad van· 
tag»s for t11e 1\(•tPrmi11a.tio11 of points, aJHl as Columbns ha.ti been 1lctf\r111i11ell in longit.mle h~' Coast 
Survey ohserYt•rs, it was dPenwd most. <'xpedient t.o examine thP l1ill,y, rolling country for ~i. series 
of quatlrilMerals hetwee11 Athens arnl (1olnmlms. At the doRe of tlw uni,·ersit.~' sesr;io11, Pmfe:ssor 
l>evol took tlw field to employ Hu• smnmN in the nef'dfitl reconnaiRsaneB. The restdt.s of hi:-i exam· 
ination will h<· nwntioued in m,\' uext r(•1wrt. 

Oemletie operation.~ hi buliana.-ln eommon with of.her States, ~p11lieation on behalf' of Indiana 
was made Sf\Ycral ,vears :1go h:.v t11e gm·Pmor for tl1e benefit whicl1 h:td hMn elsewhere afforded hy 
the aecurate 1letermi11atiou of geogra.pl1icnl points, on which to base maps representing tbe results 
of the geological surYey. The request was promptly entertained, but owing to the want of means, 
arrangements for commencing work were of necessity deferred until May of the present year. 
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Meanwhile, Prof. John L. Campbell, of Wabash College, had been recommended by the governor 
and by the State geologist, for the charge of the field work, which, as in similar cases, could be car
ried on only during the college vacation. Late in l\fay, Assistant Richard D. Cutts proceeded to 
Indianapolis and conferred personally with the State geologist, Prof. E.T. Cox:, and also with Pro
fessor Campbell, in regard to the topographical features of the State, with a view of starting tri
angulation in the locality most favorable for progress. The immediate wants and interests of the 
geological survey were at the same time kept in "iew. After full discussion it was decided t-0 begin 
reconnaissance in the hilly country south of Indianapolis, and, if practicable, to select stations for 
a chain of quadrilaterals extending· t:o the Ohio River . 

.A. short time before the close of the fiscal year, Professor Campbell was relieved from college 
duties and at once rook the field. His plan of work will include the selection of a site for a base 
line between Indianapolis and New Albany. Of the progress in the summer of the present year 
further mention will be made in my next annual report. 

Reconnaissance.-The reconnaissance for stations in Southern lliinois was resumed by Assist
ant G. A. Fairfield on the 10th of May. In the preceding season the even surface of the ground 
eastward of Saint Louis and the want of means for identifying positions some miles distant, made 
the selection of stations impracticable. To overcome in some measure the difficulty thus presented, 
Mr. Fa.irneld procured a few rockets and used them as night signals. By this de>ice, the direction 
was obtained t:owards a point at which it was desirable to place a signal, and at which, by a struct
ure of moderate height, the adjacent signals might be brought int:o view. A signal was erected 
at Sugar Loaf station, and arrangements were made for a structure at Parkinson. Night signals 
were exchanged between those points, and the practicability of the line was established. At Sher
man Park a signal was put up, and was seen from Parkinson, the distance being eight miles. The 
lines for this triangle were traced out in June, after due ttists with the spirit-lernl. Assistant Fair
field, at the date of his last report, was engaged in connecting other stations with those which he 
had already selected. The work will be continued during the summer, and mention of the results 
will be made in my next annual report. 

Geodetic operations in Wiscon .. ~in.-The progress made in triangulation, after completing the 
reconnaissance in Wisconsin, was a subject of notice in m.v annual report for 1876. During the 
year following, means not being availahle, the work was suspended, but was resumed in l\fay of 
the present year by Prof. J.E. Davies, of the University of Wisconsin, who had the triangulation 
in charge in the first-mentioned year. In the autumn of that year connection was made by the 
measurement of horizontal angles between the base line, near Spring Gretm, and the astronomical 
station at Madison, but the operations of that year closed without means for the measurement of 
the base, which, of necessity, was deferred until the present year. Late in May last Professor 
Davies made the needful preparations, and was joined on the 2d of June by Assistant Richard D. 
Cutts. The measurement was made with the sliding-contaet apparatus, the management of which 
at the outset wa.<1 directed by General Cutts. When the work was fully under way the measure
ment was left to Professor Davies, who completed the work in June. The ends of the line were 
secured for use, at any time hereafter, by structures of solid masonry below the ground surfaee. 
Upon these, monuments of Joliet limest:one were placed, with the proper inscriptions. The site of 
the line is unusually level and favorable for rapid work. The record of the measurement shows 
that the operation was performed with care, and that a close degree of accuracy may be accorded 
to the results. 

The course of the triangulation now in progress in Wisconsin will extend to the Mississippi 
River, between Prairie du Chien and Dubuque. 

Magnetic observations.-In this section the magnetic elements were determined by Subassistant 
Andrew Bra.id, at Madison and at La Crosse, in Wisconsin. As the larger number of stations 
occupied fall into the next section, a summary notice will be made under that head of all the deter
minations made by the party in the course of the season. 

S.Ex.13--8 
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SECTION XV. 

MISSOURI, KANSAS, IOWA, NEBRASKA, MIN~E80TA, AND DAKOTA.-(SKETCH No. 25.) 

~lfagnetic observations.-It is generally known that the variation of the compass, at positions 
off the coast, can lie marked on charts with reasonable accuracy, but not as the result of observa
tions recorded at sea. To obtain data of such importance, the magnetic declination must be known 
not only at fteld points adjacent to our coasts, bnt also for many places in the interior of the con
tinent of ~orth .America. Hence, for whatever purpose observations have been made on land, 
within the last two centuries, the determinations all become of great account, as items of the large 
aggregate, needful for accuracy iu marking compasses on the coast charts of the United States. 
Of late years, calls for information in regard to the variation of the compass have become frequent, 
suggesting- that determinations, instead of being incidental among other field operations, should 
be committed to an observer qualified to return results from a number of stations in each season. 
Subassistant Andrew Braid was assigned to this service, and was carefully trained in the use of 
instruments by Prof. J. E. Hilgard, the assistant in charge of the office. The distribution of 
magnetism over the territory of the United States, having been a subject of study for years in the 
office, Mr. Hilgard was able to indicate readily the point8 which should be occupied first, fo order 
to gain the utmost with a limited outlay ia time and means. After due practice, under the inspec
tion of .Assistant Rilgard, Mr. Braid took the field and determined the magnetic elements at Nash
~ille, Tenn.; Cairo, Ill.; La Crosse, Wis.; Minneapolis, Minn.; Sibley, Des Moines, Davenport, 
and Keokuk, Iowa; Omaha, Nebr.; Lawrence, Kans.; and at Vinita, in the Indian Ten-itory. 

The work done at these places consisted, as at Madison, of observations for magnetic declina
tion, dip, and horizontal i11tensity. Not less than three days were spent at each station in record
ing successive observations, and at some of them operations were kept up during four and five days. 

For determining the horizontal force, both deflections and oscillations of the magnet were 
observed, except at J,a Cross~, Sibley, Keokuk, and Vinita, where the record was made only of 
oscil1ations. 

This field work was prm;ecuted by Mr. Braid between July and the middle of December. 
During tbe season the weather was for the most part favorable for magnetic observations, yet on 
a few <lays tlle instruments were affected by irregular disturbances, or "magnetic storms." Rains 
were very frequent, but caused interference in the work only by delay in obtaining the astronomical 
azimuth. 

At all the stations, care was taken to set up the instruments at some considerable distance from 
structures of iron, and all the stations were carefully marked . 

.Arrangements bani boon made for securing similar determinations at another series of stations in 
the course of the ensuing season, the points as before heing selected so as to add directly to the means 
for tracing lines along which the variation of the magnetic needle is equal. Sketch No. 24, given 
in my report of last year, shows the results obtained thus far from repeated discussion of all the 
observations for magnetic declination that have been found consistent with each other. 

CO.AST AND GEODETIC SUHVEY OFFICE. 

Assistant .J. E. Hilgard continued in charge of the Coaio;t and Geodetic Survey Office until near 
the close of the year for which this report is submitted. Ile was relieved on June 17, having been 
commissioned to execute important duties which required the presence of a representative of the 
Coast Survey in Europe. 

These were, first, to co-operate as a member with the International Committee on Weights and 
Measures in perft>,,ct.ing the organization of its establishment near J>aris, and to assist in initiating 
the practical operations agreed upon ; second, to make at J,ondon a recomparison of the Coast 
Survey standard yard (bronze No. 11) with the British Imperial standard, in order to establish with 
certainty a difterence which had been indicated by comparisons with other original standards; and, 
third, to attend the annual session of the International Geodetic .Association. 

During Mr. Hilgard's absence, .Assistant Charles A. Schott was directed to take charge of the 
office. 
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Assistant Edward Goodfellow continued on duty in the office throughout the year, aiding the 
assistant in charge in the details of administration and in the correspondence of the office, which 
is constantly increasing with the growing demand for the information accumulated by the Coast 
and Geodetic Survey. 

T.he temporary assignment to dut;y, under office direction, of several field officers gave Mr. 
Hilgard opportunities of prosecuting, with their aid, some scientific investigations designed to effect 
improvements in the instruments and in the methods and processes of the survey. 

Assistant 0. H. Tittmann reported to the office in August, and, after making comparisons of 
the secondary six-meter base bars with the standard bar No. 1, he designed and had constructed a 
convenient apparatus for comparing base bars, and executed the comparisons. au account of which 
will be prepared for future puhlication. 

He also supervised the construction of th~ new geodesic level, determined its constants, and 
made tests of the graduation of theodolites No. 88 and No. lli, of seYeral micrometer screws, and of 
ocean salinometers and ueep-sea thermometers. Earl~· in lJecember Assistant Tittm:um was tem
porarily detached from the office to make an exact leYelling between the tidal bench-marks at 
Albany and Stuyvesant, on the Hwlsou; m1 his return~ in ,January, he was occupied "-ith the 
computations of this work; he then took up the completion and rm·ision of the new Coast Survey 
Catalogue of Latitude Stars, which is printed as Appendix No. i of the report for 18i6. He had 
also in charge the designs for an enlarged construction of the level of precision. 

Early in May Mr. Tittmann was detached from the office and charged with the geodetic trian
gulation westward from the ea.stern base of the Rocks 1vionntains. 

Mr. IT. W. Blair, after completing at the office the computations of bis recent field work, was 
assigned to duty under Mr. Hilgard's immediate direction in February, and assist.ell in the re,ision 
of the star catalogue for observations of latitude. He also made experiments with an optical dcn
simeter devised by l\fr. Hilgard, and with a new form of drop-cylinder water-specimen cup described 
in Appendix No. 14, Report for 18i7, and, beside other measurement!': of precision, made elaborate 
comparisons between standard ,yar<fa bronze No. 11 and iron Xo. ii7 to Yerify the relative drnnge 
heretofore indicated in these two important standards, which were in 1856 preseuted to the United 
States by Great Britain as original and verified copies of the Imperial :nird. Early in April )lr. 
Blair was ordered to duty in the field. 

Assistant A. T. Mosman, who reported for office duty in the beginning· of March, was occupied 
in making a descriptive catalogue of foe instruments helongiug to the survey. Towards the close 
of that month he was detached in order to continue the primary triangulation from the Blue Ridge 
westward. 

Assistants J. A. Sullivan and F. D. Granger were assigned to the computing division during 
the few weeks they were on duty in the office. Late in March they were ordered to fielu service. 

Mr. E. Hergesheimer, upon his recovery from se,·ere illness, reported fo1· duty under Mr. Hil
gard's immediate direction in January, and executed drawings of chart of Saint .Tohn's RiYer and 
of Uockaway Inlet for publication by photolithography. He was subsequently occupied in com· 
posing guide maps for topographical drawing adapted to secure uniformity in the mode of repre
senting topographical details, and in making micrometric comparisons of certain graduatecl scales. 

Hydrographw Division.-In this division, which remained under the direction of Commander E. 
P. Lull, U.S. N., Hydrographic Inspector, aided b,y Lieuts. )Y. I. Moore and \Y. H. Parker, TJ. S. N., 
on cluty during part of the year, the draughtsmen's work is summarily stated as follows : 

Mr. E. Willenbucber has protracted, })lotted, and drawn fifteen hydrographic sheets, made the 
verification of thirty-six hydrograpbic sheets for registry, verwed reductions of h;ydrogTaphy for 
eleven charts, examined seven charts for additions and corrections of aids to u:wigation, made 
eight projections for hydrographic parties, and executed miscellaneous diagrams and rednctiom; 
for the office and tracings to meet calls for information. 

Mr. W. C. Willenbucher has protracted, plotted, and drawn twelve hydrographic sheets; veri
fied, inked, and finished ten bydrographic sheets; brought up the progress sketches to date, and 
ha.s made such miscellaneous tracings and reductions as from time to time were required. 

Mr. Julius Sprandel was unable by reason of failing health to give much time w office work. 
He had protracted, plotted, and drawn three hydrograpbic sheets previous to his death, which 
ook place August 291 1877. 
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The services of the hydrograpbic inspector are elsewhere referred to in this report. 
Oornputing _Division.-The direction of this division of the office was continued with Assistant 

C. A. Schott. The distribution of work among the computeri> was kept up as in former years as 
far as the small number of computers would allow, there being but three during December and 
January. Mr. Main's health, reported unsatisfactory at the plose of the last report, did not im· 
prove during the summer, and his services were necessarily discontinued from September until 
l\1ay, when they were resumed with reduced daily time of attendance and corresponding pay. l\lr. 
C.H. Van Orden was on dut.r in the computing division during July; Mr. M. W. Wines, during 
July, August, and September; Mr. B. Bradbury, jr., during part of September; Mr. C. A. Ives, 
during part of October and November. Assistant ;F. D. G-ranger reported for duty February 1, 
1878, and was detached March 28; Assistant J. A. Sullivan reported for duty March 4, and was 
deta{lhed April 15; l\fr. P. Lobauofl' was engaged ,pn special duty from May 1 to the close of the 
fiscal .rear. The limited force of regular computers was just sufficient to attend to the more im-
portant current work. · 

.Much of the time of the chief of the division is necessarily taken up with preparing replies to 
official cones1)011dence; with directing, distributing, supervising, and reporting on the various com
putations; with furnishing geographical positions of light-houses, magnetic variation, and cor· 
rected longitudes for charts. 

The discussion of the secular change of the magnetic declination was extended by Mr. Schott 
to stations in Brazil, Mexico, Alaska, and the Sandwich Islands, and the data for many stations 
in tlie United St:ites were brought forward. This valuable discussion appears in a paper published 
seJlarately from this report. 

In September, 1\ir. Schott visited the magnetic observatory located at the University of Wis
consin, and provided for its more effective working. A full report on this observatory, including 
its history, description, and adjustment of instruments, determination of constants, and discussion 
of results J1as been prepared hy him. The results obtained during the 1irst two years of its exist
ence are nearly ready, and will be printed in a subsequent report. 

The usual annual magnetic observations at Washington were made by Mr. Schott in June, 
1878. He has also prepared a new register of magnetic data, in which the stations are arranged 
by States, and for each in chronological order. He also observed and prepared the report on his 
own and the observations of other officers of the Coast Survey on the transit of Mercury across 
the disk of the sun on Ma.y 6, Appendix No. 7. 

On June 24, 1878, Assistant Schott was appointed assistant in charge of the office during the 
absence of .Assistant Hilgard, retaining at the same time the special charge of the computing di
vision. 

The work in detail performed by each com1mter during the fiscal year 1877-'78 is as follows: 
l\Ir .• James Main computed the observations for latitude and azimuth at Y\:mng Mountain, N. 

C., 1876, and those for time and azimuth at Middle Base, Helena, Ark., 1878, and at King, N. C., 
1877. He also furnished star places for 1ield parties. 

Dr. Gottlieb Rumpf computed the following secondary and tertiary triangulations: State 
triangulation of "Wisconsin, 1875-'76; near Santa Monica, Cal., 1875; coast between Monterey and 
Point Sur, Cal., 1875; local triangulation at Madison, Wis., 1877; vicinity of Mare Island, Cal., 
1877; south side of Long Island, near .Rockaway, N. Y., 1875; vicinity of Buzzard's Bay, Mass., 
1870-'71; Mississippi River above New Orleans, La., 1876-'77; James River, Va.., 1875-'76-'77; 
Santa Barbara Island, Cal., 1871; Boston Harbor, Mass., 1877; coast near Fort Ross, Cal., 1876-'77; 
and nearly completed the triangulatron between Nisqually and Budd's Inlet, Wash. Ter., 1877. He 
also prepared abstracts of horizontal-angles survey of New Jersey, 1876-'77; perfo:rmed miscella
neous geodetic computations and supplied geodetic data for field parties, or in reply to inquiries 
made by office correspondents. 

Mr. Edward H. Courtenay was engaged in the preparation of the geographical register con
taining the results of the triangulations; completed the fitting on of the old sooonda.ry and ter~ 
tiary triangulation, sea coast of North Carolina, between Upper Currituck Sound and Core Sound; 
revised abstracts of horizontal directions and of vertical angles at primary stations in the Blue 
Ridge, Virginia, North Carolina, and South Oarolina., also in Georgia.; computed the magnetie ob-
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servations, absolute values taken at Madison, Wis., in 1876 and in 1877; collected and tabulated 
magnetic constants for three magnetometers; assisted in the solution of normal eq nations resulting 
from primary triangulation; computed magnetic obsen·ations made lately by Assistants Boutelle, 
Mosman, Smith, and Braid; adjusted primary triangulation about Mount ·wasbington, N. H., and 
nearly completed the computation of the new triangulation of the Delaware Rirnr, near Philadel
phia, 1877-'78. He also assisted in preparing the annual statistics of geodetic work, and had 
general charge of copying and clerical work. 

Mr. M. H. Doolittle made abstracts of resulting directions of primarr stations, .Tohns, Ga., 
1875; Moore, N. C., 1876-'77; King, X C., 187G-'77; adjusted that part of the primary triangu
lation between Pine Log, Ga., and Brandon, .A.la.; computed the triangulation of the Connecticut 
River between the Sound, and north of Hartford, 1861-'62-'75; assisted in the preparation of the 
annual statistics, made miscellaneous magnetic computations; read off the photographic traces of 
tabulated results of differential magnetic observations made at Madison, ·wis., between March, 
1877, and March, 1878; computed position of primary stations about the Santa .Barbara Islands, 
Cal., 1876-'77, and fitted on part of the secondary and tertiary work of the same locality, and 
nearly completed the computation for length of the Lebanon base line, Tenn., 1877. 

The computing division also had temporary assistance during tlie year as follows: 
Mr. C.H. Van Orden, attached to the division during .July, 1877, attended to miscellaneous 

copying, preparation of sketches, and miscellaneous geodetic computations. 
Mr. M. W. Wines, attached to the division between July 1 and September 26, 1877, attended 

to copying of data for field parties, and to special clerical work under the direction of the assistant 
in charge of the office. 

Mr. B. Bradbury, jr., was engaged in reading off magnetic traces bet,ween September 8 and 27. 
Mr. 0 . .A.. Ives reported for duty October 19, computed positions of a number of tertiary 

points, attended to clerical work, and prepared information for various field parties. He was 
detached from the office ~ ovcmber 30 . 

.A.ssistantF. D. Granger was temporarily assigned to duty in the computing division. Between 
February 1 and March 28, 1878, he assisted in preparing abstract of directions of primary stations, 
King, N. C., 1876-'77; .A.nacapa, Cal., 1876; Laguna; Cal., 1877; Santa Barbara, Cal., 1876. He 
also adjusted three quadrilaterals of the Santa Barbara channel survey, and prepared geodetic 
information for a field party. 

Assistant J. A. Sullivan was temporarily assigned to duty in the computing division between 
March 4 and April 15, when he computed the triangulation of light-houses on Delaware Bay, exe
cuted by himself in 1877. He also assisted in proof-reading of annual report. 

Mr. P. Lobanoif was employed since May 1 on reading off and tabulating photographic traces 
of magnetic observatory at Madison; he also assisted occasionally in tracing descriptive sketches 
of stations for fiel~ parties. 

Tidal Division.-Mr. R. S . .A.very remained in charge. He inspected all records of tidal 
observations when received from the bydrographic partie.." or from the permanent tidal stations; 
furnished tidal data for use on the charts and to meet calls for information; arranged the observa· 
tions for reduction; prepared for publication the predictions of tides for the Atlantic and Pacific 
Coast 1.'ide Tables for 1879; and studied improvements in the construction of self-registering tide 
gauges. 

Referring to the establishment of a self-registering gauge, loaned by the Coast Survey, at a 
station in the Sandwich Islands, in connection with the govenuuent survey of those islands under 
W. D. Alexander, esq., it is suggested by Mr . .A.very tbat it would be desirable to establish a tidal 
station at a point similarly located in relation to the tides of our Atlantic coast. The Bermuda 
Islands would seem to be favorably placed for this purpose, being separated from our coast by the 
deep channels of the Gulf Stream. 

In the following table is given a statement of the names of stations at which self-registering 
gauges have been established, with the number of days upon which observations were recorded 
since the last report: 
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) --~------·-1 -K--tl f-~=-~~=~r tem- ,' -·Time of occupation. I T::-1 
From- i To-

Section. j Name of sta.tion. Name ofol1s<'rver. m o ~auge. ,1 porary. 
1

1 /_dayR. I 
___ J ·-- ----··· --- ] ____ \ __ _ 

I : : I I 
I I North Hann. Me ..••••... -- . ·j J. G. Spaulding.... Self.registering • Pemrnnent .••....... ' Apr. 26, 1877 I_ .A.pr. 28, 1878 i 367 I 
I / Provi<lence,R. I. ............ ._ R..A.Woool ........ ' .. do Temporar:c .•........ 'Dec. 30,1875).Tune 1,1878) 731 I 

11 1 GoYel'llo1'0

1' I~l~11<l, K. Y ...... t R. 1'. Bassett. ____ - -i· .. . do ...•....... : J>c:rmanent .••..•.••. ! May 31, 1877 i May 30, 1873 \ 364 I 
II ! Sanch· Hook, N. J ............ ' J. W. Bnnford .•.•....... do ........... ; .... do ................. June 1, 1877 June l, 1878 / 365 

I ' V 'WJBJ} : J "J J \ Ill i FortMonroe, a .........•.. : .. 01 el .•••••. 
1 
•••. du ·····--····1----do ................ 

1 
une J,1817 nne 1,1878! 365 I 

VI )Ferna:ndina,Fla .............. ,R.W.Bache ...... 'i .... do ............... do ................ ,Jnne 1,1877 Sept. 3,18771 95 \ 

>I I'··· .. .<lo ·· · - ·· · .. · ..... ---·-- . . i •• .. do ... · ....... -- . ' - .do ............•. c1o ................ Dec. 30, 1877 .A.pr. 1, 1878 I 92 
VJil NewOrJean.•1.-a ............... G. Fanst _________ .. 1 Staff ............ Temporary ....... ';rune30,1877

1
Dec. 31,1877/ 18-l 

X Sn,ucf'lito, CM. _____ ............. .E. G-rav ............ : Se1f-rogistcring i Permanent........ Jane l, 18?7 j June 1, 1B7S ~ 365 

XI Port 'l',rw1u~hend, Wash ... - ... :
1 

L. \Vil~on ... -· ...•. 11 
•••• do ....... ~ .. -. T~mpora.ry ............ \.Mar. l, 1817 /Apr. I, 1877 j 31 

i . _______ ! ____ ~-----~-~!-~-- - ___________ :_ ~---~---~-: __ _ 

Each obsern:r forwards to the office, with the gang-e record, his tabulation of the times and 
heights of high and low waters, tlH1 comparative reading;-; of staff a,nd aut.omatic record, and the 
hourly orclinateR deduced from the tidal curve. These tabulations, when verified, serve ais a basis 
for the office reductions. 

In the work of the division, Mr. Avery bad the aid of the following-named persons: 
Mr. ,Johu DowneH wa;; employed chiefly in the tabulation and reduction of the tidal observa

tion!'\ made upon the .Atlantic coaRt and upon the t.idal predictiom; of this coast for 1879. 
Mr. L. P. Shidy made reductions of short series of observatio11s for many stati011s on the 

Atlantic and l'acific coasts, predicted tides for ports at which tbe diurnal inequality was large, 
and aided in miscellaneous computations. 

M:is11 M. Thomas continued to work mostly on hourly readings and copying, and a.i1'led in the 
predictions. She had al8o charge of the office library until January 28. 

Drawing Dh:i.~ion.-This division has continued under charge of Mr. W. T. Bright. The cler
ical and other rniseellaneoz1.~ duties have been performed during the year by Mr. G. A. Morrison. 

The force of principal draughtsmen consisted of Messrs. A. Lindenkohl, H. Lindenkohl, C. 
,Junken, I,. Karcher, and P. V. Erichsen, who have drawn the more important topographic and 
hydrographic charts for publication by copper-plate engraving or photolithograph~'· Tbe work per
formed by each is stated in Appendix No. 4. 

:Messrs. C. A. Meuth, H. Eicllholtz, and E. Molkow have clliefty been engaged in bringing np 
hy hand tlte aids to ria~rigation upon the published charts. This information is receked in the 
dfrision, and the necessary corrections and additions made previous t.o its insertion upon the 
printing-plate. l\y this means the sale agents are supplied with the latest data. They have also 
furnished t.J:ie info~mation asked for by bureaus of the government and citizens, in the form of 
tmcings and diagrams. 

Mr. E .• J. Sommer has been employed in the division since April, and has 11rincipal1y been 
engaged upon drawings for charts to he pl1otolithograpl1ed. 

Mr. B. Bradbury, jr., aid, who was temporarily attached to the division at the date of last 
year's report, was as.signed to field duty in August. 

The list of charts a.ud tiketches which have been completed or iu progress during the year, 
given in Ap\w.ndix No. 41 will at a glance show the large amount of work accomplished. 

From aver~' recent experimental beginning in the production of charts by photolithogra.phy, 
this process has grown to be a most important auxiliary in getting rapidly before the public the 
results of the iield work. ill addition to the compilation and publication of twenty-one charts by 
this means, progress bas been made upon seventy-eight charts of various sea.Jes, of which number 
forty·two have been com1>leted, including the pbotolithograpbic class. 

Appendix No. 3 gives a statement of information furnished by the division upon the appli
cation of officers of the United States Engineer Corps, officers of the Army, light.house engineers 
and inspectors, and other persons, for tracings and copies of speciaJ maps and charts. Some eighty. 
four calls of this description were met during the year. . 

Forty-seven diagrams of various descriptions were oonstruct.ed, t.ogether with drawings of 
numerous instruments of precision and engravings upon st.one, to illustra.t.e the papers accompa.-
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nying the annual reports. The matter of correcting the original copper-plate engra~ings for the 
latest determination of longitude has continued to receive att€ntion. Projections for new charts 
have been constructed upon six copper plates. As the work of the survey advance;.;, it becomes in 
many cases necessary to revise former prqjects for charts that were constructed upon data derivefl 
from reconnaissances and imperfect maps. 

In the course of the year about thirty-five projects ha\e been reconstructed and adjusted to 
suit Letter the wants of the na,-igator. 

The numerous calls by the field parties for prqjections on drawing paper liave been promptly 
met, forty-three having been constructed upon different scales. The large number of sketches 
Rhowing the progress of the field work have been duplicated for the film; of the Superintendent 
and computing division, and the annual progress sketches have recei\·ed the usual additions. 

Notwithstanding the great amount of this miscellaneous work, the di\"i.~ion has furnished and 
has on hand an abundant, !impply of material for engraving, and has made progress commensurate 
with the field work in many sections as the data became available. 

Engraving Division.-The direction of the work in this division remained with Assistant L.A. 
Sengteller during the fiscal year. Towards its close, having received instructions to resume field 
duty 011 the Pacific coast, he macle auangements for the transfer of the charge of the division to 
his successor, Assistant J. S. Bradford. ~ 

In a careful and elaborate report of the work executed in detail by the seyeral engravers, and 
of the condition of the engraved plates, Mr. Sengteller refers to the efforts made to bring up to 
date the plates of those charts most in demand by naYigators. These efforts ha,-e been so far suc
cessful that all of the principal coast charts are now brought up to the current year, aud a "note of 
issue" engraved upon each plate, bt>aring the date to which it has been corrected; this has been 
done also with the plates of the principal harbor charts, sailing charts, and general coast charts. 

l\:fessrs .• J • .Enthoffer, A. Sengteller, H. C. Evans, .J . • T. Young, \Y. A. Thompson, and }{. F. 
Bartle have continuml a.1; topographical engravern. 

Messrs. E. A. l\faedel, A. Petersen, H. M. Knight, ,J. G. Thompson, and F. Courtenay have 
continued as letter engravers. 

Messrs. E. H. Sipe and ,V. H. Davis have been employed as miscellaneous engravers. 
Mr. ,J. J. Young, during the greater part of the year, was engaged in etching the views for the 

Coast Pilot. 
The duties of copyist in the division were snccessivel;v discharged b~· Messrs. E. l\folkow, G. 

A. Morrison, and (since hiR reappointment February 1) b,\' )fr. L. C. Kerr. The compilation of an 
historical record of every plate was begun by Mr. W. B. French, who was detailed specially for that 
duty, and carried it on at intervals since November, 187i; upon the detaebment of Mr. French, for 
field service early in Marcl1, the work was for a time suspended, but towards the end of May resumed 
by Mr. John H. Smoot. 

In Appendix No. 5 will be found a detailed statement of plates completed, continued, or begun 
during the year, together with work in detail performed by each engraver. 

Electrotype and Plwtographing Division.-Under the direction of Dr. A. Zumbrock, who re
mained in charge, fifty-seven altos and twenty-eight bassos or printing plates were made from the 
original engraved plates; one hundred and fifty-four prints, fifty-three uegatives, and fifteen posi
tives were furnished for the use of the draughtsmen and engra~ers. Dr. Zumbrock was aided by 
Mr. Frank Over. 

Miscellaneous Division.-The organization of this division, up to May of the present year, in
volved the direction of details in ~he care of the office buildings, the printing and distribution of 
the charts and reports, the charge of the stationery and instruments, and the care of the office 
disbursements. These duties were faithfidly and acceptably performed by ]\fr .• John T. HooYer 
until failing health obliged him to relinquish them. Ilis death, deeply lamented by all of his 
associates in the office, has been referred to in another part of this report. 

A rearrangement of the work of the division ha;ring been found to a certain extent desirable, 
Mr. M. W. Wines was assigned to the charge of the details relating to the office building, the care 
of the stationery, and the printing and distribution of the charts and reports; Mr. ,V, A. Herbert 
W the keeving of the office accounts; Mr. G. N. Saegmiiller to the care of the instrument records. 
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The duty of registering and filing for reference the original sheets, topographic and hydro
graphic, and the records of o bservaticms as received from the field parties continued to be performed 
by Mr. G. A. Stewart. 

From the chart room, under the immediate care of Mr. Thomas McDonnell, there were dis
tributed, during the year, upw!Lrds of twenty-one thousand copies of charts; ovei: five thousand of 
this number were placed with agents for sale at the principal sea-ports; upwards of four thousand 
were furnished to meet the demands of the several departments of the government; thirty-three 
hundred were supplied to members of Congress. 

The distribution of the Coast Survey Reports amounted to one thousand and three copies. 
There were printe(l during the year twelve thousand and sixty-seven impressions from engraved 

plates; the numbel' of lithographed copies of charts published was thirty-eight hundred and 
nineteen. 

Mr. Fmnk Moore, assiRted by JI.fr. D. N. J;loover, served as copper-plate printer; Mr. H. Nissen 
attended to the preparation of the backed drawing .paper for field parties, and to the various 
requirements of the folding-room. 

The work of the instrument-shop was performed by Mr. G. N. Saegmiiller, chief mechanician, 
and by Messrs. John Clark, W. Jacobi, and E. Eshleman. 

Among the subjects which occupied Mr. Saegmiiller's' time when not engaged in routine work, 
may be mentioned the improvements in the construction of the dividing engine to render it capable 
of executing more accurate circular graduations, and the regraduation, with very satisfactory re
sults, of one of the fourteen-iuch theodolites. The design and construction of a prismatic donble
image eye-piece for simultaneous use by two observers in determining personal equation is also due 
to him. This is described in the Transactions of the International Geodetic Association for 1878. 

l\lr. John Clark has been engaged on improvements in the primary-base apparatus, assisting 
in its comparisons with the standards mentioned elsewhere; in constructing the level of precision 
described in Appendix ~o. -, and in other work requiring great skill and ex1rnrience. 

Mr. Werner Suess was employed on piece work, under the immediate direction of the assistant 
in charge, in constructing various self-registering magnetic and thermometric instruments, portable 
chronographic a1)paratus, and the optical densimeter for ascertaining the density of sea water, 
mentioned elsewhere in this report and described in Appendix No. 10 of the report for 1877. He 
also aided Assistant Schott in perfecting the building and apparatus of the Magnetic Observatory 
at Madison, Wis. 

Mr. A. Yeatman, carpenter, assisted during part of the year by F. E. Lackey and C. Webster, 
made the wood-work for instruments, packed them for transportation, and did all of the carpentry 
required by the office. 

The clerical duties in the office of the assistant in charge were performed by Messrs. M. W. 
Wines, W. B. French, and W. A. Herbert, with the occasional aid of Messrs. F. R. Parsons and 
George A. Morrison. 

As heret.ofore, the expenditures of the year for every purpose connected with field work and 
bydrography, have been strictly controlled by preceding estimates, of which each item as to its 
character and amount has been separately examined. l'arty estimates are revised in all cases 
when reductions are deemed expedient, and are approved by the Superintendent in advance of any 
outlay whatever. The control thus-provided for is made complete by the attention of the disbursing 
agent, J. W. Porter, by whom the account.'l of the chiefs of parties are kept in conformity with the 
ap1>roved estimates. 

My correspondence with the surveying parties, needful references pertaining t.o the progress 
of work under my official instructions, and to administrativ(> details generally, have been facilitated. 
as usual by the care of Assistant W.W. Cooper, and by his summary offhe operations of the year 
in the field and afloat. 

Respectfully submitted. 

Hon. JOHN SHERMAN, 
Secretary of the Treasury. 

CARLILE P. PATTERSON, 
Superintendent Ooast and Geod.etic Survey. 
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APPENDIX No. 1. 

/>i,~tribution of surveyiuy partie.~ 11pon the Atlantic, Gulf <~f' Me.l'ico, a111l l'ac~tic coast.~ ot' the "C11ife1] 
.States during the .fiscal ,11ear 1817-'78. 

1~a1·tit\:-<. <)pt•ratiou:-1. l'erMon~ coudnctiug- UJWI"atiom~. Lot_·alitit~t'l of ·work. 

SF.l'TIO:S 1. 

~1HiIH'. !'t·.v.- H:am1•shire, Xo. 1 I-f,Ytlrograph,Y Lieut. .l. F. itost.•I". r. ~- x.~as SonadiHgio;. PXt~·udetl in the St:'HWartl :ipproat·lw~ 

Y t-'l"HHIIlt, ),f:18S:lf'hll:iCtt S, 

:mil Hltt1d4· h:11arnl. ltwltt•l-

in,g ('lUlBl nwl HM:1-p11rt". 

ha,\·H au1I l'ivt>r:.;. 

t-;KeTIOX 1 I. 

Sow .TeI'Sl'".\' 1 Pt·11m:1ylY1:1-

11ia. and lldaware, in

cltuling: l'OUt"t, lm:n~. awl 
ri\·rri-;, 

6 

II 

JU 

sistant: Masters J, B. Murtloch of ::\.luuut De&H't Island ~l:"- (~i:"" also S1•1-. 

aud J'. E. Gn~t'm'. r. S. ~. 
Topograpl1y Charlt·~ HoAIDl'I". as.,h~taut .. 

Hou\'.) 

Hun t:<y of tlw :ojh.in·1' of Skilliug Hin~l' at tli<' 

lu•ad or }'rt'JH'1rn1mf8 B:t.\". "M•·- (See Hhm :·•w1·
tinn YIII.) 

A.,\,., Lon~t't•llov.. a~Sit-\tn11t 'l'oyiogTaph,,· oi theuortl: slwr" nf Blue Hill Bay, 

H,,llr'Op·ap!J_,. 

sistnut: M:u;t-t>l'8 (i. C. HlUHHI 

and A.. H. CohlJ. r. ~. X : Eu. 

si g.11 .Al h(>rt Ye1·t l. l'. S. ~. 

Tid11l ol1 ... ervatio11s .r. (i. ~p;1ultiiug .. 

Prof. E.T. Quirnh_v 

)ft', 

duit.\- of D<>t'l' lsl1• arnl lslt• au Haul. 1..·tM:-.t of 

~lairn·. (St"t> als1• :--ipeti1m Yl.l 

:-jp1·it.•K of til\nl aml tut·h·oruloµ-il·:tl oh$t'"rn1tioi1s 

nrntm1wtl at ~ortli Huv('ll. in Peuobt-wot eu

tram;t>. 

Trii111gulati1m at I tunstock Mmmt.ai11 aml ti-il· 

ftir1l, for dt•1errni11iH~ }1orntt"; i11 .:\t'W Hamµ· 
8ltil'~. 

Triangulation . . . l''. BhLkt' .. ir., a~sil'ltaut .......•••.. Dete11niuutio11 of n11n11•ro11c µoiuti,-. for tlw Har·. 

T1·iaug:u1ntiou . •. t~. ~.\. Fttirtiehl. a~:ii~fant 

l-li1Ht.t·1· Robert Platt. l". 8. :X .. as

iJRtant; Rn~ig-n J. P. Under
wood, r. 8. N. 

'l'hlt't'i .•................. -·~ ...... . 

ant.. 

Topogruph,'\ ·--·-· IL ~I. Baehe, at-1~h~ta11t. 

hor Cuunnissiouer~· ~m·n·y of Bo:-1ton Pppt•I 

Harhor. 
Posit.ions ddt·rmiuecl of li.irht·IHm~cs Hear }Jro\·. 

ilwf•towu. 11lymonth1 Cohato;Sl't. :nut l\1arhh·· 

lH·~Hl. 1·.oast of :M;;c1H~:tdiuiiett~. {8t•t> tll~o Sel·· 

tiou :XT\.) 

ObserYations 1m tlu.- 1wn t.:U1Tt~11t:-1 of th~ ti·ulf of 

Ma.inc•. 

Tidal ol•Bel'\'ati1ms 1•ontinl1Pd with self-~gi"1tN·· 

iug gaugt: at PrtrYi\l1•JH't·, R. 1. 

Harbor, ('onu. (Sl't' nl~o ~1·rtion~ YJ atu1 

\'IU 
Hetailejl topog1·aphi<·u] r1nrvcy of tht~ uortb au«l 

\\t'!·H apptoadie:-; to Nt·\\ Hav<'n. Conn. (Set· 

also 8t"l'tion Yl.) 

Topo;!I"aph~· ....... J, \V. Don11. aio:.l-l.i~tant ········---- Topogtnphy of tlu· \\'PH1t·111 l'hm·t·/'o nf Jam.aka 

H:ydroµ;rapliy ..... Lieut. \\'aid1huru Ma;v11;1nl, l. ~. 

N., assiMtant: Masten~ W. "F'. 

Low and~- JI. May, TT. S. N. 

S1w<·ial ···-· C. S. Pein.·•·, aHHil>;tan1 .••..... 

Tid.t·~ .•.... 

na.v, including Rockawa,\· htlPl ; 11h11e-tahlt> 
tiHM't:y of Ci.mt·~ lslaud. iuchuln1g- the s1wrt>-l'I 

of ~hee-pshrad .Bay and Unrn·~eml Bay. Long 

blmul. N. \'" 
Hydrography ,if t lit' Wt·H,tt:J"ll par1 of Jam.<ic<t 

lttiy, indudiug 1to~·ka."tl,V lukt a11tl it:-> ap· 

JH'Ofi(•hN1, Long: fshllltl, X. Y. 

J1emlulum 1•xperimt'ut~ at 1'"1·\\ Yori.. Cii.' for 

dt4ermiuing tlw. forn:· of g-ntYity. 

Titlal 11b1wrvatious t·outinm•ll wi1h ~t>lf'-n·gi~t-e1·· 

iug gau!_!:t'8 at (ion·mm"s I~lautl. il1 New Yori.. 

Harbor. and at Sandy llook. Xew York Bay. 

I TopoiirapbJ H. L. Whiting, o.ooiotant; W. C. 

H~kln•, ald. 

Topogi.-aphieul surv'!.y of tht> east Kide of HUd:-\oJJ 

River hd.,,.,t•en Croton and l 1 t"l:kskiJJ. N. Y. I 

()7 
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()pf'rat ions. 

Special 

T1·iaugulatfon . 

Astronomical ob· 

aervations. 

Geo.le tic ······ 

GeodPtie ..•.•..... 

~-\ stronomicul uh-

Emr\ations. 

Triangula.tion 

Physical survey 

Triangulation .... 

Persons conducting operations. 

(). H. 'l'ittm:nm, a..qHiRt.ant; Au

drHw Braid, subassistau t: J. B. 

Daylor, ahl. 

Localities of work. 

LineH of lt-vel run between tidal bt>ucl1-marks at 

St11svPRant. and Albans. (Set'. also Sections 
III, IX, XIII, XIV, eml XV.) 

Richard D. Cutt1:1, assistant: C.H. Primary trfong·ulation extended in this section 

Sinclair, aid. 

Edwin Smith, suLa81:1istaut; J. B 

Ba;vlor. aid. 

Prof. ::Edward A. ll1?WRf'l' 

Prof. Lewis M. Hmrpi ....... 

Edwin Smith, subasshitaut; iT. ll. 

Baylor. aid. 

S. C. McCorkle. assistant. 

H. Mitchell, assiHtaut; H.L.Ma-
rindin, assistant; J.B. "\\"'"eir, ai1l. 

J. A. SulliYan, assistant. __ .... __ . 

li)-' obsrrvations at Mount Tom, in .Massachu-
8etts, and at Mouul Equinox~ in Vermont. 
(See also Sections VIII, IX, XIII, and XIV.) 

Detenninathms of latitude and longitude at 
points near the. l)(n1n'1ar~- line betwe.en Penn 
sylvania and New York. (See. also Sections 

III, VIII. and IX.) 
Points determined by triangulation in the noith. 

em part of New JPTSP,\. 

Triangulation continued in th<~ eastern part of 
Pennsylvania. 

Latitude, longitude, and the magnf'tic clomrnt,s 

detenninetl at Harrisburg, :Pa. (Hee also Sec
tions III, VIII, and IX.) 

Determination of points fOr the spN~ial survey 
of Delaware RiYer at Philadelpbia. 

Rpecial observations in regard to tho tides and 
currents of the Dr.:laware River at and near 

Jlhilade ]J)hia. 

J>osit,fons det("rmined oflight·lmnses iu Dela warn 
Bay. 

llarylaud, Virginia, and' No. 1 Topography ... 
\Vest, VirJ!'inia. incltul-

<;. M. lla.che, assistant _____ ·---- .' Planf'-table survey continued eastward of Nor-
folk, Va., between E1izalif"th River and Cape 
.Henry. ing bays. sea-1101tR • .and 

rin.~rs. 

SECTION IV. 

N ortl1 Carolina, including 

c.·oaet, isountl~, i;iea.·ports1 

ancl rivers. 

Tirl~M-·-········· W.J.Bodell ...............•...••. Tidal observations ?t-i.th 8elf-registe1·ing gauge 
continued at Port .Monroe, Chesapeake Bay, 
Va. 

Special bydrogra

phy. 

4 SpPcial 

5 Magnetic obscrva
f,ions. 

Lieut. },red. Collins. U.S. N., as- i Obsen~atiuns on salinity a.nd clPnsity of the wa
sh~t.ant; Master }'rancis Wins- 1 tnH of Ch('Mapf'ake Bay. (See also SootionR 

low, U.S. N. IV an<! VI.) 
CbarlesJunkcn ................... \~ertical heights of tht:' g'reatfloud in the Poto-

mac IUver determined at several points a.ntl 

reforred to bench-niarks. 
Charles A. Schott, assildtant- ..... I>etermiuation of thP- magnfltic declination, dip, 

and intf-lnsity at the pPrmauent station on Cap

itol Hill, Washingtou, D. C. 
6 Levels .... ___ ·-· .. "Edwin Smith, subassist.aut ......•. Lines run with tlu~ spirit-h:·n·l from Hagerstown 

weer.ward, in Maryland. (See also Sections II 
and VIrJ.) 

7 Levels ............ .Andrew Braidi suhBflsistant ...... , Continuation of lines of level in Wt>st.ern. Mttry-

8 Triangulation ..... A. T. Mosman, assistant .. 

land t-Owards Cumb01land. (Sf>.e a1so St.~tions 
TI, IX, XllI, XIV, and XV.) 

Stations occupie<l on the Illue Ridge, Va., for tr!· 
angulation cmuiectiug the Kent Island bas~ 
line. with the bnse line near .Atlanta, Ga. 

No. l Hydrography ... - . Lieut. Ji""rerl. Collins, U. ~- N ., as- Spec.fa.I Hx.a.mination of thtt coa~t. bt~tween Cape 

2 ' Triangulation. 

3 \ Topography .. 

sistant; :Masters ~'rancis \Vina- Henry and Cape Fear, and compilation of ma.-
low anti H. H. Ilarroll, U.S. N.; tine notes for the Coast Pilot, (See all!O Soo-
J. It. Barker, tlrllughtsman. tiono Ill and VI.) 

F. H. Gerdes, assistant; L. C. Kerr-: Lifo-savin11 stations determined in pollition be
tween Cape Henry and Cape Hatter11A. 

C. T. lardel!a, assistant ..•.....•. : Plane-table survey of the shores of Cllpe Fear 
River below Wilmington, N. C. 

4 Triangnlatlon ..... C. 0. Boutelle, 8.88iotant; C . .A. Stations occupied in N orlh Carolin& for closing 
the triaogulati<m between the bue In K<lnt 
Island, Md., and the baae near .Atlanta, Ga. 
(See Blao Section VIIL) 

Ive•, aid: J. B. Ilouwlle. 
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8ECTION V. 

8outhCa.ro1inaa.ndGeorgia, No. 1 H,;drograph.'···--· Lieut. J. F. ~lost>r. L. S. X .. a~- H~drography of tht> roast of Sontl1 Carolina 
includingco~t.St, s.ea-water Ri~tant: ]fastm·~ A. t' l)iJ!iug-- ahoYe Murrt·ff"' Inl<~t. iududing l.ittle ]!iYer 

channels, sounds, harlwrs, ham. ,r. n. Murdock an<t· T'. E. and it8 ap1noad1es. (S:.et· al~o SPl'tion I.) 

and rivera. 

SECTION VI. 

East Florida1 fron1 Saint 

Mar~··s River to Anclote 
Ke,vs, on the west coast, 
includmg the coast ap

proacheR, reefs, k~yR, se..a .. 
-ports, and rivers. 

SJtCTJO'S" VI l. 

No .• I HyUrograpl1~ 

Tides ...... ·-·-·-

Ureene, U.S. N. 

Lieut. Ji'red. Collin:-:. L'. k. ~ ., :-1r;o. 

l:3iAt1mt : )tasters .FTancis Wins
low and II. Il. llarroll, "C. f-5. X.: 

J. l~. Barker. draughtsman. 

H. W. Hacilt' -·--------·--

Coast Px:tmi1rntiorn; ltetwt~+>n }\•Tiiandina. Fla_, 

and th,· Dry Tortu,:::.:a~. aurl marint:· noks fol' 

completion of the Coa~1 Pilot. (Set· also ::;et·

tions HI ant! Y.1 
Tid:tl oh~wrY:-itlonR wit11 i-;t•lf1vg:ist1;--ring µ:augt' 

at :Fcnrnudina. Fla. 
3 H,rdrngTa.phyt ...•. Lir-nt. Comnw1Hlfl' C. ~L Clw;;t«r, II;nh·ogTnph_\. of tht· t·n:-;t-n11 eont't of ]·'lul'itla 

'C. S. "S"., aA:sistant: Lients. lrid from ~lo1'11uito Inl-et southward arnl r·astwanl 

8cbre-e and A. V. 1\aUham~, to Cape Cafrnn·ral. 

4- Triangulation, to

pogntph:v~ awl 
lL)drography. 

Topoµraphr uud 
hydro~aph;v. 

l". E;. X.: lllaM!f'r T. G. C. Salter. 
TI. S. J\.: Ensign C. II. A.msd1.:.•n. 

U.R.K 
F. \). Jlerkiu!'.l-1 ar1~i81ant (part of 

t;P£l.H011) ; "\\.,.. l. Vinal. subasr·dst

ant {]1art of season): Em;i_!!n .T. 
P. Dmlnwood, lT. S. X · C. A. 

I,·e~, ai<l (part of senson). 

R. M. Ba('he, ussiHtant: "'~-I .. Yi· 
naL subassistant (part of sea-

8011i; Lieut. T11omal" N. L~·('. 

r. ~- K.: C. A. lvN~, aid (pflrt 

of Beason). 

Hyd1·ogra111Jy .. - .. Lieut. ,). M. Haw le~·, r. S. X., 

MaKten~ G. C. Hanns . ..A.. Il. 
Cubb, and .A1bert. Mertz, U. 8. X. 

:0:.uIT(~y of th1· :=;hor1':..; of Saint .• Tobu':-, lfrn·r, 'Fla .. 

t"outh or San Patrido Point. antl t-<Ul.lll(lillg:-. t'.X· 

lt.'J.Hlcd from tlwr l•Oiut snutliward to l'l-tatioH!:l 
lH·.nnid Tot'OL rla. (:""'t•(• abo s .... ('1 ion ,~ l I I.' 

Surn·y of Iutliau Hi·n·1· lll'low Capr Caliavc1·al, 

nrnl soundh.if!l-\ cmnph"ted in J~rnana Rh·er. 

"Fla. \ ::.;t'l' al8u St'ction II.) 

Bydrl1i-.rraph:'- lit' Charlnttt' Ua1lmr, "E'la.. (~ee 

ulso Sectiuu \II.) 

Triangulation . . . J08epll Ht•rgesheimer, subassist- Triangulation of 8a!'a/'lota Ha:v, Fla. (~f'f' also 

ant. Section"' II and YlI. l 

WestFlorida, from Anciott~ 
1 

No. 1 
Keys to I.)e.rdido Ba)~, in-

Topography and 

hydrogr:qlh_y. 
Joseph Her~t'i:ilwinwr, ~uhusRiAt- ~hor1•.line sur\·1·;.· mul sou~uhngs hi t'rookc1l 

ant.. lU\'er·, ad,iat~('Ut to Saint 1;t.·org(:8 Sonud, Fla. 

{SP•· al~o f-:ectiun~ JI and \1.) cluding coa..st, ports1 and 
rivers. 

RECTION VIII. 

Alabama, Mississippi, Lou. 
iaianat and .Arkansas, in. 

duding Gulf coast, ports, 
and riverK. 

No. I 

ll_ydrography Lieut. J.M. Rawlt·.Y. U. 8. N .. a~- Supplementary soundings in lhtf'r·i:; {;haimd aml 

si~tant: Masters G. C. Hanni-'. 
A. H. Cobb. anti Albert Mertz, 
l'. S. N. 

ll.ydrogra11L.r . . • . . Liein. Commaudet C. lJ. SiJ,!Hltet>. 

17. S. N., assistant; Lients. S. 
:M. Ackley ancl W. 0. Sharrer, 

U.S.N.; MastersH.:M.Jacoby 
and Henry McCrea, t;. 8. "K.; 

Ensign G. H. Petersi U.S. N. 

Tri.H.ngu1ation, t<•· 
· pography, and 

!Jydrography. 

W. H. Dennis, assistant; F. C. 
]Jonn, aitl. 

off Ligl1t-Uou::1e Point, Saint Gt>org,'l•t-1 Souwl, 

Fla. (St"f' ahw 8t't'tim1 \-L) 

Deep-sea ~oumlill!.!I'<. with ol1i-;ern1tiouto for lt::'lll· 

1wi·atur1• Hnd d(•nsity, iu tlw wat<i.·rs of tl11· 
(Tulf of .l-lt>Xit'O. 

Trfrwgul.atiuu mi.d tupo~'l.~aphy of J~arataria Ji-1_\-. 

La., fompleted a.ull connt>,cf,1•tl withtl11• RHl'Yt•,\·of 

Mis~issippi Rh·er. Su11plemenfarr !i'.oundiu~s 

in the uppeT Uranches of the l1a~·. Trianµ;ulu-

tion of the ::Misaissi])}Ji 1th·er in the vicinity of 

Natchez, Miss. 
Hydrogra11by .. _. Lieut .. \V. I. Moore, U. S. N., aN- Soundings in th{\ approachr.s awl entram:l', and 

sistant i Lieats. W. F. Low an<l inside of Earataria Bay, I.a. 

S.H.llay, 17.S.N. 
4 Hµecial .•.......•. i G. Fa.us\ -- ..... -· _. - ............. Continuous obscn·atious with a tidt'·~au~"'t.·. au<l 

' 5 AT.imuth am! bases H. G. Ogden, ll88istallt: C. Il. Siu-

clair, aid; '"· B.1''rencb. 

rer.ord of the bc-i.dJt of the •nlit·1· of the l.U::-,i:si~

sippi at New Orkans. La. 
Mea.snrement of bast'. lint'~ ancl azimuth at lJon

aldsonvi1le, La. 1 and at Natchez and 'Vicl.:$burg. 
Mis•. ( Soo also Section IX.) 
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SECTION VIII-Continued. No. ~ Triangul,.tion.... F. W. Perkins, ""sistant i Triangulation of the Mississippi River abon~ 

Donaldaonville, La. (Seo also Section VI.) 

SEC1'10' IX. 

'£riangula.tion.... Charles Hosmer, assistant ...... _. Triangulation for the sul"Vey of the Mississippi 
River in the vicinity of Vicksburg and G-reeu

ville, Miss. (See also Section I.) 

8 Astronomical ob-
1 

Edwin Smith, suhasidstant. ....... Latitmle ol.JservationR at Natehez, Vickslmrg, 

Nervations. and Greenville, l:Ui;\s., and at Hdeua, Ark 
Longitude o.f the sflrne places determined 11y 

telegraphic exchanges with Nash ville, 'l'enu., 
in Section XllI. Observations for azimuth at 
Vicksburg and Helena. (Ser- al~o 8ections II 

and III.1 
9 Triangulation ..... 1 C. IL Boyd, assh~tant; C. Il. Van 

Or<len, aid. 
Measurement of a base line near Helena., Ark., 

and triangulation of thi:' Mississippl Ri vi·r 

UJ.>Wards to Bennett'R Lauding. 
1 o Triangula.tion. F. D. Granger, assistant; Prof. A. i Ttiangnlation continued m No1·t.bern .A.labaru:t, 

B. Buchanan, part of seaAon. and reconnaissance in Northf>Tn Mis~iRsippi. 

11 Triangulation ..... , C. O. Boutelle, asSistaut. ··-··- __ .. Reconnaissance, an<l triangulation extended 
west.ward from stations iu the vicinit.v or 
Hnnt<lville, Ala. (See also Section IV.) 

Texasanll Indian Territory, No. l RH<·onnai!isance 
includingGulfcoast,bays, 

H. G. Ogdein, aAsistant; C.H. Sin- ) Examination of the coast of 'l_'jjxas for trianp:u. 

dair, aid. I lation to extend from Galveston Bay, Tex .• 
and riYers. 

~EC'flO!'<i X. 

California, including the 
coast, bays, harbors, and 
rivl•J-s. 

No. I 

1 towards Vermilion Day, La. (See altm 8rdfou 
Vlll.) 

Triangulation ...... R. E. Halter, assistant . __ .... _ .... , Triangulation of Laguna Madre, Tcx.
1 

continw:tl 

:Magnetic o1l!Jerva- 1
, J.B. Baylor, aid .. _ ... 

tions. 

Magnetic oUscr\"'a
tions. 

I 

liyd1·ogrn1lh~- ..•. ' Lieut. Oommander G. \V. Coffi.u, 
'C". S. N., assistant; Lieuts. W. 
W. Gilpatrick, F. J. Drake, C. 
W. Jarboe, and W. H. Drigj?s, 
U. S. N.; :M: .... ter R. Mitchel~ 
U.S. N. 

southward of Baffin's Bay. 
' Magnetic declination, dip, and intet1Mity <fott.·1·

mi11ed atDollar Point1 San Anti011io1 Hemp~te:ul, 

and Groesbeck, Tex. (See allw Section II.) 

Magnetic €.foments determine<.1 at Vinita, Intl. 
T. (See also Sections II, III, XUI. XIY. 
and XV.) 

i Hydrographic suryey of the har aml of parts of 
' the h.arbo1· of San Diego, Cal. (See al~o Set· 

tionXI.) 

Ttiangula.tion ..... \ D.B. Wainwright1 aid·····---··· '. Triangulatiuu fo1· determining the position of 

S.an Clemente, and of Santa Barbara IKhm~l, 
off t.he coast of California. 

3 Hydt·ography. Lieut. E. H. C. Leutze, t:. S. N., i Hydrography of the Santa Barbara Cbam1Pl. 

1:1.tiSitdant; Lieute. E. K. Moore ; from Point Dume westward to Sant.a Ctnz 
and E. S. Prime, U.S. N.; Mas. ( blaml Cal. 

t<lrs J. H. Bull and R. H. Galt, ! 
U.S.N. 

Stehma.n Fornf:'y, assistant ....... I Plane~table survey conthmed 011 Ca.taliua l&aml. 
i Cal . 

5 Hydrograpby ..... , Llent. Commander G. W. Coffin, I Hydrography o~ approaches to the westetn part 
U. S. N., IM!sistant; Lieuts. W. ! of Catalina Island. (See also Section XI.) 
W. Gilpatrick, F. J. Drake, C. i 
W. Jarboe, and W, H. Driggs, 
U. S. N.; Master R. Mitchell, 
U.S. N. 

6 Top<>gr&phy ...... i .A.. W. Cha.ot;, a80istant.. .... 

Hydrography..... Lieut. l<'rank Courtis, U.S. N., .,.. 
siatant ; Lieuts. E. H. C. Leutze 
lllld E. K. Moore, U.S. N.; Mas
ten J. H. 'Bull and R. H. Galt, 
U.S.N. 

Topographical survey of the co""t in the vicinity · 
of Point Arguello, Cal. 

Hydrography of the Santa Barbara Channel be
tw~eu Santa Rosa IK.lBDd and Point Concepcion, 
Cal. 
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Sm"J'IOX X-Continued. No Trian~11Ila.tion anrl W. E. Greenwell, assistant ........ : Detailed survey of the coast of California from 

SECTION XL 

Oregon a11d Washington No. 
Terri Wry, i:nclm.lh1g cou1t, 
interior ba;vs. ports, .and 
rivers. 

topography. YnPr. River noTthwartl towards Point SFJ.1. 
Topopaphy . • . . . . A. F. Rodgers, assist<>nt ; D. B. : Topowaphy of the coast of California north and 

Wainwright. aid (part of season)., south of Point Sur. 

10 Tide•-··········-· E. Gray .•...•..••.•...•.......... , Tidal observations. with self-registering !,'llUge, 
continned at Saucelito. inside of San Francisco 
Bay, Cal. 

11 Trianb>i.1lation..... George Davidson, assistant; B. : Supplementar.r obser"\"at.ions for completing the 
.A. Colonna: subassi.stant; J". F. measurement of horizontal angles at Mount 
rratt, aid. Helena and Monnt Diablo, Cal. ISee also S,,c. 

tion XI.) 
12 Iteconnaissa1we _ _ _ Cleveland Rockwell, assistant .. - . ' Examination for points of primary triangulation 

along the coast be.tween Point Arenas. Cal., 
and Cape Blmeo, Ore~. 

13 Astronomical ob- , B. A. Colonna, subassistant; J. F. ; Latitude and longitude determined at Summit, 
Hervations. Pratt, aid. 

Hydrography . . . . . Lieut. Commander G. W. Coffin, 
U. S. N., assistant; Lieuta. R. 
Clover, F. J. Drake, C. W. Jar
boe, and W. H. Driggs, U. S. N. ; 
llla.ster R. :Mitchell, U. 8. N. 

Nev., and observationR recorded of the tranBit 

of Mercury. 

Hydrography of the approaches to Columbia 
Rin~r, Oreir. ISee also Section X.) 

Topography and J. J'. Hilbert. assistant. ... ··-..... Detailed survey of the shores and soundings in 

hydrography. the Columbia River, Oreg., extended upwards 
from the vicinity of Mount Coffin to Kalsma. 

Reconnaissance _. Jam.ea S. Lawson, assit~tant -.... -

4 Rooonnaissanoe. . . George Davidson, assistant; B. A. 
Coloana, subassistant, J. F. 
Pratt, aid. 

5 Hydrography..... Lieut. Richard M. Cutts, U, S. N., 
assistant; Lients.A.B.Wycko:lf 
and U.R.Harris, U.S.N. 

Selection of points for primary trianl(lllation of 
the tltrait of Fuca and Washington Sound, 

I Wash. Ter. 
i Examination of sites for base lines in upper 

Willamette Valley. Oreg., and on Whidbey 
Island, Wash. Ter. 1See al.so Section X.) 

Hydrography of Admiralty Inlet, Wash. Ter. 

6 Triangulation and Eugene Ellicott-, subassistant ..••. : Triangulation and topography of the southern 
topography. end of Puget Sound from Commencement Bay 

to Bndd's Inlet, Wash. Ter. 
Triangulation and J, J. Gilbert, assistant ..•••.••••• ., Survey of the northern part, of Hood's Canal, 

topography. I Wash. Ter. 
8 Inspection........ A. F. Rodgers, assistant .••.••..... i Reconnaissance and inspection of plane-table 

operations on the shores of Columbia. River 
and iu Washinii:ton Territory. (Bee also Sec-· 
tionX.) 

Abska Territory .. ...... ' Ofliccwork ....... W.H.Dall; Marcus Baker .••..•.. : Compilation of the titles of charts, &c., illustra-

Kentucky a.tHl Tennessee.. No, I Astronomical ob- Georg~ W. Dea.n, assistant; Will-
oervations. iam Eimbeck, assistant; H.W. 

Blair, snl>assistant; F. H. Par-

i th·e of the coast features, and hydrography of 
' Alaska, and material descriptive of the re-

sources of the Territory. 
Latitude and longitudt' determination• at Mem· 

phis and Nashville, Tenn. ; at Cairo, ill.; at 
Hickman and Paducah,, Ky.' 11nd tele!(I'llphfo 

l!Ons; Prof. .A. H. Buchanan, ei<cha.nge of signals from N aahville for the 
part of season. 

1 
longitude of points in Section VIII. 

2 I Magneticobserva- Andrew Braid, snbasoistant .•.... , :Magneticdeclinat-ion, dip, and Intensity observed 

tions, 

, Geodetic... . ...• - , PTof, A.H. Buchanan •••••••••••. 

I 

~ ! Geodetic .••.••.•.• ' Prof. W. B. Page -•.•••••••••.•.•. 
l ' 

at, N a.abviU.e, Tenn. (S.Ai' also Sections II, III, 

i IX, XIV, and XV.) 

Latitude &lld azimuth deforminationo near Leb
anon1 Tenn., and signals erected for the trian~ 
gulation in that, vicinit.i-. (See also Section 
VITI.) 

Reconnaissance, and selection of at&tions for tri
a.ngulation in Kentucky, between Cumberland 
Gap and the Ohio River. 
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Ohio, Indiana, lllinob,Wit<- No. l: Geodeth' .......... Prof.R.8.De-v-ol .................. Heconnaiasance in Ohio for triangulation to 

nonsin, anrl Michigan. 

SECTIO~ XY. 

Missouri, Kausai:>, Iowa, 

Nebraska Minnesota, 
and Dakota.. 

No. 

determine geographical positionR hetween 

Athens aml Columbu•. 
2: Geocletic ...... . Prof. J. L Campbell. __ .... Reconnaissance in Indiana for triangulation 

north of J e.ffe1·sonville. I 

Reconnaissance. . . Q. A. Fairfield, assistant . . . . . . . Selection of stations for triangulation in Southern 
I Illinois (See also Seetion l.J 

Geodetic. . . . . . . . . . Prof. J. E. Davies . . . . . . . . . . . . 1 DeterminatioD of points Uy 1 riau,g:ulation nuar 
Madison, Wis. 

Magnetic observa- Andrew Braid, suba~si&tant 
tion.s. 

Magnetic declination, dip, and intensity obsen'"('od 
at Madison and La Cro&se1 Wis; (See also 
Section• II, III, IX, XIII, and XV.) 

Mague(ic observa

tions. 
Andrew Braid, subassfatant . - . . . . Haguetic elements determined a.t Minneapolis, 

ll1inn. ; Sibley, Des :Moines, Davenport, and 
Keokuk, Iowa; Omaha. Nebr.; and a.t Law
ren~e, Rans. (&e also Sections II, Ill, IX, 
Xlll, and XIV.) 



 

UNITED STATES COAST AND GEODETIC SURVEY. 73 

APPEXDIX No. 2. 

Statisti,cs of fieUl and office work of the United Stat.es Coast Survey to the close of the year 1877. 

Description. 
Total to De

cember 31, 
1876. 

1877. 
Total toDe

cember31, 
1877. 

------------------------ ·-----

REC(>NNAIS8ANCE • 

.Area in square statute miles--· ........•.•.••.........•....•..••.•••...•.•....................... _ ..... 1 202, 166 
Parties, number of, in year ....................................................................... _ ...... _ , ........•... 

BABE LINKS. 

Primar_y, number of .................................................................................... i 13 
Sabsidiarv, number of.................. . .. .. . . .. . ... . . .. .. . . ... . . . . ... . . .. . ... .... .. . . . .. . .. . . . 105 
Primary, length of1 in sta.f.ute miles . --- -· .................................................. __ .•. ..• . . 79 
Subsidiary and line measures, length of, in statnt-0 miles .................. _ ... _ .. _.......... 238i 

TRl.A.NGCLATIO!'f. 

Area. in square statute mile.a·--. --- ........................ - ... - ........... ··-- ...................... . 
Stations occupied for horizontal anglf's, numbf'r of ..............••..••...•...... _ ... ·---· .••..•....... 
Geographical positions determined. number of .... _ ....... _ ........................... . 
Stations occnpi~rl for vertk.al angles, num her of ....... _ . . . . . . ....... _ .. __ .. . 

98, 133 
8t559 

15, 797 
485 

Elevations detenninp,fl, number of...... . ---- ...... __ . 
Lines of spirit-levelling, length of ... _ ... _ ..... _. _ ........ - -- .... . 

1, 183 1 

633§ ' 
Parties (triangulation and levelling), number of, in year .. ___ .... . 

ASTRONOMICAL WORK. 

Azimuth stations, number of. ...... --- ......................... _. ---- -- ---- .... _ ....... -· ... __ . _ .. ·- __ 
Latitude stations, number of ............ ___ .......... ____ ---· ___ ...... -----·---- ..... _._ ...•... __ -----· 

135 
226 

Longitudestatfons (telegraphic), number of ....... ···--·-·-··········---··-----·······---·-········-·· 83 
Longitude statiuns (chronometric and lunar). number of ... _ ................. __ .. __ ....... --·........... 110 
Astronomical parties, number of, in year ..•....... ·- ........................................ ··-- ...................... ·: ................... ! 

MAGNRTIC WOHK. ; 

Stations occupied, number of ............•.......... _ .. --·-·· ..... -- ........ _ ... -- . _ ... ___ ............. i 385 
Permanent magnetic stations, number of, in year ....................................................... - -·i···· .... . 
Magnetic parties, number of, in ::year ............................... ------ ................... . 

TOPOHRAPHY. 

Area surveyed in square miles ............ __ . _ ................ ·-----. --- .............................. __ . 2£, 101 
Lengtb of ~eneral cos.st, in miles .......... _ ..... __ ............................ ___ .......... .. •. . .... . .. 5, 969 
Length of shore line, in miles (including rivers, creeks, and ponds) . ... . . . . . . . ...... ... . . . ..•. .. . . . . . 72, 562 
Length of roads in miles·-·.·-.·-· ........ ___ ........ ___ --· ...... ·---·- .... ____ ....... ___ .. _ ....... _. 38, 173 
Topographical parties, number of, in year ______ ...... --- ... _ ..... -----· --·· .. ··---. --· .•.. ··- ......... ., .... -- ..... --· 

RYDROGRAPHY. : I 

Parties, number of, in ye..ar ............ ------. ___ . ___ .................... ___ . __ ... _ ........... _ .......... !--· _ ....... __ . 1 

Number of miles rt1n while sounding.--· ...... _. . . . ..... _. _. ______ ......... __ . . . . .. . .. 300, 373 
Area BOunded, in square miles ... __ .. __ . ·-- ... _ _ ............ _..... ... . . . . . . . . . . . . .. 72, 756 
:Miles run, additional, of outside or deep-sea soundings .................. _ ....... _ .... _. _. _ ... _. 51, 9ti3 

Number of soundings . ---· ·-· ............•. ·----- .. _ .......... ------ ___ . ___ ..... __ . --·. __ ...... __ . __ 13, 995, 310 
Soundings In Gulf Stream for temperature ... __ •... _ ......... _ ..... _. _ .• _ .. _ ... _.. . . . . . . .. . . . . . . . . . . . . . 4, 072 

Tidal stations, permanent---·······--·······----······--------·-······-···-------··-···-·············· 213 
Tidal stations occupied temporarily ....•. -·-. --- ............ -· ...... -· ·--· .. _ ......••... _ ....•. _ ----... 1, 613 
Tidal parti611, nmnber of, in yoor ............................. ------- ... --· ____ ........ --·. __ .. ___ .•••.. ---· ... __ ...•.. 
CllITtlllt stations occupied ...•.... --· ..... --- .... _ ........... ·- ......... __ ..... ---- •..••.. _ .. ----·-.... 416 
Curreu.t parties, number of, in year ............. ----· ................................. ___ ................................. . 
Number of deep-sea sounding• in year .•.... ---- .•••••• - ..... ··--· .. ------- --- ..•... -·. --·-··. -- ................. _ .. . 
Speoinu>ns of bottom, number of .•• : .. -···-- ................ ---· -- .........•........ -.. _. .. • . .. . . . . ... 10, 500 

Kll:CORDB. 

Triangolatiou., origiDale, number of volumes ,, __________ ---- ---- ••. --· -----· ..•....... -· .. -- ...•. --- ---
.latronomical obaerv1>tiane, originals, number of volumes _ - - - . ·- _ ...•... _ ... _ .......•... _ ..• _ ......• _ ... 
:Magnetic obeervatiane,origlnals, nnmoor of volumes--·--·------ •.. --- .... -- ··-- .....•... -· ..... --- . -· 
D11plieatea l>f the o.bove, number of volume& ... ·---.---· .•...••. ------.--·.--· .................•. --- .. . 
Compw..tions, number of volumes ....•... - . -· -----. --· - .. ---------. ------ .• , ............ ·- _ ... - ..... . 
llydrographlca.J aoundinl{S &ud angles, originale, number of volumes .•.•••. --- ... ---- ··-- ..... _ .. --· .. . 
Rydrogl'l>phicaJ aoundings and a.nglee, duplicates, number of volumes .. - . . . . . . - ...................... . 
Tidal t.n.d elll'1'8ut obeerv&tioue, ~Is, n11mber of volumes ... --·.---------··.---- .. -·---- .. __ ..•• - .. 
Tidal 1>11<1 elll'1'8Dt obaervatl!t!U, dupl.i09.t.es, number of volume• .• - ..•..•••. -_ •.•.. -- ..•...... -

S.Ex.13-10 

2, 186 
1, 221 

363 
2, 324 
2, 489 
7, 228 

839 
3, 011 
1, 965 

i 

i 
i 

11, 159 213, 325 
4 

13. 
107 
79 

243' 

8, 392 106, 525 
301 8,860 
739 16, 536 

2'l ! 507 

110 1,293 

'3i 677 
29 

137 
11 237 

92 
110 

.............. 

394 
. -· --~- ...... 
. ··- ........... 

218 26, 319 
27 5,996 

1, 032 73, 594 
258 38, 431 
18 ·········-·· 

18 
12, 094 312,467 
1, 810 74,566 
6, 467 58,430 

578, 873 14, 574, 183 
0 4,072 

l~ 225 

43 1,656 
31 .............. 
52 468 
2 ·------····· 

1, 038 .............. 
189 10, 689 

135 2,321 
36 1,257 
13 376 

111 2,435 
103 2,592 
283 7,511 
126 965 
80 3,091 
86 2, 031 
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Description. 

I 
Total t.o D&o j 

oember31, 1877. 
1876. i 

!\&CORDS-Continued. 

Sh~ts from self-registering tide-gaug.,~. number of ............................................... ·····-·1 
Tidal reductions, nun1ber of volumes ..... - ....... . •..•. ·····~ ................................ - ....... . 
TQtu.J number of volun1e.s of re-Lor<b ....................................................... ---- .•.••••.•• 

MAP8 AND CHARTS. 

~~~1~::~~:,:1 c::;:;~~.0:,'f;:::.::. :·: -::·. :·· ::: ::·.: ::::·.::: ::·: ... :·:.::: :::::::::::: :: :::·: ::: : ::: : :: ·I 
Reductions from original ebeeta ..................... - ..... - -· ··-- .. --· ... - --· ............................... I 
~otal number of mannscri~t ~aps and c~arts, to and including 1876- ....................................... · l 
Number of sketches made m field and office ....................... ---·--· ....... b .......... ··-· ••••••••• ••• 1 

ENGRAVING AND PRINTING. 

Engraved platf>s of finiAhed charts, nuruher of. ............. - ............... - ................................... . 
En~ravj!d platt:.•s of preliminary charts, .sketi:hes, and diagra.ms for the CoastSurvQ)' Reports, number .of. I 
Electrot,\"}>e plates ma(lt\.... . ............ · ........ --- ............... ----· - .... ··- ......................... I 
Finished charts puhliRhP.d . . . . ..........................•..•..........•..... _ ....................... . 
Preliminary chart~ antl h;v-rlrog-ra.pblcal skP-trhes pqblished ............... --· .......................... . 
Printt·d shed.Ro of n1aps and charts distrilmtej .......... _ ......... - ................................. . 
Printed she.-tR: or tHRllS and charts <lepositeil witb sale a,i::rents .... , ..................................... . 

LIBRARY. 

Number of volumes ............. ·····-·· ······ ··•··· ·••·· ··· ·••·· · ········ ·····-···················I 

2,460 
1,643 

23,26!1 

l,ll3() 
1,427 

791 
2, 552 
2,948 

213 
568 

1,216 
198 
49' 

364,698 
132, 606 

6,219 

l.NBTB.UMR~'IS. I 
Coot of............................................... . ...•.........................•...•.... $117, 497 16 

I 

92 
4B 

993 

13 
45 
2S 
2S 
49 

6 

' '13 
25 
6 

20, 578 
5, 694 

186 

$4, 197 19 

Total to De
cember31, 
1877. 

2,552 
1,683 

U,262 

l, 543 
l,'72 

814 
2, 575 
2, 997 

219 
572 

1,289 
223 
500 

985, 276 
ias, aoo 

6, ot05 

$121, 1194 35 
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AP PEN DIX No. 3. 

Information furnished from the Coast and Geodetic Surt'ey Office, by tracings from original sheets, &c., 
in reply to special calls, for the fiscal year ending with June, 1871'. 

Date. Name. Data furnished. ________ ,, __ 

1877. 

July 25 United States Light-House Board ...... _ ........... .. Chart of upper part of Tampa B,y, FlR., S<'Ale 1-40,000, prepared from 

photographic reductions of the ori1dn11l hydro~phic sheets. 

Aug. 2 John L. Edwards, eaq., Jacksonville, Fla................. Approximttte distances on the Saint.John's RiYer fl'om Railroad Wharf, 

Sept. 

Oct. 

,Jacksonville, to Enterprisf';, on Lake Munroe. 

6 Charles Crook, civil engineer ... .. .. . .• . . . .•• . . .•• . .. .. .. Shore line survey of 1835: reduced t.o 1-40,000 Reale, of the south side of 
Lon)! Island, from Hockawa~· Beach w Cone~- Island. 

8 George R. Howell, esq .. • •. •• •• •. . . . . .. .•• . . . .. .. .. .. .. . . Geographical positiow of triangulation points in South and East 
Hampton, Long Island. 

20 Elisha R. Pott.Ir, eoq., Rhode Island ...................... Topographical survey, vicinity of Point Judith, from Tower Ilill to 
Green Hill Pond, Rhode Island. 

24 George W • .Atherton, esq., N- llrnnswick, N. ,J ........ Topographical survey of Squan Inlet, N. J"., survey of 1868. 
4 T. T. Price, esq., Tuckerton, N. J ________________________ 

1 

Length of sea-ccm.st of New Jerse;\' from Cape May light-house to 

Sandy Hook Spit. 

7 O. H. Kelley, sooreta.ry National Grange of the Patrone 1 Hydrographic survey of Saint U-€orge's Sound and approaches. from 

of Husbandry. I East PIU!s t-0 Do)! Island Bar. 
18 S. T. Abert, United States civil engineer ................. Hyd1ographic sun•er of Perqnimons River, Albemarle Sound, N. C. 

Elisha R. Potter, eaq. 1 Kin~ton, R. I ................. ---1 Topo:zra_phical survey of the interior of Rhode Island, from Boston 

Neck to Shunnock Hill, surve)' of 1839. 
27 

15 M. Robertoon, esq., of Maryland Steamboat Company.... Hydrographic survey of Secr"tary Creek, Choptanlr River, Md. 
18 F. Richardson, esq ............•... -- ......................... Topographical snrveyoftheenvirons of Norfolk t"..&stward to Lawson's 

18 Woolman & Rose, Camden, N . .r .. _ ...................... . 
Lake and Kempsville, Princess Anne Count~·. Ya. 

Positions of lif~-RavingRt&tionR, coa~t. of Ne-.w ~eIBey, from Sandy Hook 

to Cape May; also proofs of unfinish~d charts Nos. 21 :and 22, 1-80,000, 

with curves of depths of inside waters added by hand. 

20 D. ::M.. Carter, esq.~ of North Carolin.a .............•.••..•. Hydrographic reconnaissance of upper part of Alligator River, N. C., 

and proof of General Coast.Chart Y, with curves of depths of inside 
•mmding• added. 

22 Nichols & Richardo, la.w firm, New York .....•..•........ Topogr phical survey of Cone~· Island, made in 183!i, and copy of same 
published in 1778, by Des Barre•. 

25 Hon. C. E. Hooker. of Misaisaippi. ..... :........ .......... .... Hydrogrnpbic survey, appToaches and entrance tA..l Pearl River, La. 
and Miss. 

25 Lieut. Charles Bird, &eting "88istant quartermaster, U. Hydrographic surve~-, part of Buttermilk Channel, New York Harhor. 

S. A., Fort Columbus, New York Harbor. 
Nov. Maj- Gen. John Newton, CorpsofEngineeTO .............. &suits of •ix current stations in Kill '\'en Kull and lower part of 

Dee. 

Newark .Bay, made in August and s~ptember, 1856, accompa.nied by 
graphic illustrations. 

2 Harbor Commillllion of llf8.811&6hn8"tts . . .. . . . . . . • . • . . . • . . . Hydro graphic tmd topographic survey of Wild Harbor, Buzzard Bay. 
ll John J, Evans, esq., Washington City................ . . . . Copy of hydrographic surver• north coast of Cuba, El Moro to Playa 

de M.aria-nao, a.nd acrosa the Yucatan Channel, 1867 and 1872. 
12 W . .T. Lewie, eaq ..••.••..•••.••.••••••.•••.••.••.•• , • . •. Topo~phic a.nd hydrographic survey of Duck Ieland Harbor, Long 

Island Sound. 
21 G. R. Talcott, esq., .T&m.811 River improvement force .•..•. Shore line 11nd triangulation points of the .Tames River from Deep 

Water light to Jamestown Island. Shore line and triangulation 
points of the James River from Westover to beyon<l HaITison's 

Bar. Shore lin• and triangulation points of tho James River from 
City Point w m,yond Bermuda Hundred. Shore line and triangula
tion points of the James River from Aikin t-0 Cox's Landing, includ

ing Dutch Gap Canal. 
28 Hon. E. Pilsbory, ma.yo~ of New Orleaua .••••••.•••••.••. 

1

1 Shore line and hydrography of Missi88ippi River, cit.y front of New 
, Orleane. 

13 W.W. Dflwhnrat, eoq., .Ta.cluionville, Fla .••.•..••.•. •••· j Bydrographio survey of part of the Saint .John'• River, from .Tackoon· 
ville to Cro88'8 Landing. 
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~l~~~~~~~~~~N~a_m_e_·~~· 
1877. I : 

Da.ta furniRhed. 

Dec. l7 W.W. Dewhurst, esq., .T""kson.,-ille, Fla .............. ···1· Additional hydrography of the Saint John's River, from Cro•s's Ledge 
I to Sadler'• Point. 

2s ) Harbor Board of Baltimore, Md ........................ ) Hydrographic survey of Baltimore Harbor and part of Patapsco River, 

1878. I i including Ridgt>-le:y 1s Cove, from survey made i11 1845. . 
.Tan. 7 Maine Historical Society .....•............. - .....•. -· ... · i Topogra.phic survex vf;ipproaches to Saco River. Me. 

10 1 Dr. Y. F. Bonzano, director of mint, New Orleans ..••..... , Unfinishl:'d proof of coast chart No. 95, :MiRsissippi Rh·Rr, La., from 
" Grand Prairfo to Xew OrlP.ans, wit.h titl~ Rnrl acales add~d by hand. 

21 Horatio Seymour1 jr., State surveyor and engineer. New :1 H;rdrogrn phit· survey of north em shore of Long lAland Sound between 

York. , Delancey Point and Ryo Nc~k, 1837. 
29 Donald G. Mitchell, esq ..............•...•...•........... ·r Topob'l"aphic map of "'Edg-ewootl,'' New Havtm, Conn., from the snr-

: rn.r v,1· tue Uujted StBtes Coast Sur>•ey, 1876. · 

Feb. Williaru Cnrlett, tisq., secretary Ocean Tow-Boat Com- i HydroA:raphic survey of Cubits Creva.sse, Mississippi River, La.. 
rmny, New Qrlt>;ans. 

8 J. S. Purviance, ez;iq., Live Oak, F1a .•........... 
H. H. Scofield, ch'"il engine-er . 

14 W. C. Cranmeri civil engineer ........••............. 

16 Maj. Gen. A . .A.. Humpbreys1 Chief of EngineflrR ..... . 

25 Lie1't. J. H. Willa.rd, Corps of Engineers ...... . 

Hydro,!?rai)hic Burve.r of a1}proaches to the Suwannee B.iver1 Fla. 
Tra(':in~ f-rom topographical survey of Ilridgepurt, Conn., showing 

location of tTiau~ulation points. 

Location of triangulation stations along the Schuylkill River, with li•t 
of theh ~~ograpbical positions. 

H~·drogl'apbfo survey of Rockaway Inlet and part of J'amaica Day1 

N.Y . 
. I Skt'ltch showing location of title-gaugt-s au~l limits Wh~rein each wa.s 
' used for the 1 eduction of tb.e soundings between H Cids-0n City aIJd 

Troy, N. Y. 
Zi ·, Lieut. G. Y. Wheeler, Corp~ of Engineers ...... - ....... - .. ·, Sk~tches aml r{'sults of tl1e dett>rmi1ultion of Verdi station, Ney. 

Mar. .John Penn Curry, New Ybrk .... -·.. .. : Cornputat,ion of acre n,rea of 8tatPI1 Island, N. Y. 

A.pr. 

May 

J1~ne 

6 Ullited StatesLight-HtluBe .Boan:l. -··. -- ..•.•..• ·•· - ... - · ·; HydTo_gT;.1pl1ic MUrve.v of the Tbanws Rivel.', Conn.i from Norwich to 

Wintl1ru-1»s Poiu.t,, <::oml)ilt>d to the scalP of 1-10,000. 
9 John Winthrop Ranis1 eaq., Dorchb8ter1 Mass. TormgrHpblc survf"y of thP- we.stem ~ide of CarnpobeUo Island, New 

Rrunswic1c 
9 Hon. Ja.n:ies B. Eustis, Senat.or from LouiRiana - ....... --- i Lntinisht->d proofs of Coa~t Chart No. 9], Lakes Dorgne autl Pontcbar· 

ttain. with t.it h>, scales, and notes added. 
12 C. M. Sot-ia, esq ..•......•.•...................... ; Uufini~lil>tl )Jroofof Coast Chart Nu. 91, Lakes isorgne B.bd Pontcbar-

train, with titlP, scalt>s, and note1; :ulfled. 
18 Maj. Gen. John NewtuTI, Gorps of Engineers ..•. ·~ ...... · Co111piled skf>tch shn-win,l!,' chattJ!N~ in the shore line of Rookawaylnlet, 

20 VV. C. Cra.nm~r, r...ivil engineer, PhilRd.elphia., Pa . 

28 S. T. Abert1 United States civil engineer ...... . 

'1:l Ma,j. J. W. Barlow, Corps of Engineers ............... . 

28 Henry Nut.t., esq., Wilmington, N. C ............... . 

Long Island, from the surveys ma.<k in 1835, 184 l~ 1856, and )877, 

l Hydro~raphk and topographic survey of the Schuylkill Riv-er from 
, South street brhll{e to the Delaware. 
l HydrogntJ>hic survPj'~ of North Landing Rivf"rto Coaiajoek Ba.y

1 
N. C., 

made in 1877: Nortl1 Riv-er, N. C., a~ far aR surveyed, made in 1850; 

and Seuppcrmm;r Rh:·er to town of Columbia, N. C., made iu 184-9. 

Hydrographk survey of tl1e Thames Rivel\ Conn., from Norwich t.o 
\Vlnthro1•'• Point, compiled to the scale or 1-10,000. 

Cnfinished proofM of fi-P-neral Coast Chat·t No. VT . .wal~ .l-400,000, from 

CaJlA Hatteras to Cape Rflma.in, and Coast Cha:rt No. 37, Ca.pe Henry 
to Cnrritnck Beach li~ht-housc. 

3 C. A. Locke, engineer Sta.te geological surve.y of ; Colorf',d pro,l!.reAa sketdi, Rea-coast uf G-oorgia from Sav.a1ma.b .River to 
Georlda. Saiut MarJ'• Hive1·, scale 1-200, 000. 

17 .r. B. Ead•, chief engineer of South Pa*" jetty Hydro:<taJ>hic survey of 1875 of the South Paso, from the Throat of 
provement. the Pass to East Point. 

3 C. A. Thomp80ll. esq., Santa Barbara., Co.l . . . . Unfinished proof of Santi. Barbara Channel, with title, noteo, ..,., 

9 Capt. C. A. Abbey, United StaW. Rov.-nue S.,rvice. 
added b~- hand, 

Unlloid1e<l proof• of Pampli•a• Sound, N. C., upon scales ofl-411111,000 and 
l-<I0,000, l1rou!(ltt up to datt• by hand. 

18 Prof. G. H. Cook, State geologist of New JerM>y ... ... . . Topogmpl1ic sttrvey of the shores of the Hudson Rh-erfi,om oppo11ite 
Hoboken t<J Hasting•, on the seale of 1-10, ooo. 

23 Hon. J. H. Pugh, M. C., from New J..-aey ......•........ ·'. Charts of the co"8t of :Sew Jersey showiug positWM of life-saving 
\ stations. 

8 Bieh&rd M. Pancoast, C.E., Camden, N.J ... ·: Comp"ratlve map of the coMt of New Jersey, •icinity of Absecon 

I and Dry Inlet.., from the snrveys of 1841 a.nd 1869. 
~~~--~~~~~--·~~~~~~~~~~~~~~~~· 
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APPENDIX No. 4. 
DRAWING DIVISION. 

Charts completed or in progress during the fiscal year ending ·with .Tune, 1878. 

I, Hydmgraphy. 2. Topogr.,,phy. a. Drawing for photographic reduction. 4. Details upon photographed and pantoin-apbed outlines. 
5. Inking and lettering sheets. 6. Verification. 

Titles uf charts. Scale. I Draughtsmen. Ilemarks. 

--·------ -----i -----------·-----------
Sailing chart A, Cape Sable to Cape Hattcm•, N. C ..... . 
General co~L chart, No. III, Gay Head to Cape Henlopen, 

Del. 
General ooast chart No. V, Cape Henry l-0 Cape L-Ook- , 

out, N. C. 

General coaat chart No. VI, Cape Hatteras to Ca1>e Ro-

main, S. C. 
Coast chart No. 4, Penobscot llay, life ..•......•.....••. 

Coast chart No.10,Cape Cod Bay, Mass .. _ ............. -. 
Coast chart No. 11, Monomoy aud Nantucket Shoals to 

Yuekeget Cba.nnel, Mass. 
Coast chart No, H, Point J'udith and Block Island to 

Plum Island, R. I. 
Coast chart No.15, Plnm Island to Welch's Point, Conn. 

and N. Y. 

Coast chart No. 16, Welch 1s Point to New York, Conn. 
and X. Y. 

Coast chart No. 20, New York Bay and H"rhor, N. Y .. - •. 
Coast chart N(). 22~ Barne.:at Ba.Y t-o Absljcon ligb.t. N. J -

Coast chart No. 23, Absecon to Cape May, N. J ....... 
Coast chart No. 38, Currituck Beach light-house to 

Bodie's lshond light-house, N. C. 
Coast chart N<>. 40, .Albemarle Sound, Atlantic Ocean, to i 

the Pasquotank Riv.er, N. C. 
Coast chart No. 42, Pamplico Sound, Roanoke Island t.o : 

Hatterns Inlet, N. C. 
Coaat chart No. 43, Pamplico Sonnd, Ocmcoke Inlet to 

mouth Pamplico River, N. C. 1 
Co!lllt chart Nu. 44, Pamplico and Neuse Rivers, N. C .... ,: 

Coast chart No. M, Long Island to Hunting Island, S. C . · 1 

Coast chart No. 58, Cumherla.nd Sound, Saint J'ohn's Riv
er, Fla. 

Coast chart No. 59, Atlantic coast of Florida, Saint Au
gustine to Halifax River, Fla. 

COMt ch&rt No. 70, Key West, Marquesas Keys, &c., '. 
Fla. I 

I 

CoW1t chart No. 77, Tampa Bay and coast north and i 
aouth, Fla. : 

C0&8t chart No. 81,ApalacheeBay, Saint Uark's, &c.,Fla. t 
Coaat chartNfl. 82, Saint Mark'• to Sa.int George's Island, [ 

Fla. I 
Coaat cha.rt N (). 83, .A.pala.chicola Bay to Cape San Blas, : 

Fla. I 
Coaat chart No. 88, Chootawhatchee Inlet to Pensacola : 

entrance, Fla. I 
IBie au Ha11t and Eggemoggin Reach, lle ...... -- . · . - . - • -

1 
I 

Belfast Ba.yaud PenoblNlOt River, }{e_ ·---· -·--·- - -··.--·I 
Bheepeoot and Kennebec RITilra, Me __ ,. ____ ----- .. ·-····i' 
K,;atle River, Fillher'e Ialaud Sonnd, N. y _. - - . -- .. --. ---

1-1, 200, 000 i 2. A. Lindenkohl ... _ ... _ ..... . 
1-400, 000 I 1. A. Lindenkohl. 1. H. Lindenkohl ... _. 

i 
I 

1-400, 000 1. A. Lind<mkohl. 1 and 2. H. Lindenkohl.; 

1-400,000 2. A. Lin1lenkobl _________ .. _____ __ 

Additions. 
Do. 

Do. 

Do. 

1-80. 000 L. Karcher( general lettering). LC. J unken Continued. 
1-80, 000 1. C. J'unken. _ ... _ - .. - .. __ .. _ ...... _ ... --. Additions. 

1-80, 000 

1-80, 000 

1-80, 000 

6. c .. Junken .. _ .. ____ ....... --·--- .. ·-·--· 

3. C. Junken 

6. A. Lindenkohl. 6. H. Lindenkobl. 1. 
2, and 3. C. J'unken. 

Do. 

Do. 

Do. 

1-80, 000 6. A. Lindenkohl. 6. H. Lindenkohl. Do. 
and 3. C. J unken. 

1-BO, 000 1. A. Lindenkobl ...• __ .... llo. 

1-80, 000 1. C. J'uukeu Continued. 
1-80,000 1and2. C.Junken ___ .......... -- .. -..... Do. 

1-80, 000 1. A. I.indenkobl llo. 

1-llO, 000 1. .A. Lindenkobl 

l-80, 000 1. H.Lindenkohl .. ,_ ... __________ .. _ .. __ _ 

1-80, 000 1. H. Lindenkobl. 1. .A. Lindenkohl 

1-80,000 1. .A. Lindeukobl ..... _, __ .... _ ..... - ... -. 

1-80, 000 1. .A. Lindenkobl. 1. H. LindenhohL 1. 

C.Junken. 

l-80,000 2. H.Lindenkohl ............... - ... - .. 

Do. 

Do. 

.Additions. 

l>o. 
Do. 

Do. 

1-80, 000 land 2. A. Lindenkohl. land 2. H. Lin- Commenced. 

denkobl. 
1-80,000 1. C.J'unken ..... - ... Additions. 

1-80, 000 1 and 2. A- Lmdenkohl. 2. H. Lindenkohl. Completed. 

• 
1-80,000 2. P.Ericbsen. 1. C.Junken ....... _ .. ,_. Do. 

1-80,000 1. C.Jnnken .... ---·- .. -- .. -·-· Do. 

1-80, 000 2. JL Lindenkohl . - _ ... _ .. . .. . .. .. .. . .. Do. 

1-80,000 L A_Lindenkobl .. _ .. _____ ... -- .. - ... -·, Do. 

1-40, 000 1 . .A. Lindenkohl 1. H. J,indenkohl. 1. Continued. 

L.Kareher. 

1-40, 000 6- P.Erichoen ·-----·-- ..... --- .. ----·-·-··-Additions. 

1-40, 000 3. C. Jnnkeu. ··- ·--- ·--· ·--·-· -·-· .. ·-··-·; 
1-4-0,000 1. L.Ka.roher._ ... __________ ........... _ •. i 

Do· 
])o, 
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APPENDIX No. 4-Continued. 

Remarks. Titles of charts. Scale. Draui?htsmen. I 
------------------- ----------·--------- --------
Delaware River, Fiaher'o Point to Cooper'• Point ...... --: 1-10, 000 1 a.nd 2. L. Karcher .............••••..•. 1

1 

Photcilithograph; 

Delaware River, Cooper's Point to Kaighn'• Point ....... : 1-10, 000 ' 1 and 2. L. Karcher..... ... . .. . ... . .... .. tio:. 
Patuxent River, lower sheet, Md __ 
Potomac, River No. 2, Pin~y Point to Lower Cedar Point. :1 

P-0tomac River No. 3, Lower Ce<lar Point to Indian Head.! 
James River No. l, Thiml.Jlc light to Deep Water light ... , 
James .River No. 2, Point of SltoalM light to Sloop Point . 

James River No. 3, Sloop Point to City Point _ 
Do ................................................... r 

Core Sound,N. C ...•••..............•.....•..•.•.....•.• · 

Beaufhrt Hll.rbor, N. C ......................... ····-···-··i 
8avanna.h Rivp,r, Ga·-··-------------- ................•. : 
Saint John's River. Fla ................................ . 

Tortu gas Ilarbo1·, Fla . . . . . . . • . . . . . ................... - . : 

Snbrdrntch for- Tortuga.s Harbor and approa.f:hes 

Tampa Ba,v1 Fla---·----- __ .------ ____ --------· 

'MISSISSIPI'[ mni:u.. 
(Phowlitboirrapbs in thirteen sheets.) 

She.e-t No. 1, Fort Jackson t-0 Point Plea.sant1 including ,1 

Quarantine and Buras Sottlf",ment. 
Sheet No. 2, Point Pleasant to Little Te:xa.s, Grand Prai-

rie, and Gu~Tot Scttl-ement. 
1 

Sheet No. 3, Huling tract to Point Celeste, including : 
-Pointe .R. la. Bache, Barthelmy. ancl Union Settlement. : 

Sheet. No. 4, Point Cele~te to Beau Sejour, including i 

Po-verty Point. 
Sheet No. 5, Beau Sejour to Stella Plantation, including 
Jesuits~ Bend. 

Sheet No. 6, St~lla Plantation to Powder House, includ- , 
ing English Turn. 

Shoot No. 7, Powder House to New Odeana .. -~ .... 
Sh~et No. B, New Orleans to Soniat Plantation, inoluu- i 

ing Carrollton1 Jeft'erson, and K-ennerville. 
Sheet No. 9, Soniat Plantation tJ> Myrtie Land Planta

tion. Saint Charles Railroad :ltation. and Hahnville. 

Sheet No. 10, lllyrtlo Land Pla11tation to Reserve Planta
tio-n~ including BrJnuet Carre Point., a.ml Bonnet Carr~. i 

Sheet No. U, Bonnet Can-6 to Grandview Reach, includ- I 
inu Bell Point and Willow llentl. : 

She:t N ~- 12, Chapman J>lantation to Brilliant Point, in- ~ 
eluding Colle~e Point. 

Sheet No. 13, Saint Jam es e .. tate to Point Houma!!, includ- [ 
ing Brilliant Point and White Hall. , 

Monterey Bay, Cal. . i --··-······················-··-·· ···1 

Santa Barbara, Cal ..•..•..••............. ·-··· ......•. ··: { 

A11choragc southeaet en<l San Clemente Island. 

San Luis Obispo Ba)', Cal ...................... ······-·I 
City of 8lln Francioco. . . . . . . . . . . . . . . . . . . . . . . . • . . . · 

San Francisco entrance, C1>l 

Santa Barbara Channd No.2, San Pedro Harbor to Point i 
Concepcion. i 

Point Pinosto Bode11;11 Head ... ·-- .......... . 
Columbi~ Rh·er entl".-1.nc-e - - . • ......... ·. · ·. · · · · -·- · ·j 
Columbia River No. 3, Tcnasillihce Island to Grim'• Isl· '! 

and, Oreg. 
ColumbiaBivex No. 4, Grim"s Island to Talamll, Oreg ... ) 

1-60, 000 ! 2. H. Lindenkohl ··-· ............ , ...... i Additiou. 

~~~:: :: ~:~:::: ::: :::::::::::.:::·:::::::::! ~:: 
1-40,000 1. C.JUllken. 2. A. Lindenkohl. ...•...•. j Completed. 
1-511, 000 1 and 2. H. Lindenk<>hl. 1. C. Junken .... i Photollttwgraph; 

II pleted. 
l-40,000 land2. A.Lindenkohl. 1. C. Junken ... ,Completed. 

1-511, 000 1 and 2. H. Lindenkohl .....••..•... ----·I Photolitbograph; 

I vleted. 

1-40,000 r I. H.Lindenkohl ..•••.••. ··············1 Additions. 
1-411, 000 · I. H. Lindenlrnhl . ... ...•. . .... --· Do. 

1-40,000: lantl2. C.Junken ·········-· ·-· .... .. Do. 
1-80, 000 I. L. Karcher. 1 uud 2. E. Hergesheimor Pliotolithograph; 

pleted. 
1-40, 000 

1 
1 am1 2. A. Lindenkohl. 1 a.nd 2. H. Lin- Completed. 

denkohl. 
1-10, 000 1. A. Lindenkohl .••••.. .•.. •. . . .. . ... . ... Do. 
1-40,000: 4. L. Kiuchcr ............................. Additiono. 

1-20, 000 1 and 2. H. Lindenkahl. 2. E. J. Sommer 

1-20, 000 1 and 2. Il. Lindenkohl. 2. E. J. Sommer. 

1-20, 000 1 and 2. H. Lindenkohl. 2. E. J. Sommer. 

1-"0, 000 1 and 2. H. Lindenkohl. 2. E. J. Sommer. 

1-20, 000 1 and 2. Il. Lindenkohl. 2. E. J. Sommer. 

1-20, 000 1 and 2. H. Lindenkohl. 2. E.J. Sommer. 

1-20,000 1 and 2. H. Lindenkohl. 2. E. J. Sommer 
1-20, 000 : 1 aml 2. H. Lindenkohl. 2. E. J. Sommer. 

1-20, 000 1 and 2. 1L Lindenkohl. 2. ·E. J. Sommer. 

1-20, 000 ! 1 and 2. H. Lindenkohl. 2. E. J. Sommer. 

1-20, 000 1 and 2. H. Lindenkohl. 2. E. J. Sommer. 

1-20, 000 1 uud 2. H. Lindonkohl. 2. E.J. Sommer. 

1-20, 000 ' 2. H. Lindenkohl. 2. E.J. Sommer ....... 

1-40, 000 2. A. Lindenkohl. 2. L. Karcher ......•.. 
1-10, 000 ! 
1

_
20

, 
000 

: } I and 2. H. Lindenkohl 

1-20, 000 1 anti 2. H. Limlenkohl ..•• , . . . . . . •..... 
1-4-0, 000 : 2. E. Hergesh.eimer . _..... . . _ ..• 

1-10, 000 · 2. C. A. Menth (ELdding proposed water 

front by United Staws commission). 

Completed. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

·no. 

Do. 

Do. 

Do. 

Additions. 

f Photolithograph ; 
l pleted. 

Do. 
C-Ommenood. 
Completed. 

1-50, 000 2. A. Lindenkolil. .... .• .•• .•. .•• Additions. 

1-200, 000 . 2. A. Lindcnkohl .....•....•.............. Contin.ued. 

1-200, 000 , 2. H. Lind•nkobl . . . • . • . .. . . . . . . . . • • . . . . . Do. 
1-40, 000 L. Kn.rchPr (compa.Tative charte) .... .. • • . Ccmmtmoed. 
1-40, 000 , 2. A. Lindenkohl. 1 and 2. H. LindenkohJ_ Completed. 

1-40, 000 \ 2. A. Lindenkohl. 2. Il. Llndenkohl 
Com.mimood. 

Do. 

addi-

com-

com· 

t.'Om-

com-
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APPENDIX No. 4-Continued. 

Titles of chart.. Sc&le. Draught.amen. Remarks. 

Puget Sound, Waeh. Ter ·····--·-··--·-··-·-···---
Commencement Bay, Puget Sound. ·········-··--····---! 

1-200, 000 1 and 2 . .A.. Lindenkohl ..... 

1-20, 000 A. Lindenkohl. H. Lindenkohl. 
.AdditionR. 
Photolithograph: oom-

menood. 
Northwest coa.st, Cape Flattery to Dixon Entrance...... 1-1, 200, 000 ! 1 and 2. A. Liudenkohl . . . . . . . . . . Additions. 
Northwest ooa.st, Dixon Entrance to Cape Saint Elias ... : 1-1, 200, OOU , I aml 2. A. Lindenkohl . _ ... _ ...... _.. Ilo. 
Map of Alaska and adjoining territory .. _. ____ . _. ______ ·--- _. __ ... _ .: 2 . .A. LindenkohL 2. H. Limlenlrnhl.. ___ . Photolithograph; com-

plef.Atl. 

Carrent cha.rt Gulf of Maine ......................... _ .. 1-1, 200, 000 1. JI. LindonkohL 1. L. Karcher . . .. ... . Completed. 
Topographic sheet, Rockaway Inlet, &c ... -- - .•.. - . . .•.. , 1-5,000 5. C.A.Meutb ......................... . 

Topognphic sheet, coast of New Hampshire ..... - ... _ .. : 1-10,000 5. C . .A.Meuth ........................ ·-· 
Topogmphic sheet, Port- Jefferson .... 1-10,000 5. C . .A.Menth ........................... . 

Topoµaphlc shoot, Union River Bay, Me ................ : 1-10,000 5. C . .A.Meuth ................ . 
Topographic eheet, Jam es River ....................... . 1-10,000 ! 5. JI.Lindenkohl ........................ : 
Topographic sheet, Saint John's River, &c .............. 1 1-20, 000 ' 5. C . .A.. Meuth ...................... - ... _. 

Topographic sheet, east coast of FloridlO ......... - ....... , 1-20, 000 5. C . .A.. Meath . . . .. ........ - .. 
Topographic sheet, Cubits Crevas~e, MiRRissipJli River.. 1-10, 000 5. C . .A. Meutb . 

Topographic sheet, Monterey Bay to Carmel River . . . . 1-10, 000 5. H. Lindenkohl 
Topographic sheet, Fort Roos to Salt PQint, Cal ..... _... 1-10, 000 5. JI. Lindenkohl ........................ . 

Topographic sheet->1, Puget Sound, Wash. Ter...... ..... 1-20,000 5. C . .A.. Y.euth ............... .. 

Ci1"rt Gulf of Mexico .................................. ., 1-10, 000, 000 L A. Lindenkohl ............. . 

Drawing of plans of instruments of pl"ecision for the , ............ " : P. Erkb!~en ... . 
Annual Report. 

Drawin11: of plan of Maj!;netic Observatory, Ma.dison, Wis .............. P. Erichsen .............................. , 
Specimen sheets for topographic drawing ............. _. ! .............. i H. Lindenkohl ... - ... _.. . ....... - .... . 

Quincnncial projection ................................... 1 ............. -'. H.Lindenkohl ............ --····---· 

Photolithograph; 

pletml. 

Photolithogi-aph; 

pleted. I : 
North Atlantic Ocean, trackchart ....................... 1 ............ 'H.Lindenkohl. L.Karoher ........... Do. 
General progre88 sketch .............. -................. ., 1-5, 00-0, 000 A. Lindenkohl - ........................... Complete<!. 
Maiinetlc map ......................................... j .............. A. Lindenkohl ............................ : Do. 

I ( 

C-Om-

c.om-
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APPENDIX No. 5. 
ENGRAVING DIVISION. 

Plates completed, contintted, or commenced dttring the fiscal year ending with June, 1878. 

1. Outlines. 2. Topography. 3. Sanding. 4. Lettering. 5. Miscellaneous. 

Title of lJlat<i. Scale. Engravers and work. 
-- -~------ -------------

i COMPLETED. 

. ......... {1 1~::: ·}l· 2, and 3. W.A. Thompson. 
l l-l, 200, 000 son and W. A. Thompson. 

4. J. G. Thompson. 5. J. G. Thomp-
Sailing chart A (2 plates) ................. . 

Coast charts. 

No. 6, Kemu·l•ee entrance to Saco Rivet· 

No. 7. St·iruiu Island to Knmehuukport 
No. 37, Capt' Henry to Currituck Heuch 

Harbor charta. 

Entrance to Tatu pa Bay .......... . 

Columbia R.i"ver, :So. 3 (pnlimiuilry edition~-··-··· 
lf) Atlantic CoaFrt Pilot charts .. ..................... . 

13 Atlantic Coast Pilot >fews (6 plat;,s) 

2 view• Suez Canal (1 plate) ...... . 

CO~TINUED. 

General coast ckartlt. 

No. 1, West part Isle au Ha~t to Cape Cod · · · ·· · ·········I 
Gmiral coa.at eha-rU, west coast. 

I 

::~: ::c::c:: :::t_::;~~:~~~:::: :: : : ::·: :: ::: : : :·:. ·1 
- '! 

No. 21, Sandy Book to Barnegat Inlet (nearly completed) ·1 
l No. 22, Barnegat Inlet to Absecon Inlet (nearly complotru).i 

No. 58, Cnmherlancl Sound. Saint John's River, &c .....•. ] 
No. 70, Key West, Mar-qneAaR Keys, &c.. .•... ... I 

No. 83, Apalachicola Bay................ ·····--···1! 
Harbor eham. 

Frenchman's Bay a.nd Some:t:o' Sound ...................... ! 
Penobscot River and Bt•lfast Bay . _... . _. . . . . . . . . . . . . \ 
Lake Champlain, No.1 (nearl_v co"mplet.e<l) ................ 

1 
Lake Champl tin, No. 2 (nearly completed) ................. ; 

~:~:.c;~:.:~1~:: ~o~~~:: :::::::: :::::: :::::::: ::·: :: ::::::1 · 
Entrunce ki San Francisco Ba.y (in eontonrR) . .............. ] 

COMMENCED. 

Genera! coast cliartll. 

No. VI, Cape Hatteras to Cape Roma.in .••...• 

Coast cliarta. 

No. 23. Absecon Inlet to Cape May .......•...•.••...•.... 

I 
·j 

1-80, 000 4. E . .A.. Maedel and J. G. Thompson, 5. W. A. Thompson and E . .A.. 
Ma~de!. 

1-80, 000 4. J. G. Thompson. 5. J. G. Thompson and H. M. Knight. 
1-80, 000 ! 3. W. A. Thompson. 4. E . .A.. Ma<><lel and .J. G. Thompson. 5. W, 

,I .A.. Thompson. 

l-40, 000 4. H. M. Knight. 

1-40, 000 , 1, 3, and 4. H. M Knight. 

1-80, 000 : 2 and a. W . .A.. Thompson. 4 and 5. A. Pet.ersen, J. G- Thompeon, E. 

Il. Sipe, aml W. H. Davis. 
J. J. Young (etching). W. H. Davis (lettering). 
J .• J. Young (etching). W. H. Davis (lettering). 

1-400, 000 4 and 5. J. G. Thompson. 

1 and 2. H. Lindenkohl. 4. A. Petersen. 

4. E. A. Maedel. 

1 and 2. W. A. Thompson. 2 and S. H. C. Evan•. 4. E. A. Maedel 
and F. Courtenay. 

1-80, 000 2 and a. H. C. Evans. 4. F. Courtenay. 
1-80, 000 1 and 2. A. S•ngteller. 4. F. Courtena_v. 
1-80, 000 1, 2, 3, and 4. H. M. Knight. 4. F. Courtenay. 
1-80, 000 , 2 . .A.. Sengwller. 

! 

1-40, ooo I 2. R. F. Bartle. 
1-40, 000 : 1. W. A. Thompson. 
1-40, ooo 3. W. A. Thompson. 4 . .A.. Petersen 
1-40, 000 ' 4. E. A . .Maedel. 

1-40, 000 , 4. F. Conrt.nay. 
1-40, 000 [ 1 and 2. J. EntbQJl'er. 
1-40, 000 1. J. J. Young. 

1-400, 000 1 and 2. R. F. Bartle. 4. J. G. Thompson. 

J-80, 000 1. R. F. Bartle. 
No. 38, Cmrita.ek Beach to Oreg"n Inlet .• ............... 1-80,000' 1. J. J. Young. 4. A. Pet.ersen. 
No.59, SaintAugustineinlett-0HalifaxRiver ..........•. 1-80,000: lund2. A.Sengteller. 4. E . .A..Maedel. 
No. 77, Tampa Bay........................................ 1-80,000 I' 1. R. F.Bartle. 4. J.G. Thompson. 

HarbO'r chltrll. 

Jame• Ri~<'r, No. 2 .•••.• ············-----··-·······---··· 1-40,00011and2. J.Elltbo~er. 
37 .Atlantic Coast Pilot vie-we (13 pk.tea are etched, but not ..•...••..•.. J.J. Yoong (etching). 

lettered). I 
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APPENDIX No. 6. 
OBSERVATIONS OF THE TRANSIT OF MERCURY, MAY 6, 1878, ~IADE AT SGMMIT STATION, CENTRAL 

PACIFIC RAILROAD.-REPORT BY B. A. COLONNA, ASSISTANT. 

Co.A.S'.l' AND GEODETIC SURVEY, SUB-OFFICE, 

San Francisco, Ca1., JuM 23, l878. 

SIR: I have the honor t-0 submit to you my report of the observations of tb.e transit of Mer
cury, May 6, 1878, made at Summit Station, Central Pacific lfailroad. 

Owitig to a delay in receiving your telegraphic instructions of April 13, we bad only about ten 
days to oolloot instruments, attend to the many minor details of such an expedition, get to Summit, 
clear away the snow for a place for thf' observatories, erect them, put up piers, run a telegraphic 
wire from the telegraph office at Summit to the station to be occupied, and so on. 

Mr. Pratt, with bis usual ingenuity, devised a transit machine run by clock work, repreRenting 
the sun and Mercury with their apparent motions, gi,•ing us a very gootl artificial tranf-lit for prac
tiee. He did the mechanical work himself, and had it ready in time for UR to have two days' 
practice with it before we left the city. 'Ve again practiced with it at Summit. 

With Mr. Pratt's aid, and with that of Carl Rahsskopff, instrument maker, we found ourselves 
sufficiently advanced in preparation to leave San Francisco on the 30th of April. Through the 
kindness of Assistant Davidson's friend, Col. George Gray, chief engineer of the Southern Pacific 
Railroad, I procured an order from Mr. John Corning, the assista11t general superintendent of the 
Central Pacific Railroad, for the transportation of our instruments by passenger train. \Ve arrived 
at Summit at about 11 o'clock p. m. on the night of the 30th of April, and in the dark unfoaded 
our instruments ourselves. Our reception was certainly a very cool one, made all the more so by 
contrast, for we had only a few hours ago pa."ised through the Sacramento Yalle;v, where the flowers 
were in bloom and the freshness of spring was to be seen on all 8ides; now, the snow shed8 cut 
off even the starlight and left us in utter darkness. 

I desired very much, in accordance with your instructions and Asi<istant DM-idsou's counsel, 
to get the instruments mounted on a bill ;~bout 800 feet higher than the railroad track at Summit, 
but it was impracticable, for the snow, about five feet df'ep on a le''Pl and in 111a11.v places drifted 
to greater depths, presented difficulties that could not, with the means at hand, lie overcome without 
much time. So I was reluctantly compelled to mount them as shown in the accompanying 
sketches of the station and vicinity. 

On the 1st day of May the transit pier was set and the transit mounted. That night I put it 
in the meridian and observed for time. 

On the 2d, )\Ir. Pratt ran the telegraph wires from the Wt>stern Union Telegraph office to the 
observatory and put up the chronograph, and we were ready to get the Washington Nantl Ob
servatory time Mignals on the 3d of Max-these preparations and the sub~equent exchanges of time 
signals being greatly facilitated by the courtesy of l\lr .• Tames Gamble, general superinte11dent of 
the Paeifie Division of the Western Union Telegraph. 

The evening of the 4th found us with our instruments all mounted. Besides the ohservation 
of the contacts, preparations had been made to observe for time and the sun's limb:s and Mercury, 
with an instrumental outfit consisting of-

lst .. For time observations, meridian telescope C. S. No. 1, made by Wtirdt>mann. 
2d. Three chronometers, viz: Sidereal break-circuit No. 3'79; mean-time chronometer No. :!31; 

mea.n·time chronometer No. 1702. 
3d. A chronograph. 
4th. The "Hassler telescope," made by Utzschneider and Fraunhofer and e,quatorially mounted. 

This telescope is 3. 75 feet focal length, three inches clear a~rture, and Mr. Pratt used it for observ -
, ing the contacts with an eye-piece whose magnifying power was 200 diameters. 

S.Ex.13-11 
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5th. A 5f-inch telescope, the private property of Assistant Eimbeck, on the new equatorial 
mounting belonging to the Coast S1u,·ey, and here used for the first time. It rested on a wooden 
stand which rested on a rock foundation, aud was filled with stone w steady it. This telescope 
has a clear aperture, as stated above, and a focal length of 7 feet. I used it for observing the 
contacts, with an eye-piece the magnifying power of which was 120 diameters. 

6th. A barometer, kindly loaned by Assistant Aug. F. Rodgers, there being none in this office 
that would read low enough for the altitude of Summit. 

All of these instruments were mounted in tents or surrounded by tent-walls, and generally 
well protected from the wind; about 5 feet of packed snow had to be shoveled to get space enough 
for the tents. 

On the 5th we received time signals from Washington, attended to various minor details, and 
spent much time in practice on the automatic transit machine. We did not compare notes, con
verse, or in any manner endeavor to get markings t~1at would coincide, for I thought that two in· 
dependent judgments of the times of contact would be more desirable. Nor did we, aner the 
observations, converse upon the subject until each had prepared his own notes and placed them 
upon record. 

The weather was bright and pleasant, so bright, in fact, that we were obliged to wear colored 
glasses to pre,·ent becoming snow-blind. The snow had melted down to about 3 feet around the 
instruments. On the 5th it became partially overcast with cirrus and cirro-stratus clouds. The 
wind blowing fresh from the southwest, the barometer had fallen 0.15 inch. It cleared off, how
ever, in the afternoon, so that the usual time observations were made. 

The sun rose on the morning of the 6th in a cloudless sky. We were at the instruments at 
5.30 a. m. The night had been quite cold, and the thermometer now stood at 270. There was 
much ice. The chronograph was cold and the ink: was frozen hard. We began by thawing out 
things generally, and placing the telescopes HO that they woald gradually warm, in order not to 
shiYer the colored glasses when we began poiutiug. 

The chronograph was so arranged that we both marked upon it, Mr. Pratt with one pen and 
I with the other. 

Sidereal break-circuit chronometer No. 3479 was in my circuit, and placed near me, where I 
also had Mr. Crittenden to mark the time b~· e~·e and ear whenever I recorded on the chronograph; 
the click of my ke~· waR the signal for him to mark tue time. 

Mr. Berndt l1eld a lam1' beneath the ink-wells to pre\·ent the ink from freezing and make it 
flow freely. From time to time during the last half hour before ingress we watched a little outside 
the sun's limb to ascertain if we coul<l see anything of the planet. A minute or so before contact 
we finally assumed our poisitions at the instruments, and the observations at ingrei;s were made as 
recorded. 

At noon I observed the sun's first and second limbs and the planet., as they crossed the three 
wires nearest the center of the transit, Mr. Pratt recording and attending to the chronograph. 

The day remained cloudless to its close, and the afternoon observations were made in the same 
manner and under the same favorable conditions as those of the morning. 

The phenomena of Mercury's appearance and disappearance reminded me of what I have seen 
in North Carolina and elsewhere, when, in a boat, on a bright day, looking over the water and 
a.cross the marsh, say at a tree distant :.!~ miles, and where from one-fourth to one-half 'mile of the 
distance is over reedy marsh, then you have the same unisteady boiling and jumping as on the 
sun's limb. As you approach, the tree comes into view, the top first, a kind of black phantom, so 
to speak, tliat filts before your eyes and repeats itself. Now, if you rise in the boat gradually, a,s. 
suming an erect posture, the tree takes form and becomes permanently visible just as Mercury did 
at ingress. Receding from the object, and being erect, you have the appearance of egress w-hen 
you take your seat. The waves of heated air on the marsh that roll, as it were, over the tree top, 
a.re rather longer than the waves that are apparently on the sun's limb. 

Mercury was rather egg-shaped, or elongated, when projected against the sun near it.& limb 
just aft.er ingress and just before egress, the smaller end being next the nearest point in the 
sun's circumference. At night I continued my observations for time. The siderea.l ehronometer 
(3479) loses rapidly with the thermometer at 210, while at about 520, or a. little over, it baa EMl8or001y 
any rate. · 
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I have never had the pleasure Qf spending a day under a clearer or brighter sky. By 9h 30m 
a. m. the wind, which was not very strong m'en at sunrise, had fallen almost to a calm, all things 
combining to make it a most suitable day for the observations. 

Upon the conclusion of the work I notifieu you, and you authorizell a latitude and longitude 
station to be made. Time signals were received from Washington up to the 10th. 

Ou the night of the 9th, Mr. Pratt started for San Francisco to make the necessary arrange
ments for exchanging time for telegraphic longitude, and to make the time observations at the 
Coast Survey Observatory at 'Vashington Square. 

Six good night-.;; of time, and exchange of like dates, having been obtained with San Francisco 
by the 2d of' June, I considered it ample for the work in hand. 

When Mr. Pratt left Summit our mutual understanding was that the observations should be 
made by eye and ear. When he came to attempt it, he found that, the clock heing in a case, the 
tick could not be heard without the use of an armature, which i;; very objectionable. 

As there was no break-circuit chronometer for him, and his time exchange had to be made 
through the dock, he very properly decided that it would be better to abandon tlw eye and ear 
method and use the chronograph; but I was not a ware of the change of method until I returned to 
San Francisco. It was deemed desirable, therefore, to determine our absolute personal equations, 
which was done by means of the Coast Survey personal-equation apparatus. 

At the observatory i11 Sa,n Francisco .\ir. Pratt made some changes in the swit,cbes, &c., and 
altered the chronograph from a cylindrical to a fillet. He al,;o introduced a third pen for his abso
lute equation, thus making one chronograph do the work of two. 

As for my own absolute eqnation, the apparatu,; reco1·ded the absolute time of transit over the 
middle thread, and I marked the same by eye and ear, Mr. Pratt attending to the chronograph, 
and Mr. T. A. Harrison, late of the Sun'e,y, very ki!Hlly reconli11g for me without remuneration. 

Mr. E. F. Dickins, Subassistant Uoast Sun'ey, on leave, rnlnuteered his services. He was, 
as usual, precise and methodical; his services were timely and veQ' a,cceptable. 

The longitude work ha,ring been completed, I converted the merillian telescope from a transit 
into a zenith telescope and began observing for latitude. 

On the night of the 11th of ,J trne I considered ti1at I had sufficient ohser,-ations for the purpos'), 
and on the 13th the instmment was packed, the observatory was taken down, and everything re
moved to the station in time for the morning train. 

I desire.to mention the services of Mr. Robert Hughes, who, in addition to his duties as tele
graph operator, rp,corded both the longitude and latitude work. 

I dwell with great pleasure on the trust which you have been pleased to repose in me. At all 
times your generous support of my ell.deavort:i is a sufficient guarantee for my best and entire 
services. 

V cry respectfully, yours, 
B. A. COLONXA, 

Assistant Coast Survey. 
CAR.LILE P. PATTERSON, 

Superintendent United States OoiuJt and Geodetic flurvey, 
W ashingt-0n, D. 0. 

[Extract from record book.] 

TltANSIT OF MERCURY. 

First e:rteTnal and internal contacts_ 

Observation of first external and first internal contacts of Mercury with the sun'13 limb, May 5 
(astronomical reckoning), 1878. The time of sidereal chronometer 3479, .Frodsham, break-circuit 
was marked by Mr. Thomas T. Crittenden by eye and ear when the key clicked, and by the 
chronograph also. 
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By an OYersight, the chronog-raph was stopped and tlte fillet broken before the hours and 
minutes were written, and it had to be done from Urittenden's marking. 

11. m. s. 

( 11) 2~ 10 40 I At 21h 30m the ha-
) Critte11den's mark-(b) 

(c) 
(ii) 

22 11 23 rometer read 22.97. 
, ings by e_ye and ear Ther: 

22 13 09 ) at sound of key. D. B. 27~0. 
22 1:3 29.5 w. B. 25~0. 

R. A. COLONNA, Obseri:er. 

(a) First appearance, waves of fire rolling over it. } 
(b) So well defined that it ca1inot be mistaken. 
(c) Fir;,t light ripples cross. ~ 

(d) Well-defined liue of light. t 

The above readings, taken from the fillet, are as follows: 

h. Ill. R. 

(a) 22 10 40.()7 ~, 
(b) 22 11 23.28 Fillet readings 
(c) 22 13 ~)8.~9 by Mr. J. F. Pratt. 
(d) 22 13 29.n2 

Was prepared to receive Washington signal of mean noon, but it did not come for May 5-6. 

Noon, Jlfay 5-6, 1878.-Tbe transit instrument being in the meridian, the following observa
tions wne made on the limbs of the sun and on Mercury. The telescope, 2~ inches clear ap
erture, had no e;re-piece of sufficient magnif;ring power to enable me to take the limbs of Mer
cur;r, and it was observed as though it were a star. The three threads in the center of the field 
were used. 

West.encl. East end. 

{ 3fi.O 34.3 } Taken just before Levels. 
33.0 35.8 obserYing the following. 

q Meraury. 0 
,----A-~-. ~ ~ 

h. 
2 
2 
2 

Levels. 

m. 
54 
54 
54 

s. h. m. s. h. m. 

2~.81 q2 55 07.36 2 56 
34.49 2 55 18.51 2 56 

4.69• 2 55 29.11 2 56 

Clamp west-Barometer, 2:J.O inches. 
0 

Thermometer. f D. B. 46·0 
l W. B. 37.5 

s. 
37.6 
48.87 
59.93 

West end. East end. 

35.8 30.5 
25.0 41.0 } 

Taken just after com-
pleting above observations. 

• 

The above times were marked on chronograph, and not by eye and ear. Mr. Pratt attended 
to the chronogral-'h· I herewith send fi1let. 

COLONNA. 
---------------- -- -~-~----~----------~~---

• Probably 45.69. 
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TRANSIT OF MERCURY. 

Second internal and external contacts. 

B. A. COLONNA, Ob•erver. T. T. CRITTE:"<DEN, Recorder. 

On hand, and watchiug Mercury, off and 011, for 30 minutes before the second internal and ex
ternal contacts. The edge of the sun was boiling much worse tlan it was this morning, and the 
planet itself at times appeared distorted. As it approached the edge of the sun it appeared to 
move much slower. 

This marking is by Mr. Crittenden. The times are also recorded by chronograph. 

h. m. s. 

5 40 45z 
•'} 0 

5 41 03 b' Tber.: { D. Bulb, 46~. 
5 41 2i) c' W. Bulb, 40. 

5 43 30~ d' Bar.: 23.0 inches. 
5 43 47 ei 

(a') First appearance of rippling black and white balls following one another between Mercury 
and sun's limb. 

(b') Contact actually made. 
(c') Contact very evident. 
(d') Waves of light, flow over Mercury's limh at fourtti contact. 
(e') Mercury has disappeared beneath waves of fire, as it were. Then looked, but see nothing 

more of the planet. Had hoped to see it after it tiad left the sun. 

SUMMIT STATION, CENTRAL PACIFIC RAILROAD. 

Summit astronomical i·eckoning, May 6, 1878. 

J. F. PRATT, Observer. B. A. C., llecm·der. 

Receipt of Washington mean-time signal. May 6.-Using sidf'real chronometer No. 3479, by 
Frodsham,~nd fillet chronograph by Hipp~ over We;;;t,ern Union overland wire No. 6. (See fillet.) 

Wa.shington Naval Observatory. 
h. m. s. 

Mean-time signal . . • . . . . • • • . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 6 0-0 00.0 
Chronometer 3479...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 6 06 39.9 

Comparison of chronometers. 
h. m. s. 

{ 6 25 21.5 
3 28 li.O 

Sid. chr. 3479 .............•........................... 

M. T. chr. 231 ................ . • •••...•.. 2 { 6 27 45.0 
3 30 40.0 

{ 6 32 17.5 
3 34 55.0 

Sid. chr. 3479...... . . . . . . . . . . . . . . . . . . . . . . ........... _ ....... 1 

{ 6 35 21.0 
3 37 58.0 

M. T. chr.1705 . • . . . • . . . . . • . . . . . . . . . . . ...................... 2 

Remarks on the transit of jfercury. 
1\1.A T 5-6, 1878. 

Ingress.-First contact, external. The sky was beautifully clt>ar and the thermometer stood at 
27!0 • I was using Assist.ant Eimbt'ck's telescope made by Steiubeil, No. 5248, of 5~ inches clear 
aperture and seven feet focal length, and a magnifying power of 120 diameter!-\. The colored 
gl~ used gave a yell~wish-white light. The equatorial mounting rested on a wooden tripod, 
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which was filled with earth and stones to keep it steady. The whole was protected from the wind 
and weather by Professor Davidson's la,rge obsenring tent. 

For h:tlf an hour Lefore first contact I occasionally scanned the snn's limb in the vicinity of 
the point of coutact to see if au.v signs of the planet could be seen. Having rested my eyes for a 
few minutes preparatory to the final observation, I had not been looking a minute before I saw 
Mercury's limh antl recorded the time marked (a). 

It appeared in the eye-piece of my telescope as in this sketch, except that the shaded part was 
invisible. Fiery waves appeared at this instant to roll along behind and across it, and the next 
instant to disappear. This immediately ceased, and it was at this ir1stant that I marked (a), which 
I consider vt>r,v near t11e true time of first contact. Retween the fiery waves were black balls of 
irregular shape and contiuua11y changing. 

At the time (b), which wm,; marked when the planet was so far on that the most casual ob
server could not foil to see it, it presented the appearance as in sketch marked (b). I do not attach 
an~· particular value to this marking. 

I had intended marking the time when the planet was apparently bisected by the sun's limb, 
but it was boiling so that I found that no such estimate could be well made. 

Ingress, secon.d cont net, internal. 

Marked the time (c). At this contact the planet had partially assumed its round appeMance, 
t11e cu8ps did 11ot meet sl1arp a)l{l chmr, bnt were preceded hy fiery waves. At the instant that 
these seerved about to begin, I marked (c), as seen in sketch. I was about on time, for the next 
instant the first ticry waYes ran acros8 and contact was probably over. 

\,Yheu thf'Re waves ceas(·d, an<l there was a well-defined bright line of light between the limbs 
of the 8llll aml of Mercury, which could not be mistaken, I marked (d). To this marking I attaeh 
no particular value. 

Egress, third contact~ internal. 

The telescope was in all respects the same as at ingress, except that a very slight amount of 
moisture bad formed betwePn the two glasses. I was afraid to risk taking them apart to wipe 
them, althougl1 I took out the o~ject gla8s and wip€d the inner surface where very heavy drops of 
dPw bad formed. The moisture between the glasses eould ouly be seen in certain lights, and I 
conl<l not sefl that it matf'rially affected vision. The sky continued beautifully bright, and not a 
cloud had bee11 seen during the day. For 30 minutes before third contact, I watched occasionally 
to see if tlwrc was anything worthy of note. The sun's circumference Beeme<l to boil worse than 
at ingress, and as Mercury approached the sun's limb it seemed to be slightly deformed (this 
sketch exaggerates it about three times), and to mo,·e mnch slower. The latter of course wa.s not 
tltP case, hut I record it as it appeared to me at the time. 

At the time marked (a') the planet appeared as in the sketch, with rippling fiery and black 
balls chasing each other between it and the sun's limb. 

The time (b') was marked when I considered third contact actually made, or at the instant 
when the waves of fire or balls ceasell t-0 roll b1:>twe,en the two limbs. 

The time (c') was marked after third contact was so plainly visible as to be noted by a casual 
observer. I do not attach any particular value to it. 

Egress, fourth c01itact, e:oternal. 

'\Vaves of light hf'gan to roll between Mercury and tbe sun, and to indicate the immediat;e 
approach of fourth contact when I marked (d'), as in the sketch. The limb of Mercury next the 
sun was now sliglttly distorted. 

At (e') the planet actually disappeared in the dark space beyond the sun's circumference, and 
I markc•d it as the time of what I considered the actual fourth contact. 

I then continued to RParch for several minutes, ho1ling to see the planet beyond the sun's cir
cumference, but it had totally disappeared, and the transit was over. 

B. A. COLONNA. 
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SUMMI'.l' S'.rATION, CENTRAL PACIFIC RAILROAD. 

J. F. PRAIT, Observer and Recorder. 

MAY 5 (astro11ornical), 1878. 

The telescope used is an equatorially mounted Coast Survey reconnoitering glass made by 
Utzschneider and Fraunbofer. It has a focal length of 3.75 foet, a clear aperture of 3 inches, and 
was used during the whole of the transit, with a magnif.ying power of 200 diameters, and the in· 
strument was protected by a canvass wall. 

Time-piece, sidereal break-circuit chronometer No. 3479, b;y Charles Frodsham, breaking every 
two seconds on fillet. chronogra11h, by Hipp, observer, recording ou fillet with break-circuit key. 

Ingress. 

Observer closely watched the sun for ten minutes predous to the time of first contact. 
Its edge seemed to be boiling or undulating. 

(1.) (See fillet.) First external contact, 22h JOm 46•.15. The edge of the sun was quite irregular, 
and Mercury had notched the sun about as much as is indicated in the engraving of the U uited 
States Kaval Observatory Instrnctions (external contact, Fig. 2). 

(2.) (See fillet.) 22h 13"' 01•.40. The planet had advauced so that it looked tlte same as is 
represented in I (Nayal Observatory Instructions). Planet seemed to be very slightl.r distorted 
(egg-shaped), with small end towards limb of sun. 

(3.) (See fillet.) First internal contact, :!~h 1301 14•.95. Uould i•ery faintly distinguish a gra.l}ish 
thread of light between Mercury and sun's limb. 

Egress. 
MAY () (astronomical), 1878. 

Watched the sun closely for ten minutes previous t<J time of second internal contact. Limb of 
sun appeared to be a little steadier than at time of ingress, though boiling. 

(1'.) (See fillet.) Second internal contact,, 5h 40m 48".9. Planet seemed very slightly elong::i.ted 
(egg-shaped), with smallend towards limb of sun. 

(2'.) (See fillet.) 5h 40m 52".24. Planet seemed perfectly round. 
(3'.) (See fillet.) 511 4om 58•.23. Side of planet distinctly flattened. 
(41.) (See fillet.) 5b 42m 39°.87. Center of planet appeared to be 011 limb of sun. 
(5'.) (See fillet.) 51t 44m 01".38. Second external contact. During the whole day the atmofl

phere was clear, and not a single cloud to be seen in the sky. 
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APPENDIX No. 7. 
OBSERVATIONS MADE AT "WASHINGTON, D, C., OF THE TRANSIT OF MERCURY, MAY 61 1878.-REPORT 

OF CHARLES A. SCHOTT, ASSISTANT. 

COAST AND GEODETIC SURVEY OFFICE, 

Washington, D. C., Jlfay 7, 1878. 
DEAR SIR: With your approbation, the undersigned, associated with Assistant R. D. Cutts, 

made the neces1:mry arrangements for observing the transit of Mercury of May 6, 1878, the results 
of which, together witll those by Assistant W. Eirnbeck, are herewith respectfully submitted. 

In thus multiplying observations in this city, I bad in view the desirability of obtaining data 
for assigning the probable ~rror to the observed times of the several phases, and consequently also 
of increasing the value of the local results. 

Assistant Cutts and myself observed at Fauth & Co.'s observatory and yard, southwest of the 
Capitol, 8".7 south of the dome, or in latitude 38° 53' 11".7, and 9".4 west of it, or in longitude 
770 00' 45".1. The United States Naval Observatory being in longitude 5h 08"' 12".1, our place of 
observation was 9•.I east of' the Naval Observatory. Assistant Eimbeck observed in the rear of 
the Uoast Survey buildings, in latitude 38° 53' 11 11 and fa longitude 770 00' 34".7, hence 9•.8 east 
of the Naval Observatory. 

Local time was obtained by means of the noon-ball at the Observatory, viz: 

h. ID. B. 

May 2, ball down, by chronometer "Dent 2256" ....................... 11 59 07.3 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 06.0 
4 . . . . . . . . . . . ........................... (a failure in dropping the ball 19.5) 
6 . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . • • . . . . . . . . 02.5 
7 . . . . . . . . . . . .. . . . . . . ............ ·... . . . . . . . . . • • . . . . . . . . • • . . • • • 00.0 

Average daily rate of mean-time chronometer Dent 2256, losing 1•.5. Comparisons (by coinci
dence of' beats) were made with sidereal chronometer" Kessels 1287," used by Assistant Cutts, 
which are given in the proper 11lace, toget.ber with comparisons of the sidereal chronometer used 
by .Assistant Eimbeck. 

I observed the ingress with an equat-0rial made by Fauth & Co., of this city, of 8 feet focal 
length, aperture 6~ inches, object-glass thinly silvered, and opening reduced to 3 inches diameter, 
ma.gnifying power about 112; used a light-colored (neutral tint) shade glass. Time was counted 
and noted by Mr. M. H. Doolittle. 

First external contact at 10h 05m 06• (by Dent 2256). When first seen limb of planet was con
siderably advanced, nearly double the amount of indentation as shown on Professor Newcomb's 
diagram, but the projected part apparently belonging to a smaller radius than the true one. Tried 
to catch the same size of phase at time of egress, but did not succeed on account of undulations; 
possibly the recordt~d minute should be one less. As it is I place no reliance on this outer contact. 

First internal contact at l()h 06m 40•, light darted across between sun and Mercury, but the 
limbs appeared loosely connected by a patch of haziness oscillating between them; full sunlight 
on and contact certainly over at lOh o6m 53•. The observation of internal contact is considered re· 
liable. 

Chronometer slow of Naval Observatory mean time 57•, hence-

h. m. s. 

{
First contact at 10 .. 03, mean time United States Naval Observa.tory (doubtful). 
Inner contact at 10 07 37, mean time United States Naval Observatory (satisfactory). 
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Egress was observed in the yard, outsidl' the observatory, with the Coa8t Survey transit made 
by Pistor & Martius of Berlin, 8 feet focal length, aperture ti~ inche;;, object glass pal'tly coyered 
with a thin film of silver except central part of 2 inches diameter which was ll'f't clear; used a 
neutral tint shade-glass; magnifying power 110. Sun's limb very unsteady, and seen through a thin 
cloud at time of third contact. At 511 32m 27• (chronometer time, 1')ent :.l:.l56) undulations 011 the Run'" 
limb occasionally reached Mercury, otherwise sunlight elearly seen between the borlieR. At 5h 32m 50• 

interior contact establitshed, though exact ~wcornl difficult to seize on account of boiling rnotion of 
sun's image. At 5h 34m 54• judged to be about same phase as at ingress when Mercnr.Y was first 
seen in the morning; time extremely doubtful on account of undulations. At 51t 05'" 21 • outer and 
last contact fairly made out, tlte large waves along the sun showing no further interruption. Chro
nometer slow of Na,·al Observatory mean time 58•, herice-

h. m. s. 

{
Second interior contact at 5 33 48, mean time l:"uite<l States Naval Observatory (sfttisfactory). 
Last contact at 5 36 19, mean time United States .Naval Obsernttory (tolerably satis

[ factors.) 

Respectfully submitted by-
CHAS. A. SGHOTT, 

Assistant Coast and Geodetic &urrey. 
CARLILE P. PATTERSON, Esq., 

Superintendent United States Ooast and Geodetic Survey. 

TRANSIT OF ME1.CURY. 

UNITED STATES COAST AND GEODETW 8FRVEY OFFICE, 

lVa.~ltingt1m, 'May 7, 1878. 

Place of observation, Fauth & Co.'s observatory, Washington. 
Latitude, 3go 53' 11. 7" N. 
Longitude, 09•.1 east of Narnl Observatory .. 
Observer, Richard D. Uutts. 
Recorder, John W. Parsons. 
The large transit by Pistor & Martins, 6;! inches aperture, was mounted in tlw yard dose to 

the observatory, but in consequence of the tremulous motion give11 to 1 he telescope Lis tlrn wirnl 
prevailing at the time of the ingress of the planet, one contact only was ol>served, autl that unsat· 
isfactorily. 

Second ( interna.l) conta{Jt. 

Mr. Saegmuller, using a t:elescope with an aperture of 3 inches an<l a magnif,ying power of 70, 
observed the second (internal) contact as follows: 

h. m. s. 
Time of contact by chronometer ................................... . 6 49 01 

Chronomet:er slow of Na val Observatory mean time ... _ ............. . 3 18 24 
-----

Mean t.ime of contact ................•••.••• _. _. - lU 07 21) 

P.M. 

The third and fourth contacts were fully observetl with a t.elescope by Fauth of Wasltingtou, 
having a clear aperture of 2~ inches and a magnifsing power of 7S. 

As the t;e.le.scope was small, the observer determi11ed to note the time when the first doubt in 
regard to the contact arose, and a.gain when that doubt ended, under the supposition that the mean 
of the two would give a better result than could otherwise be obtained witll so small an objecti,,e 
and power. 

S. Ex. 13--12 
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Third (internal) contact. 

Doubt commenced . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . .......... . 
Doubt ended . . . . . . . . . . . . . . . . . . . . . . . . ..... _ .. _ ...... _ ............ . 

Time of contact by chronometer .....•..•...................•.......•. 
Chronometer slow of Naval Observatory mean time ..................•. 

Mean time of contact .......... _ ...................... . 

Fourth (;xternal) contact. 

Doubt commenced ..................•......•.................... 
Doubt ended ..................................................... . 

Time of contact by chronometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 
Chronometer slow -of Naval Observatory mean time ..•......••......•. 

J\Iean time of contact ..................•.....................••...... 

h. m. s. 
2 16 32 
2 16 44 

2 16 38 
3 17 10 

5 33 48 

h. m. s. 
2 18 59 
2 19 24 

2 19 11 
3 17 10 

5 36 21 

The time was determined by Kessels' sidereal box-chronometer, and was referred to Observa
t.ory time. 

The definition of Mercury was sharp and steady. As the planet approached the undulating 
limb of the sun, the clear outline commenced to tremble.or break; and at this moment the time 
was called, anti again called, when the outline ceased to be visible. A thin cloud crossed the sun 
during this contact, which, however, did not interfere with the observation. 

The same course waR adopted for the last (external) contact, the time being noted when the 
inner limb of Mercury first became agitated, and again at its total extinguishment. 

RICH'D D. CUTTS. 

UNITED STATES COAST AND GEODETIC SURVEY OFFICE, 

Washington, IJ. G., May 7, 1878. 
DEAR S1R: I take pleasure in submitting to you a report of the observation of the transit of 

Mercury May 6, 1878, as made by me at a station near southeast corner Coast Sarvey Office, in 
latitude 38° 531 111'.2 (north); longitude 77° 00' 34".7 west of Greenwich. 

The instrument employed was zenith telescope 0. S. No. 3, by 'rroughtou & Simms, of 3k inches 
clear aperture, and about 42 inches focal length. The magnifymg power used was 48 diameters 
for the morning observations, i. e., first and second contacts; aud a power of 120 diameters in 
the afternoon observations, or third and fourth contactt>. 

Time was noted by sidereal chronometer Hutton No. 220, adjusted so as to indicate approxi
mately focal mean time. 

The four contacts were observed aud noted by chrO'llometer as follows, viz : 
Fir!lt contact (ingress) = JOh 05m 00'.0. Ohserve<l too late; notch much smaller than expected. 
Second contact (ingress) = JOh Oim 40•.o. Sun's limb just complete. 
Third contact (egress) = 5h 35m 06•.o. Instant of formation of ligament. 
Fourth contact (egress) = 51' 33m 04•.o. Observed t-Oo late. 

During the.morning observations the condition of the atmosphere proved very favorable, the 
well-defined solar limb appeared quite steady. In the afternoon the contacts were observed throng.h 
haze and a strongly boiling atmosphere. Especially at the occurrence of the last contact the sun's 
limb trembled and undulated violently, owing to which the observer is under the impression that. 
the con ta.ct was announced too late by about 5 or 10 seconds. It was difficult to judge the moment 
of disappearance of the notch in the solar limu. 
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'fhe definition of the telescope was very fair. Screens were used at the eye end oft.be telescope. 
4bout an hour before observation the Hutton chronometer was compared with Dent No. 2256, 

the chronometer used by Mr. Schott. The comparisou was as follows: 

Hutton, 9h 01"' 47•.5 = Dent, 9h Olm OO•.O. 

The error of Deut, at comparison, was giYeu by Mr. Schott to be = 57• slow. 
The dropping of the time ball at Naval Observatory was noted by Hutton 220 (noon): 

h. m. B. 

May 6, 1878 = 12 00 19.7. 
May 7, 1878 = 12 04 21.7. 

The hourly gaining rate on mean time of Hutton, therefore, was = 10•.os. 
Assuming the time hall to have been dropped at precisely noon :Vfay 6 and 7, the observations 

of the contacts corrected for rate, i. e., referred to Naval Observatory mean time, stand as 
follows, viz : 

h. m. s. 
First contact (ingress) - __ .. - ...................................... . 10 05 00.0 
Second contact (ingress) . . . . . . . . . . . . . . . . . . . . . . . . ....... _ .... . 10 07 39.0 
Third contact (egress)... . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. 5 33 50.0 
Fourth contact (egress) ........................................... . 5 36 47.0 

which times of first and fourt11 contacts are subject to the qualification above stated; 
The occUITt•nce of the several contacts was annouuceil aloud by the observer, and the time 

not,ed aml recorded by Louis A. Seugtcller, Assistant in the Coast and Geodetic Survey. 
Yours, very respectfully, 

WILLIAM EIMBECK. 

P. S.-1 inclose herewith, at his request, .Assistant 0. H. Tittmann's obsen:-ations of the first 
two contiwts. The correction for rate of chronometer is insignificant for that time.-W. E. 

UNITED STATES COAST AND GEODETIC SURVEY OFFICE, 

Washington, D. C., May 6, 1878. 

Observation of transit of Mercury. 

Telescope, 3-inch aperture; 91 magnifying power; red glass over ocular. 
Stop-watch set at 15•. When line of light broke I started stop-watch at 15•. 

When Assistant Eimbeck's chronometer showed ......... . 
Stop-watch showed . . . . . . . . . . . . . . .. . . . . . . . . . ................ . 
Time between noting the breaking of the line of light ............ -

(22.) 
h. Ill. s. 
10 08 00 

42.5 
(15.0) 

and comparison of stop-watch with chronometer . . . ........................ . 2i .5 seconds of 
mean time = 27•.6 of sidereal time. 

Time of fiI'st interior contact (breaking of line of light), by Eimbeck's sidereal chronometer, 
22h 07m 32".4, uncorrected for chronometer error. The telescope was mounted within 10 feet of 
Assistant Eimbeck's chronometer and telescope. 

O. H. TITTMANN. 
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APPENDIX No. 8. 

U.:"\TTED STATES OoAST AND GEODETIC SURVEY OFFICE, 

Washington, March 17, 1879. 
DEAR Sm : I transmit herewith the report of Assistant Schott on the adjustment of the pri

mar,Y tria11g-ul:Jtion ht>twt•.m1 the Kent Jslan<l and Atlanta base lines. 
I have ma<l this paper 'll'ith great satisfaction, both as to the quality of the triangulation and 

the methods of re1l11etio11, arnl recummmHl that it be printed in the Coast Survey Report for 1878. 
Yours, rel'pectfully, , 

J. E. HILGARD, 
Assistant in Charge. 

c. P. p ATTERSON, Esq., Superintendent. 

Col\IPUTING DIVISION, COAST AND GEODJ<:TIC SURVEY, 

February 2(), 1879. 

DEAR SIR: Under date of Novemht>r 15, 1878, I submitted to the Superintendent a report• 
on tlie completion and results of the primary triaugnlation along the Blue Riilge between Wash
ington, D. 0., anti Athwta, Ga. Jn this report I stated that the investigation of the probable error 
of this trinngulation was uot quite complete, and when completed would be communicated. This 
is now doue. 

I also submit in paper No. 1 a copy of the triangle-side computation to show the corrections to 
the mea .. nred angles needed to satill(Y the geometrical conditio111s of the triangulatiou. It has 
already bePu t-.tated, in the report referred to above, that no special equation was needed to bring 
the Keut l;;Jmul aud Peach Tree IUdge base lines into accord, since the values for length of junc
tion line, as deriYed from tl1ese bases, already agx;eed closely. 

From the emplo,Ymeut of direction instruments, it migl!t be expected that there is no tendency 
tit her to oYenneasnrP or to urnlermea:mre the angles, and, in fact, if we collect the errors in the 
closing of the triaugles, we find for the 6:! triangles of the northern half of the triangulation, or 
between Kent Islaud bast-" and line Buftalo-.Moore 31 with + errors, amounting in Ille aggregate 
to 41".:i; ~H with - errors, amonnting iu the aggr«:>gate to 38".6; and for the 73 triangles of the 
southern half or between Dufl'alo-1\foQre and the Atlanta base, 30 "lith + errors, amounting in the 
aggregate to 41 11.8; 43 with - errors, amountiug in the aggregate to 65".5. The want of balance 
I regard as accidental. 

If we arrange the errors in closiug of triangles according to the magnitude of the triangle, 
that is, according t-0 the valtle of the 1;pherical excess, we have the sum of the squares of errors as 
follows: 

I ------~-------c,---------------~-------~ 

! Spherical f'~cess. 
I 

Southern half of trianglllation. Sp berical exce88. Northern half <>f triangulation, 

o. 092 to 0. 930 22. 04 

o. 949 to 1.887 37.81 

2. 004 to 2.806 31.'70 

2. 832 to 4.158 93.46 

4. 796 to 7.763 311.01 

1. m to is. 0211 I 51.411 

~ ~:~:ogl-0s. ···--···:: .. ::::··::::::: ::: : ::::- -~::: i~J::~:'.~~-:·:::::::::::::::::::::::: 
1 I 3 10 ... do..... .. ......... ·- l.848 t-0 4.021 25.12 I 3 13 ... do ............. _____ ,, .•.. -- ... . 

4 :o ---:0 ....... _.. ::: : ;:::: :::: /( : I~::::::::::·::::·::::::::::::::::::. 
: j 1: ::.d: ::::::::::::::::::::::::::::: 8.124 to 12.1191 23.451 6 \ 12 ... do .. _ ...... - ... - ... - ... - ..... _ .. 

·------~--------'-------'----'~-'---
• Copy appended. 
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From the first part of the table we can hardly infer anything respecting a relation between the 
error in the closing of triangles and their mag11itude, but from the second part of the table it 
would seem that the €rror of closing slightlJ increases with the size of the triangle. A law of this 
kind is very probable. 

The average probable error of a resultiug direction, as found from the statio11 or local adjust
ment, is± 0".19 for the northern and± 0".18 for the southern part of tlle triangulation. Now these 
numbers are ver~· much smaller than the fiual corrections to the directio11s a8 r1:>sulting from the 
figure adjustment; in fact on this difference depends the application of weights iu the a<\jnstment, 
and it forms the distinctive feature of' our met.hod of treatment as explnmed, Coast Suney Re
port for 1864, p. 1:!9, article 9. It is here also clearly seen that ltny increase in the uurnber of 
measures or observations, or the substitution of i11strume11ts superior to tbm;e actually used, would 
but very sligbtl.Y increase the accurac~· of the triangnlation. In onler to do tl1e latter effectively 
we would have to look to triauglf•s of bettt:>1· i,;hape, aml to more triangles entering in combination 
as well as to a sborteuing of the distanee betwce11 a11y two bas!' lines. 

In paper No. 2 I have gin;n a complete acconut of the consideratious for the computation of the 
probable error to which a triangulation ma,Y be liable in ccmsequcnce of the uncertaiut_'\· in the base 
measure and in conseq11ence of the unce,rtaiuties in the angular measures. 

The method now preseuted is tbe result of further atteution gin•n to the sul~ject since the last 
publication in the report of 1865. Heferring to this appendix, we haw tl1t• 1irolJable PITor or any 
measured angle for the triangulation between Keut Island and the junction line Buffalo-Moore = 
:I: 0''.63; and for the triaugulati0n between the Atlanta base and Ute junction :I: 011.86; also, the 
probable error of the length of the junction line from the first or northern half of the Blue Ridge 
triangulation = ± 0'".6135, and from the 1Secoud or southern half = ± 0"'.8:!9; and eomhining with 
these values the effect of the prohahk errors of tlie ba1Se liues, or± 0"'.~08itnd ± om.OSJ, the respective 
probable errors become :l: 0'".fi97 anct ± 0"'.8:~3, heuce the probable error of the junction liue by 
comhiuation of these two values = :I: 0"'.;135, or -8 ,t60 of its le11gth. 

The probable error of the measuI"e of Ute KP11t Islarnl ha;;t• ii,; ::!:: 2 :ri,1.,00 a111l of tl1e Atlanta 
base ± ~81n;-; hence the a\·emge probable error of the northern half of the Dlue Ridge trian
gulation = ± rn'900, aud of the southern half= ± 1 " ".i,,00 of the length; and for the whole of 
the 602 statute miles of triangulation ± Teo\uo of its leugth, on the a,·erage. 

Paper No. 3 is submitted by special direction of the Superintendent, who desired that a com
plete account of the method of sol11tion of large nnmbers of normal eqirn,tions he preseutecl, and I 
have accordingly requesteil l\fr. M. H. Doolittle, of the Computfog Di\·isiou, to draw n1> this paper. 

This mtithod-of solution of linear uormal cqnatious is rigorous and direct, aml with systematic 
arrangement merely invoh·es mechanical labor. It may be applied to a far greater nurn ber of 
equations than we have had hitheTto occasion to solve (53). Its essential peculianty consists in 
first obtaiuing an approximate solution effected hy operating- only with a small number of signifi
cant figures of tbe coefficients inrnlYed &0 as to bring into use Orelle's tab!e.s. Logarithms are 
altogether dispensed with. 

An approximate \Talue for th..e first unknown quantity having been obtained from the first equa
tion, and expressed in terms of the other unknown quantities contai1wcl in that equation, it is 
substituted in the second t>quation, anrl from this an approximate ya)ue of the second UIJknown 
quantity is found in terms of the remaining uuknowu quantities. Next follows a suh~titution iu the 
third equation, and so on to the end. Approximate n1lues of all unknown qua11titie1:1 ha.Ying thus 
been obtained, a rigorous substitution in the original equations is made, and tlie new and neces
sarily small residual"' are treatecl a seco11cl time in a manner similar to the first-llescrilierl proces.s, 
and the small corrections 11ow found are added to Ute firl'.lt 1tpproxi111atio11s. It is 1wt likely that a 
third treatment will ever be needed. To the paper .:\<Ir. Doolittle has atldetl some remarks pertinent 
to the proper solution and arrangement of comlitioual equations, eRpecially for the case irn·olving 
small angles. Pmctically, two computers arc employed in the solution of a11y large uumber of 
equations, and they l'Ompare their resnlts at t11e close of each da.}"s work, rnakiug the commission 
of any mistakes, without speedy detection, almost impossilile. 

Yours, respectfully, 
CHAS. A. SCHOTT, 

Assistant in charge Computing Division. 
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Co.AST AND GEODETIC SURVEY OFFICE, 

November 15, 1878. 

DEAR Sm : It gives me pleasure to inform you by this preliminary report of the successful 
complfltion, a few rlays ago, of the computation of the primary triangulation along the Dlue Ridge 
between \Va,shingtou, D. 0., anrl Atlanta, Ga. The primary triangulation, as measured along its 
axis, stretcheR over 602 statute miles between the Kent Island base and the Atlanta base. 

The junction line, which represents about the average width of the triangulation, is nearly 
midway between the bases (300 miles from Kent Island and 302 from the Atlanta line), and its 
length between Buffalo ' and Moore fl is 29.5 statute miles, or 47.5 kilometers nearly. Computed 
from the Kent Island base it i,,; 47 462m.826, from the Atlanta base 47 462"'.842 in length, the differ
ence bein~ only O'te unit in the seventh place of decimals, or in linear measure about 15 millime
ters, or a little over half an inch. This close accord must be regarded, in a measure, as accidental, 
though such accidents mmally happen only with good work. The true estimate of the value of 
our work is fnrnhshed by the probable error of the length of the junction line, which is a little less 
than ± om .6 or ± 2 feet, or ± 791h50 nearly of the length, but this quantity is not yet fin any set
tled. 'l'he close agreement at the junction rendered the extra labor of carrying a distance equation, 
for perfect accoril, un11ec!'ssary. The least square treatment of tlie northern half of the triangula
tion involved the solution of .52, and that of the sout,hern of 41 normal equations. Both sets were 
successfully solved in a \'ery short time, and the method of solution adopted by Mr. Doolittle will 
be presented with my full report. The accord in the azimuths of the line is no less remark
able. From the northern mean astronomical azimuth it is 3380 26' 34".07, and from the southern 
338° 2G' 32".6:3, di:ffercncP 1".44, which includeis efiect of error in assumed spheroid. With respect 
to latitude, the northern ge0<letie latitudes overlap the southeru ones by nearly 4"; thus latitude of 
Moore from North 360 23' 49".905, from South 53".851; difference 3".946, about 12tm.7 or 399 feet. 
This I CXJJCCt to convert into a small quantity by lifting the triangulation from the surface of 
the now obsolete Bessel spheroid to that of Ularke's. The longitudes agree within l".2 or 0•.08, 
indicating that our approximate telegraphic longitude of Atlanta is probably nearly correct. In 
accordanee with your Yerlml approval, I shall resume my discussion of 1870, and bring out the 
final results for the whole olJlique arc. 

I remain, yours, very respectfully, 

CARLILE P. PATTERSON, Esq., 

C. A. SCHOTT, 
Assistant in charge of Office and Uomputing Dii-isio1'. 

Superintendent United StateJJ Coast and Geodetic Survey. 

[PAPER No. 1.] 

Adjusted prima.ry triangles betu-een Ktmt Island, JJ[d., Washingwn, D. O., 11nd Atl.anta, Ga. 

Name of etatio-ns. '1 Ob 1 1 I Uom'C· Spherical Spherical Plane angles L "thm I I I I I I 
! bone. 

1 
angles. exoess. a.nd dIBtances. serve( ang es 

1 

. 1 I . ogan •· 

- - - - - - 1------- -- --- - - - - ---- - ------- 1-----
... I o 1 11 ,, 11 I 11 J1let.er.s. 

Kent Island-North Base to South llaBe ............•••• ··[ ··. .. . ... . . • . . . .. . . . . . .. . 1 ..... .. 8 687;,5446 

Taylor ......................................................... j 38 36 52. 373 - . 509 51. 864 I , 081 51. 783 
North llase ................................................... ·i 88 35 36. 913

1 

- . 233 36. 680 I . 081 36. 599 

South B~se............ .. . . .. .. .. .. .. . . . . .. . .. .. ............ ·1 52 47 32. 011 - . 311 31. 700 I • 082 31. 618 

~:~:~:::: ~:~~ ~=· .:: : . :::::.: :: : :::::::: :::::. :.::. ::: :1::: ::: : :::: :::::: :1 :::: ::::: :·::::::::::.::::::: ::· ~: :~~= 
KPnt lsland-NOJ'th Base t<> South Base ................... /....... ... .. ...... .... .. .. . . ...... 1 ........ . 

~::!o~ ... :: .. :: ::::::::::::::::·::::::: ::::::::::::::~.:::.! : ~: :::~ = :~~: ::: i :~: ::: 
South Baoe .................................................. 1111 41 18.247 - .052 18.195 i .U6 18.M 

Marriott to South Ba.oe................. .. . . .. . . . . . . . . . . .. . . . . . . .. . .. . .. . . .. . . ............•....• ·I··....... 21 303. 165 
Ma.rriott to North llase . •• • .. • .... •• • ......... . . • • • • . ... ....... .. .• . ..•... •••• .••.•. .• ... • ••. ...... ... 25 ll08.681 

3. 9388970 5 

0. 204762fl 7 

9. 0098691 3 

9. 0011567 3 
4.1435!B85 
4.0448Hl45 

3. 9388970 5 

o. 50475'594 

9. 88479115 
9. 9681128 2 
4.82844414 
.. '11711S! 1 
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Adjusted primary triangles l>etween Kent Island, ]lfd., Washington, D. 0., and Atlanta, Ga.-Contiuued. 

I . -r- -~-· - -1 -
) Ob d le 1 Correc- ( Sphf'lrical Spherical' Plan.e ang-le~ 
I S"-rve a.ng s. j tions. I anglto~. excPss. !'an<l di8t:lnces. 

-----i _____ r ___ I___ _ __ ( _____ ._ 
Name of stations. 

Taylor to South llase .. ..................................... ! .... ~---~---': ..... / ... ., .... i ••••·•••· Meters. 

Marriott ................. . 
Taylor....... . ................................ . 
South llaS<> ...................... . 

Marriott to Sou.th &oc ....................... . 
l1brriottto Taylor ........................... .. 

40 10 21. 280 i 
80 55 51. 946 

58 53 46. 236 
.............. ! 

+ .243: 
+ .680 ! 
+ .260: 

................. ,1 ...... . 

I 

Taylor to North BJIB8............. .. . •• . .•• . . . . .. . . . ..........••...• 1 ..••••••• 
lbrri<>tt . . . . • . .. . . . . . . • . . . . ' 21 56 43. 962 ~ - . 027 

21. :J2:\ 
52. 62(j 

46. 400 

43. 9.'lii i 

44. 49!! ! 
32. 027 : !:s:::t:~~-~~~~~~:·:::::::::::::::::::.::::::::::--:::1 .. ~~--:~.-~::~~-l .. ~.:~~ \ I , ......... . 

Ms.ITiott to Taylor ............. .. 

. 215 1 

'150 

'151 
. 151 

·······--········r········ 

Lin~~~~~-~~~~~~~:::::::::: ........... :::::::::::::::1 .. -~-·~-·~--~;;·1··~---~~~: --~~:~·:--· .370 

North~- .•• ,. .............................................. l 70 56 58. 975 : + . 763 59. 738 : . 370 

MJl.rri<>tt ................................................. --) 40 19 28. 501 - . 738 27. 783 ' . 3W 

Linstid to :Maniott.. ..... .. . ... . . ... ... . . .............. ; ............................ 
0 
.......... \ ••••.•.. 

Linatid t<> North :Base.. . .. . .. . . . . . . . . · .. · · · · · · · .. · · · · .. i · · · · · · · · .... · .. · · -' · · · · .. · .. · · .. " · · · .. · · · · · 

North &8e to Linstid ............................................................... .. 
Sw&n Point .................................................... 

1 
56 08 57. 917 ' +l. 016 ' 5S. 933 

North lla.se ..................................................... \ 60 O'i" 41. H-0 . - .009 41.131 
• 254 ' 

L:instid ......................................................... : 63 43 20. 633 i + . 067 
Sw8D Point toLinatid ................................................................ . 

20. 700 • ~.J5 ' 

Swan Point to North Ba.se ............................... ) .................. j ... . 
I I 

:n~'aos 
5~. 411 

4G.281 

21 :ioa. 163 

18 471. WI 

43. 785 

44. 339 

m.87o 
25 808. 601 

18 471. 361 

33. 239 
59. 368 

27. 393 

26 179. 19'2 

17 922. 448 

58. 679 

40. 876 

20. 445 
18 713. 270 

rn a;;o. 297 

::~~:=~~:t:~:?:~~~: ::::::::::::::: :::::::: ::::::·: :: : : : T. ~~:· ·:·-~~:-~:· j· -~ : :: .. :~~"!"····· ~:::~: 
Lin~=~::~~:::·:~:::;~~~~:·:~~~~::::::::::::_:_:::::::::.:::·\·::~~::~~: :~~-:~~g:\: :~ :':~~~-·-.. .. .... . 2•l3 .I: : £ ~E 

Pool's Island to Linstid . • . . . . . . . . . . . . . . . . . . . . . . . .. . ..... J · · .. · · .. · · · · · · · · _[_ · · · · · · ... · · .. · .. 
1 

Finll<y ................................................... i 5'1 32 21. 7H I + 1. 651 I 2i'l.365 • 635 i ~2. 730 

~~~~·:: :: :'.'.: :::1 ;;~~1:~r~~1::;1~~~ 
Webb .......................................................... ! 70 15 16.992 + .7341 17.726: .4110 i 17.23& 

:::::::.~~- · ··. · :L : T , ~=: 
Linatid ......................................................... \ 34 46 24.832 l +l.126 25.9581 .090 25.868 
North Daee....... ......... ... . ... ... . . .. . .. .. .. .. ....... .•...... 3'2 26 27. 418 + . 295 27. 713 · . 001 I 27. 622 

I 

T&y~~~~~ ·~ ~~~i~;:: :: : :::: ::: : ::: : ::: ::: : :: : : :.:: :: ::::::: :J -~~~ .. ~~-- o~- 7~4- .. ~ ... ~ 06. 600 . 090 ' 10 4~: ~~; 
Linstid t<> North BIW! . .. . ... . . . . . . . . . . .. • .. . . . • . . . • • • . . . . . . . . . • • • . • • . .. . . . . . 17 922. HS 

Taylor to Marriott ......................................................... . 
Lin&tid. ••. .. . . ... . ... .. . .... .•.. ... . . .. . ... . ... . ... . .. .. •. . . . . 33 57 08. 845 -1. 195 07. 6'>11 . 129 07. 521 

Taylor .. . . . •. . . • . . . •. . . . . . .. .. .•. . . . ... . .. . .. . .. . . . . . .. . . . . . • .. ~27 w OD. 967 -1. 057 08. 910 .129 OS, 781 

Jlarri&tt.. .... .. .. ... . .. . ... .. ...... ... . .... .. .. ... . .. . .•...... 18 22 44. 539 - • 712 43. 827 . 129 43. 698 

===~::::::::::.::::::.:::::: .. :.::::.:::::::.\"::::::::::::::: ... ::. 26 179. 192 

lll 427. 912 

l1<lgarithms. 

4. 1435288 5 

0. 1903782 4 

9. 9!145370 4 

9. 9325918 2 

4. 32844413 

4. ~664989 1 

4. 0448164 5 

0. 4!.'744R5 3 

9. 9395-008 3 

9. 7942339 3 

4. 4117658 0 

4. 2664989 1 

4. 41l76581 

0. 0306515 0 

9. 9i55389 2 

0. 8]()9800 3 

4. 4179562 3 

4. 2533973 4 

4. 2S33973 4 

o. a806629 1 

9. 9380894 4 

9. 9526273 9 

4.212aoo 9 

4. 2ilffl876 4 

4.27214% 9 

0. 2'i693&l 5 

9. 9036254 5 

9. 705:3337 2 

4. 46'.!7J:l9 9 

4. 2046222 6 

4. 4627139 9 

o. 0945990 6 

9. 99.300,')3 2 

9. 8621100 6 

4. 5503183 7 

4. 41942311 

4. 2142059 4 

0. 3624.285 5 

9. 99762&9 4 

9. 973&838 s 
4. 5742634 3 

4. 5503183 6 

4. 0448164 5 

o. 2438671 1 

9. 729.5138 2 

9. 9647137 8 

4. 0181973 8 

4. 2533!l73 4 

4. 266l.9P9 1 

o. 2529772 4 

9. 8981:~00 9 

9. 49~7212 2 

4. 4!7Q562 4 

•. 0181973 7 



 

96 REPORT OF THE SUPERINTENDENT OF THE 

Adjusted primary triangl<Js between Kent Island, ]fd., Washington, D. G., and Atlanta, Ga.-Continued. 

)fame of stations. 01 ed I 

I 
Corree-

1 Spheri~al :Spherical I Plane angles IL "th 
lRer'\'" ang e.a . . 

1 
oga.r1 ms. 

ttons. angl.,;s. j excess. ,anddistances.
1 

Linstidto"Marriott ..•..•.................................•.......•................ ': .. -~I .... .''. ... [ .... ~•It~~- '.--4-.4-1-79_56_2_3 

Webb_ ...... ___ .. __ .............. - . . .. . . . . . .. . . . . .. . . •. . •••.•• 76 16 06. 19-0 - .103 06. 087 ! .33a I 05'.
1
754 

Linstid........................ ...... ...... ... ...........•..••. 66 18 42.310 + .256 ! 42.566 f .332. 42.234 

:::::=~; :: : ~' ~ ~'~ "''.'[ ~M< I ~, 1 ~:: 
Webb to Marriott. ........... -..... - .. -- .....•. · ·· .. - . -- -- - - -- · - · - - · · · - --- · · ...... · ••· i · .... · · ·· · · ·· · 

run .••..••.••..••••....•.....•..........•• ·----------------- 56 4o s2.002 + .40s i 32.410 .46.5 s1.945 
Webb.......................................................... 53 10 5Z.339 - .342 j 51.997 .46.5 51.532 

Marriott ............................................. ~......... 70 08 37.171 - .184 36.987 .464 36.523 
Hill to Marriott ........................................... -------------·---- ............•...•.......•..•. 

1 

28 643.910 
Hill to Webb ............................................................................................ 27 779.245 

Webb to Marriott .......................................................... . I ·······--·1··-···--·· .......... ········-····· 
Soper ........•...........•... : . . . . . . . . . . . • • . . • • . • . • . • • . . . • . .. • . 39 41 37. 078 -· . 245 i 36. 833 ; . 486 36. 347 
Webb .......................................................... 102 15 58.886 + .009 j 58.8951 .486 58.409 

Marriott .......... _______ . ___ . __ .. ... ---·- _ -----·-. ····--·---- 38 02 26. 815

1

-1. 0851 25. 730 I .4&; I 25.244 

::::::~:~o~:::::::::::::::::::::::::::::::::: ........ :::::::::::::::::: ::::::::::i:::::::::· ::::::::::! ~ ~~~: 
Webb to Hill .......................................................... ···-·· · ......... 1 ......... .1. ........ j 

Soper................................................ 75 01 10.921 -- .034 I 10.887 ! .423 'I 10.464 
Webb .................... --- . ...... .... ........ .••. ...... .. .•. 49 05 06. 547 + .351 i 06.898; .423 00.475 

Hill........................................................... So 53 43.600 - .116 ! 43.4841 .423
1 

43.061 

Soper t-0 Hill .••••••••••.••.. - - ................ -- ....•.. - ...••... - ..................... 1 .......... --- . -- .. --i 21 730. 859 

Soper to Webb ............................................. ······· .... •... ... . I··-······· 1----·····-1 23 810. 843 

Mattiott to Hill .•.•••.........• : ........... -........ - . . . . - . - . . . . . . .. . . . . . • . . / ......... + ......... ; ............ . 
Soper--·--·--·-·-- ........................................... as 19 a3.843 + .211 ! 34.054 ! .401 i 83. 653 
Mattiott .......................... - . . . • . • • . . • . • . • . . . . . . . . . . . . . . 32 06 10. 356 + . 901 i 11. 257 ) .402 : 10. 855 

Bill .......................................................... 112 34 15.602 + 292 15.894 • 402 I 15.492 

Sopert<lHill. .............................................. ···············-·· ..... ~ ...• 1 ........ 1 ..... • ..... i 21730.859 
Soper to Mattiott ............................. - -- .. . : . .. -- .. - . -- . - -- ................ -1 .....•.... : .......... ; 37 758. 280 

1 , I 
I , ' Soper to Hill ............................................... ·················· .......•.. , ......... 

1 
.......•. 1 ............. . 

Cansten .......................... -- . . .. . .. . ... . .. . . ... . . . . . . . .. 69 Bl 00. 444 +1. 019 OJ. 463 I . 280 : 01.183 

Soper . - -- - . -- ....... - - - - ..... ·- ....... - ............ -·....... .. . 47 08 46. 410 I -t- • 655 
1 

47. 065 ! • 280 ( 46. 785 
·Hill .............................. '-'·'···············-···-- 63 20 11.713 + .598' 12.311: .279 J 12.032 

Ce.usten to Hill. ...••..•..... - ... -- .. - .. - ... -- . - - - ..................... - ....•......•.... ' .••....•.. 1 .......... I 17 005. 926 

Gaustento Soper ............................................................. -········-i--········'I;·····--··-: 20 730.652 

Soper to Rill ..•......•........•... - ........................ -·· ............. - .. -_·. -.-;.;,1· .i,,.--1·8·.-8·3·1· ... - ··.·0·3·3· ·,! .... ·1·8·.·7·98· 
St&bier ................ - ... - ................ •. :. •• .••••••.. .• . . . 17 46 18. 832 ~ 

i ! ~per......................................................... 158 15 ··········; 58.600 i 034 / 

Hills~~;;;~- run:::::::::::::::::::.:::::::::::::·:::::::::::: ·_-.·.-.~.·.·.~.-.·.·.~.-.... ~.~.-~ .. -. -.-.·.· ·.·--~--. ·.·.r_ .. _._~_~_:_6_· 1.-o.-.J1,.· -. -.·. ·.·.-~.~-4.-.11 26 a:::;: 
St&blcr to Soper. . .. . . • . . . . . . . . . . . . . . . . . . • . . . . .. • . . . . . . . . . . 4 919. 027 

.. --- ·····- .................. 1 .......... 1. ············ 

~~~~:::::::::::::::_:::·:::::::·::::·::·:·:-::·:·:-:::::::::-:::::::::: E ;: ~::: ~ :: ~:EI :: I ~:: 
::::::!!~·:::~::::::::::::::::::::::::::::::::::::::: :::::::::::::::::: .::::::::: ::::::::::!::::::::::! : ::: 

58. 626 

Webb to Hill ............................................. . 

WebbtoSoper.............................. .............. .................. , 
Stabler ............... ........................................ 44 54 03.487 --~-:~;;· ···~~-~~ ····.-~ 1···--·~·~·-
Webb...................................................... 8 2il 00.48S + 128 006Hl 0791 OC1537 

Soper......................................................... Ill6 42 •••.. ~.... oo:ti;a l' :010 I 50:374 

::~:: :':~ :::::::~::::::::::::::::::::::::::::::::::· .... :::::::.::::::).::::::::: :::::::::: ·::::::::.! ~ :: 

0. 0125939 5 

9. 9617715 0 
9. 7R36557 5 . 
4. 3923246 8 

4. 2l42059 3 

4. 392324G 8 

0. 0780156 5 

. 9. 9033789 6 

9. 97338011 
4.31371929 

4.44372044 

4. 31123246 8 

0.19471&9 7 

9. 9899705 6 

9. 7897i!SI 2 

· 4. 5770122 I 
4. 3767747 7 

4. 4437204 4 

o. 0150165 0 

9. 8783399 6 
9. 9180378 3 

4. 3370769 0 

4.37fll7477 

4. 3737192 9 

0. 2379007 9 

9. 7254568 2 

9. 00539218 

4. 3<70769 0 
4. 57701221 
4. 3370700 
o. 0283643 

9. 8651591 

9. 9511718 

4. 2306003 
4. 3168130 

4. 3370769 

o. 5153756 

9.5685460 

8.8394268 

4.4200984. 
3.6918711Z 

4-.4437~ 

0.0513924 

9. 025&158 
9. 9369035 
4-. 4'.!09984 
4. 4ll20183 

•• 376'77'8 
Q.16126'18 

t.1038387 
9.llOlllJ738 
8.1111187111 

4."20JM 



 

UNITED STATES COAST AND GEODETIC SURVEY. 97 

Adjusted primary triangles between Kent Island, Md., W ashingtan, D. O., and Atlanta, Ga.-Oontinued. 

i [ I 
Names of stations. ! Obserrnd angles. I Correc- ; Spherical' Spberical: Plane angl"s I Logarithms. · ! tions. '. a.ngles. exce88. iand disUi:nces.i 

-----------------! ! ! _______ l _____ i----------
. i o / 11 ) 11 i ,, ,, J .Jfer,era. Stabler to Hill ................................. ·············:··················:··········,·········· ·········l ··· ···· ····· 

Peach Grovs ................................•..••..••...•...•. ·i 51 03 01. 001 f - .142 , 00. 859 . 616 i oo'.'243 Stabler ..... _. . . . . . . . . . . . . . . . . · 6.3 40 03. 058 \ - . 163 ' 02. 895 . 616 'I 00. 279 

Hill ~~hG~~~-~ ~-~~::: :: : ::: : :: : : :: : : : : : :. . . : ::: : :} . -~'-·16 --5~--~~~- i .. ~---~~ i .. -~--~ ' ..... ·. ~~~- 30 3~~: :: 
::::r:v:: ~~~~·~:::. :: : :: : . : : .: : : : . :: . :· ............ 1· :: . ::::: ::·::::::1::::::::::1 ........ ··' .:: .::::::I.-~~-~~~-~ 

Peach Grove................................... 7 24 2'.!.078 1 + .320 i 2"l.398, . 045 I 22. 353 
C~nsten .....................................................•.. ! 166 41 · . : 09.343 , . 0(5 ( 00. 298 

Hill ~~~hG~~~~-~·ii;~::::::·:::: :~::~:: :::: :: :: ::: :: : : :: ::) .... ~--~- -~~--~~~ l "~---
5

~-f--·~~". ~~+ ... .". ~~~-j ao a:~:!!! 
Peach Grove to Causten ..................... _ .............. [· ................. 

1 

......... · 1···· ..... ·:--·· .... ·· 1 13 °79. 253 

Stabler~PeachGrove ................................... T················ \····: . . \·-· .... 
1 
·········1·--·····--··· 

MarylandHetghts .............................................. 
1 

26 57 21.211: +1.04D i 22.260 J.634 20 626 Stabler .. -. . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 
1 

67 47 51. 529 : + . 336 I 51. 865 I. 634 
1 

50. 231 

PeacE:::·!:!~:~:~=~~~~~~~-::::::::::::·:::·:::::::: 1 :::~-.:~~::~~:~~:i::~::~~: i:::~:~~~: 1 :::·~-:~~:: ~ :E::~ 
1 l 1 '. I 
' I I ! 1· 

Bn11 x;:1~~~- ~~'.g~·t··· ~ -~tab1er:::::.: :".: :: : ::: : :::: ::: ::::. j .. -~;. ·;~·-~:~;r~·: ~~~- 1 --·~:;~·' ·-··;:;~~-, · · · 53_ 484 

MarylandHeigbte ......................•....................•.. \ 67 51 33.D42 ! + .2os I 34.150 · 2.708 ! 31.442 

Stabler ....................................................... •· i 44 16 38. 016 i - . n4 37. 782 2.708 i 35. 074 

!: !:: : ~~~~:,~-~~;~~~: ::::: :::::: :::::::: ::::::: ::!::::::: :: :::::::::I:::::::::: i::: ::: : ::::: ::::: ::: :1 :; :: : 
! I I j ! 

Bu:;::~-~~'.~~~~-~~~~~~~~-·.:::::::::::::::::::::::: :I··-~--~~--~--;~~ r~·: ;~~-1···~: ~~- :·. --~.-;;~ ·1 ···. -~~--~;~ .. , 
Mary lend Heights... . . • . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 40 54 12. 731 , - . 841 I 11. 890 i I. 778 i 10. 112 

Peach Grove . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 53 56 04. 405 I - . 910 · 03. 495 I 1. 778 1 01. 717 

BullRnntoPeaehGrove...... . .....................•..........•..... !····:::::·.!!,:·.·.:·.::. . ........ ( 41328.971 

BnllRuntoMary1and Heights................... i ····-···········r· 
1 

·::::··:1..~~-021.00-0 

::,.,":!;'~':7"?: : : :.•l~ ~-::.:1-~::I :: .:: ~: 
Pea.eh Grove . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . ... . . . . . . .. . .. i 139 JO M.1m \ + . 078 i 54. 271 I . 7041 53. 567 

::::~=:-·:·············-··-·········· 1··----• .. :.1•· - --•:•-:-•-•·1 ~:-:_ Snga.r Loaf ..... ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . j 18 22 , . . • . . • • • . . 03. 879 
1 

• 618 I C3. 261 

Stabler.... . . . . • . . . • • . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·I 134 09 42. 341 I + . 252 I 42. 593 i . 617 \ 41. ~76 
Hill .......................•.......•..••...•......•.••.....•.... I 27 28 15. 028 I + . 353 15. 381 j • 6181 14. •63 

:::~::::bl~~·:::::::::::::::::::::::::::::: :::::::J:::::::::::::::::I: ::::::::: :::::::::-!:::::::::·. : :: :~: 
I I ! 

Sta"blert<>Peaen Grove .......•.... ·······················I ···· ......... \ .................. 1 ............... . 

~~~iL~-·••• 1=~-~~p-:~' __ ;;! _____ •~1 rog 
Sugarr-t"toStabler ·········•···········•··············· 1·············-·-··i··········i ·· ······( ........ 

1 
38!9l1.434 

s.i::.: ~-Bull.Rn~ ·:·::::::::::::::::::::::::::::::::::::·1···~--~·········1:::::: ·::·1··-~;.-~~ 1 ·· ;_-~;~ :--····~~-~~~-· 
Stabler ...•...•.••..•...•............. -- . •. . . ........... ·-. 46 58 2!i. 77() i - . lfi6 Z5.GH l 1. 617 I 2.3. 11117 

Bnll==:~:::~!~::::::::::::::::::::::::~::::::::::::l:::~::~~::~:::l::~::~~:l.::~~:~~:J:::~:~~:I : =~~~ 
S.Ex.1~13 

4. 4209D84 

0. 1091904 

9. 9524212 
9. 9582683 

4. 4826100 

4. 4884571 

4. 2306003 

0. B897368 

D. 3622730 

9. 0125388 

4. 4826101 

4.1328759 

4. 4884571 

0. 3436124 

D. 9665419 

9. ll985039 

4. 7986114 

4. 8305734 

4. 8305734 

0. 033249-1 

9. 9667317 

9. 8439305 

4. 8305545 

4. 7077533 

4.. 7986114 

0. 0015492 

9. 8160940 

9. 0075927 

4. 6162546 
4. 7077533 

4.4884571 
0. 5267427 

11. 601~54S 

9.Br.:1548 

4. 616"l546 

4. 83~5546 

4. 42Cl!l984 

o. 501535) 

9. 8557474 

9. 6639797 

4. 7782809 

4. 5865132 

4.4884571 

0. 1451693 

9. 9743307 

9. 9528870 

4. 6-079571 

4. 5865134 

4. 8305545 

0. 0050584 

9. 8639389 

9. 7500004 

4. 691151'18 

4. 5865183 



 

98 REPORT OF THE SUPERINTENDENT OF THE 

Adjusted primary triangles between Kent Island, Md., W askington, D. O., and Atlanta, Ga.-Continued. 

Nam es of stations. 
Obs d 1 I Corroo· 1· Sph~ri<1al Spherical I Plitne itngles 

erve ang es. tions. angles. excess. 1and distances. Logarithms. 

----------,1------1---1------1-----1-----

Stabler to Yaryltmd Heights .... ----·----------------·--·· ·-·····---·--· ................... . 

SngarLoaf ..................................................... 173 44 19.706 .1041 19'.'002 

Stabler........................................................ 2 41 47.754 + .078 47.83~ .104 47.728 
!la.ryltmd Heights.............................................. a 33 53.321 - .547 52.774 .104 52.670 

SugarLoaftoMaryltmdHeights ---·---··------··- ..................................... ----·--··· ·-·------- 2ll 20-1.419 
Sugar Loaf to Stabler ...................................... ---··----···--·--·-·-····--- .................... as 593.416 

i27~~~ - - -: 1,~::::·~.~:J~:~I ~-----~ili--

~i~~2·········~················H······ ··:··=··~;·. +;~·1···~$· ····~·~·1-:-i~--
SugarLoaftoPeacb Grove .... oo•••••••""''""''" '""'''" ................................................ 40 546.850 

P..;,,hGrove t<>Maryland Heigbts ...................................................................................... . 
SngarLoaf ..................................................... 128 01 .......... 28.070 .790 27.280 

Peach Grove.......................................... ... - I 21 27 18. 694 + . 571 19.265 . 789 18. 476 

M.ltr~::..~ ~~~h= :r:i:,:~~~~-~~;~~~:::::::::::::::::::::::::::1 ___ ~--~~--~~~~~- .. ~ ... ~. ·--~~--~~- .... :.~~- 2ll 2~::: 
Sugar Loaf to Peach Grove···--·-··--··----·-·--···-·"·" .................. , .............................. \ 40 546.841 

Jlull Run to llaryltmd Heights·---------···--------··· .. -------------· ..................................... ! .•...•....... 
SugarLoaf..................................................... 75 00 37.681 1.195: 36.486 

Boll Run .... __ ........................ -· ........ -·- .... --- ... .. 33 33 59. 1338 - . 858 58. 980 1.105 57. 785 
:Ma.ryla.nd Heights .. -- ................ -.. · .... - ..... · • · - .. · -- · · · 71 25 27. 263 - . 338 26. 925 1. 100 

1 

25. 729 
Sugar Loaf to :Maryland Heights .. -- ..... - - ... - . - - .. -................. - ...................... _ ............. ' 29 203. 439 
SUW'fLoaftoBul!Rnn ...................................................... ---------- .................... 50 067.047 

:Ma.rylandHeightstoPeaohGrove ..................................................................................... . 
:Mount Ma.rsht.11. ............................................ --- 45 15 40.425 + .1as 40.563 a. 905 a6. 658 
:Maryland Heights ... - ... -................... · · ........... · .. -- 76 11 58. 138 - . ~84 57. 554 3. 904 M. 650 
Pea<ihGro-ve................................................... 58 32 34.004 - .4e7 33.597 ~.905 ! 29.692 

:Mount Marshall to Peach Grove ......... ·•· ------ .. -- -- -- .... ------- ....... ..••.. .... ........ •. 85 988. 275 
:Mount:Marshallto:Mary!andHeigbta ...................... -····-············ .............................. 75 530.439 

llarylandHeiP,tstollnllRun ....................................................................................... .. 
:Mount Marshall.. ............................ · ................ - 41 01 17.218 + . 589 17. 807 1. 88il 15. 922 
:Maryla.ndHeighta.............................................. 35 17 45.407 + .257 45.664 1.88il 43.779 

Bol!Rnn ....................................................... 103 41 01.614 + .569 02.183 1.884 00.299 

!lount Marshall to Boll Run ••• - ....... - .. • ............ - .. · • . . • .. . • . • .. • • • • • . • •.. - .. . . . . .. . • • • • • . . • • .. • .. . . 44 915. 804 
Mount Jll&rShaJl to Maryland Heigbte .. -................ - . . . . • • • . • • . • • .. • • . . . . • • . •• • • • . . . • • . . • • • . . • • . • • • . .. 75 530. t04 

Bull Run to Peach Grove ..................................................... -···--·--- ---------· ........ __ ···--· .••.•••. 
:Mount :Mar&ha.ll ................ - ...... • - .. -• -...... - .......... - 4 U 23. 207 - . 451 22. 756 . 242 22. 514 
BullRnn ....................................................... 171 09 07.681 + .186 07.867 .24J 97.626 
Pee.ch Grove .................................................. . 4 36 29.659 + .443 80.102 29.800 

Mount M&rShall to Peach Grove ........ -.. - .. .. .. .. .. .. • . . •• • • • . • ••• • • . •. . • • • . • . • • .. • . • . • • .. • • • . . •• • • . • • • . 85 988. 275 
llonnt :Manhall to Boll Run..................................................................... .......... 44 91!\.1!04 

Haryland Height. to Sugar Loaf ....................................................................................... .. 
lfount lrlarsha.11.. ••••• - .. - .. - • -.. - .... · ....... -......... -..... - 18 25 47. SMO + . 866 48. ll06 1. 788 47. 018 
lfaryland Heigh ta ....... - .... --........................ -..... - 106 43 12. 670 - • Oll2 12. Ci88 1. 788 10. 800 
SngarLoaf..................................................... M 51 09.970 1.788 02.ll!2 

lfount:Marahallto Sngarr-t' ·------·····--------- .. ·----· ··-······---······1----·-···· ······-··- ------···· 88 '69.ll8'7 
llOWlt KanhlJl to llarylalld Height. ............................ - • • • • • •• • •• • • • • • • • • • • • • .. • •• • • • • • • • • • • • • • 75 530. '311 

4.83057M 

0. 9623282 
8. 6725321 
8. 7936116 
4. 46.'>4337 

4. 5865132 

4. 4826100 
0. 3378ll92 

9. 7875081 
9. 9578319 

4. 6079573 
4. 7782811 

4.6162546 

0.09'75737 

9.9857237 

9. 8941288 
4.6995520 
4. 6079571 

4. 7986114 

0.1036115 

9. 5632111 
9. 7057341 

4.46MMO 
4. 6079570 

4. 7077533 
0. 0100357 
9. 7426450 
9.9767630 

4.46M340 

4. 6995520 

4. 7986114 
0.1485518 

9. 9872760 
9. 9309588 
4.91144392 
4. 8781220 

4. 70775311 
0.1828133 
9. 7617726 

9. 98741152 
4.6523992 
4.B78Ul8 

4. 6ltl2Hjj 

1.13111154 

9.1869892 
l!.0049492 

4.11344392 
4.66289t2 

4.tGM339 
o. 50011'7 

9.9812f03 

9.tl.250H 
,_INAl'/'92ll 
4.8781290 



 

UNITED ST.A.TES CO.A.ST .AND GEODETIO SURVEY. 99 

Adjusted primary triangles between Kent Island, Md., Washington, D. C., and Atlanta, Ga.-Continued. 

Names of stations. 

i i I 

Observed angles. C~rree- ii Spherical; Spherical I! Plan~ angles ; Logarithms. 
t1one. angles. 1 excess. jand distances. 

··-- ··-----~- ---1 ----
0 , ,, /1 / /1 " Meters. 

Sugar Loa.! to P.,,..,h Grove . . . . . . . . . . . . . . • . . • • . . • . • . . . . . . . . . • • • . • • • • • • • • • • • • • . ........ · 1-- ................. · 1 · ....... ;; ... . 

Mount Marshall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 26 49 52. 485 - • 728 5L 757 2. 906 48. 851 
Sngar Loaf . . . .. . . . . .. . . . . . . .. .. • • . . . . . . . . . . . . . . . .. . . .. . . . . . . . 73 IO . . . . . . . . . . 24. 099 2. 906 21. 193 

':§:..7.:::E~ -•••••••·••••••••······· i •~- ~ ~,~ ··~· ·~r :•~~J--·~~ .. = ?..~ .. 
Mount :Marshall ................................................ \ 22 35 29. 278 - • 277 29. 001 j 1. 292 27. 709 

Sa.gar Loaf....... • • . • • • . . . • . . • • . . • . .. . . . . . . .. . . .. • ••.......... i 20 09 . •• . . • . . • • 33. 711 ! 1. 292 32. 419 

~t;;;;~;·····························I···~·:·;~• ·.~;~• •··~:'.:•1···-~~•I--~-:: .. 
Mount Marshall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 134 42 53. 217 - • 632 52. 585 1. 022 51. 563 

Boll Run . . . . . . . . . • . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 35 48. 021 , - . 326 47. 695 1. 022 46. 673 

!:!:!~!!u:r;:;.~·::::::::::::::::::::::::::::::::::: ::::::::::::::::::1::::::::::1:::::::::: .::::::::: ~~ :~:=~ 
! 

:Mount lll&rshall to Bull Ran ........................................................... j ................................. . 

Clark . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 54 42. 44 7 + . 550 ' 42. llll7 2. 06fi 40. 931 

Mount :M1trshall. . •• . • • . . • . . . . . . . . . . .. . . . . . . . . .. . . . . . . .. .. . . . . . 86 33 27.193 - . 319 ·. 26. 874 2. 065 24. 809 

Boll Run . . . . . . . . . • . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 31 56. 183 + . 143 i 56. 826 2. 066 54. 260 

Clark to Bull Rna ...................................................................... :...... .•. . .... ...•.. 68 461. 375 

:k::::~M~=::··::::::·::·::··::··:··:·:·::··:· :::::::::::::::::: ::::::::::]::::::·::· ::::::·::. --~-~~--~1~--
Clark...... .••••..•..••.. •• • . •. . . . . . .• . . • . . .. . . . . . . . . . . . . . . . . . . . 84 53 87. 398 - • 357 : 87. 041 2. 341 34. 700 
Fork ................................. , . .. . • . . . • . . . . . . . . • . . . . . . . 63 10 21. 046 + . 307

1 

21. 353 2. 342 19. 011 

Bull Run . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 31 56 08. 162 + . 469 08. 631 2. 342 06. 289 

Clark to llnll Run.. . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • • • • • • . . • . . .. • . . . . . . • . . . • . •• • • . . . • • . . . • . .•. • .. 68 461.1190 
Clark to Fork . . . . . . . . . . .. . . . . . . . . . . . . . .. .. . .. . . . . . . . . . . . . . . . . . . . . . . • . • . . . . • . • . . . . .. . . .. . . . . • . . . . . . . .. . . 40 581. 168 

Fork to Mount Marshall ............................................................... , .•••........•••••............•.•.. 
Clark .....•...•...•...•............ ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 58 54. 951 - • 907 I 54. 044 1. 298 

Fork . • • . . • • . • • • . • • . . . • . . . . . . . . . . • • .. • • . . . . . . . . . • . . • • . . . . . . . . .. . 87 51 45. 081 - . 942 44.139 1. 298 

Mount Marsba.Jl.................... .. . . . . . . . . • • • . . . . . . . . . . . . . . . 48 09 26. 024 - . 313 25. 711 1. 298 
Clark to M.onnt Marshall.. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . • . . • . . • • .. • • • • . • • • . • . . • . . . . • • . . . •••...... 

52. 746 

42.841 
24.U3 

54 435. 425 
Clark to Fork.............................................. . . .. . . •••••.. •• • . • ••• . •••••• . • . .•••••• . ••• •• •• . . 40 581.178 

Mount Marshall to Clark ................................................................ '. ............................... . 
Pet.en....... .. . . . . . . . . . . . . . .• . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 44 26 43. 717 1. 3!!7 42. 330 

Monnt M&r8ba ll. .. . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 24 30 02. 461 + . 221 02. 682 1. 387 01. 295 
Clark........................................................... 111 03 18.128 - . 367 17. 761 1. 88ll 16. 375 

Peters to Clark............................................. ... ... •••••• ••. .. . .••• ••.•.. .••. ...... • .•. ..•... 32 238. 630 

Peters t.o Mount lllarshaJJ.. . • . . . • . . • • . . . . . • . . . • • . • • . • . • . . . . . . • . • • • • • • • • • . •• • • • •• • • • • • • • . . .. • .. • • • [.. •• .. • • • . 72 549. 833 

Fork to Monnt Marsb&l.l.. .................................................................................... . 

Peters. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. • . . . • . . . . . . . . . . . . . . . . . . . 21 49 29. 656 
Fork . • . . . • . . .. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 134 31 10. 900 - . 788 10.112 

M1>1lllt Musha.Jl. . . . . . .. . . . . . . . . . . . . • . . . • . . . • . . . . . . . . . . . . . . . . . . . 23 39 23. 563 - • 534 23. 029 

.932 

.93:! 

• 932 

28. 724 

09.179 

22. 097 

:Peters to M:onnt Marshall . . • • • • • . . . • . . . . . • . . . • • . • • . . . . • . . . . • • • • • • • • • • • • . . • . . . • . . . • . .. . . . . • • • .. .. . . .. • . • • . • . 72 !M9. 850 
htJers to" Fork . . • • . .. • . • • • . . . . . . . • . . • . • . . . • • . . . . . . . . . . . . . . . • • • • • • • • • . . . . • . • . . . • • • • • . . • . . . . . . . . • . . . • • • • • • • • . 40 827. 151 

Fork to Clark . . . . . . . . . . •• . .. • • •• . . . . . . • . . • . . . . . . . . . . . . . .. .. • • • .. . . . . • . • • •• • • • . . . . •• . . • . .. . . • ••• • • . •••••.•..... , ......... . 
:Petma....... .• . . . . . . . . .•• . • . . . . . . . . . . . .. . . . . . •• • •• . . . . . . . . . . . . . 66 16 13. 371 1. 02C 12. 351 

Fork • • . • • • . . • . . . . . . • • . • • • . . • . . • . . . . . . •• • • • • . . . • • • . . . . • . . . . . . . . . 46 39 25. 819 + . 154 25. 973 1. 02C 24. 953 

Cll.rlt •.•••••••.•••••••.•..•...••••••.•••.•••••••.••..•......... fi'I' 04 23.177 + .li311 23.716 L02C 22.titlti 
:Pet.en to Clark. . • . . . • • • • . . • • • . • • . . • • . • • • . • . . . • • . . . . . . . . . . • . • • •• • • • • • .. • .. • • .. •• .. • • • • •• . • • • • • • • . • . • • . . .. . • • 32 288. 630 
1'eliera to Fork......................... .................. ............... ... •••.••.••. ......••.. .......... 40 827.142 

4. 6079571 

0.3454880 

9. 9809!MJ. 

9. 9933477 
4. 9344392 
4. 9467928 

4. 6995519 

0. 4154983 

9. 5373489 

9. 8317426 
4. 65231191 

4. 9«171128 

4.6523992 

0.379IB69 

9.8516396 
9. 54627U 

•. 8831757 

4. 5778087 

4.6523992 

0.1838811 
9. 999215.3 

o. 8996512 

4.8354456 

4. 7358815 

4. 8881757 

0. 0017275 

9. 951!5425 

9. 7234213 

4. 8354457 
4. 6083245 

4. 5778087 

0.1583754 

9. 9996975 
9. 8721405 

4. 7358816 

4. 0088246 

4. 7358815 

0.1547621 
9. 61773:Ul 
9.961J9928 

4. 5083766 

4. 8606364 

4. 5778087 

-0. 4297289 
9. 8580989 
9.6034115 

4.8006365 
4.6109491 

4. 6083245 

0.0383641 

9.8616880 
9. 9642604 
4. 5083766 

4.961<G 



 

100 REPORT OF THE SUPERINTENDENT OF THE 

.Adjusted primary triangles between Kent Island, Md., Washington, D. O., and .Atlanta, Ga.-Continued. 

I I ' I I 

Ii Observed angles. ! C~rroo. j Spherical Spherical [ Plan? angles ! Log!ll'!thms. 

j '· trnns. i angles. ; excess. land distances.j 
Names of stations. 

1- -~----- -----'------- ,---------
i I ! 1

1 I .M; I 
Fork to Clark. - ... --- .......................................... ] ... ~ .. ~- ... . 

1

: ..... I ..... ': ..... !--··-~- ... ! ... .. 
1

: •••• I·.-·. _e_t~~: ... 1 4. 6083245 

Spear----------- .. ·······-····-···------·-···········--··-----! 21 58 1 
+ .3181 18.1151 3.591 i 14'.'524 

1 0.4269747 
~::~:::::::::::::::::::::::: __________ ::::::::: --------- .. ::::/ ~: :: 1Ql72 :1:!~: I ~~:~~~I ::::~I :::~ ::::: 

~::::~ ~!:~k.::::::::::::::::::::::::::::::::::::::::::::J:::::::::::::: oo•--·--r-·------1-- -----· 1106 683.39 ~:=~: 

Fork to Clark.--·. - ...•.. -- - -·•·•·· - -- - - - - - - ------- ··· · - - _i ···- -· ----· · : : :: :::::1::: ::: : : : -1 :::. :::::: 1- ~~~- ~~~-~~- ·· 
Humpback .................................................... 27 +-566: 49.553/ 2.462( 47.091 
Fork ........ _ ......................... _ .................... - .. + . 558 43. 034 I 2. 462 I 40. 572 

"·::::: ::::~• •••·•::··•••· ••::: •:: ·:: ::::: ::: : : : • ·!•.···· •··•· • • ••· •• • ·+.·~ · i• ••~ ,~•I·::.;:~• I .. ~ f:: 
Spear ......................................................... 

1 
32 08 11.606 + .037 I 11.643 I 2.134 i -09.509 

Humpback .............. - - .................... - ............... • 128 45 53. 652 + .144 I 53. 796 I 2. 1341 51. 662 

Fork ....... ------- --------------------------------··-- .... _,,_ 19 05 61.624 - .661 ! 60.963 i 2.134, 58.829 

=:~~~::~~k:::•::•:••·•••••••:::::::···········•••1·· ~··~··~~· ··~·.•~.·1···~;.·1····;~: . ': ~~ 
Fork ........................................................... I 52 02 16.657 + .404 i 17.061: 1.976 15.085 

~:::: ~~!~~~~~-_-_-_-_-_: -_-_-_-_-_-_ :::::::-.::: -.::::::: :::-.: :: :\:::::: ::::::::: ::: ::::::: :: :l:::.::::::1 :::::::::·I :~ :~~: ~~ 
i I I I 

4. 6083245 

o. 3425110 

9. 9949802 

9.9094680 
4. 9458157 
4.8003035 

4. 8603035 

0. 2741452 
9. 8919430 

9. 51483-00 
5. 0263917 

4. 6492787 

4. 8603035 
-0. 0009414 
9. 7497042 
9. 8967542 
4. 6109491 
4. 75791191 

4. 94581!>7 

0.4~22 Pete~~~~~~~~~~-~~~::::::::::::::::::::::::::::::::: :::::J -~~~-. ~; ......... :::: ::: :J. -~~.-~~~-1---- ~:~;~ ·11 ...... ~~.-~;--
~:;:~~ :::::::.-.·::: ::::: '.::::: :::: :::::::: ::::::: :: :::::: :::i l~ ~~ :::: ~1::: i :::~1 ::: i :~:~~ :::.:: 

Peters to Clark ............................. _............ ' ........................ I' .......... ! .......... 

1

1 32 238.615 4.5983764 
Peters to Humpback ............. _........................ .. ................................... [.......... 57 279.'74 4. 7579990 

I 

Humpback to Clark ..................................... ·- ·l-.. 0·1---44"." .204·9·:·4665·0·3-- .. _.+":':':--·,1,: ... : .. :·7243.59 .. 1-· ::·"2-~63·3--111 200~98-0 ·~ Spear-----···-------·-···-···-············-··················· l1'j: vu MU ~ 
Humpback .............. _ .................................. .. 

ClRrk..... .... .... ... .. .. .. .. . .. .. . .. .... .. ... .. . .. .. .... .. .. . 24 09 37. 367 -1. 580 
1

1 35. 787 I 3. 263 , 32. 524 
. I ' 

:::::i;::p~~;~::::::::::::::::::::::::::::::::::::::::i:::::::::::::::::: :::::::::: :::::::::r::::::: 11: :::s 
Pete~~~~-~~.':~:::::::::·:::::::::::::::::::~:::::::::::::::: .. ~~--~-- ........ : ·: :::: :: 1·. ·~~.- ~~~-1- ... ~: ~;~- [·-----~.·~--
ClJlrk .............. _. .. .. .. •• • • .... .. .. • • .. • • .. . .. .. .. .. . .. .. .. 11 21 46. 995 -+ ._ ~!! I 4

09
6 .. 87

7
,1
7 

ii 0
0

._ 5577~ II 46. 297 
Spelll" ...................................................... ---! 4 50 09.3U - • • 09.173 

P&ters t.o Spear ....... -- ................................. -.. ! ............................ 1 .......... ____ ...... \ 75 S«.842 

4. 9458157 
0. 0914523 

D. 0008287 
9. 6120107 

5. 0280967 
4. 649'.!'787 

5. 0280067 
0. 5544424 

9.29451'4 
8.9258372 

•. 877-05a5 
Peters t.o Clark ............................................ -1 ·................. .. . . . .. . .. . .. .. . .. . .. .. .. .. .. 32 288. 607 I '- 5083763 

Spear to Fork .............................................. 1.................. .... ...... .......... .......... ..... ......... 5.0203917 

Peters ..................................... -----------·---------! 129 55 41.526 1.098 39.528 o.1152866 
Spe&r ......................... - ................................ 1 17 O& 08.483 -.1151 08.3681 1.997 06.371 

Fork ........................................................... \ 32 56 _15.033 +1.005 16.0981 1.997 H.101 

:::::::::::::::::::::::::::::::::::::::::::::::::r:::::::::::::::: ::::::::::\:::::::::· .......... ~:::: 
Spear to Humpback ....................................... + ................. ·--·-··--· ......................... _ ....... . 

::,::~-~·:·:::::·:·:::::·:·:::::·::::::::::::::::::::::::::::::::::: : : :: = :: :: ;: ~= 
;:~::=~~:::::::::::::::::::::::::::::::::::::::!:::::::.:::::::::: :::::::::: :::::::::: :::::::::: : :.: 

9. 4682'708 

9. 735875' 

4.87705116 

,,6492787 
o. 22915113 
9.8795611 
9. llll86lliG 

"71l11191ll 



 

UNITED STATES COAST .A.ND GEODETIC SURVEY. 101 

Adjusted primary triangles betwoon Kent Island, Md., Washington, D. O., and Atlanta, Ga.-Continued, 

I I ! i ' I 
Names of stations. I Observed angles Corroo- ! Spherical; Spher!cfil, Plane aJllfles Logarithms. ! • j tionH. I angles. I exoCess. ;and distances. 

i 1---i---:--·-·-·- !-----,-----
1 a , 11 i " I 11 ! /1 ! Meters. 

HnmpbaektoSpear. __ , ................................... !······-······· i ' ' 

Tobacco Row ...................................... ______ .. I 59 27 o5.~~~r~~:~:·1---~.-~r··~--~~r--·-~~'.·~--

~§§f =~~·····i::. .•:·•••l::~::~::f::l::~:.:~:
1

1 :;=:1:~, ~g 
I i ! \ I I I I I 

Lon::.~~~~-~-~i:::::::::::::::::::::::::::::::::::::::::r·~--~;··;;_·~r~~.-~~r-~:~;·:----~:~;-i---·--;;.-~~--
Hnmpback ..................................................... 1 28 27 31.934 i + .3951 32.3291 l.U6 i 30.983 

s1::i :·::~~~: :~~::::::::: ::: :::: :::: :: : : ::: : :::::: -: -:::~~~::~::~~-:~~~:!::::::~~~:::::~~:~~~:I:::: ~-::~:i ~~ :: :: 
. I I i 
· I I 

HnmpbacktoL<Jng ........................................ : ......••.......•... 

1 

......... ., .......... 1-. ......... 1_ ............ .. 
I i ! 

Tobaooo Row .................................................. : 132 °' 14. Oil - . 975 : 13. 036 . 995 12. 041 

~§§f ;,~····················:::: ...•• •••: •• ~ •• ~ •• ~: i: ~L~ i ••• ?~ :. :::·~:• : ~~ i i I : i 

Tobacco Row to Spear ..................................... ,_'·-···· ........ -·-i···--···· 1·-- ........ , ......... .__; ... . Long ........................................................... !. 60 19 37.533 I - .605 36.9281 .972 :. 35.956 
TobaoooR<>w .................................................. :,, 72 37 08.593 \ + .150. 08.743 .972: 07.771 . I . 
Spear .......................................................... i 47 03 16.925 j + .320

1 

17.245, .972 .. 16.273 

:::::~:····················· . •••••1.:········ , ••••..•. •1••••• t•·····l1 ··:~.~:: Flat Top ....................................................... i 31 44 51. 536 - . °'° I 51. 496 I 1. 555 , 49. 941 

~~::;: . ··: ··•••••• .•••.. :••••••••.t~.:~ .~?: .. ~ .. 7: 1

:::~:7:: 1 
••• ~.~.1 ~ ~E 

I . I 

~--;:~::· ~ S:······· . :: ···:...... :: .. ·····1··~ ·~··;~ 1··~··;,,···;E ······~·!·····~;· = :::~······ ·•·•·•••·•• ···•:••···· ·1·::::: .... : . :: ... :··:·1· •.. .• •• . .. i .. : :: 
FlatTop....................................................... 10 17 oo.258 + .100 j 00.424 .no I 00.014 

~~-:;~:~~~:::::::::::::::::::::::::::::::::::::::::: --~~--~--~~- --~-:_;_:.,_;_;_ ..... :~~-1 73 5:: 
Flat Top tcJ Tobaooo R<>w ................................ - - ......•........... - ......... .•...• : ... ..... -----·136 904.669 

Spear to Long .......................................................................................................... .. 
Smith.......................................................... 4 48 11.728 - .m 11.480 .348 i 11.132 

=.::::::::::::::::::::::::::~~::::::~:::::::~::::::::::::::: l~ : ::~: =1:~~~ :~:I ::: I :~:: 
SilllthtoLong ............................................................................................. 52 520.843 

Smith to Spear............................ . . • .. .. . •• .. • . . . . .. . . .. .... . . .. • • .. ••• . • • .. .. . • .. . . .. • . .. • .. .. • .. 93 005. 234 

s.m:~":~~-~~~:.-:::::::::::::::::::::::::::::::::::: --·;··~--~~- --~-:~- ···~:~~r--~:~r·--·~-716 
Tob&Mo &w . .. .. . . . .. . .. . .. . . .. . . . . . . . . .... .. . .• . .. . . . . . .. . . . 118. 11 11. 341 + .165 11. 5061 1. 964 i 09. 542 
Spear.......................................................... 40 58 19.176 + .530 19.706 l.fl!U ! 17.742 

lllaith to Speer ...................... : ....................... ·- .............. ·I· ........................... --1 93 605. 234 
lillnitll to Tobaooo Bow •••••••••••• _ .... _.... •• • • • • .. .. • • .. .. • • • • • • • • •• .. .. • • • .. • • • . • •• • •• .. .. .. • • .. • • •• • • .. .. 69 6S2. 629 

4. 6492787 

0. 0648995 

9. 8631442 

9. 9821564 
4. 5773224 

4. 696334-6 

4. 64,llZ787 

o. 2907108 

9. 6780845 

9. 9342313 

4. 6180740 

4. 8742208 

4. 8742'l08 

0.1294050 

9. 4992584 

9. 6927087 

4. 5028842 

4. 6963345 

4. 5773224 

0. 061°'9ll 

9. 9797024 

9. 8645125 

4. 6180741 

4. 50'288i2 

4. 6180740 

o. 27887ta 

9. 7795945 

9. 96944118 

4. 6765404 

4. 8663957 

4. 5028842 
0.1742298 

9.11994266 

9. 8899674 

4. 67654"6 

4. 5670814 

4. 5773224 

o. 7483226 

9. 5407508 

9. 241-1363 

4. 8663958 

4. 5670813 

4.61807'0 

1.0771105 
9.02M472 

9. 2761156 

4. 7203317 
4. 9713001 

4. 6773:l24 
0. 4487953 

9. l>l51824 

9.81-1 
4. 9713001 
4. 842$128 



 

102 REPORT OF THE SUPERINTENDENT OF THE 

Aajmted primary triangks between Kent Island, Md., W a.sh-ington, D. 0., and Atlanta, Ga.-Continued. 

Names of stations. I Ob 00 1 Correc- Spberica.! Spherieal Pl&De angle• I L 'thm 
: serv a.ng es. tions. angles. excess. and distances. oga-ri s. 

____________________ 1 ________________ ·1-----:------
' 

Smi:0~-~~~-~~-~-~~~::::::::::::::::::::::::::::::::::::J··~· -~··:~.-~~- ··~·::~~;· ···~::~~- ····~::~~- ... ~.·;:~~ .. 
Tobooco Row............ .. .. . .. .. .. . . . . .. . .. .. . .. . . .. .. . . . . . .. . 45 34 02. 748 + . 016 02. 764 1. 340 01. 424 
Long........................................................... JOB 47 15. 636 - . 538 la. 098 1. 341 13. 757 

Smith to Long .. . .. . .. .. .. .. . . . . . .. . • . .. .. .. • . • .. .. . .. . .. . .. . . . ... . • ... ... . . . . . .. . . . . . .. . •• . . . .. 52 52(). 1148 

Smith to Tobacco Row .. .. . • • .. . • .. . • . •• .. .. .. .. .. . . . .. . .. . . . •• .. .. . • .. . •• .. . .• • • •• . . .. . . .. .. . • . • . .. . .. . . . . 69 632. 645 

Flat Top to Spear ....................................................................................................... . 
Smith .• .. •• . . • .. • .. . •• .. • .. . • .. . • .. . • .. • • . .. • . • • • • . .. .. . . . .. . .. 51 03 16. 151 - . 128 15. 723 2. 9115 12. 728 

Flat Top . ... •• .. ... • .. .. •• .... ........... ........ ... .. .. . . .. .. 98 01 02. 127 + . 053 02.180 2. 996 59. 184 

Spe';U:;~~-~·~;,;,;:,.·.·.·.-.·:::::::::::.-::.·::: ::::::.·:::: :: :: : : ::: : : : ·--~~ .. ~~--~~:~~~- .. :-: .:~~- .. -~~--~ ..... ~~~.I 93 ! : 

::t:::::~-~~·:::::::::::::::::::::::::::::::::: ::::::::::::::::::!:::::::::: :::::::::~ ::::::::::; .. ~.~~=-· 
Smith . . • .. .. . . .. •• ... .. . . . .. • • • • • . . • .. . • . .. .. . .. . .. • • . . • • • .. .. . 30 12 41. 103 I - . 059 4,1. ~ 1. Ul 

1

: 89. 608 

Flat Top .... •. .. .. • ... .... .• .... ... . .. .. .. .. .. .. .. . . . . .. . . .. . . 108 18 02. 385 : + . 219 02. 604 l. '42 01. 162 
Tobooco Row........................ . .. .. .. .. .. . . .. ... . .. . . . .. . 41 29 19. 869 J + . 817 20. 676 1. 441 I 19. '.!35 

Smith to Tobwico Row .. • .. . . . . . . .. . . . . . .. .. . .. . . .. .. . . .. • ................. I.......... . .. .. . . . . . ... . .. . .. . 69 632. 861 

Smith to FlatTop ...... ._ ................................................................................. 48 587.045 

Flat Top to Long ....................................................................................................... . 
Smith ... • • • .. .. •• .... .. .. .. . .. .. .. .. .. .. .. • .. .. . • .. • • • .. • • .. . .. 55 51 27. 879 - . 676 21. 203 J. 788 25. 4,15 
J!'latTop...................................................... 66 16 10.591 +.Olli! 10.684 I.789 08.895 

Long ................... :....................................... 57 52 28.128 - .650 27.478 1.788 25.600 
Smith to Long.............................................. ...... ..... .... • •. . ... • .. . .. .......... .• .. ... • •. 52 520. 855 
Smith to Flat Top.......................................... .................. .......... .......... .••••• .... 48 587. 034 

Flat Top to~ ....................................................................................................... . 
Caha.s .. . • .. .. . .. • .. . .. • • .. .. .. .. .. .. . . • . . .. .. .. . . .. . .. . • • .. .. . 30 45 10. 203 + . 726 IO. 9'l9 L 900 08. 969 

Flat 'l'op .. .. .. .. . .. . .. •• • • .• • •• .. .. .. .. .. .. . • .. .. .. • • .. . .. . . .. . 114 08 02. 4fil + . 482 02. 943 1. 960 00. 983 
Long . • . • • .. . • .. • • • • • .. .. .. .. • .. . .. .. .. .. .. .. .. .. . • • • • • . .. • .. . .. 85 06 61. 7-02 + . 800 52. 008 1. fie() 50. 048 

Cahas to Long . • .. . .. .. .. . • • . .. .. • . • .. . • . .. .•• • •• . . .. . .. • . . •• .. .. .. • . ... • • •. • • • • . .. • • . . • . • . • .. • • . • • .. .. . .. 84 745. 510 

Cahas to Flat Top.......................................... .................. .......... .......... ...... .... 53 414. ft67 

Long to Smith ................................................... · ...................................................... .. 
Cahaa . .. .. . .. .. •• . ... .. .. . . .. . .. .. . . .. .. . .. . • .. .. .. • .. .. • • .. • .. 29 13 42 545 -L 015 41. 530 1. 458 to. -072 
Long .. . .. • • • • .. • • . . • • • • • . • .. • .. .. . .. • .. .. • . .. • .. • .. .. .. .. . .. • .. 22 45 86. 426 - • 956 35. 410 L 4li8 34. 012 

Smith . .. . .. • • . • .. .. • .. •• .. .. .. • • . •• .. • .. .. • . .. .. • .. • • .. .. • .. . .. 128 00 47. 718 - . 344 47. 374 1. 458 4.5. 916 
Caha8 to Smith............................................................... .......... .......... .......... 41 611.865 
Ca.hBA to Long .............................................. ··.... .. .. . ....... . ......... .......... ....... ... 84 745. 400 

Flat Top to Smith ....................................................................................................... . 
CahM .... ........................ ...................... ........ 69 58 52. 748 - .289 52. 4W 1. 630 00.8211 

Flat Top • • .. • .. •• • •• • . • • .. • .. .. .. . .. .. . .. • .. . • . . . .. .. .. .. . .. .. . 47 51 51. 870 + . 889 52. 259 1. 629 50. 630 
Smith . . .. .. .. .. ... .... .. • . .. ... .. ... .. .... ... .. ... .. .. . .. .. .. .. 72 09 19.1139 + . 332 20.171 1 1. 830 18. Ml· 

Cahas to Smith ................................................................................... '.......... 41 611. 894 
Cahaa to Flat Top ...... • ................................... ·•.. •• .... • • ..... • .. ... . .. .. . ... •• .. .. .. . • • • . • .. 53 414. 891 

Flat Top to Tobacoo Row ............................................................................................... . 
Cahaa ........ .... ...... .......... ... ... .. .............. ... .. .. . 9 42 30. 853 - .694 29. 959 . 674 29. 285 
Flat Top . .. .. . . .. . .. .. . .. .. . .. . .... . . .. .. . .. . .. .. .. • • • . .. .. .. .. 166 09 54. 255 + . 608 54. 863 . 675 M.188 
Tobaooo Row .. . . .. .. •• • .. • .. .. • .. . .. • . .. • • .. • .. • . • .. . . . .. . . . . 14 IY1 35. 884 +L 817 37. l!Ol • 67' 36. 527 

C&hB8 to Toha.ooo Row....................................................... .......... .......... .......... 88 488.1167 
Cahas to Flat Top........ .. .. .. . •• .. . • .. •• • .. • • .. • .. .. .. .. . .. • . •• .. • • • .. . • .. . .. • .. .. . .. . • .. •• .. .. . .. • • .. • . . 53 414.1179 

Tobs.ecoRowto Long ................................................................................................. .. 
Cahaa . .. .. . • . .. . .. .. .. . .. . .. . .. .. . .. . .. .. . .. •• . • .. . • • .. •• • .. .. . 21 02 39. 550 +1. 4lll 40. 1171 2. 278 88. 803 
Tobacco Row................................................... 72 55 47.223 - .985 46.238 2.2711 43.859 
Long . • • • ... • .. • • .. ••• ••• •• .. . • . •• .... • ... .. . • .. • • • • • . .. .. .. . .. 86 01 39. 210 + . 417 39.1!27 2. 279 117. 348 

Cabaa to Long.............................................. ...... ... . .. ...... .. ........ .......... .... ...... 8' 7'5. 51G 
Cahall t.o Tobaooo Bow..................................... ... . . . ... . . . .. .. .. .. ...... .. .. . . .. .. .. ....... .. . 118 488. 8117 

4. 5028842 

0. 11637005 
9. 8587410 
9. 9762222 
4. 7203317 
4.8428129 

4. 8663958 

0.1091691 
G. 0057352 
9. 71011554 

4.IJ713001 
4. 6865203 

4. 5670814 
0. 2982715 
9.9774601 

9. 82111176 

4. 8428130 

4. 6@65205 

4. 6765405 
0. 0821586 
9. 96Hl327 

9. 9278213 
4. 7203818 

4. 61l65204 

4. 1!765405 

0. 2912983 

9. 9602779 
9. 7598217 
4. 9281167 
4. 7276605 

4. 7203317 

o. 3113283 
9.5875m 
9. 89645611 
4. 6192172 
4. 9281166 

4. 686520~ 

o. 0025535 
9. 8701435 

9. 97S5Bt!T 
L6192175 

4. 7276G07 

4.56711814 
0.7730069 
9.811641124 
9.1!815123 

4.940640T 
4. 7276806 

4. llOll88t2 
0.44480U 
9. lll!tM311 
9.llllllllll51 
l. 111811117 
4.9111MG'7 



 

UNITED STATES COAST AND GEODETIC SURVEY. 103 

Adjusted primary triangles between Kent Island, Md., Washington, D. O., and Atlanta, Ga.-Continued. 

I I . 

Names of stations. serv a.ng es. tions. angles. excess. and distance•· I Logarithms. Ob ed 1 Correc-1 Spherical' Spherica.l Plane angles I 

------------------[-----[------ 1---
Tobacco Row to Smith ....•....•..........•....•.•.•.••... ···-~- .• '. •.• ': ..••. ...• : •.... 1 .... :'. .... i. ••• :'. ••• · ···-~·-~~~-- : 

i ) 11 I 
Cabao . -··. - ···-·. .•••••........ ••• . . • . • ••• • • • •• • ••• • • . . . • . . . . . . 50 16 22. 00:. + . 405 ! 22. 500 I 2. 396 20.104 I 

~~E~~~;•••••••!•••!•!_•••!•••••••••••••••••• .-,~.~--~·~; •• ~~~.l··-~~:• 1 • ••• ~.:. --~-~~-1 
!~o~::::::::::::::::::::::::::::::::::::::::::::::::::::::: !! :! ::: : :~: ::~ ~::~ :::: I 
Smith.......................................................... 104 31 60. 325 + .102 60. 427 3. 377 57. 050 : 

Buffalo to Smith ..••••••••••....•...••••••..........•.....•..••••..••..••.•••..••..••...•••.•••••...•••••••. 84 783.1116 I 
107 778.M 

:~T
0

opto:c:~~~~----~~:·.::::::::~::::::::·::::::::::::::::: :::.·:::·.:·:·:::::: ::::::::::1

1:::·::::::1:::·::::: 1 

...... ··············! 
Buffa.lo . . . . • . . . • . . . . . . . . . . . . . . . . . • • . . . . . . . . .. .. . • • . • . . . . . .. . . . . 41 55

50 
•. 8

7
64
98 

+_ .• 445
236

1, 56
50 

.. aoo
562 

I .. 1
1
4
4
7
7 

56. 162 I 
Flat Top . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . .. . . . . . . . . . 1 43 , 50. 415 

Cab as . . . . . . . . . . . • • • . . . . . . . • . . . . . •• . • • . . • . . . •• . . . . . . • . . . . . . . . . . . 176 34 13. 176 + . 395 ! 13. 571 I . 148 13. 423 i 

Buffalo to Caluuo ....................................................................... .!. ......... j.. ... ..... 54 412.187 

~;~~::::;;;•········;; •• :: •• ;.;;;;;····•·: : ::;::E:::~' •:~::~: 1::•~~•1::::~~·1·~-~~--
1 I 

Moo~~-~~~-~~~::::::::::::::::::::::::::::::::::::::::::: ···~~- -~--~:~· ··:_:·:~~;·I···~:;~; 1· ···;: ;~ ....... 5~.-~-
Flat Top . •• • • • • • • • . . . • . • • . . .• . . • . . • . . . . . . • • . . . •• • . •• • . . . . . . . . . . 30 05 11. 734 + . 201 , 11. 9351 2. 734 09. 201 

Smith •••.••.•••.•••.••••••.........•.••••.••••••..••••......••. 134 50 61.869 - .321 i 61.548 2.734 58.814. 

::;::!:~~~~·::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::: :::::::::t:::::::: 1:::::::::: 1~ ~!:!: I 

Cab.a.e to Smith ...................................................................... , :·

872 
'" .. 

0

_.

1

1. --~···no934 .. , ... ·····~53.·7···:·~·9 ... 
1

1, Moore.......................................................... 26 21 32.836 -2. 283 """ ~ ~ 

Cahas • • • • • • • • • • • • • • • • • • • • • • • • • • .. • • • • • • • • • .. • • • • • • • • • . . • . . . • • • . 90 56 57. 568 - • 696 

Smith • • • • • • . • • • . • • • • • • • • • • • • . . • • • . • • . . • • • • • • • • • • • • • • • . • • . • • . . • • 62 41 42. 030 - • 653 41. 377 I 2. 934 38. 443 

Moore to Smith. • •• . . • • . • • . . • . . • • • . . • • . • • . . . . • • • • . • . • . . • . . . . • • .. • • • • . • • . • . • • . . . ••..••.•. , . . . • . . . • . . . .....••.. 

Moore to Cahae ••••••••••••••••.••••• - .•......•••••.........•.. • ... - .. • • · • · · · · · • · ·······I·········· 
93 713. 255 

83 282.132 

Cabae to Flat Top. . . . . . • . . • • . . . • . . • • • • • • • • • • • • • • • . . . • . . . . . • • . • • • • • . . . . • • • • • . . • . . . . • . • . . • . • • . . . • . .•..•....•••.•••.•••.•• ll:oore.. ... . . .. . . . . . .. . . . . . . .. . . ... .. . . .. . . . . . .. .. .. .. . . . . . . . . . 11 17 97. 986 -2. 151 35. 835 1. 830 34. 005 
Caha&.. ••••• •• . • •• . • • . . • • . • •• • •• • . •• . . •• . ••• • ••••••••..•• •• .... 150 55 50. 316 - . 984 49. 332 1. 831 47. 501 

Flat Top • • • . • • • • • • . • • • • • • ••••••••• _ . . • • . . • • • • • . . • • • • • . • • • . . • • . 17 46 40. 136 + . 188 40. m 1. 830 38. 49' 

::::~:.:~~.::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::: ::::::::::!:::::::::: :::::::::: 1: :~ 
ll:oo~.~-~~~~~::::::::::::::::::::::::::::::::::::::::: ···~~--~~--~:;~· ··:_:·:~;)··~.·~~· ····~--~~- ······~--~;;· 
Bu11&1.o . . • • . • . . . • • • • • • . . • . . . • . • . • . . . . . . . . . . . • . . . • • . . • .. . . . . . . . . . 111 10 48. 188 + . ~ 48. 782 4. 040 44. 742 

FlatTop .•......•..• ·-··········-······-······················· 19 30 30.1134 - .048 30.886 4.039 26.847 
Moore to Flat Top ... . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . 132 533. 90 
Hoare to BWl'&lo • • • • • • • • . . • • • • • .. • • • • • • • . . • • • • • • • • . . • • . . • • . • • • • • • • • • • • • • • • • • • • • • . • • • • • . . • . • • • • . • • . • • • • • • • . . 4 7 462. 837 

Mo!.~~~-~~.:::::::::::::::::::::::::::::::::::::::::::··-~··;;··~~;;~·--~~-~- ···;~~;~·1····;:~~- ······;~--~-
lllllfalo ......................................................... 109 ll8 52.324 + .149 52.473 2.062 50.411 

c=·:~=:;::::::::::::::::::::::::::::::::::::::::::: :::~::~::~:?:: ::~:::: :::~~:~:\::::~~~~: ~ :: 

4. 8428129 

0.1140228 

9. 6623817 

9.9898049 

4. 61112174 

4. 9466406 

4. 6865205 

0. 3601344 

9. 8816549 

9. 9858778 

4. 9283098 
5. 0325327 

4. 7276606 

1. 5280098 

s. 4800258 
8. 7768621 
4. 73569112 
5.03U325 

4. 61112174 

o. 3877244 

9. 9213678 

9. 7287544 
4. 9283096 
4. 7300962 

4.6865205 

0.585185" 
9. 7000957 

9. 8506215 
4. 9718012 
5.1223270 

4. 6192174 

o. 3526431 

9. 99994-05 
9. 9'86913 
4. 9718010 
4. 920.5518 

4. 7270006 

o. 71181371! 
9. 6865200 

9.4847539 

6.1223269 
4. 92()5518 

5. 0325326 
0.1201662 

9. 9696282 

9. 5236549 
5.1223270 

4. 6763537 

4. 7356962 

o. 2104572 

9. 9743984 
9. 7302001 

4. 9205518 

4. 6'163635 



 

104 REPORT OF THE SUPERINTE1'"'DENT OF THE 

.Adjusted primary triangles between Kent Is1.and, Md., Washington, D. O., and .At1.anta, Ga.-Continued. 

--- _____ N_am_es-of-sta-ti-on-s-.---------.IO_bs_e-rv_ed_an_g_les.--.l_c_o_rr_e_c_·,1-S-ph_e_n_·ca1--,l_s_ph_e_n_"cal--.l-P-lan_e_an_g_les--.-Lo-gari-.thm-•s-. 

tions. angles. I excess. and distances. 

----------------------! 0 I II -,,-l--,,-,--,-1-l--Jf:-e-te-~-•. --l-----
Bnf!'alo tO Sfilith ...... .,,,,, ............. ,.,,,, ............................... 

1 

......... I ......... , ...... - .............. 4.9283097 

Moore .... .. .• •• • . . . . .. . . . •. . .. • . .. . . .. . ... . .. • .... .... . .. .. . . . 64 22 47. 614 I - . 4451 47. lllll 

1 

a 396 
1 

43'.
1

773 o. 0449510 
Bn:l!alo . •• . .. .. • .. . .. .. • . . . • . . • . .. • • .. ... • . . .. . .. • . . • .. . . .. . .. . . 85 18 22. 069 I -- .170 21. 800 a 397 18. 502 I 9. 91185404 

Smi:.;.;;.;~S~~~~·:::.-: :: :.-::::::.-:::::::::::::::::::: :::::::: ... ~--~~-.~~:~./- -~.:~~~.! ... ~~:~~~ .!.. .. ~.~- 93 7~~:: I' :: :~~ 
Moore to Buffalo ........................................ - . · 1 .................. ! ......... -1-- ....... '!....... . . .. 47 '"12. 826 4. 6763036 

PooretoBnffalo ............................................................. + ........ 1. ......... 1.......... .............. 5.0132543 

Moore.......................................................... 94 42 60. 412 / -· • 594 f 59. 818 I a 514 li6. 304 O. 0014726 

=~~;§; •.• ;· ·: .. ::.:. . •• ·: •••••••.••••• ~ •• ~ •• ~.~./.~. t~ 1 ••• ~=:1 .. ~:::. ~ ~ § ;§ 
' i i 

~=~:~~~~~:::::::::::::::::::::::::::::::::::~:::·::::1·-~=··:··=~:::~·1··=·:·:·1···~::· ···-~:~:· ······::·· 
Yonilg ......................................................... I 16 39 08. 820 ! - .156 08. 673 2. 810 06. 363 
~=: ~ !::::::::.-::::::::::::::::::::::::::::::::::::1::::::::::::::::::):::::::::· :::::::::: :::::::::: l~~ :~:a 

I I 

::#?~'S .•.•-•••••••••••- •. ·. • ·••••·•·•••• 1··=·~··~~·1·f ··~· .. ~: 1 ···I~· ······:: . 
:: :::::::::···:::::·· :: ::•••• ··::::.: .. :.:::::·!···::: ;... •1::::::~·:: .'.'.:_~~~~ ... 

lfoore .......................................................... 1 39 36 57.173 + .4071 57.580 3.805 53.775 Young . .. .. . .. . .. . .. .. .. .. .. . .. .. .. . .. .. .. . . .. . . . .. .. .. . . . . .. . 77 07 48. 875 + . 184 l 49. 059 / 8. 806 45. 253 

~~]}·::: :: :::: :::::::::::: ·~·~·~~1 ;::~I ~~ 1 ~~1 :~~ 
t I , 

Poore to Young .............................................................. 1 .......... 1 .................... ; 57 004. 395 

I I I 
You!:~~-~".".~~:::::::::::::::::::::::::::::::::::::::::: ···~· -~ .. ~--~~-1··~·.·~~·1 .. ·~-- ~;;· ···~.-~;·!-- .... ~--~~ .. 
Bexm........................................................... 37 38 44.1781-1.365 / 42.813 3.Wl) 39.U2 
Poore . . .. . .. .. .. . .. .. . .. . . .. . ... .. . .. . . . .. .. . .. . . .. . . .. . .. . . . .. 94 00 54. 057 - . 1391 53. 918 8. Wl ; 50. 517 Young to Poore .............................................................. , .............................. 1 57 364.447 I 

Young to Benn ............................................................. -1- ......... 
1 

.................... 

1

i. 93 6113.0M 

Yo::.~~.~.::::::::.-::::::~::·::::::::::::::::::::::::::: ... ;;··~--~;.-~· --~~-~-i-··~~-~- .... ~ .. ~·, .. ··--~;;.;·· 
King . • . .. • .. . . .. • . . .. .. • .. ... . .. .. .. . . • . .. .. . • . .. • . . . • .. .. • . .. . 84 01 09. 511 +l. 411 I 10. 922 8. GOO ' 07. 322 

I ' 
Benn .......... -............................................... · 1 63 24 39. 7ff7 +1. 382 41. u9 3. 1!911 I 37. ooo 

~:=~=::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::: ::::::::::1:::::::::: :::::::::: : ::: 
King to Benn ............................................................................................................ . 

Poore.......................................................... 31 56 21.080 - .235 20.845 2.968 
Klng ..................................................... -... - 47 01 24. 656 - . 587 24. 068 2. 1168 
Benn ............................ ; .. .. • •• • • .... .. .. .. .. .. .. . . . • . 101 03 23. IMli + . 017 23. 962 2. ll50 

Poore to Benn ............................................................................................ .. 
Poore to King ................................................................................. ." ........... . 

17. 887 

21.110 

21. 003 
fCt 1'72.2'19 
Iii 138.239 

4.004~ 

0. 3142064 
9. 8544900 

9. 4572066 

5. 0736972 
4. 67611538 

4. 7586426 

0. 3150158 
9. 9395959 

9. 9999788 

5. 0132543 

5. 0736372 

4. 7586426 

0.1954848 

9.98811489 
9.9608034 

4. 943621!3 
4. 9049468 

4. 9265300 
0. 0530974 

9. 99451M 
9. 77114150 

4. 9737428 
4. 7586424 

4. 8461656 
0. 1266085 

II. 7858687 

9. 9111!9333 
4. 7li8U428 

4.9717074 

4. 70513118 
0. 2$811414 

9. 99762112 
9. 96146241 
4.9717072 

. 4. 9255300 

4. 7t51386 

o.21ff7m 
9.8642861 

9. lllllllMl 

4.8"18116 
4. ml'14'° 



 

UNITED STAT.ES COAST AND GEODETIC SURVEY. 105 

Adjusted primary triangles between Kent Island, Md., Washington, D: O., and Atlanta, Ga.-Oontinued. 

Names of stations. 

I 
Observed angles. I C'~orree. i Spherical i Spherical i Plane~.,.. Logarithms. 

~ ions4 i angles. 
1 

excess. :a.n.d di noos.
1 

--Ki-.n-g_to_H-og_b_ac_k_.-.. -.-.-.. -.-.. -.-.-.. -.-.. -.-.. -.-.-.. -.-.. -.-.-.. -.-.. -.-.-.. -.-.. -. fl! ••• ~ ••• '. .••• ''. .•••. ! .... ~~~ .. i ..... '.' ... I .... '.' .... 1

1· ... ~·~~· .... 1 4.9002319 

I j i ; ' 
Benn ...........•.............................•......•......... ' 91 28 09. 6-03 ! - . 799 i 08. 804 3. 098 i 05'.'100 o. 0001269 

King .........•.••.•.......•..••..•...••..........•.•••......... ; 5o 57 57. 763 ! - . 398 j 57. 3651 3. 008 j 54. 267 Hogback . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . ! 34 39 03. 177 ; - . 052 j 03. 125 1 3. 098 ! oo. 027 

==~~~::::::::::::::::::.:::.::::::::::::::: ::. !::::::::::::::::::1.:::::::::1::::::::::1::::::::::1 72 131.333 

Benn~~~-~.".".i~. :::: ::: : : :: : :::: :: : : :: : : ::::::: ::::::: :··.::: J·· ~~· -~--~:~;· 1 .. ~ ·: ~;~ 1---~~: ~~-[-··-~: ~~~T ..... 06. 275 

King········-···· .•••••....•.••. ···:··············........ I 67 4(1 23. 558 ! +l. 738 ! 25. 2961 4.151 I 21.145 
Paris .......•......•.............................•............. , 28 50 38. 067 i -1. 337 ' 36. 730 ! 4. 100 I 32. 580 

~;~;:::: :: ::;::;::: :::: [~ ~ ~~1~,~/;:~1 ;~j ::: 
BenntoKing ........................................... ··1··-········· .............. ·-······:· ·······-··1 50 715.012 

• I I 
Kin~~~·-~~-~~~:.:::::::::::::::::::::::::::::::::::::::::: :1···. ~-. ~;· -~~: ~~- j .. ~;: ~~~ ... -~~--~~~· 1 ·· .. ·: ~~~. i ..... -~.-~-
Wofford........................................................ 166 19 09. 6541 - . 054 I 09. 600 I . 935 ; 08. 665 

P .. riil........................................................... 14 02 53.813 + .4581 54.270 .935 i 53.335 

:::::~::.::·•••:• :.•:·• .: ::.::••.:•1 : .•. ·:·•:.•i :·• .. :[:··· •.•. ::••••!~-~-= 
King .............•••.•...•...••.••.... ····················-···-, 23 20 26.897 - .031 26.8661 1.8891 24.977 
Woifo:rd ............ ··--·· ................................... -I 117 57 rn. 445 - . 282 19.168 1. soo I 17. 273. 

Hog~k---··················-···············-·················I 38 42 19.7161 - .m 19.639

1 

1.8891 17.750 

:::: :.:: ::·:·•· :: .:•················ 1··.•:•······••
1 

:•:·· 1•: :::1••·::•1•.~-~-~-
King ................. ····-···-·······-···-····· .•••••• .•.•••••• 13 42 25. 795 +2.137 i 27. 932 ! 1. 8691 26. 063 
Paris........................................................... 49 51 40. 038 - .174 ' 39. 864 I 1. 870 f 37. 994 

Hogback................... ..•.•.. ...... ..•••. ........... ...•. 116 25 57. 652 + .161 57. 813 1 1. 870 1 55. 943 

::::::~~-:::::::::::::::::::::::::~:::::::::::::::: :::::::::::::::::: :· .. :.:.· .. · .... ·._· .. · .. :.:_._·:.: .. _·:·:·:·· .. 11'.:·:·:·:·:·:·· .. -.. ·.Jl.l.~-9 ~~::~· 
Paris to Hogback ....•••.•••...........•......••..••........••.•..•......•.... 

Benn.......................................................... 7 113 59.651 -l.Z73 1 58.878 I .816 j 57.662 

Paris.......................................................... 21 01 01.011 +i.163 I oa.134 I .s11 i 02.a11 

Hog=~,;;~~~~~~~::::·::::::::::::::::::::::::::::::::::::::--~~~--~~--~:~.! .. ~.:~~- ... ~--~~~- .8171721:::~ 

: 0: ::.~:~· ::: : :: ::::::::: :: ::::: :·.:: :·:: :: : : ::: : : ·::~: :1:6:::~;.:l:·ll_:: II:: ~l:.:·1.7:2:. . 

0

3° ~-· ~·g·. :: : :2::34:~-l: II,.-~. ~3·0·· •• 
3

5

8

9

6

8 

Benn .••..••..•..••.. ····--···-··· •......•.•.. ·····- ·~ ~ - ~ 
Wodbl:d........................................................ 74 22 13.527 f --2.205 11.322' 2.3421 08.980 

S.Ex.13-14 

20.42-2 

72 131.350 

71 763.100 

32.121 
59. 319 

28. 560 

97 248.409 

71 763.100 

9. 9077652 

9. 7547778 

4. 8581240 

4. 7051366 

5. 018Ul41 

0. 0028136 

9. 9661548 

9. 6834089 
4. 9878825 
4. 7051066 

4. 8002103 

0. 0664380 

9. 9892529 

9. 838488'J 
4. 8559012 

4. 7051365 

4. 6386551 

0. 7764189 

9. 6038401 

9. 3851363 

5. 0189141 

4. 8002103 

4. 6020196 

0. 40'20954 

9. 9461170 

9. 7960953 

4. 9002320 

4. 8002103 

4.4415437 
0.6253233 

9.81333648 
9. 9520470 

4. 9502318 

5. 0189140 

4.4415437 

0. 8619095 

9.5546708 

9. 6844292 

4. 8581240 
4. 9878824 

4. 6020196 

o. 2724702 

9. 98.~6343 

9.9814114 

4. 8581241 

4.8559012 

4.6386551 

0.3843483 

9. 9648791 

9.8328978 
4. 9878825 

4. 8559012 



 

106 REPORT OF THE SUPERINTENDENT OF THE 

.Adjusted primary triangles between .Kent IB'tand, Md., W Mhingt-On, D. O., and Atlanta, Ga.-Continued. 

Names of stations. Logarithms. I 
Observed au Jes. C?rrec- Spherical I Spherical II Plan~ angles 

g tions. angles.. excess. e.nd distances. 

~~~~~~~~~~~~~~~~~~~~~-1-~~~~~---~~--~~~ 

o • /1 u 11 11 Meter1. 
Faris to Hogback ...................................................................................... _ ............. __ .. i.«15437 

Wo:fford........... .• . .. . . . .• ... • ... . • .. . .. . . .. .. . . . ... . . .. .. • . • 38 21 50. 209 + . 228 50.437 . 915 
Paris . • .. .. ... .. • . .. . . . .. .. .. . . .. .. . . . •. . . . .. .. . . . . . . .. . . . . . . . .. 63 54 83. 850 + . 284 34. 134 . 915 

Hogbaek .. -· .. ··- ___ . .... ...... . . ... . .. . ........ .. . . .. . ......... 77 43 87. 936 + . 238 38.174 . 915 
WoJford to Hogbo.ek ···- ····---- .......................................................................... . 
WoJford to Parle ........................... --- ....... -····· ............................................... . 

49'.
1

522 

33. 219 
37.259 

39 996.269 
43 516. 606 

0.2071519 
9. 9533239 

9.9899594 

4. 6020195 

.. 6386550 

Pinnacle to Hogbook. .... ... ... . ... . .. .. .. .. .... ....•. .. . .. •••.•• ..... ....... .......... •••. .••••. .......... .............. 4. 6416975 

WoJford ......................... ··-. ·-·· --- ..........• -........ 29 17 49. 925 +L 518 5L443 L 228 50. 215 O. 3103888 
Pinnade ................................................... __ . 26 31 87. 257 + . 250 37. 507 1. 228 
HOt!back . . . . . . . . . .. • . ... . . . .. . . . . . • . . . . . . • . . .. . . .. . . . .. .. . . . . . . 124 10 33. 040 +1. 695 34. 735 1. 229 

WoJford toHogbook ............................................ : ................................ . 
Wolford to Pinnacle ........................................... , ........................................... . 

36.279 
33.506 

39 996 278 

74 0811. 610 

Paris to Pmnacle ........................ ·-········· --· __ ................................................................ . 
Woft'ord .. _ . . . .. . .. . .. . . • . . . • . . .. .. . . . . . . .. .. . .. . . . . .. . . .. . . . . . . 9 03 60. 28' -1. 291 58. 993 • 430 58. 003 

Paris.. .. . . . . . . . . . .. . . . .. . .. . . . .. . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . 158 30 2L 824 + . 383 22. 207 . 431 21. 776 

Pionaele ... _ ..... __ . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . 111 16 39. 196 + . 895 40. 001 • 430 39. 861 

::::::-:::::::.::·:::·:::.:::.::::::::::.:.::::·r :::::::::::::::: :::::::::: ::::·::::: :::::::::: --~.:.::: .. 
Hogback._..................................................... 15 44 GO. 325 + .140 50.465 . 316 50.149 • 
Paris .................... __ ...... .. _ ............... : . .. . . . . . • . . 146 19 17. 041 + . 774 47. 815 • 317 47. 498 

Mauldin ....................................... -.. _ . . • . .. . . .. .. . 17 55 20. SW + 1. 81a 22. 669 • 316 22. 353 
Hogback to Mauldin ................................... - . . . .. • . • • • . . . . . .. .. .. .. • .. . •• • . .. .. . •• .. • .. .. • • . . .. 49 700.184 
Hogback to Paris........................................... .••••• ............ ...... .... ..... .. . . . ...... ..•. 27 640. 348 

ParistoPinnacle ... _ ............................................................................................. · .•...•.. 
Hogback .............................. _ ... ·..................... 46 26 55.104 +l.457 56.561 .744 55.817 

Paris .............................................. - . . . . . . . . .. . . 94 35 47. 974 + . ll98 48. 072 . 744 47. 328 
Pinnacle ...................................................... -- 38 57 16.'53 +1.145 17.5118 .743 16.855 

Hogba.ak to Pinna<lle ................................ - ... · · · ................................................ · 43 822. 546 
Hogback to Paris . _ ............ ." ........................ · · · ... .. • •••••• .... .. .. • .... • • . • • • . . •• . .. ... • •• .. • . 27 640. 373 

Mauldin to Pinnade .................... - - ....... - . · · .... · · . ... • .. .• • • . • .. . .. . • . .. .• • .. .. • .. . .. . • ...................... . 
Hogb&<Jk.- .......................................... --·····--.. 80 42 04.779: +1.317 06.096 .944 05.152 
Mauldin ...................................................... · · 61 33 51. 967

1

: - . 620 IH. 34 7 . 944 50. 403 

Piur::~~·:!::::·:-::::::::::·:·::::·:::::::::::::::::::::: :::~:::::~:;~~:!::~:·:~~~: :::~?:: ..... ~:. : :: 
Mauldin to Pinnacle ........................ ·· · · ... · ·· ....................... 1 ...... - ··· ···· .............. -· ............. . 

l'a.rls............ ... . .. . ... .. .. .. .. . • . ... . ... .. .. ... • ........... s1 43 59. 067 I + . 676 59. '743 . s11 59. 226 
Ma.uldln .. -..................................................... 79 29 12.823' +1.193 14.016 .517 Ul.499 

l'lnnacle........................ ............................... 48 46 48.017 - .226 47.791 .516 47.275 

l'arls to Phmoole ............................................ ···..... •• .. •• . •• . .. . .. • •• . .. ........ • ••• •• .. •• 31 863 . .2&\ 

l'ariatol4auldiD. ..... : ................................................................ _ •·••••···· .......... 24 378.179 

Mauldin to Babnn ........................................................... + .......................................... . 
l'aria ............................. __ •... - . . ...... ... ... .. .. . .. . . llli 04 Ga. 490 I +L 075 09. 566 • * OS. 601 
Ma.nldin ..................................................... -·· 1112 03 13. 761 +l.~94 15.GDS .1164 

Babllll .................................................... _..... 12 52 36.622 +l.04Q. ~-671 .IJGll' 

l'arhl to•Rabun ............................................................................................. . 
Parlato .M.a.uldin ...................... : . .................................................................. . 

14. 691 
llll.708 

811119. 491 
:w. mies 

llau1d1n to Currahee ...................................... _ ............................................................. . 
Paria ... .. .. • • . .. . • .. .. .. . .. . . .. .. •• • .. .. .. . • .. .. .. • .. • .. .. .. • • . i liG '1.1168 - . 192 4L 171 . 209 40. llilt 
)(&llldin ........................................................ 172 15 55.878 +1.103 56.ll76 .210 56.786 
Currabee... .. .. . .. .. .. .... . .. .. • . .. • . .. • .. •• . . .. .. . • .• .. . ... ••. 1 511 22. 197 + . l!84 22. 481 • 200 ll2. 272 

Parla to Cnrrshee ............ _............ ... • • .. .. .. .. .. • • . • • •• • • •••••• •••••• • • • • • . • • .. • • .... •• .. • •••••••• 111 "812. 385 
Parle to lolaWdiD...... •• . . .. . . .. . . • . . . .. .. • • .. .. •• .. . .. . • .. . ••• • • .. ••• . • ••• •• .... • . .. • • . . .. • .• .. . • • ••• •• .. • • 2!!. l'ICl. lCI 

. 9. G499ll38 
9. 9176715 
4. 6020lll6 

4. 8697579 

4. 5032904 
0. 8025080 
9. 0039689 
D. 3328567 

.. 8697573 
4. 63865Sl 

4. 3869655 

0. 50039llO 

D. 7438316 

9. 4881700 
4. 6971961 
.. 441li435 

4. 5032904 

0.1398062 
9. 9980010 

9.7984473 

4. 11416976 
4. 4415439 

._40_ 

0. 2919486 

9. 9Ul&lll 

D. 9996805 
.. 64168'74 
4. 61171"3 

'· 405ll863 
o. 10505ll0 
9. 9926480 
9.87811188 
4. li032llOB 
.. lllillllliG 

4.71l82'11il 
0. 2t06811 
9. 8707NO 
9. ll4802li2 
4. 90ll6M2 

4.~ 

4. 87ll'l'Olll 
0. lJll2llllO 
8.12&11'1411 
8. 51815Qll .. ..,. ....... 
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Adjusted primary triangles betwPA'nKent Island, J[d., Washington, D. O., and Atlanta, Ga.-Oonti~ued. 

Names of stations. Observed angles. C~rrec- ISphericallSphericall Plan?anglea I Lo rithma. 
_ tiona. angle•. I excess. anddist&ioos.1

1

--ga---

Pari~b~-~-~=J·e· :::::::::::::::::::::::::::::::::.::::::: ---:~--~~--;~~- --:~·:~· ---~~~~~~- ·····:'~~- .•. ~3:~-· 11 ::~~!: 
Rabun......................................................... 10 13 03.436 I + .767 04.2031 .628 03.575 9.2489'.145 
PinDIMlle ...................................................... 153 07 06.908 + .597 07.505 .629 06.876 9.6552783 

Pario to Pinnacle ........................ : ................................... .!. ................... ,... ....... 31 863. 294 4. 5032907 

~;~~~=i ;;··· •••••• ················:·····I··,~· ·~··~~· 1

··~··~·1 ··~~·l····f~· ..... ~~·. i~ 
::::::· . . ... : : . . . ·: :::::::::· : •. ••. :·. J : :: ··~·~·~·· ::: 

Paris.. • .. . • • • • • • • • • • . • • .. • • • • • • .. • • .. • . .. • • .. • .. .. • • • • .. . .. .. .. 29 13 27. 127 I + 1. 267 28. 394 . 3. 342 25. 052 o. 3113848 

Carrabee................................ •. ................... 54 11 09.929 J + .175 10.104 i 3.342 06.762 9.9089742 

-=.~~=····:··:··········.:·····-·:·:···:•••-•••• •.. ~: ... ::":~:1 •• ~ •. ,.,. ····c.~:,l f~ : ~ = : = 
Mauldin ....... ..., ......................................... -- - 52 34 00. 938 + . 700 01. 638 1. 076 00. 562 . 0.1001452 

Ra.bnn ......................................................... fill o5 40.058 +1.s1e 41.874 I 1.075 40.799 ! 9.59356i6 

Pinnacle .. .. .. • • •• • • .. • • • ... •• • • . • • • • • .. • .. ... .. . .. • • .. . .. .. .. . 104 20 18. 891 + . 824 19. 715 ! 1. 076 18. 639 I 9. 9862563 
Mauldin to Pinna.cle. • • . . • • .. . • . . . . • • . • • • .. • . • . • • • • .. .. . .. . . . . • • . . . • • • • • • • • • • • .. . .. .. . .. . . .. • • .. .. .. ........ , 25 444. 065 4. 40"5865 
MauldintoRabun .......................................................................................... 62 846.086 4.7982782 

C~eeto Pinuacle ................................................................... ,. ......... 
1 
...................... .. 

lhuldin..... • • .. • • .. • • .. • .. . • . • • • . • • • .. • .. • • .. • • . • • .. .. .. .. • .. . 92 46 43. ooo - • ooo 42. ooo I i. 621 41.1139 

Curra.bee.......... .. . .. . .. . . . .. . . .. .• . . • .. . . .. . .. • • • •• . . .. . .. .. 18 22 24. 753 + . 412 I 25. 165 / 1. 621 23. 544 

Pinnacle .. .. . • • .. • .. . • . .. • .. . • . . .. . .. . • .. . • .. • • • .. . . .. . .. .. .. .. 68 00 56. 501 + . 237 56. 738 , 1. 621 55. 117 

Mauldin to Pinnacle....... .. . .. .. .. .. . .. .. .. . .. .. - .. .. .. .. .. . .. . . • .. . .. • • • • . .. .. . • •• • • .. • • . . • •• . .. . • • . . . . ·25 444. 041 
Mauldin to Con:a.hee .. . . . .• .. . • .. • • ... • . .. . .. .. .. .. .. . .. . .. • • . • • .. • • • .. . .. . . • • . • .. • . . .. • . . . •• • . . .. .. •• .. . 1o 283. 897 

Cnrmhee to :&&bun .... • • .. . .. • • . .. .. .. • .. . .. .. • .. . • • . .............................................. _ ................... . 
Mauldln ........................................... ".... .. .. .. .. 40 12 42. 112 - . 790 41. 322 2. 587 38. 735 
Curraboo ...... ; • • • • • .. • • • . • . • .. • .. • • • • • • .. • .. • • .. • • . .. .. .. . . .. 56 04 32. 126 + . 459 32. 585 · 2. 588 29. 997 

Rabun.......................................................... 83 42 55.03'7 -1.181 53.856 2.588 51.268 
YanldiD to Rabun .. . . . . . • • • . .. . • .. . .. . . . • • . •• • .. . .. .. .. . .. . • . • . • . •• • • • ••• • •• . • . •• . ... • . • • • • •• • .. . • • . • •• . •• 62 846. ()43 

llanldi.n to CutTBhee .. •• . • • .. • • • • • • . .. • .. . .. • . .. •• . . .. .. .. . . •• • • • . .. . • • . •• • .. . • . . • • • •• • .. . .... .. . 75 283. 879 

Currahee to Raban ....................................................................................... .' ............. . 
l'lnnacle . . . • . . . . • . .. • . .. .. .. .. . . . • . . • .. .. .. - .. . .. .. . .. .. . .. . 35 29 22. 390 i + . 587 22. 977 2. 042 20. 935 
c-..e....................................................... 37 42 07.373 + .047 01.~ 2.043 o5.m 
llabnn. . • • • • • • . • • • .. • .. • • .. • • . • • .. • • . • • • •. •• • .. . .. .. • • • .. • • .. .. .. l 06 48 35. 095 + . 636 35. 731 2. 043 33. 688 

Plmulcle to Rab~ ...................................................................... - .. .. • .. ••• . •• .. .. 51 508. 238 

Phwacle to Curmbee.................... •. . . •. . • ... . . .. .. .. . .. .. .. .. .. . . . .. .. . .. .. . •• . . . .• . . . . . . . . • . • •• .. . . 80 627. 2li9 

Skltt to mood ......................................... . 
Rabnn.. • • .. • .. • • • . • • .. • • • .. • • . • • • • • . • • • • • • • .. .. .. • • • • .. •• . • • • .. 29 87 62. 874 -1. 377 61. 497 I. 701 59. 796 
Skltt • • • . . . • .. . • •• • . . .. • .. . • • .. • • •• .. • .. . • .. • • .. • • .. • • .. • • . • .. .. 74 11 06. 569 - . 013 06. 556 1. 701 04. 855 
mood....................................... .. .. . • . . . .. •• . . .. . . 1s 10 57. 233 - .182 57. os1 1. 102 55. 349 

:Rabun "° Blood.............. . • • • • • . • • .. • • • . . .. • .. . .. . • .. .. .• . • .. .. . .. . • •• • • . .. • . • ••• •• . • • .. ... • • •• ••••.••. 113 426. 043 
:Rabun to Sll:ltt ...................................................... · ••••••••. , • • • •• •• •• . • • . ••• • •. • • . . •• • • • . 64 013. 677 

Cttn:ahee to Skltt ............................... •· • . • • . • • . . • . • . • • . . • • • . • • • . • • . . .......................................... . 
Ba.bu.. •. . ••• ••• •. •• • . . . . . . . . • .. . •• . • • .. .... • . . . • . .. • • .. • . . .• .. . 29 04 48. 2112 +1. 3'75 49. 657 1. 289 48. 368 
Ounabee ••••.•••. •• .... ... .. . • .. . • • . .• • . • • • .. • • • • • • • • .. .. .. .. .. 102 4S 43. 741 + . 343 44. 084 L 290 42. 794 

:=:::=::::::::::::::::::::::::::::::::::::::::: :::~::~::~:~~~: ::~::~~~: :::~:~:/::::~:~: : ::: 

4.9004819 

0.0001i107 

9.4985935 

9. 9697095 

4. 4055861 
4. 8767021 

4. 6892851 

0.1900357 
9. 9189571 

9. 9973812 

4. 7ll82779 

4. 8767020 

4.6892851 
0. 2001613 

9. 7864303 

9. 9810355 

4. 7118767 

4. 9004819 

'· 5131465 
0.3058805 

9.9832406 

9. 9872458 

4.8022676 

4.8062728 

'-5038016 

o. 3133352 
9.-1867 
9.Bn1489 

4.8062729 
4. 6892851 
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Adjusted primary tria.ngles between Kent Island, Md., Washington, D. a., and Atlanta, Ga.-Continued. 

Name of stations. Correc- Spheric,.! Spherical! P!aneanglee I Lo 'thm 
Observed a.ngles. tions. angles. excess. 1and distances. i ga.n a. 

~~~~~~~~~~~~~~~~~~~~~-1-~~~~~~1~~~~~~~~~~~--~~~~· 
I Met.rB. 

Cn:rra.hee to Blood ................ - ............. - ........... -·-5·8·· ·4·2···:1·.·1·56· .. ··~·.· :.:2·- . ··5·1·.·1·54··. ····2·.·2·:6--11 

··--··4·8·,_;oo--8·.. 4. 7520745 

:Rabun......................................................... , vv ~ 0.0682463 
CnlT&hee.......................................... ........... 73 35 40.627~ - .751 39.876 2 2461 
Blood ..................................... _ .................... _ 47 41 35. 6ll2 + . 026 35. 708 ; 246 

37. 630 ' 

33. 462 

:Rabun to Blood ............................................. -····· ..................... .'. ..... ... . . ......... 63 426. 058 
Rabun to Currahee ......................................... -···-· ......................................... ' 48 897.326 

SkitttoBl00<l .............................................................................................. ······--------
Cnrrahee ........ _... ... .•. ... .... ... . ... ........ ... .. .. .. . .. . .. 29 lQ 03.114 +L 093 04. 207 • 744 O~. 463 

Skltt ....................... _............. . • .. . • .. . . .. .. .. .. .. .. 122 20 36. 080 + . 603 ' 36. 683 . 745 35. 938 

Bl~:::!:~:-:!~E:::::::::::::::::::::::::::::::::::::::: :::~;::~~::~::~~: ::~::~~~: :::~~:7:: ::::::~~:I : ::;; 
Sawnee to Skitt ................................................................................. _ ....................... . 

Currahee....................................................... 19 23 37.252 + .120 37.372 . 710 36. 662 

Sawnee .......................... - ............................. . 
Skitt ......................... ___ ......... _ ....... _ ........... . 

12 11 11. 855 - . 332 
148 25 13. 755 - . 519 

11. 523 

13. 236 

CurraheetoSkitt ............................................................................. .. 

. 710 

. 711 
10. 813 
12. 525 

31 900. 750 

CurrahoetoSawnee ........................................................................................ 79 140.909 

SawneetoBlood ........................................................................................................ .. 
Currahee...................................................... 48 33 40.366 +1.213 41.579 2.841 38.7i8 

Blood........................................................... 86 01 20.957 + .577 21.534 I 2.841 18.693 
Sawnee ........................................ ;···--·········-- 45 25 06.664 -1.255

1 

05.4091 2.840 I 02.569 

~~~~~:···································· •• ···~:·~··~,~ ··~··~·1·•-..~· ····,~·1--~ ~ ~ ::"".::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~ ~~ ~:: ~:::I ::~:: ~::: ::~~ 
SkJtttoB!ood .......................................................................... j .......... J ......... 32 594.662 

.~;:;:;:: . ~~:;.:~ :~:-~ ;~;\ <~ ~:: 
Skitt ........................................ -- ................ _ 54 54 28. 306 + . 212 23. 518 1. 266 22. 25'2 

Grassy . .. . . . .. .. .. .. . .. . .. .. . .. .. .. .. .. . .. . .. . . . .. . .. .. .. . .. . .. 35 35 42. 559 + 2. 8139 45. 428 1. 265 

Blood to Grasoy _ ........................................................... __ ......... _ ........ .. Blood to Skitt ............................................................................................ . 

44. 163 

45 818. 842 

32 594. 862 

Sawnee to Gra88y ....................................................................................................... . 

G

Blrasood•Y---- ........ -. . .. . .. . ... . . .. .. .. .. .. . .. .. . . . . . . . .. .. . .... . .. 9381 2257 3254 .• 156299 +:1·: 2400790: I 3543 •• 446509 1~.·_ :::223 Oil. 437 Sawnee ........................................................ _ 49 ill! 34. 659 35. 568 ••• 34. 346 
........................................................ 32.217 Blood to Grassy ........................................................................ ·.......... .......... 45 818. 863 mood t<> S..wnoo .................................................. ·······-···· ............................ .. 59 471. 918 

SawneetoGrassy ....................................................................................................... . 
Skitt .................................... - .. .. . .. .. . . . . .. . .. .. .. 34 19 46. 859 - • 2115 46. 564 1. 343 45. 2:11 
Sawnee.. .. .. . . .. . . .. . . .. . .. . .. . . • . . . • .. . . .. . . . . . .. • . . . . .. • • . . . . 82 53 29. 468 - • 015 29. 453 L 343 28. 110 
Gt'1188y - ...... ·.. .• ... • ... • . .• .. . • •• • • .. .. . .. . .. .. .. • • • .. • • .. . • . 62 46 49. ll4C -1. 628 48. 012 L 343 4a 009 

Skitt1o Gr&l!8y............... ............................. .............. ... .......... .......... .......... 56 996.615 
SkitttoSawnee ............................................................................................. 50 180.llli!I 

Gl'al!8y to Sweat ................................................................... ~---· ................................. . 
Kenesaw .. .. . • .. • . .. . . .. . . . . • . . . • . . . • . . . . . . . .. . . • . .. . . .. . . .. . .. 26 33 '°· 511 • 852 40.1511 
G:rauy ...... · - .. · · .. - . · . - . .. • . . . • . .. • .. . . . . . . . .. .. . .. . . . . . . . • .. 8 09 57. 71>4 -1. 708 115: 9116 • 352 56. !!# 
Sweat .... • ..••.. - ........... - .. - .............................. - 145 16 24. 035 + • 513 2'. 548 . 851 24.. 117 
• :Kenesa.wroSweat .......................................................................................... 15 212:998 

KeneeawtoGJ'8118y ........................................................................................ 61 016.Ui6 

9. 98111469 

9.8689643 

4. 8022677 
4. 6892851 

4. 5131«5 

0. 312H45 

9. 9267835 

9. 6785101 
4. 7520745 
4. 5038011 

4. 7005389 

o. 4787908 

9. 3244712 

9. 7190713 

4.5038009 

4. 8984010 

4. 7748119 
0.12/!1368 

9. 8526257 

9. 9989523 
4. 7520744 
4. 8984010 

4. 7743119 
0. 0000386 
9. 738796() 

9. 9261885 

4. 5131435 
4. 7005390 

4. 7481618 
o. 0000166 

9. 9128657 

9. 7649681 
4. 86ltlt41 
4. 513H65 

4. 5027518 
o. 2762170 
9.8820756 

9. 9953'S1 

4.8'10U3 
4. '1743119 

4.5027518 

0. 24117614 
U. ll966&86 

9. 94ll0257 
.. 7481618 
4. 70058811 

4.8802840' 
O.M115'407 

9.. l5Zlll!G'7 4 
9. 755Gl8'1 IS 
4.182214115 
4.'78HM84 



 

UNITED ST.ATES CO.AST .AND GEODETIC SURVEY . 10$} 
. 

Adjusted primary triangles between Kent Island, Md., Washington, IJ. 0., and Atlanta, Ga.-Continued. 

Name of stations. I Observed angles.! C~rrec- I Spherical [Spherical I Plan~ angles I Logarithms. 

------------------------! 

1

_:n:-_ _ angl:.: ex:c•_s. tndd1stances.: ___ _ 

I o , n 11 11 ; u ! Met.ers. I 

!::~:~;:~:~7:~~:::~:::~::~:::::~:::~~:::::::::::·:::::·:1··~:··:-·~~:~J::~~~~~:!·-·~i-~:·r····~=-1······:'.·~£-\ ~::=: 

G::::::~ ••••·•••••••••·•·• ··········••t•"' ?·•?] •• ~~,.·.1-."~~"1-•T[ _::_~-~- .! ~~ ~ 
~00~~::;::::::: ? : 1~:-~=:itw-~~I -_:~1-~:~~J ~~~ 
Grassy ...•••.•••..•..••.....•.......•...•.....• ···············! 86 41 37.031 + .524 1 37.555 .9031 H6.6o2 0.00072357 

~1§:~;;_.: ·:-- -1;;~~~ ~.:~1 ~~L :1 ~2~ ;Ei 
I I I 
I i j 

Gm!;~~~~-~-~-~~~~::::.:::::::::::::::::::::::::::: :::::::J·-~~- -~;--~~:~~- --~ .-~~~-1-· -~;.- ~;~· i . 931 -- .... --
4. 5160840 0 

0.1645945 9 
' I I I I 00. 922 

Sweat .......................................................... ! 44 21 28.210 1 + .802

1 

29.0121 .931 28.081 9.8445tl224 

Pin~:1:~:·:::~~~:::::::::::::::::::::::::::::::::::::::::1:::~~::~~::~~-:~~~: ::~:·:~~~:1:::3~:~~~:1:::::~~~~-·I ~ £: ! ;::::~: 

~== ~;~:".'. ::· : . : •:····-················· 1·-·: ·:~: ·: :d· ~::[----·= ----~: ; ~=: 
~;;;•••••••••••••••••••••••••••••••••-•••••••••I••-~-·;-:~~· ··~,'.~•

1

:·:;~:i: .. : .• ::1 __ :_ ::. _i ;;; 
Sawnee •.•.•.........••..............•.......•...•............. 46 50 26.339 + .044' 26.3831 .918 25.465 9.!lll2119624 

Sweat.......................................................... 85 48 00.814 + .942 01.756 .918 00.838 9.99883225 

PineLogtoSweat .....•...•.••..••..............................•........•••...•............•... .!. ......... 32 815.876 I 4.51608400 Pine Log to Sawnee. ... ..... ....... .... .. . . .. ...... .. . .. . . . ....... ... . . ...... . . .. .... .. ... . .. . . .. . . ..... .. . 44 866. 275 

i 
Sawnee to Kenesaw ....................••.............................•.•.•.....•.......................•......•...•..... 1 PiDeLog....................................................... 70 04 02.461 - .056 02.405 1.383 01.022 

Sawnee .•••••...•.........•••••..••...•..••••••...•.••••••..... .' 48 57 15.630 + .503 j 16.133 1.383 14. 750 

Kenesaw....................................................... 60 58 46.044 - .433 45.611 1.38.1 44.228 
Pine Log to Kenesaw ...... ..•.... ......... ... ........ ...•. ................•. ••. ...• .. . ....•.... . . . ....•.. 38 696. 028 Pine Log to Sawne•'-- .... .,..... .. . .. ...... ...... ..... ... . . . ... . . .... ........ . . .. .... .. .... ...... . . . . ..... 44 866. 275 I 

i 
Sweat to Keneoaw .•••••..•...........•.•••...•.....•.....................•..........••........... ·•·••··••·. ····· ··· ···· ·i 

Pine Log....................................................... 22 42 26.706 +1.084 27.700 .415 27.375 I 

Sweat •.•..•••.•••••••••••••••••.•••••....•••.•.......••••••.•.. 100 54 00.825 - .289 55.536 .416 5.5.120 . 

Keneaaw....................................................... 56 22 38.414 - .494 37.920 .515 37.505 

:::::::-:: ·•.:• .:•··-- .:......--1 __ .:.:• ·: __ .:: ·····-· ··•·: ·I--~-~-: • 
~·~~]•••:•::.::••••••••:::::::::•••••••••:•::\ .. :~.-~ .. ~: ... ~.:~.1 ... ~~ ...... :7:., = ~ ~ : 

4. 6519200 1 

4. llS335941 

o. 02682981 

9. 8774771 6 

9.11417307 9 

4. 5876663 8 

4. 6519200 I 

4.182214& 7 
0. 41338064 

9. 9920708 6 

9. 9204884 8 

4. 5870063 7 

4. 5160839 9 

4.1822148 7 
1. 4331500 6 

R9043684 6 

9. 0679884 8 

4. 5197393 g 

4. 6833594 l 



 

110 REPORT OF THE SUPERINTENDENT OF THE 

Adjusted primary tria·ngles between Kent Island, Ma., Washington, D. O., and Atlanta, Ga.-Continued. 

I 
Name of •tations. Observed angles. ~~=· Sphe~cal: Spherice.l l p:~ angles Logarithms. 

--- ang es. _:::_ia.n stances. 
~~~~~~~~~~~--~-1-------I I I~~---

. o , 11 ,, ,, " l Meters. 

Sa.::~~~~~-~-~·~·~~:::::::::::::::::::::::::::::::: ·--~~- -~··;~~~~- ··~ ·:~· ·--~~~~-,·:···~~~~l ····. ~'. ~~~-· 
Northeaat na...,.... .. . ... . .. . . ... ... . .. . ... ... . . ... . . . . ... . . . . . 9"2 52 24. 529 -1. 505 23. 024 I . 936 22. 088 

Ken:::·:::::,:t:::::::::::::::::::::::::::::::::::: :::;;::;~::~:~;: ::~::~~~::::~~::::::~~~.I : :: 
St.me Mount to Kenesaw .........••..•..•..•.......•...•... •••·•• ·••••• •••••...••.......•••.••••••••.•••••• 1 ............. . 

Sa.wnee......................................................... 54 57 07.022 -2.167 04.855 1.599 j 03.256 
Stone Mount................................................... 63 02 55. 832 +l.002 56. 834 1. 598 I 55. 236 

Kenesaw..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 00 04. 273 -1.166 03. 107 l. 599 ! 01. 508 
Sa.wnoo to Kenesaw .......•...•........................•..•.•••••••••.••••••••••••.•••..•••.••••••••••••••• I 48 234. 682 
Sa.wn<>e to Stone Mount . . . . . . . . . . . . . . . . . •• . .• . . . . . . .• . . . . . . . . . . .. .•••.. .•• •.. . ... .••• .. .••••••••• ••• ••• . . . . 47 777. 932 

Stone Mount. t-0 Sweat ........................................................................ ····I···· ................... . 
Sawnoo... ..... .. . .. . . .. . . .•.••.. .. . . . . ...•. .... ... . . . . . . ....... 57 09 56. 313 -1. 707 54. 6-06 I 1.125 53. 481 
St-One Mount . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 50 · 58. 831 - • 288 58. 5W 

1

1 1. 125 57. 418 

Sweat . . • • . . . . . • . . . • . . . . . . . • • . • . . . • . . . . . . • . • • • • . . . • . . . . . . . . . . . . . 79 56 09. 977 + . 248 10. 225 l. 124 09, 101 
Sa wnoo to Sweat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . • • • • . . . . . . . . . • • . • . . . . . 33 093. 248 
Sawnoo to Stone Mollllt . . . . . . .. . . . . . . . . . . . . ... . .. . . .. . . .. . . .... .. ...... ...... . ... .... .. . . ...... .. .. . . ... . .. 47 777. 932 

.Academy to Sweat ...................................••••...••••••••••••••••••••••..••..•••......•••••••••.•.•••.•••.••.. 
Sawnee. .• • •• . . •. . • . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 82 24 43. 780 -1. 244 42. 536 • 961 41. 575 
.Academy....................................................... 47 23 40. 044 -1.106 38. 938 • 960 37. 978 
Sweat . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 11 43. 207 -1. 800 41. 407 • 960 40. 447 

Sa.wnoo to Swea.t . . . . . . • . . . . . . • • . . . . . . . . . . . . . . . . • • • . • . • . . . • . . • • • • • • • •• • . • • • • •• • • • •• • . • • . • • • • • • • • . • • •• • •• . . . . 33 093. 250 
Sawnee to Academy ••••••.•.•.•..••.•...•.....•.•.••.•••••• , • • • • • • • •• • . •• • • •• . • • • • ••• • . • • • •• •• • • • . •• • • • . . . . 34 540. 943 

.Northeast Base to Sweat ...........................•.•......•••••..••••.•••••.••••••••..•••••.•..•••.......••••••.••.•••. 
Sawnee. . . . . • • . . . • . • • . . . . • . . . . . • . . • • • . • . • . . . . • • • . • . . . . . . • . . . . . . . 43 46 59. 827 - . 122 59. 705 . . 668 59, 037 

North0011t Base................................................. 65 18 18.189 I - . 670 17 5191' . 668 : 16. 851 
Sweat . . • • • . . • . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • •.. 70 54 46. 284 -1. 504 44: 780 • 668 44. 112 

~=:::~~·-···-··-·····-···-·······-· ······:···-·- -:• :: ···-···-••11 __ :: I : ~-: Sawnee .••..•••.•••.•...••.•. · .•••••• · •••.• ·· · ••.• ·· · ···· •••.• · 38 37 43. 953 I -1.122 42. 831 • 629 ' 42. 202 
.A oademy. • . • . . . • • . . . . . ...•...•....•...•..•.... · .. · · · • ...•. • • • 70 24 16. 56.5 · 3. 004 13. 561 ' • 629 12. 932 
Northeast llase . . . . . . . . • . . . . . . • . • . . . . . . . . • • . . • • . . . . . . . • • • • . • • • . 70 58 05. 720 I - . 225 05. 495 • 629 04. 866 

Sawnee to Northeast 1laee .................•.... - . . • • . . . . . . . . . . . . . . . . . . . . • • • • • . . . . . • • • . . . • . . . • . . . . 34 421. 890 
Sawnee to .A.oademy...... . • . . . . . . . . . . •• . . . . . . . . . . • . . . • . . • • . . • •• . . . . . . . . . . . . . . . • . . . . . • . . . . . . . ••• . . . . • . .• . . . . 34 540. 941 

Stone Mount to N orth0011t 1lase • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • . •••••..•.•••••••••.•••. 
Sawnre ..............•...•....................... · ·• · · · ....•.•• · 13 16 56. 486 -1. 586 54. 900 • 320 M. 580 
St<>ne Mount ................................ .-....... · ......... · 28 58 56. 941 + 1. 276 58. 217 • 320 57. 897 
Nol"thOOllt llase .•••••......•......... -.•..... -.. . . .. . .... .•.•••. 137 44 07.160 + . 683 07. 843 . 320 07. 523 

Sawnre to Nort.hoast llase. •• • . . . . . • • . . . . • •• . . . • . . . • . • • . . . • . . ••• . • . • . • . .••..........••.............•.•...• _' 34 '21. S9'l 
Sawnee ro Stone Monnt ...... ...... ...... .... .. ...... ...... ...... ...... .... .. .. . ....... . ..... .. . . . .... , . . . 47 777. 934 

~eadenty to Stone Monnt .............................. , ............................................................ _ .... . 
Sawnee ••• • •• . ••• • • ••• •• . . .•. •• • . . . . . .••• •• •. •. •• •..•.......... 25 20 47. '67 + . 464 47.1131 • 599 47. 332 

Academy . • • • • . • • • • . • . . • • . • • • • • • • . • • • • • • • • • . . • • • • • • . . . • • • . . . . 112 53 42. 731 - . 452 42. 279 • 5981 41. 681 
Stone Mount . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 45 32. 095 - . 509 31. 586 • 500 30. 987 

Sawnee to Stone Mount .•.•••••••••.•.•.•.••••..•••••.•.••.••••••.•••••.•.....•••••..•..•••.•••••.•••• :.... 47 777. 003 

Sawnee ro .A.oademy •••••• ,. ••.••••..••••.••••••..••••...••.•••••• •••••• •••..•.••••.....•••••••...••..•..•. ' 34 540. 942 

Sweat to Stone Mo!lllt ..................................................................................... ! ............. . 
Keaeaaw. . . . • • • • • . . • • • • • • • • • • . . . • • . . • • • • • • • • • • . . . • • . . • • • • • . . . . . 66 86 n. 903 -L 105 10. 7118 •. &241: 10. 27 4 

Swe&t · • • • • • · • • • • • • • • • • • • • · • • • · • · · · • • · • • • • • • • • • • • • • • • • · • • • • • · ·.. 93 20 53. 384 - . 901 52. 483 , 524 5L 9511 Stone Mount ..•••••.•..•••• ' •.•• • • • · • •••.• • ••••.•• · . . • • • • • • . • • . 20 02 57. 001 + L 290 I 58. 291 . 524 57. 7~ 

=::::s=.~~~t.:::::::::::: :::::::::::::::::::::: :::::~:::::::::::: ::::::::::: ::::::::: ::::::::] ~ :: 

4. 5-066152 0 

0.1772903 5 

9. 9994538 6 
9. 85292917 
4.68335941 
4. 5368347 2 

4. 6463944 5 
0. 0868962 9 

9. 9000686 8 
9. 11459366 I 
4. 6833594 2 

4. 6792273 5 

4. 6098721 5 
0. 0760897 4 

9. 8337775 0 

9. 9932654 6 
4. 5197393 9 
4. 6792273 5 

4. 6490267 3 
0. 0038202 3 

9. 8668924 0 

9.8854872 2 
4. 5197394 2 
4.53833418 

4.4-014562 8 
0.1599379 5 
9.95834516 
9.97544048 

4. 5rn"7ll93 !I 
4.53683471 

4.3581178 5 

o.2046297 9 
9. 9740870 8 

9.9755865 2 

4.5368347 2 
4. 53833{1 G 

4. 21273812 
o. 6387613 7 

9.68581152 5 
9.8277278 8 
4. 5368347 4 
4.11192273 7 

4.84M0028 
o.00846314 
D.9Mll633 4 

9.82347015 

4. 671122788 
4. 5383341 T 

4. fiOll8721 5 
O.OS'l!M&8 

•t.1191126824 
fl.D35071117 
4.6'13tN45 
4.ll!m'88 



 

UNITED STATES COAST AND GEO!>~TIC SURVEY. 111 

Adjusted primary triangles between Kent Isl.and, Md., Washington, D. C., and .Atlanta, Ga.-;-Continued. 

I I ! I 
N of tati Obaerved lee. Corroo- ! Sph<lriool Spherical, Plane anglea i Lo . h 

rune 8 
Oll8. ang tions. · angles. j ex""88. i""d distances.' garit ms; 

~ ~~1--1 . 
o 11 11 ,, 11 : " ! Met.era. 

sweat to Northeaat Baoe ··--·· ................................... ---- --·-· ..................... -- •--··---···!- 4. 4-014562 B 

Kenesaw....................................................... 5o 03 37. 342 • + .177 \ 37. 519 . 317 i 37'.'20i 
Sweat ......................................................... 102 2'2 17.077 + .8&1; 17.9"..8 .318 I 17.610 
Northeast Base •..••. __ ........................................ 27 34 06.34-0 - .8351 05.505 .317 i 05.188 I 

~~:;~~-::· . : ; ;·;: ; ;;: ;;; < :~ ~~ ~ :~J ~-~ . : ·'° , = :: I 
Sweat........................... ............................. 80 44 2L711 + .199 [ iJ.910 .310 21.600 j 
Sonthwestllue................................................ 34 24 39.322 - .156 t 39.166 .310 38.856 ( 

K~~:~~~·~·:: :.:::·:····:·::::::······ ·::·.··~-·~~·~··~.~1···~·~· ·····.~·:·:·~~··I 
Southwest Ease................................................ 175 37 26. 954 - .194 I 26. 760 . 031 

1 

26. 729 \ 

St-011e Mount................................................... 2 37 2'J.258 + .130 i 22.388 .031 ~2.357 \ 

Kenesaw to Stone Monnt ··-··-··-·-·--··········--·------· .................. ·-···-·--·I··-······· .......... 44 299.054 

::~~t::::::e
13

::~~·::.-.-.-.-:.-.-.-.-.-:.-.-.-_-_-_-_-_-_-_-_-_-_-_-_- ::::::::::::::::~: :::::::::·1·::·:::::: .·::::::::.·:--~-~-~~--
Kenesaw....................................................... 16 32 34.561 -1.281 i 33-280 .343 32.937 

Northea.stBase ................................................. 129 2a 28.311 + .822 i 29.133 .344 28. 789 

Sto;;.:::; ~-~~~~~D~~·:.·:::::.:::::::::::::::::::::::::: ... ~. -~~--~-~~- --~---~~~- . --~~:~~"'. ..... -.~~-i 44 z!!: ~~ 

x,;;:·;;:; .. ;··················· ...... ,;.;: ··~ ~1··~·~· ...•. ~1--~-:;:. 
Northea.st:Base................................................. 46 34 26.983 + .534 [ 27.517 .185 27.332 
Southwest:Ba.oe ............................................... 118 38 10.84,2 - .140 10.702 .lM 10.518 

Kenesaw to Southwest Base ................................. -··· ····•···••··· .......... ····-···-· 
X:en.,....w to Northeaat Base ...................................... --·-··-- ................ : .. ·-·· .......... . 

Stone Mount to Sweat ............ ···---·········--······-· ............................................... . 
Academy .......................................... ···-·-····-· 65· 30 02.687 + .6."ifi 03.342 .763 
Stone Monnt....................... ........................... 8-i 45 30.926 - .796 30.130 .76.l 
Sweat.......................................................... 29 44 26.770 +2.047 28.817 .763 

~:::;: ::::y:~~~·:::::::::::::::::::::::: :::::::::: :::::::::::::::::: ::::::::::!::::::::::: ::::::::: 
I 

Northeaat Blw!e to Sweat .................................... -· ·· ----. - .. -- - ...... ·-· ... !. 
Academy....................................................... 23 00 36.521 -1.807 i :l4.6U .337 
N orthe._.t Base. . . .. . .. . . . .. . . . . . • . . . • . • . . . . . . . . . . . . . . . . .. . . . . . . 136 16 23. 909 - . BOO 23. 013 . 336 

26 568. 970 
32 108.145 

02. 579 
29. 367 
28. 054 

44 568.300 
112 202.418 

34. 287 
22. 677 

sw!::i·~~=~;~:::::::::::::::::::::::::::::::: :::~::~::~:?:: ::~::~:l:::o~:~~: ::::::;~: ~ :.: 
StoM Mount to Northea.st Base ................. ·· - - · · ··• ·· ..... · ... · ·• · .... • .... ······I · · -- ·:·· · · · · · · ··· · · · 

A.O&demy....................................................... 42 29 26.166 +2-552. 28.718 .290 
Stone Mount................................................... 70 44 29.036 + .768 29.804 .290 
Northeaat Base................................................. 66 46 OL 440 + . 908 02. 34!! • 290 

Academy to Northea.st Base ................................ : .................. ··············-···--··· 

28..428 
29. 514 
02. 058 

22 800. 609 

Acadmny to Stonelfonnt ........................................... .. : ...... .......... 
1
.......... .. ....•... 22 202.418 

Northeast:Ba.aetoStone KoUJlt ............................ ·········-····--·· ......... 1 .......... ·· · ·-····· .... ···· ··· · 
Sweat......................................................... 9 01 23.693 +1.7521 25.445 .136 25.309 
Nortbeat:Baee ................................................ 1511 57 84.651 - .013 1 34.638 .137 34.501 

SOOneXOWlt ................................................... u 01 01.suo -1.5114 / oo.326 .1as 00.100 

:::=:......~::::::::::::::::::::::::::::::::::: :::::::::::::::::: :::::::::t:::::::: :::::::::: : ::: 

0.115il627 0 

9. 98979€! 0 

9. 6653958 7 
4. <>066151 B 
4.1822148 5 

4. 3868156 0 

o. 0432567 3 
9. 9943023 8 

9. 752U254 
4. 42437471 
4.1822148 7 

4.2494705 0 

L 51440003 

8. 88252331 

8. 6605035 9 

4-6463944 4 
4. 4243747 2 

4- 2127381 2 
O.M55725 II 

9. 8880837 5 

9. 74830451 

4.6463944 & 

4. 0066152 1 

3.11702700 2 
o. 5930030 5 
9. 8610956 4 

9. 94a:IB61 5 
4. 4243747 1 
4.. 5066152 2 

4.609S721 5 
0.0409746 2 

9. 9981799 5 
II. tlll5553.'i 0 

4.6490267 2 

4. :J46.W02 7 

4. 4014562 8 
0.4079519 9 

9. 8396184. 8 
9.5487005 9 

4. 6490267 5 

4. 3581178 6 

4. 212738i2 

o. 170389'i 1 

9.97tm:;2 
9. 9632729 5 
4. 3581178 5 

(. 3464002 8 

4. 21273812 
o. 80i!>35Q 0 

D. 5925990 2 
9. 38418315 

'- tiO!l8121 4 

4.4014562 7 
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Adjusted primary triangles between Kent Island, Md., Washington, I>. O., and Atlanta, Ga.-Continued. 

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

I 
Ob d I I Correc- Spherical Spherical I Plane angles I T • .thm 

--- - -- . -- ---N-am_• -of_•_ta_t-io_n_•·-------i serve ang es. I tions. angles. I exooss. !a.nd distances. """~ s. 

o , ,, ,, ,, I ,, I Met~n. 

Sw~~~~-~~~n·t·~-~uth.wes·t-~~::::::::::::.·:.:::::::~:::: ···;~- 36 i;.-67~-i- ~;-~I --3~.-~74·1·····.·;~~- ao'.'300 :::::: 
Stone Mount . ..• . . . . . .. .. . .• ... ... . .. . . . . .. .. . ... . . . . . . . . ... . . 17 25 34 743 I +L 160 : 35. 903

1 

. 184 I 35. 719 9. 4763730 2 
Southwest Base._.......... . . . . . . . . . . . . . •• .. . . . . . . . . . . . • . . . . . . 149 57 53. 724 I + . 350 / 54. 074 . 183 I 53. 891 9. -295 8 

.~~;:~~=~;.; ; • ::;•:•••••••••·•• •·•~··~:·~J·~••2 I•••~.~ : • -,~•I·-=:~- ~~~ 
NortheastRue................................................. 74 08 33.323 i - .3011 33.022 j .192 J 32.830 9.98314981 

~::::::~.=························•1••·~-·''••"~·,··~··"'··1···,,~·:······'~·· .. ~.::.. ::: : St-One Mount . . •..•....................................... -1 31 26 36. 633 I - . 4041 ilti. 2211 . 128 36.101 0. 21!26162 5 
Southwest Base . . . . . . . . . . . . . . . . . . . . . . . . . . 65 44 22. 204 I + . 334 

1 

22. 538 I . 128 22. 410 9. ~598458 5 
N orthea•t Base. . . . . . . . . . . .................................... _, 82 4!1 01. 328 i + . 289 i M. 617 I . 128 01 489 9. !1965782 2 

~~=~:~~··················· ··H·•:•1···~··:··~~·1··~··~·1···~~·1······~· "•::•~~•• ~~; 
Northeast.Ba.se ................................................. I 82 49 01.328 + .289 01.617 ! .067 01.55!1 9.99657824 

:::::::::···················••Oi•:·:··········:· ••:•
1

·········1···········::::::. :::: St-One:Mouut ................................................... i 14 30 01.3681-.068 01.3001 .0621 01.238 0.60139028 
Son th west Base ................................................ 1 65 44 22. 204 -r . 334 22. 5'18 I . 002 22. 476 9. 95984001 
Midclle Base....... . • .. . • . ..................................... \ 99 45 36. 656 I - . 308 36. 3481 . 062 ) 36.-286 9. 9936682 0 

Stone Mount to Miildle BasA ............................... -1-··· ....•.. ······1- ........ ·1 · ...... -- .. -.... .... 16 430.403 4. 2156482 1 
StoneMountt-0SoutbwestBa.e ............................ i················· ··········,-········I··--······ 17 761.126 4.~7050 

----------------·------·- -·---·· -· ----

[PAPER No. 2.] 

Estimation of the probable accuracy of a triangulation or approximate determin-ation of the average 
probable error of the adjusted distances. 

Since the pu'blication of the approximate probable uncertainty in the primary triangulation 
between the Epping base, Maine, and the Fire Island base, New York, in Coast Survey Report of 
1865 (pp. 192 and following), the subject has received further attention with a view of a closer 
estimation of the probable error which might be expected in adjusted triangulation. 

The strict application of the method of least squares to the computation of the probable error 
of the adjusted distances depending upon the accuracy with which the angles and the base line have 
been measured-in other words, the application of the method to conditioned ob.servation.s-i.s too 
laborious t-0 be made, nor is it needed, since any tolerably fair estimate win answer all _practical 
purposes. 

Primarily, the a-ccuracy of the work depends upon the accuracy of the measures of the base and· 
of the angles, and upon the geometrical figure of the triangulation; that is, on the number of condi
tional equations involved. The greater the accuracy of the linear and angular measures the bett.er 
the shape of the triangles, and the great.er the number of checks vr conditions the smaller will be 
the average probable error. Supposing but a single chain of triangles, and no oondition as to &e· 

cord of two base lines (one being a check ba.11e), we may begin the computation of probable errol't!I 
with the base and first t.riangle and proceed to the adjacent triangle, and so on to the end or cheek 
base. This was done in 1865, with the precaution of selecting the best-shaped trillllgles t-0 form the 
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series between the terminal lines. This procedure will necessarily assign too great a value for the 
probable error: first, on account of the formula there employed for the probable error of a triangle 
side, which su11poses but !! of the angles measured instead of 3, and consequently ignore" the 
measure of the third :rnd the condition of the sum of the angles; and se1\omll,y, for the rea!l011 that 
the triangulation is composed of various geometrical figures, notably of quadrilatemls or other 
more or less complicated combinations of triangles, each of which contributes something to the ae
cura,cy of the whole. 

The most convenient form, and one usually employed for the computation of the probable error 
of a side of a triangle in which two of the angles are supposed measuretl aud subject to small 
errors, viz : 

(1) 

was given and numerically illustrated in the place citetl aboYe. If now, we lake account of the 
fact that all tl1e angles in each triangle are measured aml adjusted to their theoretical sum, viz: 
two right angles + spherical exce-s8, the abon~- expres;,;ion needs moditicatiou, and it can be 
made to assume the form given to it by Laplace. 

The same modification should be applietl to Strnve's formula, which is hut a difterent form of 
Equation (1). Our formula for the probable error'• of the dcd11ced side a, the angle A being ad
jacen.t to the ba8e b but opposite side a, and the angle 13 being at the vertex, becomes-

J
., -- --- ------ -- -----~---

E~ = a e sin 1" ~ ::: [cot2 A + cot A cot B + cot2 BJ 
.. 

(2) 

where e = the average probable error of an angle a.-; deduced from the corrections to the ob8enTed 
angles, or the difference 0 between obser\·ed and adjnstetl anglrn.;. " may also be deduced ap
proximately from the average error of closing of the trim1gles; it may also be fouutl roughly from 

0.675J=-~ , where n = the number of triangles inyolved; but preferably and with due regard to 

the number of conditional or normal equations zb from 

e = o.6745 I 2 l ~2 J 
" "'b 

(3) 

where we introduce the si1m of the squares of the direction·corrections or [ t'2). 

For the theoretical considerations respecting t.he accuracy of functions of conditioned observa 

tions see "Gerling's Ausgleichungs·lfochuungen" (Hamburg and Gotha, 1843), chapter 8. \Vitli ref· 
erenoo to this, and makiug use of his notation where needed, we have to add to the expression 

.A. = b ~in A the conditional equation multiplied by an imletermiuate coefficient r 1 or the term r1 
~B -

(.A + B + C - 180 - e) before differentiating for the values l 1 12 l3 ••• needed for the fornia 
tion of the (so-called) transfer-equations. 

0 = [a l] + [a a] r 1 + [ a b ] r2 + [a c ] r 3 + 
0 = r b z 1 + [ a b ] r1 + r b b l r2 + [ b c ] r3 + 
0 = [ c l] + [ a c] r1 + r b c J r2 + [ c c ] r 3 + 

We have da - - (a sin 1" cot B - r 1) d B + (a sin 1" cot A + r1) dA + r1 d C 

and ~ l1 = - a sin l" cot B 
~ = + a sin l" cot .A 
l3 = 0 

also a1 = az = r13 = 1 
and the transfer-equation 0 = [ a l ] + 3r1 
or r 1 = - ;\- a sin 1" (cot A - cot B) 

. • It will be noticed that Formula TI, on p. 194, Report of 1865, but not mi!'d there, aml which was then supposed 
to represent Laplace's, asquoted in the British Ordna.uoo Survey (London, 18=>8), T'· 421, needs to be mnltipliiid by v 2: 
Formula. 2, as now given, is al.80 found in the work, just received, "Die geodiitischcn Hanptpunkte von G. Zacha.riae, 
Berlin, 1678 (p. 44 ). 

S.Ex.13-15 
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and from = 11 + 01 1'1 + 01 1'z + C1 1"3 + f'l L" = 12 + 112 J'1 + b2 1"2 + C2 r3 + 
and "a = e v [LL] also i, = [LL] L,, = l3 + ll;i .1'1 + b:i r2 + C3 1"3 + 

a prncess which leads directly* to the Equation (2), or is eqnfralent to it. 
\V(: may compare the ret:>ults for probable error for the case of 2 angles measured and for the 

case of ;~ angles measured by giving the numerical work for the triangle treated in the Report of 
1865 (pp. rm~, 194), viz: 

UJ. 

Given ~ b 871;).9 hence~ log 71 = 8.8047u 
and ~ '• = + .00746 

B 3!10 20' log l2 = 8.in 70 Li = .05632 
"- 51 37 ( [a l J .0223tS L2 + .04886 ( d! = = = 

dB = ± 0".48 0 = .02236 + 3r1 , L3 = .00746 

111. 

[LL] = .005GI5 and e v [:LLT = ± 0.03GO 

but in case of 2 angles measured we had . . . . . . . . . . . . . . . . . . :l:: 0.0416 

the rlifference of these results showing the gain in aceuracy by the measure of the third angle. 
rsiug formula (2) directly, we have: 

~ 
eoF A = 1.4892 

cot A cot R = 0.9?~~ 
cot2 H = 0.6J1a 

· sum = 3.0833 

and ~ log a = '1.0.3267 
log 2 = !l.68124 
log Hin 111 = 4.68557 
log vi l' = 0.15646 

lience log e,. 

aIHJ ::., 
as before. 

= 8.55504 
= :::!: om.0360 

The advantage of the measure of the third angle in each triangle is thus apparent, and if the 
triangulation consi::;tecl or was ma{le up of a string of triangles, no further remark would be needed. 
Suppose, however, the ti'iangulation to consi;,;t of a string of <]nadrilaterals, it follows that· olll' 
probable error of the last side would require to be divided by v 2, siuce we can arrfre at that side 
in two in<lepenile11f wa,rs, or through 3 different set,s of trfa,ngles; and, in general, it will b1:1 ad
missible to suppose this combination factor to be pro1mrtio11al to the square root of the fraction: 
nmnber of augle8 in triangles use(1 in computing ~a, divided by number of angles in figure. Thus 

ftH' a nuadrilatcral we liave the factor) ~ or / l : for a hexagon (hinged) J-~-or J-~ ,·the factor 
'l v l:! v ~ , 18 3 

r<~- for two adjacent quadrilaterals connected by a diagonal or line, and in general for our triv lo 
angnlations matle UJ) principally of quadrilaterals this combination factort will not differ much 

from /f; putting it equal to vf, the value of .. .., as found by the formula (2), must he multi-
\, ~ . 

plied by v j. The result must be incrm1sed by the adrlit,ional probable error :l:: ~ e11, which is the 

etl:ect of the prohal>le error c of the measure of the base line b, wh~b effect is propagated through 
the triangulation iudepemlmitly of the eftect of the errors of the angular measures. We thns have 
finally, 

(4) 

------- -·-----------------------------------
~If we Rnhstitute in these equations the above values of 11 l, l,, and of a1 a2 a.i and the value of r,, next squa.te the 

values of L, L, 1-,, ant! form their sum or [LL] we shall find this equal to i- a' sin2 111 (cot• A +cot A oot B +cot• B) 
-as pointed out hy }fr. M. H. Doolittle, of the Computing Di>ision. · 

t Iu connection with the use of this fa.et-0r the series of prima.ry triangles selected will comprise those of a,11erage 
sha.pe, 
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If this line is a junction line where two (or more) branches of triangulations meet, arnl each 
branch depends upon its O\vn base line, we can obtrtin a second (or Jn<)l'e) Yalue for 21, which 
Yalues are to be 1·ombirw1l for the final probable error of till' line as depemling ou tht> wholl' POJl

nectcd triangulation. Thu;-;, in the citse of a simple junction with the rcspectiYe \'<tines 2,. and "• 

the probable error< becomes :-1-- 'n _"" , or we may add the re,.,pedin: weights am] find the 
. v ;.,? + ~/ '"' 

value of •corresponding to the sum. 
For au estimate of the a\·erage accuracy of a trianp:nlatiou connecting a ha;.;e liue with a 

terminal line, we may suppose 21, a11d 2 expressed in parto; of tl1e length, a111] the aYerage prohahle 

error of the triangulation, similarly expressed, will he giYen hy e i.1 = -J ~ (o~ + -,2-

[PAPEH Nu. :3.] 

UNITED STATES COAST AND GEODETIC Sl-RYEY OFFICE. 

H' ashi11gto11, Xorem/Ja 9, 1878. 

DEAR Sm: I ha,·e the honor to pre8e11t the following explanations and illn8trations of the 
method employed in this office in the solutiou of normal equations and in the adjustmeut of a 
triangulation. 

1.-General method of solution of normal equationfi. 

Suppose given the normal equations-

1. 0 + 5.42371c + 
2. 0 + 2.18-t.~IC + 
3. 0 = 4.385frw 
4. 0 + 2.3542w 

The solution is conducted as folluws: 

A. 

I 4 6 
1---,----- --~--

2 - .18( w= + . 8-07 

a 5 +6. 048 +l. 759 
4 6 - .165 "'= - . 29 

5 10 
6 11 - .114 

16 
17 - .809 

2.18,12x 
G.!)241x 

+ 
1.2130..r + 

7 

z 

I 
+ 2. 354 - 3. 6S8 

- .433 +. 6731 

-2.157 +4. 323 

+ .S::i6 i - . 7133 

±.385Gy + 2.3542z 
1.2130.z 

12.8:.?4'.!y + 3.4tit)5;:: 
3.46U5y + 7.1~!8z 

Jl. 

4 

y 

-- -- ----·-. 

1 3 
2 4 

I 

' 

3 
; 

4 ' 
5 

I 

6 12 : 

7 Ia ' 

8 14 ' 
9 15 

+6. D24 
- . 876 ' 

+ 
+ 
+ 

3.G584 
2.8.'.)()3 

8.7421 
0.684i 

i 
-- - I 

+3.470 : 
+l.900' 

+ .62-0 I 

+8. 742 : 
--2. 95-0 . 

-1. 254 

+o. 685 
-1. om : +i. 5~4 

+1. :13f~ 
-3.104 ' 

The first column in each of tlle above tables gives the numl.Jer of the line, and the second the 
order of procedure. · 

The coefficients and absolute ttmn of Equation 1 are entered in line 1, columns 4 to 8, of Table 
A, not proceeding in any case beyoml four significant figures. The reciprocal of the leading !titter 
w is taken from Barlow's Tables, and entered in line ~, column 3, with the negative sign prefixed. 
All the remaining numbers in line 1 are multiplied by this reciprocal, and the product~ written 
underneath in line 2. This gives the value of w as an explicit ti.mction of x, y, and z. 
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The coefficients and absolute term of Equation 2 (omitting the coeilfoieut of w, already employed 
in tbe first equation as a coefficient of x) are now written in liue 1, Table 13. The coefficient of x and 
aJI tlie followi11g numbers in line I, Table A, are next multiplied by tlie l'Oefficient of x in line 2, and 
the products are \\Titteu in line 2, Table B. The alg-ehraic sum of lines J and 2, Table I~. is now 
entered in line :3, Table A, and line 4 is formed tl1erefrom i11 the same manner in which line 2 was 
forme<l from line 1. 

Omitting· the coefficients of ir and .r, the remaining terms of Equation 3 are written in line 3, 
Table R The ctmflieients of .r; and the following numbers in lines 1 aud 3, Table A, are respectively 
multiplied by the coefficients of yin li1ws 2 and 4, and the pro<luds entered in lines 4 and 5, Table 
B. The algebraic Rnm of lines a, 4, and;) of the latter table iR 11011 ent.ered in line 5, Table A, and 
the value of y as an explicit fuuctiou of z is determined in tl1e same manner as were similar values 
of u· arnl x, and eutered in the next line. 

In like mamier line fl, Table B, is taken from Equation 4, and lines 7, 8, and fl are formed from 
the coetlicientR of z and following- ternrn .iu Jim•>; 1, 3, and n, Table A, multiplied by the coefficients 
of z in line,;'.!, 4, uml 6. The algebraic sum is entered in line 7, Table A. If there were other 
equations aud unknown quantities, these processes would be repeated. The last repetition gives an 
approximatio11 to the value of the last unk11ow11 quantit,y. 

It is to he observed that the 1mmhers in Table ll have hut a single nse, while tho8e of Table 
A are m;ed (JYer and oYer; aud when the number of eqnatiom; is large, it is of great advantage 
tliat they should be thus tabulated by thernselYe;; in a form compact and easy of reference. 

The rt>ciprocals aml coeflieients of tbc explicit functions should lJe copied as in Table C below, 
and earefully prese1Ted for future reference and use. 

c. 

- .1R4 - .401 

- .165 

-· .114 

+ .807 

- .:!9 + .:J56 

- . 684 

D. 

y 

l + . fi7:ll - . 7J:l3 ·- . [>173 . 

+ . ~4tj~ -- . ~o~g . + . 3899 

:i - . JOU ~ -:_-:127, 

-· ."7( 
= Zl } 

=- y1 

4 - .809 .:..___ XJ 

=WI +l.17 

The absolute terms of the explicit fnnctiorrn are written in the first line of Table D. The 
,·alne of z, as thu8 far determined, i;; rnulti11lied by its coefficients in the last column of Table C, 
and the prollucts a1·e written in tl1P seC'm1d line of Table D. The algebraic sum of the two num· 
bers in coln11111 .11 of the latter table giYes an approxiruate 1·alne of' y written uu<lerneath in line 3, 
and its products b,Y its coeffi<'ientR in column y, Table C, are written to the left in the same line. 
Similar proces,;es <h;termine approximate value.~ of the remaining uuknown quantities. 

'rlwse val ups rnn;;t he suh;;titutNl in the origi11al e<1natio11s, and a sufficient number of decimal 
places must now be used to insure the rPqniodte degree of aecuracy. Tlie residuals are written in 
the first line of Table K 

3 

4 

:E. F. 
' -------~~~--~-~--------! 

1. 2. 3. 4. 'lt' y j 
... I 

.0165 + .0169 + .0047 + .0039 1 · - .0030: - .OO:J9 + .0018 - .0239}1 
'-
+ .0066 - .013:1 ·i· .0071 ., ' .... 11103: - .0085: + .0163 = Z• II 

' :-+ . 023j I -· • 0068 + . 0084 3 I + , 0J4fi , - . 005~ I + , 0J8J j = 1/2 

.~ + .010~ I 4_1+.ai,~11 __ -- .0176: ......... ,_ =;,,, \ 
----------~ ' +.o;iG: --'-~~~350 j ~=j ~~-·.:.j = w: __ 

T!Je fir1»t line of coefficients in Table C is now multiplied by the residual of the first equation, 
and the products entered in the secou<l line of Table E. The first reciprocal in Table C is also 
multiplied by the same residual, and the product entered in column w, line 1, of Table F. 
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The algebraic sum of tbe two numberR in the second column of Table Eis now written under
neath; and line 2, Table C, iR multiplied thereby, and thP prnr111ets written to the right of the mul
tiplier, except the product by the reciprocal, which is entered in column x, line 1, of Tahle F. The 
remaining numhers in this line are formed in a similar manner. The product of the sum of the 
last column of Table E, by the last, reciprocal in Tal>le C, gh·es a correction to tlle value of z. 
Table Fis now completed by the 8ame process that was e111plo,yed in Table IJ, gidng 1r = + 1.17 
+ .O:J5 = + 1.205; .v = - .879 - .017G = - .1'966; y = - .127 + .0181 = - .108!1; z = - .57 -
.0239 = - .5939. The residuals now remainiug are: 1. - .OUUH; 2. + .0005; 3. + .000±; 4. + .ornn. 

As the multiplieatiou is performed hy Orelle's TalJles, no rnuJti1ilicr is allowed to extend beyond 
three significant figures. Other numbers may be extemled to four; hut it would be a waste of time 
to extend au~- umnber farther, except in the process of substitution for the determination of re
siduals. 

By this process, Mr. ,J. G. Porter and myself ha Ye soh·cd in ft rn and one-half days, or ;)G work
ing hours, with far greater than requisite accuracy, 41 equations containing 174 side coefficients 
counting eacl1 but once, or 430 terms in all. Ead1 of m; made a complete solution, duplicating the 
work, and making frequent comparisons in order to avoid errors. 

For the sake of l>erspicnity in explanation and com·enience in printing, I have here made 
some slight departures from actual practice. For instance, in tlw solution of a large number of 
equations, it would be incouvenient to pass the eye and hand out to a vertical column of recip
rocals; and they are better written in an oblique line near the quantities from which they are de
rived and with which they arc to be employed. 

II.-Additwn of new equatwn8. 

Suppose that after the solution of the foregoing equations and the consequent adjm•tment a 
new condition is established, resulting in the following normal equation: fl. 0 = - 2.0475w + 
0.8362 x + 1.8567 y - 1.3149z + 8.2527 u - 1.8372; witl1 tbe addition of tbe term - 2.047:)u to the 
first of the 1nevious equations, + 0.8362u to the secoud, &c. Tlie absolute term is supposed not 
fo be an original discrepancy, but an outstanding resi<lnal, after the foregoing solution has fully 
entered into the adjustment, as is generally the case with azimuth and lengtll equations. 

---~---·-----

C(a). G. I B. 

y z i Recip· x 
: l'OC'.al - [--· 1-·--·- i-- ----

'/), i W I X y z " 1--,-=--,-= 
: --'-----1---- --

··--,---·~--

y 

+. 377 : 1 1-2. 05 +· 836 I +l. 866 -1. 315 -t-8. 2:>3 

-. 274 i 2 II, i +. 822 I -1. 654' + . 8~~ - . 773 
+. 0307,! 3 ! +.166 1-·· . 481 + . 591 - . 4.)5 

-. 2821" 4 'i 1-::-:269: + . 184' - . 008 

511 'i !+:348 ~ 
• I : ' I +6.919. 

·~-~-~·----~· 

1 -. 184 I -, 401 I +. 807 -, 433 

2 --.165 i -.20 +.31;6 

3 -. 114 I -. 684 

4 -. 809 i 
5' -.1451 

I ' 

' : 
1 +. 1001 -. an2 • +. 0082 

1 

-. 0753 ( i 
+.0:;26 -.0268 ~: =Z3 ) : 

+. 0182 - . 0173 : +. 0597' ! 
+. 0469 -:::li7 I 

- I 5 +.~8 : 

+· 267 J 
=U1 

::::::..:: Yi 

=:Xs 

='V.:s 

Table C(a) differs from Table C merely by the addition of the last reciprocal and the la:;;t column 
of coefficients. The coefficients (but not tbe absolute term) of the new equation are written in the 
first line of Table G. The mode of procedure is now very similar to that followed in the formation 
of Table E; but those products in which the reciprocals are factors are entered in the last column 
of Tahle C(a), and these products are again multiplied, as well as the other numbers in the same 
lines, by the same multipliers in the formation of the other lines of Table G. Thus the first number 
in the last column of Table O(a) = - 2.05 x - .184 = + .377; and the second numl>er in the last 
column of Table G = - 2.05 x - .205 x - .184- = - 2.05 x + .377 = - .773. Tile reciprocal 
of the sum of tl1e last column of Table G is entered at the end of the column of reciprocals in 
Table C(a); and its 1>roduct by the absolute term of the new equation gives an approximate value 
of u. The products of this value by its coefficients in the last column of Table C(a) furnish the 
first line of Table. H, and determine a correction to z. This table is now completed by the process 
employed in Tables D and F. 

If the absolute term of the new equation is an original discrepancy arising from new observa
tions, as in the case of an extensiou of a survey, it is simply necessary to substitute the previously 
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determined yalues of the unknown qnantities in the new equation, and then treat the residual as 
aboYe indicated. 

In the case of sevtiral new equatiom;, each will furnish a table resembling Table G. If we 
snp11ose a sixtl1 equation iuvoldng t, it will be necessar_y to constmct a table G((/) with an a!l
ditional column; aml if there he a seYenth iuYolviug s, there will be a table G(b\ with another 
additional colnmu. 'l'he number of columns in Table C(a) will be correspondingly increased; but 
it will Le best at this stage not to extend the list of reciprocals beyond those given in Table O. 
Colmuns u, t, and s will therefore all be of the same lPngtli, and will terminate with the products 
furnished by such factors as were introduced by the lai;;t original equation and those in the same 
line. The sum of the numbers in column 1<, 'l':iule H(11), will then form a side coefficieut between 
u and I; tlie columns n and tin Table G(/J) will in like manner furnish side coefficients between u 
and s and between t and s; aud the last column in each table will furnh;h a corresponding diagonal 
coefficient. There will thus be formed a set of normal equatiom; from which 1c, x, y, and z have 
been eliminated, and the work may now proceed, :rs shown in Tables A and B. Table .C(n) may 
then be completed, and a single table like D will determine approximate Yalues of the new un
known quantities and corrections to tl1e old ones. As the absolute t~rms of the former explicit 
functions ham already lieen disposed of, their places should be left blank in the first line of this 
table. 

I regard the f~wilit~- with which new conditions can he absorbed as one of the principal ad
vantages of this methrnl, and hope that it will largel,y if' not entirely obYiate the necessity of 
partial figure adjustment in the primary triangulation. 

III.-Order of .~olution. 

In t,he process of elimination it is desirable to avoid the introduction info an explicit function 
of an unk11own quantit;.- from wliich the corresponding original equation is free. In line 4, Table 
A, thl:' Yalnc of :J-' contains tlte unknown quantits y, whicl1 was absent from the second equation. 
Had the third equation changed places with the first, the terms of the original second equation 
might have been iutroduced directly into Tahle A, and the number of lines in 'l'able B would have 
been two less and th<> number of columns one less. 

The owler of solution in a figure adjustment can be best decided by inspection of the figure. 
Tlte work should commence with au angle equation from a triangle having a side (or, better, two 
sides) on the exterior of the figure; and no angle equation from a triangle with a new interior side 
should ever be introduced till after the entrance, of every angle equation not thus exposed to en
tanglement wit,h conditions ~-et untouched. A side equation should usually be postponed till after 
the introduction of all the angle equations that relate to the same points and no others, but should 
immediately follow them, so as to precede all equa,t.ions that extend beyond its domain into new 
territory. 

IY.-8electfon of angle-equations. 

·while it is thus desirable to postJ>one entanglement 'lrith new conditions, it is still better to 
avoid it altogether, so far as possible, by discarding angle equations· from interior triangles, and 
retaining iu prefenmce those that lie on the border. The formation, as well as the solution of the 
normal equations,. is thus considerably facilitated. 

lt is of' much less importance, but, other things being equal, it is expedient to exclude trian
gles with small angles, in order to avoid e11tanglement with side equations having large coefficients; 
and it is also desirable, though of still less importance, to exclude triangles that adjoin small 
angles, and so have a side common with them. 

V.-Treatment of small angles. 

Suppose it he required to a<ljust the following figure with the observed directions as here ta.bu· 
lated: 
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Spear. 

Long ............ - . . . .. . .. -....... 
Smith . -- ... - --· ...... .. ' .... 
Flat Top 
Tobacco Row 

~--~-

_.,,.
Flat Top. r~ .-

I 
I 

5 Smith. 

-· ...... --- -- ---
.. - ..... ............ 

'J'olmcco Row. 

Smith. 

c 

0 
6 

37 
47 

0 

Tobacco Row. 

00 00.000 Spear .......... 0 
04 57.749 Long '"'> -- ..... - .. - ·~ 
00 48.900 Smith .......... 118 
03 111.!12.'i Flat Top -- -.. - - 159 

Long. 
c 

Smith ... 0 
Flat Top ....... 57 
Tobacco l~ow ... 108 
Spear ....... .. 16!1 

Flat Top. 

119 

00 00.000 
37 08.593 
11 1i.:a1 
40 3l.200 

,, 
()() 00.000 
52 28.128 
47 15.636 
06 53.169 

Flat Top . . . . . . . . . . . . . . . . . . . 0 00 00.000 Tobacco Row . . . 0 00 00.000 
Tobacco Row . . . . . . . . . . . . . . . . 30 12 41.103 Spear...... 10 17 00.250 
Spear . . . . . . . . . . . . . . . . . . . . . . 51 03 16.151 Long...... . . . . 42 OJ ;31.794 
Long........................ 55 51 27.879 Smith ........ 108 18 02.385 

The figure requires three side equations. If we select those indicated by the symbols @.) 5.2.1, 

@ 5.4.1, and Ci) 5.4.2, we have the following: · 

1. 0 = + 011.12 o.rn6m - 1.7som + rnrnm - o.oG6(~) + o.212c~l 
+ 2.505(g) - 0.438(~) - 2.0G7U). 

0.206(~) 

2. 0 = - 0".HI - 1.697(i) - 0.279(0 + 1.976m - 0.340(!) -1- 0.433(~) - 0.093(~) 

+ 2.5050) - 2.362(f) - 0.143(1)· 

3. o = - 011.19 - o.rn5m - o.onrn + 0.206(5) - 0.233(~) + o.326W - 0.093(~) 

+ 0.438(lD - 0.295(~) - 0.143(t). 

In the first two equations the functions of the small angles at Spear and Smith so largely pre
dominate over everything else, aml those of corresponding terms are so nearl,y eqaal that the two 
equations may be considered approximately identical. The sille coeffir,ient will be about as large 
as the diagonal coefficients, and an attempt at solution with fact-0rs extendi11g to bnt three signifi. 
cant figures would not be likely to fornish even an approximation to the values of the nuknowu 
quantities . 

.Adding the third equation to the first, and subtracting the second from the sum, the following 
equation results: 

4. o = + 011.12 - o.196(i) - o.o83m + o.279(t) - o.ooom + o.011m - 0.011(~) 

+ 0.340(1) - 0.233(f) - 0.107(~). 

It is evident that if the first, third, and fourth equations are satisfied, the second must also be 
.satisfied. Hence, the fourth equation may be safely substituted for the second, or, as will easily 
appear, for the first, ff it be preferred to retain the second. 
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The fourth equation corresponds to the symbol@ 4. 2. 1, and rnigllt ha\'e been obtained di
rectly in the usual way. The following rule ma;r be deduced for this method of avoitling difficulty 
with small angles: Choose the pole so as to employ the small angles once, employ them but once, 
and adhere to the $l!Ue pole. 

If the line 2 .. 4 had not been obseryed, this method would have been impracticable, and, 
when practicable, it is sometimes inexpedient, as in this instance. It is desirable to select Tobacco 
Row as the pole for at least one equation, on account of the small augles in the triangle I. 4. 2. 
The following method is therefore often preferalile aml sometimes necessar,y. 

Subtracting the second equation from the first we have-

5. o = + 011.31 o.rn6m 
+ 0.340(.l) 

o.o83m + 0.279( ii 
0.433(~) + O.O!J::l(~) 

(l.0660) + o.212m 0.206( ~) 
0.438W + o.295m + o.143(iJ. 

Thiis e(]uation may be substituted for either the first m the second. It corresponds to the 
symbol@ 5. 4. 1. 2, and might have iJeen directly ~btained. For this method the following rule 
may be gfreu : Choose the pole so as to employ the small angles once, and with the same pole form 
an equation involving all the lh-e stations and a''oidiug the small angleis. 

It may be useful to notice that the fifth equation involves neither the longest si<le of the srnall
angled triangle nor the opposite side of the quadrilateral formed b,y the nou-polar points. If the 
longest side of the small-angled triangle had been a diagonal of that quadrilateral, both diagonals 
would have been absent from the fifth equation. 

Of the two quadrilaterals ® 1. 3. 4 and r2) 1. 5. 4, the former is somewhat to be preferred, since 
the latter is worse entangled with the small-augleil side equation havblg its pole at Long, but no 
great difficulty may be a1>preheuded whichever is chosen. 

Hespectfully submitted. 
M. H. DOOLITTLE. 

CHAS. A. 8CH01"1', 

Assistant in charge of Office. 
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APPENDIX 9. 

ON A PHYSICAL SURVEY O.P THE DELAWARE IUVER IN FRONT OF PHILADELPHIA, BY HENRY 
l\IITCHELL, ASSISTANT. 

JUNE 301 1879. 
DEAR Srn; In :submitting the following report upon a physical surveJ of the Delaware River 

at Philadelphia, I have felt it incumbent upon me to give something more than a compilation of the 
observations, because the proper understanding and use of the tables by tlie engineer require from 
11im a wider view of the subject than this strictly local sun·ey could offer. The general scheme of 
the sun·eJ·, and the stand-point. from which we have regarded the scene, are revealed iu the intro
duction t-0 the rC})Ort, aud followed by illustrations of the practical use of the tables, ;is far as 1w1•<>ss

ary, to indicate their applications to the questions likely to present thcmselns. 
It is an unusual priYilege to deal with observations entirely trustworthy aml S.' stematically 

recorded, and I call your special attention to the credit due 1\Ir. II. L. l\Iarindin, the chief of the 
field party, to Mr. John B. \Veir, his principal assistant, and to Mr. Charles A. I:tusscll, tbe recorder. 
These three gentlemen, trained by experience in se.veral different riwr surveys whieh we hanJ been 
called UJ)On to make, not only gathered the data, bnt performed most of the labor iuvolvecl in their 
reduction to tabular form, &c. 

The removal of 1\fr. Weir during flle past ,year necessitated the employment of 1\Ir. Edward H. 
J,iucoln, civil engineer, temporarily. He also had been an observer formerly in our Mississip1>i 
work, and proved very competent. 

I think that you will conclude from the report that our methods gradually improve aml become 
more direct in their application to problems presented in the preservation of channels and the com
mercial occupation of their banks. 

Appreciating the continued aml intimate interest you have evinced in the work assigned to us, 
and the support which you have rendered and obtained for the party in the midst of kard times, 

I remain, respectfully, yours, 

CARLILE P. PATTERSON, LL. D., 
Superintendent COfUt and. Geodetic SurTJeg. 

S. Ex.13-i6 

HENRY MITCHELL, 
Co<Ult and Geodetic Survey. 
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REPORT. 

Tltc channel.-There are uo elements in the question" of riparian right1' and p1·ivilege:s, whieh 
gi rn rise to more discussion and contest than the proper location and form of the channel. All are 
agreed that a common pathway for 11aYigation must he prm;erTed, and all arc agreed that the es15eu. 
tial drain capacity for riYer waters or tides must be retained. But how far may opposite ishorc. 
ow1w1·15 extend their "Whan·es r To a certain stated distance from the original i:;horc line; to withiu 
a certain distance of the line of deepest water; or to that distance which 8hall exclude a g·iven vol
ume~ How shall encroachment be limited to that which will not i1ffolYe iujur,y at timeis offloolls 
or great tides 1 Iu fine, where if> the essential channel, and what is its essm1tial form! This i1' the 
r1uestion we liaYe to consider. 

The actual shore line is among tl1e n10st uncertain contours iu uatnrc, ntryi11g· with cn~ry eltaugc 
in the elevation of the stream, especially in low countries, and rarely returning to its previous pm;i-
1 ion after inundation. The tltalu:eg, or line of greatest depression, is ali;o an uncertain contour, often 
difficult of determination l>y soundings because of the general flatuess or the ifrer be1l, aud always 
disposed to shift where the bed is alluvial. To locate the ehannd properly all its co11to1m; must be 
taken into the account; it must be treated as a whole an1l 11ot detinctl by its salienfa only. 

The mctb(){l reached in our yet very imperfect study may be 8btted thus: 
l''rom the soundings the ordinates of many cross-sections are determined, au<l each proiile is re

duced to a smooth figure hy a formula, based upon t.;ype forms, aml fitted to each particular case by 
1•oeffieients. The shore lines are thus corrected or reconstructed h.Y eliminating accidental features 
or mere anomalies, and the normal position of the thal weg is fixell. 

From the original soundings, or from the ordinates of the corrected cros::;-seetious, the line of 
mid-area, or the locus of the center of grayit;v, is dekrmiuell and ib; radii of cmTature computeu; 
><o that this too may be plotted in smoother cur\Tes if neees8ary. As a rule, howm'er, in alluvial 
bottoms, the line of mid-ai·ea actually observed presents smooth cun·e,.;, which appear upon the plan 
in striking contrast with the ragged outlines of the shore, the contmtcd profiles of sections, and 
the meandering course of the tlialweg. 

After treating the riYer as an inert mat>s, and deterrniuiug the shape of its mould, as ahoYc 
i 11<licatctl, it is taken up again as a living stream, and the profile of its forces aml the locus of its flow 
are determined. The use of the word profile as applied to forces rna:y not appear to have the same 
><ignificance as when applied to the transYcrse section, which has a real existence in nature; lmt it 
is not i111a,qinar11, siuce it may be called into transient existence as a visible form. If a number of 
appll'>< were to Le simultaneously dropped upon a stream along a transverse litw, the figure which 
would he given by a line drawn through these npples at the end of one second would he what we 
l1an· callt•(l the protilc of the forces, and between this profilp of forces and the profile of the ~ction 
tlwrt> exi::;ts, in alhtYial bottoms, the relation of cause and effect. The transverse profile of force:; 
will be found to resemble the trnnsversc profile of the bottom, especially if hoth are obserYed at 
tlw ti111c of on1inaQ· floods, when the flowing water is constmcting its channel. Iu low-water sea
:-<ont< or at great floodis the stream is often subservient to or out of regist.er with it; at such timcis 
tlte loci of mid-area and mid-rolm11c present limes at all sharp bemls antl coincide 0111,Y iu straight 
n ·adies or at pointo; of reversion. 

Thl'rn arc ahm in1erYa1s betwe1m tlm loci of mitl-area am] mid-rolume where the river, a:> a, lh·
ing bod,Y, has recently shifted its hed and 1o1ot supplied the material for filling up its old chamwl. 
lu a case like this the. line of mid-area would evidently not represent the course of the channel in 
any abiding sense, and the liue of niid-Mlume might not yet. be firmly located. 'Ve have here the 
great source of trouble in meetin~ local questions of jurisdiction and 1iparian title. 
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Our uu1-wrnttions of currents have not been made during floods nor made simultaneously i11 a lJ 
the sections at any time; so that while we design to study both cause and effect we inevitably dis
cover tlrnt our acth·e cam•es are not those which produced the entire effects, nor do they faitbfull~
represent in miniature those ca1rnes. For instance, when a stream goes around a bend it is dispoR.e<l 
to press along the coHcaYe shore, but in those seasons when the stream is strung and at work, tl1i" 
tendency is greater tllau at seasons of sluggish movement. The line of greatest motion will lie ll('

yond the linl:' of grrnllt~st depth where the bend is increasing, arnl by a careful study of the relatiYt> 
positions of the loci of mid-area and mid-volume one may ascertain whether the de8tructiw· or c011-

stmctive disposition of the riyer predominates at any point. 
The form of the cross-section is dependent upon the curvature in the course of the stream~ and 

where a stream has a ten<lency to increase its bend, the center of the cross-Rection and the apex of 
its profile will nmrn toward the concave shore at a rate whfoh will var~- wiH1 the i1w-erse radius of 
curvature of the bend. 

Form of cross-section.-Thc most casual obserYer may notice that, as a rule, dee1)er watPr is 
found at a bend than in the straight portion of a stream, and that while the greatest depth lies 
midway between the shores in the straight re,ach, at bends tlie greatest depth lies nearer the con
cave shore, and lie nahlrally associates the (lepression and the shift of the thal u·er1 with the cun-atnre 
of the river. 

In the practical study of channels it has become our wa.'- to seek first the fnndamental form at 
straight reaCllCS1 and then introduce into its equation elements of change calculated to COllWrf tl1P 

cmve of the straight reach into one representing the form of section observed at hPndR, &c. 
The fumlamental section varies in different soils or where there is a differencl' in the vegt'tation 

npon the shore, but its profile oscillates, I am satisfied, only from the eurn'l of sinPs to tl1e semi 
Pllipse-from the cun·e of sines who8e arc is 1.57 times the mean witlth ohsnved (from surfa('.f'. to 
bottom), and whose maximum ordinate is 1.57 times th~ mean depth (from shore to slwrP) to thP 
('lfipse, whose axial ratio is that of mean depth to half mean width. 

·with central origin, the expressions for these profiles would he simply (1 ), y = J.;ii 11 cos .r 

with limit of x = 1.57 e, and (2) y = !"!-.; cz - :i2, iu which d equals the obsen-ed mean 1kpth and 
c 

e equals the half mean chord observed, while c in the second expression is the surface chord or 
width from shore to shore. The circular arc, lying between tit.ese two cu!ws, may ht• esuntially 

represented by (3) y = D (ct -
2 

:r
2
), in which D is the maximum ordinate at origin. 

c· 
In practice, the first of thc8e expressions-the sinusoid-is the most com·enient, lwcau8e 110 

Ruccessive trials are necessm·~-; the surface chord and the maximum ordinate being computed directly 
from the mean <lepth and mean chord ob.served; and in (~I) the yalues of D and c may be similarl>
computed from the mean elements observed for first trial, the observed surface width being doubtful. _ 

The main object in view is to replace the obserted fundamental sect-ion by one preseri,ing all -its 
essential features without its accidental ones. In practice we find tlrnt where there is no curvature in 
the course of the stream, a Rymmet.rical curve, given hy one of these expressions, fits Yer.'- ni1•Pl.v, 
except at and very near the surface where banks have been swept away or caved in. 

Now, the centrifugal force, which would press the current upon the concave shore in going round 
a bend, would cause the center of gmvity to move toward this shore in the inYerse ratio of the radius 
of curvature; and, as the volume passing is the same, there is no diminution of area.* 

To produce this change of the center of gravity, without diminution of area, an element must 
be inserted, which will reduce one part of the figure and increase the other equall.r; in other wore I,;, 
on one side of the origin shoaling must be represented, an<l on the other deepening. 

T . . - l d b d . ) . 9 9 ) </• .; 
02

- x2 9 (. tl . j' lns 1s very sunp y one ya ding to (1 , </' sm • .r; to(-,, --02- - a· 1. e., 1c R11w 0 · 

twice tlte eccentric angle), and to (3), <f12 (~) 2:r.t 

"Critica.lly speaking there must be an increase of sectional area to balance tho ~,.reater resi"tunfc whkli wnnld 
nthe1wise occur. 

I To avoid imagiua~y quantities where the curves require shiftiug, the ellipse may be reJilacNl hy a mrvP of a 
higher (even) degree. . 
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111 mdug Uic first or third of the :tbove expressions, SJ)ecial ca,ses may present themselves in 
wltid1 tlw <•apadt~· for clmnge under the in:fluence of the second (bend) element is too limited; but 
li>r ordi1wr.11 be111l.~ tlic xecond coefficient t'aries very n~arly with the slwreu:ard 11w1,ement of the tlrnlweg 
111111 tl1r f'l'nfa of f11'1t dty, and eomiequently with the inrerse of tlte radius of cunature of the bmid. 

\\'liere there i8 a ten<lency of the stream to split, i;o :ts to form two semi-deta,1~betl channels, a 
tllfrd clement must ue added (co sin 3 x, or tbe square of the second element in (2) and (3) with a 
constant for equating area-s and other constants to shift positions), arnl many devices become neces
sar,v iu fitting the compntell to the obserw.d curve, till no recurrent cnrYes appe:u in tl1e residuals. 

The fon•going is not presente<l as a tlteory of the cross-section, but as a simple and convenient 
method of generalizing the forms presented. The supposition that there are, in the absence of any 
Rplit, onl_y two elements in the formula for the profile of cross-section, retaining tlie same refativ:, 
position, presumes th'.1t tllere is a midway point that does not alter its depth, and tha,t the inclina
tion of the bottom, at this point, is Rimifar (although in revf'rse sense) to that of a railroad going 
ronnd a bend at uniform grade. 

In Diagram A the type forms are furnished for tbe cross-sections, as given b,y the simple 
formulm above mentioned, and a glance at the "Dynamic Charts" (not furnished for publication 
witll tliis report) will satisf~· you that eYery case present,ed among the forty·SE'Wn sections measured 
in t.lie Dela.ware falls un<ler one of these theoretical types. • 

It remains t-0 state wLat practical advantage results immediately from the a11plication of these 
01· l>ettt-r formulro which generalize the forms of the sections. 

1st. To determine the normal positions of the shore lines an<l tlte tlrnlweg by deducing them 
.from all the measures of each cross-section. Our earlier method was to smooth out the observed pro
file of the section by sweeping a line through the irregularities by the eye-the method of "graphical 

. correction" tliat Dr. Whewcll applied to tidal observations; but a comparison of tllis old method with 
the one now proposed or a comparison of the curves drawn by any two experts with the old method; 
Rlwws that personal prejudice is a very considerable element rendering the result by the graphical 
method almost useless. The mean of mn.ny cross-sections ought logically to give a curve from which 
mere errors of observation are eliminated, but it cannot furnish the ri1·tual shore-line which is an 
element in the proper location and allotment of the Port· TITarden line.* 

2d. To decide what feature in any cross-section has an artificial origfo or ii:; so recent that the 
stream has not yet acc_ommodated itself to the change. 

3(l. To decide what portion of any cross-section can be improvell permanently hy dredging. A 
shoal which is an obstruction to navigation mny not be an obstruction to tlie ri\·er, but the rmmlt 
of a lleposit by the rirnr itself in a space which it has relinquished as it has shifted its bed. In 
such a case the artificial remo>al would only be a temporary rnlicf to navigation. The application 
of our formulre to the section as a test, and a comparison with the profile of forces, would in almost 
every case seem t-0 be entirely satisfactory in determining tlie cl1aracter of an obstruction, whether 
forced or suffered. 

4th. To measure in ad:vance the degree to which any proposed structure woulll injure t11e chan· 
nd or imlnce change elsewhere. 

In the second part of this report the result of some efforts to determine the necessary form of 
the cross-section at several points on the Delaware, before ascertaining the fundamental section, 
will he found. Some very ugly cases present themselves, in a stream in which ice has played a 
part which is yet very obscure to us; lmt, on tlle whole, \Ve have been (I submit) as successful as 
ought t-0 be expected in a first es.say. 

It may be objected to the elliptical figure that it gives a vertical bank immediately at the shore 
line, which is unnatural in material that takes a long slope of repose, but when it is considered 

~The statutes fixing the position of Purt-W:irden lines ma.ke no provision for their division l1B frontages among 
riparian proprietors, eac-h of whom is entitled to a right of way to the sea from every foot of his shore. Expeni;ive 
litigation, ending usually in irery unequ:i;J. j11Btice, hM neceesarily a~nded the attempt to determine a numericaJ re· 
lat.ion between :m irregular shore and a geometrical curve lying far from it. I proposed, some years ago, and still 
jnsist, that legisbtnres should provide for the Ctlta.blishment, first, of a "COAtien«otaal" (I now say 11irtva!) shore-line 
in stated curves and ta.ngent.e, nnd that the harbor-line should be so. dra'Wll, l!Ubseqnently, that ea.ch eootion should 
contain the interior shore-line curves as factol'B, direct or indire~~,, · 
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that this long slope is not an essential condition to the proper flow of the stream, the objection, 
from our point of view, disappears. 

The general sclleme of the cro;;;s-se<'tfon, stated ahove, was iucorpo:mted in a foot-note to 111y 
report on New York Harbor (Ann. Rep. Coast Snrn;,y, lSi'H), since which I haw~ tourul, in the A11-
nales des Pont.~ et Clwussles, 18()8, an article, h:v M. Farqne, in which he ha,;; attempted to show tlw 
relations between the course of the thalweg and the bend of the artificial banks of n riv£>r, arnl tn 
connect them with the radius of curvature. The ol~jeetion to his method lie;;; in Iii,.; reliance upon 
single contours instead of using all the soundings and treating tile river as a whole. His papp1· 
involves, necessarily, much mathematical ingenuity; and while his ultimate aim seems to he m1wl1 
the same as my own, his line of argwnent is very different. 

Upon Diagram A I ha,-e plotted the profile of one of the eross-sections observed iu the 8cnth
west Pass of the l\lississippi Rh·er, showing my conception of the three elements of which it was 
composed, viz.: The fundamental ellipse, the twist due to the hend, and the enlargement. The 
observed curve might be expressed in ascending powers thus: 

JI= ;i2 + 0.0li17~.r - (0.0028633.r)5
- (0.002fl833.r)6 

but here the terms, individually, have> no physical meaning. 

SECTION 71.-SOUTHWEST PASS, l\1I8SIASIPPI RIVER. 
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Feet. Feet ~Peet. Peet. I Fed. Feet. 
720 0 0 0 u 1. 0 

660 20.0 14.G fo.4 41.0 27.0 

600 27. 6 18. 4 IO. 2 56. ~ 57. 9 

540 33. 0 19. 8 11. 8 GI. 6 6.;_ 5 

480 37. 3 19. 9 11. 9 00. 1 67. 8 
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360 
!JOO 
240 
180 
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60 

00 

120 

180 

240 
!JOO 
300 

420 

480 
040 
600 
660 

no 

40.6 

43.3 

45.4 

47.1 

llR.4 

49.3 

49.8 

50.0 

49.8 

49. 3 

48.4 

47.1 

45.4 

43.3 
40.6 

37.3 

33.0 

27.6 

20.0 

0 

l9. 0 

17.4 

15. 2 

12. 6 

9. 6 

6. 6 

:1.4 

0 

3. 4 

-6.6 

- 9. 6 

- -12. •i 
-~15. 2 

-17. 4 
-19.0 

-19.9 
-19.8 

-18.4 

--14. 6 

0 

10.8 
!t.O 

G.9 

4. 7 

2. 8 

]. 3 

0.3 

0 

0.3 

l.3 
2.8 
4. 7 

6. 9 

9.0 

IO. 8 

11. 9 
]], 8 

10.2 

6.4 

0 

70. 4 

m.7 
G7. !I 

GI. 4 

60. 8 

57. 2 

53. 5 

50. 0 

4-0. 7 
uo 
41-6 
39.2 

37.1 

34.9 
32.4 
29.3 

25. 0 

19.4 

11.8 

0 

68.5 

6R5 

G';.G 

W.!; 

61.4 

55.0 

51.G 

49.4 

48.6 

4G.4 

43.6 
40.0 
37.0 

33.G 

30.5 

27.2 
24.0 

20.4 
13.1 

0 

Difference 

•-d 

J'n,t. 

+ 1.0 

-14.0 

+ 1.7 

+ 0.9 

- 1.3 

- J.9 

- l.2 

+ 0.1 
+ l. l 

+ 0.6 

- 1.9 

- 0.6 

+ 1.9 

+ 2.4 
+ 2.0 

+ 0.8 
- 0.1 

- 1.3 
-1.9 

- 2.1 

- 1.0 
+ J.0 

+ 1.3 

0 

----~-----C---------- ------·--'--------------'-----~---

:Mean depth of observed sretiou ...... __ . .,. __ . 
:Mean depth of computed section. _____ .... 

:Mean chord or compnted .... etion. - ...•. - - - - - --
l.foa.n chord of observed section._ ••••• ______ .. 

44. () f.tt't. 11.Area of ol1R<'!'V<'<I section ..... ___ ----_-· _____ ... 
4!1. 2 ft-et. .Art-s of compntetl M>ction . ___ .. _ ----- .. _ .•...•. 

91H fp~·t.. \ l:lid-a.Tt'.a. of computed section ................... . 

89'..! fet·t. i Mid-aTt'a.of ol~snn-f'd Sf'-Ct.iou ..................... . 

64, 26G sq. feet. 
65, 1.as sq. ft>et 
- 171 feet. 
- 165 feet. 

The formula for the cross-section of tlrn Delaware in front of Phi1Hde1phia, snppo;;;ing it pPrft>ctly 
canalized, so a.s t.o be rf'dnce,d to the minimum wiutb, I make 

'!/ = 33 11 ()()2-::: a: + 28!) (11002
-::- x2) 2 x 

HOW r ltooi 

in which "r" is the radius of curvature of the bend, varying from 16200 to infinity. 
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THE DELA WARE. 

A glance at tlie general chart of "Delaware Bay and River," issued by the Coast Survey, will 
suffice to sanction the following- }ffopositions, which, as llintH to our inqniries, l1ave been found 
valnaule: 

fat. The water-way augments as it approaches the sea, although no important tributary rin;rs 
PXiRt. 

'.211. The river
1 

at first tortuous, unwinds as"it approaches the sea. 
:111. The channel (Urns distinguishing the main artery) threads its way among shoals, with a dis

position, as it approaches t11c sea, to separate into passes like delta riyers. 
ht aud '.!11. The expansion of the water-WHY in the al>sence of fresh-water trilmtarie1', aud tlie 

i11c1·eaRe of the radii of curntture iu tl1e course of tile river a,'l it approaches the sea., are both Jrn, 
to t ltc act.ion of tides mainly. Otl1er t lii11gs t>iprnl, the Rize of a tidal channel through alluviums may 
l •P said to \W'.\~ din~ctly as the amom1t of srr\'ice which it is called upon to perform as a condni t, and 
the increase of tidal volume, between the mouths of the Schuylkill arnl Christiana Creek for in- ~ 

stance, fully accounts for the increase of the a\eragc section. 
Again, the range of the tide heing al1out six feet, a potential !terul to this amount ma;y be Raid 

to (•xist at ryPr,v point. A11y ollstrnction which the tide encounters calls forth its measm·e of acti n; 
forer within tlds limit of 1-'ix fe<~t (whi('h an actnal stoppage wonltl induce), and in approachitig 
11w st•a tlw i11crpm;i11g volmnc· Las greakr awl gn•ater power to overcome resistances. Bends of 
small ra1liu,.; a r<· n•sista uce" that mu Rt t lterPfore <li mini sh, antl the t<•mlency of the water, wa;i, 
a,.; it, app1·oad1Ps tile SP:I iR 1o ,;traig-hten a;.; W('ll :rn anp;nw11t its section. Tlrn l>Pntl which a ;;tream 
makPs 011 11wPtil1p; an oh>"tl'lll'tinn is not s,n1111wtrkal-tllP 1lf'tlPPtion ahoYe i" more abn1pt, than 
thP retiPdio11 lielm1,; Ow only ti1rn1 of l'lia1111el, thPn, that will ltarmo11i;-;e ffood aml ehh ;;trnarns, 
whu:;c tlin·t'.!io11:; an• oppoSPll, will he tl1e "traig'llt orw. "'e are eoutimmlly witm•sse>1 of tlle un
'rilli11g-ness of tlrnJLl arnl dih strmm1,,; in ti(hil riYers to submit tu the l·Htme hPntl; 1lw fat,t that they 
Jrnye (liffen•nt yplocities, autl, therpfon·, <"Plltl'ifngal foreps difleriup; a8 tlw "IJUare8 of tl1e Yt>lo(•iti1?8, 
l'Plltlers t•ntirP harmony out of tl1t• qnestion. Tlw introclnction of titlPs into a ri\'CI' 11111st !tan· :t 
te111lPrws to 8traigl1te11 tlie watt•r·way. 

~tl. 'l'lH' H1•laware occnpieK 011ly a part of tlw antecedPnt tfoprPS8iou tltrongl1 whi<~h it. tlows, 
and it has formc<l-prrhaps is still for111ing-:1. sort of Jeltrt witlt tlw mat<"z'ials hrm1gl1t down from 
tlw i11terim·-.~ommdwt as tlw Alall:i.nm Hin•1' is lmillliug it;; 11olta at tl1e head ot' :'.\fohile Hay 01· 

tlw ~\ tr:ito i11 tlte Gnlf of DariP11. lt. will lie sPe11 011 a. do"P exarni11atio11 of tlw chart that thi:,; 
rin·1· pn's<•nts great irrqp1larit,\' of sPctio11, i111licati11g" that tl1t• \'ol11111e of water ju motion tlo•'" uot 
1·YcrywlwrP occupy tlw entire water-way; that. it hafl shiflf'<l itfl patl1way at. many ]lOint;;; without 
,\l•t tilli11g up its old :t\'enue, so that t lw cros;.;,;;(•t•tion of t hi' watt•r-way i;.; rn1t in t'H<'h iastmwf\ a 
eross-sPctim1 of the trne stream. 

The 1·irnr proper a,-; a plty.vical force steadily declines as H approaches the se~i, for the vo]nmc 
of fresh water remains csseutially constant while tlw volnme of the title increases. Tllis would be 
tme comparntfrely eYen if the wa.ter-way <li<l not enlargv, lmt where such enlargement takes place, 
as in the Dt>lawm·(•, au actual loss of power, almost to the annihilation of this element as an actin~ 
one, mn>it occur. NeYPrtheleRs, aH we han~ s!'eu, the riYC'r onttlow moclifies the form of channd
Rt'ction 11e:trly to the threshold of the OC(':w. 

Lorn/ion of t11e r-lrn1t11el.-I11 the istudics tltat we lmn~ rnwle iu 1,ariow; lmrbor.s with a view to 
t.hc proper location of I'ort-"\Yarde11 lines limiting the e:xtcusiou of wharves, &c., we ha.Ye i1an·owe1l 
Hw Yexed (]nc;;;tio11s of channel loc:tti011 tlown to two alternative 1nopositions, yjz: 

1st. 'l'lHl locni'I of a stream is tlutt ofits center of griwity, i. c., the line of mid-area, of section. 
:_!d. The loeus of a st.ream is that of its axis of motion, f. t~., the liue of mid-volume. 
lu 8traight reacltes these two loci concur at all times; an1l at symmetrical bends they migl1t. Jm 

presumed to concur when the stream is in its average working con<lition. In the tables appen<lt'd 
t,o this report the numerical values of the co-ordinates of forty-seven cross-sections are given re1}
resenting tl11? mold of the 1frer from Five-Mile Point to the mouth of the Sehnylkill, with the posi-
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UNITED STATES COAST AXD <fEODETIC Sl:HYEY, 127 
tions of mid-art?a awl mi<l-rollmu' for eal'lt Rcdi011, aud i11 TahlP Xo. IS tlw radii of etll'\'atun• are 
fnn1islietl for the Joens of mid-a1w1, i·udely sketdwtl u11011 J >iagTam ll. 

Tlie appeara11m~ of luues lwtwc1m Uw cm·n~s of mid-arm allll 111.id-ro/111111: \dwn \H~ came to p1ot. 
them satistiPtl 118 that we had not lll~Hle onr emTeut uhse1·Yatiom; at till' <IH"ntge 1wrking stage of 
tht' t-<tream. 

Below (;[unc1~st1~r l'oi11t tlte rin~r n~rnaius e;;seutially i11astat111.11' 11attll'P, and Jwrt> we timl tlle 
loci of mid-arra antl mid 1·oln11w 1le.scribing- Y(~ry smooth cun·es (s1•1• Piag-rarn B, Fig.'.!), lmt leaYing 
r~ousidera ble h111e:,; hctweeH tlwm exct>pt at the 1'traight rpad1 11ear (; lorn·ei-;l 1•r Point a ntl t 111' place 
of reven.;iou below. The radii of t~lllTa.tm·e for llw 1111per lteull, tltat haYi11~ it:-; cmiea.\·ity t11rnc1l to 
the northwc11t, am H,'.!Oii feet for mid-area a111l (i,t;;;;; feet for mid-rnlumc of elih. 

Notwithstanding the existence of these lm1c;;, if :t ti-catment of this p()rtion of tlw. ri\·cr fo1· 
lornttion of l'ort-\Var<l<•u liues were proposed, it wouhl t-<<•cm pateut that adi11g exdusin•I;\- 11po11 
physical i11dieatio11s, we should simply eonstnu·t a water-wa~- din~rging· iu due proportion to tl.ie 
increase of tidal Yolnme, a111l pnn-ide that it sltot11tl lw iso placed a'! to lw l'Ycrywhere lmlaneetl 
ahoul, lhc mirl-nrw line ohseryed. The widtli at tlH· initial point would be tlw most ,;erious 111wstion 
to i-;et! le. 'l.'h('l'C js a 11carls ::->traight pasi-; a.boYt> Clmwestrr Poiut when-, as migl1t haY<' h1•en l'X-
11ectt'd, i.lte smalle.st s<•ction, in }trOportion to disdrnrg4.'s, is fonud: hut this 8cdi1111 ii' not in the 
form most ch:u-:icteristic or the rh-er, PH'll for a :,;traigllt reacl.1, allll woultl bl' fouml too 1ianow 

clse11"11C're. 
It is alJo\·e the Gloucester rcad1, iu tl1e }>ol'tion of the rin;r whose shores an• tw1·111tietl for eom

mcrcial purpo:,;es, 1 hat the greatest perplexity in regard to tlte loeatiou of the st1·l'a Ill t'xist,;. "' 11 
liuTe i;i,·en the. actual places ol' mill-area a1ul mil1-rollrn11·, ltnt 1Yltc1·p thPrn arP islamls or wlt1•n• llll' 
~trnam. iiartia1ly bifurc~1tes we cannot bl"ing; tlte point::1 iuto aecon1. lt i,.; t•Yidl'11t that we must 
more intimate!~- e::rnmine the trausn~r.~e sections before we cau trace tl1t> 11rug;1·ei.;s of tltt' l'haracter
istic form down t.11e river awl determine correctly the point,.; of ltif11n·a1ion a111l n~n11ion. 

lt nmy be properly 1:;tatcd here tlrnt at bends one ofku finrls upon tlie ('011n•x side a .. 8loll!fh 
dwnuel'' which has lleen created during floods arnl serYed as a 11·a.«lt'·ll"l'i1:. Tlw 1loubh• l'hauucl, in 
a cast1 like this, must not be confoumled with liifnrcation, although in time of tlood tltc ".~louyh 
t~l:mmel,'' because of its great slope, exhibits the more rapid cnrrc11t. 

Cross-seet·ion.-The. gm<lual ang-mcntation of the water-way, r11frnPtl to at alt earlier portion ot' 
this report as characteristic of the Delaware iu its approad1 to the sea, i.~ searcely ret•og11izalilt• i11 
the portion of the st.ream lying along the frontage of P11iladelphia. l t will he ol11<Nn~1l from a 
gfance at Diagram C, I~ig. 1, that there is no snstaiued increa,.,e of sectioual area from the upper 
end of J>ctty's Island to Olo11ce.~tcr Point, uot1dthstamliug that iu tlti.-, distauce tlw incrpa,;t• ot 
flowage h; full 27 per cent. 

Before entering upon the il111uiry to what ext.out changes iu tht• lHttnrnl Ul'l\l>J' ma,\ lrnn· ltl'\'11 
wrongllt by artificial means-an inquiry rcsen-ed for a future report \rhcn foe l'Onmling-,.; npon old 
and new sun·eys shall h:n-e l1ecn cornparetl-it. behooYes us to c<msider a little more t'l'itieall,Y to 
wl1at extent the natural order makes m1iformity in the increase of section neces:;ar,v. 

"'ere the river straight and all its sections Rymmetric:1l and similar, the magnitucll· of tltc 
w;1ter-way would increase nearly in the same ratio as the discharge; but where a stream is com· 
11elled to meander amoug obstructions, eYen if through a generally yielding hell, the Redious mnt>t 
l1:n-e ntriatious due to the chm1ges of course., or, in other words, to the change iu the radius of 
curvature from point to i•oint. Theoreticall,y the least depth and the least width in the coursu of a 
constant stream should he found in the straightest reach, because here tho least resist.1ncc and th<1 
must economical form of section is found. 

In the earlier part of this report it was stated that the .-;cheme of our iuqufry was based npo11 
•i broader e.xperiencc than t.liis local survey would baye furnisheu, a.ml in the study of actual sec
tions in the portion of the Delaware under cousitlerafam, the fundamental form with sim])lcxari:i
t.ions at bends and voluntnry bifurcations, are often only obscurely recognized, and in fittiug the 
computed to tlie observed cu~,,-es many devices are resorted to. 

'l'he bed of the river is not molded by the land-waters only, but modified by the tides whidt 
not only cause an increase of discharge, as we go down, but present antagonisms at every bend 
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which is uot f':nnmetrical. It will be an important pur1)0Se with the engineer who may project im
provement1" of this rh·er to reduce the bends to symmetry as far as possible. 

] 11 <t tide less ri nr one may conceiYc of a fundamental section as sustained iu the rea.ch between 
a11y tm) tributaries, but where there arc tides a continual a-ngme.utation of sectional area is neces
sary. This l'(•1101·t ca.n11ot pretend to clo more thm1 cross the thresholll of the Delaware problem. 

". e arc pn~,,;entecl i11 thiis smTey with 110 straight read1 of 1mfficient length to permit the com
plew exhibition of tlw symmetrical section which can be properly re.coguizecl as a fundametal form. 
By grouping· the measures of Sections XXX.Y, XXXVl, antl XXXVII together arnl takiug a 
mean, we obtain, it is true, a symmetrical form, but one that seems rather to result from a confiu
ence of stream;; her<ltofore separated tllan from :m orderly and susta,ined flow. Here we have a, 
sectional profile nearly corresponding to the arc of a circle \Yhosc radius is 725 times the mean 
clepth-or still more nearly witll a sium;oid whose mean ordinates and mean chord correspond with 
the mean depth <tnd mean width observed. 

ME.AN OF SECTIONS XXXY, XXXYI, AND XX.XVII. 

1 Disfa.nc() I ObAe1·ve<l 
1 

Cotnpitte<l JI ! 

I
, "" d•· th. 1. depth Ditfereuce. ! :Remark•. 

P ;11~4ouos.r I __ _I 
i--.fl·ct. --· 1· I<'c,:t. 1--1-'cct. ' - p.,,:~-
1 1, ZOO I O. 0 · 0. o o. 0 1'1.·Dn•ylrnnia sitle. 

l, 100 i 2. 0 G. 2 -3. :! 

l, 000 !). 5 

9llO 14. ,j 

800 :21. 5 

71}() :;:). 7 

ti<l-0 :!8. 0 

[1\lO 3:!. II 

4tl-O .Ji). 7 

3t~• 38. 7 

:!00 ;;u.;, 
JllO 3K5 

0 :IB. u 
100 38- 0 

~00 38.:; 

300 3;, 2 

400 34.:; 

mo IH.i> 

600 :.!7. 5 

700 24. 0 

EOO Hl .. 5 

900 H .. 5 
l,OOU Hl.5 

I, 100 G. 5 

I, 200 3. 0 

HI. 4 -o. 9 

15. J -0.8 

20. 0 +1.r, 
~4. 4 +1.3 
~8. J -0. ~; 

;;1. 7 +0.:1 
34_ 6 +LI 
:~7. () -11. 7 

38. 6 -f 0.9 

39. 6 -J.l 

40. u -~.u 

3!1. fj -J.6 

38. 6 -0.1 

37. 0 +0.2 
34_ 6 -0.l 

;JI, 7 -f\.2 

2~. a -0.8 

24. 4 -0.4 

2-0.0 -0.5 
1:;. a -0.8 

10 .. 1 +0.1 
[). :.! +1.3 
0.() +3.0 

Feet. 
I Mt)au d('pth of ohserYPtl twdion. __ . 25. 3 

) !\lean 1lepth of computed s-el"tfon . . • 2.J. 5 
; ?\lf'an dwrtl of <'omp1tt·€ll fiPcUon .. 1. 560. 
1 ~1cun dwrtl of ohsf_•rvell Sf'('t.inn • __ . l, ;,:-rn. 

I 

Sq.feet. 
Area of olHWl'H"d flt•ctiou ... - . • .... ... 601 730 

A1·ca uf l'ompnied sect.ion_. -- ....... 61, 114 

Mi<l-arua ofcom11utml :section........ () 
llitl-art>a uf obse-rn~d section........ - 2 

N. H.-Tht> 11hme of i·cfrrew;e i:; herf' 4 test 
ahm.-~' mean low watn 

!J • - :JU t.:os. X- at luw 'rakr (Ut'arly). 

j New Jen:PY eidP. 

·--------------'--------------.. ---------

The :seconu figure of Diagram C illustrates the foregoing table. The area of the section, tH,000 
~quaTe feet, is that for the stage of maximum ebb current; reduced to mean low-tide, it falls to a.bout 
.51 ,000 square foct. While it must be admitted, from the near approach of this profile to the arc of 
a drcle that the section is one of economy from a- physical point of view, in the interest of naviga
tion a greate1· width with less. maximum depth would be preferable and seems from an inspection 
of other sections to be admissible without incurring the danger of a middle ground. In using our 
formulro for changing widths we haYe simply to regard x and y as undergoing reyerse va1fations, the 
area remaining the same. 

As a rule the 1:mrface width of rivers is greater than the law of the curvature of the sectional 
Jirofile would give, because the waves and rains break down the shore. But in alluvial beds the river 
at time of freshets oft.en overflows its banks and by this relief suffers the lower portion of the profile 
of section to reta.in the form impressed npon it under more ordinary conditions, so that the perm.a
nent portion of the water-way does not represent the extreme demand. It would not seem wise to 
restrict a river to the dimensions of its minimum section, however perfectly this section may realize 
the law of economy. 
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UNITED STATES COAST AND GEODETIC SURVEY. 129 
Mr. Marindin has computed for me the average gauge from his eutire field of work, ndernling-

from Five-Mile l,oint to the moutil of the Schuylkill, and furnisiles tlie followiug: 
Surface width, 3,645 feet. 
Mean depth, 19.43 feet. 
Thal weg depth, 3\J.50 feet. 
Sectional area, 70,8:!2 square feet. 
Plane of reference, 1 feet abm-e mean low-water. 
Comparing these elements with those gi"en in the preYious table for the midway 8ection, we 

flnu that the wiuth is 50 i•er cent. greater, while tbe mean depth is :!4 per ceut. less, 1 Jip tlialwPg 
depth mueh the same, and the are~ only 13 per cent. greater. One mn:,;t infer from tlw;;P ti;.:·nn·;; 
that the straight section giYcu in the table bas too small surfac~ width and too great 111ea11 <h•p1 h, 
while admitting tliat the axeragc surface wicltll is considerably greater than it 11eed lw. .An im;pec
tion of the ch:irt. shows that the majorit.,r of the sections have shallows on oue. side or the other 
which augment the surface width without an,rLhing like a proportional increase of :,;pction. 

It. is evident th:tt Mr. Marindin's gauge for the grand average would not yield a s~·nm1Ptrical 

profile of section, because neither the sine curve nor the ellipse would admit of the coexistence of 
such elements; but they yield, as might have been expected, the form characteri8tic of a winding 
river, produced by adding to the siBe curve the sine of double the angle, or to tlie semi-ellipse the 
Rine of twice the eccentric anglt~. The avuage sedion, thrn, i1< essentially represeuted b . ..- Fig. 2 of 
Diagmm A, but actually hy Pig. ~ of the same diagram, since a split in the channel is c1iaracter
istic of the 1>rcscut state of thing·:,;, ultiloug-h not e.~sential. 

The avPrag-e :mrfaee witlth of the riYer for tl1e 1iortio11 (within the limit' of onr surn•,Y) al)(n·e 
tilonc€ster l'oint is over ~:,ooo feet, wllile at the lower cml of the coursP, i.e., at (~loneestn Point 
itself, the width Reems 1o ban' hcen naturally less tlmu any other at half tide. 

\Ve are not now prepared to state wl1at woultl be an adequate mean width of thi3 portiou of 
Delaware HiYer under a system of artificial embankments or improved shores, becau;;c a very im
portant consideration is to be girnn to the question, How far can the islands in the river be reduced 
and to what extent can the shoals be removed 1 To nanow the river where now excessively broad, 
aml Ieave the shoals to the mercy of the temporarily increased fl.ow, would be simply to remm-e 
the shoals from their present locations i<> points lower down in the pathway of na,:igation, where 
tht\Y miglit be greater solll'ces of trouble than now. 

Of course it will be understood that the thalweg depth given by the g-reat average does not 
imply a 1~011tinuity of tleep water, but it ma;y be said that the average depth of 19! fic~t·t implies 
the practical:ility of securing a thahrng depth of not less than 30 feet at half tide, and the possi
bilit;\-, b~- retrenchment and b;\- remoYal of obstructions, of maintaining evcry~here, by the action 
of the currents, a continnous eham1cl depth a.s great a;; tlte hea>iest mercl1aut-sltips may require. 

The next tolcral.Jly stmig·ht reach lies between Sections XXXI aml XX \THI, and we may take 
tilese terminal sections as samples for the reach. A very marked feature in this reach is a middle 
ground, which, for t.bc upper section, seems to be a continuation of 'Windmill Island. From tile 
tables that. follow, it will be see11 that, with a fundamental circular curYe whose maximum ordinate 
i::i 32 to 33 and whose surface chord is 2,200 to 2,400 feet, we have been able to insert a term repre
senting Ycry closely the middle grouwl. A slight bernl can be traced in Section XX.VIII, which 
becomes marked in XXXI. 

Between the sections just commented upon occurs a 17 foet shoal, which, I thbk, mm:t ue an 
obstacle which resists tlie scouring action of the stream. This, and the recently extended ;,;olid 
structure.s, embankments, &c., on the Pcun:,;~-lvania shore, render the region quite umnanagei1bll:' 
nI11ler our metl.iod of anal;ysi&-the eftect of the bend being much obscured. I give a computation 
hy mJ- m<1tbod of Section XXXI V, a.nd a theoretical curve by general formula for the mean of 
Sections XXXII, XXX:UI, and XXXIV. 

S.Ex.13-17 



 

130 REPORT OF THE SUPEIUNTENDENT OF THE 

SECTION XXXIY. __________________ , __________ _ 
I I ! : 

!liAtance ' Obser'fed : Computed : Ditf<>r(~nce. ! 
:z depth. I d•1•th. 

1 

Remarke. 

Fu.t. 
1, 100 
1, 000 

900 
800 
700 

600 
500 
400 
300 
200 
100 

100 
!."!00 
300 
400 
5<JO 
600 
700 
800 
900 

], 000 

1, 100 
l, 200 
1, 300 
l,400 

Feec. 
0. 0 

5.0 
20.0 
24.9 
~6. 0 
25. 5 
27. 5 
25. 5 

21. 0 
23. 5 

:!l.O 
23. ~ 
28. 2 
31. 6 
34. 8 
34. 8 
34. 2 

33. 7 

Jl. 6 
~8. 0 
18.0 
12. 7 
ti'' 
6. 0 
o.o 

Feet. 
0.0 

11. 8 
19. 5 
23. 9 
~5.9 

26. :t 

:.'.4. 7 
~3. s 

~4. 0 

~I. 5 

I 
:lU. IJ 

I :i;;i'~t·.o
5 

a4. 7 
:15. 9 
35. 0 

27. 2 I 11. 2 

---- ------· --
1 l'ceC. I . . 

• ••••••••••• 
1 

FennE<ylvonrn s1de. 

' - 6.8 I 
+ o. 5 
+ 1.0 
+ 0.1 
- 0.8 

+ 1.8 
+ O. S 
+ 0. ~ 
+ o.:J 
- :!.O 
-:I.ti 

+ u. 7 
+ 1. ti 
+ Z.3 
+ 0.1 
- 1. 7 

- 1.9 
- l.4 
+ o.s 
+ 0. 8 

Fut. 
1 Mean depthofobservedaection.... 22.6 
i ::Mea.n depth of computed section . _. 25. 1 
I Mea.n chord of computed s-ection • _. 1, 54.0 
! .Mean l'hord of obser~ed section _ ... I, 6".0::4 

Sq.fut. 
Area of ohsl .. TW-':ll section ............ 56, 500 
.An~ of compntPd section . . • . . . .. . . . 55, 596 

Feet. 
'~ l.Ii<l-area ot'Q11ser\.et.l Nection ........ + 2()4 
) .Mi<l-aITa of cuuijluted section~....... + 150 

( The plane of reft>re.nce is h.:rw-,'fater. 

I 
! 2. 0 --~~~·-~-.·I New Jersey s1Ue. 

1 ............ 1 •.•••••••... 

1············1············1 
11=32(~)+0.00555 (!!riQ'::-'1'')2"' + [20 4"'''11502'::::'~-s] 

11502 1150' 1100' 

ME.AN OF SECTIONS xxxn, XXXIII, .AND XXXIV. 
""' 

Di•tanoo Ohserve1l I D:itl'erence.·J •Computed Remarks. 
:z d~pth. I d•pth. ! ---------------------

Feet. Feet. Feet. Feet. I Pennsylvania eide. 1, 200 2. 5 tl.O -3.fi 
, l,100 9.1 17. 2 -8.1 
1,000 23.1 23. s -0.7 

900 28. 3 27.6 +0.7 
800 30.0 211. 0 +1.0 Fut. 
700 29.2 211. 6 -0.4 Mean depth of observed section ..•..• 21.2 

600 27.3 28.5 -1.Z Moan depth of oomputed section, .•..• 26.0 

500 25. fi 27. 2 -1.7 Mean chord of computed section .•..•. 1.656 

400 24. 5 26.2 -1.7 Mean chord of obser.-ed section .•...• 1,6" 

300 24.5 25.5 -1.0 Sq.f••t. 
200 25.1 25.2 -0.l .Area of obS<lrved 8"Ction .............. 65,700 
100 27.0 25.8 +1.!! .Area of computed section ..•..••.••••• 62,471 

0 :!lt3 27.J +2.0 
100 31.9 29. 2 +2.7 

Feet.. 

200 3~.1 J2. 0 +3.1 Mi<l-arf:'a or computed section ....... - . + 33 

300 37.8 a.. 9 +2.9 Mid-are& or observed section ........... + 22 
I 

~ 39.4 37.0 +2.4- I 
500 40.0 38" +1.8 I 
600 39.6 38.5 

I 
+l.1 ] T11c i>lanc of rcfe1-cnce is low-wat-tir. 

700 37.4 36. 8 +o.6 I 
800 32.3 31.6 +o.7 I 
000 21.6 2".l. 5 I -0.9 

1,000 13.9 9. 7 ·---~~--~---! NewJerseysidti. 1,100 i.4 -10.9 
1,200 6.6 

... :::. :: : : :1.:::~: :::: ::1 1,300 3.4 
1,400 2.8 

:J"or the •imple fitting of a •mooth curve to the ob~ed profile the following formula ie need; 
,, = 27 .2 + 25689"' + 48.487.,..- o.os:m•,.. - o.00006389..,. 
p ]~,. 
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UNITED STATES COAST AND GEODETIC SURVJff. 

SECTION XX.XI. 

a b I ·---- -------.-- --------1-----:------

. 4:r' 11100'-:r'I I 
·~fl -----ff(foT ____ -11 

I 

a+b+c 
Comput"<l 

depth 

!/ 

Ol1serve<l 

depth. 

DiJference 

•-d 
Rem:nko. 

- ---- -·-· ----

Vi'.et. 

1, JOO 

t, or.o 
l,UUll 

900 

800 

7011 

610! 

I"iiJO 

400 

:mo 
200 

100 

0 

11111 

200 

:1011 

400 

!"")()0 

l]H(I 

7011 

800 
00() 

I, 000 

1, 100 

Pu~. 

0.[I 

::! 9 

10. G 

lf1.l 

19.0 

30. 9 

;11. 7 

:l!!.O 

:11. 7 

:w. u 
~~- 6 

27. ~ 

}!I, 0 

Jf1. l 

rn. o 
n. 6 

0. 0 

Feel .• 

-11.U 

- ~. g 

i :t ~ 
11. I 

J:l. n 
1:1.1 

~.!I 

,· •. 4 

4.1 

7.8 

- 10. ~ 

--11.0 

-J0.2 
- 7.8 

-4. ! 

O.!i 

fi.4 

R9 

l:J.] 

!:1. !l 
11.1 

:1.:1 

-ll.O 

Feet. 
0. 0 

-1.1 
~2.1 

-a.a 
-4.5 
-4.9 
-5.0 

- 4. 7 

-4.1 
-:1.:1 

-1.2 

0. 0 

-f-l.2 

+~-3 
.. p.3 
+4.1 
-~4. 7 

+r .. o 
+4.ll 
+-4. ;, 
+;1.5 

+2.1 

o. 0 

Feet. 
-11.0 

- 4.0 

+ 6.8 
18. 2 

24. 5 

27. 2 

~7. 4 

~G. 1 

2--t 2 

~2. 2 

20. 8 

20. 3 

21. 0 
~" --· ' 
2:1. 4 

28. 8 

:12.4 

:li. 4 
37. 0 

S:t fi 

11.0 

-11.0 

I 
I 

I 
' 

Feet. 

0. 0 

9.1 

21. 0 

25.0 

2fL5 

~4. 8 

2'.?.8 
'!2. (i 

2'2. 0 

:J(LO 

:!1. a 
r;_4 

~-1 

Feet. I 
··------. 1 Penn~ylva.nin1-ii~le.1 

+ 4.0 I 

+ 2. 3 

+ 2. 8 

+ 0.5 
- 0.7 

- o.~ 

- 1.:1 

- 1.4 

+ 0.4 

+ l. 2 
+ 1.4 

+ 0. 7 

+ 0. 8 

0,4 

-- 2. 5 

- 2.9 
- 3.4 

-· 0.4 

+ 1. (I 

- 2.5 

- :l.7 

- 5.6 

+13. l 

lfeau <lepth of obrerw~d soot.ion (at mt-nn 11nv-w:i.1~r) - - ~- 5 feiAt. I 
Mt".:tn depth of (·nmputt'l•l Mection.... .. .. . . . .... .. . .•. 2::. 8 feRt. 
Mean t"bo1·d of corupntf-',(l se-ction ................ ---· -· I, 145 feet. 
llt"au chord of oh.-rerYt'cl M':Cf,ion ........................... _. 1, 108 feet. 

Are:t of obser-rt'l section ............ -·. - ....... 51, 760 dq. ft>eL 
Ar£>n of ('ODlputed seetion. _ .. -- ...•. __ ... - ... - .. f,2. 315 sg. fr.-t 
lfifl-nreri, of rompntNl APetion ........... - . . . . . . . +I-64 feet. 
Mid-area of oh~t·rYP•l RP.rt ion. . -···-· ..... _ ... +1:?1 ft-t•t. 

Dist.an(\~ 

"' 
Feet. 

I* 100 
1, 100 
1,000 

900 
HOO 

700 
f~)O 

!'>00 

400 
300 
200 
JOO 

100 
200 

300 
400 
f.00 
600 
700 
800 
900 

1,000 
1,100 
1,160 

i 

I
, Ohst>r\~et:l 

d•J>lh. 

Compnt-t-d ~ 

SECTION XXYIII. 
:nm•T .COMPUTATION. 

<fo~I h I Diff.-ren«« Remarks. 

----- ·-- - --- ·--·----·· 
Feet. 

2. i 
7.8 

l8A 
21. 5 
2[-.. l) 

28. 2 
28. 5 

:!8. 2 
27.0 
25. 6 
24.1 
2'l. 3 
21.6 
20.8 
22.5 
25.0 
26. 4-
!l9. 0 
30.6 
m.6 
31.6 
27.3 
18. 0 

8. 7 
3. G 

Feet. 
0.0 
9.6 

19. 2 
24. 0 
27. 4 
28. 0 
27. 6 
26.4 
24. 7 
23. 4 
2'J. 0 
21.;; 
21. i) 

22.1 
23.( 
25.4 
27. 3 
29.t 
3L2 
32. a 
31.' 
28.4 
22.G 
1L8 
0. 0 

Fut. 
+ 2.7 
-1.8 
- 0.8 
- 3.1 
- 2.4 
+ 0.2 
+ 0.9 
+ 1.8 
+ 2.3 

+ 2.2 
+ 2.1 
+ 0.8 
+ 0.1 
- 1.3 
- 0.9 
- 0.4 
- 0.9 
- 0.4 
- 0.6 
- 0.4 
+0.2 
- 1.1 
- 4.6 
- 3.1 
+ 3.5 

P.-.nn~ylvn.nia side. 

Mean depth of obs.,rved section ....... _ .. _ .............. . 
Mean depth of compntcd soot ion •••..... _ ............... . 
Me:•n chord of computOO S<lCtion ................. __ --·· .. . 
Mean chord of ol.>.served s.i<tion ........................ .. 

Area of observed sootion ........................ , ........ . 
Are'\ of oompnOOd section., .................................. _ ... --· 

Mid-area of computed l!eCtion ............................ . 
Mid4lrea of obseL"Vedaootion .•••••.•.•.•.•.•.•.....•••.••. 

Pe•t. ! 
2'2.23 ; 
2!?. ~4 ! 
I 841 : 
1: 743 ! 

Sq.fur. 
54-, 707 

55, 555 ' 
Teet. 
+ 57 
+ 34 

Formufa f-0r comput.ed curve: 
21. r. --- 4 .,. (1150•--:i:') 2"' vnw•- x• • 

11= lfaii v 11so•-x• + H -- 115il'i - + 2 -- nr.o• -

New Jeraey side. 

131 
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Di.stan<'e 

"' 
-----· 

Fed. 
1,200 

l, 100 

1, 00\J 

900 

1'011 

700 

600 

500 

400 

300 

200 

100 

0 

lOU 

~00 

:JOO 

400 

500 

60(1 

700 

800 

!IOO 

l, 000 

1, 100 
l, 200 

l, 2(}{) 

1, 100 

l. 000 

900 

800 

700 

000 
500 

400 

300 

200 

100 

0 

100 

200 

300 

400 

500 

GOO 

700 

800 

900 

l, 000 

1, 100 
1, ~00 

REPOUT u1~ TITE SUPERINTE:NDENT OF '.ritt!j 

-------

Observed 
tlepU• 

<le,pth. 
y 

-

F'f1ft. F1'et. 
~ 7 0 0 

9. 0 8. 2 

18. u 1:-,. ~ 
27. 5 ')') •) 

a1. ;-i 20. e 
:n. s ~9. 7 

30. 6 30. 7 

29. 0 30. 2 

~6. 4 28. [. 

'.!5. 0 ~6. f, 

~~- ~ '.2.t. :~ 

20. H 2:!, 7 

::!1. G 2:!. 0 

:?'..!. 3 ::~. 3 

24. 0 :!1 'J 
nc --•'·I ~t~. l 

27. 1 '..!li. ~· 
!!8. :! :2K 3 

28. ~ ~8. 7 

28. ~ ~7. 8 

2;). 0 :!5. '.:! 

:!L :~ ~O. 8 

18. 3 14. 9 

9.0 7. 8 

o. 0 0. 0 

2. r, i -11.0 

9. 0 I 6. 2 

18. 0 
I 

Ii. 8 I 27. r, I 2li.4 

31. G 
I 

29.1 

31.6 30. 6 

30. 6 30. 3 
29.0 28. 6 

26. 5 26.9 
2;;.o 25. 0 
22.4 23. 5 

~o. s 22.4 
21.7 22.0 
22. 3 22.4 

24. 0 23.5 

2.5. 6 25. 0 

27. 1 26. 9 

28. 2 28.6 

28.4 3-0.3 

28. 2 3-0. 6 

::a. o 29.1 
21. 5 25.4 
18.3 17.8 
10.0 6.2 
0.0 -ll.O 

SECTION XXVIII-Oontinned. 

SECOND COMPL'T A TION. 

Feet. 
,- ~. 7 

! 0. 8 

t· ~. l 

+ r.. ~l 

t 4 7 

1.8 

(I 1 

- l.~ 

- ~- l 

-- 1. ;, 

- l. H 

- l" 
u. 4 

0. 0 

0. 7 

+ tJ.G 

ll. ~! 

U. l 

-· u. :.! 
... (J. 4 

- 0 ,, 

+ [)_ 7 
..L n.4 

i· 1. 2 

0. 0 

llemarks. 

Formula for c.owputed depth: 
y :..: :1':! co-s x + siJJ. :! x -- 10 cos 3 x 

Menn 1le11th of observed section 

Mr-·111 tlcptL of f•omputcd section.--·-.-·. __ ............. . 

F~t. 

23. 02 

22. 45 

Mt":W d.mrd of computed section ............• --- . ·-·· •• .• 11 75-3 

MP.all chord of oU5lerved Aectiou . .•• •. . • • . . . • . . . . .. . • .• . . l, 79-a 

Sq.fut. 
ATe·'l, e.t low.wa.tt"r, of oLserveU ~eciilm 

Area, at low-water1 of computed sr<'tiou 

Mid-area of compnted section ............•••.••......•.. 
~fhl-:1rPH of observed section ................................. . 

Pennsylv:mb shore. 

f;fi, 260 

53, 880 

Peet. 
- 93 

- 93 

TIDRD COMPUTATION. 

--------------~---

lH. 5 New J'eney side. 

+ ~.8 
-+- o.~ 

+ 2.1 Formul'l. for computed curve; 

+2.5 1200'-:i? 4 "'' (1200"- :t") 

+ 1.0 
v = 33 1200'- + :l'.l -- 1200'·-·· - 11 

+ 0.3 

+ 0.4 
- 0.4 

0.0 
- 1.1 
-1.6 
- 0.3. 

- 11.1·. 

+ 0.5 
+ 0.6 
+ 0.2 
- 0.4 

- 1.9 
- 2.4 
-- 4.1 
- 3.9 

+o.5 
+ 3.8 
+lLO PellDllylvania aide. 



 

tTNiTED STATES COAST AND GEODETIC SURVEY. 133 
The frontage of Philadelphia from Section XXX (just above Greenwich Point Salt-works) to a 

point near Section XIIL opposite Cooper's Point, lit·s on the arc of a circle of Hi,200 feet radiu:-; for 
a, chord distance 11;,4!>8 foet. .lnl't at thP encl of this 1mrve a sharper turu occurs, wbicli is sm·r•Pf'<kd 
tor some 1lista11ce beyo111l by ~L iwarl:v straight liim of frontage. Jn the nP.ighhorl1ootl where thf' 
greatest bend occurs we lmn., large Yalues for our coefficient of the :wcond t1•rm in 011r fi1n1111J;1. 
Sections XIV and XVI lie ju thi;;; ueigl1horhoocl, and each gin•s li"i as tlu, bend coefficiPut, wliid1 is 
tJie largest that we l1aye used. From eaclt of' these Hections C'onsidt>rahle portions 11aYr~ hceu cut 
oft' by wha.rveH; hnt it will he readiJ;\~ admitted that tl1e computed m11·,·e must re,.;tor1' i-;omt>thiug
like the original slopPR OYf'r wltic11 the wharn•:o; were hnilt, if tltes{· strndnn•s han• 1111t g-1·patl,\· 
c;hanged the r'hannel. 

Although these .se1•tio11i-; arp ahont 11400 fef•t apart, tile formula.:;; that mitisfY tlwm are 111~ar1~ 
the same, viz: y = 2H sin a.+ li) sin ~a + 10 sin 311 - :) for :;eetion XI Y, and !! =!!!I sin a+ 15 siu 
!!a+ 1.5 sin 3a - 2 for Sediou X Yr; tht-' third tPrrn, 1hw to the shoal extemling from 'Yindmill 
Island, being larger as that. islarnl i8 approached. l?or t·:wl1 of these t·xpre.8sim1;.;, :r = 12il0 r•os. a: 
lint the reiinlting surfitee width is less than !!,.GOO foet.. 

It is not a purpoHe of this report to c•omrnent upon what Htrudm·ps ma.Y he eliarged with hei11ir 
encroachments upon the stream, becansP, at the present stage of the inquiry, WP are not fully prP
pared to distinguiHh them indiYiduall;\·, hut examples nre gfren to iudiC'ate the manner of tltis kind 
of inquiry. Until the new Ronndings over the whole ri\·er hed are eomparf'll with thosp of earlier 
surveys, we cannot properly connect cause and effect. 

From the examples wliieh follow it will hr seeu that tlw dl'ptl1 of tlie fundamental curve has 
heen found to hP C'onsillt>rahly smallel' :.it Heet.ion,., X IY aml X YI than at tl1e l'ltraigl1t rPa<'h 11ear 
Uloneester. 

SBCTION XVI. 
··----------------------------------

l>i•t-nnc•e I Observc1l II Compnte1l . I 
"' depth. dopt-h. D11ft·reuctl. i 

------------~-~-------

F~tt. F?et. Feet. Fed. I 
], 250 i \Vh•rf. f, -- 2.0 
l,200 25.2 ··~·····- 1 }'urmnlu fort•flmputed curve: 
J,100 39.a 39.4 +0.1 I :29 Hiu a t JS Hin 2a + lfi sin 3a - 2 
J, 0()0 4G.B 44.5 +2.a ' 

('Od a.~ 1:00 900 46. () 44.6 +L4 
800 47.1) 42.0 +5.0 
700 42. 0 39, 0 +3.0 
000 36.0 35.0 +1. 0 
GOO 30.0 30.6 -0.6 
400 21i.O 25.6 +o.4 
JOO 22. 0 2'.!.2 -0.2 

' 
:!00 i9.5 18.4 +Ll 

/ Me:m depth or r.omputed curve ...... 
Fut. 

100 14. 0 H.6 --0.6 ~.5 

0 4. 0 12. 0 -s.o :::Me:.m chord of oompnted curve ......... 1,172 
JOO 3. 5 10, I} -6.5 Sq.fNt. 
200 5.0 9. 0 -4.0 Area of computed curve .•••..••..•.. 51,390 
300 ~- 0 8. 0 -2.0 

400 R5 8. 5 0 
Fut. 

Mi<l-:iroo or computed curve - 581 
500 JO. 3 8. 6 +l. 7 

........... 

600 11. 8 9.8 +2.0 
700 12. 6 11.0 +1.6 
800 13. 0 12. 6 +o.4 
900 15. 5 14.0 +J,5 

l,000 13. 6 lrl.. 1 -2.l 
1, 100 15. 0 14. 2 +o.8 
1,180 Wharf. . ---~ -- ....... .............. 
l,200 ..... , .... _ ........ D.O . ................. 
1,250 ................. - 2.0 . ................ 



 

134 REPORT OF THE SUPERINTENDENT OF THE 

Distance 

"' 

SECTION XIV. 

derth. tlepth. Difference. I Remarks. I 
Observe<l-· 1

1 

Computed I 
·---- ---------------'---~----

.·--:~:;--.JI Formnfa for computed ~urve: Feet. 
1,250 
1,200 
1,100 
1,000 

900 
800 
700 
600 
500 
400 
300 
200 
100 

0 
100 
200 
:mo 
400 
000 
000 
700 
800 
900 

1,000 
I, JOO 
1.~00 

1. 250 

Feet. 
Wharf. 

2tl.3 
32. 0 
37. 0 
41.0 
41. 5 

3~. 0 
30. r) 
25. 0 
2:2. 7 
2"2. 7 
2:L fi 

Hl 3 
1R r, 
lK G 
i:i.:! 

7. 8 
8. 0 
8. 7 
u. 0 

8. 4 

-O.a 
4." 
4.2 
4. 0 

2. 8 

Feet 
- 3.0 

20. 0 
33. 0 
39. 0 
39. 0 
39. 0 

37. 0 
34. 0 
31.:; 
27. 0 

2G. 0 
21. 0 

18. ll 

ltl. 0 
Ia.;, 
lJ. ;. 

11. 0 
}I.:\ 

9..-1 

Ko 
~. 0 

fl.ii 

n. 0 
JO. 1) 

):o\.l) 

4. ll 

- 3. 0 

-LO v~ 29 •in a+ 1f> sin 2 a+ 10 sin 3 a-3 
-2.0 I 
+2.o I 
+2.5 I 
-).0 
-;-3.5 

-6.fi 
-4.3 

+"6 
+I.:! 
+a.:::. 
+5.1 
+1. 7 
-3. 2 
-1.5 
-0.8 

+0.2 
-0.6 
-2.:J 
-2.5 
-G.O 
-~.8 

0.0 

+5.8 

Foot. 
Menndepth ofcomputod curve...... 19.4 
Mean c.hortl of eompntetl <~urVt'l------ 1,256 

Sq.fut. 
Arei\ of computed curve. ___ . __ ...... 48,590 
Mid area of computed curve .. ---- --~25 feet 

One conclusion from tbe foregoing mnst be that the fundamental curve, which bad a depth of 
tl1irty.1;ix feet at Gloucester, has shrunk to one of thirty feet at Kensingt.-On. 

At ·windmill Island we have the river completely se1>a.rated into two channels while preRerYing 
something like its characteristic form of sf'ctiou as a whole. One can easil~' see how Sect.ion XVI 
c1Pge1wrates into Section XXI as the mi<ldle grouml i·hms to be an island. It is wnrtl1y of notice 
t.liat i11 tlm eastern cl1a111ml, between 'Vindmill falaml and the New .forsey shorn, tl1e deep watrr 
is uearrr the west.rm shore, although tl1e local curvatnrr is concave to tl1e eastward; showiug tliat 
tl1ese two channels retlect in their mold the centrifugal force of the great curve jnst ret~rre•l to. 
(SN• Hingram D.) 

SECTION XXI. 
EAST CHANl<'EL. 

I I 
: 

Difference. I Observed Compnw<l 

I 
lJi•tance 

depth 

I 
depth Remarks. I 

"' ! L. '\Y. 
I II 

----

I Feet. I Feet. I Feet. Fm. 
4.0 I 0. 0 +4.0 Windmill Island side. l-···-····-··1 

I 700 6. Q 4.6 +L4 
GOO 7.,5 9. 8 -2.3 Formula for computed curve: 
500 12. -0 I 14. 0 -L4 !/ = 21.7 COS a:-4 COB 2(2:-100)+1 
400 li. 2 17. 0 +0.2 

i 300 18.2 JS. 7 -0.5 Mean depth of obsen·ed section ..• 12.2 Jeet. 

I 
200 19.6 19. 7 -0.l Menn depth of computed section •• 12. 3 feet. 
100 19. 2 W.6 +o.4 Aren of oowputed section ••...•••. W, 922 equare feet. 

0 11. a l!l. 1 -1.8 Area of obl!erved l!<'Cliou .•.•...•.• W, 396 equare feet. 
100 17. 0 18.1 -1.l Mean chord of observed section ... l,~ feet. 
200 16. 3 16. 9 -0.6 Mean chord of computed eectiou •• 1, 08Ci J'eet.. 
300 15.() 15.4 -0.4 Mid-area of computed 8"Ction ••.• , - 36 feet. 
400 13.G 13. 7 -0.1 Mld·area.u(observetl 88Ctian .••••• -4:1 feet. 
000 12.0 11. 2 +o.s 
800 8. 2 8. 3 -0.1 
700 2.7 4.6 -l.t 
800 L7 0.1 -f-LG New Jer&<Jy llido. 
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·-~:~~=~/~~~~~~~~-=-~:~~~~~=f~~··~~~~.~_;\~~tr~·· -2=: .... 

Wharf~.T 

't=~~: 

.L -- --- -~----t---- ----+--·-----~------------------+ 

-~--+-----~-·~--...;...._----~-· - -----+------~- .\------------,---. ---r-
· ---··----~ 

Mean of 
Sects. 32. 33 &3~ 

WindmilJ.. kl. • -- -.....-.--r --T-- --,..--~-.----- ~ ·-

-l ----+-----..;___-~--

Sect. 21 

~- --+- -r---·~---c--··- -· 

--~~--------·-~~--.--------.--~-:---------- ~ r-
'+~-+--+--+----+-~--;--t-- --+---r---t--r-~--<~-~---+---+----...... ·· -. -~--- + 

... !!d!DI!!# •WUJll!l sbJ"u.11 
..... 0 

______ Ob.served. profi"(es of'sedio 

------ ---- Compu.t,e.d 

Horizon:ta.l Sc.a.U 
@tll!lili W!!"!.'!!'o-e;. il!!J! !H 11w1n11 

Vertie.al Sca..Ll!. 
1ii fi :fii 9

'' Ao 
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SECTION XXI-Cuni:mmd. 

WEST CllAN::-iEL. 

r- ---·----~;~~}· .. -! ---rk_s_. ----1 
I
, Fett. -------------------

Distance. Observed I 
depfh 

"' L.W I 
i Fut. Peet. I 

500 17. 0 I 
400 20. 6 I 

300 41. 0 I 
200 51.2 

I 

100 48. 7 I 
0 45. u I 

I 
100 40. 3 ! 
200 3:l. 0 I 

300 2S. 0 i 
400 17. 0 I 

10. 0 

Peet. 
0. 0 

23. 3 - 2. 7 / Formula for computed eul'"<'o : 
/) 

+17. 0 i Penns)·h-•nia sill" in slip. 

40.1 + o. !l · Y= 50.a cos"'+ 7 sin l<-4 cos;;.., 

48. 6 I + 2. O li:{oan depth of-Observed section___ RO. 5 ft~et. 

49. 8 
1 

_ 1. I I Mean depth of computed sectfon _. 2'J. 8 feet. 

46. 5 l _ l. 5 ; Area uf ~omput.ed sect.ion . ___ ..... 3.1, 750 Square ff4f:~t. 
i .Ania of obi'l.ervl-'<l seetion .. _. . . . . • . 3:,, fJJO aqua.re feet. 

41. 6 

35. 4 

2li. 9 

15. 3 

o. 0 

- 1.3 
- 2.4 
- 1. ll 

+ l. 7 

+10.0 

1 Y{"-.a.n chottl nf obi;:i.erved Bf'ctiou. . . 677 flW"t. 
' :Me.'ln chord of .computed :>1ection . . ~n fpct. 

Mid-:i.rt•aofcowpute<li;1..,dit1n ..•.. + 4ti feet. 
i Mid-ar('a of obst>rvt'd Rec1ion _. __ .. - 5!) ft..">et. 
' Winclmin Island Ride. 

135 

Wimlmill faland has evidently been an obstruction to which the ri,·er has acconm1odaletl itself, 
and is not a middle ground lleposite(l voluntarily l>:» the stream. It would be voi,;t->ihle, from the 
element.\! of this aml oibcr section::;, to predict tile form of l-lection tlia.t would accoum10<.lak the 
stream in the absence of this obstnrntio11 and one that the stream would preserve. 

Other examples are abo gin~n of the lllamwr of smootbing· ont. the obsern•cl 11rotile h,r •lt'IN·
mining a formula for it. And here I beg lean~ to repeat that aside from an;\· theory of the essential 
form of section as represented by formula.>, the adnmtag·e of ascertaining a fitting cmTe for each 
section lies in determining the essential elements under existing conditions, i. c., the essential s1rrf'ace 
width, the positions of the virtual s1wre lines aml thalweg, the mean depth and thalweg depth, from 
all the soundings made, while at the same time eliminating all mere accidents and errors of obser
Yations. The formula furnishes the type form about which any sectional profile is oscillating and 
toward which it tends. 
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SECTION XLIV. 

I I 

. I ObsPr.,..cd I' Compu.ted D1;i..tant·f' d~pth dt'Jlth 

"" /,tid.,. !/ 

i 
Difll•.relll'R .. ' 

I 
Remarks. 

···-- ----- ·---· 

F-.·t. 1''!-t~t. 

J. :t50 3. Go 

1, auo 7. 8 

1,WO 18.; 

], 1011 ~5. 9 

l, jl{M) 27. 5 

900 :_>{). 5 

j;Oj) 30. !! 

700 30. 6 

60\J ;JJ. 1 

~)00 ;)l, 5 

400 :m. ti 

300 ~!). 7 

:..!00 ~n. 7 

100 :10.;, 

{I ;\].;; 

Hill 3~. 0 

:..!00 J~. 9 

:JOO ::a.;; 
JO\! :;;j,;» 

;>l){) ;13, ~j 

ti0{) J3.;; 

'i0(J :1:1.;) 

~0(1 :.t.!. 0 

110~1 JO. ti 

l. (~111 ~l'.". 4 

I. 100 ~l. G 

J. '.!Otl 1:1. 0 

l. :wo 8.'i 
l, :![>() 8.\1 

1. 400 7. ,') 

l. ;-.00 ti.~ 

I. MO 4. ti 

1. 700 3. :J 
l, ~110 :J. 3 

J, HOO 3. u 
:!, Olltl ], u 

Fcl'l. :Feet. 
o. o -3.5 

13. 7 -5.n 
!?2. 0 --3.5 

26.2 -0.3 

~8. 7 --1.2 

;m.!.! -0. 7 

:11. l -0.9 

3l. 4 --0. 8 
;JJ,:; .. o.4 

•1. 5 o. 0 

:n. 4 - \I. 8 
3L:.l l. 5 

31. 0 -1.3 
;11.1J -·O. 5 

:11, () -r u. ;. 
:n. o +Lo 
:u.u -1-l. 9 
31. '.! +~. 3 

::t.4 I c. l 
:>l.:Y -t c.1 
;u .. i +c. o 
31. 4 +~-1 

31. I +u. 9 

3t). ::! ·i o. t 
:!~.' --0. 3 

:w.2 -4.tl 

:.!:!.IJ -9.0 
l:i. 7 -5.[) 

o. 0 -8.0 

----··-···· ··········· 

............................ 1 

Pt>n11Rshania side. 

' Olnwrn·d nffYf\ from original plotting. 
:Foru ula foi· computed cun·e: 

, ,1 , 31_./ 1.,~ .. ,_ , +O.Otl4Vl3f,(12::.;,,; 4 ~, • 135(}v o.hnJ x ~ f:.t50i _____ .v 

]!'('ct. 

Mt~au tlt>pt.h 11.f oh~·wn •~•1 :;t<ction.. :!~- 5 

Mt~an dt»ptl1 t•l. L'Ollll)\ltt'd twc·tion. .••. :!8. () 

Mt•an chord nf 1•omp111-f'Cl Rf'Ct.ion . _. :.!. 4-4;) 

)ll'an d10nl of obeit•tTct.l ~ .. dion .. _. ~. :tol 

Sq.feet. 
..A re<1 -of olHiCrn~d acctfon .......•.....• 78, 600 

Area uf' cumputt-d i;~titiou ............ 77, 280 

.Peet. 
),li1l ;ll't•.a of com1mh'll sec1ion ......... . 
Mid area of observed sedton. ..... ... . + 7i 

1: :: : : ::::: ::.::::::: :::::1 
I ; N ·J 'd : .............. 

1 

.....•...... 

1 

f'v; et'flt"Y s1 e. 

111 a futurt; l'l.'Jlort T hope to show a codification of the phenomena. revealell \J,,. the (ml'!'ent ob
isenation:s, whil'h present much confusion at present, hut which will donbtlm;s lJe more comprehen
t<illle after the hydrographical sheets are comparell. 

I Lcp; lean.\ to call ~'Olll' attention to a distinction amoug the tables of tl1iis re1iort, which is 
iuteutional. Those wl1ich appear within the text arc illm1t"ratiye of the new method of treatment, 
which is au ath•mptrnl st~l' lieyoml the original pla,n of our work represented by the tables placed 
aftl.'r the text . 

.Amoug the last of tlJI.' appended tables will be found one entitled "Locus of the ceuLcr of the 
c1·oss·section," iu which I haYe had the line passing through the center of gravit)' (if I may so term 
it) of every section reforrcd to rectangular co-01·dinates aml the ra.lii com1mte1l by successiYe 
differences. • 

I ha>e purposely a·rnided making any suggestion, touching improt'(JIJUHtts, in this preliminary 
n~port. 

This i·eport. is accompanied b;y four " Dynamic charts" (on too elaborate a scale for publication), 
showing 1>rofiles of sections, &e. (from the same data that appear in the annexed tables), plotted 
upon plans of the river furnished from the surveys of Messrs. 1\foCork.le adld Bache, of the Coast and 
Geodetic Suffey. 

HENRY .MITCHELL, 
<J<>OJJt and GeOOetic Survey. 
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~<tion'". 

: f;cctiou 1. _ . 

! Sootfon 2 .•..... 

(I 

JOU 

~00 

300 

400 

~00 

fj00 

700 

800 

001• 

1. 000 

l, 100 

1, 200 

1. 300 

1,400 

l, (>()() 

1,000 
1, 700 

l, 800 

1. 900 

2,00U 

2, 100 
2, 2!Hl 

2, 300 

2,40-0 

2, 500 

'2, 55Q 

100 

ioll 

300 

400 

500 

600 

700 

800 

000 

1, 000 
1, 100 

1,200 

1,300 

1, 400 

1,500 

1, 600 

1, 700 
1,800 

1, 000 
2, 000 

2, 100 

2,~00 

'2,300 

S, Ex.13-18 

DELAWAllE lUVEH. 

Transi-erse cun·es of relotif]/. a11d perimeters. 

µ-,;:; 

~ ~ 
~ -
§ 't' 

J!~ 
""' -·----~- -

l'Ct't per HC.: 
0. 00 ; 

l. 34 

I. 8~ 

'..!. 11 

:.L 3~~ 

~.ii-..> 

2. 74 

2. 87 

2. 77 

:.!. 72 

2. ffi 

2. 64 

2. 64 

2. 72 

2.N 

::. 67 

3. ~5 
3.11 

3.08 

2. !J6 

2.<18 

2. 05 

o. oo 

0.00 

0.00 

1. 77 

2. 25 

2.a6 

2. 42 

2.t8 

2.55 

2. 00 

2. 76 

2. 92 

3. 08 

3.15 

a.17 

B. 17 

a 1a 
3.01 
2. 87 

2.67 
2. 00 

l. 93 

1. 76 

1.79 
2.15 
2.39 

Peet. 
0. 35 

CL 15 

11. 5;; 

17. ;,:-, 

16. ~:) 

1a. '~' 
12. ;3;, 
n. 6:l 

!)-.:;!;_. 

10. 2f> 

11. 8i1 

14. &:• 

26. (>j 

28. 35 

3~. 65 

:l7. Jo 
38. Uf1 

4U 2.'.• 

42. 25 

37. (15 

29. z:, 
21. 55 

16. 05 

fi. S.> 

B. 05 
(!. 75 

0. 00 

2. l~) 

;j, J.) 

LJ. 4'5 
6. 75 

8. 95 

JO. 35 
io.a;; 

9. 9;; 

11. 2.> 
16.25 

21.2> 
23.ll5 

23.05 

2l. 75 

19.5.> 

17.15 

16.55 

lii. 05 

11.15 

7.:15 

7. 75 

11.45 
16.55 

23. 05 

Ebb. 

'Peet pt;r sec. 1 

0. 00 

1. 44 

!!. 06 

!!.35 

~. 42 

2. 48 

2. 52 

2. 62 

2. 76 

2. 9~ 

:<. 31 

3. ;;4 

3. {i'; 

3. 57 

3. :-.;. 

:J. 16 
;;,(If) 

~-14 

J.53 
0. (I() 

(I 00 

O.QO 

0. 46 

1. 19 
1. <!,, 

]. 70 

1. 81) 

1. 95 

2. 03 

2. 09 

2. 20 

2. 31 

2. 4-;l 

~. 51 

z. 51 

2.45 

2.35 

2. 31 

2. 25 
2.20 

2. 56 

2.138 

2.03 

3.02 
3.10 

Feet. 
- 0. 20 

1- 5. 40 
10. 80 

16. 80 

15. 50 

n.oo 
11. 00 

8. 90 

8. 50 

9.50 

11. JO 

H. lft 

31.M 

:Hi. 4H 

31:'.'. ~(i 

39. '") 
41. 50 

36. 30 

28. 50 

:o. 80 

15. 3\1 

8. 10 

:?. 30 

u'. oo 

11. 00 

1. 40 

4. 40 

4. 70 

6.00 

8.20 

9.60 

9.60 

D.20 

10.-50 

15.50 

20.50 

22.50 
22'. 30 

21.00 

18.80 

16.40 

15.80 

14.30 
10.40 

6. fiO 

7.00 

10.70 

15.80 
22.30 

Remarke. 

1 
Position of origin of section /mean lw»·Wfli-('r. Penn.syl'\""u- i 

nia shore): LatitudP., 390 :;o' 00".l: lougitn<k, 1:-i0 O!' 
2411 .2. 

Are~~ of sedioD Flood, 51!82~· f'H11w.re fr-et. elil'. 4ti,!l22 

~iJU:lfi.' foP1. 

Yid--.i:rt.--a 101· disbn('t\ from t.hf• origin, of ll -vt·Tlk,tl lint'" 

wlJkh diYides the ::'-f'ction inlo t~of'fJllal aI"t·r1:;) __ Lrl:hl fl:"d, 

:l.IM-·volnuu: (or di~t~tllCl' 1 froru tht· orit'"i11 1 cit" a Y~·nical 

lhw wltioh diddes the volu111P IHlF>sing t11n111~h thes"ction 

int~l two eq11:t.l :rarif~) =1loo<l l,6Hl ft>Ct; dJb, I/ii;) ft;>eC 

Plnne of r~ference for depths al.Jove mean low-water; 
llax.irnum flood, 4.75 fo-et; maximum ebb, 4 feet. 

[ tud(", 750 04' OU''. 4.--. 

JloB.ition ~1f t•ml of s.ootion: L.atitutle1 390 58' 4-811 .Q; lougi ~-

JloRition of origin of section: Latitude, 39° 58' 53".fl; loll· 1 

git.ode.; 750 04' 52." .6. 
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DELA WAirn R.l VEU-Contiuued. 

Transverse cio-res of ·l'f:locity, an<l 11crimcfor1i-Uontiuued . 

. -------·-~---· 

Se.: lions. 

I , 
Sedion !!-Co11fll.: 

Section 3 .•.•...•. 

i 

I· 

flood. Eub. 

= "E't t 

·~ I 

! ·-- :----i-~--~-
'IPcet per £e-e. P1.'rt. Fed pa sec. 

~. 400 2. 35 26. 1~ 3. 13 

:.!, :J-00 2. 20 28. 3;; :J. 10 

2, 600 I ::!. u 20. ~;, :.i. 06 

2, 700 ! :!. O.J 20. 75 :.I. OJ 
2, 800 2. 02 17. 95 :;. 0-:! 

2,000 
3, {)Otl 

3, 100 

3, 20\l 

3,300 

3,400 

3,500 

3,600 

3, 700 

3, 800 

3,900 

4,000 

4, 100 
4,200 

4,300 

4,400 

4,>00 

4,600 

4, 700 

4,800 

4,900 

5,000 
5, 100 

5,200 
5,300 

5,400 

5,500 

5,600 
5, 700 

5,800 
5, S'JO 

14 

ll. 

100 
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20.00 

17. 20 

rn. '"' 
16. ~o 

16.40 

16. 50 

16. 50 

lii. :so 
16 ~o 
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Remtrrka. 

-- --------' 

A rt:'a of ~wdion: FltJod. 76, li!! squarP fret: (>bb, 7l,g22. 

sqnare, t't'f-'t. 

, P1nuP of tTfrl"<'DI'(' for dt>pthR aboT'~ lllt\'lll lOW·Wlttt'r:· 

: 1\tnximum fltx•tl, .t.7:t lf>t~t.; maximum ebb, 4 feet. 

[hulr1 7~iC1 C4' 1~".S. 

Positiou of t>Utl of Kedion : Latit.u1h\ aoo 58' 04'' .8; longi· 

J>ogitio11 of origin or H,.,'Ction: I .. a.titudc, 39° .)8' 46'1.l i longi· 
tud~, 700 05' :!"..!".D. 

Mid-area-'-tlood, 2,004 feet; ebb, 2,649 foet. 

. 
M.id-Tolume: l!~lood, !.!,254 feet i ebb, 2,6~5 fet>.t. 
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DELAWARE RIVER-Continuell. 

Tra1wJe;·t;c curve.~ of t''elocity, and perimeters-Continued. 
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6. 25 
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G. 65 
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6.8-'j 

5.85 

3. 25 

o.oo 
3. 25 

3. 25 
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3.75 
5.25 

~ f'ert per sec. I 
1. s5 I 
l. 79 

1. !t! 

1. s:-) 
1. 89 

1. 94 

~. O'.! 

~. 20 

~- 38 

~.rm 

2. 71 

~- 79 

~. 70 

2.48 
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2.6:! 
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2. 41 
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R•marka. 

Area of section: Flood, 771 ROG 81]naT~ ft'\~t; eh11, 73,44';" 
s11 uan .. ft>et. 

Pl·1aeofrefereure fortleptbsaho'e mean lnw-watf'l Ma"Ii 
11111111 tfo0tl. 4.7i"t ftw·t; ma.xi mum t~hh. 4 fet't. 

(hi.le, 750 04: 58''.4. 
Poaitfon of end of se.eti-00: Latitncle, :mo 571 5.0". 7: loup;i· 

Position of origin of section: Lat.itmlt", 390 ;.s1 4l'1 
• .:;: longl

tmle, 750 05' 001
' .o. 
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S<'Jcti.ou 4 (nm·t11 
chri.nn1~11--( '.m1 

tifllll''L 

Su(~tion G (north 
ch~lUUt'L) 

HRPORT OF THE SUPERINTENDENT OF THE 

DELA ~V .1.Un<:: RIVER-Continued. 

Trans1,e1·se curves of velocity, «nd pei:imcter&-Oontinued • 

Flood. 
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Remarks. 

.Area of' sBdi1m: Floo<l, 40-,9:?5 square feet; ebb, 38,'f95 
sq11~n·e ft_•et. 

Plane of rt-fBrence fur lltjpU.t!:i ahov-o rnMR low-wah r ! 

.Uaxinuiru flooU1 4:75 fe-et; m:n:iIUun.t ehL, 4 feet. 

[tude, 750-051 38.fl.4, 
PAAitiion i1f e.nd of ser.t.ion ~ Latitnde1 390 581 1411.5; lonj{i-

Po~ition of origin of ~-octiou: Latit.u(le1 mr 58' 3.J".7; longi· 
twfo. 75P ~>6 1 17°.9. 

Area of aecUnn: Flood. 46, 251 MJll<tre feet; ebb, 4t,256 
Rquarc feet. 

Mid-o.rea= tlood, 1,425 foot; ebb, 1,425 feet. 

Miil-volume: Flood, 1,512 feet; ebb, 1,~ feet. 

Pl~ne of refereace far depths llbove mean low-water: 
Ma::.imum flood, 4. 75 feet; mo.xlmum ebb, 4 feet. 

[tude, 750 00' 00".t. 
Position of eJUl of eectlon: La.titnde, 30'>58' ()91'.7; longi· 
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S1-·ctions. 

Section 6 (north 
dmnnt>l), 

SecUou 7 (nortl1 
channel). 

Seetion 8 (north 
channfl). 
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DELAWARE RIVER-Continued. 

Trmurnfl'se c1tn;c11 of tieloeitJJ, anx perimeters-Continued. 
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------- ·-·---~------·--. 

i 
Position of origin of section (corner of whar-f, P1·nns~ h·a.nia 

' sidt1): Latitude, 3!)0 !:i8' !!4".7; l-0ngitllde1 75° Oii' 3'.1".7. ' 

Area uf ~ectiun: Floo•l 41,3fi(l: sqna.re feet; ('];b, :1918.{0 
H'J ua.rlf', fe~t. 

Mid-are.a--R71 feet. 

Mid·volume, Flood, 895 feet; ~bh, 916 feet. 

Plwe of i·eforence for depths above mean Jow-wTate,r: 
Maximum ftooll, 4.7f'1 ft>et; maximum ebb, 4- feet. 

[t.ude, 75'' 06' 2.i 11.6. 
Positiou of euJ or s.e('tion: Latitmle, :{!:f-> 5~1 07".!!; longi-

Po~iti1m of 01·jgin of aection {rnJ ·Of wharf, -Pcnnsslvani~ 
~i.lt-.. ); LJltitritlto, :H-F' ~1 Hl''.l; lou~itrnfo. i:1' ot;· fi.tl"_r1. 

Arer1.of APction: F10t)d, 41,Ci19 s11uare feet; ebb. 40~:::1.r-, 

i;u111n.rc feet. 

Mi<l-a.reA = 792 feet. 

1\[id·volum<': Flood, 817 feet; ebb, 849 feet. 

Plane of referenc-e for depths above meau low.watf':·: 
Maximum flood, 4.75 feet; maximum tibh, 4- fe:tt. 

l~ide, 750 ()61 41".:>. 

P09it1on of end of see+,oon: Latitude, 311" 58' 03''.5; longi· 
i 
I 

Position of origin of se<>tion (t-ntratnC"e of~liJJ, PennRYlvania ! 
aide): Latitude,39058'11".9; longitudt:\ 75° 07' 05'·.8. 

I Area of eootion: Fl00<l, 33,865 aquare foet; <'hb, 32, 785 j 

I !!qua.re feet. 

I l!li•\-volume: Flood, 5'.!Q f..et; ebb, 542 feot. 

____ _/ 
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DELAWARE RIVER-Continued. 

Trans'i-erse curves of velocity, and perimeters-Continue<l. 

Ffood. Ebb. 

St>f'Uons. Remarks. 
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3. 8 
}. 9 

']
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Position of end of scctiou: Latitude, 390 fi7' 5-8".6; longf. 

I Section 9 (nort.h 
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Position of ori~in of section (end -of wharf, PennRllvania 
side): Ultitm.le, 390 !18' 02".8i longitude, 75° 07' 2211.4. 

Area of section: }'load, 3f,,GJO sqrni.re fppt: t·b1'. 3f;,6'16 

!HJUare feet. 

~Iitl-01·ea= 481 re~t. 

lfitl-vnlnme: Floml, 479 fef"t; .ehh, 460 fpet. 

Plane of refore11ce for depths nbov·e mean low-water: 
.llaximnm dood, 4.7!"> f~t->t; max.immu ehh, 4 fed. 

(tndt-,, 75° 07' 14.".5. 
Position (1f enll of sectiou: L'ltit.nde. :l9'' f>7' !"12".2; lougi-

PoAoition Of origin or sccUou (marsh, Petty'JO) I!"(bntl): La.ti· ' 

tua~, 390 aw 08".Ci·: ]ongitudel 75° Ori1 4011.3. 

Area. of section: F1ooll, 31,~00 square feet~ el,b, 29,440 

square feet. 

Mid-area= 777 feet. 

llitl· volume: Floool, 720 feet; el1li, 758 feet. 

··--~.-;~·--· . ··--~_·;···· · · · -~~~~- ·· · ···--;.·;····1 Pl1rne of reforence for il<>ptha above mean low-wa.ter: 

o. 9s .5.8 ············ ».O : l.fa"l::imnmftood,4.7ti:feet; maximumeh1>,4feet. 
0.72 5.4 4.r. 1' 

0.49 !'t.2 ..•.•••.•••. 4.4 

o. 12 4. !l .. .. . . . .. . • . 3. 5 

0.00 

.::::::::J 
~.4 .... ........ 2.fj 
2.3 ·--······ ... l.f.i 

l.O ............ 0. 2 

o.o .......... ... - 0.8 

2. 0 .................. 1.2 
2.8 .. ................ 2.0 
Jl.O .................... 2.8 
4.0 ................ s. 2 

. .. . . -..... ~ .... 4.3 ................ 3.5 .. 

[tude, 75° Oil 27", 7. 
Po•it.ion of en<l of ee<!tion: Latitude, 390 57' 4.8" 'I; Jongi-

Position of origin of section (levee, Pettv'• Isb>od): La.ti
tnde, 390 58' Ot.11'.8; longitude1 7no 05' 5i".t. 
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DELAWARE Rl YEU-Coutiuued. 

Traiisverl!e curves of velocity, an<l 11e;·imeters-Continued. 

l J!'food. Ebb. 

. r-;-1-~1· 
-~ s tO ~ 
~ 0 • -~ ~ 
~.... I .... s 
g~ Fs_g I 

·~ ~ ~ ! ~-~ ~~ 
~b:c I As~ 

---------- !··----------------------! 
.Peet p.:;r sec. I 

0.00 

o. 21 

1.14 

1. 57 

1.77 

1. 95 

2.05 

2.10 

.... ~~:T-·I 
14. ll 1· 

14. 6 1. 15. 6 

19.U 

~4. 3 

27. 6 

IJ.Oil 

].56 

2.@ 

2.43 
2. :m 
2.47 

2.7U 

:i. :Jl 

:i.r14 

l<'ect. 

3.6 

ll.O 

l~ .. 3 

];\.8 

13. 8 

14.8 

l\l. l 

23.,'; 

26.8 

2. au 26. 4 i a. ~11 ~5. 6 

~:E ~::: II ~:~~ ~~:~ 
2.33 17.4 2.73 16.6 

2. 2a 15. 4 I 2. 15 14. 6 

2.16 12 1 ].29 I 11.3 

·---~~ .. ·~: ... ! :: ·~: 
~:~ ::: 1:::::::::::: ::; 
0.00 •••••·••••·· ...................... .. 

1.5 ! ............ 
0.8 I .............. 
0.8 --··--·---·· 
o.o ............. 

............ 3.3 ........... . 

. . .. I ~l 1- ) 
0.00 1 ............ 1 o.oo 
0. 10 8.1 1. 48 

o. 46 u. 2 2. ro 
0.95 
1. 20 

1.52 

1.70 
]. 90 

2.00 
2.27 
2.53 
2.70 

2.67 

2.46 
2.17 

2. 00 

I. 97 
1. 75 

1.45 
0.1)2 

10.8 
9.4 
9.3 

10.4 
15.2 
2a.4 
28. g 

29.8 
30.5 
31.4 

26. 2 
20.8 
18. ~ 

15.0 

12. 0 

6.1 

'-• 

2. 72 
2. 56 

2. 57 

2. 76 
a. 38 
s. 117 

a.37 
2. 77 

2. 63 
2. 61 
2.61 
2.48 
2.2( 
). 77 

1.17 
0.74 

0. 06 

o.7 
o.o 
o.o 

-0.8 

2.5 

2.9 

3.3 

3.6 
(.2 

7.3 

1a4 

10.0 

8. 8 
8. 5 

9.11 
14.4 
22.11 

28.0 
29, 0 

23.7 
30.6 
24. 4 

20.6 
17.6 
14. 2 
ll. 2 
5. 3 

8.6 

Area. of sectiuu: }'"lood, .33i423 square feet; ebb, 31,;J05 
~•}UM"C- f~ct. 

ltid· area ., 1,3Gl feet, 

Mid-volume: .Flood, 1,449 foet, .. bb, 1,358 feet 

Plano of reference for Llq1tbs al.Jo~e mfflll Iuw ~ ~ d.h_•r ·, 
M:triruwn flood, 4:75 le-et; maximum ebb, 4 foot. 

[hule-, 7ftL' o~,, :Jff'.G. 

Position of end of SBction · La.titu<le, 39::> ;;,;r 44 11.:I; fougi. 

l'u~Hiou of ori.~in of li('"('tfon Clt•Yi"e ou 1\·f,f.'-··~ J~laJHl). 

Latitude, :mo 57' 5:t".3: longitmle1 750 Oti' l:!".6. 

Area of section: Floo.t, 32,!15() sqn.are feet; d.JL, :11,070 

"q uare foot. 

'.Mid.area= 1,354 feet. 

Mid-volume: Flood, l,·113 foet; cbll, l,3t>~ feet. 

Plane of ieference for 1leptbs abm·e meau lo~·wat.-r' 
llla.ximum flood, 4.75 feet; maximum ebb, 4 feet. 
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Sectwns. 

,-------~-~~ 

Section ti (8<ntth 

ch~nncl) -Con-
tinued. 

b€t·t1ou 7 (BOUlh 

channel.) 

Section ~ \south 
channel). 

Sect-ion D (s-Ottt-h 
channel). 

REPORT OF TIIE SUPERINTENDENT OF THE 

DELAWARE RIVER-Continued. 

Tran.~verse curves of 'Velocity, and perimeters-Continued. 
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]6, 3 
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19.ti 

17.1 
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35. a 
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I 
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1 

4.0 ___ .,_______ 3.2 

2.4 ,............ 1.6 

}_6 --------·--- 0.8 

::::::::::::! ..... ~--~ .... 0.!J 
o_o 

2. 7 1::::: ::::::: 1.9 

a. i 2.3 

3.6 ................ 2.8 
5.5 --··------·- 4. 7 

8. 3 ----···-·--- 7.5 
7.8 7.0 

11.8 ............... G.O 

:Rema.rke. 

ltude,.750 051 5t.V 1.7. 

PositiDn of ernl of Sl'rfion l,Htitudf\ 390 57' 3gn.1; Jongi-

Po~.ition of orii.:::in of section (1f."lee on Pet(v"s Island): 
Latitude, 39c, 57' 40,r.6: longitrnle, i5/' 06; 22'' .8. 

Area of section! }'lood, 26,5-62 square feet; ebbt 25,354 
f'l}Ul\J.'e feet .. 

Micl-'lrea;.;:.. 75\J fed. 

Miu-·rnlume' Flood, 675 feet; ebb, 776 feet. 

Plan~ of reforence for depths :\horn mean low-water: 
Maximum 1lornl 4.7:. ft>Pt; ma.xinmm flhb, 4 feet. 

ft.mle, 7;p Oti' 10''.9. 

, .Posi1,iou of t:rnl Qf ~~'ct ion. I.atitmk. 390 il71 :!811.6; longi~ 

Position of ot·igin of se{·tion (lc~e.:1 on Pelt.r's Island): 
l.'ltitude. J90 57' 3U''.4; longitwl<', 7r;o 061 3311 .9. 

An·a of section: Flood, 2Fl,48U square feet; ebb, 27,045 
~qu~re feet. 

Mi<1-•rea~wo fet>t. 

:Mi1l-voluwe' Floorl, 7:33 fed; ehb, 783 feet. 

Plane oJ' reft>rfl1Ce for d~pths above n1-ean low.wat.er: 
Maximum flood, 4.75 fee_t; maximum ehh, 4 feet. 

[tnde, 750 06' 32".1. 
Position of end of eection, Latitude, 39" 57' 17".6; longi-

P"6ition of origin of IMlllt.ion (lti1'oo on Petty's I&INMI): 
Latitude, 390 57' 44".1; L>ngitude, 75.<> l!6' 5111.6. 

i _____ ---'---'~ __ :_ __ i._• _ _,_ ____ _;_ ___ _,_ ____ -'-----------------------
r---------·· 

7.0 O.ot G. 2 
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DELA W .ABE RIVEH-Coutinued. 
Transverse curves of ~1elocity, and perimeters-Contiimct1. 

Flood. Ebb. 
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!Feet per sec. 
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~o.o 
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lll. 1 

H!. 7 

14.0 

IS. 2 

2,500 1.21 13.6 3.J5 12.8 
2, 600 0. 7t 13. R 2. 68 13. 0 

2, 700 0. 00 12. s o. 00 12. 0 
2,800 0. 00 a. 0 o. 00 7.? 

2,875 0. 00 4. 8 o. 00 4. 6 

Area of section: Flood, S-:!,685 square fee-t; t"lJb, 30.6:!.'i 

square feet. 

Mid-area= 1,351 foet. 

llil.-rnlume: Floo<l. 1.29~ feeL ebb, 1,439 feet. 

Plant' of rnforence fu-r dt·pth.s abo"\'"~ mean krw-'X"atf>-T': 

Maximum ilood, 4.75 feet; maximum ebb, 4 fe-f't. 

[t.ude, 7&0 Oi' 0-311.6. 

Position of end of sect-ion: Latit"ude, 390 !;71 19".5 i longi-
1 

1 
Position of origin of eection (at bulkhead Petty's Island) : 

Latitude, ~ m• li0".9; longitude, 75o 07' 14''.2. 

Area, of oootion: Flood, 38,SM sqWU'e feet; ebb, 36, 1941' 
square feet. 

'.Mid-area=l,687 feet. 

Mid-volume: Flood, l,f.OU feel·; t'bh, 1,841 feel. 

Plue of refertiuce for tl€pt.hs abovti ruean low-wa.t·f'l': 
Yaximam ftood, 4.75 feet; maximum ebb, 4 fet't. 

I 2,900 0.00 4.0 I o.oo 11.il 

~. ----------' -~~-~----~--~_J ___ l~ll 
[tudc, 75° 07' 2.1". 7. 

Poaition of clld of section: Latit11de, 390 D7' Z~".5: Jopµ-i-

S. Ex.13-19 
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Sections. 

1 
Section 11. (I 
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REPORT 01<' THE SUPERINTENDENT OF THE 

DELA \VARE UIVEH-Coutilmed. 

Transren;e currc.~ of 1·elocity, an<l 11erimeters-Continuetl. 
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21. 0 

11. i 
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17. 3 

17. B 

18. 3 
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I 

Position of origin of sect.ion (corner of wharf, Pennoyl
·n1nia aide): Latitude, 3!!" 57' 57''.l; longitude, 750 07' 
33".G. 

.A.roa of section: Fl!Jlld, 73,620 square feet.; ebb, 70,740 

s11nare foot. 

llid-area=l,299 feet. 

Yid-'<'olnme: Flood, 9S3 feet; ebb, l, 197 feet. 

Plane of reference for depths &oove mean low-w~ter:. 
Maximum flood, 4. 75 feet; maximum ebb, 4 feet. 

[tud<>, 75" 07' 22".5. 
Position of end of section: Latitude, 39" GT' 22". 7; long!· 

I
. Position of origin of section (comer of wharf, Penneylv,.. 

nia side) : Latitude, 39" 57' 51". 9; longitude, 750 07' 43".9. 

I 

Area of R<lCtion: J<'iood, 69,to7 aquare feet; ebb,67,031 

I 
aqnare feet. 

Mid-- = 1, 063 feel 
I 
I 
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DEL.AW .ARE RIVER-Continued. 

Transrerse curves of ·velocity, and perimeters-Continued. 

Flood. Ebb. 

·--------·--·- -----,-----

{" ! I ~; "' " e ~ 
";; E ~ 

§ ~ § " ·;; ""' " ~ -
~ 

·;: 

Feet per S('(~. 
2. 44 

2.41 

2. 3:J 

~- 17 
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:!. fiO 
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0. 00 
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""" " : 
~ °' ~ 

,,_ 
... § .:;. 

= ·;;, ,..:. 

g ~ -~-

Feu. 
JR. l 
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19.6 
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~::. H 

2"2. (j 

:-!I. 4 

1:;.. 8 

H. 3 
15. 6 

17. 0 

H.:J 

I~. 0 

/. l 

l] ~ II 

~ ! ~ 
.• 1---

Ji't'-ef per s,,r.: F'et. j 
I 2. 30 ! )7, 3 i 

2. 6j' 1

1 

J7. 4 ' 

3.14 lii. 8 

:J. l~ 

:J. 0] 

2. 92 

2. 82 

2. :J8 

2. 19 

1. GO 

o. m.• 

20. 9 

21. 8 

2~l. 0 

21. B 

20. G 

J~ .. 0 

l:!. 5 

14. 8 

16.2 
1:1. ;; 

11. :! 

6. 3 

Remarks. 

Jlfol \ olum<>: Floo1l, 808 foct; el.lb. ~79 feet. 

Pla11e of reference for depths abon" mc·1n low-w:tter: 

Maximum ftooll 4.7& feet: maximum ebll,4 fopt. 

[t.nde, 75r-- 071 3()".4. 

Position of entl of section: Latitude, 390 57' 24" ,;J: lon~i· 

············! ........... . 
............. 1 ............. ! o. o~' I··· .... __ _ 

11. 2 10. 4 : J>osition of origin of section (end of wharf, PPnnsylvania 
sit le): 1.atitmh\ 39'0 57' 4-G' 1.!l; longitude, 7r,0 Oi' Gi".6. 

; 0. 00 I 13. 8 I 0. f>O I 13. 0 

I o.oo !---··· ...... · ......... . 

. ~: ~~ ~~: ~ I ~: ;~ 
2. 95 38. !.! 2. GU 

23. l 

35. 3 

37, 4 

:iu.o 
~9.4 

!18. ~! 

3. :J4 39. 8 '· 2. 97 
3. 42 4~. 2 3. 21 

:t fl.i :l9. 0 3. 04 

H.40 

2. 8:! 

2.8~ 

2.88 

2. 78 

2.69 

2.62 

2.5G 

2.52 
2.37 

2.24 
2.18 

2.32 
2.M 
3.:16 

3.42 
2. 58 

1. 37 

0.00 

36. 5 

!t?.!l 

~9. 0 

24.8 
2'!.8 

2:J.1 

22.8 

22.0 
22.5 

23.9 
24.G 

2.1.1., 
18.8 

13L 
13. 2 

12.8 

9.6 
•. 7 
2. 5 

2. ~j 

2. 62 
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2. ;JR 

2. 31 

2. 28 
2.44 

2.00 
2.92 

!15. j 

32. I 

28. :! 

24.0 
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22.3 
22.0 

21.4 
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21. 7 

3. 11 23. l 

3.23 23.8 

3, 25 2:!. 3 

3. 2l 18. J 

3. 14 16.3 

3. 04 15.5 

2. 91 15..3 

2.72 H.7 

2.28 
]. 52 

0.110 

12.4 

12.0 

8.8 
3.9 

l. 7 

Arca. of section; Flood, 69,302 square f-.:!Pt ehlt,66.fl14 

sqnar~ t'eet.. 

Mitl-oren=l,111 feet. 

Mi<l-volume: Flood, 980 fel't ; el>h. 1. J!i2 fl'>et. 

Plane of referen"~ for d-epth~ ubo~f" mean low--w:i.tf'r: ·' 

Yn.xhnun1 tlol).(l, 4.75 fert: ma~mum t.•1;11, 4. ft>f>t. 

[tude, 75·" 071 3511 .8. 

Position of end of sertion: Latitnile, 31!" 57' 22" ;- Jougi· 
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Sectic>n 14 
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RI~PORT OF TBE SUPERINTENDENT OF THE 

DELAWARE RIVER-Continued. 

Transverse curves of vel-Ocity, and perimeters-Continued. 

FloOO.. 

freet p.r ser. I 
I 0· (}(I I 
I 2. 51 II 

3. 20 

! 3. 2~ I 

11· ~ :~ . 

3. 04 

I 
I 

2. 58 

2. !)6 
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~- fif) 

I rn 
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3. &2 

2. 56 
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42. 4 
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26. 8 

~7. 6 

24. 8 
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23. 6 

19. 7 

12. 8 

12. 6 

13. 3 

13.1 
13. f) 

12. 4 

11. 8 

8. 6 

8. 0 

9. 5 

6. 8 

5. 0 
2. 0 

Peet per 
0. 00 

3. J~. 

3. 78 

:tti4 

~.67 

~.6J 

2. 8! 
:L 1;. 

3.:l9 

3. 48 

3. 41 

3. 31 

:i. 33 

3. 51 

3. 80 

3. 99 

4.12 

4.18 
4.15 

3. 96 

3.48 

2.41 

o. 00 

Ebl>. 

] ........... .. 
1
1 ........... .11 

0.00 
0. 00 

-~:~ 1·••"'"""1 

___ 2~- ~-. __ 1 · :: .~:~o ____ I 
2.62 

3.12 
a.18 
3.09 

3.04 

3.22 
3.10 

3.01 

2.91 

2.66 

2.59 

2.07 
2.89 
3.23 

3.36 
3.29 
3.23 
3.36 
3.56 
3.75 
s. 69 

43. 6 
51. 5 

53.8 
4.8. 3 

4.3.0 

37.2 

33.3 

28.8 

27. 7 
no 
21,2 

12.8 
8.6 
9.8 

12. 3 

14.5 

16.4 
18. a 
19.5 
21.1 

17.6 

S.38 
3.5.~ 

3.37 
3.43 

3.61 

3.82 

S.65 

3.80 
4. 2'2 

4.20 
4.07 

3.79 
3.02 
2.37 

2.40 

2.51 
2. 00 

2.97 
3.45 
3.43 
2.95 

Peet. 
29. u 
33. 8 

39. 8 

44. 9 

45. g 

41. 6 

36. u 
30. 3 

27. 3 

26. u 
26.8 

24. 0 
2a. 2 

~.8 

18. 9 

12.0 

11. 8 

12. 5 

12. 3 

12. 7 

11.6 

11. 0 

7. 8 
'j', 8 

8. 7 

6.0 

4. 2 
}. ~ 

-0.8 

-2.6 

22.4 

42. 8 

50.7 
53.0 

47. 5 

42.2 

36.4 

32.5 

28.0 
26. g 

26.2 
20.4 

12. 0 
7. 8 

9.0 

11. 5 

13. 7 

15.6 
17.5 

18. 7 
20.a 
16.8 

Remarks. 

I }'ottitiou of 01·igin ofsoot.ion (entrance of alip, Penneylvaaia I 
si<lt!}: Latitn<le-1 390 571 :37".1 i longitude, 75° 08-' 05''.2. 

.Area of section: Flooll 1 fi91945 sr1aare feet; ebb, ~71745 
square feet. 

Mid-area~- 773 feet. 

Miu-volume: Flood, 719 foet; ehl>, 801 feet. 

Plane of reforence for depths •-bove mean low-w~ter: 
.Maximum flood, 4.75 feet.; marinmm ebb, 4 feet. 

[Latitude, 390 57' 18'1.9; longitnde, 750 07' 38''.4. 
Position of end of section (at bulkhead, New Jersey side): . 

Positicm of origin of section (end of wharf, Pennsylvanif. 
aide): Latitude, 39' 57"27".9: longitude, 75°08'14".2. 

-Area of section: Flood, 60,067 square feet; ebb, 58,1111 
sqU&re f"6t. 

Mid·1>re&= 674 feet. 

Mid,volume: Flood, 694 feet; ebb, 610 feet. 

Plaue of refe1'6nce for depths above meaai low· WlJ.ter: 
Maximum flood, 4. 75 feet; mulmum ebb, 4 ieet. 
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DELA W .ARE HIVER-Cuntinued. 

Trans·1,erse cur·ves of vcfocity, omAJ. perimeters-Continued. 

}<'lood. 

2. 74 fil.6 

2.!lll M.!i 
3.11 &1.8 

3. 26 49. G 

3.21 42.8 

3.11 37. i> 
2.91 32. 4 

2.62 28.% 

~.3:! 25. l 

2. 17 ~~.5 

~.ri4- lr.8 
2.99 7.3 
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a. 76 H.9 
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3.45 19.9 
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0. 00 29.3 
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3, 30 fit, 3 

3.64 44.4 
:i. R"2 3.G. 6 
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~- !'t2 J4. l 
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3. (\j' lC1. 'i 
:l.47 JG 4 
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2. 46 I }8. 2 
l. 1:~ 18 7 
0.00 __________ .. 

. ... ·--- .•••. 14. 5 

........... 1 

O. ll-0 

2.71 
4. ()! 

}2. 4 

28. s 
59. 9 

{-,H. 4 

4.0i 5-0. !'J 

4. 07 4~. 6 
3. 83 34. g 

3.'ll 29. 7 

a. i5 2r~ 1 
3.97 23. z 
3.fMJ 22~ Q 

a. :'Ir. 20. 4 

3. 09 ll. 9 

2.18 -t.5 

1.1;; 

J, ;12 

2.63 

2.7B 

:.:. 81 

3.02 

3.48 

B.U 

4. 0 

S.3 

12.4 

lf..S 

17.4 

17.9 

111.0 

16. :I 

Remark.a. 

Posit.ion of oMgin of ~N·tion (a.t entrance of &lip, P~nnsyl. 
'Va.Di& sic.le): Latitnth', 39.:. tr7' 20".8-· }ongitnfl.;•. 7LJO 08' 

lfl.".8. 

Area of sectinn; Flood, 59,514 squar~ feet; e\.1b, 57,6:.S 
~quare feeL 

l!id-ilrea=G35 feet. 

Plane of reference for depths above mean low-watet-· 

Maximum t1oot1~ 4.75 feet; max:Unuw ebb, 4 fee\. 

[aide): Latitnde, 390 57' 15"; longitude, 75° 07' !JD'' • 

Position of end of seotion (at entranee of slip, New .r ereey 

Po~i\ion of origin or Beetion (in slip, Pennsylvania •id«)' 
Latitude, 39° 57' 091 '.9; lon~tutle, 7.;;o 08' 23".fi. 

..t.:-ea.of Rection: Fl0<>d, 64,0~ square feet; Phh, 61,185 

a•1•1"l-e .feet. 

Mhl-"1"<'11.= 721 feet. 

Mi<l-vulume; Floon, 6713 feet; ebh, 5'..ll feet. 
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~tions. 

Section 17-Cont:tl. 
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REPORT OF THE SUPERINTENDENT OF THE 

DELAWARE RIVER-Continued. 

Transverse curves of velocity, and perimeters-Continued. 

Flood. :Ebb. 
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Remarks. 

Plane of 1"€forence for depths o.bove me.'\ll low-water: 
Maxirnrun flood, 4. 75 feet; ma.ximWJl. ebb, 4 feet. 
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Pnl!Jitiou of ol'igiu of eeet.ion (t>-nd of )lif';T', Pennsylvania 

siUc): Lnti1m]e
1 

39c, {'61 f;9".r..; lougi1mlP, 7;p 081 ~24".8. 

Area of '"'r.tion: Flood, 64,772 ~qoore feet; ehb, 61,892 
RCJ mue f'ee-t. 

Yill-art>n.=·790 feflt. 

ltid-vo1ume: Flooi1 1 831 foot; ebb, 525 feet. 

I Plane of reference for depths o.bove wean low-water: 
MA:rimum flood, 4"/5 ft>if\t; maximum ebb, 4:feet. 
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DELA \YAHE RI VER-Continued. 

Transrersc cun~e8 of 1•el-Ocity, and pcl'imctcrs-Continued. 
---------~'-''------------. 
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Remub. 

rtnrle, 75° lll· 39".L 

P(lFIHinn of Pnrl of @Pdio-n: Lrltit.urlf', 390 r-16' 5611.5; ]ongi 

i 
; T'o~itJnn of uriJZiD of f'edion (enrl of wh:1.rf. Penn~~l'n:mi:1 
1 side): Lntitude. 330 56 1 50'' .4; longitude, 75-n 08' 30''. ! 
; I 
! 

.Area of SPCtion: Flood, 67.~ sr1uare fepl: 
squve feet. 

ehb, 64.~80 l 
I 

Mid-area=725 feet .. I 

I 
l 

Plant- of t'C'fere.nc.e for df'.pths !i.lt<Wf' mf'an lo-w-watRr:.l, 

Ma:rimum flood, 4.75 feet; maximum eb\J, 4 feet. I 
I 

ftude, 75°1)7' r~~"- i 
Posit.ifln of end of 'K'Ction; 1..atitnde, 390 5ff 4811 .5; longi- = 

Posit.ion Clf flrigin of eec.-tion (bulkhead on "\\illtlmill J3J

and): LR.tit1J11~. 390 56' 38'' .3; longitudt>, i;';0 08' 14''. l. 

.Area of aectfon: Fl'W'l. 201205 square ft>et, ~.b"U, 2;j,06.; 
sql!ll1'e feet. 

)(Id-orea= 761 feet. 

Jlfid-Tolume: Flood, 7;;:; feet; ebb, 800 fe.,t. 

Plane of referenc.e for depth• al>o>e mean )OW·W'lWT: 
M"ximnm flood, 4.75 feet; muimum ebb, 4 toot. 

{tude, 75• 07' !'"W'' .9. 

. Position nf end of sectirln; Latitud(", 300 56' 37".4; longi~ j 
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Sertione. 

i 
i Section 20 (west 

channel). 

; Section 31 (l'!lSt : 

· channel). 

I 
I SACtion :ll (west 
I chrumelJ. 

REPORT OF TIIE SUPERINTENDENT OF THE 

DELA W' ARE BIVER-Continued. 

Transrerse C1tri•e,s of t•elocity, and poriineters~Coptinued. 

=·-···r--]!'l11od. -1 Ebb. 

1 

i 

:~ r--~~ r-1-rr·- -·r1-· ~ ~ -, I 
~ i 112 I~~ ii~ ~-~~I Remuu. ,I: 

~ ~~-: ~-~t ·e1~ -ad~.I c; ~.t:~ ~ ~--As:= 1 

·-----·IFcctpersec.1 .Peet. IF,.ctpt1'sec.1--;:;- I·-- _ .. - ·- -·---------------, 
i o. 00 43. 3 I O 00 j 42. 5 l Po"1tion of "''i§'.n of Bt'chon (wharf on Pennsylvania ei>'le) I 

40 1 69 49 l. 96 1 49_ 0 
1j Latitude, .19 56' 4:0 11 .2, longitude, 750 OBJ 36".1 .. 

· · 
8 

I I Aron of •ection. Flood 32,996 square feet; ebb. 82,348 
HU 3. 43 56. l I 4. lti I 55. 3 I S'] ltaffi !eet. , 
240 3. 39 55. J 4. 55 I 54. 5 i M1d-area --'- :wr fpe1. l 
:J40 3. i!~ 5L 3 ' 4. 37 I [>0.;) I I 
,

4
(
1 43_ (I Mi<l-rnlume' Flood, 31S feet, ebh, 315 feet. 

' :i. 32 43. 8 4. 18 ! 
t140 3. 24 33. 4 3. 97 ~:.-. ti 

640 

740 

810 

(I 

JG 

7G 

115 
215 

315 

41;; 

515 
ti]j 

715 

815 
!H5 

1, 01;; 

l, 115 
1, 215 

l, 315 
1, 41.) 

l, 1w 
I, !'>15 

ll 6l:t 

l, 715 

1, 7•15 
l, 775 

0 

l4l0 

:!00 

JOO 
400 

500 

6()0 

7110 

800 
!Hill 

I, O<IO 

1,080 

0 
100 

200 

liOO 

400 

2. f),'). 

2. 29 

1.19 

i 0. 00 

1

1 .... ;: ~;·· .. 
2. 75 

2. 90 

3.-04 

3.1[~ 

3. J5 

J. JO 

2.% 

2. e& 
3. 01 

~.96 

1. i;o 

0. il7 

o. 00 

0.00 

J.~9 

a. 48 

3.45 
~.47 

a. s1 
3. 53 

3.41 
2.~ 

o.oo 

0.00 

2. 'l".I 

2.?6 

2.86 
2.98 

26.0 <.. 51 :?3. !.! 

17. 4 2. 5fi 16. tj 

U.6 1. J7 c. 8 

8.8 : ···---·----- .8.•l 

10. 0 ····~·;l~····! ..... ~-2 
l'l. 7 o. 65 I 9. 9 

14.l J, B7 ! u.;J 

20.2 2.44 19.4 

22. 7 2. 94 :ll. 9 

~to ~- 9>! 23.2 

24.:.l 2. 83 23.4 

23.3 2. 8J 2'L. li 

21.8 2. 78 21.0 

21.6 2. 71 20.8' 

20.2 2. 7~ 19.4 

18. 9 2.00 18.1 

17.6 2. 35 lU. 8 

lG,3 1.63 lJ. 5 

12 .. ~ .... , ~:~ i. 11.8 

6.8 1·············\ 
5. 7 ·-·-········ I 
4.1 ·--···--··---1 

l·········· .. i 3. 8 

3.6 

14.8 
21.8 

28.0 

1 ............ 1 

t:::::::::J 

6.0 

4. 9 
3. a 
3.-0 

2.e 

14.0 
21. !I 

27.1 
I I 

48 .. ; .. •· 1· ~: ~ , .... ~;.-~ .... 
56.0 I 4.•3 55.!..! 

53.7 I 
40.2 I 

... 45 52.9 

4.37 48.4 

•u I 4. 23 

36.4 a. oo 35.6 
28.4 3.62 27.6 

n6 2.88 19.8 
13.8 U.00 lJ.~ 

19.8 0. 00 4U.Q 

50.4 2. 60 (9.fi 

53.3 4..32 52. 5 

52.5 4.41 5L7 
4.'i'.ll 4.28 46.4. 

PlanP of referenct> fo1· dt>-pt bi'll al)On" mean low -w'\ter: 
l\l<t.ximum flood, 4.7:-:i fee:t i maximum ehl1, 4feeL 

ftude, 7fi0 08' 20".a. 
11osJtion of end of section: T~tttitudf:', 390 56' 3911.6; longi-

l'osition ofurigin of section (hulkhMdon Windmilllsfand): 
L~titm.lc, 3(}0 5()1 28" .5; longitude, 75'-' 08' 15''. 

.-. :'Y l Are& of section: Flood, 29,073 square foet; ebb, ;:7,6o. 
square feet. 

Mid-area= 766 feet. 

Mid.-rnlume: Flood, 699 feet: ebb, 730 feet. 

I'faUP Of Tefert~m .. 1-t'- fol' dP]lt.b"'- above mel\Il lOW-•W'lter: 
Maximum :flood, 4. 75 foet,; maximum ebb, 4 feet. 

ftud~, 75° 1)7' .52 11.3. 
l 10Miti111n i>f -enrl of 9&'-t·ion; Latitudt>, 390 56' 2711.9; 1-0ngi· 

Prn~ition of m·h~in of section (hulkhead in slip, PennBylva
ni!,t side): J~a.tHu•le, 39° 56' 30''.4; longitnde, 750 08' 34".5. 

Area of secti"n: Flood, 39,677 square feet; ebb, 38,813 
HQU"Lre feet. 

Mid-:n1'n = 516 feet. 

Mid-rolume: F}ood, 592 foe!; ebb, 573 feet. 

Plnne of ref•1't'ne.e for dept.hs above mean low-water: 
Maximum tlood, 4. 75 feet; maximum ebb, 4. feet. 

[tude, 750 08' 20''.8. 
Poamun of end of BOOtion: U.titude, 390 Ml' 29''.6; l<mgi· 

Po•ition of mi;rin of l!OOtiun (Rt, wh,.rf on Pt'nDB,vlvani" I 
eid•)• Latltu e,311" 56' 2'J".2; lon~d<i, 750 08' 32".9. 

Area of """ti<m: Flood, 36,9111 square feet; ebb, 36,134 
squnrefeet. 

Mid--= 361! reet. • I 
I 
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DELA WARl~ RIVER-Continued. 

Trmisver;;e c1wl·e.~ of vel-Ocity, and perimeters-Continue<l. 
i--___ I ___ _ 
I I .,; Fl-0od. Ebb. 

-~---~-------

I -~ ~c·---~---·. t;.., i:! ..... 

I 
·; -~ 2 ~ ~ ~ ~ ~- f 
:j ~~ ::> £$ _ .... 
] ~- ·z:l t.£ ~$ 

l e §~ -;~ §] !S 
I " .a.§-;;-;: S"-· ·-

Sections. Remarks. 

I 
I 

, ~ ~ f :5 ~ -~ ~· I -~ ~ :E I ~ ; ~ _ ____ __ i_e___ ~-_:._ _A ___ I !;; - - _A __ _ 

' Section 22 (wf'st 
chnnnelJ-Cont'd. 

Section 22 (e>.st 

channel). 

Section 23 ......... 

5(l(J 

600 

700 

800 

000 

970 

0 
70 

100 

200 

300 

400 

500 

600 
700 

800 
900 

1,000 
1,100 
1,200 
1, 300 
1,400 
1,470 

1, 500 
1,000 
1, 700 

1, 800 

1,810 

0 
70 

100 

200 
000 

400 

600 
llOO 

700 
800 

900 

1,000 
l, 100 

l,200 
1, 300 

1, 400 
1, 500 

1,600 

1, 700 
1, 800 

1, 900 

2,000 

2, 100 

2, 200 

S. Ex. 13--:!0 

I 
Peet per src. 

I
I 3. 01 

2. 88 

I ~~ 
I 2. 11 

I 
0. 00 

0. 00 

I
i,_ ••• ~:·:···· 

3. 06 

I 
3.15 
3. 21 

3. 28 

3. 31 

3. 30 

3. 24 

3. ll 
3. 2() 

3.30 

S.02 
2.20 

o. 00 

................ 
0.-00 
0. fl9 

3.10 

3.02 
3.06 

3.13 
3.12 
3.06 
2.00 
2.56 
2.25 
2. 2() 

2.32 
2.53 

2.6'/ 

2. 77 
2. R7 

2.96 
2.98 

2. 79 

2. 6-~ 

2.67 

2. 80 

F.fet. 
4:!. ~ 

37. 3 

rn. 6 

21. fi 

10.8 

2.1 

4. 8 

12.1 

13.4 

16.E 
21.8 

22.5 

23.2 

23.8 
23. 2 

22.1 
21.0 

20.8 
20.0 

13.0 
6.8 

6.2 
5.2 
>I.I 

3.0 

2.8 

17. 8 

----···-··-· 
38.1 

47.6 
50.0 

48.9 
'5.5 

41.0 

36.1 

28.0 

21. l 

11.4 

9.1 

10. 2 

13. 8 

16.3 

21.2 

23. 3 

2a. 4 

24.4 
24.4 

23. 0 

22. 2 

20. 7 

.Fe~t pr.-r· sec.! 

4.11 II 

s. !>7 

:1. 74 

3. 08 

1. 36 

0. 00 

o. 00 

0. 41 

]. 73 

2. 34 
2. 74 

J. 08 

3. 23 

3. 26 

3. 25 

Feet. 
42. 4 

36. 5 

2a. R 
20. 8 
IO. 0 

1. & 

4. 0 

II. 3 

12. 6 

16. 0 

21. 0 

21. 7 

22. 4 

23. 0 

22. 4 

Mid-volum~: Flood, 377 ffft; ebh, 38J fl'"f'.t. 

Pla.ne of reference for df'J)th~ ahon· lllt''Ul low-w:ner: 
Maximum flood, 4.75 .te.et; max..imurn ebU,4 frH. 

I ft1Hlc', 7.1" 0.'' 1F''' .,, 
, Position of end of sPction: Latitm11>, :1~F ~-i' '.!,:._11 J lun:i.<· 

Positionoforiginofsection (at bulk.ht•:ulon \Yiwl111i1l Jrii 
and): Lntitude, 390 56' 22".2; lonJ?itude. 70-0 lit'' l~i" .:;. 

Area of section: Flood, 27,984 aq1uuP frf•t ~ el•li. ~:ti-.5;)11 , 

square feet. 

Mid-area= ;71 foet. 

3.~ il3 1· 

~.16 20. 8 Micl-volume: Flood, 744 foot: Pbh, 767 f<..t 

:: :: I 
2. 38 12. 2 Plane of reference for depths abo"<"e mem low-water: II 

1. 17 6. o \ Muimwn flood, i.7ll feet: uuuimum ebb, 4 feet. 

0.00 ......•••••• , 
............ ! 5.4 i 
::::::::::::! ::: I 
............ ! 2.2 I [tnd ... n.0 07'"3".1 .. 

1 ............ 
1 

2.0 I Position of end of section: Latitude, 39" 56' Z~". longi-

............ 1! 17.0 Positionoforiginofsection(l\tendofwbsrf,Pennsyl~ll.ni" I 
O. 00 

1

.. side): L'ltitnde 390 56' 12"; longitud•, 71P 08' 31" .3. 

0. 94 37.3 

~.54 'ff-8 
s.oo I 49.2 
4. 07 i 48.l 
'-15 i 44.7 

9. 90 l0.2 
3. 50 35.3 

3.42 27.2 

3.19 20. 3 
2. 51 

l.t«• 

l.24 

l.07 

l.83 

2.M 
2. 75 

2. 81 

2. 8'2 
2.89 

2.118 
2. !15 

2.73 

JO.II 

8.3 
o . .t 

l:J.O 

15.5 
20.4 

22.5 

22. 8 

23. G 

23.0 

22.2 

21.' 
19.~ 

.Area of se<ltion: Flood, 68,037 square fO<'t; ebb, 6.',913• 
S'lnnrefeet.. 

:Mid-lH'flll= 84.1.feet. 

Mid· volume; Flood, 806 feet ; ebb. 667 feet. ! 
I 
I 

Plane of reference for depths above mean i<>w-wate.t: I 
MRXl.mnm llood, 4.75 feet; maximum ebb, 4 feet. 1 

I 
i 

I 



 

154 REPORT OF THE SVPERl~TE~DENT OF THE 

Tra1111rerse c1trt'lW of relocif]/, and 11cri111eters-Cuntinned. 
·-------- -------·----------------------

Hood. Bbb. 

·;;-L 

;,: 
Sect1onR. § 

-= 
~ 

~ 
c: 

~- c ... i 
0 g I 

"' 
I 

~ "' <: 
"" = :E ~ Rem&rka. ~ 
l> - § 5 ~ I 
" ~ a I -~ ! 

:;:: ·;:; -'· '5 ... "' "· I " .;; ~ 5 ;:;; I A I 
-------~ --·---------- --------- ' __ ,, ____ ---1------

: Sf\Ction 2:J-Con

tinue1l. 

Section :!4. 

Sectio11 :!.J. 

:.:,:Jou 
~. lll\J 

~.:'>Ou 

:.!, 530 

~.OOH 

:!.655 

100 

200 

300 
400 

JOO 

600 

700 

800 

900 

1,000 

1, 100 
1,200 
l,300 

1,400 

1, 500 

1,000 
1, 700 

l,SOO 

1, 900 
2, (JOO 

2, 100 

2, 200 

2, 000 
2, 4()0 

2, 4~5 
2, ;;oo 

~ 510 

() 

4() 

140 

2'20 

!!40 

040 
440 

540 

640 

i40 

840 

940 

l, 040 

l,14-0 

1, 240 

l, 340 

1,440 

!Peet per Sf~.! Ped. Ped per ~cc.: Pl'cf. 

~-ff';' :,!l. :.! :!.44 :?O • .t 

····-· .... 
! • - - • ~ - - ' • - • 

0. (HJ 

1. 4l 

2.62 

3. 30 

:J.19 

~-97 

2.96 

2.97 

2. 76 

2. 70 
2.69 

2.69 

~. 7t 

2. iO 

2.62 

2.94 

3.06 

2. 94 

2.79 

2. 71 

2. 70 

2.65 

2.49 
2.()4 

1. 23 

O.IXI 

o.oo 
0. 114 
2. 19 

2. 79 

'.!.83 

!!. ftl 

2.60 

2. 78 

~- 87 

2. 87 
2.83 

3.75 

2.b'7 

w. 8 

5. ;i 

:.!'~.I) 

28.::; 

3~. 0 

43. 3 

4ti. 8 

45. 0 

41. 9 

37. 3 

:n.2 
24.;; 

17. 0 
14. 3 

14. 0 
u·,. o 
li. 6 

24.;. 

28. 8 

28. 0 

28. 0 

:!7. 3 

~5. 5 

26. l 

23. 8 

!9.1 

13.2 

---------··· 
6. 2 

5. 7 

1. tl7 20. ~ 

u. 9~ 18. 8 
0. OU 

' 
ID. 0 ··-··--·: 
4.;) 

u.uu Zl. 8 

J.8J ~i. 7 

:l. OG 32. 2 

3.99 4!!. [1 

4.10 46. 0 

4-. 02 44. 2 

3. 87 41.1 

3.64 36.5 

3.46 30.4 

3.3:J 23. 7 
il.22 16.2 
2. 75 l!L5 

1. 70 13. 2 
1.34 14.8 

1. 62 16. 8 

2.fi4 23. 7 

2.86 28.0 

2. 80 27. 2 

~.73 27.2 

2. li2 26.5 

2.64 i 24.7 

[tnde, 76" 07' 57".4. 
rositiun of end of ae-ction: Latitude, 31}0 561 12".4; longi-\ 

Position of origin of section (in slip, Pennsylvania side) : 
Latitude, 39" 56' 01".3; longitude, 750 08' 29''.6. 

.Area of section: Flood, £7,10{ square feet; ebb, 65,006 
S<jUll.re feet. 

:Mid-area= 911 feet. 

Mid.volume: Flood, 896 feet; ebb, 731 feet. 

Plane of n•forenoe for depths above mean low-water: 

1 

Maximum llood, 4.75 feet; maxilnum ebb, 4 :eet, 

I ~~ I ;1 
0 00 1····-- ...... 1 

............ 5.4 I [tude.75° 07'57".5. 
! .. . ... .. . 4. 9 I Position of end of 1!6ction: Latitude, il9" 1>5' 0011.7; longi-

1 I . 
10. O , ............ ! o. 2 Position of origin of section (end of wharf, Pennsylvania 

13. a 1-- .......... [ 12. 5 I side): Latitude, 39" W 49''.9; longitude, 75" 08' 3t".L 

.... ~~-- ~-- ....... ~~ ~~-- .. : .... ~~--~-- .. i 
22. 8 0. 44 22.0 
~o. 2 1. 71 29.4 

31. 4 2.48 30.6 

37. I 3. 20 36.3 
4L8 3. 92 4LO 
43. l 4. 01 42. 3 

42. l 3. 91 41. a 
38.4 3. 68 37.6 
34.8 a. au J4.0 

30. 7 3. 21 29.9 

~5.3 3. 07 24.5 I Aree of aoot'on: Flood, 711,003 sq=e feet; ebb, 71,795 

20. 7 3. 01 111.1) ; &Ina.re ieet .• 

18. 3 2. 88 17.;; I Mid·area=l,101 feet. 
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. Sediun i:>--1 ;ont'tl. 

I 
I Section 2G. 

SeC'.tion 27 ... 
··1 

I 
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] '~14-0 

1,640 

J. 740 

1, 840 

1, 940 

2,r40 

2, 140 

~.240 

2, 340 

2,440 

:.!, !"">4-0 

2, 550 
2,640 

~. 660 

JOO 

2110 

300 

400 

500 

600 

700 

800 

900 

1, ()\J(I 

1, ?Oft 

l,~00 

1, 300 

l,400 

J,!",00 

1, 000 

1, 700 

1, 80(1 

1, 900 

2,000 

2, 100 

~,200 

2,300 

2,3!i0 

2,400 

2, 45~ 

0 

JOO 

2-00 

3fMJ 

400 
500 

600 

700 
800 
llOO 

DALA WARE RIVER-Continued. 

Tra11sver.~e cnrl•es nf i:elocity, and perimeters-Continued. 

Flood. 

Fi'l'f prr gee. 

~.fH 

2. 71 

2. 81 

2. 8~ 

2. 78 

2. Ill! 

2. fi6 

2. 81 

2. 76 

2. 53 

2. JO 

O. P7 

0. 00 

0. 00 

~- 54 

2. 70 

2. 71 

:3. il 

2. 67 

2. 60 

~. 55 

-
.;:, -~ -:. 
;5. e :.-. 

Q ·-

Fn:>t. 

17. ~ 

]9. <l 

22. 8 

Z9. 8 

32. 1 

3:!. 3 

:10. H 

Z7. 8 
27. l 

24. 1 

?0. 4 

16. l 

14. 5 

21-l. 2 
33. 1 

36. a 
36. 6 

36. 7 

36. 6 

Ebb. 

Fr/!,f per sec.~ 
2. "o I 
2.16 

2. 06 

2. ao 
2. 64 

2. 79 

2. 82 

~. 72 

2.41 

1.99 

0. 82 

0.00 

0. 0() 

O.!ll 

l. ~2 

2.07 
3.51 

3.91 

3. 97 

Feet. 
16. 4 

18. 2 

2~- 0 

29. 0 

:n. 3 

31. [°1 

30. 0 
~7. () 

2G. 3 

2J. 3 

19. 6 

1: •. 3 

11. 4 

J:l. 7 

:r;.1 

Remarks. 

MiU-,,-olnme: Flood, l,2:l.t feet; f'hh, 1,063 feet 

Pb.nt' of rt:fere-nc'e for cleµths ahove menn low-water: 
liaximum floo1l, 4.7:-i ft"et. maximum t'Lh. 4 ft':t"t. 

[tmle, /;F 07' :-:;7· . L 

Po~ition of eml nf sef'tion: l .. atitude, :rn;) :iG1 .""M)''.'7: J.mgi 

Posit ion of origin of 1::w.d.iou (eutr::nwt· of ~lip. PPnll~) lva. 

ni:.l sidel. L:11itudt"r 39..;, 5.i' ~.17 1 •• "j: ]ongitudlj, 7t1~1 08' ~ti" .1 

3::. 9 

:10. l 

3. 90 

3.93 

3. 71 

3.4il 

28. 4 

32. 3 

:.Q. 5 

:-l5. 8 

3;,_ 9 

ar.. ~ 
34. 7 

33.1 

~'!!. :! 

Area of Af'Cti.on: Flo()tl, 71,810 scinnr.f' fe€t; ehl,, G9,R:46 , 

~- 65 

~- 71 

2.7:1 

2. 73 

2. 77 

2. 82 

2. 8:J 

2. 8:l 

2. 8.1 

2. 81 

~6. 7 

24. 2 

22. 0 

Zl.; 
21. 9 

2R G 

33. 1 

37. 0 

37. 1 

35. 8 

3. 01 

2.G7 

'.2.24. 

'l.08 

2. 20 

2.3'.! 

2:1. 9 

~:l. 4 

21. 2 

_;o.9 
21.l 

27. 8 

32. 3 

, 2.49 :nt 2 

2. 68 35. 0 l
l 2. 61 36. 3 

~- 74 I 31. 5 I 2. 69 30. i I 
2 39 •)8 3 2. 28 27. 5 

Vt.ine of referen<'e for tt~pths al.Jov~ mean low \\at er: 
Maximum tloo<l, 4. 75 foet; maximum cbh~ 4 feet. 

[tudt\ 7fi·'"' 07' ;...A-'1.0. : ::::~~::::1····;;·;····/.:··•~·•:.1····~i··· I 
j 

1 
I J PosiLion of end of section, JAtitu.le, 39" 5'•' 4W·; lon~i· 

j ....... ·· ........ ·11 4. -8 ] ••••••••••• • ! 4. 0 i Position of origin of Rettion (bulkhentl. Penn1-1ylv'l11ir1 ~iil1·1: 
1]P., 39n 55' ~".!'i; longitude, 7:-;o O~' ?.611 .................... r .. :fl ! .•••••••••• 4. 8 l Latitu 

i 0. 00 ]0.6 

I 
0.00 9. 8 

I 

2. ao 24.-0 1. 42 23. 2 
! 

'.!. 7G 25.-0 2.36 24. 2 
2. 75 29.6 2.90 28. 8 
2.63 83.-0 3.4.3 32. 2 

i 2. 66 35.4 3.06 34.6 

I 
2. 113 :J5. 5 3. 62 34. 7 
2. 59 35. l 3.IJS 34. 3 

I 
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REPORT OF THE SUPERINTENDENT OF TilE 

DELA W Alm RIVER-Continued. 

Trans1:erse curt'eS of 1•elveity1 ancl perimeter.~-Continuetl. 

·-r-;--i--~~;·~ ~- _-____ E_u_b_. ____ 
1 

s Ii ~~ ~~ ~ " - ~ 
~ 0 

.§ 
6 ~ c .5 ... 
~ \; - - 8 

l, OtW 

1, IOI! 

l,2W 

l, 300 

l. 4l~> 

l, i'>OO 

1, 600 

1, TOO 

J, 8011 

1,li<M 

~- llOO 
~. IUU 

!.!', :!tHJ 

!.!, :iHU 

:!, 400 

:
1
• fioo 

0 

JOO 

200 
210 

3•)() 

4•~1 

fiO() 

600 

700 
800 

900 

1,000 
1,100 

1,200 

1,300 
1,400 
1,500 
l, flOO 

1,700 
l,800 

1,000 

2,_000 
2,100 
2,200 
2. llOO 
2,400 
2,500 
2,510 
2. flOO 
2,700 

2, 800 

2,900 

1 § ~ ES 
I s ~ -=- ..::l -x _...:_ 
I ~ 1 ~ :r ~ .f· 
~ ----- --- -

' jPr-t1t pi>r ~.<~.: 
! ~- t;:! :.i::.l':'l 

:!. tr; 

2 '70 

:~. b.-, 

:;. I~ 

~.XI! 

ti. 00 

0. 00 

~- 77 
2. 72 

2. 65 

2. 62 

2. 62 

2. 65 

2. 72 

2. 74 
2. 79 

:iu. h 

;:o o 

:l-l.:i 

:r;.-; 

::::. 4 

~'!l. 4 

19. 8 

3. 8 
4.1 

6. 8 

20. G 

23. 9 

27.8 

31. 8 

33. 8 

33. 3 

32. G 

31. 2 

!!9. 8 

28. 0 

27. 2 

2.89 25. 7 
2.99 26. 1 

3. o; 28. I 
3.10 30. 0 
3.11 32. l 

3.11 35. 0 

3.11 35. 8 

3.13 35. 9 
3. 08 34. 5 
2. 68 %8. 3 

2.10 19. 3 

l.r.7 9.1 

1.29 7. 0 

1.16 G. 5 

0.83 5. 8 

0.00 i;, 0 

'-' .. 
e s .: $ .. 
a "' 0 

" " .§ = 
] "' ~ "" ~ "" 

F¥er 11e1· $t'1·. 

:t y~ 

::t 73 

~. 4:; 

::.11 

~-ii-I 

2. 88 

::!~ 88 

"· K!! 
:.!.l'Sti 

:.!. i<.~: 

:!.t-::l 
~. 7,-, 

~- 41 

~- ~l 

l. Gti 

0. 00 

o.oo 
1. 84 
2.63 
2.95 
3.09 

3.14 
3. 27 

3.67 

3.96 

3. 92 
3.75 
3.57 
3.36 

3.26 

3.16 
3.03 

2.89 
2.95 
3.13 

3.08 
2.78 

2.24 
1.73 
0.41 
0.00 

::::: :::::::1 

" ~ .. 
a 

E. = s 
·~ 

" "' ~ 13 :;:: .. 
p,.~,. 

:t~ 0 

::o ii 

~~ .. 
:.!~. {1 

24.1 
22. 7 

22. 0 
24. 4 

~8. 7 

:n;·, 
:iti. ~ 
::u. ~ 
:i:.. 4 

:n. 6 

~H. 6 

19. 0 

3. 0 

3. 3 

6.0 

-·-······--· 
19. 8 

23.1 
27. 0 

31. 0 

33. 0 
32. 5 

31. 8 
30. 4 

29. 0 

27. 2 

26.4 
%4. 9 

25. ~~ 

27. :i 
29. 8 

31. 3 

a.. 2 

35.0 

35..1 
33.7 

27.5 
18.5 
8.2 

······-··--· 
6.2 
6.7 
a.O 
4.2 

Remarks. 

An~:i of ~t11·t1011: I'lorn.l, 70,10(1 square feet; ebb, 88~100 

~·tl1,i.1'- ftlet. 

Mid·!lreu=l.324 feet. 

Mi•l-voluroe: Flood, 1,401 feet.; ebb, l,211 feet. 

Pl•n·~ of reference for depth!:! n.bove mellD. low-witter: 
Min:lmum flood, 4.75 foet; maximum ebb, -t feet. 

[tud'!', 75° 07' 5511 • 2. 

Position ot end of se-0tion: Latitnd<', 39° 55' 35".9; lcmgi-

Position of origion of se.ction (marsh line, Pennsylv~ia 
side), LR.titude, 390 55' 21".4; longitude, 75° 08 21".9. 

.Area of section: FJood, 00,4'6 R1UA.l'e feet; ebb, 67,125 

square foet. 

Mid-<>re~ = 1,411 feet. 

Mid-volnme: Flo<><!, 1,476 feet; ebb, 1,309 feet. 

PL'\lle of referenoo for depth• above mem I-Ow-mater: 
Maximum flood, 4.75 feetj maximum ebb, 4 r~t .. 

[t.ufu>, 75" 1>7' 47".2. ' 
Position of end of aectlon: Ln.titnde, all" 55' 31".6; longl-1 

o.oo 2. 5 

l.80 3.' 
!.05 10. 6 

I ::::::::::::i 

... 1 &-ct-io_n_29_._ .. _· ._ •• _ • ..:.l __ ~-~--'------'--~-·-····~= .. ·-i. 1.7 
2.8 
IJ.8 

Position of origin of eootlon (on. m.Mah, PetlDsylvanla l 
side) : Lntitude, 39" 55' 09'1.3; longitude, 750 08' 12'' • ~ • I 

I 
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51)(J 

600 

700 

800 

!IOO 

1,~ 

l, Il)(J 

1,200 
1, 300 

1,400 
1,500 

1,600 
J, 71){) 

1,800 

1,900 

2,000 

2,100 
2,200 
2,300 
2,400 
2,405 
2,500 
2,600 
2, 700 

2,800 
2,900 
3,000 
3, 100 

3,200 
3,300 

a,•oo 
S,500 
3,!100 

0 

r..o 
100 
200 
llOO 
400 
llOO 
(!(J(l 

'190 
&lO 
90<) 

1, l>OO 
l, 100 

l, l!OO 
1, llOO 
1,400 
l,~ 

DELAWARE RIVER-Continued. 

Trans1)erse curves of velocity, and perimeters-Continued. 

Flood. 

---- -·-----
IFert ver •cc.: Feet. 

H9 I ::!5,5 

2. 73 28. 8 

2. 78 31. 3 

2. 91 i 3:1.1 

2. tJ9 31. \l 

2. 9::! 30, ~ 

2. 87 28. 2 

2. 90 2ll.3 

3. ()4 28.) 

3. 13 28. 5 

3.13 31.6 

3.08 32. 8 

3.17 34. 0 
3.42 37. 7 

3. 61 38. 0 

3. 66 32. 5 

3.64 ~6. l 

3. 5.'l ~2.1 

3. 29 18. 6 

2.81 16.1 

2.23 12. 6 

0. 26 8. 2 

o.oo ·--·---··---
................. 10. 2 

1:::::::::::: 
7. 0 
5. 8 

4. R 

..... -......... 4. 2 

.................. -... 3. 8 

............... 3. s 

................. 3. ( 

·-----·----· 3. 0 

··--·····-·' 2.;) 

'"'-········ 2. 7 

.............. o. 0 

............... 3. 3 

0.00 ................ 
2.28 6. 3 

3.21 25. 6 

t.32 29.2 
3. O!i 31. 0 

2.89 30. 0 

2.8\l 211. t 
2.81 28.7 
2. 8() 28. l 

2.95 28.G 

2. !l6 29.4 
2'.93 :10. ·' 
2.73 31. 7 

2.113 30.4 
2.76 32.6 
3.22 34.8 

R<lmarka. 

\Feet~;•ec.1 ~'.:. i-----
1 3. 47 I 28. o 

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

I a. 75 30. 5 

I s. s-0 32. a 
3. Sl 31. l 

I

i 3. 72 :!9. 4 
3. 64 27. 4 

3.(,6 27.5 

3. 49 27. 3 
3. 44 27. 7 

3. 39 ao. s 
3..35 32*0 
3.40 33. 2 

3.51 36. 9 

3. 62 37. 2 

3.41 31.; 

3.o~ 25. a 
2. 66 2l. 3 
2..36 17.8 

:l.08 15. 3 

1.7~ Jl.S 
0.27 7.4 

o.oo 
9.4 
6.2 

G.o 
4.o 
3.( 

3.Q 

3..1) 

2..6 

2.3 

1.7 

1 .. ::.::::: :~ ~.~ ., .. ~ .. , .. .,. ~,~ I 

Yid.,.o11lllle. F1<>od, l,314fe<>t, •bb, 1,194.fe<>t. j 
Plan., of 1·eferoD<e for deptho above mean low.water: 

.Maximum tlood, -«. 75 feet; maximum ebb, 4 £eet. f 

I 
) 

............... 1.9 [tnde, 750 071 30''.7.: 

· · · · · · - · · - · .

1 

O. 8 \ l'osition of en<l of sooti<ln: L:ttitndt\ 390 f>!Y 23 1
1. B; longi- ·,1 

..•••• •... .• 2. 5 I Po•ition oforiginofeectiou (on rnru-sl1, P'>1111s~·lvonin •i.le): 

0. 00 ••.•••••...• r La.titm.lc, 390 55' 00:".4; 1.cmgitude1 75° 08' 07".2. 

L:J6 l>.<; 
2.75 2{.8 
3.47 2S.4 
lU18 30".2 
3. 93 

3. 76 
3. ()4 

3,69 

:I.Sa 
:l.50 
a ~4 
3.22 

3. 51 

3. 00 

29.2 
2$.3 

27.9 

27.3 
21.s 
2S.6 

29. 7 
30.9 

211.G 
:ll.8 

3.36 84.(J 

I .Aren of """tion: F1001l, 115,ZR'.! •qnnre foot; ehb. 63,38'.! 
i square foot. 

:Mid-oreil=l,239 feet. 

llid-volnme: Flood, 1,245 f~et: ebb, l,133 feet. 
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I Sectiu1130-Coul \I.I 

, I 

SeC"tion 31. _ 

Sectwn 3~ ...... 

I 
I 

1 
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1, 700 

1, 800 

l, !JOU 
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:!OH 

31\0 

4UIJ 

><m 
600 

700 
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9'~\ 

J, O<XI 

!.HK! 

1,200 

1,:-fo(J 

11400 

1, :100 

1,600 

], 700 

l, 800 

1, 90-0 

:!,000 

~. 100 

~. 11U 

2,2iltl 

2,200 
2,400 

2,r:.00 
2,000 

:.,, 
JOO 

200 

300 

400 

!IOO 

GOO 

700 

REPORT OF TBE SUPEIU:KTENDENT OF THE 

DELAWARE RIVER-Continued. 

Transverse curves of velocity, and perimeters-Continued. 

Flood. 

Fe~tper Bt!<'.l 

3.43 !' 
3.52 

s. rhl ! 
3.44 

3. 07 

2. !i7 

l.~ 

I O. IX• 

!············ 

0. 00 

'.'. 47 

3, 50 

3. 5;; 

3. 39 

:1. 09 

2. 87 

2. 8::! 

~. 81 

!:!. 81 

~. 79 

!l. O:! 

:1.:!8 

3. 4~ 

3. 4K 

:L:m 

Pe.et. 
38.4 

40.1 

39.2 

32.0 

21t 3 

IH. 4 

14. 8 

11. 8 

0.0 

G.8 

~2.tJ 

27. ~ 

:n. ~ 

:m.~ 

2,, G 

~C. G 

!!7. 4 

26.~ 

36. (i 

2ti. ~ 

:!~. 4 

:m. 4 

39. :i 
42. () 

Ebb. 

~~ - 6 " =~ ~ ~ "I> ,,_ :;l 8 s 'O E. § = ~ 
.§ .§ s ~-~ £ "'""' ~ ~ ·- ~ ~ :<,::; ::.--

FP.ef per sec. i Feet. 
3. 28 37.6 

3. 51 39.3 

3. 33 38.4 
2. 68 31.8 

2. 02 2fi. !j 

1. 24 18.il 

0. 2!l 14. 0 

0.00 , .......... .. 

........... 1 

B. 2 

11. 0 

5. 0 

ll. 00 .............. 
I. 80 ~1. :! 

:t 4:{ 27. 0 

4. 04 30. 4 

4.'.W 31. 7 

4. 19 311. 1 
:i.w.! 27. 8 

~- 79 2fi. 8 

3. 73 26. G 

:l. 71 20. R 

:t 71 2li. ti 

::. 70 ~G. 0 

::. f,8 :!X. G 

:l. 4G 2!t Ii 

3.41\ :12. 0 

a.38 3;:, 7 

:l.31 38.:; 

:l.OG 41.8 

3. 21 42. 3 2. 70 41. 5 

3. 13 l 39. 2 2. 28 3R. 4 

Remarks. 

Plane of 1·eference for depth8 above me"u low-wnter: 
Ma~imum iloo!l, 4.75 feet: mlllimum ebb, 4 feet. 

[tnde, 750 07' 38".5. 
Position of end of section: Latitude, 3!JO 55' 08".6; longl-

Position of origin of section (entranN;; of slip, Pennsy1va· 
nia side): Latitulle, 390 54 1 46" .4; longitude, 75° 08' 00". 9. 

Area of se~t.ion: Flo{Hl, 65,090 squnre feet; ebb, 62,850 
square f~t"t.. 

:hlid·arrm. :-::: 11 203 ft>e1. 

~fid-volnm.,.--::::-ctlooi!i 1,178 feeti ~bh, 1,051 feet. 

Planp of reference for deptbA above mean low-water: . 
! Maximum fioutl, 4.75 fet>f; 1nax.imum ebb, 4 feet. 
! 

2. !14 I 17. 8 I I. ;:i IT. 0 

~:~~ ! ..... ~~:·.... ~::~ i ..... ~.~·-··· 
::::::::::::1 ~: ~ \::::::::::::I ::~ 
············1 4. G .......... ··I 3. it 

::::::::::::! ~:~ .::::: ::::::: ~:: 
c:::::::::! ~:~ [tnde,75007'25''.5. O. G 

0. 0 i ·• · • • · -· · · · - · • · -· · .... • • -1 Jlosition of entl of section~ La.titut:1e, ::JOO M' 52''.4 i longl-

1 ............ 1 0 9 I P<mition ()f ori¢11 or S<'ction (marah, Pennsylvanio, Ride): 
O. Oil 1 .. · · ··· -·•· .

1 

Latitude, 39'0 :w 36".4; longitude, 750 07' &9".4. 
1. 74 5. 2 I 

1. 7 

0.00 ............... 
I. 114 6. 0 

3. ll 20.2 3. 09 19.4 i 
3. 31 2:;.2 4. 01 24.4 

3.34 28.4 4.12 27.G 
3.22 27.9 4.12 27.1 
2.:13 28.1 s. 84 27. a 
2.48 24.6 3. 72 23. 8 

----
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DELA WAHE RI\'ER-Uontinue(l. 

TranSl'er.~e cun·rx of ·relorit.y, and perimeten1-Uonti1111e1l. 

:Flood~ El>b. 

Statious. 

~ 
~ >. ;; 'O ~ 0 

~ "' ~ " " ~ " .§ .. ~ 3 s .. 
E ~ ~ 

" § ~ " .;:. s ~ _...:. " s .:i 

-e -~ 't: .. :':l ... ,,.. s ~· ·;;; b] e s ~-" 0 ::;; Cl 
·----~---- --~-·---· 

.l"'cct. 
! i 
· Pcf'l pct a·cc, · Fecf . ! !Peet par 

Bectil>Il 32-Cont'tl.' 800 ~. 40 :J3. 3 I J.7;j ! :.'2. :. 

Sect.ioo 33. 

Section 34. , ••.•••. 

900 ~- 4!\ 

J,000 ~.;';6 

t, mo ~- lili 

1, 2()() ~. jfj 

1. 30-0 

1, 40!1 

J, 500 
1,60-0 

1, 70-0 

1, 8'IO 

1,000 

Z. R4 

2. 9l 

3. llO 

3.13 

3. 28 

3. 30 
3. 08 

3, 000 ~- 811 

2,030 
2, 11}0 !:!. 53 

2. 24 

:J4. ti 

2~}. 7 

2t'. 5 

:n. 5 

:12. j 

J:;. :J 

:16. 2 
41}.] 

43.1 

43. 4 

40. 7 

33. 6 

·--·---·---· 

I ::. '" ::!3. 8 

I ~. 7!) 24. ~ 

I :_1. 73 ~7. 7 

I 
~I. 58 au. 7 

'.!.~I 31.!I~ 
I 

'.!.lJI ;i:!. ;, 

;1.3;i 3;;, 4 

3. 68 39. :1 

3. 07 42. 3 

3. o:! 4~. Ii 

:!. 97 :m. 9 

0.3;.) 32. 8 

0.00 
i ; 17.3 

2,200 

!!,300 

2,400 

2,500 

2,600 
2,630 
2, 700 

2, 780 

I. 89 
I;~ i:::: ::::::::1 

0.42 5.1 .......... . 

7.8 
5.9 

4.4 
3.5 
4.3 

1.11 ::~ 1·::::::::::~: 
.... ~--~- ... ··---~--~·-·r :: : : :: ::::1··---~.-~·-·· 

0 

80 
180 

280 

380 

480 

5SO 

680 

7SO 

8llO 

98-0 
1,080 

1, 1811 

1, 280 

1, 380 

1,480 
1, 580 
1,680 
1, 78() 

1,880 
1, ll80 

2,080 
2, 130 

2, 180 

2, 230 

•••.•••••••• J.8 ;...... .••••. 1.0 

o.oo 
3.H 
3.66 

:l.80 

:J.26 

2. 72 

2.G5 

2. 46 

~- 44 

~.!JO 

a. 31; 

3. 42 

:1.44 

3.45 

3.43 

3.03 

2.44 

2. 04 

1. 74 

1~ 

11.74 

0.00 

21. 3 

27. 3 
32. f) 

:l4. 0 

32. 9 

27. 0 
~3. H 

2a. 2 

23.;) 

27. l 

:12. l 

36. 6 

39.:J 

40. 3 

40. 4 
40. 3 

411. 7 
35.9 

29. 6 

22. 3 

8.3 
4.S 

I I 

I
. o. o~ I 20. ,, 

3. 5(> 26. fi 

2. 95 31. ~ 

i 3.0'2 33.2 

3. 9'! 

4.12 

3. 9'.! 

:1.w 
a. 72 

3. 70 

3. 57 

a. 31! 

2.89 

2.99 

3. 31 

3.47 

3. 50 
3. 40 
2.92 

2. 06 

1. 17 

0.37 
0. 00 

32.l 
26.2 

~-4 

21.4 
22. 7 

26.3 

28.9 

~1.3 

35.8 
3R5 
39.5 

39.6 

39.5 

311.9 

35.1 

28. 8 
21.5 

7.5 

4..0 

~.\re.a. of section: Flo(\d, 66.7.57 f'qaare feet; Pbb, 64 . .533 

~q11flre ft'>f't. 

Mid-a.l'.\•a.==l.33<1 fod. 

].lid-voluu1e-=- flood, 1,J:!:.? i'e~t; eblt. 1, 11!') fe.et. 

Plan(' of rcf<'rencip. for dt>Jiths almve nu•an lo-w-wuter: 

, :Yaximum fiood, 4.75 fed; maximum ebb, 4 feet. 

[tudf·~ 7?"1':> 07' 23".';, 
Position of end of l!<lclion: L•titmk, 31)0 54' 38".l: lon11i-

PoRition of origin of seer.ion (entran<"t' of slij), I>euuftyh·a
nia side}: Latitude, a<JO ft4' 2911 .2; longitude, 75° 0'; 1 57'1.u. 

Art:>.n. ot' RH't:inn: 'Flootl. {J7,3ti8 ~fJtiftTI' fof•t. 1•hl•, G:1,f•M 

sq uure f(!.et. 

:::Mid-aroo. ~· l.:!IJ fbl:~t. 

Mid-volume=tlood, 1,171 foet; elib, l,07:1 f,,et. 

J:>ln.ne of refere.nc.fl of dPpths above men11 Iou-.wnttir: 

i l.faximllm tloo<l, 4.70. foot; maximum ebb, 4 feet. 

• 
[tmk, 75° Oi' 29' 1.l 

Position of end of """ti<m: Latit.ud~.39" :w 37".G; fongi-

Position of origin of section (l4?>VN>, Penns,ylv.a.ni:l Rfrl~·j: 0 

70 
100 

200 

o.o 
0.6 
2:.!> 

................................... 1 Latitudr1 300 54' 19''.2; longitade1 75° 08' 05".5. 

-0.2 I 

I L7 
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DEI,.A. W .A.RE RIVEI-t-Continrrerl. 

Transrerse curi·cs of ·1;clocity, and perinwte·rs-Continued. 
·-----------------,--------,-------------------. 

:Flood. Ebb. 

Section.ti. 

~- ~ ~ '-' i' ~ 
os ~~ ~= 
~.s ·B ~.s 

~- E ~ d § a ! 
Remarks. 

e_ a~ :.§ s=~ 
·• .,..- ;:• -~-,,_ 

I
i '¥. -~ E .a ~ $ _E· ~ -~- :? A ::;;-:;::: p" ::a--
i·------- !---- ,Fufper•ec.1 - Feet.-- :-l!-'ee_f_p_er_•«--1·-·Fect.·--·-

' Sootion31-Cont'd. :JOH i··--~:~~ ... 1 4 l !............ 3.6 

:iao !··········--/ ····--1--·········· 

Section 35 ..... 

' 

• 

400 : ::!.8;; 
1 

13. I 
1

_____ 12.a 

41'J .•• .,............ 0.00 

i.m 3. 62 2fj. 6 I 2. 63 

llOO 

700 

soo 
900 

l,000 

1, 100 

1, 200 

1, 300 

1, 400 

], 500 

1, flOO 

1, 700 

1, 800 

l, 900 

2, 000 

2, 100 

2, 200 

2, 200 

2, 300 

2, 400 

2, 500 

2, &JO 

2, 600 

!:!, 700 

:!, 75Q 

0 

100 

170 

200 

300 

400 

500 

600 

700 
800 

IHHJ 
1, 000 

1, 100 

1,200 

1,300 

1,400 
1, 500 

1,000 
I, 700 

1,800 

1,900 
2,000 

2, 100 
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:l.45 
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3. l:l 
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30.1 
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31.:! 

2!!.5 
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32.7 

31. :! 

39.0 

38.4 
37.8 

3. (;ti 37.5 

3. a3 aa.o 

!?.SJ I 30.5 

1. Oil I 19. 2 
o. 07 l~. 8 

0. Oil \ •••••••••••• 

·-···· .. ·1 10. 8 
............ s.o 
............ 4.0 

............ ! - 2.0 

--- -· - - . ---· + 1.0 

o. 00 ······----·-
1. 74 5.5 

2. 94 22.9 
3. 39 24.2 
3. 51 25.il 

3. 57 26. 5 
3. 47 2ti.O 

3. 30 29.6 

3.13 30. 7 

n.10 31. 4 

3. 48 31. 8 

3. 92 31. 6 

a. 75 31.9 

3.58 34.8 

3.63 37. ( 

3.70 38.( 

3.75 38.1 

3.80 36.4 
3.68 33. 5 
3.30 28. 3 
2. 75 20.5 

.Area of section: Flood, 69,120 square feet; ebb, llll,920 i 
squa.ro foot. 

Mid-area= 1,563 feet. 

Mirh·olume~-flood, 1,462 feet.; o,bh, 1,480 feet. 

Plane of reference for depths a.hove mean low-water! 
Maximum 6ood, 4. 75 feet; maxhnum ebb, 4 feet. 

[ tude, 750 07' ll0''.5. 
Po~ition of end of sPction : Latitude, 300 54' 16" i longi· 

Position of origin of se<>ticn (le..-.,.,, Penlll!ylvania side): 

Latitude, illP G4' 09''.5; longitud<>, 75° 08' 07".4. 

Arna of oection: Flood, 62,460 oqnare feet; ebb, 60,~ 
square fret. 

Mid-a.rea = 1, 298 feet. 

Mid"·clume= tlood, 1,261 feet; ebb, l,<'.01 feet.. 

Plane of referenoo of depth• <>bove m- low.water: 
Maximum llood, 4. 75 foot; mrudmnm ebb, 4 feet. 

.. 
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DELAWARE HIVEH-Contirnw<l. 

Trausver1w e1n-11e11 of 1·e/ol'ity, and. pei·imeters-Coutinued. 

Sectiona. 

10 

100 
200 

ilOO 
400 

500 
800 

700 

8')() 

900 

l,000 

l, 100 
1,200 
1, 300 

l,400 

Flood. Ehl>. 

~- ~ ~ ~ .f· ~ ~ ~ 
~ .~ ·~- ; ~ s a ~ ... ~ ~ ... .=: --=s 
§~ ~~ E- ..,_ "- s -~ se 
.§ ~ i ·~ .§ .g ~ ~ -M I 
~ ~ ~ . t 2 ~· ~ ~ e ~ a ~- ! 

:Remarks . 
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Puaitiun Clf t•ud of stidion: J..atitrnk. :39°.:..t' o::v 1.6; lon~'i-

1----··--·- I O.t\ I -0.~ Position of oril!in of sediou (lf"'t'N'. P4"nDFt\-k:mrn sitleL 
\ ::.H ·+l.~ LatitudP,39"-1 J3'58".4; longitude,7tPOh'11'1 .8. 

I. o. (l(l J 6 2. e 

~.20 178 ~:~~ 1----;;() 
I ~- 81 26. () J. 62 ! :?5. 2 
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::. 48 

J. 60 
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;;. 2t1 :n.2 
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39. 8 

11). 6 
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35. :1 

33.4 
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32.1 
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30.4 
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28.6 
a.14 27. 7 a. 67 2.tt 9 

~30 ll5 LU mr 
0. 82 13. 8 2. 56 13. 0 

----~·-~--- -----~.-; .... ,! .... ~_·;--··1--···~--~----

::::::::::: :1 · ... ·;.- ~---· .... ~~ ~--- -1--·· -~-~-- .. 
:::::::::::: ~~ !:::::::::::: ~:! 
............ / ~ 7 1 .......... .. 

0.00 ............ , 0.00 ........... . 
J. 9 

1.19 4. 8 ].40 4.0 
2.116 16. 8 2.47 16.0 
2. 57 23. 0 2.81 22.2 
2.84 28.1 3. 01 21.a 
3. 03 3}. 8 a.1a 31. 0 
3.1:1 H7. O 3.20 36. 2 

3.22 4:l. 4 3. 35 42.6 
3. 23 47. 6 3. 48 46.8 
3.27 48. 2 :J.64 47 4 
a.a6 48. 1 3.79 47. 3 

3. 5() 48. l :!. 86 47.3 
a. 59 46. 7 a. 81 45.9 
3.67 44.0 3. 73 48. ll 
3. 61 38. 9 3.64 58. l 
3. 37 Rl. 0 3.62 30.Z 

Area of &f"C't1on ~ Flood. 60.701 squnr(' ft.'t't, ehiJ f>8, 765 i 

R41Uare feet. 

M1tl-area= 1,1~2 f~t. I 
Mid-volume= flood, 1, in feet; ebb, 1,174 fe.,t. , 

Plane of reference of depths above menn 10"1<-wat<!r, j 
Maximum flood, 4. 75 feet; maximum ebb, 4 foet. 

[tude, 750 07' ~2".9. 
Position of end of Af'.>ction: La.titnde1 390531 4!Y'.5, longi· 

Position of origin of section (marsh, Ponnsylvania side): 
Latitude, 390 53' 4'".8; longitude, 75° 08' 16".5. 

.A.relJ. of aeetion: Flood, 64,860 square feet, ebb, 62.916 
Aqnare feet. 

Mid.area= 1, 040 feet. 

I 
1,6-00 

'------'-I _1._800 __ ..;._ ____ _ 
• 3.19 22.a ----'--------'---'------J 3. 59 21. 5 

S.Ex.l3-2l 
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St'·Ctlons. 

Sect.ion J7-Cont tl. 

Section i.18- _. _. _ 

.; 
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:!, 430 

REPORT O.F THE SUPEIUNTENDBN'r OF THE 

DELA W .A.RE RIVER-Continued. 

Transrerse curves of t'elocity, and perimetei-s-Continued. 

!<'loot!. Ebb . 
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24. s 
26. 7 

28. 2 

m.o 
34. 6 
:is. 4 
43. 0 

43. s 
46. 6 

46.6 

45. l 

30. 8 

32. 6 

~4. 3 

21. 0 

20. 1 

JO. u 
l~. 3 

Jfi. s 

12. 0 

JI. 0 

9. 4 

8. 5 
6. 8 

J.h•f. per se1~. 
0. 5:J i 

i.1a 

0. 04 

0. 00 

! 

••••••••••••! 
___________ .[ 

Fee.t. 
17. 4 

14. 4 

l:!. 8 

16.:; 

. 8. ~ 

6. u 

5.'o 
4. 0 

a. 7 

-0.8 

3.0 

5.7 
7.1 
7.D 

8.2 
7.5 
(1.6 

9.2 
12. 7 

16.3 

19.0 

21.0 
22.:l 
24.0 

2:;,9 

27.4 
30.2 
33. 8 

37. 6 

42.2 

45.0 
4:;.s 
45.8 
44.3 

39. 0 

31. 8 

23.5 
20. 2 

19. J 
18. 2 
17. 5 

15. 0 

13. 11 

. --- - ---.. ~ -. 
12. 3 

ll.2 

10.2 

8. 6 

7. 7 
6. 0 

lfo\.yolunrn ~flood, 1,049 feet; ebb, 1,045 feet. 

Plane of r<>fercnce of depths above mean low-water: 
Maxiruumflood, 4.75feet; maximum ebb, 4 feet. 

[tude, 750 07' 46".8. 
l'osition of end of sedion: Latitude, 39" 53' 37".7; longi. 

I>ositiuIJ of oriJiiin of section (mareh, Pennsylvania. eide): 
Latitude, 39° a3' 31" .1; longitude, 75° ()8' 39".4. 

.Area of section: Flood, 8.~,370 square feet; ebb, 81,850 
squaref0<1t. 

.Mid-a.rea=2,144 feet. 

Xid-volnme-flood, 2,178feet; ebb, l,984.feet. 

Plane of reference for depths above mean lov-water: 
Maxinmm fiood, 4. 75 feet; maximum ebb, 4 feet. 
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8t»c1ion 39 
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DELAWARE RIVER-Coutfaned. 

Tran.~1,erse curi•es of -veloeity, and pei·imeters-Continued. 

Plood. 

------
Fat µ<'t ser. _FP1'f. 
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Ebb. 

Feet. 
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0. ii 
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··----······ 4.;, 
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}. 74 ]'..! 5 
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l. :;4 G. 6 
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~- 01 11. 2 

2. 51 14.3 
3. 0:1 1G. 6 
3. 32 1s. r 
3. 31 18. t') 

3. 23 18.9 

:1.:!] ]!), fi 

:J.18 :!O. 2 

:t 20 ~L~ 

:?. :!l !!:!.O 
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;i. 33 26.4 
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:~. -27 ~8.0 

3.42 43.0 

3.47 44.4 
3.46 42. 3 
3. 31 89.8 
3.03 36.8 
2.60 33.4 
2. 16 30.0 
1.74 25..7 
1.33 20.4 

1.07 18.4 
0.!)6 17.0 
o. 87 15 .. 7 
0.77 14.9 
0.68 14.4 

0.57 13.7 
0.41 11.2 
0.21 9.6 

0.00 8. 7 
............... 7.3 

Remarks. 

ltulle, 71i.:-; 07' 4W'.G. 
Posit inn of end of ser·tion: L<ttitnde. 390 a:-r l5".4 loag1· 

Po'litiou of origiu of sediou (IDar~h, Pt1rnsslvani~ side! 
Luti1 utlt, 39c ;:.~1 1 ~~111 .4: longitude '/f,0 U8' ~1:J 11 

Art>fl of SP<'tinn: J.100~1. 00.0fl'.1- ~qnffrf' fpf>f; f'llh. 91.692 i 

~q n:u"P feet. ~ 

:Mid-nron = ~. G.~2 ft>Pt. 

).fid-volnme:.-::::::fiood, ~,fill foet; f'Lb, 2,48] ft~(·t. 

Plane of referenre f-or dPpths above men.n Jow-w.ot0r · 
Yaxinrnm ftood, 4.75 feet; maximum eUb, 4 fpet. 
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I 
:S~dio11:J'\:J- ('out'd.l 

Section 40. 
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REPORT OF THE SUPERINTENDENT OF THE 

DELAWARE RIVER-Continued. 

'L'rans'Oerse cun'es of uelocity, and perimeters-Continued. 
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Remark.II. 

[tude, 75" 07' 57".8. 
Position of end of sel'tion: Latitude, 390 521 50W.6; longi· 

Position of origin. of section (marsh, Pennsylvn.nia aide): 
Latitude, 3W) 53' 21''.2; longitnde1 759 09' 08".5. 

Area. ofRection: Flood, 100,520 sqnare feet; ebbt 95,820 
R·quare feet. 

Mid . .;ma = 3, 010 feet. 

Mirl-volume =flood, 2,810 feet; ebb, 2, 770 feet. 

Pl&Ile of refer&nce for depths above mean low-watt<r: 
Maximum flood, 4. 75 feet; m1ox.imum ebb, 4 r~~t. 
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DELAWARE RIVER-Continued. 

Tra.tu111erse m1rve11 of velocity, and perinr.eters-Cont.inuecl • . ------------------------ ------- ----------------------------~ I 

Sections. 
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............... 
··········-· 

................ 

................. 

............. ~. 

. ~ ---. -.. -.... 

-·-·-······· 
0. OU 

o.n 
1.81 

1. 118 

1.99 
], 99 

1. 97 

1-84 

1.34 

0. 73 

0.Cl2 

1.26 

2. 22 
2.65 

2, 80 

2. 87 
2.84 

2. 78 

2.69 

2. 66 

2. 64 

2.63 

2.63 
2. 81 

3. 05 

3. 18 
3.16 

3.06 
s. 01 
3.08 

Feet. 
19.5 

18.2 
16. s 
14. J 
12. s 

lll, 3 

7. 8 

7.0 
1u, 
6. 2 

6, 8 

6. 9 

6. 0 
r;, 1 

(1. & 

4. 9 

4. 7 

4.S 
4. 0 

0.0 

3. 4 

·····--·····1 
s_5 I 

17. G l 
18. 7 

19.4 
19.0 
18.G 
17_ 7 

15.1 

8.7 
8.3 
8.0 

8.1 
10.3 

12.3 
13.9 

17.0 
17. 7 

19.f. 

20. 2 
2L3 
21,8 

22. 7 
22. 9 

23.3 
23.8 

2G. 0 
29,0 

32.8 

85.6 

Remuks. 

{tutle, 75" 08' :!8" . 
PLtftiUou of entl of •e-r.tion ~ Latitmle, 390 52' 31 ' 1-.9; longi-

Position or origin of section (mRrsb, I~eBgne I slaud ): Lati
tntlt::> 39° ;,3, 171r.:{; loagitude1 750 09' t'.21 1.5. 

Area cf 86Ction: Flood, 99, 780 eqnaro feet; ebb, 9';, 100 
sqn.'l.I'e feet. 

Mid-area= 2, 765 foet. 

Mid-volume=fiood, 2,389 feet; e'bb,2,700 feet. 

Plane of reference for depths al>0ve mean low-wntrr: 
:llax.imum flood, 4.75 feeti maximum ebh1 4 fet->t. 
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SeclioJJ8 

I 

I 
··~- ·1· 

"'""""~-"·! 

:Section 42 ... 

3, 000 

3, 100 

3,200 
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B,400 
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3, 800 
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4, 400 
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4,GOO 

4, 700 

4, 800 

4,900 

fi, 000 

fi, 100 

!i, ~00 

!), 300 

!';, 400 

[i, ;)()() 

.;,, 600 

{), 700 

.5, 800 

fi, 87-0 

0 

85 
10-0 

200 

300 

400 
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r.oo 
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800 

900 
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1, 300 
l, 400 
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1,600 
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1, 800 

REPORT OF THR SUPERINTENDENT OF THE 

DELAWARE RIVER-Continued. 

Transvet·se c1irves of velocity, and perimeters-Continued. 

~~ 
l:: a 
~s 
l:l ~ " a " ~ "' ... ; ~ " ;:.I 

Feet per sec. 
:!.6:! 

2. 49 

2. 29 

~. J:l 

l. ~\! 

1. !67 

l. 76 

l. 6;1 

1. 47 

l. 18 

o. 7~~ 
0. 4~ 

0. lJ 

o. o:i 
0. Oil 

::::::::::::ii 
........... -
.•••••••••• I 

i 

.............. 
0. 00 

0.19 

0. 98 

1.96 
2. 67 

2. 78 

2.81 
2. 77 

2.65 
2.54 
2.52 
2. 61 

2. 85 

3.03 

3.15 

S.22 
3.31 
8.fO 

3.47 

.... ,:, 0 

~ "' ~ ~ - ~ ::, a .... ·;; 
05. " " s 
>=< 

Fat. 
s;. 5 

38, 6 

:~9. 8 

39. 7 

3~ •. 5 

2~. :~ 

'.!1. :1 
2:L 1 

~l. 1 

17. 8 

14. 3 

H. ~ 

i. fj 

~-II 

6. 8 

G. B 

G. ~ 

~-a 

G. 2 

G. l 

G. 0 

G. 0 

G. 0 

G. 0 

(), () 

G. 0 

ti. G 

:i. 8 

0. 0 

2. 9 

~, 

·--·-··-- .. -· 
6. 8 

lfi. J 

18. 5 

20. 9 

21.1 

21. 6 
21.4 

20. 7 

16.1 

11. 9 

12. 2 

13.8 
15.1 

17.4 
19 8 

22.1 
23. 3 
:24. 3 

Ebb. 

Feet per sec. 
3.19 

3. 30 

3 ;14 

3. :i~ 

3. 20 

2. 9G 

'.!. 18 

1. 7~ 
1. 4~ 

I. 04 

(I_ ~(j 

! 

I 

Feet •• 
36. 7 
37.8 
39.0 

38 9 

34. 7 

23. 5 

22. 3 
20. 3 

9. 0 

G. 8 

0. 00 ~ .. - ... ' ,_ .. 

........... ! G.'.! 

: I :: 
::::::::::::1 

·-··--·----·1 
..... ···I 

:::::::·:] 
............ 1 

5. 4 

5. 2 

fi. 2 

fi. ~ 

5. 2 

5. ~ 

4. 8 

4. 5 

3. 0 

········----11 -::: 
0.00 ••••••••••·· 
C.19 
1.12 

2. 00 

2. 59 

2. 73 
2. 56 
2.15 

1. 71 

L71 
1.87 
2.00 
2.19 
2.40 
2.511 
2.67 
2.611 
2. 611 
2.68 

6.0 

14. 3 

17. 7 

20.1 

20.3 

20.8 

20.6 

19.9 

U.3 
lL 1 
11.4 
13.0 
14.3 
16. G 

19.0 
2L3 
22. ll 
23.ll 

RemarJ..1. 

(tude., 750 09' 00". 
Position of end of aection: La.titnde, 390 52' 2011 .7; Jongi-

Position of origin of section (marsh, League Island): La.ti
tucl~. 3905W15".7; longitude, n;o 00' 3311 .U. 

Area of sect.ion: Flood, 92,495 &qnare f11<1t; ebb, 88,175 
sqnar& feet. 

Yiil-area.=2,400 feet. 
Mitl--volume=:ftood, 2,123 root; ebb, 2,l51l foot. 
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DELA W AIU.; 1-:IVEH-Contiuued. 

Transverse curves of vel<>city, and peri11wters-Continued. 

J<'loou. :Ebb . 
.; 

~§:(1 >, s:: 
B 1 t 
s "2 ~ 
~ t> -

I j I .11 i I 

Sectioua. 

I ~ ~ ~~ I 

Seo~= ~:~c u-nt-.d-.1--1.-m---ll.i·ectd'~; .,,.,_ l ___ ;_: __ ,-~--l!J<-,-,,-t2-~-;:--
2, 0-00 3 44 24. 0 2. 88 

2,1-00 3 28 24.5 2.98 

2, 200 3, 11 24. 9 .1 ~,,.· ~-93 
2, 3(i0 ~. 04 2~. 5 ( 

2, 4-00 3. Ql 28. 1 
2, 5-00 2. 97 31. g 

2, 6-00 2. 9'J 3·1. 8 

2. 86 

2. 76 
2. 68 

2. 57 
2.44 
2. 20 

36.0 

35. 7 
36.0 

35.1 
at.5 
33.1 
30.4 

3. 5~ 

tl.61 

3. 63 

J. ti(/ 

a. 3:.l 

3. 06 

2. 6.9 

Fett. 
24.ll 

24.1 
23. 7 

24.1 
24. 7 

!:!7. ;_: 

31. l 

34. 0 

35. 7 

a;,. 9 

34. ;: 

33. 7 

32. 3 

29. 6 

2, 7(~ 

2,SOO 

2, 000 

3,0<!0 
3, 100 

3, 200 

ll,300 
8,(QO 

3, 500 

3,600 
3,600 

s, 700 
3,800 
S,900 
3,1185 

4,000 
4, 100 

4, 200 
4,300 
4,400 
4,500 

4,6-00 

4, 700 

4,8-00 

4,900 

1. 81 

1. 31 
0. 70 

0. 27 
0. 00 

:!'/. 0 2. 27 26. 2 

Section <l3 ••••••••• 

5,000 
5, 1<1? 

5,200 
5,300 

5,400 

0 
100 
150 

200 
300 
400 

500 
600 
700 

800 
900 

1,000 
1,100 

1,200 

::::::::::::1 
.............. ] 

c::::::J 
I::::::::: :::i 

I 

···~:· 1 

1. 91 

2. 37 

2. 64 

2. i7 
2. 79 

2. !!() 

2. 83 
2.92 
3.00 
S.06 

3.13 

·---~~~---· ·---~~ ~~--- .1 ... -~~L .. 
7.8 
6. 7 

Ii. 3 

6.0 

5.U 
4. 8 
4.1 

3.9 

3.6 

3. 5 
3. 6 

3. 6 

:i. 6 

3.6 

3.6 
3.6 
3. 6 

1. 8 

7. 7 

..... --·· ·-· 
11.·1 

23. 3 
25.1 

27. 3 
28. 2 
27. l 
:15. s 
25. 5 
24.0 
23. 9 

25.0 

1.~ 

0.69 
0. 31 

0. 00 

I
I:::::::::::: 
··-········· 
··-···-····· 

1············ 
! •••••••.•••• 

.................. 

................ 
0.00 
0.52 

1.52 
2.23 
2.4-0 
2.35 

2.21 

2.01 
2.00 
2.« 
2. 72 
2. 77 

7. 0 

5. 9 
5. 5 

5. 2 
4. 7 

4. 0 

;J.3 

3.1 

2.8 
2. 7 
2. 7 

~. 8 

2. 8 
2. g 

2. 8 

~. s 
::.i. 8 

]. 0 

6..9 

16. a 
22. 5 

24.3 
26.5 
27.4 

26. 3 

25.0 
U.7 
23.2 

23.1 

24.2 

----·------------------

Plane of reference for depths abo>e mean ·iow-water; 
M.aximum flood, 4.75 foet; maximum ebb, 4 feet. 

[tude, 7[1° 09' 41' 1.8, 

Positfon of end of section: Latitude, 39.° 5Z' !!711.7; lonJid-

l'oeition of origin of l!e<:tion (levee, Leotgu• I.land); Lati· 
tude, 390 53' 12".5; longitude 75° 091 .58".2. 

Area of oection: Flood, l!J,435 equare feet, ebb, 80,779 
oquare feet. 

Jfid.area=l,712f&et. 
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DELAWARE RIVER-Continued. 

Transi,erse ciwves of vek>city, and perimet/J'rs-Continued . 
. ------------··---------------------------------------

; .a ____ 1_01~0-od. ____ j ____ :E_b_u_. ____ , 

Sect.ions. 

I 8ection43-Cont"d.1 

I 

Section44 ...•..... 

·~ ~~~ ~g ~s cog 
a ~ ~ Si ~ ~ .§~ 
~ ~- +=a P--~ :a 
~ ~] ~§ ~] e~ 
" s "...:_ s "...:. -~ : -~e~ ~-=i-.. :8~ i=~ a ~-- As~ ~-~ As~ 

1, :mo 
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1, 500 

], 600 

], 700 

]. 800 

l, 000 

2, 000 
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2. 400 
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2. 700 

2,800 

2.900 
J,000 

3, 100 

3, 110 

3,200 
3,300 

:l,3W 

70 
too 
zoo 
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400 

500 

000 

700 

lllm 
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1,000 
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l, 300 

1,400 

1! r.,oo 
1,600 

1, 700 

1.800 

I, 900 

2,00D 

2,100 

2,200 
2,300 

2,400 

2, 500 

2,600 

2, 700 

I Feet P"' uc.I 
3. l7 

3. :?Ii 

3. 35 

3. 40 

:1. 30 
3 •>O 

J. 14 

a. o;~ 

~. ~1 

'.2. 72 

Fret. 
~6.6 

27. 0 

2R~ 

29. 0 

I
. ~. 4!i :12. 3 

~.34 :n.o 
~. 10 27. ;, 

1. jj j}, 3 

I 
J.36 mo 
o. 4!J I ti. 6 

·--· .... ··-·\ 6. 2 
............ , 4.4 

i Peet per &cc, i Feet. 
2. 83 ~5. 8 

2. 89 

2. 95 

3. o;, 
3. 11 

3. 49 

3. 94 

4. '.?~ 

4. 1~ 

3. 94 

:1. 11 

1.87 

J.16 

O. Gr> 

26. 2 

27. 4 

35. ,;, 

J5. 0 

34. ~ 

33. 1 

;;l. ;) 

;J(l, i 

26.; 

2(1. 5 

H.2 
:J.8 

3. 6 I 
o. uu I. ....... . 

0.06 

0.00 !' ........... ; ~-~ I 

1---- ~: ~~-- .. i. ----~·-~ .... !- ... ;,: ~:i .. 

3. u 

J. 5 

I o. 02 !1.6 

1. fit) '.::(l.i> 

2. Ofl 27. 6 

2. 36 ~9. 3 

2. 63 31.3 

2. 83 32. 0 

:!. 91 32.4 

~. 91 3:!. 9 

2.95 3;J.:! 

3.11 32.;J 

3.29 31.5 

3. 4!l 31.5 

3. 51 a-;. :J 
3. 39 33. 3 

3.20 :u.~ 

3. 08 3-i.7 

2. 95 J[>.3 

2.87 3.l.<l 

2.82 35.4 

2. 78 35.4 

2.6D 35.3 

2.M 33- 8 

2.25 32.3 

2.26 30. l 

2.34 23.4 
2.~ 14.8 

2.26 10.5 

o. 21 

1.00 

2 • .1:! 

2.49 

l. 9".J 

l.65 

]. !'6 

2.40 

Z.81 
::!.90 

2 96 

2:.99 

3.04 

3.09 

3.12 
3.25 

3.50 

3.95 

4. 21 

4.19 

4.07 

3.92 

3.75 

3.62 
3.2() 

2. 72 

2. 25 

1-----~.-~----
!9. 7 

26.8 

28. 5 

30. 5 

31. ~ 

31.6 

32. 1 

32. 4 

31." 
30. 7 

30. 7 

31. r. 
32. 5 

33.0 
33.9 

34.5 
34. 5 

34. 6 

34. 6 

34.5 
93.0 
3L5 
29.3 
22.e 
lt.O 
9.7 

Mirt.rnlume=tlood, l,662feet; ebb, l,966feet. 

Planp of refel.'€nce for depths above mean low-water; 

:Maxim11m ll.ood, 4.75 feet; maximum ebb, 4 feet. 

[tude, 750 IO' 10".9. 
Position of end of Rection: Latit-ndt\ 390 521 4011

; longi-

Poeitiion of origin of section (le~. League Island): Lati
tude, 39" :;a• 11" .1; longitude, 75° 10' 20" .9. 

Area of oectlon' l'lood, 84,375 square feet; ebb, 81,599 
Rquare feet; 

Mid-area= l.480 feet. 

Mi<l-zol11me~ flood, 1,422 foot; ebb, 1,661 feet. 

Plane of referenee for depths above mean low-water: 
Maximum llood, 4..75 feet; maximum ebb, 4. feet. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 169 

DELAWARE RIVER-Continued. 

Transverse curvNI of velocity, and perimeters-Continued. 

Flood. Ebb. 

Sections. 

·~---!-~--·i----
----------~ ____ , ______________________ , 

Fut. 1 !Peet per sec. 
Section44-Cont'd.! 2, 800 2. 07 

Feet. 
0. 0 

8. 0 

6. 1 

Fut per Bee .. 

! I. 74 8.2 . . ' 
I 2, 900 1. Ho 

3, 000 ]. 49 

3, 100 J. 12 

3, 170 

:J, 2-0U 

3, 300 

;i, 370 

3,400 

3, 470 

Se('.tion 45_ .•.•. _ 0 

100 

200 

300 

315 0. U(I 

400 2.10 

500 2. 2!) 

600 2. 42 

700 2. 50 

800 ~. ,')4 

900 2.86 

1, 000 3.14 

1, 100 3. 42 

l, 2()0 3. 42 

1, 31){) 3. 37 

1, 400 3. 25 

1, 500 3.14 

1, 600 ~- 05 
1, 700 2. 93 

1, 800 2. 78 
1, 91)0 2.58 

2, 000 2.35 

2, 100 2.30 

2,200 2.28 

2, 300 2.19 

2, 400 2.18 

2, 500 2.22 

2, 600 2.28 

2, 700 2.:15 

2, 800 2.41 

2, !JOO 2. 47 

3, 000 2.5~ 

3, 100 '.!. !\j 

3, 200 2~ 58 

3, 300 2.r>-1 

3,400 2.10 

i 
I, 

L. 
3,415 

I 3,500 1. 01 

3,600 -0.06 

3,615 I o.oo i 

I I 3, 6115 ---------··1 
! I 

S. Ex. 1S--2i 

5.1 

4. 7 

3. 9 

0. 8 

3.1 

4. 1 

5.1 

15. 8 

22. 1 
25, 6 

30. 4 

32, 9 

33. 0 

:J4. 8 

36. 4 

36. 3 

36. 4 
36. 2 

35. 8 

34. 8 

35. 0 

35.1 

35. 1 

35. fi 

35. 3 

34. 6 

34. 4 

32. 8 

29. 9 

24.4 

20.6 

13.9 

9.6 

13. 3 
15. 0 

16.3 

17.:l 

17.1 

10.1 

6.4 
5.7 

2-8 

i. 2r. 
0. 76 

o. 31 
0.00 

____________ j 

·-- ---··--i 

------·----i 

7.2 

5.3 
4. 4 

4.3 

3. 9 

3.1 

o. 0 

2. 3 

3. 3 

4. 3 

15. 0 

0. 00 
i .. __________ 

l. 39 i 21. 3 
l. 82 24.8 
1. 96 29.6 

2. 09 32.1 

2. 31 32. z 
2. 57 34.0 

2. 75 35. 5 

2. 82 35. 5 

2.86 35.6 

i.82 35. 4 

2. 82 35.0 

2. 82 34. 0 

2.92 34. 2 

3. 22 34. 3 

3. :>1 34. 3 

3. 7Z 34.8 

3. 87 34. 5 

3. 95 83. 8 

3. 94. 33.6 

3. 82 32. 0 

3. 61 29.1 

3. 33 23,ij 

2.~ 19.8 

2. 28 13.1 
1.87 8.8 
l. 83 12.5 

2. 23 14.2 
2. 45 15.5 

2. 30 16. 5 

1. 68 16.3 

I 
9.3 

I ... --- ...... 

I 
5. 6 

4. g 

[tude, 75° 10' 18".3. 
Position of Pnd of section: Latitude, 390 52' 36" .8; longi-

Position of origin of section (leveet League Island): Lati- I 
tude, 390 53 1 11u.s; longitude, 750 101 451'.6. ) 

ATea of st::ction; Flood, 00,C55 equaTe feet; ebb, 87,000 

I 8(lllln"e feet. 

Mid-area.=1,636 fe-ct. 

Mid-Yolume=fiood, 1,557 foet; ebb, 1,799 feet. 

rlarm or refert.1JlCfl for deptbe '\boVC roC1.D loW-Vi .. \t,er: 

Maxim\lm tloOO. 4.75 foot; maximum ~h\J, 4 feet. 

, ............ 1 ............ 

1 
[tude7/\010'41".6. 

1---------· .. 
1 

2.0 I Position of end of section: Lntitud<>, 390 52' 35".4; longi· 
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Sections. 

I Section 46 ........ . 

I Section 47 ••••••••• 
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REPORT OF THE SUPERINTENDENT OF THE 

DELA WARE RIVER-Continued. 

Trarumerse curves of velocity, and perimeters-Continued. 

Flood. Ebb. 
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23.5 
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6.9 
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2.96 

2.96 

2.88 
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2. 72 
2.88 
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3.34 

3.50 

3.61 

3.68 

3.72 

3.74 
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2.00 

1.89 
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0.00 

4.6 I'"""'""' 

~:: i :::::: ::::::1 
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~:: ~: 1:::::.:::::: 
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30. 9 

30. 0 

29. 5 

28. 3 
28. 2 

29. 9 

32. 2 
33. 6 

32. 7 

31. 5 

31. 8 

31.4 

31.1 

30.8 

30. 3 

29. 0 

'n.7 

24. 2 
21. 2 

19.6 

16.1 

9.8 

5.8 

10.5 

H.O 
17.2 
19.8 

21.9 
22.7 
22. 0 

19.3 
u.o 
6.1 

4.3 

3.8 

3.0 
1.0 

o.o 
5.9 

5.8 
r;.a 

I Position of origin of section (levee, Lea.gue Iala.ud): Lati· 
1 

tude, ago 53' 08".2; longitude, 7fi" 11' 13".1. 

Area. of section: Flood, 92,495 square feet; ebb, 89,055 
square foot. 

J Mid-area= 1, 787 feet. 

I Mid-volumes= Hood, 1, 580 foot; ebb, 1, 775 feet. 

\ Plane of reference for depths above mean low. water : 
Maximum llood, 4.75 feet; maximum ebb, i feet. 

[tude, 7:;<> 11' 00" 8. 
Position of end of section: Latitude, 390 52' 28'1.7; long!-

Position of origin of eectlon (levee, 1-gue Island): Lati
tude, 39" ~· 06".6; longitude. 75" 11' 28''.3. 
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DELAWARE RIVER-Continued. 

Transverse curves of velocity, and piwimeters-Continued. 

I Flood. i Ebb. 

\ -~ I I E$ ""' 0 =5 ~ ""' 
* 

·i:: 0 
0 0 

0 .Q s .§ 1 i " <I 
Sections. s ..s s ll ~ 

.E /; .s ... s I /; .s : § 
llemarka. 

" s 'Zl es s r; e .§ " "<:.> 
I -~~ i ~ 

s ",..:._ '.;l ·~ .-:.. •""4 "d"" ~~~ "''"'"" fr s ~ lo': Q,> ~ 

! 
ce ;.... .... ;; ~ :c =- a~ iS ::;, - .... i:< I i:< 

IF .. t per sec. 
I 

Feet. iFeet per 8ec. Feet. 
Seetion47-Cont'd. 400 

I 
1. 01 11.1 I o. 43 10.3 

500 1. 73 19. 0 I 1. 24 18. 2 

600 I 2. 63 26.0 I 1. 82 25. 2 i 
700 I 2. 76 29. 2 

I 
2. 06 28. 4 

800 ! 2. 56 30. 5 I 2.19 29.7 

900 

I 
2. 39 31. 2 

I 

2. 29 30.4 
1,000 2. 39 31.1 2. 38 30. 3 
1,100 I 2.49 30.9 2. 47 30.1 

' 
I 1, 200 i 2. 66 33.2 2. 55 32. 4 

1,300 2. 84 34.8 I 2. 64 34. 0 I 
1,400 3. 00 34.4 I 2. 73 33. 6 
1,500 3.15 33.6 I 2. 80 32.8 
1, 600 3.24 32.5 2. 84 31.7 
1, 700 3. 28 31. 9 2. 92 3~. l 
1,800 3.18 32. 5 3. 09 31. 7 Area of section: Flood, 96,480 square feet; ebb, 92,000 
1,900 2. 91 31.1 3. 27 30.3 square feet. 
2,000 2.61 29.8 3. 43 21!. 0 

2, 100 2.37 28.8 3. 57 28.0 Mid-area= 1,915 feet. 

2, 200 2. 23 27.2 3. 69 26. 4 Mid-volume= Jl.ood, 1,801 feet; ebb. 2,035 feet. 
2.300 2.11 26.1 3. 82 25.3 

2,400 1. 98 23. 3 

I 
3. 87 22.5 Plane of reference for depths above mean low-water: 

2,500 1. 91 22.2 3. 78 21.4 Maximum dood, 4.75 feet; maximum ebb, 4 feet. 
2,600 1. 89 21.3 3. 68 20.5 
2, 700 l.~ 20. 0 3. 61 19.2 
2,800 1. 91 17.8 3. 64 17.0 
2, 900 1. 92 16.6 3. 66 15. 8 
3,000 1. 89 15. 6 3. 43 14. 8 
3,100 1. 85 13. 1 3. 03 12. 3 
3, 200 1.80 11. 1 I 2. 53 10.S 
s, aoo 1. 80 8.9 1. 74 8.1 
3,400 1. 92 10.2 1. 31 9.4 

3, 500 2.16 13.8 1. 49 13. 0 

3, 600 2. 47 18.4 1. 88 17.6 

3, 700 2. 75 24.1 2.14 

I 
23.3 

3,800 2. 95 28. 1 

I 
2.12 27.3 

s. 900 2. 9J 29.5 2.14 I 28. 7 
4, 000 2.66 29.3 2. 00 28. 5 . 
4, 100 2.11 22.8 l '" 22. 0 

4,200 1.10 7.8 1.10 7.0 

4,300 0.00 S.8 0.00 3.0 [tudc1 750 111 13".1. 
4,400 .... ·-· ......... 0.7 •..••••••.• o.o Pooition of end of sooti-0n; Latitude, ago 52' 24".2; longi· 

""'° -·······-··· - 0.2 .................................. 
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TABLE No. 48. 

Locus of the center of the c;ross-section in Delaware River. 
[The origin of tlrn ordin'ltl-A m this ta hie iH at intersection of meridian 75'.J 08' 00" with parallel 390 56' 00~' ... J 

:J2 

21 
20 

47 

46 

45 

44 

43 
42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

-510 

-400 
-33~ 

' ' I 
DistilllCC, in feet, Dista.nce., in feet, ! Ra.dius of curva- ' Directiun of : 

on parallel x. 011 meridian y. ! turc, in feet. concavity. 

-15, 730 
-14, (j,)ll 

-12, 773 

-10, 808 

- 0,3GG 

- 7, uoo 
- 0,l::llG 

- 3, 720 

- 2, 072 

- 1, OG;; 

285 

+ 160 

+ 680 

+ 1,115 

+ 1,390 

+ 1, 375 

+ 1,110 

+ 610 

+ 200 

375 

760 

945 

- 1,270 

- 1,415 

- 1,585 

-19, 366 

-rn,1211 

-18, 651 

-Hi,55ti 

-18, 681 
-19, 0~1 
-rn, 161 
-18, 606 

-17, 311 

--15, 839 

-14, 000 

-12, 748 

-11, 50fi 

-10, 380 

- 0, 260 

- 8, 375 

- 7,180 

- f>,600 

- 4, 580 

3, 400 

- 2, 745 
- 2, 150 

985 

+ 80 
+ 1,235 

KA.8T CHANNEL. 

+2, 235 

+2,SOO 

+a,820 

··-···-····-··-·-·-·I 
8,191 N. W. • 

198, 000 

9, 700 

130, 000 

152, 000 

156, 000 

5, 800 

5, 100 

6,300 

9,500 

29, 000 

24, 400 

4:l, 400 

9,200 

4, 000 

5, 300 

16, 600 

19. 000 

17,000 

14, 300 

N. 
s. 
s. 
s. 
N. 
N. 

N.W. 
N.W. 
N.W. 
N.W. 
S.E. 

N.W. 
N.W. 
N.W. 
s.w. 
s.w. 
s.w. 
S.W. 
s.w. 

3,000 N.E. 

34, 700 w. 

1---···~~;:·~·-·-· ::::~:;::::: 

WllST CILU.'NJIL. 

-2, 135 
-2, 175 

+2,240 
+3,035 

+_4,_935 
6,053 :N.E. 

-'.!!075 
-~~ . -- ---- -- -__ .. ______ _ 

'-, 1• 
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10 

9 

8 
7 

6 

5 
4 

i 

TABLE No. 4.8-Continued. 

~ 
~ -~ Dist.'Ulce, in feet, Distance, in feet, Ra.dius of curva-... ~ 

on par<illel z. on meridian y. ture, in feet. 0 " 

~ ~ 

19 - 1, 650 I + 5, 040 ···-···········-·-
18 - 1, 245 I + 5, 945 3,300 

I 

17 -- 1, 120 

I 

+ 6, 950 9, 000 

16 - 860 + 8,010 3,200 
15 - 505 + 8, 615 3,800 
14 + 155 + 9, 320 5,600 

13 + 830 + 9, 840 8,800 
12 + l,C20 +io, sso 3,800 
11 + 2,380 +10, 590 ....................... 

NORTH CILUINEL. 

·~·;:1~~· -~~~:~~- .......... ::::::::::I:!:~! : :::~~ 
+ 4, 505 +12, 752 18, 000 s. E. I + 6, 741 + 8, 905 
+ 5, 736 +13, 342 13, 200 S. E. i + 8, 016 + 9, 585 
+ 7, 081 +rn, 820 19, 8llO N. W. + 9, 342 +10, 730 

+ 8, 401 +14, 40-0 U, 300 S. E. +10, 052 +11, 620 
+10, 572 +14, 940 . •• . . .. ••• ...... .. .. +11, 216 +12, 315 

Distance, in :feet, I lla.dius of curv ... 
on meridhm y. tare, in feet. 

I I Distance~ in feet, 
I on parallel a:. 

Direction of 
concavity. 

................. 
N.W. 
B.E. 
B.E. 
S.E. 
S.E. 
S.E. 
S.E. 

.............. 

2,600 
6, 100 
8,100 
3,400 
5,000 

N.W. 

N. 'Y'· 
N.W. 
S.E. 

Direction of 
concavity. 

5i800 N. W. 
a 
2 

1 

+13, 072 
+15, 958 
+17, 958 

+14,300 
+15,400 
+17,751 ••••c- --~- ............ ;-······i::·~···· 
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CllAPTER I. 

THE THEORY OF CYCLONES. 

1. In the general motions of the atmosphere, treated of in the first part of these Researches, 
the disturbing cause is the difference of density, arising mostly from the difference of tempei:ature 
between tlrn equatorial and polar regions of tlle globe, awl each one of thfl two similar systems of 
atmospheric circulation arisin~ from this cause, and ha>ing one of the poles of the earth for its 
center, embraces a whole hemisphere. In the ordinary cyclonic disturbances of tlrn atmosphere 
the causes are similar, but more local, embracing generall~· a comparatively small part of a hemi
sphere, and consist in a difference of density arisillg mostl,v from a difference of temperature 
between some central area and the external snrronmling parl8 of the atmosphere. In the latter 
case the conditions to be sat.isfied are those expressed by equations (22), Part I. vVhere, however, 
the part of the earth's surface to which these equations arc to be applied is of such extent only 
that the whole area may be regarded as a plane, and the. curvature of the surface may be neglected 
without material error, we haTe the approximate and more simple e.quations of (2.~), Part I. In 
these latter equations cos </' (sine of the latitude), belonging to the center, is used instead of cos ii, 
which differs in Yalue between the equatorial and polar sides of tbe cyclone. This makes the 
equations symmetrical on all sides of the cyclone, when the disturbing cause i8 symmetrical, and 
com;cqnently simplifies them very much, hut it should be understood that these equations cannot be 
applied to very large cyclones without C,l)llSiderable error. 

2. The expressions of some of the terms of the8e equations may he simplified by adopting the 
following notation, putting 

r =the linear distance from the center; 
u =the velocity in the direction of r ; 
v =the Yclocity in a direction perpendicular to r on the left; 

and putting also F,, and F,. for the components of F in the directions, res]lectively, of the velocities 
u ancl v, we shall then haYe in equations (23), Part I, Du log P' :!!::: D, log P', Du log a' =Dr log a', 
D,2 u = D, u, D,2 Y = D, r, D, u = ~~, Fu = F •• and F,. = F,. If we also assume that a' is a fm1c
tion of r sim:tlly, or, in other words, that the disturbing cause is symmetrical on all sides, we shall 
have D.,. log a' = o, and consequently D,. log I" = 0. ·with these changes, by omitting the accent 
on a', since we for the present assume a to be the same for all altitudes, the equations become 

(1) 

in which 

(2) 

5 D, log P' =a ((2 n cos'/'+ v) V - F,, :__ D,u) + ghD, a. 

l 0 = 2 ( n cos •/' + v) ii + F v + D, v. 

'V v=
r 

is the angular gyratory velocity around the center, relative to the earth's surface, n cos 1/J being the 
angular gyrator,v velocity due to the earth's rotation on its axis. 

These are the equations of a regular cyclone, symmetrical on all sides, but it must, be borne in 
mind, that in addition to these equations the cornlition of continuity must also be satisfied, or, in 
other words, that the motions of the air satisfying these equations must also be such as will not 
cause a greater or less volume of air to flow into any given space than flows out of it at the same 
time. This condition is satisfied by gyratory motions with uniform velocities on all sides at the 
same distances from the center, and is also satisfied by interchanging motions between the internal 
and external parts of the atmosphere of the disturbed area, i1rovided these are such as to call8e no 
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greater or less \olume of air to mo\e toward than from the central part, at any gi,-cn diHtance 
from the center, unleRR there is a, corresponding change in the amount of air alt(l of llarometrie 
pressure in the interior part. 

From (11) and (20), Part I, we get for the expression of the symbol a, adopted for tlie conYen
ience of expression, 

1 1 (3) a = ~--·------------~~·------- = 
g l ( 1.00154 + .004 t ) 7~455 ( 1 + .004 t ) ,-ery nearly, 

in which g = 9.8053m is the accelnation per second of tlie velocity of a falling body near the 
earth's surface on the parallel of 45°, and tis the temperature of the air in centigrade degrees, and 
l = 7989"', is the height of a homogeneous atmosphere. For the expression of a', which is the 
value of a at tl1e earth's surface, t becomes t', the temperature at the surface. 

Where a cannot be assumed to have the same valne at all altitudes, without its leading to too 
much error, but must be regarded as a function of h, then, illstead of a or a' in (23), ]'art I, we 

must put~ia' wbicl1 will include the imiall neglected term /(h) in (14), Part l, from which the 

preceding equations have been deduced. Since a is a function »hich Yaries with the \ariable t, 
where the rate of decrease of temperature with the altitude •arieR much at different distances from 

the center of the c;rclone, the use of the expres1'don /,,ha im;tead of u, ma,~· ha,~e considerable effect 

upon the conditions of the cyclone, expressed b,v equations (I j, especially when h is great, while the 
effoct from the absolute change of tbe \alue of a would be verx little. 

3. In the case of no friction we haYe F,. = O, and from the last of (1) aud from (2) we get in 
this case, by put,ting for u its equivalent D, r, ,. 

This gives by integration 

(4) 

0 = 2 ( n cos '/' + > ) D, r + r D, t'. 

r2 (ncosci+")=c, 

in which c is a constant depending upon the initial Rtate or a11101mt of gyratory velocity of any 
given particle of air considered iml(•peJJdently of the others, each particle lwing suppose1l to he 
free and not acted upon through friction by the c011tignous particles, as implied by putting F" = O. 

Since ( n cos </• + >) is the angular gyratory velocity due both to the e~irth's rotation on its 
axis, and the g;vratory motion around the center relative to the earth's surfaC(', tl1e first member of 
(4) expresses the area swept over by the radius r in a unit of time in cons1•f[nence of both parts 
of the gyration, and hence this equation is simply the expression of the "l'.-Pll·known principle of 
the preservation of areas where there are only centripetal or centrifugal fo1ccs. 

If we put 
r 0 = the initial distance or ,-aiue of r, 
v0 = the initial angular gyrator.)· velocity; 

we shall have 
C = r 0

2 ( n COS</' + Yu)• 

For the different particles of air, therefore, there must in general be different \alnes of the 
constant c, for any given initial state whether of motion or of rest relath-e to the earth's surface. 

If we now suppose that the particles of air have a mutual action upon one another through 
friction, but that there is no friction between the air and the earth's surface, all the particles then, 
whatev~r may have been their original state with regard to motion or rest, will be brought to 
have the same gyratory velocity at all altitudes at the same distances from the center, and we 
must in this case ha\e the sum of the areas fOI' all the particles equal to the sum of tlie initial 
areas, since the equality of areas cannot be aft'ect('d by the mutual actions of the particles upon 
one another. Equation (4:) then will have the same constant for each one of the particles of air, 
and we shall have 

(5) r 2 (n cos ¢ + v) = C 
S. Ex. 13--23 
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in which, putting m for the mass oi' the air, 

(G) 

Thi;; i;; upon the li;ypothcsis of au intercha11ging motiou simply betweeu the interior and exte
rior part8, due to any cause whatever, and of no friction between the air and the earth's surface, 
and docs not hold strictly when we take into accouut this friction and other conditions of the prob
lem, as will lm shown. 

If the air 1rns no initial gyratory motion relath-e to the earth's surface, we have ,o = O, and if 
the part of thP atmosphere under consideration is circular, having the radius of the limit equal to 
R, we then get, upon the hypothesis that the height of the air is not materially changed by the 
gyrations, 

(7) 

From (5) and (7) we g·et for the case in which the air is supposed to have no initial gyratory 
motiou, 

(8) v = (,~
2

2 -1) cost;· 
- -- r 

In the uorther11 hemi8phere, where cos C:· is positive: this expre8siou gh-es a positive Yalne of v 

in the interior part, which approximates to infinity at the center, where,.= o, and in the external 
part a 11eg-ative value; and hence, according to the definition of l' in § 2, upon which v depends, it 
gin•s a g,rrator.v motion from right to left in the interior part, aml from left to right in the exterior 
part. Ju t11e Routhern hemispl1crc where cos 4' is negative the gyratio11s are all reversed. 

If in (8) we imt , = O, we get 
R. r = --v'-:;: 

for tlu• <fo;tmwe from the center iu this case, at which the gyratory motion relative to the earth's 
surface vani8hes and changes sign. 

4-. lf iYe should .,;nb8titute the value of v in (8) in the firi,;t of (1), this equation, then, could be 
treated like the 8imilar equation in the general motions of the atmosphere in § 35, Part I, and we 
8l10uld get an expression for the value of log P' similar to that of (41). 'Ve should consequently have 
tlw baro111etric pressure at the earth's surface equal 0 at the center, and any infinitely thin stratum 
of e1111al densit.'- and pressure, of an,y altitude whatever in the exterior part, would be brought down 
to tlw earth's surface near the center at a greater or less distance, according to the height of the 
st.ratmn in the exterior 1)art, and t.lie rapidity of the gyrations. In the case of a homogeneous fluid 
without frietio11, since in this mu;e there would be a definite outline or surface, the surface of the earth 
would be left entire]_}· bare for some 1listauce· from the center of gyrations. It is readily seen from 
the expressions that iI1 tl1e case of no friction the force which tends to drive the air from the center 
is mostly the centrifugal force arising from the great rapidity of the gyrations near the center. 

At the equator, where cos C:· = o, (8) gives v = 0; hence at the equator no gyrations can arise 
from the. iuflne.nce of the earth's rotation on its axis, and if there are any gyrations there they must 
arise from initial g;yrations whose angular gyratory Yelocity is represented by v0 in (6). 

ii. The preceding results 11ave been obtained upon the hypothesis of no friction between the 
air and the earth's surface, and are independent of any form of the disturbing function contained 
in the term g h D, a in the first of (1), but are deduced from the last of these two equations upon 
the a:;snmption simply that there is an interchanging motion between the interior and the exterior 
parts of the disturbed area, due to any cent1'ipetal or centrifugal forces whatever, and giving a 
value to u, or its equivalent D, r, in the last of (1). But these results are very much modified in the 
real case of nature in which there is friction between the air and the earth's surface. We must, 
however, have in some degree the same kind of gyrations, since friction between the air and the 
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earth's surface being a function of tlie Yelocity which Yanishm;°when the latter Yallishe:-;, there cau 
be no friction to resist this telHlenc~· of the air to run iuto tl1csc gyratiom; under the circumstances 
until there i:s 80111e gyrator,\' motion produce(L But the amouut of the gyratory Yelocity is not now 
determined by the principle of the preser\'ation of areas, a8 iu the case of no friction between the 
air and earth's surface, but upon the amount of this frictiou and the force there is to m~erco111e it. 
From the last of (1) we have in the case of friction 

(9) F,. + ~ 1 r = - 2 (n cos~·+ ,) ~1 
The first member of this equation expresses the friction and the inertia of the air heloug'ing to 

the gyrat-0ry motion, audit is seen that the force arisi11g from the earth's rotation, expresse<l hy the 
second mernberofthis eq1mtion, and which oYercomes this friction an<l inertia, requires that 11 shall 
have a value; that is, that there shall be a motion of the air either toward or from the center, 
according to the sign of the first member under the circumstances. But thi>; Yalne of u, considered 
with regard to all Urn part.icles of air, must be such as to satis~,- the equation of continuity, as well 
as the other conditions of the problem, and as its n1lue m11st depend. therefhre, upon au iut(•r
changing motion of the air between the central and exterior parts of the area of the gyrations, its 
value must vanish both at the center and the exterior limit, and consequently must become small 
as it approximates tlrnsc limits. Thl' gyrations, therefore, must vanish at botlt tltese limits a1Hl 
become small near these limits, especially 'vhere there is much friction. Hence, instead of the 
almost infinitely great gyratory >elocities near the center, as in tlu~ case of 110 frietion, we ha\·e iu 
the case of friction between the air and the earth's surface only gyrations of small Yelocit.'~, since 
there is little force to overcome the frictional resistances to these gyrations on account of the small 
value of u near the center. ln large cyclones these g·yrations near tlw center beeome insensible to 
observation over a considerable area, 80 that 1.liere is appareutl,y a perfect calm. 

The gyrations in this case being so much modifiell by the effect of friction, tlu~ amount of 
depression of the infinitely thin strata of equal density and pressure and diminution of baronwtric 
pressure in the central region must be also ycry much modified, so that instead of a Yer.v great 
diminution of pressure in the central part, and eyeu a Yacuum at the center, we haYe now in gen
eral only a comparatively small llecrease of barometric pressure there.. 

6. The amount of gyrator.)' Yeloeity, i11 any given case, cannot be determined from the cornli
tious, both on account of the uncertainty in the friction constant, and also ou account of the com
plexity of the problem. There is one important principle., however, from which we rnay make some 
important deductions with regard to these gyrations, which is, that the sum of the moments itrising 
from the actions of the g.) ratury motions of the air throug·h friction upon the earth's surfacP, taken 
for the whole area of the gyrations, must equal O, else these actions would haYe a tendeIH\Y to turn 
the whole earth around the axis of which the. center of the cydoue is the pole, which we know can 
only arise from the action of external forces. 

Since F, is the force required to overcome the friction of the gyrations, if we put :F/ for the 
value of }<'"at the earth's surface, and let r. represent the surface, we shall ltaYe from thb; principle 

(10) ftrrF,.'=0 
in which the integration must extend over the whole area of the gyrations. The Yalues of i'', taken for 
all va.lnes of r, must be such as to satisfy the principle expressed by tlte preceding eqnatio11, aull 
for any particular value of r, such as to satisfy (9), in which , by (2) is a function of 1·. Fl'{1111 the 
preceding equation it follows, first, t.hat where there are gyrations in citlter direction iu tlte interior 
there must at the same time be counter-gyrations on the exterior part; and, secondly, since F,.' is a. 
fanction which must increase with the gyratory Yelocit;<;, this velocity in the interior g.)Tation.~, 
where r is smaller, must be much greater than in the exterior counter-gyrations, where r is much 
greater, unless the area of the interior gyrations, which is not in any case probablP, is much 
greater than that of the exterior gyrations. \Ve should therefore·conclude a priori, as being at least 
most probable, that the interior gyrations are much more rapid than the exterior ones. 

7. The frictional resistance to which any stratum of air is subject does not in general <1Pp(•11<l 
upon the absolute velocity relative to the earth, but u1m11 tlrn relative 'Telocities IJetween it au<l tltc 
two contiguous strata aboYe and below, and upon the diiforences of density amt pressure. If t lie 
actions of the contiguous strata aboYe and below upon the intermediate one are exactly equal and 
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in opposite directions, the stratum is not affected by frictioIJ, since the two counter actions exactly 
IJcntralize eacl1 other. If the strata all have the same vcloci(Y i11 the same direction there is no 
friction, howcYcr great the n•locit.v, e.xcept between the lower stratum and the earth's surface, aml 
if the relath·e Yelocities between an.\· stratum and the two contig·uous one:,; are the same, the coun
ter-actions of the two (•ontignom; strata exactly neutralize each other, except so far as those actions 
differ on acl'onnt of a difference of dc1mity and 1)ressnre on the upper and under side of the stratum 
acted upon. These relatiYe velocities, however, may he such that the intermediate stratum is not 
affected hy friction, whatever the absolute velocities may he. 

The velocity of the stratum next the earth'8 surfacP. must be of the same order as the relative 
velocities of the strata immediately above it, and these relative velocities must decrease with the 
altitude where the forces actiag upon the different strata are in the same direction, since tbe whole 
action of the earth's surfaee through f1iction upou the lower stratum is distributed through the 
strata above by means of friction arising from the •lifferences of the relative velocities. The 
''elocities, therefore, must in general increase witli the altitude most rapidly near the earth's sur
face, while the relative >"elocities decrease most rapidJs. The friction, therefore, to which any 
stratum or particle of air is subject i8 generally greater at aml near the earth's surface, where the 
relative velocities decrease most ra1Jidly with the altitude, and where the pressure is greatest, 
than iii the upper regions, where the relative velocities of the strata are generallJ small and the 
pressure less. 

8. At and near the earth's surface, where the relative velocities between the strata are greatest 
we 11uQ· a;;sume that the force required to onrcome the friction, although it depends upon the differ
ences iu the relath·e .-elocities, aud not upo11 the absolute velocities, is sensibly in the same direc
tion aR the velocity relath'c to the earth's surface. If we, therefore, put 

Ii = the resultant of the component velocities 1i and r, 
F., = the force in the direction of s necessary to o>ercome the friction, 
i = the angle hetween ii and v, reckoned from i- toward the left, called the inolinatfon, 

we 11hall have u = - s sin i, v = 8 cos i, F,, = - I•', sin ·i, .F; = F, cos i; and supposing i to he constant 
we shall likewise have 

D,tt. = - D"~ sin ·i, and D,1• = D,scosi. 
'Ye sl1all, therefore, have 

F,, + D, 1i = -(F, + D, s) sin i, 
F,, + D, r = (F_, + D, s) cos i. 

in which F. i:-i alwa;ni positi.-e, that is, in the direction of i;, but D,.~ may be either positive or nega, 
tivc, according as the velocity is iacreasing or decreasing. Prom these antl from (9) we get,.by 
putting for 'II· its equivalent. - s sin ·i, 

. F,. + D, u F, + D,s 
(11 ) tan i = -·2 (1i--cos "sr,- +--~) 1t = ~ (n cos- t/' + v) "8 . 

It must lm rcmemhere1l that this expreHsion is only applicable at and near the earth's surface, 
where it. can be ai-sume•l that the force required to overcome the friction is in the direction of the 
velocity i;. 

It is not claimed that the preceding assumptions are strictly correct, and therefore this expres
sion must only he regarded as being a1iproximate, hut as it depends mostl~· upon friction, the effect 
of which may gcnerall,y be regar•led as being a qmrntit.y of the secoud order, the error will gener
ally he small, and at least tlie principal part of the effect of friction will be taken in. 

Si11cc, is a function of i (11) cannot be regarded as an expression of tan i, exce1>t approximately 
where , is small in comparison with n cos v·. 

If in the precetling equation we suppose that I<. is a function which increases in proportion to 
the Yelocity we can put F, = f s, and neglecting D, s, which is usually very small in comparison, we get 

t . f 
au i = 2 c;i co~ •1 + ~c~st) 

If we put f = .45<'>, on the Jatitnde of 45° in which v1 = 45°, and with the velocity s = 3011:m per 
hour, we get, with r = IOOOkm, i = 48°; with r = 50Qkm, i = 450; with r = 20Qkm, i = 370; and 
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with r = JO()km, i ='.!7°. Hence we see that, npou the a hove hypothesis, the inelination di minis lies 
considerably with the decrease of distance. If we puts= fi(Jkm and r = lOOkm, we get i = 1so instead 
27°, as above, with.~= 30km. Hence the inclination likewise decreaileR with increa:;;e of velocity, 
butt.his does not amount to much except near the l\f~nter. Again, if we pnt r = .'iOOkm ands= 30kru, 

the vu.Jue off remaining the l'iame as above, we get, for lat. 60°, 1 = 3!\0; for lat. :HP, i = ,);)'.): aml 
for lat. 20°, i = ti2°. Hence we see that tlw inclination, all other thing.'-i hehtg the Rame, increaRes 
with the decrease of latitude. 

9. vYith regard to tlw term D, s in this expression, expressing the inertia of the nir, it has been 
shown in Part I, § 42, that where tlm cha11ge of honrl.v ,·elocity amounts to 10 kilometer:-; (fi.2 miles) 
per hour, at the e<trth's surface the force required to O\'ercome tl1e inertia correspmuls to that of a 
barometric gradient of 0.03511

'"
1 in the distance of one degree of the meridian. A gradient, therefore, 

of only imm would produce an acceleration of about 300 kilometers per hour. in the hourl.Y n~locity, 
and hence it is seen how small a force is necessary to m·ercome the inertia of the air in all ordinary 
rates of accelerat.ion, a.ml how little the barometric gradients are affectc>d h~· the tern• l>, s. or its 
components D, u an<l D, t'. 

In the case of no friction we get from (5) by differentiation, since r" = r, 

l' \ 
D, ?' = - (2 11 cos 11 + r . ) 

Tue setlond rnemlJt:ff of this e11uation expresses the rate with which the gyrator~· Yelocity 1' 

changes with a change of r. \\'here the uuit of .-elocit;-.· is one hour we have, for the parallel of 
·450, 2 n cos u1 = .3714. vYith a gyratory Yelocity r of ;iOi.1

" per hour at the distance from the center 

of 5ooi.m, we get r = 0.1, and hence D,.1' = - 0.4114, or '~1· = - 0.4'14 •ir. Hence the iucrease in 
r 

the hourly gyratory Yelocit~· is 0.28:J7 times the amonut of approximation of a particle of air toward 
the center. If we assume r = 1001"'' and 1: = Ji()km we get n .. c = - 0.8714, or ,; i: = - 0.8714 ii r 
and hence nearer the center we hiwe a still greater rate of chang·e in the gyratory n·locity corre
sponding to a given change of r. ln the first case we should La\·e for m1clt kilometer of approxima
tion toward the center, an increase of 0.471,tkrn, and in the last, of 0.87141' 111 in the hourly gyratory 
velocities. These rates of change in the gyratory Yelocities are much greater than those which 
usually occur in an;r case of nature, in which the g;rratious are retarded h.r friction. Hence 
the forces which, in the case of no friction, wotdd produce so great an acceleration of the gJTatory 
velocities, in the case of friction arc mostly spent in OYercorning the friction. In such cases, there
fore, tlte term F,. must be much greater than the term n, r, and corrnequently F, must be much 
greater thanD,s. 

10. Having Rhown that the absolute Yalue ol' D, s is usually Ye.ry small, a11d :tl8o that it is gen
erally very small in comparison with F, at. the. earth'" surface, we can now make from (11) the fol
lowing important deductions: 

(a) At and near the earth's stirface, where D, sis small in comparison with F, and especially 
where it is positive, as in increasing velocities, we have in the northern hemisphere, where cos ,,, is 
}lositive, tan i also positive, ancl hence the velocit~· sis either iu the direction of thP first or third 
quadrant, accordiug as the sigu of u is negative or positive, that is, according as the air in its gyra
tions around the center, is approaching to or receding from the center. Hence in onlinar.Y c.n~lm1e8 
there is an inclining of the direction at the earth's surface from the tangent toward tlu• center on 
the left, and the amount of inclination is nearly in proportion to tl.te amount of friction. In the 
southern hemisphere the inclination is to the right of the direction of tLe tangent. 

(b) Since, ac,'Cording to§ 7: F, is greatest at the surface of the earth for the same value of s, and 
diminishes with the altitude near the surface, so the value of i is greatest at the surface aud dimin
ishes with the altitude, and therefore the gyrations are more nearly circular at some diRtauce from 
the .earth's surface than near the surface. 

(c) Toward the center of a cyclone where the gyratory angular velocity is great on account. of 
the smallness of r, aml where consequently the value of v in the denominator in foe expression of 
tan i is great, the value of i, everything else remaining the same, is in general smaller than at greater 
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distances from the center, where r is larger, and consequentl;y " smaller. The gyrations, therefore, 
near the center are more nearly circular than at a great distance from the center. The greater the 
velocit,v also, en~rytlting else remaining the same, the smaller the i11clinati011. 

(d) Since n cos•' becomes small near~ and vanishes at, the equator, so the value ofi, all other 
circumstances remaining tlie ;;ame, increases with tlic deerea8c of latitude, and at the equator 
where cos •;· = o, and where also ~vanishes, it becomes either 900 or 2700, and the motion of the 
air is either exactly toward or from the center, and there are no gyrations. 

(e) 111 tl1e npJler regious of the atmosphere where there is not much friction, the inclination or 
deviation from the tan,!.rent i.'i small wherever the gyratory velocity is considerable, and as the 
motion of the air iu ordinary cyclones is towarcl the center below it must be frorn it above. Hence 
tlle g~Tations at high altitudes must be nearly circular but incline a little from the tangent. 'l'his 
must be especially the case at medium altitudes, and at all altitudes near thti center, since the radial 
motion either toward or from the center is small. 

(f) Iu a cyclone increasing in dolence the term D, s, (11) taken for any given place, and so re
garded a.~ a function of the time !'limply, is positive, but in a cyclone decreasing in violence, it is 
negative; hence the effect of this term in tlie former case is to increase i, and in tlle la.tter to de
crease it, but on account of the smallness of thh; term, as shown in the preceding section, its eftect 
must generall.r be small. 

11. From (11) we get 
Fu+ D,u = 2 (n cos'/'+") utan l. 

'\Yith this expression of Fu + D, u substituted in the first of (1) we get, hy putting for u 
and r their equintlcnts - s sin i ands cos i, 

(1:.!) D, log P 1 
- gli D, a = D, log P = a.'! cos i (2 n cos lf1 + ") (1 + e tan2 i) 

in whicli 
2 ( n cos ,,, + ") > e = ---~--~----- = 1 + --- - - - - -
~ n cos 'I' + " 2 n cos ,,, + " · 

'Where the gyratory angular velocity , is so small that it may be neglected in comparison with 
2 n cos ,,., as in large cyclones and at a great distance from the center, we have e = l, but where 
the angular gyrator;y velocity is so great, as in small cyclones very near the center, that 2 n cos I/' 

may be neglected in com]ial'ison with "'we have e = 2. Hence the value of e must in all cases fall 
between tlwtSc extremes. 

At the distance of 1000 kilometers from the center with a gyratory velocity of 50 kilometers 
per lJour, \Ye should l1a\·e, ou tl1e parallel of 450, 2 ncos ,,, = 0.371 and"= .050. With these values 
we should han~ 1? = 1.119, for which unity could be used in the small term in which e occurs, with
out sensible error. At tl1e distance of 100 kilometers, however, with the same gyratory velocit;r, 
we get. e = 1.57 4, and for greateT gyratory velocities aml smaller distances from the center, the value 
of e apvroximates still nearer to the maximum limit 2. But we have seen § 8, (c) that where the 
comlitions are snch as to make the value of e differ much from unity, the value of tan2 i becomes 
very small on account of the diminished value of i, and hence we may in all cases put e = 1 without 
material error. 

12. Putting c = 1, (12) becomes 
2 n cos ''' + v 2 n cos V' + Y 

(13) n, log p = a-----cosi 8 = a - -co.sq---- l' 

in which i· is the gyratory component of.~. 
We have seen (§ G) that if t' is positive in the interior gyrations it is negative in the exterior 

ones, and t1iee 11ers11. But v, and conseqnentl,y v, haYe the same sign as cos •/'in the interior gyra· 
tions, posith·e in tlie northern and negatiye in the southern hemisphere. Hence from (13) D, log P 
is always pm;itfre in the interior imd negative in the exterior gyrations in both hemispheres, and 
the barometric pressure, P, is a minimum at the center, and a maximum at the distance from the 
center at which r changes sign and becomes reversed. 

At the earth's surface, according to § 10 (a), tan i is positive in the northern hemisphere 
and negative in the southern, and hence in all cases it has the same sign in the interior and exte-
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rior gyrations, either both positive or negati,Te. But from the definition!' of u. r anil i. wt- have 

tan i = - ~"'--. Hence where r changes and the gyration;; are reversed, the sign of u 11111:st also 
1' 

change. If, therefore, i• is positive, a:s iu the northern hemisphPre, the sign of 'U must be m"gative, 
that is, the radial com1)0I1ent of motion must be tmf'ard the center. hut i11 the exterior g;rratious 
where v becomes uegative the sign of u must be positile, that is, the radial component of motion 
mm;t be from the center. 

We see, therefore, that in the northern hemisphere the interiorg~·ratiom; at the earth's surface 
are positive, tbat is, from right to left, and the air at tht' Rarne time app1·oaelwi;; tlu• center, so that 
the gyrations are in a spiral around and toicard the ceuter, hut the extnior g,natiom; are ill the 
contrary direction a111l the air ftowR from the center, so that the gyration& an> aromul and from the 
center. Since the maximum preHRnre is where the gyrations are re\·ersed. the air flows out from 
beneath the area of high pressure, on the one lland t-0ward the center, and on tllc otl1er han<l 
from it, and at the :sauw time gsrates around the center, The directions of motion of the air at 
the earth'R surface, af; indicated hy the solid arrows, and the circular i,.,ohars are represm1ted in Fig. 
1. In the southern hemisphere, the gyrations a,re all re'\"ersed. 

For reasons already giveu in § fl, the interior gyrations are ge11emlly by far the most rapid, and 
from a mere inspection of (13) it is readil~· seen that, these produce by far the g-reateHt effoct up011 
D, log P, or, iu other words, upon the barometric gradient, since y there become:> mucli greater for 
the same value of 1'. TheRe i11te1·ior gyrations, therefore, awl their pffects upon b~Lometric pressure, 
are often alone ohserYed, while the comparatin·ly rnoderatf' g.Yrations of the extnfor part aml th1?ir 
small effect upon the barometric pressure often pass nu noticed, e.~pecially on land where there are a 
great many disturbing caui;;es to interfere \Yith tlH• deYelopmPnt of a 1·pgnlar am! completC' <·yclone. 
The former gyrations form the cyclo1w proper, and thP latter the anti-cyclone. Hence, erffy epclonc 
is accompanied by a corre.Yponding anU-cy<Jlone, and tht' forriwr cmmot e.ril<f 1ritlw11t the latter. 

13. The preceding results with regard to cycJones, deduced from the mathe111atieal expressions, 
may be. made more intelligible t.o many hy means of a more popular demonstration or explanation 
of them, based upon certain well-known principles. Tlie iusta11ta11eoui;; motion due to the earth's 
rotation on its axis, of any part of its surface except the equator, and s;o small that it may be 
regarded as a plane surface, ma.'' he resolved into two varts, one of translation, and one of gyra
tion around tlte the center of the area under consideration. At the J>0le8 of tlw Barth it is readily 
seen that this gyratory motion is the 1mme as that of the earth's rotation on its axis, and tlmt at 
the equator it must vanish. For any intermediate latitude it is expressed by 11 cos C:·, or n muJt.i. 
}llied into the sine of the latitude. If now, for any reaso11 whatl've1\ th••r(' j,., k(•pt np a continued 
interchange of the air betweeu the central aml exterior part of this area continually gyrating 
around its center in consequence of the earth's rotation, it will he nnrlers;tood by most persons tllat, 
by tlte principle of the preserrntion of areas, the afr of the interior part of tlti8 area will recein~ 
a gyratory motion around the center, relati•e to the earth's surface, in the same direction in whidi 
the area comprising the atmosphere under consideration is turning hy virtue of the earth's rotation, 
that is, from right to left in the northern hemisphere, and the contrar;\' in the southern, and that 
the gyrations of the exterior part of this area mm~t be coutrar;rto those of the interior part. These 
gyrations, especially near the center and the exterior limit, would he ,-ery rapid if ii were uot for 
the friction between the air and the earth's surface. This frictional re8iHtance prevento; in a great 
measure the rapidity which the gyrations would otberwise ha,·e, but there must necessarily be some 
gyratory motion, as in the case of no friction, since without some such motion frictional resistance 
would not be brought into action. 

If we now bear in mind the well established principle that wherever a11y lmd.v or particle of 
air moves in any direction over the earth's surface, there is a force arising from the earth's rotation 
on its axis which tends to deflect it to the right in the northern hemisphere, and tlw contrary in 
the southern, it is seen that, in either hemisphere, there is a force arising from these interior gyra
tions and the earth's rotation which tends to drive the air from the center and cause a minimum 
pressure tlere. The exterior gyrations being in the cont.rar.r dil'ectiou, of course tlti:s force is, in 
this case, in the contrary direction, that is, toward the center. These two forces, then, depending 
upon the interior and exterior gyrations, both press the air toward the place where the gyratory 
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velocity Yanishes and changes sigu, and cause a maximum barometric pressure there. Of course 
only the g_yratory component of motion is here considered. \Yhen there is also a radial compo
nent, the deflecting force arising from the earth's rotation is required to overcome the frictional 
resistance to the gyrations, and so. when there is no friction, no radial component is necessary and 
the gyrations may he entirely circular. 

In additiou to this force depending upon the earth';; rotation there is, likewise, the centrifugal 
force due to the gyrations. This force is of course from the ce11ter in both the cyclone and anti
cyclone, and heiwe in the former it is com bincd with that depe11ding upon the t>arth's rotation, but 
in the lattt>r in the coutrar;\· direction, and in somH measure counteracts the force arising from the 
earth's rotation. Tlie centrifugal force, howevr,r, in the ant.i-cyclo11e is very small, both on account 
of the small ,-elocity of gyration and the distance from the center, but in the cyclone, very near 
the center, it may be much the gTeater of the two forces. -

Since the amount of gyratory motion aritiing from the interchanging motions of the air between 
the interior and exterior parts depends upon friction, and the less the amount of friction the more 
nearly these gyrations approximate to what they would lm in the case of no friction, these gyrations, 
especia1l~y tlrn initial ones, must be much more rapid in the upper regions of the atmosphere, where 
there is comparafrrnly little friction, than near the- earth's surface where the friction is very much 
greater. Hence the accumulation of air with its maximum at the dividing line between the cyclone 
and anti-cyclone, as already explained, is due at the start mostl;\· to the gyrations in the upper 11art 
of the atmospl1ere, aml the pressure from this accumulation tends to force the air out from beneath 
on the one side toward the center of the cyclone ancl on the oth<•r toward the outer limit of the 
anti-c_yclone. The tleflective force, 110\Y, arising from these radial motions, as explained above, aids 
in overcoming the greater friction of the gyrations near the earth's surface, but these latt.er gyra
tions must not lw so great that tlie force pressing· from both sides toward the place of maximum 
pressure wonld preYent the outfiow on both sides below, else tlte deflecting force then which over
comes the rPsistances to the gyrations would be cut off. 

According to the preceding reasoning and explanations, therefore, wherever there are disturbing 
causes to produce an interchanging motion between the interior and the exterior parts of the clis
turhe<l atmospliere, from the principle of the preservation of areas, and the forces depending upon 
the eai1h's rotation, there are uecessaril,y interior gyra.tious of the air in one direction and counter
gyrations in the exterior part. and a region of high barometric pressure with its maximum at the 
dhidi11g line between the two kinds of g_yrations, and a flow of air at the surface from the region 
of high pressure, on the one side tmv:Jrd the center, and the other toward the outer limit of the 
anti-cyclorw, wl1ich, combining with the g_yratory motions, gives rise to a spiral motion in the 
interior around and toward the center, and in the exterior part around the contrary wa,y and from 
the centN, just as hati been deduced from the preceding mathematical expressions. 

14. From (13) and (3) we get, by putting P' = 0.76'", 

(14) . 
2ncos11+v s P 

D p = ("OS i ( 1.00154 + .004 t) . 103070 . P' 

in which sis the velocity in meterIS per second. At. t]1e earth'is surface, or rather at the altit.ude at 
which tlie barometric pressure is 0.76"', the last factor in the expression becomes unitJ--. If we now 
put 

(l:i) 
13P G 

D, p = ,fr = illliii11 

G will express the barometric gradient in millimeters per degree of a great circle, or 60 geographic 
mile:s. With this value of D, P (14) gives sensibly, 

1076.4 ( 2 n cos '/' + v ) s P (16) G - · -- · - ··---·-·-----· - - --
- cos i ( 1 + .004 t ) l'' 

in which by (3), putting for v its equivalents cos i, 

(17) s eos i 
II= ---

7" 

Equation (Hi) shows the relation between the barometric gradient G and the velocity s of the 
wind, and is substantially the same as that which I had published in Silliman's Journal for 1874, 
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except that the temperature correction, here given in the expression of G, was there simply referred 
to in the text, but tile gradients and units of measure ltere used are different. 

Two years before tliis, Mr. Pesliu, mining cuginN.\r at Tari.Jes, }'ranee, had ohtai11ed relations 
substantially tlie same as the preceding, except the eft'<cct of friction coutaiued iu the term cos i, 
which in the case of no friction becomes uuit_y ." According to the theorr t!Jis effect become!'! eopecially 
large towards the equator, arnl it will be shown from obser\·atiou that iu all latitmles the eifoct is 
very considerable, and that where the angle i is uot ohserYeil, the theoretical relatiou a hove is 
not confirmed by observation, exce11t upon tLe hypothesis of a large value of i, arnl co11se(1ue11tly 
of a large effect due to friction. 

The fundamental eq1rntions from which the relation of (16) has bee11 obtained, except so far as 
friction is concerned, were iirsr gh·eu by the author i11 a papn in Runkle's :Mat11ematical Mouthly 
in 185!1, equations (38). At that timt• the t"rm "gradient'' wa1' not in mie. By expressing the altitude 
7t in these equations in terms of the barometric prestmre P of tLe preceding eq nations, and applying 
the friction terms, as abo\·e, and introduciJJg the barometric gradient instead of the differeutial 
coefficieut, the relations above are readily obtai11ed. 

Tlie yalue of cos i in (Hl) depends upon the amount of friction, and hence must be obtained 
from observation, and when friction nrnishes we Imm cos i = 1. Since (11) i:,; strictly applicable 
only near the earth's surface, and this equation has been used in obtaining (1:1), the expression of 
G is strictly applicable only at and near the earth's surface; but the error at a distance above the 
surface is only in the effect of friction, and since friction is small there, and the gyrations more nearly 
circular than at the earth's l'mrface, for considerable altitudes we can put cos i = I, and with thii> 
value of cos i this expression of G i" itpplicable to these altitudes without material error. 

The coefficient oft iu the expression G is such as to iuclmle in the temperature correction that 
also for the aYerage amo1rnt of aqueous vapor, taken over the earth geuerally, and tLe balance u1ay 
be neglected. The value of 2 n, where one secoud is tlw uuit of time, is Cljual to .00014585, and 
the value of" is giYen by (17). 

From (LG) and (17) we get 

(18) s"- + a s = b G 
in which 

(19) 

From (18) we haYe 

(20) 

~ 
.00014585 r COS V• 

: = r (~_;~~~- ~) !' 
- 107H.4 l" 

• 

The expression of (16) is com'enient for computing the gradient corresponding t.o a given 
velocity s, given in meters per second, but the latter can be most couveniently used in computing 
the velocity s, corresponding to a giYen gradient G. 

Where the unit of distance is one kilometer and the unit of time one hour, we bane 

(21) ~ 
a = ~.52~0i5._!"_.~_s__v• 

cos 1. 

b 
_ r (1 + .004_t) P 
- .083055 pt 

"\Vhen the unit. of dist:ance is one mile aud that of time one hour, aud the gradient is expresed 
in inclrns per 60 geographic miles, we have 

(22) ~ : : o~~:;i£:":i·,1'.,, ~ .005262 

In all the preceding eA.-pressiom;, as in the whole theory of cyclones, the effect of friction comes 

•Bulletin Intematioualde l'Obs. dePari11etde l'Obs. Phys. Cent. deMontsouris, 18i2. Translation by Prof. Cleve
l~nd Ab be, Smithsonie.n Report for 1877. 

S. Ex. 13--24 
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in in the value of i, which depends most,Jy upon friction, and i is ther-0fore an unknown quantity 
whieh rnust be determined either directly in each case from ohserYation, or if we assume some 
function to represent the law of frictimi, as in § 8, then the unknown constants iu this expression 
depPrnling upou friction must be determined from obserTatiou. 

15. The preceding results so far are all indeperulent, of any particular form of the expre8sion of 
t, regarded as a function of r, since the term gh D, u. in the first of the fumlamental equations (1), 
w bicb alone contains t, docs not enter into nn:v of the preceding expressions. lt l1as merely been 
a,,;sumed that there is a disturbing force of some form to kee,p up au interclrangiug motion between 
tlie i11t1,1ior awl exterior portions of tLe air oYer a given area. It is readily seen from an inspection 
of equations (1) that if D,- a = O, that ifi, if t ht tlu; expression of,, (2) is iudepeudeut of r, the equa
tions in the case of friction are satisfied with u = 0 and 1: = O, tltat is, with a state of rest; for if there 
were initial motio11s they would soon he destroyed by friction. Tht• interchanging motions, there
fore, necessary to keep up the gyration,,; of the c.vclone depend upon a variatio"Q of t at difforent 
clistanees from the cm1ter. It becomes now important to ascertain the effects produced by different 
functiouR oft entering into a in tlte term of yh D, u.. This ean be <lone oul,r a,p1n·oximately on account 
of tlw m1certai11ty of tl1e friction terms. It ha,,; been shown that both the friction terms, and 
those expressing the inertia, of the air, are generally small iu comparison with those depending upon 
the earth's rotatiou and with the centrifugal force arising from the gyrations where r is small, so 
that these terms may be neglected without much error, in obtaining approximate results. 

Tf in the :first of (1), tlierefore, we 11egleet F,, arnl D, u, putting as heretofore ,, and 1'' for the 
values of' and 1· at the earth's surface, we get 

(Z -n COS 111 + >1
) 1J

1 
- (2 It CO:S '" + ') 'l' =git Dr log a. 

Except near tlte center ''there ' may be great in comparison with !! n eos </', we can put , = ,, 
espc{·ially wheu h is not large, and we then get approximately 

('.!~~) (rr _ r =) _ gh lJ,. log a 
'.! n cos</•+ ,, 

l~11uation (I>) deduced from the hspothesis simply of an inh~rd1angiug motion between the 
exterior and interim·.iiarts, gives the same gyratory velocity at all altitudes for the same distance 
from the center, !mt now upon taking into account another condition of the problem, namely, the 
diftt'rcncc of dellsit~~ or tempe1·ature between tbe exterior and interior part, wbicb gi>'es a value to 
D,. a, it is setm that tJ1esP Vt>1ncities must var_y some at different altitudes, depending npon the 
amount of differ·\'11cc temperature. 

Hi. Let us snppo;;e that t in (3) is such a function of r that we sLall have 

\:!4) t = f 0 + 0 + 0 COS <{'• 
iu whidt 

r 
'f' = -lf ;-:. 

H hein~ the Yaluv of' r at the outer limits of the supposed circular part of tl.ie atmosphere affected 
hy a differeuc~e of temperature, and beuee the \'alue of cp ranges from O to 1&10. This expression 
makes the temperature a maximum or a minimum at the center, according as the constant C is plus 
or mi11us1 t, heing· the undisturbed temperature at aud beyond the limit of the supposed circular 
portion of tlw atmosphere. 

From (:!4) we get 

(25) l) t i'J t " '"' sin '" , · = ;f:,. = - v R · T 

which is the expression of the temperature gradient, and is as the constant C and inversely as the 
radiu;; H. It has its maximum where r ii,s equal to t l{, and vanishes at the center and the outer 
limit. 

If t0 is temperature at the center we haYe 

(26) C = ~ (tc - t0 ). 

If (and ta increase or decrea.se with the altitude h, in the same ratio, then C is a constant for 
all altitudes, and depends upon the :surface temperature. 

In the original equations, for the sake of simplicity 1 the temperatures were supposed to be the 
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!'.lame at all altitudes, in which case C i" independent of It. But if ( and ( Yar,\" witl1 tlw altitu<le 
at the same rate, C is still independent of /!1 ancl in this case the cx1ll'ession of ('.!:J) cau l.Je m;ed by 
using a at half the altitude of h. 

From (3) and (2ti), wllere C is constant for all altitude;;, we gc·t 

.004 0 ;-:: h . 
(27) ffil 0, log '" = 1 + .UOJ t,,]: g sm q:. 

With this expression (2:~) girns, putting g = !J.805m, 

(~8) 

in which t., ma.r be taken at the earth's :mrfacc, hut more aw:mratel_v at lialf the altitm1f' lt. 
17, li'rom t\Je flr;;t Of (1) We get for thl' initial 8fate, lJefore gyrations <ll't.' caUl'if'tl hy the int\•r 

changing nrntions between the interior and exterior }':trt,;, alHl whe11 ,,.e ha\·,~ ~·et r = o. 

(29) a (F,, + D, u) = fflt D,. a - D, log pr 

In the case iu which C ii-; positin~. aml the temperature gmdient by (2.';) i:-; iw;.:-<ttiYI', that i,;, in 
which the temperature <lecreasei;; from tl1e center ont, f/h H, a by (27) 1" prn.:itin', a]l(l n, log P', 
which is not a function of the altitude, mu"t lian• :-;1wh a Yalue that !Iii n. ,, - n. log pr = o, at 
some iutermediate altitude, or value of h, lJelow which the last nwmlJer of (2H) is JH·i:rnti,·e a!ld 
tends to produce motion toward the center, and abore, ueg·atin• and tm1cl:s tu produce motion from 
the center. This Yalue of Ji aucl the whole <listrihution of the motions must be snch as to satist)· 
the condition of continuity. ln oruPr to uo this there mnst he au ascernlhig motion in the interior 
part, and a descending one in the exterior imrt, lwth genpraIJ~- .-er;\· small in eompari.-;m1 \1·ith the 
horizontal motions toward and from the ce11ter. 'Yhcn C is llP~atiYe, aml co11scqnelltly the tern· 
perature i8 a minimum in the center a111l int·.n·asPs from the center ont, of course tlwiie iuitial 
interchanging motions are reven;ed, heing from the c•enter below, and toward it above, with a com. 
paratively smal1 de8ce11diug motion in the ceHtral part am1 ai-;ucudi11g· motion iu tlie Pxterior part. 
'\Vhen the temperature gradient, or value of C, ii:; not tlie '>arne at all altitmles, thl'tw intt>rcha11g·i11g 
motions are more com11lex. 

Vv c have seen that g;rratory motinm; are prodncetl from any kind of intcrchang·iug motions, 
giving rise to a cyclone and its corresponding anti-cyclone. ~\fter thei,;e have onf'e set iu from 
either of these interchanging- motious toward the center below, and from it a hove, or tlw n•\·<•rse, 
and an accumulation of air lias been caused tliereo,v, with its maximum "·11ert> foe g,\Tations are 
reyersed, the current flowing out. from beneath thi:-; aecmnn1ation ou both 8ic1ei;, as ha,.; ben1 
explained, ceml1ines with the gene.ml current in the. lower part of the air, to\vard tllc l'.CHter iu the 
case of a cj·elone with a warm center, and increases it in the cyclone, but eonuter:wti,; and eom· 
pletely reverses it near the earth's surface in the au ti cyclone, so that the air tlwre, reganling m11y 
its interchanging motions, flows from the center, although at a little elenition aboH the Rurfaec of 
the earth it flows toward the center. In the ca!>e of a cyclone with a cold center the revernc takes 
place, the general interchanging current of the lower p:1rt of the air being ge11c>mlly dimini8hecl or 
even reversed 11ear the earth's surface in the cyclone but i11creased iu the anti.cyclone. 

Equation (28) has been obtaiued upon tlw hn1othesis tliat F" antl D, u in tlle ilr;,t of (1) may 
lJe neglected in comparison with the terms ari8ing from the effect of the earth's rotation and the 
centrifugal force of the gyrations. It has bee11 shown that the abisolute Yalue of D, ii ii,; very small, 
§ 9, antl in the general circulation in vertical section toward and from the center, it ha,,; in gen· 
eral the.same sign above as below, so that it woulcl htH·c little effect npon tlie valne of (1,r-r), even 
if the term were large. The term F,, vauishe8 in the case of no fri<·.ti011, so tl1at the lest'. tlw fridion 
the smaller is this term. Tile approximate expression, therefore, of t•'-t· iu (:!8) must he ,·cry nearly 
correct for the upper regions of the atmosphere, antl e\·en very near the earth's surface, where the 
friction is much greater, the efteet of the neglected tiwm8 is geuerallf small. 

18. According to (28), (r'-v) is positive where C is positive, and is in proportion to the altitude h. 
Bence in a cyclonic system, with a warm center, the gyratory n~locit.r 1· decreases algehrnkally 
with the altitude, or, in other words, decreases in the cyc1one and increases in the anti-cyclone; bnt 
in the case of a cold center the reverse takes place, and the gyratory velocity of the cyclone 
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increases and that of the anti-c~·cJone decreases with the altitude h. In the system, tl1erefore, with 
a warm centt:>r, the dista,nce from the eenter at which the g-;nations are reversed from tLe cyclonic 
to the anti.cyclonic <lecrease8 with U1e incrPa8e of altitrnle, aud the more so the greater the value 
of C, 80 that at a considerable altitude, and with a larg-e temperaturn gradient, or valve of C, the 
gyratory n•locity r may beco111e 11cg·atin1 at all distauces from the center, howpyer small, although 
it rua.v haYe a large positive value at the t•arth's surface, and thus abm·1· that altitude the gyrations 
at all <listmu:e,.; from the center are anti-cyclonic. But in the case of a cold center the distance 
from the cell ter at which the gyrations chang-e from tht• cyclonic to the anti-cyclonic increases with 
the alt it 1ulP, so that at a certaiu altitmlc less or greater, according to the negative value of C in 
this case, the g:yratiom; may all hceonw cyclonic, however great the negative value of t'', the -value 
of v at the earth's surface may be in the auti-crdone. 

In the case of an ordinar.r cyclonic system the directions of the currents in the upper regions 
are rt>preseuted by the duttell arrows in :Fig. 1, in which the anti-cyclonic gyrations above are sup
pose1l to ovPrlap a considerable part of the cyclonic gyratious at the surface. 

HJ. From ( lG) it is seen, rcmemberiug that .~ = - r _,that the barometric gra<lient at an:v alti-eos 1 · · • 

tu(lf', that is, for any Yalue of P, has tl1e same sign as the gyratory Yelocity i·, positive where the 
gyratiom; are C,Yclo11ic a.nil 1iegatiYe where they are auti-cyc1011ic. Ileuce at all altitudes, as well as 
at tlw earth's surface, the maxirunm barometric pressure is where the gyrations are reversed, so 
that in a, cyclonic sy:,;tcm with a warm center the greatest pressure, at a considerable altitude, may 
be n•ry nt'ar 01· e\·pn at tlw C(~ll1f'r, arnl the pressure decrease thence to the outer limit of the anti
cyclorw, althouirl1 at the earth's 8urf'aC'e there ma:-· he a low minimum barometric pressure at the 
ceuter. This result, deduce< I from ( lG), b al;;o evident from other consideratio11s, for cyclonic 
gyrations ttmd to llrin~ the air from the cent<•r, lm t auti-c,\-clonic ones toward tbe center. If all the 
g,uations, tlwrefore, ahoY<'. a gi\·en altitmle hecome anti-cyclonic, as they may according to the 
]H'ec<><li11g· section, thl.'y must cause a lteapiug up of the air iu the central part in snch a manner 
that the maximum presi'ure i~ at the ceuter, arnl the thin strata of equal densit,y and Jlressure 
become cotffex in the cP11tral part instead of C()ncave as at the earth's surface. and the greftter the 
altitud1~ t,Jie more so. Tlte thicknesses of the strata bounded by surfaces of equal pressure are 
therefore greater in the rarefied celltral 11art than in the more dense exterior part, but so far as 
we-ight or pressure at the l~arth'>; Rmofaeo art' concerned, the rarefaction at the center is exactly com
peusated h_y the greater thicknesses of' the strata, ;.;o that the pressure P' at t!Je earth's surface is 
Pntirt>ly irnlP1wndm1t of the temperature g:radieut, arnl depends ouly upon the amount of gyratory 
,·p}(wity r' at tb(• earth's surface, as 1-1lww11 hy (13), aud upo11 friction as affecting the value of cos i. 

lu a eyelonic system with a cold ceutpr we lmYe the reverse. .At the earth's surface the anti
cyclonic gyrations give a. negative ~radieut, accorcling to (lG), but at a certain altitude, where all 
the g~Tatious ma~- l>eeome cyclonic~, the gradient i8 pos1tiYe from the c<~nter to the outer limit of the 
anti cyclo11e, so that the pressnre at that altitmle i:; a minimum at the center and a maximum at the 
exterior limit. The cyclo11ic gyTations dri»e the air from the center an<l cause a depression of the 
strata hournled h.r surfitce8 of <'qual presf'nre, and the greater the altitude the greater is this depres
sion. 'l'be thicknesses of these strata, therefore, art> less in the <~entral than in the exterior part; but 
thiR diminution of thickness, so far as pressure on tlte Pa.rth's surface i8 concerned, is exact.ly com
pensated b.Y tl1e g-reater drn1sit,y in the cohl central part, so tba,t the pressure then depends only 
upon the gyrations there, an<l upou friction in affecting the Yalue of cos i in (13), and not, upon the 
temperature gradient . 

.At the equator, where the gyrations nrnish and the motions all become radial, § 10 (d), the 
difference in barometric Jlressure depem1s npou tl~e friction a11d inertia terms alone, but these must 
he 1'nch that tl1e force arising from the tliff(•rence of pressure due to the temperature gradient is 
just snfficie11t to oYercome tl1ew, and 11ence the velocity in the ca8e of friction must be such that 
tlw amount of friction is e<1ual to the force, aud where there is uo friction the whole force is spent 
in overcomiug the inertia of the air, antl there is thnn a continued acceleration of radial inter
changing motion betwoon the central and exterior parts of the air, disturbed by a difference ot 
temperature, so long as this difference is maintained. 
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In Fig. 2 and Fig. 3 is gi\·eu a graphic 1·epresentation of the gyrator:y velocitieR of cyclones 
at the earth's surface, ~tnd of tlw rel ationt' he tween tliese and the gyratory velocities at any al titnde 
above the imrfa0e, together with the forms of the correspoJ](lillg barometric cun·es of a st•ctiou 
passing through the center of the cyclone. ThP former lwloug,; to a c,n:lone with a warm center, 
in which the cyclonic gyratory \·elncities are dirninbhed ahon', aml tlie latter to a tycloue with a 
cold ceuter in which the rtwerse takes phwe. The co-ordhiateis of the unbroken cun·ed lines per
pendicular to the radius, as indicated 1l,Y the arrows, re11reRent the gyratory \'elocities at tlle earth's 
surface, represented by c', and the corresponding cnn·etl lme of tile same kiml in the upper :part of 
the figure represents the barometric cunre of pre1;sure at the earth's surface. The maximum of 
pressure is at the distance at which the gyratory Yelocitirno; vanish and d1a1q.,:·e sigus, as already 
shown. In like manner the perpendicular cu-ordinates of the dotte!l curnid line.,; show the gyra
tor.r 'Telocities at some altitmle ahon• the earth's surface, greater or lei;;;,, accorcling to tlie tempera
ture gratl.ient,, antl. tl!e correspoulling dottetl cnrve(l line in the uppt.•1· part of the tignre represents 
the corresponding barometric curve. ln this ease, alRo, the maximum of barometric pressure is 
at the distance at which the gyrations ,-:111ish and chauge sigmi, which~ in the cyclone with a warm 
center, is nearer the center, and in the one with a eold center further from the center than in the 
case of the gyrationis at the earth'" surface. 

Eitlier the altitude or the temperature gra<lieut, or both, might he so great as to make tl1e 
gyratory velocities and the co-or(linates representing them all negatiYe in the cyclo11ic sy:;;tem "ith 
a warm center and positini in the one with a cold center. The maximum of the curves then 
representing the harometric pressure at a considerable altitude would be at tile center in the former 
case and at the outer limit of the anti-cyclone in the latter. 

20. Accordi11g to (28) the gyratory velocities of a cyclone with a warm center 1lecrease as the 
altitude h where U, and couseqmmtly the tempt~ratnre grmlient, are the sanw at all altitudes. But 
since the frictfon terms were W'glected in ohtaini11g ('.:!8) it is only apvrnximate, and 11ear the earth~s 
surface wllere friction is great but rnpidl)· diminisl1es with the altitude, the g,n·ator:v >elocitics 
increase with the altitude much more rapidly than at greater altitudes where the amount of friction 
is small, and where, conse(]Ueutly, the Yelocities mm;t ha,·e nearly the relations giYen by (28). If 
instead of using the first of (1), ueglectiug the friction and inertia termR, we had used (13), putting 

v = s COR i, we shoul<l have obtained for the first member of (28) (-!'_-. - -.1 
•. • ·). and since at 

cos2 i.' cos2 1 , 

and near the earth's surface cos2 i' is much less than cos2 i at some altitude ab°'·e, since i increases 
with the amount of friction, 1:1 , in on1e1· to satisfy the coll{litions wbere friction is considered, must 
increase with the altitude more rapidly near the earth':; surfhce than at considerable altitudes. But 
for the reason that these gyrator_y velocities in comparison with those above are less near the sur
face than is required to satisf'.y (28), the force which arises from these gyrations and tends to drive 
the air from the center is much less there, and consequently the air flows in toward the center with 
much greater facility than at higher altitnde8 where the gyrat-0ry velocities are much greater. The 
velocity, therefore, of inflo~ toward the center is much tile gTeatest near the earth's surface, while 
the maxi111um velocity of the gyrations is at a greater altitude. The directions, therefori>, of the 
currents in the lower strata of a cyclone must be more inclined toward the center than at a \'cry 
moderate altitude abO\'e the surface, as is likewise shown by the greater value of i near the earth's 
surface, as deduced from (11) in§ 10 (b). If au observer at the earth's surface, therefore, stands 
with his face toward the wind of a cyclone, the currents, and likewise the directions of the clouds, 
at some altitude abo,·e him, must be from some point of the compass at his rig1lt lmml i11 the 
northern hemisphere, and the contrary in the southe,rn, and at very great altitudes, as in the region 
of the cirrus clouds, where the g;rratory velocities are mnch lei's in the case of ordinary cyclones, 
and may even be reversed, and where t11e radial motion is outward from the center instead of 
toward it, these directions may vary so much that they may seem to cross one another at 
right angltis, or even to be somewhat counter to one another. The directions of motion in the upper 
regions are indicated by the dotted arrows in Fig. 1. The area of cyclonic gyration;;; aIHl also their 
velocities here, according to what precedes, is mneb diminished, and those of the anti-cyclone much 
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increm~ed, es11ecially at Yery high hltitudes, aml the diYidiug line between the cyclonic and anti
cydonic gyrations much uearer tlH· center. The i11teriol' part of tl1e upper anti-cyclone consequently 
overlaps the extC"rior 1mrt of the cyelone below, and over tllill reg·ion the directions of motion of 
the air ahonl aud lit>low are very nearly or quite in opposite directions. 

21. So far we ban' regar<leil the area of cyclonic distnrhauce, arnl likewise the g_yratio11s, as 
having a 1lefi11ite circular limit with the radius U. In the case of nature, however, this is not the 

.case, hut the i::·:uations of the anti-cyclone, hy means of friction, are continually bringing into circu
lation, both gyratory and Yertical, new porti011ll of tlie surrounding air, hy which the area of 
gyrations is enlarged, and, in co11sequence of the correspoudiug enlarged vertical circulation, the 
area of tl1e temperature gradient is also enlarge<l in somewhat the same manner. AR the area of 
the gyral ions is eularged the condition Pxpressed by (10) must still be satisfied, which will in 
geueral rc,1uire that the cyclone and anti-cydoue Loth enlarge simultaneously. 'l'here is, however, 
evidently a. limit iu all cases beyond which the power of the eyclone cannot extend, or at least 
make itself ;;ensibly felt. 

22. If we regard C, and consequently the temperature gradient, as a function increasing or 
<lecn'asi11g wiU1 tlte time, as it generally is, we somewhat change the conditions of the problem as 
treated so far, hut the effects depending upon this change are so small that it is not worth while to 
enter into the consideration of them here. 'Vhile C is increasing of course tlie whole activity of 
the cycloue must increase, and this introduces a change in the amount of inertia to be overcome hy 
the fon·es, so that the term D, s, arnl the componeuts D, u, and D, i~ entering into tlw fundamental 
equatin11s, taken either positi•el,Y or uegatiYely, must increase as C increa.ses, and inversely, but as 
C generally clmnges Yery slowly with the time, and the amom1t of force necessary to overcome the 
inertia of the air in auy ortliuary rate of increase or decrease of vdocitics is ,·ery small, (§ 9), the 
conditions of tlte problem, and ~•ll the results, may be regarded at any instant as being sensil.Jly the 
same as if C were constant. 

"~hile C is increasing the wl10le activity aud the area of the cyclones are increasing, but the 
latter for reasons giYen aboYe, and not on account of the increase of U, so that the area continues 
to enlarge while C decreases, and although while C decreases the velocities are being gradually 
dirninis]1("l by frictiou, aml as C nwishes these velocities also vanish, yet the area of the cyclones 
is not thereb~· dimiuis1w<l1 but rathPr e11larged to the last. 

2:l. B,\ mu1pariug the f'nndamental equations (1) of a cyclone and the results deduced from 
them, in the precediJJg pages, with the equations of the general motions of the winds, and the 
resultR <leduceil from tl1em, in Part I of these Researches, it is seen that they are similar in the two 
cases, those of tile general motions of the atmosphere differing a little from those of a cyclone, 
and its acco1111ia11yiug anti-cyclone, 011 account of the greater extent of the earth's surface included, 
arnl the 11pmssit,v, tlierdill'e, of taking into accouut the curvature of the earth's surface instead of 
regarding it as a plane surface, as in orClinary cyclones. The two systems of winds, therefore, 
belonging- to the northern and southern hemispheres of the globe are simply two great cyclonic 
systems wit11 a cold center, haYiltg the cold poles of tlie earth for their centers. The motions of 
the air eastward around aud toward the poles, in the middle latitudes, giving rise in those latitudes 
to tl1e normal southwest winds i11 the northern, and northwest winds in the southern hemisphere, 
form the cyclones, arnl the trade-wind region the corresponding anti-cyclones, with the equatorial 
calm-bdt for the common limit of the two srstems. The tropical ca.lm·belt and corresponding 
maxima of liarnmetric pressure near tl1c parallels of ao0 correspond to the similar calm and 
dh·iding line between the cyclone and anti-c,vclone in tlte onlinary and smaller cyclonic systems. 
The meau-temperaturn gradients of the northern and southern s,rstems are about the same, but 
since there is much more land in the northern than in the southern hemisphere, and consequently 
the resistance to the gyrations of the atmospbere around the globe from mountain ranges and the 
inequalities of laml surfaee generally is much less in the latter than in the former, the southern 
cyclonic system is the more ,·iolent of the two, so that the barometric depression below the mean 
is much greater at the south than at tlte north pole, and the mean position of the equatorial calm 
belt is a little north of the equator. 
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During the winter of the northem ltemi:s1)here, the temperature gradient of the northern 
cyclonic system ill much greater alHl that of the t'>Outheru somP less than the mean of ''inter and 
summer; ltence at the former time the YioleueP of the northern "~·stem is much greater m;d that 
of the southern sorne less than the mean, aml tlw equatorial arnl tropical calm-belts are drh·en 
south of their mean po:sitious. In the su1111ntir of the nol'tLern hemisphere t11e n•yerse take:-; place, 
an<l the position:-; of these calm-belt<i is a little north of their mean position,,. Hence there i:s a 
regular oscillation of these calm-belt8 and of the whole 8)-stem, with the cl1ang-es of the seasons. 

In § lG it has heeu asl'lumed tlrnt tlie fnuction expre:ssing- the temperature npou which the 
disturbance of static equilihrin111 and th{~ nrnintPIJanct~ and ad i\'ily of lht> l',H~lmws tll'pend is of 
the form of (24). Of course the rt•al forms of tliis function in nature an· generally only rough 
approximations to this, which has been asl'lumed in order to simplif,\- the problem. Tl1e results, 
therefore, which lia.vt; heeu olltai11e1l upon this asi'.umption are not strictly sueh as an• u;.:uall,\
observed in nature, and the~- cau only he used in a gener<tl explaimtion of the pheuoawua observed, 
or in tlie compariso11s of tlwor.r with obsen'atio11 where we han; the a\·1·rages of great nmnhers of 
observations, from which the eft'ecb of abnormal distnrhances and irregularitie::; are eliminated. 

24. There are several causeH which produce variations of temperature in the atmospliere, wliich 
may he dh-ided into primar~· and secondary. The first giYe riSl' to the initial cydonic motions of 
the air, and the latter can rn1ly come 111to l•lay af'tPr these iuitial motio11s take plaee. If, in a qui
escent atmospltere, any portion recei,·es more taloric, from tlie sun·s ray::;. from radiation from the 
earth's surface, from conduction, &c., than it loses by radiation, conductio11. &c., iti,.; temperature is 
increased; and, on the contrar,Y, if it loses more caloric than it recein's, fro1u tlw scn'ral causes 
mentioned, its temperature is dimiuisl1ed. lueq trnlitie:-; of temperature arP thus produced in different 
parts of the air which gini rise to tt•rnperature gradients. lf tlw isotl1er1111' lie soniewhat circular, 
as they frequently may be, we La,-e approximately the conditions of a eydone, with a warm or a 
cold center, according as the temperature gradients are ueg·ative or positi\·e. l'he ,;e\·eral causes 
mentioned abo\·e, upon which these couditiom; depend, are primary causer:;, which alone, unaided 
by the secondary causes, ma_,.- gi\-e rise to and keep up a cyelone of more .or less Yioleuce for a con
siderable ti me. 

After the c,vclouic disturb<wce due to the primary cause::; lias ouee set m, a11d asceudi11g and 
descendiug currents are produced, tl1e temperature of the air iR decreaRed in some parts b.r expan_ 
sion in ascendfllg, and increased in others by compresl'liou in descem1ing:. aud when the ascending 
currents are saturated with aqueous vapor the temperature is increased by tlw latent caloric of the 
vaiJor set free in its condewsation hy the cold of expa11sio11 iu the a:sceut of the air. These latter 
are the secondary causes which only take ph~ce after the initial disturbance" arh;iug from the pri
mary causes. 

25. From (29) we get, since the secoll(l rnember is equal to - D,: log P, 

u. (F,, + D,u) = - D,. log P = - ~p-Y 

The condition of' initial motion toward the center at or near the eartli'::; surface, and couse
quently of ascending currents in the interior of the cyclone in tLe lower strata, is tliat the first 
member of this equation taken :it or uear the earth's surface sltall be negati.-e, or, in other words, 
that Dr P' shall be posith·e, P' representing the barometric pressure there. After the initial mo
tions the ttirm in the first of (1) depending upon i;, which was neglect~tl in ohtainiug (2!1), hegi118 
oo have a value rn the origination of the cyclone; but this is only a modifYinp: force depending 
upon the earth's rotation and the centrifugal force of the gyratiom;, and eaunot uecomc so gTeat as 
to destroy and change the sign of tbe first member of (2\J), else tlte radial motions would become 
reversed without, any change in the temperature conditions upon which the,r depend. The cmi
dition of ascending currents, therefore, in the interior of a cyclone in the lower strata is that D, P', 
regarded aM a function varying with the temperature only, or rather with the density, for this 
depends also slightly upon the amount of aqueous vapor in tlte air, shall be positirn. 
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Now we btwe as an expression of r 1
-

P1 = f. gk 

= .!. l (1 
p bv (9) Part I, alJ(l bv (3), + .004t) < • 

f, r ( 1 - . OOJt ) Yery nearly, 

in which I = 798\J"' i1:1 the height of a homogeneous atmosphere. lu thi,; expressiou, it will he re
membered, the :u-erag·e principal part g·enerall;v of the e1foct of tht• aqneons Yapor iu a quiescent 
atmosphere ha1:1 been taken into account by changing a little the coefficient of t. 

From this expression we get-

(30) Dr P' = - .004 f' _I:' D,t 
• • l 

.002 " sin 'f' J _E' (t, - t,) by (:!5) and ('.W), 
H • l 

e . r p R sm rp (f, - t,,) P' , 
• h 

in which the value of c.is of no eousequenee for our purpose. The integration must extend from 
h = Oto the top of tlle atmosphere, or at least so high that the halam:e may be neglected without 
materi<1l error. 

In tl1e preceding expression of l", P is the pressure irnlepemlent of temperature, and conse
quently of r, and P' in the expression of D,. I", especiallr at the time of incipient disturbance be
fore gyrations luwe I-let in, to which time the m::pres1:1io11 refcr1:1, may be regarded as a constant. 
D, P' i:::; the iueipient force which overcomes the inertia and friction of radial motions to or from 
the center, upon the liypothesis that there has been yet no change in the height of the atmosphere 
or of the strata of e<1ual den;,;ity in the npper part, bnt as the nwtiou" set in the height of the 
atmol'lphere and of the strnta of equal der>sity are elevated or depresse1l, as the cat1e may be, 
enougl1 to give rise to a gradient either fro111 or tmrnnl thp, center in the upper part of the.atmos
sphere, contrar,Y to the radial motion bt'low, else the equation of' continuity could not be satisfied. 
But. this llll!St be only sufficient to tlivide the force D, P' betWCt'll the upper and lower 8trata, and 
consequeutl;y only such as to diminish Dr l" and not enough to entirely de8troy it or reverse the 
sign of it; so that :Lccording a8 the sign of D.,. P' is posit1_n\ or neg-ath·e will tlie motion of the air 
below be toward the center and rise up in tlte iuterior part of the cyclone, or the reverse. 

The prec••ding expression of n,. P' is applicable to any other stratum of the atmosphere ot 
which the pressure is P"7 proYided that h in that. case is reckoned from that stratum instead of 
from the earth's surface. If D,. l" is positiYe at and near the surfo,ce there must lJe motion toward 
the ct'nter aud a rising up of the air in the central part, lmt thi1:1 a1:1cent of the air may not extend to 
the top of the atmosphere7 wllere the temperntnre graclients are 11ot the same at all altitn<les, but 
t.he8e may be such a function of the altitudt' that the reverse radial currents will take place at some 
intermediate iiart of the atmosphere. If D,. P is 11ositive for the lower and upper parts of the atmos
phere and negative for the intermediate part, the radial motion will be toward the center below and 
abo\'e, autl from it in the intermediate parts, and the vertical currents be ascending ones below and 
descendiug ones above, witb little or 110 change in the height of the atmosphere. Of' course the 
reverse wouhl take place if n,. l' were uegati,·e below and above, and 1>ositive for the intermediate 
altitudes. 'Vhen l>,. l' is positive for all altitudes, and generally where it is so for only the lower 
half of the atmosphere, the currents in the interior will be ascending ones to the top of the atmos
phere, and the flow of the air will he out from the center above, since if Dr l~ is negative above 
in the initial state it becomes reYersed in the upper part by the increased height of the atmosphere, 
and the re\·erse of this if Dr P is negative for all altitudes, and generally so if for only t.h:e lower 
ha.If of the atmosphere. 
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if D. P = 0 for the lower strata of the atmosphere, then thes1• strata remain tmJil'lturbt'1l, 
except so far as they an• ~ieted 11pon, throngh frktion. h.' the ra1lial n11d g-~·rntory motions of tl1c 
tlisturhed strata aho,·e them. 

If WP pnt 
J,., J,, = thP decreas1· ill t1·rn1ierntul'e for caeh 100 meters of i111:reas1• of altitnt11· ill tilt• 1•c11tl'r 

and exterior limit of the eyelone reR1wctin·ly, 
f',., f' .. = tJ1e l~Ofl'CS]lOllflillg· \':l ltws oj' f, am! t., at th1• l'arth's snl'f:w1•1 WI' !JHYI' 

t. = "" - l f. j 100 " . 

t .. = t' .. - 1f10 f, J, 

\\'itl1 tl1Pse ,·al1ws of t, and t. iu (.10), WP get 

ll, l" = ,. 
H 

;.;ill '? f I (I' - t' 1 _ l J ( J _ J ) l. p 
.} " l ' ... 100 1. • •· I 1' 1 

in wlticlt tlw int1•p;rntio11s mni<t 1·omme111·1· at tlw 1•arth\; surfaee or at a11,\· :u;su111Pll stratum of 
wliid1 tl1<' harometri<' prt> . .;snre io; P'. 

In the eao;e of 1h:s1•emling cmTent.-.: if \H' wish (1 1
, - l'J to rPpn•sent tlH• tem1wrntnre 1lismrb· 

ance frorn tltf' Jlrimar,Y can:-;f's, we must 1·ommence 1.111, i11tegnttio11 at the top of the atmos11h1•re, or 
whereYer the current comuH"nces and where then· is no distnrhance of tPmpcra1m·p from the p1·i
ma.ry causes, and hence the sig·u iu thiH case must lie duu1grd. If the iutegratiou commer1<:<, at 
the earth's surface, tlien (I'. - t'..) must indud(• thP whole temperature disturhan(·e ari.~ing· from IJoth 
tl.1e primary and secondars causes. 

In or!le1· to have motion toward the center at tlH• earth's surface and ascending currents, we 
must have D,. l'' in (~H) positiYe, regarded as a function of tt>mperatnrf', arnl nnaffp1•wd hy gyratory 
motion, and hence 

' 1 f (p . (J J . ·.) (t' - 1-..) I > 100 " p1./,, .. - .. ) 

For tlie cm1tlit.io11 of motion from tlrn 1·e11ter and descending currents nP:U' tlw l'arth·s ;;mf<H'P 
in thP interior we mnst c011sPfJ:tH:'ntly han· 

(11 - I') 1 / l f (l' /' ( - J ) \ , .. '-- 1uoJ,. l"·" J,. ,") 

For any other 1;traturn with pressure l'" l must be the height of tll(' homog·eneou;; atnwspLt>n· 
;tlmve t.lmt stratum and the intt>gratious commence from that stratum. If (3:!) ii;, satisfied for tl1t-

lower half of the atmospl1ert' or t.ht>n'ahont, thP currents will ascend to tl1P top of the· atmosp1iP1'P, 
lmt otherwise they may not. 

26. In the initial state, l>efore motion 11as commencPtl, J, may ban· any \'alne, differing gem•rally, 
however, not very mncb from that of J,.; out as ascending or descending cnITPnt;; arP generntP(l 
and kept up, its value approximates aud tinally rt:'aehes tlw ,·alue of F' very m•arl,Y, in the eal'H· of' 
air nnsaturat.ell with aqueous vapor, hnt in the case of sa.tnrated air and asPP11<ling; «nrr<·nt<' tlw 
val1w, to which it approximates, and finall,v readies, is clifferent for ditforent altitudes arnl tempt>ra. 
tnres. This matter bas been thoroughly work(•d up hy "\·arions inYestigators, and tlw most impo1·_ 
tattt of their propositions have heen dedneed arnl presented in the mo;;t simple ma1111er hy Dr. 
Hann, so that it is not necessary to entn into this su~ject here, but merely to eopy a few of 11w 
results from his paper,"" wl•ieh it. may he necessary to USP in the following pagm,. Thp;;e are con
tained int.he following tahle: 

~See Z.eit. Oest. Get'wll. Md. 187-t, ix, l" :l\ll el xrq. Also a translation hy Prof. Ckvelau•l Abbe, 811iitlioouiau 
Report for 11"77. 

S. Ex. 13--25 
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TABLE l.-l>iminution of the teniperature of ascending saturated afr for each 100 meters of ascent. 

Initial pr-es~ure. 

-lil'' --fr::, oc 

Millim('fr1·s. 
760. -·-···--··-·--- ('. 7G ' 0, 60 0. G:l 

70() ··-··-- '"" ... 74 GR • G~ 

600.- .•... ······--· il 6fJ .5" 

50U .•••••.••••••••. 58 62 . 55 

40(1, ····- 63 57 . 50 

~Oil '" 51 • 44 

20fl .. ... ......... 40 43 • 3H 

Initial teru1wral llt"e. 

f.O 100 ]f)O 

0 

0.60 0, ;;4 0, 40 

59 .:i3 .48 

. 55 '49 .44 

52 46 . 41 

• 47 . 4~ .:ll'i 

• 42 

...... .... -·--------

:!00 2fr 1 

0, 4;, 0, 41 

44 40 

40 37 

38 

---------· 

------· ... ··-···----
. .. .... . .. -----·-··· 

aou 

0, 38 

.:n 

: i 
I 

---· .. 

---------· 
.......... 

AltitwJ.e 
for 0''. 

Jfefers. 
:!O 

680 

1, 910 

3, 360 

~. 150 
;, 430 

10, 670 

ll~l'ight of aqueous vapor in a kilogmm of saturated air. 

• Villi t11f:'(f'r1<. r; rrrm ii. GrcrnM. 

760................ J."i 2.6 
Gou _________ . 2.:.. :~-~ 

4110 .• 

'.:'.00 .• - -- - - •••••.••. 

4. s 
9, 7 

(Jrams. 

;i, 8 

4_ fi 

';.:.! 

Gram1;. Grams . 

5. 4 7. 6 

6, ~ 9.ti 

10. 2 14,4 

Grams. Gram.a. Orams. Or·am6. i Jfeters. 

J 0. 5 J+, 4 19. 5 ~6. ~ 20 

1:J. 3 18, 3 24, 8 1, 910 

20. 0 5. ]f,0 

10, 670 

It is seen from this table that J,, the rate of diminution of temperature in m;ccnding saturated 
air, is mucl1. lPss than in the case of mi;saturate<l air, wl1ich is 1° for each 100 meters of ascent. 
This tlitference is due to the latent caloric set free in tbecon<lensation of the Yapor, and is especially 
large in warm summer temperatures, when, as seen in the last 1mrt of the table, the amount of 
aqueous yapor is comparatiYely 'Very great. Hence tile free caloric arising from the condensation 
or the vapor forms a Yery important part in tile preceding conditions of (32) after the ascending 
cnneuts ha\·e once set in, and likewise in the power of the cyclone, as seen from the expression of 
l>,, P 1, npon which this power depernls. In descending currents saturated air at once becomes 
1111saturated, and hence we ha\·e in this case d,, = 1°, as in ascending currents of nnRaturated air. 

1f J,. at all altitudes is gr(>ater than .d 0 in the case of an ascending current, then ( J, - J,,) is 
negative for all altitudes, and the cowlitions of (:32) and (:1~~) are satistie<l in tbe case of W" - 11

,,) = 0; 
t llat is, in the case of no primary disturbance of temperature, prO\'ided tha,t, al'cemli11g or descend
ing- currents, lwwerer slight, are once generated by any small instantaneous impulse or te1nporary 
cause of disturbance; for the initial value of Jc being the same as J 0 , as soon as the vertical current, 
eit11cr ascendi.ug or descending, sets in, the value of J, = J,, at the start approximates to the value 
of J,, in au ascending or descending current, and consequently becomes less than J,, at all altitudes, 
and the conditions of both (:'~2) and (a.~) are satisfied with t1

, - t',, = 0 for all altitudes, and this 
eontinnes so until by a partial or complete inversion of the atmos11here, or from the action, mean
while, of the primary causes of disturbance of temperatnre, the value of J,, in the surrounding 
parts comes to 1H1Ye a value equal to or less than that of Jc in the case of ascending currents, after 
which th(' conditions are no longer satisfied with (t',, - t'") = o, and all motion ceases. If the first 
impulse from the instantaneous or temporary cause is upward in the central part of a given area, then 
the currents will continue to ascend in this central part to the top of the atmospliere, and conse
quently to descend gently in the surrounding parts, and the currents will be toward the center 
below and from it abo\"e; but if the first impulse is downward in the central part the vertical and 
horizontal motions will all be reversed. The state of the atmosphere in wliich (32) and (33) are 
satisfied with (t', - t'u) = 0, after the temperature disturbances are callerl into play by any instan
taneous impulse~ is called the state of un.~table equilibrium. 

If J" is greater than 1° in the case of unsaturated air, or than the values giYeu in the preceding 
table in the case of saturated air, we have this state of unstable equilibrium, but in the latter case 
the primary instantaneous impulse must be upward. Hence the state of unstable equilibrium is 
prmluced h.r :1 mucl1 less rapid rate of diminution of temperature with increase of altitudes in the 
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ease of 8aturatt~u air than iu that of UU8aturateil air, aml this ii;; ei:;peciall~· the casP for warm tem
peratureio; and at great altitmles, as is seen from tlrn preceding tahle. }'or a krnpe.rnture of mr it 
is only necessar,'I· that J" should be greater than 0°.38. 

In order to ha Ye the state of unstable equilibrium it is not necessary to ba,·e J
0 

g1·eater tha11 
LJ,. for all altitudes, hut merel.r that there should be a p1·eponderance of sud.1 \alues, and mostly in 

the lower prrts of the atmosphere, so that,!, (J, - J,,) shall IJe negative. If this be the case for 

the lower Htrata only of the atmoHpltere, and for all tLoi'ie ahon•./: ( J. - JJ should he poHitin~, 
then the ascendiug current would not ascend to the top of tlw atmosphere, and the couditiorn.; may 
he such that they will ascent! only to a moderate height when the air will moYe out from thP center 
to supply the inflowing currents below. 

27. It is seen from (30) that a state of unstable equilibrium in the lower strata onls of tl.te 
atmos1)here has little effect in pruduciug a cyclone of large extent with ascending or £1e;;cendiug 
currents extending to the upper regions of the atmosphere, on account of the short extent of tl1e 
integrations with regard to lt in the expression of DrP', upou which the power of the cyclone 
depends, and also on account of the large 'ralue of U, in a large cyclone, for thii,; sliowt< that tl1e 
temperature gradient and power of the cyclone are inYersel:v as the extent of tl1e tempMaturc <listurh· 
ance, tile difference of temperature between the center aml the external part remaining the i:;a.m£'. 
[f' J 0 were 80 much less than L1 0 that the iwerage of ( J, - .1 0 ) for a stratum of l,OUO meters in de,pth 
were 90, the effect would onl,ybee'lual to ahout a<lifferen~e of1° iu (t', - t',,); that is, toadifl:erence 
of 1 c between the central and exterior part of the area of temperature disturbauce arising from tlie 
primary causes, and extending to the top of the atmosphere. But this is au extreme assumption; 
for the atmosphere most probably never becomes jn this state to the height of 1,000 meters, eYen 
when thl' difference between J, aml J., is Yery small; and when•, there, is a very rapid diminution of 
the temperature with the altitude, and consequent!~· .:J, is large, the height to which such a state 
Pxteuds must generally be small, and this only in cases where there ha,·e been no dist11rbances of 
the atmosphere from the primary causes for a considerable time. 

'l'he state of unstable equilibrium occurs mostly at some distance aboYe the earth's surface, 
and in the case of saturated air; since in this case the diminution of temperature with altit1Hlt', or 
\·alue uf J.,, required is much less, especially in the summer sea.Rem, as is seen frurn Table I; uut in 
order to have the air saturated, it is necessary that there shall ha\e been first an ascending curre11t 
long enough to cool the air dowu to the dew-point, and this can only anse from the disturbances of 
temperature due to the primary eauses. But after this has once taken place, if the Yallw of .J, is 
less than the Yalne of J,. in Table I, we haYe a state of unstable er1uilibriurn, since the condition of 
(:1'..!) would be satisfied if t',. were equal to t',, taken iu the lowest, saturated stratum: and if the 
npward currents were. to cease at the time of 1·eaching saturation, any iwstantaneous upward 
i rnpulse would briug J,. to htl"e a less Yaluc than J,,, and this would continue a::; long as tlw air 
could be kept saturated at any ginm altitude by means of the ascending currents. 

~Yhere (t', - t'J has a finite value, either positiYe or negatfre, the primary causes combine witl1 
1 l1e secondary causes of <listurbance in the stale of uustable e11uilibrium; and where the state of 
the ittmosphere only approximates to tl1is unstable state the conditions of (32) and (33) can still 
lw satisfied if the amount of primary 1hsturba.ucc of temperature (t',. - t'.,) is sufficiently grc>at; 
but it may be such only that it is entirely counteracted. by the, disturbance of tem1wratnre from the 
iowcomlaQ" causes after the motions upon which these depend ha,·e once set i11, so that in such a 
case there can be but little atmospheric disturba.ncc. 

28. If we knew the Yalue of .J, and J" for all the strata of the atmosphere, and also the amom1t 
of primary temperature disturbance (t', - t'J, in any case, we could determine by computation 
wl1ich of the conditions of (32) or (33) are satisfied. 1J nfortunately we ha ,.e no means of knowing 
the Yalues of J 0 at any special time, and we have few observations from wllieh we can deduce 
general average 'raJnes of it. Glai.sher's obsen·ations, during numerous ballom1 voyages, gave, for 
the frt>e atmosphere, the followiug rates for the diminution of tempemtnre with the increasP of 
altitude, taken f'.rom Dr. Hann'is paper, already referred to, deduced from results gh"en originally iu 
the Report of tlie British Association, 1864. 
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'TABLE 1I.-Di111in11tion of fl'111pernt11rf p1T 100 m<'fers of 11/titutlc. 

0-1 

Ckar .••....•••...•............. ......• 0.9f: 

Cloml.\' ..•. ···-·- ...... .... .•.•.•.. ... . .. ~. 8tl 

Altitrnk i11 tlwnt'lall!lB of .E11g.1ish frd. 

l -- ~ 

o. 00 

IL 40 

o. 30 

0. :.!~ 

For the first 1.000 feet, in clear we at he1" it is seen that the a \·erage state of the atmosphere at 
ilw tiuw of the;;e balloon ascensions differed lmt little from a stafr of 11m;tahle equilibrium for 
nnsatnrateLl air. 111 cloudy weather the ear1l1',.; ,-.;nrfac(', and tLP lower :-;trata of the atrno8phere, 
are i1ot :"O much Ilea tell hy tlu~ direet rays of the snn, and the ntte of diminution of temperature, 
the11, thr the first 1,000 feet, is less than in clear ;wather. .\bow• the altitude of 3,000 feet it if' ;;een 
that the rate i8 nearly the same i11 dear arnl cloudy we;tther, aud Yery much lesi,; than near the 
earth's snrfaee aud than the rate re11uired f(n· m1,.;talile equilibrium of nm1aturate1l ail'. Different 
hallmm a"1eentf.: often gaYe Yer;y 1litl:erent result"· alH1 i11 ,.;0111e cases tlw rate,,; l1ecame ueg·ati,·e 
in ,;ome part"1 of tl1P mwent, aucl the temperature irn:rea,.;ed witL altitndc. These rates wei·ce also 
found, i11 tlrn lower part of tlte atmosphere, to be ditl'ercut at diffen!nt seasons of the .''ear ~tlld 

1liflerent times of the day. ..:\t different times, thcrefi:m·, the rates of llc1·1·eas1~, no 1lonbt,.ditl:cr Yer~-
111ud1 from the averages given above, aml c,·en from tl1e ayerages "·hi.ch wo11l1l lie gi,·eu b,Y uhser
Yatiou"' ma.de at the same season of the ;ye:tr a rul the samP time of da.'" TIHT probably differ abo, 
under the .-;ame eircnmstance,.;, in different latitudes. 

The rates giYen in thf' preceding table are clednee<l from ob:-wrnitions made moi-;tly in the ,;nm
mer half year, es1weially those of high altitudes, aml tlu• latter are based upon but few obserrat.ions, 
so that tl1P rei,;ults from maur obsernitions, made at alJ S('asous of tl1C _\'ear and all times of the 
1lay, might clifier considerahly from tbesf', though tht> ratm.; of dcllreasc of temperature in hig·h alt.i
tndcf: are perhaps uot a fleeted Yery much by the ;;easons or the times of cla.v. 

From obsen-ations made b.v the t:uitecl StateR Hignal SerYi<'e 011 the top of .Mmmt \Yashingtou 
mid at Burlington an<l l'ortlarnl, and on the top of Pike's l'eak aml at surrounding stations 011 t.lle 
platean of Colorado, and ah;o from obsen·atious made in ~;hritzerlaml, WP lnn-e tlie following rtLtcs 
giH•u 11~· Dr. Hann:* 

1'Alll.E Ill. 

!'tatiow~. 

'!\lonn1 '\'a.-.,hi11µ;tou-nu11lugtou ...••.......................... 

Mmrnt Wa~hington-l'ortla11l1. .. . . . . . . ........... . 
~wi1z~rland ll.v Wdh•mrnm ..•.•...........•. 
l)latf'att of Colo1·mlo .. _ ..... 

\\-inter. 

0, ~\) 

II, 4ll 

0. 4:; 

u . .10 

H. GO 

0. Hi 

::-\11m111er. A11111nm. 

(I. lj';° 0. j:_! 

o. "' 0. ;')5 

0. 7a 0. 52 0. 58 

v.m 

It i:-; ~l'Cll that thcsL' rate>' differ eou;;itlerabl,v in tlift'erc11t 1-1ea,;0111; of the .rear, hut the a\'crngt~fi 
of ;;um111p1· a11d aut11111n llo not. !litfor much from tlw average for eorrespomling altitmlci-; giyc11 i11 
Tahl(• I I. 

Zeit. Oest. Ge~ell. Met. :xi, lK'iti, p. 84. 
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The following; tahlc of rei-mlts for tlte lower strata or the atnwsphl•n·, taken from a p:-ipt-r" liy 
Glai;;her, ii-; Yery important i11 thiN conne(•.tion: 

TAHU<: l \., .~luw i 119 tlw <1f'fff<l>if' of fr·mprn1t llff 1cith incrrn.~iiifJ dernt ion 11 t c•'f·ry l 00 _fret HJ> to l,0110 Ji f'f. 

t'kar ... k;r. 

IO toll .'lto4 4 to ,) .'"i 10 ti Htn"'i ltol . .'~O 

Fed. 

" 10 l\\11 .. - .. 1.\1 1. j J.l 0.9 ll. ;, u. 0 1. '.! I .. \l.\l "· 
,, tL:-1 

ltHI t.0 ~00 .. -- - . - 0. fl i_I, ~ (I. 7 ;, l "· " d. (i " ,; 

~on to 300_ - -- - - - - - - 9 ·' 7 .6 ... " ... ,II 

311(1 to 40\J ________ .n .H ;, .4 .Ii .I\ .n .:) .-\ 

40(1 1o 500. - --- .> • H " ;, .. -. 
;iOO ((; f.i()(l •••.•••••• .H _;j . .-~ ,;} . :~ . :, ... 
fl•\(\ 10 IUH .. ,;i . ;) -~ . .\ .l 1 ,;l 

700 t<l r;l.0(1 ' .:i l .4 - 4 _;, 1 .. -. ..-. ... 
80~ h~ 900 .. - . .Ii .4 .4 ·" .4 .. l 

~~\\(! f.H I.OHO .•..•.•..••••. - 6 . 4 - - .;1 -+ 

'l'o n•cluee tltt>>le rt'.'!Ult::; in tlegTN»" F. pPr 100 ft>et to 1leg1't'l'" C. per 1 oo 111t•ter;; 11111ltiply hy l.~. 
Tlll' olu,;crYati011,,; were mack :May 5, ,Jnly 12, 1 i~ 2:3, 24, 21'1, August 4, i, li'IH\J, arnl liern·e 111ost ly in t hl• 
l'UlllllWr season. It is 8een that during tlie day until II o'cloek i11 tht> aftpr11oou, witl1 a c]par i-;ky. the 
::iir on the aYerage was in a l-1tatt~ of un,;tahle eqnilib1inm 1111 tll the lieig·ht of iiOO ft•l't, arnl nearly 
up t.o the Harne height with a cloudy sky. But near "uu,.,et, with a clea1· sky, thcr<> was no decrea8t' 
of temperature with altitude near the earth's ;;1uface, and tile rc;;;uJts; ;o<)1ow c\·idt>11tly tlrn t during the 
nig·ht the temperature increased witll altitude, owing, no doubt, to the rapid radiation into the dear 
Hk.v. But thl' ollserYatiomi indicate tllat this 'vm; not; the ease "·ith a dolH1,,- i-;ky, as wt> would expect. 

\\' e lrnxe seen from tlie preceding tables tltat the decrease of temperatnre for conHillerahle 
altitudes hi lflss in winter than in summer, so that near thl' 1mrface tlie tlift'ert'lWP must ahm be yery 
great, au<l hence this tahk is not ap1)licahle in the wiuter season. 

:29. The value of J,. is knowll \'el';\' near!;\' iu some ca;;;es, hnt 11ot \'\'\'II apprm.irn:itt•J,,- in 1na11y 
others. "'herP an aseendiug cnrrent of air has lwe11 kept up for soine time. so that tl1<• air at auy 
gi\·en altitude has aseemled from the eartb's smface, and dnrin~ the saim• time hai-; not reccin·tl or 
lost calorie from tile primary causes mentioned in~ 2±, we know that J, must e1Jlial 1=; nearly. in thP 
1·a1-1e of unsaturated alr; and in tbe case of saturated air it must lla,-e the Yalue given i11 Ta hlP I, wl1i1·h 
we may denote hy J' ,. The same i,; true if the air has ascended from all.Y ginm a ltitrnll' and no air ha,; 
R"1Cemled from the strata beneath that altitlHle. The same is also trne in tlw case of de.'\ceudiug cnr
reuts under the same limita.tiom.;. The more rapid the ascending· or desce111ling current the rn<H'\' 

l'apidly J,. approximates to the Yalue .J', at any altitude, but reacltt>R it first in the lower strata. 
To satisfy the conditions of a cyclone it may he necessary in some cases to Jiaye a-.eernliug· eur

rPnts at some altitudes and descending ones at ot!Jers, but geuerall~· they mas he satisfied with 
either mwcnding or descen<lhig cnrrents throughout the wlmle height of the atmos}Jhere. Iii thi,.; 
case J, comes to haYe the yalue of J',. first at the earth's !>mrface i11 t!Je case of a;;eendi1tg- \'.mTenlt<, 
and gradually for higher altitudes J. IJecomes equal to J'., but iu the extreme upper parts of the 
atmosphere J

0 
may be hut little changed from J,. u11less the Ycrtieal circulation, whid1 is g-e1H'l':lll,v 

slow, Rhould be kept np for a Yery long time. 
Let ns assume. that the. atmosphere is completely saturated witlJ Yapor, aml that Jlicre hi a 

temperature disturbance dne to the primary cau,,;es of (t1
, -t1J which is tlie same at all altitlll1es. 

111 the initial state of motion we should t.lmrefore 11aYe (d"-J .. )=0, aml hence the cot1tlitim1 of (:)~) 
,,;atisfied at all altitudes if (l',.-t'J is positive, but that of (33), if (t'.-t1

,.\ is ne~atin'. The initial 
motions, t!Jerefore, in the forrue1· case are toward the center IJelow and upward to the top of tlw 
atmosphere in the int.e1·ior part of the disturbed area, and the reverse in the latter ea,.;e. Lt'! us take 
first the case of ascending currents in the interior, a11d suppose tlwt these> have continn\'d so !011g; 

... -------- - -- .__ -----· --...------ ·-... -- --- - -- --- .. - - -
,._On t.la' Changes of Temperature a.ntl Ilumidit·~- of th<' Air n p to 1,000 fret, l\:0111 oh1wrvations made iu tht• ear nf :\L 

Giffortl's c11-11tivc btdloon; hy James Glaisher, F. S., F. H. A. S., &c. Hqiort of llriti~11.A~~ociation, 1811~. l'a1·t ii, l'"!i" :.?i 
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that J, has come to have the Yalue of J/, 01· 11ca1·ly, up to till' top of the atmosphere. !Jet us also 
suppose that the state of the nndisturhed atmosplrnre, so far as it regards U1e rate of decrease of 
temperatun· with the altitude, is tlrn san1e as the average in Glaislwr's balloon ascents in clear 
"tJatht>r and that t' .. = li"i". \Y € thmuforp ~et from Tables 1 and II the Yalu es of J, and J 0 , and of 
l': J" iu the follmling table. corresponrli11g to the altitudes of the JirRt column: 

TABLE Y. 

I fi I ~, 111 11 l:! J;l 

-~ lt1- 1' 
--·--i----~--

to~'..J;,(-'·--'"' 10.t,>-'· - .LI ]II~: ( (.;l,- 1u./~1:,.,. 1' r -
tudt. -'·- f' ,.:.. C:.'.) \.:l,-.:l,.) lU / 1.:.. -'"I -'· .:l.,) .:., .:.,) 10 J!•., h l.lc-..6.o,f, 

i • h '/1 

------- -- ------·-- -- --~----- ·----··----- --------

Jleten;. c 

~,oo (l,fi~ iJ. ~~ 0. tl' - O. :?O ~- 00 - l. l-7 o. ,')ll 1. ~n 1. trn 0.80 1. 20 t 1. l~ 

l, ~11Hl ,J,l . ~:: .~) -0.U:! ~-20 1.>-:: ;)~ 1. BO L.:li-. . 70 '..!. 70 2. 24 

2, ~1()0 1;, 7·1 •• 11 l 0. l2 1.011 - 0 ~~ .,-..) -0 ~10 {1.fil .Utt '1. 20 ;;, 20 

J. 500 10 . {\.~. <ti:! 0 .... I.~\) ,o. i8 . ,;:~ o . !/I (l.'.!ti .!'iO :;.. 20 :i. 38 

i. GOO . :~:\ . fl/ . t)~ (J.:.l;) 4. 5U ::. Jfl .·! ..... 1. j!) 0. 91 '40 ::.. 70 '.:L 25 

:1. ~10il :-w . :;o '" ~l. 4;: r-. l-10 t 4tt ·P ., 
~o I. t:> . ;w :1. iO 2. 85 

(:.son . ~;, .41 \, ll. 5~ H.tl•l fi. Hi ' ; ~...) ;i, 80 I. 11; . 2:1 ."'1. 70 2. 51 

·,,;.uu .:!I\ .;in .H o. 6·1 ' 
211. 4U 7. !llj '.'~ I. ~II i.o: 0. :!0 ~). itl 2. 22 

1~. \~ + li. Ofl 

\Yitl1 thei-;c• data. the computation of tlrn last numl>cr of (3:!) ma~- ue carried out as in tl1e suc
n•e11i11p: column:;; b~· means of finite integratious, reganling tht> tlddmess of each stratum of l ,OOO 
meters, for the middle of which the data are gi\·en, as a unit, which requires the numerical coeffi. 
t•ient in (3:l) to he 10 instead of -d;-0 . The i-;ummation of the seYenth eolumn to the top of the 
atmosphere woultl gi,~e the yalue of tl1e last member of (32). If we suppose a temperature dis
t11rlmnre amonuting to a difterence of HF' between the centnLI part and exterior limit of the dis
t urhed area, tl!e valne of the first member of (3:l) would be 80 very nearl,v, since with our new unit 
of 1,000 meters the value of l is ,·ery nearly 8 i11stea<l of 791"l!J. ""e do not have the data for extend
i uµ- tl1e eompntation of Ta hle Y ahoYe the altitnde of 8,000 meter>', hut with auy probable values of 
J, aml J,. for the higher altitudes, it is seen from a mere inspection of the results in the seveuth 
t·oh111111 that the integral of this column, 1•xtemle1l to the top of the atmosphere, would be mnch 
1110n· than 80; in fact, that (3:!) would not he satistietl with a11,v rcasonaule assumption of the 
,·aim• of (f'.-t..'). 

\Ye have seen that a11.r primary tlistnrhuwe of the atmo:;pliere, rcprei,;ented by (t.'-tv'), in 
\1·hich t', i,; greater thau t',., and the temperature gradients are the 8arne at all altitudes, nrnst give 
rist• to c,Yclouit- di8turbance:-;, iu which the currents of the interior central imrt are aflcendiug ones 
ti, the top of the atmosphere, but the precediug result shows that such cyelouic a1·tion cannot 
he kept up imlefiuitely with any reasonable amonnt of primar_y disturbance, although the ascend· 
i 11g currents should be 1~011ti1111ally ~mpplied below with air saturated with afpieoas Ya1ior. 'l'l;e 
reason of this i.-. rea(lily seen fro111 a general cousideration of the su~iect without conditions 
P:Xlll'PssP1l by mathematical cqnations; for if the asceur1i11g currents have been kept up Jong enough 
to briug J. to the Yalne or J/ iu Table I, and there has been no accession of temperature mmm. 
while from the primary causes, the temperaturt> of the air above beeomes so redueed, and the density 
1·ons1•quentl;r so great, that the atmospheri1: ]Hessure, even of the lower strata, so fa.r as it depends 
upon temperature, h1•1·omes as great in the interior as iu the exterior part of the disturbed area, and 
t hl'll tlu• power of the cyclone arnl all motion nrn;;t t•ease. 

The air is likewise cooled from expansion in horizontal cm-rents where it pa;,;ses from under 1~ 
gn·ater to a less lmrometric 1iressure, as from the exterior to the interior of a cycl011e. The change 
of tclll]llll'Utm·c from this canse is a little more than 1° for t>Ycry 10'"'" of difference of pressure. 

l t lloes not follow, howe1-er, from the preceding result, that the cyclonic action may not be yery 
\·iolPnt and kept up for a consi<lerable time, for the Yalnes of J,.,.may Yery slowI.r ac11nire such 
yaJnes, especiall_y in the upper part of the atmosphere, as will make the last member of (32) equal 
to the fil'st one. If, after the cyclone has heen in action for some time, we suppose that the Yalues 
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of .de hase changetl from their initial values J
0 

to those in the eighth column of Table Y, arn1 
carry out the eom1mtation upon this supposition as before, we get the results iu tlle ninth t~olnnm 

instead of those of the se,·euth. In this example we get lOJ~, ( .J, - J.,), which is the expre::;::;im1 of 
the amount of diminution of tlw tPmtierature gradient, equal to JO.:! for the upper or eighth ,..,trattrnt 
in Tahle Y. Supposi11g ( J,. - .:Ju) to he equal to 0 for tlte strata above, t!Je preceding value of 4~'.j 
remains constant for all tl1e strata aliove. \\'e shall, therefon•, Lm·e fur ihe i11tt>gral of 1·0!1111111 
9, aho\·e the altitude of 8,000 meters, 

10 f f,, J (.:J, - JJ = 4.2J 1
1
.:/ = 4.~ l 1~~ = 1~ .. 18 

• " }1 Ji 

in wliich P 11 is the barom<'tric pressure at tlte altitude of 8,000 !lleters. \1'"it11 tliis \'alue in eolu11J11 
9 the summation, comrnenci11g at the earth's surface or at au;\· altitude ahtffe it, gi n•s a nil ue 
for the last member of (:t:l) which satisfies it for rnorP than the knwr lialf of tlw atmo.~pllerc if 
(t', - t'a) is 7°.;i or more, and Lenee we haYe the conditions which will }ff01luce or keep up as1·elJ(]. 

ing cunents to fbe top of tlJC atmol"phere. The snmmation from the eartL's suTface of the t••ntlt 
column gh·es 14.G3 for the •:tine of the last member of (::t!). This is less than the first rneml•er wheu 
(t',. -t'.) is 1°.8 or more, and lience tht• eouditious of (3:?) are satisfiecl at the snrfacP. For the 
altitude of G,OOO meters >Ye get from the s1rn1matfo11 of the tenth column aboYe tLat altitm1<" 1.-.. 8\I. 
But for the altitude of G,000 meters we mni'it ltan· P 11 the pre;;snre at that a1titnlle i11stead of I". 
Hence we must diYide thi8 by J>': ]'" = OA7 in order to get the true inkgral iu tliis <:mie. \Ye· 

thus get 34, which satisfies (3:!) when t'r-1',, = P .. i. \Yith this value for all tlse strata ahon• 
8,000 meters we l.ia\·e D,. r = o, aud he1we \"<' mn,;t ha\'e tbt' condition of' (ClO) sati.slil'tl witl1 a Yallw 
less than 4°.3 an<l for au.' n1lne gn•ater, arnl eom;eqnc11tl.r a:-;ce111li11g enrrcutH to the· top of the 
atmospbere. But with a temperatnre distnrbauce due to the prirnar,\· causes 1·orrc.s11ou1ling tu 
(t', - 11

0 ) = 5°, or a littlf' more, the two memlwrs of (3:!) are so ucarly e<rtta.l that Hie eydmw luti'i 
very little })O>Ter left, as may be SC\'11 from pl), for the power of the cyclone tlt•peiuls npon tlH' 
values of D.,P for the lowe.r strata. If, 110wever, (t', - t',.) i.s equal say to 10" or more, thP e~·do11e 
still has great power, and muHt continue 1rntil J, acquirm; such values for tbe <lillerent st1·ata as 
will make the last member of (3'.!) equal to the first. when the power of the cyclone is goiw. 

The condition that a cyclone must be perpetual with any given amo1rnt of prinmry disturbance 
is that the last member of (:t~) is less than the first whPn J, ha,; acquired its extrenw Yaltw JI, 
which is tlrnt of Table I in the ('.afle of saturated air, but which in tlle casc of dry air is r. \V" 
ha>e Reen in tbe results of tlie first part of TaNn IY tliat with the Yalues of J,, giveu hy G1aiHlwr·s 
hailo()n ascents, the cyclone could not. he IH~q1etual without an UlH"ea.sonalily laq.!,·P Yahw of 
(t', - t'.), the exact \'alue being unknown on aeconnt of the uncertainty of the integral of the 1<t'\·· 

enth column for the npper ;;trata. It is readily seen from nu inspe.f'.tion of the formnla allll it;; eom. 
putation in Table Y that the greater tlJC values of J,. tbe greater the power of th<' cyclone and th..
longe1' it must continue iu :tction heforp the yaluex of ,J, hecom<> so great as to dPstroy the condi
tion of (32), antl also the less tlie amount of prinmry clistnrhanee required to make it perpetual. 

But since the balloon a.8cents gave Yi"r:'\ diffcre11t values of J., at different timt>s tlw atmos· 
phere is no doubt in a state frequently when th<· Yalue;; of J,. ar<' mneh greater tha11 tlw n\·er:age, 
which are the yalues used in the precedillg example, and then the power of the cyclm1e woul<l lw 
much greater with the same amom1t of disturbance due to the primary cause>::, and would lw kppt 
longer in action, and perhaps would become perpetnaJ for ordinary amonntH of primm·y tempt•ra. 
ture disturbance if tl1is coultl coutimw 1111dmnged. 

lt sl10111ll be borne in mirnl 11ere tha.t the t11eory aRsnmcs that th1• gra<limit of J>rima.ry 1lis 
tnrhance of temperature remaiuR the same ahoYe as below, aml e-0nscqum1tly that the Yery eold air 
of the upper part of the ascending currents does not receh·e anr caloric, meanwhile, from any of 
the primary causes of disturhauce of temperature. If the~· do, of course the power of tlw 1·ydol!P 
is greater and is ke1>t up a longer time, awl the c,vclone would become perpdual wit.It a IP:ss n1liw 
of (t',. - t'.), whicl1 is the amount of temperatnre disturbance at the earth':s surface. 

lt is seen from Table III that the ya]ues of J,,, at least for tbe lower strata of the attuosphcre, 
are greater in summer than in winter, allll from Table l t.hat~the values of J, are lt>ss iu snmmer 
than in winter, Hence the. conditions for cyclonic dishnbances, for both rea.som;, are more fan1r-
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able in the fortnel' ti.tan in the latter season. If J" were equal to J',, l be limiting Yalue of J ,, 
the cornlition of (32) -would be satisfied for auy nth1P of (t', - t'o) bo-wenr small; for then the last 
mt>mher of \32) could uot acquire any Yalue, b11t rnnst remain equal to 0. 'Vhen J,, iR greater than 
J'ci w11 haw· the state of nnstahle eqnilibrimn in which (t',. - t'.,) may be almost infinitely smnll 
or f'ven equal to O, provi<leLl there ii' merely an instantaneous impulse to giYe origi11 to an upward 
<:urrent. For in this case the initial value ot J,. = J,, gTadnally approximates to its extreme tmd 
final n1lnl' J',, and in doing so give,,; to the lm.;t memher of p2) a negatiYe and increa;;i11g value, so 
that after oncL' t'PeeiYiug the fin.;t impulse, the condition of (3:!) is satisfied aud continuei-; so witll 
(I', - t;,,) = o, arnl the cyclonic clii;turbance i>' perpetual Htl long· :rn J" is greater tbau J',.. Of 
cou1·sc, after a loug eo11tinuance, these conditions would be changed, and J,. would come to haYe 
tlw value of.::!'. from the effect of the ver;v gradual descent of the air in the s11rr01mdi11g aml com
parnth-ely 1mdisturhed portions of t1w atmosphere, i11 order to supply the upper •·nrrent1' ill tht' 
i11tcri0l', a11d tlten a state of static eftuilibrinm would take plnce. 

\Yhere the air of tlte ascendi11g currents is not saturated with aqueous Yan.or, other thing.o.; 
rrmaining the sanw, the col\(litions for cyclonic distnrhauce» are less fayorable, for then the >alue 
of J 1,, to which the yalnes of J,. approximates arnl finally reaches is 1° in t11e lower strata, i11ste:ul of 
tlw yalues iii Tallie I. If tl1e temperature of the dew-point were 10° below that of tlte air, the11 
tl1e air would haYe to ascend 1,000 meters before condt'nsatiou would take place, and before we 
shonlcl lulYe the Yalnes in Table 1 for J',. It is readily :,;ee11 from an inspectlon of the mathemat
ical expressio11 in (:11) tl1at the power of the cyclone is weakened with increased Yalues of j,, ancl 
from (:I:.?) a1Hl the compntatiou of its last member in Table IV that the comlitious of the c,\·elo11P 
are dt'stro,n•d i11 a sl10rtc·1· time, si1wc Jc increases witlt the coutiunance of the ascernling cnrrcnts. 
111 this casl' we should ha Ye J, = 1° for t11e lower st.rat nm in the computations of Tahlt' IY, instead 
of ll"AS in the first example and 0°.iiO ill the second, and tlle Bame fo1· the second 8tratnm if tlw 
tempcratnrc of thP dew-rioint were 20° below tlrnt of tlte air. 

In this case since the diminution of temperature or yalue of J. in tile ascending current up to 
wlw1·t• the ntpor is 1•011tle11st~LI into doud approximates to that of 1 o, it consequently soon becomes 
larger tlian J" muh·r all usnal circumstltnces, especially immediately under the cloud where the 
ascending cnrrentR ar•' more rapid than nearer the earth's surfaee, and hence since eloud. is mostly 
fornwd h;\· asrn'J}(ling C'urrents, the Yalue of Jc under a clmul mn>;t generally be greater than in tile 
sm·romuling- parts \l'hf'rt' t.11<>1'(' ai·e YPrr g·eutle d<"scernling currents, and consequently clear weather. 
HetwP i11 <; laisl1••r\; balloon as<·ents tlw rate of diminut.ion of temperature at an altitnde from tw!l 
to tl1ree thousmul tl·1~t, which may he ,.;nppmie<l to haYe hee11, on the :t\'crage~ under the haHe of 
tht• clowl, wa" for dornly weather 0°.i:l, wl1ile for clear weather it wafi only oo,r;5, HR Reen in 'l'allle 
II, § :!H. 

Jn th(• ca,;e of a perfoctlJ' 1lr,Y air we shonld bani the final Yalues of J, = 1° for all the strata 
to tlie top of tlH\ atmosphere>, arnl hence, aft.er a short continuance of the cycl011e, unless the pri
mary 11istnr1"11wP was n~ry great., thP Pyelone would have little power left, or a state of' eomplele 
static t~quilihrinm wonltl take plnct>, It is ,,;een from '!'able IY tl1at if we were to uRe .J,.''=" 10 for 
tht- greatt•r pnrt or all of thr> strata iustca<l of the Yalues in column secou<l, ti1P integral of 1•olum11 
seYenth to U1e top oftlte atm0Rpl1t~re wonld bf' very great, and hence the valne of the laRt member 
of (:l2) in tliiR casP wonld he \'er,v gi·Pat, antl the condition of the cyclone wonltl not he sati;;fiPtl 
except with a ,-aJue of (t',. - t1

,,) enormously greater than iu the case of saturated air. 
lf (f',. - f 1J is negatin~, Wt' have the COIHlition which gh-es rise t,o a eyeJoue with a (~Old CPUter 

aml dt>scewli11g currellts in tl1<~ inteTior. The ''OIHlition which must he satisfied in this case is that 
of (33), which i,,; tit<' same as tliat of (:'12) if we take. (t', - f 1

,,) without rcgartl to sign. In this cast>, 
howf'ver, WP lrnYe J',. = 1° for all the strata, whether the air he saturated or nusaturated at the 
i;tart; for, if saturated, 011 acf'mmt of thP descent of tile currents in the interior, it at once becomes 
unsaturated. IIl'ilC(' all tha.t has heen stated with regard to cyclones wit11 warm centers and as· 
1~emli11g cnrrentR in the intt'rior, in the case of perfectly dry air, ii'! applicable in this case. Cyclones. 
therefore, of tbit> sort hnYe comparatiYel~· little powei· antl reriuire a large amount of temperature 
disturbance due to the primary ca11>1es to keep Uiem long in action, aud es11ecially to satisfy the 
condition of a perpetual cyl'lone, supposing the amount of primarydistnl'bance to remain unchanged. 

So far we haYe considen·d the temperatme disturbauce due to the prima:r;y causes as being the 
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same at all altitude;..;, mul hP1irP, in tlw i11itial statP of cyclon.ic distm•lmnce, that .J, = J,.. This, 
as is readily seen from (:3~) and (3:'.). giYes initial a1'cendi11g cnrreHts from the bottom to tlie top of 
the atmoRphere where (i',· - t'J j;..; positive, and the reV('l'fle where it is negatiYe. \Ye s11a1l now 
assume a case iu which tl1c• rate ofdimi11ntion of temperature <lne to the primar~· cam;es is not the 
same in tlw cm1tral and ext t•rior part of tlte 1listnrhed area, and in which, conse(1uently, the initial 
values of J. nre not eqnal to tho~e of J,.. If we as:mme tlie Yalnes in cnl1111111 11, Talile Y, for 
those of the initial Yalne" of J. in thi;..; caHe, still nRillg· the Yalnes of J" ill colunrn two, deduced from 
(}laishl•r's halloo11 a;..;l'ent;..;, :rnd carr~· out the computation as iu the other example:-;, we get column 
12 for the amonut of dirni1mtiou of (t -tJ for the mid(lle ot the Re\·eral strata, which in this 
case in the initial statt> is 11ot constant aml the same as (t', - t'J at the enrtl!'s surface. In column 
13 are the umulicr.s of which the ;..;n11nuation to the top of the atmosphere is thf' Yalue of the last 
member of (;)!!). The num1wr li.05 is the summation of tl1e dtrata ahore 8,000 meters of altitude 
obtained as in the laRt e:xamplr,, Riner with thr, ass11111e1l \'alues of J,. aml J,,, 10./;(J,. -.JJ is a con
stant ahon· that altitnde, and <'YC'll ahon~ t11e fifth stratum. If wc assmnf' that tl1e temperature 
gradients n'maiu muli,.;tnrhed ahrwe the fifth stratum, and that thf' primary disturbances of temper
ature are confined to tht> strata belO\''i \YP mn,;t pnt (t', - t'J = ;,,70, which with the value of l = 8 
i.rh'es the first nwmlwr of (:t!) P<111aJ to ·Hi.f>O. Tl1P snmnuttiou of colnnm 1:~ g-h·es 37.83. Hence 
the cornlition of (:l'.!) is .sati.~fied at the earth's surface. It i>' also I'f'>adil;r seen that (30) is satisfied 
in this case, Rim~e alHffl' th{' fifth stratum we lian' D,.P = O, or the last member of (32) equal to 
the first, but lwlow that Jes;:; than tlie first. Ilenee the current;.; arc a::icending one1; in the interior 
to tlir top of tlte atmosphpn•. 

If in this examplt' tlie a1 mospl1Prie distinbance extenrled to a Yer,y small altitude, it is readily 
seen that the Yalne of the last member of (3'.!J \nml<l be so nearly e1ptal to thP first that we should 
have the Yalne of D,. P for all the strata ,.;o small that the cydone would haYe .-er~- little power, 
and them would be 0111~· Ye1·,,- feelJJ~· ascenrliug currents, as already pointed out in § 2i, although 
(t', - t',,) might bt1 large. 

It i;..; seen from what Jff(•eetle:s that all (~.yclouic distnrhances of the atmosphere depend upon 
tli•~ temperature disturbances dne to the primary canseH. and that without tl1ese there is no disturb
ance of static equilibrium. Aft.er the iuitial cyclouic motions due to the primary causes have on;ie 
set in, the secondary causes of temperature disturhance are called into pla~y, which, as a whole, are 
antagouistie to the primar_y distnrhance8, except in the case of unstable equilibrium, and, unless 
the latter are H'T.Y g-reat, may e11tirel,v couuteract them, after wbicli static equilibrium again takes 
place. Tile more nearly the atrnospliere is ill a state of 11m;t:1lile e1p1ilillrinm, that is, the more 
nearly J" equal,.; J,. for all the strata, tlle less is the counteracting iufiuence of tlte ten1perature •lis
turbances dnn to the secondary causes. The caloric arising from the conde11:,;atiou of the aqueous 
Yapor diminishes J,, by reducing it from th<> Yalnes of J, = 1 o to the ralnc iu table I, and hence 
puts the atmosphere in a state of unstable eqnilihrium with a ><maller >alue of J.,, amt for ans given 
valne of J,, less than those of J,. in Table I, giYes the eyclone more power. The etl(•ct of the cold 
of expansion, or losR of Rensihle caloriC', in the al'ceuding currents is opposeil to that arising 
from tlu< primary diHtnrllance,;, hut the lat1•nt caloric set free in the condensation of the aqueou11 
vapor in part replace;;; the loss of sensilJle c:tloric h;y expansion, more than one-half g·cncrally, as 
is seen from Table I, anrl lwncP 1limi11ishe,; the counteracting effect of the los;s of se>m;ihlc caloric 
from expansion of the a.ir. The coJl(1en;;atiou of aqupons Ya.por. therefor!', pla~·s an important part 
in cyclouic disturbances, but is by no means either a primary or a principal cau.'\e of cyclones. 

30. In a cyelonic system with a warm center, we hiwc Reen that the air ascemh; iu the central 
part, or cyel01w, and desceulls in the anti-cycloHe. Since, thereforp, in ascending currents of only 
partia.Jly saturated air the vapor must be condensed to cloud at a height greater or less according 
to the dew-point of the air, and in uesct•rnling current.s there is no condensation of Yapor bnt the 
vapor already conden,<;cu into cloud is ernpomtcrl, it is C\ident that cyclonic areas, in general, are 
those of cloud and rain, and anfrcyclonic thmw of clearing and clear weather. Of course it is not t-0 
be supposed that these areas flOl'l'espornl with each otl1er with much acenracy either in form or 
extent. The cloud of tlrn asceudiug part of the atmosphere may he carried h.Y tl1e outward upper 
currents over into the anti cyclone area before it falls as rain or is eYaporated again in the descend· 
ing currents of the anti-cyclone. 

S. Ex. 13--26 
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• 
Cloud iR generally formed in ascending air only, SO that the initial cloud particles, Or extremely 

fine drops of rain, are at first still carried upward by the ascending current, the smaller ones faster 
than the larger ones, until by meeting in being carried by one another and agglomerating they 
become too heavy to be sustained by the upward cnrrent, for the larger the drop tile stronger the 
current required to keep it np. It then commences to descend, but still growR from meeting with 
smaller aRcem1ing particles in its descent. lf the upward current is \'ery strong tlie drops are 
carried yery hig'l1 before they begin t-0 descend, and then, having· a long distance of dense cloud to 
fall through, they may become ver~' large before tlley reacll the base of the cl oml and the earth. 

'Vhere the ascending current is very gentlt1, the small particles or drops may be so small when 
they have descended to the base of the cloud that they bavem·aporated beforereachiug the earth, 
and-in such cases no rain falls to the earth. 

In a cyclonic i;;ystem with a colU center uo rain or cloud can be formed in the cyclone, since 
the air is graduall,r descending, but if there is doud or rain it must be in the auti-c,rclone. In the 
two great examples of this kind, embracing tile northern and southern hemispheres of the globe, 
§ 23, the cloudy a.ud rainy parts are the outer limits of the anti-cyelones, which, falling together, 
form the equatorial rain-belt of the globe. Of course this is to be understood onlj' of the general 
motions of the systems, and not of those depending upon minor local tlisturlmnces. There is much 
rain in the higher latitudes of both hemi:spheres, but this arises from the local cyclonic di1'turb· 
ances, wliich are cyclones within the great hemispheric systems of cyclones, and their conditions 
form no part of tho~e of the general system in which local disturbances of temperature are not 
taken into account. 

31. So far we haYe regarded the forces depending upon the earth's rotation as being equal 011 

all sides of the cyclone, and so have used tl1e'approximate equations (1) in which •I', the polar dis
tance of the center of the cyclone, is put for ,~, which is the polar llistance of each part of the 
cyclone. The expression of the accelerating force, in the direction of r, depending upon the earth's 
rotation is 2 nv cos/;, iu which v is the gyratory linear velocity around the center. Now, on the 
polar side of the C;\'Clone, where cos o is larger, this force is greater than on the equatorial side wl1ere 
cos o is smaller. The polar components, then, of these radial forces on the polar side of the cyclone 
are greater tltan the equatorial components, iu the contrary direction, of the equatorial side, and 
heuce there is a greater force on the polar side of the cyclone, arising from the earth's rota.tion, 
causing pressure toward the poles, than on the other, causing pressure toward the equator. The 
resultant, therefore, of all the forces, of every part of the cj·clone, tends w drive it toward the pole. 

The residual, or TlPglectBd pait, of this force, for any part of the cyclone, in the preceding 
theory, is 2 nv (cos o - cos •I). This beiug resolved into components in the direction of the meridian 
and perpendicular to it, we g-et for the component of force toward the pole 2 nv (cos o - cos ''')cos 'h 
in which rp is the ang-Ie expressing the bearing of each.particle from the direction of the pole. On 
the polar side of the cyclone rl is less than ~' and heuce (cos ii - cos t11) is positive, and likewise 
cos rp. On the equatorial side both are negative. Hence for all parts of the cyclone, 2 nv (cos a -
cos 11·) co11 rp, which expresses tlie polar components of the neglected forces depending upon the 
neglected terms, is positive, and hence the integration of t11is force for all parts of the cyclone gives 
a force which tends to drh·e it toward the pole, aa stated above. 

Since v in the al.Jove term is negative in the anti-c~·clone, of course the effect of tlte neglected 
terms, in the llrecediug treatment of cj·clones, is to drive it toward the equator, so that there is a 
tendency of the cyclone to cut its way through the anti-cyclone, but on account of the comparatively 
small gyratory velocities in the anti-cycloue the forces in this case for any given particle of air are 
much less, in general, than in the cyclo~. 

As tbe c.vcloue has a tendency to cut its way through the anti-cyclone, and the atmosphere 
generally, and move toward the pole, and the condensation of aqueous vapor and the whole power 
of the system are contained mostly within it, the tendency is for the whole cyclonic system, of both 
cyclone and anti-cycloue, t-0 be drawn toward the pole, in case it is not confined by definite limits 
but is free to assume a progressive motion through the surrounding atmosphere. Of course it is 
not to be supposed that the cyclone, in its progressive motiou, contains at all times the same air, 
but mther that new portions of tl1e air are being continually drawn int-0 circulation on the polar 
side, where the forces depending upon the earth's rotation are strongest, and that on the equatorial 
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side, where these forces are weakest, other portions are being, continually bron;rlit to rest by means 
of friction, and cease to be a part of the system, as the cyclone mo,·es on towm·<l the pole. 

Siuce the force wh~ch tends to drh·c the cyclone toward the pole, a8 seen a hove, is as (cos,; -
cos ii'), it is evident that this force, enirything else heing tLe same, is greater iu low tlmn in high 
latitudes, since (cos 1l - cos") is a maximum at tl1e equator aml Yarlishes a1 tl1f' polf's. 

32. It often happens that tl1e co11d itions of' a smaller cyclone, or even several of them, are con· 
tained within the limits of a larger one. The i:•mbars then, wl1icl1 iu a perfect l,Y regular cyclone 
are cireular, hecome very irregular. The contained cyclone may be sncl1 as to gin~ two points of 
minimum barometric pressure, or it may simply produce derangements in t!Je n•gularity of the 
hmbars. 'Vben t11e isobars become m01·e crowded, and co11;;;eque11tly the l1arometric gradieuti 
stePper, the vt>locities are likewise greater, for in 1mclt 11laccs the Yelocities of the larger and smaller 
c:rclone are iu the same direction. 'Vhet'e tlie isobars arc further a11art. aud gradie11ts com;eqnently 
smaller, the velocities are also smaller, since then the yelocities aJ.'1• in contrary directions and 
partially neutralize each other. 

Fig. 4 represents the effect upon the isobars and directions of tl1e wiml of Rmaller e~·cloues 
contained in larger ones. 111 the 011e on the left the depression wa,; uot sufficient to gh·e rise to a 
secondar,\· center of ]O\Y barometer, but merely to canRe considerahle derangement in the isobars, 
crowding t11em together on tlte one side anti widening tlrnm 011 tlte other, and changing somewhat 
tlie directions of the wind. The one on the right produces a secondar,\· center with tht> wind blow. 
ing around iti but with much greater Yelocity on the right si(le, wlie1·e tltt• dii'ectimrn of tlw currents 
of both cyclones coiuci<le, than on the other side where the gyratory Yelocity of the smaller cydone 
is hut :1 Yer,f little greater than the Yelocity tl.tere of the priiu1ipal one iu the contrary direction. 
The annulus of high barometer of the larger cyclont'. is increased in height in an irregLllar manner 
by those of the smaller ones falling somewlmt upon it. Qf course there are generall;r man,\· other 
disturbance11 combined witlt these to disturb the regularity of the isobars. 

Since the equations expressing the conditions of a cyclone ~ue not strietl,\- linear equations, 
especially so far as the centrifugal force of the gyrations is concerned, each set of conditions taken 
separately does not gi\-e results which, when combined, are precisely the same as the combined 
conditi011s would giYe, if the equations expressing them could be solYed. The formula (16), therefore, 
showing the relation between the barometric gradient aml the »elOl•it~· of the wind, i11 sn111e mei1s
nre fails wlten there is an interference of c,velones, especially "·hen the centrifugal forces are great 
and the radii of curvature of the isobars small. In such eases, howeYer, tlte formula is applicable 
without material error if we use the radins of cm·yature of tlw distorted isobar for the radius of 
the cyclone, r, in the formula. 

Generally two or more cyclones encroach upon or OYerlap one anotl1er. Fig. ii represeuts the 
forms of the isobars where two cyclnues, or ratl1er c;rnlouic systems, of equal area and depression, 
such as represented in Fig. 1, oYerlap in such a manner that the cyclones touch, and each <me is 
partly o\·erlapped by the anti-cyclone of the otlter. The effect is an area of higl1er uaronwtcr 
than that of any part of the cyclones taken separately, with the winds blowing somewhat aromlll 
the 11lace of the maximum, but it is seen that in such cases the isobars are b,r no mea11s circular, 
bnt, rather, that such areas of higli barometer, eSJH='eially wl1en camed by tlie m·erlapping of more 
than two c,yclones, often require lines with somewhat acute angles, or at least with very short cun-es 
to represent the isobars. Of course, in the real cases of nature, any sharp angleis given by theory 
upon assumed regular conditions, are very much rounded off b,y various abnormal disturbances. 

If we combine the conditiomi of the two cyclones in such cases in which the temperature 
gradients are su<lh as given b;y the assumed form of (24), we do not get au area of maximum cold 
correspondiug to the maximum barometric height, hut one in which the temperature decreases from 
the point of ldghest barometer each way toward the centers of the cyclones, and increases in 
each direction from the same J)Qint perpendicular to the line joining the centers. An area of l.Jigh 
llarometer is not, therefore, necessa.rily one of maximum cold. 

Such areas of high barometer are mmall,\' callecl anti-cyclones, a111l the air cloes in some manner 
move around them in a direction contrary t-0 that·of a cyclone, but this docs not arise from a cen
tral area of greater cold, for it has boon shown that such a condition would gi,·e rise to a c;rnlone 
and not to _a.n anti.cyclone, and that the latter would be entirely at variance with fundamental and 
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well-established princi11Ies of mechanics. The areas of hig-11 barometer, theoretically, are not circu
lar, and neither tl1e gradients uor the motions arom1d them 011 the difi:l;rent side;,; are symmetrical, 
and they are not ant.i-cycloneH in auy proper sense of the term. 

33. S<i far we have rngarded the cyclones as cxistiug iu an atmosphere haYing no motions 
except those belonging to the cyclonei-;. But. ou account of the general motious oft lie atmosphere, 
treate!l of in the first part of these researches, cyelouei,; nsnall.r occur in an atmo8phere hayiug a 
general motion imh~pendtmt of tho,;c of the cyclone itsl'lf. lu order, therefore, to have the true 
motions relative to the earth's surface, we rnnst take the re,o;ultaut of the two motions. In the 
middle alHl higher latitudes of the nortltern hemisphere the general or uorrual motioH of the air is 
from tile west or soutllwest. 11, a cyclone in these latitudes this motion of the air 1~oincides with 
that of the southern side of the cyclone, arnl i111~r!'l1ses the motion relati\·e to the earth's surface, 
but on the northern side it is in the contrary <lirection, arnl counterad:-; in some measm·e that of the 
cyclone, or it may even entirely destroy it. On the east or uortheast side of the c_ydone and its 
01)posite, this general motion from the 'vest 01· south west would have little effect upon the Yelocity 
relative to the earth's surface, lmt would affect mostl,\· the inclinatfon, that is, tl1e angle betwe1m 
the tangent to the isobar and the direction of the wind, decreasing it on the east or northeast side 
of the cyelone and increasiug it 011 tl1e west or south we"t si<le. 

In the latitude of the trade·wiml,., wlwre the geueml 01· normal direction is from tLe east or 
northeast, the reverse takes place, so that the velocitie8 of the air belonging to the cyclone are 
diminished or, it ma;v he, entirely de.~troyed b,'I· the general or normal motion on the sonth side of 
the cyclone, but increa8t'd on the nortl1 ,;i1le. Tim d'fPct upon the iuclfoalion i8 in this case likewise 
reverse1l, being increased on tl.Je east, or rear si(le aud dec:reased on the opposite side. 

Since, as \Ye lrnYe t:wcu in ~ :!:3, the general motions of the atmosphere form two great systems 
of eyclone aud its corr(•spondillg anti-cyelmtt', Rll ordinary C.)'clones are si1u11l,y C.)·eloues within a 
cyclone, so that all that has lleen statell i11 § 32 with regard to smaller cscloHes within rmlitiary 
C.)'clones is applic:ahle 11ern to ordi 1rn I'.) e.' <~Jones with rdereuce to tLe general motions of the atmos
phere. Hence the isohar·s of eydoues, as lai<l dom1 upon the charts, are the resultants generally 
of two or more system;; of cyclones contaiued within or eucro1whing upou one a.Bother, and to 
have tLe isobars helouging to any one system it would be necessary to eliminate the effects of 
the others. The isobars of all onlinar,\· cyclones are therefore aft'edetl ge11erall,\· lly the it:mbans 
belonging to the genera 1 motiorn; of t lw at.11wspherP, al'! wt>ll as h,\- the smaller clai;s of cyclones 
which may be contained within tlt<' ordinary ones. 

34. The prog!'ei,;si\-e motion of a cyclone llepends mostly upon the general motions of the 
atmosphere, but alsg upon the te1Hle11c·y of tlw cyelone to press towanl tlie pole, as explained in § :J2. 
In tbe trade-wind latitudes the wind at the earth's surface is westwanl, Ill' at least has a large 
westerly component, and he11ce tlte eyclones iu llieHe latit tulPH a1 e carried westward Ly this westward 
motion of the air, especially at certain seasons, and lmYin~ likewise a tendency towar1l the pole the 
resultant of the two ii,; a westward motion, i11eli11ed a little toward the poles, or in the northern 
hemisphere a motion about 'YN\L After having arrinill at the parallel of :mo or 3,-;o in the 
tropical calm-belt, where there is no westward motion, the progressh·e motion is a polar oue mostly, 
but after progressing sti11 nearer the pole, into the milldle aml higher latitude;;, tlie general east
ward motion of the atmospltcrc bere, which i,; grnat in the upper regions, canies uow the cyelone 
toward the east, and the directio11 of the progressiYc motion, which is U8nally abont ENE., is the 
resultant of tltis eastwar<l rnotio11 am! th<~ motion toward the pole. All well-developed cyclones, 
therefore, having their origin near the P•1m1tor, 11an; mostly a progressive motion represented by 
a curve somewhat in the form of a parabola, lnwi11g its vertex in tlie tropical calm-helt at the par
allel of 300 or 3;'.iO. 

Both the progressive velocities and directious, however, are very different in iudividual cases, 
so that there mu:-;t be other strong modi(ying iutlueuceo, and perhaps among these the principal 
are the distribution of the aqueous vapor and the positions of the general isothermal lines. The 
equatorial side of a cyclone is generall.r warmest and contains the most aqueous vapor. As the 
air containing tllis nlpor is carried arouwl to the east and a,;eemls, it becomes colder both from 
its asceut to big-her altitudes and from its being carried into higher latitudes, so that the vapor 
which it contains is mostly condensed on tlic cai;t or northeast side of the cyclone. As the power 
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of the cyclone is much increased by the latent heat of the Yapor giYen out by condensation, tliis 
giYes rise to a teudcnc:v to form a new center of a c,Yclone continually iu advance of the old oue, 
so that the progressh"e motion of tlw cycloue i,; rather a co11timrnl forming of new cyclonet<, at 
least so far as the lower part of the atmot<phere is co11eernetl. in tlie <lil'ection iu whid1 the vapor 
of the cyclone is rnoi'tly cu11de11sed. Hence the n~locity of the progn•,;si n~ motion is g·e11e1·ally 
much greater than that of the geueral motion of the atmo;qlliere below. 'rhe further around the 
vapor is carried before it is t~011dmmed, the more it will iudiHe the llil'ectiou of the progTest:lirn mo
tion from the east to'.l·ard tlie l>Ole. 1f it t<hould not be carried al'ou11d as far as the east before it 
is mostly com1e11i-;e(1, it ineliues tl1e progressi n~ motiou from tlu: t!ast t<lll·ard thtc> ecjlrntor. If the 
isotherms should ym·.'- much from the parallels of latitude tl1is abo might La 1·e considerable effect, 
so that if they extended from S\Y. to XE., the progrcs8iYe motion would be more im:lined toward 
the poles tLaa they woul<l he if they exteudell from X\Y. to :SE. 

These views with regard to the effect of tlie mwqual distrilmtiou of vapor upon the direction 
of tlrn progres,;ive motions of cyeloues wa,; first giveu by H.eY. \Y. Clement Ley. (Laws of the 
'Wind, chap. vi.) 

35. In the general motions of tl1c atmmqlhere the eastward motion, e;,;peciall~- in tlrn 111i1hlle 
latitudes, is much greater in the upper regions than rn.·ar the earth'" uurface, antl increases iu pro
portion to the altitude, as may be seen from Table XI, ~ 4;;, of the first part of tl1l'se Hesearehes, 
aud this is especially the case in tlw uortlien1 11emisphen~ in the winter seasou, i11 winch, accordi11g 
to the table, the rate of increa,;e with the altitmle i,; rnore than twice as grnat as iu the su111111er 
season. The tendency of this it< to carry tlie upper part of the cyclone eastward fa,;ter tlutu the 
lower part, an<l a8 the upper pm·t, iu wliich condensation 1110,.;tly take,.; place, canil's with it in some 
measure tlw ]lower of the cyclone, tl1e p1·ogTessiYe motion dept>rnls more n1iou tbe motion of the 
upper strata tl!m1 upon t11at of the lower om's uear the earth's stufaee, and the lower part of the 
cyclone tend1< to lag hehirnl tlie center of power of tl1e e;rnloue aml to come from umll:'r its con
t.rol, aIHl new portio111' of the lower stratti in front of t11e cyclone are lJCiug· continually brought 
under it,.; power and ma<le to form a part of tl1e cy0Jo11e. The cyclone, therefore, HO far a.~ tlie 
lower strata are co11cer11ed, is beiug coutinnall,\- formed anew iu adntuce from this cause, just as 
the whole cyclone at all altitudes is, from the Pil'ect of the crn1deu,.;atio11 of vapor, becau;,;e in the 
middle latitudes of the northern herni,;phere it takes place mostly on th·· east or northeast si<le of 
the cyclone. 80 far as the progTc;,;sin~ motion of the cyclone depeuds upon the general motions of 
the atmosphere, tl:Jis motion, in the rniudle aud higher latitudes, :should be greater iu winter than 
in summer, since the general eastward motion ii:; greater iu the former ;,;eason than the latter. 

From TalJle XI,§ ±:3, Part I, it is "!\f'll that 011 the parallel;; of the trade-winds in the mirthcrn 
hemisphere, say 15° or :m0 , tlie1·e is au eastward eompouent of motion in the \Yinter season al10Ye 
the altitude of about oue kflomcter, which at still hig·her altitmleis soon becomes yery strong, so 
that at that season it would he smucel;y possible for a cyclone to mo\·e \H\,.;tward m1lel:!ti its power 
were confined mostly to the lower strata of the atmosphere; for if this power were moi:;tly nhove, 
where the gene1·al motion is eastwan1, U1e whole s,ystern umst likewise mm·e east\\·ard. Iu the 
summer season, on the other haucl, it is seen that there is a westward component of motioll at all 
altitudes except in the very high and rare portions of the atmospl1ere, and hence at this 1'ea,.,on 
cyeloues in these latitudes must be carried westward. 

3H. If a regular c;yclone existed in au at.mospbere in which the general motions of the upper 
and lower 1drata, were the same, the isobars would be circular, awl likewise the rain an•a,.;, but 
where the upper strata moYe faster in any direction tlian the lower 011es, the whole bo1l,v of the 
cyclone becomes of the form of a cylinder inclined forward in that direction, aml the eft'ect is to 
extend the barometric pressure in that direction, and to giYe the isobars an elliptical iustcad of a 
circular fonn. The eft'ect is. the same also upon the rain areas, since the cloud, embracing the 
up1wr part of the inclined cylinder, is likewise extended in the direction of the general motions. 
As the liase of the cloud is generally at a considerable altitude al10Yt~ tlrn earth':s l'mrface, tlw t:enter 
of tltt' cloud and rain area must fall a little forward of that of the barometric pressure, since the 
latter dt'pc1Hls upon the whole inclined eyliuder from bottom t-0 top, while the former depends upon 
the u1111er lJart only. 

In view of the great extent of a cyclone in co1111lariso11 with the height of tile atmosphere, 
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neglecting the upper very rare portions, the whole must be regarded as a very thin disk rather 
than a cylinder. It is Jffohable, therefore, that the forward inclination of the axis of the gyra
tions is not Yer.Y great, or at least that the center of gyration of the upper strata d<>es not fall 
Yery far in arlYance of that of the lower strata. For if it did, there wouhl be so great a difference 
in tl!e Yelocities of the upper and lower strata in some parts that the friction arising from this 
cause would tend to counteract this state, and cause the g,nations of' the upper a111l lower strata 
to somewhat coincide. Still the warm and moist air and cloud of' the upper region wonld be car
ried far in adYallcc of the center of g_yrations below, and this woultl tencl to give the whole cyclonic 
area an elliptical form, and perhaps to this cause is mostly due the elong~1tiou of the areas of low 
barometer and of the rain areas. 

Since the relative velocities of the rlifl'erent strata eastwar4l, in tlte middle latitmles especially, 
arc great€r in winter than in sununer, the isobars and the rain areas should be more extendeu in 
the direction of progTessive motion in the former than the latter smtson, and the higher the base of 
the cloud, the farther in general should the center of the cloud and rain area fall in advance of the 
center of the isobars and the 1>oint of minimum barometric pressure. 

Iu the latitudes of the t.rade-winds in 1SL1mmer a111l autumn, when cyclones occur in these hlti
tmles having a west or northwest progTessive motion, it is most probable that the isobars and rain 
areas are not extended in the direction of progressive motion, and that the center of the cloud and 
rain area doe:s not fall forwanl of that of the isobars, since in the8e latitudes aud seasom; the upper 
strata can scarcely lwYe a greater general motion than the lower ones in the direction of' progressive 
motion. 

CHAPTER II. 

PTIACTfCAL APPLICATIONS OF THE THEORY AND COl\IPARISONS WITH OB. 
SEHYATION. 

38. After giving any tlleory with regard to natural phenomena, which shows the relations be
tween given conditions and the results which must follow, the next most important step, and the 
one which natnrall,Y follows in regular order, is to compare the theoretical relations or laws with 
observation where there are observations aYailable for this purpose. And this is especially the 
case where there is any vagueness or uncertainty in the theory, so that it does not carry absolute 
conYiction '1ith it, but rather merely suggests laws which, although they may be regarded from 
theoretical cousiderations as being highly probable, are still not absolutely certain and need to be 
corroborated h,y oh,;ervation. lt must be acknowledged that this is frequently U1e case in me
teorological researches, in which the conditions of nature can often be only imperfectly and approxi
mately represente<l by mathematical equations, and these are then still too complex to admit of a 
conlJilete solution. :For then absolute quantitatiYe results cannot generally be obtained, but merely 
certain laws or r{1lations depending on the generally unknown laws and constants of friction, or upon 
constants left umletermined from the impossiliiJity of a complete solutiou of the problem, so that 
altltougli t11e laws may be established by th~ory, ;yet the quantitative results depending on these 
u11kuown constants, if determined at all, must be determined from observation. Although in me
teorological researches theory often needs to be supplemented and eoIToborated by observation, yet 
it must not be supposed that the aid dertved from theory is not of very great importance; indeed, 
a ver,Y important prm·ince of theory often is merely to suggest laws and render them somewhat 
probahle which, but for the theory, would never occur to any one, while the complete establishment 
of such laws must be left to observation. 

lu the preceding theory of cyclones certain regular conditions had to be assumed, to which 
those mmally occurring in nature are frequently only very rough approximations. For instance, 
it is not to he s1111posed that the conditions of a cyclone in nature consist of regular gradients of 
increasing or <leereasing temperatures, accordillg to any given Jaw, from the center to some definite 
exterior limit and perfectly symmetrical on all sides, as assumed, for the sake of simplicity, in 
§ 1G ; for they may often deviate very much from such regular assumed conditions. Besides sev
eral sets of such ap1>roximate conditions may encroach upon and interfere with on~ another, and 
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the conditions of smaller cyclones and tornadoes may be included within those of large c~·elonei;;, 
thus COillJ)licating the theor.r and rendering it more uncertain. In comparisoui;;, therefore, in special 
cases obser,·ation may seem to differ widely from theory, a ncl although this may be in some measure 
due to tl1e imperfections of the theory, yet it generally arises from the lack of sufficient obser
Yations to determine the Teal comlitionl' whicl1 give rise to the lll1e11ome11a ohser•ed. The tem
perature and barometric gradients of a tornado may be included entire\~- within the sturou111li11g 
stations of obsern1tion frorn which synoptic charts are formed, so that theory, from tl1e conditions 
indicated by such a chart, might give only a rno1lerate wind in a certaiJJ direction, while the oh
RcrYed wjnd, ancl wiud giYen tlrnoretically by the real conditions, might be that of a huniea11e i11 
quite a contrary direction. Jn the comparisons of theory with obsen·ation, tlierefore, it i>' lH'ces
sary to lrnve tlie aYerages of a great nwny ollservatio11s made under Yario11s cirenmstmicer; arnl at 
different times and 11laces, so that the effects of all almonnal 1listurlmnces and Yariations frnm tllP 
assn,ned regular comlitiow.; may he eliminated in the nmnber of obserYations used. 

In the determination of such conl:itants in the theory as are llecessari1y left to ohservatiou, and 
in the comparisoirn of theory with ob::;erYation, it would be impossible, for the want of tinw au<l 
space, to enter here into tlw examiuation and discussion of the numerom; iudid<lnal obsern1.tiom; 
m:ule in almost a11 parts of t.11e worltl wh ieh wonltl he antilalllt' for this purpose. I~ortmiatel,Y this 
is not necessary, since there are a number of workers in this field who with great labor liani 
obtained and gi\·en to the worhl mauy \'ery Yaltlable results which are availaule f\.)l' this pm·pose, 
so that it will he Hecessary here mrn;tly merely to enter into the fruits of their labor. For these, 
investigators generall~- of meteorological theories, as well as the author, shoni<l regsnl themseh·e,, 
as being undei· yery great aIHl lasting obligations. Among- these fo1portant results ohtailwd 
from ohsen·ation are thmm of the HeY. \V. Clement Ley, published in his "Laws of the \Vinds," 
and in various meteorological journah; those of Professor Loomis, <lcthwed, with mncll labor, from 
the numerous aud important ol1scrvations and weather maps of the Gnite<l States Signal SflTice, 
and published in a i>eries of meteorological papt>r8 in the American Journal of Seience aud Arts; 
those of Dr. Hildebrandsson, with n•g<trd to the n1iper curreuts of the atmosphere, arriYP(l at 
from an examinatiou of the synoptic charts of the Hoyal J\leteomlogical Institute of Demnark, 
and also t!Je 1'esultr; of Oi1ptain 'l'oyuhee, in ocean meteorology. l\lauy very importa11t obse1Ta· 
tions for our purpose are alr;o found i11 a work*, recently come to hand, on the hurricanes of the 
Antilles in Se1)tember and October of 1816 and 1817. These are e,;pecially important 011 ac(;onnt of 
their coming from a low latitude from wllich we have comparath'el~- few observations, and from 
a region which is peculiarly subject to these devastating cyclones or hurricanes; and also uec<mse 
these c;rnloues are hut little affocted by tlie inequalities of land surfaces, and conseque11tl.\· lia ve 
more of the regularity of ocean cyclo11es, while the obs6n·ations can be made with ttll the facilities 
for accurate obsen'ation afforded by land stations. 

With the laws deduced from the theory of cyclones, corroborated so far as may be, an<l sup
plemented by ~bservatiou, the various inequalities, both local a11d dt'pernliug upon tl1e Rea:mus, 
wl1ieh are observerl in the velocities and directions of the wind and iu the atmospheric 1n·essure 
over the difterent parts of the gfobe, may be explained, and the phenomemt attending the pro
gressive cyclones over limd and sea may not only be explained bnt oft(lu autici11ated. Snch laws 
are important to all who are iuterestt'd in obser\·ing and understanding rileteorological phenomena, 
but especially to the mariner, exposed to t,be tlestructive <\ycloues a.t sea,, is a knowledge, not only 
of the laws of these cyclones, but likewise of the normal states of the winds and of the barometric 
pressure in all parts of the ocean and at all seasons of the year, unaffected hy the abnormal dii:;turb
ances of these progressive cyclones, of the very greatest importance; since, with a knowledgt.1 of 
the normal conditions of the winds and of barometric pressure at any time and place, he can per
ceive the first indications of the abnormal disturbances which are the forerunners of these storms, 
and so can be 011 l1is guarcl, and tlien, with a knowledge of the laws of these storms or cyclones, he 
can generally avoid at least their most dangerous part. 

In the applications of the theoretical results of the precediug chapte,r it cannot be <.>xpected 
-------~·~--- -·----------------~---- --- --

"Apuntes relativos a los hurica11es de las Antillas en Setiemltre y Octubrc de 18i5 y 71;; cliscnrso leido en la HPal 
Academia de Ciencias Medica11, Fisicas y Natnralesde la Habaua porel Socio de ~le.rito Rdo. P. B1Jmto Vifles, S. J., di· 
rector del Observatorio magnetieo y meteorologico del Real Collegio de Belen de la Compania de Jesus. Habana, 1877. 
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that complete rules and sailing directions for the mariner can be given here, for these require not 
only a knowledge of the normal state,:, of the winds anrl of the barometric pressure ancl of the laws 
of ;o;torm'4, but likewil'le experie11ce in IrnYigation aml a knowledge of coastR, cnrrl'nts, &e., and 
"Would rer1nire a volmne; bnt it is conftdently hoped that the tlieoretical 1:1ws a.n<l principles liere 
laid down will be found t-0 be of great ad,·antag·e to practical navigators who do not re]~~ upon 
mere routine rules, bnt also npon eorrect scientific principles, and likewifm to t11ose who furnish 
rules in detail for st•amen who 110 not concern tbemselYes witll theorie8. Some case's, hmYc\·cr, 
will be pointed ont. in wl1ieh, in Yiew of the laws and principles attC'mpte!l to lie established here, 
it i>; thougl1t that the rules in g·eneral nse rerplire to he modified. 

:3H. The first important relations obtainecl in tll(' preceding chapter ure those of § 10, (h•dnced 
from eq nation (ll ), showing the relation,.:, under ditte.re11t circumstances, between the directions of 
the wind an!l the isobars, exp1·rssed h,Y the angle of inclination i, which i;; the angle between the 
direction in which the wirnl blows and the tangent to tlw isobars. Here theory giYes us no 1Jna11-
titati n:\ result, since tl1e ,-alne of this angle, as ,;;bown b~· (11 ), depernls mostly upon .the unknown 
function of friction F,. From what is stated in § 7 this eannot be regarded a8 a function of the 
Yelocit~· in which we could determine from obserYation the friction constant, except perhap:,; at the 
earth'>; snrtiH'e and al\\~ay;; uwlPr pr.,cisely the samp circumstanceti, lrnt it is rather a function of 
tlte differences of Yelocitief< of the different strata of the atmosphere. \Ye know, however, that it 
depemls upon arnl vani:-:hes witl1 frietion, awl that "·here there i8 friction there umst be a certain 
amount of inclining of the will(l at the earth's surface from the direction of the tangent. t11 t.he 
i:,;obar tmvanl the l'enter of a cyclone, as stated in § 1 O (a), aml hence that the air mnst mo\·e around 
and toward the center in a kind of spiral; hut the amo1111t of thi" inclination, as required by theory 
ai1d shown hy ohserYatiou, is »Pry different under different circumstances. So far as tf'sting the 
thpm·y h,\~ obsPrYaJion is coneerne<l, all that can !Jc tlone in t.11is cai,;e is to show from oh,;;ervation 
that there is a certain amount of inclination at the earth's snrface, aud that thi8 varies under dif
ferent circumstances as reqnired by theory, hut the amounts can only be !letermined by ohsen-ation. 

There was at one time a loug all!l animated di:'icnssion between the rcsp«ctfrc adherents to the 
circular gyratory theory of Ue1ltiel!l, so calle11, and the radial theor;y of Espy. Both parties, 
l'ntirely si111·Pre 1101louht, hut u11avoidahly hiased in some measure in the support of their theories, 
thonght that tlif'y found almnda1tt eYidences from ohsernttion, after careful 1mn·«ys and measure
ments in 8ome cas1•s, to support their theories. If either theory had been the true one, observa
tion would no doubt have safo;ficrl the adl1crents to the other that it, was erroneous, lmt we now 
sec that the trnth lips between the two theories, arnl hence the vague and uncertain indiYidual 
obsen·atious or th<' eft{•cts.; of cydones and tornadoes could he easily c01mtrue1l in many cases to 
impport eit11er tlrnor.Y. 1 n j u,;;t icP to Mr. l~B<lfiel!l, it shoultl Im hPre stated that he did not maintain 
that the wi11ds were strictly eircnlar, but that there was most probably some inclining of the winds 
towar!l the center. 

40. )Ir. Ley was the first who ernle:wored to determine the angle of inclination in large 
c~-dones from a g-reat nn111hcr of obsern1tions made at. fifteen stations, mostly in the British 18Jes, 
from which lie deduced the following conclusions (.Journal of the Scottit'b Met. Soc., 1873, p. G6); 

I. "The winds commonly i11cline from the districts of higher towards those of lower pressure. 
The collectfre mean result for the. fifteen stations is 200 M'. 

II. "This inclination is mneh greater at inland than at well-exposed coast stations. The col
lectin• mean for llretit, Scil!J·, Farmouth, Pembroke, and Hollyhead is 120 49', while for the inland 
stations, Loudon, ~ottiugham, Oxford, BruHsell'I, awl Paris, it. is 2so 5.'3'." 

Tl1ese confirm the part of tlw theory of cyclones contained in § 10 (a), since they show that at 
the earth's surface there is a certain amount of inclining of the wind:-; from the tangent to the 
isobar8 toward the center, and also that a.t the inland stations, where friction is greater than at 
and near the sea, this indi11atio11 is greater than it is near tlw sea. 

'l'he aYerage inclination of SE. winds was :150 11'; of NE. winds, 170 4:l'; of N\V., 90 4', and 
of S\V. winds, 20° 13'. Iu these results S. winds were taken as S \V. winds, E. as SE., and so on. 
Hence ESE. windR have the greatetit aud \VNW. winds the least inclination toward the center, which 
winds are very nearly those of the NE. and SW. sides of the c;yclone, aud consequeutl.Y of the front 
aud rear sides of it, siuce the average direction of progress of the c,yelones was from SW. to NE. 
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41. Subsequently Mr. Ley determined the relations between the llirectiom; of both the upper 
and under currents of the atmoApliere, in areaH of low barometric pressure, and the ra<lins drawn 
from the center from the an•ragm; of a htrge num her of obsen·ations in the British Isles, France, 
Spain, Switzerlan!l, Austria, Tnrkey, Hussia, Denmark, Swt'de11, and Xorway.* His table of re
sults is so iwportant,, not only for our JH'Clit>Ill purpose, for which onl,Y those results belongiug to 
the surface are needed, but likewise in comparisons further 011, that we shall gh·e it l1ere in full, 
thougb in a different form and with a dift:erent notation. Bach area of low depression was dh·i<le<l 
into sixteen districts, as in Fig. 6, A, a, and E, e being at right angles on tile left aml rig-J1t of tlie 
direction of progress of the area of depres1;ion. 

TABLE, 

Exterior districts. lut-eri01· <listricts. 

Surface winds. PppPT currents. Surface wind~. Dpper ~»urrents. 

District@. Distril't~. 
No, of ob- Mean an~lt> No. of oh- MPan :mgfo Xo. of ob- : "lfNtn .anglt• No. of ob- 1'-Ien.u ung-lt• 
servation. with radius. servntion. with radiutl!. Sf'r\'"atton. i with radius. toH'r1·atio11. withrarliuF.. 

0 

A. 198 62 !jl - 5 195 6G f18 1 i!! 
n 4-07 62 173 163 391 5:i 104 130 
c 511 48 226 15'.! t26 5fl 94 13" 
]) 675 54 290 146 d 4"4 55 141 10~ 

E 8{13 66 328 1~4 629 64 13J n 
F 378 76 19~ 101 f 4-u2 74 14~ 61 
G 277 79 81 96 g 250 77 8:1 90 
H 196 80 43 99 h 20t 81 46 106 

Considering for the present the results onl.v of this table belonginp; to tlrn surface currents, we 
find that tLe M'erage anglP with thp, ratliuis for tlrn exterior districts is frt.o.u, and for the interior 
districts 6i"i0 .9, which give for the inclinations rl'spectively :!;;o,4 aud 24°.1, the aYPrag-P liei11g 2.i.0.1. 
This inclination is a little greater than that obtained by l\Ir. Ley iu his former diseussion of ob:ser
Yatiom,; mm;tly from the British Isle8, hut thi,; is what we should expect from tlleoretical considera· 
tions, since in the latter case tllere was a mueh larger number of land statiom; iu emnparison with 
the coast stations, a111l lH•nce friction, and conseqneutJ~- the angle of inclination in the an~rage, 
should be greater. The mean angle of inclination giren by l\Ir. Le,Y is greatn, arul seems to he that 
gfren by all the observations without i·egard to groups or dis~,ricts, wliile the aYerages 11ere gfren 
are those of the aYerages of the sernral groups. These must gi\·e the most prolmole results, since 
it is seen from, the table that in both the exterior and interior district8 tile inclinations art> greatest 
in those districts in which there were the most obserYations, whieh must be due to some real cause, 
and the difference'! cannot be merely accidental oues wliit~h may be elimiuated h~· the number of 
observations. 

It is seen that the average i11c,ifination of the exterior districtH, 2fi0.4, is very little greater than 
that of the interior districts, which is 240.1, and hence these results furnish only a very teel>le con
firmation of § 10 (c), which requires the inclination to be less in the i11te1for thau tlw exterior part 
of a cyclone, or area of low pressure. It ma~· be seen, howe\'er, from au inspection of Fig·. C, that 
the average distances for the exterior and interior districts was perhaps not n'r,y great in eompa.ri
son with the average radius of the whole districts, and it. is mostly near tht> cc~ter that tl1eory requires 
that there should be much diminution in the inclination. 

The districts C, c, are on the front side of the cyclone in its progre8sion and G, g, on the oppo
site side, and it is seen from the table that the average inclination of the former is 37°, arnl that of 
the latter only 120. These result."! agree well witl1 those of the former ones, from ohsen·ations of 
the British Isles mostly, the inclinations from the latter for the front and rear sides heing, as we 
have seen, about 350 and 90, the8e both being a little less because the general awrage i8 less. It 
seems to be well established, t~en, fro~-~~~~-vation, t~~t}n E1~~I_>~an_~-'·cloues t~ere i_s_a cous~er-

• Quarterly Journal of t,he lfetereologica.l Society, 1877, p. 443. 

S. Ex. 13--27 
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able inclining of the wiruls tmvarll the center, and that this inclination is greater in the front than 
the rear part of the cyclone. 

42. From the weather maps of the {'.ni.ted States Signal Scn•iee for the ;years 1872 and 1873, 
Professor LoomiH obtaiuell the following average indinatiom: and n.•1ocit.ies from a great number of 
observations in each of tlw fonr quadrants of the areaR of low barometers (Silliman's Journal, July 
1874): 

Jnc·linntio11 
: V eloci t~· iu rn iles 

; W. quadrant. S. qun.drant. E. quadrant. N. quadrant. 

.58'" 40' 

JO. I 

490 35' 

8. R 

The ~werage of tliese inclinations is near]~- 47°, which is much greater than that obtained by 
Mr. Lt\'\' for Europe. This, however, iR satisfactorily explained b;v theory. l\ir. Ley's observations 
were mostly of winds of considerable forcC', bnt Professor Loomis took in all cases within the isobar 
of 2H.!I inches, which i11c)n(letl many observations of veloeities of only three or four miles per hour. 
This is s(•en 110t 011ly from tltt> tahle of results gh·en by Professor Loomis, but also from the small 
aYerages of all the ohserYati011s giYen aboYt,. The ayerage distance from the center, therefore, of 
the observations used hy J>TofeKsor Loomis wai,;, no donht, much gn•ater thau that of the observa
tions used by Mr. IA.'.'f, and hence hy § 10 (c) the inclination obtained h,r the former should he greater 
than that obtaim•!l b.Y the latter. Again, the a'ITeruge latitude of t11e ohsenTations used by the 
for111er is mneh less thall tliat of t11e ohs1•rnitious of the latter, arnl on this account also, by§ 10 ( d), 
thB iueliuation obtained by Professor I1oomis for the United States i:;honld be greater than tbat 
obtaitH'd by .Mr. Le.y for Europe. All agree in eon firming tbe truth of§ 10 (a), and in showing that 
tbe amount of iuelination, ou lanu at lem•t, must iu g·eueral be considerable, and consequently the 
c~·elonic gyrations not at all circular. 

If we now comp~tre the prem•di 11g i11di11atiom; for the several quadrants with those of Mr. Ley, 
it is seen that the maxima and minima are uel.lrly oppu::iite, for l'rofessor Loomis gets the greatest 
inclination in the \\". qnallmnt, which is nearly the rear quadrant on the a\Terage in the United 
State>;, while :\Ir. l1ey got thP greatest inclination in the front districts. This will lie considered 
further on, as WB are bNe merely seeking confirmations of the theoretical deductions of § 10. 

The following i,.; tl1e snmniar.r of the practical results obtained by Captain Toynbee from a 
rl iscnssio11 of the ohHCtTationl'l iu the ~ orth A.tlantie during the great cyclone on the 24th and 25th 
of Angust, 187;{ ('.\letereology of the North Atlantie during August, 1873): 

l. There is strong cvillence that the wind in a hurricane draws i11 toward it8 center. 
2. The irnlraft is in·olJa bl,r greater in oue quarter than iu aI1otl1er. 
~'- The irnlraft is prohably greattir near the center than further from it. 
The an•rage inclination from all the observatio111-1 wa,s 29°, the ob8ervations being ou the aver

age at about tl1c parallel of 50°. This is a greater inclination than that ol)tained by Mr. Ley for 
Europe, though m nch less than that of l'rofessor I,oomis for the United States. Theory requires tlle 
i11cli1iatio11 to be less on the ocean tl1an on land ou the same latitudes. 

The last item in the eo;nmmary above is contrary to theory, but the author seems to regard this 
as onl.\· a prohahle condusion. The few ob8ervations which can be made on the ocean in a great, 
storm, where tlwre are 110 faeilities for making them accurately, cannot be relied upon to give very 
aceuratP results. 

4a. From tht• oh,.,ervatiom; of Patlre Yifies on the hurricanes of the Antilles during September 
and (ktuhf'r of 1~7;"i arnl 1876, we rna,v deduce some Yalnable results with regard to the inclina
tion of the wind" in cyclones ii ~hese low latitudes. Although we do not have in these the aver· 
ages of mau:'I~ obscnation1:1, yet we ca11 rely on tliem with considerable certainty, since the cyclones 
here, being 1wnrl,Y the i'l:une as oceau cydones, are more rcgnlar and uot so much affected by irregular 
ahuormal disturbing iufiuences, which require large numbers of observations for their elimination. 
Tlie following extract:,; from his hook, ~ome in sulJistance merely, uut mostly somewhat literal trans. 
lations, haYe a bearing on the preseut part of our subject, which is seeking confirmations of § 10 
aud the 1leterminatio11 of quantitutiYe results which theory does not furnish. In all the hurricanes 
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of the Antilles it was obsen·ed "that the gyrating winds cease to be circular at a long distance 
from the vortex and are found to dlwiatc from the tangent to the circle with au iuclination toward 
the center, forming a kind of large converg·ing spiral. Tl1is cotfferging i>' likewise said to "Yar,\· 
not only in different ltnrrieanes, hut likewise in th.• same hurricane, \Yith !lift<•r('nt directions arnl 
intensities of the win<l and with different distances from the rortex.'' In the same eor111ectio11 it 
is stated that the inclination is" especially small at no great clistauee from the Yortex." (Apuntes, 

• &c., p. 90.) 
In the hurricane of Septemller, 1875, '•the winds of the anterior part of the storm wPre approx

imately circular, or with a i,;light inelination toward the center i11 some cases.'' Bnt from oh8e1Ta
tions made at numerous places" the wiucls of the second (SE.) (jtUttlrauL which remained at all 
these places when the vortex was at a com;iderahle distance, Rutl'ered a great deYiation toward the 
center, and in some cases likewise the winds not far from the vortex.'· (Apnnks, &c., p. !J2.) 

Similar observations were macle of the hnericanes of 18W. 111 tlw anterim· part of the storm 
the winds de:viated hut little from the ta11ge11t towanl the centl'r. bnt in tl1e postflfor part they 
blew almost directly towanl the center. Ou the islaucl of Porto Hico '' littl<· dedation in the winds 
of the thir1l aud fourth (SvY. and .~nV.) quadrants waR noted, l'onw greater con,~ergency in those of 
the first (::SE.) quadrant and a great iucli1iation toward the ce11ter in tho8e from th(' E. and S., 
especially as the.r llecame at a great distance from the nntex." (Apuuh's, &c., p. !13.) 

The hurricane of the Hlth of Octoher, 18i'fl, is presented as a notahh• example of the great 
convergency of the winds. "Afte.r its passage h.r IlaYana the \Yimli-;; wl1id1 in the posterior part 
blew from west to south, 8Ufi'ered :1 great 1leviatio11 toward the center, aml that not only at a dis
tance from the Yortex but eYen in itl' vieinit~-." And" the wiud,.; which JH'P\'ailml from SSE. to 8., 
and which, <luring the passage of the \'ort~·x b,v Ha\·aua hl1'I\' with force in the different towns 
situated to the ESB. of Havana, s11ffe1·<,d likewise a 1·ery 11otahlt' inclination towanl tl1P center. 
With respect to the winds which preYailed iu tlw first quadnrnt in tlte different localities of the 
antelli.or part of the c.yclone, there. was obsen·ed in them likewiHea 11otahleconvcrgency, though in 
general in a less degree.'' (Apuntes, &c., p. !13.) 

From the preceding extracts, and mauy others of the !'.lame 1.'iucl which migl1t be cited, it is 
evident that there is not only au inclination of thP wi111ls in tht:' 1·yc1011es of the Antillt:'s, in accord
ance with § 10 (a), but that this i11cli11ation is much greater thall in high latitudes, as required by 
§ 10 (d). This latter deduction from theory, if true, is very important from practical considerations, 
and although there cannot be any doubt with regard to it where the theory is understood, yet any 
observatiom; which teud to confirm it must be regarded as being ,·e1·y important, and many more 
observations of the same kind are ver.v desirable. 111 the extreme C}1ses, namely, in front en<l 
roor of the storm, the angle of inclination il'l the former is stated to he very small and the direc
tion of the wind to be nearly at right angles to the radius of the c,\·clonP1 and in the latter to be so 
large that the wind blew 11lmost directly toward the center. On other sideR of the cyclone the obser
vations seem to give about a mean between these extremes. Tlw angle of inclination, therefore, in 
the cyclones of the Antilles, and a\ all place" at sea in the same latitudes, is probably about 45° on 
the average of all cases of great velocities of tlrn wind, a.ml still much greater where the yeJocities are 
not very gr&1.t. But we do not have obserrations eno11gb yet for determining quantitatini results 
wit]). much aocumcy. At sea, in the latitude of England, this angle is most probably only from 
200 to 250, Still nearer the equator than the latitude of the A11tilles the inclination rnnst approx
imate to 900, and on the equator, if theFe could he any central point of seusihl,y lower pressure, we 
know that the winds would be radial, in aceor<hrnce with Espy's theorr. This theory took no 
account of the important influence of the ea,rth's rotation, a.ml is therefore trne only, so far as the 
direction of the wind is concerned, for an earth without rotation 011 its axis, and at the equator, 
where the effect of rotation vanishes. But this theory would give no Yiolent winds or areas of 
sensibly lower barometric pressure, as we see is the case at and near the equator. 

With regard to the theoretical law of § 10 (e) there are mans eddences in the obserrntions of 
the hurricanes of the Antilles, to show tJ1at the inclination near the Yort,e:x or center of the cyclone 
is less than at considerable distances. It is not ()nly so stated, as in the cases cited, but it may 
also be inferred from many other places where, in referring to the great inelinations in special 
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cases tlw phrase i8 often added, "even nea.r the vortex,'' as though it was considered that the incli
nation there is usually less than at greater distances. 

44. From the deductions of tueory, confirmed now and supplemented by numerous observations, 
it h; 1widm1t that many of the nsnal rules aud sailing directions must be very much modifieil, 
espeeially in low latitudes. Altbough the horn cards of Piddington, and all the rules based upon 
the strietly circular theor~· of the winds, may still be used at sea in high latitudes without great 
f'rr01·, yf't nearer tlie equator they nnrnt become more erroneous, and entirely fail at the equator if 
cyclones eonld exist tlwre. It i,:; lwginning to be prett,y generally acknowledged that in sailing 
flirecti011s in a l"itorm, ;.;0111e allowa11ce shouhl be made for a certain small amount. of inclining of 
the winds, but it seern" to he thought that this should be the same in all latitudes and at all dis· 
tanrws from the ct•utPr of the o;torm. If in low latitudes the inclination of the winds may be 60° 
or mort>, the clctl'rmination of tl1e direetion of the <laugerons center of a cyclone from the usual 
rules based npon the circular theor;1·, in which the i11clination is supposed to be naught, would lead 
to an error of fh·e or ;.;ix points ot' tlie cornpa8s. For this reason the amount of inclination at sea 
nuder m·erage circnnu~tm1ce:-1 sbonld he determined from observation for different latitudes, so that 
the na\·ig~tor con!.! mo1lify J1is rules to suit the latitudt•-; but unfortunately we have but few obser
Yations yet for tbis purpose at sea, and \'ery few on land for the lower latitudes. E\ren on the same 
latitudes considerable allowance should he mafle for distance from the center. While the center 
of tbe cyclone is yet a.ta considerable distance and the winds have not a great velocity, it should 
be eonsidPre<l that thtly are prnbably, even iii high latitudes, considerably iuclined toward the center 
an<l that nearer the equator the,v may be nearl.r radial, but mren in tiiese latitudes at places near 
the center, where the vPlocities are Yery great, the gyrations may become nearly circular. 

45. So far we have neglectP<l to consider the effect of the progressi rn motion of the cyclone 
or air in which the cyclone exists, and consequently ha\re regarded the inclinations as being the 
same 011 all sides. \\There the cyclone has a progressive as well as cyclonic motion1 the former 
makes the inclinations differ on different sides, as stated in § 34. The progressive motion of the 
atmospl1e.re at tl1e earth's surface in tbe United States is very small, as is evident from an examina
tion of the isobars on Chart I, Part I, and as has also been 8hown by the late Professor Coffin in 
llis "\Vincls of the Globe," according to which this velocity is only in general two or three miles 
and even less in places, and from the SW. This, however, with Professor Loomis' small average 
velocities of the wind, given in § 42, should increase the inclination very sensibly in the west 
quadrant aml decrease it in the east quadrant, while the inclinations of the north and south 
qnadr:w1s sl1onl<l l>e little affected and ha"\"e about the a\rcrage value of all. This is the case with 
his resulto;, and hence they are in acconlance with tl1eory. From the chart referred to above, tbe 
1n·og-res:-iirn motion of the air in the northern part of the Atlantic Ocean, between Europe and 
America is comparatively gn•at, as shown by tl1e closeness of the isouars, and hence this motion 
mu;;t affect the inclinations in cyclones there very much, especially in such parts of thern as have 
only moderatP rnlocities of the wind, aud from this cause the winds should have smaller inclinations 
in the front than the rear part of t11P. cyclone. 

But it now becomes ver,v difficult to explain b_y the preceding theory why Mr. Ley obtained 
greatN i11cli11ations in Europe for the front than the rear parts of the storms, while Professor 
I,oomis, for the United States, and Padre Vines, for the AntillM, obtained the reverse. This, how
ever, ma,\· he explained somewhat plausibly from the consideration that the cyclones in Europe, 
especiall.r those of the British Isles and Norway, are cyclones within a great cyclone with its center 
near Icehtnd, and thi;.; is especially tLe case during the wintm seasol1, as is seen from Chart V, 
Part l. They are consequently cyclones upon an inclined plane, as it were, and hence the isobars, 
as mmall,v charted, are very much distort-ed, and the center of the cyclone as given by the charted 
isobars iR thrown to the left of the real center of the cyclone, as is shown in Fig. 4, and consequenHy 
to the NW. of the real center in this case. It is readily seen that this decreases the angle with 
the radius on the front or NE. side of the storms an.d increases it Oil the rear or SW. side, and 
consequentl,y the inclination is increased in the former and decreased in the latter. 

There is also another effect wbich should be considered here, which is that of the term D,a in 
(11), which depends upon the inertia of the air. Since at the earth's sarfaoe, if the atmosphere 



 

UNITED STATES COAST AKD GEODETIC SURVEY. 213 

has a greater progressive motion above than below, a new c;yclone is being contimrn1ll,v formed and 
new portions of air in front are re()efring a11 increasing gyratory motion, while the gyratory 
motion in tl1e rear is bl'i11g contjrmally <limi11ishecl for the sanw reason. The term D,~, tl1ereforP, 
for the front part is posith·e and for the rear negative, a.nd hence by (11) it tends to increase i on 
the front side ancl decrease it in the rear. This may in some cases be considerable, but the effect 
must generally be small. 

46. Tbe effect. of the progressi ,.emotion of the air on the inciinatiom; of the winds in the e:n~lones 
of the Antilles iR quite large, since the progressive rnotiou of the tr,ule-winds is comparatin~l,Y 
great. Here the trade-winds become nearl,'I· east winch;, as i-;hown by Profoi-;sor Coffin in tlte """ind1; 
of tlte Globe." Hence, the winds whose cyclonic component of motion is from the X. or S. suffer 
the greatest deviation from this direction, the inclination being d~creased in the former case and 
increased in the latter. This will be better understood from Fig. 7, in whicl1 ab represents the cyelouic 
compmwnt of motion, snpposed to have an inclination of 4-Ti0 m1 all sicles, aml be tlu' prng-n•ssiYe 
component from the ea,st, or nearly, and ac, tlie resultant of both. The direction of the progrcssfre 
motion of the cyclones of the A11tilles, e;;peciall:• at Havana, may be assnnwd to he about N\Y ., 
represented by the arrow in the figure. It is seen that in the front part of the storm the inclina
tion of tlte resultant oc i,.i much dimini;;l1ed in consequence of the progressi\·e component he, a))(l 
made almost perpendicular to the radius, while from the same cause it is n•ry mucl1 imTeased in 
the rear, and the direction of the resultant motion coincides very nearly with thP radius, that is, is 
very nearly toward the center. Ou the right side, the directiou of the progressirn Yelocity /Jc 
coincides with that of the cyclonic motion ab, and conaequently the resultant is inereast>d, while on 
the left side it is in the coutrar,\· direetion, a1Hl eonseqnentl~· the resultant \·eloeit,v i,,; diminished. 

We have now a complete explanation of the olJsen-ed differences of inclination of tl1e wimls in 
the different quadrants of the c.vclones of the Antilles. By a reference to the citations alreads ginu 
in§ 43 it is Hccn that in ernry irrntancc the winds in the anterior part of tl1e cyclom' are said to he 
nearly circular or to deviate but little from the tangent, while in the posterior part, where the winds 
are mostl,y from SE. to S\V. the inclination is sitid to be ,·ery great autl the winds to blow almost 
toward tlte center, as represented by the directions of the resultant ac in Fig-. 7, in the ~wterior and 
posterior parts of the diagram. 

It is further stated with regard to tliese c~·clones generally, "that tlte wimh1 which ha Ye snf· 
fered least deviation with re>ipect to the tangent of the circle having for its ceuter tl1t• center of the 
vortex of the cyclone, have been those which have lilown from the first and fourth quadrant;;, and 
those de\'iatiug most with au inclination toward the center, tho:se (which have blowu) from the 
third, and especially those from the second quadrant. lu the winds from the E. and S. the incli
nation is Ruch sometimes at all distances from the Yortex tllat the wind blows directly toward 
it." (Apuntes, &c. p. 91.) Here it is stated again that the winds which blew from the first and 
fourth quadrants, which are the winds of tlte "\V. or N"\V. quadrant of the cyclone, and conse
quently the anterior part of it, had the least de\'iation from the tangent, and tltat those willds 
which blew from the third, and e>i}'tecially those from the second, quadra1Jt, and which are neccH· 
sarily wind;; of the posterior part of the cydoue1;, had the greatest iuclination, as they should from 
what has been shown. This inclination seems to lta,re beeu so great in winds from the SE. that 
they blew directly toward the center, as they wonld according to the postf~rior part of the diagram 
of Fig. 7, if the progres:sive velocity be were made a little greater in comparison wit.11 the c.vclouic 
component a.b. 

47. From what ·precedes it is seen that the na,vigator, on determining the direction of the vortex 
of a cyclone from the. direction of the wind, should, in addition to cousiclering latitude, distance 
from center, and velocity, likewise consitler in what quadrant of the cyclone he is sitnatPd, 1;iuce 
the direction of the vortex wit.Ji reference to that of the wind is so differe11t i11 different quadrants, 
especially where there is a large progressive motion, as in the trade-wind regions. In the front 
part of a cyclone, where the mariner is in the greatest danger, the direction of the vort.ex is gener
ally more nearly at right angles to the direction in which the wind blows-to the left in the north
ern hemisphere and the contracy in the southern-and consequently the old rules of the circular 
'theory are more nearly correct here than on any other side of the storm. "\Ve have seen that this 
is the case in the front part of the cyclones of the Antilles, where the direction of the vortex is 
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nearly at right angles to the direc~tion of the wind, while in the rear it is nearly in the direction in 
which the wiml blows. On either side of the direction of progress, the direction of the vortex in 
cyclones here may be estimated to be about 4ii0 to the left of the clirectiou in whicll the wind blows. 

48. Considering now the direetions of the wind in a o~·clone at difterent eleYations, and in the 
upper regions of the atmosphere, it is found that the dt:'dndiorns from theory are generally con· 
firmed by ob,;eryation in a remarkable manner. Atcording to § HJ (b) the inclination is less at 
some distance ahoYe tlle surface of the earth than at the surfaec, aml at great altitudes it is nega
tiYe or outward, aud hence where tlle cyclonic motions arc uot too mucli disturbed by combined 
progTcssi\·e motions, the directions of the clouds, in the uorthern hemisphere, sl10uld be from a 
point wbiL-h is to the right of that from which the surface winds blow. 1'l1e ayerages of numerous 
obsen'atiom; i11 tlte middle latitudes 8how that this is the case. Professor I,oornis examined in the 
publishrd ,-olumes of the l;nited States Signal Service the directions of the surface winds and 
those of the clouds in a g-reat ma.ny cases in which there was a well-detined area of high pressure 
011 the east side of thn area of low pressure within the limits of the rnited States. The result at 
which he arriYed was that the surface winds '' drculated around tlie low center, and at the same 
time mo>ed spirally inward. The upper clouds were in all ca8('S rnoYing away from thc> low center 
and towards an area of higll pressure on the cttst aud 1:muthe:tst side." (Silliman's Journal, July 
187ti, p. l i.) Hence the motion was outward aboYe aud from a point to the right of that from 
which tlle surface winds blew. 

ObserYations on the clouds iu the hurricanes of the Antilles gaye also a similar result. The 
elouds in the different pmdtions of the Yortex ran almost perpendicular to its direction from tbe 
observer, showing that the wiuds at the altitude of tl1e clouds are less conyergcut than at the sur
face. It, was likewise olJSerYed by Sr. de Garn boa, Director dd "Diario de Cienfuegos," in the 
lmrricane of September, 187G, that the ,·duels at the ,;urface liad a greater inclination than the lowest 
clouds. (Apuntes, &c., p. 178.) 

Since it has been shown, botll from theory and ohspn·ation, that the air iu onlinaey cyclones 
moYes in toward the interior in the lower part of tlte atimosphem, it must of course move out from 
it in the upper regions, and tl1e incliuation be negatire, or outward. That this is the case is shown 
hy thP ta hie of results giv1•11 in § 41, ohtairn·d by Mr. Ley from bis ob1-1en·ations of the cirrus 
clomls. 'l'he aYerage of all the angles in this table for the upper currents and for all the districts 
is 1 o!Jo, and hence grentpr than 900, and com;equently the direction is inclined outward 190 and 
then' i,; a motion of the air ahm·e out from tlie center. The angle of inclination of the surface 
win<h• gin~n hy the table is Zi'i0 inward. Hence the difference between the average directions of 
the cmreuts above m11l at the surface is about 44°, those of the upper euneuts being to the right of 
those l1elow. 

4H. The conclusions at which Dr. Hildebrandsson arrh'ed with regard to the upper currents of 
the atmosphere, from the sp10ptic charts of the Royal Meteorological Institute of Denmark, are 
the following:* 

"1. Tout pres du centre ( l'uu depression ou minimum barometriq ne, Jes couraii ts superieurs Re 
monYent a pen pres da11s uue direction parallele aux isobars et aux vents inferieurs. 

"2. ~\ mesure qu'on s'eloigne du centre, ils sont plies en dehors et d1~Yies :I, droite des vents 
inferieurs. 

"3. Sur les regions des maxima ils CODYergent ,~ers leur centre en con pant les isobars a ]>ell pres 
:\ angles droits.'' 

The first of these confirms that part of the theory which require!'! a small angle of inclination 
near the ceuter, for unles8 this angle is small both below and above, since it must be positive below 
and negath·e above, the directions abovP and below cannot be nearly parallel. The second shows 
that further from the center the inclinations are greater, in accordance with theory, and hence there 
is a greater deYiation of the currents abo\'e to the right of those below. While the third is not in 
accordance with theory taken generally, it, will be shown, further on, that it is in most cases as a 
result of the effect of the progressi\·e motions of the air in the upper regions. 

Mr. Ley from 620 obserYations u1>011 the motions of cirrus clouds arrived at the following 
important general law 8howing the relation between the direction of the higher currents of the 

* Essai sur les courants sup6riours de !'atmosphere dans lcur relation aux lignes isoba.rometriques, par H, Hilde. 
brande Hildebrandsson, presente a la. Societ6 Royale des Sciences d'Upsal le 28 novembre 1874, 
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atmosphere and the distrilmtion of atmospheric pressure at the earth's surface: "The higher cur
rents of the af11w.~phcre, 1ch ile 11101,ing common I!/ u:itl1 the higliest pressures, in a general 1my, on the right 
of their course, yet ma'n(fe.~t a diNtinct general centrifugal tenilency nrer t1w nrca.~ nf l.01c pressure an<l a 
centripetal 01·er those <tf high.'' (LawR of the 'Yimls, 71. 15G.) 

Aceordin~ to thi,.; la,v, 1leclnced from obseryatiou, the directions of t11e higher currents incline 
outward from the center of low pressure and tangent to the isobars, as observed hy Dr. Hilde
brandsson, an<l as theory requires. 

50. In obseiTing· and stud.Ying the motion" of tlw upper cmTe11ts in cyclones it is important to 
take into consideration the results deduced from theory in~ 18, according to which, iu ordinary 
cyclonic systems, the p:yratory Yeloeities aboYe are less than helow, aud at gn,at altitudes may be 
even reversed over tlrn greater part or the whole C,Ycloni<• or low-pressure area uelow, and become 
anti-cyclonic instead of cyclonic. 'fhis seems to be con firmed h~- Mr. Ley's obserYations on the 
cirrus c1oud1'. He stat<'S that '' t-here occur at rare inten·aJi..; in \'" esteru Europe depreRsion systems 
which affoct, but iu a Yery singular way, tl1e di1w•tions of tlle upper currents, rcyersinp; them so 
that they become, on all sides of tlw area, nearl~-, or quite, iu opposition to Ballot's law-, that ii' to 
say, there exists a direct upper current circnlation aboYe a retrograde circnlatfon of the 1-iUrface 
winds." (Laws of' tlie \\"inds, p. 13H.) 

1\fr. Le;y's dirf'ct and re~rogrnde circulations corre~pond to what we ha Ye denoted by auti
C;\"Clonic and cyclonic gyrations, rf'spectivel,v, and it is readily seen from au inspection of Fig. I, in 
which the directions of tbe 11pper c·nrreuts are represeuted by dotted arrows, and the cliYiding line 
between the c.vclone aml auti-cyclonP indicated by a dotted circle. There is an oyerlapping of tl1e 
upper anti-cyclone o\·er tbc outer part of the c,rclone belo"-, and oYer tltis belt the wimls above 
and below are ver~· nearly or <]nit<' iu opposite directions, and hence the former are in opposition 
to Ballot's law 0Ye1· this belt. 

l\:lr. L<'y \"ery jnsUy rPma.rks tlw.t ''it is important to obserYc that these exam}J!es fnrni8h no 
proof that Ballot's law may not be tnw, or approximately so, in et:ery case, for the particular stratum 
of atmosphere to 1cliich U i., applied.'" Thi,.; ltas been sho"·11, in § 19, to be the case aceonling to the 
cyclone theory, since the distance of maximum pressm·e from the ceuter, in strata of different alti
tudes, decreases with the altitm1e; so that although tbe currents above may he nearl;\' in accord
ance with Ballot',; law if wt• me:cumre the pres,.,ure itt that altitude, yet if we. compare thern 'i\"ith 
the pressures at the surface all the upper currents obse1Ted from the belt, Fig. I, in which the 
anti·C!)clone aboYe overlaps the cyclone at tlie snrface, will be nearly in opposition to Ballot's law, 
if compared with the pres8ures at the earth's surfaee. 

51. If we had a cyclone witli a cold center the area of eyclouic gyra,tions would be great.est 
above, and there would be a hfl1t in which tlte cyclonic gyrat.ions above would be seen over the 
gentle auti-c;rclouic one::; below. Although the conditions for a local progressive cyclone of this 
kind might exist tem[lorarily, arising- from the primary disturbances of tempe.rature, yet the.r could 
not give rise to much cyclonie activity, since the currents, downward in the int.erior and outward 
from the center at the ea1'th's stufac;\>, woulll be subject to grea.t friction, and the power in ordinary 
cyclones, arising from the caloric of condensation, would be entirely wanting. Observations, there
fore, on local aml progressive cyclones of this sort have not been made to establish the truth of this 
latter law, the reverse of that obsl•rved l\Y Mr. I,ey in the case of ordinar;y cyclones. ·we ban•, 
however, two notable examples of stationary cyclonic 8ystems of thi:,; sort, in which the law is 
unmistakably obsen·ed. The northern and southern hemispheres of the globe fornish two systems 
of this sort with the cold centers at the poles of the earth. The cyclonic gyrations at the earth's 
surface extend to about the parallel of 35° or 30°, but at great altitudes they extend to the calm
belt at the equator, so that in the trade-wind region, where we haye below the anti cyclonic g;rra
tions around and from the center, we have above the c;vclonic around and toward the center. Hence 
the motion of the cirrus clouds of this region from the southwest is nearly or quite in exact opposi
tion to that of the trade-winds below. 

52. So far, in the consideratiou of upper currents, we have not taken into account the effect of 
the progressive motion of the air of a cyclone, which, combined with the cyclonic, gives the 
observed resultant, and this consequently may be very different from the purely c;yclonic; and this 
is especially the case at great altitudes in the middle latit.udes. These rootions are generally nearly 
from west to east, and the eastward components of the velocities of these motions, for the average 
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of all longitudes, may be approximately computed from the expressions of these velocities in Table 
XI, Part l. 'L'hese give for tlie latitude of the British Isles, say 5~10 for the eastward component 
of velocity per hour, at the elevation of 8 kilometers, which may be assumed to be the height of 
tlle cirrus clouds-

In January, 6.8km + 8 x 11.Skm = 101.2km 

In July, 4.2 + 8 x 5.3 = 46.6 

and for tlie mean of the year about 74'rn. These estimates are based upon the assumption that the 
temperature gradient between the pole and the equator above is the same as at the earth's surface, 
but it ii,; probably less above, and if so these estimates ma~· be too great. There are also various 
disturbing causes which may make tliem vary consiuerably at different places on the same parallel 
of latitude. These estimates, however, gh·e at least approximate results, and show that these pro
gressiYc Yclocities are quite large, and much more so in winter than in summer, both of wl1ich cir
cumstances it is rnry important to take into consideration. 

If we assume that the progressive ,·eJocity aborn is 74km from west to east, and that the gyratory 
motion at an.'' ginm dii,;tance from the center is circular, and bas a velocity of 60'"' per hour, then 
on the soi1th si(le we shoul<l have an eastward Yelocity of 74 + 60 = 134k"' }ler hour, but on the north 
side only 74 - 60 = 14'"' per hour, aml there would be a motion fro1u some quarter of the west on all 
sides of the cyclone. At lower altitudes, where the progressive velocity is less, the resultant ve
locity might vanish on the north side, or there might be a small westward motion, but there would 
be upon the whole a great preponderance of westerly winds. 

Thi,; is in accordance witl1 Mr. Ley's observations of the cirrus clouds. He states that "the 
most Pkvated clouds not uncommonly traverse a distance of 120 miles an bonr, and occasionally 
much more. The majority of instances ill which very high velocities have been observed over the 
Britisli Isles were in autumn, winter, arnl spri11g, aml occurred when great but distinct depressions 
existed i11 the NE., in Scandinavia or Finland, and the 4lirection of the upper current was from the 
N"\Y. or NN\"\T. Calms, on the other hand, aro extremely uncommon in this elevated stratum, at 
least in those imitances in which it supports visible vapor. I ha,·e oul.'· once or twice observed au 
actual].'· motionless cirrus cloud. * • * A condition of baric equilibrinm in this stratum is com· 
monl.r most nearly approache(l in summer and near th<' center of areas of high pressure.'' (Laws 
of the ·winds, p. 1G3.) 

The great \·elocities over the British Isles were observed when there was a cyclone center in 
t!Je NK, for then the cyclonic motion coincided somewhat with the progressive motion from west to 
east. These large velocities did not occur much during the summer season, for then, as seen 
al>ovt', the progressiYe component is comparatively small, and the mag·nitu<le of the resultant 
uepemls ver.r much upon this. It is possible, also, that the cyclonic disturbances may ·be generally 
less at this season. Calms are said to be rare in these elevateu regions, as we would expect from 
tlwory, si11ce the progressive motion here is so great that it rarely happens that the g,yratory com· 
1>oue11t is sufficient to cou11teract it and produce a calm on the left sitle of the cyclone in its pro· 
gre'1sio11. Again, this state of baric equilibrium l>elnnging to a calm in these regions, is most 
nearly reached in summer, because then the progressive eaistward velocity is much less, and hence 
less gyratory motion is required to produce a calm on the left, for unless tlie gymtor.Y motion equals 
the progressive, as we hM·e seen above, there must be an eastward motion on all sides. It follows, 
then, from what precedes, that a stationary, or nearl.Y stationar,y, coudition of tl.ie cirrus clouds 
iudicates in the northern hemisphere the existence of a cyclone center at some distance in a southerly 
direction from the place of observation, while an unusually great eastward velocity indicates the 
existence of one in some northward direction. In the southern hemispheres the directions are 
reversed. 

53. Professor Loomis's discussion of observations of the United States Signal Serviee, made on 
the top of Mount Washington at the times of low barometer, gives the following velocities and 
inclinations of the wind (Silliman's Journal, January, 1875): 
--------------· "- --------------~------------~-------------------- --- - ---------

West quadrant. South quadrant. East quadrant. North qwocb:aDt. ! 
----------·~---------·-----------1-------1-------1-------1------

V elooity in miles ................................................ . 
, Inclinati<m ....................................................... . ~· 55" 7' 

44 
- 13" 21Y 

37 

-53°44' 
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A copy of tile graphic representation of tlleNe results is gh'en in Fig. 8. The progresl'iive 
motion deduced from tliese results is N. 650 \Y. 28 miles per hour, of wliicli the eastward compo
nent is 2fl.4 miles. B_y Table XI, Part l, this component i11 open Kpace at the height of }1ount 
Washington would he oul;\· about W milei;, hut tlte current on Mount \Yasliington i,.; increased b,v 
the air from lower leYels having tu paiss over tl1e mountain range. \\'ithont going i11to an aecurate 
discussion of the results, it may lie rea(lily found approximately that the reRultanb' aboYe are those 
given by a g_yratory velocity of 30 miles with an inclinati011 of 10°, combined with the progressi,·e 
motion, given abo,·e. A graphic representation of tlie rcl'lnltauts by this asHnrnptiou is gh-en in 
Fig. 9, which coincide very nearly with those of Fig. 8~ and lH'nce the winds on Mount \Yashington, 
for low barometer are satisfactorily explained by tlle 11ypotl1esis that they resnlt from a gyratory 
or cyclonic motion combined with a large progres8iYe motion. 

In order to study the laws of tlie winds on ~fount \Vashiugton. Professor Loomis selected, from 
the published volumes of the United States Si1.rnal ScrYic1• ob.sen·atio11r-;, ,t;-H, cases in which the 
wind blew wit,h a velocity of Gii miles or more per· hour. As these 11ig-h ,-eJocities must occur mostl.,Y 
when the direction of tlle g-yrator.v motion coincides some\Yhat with that ot tlle progressive motion, 
theE'e velocities occur more frequently in winter than in summer, l11~ca11se thP progTessive component 
of Yelocity, upon which the re1mltant velocit;\- largely depends, is greatest in the former RPason, jtrnt 
as in the case of the motions of the cirrus clouds observed h~- :\lr. 1.e;\·. Professor Loomis's res11lts 
from observation give the following vroportional numbers for tlle 01·c·urrence of strong winds on 
Mount "''ashingtou iu the several seasons of the ;\'ear: Spring, 14.0: 8ummer, 9.2; autumn, 13.8; 
winter, 21.2. It is seen that the nnmtier of caRt~s of large ,·elocitiel' is more tbau twice as great 
in winter as in summer, which show8 tlrnt at least oue of tlw component,; of motion, eitller the 
cyclonic or progressh·e motion, is much greater in winter thau in ,;ummer\ 

As only high velocities were here consi1le1·ed, it is eYident th~tt these must have been mostl;v 
from some westerly point, iu which easel". the two compo11euts of motion in some measure coincide 
in direction. Accordingly the number of cases in which the "\\·ind blew from the se,·eral points of 
the compass iu these high velocities was" N. 53, X\Y. :!60, \V. ()3, SW. 27, S. 14, SE. 8, K 2, and 
NE. 7. Thus we see that 60 per cent. of all tlie hig-h winds e<Hlle from the X\Y.; 75 per cent. from 
the W. and .X\V.; 87 per cent. came from the \Y., ~\Y., and N., while only +per eeut. came fro:n 
the NE., E., and SE." (Sillimau's Journal, Ja11uar,y, 18TU.) 

From an examination of 121 cases of l1igh winds on ~fonnt \\'ashington, Professor Loomis 
deduced Ute following c011clusions: 

"1. lligh winds on Mount "Tashington circulate about a low center as they do near the le\'el 
of the sea. 2. 'l'he motion of the winds is IH'arly at right angles to the directio11 of" the low ceuter. 
3. The low center at the height of l\Ionut \Yasbington sometimes lieR behind the low center at the 
surface of the earth as much a.s two hundred mile~1.'' 

The fhst two of tllese conclusions is exaetly in accordance with the c;n~lonic theory, the second 
one showing that the inclination at ~onsiderahle altitudes is small, as was obserYed in the hurri
canes of the Antilles, and as required by the theor>· in § 10 (11). Fm the laRt of these <'onelusious 
theory does not seem to ti.rrnish auy explanation. 

54. A similar examination was made of the obsen·ations of tlte· Sigmil Senice on the top of 
Pike's Peak, and the same general results obtained. (Si11ima11's Journal, .January, 187!1, p. 19.) 
The number of cases of liigl1 Yelocities from Kovember, 1873, to .lune, 1875, '"as 3H3. The ]>ropor
tional numbers of these cases for the several ;ieasoni,; of the year are: Spring, 15.7; summer, 11.3; 
autumn, 26.5; winter, 31.2. Heuce there are nearly three times as maIJy cases in winter as in summer. 

The number of cases in which the wind blew from the different directionH at the times of these 
high velocities are: N. 28, NW. 47, "'· 154-, SW.111, S. 18, SE. l, E. O, NE. 4. 

According to these results, the prevailing direction of the winds on the top of Pike's Peak, as 
on the top of Mount \Vasbington, is from some westerly poiut, showing· tliat there is a large pro
gresi>ive motion of the wiml from the west, or ne.arly, which is ofteu verJ- much modified by cyclonic 
motions superadded, which change the direction and velocity of the regular progressive motion, 
but which rarely so entirely counteract and reverse it as to gh-e rise to a wind from l'lOlllC east
erly direction. The total number of winds from SE., E., an<L NE. during a 1ieriod of three years, 
from observations made three times a day, was: Spring, 64; summer, 130; autumn, 86; winter, 30. 
The greater number of east winds occur in summer, because then the progressiYe eastward velocity 

S. Ex. 13--28 . 
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at the altitnde and latitufle of Pike's Peak, as given by Table XI, Part 1, is little more than one-third 
as p,Ti>at as in tlie winter, aud l1e11ce in tlrn summer this eastward motion is more readily overcome 
and reversed, and an eaio;t wind produced. 

From the great difii:·reuce ill the frequency of easterly winds in the winter and summer season, 
Proft-s~or Loomis iufen; that "these winds are dependent on difference of temperature more than 
011 difti>rence of pn'sl'nl'('.'' This difference, we baye seen, is explained by the greater west eom· 
ponent of the winds ill winter tban in summer, resulting from the greater velocity of the progress· 
h-e l'astwanl motion in the forn1er than the latter season, and althongl1 this depends upon the 
~r ternperatttrt> g:raclierit between the pole and the equator in winter than in summer, there is .-·a. <~rr«'>·q101Hli11g diftl11·p11ee in the baronH'tric gradients, if these gradients were determined 
&om the atmosplip1·ic prpssnre at the altitude of Pike's Peak, as they should, as bas been staterl in 
§ 50, and not at tl1t' ('aJ'th's surface. Although in the northern hemisphere at the earth's surface 
there is cml_y a small lmrometrie gradient at any latitude hetween the pole and the equator, yet at 
the altitude of Pikt":,; Peak, or even of the summit of Mount Washington, the pressure gradient is 
large, and he11cc tile large eastward progressive velocity of the air. If from the nearly equal 
baronwtric pre:,;snrl's of tlrn pole aud tlle equator at tlle earth's imrface we subtract the weight of 
a colmn11 of air of the heigl1t of Pike's Peak, and of tl1e temperature of the polP- and the equator from 
the nearly equal pressures at the pole and the equator, it leave,,; at this altitude a great difference 
of barometric pressure between the pole and the equator, and consequently there is at this altitude 
a h1rge baromPtrie gradient, requiring a correspondingly Jarf:!e eastward velocity, and this mu.st 
increase with the altitude and lie much greater in winter than in summer, as given by Table XI, 
Part I, which is based upon tbis principle. 

55. \Ye come now to the examination of the results obtained by Mr. Ley from observations of 
thti upper currents already gi\·en in the table in § 41. From a mere inspection of the angles given 
in this talJle for the several 1listrit1ts it is readily seen that the.'! result from a large progressive motion 
of the atmosphere in the <lirection, or nearly so, of the motion of the center of the low-pressure 
area, combi11ed with a gyratory or cyclonic motion around this center, having a coni>iderable out
wa.rd or negative inclination. J,et A, B, O, &c., in Fig. 10, be ·the centers of the several outer dis· 
tricts, a::i rcprcsen ted in Fig. 6, and let A a, Ba, Ca, &c., represent the velocities of gyratory motion, 
having an outward inclination uf about 30°; and also let ab represent the velocity of progressive 
motion of the upper atmospl1ere in the direction of the progressfre motion of the center of low- · 
pre1Ss11re area, represented by t.he arrow, and let us suppose that this laUer velocity is very nearly 
equal to that of the gyrator.v velocity Aa, Ea, &c. The resultants will then be represented by 
Ab, B b, Cb, &c. It hi readily seen that the effect of the progressive component is to increase the 
angles with the radius in tlle front and to diminish them in the rear, just aR in the case of the 
c~·clo11es of the Autilll's represented by Fig. 7, except that the progressive velocity in this case is so 
great in comparison with the c,vclmiic that the effect upon the angles is Yery much greater, and is 
similar to the effect upon these angles on the summit of Mount "r ashington, as represented by Fig. 
8. Upon this hypothe11is the largest angles should be those of the districts B, C, and D, and the 
flmallest tl10i:e of F, G, and H. By a reference to the column of" Mean Angles with Radius" belong
iug to the upper currents of the outer districts, § 41, it is seen that this is precisely in accordance with 
obsen-ation. In \·ague obser\'atious of this sort, it cannot, of course, be expected that any hypothe
sis wouM give an,r nice agreement with obserYation in quantitatiYe results. The preceding hy
pothesis, the anglet-1 and ratios of which are represented in Fig. 10, makes the angles a little too 
large in tlie rear district,,;, but this agreement could be improved by assuming a less progressiYe 
velocity ab. For the int(•rior districts the angles given by observation are less, and hence for the.se 
a n~ry small angle of inclination outward would have to be assumed in order to make the result
ants reprei1e11t tlrn obsel'vations; aml this would be exactly in accordance witl1 the results obtained 
by Dr. Hiklebramlssou for the regions near the center of low area. Also, the gyratory vel.-Ocity 
is perhaps somewliat greater in tl1ese districts near the center. A diagram similar to that of Fig. 
10, with these modifications, would likewise give angles agreeing, as well as could be expected, with 
those given by the obser\·ations, in which, as in the case of the outer districts, the larger angles 
are in the front and the smaller ones in the rear districts. 

It is seen from Fig. 10 that the resultant velocity in the district A is very small, and conse
quently the average angle from observation very uncertain. In fact the progressive velooity so 
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nearly counteracts the cyclonic that this must be a district, on the average, of calms rather than 
of currents. This is in accordance with the ohsen·ation of :\Ir. Ley, wl10 with regard to this dis
trict remarks that "the upper current, which had pre\'iously nearly coi nci<led in direction with the 
trajectory, presentl,Y changes, as a rule, to a nearly opposite point, h:tving just before become very 
slow. In the interval the cinns, wlw11 visible, which is rarely the ca;;e, is sometimes stationary, 
sometimes moves toward and so1netimes from the center of tlepre:ssion, the:m three instances being 
nearly equally common, but calms and motions toward tlie eente.r llTedomiuating." (Quar. Jour. 
Met. Soc., Oct.ober, 1877, p. 443.) 

If these important ohservat10ns had been anal_yzed with reganl to the sPasonl'l, they might have 
afforded some valuable results for com1iari;;o11 with tlleory. .Mr. I1ey, howtJver, makes one remark 
iu his paper which has a bearing on this subject. He says: "I haYC found that in winter \ery 
loral depressions, even when deep, scarcely affect tbe direction of the eirrus currents in their \icin
ity, the latter continuing to be governed by the mm·e general •lil'.tribntiou of atmospheric pressures. 
Curiously enough, this is not the case in summer." This is completely explainecl h~- the result, 
deduced first from theor,\·, and then confirmed, as we have seen, by the obserYatious on the summits 
of Mount "\Vm;hingtou antl Pike's Peak. that the progTessh-e ea:stward Yelocity of tlie upper atmo
sphere is very much gTeater in winter than in summer. Ju winter thii.; Yelocit,v is so great in com
parison with the c_yclonic disturbances that the directiorn,; are uot greatl,'I· affected by them, but thiR 
is not the case with the comparntivel;v slow progressfre motions of tll~~ l'lHmmer season. 

56. In view of what has been shown in the p1·e1·eding S(~ction, it does not seem necessary to 
resort to the hypothesis of au inclination of the vertical axis of a eycloue backward in order to 
explain the observed directions of the upper currents of the atmosphere in the areas of low baro
metric pmssure. Ina.'lmuch as we know that the progressin> motiou of the upper strata is greater 
tban that of the lower ones, this 11,vpotbesis of ..\Ir. Le.r's is so mnch at variance with mechanical 
principles, and witb what we would naturally i11fer would take plact' nuder snch circumstances, 
tbat we shouhl hesitate to adopt it witl10ut seeking further for some more plausible hypothesis to 
explain the observations. These, as we liaYe seen, seem to be satisfactoril~· explained b_y combining 
the large progressive motions of the upper regions of the atmosphere with the (0,\'du11ic, aml this 
progressive motion is not a mere b,rpotbesis, but a result deduced fro111 tl1eof".\· and coufirrned by 
numerous ol>servations. 

It is true that Mr. Ley's h.nmthesis recei\-es some support from tlie somewhat 1·emarkable 
1·esults obtained by Professor Loomis from the obt'lervations of the Unite(l States Sigua1 Ser\·ice 
on the summits of Mount "\Vashington, Pike's Peak, and l\lount Mitchell (Sillimau's .Journal, 
Jan., 1879), according to which the maxima and minima of the barometl'i('. ehangPs appear to occur 
later at the summits than at tl1e bases of these mountains, which Mr. Ley explain;; hy his hypothe
sis. (Quar. Jour . .Met. Soc., Jul.)', 187!1.) But tliese results of Profo8sor Loomis Rh ow too much for 
this hypothesis, for they show that t.\iere is a. Rimilar retardation, of just a.bout tlie same amount, 
in the times of the maxima and miniina of tlJc 1linr11al cha11ges of barometric pressure at tbe snm· 
mits of these mountains, and we cannot reasorntbly explain this by meam; of <'scloues with re.cliui11g 
axes. When we shall have a satisfactory explauation of this retardation in thi1:1 latter case, we 
shall probably have one in the other. • 

57. Many important practical applications may be mrtde of what we barn now Jearnerl, both 
from theory and observation, with regard to the motion;;; of the upper currents of the armosplumi. 
These, as we have seen, arc the resultants of the general motions of the a.tmosphen>, and of those 
of progressive cyclon~s arising from local and temporary disturbances. The former change with 
the s<:>asons, and are considerably mo(lified hy the local and permanent irregulal'it-ics iu the distri· 
bution of temperature, which is different in differe11t longitudeR, and girn rise to the approximate 
conditions of large permanent an<l stationary cyclones, treated of further on, and these produce 
some irregularities in the directions of the general permanent currents of the upper regions. With 
a knowledge of these on the different parts of the globe, and at the different seasons of the year, 
an observer is enabled to recognize the effect of any cyclonic disturbance, eyeu when the Yortex 
of the cyclone is yet at a great distance, b~' its etfed upon the known reguhir currents. These 
are known from theory, and the ohservations of the bands or strcitks of the fine cirrus clouds 
peculiar to these currents, to be toward some point between N. to E., the dire~tiou in low latitudes 
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being more nearly radial, that is, in the direction of the meridian, than in high latitudes, where it 
becomes more nearl;\' from vV. to E.; but these general directions are not precisely the same on tbe 
same latitudes in the differeut longitudes, owing to the clisturb:rnces just referred to above. 

The almost uuiversal precursor of a distant cyclone is the appearance of more cirrus clouds 
than usual, not onl:v differing from those of the general current8 in form, but also in the direction 
of the currents indicated b,v the8e clom1;;. 'L'he approach of c,rclones from the E. or SE. is always 
indicated at Havana b~· the appearance of these clouds wheJJ the vortex is yet 500 miles or more 
distant, and while fair weather is ~'et, pnwailing. The 1mme is also observed as they pass off at a 
distance. Here the, dirediolls of the currellts as indicated by the cirrus clouds seem to be very nearly 
radial, aH they shoulil be by theory in these low latitudes, and at great distan-0es from the center, 
and hence tue direction from which tlw,Y come indicates very· nearl;v the directiou of the \'Ortex of 
the cyclone. In these low latitudes the progressive motion of the atmosphere above is small in tlie 
cyclone season and dot>,; not interfore much witl1 the directions ginm hy regular cyclonic motions. 

In higher latitudes the cyclonic motions, referred to the progressive center, are more nearly 
circular, and the 1n·ogre8sin~ motion, commm1 to the center and the whole of the atmosphere in tue 
upper regions, modifies Yery mnch the directions of the currents as they would exist from the effect 
of cyclonic disturbances alone. \Vitlliu the cyclonic area, and area of low barometei·, they would 
gh·e the re1mltant motiolls as obsen·ecl by }fr. Ley, and as represented in Fig. 10. But in tbis area 
the motions of the upper currents are often hid by the lower clouds, and besides cyclonic disturb
ances in thitS art>a are usually more certainly indimited by surface currentR aud the currents iudi
cated by the lower clouds which usually exist. so that usuall,\' it is only the observation of the 
cirrus clouds at a considerable di;;tance from the center, beyond the limits of tl1e lower cloud area, 
that is of advantage in c1et,ermilling the existence ancl direction of cyclones, and at this distance, 
it sboulcl be remembeTed, tl1e cyclonic motions of the upper regions, according to theory, may not 
only become ra1lial, as obser,·e1l at tl1e Antilles, but eYen anti c,\·clonic. Any derangements, then, in 
the mmal dirrctimrn of the upper current,;, indicated bJ· tlle cirrus clouds, will indicate the existence 
of diRtant cyclonic disturbances before tl1ey are indicated by surface winds or clouch.; in the lower 
strata, 1mt the exact llirectio11 of the cyelmdc center will be left tSomewhat uncertain, though it will 
gt~nerally he founcl nearly in the direction from which these upper currents proceed, when the 
obserrnr is in front of the cyclorw, and conRequently most in danger, since then the progressive 
mot.ion above, as seen from Fig. IU, combines with the nearl~' radial cyclonic motion and leaves 
little uncertainty with rrgard to the direction. To an;y one familiar with the usual appearances of 
the cirruR clouds aml the dired.ioas of the upper currents indicated b~' them, and whose duty and 
interPl'\t it iR to watch for the tir,;t inclications of any unusual abnormal disturbances of the atmos
phere, a study of tlie eflt>cts of distant cyclonic disturbances upon these upper currents must be 
of great im1iorta11ce, not ouly in furnishing an explanatioJJ of them, but likewise the first indica· 
tions of approaching danger. 

58. \Yith regard to the existence of au anti-cyclur1e in conneetiou with every cscloue and tbe 
broad ammlus of high barometer with its maximum at the dividing limit between the cyclone and 
anth~yclone, ais show11 in ~ l~, we haYe many confirmatory observations. But 8inee the maximum 
height of the lmrometer iR generallr lmt little abO\·e the undisturbed normal height beyond the dis
turbed area, and the gradient of the anti-cyclone is small, and the corresponding winds only very 
gentle ones, and arc n~ry mueh interfered with and masked by numerous other irregularities, 
clPpc111li11g u1>on Yarious caul\es, the annulus of high barometer and the winds of the anti-cyclone 
are not readily distingniished 011 a synoptic chart, and separated from the other irregulari;ies. The 
chartis of lmrometric pres~mre an<l of the wiI1dtS, giYen in Part I of these Researches, represent the 
irregularitit•s of pressnre upon which those of tl1e systems of c,yclone and anti-cyclone are super· 
imposed, and bpnce wlwre the inequalities of' pressure belonging to both are charted together a 
regular broad anuulm; of high baromeh T i~ not generally shown by the h1obars. As an illustration 
we may suppose a circular area of uneYeu laud to be inclosed by a wall of the same height on all 
Ridel', yet if this heigllt were referred to a leYel plane, it would not be uniform, but have its maxima 
and miuima. The C;\'Clonic systems, also, are often irregular in themselves, and sometimes two or 
more iuterfne with oue another, a ntl tlms cause still greater confusion. 

An unusually high barometer, however, is usually observed a few days before and after the 
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passage of an area of low barometer. indicating that it is snrrounrled h.'' such an annnlns. ProfesRor 
Loomis examined the origin and progress of 44 storms in the 1::-nitPd States h;\- means of the ohser
va.tions of the pnbli;,hed volumes of the Signal Service. He s<lys: "The first stage iu the deYelop
ment of each of thesf' storms was an area of sm·eral hundred miles ill diameter on•r which the 
height of the barometer differed hnt little from thirt;r inches with an ar<c>a of high barometer both 
on the east and west sides aml at a distance of about 1,000 miles. * "" "' On Hoft'me~·er's storm 
charts we frequently find three areas of high barometer, and occasioually four areas of l1igh 
barometer, surronndiug an area of low barometer." (Silliman's .Jourual, ,Jammr.v, 1878, pp. iJ-6.) 
Again, he says: "Tl1e areas of high barometer, which uniformly mark the commencement of a 
storm, im·ariably attend it during its progmis;; e,a,st ward.'' During the progress of tl1est:> storms 
the average lieight of barometer on the east side was 30.39 incheH, all(} mi tlie wt:>st side 30.3'.? 
inches. These areas of liigh barometer around the area of low barometer are simply tlw a111111lus 
of high barometer somewhat lwoken up and interfered with by the rn,riom1 clisturbauccs already 
mentioned. The reasou that an area of high barometer is especiall.r ob!:lt>l'Yt>d Oil the east and 
west sides of an area of low barometer in tlie United States, is that tl1ere i:-; a somewhat regular 
succession of cyclones following after oue another in the middle latitndPis, so tlmt the high liarom
eter of the rear of the 011e and the front of the other fall together and make the height of the 
areas of high barometer on tl1e east and west sides twice as grnat as on the other sides, and hence 
especially prominent and observable. Areas of high pressure were usually fou11d to be accornpa
nied by areas of low pressure 011 the east, and west sides at an a\·erage distauce of about 1,:mo 
miles. 'l'he a,rea of hig·h barometer occurred much more freqneutl;r m1 the east than the ·1rnst 
side, and in a direction about 20° S. of E. 'l'liis is due to an area of high barometer, indepflul
ent of the local progressh·e c~·clones, lying in the Atlantic in that direction, as is seeu from Chart 
I, Part I, so that tliis Ride of tlie annulus was always, as it were~ on liiglier gl'Onml, and this is 
especially the case in the summer season when the barometer in the interior is about 4"'• below 
the average, which causes a considerable gradient in that direction, as seen from Chart Y 1, Part I. 
Loomis also found from Hoffmcyer's charts tbat in about three-fourths of the cases examined the 
direction of tile area of bigb pressure from the low is SE. and the aYerage distauce about 1,700 
miles. In Norway ancl Sweden there is a considerable ascemliug gra<lieut in thi;; dircction, as seen 
from the charts referred to above, and hence, for the reasons just giyeu, in the case of America11 
cyclones the highest part of the annulus of high barometer, when referred to a le\·el plane, is iu 
that direction. 

5\l. On the ocean the cyclonic systems ai·e more regular, so that here, if we had a sufficient 
number of accurate observations, the annulus of high barometer and the winds of tLte anti-c:nJlune, 
could be more readily tlisti11g11ished from the other irregularities, especially witLiu the tropics where 
these irregularities are smaller. Hence in the Antilles, where the islands, bei11g mostly small iu 
comparison with the expanse of oceal around them included within the cyclone, do not iuterfere 
much with the regularity of the cyclonic system, the annulus of high barometer is readily ol1sern'd, 
and the approach of the cyclone center indicated several days in adYance of its arrh·al by the 
riising of the barometer above its normal lm'el. The approach of !he hurricane of September, 
1875, was indicated at Havana by a sudden rise of the barometer while the cyclone was yet at the 
Windward Islands, about 1,200 miles distant. Also, on the 13th of September, 187u, there was a 
great rise of barometer at Havana while a cyclone was causing great destruction in the islaml of 
Porto Rico. (See Apuntes, &c., pp. 117-118.) 

We may suppose the situation of Havana with regard to the cyclone in both these cases to 
have been at a, Fig. 11, in which the hP,avy circle re1nesents the highest part of the annulus of 
high barometer. Hence there was a rising barometer as the cyclone advanced toward the \YX\V. 
and Ha,·ana came under th~ maximum pressure of the annulus. Iu the first case nothing is s;iid 
with regard to the direction of the wind, but in the latter the wind was from tLte south, as required 
by theory in that part of the cyclone. With regard to the last it is further stated (p. 127) that 
"during the past night (of the 14th and 15th) we have rapidly departed from the area of maximum 
barometer, with the wind to the NNE." Havana was then within the dh·iding limit between the 
cyclone and anti-cyclone, and hence the barometer was fallmg and the wind had chang·ed around 
from S. to NNE., as it should, as may be seen from Fig. 11. 
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On the 23d of September, 1877, after the announcement of a hurricane on the 21st, among the 
islands of Rarba<los, San Vincente, and Grenada, the barometer Rtood at Ha\ana at the unusual 
height of 764""", the 'vind from the E., and aftenYard inclining to the NE. la this case we may 
suppose the situation of Havana in relation to the cyclone to have beer.; at 21, :Fig. 11, on the 
21st of September, aucl at 23 on the 2:~d, under the greate;;t pressure of the annulus of high 
barometer. The track of the center of this cyclone, with the positiorn; of its center each day, is 
given in Fig. 12, which i;; a copy of a part of the Weather ~lap of tlie United States Signal Service 
for October, 1877. The position of Hayana iu the cyclone, as obtained from this map, for each of 
the last days of September and the first part of October, must haYe heen nearly as iudicated by 
the numher8 in Fig. 11, corresponding to the dates. As the dimensions of the c.'-done gradually 
increase as it a<l.Yances, the distance8 from the center in the figure are not absolute but merely rela· 
th-e to the increasing dimensions, so that we must suppose the tigure to represent a larger area, 
and consequently the same distance from the center in the figure to represent greater di8tances in 
the latter days of the cyclone than in the fir.;;t ones. Tbe a1TOW8 in the figure represent the direc
tions of the wind according to theory, making ;.;ome allowance for the effect of a progressive motion, 
which would diminish the iuclinations on the N\V. side and increase them on the SE side. 

Ou the 21st and 22d we have 8een that Havana was in the anti-cyclone, and on the 23d under 
the middle of the amrnlus of high pres8nre. ~We furtller read (Apunte8, &c., p. lW) that on the 
25th the wind was N. and NNE., very near!.'- as required h;r theory, as seen from Fig. 11. The 
barometer continued gradually to fall in HaYarm until the morning of the 2ith, aml during that 
morni11g tlwre were irregularitie8 in the diurnal oscillation. On the 28th, the barometer continued 
fluctuating irregularl.v without au.v decided tendency to either rise or fall. The wind was at the E. 
and ENE., fresh, and with variable intensity. By a reference to Fig. 11 it i;; seRn that on the 2ith 
the 8ituation of Havana was very nearly at the shortest di:;tancR from the center of the cyclone, 
and that during this day and the next this distance remained nearly the same, and hence the 
barometer had no decided tendency t,o either rise or fall, as was observed. On the 2Stli, it is stated, 
the wind was a little N. of E., as required l1y theory. .After thi8, the wind changed to the south aad 
then tile west, and finally, on the 6th of October, after the whole system had passed, and the uosition 
of Havana was in the anti-cyclone, it is stated that the wind was from the north. Theory would 
require the wind here to be rather from the NE., hut the directions of tlle gentle winds of the a.nti
cyclone are very mueh chauged hy slight abnormal disturbances. We see that according to theory 
the wind, which on the 25th was a little E. of N. should afterwards change around to E., tl1en S., 
tbe11 W., and finally in the anti-cyclone, on the 6th of October, to NE. Accordingly it is stated 
that from the 25th of September to the 6th of October, when a north wind was prevailiug, the 
wind-vane made a direct complete gyration from N. hy E. to 8.-'N., N. (Apuntes, &c., p. 12i.) 

If the central path of this hurricane had been on the NE. side of Havana, the line of the rela
tiYe position;; of Havana with reference to the center would have been on the other side of the center 
of the figure, and it is readily seen that the changes of the wind would have been very different. In 
all cases in which the track of a progressive cyclone is a straight line, the relatiYe positions of 
a stationary observer with regard to the center are also a straight line. If this line pas8eS through 
the center of the cyclone the greate:;t change of barometric Jffessure is observed, and at the passage 
of the center there is a very sudden change of the wind, after the short citlm during the passage of 
the central part, to the opposite direction. If this line passes at either side at some distance from 
the center, the barometric change is not so great and the veering of the wind is not so sudden nor 
through so many points of the c-0mpass; and the direction in which the wind veers depends upon 
which side of the observer the centu of the cj·clone passes. If this line passel'\ near or entirely 
be;}-ond the limit bet ween the cycloue and anti-cyclone there is only a slight rise of the barometer 
observed, which is at its maximum when the center of the cyclone is nearest to the observer, and 
there is no depression observed below its normal position. In all cases in which the position of 
the observer changes, as in tlie case of a ,·essel at sea, of course this must be taken into account 
also in la;ying down the positions of the obserYer with regard to the center of the cyclone, a.nd in 
determining or explaining the successive changes of t.he wind. Theory would also give a veering 
of the wind in the same way, as at and near the center, when the observer passes from the cyclone 
into the anti-cyclone, but th(! winds belonging to the anti-cyclone are so gentle, and consequently 
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so liable to be deranged, or eveu completels reversed, hy slight abnormal disturbances, that this 
veering is often uot ohserYed, at lea;.;t in C,Ydones on land. 

60. The annulus of high barometer surrounding every cyclone, as deduced from theory, i;; not 
only llhown from ohsen·ations of unmmally high barometer before and after the pas,.;age of cyclones, 
both in the United StateR aud tlw Antilles, and from Hoffmeyer's charts, but it is often indicated 
by the double veering of the wind during the pa&sage of the whole sJ·stem over the ohsen·er. \Ye 
bave also eddence of thi;; ammlns from obser\'atiom; in the southern hemisphere. The gales 
observed by tlw exploring part~- of the Challenger at Kerguelen "were }>receded b:v an unusually 
high bflrometer, which fell rapidly as the storm began from the north; as the wind shifted to the 
wPst the barometer rm;e.'' (Qnar .. Tour. l\Iet. Soc., ,·ol. ii, p. 2i7.) 

So common are these areas of hig·lJ prPssure before aml after cyclones at sea that it is thought 
by some that cyclonp;; often lie hPtweeu wave;; or higl1 pressure. Captain Toynbee says he bas 
notice1l "that cyclonic winds were formed, as it were, in the hollows of wa,•es of pressure, in which 
cases the ridges triweled with the c:vclone1'! and formed, as it were, pa.rt of them. In many cases 
the ridges, with their corresp011ding wirnls, ext emle<l over many more degrees of latitude than the 
cyclones tbemseh·es; in fact, the.'-· with their inten·ening lwllow;; frecp1ent1_'.· passetl oYer us, causing 
winds veering from S. to N'IV., which were- not cyclones at all." (Qnar. Jour. :\'let. Soc., vol. h·, 
p. 14.) 

It would be difficult to explaiu, upon any k11ow11 principles, the existence of mere longitudinal 
ridges of high presRure; but that there is sucll a ridge surrounding evers e~·clone we have seen is 
strictly in accordance \dth well-known mechanical principles as de,·eloped in the tl1eory of c.vclones. 
Hence, it would seem to be morn probable that the ohse1Ted apparent ridges above referred to are 
merely parts of the annulm; of high barometer, obsen·ed on the east and west sides of the cyclone, 
in its progress from west to east, or perh,1ps most generally of a succession of such cyclones; in 
which case the ridges on the em<t and we8t si<les would he especiall.r prominent, jnst as in the case 
of the sueces8ion of <'yclones passing o\·er the 1::-nited States, in which~ as shown by Professor 
Loomis, there is apparently a. pretty reguhn l'i11cce;;sion of such riclges, with low barometer and a 
veering of the winds between them due to 8nch a succession of cyclones. A8 the maximum of the 
annulus of high l>arometer entirely snrronuds the cyclone at some distance from its limit of unusual 
violence of the wind at the earth's surface, these apparent longitudinal ridges would seem to ext€ud 

.,oYer more degrees of fatitrnle than tlw cyelonPs themselves, as stated by Captain Toynl>ee. 
61. It is important to e\·er,Y rrnvigator to know that a c;relone is always surrounded b.r an 

annulus of 1111m;uall~· high barometer, and that he cannot get within the limit of its dangerous 
part without passing througl1 this annnlu8; for the observation of this on any part of the ocean 
by means of the barometer may on tliis account he often a first indication of an approaching cyclone 
while yet the weather i1' fair aud calms an1 prevailing, just as in the case of the stationary obsen"er 
at HaYana, who, as he comes under tht• ad\'a11ci11g annulus of unmmally high barometer, knows 
that a c~·clo11e is coming in the distance. But in order to know when the barometer is abnormally 
high on any part of the ocean, he must know what is the normal height of his barometer at the 
place where he is aud at the time of the ;rear; for from a reference to. the charts of barometric 
pressllre in Part I of these Hesearcl1es, it is seen that this is \'ery differeut in difierent parts of the 
globe, and at the same place at different 81:'asons of the ;rcear. Thm;e charts, boweYer, were not 
intended for that, purpose, for the;r do not ha,·e the necessary accuracy onr the ocean generally 
for the want of sufficient ohsernttions, and the time has not arrived yet for constructing such 
charts, but obserrntions are now beiug collected from almost all partR of the ocean, and the time 
is perhaps not far distant wlwn such charts ean be constructed with the requisite accuracy. 

Such a chart might be giYen for each month from whfoh the 11avigator could at once get the 
normal height of the harometer for the time and place; or all the necessarJ data for obtaining this 
by a very simple calculation might be gh·en in two charts of the form of Charts I and III, Part I, for 
the northern hemisphere. It ha.s been shown in Part I that the barometric pressure P may be ex
pressed. with sufficient accuracy for practical purposes by the first two terms of (26), which are 

P =Bo+ B1 cos (\0 - E 1) 
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in which Il0 is the mean barometric pressure and B 1 the amplitude of the annual inequality. A 
Yalue for E 1 eonld perhaps be obtained which would be sufficiently accurate for all parts of the 
ocean. The valne of rp could be given in a table, say for each tenth day of the year. 'Vith the 
value of B0 taken from a chart of the form of Chart I, referred to above, and the value of B 1 from 
one of the form of Chart III, the value of P would be readily obtained. Such charts for practical 
purposes oft.his sort should be given for pressures not reduced to gravity of the parallel of 450. 

'l'he amplitude of the next and neglected term in the expression of P above is shown from 
obsen·ation to be generally considerably less than one millimeter, which will perhaps be only of 
abont the onler of the protmble errors of the values of Bn and B 1, which can evflr he obtained from 
obsen·ation and giYeu in charts. 

6'.J. 'Vi th rega!'d to the general enlargement of cyclones, in accordance with § 21, this has been 
fully established by R.e<lfield in the case of the well.developed c;vclones originating in the torrid 
zone and cun·iug around by Florida, and progressing then toward the N. arnl NE. up into high 
latitudes. In those iu which the prngrnsshTe motion iR very nearly from west to east in the middle 
and higher latitudes this i8 not so much the caRe, for there is a limit beyond which the power of 
the cyclone cannot make itself folt on accouut of friction, and this is often reached before they come 
within the ;.;phere of obsen·ation. Also, there is generally in these latitndeR a succession of 
cyclones, aR we haYe seen, which interferes with tlteir continued expansion into very great dimen
sions. 

(i3. \Ve now come to the consideration of the formuhe in§ 14, showing the relation between 
the barometrie gradient tl au<l the corresponding vclocitieR of the wind, and the comparison of the 
results given by these formul:l' with obsen·ation. It should be borne in mind here that these 
formuh-p are based on the c_yclone theory, with certain assume1l regular conditions, which would 
gh-e motions entirely :,;ymmetrical 011 all sides; and het1ce when the conditions do not have this 
assumed regularity a nice agr~-ement between theory and observation cannot he expected. Al
though the tt>mperatnre disturbances giving rise to wirnls and barometric gradients ma;y generally 
hM·e somt• central point of maximum temperature with gradients of increasiI1g temperature out· 
ward from this center, ;yet this is generally far from completely conforming to the regular gradients 
assu1111•tl in the theoQ-, and tltis is especially the case in small temperature distnrhances with 
corresponding: small velocities of the wind. In well·developed cyclones, in which the temperature 
arnl barometric gradients are large and the motions on all sides nearly Rynunetrical, the regular 
conditions of the theory are more nearly approximated, and hence in these the formulm should give 
relatious rnoRt 11early iu accordance with observation. In all cases, however, for reasons already 
given iu § :~c, tlm formula· can be best tested by a comparii,;on with ohservation when the averages 
of a great nurnuer of obsen·ations are used, since then rnoRt of the abnormal irregularities may be 
eliminated from the a,·eragco;. 

64. As an example of the application of (18) in a special case of large barometric gradient and 
velocit.Y of tlie wind, and also as au imperfect test of the accurac~· of the formula, we may take 
the great Scottish hnrrimme of the 24th of .Tannary, 1868."' From observations of the barometer 
at noon of '11l111rsday at Aberdeen and Culloden, it was found that there was a difference of one 
inch i11 1:'.8 miletl, ghing a gradient of0.5 inches very nearly. As tllis is a car,;e in which the gyra
tion iR near the center and ver,v rapid, and also in a high latitude, we may suppose that the value 
of i is so small that we can put cos i = l wit.bout sensible error. We may also put for January, 
f= o, for a large error in the temperature prodnces only a very small effect. The value of r ii not 
known, bnt we shall put it at Hm milet:i. Since the elevation above sea level is small we can put 
I'= P'. Putting, therefore, in the formulre r = 160, cos i = 1, t =0, ''' = 90 - lat.= 320, and P = P', 
from (22), which mast be used in this case, since the unit of clistance is one mile and of time one 
hour, we get a= 71.24, b = 30473. With these values of a and b, and the value of G = 0.5 inches, 
we get from (20), for the Yelocity of the wind, s = 92.9 miles. The anemometer at Culloden gave a 
velocit~· from 90 to !H miles per hour. This example, however, should be regarded rather as an 
example of the application of the formula than as a test of its accnracy, for the gradient above, as 

• Jour. of Scottil!!h Met. Soc., April, 1868. 
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determined from the two stations, may not have been the exact gradient at Ctllloden where tbe 
velocity was observed, but ratber at some point midway between, and the value of r has been so 
assumed as to make the result of the formula agree \cry nearly with observation. V\'ith a larger 
or smaller value of r the result would be different, aml the test in the case consists in the reason
ableness of the assumed vahte of r under all the circumstances. \Ve can only iufer that in ·an 
extreme case like this the formula giYes a velocity which is most probably, at least approximately, 
correct. 

From the data given by Padre Yiiies, obtained from observations of the cyclone of October, 
1876 (Apuntes, &c., p. 112), we get at the distance of 60 nautical miles from the center a gradient 
of 13.Smm or 0.54 inches. With this gradient, putting r = 69.5 miles, t = 250, i = 300, P = P', and 
latitude= 22°.5, we get, as in the preceding example, from (18) and (22), for the velocity of the 
wind per hour, s = 78 miles. There may be considerable uncertainty with regard to the value of 
i to be used in this latitttde and so near tlie center, and the result, when the value of i is small, 
depends very much upon this value. The velocities differ some, as we have 11ee11, on different sides 
of the cyclone, but as the gradient was obtained from observations on both sides, the formula 
gives a mean of the velocities at the time of obser\'ation. 

65. In Silliman's Journal for January, 18i8, Professor Loomis has given a table of results 
depending upon the averages of great numbers of observations of Yelocities, directions, and gra
dients, obtained from the weather charts of the United States Signal Service for the years 1873 
and 1874, from which the observed average velocities in the followiug table, corresponding to the 
barometric gradients in the first column, are readily deduced: 

TABLE. 

Velocity . 
G. r . ----1 

i Observed. Computed.: 
;------ ____ I ___ 

1 Inches. Milea. Mile8. .Miles. 
i . 06 400 70 10. 8 11. 8 ' . 07 330 i 55 19. 0 21.6 

. 08 270 45 27. 8 27. 8 

. 09 225 37 31. 8 32. l 

.18 190 30 34. l 35. l 

.11 170 25 36. 0 37. 4 

.12 150 

I 
20 37. 6 38. 9 

.13 135 16 311. 5 40. 2 

.14 120 11, 13 42. 0 (1. 0 

.15 110 10 46. 0 41. 7 

One-half the observations used belonged to velocities less than 10 miles per hour, and gradients 
less than 0.6 inches, in the most of which, })erhaps, the velocities and directions of the wind, for 
reasons already given, had only an accidental relation to the isobars, as laicl down upon the synoptic 
charts. These are consequently omitted as being of little value for comparisons with theory. The 
average distance from the center, represented by r for all the observations, is said to be auout 350 
miles, and the average inclination, as we have seen, 47°. Hence, for the obsenations upon which 
the data in the above table depends, the average value of r and i must be both much less, since 
the rejected observations of low •elocities and gradients must have been mostl,v in the outer part 
of the cyclone where r is greater, and likewise i, at least according to theory. The values of r and 
i in the preceding table are so assumed as to give a near agreement between the computerl aud 
observed velocities1 and yet be such as are most probably their average values corresponding to 
the different gradients, judging from all the circumstances. Large velocities and gra(lients must 
be mostly near the center of the cyclones, and lrnnce for these the average values of r must be 
less. And from what we have seen from tbeor·y, confirmed, in some measure at least, hy observation, 
the inclinations should be greatest for the smallest gradients and greatest values of r. The average 

S. Ex.1~29 
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latitude may be imt at 400, aml hence~'= 500, and we may also suppose that t = 15°, and P = P' 
without material error. 

If with the observed Yalnes of the gradients G in tliis table, and the assumed values of r, i, rp, 
t, and P, we compute the Yalues of s by means of the formnlm (20) and (22), we get the velocities in 
the last column. But it should be observed here that tlle test of the formulm does not consist in 
the near agreement between the obsen·ed and computed Yelocities, for with slight changes of r 
and i tbeBe ccmhl haye been made to agree exactly, but it consists in the reasonableness and prob
ability of the assumed values of r and i, judging from the aYerage values of these for all the 
observations, and from what theory aml obsen-ation would require with regarcl to the values of r 
and i for the different gradients. \Yilile there is considerable uncertaint,r with reg·ard to these, 
the result must Htill be Teg·anlP1l as being confirmatory of the accuracy of tlte formula, at least for 
large graclients and >elocities. For the smaller velocities and gradients, howcwer, the inclinations 
required seem to be too large, unless the direction of the wind in the outer part of a cyclone, where 
the velocities and gnid ient,.; are ver:.- small, are nearly radial. For a more accurate and satisfactory 
te><t of the formula, it is m111::h to be desired that we had the aYerage values of r arid i correspond
iug to 1-i1weral classes of gradientl'i from a great 11umher of obserYations, and this both at sea and 
on land and in diffl·reut latitudes. 

HO. Tltat the i11dination of tile wind at the earth's surface in the outer part of the cyclone, 
-where gradient" mH1 Yelocities are small should uc \'ery great, is entirely in accordance with theory. 
This is 1lednct»1l in § 10 ( c), from equation (11), upon the h:1pothesis that the friction at tlte eM"tb's 
surfa\'f', t•:1:pn•s,,e(l hy I', in (11 ), is the same at all 1li1'tances from the center for the same velocity s; 
but we have 8een in § 7 that the frietion <lrpm1dH rather upon the diiferences of the relative veloci
ties of tlie different Rtrata, arnl from § HJ and Fig. 2 it i;;; seen that these relative velocities in the 
outer part of the cyclone are Rueb a8 to increase tile friction where the Yelocit,y s remains the same; 
for lien• the c,yelonic gyrations at an<l near tlie earth's surface have the anti-cyclonic above, so 
tl1at the cyclonic gyrations are retanle1l h:v the friction of tl.Je earth's surface below and that of the 
anti-cyclonic gyrations abO\-e, all(l these latter, and co11sequen t1y the differences of the relative 
yelocities l.rntwcen the several strata upou -which friction rlepends, are greater oYer the outer part 
of tbc <\\-clone thau :tt any other distauc<• from the center. vYe ha.-e here, more than anywhere 
else, the disk of the upper sr.rnta gyrating anti-cyclouically, anrl grinding, as it were, over the disk 
of tbe lower strata, gyrating in the co11trary direction. Hence the radial component of velocity 
here has to be great, since the force tlepeuding upon tbe eartl1's rotation, in a <lirection at right 
angles to the direction of the radial compom·nt of Yelocit:,- arnl in proportion to it, is the force 
which oYercornes the frictional resistances to the gyratwn, and where the radial component of 
Yelocit,,· is required to he great the iriclination has to be great. 

67. The obsene<1 Yelocities in the preceding table were obtained by means of a cup anemome
ter, in which, as originall.v assumed by Dr. HolJinson, the velocity of the wind was supposed to be 
three times the Yelocity of tbe middle of the cups. But, according· to the recent theoretical re
searches of Dr. :\I. I'hiesen,• the relation between these .-elocities is far from being expressed by a 
si11g-le constant, aud is uot only different for different anemometeri'i, but differs in the same instru· 
ment with difforent Yelocities of the wind and densities of the air. Thi!:! is also shown, so far as 
different velocities are concerned, by the still more recent experimental researches of Dr. Robinsont 
anu F. Dohrant,:j: according to both of which the constant 3 is much too great for great velocities, 
hut is approximatelJ correct for velocities of about 10 miles or less per hour. According to Dr. 
lwbinson the extreme lowest value of this constant is only 2.286, and according to the results 
obtaiued by both, the observed velocities of the preceding table should be decreased about one
fifth Jlart to giYe the tme Yelocities approximately, which would have been given by a correct 
constant of reductiou. \Vith such a decrease of these ''elocities, it is seen that considerable 
clianges must be made in the values either of r or of i, or of both, in the preceding table, in order 
------------· -------------------------~------·----- -

* Repertorinm fiir Meteornlogie, 1877. t Phil. Trans., 1878, Part II. t Repert flir Met., 1878, Heft. II. 
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to give an agreement between theory aud observation. For the smaller gradients aml velocities 
this agreement. coulcl be still had by an increase of 8° m 10° in the values of i, but for the larger 
gradients and ,·elocities it would require a considerable decrease in tlw values of r, since wt1en i i3 
small the value of cos i in the formula, upon which the velocity depends. is uot mud1 affected 
unless by a considerable increase of the angle. 

68. In order to determine the effect of latitude upon the g-ra<lient, Profei;sor Loomis examined 
250 cases of high velocities (Silliman's Journal, January, 1878, p. 20), di•·idiug tlie observations 
into four groups according to latitude, and obtained the following average distances between the 
isobars drawn to t<lnths of an inch: .For latitude 29°.0, 98 miles; latitude 370.5, ()6 miles; latitude 
42°.7, 62 miles; and for latitude 47°.7, 50 miles. Hence tLe µ-radients, which are inwrsel~- as the 
distances between the isobar:s, i11crease witL tlw latitude, as theory requires, aud a little more 
rapidly than the sine of the latitude. But in connection with the:se results we do not Lave the 
average velocities or values of s for each class. If we assume that these were the same for each 
group of obserYations cori·espondiug to the given aYerages of latituue, then theory, by ( lG), would 
require that the increase of gradient should. be a little less than that of the sine of the latitude, 
or cos ~,,since, according to (11 ), cos f must increase with the latitude. This iucrease, ltowe>er, 
is but litt.le for high latitudes. In the uncertainties of the data of comparison, awl especially 
in tlle assumption of equal averages of Yelocits for the several groups, a very uice agreement 
could not be expected between theory and ohservatiou upon this assumption. \Yith regard, how
ever, to the general law of a decrease of gradient for the 1mme velocity "l'ith a decrease of latitude, 
many observations withi11 tl1e tropics show tllat the gradient is less here thau iu higher latitudes 
with the same velocity of the wind. 

69. From (Hl) it is also seen that according to theor.Y the gradient for the same Yelocity of the 
wind must increase with altitude as P: cos i, neg·Iecting: the small effect dcpeu<ling 011 a change of 
temperature with altitude. Professor Loomis ubsen·es that at au altitrnlP or Li,000 feet tlw gradient 
is nearly oue-thir1l less than it is at the lower stations, but he does not state whether this is the 
case for the same ,·elocities of the wind. If we suppose tl1e n1lue of P at the lower ;;tatious to be 
750mm, and the value of i = 45°, and at tlie height of li,OOO feet we put 1' = 580m'", a11d cos i = t, 
since the incliuations at great altitudes are small, we get (."')80 x . i07): 7.)0 = .:m for the ratio lletweeu 
the gradient at the Leight of G,000 feet aud that of tht> lmn·r o;tatious, suvposing thats is the 
same for both, which i:,; a greater decreaHe of gTadicut tlrnu tliat obserYe<l. 'Yith an assumed 
value of i = 30° at the lower stations, the ratio given by t heor_y would agree •·ery nearly with that 
observed. Of course the obserYations at tbe ltigh stations mu,;t han• been too ft>w to gi\·e the 
obserYed ratio witll much accuracy; aucl uesides it is uncertain whetller the a \·e1-ag·e of the ,-eloci
ties above and below were the same. It. wat\ prohabl.Y much greater, and the gradient was increased 
from this circumstance. 

70. lt is also seen from (lG) that the gradient G must decrease with the increase of temperature 
t, and hence it should be somewhat leRs in summer than in winter. \Vith regard to the 2;)0 easer; of 
high velocities examined, Pmfessor Loomis remarks that ''the ohsernttions indicate that. the gra
dient is less in summer than in winter; but the obsen'ations are too few in number to furnisll a 
satisfactory value of the gradient in summer for these high velocities." 

Mr. Les has obtained some definite results with regard to this subject from the examiuation 
and discussion of a great number of obser\'ations, from which he eoncludei,; that "the nwm relocity 
of the wind correspo1iding to each gradient is much lliglier in sunitner titan in winter,''* consec111e11tl,Y 
the gradients are much less in summer than in winter, other thiugs being the same. The data 
employed were the daily telegraphic reports issued by the Meteorological Office (London), from 
August, 1870, to July, 1875. The isobars were in the first place drawn as accurately as eoul<l 
be done for each day, and the gradients instrumentally measured in the direction in which they 
were the steepest over the station. The stations selected were Stoneyhurst and Kew. There is a 

•Suggestions on certain Variations, annual and diurnal, in the relation bet.ween the Barometric Gradient and th<> 
Velocity of the Winds.-Qua.rterly Jour. Met. Soc., October, 1876, p. 292. 
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remarkable conformity in the results for the two stations. The a~·erages for the two stations are 
given in foe following 

· Gradient. per 
GO nant.ical 
miles. 

Inches. 
. 024 

. 036 

. 041' 

. 060 

. 072 

. 084 

. 090 

.108 

. 120 

TABLE. 

Winter. Summer. 

I ., I 
Number of: M~an ve.- Numberofj Mean ve-; 
instances. ! locity. · instances. I locity. : 

! I ---,----· ----
Miles. Miles. 

142 3. 55 ' 274 6. 07 
24;; 4. 90 402 8. 01 

317 6. 75 406 11.17 

305 10. 75 274 14. 60 

191 12. 96 133 16. 47 

170 14. 15 101 18. 47 

149 16. 98 77 20. 98 

93 21. 12 

66 24. 73 

-·---------- ·---·~----- -

The results for winter include the observations from October to March, and those for summer 
the observations from April to September, inclusive. The results in the table show a very decided 
difference in the Yelocities for the same gradients in winter and summer, and one which is much too 
great to be accounted for in full h.r the formula of (16) with the average temperatures, or values of 
t, for winter and summer, and this is especially so in the case of the small gradients and velocities. 

If we compare the velocities and gradients of the table in § 65 with those of the preceding 
tal)le, it is seen that the velocities in the latter for the same gradients are much smaller than those 
in the former, which would require still greater Yalues of i in the forrnulm for small velocities, and 
smaller n1lues of r for the larger ones, iu order to make the theory agree with these observations. 
1\lr. Ley has not given the average values of these quantities for the different classes of gradients 
and \·eiocities, but larger assumed values of i in this case would not be consistent with the average 
value of i for all gradients and velocities obtained by him for all Europe, as given in § 40. 

From all the comparisons which have heen made of observations with the results of the for
mnlre giving the relation between the barometric gradient and the velocity of the wind, we have 
seen that large values of i, except in the case of large Yelocities near the center of gyration, are 
necessary in order to reconcile the formula with obsernttion. In the case of no friction, and conse
quently completel;v circular gyrations, the value of i is o, and the formula with this value gives 
much larger velocities. Hence the formula of Peslin, ba;;ed upon the 11ypothesis of circular 
gyrations and no friction, gave a velocity much too great in the comparisons which he made with 
observations. 

71. For the same reasons, as in the case of the annual changes of temperature, the formula 
would give greater velocities of the wind for the same gradient during the day than during the 
night. But tl1e rliflerence given l1;r tbe forum la accounts for on1y a very small part of the observed 
difference. According to a paper• by Dr. Hann, on "The Diurnal Period of the Ve1ocity and 
Direction of the ·wind," it appears that the velocity of the wind by observation during the warmest 
part of the day, at man~' 11laces, is from one-third to one·half greater than it is during the coldest 
part, in the latter part of the night. 'l'his is especially the case at inland stations, but at sea there 
uoes not seem to be any sensible inequality of this sort, and at great elevations the inequality 
seems to be reversed, the least velocities occurring during the warmest part of the day. 

These diurnal changes in the velocity of the wind cannot be due t-0 corresponding changes in 
the barometric gradient, as obtained from synoptic charts, for these are known to be very small; 
but both the annual and diurnal inequalities in the velocities of the winds may be explained, with 
some degree of plausibility, by supposing tliat a consiclerable part of the winds is due to local dis
turbances of temperature and barometric gradients, producing gyrations and various irregular 

*Die Sitzb. der k . .Akad. der Wissensch., II. Abth., Janner-Heft., Jahrg. 1879. 
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disturbances of the winds, and thus increasing the avcra.ge observed velocities, while these local 
disturbances are too small in extent to affect the gradients as obtained from synoptic charts, in 
which the stations of obl;ervation are at long distances from one another. 

The effect of numerous cyclonic gyrations upon the velocity of the wind due to the gradients 
obtained from synoptic charts, may be readily seen by considering a special case. If we suppose 
a particle of air to have a progressive and also a gyratory motion and that the yelocities of both 
are the same, then the path of the particle of air will be that of a cycloid and hence much greater 
than that of the progressfre motion, correspontling to the obser•·ed gradient. The wind in this 
case would of course blow with variable direction and yelocity, as it. generally does, but the velocity 
obtained from the averages of observations without regard to directioa would be increased. 

From the Table of § 28 it is seen that the atmosphere is frequently in a state of unstable 
equilibrium during the da;y and in the summer season, e,·en when not saturated with aqueous 
vapor, and hence in a state to give rise to nurnerou:o; cyclonic disturbances of small dimensions1 and 
extending up to no very great altitude. Hence mostly during the summer, and the warmest part of 
the day, the obserYed Yelocities arc increased, which giYe rise to the annual and diurnal inequalities 
of velocity, while the corresponding changes in the gradientR are not obsen·ed, bccam;e the stations 
of observation are too far apart to detect tlie111. On the ocean the annual and diurnal changes of 
temperature are very small, and, besilles, the atmosphere, on account of the re1ath·e coldness of the 
ocean, is not often in a state of unstable equilibrium there. The annual and diurnal inequalities of 
the velocity of the wind, accordingly, is not obscr,·ed here. lf the observations of winds and baro
metric gradients on the ocean were discm;sed, as l\Ir. Le.Y did those of Stoncyhurst and Kew, they 
would probably gh·e bnL littJe difference between the \'elocities of winter and summer, correspond
ing to the same gradients. 

As the regular progressiYc motion of the upper strata of the atmosphere is generally greater 
than that at the earth's surface, the ascending air arising from the surface on account of small 
cyclonic disturlntnces, or from any kind of interchange between the lower and upper strata, has a 
tendency to retard the greater \'eloeities of the upper currents, aud this must occur mostly during 
the summer season and the warmest part of the cla;.·. Thns inequalities are produced in the veloci
ties of the upper currents, the reverse of those helow, since the causes which increase the ,·elocities 
below must, decrease them abm-e. A satisfactory explanation of the matter lias been gh-en by 
Dr. K1ip1>e11. (Zeit. der Oester. Gesell. fiir MPteorologie, Band XIV, Seite 333.) 

72. The cyclone theory may now be used in the explanation of the various ineqnalitiei; of baro
metric pressure which are ohsen·ed 011 the same latitude in different longitudes. \Ye shall consider 
these first with regard to the mean pressures, independent of the seasons of the year, which is that 
which occurs approximately near tl1t• middletof April and October. In Part l of these Researches 
the effect upon barometric pressure of differences of mean annual temperature between the polar 
and equatorial regions, taken without regard to differences of temperature in longitude, ha,~e been 
determined from observation, and is shown in the column of Bo in Table X, p. 37. From this it is 
seen that for a difference of about 400 (72° F.) of temperature in the northern hemisphere between 
the pole and the equator, the difference of barometric pressure is ver,y suiall, being a little Jess at 
the pole than at the equator, and haying its maximum ahout the parallel of 350. In the southern 
hemiS})here, however, this difference, for perhaps about the same differe11ce of temperature, is much 
greater, for reasons already i,riven in l'art I. It is now proposed to consider the deviations of the 
mean annual pressure in longitude from the mean of all longitudes. 'l'his depends mostly on the 
corresponding deviations of the mean annual temperature in longitude from the mean of all longi
tudes, but in some measure also 011 t11e i11etpialities of the earth's surface, which i11terfere with the 
regularity of the general atmospheric curreu ts and gi \'C rise to disturbances of atmospheric presi,;urn. 

In the first of the following tables are given these deviations of mean annual temperature for 
the northern hemisphere, which must be regarded as residuals, or ratlier tlisturbances, of tempera
ture, the e:flects of which are yet to be considered. These, as likewise those for January and ,July, 
are only approximate, and are not to be regarded as being very aecnrate, since they ha.-e been 
obtained from isothermal charts, by interpolating to the latitudes and longitudes of the tables, as 
well as could be, from a mere inspection of the charts. The results thus obtained were, in many 
cases, then smoothed off somewhat by means of the differences, so that the numbers in the table 
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must be regarded as giving the deviations of the general distribution of temperature over the 
globe, neglecting all local and minor irregularities. This is what is needed for our purpose, rather 
than numbers giving all the small local irregularities, since it is not proposed here to consider the 
effocts of the latter, but merely those of the more general disturbances of temperature over the 
globe. 

Tables giving the differences between the temperat1we and the average for all longitudes in the northern 
hemisphere, for the mean of the year, of January and of July, in degrees of Fahrenheit. 

TABLE 1.-MEA.N TEMPERATURE OF THE YE.A.R MINUS THE .A. VERA.GE OF .A.LL LONGITUDES. 
·------·-·-----------, 

Longitude west from Greenwich. 
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1.'af>les giving the d~fferenees between the temperature, d':c.-Continued. 

TABLE II.-MEAN TEMPERATURE OF JANUARY MINUS THE .A.VER.A.GE OF .A.LL LONGITUDES. 

jJ Longitnde west from Greenwich. 
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Table giving the differences as between the temperature, &;c.-Continued. 

TABLE III.-MEAN TEMPERATURE OF JULY MIYTIS THE AVERA.GE OF ALL LONGITUDES. 
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73. If we examine the numbers in Table 1 corresponding to the northern part of the Atlantic 
ocean, and especially if we write these numbers in their proper places on a polar projection of the 
northern hemisphere, it is seen that there is a considerable area, smnewhat circular, with the center 
a little north and east of Iceland and west of Norway, in which there are large residual tempera
tures, above the average of all longitudes, amounting at, the maximum to about 20° F., which 
have not been taken into account in Part I, in the general motions and pressure of the atmosphere, 
and the effects of which we are now to consider. Here, then, we have the approximate conditions 
of a cyclone with a gradient of decreasing temperature from the center outward, represented ap
proximately by (25). At a considerable altitude, however, the temperature gradient is probably 
less than at the earth's sm-face, since the temperature disturbances of the atmos1Jhere are mostly 
greater at the surface than at considerable altitudes where the temperature remains more nearly 
the same over all parts of the globe, and at all seasons of the year. The constant C, therefore, in 
(25) is probably less for the upper strata than the lower ones. 

These conditions must give rise to a fixed cyclone, with its center near Iceland, and conse
quently to an area of low mean annual barometer in the northern part of the Atlantic, and this 
effect must be superimposed on that belonging to the general motions and pressure of the atmos-
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phere treated of in Part I, and consequently we haYe here an area in wbich the barometer is lower 
than the mean of the ]atitnde taken all around the glohe. That there is sncll a clepression is ::;ltown 
by Uhart I, Part I, on which the isobar,,; are laid down, as wt>ll as coultl he, from olJserTatious. aml 
although tlrt:>re is some uncertainty in tht>se lines, from tltc want of isutticient olJsenati1111s ou the 
ocean, yet obsernttiou shows conelusfre1y that the.re is au area. of low baro111ett>r ;,;uch a,.; theory 
requires. As thedistrihutiou of temperatnrn oYCr tl1e hemisphere gh·es tire conllition:,; of a cyclone 
with a gradient of increasing temperatm·e from tlrn pole to the equator, thi.~ is a case of a c,yclm1<' 
within a cyclone; arnl consequently, for reasom; giYeu in § 32, the comhiue1l etl'ect8 of tlrnse co111li
tions, treated separate]~, do not gi,'e precisely the true effoct:-; of lJoth comlitiou.s combine<l, yet 
the eff'ect8 lost are only of a secoml order, aml are of no consequence where only a general explana
tion of tLe observed variationR of pressure o\·er the glolJe are aimed at, and uot a comparison 
of exact quantitatiYe results. 

74. By the cyclone tlieory e\·cry cyclone must haYe an a1111uln:-; of high barometer and its anti
cyclone snITounding it. As this is a fixed awl permanent cyclone, tLe anti-c~·cloue may l1t\ Yer.r 
broad and the gradient Yn~· small, so that the highest part of the annulnt< may ue very little liigher 
than the normal heiglit, aml this a11m1lns fall8 011 so ma11y other i11equalities that it ca1111ot he 
recognized on the chart, hnt tl1e eft'c•ct, of this annulus is seeu i11 thl• Atlantie, ou the parallel of 
about 05°, where it, falls somewhat 011 1 but probably considera lJly 80uth of, the annulus of lligh 
barometer belonging· to the hemisph<'rical cyclone, wbiclr, as we have see11, i8 ou thi:< latitn<le, am) 
t,lie effect of the two com hined giYes an area of barometric pressure a little hig·her than that of t.hP 
average oft he latitmle taken all around the globe. 

Since this is a case of a cyclolle 'Yithiu a e,rclo11e the d1art rPpresentiug the comlJiue<l effects 
of the two should be similar to l<'ig. 4, in which the a.mruhls of' high barometer of the indncled 
cyclone falls somewhat on that of the larger one, gh·ing- a !'omewhat elliptical area of liigh 
lmrometer, with winds lJlowing in some measure all arouml it, bnt with much greater \·elocity on 
the north and south sides than 011 the east aud west sides. 1f it were not for tile c,\'donic system 
with its center near Icelaml, tire calw-belt of the parallel of 35° wonlll exteud fro111 Africa and 
the Mediterranean entirely across the Atlantic and the southern 1>art of tlw C11itt•rl States; but 
nuder existing circumstances the a11ti-cyclouc of thi8 disturbing ssstem, with it.-; win<l8 g_yratiug 
from left to right, cuts thi8 calm-uelt, ou the east side of the Atlautie aml w, st coast of Africa, 
giving rbe to gentle uortlrerl.r winds, and on tlre west si1le of the Atlantic aIHl tlte soutlrt•n1 11art of 
the United Statt>s, giving ri8e here to a predo;11i11auct· of soutlwrly winds. It is to this auti-cyclone 
alone tlrat the gradienti; 011 the east and west side of the area of high haromPter i11 the AtLmtw, on 
the parallel of 350, is due, as well as the corrc.i;pondi11g wiuds of the8e g-rndie11ts, while on the north 
a.nd south sides the gradients au<l correspornling wiu<ls of the two s~·stem,.; combine. Betweeu the 
cent.er 11ear lcelaud and the parallel of 35°, the gradients for this reason become very steep, 
and hence the wPst aud 80uthwest winds of the Atlantk in the middle latitudes at·e nmtsnally 
strong. In the trade-wind region of the Atlantic the auti-cyclone.s of the two system8 comhi11e, 
and heuce the trade-wiutls here receive itdditional force from the auti-cydonc of the !i.)'stern, with 
its center near lcelaud. It is from the effect of this latter that tllc trade-windis on th<· e,tst side of 
the Atlantic blow nearly from the north, while midway the.rare from the northeast, in tire Autilles 
from the east, and iu tlie southern 1mrt of the United State.-; from the ,,;outheast a111l south. Tl1e 
effect of the permanent cyclone with its center near Icelaud i:s to canse tl1t• preYailiug direction of 
the winds to be more from the southwei;t and south in the British Isles and Xorway, a111l i11 Green
land and Baffin's Bay from the northea.:st. The isobars of Chart I, Part 1, for tire reg-iou of the 
North Atlantic, laid down from observation are, as nearly as we can judge, cxactls iu aC(:ordauce 
with t.be preceding deductions from theory. The prevailing directions and force:s of the winds of 
this region, taken for the whole year, are so well known tl1at it i8 not necessa:'J to rl'f'l·1· here, l'\"Cll 

if space would permit, to the numerous authorities which might be cited to proYe tlr<tt the existiug 
system of winds is in strict accordance with theory. (See "\Vinds of the Globe, Plate 3, lJy the late 
Prof. J. H. Coffin, LL. D.) 

With regard to the effect of the cyclone of the northern part of the Atlantic on the upper cur
rents of the atmosphere, it should be borne in mind that the cyclonic gyrations of the lower strata, 
in a system with a warm center, decrease with altitude ana become more and morn anti-cyclonic, so 

S. Ex. 13--30 
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that althou~h the surfacwwimls of the middle latitndes are much increased b~- the cyclonic gyrations, 
it is uot so much the crnse at 80me height ahoni the surface, and in the upper regions of the atmos
phere the eastwaru currents may be much diminisl1ed by the anti-cyclonic gyratious prevailing there, 
especiall;r near tlw outPI' limits of the l'yclonie g·.uati011s below. It i::< importaut to take this into 
conl'iideration in obsen-i11g and stud.Ying the npper emTenti; of the N01th Atlantic. 

7t1. There is anotl1er eft'ed wbid1 should he taken iuto account here, which coh1cides in some 
measure with that arisil1g from the local inequalitiPs of tl'rnprratme. \Yr l1ave seen in Part I that 
the g'lmeral motion of the atmosphen• in tlie mid<lk latit ml rs i1> tow:'!nl the east, and between the 
parallel of 300 or a:Jo and the equator it iR toward tue wei;;t. The middle of the current aud the 
maximum ~elocity eastwanl are aboYe tbe varallel of ,-;:oo. ,,-here this current encounters the 
greatt"r friction of tht> couti11ent, all(l t>Rpecially liigh Janel:-; awl mountain range8, it is deflected in 
part to the right aml left, the part to the ri1:d1t passi11g oYer thr Pastnn sidP of the Atlantic and 
west eoa:st of Afric:t and joining the ge11eral wp.::;tward current in the lower latitudes, :ind the part 
deflected toward the left passing np toward the pole arom11l h~' Greenland, aud joining again the 
general current eastward in the middle latitudes. 'file westward eurreut within the tropics is like
wi::;e deflected in part h,\· the A nwriean continent, all(l eHpecia Uy the liigh mountain ranges of 
Mexico, to the right oYer the southern part of the United States, am] also joins ihe general east
ward current of the mid<lle latitmle.~. Henue there are prodnceJ two great gyrations of the atmos -
phere from this cause iudepern1ent of any locaJ distnrhance8 of te111peratnre, the one around some 
point nrar Jceland a;;; a center, and tlie other around somt• point about the middle of the Atlantic 
near the parallt'l of a:Jo. Sim•e wherP t111>re i~ motion in any dirrction there is a deflecting force 
arising from t.lie earth'is rotation to thl' right of this direction in the nm·theru hemisphere, the 
gyration around the center uear lcdand must 1·amw a lmromdric depression in that regio11, while 
the g,\Tatim1 aromu] tile otbei· center on or 1war thP parallel of 35°, since it is in the con
trary dil'ectio11, muM eanse an aren of J1igh harome!er with its center near the center of 
gyrations. 

The effects of these g',natious arising from the deflections of the continents, both on the baro
metric pres;.;1ue a11d on the motions of tl1P atmosphere, coincide so nearly with those arising from the 
local disturbauct>s of temperature tbat we cannot 1,wparah• tlH•m and say bow much belongs to each 
camm. The cP11h•r of tJ1(• arPa of resultant low harometer from the two canses, as shown by the 
chart, sef'111S to he a little further \rn ... t tl1:111 it slionltl be if it <lepended on the temperature dis
turbance alone, since t!Je maximum of t11e latter is further east th.111 the center of the area of low 
barometer. The center of thP <lepression, t11erl'fore, arising from the deflections of the continents, 
is perhaps a little west of Iceland, a11<l therefore the ceuter of the resultant depression arising from 
both causes is a little east or Iceland, hut not so far a;;; it wonl<l be jf it depended on the cyclone 
arising from the ternper<tture d1o;turha11ce alone. 

76. From the first of tl1e precc<li ng taole.~ it is JikPwise seen that tl1ere is a temperature dis
turbance i11 the north em part of the Pacific Ocean, though less than i11 the Atlantic, which must 
gin> rise to a fixed c_yc101w a)l(l an area of lower mean aun ual barometric pressure than the normal of 
the latitude. l;'rom Chart I, Part I, it is seen tllat observation g·iyes such an area of barometric 
depres:sion. Tl1e d(•vreBsion, lwweYPr, iu tllis case rna~- he cl ne in great part, if not mostly, to the 
gyrations produced hy the deflections of the coutinent.s1 al'! exvlained in the case of the Atlantic 
uudt•r similar circumstances. These deflections are without doubt much gn·ater here than in the 
Atlantic on account of the high range of the motmtains so near the Pacific coast. In this ocean 
we likewise lun-e a higher mean annual barometric pressure than the average of the latitude extend
ing near!~· anm;s the ocwa11, aml a ssstcm of wiuds o\·er the whole oceau, similar to that of the 
Atlautic, all of which are explained in the same ma1111ea· as those of the Atlantic. 

77. In the interior, or rathrr ou the east side, of Asia, it is seen, from the table of residual 
mean amrnal temperatures already referred to, that there is an a.rea of low temperature relatively 
to the a\·erages of tlJ(~ latitnde8. Tliis area is W'r:r irr('gufar and furnishes only very imperfectly 
tlie couditio111'i of a. tixe1l eydone with a <'ol<l ceuter; besides the area is too large to give these con
ditious accnrately, for reasons giYen in § 1. If we had the complete conditions of a cyclone, the 
cyclonic gyrations around the center of this area according to the theory of this kind of cyclones, 
would probablJ- cause a diminution of the barometric pressure at the central cold area, as in the 
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cases of the great liemis1)berical cyclones, i11 which, especiall:y that of the southern hPmisphere, 
there is a depressiou of tlie barometer over the e<•ntral cold area; but on account of tl1e imperfec
tion of the conditions i11 this ease the g-reater mean annual preRRnre due to tl1e lcHs lll<'an annual 
temperature is but little affected from this cause. It ii,; seP11 from Chart I, Part I, tl1at the ecuter of 
the area of high mean a11nual barometric prcssnrn is m1wh furtlwr \H'>"l tllll11 that of tl1e ec•uter of 
the relatively cold area, and it would therefore Reem that it must he dut>, at lt>ast iu part, to smne 
other cause. It is no uoubt caused iu part hy tl1e oYerlapping of the an·as of 11igh barometer 
surrounding eacll of the permaneut c_vclones of the nortl1er11 purts of tl1t• two gre>at oceans. 

111 tl1e uortliern lJtut of North America we liave somewhat similar eomlitious, hut the area of 
relative cold aml tLe amount of temperature clisturha11ce are much li;ss, aml e011seqne11tl,Y the 
mean annual pressure js less than in Asia, _aml the area of high haromett>r rdatin•ly to the aYer
ages uf the latitude is of less extent. 

In the northern part of Afriea we ha\-e a somewhat circular area of n·latin•ly high tmnpera
ture, hut the center being- ver~' 1Jear the e1prntor, it carniot give rise to an.'· cydouie effed, aud the 
corresponding low ba.rometer of tliis art>a, shown by tl1e chart, is dim e11tirPl,Y to the greater rare
faction of tbe air. 

78. 'Ye now come to the consideration of the local disturbances of barouwtrie pressure in the 
northeru hemisphere and tlle corresponding (listurbances of the g-e11eral motions of tlw atmosphere, 
for January, dne to the resi<lnals of temperature gi \-en in tlie seeo111l of tlH' preeediug tables. It 
is seen from the tables that the distrilmtion of these residuals for Jauuar.Y i;; somt•what similar to 
those of the mean .temperatures, hut that they an• i11 g<·11eral more than twi('c a;; larg·e. The effects 
of these residuals, then, on the pressure of the atmosphere and tlu• general motious of tlie atmos
phere for J anuar,v, as treated of and gi n•n in the first part of the8e I tesea rdws, 111 nst al,,;o he ><imilar, 
but in general about twice ft8 great. Accordingly we han' at tliis season of the year t!Je t1Yo g-rf'at 
cyclones of the 11orther11 ]>arts of the Atlantic awl Pacific Ucca11s Ycry similar to thost> belonging 
to the season of mean annual temperatures antl 1>ressnres, hut with a Yiolcncc and barometric 
pressure about twice as great. Tlw mean annual pressure at Iceland is ahout 754""", while the 
average of the latitnde B0 , Table X, l'art I. is i;)S.~'"'\ aud hence :i depn•t<siou, 1lue to the residual 
temperatures of Table I, of more than 4""". In .January the prpss1ue at Ieelarnl is only about 750"'m, 
while the average of the latitude for this sea5011, b,Y the table just referrccl to, is Bo+ B 1 = 758.2 
+ 0.6 = 758.8, alHl hence the amount of depression due to the resic1nals of temperature, not con
siuered in tbe averages for the latitude~ is nearly II"'"' at this seasOll, arnl a little more than twice as 
great as in the case of tile mean annual temperatnres auu pressure.,;. In the Pacific Ocean the 
barometric rlP.pressim1 is 11ot q11ite 80 gTeat, ~lltt it is ahont twil~P as much in .January as for the 
mean of the year. 

A part of these barometrie depressions, as in the ca8e of the meau ammal dt'pressiou:-;, is like
wise due to the gyrations arising from the dP-fiectiom; of the g·e1wra.l moti011s of the atmosphere hy 
the continents, and 11erhaps in case of the Pacific the greater part; aud Rince these general motions 
are much iucreased iu Januar;r a.boYe the average or mean of tht> ~·ear, the 1-.:01rt of thes<• depre8sions 
due to this cause shonl!l be much iuereased also i11 ,Jan nary. On at~crnmt of these great flepressions 
in January in the northern J>arts of thetw oceans, the g-radients of the middle latitnde>s of thPse 
oceans, espelJially of lhc Atlantic, become very stePp, ~iucc tlwy coml>iiw wilh the gTadie11t of these 
latitudes helouging to the general pressure of the atmosphere or that of the great hemispherical 
cyclone with its center at the pole, and hence the west and southwest wiuds of tlwse latitudes in 
January are unusualJy strong. 

As seen from Table X, Part. f, the ayera.ge pre:ssnre of t11e latitude for Januar~- is Bo+ B1, in 
which B 1 has a positive value, except in the extreme north an<l south latitudes of the hemisphere, 
with a maximum of l.66'"m. Hence, where the depression eausl'tl hy tlwsc cydonNi is equal to B1 there 
is no annual inequality though there mas be a small semi-annual mie. This li1w of no annual ine.qual
ity is laid clown from observation on Chart III, Part I, designated h,\' U. 'l'hP efl:ect of tlwse strong 
cyclones in January, in depres:sing the barometl'r, exh~uds lwyoml thPsP Ii11es surrounding tlIPm, 
and consequently nearl_y to the equator. The annuli of bighc>r barometer, tlierefort>, surrounding 
these cyclones, and snJ>erimposed on the various irregularities from other causes, is thrown out to 
a great distance over the continents, and the area becomes so great, and the c~clonic conditions on 
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thi" acconnt so imperfect, that this annulus is very impertectl,r formed in this case, especially near 
the eqnator, whPre the forces on which it depends vauish. 

rn. It is SPen from the second of the preceding tables that in January the residuals of tem
pt'rature o\·er a n'ry large area, with ifa center on the. eastern Ride of Asia, and over a much ~mmllcr 
an'a in tlit' northern part of North America, are 11egath·e, and hence theRe areas at this season are 
rdati\·el,v cold OJH"8. Tl1ese give very imperfect!.'· the conditions of a cyclone with a cold interior. 
If tlu•se eonditiou' wt>re perfect, and espeeiall,Y if they were on sea instead of land, the cyclonic 
g,uations arouml t lw ct>uter might so depress the barometer in the interior as to nearly or quite coun
teract tht• efft>d 011 t 111• haromrter due to the increased density from cold, as we see in the two great 
11cmi:.;phcrical cyclo11<·" i11 wliich the effect of the gyrations is greater than that of the greater 
df'll"it,\· of the air, t•srec'ally in th(• sontlteru one, where the baromPter in the polar n•gions is Yery 
mncl1 lower than at the cqnator. Tlwre is 110 doubt 1-<ome cyclonic effect in these regions and some 
<h·pressio11 of tlie haromekr from thi8 cause, imperfect as tl1e conditions are, but the. eftect of the 
grca tcr <lPnsity from «Ol(l is mncli greater, and hence in these reg·ions, e8pecially in Asia, the 
lmromctcr stand, nr111sually hig·h in January. 

80. From the la:;t of the prt>cediug tal>les it is seen that the temperature residuals for July are 
ge11cr:1ll,\· f.\lllall. Jn the 11orther11 part8 of tl1e Atlantic and Pacific Oceims, where iu Jauuary we 
lia(l thl' comlitious of cydone81 the effects of wllich caused great barometric depressions, we haYe 
now Yery lH.'arly the aYerage temperatures of the latitude, imd hence no conditions giYing rise to 
<',Yclonc>s all(] haromt>tric depressions o\·er these regions. Hence tlle great barometric depressions 
which preq1ilt>d lwn• i11 ,January lrnYe now Yery nt>arl:.· Yanished, and the barometric gradients dis
appean•d, as is seen from an inspeetion of Cbart vr, Part T, and the strong west winds which 
prernil in the middle Jatiturles on the Atlantic and Pacific Oceans in January are now of Yery 
little force, a,; i,.; indicated by the width between the isobarH and consequent smallness of the gra
dients. The barometric presstue at Iceland, where in .Tanuars it was vers much depressed, is 
11ow exactl:.· equal to the average of the latitude, wllich is B(\ - B 1 of Table X, Part I, and hence 
thi>re is no c_yclonic action aud depression from thi8 c~mse, and the gradients of the middle latitudes 
of the At Ian tie are simpl,r thoRe of the average of all latitudes belouging to the great polar cyclone 
existing at this seasou, with a small barometric depreRsiou OYer the }lOlar regions. The effect of 
tile gTPat cyclone in the winter season, witli its center near Icelarnl, no doubt extendi,; to the 
equator aml camies the position of tlie calm-belt there on the Atlantic to be a little further south 
tlian it otlwrwise would be. This effect, added to the general oRcillation of this belt, observed all 
around the glohp and theoreticallJ e.xplaine11 iu § 2.3, cmmeR an unmmal amount of oscillation of this 
belt 011 the Atla11tic with the changes of the Reasons. 

0Yer Europe, Asia, and North America, now, the temperatiue iR much greater than on the 
ot•eau;.;, and considerably above the average of the latitudes, and 11ence the temperature residuals 
me posith'P, and cause a depres8ion of the barometer below the average pressures of the latitudes 
~fren h;y B0 - B 1 by the greater rarefadion of the air mostly, 8ince these residuals are not so dis
tributed as to furnish conditions wl1icb can give rise to much cyclonic action. 

Over the region of Il udson's and Baffin's Bay, and Greeulaml, aud in the middle of the Pacific 
Oct~an, on latitude mio, the residuals are sornewliat large and negatin', imlicatiug that the temper
atures of these regions in July are colder than the average of the latitudes, and hence the barometric 
presirnres hen• should be greater than the averages of thelatitu<le, given b,r B0 - B1, and observation 
sliows that thiR is the ca8e, a8 ma,r be seen hy comparing Chart VI, Part I, with the value of Bo - B1 
ginn hy the table before referred to. These areas of negative residuals are somewhat circular, aud 
hence fnmish roughly tlle conditions of a cyclone with a cold cen tfw, and there is probably some 
c,Yclo11ic action and depression of the barometer from this cause, since the barometer over these regions 
does not 1liffer much from the ~werage of the latitude, while the temperatures di~r considerably. 

81. "'e have now seen bow little tlie diflerences of baromeiric pressure O'Yer the globe in 
the same season of the year, and at the same place in differc·nt seasons of' the year, depend 
directlJ on mere difforenees alHl changes of temperature, and how entirely out of proportion it 
iS to these differences and cha11ges. At the polar regions, especially those of the southern 
hemisphere, where there is the greaki,;t cold, the barometric pressure is the least, and over the 
northern hemisphere generally the great changes of temperature from January to July, taking 
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the averages for the i-;eyeral latHndes, prorluce at the maximum, on the paraHel of ahout ;150, 
a change of on!.\· about :1""" in thP barometric pressnre; and near the pole of the nortlwrn lwm
isphere, where tl1is change fro111 "inter to summer is still grPater, a111l 011 certain li11Ps smTom11lil1 g 
the northern parts of each oceim of this hemisphere, a,; laid down on <'hart I I I, Part I, the 
annual change of baronwtric pres1mre entirely \"anishes. This disproportion hctwe('n t1·mpera
ture and barometric JH'essnre ii-; because the barometric gradients iu perfect C'yclo11es depend 
almost entin·ly 011 thP Q·elouic gyratiorn;.; of tht> atmosphere, alHl not upo11 the temperatnre 
gradients, as has been ,;liown by theory in § HI, and the amount of haromPtric <leprN;sion in tlrn 
interior of a cyclonic system with a cold center should be as great as in the case of onf' with a warm 
center, except so far as the slight imperfections of tl1e theory with rt>gard to effrds of frietion 
are concerned. 111 the two great hemisplierical eyclones with the cold polps of the Parth at the • 
center, comddt·riug on]~ tlw a\·prage tempPratnre of the latitmle, we haYe a TlPar approximation to 
a perfect cyclonic s;1·stem, <'Xcept so far as inequalitieR of surface are <·om:ernet1, aud hence there 
is a diminution of preSflllrt' at tlic pol<>s in proportion to the amount of eyclonic motion prodncfil, 
and tllat this <lepPTlllR Yery much on the rcgnlarit.'- and smoothness of th<' surfaec is S<'<'ll from the 
differe11ces of the g;nations aud consequent pressures in the polar regions of the two liemisphcres. 

"\Yl1en we come to (•011si(her Ilic effect,; of the resi(lnals of temperature, not taken iuto account 
in the consideration of tht> two gn•at hemispherical cyclones, they mostly furnish very imperft'ctJ~-, 
if at all, the conditions of a perfect an<l regular cyclonr, so that the c;1·clone theory cannot be in 
geueral applied to them witl1 auy dt'gree of accunwy, and therefore the c•.olcler areas, with rder. 
ence to the averagP for the latitndes, give an increased barometric pressurc>, since the c>fted of 
c_\·clonic ac1iou is 11ot sufficiPnt tu decrease the pressure ill the ct>ntral part as much as it is illcreased 
by diminution of templ"r<1tnre. 

8:?. In the southern lie11ii."pliere there il'I iu general very little Yariation of temperature in longi
t.mle. and hencf' the rei"iduah; of temiwratnre, ])Ositive and negati\·e, such ai-; gi,·en in the Jlrc>ceding
tables for tlte northern hemisphere, are gene.rally small. The great hemispherical c~·clonic s.rstem, 
therefore, with its ]ow harouwter in tlw polar regious a.ml its annulus of high li:1ro111t>ter a1ouml 
the globe, ha,·ing its maximum about the parallel of 30°, ii-; very little disturbed hy local irregu
larities of temperature, the belt of high barometer being only broken up a little~ mostly in the 
summer season, hy tbe greater mean tcmpt>ratnre of South America, Africa, and A1rntralia. As in 
the northern hemisphen•, the gyratio11s arising from the deflection of the general currents of the 
atmoRphere bJ- tl1e continents no donht produce comdderable effect, t>speciall~- those arising from 
the deflections of the high ra11ge of the Andes in South Amt'.rica, since these general currents in 
this hemisphere are Yery strong. "\Ye lrnYe thus in the South .Atlantic, as in the :~forth Atlantk, 
au arP.a of increased barometric pressure from this cause with its center near tbe paralJel of ::rn°, 
:mll like"Tise west of the contim•nt of South America on the same latitudes. TherP is likewise a 
Jeflection of the westward currents of tht' South r mlian Ocean by the east eoast of Africa down 
hJ- Madagascar and Mauritius Islands, which pass<·s on down into the general eastward cnrreut of 
the middle latitudes, but a lmrncl1 of it passt•fl around west of .Australia to join again the westward 
current, thus causing a slight g:yration aroun<l au area witl1 its ceuter midway between Australia. 
aJ1d Africa, and on the parallel of allout :~oo, and consequently an area with a barometer a little 
higher than tlle aw111·age of the latitmle. Hence on the southern hemisphere, as in thP northern, 
there are currents of atmospherP on the ea.stern sides of the continents, pa.ssing from the lower to 
the higher latitudes through tl1e belt of generally l1igher barometer with its maximum about the 
parallel of 300. 

In this hemisphere the general change of temperature from winter to summer is ,;mall, but it 
is sufficient to produce a 1woportio11ate effect upon the strength of the great c~·clone system, in
creasing it in winter and decrea.siug it in summer, ancl this in winter i11creascs the harometric 
gradients and the height of the belt of high barometer, but depresses the barometer in the polar 
regions, and in summer the reverse. But in wint.er the amount of atmosphere in either hemisphere 
is greater, since the opposite hemisphere is then warmer, and the air expands and a portion tlo\YS 
over into the colder hemisphere, 80 that the general or average height of the lmrometer is i11creased 
from this cause in the winter and diminished iu summer. The greater pressure in winter of eitl1er 
hemisphere, arising from this cause, is mcreased in the latitudes of the belt of high barometer by 
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the greater aetiYity of the general hemispherical cyclone, but decreased in the rolar regions, 
wLere the effect of the former cal1Se may not only be destro;yed but reYersed. Hence the barometer 
in eitl1er 11emis1,here is in general bighf'r in winter tlrnu in summer, not considering inequalities 
in lougit11de; but thi;.;, ac(~ording to theory, may be reversed i11 the polar regions. This is sllown hy 
ob>:ervatiou to b(' the caSl', a;; is :-;eeu from Table X, Part I, in which it i:-; Heen that the •alue of 
H1, the coefficient of annual inequality. is req'rsed at the paralltcl of ahont 78° in the northern 
11cmi1'plwre, and 011 the parallel of 5.3° in the southern hernispherP. 

s:t Aecording· to § 30 tlte interior of an ordinary progres~i ,.e cyclone ii' geuerall,v a reg'ion of cloud 
and rain, especially if the air is moist and the cyclone lias cou ti11ued in action m1til the moist air of 
the :-;urface arises hy mf'an:" of tlie i11terinr gently a8ce11ding cnrreutis until it arriyes at a height at 

• wbicl1 the aqneou.-; yapor is eomleused. That the iuterior of 3 cyclone is in general au area of 
cloud awl rain is too well known to ordinary obscrYation to need an;v proofs from regular series of 
obi:;ern1ti01rn. In a perfect cyclone, in an atmosphere without progressiYe motion, the area of cloud 
and rain would lw circular, \Yitlt its center at tl1e centrn' of the c.vclone; but when the atmosphere 
lrn8 a progressh·e motion in any direction, by§ :w, this anm sl1o!lld hi' sm11ewhat elliptical with the 
1011ge1· axi.s 11early in tlrn directiou of the progre.ssive motion of the atmosphere, and also nearly in the 
din·ction of the 1•rogrcssfre motion of the cyclone, l'iuce tl1e latter dPpen(ls very 1111wh upon the former. 
Loomis has shown from tlie Signal Service observations that the figure of tlw whole rain area is 
ge11era1J:.· of an oval form. He also ascertained the longer and shorter diameters of a number of 
rain areas i11 which the depth of rain was at lea:-;t oue inch during the prece1li11g (•ight hours, aml 
of utlll'rs in which the tleptlt was at lea8t a half inch during that tiTme. (Silliman',.; Jonrnal, ,July, 
1877, l'· :!.) ·with regard to these he remarks: "The form of these rain areas is sometimes quite 
irrPgular, hut generally it a11proximates to an ellipse, of which the major axis is not quite double 
the minor axis." 

Since· the clout! from w 11icl1 the raiu fall:" is being continuall,Y carried forward hy the upper 
stnrngPr cmTr11ts of the atmosphere's progrt>ssive motion, in fHh·~rnee of the gyrations of the lower 
1mrt of the atmosphere, tlw center of rain area should fall i11 advance of the center of the area of 
low liaromctt~r. Loomis found, for the aserage of 38 easel' wliieh he examined, that "the average 
distarn·e of tlle center of greatest rainfall from the center of low pre1'1mrc for the cases north of 
latitulle ;)(jO is :mo miles, lmt it soml•tinrns 1,xceetlH 750 miles." Tlais rainfall was for the precediug 
eiglit hours. From this shonlrl be dedn<'teci tl1e progressi,·e motim1 of the area of low barometer 
in four 11ours, say 100 miles, iu orde.r to have tLe simultaneous tfo•tauce of rain center from the 
center of area of low pressure, which would lea \'C it on the an'ra,:.:;·e a!:ont 200 miles. 

Thi· direction of the storm's path coincides Yer~· nearly with the direction of the axis of rain 
area. I~or the :werage direction of N. 440 B. of the storm's path, Loomi:-; found, from three years' 
ohse1Tatio11s, the a•erage direction of the axis of rain area N. 5:10 E., arnl for the a\-erage direction 
of N. 1110 K for the former, Le found N. 115° E. for the latter. Hence the directions in all cases 
an· very uearl,v the same, antl no doubt that of the a\·erage dil-ection of the progressive motion of 
the atmosphl•rB, ei:;peciall,v of tl1e cloud region in each case. 

According to theor.r, § 3G, the forms of the isolrn.rs should also ha.1·e an ontl figure, with the 
ltmger axis somewl1at in the direction of the axis of rain area and of the progressin~ motion of the 
cycl01w or area of low bitromi:>ter. Loomis found the forms of these isobars t~ Yary much in form. 
In some case:-; they were ucarJ~· circular, but 7 per cent. of them were fonr times as long as wiile, 
20 per (!ent. three times, and 47 per cent. double. He remarks: "The aYerage form of tile isobars 
about the 8torm's center may bl' said to be au irregular O\'al, whose length is ne.nly tloulJle its 
brea(ltlt." (Sillimau's .Journal, .Tul_y, 187LJ.) 

Tlte preceding rei:mlt:-; from observations, especially the distance at which the center of rain 
area falls i11 adn1nce of the storm center, seem to irnlicate an enor·mous inclination of the axis of 
the storm formtrd at the top, which is entirely i11consistent with the hypothel;is of its inclination 
backward. But, in accordance with § 37, there can be but little inclinatiou of the real axis of the 
gyrations, and the center of cloud antl rain is carried forward in adYance of this. 

84. In 101 cases of low barometer in which the amount of rain did not amount. to one·eighth 
of au inch, Loomis found that more than one.half showed a pressure less than 20.70 inches; more 
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than one-third were below :!fl.GO inche1:1, and nearl.v one-fourth of the cases wne l1elow 29.50 inclies. 
He says: "There Heeml'i to be no room for 1lonht that harometric minima sometimes form with •er;\
little rain, aud continue without au;y co111'i<lerable rai11 for eight hotul'i, aud sometimes for twt'l1ty
four hour,; aml lo1Jger. TIJp;.;e harometri<' minima spldom continup stationary for eight 11ours, hut 
almost inYariably traYd to the eastward.'' His tinal co11clm;ion i>i that "rnii~lall i:-: not eN.~enfial to 
the formation of W't'flN of {me barometer, 1111d iN not the pr;ncipal c1111.w· of thdr formation m· of their 
progressiv(~ motion." (Sill. .four., .Jn!~-, 1871.) Tliis is strictly in accordm1ce with the tlit'ory of§ 29 
In tl1e cases of llrPas of low harometer without rain, thei-;p low areas arise from cyclo11i<· motio11s 
d11e to tlte tenJiwrature <listurhanceis aril'ing from the primary causes, aud these, according to the 
theory, must always exist to a eertaiu extt•nt before the seeomlar;\ can>iP ariRing· from the cornlensa
tion of aqueous ,-apor can take place. l t does 11ot i-;ccm, lioweYer, that these areas of low barom
eter without. rai11 continue n'ry long·, or that tlw barometer en•r lwcome:-; Yery low, and we could 
not infer that. thi>i woultl lw the ease from theort>tical co11siderati011:-;. Prop:rN1si•e cyclonei-; of long 
continuairnr, awl tnn-eling oYer long dii-;ta11ct>l'i, mnHt he acco111pauiP1l hy co11isiderahlt> rain, as we 
always find to be the case; for the temperature disturbance due to the primary causes which tirt'it 
originate the cyclone mnst Hoon he Jo,;t, a1Hl then the eydmw must. dt>pend for it,; ,;npport upon 
the caloric of cornle11s:1tim1, and, as we haYe seen, en•11 thi8 fails when tliere is not a sntlicientJ;.
gr1•at ratio of dimi11utio11 of 1 he temperatm't> of the different i-;trata witli tile altitncll~. E\·e11 wheu 
t.he air is satLuated with ,-apor, if we <lo uot ha\'e tlw latter condirion \\'ith it, \\'e rlo not h~n-e the 
condition of a cyclo11e wlwre the primar.'- can:se:,; of disturbance are wa11t.ing-; we sim11ly IHwt· the 
condition of a \'el',Y damp and oppreso;i,·e atmosphere from wliicli uo rain falls, because the cyclo11k 
condition of (:3~) is not satisfied, and hence no upward eurrents to carry the almost saturated air 
where the vapor can he comlenl'e<l. 

Although cyclonic areas are ge11erally areas of doud and rain, ,yet tLe re\·erRP of this ii,; not 
true, for the areas ot ran'.ti<•d air ari,;ing from the primary causes, and gi dug rise to asc·e11ding 
currents awl rain, may he so irregular iu form as not to safo;fy the conditions of a cyclone, except so 
imperfectly as not to gi,-e rise to much cyclonie action, and then we generally haye long-continued 
moderate rains without much wiml. 

Sometimes there are ReYeraJ rain centers within the area of low baroml'ter, awl they are some
times found in tl1e an•as of hig-h baromett•r, and there are ali!o eeuters in tile area of low barometer 
wbete the rain iis in greater abundance tlmn else\\·llere. 'l'his simpls indicates that, in accordance 
with§ 32, cycloneis may exist within cycloni1· 8ystems, aud so in the ari:~as of higli barometer, and 
whereYer there an~ isolated ;;pots of rain within the area of low or high barometer, or places where 
there is greater abuudauce than elsewhere in the area of low barometer, we haYe the eYidence of 
the existeuce of a smaller cyclonic sxstem within a larger one. 

85. Accordiug to the theory of the progrei;isin~ motions of cyclones in § 35, eYery c;rnlone 
originatiug near the equator should :fin;t be carrietl westward and toward the pok; then, after 
arri'\"'ing in the middle and highe1· latitudes, 8honld be carried eastward l\y.the prevailing curreut.s. 
To be assured that this is the case it is oul;v uecessary to glance at the charts which we now bare 
of the numerous tracks of cyclones originating near the equator in all longitudes and in hot It hem
isphere8. But on account of tlJe various modi(viug iufluences, sbttt'd in that sectiou, there is a 
great diversity in rhe forms of these tracks and the \'elocitie8 of progress at different times and 
places, so that whPn the mariner is ad,~ised of the approach of a c_ycloue in the distauce by any 
of the usual indications, tlie best that he can do is to determine the probable cause and velocity 
by taking the arnrage of all for U1e locality and the season of the year, which can readily be dune 
from chartis upon which the tracks and rates of progress are laid down. But for this purpose be 
should ham charts for all parts of the globe of all the known tracks of cycloues giYen for the 
diflerent seasons of tl1e year, for they clmuge considerably with the seasons. 

There are certain parts of the globe and seasons of the _year in which the conditions seem to 
be especially favorable for the 01·igiuating of' cyclones. Of the well-developed c;rclones which 
originate near the equator, alld usually progress in a somewhat parabolic orbit into high latitudes, 
a very large and di8proportionate number seem to originate in the .A.tlantic, a little north of the 
equator, and almost exclusively in the latter part of summer and the first part of autumn. This 
admits of a very plausible explanation. According oo the theory no cyclone can originate at or 
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very near the equator(§ 4). The region of the trade-winds of the Atlantic are also uufavorable 
for their origination, since the steady currents, mostl,Y uear the surface of the earth, carry the 
vapor which they contain into or near the belt of calm awl cloud before it rises into rei,.,..ions where 
it is condensed aml gh-es out its latent caloric, upon which the 11ower of the cyclone, very much 
de1w11tls. The conditions then favorable for the origination of a cyclone are in or uear the calm 
and eloud belt, where and when this belt is at some distaiwe from tlie equator. Now, for the 
theoretieal reasons given in § 80, the calm-belt is farthest from the equator at the season, or very 
ueal'l,y, when these cyclones mostly originate, being then 10° or 150 from the equator, and when 
this belt recedes toward t.he equator the conditions become so unfavorable tl1at no cyclones orig
inate here. 

In the China Sea and North Indian Ocean the equatorial calm-belt is Yery much deranged and 
broken np by the great rnonsoonH arising from tlrn wide range of ammal fluctuations of tempera
ture in the interior of Asia. According to Dove, (Gesetz <ler Stlirme), the frequency of cyclones 
in the North Indian Ocean has two maxima, one in May and the other in October. These are the 
periods of the breaking up and changing of the monsoons, and accordingly then the conditions are 
more fayorable for the origination of cyclones, according to§ 83; for the8e monsoons are simply 
the exaggeration of the trades in the one case aml their complete reYersal in the other, by the great 
temperature disturlmnces in Asia. In the Chiua Sea the cyclones take place mostly in September 
an<l October, when the current arising from the great in draft into Asia cea8es; for some reason few 
occur at any other season of the year. 

8G. The calm-belts of high barometer around the globe with their maxima ou the parallels of 
300 or 3;;0 on the ~werage, do nut furnish favorable conditions for eith(·r the origination or support 
of c,Ycloues, since it is a belt of descentling currents, or rather of a ,~ery gradual settling down and 
flowing out of the air on both sides, near t,he earth's surface, and hence it is a belt of very dry 
atmosphere. There is therefore iu general very little cyclonic disturbance either in this belt or the 
belt of the trades, It is within this belt of high barometer aml tlie trades that we have the almost 
rainless regions of Peru, N1caragua, the Sahara or Great Desert of North Africa, and of Egypt, 
Arabia, Pcrisia, &c. Not, only Yery few cyloneis originate in this belt, but there seem to be only a 
few gaps where those originating nearer the equator can get through into the higher latitudes, 
notwith8tauding the general tendency they haYe to rnoYe from the equatorial toward the polar 
regions. The ])rincipal reason for tLis is tiJat this belt in ge11eral is too dry to support a cyclone 
while it is makiug its wa:r through. The;y, therefore, pa:-.s through, mostly, if not entirely, on the 
east sides of the two great oceans, those of the North Atlantic in the region of the Antilles, Florida, 
&c., and tl101-;e of the North Pacific Ocean in the region south and east of China and Japan. Here 
the northern tendeney of the air on the east sides of tbe areas of high barometer in these oceans, 
as obsoTed and ex11lained by theory in § 741 not only aids the cyclones in passing through toward 
thP polar regions, but it carries warmth and moisture with it for tlidr support. It is ouly at these 
placPs that the warm aud moist air of the equatorial regions passes into the middle and higher 
latit111l1·s; for the geucral returning or au ti trade currents of the upper regions are both cold and 
dry. The \varmer water of the Gulf Stream in tLe Atlantic, and of the corresponding current of 
the Pacific, is supposed to have considerable influence upon these cyclones, and they no doubt, aid 
them Home, and in some measure determine their routes and directions; but if we examme charts of 
tht> traekl' of tl1ese c;yclones, it does not appear that their influence is very great. 

At all othPr places around the globe the cyclones which originate a little north of the equator 
seem to i11cli11e toward higher latitudes, hut the tracks laid down on the charts are in all cases 
short ones, and none of them extend through the belt of high barometer, but it is possible that the 
c_yclones may, under certain unusually favorable circumstances, get through into the higher latitudes. 

The progres8fre velocities of the cyclones, while near the equator, is not nearly so great as it 
is in the higher latitudes. The reason of this is that this progressive motion at first is nearly west· 
ward and depends mostly upon the general westward motion of the atmosphere, which is very 
small, except near the earth's surface, in comparison with the rapid eastward motion in the middle 
and higher latitudes, at considerable elevations, upon which the progressive motions of tbe cyclones 
there depend. At the vertices of the parabolic storm tracks, where the progressive motion is directly 
toward the pole, and is independent of the east and west motious of the atmosphere, but depends 
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entirely upon the general tendency to move from the equat-0r toward the pole, and upon the gentle 
currents in the same directions on the east sides of the oceans where the cyclones gener.illy if not 
exclusively make their way through toward the pole, as has been explained, the progressiYe Yeloc. 
ities of the cyclones are the smallest, as theory requires and as obser-rntion shows. 

87. Excepting the cyclones which in summer and autumn originate near the equator and pass ou 
the east sides of the great oceans toward the pole, the cyclones of the mi-0.dle latitudes originate 
in these latitudes, and the strong eastward tendency of the general motions in tllese latitudes, 
especially in the upper regions, in which the cornleusatiou of vapor and the power of the cyclone 
is mostly, carries the cycloneR forward in this direction, the relocities and directions being some
what modified by the several other circumstances stated in ~ 05. 'rlmt this eastward progressive 
motion of the cyclones depends, in some measure at least, on these general eastward motions of 
the atmosphere, is shown by the fact that the progressive motions of the cyclones eastward is 
greatest in winter and least in summer, just as in tlie ca8e of the general motions of the atmosphere, 
as shown by Table XI, Part I. This is shown by Loomis"' from the Signal Se1Tice observations, 
according to which the Yelocities in the United States are nearly oue-halr greater in winter than 
in summer. It is true this is not the exact proportion in which the general eastward motions of 
the atmosphere of winter exceed those of summer, tbe former being more than twice as great as 
the latter according to the table referred to, but the progresi>iYe motions of the cyclones in sum
mer are increased because the cloud and region of coudeusation of vapor is generally higher then 
than in winter, and hence the controlling power Qf the eyelones being up where the eatstward motion 
is greater, the cyclones rno,,e eastward with greater \"elocity on that account. 

If we examine the charts of the United States Signal Serdce it is seen that while the tracks 
of cyclones, or areas of low barometer, keep somewhat Oil the same latitudes a()ross the .American 
continent, and likewise aeross the Atlantic, in winter it is very different. .At this season most of 
the. cyclones originating at, or arriving at the western coast of North America in the middle and 
higher latitudes, seem to avoid the interior of the continent aml to pass in a southeasterly diroo
tion oil the west side of the continent into low latitudes, passing around by Texas or the Gulf of 
Mexico, along tbe eastern side of the United States, up toward Greenland and the northern part of 
t,he Atlantic, and crossing it at a higher latitude than they usually do in the summer season. 

The interior of North America, in the winter season, is an area of high barometer, very dry 
and cold. If a cyclone from the Pacific could be carried into this area at this season it could 
scarcely subsllit and get through to the eastel'r1 side. Besides, the isotherms at this season run 
around this area somewhat as the tracks of the cyclones just described, leaving the colder and 
dryer region on the left, and tbe warmer aurl moister one on the right, all the way around. Hence 
the tracks of the cyclones follow around somewhat in the directions of the isotherms, in accord
ance with the theory in ~ 34. 

88. In the southern hemisphere, as in the northern, observatiou i,ihows that the cyclones origi 
nating a little south Cff tb.e equator, likeVl-ise tend, in connection with their westward motion, to 
move also from the equator toward the llole, as theory requires, but that the:'-' cannot in genera} 
get through the belt of high barometer and dry atmosphere with its middle about, the parallel of 
300, except on the eastern Sides of the continents where there are slight currents passing from the 
tropical to the middle latitudes, aiding the progress of the cyclones in that direction and carrJ'ing 
aqueous vapor for their support. Hence all the cyclones originating in the region of the South 
Indian Oooa.n, between the equatur a.nd the tropic, are carried westward until they arrive where the 
currents a.re deflected southward by the continent of Africa by which they are enabled to pass 
through int.-0 tbe strong eastward current· of the middle latitudes, where they are rapid!,. can·ied 
eastward. The vicinity of Mauritius and :Madagascar is, therefore, on the great highway of thei>e 
cyclones, as that of the Antilles and Florida in the northern hemisphere is for thoRe which originate 
in the Atlantic a little north of the equator. 

• These cyclones originate mostly during the summer season of the southern hemisphere, becau1m 
th.en the great northea.st monsoon of India. extends considerably south of the equator, becoming 
there a. northwest wind, and meeting the southeast trades 10° or 150 south of the equator, and 
forcing the equat.orial calm-belt down t.o these latitudes.t Hence the conditions are favor.ible for 

•Silliman'& Journal, February, 1880. t Winds of the Globe, Plate VI. 

S. Ex. 13--31 
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the origination of these cyclones only a,t this season, for the reasons given in § 8.), in the case of 
the cyclones originating north of the equator in the Atlantic. 

In the .Atlantic south of the equator there is another area of higher barometer with winlls 
gyrating somewhat around it, as then-1 i:; north of the equator, giving· rii,.;e to a. gentle current. on the 
east coast. of South America, from the equator toward the middle latitudes; as there is at the 
Antiller; and the southern part of the l7nited State;;; but we hani no aceount of any cyclones 
passing from the latitudes near the eqnator, througli lmn· into the great eai;tward current of the 
middle latitudes, as at l\la<lagascar and l\laul'itins aufl on the east side of the Atlantic in the 
northern hemisphere. The reason of this is, that the southea!'t trades here generally extend enth'elJ 
across the equator, and even during the summer of the southern hemispherB, wheu c;yclones origi· 
nate in the South Indian Ocean, the trades here extend almol't u11 t-0 the equat-Or, so that the calm
belt, in or near which, only, these cyclones originate when it is sufficiently far from the equator, is 
too near the equator for cyclones to originate in the part of the Atlantic immediately south of the 
equator. 

8!1 We ha \-e seen that in both hemispheres, all around the g"lobe1 there is a belt of high barom
eter with its maximum about the J>arallel of 30° or 35°, but that the barometer stands higher on 
these parallels in the middle of the great oeeaus than on and near the continents on account of the 
gyrations of the atmosphere arising from the deflections of the continents, causing a pressure in ward 
from all sides on account of the force arising from the earth's rotation. These areas of high barom
eter, as is the case in areas of high barometer generally, are dry, arnl hence cyclones do not orig
inate much within these areas, nor can they generally be supported long if they can get in from 
without. But since the air gyrates somewhat arouml these areas, there is no tendency of cyclones 
to enter them, except on the eriuatorial sides, since there the general tendency of cyclones is toward 
the 11oles. The great calm-belts of the general motions of the atmosphere of these latitudes pass 
through these areas, and hence they are areas of com1)arative calm, both as regards the general 
motions of the atmosphere and likewise cyclonic disturbances. The general tendency of cyclones 
is to skirt around areas of high pressure, since there are currents on all sides around them, but in 
these cases this is prevented on the east sides of them by the general tendency of cyclones to move 
toward the pole, and hence the cyclones originating near the equator at certain seasons only of the 
year rnm·e around these areas of high pressure on the equatorial, western, and northern sides. 
<her the whole interior of these areas, therefore, in the Nort,h Atlantic and Pacific, in the northern 
hemisphere, and tlle South Atlantic and Pacific and the ludian Oceans, in the southern hemisphere, 
there is little danger from any cyclonic disturbances, except around the outskirts during the cyclone 
:,;eason. 

The progressirn velocities of C)'clones around these area;; are ditt"e1·ent in different oceans, and 
in different parts of the tracks in the same ocean. On the equatorial sides, where the cyclones 
are canied westward by the general westward current, the velocities are greater than they are 
where the eyclones curve around into the higher latitudes, since here there is only a small part 
of the general westward current detlected around, and consequently the velocity of the atmos
pheric cttl'l'eut is Yery small. After arriving in the middle latitudes, where the general eastward 
n1ocity of the atmosphere is comparath·eJy great, the progressive velocities are much increased. 

The Southern Indian Ocean i::; rema1·kable for the small progressive velocities of its cyclones. 
According to Piddington, these are often oniy two or three miles an hour, especially at the vertices 
of the parabolic tracks where they curve around int-0 the middle latitudes. The reason of this is 
that there is only a small deflection of the westward currents within the tropic by the continent of 
Africa, an<l hence but a slight gyration around the central area and increase of barometric pressure, 
1-lO that the cyclones are carried around very slowly. The more nearly c,rclones can get within the 
central parts of these areas, the slower their progrnssive velocities; and it therefore sometimes 
happens that c;-,-clones in the Southern Indian Ocean are apparently almost stationary. 

The c;yclones which originate in the middle latitudes at all seasons of the year, and those which 
come through int-0 these latitudes froru near the equator at certain seasons, are carried fo1·ward 
eastward in these latitudes until they die out; but here likewise, as we have seen, they have a 
tendency to skirt around the area of high pressure and dry air of the interior of North America 
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in the winter season by cnrving around toward the equator, and they, no doubt, have the sanw 
tendency on the eastern continent, but on account of its great extent they probably neyer sueeeetl 
in getting entirely around. 

The middle latitudes of the southern hemisphere, with a constant eastward current at the 
earth's surface of about 30 kilometers per hour, and much greater in the upper regions, with scarcely 
any interruption from the continents, is a great highway for cyclones, which move with a great 
progressive velocity, often perllaps entirely around the globe; and touching tlle continents at Cape 
Horn and the Cape of Good Hope, gfre rise to the great storms and bai:-ometric oscillations which 
are experienced at these capes. 

CHAPTER ITT. 

TORNADOES, HAIL-STORMS. A~D WATER-SPffC"TS. 

90. Tornadoes are simply special cases of cyclones, go.-erned by the same general principles, 
and the conditions are in general represented by the same equations. The foundation, therefore, 
of the theory of tornadoes has already been laid. in the theory of cyclones in the :first chapter, 80 

that it is not necessary here to go bru3k to first principles, but merely to adopt, by means of slight 
changes, the equations tl1ere given to the special case of tornadoes. The principal feature which 
distinguishes tornadoes from what are especially called cyclones is the smallness of their extent, 
and this is due to the difference in the initial temperature conditions which give rise to each. 
These, in the case of cyclones, consist in gradients of increasing or decreasing temperature from 
the center to the external part of a somewhat circular area, depending mostly upon the primar.\' 
causes of temperature disturbance, the range of which is represented by t'c - V 0 in the first member 
of (32), and as a disturbance of this kind must generally extend over a considerable area the dimen
sions of cyclones, even in their initial stages, must be conespondingl;r large. The conditiom~ of 
tornadoes depend rather upon the vertical relations of temperature between the different strata of 
the atmosphere, or values of J, and J 0 in the Reconcl member of (32). \Yben these are such as to giYe 
a state of unstable equilibrium of the atmosph"re, as heretofore explained, we have a condition in 
which a torna.do is liable to occnr at any moment from any slight local temperature disturbance or 
mechanical impulse, which gh-es the undn strata a little greater tendency to burst up through the 
overlying strata at any one point than anywhere else. Bence, tornadoes are gen~rally of very 
small extent, and, although very similar to cyclones in many respects, they form a distinct class, 
and it can scarcel~· be said that the~e is an~· connecting link between th~m and cyclones, or, iu 
other words, that the smaller c_yclones commence where the larger tornadoes leave off. 

91. The general equations of a cyclone (1) are also applicable to a tornado, but, on a-0connt of 
the small extent of the latter, the terms in those equations depending upon the earth's rotation 
and containing n as a factor may be neglected in the theory of tornadoes without sensible error. 
At the distance of 1 1000 meters from the center of a tornado, on the parallel of 4501 the lim~ar 
gyratory velocity, due to the earth's rotation, is only about 185 meters per hour, or 0.05 of a meter 
per second, and at other distances nearer the center less in proportion to the distance. This is so 
small in comparison with the usual velocities in tornadoes that it may be neglected. 

Since in equations (1) the plane of P 1 and origin of hare entirely arbitrary, we can put P for 
P 1

, and if the quantities in the equation all belong to the same stratum h vanishes. Hence, neglect
ing the term depending upon the earth's rotation, and putting for • its value in (2), we get 

(a) ~ 
1 'l'2 

-

-;, D, log r = r - F,. - D,u 

O = 2_.1'~ + F, + D,v 
r 
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From equations of (5) and (6)1 neglecting the term depen<ling upon the earth's rotation, or from 
the last of thP prect'ding by neglecting the friction terru F,, and integrating, we get 

in which 
(b) 

( r) 

the notation being the same as in § 3. The value of C. therefore, in this case, depends upon the 
sum of the initial moments of gyration relative to the earth's surface around the center of the 
tornado, and is independent of the gyration around this center depending upon the effect of the 
earth's rotation, represented by the terms r2

0 n cos v,. In cyclones, we have seen, this term deter
mines the manner of gyration from right to left in the northern hemisphere, and the contrary in 
the southern; but in tornadoes the manner of gyrati-On depends upon the sign of c, and conse
quently upon tile moments of gyration which the air, with reference to the center of the tornado, 
may ha·rn at the time of the origin of the tornado. The sum of these moments can rarely happeu 
tQ be exactly o, and the slightest tendency one way or the other gives rise to very rapid gyrations 
around the center where r is sma11, as must be seen from (b). This is exemplified in the case of a 
large fl.at basin of water wllich is allowed to run ont through a small hole in the center. The water 
may have no perceptible g.rration or motion of any kind, yet near the center it will generally run 
into a gyration the one wa.r or the other. The case is somewhat similar in a tornado, except that, 
instead of running down, the air of the lower strata, in a state of unstable equilibrium, runs up 
through those ahoYe at the vlaec where it receives its first impulse. 

92. lu C~'cloues the gyrations, since the,y de.pend upon the earth's rotation, are kept up as long 
as there is an interchanging motion between the central and exterior part, due to difference ot 
temperature, and they are merel,y modified, but not entirely destroyed, by friction. They there
fore continue as long as the difference of temperature and the radial interchanging motion con
tinue, and hence they may continue for a long t.ime. It is otherwise with tornadoes. Since the 
gyra.tious in these depend entircl~- npon the initial moments of gyration, and the tendency of 
friction. is to constantly reduce these, and consequently the gyratory velocities, the air is soon 
h1·ought tn a state of rest., or 1iearly so, and the course of the tornado is run. 

If the sign of (Jin (c) were ent.irely accidental, and not determined one way rat11er tha11 the 
other by any existing circluustances, the gyrations of tornadoes would be as often in one directfon as 
tbe other. This, howm·er, doeR 11ot seem to be the case, but they are generally, if not always, in 
the same direction as those of cyclones. The reason of this is that the atmosphere is hardly ever 
entirely free from cyclonic action, which, though almost or quite imperceptible, is yet sufficient t-0 
determine the manner of tbe gyrations of a tornado; for in order to do this, it is not necessary that 
the center or the tornado should coincide with the center of cyclonic action, but simply that it 
should be somewhere within the area of the gyrations. · 

93. In a cyclone, we have seen that the effect of the term depending upon the earth's mtation 
causes the gyratory velocity at the same distance from the center to be different in the upper and 
lower strata. In tornadoes, the eflect of this term being insensible, the tendency of friction is to 
reduce these velocities, where difforent, to the same, except near the earth's surface, where friction 
is great., and where, consequently, the gyratory velocities are much less. Since the friction term in 
the last of (a) bas boon neglected in obtaining (b), of course this last equation is not strictly appli· 
cable in the cases of friction, especially very near the center, where the gyrations are very rapid, 
and consequently friction much increased. In the case of cyclones we bav-e seen that the effect of 
friction is very great, and the actual velocities of gyration fall very far short of those given by the 
hypothesis of no friction. But a cyclone of the usual dimensions is a very broad flat disk of atmos
phere, very many times greater in width than in altitude, especially if we neglect the upper very 
rare part of it, while a tornado may be regarded al> a column of gyrating air in which the altitude 
is several times greater than its diameter. Hence, while the gyrations of such a disk are very 
much affected by friction, those of a tornado, except near the earth's surface, are affected very 
little, and in the upper regions they may be regarded as conforming very nearly to the law of (b), 
and con!l€quently the gyratory velocities, at different distances from the center, are very nearly 
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inversely as the distance. In the initial stages7 however, in which the whole energy of the tornatlo 
is mostly spent in overcoming the inertia of the air and in producing the gyrations, the Yelocitif'~ 
of gyration above and he.low may he, anfl generally are, very different, and at different distane('" 
from the center llo not at all conform t,o tlie law of (71), since they t11eu dq>entl upon tlrn initial 
gyrations wllich the air may 11ave; aud it, h; ouly afte:r the torna<lo has l>een Rome time iu action, iu 
a. quiescent atmosphere, or at least one iu which the progrcssiYe motions of the strata abon~ a.1111 
below are the same, that the Yelocities ahon• and below, except near the earth's surfar-e, hecouw 
nearly the same, and they conform approximately to the law of velocities itffersely a«s the distance. 

94. Let us now put P., t'0 equal tl1e barometric preRHlll'P arnl gyratory VPlocity, reApectiYel,'i-, at 
the distance t·

0 
frorn tltc· CNtter of tlw tol'Uado. "'p tht>u get from (b), af'tt>l' the iuitial stag·p;; of 

the tornado-

(d) 

With this value of r we i:,ret from the 1lrst of ( lt) 

(e) l D, lug I'= r'. 1•2.,1· " - F,, - H,u 
a 

and by integration, regar<liug a. a,s being sene.ibly inclepernlent of i·, 

(/) log P,,- l<>gP =~a r 2
,, (:.d' - 1) + af (F,, + D, 11) 

in which P 
0 

and Pare both at tl1e sarnP altitnde and tLP yalne of u ii-; giYei1 in (3). The last term of 
the second member depends upon the friction and the inertia of the air in its radial motion toward 
or from the center, and is gcnemlly very small, especially at some distance aboYe tl1e eartll's surface. 
The equation shows the relation between the pressures at the same altitude at different distances from 
the center. Since the friction of the gyratory motion bas been neglected, it is only a1>proximate, 
but very nearly correct, except near the earth's surface. ThtJ ya Jue of' r,,, therefore~ i;hnnlrl lw that 
existing at some short distance above the earth's surface. 

95. Besides the comparati\Tdy small amount of fricti011 i11 a torrnt1lo, af'. shown in ~!t:.!, tliert' is 
also another circumstance whicb causes the violence of a tornado to be much greater than that ot' 
a cyclone. It is seen from (9), neglecting n cos ,,, in tltis case1 that the force whi<'h o\Terconws tltt• 
friction and inertia of the air, in tl1e gyrations ir a tor11ailo, depends upon 11, that i,_, tlu~ Yelol'.it,Y 
of motion toward or from the center. Now, in an ordinary cyclone we hani seen that, in co111seque11ce 
of the effect of the earth's rotation, the. gyrator:r velocitie«s are less above than below in proportion 
to the amount of temperature di,,,turbance; and that tlrn greater part of the forne, depentling upon 
the temperature gradient, which keeps up the interchanging motion between the centraf' and 
external part, is counteracted h.r this difference of the gyrations abm'e and helow, which t~'luse8 

the centrifugal force to be greater below than above. In the tornado, however, in which the term 
depending upon the earth's rotation is inseusible, the vfllocity of the gyration:.; is the same a how~ as 
below, and hence the full force due to the temperature gradient is spent in keeping up the motiou 
toward the center below and from it above. This gives a greater value to u, and hence to th<> fo1·ep 
which overcomes the inertia and friction in the ~~ratory motion of a tornado. 

96. In the theory of the general motions of the atmosphere, and also iu that of cydones, tLe 
effect upon pressure of the inertia of the air was shown to be so small that it could ue neglected 
without sensible error, but in tornadoes the velocities are frequently so rapidly accelerated, and 
consequently the effect of inertia so much increased, that it now becomes necessary to take it into 
acoount. From (8), Part I, if we neglect the terms depending upon the earth's rotatiou, anil 1·eganl 
P simply as arising from "gravity antl the iner1ia of the air, we readily obtain 

~. D,P = - D 2 ,s -gdl1 

in which the direction of sat any point is entirely arbitrary, and hence may be a curved line. Sub
stituting f<>r kits value deduced from (9), (10), and (20), Part I, and putting 1t = D, s for the wlocity 
in t'he direction of s, we get 

(g) a+t gl - d log P = - udu - gdh 
a 
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Iu any case in which the air while expanding or being compressed neither receives nor loses 
caloric b;y what we han~ called the primary causes of temveratnre rlisturbance (§-),and hence 
generally in caseR or rapid expansion or co11tractio11, we Jrnyc from the relation hetween pressure 
aUtl temperature first g;iven hy PoisR011 

(11) 11 -( a+f} 
1\ - J~+ t., 

in which P., eorrespoJl(ls to tl1e 1ernperatnn~ 1 .. , ancl 2 = 3.443. From thiR we gp,t 

a t-t =a!_!"(~)~ 
\Yitli tlii8 Yalue of tlie firsll memher substituted in (g) we get hy integration 

( i) 2gfr a! t0 
( 1 - (~)-} )= u~ - u", + 2g (Tt - hJ 

in which P,, and h0 are the values of P and lt where u = u,. Hence barometric pressure depends 
npon velocity as well as altitude. 

If the initial and final values of P and u belong to the same altitude the last term in (i) van· 
ishes, and the equation is then applicable to horizontal motions. Since in such cases P, - Pis gen
erally very small, we get by development and neglecting Yery small terms of the third and lower 
orders-

(j) 2gl ll ± _ t., P .. - P = 156670 ll_±_!, I>,, ::- r = u' - u' 
'' p a P.. " 

\YitlJ u = O, and u = 20 meters per second, this gives at the temperature t0 = O, P 0 - P = 1.94"'m. 
Hence if a horizontal current of air with a velocity of 20 meters per second is stopped by a haITier, 
where u .. = o, the baromP-tric pressure is increased there nearly 2mm. But if the cnrrent is only 14 
rnete1·s per seconcl. and u .. = o, we get P,, - P = 1 "'"', aml a barometer place(} before tlrn barrier, where 
11 = o, would stand 1 """ lligher than in the current. The current, therefore, in l'ar_yiug from l 4 meters 
to ~O mete1·1' pt'r Recornl woultl cause an oscillation of 1 '""', and in varying from a calm to a velocity 
of ~O meters per second wouhl cause au oscillatiou of!!'"'". Hence where tl1e wind hlows by blasts 
and wit11 var:ving Yelocities a barometer placed as alHH'e, where u = o, is subject t-0 small oscillatiom; 
conespo11di11g to the blasts :md ,·ariations of velocity. For a varying temperature it is se<m 
from (.i) that tl1e osdllations would hp diminished innirsely ai< the absolute temperatures for the 
same variations of veloeity. 

Siuct• the liue of integration .~ between u" arnl u, or 11
0 and :r, is entirely arbitrary, the final or 

any intermediate Yelocity may have a.ny direction determine•l 11y the circumstances of the case, 
arnl tlw prN:ediug t>quation only requil'es that u., and u r;;Jwuhl lH~ at tlie 8!mH' altitude, and not that 
the motion8 throughout 8boultl he horizontal. 

Since m l1ori;\nntal mot.inns the chm1ge of t.Bmperature iR Ycry smaH we can regard t in (g) as a 
coni<tant e11ual to f,. \Ye thus get by iJJtegration, neglecting tlte last krm, since it vanishes in 
this <'ase-

(k) '' 11! 11 + t . a + t ~l\.l " (loµ: P .. - log P) = :1G07:10 ··· "(log 1\- log P) = 1t• - u•
0 , a · a · 

in which .1\1 is the modulus of common logarithms, a.ml must he used witll tllese logarithms. This 
gives almost precisely the same results as LJ), even for cousidera.ble ranges of P 0 - P. '\Vhere, 
howiwer, P 0 - Pis large, equation (i) must. he used, since in tba.t case the neglected t-erms in (j) 
become large, and the ternperatun\ t in (g) cannot he assumed to be constant in obtaining (k). This 
last makes it infinite where 1' = o, for where temperature is constant the relation between density 
and tension remains the same, awl the rate of acceleration consequently remains the same, and 
P only vanishes after an infinite duration of time, where the air flows into an infinite vacuum. 
Where the temperature of the expanding air is that girnn by Poisson's relation between tempera-
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ture and pressure (k), the final Yeloeity iu fl.owing into an iufiuite Yaeimm, as given by (i), since in 
this case the last term yani;ihes, is 

11 = I '.! n/ c a __ -+:( 
\ " "! 

and consequentl.r finite. 111 Urn fiowing· of ga;ic:o-; into an infiuitc Yacuum the tewsion does not Yan
ish in the orifice bnt only 1Yhen the Yelocit_y of the air eeasei;: to l!e aecelerated, Ro that the ,-elocity 
in the orifice is not giYeu by puttiug P = 0 in ( i). 

97. If we put t 1 for thP lfm1pt'ratnrc of the air" ht>n• it 1s 1111iP>w1•11t. 01· llc'arls ;;o, we get from 
(fl) in this case, ;,;ince \Ye call put udu = Il-

a+ 11 

(I) l ff d log P = - dh 

\\'here fl= t fur the s~w1e ya Jue;-; of Ii, it is seeu by com11aring thit< with (!l J that we ha>e 
udu = 0 in (g), and we get 

fl+ t I d log· P = - dh 
ti 

Smee l'oisson't; equation ( h) rn mdcpendeut of ,-eloc1ties, it. 1;; applicabh· when 11 hrcomes 
infinitely small or nmishes. and 1~onser1nentJ~- in thii-; c:rne. ThiR e•p1ation gin's 

d log r = £ I'.,(. a + t )' 
a p . a 

1 ' 
di= - dt 

a 

\Yith tlm; the vrece1ling equation gin's 

(m) ]),h = - l; = - 100.iti" 
a 

or a constant increase of 100. iu"' in tht> Yahw of h for Pad1 deL'lWt>il' of 01w dPgree of temperature. 
Let us now put 

.::1 =the decrease of temperature for each 100"' of iucrease of altitude where it io; dNcnuined by 
Poisson's relation, 

J 1 =the same in atmosphere q1tiescent, or uearlr so, where it may be ditlerent. 
We therefore haYe in general 

(m') 1> 1 __ mo 
,I- J 

and thi1,: gh·es by integration, rcg·:utling .JI as IJeiug cousta11t for all altitudes, 

JOO 100 I 
h - " = - (t - t) = -· (t - t ) " J ; J' " 

from whid1 we get 

t - (1 - JI (f - f) " . - J " 

From (l) and (g) we g·et 

1td11 =fl (a+ tr - l ') dh = - 100 .fl ( a+ t, - 1·). dt = 100 g ('(t,, =-t')___- Uo_- f)') dt 
,a+t J ·,a-t . J ., a+t0 

,-ery nearly; in which t,, i8 tile ternperatnre where u = o. 'l'hi;;, by me:.1u;; of the pn•ce11iug- yalne of 
- t' becomes 

100 ? .JI'" t - t 
1tdu = g ( 1 - ) " dt 

J ' .J / a+ tu 

The integration of this giYcs 

112 - Iii,,= ](lJ(l g ( ~' - 1)' (t .. - tf)2 
, a+" 

·with the Y:tlue of t0 - f = 
1

1Jo (h - 11 0 ) from a preceding equation, we ge.t 

·n) u' - u•. = g (J' _-:__-!_') (h - h.,)' = .0003593 a. (J' - J) (h - h.)' 
100 a + t, a + t., 
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By comparing the Yalue of D,h in the preceding equation (m1
) with that of (m) we get for un

saturated air 

(n) 

In tbe mterior of a tornado with rapidly a8cending eurrenfa, and where the air is not satu
rated, we can put .d equal to this value. If then, in the surrounding parts of the atmosphere we 
haw J' = 10.1, and(,= 80°, putting 1< = 0 at the surface, where h = o, (n) gives at the altitude h = 
t ,000 meters, u = 6m nearly, for the nlocity per second of the ascending current at that height, and 
hy the formula it increases in proportiou to the altitude. In the center of a tornado, bowe\er, 
the r~iou of cloud and saturated air generally eomei;; down to the earth, or nearly so, so that the 
ascending· currents are mostly of saturated air. In this case it is seen from Table I that the value 
of J is 111nl'.b lesR than in the case of dry air, and \aries considerably with temperature and 
altitude, and the air is in a state of unstable equilibrium especiall~· in the summer season, with a 
Yalue of' J' less than one-half of the value of J in ( o), required in the case of unsaturated air. By 
<~omparing the valueR of J in Table I with those of J' in Table II, we have, for the altitudes of the 
principal part of the cloud region iu the summer season, J' - J equal to about 00.15, and hence 
tlie average state of the atmosphere at this season i;.; that oi' tmstable eq11ilibrium when the air 
is 8aturatecl. Tornadoes therefore very fre•1uentl~-, if not generally, originate first in the cloud 
strata of the atmosphere, and afterward extend down to the earth. 'Yith the Yalue of ...!' - .J 
abm:·e, supposing it to be constant for all altitudes from 11 0 to 11., h;\' putting It,= o, and t0 = 20°, 
(n) gin•s 11 = 7.1'" for h, - h = 1,000 meters, aml iu proportion for other values of h, - h. But the 
value of J' ma.y ditfor very much from the aYerage values of the table, and give at different 
times, yery different values of J' - J. In the winter season it is seen, from the Yalues of J in 
the table, that J' - J is mostly, if not alwa;ys, negative, nnd henl'e we then rareljT, if ever, have 
the conditions necessary for a tornado. It should be borne 41 mind here that beside the state of 
unstable equilibrium, it is necessary to haYe some initial gyrator,v motion iI1 order to have a tornado. 
Frnni a comparison of the Yalues of J' in Table ll, deduced from Glaishcr's balloon ascents, with 
those of J iu Table I, it is seen that in high and cold altitudes the value of J' - .J in (n) is nega
ti H', and consequently 1t is decreased as 7t is increased, and hence the atmosphere is in a state of 
stable equilibrium and the ascending currents from the ren•rse state lower down may be very much 
retanled if not entirely brought to rest, and the air must conse!Jneutly fiow out from the central 
part at some intermediate altitude, as in the case of cyclone::;. \\'here J' - J is not constant but 
changes with the altitude by some unknown fuuctioIJ, the integration must he performed by me
ehanical quadratures, as in the case of Cj'Clones in~ 28. 

98. In consillering the motions of solid bodies or partieles contained iu the atmosphere of a 
tomado, it is necessary to have some general expre;.;si011 of the amount of resi;.;tance which they 
suffer in their motions through it. Let us confine onrsch'cs to solid or liquid spheres simply, and 
pnt-

D =the diameter of the sphere in t'entimeters. 
S = its specific gravity, that of water being unity. 
11 = its Yelocity in meters per second relative to the air. 

I:.= the resistance belonging to this velocity. 
W = the weight of the body. 

R = the specific gravity of the air, that at the earth's surface being unity. 

Frnm expm·imcnt.s made by Dr. Hutton with a whirling machine, as given by Professor Loomis•, 
the resistance of the air to a globe one inch in diameter, for all velocities from 5 up to 300 feet per 
f\f>cond, is represented very nearly by l{ = ,()(HJOH7~ it' ounceR, u being ex1)resse•l in feet per second . 
.Assuming that the resistance Yaries as the square of the diameter and density of the resisting 
medium, as deduced h,v Newton from theoretical considerations, and generally Yery nearly con· 
tirrued by observation, we shall have as a general expression, R= ,()()()()672 u• D's. But from exper· 
iments made at the request of Newton in St. Paul's Cathedral, London, in the years 1710 and 1719, 
with hollow glass globes five inches in diameter, and also with bladders, Professor Loomis deter· 

• Silliman's Journal, second !!E'ries, "1"01. 17, p. 48. 
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mined that the coetlicient of resistances is about one-fifth less tbau that above.* Taking the mean 
of the two determinations we shall have H = .OOOOG06 u"D" s. Expressing· u in meters, D in centi
meters, and the resistance in grammes, we l!ave 

R = .00:!85!) u' D' .~ 

The weight of a sphere of water one centimeter in dianwter, exprcsseu in grammes, is 0.5238. 
Hence, the general expression iR 

w = o.:;2;i3 1 )3 s 

In the case of a bouy falli11g through the atmosphere, or any other resisting rneclium, tlle •·elocity 
of the llody is accelerated until the re;;istauce heeomes equal to the weight, after whicli tlH" .-elocity 
continues uniform unless the density of the uwdium cltauges. Denoting, therefore, this filial a1Hl 
uniform velocity hy u', we get, h,r equating tl1e expressions of Rand vV abm·e 

I - }'YI" l ,;)) s 11 - ._,,,)'± -
8 

(p) 

For spheres of ice, since in this ('ase S = 0.8G5, "·e ha,·e 

(p') 11
1 = l'.UiO J~: 

.A hailstone, tht'refore, one centimeter in diameter would fall through the lower atmosphere at the 
rate of 1:!.6 meters per second. At the J1eight of J,000 meters, where the \·alue of .~ is reduced to 
about 0.54, we should have u' = 1 i.I, and hence tl1e final velocits of r.ud1 a hailstone at that height 
would be considerably more. From the formula it iK seen that in the case of hailstones four times 
as great in diameter, the values of ·u' would he twice as great. 

In the case of au ascending current, with a velocit:-.· l"Jnal to n', the body would remain sus
pended in the air, arnl if this velocity were greater than u1 it would be carried upward with a 
velocity equal to the excess of the velodty of the ascending current over the value of u' gi\·en by 
the formula abo,·e in any case. Iu the case of a hailstone four ceutimeters (l.H i11elws) in diameter 
at the height of 5,000 meters, we have D = 4, aud s = 0.54, and with these .-alnes ( zi') giYes u1 = 3-!.2 
meters for the velocity of the a:;cemliug current requil'ed to keep such a hailstone suspended in 
the atmosphere at that height, and with au ascei·diug current of H.:.! meters per second it would 
be carried upward at the rate of 10 meters per second. 

The ascending velocity required to sustain a raiu-drop iu tlrn air is gh·en by ( p). If tl!e 
diameter of the drop is 0.4 centimeter, the formula giYeR u' = 2.7 metns for the .-elocit,y of the 
ascending current required to keep it suspended in the air uear the earth's surface wl1ere s = 1, 
but in high altitude8 it requires ccm8idera.hly more. Mr. Dines has measured rain-drops a:; small as 
.0033 iuclies (.083mm) in diameter.+ WitJ1 D = .0083'"' (p) gin:•s 11 1 = 1.2 mete:r,:s for the ascending 
velocity required near the earth's surface to keep the surnlleist measured rain-drop from falling to 
the earth. Cloud and fog partides may he many times less, and hence the ascemling \·elocities 
required to keep them snspeu<led in the atmosphere would be almost imperceptible. l\fr. Dines 11as 
mea:;ured fog particles a:s :small as .000():.! i11cht>s iu diameter,+ and those uot meai:;urable may be 
very much less. The law of resistance as the square of the diameter may uot hold Yery accurately 
for particles so very small, IJLtt the formula aJlplicd in these cases at least shows that the a . .,-;l'endiug 
velocities required to sustain them iu the atmosphere is extremely srna.ll. 

99. Where a body near th(i .-ortex of a toruado is kept suspemled in the air by ascending 
currents and at the same time gyrates rapidly around the center, tlie centrifugal forc11 ari:;ing from 
these gyrations may be much greater than that of gnnitr, and a enrreut of air toward the center is 
necessary to keep such bodies from beiug driYen by thi:; centrifugal forcii awa.r from the center, 
with a velocity much greater in some cases than wonltl lie required in an ascending current to keep 
the same body from falling. The ratio of the centrifugal accelerating force g' to that of graYity g is 
expressed by 

g' t,2 r2 
g = 2 rg = 19.61 r 

~ Silliman's Journal, second series, vol. 18, p. 70. t Quar. Jonr. Met. Soc.. t S,-mou's Met. Mag., .fan., 1880. 

S. Ex. 13--32 
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in which r is the linrar g~Tatory velocit;y, and r tlw tfo~tance from tbe center. Calling the lateral 
pressure ari:-;ing from this force \Y 1, eorrt'spondirig to the weight ,,-,in the case of falling bodiei;i, 

we get by multiplying 'V by ~' 
, 1 .0267 J)3S r 2 .02()7 D 38 r2"r', '' = -- -- -- = ----- .:J --- --r 1 

suhstitnting in the last form for the value of v tbat give11 in (rl). For the resistance of a horizontal 
cnrrt>nt wt> can ust~ the expres::;iou of l~ aho\'e iu the case of falling hodies, or of ascendiug currents. 
By equating the expre-;siou of R with that of W 1 WC get 

(q) I - 3 oGJDS 1·,,r,, it - • - • --
s rj 

for the velocity of horizontal current toward tlie center which would resist the centrifugal force of 
gyration, and prevent the holly from lming- drinm awa;v. 

Witli a gyratory Yelocity of 1\ = 3 meters at tlie distance of r0 = l,000 meters this formula 
giYes at the <li'ltam·P- r = 100 meters, in the case of a sphere of ice in wbicb S = 0.865, and a diameter 
equal to one centimeter 11 1 = 8.(i rnt>ters for tlle Yeloeit~· of current rt>quired to keep such a body 
from being· driven awa,Y from the cPnter, at or near tlw earth's snrface, tlrn velocity required being 
some grPater as tl1e altitmle increases and the Yalue of s becomes less than unity. 

In general the motion of the air relatiYely to the body j,.; hotb toward the center of the tornado 
and aseemling, and as tlH' resistan1•(1 is aB the Bqnare oftlli" Yelocity, this resistance, when resolved 
into the direction of the two components of Yertical and horizontal motions, is as the components 
of velocity a11d not }IS tlwir i-;qnares, where thP, result aut vp}ocity remains the !'lame. In imch case 
the expreARion of u' in (g) must be multiplied into the cosine of the angle between the direction of 
the resultant Yelocity relative to the l)()dy, and a horizontal line drawn toward tbe center. The 
body beiug Rnppose1l to be carried around with the air, the gyratory motion of the air relatively to 
the body is 0. 

100. From (e) it iR Reen that iu the cm;e of gyratory motion arouml the center the pressure is a 
function of r, and diminishes H-\ry rapidly near the center, where r becomes small. At different 
altitudes it is also a function of t i11 tlte Cttsc of asccndirig air, the relation between pressure and 
temperature being then expressed by (h). 

Let 
P', aml t', =the pressure and temperature respectiYely of air at the earth's surface and at 

(he distan~ ro from the center; 
f 1 =the temperature of the 1lew-poi11t at the earth's surface; 

P 1 = the pressure of the air when by ascending from the earth's surface and expand
ing its temperature is reduced to t1 ; 

h1 =the height of the stratum at tbe distance r 1 of which the pressure of the air is 
P 1 and temperature t1 ; 

We then get from (h) 

a+ t' log P'. - log P, =. log--0 

0 + t, 
Neglecting for the present the very small terms in the second member of (/) representing the 
friction and inertia of the air, we get 

(r) logP', - log P' = za'v3,(~· - 1) = ::lv;l aiv) ~· -1) 
by substituting for a 1 its value deduced from (10) and (20), Part I. Subtracting the latter from the 
preceding equation, we get 

a + t' v2 a, ( r2 
) 

(s) log P' - log P, = c log a~+t1 ° - 2 ;l a + t'. -;:.f - 1 
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From the usual barometric formnllli for the del!wminatiou of al tit mle:-;, we have 

(t) log P' - log P, = ___ h_, ~· 
l (. 1 +I',.' +TJ. 

, 2 a ,, 
We also get by de\·elopment. 

(fl) log :-t{ = t'"--:i-!' ( 1 - 1~2-~ t, + t',,: ~/'1 - &c. ) 

Since the values oft',,, t', and ti,tliffer lmt little generally, especiall.v when h, iti not n·t',Y g-reat, 
we can put them all equal tot/ in the small terlll of the second onler, a111l tilen 11egiecti11g all terms 
of a third and lower onlers in tlie <len•lopment, we get from (.s) (f) a11<l (11) 

d ( ~) 1'2 / r2 - .,.2 . 1·2 ·, 

(t•) Ii,= a -1', - t,_ - '.!-~ (, 
1
: 2'"- - 1) = 100."iG (I', - t,) - W.tll (, r" - 1) 

'l'he first term of tllis expression of It, give,; tlrn lH•ight at whid1 thf' aqueous v;q1or o• tlH' 
atmosphere at the earth's surface of the temperature t',, a11d lltcw-poi11t f; i11 as1~1c111li11g is li!'st 1·n11-
densed into cloud at the distance r, from tlw ctmtPr wl1ere tLe tc•11;;i,111 or IJrPs:mrc or tit!' atmos
pltere is impposed to be not sensihl,y affected by the forces ;uisi11g fro111 tl1e g·)Tatious of tlw air i11 

the tornado. 
By sub:stituting t' in (r) instead of its expression in (rl) we get the s:nne n•latim1 het1\'\'t'll tl1e 

gyratory Yelocity i• and the barometric presslll't' whicll is gin•u hpt1n•e11 11 awl this pn•;;-;nn•, as 111ay 
be n adily seen from an inspection of the first of (11), from the i11tPgrario11 of 1y!Jil:h t !Jps1• n'lation,.; 
are obtained. But (r) i:o; only approximati\'e, arnl although 1mtlfoi<'Htly <wcurate in all 1mwtil'11l 
applications, yet wheu there is a great differeuet• lwtween I\ and I', (i) ;,lwuld be usPd, p11tti11g· the 
last term equal 0, ;;ince in (r) a1:1 well a;; in()) and (k) it was a:,;sun1e1l that the tl'lllJH•rarm·1· is tl1e sanw 
at all distances from tile ce11t1•r; but tllis niries CJIHlhlerabl~- whe11 I',, - J' is la1·ge. \Y t' ~t>e from 
the comparison of these eqnations we haxe the sanrn relation lwtwePu t li1· pres:sun·,.; aud tht, n•lrn~i
ties whether these veloc~ities be \ertic;tl, radial, or gyratory, or any resnltaut8 of all tl1ese, autl 
eonsequeutly in an:y direction whateYer. 

If we put l! for tlie value of r, where Ji, = O, we gl•t from (r) 

R = ---=--=-------~r?_ 'nf' _____ ----v 1rnu (t', - t,) + i·', 
Putting V for the value of 11 where h, = o, (rl) giYe8 

(;l") V=1~_i:_ 
R 

101. If we put h2 for the ,-ahw of It where t0 = O, tLat is, for the height <]f tlie stratum of zero 
temperature, the formula (t'\ is applicable in this ca;;e by putting t, = O, proYitled tlle air does not 
become saturated before 1·i::dng to lhat elevation. \Yuen the air is saturated the \·altw of e in ( r) 
must be different from that of uusaturatetl air. From (m) aml (m') we get. as a general expression 

in both cases 
l< 100 

(y) 
(f. - J 

in which the value of .1 must be taken from Table I, Chapter I, for each special case, and hence it 
is not constant for all altitudes. A mean value, however, can always he taken whicll will give 

approximate results. 
"Then the. ascending air is not completely saturated below, but becomes 1;0 at the altitude Ii,, 

we get for the expression of h.,, 

. 100 'l'
2 

( r" ' 
(z) k2 = lU0.76 (t'. - t1) + J t, - fg.6i \_ r"" - 1) 

The duference consequently between k, and k, is simply .!~ t1 and hence a constant for all values 

of r. If the temperature t'. were 300, and that of the dew-point :n°, we should then haYe at the 
distance r. the value of h, = 302.3. The average value of J in this case for saturated air between 
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the temperature of 27° and zero, by Table I, is about 00.42. 'Vith this value of J, we should have 

at the distance r"' ht= 30~.3 + ~% + 27 = (m30 meters, whicli is the value of the first two terms in 

(z) in this case, tile effect of the last term of(z) beiug supposed to sensibly vanish at the distance r 0 • 

102. 13.r means of the Ill'eteding formula~, (d), (r), (c), (w) and (x), the results in the followiug 
table have been computed for four cases: with the assumed data of gyratory velocity, tempera· 
ture, and dew-point, in eacli case giYeu at the top of the table: 

- - --- --~--·-- --- ----·-------- --- ---~--- --1 I 

I 
t'u=-'-'"l,OOOmrters; t'o=30°; P'o=76Urnillimeters. ' 

-----~----~~---------------~-----~.-- ---~---------~~----- - -- - -----

1 r. I N:·~~-~7°,Vu=10"•. --N~~2---t1~22"-_Vo::~: No.~Jl1 =25°,v,,=lm. j No.~~t,=1Bo,v0_""_2~---. 

I
I h,. ''· I }'', h1° '-'· P'. '"· v. ' P'. .' h1. I v. P'. ' I : I . 
--.------ ,--- ----·-.--1----· 
I 1)L I m. 1 mm. · m. tnm. m. mm. ~ ! m. : mm. I 

I 
I~ ! . ... . . . . 1, 000 2 300 44:1 i... 100 716 699 200 635 

lo , . . . . . . . . 667 . 60 .. 
1 

200 634 I 278 67 74U , 9B3 133 682 

, 20!....... 5110 182 .... 1 H'iO 064 3~() 50 749: 1,082 100 716 

~,, I....... ~01) . 305 7~ I 120 697 422 40 I 71hl 1, 127 80 732 

311 :1:1:i 40~ 33 . 755 1, 152 67 . 741 

40 2.10 531 2!> : 757 

60 107 64R 17 759 

100 I 1 iO 100 1rn JO 7~0 

200 ~ 272 50 750 5 . 760 

400 I 29;J 2;-, 75R 2 760 

700 I 301 H 760 760 I 

1, 177 I 50 

1, 1951 34 

l,2041 20 

I, 208 . IO 

I, 2091 5 ' 

1,209 3 

2 

749 

755 

758 
759 

760 

760 

760 1, 2091 ! 1, 000 I 302 10 I 760 I ' 760 ' 
[ __ ·-----·-- . 1 ______ _ 

I I I 
' I H=l27rn, V=~7.:: ___ ~=24m, V=l~=~--l~-=lOm,::1~(}~-i- R=1:3_m~~-=-3~~---' 

\.Yith the assurncd ntlues of the constant;,; r,, r,,, t',,, and ti the values of h1 have been compntecl 
from (r) for each aH'3llllH.'d value of r coutai1wd in tho first column of the table above. The values 
of 1' and P' have been computed respectinily from (d) and (r), reducing the logarithms in the latter 
t() co111111011 logaritl11m; hy means of the modulus, aml using tbe ''alue of P 1

0 given abO\'e. The values 
of Hand rare obtained from (1r) and (.r). Silme tlw friction terms iu the original equations from 
whid.1 tlw preceding formula· han· heeu deduce1l have been necessarily 11eg1ecte!l, of courlle tbese 
a1·e nien•l;<o· theoretical result", t<.n· which cousidcrable allowances have to be made in some cases 
for tlie effects of friction, espedally near the earth's snrface and where velocities arc very ~reat, just 
as in the emm of formula· for tlw flowi11g of liquids arnl gases through orifices and for the spouting 
of fluid:; in which friction i1-1 neco;;;sarily neglected; for in these cases the observed velocities aud 
heights are often found to fall considerably below the theoretical ones. 

103. In No. 1 the assumell gyra.tory ,,elocity ·1'" = 10'" at the distance r
0 
= 1,ooom is that of only 

a \'ery geutle wind, and th(~ clata are all so ap,s11med that tl1t:'y may represent those of an ordinary 
tol'llado of small t>xtm1t. The dew-poiut uei11g 011!;1-· :.>o below tlie temperature of the air at the 
earth's :surface, tlie value of 71 1 or altitml1~ of tl1e base of the cloml at the distance r. from the cen. 
tcr, where it is suppoi.;ed to be uot i'iensibl.v atl(~cktl h,y tlie g,, rations of the tornado, is only about 
3!){J"', but in consef)uence of the Yery rapi1l gyrations nearer the center it is brought down to the 
earth at the tlistanee of 121"', where the g~-ratory ''elocity by the formula is 77 meters per second. 
Tlii.s, as well a,s the assn med velocity of r 0 , should be understood to refer to st.rata a little above the 
earth's surface, and not to the strftta very near the surface, and even at all altitudes the values of v 
near the eeHtm·, where tl1ey are Yery great, are very much modified by friction. 

It is seen from (n) that the co11ditio11 of unstable equilibrium and of ascending curroots, which 
is one of the condition~ of a tornado, requires J' t.o be greater than J. From Table I, Chapter 1, 
it is ~et>n that the \'alue of J in the lower eloud regiou, with a temperature of about 250, as in this 
case, is only about 0°.39, so that if the temperatur:~ of the air in the undisturbed stare diminished 
with altitude at a greater rate than 0°.39 for eacu 100 meters, we should have a state of unstable 
equilibrium, provided the air is already saturated, that is, that clouds prevail. If not, the tornado 
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cannot commence unless the air is either saturated down to the earth's surfaDe, or the unsaturated 
air there is in the state of unstable e,quilibrium, whicll would requirn the rate of dimiuution of 
temperature or value of ,;J' tbere to be more than IJ0.!)!)2. Bat if toma<loc>< arp included in a cyclone, 
as they generally are, we then llave the satnratt•!l air up i11 Ilic cloud region, arisiug from tile 
ascending current. of the interior of the cyclone, and we then liaYe tlie stat<' of unstable equilibrium 
with a value of J', in high temperatures, of only about 0°,4 and upward, <'Yen when t11e air near 
the earth's surface is neither saturated nor in the state of un:-;tahle equilihriam of unimturuted air. 
In such a case the gyrations commence first up in the clontl regio11, but soon exkud down to the 
earth's surface, since the diminution of harometri!~ press nm in the ('.entra l part arh;iug from the 
gyrations above causes the air to rusli iu from all si(lt>s toward the ce11ter i11 the lower part of tlie 
atmosphere. Of course, with the preceding ccrnditious, we must also have the other condition of a 
tornado(§ 91), which is an initial gyrator,y motion rela1iwly to tile center. 

104. With the assumed values; of r in the preceding table, and the correspondiug computed 
va.lne.s of h, in No. 1, used as co-onlinatfls, the cnrved li1rn in Fig. 14, repre:-;enting tile stratum of 
equal temsion P1 and temperature ti, and which i,,; the hase of the cloud, ii:; laid down. The cmTed 
lines with arrows represent the fatPral and ascending curn•nt:-; of the ail', the fonuer, near the earth, 
being mostly toward the center, in order to supply the !ha ugh t of the asct•mliug curreut in tlle 
central part, but ill the upper regions there must of course lH• a flowi11g out from tlie center. In 
connection with these motions, it must be borne in mirnl tlmt the air has also a g,rratory motion, 
and Yery rapid 11ear the center. Without this we shoul<l han• simply the ClllT('Il ts of Espy'l'i t lieory. 
\Vherevcr the currents of air enter withiu or alHJ\'C the li1w me11tioned ab•ffe, the invisi\Jlc aqueous 
vapor of the unsaturated air is now comleu;:;ed alHl lweome" visihle in the form of doml. Of course 
the original cloud particles are extreme!,\- small, but are co11ti11ually increasing in size by aggrega
tion, since the smaller particles are carried up more rapidly tlia.11 the larger ones, and tbeJ- are, 
therefore, constantly coming in contact with one another." If they become too large to hP kept 
suspended in the atmosphere by the ascending currents, they fall directly back to the earth, but if 
not, they are carried up where the currents an\ outward from the center, and arp. carried out from 
the ce11ter where there are no ascendin!!: currents, or only n\ry foe!Jlt• ones, an<l where they fall as 
rain at some distance from the center. The precediu; is for tlw most part truP in or<li11ary cyclones 
of large dimensions, except that the comparatively feeble a;:;cending- currents do not preYent tile 
rain from falling at any part after the drops attain a certain si.r,e. Jn a cyclone also the clond does 
not generally come down to the earth in tile ceuter, but is onl,\' a little lowered. 

105. The ascending velocity (u) iu t.he interior of a tornado, as ginm b,v (n), depends entirely upon 
the difference of temperature between the interior aud the l'lnrrnumling parti:i. and is independent 
of any gyratory Yclocity around the center, since the terms in (f) coutaiuing i•. as a factor and 
the friction term Fu' were neglected in obtaining (fl) and (n ). It is seeu that from this source we 
get only very moderate ascending velocities in tlic interior of a tornado, upon any reasonable 
and probable assumption of decrease of temJJerature with altitude in the surrounding uudisturhed 
atmosphere, as baa likewise been shown by Dr. He;ye.t V\'ith the better knowledge whie11 we now 
have with regard to the rate of decrease of temperature with increa,;e of altitude, both in ascending 
currents and in the normal quiescent state of the air, the as;snmptions by wllich .Kspy obtained very 
rapid ascending currents by his theory, are now known to be not only improbable, but entirely 
impossible. It becomes neces;sary, therefore, to seek some other explanation of the powerful 
ascending currents which, from the observations of their mechanical effects, are known t-0 exist in 
the central parts of a tornado. 

We have seen in the theory of cyclones that all radial and vertical currents {lepend upon dif
ference of temperature between the internal and external parts, and that when thi!'l difierence 
ceases to exist the cyclone soon vani8bes. It may ali:io be shown that when a is not a function of 
the temperature, equation (/) is satisfied 'with D,u = o, if v0 has the same value for all altitudes, 
and it is, therefore, satisfied without radial, and consequently without vertical motions. The radial 
and vertical motions, therefore, even where there is a gyrntory motion, depend upon the ditlerence 

"See notice of Professor Osborne Reynolds's paper on Rain-drops and Hail-stones in Nature, December 21, 1876. 
tDie "'\Virblestiirme, &c., Anhang, p. 230. 
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-0f temperature alreull.r reforred to, pro,·ided these gyratory motions are the same at all altitudes, 
and the Ydodty of the ascending mirre11ts in 1lw interior is stHl given by (n). It bas beffil ex
plained that all the strata, through friction aud other causes, although at first they may have 
differeut gyratory velocities, haYe a temleuc,Y to assnmc the same gyratory velocity, except those 
11eaP tl1e earth's surfam1, where the velocities are much retarded and diminished lly the friction of 
tl1e earth'l'i surface. Let ui;; now suppose we hatl a toruado with ver~· rapid gyrations near the 
center at all altitudes, aud 1:mffering 110 resistance at tlte earth's surfo,(,>e. 'Ve might then have a 
large harometric depression in the cent er, due mostly to the centrifugal force of the gyrations, a.nd 
com1iarati\·ely little of it to diffl~rence of temperature between the interior and surrounding air. 
But 11otwithsta111li11g the gri~at lJarometric depression in this case, the velocity of the ascending 
currenti;; would be ouly those given lly (n), which, we have S{Jen, could in no case he Yery great. 

lOti. If we 11ow suppose that tlH~ barometric depression in the middle of the tornado is 30"'m, and 
tuat from sorne cause the gyrations near the earth's surface should cease, so that there would be no 
force to resist the pressure belmr towartl the center, then by (k), with t. = 30°, and 'u

0 
=()in this 

case, wn should ha Yen= 8± met«rs for the al';cendiug velocity per second, caused by this difference 
of pressure. After the currents arising from this difference of pressure have once i;;et in, of course 
some of this difference would lie i;;peut in overcoming the friction, Ro that, as in all such cases, the 
actual velocity would be 80IIie foi;;;,;. If we now suppose that the gyrations below are not entirely 
wanting, but that the Yelocity is dimini;;hed one-half, then the centrifugal force would be one
fourth, and iso oHl)- one-.fonrth of the difference of pressure below would be counteracted by the 
ce.ntrifngal force of the gyrations. I1et us further suppose that another fourth is used in over
coming friction. \Ye would then Rtill lia\.-e a difference of 15'"m for overcoming the inertia of the 
air and producing an aseemliug· velocity. ~'ith this <lifi'erence, and with the same value of t,, (k) 
sti11 gives au ascending current with a velocity of 60 meters per rncond. It should be observed 
here that the direction of the current is not determined in (k), and cannot oe vertical at or very 
m~ar the earth's surface, but from the circmnstauces of the tornado must become approximately so 
at a short distauce al1ove the earth. 

V\' l' now see bow the enormous velocities of the ascending currents in a tornado may be caused 
by the difierences between the gyratory velocities above and those very near the earth's surface. 
The former prevent the air moRtl,V from pressing in to fill up the partial vacuum nea:r the center, 
wl1ile the smaller gyratory nlodties near the earth allow it to rush in there mostly to SU[>l}Iy the 
draught arising- from the diminished pressure withiu. As these gymtions depend upon the initial 
moments of gynition of the air ju the viciuit.Y around the center, the energy of tile tornado de
pt>Il(ls mostly upon these, the effect of which, by the nature of tornadoes, is mostly concentrated 
uear t11e 1•e11ter. But the temlency of friction is to constantly use up this energy, so that the 
tornado cauuot continue very long. The initial motions, however, by whieh the air is caused to 
run iuto ra11iil gyrations around the center depends upon the temperature differences, without 
which the tornado cannot originate. 

107. In order to account for the immense amount of min which often falls in a tornado in a short 
time, it is 1wcPssary to liase an estimate of the amount of aqueous vapor carried by the ascending 
currents of t.bti interior part np througl1 the bitse of the cloud into the upper regions, where it is 
condensed, and also of the depth of rain arising from its condensation if it all falls directly back 
to the earth. Let 

e = the elastic force of aqueous vapor at the l)ase of the cloud ; 
d = the depth of rain resultiug from the condensation in the ascending current, aupposing 

that the current extemhl so high that t,he vapol' is all condem;ed. 

Then, with an ascending velocity, u, the weight of aqueous vapor carried up per second, measured 
by the mercurial colunrn, is U.6~3 e1t: 7980. Multiplying this by 13.6, the specific gravity ofm~rcury, 
we get 

d = .OOlOGeu 

for the depth of r:tin given by the condensation per second. With a temperature of 210 at the 
base of the cloud, ais in our assumed example, No. 1, we have from Regnault's table, e = .0265"' for 
the elastic force of saturated air, and with this value the preceding formula gives for a.n ascending 
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velocity of 60 meters per second d. = .0016Srn per second or 0.101'" (about 4 inches) ller minute for 
the depth of rain, if it were to fall uirectly hack. 

Our problem is too complex, taking into acconnt friction and all other circumstauces, to deter-. 
mi11e the relation between the radial and vertical v<>locities; but we know that the radial compouent 
must be toward the vortex in the lower part of the atmosphere in order t-0 supply the draught of 
the asce11ding current, and greatest very near the earth, whem tl11'~ are least counteracted h~· the 
centrifugal force of the gyrations. But somew1iere above, it m<iy he at a great altitude or not, 
according to the rate of diminution of temperature with increa8e of altitude in the surrounding 
quiescent atmosphere at the different altitudes, there must be a flowing out of the air abo,,-e, RO tlmt 
in tbe ascent of the air there is an inclining toward the vortex helO\Y, as repr!-'seuted iu Fi~. 14, 
and from it above. The vapor, therefore, aho>e a certain altit11dc is gradually diRpersNL arnl, if 
condensed into rain, it falls at some distance from the \'ortex of the tornado. "'it!J an asl't'llding
velocit.y of 60 meters per second the rain would all bti carried up to an altitrnle where it would be 
carried out from tlle vortex, and hence none of it would fall <hre<'tly back. According to (p) ~mch 
a velocity would keep suspended in the air, at an altitude where the density it; dimiuishetl one-half, 
and where consequcntlJ' s = 0.;), a globe of water, if such could exiRt, with a diauwter D = 1.8'm 
(about 7 inches). \Vith such an ascending velocity, therefore, no min could fall direct])· had;:, hut 
there would be an immense fall of rain around about in the vicinity, especially if the torwvlo in its 
irregular progressive motiom1 should remain stationary, or near1y so, for i>everal minutes ov<>r the 
same spGt. Tlrnt an ascending velocity of 60 meters per secon<l, obtained fmm the assumptions of 
the preceding section, is 110 unusual velocity in tor11adoes, will be shown from the obscn·cd mechan· 
ical effects of tornadoes. 

108. If the velocity of the ascending current is not so great that the rain is all carried up to 
where the cmTents are outward from the -.ortex, and where con.seq nentl,v the water is disperned, 
and yet great enough to prevent its falling l>ack, then in the whole lower part of the elom1, up 
perhaps to the altitude of 3,000 metern, there may be an a.cc111n11lation of rain, preventet1 from 
falliug by the ascending currents, and from being dispersed by the intlowin~ currents from all sides 
toward the vortex. Of courHe the sustaining of this water in the eloud uses up the energy of the 
tornado and hastens its breaking up. Suppose the f:'yratory motions and energy of the tornado 
were such as assumed in§ 106, which give an effective force of 15mm for producing ascending currents 
in the interior; if we now suppose that the interior is so charged with water as to dimiui:sh this 
effective force from 15mm to 3mn•, this would require a weight of water equal to l:Jmrn of mercury or a 
depth of rain equal to 12 x urn= rn3mm (about G.3 inches), and the 3"',. remaining, by (j) or (k), 
would still give an ascending velocity, according to (p), much more tllan sufficient to keep the rain 
from falling in drops of the largest size, for by the former we should still luwe au a,;cencling 
velocity of about 27 meters per second, and by the latter this would support a drop with a diameter 
D = 4'm. If we now suppose that the energy of the tornado and the velocity of the ascending cur
rents are being gradually diminished, either by the accumulation of water in the cloud, or the 
effect cf friction, thls accumulation of water may all fall to the earth in a very short time, and giYe 
rise to what is called a cloud-burst. This is especially liable to occur in mountainous regions ; for 
if we suppose that a tornado heaYily charged with water is modug towanl the Ride of a mountain, 
l\f, as represented in Fig. 13, its coming in contact with the mom1tain wonld interfere n'l'y rnuch 
with the gyrations of the tornado aud the inflowing currents below, and tend to break up the 
whole system almost; at once, and let the whole accumulation of watel' drop suddenly down. Hence 
cloud-bursts usually occur on mountain sides.* 

56. The water in cloud,bnrsts does not generally fall as rain, bnt is poured d01rn. J,ong before 
the ascending currents are so reduced as to allow the water to fall in dropR it Reems to collect 
together at certain placeR and force its way downward through the ascending current in a stream. 
This it would naturally do, since we cannot suppose that the water is eYer evenly distrihuted oYer 
any given place or that the velocities of the ascending ctirrents arc everywhere in the same Yiciuit.y 

*This agency of mountain sides in can8ing clond-bnrnts waA 1irst suggested by Professor Trowbridge, of Columbia 
College, on hearing my explanation of the manner in which rain can be kept. suspended h1 the cloud, in a imper on 
this aubject read before the Na.tiono.l Academy of Sciences, in A11ril, 1878. 
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the same. A considerable mass having been collected at certain points, it is then enabled to force 
its wa_y through and draws into its train much more from all sides on its way down, so that it may 
~mount to a continuous stream kept up for several minutes. Of course, having once made an 
opening for itself, its -..~elocit.;\~ is gradually accelerated, so that on reaching the earth the velocity 
may become immense and tbe stream strike with great force. Each one of these descending streams 
may make a great hole or basin in the ground; and on a steep mountain side, if the stream continues 
for a short time, it may give rise to a mountain 8lide: or at least to a great ravine, carrying rocks 
and trees with it down the mountain side. 

Immecliately after the great tornado at Hollidaysburg, Pennsylvania, on the 19th of June, 
1838, Esp;\' visited the vicinit)' and examined the sides of the ridges and mountains. He found a 
great many holes eight or ten meters in diameter and one or two in depth, according to the nature 
of the soil and depth to the rock, the sides often cut almost perpendicularl:v down on the upper 
side, but entirely washed out below, so as to form tl1e commencement of a ravine. Sometimes the 
current seemed to strike with so great force that it made a great hole or ba:siu, and rebounded so as 
not to strike the ground again for a consi(lerahle distance. A considerable number of these holes 
in the earth were oftfln found close together in the same vicinity, indicating that the water was 
poured down through variom; opcningR at the same time. VVith regard to a ridge a half mile west 
of Hollidaysburg· he says: ''On examiniug the northnn side of this ridge, large masses of gravel 
and rocks and trees and earth, to tbe number of twenty-two, were found lying at the base ou the 
plain below, haYing been washed down from the side of the ridge by running wat~r. The places 
from wllich these masse,; started could easily be seen from the base, being only about thirty yards 
up the side. 011 going to the head of thef'e washes, they were found to be nearl,\- round basins 
from about one to six feet deep, without au~- drains leading into them from above. The olcl leaves 
of last year's growth, and other light materials, were 1,ving undisturbed above, within an inch of 
the rim of these basins, which were generally cut down nearly perpendicularly on the up11cr side, 
and washed out clea11 on the lower. The greater part of tLese basins were nearly of the same diam. 
eter, abont twent~· foet, and the trees that :sto0<l in tLe.ir vlaces were all washed out. Those below 
the basin were generally standing, and showed b~~ the le:owes aml grass drifted 011 their upper side, 
hmv hiµ·h the water was in mnning down the side of the ridge; on some it was as high as three 
feet. It probably, howeYer, dashed np on the trees above its general le\'el." (Philosophy of Storms, 
p. 37;'.i:) Tn an 1w1:01111t of a remarkable storm which occured at Catskill, July 26, 1819, it is stated 
that" the rain at times desce111led i11 very huge drops, arnl at times in streams and sheets." Again, 
another ob:-iern'r "particulad;\- noticed that he <'Onld see no drops of raiu, but the water seemed to 
deseend in stream8 allll sheets." lt is evi(lent from these, and many other similar paragraphs which 
might he citf'd, that the water in snch cases is poured down in streami;; and does not fall as rain, 
especia11y since the lig-htest materials were not washed away close to the margin of these basins on 
the upper sides referrP1l to aho\'e; and the reason of this, evidently, is that the accumulated water 
in the cloud is poured 1lown in stl\~am;.; while the ascending- currents are, as yet, too rapid to allow 
the largest drops to fall a8 rain. 

110. It ma~' lw snvpose<l by sonw that a11 ascending velocit;r as great as 60 meters per second, 
as (leduced from the assumptions in§ 1 OU, is not only extremely ran•, but one which never occurs in 
an~· tornado. This reqnireR a barometric depression in the interior of the tornado of about 30'"m. 
By examining column P' in the tahlc of § 10:!, it is seen that with the assumed conditions of our 
tornado, the theoretical te11sion of the air 

0

llear the center nearly va.uishes, and the interior becomes 
almost it 'aeuum; hnt of eonn;e Yt·ry gre.at allowanees must be made for friction so near the ceutt>r, 
where tlie theoretieal gyrator~· YelocitiPs almost hccome infiuite. For since tl1e air of the ascending 
current in tlle vortex is mostly 8llpplied by the current near the earth, where frietion is great ancl the 
g.yrator.r velocity much diminished, this affects tbe gyratory nlocities very greatly all tbe way up, 
so t.bat. they may differ very mul'11 near the center from tliose given by (d), in which the effect of 
friction is ueglecteu. Bnt tliat the tensiou of the air is Yer;\· much dimini8hed in the middle of 
tornadoes, much more than the assnme11 amount of 30"'m, is nb-..-ions from the ex11losive effects often 
observed iu the pai'.'lage of a tornado. The walls of houses are thrown outward in every direetion, 
cellar doors are lmrst open against the force of a hurricane wind, corks fly from bottles, and explo-
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sions occur wherever air is oonfined, which denote a great and sudden diminution of the outside 
tension of the air from the diminished pressure in the tornado, so that ascending velocities may, no 
doubt, be often much greater than that wlliclt would arise from a depression of 30"'"' only in the 
interior of the tornado. This may also be inferred from the powerful force of the ascewling cm·
rents in sustaining and carrying in the air large and heavy bodies t-0 a great distan<:e. Of the many 
examples which might be ~iven it is only necessary to cite one well-authentivated case: During tlie 
tornado at Mount Carmel, Illinois, June 4, 1877, we read that "the spire, -vane, arnl gilded ball of 
the Methodist church were carried fifteen miles to the nmtheastward." Nothing ii,; stated with 
regard to the material of which it was oonstructed, but we must infer that the ascending currents 
which could keep it suspended in the air for at least fifteen or twenty minutes must have had an 
enormous velocity. According to the formula (p) the ascending velocity required to keep a svhere 
one meter in diameter and of the specific gravity of water suspemlecl in the air is 135 meters 1)er 
second. On account of the probably greater surface, in proportion to the weight, in the case of 
the church steeple, the velocity required was i>erhaps much less than tbiR, but tl1is estimate in the 
case of the spbere enables us to judge better with regard to what WM; required in the case of the 
church steeple. One reason why heavy bodies are not more frequently lifted from the earth and 
carried up is that at the earth's surface the velocities are necessarily horizontal only and the vertical 
components of velocity are naught. If heavy bodies were generally in the situation of church 
steeples they would be more frequently carried off. 

111. The expression of a,§ 107, is applicable to cyclones or to any ease of moderate rain in 
which there i8 little or no cyclonic action. Wherever there is cloml or rain there are a»cemling 
currents, but the velocities in such cases are generally very small in comparison with those in the 
vortices of tornadoes. With descending currents, however gentle, there can be neither cloud nor 
rain. If we suppose the velocity u of the ascending current to be only 3 metero; per second, and 
the air saturated at the temperature of 270, we have in this cased= .00318 x .026.'.i = .00008iJm for 
the depth of rain given per second by the vapor carried up if it is carried up so high that it is 
all condensed. In summer temperatures the mean rate of diminution of temperature with decrease 
of altitude, as may be seen from Table I, Chapter I, u about 0°.4 per 100 meters in the lower part 
of the cloud. Hence at the altitude of 31000 meters the air, which at the earth's surface is 30°, and 
270 at the base of the cloud, as in our assumed example No. 1, is cooled down to mo, and at this 
temperature, according to Regnault's table, the ascending air has Jost half its vapor. Perhaps, Oil 

the average, the air does not ascend so high that it loses more than half, except in tormulom; and 
-violent cyclones, and in such cases, with an ascending velocity of 3 meters per second, we have 
d = .000042'" per second or .0025m per minute. ~ 

With an ascending velocity of 3 meters (p) gives, in th~ lower part of the at,inospherc, D = .05''"' 
for the diameter of the smallest drops which could fall, so that those still smaller wouhl be carried 
up and kept suspended in the air until b,v aggregation they should become large enough to fall, or 
unt.il the accumulation of water in the doud should diminish the velocHy of the ascending current 
sufficiently to allow them to fall. With an ascending velocity of 3 meters, only the larger drops 
can fall, so thJtt there cannot be much rainfall until the velocity is diminished. There is the1·eforc 
a limit to the rate of rainfall beyond which it cannot extend, and this must be considerably less 
than .0025'" per minute or 0.15m per hour. In the vortices of tornadoes, wltere tlte velocities are 
enormously great, of eourse there is a iuoportionat~ amount of vapor condensed to rain, but this, 
as we ha.ve seen, must either be poured down, or, if it falls as rain, must he scattered oycr a large 
area about the outer limits of the violent Ilart of the tornadoi where the ascending Yelocity is less 
than 3 meters per second. With very gently ascending currents the rain falls in small drops only, 
or a mist, before much aggregation takes place, especially if the air is nearly saturated aud the 
base of the cloud low. If the base of the cloud is high tltese small particles, in their slow fall 
toward the earth, may be entirely evaporated before reaching it. In such cases the lower base of 
the cloud bas no definite outline, and may fall considerably below the le.-el where oomlensation 
first takes place; for these very fine falling particles are simply doud particles not quire sustained, 
a.s usual, by the ascending current. 

112. We come now ro the consideration of kail-sror9R8. In our assumed example of a tornado, 
No.1, the plain or stratum of zero temperature, according to (z) 1ind the illustrating example under 

S. Ex. 13---33 
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it, which applie.s in this case, is 6,428 meters almve the base of the cloud, and, according to theory, 
if we take no account of friction, is likewise brought down to the earth in the center. A vertical 
section of this stratum, passiiig through the center of the Yortex, is represented by the curved line 
in Fig. 13, between the dark and light colored cloud. Since great allowance near the center, w:Pere 
the gyrations are Yery rapid, must be made for the eftect of friction, the region of freezing and snow is 
Jlerhap.s um~er brought entirely dow 11 to the earth, but, in general, the base is simply depressed a little 
in the center, as represented by the base of the cloud in Fig. 17. Below this base in Fig. 13 aqueous 
vapor is condensed into cloud and rain, but above, into snow. The rain-drops below may be also 
carried np into the snow region by the ascending currents, and, if kept suspended there a little 
while, frozen into small hail. The.se may then be kept suspended near the base of the snow-cloud, 
and increase in size by the rain wl1ich is caJ'fied up into this region coming into contaet with them 
before it has had time to freeze. In this way compact homogeneous hail-stones of ordinary size 
are formed. At the height of nearly 7,000 meters, tlrn densit:.r of the air in comparison with that at 
the earth's surface is 0.42. 'Yitll this as the value of .~, (p') gives u' = 2om nearly as the ascending 
velocity required to sustain a hail-stone at that altitude one centimeter in diameter. This, from 
what we have seen, is no unusual velocity for ascending current8 in tornadoe8, and one which must 
frequently take place, even at great altitudes. It is not necessary that the hail~stones should remain in 
the freezing region along time, or remain stationary. They may be carried from the vortex out where the 
velocity of the aseending eurrent is small, and dropping down some distance, may then be carried in 
toward the Yortex by the iu:fiowing current on all sides, aud up agaiu rapidly into the freezing regiou. 

Tlie nucleus of large hail-stones is generally composed of compact snow. A small ball of 
snow, saturated with unfrozen rain which is carried up into the snow-cloud, is formed in that region 
and freezes, and being of less specific gravity than compact hail, is kept where it receives a thick 
coating from the rain carried up, as in the case of the small hail, and afterwards falls to the earth, 
eitller at somr distance from the center where the aseeuding currents are weak, or near the vortex 
after the rapidity of the ascending currents has become sufficiently diminished. As there may be 
in the case of cloud-bursts a great accumulation of rain and a sudden down-pouring of it all in a 
short time, so in a hail-storm a great quantity of hail may be collected in the lower part of the 
cloud, brougl1t in by inflowing currents on all sides toward the vortex, after the ascending currents 
have become too weak to carry it up aml throw it out above again, and are still too strong to per
mit it to fall. But soon the interior of the tornado becomes so overloaded, and the energy of the 
whole system so much spent, that the hail is all allowed to fall to the earth almost at once. Hence the 
almost incredible amounts of hail which are said to sometimes fall in a short time. 

llB. ·when a bail-stone is carried up in or near the vortex and carried out above to where the 
ascending current is too feeble to sustain it in the air, it graclually drops down and the inflowing 
current draws it in toward the vortex, where it is again carried up, and thus describes a sort of oval 
orbit, a, b, or a', 111

, as represented in Fig. 13. It ma,r be thrown up very high into the snow-cloud 
region, as at a, or hut little above its base, as at a'. It ma,Y des0ribe a number of such orbits or 
revolutions before it falls to the earth. 'Yhile high up in the snow.cloud region it receives a coating 
of snow, and then while descending very gently where the strength of the currents is not quite suf
fident to sustain it, and near the base of the snow region where rain yet unfrozen is carried up, 
it receives a coating of solid ice, which ma~· be continued for some time after it falls into the rain· 
cloud, since the hail-stone still continues for some time below zero temperature. After a little the 
inflowing current below, as at b an<l b', draws it again into the vortex, where it is again thrown up 
into the snow region to receive a new coating of snow. It thus receiv~ alternate coatings of snow 
and foe, and the number of each sort indicates the number of revolutions described, before it is per
mitted to fall to the eart11. When we consider the enormous amount of water which is rapidly carried 
up in a tornado, and that the lower part of the region of freezing must contain mostly rain, not yet 
frozen, since the snow there formed is at once carried still higher, we can readi1y nndersmml how the 
hail-stone can receive a considerable coating of ice in a short time. While high up in the snow
cloud at its turning-point, as at a and a', it of course remains some time nearly at the same altitude, 
and, it is reasonable to suppose, long enough to receive its coating of snow. 

The accounts of hail-srones composed of a.nucleus of snow, and then of concentric layers of ice 
a.ud snow alternating, are quite numerous, but of the many cases which might here be cited we 
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shall refor to only a notable one whicb has occurred in somewhat recent times. In a liail-storm at 
Northampton, Mass., June 20, 1870, hail-stones foll weighing 01-er a half pound. i\fost of them were 
of the form of concentric layei·s like tl1e coats of an onion. ::"rlr. Hour:i·, who gtffe an acconnt of 
this storm (Silliman's .Journal, vol. uO, p. 403)~ state" that in one of them he counted thirtecu layen;, 
indicating, a.s lie says, that it had passed through as many strata of snow-y and yaporous cloud. 
The true explanation is that it oscillated as mauy times between the iain-cloud and snow-cloud 
regiom;, or, in other words, that it performed six or seYeu reYolutions with tlle lower part of its orbit 
in the rain-cloud and the upper part in the snow-cloud, as described abo,-e and as represented in 
Fig.13. 

The shape of hail-stones varies Yery much. Some are like a disk or Yery oblate spheroid. If 
for any reason the hail-stone becomes tile least flattened, the ascending current wllich keeps it sus
pended in the air also keeps its shortest d1ameter perpendieularl.r to the current, and 11ence it 
increases most on the edges. Others are of a pyramidal form. This has been explained hy Pro
fessor Reynolds in the paper alremly referred to. 

Hail-stones are sometimes of an enormous size. At Olmutz, on tl1e 31st of 1\fay, 1868, there was 
a hail-storm in which the larger stones were most1:-- of an irregular ova,l shape with uneven surface, 
the longest diameter being from 14 to 22 lines. Those from 18 to 22 lines all weighed over 3 dramR, 
and the greatest, 24 lines long1 weighed 5 draehms. (Zeit. Oester. Gesell. fiir !lfet., Band III, S. 318.) 

In Iowa, in April, 1880: "Hail-stones 12 inches in circumfereuce ha\"e 1Jee11 llH~asnrnd i11 Sac 
County. In Davis County a flattened disk of hail measured 4~ inches in diameter, and was 2 inches 
thick. In Iowa County a group of ice crystals fell, 2 inches in length, Ii inches wide, and 1 iuch 
thick." (Iowa Weather Service Press Bulletin, 82, April, 1880.) 

114. In the second example of the table,§ 102, the gyrator,r vclocit,\- at the distance of r,. = 1,000 
meters is assumed to be on1y 3 00

1 and tlle dew-point t1 eight degrees below tlie temperature of the 
air f 0 , at the earth's surface at the distance r 0 , where the influence of the tornado does not affect 
the tension and temperature of the air at the surface. 

From the co-ordinates rand h1 in the table tl1c cur\·ed line in Fig. li is laid down, representing 
the stratum of the tension P and temperature t, where the aqueous \apor of the air in its asceLt 
and motion from all sicles toward the Yortex begim; first to be condensed into cloud, a.ml wllic11 is 
conse(1uently the base of the c1ond, as in t11P case of the tornado in example. No. 1. The difference 
etween the temperatme of the air at the earth's surface and the dew point being greater in this 
case, the height of the cloud at the distance r,, where it is not sensibly affected by the gyrations of 
the air, is also greater, but it is ne\·ertheless brought down to the earth at and near the center of 
the gJTations by the great rapidity of these gyrations there, as represented in_ Fig. 14, aud forms 
what is called a water-spout. Hence n wnter,spout i.~ ximp1y the cloud brought down to the eartlt fr01n 
a Mn.~idemble keight in a tapering form to a snul<ll /Jase by the rapid gyratory 11wtions of the air. 

When the spout occurs on laud it is often called a laud-spout, but land and water s1muts are 
essentially the same. A water-::ipout and tornado differ only in their dimensions. It is seen that 
the same principles and formul:e are applicable in both cases, but in the water-spout the gyrator,;
velocity is less·, and consequently the base of the cloud or spout wltich reaches tbe eartli is smaller. 
In our example No. 2, (w) gives the radius of tl1e base n. = 24"', and (.i:) gfres v = l2;)rn as the gyra
tory velocity per second at the outer limit of the spout at or near the earth's surface. Nearer the 
center the velocity is very much greater. 'fhese are the thooretical velocities ol>tained b~- assum
ing v

0 
= 3m, Of course considerable allowance must be made for the effect of friction, which has 

not been taken into account in tlle formufa. In order to really ltave such velocitie" near the center 
iU any case of nature, and a spout as represented in Fig. 14, it would be necessary to ha\e 1'" per
haps considerably greater than 3"', but still it is reaclily seen how such it phenomenon can be pro-
duced upon the preceding princi1)les. · 

The destructive effects of so extremely great velocities can readily be imagined, especially at 
sea, where they are not so much diminished at and near the surface b;y friction. lf~ however, we 
examine the values of v in the table, § 102, it is seen that, although the Yelocities are enormously 
great near t.he center, yet they diminish very rapidlJ· with increasing distances from the center, so 
that these destructive meteors can be approached within a very short distance witli entire safoty, 
and they may pass very near without doing any injury. If, however, tliey pass clirectl,;· onir a ship 



 

260 REPORT OF THE SUPERINTENDENT OF THE 

at sea or buildings on land, their destructive effects may be very great and sudden, as is readily seen 
from theory, and often confirmed by observation. On land they are the same as toniadocs, except 
that their visible clouded part is not so low or so wide at the base, and the extent of the area of 
violence is less. 

Jn the center of a water-spout, as in that of a tornado, no rain falls or water descends in any form, 
though a heavy shower often falls in the vicinity. Ou land, dust and a great many light substances 
arc carried up in tlw interior, and as they arc being collected from all sides by the inflowing currents 
toward theTortex below, they often assume the form of a cone, which, in the first formation of the 
spout, seems to rise up and meet the descen<ling spout, falling apparently from tlie cloudR, and thus 
the whole phcuome11011 often assumes the form of an hour-glass. Of the great tornado of vVest Oam
l1ridgc, August 22, 1851, it is said:* ''To some who watched it closely its form resembled a tall 
wide-spreading elm-tree. To others it appeared like an inverted cone. Several represent it as a 
dense uprigllt column, and a few as having the shape of an hour-gla..'ls-" The average width of 
destructive violence was about 300 meters. The several observers, no doubt, saw it at different 
times, and under somewhat different circumstances, in its progressive motion over the inequalities 
of surface. It was only wltere the earth contained a great amount of dust or other light materials 
on the surface that the right cone at the base was observed, and the whole assumed the figure of an 
hour-glass. This tornado evidently had a good deal of the water-spout feature about it, and it prob
abl.Y fell somewliere between the two fonns represented in Figs. 13 and 14. 

On the 14th of August, 1847, J>rofessor Loomis observed a water-spout on J1ake Erie,t the height 
of which, by a rough estimate, was about a half mile, and the diameter about ten rods at the base 
and twenty rods above. This coincides very nearly with our No. 2, represented by l•'ig·. 14. No 
observations of te1111rnrature of the air or dew-point are given, but the difference, by theory, must 
have been about so to give the olJserved height. 

In water-spouts at sea there is a rising up and foaming of the sea water under the s11out, on 
account of the greatly-diminished atmospheric pressure and rapid gyrations within the spout. By 
theory the water rises 13.6"'m for each millimeter of barometric depression, &o that if there should 
be a depression of lOOm"' the water would rise 1.36m. This heaping up of the water is always 
obsenml, and 011 accmrnt of the rapid gyratiug currents of the air the water is much agitated 
at the surface, and much of it may be carried up in the interior of the spout by the aRcending cur
rent. This sometimes gives the spout a whitish appearance below. The heaping up of the water 
and rising of the spray, cam:ed hy the great agitation, sometimes gives the appearance of a small 
right cone, as occurs in land-spouts from the collection of dust and other light materials. The '\"\ ater 
which falls as rain, in connection with a water-spout, is always observed to be fresh water, for the 
l'm1all amount of sea water can-ied up, when mixed with so much rain water, is not perceptible. 
That water-spouts do draw u11 water we know from observation, from which it appears that ponds 
are sometimes drained, and the fish, frogs, &c., transported to a considerable distance. 

From a comparison of v with P' in table, § 102, at the different distances from the center of a 
tornado or water-spout, it is se€n that the barometric pressures are very little aftected except within 
tl1e limits of destructive violence, where obsen'ations are not conveniently made, and hence itR 
effect upon the barometer is rarely observed. 

115. 'Vi th the co-ordinates rand h of No. 3 in table, § 102, we get the form of spout represented 
in Fig. 15, and with those of No. 4 in the same table we get the form of Fig. 16. The former is uot 
very tall because the dew-point of the air does not differ much from its temperature, and the base 
of the spout is not very large on account of the smallness of the assumed gyratory velocity v.. In 
the latter the spout is very high because of the great difference between the dew-point and tem
perature of the air at the earth's surface. It consequently requires a very great gyratory velocity 
to bring down a. spout with even so small base from so great a height. By assuming different tem
perature, <lew-points, and gyratory velocities, we can obtain spouts of a great variety of forms
from the tornado cloud, with its base covering a considerable area, to a very tall, slender pillar of only 
one or two meters in diameter. 

With regard to the observed dimensions of water-spouts, Horner says that their diameters 

•Tornado of West Ca.mbriuge, August 22, 18511 by Charles Brooks. t Sillimn.n's Journal, vol. iv, p. 362. 
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range from 2 to 200 feet and their heights from :10 to 1,500 feet. Dr. Iteye states that their diam
eters on land at base are sometimes 1nore than 1 ,ooo feet. 'l'liesc correRpoml with our tornado 
cloud, Fig. 137 and consequently they han· little of the appearance of a spout unless they are tall. 
Oersted puts the usual height of water-spout;.; from 1,500 to 2 1000 foet, !Jut states that in solllP 
rare cases they cannot be much less tlrnn 5,000 or G,OOO foet. Of course all such ('Stimates art' n•ry 
vague, and may lJe Yery rnucb in error. V'ntll a l1igh temperaturn a1ul \Pry low 1l1·w-point, differ
ing from the temperature of the air about H>0 , a water-spout one mile in height wouhl he obtahwtl 
by the formula, hut spouti;; of this height proliably occnr very rarnly. 

116. The Journal de Physique, vol. 88, contains account8 of a great many water-spouts, with 
remarks by M. Dcfranc, from which the following· items are extracted: 

"On the 23d of June, 1764, a water-spout was seen on t.lrn Seine, which had its b:tse ou tlie riYer 
and reached up into the clouds. It was .i udged to be ahou t three fret in diameter at the clon<l a11d 
still less wlwre it touelied the river. There were some 1mrts transparent, wliich allowe<l tl1e ascensio11 
of the wate1· to be seen. It finally hrnke at ahont- one third of its hci~ht. The lower imrt foll i11 
rain, the uvper part was drawn up into tlrn cloud in a secoml of time, and the phenomenon wa.s 
followed bJ· hail." 

This spout is remarkable for the smallut>ss of its diameter. Then• wa;;, 110 cloubt, water carriPcl 
up in it from tl1e river, hut wliat appears to be "·ater ascending· in ·water-spouts may he merely thP 
condensed vapor of foe atmosphere iu the form of cloud or mist. The lower part, without much 
doubt, bml water in it which fell back into the rinr when the spont broke. \Yater-spouts arc often 
obscrvcll to drop down from the cloud in an incredibly short i.nstan t of time and to lw drawn up 
again in the same manuer. 1-Vhen the gyrations are such as to not quite rrnluce the tension and 
temperature in the center, so ~t,., to condense the aqueous vapor, a very slight increase at once reduces 
the temperature sufficiently and the spout becomes ,·isible from top to bottom almost iustantane
ously. Just the re\·erse of this takes place when the spout l)l'eaks, arnl it appears to lw drawn up 
instantly. This is especially the case in small spouts like thi8 mw. The hail indicates that the 
aswnding currents of this spout extended up into thJ region of freezing tenq1erature, lmt mo;.;t 
probably the hail was not formed from tliB water of tlie river. 

"On !\fay 17, 1763, Captain Cook saw six water-spouts upon Queen Charlotte Sound. In one 
of these a bird was seen and in arising was drawn in by force and turned around like a spit. Their 
first appearance was indicated by a vinlent a,gitation and elevation of the water. \V!te11 the tube 
was first formed or became visible its apparent diameter increased. It theu diminished aml llecanw 
invisible at its lower extremity." 

The observation of the bird's beiug drawn in is important in showing that there is a drauirht 
and an inflowing of air from all sides to supply the ascending current. 'l'he obsen·ation also shows 
that the air has a gyratory motion around the center. At first the g,yratfons are graduall,v increased, 
and after the spout first appears as long as the gyrations are increasing the spout, !Jy theory, must 
increase in diameter, but the reverse when the gyrations begin to diminish. The Yiolent agitati011 
and heaping up of the water before the spout appears, sl10ws tltat the gyrations and lmromPtric 
depression in the wnter exist beforn the spout becomes visible, and that the spout onls av1)ear1-1 
after the diminution of tension and temperature necessary to condense the »a1,or occurs. 

"On the 12th of July, 1782, there was a water-spout near the Island of Cuba. The base 
appeared to occupy the space of four toises, the base of the colunrn four feet, its middle tPn foct, 
and the up1)er part, in enlarging, formed the cloud. l\1any discharges of a eannon i11terrn11ted tlw 
course of the water from the sea, which was elevated in rapid spirals and separated from the base.'' 

This likewise seems to have been a. spout of small diameter, but of the usual tapering form 
toward the bottom and a rapid widening above to form the basl:' of the cloud. 'fllat tbe tlischar~t' 
of cannon may tend to break up water-spouts of small dimensions, is not to be regarded a.s improb
able and entirely imaginary. In such a spout the ra11idity of the gyrations, by theory, extends to 
a very short distance from the center, and the whole comprises a mere column of tJrn air of .~mall 
diameter, and that the great agitaUon or oscillating motion of the air arising from the. clischaq::-e of 
cannon should sensibly affect the moments of gyration and gyratory Yclocitics, and thus break np 
the spout, is not a.t- all unreasonable t-0 sup})Ose. 

M. Dct'ranc remarks that "he never saw a water-spout before 10 o'clock in the morning nor 
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after 5 o'clock in the evening"; that "they never appear during the night 1101· during the winter," 
and that "there are always two circumi'itanPes atternling them. 1rhe nrst is the presence of the sun 
during, or a little before, the phenomenon. The secon<l is the absence of the wind, or only a very 
feeble one, except always in the space occupied hy the water-8pont." 

Tornadoes and water-spouts originate only in an unstable state of equilibrium of the air, which 
requires an unmmall,y rnpid decrease of temperature with increase of altitude. This can take place 
only when the strata nearest the earth are unusually be:Ltecl, and this 1wYer occurs in the night or 
during the winter, anrl but rarely in cloudy weather. Tornadoes :uid wafor-spout.s, therefore, take 
place mostly, if not al ways, in the summer season and during the day, when it has been clear at 
foast a sJiort time before their occurrence. If any agitation of the air, such as that arising from 
the discharge of a cannon, tends to break up these meteors, then any considerable disturbance of 
the air from auy cause mnRt tend to prevent their formation, and hence they do not occur when 
there is more than a feeble wind. This, however, cloes not apply to land-spouts which are formed 
in the interior of a tornado, having their origin in a state of unstable equilibrium in the cloud 
1·egfon, and commence there, but ratl1er to water-spouts on seas aud lakes, originating in a state of 
un8tahle equilibrium of tlle lower unsaturated strata of the atmosphere. 

117. According to theory, without friction there would he a slender thread of spout at the center 
in all cases after the gyrations had fairly set in and heen marle to conform to the law of (d), hut on 
account of the effect of friction near the center, where the gyratory Yeloeities become enormously 
great, these velocities are very much diminished there, and do not conform to the law of velocities 
invtwsely as the distance from the center. The spout, therefore, is not alwa:rs brought down to the 
earth, bnt the base of tile cloud is simply hronght down a little in the center in the shape of a funnel, 
as represented in Fig. 17. This funnel-shaped cloud is to be seen at t.he first formation of a spout, 
before fully formed, and also at the cud after the Rpout is broken up, and is ofwn Qhserved in land 
tornadoes in which the whirl first commences up in the cloud. In this latter case the spout may 
not he brought to the earth at all b:r the gyrations, or these gyration_s may so increase and extend 
themselves as t-0 draw the cloud down over a considerable area of the earth's surface, as represented 
in Fig. 13, ancl then the cloud does not have the appearance of a spout. 

"'ater-spouts at sea, first a1)peariug some distance off, ca,n generalJy be avoided or, if not, prep
arations can be made to guard against the danger; but where they are suddenly formed on the 
spot, and drop down, as it were. from above, they give little forewarning of approaching danger. 
Tbis is exemplified in a case of recent occurrence. The British bark Bel Stuart; Captain Harper, 
011 tltc evening of No>emher 14, 1878, one hundred and sixty miles off Cape Sable, "was struck ~y 
a white squall m a comparatively smooth sea and clear sky, wl1ich swept her decks and created 
consternation on board. At 6 p. m. of the same day, all hands being on deck afwr supper, a 
strnnge fiigbing of tlrn wind was observed hy the watch, and the sky became. suddenly threatening, 
wit.bout a corresponding indication of the barometer, which showed a rising tendency. Captain 
Harper and his first officer were on the dtck at the time. AU hands noticed the peculiar change in 
Aea and sky and were discussing it, when, without a moment's notice, the sea forward seemed to 
swell up to meet the lowering sky and swept the bark across her bows, carrying away her foretop· 
mast, foretopgallant-mast, jib, jib-boom, foretopmast-stays, and the maint<Jpgallant-mast, with all 
thefr accompanying sails. In a moment, as it seemed, the bark, with all sail set and in a fair wind, 
with a moderate sea, was left a comparative wreck to wallow in the trough of the tremr,ndons seas 
which had followed tlte spiral volume of water. 'rwo minutes before the fatal catastrophe Ca11tain 
Harper says there was no indication of the water-spout." (N. Y. Herald, December 10, 1878.) 

It seems from this account that the bark ran into the spout as it was being formed and before 
it became visible. The sighing of the wind was caused by the ra11id gyrations of the air, and the 
threatening sky by the incipient condensation of the aqueous vapoP caITied up by the ascending 
current. The barometer remained unaffected because, as we have seen1 the barometric 11ressure is 
diminished only at and very near the center, and the observed rising of the sea was caused by this 
depression, as has been explained in the theory of water-spouts. The injurious effects prove the 
grea.t rapidity of the gyrations near the center given by theory. 

118. When we have the conditions of a water-S})OUt in fair weather with little moisture in the 
air, we have what are called icltite squalls or fair-tceatkcr whirlwinds. In such cases the dew-point 
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is so low, and consequently the cloud, when formed, is so Ligh, that the gyrations may not be able 
to bring it down, in the form of a spout, to the sea. But still the gyratiuns and the rapidly ascending 
current in the central part are there, and the rising aml boiling uf the sea. High up in tlte air, 
also, directly over tlie toiling of the ;;;ea below, is a patch of white cloud, formed by the condensa
tion of tile yapor in the ascending current when it arrh-es at tile height at which it begins to be 
condensed. This cloud may eYentuall.r exteud over a considerahle portion of' the heaYens, but at 
first it is a small cloud i11 a clear sky, as represented in Fig. 17, aml is whitt'. hecause of the great 
amount of reflected 1igl1t. It has, no doulit, the funnel shape beneath, but being higlt up, and tile 
obsen·cr being generally nearly under it, this feature is uot generally observed. If the air be not 
too dry it ma;y be followetl by a shower of rain. 

Peltier says: "\Yhite squalls arc rery rare, Lut the,\· are sometimes met with between the 
tropics, especially near elevated lauds; they are generally Yiolent and of short duration. They 
often take place when tl1e sky is clear and without any atmospheric circumstances giving notice of 
their approa,cb. The only thing which indicates their proximity is tile lioiliug of the sea, which is 
ver;y much agitated hy the viol~nce of the wiuds. Many of tl1ese squalls, which commence either 
by a little cloud, or even without any visible cloud, are soon accompanied b,\- •iolent rains a1ld · 
thick clouds." 

The bull's.eye squalls on the west coast of Africa are of prccisel,y the same nature. Accord
ing to Piddington, the Portuguese describe these squalls as "first a1•peariug like a bright white spot 
at or near the zenith, in a perfectly clear sky and fine weather, and which, rapidly dcscendi11g, 
brings with it a furious white squall or tornado.'' 

By comparing these descriptions with the account of the water-spout, in the pmceding section, 
it is readily seen that all these 1'r1ualls are precisely the same as water-spouts, except that tlie air 
is too dr,y, and the gyrations not quite sufficient to bring the cloud down in the form of it spout. 
They may occur almost an:nvhere, but are much more frequently met with in some parts of the 
earth than in others. The;r are very common on and near thf\ west coast of Northern Africa. This 
is because tLe atmosphere there is frequently iu a state oi unstable equilibrium. The tendency of 
the lower strata of the atmospl1ere tllere, as in the trade-wind region generally, is toward the 
west, except the surface sea-breeze currents in summer. This is· proYed by the immense amount 
of dust which is carried out from the continent over the oceim, so that ships and the whole surface 
of tile sea at times become covered with it. This air, coming from tile warm and dry deserts of 
Africa, is very warm. ·Iu the upper strata tile cold ocean air from the west overlaps this warm air 
below, and thus is produced a yery rapid diminution of temperature with increase of altHude, and 
consequently a state of unstable equilibrium, wl1ich is one of the conditions of a tornado or water· 
spout. The other condition of initial gyratory motion, as explained in § 91, can rarely be entirely 
wauting. Hence these squalls abound here, but not geuemll.v In connection with water-spouts, 
because the dry air from the continent contains too little moisture. 

119. In very hot, dry climates, wilere there is a sandy soil, we have sand-.~ponf,s, or pillars of 
sand. The dry air in such climates is frequentIJ- in tlte state of unstable equilibrium, aud tliere 
are all the conditions of a water-spout except the vapor to condense. The gyrations of the air and 
the ascending currents are the same as in the water-spout, but instead of carrying up Yapor, 
they collect the sand or dust from the vicinity aud ci1rry it up. Tbe inftowing current from all 
sides toward the vortex, up to a considerable height often, keeps it near the center. According to 
(q), however, there is a distance from the center wilere the force arising from the inflowing curreut 
acting u1>on the particles of sand, and the centrifugal force of the gyrations, are in equilibrium, 
and this distance depends upon the diameter D of the sand particle, unless we sup1)ose that the 
velocity u of the inflowing current toward the center is in\·ersely as ri, which is impossible, for this 
would make u infinite at the center, whereas we know that it mu8t vanish there. vVe know that 
u' must be such a fuuction of r that it will increase from the center, and also that it cannot iuereaS(~ 
as rapidly as the first power of r, for that would require the ascending current to be the same at 
all distanC<lS from the center, but we know it. must he greatest at the center. Let us therefore put 
u' = cri between these extremes. With this expression (q) becomes 

JDS 
cr2 = 3.06 r.vo -8 
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This shows that for different Yalues of n there is a corresponding value of r, and hence the sand
particles are arritugcd at differeut distances from the center, according to tl1eir size, the largest 
ones being farthest off. On account of the u11knmn1 Yalne of c in any case we cannot determine 
this value of r, but we k11mv mwh size of partwles must haye its status Pt some certain distance 
frm11 the center. The same result would be obtained witli either extreme of 11' = c, or 'U' =er, 
cxcPpt that the status of the particles would not be precisely at the same distance. 

If there was no limit to the size of the sand particles there would be no limit to the distance 
from the center at which the_\' would gyrate, provide1l the a8cendiug current were sufficient to 
carr:• tl1em up, lt11t "ith a limit to their size tht•re wonl1l he a limit to this distance, and this 
wouhi determine the ra<lin,,; of the sand-s11out or llillar of sand. But where there is no limit to 
the size of the particles, and they are of all 8izes from tl1e smallest up, even iu t11is case there is a 
co111lition which determines the size of th!' spont, antl that i8 that the ascending current must be 
8trong· enough to keep them suspernleil in the air. As the largest particles must gyrate at the 
greate8t distancei,; fm111 the center, there iis a certain distance at which the ascending current is not 
sufficient to :-mstain these larger particles, and this determines the-limit of the spout, for beyond 
this distance the larger. ·particles c:umot bB ~mstained and the smaller ones are tlriven nearer the 
center, where the ascending current keeps them from falling. 

The height of the spout in this ea~1· <1PpPnth1 upon the hpight at which the ascending currents 
incline outward from the center, for of rnnrse it is there carried away and dispersed. This height 
depends u11011 various circumstauees. J\fany of these pillarn of sand are observed t-0 be very tall. 
As tlie air iu the interior is collecte<l mo,,tl.r from ,·ery near the earth's surface, it is offon very hot. 
They gcnerall.v have a progressiYe motion witl1 tlte )Jl'P\-ailing" gi>ncral current of the wind. 

120. \Vater-sponts and sand-srmuts are lw/lou:. By the ef!uation in the r>rececling section, there 
rnul'lt lie a limit within wliich water or sand particles cannot euter on account of the centrifugal 
force of the gyrations, unless we suppose the smallest of these particles are infinitely small. And 
8i11ce r dimini1'hes as the fourth root of I>, e\·en i11 that ca8e there would be ,;ensibly a v:wm1m of 
particles, if we 8uppose the size;; to he Pqnally distributed. In the ca8e of the water·S})Ont the 
teusion and temperature diminish Yt>ry ra11itll.Y toward the center, so that before the vapor arriYes 
near the center it is nearly all coudensecl, and the centrifugal force tends all the time to drive 
the water or cloud particles away from the center, e\·en beyond the distance where condensation 
first takes place, as represented in the figure8 of tl1e water-spouts. But as tlte ascending cur, 
rent is yery rapirl, and the spout is larger ahon-, the particles are perhaps alwa;ys kept within 
that limit, and the spout is 11ot enlarged by the driving of the particles away from the center, 
lteyoncl the li111it where condensation fin1t takes place.. ln the case of both water-spouts and sand· 
spouts, therefore, if there is not an absolute vacuum of particles in the central part, the particles 
are tso exceeclingly rare. t,here that it must be regarded as being sensibly a vacuum. 

'l'he circumstances under which observations of such a vacuum can be made are very rare. 
l\l. Bow•, in the year 1850, ob8CITed three water·spouts at the same time on Lake Janina, from the top 
of ~1 high mountain. The weather was entirely clear, without clouth! or wind, but. very oppressiv~ 
aml hot. The spouts seemed to riRe up from the lake, and he could look down into the top of them 
aml see that they were hollow in the middle. (Bulletin Soc. Geologique de France, t. viii, p. 274.) 

Of a ~whirlwind observed at Schell City, Mo., in the summer of 1879, Professor Nipher says: 
" There were 110 surface winds strong enough to bear dnst along the surface of the ground, but the 
dust carried up in the vOTtex was collected only at the vortex of the whirl. The dust column was 
ahont two lmndred foet high, and ])erha11s ahout thirty or forty feet in diameter at the top. The 
1lirection of rotation waR the same as of storms in the northern hemisphflre. Leaving the road the 
whirl par>Red ont on the prairie, immediately filling the air with hay, wl1ich was carried up in some· 
what wider spira.ls, the diameter of the cone thus filled with bay being about 150 feet at t-0p. It 
was then obser\'ed also tllat the liust column was hollow. Standing nearly under it, the bottom of 
the dust column appeitred like an annulus of tlust surrounding a circular area of perfectly clear 
air. The area grew larger as tlle dust was raised ltigber, being about fifteen or twenty feet wide 
when it, was last obser\•ed." (Nature, Sept. 11, 11-179.) 

The water-s1)out connected with the great tornado of April 18~ 1880, at Marshfield, Mo., seems 
also to have been hollow. In this case the cloud was high, and, as frequently happens in land 
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tornadO'es, the spout was not brougltt dowu to the ground, lmt simply appeared as a fonud-slwped 
cloud. The following testimony is taken from an account of this tomado giYen hy Professor Xipl1e1·: 
·"Mr. \V. IL Steel, who heard it from a <listauce of half a mile, liear<l it roaring distiuetly; thl' 
cloutl was higli in air aud wa;.; cmw-sl1apml. 'I'll!\ bottom was, howeYer, high in air and was entirely 
clisconnect~d from tlte dust-whirl at the grmmtl. The bottom of the fn1mel seemed to s~-a.r so111t" 
what as well as to mon~ up anti dow11. It looked like dark smoke, arnl lte <·onld occasionally 1-1ee u11 
into the bottom of the funnel, which seemed to lle hollow. The inside R(•emed to tc ;.:onwwlrn1 
lighter colored than the outside. He saw also the eftects of wind at tlw 1mrfaee of tlie ground, 
branches being twisted from the trees. This e1-idence was given to Profos,.,nr Slu•p:u'l without ;111;. 

leading questions being aske<l." (:\Ii1-1smui Republican, l\fay 14~ 11'80.j 
121. The wind is oftPn ohsern~rl to blow in bla8t.s, with au oscillating Ya11<'. and n11:-itea1ly Lmro111 

eter. This arii,;es from tl1e air running into numerom; whirl;.;, or g,rratim1s, while it at the sauH' 
time has a progressh'e motion. These are especially liable to oecur in connection witli geu
nal cyclones extending over a comiideraule area, for tllen, especiall:> in the cloud region, the 
air is often in a state of unstable equilibrium, aud on account of the gyrat.imrn of the c_ycloue tl1e 
moments of gyration, with regard to any 11oiut in tlte cyclone where there may be a rushing up of 
the air of the lower strata through the upper ones, cannot generally be naught, and hence we Lan~ 
both conditions which are required for t.he formation of these wltirls in tlie atmosphere. TheRe 
may form small secondary cyclones, or tornac~oes and water-spouts, or simpl~· a slight wllirling in 
the atmosphere of not much Yiolence. Tbe progressive motion of the air in which these g,nat io1ti,; 
occur may be, and is mostly, that of the larger e:>clonl.' in which the small g·,..-rations occul'. 

\\'Jrnn the directions of the g;n·atory and progresRi,·e motions coincide, tile resultant velocit~ 
lmcomes unusually strong, and we ha,·e a strong blast. Tbe area of the whil'l passe:-: on an<l wt• 
liave the average velocity, or it may be succeeded inunelliately by the side of auotller w!Jirl in 
which the gyratory motion is in tlte contrary direction, and tlte aYerage .-elocity t.lten i:-: vers umcli 
diminished, or if the gyratory and progTessiYe velocitie"' are nearly the same, there will be sensiul;.· 
a. perfect calm for several moments. lt is readily seen, also, that with the passing of each one of 
t.hese whirls, or gyrations, the resultant direction of wind must at the same time chauge with the 
passing of different portions of the whirl, and this causes an oscillation of the wind vane. If th1' 
gyratory velocity is greater than the progressi\-e, it may he whirled e1ttirely around. These blasts 
and oscillations of the vane are especially ohserva hie on the clearing'-up side of a storm. Thi;; is 
the clear cold side, and as the upper part of this is carried forward eastward faster than the lower, 
it overlaps the more central warmer part of the air below before it has time to cool down by ratlia
tion, and thus there is produced a more ra.phl tliminutiou of temperature with increase of altitude, 
and a state of umstable equilibrium in whiclt these gyrations of tlie air rea.<lilj· originate. It is 
Rimilar to what takes place 011 the west coast of Africa, as explainetl in § 118, g'iYing ri:-ie to tlte 
bull's-eye squalls. As a patch of white cloud is seen vertically over foe place of each one of these 
squalls, so on the clearing-up side of a storm a cumulus cloud, wltite if the sky generally is clear. 
indicates the existence of one of these gyrations of the air which gi ''e rise to blasts and oscilla
tions of the wind vane. The cloud~ generall.v l1igh np bet•ausc there is not much vapor remaining 
in the air, is produced by the condensation of tlte Yapor in the ascending current in the central 
part of these whirls, which mostl.r are not of much violence, hut ~mfficient to produce eonsiderahle 
rnriatious in the velocity and direction of tlle wind. 

122. The oscillations of the barometer, sometimes ealled ''1mruping,'~ and v.-ltieh are known to 
be associated with gusts of wind, are not only accounted for by (j) or (k), hut the exact amount of 
baromet.ric oscillation, corresponding to a given change in tbe wind's velocity, can be computed. 
It will be remembered that this formula gives the effect of the small term in (/) depending upon 
the inertia of the air, which was neglected in the general theory of cyclones an<l tornadoes, but 
has to be considered where there are any sudden changes of velocity. B.r the formula (j) or (k) a 
change of velocity from 10 meters Iler second to a calm aft'ect.s the barometer placed on the sid.e 
of a wall or any barrier against which tl1e wind blows, aml where consequently it is in a calm, 
and the value u

0 
= o, arnl produces a corresponding change in the pressure of 0.0o'i""". A change 

from a velocity of 10 meters to 20 meters per second produces a change of 0.1.Jrn 111
, aud from a veloe

ity of 20 meters to 30 meters a change in tlie preRsure of 0.3fimm, the whole cbang<' being as the 

S.Ex.13-34 



 

260 REPORT OF THE STJPERINTENDENT OF THE 

squares of the velocities. From this it is seen that tliese small oscillations of the barometer, for 
the !mme cban14es of velocity, are much greater for large progressive velocities tllan for small oneP, 
arnl 11enC<' tliis 1rnstPa1li11Ps» of 1"111• h:lrorneter hrcom<'" particularly oh,;ervable on the approach of 
anrl 11nri11g stnrrn;.;. 

The1w oscillation:-- iu 1wrtlwrn latit1Hl1•s rnwl.Y Pxceell 0.0:.! iu.* (0.5m"'). -Y\'itlt a progressi\·e 
n~locity of !.lO meters per· st~cond, changed by a l>last to 3() meters, there would he a change in the 
barometer of 0.5""", and the same with a change from 30 to about 42 meters per second. These 
are ahout thr greatest changes which occur in the velocities of the wind in gusts or blasts, and 
hence the oiscillatiom; rarely exceed 0.5"'"'. Much, however, depends upon the position of the barom
eter. This must be placed where the air is entirely obstructed, and the velocity reduced to naught. 
If placed in the rmTent there is no change produced by a change of the velocity. On tile wincl
ward side of a barriel' there is a sligl1 t rise of tile barometer with au increase of the wind's velocity, 
hut on the Jee side there is a sligl1t decrease due to the "drag'' of the air. A barometer placed in 
au air-tight rnom nf courRe would uot. he affented, and perlmp8 not sensibly in any room with doors 
and wiwlow>; cloRc<l, es1wdally wlierc the blasts are sudden and of short duration. 

l n the hnrri('auc" of the Antilles obscn-ation sl1ows that. these small oscillations of the barom
•'tl,r are closely conuectt•d witll and dependel_lt upon the blasts of the wind, and that oscillations 
of tl1e Yane al way" acc~ornpan;-1- the hlasts, showing that the latter arc due to small gyrations of the 
air. The amplitudes of the oRcillations here seem to he, in general, a little greater than those giveu 
above, arising perliaps from the greater riolence of the winds generally in these hurricanes. 
"Under foe infincnec of the blasts the barometric column is so agitated and so irregular that it 
renders the rt•a11ing of it vf'ry difficult, since it. is scarcel.Y possible to take au exact medium. The 
amplitrnle of thf' .iscillations is usually from four to eight-tenths of a millimeter, and sometimes 
more. The agitation is fitful autl violent, just as the impulses which tlie anemometer receives and 
tht> oscillation.~ made by the varn·." (Apunt.es, &c., p. 181.) 

1 :!::. ~\ 1·ousidcral>le l'iSP of the barometer, amounting sometimes to seYeral millimeters, is often 
ol»;o·1·1"1•d d11ri11g· a :-:11rlcfo11 squall, :11·r·o111pai1it>tl liy an almuclunee of rain or hail. The rise in 13ucb 
c·asP1< llP]'•'rnl" 11101'tly up<m a l':Hdden c.omleusatitm of a great amount of aqueous vapor into rain 
"line tlif'n• is a ra11id :isef'nt of Hatnrnted air, for this rain, so far as it is retarded in its fall by the 
1·e:,;ista1we oft lte air, ntld:,; to t11e pressure of the air at the earth's surface. The rain or hail in sud1 
cases usually fall1:1 from a great heiglit, and as soou aA the drops in falling aITive at their maximum 
n•locity, wliere the resi8tt1111·e i.~ equal to tltefr iod_qht, the pressure of the air is increased by the 
whole weight of the rain iu tlw air above. Of course there has to be a barometric depression to 
g·in• risl' to tht> asf·t>11«li11g c11n·ellt;;, lmt when the rain ii,; rapitll,y generate<!, tile accumulated weight 
11f it :-;oo!I a11101111t,; to more than the barometric 1lepression, aml causes, for a short time, a rise of 
tlw hm·1•m1:t<·1·. \\'lien the a><<"lmding currcnt8 al,,;o are Yery rapid, we have seen that the rain and 
J1;iil ;in~ c·arril'<l out from the center where there is a bitrometric depression, and falls and adds its 
\\'('iglit to the air wl1erf' t!Hwe is no barometric depression. 

Iu a tommlo at Nt~w Harmon;.,, Ind., April 30, 18J2, an account of which has been given by 
Cltapp<·bmith (Silliman'is .Journal, ml. xxiii, p. 17), the rise of the barometer for a short time was 
nearly one-tenth of an inch, and this was accompaniecl b_y a great fall of rain and hail. 1''or several 
1l:1;n; IJcfore there was a gra<lnal fall of the barometel' amounting to four or five tenths of au iuch, 
:11111 a gradual J·i:se agitiu after the tomado, so that the tornado seems to have been at or near the 
1·e11ter of a cyclone-of consilleralJle extent, !Jut the small rise of the barometer seems to have been 
vc1·y sudden at the commencement of the shower, and the fall back again to about the same level 
a1 the ernl of t1tc shower. 

Two niry sudden stormH of tliis Hort were experienced by the submarine cable expedition in the 
Persian Gulf on the 1st and 2d of Nm-ember, 1869. (<~uarterly Journal Met. Society, vol. i, p.117.) 
Iu hoth cases the Yiolence of the storm continued about two hours, while torrents of rain swept the 
decks of the vessels employed in la;.·iI1g the telegraph cable. It is stated that" the barometer re· 
maineu 011 both occasions unaffcctecl up to the last moment; but as soon as the storm arrived it 
r?se about two-tenths of an inch, and fell again when it passed over, thus showing that the propel-

• See papers ou certain 8lllall oscillations of the barometer, liy Hnu. Ralph Abercrombie, P. M. S. Quarterly Jolll'llal 
Jifot. Soc., Ynl. ii, p. 4$. Also, J•. 450. 
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ling power Wal\ pres1mre from behiml, produced hs tlie weight of the falling rain or some other eaust·, 
and not vacnum in front, a;; in onlinar·.r ;;torrmi.'' There is nothing in the theory of stornu; to au
count for l'uch a rise of the barometer, except upon the h,n1ntl1esis that. it is caused by the weight 
of rain; but the theor,Y requires that there :-;hould be a ,-.;mall barornE,tric depressiou son11•where in 
the vicinit.y, at least in the i11itial st:iges of tl1e 8torm, to gin· ri1-;c to the asceuding currents upon 
which the rain depends. Tliat rw such depression was obserYed on]~- shows that tll(~ oll>WJTt>r and 
t.hc rain-fall werf' not precisely where tlie depression was, bnt only i11 its Yiei11it,>, for froill the resulb 
of the table,§ Ht?, it ill seen tliat witliin the limit~ of eonfliclerahle dok11ce of tl1P \\'i111l tht•re is bn 
Jittle barometric depressiou wlien there is no rain, aml this may be Rurpassed hy the i 111·n·ase o 
pressnrP from rain where the rain falls, nnle8s it ,.;hottkl be ex:wtly at the <·entl'l', wltere in ,-jole11t 
Rtorms it has been sho\n1 the rain c:-i1111ot fall. 

That the rise of barometer during liea,ry rain-fall:-; is dne to the weig'ltt vr rain is e\·ideut from 
comparisons of rain-fall with the curve of the b:trogram, from whid1 it is seen that bea,-y rain
falls coincide with these small sudtleu ri,:;e:~ of the b.trometer, a-; ht-; h:·t•u shown hy [!on. Halph 
A.bercrombie in the pa.per ~ilrea!ly refl'rmd to. 

EXD OF THE 8ECO:'.'\D 1'Aln', 

ERRATA IN PART I. 

In ~ 8, equa.tion ( 10), for" o.:{61ia" reacl "0.00:lfJtl3." 
lu ~ 9, equat.ion (14), for""'' reatl "a' .. , 
Ju§ I:J, for "the year 1860" read "Juue, li:';J9." 
Ju§ 3'J, eq11a.fio11 (40), for "Hill 6'' read "sin '0." 
In§ 42, for "0.0000003'277.:J" rca<l "0.0000032i7G," awl fur "0.JJ(l;i;,mm"' rrail "0.0:lii""''." 
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ArPENDIX :Xo. 11. 

lJISCl'SSIO!\ UF TlDE~ IX PEXOBSCOT BAY, )JAIXE. BY .WILLIAM l'ERREL. 

lJ. S. COAST AND (:;.EODE'l'IC SLTRVEY 0PFICE, 

IJecember :n, 1878. 
Sm: 1 have the houor to submit tl.te followiug' result,; of the harmonic analysis and discussion 

of the tide observations made in Pulpit Cove, on Nortl1 Ha\·en Island, in PenolJscot Ray, ~[aine. 
Thi,; site was ,;Plected by the Superintendent as best fulfilling the conditions !or favorably 

exhibiting the eharal'iPrist.ics of the tides in the Gulf of ;\faine, being as near to deep water and 
a1; ,;penrt> from 1;torms as could IJe found on the com;t of ~laine. 

Shelt("red from the immediate effect of great storms, the Pulpit Con'! 'l'itle Statiou, sittmtml iu 
lilt. 440 0!11. lo11g. fi8C· ti.)'~ lies within ~5 miles of the deep water of the gulfi with a free acces,; of 1.he 
ti<fo wa,-e through 11ot less than 2.'i fatlioms, and cfo;tant ouly 1! miles from the limit of 30 fathoms, 
in the deep basiu of Pt>11oh;wot Bay. Through that llista11cl:' the (lepth gradually diminishes with
out mt,\- bar to :_3 fat1101m;, at low water, within alJont 100 yan1s from the tide-gaugt•. (See accom
panyiug illustration.) 8ince the range of the tide lwrP ii' 11early tm1 feet, the sectional al'ea of tlJe 
1ulet near the gauge i,.: at low water about four-fifths of what it is at ltigh water. 

The obserYatious used iu tbi" analysis were eommeuce(l .January 22, 1870, and extend to tl1e 
end of the year 18i.'l, embracing a series of nearly six year:;;. 'fhext• were made by mea1111 of a 
1;elf-rq;istering tide gauge, from the cmTes of which the hourly co-ordinates were measured and 
n"conle!l, all(l thf' records were furnished me b,\- Mr. R. S. A Yer.r, chief of the Tidal Division. The 
serie,,: is wonderfully perfect, ever.r hourly co-ordinate heiug gi\-en for the whole of' the six years, 
and it rarely happened that a co-ordinate was gfren hy interpolation or otherwise, a1>1 is indicated 
by a differently colored ink, arnl not from adnal mea1>1nrements of tlie ClllTNl. The obseryations 
appear to be entird~· reliahle. 

Thf' principles aml ge11era1 plan adopted in analyzing tltese tidt>s are the same ma.inly as thosP 
adoptPcl liy the Ti1lal Committee of the British Association, of which Sir 'Yilliam Thomso11 i" 
chairman, arnl use(l itt analpdug the tides of J,i,·erpool, l'ortla.rnl Breakwater, and other places. 
TIH'l'f' are, hm\·pyer, u1<rny Yariation1>1 in the details of carrying them ont. 

The prdimiuary i11YcHtig·atio11s necessary for the commencement of the work, togcthe1· with tlw 
n•:-ults of the analy;;i,.,, and their discussions aud applicatio11s, an1 contained in the following pages 
u ndt·r four gt' Heral ltea1ls: I. The general principles of the harmonic analysis and discussion of 
tidr ohserrntions. IL The r.:•sult8 of th(~ analysis of the tide ohseiTations of Pulpit Harbor. Ill. 
ThP <'Ompariso11 of tlw resnlt;; of the anal,n;ix ·with theory. lY. Practical applications of the 
l'Cf'll )ts. 

lT11cler t lw ti ri:;t lieatl are given the ohjcct of the harmonic analysis, an explanation of the gen
eral pri11(;iples, and au irffestigation arnl preparati011 of all tlw formnlm and tables necesi,;ary in 
eanying 011t the anal,vsis :uul in reducing the rcsnlt,;. There is ah;o ginm a more thorough investi · 
µ-ation of the ,;ul\jl>et of sl1allow-water tides than wa'4 gi\·en in my Tidal He,;earches, which seemed 
111>cPs,;ar,,· in the i:;tmly of the varion,; tidal relations aud the fnrther improvement of the tidal 
tl1mry. Tl1i,; prPliminary part require<l umeh labor and stncly, antl the results form the principal 
part of the following pages. This, however, is work now 11oue, once for all, and need never he 
repeated, being nt>eded, howe\'(~r, in future for constant reference, if tl1e work is continued on this 
plau, but the work in any future analysis of the tides would be compamtively small after all this 
prelirninar,y work has heen done. 

Umlcr the seemul head are girn11 tl1e 1'<'81llt8 of the a11alj-sis of the tides of Pulpit Oove, with 
all the 11eee1;,;ary reductions required to make them convcuicnt, either for theoretical inYestigatiou 
and stud.)· of the tidal theory, or for practical purposes. 
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Cnder the third head is contained a compariso11 of tlw result" ohlainell from the analysis of 
the tide obsen·ations of Pulpit CoYe, with the yarious theoretical relations and tidal expressions 
·given in my Ti(lal Researches, in the same manner that I com1ntred iu that woTk tbe results of the 
analysis of the ti(les of LiYerpool, l'ortlan<l Break\\·ater. Kurradiee, &c .. obtained h,\· the Tidal 
Committee of the British Association. 

L'nder the last head are given directions aud fo111111ht· for rnakiug praetical application,.; of the 
results in tidal J)redidions or the computation:-; of tidal ephemerides. either of the homly eo-ordi
nates or of the times and heights of high aud low water. 

Throughout the whole work it has been ne.ces'"!ary to make rt!fenmees fre(1mmtly for priudples, 
formnllf•, constants, &c., to my Tidal Researches, pulJlishetl as a separate A1lpendix to the HuitPll 
States Coast SurYey Report of 1874. It would han' bee11 impol'isilJle tu go oYer the whole work 
here of obtaining tbell! again, aml thf',I are to be fouml nowhere else. 

}fauy of them depend upou complex development8, and in reYising thrn;e l lrnv.e fouml a YeQ· 
small term used with the wrong sign, which affects the cou.stants of the two uodal lunar terms of 
the diurnal tide. The re,·ersal of this term causes au error whid1 iu the Atlantic tidt•s ~mounts to 
unl,\· about one-eighth of an inel.1, and its eorrediou i;; onl,\· impmtaut inmmmel1 as it affect" :slig·htly 
my new C'(]trntiom; for determining tilt' moon'" mass !'rum the tliunrnl title. Thi;; :>mall eorreetiou 
has been applied here to the two constant::; affedell. 

Yery respectfully, yours, 
W::.\l. .FERHEL. 

c. P . .l'ATTERSON, 

.S1tperinte111Jenl Cni!etl Slufrs ('oust 11111/ t-hwlf/ir· ·"lil"l"f.1/. 

J.-CiENEHAL l'lU.Nt:lPLEB OF TllE llAIDlONlC ANAL\'.BIS AND Dlt-:Cl'Si"IU:\ t•.F 'l'IIJE t>BS.EHYAJ'lO.-'S 

1. The potential of the ti<lal-tlisturbiug force8 of the moo11 a111l !<lllL tlt'Botetl h.'· ,-, ma,\- lw 
<leYeloped into a series of liarmonic term:;:, which ma~· be 1.,xpre,,;sed h,\ 

( 1) Y= ::,,P,,co;;(i,,t+ c,,) 

in which the angle increa:-;es in proportion to the time t, aml iu T1"1Jid..1 l',,, i,,, and <',. are couslaut1> 
belonging to the term of which the characteristic i'"I 11. 

If we let H represent the heig·ht of the tide a hon' some a.~suBw<l 11mizo11tal plam•, \YC ha Ye a 
1~orresponding similar tidal expression. 

(~) H = l:,, An C08 (i,. f + (', - :,J 
in which A,, and £,,, ealled amplitude,.; and epochs, a.re constaut.1> 11ot fou ml iu tllt' expre::;::;io11 of Y, but 
bet.ween which ancl the constants I\ aml i,., rc;;pC'ctiYcly, there :tn• ce1·tai11 theoreti<·a.J rclations. 111 
these expressions a consta,nt of integration is implied, which, in the latter, rna,Y lw 1lm10te1l li.'· ,\ ... 

In deep-water tides, for each term in H, there is a correspornli11g term iu Y, upon which tl11· 
former directly de1iends, hnt in shallow waters there is a nnmerons class of terms, called shalluw
water components, for which there are no corresponding terms in the tidal forces, and which there
fore 110 not de1iend directly llllQll tl1esc forces. "\Yhile the scusihle t1'rms depending direct!~· upon 
the forces are mostly only diumal and semitlinrual com1iom•nts, tl!ere are often quite larg1• qnarter
diurnal, and also one-sixth diurnal, a!Hl m·en one-eighth d.inmal .eomponent;.; in shallow-watPr tilk•s. 
The effects of the shallow-water compoiwnts are especially ob:setTahl1~ in ri,·er tideio;, where the,\· 
usually (~ause great distodio11'"! in the form of the regular scrnidiurnal tide of 1kep water:-;. I u 
imme ritrc cases, where the semidinrnal title i8 Yery small ::;mall, as i11 the vicinit;- of )iantnl'kc•I 
and Martha's Yine.yartl, the lunar qnartercliumal shallow-water compom•nt i;.; thP prineipal tillt>, and 
gives rise to four m11..-..:.ima and four minima in !!.! hours. 

The o~ject of the harmonic aualysis of tlie tides is to 11l't(;rmi11e frout o11serYatio11 tlic n11k11ow11 
constants A and • for each of the numerous terms in the expression of II, which arp supposed to 
he of any im1iorta11ce. If it were not for the abnormal disturbances of wind,., clm11gt•s in barometric 
pressure, &c., Yery few observations would suftice for this 1mrpose, but on aceouut of tltmw (lis
turbances it is necessary t-0 use the averages of a snfficipnt number of ol.Jseryations to eliminate all 
sensible effects of these disturbances, which, when great acc11racy ill aimed at, n'qnires the ob1w1Ta
tions of a series of years. 

2. The terms in the expression of H (2) ma~y he divided into classes each of which ma-~-, in 



 

270 REPOHT OP THE SUPEHINTE~DBNT OF THE 

general, c011tain i;eyeral sensible term;,;, calleu diurual, semidiurnal, &c., compouent8, since the 
perio<l of the first one, either real or only supposed, differs but little from that of a solar day. If 
we let f' denote the characteri8tic of the class, and s that of an,y term i11 the class, we cau put the 
expression of H into the following form: 

B = ~ .. ,, .. c\ ., " cos ( si, t + &', ··- c_, , ) 

in "hich i, aml c, ban· the yalues of i,, and c,. respectiYely in (2) belonging to the lliurnal comvonent. 
The principal class of terms in this expre11Rion is Uiat which depenus UI)Oll the mean moon, that 

is, n1wn a moon moving uniformly in the equator at the same distance from the earth, giving rise 
to a semidiurual tide, and a .-ery 8mall terdiurnal tide, and in shallow waters to sernral shallow
water componeJ1ts. The next most important da,;;s is that which depends in the same way upon 
"What may be called the mean sun, giYing rise in del'P water;; to a semidiurual tide only, but in 
shallo\r waters to quarter<Jiurnal, &c., tides . 

.As each of the other classes of terms iu ll depemLs nvu11 term:; in the expression of Y in (1) 
similar to that of the mean moon, each one may be 8aid to depend upon a fictitious moon, differing 
merel,y from tlle mean moon in magnitude and the apparent Yclocity with which it moYes around 
the earth. 

If we put ::\I. as a generic exprt>si;iou or the;se moous a,ud let f = 1 be the characteristic of the 
class of eomponents depending upon the mean moon, thpr1 this class may be denoted by the M1-tides 
or eomponcnts. In like manner the cla;;s depending upon tLe mean sun may he called the M2 -tides, 
arnl i;o on for all the others. The aug'le iJ + c, i11 (3) is the Lour angle of the moon J\l,, c, being iti; 
\'alue at the time t = 11, "·hieh may be ns;:umed at pleasure. The constant < is usually put with 
the ncgatinJ :iigu in tidal expression1>, so that its Yaluu 11iYilled b~· .Yi gives the time by which the 
maximum of tlle tide follows the passage of the tictition:i moon over the meridian. 

:t l n the harmonic am1.l;p1is of the tide8 it is necessary to know, at the outset, the Yalue8 of 
i. :1111! also those of c, in (3) for each of the three compoueuts of which we wish to determine by 
obf;en-ation the amplitudes anrl epoehs. In the subsequent discussions of the results and compari
sons with theory it is al8o necessary to kuow the nth1es of the constants P,. in (1), or at least their 
relatin ,-altws. siuee there arc certain theoretical relatious between the constants P" and the ampli
ttuh•s A.,, anc1 lik('Wh;e between E,. and i,.. These C()nstants are only obtainable from a complete 
deTdopnwnt of t!Je function V, which is found in the second chapter of my Tidal Researches, in 
\Yliich the <·oustauts iu tlw following schedule arc citl1cr fonJl(l 1 or quantities from which they are 
l'asily dcllttcilJle. 

Sf'JIEIHTLE I. 

Cl.ti-,. of 

t id{"'·· Diurnal cotu· ~l'rnidiurual 
;. 

ponc11ts. COIUJ)UJlen~s. 

-------- -------- ----
?\-11 or M .. . 

~I 1 ................... ' 

mi ......•. . 415~ 

111 .•••• ·- •.• 011 

l.0000 

o-. oari9 

~11 or :-;_. n. 4582-36. :! iiµ. 

~h or K. . ,1:~oti-1:L 1 Oµ. 0.1256-0. ~ Sµ 
u·,. .. .. . .. . 011 o. oa:,9 
M, or J ................... . 

Mb or N .. ············-··· 
Tu or e .. . ;J8I;J 

1\f'• , OM 
1\f, or P .• , 17:l0 J:l, 6 s,. 

(~. 0286 

(l.19'22 

'M~ or;.. .. ············-··· O. 0078 
; l-h ot: .- . .. . . . . . . . . . . . . . . . . O~ 0375 

1\fio or µ .. .. ........... __ , 0. 0240 

" Mu or R ... _ .............. 0, 00311 

11[.,or T .. " ............... .- 0.0266 

MJS or J.. . 011 

, Mu or Q . ., ,052 

0 I ! . , 
14.4920J2 I A'-A ·---··-·-···· Meaulunar. 
14. 4~9846 ii (w+ "'--(A-A').[ I.nnar nodal. 

14.4-!}6604 I A'-A+c~-~ '"·-··! }Luna.r elli11tk and dt:Hina.-
1~. ih'7410 A'-:>.-;;, 1 ! '" .. ·I tional. , 
lo.0000~0 Io ........... ,,,, . .,' 1\fean sol:ll', I 

lfJ.. 041069 J\' • .................... ; Lunar and Aolar tl4.'('.linativnal. ! 
l;:i,04;~75 A'-w-!'"--······

1
1 l.nnarnodaL 

J4, 764239 i>.' -;\ + • VI+~ ll' •.' ( 

14_219865 ;\'-"-Ii vi .... ,.,.)Luuarelliptic. 

13. 9-43<13-6 ..\ 1 -~ J\ :- i n .......... I 1,unar tlt:,dinational. 

13. if40824 N-2 h + "'+ ! ".. J.unar nodal. 
14, 958932 -.>. + t .-... _ ....... 

1

: Solar declinatior.al. 
14. 72i8l3 -~vi+!,. ....... l E , 
14. 2M291 l v1+2 (h'-.\) .... I l rnctwn. 
13. 984104 2 (.\'-,\) + ~" .... Variation, , 

15, 020534 ~ v' +" ,, ........ _, l 
14,979466 -iv'., ........... J l S..larelliptic, 

15. 5S5«3 ,\'+v1-i" ....... 
1
1 l Lunar elliptic and doolhu•· 

13, 31l8661 "'-2 A-•d·!"' .. 
1 
S tional. 
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The firt>.t column of this sclwdule contains the notation adopted to designate the <litfrrent ela;.;f\e;.; 
of components, and, in connect.ion, t.hat nsed hy thP Tidal Cotnmittee of the British A>isociatiou. 
The former correspornls wit11 the g·eneral form of notatiou iuul i11 prefor:ihle for >iome reaROn8, hut 
it will he more conYenient in 11ome •~aseH to mm tl1e latter. For irrntanef', the lmrnr quartenliurual 
compouent may be denoted by M 1., , or hy JU,., all(l the 8olar serni<linmal (•0111po11e11t hy ,\I , , , or 
by S., an<l so on, autl lwnee the latter uotarioll is lllo.'lt eo1ffenie11t. in !-!11d1 (~asl's, ,;ince tlwn• is only 
one subscript nnmher. 

There are several e11111po11P.11ts introduced into the schedule which arf· not n>1e<l in tlw aual,\·si,; 
of the tides, and hence are uot iuclndf'<l in th;· regulai· notatio11, whiel1 i,; <le.~ig1w(l to lH· nsecl 
merely in the analysi;; of the tideR. 'l'lwl'H' c·ompouent>:, it will be ol>sen·1·d from the correspo11ili11g 
value;;; of -i, have periods 80 uearly tlu· sauw as thost~ of ot11e1· larger r·rnnponPnt:o; that it i,; impo" 
sible to analyze them exPept witl1 :t lo11g snit•R of ohserYation,;. Jn tlw aHalyiii,; of a ,.;iugl1· yt·ai··s 
observations the effect of t11P smaller components is to cau,;e a change· from year to .'·ear in tlH· 
am})litudes and e11ochs of the larger t•ompouents of nearly the sanw perirnl,,;. 111 tlw di;;;ensi::.ions 
Of the teiiult,<> of the analysif!, hOW("H'I\ and in eompari:'!Oll:'i With t}1eorr. it is nN:e.~sHJ)' to ha \1' 1 lw 
constants belonging to these compoueuts, and he11ee tlwy are incluctetl iu tlie sd1edule. 

The values of P,. are COJ•ietl from pagt• 4.1 of my TidaJ ]{csparches, tlte sarnll ('Orn·ctio11 being 
applied to the two lunar noda I dinrnal components which has heen referred t:-0. The Ya1ue,.; of i,, gi Hll 

in «1egreel'; per hour, haye been obtai11e<l from tlw data given at the uottom of the 11ext pagl' in tlw 
work already referred to. Tlw r~xprt-sf\ions of I', an• readily 1le1lneible from t host• of ut, %~ :2~, :2\1, Tidal 
Researclies, hy sulltractiug U - i 1

), the dith•reuee between tliP mean lougitmlp,; of tl1<' moou and 
1mn, i.n tbe ('aSP of the diurnal components, a11d fro111 tlw lmlf of tlwRe expressio11;;, in~ :!!"I. in the 
cai'le of t11e semi<linrnal compmwnts. \\'here the signl'i of 1',, haYe been change1l in copyi11g, a t•or
responding change ha8 been made 11y a1lding ~,,.to the expression of c,, equal tor. to 2c> [11 the 
development of the forces for theoretical 111uposes it ~ :ui uece>;sar~· for these expressions to lie 
arranged with reference to tbe mean moo11, ancl tlw predominating titfal <'ompnnent, hn1 in tlw 
analysi,.; of thp tides theRe expression;;i, are ne<"es;;:.arily reqnirP<1 with referelH'.\' to tl1<' m1'a11 sun. 
Bence the necessity for the t•erlncti011 a!111n•, The following- arP the definition" of tlie quantities 
given in the expressions of c,: 

J. = the mean 1ongitm1e-. of tlw moon : 
i. 1 = the mean longitude of the s1111 ; 
r 1 =the mean anomaly of the mo011: 
?d = the mean auomal;r of the sun; 
{J) =the longitude of the moou's ascending nmlt•; 
iii = the longitucle of the moon's perigee; 
1·2 = the argument of Yariation. 
The Yalues of c, in the expression of H in(:~) <lt'peud upon tl!e assmnetl epoch oft= 0, a 1ul tlti• 

values of the quantities in the expression of c, must be taken for th~tl epoch. It mu.st ht> nud~'r
st:-Ood here also that the expressions of c,, given in the schednle,-arc those wliich are to lw used 
when the epoch iR a!!snme1l at noon, hut if t, or t.11e. hours, are. reckone<l from midnigllt, ~,or JSW', 
mnRt he added. 

4. In addition to the short-period component"< of the preceding schP(lule, tlu'rt> are also a ft'w 
of comparatively long period, which may be sensible to observation, e>:pedall.,· i11 l1igh or low lat
Hudes of the earth. 'l'he expression of these compouentR in fet>t is (Tidal Resr.ard1Ps, ~ !1-t) 

(4) Yu= 0.230 (a - 3 cos 20) ~, H, cos (u, t + k,) 

in which, with the con.<;tant k, added, the origin of t ir1 the same for all the ro111p01wnts. \Ve shall 
give here the constants of only the principal components, which will h<~ all that WP shall han1 
occasion t<> nse. They are 

Hz= 0.163, 1'-z = 130 .06500, k2= 'l\ = - 2ca, J.nuar elliptic comp011ent. 

H3 = 0.3121 1la = 26°.35280, k3 = 2i, = 2(C3 - C1), Lunar declination compom•Ht. 

H 6 = 0.023, Us= 00.98560, k6= t'' = 2en, Solar elliptic component. 

H1=0.141, 'U-7 = 1°.97130, k7=2J/=2c3, Solar declination component. 
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In the ex1nession of Y0 above, o is tbe polar distance of the tide-station, and in tbe case in 
which the earth is supposed to be entirely covered l1y the ocean, the value of a becomes unity, bnt 
in tl1e real case of nature it is generally a littl1~ difft>rt>11t. 'J'lte 11illi~rn111•.e (~an not he conveniently 
1letermirwll on account of the irregnlar outline of tl1P co11ti11e11t>i, aJH1 tlie whole amount is gt-nerally 
too ;.;mall to he of any importance. 

The valnes of tt are g-h·en in degrt>es pPr da.1-·~ arnl the vallH·H of c in the expressions of 1.: arp 
tlte same as in tl1e preceflini!,' Rc:lte1lule for Rl10rt-peri01l eomponentf;, that is, eqnal to 11, !!J., &e., 
WIH'll t = 0 . 

. ). Besides the title-compouents in the prPeetli11g ;.;d1edulP, which depend directly upou tin• 
tidal forr~e8, there i8 a very· large class of 1·ornpom~11tf; whieh do not dt•pcnd so directly upon theHe 
forc·1's, and for which tl1er1~ are no <'orrespon1ling term8 i11 the deyelopment of the for1,es having· 
tl1c Raum pt>riods. Tlwi,;e Pomponents are st•nsil1le to ohs1•n'Htio11 iii ,·er,v shallow watm·s only, aud 
are hencp calle1l sl1allow-watf'.r componfmt8. Tl1ese 1•0111ponents are, of so mncb importance i11 the 
theory of 1:1hallmv-water tides that it iR neccsRary to gin~ 11ern a fuller de,·elo1m1ent of tht>m tltaB 
that. gin~n in my Tidal Rescareltcs. 

Jn tlH, fundamental tidal equations there arc fonull. in the equation of eoutiunity two temrn of 
tl1P form D 8(rit) arnl D.;.(rr) in which fl and ,,, are tl1r polar distance an1l longitude, respectfrely, 
m11l 11 aud ,,, the motions in latitude and longitude, and r is thf' depth of the water reckoned from 
the niriahlP oseillating snrface. Ir WP put r .. for the p:irt of I'· independent of the vl:'rtiC'al tide
m'lcillatiou and a for tl1r yerticl'd m;cillatio11 WP ~·et-

D 6(ru) = Do(r .. 11) + D 6(au) 

D.;,(r11
) = D.;.(r,1·) + D.;,(nr) 

J,aplat•e took into acconut ouly t.lic mean deptl1, neglecting tlw part depeudiug llJlOll tlH' verti
('<11 oscillation as Ldng incousirlerable in comparisn11 with the whole d(\pt.h. His tltPOJ',V, tl11>reforr., 
is not strictly applicable to tides i11 ;;;hallow waten.;. 

fi. ~\ first approximate solution of the tidal equation;;, iu wbicl1 thP Ja,.,t t.er111s of the preceding 
e1111atio11,.; an· neglectell, would gin• f'xprf'ssions of 11, a11d also nf 11 arnl r, of thP form of i.ha.t 01 
H ill (~). and l11:'IH'P WP (~:lit rmt·-

a= l',, ;\.,, cos (i.J + c" - s,.) • 
11 or r = :::,, B,. f'OI'\ (i .. t + c., - 2,, + '',,) 

iu w11id1 th{' constrmts A nnd 2 for rach tPrrn arc obtained from the analysis of the tide-ohspn·aJoion~, 
and i11 whieh IV, iN an unknown fnnction of i.. The produets, therefore, of au and m• introduce 
into 11H• tidal PqnationN a Yery 11mnerous class of terms, which may be exprmised by 

H cos (ut + c' + E' - q) 

111 which n = A,,n,. where the term arises from the product of two components in (o) of different 
periods, bnt equal to 2AB wJiere the two components have the same periods, and in which u, c' and 
q are eitl1er the sums or the differences of in, en, and.-. respectively belonging to tile two r,omponentR 
rnnltiplied iuto each other. The constant c:1 is a function of •',.and consequently of i,,. 

Each one of" the tPrrns of t.he preceding form in the tidal equationR must gi>e rise to a similar 
1 illP·Pompmwnt of thf' sauw. 1wriod, which may he expre;;fled hy 

(Ii) a' = CH cos (11t + c' + E' - q - e) 

in whieh C and e are fnuction8 of 1t, and l1ence vary in the different forms. 
Since the components in (5) are either diurnal or 8Pmidiurnal, those in (fl) are either components 

of long period, or are diurnal, semidiurnal, tercliurnal, or quarter-diurnal r-0mponent8, in each of 
which classe!'.I the values of u differ but little. · 

In each of these classes conside1·pd separat(~I.r, the constants l\ 2', and e are functions of the 
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same quantities, of which none of them vary from term to term, except i,. in E' and u iu C and e, 
and the variations of these are very small. We ma;y, therefore, regard these constants as approx
imately constant for each class of components, and for such class (fi) may lie put into the form of 

(7) ii = CR cos (11t + c' + E - q) 

in which C and E may be regarded as constant for all the terms. 
Since An: B" in (5) are functions in which none of the quantities vary in the different compo

nents except in, and this varies very little in each of the classes, instead of putting R = AnBn or 
equal ~A. B., we can put it equal to An An or ?! A,, A., in th~ various combinations of the n compo
nents, and the preceding expression (7) will still hold, except that the vall1e of the unknown constant 
C will he different. "\Ye shall then have the values of R in terms of qllantities known from obser
vations. 

7. F'rom the three most important diumal components in the expressions of (.'.J), we get, from 
what precedes, two classes of shallow-water components, of the form of (7), the first arising from 
all the resultant terms in the pr0tincts of the components in which the anglel:l are the sums of the 
angles iu the components, and hem.'.e semidiurnal components, arn.l the other arising from those in 
which the angles are the. difforences of the angles in the components multiplied, arnl hence com
ponents of long period. ·we thus get the components in the following schedule, and the ralues of 
t11e constants R, 11, c', alJ(l q in the t>xpression of (7): 

• 

8CHEDCLE IL 

------·--------~--

Designation 
! of compont'lnt. 

l<.1 Ki 

K1 01 

K1 P1 
01 o, 
01 p, 

l\ P1 

! 
A, 
A, 

i 
A, 

t 

R 

' 
A~ ' 
A. 
.A., 
A' . 
A, 
A~ 

SemidiuTna1 compone11ts. 

,, c' 

---- ---

ia+i-s-=2fa 
i 

2ca 2ea 

is+i&=2i1 -rJ+l'6 o+ E"~ 
ia + i7'"""'" 2i2 C3 + C':' i:s+ ""' 
i.+ i.-~2.:. 2r~ 21:<1 

"if\+i.1 ("'40 + (_~, tt>+f7 

i7+ i-1 =2i1 2<"7 2<1 

Component• of long periods. 

" c' q 
-

ii-is=:O I 0 c 
i.;-U. I 

Cil- C6 ~'t-l!S 

i.3-i1 Cl-<> 6.8-E'! 

;, i.= 0 0 0 

1",£;-i1 ('.f,·-~ Ct f;ff-@7 

i~ -- i; = (t 0 

The designation K 1 K 1 of the first component inuicateis that it arises from the· diurnal compo" 
nent of the K or 1\'13 tides; that of the second, K1 01, that it arises from the diurnal components of 
the Kand 0 tides, and so on. The valueis of i, and c in t,he expressions of u and c' are contained in 
Schedule I. The values of A and£ in the expl'essions of Rand q are obtained from the analysis 
of the tide-observations for the component depending directly upon the forces contained in the fust 
schedule. This leave:-; only the coustanti:; C andE in (7) for each class of shallow-water components 
unknown, so that if tbe:,;e are det.ermined from the anal.rsis of the tide-observations for an.r one of 
these components, they are then known for all, and consequently all the components of the class 
are known quantities, without any further analysis of tide-obsernitions. 

From the values of u in the semidiurnal components it is seen that the i•eriods of three of them 
coincid(\ with the periods of three semidiurnal com11onents depeuding directly upou the tidal forces, 
aud hence the shallow-water components cannot be separated from the others directl,y by the 
analysis of the tide-observations. If, howeYer, we can determine C and E by the analy1>is for any 
component whose period does not coincide w1th that of any of the other components, we then know 
the values of the shallow- wa.ter compoueuts combinetl with those depending directly upon the tidal 
forces. 

8. In the same manner as in the preceding section, we get from the principal semiltiurnal factors 
combined with those of the diurnal, two more classes of shallow-water components; the one being 
diurnal, having angles which are the differences of those in the original components, and the other, 
angles which are the sums of those angles. 

S. Ex. 13-35 
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These, together with the Yalues of th<' constants R, u, c', and q in ('i) belonging to them, are 
contained in the following schedule: 

SCHEIWLE Ill. 

-----1---------" -- - -- --- --------

M!!K1 ..A1A;t 2i1-i3=fr. 2Ct - r;i E"J-o::i 

M201 .AtA• 2i1-~=i11 !:!CJ-C6 <J " y, p, ! A.•A1 2ii-i7 2c1- C'1 E"l-f7 

s. K1 A2A3 2i:i-fa= i7 2c2- C3 f2-f3 

Sz 01 A•A• 2i2- i6 2c2-C& le'/-f6 

s, p, A~A., '2i.2-i1= j3 2c2- f'7 f:'2-E7 

K2K1 .A•Aa 2ia-ia=ia 2C3- ca f::J-£3 

K2 01 As A• I 2is- Ui 2e3- C6 t:3-e6 

K2P1 A,A, 2is-i1 2c::i- cr t:~- f7 

L2 K1 A4Aa 2it-fa 2C4-C3. U-f3 

Lz 01 A•A• I 214 - i6 = 1°).'J 2CJ- Cl> U-E6 

fo P, A.t.Ar 2it - i7 2C4- C'i €.4-fi1 

N2K1 A&.As 2is-fa=ii.4 2c&- CJ E.r;-es 

N:201 .A•A• 2i:;-i6 2cs- C1> t,O-ff; 

N> P1 A•A' 2i.5-i1 2.cr;-c1 ~- €1 

Tcr<liuroal comp-onents. 

i 
u 

---
211 .... fa 
2i1 -f i6 

2i1 + i7 

2i:r + i3 

! 2i2 +iii j 

2i:r+ i1 

Ria 

2i3 + itJ 

2i3+i'1 

2i4 +is 
214 +;,; 
2i4+i-; 

2io+i3 

2ii.+it> 
2i5+i1 

c' 

2r1 + c~ 
2-01 + C6 

2c1 + C7 

2e2 + e3 

2c2 + C6 

2c2 + e, 

3cs 

2c:i + C6 

2rs + c1 

2e.+c• 
2r4 + r.s 

2e.+c1 
2c~ +ca 

2cc + C6 

2c, + C1 

q 

t1+1:.1 

<I +t"5 

u +o 
f2+fa 

E2 + E~ 
t2+0 

2<s 

t3 +efi 

E!~O 

t'4~1"3 

f4 +ES 

.:4+0 

t:.s+ lfl'I 

t:,5,+t'ti 

u+o 
·----~~ 

i 

In tllis schedule tile designation 1\12 K 1 of the firi,;t component denotes that it depends upon the 
semidiurnal lunar or M tide and upon tl1e ditirnal declinational or K tide; the designation 82 P 1 de
IJotes that it de1>ends upon the semidiurnal solar or S tide and upon the diurnal P tiue, and so on. 
In the two factors in the expressions of R, the first is the amplitude of the semidiurnal, and the 
second the amplitude of the diurnal component of the tide denoted b.Y the characteristics or sub
script numbers. In the expressions of q, also, the first epoch is that of the semidiurnal component 
or factor, and the second that of the diurual one. 

From an inspection of the several values of n in the diurnal components of this schedule, it is 
seen that there are three 4t which the value of u, and consequently of the period, is the same as 
that of the diurnal deelinational componen_t in Schedule I, and hence these three shallow-water 
componeIJts, forming in reality only one resulting component, are combined with th~ latter, from 
which it cannot be separated by the analysis of the obsen·atious. There is also one, the J\12 K 1 tide, 
affecting t11e diurnal M6 or K tide of Schedule I, and another, the S2 K 1 tide, affecting the diurnal 
P tide. 

Among the terdiurual components there are two whose J>eriods are so nearly identical with 
that of the lunar terdiurnal component that in the analysis of only one year's tide-observations 
they caunot be separat.ed, and appear t.o give only one l'esulting component. These two components 
are t.hose designat.ed h.r L 2 0 1 and N2 K1. 

9. The large:;;t shallow-water components arise, in general, from the semidiurnal components 
of Schedule I, espeeially in the Atlantic Ocean, where the diurnal <~omponents are small. By the 
multiplication of the semidiurnal terms in (5) into each other, two and two, there arise two classes 
of terms giving rise to corres1>onding shallow-water components, the one in which the angles are 
the snms of the original angles, being quarter-diurnal components, and the other, in which the 
angles are the clifforences, being components of Jong Ileriod. We thus get the following schedule 
~of shallow-water components, with the corres1)onding values of the constants R, 1t, d, and q in (7): _ 
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SCHEDlJ"LE IY. 

Components of long period. Quarter-diurnal component!'!. I 
He~ignation ' I 

of component. ! __ R_i-._ -_ -_~-:-_--_·-_·-. -~-,=---.~----- '-·---==-·-,~-·--_---~~-_c'--~-:-_-·_· --· 
. I . : 

i A~ I 2i1--l 2·i1 =4i1 4c1 2 lf"l ! 
A 1 A~ 2i1 + 2i-:1 2c1 + 2c:: e1 _; E2 ]' 

A1 A:1 2i1--+-- 2i~ 2c1 + 2c'.i u -:- e3 

2i1-2i1=() 

2i1-2i2 2c1-2C:il El-€2-

2i1 - 2i~~ 2e1-2C:{ fl-t:i 

s. s. l A.. . 2ii + 21'.2 = 4-i:.i 4c. 2 £2 2i2-2i2=0 
s. K. A., A., 2i2 + 2i3 = 4iu 2c2+ 2cJ f:l+u 2i2-2''4: 2Cl!-2C:t e.11- fJ 

s. L, A, A. 2i2+ 2i.a 2e2-1 2c.i E2 + E,j, 2it-2i..i 2c2-2c-t lf;l-:- €4 

K, K. i A.~ 2is -~ 2i.s=4t';:i 4t'3 2 €3 2i3-2i:>~·o 

K• L, 
I A, A. 2fa + 2i4 2C3-t" 2q e3--+- c4 2i3-2i.:i. 2c3-2C.t l'3- tt 

K, N, 
' A3 As 2il+ 2ili 2c3-:- 2co r E3 + E'i> 2i1-2h 2c3-2C.ti t':l- f(> 

L, L2 i A! 21..i + 2'i4 = 4ii ! 4c, 2 E4 2i1-2i.t=0 

---· 

The amplitudes and epochs, A and"' in the values of Rand q, are those of the semidillrnal 
components in Schedule I. From tbe components given in each division of this schedule the law 
is seen by which all the others, with the corresponding constants, may be obtained. 

10. All the preceding shallow-water components arise from using in (5) the components ot 
Schedule I, as has been explained, and hence they may be called shallow-water components of the 
first order. In the same manner and upon the same princinles we can now, in a third approxima
tion, introduce the shallow-water components of the first order in-to (5), and thus obtain a numerous 
class of shallow-water components of a second order. For instance, if we use, in (5), the quarter
diurnaJ components of the preceding schedule, together with the components of Schedule I, we get, 
from the semidiurnal and the quarter-diurnal factors, terms which gi\·e rise to two classes of 
shallow-water components of a second order, the one being semidiurnal and the other one-sixth
diurnal component. These, together with the values of the constantR R, 11, c', and q of (7), arc co11-
tained in tb~followiug schedule: 

Designation 
of component.. 1 

I 

! 

R 
u 

SCHEDULE Y. 

Semidiurnal components. 

c' 'I 

-----.---- -- - ----~- --- -------
H1 fM1 Mt) ! ! A~ ., 
M, (M, 8,) A: A, ., 
ll1 CM, Ki) A~ A 3 ., 

Mt (S, S,) t A1 A: 4 iy-!!i-1 4 t-1 -2 Cl ~ 62-1!'1 

M, (S, K,) .Al .A~ .A.. 2i2+2i3-2i1 2 Cz+2 C3-2 C1 lft-\-lf3-E1 

M, (S, J.,) .A..1 A2A.,, 2i"2+2i4-2i1 2 ci+2 C4-2 C1 t::z+E4-EJ 

s, (M2 M,) t A, A: 
I 

4 i1-2it-=·2i10 4 C1-2 ell 2 1!'1 -~e:2 

s. (M, 8,) A1 A.:· 2 i1 2 r, •1 

s, (M, K,) A 1 A 2 A,.: 21·1+21:1-~i.i 2t1-f 2;~a:._2C2 f1+1!'1-Ell 

s. (S, S,) 
' 

I A; 2 i, 2 (!j .. 
s. (S, Kt> 

i 
A! A• 2 i1 2 t-5 ., 

s. <S. L,) .a: A,. 2W 2 « .. 

One-sixth -diurnal components. i 
-- ~~~--- .:. - ' -.>-1 

4 i1 + 2 i, 4 C1 + 2 C'1! 2 t"1 + ft ! 

4 i1+2 ~ 4 C1 + 2 C2 2 t"1 + r:1 

4 i:irt 2 ii 4- C:r+ 2 C1 f1+2 t"2 

2 i,+2 i.,+2 i, 2 C1 +2 C~+2 C3 f1+E2+FJ 

1 2 i1 + 2 ;., + 2 i, 2 C1 + 2 C:t + 2 C.a E1+f2+£4 

4i,+2'2 4 C1 +2 CJ 2 «"1+*"1 

2 i,+4 i, 2c1+4c1 2: "1+2 "'• 
'2i1+2-i2+2i3 2 C1+2c'.j+2 C5 f1+t2+111 

6 i2 6C!1 3 •• 

4i,+2i, 4cs-+2c1 ~ l!'t+Es 

4 i,+2 i, 4c:.i+2c4 '2 lft+"• 
-------

It is seen from the values of u in this schedule that two or more of the components, as written 
out in detail, have the same period as some component in Schedule I, depending directly upon the 
forces, and hence all combine to form really only one component, whicil is brought out by the 
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analysis of the observations, and the different parts are inseparable by the analysis. For instance, 
the components M 2 (l\12 M 2 ) and~ (l\'12 8 2) both have the same value of u, and hence the same period 
as that of the lunar semirliurnal component of Scl1ednle f. In like manner there are two compo
nents affecting the solar semidiurnal component. The amplitudes and epochs A and e in this 
schedule al'e those of the semidiurnal components. 

11. By using the components of the preceding schedule in connection with the semidiurnal 
components we get in precisely the same manner and upon the same principles a still lower order 
uf shallow-water components. The most important of the sernidiurnal components in this schedule 
have been so used; and since their periods are the same they am combined with the semidiurnal 
components of Schedule I. From the one-sixth-diurnal components, so used, we get, giving those 
only depending upon the mean lunar and solar tides, the following: 

R 

tA~ 
tA1 A: 

l
'!A, A: 
It A! 
I 

SCHEDULE YI. 

Quarter-diurnal components. 

u c' q 
----

4i1 4 Ci 2 El 

6i:1 - 2i1 6c~ - 2c1 3E!l--E'l 

6i1 - 2i2 6c1-2C'1. 3f")-E2 

4i'l 4c, 2 .. 

One-elghth-dinrnal components. 

u c' q 

-----
8 iJ 8 Ci l 

4" 
' I 6fa+2ii 6c.+ 2ci I 3E2 +El 

' 
6it + 2i2 6ci + 202 I 3 ~I -t- ~:! 

8 i2 Be, I 
4" ! 

12. Only a few, perhaps, of the shallow-water components in the preceding schedules are sensible 
to observation at most tide stations; but at Liverpool and a few other places the amplitudes of some 
of them have been found, from actual analysis of the tide-observations, to be quite large, that of 
the quarter-diurnal component at Lfrerpool being nearly 9 inches. Even the one-e.ightl1-diurnal 
lunar component of the third order is quite clearly brought out from the analysis of the observations 
of many stations. At river stations far from the sea many of these components must be quite 
large, since it is owing to them tltat the semidiurnal tide is so distorted frequently and made to 
vary so much from that of <leep waters, the form of which does not deviate from what is called 
"tlie law of sines aml cosines.'' 

A few of the preceding relations lier.ween the amplitudes and epocl1s of tlrn shallow-water 
components were first published in my Tidal Researches, and comparisons made with those ob
tained by the Tidal Committee of the British Association from the analysis of the tide-observations 
of Liverpool and other places; and although these theoretical relations claim to be only approx
imately correct, ;vet it was surprising to see bow nearly they coincided with those obtained from 
observation. 

In studying the theoretical relations of the tides, and making comparisons between them and 
the tidal forces producing them, it is not only necessary to have a complete schedule of all the 
sballow-wat€r components which may, in any case, affect the components depending directly upon 
the forces, but also to have from theory as many relations between the amplitudes and epochs of 
the various components a.'! possible; hence the importance of the preceding schedules. 

13. It is now necessary to devise a method of obtaining the amplitudes and epochs of the 
components in (2) from averages of observations taken at regular intervals for a certain period of 
time. From (2) we get-

in which 
(8) H =.!',.A. COS(~. - e'n) 

(9) 

This expression of H may include all the shallow-water components of the form of (7), since 
the latter can be reduced to the form of the expression of H above. 

If we now take the average of all the observations made at equal and short intervals of time 
throughout the time t = •, which fall within certain limits rp' ,., and q;" ~,of any argument 'I''"' of which 
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the characteristic is distinguished by an accent, excluding all multiples of 2ir, the values of 'f',. are 
arbitrary and independent of the time, an<l the corresponding relative values of the other argu
ments may be expressed by-

(10) '{',. = '{',. + (i,, - i,,) t 

and the observations which fall between tlie limits 'f',. an<l 'f",. of any other argument will be evenly 
distributed between these limits. 

If we put-
a =the average of all obse1Tations of H between the limits cp',. an<l rt" .. , au<l let 'f'" and <r'',. 

denote generally the limits of the other arguments, we shall have from 18), arnJ 
from Tidal Researches (310)-

(11) _,,,2sin2-('f'11,.-9''.) , , " _, a - -,. --,,,,,-=..----;;:;-- A,. cos (~ ('f,. + 'f ..) - c ,,) 

T n T u. 

If the limits rt',., and c;" ,., arc taken at equal distances before and after <p.,,, we shall have 
z(V'',., + <1",.)= p •. ,and where the limits of the observations in time are f =0 and t = -=-i we get from (10) 

cp 11
,. = <fn• + (i!,' - i,.) "!" 

Hence we get, in all cases in which the limits are functions of the time-

2 sin~ ('f'',, - 'f',,) _ 2 sin 2 (i,. - (,)-:-
---- ~--,/n- ::..:._ ~1 11 - - ---ct~--=-~l".) !" -· 

2 (<r',. + <f",.) = 'f,.· + t (i. - i .. )' 

Tbe limits 'I'' n and <J 11 .. for the argument of the component of which the characteristic is n 1, are 
entirely arbitrary, and if we denote the coefficient of A,. iu (11), in this case, by k, we shall ban-

<> s·n i ( " , ) k - - 'l 2 <{ n' - '{' " 
- - ~11;, - <r'.-. -·-

This expression of the coefficient of A. applies to all the compoueuts in which the arguments an~ 
multiples of 'Pn'' since the limits for all such arguments are independent of the time an1l 1fopP1Hl 
upon the limits assumed for 'fn" • 

If we now put 'In= s rp, and i,. = si,, the expression of a above can be put into tlte form-

(12) 
in which 

(13) 

(14) 

(15) 

(I= I, (M, cos S<p, + N, sin S<p,) =!',A', cos (11<p, - c",) 

S 1\1, = k, A, cos•'.+ m, 

~ N, = k, A, sin t', + n, 

In .these expressions of m and n the term arising from putting e = e' must. not be inclnde<l, 
and all terms having si, - s'i,, in the denominator in which the integral value of s differs from that 
of •' have been neglected, since in these cases the denominator becomes -very large a.nd the term 
of no importance. The a.inplitudes and epochs A and e, therefore, are those of the diurnal, semi
dinrnal, &c., components, according as the value of s in (12) is one, two, &c. The values of m and 
n, therefore, belonging ro any one clal!s of components, diurnal, semidiurnal, &c., are not affected 
by the components of any of the other classes. 
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From (13) we get-

(16) 

]~._T, - 'U, 

k, sin ,;~ 

These give the true amplitudes and epochs from the values of tile co.ordinates M and ~, and 
m and n, the latter being siIDpl,,, ver.r Rmall corrections of the former. 

14. Jn the second forru of expression of a, (12), the amplitude and epoch, A' and•", require 
coITeetions, generally small, depending upon m and n, to reduce them to the true amplitude and 
epoch of the component having the same argument. If we put rh' for the correction of 0: 11

• we have 

(17) 

Since the epoch, or time t = U, in the angle <p, = i, tin ( 12), is entirely arbitrary, we can sup· 
pose it to be such as to make •" = 07 and we then ha\e M =A' and N = 0. Upon this supposition 
it would be nocessary to di mini sh tlie epoch ,, in (V:) and (Hi) by the angle ,;'', and hence we should 
havP-

(18) 

in which 

(HI) 

~ .M, = k, A, cos !h', + m. 

'- ~.=k,A,sin3<',+n. 

~ 
" 2 sin ~ s (i, - i. ) T • • . /1 , 

1n,=-, ( ... )- A,cos(~8(1,-t,J,-+2. -•.) 
8 i, - 1, ' 

r2sin~s(i,-i,),.. ... /1 , 

n, = - -. - - s(i-;:.... i,) T----- .A, sm ( ~ s ( t, - z,) '+ < ' - < .) 

From (18), with the values of l\f = A' and N = O, we get-

~ 
A _ l\~:_:-__ m. _ A', - m, 

' - k, COS ifr', - k, cos 1)0 1, 

tan "-', = - - .. ?!:•. _____ = - n, 
l\l, - m, A', - tn, 

(20) 

From these and (17) lVe get the corrected amplitudes and epochs directly from the uncorrected 
ones, which is more convenient than obtaining them from (16), in whieh the corrections are lt}}plied 
to the co-ordinates M and N. 

In tbe expression of (15) and (19) the uncorrected values of A, and <',are necessarily used in 
computing the correctiom; m, ancl n,, but these values are more than sufficiently correct, since these 
corrections are generally very small. 

15. The terms in tlH• expressio11s of (lti) and (19) vanisl1 when tlw nilue of,.. is such as to satisfy 
the condition of 

~ ( i, - i,.) r = n r. 

in which 1; is any integral mimbcr. Hence if the periods were all commensurable a value of r could 
be assumed which would make the whole expression vanish. Since A 1 of the semidiurnal compo· 
neut is usually much larger than au.r of the others, it is best to as1mme such a value of r as will 
make the term in the expressions ·of m anll n vanish, which contains A 1 of the semidinrnal compo· 
nent, and this ill 1lone h;v assuming such a value of 'ais will satisfy the condition 

(21) (i,-i,.)r=nn 

Jn tlie harmonic analysis of the titles it is usual to take one year's obser\·atious at a time, and 
therefore for each class of components of which the chara.cteristic.a are e it is best to take .such a 
value of T, which is the time of duration of the series of observations used, as will satisfy (21), and 
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at the same time be the neare:-;t to the time of 011e Jear. 'nth the ya]ue:-; of i, in Scheclt1le I, these 
oonditions giYe for each of the l\I,. tides-

<l h d h 

71 =~mg 3 T~1 = 381 18 

'2 = 36fl .3 '"& = 381 18 

:-_.= 368 :m 71n = ;3fj!J ;; 

,., = 358 5 T11 =369 0 

:-,, = 3.'i8 :> '12 = 369 j" 

'•· =368 20 '1J = 3tl:3 14 

,.~ = 3(lfj 12 "°H = 363 H 

In the same mauncr we obtain the most suitable Yalues of:- tD be used in anal~·ziui.:: tl11> shallow. 
water tides, the values of 1i in (7) heing used in (21) instead of i,. 

With these Yalues of 7,, and the ,~alues of i, in Schedule I, and ]!Uttiug m, for the \'alue of m 
!le.longing to the M, component, and negle<~ting all terms which ar£> v1•ry small~ either on account of 
the largeness of the denominator s ( i, - i,) .,. , or the sma1h1Pss of the mnneratnr, or of the Yalue 
A., we get from (19), by pnttiug s = 1, the following: 

Dl r 111\AL CO~Il'UNB:\ TS. 

m1 = .0236 A 3 eos (Ulc.n + 0 11
1 - o':,) + .O:!;~G A,. cos (268°.l + c" 1 - c',,) + .0'.!17 Ac 

COS (88°.1 + c11
1 - ,'J 

»l3 = .0099 .A7 cos (3°.6 + 011:1 - 2',) 

m4 = .0452 .A 3 cos (UOo.o + '"• - ,',,) + .0610 A, cos (lHiC.8 + r", - :',) + .015'.! A, 

COS (2500.0 + c 11
4 - c' 6 ) 

m~ = .0152 A 3 cos (UOD.O + •"~ - <1.i) + .0452 .d" l'08 (::J:!OC.l + c11
, - ''ol 

m1 = .0115 A 3 cos (40.2 + <11
1 - e1

:;) 

m 11 = .6296 A 3 COl5 (910.() + 2"n - 21
3) + .'.!otlfl A, cos (267°.2 + '"ll - e',) 

111 12 = .2099 .A3 COS (93°.0 + c 11
11 - '':i) + .6'.!UG A, C01' (26!.P.0 + ,-"12 - c'u) 

m 13 = .0138 A 3 cos (325°.0 + ,11
1, - 2

1
3 ) + .004.'J A 6 cos (214°.5 + s"1:, - 2

1
,,) + ·.ill06 A, 

COS (329°.3 + E
11

13 - ::'1) 

m14 = .0045 A 3 cos (145°.5 + s 11
14 - "':1) + .01;{8 A.ti cos (;~5°.0 + 2"1-l - ''u) + .004;; A, 

cos (147°.5 + •"u - 2
1
7 ) 

In the :same. manner, by vutting s = 2 in (Hl), we get the following: 

111 1 = .0225 .i~q C08 (71°.;~ + £
11

1 - r 1
4 ) + .0:.!:.!5 .A.;, COS (288°.7 + 2

11
1 - <1!,) + .0257 A" 

cos (1100,;) + :"1 - <1
8 ) + .0237 .A9 cos (:!4U0 ,[i + 2

11
1 - 2

1 ~) 

m2 = .0104 .A3 COS UP.8 + Ec
11

; - 0:' 0) + .O:.!GO A 4 COS (251°.5 + £
11

; - 2
1

4 ) + ,0078 A;, 

cos (2890.0 + 2
11

2 - "'s) + .022;) .A 8 cos (11°.:3 + 2"2 - 2
1
9) 

1113 = .0000 Az cos (3560.4 + <: 11
3 - E'z) + .02rn A. cos (!lt.9°-.5 + e11

3 - •',) + .0074 A, 
COS (2900,5 + E11 ~ - e' 5) + .0210 A 8 cos (287°.0 + •":1 - •'s) 

111, = .00!13 ~.\.2 cos (rno.o + •"• :__ •'2) + .0155 A:1 cos (40°.0 + •"• - ''3) + .1332 An 

C0$ (2260.8 + •"• - ·'~) 

m5 =·.0062 Ai cos (470,0 + •"5 - <1
2) + .13~~2 .A9 cos (133°.2 + •"s - •'9) + .020i .A1• 

cos (313°.o + <11
5 - 0' 1~) 
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m6 = .0236 A~ cos (1100.6 + ~"6 - £
1
5 ) 

m, = .0115 A 2 cos (4°.2 + <11
7 - <1

2 ) + .0108 A3 cos (8.5 + <11
7 - E

1
3) + .0325 A., 

cos (253. 7 + 0"7 - 0'4) 

m8 = .0101 A 2 cos (1.530.8 + <11
8 - E

1
2 ) + .Oi55 A, cos (153~.9 + <11s - 0

1
4) + .0053 A~ 

COS (206°.4 + <1 'a - <
15) 

m9 = .0037 A 2 COS (154.0 + o"9 - <'2) + .0755 Ao cos (206°.4 + c11
9 - ''5) 

m10 = .0260 A5 cos (108°.6 + <"10 - <5) 

If we use sin for cos in these expressions and d1ange the sign, it is i:;een from (19) that we get 
those of n,. 

For terdiurnal, quarter-diurnal, &c., components the corrections depending upon m and n are 
unimportant, since only the amplitudes of these components, which are very small, ent-0r into the 
ex11ressions. 

It is seen from the smallness mostly of the numerical coefficients, taken in connection with the 
valueR of A, that most of the terms in the preceding expressions of m and n are very small. The 
large values of mu and m12 in the diurnal components, arising from the very small value of (i, - i.-) 
in that case, occur where there is no sensible diurnal component, and hence are of no importance, 
since after appl~·ing the correctious the result is approximately 0. By using the values of T"., which 
have been girnn for each class of ~l, tides, terms containing A 1 of the semidiurnal tide disappear, 
and as this is mnch the largest of the amplitudes, the values of 111 and n are thereby much dimin
ished. Indeed, when these values of T, are used, all the corrections depending upon m and n may 
be neglected1 except in very nice theoretical investigations, such as determining the moon's mass; 
and this is especially the case when the results of the obserYations of a series of years are used, in 
which case the effects of these small con·ections are mostly eliminated from the arnrages. 

16. It yet remains to determine, from averages of the observations, the quantities M, and N. in 
(16). This must be done by means of (12), in which a is the average of all the hourly observations 
of H during the time :-, contained within the limits rp',. and p",,. If we make these limits include 
150 of the argument \I',,, as is usual, we shall then have twenty-four of these averages. If we take the 
limits so that the middle of the included interrnls correspond to <p, = O, \I',,= 150, 'I•'= 300, &c., 
and denote the corrn8pomling values of the averages by a0, a1, a2, &c., we get from (12)1 by supply
ing the implied constant of integration A,., twenty-four equations, as follows: 

a,, = Ao + 1\11 + 0 + M2 + 0 + l\f3 + 0 + &c. 
n1 =Ao+ l\11 cos 15° + N 1 sin 15° + :M2 cos 30° + N1 sin 300 + M3 cos 45° + N 3 sin 450 + &c. 
a2 =Ao+ l\11 cos 300 + N 1 sin 300 + l\I2 cos 600 + N2 sin 600 + l\I;i cos 900 + N 0 sin !JOO+ &c. 
a3 = Ao + 1\11 cos 450 + N 1 sin 450 + :M2 cos 90° + N 2 sin 90° + 1\13 cos 135° + N 3 sin 1350 + &c. 

and so forth. 
The solution of these twenty-four equations hy the, method of least squares gives us a <'Airtain 

number of normal equations, the number depending upon the number of terms taken into account 
in the expression of a. These normal equations are entirely independent of one another, and give 
directly, without any further solution, the values of the constants, A 0, M1, N1, M2, N2, &c. The 
following, gfren in the most convenient form for computation, are all that we shall have occasion 
to use in the tidal analysis: 

(22) 

(23) 

( 1:! l\I1 =A + (B + B') cos 150 + (C + C') cos 300 + (D + D') cos 450 
) + (E + E') cos 600 + (F + F') cos 750 
) 12 N 1 = A' + (B - B') sin 150 + (C - C') sin 300 + (D - D') sin 450 
( + (E - E') sin ooo + (F - F') sin 750 



 

in which 

(24) 

in which 

(25) 

in which 
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A = (a0 - (lu) 

B = (a1 - (Id 
C = (a2 - a14) 

D = («3 - a1,) 

A' = (a,; - 11rn) 

B' = (az3 - au) 

C1 = (a22 - aw) 

D' = (a21 - «9) 

E=(«4 -au;) E'=(llw-aH) 

F=(a,,-a17) F 1 =(a19-a,) 

~ l~i\~2 =A~ + (B2 + B:2 ) co~ ~oo + (<:2 + c;,) c~s °,oo 
( L ::-12 =A z + (B2 - B 2 ) sm 30C1 + (C2 - C z) sm ti(P 

A2 = (ao - a,;)+ ("iz - a1n) 

B2 = (a1 - (I,)+ (1113 - aw) 

A',= (a7 - fl:,)+ ('T 1c. - a2i) 

B 1
2 = (r1i; - a1~) + (a 23 - a,,) 

C2 = (a2 - a,,)+ (a14 - 1120) C', = ((lw - r111,) +(an - a 4 ) 

~ 12::\I:. = A 3 + (B:i + B 1
3 ) cos 4,;o 

~ 12 X 3 = A 1:i + (R:, - B':,) sin 4.5° 
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A3 = (ao - a.)+ (11~ - a1,) + (11 1,; - a,0) 

BJ= (a1 - ar.) +(a, - a1,) + (a1, - 112i) 

A 1
,, =[rt, - a,,)+ (1!1,. - au)+ (0 1o - au) 

H'J =(a, - a11) + (01:. - al',)+ (1T2:• - a3 ) 

in which 

(2H) 
~ 12 M, =A,+ 1B, - B 1

4\ cos 60'' 

l 12 X, = O + (B.i - W 1) 1->in 1;o0 

A4 = (ao - a3) + (a6 - a9) + («12 - <11:.) + (a1s - a21) 

B, = (a1 - a,)+ (a, - ll10) + (a13 - a1u) + {a1~ - an) 

B', =(a,, - ae) + («11 - 1114) + (an - a 20) + (lT23 - az) 

(27) ~ 12 l\IH = (ao - az) + (11, - a,;)+ (as - a10) + (a12 - 1111) + (a1" - a 111 ) + (a:w - a.,2) 

( 12 N" = (a1 - a")+ (a5 - a,)+ (09 - an)+ (<11:1 - 010) + (an - 01~r+ (a21 - a23) 

( l2MH =(au+ a3 +a~+ <19 + a1t + a1; +<rm+ lT21) + (a1 + 02 + a4 +a,+ a7 + aR 
(
28

) ) + a10 +au+ <11" + 014 + Ifie+ an +am+ aw+ a21 + az:i) C08 l'.!OO 

· ) 12 X" = ((a1 - a2) +(a,- a.,)+ (a, - ~") -+;-> (010 - a11) + (<113 - 014) + (a10 - ad 
( + («;9 - llw) + (a22 - a2::)) sm 1~0° 

From these, with the ,·alues of a.o, 0 1, a2, &e., ohtaineu <lireetl_y from the ohser\·ations, we get 
A., M,, and N,, and then hy meam; of these we get. from (16) the true amplitudes and epochs of the 
components, or by neglecting m and n we get the uncorrected amplitudes and epocluo;, and then 
from these, by (17) and (20), we get the corrected oues. 

The values of~ in (16) and (20), when the intervah-1 are <f" - 'f = 15°, itre by (14)-

(29) ;l = 1.0028, :
2 
= J.0115, ;:I= 1.0262, ;, = 1.0472, ~ = l,}]{)ti, h~s = J.2092 

Since the values of M aml N, obt,aiue1l from each of tlie preceding normal equations, and con
sequently the values of A and" are entirely independent of the other equations, we can g-et the 
amplitude and epoch of any one or more of the components in the expression of a, (12), and neglect 
the rest, so that it is not necessary to exhaust the residuals; but it is hest to take in all sensible 
terms in the expression, for the residuals then furnish a check general!.}·, within very narrow limiti:, 
of the accuracy of the computations. \Ve cau, moreover, use these residuals then in determining 
the probable errors of M and N, and hence of A and c. 

S. Ex. 13-36 
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If we put-

1• = the residuals, 
f =the probable error of the averai.re a, regarded as a single ousen·ation, 

r =the probable errors of the unknown quantities A.,, JU, and N, 
m =the number of the nu known quantities, 

we shall han~-

(30) I \' .2 
·- - - I e = 0.h 1 ±u , .,

4 
--

' - -111 

The weight of each of the constants deduced from the normal equations is 12, exce11t that of 
A,,, which is 24, and hence we ltaYe for the probable error of A,,-

(~H) 1· = -_ ,e = 0.20-11 I' 
v 24 

and for the probable error uf ;\I mul N, aml consequently of Urn amplitude A-

(32) -r -- e - II .,_,...,,, o ./12 - •-'OU-~ 

The proballle error of the epochs, expressed in degrees, will be-

' e --o '3 - l''o -1 e r = v'i2-A x '" ·• - '' ··• x A 

17. The obse1Tatiom; of II in (3), from wllich the m·erage;; or values of a are obtained for each 
int-erval of 1.)0 of tlu~ arguments 'fl, am given for eacl1 sohtr hour, that is, fo1· each of the values of 
<fJ2 equal o, 1, 2, 3, &c., hours expressed in degrees. Hence, for the solar components we simply 
group together all the observations throughout the time :-,, approximately one year, belonging to 
each of the solar hourK, aud thus obtain twenty-four averages from which the amplitudes and epochs 
are obtained by the method already given. l~ut when Ute observations are grouped with reference 
to the other arguments, it is necessar,v to know tJ1e ya,lne of the argnment 'fl, in relation to that of 'f2· 

Tllis iK giYPn by tlH· equation-

(34) 'f, = 'f~ + l i, - i,) f 

in which tis the time of tlie observation exprm;sed i11 Jwuns fmrn the epoch, or time t = 0. It is 
therefore necessary to ha\·e a table gfring the values of each of the arguments rp, for each hour of 
fiery day in the year. Table I, computed from (34), with the valnes of i, given in Schedule I, is 
such a table of the principal arguments expressed in hours of 150 eacl1, and the multiples of 24 
hours being neglected. It is given for the first and last days of the year only, merely as a sample, 
the complete table in manuscri1Jt having been used. The solar hour is found in the first column 
under 'h' and the corresponding values of the other arguments rp,, given to the nearest integer only, 
are found under their appropriate heads. Since all the observations within the limits of a half 
hour preceding and following each hour come in tlle same gronp,it is only necessary to ha-ve in the 
tables the hour belonging to the middle of the group, or, in other words, the values of cp, in hours 
t-0 the nearest integer. The averages then correspond to the even hours of '/,· 

18. The epochs obtained directl,y from the analysis by the preceding method are those of•' in 
(8), in which the time, t = 0, is the same for all the components. In the expression of H (3), tlte 
angle i,t + "· is the hour-angle of the M, tide, and the epoch e, is that which belongs to the case in 
which tis reckone(l from the passage of the fictitious moon M, over the meridian. The former, •', 
varies very much generally from year to year; the latter,•, is theoretically the same for each year. 
After the reduction of •' to e we can compare the several values of e belonging to each of a series 
of years an<l estimate the probable error. This reduction is made by the la.st of equations (9), b;y 
adding sc. to the epoch •'.. It is necessary, therefore, to have the value of c.for the assmned time of 
t = O at the beginning of each year. The values of c. for each class of M. tides is obtained from 
the expressions of c, in Schedule I, in which the values of .<, .<', ii, &c., at the beginning of each 
year must be used. With the data contained in the introduction to Peirce's Tables of the Moon, 
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these values of c, have been thus computed for a series of years extending back and forward from 
the present time, and given in Table II. This table can be reatli1y extended furlber each way by 
means of the difforences. In this table t in (3) is supposed to he reckoned from midnigl1t, and 
hence 180° have been added to the values given by the expressions in the schedule. Hy mean& of 
this table the reductions above are readily made for any year containc!l in the table. In this taul<· 
are also contained the values of iu1 w, and ii/, which are often needed. 

Ill the reductions of the epochs of any of the shallow-water components which <lo uot fall within 
any of the fourteen clas8es of eomponents giYen iu 8chedule I, the \'alues of c', ginm by its expre8-
sion in the several schedules of the shallow-water components, must be used. After snch reduction;, 
the epochs of these components for difterent years should also be the same. 

rn. The amplitudes and epocl1s obtaine<l directly from the analysis require still another reduc
tion in a few cases, to make the re~mlt.s of different ,vears comparable one with another. These are 
the cases in wl1ich the components are affected b,r other aml 8maller components of so nearly thr 
same period that they cannot be separated hy the anal.vi'lis. "\Ve haYe two cases of this sort in the 
tlinrnal and two in the semi<liurnal components, as is seen from Schedule I. ln the diurnal com-
1iouents the M" C<Jmponent is affected b~· the 1\I':i component of very nearly the same period, as is 
seen from the corresponding valnes of i, and the)[~ com1ioueut h~· the N'6 of nearl~' the same period. 

If we let A and ' be the am1llitude and e1ioch of the principal component, and A' arnl s' he 
the same as affected b;y the smaller component of nearly the same period. aud also let a bf' the 
amplitude of the smaller component, we Kltall han-

A3 1 
A':i = v'J -f- el+ ie,-Co-~,;, 

- C·1 siu w tan J ,',; = --- . - '--------
1 +<!~cos <.JI 

A6 1 
A'6 = -Jr+-ei+ '.{~~ ~-08-~ 

_, _ cfi sin w -
t:mJ.,._ 1 + 

Ct COS <.JJ 

in which "=A and J e' = £ - e1 is the- correction to be a.dded to ,, to rethicf' it to~. Tlte pI'eeediug 

expressions are the same as those of § 97, Tidal Hesearches, in a different form aml wit.Ii a different 
notatiou. With the yahws given by the precmling Pxpressions, WP make the rerln<'tion8 by putting 

(35) l A-A' XA 
- A' 

e = £
1 + J e' 

The values of" in the preceding expressions arti known upon the hypothesis that the am plitnde.s 
of components having the same period, or nearly, are proportional to the coefficients in the rnriable 
tenns in the forces preet>.ding them, which is true for deep waters without friction, hut ma.v not he 
strictly so in other cases. The reductions, however, -having been made upon this 11,rpothesis, the 
comparisons of the yearly results with one another for a consideraule series of years will show 
whether this hypothesis is correct, for if it is not t.he amplitudes and epochs will haw a Yariabl~ 
term with a period equal to that of "'' the longitude of the lunar node. 

Upon the hypothesis that the amplitudes are pr-0portional to thl' forcPs we get, with the rnlues 
of Pn, in Schedn1e I: 

43 .071 
e-1 = -- = ------~ 
· A 3 .5306 - 13.ltlµ 
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'Vi th these Yalnes of e3 and e6, the values of the reducing factors and corrections of the epochs 
giYen by t.11e preceding expressions have been compnted for every tenth degree of w, as given in 
Tables III and IY. The values should be taken from the talJles with tl1e argument w taken from 
Table II for the middle of the year. vYith these Yalues the corrected arnplitmles aml epochs A 
uwl ~ are rea1lilv Clhtaine1l from the nucorrected ones A' and E

1 by means of (35). 
In t11e sernl1li11rnal components the -:\I1 component is affected l),Y the J\1'1 component of neal'l,y 

the .~ame period
1 

aml the M3 compoueut by the l\1'3 component. Adopting the same hypothesis and 
the same general notation aR in tlte Rimilar <>ases of diurnal components, "Ile ha>e in these cases-

- C3 siu '" 
1 :+c0 COS w 

From these expre1>sions the reducing factor and J"' haw~ been computed for every tenth (le
gree of w~ and giveu in' Tallies Y and YI. "'ith these quantities, taken from the tables with w as 
an argument, thP reclnctious arc made hy (3;)). The expressions above are the ~mm(~, in a different 
form and with a differeut notation, as those in Tidal Rescarclies, § 101. 

20. In <letermiuing the amplitudes and epochs of tlie components of long period, WP can use 
the daiJ~- averages i1rntead of the hourly observations, and still adopt the same method as in the 
easP of the short-peri01l coii1ponents. The aremges of H iu this caRe, taken for equal spaces of 
the loug-perioll arguments, may likewi.~e Im inelrnle<l in the expression of ci (l2), in which 'l'e' then 
hecomeR one of the long-period a,rgnments, and the corresponding value of si, becomes u,., tb1:1 
value of u in (4) belonging to the long-period argumimt with reference to which the oh8en"ations 
are grouped. \Ye Rhall, therefore, han in place of (10) 'i-", = lf'e· + (i, - u,) t, in which all the ob
Ht'rYations falling within girnn limits of the argument 'f',J may likewise he regarded as being m·enly 
distributed through tl1e arg1111w11 t 'f,, wl1ct,Jter one of long or short perio<l, as in the case of (10), 
altl10ugh we use the an~ragcs of the daily averages. The formul~, therefore, of either (13), (15), 
a ml (Hi), or of (18), (Ul), nrnl (:!O) can he used, as in the case or short period components, by putt.ing 
11, for i,, in the exprt<ssions of m amt n. On account of the large value of (i. - u,.).,. in the denom
inator in tile case of the short-period components, the terms in m and n depending upon the short
period component1-1, cnm when A,. is large, are of no importance, and this is also the case when the 
terms in 111 and n (lepernl upon the long-period components, since the values of A, in these are 
alwa~-s wry small. \Ve may therefore neglect m and n in (lG) and (19) without material error. 

Il.-ANAJ,YSIS OF THE TIDES OF PULPIT COVE. 

:!1. It now only rnmitius urnler this head to apply the methods, principles, formulre, and· 
tables, gi>en under the preceding l1ea,d, to the observations on baud. This requires a great amount 
ot work, of which the detaih1, of course, cannot be given here, but, for the most part, the results 
merel,r. \Ye shall, however, give one example, somewhat in detail, to show how the work has 
been done throughout. Since the first year's observations are uot quite complete, the series having 
been commenced on the 21st of ,Ja1mary, and therefore requires to be treated a little differently in 
some of the details, we shall st>lect as our example the lunar or M1 tide of 1871. All the hourly 
observations throughont the year, falling within the limits of each of the twenty-four equal divisions 
of 150 of tlie argument Sl'i, were included in separate groups and the averages taken, and denoted 
by 0 0, a1 a21 &c., a2~· The group iu which each hourly observation is to be included is found by com
paring the day and the hour in the fir~t column of Table I with the corresponding number in the 
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column under M1, which iis the argument or value of sr1 frH' that elate. The same iH done for any 
other of the 1\1,, tides. In thiA m:unwr W<'re oltt;tliue'1 the twenty-four ayerngP>;, or Yalnps of a, i11 
foet, in the following table: 

5.626 

6.835 

3 ' 9. lOG 

4 11. 708 

5 13. 754 

6; H.MS 
7, u.:;:is 
8 : 13. 31G 
9 ll. 059 

10 8. 491 

' 11 I, 6.426 

12 5.469 

! 13 5. 580 
14 6. 804 

15: 9. 094 

16 ': n. 1a2 

17 13. 751 

18 14. 677 

19 14. 597 

20 13. 356 

21 11.111 

2a II. 512 

!l. 146 (flo ti.ii -· 6. :.!Ofi 

( 1--13) 46 I ( 1 - 7) 

( 2-H) :n ( 2- 8) 

( 3-- !Ii 

( 4- !OJ 

( 5-·11} 

( 6 l:!I 

K91:! 

G. 4141 

·-l. 9.:i4 

~ :1. 217 

i. 3~8 

( 3 15) /· 11 

( ~--lfl) 
1

' -- ~~ 
( 5-17) + ., 
( 6-18\ - 29 

( 7-19) r.9 ( 7--13) ', 

9. 179 

ti. 9j8 

( S-201 

( 9-21) 

(10- 22) 

(11-23) 

(12- OJ 

113- 1) 

40 ( 8-- 141 6. 51~ 

5~ ( ~-lb> +I. 96;) 

G~ (lll-16) -:L 241 

~6 ' (11--17) 7. 32f> 
33 , (12-- 181 R ~O>J 

46 (13-19) 9. 017 

(14- 21 a1 i (14--201 6. 5f•~ 
(15-3) -- 11 (15-21) -2.017 

(16-4) -1 24 nn 2'2J +3.179 

(17- :.1 
(18-- 61 

(19-- 7) 

(2V-- 8) 

(21-- 91 

(2~ -10) 

(23-11) 

3 ' (!7 2!~) 7. :?:H~ 

f 29 o~ t)) n. l'iJ 

;)~) (19- }) ti.971 

40 , (:W 2) 6. 5?1 

f1'.! (~1- ;~) -f 2. OOG 

G:! : 1~2-- 4) ' - 3. 15fJ 

+ 80 : (2;l ;"1) -- i. :?42 

I 1- ;;) K 12>' 

( :.;!-.- fi) ':'. 81:: 

t :: 7) !"J.43:t 

( 4 8) 1. 60>' 

( fi- 9) l ::!. 69[• 

I 6 JU) G. 157 

I i -11 t 8. 112 

( l-i ]::!~ 7. 847 

I 9, J:J} 5. 479 

(lU-1-0 t-Lfi...:i' 

(11--15~ - ~-661' 

! (1!!-lU1 G. !!f.i:t 

113-17) ~.1;1 

(14 - l~i 7. 87:1 

(l:.--19) 5. f~l3 

(JG 20) - L 624 

(17-~1) ---:!. 640 

n~-:.!2) u. l:..'-t 

1rn-2:n 8. 085 

(~0- OJ 'i. 85-l 

(~1- ]) ,j_4i:(j 

12':!-- 2) -t L 71~ 

(2::- :~) -- :!. fi93 

4 

( J ... 4) G. 082 

( 2 - fi.t , o. urn 
{ :I--- 6) : :;_ 54:1 

( 4 71 i -:;!.8:m 

( ;, 81 '+0.438 

( t~+ 91 i :;. t'iX9 

( i -10'i. G.047 

( 8 11) G.690 

C B- 12) 5. ;;90 

(lll 13) +~- !~11 

(11-141 - 0. :1;8 

(l~ Jfi) 1 :'{. G'..!.""1 

il:~- -lfi) : 6. lfi'.2 

(14-17) : 6. 947 

05 Ji'\) 5. 5~3 

(lG-19) -2. 86:-. 

(17 20) ; 0. 3U& 

(lK 21) 3. r~ru 

{1'1-23) 6.1144 

120 -2:l) f>. 844 

c~l -- 0> r, fitm 

(:!2-- )) ...; 2.~ 

( 1-- :1) ~- 4W 

( !! - 41 4. 873 

( :I-- f>I 4. 649 

I 4 6) :!. 940 

( 5 71 - 0. 784 

( t; SJ ·i 1. :t:J~ 

( i - ~) 3. 47~ 

( ti -!OJ 4. K~;·1 

(9-11) 4.G:i:J 

(ltl~)~I 3. 0'::'::! 

(11---rnJ +.0. 8;1; 

(12--H) -1. 3'.\.~ 

113- Jr,) :l.c•H 
(14-101 4. nR 

no-111 4. 6r.7 
(\1; ... ]X) 2. »4;, 

(17-19) - 0. >4G 

(18 20) / l. :1~1 

()~<~!) :i. 4"tl 

(:!V- 22l 4. do:~ 

<21 ~:o 4 . .r-.9g 

(~'2-- m :ii. 0:,1 

(2:l - 1) l 0. ~86 

( 1 ~I , --J. '.O» 

l:! 

:!! 

1)0 111 -i ~- ou:. -1 

:!U 

ll 

11:: 1-tf -1.~24 3 

+ II 

119- :_\) -J l. ~41 1:-. 

JO 

('_"!~ ~·~:11 -1 '2. \ql 9 

+ 

'l.1be columns in t.l1is tablt> llf'adpd 1, 2, 3, &c., c•ontain tlie differe11P1c»'l of tit!' valnes of 11 whieh 
ent~r into thf' expressions of l\1 1, N,, 1\1,~ N,, &e., in (23,) ('.!-!), &c. After tlrn first tliP ;mhst:ript 
numbers of a only a.re Wl'itten; as (1 - 13) for (a 1 - a.u), (1- 7) for (a1 - a,), &c. lt is seeu that 
these subiscriptl'. in the same co1nmn all haYe a common differem·e, so that by writing tlw Yalnes nl 
a, on a separate slip and placing it by tlw sille of Un' colmm1 of values in the t,a,ile, these diflt•1·ences 
are all readily taken. 'Yith the.SP differencc8 the yalue.s of A, B, <', &c.: A', B', <;.:1 , &c.; A,, H,. 
C,; i'..1

2, B'2, C'2 ; A:,, B:,; A':i, B':i; A 4 , B., B'4 are fouud. 
If we assume that the aYerages, m· \"alne>; of a, may he PXJiresseil liy (12), or a1.; written on1 i11 

detail for this ca11e, l)y 

a= A.,+ A1 cos ('1'1 - t1) + A.1cos (2 r 1 - 22) + A:1co.s(3 \1'1 - <.1) +A, co>; (4- '?1 - z,) 

+ Ai; C08 (G \l'l - oc) +Au COS (8 \Pl - <x) 

we get from (22), (23), (2-i), &c., the following \'alues of' A. 0, l\f:i, and N:i; and then from (lliJ h.Y 
neglecting ·m and n and putting k = 1, we get tlw eorre.sponding values of A:1 and ':•: 

Ao= 10.0518 

M 1 = + .0257, 

M2 = - 4.6843, 

M3 = + .0010, 
M4= - .0065, 

M6= + .0896, 
M 8 = - .0104, 

N 1 = - .0160, 

N 2 = - 0.9500, 

N 3 = - .0017, 

N 4 = - .0199, 

N6 = + .050i, 
Na= + .0051, 

A 1 = .{1303, 

A2 = 4.7198, 

· A 3 = .0020, 

A 4 = .0208, 

As= .1035, 
A~= .0115, 

ti= 328''.1 

<t = 191°.!7 

<:i = 300°.1 
S4 = 354 .. :\I 

E"t; = 29°.5 

With these values of the amplitudes and epoclls~ A and e, the preceding expressim1 of a rep
resents the values of a. in the preceding table witll the residuals t' i11 thB last column. It iA sern 
from the residuals that there are no other sensible terms in the expression of a abO\-e, and t.he 
amplitude A 3 of the terdiurnal component is so small that it cannot be regarded as being a real 
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component. These residuals, moreover, furnish almost a perfect check against any errors in the 
work, either of taking the averages of the groups of observations or of computing the amplitudes 
and epochs from these averages. Each of the 24 values of a above is the average of about 365 
obsern1tions, and an.Y error in taking these aYerages shows itself in the residuals, so that if any of 
these residuals are unusually large, it is necessary to reyisc the work until the residuals fall within 
the mmal limits. Any error, likewise, of any consequence in the work of obtaining the amplituues 
and epochs from these a''eragw; is shown by the residuals, since any such error not only causes the 
resitlnals to he unmmally large, but also causes a prepo111lera11ce of plus or minus signs in different 
parts of tlie column of re1'iduals. It is Letter, tllcrefore, to obtain the uncorrectetl amplitndeR and 
epochR of the tidal cornpo11ents, which are the trne oneR belonging to the expresRion of a, so that 
the accuracy of the work may be tested hy means of the resiclnalR, and then to correct these am. 
plitudes and epocl1s, than it is to corr••d tlw co.or•linateR M nncl Nin order to oht.uin Llire<'tly the 
eorrectcd ones. 

Iu the manner which has jnst been explainP1l sixteen tides for each of the Rix years, making 
ninety.six in all, han' been treated, ancl the work checked l1y means of the residnalR. In most of 
them, LoweYer, it was founll necetisary to use ouly two terms in the }He<:eding expression of a., whfoh 
always left tlic residnahi so small as to imlil~ate that if they contaiuetl :yet any other real terms, thf'y 
were too small to he of any importance. It is seen from tl1c formula· for ohtaiuing the constant.-; 
in any tidal P-Omponent that tlie,:r are en t irel;y imlepeuclent of those of any of the others, so that 
we can obtain those of any one of tl1e111 and neglect tlw l1ala11ce if we wish, hnt the resiflnals then 
tlo not furuiRh a che<~k for the accuracy of the work. 

:!2. If the a>crages weri• those of the true tide merely, nuaffectetl by tl1e abnormal ilisturbances 
of winds, ocean currents, and clm11ges of haromPtric• pressure, arnl all the real terms in the pre. 
1·t~diug exprf'ssion of a were taken into account, we should have no resi1lnals. These residuals, 
then, are the parts of theRe distnrhauces which are not eliminated from the aYeragcs hy the number 
of observations mmd, together with the efiect,s of very small terms neglected in the expression of 
a. It is important, therefore, to estimate the probable errors in the results arising from these causes. 

From tlic residuals in the preceding table we get ~1.'2 = .002!"186. \Vith this Yalue, }lutting 
111 = U, since there are 13 unknown quantities, we get fmm (:lO) e = .<H03 of a foot, or about k of au 
in.,h, for tbe probable ermr of the arnrages of one year's obserYations, upon the hypothesis that 
the resiuuals conta.iu no real neglected terrnH in the expression of a. \Vith thi1' value of e we 
likewi."c get from (32) r = .0030 of a foot, or about 2\ of au inch, for the probable error of the ampli
tudes A, arising from nneliminated abnormal disturbances. From (33) we get r' = 0°.03 for the 
probable error of the epochs '· Jf the re.sitluals are still affected by any real neglectell terms iu 
the. expression of a, then the probable en·orio; are still less than thef'e estimates. The example in 
hand is alumt an average one, the residuals in Rome caseR giving larger ancl in otberH Rnmllpr prob
ahle errors, witlwut mucl1 range of Yariation. 

lu tl1<> t•.ourse of so much work there are of course somfl small <irrors which escape tleteetion 
hy mPans of an ins1iection of the residual:'!. The effects of such errors a.re also included in these 
probable errors. As the residua.ls must he <lue mostly to uneliminatec:l abnormal disturbances, and 
ouly in a mmparatively few cases the result of error, the part of the probable error due to the 
latter cause must be yery small, so that we have a complet.e check against errors of any importanc<'. 

!!::. Ha Ying obtaine•l the amplitudes aml epochs in the expression of a preceding, the next step 
i:-; to correct them, Ro as to r11dnc•• tl1em to tbe true amplitmles arnl epocl1s of (8). This is done by 
meanR of ( t 7) and (20) aft.l'r tl1e values of ni and n ha Ye been com1mted hy means of the formulre of 
§ 15. These formnlm give in this case, for the diurnal component, m1 = - .0028; n1 = .0022; and fOI' 
the semicliurnal, tll1 = - .0185 and 11 1 = - .0030. ·with these values of m and n ancl the values of' 

!i' !.' &c., in (29), we ~et from (20) and (17), in wliicl1 theRe nncorrectetl amplitudes and epochs are 

distinguished hr A' aml •",the following correctetl values-

A1 = .0332 t'1 = 324.3 A, = 4.8533 £
1
, = 1910.50 

It still remains to reduce all the epochs to their values in (2) and (3), a.nd this is done by means 
of the last of (9) with the values of c. taken from Table II. From this table we get, for the year 
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1811,c1 = 64°.!J, :!c1 =l!J9C'.92,~~c1 =194.88,·!c1 = :!;J!JCJ'\.J, oc1 = :!!P.76,8c1 = 15U.ti8. These Yalue;o;, 
added to the. values of the epoclls e' already obtained, giye the epochs of (3). 

24. The following are the true amplitudes and epochs of (H) for the i;ixkeu l\I, tides, as ohtainl-'1! 
from the a\·ei·agcs of the ohseiTations of each of the six .)"1\:-11'8 taken separately, and corrected aml 
reduced a8 in the example of the preceding seetio11. The i;ul.Jscri1>t numlien; of A and e denote that 
t.ties belong to the diurnal, ::mmidiurnal, &e., co111po1wntH. The amplitudes are giye11 iu feet. 

_____ _,....,. __________ _ 
1870. 

.0424 

1871. 

.oa.12 
l8i2. 

• 0221 

187:1. 

. 0395 

18'i:i. 

• 022!1 

A 2 ~ 4. 9406 4. 6533 4. 85J8 4. 8031 4. 7:l6'J 4. 764~ 

~2--- a220. o; 32P. 42 a2:!0.1~ 3:!F\ it.,'j :J:!O'. u;i :.r.m--·. 4u 

A•-- .012~ .oow .009~ .0120 .oo;;s .!IUl!i 

,,_ ;,;;; 0 .o 13;;'·.o 161'.H 12a·.O 2wc o 2:>!!•.o 

A4 ~ . OJ86 . 0"14 . 0194 • (1~1'1 . 0191' _ 0'.ll 9 

f4 ;_-· t.59'"'. 6 }5J('. ~~ 17:tn. 0 114C. !J 1~6 '. \) 1:2} ', :.1 

Afi--~ . 1176 . 1148 . 1213 

fli= fiOO. 9 59c:_ j 64''>_ 6 

A•~. • 1117~ . 0140 . 0090 

an0 • 
~ ·' 
. 0176 

.1~2·2 

60'. :i 

. 0137 

. 119~ 

. 0156 

U~ 3:«!~. 0 3141'. 0 3510, 0 336°. 0 3~6°. 0 320'', 0 

MaorJ\.. 

1870. .1871. 187:!. 18';'3. 1874. J8'i5. 

A1- . 4376 . 462A . 47H . 4~1~ . 5J:!<J . 4!173 

<t= 136". 2 137c, 5 13~0• 8 ]34;_ 9 132''· 7 130''. 0 

A2= . 2406 . 2381 . 2:>40 . :r.1;ll . 2936 . 3040 

n·..::..:.. Tll-\ 0 6"'. 8 l2l\ 4 J~o:.'. 6 lF'. 0 355''. ;{ 

lhorX. 
--------"'------------------.... 

1870. 1871. 187!!. 1873. l~'i 4. 1B75. .A Yt>I1tj!t', 

Ai= .0{)42 .0059 .0326 .O"J67 .0119 .0171 

e-1.:..:..:: 258°.o 226°.o 339ci.o 1110.u JZ'i~'.0 :nF1.u 

A,cc 1.0459 1.1359 0.9860 0.9288 0.9909 l.02lill l.0190±.0192 

f'2= :l95°.4 :m10.3 ~86°.a 28SJ0.1 2tf10. 2 288°. 5 290. 3±tP. fl 

------------"----------, 
1870. 1871. 1872. 1873. 1874. J 875. Avcl11!(•' .. 

A1= .1524 .15ll .1484 .1516 .15'8 .HlOl .la:J0±.0011 

~1-- 127°.a 1a2=;,a 136Cl.7 132c.2 12a0 .6 130°.V 1:m0 .5+F!.2 

.1168 . 086:\ . 0482 

98°. B 306°. 0 ~30°. I 

. 0521 

98°. 9 

M!101' l'a 

. 0490 . 0628 

68". 2 249°. s 

----·---------------------~ 
1870. !Bil. 1872. 1873. 1874. 1875. .Axeragc·. 

A1-- .0016 .011~ .0040 .005i> .0026 .0031 ··= 123".0 1910,0 950,0 1510.0 168°.0 37°.o 

A2= .1618 . 3348 • 0033 • 319'1 . 2152 . 2888 

••-"- ao10. o 3160. 1 aooo. a arno. s 2mo. a a2a0 • :i 

.M1101·R. 

. 27Ja 
)ltJ8C. 0 

~---------·~~--------~ 
1870. 

A'= .0310 

•>= 2e60.0 

1871. 1872.. ]873. 1874. 1875. 

- 0251 - 0216 - 0225 • 0133 • 0088 

110. 0 358°. 0 211:!0. 0 3540. 0 290°. 0 

A•= . 0680 • 0200 • 0554 . 0502 • O:l48 • 0619 
.. = 227°. 0 26". 0 920. 0 352". 0 182". 0 So. 0 

A,_-.~ 

18i0. 

. t)fj76 

l~/l. 

. 0154 

lh'7:!. 

.021:-i 

~12 01' s. 

l87:J. 

. 01!~5 

1~14. 

.019.~ 

1~7;). 

. 00]!) 

1~~··. H 78'. 0 67".. ~ 12~-f-'. a 73. 0 :!5. :! 

.. A .... -- . 8:>4-:J . 73.J.5 . 77,;fi • 796t1 . 7456 . 74t"W 

. 00% . 0093 . 0904 . 00~7 . 0\172 . 01118 

:n-'. 0 63°. (1 3t..MP. 0 .'..!97 . 0 13 • 0 .59-. 0 

A.-.=.. . 0078 . 0114~ • OO:J::! . 0-058 • OKd . 00::>7 

«=.i _::__ u;r. o i3 . •! <l46-·. o ~:!2 . o 3:,Q·. o :!9 ·. o 

)l.a.orL. 

Averugr. 

. 0:!4:! ±. 004:~ 
G.j .9.:t.10(.s 

. 7700 l . 0069 

----------·---~..,,,.--~--·------------
18~11. 1~71. 1S72. 1873. Hi74. lhff,. 

A1cc .0162 . 031~ , 036~ 0097 .O:l54 .009) 

~nr. o a46'. u 255" . L) 1s2,-·. o 4;i . o ;n8 11 

A:1~- • 3362 • 1724 . J}l4-5 , :!B4T • 223n . 2093 

18H".5 187-.1 ]:1;},·,fJ 19!:'0 .8 21~'.5 2H8'.9 

' :!361 ±. 01~7 
HI".'". I ±6'.4 

~------------~------------~ 
i~;-(J. 

A1~ .3440 

o .::___ 100 ', B 

1871. 187:!. 18/;t ] ~74. 1875. 

. 3594 . 3974 . 406:! . 4217 . 4441 

lMF.11 10:!' .7 lOtV.l 100-.(1 tl07 '.9 

.A,_~ . 1831 . 093i . 17:!7 . 0014 . O'J8l . 0960 

£2= 313·-,. 7 2'J8''.4 t:!-5".ti ra··»4 301'"'. t 30:):. r, 

Ah 01' A. 

---1870. Jfil 1872. ~a.--- 18iZ-~;;:--·A-;cra~; 
.A1. .OO:li .oltri' .<Hf>:! .00:.!7 .01:-m .0146 

fl_: 118'-'.0 2'i3·'.0 264P.0 161('.0 ~}:2;_".0 115'.0 

E2 ---

. 083.1 1320 0427 . 1196 .1559 .1770 

l6Jo.5 25~P.l 146''.0 ~56°.3 1~4\5 ~;rn°.9 

ll1u orµ.. 

,llflil7 

196' 3 

_,,.,______ ________ ___ 
18i0. 1871. 11'7:t. !Sia. 11'74. l~/5. .A. ,-erage. 

A1- c . 0'2M . 0190 . 0148 . 01!):! . 012:! . 0:!50 

El-- !!Ofi:J. 0 33fP. 0 

A2 c' . 043.1 . m:m . If! so . 03t:l 

1870. 

.Oll8 
a10. o 

1871. 

. 0079 

45°. 0 

1872. 

. 0097 

s2°. o 

1873. 

.0196 

20°. 0 

1874. 

.0]:;6 

87°. 0 

187.J. 

. 001}7 

78°. 0 

.A2= . 1887 . mas . 1001 • 2332 • 1555 . osn ··= 2Jll0. 0 138". 8 54)0 ., 3:11°. 2 3430.1 122°. 6 

. 032~ 

216'. 2 

. 0220 

2870. 7 
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Mu or ,T. 

~--lF;;o. -ml~m~~7S.- 1874. 1875.-AYerag~ 
A1 = . 0245 . 0140 . 0258 . 0308 . 0194 . 0092 . 0196 

e-1 = 340~, 5 266~, 2 320·""', 2 3H -'. 5 32:F.1 292C.1 315c·. 4 

A2= . OO:lt' . 0156 • OOU . 0252 . 0088 . 0139 
tt:i= 162~. 0 :219~ () 2~T. 0 94"::. 0 l43n. 0 150~. 0 

1870. 1871. 1872. 1873. 1874. 18<5. 

.A.~ . 0;157 . 0157 • 0::!52 .0095 . 0~8-J . 0104 

f4_:_ 308'". 0 210 .0 21 •. 0 299c:·~() 311°. 0 75'. (I 

lfo or Q.l 
---~~--- --- ·--------"'------ ----

1870. 1~71. 1872. 1873. 1874. 1"75. 

A 1--=-- . o;ma . 0577 . 07:!7 • 0578 . 0110 . 0-726 

"~ 2W'. 8 271'". 2 258°. 7 2460. 3 272°. 0 283'. S 

A2= . 0153 . 0146 . 0112 . 0252 . 0190 . 0220 
35';C", 0 100C, 0 150', 0 }89C, 0 75'•. 0 76C, 0 

1870. 1871. 1872. 1873. 1874. 1875. 

A2~ . O:l8R . 014~ . 0212 • 0246 . 0553 . 0246 

:.!9'i'. 0 1~;5n. o 318C'. 0 270°. 0 327'\ 0 4-F'. 0 

Average. 
.llti62±. 0024 

2620. 8.:1:30. 7 

In all t'.ases in which the amplitudes and epoch!'l a hove should be the same for the several 
snccesl'lin years, the most probable values, as deduced from the several results of the six years, 
have been gi \·eu, aud in most cases the probable crrort>. Where the l:'pochs differ but little from 
the nwaus, these ha,·e been obtained from the aYerages simply. but where the epochs, from the 
Yarious disturbing causes, differ so much from the means that the eosines of the differences from the 
mean 1liffer sensibly from unit.y, the components for the several years ha.,·e lw,en resohed into 
t1vo co-ordinates, ha1-ing the same relations each year to the tlisturbing forces, and then from the 
a veragci; of tllci:m co-ordinates, 11ew amplitude:'\ a11d epocl1s ha\·e been (lcduced for the a\·erage 
rNm1tt'. 

'.!5. \Yhere tl1e tide-components vary from year to year from the ettccts of smaller eom1ionents 
of 1er,v ucarl,y 1he same periocl, the amplitutles aud epochs must he puri1ietl from the effects of 
theKe uefore we cau obtain the most probable values from the aYcmges of the result.s of the six 
ypars. Thil-l ii; tloue !Jy the method given iu § rn. 

lu the dinrnal components we liaYe two caseH of this kind, :\13 aud 11.,. The amplitudes aud 
epochs of the 1\1 3 diurnal title are corrected in the following mauuer: 

Year. A' 

Jr.70 .... 110. 00 . 4376 

!B71 ............... 9(1. 34 . 4620 

1~i:! ·-·······---· iO. 9U . 4744 

]~7'.: ·----------·· 51. 6a • 4Y15 

1~74 ···-········- :t.!.:H . :;120 

lr:f;, 1!!. H~ . 4973 

_.\\·erage ......... ····I·-···-·· 

A 
A' 

i 
l. 0393-t-0. 7of' i . 454B+O. 36µ. 

o. 9923 -0. :, i . 4:00--0. 2 

0. 9520-1. 4 . 4517 --0. 7 

0. 9200~2. 1 . 452'2-l. 0 

O. 897! --~ 3 j • 4594-L 1 

o. 8843--::t ,j • 4398-1. j 

lkeiduaL ,, 

+020 ta6. 2 

+62 13i. 5 
-11 138. 8 

-ti 134 9 

t 66 l:!:!. 7 

-· l:JO 130. 0 

..•.••. , . 4528±.0019 O.G:.Iµ. ................. . 

oe JResidual. 
I 

0 0 

-7.5 128. 7 --0. 9 
' -7.6 
i 

129. 9 +o. 3 
-6.9 131. 9 +2. 3 
-5.5 129.4 --!l. 2 
-3.7 l2<J.O ·-0. 6 
--]. 5 128. 5 -1.l 

129.6±0. a;; .••...... 

'l'lw column under the head of w contains the longitude of tlrn moon's 11otle for the middle of 
each year, taken from Table II. 'l'he oolmnns nuder A' and •' are uncorrected amplitudes and 
epo('hs of the .M:i diurnal tide in the preceding section, distinguished here from the corrected ones 

h,1· an accent, and!, and rh arc taken from Table III with was an argument. The corrections arc 

then made by (35). These corrections lea\·e the final results extremel~· satisfactory, the residuals 
and the probable errors being very small. Uesides, the signs of the residuals do not indicate that 
they arP attcct-0!1 by any term of long i>e1i.od, such as that of the period of the moon's node, 'and 
henel' the corrections for the effocts of the terms depenuing upon the moon's norle, seem to have been 

aeenratcl;y m~ulc. 'l'he probable enor of the epoch, red need to lineal measure is (J0.35 x .4528= .0028, 
570,3 

or ahont one-thirtieth of an inch, wl1ich is a very little more than that of the amplitude. 
In the conection of the epochs ahove, the small effect depending upon the correction of the 

moon's mass ltas been neglected, and the residuals and probable errors in both the a.mplitudes and 
epochs are upon the hypothesis that the as1mmed mass of oue-eightieth of that of the earth needs 
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no correction. But it would require a very large change in the moon's mass to affeet the result!' 
much. A change of one-tenth part of the moon's mass would give <!11 = .00125, with which value 
the corrections of the amplitudes above, due to tb is r,ause, would be ·extremely small. 

The M6 diurnal tide is corrected in the same manner as in the preceding case hy using Table IY 
instead of Table III. The following valneR of A' and '-'arc taken from the values given in the 

preceding section and distinguished here from the corrected ones by an accent. Tht> factor!, anu 

the correction o'-, are taken from Table IV with w as an argument. 
-~- ~ ---~- - -

v~~-- I A - ! --A-- Residual. " 

c I Feet. : Feet. c o 

OE Residual. 

c 
1870.---·-·---·-· 110.00 j .3440 1-05.'i4 I .3631 +45 100.8 

1871 ·-···-···-··· 90.34 ! • 3594 o. 9778 i . 3514 7·• 96. 6 
1872 . _ ...•... _.. 70. !16 i . 3974 o. 9160 I • 3640 +54 102. 7 

+12.U 113. 4 +2. 3 

+12.4 109. 0 --1. 1 

+u.o 113. ~ -- 2. 6 

1873 ·---·-·--···· 51.63 I .4002. o.s100 I .as.14 -52 100.1 
. 1874 ·---·-···-··· 32.31 I .4217 o.839".l 1 .3539 --47 106.0 

+ 8.8 108. ~ -2.4 

+ 5.7 lll. 7 +o. G 

+ 2.3 110. 2 -0. 9 ----• 1875 ···-·····-···· 12.981 .4441 ·. 0.8230 i .3~ - +10 107.9 

'---~'"erage:_-:::·~-~-~ .1. _ ·:_- -:-:· :·~·:J ~~,s~~· _oo_i_~_ ~:_-· .. _ .. ·-~··_--:_- ·_-·.--~::_2~1. 1±0. 55_·-~=-. 

In this, as in the preceding case, tl1e corrected results are very satisfactory, the residuals and 
the probable errors being quite small, and the signs of the residuals indicate that the corre.ctio11s 
for the eflects of the term depending upon the moon's node are correct.Ir madP. Tlie probable 
error of the amplitude here, in the iwerage of the six rearR; is a little less, and tha.t of the 1~pochs a 
little greater, than in the preceding case. 

26. The two semidiurnal components which need fo be corrected for the effect of the two terms 
of nearly the same periods depending upon the moon's node, are those of l\11 and 1\13, tl1e mean lunar 
and declinational components. 

The following values of A' arnl s' are taken from the semidiurnal component of the .M1 tide in 
A. § 24, and dh:;tinguisbed ber{I hy an accent, as in tlie pl'f'.eecling ca.ses. The Yaltws of~' and ,7~ are 

taken from Table V with was an argument. 

-~ ---·-~·------

Yea.rs. A' 
A' 

A Ref'lidual, 

Herc the probable error of the average amplitude is much greater than that of the preceding 
cases, and the pmbable e1Tor of the epoch, l'edue{l(l to lineal me:1sure, is about the same as that of 
~be amplitude. ln the ease of tbe amplitudes it is seen, also, that the miuus signs l'a.ther prevail 
1n the first half of the sei·i~ and the plus signs in tl1e latter half. Tlle average of the first three is 
.0157 feet, or nearly -Jr of a.n inch, while t.hat of the la.st three i>1 tbe sam{I ·with the contrary sign. 
This result bas a.n important bearing upon t.he principle by which the corrections for tlH' luna1· 
nodal term have been made,, wliicl1 is, that large1· aud sma.Uer tides a.re tlroportional t;o tlie forces 
upon ·which they depend. 'l'his. principle is theoretioa.lly correet for doop-water tides without fric
tion, but I have not found it to be strictly-0orrect in a.n:r case which I have examined. Jn the tides 
of Brest, Liverpool, KUITaehee, San Francisco, a.nd other8, and notably so in the Boston tides, I have 
found that the larger semidiurnal tides are smaller in proportion to the forces than the smaller 

S. Ex. 13-37 
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ones. The same is sltown h~· the residuals above to be true in the tides of Pulpit Cove; for 
these residuals show that the larger amplitudes of the first part of the series, corrected upon the 
}Wincip1e of prop0l'tiona1it,v to tl1e force~", are more than t of an inch smaller than tlie corrected 
smaller amplitrnles of the last half of the series. Having a series of only six ~·ears OD hand, which 
is less than one-third of the period of the moon's node, this matter cannot be so clearly brought 
out here, but if we had a se1'ies of 19 years, it would be interesting to trace the residuals, given 
by the corrected amplitudes as above, around the wlwle period; n.nd they would undoubtedly have 
contrai·,> sig11s in the two opposite parts of tlte period c-0rrespouding to the largest and the smallest 
amplitudes, as I Jiave found in th.- case of the J,iye111ool ti<les. (Ti<lal Researche._<;, § 206). 

The following nucorrecte<l amplit.mles and 1-.po1•.ll><, A' arnl ,,, of the dee1inatiorml semiuiurnal 
component, are taken from ~ 2-1 irnclc1· JH,,, m11l thf' re1luein_g f~wt01·s arnl tl1P Pornwtion:"; of t.lw epochs 
are taken from Table Yl. 

T~o.Ta. 

1870 

1871 
. 187~ 

I
I 187:! 

187' 

! 187f• 

110. OU 

00. J4 

7H. S..ti 

51.6:J 

32. 31 

lt.98 

A\"t>r:t.~fl ·-· ····-·-

A: 

Pe.d. 
. '.!40G 

. 2361 

. ~540 

. ~33~ 

. 2936 

. 3040 

' 

: 

.A 
A.• 

1. or,~-1 r ~- :t.s1-1 
0. 9tl31 (). 0 

0. 8882-2. 0 

u. 8348-3. I 

o. 8010-3. 9 

o. 7614-4. 3 

A 

Feet. 
. ~!>fit; to. USµ. 

. 2293 o. 0 

. 2".56 -0. 5 

. 1946 -0. 8 

.2352 -1.1 

.2375 -1.3 

. 2296 ± . 0055- 0. stµ 

Residual. t:
1 Residual. 

+~60 

- 3 

- 40 

-350 

+ 56 

+ 79 

~2.U' -lU.6. 5.4 

6. 8 i 16. 0 i 350. 8 

+6.6 

-8.0 

12. 4 I 13. 9 i 358. 5 -0. 3 

12. o 
1 

10. s I 1. s +a. o 
11. 0 ! 1. 0 I 4. 0 +5. 2 

355. 3 i - 2. 9 I 352. 4 -6A . 

~ ........ i 358.8±1.7 '-······-- i 

'l'l.J.e probable enorK here are smaller thau in tlw preceding mtse. The probable error of the 
rpoch, reduced to lineal meaAure, is± .0069, a little greater than that of the amplitudes. 'l'he signs" 
of the residuals in both the amplitudes and epoclis are entirely satisf'actory, and the correction for 
the effect of the small t{\rm of nea.rly the same period, depending upon the moon's node, seems w be 
accurate}~· made in this case. 

27. The amplitudes and epochs of five components of long period have beeu obtained from the 
analysis of the observations by the method explained in§ 20. All the daily averages of observations 
throughout the .fear contained within each equal tlivision of 15° of each argument were put into one 
group and the averages taken, from which were obtained, as in the case of the short period compo
uent.".• twenty-four averages for each argument, and from these the amplitudes and epochs were 
obtained as in the short-period tidt>s. For the purpose of arranging the daily averages in their proper 
groups a table of the yahtPs or each argument for the middle of each da..v throughout the year was 
made, so that it would be readily seen from the table in which group each daily a>erage was to be put, 

The corrections for 1n and n (19) become of no importance in long-period tides, on account of 
the large value of the denominators (i! - i,,) -r. Putting for si, its value in the case of the lunar. 
semidiurnal tide, which is 280.98410, and for si,. the value of u,., as directed in§ 20, and taking the 
daily value of u2 in § 4 as an example, we should have for the hourly value of 1'2 0°.5-l44, and hence 
(si. - 1'2) = 28°.4397. With this value, putting .. = 8760, the numberofhourR in a year, the denomi
nator becomes 4265, and the coefficient of A. for the maximum. value of the numerator, would be 
only !n:\2 • This in the case of the tides in band, in which A for the lunar tide is less than 5 feet, 
would give a value form of only about .0023 of a foot, or :f-6 of an inch. For all the other short period 
components the value would be much less. · 

The errors arising from the unequal distribution of the observations through the arguments 
may amount to much more than these, bnt they cannot amount to anything of much import,ance, 
as will be shown by the following results. 

As the arguments all commence with t = o, for the beginning of the year, the epochs immedi
ately obtained had to be correc.~ted by adding the values of k, given in § 4, in order to make the 
epochs of the several years comparable with one another. .A correction alw for the amount of 
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change in the arguments in twelve hours, hall to be applied, i;iuce b;\" using the daily a\·erages the 
time of t = 0 was noon ini;tead of midnight. 

The following are the results obtained in tlw manner just explained: 

Lunar elliptic component. Lunar declinatioual component. 
~---------------·-------------, ~ 

1870. 1871. 1872. 1873. 1874. 1875. 1870. 1871. 187~. 1870. 1874. 1875. 

A~' . 082 . 069 . 024 . Oi4 . 05j OH A= . 012 . 037 . O!B . 047 . 073 .1)40 

96C_ 3 35'. 0 34'.2 295". 9 279''· 3 109'. 5 l".1 208'. J 10'. 7 21! •. R r.i 94°.8 

Solar ~lli pt.ic and d?<" linahonal component El. Mz S:: (shallo~-wa~r oomp-onent'1. 
-----------·· .------------···-----

1870. 1871. 1872. I8n. 1874. 1875. 1870. 1871. 1872. 1873. 1874. 1875. Average. 

Ai= .0811 .176 

e1= noo. g 162C, 3 

.A.2'= .090 .093 

E2= 47°. 6 57°. l 

.120 

J670.] 

. 007 

lll'.l 

.177 

1870.5 

. 026 

14[,r:, Ct 

. 262 A = . !!lo . 157 . !ti.~ . :!'~'!! .180 . l~a . 174 + 010 

.152 

74°. 3 

151. 1 + r. '.!. 

The varying values of .A, and the scattering values of £' falling somewhat in all parts of the 
circumference of the circle, indicate that there is no sensible lunar elliptic or <leclinational compo
nent, which, it will be shown, is what theory requires. The epochs e1, of the solar elliptic, and 
those of e2• of the solar declinational component, falling somewhat in the same part of the circum
ference of the circle, indicate real components; but since the period of the argument is one year 
in this case, the;y am undoubtedly due to meteorological causes, such as changes of winds and of 
barometric pressure, and likewise of ocean cnrrents, all of which may have a Yariation with an 
annual period. The amplitudes and epochs of these components for 18i!3 c.ould uut be olltained on 
account of a change in the zero of the tide-gauge during this year. 

The shallow.water component is the l\I2 82 long-period component of Schedule JT. The small 
range in the values of the epochs for tl1e several years, as well as the largeness of the amplitudes, 
shows that this is a. real tide-component with an amplitude of more than two inches. The small 
probable errors of both the amplitude and ,epoch, the former bei1ig only one-eighth of an inch, show 
that the principle which has been adopted of using· the daily aYcrages ca-nnot lead to much error, 
for the greater part of these probable errors is no doubt due to the accidental uneliminated dis
turbances of winds1 barometric pressure, &c., since they are nearly of the same order as thosf, in 
the short-period tidmi. 

The height of the mean level of the sea above the zero plaue of tlm tide-gauge was found to 
be in feet as follows : 

1870 
A 11 = 10.1885 

1871 
10.0i68 

18i!.l 
8.5042 

187:~ 

10.2312 
1874 

10.1286 
1875 

10.278G 

It is seen t.hat there was a great change for some reason in the zero plane of the tide-gaug·e in 
1872. The series of observations is too short to decide the interesting question in geology, whether 
the continent is rising or falling, unless the rate of change were considerable, and we coult.1 he cer
tain that the zero of the tide-gauge was kept. on the same level plane throughout. 

IIT.-f'.O)JPARISONS 01<' OBSERVA'.L'ION WITH THEORY. 

28. It is pmposed under this head to ascertain how nearly the lWCceding results from obser\"a· 
tion satisfy the various theoretical relations between the amplitudes, e1)()Chs, and tidal forces, first 
published in my Tidal Researches. This is important, since if these relations or Jaws can be shown 
from comparisons with observation to hold generally for all tide-stations, tlteu tllese relations need 
no longer be sought by a laborious analysis of tide observations. 

I.et us consider, first, the mean lunar tide, ai:; obtained from analysis, and given in§ ~4. At 
least five of the six components given there are real tides. The first, of which the amplitude is 
denoted by A 1, is a very small diurual tide depending upon correspou11iug forces. It is the result
ant of two components arising from the two terms in Schedule I, tlenot.ed by m1 and 111, in which the 
pefiods, ~ denoted by ttie values of i., are very near.ly the same 1111 that of the m~n moon, Pllt· 
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ting A and o f<1r tlie amplitw.fo aml epoch of the larger~ and A' and 2' for those of t,he !'maller 
tide component:-:. tht>y au(l their resultant ma,r he put into the following· form: 

..-\ co:-: \it t + ,7, - ::\" - =)+A' co:-: (i1 t - ,;, - J ::- -· 2') =A" cos (i1 t + ,;1 - 2 ::- - 1h) 

in whid1 ·' I/ - I 2 ,., . .. i •• - I ( 11 )t 2~- •• ---''- 'A+..-\..~- -AA cos-"'=~"-\ I+ -.- -- " cos _,w . _;,~ a!.! 

, A' is in 2 ,;, 11 :sin 2 ri1 

tan '" = A _ A 1 cor< 2 '" = 52 -=lTcr.lH-2 ,;, 

In these expression,;; ii• is the long·itude of the n10ou's perigee. 8ince the perio<ls are so nearly 
the same tbe amplitudes of the tidal component:-; mtrnt be proportional to the coefficients of the 
terms in the forces giving rise to them, which are .O.'i:! aml .011. and npon thi>: principle we get. the 
;,;t·cond forms of expressi011 of A" and tan 112. 

It is l'\een from the resultant expression of Uw t \rn components that the amplitudes all(l epochll 
are sli~htly variahle, tlJe variation depending upon the ,-alue of''" and also that the epochs obtained 
from observatiou, which are equal to" - w - ""•must diminish as <ii iucreai,;es, aud also be atteeted by 
the inequality <k The nneliminatetl abnormal disturbances are i-;o great in comparison with this 
:-mall tide, with an amplitude of only about one-third of au inch, that \Ye cannot make a comparison 
of these inequalities with theory, but it. is seen that tlie observed epochs" decrease on the aYerage 
about 400 per year, the rate at which w increases, and it will be shown further on tliat the aYemge 
observed epoch is that which theory requires. 

Theory gives no relations between the forces, aud the amplitudes arnl epochs of the tides from 
which we can cletermiue the latter, but it only establishes certain relations between the amplitmles 
aml epochs of the ditterent components of approximately the same periods. 'Ve have to depeml, 
therefore, upon observation for the amplitude and epoch of one or more of the larger components 
of each class, and then from these theory determines the rest. ,.Ye have to depend upon observa
tion for the amplitudes and epocbs of the mean lunar s_emidiurnal tide, and can make no direct 
comparison of them with theory. 

The quarter-diurnal lunar tide, of which the amplitude is tle11otetl by A 4, is the shallow-water. 
component of Schedule IY, designated by lVI2 Mz. The small range of the values of the epoch s4 

for the sHeral ;rears show that tbis is a real component, though quite small, the aYerage of the 
obserYed amplitu<les being only about ! of an inch. This component in the Liverpool tides has an 
amplitude of uearl:r nine inches, which indicates that the shallow-water components there, in gen
eral, must be veQ· much larger than at Pulpit Coni. The oul,v theoretical relation which we bani 
in this tide fol' comparison witli obsern1tion i.-- that its amplitudes for different years should be in 
proportion tu tl1e squares of the amplitudes of the mean lunar semidiurnal component, as is seen 
from the Yalue of R in Schedule IV. This relation holds in this case, the amplitudes of both com
ponents decreasing with the series, but the probable erro1·s in the very small amplitudes of A 4 are 
proportionately so large that this agreement with theory must be regarded as being roost likel~· 
aecidental. In the Liverpool tides, where the amplitude of this eomponeut is very much larger, 
thi,,; theoretical law ii-; satislietl by observatiou vei·y accurately. 

The one.sixth diurnal lunar, or Mi tide, of which the am1llitadc is denoted by A 6, ii; the i;ballow
water eomponent of 8chedule Y, 1lesignated by M2 (~lz Mz). Thi&, although a component of the sec
ond order, is much larger than the quarter-diurnal component. It is surprising to see how all the 
abnormal and other disturbances are eliminated in tl1is cast1, as shown by the nice agreement of 
the resnlt~ for the several years. This arises no doubt from tlle fact that tbe ueglectetl corrections 
depending upon m and 11, (19), in the diurnal and semidiurnal tides, are entirely insensible in this 
1"ase, for reai-;on:-; which hitve been already giveu, aml tliat only the abnormal accidental disturbances 
have to be eliminated. 

The one-eighth diurnal lunar component is that of Schedule VI, designated by M 2 ~ Although 
the amJllitndes of this componeut obtained by the analysis is extremely small, yet the values of the 
epochs all falling within a range of 40° shows that the1·e i8 a real component, having a period of only 
thre,e hours with a.n amplitude of about one sixth -0f an inch. It is surprising to see how oompleOOly 
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so man~- large ine11ualit.ies with various perio1ls, together with all tlte almormal disturbances, can 
he eliminated, and :so smilll a component brought ont with i;o mnch certainty. 

:t9. Of thn solar com11onents g-iven nmler the head of 1\12 or· S, § 24, tl1e tin;t is a diurual tide 
l1a\·ing the sanw 1•eriod a:-; that of the mea11 s1m, or at least ;;ensibly :so, anrl arises in the same. 
manner as tlw corresponding one in the lunar components. Tiu' amplitudes and epochs in tbiio; 
case, howenir, sbonlrl be sensibly the same from year to ;year, on account of the n•r.v :-;low- motion 
of the ;mu's perigee. The values of the epochs, as brought out hy the anaIJ·si:s of the ohsenatiom;, 
although i;;omewhat irregulat' ou account, of tlrn 1meli111inated abnormal ilisturham·pi,;1 are as regular 
as can be expected in so small a component and indiea·te a real term. 'l'ne amplitude of thh; compo
nent, according to theory, should be to that of the correspoudili;r lunar compone11t very uearly in 
the proportion of the solar and lunar forces, and hence les8 tuan half a.-> great. If we except the 
first value, that of 1870, which tor 80flle rea.i,;on is much larger than the rest, the averages of the 
balance gfre about this mtio. 

The amplitudes of the mean solar i;emidiurnal \'Umponeut should !JI~ the same from ,Year to 
year. The differences gh-en hy the analysiN arc tlne to the abnormal uneliminated disturbances 
a.nd to the sma.11 neglected corrections due to m and n ( 19), except for the principal termi;. Tht> 
a.verage of the six years, howm er, giYes a Yalue with a }lrobable error of onl,\' about ,i2 of an inch. 

The 1:;cattering values of the e}lochs, <~, of the bwdiurua.l component indicate that there is no 
real component of this period. The Yalues also of the epochs, "' indicate t,hat. there is no real 
sensible quarter.diurnal solar component, and thi:.,; confirms the theoretica-1 relations given in 
Schedule IV, in which this component is designated L~- S, S,. }'rom the Yalues of H there 
given, it is seen that the ratio of UJbo; rn1mponent to the correspomliug lunar component ii< as A/ to 
~.\ 1 2, A 1 and A,, being the amp1itudes respectiyel,Y of the l11m1r aml solar semidiurnal l'Otnponents, 
and hence the amplitude of the solar quarter-diurnal component should lw onl~, about 4\, of that 
of the lunar. But this latter was found to be only about :! of an inch, antl hence the amplitude of 
the solar quarter-diurnal component would be by theory only about 1 ko of au iuch, and hence the 
component is too small to be brought out in the analysis of the observations. 

The one-sixth-diurnal solar component, tle'signated b~- S, (S, S,) in Schedule Y, should ha\·e an 
amplitude by theory, as seen from the >alnes of R in the schedule, ,~d1ich is to that of the corre
sponding lunar component, as A/ to A 1

3, that iR, only about 2 &,-, of the latter, and he11ce entirel.r 
insensible. 

30. In all the other M, tides only two components, the dittmal and semidiurnaJ, were brought 
out in the analysis, the residuals :-;bowing tlta.t if there were any other o;eni,;ible components of a 
lower order they were too small to be of any importance. Of the diurual eowpuneuts only those 
belonging to the M~, Mt,, ".\f,, Mt:•, and .:Vlt~ tides depend upon terms in the tidal frlrces. These we 
shall consider further on. The scattering nilnes of the epochs,~., of the others, as well as the small
ness of the amplitudes in most cases as brought out by the analysis, show that there an.1 no real 
diurual components belonging to these classes of tides, which is iu accordauce with theo1·y, fur 
there are not only no terms in tl1e tidal forces to give rise 1lirP.ct.l,Y to such compouents, but tlwre 
are none in Schedule III of the shallow-water diurnal components haying the same periods respect
ively. 

The quarter-diurnal shallow-water eomponent M, S, of Schedule n~, from the re,,;nlts of the 
analysis given in § 24, does not seem to be a sensible component at Pulpit Cow1, thougl1 at LiY
erpool it has an amplitude of about five inches. The small aplplitmles giYen by the analysis are 
simply the effects of the unelimiuated irregularities, as the irreg1Ilm· values of the epochs indicate. 
According to the theoretical relations given by the valttes of H. in Scliedule IV, the amplitude of 
this component should be to that of the lunar quarter-diurnal component as A, t-0 ~A" that is, <LS 

.7706 t.o ~ x 4'.895, or 1 to 3 nearly. Bnt as the latter was found to be ouly about l of au inch, the 
amplitude of the former should be only about 1\1 of an iueh, and hence the compoileut is too small 
t.o he shown by the analysis of the obseiTations. This, together with the examJlle given in the 
last section, furnishes two ca1-1es in which tlte theoretical relations between the amplitudes in Sched
ule IV are confirmed, inasmuch as these relatious give uo sensible components when none are found 
by the analysis. In tile Li\rerpool tides, where the amplitmles are so large that very accm·ate com
Jlarisons could be made, I found that these relatiomi were aoourat;ely sa.tisfied by the results 
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obtained from observation. lf these tlicoretical relatious, therefore, can be regarde,d as being suf
ficiently confirmed b.' obllervations, none of the other quarter-diurnal components of Schedule IV 
arc seu1Jilole iu the tides of Pulpit. Cove, and need not be sought after by analysis of the observa
tions. 

Thi· re:mlts of the 11na1ysis for the :JI, [S, S,) 1Jcmi,liurnal shallow-water component of Schedule 
Y ;;how, hy the irre~ularities of the value:-: of the epoc11s for the sm·eral years, that if this compo
nent is not entirely insensihle, it. is at least n~ry small. The principal terms in this class of com· 
ponent8, it is seen from the values of 11, bani the same periorlR as components depending directly 
upon the forces, aud hence cannot be separated from tliem in the analysis. Although the compo
nent l\1, (S2 S2 ) is not sensible in the tides of Pulpit Corn, yet the theoretical relations of the 
amplitudes giYen by the expressions of Rare such that some of the other components may be very 
considerable. 'l'hese relations make the amplitude of the M, ( 1\12 M2) component, which is combined 
with the principal sernidiurual lunar component, nead~- 40 times as great a,-; that of the l\I, (S, 8 2) 

component, so that, although the latter is insensible, yet tlw former might have an amplitude of 
se,·eral inche.s. 

:H. The amplitudes of the five diurnal eomponenti-; depending directly UJ)On the forces, if they 
are not sensibly affected by shallow-water components, should satisfy the five equations (167), Tidal 
Researches. The left-hand members of these equations ai·e, in the notation used in analyz!ng the 
ti1lei;, A1 of the Ma, Mti, M,, Mt:i. and M14 tides, re-.,,pectively. vYith the values of the latter three 
taken from ~ 24, and of the first two from § 25, theHe e11uatious hecome-

.4528 - 0.6f1 oµ = (.5306 - 1:1.1 <lp.) (1 + .2:30 E) A,, 

.3586 = .381:) ( 1 - .'.!30 E) Au 

.1530 = (.1730 -13.6 011) (1 + .196E) A 11 

.0196 = .011 (1 + A58 E) Au 

.0662 = .052 (1 - .458 E) A11 

The uukuowu quantities in these equation,; are A 0, E, and op., hut the terms depending upon 
the latter yanii;h if we re.gard the assumed mass of the moon .0 t~fi as coerel't, and we then have 
only the two former. 

'l'heRe equationi; might be soh'ed hy the method of lca:st s11uares au<l the most probable values 
of the unknown quantities obtained in this way, but as the fast, two do not hiwe much weight, on 
account of tl1e :,;mallness of the amplitude8 of the components upon whiel1 they depend, we shall 
1ll'ter111im• them from the solutfon of the first three. Tl1is solution gives;-

A11 = .8915 E = - .23J. r7f1 = - .00050 ±: .OUUl2 

Tht• probable error has been obtained from the 18 residualH in satisfying the first t.hree of the 
preceding flquations with tlie values of the unknown quantities just obtained, and with the values 
of the amplitudes gh·en by each separate year in §~ 2i and '.!;'") substituted in the first members. 
These residuals are for each of the six years iu the three ch1sses of equations as follows: 

+ .0016 + .0045 - .0006 
+ 69 72 19 

10 + 54 46 

4 

+ 68 
127 

+ 
+ 

14 

18 

71 

The weight for the u11kuown 11uantity o:~ obtained from the solution is 1118. With this weight 
the.'le residuals giYe the 11robable error above. With the correction of 11 aboYe we get for t.he 
moon's mass-

,, = .012.'i - (.00050 ± .00012) = 88_3 ! o.t'i 

This ma-ss obtained is very satisfactory, considering the shortness of the series ()f observations 
aud the smallness of the cliurna.l tide in the Atlantic, and the proba.ble error is lllll!l!U. llut it muat 



 

U:ll.TJTED STATES COAST AND GEODETIC SURYEY. 295 

be understood here that this is the error only arising from the uneliminated e1focts from the aYer
ages of the accidental disturbances, and does not include theoretical errors wl1ieh may han• tlw 
same effect from year to year. \Ve ueed, tLerefore, some test of the tlteor:r, and this is had, in some 
measure, in trying whether the Yalues of Ao and E obtained from the first three of the ]H'{\CPding 
equations also satisfy the otl1er two. These values gin1 for the first memher!'I of these eqnatiou" 
.0088 and ,0515, leaving residuals of+ .0108 and+ .OH'i. These residua.Ii< are small, the larger 
being onlJ' 1 of an inch, still they are larger than the probable errors of tln~sc amplitudes gi n•11 i11 
~ 24, and indicate that there are errors in the theory which are greater t.J1au the probable error" 
arising from uneliminated effects of accidental disturbance8. If the fi \'e equations had been treated 
by the method of least squarei;;, the!".e residuals would haYe been divided in some measure among 
the other equations, and consequently would haYe been diminished a little, but this would have 
changed the value of iJ1'- but little on account of the small weight of the last two equations. 

The theory upon which these equations are based is that of deep-water tides, and if they do 
not precisely satisfy the results obtained by the analysis from the obser,·atiom;, the exphmation is 
to be found in the effects of shallow-water cornpouents, which are not taken into a.ccount in thesP 
equations. If we turn back to Schedule Ill aud examine the shallow-water 1linrnal ('Omponent8 
given by theory, we find from the value of u = i~ that there are three which have the 8ame perirnl 
as the component depending directly upon the tidal forces, of which the amplitude is the first 
member of the first equation, a.ml oue afl:'ecting the amplitudes, or first members, of each of the 
other four equations in the same manner. :Now, sin<'e the efte9t of these shallow-water components 
cannot be separated from the others b~' analysis, we do not know whether they ha,·e a sensible 
eft'ect upon the preceding equations, but since the five equations cannot be completely satisfied with 
any values of the unknown quantities, and we h[we found from the analysis that there are sensible 
sba.Ilow-water components among some of the other classes, it is most probable t.hat these equa
tions are slightly affected by sensible diurnal shallow-water components, and that the correction of 
the moon's mass, which we ha·rn obtained, 1WtJ· likewise be slightlJ- aifocted hy them. 

The effoct of these disturbing components of ::-;d1edule Ill might. be det.ermi1wrl h,\ obtaining 
from the analysis of the obsPrw1tions thf' components :l\I, P; and S, 01 ~ or both, since tltese are rela
tively considerable components, and then from the theoretical relations given under the heads of H 
and q, the arn11litude . ..; and epochR of tlw !listmbing Pomponeuts eonld be determined. Tl1i,; has 
not been done in tht> prem~diug: aua.l,\·sis. Thi• best way perl1aps to test the preet>rlii'lg theOl'_y, :u11l 
to obtain a true value of the urnon's 11utss, woulcl hr~ to arntl,vze thr ohsen'atious of some .-;t~ttiou so 
near to deep-sea water that a.II tlie disturbiug shallow-water comj)oneuts would disappear. Tiu~ 

small probable error gh'eu abovl' is interesting· in showing with what great accuracy the moon's 
mass could be obtained from the observations by means of these new eqnatious, hased upon tlH· 
relations between the seyeral !~omponents of thr tlinrnal tide, even in the case of so small diurnal 
tides as those of the Atlantic, if we coul1l either correct acmu-ately or get ri'l of the disturbing· 
shallow-water components, so that t.11e prohahle error w1111J1l depend mf'rel.v 11po11 m1Pliminate1I 
aecidental disturbances .. 

Having now obtained tlie Yalne of An, this multiplie<l into .01i2, the eoeflicient of the term 1111, in 
Schedule I, gives .0400 fo1· the average amplitude of tlw M1 di11mal componeut, whieh is compara
tively much greater t.han the average of those given in§ '.!4, obtained from the annlysis oi thr 
observations. The absolute difference, l1m\·ever, is only about f; of an i11d1. 

32. The first three equations of (168), Tidal ResearcheR, t-Ogether with two ot11ers <fopemliug 
upon the M1:1 and M14 components of Schedule I, deduced in tl1e same mamwr, Rhoul!l likPwiRe h~ 
satisfied by the results of the preceding a11alysi11, if there IW(l no shallow-water distnrhiug compo
nents. These equations, neglecting tl1e quantitiPs of a third order 1lepernliug upon G 1

, and r·p_ 
ducing the coefficients of G expressed in terms of tht> radius to clegreel'l, a11d pntting tlw Yalnes or 
~ given in §§ 24 and 25, in the first members, are: 

309°.fJ=Lo+ 13°.180 
2910.1 = L0 -13°.180 
3100.5=Lo+110.22G 
3150.4 =Lo+ 260.25 G 
2620.s =Lo - 260.25 G 

Re~iduaJ...1. 

0.0 
0.0 

+ 20.3 
30.2 

-180.9 
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The first two of these equations are based upon the two Jlrincipal diurnal components, and the 
other three should have comparatively small weight on account of the smallness of the componentfi 
upon which they depend. We shall therefore determine the unknown quantities from the first 
two. These give L0 = 3000,3 and U = .701. These values satiRfy the equations with the annexed 
residuals. The first two are not much larger than the probable errors of observation, but the last 
one is mnch greater than the probahle error, ± :P.7, of the epoch 26'20.8 from observation, which 
imlicates that the theory is not completely satisfied by observation. This is no doubt on account 
of the disturbing effect of small shallow-water component8 not taken into account in the theory. 
The amplitude of this component iR only 0.8 of an inch, so that a disturbing component with an 
amplitude of only *of an inch, with the proper epoch, would he sufficient to change the epoch of 
the affocted component by the amount of the residual, and make observ;;ttion agree with theory. 

l f the preceding equations had been treated by the method of least squares, the residuals would 
have been tlistribiited among all the equations and somewlrnt diminished, and tbe values of the 
constants obtained would have been slightly different. 

The value of G above is the time in days by which the maximum of any inequality in the di urn al 
tide follows the time of the maximum in the forces, as for instance, the time that the maximum lunar 
diurnal tide follows the moon's greatest declination, or the tillle that the minimum follows the time 
of its crossing tbe equator, for the diurnal tide does not absolutely Yanish at this time, as is usually 
i,i1pposed, unless the conditions should he such as to make I<~= o, in the tidal expression8 of the 
preceding section, as in the case of the equilibrium theory. 

33. The amplitudes of the several semidiurnal components obtained by analysiR of the oliserva
tions should satisfy the following three sets of eq11ations, the secontl members beingconimon to all: 

Liverpool. K11rracht'e. Pulpit Residuals. Tide 
Cuve. •·um)J<lllent . 

.3162 or .3733 or . 157 4 = ( .4582 - 36.2 Jr,) ( 1 + .4255 E) 0 M~ 

·0256 or .0233 or .0066 = .0240 (1 -.4255 E) + .02rn Mio 

.0916 or .0978 01' .046!! = (.12.56 - ~.2 o:i) (1 + .4599 E) 0 ?i'l3 

.0544 or .0266 or .0484 = .0286 (1 + .228 E) - .0372 l\f4 
,UH3 or .239() or .~082 = .Hl22 (1 - 228 E) 0 l\'I;, 

,O~Gii or .OHIO or .01:10 = .0078 (1 + Hl75 E) -.0092 MH 
,OH20 or .0480 or .0558 == .o3rn (1 - um; E) - .018!1 1\19 

.r11sr; or .11410 or .004li == .021)li (1 + .4083 E) + .0088 M12 • 
'l'lie first fh·c of these e<111utious are taken from Tida.1 Researcl1es (17l), neglecting the terms of 

a third order depending upon oc', and 1mtting for the first members of the P~1uatior1s their numerical 
values obtained from the anal.rsis of the observations, and the others are additional equations 
obtained in the 83.me manner and based upon other ~till smaller tide components. The componentH 
induded in the equations are denotetl by M2, M 111, M:i, &c. 'l'he preneding are the equations whinh 
he1oug to deep-water ti<leH without friction Yarying from the law of proportfonality to the tirst 
powm· of tl1e velo('ities, and with the two unknown quantities <let,ermined from observation shoultl 
repr<'sent the tides in m·ery part of the world. In a.dclition to tl1e am1llitudes of the several tide 
«'omponentis of Pulpit. Cove in the first members of these equations, those for Lh·erpool, and 
Kurraclwe, India, are also gh·en for the Rake of convenient eomparison. These are not the abso
lute values of the amplitudes, but the values in terms of tl1at of the mt>..an lunar component of each 
statiou. ln tides of shallow waters, the etfeets of the small shallow-water terms are not includeA.1 

• iu the relations expre8Setl by t11e.se equations. 
By the equilibrium theory the first members of these equations should be equal to the secoml 

members with B = o, and hence should be exactly the same at all tide stations in every part of the 
world. It is· seen, howeyer, from a mere inspeetion of the equations, how· very imperfectly this 
theory represents the tides at all of the three stations, and especially the tides of Pulpit Cove, 
and how diftereut must be the value of E at the several stations. It is seen from the first equation 
that the amplitudes of the solar semidiurnal tide at Liverpool and Kurrachee are less than what 
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they should be by the equilibrium theory by about t and t respeetiYely, and that at Pulpit Cove 
it is only about t of what it should be. 

It is readily seen from an inspection of these equations that they can be Ratisfied only ,-er.r 
imperfectly for Pulpit Coye, within any tletermined val1111K of ,,,,,_ mul E, aml that they can be m11cl1 
better satisfie1l by muHipl.'·ing the first members of tlie e1}luttiom; hy an unknown constant. This 
constant is introduced upon the hypothesis that the tidal compouents are tlimiuh;hed by the eftect 
of friction which is as a higher power than the first power of the velocity, as nm Ye at various times 
explained. U?_:>on this hypothesis large tides are dimini:shed by friction more than small ones in 
prop-Ort.ion to their amplitudes, and hence where there is one large component, as the meau luuar, 
and a umnber of much smaller ones, since tbe amplitudes of the latter are obtained by analysis 
from the differences between the larger and smaller resnltant tides, the smaller compo11entfi are 
diminished more than the larger ones in proportion to their maguitudes, unles.s friction is as the fiI·st 
1>ower of the velocity. If we rake the first, third, and fffth ot' the preceding <'(]uatiorns for Pulpit 
Cove, aml introduce a constant factor c, we have-

.1574c = (.4582- 36.2,Jp.) (1 + .42.35E) 

.0469 c = (.1256 - :·t2 ?iµ) (1 + .4599 E) 

.2082 c = .192:l (1 - .228 E) 

The solution of these equations gives-

fl/1 = .00263 E = -1.164 c = 1.166 

The solution of all the equations h_y t_he method of least squares would give values for these 
constants differiug but little from those above on accouut of the ~nnallness of the amplitudes in the 
neglected equations, which gives them little weight. The Yalue of 0;1 above gives for the moon's 
mass 11= 6\;, which is much too large, as is usually the case where the relations differ much from 
those of the equilibrium theory. The equations for Liverpool give /L = -l0 , and for Kurrachee, where 
the relations approximate more nearly to those of the equilibrium theory, µ = ·d:s• which is per· 
haps not very much in error. 

The values of the constants above satisfy the preceding eiglit equations with the residuals 
annexed, which are in terms -Of the amplitude of the mean semidiurnal tide, which is 'nearly 5 feet. 
The fourth residual, therefore, is more than 2 inches. 'Yithout the introduction of the constant 
c these residuals would be. much larger. The value of this constant indicates that the ampli
tudes of all the smaller components relati vel,r to that of the mean lunar, are tliminished in the ratio 
of 1.166 to 1, or about t part; of this we have already had an indication, as shown in § 26. By the 
introduction of the constant c, or one equivalent to it, I have in all cases found that the observa
ti-0ns are better represented by theory, and a better mass of the moon is obtained, which indicates 
that there is an effect due to friction or some other cause which diminishes the amplitude of the tides. 

Uplm the large value of E, required to satisfy the precediug equations, depends the peculiar 
type of tides at Pulpit Cove, in which the sohu· aud duclinational components are very srua11, 
and the amplitude of the Ms or principal elliptic oomp~nent is rnQ· large, even a fourth larger than 
the solar component, although the tidal force in the former ca.se to that of the latter is about as 
.192 to .458. This peculiar type of tide., so different from that of Europe.an tides and of tides gen
erally, seems to extend all along our coasts, and is indicated by a difference in the values of E, so 
far as yet obtained, for our tides and for those of other parts of the world. These values are, as 
shown above: for Pulpit Gove, E = - 1.164; for Boston Harbor, E = - 1.412; for New York Har
bor, E = - .963. In European tides we have: for Liverpool, E = - .288; Brest, E = - .323; and at 
Kurra.chee, India, E = - .440. The value of the constant c for Boston Harbor is 1.350, and for New 
York Ha.rbor, 1.245, both considerably greater than that found above for Pulpit Cove. The rnlur 
of c for Brest is 1.050, which is very nearly unity, as it should be by the equilil>rium theor_y. 

According to the va.lne of c above for Pulpit Cove, the correction applied to A', § :!1.i, tu 
reduce it to A, was 00<> .grea.t. by } part of the correction, since that correction was made upon t4e 

S. Ex.13-38 
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hypotlietiis that large arnl small tides are exactly proportional to the forces. If we decrease the 
t'01Tedio11 there applied by ~ of the whoh•, we get-

Y(•ar. A. R1•sid1rnl~. 

Fl. 

1870 ....... -1. 8~71 ·t :.!l 

' 187L...... 4. 8500 - ~;;o 
' 1872 ....... 4. 9(124 ~ 174 

1873....... 4. 8934 ~- 104 

1874. _ .... ,4.8631 -"19 

187 5. - ... - 4. 9122 -! ~;2 

. .Average._, 4. 8850 ±. 0045 

Tllis correctiou makes the residuals more satisfactory with rej.!m·d tH the sigrns,' and gi...-es a 
;;ma Iler probable error. l t therefore more fully es ta bl isltes the principle tltat large tides are smaller 
in proportion to the tidal forces than small ones. 

34. The epochs obtained from the analysis of the title-obsen·atiom; should satisfy the fo1lowiug 
e•1rn1tiom;, obtained from (172) Tiilal Researches, by neglecting the small terms of the third 1Jrder 
depending upon G', and rerlucing tlie coefficient;; of G to llegrees, if there are 110 perturbations from 
the shallow-water terms: 

Epoehf.I.. 

319. R ~ L, 
3M. 7 = I'O + 24. 4 G 

216. 2 = L,, - 24. 4 G 

358. 8 .::i:s. L 0 + 26.3G 

12.l = L,, + 13.lG 
200. 3 = L,,-13. lG 

16.3 = L,, + 11.3G 

3~8. o = L,, - 11. 3 G 

287. 7 = L 0 -,. ~3.4G 

R('~lducils. ! TitlP-coID 
~ 11ollf'flffi. 

----
0 ! 

0. 0 M, 
4. 6 M, 

, 39. ;, Mm 
- 36 M, 
+ 31.1 M, 
- 8. 3 .M, 

+ 38. 3 M, 
+ i. 5 : Mo 
- 69.1 M1'..t 

The PJ•o<'hf' in thl' fir,.;t members arc obtained ft-0111 ~ ::!4 and §:;O; the tide·components to which 
thP Ppnch,.; lwlong an• gh·en in the last column. 8incc the J\11 or mean lunar component is very 
much larger than any of the others it should ham pro1iortionatc weight. We shall therefore let it 
determine L1, = ;3190,s. The next most important components are M2, l\f:1, and 1\15. Letting the 
e•Jlrntions of these determine G, we get G = 1.62. The value of G is the time in da~-s by wU.ich the 
maximum of the vaQ'ing tide follows the maximum of the Ya.ryiug tidal force produl'ing it, and it is 
1 he mean time mi the a...-erage by which the greatest tides fo1low the conjunction or opposition of the 
mnon and snn. Tltis differs but little from the values found for noston Harbor, LiYerpooJ, and Brest. 

The Yalne of L., divided by 2 x 140Afl2 b>ives 11h2m for the mean lunitidal interval. This for 
B(ll\ton Harhor was found to be l lb :.mm. 

Tf all the precedi11g equations had been used in determining tlie pl'Obable values of tbe cou
shmts, gh-i11g to ea~h t>quation it.s proper weigl1t, tht• result would have tliffored but little from 
what WP have obtainei.J, since the components upon which the other c11uations are baaed are so 
small that th1• !>quatiom; wouhl have been entitled to little weight. The large residuals in the 
epoeh;; of thrsr small components do not imlicate YCIJ' large absolute errors, since the amplitudes 
beinp; nir.Y small, a Yery slight perturbation changes the epochs very much. The residuals, however, 
art~ so much larger tlum the probable errors of the epochs, as ohbtiuetl from observations by analysis, 
that the;.·, as wen a:,; tlie residuals in the amplitucle11 in the ]lrooeding section, indicat.e considerable 
deraug-ernents from the shallow-water terms. If we now turn to Schedule II, it will be seen that 
then·. is a ghallow-water component affecting each of the setnidiurnal com1>0nents M1, M2 and M3, 
and from :Schedule Y it is seen that there are two snch components affecting each one of the semi-, 
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diurnal components. These components do not seem to be very larg·e in general at Pulpit <'on~. 
where they have been obtained from the analysis, but they are, no doubt, sufficient to so <listurli 
the relations as to 1n·eve11t a nice agreement between observation and tlrn theory of dt>ep-watn 
tides, and hence to reuder unreliable the determination of the moon's mass from tht>se relations. 

From the preceding investigation of the sliallow-water tides, I think that we cau nuw see dearly 
why it is that. satisfactory aud consistent ,-alues of the moou's mass have not in general been obtained 
from the relations of the semidiurnal tides; for these relations are disturbed by the Yarious sballow
water components, which do not enter into thi> theory of deep-water tides, which has been used in 
determining the moon's mass. The perfection of tl1e tidal theory, so as to represent accurately the 
results of ohsen·ation at all tide, stations, and gi\"e a C'Orrect mass of the moon, rlepernls mm mainly 
upon the study of tl11~ ,.;hallow-water terms. 

\Yith regard to the det,ermination of' tlw moon's mass, from the rmmlt8 so far as olitaiuhi the 
relations of the diurnal tides promise better success in the future than those of tl1e semidiurual 
tides. The diurnal tides are not aftected by so many of the shallow-water components, aucl it i . .;; 
probable that these can he determined from the analysis of the observations, since them are two 
comparatiYely (}Hite large components with perio1ls differing from those of any others, and hence 
can be determined by analysis of the observations; and then from the theoretical relations giYcn in 
Schedule III the others can be, at least approximately, determined, and the componentil of deep 
w:lter titles which they affect can be corrected for their effect. The relations of these corrected 
resultfl, obtained from tlie analysiR of tl1e obRerYatious, should then agree with the theoretil•al rela
th·es, and give a correct mass of the moon. 

3."i. The expression of the long-period tide8, (4) in the case of a sea CO\·cring the whole earth, 
i11 which case a beA:omes unity, gfres for tlie amplitudes, Of',.230 (l - 3 cos 2U) H,, in which o is tbe 
polar distance, which, for Pulpit Cove, is 45° 51'. This for the declinational component, in which 
H = .312, we get .033 feet for the amplitude, or only a little more than t of an inch. The effec>t 
of the constants might increase or diminislt this some; we cannot. say how much. Thf' results in 
§ 27 <lo not indicate that this largest term bas been brought out in the analysis, and thi8 wail hardly 
to be expected, bnt the analysis at least shows that they are very small, as theory requires they 
should he. The shallow-water component of long period 11as a considerable amplitude, and is very 
dearl;\- brongllt out h,\- the anal~·sis, hut there are no theoretical relations with which to compnre it. 

JY.-PRA<'TH'AL APPLICATIONS . 

. )fi. For the purpose of computing the hourly co-ordinates or heights of the titles at all,\' futur1• 
time equations (3) can be used, in which ·'" aud' are given as the results of the preceding analysi>' 
of the observations and c, are contained for the beginning of each ;year in Table JI. The values of 
i, are also contained in Schedule I. These depend upon the astronomical elements of the moon and 
snn and liarn been obtained from the developments of the tidal forces. . 

To facilitate tl1e computations there should be made a table of the values of i. t for each day 
aml hour of the ;year, exact!,\' similar to Table I, except that the values should be given accurately 
in degrees. With the known \'alues, then, of<', and',,., the angle (si, t + sc,. - "'" ,1) would be known 
for each M, tide for any day and hour, and then with these values and the values of A,",, the 
part of H belonging to each tide-component can be readily computed for any assumed time or Yalue 
of t, and the sum of all these, inclmling the constant A 0, will be the Yalue of H, or height of tile 
tide, at the assumed time, above the assumed zero plane. This plane may be that of mean Jow, 
water, or it may be still lower, so as to have the signs of all the co-ordinates positive. 

Such a table as the one just described could be used for any tide-station whatever, bnt the emH 
putations for any particular st.ation would be 8till much more facilitated by making out a tallle or 
the values of each M, tide, including all the sensible diurnal, semidiurnal 7 &c., co111pont;nts of that 
tide, for each degree, or each tenth degree when the tide is small, of tl1e argument i. t + r:.; fi)]' t!J{'ll 
with the values of the arguments, i, t, obtained from the table of tlte preceding form, for auy day m:ll 
hour of the year, with the values of c, for tltat year added, we ha Ye the arguments for each of tlw 
M, tides with which to enter the table8 of these tides and get their values without auy computation. 
The sums of all these individual tide values added together, then give the heigJ1t of the. resultant 
tide. 
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If there are any sensible terms of long period tbe,Y can be included in the formula of equation 
(3) by putting for these terms si. = 11, in equation (4), reducing the values of u, there gh·en to hourly 
,-alues. But it is more convenient to compute these terms separately for each day, or in some cases 
for each month only; for the values for each hour are then readily obtained by interpolation. When 
there are tables formed for each tine-station, these long-period terms can be given for each tenth 
degTee of the arg_umeut, and the arguments arl' obtained from the values of u, arnl k, of equation 
(!)in thf• same mAmwr aR those of thf• sl1ort-pf'riocl co111ponf'nts of rrpmtion (:{) from tl1f' \alue;.i of 
i, and e,. 

\Yhen the tides are computPd, the m11•orrede11 amplitudes and epochs of the components which 
are aflected by the lunar noda.I f'ompnnents of nearly the same period should be used. These can 
be obtained from the mean or corrected ones by means of TRbles III to VI by reversing the process 
by which tlu• corrected ones were ohtained from the nncorre<'ted ones, that ifl hy dividing instead of 

multiplying by t 1 and subtmcting J2 instead of a1ldiug; or the mea11 ,-alnei; of the amplitudes and 

epochs can be used, and Uw four lunar nodal components he a<lded to fl1e series. The amplitudes 
of these components, which arc denoted by a in § rn, can be obtained from tlw expressions of e ln 
that section. The epcwhs will be sensibly the same a:;; those of the larger terms of nearly the same 
period. When table:;; are made for t>aeh tide-station the effect.;; of Uiese terms can be giveu for 
each tenth degree of 1 h1~ argument. w, lta,-ing a period of nearly 19 years. 

37. But the Coast ancl Ht>odetic Sun-ey will probably never undertake to furnhih hourly 
eo-ordinates of the height:-; of the· tide at any port, but merely the timeR and heights of high and 
low wat1w, or of high water, only. For :'l1wh fl, pnrpose such tables as the preceding could not be 
used with com'r.nience. Om\ ohjection in Ill~' mirnl to adopting the harmonic analysis of the tides 
was that it did not giYe the results in a form convenient for computing the heights and times of 
high and 11.TW water simpl,,-. I have, however, 8ttcceeded in putting the results into a form hy which 
I think these latter can be compute.I with as much or even more facilit.y than they can be by the 
old forms of expressions of high water and lnnitidal intervals, especially where the <linrnal tide is 
la.rge, as on the Pacific t'oast. B,v thP formula of Tidal Researches (22) we can put equation (8) into 
the following form : 

in which 
H = H 0 + R COR (2 i1 f- ''.u. + 1'.r) 

.1---· M 
H .,,_ v i\l' + !'.'' = - . 

t 
. N 

an 11 = :M 

" . COS,:t 

'I - 1' • • ((. 'l . ) t ·' + -' ) >.l - -,j L\,. (,(}fi tu - _,/I - "'11 ::,. ,l,!I!• 

>..r - '<' A . ((." 'l . ) t (.I + .I ) .I.., - - 11 ,. 8lJ\ l,j - .,;., f.J - ~ 11 " (l,il 

lu this expression of H we I1ave t' 11 • '·' which is the epoch of the mean lunar scm.:iidinrual tidP, 
(livided by 2 i1, equal to the mean lunitidal interval, and we shall h;we for the yariable Iunitidal 
int.erval, as affecte,d l1y the other eomponcnts-

.L = £~11. 'l.J_.~!!._ 
2 i1 

in which .J< mn.'!t have its value belonging to the time of hiyh water. Thitt assumes that the ti1ur 
of high water occurs when the angle 2 i1 t - ":i. 2 ) + 19is eqval O. This is not strictly eorrect in any 
case, especially when the diurnal com11onents are large; but is sufficiently correct for the tides of 
Pulpit Uove, where these diurnal componeuts are very small. 

If we therefore have the \'alue of l\I and N for the time of high water, we readily obtain Rand 
,'J for this time, the former of whieh added to the constant Ho, is the height of high water, and the 
latter divided by 2 i is the variable part of the lunitidal interval to be added to the mean value. 

As the values of the angles in the expressions of M.a.nd N are required at the time of high 
water, which is one of the quantities sought, the two quantities sought can only be obtained by 
approximations, but this is rendily done, ancl a second approximation is generally sufficient. The 



 

UNITED STATES COAST AND GEODETIC SURVEY. 301 

first approximation is that which we obtain br assuming the time of water to be the high water of 
the mean lunar semidiurnal component. This, from the expression of H, is-

in which n is an;v integra.l number, and the days are reckoned from the beginning of the yNir. lf 
we then have a taNe of the time of the pas8age of the mean moon o.-er the meridian throughout 
the year, which is readily obtained b:y successive additions, thP llrst part of the expression of T 
gives the time to be added to t!Je time of the transit of the mean moon over the me1·idia11 in order 
to obtain the meau time of high water. The ntltw of : is con.itant, an<l that of c1 is constant 
through the year, but changes e\·ery year. 

Putting this value of T for the value of t in the npressioms of M and ~, we get the tirst ap
proximate -value of 1'3. Adding this to the .-aloe of 0

1
11 in the expression of Tabon, this will giY(~ 

a second approximation of T, and then putting t equal this value of T in the expressions of .M and 
N, we generally get the values of H and ,1 with sufficient accuracy, and then the preceding ex
pre!'lsion of J, gives the luuitidal inteiTal. 

The computations would be -very much facilitated hy having the ,-alues of the angle,; (i,, - :.!i1 ) t 
for each day throughout the year for all the sensible terms in the ex1iressions of 2\f and~ gh-en in 
tables, for then their -values could be readily obtained for any other time by interpolationi and >'nch 
a table would serve for every tide station. 

The computations would also be very much more facilitated in the case of any 1mrticular tide 
station to have the values of each of the terms in the expressions of .'.\I and X girn11 iu taulet> for 
every tenth degree of the arguments, from which, with tlw argument>' obtained also front tl1e tables 
mentioned above, the values of each term could be readily obtained. Such tables. ltowe-ver. eoultl 
only be used for the particular ticle >itation. 

38. It bas been found that the unknown constants E an1l G, iu tlte ti1lal e>xprei,;,.ioni,;, as de
termined from the observations of Pttlpit Cove, ditter Yery little from those of the tides of Boston 
Harbor. This is a result of great practical importance, since it shows that the type of tlu> titl(• 
varies very little from Boston to Pulpit Cove, and it is therefore prohahle that it Yarie>' \'et·~ 

little from Cape Cod to Eastport. The ;mmc tidal tables and the same compntations of tht• titles 
for any one station, as Boston or Pulpit Cove, could 11fOl'3bly be used for e\·ery >'tatio11 from 
Cape Cod to Eastport, without any error of any practical importance, by simply chaugiug two COIL 

stants, that of the amplitude and epocl1 of the mean lunar tide. The ·former wonltl simply requirn 
the amplitude of the resultant tide .at any one station to be multiplied by a certain ~onstant to 
reduce it to that of any other station, and the other would require that the time or lt111itidal inter. 
val should be changed by a constant quantity. Such an arrangement would S<tYl' a great ammml 

of labor in computing the tides for a number of places along the coast. 
39. Another result of great practical importance ifl the probable errors of tile amplitudes ol' 

the several tide components as obtained from one year's ol:isen·ations. From comparing the result:; 
of each of the six years with one another this has been found in the maximum ease to he only om•
fourth of an inch, and on the average only al>out one-sixth of an inch. If we wish result,;, then•
fore, of which the probable error is not more, say, than one-fourth of an inch, one year's obserrntions 
are sufficient, and for all practical purposes one-fourth of an inch is of no consequence whatever. 
For the tidal predictions, the most accurate formnl& tlo not _a(lmit of any a~curate cornparisont; 
with individual observations, since the abnormal meteorological disturbances may at an~· time be 
a foot, or even much more. 
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TABLES REl'ERHED TO IX THE TEXT. 

TABT.B I.-Containi11g the ralurs of i,t, equation (3), for each day aml how· of the year. 

ti. "·1 
.Jan O I 

l i 
(I 

l 

0 

Det·. 31 

" 

4 

t:: 
I i 
8 ' p 
9 i 9 I ~ ~ 

]IJ i 10 10 ' 1U 

11 11 ll 11 

12 12 i2 12 

l!~ 1:~ I 1:1 10 

14 141 14 H 

l<• 14 ! J; 1:1 

16 1:1
1 

16 JU 

17 16 17 1';' 

lH 17 lS lP 
JU l~ 19 H~ 

20 19 :!O 20 

21 ) 20 21 21 

2~ ! ~1 ~2 2~ 

IG 

17 
') 18 

19 

~o 

21 
G , :.!:! , 

H I 
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~:: 

() 

1' 

10 ~ 
1 10 

11 JI 

1:! 12 

n. 1:1 

H l 14 
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JG i 
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rn 18 rn · rn 
191920~0 

20 · ~o :!1 21 

~1 211 2:2 ~2 

21 

0 

I 

f: 

~ 

9 

lU 

10 

11 

12 

1H 

14 

lf> 

16 

17 

JR 

rn 
20 

2 8: 9 ; 23 i 

4: 

4 

~ 

µ 

10 i 
11 . 

12 
lJ i 

14 ' 
J;, 

1G 

J7 
J8 

1n, 
2n , 

2J 

22 

23' 

JO 

11 

12 

13 . 
u· 
l;) 

1-6 i 

17 I 

18 -

19 
2() 

21 
21 

23 

0 

1 i 

:i 

4 

g : 

10 
11 i 
12 i 

13 : 

14 
I 

lG j 

Hi j 

]0 . 

11 

12 
13 

H 
1.; 

10. 
17 

18 I 

19 

20 

21 ' 

22' 
~>:i I 
(); 

2: 

6 

7. 

" 91 
rn, 
11 

12 
13 

H 

15: 
16: 

17 

20 i 
21 

IU 

10 11 

11 1~ 

12 13 

13 ' 14 

14 ' 1[1 

u. ' HJ 

16 17 

17 1 R 

lo in 

19 20 

~o 21 

21 2~ 

8 I 12 

!) ' 

10 

11 

12 
]" 

14 

J!): 
Hi, 

17 

18 

19 

20 
20 

21 

22 

23 

16 

Ii 

18 

19 

20 

21 

23 

0 

1 

2 
3 

4 
5. 

1 6 

2 7 

4: 

". 
8: 

9, 

10 l 
I 

11 ! 

9 

10 

11 

1:! 

13 

14 

lC> 

16 

17 

JR 

l9 

20 

21 

12 

l:l 

14 
]fj 

0 

G 

7 
8 
9 

JO 

11 
1Z 

14 I 

15 I 

16 : 
17 I 

18 

19 

20 

21 

22 

16 9 

Ii 10 

18 ll 

19 1~ 

20 13 

21 H 

22 15 

23 16 

6 

17 : 

18 : 

20 
21 

22 
2:l' 

II 

1 

2: 
3 ; 

41 
: a: 

4 

6 

9 

9 HJ 

JO lJ 

Jl I~ 

12 1:1 

13 I 14 

13 : Jn 

14 l6 

]5 17 

]6 18 

17 H:I 

18 20 

19 : 21 

20 ~~ 

21 

4 

~ 

9' 

10 

11 ! 
11 ; 

12 I 
13 . 

14 

15; 
16 I 

!!1 

., .... ; 

6 
6 

7, 
8 
9. 

17 10 : 

18 11 
19 12 i 

19 13 . 

20 14 

21 ' 15 i 
')')I 16 j 

;;; I J7: 

01' 18 ! 
_ _c_I __ 

() 

4 

8 

9 

,JO 

II 

12 

13 • 

14 

16 

17 

18 
Jg 

20 

21 

]() 

11 

12 

I'' 

14 

].i 

16 

l7 

JS 

19 
20 

21 

22 

23 

0 

1 ; 

NoTK.-111 the u..., of t·his table fo1· leap year, January 1 in the table oorre•ponds to January 2; Jll.llnary 2 in the table to January 3, &nd • 
on until February 29th. 
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TABLE II.-Contain.inf/ the rnl11e.~ of th,· comt11ntR r·., n11d al•o nf &1, (;J, a11d '''f°'· mid11i9i1t 1•1wwl>»f/ fhf first (leap y~r thr 
se<:ond) of ,January of 1'ach year from 1"60 lo !RHO. 

Yf'.ar. 

1860 75. ~o . I OL 07 14. 6~ 
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1862 17S. 96 i 100. ;,9 

!86<J' 46.3:1: 100.35 
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41. :!7 
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1871 64.9111100.41 'H5.48 
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1873 153. 52 100. 92 ~29. DO 
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1875 i 254. ~8 
1 

I 00. 45 1&8. 77 
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1884 131. 09 : 1(\1. 25 94. 4:1 
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I 
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327. i;~ iJ41. 3:3 
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:J~-0. 40 176. ;j4 
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164. :in 110. 51 

W3.14 

296. 13 

3i. 12 

1:11( JI 
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{";. 
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24U. 6il 107. 44 ltiii. ~;J 
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249. 29 . 135. ~H 

249. :.~ ; fH. ;;a 

337. 71 

122.8, 

~tri. ua 
53.05 

180. 31 

325. 4:J 

llll. 54 

25,). ti~ 

t' J' ~· 

33\1. II 

71. 16 

171. 91 

:J49. 04 

89. 70 

190. 54 

291. 29 

i, 67 

108. 42 

209. 17 

3(>9. 08 

2U. :10 

121. o;)-

2Z7. ~ 

ns. 56 
44. 93 

J4j, 6R 

:'.4-0. 4o 

:!47. w 

Crn. 

ti.:!'; l'i!l. i:l :!:lO. 03 ~60. :38 1 tli. 81 

0. !:j 17~). ~6 :1;;8. 51 272. 6~1 1.'17 ;,7 

ll. OJ 17H. 99 67. 011 ~~t. 9:! :::.!K ~;t 

35R r.i-; l~O. 1~ 1:.:,. -11'. ~!l;. 19 :!6;-o., f;.f.J 

0. i;, 179. j.;) '.!:--~. 01 :!71. 02 :{09 tl7 

o. 1 :! 179. !':'8 :l46. ;;o :!r":J. 29 3;,.o. sa 
3.iB. 99 ; 180. 01 i +. 91'1 29j. fi6 i ::Jo. fH) 

359. 86 l~\I. I 4 16:;. 46 ;J07. ~3 7]. ti6 

u. 2;3 I 1711. Ti :.!66. 00 2fil. fi7 11 ~- 43 

0. 10 l 7Y. 90 :~:>4. 48 ~93. 04 15'.{, tlH 
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~80. G~ ~16. 03 
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~~o. ti5 1Ti. :r:-
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!.!RO. il 119. :l4 

2~0. 72 10(1. 01 

0. 21 

\I. Oe 
359. 95 
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o. rn 

nn. 10 ~n. 91' :.w2. 32 :ti;,, 19 2~0. 74 RU. 63 
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:!'~. 64 

0. 06 
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1 
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TABLE Ill. 

Xo. Log. 

0. 8816-2. 50µ : 9. 9453 

1(1 

20 

au 
40 

5U 

60 

70 

8-0 
9(1 

100 

u. 88:Jl 2. 5 

0. ~87H 2. 4 

(!, 8,j:i 2. ;i 

0. 9052 .2. 2 

0. 9176 2.1 

o. 9326 l. 8 

(). 9:-~oo 1. 4 

0. 9ti96 1. 0 

()_ 9915 0. 5 

1. 0149-, 0. 1 

110 I. 0393 O. 7 

120 i 1. 06:!8 1. 4 

130 I. 0873 2. 1 

140 

150 
160 

170 

1>'0 

!. 1089 2. 8 

1.1275 3. 5 

1. 14~1 4. 0 

1. 1514 4. 2 

I. 1546+4. J 

9. 9460 

9. 9483 

9. 9520 

9. 9567 

9. 9626 

9. 9697 

9. 0777 

9. 9800 

9. 996.3 

0. 9064 

0. 0167 

0. 0269 

0. 0363 I 

0. 0449 

0. 0522 

0. o&77 

0. Oti12 ' 

o. 0624 

TABLE V. 

JU 

20 

;:o 

10 

50 

60 

iO 

l'O 

00 

100 

110 

120 

13-0 
HO 
150 
160 

170 
180 

No. 

1. 03724 

l. 03662 

1. o:!4~fl 

1. 03195 

1. 0:?~00 

J. O:!:J~O 
1. 01774 

1. 01181 

1. 0056:! 

0. 99936 

0. 9931~ 

o. 9873ii 

0. 9819;, 

o. 07711 

o. fl72ff7 

0. 96961! 

o. 96727 

o. !!65il:l 

0.96534 

Log. 

0.0U88 

o.Ol;t!~ 

0.014~ 

0. 01366 

0. 01100 

''·°'-0. 0{1764 

0. 00511J 

0. 00244 

9. 90072 

9.99703-

9. 99447 

9. 99209 

9. 98994 

9. 98810 

9. 98662 

9. 985.55 
9. 98490 

9.98468 

±0.00 

l. 18 

!!. 33 

3. 43 

4. 47 

5. 40 

6. 20 

6. 83 

7. 38 

7. 62 

7. 68 

7. 50 

7. 07 

6. 39 

:;. 48 

4. 36 

a. o:, 
]. J7 

-tO. 00 

±0. 00 I 

u. 37 

0. 73 

l. 07 

1. :J7 

1. ti:! 
]. 8~ 

]. 95 

~- 03 

2. 06 

2. 02 

l. 92 

1. 75 

1. r.:i 
I. ~8 

1. 00 

o. 6~ 
o. 35 

±U. 00 

360 

3r,o 

340 

330 

320 

310 

auu 
290 

280 

270 

260 
2-0o 

240 
230 

220 

210 

200 

190 

180 

360 
3jl) 

:HU 

:J~ll 

aw 
:no 
llOO 

290 

280 

270 

260 

250 

~40 

230 

~JO ! 

210 

WO 

190 

180 

10 

20 

30 

40 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

No. 

0. 8194 

0. 8213 

o. 8268 

o. 8362 

o. 8494 

o. 8ti6fi 

o. 8878 

o. 913~ 
0. 9430 

o. 9768 

J. 0144 

1. 0554 

1. 0000 

1.1429 

1.1858 
]. 2246 

I. 2551'> 

]. 2i56 

). 2826 

TABLE IV. 

Log. 

9. 9135 
9. 9145 

9. 9174 
9. 9223-

9. 9291 

9. 9378 

9. 11483 

9. 9605 

9. 9745 

9. 9898 

0. 0062 

0. 0234 I 

0. 0410 

0. 0580 

o. 0740 
o. 088(1 

0. 0988 
o. 1057 

o. 1081 

± 0. 00 

1. 80 

3. 58 

5. 28 

6. 90 

8. 41 
9. 76 

10. 90 

11. 80 

"12. 43 

12. 72 

12. 62 

12.10 

11.12 

9.67 

7. 75 
fi. 4.1 

2. 80 

± 0.00 

360 

350 

340 

330 

320 

310 
300 

290 

280 

270 
260 

250 

240 

230 

220 

210 

200 

190 

180 i 

-------- ~--------~--

TABLE VJ. 

No. 

o 0. 7i77- 4. 4Sµ. 

10 0. 7798 4. 4 
20 IJ. 78ti0 4 '> 

:io o. 79tifi 4. o 
10 u. 8113 3. 6 

~,I) 0.8306 3 q 

tlO I (l. 8.j5] :3. 7 

70 0. 8849 ~- 0 
80 0.9203-_1. l 

90 o. 9616 o. 0 

100 l. 0000+ 1. 3 

llO 1. 0624 2. 3 

120 1.1210 4. 6 

130 1. 1833 6. 6 

HO l. 2l62 8. 7 

150 I. 3056 JO. 8 

160 I. 3.552 12. 6 

170 1. 3880 13. 8 

180 I. 4002 U. 3 

Log. 

9. 8008 

9.8920 

9. 8!154 

9. 901~ 

9. 9092 

9. 9194 

9.11320 

9. 941;9 

9. 963ll i 

9. 9830 

-0.003Jl 

o. 0263 

0.04116 

o.on1 
0.0056 

O. llli8 

0.1320 

0.1424 

0.1462 

± 0. 00 

2. zz 
4.40 

6. r;J 

8.57 

10. 48 
l'' •)•) 

13. 75 
15. 02 

15. 95 

16.50 

16. 58 

16.13 
15. 02 I 

13. 23 

10. 75 

7. 62 

3. 95 

± 0. 00 

360 

350 

340 

3o0 

320 

3IO 

3-00 

290 

280 

.!!70 

2W 
2[,0 

240 
230 

2'20 i 
~10 

100 ! 
100 

180 

NoTE.-Wh~rn in th""" tabltl!l there is a double sign the uppor one must lie used when the argument· is found on 
the left and the lower one when it ia found on the right. 



 

No. 1. 
2. 
3. 
4. 

5. 

6. 
7. 
8. 

9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
IS. 
19. 

20. 

21. 

22. 
23. 
24. 
25. 
26. 

LIST OF SKETCHES. 

PHOGRESS SKETCHES. 

General progress (in two sheets). 
Section I. Northern part. 
Section I. PrimaQ' triaugulatiou between the Hndsou aml Saint Croix Rivers. 
Section II. Triangulation and geographical positions between Point Judith and New 

York City. 
Section II. Triangulation ancl geographical positions between New York City and Cape 

Henlopen. 
Section HI. Chesapeake Ilay and tributaries. 
Section IV. Coast and sonnd8 of North Carolina. 
Sections III and IV. Primary triangulation between tlie Maryland and Georgia base-linps 

(n~rtheru part). 
Sections III, IV, and V. Primary triangulation l1etweeu the Maryland aml Genrgia base-

lines (southern part). 
Section V. Coasts of South Carolina aml Georgia. 
Section YI. East coast of Florida, .Amelia Island to Halifax I{iver. 
Section VI. East coast of Florida, Halifax River to Cape Cafia,·eral. 
Section VI. "'"(1st coast of Florida, Tampa, Bay and >iciuity. 
Section VII. \Yest coast of Florida, Saint .Joseph's Ba.r to Mobile Bay. 
Section VIII. Coast of Alabama, l\1ississip1li, and Louisiana. 
Section IX. Coast of 'l'exas. 
Section X (lower sheet). Coast of California, from S;tu Diego to Point Sal. 
Section X (midclle sheet). Coast of' California, from Point Sal to Tornales Day. 
Section X (upper sheet). Coast of California, from 'L'omalcs Bay to the Oregon line, 

and Section XI (lower sheet), Coast of Oregon, from the California line 
to Tillamook Bav. 

Section XI (upper sheet). Coasts of Oregon and Washington Territory, from Tillamook 
Bay to the boundary. 

Sections XlV am1 XV. Geod~tic connectiou of tlrn Atlantic and Pacific coast triangulation 
in Missouri and Illinois. 

Section XIV. Triangulation au<l reconnaisimnce iu \Visconsin. 
Sections XIII and XIV. Recom1aissm1ce for triangulation in Kentucky and Indiana. 
Sectiou XIII. Triangulation and reconnaissance iu Tennessee. 
Chart showing positiorn; of mag1wtic stationis occupied between 1833 and 1878. 
Chart. showing longitude stations and conneMionl' determined by means of the electric 

telegraph between 1846 and 1878. 

II.il1USTR.ATIONS. 

27. To A1>pcmlix :No. G. Station for ohserrntion of transit of Mercury at Summit Statiou, 0. 
P. RH. (See pagp, 82.) 

28. To A1>pendix No. fl. Positions of planet l\Iercury during observations at Summit Station. 
(See page 86.) 

29. 'ro .Appendix No. 9. Ou a vhysical surve.Y of the Delaware River. (See Sketch A, page 125.) 
30. To Appendix No. 9. On a physical survey of the Delaware River. (See Sketch B, page 127.) 
31. To .A11pe11dix No. 9. On a physical survey of the Delaware River. (See Skefoh C,page 129.) 
32. To Appendix No. 9. On a, physical surYi>y of tl1e l)elaware Uiver. (See Sketch D, page 134.) 
33. To .Ap1>endix No. 10. Meteorological Researches for the use of the Coast Pilof, Part II. 

(See page 188.) 
34. To .Appendix No. 10. Meteorological Iiesearches for the use of the Coast Pilot, Part II. 

. (See J>age 203.) 
35. To .Appendix No. 10 . .Meteorological Researches for the nse of the Coast Pilot, Part II. 

(See 1mge 209.) 
36. To .Appendix No. 10. Meteorological Researches for the use of the Coast Pilot, Part II. 

(See i>age 222.) 
37. To .Ap1>endix No. 10. Meteorological Researches for the use of the Coast Pilot, Part II. 

(See riage 258.) 
38. To Appendix No. 10. Meteorological Uesearches for the use of the Coast Pilot, Part II. 

(See page 253.) 
39. To .Appendix No. 11. Position of Tidal Station at Pulpit Cove. (See page 268.) 
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This project currently includes the imaging of the full text of each volume up to the "'List 
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located on the Historical Map and Chart Project webpage 
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